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PARTIELLE DISSOZIATION DER RECHTEN KAMMER 
(MECHANISCHE ATRIALISATION)
BEI EBSTEINSCHER ANOMALIE

Von

K . LOZSÁDI und K .  SÁRKÖZY
CH IR U R G ISC H E A BTEILU N G  (CH EFARZT: D R. A. TEM ESV Á R I) DES INSTITUTS FÜR K A R D IO L O G IE .

B U D A PEST

(D IR E K T O R : PR O F. G. G O TTSEG EN  f)

(E in g eg an g en  am  3. M ärz 1966)

B ei e inem  an  EßSTElNscher A nom alie  le id en d en  P a tie n te n  w urde  in tra o p e ra t iv  
die fu n k tio n e lle  A tria lisa tio n  des a n a to m isch  a tr ia lis ie r te n  p rox im alen  K a m m e ra b 
sc h n itts  b e o b a c h te t;  der e rw äh n te  K a m m e ra b s c h n itt  v e rric h te te  m it d e n  V orhöfen  
sy n ch ro n e  V o rh o fk o n trak tio n en . D er d u rc h  d ie  R h y th m u sv e rä n d e ru n g  h e rb e ig e fü h rte  
sy s tem isch e  B lu td ru ck ab fa ll k o n n te  led ig lich  m itte ls  N orad ren a lin in fu sio n  n o rm á lisé rt 
w erden.

E s  w ird  v e rsu ch t, die b e o b a c h te te n  E rsc h e in u n g en  m it Hilfe de r in  d e r  L ite ra tu r  
m itg e te ilten  in d ire k ten  A ngaben  zu  e rk lä ren .

In der Gruppe der kongenitalen Y itien  beträgt die H äufigkeit der E b - 

STEiNschen A nom alie  [1] weniger als 1% [2]. Der U m stand, daß die elektro- 
kardiographischen und häm odynam ischen U n te rsu ch u n g en  fast in  jed em  Fall 
überraschende pathologische R aritäten  an den Tag bringen, kann w ahrschein
lich dem seltenen  Vorkommen zugeschrieben werden.

D er an a to m isch e  C h a ra k te r  der A no m alie  b rin g t im  re c h te n  H erzen  
e igenartige  K re is lau fv e rh ä ltn isse  zu s ta n d e . D a 1 oder 2 Segel d e r T rik u sp id a l-  
k lap p e  ih re n  U rsp ru n g  u n te rh a lb  des A n n u lu s  a u f  dem  E n d o k a rd  d e r rech ten  
K am m er h a b e n , g liedert sich d as  rech te  H erz  an a to m isch  als a u c h  fu n k tio n e ll 
in 3 Teile. D ie K lap p en  an o m alen  U rsp ru n g s  te ilen  die rech te  K a m m e r  in  einen 
p ro x im alen  u n d  einen d is ta len  A b sc h n itt  (A bb . 1: R . K . ] u n d  R . К . ц ) D er 
d ü n n w an d ig e  d is ta le  A b sc h n itt g eh ö rt n u r  fu n k tio n e ll zur re c h te n  K am m er 
u n d  is t m it  dem  rech ten  V o rh o f zusam m engeschm olzen , d. h. a tr ia l is ie r t  [3, 4]. 
D er V orhof b e s te h t dem zufolge e igen tlich  au s 2 H öhlen : E in  T eil des V orhofs, 
d er e igen tliche  rech te  V orhof v e rr ic h te t  die V o rh o fk o n trak tio n , w ä h re n d  die 
A ufgabe d e r K a m m e rk o n tra k tio n en  d em  p ro x im alen  K a m m e ra b sc h n itt  zu 
fä llt. D iese le tz te rw ä h n ten  K o n tra k tio n e n  sind  jed o ch  im  V e rh ä ltn is  zu den 
K o n tra k tio n e n  des d ickw andigeren  d is ta le n  K a m m erab sch n itts  t rä g e r .

D ie an a to m isch e  u n d  fu n k tio n e lle  P a ra d o x ie  des p ro x im a len  rech ten  
K a m m e ra b sc h n itts  k ann  auch  w eitere  K o n seq u en zen  zur Folge h a b e n . W ie das 
auch  aus u n se rem  Fall h e rv o rg e h t, k a n n  d e r a tria lis ie rte  K a m m e ra b sc h n itt 
n ich t n u r  im  K a m m e rrh y th m u s  so n d ern  au ch  im  V o rh o frh y th m u s, synch ron  
m it dem  re c h te n  V orhof fu n k tio n ie ren .
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2 К . LOZSÁDI und  К . SÁ RK Ö ZY

A b b . 1. S ch em atische  D a rs te llu n g  d e r К b s t e iNschen A n o m alie . S im ultane  K o n tra k tio n  des 
r e c h te n  p ro x im a len  (R . K .|.)  u n d  d is ta le n  (R . К .ц .) K a m m e rab sch n itts . W äh ren d  d e r D isso 
z ia t io n  sy n ch ro n e  K o n tra k tio n  des p ro x im a len  A b sch n itts  (sch ra ffie rte s  G ebiet) u n d  des re c h te n  
V o rh o fs  (R . V .).V .c.s. =  V. c av a  su p ., V .c.i. =  V. c a v a  in f ., Sin. cor. =  S inus c o ro n a riu s , 

V S D  =  V o rh o fsep tu m d efek t, A. p . =  A. p u lm onalis , L . V . =  L inker V orhof, Ao. =  A o r ta

F  a lldarste llung

L . D . lO jähriger, k ö rp e rlich  u n d  geistig  m a n g e lh a f t e n tw ick e lte r K n ab e . A n G esich t, 
L ip p e n  u n d  N ägeln  geringe, bei R e la s tu n g  s tä rk e r  w e rd en d e  Z yanose. T rom m elsch läg erfin g er 
g e rin g e n  G rades. R ach itisch e r R ru s tk o rb . N eg a tiv e r L u n g en b e fu n d . Die H erzg ren zen  ü b e r 
sc h re ite n  re c h ts  d as S te rn u m , lin k s  d ie  m ed io k lav ik u läre  L in ie ;  S p itzenstoß  im  V. Z w isch en 
r ip p e n ra u m . R eine no rm ale  H e rz tö n e . L inks p a ra s te rn a l  p ro to sy sto lisch es G eräu sch , im  
lin k e n  I I I . — IV. In te rk o s ta lra u m  v o n  der P ro to sy s to le  au sg eh en d es kurzes G eräu sch . G e
s p a l te te r ,  a k z e n tu ie r te r  I I .  T on . H e rzfreq u en z  96/m in, rh y th m isc h , L eber u n d  Milz n ic h t  p a l
p ie rb a r . B lu td ru c k  110/80 m m H g , E ry th ro z y te n z a h l 4 000 000, H b  8 8% . E K G : re c h te r  S ch en 
k e lb lo c k , in  A b le itu n g  \  t ho h e  P -W ellen , in  A b le itu n g en  V ,_ 3 a u f  Ü b erb e lastu n g  des re c h te n  
H e rze n s  w eisende Zeichen. P K G  e rg ib t au ß er dem  A u sk u lta tio n sb e fu n d  F ü llungs- u n d  V o r
h o ftö n e . T h o rax rö n tg en b e fu n d : n o rm ale  H ili, das H erz  i s t  in  beiden  R ich tu n g en  b re ite r ;  
f la c h e r  H e rzs in u s . A uf d en  S ch räg au fn ah m en  sind  die w e se n tlich  e rw eiterte  re ch te  u n d  d ie 
m äß ig  d i la t ie r te  linke K a m m e r s ic h tb a r . Beide V orhöfe s in d  v e rg rö ß e rt. E lo ng ierte , e rw e ite r te  
A o rta . B ei d e r  R e ch tsh e rzk a th e te r is ie ru n g  norm ale  D ru c k w e rte . D er K a th e te r  g e lan g te  v o m  
re c h te n  in  d en  linken  V o rh o f u n d  v o n  d o rt  in  die lin k e  K a m m e r. Aus den 2 le tz te rw ä h n te n  
S te lle n  w a re n  d e sa tu rie rte  B lu tsau e rs to ffw e rte  zu gew innen . A n g iokard iog ram m  des re c h te n  
V o rh o fs : e rw e ite r te r  re ch te r  V orhof, n ic h t  größere re ch te  K a m m e r , grazilere P u lm o n a la r te r ie n . 
D e x tro g ra m m : keine F ü llu n g  des lin k e n  V orhofs, de r lin k e n  K a m m e r bzw. de r A o rta . L äv o - 
g ra m m : d ie  H ö h len  sind  v o n  N o rm alg rö ß e , die W ied erau ffü llu n g  des rech ten  H erzens is t  n ic h t  
s ic h tb a r .

I n  A n b e tra c h t, daß  d as g eeignete  O p e ra tio n sv e rfah re n  (V erschließung des V o rh o fd e fek 
tes , V . c av a -p u lm o n a lis -A nastom ose) n u r  a n h an d  der in tra k a rd ia le n  B efunde fe s tg es te llt w e rd en  
k o n n te , w u rd e  in  30 °C H y p o th e rm ie  d ie T h o rak o to m ie  v o rg en o m m en . W esentlich  v e rg rö ß e rte r  
re c h te r  V o rh o f: m it de r A u sströ m u n g sb ah n  synchrone  K o n tra k tio n  der s ta rk  d i la t ie r te n  
d ü n n w a n d ig e n  E in s trö m u n g sb a h n  d e r  re ch ten  K am m er. Z w ischen  dem  p ro x im a len  u n d  
d is ta le n  K a m m e ra b sc h n itt  is t  eine geringe E in z ieh u n g  e rs ich tlic h . U m  die G röße des V o r
h o fse p tu m d e fe k ts  u n d  L o k a lisa tio n  d e r  Segel de r T r ik u sp id a lk la p p e  festste llen  zu k ö n n e n ,
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w urde  d u rch  das re ch te  A u rike l d ig ita le  E x p lo ra tio n  d u rc h g e fü h rt .  A m  V o rhofsep tum  ließ  sich  
ein  e tw a  fingerb eerg ro ß er D e fek t »secundum« T y p s id en tif iz ie ren . D er V orhof se tz te  sich  in 
R ich tu n g  de r K am m erh ö h le  fo r t , die dem  A nnu lus e n tsp rec h en d e  au sg ep räg te  a tr io v e n tr i
k u lä re  Grenze w ar n ic h t p a lp ie rb a r. L ediglich das se p ta le  Segel d e r T rik u sp id a lk lap p e  h a tte  
se inen  U rsp ru n g  in N o rm a lh ö h e , das andere  K lap p en seg e l w ar in  de r H öhe d e r A usgangsste lle  
de r A u sströ m u n g sb ah n  jen e m  Sulcus en tsp rechend , w e lch e r die re ch te  K am m er in  2 T eile  te i l t ,  
zu  pa lp ieren . Die R ic h tu n g  d e r  K lappenebene  w ar f a s t  s e n k rec h t. N ach  e in d eu tig e r K lä ru n g  
d e r EeSTEiNschen A nom alie  u n d  des d a m it v e rb u n d e n e n  V orho fsep tu m d efek tes  w u rd e  die 
E x p lo ra tio n  b een d e t u n d  d ie D ru ck w erte  der H e rzh ö h len  b e s tim m t.

Abb. 2. In tra o p e ra t iv e  D ru c k k u rv e  d e r rech 
te n  V orh o f-p ro x im alen  re c h te n  K am m er- 
H ö h le  w ährend  de r s im u lta n e n  D epo larisa tion  
des p ro x im alen  u n d  d is ta le n  re c h te n  K am m er

a b sc h n itts

Abb. 3. In tra o p e ra tiv e  D ru c k k u rv e  des 
d is ta le n  re c h te n  K a m m e rab sch n itts  w äh ren d  
d e r s im u lta n e n  D ep o larisa tio n  des p ro x im a len  

u n d  d is ta le n  rech ten  K a m m e ra b sc h n itts

Abb. 4. In tra o p e ra t iv e  D ru c k k u rv e  des 
re c h te n  V orhofs

A bb. 5. In tra o p e ra t iv e  D ru ck k u rv e  d e r rechten  
V o rh o f-p ro x im a len  re ch ten  K a m m e r-H ö h le  
w ä h re n d  d e r sim u ltan en  D ep o la risa tio n  des 
r e c h te n  V orhof-p rox im alen  K a m m e ra b 

sch n itt-K o m p lex es
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In traopera tiv  gemessene in trakard ia le  D ruckwerte. D ru ck  iu  der g em einsam en  H ö h le  des 
r e c h te n  V orhofs u n d  des p ro x im a le n  K a m m e ra b sc h n itts :  17/5 m m H g (A bb. 2), im  d is ta len  
T e il d e r  re c h te n  K am m er: 25/0 m m H g  (A bb. 3), d e r  A. p u lm onalis : 22/14 m m H g , d es linken  
V o rh o fs : 16/6 m m H g (A bb. 4). V o r d em  B eginn  d e r e ig en tlich en  O p era tio n  ä n d e r te  d ie  p ro x i
m a le  r e c h te  K am m er p lö tz lich  ih re n  R h y th m u s  u n d  v e rric h te te  a n s ta t t  den  b ish e rig e n  K a m 
m e rk o n tra k t io n e n  m it dem  re c h te n  V o rh o f sy n ch ro n e  K o n tra k tio n en . D ie V o rh o fsy sto le  lief 
ü b e r  d ie  E in s trö m u n g sb ah n  d e r r e c h te n  K am m er b is zu r A u sström ungsgrenze, d ie d a ra u ffo l
g e n d e  K am m ersy s to le  w ar led ig lich  a n  de r A u sströ m u n g sb ah n  ersich tlich . G le ich ze itig  v e r
m in d e r te  sich  de r system ische B lu td ru c k  v o n  80 m m H g  a u f  40 m m H g. A u f de r D ru c k k u rv e  des 
s ich  sy n c h ro n  k o n trah ie ren d en  r e c h te n  V o rh o f-p ro x im alen  re ch ten  K am m e r-K o m p le x e s  e r
sc h ie n e n  h o h e  a-W ellen (A bb. 5). N a ch  N orad ren a lin -V erab fo lg u n g  k a m  es a b e rm a ls  zur 
R h y th m u s ä n d e ru n g  der p ro x im a len  K a m m e r u n d  d ie K o n tra k tio n e n  e rfo lg ten  — eb en so  wie 
d ie  e in e r  e inheitlichen  re ch ten  K a m m e r  — sy n ch ro n  m it dem  d ista len  K a m m e ra b s c h n it t,  im  
Z e i tp u n k t  d e r K am m ersysto le. D e r  sy stem ische  B lu td ru c k  n o rm alisierte  sich zu  d iesem  Z e it
p u n k t ,  n a c h  A bklingen de r N o ra d ren a lin w irk u n g  w ied erh o lte  sich jed o ch  die v o ra n g eh e n d  
b e sc h rie b e n e  E rscheinung. D u rc h  w ied erh o lte  N o ra d ren a lin g a b e  k o n n te  die e rw ä h n te  p a rtie lle  
D is so z ia tio n  de r rech ten  K a m m e r b eh o b en  w erden , zu r A u fre ch te rh a ltu n g  dieses Z u s tan d e s  
w a r  je d o c h  N o rad ren a lin in fu sio n  e rfo rd e rlich . A n g esich ts des besch riebenen  Z u s ta n d e s  t r a te n  
w ir  v o n  d e r  F o rtse tzu n g  de r O p e ra tio n  z u rü ck  u n d  sch lossen  den B ru stk o rb .

D e r  erforderliche B lu td ru c k  (80 m m H g ) w a r a u ch  w e ite rh in  n u r  m itte ls  N o ra d re n a lin 
in fu s io n  z u  sichern ; der sp o n ta n e  B lu td ru c k  des P a t ie n te n  n o rm alisierte  sich  led ig lich  in  der 
68. p o s to p e ra t iv e n  S tunde. 30 T ag e  sp ä te r  w urde  d e r  K ra n k e  ohne p o s to p e ra tiv e  K o m p lik a 
t io n e n  m it  k o m pensiertem  K re is la u f  en tla ssen .

B esprechung

D ie  be i EßSTEiNscher A n o m alie  a u f tre te n d e n  versch iedenen  R h y th m u s 
s tö ru n g e n  w urden  von m eh re re n  V erfassern  b e o b a c h te t [2, 3, 5, 6, 7 ], u n d  es 
w ird  an g en o m m en , daß  fü r  d en  tö d lich en  A usgang  ebenfalls die R h y th m u s 
s tö ru n g e n  v e ran tw o rtlich  s in d . W o o d  [6], sow ie L e v  u n d  M ita rb e ite r |3 ]  b eo b 
a c h te te n  b e i EßSTEiNscher A n o m alie  m eh rm als  das A u ftre ten  des W  — P —W- 
S y n d ro m s . In  einem  F a ll v o n  L e v  w ar es h isto log isch  nachzuw eisen , d a ß  der 
r e c h te  a tr io v e n tr ik u lä re  R in g  d en  rech ten  V orlio f von  der K am m er n ic h t  vo ll
k o m m e n  abso n d erte . Z w ischen  den  beiden  H erzh ö h len  fan d  sich ein in te rm e 
d iä re s , spezifisches Gewebe e n th a lte n d e s  B ü n d e l. D iese F asern  s ich e rten  zw i
sch en  d e m  S inuskno ten  u n d  d em  rech ten  TAWARAschen Schenkel d u rc h  e rh a l
te n e  K o n tin u i tä t  eine d ire k te  V erb in d u n g . K je l l b e r g  u n d  M ita rb . [2] te il te n  
ih re  b e i EBSTEiNschen A n o m alie -F ä llen  e rm itte lte n  e lek tro m y o g rap h isch en  
B e fu n d e  d e r  rech ten  V o rh o fk o n tra k tio n e n  in  3 G ruppen  ein: In  2 von  6 F ä llen  
w ar d e r  M axim alaussch lag  des re c h te n  V orhofs n ach  dem  Q R S -K o m p lex  s ic h t
b a r . I n  d e r  a u f T rik u sp id a lin su ffiz ien z  c h a ra k te ris tisch e n  W ellenb ildung  n ah m  
d as r e c h te  A urikel n ich t T eil. I n  w eite ren  2 F ä llen  e rs treck te  sich d er M ax im a l
a u ssc h la g  des rech ten  V orhofs vom  B eginn  d e r Q -W elle bis zum  E n d e  d e r R- 
W elle . I n  1 F a ll w ar das K y m o g ra m m  des re c h te n  V orhofs u n d  des a tr ia lis ie r te n  
re c h te n  K am m erab sc lin itts  g än z lich  versch ied en . W äh ren d  der K a m m e r
sy s to le  ze ig te  der rech te  V o rlio f In itia lfü llu n g , w äh ren d  der D iasto le  dagegen  
ra sc h e  F ü llu n g . Die K u rv e  e n ts p ra c h  e in er ra sch en  K a m m c rd ila ta tio n  u n d  
e in e r M ax im alfü llung  d er re c h te n  p ro x im alen  K am m er.
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W erden  u n se re  vom  rech ten  u n d  lin k en  V o rh o f aufgenom m enen  D ru c k 
k u rv e n  verg lichen , so e rg ib t sich fo lgendes: W ä h re n d  die a-W ellen des re c h te n  
V orhofs (A bb. 2) k a u m  zu e rkennen  sin d , t r e te n  die a-W ellen  des linken  V orhofs 
d eu tlich  in E rsc h e in u n g  (A bb. 4). A u f d er K u rv e  des linken  V orhofs sin d  als 
Zeichen des M itra lk lappensch lusses a u ß e r  den  c-W ellen  auch  große av -W ellen  
s ic h tb a r. A u f d e r K u rv e  des rech ten  V orhofs w aren  analoge W ellen n ic h t  zu 
b eo b ach ten .

Die R h y th m u sv e rä n d e ru n g e n , die es z u r  F o lg e  h a tte n , d aß  die K o n tr a k 
tio n en  der p ro x im alen  rech ten  K am m er m it den  V o rh o fk o n tra k tio n e n  s im u lta n

Abb. 6. In tra o p e ra tiv e  D ru c k k u rv e  des d is ta le n  re c h te n  K a m m e rab sch n itts  w ä h ren d  de r 
sim u ltan en  D e p o la risa tio n  des rech ten  V o rh o f-p ro x im a len  K am m e rab sch n itt-K o m p le x es

verliefen , ä n d e rte n  die H äm o d y n am ik  des re c h te n  H erzens g rund legend . D ie 
D ru ck v e rh ä ltn isse  d e r aus dem  b e tre ffen d en  K a m m e ra b sc h n itt u n d  dem  re c h 
te n  V orhof b e s te h e n d e n  H öhle e n tsp ra c h e n  e in e r  ty p isch en  T rik u sp id a lin su f- 
fizienz. A uf die h o h en  a-W ellen fo lg ten  d e r K a m m e re je k tio n  en tsp rech en d e  
systo lische D ru ck e rh ö h u n g en  (A bb. 5), u n d  in  d e r  e rw äh n ten  H erzhöh le  s tieg  
d e r D ruck  an . Als R e s u lta t  dieses Z u stan d es  t r a t  — wie bere its  e rw ä h n t — eine 
system ische D ru c k a b n a h m e  auf. D er S te ig e ru n g  d er T rikusp id a lin su ffiz ien z  
en tsp rech en d  e rh ö h te  sich  der D ru ck w ert des e ine  fu n k tio n e lle  E in h e it d a rs te l
len d en  rech ten  V o rhof-p rox im alen  re c h te n  K am m er-K o m p lex es  w äh ren d  d er 
Systo le  des d is ta len  rech ten  K a m m e ra b sc h n itts  v o n  dem  v o ran g eh en d en  17 
m m H g  a u f 22 m m H g . A u f der D ru c k k u rv e  d e r d is ta len  K am m er w aren  zu r 
Z eit der D issozia tion  w äh ren d  der D iasto le  u n g ew öhn liche  a-W ellen zu  b e o b 
ac h te n , die dem  v e rg rö ß e rte n  systo lischen  V o lum en  des rech ten  V orhofs z u z u 
schreiben  sind  (A bb . 6).
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Folgerung

Im  M angel an  h isto lo g isch en  B e fu n d en  können  w ir die b e o b a c h te te n  
k lin isc h e n  E rsch e in u n g en  v o m  a n a to m isch en  G esich tsp u n k t sch w er e rk lä re n . 
A n h a n d  d e r in  der L i te r a tu r  m itg e te ilte n  in d ire k te n  A ngaben  [2, 3] n eh m en  
a u c h  w ir  die M öglichkeit d e r zw ischen dem  S inus u n d  dem  re c h te n  T a w ara - 
sc h e n  S chenke l b esteh en d en  d ire k te n  V e rb in d u n g  an . Diese S u p p o sitio n  sch e in t 
a u c h  d ie  B eo b ach tu n g  von  D atey  u n d  Ga n d h i [5] zu u n te r s tü tz e n , d ie  bei 
EBSTEiN scher A nom alie in  d e r a tr ia lis ie r te n  p ro x im alen  rech ten  K a m m e r  m it
te ls  E le k tro d e n k a th e te r  V o rh o ffib rilla tio n  re g is tr ie r te n . In  1 F a ll v o n  KjELL- 
BERG w ies das E le k tro k y m o g ra m m  a u f  d ie  gem einsam e F ü llu n g  des re c h te n  
V o rh o fs  u n d  der p ro x im a len  re c h te n  K a m m e r; diese E rsch e in u n g  e n ts p ra c h  
w a h rsc h e in lic h  ebenfalls e in e r R h y th m u sä n d e ru n g .

Schließ lich  k ö n n te  angenom m en  w erd en , d aß  fü r  die p lö tz lich en  T o d es
fä lle  eb en fa lls  R h y th m u sv e rä n d e ru n g e n  v e ra n tw o rtlic h  sind.
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A m m o n iu m  ch lo ride  in  a  dose of 0.1 g w as a d m in is te re d  to  ra ts  ev ery  second  d ay  
over a  p e rio d  of tw e n ty  d a y s . S u b seq u en t h is to ch em ica l s ta in in g  rev ea led  in creased  
p y ro n in o p h ilia , e lectron  m icroscop ic  s tu d y  a  r ich n ess  in  e rg asto p lasm  in  th e  liv e r cells. 
A 24.8 p e r  cen t increase  o f  h e p a tic  R N A  c o n te n ts  as co m p ared  to  th e  co n tro ls  w as 
d e m o n s tra te d  b y  a q u a n ti ta t iv e  m ethod . T he f in d in g s  suggest am m o n iu m  ch loride  
tr e a tm e n t  to  lead  to  in c re a sed  p ro te in  sy n th esis  in  th e  liver.

T he m echan ism  of a c tio n  o f am m onium  ch lo rid e , p a r tic u la r ly  in  re sp ec t 
to  its  ac id ify ing  c h a ra c te r , h a s  been  a su b jec t o f  s tu d y  from  th e  b eg in n in g  of 
th e  c e n tu ry . As early  as 1900 P ohl an d  Münzer  [16J h av e  show n th a t  a m 
m on ium  ch lo ride  caused  ac idosis . H aldane  [9] in d u c e d  acidosis in  a se lf-ex 
p e rim e n t b y  ingestion  of a m assiv e  dose of am m o n iu m  chloride [9], b e liev ing  
acidosis of th is  origin to  be d u e  to  sp littin g  of am m o n iu m  chloride in to  N H 3 and  
HC1, th e  f i r s t  be ing  assu m ed  to  be  con v erted  in  th e  liv e r to  u rea  a n d  th e  second  
— i.e. th e  rem ain in g  HC1 ra d ic a l — to  be th e  fa c to r  responsib le  fo r acidosis. 
T ho u g h  H a ld a n e’s h y p o th e s is  w as la te r  m o d ified  b y  W in ter stein  an d  Göck- 
h a h n , J acobs, Loeschke a n d  S ugioka [22, 10, 13], N H 3 is s till a ssum ed  to  be  
b ro k en  dow n o r tra n sfo rm e d  m a in ly  in th e  liv e r. F azekas [4, 5, 7] in v e s tig a te d  
th e  effect o f am m onium  c h lo rid e , am m onium  su lp h a te , am m onium  c a rb o n a te  
a n d  o th e r sa lts  of th is  ty p e  in  ra b b its . T h e  an im a ls  t re a te d  w ith  th e se  su b 
s tan ces  d isp lay ed  en la rg em en t o f th e  an te rio r  p i tu i ta r y  (w ith  an  in creased  b a so 
ph ile  cell p o p u la tio n ), as w ell as o f th e  ovaries a n d  th e  u te ru s , fu rth e rm o re  fo l
licu la r m a tu ra tio n , p ro d u c tio n  o f corpora lu te a , cyclic changes o f th e  u te r in e  
ho rn s, b ro ad en in g  an d  h y p e rfu n c tio n  of th e  a d re n a l co rtex , an d  a co n siderab le  
increase  in  b o d y  w eight. T h e  am m onium  sa lts  w ere th u s  assum ed  to  s ta r t  a 
ch a in  of en h an ced  anabo lic  processes.

T he p re se n t h is to ch em ica l, e lectron  m icroscop ic , a n d  b iochem ical s tu d ies  
dea l w ith  th e  effect of am m o n iu m  chloride on th e  liver.

Material and methods

In b re d  m ale a lb ino  ra ts  o f 250 g body  w eigh t k e p t  on  a s ta n d a rd  d ie t were g iven  0.1 g 
am m onium  ch lo ride  as a 5 pe r c e n t  so lu tio n  th ro u g h  a  g a s tr ic  tu b e  every  second d a y  on  ten  
occasions, i.e. o v er tw e n ty  d ays. O n  th e  2 0 th  day  sam ples o f th e  liv e r were excised  u n d e r  hcxo-
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b a r b i t a l  an aesth es ia  from  10 t r e a te d  a n d  10 u n tre a te d  an im als . T he specim ens w ere  fix ed  in  
Ca b n o y , w ashed  w ith  alcohol, e m b e d d ed  in  p a ra ff in  a n d  10 /i th ic k  sec tions w ere  p re p a re d  and 
s ta in e d  w ith  m eth y lg reen -p y ro n in e . Specim ens m easu rin g  1 cu. m m  fro m  th e  sam e  an im als 
w e re  f ix e d  in  1 per cen t o sm ium  [14] fo r one h o u r  a t  4 °C, a n d  a f te r  g ra d u a l d e h y d ra t io n  w ith  
a lc o h o l w ere  em bedded in  A ra ld it ;  sec tions m ad e  w ith  a n  L K B  ty p e  u ltra m ic ro to m e  w ere  con
t r a s te d  acco rd ing  to  R e y n o l d s  [17]. T h e  sec tions w ere  ex am in ed  an d  p h o to g ra p h e d  b y  m eans 
o f a  T e s la  242 D ty p e  e lec tro n  m icroscope  (E le c tro n  M icroscopic L ab o ra to ry , Jó z se f  A t t i la  U n i
v e r s i ty ,  Szeged).

I n  350 to 450 mg spec im ens fro m  th e  liv e r o f each  an im al th e  R N A  c o n te n t w as e s tim a te d  
b y  th e  m e th o d  of Sc h n e id e r  [2 0 ], S c h m id t  a n d  T h a n n h a u se r  [19], as m o d ified  b y  Ördög  
a n d  D o b o z i [15].

Results

I n  ag reem ent w ith  Th em a n n  an d  Stichnoth  [21], in  h e a lth y  liv e r  tissue  
a ro u n d  25 p er cen t o f th e  cells show ed slig h tly  increased  p y ro n in o p h ilia  (F ig . 1). 

A fte r  tre a tm e n t w ith  am m o n iu m  ch lo ride  increased  p y ro n in o p h ilia  was

F ig . 1. R a t  liver. M eth y lg reen -p y ro n in e  s ta in in g . T h e  arrow s in d ic a te  liv e r  cells w ith  in creased
p y ro n in o p h ilia . X 650

F ig . 2 . R a t  liv e r  a fte r t r e a tm e n t  w ith  am m o n iu m  ch lo ride. M eth y lg reen -p y ro n in e  sta in in g . 
T h e  liver cells filling  th e  v isu a l fie ld  show  in creased  p y ro n in o p h ilia . X 650
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fo u n d  in  all th e  cells (Fig. 2). C oarse p y ro n in e  g ranu les w ere c lea rly  seen in  the  
liv e r cells u n d e r  h igh  pow er (F igs 3, 4).

T hese re su lts  led us to  th e  e lec tro n  m icroscopic s tu d y  of th e  possib le  u l
tra s t ru c tu ra l  changes. No d ifference  in  th is  re sp ec t w as, how ever, d em o n strab le

F igs 3, 4. R a t  liv e r a f te r  t re a tm e n t w ith  am m o n iu m  ch loride. M e th y lg reen -p y ro n in e  s ta in ing . 
T he arrow s in d ic a te  coarse  p y ro n in e  g ranu les. X 1500

betw een  tr e a te d  a n d  u n tre a te d  an im a ls . T he ty p ic a l cy to p la sm ic  e lem en ts, 
such  as th e  m ito ch o n d ria , lysosom es, G olgi’s a p p a ra tu s , h ad  a n o rm a l a p p e a r
ance. On th e  o th e r  h an d , m ark ed  changes w ere observed  in  th e  e rg as to p lasm . 
W hile in  th e  con tro ls  th e re  w as, in  acco rd an ce  w ith  th e  fin d in g s in  th e  m etliy l- 
g reen -p y ro n in e -s ta in ed  p re p a ra tio n s , a fu lly  developed  e rg as to p la sm  in  25 per 
c en t o f th e  cells, in th e  m a te ria l d e riv ed  from  an im als a f te r  t r e a tm e n t  w ith  
am m onium  ch lo ride , a rich  e rg as to p la sm  h ad  becom e m an ifest in  p ra c tic a lly
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a ll o f  th e  cells. I t  was re m a rk a b le  in  th e  t r e a te d  a n im a ls  t h a t  th e  coarse en d o 
p la sm ic  re ticu lu m  assu m ed  a  ch a ra c te ris tic  la m e lla r  p a t te r n  in  n e a rly  all th e  
ce lls, a  fin d in g  p o in ting  to  in c re a se d  p ro te in  sy n th e s is  [8]. F u r th e r  u l t r a s t ru c 
tu r a l  s igns of an enhanced  p r o te in  synthesis, su ch  as th e  ribosom e-helices de
sc r ib e d  b y  R öhlich e t  al. [18 ] ,  w ere absent.

F ig . 5. E le c tro n  m icroscopic d e ta i l  o f  a  r a t  liver cell. M: m ito c h o n d ria ;  gl: g lycogen; E R G
erg asto p lasm . X 27.000

T h u s , am m onium  c h lo r id e  led  to  p ro fo u n d  changes in  th e  R N A  c o n te n t 
o f  l iv e r  cells. In  order to  a sse ss  th e  degree o f in c rea se  o f R N A  c o n te n t, i t  w as 
e s t im a te d  b y  a b iochem ical q u a n ti ta t iv e  m e th o d  b o th  in  th e  t r e a te d  an im als 
a n d  in  th e  controls, in  sp e c im e n s  of the  liv e r o f th e  sam e an im als w hich  h ad  
s e rv e d  fo r  th e  h istochem ical a n d  electron m icroscopic  in v es tig a tio n s . (A ccording 
to  p re lim in a ry  ex p erim en ts , n o  correct e v a lu a tio n  w o u ld  h av e  been  o therw ise
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F ig . 6. E lec tro n  m icroscopic  d e ta il o f  r a t  liv e r  cell a f te r  am m onium  ch lo rid e  t r e a tm e n t,  
L am ella r p a t te rn  o f e rg asto p lasm  (E R G ). M: m ito c h o n d ria ; N : nucleo lus. X 32.000

Table I
R N A -co n ten l o f  liver o f  rats treated w ith  am m onium  chloride

No l 2 3 4 5 6 7 8 9 10

R N A  y /g 7471 8179 1 7419 8041 7651 7951 8597 8172 8984 8734

A verage 8 1 2 0 ± 5 2 9

Table II
R N A -co n ten t o f  liver o f  control rats kept on standard diet

No 1 2 3 4 5 6 7 8 9 10

R N A  y /g 6472 6612 6176 6204 6860 5916 6640 6680 6648 6816

A verage 6502.4 ±  312

Acta Medico Academiae Scientiarum Hungaricae 23, 1966



12 A. BASCH and F. JOÓ

possib le .) R esu lts  a re  sh o w n  in  Tables I  an d  I I .  T h e  R N A  values refer to  m o ist 
w e ig h t. I t  c learly  em erges fro m  th e  F igures t h a t  th e  R N A  co n ten t in  th e  liv e r 
o f  t r e a te d  an im als w as 1618 ц g m ore th a n  in  th e  c o n tro l livers. This c o rre sp o n d 
ed  to  a 24.8 p er c e n t d e v ia tio n ; th e  d ifference w as sign ifican t s ta tis t ic a lly  
(p  <  0 .01; t 18 =  8.374).

Discussion

O n th e  ev idence o f  s tu d ie s  quo ted  in  th e  in tro d u c to ry  section  of th is  p a 
p e r, am m o n iu m  ch lo rid e  h a s  been found  to  cau se  a  g re a t v a r ie ty  of sy stem ic  
ch an g es. O ur a t te n tio n  h a s  b een  d irec ted  to  a m m o n iu m  chloride b y  F azekas 
[6] w ho claim ed th e  su b s ta n c e  to  be a general ro b o ra n t .

As d e m o n s tra te d  b y  L oeschke and  Sug io k a , am m onium  ch lo ride in 
tro d u c e d  in to  th e  o rg an ism  y ie ld s  am m onia w h ich  p e n e tra te s  th e  ce llu lar m em 
b ra n e  an d  d isp lays i ts  a c tio n  in trace llu la rly . M assive accum ula tion  o f th is  
su b s ta n c e  carries a h ig h  to x ic i ty , therefo re  th e  o rg an ism  m obilizes sev era l m e
ch an ism s for its  e lim in a tio n . I t  is genera lly  a c c e p te d  (H aldane an d  o th ers) 
t h a t  th e  g rea te s t p a r t  o f  am m o n ia  is co n v e rte d  in to  u re a  th ro u g h  a specific  
p ro cess  w hich  tak es  p lace  in  th e  liver as p a r t  o f  th e  o rn ith in e-cy c le  [12].

T h e  reason  fo r o u r  u s in g  an im als of id e n tic a l b re e d , age, bo d y  w eig h t, an d  
sex , a n d  for keeping  th e m  o n  a s ta n d a rd  d ie t, w as a w ell-know n fac t t h a t  th e  
R N A  c o n te n t of th e  tis su e s  inc lu d in g  th e  liv er show s a w ide v a r ie ty  d ep en d in g  
on  species, sex, age, a n d  d ie ta ry  conditions. N eg lec t o f  th ese  fac to rs m a y  be a 
so u rce  o f  errors.

O n th e  g ro u n d  o f  m orpho log ica l an d  b io ch em ica l evidence i t  h as  been  
show n  th a t  t re a tm e n t w ith  am m onium  ch lo ride lead s  to  an  increase in th e  R N A  
c o n te n t  o f liver cells.

A ccord ing  to  B rachet  [1] and  D avidson  [3], en h an ced  p ro te in  sy n th es is  
is a sso c ia ted  w ith  an  a c c u m u la tio n  of R N A . T h e  in c rea sed  p y ro n in o p h ilia  an d  
th e  rich n ess  in  e rg a s to p la sm  m a y  be reg a rd ed  as m orpho log ica l ev idence o f an  
in c re a se d  R N A  c o n te n t in  th e  liver. Q u a n ti ta t iv e  m easu rem en ts  show ed th is  
in c re a se  to  have a m o u n te d  to  24.8 p er cen t, re p re se n tin g  a s ta tis tic a lly  sig
n if ic a n t  ( t  <  0.01) d iffe ren ce  as com pared  to  th e  co n tro ls . A ccording to  Ca n e l - 
lakis [2], th e  R N A  m olecu les tak e  p a r t  in  p ro te in  syn th esis  as am ino  acid 
c a rr ie rs , tran sfe rr in g  th e  am in o  acids to  th e  m icrosom es in  o rder to  be b u i l t  in to  
th e  m icrosom al p ro te in s .

T h e  increased  R N A  v a lu es  found  in  th e  p re s e n t s tu d y  are  in te rp re te d  as 
a sign  o f an  en h an ced  in tra h e p a tic  p ro te in  sy n th e s is ;  th is  m ig h t ac c o u n t fo r 
th e  an ab o lic  effect o f  a m m o n iu m  chloride.

F u r th e r  s tud ies a re  in  course to  a sc e rta in  w h e th e r  am m onium  ch lo ride  
t r e a tm e n t  leads to  a n  in c rea se  of th e  R N A  c o n te n t  in  o th e r tissues as well.
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HAEMODYNAMIC EFFECTS OF EXTEROCEPTIVE 
STIMULI IN RATS IN THE WAKING STATE 

AND WITH GROLLMAN-HYPERTENSION

B y

Z. Szabó, L. T akács, T . Gáti and K . Gyenge

w ith  th e  tech n ica l a ssis tan ce  of

K arola  A l b e r t , J .  K u k u csk a , I. L u l it y  a n d  K a ta lin  F e k e t e  
SECOND D EPARTM ENT O P M ED IC IN E  AND IN STITU TE OF PATHO PHY SIOLOG Y , U N IV ER SITY  MEDICAL

SCHOOL, BU DA PEST

(R eceived  M arch 14, 1966)

T he h a em o d y n am ic  changes in  w aking  a n d  a n ae s th e tize d  ra ts  w ith  G r o llm a n - 
h y p erten sio n  a n d  in  n o rm al con tro ls, re sp ec tiv e ly , m a y  be resu m ed  as follow s.

1. T he c irc u la tio n  o f w aking  ra ts  as co m p ared  to  th a t  o f a n ae s th e tize d  co n tro ls  
is charac te rized  b y  a  co n sid erab le  increase in  c a rd iac  o u tp u t  an d  a sh if tin g  of its  o rgan  
frac tions, in fa v o u r o f th e  carcass a t  th e  expense  o f th e  ren a l a n d  sp lan ch n ic  frac tio n s .

2. P ro p e r e v a lu a tio n  of th e  haem o d y n am ic  changes co n seq u en t u p o n  th e  p ro 
d u c tio n  of GROLLMAN-hypertension was ren d ered  d iff ic u lt by  th e  stress  o f e x c ita tio n  
w hen th e  an im als  w ere aw ake  an d  b y  a su b s ta n tia l  fa ll o f b lood p re ssu re  in  th e  h y p e r
tensive  an im als w hile u n d e r  general anaesth es ia . T h e  re su lts  suggest, how ever, t h a t  th e  
increase o f card iac  o u tp u t  m ay  p lay  a p a r t  in th e  p ro d u c tio n  of GROLLMAN-hypertension 
while its  sh iftin g  m ay  be in ferred  to  from  th e  in c reased  co ro n ary  fra c tio n  fo u n d  in  th e  
w aking h y p e rte n siv e  g ro u p  an d  from  th e  h igh  f ra c tio n  fo r th e  carcass in  th e  a n a e s th e t
ized  h y p e rten siv e  g ro u p s.

T here is am ple  ev id en ce  in su p p o rt o f th e  th e o ry  w hich links u p  th e  p ro 
d u c tio n  of h y p e rten s io n  w ith  an increased  p e rip h e ra l res is tan ce . A rise  in  card iac 
o u tp u t  has also been  c la im ed  to  p lay  a p a r t  in  th e  increase  o f b lood  p ressu re  in 
h u m a n  beings as w ell as in  la b o ra to ry  an im als, p a r tic u la r ly  in  th e  ea rlie r stages 
o f h y p erten siv e  d isease (F ishberg  [1954], B rod e t al. [1959], B rod [1960], 
Szabó [1963], Ledingham  an d  Cohen [1963], F inkielm an  e t  al. [1965]). The 
re n a l h aem o d y n am ic  changes have  been s tu d ie d  ex ten siv e ly  a n d  i t  has been 
accep ted  th a t  e ssen tia l h y p e rten s io n  leads to  a red u c tio n  of ren a l b lood  flow  
an d  to  a para lle l in c rease  in  ren a l vascu la r re s is tan ce . A ccording to  B rod (1960), 
red u ced  renal b lood  flow  is associa ted  w ith  an  increased  b lood  su p p ly  o f th e  
m u scu la tu re . In fo rm a tio n  is scarce concern ing  h aem o d y n am ic  con d itio n s p re 
v a ilin g  in th e  o th e r  o rg an s.

In  o rder to  gain  in s ig h t in to  th e  m ech an ism  of h aem o d y n am ic  changes 
associa ted  w ith  h y p e rte n s iv e  disease, i t  is e ssen tia l to  s tu d y  th e  h aem o d y 
n am ic  cond itions o f th e  d iffe ren t o rgans a p a r t  from  ca rd iac  o u tp u t  an d  to ta l  
p e rip h e ra l re s is tan ce  o f  w hich  th e y  are , a c tu a lly , th e  d e te rm in in g  fac to rs . We 
h av e  ap p ro ach ed  th e  p ro b lem  b y  th e  use o f Sa p ir st e in ’s iso tope  in d ic a to r  d ilu 
tio n  tech n iq u e  in  v a rio u s  ty p es  of induced  h y p e rto n ia . W e h a d , how ever, to
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cope w ith  m ethodological d ifficu lties, such as a fall o f blood pressure to  nearly  
n orm al levels in rats w ith  GROLLMAN-hypertension while under pentobarbital 
an aesth esia . Another d ifficu lty  was th a t even in the alert controls cardiac 
o u tp u t and its distribution show ed deviations beyond  the norm al range. In the  
p resen t studies the haem odynam ics of rats w ith  GROLLMAN-hypertension were 
com pared  w ith those o f a lert restrained and non-restricted controls and of rats 
under pentobarbital anaesthesia .

Methods

H u n d re d  inb red  m ale r a ts  w eigh ing  be tw een  131 a n d  255 g w ere used . A v erag e  body  
w e ig h t w ith in  th e  groups ran g ed  fro m  141 g to  184 g. A fte r  16 to  20 hours fa s tin g  in tra p e r i
to n e a l  a n ae s th es ia  was carried  o u t  w ith  50 m g/kg of p e n to b a rb ita l,  15 to  30 m in u te s  p r io r  to  th e  
h a e m o d y n a m ic  studies.

H y p e rten sio n  was in d u ced  b y  G ro llm a n ’s m eth o d  (1944), i.e. a f te r  u n ila te ra l  n ep h rec 
to m y , isc h ae m ia  of th e  o th e r k id n e y  w as in d u ced  b y  a fig u re-o f-e ig h t-lig a tu re . D e v e lo p m en t of 
h y p e r te n s io n  was followed by  in d ire c t  b lo o d  pressu re  read in g s using  th e  dev ice  desc rib ed  by 
Gá t i e t  a l. (1959).

C a rd iac  o u tp u t was d e te rm in e d  b y  th e  dye d ilu tio n  tech n iq u e , u sing  E v a n s  b lu e , and 
th e  o rg a n  frac tio n s  of card iac  o u tp u t  b y  th e  Sa p ir s t e in ’s iso to p e  in d ic a to r f ra c t io n a tio n  te c h 
n iq u e  (1 9 5 6 ,1 9 5 8 ),using 86R b. B lood  flow  a n d  p e rip h e ra l re s is tan ce  of th e  o rgans w ere com p u ted  
fro m  th e  v a lu e s  of blood p ressu re , c a rd iac  o u tp u t  a n d  its  o rg an  frac tio n s . D e ta ils  o f  th ese  p ro 
c ed u re s  h a v e  been  described p re v io u s ly  (K állay  an d  T akács  [1961], T akács e t al. [1962]).

T h e  la y o u t of th e  e x p e rim e n ts  w as as follows:
a )  C orre la tion  of h a em o d y n am ic  changes in  a n ae sth e tize d  and  a le r t c o n tro ls  an d  in 

a le r t  a n im a ls  w ith  GROLLMAN-hypertension fo u r w eeks a f te r  th e  o p era tio n . T hese  a n im a ls  were 
n o t  r e s t r ic te d  during  th e  h aem o d y n am ic  te s ts , card iac  o u tp u t  w as n o t d e te rm in e d , 86R b  was 
g iv en  in to  th e  ta il vein.

b )  T h ree  groups of an im a ls  s im ila r to  a), re s tra in e d  in  th e  sup ine  p o sitio n . In  these  
g ro u p s , c a rd ia c  o u tp u t w as d e te rm in e d , b lo o d  pressu re  w as m easu red  d irec tly , tb e  so lu tio n s 
w ere  g iv e n  in to  th e  fem oral ve in  a f te r  p rev io u s in f il tra tio n  of th e  incision  sites w ith  0.5 m l of 
1 p e r  c e n t  p rocaine  so lu tion , as th e  to ta l  dose.

D evia tio n  fr o m  control

Table I

U nits

N o  sym bol n o t significant P  >  0.05
* sign ifican t P  <  0.05

** m ark ed ly  significant P  <  0.01
*** h igh ly  significant P  <  0.001

C a rd ia c  o u tp u t m l/m in/100 g body  w eight

B lo o d  pressure m m  Hg

R esistan ce /b o d y 103 dyn. sec. cm ~5/100 g bod y  w eigh t

B lood  flow m l/m in/100 g organ w eight

R esis tan ce /o rg an 103 dyn . sec. cm  "5 100 g o rg an  w e ig h t

F ra c tio n B lood flow o f to ta l  organ in p ercen tage  

o f cardiac  o u tp u t
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c) G roups w ith  one, tw o , an d  fo u r w eeks’ h y p e rte n s io n  co rre la ted  w ith  sh a m -o p e ra te d  
co n tro ls . A ll d e te rm in a tio n s  w ere carried  o u t  a f te r  p e n to b a rb ita l  a n aes th es ia  a n d  im m o 
b ilization .

F u r th e r  d e ta ils  will be  d e a lt w ith  to g e th e r  w ith  th e  resu lts .
R e su lts  w ere ev a lu a te d  w ith  St u d e n t ’s tw o -sam p le  “ t ” -tes t. In  th e  tab le s  th e  com m on 

s c a tte r  h as been  ta b u la te d , since th is  d id  n o t a ffe c t e v a lu a tio n  of th e  resu lts .
T h e  sym bols and  u n its  o f m ea su re m e n t u sed  in  th e  tab le s  an d  g rap h s  a re  show n in 

T ab le  I.

R esu lts

a) Unrestricted anaesthetized and  alert controls and w aking a n im a ls w ith  
G r o llm a n -hypertension

T h e an im als w ere w rap p ed  up  in  a c lo th  an d  fixed , care b e in g  ta k e n  to  
m a in ta in  th em  in th e ir  n a tu ra l  p o s tu re . T h e  n ecessary  so lu tions w ere  in jec ted

fraction % 
l Vigil) 

Cor

tV = 109 mm Hg 
Cv = 774 mm Hg 

Ren

3 

2 

1

cn c; g;++

12

8

4

Splanch Muse. skel.

Fig. 1. C oronary  (cor), ren a l (ren), sp lan ch n ic  (sp lan ch ), an d  carcass (m use, ske l.) frac tio n s  of 
ca rd iac  o u tp u t  in con tro l r a ts  u n d e r  p e n to b a rb ita l  a n aes th es ia  (Cn), in  w ak in g , u n re s tr ic te d  

co n tro l ra ts  (Cv) an d  in w ak ing  r a ts  w ith  GROLLMAN-hypertension (G v)

n to  th e  ta i l  ve in . M ean values o b ta in e d  b y  in d ire c t b loo d -p ressu re  read ings 
w ere 110 m m  H g p rio r  to  th e  Grollman’s o p e ra tio n , an d  172 m m  H g  fo u r weeks 
la te r  p rio r  to  th e  h aem o d y n am ic  te s ts . T ab le  I I  an d  Fig. 1 show  th e  o rgan  frac 
tio n s  o f  ca rd iac  o u tp u t. — In  th e  w ak in g  g ro u p , co rre la ted  w ith  th e  a n a e s th e t
ized  co n tro ls , th e  frac tio n s  fo r th e  co ro n a ry  system  an d  th e  carcass w ere 
h ig h er, th o se  for th e  k id n ey , liv e r a n d  in te s tin e s  low er, th a n  in th e  co n tro ls . In  
th e  h y p e rte n s iv e  g roup , as co m p ared  to  th e  a le r t con tro ls, th e  c o ro n a ry  frac-
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18 Z. SZABÓ et al.

Table II

Organ fractions o f  w aking  unrestricted rats after Grollman's operation

N um ber of cases (n)

Controls
(pento

barbital)

W aking groups

W ithin-sam ple
standard
deviation

Controls Grollman-
operation

10 10 10

M ean values

H e a r t  ............................................................. 1.4 1.8- 2.7*** 0.4

K id n e y  ........................................................... 10.9 6 . 7 - 7.8 2.5

L u n g ................................................................ 3.0 3.4 4.2 1.1

L iv e r ............................................................. 8.4 6 .3 - 7.5 1.5

I n t e s t i n e s ...................................................... 17.7 8 . 3 - 8.2 2.7

S p lan ch n ic  a rea  (liver -f- in testin es) 26.1 1 4 .6 - 15.7 3.5

S k in  ................................................................ 13.4 13.0 14.3 4.4

Carcass ........................................................... 45.0 6 0 .6 - 59.4 5.1

Sym bols

• =  significant as com pared w ith  th e  contro ls a n aesth e tized  w ith  p en to b a rb ita l
* =  significant as com pared  w ith  th e  w aking contro ls.

Fraction %
(Procaine)

CO P TPk

F ig . 2. C a rd iac  o u tp u t  (CO), d irec t b lo o d  p ressu re  re ad in g s  (P )  an d  to ta l  p e rip h e ra l re s is tan c e  
(T P R ) in  co n tro l ra ts  u n d e r  p e n to b a rb ita l  a n ae s th es ia  (Cn), in  w aking , im m obilized  c o n tro ls  

(Cv) an d  in  w ak in g , re s tr ic te d  r a t s  w ith  GROLLMAN-hypertension (G v)

t io n  f u r th e r  increased  w hile th e  o th e r  o rgan  fra c tio n s  rem ain ed  p ra c tic a lly  
u n c h a n g e d .

b )  Im m obilized  an im als under local anaesthesia; anaesthetized control 
g r o u p ; w aking  control g ro u p ; group  w ith  GROLLMAN-ftyperfension (T able I I I ,  
F igs 2 a n d  3)
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T he incision  sites w ere in f il tra te d  w ith  p ro ca in e .
Mean blood-pressure in the w aking con tro ls and in the groups w ith  

GROLLMAN-hypertension prior to  the tests w ere 110 and 186 mm H g respec
tive ly . D irect blood-pressure readings in su p in e im m obilized anim als y ielded  
mean values o f 132 and 131 mm H g resp ective ly , significantly higher th an  the  
117 mm H g mean for th e  anaesthetized control group.

Fraction % 
tProcaine)

Cor Ren

Spianch

зогГ{-
20

10

Cn Cv Gy

Muse. sket.

Fig. 3. C oronary  (cor), ren a l (ren ), sp lanchn ic  (sp ia n ch ) a n d  carcass (m use, skel.) f ra c t io n s  of 
th e  ca rd iac  o u tp u t  in co n tro l ra ts  u n d e r  p e n to b a rb ita l  an ae s th es ia  (C„), in  w a k in g , r e s tr ic 

te d  co n tro ls  (Cv) a n d  in  w ak ing  re s tr ic te d  r a ts  w i th  GROLLMAN-hypertension (G v)

C ardiac o u tp u t  in  th e  w ak ing  co n tro l g ro u p  considerab ly  e x ceed ed  th a t  
in  th e  a n a e s th e tiz ed  co n tro l g roup , w hile t o t a l  p e rip h e ra l v ascu la r re s is ta n c e  
in  th e  fo rm er g roup  w as d is tin c tly  low er th a n  in  th e  la tte r . C hanges in  o rg an  
b lood  flow  w ere in c o n s is te n t in  th e  a le r t g ro u p , re n a l blood flow w as c o n s id e r
a b ly  red u ced , h e p a tic  a n d  sp lanchn ic  flow  w as u n c h a n g e d , p u lm o n ary  a n d  d e r
m al flow  rose  to  doub le , th a t  o f th e  carcass to  tr ip le  th e  norm al v a lu e . P e r i
p h e ra l re s is ta n c e  o f  th e  co ro n ary , h e p a tic , a n d  sp lan ch n ic  areas re m a in e d  u n 
changed , in  th e  ren a l a rea  i t  rose excessively , w h ile  in  th e  skin, lungs a n d  c a r
cass i t  d im in ished .

T he figures w ere c learly  in d ica tiv e  of a re d is tr ib u tio n  of card iac o u tp u t ,  as 
re flec ted  b y  th e  slig h t red u c tio n  in  th e  c o ro n a ry  fra c tio n , a considerab le  one  in  
th e  ren a l a n d  sp lanchn ic  frac tio n s, a n d  a rise  in  th e  frac tion  for th e  ca rcass .

Cardiac output in the group w ith GROLLMAN-hypertension was even  h igh 
er than in  the w aking control group, w hile th e  peripheral resistance show ed
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Table III

Circulation o f  w a k in g , restricted rats a fter Grollman's operation

Controls
(pento

barbital)

Waking groups

N um ber of cases (n)
Controls Grollman-

operation

W ithin-sam ple
stan d a rd
deviation

10 15 8

Tota l body

C ard iac  o u t p u t ........................................

B lo o d  p re ssu re  ......................................

R e s is ta n c e  ...............................................

H eart

B lood  f lo w  ...............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

K id n e y

B lood  f lo w  ...............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

L u n g

B lood  f lo w  ...............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

L iver

B lood  flo w  ...............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

In tes tin e s

B lood  flo w  ...............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

S p la n ch n ic  area (liver -f- in testines)

F r a c t i o n ......................................................

S k in

B lood  f lo w  .............................................

R e s is ta n c e  ...............................................

F r a c t i o n ......................................................

M ean values

22.0 4 2 .0 - 57.1**

117.0 131 .7 - 130.6

445.4 2 7 6 .8 - 189.8

158.9 220.8 401.6***

63.5 62.9 26.7**

2.3 1.9- 2.3

382.5 237 .7 - 310.3

26.8 52 .3" 35.2*

18.4 5 .4 - 7.4*

57.4 105.0" 110.8

195.4 * 113 .4 - 102.7

3.2 3.0 3.0

53.2 56.0 79.2**

191.1 211.3 139.7*

10.5 7 .0 - 6.7

66.2 68.0 87.7

149.7 177.0 125.4*

20.5 1 1 .3 - 11.2

31.0 1 8 .3 - 17.9

8.6 15.8" 26.2***

1149.6 792.3- 425.8*

7.7 7.8 8.7

11.1
11.3

108.5

79.1 

29.9

0.5

102.3

17.2 

1.8

36.3

64.0

0.8

19.2

64.2 

1.4

24.5

51.3

3.1

3.7

5.5

365.6

1.1
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N um ber of case* (n)
Controls
(pento

barb ita l)

W aking groups

W ith in -sam ple
s ta n d a rd
deviation

C ontrols
Grollman-
operation

10 16 8

Carcass M ean values

Blood flow  ................................................. 12.3 4 2 .4 - 55.7* 12.0

R esistance ................................................. 81.0 29.2— 19.6 16.0

F r a c t io n ........................................................ 37.0 64.3— 63.7 4.7

Symbols

• =  sign ifican t as com pared  w ith  an ae sth e tize d  con tro ls.
* =  sign ifican t as com pared  w ith  w aking con tro ls .

no s ig n ifican t difference betw een  th e  tw o  g ro u p s . In  th e  h y p e rte n s iv e  group , 
hlood flow  in  all of th e  o rg an s was h ig h e r th a n  in  th e  w aking  c o n tro ls , th o u g h  
th is  d ifference  d id  n o t a lw ays reach s ta t is t ic a l  sign ificance. P e rip h e ra l re s is tan ce  
in th e  o rg an s w as fo u n d  to  diverge in  th e  o p p o site  d irec tion ; th e  d ifferences 
were s ig n ifican t w ith  th e  excep tion  o f th e  f ra c tio n  for th e  carcass. A p a r t  from  
a s lig h t rise  in  th e  ren a l fra c tio n , th e  o th e r  o rg a n  frac tio n s rem ain ed  u n ch an g ed .

c) Restricted anaesthetized rats; sham -operated controls; hypertensive  
groups one, two, and fo u r  weeks after G k o l l m a n ’s  operation

Since th e  c ircu la to ry  p a ram ete rs  one  to  fo u r  weeks a fte r  o p e ra tio n  show ed 
no d ifference, in  T ab le  IV  th e  d a ta  fo r r a ts  w ith  tw o  w eeks’ h y p e rte n s io n  have 
only  been  assem bled .

In d ire c t  b lood p ressu re  read ings in  w a k in g  anim als tw o w eeks a f te r  the  
G r o l l m a n ’s o p era tio n  show ed a s ig n if ican t e lev a tio n  (186m m H g )as c o n tra s te d  
w ith  th e  sh am -o p e ra ted  con tro ls (110 m m  H g ). U n d e r a n aes th es ia , how ever, 
th e  d ifferences w ere n o t sign ifican t, th e  m e a n  v a lu e  for th e  h y p e rte n s iv e  group 
being  o n ly  12 m m  H g h ig h e r th a n  in  th e  c o n tro l group.

I t  em erges from  T ab le  IV  th a t  u n d e r  a n a e s th e s ia , th e  tw o g ro u p s  show ed 
p ra c tic a lly  no d ifferences. T h e  sligh tly  re d u c e d  h ep a tic  frac tio n  a n d  th e  s ligh tly  
increased  b lood  flow  a n d  th e  fra c tio n  fo r  th e  carcass in th e  h y p e rte n s iv e  
group  fa iled  to  a t ta in  s ta tis t ic a l  s ign ificance .

Discussion

C ircu la tion  in th e  w aking  ra ts  sh o w ed  considerab le  d iffe rences as com 
p a re d  to  a n a e s th e tiz ed  an im als. In  th e  f i r s t  w ak ing  group w here th e  an im als 
h ad  b een  fix ed  in  th e ir  n a tu ra l p o s tu re , th e  d is tr ib u tio n  of ca rd iac  o u tp u t  di-
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Table IV

Circulation o f  anaesthetized rats after G rollm an s operation

Number of eases (n)

T o ta l body

C ard iac  o u t p u t ...................................... .

B lo o d  pressure ......................................

R esis tan ce  ............................................. .

H eart

B lo o d  flow ...............................................

R esis tan ce  ............................................. .

F r a c t i o n ......................................................

K id n e y

B lo o d  flow .............................................

R esis tan ce  .............................................

F r a c t i o n ....................................................

L u n g

B lo o d  flow .............................................

R e sis tan c e  ............................................. .

F r a c t i o n .....................................................

L iv er

B lo o d  flow .............................................

R e sis tan c e  .............................................

F r a c t i o n .....................................................

In tes tin es

B lo o d  flow  .............................................

R e sis tan c e  ...............................................

F r a c t i o n .....................................................

Sp la n ch n ic  area (liver -f- in testines)

F ra c tio n  . ....................................................

S k in

B lo o d  flow ...............................................

R e s is tan c e  ...............................................

F r a c t i o n ......................................................

Carcass

B lo o d  flow  ..............................................

R e s is tan c e  ...............................................

F r a c t i o n ......................................................

Controls
(sham-

operation)

Two weeks after 
Grollman- 
operation

7 10

M ean  values

31.0 34.3

105.7 117.5

277.3 281.1

181.0 195.4

49.9 49.8

1.9 2.0

422.6 400.2

20.9 24.4

17.3 18.8

67.1 80.5

141.2 126.9

3.4 2.9

64.8 65.3

132.8 153.2

9.9 8.4-

98.7 117.2

86.9 83.2

21.3 24.7

31.2 33.1

11.6 11.7

768.1 852.4

6.9 6.4

18.3 23.7-

47.6 40.7

39.2 46 .1-

W ithin-sample 
standard  
deviation

6.8
13.8

84.9

49.7

17.8 

0.4

111.7

9.2

3.5

26.0

73.1

0.8

19.9

58.3

1.5

26.9

33.3

3.6

3.7

2.9

254.2

1.1

4.1

14.7

4.8
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verged  s ig n ifican tly  from, t h a t  o f th e  a n a e s th e tiz e d  co n tro l g roup; th e  c o ro n a ry  
an d  carcass frac tio n s  w ere  increased , th e  re n a l a n d  sp lanchn ic  f rac tio n s  w ere 
reduced . P ra c tic a lly  th e  sam e sh ifting  w as re g is te re d  in  w aking  an im als  w h ich  
h ad  received  th e  in jec tio n s  th ro u g h  a c a n n u la  p re v io u s ly  in serted  in to  th e  ju g u 
la r  ve in  (K állay  an d  T akács [1961]).

T h is series h a d  th e  sh o rtco m in g  t h a t  o n ly  p a r t  o f th e  in ten d ed  d e te rm in a 
tions w ere possib le w ith in  i ts  lim its. In  th e  second  a le r t g roup  w here th e  n eces
sa ry  su rg ica l in te rv e n tio n s  h a d  been ca rried  o u t  u n d e r  local an aesth esia , c a rd ia c  
o u tp u t  w as also d e te rm in e d  an d  blood p re ssu re  w as m easu red  d irec tly . D esp ite  
local an aes th es ia , th e  s tre ss  was p re su m a b ly  g re a te r  in  th is  group th a n  in  th e  
p rev ious one.

T h o u g h  red u c tio n  o f  p e rip h era l re s is ta n c e  w as considerab le , b lo o d  p re s 
su re , co rre la ted  w ith  t h a t  o f  th e  con tro ls , sh ow ed  an  increase in  consequence  of 
th e  in crease  in  ca rd iac  o u tp u t . I t  m u s t b e  p o in te d  o u t th a t  ren a l b lo o d  flow  
d im in ish ed  in  sp ite  o f  th e  m ark ed ly  e le v a te d  ca rd ia c  o u tp u t, to g e th e r  w ith  a 
considerab le  increase  o f  flow  in th e  carcass . T h is  suggests th a t  h aem o d y n am ic  
changes occurring  in  w ak in g  an im als u n d e r  th e  s tre ss  o f ex c ita tio n , a re  c h a ra c 
te riz e d  b y  h y p e rten s io n  a n d  a sh ifting  o f  c a rd ia c  o u tp u t , resu ltin g  in  a n  in 
creased  frac tio n  fo r th e  carcass, la rgely  a t  th e  expense  of th e  k idneys a n d , to  a 
lesser degree, o f th e  sp lan ch n ic  area (F igs 1 a n d  3). T hese changes co rresp o n d ed  
to  th o se  observed  b y  B rod e t al. (1955) in  h u m a n s  u n d e r m e n ta l s tre s s  or 
th o se  reco rded  in  la b o ra to ry  anim als a f te r  b leed in g . T he excessive in c rea se  of 
flow  in  th e  carcass, th o u g h  su ffic ien tly  a c c o u n te d  fo r b y  an  increased  m uscle  
to n e , need  n o t be a sso c ia ted  w ith  i t ,  as d e m o n s tra te d  a f te r  blood loss in  ra ts  
(Takács e t al. [1962]). T h e  considerab le  re d u c tio n  of th e  ren a l fra c tio n  show s 
th a t  u n d e r  ex c ita tio n  sh if tin g  takes p lace  a t  th e  expense  o f renal flow .

The experim ents in  animals w ith GROLLMAN-hypertension confronted us 
w ith considerable m ethodological d ifficu lties. In  the waking animals it  w as the  
stress o f excitation  w hich caused profound haem odynam ic changes, w hile in the  
anaesthetized  group, hypertension practica lly  ceased under the effect o f  p en 
tobarbital. These d ifficu lties restrict us to  v ery  guarded conclusions though  
five  hypertensive groups have been studied . The increase o f cardiac o u tp u t in 
the w aking hypertensive procainized group m ight be interpreted as being con
trib u tive to  the production of GROLLMAN-hypertension. Similar results have  
been recorded by other investigators in experim ental and clinical hypertension  
(F ishberg  [1954], B rod et al. [1959], B rod [1960], F inkielm an  e t  al. 
[1965], Ledingham  and Cohen  [1963]). Sh iftin g  o f  cardiac output in h yp erten 
sion is suggested b y  tw o data emerging from  th e present experim ents, i.e . the  
increased coronary fraction in the w aking unrestricted animals and the higher  
fraction for the carcass in the anaesthetized  group.

T ho u g h  th e  p re se n t in v estig a tio n s h a v e  fa iled  to  c larify  th e  p ro b lem  u n 
d e r s tu d y , i.e. th a t  o f  a sh iftin g  of ca rd iac  o u tp u t  in  h y p erten sio n , th e y  h av e

Acta Medica Academiae Scientiarum Hungaricae 23, 1966



24 Z. SZABÓ et al.

b e e n , n ev e rth e le ss , in fo rm a tiv e  in  c e r ta in  re sp e c ts , b y  y ie ld ing  c o m p a ra tiv e  
d a ta  a s  reg a rd s  th e  h aem o d y n am ic  c o n d itio n s  in  w ak ing  a n d  in  a n a e s 
th e t iz e d  an im als.
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STUDIES IN EXPERIMENTAL PULMONARY
OEDEMA

I. P A T H O M E C H A N ISM  O F P U L M O N A R Y  O E D E M A  IN D U C E D  B Y  
H Y P E R O X Y G E N A T IO N

B y

E . Maklári, M. K elln er , A. K ádár , A . G. B . K ovách and f  Gy . Gottsegen
D EPA R T M E N T OF PATHOPHYSIOLOGY OF T H E  N A T IO N A L IN STITU TE OF CARDIOLOGY,

SECOND D EPA RTM EN T O F PATHOLOGY, AND E X P E R IM E N T A L  RESEARCH LA BO RATORY , 
U N IV ER SITY  MEDICAL SCHO O L, BU D A PEST

(R eceived A p ril 21, 1966)

I t  h as been  show n t h a t  on in creas in g  p 0 2 in  h ig h  p ressure  0 2 a tm o sp h e re , su r 
v iv a l o f ra ts  is red u ced  a n d  th e  in d u ctio n  o f p u lm o n a ry  oedem a accelerated . H y p e rc a p n ia  
develops successively  in  th e  m uscles, th e  b ra in ,  a n d  th e  liver, p u lm o n ary  o e d em a  be ing  
su b seq u e n t to  th ese  changes in  th e  m a jo r ity  o f th e  an im als . T he presence o f C 0 2 p ro 
m o tes th e  ill-effects o f h ig h  p ressure  0 2 b y  a cc e le ra tin g  th e  in d u ctio n  o f  p u lm o n a ry  
oedem a.

T h e in flu en ce  of h y p e ro x y g en a tio n  on th e  o rgan ism  has long b een  a su b 
je c t o f re sea rch . I t  has been  show n th a t  p ro t r a c te d  in h a la tio n  of a gas m ix tu re  
of a tm o sp h e ric  or h ig h er p ressu re  w ith  a 60 p e r  c e n t or h igher 0 2 c o n te n t  leads 
to  p u lm o n a ry  oedem a [1, 2 , 3]. The m ech an ism  u n d e rly in g  th is  process is, h o w 
ever, u n k n o w n  th o u g h  v a rio u s  angles o f  a p p ro a c h  have been so u g h t. A p a r t  
from  local b ro n c h o p u lm o n a ry  dam age in c r im in a te d  b y  P enrod [4], n e u ro e n 
docrine, sy m p a th o a d re n a l [5, 6] as w ell as c e n tra l  nervous [7] in flu en ces h av e  
been s tu d ie d  as possib le p a th o g en e tic  fa c to rs . T issu e  h y percapn ia  se c o n d a ry  to  
h y p ero x ia  has been  held  b y  certa in  a u th o rs  [8, 9] to  be in s tru m en ta l in  b rin g in g  
a b o u t p u lm o n a ry  oedem a o f th is  ty p e . P o u l se n  [10] an d  P rausnitz [11] even 
claim  th a t  C 0 2 alone m ay  acco u n t fo r i ts  in d u c tio n . In  our earlier e x p e rim e n ts  
[12] we h av e , how ever, fa iled  to  induce p u lm o n a ry  oedem a in dogs b y  in h a la 
tion  o f a ir  o f a h igh  C 0 2 co n cen tra tio n  u n d e r  a tm o sp h e ric  pressure.

T h e  p re se n t s tu d ies  w ere in ten d ed  to  th ro w  lig h t on th e  p a r t  p la y e d  b y  
tissue h y p e rc a p n ia  in  th e  p a th o m ech an ism  o f p u lm o n a ry  lesion due to  h y p e r-  
o x y g en a tio n .

M ethod

90 in b red  ra ts  w eighing be tw een  180 a n d  300 g w ere  used.
To s tu d y  th e  effect o f p u re  O j a t  high p ressu re  th e  a n im a ls  were placed in p re ssu re  c h a m 

bers a t  3 a n d  4 a tm . resp ec tiv e ly . T he exhaled  C 0 2 w as a b so rb ed  on soda-lim e, in  th is  m a n n e r  
th e  C 0 2 c o n ce n tra tio n  in  th e  ch am b ers  never ex ceed ed  2 o r 2.5 vol per th o u san d . T h e  a n im a ls  
could be o b se rv ed  th ro u g h  th e  w indow  of th e  c h a m b e r  d u r in g  th e  whole course o f th e  e x p e ri
m en t. In  one g roup  th e  tim e  o f spon tan eo u s d e a th  w as reco rd ed  while the  o th e r  g ro u p s  w ere 
k e p t in  h ig h  p ressu re  0 2 fo r 2, 3, 4, or 5 hours a n d  th e n  k illed  by  decap ita tio n . T h e  e x te n t  o f
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p u lm o n a ry  dam age in these  a n im a ls  as well as in  th o se  w h ich  h ad  died  sp o n ta n e o u s ly  w as 
in fe r re d  fro m  histologic ev idence  a n d  from  th e  index , 100 X lu n g  w eigh t pe r to ta l  b o d y  w e ig h t. 
T o a sse ss  th e  degree of tissue  h y p e rc a p n ia  th e  C 0 2 c o n te n t  o f  b ra in , liver an d  m uscle  tis su e s  w as 
d e te rm in e d  in  each  an im al b y  th e  m odified  A N R EP-teehnique [13]. T he C 0 2 c o n te n t  o f  th e  
c h a m b e r  w as e s tim a ted  b y  th e  D e p a r tm e n t o f A ir H y g ie n e  o f  th e  In s t i tu te  o f P u b lic  H e a lth .

I n  a  fu r th e r  phase  o f th e  s tu d ie s , th e  an im als w ere  k e p t  in h igh  p ressu re  0 2 a t  3 a tm . 
w i th  4 p e r  c e n t C 0 2 for tw o  h o u rs , th e n  d e ca p ita te d . T h e  C 0 2 co n te n t o f th e  tis su e s  a n d  th e  
e x te n t  o f  p u lm o n a ry  d am age w ere  assessed  in  th e  m a n n e r  d escribed  above.

Results

I n  n o rm a l an im als th e  lu n g  w eigh t p e r  t o ta l  b o d y  w eight in d ex  a v e ra g e d  
0 .8 5 ; t h e  C 0 2 c o n te n t o f  b ra in  tissue , 15.1 m M /k g ; of liver tissue , 19.8 m M /kg ; 
o f  m u sc le  tissue  16.1 m M /kg. T h e  resu lts  o b ta in e d  in th e  con tro l a n im a ls  a n d

Table I

Tissue CO2 concentration and lung weight p e r  total body weight index  
in  rats after exposure to 3 a tm . 0 2 atmosphere

Tim e of 
exposure

mM/kg C 0 2 in
Lung w eight/to tal 

body  w eight
B rain Liver Muscle

N o rm a l v a lu e 1 5 .1 ± 1 .0 6 1 9 .8 ± 0 .9 2 16 .1±0 .99 0 .8 5 ± 0 .0 4

2 h rs .
1 5 .9 ± 1 .0 1  

p  =  0.7

1 8 .4 ± 1 .5 6

p = 0 .7 5

16 .3±1 .57

p = 0 .3 5

0 .9 9 ± 0 .0 6

p > 0 .0 5

3 h rs .
1 8 .3 ± 1 .2 2

p < 0 .1

1 8 .3 ± 1 .4 7

p = 0 .7 8

27 .7±5.61

p = 0 .0 6

1 .1 2 ± 0 .0 6

p c O .O l

4 h rs .
2 2 .2 ± 1 .1 7
■

p c O .O l

2 6 .2 ± 2 .4 1

p = 0 .0 3

29 .7±1 .94

p < 0 .0 0 1

0 .9 2 ± 0 .1 6

p > 0 .2

5 h rs .
2 2 .9 ± 0 .6 7

p < 0 .0 1

2 2 .5 ± 1 .8 7  

p =  0.04

28 .4±2 .08

p = 0 .0 0 1

1 .2 0 ± 0 .1 3

p  =  0.001

6 h rs . 18 min.
3 5 .7 ± 2 .5 9

p<«0.001

3 6 .3 ± 1 .0 3

pcO .O O l

39 .9±2 .25

p<s=0.001

1 .2 7 ± 0 .1 4

p<S0.001

in  th o s e  exposed  to  3 a tm o sp h e re  0 2 for v a r io u s  len g th s  of tim e  a re  show n  in  
T a b le  I .  A verage su rv iv a l t im e  u n d e r such  p re ssu re  was 6 h rs. 18 m in . I n  th e  
a n im a ls  w hich  h ad  d ied  sp o n tan eo u sly  d is t in c t  h y p e rcap n ia  was d e m o n s tra b le  
in  a ll  o f  th e  exam ined  tissu es . T he lungs show ed  m icroscopic ev idence o f  d iffu se
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a lv eo la r filling  w ith  oedem a flu id , an d  th e  lu n g  w e ig h t p e r  body  w eig h t in d e x  
was 1.27.

A fte r 2 h o u rs  o f exposure , tissu e  C 0 2 c o n te n t  w as found  u n ch an g ed  a n d  
th e  in d e x  s lig h tly  e lev a ted  (0.99) w ith in  th e  lim its  o f  significance. In  7 o u t  o f 
20 an im als signs o f  in c ip ien t p u lm o n a ry  oedem a w ere  found .

A t 3 h o u rs , m u scu la r h y p e rcap n ia  (27.7 m M /kg) w as d is tin c t w hile in  th e  
b ra in  th e  C 0 2 c o n te n t w as on ly  s lig h tly  e lev a ted  (18.3 mM /kg) and  in  th e  liv e r

Table II

T issu e  CO2 concentration and lu n g  weight p e r  total body weight index  
in  rats after exposure to a 4 a tm . 0 2 atmosphere

Time of
mM/kg CO 2 in

Lung w eigh t/to ta l
exposure

Brain Liver Muscle
body w eight

N orm al value 1 5 .1± 1 .06 I9 .8 ± 0 .9 2 16 .1 ± 0 .9 9 0 .8 5 ± 0 .0 4

2 hrs.
19 .6 ± 1 .4 4 2 2 .3 ± 2 .7 5 2 4 .1 ± 4 .0 6 0 .9 4 ± 0 .0 9

p = 0 . 2 p = 0 .0 5 4 II © ьэ p = 0 .0 6

3 hrs. 47 min.
3 7 .8 ± 2 .4 0 4 0 .5 ± 2 .8 7 4 4 .2 ± 4 .6 9 1 .4 5 ± 0 .1 6

p<S0.001 P < S 0 .0 0 1 p < 0 .0 0 1 p<s0.001

i t  w as no rm al. T h e  h isto log ic  p ic tu re  o f th e  lu n g s w as sim ilar to  th a t  fo u n d  in 
th e  p rev ious g roup .

A t 4 ho u rs , th e  C 0 2 co n te n t w as s ig n if ic a n tly  in c reased  in  b ra in , liv e r  an d  
m uscle tissu e  (22 m M /kg, 26.2 m M /kg, an d  29.7 m M /kg, respec tive ly ), w hile  
th e  lungs show ed no  ad d itio n a l change.

A t 5 h o u rs , th e  lu n g  in d ex  as w ell as i ts  h isto log ic  inspection  rev ea led  
gross p u lm o n a ry  oedem a in a ll o f th e  an im als  w hile  th e  tissu e  C 0 2 level show ed  
no a d d itio n a l increase . E xcessive tissu e  h y p e rc a p n ia  w as dem o n strab le  in  th e  
te rm in a l s tage  (b ra in , 35.7 m M /kg; liv er, 36.3 m M /kg; m uscle, 39.9 m M /kg).

In  4 a tm . О 2, av erag e  su rv iv a l tim e  w as red u ced  to  3 h rs. 47 m in ., a n d  
th o u g h  th e  exposu re  w as re la tiv e ly  sh o rt, y e t  i t  w as su ffic ien t to  allow  p u lm o 
n a ry  dam age (av erag e  in d ex  1.45) a n d  excessive  h y p e rcap n ia  (b ra in , 37.8 
m M /kg; liver, 40.5 m M /kg; m uscle, 44.2 m M /kg) to  develop  (Table I I ) .

A fte r 2 h o u rs  o f exposure  th e  in d e x  av e rag ed  0.94, an d  histologic ev id en ce  
o f p u lm o n a ry  oedem a w as found  in  8 o u t o f 20 an im als . C 0 2 co n c e n tra tio n  in 
th e  tissu es  w as s lig h tly  e lev a ted  (b ra in , 19.6 m M /kg ; liv er, 22.3 m M /kg; m usc le ,
24.1 m M /kg); i t  w as h ig h est in  th e  m uscle ag a in .

A nalysis o f  th e  a d d itio n a l effect o f  C 0 2 in  h y p ero x y g en a tio n  re v e a le d  
th a t  th e  presence o f  4 p e r cen t C 0 2 in  0 2 a t  a p re ssu re  o f 3 a tm . re su lted  in  gross
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o r m o d e ra te  p u lm o n a ry  o edem a w ith  an  in d e x  o f 1.26 in  th e  m a jo r i ty  ot th e  
a n im a ls  even a f te r  tw o h o u rs  exposure . S u rv iv a l was co n sid e rab ly  red u ced , 
3 o u t  o f  10 an im als h a v in g  d ied  w ith in  tw o  h o u rs . C 0 2 c o n c e n tra tio n  in  th e  
t is s u e s  w as excessive in  a ll o f  th e  an im als (b ra in , 39.7 m M /kg; liv e r, 40 .6  m M /kg; 
m u sc le , 39.5 mM /kg) (F ig . 1).

lung/total body 
weigt index 
1,5 г п т

c

p -  0,001

1,0 -

0,5 -

0.0L

0, 05i p <0,02

a b c
F ig . 1. T issue  C 0 2 c o n c e n tra tio n  an d  lu n g  w e ig h t p e r  to ta l  body  w e igh t in d ex  in  r a t s  a fte r  
2 h rs .  ex p o su re  to  3 a tm . 0 2 a n d  to  3 a tm . 0 2 +  C 0 2. a) N orm al co n tro l, b) G ro u p  exp o sed  to  

3 a tm . 0 2. c) G ro u p  exposed to  3 a tm . 0 2 +  4 per cen t C 0 2

Discussion

L a b o ra to ry  an im als  b re a th in g  h ig h  p re ssu re  100 p e r c en t 0 2 develop  
e x te n s iv e  p u lm o n a ry  oed em a an d  tissu e  h y p e rc a p n ia  a t  a ra te  d e p e n d in g  on 
th e  a p p lie d  pressure. E le v a tio n  of 0 2 p re ssu re  sh o rten s su rv iv a l a n d  acce le ra te s  
th e  d ev e lo p m en t o f p u lm o n a ry  changes. Marshall an d  Lam ber tsen  [14] 
fo u n d  a  sim ilar co rre la tio n  b e tw een  p 0 2 a n d  su rv iv a l tim e  in  m ice.

A s to  th e  role o f tissu e  C 0  2 c o n te n t in  th e  in d u c tio n  of p u lm o n a ry  oedem a, 
h y p e rc a p n ia  a tta in s  th e  lev e l of sign ificance  b e fo re  an y  p u lm o n a ry  ch an g e  has 
b e c o m e  m an ifest a n d  b efo re  th e  lung  w e ig h t in d e x  has s ig n if ican tly  ch anged . 
A m o n g  th e  tissues u n d e r  s tu d y , th e  ea rlie s t ev idence  of h y p e rc a p n ia  is fo u n d  in 
th e  m u sc le , n e x t in  o rd e r is th e  b ra in  to  be  fo llow ed by  th e  liver. T h is  is a t  v a 
r ia n c e  w ith  th e  o b se rv a tio n  [9] th a t  tis su e  h y p ercap n ia  is co n fin ed  to  th e  
b r a in .  H y p e rcap n ia  in  m uscle  tissue  is excessive  from  th e  v e ry  s ta r t  w hile in  
th e  tw o  o th e r tissues u n d e r  s tu d y  i t  rem ain s s lig h t u n til th e  te rm in a l s ta g e  w hen 
i t  b eco m es h igh ly  s ig n if ic a n t. H ow ever, in  th e  in d iv id u a l an im als  no  co rre la 
t io n  w as d em o n strab le  b e tw een  th e  degree o f  tissu e  h y p ercap n ia  a n d  th e  sev er
i t y  o f  p u lm o n a ry  oedem a. H isto log ic  ev id en ce  o f  p u lm o n ary  oedem a m a y  h a v e
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been p re sen t in  c e r ta in  an im als w hen  th e  C 0 2 c o n c e n tra tio n  in  th e  tissu es  w as 
s till n o rm al. In  th e  m a jo rity  o f th e  an im als, h o w ev er, th e  p u lm o n a ry  chan g es 
ap p eared  la te r  th a n  th e  h y p e rcap n ia . This fa c t  to g e th e r  w ith  th e  ad v erse  effect 
o f  C 0 2 w hen a d d e d  to  h igh p ressu re  0 2 sug g ests  t h a t  h y p ercap n ia  p lay s  a p a r t  
in  hyp ero x y g en ic  p u lm o n a ry  oedem a. In  re sp e c t to  0 .2 poisoning, s im ila r re su lts  
have  been reco rd ed  b y  B ean [8], B renk  a n d  J am ieson  [15] an d  b y  Szám e t 
al. [9]. D owning  e t  al. [16] claim  th a t  c e re b ra l h y p e rcap n ia  leads to  a d re n e r 
gic h y p e ra c tiv ity  w h ich  m ay  w ell p ro m o te  th e  d ev e lo p m en t o f p u lm o n a ry  o ed e
m a. O th ers  a t t r ib u te  th e  adverse  effect o f C 0 2 to  th e  changes in  tis su e  p H , 
h av in g  been  ab le  to  suppress th is  e ffe c tb y  th e  a d m in is tra tio n  of bu ffers [1 7 ,1 8 ]. 
On th e  o th e r  h a n d , th e  absence o f an y  c o rre la tio n  betw een  tissue  C 0 2 a n d  p u l
m o n ary  d am ag e  p lead s a g a in s t th e  exclusive  ro le  o f C 0 2 in th e  in d u c tio n  of 
h yperoxygen ic  p u lm o n a ry  oedem a. I t  is su p p o r te d  b y  am ple ev idence t h a t  0 2 
itse lf  m ay  w ell a c c o u n t for th e  p u lm o n a ry  ch an g es . J amieson  an d  B r e n k  [19] 
fo r in s tan ce  h a v e  fo u n d  in r a ts  exposed  to  h ig h  p ressu re  0 2 a red u ced  p u lm o 
n a ry  d eh y d ro g en ase  a c tiv ity  p reced ing  th e  c h a ra c te r is tic  h isto log ic  changes. 
P e n to b a rb ita l-N a , one o f th e  ag en ts  a ffo rd in g  p ro te c tio n  from  th e  e ffe c t o f 
h y p e ro x y g en a tio n  on th e  lungs w as also fo u n d  to  in h ib it th e  fall in d e h y d ro g e n 
ase a c tiv ity . A n tio x id a n ts  such  as m e th y len e  b lu e , ascorbic acid , a lp h a -to co - 
p h ero l-ace ta te , h y d ro q u in o n e , e tc ., have  th e  c a p a c ity  of p ro lo n g in g  s u r 
v ival [20].

I t  th u s  follow s from  th e  p re se n t s tu d y  t h a t  tissu e  h y p e rcap n ia  m a y  p lay  
a sign ifican t th o u g h  n o t exclusive p a r t  in  p u lm o n a ry  oedem a dev e lo p in g  a f te r  
h y p e ro x y g en a tio n . Closer in s ig h t in to  th is  m ech an ism  requ ires fu r th e r  s tu d ies .
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I I .  E F F E C T  O F  D IB E N Z Y L IN E  ON  P U L M O N A R Y  O E D E M A  
IN D U C E D  B Y  H Y P E R O X Y G E N A T IO N

By

E . Maklári, M. K e l l n e r , A. G. B. K ovách and f  Gy . Gottsegen
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AND EX PER IM EN TA L R E S E A R C H  LABORATORY, U N IV E R S IT Y  M EDICAL SCHOOL, B U D A PEST

(R eceived  A pril 21, 1966)

T h e  effec t o f th e  a lp h a -rec ep to r b locking a g e n t p h e n o x y b en zam in e  on  th e  in d u c 
tio n  o f p u lm o n a ry  o ed em a  b y  h igh  p ressure  0 2 w as s tu d ied .

P rev io u s p h e n o x y b en z am in e  a d m in is tra tio n  p ro lo n g ed  th e  su rv iv a l o f an im als  
k e p t in  h igh  p re ssu re  0 2 w ith o u t, how ever, in h ib itin g  th e  d ev elo p m en t o f p u lm o n a ry  
oedem a.

T he sligh t h y p e rc a p n ia  fo u n d  in th e  tissues o f  th e  p re tre a te d  an im a ls  d id  n o t  con
tr ib u te  to  th e  p u lm o n a ry  dam age.

In  p h e n o x y b en z am in e -trea ted  ra ts  k e p t in  h ig h  p ressu re  0 2 a tm o sp h e re , C 0 2 
co n cen tra tio n  d id  n o t  in crease  fu r th e r  in  th e  tissu es. T he ad v erse  e ffec t on  p u lm o n a ry  
d am age of severe  h y p e rc a p n ia  caused  b y  h igh  p re ssu re  0 2 +  4 p e r c e n t C0.2 w as also 
a v e rted  by  p h en o x y b en zam in e .

T he re su lts  su g g e st th a t  n e ith e r tissue  h y p e rc a p n ia  n o r ad ren erg ic  h y p e ra c tiv i ty  
by  them selves a c c o u n t fo r th e  develo p m en t o f h y p e ro x y g en ic  p u lm o n a ry  oedem a.

T he p a r t  p lay ed  b y  th e  ad renerg ic  n erv o u s sy s te m  in th e  p a th o m ech an ism  
o f hypero x y g en ic  p u lm o n a ry  lesion has n o t fa ile d  to  a t t r a c t  in te re s t  [1, 2]. 
A d ren a lec to m y  has b een  fo u n d  to  a t te n u a te  [3], ep in ep h rin e  to  a g g ra v a te  [1] 
th e  sy m p to m s of h ig h -p re ssu re  0 2 poisoning.

I t  has been  in te n d e d  b y  th e  p re sen t e x p e rim e n ts  to  s tu d y  th e  e ffec t of 
th e  « -ad renerg ic  b lo ck in g  a g e n t p h en o x y b en zam in e  (D ibenzy line , S m ith , K line  
a n d  F ren ch  L a b o ra to rie s , P h ilad e lp h ia , P a) on p u lm o n a ry  oedem a due to  0 2 
poison ing . Since th e  re su lts  o f  our ea rlie r e x p e rim e n ts  [4] as w ell as o th e r  d a ta  
[5, 6] c learly  in d ica te  th e  ro le o f tissue  h y p e rc a p n ia  in  th e  p ro d u c tio n  o f h y p e r
oxygen ic  p u lm o n a ry  les io n , we have  s tu d ied  th e  changes of C 0 2 c o n c e n tra tio n  
in  th e  tissu es  as w ell.

M ethod

S ev en ty  five  in b red  r a ts  w eigh ing  betw een  200 a n d  300 g w ere exposed in  g roups of th ree  
an im a ls  each  to  0 2 a t  a  p re ssu re  o f  3 a tm . C ontinuous a b so rp tio n  o f C 0 2 on soda-lim e w as p ro 
v id ed  for. S u rv iv a l tim e  w as reco rd ed . C 0 2 c o n ce n tra tio n  in  b ra in , liv e r an d  m uscle  tis su e  w as 
d e te rm in e d  b y  th e  m o d ified  A n r e p  tech n iq u e  [7] a f te r  sp o n ta n eo u s  d e a th  a n d  a f te r  4 hrs. 
exp o su re . T h e  sev e rity  o f  p u lm o n a ry  lesion w as assessed  b y  th e  in d ex  lung  w e ig h t X 100 per 
to ta l  bod y  w eigh t an d  o n  h isto log ic  evidence.

In  one of th e  g ro u p s  4 p e r c en t C 0 2 was ad d ed  to  th e  h ig h  p ressu re  0 2. A fte r 2 h rs . 
ex p o su re  th e  sam e in v e s tig a tio n s  w ere carried  o u t  as in th e  fo rm er group.

P h en o x y b en zam in e  w as a d m in is te red  in tra p e r ito n e a lly  in  doses o f 20 m g/kg  18 ho u rs  
before  th e  experim en t.
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Results

A d m in is tra tio n  o f p h en o x y b e n z a m in e  w as follow ed b y  a s ig n if ic a n t rise 
in  th e  C 0 2 co n cen tra tio n  in  th e  b ra in , liv e r, a n d  m uscles as o p p o sed  to  th e  
c o n tro ls .  T he lung w eigh t in d e x , how ever, re m a in e d  n o rm al (F ig . 1).

liivJ brain  tissue lung/total body 
weight index

F ig . 1. C 0 2 co n cen tra tio n  in  b ra in ,  liv e r, a n d  m uscle  tis su e  an d  lung  w e ig h t p e r  to ta l  body  
w eigh t index, in  u n t r e a te d  (a) a n d  p h en o x y b en z am in e -p re tre a te d  (b ) r a ts

Table I

Effect o f  3 a tm . 0 2 on (.(), concentration in  the tissues, 
a n d  lung weight per total body weight index in  phenoxybenzam ine-pretreated rats

Length of
Tissue C 0 2; mM /kg

Lung
w eight/total 
body weight

exposure
B rain Liver Muscle

Control 1 8 .7 ± 1 .2 9 2 8 .3 ± 1 .4 6 2 1 .8 ± 1 .2 3 0 .9 0 ± 0 .0 4

4 hrs.
2 0 .4 ± 1 .9 0

p  >  0.2

2 4 .9 ± 2 .2 8

p >  0.2

2 0 .5 ± 1 .6 4

p  >  0.8

0 .8 1 ± 0 .0 4

p >  0.2

7 hrs.
2 0 .7 ± 0 .8 7  

p  >  0.2

2 9 .9 ± 1 .6 5  

p  >  0.4

2 2 .4 ± 1 .4 9  

p  >  0.7

1 .5 7 ± 0 .0 6

p <S 0.001

p  va lues, in com parison w ith  p h en o x y b en zam in e-p re trea ted  contro ls.

T h e  effect of p u re  0 2 a t  3 a tm . on tissu e  C 0 2 c o n c e n tra tio n  a n d  th e  lung  
w e ig h t in d e x  in  ra ts  p r e t r e a te d  w ith  p h en o x y b en zam in e  is show n in  T ab le  I . 
T h e  ch an g es  in C 0 2 c o n te n t o f  th e  tissu es , as co m p ared  to  th o se  in  th e  contro ls 
t r e a t e d  w ith  p h en o x y b en zam in e , w ere in sig n ifican t. A fte r 4 h o u rs  ex p o su re , th e  
lu n g  w e ig h t index  w as p ra c tic a l ly  th e  sam e as befo re  th e  ex p e rim e n t, w hile in
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th e  an im als  w ith  an  av erag e  su rv iv a l o f 7 h rs . 18 m in. th e  index  re a c h e d  1.57, 
a v a lu e  in d ica tiv e  o f  severe p u lm o n a ry  o ed em a. In  ag reem ent w ith  th e se  fig 
u res , th e  h isto logic fin d in g  a t  4 h ou rs w as id e n tic a l w ith  th a t  fo u n d  in  th e  pre-
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Fig. 2. S u rv iv a l tim e, C 0 2 co n ce n tra tio n  in  b ra in , liv e r, a n d  m uscle tissue, a n d  lu n g  w eigh t 
pe r to ta l  bod y  w eigh t in d ex  in u n tre a te d  (a) an d  p h e n o x y b en z am in e-p re tre a te d  (b ) r a ts  d ied  on
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brain tissue

W

35

30
$
^  25
e
^ 2 0
Co

15

10

5

0

ИI
I

1

□ liver 
tissue

□ muscle 
tissue

lung/total body
__ weight index

2,0

I
1.5

I

É.

Ш

to

0. 5 -

y
b

Fig. 3. C 0 2 c o n ce n tra tio n  in  b ra in , liv e r, an d  m uscle  tis su e , and  lung  w eigh t p e r  to ta l  body  
w e ig h t in d ex , in u n tre a te d  (a) an d  p h e n o x y b en z am in e -p re tre a te d  (a) ra ts  a f te r  2 h rs . ex p o su re

to  3 a tm . 0 2 +  4 p e r  c e n t C 0 2

t r e a te d  con tro l an im a ls , w hile in  th e  an im a ls  w hich  had  died sp o n ta n e o u s ly  
th e re  w as diffuse a lv eo la r p u lm o n a ry  oedem a.

C om parison  w ith  th e  d a ta  fo r u n tre a te d  an im als (Fig. 2) re v e a le d  th a t  
su rv iv a l tim e  a t  3 a tm . 0 2 p ressu re  a f te r  p h en o x y b en zam in e  p re tr e a tm e n t  had  
in c reased  from  th e  av erag e  6 h rs. 18 m in . to  7 h rs . 5 m in. (p <  0 .001). D u rin g  
th is  tim e  th e  in itia l tissu e  C 0 2 co n c e n tra tio n  h a d  n o t increased, b u t  p u lm o n a ry
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o ed em a  w as m ore sev ere  t h a n  in  th e  u n tre a te d  a n im a ls . T issue C 0 2 in  th e  r a ts  
p r e t r e a te d  w ith  p h e n o x y b en zam in e  w as fa r  f ro m  th e  h y p ercap n ic  v a lu es  o f  th e  
c o n tro ls  w hich  h a d  b e e n  k ille d  b y  p u re  0 2 o f  th e  sam e  pressure.

N e x t, th e  effect o f  h ig h  pressure  0 2 4 p e r  c en t C 0 2 w as e x a m in e d .
S ince b y  th e  end of a 2 h o u r  exposure th e  m a jo r i ty  o f th e  an im als h a d  su c 
c u m b e d  to  p u lm o n ary  o ed em a  of th e  sev eres t d eg ree , th e  an im als p re tre a te d  
w ith  p h e n o x y b en zam in e  w ere  also k e p t in  th e  sam e  gas m ix tu re  fo r th e  sam e 
p e rio d . T issue C 0 2 s ta r te d  to  rise in  th e  u n tr e a te d  as well as in  th e  p re tre a te d  
a n im a ls , to  exceed 30 m M /kg  in  all tissues e x a m in e d  a f te r  an  exposure o f 2 h o u rs  
(F ig . 3). In  th e  a p p e a ra n ce  o f  th e  lungs th e re  w as , how ever, a su b s ta n tia l  d if
fe ren ce  betw een  th e  tw o  g roups. W hile th e  lu n g s  o f th e  u n tre a te d  an im als  
d isp la y e d  m odera te  o r g ross oedem a an d  th e  in d e x  averaged  1.26, in  th e  p re 
t r e a te d  g roup  th ere  w as no  ev idence o f p u lm o n a ry  oedem a, an d  th e  av e rag e  in 
d ex  w as 0.86.

D iscussion

T h e re  is am ple ev id en ce  in c rim in a tin g  th e  ad ren e rg ic  system  fo r th e  p u l
m o n a ry  dam age due to  h ig h  p ressu re  0 2.

I t  h as  been show n b y  Gerschmann e t a l. [3] t h a t  ad ren a lec to m y  h as a 
b e n e fic ia l influence on liy p e ro x y g en ic  p u lm o n a ry  oedem a. These f in d in g s h a v e  
led  th e s e  au th o rs  to  a ssu m e  t h a t  h igh p ressu re  0 2 e x e rts  its  tox ic  in flu en ce  b y  
e n h a n c in g  adrenerg ic  a c t iv i ty .  T his th e o ry  is s u p p o r te d  b y  th e  o b se rv a tio n  t h a t  
liy p e ro x y g en ic  an d  ep in ep h rin e -in d u ced  p u lm o n a ry  oedem a have s im ila r fe a 
tu re s . In v es tig a tio n s  b y  J ohnson  an d  B ean  [8] in to  th e  effect o f ad ren e rg ic  
b lo c k in g  ag en ts  rev ea led  t h a t  th e  p u lm o n ary  d a m a g e  w as decreased b y  d ib en - 
am in e  a n d  p h e n o x y b en zam in e  th o u g h  th e  lu n g  w e ig h t index  was s lig h tly  ele
v a te d . I n  these  ex p e rim e n ts , exposure  to  h igh p re ssu re  0 2 was, how ever, d isco n 
t in u e d  w hen  convu lsions h a d  ap p eared , th e re fo re  th e  resu lts  do n o t  re v e a l 
co n c lu siv e ly  how fa r  th e  p u lm o n a ry  dam age m ig h t h a v e  been carried .

I n  th e  p resen t e x p e r im e n t su rv ival tim e s  a n d  p u lm o n ary  changes w ere 
c o m p a re d  in  u n tre a te d  a n d  p h e n o x y b e n z a m in e -p re tre a te d  ra ts  a f te r  ex p o su re  
to  3 a tm . 0 2. P ro lo n g a tio n  o f  su rv iv a l b y  m ore th a n  one h our was d em o n strab le  
in  th e  p re tre a te d  ra ts  b u t  d esp ite  th e  longer s u rv iv a l th e  p u lm o n ary  o edem a 
fo u n d  a t  au to p sy  in th e se  an im als  was m ore sev ere  th a n  in th e  contro ls.

B lock ing  of th e  a lp h a -re ce p to rs  th u s  a ffo rd s  n o  p ro tec tion  from  h y p e r-  
o x y g en ic  p u lm o n ary  o ed em a , i t  only delays i ts  o n se t. A drenergic h y p e ra c tiv ity  
is p o ss ib ly  only  one of th e  fa c to rs  of p u lm o n a ry  d am ag e . The effect o f c a te c h o l
am in es to  cause p u lm o n a ry  oedem a is a well d o c u m e n te d  fac t. In  crossed c irc u la 
tio n  ex p erim en ts  we h a v e  show n th a t  ep in ep h rin e  e x e rts  th is  effect th ro u g h  th e  
a g e n c y  o f  th e  ce n tra l n e rv o u s  system  [9]. E p in ep h rin e -in d u ced  p u lm o n a ry  
o ed em a w as fully  in h ib ite d  b y  p rev ious p h e n o x y b en zam in e  ad m in is tra tio n  [10].
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A ccording to  J ohnson  an d  B ean  [8] in creased  ad ren erg ic  a c t iv i ty  is m e
d ia te d  b y  th e  c e n tra l n e rv o u s  sy stem , possib ly  as a re su lt o f ce reb ra l h y p e rcap 
n ia . Szám e t al. [6] also  ascrib e  a p a r t  to  ce reb ra l h y p e rc a p n ia  in  th e  p ro d u c
tio n  o f  h yperoxygen ic  p u lm o n a ry  oedem a.

O n th e  ev idence  o f o u r find ings, th e  C 0 2 c o n c e n tra tio n  in  b ra in , liver, 
an d  m uscles w as h ig h e r in  p h e n o x y b e n z a m in e -p re tre a te d  ra ts  th a n  in  th e  
con tro ls  w ith o u t, h o w ever, be in g  su ffic ien t b y  i ts e lf  to  in d u ce  p u lm o n a ry  
oedem a. As opposed  to  u n tre a te d  an im als, tissu e  C 0 2 in  p h en o x y b en zam in e- 
t r e a te d  an im als d id  n o t  in crease  fu r th e r  on ex p o su re  to  h igh  p re ssu re  0 2. 
A ccum ula tion  o f C 0 2 in  th e  tissu es  in  consequence o f h y p e ro x y g e n a tio n  was 
th u s  av e rted  b y  p h en o x y b en zam in e  p re tre a tm e n t p ro b a b ly  th ro u g h  an  increase 
o f th e  b lood su p p ly  o r th ro u g h  m etabo lic  changes.

E xcessive h y p e rc a p n ia  in  th e  tissues due  to  th e  p resence  o f C 0 2 in  h igh 
p ressu re  0 2 was d e m o n s tra b le  in  th e  tre a te d  an d  u n tre a te d  an im als  a like , as a 
consequence of th e  h ig h  p C 0 2 in  th e  inh a led  gas m ix tu re , b u t  no ag g rav a tio n  
o f th e  p u lm o n ary  lesion b y  C 0 2 w as n o ted  in  th e  p re tre a te d  ra ts . In  o u r earlier 
ex p erim en ts  we fo u n d  no  ev idence  o f h y p e rcap n ia  o r o f p u lm o n a ry  lesion in  
u n tre a te d  an im als a f te r  ex p o su re  fo r 2 hours to  3 a tm . 0 2 [4]. O n th e  ad d itio n  
o f 4 p e r  cen t C 0 2 to  th e  h igh  p ressu re  0 2, p u lm o n a ry  oedem a w as fo u n d  in  all 
th e  an im als a fte r  an  ex p o su re  o f 2 hours an d  3 o u t o f  10 ra ts  h a d  d ied  b y  th is  
t im e . O n th e  o th e r h a n d , a ll th e  p re tre a te d  an im als  su rv iv ed  an d  developed  no 
p u lm o n a ry  oedem a ev en  w hen  4 p e r  cen t C 0 2 h a d  been  a d d ed  to  th e  h igh  p re s 
su re  0 2.

T h e  p resen t re su lts  seem  to  suggest th a t  ad ren erg ic  h y p e ra c tiv i ty  m ay  
c o n tr ib u te  to  th e  s e v e rity  o f  h yperoxygen ic  p u lm o n a ry  d am ag e , a n d  th e  m e
chan ism  m ay  be co n n ec ted  w ith  h y p ercap n ia . H y p e rc a p n ia  w as fo u n d  n o t  on ly  
in  th e  b ra in  b u t  also in  th e  o th e r  exam ined  tissu es . B u t n e ith e r  o f th e se  fac to rs  
a lone, i.e. ad renerg ic  h y p e ra c tiv i ty , or h y p e rc a p n ia , do acco u n t fo r th e  in d u c 
tio n  o f  th e  p u lm o n a ry  oedem a. T h is c learly  follow s from  th e  o b se rv a tio n  th a t  
p rev ious p h en o x y b en zam in e  a d m in is tra tio n  in h ib ite d  th e  a c c u m u la tio n  of C 0 2 
in  th e  tissues b u t  n o t  th e  in d u c tio n  o f p u lm o n a ry  oedem a. N o a g g ra v a tio n  of 
p u lm o n a ry  dam age b y  exogenous h y p e rcap n ia  w as, how ever, d em o n strab le  
in  th e  p h e n o x y b e n z a m in e -p re tre a te d  ra ts .
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I I I .  E F F E C T  O F A D R E N O L Y T IC  D R U G S ON E P IN E P H R IN E -IN D U C E D  P U L M O N A R Y
O E D E M A  IN  T H E  R A T

By

M. K e l l n e r , E. Maklári and A. G. B. K ovach
D EPA RTM EN T OF PATH O PH Y SIO LO G Y  OF T H E  N A TIO N A L IN STITU TE OF CA RDIOLOGY 

A N D  EX PER IM EN TA L RESEA R C H  LABORATORY, U N IV E R S IT Y  MEDICAL SCHOOL, B U D A PE ST

(R eceived  A pril 21, 1966)

E p in ep h rin e  in je c te d  in tra v en o u s ly  cau sed  convulsions follow ed b y  le th a l  p u l
m o n a ry  oedem a in  100 pe r c en t o f th e  ra ts . P re v io u s  a d m in is tra tio n  o f d ich lo riso p ro te -  
ren o l failed  to m o d ify  th e  course o f e v en ts , w h ile  p h en o x y b en zam in e  fu lly  in h ib i te d  b o th  
th e  convulsions a n d  p u lm o n a ry  oedem a a n d  a ll th e  anim als w ere a liv e  a n d  w ell 48 
h o u rs  a f te r  th e  o th erw ise  le th a l in jec tio n  of e p in e p h rin e .

In  crossed c ircu la tio n  ex p erim en ts  we h a v e  show n th a t  e p in e p h rin e - in 
d uced  p u lm o n a ry  o edem a is n e u ro h aem o d y n am ic  in  origin, being  th e  ou tcom e 
o f c irc u la to ry  changes m e d ia te d  b y  th e  c e n tra l  n e rv o u s system  [1]. I t  is, how 
ever, n o t  clear w h e th e r th e  ca tech o lam in es cau sed  th e  h aem o d y n am ic  changes 
re sp o n sib le  for p u lm o n a ry  oedem a b y  a ffe c tin g  th e  alpha- or b e ta - re c e p to rs  of 
th e  h e a r t  or th e  o th e r  o rgans. In  th e  p re se n t s tu d y  we have so u g h t an  answ er 
to  t h a t  q uestion .

M ateria l and  m e th o d

S e v e n ty  e ig h t m ale  in b red  r a ts  w eighing b e tw e e n  140 an d  240 g w ere u sed . P u lm o n a ry  
o edem a w as induced  w ith  1 m g/kg ep in ep h rin e  b y  th e  in tra v en o u s  ro u te  w i th o u t  p rev io u s  
t r e a tm e n t  an d  a fte r  p rev io u s in je c tio n  of d ich lo riso p ro te ren o l (EG A -C hem ie K . G ., K e p p le r  u n d  
R e if) a n d  p h en o x y b en zam in e  (d ibenzy line , S m ith , K lin e  a n d  F rench  L a b o ra to r ie s , P h ila d e l
p h ia , P a ). D ich lo risop ro tereno l w as g iven  in  a n  in tra v e n o u s  dose of 5 m g/kg 15 to  30 m in u te s  
befo re  th e  in jec tio n  of ep in ep h rin e . P h en o x y b en zam in e  w as g iven  in tra p e rito n e a lly  in  a  dose  of 
10 m g /k g  20 to  24 hours b e fo re  th e  in jec tio n  of e p in e p h rin e . U n tre a te d , d ich lo riso p ro te ren o l an d  
p h e n o x y b en z am in e -trea ted  an im als w ere used  as c o n tro ls .

T h e  an im als w ere k illed  b y  d e c a p ita tio n  w ith o u t a n aesth es ia  a t  th e  en d  o f th e  e x p e r
im en t.

W e reco rd ed  th e  tim e  of o n se t o f th e  co n v u ls io n s , th e  su rv iv a l tim e a n d  th e  p u lm o n a ry  
changes. T h e  presence of p u lm o n a ry  oedem a w as in fe rre d  fro m  th e  lung w eigh t X 100 p e r  to ta l  
b o d y  w e ig h t index  as well as from  th e  gross a n d  m ic ro sco p ic  ap p earance  of th e  lu n g s.

Results

T a b le  I  shows th e  re su lts  an d  F ig . 1 th e  lu n g  w eight indexes.
T h e  lu n g  w eigh t in d ex  in  th e  u n tr e a te d  c o n tro l group a v e ra g e d  0 .77, in 

th e  d ic lilo riso p ro te re n o l- trea te d  con tro ls  0 .86, in  th e  p h en o x y b e n z a m in e-tre a t-
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ed c o n tro ls  0.92; h a rd ly  d e v ia tin g  from  n o rm a l. O ne to  four m in u te s  (m ean , 
1.5 m in .)  a f te r  th e  in je c tio n  o f  ep in ep h rin e , to n ic -c lo n ic  convulsions a p p e a re d  
in  th e  u n tr e a te d  an im als a n d  d e a th  ensued  in  4 to  10 m inu tes (m ean , 6 m in .). 
T h e re  w e re  no  su rv ivo rs. T h e  lu n g  w eight in d e x  a v e ra g e d  2.04, th e  lo w est v a lu e  
w as 1 .55 . T hese figures w ere  con sis ten t w ith  th e  gross p u lm o n ary  changes 
(d a rk  re d  colour, sw elling, o ed em a flu id  filling  th e  b ro n ch i). P u lm o n a ry  o edem a 
w as d e m o n s tra b le  also h is to log ica lly .

2,00 г

1.50

^ 1.00

.g

.g
"S;0,50

0,00 L

p«ai%

N DC/DBZ A A+DCl A+DBZ 
Controls 6' 45*

F ig . 1. L u n g  w e igh t p e r to ta l  b o d y  w e igh t in d ex  in  r a ts :  n o rm al; tre a te d  w ith  d ieh lo riso - 
p ro te re n o l;  t r e a te d  w ith  p h e n o x y b en z am in e , w ith  e p in e p h rin e , w ith  epinephrine  +  d ich lo riso - 

p ro te re n o l a n d  w ith  ep in ep h rin e  +  p h en o x y b en zam in e

I n  th e  an im als p re tr e a te d  w ith  d ic h lo riso p ro te ren o l, convulsions a n d  p u l
m o n a ry  oedem a re leased  b y  ep inephrine  w ere  o f  th e  sam e in te n s ity  as in  th e  
c o n tro ls . T h e  convulsions a p p e a re d  1.5 m in u te s  a f te r  th e  ep inephrine in je c tio n  
a n d  a v e ra g e  su rv iv a l w as 5 .6  m inu tes. T h e  gross ap p ea ran ce  of th e  lu n g s  w ere 
s im ila r  to  th o se  of th e  an im a ls  w hich h ad  rece iv ed  ep inephrine  only . T h e  a v e r
age in d e x  v a lu e  w as 1.85.

A ll th e  an im als p re tre a te d  w ith  p h en o x y b e n z a m in e  su rv iv ed  th e  dose 
o f e p in e p h rin e , an d  e x h ib ite d  no convulsions. I n  h a l f  o f th e  an im als, sacrificed  
a t  48  h o u rs , th e  lungs w ere  n o rm a l, and  th e  in d e x  averaged  0.76, i.e . i t  w as in  
th e  n o rm a l range. To d e te rm in e  w h e th e r in  th e  p h e n o x y b e n z a m in e -p re tre a te d  
a n im a ls  ep in ep h rin e  cau sed  tra n s ito ry  p u lm o n a ry  changes, th e  o th e r  h a lf  of 
th e  a n im a ls  in  th is  g roup  w as k illed  a t  th e  tim e  w h en  th e  an im als w h ich  h a d  
re c e iv e d  n o  p h en o x y b en zam in e , died. H ere , to o , th e  lungs w ere n o rm a l, th e  
in d e x  a v e ra g e d  0.80, show ing  no s ign ifican t d iv e rg en ce  from  norm al.
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Table I

E ffect o f  pretreatm ent with dichlorisoproterenol 
and phenoxybenzam ine on epinephrine-induced pu lm onary oedema in  the rat

No.
of

animals

Time
(minutes) of 

1 spon-
c°n' tuneous 

vulelon death

No.
of

sur
vivors

Lung
weight/total 
body weight

p-valuee
corre
lated

to
normal,

%

N orm al c o n tro ls .................................................... 12 — 12 0.77 ±  0.04

D ich lorisop ro tereno l-treated  c o n tr o ls .......... 6 — — 6 0.86 ±  0.06 20

P h en o x y b en zam in e-trea ted  con tro ls .......... 6 — — 6 0.92 ±  0.09 15

E p inephrine  ........................................................... 12 1.5 6.1 — 2.04 ±  0.14 <ss 0.1

E p in ep h rin e  +  d ich lorisopro terenol ............ 12 1.5 5.6 1.85 ±  0.11 j 0.1

E p in ep h rin e  -f- phenoxybenzam ine

(6 m inu tes) ........................................................
12 — — 12 0.80 ±  0.05 20

E p in ep h rin e  +  phenoxybenzam ine

(48 h o u r s ) ...........................................................
12 — — 12 0.76 ±  0.03 75

D iscussion

T he e ffec t of e p in e p h rin e  is know n  to  a sse rt itse lf  th ro u g h  tw o  sy m p a th e 
tic  re c e p to r ty p es , i.e . a lp h a -recep to rs  responsib le  for th e  e x c i ta to ry  responses 
(sm o o th  m uscle c o n tra c tio n s )  w ith  th e  ex cep tion  o f th e  h e a r t ,  a n d  b e ta -recep 
to rs  m ed ia tin g  th e  p o s itiv e  ch rono- a n d  in o tro p ic  responses o f  th e  h e a r t  b u t 
b e ing  in h ib ito ry  (i.e. v a so d ila tiv e )  in  o th e r  organs [2, 3, 4 ]. In  th e  p re se n t exper
im en ts  n e ith e r  d ic h lo riso p ro te ren o l n o r  p h en o x y b en zam in e  a lo n e  caused  any 
change in  th e  w eigh t o r  in  th e  h isto log ic  s tru c tu re  o f th e  lungs.

O n th e  ev idence o f  th e  l i te ra tu re  as well as o f  our ow n s tu d ie s  [1] th e  firs t 
lin k  in  th e  chain o f e v e n ts  th ro u g h  w hich  ep inephrine  leads to  p u lm o n a ry  oede
m a is v a so co n stric tio n  as a response  to  sy m p a th e tic  e x c ita tio n  in  consequence 
o f w hich  a considerab le  p a r t  o f th e  c ircu la tin g  b lood  is d iv e rte d  fro m  th e  periph 
era l c ircu la tio n  to  th e  lu ngs. T h is p laces an  ad d ed  load  u p o n  th e  lesser circu
la tio n .

In  th e  p re sen t s tu d ie s  i t  w as n o t possib le to  in h ib it th e  d ev e lo p m en t of 
ep in ep h rin e -in d u ced  p u lm o n a ry  oedem a or to  in fluence  s u rv iv a l b y  previous 
a d m in is tra tio n  of d ich lo riso p ro te ren o l. T h is w as on ly  to  be e x p e c te d  consider
ing  th e  h aem o d y n am ic  e ffec ts  o f th e  tw o drugs. D ich lo riso p ro te ren o l poten-
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t i a te s  th e  v asoconstric tive  e f fe c t o f  epinephrine a n d  in  doses as sm all as 3 m g/kg 
i t  c o m p le te ly  blocks th e  p o s it iv e  chrono- and  in o tro p ic  effec ts in  th e  h e a r t [4].

I n  co n tra s t, full in h ib i t io n  o f  pu lm onary  o ed em a w as ach ieved  b y  phen- 
o x y b e n z a m in e  ad m in is te red  p r io r  to  epinephrine. C o n vu lsions rem ain ed  ab sen t 
a n d  4 8  h o u rs  after th e  a d m in is t r a t io n  of ep in ep h rin e  a ll an im als  w ere in  good 
h e a l th .  N o t even tr a n s i to ry  c h a n g e s  were p resen t in  th e  lu n g s  a t  a p o in t of tim e  
w h en  a ll th e  anim als w h ich  h a d  b een  given e p in e p h rin e  alone h ad  succum bed 
to  p u lm o n a ry  oedem a.

P h en o x y b en zam in e  d o es  n o t  affect th e  s y m p a th e tic  in n e rv a tio n  of th e  
h e a r t  [2] while b locking th e  a lp h a -recep to rs  of o th e r  o rg an s. In  th is  m an n e r i t  
is n o t  b y  a d irect ca rd iac  a c t io n  th a t  i t  av e rts  th e  p u lm o n a ry  oedem a b u t  
r a th e r  b y  blocking th e  v a s o c o n s tr ic to r  response, a n d  b y  th is  fa c t also th e  in 
c re a se  in  peripheral re s is ta n c e  o r , as ano ther a l t e r n a t i v e l y  reliev ing  th e  spasm  
o f t h e  p u lm o n ary  vessels a n d  th u s  reducing p u lm o n a ry  f i l t ra t io n  p ressure . T he 
close connec tion  in tim e  b e tw e e n  th e  onset o f to n ic -c lo n ic  convulsions an d  th e  
a p p e a ra n c e  of p u lm o n ary  o e d e m a  illu stra te s  th e  im p o r ta n c e  o f th e  neurogen ic  
f a c to r .  O u r observations in  th i s  re sp ec t agree w ith  th o se  o f  J o h n so n  an d  B e a n  
[5].  S z á m  e t al. [6] h a v e  b e e n  le d  to  sim ilar co n c lusions b y  electroencephalo - 
g ra p h ic  evidence. B y p re v io u s  ad m in is tra tio n  o f p h en o x y b e n z a m in e  n o t on ly  
th e  d ev e lo p m en t of p u lm o n a ry  oedem a b u t also t h a t  o f  th e  convulsions w as in 
h ib i te d .  T h is m akes i t  l ik e ly  t h a t  th e  effect of p h en o x y b e n z a m in e  invo lves th e  
c e n tr a l  nervous sites o f a c t io n  o f  epinephrine.

I t  h as  been show n [7] t h a t  in  experim en ta l sh o ck , a cond itio n  also asso 
c ia te d  w ith  ad ren a lin aem ia , c e re b ra l 0 2 dem and  is in c re a se d . T h is is, how ever, 
n o t  t h e  case if p h en o x y b e n z a m in e  has been a d m in is te re d  p rev iously . T he p ro 
te c t io n  from  e p in ep h rin e -in d u ced  pu lm onary  o ed em a co n ferred  b y  p h en o x y 
b e n z a m in e  m ay o rig ina te  in  a  s im ila r  m echanism  in v o lv in g  th e  m etabo lism  of 
th e  b r a in .
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19-2 0  (HEREDITARY?) TRISOMY IN A FAMILY 
WITH MULTIPLE CONGENITAL MALFORMATIONS

B y

L. M o s o n y i , D. S c h u l e r , É v a  Á cs and S. K iss
FO U R T H  D EPA RTM EN T O F M ED ICINE (HEAD: L. M OSONYI), POSTGRADUATE M EDICAL SCHO O L, 

AND SECOND D EPA RTM EN T OF PA ED IA TRICS (D IR EC TO R : G. P E T É N Y I f ) , 
U N IV ER SITY  MEDICAL SCHO O L, BU DA PEST

A fam ily  is desc rib ed  in  w hich  th ro u g h  fo u r  genera tions severa l m e m b e rs  had  
co ngen ita l m a lfo rm atio n s , m o stly  p o ly cy stic  k id n e y  (? ) an d  congen ita l d is lo c a tio n  of 
th e  hip . C hrom osom al ex am in a tio n  was c a rr ie d  o u t  in  five m em bers. T h e  p a t i e n t  w ith  
m u ltip le  cong en ita l m alfo rm atio n s an d  h e r ta l l ,  b u t  o therw ise  h ea lth y  d a u g h te r  had  
46/47 m osaic F -tr iso m y .

S u p e rn u m e ra ry  o r lack ing  sex ch rom osom es m ay  give rise to  w ell-know n  
clin ical p ic tu re s  (sy n d ro m es of K l i n e f e l t e r  a n d  T u r n e r ), th o u g h  th e  X X X  
fem ale  (superfem ale) [1] an d  th e  X Y Y  m ale  [24] m ay  be p h e n o ty p ic a lly  qu ite  
n o rm a l. T h e  a u to so m a l dele tions or triso m ies  h a v e , how ever, less c ircu m sc rib ed  
clin ica l p a tte rn s . T h e  m o s t ch a rac te ris tic  am o n g  th em  are  th e  21, 13, 18 tr iso 
m ies a n d  5 p a r tia l  m on o so m y  [2—4]. T he c lin ica l find ings in triso m ies  o f  o th e r 
au to so m es o f groups A , C, F  an d  G are  n o t c h a ra c te r is tic  [5 —16]. O u r o b se rv a 
tio n  belongs to  th e  la t te r ,  clin ically  in d e fin ite  g roup  of au to so m al triso m ies .

Case report

A . S . 36-year-o ld  fem a le  (IV/1 on  Fig. 1) w as a d m it te d  on  28 th  S ep tem b er 1962. S he  had 
been  h o rn  3 m o n th s befo re  te rm , w ith  b ila te ra l d is lo ca tio n  o f th e  h ip . In  her fa m ily  th e re  were 
in  fo u r g en era tio n s (see th e  fam ily -tree  in F ig. 1 )7  cases o f  congenital d is lo ca tio n  o f  th e  hip 
(1/1, I I / l ,  IV /1, 2, 7, V /6, 7), 6 o f “ ren al disease”  w ith  f a ta l  ou tcom e ( I I I / l ,  3, IV /3 , 4, 5,7), 9 
o th e r  co n g en ita l m a lfo rm a tio n s  (1/1, I I I /2 ,  4, IV /1, 5, V /2 , 3, 4, 5) an d  1 chron ic  m y e lo id  leu k 
aem ia ( I I I /4 ) . M enarche a t  16 y ears , 5 p regnancies re su lte d  in  3 live b o rn  ch ild ren , 1 e c to p ic  p re g 
n a n cy  a n d  1 a rtc fic ia l a b o rtio n .

T he p a tie n t  h a d  h a d  sp astic  ep ig astria l p a in s  fo r  tw o  y ears before a d m iss io n  a n d  fe lt 
a s lig h tly  p a in fu l tu m o u r  in  th e  le ft p a r t  o f th e  a b d o m e n . Som e m on ths ago sh e  h a d  becom e 
aw are  o f a ten d e rn ess  in  th e  b ack , on th e  r ig h t side o f  th e  sp ine . She h ad  lo st 2 kg  w e ig h t d u rin g  
th e  la s t  2 m o n th s .

P h ysica l exam ination  and  laboratory fin d in g s

P o o rly  developed , th in  fem ale. G ait c h a ra c te ris tic  o f  b ila te ra l d is lo ca tio n  o f  th e  hip. 
T here  a re  no na ils  on f in g ers  o r  toes ex cep t th e  l it t le  f in g e r  o f th e  r ig h t han d  (F ig . 2). D efo rm ed  
th o ra x  due  to  scoliosis; d e rm o id  cy st in  th e  r ig h t lu m b o sac ra l region. B lo o d -p ressu re , 130/90 
m m H g. P a lp ab le  k id n ey s , sh if ted  to w ard s th e  m id lin e , w ith  irreg u lar surface. N P N , c rea tin in e  
c learance  a n d  se ru m -e lec tro ly tes  norm al. R e tro g ra d e  u ro g ra p h y  an d  p a lp a tio n  re v e a le d  p o ly 
cy stic  k id n ey s b ila te ra lly . P a re tic  ex te rn a l rec tu s  m u sc le  o f  le ft eye; i t  causes d o u b le  v is io n  on 
th e  le f t  side. N orm al in te llig en ce .
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Table I

Chromosome number 42 43 44 45 46 47 Total

A . S. (fem ale) IV/1. 3 2 l 3 20 21 50

A . S. (female) IV/2. l 18 1 20

A . S. (m ale) V /l. 1 3 14 2 20

A . S. j r  (female) V/2. 3 5 42 27 77

J .  S. (female) V/3. 15 15

Chromosomal exa m in a tio n

T h e  chrom osom al e x a m in a tio n  was m ade fro m  th e  p e rip h e ra l b lood  c u ltu re  b y  M oor
h e a d ’s m e th o d  sligh tly  m o d ified  [17]. 50 cells w ere sc o red ; 20 cells con ta ined  46 ch ro m o so m es 
a n d  21 cells co n ta in ed  47 ch ro m o so m es (Table I). T h e  4 7 th  chrom osom e seem ed to  b e lo n g  to  
g ro u p  F  (F ig . 3). The p e r ip h e ra l b lo o d  cu ltu re  rev ea led  8 p e r  c e n t se x -ch ro m a tin -p o sitiv e  cells.

A .  S .  (V/2), d a u g h te r  o f  th e  fo rm er p a tie n t, ag ed  13 y e a rs . She is ta ll  (177 cm ) fo r  h e r  age, 
b u t  o th e rw is e  norm al. F ro m  th e  77 cells scored from  th e  p e r ip h e ra l blood c u ltu re , 42 cells h a d  
46 c h ro m o so m e s and 27 cells h a d  47 chrom osom es (T ab le  I ) .  T h e  4 7 th  chrom osom e w as s im ila r 
to  th o s e  o f  g roup  F  (Fig. 4). S e x -c h ro m a tin  was p o sitiv e  (10 p e r  cen t; p e rip h era l b lo o d  c u ltu re ) .

J .  S . (V/3), 12-year-o ld  g irl, s is te r  o f th e  fo rm er p a t ie n t .  N orm al d ev elo p m en t t i l l  th e  age 
o f  6 y e a r s ;  since th en  she h a d  lag g e d  in  g row th (p re sen t h e ig h t  135 cm), as co m p ared  w ith  her 
s is te r  (F ig .  5). C hrom osom al a n a ly s is  from  th e  p e rip h e ra l b lo o d  cu ltu re  show ed no a b n o rm a lity .

A .  S . (V /l), son of th e  f i r s t  p a tie n t.  No a b n o rm a lity , n o rm al k a ry o ty p e .
A .  S . (lV /2), 35 y e a rs  o ld , s is te r  o f th e  f irs t p a t ie n t .  She  was p re m a tu re ly  b o rn  a n d  has 

b i la te r a l  d is lo ca tio n  of th e  h ip . N o o th e r  ab n o rm a litie s , n o rm a l k a ry o ty p e .
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F ig . 2

D iscussion

In  4 g en era tio n s o f th e  fam ily  u n d e r s tu d y  th e re  were m em b ers  w ith  con
g e n ita l m a lfo rm atio n s. T h e  m ost fre q u e n t anom alies were d is lo c a tio n  o f the  
h ip  a n d  ren a l d isease. T h e  l a t te r  w as p ro b a b ly  po lycystic  k id n ey , a s  accord ing  
to  th e  re la tiv es  a ll th o se  p ersons h ad  died  w ith  u raem ia  w ith o u t h a v in g  h a d  p re
v io u s signs of acu te  n e p h ritis . C hrom osom al an a ly sis  show ed in  th e  p a t ie n t  and 
h e r  ta l l  b u t  o therw ise  h e a lth y  d a u g h te r  a 46/47 m osaicism ; th e  4 7 th  ch rom o
som e seem ed to  be long  to  g ro u p  F . T here  a re  o f  course o th e r p o ss ib ilitie s , and 
th e  accessory  chrom osom e m a y  h av e  been a chrom osom e 17 o r 18 w ith  d e la ted  
long  a rm s, o r even a d e la te d  X  chrom osom e in  sp ite  of th e  single se x c h ro m a tin  
p o s itiv ity . I t  could  be  ta k e n  also fo r an  isochrom osom e of th e  s h o r t  a rm s of 
ch rom osom e 17 or 18, b u t  th e  lack  o f th e  sy n d ro m e  c h a ra c te r is tic  in  triso m y  
18 d id  n o t su p p o rt th is  suggestion . T h e  o th e r , h e a lth y  d a u g h te r , th e  so n , and  
th e  s is te r  o f th e  p ro p o s ita  p re sen ted  no ch rom osom al a b e rra tio n .

T here  are  few  d a ta  concern ing  F  tr iso m y . B ook  e t al. [8] fo u n d  i t  in  a 
m o th e r  an d  son, b o th  a ff lic te d  w ith  an  a tr ia l  s e p ta l defect. Gu sta v so n  e t  a l. [9] 
o b se rv ed  th e  sam e tr iso m y  in  a case w ith  m u ltip le  congen ita l m a lfo rm a tio n s  
(m icrocephaly , m e n ta l r e ta rd a tio n , ep ilepsy). T h e  case of Craw ford  [20] p ro b 
a b ly  also belonged  to  th is  g roup  of au to so m a l triso m y . F raccaro e t  a l. [7] 
fo u n d  F  triso m y  in a h e a lth y  m ale, b u t  th e  ch ild  o f  th is  a p p a re n tly  h e a l th y  m an 
h a d  m ongoloid  c re tin ism .

In  th e  fam ily  u n d e r  s tu d y  co ngen ita l m alfo rm ations w ere f r e q u e n t  and 
th e  q u es tio n  arose, w h a t  ro le th e  observed  chrom osom al a b e rra tio n s  h a d  in  the

Acta Médira Acadcmiae Scientiarum Ilungaricae 23, 1966



44 L. MOSONYI et al.

\ ^  <
«в.

*  *  *
O f * 4  *  *

^ ^  * *  *  (

, *  / ' /
- k  ?

\  *c '

*
r

« , э <

л *

Fig. За

u К  К х К  К  *

1 2 3 4 5

»  Ъ К  Ä 1* * * ,  Л  f t

6 7 5 9  70

л л  О Л  А

13 74 75

Л  J * к  « 1* *
76 77 78

» jm * * А

19 2 0

л! *> »
21 2 2

« я  » *  л  ^
71 12 XX

Fig. 3b

Acta Medica Academiae Scientiarum Hungaricae 23, 1966



19—20 (HEREDITARY?) TRISOMY IN  A FAMILY 4 5

Fig. 4a

I ! H ( I Ei IX
7 2 3 4 5

I I II U A i l i t t  »1 U
6 7 8 9 10 îf 12 XX

• 4 4* * *
73 74 15

*> V i » 4
76 77 18

X  f t N  « X
79 20

*  * A *
21 22

F ig . 4b

Acta Medica Academiae Scientiarum Hungaricae 23, 1966



4 5 L. MOSONYI et al.

F ig . 5

a e tio lo g y  o f th e  m a lfo rm atio n s . T he o b se rv a tio n , th a t  n o t all th e  p e rso n s  in  th e  
f a m ily  h a d  th e  sam e ty p e  o f  co n g en ita l m a lfo rm a tio n , does n o t ex c lu d e  th e ir  
ro le . (T h e  t r a i t  m ay be a n o t  sex -linked , d o m in a n t ch a rac te r w ith  v a r ia b le  ex 
p re s s iv i ty ,  o r th e  “ u n b a la n c e d ”  genom  h a d  m an ife s ted  itse lf w ith  v a r io u s  c lin i
ca l p a t te rn s ) .  I t  is n o t c lea r w h y  th e  a n o m a ly  w as p resen t in  a m osaic  fo rm  in 
th e  d a u g h te r  in stead  o f a n o rm a l k a ry o ty p e  o r a sim ple tr iso m y , w ith o u t  m o 
sa ic ism , th o u g h  H auschka  e t  al. [2 4 ] ,T her m a n  e t al. [25], T u r n e r  e t  a l. [26] 
su p p o se  a genetical p red isp o s itio n  to  n o n -d i 'ju n c tio n  in  fam ilia l t r is o m y  w ith  
d if fe re n t  k a ry o ty p es . T h e re  h a v e  been  re p o r ts  on th e  fam ilia l o ccu rren ce  of 
m o sa ic ism  an d  i t  was a ssu m ed  th a t  th is  re p re se n te d  a gene tica lly  d e te rm in e d  
te n d e n c y  to  m osaicism  [27, 28, 29, 30]. O u r case m ig h t, th e re fo re , h a v e  been  
e i th e r  a  rem ark ab le  co incidence  (vide th e  re c e n t suggestions o f Court  B rown 
[31] co n cern in g  ch rom osom al v a r ia tio n s  in  th e  “ n o rm a l”  p o p u la tio n ) , o r an  
e x a m p le  su p p o rtin g  th e  h y p o th e s is  o f th e  m e n tio n e d  au th o rs  in  t h a t  th e  do u b le  
in c id e n c e  h a d  a h e re d ita ry  c h a ra c te r  to  n o n -d is ju n c tio n .

I n  th e  p a tie n t’s d a u g h te r , in  w hom  th e  ch rom osom al an o m aly  w as re v e a l
ed , n o  m a lfo rm a tio n  could  be  d e tec ted . T h e re  a re  o b serva tions, w h ere  ch ro m o -
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som al a b e rra tio n s  o f th e  n u m b e r  [1, 7, 20, 23, 24] or o f th e  shape  [19, 22 , 31] 
w ere asso c ia ted  w ith  a n o rm a l p h e n o ty p e  (som etim es th ro u g h  tw o g en e ra tio n s) . 
In  som e o f th ese  cases th e  sam e ch rom osom al a b n o rm a lity  was p re se n t n o t  on ly  
in  th e  a p p a re n tly  h e a lth y  m em b er o f th e  fa m ily  b u t ,  s im ila rly  as in  o u r  p a 
t ie n ts ,  also in  a m em ber d isp lay in g  co ngen ita l m alfo rm atio n s [20, 21, 24].

R E F E R E N C E S

1. C l o s e ,  H . G .: T w o  a p p a re n tly  n o rm al tr ip le -X  fem ales. L an c e t 2, 1358— 1359 (1963).
2. Z e l l w e g e r , H . an d  A b b o , G .: M oderne M ongolism us-P roblem e. D tsch . m ed . W sclir. 89,

405—416 (1964).
3. P o l a n i , P . E .: C hrom osom e an o m alies. A nn. R ev . M ed. 15, 93— 114 (1964).
4. L e j e u n e , J . ,  L a fo u r c a d e , J . ,  B e r g e r , R ., V ia l a t t e , J . ,  B o esw ill w a l d , M ., Se r in g e ,

P . e t  T u r p i n , R .: T ro is cas de d é lé tio n  d u  b ra s  c o u r t  d ’u n  chrom osom e 5. C. R . A cad . 
Sei. (P a ris )  257, 3098— 3102 (1963).

5. O ik a w a , K . and  B liz za r d , R . M .: C hrom osom al s tu d ie s  o f p a tie n ts  w ith  c o n g en ita l
anom alies s im u la tin g  th o se  o f g o n ad al ap lasia , in c lu d in g  a  case o f tru e  g o n ad a l a n d  sex 
rev ersa l. New. E ngl. J .  M ed. 264, 1009— 1016 (1961).

6. Sa n d b e r g , A. A., Cr o s s w h it e , L. H ., G a d y , B. A. a n d  E .:  T riso m y  of a large  ch ro m o so m e.
A ssocia tion  w ith  m en ta l re ta rd a tio n . J .  A m er. m ed . Ass. 174, 221 — 225 (1960).

7. F r a c c a r o , M., K a i j s e r , K ., L i n d s t e n , J . :  C hrom osom al ab n o rm alitie s  in  f a th e r  an d
m ongol child. L an cet 1, 724— 727 (1960).

8. B o o k , J .  A ., Sa n t esso n , B. a n d  Z e t t e r q u is t , P .: A ssocia tion  be tw een  c o n g en ita l h e a r t
m alfo rm atio n s an d  ch ro m o so m al v a ria tio n s . A c ta  p a e d ia t .  (U ppsala) 50, 2 1 7 — 227 
(1961).

9. Gu st a v so n , K . IL , At k in s , L . a n d  P a t r ic k s , I .:  D iv e rse  chrom osom al an o m alies  in  tw o
sib lings. A cta  p aed ia t. (S to c k h .)  53, 371 — 376 (1964).

10. D u n n , H . G., F o rd , D. K ., A u e r s p e r g , N . an d  M il l e r , J .  R .: B enign c o n g en ita l h y p o 
to n ia  w ith  chrom osom al a n o m a ly . P e d ia tr ic s  28, 578— 591 (1961).

11. F e r g u s o n , J .  an d  P i t t . D .: A n o th e r  ch ild  w ith  47 chrom osom es. Med. J .  A u s tr . 50 , 546—
547 (1963) I.

12. H a y w a r d , M . D .  an d  B o w e r , B .  D . :  C hrom osom al tr iso m y  associated  w ith  th e  S tu rg e -
W eb er sy n d ro m e L an c e t 2, 844—846 (1960).

13. T u r n e r , B. and  J e n n in g s , A. N .: T riso m y  for ch ro m osom e 22. L an cet 2, 49 — 50 (1961).
14. B ie s e l e , J .  J . ,  S ch m id , W . a n d  L a w l is , Ma r jo r ie , G .: M en tally  re ta rd e d  sch izo id  tw in

girls w ith  47 chrom osom es. L a n c e t 1, 403—405 (1962).
15. K o u l is c h e r , L. e t P e r ie r , J . :  A p ropos d ’u n  cas de  triso m ie  22. Bull. A cad . ro y . M éd.

Belg. 2 , 329— 344 (1962).
16. Gu st a v so n , K . H ., H a g b e r g , B ., F in l e y , S. C. an d  F in l e y , W . H .: An a p p a re n tly  id e n t i 

cal e x tra  au tosom e in tw o  sev ere ly  re ta rd e d  s is te rs  w ith  m u ltip le  m alfo rm atio n s . C y to 
g enetics (B asel) 1, 32— 41 (1962).

17. S c h u l e r , D . :  Ú ja b b  m ó d szerek  az  em beri ch ro m osom a v iz sg á la tá ra . O rv . H e til .  106,
2366—2367 (1965).

18. Co o p e r  an d  H ir s c h h o r n : c it . Ch a n d r a  an d  H u n g e r f o r d  [22].
19. G u s t a v s o n , K . H ., F i n l e y , S. C., F i n l e y , W . H . a n d  J a l l i n g , В . :  A 4 —5/21 —  22 c h ro m o 

som al tran s lo ca tio n  a sso c ia ted  w ith  m u ltip le  co n g en ita l anom alies. A c ta  p a e d ia t .  
(S to ck h .)  53, 1 7 2 -1 8 1  (1964).

20. C r a w f u r d , M. d ’A . :  M u ltip le  co n g en ita l an o m aly  a sso c ia ted  w ith  an  e x tra  a u to so m e .
L an c e t 2, 22—24 (1961).

21. C a r r , D. H .: C hrom osom al a b n o rm a litie s  an d  th e ir  re la tio n  to  disease. C anad . m ed . A ss. J .
88, 456—461 (1963).

22. C h a n d r a , H. S. an d  H u n g e r f o r d , D .  A.: A n a b e r ra n t  au to so m e (13— 15) in  a  h u m a n
fem ale  an d  he r fa th e r ;  b o th  a p p a re n tly  norm al. C y to g en e tic s  (B asel) 2, 34 —41 (1963).

23. V e r r e s e n , H ., van  d e n  B e r g h e , H . an d  Cr e e m e r s  J . :  M osaic triso m y  in  p h e n o ty p ic a lly
n o rm al m o th e r o f m ongol. L a n c e t 1, 526—527 (1964).

24. H a u sc h k a , T. S., H a sso n , J .  E ., G o l d s t e in , M. N ., K o e p f , G. F . and  Sa n d b e r g , A. A .:
A n X Y Y  m an  w ith  p ro g e n y  in d ic a tin g  fam ilia l te n d e n c y  to  n o n d is ju n c tio n . A m er. 
J .  h u m . G enet. 14, 22— 30 (1962).

Acta Medica Academiae Scientiarum Hungaricac 23, 1966



48 L. MOSONYI et al.

25. T h e r m a n , Б ., P a t a u , К .,  S m i t h , D. W. and  D e m a r s , R . I . :  T he D tr iso m y  sy n d ro m e  and
X O  gonadal dysgenesis in  tw o  sisters. A m er. J .  h u m . G enet. 13, 193— 204 (1961).

26. T u r n e r , B., d e n  D u l k , G. a n d  W a t k in s , G.: T h e  17— 18 triso m y  an d  21 tr iso m y  sy n 
d ro m es in  siblings. J .  P e d ia t .  64, 601 — 604 (1964).

27. B o r g e s , W . H ., W a l d , N . a n d  H o f f m a n , E .:  I n h e r i te d  cy to g en etic  m osaic ism  in  m an.
J .  P e d ia t. 65, 103 (1964).

28. K io s s o g l o u , K . A., R o s e n b a u m , E . H . M it u s , W . J .  a n d  D a m e s h e k , W .: M u lt ip le  c h ro 
m o so m al a b e rra tio n s  in  a  p a tie n t  w ith  a c u te  g ra n u lo c y tic  leukem ia  a sso c ia ted  w ith  
D o w n ’s syndrom e a n d  tw in n in g . — S tu d y  of a  fa m ily  w ith  a possible te n d e n c y  to  n o n 
d is ju n c tio n . B lood 24 , 134— 159 (1964).

29. R o s e n k r a n z , W .: F a m ilia l  m osaicism  a t t r ib u ta b le  to  a  new  gene. L an c e t 1 , 963— 964
(1965).

30. Z e l l w e g e r , H . an d  A b b o , G .: F am ilia l m osaic ism  a t t r ib u ta b le  to  a  new  gene. L a n c e t 1,
4 5 5 — 457 (1965).

31. C o u r t  B r o w n , W. M., J a c o b s , P . A. and  B r u n t o n , M .: C hrom osom e s tu d ies  o n  ra n d o m ly
ch o sen  m en an d  w o m en . L an c e t 2, 561— 565 (1965).

D r. L. M o s o n y i  

D r. É v a  Ács 
D r. D. S c h u l e r  

D r. S. Kiss

IV . M edical D e p a r tm e n t, P o s tg ra d u a te  M edical 
School, B u d a p e s t X I I I . ,  Szabolcs u . 33, H u n g a ry
I I .  D e p a rtm e n t o f  P a e d ia tr ic s , U n iv e rs ity  M edical 
School, B u d ap est I X . ,  T ű zo ltó  u . 7/9, H u n g a ry

Acta Medica Academiae Scientiarum Hungaricac 23, 1966



Acta Medica Academiae Scientiarum Hungaricae Tomus 23 (1), pp. 49—52 (1966)

PREVENTION AND TREATMENT OF SHOCK WITH 
CORTICOSTEROIDS

E F F E C T  O F  P R E D N IS O L O N E  IN  N O R E P IN E P H R IN E -  A N D  E P IN E P H R IN E -
IN D U C E D  SH O C K

By

G y . S z a b ó , ö .  S á t o r i  and G .  G r a n d t n e r

N A TION A L IN ST ITU TE OF TRAUM ATOLOGY, BUDAPEST 

(R eceived  A pril 29, 1966)

P h e n o x y b e n za m in e  in  doses of 0.5 m g /k g  h a s  b een  found  to  e x e r t  a  p ro te c tiv e  
effect in  irrev ersib le  sh o ck  induced  by  n o re p in e p h rin e  in fusions in  dogs. 50 p e r  c en t o f 
th e  an im als su rv iv ed . P redn iso lone  in  doses o f 10 to  15 m g/kg fa iled  to  p ro te c t  from  
shock induced  b y  ep in e p h rin e  or n o rep in ep h rin e  a n d  even  reduced  su rv iv a l tim e  to 
50 pe r cen t a n d  en h an c ed  th e  pressor and h a e m o c o n c e n tra tiv e  effects o f n o rep in ep h rin e . 
On th e  g rounds o f th e  re su lts  i t  seems u n ju s tif ie d  to  l in k  u p  th e  alleged sh o ck -p ro tec tiv e  
effect o f co rtico s te ro id s w ith  a  blockade of th e  a d ren e rg ic  endings.

W e i l  e t al. r s p o r te d  in  1940 th a t  shock m o r ta l i ty  in ra b b its  w as co n sid er
a b ly  reduced  b y  th e  com b in ed  a d m in is tra tio n  o f  DOCA and  ad ren o co rtica l 
e x tra c ts . D uring  th e  fo llow ing  years con flic ting  d a ta  w ere pu b lish ed  concern ing  
th e  su b jec t. In  re c e n t y e a rs , how ever, i t  h as  b een  suggested  m ore  a n d  m ore 
c learly  b y  th e  re su lts  o f c lin ica l and  e x p e rim e n ta l s tu d ies  th a t  m assive  doses of 
g lucocortico ids, p a r t ic u la r ly  dex am eth aso n e , p red n iso lo n e  or h y d ro co rtiso n e , 
a ffo rd ed  p ro te c tio n  fro m  exp erim en ta l o r c lin ica l shock  [2, 3, 4 ]. T h e  m ech a
n ism  of th e  effect is n o t fu lly  understood . T h o u g h  in  th e  m a jo rity  o f la b o ra to ry  
an im als  th e  c ritica l fa ll o f  b lood  pressure cou ld  be  a v e rte d  an d  su rv iv a l a t ta in 
ed , nev erth e less  no  e ffec t on card iac o u tp u t  a n d  p e rip h e ra l re s is tan ce  w as de
m o n strab le  [5].

T he p o ssib ility  o f an  adrenerg ic  b lo ck ing  e ffec t o f co rtico ste ro id s  sim ilar 
to  th a t  o f  p h e n o x y b en zam in e , was p o in ted  o u t  b y  ce rta in  a u th o rs  [6]. We 
believe, how ever, t h a t  th e  g lucocortico ids, on  th e  c o n tra ry  sensitize  th e  a d re n 
ergic nerve  end ings to  th e  e ffec t of endogenous a n d  exogenous ca tech o lam in es. 
In  o rd er to  c larify  th e  q u e s tio n , we have s tu d ie d  th e  effect of ph arm aco lo g ica l 
doses o f g lucoco rtico id  (prednisolone) on le th a l  shock in d u ced  b y  n o rep i
n ep h rin e  an d  ep in ep h rin e .

M ethods

M ongrel dogs o f b o th  sexes w ere stud ied  u n d e r  in tra v e n o u s  p e n to b a rb ita l  (30 ing /kg ) 
an aesth es ia . Shock w as in d u ced  b y  1.7 m g/kg of n o re p in e p h rin e  or ep inephrine , g iven  in  8 m l/kg 
o f physiological sa line  as a n  in tra v e n o u s  drip , a t  an  e v en  r a te  over th ree  hours. F ive  g ro u p s of 
15 an im als w ere s tu d ied . G roup  I w as given a n o re p in e p h rin e  in fusion  alone. G roup  I I  received  
10 to  15 m g/kg predn iso lone  in tra v en o u s ly  one h a lf  h o u r  b efo re , an d  th e  sam e dose a t  th e  s ta r t ,
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o f  th e  n o re p in e p h rin e  infusion . G ro u p  I I I  was given 0.5 m g/kg  of p h e n o x y b en zam in e  in t r a v e 
n o u s ly  h a lf  a n  hour before th e  in fu s io n  o f ep in ep h rin e . T h e  an im a ls  to  be c o m p ared  w ere  m a tc h 
ed  in  a  m a n n e r  to be a p p ro x im a te ly  o f  th e  sam e b o d y  w eig h t in  each  g ro u p . T h e  an im a ls  o f 
G ro u p  IV  w ere  given an  in fu sio n  o f  e p in ep h rin e , th o se  o f  G roup  V received  15 m g /k g  o f p re d 
n iso lo n e  h a lf  a n  hour before a n d  th e  sam e a m o u n t a t  th e  s t a r t  o f infusion. H e re , to o , one a n i
m a l w h ic h  received  ep inephrine  a lo n e  w as m atch ed  w ith  a n o th e r  w hich  rece ived  e p in e p h rin e  +  
p re d n is o lo n e .

A s soon  as th e  in fusion  h a d  b e e n  co m ple ted , th e  a n im a ls  w ere  p laced  in  a  cage. A n im als 
w h ic h  w e re  fo u n d  alive 24 h o u rs  a f te r  co m p le tio n  o f th e  in fu so n  an d  cam e o u t  o f  a n a e s th e s ia  
m o v in g  a b o u t  brisk ly  in  th e  cage  w ere  considered  su rv iv o rs .

A r te r ia l  blood p ressure  w as m e a su re d  du rin g  th e  in fu s io n  b y  m eans of a  m e rc u ry  m a n o 
m e te r  in s e r te d  in to  th e  fem o ra l a r te r y .  T h e  h a e m a to c rit  r a tio  a n d  p lasm a  p ro te in  c o n c e n tra 
t io n  w e re  d e te rm in ed  from  b lo o d  sa m p le s  ta k e n  ev ery  h o u r.

R esults

I n  G roups I  an d  I I  a ll o f  th e  an im als d ied . M ean su rv iv a l tim e  w as 13.47 
(SD  7 .4 0 ) hours in G roup I ,  t r e a te d  w ith  n o re p in e p h rin e  alone. I n  G ro u p  I I ,  
t r e a t e d  w ith  n o rep in ep h rin e  a n d  p redn iso lone , su rv iv a l w as sh o r te r , w ith  a 
m e a n  o f  7.75 (SD 7.76) h o u rs . T h e  d ifference w as sig n ifican t (p ■< 0 .05). In  
G ro u p  I I I  7 ou t of th e  15 a n im a ls  w hich h a d  b een  given p h en o x y b en zam in e  
p r io r  to  no rep in ep h rin e  s u rv iv e d  over 24 h o u rs . T h e  8 an im als w h ich  d ie d  h ad  
a n  a v e ra g e  surv ival o f 14.27 (S D  7.98) ho u rs . T h e  an im als  w ith  e p in e p h rin e  in 
fu s io n  (G roup  IY) also d ied , m e a n  su rv iv a l w as 10.76 (SD 8.6) h o u rs . S u rv iv a l 
in  G ro u p  Y  was sh o rten ed  b y  p red n iso lone  to  5.34 (SD 5.59) h o u rs . T h e  d if
f e re n c e  w as significant (p <  0 .05).

T h e  pressor effect o f  n o re p in e p h rin e  o r ep in ep h rin e  reach ed  th e  p e a k  a t  
th e  b e g in n in g  of th e  in fu s io n . S u b seq u en tly , a r te r ia l  p ressu re  c o n tin u a lly  d e 
c lin e d  d e sp ite  the  in fusion  u n t i l  i t  w as well be low  th e  in itia l va lue . H a lf  a n  ho u r 
a f te r  t h e  s ta r t  of in fu sio n  in  G roup  I  (n o rep in ep h rin e ) b lood  p re ssu re  w as 
17 +  5 .1  m m  H g, in  G ro u p  I I  (n o rep in ep h rin e  +  predn iso lone) 32 +  7.8 
m m  H g  h ig h er th a n  th e  in i t ia l  v a lu es . T he d iffe rence  betw een  th e  tw o  g roups 
w as  s ig n if ic a n t. E p in e p h rin e  in fu s io n  (G roup IV ) w as found  to  in c rea se  b lood  
p re s s u re  b y  29 +  4.8, a n d  e p in e p h rin e  -f- p red n iso lo n e  (G roup V) to  th e  sam e 
e x te n t ,  i.e . b y  29 +  5.6 m m  H g . P h en o x y b en zam in e  (G roup I I I )  w as fo u n d  to  
in h ib i t  th e  pressor effect o f  ep in ep h rin e : h a lf  a n  h o u r  a fte r  th e  s t a r t  o f  ep i
n e p h r in e  infusion, b lood  p re s su re  w as 3 +  11.1 m m  H g low er th a n  th e  in itia l 
v a lu e .

P redn iso lone  a p p e a re d  to  enhance  h a e m o co n cen tra tio n  due  to  n o re p i
n e p h r in e .  T he h aem a to c rit w as a t  its  peak  tw o  h o u rs  a f te r  th e  s ta r t  o f  in fusion , 
th e  in i t i a l  m ean of 39.1 (SD  5.0) fo u n d  in  G roup I  b efo re  in fusion  h a v in g  re a c h 
ed  5 0 .4  (SD  10.1). In  th e  p re d n iso lo n e -tre a te d  an im als  (G roup I I )  th e  m ean  of
41 .6  (S D  8.0) rose to  55.3 (SD  6.8). T he d ifference in  th e  increases o f  h a e m a 
to c r i t  ra t io s  was s ig n ifican t s ta tis t ic a lly  (p <  0.05). P h en o x y b en zam in e  h ad  
a p re v e n t iv e  effect on h a e m o c o n c en tra tio n  d u e  to  n o rep in ep h rin e , th e  in itia l 
m e a n  h a e m a to c rit value o f  43 .7  (SD  6.0) in  G roup  I I I  declined to  43.5 (SD  6.5)
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Effect o f  phenoxybenzamine and prednisolone on survival, 
blood pressure and haematocrit, in  shock induced by norepinephrine and epinephrine

n Survival,
hours

Blood pressure mm Hg Haematocrit

before 0.5 1 2 3 before 0.5 1 2 3

M 15 13.47 150 165 144 126 100 39.1 47.8 49.3 50.4 48.9
N orepinephrine

SD 7.42 42 26 38 42 42 5.0 8.1 10.1 10.1 7.5

M 15 7.75 150 185 149 119 112 41.6 49.9 51.4 55.3 54.6
N orepinephrine  prednisolone

SD 7.76 22 23 26 34 34 8.0 6.7 8.2 6.8 6.0

M 15 *14.29 138 133 120 100 84 43.7 46.2 43.8 43.5 44.3
N orepinephrine +  phenoxybenzam ine

SD 7.98 32 32 32 25 31 6.0 2.8 5.4 6.5 6.3

M 15 10.76 156 188 167 129 85 49.3 54.1 56.4 55.8 52.7
E pinephrine

SD 8.26 19.1 13.45 21.2 24.7 43.2 7.1 10.9 6.9 6.4 4.3

M 15 5.34 165 194 173 113 67 45.9 51.3 52.9 53.4 51.4
E pinephrine  4- prednisolone

SD 5.59 18.0 25.3 20.5 35.5 30.0 8.7 9.8 10.8 11.3 7.6

* The figures refer only to  those anim als w hich died.
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w ith in  tw o  hours a f te r  th e  s t a r t  o f th e  in fu sio n . I n  c o n tra s t, p red n iso lo n e  h ad  
v i r tu a l ly  no  effect on h a e m o c o n c en tra tio n  d u e  to  ep inephrine , a rise  from  
49 .3  (S D  7.1) to  55.8 (SD  6 .4 ), co rrespond ing  to  a n  average  of 6.5 p e r  c e n t, w as 
fo u n d  in  G roup IV , w h ereas  in  G roup V a rise  fro m  45.9 (SD 8.7) to  53 .4  (SD 
11 .3), o r  7.5 per cen t w as d em o n strab le . T h e  d iffe rence  betw een  G roup  IV  an d  
G ro u p  V  w as n o t s ig n if ican t.

D iscussion

P h en o x y b en zam in e  in  doses of 0.5 m g /k g  h a d  a s ign ifican t p ro te c tiv e  
e ffe c t on  th e  irrev e rs ib le  sh o ck  induced  b y  m assiv e  doses o f e p in e p h rin e . 
A ro u n d  50 p er cen t o f th e  an im a ls  su rv ived , a n d  rem a in ed  free from  th e  p re sso r 
a n d  h a e m o c o n c en tra tiv e  e ffec ts  o f n o rep in ep h rin e . These find ings a g ree  w ith  
th o s e  o f  F i t t s  and  S a w y e r  [7]. In  c o n tra s t , p redn iso lone  failed to  in flu en ce  
th e  sh o c k  induced  b y  e p in e p h rin e  or n o re p in e p h rin e  an d  even e n h a n c e d  th e  
s e n s i t iv i ty  to  ca tech o lam in es, as suggested  b y  th e  s ign ifican t red u c tio n  o f  su r
v iv a l  a s  w ell as b y  th e  in c re a se  of th e  p resso r re sp o n se  an d  h a e m o c o n c en tra tio n  
re le a s e d  b y  n o rep in ep h rin e .

T h e  p resen t o b se rv a tio n s  th u s  p lead  a g a in s t  th e  view  ascrib in g  th e  p ro 
te c t iv e  effect of co rtico s te ro id s  in  e x p e rim e n ta l en d o to x in  [2], isch aem ic  [3] 
o r  h a e m o rrh a g ic  [4] shock  to  a sy m p a th e tic  b lo ck ad e  sim ilar to  th e  e ffec t o f 
p h e n o x y b e n z a m in e . O u r f in d in g s  are a t  v a r ia n c e  w ith  those  of L i l l e h e i  e t 
a l. [6 ] on  w hich th e se  a u th o rs  h av e  based  th e  c la im  th a t  h y d ro co rtiso n e  p ro 
te c ts  f ro m  e p in ep h rin e -in d u ced  shock.
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POSTISCHAEMIC RENAL FAILURE 
IN UNANAESTHETIZED DOGS

By

I .  T a r a b a , E r i k a  B e n e d e k , L. M o l n á r  and L. S t i a s z n i

IN ST ITU TE O F PHY SIOLOG Y , U N IV E R SIT Y  M EDICAL SCHOOL, BU DA PEST 

(R eceived  M ay 6, 1966)

1. In  13 dogs re n a l isch aem ia  was in d u ce d  b y  c lam ping  th e  a r te ry  fo r  tw o  hours. 
T h e  p ro ced u re  was c a rried  o u t  on u n a n a e s th e tiz e d  an im als , causing no p a in . T e n  an im als 
d ied  w ith  signs o f u ra em ia , 3 an im als su rv iv e d . T h e  difference w as s ig n if ic a n t  s ta t i s 
tic a lly .

2. L ab o ra to ry  re su lts  an d  h isto log ical f in d in g s  suggested  th e  id e n t i ty  o f  h u m an  
d isease  an d  th e  p ro d u ced  ty p e  of ex p e rim e n ta l re n a l failure.

3. On th e  basis o f  th e  p re se n t an d  p rev io u s  experim en ts  i t  is a s su m e d  t h a t  th e  
m ech an ism  of th e  ex p e rim e n ta l re n a l fa ilu re  is a  re flex  process w hich  m ig h t  p e rh ap s  
e x p la in  th e  d ev elo p m en t o f  h u m an  a cu te  re n a l  fa ilu re .

T e m p o ra ry  occlusion o f th e  ren a l a r te ry  in  an im als induces a p o s tisch ae - 
m ic d is tu rb a n c e  o f th e  k id n e y  w hich  in  m a n y  resp ec ts  is sim ilar to  h u m a n  acu te  
re n a l fa ilu re  ( B a d e n o c h  [1], D u t z  an d  K r e t z s c h m a r  [13], G ö m ö r i  a n d  N a g y  

[17], H a m i l t o n , P h i l l i p s  a n d  H i l l e r  [18], K o l e t s k y  an d  G u s t a f s o n  [19], 
P h i l l i p s  an d  H a m i l t o n  [22]). M ost a u th o rs  h av e  suggested  th a t  th e  d u ra tio n  
o f  c lam p in g  o f th e  ren a l a r te ry  shou ld  la s t 4 to  6 h ou rs to  produce  p o stisch aem ic  
changes. S e l k u r t  [25, 26] as w ell as H a m i l t o n  an d  P h i l l i p s  [18, 22] have  
fo u n d  o n ly  te m p o ra ry  changes o f ren a l fu n c tio n  if  th e  d u ra tio n  o f isc h a e m ia  did 
n o t  exceed  2 hours. In  a p rev ious p a p e r [4] i t  has been show n th a t  r e n a l  fa ilu re  
fa ils  to  develop  i f  occlusion o f  th e  ren a l a r te ry  has been m a in ta in e d  fo r  tw o 
h o u rs  u n d e r  deep ch loralose an aes th es ia . In  c o n tra s t , postisch aem ic  re n a l  fa il
u re  developed  if  th e  an im als  h ad  been a n a e s th e tiz ed  su perfic ia lly  w ith  m o r
p h in e  a n d  e th e r. T he fa c t t h a t  an im als u n d e r  deep anaesthesia  s u rv iv e d  the  
2 h o u rs  ren a l ischaem ia p ro v es  th a t  th is  co n d itio n  can n o t be re sp o n sib le  fo r the  
re n a l fa ilu re . I t  p roves a t  th e  sam e tim e  th e  p ro m in en t role of th e  c e n tra l  n e rv 
ous sy s tem  in th e  d ev e lo p m en t o f ren a l fa ilu re  u n d e r superfic ia l a n a e s th e s ia . 
T h is a ssu m p tio n  has been  su p p o rted  b y  th e  o b se rv a tio n  th a t  se c tio n in g  o f the  
sp lan ch n ic  nerve  or t r e a tm e n t w ith  ch lo rp ro m az in e  p rev en ts  re n a l fa ilu re  even 
in  su p erfic ia lly  a n a e s th e tiz ed  an im als ( F e k e t e , T a r a b a , V i s y  [1 5 ], T a r a b a  

[31]). S h e e h a n  [28] p u b lish ed  s im ila r re su lts  fo r th e  rab b it.
T h e  phenom enon  has been  a t t r ib u te d  to  th e  ac tive  p a r t ic ip a tio n  o f th e  

c e n tra l nervous sy stem , causing  a d is tu rb a n c e  in  circu lation . D eep a n a e s th e s ia  
d im in ish in g  th e  in fluence  o f th e  nervous sy s tem , p rev en ted  m a jo r  ch an g es  in 
re n a l fu n c tio n  or, else, m o rp h in e  m ay  h av e  a nox ious effect on re n a l c ircu la tio n
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o r fu n c tio n . I t  is also  p o ss ib le  th a t  the  a n im a ls  u n d e r  superfic ia l a n a e s th e s ia  
h a d  to  suffer too  m u ch  p a in  d u rin g  the  o p e ra tio n . I n  o rd er to  th ro w  lig h t on th is  
q u e s t io n , a m ethod  h a s  b e e n  e labora ted  to  in d u c e  postischaem ic  re n a l fa ilu re  
in  th e  u n a n a e s th e tiz ed  dog .

M ethods

F em ale  m ongrel dogs w ere  d iv id ed  in tw o g ro u p s . I n  th e  f ir s t  group of 8 dogs p e r in e o 
to m y  a n d  r ig h t n ep h rec to m y  w ere  perform ed. In  th e  se c o n d  g ro u p  co n ta in ing  5 dogs s im u lta n e 
o u s ly  w ith  r ig h t n ep h rec to m y  th e  le ft u re te r was sew ed  to  th e  abdom inal w all. T w o w eeks 
l a t e r  th e  le f t  k idney  w as e x p o se d  b y  a lum bar incision , th e  re n a l  a r te ry  was exposed  a n d  p u t  
in  a  lo o p  o f p lastic  th re a d . T h e  th r e a d  was pulled  in to  a  p la s tic  tu b e , w hich w as f ix ed  to  th e  
m u sc le s , leav ing  ab o u t a  5 cm  lo n g  p a r t  of i t  outside  th e  sk in . T h e  w ound was closed in  a  ste rile  
w a y . F o u r  days la te r  th e  th r e a d  w a s  pulled  tig h t fo r 2 h o u rs ,  to  cause  com plete re n a l isch aem ia . 
I n  th is  p o sitio n  th e  re n a l a r te r y  la y  in  the  loop of th e  th r e a d  a n d  c ircu la tio n  ceased  in  it .  
O c c lu s io n  of th e  ren al a r te r y  w as con tro lled  by  m ea su rin g  u r in e  flow  in a  funnel f ix e d  o n  th e  
a b d o m in a l  w all, or b y  c a th e te r iz in g  th e  dogs before a n d  a f te r  th e  occlusion.

A fte r  d ea th  or sac rific in g  th e  anim als the  k id n ey s  w ere  rem oved , em bedded  in  p a ra ff in , 
se c tio n s  6 (I th ic k  w ere m a d e  a n d  s ta in ed  w ith  h a em a to x y lin -e o s in .

B lood  sam ples w ere ta k e n  th e  f irs t day a fte r th e  isc h a e m ia  an d  th e re a f te r  ev ery  second  
d a y , to  d e te rm in e  th e  n o n -p ro te in  n itro g en  level (Cl e g h o r n  a n d  J en d r a ssik  [11]). S eru m  an d  
u r in e  so d iu m  and p o tass iu m  lev e ls w ere determ ined w ith  f la m e  p h o to m e try  (Zeiss). O sm o la lity  
o f  p la s m a  an d  u rine  was d e te rm in e d  b y  an  A dvanced  I n s t r u m e n ts  osm om eter.

U rin e  was co llected  in  th e  f i r s t  group of a n im a ls  k e p t  in  a  m etabolic  cage fo r 24 h o u r  
p e r io d s . I n  th e  second g ro u p  w h e re  th e  u re te r  was sew ed to  th e  ab d o m in a l wall u r in e  w as co l
le c te d  e v e ry  second d ay  th re e  t im e s  a t  20 m inutes in te rv a l ,  in  a  P av lo v  s tan d . T he c rea tin in e  
c o n te n ts  o f  p lasm a and  u r in e  w ere  d e term ined  b y  B r o d ’s m e th o d  a n d  expressed  in  m g p e r  100 
m l. C re a tin in e  clearance w as c o m p u te d  for sq.m , b o d y  su rfa ce .

S ta tis t ic a l  e v a lu a tio n  w as c a rr ied  ou t by  th e  x 2 t e s t  a s  described  by  F i s h e r  [16].

Results

T h e  an im als a liv e  14 d a y s  a fte r c lam p in g  w ere  considered to  h a v e  s u r 
v iv e d . O f th e  13 an im a ls , 10 d ied  on the  5 — 9 th  d a y s . T here  was a s ta tis t ic a lly  
s ig n if ic a n t d ifference b e tw e e n  th e  deeply a n a e s th e tiz e d  und  u n a n a e s th e tiz ed  
g ro u p s  w ith  respect to  m o r ta l i ty  (p <  0.01). T h e  N P N  level (F ig. 1) show ed

Table I

E ffec ts  o f  clamping the renal artery

Sur
vival

Spon
taneous
death

No.
of

cases

Superficial m o rp h in e -e th e r anaesthesia* 4 10 14

deep chloralose anaesthesia* 16 l 17

un an aesth etized 3 10 13

D a ta  are from  B á l in t , F e k e t e  and  T araba [4].
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F ig . 1. Serum  n o n -p ro te in -n itro g en  leve l a f te r  c la m p in g  of th e  renal a r te ry  w i th o u t  anaesthesia . 
К  rep re sen ts  th e  v a lu es p rio r to  c lam ping . S  re p re se n ts  levels of an im als w h ic h  su rv iv e d  the

1 4 th  d a y  a f te r  c lam ping
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a n  in c re a s e  in  the  f irs t th r e e  d a y s  and  th en  th e  a n im a ls  soon died. T h ree  a n i
m a ls  w h o se  N PN  level d id  n o t  r ise  so rapidly  d ied  w ith  a  100 mg per 100 m l N P N  
lev e l.

T h e  surviving a n im a ls  sh o w ed  a te m p o ra ry  in c re a se  in  N P N  w hich  a p 
p ro a c h e d  th e  norm al v a lu e  a t  th e  end of th e  seco n d  w eek .

F ig u re  2 illu stra te s  u r in e  flo w  per m inu te  a n d  F ig . 3 th e  endogenous c re 
a t in in e  clearance values.

F ig . 3 . E nd o g en o u s c rea tin in e  c le a ra n c e  com puted  fo r sq .m , b o d y  surface . Signs as in  F ig . 1

U rin e  flow in som e a n im a ls  decreased a f te r  c la m p in g  th e  renal a r te ry . 
T h e  o lig u ric  phase was s h o r t ly  follow ed by  an u ria . S o m e an im als, on th e  o th e r  
h a n d ,  sh ow ed  a tra n s ito ry  p o ly u r ia .  Subsequently  e i th e r  a n u ria  set in or d iu resis 
a p p ro a c h e d  th e  norm al lev e l. T h e  decrease of c re a tin in e  clearance was in d ic a 
tiv e  o f  a d im inution  of g lo m e ru la r  filtra tio n  ra te . M o st an im als had  v e ry  low  
c le a ra n c e s .

T u b u la r  co n cen tra tin g  c a p a c i ty  is ch a rac te rized  b y  th e  osmolal U /P  ra tio . 
T h is  v a lu e  showed in m o s t a n im a ls  a considerable d e c re a se , while th e  su rv iv o rs  
w ith  o n e  exception y ie ld ed  v a lu e s  sim ilar to  th o se  o f  th e  contro ls (Fig. 4).

F ig u re  5 illu stra tes th e  se ru m  potassium  v a lu e s . T h e  anim als h ad  p o ta s 
s iu m  lev e ls  of 6 to  9 m E q  p e r  l i t r e .
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T h e  m orpho log ical changes in  th e  k id n e y  an d  th e  sev e rity  of th e  clin ical 
p ic tu re  show ed an  a p p ro x im a te  co rre la tio n , in  ag reem en t w ith  d a ta  in  th e  l i te r 
a tu re . In  general, th e  k id n ey s  o f th e  sp o n tan eo u sly  d ied  an im als d isp lay ed  ex 
ten s iv e  necroses on th e  su rface  an d  th e  cu t-su rface . F ig . 6 show s su ch  a k id n ey  
in  w h ich  h isto logy  rev ea led  re la tiv e ly  in ta c t  g lom eru li. In  som e k id n e y s  th e re  
w as som e ex u d a te  s ta in in g  w ith  eosin. In  m o st cases th e  tu b u la r  chan g es w ere 
severe, som etim es th e  lu m en  d isap p eared  a n d  rou n d -ce ll in f il tra tio n  w as 
observ ed .

D iscussion

T h e  resu lts  h a v e  m ad e  i t  ev id en t t h a t  e x p e rim e n ta l a cu te  re n a l fa ilu re  
develops if  th e  re n a l a r te ry  has been c lam ped  u n d e r  superfic ia l a n a e s th e s ia  
or in  th e  u n a n a e s th e tiz ed  an im als. On th e  basis o f th ese  fin d in g s, m o rp h in e  
c a n n o t he responsib le  fo r  th e  ren a l dam age.

In  prev ious ex p e rim en ts  an im als su b je c te d  to  deep an aes th es ia  su rv iv ed  
th e  p ro ced u re  b u t  su p erfic ia lly  an aes th e tized  an im als d id  n o t. C onsidering  th a t  
th e  la t t e r  an im als show ed  signs of p a in , we assum e th a t  th e  pa in  w as one o f th e  
m o st im p o r ta n t fa c to rs  causing  ren a l dam age . In  th e  p re se n t ex p e rim en ts  
isch aem ia  was b ro u g h t a b o u t w ith o u t causing  p a in , n o r  d id  th e  an im a ls  show
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F ig. 5. S e ru m  p o ta s s iu m  level, m E q /litre . Signs as in  F ig . 1

F ig. 6. K id n ey  a fte r  tw o h o u rs  a r te r ia l  clam ping  w ith o u t  an aesth es ia . C ortex  show s signs o f  
isch aem ia ; th e  m edulla  is d a rk  a n d  congested
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F ig. 7. H isto logy  of th e  k id n ey  in  F ig. 6. N o te  c o m p ara tiv e ly  u n a ffe c te d  g lom eru les and
necrosed  tu b u le s

signs o f p a in  d u rin g  th e  tw o  h ours o f ren a l a r te ry  clam ping. T h e  f a c t  th a t  renal 
fa ilu re  developed  in  th e se  an im als , to o , p ro v es th a t  pa in  a lone  does n o t cause 
ren a l dam age in  th is  e x p e rim e n ta l m odel.

On th e  basis of th e  p re se n t an d  p rev io u s exp erim en ts , i t  is a ssu m ed  th a t  
a  re flex  s ta r tin g  from  th e  ischaem ic a rea , in  th is  case from  th e  k id n e y , causes 
som e c ircu la to ry  d is tu rb a n c e . T he k id n e y  m ig h t he th e  m o st se n s itiv e  organ, 
a n d  th e n  th e  re flex  causes a d is tu rb a n c e  in  ren a l c ircu la tio n . O n inh ib iting  
th e  re flex  th e  d am age does n o t develop . S uch  d isconnection  can  b e  p ro d u ced  by 
deep  an aesth esia  or b y  ch lo rp rom azine  tr e a tm e n t ,  as well as b y  c u ttin g  the 
sp lan ch n ic  nerve. A s im ila r m echan ism  m a y  o p era te  in th e  d e v e lo p m e n t of the 
c rash  syndrom e w here  th e  re flex  s ta r t in g  from  a crushed  lim b  b r in g s  a b o u t the 
c irc u la to ry  d is tu rb a n c e  in  th e  k id n ey .

O n th e  basis o f th e  above find ings i t  seem s likely  th a t  h u m a n  re n a l failure 
a n d  th e  p resen t e x p e rim e n ta l ren a l fa ilu re  a re  sim ilar co n d itio n s . C harac te ris
tic a lly  id en tica l a re  th e  h igh  n o n -p ro te in  n itro g en  level, th e  sev ere  u raem ic  con
d itio n  a n d  th e  in c reased  serum  p o ta ss iu m  level, to g e th e r w ith  a  decrease of 
u rin e  flow  an d  endogenous c rea tin in e  c learance . Also ty p ic a l  is th e  loss of 
tu b u la r  co n cen tra tin g  c a p a c ity , re flec ted  in  th e  p ro d u c tio n  o f  iso sm o tic  urine.

W e h ad  th re e  a n im a ls  w hich su rv iv e d  th e  in ju ry . T h is  f in d in g  m ay  be 
ex p la in ed  b y  assum ing  th e  presence o f  a w ell-developed c o lla te ra l c ircu la tion ,
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as h a s  b een  shown to  e x is t  in d ep en d en tly  o f th e  sy s te m  of th e  ren a l a r te ry  
( B á l i n t  [2], S h e e h a n  a n d  D a v i s  [27, 28]). T he th r e e  su rv iv o rs  m ig h t h a v e  h a d  
su c h  a  w ell-developed c o l la te ra l  system , en su rin g  th e  ren a l b lood  su p p ly  in 
s p i te  o f  th e  renal a r te ry  b e in g  clam ped. In  th is  w a y , th e  ischaem izing  re flex  
fa i le d  to  occur.
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EFFECT OF ISCHAEMIA ON ADRENOCORTICAL 
CORTICOSTERONE SECRETION IN THE RAT

B y
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(R eceived  M ay 16, 1966)

B y  a rre s tin g  ad ren a l blood flow  fo r p re d e te rm in e d  periods th e  in f lu e n c e  o f  local 
isch aem ia  on  th e  s tru c tu re , w eigh t a n d  b lood  flo w  o f th e  adrenals, fu r th e rm o re  o n  c o rti
costerone  sec re tio n  in  vivo  has  been s tu d ie d  in  th e  ra t.

C lam ping of th e  ad ren a l vessels fo r tw o  h o u rs  resulted  in  e x te n s iv e  ad ren a l 
necrosis a sso c ia ted  w ith  cessation  of c o r tic o s te ro n e  p roduction . C lam ping  fo r  one  hour 
w as follow ed b y  focal in fa rc tio n s in th e  a d re n a l c o r te x  and  a red u ctio n  o f co rtico s te ro n e  
secre tion . A C TH  failed  to  elic it a  se c re to ry  re sp o n se ; th is in d ica tes  t h a t  isch aem ia  
a ffec ts  th e  responsiveness o f th e  co rtica l cells to  th e  s tim u la to ry  effect o f  A C T H . C lam p
in g  fo r h a lf  an  h our, th o u g h  causing  no  n ecro sis , w as nevertheless su ffic ie n t fo r  red u cin g  
co rtico s tero n e  p ro d u c tio n .

I t  seem s reaso n ab le  to  assum e t h a t  u n d e r  patho log ical co n d itio n s , a d re n a l 0 2 
su p p ly  m ay  in fluence th e  p ro d u c tio n  o f co rtico s te ro n e .

T h e  questio n  w h e th e r co rtico id  se c re tio n  is affected b y  a re d u c tio n  of 
a d re n a l oxygen  su p p ly  is o f th e o re tic a l a n d  p ra c tic a l in te re s t, a n d  h a s  been 
s tu d ie d  u n d e r v a rio u s ex p e rim en ta l c o n d itio n s  [1, 3, 5, 9, 12, 15, 17, 21]. 
A tte m p ts  h av e  been  m ade to  induce  sy s te m ic  h ypoxaem ia  b y  b le e d in g , e x p e ri
m e n ta l h y p o ten sio n  or shock , poisons in te r fe r in g  w ith  cellular r e s p ira t io n , in 
h ib itio n  o f p u lm o n a ry  0 2 u p ta k e , re d u c tio n  o f  0 2 tension  in th e  a ir . L a b o ra to ry  
an im a ls  in  response to  such  fac to rs  e x h ib ite d  en la rgem en t of th e  a d re n a ls  w ith  
b ro a d e n in g  o f th e  in n e r co rtica l zones a sso c ia te d  w ith  an in c re a se d  secre tion  
o f co rtico id s . S tud ies of ad ren o co rtica l a c t iv i ty  carried  out in h u m a n  su b jec ts  
in  h y p o x ic  co n d itions h av e  led  to  s im ila r re s u lts  [10, 13, 18].

T hese  in v es tig a tio n s  th o u g h  h a v in g  conclusively  show n t h a t  sy stem ic  
h y p o x ia  w as asso c ia ted  w ith  increased  a d re n o c o rtica l a c tiv ity , h a v e  fa iled  to  
th ro w  lig h t on th e  questio n  w h e th e r iso la te d  reduction  of 0 2 te n s io n  in  th e  
a d re n a l co rtex  h a d  a n y  effect on c o rtic o id  secretion . I t  is h ig h ly  d e b a ta b le  
w h e th e r  u n d e r th e  above discussed c o n d itio n s  i t  cam e to  a c o r tic a l 0 2 defi
c ien cy , an d  even i f  th is  w as th e  case, i t  is p a r t ia l ,  incalculable, u n se le c tiv e  and 
th e re fo re  n o t s ta n d a rd iz a b le . O bv iously , gen era lized  hypoxaem ia  se ts  various 
c o m p en sa to ry  m echan ism s in to  o p e ra tio n  w h ich  m ay  lead to  a m is in te rp re ta 
tio n  o f  ad ren o co rtica l fu n c tio n . W e h a v e  o n ly  to  rem em ber in th is  re sp e c t the  
re c e n t re su lts  re p o rte d  b y  M a r k s  e t  al. [11] w ho have found t h a t  a red u c tio n  
o f  0 2 ten sio n  in  th e  a ir  causes a s ig n if ic a n t increase in th e  A C T H  co n ten t 
o f  th e  p i tu i ta ry  g land  an d  th e  b lood. T h is  le d  th e m  to  a ttr ib u te  th e  ad ren o co r-
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t ic a l  h y p e ra c tiv ity  a s so c ia te d  w ith  hypo x ia  to  a n  in creased  ACTH p ro d u c tio n  
r a th e r  th a n  to  a d ire c t e ffe c t o f hypoxia  on th e  a d re n a l  cortex.

I n  opposition  to  th e  fo regoing  in v e s tig a tio n s , we have a t te m p te d  to  e n 
su re  th e  follow ing e x p e r im e n ta l conditions.

1. U n ila te ra l a d re n a l  h y p o x ia  w ith  u n c h a n g e d  0 2 supply  to  th e  w hole  
o rg a n ism ;

2. T o ta l anox ia  o f  one  o f th e  ad renals;
3. P o ssib ility  o f m a in ta in in g  hypox ia  as lo n g  as necessary.
T h is  we ex p ec ted  to  a t ta in  b y  te m p o ra ry  a r r e s t  o f the  blood flow  to  one 

o f  th e  ad ren a ls , th u s  p ro d u c in g  u n ila te ra l a d re n a l  ischaem ia . A sim ple dev ice  
m a d e  i t  possible to  w ith h o ld  ad rena l blood flo w  as lo n g  as necessary. U n d e r  th e  
c o n d itio n s  th u s  p ro d u c e d , w e s tud ied  th e  s t r u c tu r a l  p a tte rn  an d  th e  w e ig h t 
o f  th e  ad ren a ls , fu r th e rm o re  th e  co rtico s te ro n e  lev e l in  sam ples o f  a d re n a l  
v e n o u s  b lood .

Method

F e m a le  albino r a ts  o f  id e n tic a l breed, 200 to  250 g in  body  w eight, k e p t  o n  a 
s t a n d a r d  d ie t  were used. T h e  a n im a ls  were div ided in to  e ig h t  g ro u p s. Those of th e  f i r s t  g ro u p , 
se rv in g  as con tro ls, w ere su b je c te d  to  no operation . I n  p re lim in a ry  experim ents, som e o f  th e  
a n im a ls  w ere  su b jected  to  a  sh a m  o p e ra tio n  which, h o w e v e r, d id  n o t affect th e  re su lts .  T h e re 
fo re  n o  sh am -o p era ted  g ro u p  w as in c lu d ed  in to  th e  m ain  e x p e r im e n t. In  th e  anim als o f g ro u p s  2 
to  7, th e  b lo o d  flow  to  one o f  th e  a d re n a ls  was occluded  fo r  h a lf ,  one and  two hours re sp e c tiv e ly  
b y  a  p ro c e d u re  to  be d esc rib e d  below . T he s tru c tu re  a n d  w e ig h t  o f th e  adrenals as w ell a s  th e  
c o rtic o s te ro n e  level in  th e  b lo o d  o f th e  ad renal vein  w ere  re c o rd e d  one and 24 hours a f te r  re le ase  
o f  th e  c lam p . In  th e  an im als o f  g ro u p  8 th e  clam p w as le f t  in  p o s it io n  fo r one hour a n d  th e  s tu d 
ies w e re  m ad e  24 hours a f te r  i ts  re lease . These an im als re c e iv e d  2 IU  ACTH (E x a c th in -R ic h te r )  
in tra v e n o u s ly  one h o u r b e fo re  c a n n u la tio n  of th e  a d re n a l  v e in  a n d  th e  sam e a m o u n t b y  th e  
sam e  r o u te  w hen  th e  c an n u la  w as in se rted .

A  c lam p  of th e  sm a lle s t size w as ad ap ted  to  th e  sp e c ia l purpose of in d u cin g  a d re n a l  
isc h ae m ia , in  a  m an n er t h a t  i ts  ja w s  consisted  of tw o in te r la c e d  rings. Surgery w as c a r r ie d  o u t  
u n d e r  su p e rfic ia l e th e r a n a e s th e s ia , a n d  th e  left a d ren a l g la n d  w as grasped in a m a n n e r  to  lie 
free  b e tw e e n  th e  tw o rin g s w h ile  th e  ve in  and  th e  a r te r ie s  o f  th e  periad renal co n n ec tiv e  t is su e  
w ere  f irm ly  com pressed. T h en  th e  ab d o m in a l wall was c losed  b y  clips. A t half, one, a n d  2 h o u rs  
th e  in s t ru m e n t  was rem o v ed  th r o u g h  th e  lap aro to m y  w o u n d  in  superfic ia l e ther a n a e s th e s ia  a n d  
th e  a b d o m in a l wall was a g a in  c losed .

C lam p in g  ensured  fu ll su sp en s io n  of adrenal b lo o d  flow . O n th e  evidence of o u r  e a r lie r  
s tu d ie s  [7] a d ren a l isch aem ia  in d u c e d  in  th is  m an n er is se le c tiv e  a n d  com plete. If , h o w e v e r , th e  
c lam p  w as le f t  in  p osition  fo r  one  to  tw o  hours, a fte r  i ts  re le a se  th e  adrenal vessels o p e n e d  in 
c o m p le te ly  o r n o t a t  all. T h e re  w as therefore  no w ay  o f  a sc e r ta in in g  the  actu al d u ra t io n  o f 
isc h ae m ia , th o u g h  i t  h a d  b een  co m p le te  beyond any  d o u b t.

T h e  ad ren a ls  w ere e x a m in e d  one  and  24 hours a f te r  re le a se  o f th e  clam p. P re v io u s  c a n 
n u la t io n  o f  th e  iso lated  le f t  a d re n a l  v e in  h ad  been p e rfo rm e d  in  heparin ized  ra ts  u n d e r  p e n to 
b a r b i ta l  a n aes th es ia  an d  th e  v e n o u s  blood flowing o u t  th r o u g h  th e  cannu la  was co llec ted  d u r 
in g  h a lf  a n  h o u r and  m easu red  w ith  0.1 m l accuracy. C o rtic o s te ro n e  w as estim ated  b y  th e  p a p e r  
c h ro m a to g ra p h ic  m eth o d  d e sc rib e d  b y  W e i s z  and G l á z  [20]. D e ta ils  of the  p ro ced u re s u se d  
h a v e  b e e n  p u b lished  earlie r [2, 8]. C orticosterone v a lu es h a v e  b e e n  expressed in re la tio n  to  th e  
a m o u n t o f  b lood  collected fro m  th e  ad ren a ls  (m icrog/m l), to  a d re n a l w eight (m icrog /hour/100  
m g a d re n a l  g land), an d  b o d y  w e ig h t (m icrog/hour/kg  b o d y  w e ig h t) . T he f irs t p a ra m e te r  d e fin e s 
th e  co rtico s te ro n e  c o n c e n tra tio n  o f  a d ren a l venous b lo o d  a n d  th e  tw o  others, th e  to ta l  a m o u n t  
o f  c o r tico s te ro n e  p ro d u ced  in  a  u n i ty  o f tim e.

T h e  le f t ad ren a l w as re m o v e d  a f te r  bleeding in  e ac h  a n im a l, carefu lly  freed fro m  a d h e r in g  
tis su e s , w e ig h ed  on a to rsio n  b a la n c e  w ith  0.5 m g a ccu racy . T h e  re su lts  were ev a lu a te d  b y  S tu 
d e n t’s “ t ”  te s t.

F o r  h isto logical s tu d y  th e  a d re n a ls  fixed  in 4 p e r  c e n t  fo rm a lin  were em bedded  in  p a r a f 
f in , a n d  sec tio n s 4 to  8 fi th ic k  w ere  s ta in e d  w ith  h a em a to x y lin -e o s in .
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Results

Since th e  s t ru c tu ra l  changes ensu ing  u p o n  te m p o ra ry  ad ren a l isch aem ia  
h av e  been d esc rib ed  ea rlie r in  fu ll d e ta il [7], th e  re su lts  o f th e  p resen t h is to lo g ic  
s tu d ies  w ill o n ly  b e  d iscussed  in  brief.

No s ig n if ican t changes w ere seen one h o u r  a f te r  th e  clam p h a d  b e e n  r e 
leased. T h is w as o n ly  to  b e  ex p ec ted , since n o  e x te n s iv e  necrosis co u ld  h a v e  
developed  d u rin g  t h a t  tim e . In  a n u m b er of a n im a ls  focal oedem a o f m o d e ra te  
degree w as seen in  th e  co rtic a l area. A t s ites th e  sinusoids w ere d i la te d  a n d  
congested . O ccasional loosening  of colum ns w as  seen in  th e  zona fa sc ic u la ta . 
T h e  m ost d is t in c t  changes ap p eared  w hen c la m p in g  h a d  been m a in ta in e d  fo r 
tw o  h o urs; in  th is  g roup  a d re n a l oedem a an d  co n g estio n  were fa irly  w id e sp re a d , 
w hile in  th e  cases w here  th e  clam p h ad  been  le f t  in  p lace  for one h o u r, th e  c h a n 
ges w ere foca l, v a r ia b le  in  e x te n t an d  degree, w ith  in itia l signs of d e m a rc a te d  
in fa rc tio n s b u t  no a c tu a l necrosis. A fte r c la m p in g  fo r h a lf  an  h o u r , a d re n a l 
s tru c tu re  d id  n o t d iffe r from  th a t  in  th e  co n tro ls .

T he a d ren a ls  d isp lay ed  ch a rac te ris tic  ch an g es  24 hours a f te r  re lea se  of 
c lam ping , p a r tic u la r ly  if  th e  clam p h a d  been  le f t  in  p lace for tw o h o u rs . I n  th is  
la t te r  case th e re  w as w idesp read  co rtica l n ec ro s is  ex tend ing  o v er th e  zona 
fasc icu la ta  a n d  zona re ticu la ris . In  som e o f th e  an im als  th e  zona g lo m eru lo sa  
show ed d is in te g ra tio n  w ith o u t an y  ev idence  o f  necrosis, Mrhile in  o th e rs  th is  
zone too  h a d  co m p le te ly  d isap p eared . In  so m e o f th e  anim als th e  m e d u lla r  
su b stan ce  w as n e c ro tic , in  o thers i t  rem ain ed  a liv e . In  th e  absence o f  m e d u lla r  
necrosis, th e  p e rim e d u lla r  cell layers o f th e  zo n a  re ticu laris  p re se rv e d  th e ir  
s tru c tu re . In  som e o f th e  an im als oedem a o f th e  m edu lla , cellu lar sw elling  an d  
focal necroses w ere seen. C lam ping fo r one h o u r  also resu lted  in  sev ere  changes. 
W hile in  th e se  an im als  th e  zona g lom eru losa a n d  th e  m edulla w ere free  from  
necrosis, th e  zona fa sc icu la ta  show ed c h a ra c te r is tic  focal in fa rc tio n s, w ith  th e ir  
wedges p ro tru d in g  in to  th e  zona re ticu la ris  a n d  th e ir  bases in  th e  o u te r  zones 
o f th e  zona fa sc ic u la ta , h u t  necrosis n ev e r in v o lv e d  th e  zona g lo m eru lo sa . Se
v e r ity  o f th e  changes w as v a riab le . Som e o f  th e  an im als ex h ib ited  occasional 
m ino r in fa rc tio n s  confined  to  5 to  10 p e r c e n t o f th e  cortical a re a , w hile  in 
o th ers  th e  foci w ere la rg e r, h ad  fused  to g e th e r  a n d  invaded  60 p e r  c e n t  o f th e  
co rtex . I f  a d re n a l isch aem ia  h ad  been  m a in ta in e d  fo r h a lf  an h o u r o n ly , n o  sig
n if ic a n t c o rtic a l changes an d  no necroses w ere  seen 24 hours la te r .  T h e  only  
sequel o f isch aem ia  in  th e se  cases w as an  o ccasio n a l swelling of th e  cells o f  th e  
fasc icu la te  zone asso c ia ted  w ith  a s ligh t b ro a d e n in g  of th e  co rtex .

A d re n a l w e ig h t, vo lum e of ad ren a l v e n o u s  b lood and  its  co rtico s te ro n e  
c o n te n t a re  show n in  T ab les I  an d  I I .

T ab le  I  p re se n ts  d a ta  o b ta in ed  one  h o u r  a fte r  release o f  th e  clam p. 
One h o u r  a f te r  c lam p in g  for h a lf  an  h o u r  th e  ad renal w e ig h t as w ell as 
th e  vo lu m e o f a d re n a l venous b lood  d id  n o t  change s ig n ifican tly , th e  corti-
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Table I

Corticosterone production  in  vivo one hour a fter release o f  adrenal ischaem ia

Group
No.
of

animals

Body
weight

g

Left adrenal 
mg/100 g 

body weight

Outflowing 
venous blood, 

ml/min.

Corticosterone

microg/ml
microg/hour/ 
100 g adre
nal weight

microg/hour/ 
kg body 
weight

I .  Control 13 237.3 
+  6.5*

13 .0+ 0 .6 0.15 +  0.01 2.7 ± 0 .2 77.2 +  2.6 97.1 +  6.5

I I .  C lam ping 
Vi h.

12 233.0
± 6 .2

13.3 +  0.5 0.12 +  0.01 1.4 +  0.2 33.0 +  5.4 4 4 .4 + 7 .6

I I I .  Clam ping 
1 h.

13 237.3
± 5 .3

14.6+0 .5 0.09 +  0.01 1 .4 + 0 .2 2 5 .4 + 4 .8 3 3 .6 + 5 .8

IV . Clam ping 
2 hrs.

10 248.0  
±  5.3

18.7 +  1.1 0.05 +  0.01 0 .2 + 0 .1 1.9 +  1.1 3.6 +  2.3

* S ta n d a rd  error 

P ro b a b i l i ty

I / I I p > 0 .05 0 .0 5 > p > 0 .0 2 p < 0 .0 0 1 p cO .0 0 1 p cO .0 0 1

I / I I I p > 0 .0 5 p c O .0 0 1 p <  0.001 p<s0.001 p < 0 .0 0 1

I/IV p <  0.001 p<^0.001 p<^0.001 p<S0.001 p<=0.001

Table I I

Corticosterone production  in  vivo 24 hours a fter release o f  adrenal ischaem ia

Group
No.
of

ani
mals

Body
weight

g

Left 
adrenal 

mg/100 g 
body 

weight

Outflowing 
venous blood 

ml/min.

Corticosterone

microg/ml
microg/hour/

100 g
adrenal
weight

microg/hour/ 
kg body 
weight

I .  C o n tro l 13 237.3 
~h 6.5

1 3 .0 + 0 .6 0.15 +  0.01 2.7 +  0.2 7 7 .2 + 2 .6 97.1 +  6.5

I I .  C lam ping
У2 b-

13 235.0 
+  6.4

18.3 +  0.8 0.12 +  0.01 2 .6 + 0 .3 46.2 +  7.5 79.5 +  10.9

I I I .  C lam p in g  
1 h.

10 237.0
± 8 .3

17.7 +  1.5 0.15 +  0.02 2.1 +  0.4 34.7 +  6.5 55.0 +  8.2

IV . C lam ping  
2 h rs .

10 219.0
± 5 .6

19.5 +  1.2 0.04 +  0.01 0 .1 + 0 .1 1.7 +  1.2 3.0 +  2.0

V . C lam p in g  
1 h . +  ACTH

12 231.3
± 9 .5

19.8 +  1.0 0.09 +  0.01 2.0 +  0.2 27 .2 + 4 .5 46.0 +  7.3

‘ S ta n d a r d  e rro r 

P ro b a b ili ty

I / I I p < 0 .0 0 1 p > 0 .0 5 p > 0 .0 5 pcO .O l p  > 0 .0 5

I / I I I p c O .O l p > 0 .0 5 p  > 0 .0 5 pcO .001 p c O .0 0 1

I/IV p cO .0 0 1 p c O .0 0 1 p <so.ooi pCO.001 p < i 0.001

I I I /V p > 0 .0 5 0 .0 5 > p > 0 .0 2 p > 0 .0 5 p > 0 .0 5 p > 0 .0 5
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costerone  level in  a d re n a l ven o u s blood fell to  h a lf  its  orig inal level. T he 
to ta l  a m o u n t o f co rtico s te ro n e  w h e th e r c a lc u la te d  on th e  basis o f  a d re 
n a l w eigh t or of to ta l  b o d y  w eight w as also  s ig n ifican tly  reduced . C lam p 
ing m a in ta in e d  fo r h a lf  a n  h o u r an d  one h o u r  re sp ec tiv e ly  lead  to  essen 
tia lly  s im ila r changes. C orticosterone  c o n c e n tra tio n s  were id en tica l in  b o th  
groups. T he o n ly  possib le  d ifference was a so m e w h a t g rea te r  red u c tio n  in  b lood  
vo lum e a f te r  one h o u r c lam p in g , and  th is  m ig h t h a v e  accoun ted  for th e  g re a te r  
red u c tio n  in  co rtico ste ro n e  co n cen tra tio n . T h e  changes seen one h o u r  a f te r  
c lam ping  fo r tw o  h o u rs  w ere  m arked . T he w e ig h t o f th e  left a d re n a l w as sig
n if ic a n tly  in creased , its  b lo o d  flow was s ig n if ic a n tly  reduced , in  m o st an im als  
to  such  a degree th a t  co rtico ste ro n e  could n o t  b e  e s tim a ted . N ecroses w ere  s till 
a b se n t in  th is  s tage .

T ab le  I I  p re sen ts  f in d in g s o b ta in ed  24 h o u rs  a fte r  release o f th e  c lam p. 
C lam ping  fo r h a lf  an  h o u r  w as followed b y  a n  en la rg em en t of th e  g la n d  an d  
a s lig h t red u c tio n  o f th e  vo lu m e of ad ren a l v en o u s  b lood , b u t  th e  co rtico s te ro n e  
co n c e n tra tio n  show ed no  difference from  th e  c o n tro l values. T he to ta l  a m o u n t 
o f co rtico ste ro n e  ca lc u la ted  for ad rena l w e ig h t w as reduced , w hile in  re la tio n  
to  to ta l  b o d y  w eigh t i t  d id  n o t differ from  th e  c o n tro l values. C lam ping  fo r one 
h o u r p ro d u ced  e ssen tia lly  th e  sam e changes. T h e  ad renals w ere m o d e ra te ly  
en la rg ed , w hile th e ir  b lo o d  flow  rem ained  in  th e  co n tro l range. C o rtico ste ro n e  
c o n c e n tra tio n  w as s lig h tly  b u t  n o t s ig n ifican tly  red u ced , while re d u c tio n  o f its 
ab so lu te  a m o u n t w as s ig n ifican t b o th  in  re la tio n  to  ad ren a l w eigh t a n d  to  to ta l  
b o d y  w eight. In  tho se  an im als  w hich h ad  rece iv ed  A CTH , no s ig n ifican t change, 
p a r tic u la r ly  no in crease  in  co rticosterone  sec re tio n  was found  24 h o u rs  a f te r  
c lam ping  for one h o u r. T w en ty -fo u r h ou rs a f te r  c lam ping  for tw o  h o u rs , th e  
en la rged  ad ren a ls  y ie ld ed  scarcely an y  b lo o d , con ta in in g  co rtico s te ro n e  in 
trace s  or none a t  all.

D iscussion

T he resu lts  su g g ested  th a t  th e  a d re n o c o rtica l tissue is sen s itiv e  to  h y 
p o x ia , as re flec ted  b y  th e  severe dam age a n d  red u ced  horm one leve l a f te r  te m 
p o ra ry  occlusion of a d re n a l blood flow. H o w ev er, i t  never cam e to  to ta l  ad re 
n a l necrosis an d  cessa tion  o f corticosterone  p ro d u c tio n  unless h y p o x ia  h a d  been 
m a in ta in e d  fo r tw o h o u rs . T he changes seen a f te r  clam ping  for h a lf  an  h o u r or 
one h o u r w ere con fined  to  certa in  areas o f  th e  g land  while in th e  o th e rs  live 
tissu e  p ro duc ing  co rtico s te ro n e  was p re se rv e d . T h e  ad ren a l c o rtex  th u s  seems 
to  h av e  a re la tiv e  re s is tan ce  to  hypox ia .

A d ren o co rtica l h y p o fu n c tio n  in d u ced  in  th is  m anner is u n re la te d  to  the  
p i tu i ta ry  g land , in  o th e r  w ords, i t  is n o t th e  consequence of a dec reased  ACTH 
p ro d u c tio n , since th e  red u ced  co rtico ste ro n e  secre tion  was u n a ffe c ted  b y  m as
sive doses o f A CTH  a d m in is te red  a fte r  re lease  o f th e  clam p. T h is conclusively
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sh o w s t h a t  hypoxia a ffec ts  d ire c tly  th e  co rtico id -p ro d u c in g  cells w h ich  lose 
t h e i r  responsiveness to  th e  s tim u la to ry  e ffec t o f  A C TH , th o u g h  th is  l a t t e r  m ay  
b e  p r e s e n t  in  large a m o u n ts  in  th e  blood.

T h e  seeming c o n tra d ic tio n  betw een  o u r re su lts  an d  th e  p u b lish e d  ev i
d e n c e  in  fav o u r of an  in c re a se d  a c tiv ity  o f th e  p i tu i ta ry  a d ren o co rtica l sy stem  
in  h y p o x ia ,  springs from  th e  c ircu m stan ce  t h a t  in  th e  p resen t s tu d y  i t  w as n o t 
s y s te m ic  b u t  local h y p o x ia  w hose fu n c tio n a l e ffec ts  w ere in v e s tig a te d  u n d e r  
e x p e r im e n ta l  conditions e n tire ly  d iffe ren t fro m  th o se  u n d e r w hich  h y p e ra c tiv 
i t y  h a d  been observed. G enera lized  h y p o x ia  m a y  be regarded  as a m a jo r 
s t r e s s  cau sin g  ACTH h y p e rse c re tio n  an d  se c o n d a ry  ad ren o co rtica l h y p e rfu n c 
t io n  [1 1 ]. O ur findings c le a r ly  in d ica te  th a t  th e  consequence of a d re n a l h y p o x ia  
is a  re d u c tio n  in horm one p ro d u c tio n  ra th e r  th a n  h y p e ra c tiv ity .

T h e  question  o f th e  c o rre la tio n  betw een  a d re n a l b lood flow  a n d  h o rm o n e  
p r o d u c t io n  has been in v e s tig a te d  b y  v a rio u s  a u th o rs  [4, 6, 14, 15, 19, 22]. 
T h e re  is  evidence [4, 19] su g g estin g  an  in flu en ce  o f ad rena l b lood  flow  on th e  
g la n d ’s a c tiv ity . The p re se n t ex p erim en ts  d id  n o t  p rov ide  conclusive ev idence  
in  r e s p e c t  to  such k in d  o f  p h y sio log ica l re g u la tio n  o f  ad ren o co rtica l fu n c tio n . 
I t  a p p e a r s ,  how ever, t h a t  in  a d d itio n  to  A C T H , a d re n a l 0 2 su p p ly  m a y  also 
in f lu e n c e  corticosterone se c re tio n , a t  leas t u n d e r  p a tho log ica l co n d itio n s .
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I t  has b een  show n in  ra b b it  ex p erim en ts  t h a t  ra p id  ren a l ex cre tio n  o f p a re n te ra l ly  
ad m in is te re d  u ric  acid  re su lts  in  in tra re n a l a cc u m u la tio n  of u ra te s  an d  th e ir  d e p o s itio n  
in  th e  tu b u la r  ep ith e liu m  w ith  seco n d ary  re n a l in ju ry .

T o u rn iq u e t sh o ck  sig n ifican tly  in creases se n s it iv ity  o f th e  o rg an ism  to  th e  
n e p h ro to x ic  e ffec t o f u ric  acid.

On th e  ev idence  of th e  p re sen t stu d ies , th e  su sce p tib ility  o f m an  to  re n a l fa ilu re  
in  asso c ia tio n  w ith  shock  m ay  be conn ec ted  w ith  th e  u ra te  m etabo lism  c h a ra c te r is tic  
o f  th e  h u m an  organ ism .

T he p a t te rn  o f a c u te  ren a l fa ilu re  g en e ra lly  d esigna ted  “ a c u te  tu b u la r  
n ep h ro s is” , “ low er n e p h ro n  n ep h ro sis” , “ c ru sh  sy n d ro m e” , e tc . h a d  b een  de
scribed  b y  B yw aters [7] an d  Oliver  [17]. I t s  c lin ica l p ic tu re  is m a rk e d  b y  th e  
ap p ea ran ce  o f a n u r ia  one to  th ree  day s a f te r  th e  a c u te  ca rd io v ascu la r p h a se  of 
shock h as  been  overcom e. I f  th e  p a tie n t  su rv iv es  th e  successive stag es , he  m a y  
recover, b u t  th e  sy n d ro m e  is u su a lly  fa ta l. D e a th  m ay  ensue a t  a n y  s ta g e  in 
consequence o f u ra e m ia  or e lec tro ly te  im b a lan ce .

Som e o f th e  e lic itin g  fac to rs  — such  as CC14, benzene, su lp h o n am id es , 
free h a e m o g lo b in ,— are  d irec tly  affec ting  th e  k id n e y s , b u t  in  m ost cases sh o ck  or 
in ju ry  is th e  cause  o f  th e  ren a l fa ilu re . A cco rd in g  to  p resen t know ledge, th e  
m ost s ig n ifican t fa c to r  in  th e  p ro d u c tio n  o f  sh ock -k idney  is th e  sh if tin g  of 
ren a l b lood  flow  e lic ited  b y  th e  shock effect [21] a n d  th e  secondary  an o x ic  d a m 
age to  th e  k id n e y  [14]. E v e n  in  th e  absence o f  sh ock , te m p o ra ry  a r re s t  o f  re n a l 
b lood  flow  in la b o ra to ry  an im als re su lts  in  lesions w hich  m ay  be re g a rd e d  as 
a m odel o f acu te  re n a l fa ilu re  [1]. N ev erth e less , th e  s tu d y  of ren a l fa ilu re  s u b 
seq u en t to  shock  h as  th e  lim ita tio n  th a t  th o u g h  shock m ay  he in d u c e d  w ith  
a n y  desired  degree o f se v e rity  in p ra c tic a lly  e v e ry  m am m alian  species, no  a c u te  
ren a l fa ilu re  s im ila r to  t h a t  seen in  h u m an  su b je c ts  develops in  th e  s ta g e  of 
re p a ra tio n . T h o u g h  re c e n tly  B álint  e t al. [2] w ere  able to  induce re n a l fa ilu re  
in  u n a n a e s th e tiz ed  dogs u n d e r p a r tic u la r  co n d itio n s , nevertheless i t  is ob v io u s 
th a t  h u m an  beings are  m ore vu ln e rab le  to  th e  re n a l effects o f shock  th a n  are  
la b o ra to ry  an im als . T h is fa c t has d raw n  o u r a t te n t io n  to  th e  possib le  connec-
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t io n  o f  th e se  differences w ith  th e  pu rin e  m e tab o lism  ch a rac te ris tic  o f th e  h u m a n  
o rg a n ism . O n th e  fa ith  o f  p u b lish e d  evidence, e x c e p t fo r th e  d a lm a tia n  dog , th e  
h u m a n  b e in g  rep resen ts  th e  on ly  m am m alian  species w hich has no  u ricase  
e n z y m e . T h is is w hy h u m a n  p u rin e  m e tab o lism  en d s w ith  uric  acid  w h ile  th is  
c o m p o u n d  in  th e  species p ro v id e d  w ith  u rica se  is b ro k en  dow n in to  a lla n to in . 
I t  m a y  b e  presum ed  t h a t  d ep o sitio n  of u ric  ac id  m a y  also p lay  a p a r t  in  th e  
d e v e lo p m e n t of renal fa ilu re . O u r previous in v e s tig a tio n s  revealed  u ric  ac id  to  
r e a c h  excessive blood levels  in  acu te  m e tab o lic  d iso rders, for in s tan ce  in  to x i- 
in fe c tio u s  conditions o f  in fa n c y . H y p e ru ric a em ia  has been  show n b y  V an  
Sl y k e  [21] to  acco m p an y  tr a u m a tic  shock.

A  fu r th e r  su p p o rt o f  o u r  supposition  w as th e  fin d in g  of F olin e t  a l. [11] 
a c c o rd in g  to  w hich th e re  is a  de lay  in  th e  co n v ersio n  o f u ric  acid in to  a lla n to in  
w h e n  a d m in is te red  in tra v e n o u s ly  in  th e  fo rm  o f L i-sa lt. N evertheless, i t  d isa p 
p e a rs  r a p id ly  from  th e  b lo o d  an d  a c cu m u la tes  se lectively  in  th e  k id n ey s . 
T h o u g h  th e  renal in ju ry  in d u c e d  b y  th e  p a re n te ra l  a d m in is tra tio n  o f L i-u ra te  
w as  k n o w n  b y  these  a u th o rs ,  th e y  did n o t  l in k  u p  th is  find ing  w ith  th e  ren a l 
e f fe c t o f  shock, as th is  p a th o lo g ic  e n tity  h a d  n o t  been  know n a t  t h a t  tim e . 
A c tu a l ly  th e y  described  th e  re n a l lesion as b e in g  sim ilar to  n ep h ritis , a llu d in g  
to  t h e  re n a l changes a s so c ia te d  w ith  gout. L a te r ,  in  connection  w ith  tw o  clin i
ca l c a se s , D unn  e t  al. [8] co nsidered  th e  e ffec t o f  u ra te  a possib le f a c to r  in  
th e  p ro d u c tio n  of th e  c ru sh -sy n d ro m e , a su p p o s itio n  shared  by  B y w a ter s  and  
D ib l e  [7] b u t  ignored  b y  la te r  in v es tig a to rs .

W e expected  to  g a in  m o re  in fo rm a tio n  a b o u t th e  role of u ra te s  in  th e  
c a u s a t io n  of postshock  re n a l fa ilu re  b y  re p ro d u c in g  th e  clinical p a t te rn  seen in  
h u m a n  su b jec ts  by  m ean s o f  u ra te  in fusion  in  h e a lth y  an im als or s till  m ore 
e f fe c tiv e ly  in  anim als in  a  s t a t e  of reversib le  shock . I t  w as hoped  to  a t t a in  th is  
b y  ch o o sin g  p roper doses a n d  su itab le  e x p e rim e n ta l cond itions. T h e  p re se n t 
r e p o r t  deals w ith  o u r p e r ta in in g  o b se rv a tio n s.

M ethods

A d u lt  m ale ra b b its  k e p t  o n  a  m ixed d ie t o f o a ts  a n d  v eg etab les  w ere u sed . A  g ro u p  o f 
a n im a ls  rece ived  1 p e r a  c e n t  so lu tio n  of u ra te  in  0 .4  p e r  cen t L i2C 0 3, th e  o th e r  g roup  
a  2 p e r  c e n t  so lu tion  of u r a te  in  2.75 pe r cen t tr ie th a n o la m in e . T he h e a lth y  an im a ls  rece iv ed  
0 .20  g /k g  u ra te  in to  th e  m a rg in a l au ric u la r  vein  a t  90 m in . in te rv a ls  on four o ccasions, i.e. a  
t o ta l  o f  0 .80 g/kg u ra te . T h e  c o n tro ls  w ere in jec ted  w ith  th e  so lv en t (LiCl an d  tr ie th a n o la m in e , 
re sp e c tiv e ly ) , volum e, ro u te  o f  a d m in is tra tio n  and  in te rv a ls  b e in g  th e  sam e as in  th e  t e s t  group .

T h e  anim als were a n a e s th e tiz e d  w ith  0.8 g /kg  u re th a n e  in tra p e rito n ea lly . O ne  h o u r 
l a t e r ,  a  to u rn iq u e t  was a p p lied  h ig h  on  th e  r ig h t h in d  leg  fo r tw o  hours. 30 m in u te s  a f te r  re lease , 
th e  a n im a ls  were given in tra v e n o u s ly  0.02 g/kg u ric  ac id  d isso lved  in  e th an o lam in e , a t  60 m in. 
in te r v a l s  o n  fo u r occasions, th e  t o ta l  dose being 0.08 g /kg . U rin e  w as collected  in  a  m etab o lic  
c ag e , b o d y  w eigh t was check ed  re g u la r ly . A fter d e a th ,  th e  an im a ls  w ere au to p sied , th e  k id n ey s 
w e re  w e ig h ed , fixed  in a lcohol a n d  in  form alin .

I n  b lood  sam ples o b ta in e d  fro m  th e  m arg in a l a u r ic u la r  v e in  and  in u rin e  u r ic  ac id  w as 
e s t im a te d  b y  th e  m eth o d  o f B l a u c h  an d  K och  [6 ]. U ric  ac id  c o n te n t of ren a l tis su e  w as e s ti
m a te d  acco rd in g  to F o l in  e t al. [9]. In  serum  N P N  w as d e te rm in e d  b y  th e  h y p o b ro m ite  m eth o d ,
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N a + a n d  K + b y  flam e  p h o to m e try , s ta n d a rd  b ic a rb o n a te  b y  A s t r u p ’s m eth o d  m o d ified  by  
us [5]. O sm o la rity  o f u rin e  w as ca lcu la ted  fro m  th e  N a + a n d  K + co n ten ts, i ts  t i t r a ta b le  a c id ity , 
to ta l  n itro g en  and  am m o n ia  va lues. T he fig u res th u s  o b ta in e d  agreed w ith  th e  o sm o la rity  
v a lu es y ie lded  by  cryoscopy  w ith in  a 10 p e r c en t l im it  o f e rro r.

R esu lts

Urate-treated norm al an im als

General response to the in fu sio n . P o o r to le ra n c e  to  th e  in fusion  o f  0.8 g/kg 
u ra te  w as u n m is ta k a b le ; ad y n am ia  a n d  sev ere  dyspnoea  w ere co n sp icu o u s. As 
seen in  T ab le  I ,  a n u m b e r of an im als d ied  in  consequence of th e  to x ic  effec ts  of 
th e  su b s ta n c e  w ith in  th e  f irs t  24 h o urs. T h e  an im a ls  w hich su rv iv ed  th is  p erio d ,

Table I

Survival and renal fa ilu re  after in fu s io n  o f  urate and solvent

Died 
w ithin 
24 hrs.

Died of 
uraem ia 

after 
24 hrs.

Azot
aemia 
100 mg 
per 100 
ml <  

repara
tion

A zot
aemia 
100 mg 
per 100 
ml >

No
azo t
aemia

Total

0.8 g /kg  uric  acid dissolved in L i2C 0 3 4 5 l — — 10

0.8 g /kg  uric  acid dissolved in  trie th an o lam in e 6 5 2 6 — 19

LiCI con tro l — — 2 2 4 8

T rie th an o lam in e  contro l — — — — 12 12

T o ta l 10 10 5 8 16 49

becam e  tra n s ie n tly  sym ptom -free  an d  s ta r te d  to  feed. In  sp ite  o f th is , som e lost 
considerab le  w eig h t, a n d  th e y  dev e lo p ed  p rogressive  azo taem ia  lead in g  to  
d e a th . In  th e  su rv iv o rs , th e  su b seq u en t cou rse  w as m arked  b y  a g ra d u a l decline 
o f azo taem ia  u n til  th e  in su lt w as f in a lly  overcom e. Infusion  o f l i th iu m  u ra te  
a n d  o f  tr ie th a n o la m in e  u ra te  w as s im ila r in  effect, th o u g h  th e  lith iu m  sa lt 
p ro v e d  slig h tly  m ore  to x ic . T h is w as d u e  to  th e  sligh t n e p h ro to x ic ity  o f th e  
lith iu m  ion as con firm ed  b y  th e  occu rrence  o f azo taem ia  in p a r t  o f  th e  an im als 
tr e a te d  w ith  th e  l ith iu m  so lv en t, w hile th e  e tliano lam ine  so lv en t p ro v e d  en
tire ly  harm less.

Changes in  renal morphology and blood chem istry. The k id n e y s  rev ea led  
consp icuous changes b o th  in  th e  an im als  w h ich  h a d  died sp o n ta n e o u s ly  a n d  in 
th o se  w hich  h ad  been  k illed  b y  in tra v e n o u s  in jec tio n  of a ir  in  th e  successive
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stag es  o f  re p a ra tio n . Sw elling of th e  k idneys w as fo u n d  in  those  an im als  to o  
w h ich  h a d  b een  k illed  b y  a ir  em bolism . In  th o se  an im a ls  w hich died  in  th e  f ir s t  
24 h o u rs , gross sw elling w as p re se n t, an d  th e  c u t su rface  o f th e  k id n ey s w h ich  
y ie ld ed  o ed em a flu id  in  a b u n d an ce , w as s tre a k e d  w ith  u ra te  crysta ls . A long  th e  
co rtic o -m e d u lla r  b o u n d a ry , th e  u ra te  deposits w ere  a rran g ed  in double  s tre a k s  
su rro u n d e d  b y  a h aem o rrh ag ic  a rea , w hile in  th e  m ed u lla r region th e y  w ere

F ig . 1. R a b b it  k id n ey  24 h o u rs  a f te r  in fusion  o f 0.8 g /kg  u ra te . H aem ato x y lin -eo sin

a rra n g e d  ra d ia lly . T he tu b u la r  ep ithe lium  show ed g rav e  changes w ith  necrosis  
(F ig . 1). (T he au to p sy  f in d in g s in c lud ing  h isto log ic  ev idence will be d e a lt w ith  
in  d e ta i l  in  a n o th e r  p ap er.)  T h e  described  changes w ere, how ever, con fined  to  
th o se  a n im a ls  w hich h a d  d ied  o r been  killed  w ith in  th e  f irs t 48 hours. A t la te r  
s tages, th e  lesions w ere less severe an d  th e re  w ere no u ra te  deposits even  in  
th o se  a n im a ls  w hich d ied  of u raem ia .

F ig . 2 p resen ts  ren a l w e ig h t in  g /body  w e ig h t in  each  group. R en a l w eig h t 
was h ig h e s t in  tho se  an im als  w hich  h ad  d ied  o f u ra e m ia  betw een  th e  f i r s t  24 
an d  48 h rs ., h u t  th e  k id n ey s w ere en larged  even  in  th o se  anim als w h ich  h a d  
o vercom e th e  azo taem ic  p h ase  a n d  w ere k illed  d u rin g  th e  process o f re p a ra tio n . 
In  th e  m a jo r i ty  o f th e  co n tro l an im als, th e  k id n ey s  w eighed considerab ly  less 
th a n  in  th e  u ra te - tre a te d  g roups. T he d ifference w as s till m ore m ark ed  i f  th e
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F ig . 2. R en al w eigh t a f te r  u ra te  a n d  so lv en t in fusion , ф  =  in fusion  o f 0.8 g /kg  L i-u ra te ; 
Щ =  in fusion  of 0.8 g /kg e th a n o la m in e -u ra te ; О  =  Li Cl co n tro l g roup  w ith o u t  e lev atio n  of 
N P N ; ® =  LiCl co n tro l g ro u p , w ith  e lev a tio n  of N P N ; □  =  e th a n o la m in e  co n tro l group; 
I =  d ied  w ith in  24 h o u rs; I I  =  d ied  w ith  u ra em ia  a f te r  24 ho u rs; I I I  =  a z o ta e m ia  follow ed by

re p a ra tio n ; IY  =  con tro ls

100-

оо

=> 5 0 -

о
о

12 18 24 3 6  48 hours

F ig. 3. U ric  acid c o n te n ts  in  k id n ey s an d  b lood serum  of ra b b its  a f te r  in fu s io n  of 0.8 g/kg 
u ra te , ф  =  U ric acid  c o n te n ts  o f  th e  k id n ey s a f te r  in fusion  of L i-u ra te  a n d  |  e thano lam ine- 

u ra te ;  О — se ru m  u ric  acid  level a f te r  in fusion  o f L i-u ra te  a n d  □  e th a n o lam in e
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a b n o rm a l  figures occu rring  in  th e  contro ls, obv io u sly  as a consequence of th e  
e f fe c t o f  lith iu m , w ere d is re g a rd e d .

U ric  acid co n ten t o f  th e  k id n ey s  (Fig. 3) of th e  an im a ls  w hich  h a d  died  in  
th e  f i r s t  hours was excessive ; in  th e  following h o u rs  i t  dec lined  fa s t an d  a f te r  
th e  f i r s t  48 hours th e  k id n e y s  w ere  p rac tica lly  free  fro m  u ric  acid  (th is  la t te r  
f in d in g  h as  n o t been in c lu d e d  in to  th e  Table). I t  f u r th e r  em erges from  F ig . 3 
t h a t  e v e n  in  the  f irs t h o u rs  w h e n  ren a l uric ac id  c o n te n t  w as a t  its  peak , i t  
w as d is t in c tly  lower in  th e  b lo o d ; tw o  hours a f te r  th e  u r a te  in fusion , th e  b lood  
u r ic  a c id  levels were below  1 m g  p e r  100 ml, th e  leve l ty p ic a l  o f ra b b its .

B lood  chemistry and u r in e  output. T able I I  show s th e  re su lts  in  th e  sam e 
o rd e r  a s  T ab le  I. I t  m ay  b e  seen  th a t  u raem ic d e a th  ensu in g  w ith in  th e  f irs t 
24 h o u rs  w as associated  w ith  a  considerab le  rise in  th e  se ru m  N P N  level, even 
in  th e  cases of early  d e a th . E v e n  in  these  cases, th e  in c rea se  in  th e  u ra te  N  level 
w as  in su ffic ie n t to  acco u n t fo r  th e  h igh N P N  v a lu es . T h e  increased  N P N  levels 
w e re  acco m p an ied  w ith  se v e re  h y p o n a tra e m ia , h y p e rp o ta ssa e m ia  an d  acidosis. 
T h e se  changes were m ore p ro n o u n c e d  in th e  an im als t r e a te d  w ith  tr ie th a n o la m 
in e  u r a te .

A zo taem ia  was s till m o re  m a rk e d  in  th e  an im als  w h ich  h a d  su rv iv ed  th e  
f i r s t  24  h o u rs  b u t e v e n tu a lly  d ie d  o f u raem ia. H ere , to o , h y p o n a tra e m ia , h y p e r
p o ta s s a e m ia  and  acidosis w e re  p ronounced , b u t  h y p o p o ta ssa e m ia  w as also 
e n c o u n te re d . In  th is g roup  o b se rv a tio n  of diuresis w as possib le . T here  w as no 
p h a s e  o f  an u ria , and  u r in a ry  o u tp u t  n e ith e r in c reased  n o r  decreased  a f te r  th e  
in fu s io n , b u t  th e  in itia l o s m o la r ity  o f urine m o stly  d ec lin ed  to  d efin ite  iso sth e 
n u r ia .  T h e  changes a sso c ia te d  w ith  th e  use of tr ie th a n o la m in e  u ra te  an d  of 
L i-u ra te  w ere sim ilar. In  a ll b u t  one of th e  cases a t ta in in g  th e  stage  o f re p a ra 
t io n ,  e th a n o lu ra te  h ad  b een  u se d . T h e  h ighest N P N  v a lu e s  w ere fo u n d  in  th e  
sa m p le s  ta k e n  on th e  fo u r th  a n d  s ix th  days, re sp ec tiv e ly , th e  h ig h est v a lu e  was 
192 m g  p e r  100 ml.

I n  T ab le  I I  th e  d a ta  on  b lo o d  chem istry  a n d  u r in a ry  o u tp u t  o f th e  con
tro ls  t r e a te d  w ith  tr ie th a n o la m in e  are  also seen. T h e  o n ly  d ev ia tio n  from  n o r
m a l w a s  th e  high s ta n d a rd  b ic a rb o n a te  on th e  second  d a y ; th is  w as obv iously  
d u e  to  th e  alkalizing c a p a c ity  o f  e thano lam ine  as a n  o rg an ic  am ine. T he o th e r 
d a ta  te n d e d  to  rem ain  in s id e  th e  no rm al range. I n  th e  an im als  tr e a te d  w ith  
LiC l a lo n e , azotaem ia d e v e lo p e d  m ore g radually  th a n  a f te r  u ra te  a d m in is tra 
t io n  a n d  th ese  anim als su b s e q u e n tly  recovered.

A d m in is tra tio n  o f urate to a n im a ls  w ith  m ild shock produced  by tourniquet o f  a
limb

G eneral response. S tra n g u la t io n  of one e x tre m ity  fo r  tw o  hours u su a lly  
does n o t  e lic it shock, a n d  th e  in te rv e n tio n  was to le ra te d  w ith o u t a n y  m an ifest 
ill-e ffe c t. A  0.08 g/kg dose o f  u r ic  acid , in  o th e r w o rd s, one te n th  o f th a t
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Table II

Blood chemistry and urinary output o f  rabbits after in fusion  o f urate and solvent

No.
of
ani-

mais

Serum Urine

N PN  mg 
per

lOO ml

N a + K  +

m eq/I

S tand, bic.

Volume
m l/day

m Osm/1

Lim it and average values

T erm inal values in anim als A fter 4 78.0—90.5 111— 137 8 .5 -1 9 .3
w hich died w ith in  f irs t L i-u ra te 88.7 122 15.3
24 hrs. A fter trie th an o l 6 81.0— 162.6 109— 145 4.8— 10.0 8.0— 18.8 — —

u ra te 124.0 130 7.4 14.2

2nd day 5 6 4 - 2 2 2 1 1 9 -1 3 8 3.3— 10.0 13.3— 19.0 110— 135 350—718
Died of A fter 136 127 5.8 15.9 118 440
uraem ia Li- 4 th  day 4 8 4 -2 3 1 119— 136 2.6—8.2 11.4— 17.3 55—270 376— 816
afte r -u ra te 173 129 5.3 14.4 175 532
24 hrs. 6 th  day 3 105—352 128— 140 — 8.2— 10.2 108—210 —

237 136 — 9.2 159
8 th  day 1 295 121 8.2 8.2 — —

A fter 2nd day 5 8 3 -1 8 5 1 2 7 -1 4 1 4 .6 -1 0 .0 10.9— 22.0 3 0 - 2 3 7
trie th . 132 134 7.9 15.9 162
u ra te 4 th  day 1 76 143 3.7 — 130 778

A zotaem ia follow ed by 2nd day 9 48— 115 125— 151 3.9— 5.2 18.2—23.5 85—245 570— 1020
rep ara tio n 73 140 4.5 21.7 135 695

4 th  day 9 42— 192 132— 153 4.1— 26.1 17.4— 26.1 85— 300 600— 1100
88.5 143 4.6 22.6 155 770

6 th  day 9 39.0— 121 130— 156 3.4—4.6 12.2— 22.9 75—420 —

67.1 142 3.9 20.8 215

Infusion  of tri 2nd day 12 24.0— 35.4 139— 147 3.2—4.2 21.1—29.7 70— 500 —

e thanol- 29.6 142 3.9 24.7 210
am ine, 4 th  day 12 30.9—45.3 1 3 9 -1 4 5 3.6—4.5 1 4 .4 -2 2 .8 9 5 - 4 5 0 —

controls 36.0 143 4.0 18.8 220
6 th  day 12 25.8—44.7 1 3 0 -1 4 4 3.2—4.9 1 7 .9 -2 2 .4 7 0 - 5 8 0 —

34.0 142 3.9 20.6 220
cn
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a p p lie d  in  th e  p rev ious g ro u p , w as also sm o o th ly  to le ra te d . H ow ever, th e  sam e 
dose w h e n  a d m in is te red  a f te r  release of th e  to u rn iq u e t  elicited  a severe g en era l 
re sp o n se  w ith  ex trem e  d y sp n o ea  lead ing  to  d e a th  w ith in  a few  h o u rs  b e fo re  
re c o v e ry  from  u re th a n e  an a e s th e s ia . T he an im a ls  su rv iv in g  th e  f irs t p e rio d  w ere 
p r o s t r a te d  during  tw o  d ay s a n d  fed poorly  ev en  la te r . A zotaem ia o f v a r ia b le  
d eg ree  en su ed  in a ll o f  th e  cases, b u t, as T a b le  I I I  show s, in th e  an im a ls  s u r 
v iv in g  th e  f irs t 24 h o u rs , i t  soon  no rm alized .

Table I I I

S u rv iv a l and renal fa ilu re  a fter tourniquet-shock a n d  in fu s io n  o f  urate and solvent

D ied 
w ith in  
24 hrs.

Repara
tion 
from 

100 mg 
per

100 m l<  
azot
aemia

100 mg 
per

100 m l>  
azot
aemia

No.
azot
aemia

T otal

T o u rn iq u e t  on  tw o hind  legs fo r 90 m in . -f- 0.1 g/kg 
e th a n o la m in e  u ra te 6 — — — 6

T o u rn iq u e t  on  a  single h in d  leg fo r 2 h rs. +  0.08 g/kg 
e th a n o la m in e  u ra te 5 4 9 — 18

T o u rn iq u e t  on  a  single h in d  leg  for 2 h rs. +  e thano l
a m in e  so lv en t, controls — — — 3 3

0.08 g /k g  e thano lam ine  u ra te  w ith o u t to u rn iq u e t — — — 6 6

T o ta l 11 4 9 9 33

R e n a l morphology and  blood chem istry. T h e  k id n ey s  d isp layed  ch an g es s i
m ila r  to  th o se  seen a f te r  th e  a d m in is tra tio n  o f  m a jo r  doses of u ra te , p a r t ic u la r ly  
as re g a rd s  th e  s tre a k e d  p a t te r n  of u ra te  d ep o sits  o n  th e  cu t surface. T h e  c h a n 
ges w e re  confined  in  th is  series, too , to  th e  cases w ith  th e  sh o rte s t su rv iv a l, 
b u t ,  in  oppositio n  to  th e  o th e r  groups, no sw ellin g  o f th e  k idneys w as seen . A 
s lig h t e n la rg e m e n t of th e  k id n ey s  persisted  a f te r  n o rm aliza tio n  of th e  az o ta e -  
m ic c o n d itio n , w hile in  th e  co n tro l an im als w h ich  h a d  been su b jec ted  to  t r e a t 
m e n t w ith  sm all doses b u t  to  no  ex tre m ita l s tra n g u la tio n , en la rg em en t o f  th e  
k id n e y s  w as considerab le  (F ig . 4). F ig. 5 show s th e  re n a l uric acid c o n te n ts  a f te r  
in fu s io n  o f  0.08 g/kg u ric  ac id  following re lease  o f  to u rn iq u e t. U ric a c id  co n 
te n ts  o f  th e  k idneys o f th e se  an im als was h ig h e r  desp ite  th e  sm aller dose  of 
u r a te  t h a n  in  tho se  p re se n te d  in  Fig. 3 w h ich , th o u g h  having  received  a m a s 
sive u r a te  dose, w ere n o t  in  shock .

N P N -le v e l and u r in a ry  output. In  th is  g ro u p , th e  p e riphera l c irc u la to ry  
fa ilu re  su b se q u e n t to  th e  e x tre m ita l  ischaem ia  m a d e  ad eq u a te  sam pling  im p o s-

Acta Medica Academiae Scientiarum Hungaricae 23, 1966



RENAL FAILURE INDUCED BY URATE INFUSION 77

F ig. 4. R en al w eigh t in ra b b its  a f te r  to u rn iq u e t  on a single lim b for 2 hours a n d  perfusion  
w ith  e th an o lam in e  u ra te . I =  D ied  w ith in  24 ho u rs; I I  =  azo taem ia  followed b y  re p a ra tio n ;  
I I I  =  infusion  of 0.08 g/kg e th a n o lam in e -u ra te , no to u rn iq u e t;  IV =  infusion o f e th a n o lam in e

a fte r  to u rn iq u e t

750-

100-

c*
E

оa

7 6 12 78 24 3 6  48 hours

Fig. 5. U ric acid  co n te n t of th e  k id n ey s in  ra b b its  a f te r  to u rn iq u e t  an d  in fu sio n  o f  0 .08  g/kg
u ra te
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sib le  a n d  restric ted  u s  to  s tu d ie s  of th e  N P N -lev e l. T ab le  IV  show s t h a t  in  th e  
a n im a ls  w hich died w ith in  th e  f irs t  24 h o u rs , a zo taem ia  w as d is tin c t b y  th e  
e n d  o f  tw o  hours. T h e  resp o n sib le  fac to r w as re n a l in ju ry  caused  b y  u ric  
a c id , since  th e  to u rn iq u e t  sh o ck  was never fo llow ed  b y  an y  sig n ifican t e lev a tio n  
o f  N P N  a t  th is  stage  u n le ss  u ric  acid h ad  also  b e e n  ad m in is te red .

Table IV

N P N  and urinary  o u tp u t after tourniquet shock , a n d  urate and solvent in fu s io n

No.
of

N PN , mg per 100 m l U rinary o u tpu t m l/day

ani
mals 2nd day 4 th  day 6 th  day 2nd day 4 th  day 6 th  day

D ied  w ith in  
24 h rs .

l i 6 5 — 91*
79

— — anuria — —

A z o ta e m ia > 1 0 0  mg 
p e r  100 ml fol
low ed  b y  rep ara 
tio n

4 9 2 — 131
106

6 5 -1 4 6
99

61— 64
63

anuria 70— 150
120

60— 80 
87

A z o tae m ia  <  100 mg 
p e r  100 m l fol
lo w ed  b y  repara
t io n

9 4 5 .3 — 66.9
54

4 3 .4 -8 9 .0
61

42 .5— 75.6
51

40—235
125

5 5 - 2 7 0
100

130— 260
190

T o u rn iq u e t  on a 
single  lim b for 
2 h rs  w ith o u t 
u r a te  infusion

3 3 4 .0 — 36.0
35

2 2 .8 -3 0 .6
27

26 .4— 31.8
29

7 5 -1 5 0
110

50— 380
250

140—425
290

In fu s io n  of 0.08 g/kg 
e th an o lam in e  
u r a te  w ith o u t 
to u rn iq u e t

6 3 9 .6 — 57.0
48

33.0—50.4
42

29 .4— 36.5
32

50— 180
110

125—200
150

70— 170
140

* Sam pling 2 h rs. a f te r  ad m in is tra tio n  of u ra te .

I n  4 ou t o f 24 a n im a ls  su b m itted  to  e x tre m ita l  ischaem ia a n d  to  u r a te  
p e rfu s io n  N P N  rose a b o v e  100 mg p er 100 m l a n d  p e rs is ted  a t  th ese  h ig h  levels 
u n t i l  th e  s ix th  d ay  w h en  i t  s ta r te d  to  decline . T h e  an im als w ere a n u ric  d u rin g  
th e  f i r s t  48 hours a n d  c o n tin u e d  to  have a r e s t r ic te d  u r in a ry  o u tp u t  even  la te r , 
p e rh a p s  owing to  a low  f lu id  in tak e . T h e  o th e r  20 an im als of th is  g ro u p  also 
d ev e lo p ed  azo taem ia  th o u g h  of a slig h te r d eg ree , w hile th e ir  u r in a ry  o u tp u t  
re m a in e d  w ith in  th e  v a lu e s  o f  th e  con tro ls .

A s to  th e  c o n tro ls  (T ab le  IV), th e  o n ly  f in d in g  to  be m en tio n ed  w as a 
s l ig h t  e levation  o f N P N  w h en  u ra te  h a d  b e e n  g iv en  in  sm all doses w ith o u t 
e x tre m ita l  s tra n g u la tio n .
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D iscussion

O n th e  ev idence o f  o u r find ings a h igh  ra te  o f u ra te  e x c re tio n  re su lts  in 
in tra re n a l deposition  o f  u ra te s  an d  to  seco n d ary  ren a l in ju ry . T ra n s ito ry  ex- 
tr e m ita l  ischaem ia g re a tly  increases th e  v u ln e ra b ility  of th e  k id n e y s  b y  u ra te . 
T h e  n ep h ro to x ic  in flu en ce  o f u ra te s  has been  p o in ted  o u t b y  F o l i n  e t al. 
[11], la te r  b y  V o n d r a  e t  a l. [23]. W e h a v e  c o n tr ib u te d  to  th e ir  f in d in g s  b y  the 
ev idence  of progressive  re n a l fa ilu re  ap p e a rin g  in  th e  course o f  th e  f ir s t  days 
a f te r  u ra te  in fusion , fu r th e rm o re  we h av e  show n th a t  e x tre m ita l  isch aem ia  in 
creases th e  se n s itiv ity  to  th e  n ep h ro to x ic  effect o f u ra te s , p o in tin g  o u t  th e  con
n ec tio n  of these  p h en o m en a  w ith  th e  re n a l fa ilu re  assoc ia ted  w ith  shock . Our 
c la im  th a t  th e  u ra te s  p la y  a p a r t  in  th a t  co n d itio n  has been  su p p o r te d  b y  the 
p ro g ressive  ren a l fa ilu re  e lic ited  b y  u ra te . R en a l in ju ry  due to  en d o g en o u s hy- 
p e ru ricaem ia  d u rin g  shock  m ay  th u s  be assu m ed  to  be one of th e  fa c to rs  o f the  
re n a l fa ilu re . L ia b ility  o f  th e  h u m an  k id n e y  to  deposition  o f u ra te s  in  conform 
i ty  w ith  th e  resu lts  o f  th e  p resen t an im a l ex p erim en ts  has b een  o b serv ed  by 
F o l i n . In  view  o f th e  h ig h  uricase  a c t iv i ty  o f an im al o rg an s in c lu d in g  the  
k id n e y , we h ad  to  use m assiv e  doses o f u ra te  in  o rd e r to  cause re n a l lesion . H ow 
ev e r, th e  am o u n ts  o f  endogenously  re leased  u ric  acid  in  th e  h u m a n  sub jec t 
a re  close to  th e  q u a n tit ie s  causing  ren a l d am ag e  a fte r  e x tre m ita l isch aem ia . A 
fu r th e r  p o in t in case is th e  com m on assoc ia tion  o f gou t w ith  re n a l  fa ilu re  [13] 
o r th e  h igh incidence o f a c u te  ren a l fa ilu re  in  leukaem ia  or in  m e ta b o lic  d isor
d ers , as a consequence o f  m assive  u ric  ac id  release an d  o f its  d e p o s itio n  in the 
k id n ey s  [15, 19]. T h e  fa c to r  in  ou r ex p e rim en ts  responsib le  fo r  th e  increased  
v u ln e ra b ility  of th e  k id n e y s  w as in  all p ro b a b ility  th e  e x tre m ita l isch aem ia , in 
con n ec tio n  w ith  th e  co n seq u en tia l c irc u la to ry  changes. T he sh if tin g  o f renal 
b lo o d  flow  in v a ria b ly  d em o n strab le  in  e x p e rim e n ta l shock is in su ff ic ie n t to  
cause  ren a l fa ilu re , un less th e re  is an  a d d itio n a l accu m u la tio n  o f u r a te s  to  w hich 
th e  h u m an  organism  is liab le . A ccord ingly , th e  accu m u la tio n  o f  u r ic  ac id  seems 
to  be  essen tia l in  th e  d ev e lo p m en t of ren a l fa ilu re  co n seq u en tia l u p o n  shock 
in  m an , b u t  b y  no m ean s its  on ly  cause. A ll o f th e  fac to rs  co n c lu siv e ly  proved  
to  be invo lved  in  th e  shock  m echan ism  — an o x ia , d is tu rb an ces  o f  b lo o d  П олу, 

n e rv o u s , A D H  [26] m ech an ism s, e tc . — m a y  eq u a lly  share  in  its  p ro d u c tio n  by  
p ro m o tin g  th e  d am ag in g  e ffec t of u ric ac id  on th e  k idneys. A cidosis a n d  ac id ity  
o f  u rin e  are , p re su m ab ly , fu r th e r  c o n tr ib u tiv e  fac to rs  o f im p o rta n c e . I t  m ust 
be  rem em bered  th a t  e tlian o lam in e  w hich w as used  as a so lv en t in  th e  p resen t 
s tu d ie s , is s tro n g ly  a lk a lin e  an d  has a h igh  b u ffe r  p o ten cy , th e re fo re  i t  is sup
posed  to  convey a c e r ta in  p ro tec tio n  to  th e  k id n ey s from  th e  to x ic  effects of 
u ric  ac id  ra th e r  th a n  to  cause  harm .

T h e  question  a rises w h y  no p o st-m o rtem  evidence of u ra te  d ep o sitio n  has 
th u s  fa r  been re p o rte d  in  cases of p o st-sh o ck  ren a l fa ilu re . A cco rd in g  to  our 
o b se rv a tio n s  to  he  re p o r te d  in  a fu r th e r  p a p e r , th e re  a c tu a lly  is a  su b s ta n tia l
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d e p o s itio n  of u ra tes  in  th e s e  cases, b u t fo r th e ir  d e m o n s tra tio n  f ix a tio n  in 
a lc o h o l a n d  special s ta in in g  a re  necessary , since th e  u ra te s  are  d issolved d u rin g  
th e  u s u a l  procedures. A c c o rd in g  to  th e  p resen t re s u lts ,  no  s ign ifican t in tra re n a l 
u r a te  d ep o sits  can he d e te c te d  w h en  th e  firs t d ay s a f te r  shock  h av e  passed .

W h e n  in te rp re tin g  o u r  fin d in g s  we m ay  w ell a sk  w h e th e r  th e  ren a l in ju ry  
c a u s e d  b y  uric acid w as o f  a to x ic  charac ter, s im ila r  to  th e  effect o f o th e r  ren a l 
p o iso n s . T h is is d o u b tle ss ly  so , a n d  i t  m ay be a d d e d  th a t  th e  o th e r ren a l p o i
so n s — su b lim ate , u ra n y l a c e ta te ,  su lphonam ides, o x a lic  ac id  — are  assum ed  
to  a c t  in  th e  same m a n n e r  as does uric acid , n a m e ly  th ro u g h  th e ir  se lec tive  
e x t r a c t io n ,  deposition  a n d  e x c re tio n  b y  th e  k id n e y s . T h e  sign ificance o f  u ric  
a c id  in  th e  p resen t c o n te x t lie s , how ever, in  i ts  b e in g  a p ro d u c t — a n d  in  m an  
e v e n  th e  end  p ro d u c t — o f  n o rm a l m etabolism .
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J e f f e r ’s b io assay  fo r A D H  e s tim a tio n  in  b lo o d  has been  ad ap ted  to  p e rm it  recov
ery  of 1 m ic ro -u n it in  1 m l o f p lasm a.

In  n o rm al well h y d ra te d  people, no a n tid iu re t ic  a c tiv ity  is fo u n d  in  th e  blood. 
T he fu n c tio n a l c a p a c ity  o f th e  n e u ro h y p o p h y sis  can  be te s te d  b y  th e  in tra v e n o u s  
in jec tio n  of 20 — 25 ml o f 10 per cen t NaCl so lu tio n . T h e  p lasm a A D H  level th e n  rises to  
15— 30 /tu /m l in  20 m in . A sim ilar re sponse  c an  be  e lic ited  by  th e  in h a la tio n  o f am yl 
n itr i te . A m p h e ta m in e  an d  a tro p in e  in h ib it  th e  re lease  o f A D H  even w hen  o sm o recep to rs  
hav e  been  s tim u la te d  th ro u g h  increased  o sm o la r ity . A m phetam ine  m ay  th e re fo re  be 
used  in  th e  t r e a tm e n t  o f p rim ary  h y p e ra d iu re tism , an d  som etim es also in  p re m e n s tru a l 
tension .

E n z y m a tic  in ac tiv a tio n  of A D H  p la y s  a  ro le  in  som e cases o f se c o n d a ry  h y p e r
ad iu re tism . In  m en  a n d  n o n -p reg u an t w om en  no v asopressinase  a c tiv ity  can  b e  d em o n 
s tra te d  in  th e  b lood . In  p regnancy  th is  a c t iv i ty  begins to  ap p ear a t  th e  e n d  o f th e  
2nd m o n th . T h e  p eak  is reach ed  a t  7 m o n th s , w ith  a  sharp  fa ll a f te r  d e liv e ry . T h e  e n 
zym e is o f p la c e n ta l  orig in . In  to x aem ia  o f p re g n an c y , how ever, its  o u tp u t  is defic i
en t. As a co nsequence, th e  blood A D H  level b eg in s to  rise.

L iver v aso p ressin ase  is in h ib ited  in  sev e re  h e p a tic  insufficiency. Som e rise  o f th e  
blood A D H  level m ay  occur in  u n tre a te d  m y x o ed e m a , due to  defic ien t A D H  in a c tiv a tio n  
in  p e rip h era l tissues.

T h e n eu ro h y p o p h y se a l horm ones b e lo n g  to  th e  earliest ty p e s  o f  in te rn a l 
secre tion  [5]. F ro m  th e  ev o lu tiona l p o in t o f  v iew  th e y  are  successors o f  p rim i
tiv e  n eu ro h o rm o n es p re se n t a lread y  in  in se c ts . T h is p ap e r will dea l so le ly  w ith  
vaso p ressin  (a d iu re tin , a n tid iu re tic  h o rm o n e , A D H ). I ts  ex is ten ce  in  th e  
ea rlie s t stages o f  phy logenesis  em erges fro m  th e  fac t th a t  c o n tra ry  to  o th e r 
h y p o th a la m ic  ho rm o n es its  ta rg e t  o rgan  is n o t  th e  p i tu i ta ry  b u t  p e rip h e ra l 
tissu e , i.e. th e  re n a l tu b u li . I t  was A D H  w h ich  d u rin g  th e  ev o lu tion  e n a b le d  th e  
liv in g  m a tte r  to  leav e  w a te r  an d  su rv ive  on d ry  lan d .

In  sp ite  o f i ts  s im ple s tru c tu re  A D H  is a p o te n t agen t. As l i t t le  as 1 mg 
of th e  p u re  su b s ta n c e  o f a rg in in e -v aso p ressin  co n ta in s  500 I . U . o f  A D H . 
S ince in n o rm al h u m a n  su b jec ts  0.2 pg i.e . 0.1 m iliu n it is capab le  o f  e lic iting  
a fu ll a n tid iu re tic  effect la s tin g  for a b o u t 45 m in u tes , 1 m g o f A D H  w ould 
be su ffic ien t fo r th e  in d u c tio n  of a n tid iu re s is  in  5000 in d iv id u a ls . I t  follows 
th a t  one I. U . o f  A D H  equals 2.0 /rg. In  a h o rm o n e  w ith  th is  degree o f  p o te n c y  
it  shou ld  be a n tic ip a te d  th a t  th e  organ ism  e ffec tiv e ly  con tro ls b o th  its  re lease 
and  its  in a c tiv a tio n .

T he release o f  A D H  in to  th e  c irc u la tio n  is con tro lled  by  th e  v e g e ta tiv e  
n erv o u s sy stem  w h ich  in  tu rn  is s t im u la te d  b y  osm oreceptors (an d  to  a lesser
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d eg ree  b y  v o lum e-recep to rs). In a c tiv a tio n  o f  A D H  is en zy m atic , m a in  so u rces  
o f  t h e  en zy m es being  liv e r , p la c e n ta  an d  k id n e y s .

O u r  s tu d ies  h av e  d e a lt  b o th  w ith  th e  re lea se  a n d  w ith  th e  in a c tiv a tio n  
o f A D H .

Methods

So fa r  no  biochem ical m e th o d s  h a v e  been  d ev e lo p ed  w h ich  w ould p rov ide  th e  p o ss ib il ity  
o f  e s t im a t in g  m in im al c o n ce n tra tio n s  o f A D H  in  b o d y  flu id s . Several m eth o d s of b io assa y  w ere  
d e v ise d , th e  sen sitiv ity  o f w hich  w a s , how ever, u n sa tis fa c to ry . T h ey  allow ed th e  d e te rm in a tio n  
o f A D H  p la s m a  levels on ly  a t  t i t r e s  exceed ing  30 /га p e r  1 m l. H ow ever, in  n o rm ally  h y d ra te d  
in d iv id u a ls  1 m l o f p lasm a c o n ta in s  o n ly  ex cep tio n a lly  m o re  t h a n  1 /la  o f A D H . A n o th e r  d isa d 
v a n ta g e  o f  th e  earlier m eth o d s w as th e  large  a m o u n t o f b lo o d  req u ired  fo r t it ra tio n . F o r  c lin ica l 
p u rp o se s  w e needed  a m eth o d  w h ic h  w ould  requ ire  m in im a l a m o u n ts  o f b lood an d  w h ich  w ould  
be  m o re  se n sitiv e  th a n  earlie r m e th o d s . W e have  th e re fo re  m od ified  th e  m eth o d  d e sc rib e d  by 
J e f f e r s  [13] who m easu red  a n tid iu re s is  in  ra ts  a n a e s th e tiz e d  w ith  5 m l o f 12 p e r c e n t  a lcoho l 
a f te r  a d m in is tra t io n  of 3 m l o f w a te r . T h is req u ired  su rg ic a l in tu b a tio n  of th e  u r in a ry  b la d d e r . 
T h e  m e th o d  allow ed to  e s tim a te  c o n ce n tra tio n s  from  20 u p  to  30 /га A D H  in 1 m l o f p la sm a . I n  
o u r  m o d if ic a t io n  m ale ra ts  a re  u se d  w h ich  are fa s ted  b u t  h a v e  free  access to  w a ter. T h e  a n im a ls  
m u s t  p re v io u s ly  be ad ap ted  to  th e i r  e n v iro n m en t fo r a t  le a s t  th re e  weeks. F o r th e  in d u c tio n  of 
a n a e s th e s ia  we use e x ac t doses o f  a lcohol: tw o doses o f  3 m l p e r 100 g bod y  w e ig h t o f  12 p e r 
c e n t  e th a n o l .  C ontinuous r e h y d ra t io n  is carried  o u t  th ro u g h o u t th e  e x p e rim e n t b y  th e  
r e p e a te d  a d m in is tra tio n  of w a te r  in  doses co rre sp o n d in g  to  1 pe r cen t o f b o d y  w e ig h t 
a c c o rd in g  to  th e  a m o u n t o f  d iu res is . I n  th is  w ay i t  is p o ss ib le  to  carry  o u t as m u ch  as 10 e s ti
m a t io n s  in  th e  sam e ra t.  W e p lo t  o n  a  c h a r t  th e  d a ta  o f  b o th  th e  re d u c tio n  of d iu res is  a n d  th e  
d u r a t io n  o f  a n tid iu res is , an d  b y  m u ltip ly in g  these  v a lu e s  w e o b ta in  an  area. T his is th e n  e x p re ss 
ed  in  t e rm s  of pe r cen t o f a n o th e r  a re a  th e  e x te n t o f  w h ic h  is d e te rm in ed  b y  th e  o n se t o f  a n ti 
d iu re s is  m u ltip lie d  b y  a th e o re tic a l tim e  of 60 m in u te s . W e h a v e  selected  th is  tim e  p e rio d  b e 
c au se  e v e n  a f te r  th e  h ig h est dose o f  A D H  (500 /га) th e  e n su in g  an tid iu res is  n ev er ex ceed ed  60 
m in u te s .  T h is  th eo re tica l a rea  se rv es , there fo re , as a b a s is  fo r  th e  calcu la tio n  of th e  a c tu a l  a n t i 
d iu re s is  w h ic h  alw ays la s ts  fo r less th a n  60 m inu tes. B y  th is  calcu la tio n  we e lim in a te  th e  e rro r 
a r is in g  fro m  th e  dependence of th e  a n tid iu re tic  response  u p o n  th e  degree of th e  a r tif ic ia lly  in 
d u c e d  d iu res is . T he value  o f a n tid iu re s is  is com p ared  w ith  th e  effect o f V oeg tlin ’s s ta n d a rd  
p o w d e r.

T h is  m odification  in c reased  th e  sen sitiv ity  o f th e  m e th o d  up  to  10 /га pe r m l o f  p lasm a . 
I n  a n  a t t e m p t  fu r th e r  to  in crease  th e  sen sitiv ity , d e n e rv a tio n  of th e  k id n ey s w as p e rfo rm e d . 
T h e  p ro c e d u re  was, how ever, r a th e r  co m plica ted  a n d  n o t  su ita b le  fo r ro u tin e  c lin ical u se  [18]. 
H e e l e r  su b seq u e n tly  succeeded  in  im p ro v in g  th e  m e th o d  b y  e lim in a tin g  th e  su rg ical s tre ss  [7] 
in  t h a t  in s te a d  of su tu rin g  th e  tu b e  in to  th e  u r in a ry  b la d d e r  he p rep ared  a p e rm a n e n t u r in a ry  
f is tu la .  I n  th is  w ay th e  m o b iliza tio n  of endogenous A D H  w as e lim inated  and  se n s it iv ity  o f  th e  
m e th o d  in c reased  up  to  1 /iu  o f A D H  in  1 m l o f p lasm a . T h is  has been  found  sa t is fa c to ry  a n d  
w e u se  H e l l e r ’s m o d ificatio n  as a  s ta n d a rd  p ro ced u re .

Observations

I n  n o rm ally  h y d ra te d  h e a lth y  in d iv id u a ls  e ith e r  no or a t  m ost 1 — 3 /tu  p er 
1 m l a n tid iu re tic  a c t iv i ty  w as d e m o n s tra te d  in  th e  p lasm a. B o th  th ir s t in g  
a n d /o r  ingestio n  of s a lt w e re  follow ed b y  a n  im m e d ia te  increase o f th e  A D H  
le v e l, p ro v id e d  th a t  th e  n eu ro h y p o p h y sis  w as cap ab le  o f re sp o n d in g  to  in 
c re a s e d  o sm olarity . T h e re fo re , to  begin  w ith , a n  a t te m p t  w as m ade to  dev ise  a 
t e s t  o f  th e  fu n c tiona l c a p a c ity  o f  th e  n eu ro h y p o p h y s is , to  serve fo r th e  d iffe ren 
t i a t io n  o f  tru e  d iabe tes in s ip id u s  from  p r im a ry  po lyd ip sia . F o r c lin ica l p u r 
p o se s  th e  m ost con v en ien t s t im u la tio n  of o sm o recep to rs  is done th ro u g h  in c reas-
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in g  th e  o sm o la rity  of th e  b lood  b y  a t  le a s t 2 p e r cen t. Sam ples o f  b lo o d  are  
ta k e n  from  th e  cu b ita l vein  an d  im m ed ia te ly  p laced  on ice. T h ey  m u s t  b e  used 
w ith in  20 m in u te s . T he r a t ,  th e re fo re , shou ld  be  p rep a red  in ad v a n c e  fo r  t i t r a 
tio n . W ith  th e  sam e needle 2 0 —25 m l o f a h y p e rto n ic  (10 p er cen t) so d iu m  chlo
rid e  so lu tio n  is in jec ted  in to  th e  ve in . A second  blood sam ple is ta k e n  a f te r  
20 m in u te s . B o th  sam ples a re  t i t r a te d  in  th e  sam e ra t .  Since fo r th is  as l i t t le  as
0.7 m l su fficed , th e  b lood  loss is neg lig ib le  a n d  th e re  is no m a jo r  d isco m fo rt.

p la s m a

Fig. 1. 20—25 m l 10%  N aC l in trav en o u s ly

F ig . 1 illu s tra te s  severa l o b se rv a tio n s . N e ith e r  o f th e  su b je c ts  sh ow ed  a 
d e m o n s tra b le  p lasm a A D H  a c tiv i ty  p r io r  to  th e  in jec tio n  of h y p e rto n ic  sa line , 
w hile 20 m in u te s  la te r  all o f th e m  d isp lay ed  som e increase , w hich o fte n  re a c h e d  
25 — 30 /tu  p e r  m l.

C lin ical p rac tice  has show n, h ow ever, t h a t  th is  te s t  is usefu l in  d ia b e te s  
in sip id u s in  a n eg a tiv e  w ay  on ly . T h is is d u e  to  th e  fa c t th a t  som e p r im a ry  poly- 
d ip sias p e rs is tin g  fo r a long tim e  are  seco n d arily  “ in s ip id a ted ” . T he c o n tin u o u s  
f lo o d in g  o f th e  organism  b y  an  excessive in ta k e  o f w a te r re su lts  in  su ch  an  
in h ib itio n  o f  A D H  secretion  th a t  th e  n eu ro h y p o p h y sis  loses its  c a p a c ity  to  
re a c t q u ic k ly  upon an  increase  o f o sm o la rity  in  b lood. T hus, if  in  a  case  o f 
p o ly u ria  o f  u nknow n  origin th e  in jec tio n  o f h y p e rto n ic  saline fails to  in c rea se  
th e  b lo o d  A D H  level, th e  co n d itio n  is e ith e r  d iab e te s  insip idus o r a p r im a ry  
p o ly d ip s ia  o f  long d u ra tio n . W h en , h ow ever, th e  in jec tio n  is fo llow ed b y  a rise  
o f th e  A D H  ti tr e ,  d iab e tes  in sip id u s can be  safe ly  excluded.
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In flu en ce  o f  the nervous system

So fa r  no a g re e m e n t h a s  been reach ed  w h e th e r  th e  nervous sy s tem  w as 
ca p a b le  o f  in flu en c in g  th e  p ro d u c tio n  a n d /o r  th e  release of A D H  b y  a c tin g  
d ire c tly  upon  th e  su p ra o p tic  nuclei, o r w h e th e r  i t  a c ts  in d irec tly  b y  th e  w ay  of 
e.g . c irc u la to ry  sh ifts  w h ich  in  tu rn  w ould  s t im u la te  th e  v o lu m e-recep to rs  or 
o sm o recep to rs .

C ircadian rhythm . I n  c o n tra s t  to  n u m ero u s  o th e r  horm ones we h a v e  fa iled  
in  p ro v id in g  ev idence o f  a rh y th m ic a l re lease o f  A D H  w ith  d is tin c t d ifferences 
b e tw een  th e  d iu rn a l a n d  n o c tu rn a l values.

p k ts m a
1m l

p u  A D H

C onditioned reflex. W e d e m o n s tra te d  i ts  p resence  in  h u m an  su b jec ts  
[1, 2 ]. I t s  degree w as, h ow ever, m odera te . T h e  e x p e rim en t p ro v id ed  ev idence 
o f  th e  n erv o u s sy s tem  b e in g  capable  of d ire c tly  in flu en c in g  th e  p ro d u c tio n  an d  
re lease  o f  A D H  w ith o u t th e  m ed ia tion  o f o sm o recep to rs  or v o lu m e-recep to rs . 
T h e  p ra c tic a l s ign ificance  o f  th is  fin d in g  re m a in s  to  be clarified.

A la rm  reaction. A  m e n ta l stress alone is su ffic ien t fo r A D H  m o b iliza tio n . 
F ig . 2 illu s tra te s  th e  e ffec t o f an  em b arra ss in g  in te rv ie w  on th e  b lo o d  A D H  
lev e l, in  th ree  su b je c ts . A  feeling of a n x ie ty  p r io r  to  in jec tion  an d  p a in  d u rin g  
th e  in je c tio n  m ay  re s u lt  in  a sim ilar A D H  m o b iliz a tio n . T hus, an  a la rm  re a c tio n  
co u ld  w ell d is to r t th e  re su lt . T herefore we d e te rm in e d  th e  blood A D H  level a t  
ra n d o m  in  100 n o rm a lly  h y d ra te d  in d iv id u a ls . O u t of these  in 19 em otion  or 
p a in  d u rin g  th e  in je c tio n  re su lte d  in  a rise o f  A D H  above 1 juu/1 m l. T h e  h ig h est 
t i t r e  w as 8 juu/ml. I n  th e  rem ain ing  81 s u b je c ts , how ever, no A D H  a c tiv i ty  
w as d e m o n s tra te d . T h u s  in  th e  m a jo rity  o f  cases th e  em otion  a n d  th e  s lig h t 
p a in  assoc ia ted  w ith  th e  co llection  of b lood  sam p les  d id  n o t in te rfe re  w ith  th e  
h u m o ra l m echan ism  o f A D H  m ob iliza tio n . I n  sp ite  o f th is  i t  is n ecessa ry  to  
ta k e  in to  co n sid e ra tio n  th e  sub jec ts  who do re a c t .  In  clinical p rac tice , th e re fo re , 
o n ly  t i t r e s  exceed ing  10 /ш /m l are c lassified  as  p a th o log ica lly  in creased . In  
a d d itio n , only p a tie n ts  sh o u ld  be te s te d  fo r  A D H  w ho are a lread y  a d a p te d  to

A d a  Medica Academiae Scientiarum Hungaricae 23, 1966



STUDIES ON ANTIDIURETIC HORMONE 85

h o sp ita l en v iro n m en t a n d  in jec tio n s, a n d  in  w hom  th e  o ccu rren ce  o f  an  alarm  
reac tio n  is th ere fo re  less p ro b ab le .

In fluence o f  drugs. M any drugs a re  cap ab le  of s tim u la tin g  o r  in h ib itin g  
A D H  p ro d u c tio n  an d  re lease . T h e  s tim u la n ts  inc lu d e  n ico tin e , ace ty lch o lin e , 
m o rp h in e , p h é n o b a rb ita l, e th e r , A T P , fe rr itin , h e x a m é th o n iu m , e tc . W e suc-

SERUM

I/u A D H / m l

20-

10-

R A

R A T
NEUROHYPOPHYSIS 

uu ADH total content °f ADH (Pu‘ 
T‘105

2x10s

10s

F ig . 3. A D H  c o n te n t  before  (B) an d  a f te r  (A) in h a la tio n  of a m y ln itr i te

F ig . 4. M ob ilisa tion  of A D H  a f te r  a m y ln itr ite

ceeded  in  d e m o n s tra tin g  t h a t  a m y ln itr ite  also ac ts  as a s t im u la n t  [10, 11]. 
F ig . 3 show s th e  in fluence  o f  a m y ln itr ite  in h a la tio n  in ra ts . T h e  A D H  sto re  in 
th e  neu ro h y p o p h y sis  decreased  b y  m ore th a n  f if ty  p e r cen t, w h ile  th e  blood 
level increased . T he re lease  o f A D H  from  th e  n eu ro h y p o p h y sis  in to  th e  c ircu la
tio n  w as therefo re  in c reased . In  h u m an  su b jec ts  th e  in h a la tio n  o f  0.03 g of 
a m y ln itr i te  m ay  be tr ie d  as an  au x ilia ry  m e th o d  o f d iagnosing  d ia b e te s  insipi-
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d u s . F ig . 4 illu stra tes  th e  re sp o n se  of 15 n o rm a l in d iv id u a ls  as co m p ared  to  
10 p a t ie n ts  suffering fro m  d ia b e te s  insipidus in  w h o m  no increase  o f th e  A D H  
lev e l o ccu rred . The m ech an ism  o f  th is  action re m a in s  obscure . I t  is n o t  in d u ced  
b y  th e  decrease in b lood  p re s su re . W e are n o t even  c e r ta in  w h e th e r v a s o d ila ta 
t io n  is  in v o lv ed  as a n o th e r  v a so d ila tin g  a g e n t, n itro g ly c e rin , fails to  in f lu 
en ce  A D H .

T h e  b est know n in h ib ito r s  o f A D H  re lease  a re  w a te r  a n d  e th an o l. W e 
h a v e  sh o w n  th a t  a m p h e ta m in e , a tro p in e  and  re se rp in e  h av e  a sim ilar in fluence .

I n fu s io n  o f  2 0  m l  1 0 X N a C l  
t h e  s a m e ,  b u t  t o g e t h e r  
w ith  0 . 5  m g  a t r o p in e  su b c u t

p u /m l  p la s m a

In fu s io n  o f  2 0  m l  10 % N a C l  
t h e  s a m e ,  b u t  t o g e t h e r  
w ith  0 - 0 1  b e n z e d r in e

F i g .  5

A m p h e ta m in e  and  a tro p in e  w ere  te s te d  in n o rm a l su b je c ts  w ho se rved  as th e ir  
ow n  c o n tro ls  [3, 4, 5]. W e p e rfo rm e d  a t f ir s t  th e  ro u tin e  te s t  w ith  h y p e rto n ic  
s a lin e  a n d  repeated  i t  th r e e  d ay s  la te r  a f te r  th e  su b cu tan eo u s  in jec tio n  of
0.5 m g  a tro p in e  or 0.01 g a m p h e ta m in e . In  sp ite  o f  th e  increase  o f o sm o la rity  
a f te r  th e  h yperton ic  sa lin e , n o  increase  in A D H  lev e l w as observed  (F ig . 5). In  
o th e r  w o rd s, p h a rm aco lo g ica l s tim u la tio n  o f th e  sy m p a th e tic  or in h ib itio n  o f 
th e  v a g u s  blocks th e  m o b iliz a tio n  o f A D H . T h is  f in d in g  h as  a p ra c tic a l a p p li
c a t io n . W e use a m p h e ta m in e  w herever a h igh  A D H  level p a r tic ip a te s  in  th e  
c lin ic a l sym pto m ato lo g y . A tro p in e  is less c o n v e n ie n t because  of its  u n p le a sa n t 
s id e  e ffec ts .

R eserp ine  was te s te d  in  r a ts .  Fig. 6 show s t h a t  i ts  a d m in is tra tio n  caused  
a r is e  o f  A D H  stores in  th e  n eu ro h y p o p h y sis , w h ile  th e  b lood  A D H  level de- 
c re a se d .T h u s  reserpine b y  b lo c k in g  th e  release o f A D H in to  th e  c ircu la tio n , has an  
e ffe c t oppo site  to  th a t  o f  a m y l n itr i te . So fa r  we do n o t  know  w h e th e r th e  sam e 
h o ld s  t r u e  for hum an  s u b je c ts  a n d  w hether th e  f in d in g  is of clin ical im p o rtan ce .
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th o u s a n d s

A D H  in s e r u m  o f  r a t s  b e fo r e  (B )  
a n d  a f t e r  ( A )  S e r p a s i l

F ig . 6

Inactiva tion  o f  ad iu re tin

A D H  is in a c tiv a te d  m ain ly  in  th e  liver a n d  th e  p la c e n ta , to  a lesser degree 
in  th e  k id n ey s an d  m u ch  less in  o th e r tissu es . U n d e r n o rm al con d itio n s i t  is 
n o t  possib le to  d e m o n s tra te  vasopressinase  a c t iv i ty  in  p lasm a. W e ad d e d  to  
se rum  (or p lasm a) an  a m o u n t o f A D H  to  a co n c e n tra tio n  o f 500 p u  p e r  m l. 
A fte r in cu b a tio n  a t  37 °C fo r 20 m inu tes, A D H  w as t i t r a te d  b ack . T h e  decrease 
o f A D H  a c tiv ity  w as exp ressed  in p er cen ts o f  i ts  o rig inal va lue .

In  10 n o rm al m en  a n d  20 n o n -p reg n an t w om en  th e  decrease  o f a c tiv ity  
w as e ith e r  m in im al, or in  m o st cases ab sen t. I n  30 h e a lth y  p re g n a n t w om en, 
how ever, th e  decrease o f  A D H  a c tiv ity  w as m a rk e d  [12, 14, 15, 16, 17]. Som e 
o f th e  prob lem s o f A D H  in a c tiv a tio n  will be d iscussed  below .

C linical syndrom es

P a th o lo g ica l co n d itio n s in  w hich th e  c lin ica l p a t te rn  is in fluenced  b y  A D H  
m ay  be grouped  as follow s.

(i) A D H  defic iency : d iab e tes  insip idus.
(ii) T a rg e t o rgan  fails to  respond : h e re d ita ry  renal d iab e tes  in sip idus, 

p o ta ss iu m  d ep le tio n , ad v a n c e d  p y e lo n ep h ritis .
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(iii) Excess of A D H : p r im a ry  an d  seco n d a ry  h y p e ra d iu re tism .
W e canno t add  new  kno w led g e  to  th e  clin ical syndrom es (i) a n d  (ii) 

e x c e p t  p e rh ap s  th e  a b o v e -m e n tio n e d  fu n c tio n a l te s ts  w ith  h y p e rto n ic  saline 
o r  a m y ln i t r i te  in h a la tio n .

H yperad iuretism

T h e  existence o f a p r im a ry  h y p e ra d iu re tism  w as re p e a te d ly  suggested  
a n d  a g a in  denied. E a rlie r  c lin ica l rep o rts  su ffe red  from  a basic  sh o rtco m in g ,
i.e . t h e  in d ire c t e s tim a tio n  o f  A D H  excess since no  re liab le  m e th o d  fo r i ts  e s ti
m a t io n  w as available. A th e o re tic a l  ob jec tio n  a g a in s t th e  co n cep t o f h y p er- 
d iu re t is m  w as th e  belief t h a t  a p e rm a n e n t excess of A D H  w ould soon lead  to  
w a te r  in to x ic a tio n . F ro m  e x p e rim e n ts  w ith  s im u ltan eo u s  a d m in is tra tio n  of 
A D H  a n d  w a te r we kn o w , h o w ev e r, th a t  a f te r  sev era l day s a s te a d y -s ta te  sets 
in ,  d u r in g  w hich h y p e rv o la e m ia  is acco m p an ied  b y  h y p o n a tra e m ia , th e  k id 
n e y s  re g a in  th e ir  c o n c e n tra tin g  pow er a n d  no w a te r  in to x ic a tio n  occurs. A 
c h ro n ic  h y p erad iu re tism  is th u s  th e o re tic a lly  possib le.

P rim a ry  hyperadiuretism . T h e  m edical l i te ra tu re  includes so fa r  re p o r ts  on 
a b o u t  30 cases. We h av e  seen  3 p a tie n ts  w ith  a v e rified  d iagnosis, a n d  a n o th e r  
p a t i e n t  in  whom  th e  c o n d itio n  w as susp ec ted . T h ree  o f ou r p a tie n ts  w ere  fe
m a le s  (ages 26, 36 and  44), o n e  w as a m ale (age 52). In  n e ith e r  o f th e  fem ales 
a r e la t io n  betw een th e  sy m p to m s  a n d  m e n s tru a tio n  w as estab lished . In  one of 
th e m  th e  syndrom e d ev e lo p ed  su b seq u en t to  in fec tio u s m ononucleosis, in  th e  
m a le  p a t ie n t  i t  had  b een  p re c e d e d  b y  a feb rile  illness o f u n k n o w n  (possib ly  
v ira l)  o rig in . In  th e  re m a in in g  tw o  fem ales we fa iled  to  a sce rta in  th e  cau se  of 
th e  c o n d itio n . The clin ical co u rse  w as sim ilar in  a ll p a tie n ts ;  i t  w as ch a ra c te riz e d  
b y  in te r m it te n t  w a te r re te n t io n  w ith  th i r s t  a n d  o liguria , in crease  o f  bo d y  
w e ig h t  (som etim es w ith  a n k le  oedem a). A ll p a tie n ts  suffered  from  h ead ach e , 
f a t ig u e , ady n am ia , an d  o fte n  from  insom nia . O ne fem ale h ad  occasiona l sei
z u re s . A f te r  days or w eeks, sp o n ta n e o u s  d iu resis h a d  been  re -e s tab lish ed  a n d  all 
s y m p to m s  d isappeared . A ll 4 p a tie n ts  p rio r  to  adm ission  to  o u r d e p a r tm e n t 
h a d  b e e n  tre a te d  elsew here w ith o u t success fo r m ig ra ine , e tc ., w ith  v a rio u s  
d iu re t ic s ,  horm ones, ana lg esics  or v itam in s .

D u rin g  the  c ritica l p e r io d  an  increased  b lood  A D H  a c tiv ity  w as d em o n 
s t r a t e d  in  th ree  p a tien ts . In  o n e  fem ale we fa iled  to  p ro v e  i t  th o u g h  h e r  course 
as w e ll as th e  th e ra p e u tic  re sp o n se  w ere id e n tic a l w ith  th o se  o b serv ed  in  o th e r  
p a t i e n t s .  N eith er of o u r p a t ie n ts  show ed a n y  m a jo r  c ran ia l o r c e reb ra l changes, 
b u t  in  th re e  of them  th e  E E G  w as a lte red  d u rin g  th e  period  of in c rea sed  A D H  
o u tp u t .  In  all p a tien ts  th e  se ru m  sodium  level w as decreased  d u rin g  th e  critica l 
p e r io d . A ll responded p ro m p tly  to  a m p h e ta m in e  th e ra p y . T he in c reased  b lood 
A D H  lev e l fell to  u n m e a su ra b le  va lues, so d ium  re tu rn e d  to  n o rm a l, d iu resis 
n o rm a liz e d , headache, f a tig u e  a n d  all o th e r  sy m p to m s d isap p eared .
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I n  ou r opinion, th e re fo re , p r im a ry  h y p e ra d iu re tism  is an a c tu a lly  ex is tin g  
b u t  ra re  clin ical e n tity  w hich  re sp o n d s re a d ily  to  am p h e tam in e , p ro v id e d  th a t  
th e re  is no  such  u n d erly in g  cause as a tu m o u r, e tc .

Secondary hyperadiuretism . In  ou r co n cep t th is  syndrom e is d u e  to  sodium  
re te n tio n . E nsu in g  h y p e ro sm o la rity  leads th e n  to  increase of A D H  p ro d u c tio n  
a n d  co n seq u en tly  to  w a te r  re te n tio n . I t  is n o t  c lear, how ever, how  f a r  a n d  how 
m u ch  can  th is  co m pensa ting  m ech an ism  ad d  to  th e  clinical sy m p to m s.

serum  
p u  A D H

80 A

60-

A0-

20 -

a
F ig . 7.

P re m e n s tru a l ten s io n .
A D H  level in  th e  blood

W e w ere in te re s te d  in  one o f  th e  sy n d ro m es inc luded  in th is  g ro u p , n am ely  
p re m e n s tru a l tension . I t  is a sso c ia ted  w ith  re te n tio n  of w a te r re s u lt in g  in  an 
in c rease  o f bo d y  w eigh t, w ith  o liguria , an o rex ia  or nausea , te n s io n  in  th e  
b re s ts , som etim es psych ic  d iso rd ers , even su ic id a l a tte m p ts . T he cau se  is so u g h t 
in  th e  ovaries. W e observed  16 w om en. T he cu rves of th e  basa l te m p e ra tu re  as 
w ell as th e  vag inal cy to logy  w ere suggestive  o f freq u en t a n o v u la to ry  cycles. 
D a ta  concern ing  p reg n an d io l e lim in a tio n  w ere n o t availab le . T h ese  p a tie n ts  
w ere fo llow ed up for severa l m o n th s . P la sm a  A D H  level was e s t im a te d  tw ice 
w eek ly . In  five w om en no  m ark ed  v a r ia tio n  o f  th e  A D H  ti tre  w as fo u n d , while 
in  11 w om en th e  t i t r e  show ed a reg u la r  in crease  up  to  values o f 37 /Ш p e r  m l, 
5 to  7 day s p rio r to  th e  onse t o f  m e n s tru a tio n  (see Fig. 7). D u rin g  th is  tim e 
so d ium  re te n tio n  was alw ays p re se n t. O ur o b se rv a tio n s are n o t y e t  co n c lu d ed . 
T h u s  fa r , w here ro u tin e  tr e a tm e n t  w ith  sa lu re tic s  an d  gestagens fa ile d  to  a c t, a 
ben efic ia l effect was observed  a f te r  a m p h e ta m in e  an d , su rp ris in g ly , a lso  a fte r  
o x y to c in  tre a tm e n t.
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R ela tive  hyperad iuretism

I n  th is  in te re s tin g  c o n d itio n , ADH p ro d u c tio n  is no rm al b u t  its  e n z y m a 
tic  in a c tiv a tio n  is d is tu rb e d . S ince vasopressinase  is p ro d u ced  p re d o m in a n tly  in 
th e  l iv e r  an d  the  p la c e n ta , w e stud ied  th e  A D H  levels  in  p a tie n ts  d isp lay in g  
d is tu rb a n c e s  of these  tw o  o rg an s .

L iver . The s tu d y  in c lu d e d  25 p a tien ts  w h o  h a d  recovered  from  in fec tio u s 
h e p a t i t is  and  in w hom  s l ig h t  hepa tic  lesion p e rs is te d , an d  fu r th e r  5 p a tie n ts  
w ith  ad v an ced  cirrhosis o f  t h e  liver. The p o s th e p a t ic  sub jec ts  d id  n o t  differ 
f ro m  th e  norm al ones. T h e  c irrh o tic s , how ever, p re s e n te d  some dev ia tio n s. I n  all 
30 p a t ie n ts  diuresis w as in d u c e d  by w ater w ith  s im u ltan eo u s  in jec tio n  o f  0.3
I . U . o f  A D H . S u b se q u e n tly  th e  delay of d iu re s is  as w ell as th e  d isap p earan ce  
o f  exogenous A D H  fro m  b lo o d  were observed. T h e  re su lts  were as follow s.

P osthepatic Advanced liver
sta te cirrhosis

D isappearance o f  A D H  from  blood 45 ' 60'

D elay of induced  d iu re s is  a fte r ADH 60 ' 90'

T h e  resu lts w ere su g g e s tiv e  of a decreased  h e p a tic  vasopressinase a c tiv ity  
in  a d v a n c e d  hepa tic  c ir rh o s is , as shown b y  th e  d e la y  in  th e  in a c tiv a tio n  of 
in je c te d  A D H  as w ell as b y  th e  delay in th e  o n se t o f  in d u ced  d iuresis. V aso p res
s in a se  deficiency w as, h o w e v e r , n o t so co n sid e rab le  as to  m an ifest i ts e lf  in  an 
in c re a se d  blood A D H  le v e l;  i t  was only a p p a re n t  a f te r  w a te r  load , as a re la tiv e  
ex cess . T h is was n o t d u e  to  h y p ero sm o la rity , th e  sod iu m  levels in  th e  p a tie n ts  
w ere  e ith e r  decreased o r  n o rm a l. A dvanced liv e r  c irrh o sis  is, th u s , n o t asso c ia ted  
w ith  hypersecre tion  o f  A D H  b u t ra th e r  w ith  a defic iency  o f its  en zy m a tic  
in a c tiv a tio n .

Placenta. As a lre a d y  m en tio n ed , we h a v e  in v e s tig a te d  w h e th e r n o rm a l 
p re g n a n c y  was asso c ia ted  w ith  an  increase o f  th e  vaso p ressin ase  t i t r e  in  b lood . 
50 sam p les  of p lasm a (o r se ru m ) A D H  were a d d e d  to  th e  co n cen tra tio n  o f 500 pu  
p e r  m l. In  an  a liquo t th e  a d d e d  A D H  was im m e d ia te ly  t i t r a te d  back . T h e  sec
o n d  p o rtio n  was in c u b a te d  a t  37 °C for 20 m in . a n d  th e  A D H  ti t r e  w as e s ti
m a te d  subsequen tly . D e c re a se  of ac tiv ity  w as ex p ressed  in  p er cen ts  o f  th e  
v a lu e  o b ta in ed  p rio r to  in c u b a tio n . The course  o f  th is  in a c tiv a tio n  w as s tu d ie d  
th ro u g h o u t a norm al p re g n a n c y  in  30 w om en. P la s m a  from  10 m en a n d  20 non- 
p re ig n a n t women se rv ed  as con tro ls . Men a n d  n o n p re g n a n t w om en w ere  u n ab le  
to  n a c t iv a te  A D H . O a  th e  o th e r  hand , in p r e g n a n t  w om en th e  vaso p ressin ase  
t i t r e  b eg an  to  rise to w a rd s  th e  end of th e  se c o n d  m o n th  of p reg n an cy  an d  
re a c h e d  its  peak (up to  100 p e r cent) in th e  s e v e n th  m o n th . A fter d e liv e ry  it  
sh o w ed  a sharp  decline a n d  d isap p eared  c o m p le te ly  w ith in  4 weeks.
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T hus, p reg n an cy  is asso c ia ted  w ith  a s u b s ta n t ia l  increase of th e  A D H  in 
a c tiv a tin g  c a p ac ity  o f b lood . In  th e  sev en th  m o n th  1 m l of serum  is ca p a b le  of 
in a c tiv a tin g  as m u ch  as 500 p u  of A D H  in 20 m in u te s . D ue to  th is  a b ili ty  i t  is 
n o t possible to  d e m o n s tra te  in  these  w om en A D H  in th e  blood. T he p la c e n ta l 
vasopressinase in a c tiv a te s , how ever, only th e  free  A D H . I t  does n o t in flu en ce  
th e  b o u n d  frac tio n  w hich  is capab le  of e lic itin g  a response in  th e  k id n e y s , too .

N U M B E R  O F  
S U B J E C T S

30 29 22

too
P E R C E N T  X

OF 75- 
P O S I T I V E  

E I N D I N G S  

O F  A D H  50' 
I N  T H E

B L O O D  25■

or.

WÊÊPÚ I f f
т т ш т

éÊÊÊÊÊwÊÊÊmшшшш.
ШШШШШ

N O R M A L
P R E G N A N C Y

M I L D
T O X E M I A

S E V E R E
T O X E M I A

F ig . 8. P resen ce  of A D H  in  th e  b lo o d  in pregnancy

T herefo re  no d iab e te s  in sip id u s develops in  p re g n a n c y . T he m ean ing  o f  th e  in 
crease of v asop ressinase  a c t iv i ty  during  p re g n a n c y  rem ains obscure.

Late toxaem ia o f  p regnancy. The s itu a tio n  here  is q u ite  d iffe ren t, as is 
seen in  F ig . 8. A lto g e th e r 51 p a tie n ts  w ere s tu d ie d . O u t of 29 w om en su ffe ring  
from  a m ild  fo rm  o f to x a e m ia  10 showed an  in c rea se  of th e  b lood A D H  level. 
Severe to x aem ia  w as p re se n t in  22 w om en a n d  o u t o f these 21 h a d  in c rea sed  
A D H  levels. T he increase  w as p ropo rtio n a l to  th e  sev e rity  of to x aem ia . In  p re 
ec lam p tic  to x aem ia  e x tre m e  values up to  100 p u  p e r  m l of p lasm a, or even  m ore 
o f  A D H  w ere fo u n d . T h is difference was so s tr ik in g  as com pared  to  n o rm a l 
p reg n an cy  th a t  i t  has m ad e  us to  suppose t h a t  A D H  is in some w ay  in v o lv ed  in 
th e  pa thogenesis  o f  to x a e m ia  o f pregnancy . T h e  in crease  of th e  A D H  leve l has 
a p rognostic  v a lu e ; excessive t i tre s  in d ica te  im m in e n t eclam psia.

I t  is im p ro b ab le  t h a t  an  overp ro d u c tio n  o f  A D H  should  h av e  ta k e n  p lace. 
T he m ain ten an ce  o f an  A D H  level o f e.g. 100 ^ u  p e r  ml of p lasm a w ould  req u ire  
a p p ro x im a te ly  a th o u sa n d fo ld  increase of its  p ro d u c tio n  b y  th e  n e u ro h y p o p h y 
sis. T his o rgan , how ever, does n o t possess su ch  a h igh  fu n c tio n a l c a p a c ity . M ore 
p ro b ab le  is th e re fo re  a red u c tio n  of vaso p ressin ase . A nd th is again  c a n n o t be 
due  to  h ep a tic  d iso rder. A ce rta in  deficiency o f  th e  enzym e is found  in  v e ry  se-
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v e re  a n d  advanced  cases o f  h e p a tic  c irrhosis o n ly  an d  h ep a tic  lesions o f  th is  
d e g re e  do n o t occur in  to x a e m ia  o f p reg n an cy . T h is p o in ts  to  th e  ro le  o f  th e  
p la c e n ta .

W e h ad  therefo re  to  a sc e r ta in  w h e th e r th e  p lacen ta  itse lf  c a n n o t b e  th e  
so u rc e  o f  th e  excessive a m o u n t o f A D H . T e n  p lacen ta s  from  n o rm a l a n d  10 
f ro m  to x a e m ic  p regnancies w ere  exam ined , b u t  no  tra c e  of A D H  a c t iv i ty  w as 
fo u n d  in  them .

pu ADH/ml plasma 
50-,

40-

30-

2 0 -

70-

0 - LTTTTTTJ normal

F ig . 9. A D H  bood  level in  u n t r e a te d  m yxoedem a

S u b seq u en tly , b lo o d  vaso p ressin ase  a c t iv i ty  w as e s tim a ted  in  to x a e m ia  
o f  p re g n a n c y  in  a s im ila r w a y  as described  ab o v e . T he d ifference w as  again  
s t r ik in g . W hile th e  b lo o d  o f  w om en w ith  n o rm a l p regnancy  w as c a p a b le  of 
in a c t iv a t in g  A D H  v e ry  e ffec tiv e ly , th e  b lo o d  o f  to x aem ic  p a tie n ts  o f p re g n a n c y  
h a s  co m p le te ly  lost th is  c a p a c ity .

T h u s  we believe t h a t  p la c e n ta l v a so p ressin ase  is lack ing  in  to x a e m ia  of 
p re g n a n c y  w hich we th e re fo re  classify  w ith  th e  s ta te s  o f re la tiv e  h y p e ra d iu re -  
t is m  d u e  to  deficient e n z y m a tic  in a c tiv a tio n  o f  A D H .

T hyroid . H y p e rth y ro id ism  is u su a lly  asso c ia ted  w ith  h ig h er d iu resis , 
w h ile  in  h y p o th y ro id  su b je c ts  u rine  o u tp u t  is less th a n  in  n o rm a l in d iv id 
u a ls . A  possible co n n ec tio n  w ith  A D H  seem ed  of in te re s t. T h e  e s tim a tio n  
o f  A D H  in  th e  p la sm a  o f  7 p a tie n ts  su ffe rin g  from  m y x o ed em a show ed 
in c re a se d  levels in all o f th e m  (F ig . 9). W e h a d  th e n  to  decide w h e th e r  th is  w as 
d u e  to  an  increased p ro d u c tio n  or to  a d ec reased  in a c tiv a tio n  of A D H . E x p e r i
m e n ts  w ere carried  o u t in  12 m ale ra ts . A n o th e r  group of 12 r a ts  se rv ed  as 
c o n tro ls . T he an im als rece iv ed  m e th y lth io u ra c il fo r 4 weeks. T he a r tif ic ia l h y 
p o th y ro id ism  gave rise b y  th e  w ell-know n feed -b ack  m echanism  to  an  in c rea sed  
o u tp u t  o f p itu ita ry  th y ro tro p ic  horm one. T h e  questio n  now  w as w h e th e r  th e
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in crease  in  T S H  will be follow ed b y  a c o n c o m ita n t increase in A D H . T h e  m ean  
A D H  c o n te n t in  th e  n eu ro h y p o p h y sis  w as 158.000 /ли in  th e  c o n tro ls  an d  
180.000 /tu  in  th e  r a ts  t r e a te d  w ith  m e th y ltliio u ra c il. T he d ifference  d id  n o t 
reach  s ta tis t ic a l  sign ificance. A D H  values in  th e  b lood  were id en tica l in  th e  tw o 
g roups.

T h e  second ex p e rim en t w as carried  o u t in  h u m a n  sub jec ts . T en  in d iv id u a ls  
w ith  a n o rm al m etab o lic  ra te , 10 p a tie n ts  w ith  th y ro to x ico sis , a n d  7 p a tie n ts  
w ith  m y x o ed em a received  20 m l of te a  p e r k g  o f b o d y  w eight, a n d  su b se q u e n t 
d iu resis  w as recorded . On th e  n e x t d ay  th e  e x p e rim e n t was re p e a te d , y e t  th is  
tim e  w ith  a sim u ltan eo u s in jec tio n  of 0.3 I .  U . o f A D H . This d e lay ed  th e  d iu re 
sis in  n o rm a l in d iv id u a ls  to  60 m in ., in  th y ro to x ic o s is  to  30 m in ., in  m y x o ed em a 
to  90 m in . T hese find ings are  suggestive  o f  th e  in a c tiv a tio n  o f A D H  being  
a c c e le ra te d  in  th y ro to x ico s is  an d  slow ed dow n in  m yxoedem a.

T h e  n e x t questio n  to  be decided  w as w h e th e r  th y ro x in e  a c te d  d irec tly  
on th e  k id n ey s , e.g. b y  in creasin g  th e  s e n s it iv ity  to  A D H  of th e  tu b u le s . T hese 
s tu d ie s  w ere ca rried  o u t in  o u r la b o ra to ry  b y  P a c o v sk y  [19]; th e y  show ed  th a t  
th y ro x in e  does n o t increase  th e  se n s itiv ity  to  A D H  of th e  tu b u le s . O u r re su lts  
th u s  suggest th a t  th y ro x in e  in fluences th e  in a c tiv a tio n  of A D H  in  tis su es . As 
co m p ared  to  th e  p la c e n ta , th is  effect is o f  m in o r im p o rtan ce . I t  is , how ever, 
ju s tif ie d  to  inc lude  m yx o ed em a in to  th e  c a te g o ry  o f re la tiv e  h y p e ra d iu re tism .
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ACTA M E D IC A

ТОМ XX III — ВЫП. 1

Р Е З Ю М Е

ЧАСТИЧНАЯ ДИССОЦИАЦИЯ ПРАВОГО Ж ЕЛУДОЧКА (МЕХАНИЧЕСКАЯ  
АТРИАЛИЗАЦИЯ) ПРИ АНОМАЛИИ ЭБШТЕЙНА

к. ЛОЖАДИ и к. ШАРКЁЗИ

Авторы наблюдали при произведении операции по поводу аномалии Эбштейна 
функциональную атриализацию анатомически атриализованного проксимального пра
вого участка желудочка, причем упомянутый учасгов желудочка совершал с пред
двериями синхронные преддверные сокращения. Изменения ритма вызвало падение 
кровяного давления, которое удалось нормализовать лишь вливанием норадреналина.

Авторы стараются, на основании косвенных доказательств, сообщенных в специаль
ной литературе, найти объяснения для указанных гемодинамических изменений, вызван
ных нарушением ритма.

ИЗМ ЕНЕНИЯ СОДЕРЖАНИЯ РИБОНУКЛЕИНОВОЙ КИСЛОТЫ 
В ПЕЧ ЕН И  КРЫС ПОД ВЛИЯНИЕМ ХЛОРИСТОГО АММОНИЯ

А. БАШ и Ф. ЙО

После введения 0,1 г хлористого аммония через день в течение 20 дней авторы 
исследовали у животных гистохимическим, биохимическим и электронномикроскопи
ческим методом изменения печеночной ткани. Гистологическим методом исследования 
была выявлена повышенная пиронинофилия клеток печени. Под электронным микроско
пом наблюдалась богатая организованная эргастоплазма, а количественным методом было 
отмечено повышение концентрации рибонуклеиновой кислоты на 24,8%, по сравнению 
с контрольными животными. На основании вышесказанного авторы предполагают, что 
введение хлористого аммония, в указанной выше дозе, вызывает в клетках печени повы
шение синтеза белков.

ДЕЙСТВИЕ ЭКСТЕРОЦЕПТИВНЫХ РАЗДРАЖ ЕН И Й  НА КРОВООБРАЩ ЕНИЕ  
НОРМАЛЬНЫХ КРЫС И КРЫС С ГИПЕРТОНИЕЙ ГРОЛЛМАННА

3. САБО, Л. ТАКАЯ, Т. ГАТИ и К. ДЬЕНГЕ

В кровообращении нормальных крыс и крыс с гипертонией Гроллманна (в бодр
ствующем или наркотизированном состоянии) наблюдаются следующие изменения минут
ного объема, распределения минутного объема и кровяного давления:

1. По сравнению с наркотизированными контрольными животными для крово
обращения бодрствующих крыс характерно значительное повышение минутного объема, 
перераспределение минутного объема (высокая костно-мышечная фракция при низкой 
почечной и висцеральной фракциях).

2. Оценка изменений показателей кровообращения, наблюдаемых при гипертонии 
Гроллманна, затруднялись у бодрствующих животных стрессом от возбуждения, а у 
наркотизированных крыс значительным понижением гипертонического кровяного дав
ления. Эксперименты авторов указывают на то, что в развитии гипертонии Гроллманна 
может участвовать также высокий минутный объем, в то время как повышенная коронар
ная фракция бодрствующих животных с гипертонией и повышенная костно-мышечная 
фракция наркотизированных крыс гипертонической группы указывает на перераспре
деление минутного объема.
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ИССЛЕДОВАНИЯ П РИ ЭКСПЕРИМЕНТАЛЬНОМ ОТЕКЕ ЛЕГКИХ

I. Данные к патомеханизму возникновения отека легких, вызванного гипероксией
Э. МАКЛАРИ, М. КЕЛЛНЕР, А. КАДАР, А. Г. Б. КОВАЧ и 

Д. ГОТТЗЕГЕН

Было установлено, что в атмосфере с высоким давлением кислорода, повышение 
р 0 2 уменьшает время выживания крыс и ускоряет развитие отека легких. Тканевую  
гиперкапнию можно выявить сперва в мышцах, затем в мозге и печени, а отек легких у 
большинства животных развивается лишь после этого.

Добавление С02 еще усиливает вредное действие высокого давления кислорода, 
и ускоряет возникновение нарушения легких.

ИССЛЕДОВАНИЯ ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ОТЕКЕ ЛЕГКИХ

II. Действие дибензилина при отеке легких, вызванном гипероксией
Э. МАКЛАРИ, М. КЕЛЛНЕР, Г. Б. А. КОВАЧ и 

Д. ГОТТЗЕГЕН

Авторы исследовали действие дибензилина, блокирующего симпатические а-рецеп- 
торы, на развитие отека легких, вызванного высоким давлением кислорода.

Было установлено, что после предварительной дачи дибензилина увеличивается 
время выжывания животных, содержавшихся в атмосфере с высоким давлением кисло
рода, однако, дибензилин не препятствует развитию отека легких.

У  животных, получивших дибензилин, наблюдалась незначительная тканевая 
гиперкапния, однако, без поражения легких.

П осле введения дибензилина, у  животных, находящихся в атмосфере с высоким 
давлением кислорода, содержание СО, в тканях дальше не повысилось. Усиливающее 
нарушение легких действие сильной тканевой гиперкапнии, вызванной добавлением СО, 
к вдыхаемому кислороду, также было предотвращено дачей дибензилина.

Н а основании результатов авторы полагают, что тканевую гиперкапнию или 
повышенную активность симпатической нервной системы сами по себе нельзя считать от
ветственными за возникновение отека легких, вызванного гипероксией.

ИССЛЕДОВАНИЯ ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ОТЕКЕ ЛЕГКИХ

III. Действие симпатиколитиков на адреналиновый отек легких у крыс
М. К Е Л Л Н Е Р, Э. МАКЛАРИ и А. Г. Б. КОВАЧ

Внутривенное введение адреналина крысам вызывало у всех животных судороги, 
и привело затем к смерти от тяжелого отека легких. Предварительная дача не предотвра
тила ни появления судорог, ни возникновения отека легких и, следовательно, не изме
нила времени выживания животных. Предварительная дача дибензилина у всех живот
ных препятствовала возникновению судорог и развитию отека легких, и животные еще 
через 48 часов после введения адреналина находились в хорошем состоянии.

19—20 СЛУЧАЕВ НАСЛЕДОСТВЕННОЙ ТРИСОМИИ В СЕМЬЕ С 
МНОГОЧИСЛЕННЫМИ ВРОЖ ДЕННЫМИ АНОМАЛИЯМИ

Л. МОШОНЬИ, Д. ШУЛЕР, Е. A4 и Ш. КИШШ

Авторы сообщают о семье, в которой в четырех поколениях наблюдались много- 
чиселенные врожденные аномалии, чаще всего почек (поликистозные почки) и вывих 
бедра. На пяти членах указанной семьи были проведены определения хромосом. Карио- 
граммы предположительного исходного лица, имевшего многочисленные аномалии раз
вития, и его высокорослой, но в остальном здоровой дочери показали 46/47 мозаичную 
F-трисомию.
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МЕХАНИЗМ ДЕЙСТВИЯ КОРТИКОСТЕРОИДОВ В ПРОФИЛАКТИКЕ И 
ТЕРАПИИ ШОКА. ДЕЙСТВИЕ ПРЕДНИЗОЛОНА В АДРЕНАЛИНОВОМ И 

НОРАДРЕНАЛИНОВОМ ШОКЕ
Д. САБО, Э. ШАТОРИ и Г. ГАНТНЕР

У собак в необратимом шоке, вызванном вливанием норадреналина, феноксибен- 
замин в дозе 0,5 мг на кг веса тела оказывает выраженное защитное действие. Половина 
животных выживает после шока. Большая доза преднизолона не имеет терапевтического 
или защитного действия, а даже уменьшает выживаемость животных приблизительно на 
половину и повышает прессорное и вызывающее гемоконцентрацию действия норадре
налина. По мнению авторов предположение, согласно которому профилактическое или 
терапевтическое действие кортикостероидов основывается на блокаде адренергических 
концевых аппаратов, не является вероятным.

ОСТРАЯ НЕДОСТАТОЧНОСТЬ ПОЧЕК, ВЫ ЗВА Н Н А Я  У БОДРСТВУЮЩИХ
СОБАК

И. ТАРАБА, Э. БЕНЕДЕК, Л . МОЛЬНАР и Л. ШТИАСНИ

1. У 13 собак с одной почкой авторы проводили безболевое ишемизирование почек 
на протяжении двух часов. 10 из 13 животных погибли с симптомами уремии, а трое 
собак жили еще после 14 дневного периода наблюдения.

2. При оценке результатов лабораторного и гистологического исследования по
гибших и выживших животных можно установить, что симптомы этой патологической 
картины в общем и целом идентичны с симптомами острой недостаточности почек у чело
века.

3. На основе полученных результатов и прежних сообщений авторы предпола
гают, что в возникновении болезни участвует рефлекторный процесс, переключающийся 
в центральной нервной системе и вызывающий в почках продолжительную ишемию.

ДЕЙСТВИЕ ИШЕМИИ НА СЕКРЕЦИЮ КОРТИКОСТЕРОИД КОРОЙ 
НАДПОЧЕЧНИКОВ У КРЫС

М. ДАВИД и К. КОВАЧ

Авторы на протяжении различного времени прекратили у крыс кровообращение 
в надпочечниках и исследовали, какие изменения вызывает местная ишемия в тканях, 
в весе, в кровотоке надпочечников и в секреции кортикостерона in vivo.

Было установлено, что двухчасовое лигирование надпочечниковых кровеносных 
сосудов вызывает в исследуемом органе обширный некроз. Выделение кортикостерона 
прекращается. Лигирование артерий в течение часа вызывает в корковом слое очаг овые 
инфаркты. Понижается также секреция кортикостерона. Введением АКТГ не удалось 
повысить выделения кортикостерона. Это указывает на тэ, что клетки коры надпочеч
ников, вследствие ишемии, утратили свою чувствительность в отношении стимулирую
щего действия АКТГ. После лигирования надпочечников в течение 30 минут некрозов не 
наблюдалось, но секреция кортикостерона уменьшилось и в таком случае.

Результаты исследований указывают на то, что в патологических условиях на 
выделение кортикостерона, помимо АКТГ, влияет также снабжение надпочечников 
кислородом.

НЕДОСТАТОЧНОСТЬ ПОЧЕК, ВЫ ЗВА Н Н А Я  У КРОЛИКОВ  
ВЛИВАНИЕМ УРАТА

Исследование роли уратов в деле возникновения шоковой почечной недостаточности 
в экспериментах на животных

Д. БОДА, Й. ХАРИ и Д. СИНАИ

Согласно результатам опытов на животных быстрое выделение парентерально вве
денной мочевой кислоты вызывает в почках накопление уратов, их выпадение в каналь
цах и вторичное тяжелое нарушение почек.
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При умеренном шоке вследствие кратковременного лигирования конечностей в 
значительной мере повышается чувствительность организма в отношении вредного дей
ствия урата на почки.

Вышеприведенные данные подкрепляют предположение, согласно которому склон
ность человеческого организма к шоковой недостаточности почек объясняется характер
ными для человека особенностями обмена мочевой кислоты.

ИССЛЕДОВАНИЕ АНТИДИУРЕТИЧЕСКОГО ГОРМОНА 

Й. ХАРВАТ и В. ХОЛЕЧЕК

Метод Джеффера для определения АДГ в крови авторы модифицировали для  
выявления 1 микроединицы АДГ в I мл плазмы.

У нормальных, хорошо гидрированных людей, в крови не удалось выявить анти- 
диуретической активности. Функциональная способность нейрогипофиза может быть 
изучена при помощи внутривенного введения 20—25 мл 10-процентного раствора по
варенной соли. После этого концентрация АДГ повышается в плазме в пределах 20 минут 
до 15—30 мкг/мл. Подобную реакцию можно получить при помощи ингаляции амил- 
нитрита. Амфетамин и атропин вызывают торможение выделения АДГ даже после сти
мулирования осморецепторов посредством повышения осмолярности. Следовательно 
амфетамин мож но использовать при лечении первичного гиперадиуретизма, а подчас 
даже при лечении предменструальной напряженности.

Энзиматическая инактивация А ДГ имеет значение в некоторых случаях вторич
ного гиперадиуретизма. У мужчин и у небеременных женщин нельзя выявить актив
ности вазопрессиназы в крови. В случае беременности такая активность начинается к 
концу второго месяца и достигает своего максимума на седьмой месяц беременности и 
резко падает после родов. Вазопрессиназа происходит из плаценты. При токсемии бере
менных, однако, ее выделение недостаточное, в результате чего содержание АДГ в крови 
начинает повышаться.

При тяжелой недостаточности печени вазопрессиназная активность печени по
нижается. При отсутствии лечения микседемы наблюдается иногда некоторое повышение 
содержания А Д Г  в крови, вызванное недостаточной инактивации АДГ в перифериче
ских тканях.
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IRON METABOLISM AND ANAEMIA IN SYSTEMIC 
LUPUS ERYTHEMATOSUS AND RHEUMATOID

ARTHRITIS
B y

T . B u r g e r , G y . B r a s c h  and B .  K e s z t h e l y i

FIRST DEPARTMENT OF MEDICINE (DIRECTOR: PROF. I. BARTA), UNIVERSITY MEDICAL SCHOOL, PÉCS

(R eceived  M ay 6, 1966)

S tud ies w ith  59F e  h av e  show n iro n  m etab o lism  to  be co n sid e rab ly  in c reased  in 
S L E  an d  rh e u m a to id  a r th r i t is .  59Fe u tiliz a tio n  w as decreased  in  7 o u t  o f  11 p a tie n ts  
w ith  SL E  a n d  in  7 p a tie n ts  w ith  rh e u m a to id  a r th r i t is .  In c reased  a c t iv ity  w as found  
over th e  liver a n d  th e  sp leen , w here th e  iro n  is s to re d  p ro b a b ly  in  th e  fo rm  o f  a  com plex 
n o t g iving th e  P ru s s ia n  b lue  reac tio n . T h e  an ae m ia  is a tt r ib u te d  to  th re e  fa c to rs :  in 
su ffic ien t bone  m arro w  a c tiv ity , sh o rte n ed  life  sp a n  o f e ry th ro c y te s , a n d  a  m o d era te  
degree of iro n  defic iency .

R h eu m ato id  a r th r i t i s  is associa ted  w ith  co n n ec tiv e  tissue  ch an g es  w hich 
h a v e  m ucii in com m on w ith  th o se  in collagenosis. T herefo re , rh e u m a to id  a r 
th r i t i s  has recen tly  been  g ro u p ed  w ith  th e  o th e r  collagénoses such  as system ic 
lu p u s  e ry th em a to su s  (S L E ), scleroderm a, p e r ia r te r it is  n odosa , th ro m b o p én ie  
p u rp u ra , and  d e rm a to m y o s itis . C linically , a ll th e se  diseases a ie  ch a ra c te riz e d  
b y  a m ore or less severe  anaem ia .

A m ong th e  h aem a to lo g ica l a lte ra tio n s , an aem ia  is w ell-know n in SLE, 
a lth o u g h  opinions s till d iffer concern ing  its  o rig in  [20, 1, 6, 8, 12, 13, 14]. 
A ccord ing  to  H a r g r a v e s  e t al. as w ell as H e i n i v a a r a  e t al. i t  is cau sed  by  
iro n  deficiency, w h ereas  th e  m a jo rity  o f a u th o rs  re g a rd  i t  as a consequence 
o f  som e au to im m u n e  h aem o ly tic  process [14, 6, 1, 20, 21]. Y e t, ju d g in g  from  
th e  d a ta  in th e  l i te r a tu r e  an d  our own experience, S L E  anaem ia  accom pan ied  
b y  ja u n d ic e  is a ra re  c o n d itio n . H ow ever, n e ith e r  an  increase in  th e  in d irec t 
se ru m  b ilirub in  level n o r  th e  d em o n stra tio n  o f  a n tie ry th ro c y tic  an tib o d ies  
s u p p o r t th e  h a e m o ly tic  orig in  an d  o th e r  fa c to rs  m u s t he re sp o n sib le  fo r such 
an aem ias.

T here is a la rg e  l i te ra tu re  on th e  q u es tio n  o f  anaem ia  a sso c ia te d  w ith  
rh e u m a to id  a r th r i t is .  S ev era l au th o rs  id en tified  th e  m echan ism  o f th is  anaem ia  
w ith  th e  processes o b se rv ed  du ring  in fec tion . T h u s , th e  a p p a re n t iro n  deficiency 
in  in fectious disease is d u e  to  th e  increased  iron  tu rn o v e r . R e ticu lo en d o th e lia l 
iro n  s to rag e  increases a n d  iron  u tiliz a tio n  decreases . A n essen tia l f a c t  is th a t  
iro n  tu rn o v e r  c o n sid e rab ly  increases w hile iron  a b so rp tio n  re m a in s  norm al. 
T h e  abso rbed  iron  is n o t, how ever, used  fo r h aem og lob in  sy n th es is  b u t  sto red  
in  th e  R E S . A t th e  sam e tim e  th e  life sp an  o f th e  e ry th ro c y te s  is sh o rten ed  
[25, 17]. S im ilar e v e n ts  can  be seen in  rh e u m a to id  a r th r i t is ,  w h en  en te ra l

1 Acta Medica Academiae Scientiarum Hungaricae 23, 1967
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i ro n  ab so rp tio n  is n o rm a l b u t  59Fe quickly  d isa p p e a rs  from  b lood , a n d  th e  life 
s p a n  o f  th e  red  corpuscles b ecom es m o d era te ly  sh o rte n e d  [15, 24, 27, 4].

T h e re  is a d iv e rs ity  o f  o p in io n  concerning th e  se ru m  iron  b in d in g  c a p a c ity . 
S o m e au th o rs  have fo u n d  i t  to  be  decreased  o r  v a ry in g  w ith  th e  s tag e  a n d  
a c t iv i ty  o f the  d isease, w h ile  o th e rs  observed  no  ch an g e  [22, 23, 11, 18].

C linical ex p erim en ts  as  w ell as th e  s tu d ies  o f  J e f f r e y  on b one  m arro w  
c u l tu re s  ind ica te  t h a t  iro n  d efic ien cy  also p lay s  a  ro le  in  th e  a n aem ia  [16, 26]. 
H o w e v e r , iron tr e a tm e n t  is o n ly  effective in  cases o f  low  rh e u m a tic  a c tiv ity , 
w h ile  an aem ia  m an ifests  i t s e l f  in  ac tive  an d  sev ere  cases. R e ticu lo en d o th e lia l 
i ro n  s to ra g e  is n o t in c re a se d  in  every  case. In  th e  a u to p sy  m a te r ia l  o f G a r d 

n e r  e t  a l. a double a m o u n t o f  iro n  was found  in  th e  sp leen  b u t  m a in ly  in  cases 
t r e a t e d  w ith  iron b y  th e  in tra m u sc u la r  or in tra v e n o u s  ro u te  [26, 10]. D i x o n  

e t  a l . d em o n stra ted  a c o n s id e ra b le  increase o f  p la sm a  vo lum e in  rh e u m a to id  
a r th r i t i s  an d  suggested  t h a t  d ilu tio n  of blood  p la y e d  a role in  th e  an aem ia  [7].

I n  add ition  to  th e se  f a c to rs , a fu n c tiona l d is tu rb a n c e  in  th e  b o n e  m arro w  
sh o u ld  also be considered  in  b o th  SLE and  rh e u m a to id  a r th r it is  [9, 27, 2, 19]. 
T h u s , i t  seem ed w o rth w h ile  to  s tu d y  iron m e ta b o lism  w ith  59F e  in  th e  above 
c o n d itio n s .

Material and method

T h e  clinical m a te ria l c o n s is te d  of 9 p a tie n ts  w ith  S L E , 11 w ith  rh e u m a to id  a r th r i t is ,  
o n e  p a t i e n t  w ith  p e r ia r te r itis  n o d o sa  a n d  one w ith  S jo g ren ’s sy n d ro m e . T h e  age of th e  p a tie n ts ,
14 fe m a le s  an d  8 m ales, w as b e tw e e n  25 an d  60 years.

M o st o f th e  p a tie n ts  re c e iv e d  no an tian aem ic  t r e a tm e n t  a t  th e  tim e  o f e x a m in a tio n , i.e. 
no  i r o n  co n ta in in g  drug , g ly c o c o rtic o id  o r blood tran s fu s io n  w as g iven. T h ree  p a tie n ts ,  w hose 
c o n d it io n  m ad e  i t  necessary , re c e iv e d  predniso lone; e x a m in a tio n  w as c a rried  o u t  d u rin g  th is  
t r e a tm e n t .  In  addition  to  ro u t in e  h aem ato lo g ica l s tu d ies , th e  se ru m  iro n  leve l w as e s tim a te d  
a n d  a  re ticu lo c y te  coun t w as d o n e . B one  m arrow  p u n c tu re  w as also p e rfo rm ed  on  som e occa
sio n s . I r o n  m etabolism  w as s tu d ie d  w ith  59Fe b y  a  m e th o d  d esc rib ed  p rev io u s ly  [5]. T en  to
15 fiC  o f  59F e  were ad ded  to  th e  s e ru m  o b ta in ed  from  fa s tin g  p a tie n ts . T h e  m ix tu re  w as th en  
in c u b a te d  fo r a sh o rt tim e  a n d  re in je c te d  in trav en o u s ly . T h e re a f te r , th e  d isa p p ea ran c e  of 59Fe 
f ro m  th e  p lasm a  was checked  a t  1 /4 , 1/2, 1, 2, 3 an d  4 h o u rs  a f te r  re in jec tio n . A c tiv ity  o f  th e  
e r y th r o c y te s  as well as th e  a c t iv i ty  over th e  liver, sp leen  a n d  bone  m arro w  w as m easu red  
a f te r  1, 4 , 8 an d  12 days. T h e  life  sp a n  of th e  e ry th ro c y te s  w as d e te rm in ed  b y  m ean s of 51Cr 
in  6 p a t i e n ts  w ith  SL Ë  a n d  5 p a t i e n ts  w ith  rh e u m a to id  a r th r i t is .  L abelling  w as c a rried  o u t 
in  v itro ,  acco rd ing  to th e  u su a l p ro c e d u re , viz. 15 m l o f w ho le  b lo o d  w ere ad d ed  to  5 m l o f  ACD 
(a c id -c itra te -d e x tro se )  so lu tio n  a n d  th e  m ix tu re  w as in c u b a te d  w ith  60 /J.C o f  N a 2H C r 0 4 a t  
37 °C  fo r  15 m inutes. 100 m g o f a sc o rb ic  acid  was m ixed  to  th e  b lood  before  in tra v e n o u s  re in 
je c t io n .  T h e  value  for th e  24 h o u r  sa m p le  was considered  100 p e r cen t a n d  th is  se rv ed  as a 
b a s is  o f  com parison  for th e  a c t iv i t ie s  fo u n d  a t  in te rv a ls  o f  2 to  3 d ay s . B lood sam ples w ere ta k e n  
u n t i l  t h e i r  a c tiv ity  h ad  d e c re a sed  to  50 p e r cent. M easu rem en ts  w ere c a rried  o u t  in  vivo  by  
m e a n s  o f  a  sc in tilla tion  d e te c to r  w i th  co llim ated  N al c ry s ta ls  o f  35 m m .

S L E  was diagnosed on  th e  b a s is  o f th e  clinical p ic tu re  a n d  th e  p resence  of re p e a te d ly  
d e m o n s tr a te d  LE  cells, w hile  rh e u m a to id  a r th r it is  on  th a t  o f  c h a ra c te ris tic  a r tic u la r  changes, 
X - r a y  f in d in g s  and a po sitiv e  R o se  t e s t .  Cases show ing signs o f  a c t iv ity  w ere se lec ted  fo r in v es
t ig a t io n .
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Results

R esu lts  a re  show n in  T ab les I  a n d  I I ,  as w ell as in  F igures 1 to  4.
1. T h e  S L E  g ro u p , w hich  in c lu d ed  in  a d d itio n  th e  p a tie n t w ith  S jo g ren ’s 

syn d ro m e an d  th e  one w ith  p e r ia r te r itis  n o d o sa , w as ch a rac te rized  b y  m o d e ra te  
anaem ia  in  all p a t ie n ts  b u t  one.

T he se ru m  iro n  level av e rag ed  80 +  16.60 f i g  p e r  100 m l in  11 p a tie n ts ;  
i t  w as low er th a n  80 f i g  p e r  100 m l in  fo u r p a tie n ts . T he average  se ru m  iron  
level in  our h e a lth y  m ale  a n d  fem ale m a te r ia l w as 105 +  18.55 f i g  p e r  100 m l, 
as e s tim a te d  w ith  L a u re ll’s m e th o d .

T he d isap p ea ran ce  o f 59F e from  p lasm a  w as considerab ly  a c c e le ra te d  in 
all b u t  th re e  cases. I t  av e rag ed  46 +  27.20 m in u te s , w hile th e  n o rm a l v a lu es  
ran g ed  be tw een  60 a n d  120 m in u tes .

T h e  tu rn o v e r  o f  p lasm a  iron , b y  w hich  is m e a n t th e  a m o u n t o f iro n  p a ss 
ing  th ro u g h  th e  p la sm a  p e r u n it  of tim e , w as m a rk e d ly  increased  in  7 p a tie n ts  
an d  m o d e ra te ly  d ecreased  in  one. T he av e rag e  v a lu e  w as 1.35 +  0.01 m g/kg/24  
h o u rs , w hile th e  n o rm a l ran g e  is from  0.45 to  0.75 m g/kg/24 hours.

0.693 X 1440 X p lasm a  iron/jUg/ml/ X p la sm a  vol.(3  1)
P la sm a  59F e  h a lf  c learance  tim e  (m in)

p lasm a iron  tu rn o v e r  m g /k g /d ay .
T h e  venous h a e m a to c r it  w as n e a r  n o rm a l in  one p a tie n t  w ho h a d  b een  

t r e a te d  w ith  co rtico s te ro id s  fo r a long tim e  a n d  w as now  suffering  fro m  ia t r o 
genic C ushing’s sy n d ro m e . T he average  v a lu e  w as 38 +  1.4 p e r cen t.

59F e in c o rp o ra tio n  in to  e ry th ro c y te s  w as acce le ra ted  in  tw o fem ale  p a 
tie n ts  (A. Z s.: 9 6 % /5  d ay s, an d  J .  H .: 90%  /4 days). I t  w as n o rm a l in  tw o  
fu r th e r  cases a n d  co n sid e rab ly  decreased  in  7 p a tie n ts  (A. S. Ç: 39 % /12  
days, J .  P . <?: 35 p e r  cen t/12  days, J .  B . $: 55 p e r  cen t/8  days, T . G. $ : 11 p er 
cen t/12  days, J .  Cs. c?: 25 p e r cent/14  d ay s, G. V . Ç: 55 p e r cen t/8  day s a n d  I .  D. 
cJ: 60 p e r cen t/12  d ay s.)  (The n o rm al r a te  is b e tw een  75 an d  95%  p e r  7 to  12 
days.)

O n th e  second  d a y  o f ex am in a tio n , in  7 cases th e  h ighest a c t iv i ty  w as 
found  over th e  liv e r , w hich  w as follow ed b y  th e  sac ru m  an d  th e  sp leen . I t  is 
know n th a t  in  n o rm a l ery th ro p o iesis  th e  h ig h e s t a c tiv ity  is fo u n d  o v e r th e  
sacrum . I t  shou ld  be  m en tio n ed  th a t  n o t on ly  in  re la tio n  to  each o th e r  w ere 
th e  m easu red  a c tiv itie s  pa th o lo g ica l, b u t  th e y  fa iled  to  decrease a t  th e  e x p e c te d  
ra te  even on th e  1 2 th  d ay  (see F ig . 4).

In  view  o f th e  im p e rfec t 59Fc u tiliz a tio n , th e  bone  m arrow  w as ex am in ed  
in  7 p a tie n ts . In  a d d itio n  to  a m o d era te  increase  in  th e  n u m b er of p la sm a  cells, 
an  e lev a tio n  w as o b serv ed  in th e  im m a tu re  b a so p h ilic  e ry th ro c y te s  w hile  th e  
p ro p o rtio n s  o f th e  o th e r  cells w ere re la tiv e ly  n o rm a l. T he re tic u lo c y te  c o u n t

1* Acta Mcdica Academiae Scientiarum Hungaricae 23, 1967



Acta M
edica Academiae Scientiarum Hungaricae 23, 1967

Laboratory fin d in g s  in  S L E

Table I о
00

Case
No. P atien t Sex

Serum iron 
level, 

yUg/100 ml

Plasma iron 
clearance, 

min

Plasm a iron 
turnover 

m g/kg/24 b

H b g per 
100 ml

Haema-
tocrit,

%

5eFe incor
poration 

into ery thro
cytes,

per cent/day

Diagnosis
T reatm ent and 

remarks

l . A. S. F 92 28 1.64 10.5 37 39/12 L ED A m inopyrine
2. G. V. F 45 40 0.55 10.5 36 55/8 L ED
3. I. P . M 87 28 1.50 9.5 38 35/12 L E D V itam ins, Am ino-

pyrine
4. J .  B. F 70 85 0.30 1 1 .0 39 55/8 S jögren

syndrom e
V itam ins

5. T. G. F 84 18 4.00 9.6 37 1 1 /1 2 L E D —
Ó. I. D. M 64 85 0.45 10.7 38 60/12 L E D —
7. J .  Cs. M 120 45 1.56 1 0 .0 39 25/14 P e ria r

te ritis
nodosa

Prednisolone

8. A. Zs. F 80 40 0.80 8.8 34 96/5 L ED Spontaneous
rem ission

9. M. K . F 75 30 1.16 1 1 .0 38 86/13 L E D R em ission during  
prednisolone 
tre a tm e n t

1 0 . I. И. F 83 2 0 2.35 9.5 37 90/4 L ED D uring  Chloro
quine tre a tm e n t

11. S. J . F 80 90 0.52 12.0 40 95/8 L ED Im proved  afte r 
prednisolone 
tre a tm e n t

M ean 
and  s. e.

80 ±  
16.8

46 ±  
27.2

1.35 ±  
1.01

1 0 .4 ±
0.81

38 ±  
1.4

N orm al range 
and  s. e.

1 0 5 ±
18.55

6 0 -
120

0 .4 5 -
0.75

1 4 -
16

4 4 —
46

75 to  95/
7 —12 days

B
U

R
G

E
R

, G
Y

. B
R

A
SC

H
 and B

. K
E

S
Z

T
H

E
L

Y
I
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w as n o rm a l (from  0.6 to  1.2 p e r cen t) in  a ll cases, ind ica tin g  a d is tu rb a n c e  of 
m a tu ra t io n .

2. T h e  resu lts  o b ta in e d  in  th e  p a tie n ts  w ith  rh eu m a to id  a r th r i t i s  w ere 
as follow s.

F ig . 1. P la sm a  ä9F e  c learance  in  rh e u m a to id  a r th r i t is  a n d  in  system ic lu p u s e ry th e m a to su s

Fe59 turnover
02 0A OS 0.81 mg 12 IA 1S IS 20 22 2A 2S 2B 30mq/kg/2Ah

I— 1— i— I— 1— I— I— I— 1— 1_____1______ I_____ ■ . ■ > y  '

normal
values

Fig. 2. P la sm a  iro n  tu rn o v e r  in  rh e u m a to id  a r th r i t is  a n d  in  system ic lu p u s e ry th e m a to su s

N o signs in d ica tiv e  o f h aem o ly tic  a n aem ia  w ere seen.
T h e  v a lu e  o f th e  serum  iron  w as w ith in  th e  no rm al range in  7 o u t  o f  11 

cases, a n d  d im in ished  in  fo u r. T he m ean  w as 92 +  20.82 ц g p er 100 m l (see 
T ab le  I I ) .

5<JF e  d isap p earan ce  from  p lasm a w as acc e le ra te d  in 9 p a tie n ts  a n d  n o r
m al in tw o , w ith  a m ean  of 44 +  13.30 (see F ig . 1).
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Table II

Laboratory f in d in g s  in  rheumatoid arthritis

Саве
No. P atien t Sex

Serum iron 
level, 

//g/100 ml

Plasma iron 
clearance, 

min

Plasm a iron 
turnover 

m g/k g/24 b

H b g per 
100 ml

Haema-
tocrit,
%

6eFe incor
poration 

in to  ery th 
rocytes, 

per cent/day

Diagnosis
T reatm ent

and
rem arks

l . A. P . M 90 27 1 .0 0 1 2 .2 42 75/13 B echterew ’s
disease

-

2. J .  T. M 80 36 2.29 9.1 35 64/12 B echterew ’s
disease

—

3. J .  N. F 77 45 1 .2 0 1 1 .0 37 60/12 R h eu m ato id  a rth r . A m inopyrine

4. M. Zs. F 108 50 0.72 13.3 44 98/8 R heum ato id  a rth r Prednisolone,
butazolid ine

5. I .  Sz. F 54 42 1 .1 0 10.7 37 58/12 R h eum ato id  a rth r . —

6. J .  K . F 1 0 0 75 1 .0 0 1 1 .6 43 65/8 R h eum ato id  a rth r . Prednisolone,
bu tazolid ine

7. J .  B. M 114 95 0.65 1 0 .1 40 59/12 R heum ato id  a rth r. -

8. J .  R. F 129 30 2.15 9.8 38 58/8 R heum ato id  a rth r. —

9. I. B. M 91 55 1.14 13.2 44 77/12 R h eum ato id  a rth r. Prednisolone,
Chloroquine

1 0 . J .  Sch. M 73 40 1.14 9.1 33 61/12 R h eum ato id  a rth r . A fter Chloroquine 
bu tazo lid ine  t r e a t 
m en t

1 1 . F . B. F 92 50 1.26 1 0 .0 34 75/13 R heum ato id  a rth r . —

M ean 
and  s .  e.

92 ±  
20.8

44 ±  
13.3

1.04 ±  
0.58

10.9 ±  
1.16

39 ±  
4.03

N orm al range 
an d  s. e.

105 ±  
18.55

6 0 -
120

0 .4 5 -
0.75

1 4 -
16

44 — 
46

75 to  95 
/7 —12 days

B
U

R
G

E
R

, G
Y

. B
R

A
SC

H
 and 

B
. 
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E
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H
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P la sm a  iron tu rn o v e r  w as e lev a ted  in  9 p a tie n ts , and  n o rm al in  tw o  cases. 
T h e  m ean  w as 1.04 +  0.58 (see T ab le  I I ) .

59F e  in co rp o ra tio n  w as so m ew hat d e la y e d  in  8 p a tie n ts ; 7 o f th e s e  show ed 
m o d e ra te ly  decreased  in co rp o ra tio n  (J . B . c?: 59 p er cent/12 d a y s , J .  Sch . 3 : 

61 p e r  cen t/12  days, J .  T . 3 : 64 p e r cen t/12  d a y s , J .  N. $: 60 p er cen t/1 2  days,
I .  Sz. $ : 58 p e r cent/12  d ay s, J .  K . Ç :65 p e r c e n t/8  days, and  J .  R . Ç: 58 p e r  cen t/ 
8 d ay s) (see F ig . 3).

M an ifest anaem ia  w as fo u n d  in  8 p a t ie n ts ,  in  th ree  of th em  w ith  m ark ed  
iron  defic iency  (J . N . Ç, J .  Sz. $, J .  Sch. cj). I n  th re e  of th e  11 p a tie n ts  th e  values 
fo r haem o g lo b in  an d  h a e m a to c r it  w ere n e a r  to  n o rm al. The m ean  h a e m a to c r it  
w as 39 +  4.03.

F ig . 3 . 5ЯFe u tiliza tio n  in  rh e u m a to id  a r th r i t is  a n d  in  sy s tem ic  lupus e ry th e m a to su s

A c tiv ity  was in c reased  over th e  liv er in  8 o u t  o f th e  11 p a tie n ts , a n d  over 
th e  sp leen  in  one p a tie n t . T h ere  w as a m o d e ra te  difference betw een  th e  p a tie n ts  
w ith  rh e u m a to id  a r th r i t is  a n d  tho se  w ith  S L E , as in  th e  form er a la rg e r  p o rtio n  
o f  th e  50F e  w as in c o rp o ra te d  in to  th e  e ry th ro c y te s  and  a sm aller p a r t  in  th e  
s to r in g  o rg an s, th a n  in  th e  SL E  group  (see T a b le  I I I  and  F ig . 4).

T h e  life span  o f e ry th ro c y te s  w as m o d e ra te ly  shortened  (b e tw een  23 an d  
27 d ay s) in  6 p a tie n ts  w ith  SL E  an d  in  5 w ith  rh eu m a to id  a r th r i t is .  ( I . D . 3 : 

25 d ay s , M. K . $: 27 d ay s , A. S. $: 24 d ay s , I .  P . 3 : 25 days, T . G. $ : 23 d ay s, 
A. Zs. $ : 25 days, A. P . 3 : 24 d ay s, J .T .  3 : 25 d ay s , M. Zs. Ç: 27 d a y s , J .  R . $: 
24 d ay s , F . B . Ç: 24 d ays). H y p e rb iliru b in a e m ia  w as ab sen t in all. F ig . 5 show s 
th e  life -sp an  curves w hich  d ev ia te  so m ew h at fro m  norm al. A c tiv ity  o v e r th e  
liv e r a n d  th e  spleen w ere n o rm al. (In  p a t ie n t  I .  P .,  th e  ex am in a tio n  w as m ade 
a f te r  sp len ec to m y .)
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external surface monitoring for Fe59

F ig. 4. E x te r n a l  su rface  m onito ring  o v e r sa c ru m , liver and spleen

Table I I I

Second day

Highest
radioactivity

Control
group LED Rheumatoid

arthritis

S acru m 25 4 2

L iv er — 7 8

Spleen — — 1

Twelfth day

S acru m — — —

L iv e r 25 11 9

Spleen — — 2

F ig . 5 . 51Cr labe lled  e ry th ro c y te s  su rv iv a l in rh e u m a to id  a r th r i t i s  an d  in  system ic lu p u s  e ry th e
a to su s
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D iscussion

T he resu lts  h av e  show n th a t  b o th  in  S L E  an d  rh eu m a to id  a r th r i t i s  iron  
m etab o lism  is con sid erab ly  increased . In  th e  m a jo r ity  of p a tie n ts  th is  w as due 
n o t  on ly  to  iron  defic iency , as th e  serum  iro n  level dev ia ted  b u t  s lig h tly  from  
th e  n o rm a l. T his agrees w ell w ith  th e  o b se rv a tio n  th a t ,  in  sp ite  o f  n o rm a l iron  
a b so rp tio n , o ra l iron  t r e a tm e n t  fa ils to  in flu en ce  th is  form  of a n a e m ia  [15, 24]. 
H a e m o ly tic  anaem ia  is re la tiv e ly  ra re  a n d , a lth o u g h  i t  is a sso c ia te d  w ith  a 
sh o rte n e d  life sp an  o f e ry th ro c y te s , th e  severe anaem ia  seen in  S L E  c a n n o t be 
ex p la in ed  on th is  basis . In  th e  m a jo r ity  o f S L E  p a tie n ts , iron  u ti l iz a t io n  is 
d ecreased . R a d io a c tiv ity  over v a rio u s  o rg an s d iffered  from  n o rm a l; a s im ila r 
ch an g e  m ay  occur in  a p la s tic  an aem ia  an d  v ira l  h ep a titis . W hen  59F e  in c o rp o 
r a t io n  in to  e ry th ro c y te s  is n o rm al or so m ew h at delayed , b u t  s till  re ach es  th e  
u su a l r a te  o f 75 to  90 p e r  cen t, th e re  is a d is tu rb a n c e  of iron  m e ta b o lism , th o u g h  
in  m ild e r fo rm . T h e  d ifference b e tw een  th e  a c t iv i ty  m easu red  o v e r th e  liver 
a n d  th a t  over th e  bone m arro w  w as s lig h t a n d  considerable a c t iv i ty  w as still 
p re se n t on th e  12 th  d ay . A ll th is  in d ica te s  t h a t  some increased  a m o u n t o f a b 
so rb ed  iron  d id  n o t serve th e  p u rp o se  of h aem og lob in  syn thesis  b u t  w as  s to red .

P lasm a  iron  tu rn o v e r  w as e lev a ted  in  th e  m a jo rity  o f th e  p a t ie n ts  w ith  
S L E  an d  rh e u m a to id  a r th r i t is ,  w hich  is a t  v a ria n c e  w ith  th e  d e c re a sed  iron  
in c o rp o ra tio n . T h is m ig h t be in  tw o  w ays. A ccord ing  to  B o t h w e l l  e t  al. [3] 
th e  tu rn o v e r  of p lasm a iron  is an  in d ic a to r  of th e  a m o u n t of iron  u sed  fo r  e ry th -  
ropo iesis . T hey  exp la in  th e  m ark ed  d ifferences in iron  u tiliz a tio n  in  te rm s  
o f  to ta l  a n d  effective e ry th ro p o iesis , a ssu m in g  ra p id  d es tru c tio n  in  th e  bone 
m arro w  o f th e  im m a tu re  e ry th ro c y te s  w hich  h a v e  tak en  up th e  iro n . A  second 
p o ss ib ility  w ould  be  th e  increased  iron  s to ra g e  e ith e r  in  th e  lab ile  fo rm  o r as 
h aem o sid e rin . Ga r d n e r  e t  al. [10],  using  th e  P ru ss ian  b lue re a c tio n , fa ile d  to  
see a n y  increase in  iron  s to rag e . O n th e  o th e r  h a n d , th e re  are  p ro te in - iro n  com 
p lexes w hich do n o t give th is  reac tio n  b u t  m a y  s till p lay  a role in  th e  p a th o lo g i
ca l s to rag e . I t  m ay  th u s  be  assum ed  th a t  w ith  decreasing  a c tiv ity  th e  p ro d u c 
tio n  o f  haem oglob in  increases e ith e r  sp o n tan eo u sly  or in  response  to  a d ru g , 
th e  e ry th ro n  d es tru c tio n  in  th e  bone  m arro w  dim inishes a n d  th e  s to re d  iron  
is u sed  u p . T he en la rg em en t of, a n d  increased  b lo o d  co n ten t in , liv e r  a n d  spleen 
a re  also  responsib le  fo r th e  g re a te r  a c t iv i ty  m easu red  over th e se  o rg an s .

T h u s, i t  m ay  be concluded  th a t ,  in  a d d itio n  to  increased  iro n  m e ta b o lism  
th e re  is also a m o d era te  degree o f  iro n  d efic iency  an d  increased  iro n  s to rag e  
in  S L E  a n d  rh e u m a to id  a r th r i t is .  T he a n aem ia  can  be fu r th e r  a c c o u n te d  fo r  b y  
a sh o rte n e d  life span  o f th e  e ry th ro c y te s  a n d  m ain ly  b y  th e  d e c re a sed  bone  
m arro w  a c tiv ity .
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RETROSPEKTIVES STUDIUM ÜBER DIE 
BEHANDUUNG DER DEPRESSION IN LONDON 

UND BUDAPEST
V O R L Ä U F IG E  M IT T E IL U N G  

V on

E. V a r g a , J. A n g s t  und M. S h e p h e r d

P SY C H IA T R ISC H E  K L IN IK  (D IR E K T O R : P R O F . D R. GY. N Y IR Ö f) DER M E D IZ IN ISC H E N  
U N IV ER SITÄ T, B U D A P E S T

(E ingegangen  am  9. N o v e m b er (1966)

V origes J a h r  h a b e n  w ir m it derse lb en  M e th o d e  einen sp ä te r  zu  b e s tim m en d e n  
T eil des K ra n k e n m a te r ia ls  des M audsley  H o sp ita ls  u n d  der B u d ap este r P sy c h ia tr isc h e n  
K lin ik  m it d em  Ziel a u fg ea rb e ite t, daß  w ir d ie B e h an d lu n g  der D epression  o b je k tiv  v e r
w e rten  k ö n n en . B ei de r M ateria lsam m lu n g  h a b e n  w ir auch  den G e s ic h tsp u n k t g e h ab t, 
d a ß  w ir eine M ö glichkeit fü r  d en V erg le ich  e v e n tu e lle r  e thn ischer u n d  so z ia le r  U n te r 
sch iede h ab en .

I. Fragestellung

1. B e s te h t in  d e r R eak tio n  D ep ressiv er a u f  E lek troschocks o d e r  M edika
m en te  eine s ig n if ik an te  G esch lech tsd ifferenz  ?

2. W ie sin d  die B ehand lungserfo lge  b e im  V ergleich von E lek tro sch o ck s  
m it tr izy k lisch en  A n tid ep ress iv a  (z. B . Im ip ra m in )  u n d  M A O -H em m ern  (v o r
w iegend P hene lz in ) g egenüber n ich t b e h a n d e lte n  D epressionen?

3. W elche k lin ischen  M erkm ale k o rre lie re n  m it einer T h e ra p ie re s is ten z  ?

II. Methode
W ir v e ra rb e ite te n  910 K ran k en g esch ich ten  d e p ress iv e r P a tie n ten , w e lch e  zw ischen 

1957 u n d  1963 ins M au d sley  H o sp ita l u n d  B e th le n i R o y a l H o sp ita l in L o n d o n  au fg en o m m en  
w u rd e n ,u n d  in d e rs e ib e n  P e rio d e  241 K ra n k en g e sc h ich ten  de r P sy ch ia trisch en  K lin ik  B u d a 
p est. In fo rm a tio n e n  w u rd e n  gesam m elt ü b e r  a )  A n am n ese , b) p rä m o rb id e  P e rsö n lich 
k e it, c) v o rau sg eg an g en e  m en ta le  u n d  so m atisch e  K ra n k h e ite n ,  d)  den so m a tisch en  u n d  p sy ch i
a tr isc h en  Z u s tan d  bei d e r A u fn ah m e, e) S y m p to m a to lo g ie ,/ )  D etails der B e h a n d lu n g , an g e
geben  in  Z e itd au e r u n d  D osen , g )  R eak tio n  a u f  d ie B e h a n d lu n g  nach  12 M o naten , h ) a llgem eine 
V e rän d e ru n g e n  n a ch  4 W o ch en  u n d  bei der E n tla s su n g , i )  follow  up.

D ie S e lek tion  d e r P a tie n te n  geschah n a ch  fo lg en d e n  K rite rien :
a)  D ie  D ep ression  m u ß te  die p rim äre  K ra n k h e i t  sein.
b) E s  m u ß te  sich  u m  eine frisch  au fg en o m m en e  D epression  handeln .
c) M in im a ld au e r d e r B e h an d lu n g  2 W ochen .
d )  M in im ald o sieru n g  fü r  Im ip ram in  150 m g, fü r  P hen e lz in  45 mg.

III. Vorläufige Resultate

D ie P a tie n te n , w elche E le k tro sc h o c k th e ra p ie  erh ielten , w aren  s ig n if ik a n t 
schw erer d ep ressiv  als die m ed ik am en tö s b e h a n d e lte n . P a tie n te n  o h n e  so m a
tisch e  B eh an d lu n g  w aren  deu tlich  w en iger d e p re ss iv  als die a n d e ren  u n d  konn-
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te n  so m it w eder in  L o n d o n  n och  in  B u d a p e s t z u m  V ergleich h e ran g ezo g en  
w e rd e n .

a) D ie  Frage einer Geschlechtsdifferenz in  der R ea k tio n  a u f  die B eha n d lu n g

D as »A llgem ein-R ating»  ü b e r 4 W ochen  ze ig te  in  L ondon, d a ß  b e im  
E le k tro sc h o c k  die 79 M än n e r, w elche 166 F ra u e n  gegenübergestellt w u rd e n , 
a u f  d e m  5 % -N iv eau  s ig n if ik a n t besser a u f  d ie  B eh an d lu n g  a n sp ra c h e n , als 
d ie  F ra u e n ;  in  B u d a p e s t h a b e n  w ir das n ic h t b e m e rk t .  In  den ü b rig en  B e h a n d 
lu n g sg ru p p e n  fan d en  sich  ke in e  D ifferenzen.

A n h a n d  des zw eiten  E rfo lg sk rite riu m s, n ä m lic h  der K lin ik -E n tla s su n g s 
r a te n  ü b e r  5, 8, 12, 24, 39 u n d  52 W ochen ze ig te  sich  gerade der u m g e k e h r te  
B e fu n d  in  L ondon . F ra u e n  w u rd en  in n e rh a lb  d e r  ersten  8 W ochen  e tw a s

F ig . 1
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h äu fig e r  n ach  E lek tro sch o ck b eh an d lu n g en  au s d er K lin ik  en tla ssen  als M änner; 
n a c h  8 W ochen w ar d e r  U n te rsch ied  a u f  dem  1 % -N iv eau  s ig n if ik a n t, e lim in ie rte  
sich  a b e r  sp ä te r w ied er vö llig . U n te r  Im ip ra m in , M A O -H em m ern  u n d  P a t ie n 
te n  ohne som atische B eh an d lu n g en  ze ig ten  sich  h ingegen k eine  s ig n if ik a n te n  
G esch lech tsd ifferenzen . Ä hn lich  w ar die S itu a tio n  in  B u d a p e s t.

b) Vergleich der verschiedenen Behandlungsverfahren

Als d ritte s  E rfo lg sk rite r iu m  k an n  b e rü c k s ic h tig t w erd en , w iev ie le  E r s t 
b eh an d lu n g en  in n e rh a lb  5 bzw . 8 W ochen d u rc h  an d ere  B eh an d lu n g sv e rfa h ren  
e rs e tz t  w erden m u ß te n . E s  zeig te sich dab e i, d aß  in n e rh a lb  v o n  8 W ochen  
2 1 ,6 %  d er E lek tro sch o ck fä lle  in  L ondon  u n d  30 ,5%  in B u d a p e s t, 2 6 ,5 %  der 
Im ip ram in fä lle  in  L o n d o n  u n d  27 ,0%  in B u d a p e s t u n d  von  den  M A O -H em m er- 
B eh an d lu n g en  31 ,0%  in  L on d o n  u n d  fa s t  alle  in  B u d ap est d u rc h  a n d e re  V er
fa h re n  e rse tz t w erden  m u ß te n . A uch  diese Z ah len  zeigen, d aß  d er E S  am  se lten 
s te n  d u rch  andere  B e h an d lu n g en  e rse tz t w erden  m u ß te , u n d  d a ß  d ie  MAO- 
H em m er am  h äu fig s ten  ab g e se tz t w u rd en . D ie U n tersch ied e  zw ischen  den 
e inze lnen  G ruppen  s in d  a lle rd ings s ta tis tisc h  n ic h t s ig n ifik an t, s tim m e n  ab er 
in  ih re r  T endenz m it den  a n d e ren  R e su lta te n  übere in .

c) Therapieresistenz

E in e  w eitere U n te rsu c h u n g  g a lt d e r F rag e , ob k lin ische  M erkm ale  
g efu n d en  w erden k ö n n en , w elche m it e iner gew issen T h e ra p ie res is ten z  k o rre 
l ie r ts in d . (D as hab en  w ir in  B u d a p e s t n ich t fe s tg e s te llt.)  Z u e rs t w u rd e n  K ra n k e , 
d ie  4 W ochen n ach  B eh an d lu n g sb eg in n  noch  keinerle i B esserung  ze ig ten , den 
ü b rig en  geg en ü b erg este llt. U n te rsu c h t w u rd en  fo lgende k lin ische  M erkm ale : 
G esch lech t, Schw ere d e r dep ressiven  S tim m u n g , nosologische D iag n o se , soziale 
A n fä llig k e it der p rä m o rb id e n  P e rsö n lich k e it, p h asen au slö sen d e  F a k to re n , 
P h a se n z a h l, Z iv ils tan d , B eru f, A lte r u n d  E rs te rk ra n k u n g sa lte r . I n  d e r  Im i
p ram in -G ru p p e  fan d e n  sich  keine s ig n ifik an ten  B eziehungen . H in g eg en  w urde  
in  d e r E lek tro sch o ck g ru p p e  fo lgendes d eu tlich : u n te r  den T h e ra p ie re s is te n te n  
h ä u f te n  sich s ig n if ik a n t K ra n k e , die f rü h e r m an isch  e rk ra n k t w a ren  u n d  vor 
dem  20. A lte rs jah r d ie  e rs te  P h ase  aufw iesen . D ie Z ah len  w aren  a u f  d em  0 .1% - 
N iv eau  sign ifikan t. A u f dem  5% -N iv eau  h ä u fte n  sich fe rn er u n te r  d en  T h e ra p ie 
re s is te n te n  die d iffe ren z ie rten  B erufe (professionals).

IV. D iskussion

1. U nsere U n te rsu c h u n g e n  ergaben  k eine  A n h a ltsp u n k te  fü r  eine Gc- 
sch lech tsd ifferenz  d e r A n sp re c h b a rk e it a u f  an tid ep ressiv e  B eh an d lu n g en . 
L edig lich  bei ECT ließen  sich  a n h a n d  von  2 v e rsch iedenen  E rfo lg sk rite r ie n  
D ifferenzen  nachw eisen ; doch  w aren  diese R e su lta te  gerade e n tg e g e n g e se tz t, 
so d a ß  sie keine S chlüsse zu ließen .
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2. E in  V ergleich v e rsc h ie d e n e r B e h a n d lu n g sv e rfa h ren  in  e iner r e t ro 
s p e k t iv e n  S tudie  t r ä g t  v ie le  U nsich erh e iten  in  s ich . So m u ß te n  w ir z. B . in  
L o n d o n  eine G ruppe v o n  107 endogen D ep ressiv en , die k e ine  so m atisch e  B e
h a n d lu n g  e rh a lten  h a t te n ,  aussch ließen , w eil d iese  K ra n k e n  w eniger schw er 
d e p re s s iv  w aren als die ü b r ig e n . E in  V ergleich w a r  n u r  zw ischen E lek tro sch o ck s , 
I m ip ra m in  und  P hen e lz in  m ö g lich . Es zeigte sich  d a b e i eine gu te  Ü b e re in s tim 
m u n g  b e i den E rfo lg sk rite r ie n . E s w ar fe s tzu s te llen , d aß  das P henelz in  den  b e i
d e n  a n d e re n  T herap ien  s ig n if ik a n t u n terlegen  w ar. D e r  V erg leich  zw ischen E C T  
u n d  Im ip ra m in  w ar sch w ie rig e r. A nhand  d er E n tla s s u n g s ra te n  zeig te sich  kein  
s ig n if ik a n te r  U n te rsch ied , h in g eg en  w ar m it  E S  in  den  e rs ten  W ochen  eine 
e tw a s  raschere  B esserung  z u  erzielen.

A us diesen R e s u lta te n  k a n n  folgendes gesch lossen  w erden :
a )  Phenelzin  e rw e is t s ich  als wenig o d er k a u m  w irk sam  bei d er B e h a n d 

lu n g  v o n  endogenen D ep re ss io n en ;
b)  D er ES w irk t e tw a s  rascher als Im ip ra m in , w as sich ab e r in  den  

E n tla s s u n g s ra te n  n ic h t f a ß b a r  äu ß ert.
3. D ie A nalyse d e r  T h erap ie resis ten z  a n h a n d  v o n  2 K rite r ie n  e rgab  

fo lg e n d e s :
a )  Gem essen an  e in em  »A llgem ein-R ating« sp ra c h e n  a u f  E S  ä lte re  K ra n k e , 

w ie d e rh o lt  E rk ra n k te  u n d  sch w er D epressive s c h le c h te r  an , als jü n g e re , e r s t 
m a lig  E rk ra n k te  u n d  le ic h t  D epressive.

b)  H o sp ita lis ie rt w a re n  6 M onate n a c h  B eh an d lu n g sb eg in n  v o r  a llem  
K r a n k e ,  die frü h er m a n isc h e  P h asen  d u rc h g e m a c h t h a tte n , oder deren  e rs te  
A t ta c k e  v o r dem  20. A lte r s ja h r  erfolgte u n d  d ie  zu  h ö h eren  B eru fssch ich ten  
g e h ö r te n .

c )  O hne p ro g n o s tisc h e n  E in fluß  sind : G esch lech t, soziale A n fä llig k e it 
d e r  p rä m o rb id e n  P e rsö n lic h k e it , auslösende F a k to re n  u n d  Z iv ils tan d . D iese 
A u ssa g e  m uß  a llerd ings e in g e sc h rä n k t w erd en , d a  die g en a n n te n  M erkm ale 
n o c h  n ic h t  in  je d e r  R ic h tu n g  bezüglich  ih res E in flu sse s  u n te rsu c h t sind . B e
k a n n t  is t  z. B ., d aß  v e rh e ira te te  P a tie n te n  f rü h e r  en tla ssen  w erden  k ö n n en , 
a ls  led ig e  ( P f e i f f e r  u n d  B e n t e  1961, A n g s t  1965).

4 . A uf G rund  d e r b ish e rig e n  E rfah ru n g en  sche inen  u ns die an g ew an d ten  
E rfo lg sk rite r ie n  zur re tro s p e k tiv e n  B eu rte ilu n g  a n tid e p re ss iv e r  B eh an d lu n g en  
n ü tz l ic h . Am o b je k tiv s te n  i s t  dab e i das K rite r iu m  d e r  K lin ik en tla ssu n g . E s h a t 
a b e r  w iederum  den N a c h te il , d aß  es von v ie len  V a ria b le n  abhän g ig  is t, da  ja  
d ie  E n tla s su n g  n ic h t im m e r  n u r  au f G ru n d  e in e r  B esserung  des K ra n k 
h e its b ild e s  s ta ttf in d e t. E s  b ie te t  jedoch  k eine  S ch w ie rig k e it, d e ra rtig e  V a r ia 
b le n  in  die U n te rsu ch u n g  e inzubeziehen .

D r. E rv in  V a r g a , B u d a p e s t,  P sy c h ia tr ia i K lin ik a
D r. Ju les A n g s t , Z ü ric h , B urghölzli
D r. M ichael S h e p h e r d , London SE 5. M au d sley  H o sp ita l
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(R ece iv ed  M ay 31, 1966)

A  m eth o d  is d e sc rib ed  to  m easure  th e  life sp a n  o f p la te le ts  b y  th e  a id  o f 5ICr. 
T h e  a m o u n t o f iso to p e  b o u n d  to  th e  th ro m b o cy tes  is d ire c tly  p ro p o rtio n a l to  th e  th ro m 
b o c y te  c o n te n t o f th e  su sp en s io n  a n d  51Cr a c tiv ity . O p tim u m  te m p e ra tu re  fo r lab e llin g  
lies b e tw een  18 a n d  22 °C . In  th e  f irs t  days a c t iv i ty  o f th e  th ro m b o c y te  su sp en sio n s 
decreases, as a  ru le  e x p o n e n tia lly , and  gives a s t r a ig h t  lin e  w ith  a  h a lf  life o f 3.5 to  4.5 
d ay s , if  p lo tte d  se m ilo g a rith m ica lly . T o ta l life sp a n  w as 9 to  11 days in  b o th  h o m o lo 
g o u s-au to logous a n d  A B O  co m p a tib le  an d  in co m p a tib le  suspensions. T he re a l life  sp a n  
o f th e  th ro m b o c y te s  is, h o w ev er, longer, nam ely  12 to  16 d ays.

A lth o u g h  th e  f a te  in  th e  o rgan ism  of th e  lab e lle d  th ro m b o cy tes  is n o t c lea r a n d  
m ea su re m e n ts  in  vivo  fa il to  g ive  un ifo rm  resu lts , i t  is c e r ta in  th a t  th e  s ite  o f th ro m b o 
c y te  d e s tru c tio n  is th e  sp leen , liv e r  an d  lungs.

T he m eth o d , as a  ro u tin e  clinical p ro ced u re , m a y  b e  o f g re a t help  in  th e  d iffe re n 
t ia l  d iagnosis o f h a em o rrh ag ic  d ia th eses o f d iffe re n t o rig in .

D u k e  (1911) w as th e  f i r s t  to  a tte m p t to  d e te rm in e  th e  life sp an  o f  b lo o d  
p la te le ts . H e could  follow  re in je c te d  th ro m b o cy tes  fo r fiv e  days in th e  dog  [10]. 
S ince, how ever, th e  e x p e rim e n ts  w ere n o t p e rfo rm e d  u n d e r physio lo g ica l 
co n d itio n s, th e ir  re su lts  c a n n o t be  considered re liab le . T he in tro d u c tio n  o f 
labelling  tech n iq u es  has th e n  offered  b e tte r  p o ssib ilitie s .

L ab e llin g  of th ro m b o c y te s  w ith  32P  was f i r s t  em p lo y ed  by  J u l l i a r d  e t  al. 
(1952). T h is w as follow ed b y  th e  use for th is  p u rp o se  o f  14C -try p to p h an  ( U d e n -  

f r i e n d  a n d  W i s s b a c h , 1954), 131J  (M o r g a n  e t  a h , 1954), 5]C r-ch loride (R o
b e r t s o n  e t  ah , 1954), 51C r-ch ro m ate  (M o r g a n  e t  a h , 1955), 35S -su lp h a te , 
35S -m eth io n in e  a n d  14C -fo rm ate  ( O d e l l  e t a h , 1955), d iiso p ro p y lflu o ro - 
32p h o sp h a te  ( L e e k s m a  a n d  C o h e n , 1956), 35S -ta u rin e  ( T r u h a u t  a n d  C l a n e t , 

1958) an d  collo idal 198A u ( M a u p i n  and  L o v e r d o , 1959) [13, 31, 28, 29, 19, 
26, 25, 14, 30, 18]. T h e  la rg e  n u m b e r of these  e x p e rim e n ts  shows th a t ,  in  sp ite  
of th e  possib ilities  in h e re n t in  th e  tra c e r  te c h n iq u e , d e te rm in a tio n  o f th e  life 
sp an  o f b lo o d  p la te le ts  s till m ee ts  w ith  d ifficu lties, th e  g re a te s t being  th e  p ro b 
lem  of c re a tin g  physio log ica l cond itio n s. This c irc u m sta n c e  as well as th e  d iffe r
e n t p h y sica l an d  b io logical p ro p e rtie s  of th e  iso to p es  u sed  w ere p ro b a b ly  re 
sponsible fo r th e  d iscrepancies in  th e  re su lts  o f  th e  v a rio u s  au th o rs .

A m ong th e  m e th o d s so fa r  em ployed  i t  is t h a t  o f A a s  and  G a r d n e r  [1], 
using  51Cr, w hich  seem s to  b e  th e  m ost su itab le  fo r  labelling  b lood  p la te le ts  
an d  p re p a rin g  an  a p p ro p r ia te  th ro m b o c y te  su sp en sio n . T h e  p rocedure  is now  
w idely  used  fo r c lin ical as w ell as fo r ex p erim en ta l p u rp o ses  [1, 21, 22, 5, 3, 15,
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Table I

Thrombocyte life  span as estim ated w ith  radioactive isotopes

Author
Isotope

used Labelling Species
R esu lt

day-hour Year

J u l l ia r d  e t al. [13] 3 2 p in  v itro hum an 2 h 1952

M u e l l e r  [20] 3 2 p in  v itro ra b b it 2 h 1952

O d e l l  e t  al. [23] 14C in  v itro ra t 4 d 1953

M o r g a n  e t  al. [19] 1 3 I J in  v itro rab b it 2 h 1954

R o b e r t s o n  e t al. [29] 51CrCl3 in  v itro ra t 2 d 1954

O d e l l  e t  al. [24] 14C - P 5S in  v i tro ra t 5— 6 d 1954

O d e l l  e t  al. [26] 14C in  v itro ra t 1 - 3  d 1955

O d e l l  e t  al. [25] 35 S in  v i tro ra t 4— 5 d 1955

D e s a i  e t  al. [9] 3 2 p in  v itro hum an 4— 5 d 1955

M o r g a n  e t  al. [19] N a 251C r0 4 in  v itro ra b b it 3— 4 d 1955

L e e k s m a  e t al. [14] D F 32P in  v itro hum an 8— 9 d 1956

R e is n e r  e t al. [28] N a 251CrO, in  v itro hum an 5— 8 d 1956

A d e l s o n  e t  al. [2] 3 » p in  v i tro hum an 7 d 1957

A a s  e t  al. [1] N a ,51C r0 4 in  v itro hum an 9 - 1 1  d 1958

N a j e a n  e t  al. [21] N a ,olC r0 4 in  v itro hum an 9— 11 d 1959

Co h e n  e t  al. [8] N a ,51C r0 4 in  v itro hum an 9— 11 d 1961

B a r t a  e t  al. [5) N a 251C r0 4 in  v itro hum an 9— 11 d 1963

N a j e a n  e t  al. [22] N a 251C r0 4 in  v i tro hum an 9— 11 d 1963

A a t e r  e t  al. [3] N a 251Cro4 in  v i tro hum an 8— 10 d 1964

M a r c u s  e t  al. [15] N a 261Cro4 in  v itro hum an 9— 11 d 1965

B a l d in i  [4] N a 25,Cro4 in  v i tro hu m an 9 — 11 d 1966

G a r d n e r  e t al. [11] N a 25,C r0 4 in  v i tro hu m an 9 — 11 d 1966

4 , 1 1 ]. E ssen tia lly , th is  w as  th e  m e th o d  u sed  in  th e  p resen t e x p e rim e n ts . Some 
m in o r  m odifications w ere , how ever, n e c e s s ita te d  b y  th e  special co n d itio n s  in 
o u r  la b o ra to ry  (see T ab le  I ) .

Preparation and labelling o f throm bocyte suspensions

T h e  blood was co llec ted  in  b o ttle s  used  fo r s to r in g  b a n k  blood. B efore  u se  th e  b o ttle s  
w e re  siliconized  and th e  n eed les  collodionized . O th e r  p a r ts  o f th e  eq u ip m e n t c o n s is ted  of PVC 
tu b in g .  T h e  bo ttles w ere s te r il iz e d  w ith  d ry  h e a t a n d  f ille d  w ith  a one pe r so lu tio n  o f  N a 2E D T A  
(d iso d iu m  e th y lend iam ine  te t r a a c e ta te  d ih y d ra te )  a m o u n tin g  to  o n e -te n th  o f  th e  vo lum e of 
b lo o d  to  b e  w ithd raw n , w h ic h  w a s  generally  20 m l, m a d e  iso ton ic  w ith  0.7 to  0 .8  p e r  cen t of 
so d iu m  chloride a d ju s te d  to  p H  7 .2 . T he f ir s t  5 to  10 m l o f  b lood  th a t  w as o b ta in e d  a f te r  in se r t
in g  th e  needle was d isc a rd e d  b ecau se  i t  in e v ita b ly  c o n ta in ed  tissue f lu id s . T h e re a f te r , 20 
250 m l o f  blood was co llected  in  a  b o ttle  chilled  to  + 4  °C . A fte r  c en trifu g in g  th e  w hole blood 
a t  1000 rp m  for 10 m in u te s  a t  + 4  °C, th e  th ro m b o c y te -r ic h  p lasm a w as t ra n s fe r re d  to  silicon
iz e d  c h illed  sterile te s t  tu b e s  a n d , in  o rder to  se p a ra te  th e  e ry th ro c y te s  still p re se n t , sp inned  a t  
2000  rp m  fo r five m in u te s . A f te r  tra n s fe r  in to  fresh  silicon ized  tu b es , th e  p la sm a  w as cen tri-
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fuged  a t  3000 rp m  fo r 30 m in u te s  a t  -j-4°C, w hich  le d  to  th e  ap p earance  o f  a  c ream -lik e  
th ro m b o c y te  sed im en t. T h e  s u p e rn a ta n t  p lasm a, c o n ta in in g  h a rd ly  any  blood p la te le ts , was 
collected  in a  s te rile  fla sk . T h e  th ro m b o c y te  sed im en t w as resu sp en d ed  in te n  m l o f  p lasm a  and  
400 fiC  o f Na..51C r 0 4 w ere  a d d e d . 51Cr supplied  b y  th e  H u n g a r ia n  A tom ic E n e rg y  C om m ittee  
w as ste rilized  by  d ry  h e a t  b e fo re  use. P rep a ra tio n s  o f  h ig h  specific  a c tiv ity  a re  o n ly  su itab le  
fo r these  e x am in a tio n s , p a r t ly  because  of th e ir  a lk a l in i ty  a n d  p a r tly  because in  vitro  th e  free 
Cr ions m ay  d am age th e  b lo o d  p la te le ts . The low est sp ec if ic  a c tiv ity  to  be  used  is  1 m C /m l/0.5 
m g o f Cr.

A fte r  ad d itio n  o f th e  iso to p e , p la te le t suspension  w as le f t  s tan d in g  a t  ro o m  te m p e ra tu re  
fo r 30 m in u te s . T h e re a f te r , 100 m g  of ascorbic acid  w as a d d e d  in  o rder to  reduce  th e  n o n -b o u n d  
six -v a len t Cr ions to  th e  t r iv a le n t  form . T his p ro c ed u re  p re v e n te d  th e  e ry th ro c y te s  fro m  ta k 
ing  u p  in  vivo  51Cr d u rin g  re in je c tio n  of th e  su sp en sio n . A  fu r th e r  in cu b a tio n  a t  + 4 ° C  for 
10 m in u tes  was follow ed b y  cen trifu g in g  th e  m ix tu re  a t  3000 rp m  fo r 30 m inu tes. T h en  th e  su p e r
n a ta n t  w as d iscard ed  a n d  th e  p la te le t  sed im ent re su sp e n d e d  in  a m ix tu re  o f 8 m l o f p lasm a , 
se t aside earlier, a n d  3 m l o f  E D T A . O f th is m ix tu re , te n  m l w ere  re in jec ted  in tra v e n o u s ly  w ith  
a siliconized  glass sy rin g e  a n d  th e  rem ain d er used  fo r d e te rm in a tio n  of th e  th ro m b o c y te  co u n t 
u n d e r th e  ph ase  c o n tra s t  m icroscope. The su sp en sio n s c o n ta in ed  1.5 to  3 m illion  p la te le ts  
pe r cu. m m .

A ster a n d  J a n d l  [3] called a t te n tio n  to  th e  considerable n u m b e r  of 
p la te le ts  -which cou ld  n o t  be  recovered  fro m  a p la te le t  suspension p re p a re d  
w ith  E D T A  w ith in  24 h rs  o f a d m in is tra tio n , a n d  a ttr ib u te d  th is  loss to  a 
h a rm fu l effect o f  E D T A . T h ey  observed t h a t  in  suspensions p re p a re d  w ith  
E D T A  th e  p la te le ts  u n d e rw e n t m orphological ch an g es, losing th e ir  d isc fo rm  
a n d  becom ing  sp h e rica l. B y  b ind ing  th e ir  M g io n s, ED TA  has an  u n to w a rd  
effect on th e  m e tab o lism  o f th e  p la te le ts . T h e  q u o te d  au th o rs  su g g ested  th e  
use of a m odified  ACD so lu tio n  (0.085 M tr iso d iu m  c itra te , 0.065 M c itr ic  acid  
an d  2 p e r  cen t d ex tro se , s te rilized  b y  Seitz f i l t r a t io n )  w hich d id  n o t d am ag e  th e  
p la te le ts  an d  allow ed a n  av erag e  72 p er c e n t o f  th e  labelled p la te le ts  o f  th e  
in jec ted  th ro m b o c y te  suspension  to  he re c o v e red  in  the  c ircu la tio n . W hen  
E D T A  is used , an  av e ra g e  o f  28 per cen t o f  th e  th ro m b o cy tes  cou ld  o n ly  he 
recovered . In  o u r e x p e rim e n ts  th e  m odified  A CD  so lu tion  failed to  give such  
good re su lts , th e  ch ie f d iff ic u lty  being an  a g g re g a tio n  of p la te le ts . T here fo re , 
p reference  was g iven to  E D T A .

R esults

The biological properties o f  blood p la te le t suspensions

W hen suspensions o f  d ifferen t p la te le t  c o u n ts  were in c u b a te d  w ith  a 
so lu tion  co n ta in in g  v a r io u s  am o u n ts  of 51Cr, th e  re su lts  o b ta ined  w ere id e n tic a l 
w ith  tho se  described  b y  A as an d  Ga r d n er , th e  r a te  of isotope u p ta k e  b e ing  
in d irec t p ro p o rtio n  to  b o th  th e  p la te le t c o u n t a n d  th e  specific a c t iv i ty  o f  th e  
iso tope [1]. L abe lling  is b e s t  done a t  a te m p e ra tu re  o f 18 to  22 °C; u n d e r  
these  cond itions a b o u t 2 to  4 p e r cen t o f th e  a d d e d  iso tope  will be b o u n d  to  th e  
p la te le ts . Since th e  lab e lled  th ro m b o cy te  su sp en sio n  w as n o t w ashed , th e  b in d 
ing o f a ce rta in  n u m b e r  o f  tr iv a le n t 51Cr ions to  th e  p lasm a p ro te in s  h a d  also 
to  he ta k e n  in to  acc o u n t. R ep ea ted  checking  o f  th e  th ro m b o cy te -p o o r p la sm a
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r e v e a le d  decreased  a c tiv i ty ,  in  ag reem en t w ith  th e  experience gain ed  in  p la sm a  
p ro te in  c learance  s tu d ies . I n  a d d itio n , a c t iv i ty  o f  th e  e ry th ro c y te  su sp en sio n  
w as a lso  low . A c tiv ity  o f  th e  w hole b lo o d  a f te r  re in jec tion  o f th e  la b e lle d  
th ro m b o c y te  suspension w as a b o u t tw ice t h a t  o f  th e  p la te le t su sp en sio n  p re 
p a r e d  f ro m  th e  rec ip ien t’s b lo o d  (F ig. 3).

P e a k  a c tiv ity  o f p la te le ts  w as o bserved  20 to  24 hours a f te r  th e  re in je c 
t io n . T h e n  a fall ensued, fo llo w ed  a f te r  9 to  11 d a y s  b y  th e  com plete  d is a p p e a r-

hours
F ig . 1 . 51 C r a c tiv ity  in  N a 251C r 0 4 lab e lled  Fig- 2 . 51Cr a c tiv ity  in  N a 251C r 0 4 lab e lled
p la te le ts  in  f iv e  norm al v o lu n te e r  re c ip ie n ts  p la te le ts  in  five  n o rm al v o lu n te e r  re c ip i

en ts . S em ilogarithm ic  sca le

a n c e  o f  a c tiv ity . In  a c c o rd a n ce  w ith  th e  d a ta  in  th e  lite ra tu re , th is  p e rio d  
r e p re s e n te d  the  th ro m b o c y te s ’ life span  [14, 27 , 1] a lthough  i t  m ig h t h av e  
r e p re s e n te d  a value ju s t  as re la t iv e  as th e  life  sp a n  o f th e  e ry th ro c y te s  m e a su re d  
b y  m e a n s  o f 51Cr. D a ta  in  th e  l i te ra tu re  n a m e ly  show  th a t  Cr ions a re  l ib e ra te d  
f ro m  p la te le ts  ju s t  as fro m  e ry th ro c y te s  a t  a d a ily  ra te  as h igh as te n  p e r  cen t 
[18 , 2 1 ] . T h e  exact d e te rm in a tio n  of th e  life sp a n  is fu r th e r  h in d e re d  b y  th e  
d i f f ic u l ty  in  m easuring  low  a c tiv itie s . I t  is also  to  be  ta k e n  in to  a c c o u n t th a t  
th e  v i t a l i t y  of the  th ro m b o c y te s  decreases in  th e  course of p re p a ra tio n . O n th e  
b a s is  o f  a ll these c o n sid e ra tio n s  one is ju s t if ie d  in  assum ing t h a t  th e  re a l life 
s p a n  o f  th e  blood p la te le ts  is longer, i.e . 12 to  16 days. T his a s su m p tio n  is 
s u p p o r te d  b y  our e x p e rim e n ts  on b lood  p la te le t  suspensions t r e a te d  w ith  a 
1.5 p e r  c e n t solution o f N ip a g in  (p -oxybenzo ic  ac id  m ethy l e s te r). T h ese  sus
p e n s io n s  w ere p rep ared  o f  a  tr ip le  a m o u n t o f b lo o d  (700 ml) an d  c o n ta in e d  2.5 
to  3 m illio n  p la te le ts  p e r  cu . m m . W hen  th e se  suspensions were in je c te d  to  A B O
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a n d  R h  co m p atib le  co n tro l su b je c ts , p la te le t  suspensions o f s ig n ifican t a c t iv i ty  
cou ld  b e  p rep a red  for 13 to  15 d ay s . T he re su lts  o b ta in e d  w ith  o th e r  m e th o d s  
a n d  in  d iffe ren t species a re  su m m arized  in  T ab le  I .  G raph ic  re p re s e n ta tio n  of 
th e  a c t iv i ty  values o f th e  p la te le t  suspensions p re p a re d  every , o r e v e ry  o th e r , 
d a y  does n o t  a lw ays y ie ld  id e n tic a l cu rves. T h e ir  shape  depends on th e  e x te n t

c o m p o n e n ts  a f te r  in fusion  in  a  n o rm al 
v o lu n te e r rec ip ien t

F ig . 4. O rg an  a n d  r ig h t  leg ra d io a c tiv ity  a f te r  
tran s fu s io n  of 51Cr lab e lled  p la te le ts  in  a  p a t ie n t  

w ith  th ro m b o p h le b itis

o f p la te le t  in ju ry  d u ring  lab e llin g , on th e  m ode o f  p lo ttin g  an d , u n d e r  p a th o lo g i
cal co n d itio n s , on th e  speed  o f d e s tru c tio n  a n d  reg en era tio n  of th e  p la te le ts . 
A s t r a ig h t  a r ith m e tic a l cu rv e  m ean s th a t  ev e ry  th ro m b o c y te  is v ia b le  fo r  a 
d e f in ite  perio d  o f tim e . O n th e  o th e r  h an d , an  ex p o n e n tia l cu rve  is in d ic a tiv e  
o f th e  acc id en ta l in fluence o f  bio log ica l fac to rs  on th e  life span  o f th e  p la te le ts . 
T a k in g  a 24-hour-o ld  su spension , w hich  has th e  h ig h es t a c tiv ity , fo r 100 p e r 
c e n t, a ll o th e r  va lu es  can  b e  exp ressed  in  p e rcen tag es  o f th is . T h u s  a c u rv e  is 
o b ta in e d  w hich can be u sed  fo r ca lcu la tio n  u n d e r  n o rm al cond itio n s. W ith  an  
im p ro v e d  p rocedure  A a s  an d  G a r d n e r  [1] o b ta in e d  a n ea rly  s t r a ig h t  line . 
N a j e a n  e t al. [18, 21], allow ing  fo r te n  p e r c e n t v a r ia tio n s , o b ta in e d  a  cu rve  
o f l in e a r ly  decreasing  a c tiv ity . I n  th e  course o f o u r in v es tig a tio n s  w e m e t  w ith  
b o th  ty p e s  o f cu rves, an  experience  sh a red  b y  o th e r  a u th o rs  [8]. T h e  cu rv e  
p ro b a b ly  consists o f tw o  p a r ts ,  th e  in itia l b e in g  ex p o n en tia l a n d  th e  second  
a r ith m e tic . In  p a th o lo g ica l cases, how ever, th e  cu rv e  is e n tire ly  o f  e x p o n e n tia l
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c h a ra c te r . A lthough  th e  q u es tio n  has n o t co m p le te ly  been  clarified , i t  can  he 
e s ta b lish e d  th a t  th ro u g h  th e  d is trib u tio n  o f b lo o d  p la te le ts , th e  im m unolog ica l 
a n d  b lo o d -c lo ttin g  p ro cesse s  o f th e  organism  c a n  change th e  n u m b e r o f  labelled  
th ro m b o c y te s  in  c irc u la tio n . A sem ilo g arith m ic  d iag ram  show s th e  half-life  
s p a n  to  he 3.5 to  4 .5  d a y s  in  h e a lth y  c o n tro ls , w h ich  p a r t ly  agrees w ith  th e  
c a lc u la tio n s  of Co h e n  e t  a l. [8]. (See F igs 1, 2.)

T h e  fa te  of th e  la b e lle d  p la te le ts  in  th e  o rg an ism  still rem ains to  be  a n 
sw ered . I t  is know n fro m  an im a l ex p erim en ts  t h a t  th e  liver, sp leen, lungs an d  
b o n e  m arrow  co n ta in  la rg e  num bers of la b e lled  th ro m b o cy te s  [19, 29, 17, 16]. 
T h e  b lo o d  p la te le ts  w h ic h  h av e  d isap p eared  fro m  th e  b lood  are  e ith e r  phago- 
c y te d  b y  th e  re tic u lo e n d o th e lia l system  o r s to re d  in  th e  en d o th e liu m  o f th e  
b lo o d  vessels. Cr o n k i t e  [ 6 ]  d em o n stra ted  b y  a u to ra d io g ra p h y  th e  p resence 
o f  th ro m b o cy te s  in  th e  v a sc u la r  w all; la te r  he  fo u n d  m an y  labe lled  th ro m b o 
c y te s  in  th e  m ac ro p h ag e  sy s tem  of th e  sp leen . H ow ever, in  th e  th ro m b o p én ie  
r a t s  u sed  in those  e x p e r im e n ts  th e  p la te le t  a c t iv i ty  cu rve  w as n o rm a l a fte r  
th e  in fusion  of th ro m b o c y te s , and  th e re fo re  a “ th ro m b o c y te  h u n g e r”  o f th e  
e n d o th e lia l tissue co u ld  n o t  be d e m o n s tra te d  [7].

T h e  life span  o f th e  th ro m b o cy te s  is u n a lte re d  in  congen ita l d is tu rb an ces  
o f  b lo o d  c lo tting , p ro v id e d  th e  ex am in a tio n  is m ad e  w hen th e  p a t ie n t  is in a 
c o m p e n sa te d  s ta te . I n  th e  case of b leed ing , h o w ev er, a sh o rten ed  life span  is 
to  b e  expected  b ecau se  o f  a loss of labe lled  th ro m b o c y te s . In  th ro m b o tic  or 
th ro m b o em b o lic  p ro cesses  a c tiv ity  in  vivo  is e lev a ted  w ith  a m in im u m  de
c rea se  o f th e  life sp a n  (F ig . 4).

A c tiv ity  of v a r io u s  o rgans in  vivo su ch  as th e  liver, sp leen a n d  lungs 
co rro b o ra te s  th e  re su lts  o f  th e  above an im a l ex p e rim en ts . P eak  a c tiv i ty  w as 
fo u n d  over th e  liv e r  a f te r  24 hours, w hile th e re  w as no m ark ed  d ifference in 
a c t iv i ty  betw een  th e  sp le e n  a n d  th e  lungs. C onsidering , how ever, t h a t  th e  liv er 
is 5 to  8 tim es as la rg e  as th e  spleen an d  th e  lu n g s  are  also la rg e r, th e  h ig h est 
r e la t iv e  a c tiv ity  is fo u n d  o v er th e  spleen, i.e . s e q u e s tra tio n  of th e  p la te le ts  
ta k e s  p lace  m ain ly  in  th is  o rg an . C on tinuous m o n ito r in g  of th e  a c t iv i ty  over v a 
r io u s  organs gives a d o u b le -p eak ed  cu rve ; th e  p eak s  co rrespond  to  se q u e s tra 
t io n  d u e  to  dam age d u r in g  labelling , an d  to  ag e in g  o f th e  th ro m b o c y te s , re 
sp e c tiv e ly . In  m o st cases , how ever, th e  d ec rease  in  ra d io a c tiv ity  is lin ear
(F ig . 5).

T h e  th ro m b o c y te  life  span  was d e te rm in e d  in  te n  h e a lth y  su b jec ts  w ith  
a u to lo g o u s  blood p la te le t  suspensions, w hich , on  th e  basis  of im m unobio log ica l 
c o n sid e ra tio n s , w ere p re fe r re d  also in  p a th o lo g ic a l cases. D ifferences w ere n o t 
seen  even  when A B O -R h  co m patib le  hom ologous suspensions w ere used  (ten  
ex a m in a tio n s) . In  te n  h e a l th y  contro l su b je c ts  ex p erim en ts  w ere also m ade 
w ith  ran d o m , i.e. A B O  in co m p atib le  th ro m b o c y te  suspensions. T h e  resu lts  
w e re  id en tica l w ith  th o s e  o b ta in e d  in  th e  fo rm e r ex p erim en ts , th e  life span  
o f  th e  th ro m b o cy tes  b e in g  betw een  9 an d  11 d ay s .
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I t  is h a rd ly  m ore th a n  a decade ago t h a t  successful e x p e rim e n ts  w ere 
m ade to  m easu re  th e  life span  o f th ro m b o c y te s . A lthough  sev era l q u es tio n s  
a re  s till  u n an sw ered , i t  is b ey o n d  d o u b t t h a t  labelling , especially  w ith  51Cr, 
is su ita b le  fo r ro u tin e  clin ical in v e s tig a tio n s . T h is  m ethod , to g e th e r  w ith  th e  
d a ta  o f  a bone m arro w  s tu d y  an d  th e  th ro m b o c y te  coun t, allow s to  decide

cpm

Fig. 5. O rg an  ra d io a c tiv ity  a f te r  tran sfu sio n  o f 5,Cr lab e lled  p la te le ts  to  five n o rm a l su b je c ts

w h e th e r d im in ished  th ro m b o c y te  p ro d u c tio n  o r increased  b lood p la te le t  d e 
s tru c tio n  o r b o th  a re  responsib le  fo r a given h aem o rrh ag ic  d ia thesis . I t  is ev en  
a help  in  th e  assessm en t o f th e  p a th o g en esis  in  th e  so-called id io p a th ic  d iseases.
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PULMONARY OEDEMA

B y

G. K ö v é r , É v a  S z ő c s  and M a r g a r e t  Z o m b o r i

I) EPARTMENT o f p h y s io l o g y  a n d  seco n d  d e p a r t m e n t  o f  pa t h o l o g y , u n iv e r s it y  m e d ic a l  sc h o o l ,
B U D A PEST

(R ece iv ed  J u n e  6, 1966)

A lbino r a ts  w ere given in tra v e n o u s ly  2.5 p e r cen t and  10 p e r c e n t  so lu tio n s  of 
g lucose, and  0.9 pe r cen t so lu tio n  o f so d iu m  ch lo rid e , respectively , a t  a d o se  o f 3 p e r cen t 
o f b o d y  w eigh t, in to  th e  cau d a l vein . W h en  th is  t re a tm e n t was co m b in ed  w ith  th e  a d 
m in is tra tio n  of 50 m U  o f v aso p ressin  in to  th e  c au d a l vein and  30 m in u te s  l a te r  of a 
s im ila r dose in tra m u sc u la r ly , severe  p u lm o n a ry  oedem a developed w ith in  60 m in u tes . 
A d m in is tra tio n  of f lu id  w ith o u t v a so p ressin  a n d , conversely, o f v a so p re ss in  w ith o u t 
f lu id , fa iled  to  in d u ce  oedem a. O edem a is a ssu m ed  to  have been d u e  to  tw o  fac to rs , 
a  d im in u tio n  o f o sm otic  p ressu re , a n d  a n  in c re ase  o f  th e  p e rm e ab ility  o f  p u lm o n a ry  
cap illa ries.

A cu te  p u lm o n a ry  oedem a can  be  in d u c e d  b y  a v a rie ty  o f m e th o d s ; a cco rd 
in g  to  V i s h e r  e t al. (1956) an d  K o r n e r  (1953), i t  is th e  re su lt o f  se v e ra l fac to rs  
a c tin g  s im u ltan eo u sly , w hich  m u tu a lly  p ro m o te  th e  effect o f  one  a n o th e r. 
T h is is in  accord  w ith  th e  o b se rv a tio n  t h a t  p u lm o n ary  oedem a m a y  accom 
p a n y  v a rio u s  p a th o lo g ica l cond itions ( L u i s a d a  and  Ca r d i , 1956) b u t  i t  is 
d iff ic u lt to  e s tab lish  w hich  of th e  m ech an ism s in  a given case is re sponsib le  
fo r  th e  accu m u la tio n  of flu id  in  th e  a lveo li. W hile stu d y in g  re n a l  fu n c tio n  
in  r a ts  we h av e  becom e aw are  o f th e  fa c t  t h a t  ex p erim en ta lly  in d u c e d  m o d e r
a te  h y p e rv o laem ia , w hen accom pan ied  b y  th e  ad m in is tra tio n  o f  p o s te rio r  
p i tu i ta r y  e x tra c ts , led  to  d e a th  in  m o st o f  th e  an im als, w ith  ty p ic a l  sy m p to m s 
o f p u lm o n a ry  oedem a. T h is o b se rv a tio n  led  us to  devote  a m ore d e ta ile d  s tu d y  
to  th e  p rob lem .

Methods

E x p e rim en ts  w ere pe rfo rm ed  on a to ta l  o f  95 W is ta r  ra ts  of e ith e r sex , w e ig h in g  170 to  
300 g. T h e  an im als w ere an ae sth e tize d  w ith  in tra p e r i to n e a l  P e n to th a l in  a  dose  o f  4 m g per 
100 g. T h ro u g h  an ab d o m in a l m id line  incision  b o th  u re te rs  were exposed a n d  lig a te d  n e a r  th e  
b la d d e r , in  o rd e r to  p re v e n t th e  e lim in a tio n  o f in tra v e n o u s ly  ad m in iste red  f lu id . Follow ing 
th is  p ro c ed u re , th e  an im als w ere  a rran g ed  in  7 g ro u p s . In  G roups 1, 2 an d  3 a  h y p e rv o laem ic  
s ta te  w as in d u ced  b y  in jec tin g  d iffe ren t so lu tio n s in to  th e  caudal vein a t  a dose  o f  3 p e r  cen t 
o f  b o d y  w eigh t. G roup  1 received  2.5 p e r c en t g lucose  so lu tion  (hyposm otic  h y p e rv o la em ia ); 
G ro u p  2, 0.9 pe r cen t NaCl so lu tio n  (isosm otic  h y p e rv o la em ia ); G roup 3 w as g iv en  10 p e r  cen t 
g lucose  so lu tio n  (h y p e ro sm o tic  h y p erv o laem ia). G ro u p s  4, 5 and 6 received th e  sam e  doses of 
th e  sam e  so lu tions w ith  50 m U  of v aso p ressin  (P itre s s in , P arke-D avis). T h ir ty  m in u te s  la te r, 
f u r th e r  50 m U  of vaso p ressin  dissolved in  0.2 m l o f physio log ical saline w as g iv en  in tra m u sc u 
la r ly  in  G roups 4, 5, 6. A nim als o f G roup  7 a f te r  lig a tio n  of th e  u re te rs  in to  th e  c a u d a l vein 
rece iv ed  50 m U  of vaso p ressin  in  0.5 m l o f physio lo g ica l saline, and 30 m in u te s  l a te r  a  sim ilar 
dose  in tra m u sc u la r ly .

E x a c tly  60 m in u te s  a f te r  th e  in je c tio n  o f so lu tio n s  th e  anim als w ere  k ille d  w ith  th e  
in tra v e n o u s  in jec tio n  o f 0.5 m l o f 3 M KC1. T h e  th o ra x  w as opened and  b o th  lu n g s  w ere re-
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m o v ed . T h e  surface of th e  lu n g s  w a s  cleaned from  b lo o d , th e  lu n g s  w ere weighed w ith  a n  e x a c t 
n e ss  o f  1 m g. The left lu n g  w a s  f ix e d  in  4 per cen t fo rm a lin  a t  40 °C, th e  r ig h t one w as w eighed  
a n d  th e n  dried  a t  100 °C to  c o n s ta n t  w eight. T he lu n g s  f ix e d  in  fo rm alin  were su b je c te d  to  
h is to lo g ic a l s tu d y . T he se c tio n s  w e re  s ta in ed  w ith  h a e m a to x y lin -e o s in , v an  Gieson’s, A zan  a n d  
reso rc in -fu ch sin  accord ing  to  W e ig e rt. ECG reco rd in g s w ere  m ad e  in all an im als , f i r s t  a t  
th e  b eg in n in g  of a n ae sth es ia , th e n  10 m inu tes a f te r  th e  a d m in is tra t io n  of solu tions, a n d  im m e 
d ia te ly  before  the  an im als w e re  k ille d . W a te r  co n te n ts  o f  th e  lu n g s  w ere expressed in  p e r  c en t 
o f  t o ta l  w e t w eight. T h e  p e r  c e n t  ra tio  o f w et w eigh t o f  th e  lu n g s  a n d  body  w e igh t w as also  
c a lc u la te d . Oedem a w as d e s ig n a te d  b y  crosses, acco rd in g  to  e x te n t .

Results

R esu lts  are su m m a riz e d  in T able I . In  G ro u p  1 consisting  of 10 a n im a ls  
p u lm o n a ry  w eight w as 221 +  24.5 g, while th e  w e t w e ig h t o f th e  lungs, 2.192 +  
+  0 .600  g. The ra tio  o f  p u lm o n a ry  to  b o d y  w e ig h t av e rag ed  1.0 +  0 .31, m ean  
w a te r  c o n te n t o f lungs w as  79.9 +  1.36 p er c e n t. I n  n o n e  of th e  an im als cou ld  
p u lm o n a ry  oedem a b e  fo u n d  (F ig. 1).

G roup  2 consisted  o f  12 anim als. T h e ir m e a n  w e ig h t was 203 +  35.6 g; 
p u lm o n a ry  w eight, 1 .534 +  0.343 g; th e  r a t io  lu n g /b o d y  0.76 +  0 .21, th e  
a m o u n t  o f w ate r in  th e  lu n g s  79.5 +  1.38 p e r  c e n t. N o sign of p u lm o n a ry  
o ed em a  could be re v e a le d  in  th e  h isto log ical sec tio n s .

Table I

; G
ro

up Administered solution
Number

of
animals

Body weight 
g

Weight of 
lungs 

g

Lung 
weight 
body 100 

weight

Fluid 
contents 
of lungs

Histology

1. 2.5 pe r cent glucose 10 ±221
24.5

± 2 .192
0.600

± 1 .0
0.31

± 7 9 .7
1.36

—

2. 0.9 p e r cent NaCl 12 ± 2 0 3
35.6

± 1 .5 3 4
0.343

± 0 .7 6
0.21

± 79 .5
1.38

—

3. 10 p e r  cent glucose 6 ± 2 0 0
28.1

±1 .8 2 3
0.321

± 0 .9 3
0.24

± 7 3 .9
4.98

—

4. 2.5 p e r cent glucose 
+  50 m U  vasopressin 
i.v . ( +  50 m U i.m .)

i6 ± 2 5 3
32.6

±2 .1 4 5
0.512

± 0 .8 5
0.23

± 7 8 .6
6.4

+ + +

5. 0.9 p e r  cen t NaCl 
+  50 m U  vasopressin 
i.v . ( +  50 m U i.m .)

24 ± 2 1 7
48

±1 .8 4 3
0.348

± 0 .8 7
0.22

± 8 1 .3
1.00

4 an im als +  +  
20 an im als +  +

6. 10 p e r  cen t glucose 
+  50 m U  vasopressin 
i.v . ( +  50 m il i.m .)

12 ± 2 0 0
33

± 1 .839
0.281

± 0 .8 3
0.24

±72 .2
8.10

2 an im als +  +  
10 an im als

+  +  +

7. 50 m U  vasopressin 
0.5 m l of physiologi
cal saline i.v. (+ 5 0  
m U  i.m .)

15 ± 2 1 1
11

± 2 .010
0.360

± 0 .9 6
0.26

± 7 4 .0
5.00

Acta Medica Academiae Scienliarum Hungaricae 23, 1967



PULMONARY OEDEMA

In  G roup 3 of 6 an im als m ean  b o d y  w eig h t w as 200 +  28.1 g; w e t w e ig h t 
o f lu n g s, 1.83 +  0.321 g; th e  ra tio  lung  w eig h t to  b o d y  w eigh t, 0.93 +  0 .24 ; 
w a te r  c o n te n t o f th e  lu ngs, 73.9 +  4 .98 p e r  c en t. H isto log ical e x a m in a tio n

119

F ig . 1. No sign o f o edem a or p e riv a sc u la r  f lu id  accu m u la tio n

F ig . 2. D iffuse o edem a a n d  s ta g n a tio n  (H aem ato x y lin -eo sin )

show ed no p u lm o n a ry  oedem a. In  G roup  4 w ith  14 ra ts ,  b o d y  w eigh t w as 253 +  
+  32.6 g; p u lm o n a ry  w eigh t, 2.145 +  0.512 g; th e  ra tio  of th e  tw o , 0.85 +  
+  0.23. T h e  a m o u n t o f w a te r  fo u n d  in  th e  lungs av e rag ed  78.6 +  6.4 p e r  c e n t . 
D esp ite  th e  fa c t th a t  these  va lu es  are  v e ry  close to  th o se  in th e  f ir s t  g ro u p , 
each  o f th e  an im als  show ed h isto log ica l signs of severe  p u lm o n ary  o edem a in
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a ll p a r ts  o f th e  le f t lu n g  (F igs 2, 3 an d  4). I n  G roup  5 o f 24 an im als b o d y  w eigh t 
w as 217 +  0.348 g; p u lm o n a ry  w eigh t, 1.843 +  0.348 g, th e  ra tio  o f  th e  tw o ,
0 .87  +  0.22. P u lm o n a ry  w a te r  c o n te n t w as 81.3 +  1.00 p e r cen t. T he ra tio  
b o d y  w eig h t to  lu n g  w e ig h t was so m ew hat h ig h e r th a n  in G roup 2, th e  w a te r  
c o n te n t  o f th e  lungs w as also  s ligh tly  in c rea sed . T he difference d id  n o t  reach  
s ta t is t ic a l  sign ificance. H isto log ica l o b se rv a tio n  rev ea led  in  20 an im als  d iffuse 
o ed em a (-f-- |-4 -), w h ile  in  th e  rem ain ing  4 th e  o edem a w as severe b u t  d id  n o t  
in v o lv e  th e  w hole lu n g  ( + “b)-

F ig . 3. O edem atous v esse l w a lls . H e a rt m uscle cells a lo n g  th e  p u lm o n a ry  vessels a re  se p a ra te d  
fro m  each  o th er. P e r ia d v e n ti t ia l  sp acefilled  w ith  h o m o g en eo u sly  s ta in in g  f lu id . H a e m a to x y lin -

eosin

In  G roup 6 o f  12 an im als  to ta l  b o d y  w e ig h t, p u lm o n a ry  w eig h t, th e  ra tio  
lu n g  w eig h t/b o d y  w e ig h t an d  p u lm o n a ry  w a te r  c o n te n t w ere 220 +  33.9 g, 
1.893 +  0.281 g, 0 83 +  0.24 per cen t a n d  72.2 +  8.1 p e r cen t, re sp ec tiv e ly . 
T h e re  w as no s ta t is t ic a l ly  sign ifican t d iffe rence  be tw een  G roups 5 a n d  2 in 
r e s p e c t o f these  d a ta .  H isto lo g y  rev ea led  in  10 an im als  severe oedem a in v o lv 
in g  th e  en tire  lu n g  ( +  +  + )  an d  in  2 an im a ls  m o d era te  oedem a

In  G roup 7 w ith  15 an im als bo d y  w e ig h t av e rag ed  211 +  11 g, w et lung  
w e ig h t w as 2.010 +  0 .360 g, th e  ra tio  b o d y  w e ig h t to  p u lm o n a ry  w eigh t,
0 .96 +  0.26, p u lm o n a ry  w a te r  c o n te n t, 74.0 +  5.0 p e r cen t. N one o f th e  a n i
m a ls  show ed h is to lo g ica l signs o f p u lm o n a ry  oedem a.

T h e  resu lts  h a v e  show n th a t  p u lm o n a ry  o edem a w as p re se n t in  a ll ra ts  
re n d e re d  h y p erv o laem ic  a n d  tre a te d  s im u lta n e o u s ly  w ith  vaso p ressin . O edem a 
d ev e lo p ed  w ith in  60 m in u te s  follow ing th e  a d m in is tra tio n  of flu id  a n d  in v o lv ed  
in  m o s t cases th e  e n tire  lung.

Irre sp ec tiv e  o f  th e  m e th o d  b y  w hich  o ed em a o f th e  lungs h a d  been  in 
d u c e d , th e  h isto log ica l p ic tu re  was sim ilar. T h e  a lveo li w ere filled  w ith  flu id  s ta in -
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ing  a hom ogeneous lig h t red  w ith  h aem ato x y lin -eo s in  and  b lu e  w ith  A zan ; 
i t  c o m m u n ica ted  w ith  th e  flu id  p re se n t in  th e  p e ria d v e n titia l sp a c e  o f  th e  
cap illa rie s  (F igs 2 an d  4). T he w all o f th e  p recap illa ries  was o e d e m a to u s , th e  
en d o th e liu m  sw ollen a t  sites; th e  in te rn a l a n d  e x te rn a l lam ina e la s tic a  s ta in e d  
in te n s iv e ly  w ith  reso rc in -fuchsin , m an y  fib re s  w ere loosened u p  o r  b ro k e n .

before infusion J
,-uv i-i, t u n H U U U ' l U U  ,l L.LU4-í 4 X U A aU-í

a fte r  infusion 10 min I

a fte r  infusion 1 hour J

Fig.  5. E lec t ro card io g ram  of a r a t  w i th  p u lm o n a r y  oedema. Leads I a n d  I I

C ard iac  m uscle cells ex ten d in g  from  th e  a tr iu m  along the  p u lm o n a ry  vein  
(Ca labkesi  1962), w ere se p a ra te d  from  one a n o th e r  an d  show ed v a c u o liz a tio n . 
T h e  p e r ia d v e n tit ia l  space w as t ig h tly  filled  w ith  flu id  s ta in ing  a l ig h t  re d  w ith  
h aem a to x y lin -eo s in  an d  b lu e  w ith  A zan . A g re a t n u m b er of sm all ly m p h a tic s , 
o ften  w ith  a v a lv e , could he fo u n d  in  th e  p e r ia d v e n tit ia l  space (F ig . 3).
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A  ty p ica l E C G , re c o rd e d  in an  o e d e m a to u s  an im al is show n in  F ig . 5. 
T h e  to p  curves r e p re s e n t  lead s I  and  I I  re c o rd e d  in  th e  in itia l s tage  o f  a n a e s 
th e s ia . T he n e x t tw o  c u rv e s  show  iden tica l le a d s , 10 m in u tes  a fte r th e  in je c tio n  
o f  f lu id  an d  v aso p ressin . H e a r t  ra te  som ew hat d im in ish ed , o therw ise th e re  w as 
no  sig n ifican t ch an g e  in  th e  shape of th e  c u rv e s . T h e  low er reco rd ings w ere 
m a d e  im m ed ia te ly  b e fo re  th e  anim als w as k ille d . H e a r t  ra te  re tu rn e d  to  p re 
v io u s  va lues, th e  c u rv e s  w ere  essen tia lly  id e n tic a l  w ith  those o bserved  a t  th e  
b eg in n in g  of th e  e x p e r im e n t.

D iscussion

I t  is generally  b e lie v e d  th a t  h isto log ical e x a m in a tio n  is th e  on ly  in fa llib le  
m e th o d  of e s tab lish in g  th e  presence of p u lm o n a ry  oedem a. Some a u th o rs  a re  
o f  th e  v iew  th a t  p u lm o n a ry  w a te r  co n ten t is n o t ,  b u t  th e  ra tio  lung  w e ig h t/b o d y  
w e ig h t is an  a d e q u a te  in d ic a to r  of p u lm o n a ry  o ed em a (L u iS A D A  a n d  S a r n o f f  

1946). O th e r a u th o rs , h o w e v e r, do n o t accep t th e s e  m eth o d s an d  su g g est v a r i 
ous te s ts  for th e  p u rp o se  ( G u y t o n  and  L i n d s a y  1959). In  th e  p resen t e x p e rim e n ts  
th e  a m o u n t of f lu id  fo u n d  in  th e  lungs an d  th e  r a t io  p u lm o n ary  w eigh t to  b o d y  
w e ig h t failed  to  show  a n y  co n sis ten t change in  th e  an im als w ith  severe p u lm o 
n a ry  oedem a. T h is is in  p a r t  consisten t w ith  th e  find ings of o th e r  a u th o rs , 
n ev e rth e le ss , th e  p o s s ib il i ty  can n o t be ex c lu d ed  t h a t  th e  failure of p u lm o n a ry  
f lu id  c o n te n t an d  o f  th e  r a t io  pu lm onary  w e ig h t to  b o d y  w eight to  show  a sig 
n if ic a n t  change m ig h t h a v e  been due to  th e  c irc u m sta n c e  th a t  our m e th o d  of 
in d u c in g  p u lm o n ary  o e d e m a  was en tire ly  d if fe re n t from  th a t  used  b y  o th e rs .

I t  has been k n o w n  fo r  long  th a t  th e  in fu s io n  o f  iso ton ic  so lu tion  or p la sm a  
m a y  lead  to  p u lm o n a ry  o ed em a  (W i g g e r s  1939). T h e  am o u n t of flu id  g en era lly  
co n sid ered  necessary  fo r  in d u c in g  severe p u lm o n a ry  oedem a is, how ever, 4 to  
5 tim e s  as m uch as th e  a m o u n t of so lu tion  u se d  b y  us. M oreover, th e re  are  
som e d a ta  in d ica tin g  t h a t  even  such im m ense a m o u n ts  of flu id  do n o t  a lw ays 
su ffice  w hen given in tra v e n o u s ly , and  th e y  ca u se  oedem a only w hen in je c te d  
a t  h ig h  pressure in to  th e  c a ro tid  a rte ry  to w a rd s  th e  b ra in  ( L u i s a d a  a n d  S a r 

n o f f  1946). The o b s e rv a tio n  th a t  in jec tio n  in to  th e  caudal vein o f d iffe re n t 
so lu tio n s  a t  a vo lu m e o f  3 p e r  cen t of b o d y  w e ig h t d id  n o t induce p u lm o n a ry  
o ed em a was in a g re e m e n t w ith  ex p ec ta tions. A ssu m in g  th a t  th e  flu id  a d m in is 
te re d  w as evenly  d is t r ib u te d  in  th e  e x tra c e llu la r  space , one m u st c o u n t w ith  
an  a b o u t 15 p er c e n t d e c re a se  in colloid o sm o tic  p re ssu re , e.g. from  30 m m  H g  
to  26.5 m m  H g. T h is v a lu e  is a b o u t tw ice as m u c h  as  th e  level w hich is co n sid 
e re d  to  be th e  th re sh o ld  a t  w hich  filtra tio n  o f f lu id  in to  th e  alveoli u su a lly  s ta r ts  
( G u y t o n  and L i n d s a y  1959). N evertheless, th is  fa c to r  should  be b o rn e  in  
m in d , especially  in  th e  cases of cardiac fa ilu re  w h en  in  th e  connective  tissu e  
s im ila r  am o u n t of p ro te in -f re e  flu id  m igh t a c c u m u la te  w hich, w hen re a b so rb e d  
d u rin g  re s t, increases c irc u la tin g  flu id  v o lum e.
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O edem a failed  to  develop in  60 m in u te s  if  100 m U  of v a so p re ss in , 50 m U  
in tra v e n o u s ly  an d  50 m U  in tra m u sc u la r ly , h a d  been  a d m in is te red  b y  itse lf. 
T h e  a u th o rs  s tu d y in g  th e  effect o f  v aso p ressin  in  n ep h rec to m ized  r a ts  have  
n e v e r o b se rv ed  p u lm o n a ry  oedem a from  doses up  to  500 m l ( F r i e d m a n  e t  al. 
1956, H a l t z  1932). A dose o f vaso p ressin  s im ila r  to  th a t  in jec ted  in tra v e n o u s ly  
in  th e  p re se n t ex p erim en ts  causes an  in crease  o f 40 to  50 m m  H g  in  sy stem ic  
b lo o d  p re ssu re  an d  of 10 to  15 m m  H g  in p u lm o n a ry  a rte ria l p ressu re . S im ila r re 
su lts  w ere  o b ta in e d  b y  o th e rs  in  th e  r a t  ( F r i e d m a n  e t al. 1956). T h e  e ffec t on 
b lo o d  p re ssu re  w as s tu d ied  b y  us in  dogs (b u t  n o t  in ra ts )  a n d  i t  w as fo u n d  
th a t  th e  increase  in  b lood  p ressu re  d isap p ea rs  in  10 to  15 m in u tes  a n d  a second  
in tra m u s c u la r  in jec tio n  o f 50 m U  v aso p re ss in  fa iled  to  d isp lay  a n y  co n sid e r
ab le  e ffec t. T he rise  in  b lood  p ressu re  w as in  a ll p ro b a b ility  re sp o n sib le  for 
th e  t r a n s ie n t  b ra d y c a rd ia  (F ig . 5). W h en ev e r vasopressin  h a d  b e e n  g iven  in 
a sso c ia tio n  w ith  flu id , severe  p u lm o n a ry  o ed em a developed in  60 m in u te s  in 
a lm o s t ev e ry  an im al. T h ere  w as p ra c tic a lly  no d ifference b e tw een  th e  e x p e ri
m e n ta l g ro u p s, a lth o u g h  h y p ero sm o tic  g lucose is com m only  u sed  in  c lin ical 
p ra c tic e  fo r con tro lling  p u lm o n a ry  oedem a.

A n o th e r  p o ssib ility  is th a t  a c u te  le f t v e n tr ic u la r  fa ilu re , le a d in g  to  an  
in c rease  o f p u lm o n a ry  venous p ressu re , w as responsib le  fo r th e  p u lm o n a ry  
o ed em a . I t  has been d e m o n s tra te d  t h a t  v a so p re ss in  given in tra v e n o u s ly  e lic its 
c o ro n a ry  spasm  ( P a p p  an d  S z e k e r e s  1965); th e  conseq u en tia l a n o x ia  m ig h t 
th e n  le a d  to  card iac  fa ilu re . H ow ever, th e  E C G  record ings show ed  no  sign 
o f c a rd ia c  an o x ia , th e  fa c t t h a t  v aso p ressin  b y  itse lf  d id  n o t cau se  p u lm o n a ry  
oedem a in d ica te s  th a t  le f t v e n tr ic u la r  fa ilu re  cou ld  n o t be th e  o n ly  fa c to r  ac 
c o u n tin g  fo r th e  oedem a.

In  th e  absence of o th e r  fac to rs  in c rea sed  p u lm o n ary  a r te r ia l  b lo o d  p re s 
su re  does n o t suffice fo r p u lm o n a ry  oedem a to  develop; i t  m ig h t ev en  relieve 
th e  o ed em a b y  decreasing  p ressu re  in  th e  a rte rio le s . Supposing t h a t  in c reased  
b lood  p re ssu re  h a d  s till c o n tr ib u te d  to  th e  d ev e lo p m en t of p u lm o n a ry  oedem a, 
th e  f i l t r a t io n  o f flu id  in to  th e  alveoli m u s t h a v e  o ccu rred  in th e  f i r s t  10 m in u te s  
o f o b se rv a tio n , an d  in  th e  rem ain in g  p e rio d  o f  th e  exp erim en t th is  f lu id  m u s t 
h av e  b e e n  reab so rb ed  an d  tr a n s p o r te d  b y  th e  ly m p h a tic s . In  o u r e a r lie r  e x p e ri
m e n ts  concerned  w ith  p rob lem s o f ren a l fu n c tio n , w here th e  a d m in is te re d  
a m o u n t o f  f lu id  an d  th e  dose o f v aso p ressin  w ere sim ilar, th e  m a jo r i ty  o f a n i
m als d ied  in  60 to  90 m in u tes . T h u s, th e  p re se n t form  of e x p e rim e n ta l p u lm o 
n a ry  o ed em a seem s to  develop p ro g ressiv e ly  an d  w h a t we o b se rv e d  in  th e  
6 0 th  m in u te  w as n o t th e  te rm in a l p h ase , since th e  an im als d id  n o t  y e t  su ffo ca te . 
T h is w as th e  reason  w hy  we chose th e  60 tli m in u te  for k illing  th e  a n im a ls . I t  
is h ig h ly  im p ro b ab le  th a t  f i l tra tio n  o f  o edem a flu id  h ad  ta k e n  p lace  d u rin g  
th e  f i r s t  10 m in u tes .

A  fu r th e r  p o ssib ility  is th a t  v a so p re ss in  causes th e  p u lm o n a ry  ly m p h  
vessels to  c o n s tr ic t ( F ö l d i  e t al. 1954). T h e  o n ly  ob jection  th a t  m ig h t arise
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a g a in s t  th is  a ssu m p tio n  is th e  lack  of c o n tra c tib le  e lem ents in  th e  ly m p h  
vesse ls . T he excessive d ila ta t io n  o f ly m p h a tic s  in  th e  h isto log ical sec tio n s is, 
h o w ev e r, a s tro n g  p ro o f  o f  th e re  being  such a m ech an ism . In  all p ro b a b ili ty , th e  
ly m p h  vessels a re  in su ff ic ie n t fo r th e  t r a n s p o r ta t io n  o f increased  a m o u n ts  of 
u l t r a f i l t r a te  (Figs 2, 3 a n d  4 ). A ugm en ted  u lt r a f i l t r a t io n , on th e  o th e r  h a n d , 
seem s to  be due to  th e  d im in ish ed  osm otic p re ssu re  o f p lasm a, a n d  p a r t ly  to  
th e  v aso p ressin . A lth o u g h  v aso co n stric tio n  b ro u g h t  ab o u t b y  v aso p ressin  
m ig h t in h ib it th e  fo rm a tio n  o f  oedem a, th e re  a re  n ev erth e less  d a ta  in d ic a tin g  
t h a t  th e  d rug  is in c re a s in g  p e rm eab ility  ( S c h o f f e n i e l s  an d  T e r c a f s  1962, 
H a y s  a n d  L e a f  1962, F o n g  e t  a l. 1960). W e a re  o f  th e  v iew  th a t  in  th e  p re se n t 
e x p e rim e n ts  th e  m a in  fa c to r  g iv ing  rise to  o ed em a w as th e  increased  p e rm e a 
b i l i ty  o f  p u lm o n a ry  ca p illa r ie s ; th is  allow ed a co n sid e rab le  am o u n t of flu id  to  he 
f i l t r a te d  from  th e  h y p o sm o tic  p lasm a. O b s tru c tio n  o f th e  u re te rs  m a d e  i t  
im p o ssib le  fo r th e  an im a ls  to  e lim ina te  th e  a d m in is te re d  flu id , hence th e  h y p - 
o sm o tic  cond ition  w as m a in ta in e d  for a co n sid e rab le  len g th  o f tim e . U n d e r 
su ch  c ircu m stan ces , th e  in su ffic ien cy  o f p u lm o n a ry  ly m p h a tic s  cau sed  an  
a c c u m u la tio n  of f lu id  in  th e  alveoli. This p h en o m e n o n  deserves som e a t te n tio n  
fro m  th e  clin ical p o in t  o f  v iew , to o , as th e  a p p lie d  dose of v aso p ressin  w as 
a b o u t  tw ice  th e  u su a l 25 to  27 I .  U. dose fo r  a n  a d u lt  w eighing 60 k g . T h e  
q u e s tio n  rem ains o pen  as to  w hich  of th e  f ra c tio n s  o f  vasopressin  w as re sp o n 
sib le  fo r  th e  d e v e lo p m en t o f  p u lm o n a ry  o ed em a, a n d  to  w h a t e x te n t o th e r  o r
g a n s  w ere in v o lved  in  th is  p rocess.
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A case o f  c o n c u rre n t double  p a ra th y ro id  ad en o m a  an d  of th e  a d re n a l c o r te x  h a s  
b een  review ed. B y  close analysis o f th e  c lin ica l fe a tu re s  an d  of h isto log ic  a n d  u l tr a -  
m icroscopic f in d in g  o f th e  rem oved  tis su e  th e  ho rm o n e-p ro d u c in g  c a p a c ity  o f  th e  c le a r  
ch ie f cells h as b een  su b s ta n tia te d .

T he c o n cep ts  o f te r t ia ry  h y p e rp a ra th y ro id ism  a n d  of re la tiv e  h y p e rc a lc iu r ia  
h a v e  been  d iscussed . T h e  necessity  fo r e a rly  su rg e ry  in  cases su sp ec t o f p a ra th y ro id  
ad en o m a, reg ard less  o f th e  co n d ition  o f th e  k id n e y s , h a s  been  stressed .

T h e  d eb a tes  o v er th e  orig in  o f p a ra th y ro id  adenom a are g ra d u a lly  su b s id 
ing  since  in  th e  l ig h t o f accu m u la tin g  c lin ica l ev idence i t  becom es m ore  a n d  
m ore  accep ted  th a t  c o n tin u o u s  exposu re  o f  th e  g lands to  an ir r i ta t io n  o f  som e 
k in d  leads to  th e ir  h y p e rp la s ia . T h e  m o st com m on  source o f su ch  i r r i ta t iv e  
s tim u li is h y p o ca lcaem ia  w hich m ay  be th e  consequence e ith e r  o f  in te s t in a l  
or o f  re n a l ab n o rm a litie s  o r o f c o rtico s te ro id  t r e a tm e n t  [17]. T he s tim u lu s  o f  
h y p o ca lcaem ia  has b een  fo u n d  to  increase  th e  p ro d u c tio n  of p a ra th o rm o n e  
in  vitro  as well [30, 31]. D is tu rb an ces  o f m ag n esiu m  m etabo lism  m a y  likew ise  
s tim u la te  p a ra th y ro id  fu n c tio n  [15, 20, 21, 22, 23].

In f la m m a to ry  p rocesses in  th e  tissu es  a d ja c e n t  to  th e  p a ra th y ro id  g lan d s , 
p a r tic u la r ly  th y ro id itis  [26], fu rth e rm o re  p e rm a n e n t exp erim en ta l ac idosis  [11] 
a re  fu r th e r  ir r i ta tiv e  fa c to rs  w hich m ay  be  a t  th e  origin of p a ra th y ro id  h y p e r 
p lasia .

I f  th e  i r r i ta t iv e  s tim u lu s  responsib le  fo r  h y p e rp la s ia  becom es p e rm a n e n t, 
i t  m a y  lead  to  an  ad en o m a to u s  tra n s fo rm a tio n  o f  th e  h y p erp lastic  tis su e .

O n th e  g rounds o f th ese  fac ts  h y p e rp a ra th y ro id ism , w h e th e r p r im a ry  o r  
seco n d a ry , m ay  be  re g a rd e d  as one a n d  th e  sam e e n tity , th e  m o re  so as a t  
la te r  s tag es  i t  becom es u n d is tin c t w hich  o f th e  tw o  p a tte rn s  has b een  o rig in a lly  
p re se n t, since b o th  in v o lv e  e v e n tu a lly  th e  k id n e y s  w hich again  a d d s  to  th e  
e x c ita to ry  s tim u lu s a ffec tin g  th e  g land .

T hese  fu n c tio n a l re la tio n sh ip s  allow  a b e t te r  u n d e rs tan d in g  o f  th e  cases 
o f m u ltip le  p a ra th y ro id  adenom a or th o se  o f  co n cu rren t p a ra th y ro id  h y p e r 
p lasia  a n d  ad en o m a re p o r te d  in th e  l i te ra tu re .

B y  th e  d esc rip tio n  o f  th e  p re se n t case i t  is in te n d e d  to  illu s tra te  th e  a b o v e  
o u tlin e d  m echan ism  a n d  to  c o n tr ib u te  to  th e  u l tra s tru c tu ra l  ev idence .
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H istory  an d  fin d in g s

1. C linical investiga tions

R . J . ,  a 69 -year-o ld  m ale  w as a d m itte d  on 16.7. 1965. H e h a d  b een  e x p e ri
e n c in g  p a in  in  his le f t  th ig h  an d  d ifficu lty  in  m o v in g  his legs since 1952, w ith 
o u t  d e riv in g  a n y  b e n e f it  from  p h y sica l a n d  d ru g  tre a tm e n t. In  1961, w hen  
h e  h a d  b een  h o sp ita liz ed  fo r som e o th e r  d isease , th e  cause of h is e x tre m ita l  
p a in s  w as in v e s tig a te d  a n d  h y p e rp a ra th y ro id ism  w as d iagnosed, th e  se ru m  
c a lc iu m  level h av in g  b een  betw een  12.4 a n d  16 m g  p e r 100 m l. T h e  in c rea s in g  
se v e r i ty  o f th e  sy m p to m s has m ade re in v e s tig a tio n  necessary  in  1964. T he 
f in d in g s  in c lud ing  th e  rad io g rap h ic  ev id en ce  o f  a w alnu t-sized  d e fec t in  th e  
le f t  t ib ia  w ere c o n s is te n t w ith  h y p e rp a ra th y ro id ism . In  F e b ru a ry , 1965, he 
h a d  fe l t  a sudden  s p lit t in g  p a in  in  th e  le f t leg ; th is  h a d  m ade a fu r th e r  im p a ir 
m e n t in  s ta n d in g  up  a n d  in  w alking. O n ren ew ed  h o sp ita liza tio n  th e  se ru m  ca l
c iu m  w as fo u n d  to  h a v e  a t ta in e d  16 m g a n d  th e  N P N , 57 m g p e r 100 m l. Since 
th e n  h e  h a d  been  on a low -calcium  d ie t a n d  on  a m a in ten an ce  th e ra p y  w ith  
p red n iso lo n e  w ith  few  in te rru p tio n s . T h is h a d  k e p t  th e  calcium  leve l be tw een  
11 a n d  14 m g p e r 100 m l.

O n adm ission  he  com plained  o f p a in s , c o n s tip a tio n  an d  p o ly u ria . T he 
co n sp icu o u s  fe a tu re s  w ere a considerab le  k y p h o s is , tenderness o f  th e  bones 
a n d  a liv e r  reach in g  tw o  fingers below  th e  c o s ta l a rch . T he la b o ra to ry  f in d in g s  
w ere : se ru m  calcium  b e tw een  10 an d  15.4 m g  p e r  100 m l; inorganic  p h o sp h o ru s  
b e tw e e n  3.8 an d  5.5 m g  p e r 100 m l; c itra te s  b e tw e e n  2.2 an d  3.1 m g p e r 100 m l; 
u r in a r y  calcium  e x c re tio n , 330 m g an d  a f te r  a calcium -free d ie t 405 m g in 
24 h rs ;  p H  of th e  u rin e  w as 6.4, i t  could  n o t  b e  fu r th e r  acidified. T u b u la r  p h o s
p h o ru s  re a b so rp tio n  w as 55 p er cen t re p e a te d ly . G F R  was 40 m l. T h e re  w as a 
d iffu se  d éca lc ifica tio n  w ith  su b p erio sta l e rosions w hile th e  th ick n ess  o f  th e  
sk u ll exceeded  th e  av e rag e  va lues. T h e  QT in  th e  E C G  m easured  0.28".

T h e  resu lts  c lea rly  confirm ed  th e  ex is te n c e  of p a ra th y ro id  ad en o m a. 
P ro g re ss iv e  d e te rio ra tio n  o f ren a l fu n c tio n s  as w ell as o f th e  genera l co n d itio n  
ca lled  fo r  su rg ery  (P ro f. I .  L i t t m a n n ) .  A fte r  th e  rem o v a l o f  a s tru c tu re  occu 
p y in g  th e  r ig h t u p p e r  po le  of th e  th y ro id  g la n d  ( i t  p roved  to  be  f a t  tissu e ), 
a p lu m -sized  m ass w as fe lt below  th e  r ig h t  lo w er pole of th e  th y ro id  g lan d , 
p ro tru d in g  re tro s te rn a lly . A fte r its  rem o v a l, in  th e  le ft th y ro id  lobe no  tissu e  
su g g estiv e  o f ad en o m a cou ld  be d e tec ted . T h e  f i r s t  th ree  p o s to p e ra tiv e  days 
w ere  u n e v e n tfu l. O n th e  fo u r th  d ay  th e  p a t ie n t  becam e  confused, re s tle ss  an d  
d ev e lo p e d  u r in a ry  re te n tio n . H e w as re tra n s fe r re d  to  ou r d e p a r tm e n t w here  
he b ec a m e  still m ore  confused , N P N  rose s te a d ily  w hile G FR  fell to  15.5 m l. 
I n te r m i t te n t  in co m p le te  u r in a ry  re te n tio n  d u e  to  p ro s ta tic  h y p e r tro p h y  m ad e  
th e  in se r tio n  o f an  indw elling  c a th e te r  n e c e ssa ry . A fte r flu id  a n tib io tic  an d  
d ig ita lis  t r e a tm e n t th e  p a t ie n t  died  on th e  1 5 th  p o s to p e ra tiv e  day . On th e  f irs t  
p o s to p e ra tiv e  d ay  se ru m  calcium  w as 10.8 m g  p e r  100 m l, c itra te  2 m g  p er
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100 m l, an d  on th e  fo llow ing  d ay s  these  values w ere 5 m g  p e r  100 m l an d  1.7 
m g p e r 100 m l, re sp e c tiv e ly , calling  fo r v ita m in  D a n d  AT 10 tre a tm e n t .  The 
a lk a lin e  reserve w as 29.1 vo l. p e r 100 m l. T he fa lling  ca lc ium  levels w ere in 
c o n tra s t  w ith  th e  tu b u la r  p h o sp h o ru s reab so rp tio n  o f  75 p e r c e n t, th u s  closer 
to  th e  h y p e rp a ra th y ro id  p a t te rn .

T he rem oved tissu e  w as su b m itte d  to  lig h t- a n d  e lec tro n  m icroscopic 
s tu d y .

2. H istological study

A plum -sized  faw n -co lo u red  tissue  frag m en t o f firm , g la n d u la r  consist
en cy , enclosed b y  a m em b ra n o u s  capsule w as su b m itte d  to  h is to lo g ica l exam 
in a tio n .

F ig . 1. L ig h t m icroscopic v iew  o f  th e  ch ie f cells an d  w a te r  c lear cells — in te rm e d ia te  and  pure  
ty p e s  — o f p a ra th y ro id  a d en o m a . T h e  ch ief cells a re  c h a ra c te riz ed  by  an  eo sin o p h ile  narrow  
cy to p la sm ic  rim  an d  a  ro tu n d  g ra n u la te d  nucleus. T he w a te r  c lea r cells o f b o th  in te rm ed ia te  
a n d  p u re  ty p es  have a b ro a d e r  cy to p la sm  th a n  th e  ch ief cells, a n d  a fo am y , v a c u o la te d  p a tte rn ; 

som e o f th e m  ap p ea r o p tica lly  e m p ty

T h e sections rev e a le d  p a ra th y ro id  tissue b ro k en  up  in to  is le ts  b y  fibrous 
b u n d le s  o f  v a rious th ic k n e ss , a n d  m ade up  in  focal a rra n g e m e n t o f  d ifferen t 
cell ty p e s .

T h e  f irs t cell ty p e  (F ig . 1) show ed on H E -s ta in in g  a re la tiv e ly  narrow  
pa le  cy to p lasm  w ith  eosinoph ile  g ranu les an d  c e n tra lly  s i tu a te d  ov o id  nuclei. 
T h e  n u c le a r  ch ro m atin  w as coarse ly  g ran u la ted . T h e  cells c o n ta in e d  one or two 
d is tin c t nucleoli.

T h e  o th e r cell ty p e  (F ig . 1) w as ch a rac te rized  b y  a b ro a d e r , fo a m y , vacuo
la te d , o ften  w a te r  c lear c y to p la sm  an d  a dense, eccen tric , even  m arg inal 
nu c leu s w ith  d is tin c t nucleo li. T h e  fo rm er ty p e  co rresp o n d ed  to  th e  ch ie f cells, 
th e  l a t t e r  to  an in te rm e d ia te  fo rm  of th e  w a te r  c lear cells o f th e  p a ra th y ro id  
g lan d . T y p ica l w a te r  c lea r cells also occurred , e ith e r  in d iv id u a lly  o r  in focal
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a r ra n g e m e n t.  There w as, m o re o v e r , a wide v a r ie ty  o f  in te rm e d ia te  ty p es , 
p a r t ic u la r ly  a t  th e  p e r ip h e ry  o f  th e  foci m ade u p  o f th e  in d iv id u a l cell ty p es, 
b u t  occasio n a lly  en tire  foci c o n s is te d  of in te rm e d ia te  cells. In  th e  p re se n t case, 
h o w e v e r , th e  tu m o u r w as la rg e ly  m ade up of th e  tw o  m ain  cell ty p e s  a rran g ed  
in to  f ie ld s  of various sizes.

T h e re  were also o c c a s io n a l sm aller isle ts o f  a th i rd  cell ty p e  (F ig . 2). 
T h e se  cells were sligh tly  la rg e r  th a n  those of th e  o th e r  ty p e s , sh a rp ly  o u tlin ed ,

F ig . 2 . C h ief cells and  o x y p h ile  ce lls  f ro m  h u m an  p a ra th y ro id  ad en o m a. T h e  o x y p h ile  cells are  
la r g e r  t h a n  th e  chief cells, th e ir  c y to p la s m  is m arked ly  eo sinoph ilic . T h e  n ucle i g en era lly  occupy 
th e  m a rg in a l  area of th e  cell, t h e y  a re  ro tu n d  or ovoid w ith  a  co arse ly  g ra n u la te d  ch ro m a tin

s tru c tu re

a n d  sh o w ed  a b ro ad , d e f in ite ly  acidophile c y to p la sm . T h e  ovo id  (or ro tu n d ) 
n u c le i  con ta in ing  coarse g r a n u la te d  ch rom atin  w ere u su a lly  m arg in a l. These 
ce lls  re sem b led  n o rm al p a r a th y r o id  cells.

T h e  cellular is le ts  w e re  in te rsp e rsed  w ith  c ross-sec tions o f b lood  an d  
ly m p h  capillaries w ith  a s in g le  endo thelia l la y e r  as th e ir  lin ing . T h e  fib rous 
s t ro m a  show ed in  som e a re a s  h y a lin e  tra n s fo rm a tio n  w ith  p ig m e n te d  m acro 
p h a g e s . A t sites, c ircu m sc rib ed  haem orrhages o r d e fin ite  f ib ro tic  changes were 
s e e n . I n  co n tra s t to  th e  n o rm a l p a ra th y ro id  p a t te r n ,  th e  sec tions u n d e r s tu d y  
sh o w e d  n e x t to  no f a t  t is su e .

I n  respect to  its  m ic ro sco p ic  fea tu res th e  ad en o m a  th u s  be longed  to  th e  
m ix e d  ty p e .

3. E lec tron  microscopic stu d y

E le c tro n  m icroscopy sh o w e d  a p revalence  o f l ig h t ch ie f cells (F ig. 3). 
T h e se  w ere  polygonal a n d  te n d e d  to  form  is le ts  o f v a rio u s  sizes. T h ey  were 
t ig h t ly  packed  to g e th e r, th e i r  m em branes b e in g  s tro n g ly  c reased , occasional 
d e sm o so m es provid ing  fo r  a t ig h t  adherence w ere  p re se n t. T h e  nuclei were
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F ig . 3. L ig h t ch ie f cells o f h u m an  p a ra th y ro id  ad en o m a. T h e  nuclei (N ) a re  ro tu n d ,  w ith  a 
m o d era te ly  e lec tro n -d en se  c h ro m a tin  s tru c tu re . T h e  nu c leo lu s (N u) u su a lly  o ccup ies th e  n u 
clear cen tre . T he ce llu la r m em b ran e  show s m ark ed  w rin k lin g , o ften  w ith  desm osom es (d ). T he 
consp icuously  c lear a p p ea ran c e  o f th e  cells is due  to  e x ten siv e  in tra ce llu la r  g ly co g en  fields 
(gl) o f stro n g  e le c tro n -p e rm e ab ility . T he cy to p lasm  c o n ta in s , in ad d itio n  to  g ly co g en , en d o 
p lasm ic  re ticu lu m  (er) in  considerab le  a m o u n ts  a n d  m ito ch o n d ria  (M) as well as se c re to ry  

g ran u les  (g) in  v a ria b le  n u m b ers . X 15 300
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r o u n d  o r ovoid, w ith  u n e v e n ly  d is tr ib u te d  c h ro m a tin  ten d in g  to  c lu s te r  a long  
th e  n u c le a r  m em brane . T h e  nucleo lus w h ich  m o s tly  occupied  th e  c e n tre  o f th e  
k a ry o p la s m , consisted  o f a s tro n g ly  e lec tro n -d en se  an d  a m o d era te ly  e lec tro n - 
d e n se , fine ly  g ra n u la te d  m o ie ty .

F ig . 4 . D a rk  chief cells o f  h u m a n  p a ra th y ro id  ad en o m a  c h a ra c te riz e d  b y  a  c y to p la sm  o f  h ig h  
e le c tro n -d e n s i ty  w ith  n u m ero u s  se c re to ry  g ranules (g) o f  d iv erse  shapes an d  sizes (0 .1 — 0.5 fi)  
a n d  o f  o ccasional in tra c is te rn a l lo ca liz a tio n  (icg). T h e  c y to p la sm  fu rth e rm o re  co n ta in s  a  fu lly  
d e v e lo p e d  endoplasm ic re tic u lu m  (e r), m ito ch o n d ria  (M ) o f  v a ry in g  n u m b er in  eac h  cell an d

g ly co g en  g ranules (gl). X 23 000
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T h e ch ief cells resem bling  th e  c lear ty p e  w ere cha rac terized  b y  a  clear 
cy to p lasm  o f po o r e lec tro n  den sity , ex cess iv e ly  rich  in glycogen g ran u les , 
b u t  p o o r in  lip id  d ro p le ts , m ito ch o n d ria  a n d  sec re to ry  granules. T h e  g lycogen  
g ran u les  o f irre g u la r  s ta r- lik e  shape v a rie d  in  size (200 to  400 Â) a n d  d e n s ity . 
T h ere  w as a v a ry in g  a m o u n t o f coarse en d o p lasm ic  reticu lum  d isp la y in g  a 
lam e lla r  p a t te rn .

F ig. 5. In te rm e d ia te  ch ie f cells w hose cy to p la sm  co m b in es  th e  featu res o f th e  l ig h t  a n d  th e  
d a rk  cells. D esp ite  i ts  rich n ess in  glycogen (gl) th e  c y to p la sm  is only m o d e ra te ly  e lec tro n - 
dense . I t  c o n ta in s  n u m ero u s  m ito ch o n d ria  (M), l ip id  d ro p le ts  (li), and sec re to ry  g ra n u le s  (g). 
T h e  G olgi a p p a ra tu s  (G) is p o o rly  developed , th e  en d o p la sm ic  re ticu lum  (er) is lik e w ise  scarce . 
In  som e of th e  cells g ra n u la r  cong lom era tes o f h ig h  e lec tro n -d en sity  (x) m a y  b e  obse rv ed

X 22 400

T he d a rk  ch ief cells (F ig . 4) m ak in g  u p  th e  m inor p a r t o f th e  ad e n o m a  
c o n ta in e d  a s tro n g ly  elec tron -dense  d a rk  c y to p la sm , a rich, la m e lla r  e n d o p la s 
m ic re tic u lu m , a v a r ia b le  n u m b e r of m ito c h o n d ria  and  n u m ero u s  se c re to ry  
g ran u les . A cco rd in g ly , th e y  w ere c o n s id e ra b ly  poorer in g lycogen  th a n  th e  
lig h t ch ie f cells. T h e y  w ere m ore loosely  a r ra n g e d  th a n  th e  fo rm e r , a n d  th e  
c y to p la sm  o ften  show ed sh a rp ly  o u tlin e d  p rocesses p ro tru d in g  in to  th e  w ide
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in te rc e llu la r  space. T h e y  w ere  poorer in lip id  d ro p le ts , too , b u t c o n ta in e d  n u 
m ero u s  em p ty  vesicles a n d  m itochondria , as w ell as Golgi ap p ara tu ses  o f  v e s ic 
u la r  ap p earan ce , o c c a s io n a lly  ciliar c ross-sec tions. Som e of th e  cells c o n s t i tu t 
in g  an  in te rm ed ia te  fo rm  o f  th e  tw o ty p es  (F ig . 5 /x) con tained  co n sp icu o u s 
co n g lo m era tes  o f a s tro n g ly  electron-dense s u b s ta n c e  of filam entous a r ra n g e 
m e n t.

F ig . 5a. C ross-section o f “ c il iu m ”  o f a ty p ica l 8 +  2 a r ra n g e m e n t ,  bordered  b y  g ra n u la r  c o n 
g lo m e ra te s  (x) and  p a r t  o f  a  G o lg i ap p a ra tu s  (G) in  a  d e ta i l  o f  a  p a ra th y ro id  a d e n o m a  cell

F ig . 5b. H igh-pow er v iew  o f  a  se c re to ry  granule (g). I t s  m ic ro g ra n u la r  s tru c tu re  a n d  i ts  close 
m orphologic r e la tio n s h ip  w ith  th e  en d clasm ic  r e tic u lu m  ap p ear clearly

T h e cong lom erates h a v e  n o t been id e n tif ie d  chem ically , on the  o th e r  h a n d , 
th e y  w ere clearly  d isc e rn ib le  from  glycogen o r  rib o so m e  granules.

T h e  secre to ry  g ra n u le s  were ro tu n d , o v o id  o r  rod-shaped . Som e o f th e m  
w ere  lo ca ted  in tra c is te rn a lly . This was of in te r e s t  since no such a r ra n g e m e n t 
o f th e  secre to ry  su b s ta n c e  lias been described  in  n o rm a l or in a d e n o m a to u s  
p a ra th y ro id  cells, th e re fo re  th e  said location  m a y  w ell rep resen t a sp ec ia l p a t 
te rn  o f  condensation  a n d  e lim ina tion  of th e  s e c re to ry  m ateria l.
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F ig. 6. In  th e  o x yph ile  cells o f th e  ad en o m a th e  cy to p la sm  is a lm o st c o m p le te ly  filled  w ith 
c losely  p ack ed  m ito c h o n d ria  (M ) a n d  w ith  g lycogen  g ran u les (gl) in  th e ir  v ic in ity . Sparse 

se c re to ry  g ran u le s  (g) m ay  also be  seen, x  24 000

T he oxyphile  cells (F ig . 6) h ad  a la rg e r cy to p lasm  th a n  th e  ch ief cells 
w ith  n u m ero u s, t ig h t ly  p a ck ed  ro d -sh ap ed  m ito ch o n d ria  c h a ra c te r iz e d  b y  
ty p ic a l  c ris tae , a n d  a m o d e ra te ly  e lec tron -dense  an d  o ccasio n a lly  v acu o la ted  
m a tr ix . L ip id  d ro p le ts  a n d  sec re to ry  g ranu les w ere scarce w hile  th e  glycogen
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o c c u p ie d  a more or less la rg e  a rea  of th e  c y to p la sm . G olgi a p p a ra tu se s  an d  
e n d o p la sm ic  re ticu lum  w ere  scarce.

W a te r  clear cells w e re  observed  on ly  o ccasio n a lly .

4 . Post-mortem f in d in g s

T w o of the  re m a in in g  p a ra th y ro id s , i.e . th e  le f t  a n d  th e  r ig h t u p p e r 
g la n d s  w ere  iden tifiab le , th e  fo rm e r pea-sized, th e  l a t t e r  bean -sized . T he s tru c 
tu r e  w h ic h  had  been b e lie v e d  to  be  the  le f t low er p a ra th y ro id , su b seq u en tly  
p ro v e d  to  be th y ro id  t is s u e . T h e  le ft u p p e r p a ra th y ro id  rev ea led  a no rm al 
m ic ro sc o p ic  p a tte rn  w hile  in  th e  r ig h t u p p e r g la n d  th e re  w as a h y p erp las ie  or 
a d e n o m a to u s  focus la rg e ly  m a d e  up  of p ro life ra tin g  c lear cells; i t  w as sh a rp ly  
d e m a rc a te d  from  a su rro u n d in g  n a rro w  rim  o f p a ra th y ro id  tissu e  fo rm ed  m a in 
ly  o f  c h ie f  cells. A n o th e r in te re s t in g  find ing  w as a n  e n la rg e m e n t of th e  ad ren a ls , 
th e  le f t  w eighing 20 g, th e  r i g h t  15 g; th e  c u t su rface  show ed  a sh arp  d e m a rc a 
t io n  b e tw e e n  cortex  a n d  m e d u lla . In  b o th  g lan d s sm all b ean -to -p lu m -sized  
b r ig h t  ye llow  cortical a d e n o m a s  w ere found. T he p i tu i ta r y  g lan d  w as n o rm al.

T h e  tw o  kidneys w e ig h e d  180 g. U nder th e  e a s ily  d e tach ab le  f ib ro u s ca p 
su le  a  g rey ish  red, g ra n u la r  su rfa c e  appeared  show ing , am ong  m ilia ry  p ro m i
n e n t  fo c i a lte rn a tin g  w ith  r e t r a c te d  areas, th in -w a lle d  vesicles filled  w ith  f lu id . 
O c c a s io n a l pea-sized, p o o rly  o u tlin e d  abscesses w ere  also  seen. On th e  c u t su r
face  th e  co rtex  ap p eared  n a r ro w , poorly  d e m a rc a te d  fro m  th e  m edu lla . T he 
p y r a m id a l  area show ed a  y e llo w ish  w hite s tre a k in g . T h e  calices w ere d ila ted . 
T h e  lo w e r  calices of b o th  k id n e y s  con ta ined  each  an  ir re g u la r  pea-sized  calcu lus. 
T h e  r e n a l  pelves were m o d e ra te ly  d ila ted , filled  w ith  tu rb id  flu id , th e  m ucosa 
w as  sw o llen , congested, f in e ly  v ascu la rized . T he re n a l  f in d in g s  w ere th u s  in d ic 
a t iv e  o f  chronic a p o s te m a to u s  p y e lo n ep h ritis , b i la te ra l  n ep h ro lith ia s is  an d  
n ep h ro ca lc in o sis .

D iscussion

P a ra th y ro id  ad en o m a u s u a lly  appears as a so li ta ry  n ode  confined  to  a 
s in g le  g la n d  [14, 28, 29], p r e v a le n t ly  in  one o f th e  lo w er g lands, b u t  i t  m a y  
a rise  f ro m  an  ab e rran t p a r a th y r o id  as well. R e p o rts  o n  m u ltip le  adenom as a re  
sca rce  [3, 9, 5, 16, 32].

S in ce  th e  firs t d e ta ile d  s tu d y  of p a ra th y ro id  a b n o rm a litie s  b y  Ca s t e l - 

m a n  a n d  M a l l o r y  [9] as f a r  b a c k  as 1935, re p o r ts  o n  th is  su b je c t h av e  been  
s c a n ty  [6, 39]. The s tu d y  o f  W o o l n e r  et al. [39] d eserv es  special a tte n tio n .

T h e se  au tho rs d iv id ed  th e  so lita ry  p a ra th y ro id  ad en o m as in to  fiv e  ty p e s . 
T h e re  is , how ever, m uch  d isa g re e m e n t ab o u t th e  in c id en ce  o f th e  in d iv id u a l 
ty p e s  [3 , 5, 32, 39]. T h o u g h  f ro m  th e  h is to g e n e tic  a sp e c t, th e  m o rp h o lo g i
ca l t y p e  o f  th e  adenom a c e r ta in ly  h as  its  s ig n ifican ce , fro m  th e  clin ical p o in t
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o f v iew  i t  m a tte rs  v e ry  l i t t le  to  w hich ty p e  i t  belongs, since no  d e f in ite  co rre
la tio n s  h av e  been fo u n d  b e tw een  th e  ce llu la r p a t te rn  of th e  tu m o u r  a n d  its  
fu n c tio n a l p ro p erties .

In  d iffe ren tia tin g  p a ra th y ro id  ad en o m a from  h y p e rp la s ia  i t  is helpfu l 
to  rem em b er th a t  h y p e rp la s ia  involves a ll p a ra th y ro id  g lands, s ince  th e  cell 
ty p e  a lone  will h a rd ly  ev e r decide th e  d iagnosis, desp ite  ce rta in  c lues, th u s  for 
in s ta n c e  in  p rim ary  h y p e rp la s ia  p ra c tic a lly  100 p e r cen t of th e  cell p o p u la tio n  
b e lo n g  to  th e  w a te r  c lear ty p e  w hile in  seco n d ary  h y p erp las ia  th e  ch ie f cells 
o f n o rm a l size are  p re v a le n t. In  adenom as a n y  o f th e  describ ed  ty p e s  m ay  
p re d o m in a te  or m ix  as seen in  th e  p re se n t in s tan ce . E le c tro n  m ic ro sco p y  is 
s till less su ited  fo r th e  d iffe ren tia tio n  of ad en o m a from  h y p e rp la s ia . T h e  p ro m 
ise o f  th is  m eth o d  lies in  a closer id e n tif ic a tio n  o f th e  cell ty p e  th ro u g h  its 
u l tr a s tru c tu re ,  th u s  a llow ing  to  gain  a b e t te r  in s ig h t in to  its  fu n c tio n a l a c tiv 
i ty  th a n  evidence rev ea led  b y  lig h t m icroscopy .

*

A p a rt from  e lec tro n  m icroscopic in v e s tig a tio n s  concern ing  th e  no rm al 
p a ra th y ro id  [19, 25, 26, 27, 34, 37] th e  ab n o rm a l u l t r a s t ru c tu ra l  chan g es of 
th e  g lan d  have also  b een  s tu d ie d  [35, 36, 36a]. T his w ork  re v e a le d  th a t  in 
a d en o m a  as well as in  p r im a ry  chief-cell h y p e rp la s ia  of th e  p a ra th y ro id ,  th e  
sam e  cellu lar ty p es  m a y  be  id en tified  as in  th e  h e a lth y  g lan d . A cco rd in g  to  
R o t h  [35] th e  m ost com m on ty p e  of p a ra th y ro id  adenom a is m a d e  u p  o f ligh t 
ch ie f cells. In  ou r ow n e lec tro n  m icroscopic m a te r ia l th is  cell ty p e  w as likew ise 
p re v a le n t. C ertain  u l t r a s t ru c tu ra l  fe a tu re s  o f th e se  cells, n a m e ly  th e  presence 
o f la rg e  am o u n ts  o f  coarse  endop lasm ic  re tic u lu m , of m ito c h o n d ria  a n d  a v a r i
ab le  n u m b e r of sec re to ry  g ranu les, a p a r t  fro m  th e  glycogen g ra n u le s , a re  asso
c ia te d  w ith  ac tiv e  h o rm o n e  p ro d u c tio n . T h e  claim  th a t  th e  c le a r  ch ie f cells 
a re  in a c tiv e  [36] is in v a lid a te d  b y  th e  e lec tro n  m icroscopic f in d in g s  as well as 
b y  th e  p re se n t case w here  an  adenom a m ad e  u p  exclusively  o f  su ch  cells, was 
a sso c ia te d  w ith  clin ical h y p e ra c tiv ity . R o t h  [36] too  alleges t h a t  sec re to ry  
h y p e ra c tiv i ty  of th e  g lan d  is asso c ia ted  w ith  s c a n ty  sec re to ry  g ran u le s . The 
c lea r ap p earan ce  o f  th e  cells is due to  th e ir  h ig h  glycogen c o n te n t  a n d  to  the  
p a u c ity  o f sec re to ry  g ran u les , w hereas th e  m assive  am o u n ts  o f  in tra c e llu la r  
g lycogen  have  been  co n n ec ted  b y  R o t h  w ith  th e  special fu n c tio n  o f  th e  ade
n o m a  cells w hich he believes to  be in d e p e n d e n t o f th e  n e u ro -h o rm o n a l regu la 
to r y  m echan ism s o f th e  o rgan ism . In  o u r op in ion , th e  clear c y to p la sm  o f th e  
cells is b y  no m eans in co m p a tib le  w ith  an  endocrine  fu n c tio n . I t  m ean s  on the  
c o n tra ry  th a t  m o b iliza tio n  of th e  h o rm o n e  p ro d u ced  in  a b u n d a n c e  b y  the 
h y p e ra c tiv e  ad en o m a cells is to o  fa s t to  p e rm it an  in tra c e llu la r  d ep o sitio n  of 
se c re to ry  g ranu les. O n th e  o th e r  h a n d , th e  d a rk  ch ief cells w h ich  a re  exces
s ive ly  rich  in  sec re to ry  gran u les  an d  endop lasm ic  re ticu lu m  a n d  a p p e a r  to  belong 
to  th e  s to rin g  ty p e  o f  ch ie f cells m ay  he fo u n d  in  considerab ly  g re a te r  num bers
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in  th e  n o rm al g land  th a n  in  adenom as [27]. I n  a g re e m e n t w ith  th e  fin d in g s 
o f  l ig h t  m icroscopy, th e  m ix e d  cell adenom as y ie ld  th e  elec tron  m icroscopic  
e v id e n c e  of oxyphile cells in  w h ich  secreto ry  g ra n u le s  are  scan ty .

A s an  ex p lan a tio n  o f  th e  r a r i ty  of ad en o m a  cells w ith  Golgi a p p a ra tu se s  
i t  m a y  b e  assum ed t h a t  th e  p ro d u c tio n  of p a ra th o rm o n e  falls to  th e  r ich  er- 
g a s to p la sm ic  s tru c tu re , a  p o ss ib ility  n o t on ly  su g g e s te d  b y  th e  ab u n d a n c e  of 
e rg a s to p la sm  b u t also b y  i t s  close m orphologic re la tio n sh ip s  w ith  th e  sec re to ry  
g ra n u le s .

*

T h e  p resen t case h a d  v a rio u s  po in ts o f in te re s t .
1. T he incidence o f  m u ltip le  p a ra th y ro id  a d e n o m a  is v e ry  low ; in  fa c t, 

n o t  m o re  th a n  4 p e r  c e n t o f  p a ra th y ro id  a d e n o m a s  a re  m u ltip le . T he on ly  
o b se rv a tio n  of its  o cc u rre n ce  to g e th e r w ith  a d e n o m a s  of o th e r  endocrine  o r
g a n s  h a s  been re p o rte d  b y  G olden  [1]. W e r n e r  [38] claim s causal re la tio n 
sh ip s  be tw een  th e  orig in  o f  m u ltip le  h o rm o n e-p ro d u c in g  adenom as a n d  a u to 
so m a l gene in ju ry .

I n  opposition  to  Zo l l in g e r —E llison’s sy n d ro m e , th e y  in v a ria b ly  p ro 
d u ce  organ-specific  h o rm o n e s  in s te a d  of g a s tr in .

2. E lec tro n  m ic ro sco p ic  s tu d ies  have p ro v id e d  c o n tr ib u tiv e  ev idence to  
th e  q u e s tio n  of fu n c tio n a l a c t iv i ty  b y  d e m o n s tra tin g  t h a t  sec re to ry  g ranu les 
c a r ry in g  th e  p o ly p ep tid e  h o rm o n e  m ay  a p p ea r in tra c is te rn a lly , fu r th e rm o re , 
t h a t  th e  chief cells a b o u n d in g  in  glycogen, are  h o rm o n e -p ro d u c in g .

3. T he th ird  a sp e c t o f  th e  p resen t s tu d y  is t h a t  o f “ te r t ia ry  h y p e rp a ra 
th y ro id is m ”  w hich in  th e  p ro cess  of p rim ary  h y p e rp a ra th y ro id ism  arises as a 
co n seq u en ce  of th e  re n a l co m p lica tio n , i.e. o f n ep h ro ca lc in o sis  or p y e lo n e p h ri
t is ,  a n d  calls for su rg e ry  [2, 7 , 12, 13, 24] in  th e  sam e  w ay  as does p a ra th y ro -  
to x ic o s is  [4].

H yperca lcaem ia  a n d  h y p e rc a lc iu ria  are  k n o w n  to  cease g rad u a lly , p a ra l
le l w ith  th e  progress of s e c o n d a ry  h y p e rp a ra th y ro id ism . A ccord ing ly , n o rm a l cal- 
c iu r ia  asso c ia ted  w ith  a low  G F R  m ay  signify a “ re la t iv e  h y p e rc a lc iu ria ”  [13]. 
In  o p p o sitio n  to  o th e r re n a l d iseases, calciuria o f th is  o rig in  is n o t red u ced  b y  a 
ca lc iu m -free  d iet. In  se c o n d a ry  h y p e rp a ra th y ro id ism  o f “ re g u la to ry ”  c h a ra c 
te r ,  hypoca lcaem ia  an d  h y p o c a lc iu r ia  due to  m a la b so rp tio n  are  fu r th e r  im 
p a ire d  b y  a calcium -free d ie t .  T h e  serum  c itra te  is h ig h  in  b o th  ty p e s , w hile 
in  “ re g u la tiv e ”  h y p e rp a ra th y ro id ism , calciuria in c rea se s  as a response  to  ca l
c iu m  in fusion  [26a],

S evera l instances a re  k n o w n  in w hich h y p e rp la s ia  o f an  endocrine o rgan  
s u b je c t  to  ex c ita to ry  s tim u li  re su lts  in  neop lasm  [13]. W oolner [39] asse rts  
on  th e  o th e r  hand  th a t  th e r e  a re  no sharp lim its  b e tw e e n  tru e  neop lasm  an d  
n o d u la r  h yperp lasia  o f an  e n d o c rin e  organ. N o d u la r  h y p e rp la s ia  m ay  re p re se n t 
th e  f i r s t  stage.
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T h e  p re se n t case illu s tra te s  once m ore  th a t  rem oval o f  one  a d en o m a  is 
n o t  a lw ay s su ffic ien t fo r s to p p in g  th e  h y p e rp a ra th y ro id ism . C arefu l ex p lo ra tio n  
o f a ll fo u r  g lands a t  su rg e ry  is o f p a ra m o u n t im p o rtan ce . S uccessfu l o p era tio n  
fo r ad en o m a  m u st be checked  a t  a la te r  tim e  b y  pelvic bone b io p sy  [1], as well 
as b y  th e  n ecessary  b iochem ica l a n d  to le ran ce  stud ies.

T h e re  was no p o ss ib ility  o f e s tab lish in g  in  re tro sp ec t w h e th e r  th e  b ila te 
ra l  ad ren o co rtica l ad en o m as re p re se n te d  an  inc id en ta l f in d in g  o r  w heth er 
h y p erco rtico id ism  h ad  a c tu a lly  b een  th e  p r im a ry  change g iv ing  rise  to  h y p e r
p a ra th y ro id ism  th ro u g h  a t r a n s i to ry  h y p o ca lcaem ia  [17], since  th e  re su lts  of 
a d re n o c o rtica l fu n c tio n  s tu d ie s  d a tin g  fro m  th e  early  stages o f  th e  d isease  were 
n o t  a v a ilab le .

*

W e are  in d eb te d  to  P ro f. I .  L it t m a n n  fo r th e  surgical records.
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BLOOD GASES IN POLYCYTHAEMIA VERA
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B lood gas an a ly se s  h av e  been  pe rfo rm ed  in 37 p a tie n ts  w ith  p o ly c y th a e m ia  v era  
on  82 occasions. T h e  a b n o rm a l find ings d e m o n s tra b le  d u rin g  e x ac e rb a tio n  a re  ascribed  
to  th e  h igh  e ry th ro c y te  c o u n t a n d  c ircu la tin g  b lood  vo lum e.

P olyg lobu lia  m a y  s ign ify  a p rim a ry  d isease , as in  th e  case o f th e  e n tity  
o f  u n k n o w n  ae tio logy , g en era lly  know n as p o ly cy th aem ia  v e ra , o r else a sec
o n d a ry  cond ition . S eco n d ary  po lyg lobu lia  com prises tw o  ty p e s . T h e  f irs t 
re su lts  from  an o x y g en a tio n  d efic it in  p u lm o n a ry  or ca rd iac  d iseases assoc ia ted  
w ith  fu n c tio n a l in su ffic iency . In  these  cases th e  increase  in  c irc u la tin g  blood 
v o lu m e  an d  in th e  n u m b e r  o f e ry th ro c y te s  re su lts  from  a c o m p e n sa to ry  m ech
an ism . T he o th e r ty p e  m ay  be connected  w ith  endocrine  d y sfu n c tio n s  (e.g. 
C u sh in g ’s disease o r sy n d ro m e), o r w ith  tu m o u rs  o f v a rio u s  sy s tem s , p a r t ic 
u la r ly  o f th e  k id n ey s [3, 17, 20], th e  liv e r [4, 8, 11], th e  ch ro m affin e  system  
[1, 5 ], an d  in tra c ra n ia l  tu m o u rs  [21].

T h e  rise in b lo o d  v o lu m e  an d  red  cell n u m b e r, as w ell as th e  h y p e rc e llu la r  
h o n e  m arro w  an d  th e  sh o r t  life-span  of e ry th ro c y te s  [20] a sso c ia ted  w ith  p o ly 
c y th a e m ia  vera  a re  signs o f an  increased  haem opoiesis.

T h e  in te re s t o f b lo o d  gas stud ies in  p o ly c y th a e m ia  v e ra  lies n o t  o n ly  in 
th e  possib ility  of o b ta in in g  ch a rac te ris tic  v a lu es  w hich  m ig h t he lp  to  d iffe ren 
t ia te  th is  cond ition  from  secondary  p o ly cy th aem ia  [12]. I t  is also  ex p ec ted  
t h a t  b y  a com prehensive  ev a lu a tio n  of th e  re su lts  o f gas analy sis  a n d  o f p a ra l
lel e ry th ro c y te  c o u n ts , co rre la tio n s could  be  fo u n d  b e tw een  th e  v a lu es  for 
b lo o d  vo lum e an d  v isco s ity  an d  th e  sev e rity  o f  o x y g en a tio n  defec t.

M ateria l and  m ethods

W e hav e  been  sy s te m a tic a lly  s tu d y in g  a n d  follow ing up  p a tie n ts  w ith  p o ly cy th a em ia  
v e ra  since 1959. T he re sp ec tiv e  th e ra p e u tic  re su lts  h av e  been re p o rte d  ea rlie r [6, 7, 15]. The 
p re se n t  s tu d y  re p o rts  on  th e  re su lts  o f blood gas a n a ly s is  p e rfo rm ed  in  a n u m b e r o f cases and 
c o m p a re d  to  th e  h a em ato lo g ic  s ta tu s .

A to ta l  of 37 p a tie n ts  w as s tu d ied , 24 of th e m  a t  v a rio u s in te rv a ls . In  a d d itio n  to  0 2 
s a tu ra t io n  and  pH  of a r te r ia l  blood w hich was d e te rm in e d  in all o f th e  cases, a r te r ia l  p C 0 2 
a n d  p 0 2 w ere s tu d ied  in 26 p a tie n ts . D ifferen tia l blood co u n ts , bone  m arrow  sm ears , h aem ato - 
c r i t ,  haem oglobin  v a lu e  as w ell as th e  clinical s ta te  w ere checked  a t  re g u la r  in te rv a ls  and  it 
w as on  these  g rounds t h a t  th e  p a tie n ts  w ere co n sid ered  to  be  in  re lap se  o r in rem iss io n . A red
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c o u n t  a b o v e  5 m illion, h aem o g lo b in  a b o v e  17 g pe r 100 m l, a  h y p e rce llu la r  bo n e  m arro w , h ep a- 
to -sp len o m e g a ly , ty p ic a l sy m p to m s , su ch  as h ead ach e , itc h in g , h a em o rrh ag ic  d ia th e s is  w ere 
r e g a rd e d  as signs of e x a c e rb a tio n . T h e  to ta l  n u m b er o f  b lo o d  gas s tu d ies  p e rfo rm ed  in 37 p a 
t i e n t s  w as  82. 72 of th ese  te s ts  w e re  m ad e  during  e x a c e rb a tio n s , 10 d u rin g  rem issions.

O f th e  p a tie n ts  12 w ere  fe m a le s , 25 m ales. T h e ir  age ra n g e d  b e tw een  27 a n d  69 y ears , 
th e  m a jo r i ty  w ere b e tw een  40 a n d  60 y ea rs  o f age. C ongestive  h e a r t  fa ilu re  o f sc lero tic , p u lm o 
n a r y  o r  v a lv u la r  orig in , p re se n t in  11 cases, could be  k e p t  u n d e r  co n tro l b y  d ig ita lis  t r e a tm e n t.  
E ig h t  p a t ie n ts  h a d  h y p e rte n s io n  re sp o n d in g  well to  d ru g  tr e a tm e n t.

T h e  blood gas te c h n iq u e  h a s  b een  described e a rlie r  [18].

R esults

T h e  resu lts fa ll in to  tw o  groups acco rd in g  to  th e  p a tie n ts  b e in g  in  re 
la p se  o r  in  rem ission a t  th e  t im e  o f s tu d y :

D u rin g  rem ission , 10 d e te rm in a tio n s  o f  a r te r ia l  0 2 s a tu ra tio n , 10 o f 
a r te r ia l  p H , 2 of p C 0 2, 2 o f  p 0 2; during  e x a c e rb a tio n , 72 d e te rm in a tio n s  o f 
a r te r ia l  0 2 sa tu ra tio n , 72 o f  a r te r ia l  p H , 29 o f  p C 0 2, a n d  29 o f p 0 2 h a v e  been  
p e rfo rm e d .

T h e  resu lts  to g e th e r  w ith  th e  n u m b er o f m e asu rem en ts , th e  m ean  v a lu es  
fo r  th e  in d iv id u a l g roups a n d  th e  s ta n d a rd  e rro rs  are  p re se n te d  in  T ab les  I  
a n d  I I .

Table I

B lood  gases during exacerbation

Parameter Number of 
measurements Mean value Standard

error

A rte ria l 0  2 sa tu ra tio n , p e r  c en t 72 93.8 ± 0 .8 0

A rte ria l  pH 72 7.4 ± 0 .4 0 5

A rte ria l  p C 0 2, m m  H g 29 43 ± 1 5 .2 0

A rte ria l p 0 2, m m  H g 29 82.5 ± 1 5 .1 0

T a b le  I  shows th a t  e x a c e rb a tio n  was acco m p an ied  b y  a m o d e ra te  re d u c 
tio n  o f  a r te r ia l  0 2 s a tu ra t io n , a d e fin ite  re d u c tio n  o f p 0 2, n o rm a l a r te r ia l p H , 
a n d  a n  increased  p C 0 2.

Table II

B lood  gases during rem ission

Parameter Number of 
measurements Mean Standard

error

A rte ria l 0 2 sa tu ra tio n 10 95.8% ± 0 .4 5

A rte ria l  pH 10 7.39 ± 0 .6 8
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D u rin g  rem ission , 0 2 sa tu ra tio n  a n d  p H  w ere a t  no rm al ra n g e , p 0 2 was 
94 m m  H g  in one a n d  95 m m  H g in a n o th e r  p a tie n t, while p C 0 2 w as  40 m m  
H g  in b o th  p a tie n ts .

T he differences b e tw een  th e  tw o g ro u p s  gain  in  sign ificance b y  th e  fac t 
th a t  th e  va lu es  o b ta in e d  d u rin g  rem ission  w ere in v ariab ly  d e r iv e d  a f te r  32P  
tre a tm e n t ,  of p a tie n ts  w hose values d e te rm in e d  p rio r to  th is  t r e a tm e n t  figure 
in  th e  ex ace rb a tio n  g roup .

D iscussion

T h e  h igh  e ry th ro c y te  co u n t an d  c irc u la tin g  b lood volum e a sso c ia te d  w ith  
m a n y  cases o f seco n d ary  po lyg lobu lism  is d u e  to  a co m p en sa to ry  m echan ism  
aris in g  as a consequence o f  h y p o x ia , as in  th e  case of co n g en ita l v a lv u la r  de
fects o r o f ch ron ic  co r p u lm o n a le . I t  seem ed  in te re s tin g  to  s tu d y  h o w  th e  said 
changes a ffec ted  th e  b lo o d  gas v a lu es . T ie d e  an d  Chievitz [19] fa iled  to 
d e te c t a n y  sig n ifican t change in  th e  b lo o d  p H  o f p a tie n ts  w ith  p o ly c y th a e m ia  
v e ra . Lotzman e t al. [10] found  an  a r te r ia l  0 2 sa tu ra tio n  o f less th a n  80 per 
cen t in  11, a n d  less th a n  92 p e r cen t in  9 o u t  o f  26 p a tie n ts  w ith  p o ly c y th a e m ia  
v e ra ; th e y  ascribed  th e  decrease to  th e  in c rea sed  blood vo lu m e a n d  re d  cell 
c o u n t. B urgess a n d  B ish o p  [2] s tu d ie d  th e  d iffusion  cap ac ity  in  t h e  s tag es  of 
e x ace rb a tio n  an d  rem ission  o f p o ly c y th a e m ia  v e ra . The values w ere  fo u n d  to  be 
red u ced  d u rin g  e x a c e rb a tio n  an d  n o rm a l d u rin g  rem ission.

N e w m a n  an d  F e l t m a n  [16] o b se rv ed  a decreased 0 2 s a tu r a t io n  a n d  in 
creased  p C 0 2 in  p o ly c y th a e m ia  v e ra . B y  th e  ap p lica tion  of c u r r e n t  m e th o d s, 
tw o  m em bers of o u r te a m  [18] fo u n d  b lo o d  gas abnorm alities in  card io -resp i- 
ra to ry  fa ilu re ; i t  has b een  concluded  t h a t  th e  elevation  of h a e m o g lo b in  level, 
in  o th e r  w ords, seco n d a ry  p o lyg lobu lia  w h ich  provides c o m p e n sa tio n  for 
h y p o x aem ia  a t  f ir s t , fa ils to  do so a t  la te r  s tag es  o f fu n c tio n a l im p a irm e n t when 
c a rd io -re sp ira to ry  fa ilu re  has becom e m a n ife s t.

On th e  ev idence o f th e  p re sen t s tu d ie s , exacerbations o f  p o ly c y th a e m ia  
v e ra  a re  acco m p an ied  b y  a m o d era te  d ecrease  o f 0 2 s a tu ra tio n , a  d e fin ite  re
d u c tio n  o f p 0 2 an d  an  increase  o f a r te r ia l  p C 0 2. A bnorm al gas e x ch an g e  re 
veals itse lf  in  th e  f i r s t  line  b y  th e  chan g es in  th e  p 0 2 an d  p C 0 2 v a lu e s . (Inc i
d e n ta lly , ow ing to  te c h n ic a l reasons, we h a d  to  confine th e  d e te rm in a tio n s  of 
p 0 2 a n d  p C 0 2 in  rem ission  to  tw o cases, a n d  to  correlate  th e  v a lu e s  o b ta ined  
d u rin g  e x ace rb a tio n  to  th o se  g en era lly  k n o w n  from  l i te ra tu re .)  O n these 
g ro u n d s, th e  ab n o rm a l v a lu es  m ay  be  v iew ed  as being due to  th e  in crease  in 
th e  n u m b e r of red  cells a n d  in  th e  vo lu m e o f c ircu la ting  b lood.

E x a c e rb a tio n  o f p o ly cy th aem ia  v e ra  an d  secondary  p o ly g lo b u lia  are 
asso c ia ted  w ith  d e fic ien t o x y g en a tio n . T h e  d is tin c tiv e  p o in t is, h o w ev e r, th a t  
w hile in  p o ly cy th aem ia  v e ra  these  v a lu es  a re  norm alized  p a ra lle l w ith  th e  re
sponse to  tr e a tm e n t o f th e  e ry th ro c y te  c o u n t a n d  th e  h aem o g lo b in  level, in
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s e c o n d a ry  polyglobulia t h e  red u c tio n  o f th e  e ry th ro c y te  coun t a n d  o f  th e  
h a e m o g lo b in  level has a n  a d v e rse  effect on o x y g e n a tio n . I t  follows t h a t  th e  
r e s u l t s  o f  blood gas a n a ly s is  m u s t be v iew ed in  th e  l ig h t o f th e ir  re sp o n se  to  
a d e q u a te  tre a tm e n t in  o r d e r  to  be of any  use in  th e  d iffe ren tia tio n  o f p o ly c y th -  
a e m ia . O ne of th e  p re s e n t  a u th o rs  [14, 15] n o te d  haem orrhag ic  d iso rd e rs  in  
c a se s  o f  po lycy thaem ia  v e r a  d u rin g  e x ace rb a tio n . P a ra lle l  w ith  th e  n o rm a liz a 
t io n  o f  th e  p la te le t c o u n t, th e s e  changes, to o , w ere  fo u n d  to  respond  to  th e ra p y . 
A ll th i s ,  to g e th er w ith  th e  ev id en ce  p resen ted  in  th e  foregoing, w ould  su g g est 
t h a t  a n  increase in a n y  ty p e  o f  cell p o p u la tio n  in  th e  b lood  m igh t a lone  lead  
to  a  fu n c tio n a l im p a irm e n t.

R esu lts  of re s p ira to ry  te s ts  will be re p o r te d  in  a n o th e r  paper.
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HAEMODYNAMIC CHANGES IN SHOCK ASSOCIATED 
WITH EXPERIMENTAL MYOCARDIAL INFARCTION

B y

G y . G á b o r , I. J u h á s z  an d  G . P o g á t s a

SECOND D EPA RTM EN T OF M ED ICIN E, U N IV ER SITY  MEDICAL SCHOOL, B U D A PEST 

(R ece iv ed  J u ly  1, 1966)

Shock w as seen  to  develop  in  15 o u t  o f 22 an im als  su b je c te d  to  ex p erim en ta l 
m y o card ia l in fa rc tio n .

1. S tro k e  v o lu m e a n d  ca rd iac  o u tp u t  fell in  19 in s tan c es ; 12 o f  th ese  w ere asso
c ia ted  w ith  shock .

2. T P R  in creased  to  d oub le  i ts  in it ia l  v a lu e  in  7 cases. In  th e se , sh o ck  failed  to 
develop . In  8 o u t  o f  12 ex p erim e n ts  in v o lv in g  shock  th e  T P R  sh o w ed  a  m o d era te  rise 
o n ly  a n d  in  4, e ith e r  no n e  a t  a ll o r even  a  d rop . 3 an im als d e v e lo p ed  sh ock  d esp ite  an 
u n ch an g ed  ca rd iac  o u tp u t .  In  th ese  cases th e re  w as a co n sid erab le  fa ll in  T P R .

3. 5 e x p e rim e n ts  w ere d esigned  to  s tu d y  card iac  o u tp u t  a n d  T P R  30 and  60 
m in u te s  a f te r  co ro n a ry  o b s tru c tio n . Shock asso c ia ted  w ith  a  c o n sid e rab le  fa ll o f cardiac  
o u tp u t  as well as o f T P R  occu rred  in  one in s tan c e  only . In  th e  o th e r  fo u r  cases, 30 m in 
u te s  a fte r  co ro n ary  o b s tru c tio n  a re d u c tio n  in  card iac  o u tp u t  w as re g is te re d  b u t  a t  60 
m in u te s  th e  v a lu es h a d  re tu rn e d  to  no rm al.

4. A lin e a r  co rre la tio n  w as fo u n d  be tw een  a) th e  c o ro n a ry  f ra c t io n  o f cardiac  
o u tp u t  an d  T P R ; b ) th e  re n a l f ra c tio n  of card iac  o u tp u t  a n d  T P R ;  a n d  c) th e  coronary  
a n d  ren a l frac tio n s  o f  ca rd iac  o u tp u t.

5. No co rre la tio n  w as fo u n d  b e tw een  co ro n ary  or re n a l flow  a n d  th e  o th e r  circu
la to ry  p a ram ete rs .

Successful p re v e n tio n  an d  m an ag em en t o f card iogen ic  sh o ck  is g rea tly  
h in d e re d  b y  ou r ig n o ran ce  o f th e  u n d erly in g  p a th o m e c h a n ism . D esp ite  th e  
w e a lth  of clinical o b se rv a tio n s  re la tin g  to  m y ocard ia l in fa rc tio n , th e  m ethods 
o f  s tu d y in g  th is  p a r t ic u la r  issue a re  n o t  de lica te  enough  to  b e  re a lly  in fo rm a
tiv e .

A tte m p ts  to  in d u ce  shock  in  th e  la b o ra to ry  an im a l b y  lig a tio n  of the  
co ronaries or b y  e lec tric  o r chem ical d am age to  th e  m y o c a rd iu m  h av e  failed 
[1, 2 ] .  A gress  e t  al. h a v e  w o rk ed  o u t a closed-chest m e th o d  b y  w hich  i t  is 
possib le  to  induce  m y o ca rd ia l necrosis follow ed in m o st cases b y  cardiogenic 
shock  in  dogs. A p a r t  fro m  s lig h t m o d ifica tio n s, i t  is th e  sam e  m e th o d  w hich 
w e h av e  been using  in  re c e n t y ea rs  fo r th e  p ro d u c tio n  o f m y o c a rd ia l in farc tion  
a n d  card iogenic shock  in  dogs, allow ing  to  s tu d y  th e  en su in g  chan g es in  stroke 
vo lu m e , card iac o u tp u t ,  b lood  p ressu re , c a lcu la ted  p e rip h e ra l re s is ta n c e , coro
n a ry  an d  ren a l b lood  flow . T he p re se n t p a p e r w ill re p o rt on su c h  s tu d ies .

Method

T h e  ex p erim en ts  w ere carried  o u t  in  41 dogs o f b o th  sexes, w eig h in g  b e tw een  12 and 
21 kg , u n d e r chloralose an ae sth es ia . M yocard ia l in fa rc tio n  was in d u ced  in  27 dogs b y  th e  m odi
fied  m eth o d  of Ag ress  a n d  B in d e r  [3]. T h ro u g h  a c a th e te r  in se rted  u n d e r  ra d io g ra p h ic  contro l
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v ia  th e  fem o ra l a r te ry  in to  th e  a sc e n d in g  a o rta  up  to  th e  lev e l o f  th e  co ro n ary  orifices, 10 m l 
o f  a  su sp en s io n  con ta in ing  ag ar g lo b u le s  o f 300 to  350 /a size w ere  in je c te d . P rev io u sly  a ru b b e r  
b a llo o n  in se r te d  th ro u g h  th e  le f t  c a ro t id  in to  th e  ascend ing  a o r ta  w as d is ten d ed  b y  m eans of 
4 to  5 m l o f  ace trizo ate  in  o rd e r to  sea l th e  ao rtic  lum en fo r 15 sec, so as to  p re v e n t a d isp e rs
in g  o f  th e  globules to th e  p e r ip h e ry . H e rm e tic  sealing w as a sc e r ta in e d  b y  m icroscopic e x a m 
in a t io n  o f  th e  liver, in som e cases o f  th e  k id n ey . C ardiac o u tp u t  a n d  s tro k e  vo lum e w ere d e te r 
m in e d  b y  th e  dye d ilu tion  m e th o d  [4] im m ed ia te ly  before  a n d  5 m in u te s  a f te r  co ro n ary  o b 
s t r u c t io n  in  G roup I ,  and  also a f te r  30 a n d  60 m inu tes in  G ro u p  I I .  P e r ip h e ra l re sis tan ce  w as 
c a lc u la te d  fro m  th e  ra tio  o f b lo o d  p re ssu re  an d  card iac  o u tp u t .  A t th e  en d  of th e  ex p erim en t, 
i. e. 60 m in u te s  a fte r th e  in te rv e n t io n ,  th e  card iac  an d  re n a l f ra c t io n s  o f card iac  o u tp u t  w ere 
d e te rm in e d  b y  Sa p ir s t e in ’s m e th o d  [5] a n d  card iac  an d  r ig h t  re n a l  b lo o d  flow  w ere ca lcu la ted  
o n  th e  b a s is  o f th a t  value . B y  c o r re la t in g  these  figures w ith  th o se  o f b lood  p ressu re  fo u n d  a t  
th e  e n d  o f  th e  ex p erim en t we e s t im a te d  th e  vascu lar re s is tan ce  o f  th e  h e a r t  a n d  of one k id n ey .

A s a  co n tro l, in  14 h e a l th y  d o g s ca rd iac  and  ren a l f ra c tio n s  o f c a rd iac  o u tp u t  w ere d e 
te r m in e d  b y  m eans o f 86R S, w i th o u t  a n y  o th e r  in te rv en tio n . R ig h t  a tr ia l  p ressu re  w as e s tim a te d  
b y  h e a r t  c a th e te riza tio n .

C a rd ia c  o u tp u t (МУ) w as e x p re ss e d  in  1 /m in; s tro k e  v o lu m e  (SV), in  m l; to ta l  p e rip h e ra l 
r e s is ta n c e  (T P R ), in cm dyne  se c "5; b lo o d  p ressure  (B P ), in m m  H g ; th e  card iac  frac tio n  m u l
t ip l ie d  b y  p e r  cen t (Cfr), in  m l/m in u te ;  co ro n ary  resistan ce  (C R ), in  cm  d y n e  sec"5.

R esults

G roup I .  In  7 o u t o f 22 a n im a ls  no shock d ev e lo p ed  (T ab le  I  an d  F ig . 1, 
g ro u p  a ). B lood pressure e i th e r  rem a in ed  u n ch an g ed , o r  i ts  fa ll d id  n o t exceed 
16 to  18 p e r  cen t of th e  in i t ia l  v a lu e . C ardiac o u tp u t  w as red u ced  to  36 to  66 
p e r  c e n t  (m ean , 44 p er c e n t) , p a ra lle l  w ith  an  in crease  o f  T P R  (m ean , 92.7 p e r 
c e n t) ,  w h ile  r ig h t a tr ia l p re ssu re  rem ain ed  u n ch an g ed . I t  m a y  be  in fe rred  from  
th e  s ig n if ic a n t rise in T P R  t h a t  th e  p e riphera l v a so c o n s tr ic tio n  arising  as a 
m e c h a n ism  com pensating  th e  re d u c tio n  of ca rd iac  o u tp u t  m u s t have  been  sig
n i f ic a n t  enough  to  acco u n t fo r  th e  absence of a fa ll in  b lo o d  p ressu re .

S h o ck  developed in  15 a n im a ls  (Fig. 1, g roups b , c, d). A red u c tio n  o f 
c a rd ia c  o u tp u t  (by 40 to  70 p e r  c en t)  was found  in  12 cases. In  8 o u t o f these , 
T P R  sh o w ed  a m odera te  rise , a n d  in  4 i t  was u n c h a n g e d  o r  s lig h tly  d im in ished . 
C e n tra l  v en o u s pressure w as u n c h a n g e d . The fall o f  b lo o d  p ressu re  w as th e re 
fo re  d u e  to  th e  reduc tion  o f  c a rd ia c  o u tp u t. T P R  show ed  th a t  e ith e r no v aso 
c o n s tr ic t io n  h ad  occurred  a t  th e  p e rip h e ry  or even if  i t  h a d , i t  w as too  sligh t 
fo r  th e  com pensation  of th e  decrease  in b lood p re ssu re  acco m p an y in g  th e  
r e d u c t io n  o f  card iac o u tp u t .

I n  3 cases (Fig. 1, d), b lo o d  p ressu re  fell to  50 p e r  c e n t o f  its  in itia l level, 
b u t  t h e  red u c tio n  of ca rd iac  o u tp u t  d id  n o t exceed  15 to  20 p e r cen t. R ig h t 
a t r ia l  p re ssu re  rose in s ig n if ic a n tly . In  co n tra s t, T P R  fe ll to  50 p e r cen t of i ts  
in i t ia l  v a lu e , po in ting  to  p e r ip h e ra l  v aso d ila ta tio n .

I n  Group I I  th e  p a ra m e te rs  w ere de te rm ined  in  5 cases 30 an d  60 m in u tes  
a f te r  c o ro n a ry  occlusion (T ab le  I I  an d  Fig. 2). C ard iac  o u tp u t  d im in ished  
su c c e ss iv e ly  in  all of th e  cases; a t  60 m inu tes i t  w as a ro u n d  50 p e r cen t o f th e  
v a lu e  d e te rm in e d  a t  30 m in u te s . N evertheless, shock  w ith  a sig n ifican t fa ll 
o f  b lo o d  p re ssu re  was fo u n d  in  o n e  case only w hile in  th e  o th e r  4 cases th e  fall 
o f  b lo o d  p ressu re  was co n fin ed  to  th e  f irs t 30 m in u tes  a n d  d id  n o t exceed 10 to

Acta Medica Academiac Scientiarum Hungaricae 23, 1967



HAEMODYNAMIC CHANGES IN  SHOCK 1 4 5

Table I

BP CO SV TPR Cfr Rfr CBF RBF

1. - 1 7 - 3 5 — 57 +  21 — — ___ ___

2. — 20 — 35 — 44 +  20 — — — —

3. 0 — 55 — 57 +  123 7 21 99.5 298
4. — 16 - 3 9 — 62 +  112 4.3 11.3 91.3 239
5. 0 - 6 6 — 69 +  196 9.4 8.9 95 90
6. - 1 8 — 36 — 41 +  47 6 26.5 109.9 485
7. 0 — 42 — 39 +  72 7 22.5 67.2 216
8. — 33 - 6 0 — 52 +  69 5.9 23.2 46.1 181

9. — 33 - 6 9 - 6 2 +  115 7.4 23.6 102.2 326
10. — 38 — 68 — 72 +  93 6 9.4 37.3 38.4
11. 39 — 51 — +  24 — — — —

12. — 41 - 5 2 — 43 +  22 4.2 23.4 46.6 260
13. - 4 7 — 73 — 74 +  92 7.4 20.4 73.5 202
14. — 49 — 54 — 50 +  14 4.6 14.0 25.3 77
15. — 50 — 56 — 48 +  13 7.2 23.9 74.8 248.4
16. — 38 — 30 - 3 6 10 2 10.0 26 130
17. — 47 — 46 — 59 7 5.4 13.2 110.2 269.5
18. — 53 — 46 — 50 20 5.9 15.4 101.6 265
19. — 56 - 5 1 - 3 2 11 4.2 8.8 23.2 449
20. - 5 5 — 17 +  10 46 7.8 13.0 162.2 270.1
21. — 58 — 21 — 16 -  46 2.4 4.2 34.6 59.6
22. — 60 — 16 — 10 — 52 3.3 7.2 35.6 77.7

B P =  blood  pressure Cfr =  coronary  frac tion  of c a rd iac o u tp u t
CO =  card iac  o u tp u t R fr =  ren al fraction  of c a rd iac o u tp u t
SV =  s tro k e  volum e CB F =  coronary blood flow'
T P R =  to ta l  pe rip h eral resistance R B F =  renal blood flow

T he figu res re p re se n t p e rcen tu a l changes o f th e  in itia l values

20 p e r  c e n t. (In  one of th e se  cases, b lo o d  p re ssu re  was so m ew hat lo w er in  th e  
second  30 m in u te s , b u t  in  th e  o th e r  th re e  cases, th e  60 m in u te  re a d in g s  show ed 
a re tu rn  to  th e  in itia l v a lues.)

In  th e  on ly  case w ith  shock  b lood  p re ssu re  a t  30 m inu tes w as 33 p e r cen t, 
a t  60 m in u te s  58 p e r c en t below  th e  in it ia l  level. R eduction  o f  c a rd ia c  o u tp u t 
a m o u n te d  to  29 p er cen t a n d  36 p er c e n t, re sp ec tiv e ly , th u s  to  n o t  m ore  th a n  
in  th e  4 cases w ith  u n ch an g ed  b lood  p re ssu re . O n th e  o th e r h a n d , in  th e se  very  
fo u r cases T P R  successively  rose in  o p p o sitio n  to  its  s ign ifican t d ro p  in  th e  only 
in s ta n c e  asso c ia ted  w ith  shock  (F ig . 2).

O ne o f th e  ob jec ts  o f th e  p re se n t s tu d y  w as to  fin d  c o rre la tio n s  b e tw een  
th e  in d iv id u a l p a ra m e te rs  o f c ircu la tio n  a n d  th e  co ronary  fra c tio n  o f  card iac
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o u tp u t ,  i. e. co ro n ary  f lo w . I n  9 cases co ro n ary  flo w  increased , an d in  6 i t  d im in 
ish e d  in  p ropo rtio n  to  th e  re sp ec tiv e  change o f  T P R . I t  w as in one case  on ly  
t h a t  th e  T P R  d ro p p ed  b y  45 p e r cen t w hile th e  c o ro n a ry  frac tio n  rose to  7.6 p e r  
c e n t. O n th e  o ther h a n d , in  3 cases, desp ite  a 15 to  20 p e r cen t increase o f  T P R , 
th e  co ro n ary  frac tio n  d ro p p e d  to  4.2 to  4.6  p e r  c e n t  as ag a in st th e  n o rm a l 5.4 
p e r  c en t. These ex c e p tio n s  w ere , how ever, to o  close to  th e  lim its of th e  n o rm a l

4%
+  TPR

a b c  d
Л121 6 1 8 1 4 1 3 1=27

F ig . 1

ra n g e  to  be necessarily  p a th o lo g ic a l (Fig. 3). S im ila r  co rrelations h a v e  b een  
fo u n d  betw een  th e  ch an g es  o f  T P R  an d  th e  re n a l  f ra c tio n  of card iac  o u tp u t  
(F ig . 4 ). W ith  th e  e x c e p tio n  o f  3 cases th e  re n a l f ra c t io n  increased  or d im in ish ed  
in  p ro p o rtio n  to  th e  T P R .

T h e  existence o f  a c o rre la tio n  betw een  T P R  a n d  th e  co ronary  a n d  re n a l 
f ra c t io n s  o f cardiac o u tp u t  h a s  th u s  been d e m o n s tra te d  b y  th e  p resen t e x p e ri
m e n ts .

T h e  values for c a rd ia c  o u tp u t  and  its  o rg a n  frac tio n s  allow  to  define  
b lo o d  flow  in a p a r t ic u la r  o rg a n . T able I  show s th e  changes of co ro n ary  an d  
re n a l  flo w  in shock. I t  is seen  th a t ,  w ith  th e  e x c e p tio n  o f tw o cases, c o ro n a ry  
flo w  d im in ished  th ro u g h o u t regard less of th e  b e h a v io u r  o f th e  co ro n ary  f ra c 
t io n  o f  card iac  o u tp u t. C o ro n a ry  flow  show ed no  c o rre la tio n s  w ith  b lood  p res-
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-------- MV
---------BP
-------TPR

30'во' 30'во' за ва  30’ ба за  во'

F ig . 2

8 .

7 *

6 • •
n o r m

5 c o n tr o l

••
4- *

3 * ,

2 •

-50 4Ó 3020 0 * 102030А05060708090Ю0 120 Ш )  T P R & Z

Fig. 3

su re  o r th e  o th e r p a ra m e te rs  (F igs 6, 7, 8). Solely th e  T P R  seem ed  to  be 
la te d  to  a ce rta in  e x te n t w ith  co ro n ary  flow  (F ig . 7).

corre-
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As to  the  o ccu rren ce  o f  shock in d ep en d en ce  on th e  e x te n t  a n d  s ite  o f 
m y o c a rd ia l dam age, g ross a n d  m icroscopic f in d in g s  fa iled  to  rev ea l a n y  such 
c o n n ec tio n .

RF
2A-
23-
22
21-

20-
1 9 -
18 -

17-
16 ]-------------------------------------------------------------------
15-
K-
13- •
12-
11-
10-
9 - %
7 I I ................................................ ... -, —

-50^0302010 +102030F05060708090100 120 W  TPRaX 

F ig .  4

Table II

No. CO A%
TPR

cm dyne sec-  6 A%
BP

mm Hg A%

l . 5.72 2 510 180

30 ' 4.09 — 29 2 350 —  6 120 — 33

60 ' 3.65 — 36 1 670 — 34 75 — 58

2. 3.16 3 680 180

30' 1.94 - 3 9 6 650 +  81 160 — 11

60' 1.42 — 55 8 200 +  123 190 0

3. 2.98 4 800 180

30' 1.71 — 43 7 500 +  56 160 — 11

60' 1.01 — 66 14 200 +  196 180 0

4. 2.88 4 150 170
30' 2.01 — 30 5 550 +  33 140 — 18

60 ' 1.83 — 36 6 100 +  47 140 — 18

5. 1.65 7 280 150
30' 1.20 — 27 8 000 +  10 120 — 20

60 ' 0.96 — 42 12 500 +  72 150 0
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Discussion

E x p e rim en ta l m y o c a rd ia l  in fa rc tio n  w h e th e r  o r n o t in d u c in g  shock , was 
a s s o c ia te d  w ith a s ig n if ic a n t red u c tio n  o f ca rd ia c  o u tp u t  in  n e a r ly  ev e ry  case, 
in  ag re e m e n t w ith  m o s t o th e r  o b serv a tio n s r e la tin g  to  card io g en ic  shock 
[6, 7 , 8 , 9].

T h e  experim en ts d e s ig n e d  to  induce  shock  w ith  a co n sid erab le  d rop  o f 
b lo o d  p ressu re  w ere su ccessfu l in  2/3 of th e  cases. In  th e se  in s ta n c e s  as well as 
in  th o s e  w here no sh o ck  e n su e d , ca rd iac  o u tp u t  fell in  a sim ilar m a n n e r . I t  w as, 
h o w e v e r , th e  b eh av io u r o f  T P R  w hich  p ro v ed  d is tin c tiv e  of th e  tw o  groups. 
A  co n sid e rab le  rise in  T P R  w as n o te d  in  th o se  cases w here no sh o ck  o ccu rred , 
in  c o n tr a s t  to  those  a s so c ia te d  w ith  shock , th e se  being  acco m p an ied  b y  an  
in s ig n if ic a n t, if  any , rise  o r  occasionally , a re d u c tio n , o f T P R . A g r e s s  e t al. 
[3 , 6 , 10] have likew ise fo u n d  card iogenic shock  to  occur if  th e  T P R  fails to  
r ise , o r  fails to  do so su ff ic ie n tly . I t  is to  be n o te d  th a t  in  som e o f o u r  ex p e ri
m e n ts  a  reduction  o f T P R  w as  reg iste red .

T P R  is know n to  re f le c t  th e  changes in  ca lib re  o f th e  p e r ip h e ra l v a scu la r  
b e d . I n  th o se  cases w here  n o  shock  occurred , i t  m a y  be  assum ed  t h a t  th e  drop  
o f  c a rd ia c  o u tp u t w as c o m p e n sa te d  b y  p e rip h e ra l v a so c o n s tr ic tio n , th e re fo re  
no  in c o n g ru ity  could a rise  b e tw e e n  th e  p e rip h e ra l v a sc u la r  b ed  a n d  th e  vo lum e 
o f  c irc u la tin g  blood. In  th e  cases w ith  shock , th e  v a so co n s tr ic tiv e  m echan ism  
c o m p e n sa tin g  the  fall o f  c a rd ia c  o u tp u t  w as e ith e r  in a d e q u a te , as in  th e  cases 
w h e re  i t s  rise was in s ig n if ic a n t, o r en tire ly  a b se n t, in  th e  cases w here  no  change 
o c c u rre d .

I n  th e  face of th is  ev id en ce  we m ay  w ell a sk  w h e th e r th e  b e h a v io u r 
o f  T P R  reflec ts th ree  d if fe re n t k inds of shock  m ech an ism  o r m ere ly  th ree  
p h a se s  o f  one and  th e  sam e p ro cess . I t  is an  open  q u es tio n  w h e th e r a n y  d is tin c 
t io n  sh o u ld  be m ade b e tw e e n  th e  group co n sid e red  b y  A g r e s s  as sh o ck 
less, i .e . w here a re d u c tio n  o f  ca rd iac  o u tp u t  b u t  none of th e  b lo o d  p re s 
su re  o c c u rre d , and  th e  one  w ith  m an ifest shock . O n th e  ev idence  o b ta in e d  in 
G ro u p  I I ,  b lood p ressu re  is re s to re d  to  no rm al w ith in  one h o u r in  th e  m a jo r ity  
o f  th e  cases, h u t  th is  does n o t  exclude  th e  p o ss ib ility  o f shock a t  som e la te r  
s ta g e . T h is  issue could n o t  b e  ex p lo red  w ith in  th e  scope o f  th e  p re s e n t e x p e ri
m e n ts  th o u g h  being o f p r im a ry  im p o rtan ce  since a p re v a le n tly  v a so c o n s tr ic 
t iv e  o r  conversely , a v a s o d ila to ry  m echan ism , o b v io u sly  req u ire s  en tire ly  
d if fe re n t  th e rap eu tic  m e a su re s . T he view  th a t  th e  changes in  T P R  re flec t 
d if fe re n t  phases of th e  sam e  p rocess gives us th e  co rrec t th e ra p e u tic  a t t i tu d e  
in  a d a p t in g  th e  n ecessary  m ea su re s  to  th e  ch an g in g  fea tu re s  o f th e  clin ical 
p ic tu r e  ev en  if  th is shou ld  in v o lv e  th e  use o f o p p o site ly  ac tin g  d ru g s.

O n e  o f the  ob jects o f  th e  p re se n t ex perim en ts w as to  d e te rm in e  co ro n ary  
b lo o d  f lo w . This was re d u ced  in  a ll o f th e  cases even  in  th o se  w here th e re  w as a 
rise  in  th e  coronary  f ra c tio n  o f  ca rd iac  o u tp u t. O u r s tu d ies  fa iled  to  confirm
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th e  ex is ten ce  o f a lin e a r  co rre la tion  found b y  Corday  e t al. [11] b e tw e e n  b lood  
p ressu re  an d  c o ro n a ry  b lo o d  flow . In  o p p o sitio n  to  th e  find ings o f  th e se  a u 
th o rs , in  o u r e x p e rim e n ts  a 40 p er cen t d ro p  o f  co ro n ary  flow  en su ed  ev en  in 
th o se  cases w here b lo o d  p ressu re  rem ain ed  u n ch an g ed .

C oronary  v a sc u la r  re s is tan ce  increased  in  4 cases an d  rem ain ed  u n c h a n g e d  
in 5. T h e  value  o f  th is  observ a tio n  is m a d e  q u estio n ab le  b y  th e  p o ss ib ility  
th a t  th e  v e ry  m e th o d  b y  w hich  m y o card ia l in fa rc tio n  has been  p ro d u c e d , th e  
in jec tio n  of g lobules in to  th e  co ronary  b e d , m a y  be responsib le  fo r  th e  rise 
in  c o ro n a ry  v a sc u la r  re s is tan ce . In  11 cases, how ever, th a t  is, in  th e  m a jo r i ty , 
a decrease  in  c o ro n a ry  v ascu la r  res is tan ce , in  o th e r  w ords, co ro n a ry  d ila ta tio n  
has b een  reg is te red . T h is  m eans th a t  a r e d u c tio n  of co ro n ary  flo w  o ccu rred  
d esp ite  th e  co ro n a ry  d ila ta tio n  an d  of th e  f re q u e n tly  increased  c o ro n a ry  f ra c 
tio n  o f  ca rd iac  o u tp u t .  T h is  perm its  to  l in k  u p  th e  redu c tio n  of c o ro n a ry  flow  
in m y o ca rd ia l in fa rc tio n  w ith  th e  fall of c a rd ia c  o u tp u t. I t  is, h ow ever, a n o th e r  
q u es tio n  w h e th e r th e  m echan ism  of th is  re d u c tio n  is p re v a le n tly  c e n tra l  or 
p e rip h e ra l.

N e ith e r  v a so d ila ta tio n  n o r th e  rise  o f  co ro n a ry  frac tio n  w as su ffic ien t 
to  co m p en sa te  fo r th e  insuffic iency  of c o ro n a ry  flow . A n o th e r p o in t  s tu d ied  
w as th e  b e h a v io u r  o f  re n a l flow . This w as fo u n d  to  increase or to  d im in ish  
p a ra lle l w ith  th e  re sp e c tiv e  changes in  T P R , w h ich  signifies t h a t  th e  p e rio d  of 
5 m in u te s  fo llow ing co ro n ary  o b stru c tio n  w as in  all likelihood to o  s h o r t  for a 
c h a ra c te r is tic  sh if tin g  o f card iac o u tp u t.
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NOCTURNAL ENURESIS
E L E C T R O E N C E P H A L O G R A P H S  AN D  C Y S T O M E T R IC  E X A M IN A T IO N S

B y

F . K a jto r , I. Ovary  and O. Zsad á n y i

DEPARTMENT OF NEURO-PSYCHIATRY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(R ece iv ed  J u ly  11, 1966)

In  p a tie n ts  w ith  n o c tu rn a l enuresis a s low ing  o f th e  w aking sp o n ta n eo u s  E E G , 
a n d  occasional ep ile p tifo rm  a c tiv ity  h av e  been  o b se rv ed . In d u ced  sleep a c t iv a te d  cen 
t r a l  a n d  a n te ro -f ro n ta l  sp ike  d ischarges in  n e a r ly  50 p e r  cen t of th e  cases, in  so m e p a 
t ie n ts  a sp ik e -an d -w av e  p a tte rn  or tem p o ra l foci a p p e a re d . In  77 per cen t o f th e  p a tie n ts ,  
enu resis  w as ev o k ed  b y  a n aesth es ia  a lone, in  9 p e r  c e n t exclusively  by  se n so ry  s tim u li 
ap p lie d  u n d e r th e  n a rco sis , w hile in  14 p e r c e n t  su ch  a tte m p ts  failed  to  p re c ip ita te  
enuresis . In  83 p e r  c e n t enuresis coincided w ith  th e  p h a se  of b a rb itu ra te  a n a e s th e s ia  
ch ara c te riz ed  b y  d e lta -a c tiv i ty .  T he sam e d e p th  o f  n a rco sis  a t  w hich enuresis o c cu rre d , 
in creased  th e  n u m b e r  o f sp ikes in  14 p e r cen t o f th e  cases only, while in th e  o th e r  cases 
i t  w as asso c ia ted  w ith  a  suppression  of sp ike  a c t iv i ty .  E p ilep togenic  c e re b ra l in ju ry  
w as ra re ly  d e m o n s tra b le  b u t  in  55 pe r cen t o f  th e  cases th e re  were d e fin ite  s ig n s p o in t
in g  to  cereb ra l lesion  d u e  to  in ju ry  a t  b i r th  o r to  som e o th e r  cause.

I t  is a ssu m ed  t h a t  a  develo p m en ta l im m a tu r i ty  o f  certa in  non-specific  s t ru c tu re s  
s i tu a te d  in  th e  p r im a ry  sen so rim oto r a rea  and  th e  a n te ro -fro n ta l  co rtex , as re fle c te d  b y  
a c en tra l or f ro n ta l  sp ik e  a c tiv ity , is a  s ig n ifican t f a c to r  in  th e  pa thogenesis o f  n o c tu rn a l 
enuresis.

O ur recen t in v e s tig a tio n s  in to  th e  p a ro x y s tic  d istu rbances o f  a u to n o 
m ous v iscera l in n e rv a tio n s  h av e  led to  th e  s tu d y  o f  th e  b ioelectric  a b n o rm a li
ties o f th e  b ra in  a sso c ia te d  w ith  th e  sy n d ro m e o f period ic  abd o m in a l p a in  [21] 
an d  w ith  n o c tu rn a l en u resis . T he p re se n t p a p e r  dea ls  w ith  th e  la t te r  p ro b lem .

Ov ary , E g ervary  a n d  Zsadányi [25] h a v e  su b m itted  to  th e ir  specia l 
te s t  50 y o ung  so ld iers w ith  n o c tu rn a l enu resis . In  22 th e y  could p ro v o k e  e n u 
resis b y  h e x o b a rb ita l an aes th es ia  alone or b y  i ts  co m bina tion  w ith  su p ra p u b ic  
cooling. P a ra lle l E E G  tra c in g s  recorded  in  8 cases show ed enuresis to  coincide 
w ith  th e  ph ase  o f d eep en in g  anaesthesia  c h a ra c te r iz e d  by  d e lta -a c tiv i ty . In  
o th e r resp ec ts  th e  tra c in g s  h av e  n o t been  s tu d ie d . A m odification  o f th is  p ro ce 
du re  has been  a d o p te d  fo r c u rre n t use a t  o u r D e p a r tm e n t. A po sitiv e  re sp o n se ,
i. e. enuresis ensu in g  e ith e r  sp o n taneously  u n d e r  general an aesth esia  o r  upon  
p ro v o ca tio n , has b een  in te rp re te d  b y  Ovary  e t  a l. to  p o in t to  an o rg an ic  re lea s 
ing fa c to r , w hile in  case o f a n egative  re sp o n se  th e y  incrim ina te  p sy ch o g en ic  
fu n c tio n a l fac to rs .

E E G  changes in  e n u re tic  ch ild ren  a n d  ju v e n ile s  have received  l i t t le  a t t e n 
tio n  [3, 12, 15]. T h e  in v es tig a tio n s  of T urton  a n d  Spear [30] dese rv e  special 
in te re s t. “ T he E E G s fro m  100 cases o f sev ere  enuresis b u t  w ith o u t a n y  dis
coverab le  o rganic  co n d itio n  w ere s tu d ied  . . . O n ly  26 of these w ere co m p le te ly  
n o rm al . . .  28 show ed  a to o  slow or im m a tu re  ty p e  of record  . . .  22 in  all,
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w e re  o f  an  ep ilep tiform  ty p e  w ith  14 of th e se  show ing  ty p ica l se izu re  p a t te rn s  
e i th e r  a t  re s t  or du ring  a c tiv a tio n  p ro ced u res  . . . Tw o show ed a focus in  th e  le f t 
te m p o r a l  lobe . . . T h ere  w as  one . . . w ith  a  w ell m ark ed  d e lta -a n d -sp ik e  focus 
in  t h e  le f t  p a rie ta l lo b e .”  R o lan d ic  spikes a re  n o t  m en tioned  in th is  s tu d y  an d  
re c o rd in g s  were m ade o n ly  in  th e  w ak ing  s ta te .

T h e  enu re tic  ty p e  o f  p e ti t-m a l ep ilep sy  h a s  been described b y  Gastaut , 
R o g e r  a n d  Favel [9]. S im p le  d iu rn a l a n d  n o c tu rn a l enuresis w as asso c ia ted  
in  4 cases  w ith  b u rs ts  o f 3 c/sec w ave a n d  sp ik e  a c tiv ity . In  9 cases, th e  spells 
o f  a b se n c e  were follow ed b y  vo id ing  o f  u r in e  e ith e r  during  th e  m yoclon ic  
b u r s t s  o r  a t  the  end o f th e  spells. ViziOLl o b se rv ed  5 cases o f p e t i t -m a l  w ith  
e n u re s is  [31].

M ateria l an d  m e th o d s

A  to ta l  o f 185 p a tie n ts  w as  in v es tig a te d  fo r  n o c tu rn a l  enuresis a t  o u r D e p a r tm e n t ,  56 
(30  p e r  c e n t)  fem ales and  129 (70 p e r  cen t) m ales. T h is  sex  d is tr ib u tio n  was in  close a g ree m e n t 
w i th  t h a t  obse rv ed  by  T u r t o n  a n d  Sp e a r , i. e. 37 p e r  c e n t fem ales and  63 p e r  c e n t  m ales. 
A c c o rd in g  to  H a l l g r e n  [13] “ th e  m o rb id ity  risk  fo r  n o c tu rn a l  enuresis is s ig n if ic a n tly  h igher 
in  t h e  m a le  sex ” . No ju v en iles  e n lis te d  fo r m ili ta ry  se rv ice  w ere included  in  th e  m a te r ia l .  T he 
ag e  o f  t h e  p a tie n ts  ran g ed  b e tw e e n  5 a n d  57 y e a rs ;  th o se  o v er 16 am o u n ted  to  16 p e r  cen t 
(29 c a s e s ) , th o se  betw een 7 a n d  13, fo r 67 p e r c en t (118 cases), th e  age group  b e tw e e n  12 and  
13 fo r  21 p e r  cen t (40 cases), w h ile  t h a t  o f 5 to  6 y e a rs  fo r  7 pe r cen t (12 cases). I n  c o n tra s t ,  
T u r t o n  a n d  Sp e a r  found  a p re v a len c e  o f th e  g ro u p  b e tw e e n  5 and  6 y ears (28 p e r  cen t) 
w h ile  th o s e  o v er 16 acco u n ted  fo r  8 p e r cen t.

I n  o u r  cases, b o th  d iu rn a l a n d  n o c tu rn a l, e n u re s is , w as confined to  a  sm a ll g ro u p  of 
c h ild re n  w h ile  in  th e  m ate ria l s tu d ie d  b y  T u r t o n  a n d  S p e a r  such  cases were p re v a le n t .

B y  m ean s of urologie a n d  neu ro lo g ic  e x a m in a tio n s  i t  w as possible to  ex c lu d e  fro m  th e  
s tu d y  th e  cases w ith  enuresis o f e x tra c e re b ra l  o rig in  a n d  a lso  m en ta l defectives.

1. E E G  trac ings w ere re c o rd e d  w ith  th e  p a t ie n t  in  th e  supine position . T h e  m a jo r i ty  
o f  th e  r e c o rd s  w ere m ade w ith  a  1955/56 ty p e  8 -ch an n e l K a ise r  a p p a ra tu s , in  th e  la s t  tw o  y ears  
a  1 6 -c h a n n e l  Galileo a p p a ra tu s  w as u sed . A n te rio r f ro n ta l ,  c e n tra l ,  p a rie ta l, a n te ro - , m ed io - and  
p o s te ro - te m p o ra l  electrodes w ere  p lac ed  sy m m etrica lly  to  id e n tic a l sites as w ell as in  th e  m id 
l in e  t o  t h e  v e r te x  form ing s a g i tta l  a n d  coronal ch a in s . W h erev er possible, n a so p h a ry n g e a l 
e le c tro d e s  w ere  also used. I n  som e cases, m o n o p o la r t r a c in g s  were also m ade  u s in g  av erag e  
e le c tro d e .

R o u t in e  recording in  th e  re s t in g  w aking  s ta te  in c lu d e d  tw o 3-m inute  c o n tin u o u s  reco rd s 
i n te r r u p te d  b y  a  3-m inute ru n  u n d e r  h y p e rv e n tila tio n  a n d  te rm in a te d  by  p h o tic  s t im u la tio n  
b y  m e a n s  o f  w h ite  lig h t w ith  f la sh es  a t  v a rio u s freq u e n c ie s .

2 . A f te r  te rm in a tio n  o f th e  w a k in g  E E G , in  122 p a tie n ts  th e  em ptied  b la d d e r  w a s  filled  
u n d e r  s te r i le  conditions w ith  a p e rm a n g a n a te -s ta in e d  0 .85 p e r  cen t saline so lu tio n  u n t i l  de fi
n i te  u rg e n c y  o f  m ic tu ritio n  w as f e l t  b u t  no  a c tu a l v o id in g  occurred . T h erea fte r  th e  c a th e te r  
w as r e m o v e d  a n d  collection o f u r in e  w as p ro v id ed  fo r.

I n  63 p a tie n ts  in tra v es ica l p re ssu re  w as m ea su re d  b y  m eans of a w a te r  m a n o m e te r  
a t t a c h e d  to  th e  tip  of th e  c a th e te r  w i th  i ts  0 -p o in t a t  th e  lev e l o f th e  sym physis. T h e  w a k in g  
r e s t in g  v a lu e  w as reg iste red , a n d  E E G  a n d  cy sto m e tric  re co rd in g  w as con tin u ed  d u r in g  hexo- 
b a r b i t a l  a n a e s th e s ia . H e x o b a rb ita l w as in jec ted  in tra v e n o u s ly  a t  a  ra te  o f 25 m g /1 5 — 10 sec, 
d e p e n d in g  o n  age, u n til co n tin u o u s  d e lta  a c tiv ity  h a d  b eco m e  m an ifest over th e  w ho le  b ra in , 
a p a t t e r n  w h ic h  on close an a ly sis  o f  a g re a t n u m b er o f  tra c in g s  has been fo u n d  to  re f le c t  a 
c o n d it io n  o f  narcosis o f m ed iu m  d e p th  [20]. W hen  th is  a lo n e  fa iled  to  p rovoke  e n u re s is  o r a 
c o r re sp o n d in g  rise  in  in trav es ica l p re ssu re  a tta in in g  40 cm  w a te r , th e  ab d o m in a l sk in  o f  th e  
s u p ra p u b ic  a re a  was cooled w ith  c h lo re th y l o r e th e r. I f  th is  to o  failed , pressure  w ith  th e  p a lm  
w as a p p lie d  to  th e  su p rap u b ic  re g io n  fo r 20 to  30 sec. D u rin g  anaesthesia  re p e a te d  sen so ry  
s t im u li  w e re  ap p lied  such as e le c tr ic  buzzer, calling  b y  n a m e , c lapping of h a n d s , p r ick in g , 
p in c h in g . T im in g  of these s tim u li w a s  care fu lly  checked . N o c ice p tiv e  stim uli w ere a p p lie d  to  th e  
sk in  o f  t h e  a rm .

E E G  a n d  cysto m etry  w ere re p e a te d  in  13 p a tie n ts  o n  one to  th ree  occasions a f te r  an  
in te r v a l  o f  se v e ra l days p ro v id ed  th e  p rev io u s te s t  h a d  n o t  b een  follow ed b y  c y s titis .
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3. B ack g ro u n d  a c t iv ity  o f th e  re s tin g  w ak in g  E E G  w as assessed b y  th e  s ta n d a r d s  la id  
d o w n  b y  G i b b s  and  G i b b s  [7] a n d  b y  F o is , an d  L o w  [5]. O v er th e  age of 5 y e a rs , sp o n ta n e o u s  
h ig h  v o ltag e  d e lta -ru n s  w ere considered  p a th o lo g ica l. T h e  m ore  so, th e  g re a te r  w as th e  p re v a 
lence  of th is  a c tiv ity  over o th e r  sp o n ta n eo u s  rh y th m s  a n d  also in  re la tio n  to  age. T h e  a p p e a r 
a n ce  o f g ro u p s of 5— 7 c/s w as co n sid ered  p hysio log ica l u p  to  th e  age of 7, s lig h t slo w in g  b e 
tw een  7 a n d  10 y ears, an d , in  case o f p e rs is te n t re cu rre n ce , as a  m o d era te  a b n o rm a li ty  b e y o n d  
10 y ears  o f age.

A ll in  a ll, 202 reco rd in g s w ere  m ad e  in  th e  185 p a tie n ts .

Results

1. 1. S po n tan eo u s a c t iv i ty  w as co nsidered  n o rm a l in  48 p e r c e n t (89 p a 
t ie n ts ) ,  s lig h tly  or m o d e ra te ly  slow ed in  33 p e r c en t (61 p a tien ts)  a n d  d e fin ite ly  
slow ed in  19 p e r cen t (35 p a tie n ts ) .

2. S p o n tan eo u s ep ilep tic  a c tiv ity  w as dem o n strab le  in  5 p e r  c e n t (9 
cases), i.e . fro n to -c e n tra l sp ike focus, 2 cases; an te ro -fro n ta l, 1 case ; c e n tra l, 
2 cases; p a r ie to -te m p o ra l, 2 cases a n d  genera lized  sp ik e-an d -w av e  v a r ia n t ,  
2 cases.

B u rs t  or sp ike a c t iv i ty  w as evoked  b y  p h o tic  stim uli in 4 cases (F ig . 2).
3. A c tiv a tio n  o f se izu re  p o te n tia ls  b y  h e x o b a rb ita l a n a e s th e s ia  was 

d e m o n s tra b le  in  a n u m b e r o f cases (see T ab le  I).
I t  w as th u s  possib le  to  id e n tify  sp ike  d ischarges or o th e r  ep ilep tifo rm  

p a tte rn s  in  47 p e r cen t o f  th e  trac in g s  reco rd ed  d u ring  in d u ced  sleep . T his 
in c id en ce  w as co n sid e rab ly  h ig h er th a n  in th e  100 cases an a ly zed  b y  T u r t o n  

a n d  S p e a r , a d ivergence obv iously  due  to  th e  h igher in fo rm a tiv e  v a lu e  of 
reco rds m ad e  d u rin g  in d u ced  sleep, since b o th  d iu rn a l an d  n o c tu rn a l, enu resis , 
w as confined  to  a sm all g roup  o f ou r cases w hile  th e  m a te ria l s tu d ie d  b y  T u r 

t o n  an d  S p e a r  w as la rg e ly  m ad e  up  o f th is  severe  ty p e  of enuresis.

Table I

No

âses

P er cen t

Spikes in  th e  cen tra l an d /o r f ro n ta l a reas 53 56.9

U n ila te ra l an te ro -fro n ta l spikes 7 7.5

B ila te ra l an te ro -fro n ta l spikes 5 5.3

U n ila te ra l cen tra l spikes 4 4.2

A n te ro -fro n ta l spikes an d  m itten s 5 5.3

U n ila te ra l fro n to -cen tra l b u rs ts  and  m itten s 5 5.3

G eneralized or focal ep ilep tic  p a tte rn 5 5.3

U n ila te ra l tem p o ro -fro n ta l spikes 3 3.2

B ila te ra l or u n ila te ra l b aso -tem p o ral spikes 3 3.2

Spike-and-w ave p a tte rn -) -a n te ro -f ro n ta l  spikes 2 2.1

T o ta l 92 E E G s
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I I .  The tim in g  o f  w e ttin g  was s tu d ied  in  re la tio n  to  th e  b io e lec tric  w ave 
p a t te r n s  m ark ing  th e  successive phases o f  h e x o b a rb ita l a n aes th es ia  [20]. 
W h e re  in travesica l p re s s u re  was m easu red , i t  w as th e  in itia l p h ase  o f th e  
s te e p ly  ascending c u rv e , a n d  in  th e  o th e r cases , th e  ap p earan ce  o f  th e  f ir s t  
p o r t io n  of urine w h ich  w a s  regarded  as th e  in tro d u c to ry  phase o f d e tru so r  
a c t iv i ty  resu lting  in  d isc h a rg e  of urine.

F ig . 1 — l a .  A  15-year o ld  b o y  h a d  h a d  susta ined  a c ra n ia l  in ju r y  a t  18 m o n th s o f age. H e  h a d  
h a d  en u resis  for several y e a rs .  R e c u r re n t  spells o f a b se n ce , o n  one occasion w ith  fa llin g , w ere 
e x p e rien c e d  in  th e  la s t  y e a r .  V io le n t, ungovernab le  p e rso n a li ty ,  poor school re p o rts . P E G  
sh o w s a  d ila ted  r ig h t la te ra l  v e n tr ic le ,  th e  E E G  d isp lay s a  g e n era liz ed  3 to  4 c/s sp ik e -an d -w av e- 
p a t t e r n  (F ig . 1), a c tiv a te d  b y  h y p e rv e n tila tio n ; A F  =  a n te ro -f ro n ta l ,  C =  c en tra l, P  =  p a r ie 
t a l  e lec tro d e . — E n u res is  t e s t :  in tra v e s ic a l filling w ith  140 m l o f saline elicits a d is t in c t  u r 
g e n c y  o f  m ic tu ritio n . I t  m a y  b e  se e n  on Fig. l a  t h a t  in tra v e s ic a l  p ressu re  reach ed  i ts  p e a k  in  
th e  4 th  m in u te  a fte r b e g in n in g  th e  in jec tion  of h e x o b a rb ita l ,  p a ra lle l w ith  th e  m ax im u m  of 

sp ike-and-w ave  a c t iv ity .  T h e  d o ts  over th e  ab sc issa  re p re s e n t  each  a spike d isch arg e

1. T he beg inn ing  a n d  th e  end of th e  sh a rp  rise  in  in trav es ica l p re ssu re , 
w h e th e r  spon taneous o r  in d u c e d , were found  to  sp a n  60 to  150 seconds, ra re ly  
e x c e e d in g  th e  up p er l im it  o f  th is  period. T h e  d u ra tio n  of ac tu a l m ic tu r itio n  
v a r ie d  betw een  25 a n d  65 sec . V oiding of u rin e  o r  th e  p ressu re  phase  occu rred  
p re v a le n tly  betw een  th e  seco n d  an d  fo u rth  m in u te  a f te r  s ta r tin g  th e  b a r b i tu 
r a te  in jec tio n .

2. T he b a ck g ro u n d  E E G  reg istered  in  148 cases d u ring  th e  p h ase  o f  10 
seco n d s preceding im m e d ia te ly  th e  d ischarge o f  u r in e  (or th e  a b ru p t  rise  in  
p re ssu re )  could be c la ss ified  in to  the  following m o rp h o lo g ic  typ es (see T ab le  I I )  
on th e  basis  of m e a su re m e n ts  of th e  periods o ccu p ied  b y  one or m ore d e lta -  
ru n s .
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F ig . 2. T h is 12-year aged  girl h a d  a d ry  p e rio d  be tw een  h e r  f ir s t  an d  3rd  y ea r, u n t i l  she  u n d e r
w e n t a severe in flu en za . F rc m  th is  tim e  on she has b e d w e ttin g  every  n ig h t. S he  w as a  heavy  
sleeper. N erv o u s, ir r ita b le  b e h av io u r, m ed iocre  school reco rd s. D u rin g  g lu tam ic  a c id  tre a tm e n t,  
w e ttin g  occurred  tw ice  a w eek on ly . P a r t  I  o f  Fig. 2: W ak in g  reco rd  m ad e  d u rin g  h y p e rv e n tila 
tio n , w hich p rovoked  c en tra l sp ikes o v er th e  left h em isp h ere  ( th e  sp ikes a re  m a rk e d  b y  a sho rt 
h o rizo n ta l line). P a r t  I I :  B u rs t-a c tiv ity  o v er th e  left c en tro - te m p o ra l a rea  p ro v o k e d  b y  20 c/sec 
flick erin g  lig h t. P a r t  I I I :  D etail o f tra c in g  reco rded  in th e  2nd  m in u te  o f b a r b i tu r a te  a d m in is
t r a t io n  du rin g  th e  rise  o f in tra v es ica l p re ssu re .T h is  also show s spike d ischarge  a t  th e  le f t side

F ig . 2a. S p o n tan eo u s in trav es ica l p eak  p ressu re  in th e  2nd  to  4 th  m in u te  o f b a r b i tu r a te  an aes
th e s ia  an d  th e  rise  in p ressu re , s lig h te r  in degree a n d  sh o rte r  in  d u ra tio n , e lic ite d  b y  rep ea ted  
cooling or p ressu re  on th e  su p ra p u b ic  reg io n . E ach  o f th e  v e rtic a l lines o ver th e  ab sc issa  m ark 
a sp ike  d ischarge . In  th e  in itia l p h ase  o f  b a rb itu ra te  e ffec t sp ikes a p p ea r o v er th e  c en tra l area 
o n ly , and  la te r  a lm o st exclusively  o v e r  th e  f ro n ta l pole. C =  c en tra l, F  =  f r o n ta l ,  COOL =  

cooling, CO =  p ressu re , P  =  prick ing
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A s da ta  in T ab le  I I  sh o w , in  83 per c en t o f  th e  te s ts  enuresis te n d e d  to  coin
c id e  w ith  th a t  phase o f  d e e p e n in g  anaesthesia  in  w h ich  th e  d e lta -ru n s  e ith e r  re 
p re s e n te d  the  p re d o m in a n t a c tiv ity  or show ed a  s te a d ily  in creasin g  ten d en cy . 
T h is  is in  line w ith  th e  a s se r tio n  of Sch iff  [28] t h a t  n o c tu rn a l enuresis is u n 
r e la te d  to  the  rap id  eye  m o v e m e n ts  (R EM s) m a rk in g  th e  p e rio d  o f sleep , th is  
b e in g  ch aracterized  b y  a  low -vo ltage , ra p id  E E G  p a tte rn .

F ig . 3 — 3a. M ale, aged 19 y e a rs . C o m p lica ted  delivery . H e  h a s  h a d  enuresis since th e  age of 2 
y e a r s .  T h e  frequency  of w e ttin g  h a s  b e e n  declining. H e h a s  a lw ay s  b een  a h e av y  sleeper w ith  no 
in te l le c tu a l  o r behavioural a b n o rm a li ty .  T he PEG show s a m p le r  fillin g  over th e  le f t h em isp h ere . 
T h e  w a k in g  E E G  is c h a ra c te riz ed  b y  a  m oderate  slow ing o f sp o n ta n e o u s  a c tiv ity ;  u n d e r  hexo- 
b a r b i t a l  an aesth es ia  n eg ativ e  sp ik e -d isch a rg es  of le ft ro la n d ic  o rig in  (F ig . 3). E n u re s is  te s t;  
D e f in ite  u rg e n cy  upon filling  w ith  200  m l saline. D uring  a n a e s th e s ia , sp o n tan eo u s  in tra v e s ic a l 

p re ssu re -p eak  becom es a p p a r e n t  while, p a ra lle lly , th e  sp ik in g  ceases (F ig . 3a)
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Table II

No

Gases

Per cent

P rev a len ce  of delta-w aves o r fu ll d e lta -a c tiv ity 85 57.4

D e lta -ru n s in increasing  n u m b er 38 25.6

D elta -ru n s still absen t 23 15.5

M ixed background  a c tiv ity  o f th e ta -a lp h a -b e ta -

groups ju s t  before aw akening 2 1.3

T o ta l 148 E EG s

S c h iff  [28] has fu rth e rm o re  fo u n d  enu resis  in  children to  b e  a sso c ia te d  
w ith  a slow, h igh -vo ltage  E E G  p a t te rn  in c o n tra s t  to  th a t  o f a d u lts  w hich  
is acco m p an ied  b y  a b ioe lec tric  a c t iv i ty  of h ig h e r frequency  an d  lo w er a m p li
tu d e . T h is agrees well w ith  our o b se rv a tio n s  in  induced  sleep. N ev e rth e le ss , 
in  20 o f o u r cases th e  e v e n t o f enuresis  w as associa ted  w ith  a m o re  o r less 
m a rk e d  red u c tio n  in  v o ltag e  an d  increase  in  freq u en cy  before d e lta -a c tiv i ty

1 -  3
VJ\/'ЛvJЧлДУ,w,л^v^Ллл^^
2 -  4

2 -  A

(—L-i-i-i, l 11 l ( L

W W v V l

V A j \ A M f [

U

W^VV^A

\ j X r f \ f Y \ A A v V

1 SEC 150 uV

F ig .5 . M ale,aged  12 y e a rs ,n o rm a l de liv e ry . H a d su ffe re d  a  c ran ia l in ju ry  a t  th e  age o f  7. E n u re s is  
o f  in c reas in g  freq u en cy  from  6 th  y e a r o n w ard , re c e n tly  th is  has been o c cu rrin g  n ig h t  a f te r  
n ig h t in v a riab ly  d u rin g  a h e av y  sleep . N erv o u s p e rso n a lity , poor school re p o rts .  E p ile p tic  
m o th e r . A sib ling  w as en u re tic  u n til  ado lescence. P a r t  I :  B u rs t  a c tiv ity  p re c ip ita te d  b y  p h o tic  
s tim u li p re v a len tly  over th e  r ig h t  te m p o ra l reg ion . P a r t s  I I  and  I I I :  N eg ativ e  sp ik e s  a p p e a r  
o v e r th e  r ig h t f ro n ta l pole d u rin g  sp o n ta n eo u s  m ic tu r it io n  in th e  4 th  m in u te  o f in d u c e d  sleep.

L ead  A reco rd ed  b y  u n ip o la r  lead . F illin g  w ith  220 ml sa line
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1 - 3

1 0 - 1 2  ,
HViW"WMV-v^ ' \ . Л̂ ч ' 4 л ^

1 4 - 1 5

1 S E C  150 u V

F ig . 4 — 4a. Male, aged 8 y e a rs ,  b o rn  in  asphyx ia , a n d  n e e d e d  p ro tra c te d  a rtific ia l re sp ira tio n . 
H e  h a s  nev er acq u ired  c o n tro l o f  th e  b ladder. H e a v y  s le ep ; h y p o g onad ism , n o rm al in te lle c t;  
s l ig h tly  irr ita b le . F ig . 4 : W a k in g  E E G . S p o n tan eo u s sp ik e  g ro u p s over th e  le f t te m p o ro 
p a r ie ta l  region. F ig . 4 a : E n u re s is  te s t.  F illing  w ith  80 m l sa lin e  causes m o d era te  u rg en cy . 
S p o n ta n eo u s  in trav es ica l p re ssu re -p e a k  resu ltin g  in  m ic tu r it io n  w ith  sp o n tan eo u s re lease  

o f c a th e te r . S u p p re ss io n  of spike a c t iv ity  d u r in g  th e  ph ase  of enuresis
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h ad  becom e p re d o m in a n t, while in 3 f u r th e r  cases p a r tia l d esy n ch ro n iza tio n  
ap p ea red  in a co n tin u o u s  d e lta -a c tiv ity . I n  th e s e  cases w etting  w as a c c o m p a 
n ied  b y  sp o n tan eo u s  in co o rd in a ted  m o v e m e n ts  a n d  d ila ta tio n  of th e  p u p ils  th e  
e x te n t o f w hich  cou ld  easily  be es tim a ted .

3. S p o n tan eo u s enuresis occurred  tw ic e  o r m ore  in  13 cases, d u r in g  d eep 
en ing  narcosis o r ju s t  befo re  aw akening .

A fte r  a p o s itiv e  enuresis te s t  in 13 cases  th e  rep ea ted  te s t  w as p o s itiv e  
again  in  11 cases.

Tw o sib lings (n o t tw ins) d isp layed  a re sp o n se  of iden tica l p a t t e r n  w ith  
ip s ila te ra l sp ike a c t iv i ty  in  th e  cen tra l re g io n .

F ig. 6. M ale, aged  12 y e a rs , h a s  been enuretic  s in ce  th e  age of 3. The frequency  o f  w e ttin g , in 
v a r ia b ly  d u rin g  h e av y  sleep , has been increasing . N o  cereb ra l lesion in th e  h is to ry .  N orm al 
p h y sical and  m e n ta l d ev e lo p m en t. On filling th e  b la d d e r  w ith  160 ml saline, u rg e n c y  o f m ode
ra te  in te n s ity . In  th e  3 rd  m in u te  o f b a rb itu ra te  in je c tio n  a spon taneous in tra v e s ic a l p ressu re  
p eak  ap p ea rs  a n d  a  co n tem p o ran eo u s spike a c t iv i ty  beco m es m anifest over th e  c e n tr a l  a rea , its  
m ax im u m  freq u en cy  p e r m in u te  coincides w ith  th e  d e tru s o r  con trac tio n . A u d it iv e  stim u li 

(S) h av e  no e ffec t, b u t  spon taneous m ic tio n  occurs ju s t  before aw ak e n in g

In  25 cases (13.5 p er cent) n e ith e r  sp o n tan eo u s  nor in d u c e d  enuresis 
was observed  d u rin g  deepening  sleep.

4 . In  17 cases (9 p e r  cent) enuresis co u ld  on ly  be elicited  b y  su p ra p u b ic  
cooling or p ressu re . T h e  p rec ip ita tin g  in flu e n c e  on enuresis of cooling , p ressu re , 
fu rth e rm o re  o f in te rm it te n t  a u d ito ry  a n d  p a in fu l stim uli was c o m p a re d  in 
50 cases. A p p ly in g  th e  s tim u li over 20 to  30 sec, i t  could be a sc e r ta in e d  th a t  
th e  effect o f com pression  w as eq u iv a len t to  t h a t  o f cooling, m o reo v er t h a t  b o th  
w ere a p t  to  e lic it enu resis  fa r  m ore f re q u e n tly  th a n  d id  e ith er a u d it iv e  o r  p a in 
ful s tim u li (T able  I I I ) .

D u rin g  th e  in it ia l  phase of b a rb i tu r a te  an aesth esia , red u c tio n  o f  in tra v e 
sical p ressu re  b y  3 to  10 cm m ay  occur (F ig s  2a an d  7). Sensory  s tim u li  a p 
p lied  d u rin g  sleep m a y  also re su lt in a s l ig h t  red u c tio n  of in tra v e s ic a l p ressu re  
w hich  is e ith e r  fo llow ed b y  an  a b ru p t rise  (d isch arg e  of urine) or b y  a  r e tu rn  to
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Table I I I

Stimulus Number of 
stimulations

Number of 
stimulations 

resulting in 
enuresis

Number of 
ineffective 

stimulations
Number of 
p atients

S u p rap u b ic  cooling 43 13 (3 0 % ) 30 38

S u p ra p u b ic  pressure 45 13 (3 0 % ) 32 39

A u d ito ry  stim ulus 21 2 (1 0 % ) 19 16

P a in fu l stim ulus 13 1 ( 8 % ) 12 10

T o ta l 122 29 (2 4 % ) 93 50

F ig . 7. M ale , aged  8 years. N o rm a l d e livery . E nures is e x c lu s iv e ly  a t  n ig h t; he h a d  n e v e r  h a d  
a d ry  p e r io d . In  th e  la s t tw o m o n th s  th e re  has been  o c casio n a l encopresis; no n e u ro lo g ic  o r  
in te l le c tu a l  a b n o rm a lity . F illing  o f b la d d e r  w ith  85 m l sa lin e , in d u ced  sleep causes no e n u re s is . 
C ooling  e lic its  red u ctio n  of in tra v e s ic a l p ressure  on r e p e a te d  occasions, while su p ra p u b ic  p re s 
su re  in v a r ia b ly  p rec ip ita te s  th e  in tra v e s ic a l p re ssu re -p eak  th o u g h  in  a p rogressively  d e c re a s 

in g  d e g ree  as sleep becom es less deep . Ind u ced  sleep  fa ils  to  evoke convulsive p o te n tia ls

th e  in i t i a l  p ressu re  va lu e  (F ig s  2a an d  7). In  so m e p a tie n ts  th e  e n u re tic  r e 
sp o n se  w as  elicited  b y  a sole sensory  s tim u lu s  in v a ria b ly  of th e  sam e k in d

(F ig- 7).
I I I .  T h e  trac ings re c o rd e d  during  sleep in  35 persons un d er 15 y e a rs  o f  

age w ere  s tu d ie d  for th e  co rre la tio n s  betw een  p e a k  in trav esica l p re ssu re  a n d  
th e  a p p e a ra n c e  of seizure p o te n tia ls . These tra c in g s  w ere picked ou t a t  r a n d o m  
from  th o s e  show ing ep ilep tifo rm  discharges.

1. I n  th e  m a jo rity  o f th e  p a tie n ts  (26, i.e . 74 .8  p er cent) no or sc a rc e ly  
a n y  se iz u re  p o ten tia ls  could  b e  reco rded  in  th e  p h a s e  o f anaesthesia  c o in c id in g  
w ith  th e  p e a k  of in trav es ica l p re ssu re  or w ith  m ic tu r i t io n . O ften th e  conv u ls iv e  
a c t iv i ty  to ta l ly  ceased d u rin g  enuresis w hile j u s t  before  and  a fte r  i t  sp ik e  
d isc h a rg e s  ap p eared  (Figs 2 a , 3a, 6). In  o p p o s itio n  to  th is , phase of sleep  b y  
w h ich  th e  a c tu a l m ic tu ritio n  (i.e. p ressure p e a k ) is ushered  in, was fo u n d  to  
be o p t im a l  fo r  seizure p o te n tia ls  (F igs la ,  6). I n  3 cases th e  tim ing  o f th e  sp ik e
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d ischarges seem ed to  be u n re la te d  to  th e  p h a se  of sleep c h a ra c te r iz e d  b y  th e  
o n se t o f enuresis. In  one case, th e  sp ikes a c t iv a te d  b y  h e x o b a rb ita l w ere  reco rd 
ed over th e  c e n tra l region before in tra v e s ic a l p ressu re  h ad  re a c h e d  its  peak  
w hile th e  longer sec tio n  o f th e  tra c in g  su b se q u e n t to  the  p e a k  e x h ib ite d  — 
w ith  one ex cep tio n  — a n te ro -fro n ta l sp ikes o n ly  (F ig. 2a).

2. In  an  ea rlie r s tu d y  [21] i t  h as  b e e n  show n th a t  in re c u r re n t a b d o m in a l 
p a in  p a ro x y sm s o f ce reb ra l origin 65 p e r c e n t  o f th e  spike p o te n tia ls  a c t iv a te d  b y  
b a rb itu ra te s  w ere o f  ro land ic  orig in . In c r im in a tin g  for n o c tu rn a l enu resis  a 
s im ila r ce reb ra l m echan ism  invo lv ing  th e  au to n o m o u s v iscera l in n e rv a tio n s , 
we fo u n d  i t  p e r t in e n t  to  estab lish  th e  r a t io  o f  sp ike-bu rsts  id e n tif ia b le  o v er the  
c e n tra l a rea , th e  E E G  trac in g s o f 30 cases fro m  th e  foregoing g ro u p  o f 35 p a 
t ie n ts  w ere an a ly zed .

T h e  p re v a le n t focal spike a c tiv ity  w as reco rded  over th e  c e n tra l  region 
in 18 cases, over th e  a n te ro -fro n ta l reg ion  in  9 cases, while in 3 cases b o th  an tero - 
f ro n ta l  an d  c e n tra l ep icen tre  w ere fo u n d  to  discharge w ith  a p p ro x im a te ly  
th e  sam e freq u en cy . In  437, i.e. 61 p e r  c e n t, o u t o f 717 co n firm ed  sp ikes th e  
p eak  v o ltag e  w as reco rd ed  over th e  c e n tra l  a re a , and  in 280, i.e . 39 p e r  cen t, 
over th e  fro n ta l po le. T he ra tio  o f ro la n d ic  sp ikes corresponded  to  t h a t  found  
in th e  cases w ith  period ic  abdo m in a l sy n d ro m e .

IV . T he a n te c e d en ts  of th e  f ir s t  h u n d re d  p a tie n ts  s tu d ied  b y  us p e rm it
te d  to  e s tim a te  th e  freq u en cy  of ce reb ra l lesion  su sta in ed  before th e  ap p ea ran ce  
of n o c tu rn a l enuresis  [26]. The h is to ry  w as suggestive  of b ir th  in ju ry  in  31 per 
cen t, o f  c ran ia l in ju ry  o f some o th e r k in d  in  16 p e r  cen t, while in  8 p e r  c e n t the  
h is to ry  rev ea led  ea rlie r m en in g o en cep h alitis . In  16 cases, in fo rm a tio n  given 
b y  th e  re la tiv e s  w as in a d e q u a te , w hile in  18, a n y  possib ility  o f c ra n ia l  o r cere
b ra l in ju ry  w as den ied . In  sum , ea rlie r c e re b ra l lesion h ad  o ccu rred  in  55 per 
c en t o f th e  cases.

19 persons o f  th e  sam e group h a d  a c q u ire d  tra n s ie n t c o n tro l b e tw e e n  th e  
age o f  2 an d  5 y e a rs , b u t  th e  81 o th e r p a t ie n ts  n ev er had  d ry  p e r io d s . Clinical 
ep ilepsy  w as p re su m a b ly  p resen t in  3 cases.

Discussion

C erta in  fa c ts  em erging from  th e  p re s e n t observations m a y  b e  lin k e d  up 
w ith  th e  p a th o g en esis  o f n o c tu rn a l en u resis .

a)  R eleasing  o f enuresis b y  in d u c e d  sleep is certa in ly  an  a b n o rm a l reac
tio n . B a rb itu ra te  an aes th es ia , in th e  sam e  w ay  as sp inal t ra n s e c tio n  o r  b lock
ade o f  th e  sac ra l ro o ts  or even d e a th , fa ils  to  cause co n trac tio n  o f  th e  d e tru so r 
m u sc u la tu re , i.e. d ischarge  of u rin e , in  c a ts  ( R uch  [27]). In  b a r b i tu r a te  po ison
ing th e  loss o f th e  m ic tu ritio n  re flex  in  th e  com atose p a tie n ts  is com m on. 
T he o b se rv a tio n  th a t  enuresis has b een  p re c ip ita te d  by  b a rb i tu r a te  a n a e s th e 
sia in  o u r p a tie n ts  w ith  enuresis w ould  th e re fo re  suggest an  in a d e q u a te  func
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t io n  o f  th e  corticosp inal in h ib i to ry  m echanism  w h ic h  u n d e r norm al c o n d itio n s  
is c o n tro ll in g  the  d e tru so r  c o n tra c tio n  in b o th  n a tu r a l  an d  b a rb itu ra te  sleep . 
T h e  c a u se  o f th is  in su ffic ien cy  of th e  in h ib ito ry  co rtico sp in a l im pulses t r a n s 
m i t t e d  th ro u g h  sy m p a th e tic  p a th w a y s  m ay lie in  a develo p m en ta l im m a tu r i ty .

C ereb roco rtica l in flu e n c e  on th e  fu n c tio n s  o f  th e  b lad d er has b een  s u b 
s t a n t i a t e d  b y  ex p erim en ta l a n d  clinical ev id en ce . T h e  “ cen tre”  o f  b la d d e r  
c o n tro l  h a s  been lo ca ted  in  h u m a n s  to  th e  p r im a ry  senso rim o to r a rea , th e  p a r a 
c e n t r a l  lob u le . R ecen tly , i t  h a s  been d e m o n s tra te d  b y  G j o n e  and  S e t e i k l e v  

[10] u s in g  electric s t im u la tio n  th a t  th e  a c t o f  m ic tu r itio n  in ca ts  is c o n 
t r o l le d  b y  ex c ita to ry  an d  in h ib ito ry  effects a ris in g  fro m  th e  p rim ary  an d  seco n d 
a r y  se n so rim o to r areas. R e g u la to ry  im pulses to  th e  vesical m u sc u la tu re  in  
c a ts  a r e  fu rth e rm o re  e m it te d  b y  th e  gyri, c in g u li a n d  orb ita lis, th e  p y r ifo rm  
c o r te x  a n d  th e  am ygdalo id  co m p lex  ( K a a d a  [18], G j o n e  [11]). V ario u s d e 
s c e n d in g  cortica l in fluences a re  tra n sm itte d  th ro u g h  h y p o th a lam ic  p a th w a y s  
a n d  m a n y  of th e  h y p o th a la m o fu g a l im pulses a re  m e d ia te d  b y  th e  b ra in -s te m  
r e t i c u la r  fo rm ation  (M o r i n  [2 4 ], C r o s b y  a n d  W o o d b u r n e  [2]).

b)  Spontaneous fillin g  o f  th e  b lad d er e lic its  a n  urgency  of m ic tu r it io n  
a ro u s in g  th e  hea lth y , b u t  n o t  th e  enure tic , c h ild  fro m  his sleep. 40 p e r  c e n t 
o f  t h e  e n u re tic  ch ildren  s tu d ie d  b y  H a l l g r e e n  [13] were heavy  sleepers. 
T h is  is  in  ag reem ent w ith  o u r  ow n o b se rv a tio n s . A ccord ing  to  th e , m o s tly  
s p o n ta n e o u s , repo rts  o f r e la t iv e s , an  u n u su a lly  h e a v y  sleep was c h a ra c te r is tic  
o f  a  g r e a t  n u m b er of ch ild ren . Som e p aren ts  ev en  n o tic e d  th a t  voiding co in c id ed  
w ith  t h e  deep phase o f sleep . T h is  would im p lic a te  a de lay ed  m a tu ra tio n  o f  th e  
a ro u s a l  m echanism s of th e  b r a in  in  n o c tu rn a l e n u re s is , a claim  co n sis ten t w ith  
o u r  f in d in g  th a t  associa tion  o f  enuresis w ith  p a r t ia l  d esy n ch ro n iza tio n  o f E E G  
b a c k g ro u n d  a c tiv ity  an d  s ig n s o f  th e  d im in ish ing  d e p th  of anaesthesia  o ccu rred  
in  14 .8  p e r  cen t of our p a t ie n ts  only. M oreover, th e r e  are  defin ite  in d ic a tio n s  
d e r iv e d  b o th  from  an im al ex p e rim en ts  [6, 19] a n d  fro m  studies on h u m a n s  
[22] t h a t  th e  p rim ary  se n so rim o to r cortex , a “ c o rtic o re tic u la r”  area in  a sense , 
h a s  a ro u s a l  functions. O n th e s e  grounds, im m a tu r i ty  o f th e  arousal fu n c tio n s  
o f  t h e  “ co rtico re ticu la r”  s t ru c tu re s  m ay w ell b e  o n e  o f th e  s ign ifican t fa c to rs  
a c c o u n t in g  for n o c tu rn a l en u re s is .

T h is  possib ility  is s u p p o r te d  b y  the  fa c t  t h a t  m ore  th a n  50 p er c e n t o f  
th e  s p ik e  discharges w ere re c o rd e d  over th e  p r im a ry  sensorim otor a reas.

G a s t a u t  [8] ascribes th e  spikes in  sp as tic  p a re s is  to  a p rero land ic  h y p e r 
e x c i ta b i l i ty  due to  a b o m b a rd m e n t b y  th e  c o n tin u o u s  inflow  of p ro p rio c e p tiv e  
a f f e r e n t  s tim u li. A m ech an ism  o f th is  k ind  does n o t  e n te r  in to  c o n s id e ra tio n  
in  o u r  cases , since se n so rim o to r  functions w ere  n o rm a l in  all of ou r p a tie n ts .  
N o r d o es  th e  co rticopeta l se n so ry  stim ulus b y  m ic tio n  acco u n t for th e  ro la n d ic  
sp ik e  a c t iv i ty ,  since i t  w as d u r in g  th e  very  p h a se  o f  enuresis  th a t  th is  a c t iv i ty  
c e a se d . T h e  cen tra l sp ikes c o u ld  n o t have been  d u e  to  th e  specific so m a to m o to r  
o r s e n s o ry  elem ents o f th e  c e n tr a l  cortex  e ith e r , s ince  p a r tia l  m otor o r se n so ry
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epileptic m anifestations were rare in the subjects w ith enuresis. T he rolandic 
irritative foci in children have been interpreted by B a n c a u d , C o l o m b  and 
D ell [1] as being due to  a peculiar response pattern of the central regions 
characteristic of defin ite stages o f m aturation. I sler  and H ess  [16] found a 
prevalence o f central foci in the 2 to 8 year age group.

T h e ro lan d ic  sp ikes reg is te red  in  o u r cases o rig in a te  in  a ll lik e lih o o d  from  
th o se  nonspecific  s tru c tu re s  o f th e  ce n tra l reg ions w hich  em it d escen d in g  regu 
la to ry  im pulses to  th e  m ic tu r itio n  reflex  on th e  one h a n d , a n d  to  th e  re tic u la r  
a ro u sa l s tru c tu re s  o f th e  b ra in -s te m , on th e  o th e r. N ega tive  sp ik es  reco rded  
over th e  ce n tra l a rea  m a y , how ever, re p re se n t p ro jec tio n s of a n  a c t iv i ty  origi
n a tin g  in  su b co rtica l s tru c tu re s . F aeth  a n d  W alker  [4] could  p ro d u c e  chronic 
ep ilep togen ic  foci b y  in jec tio n s  of a lu m in a  c ream  in to  th e  g lobus p a llid u s , the  
p u ta m e n , th e  th a la m u s  a n d  th e  am y g d a la . T h ese  foci w ere fo u n d  to  g enera te  
sp ikes o r sh arp  w aves in  th e  ip s ila te ra l c e n tra l a rea .

Therefore in certain cases a spike a c tiv ity  recorded over th e  central area 
m ay possib ly  originate from  some o f the basal ganglia. There furtherm ore 
ex ist, in all probability , connections betw een the basal ganglia and  th e  function  
of the bladder. According to  clinical observations (TÖNNIS and B ischof [29]) 
pathologic processes in vo lv in g  these structures m ay affect th e  innervation  of 
the bladder over periods o f several years.

A focal n eg a tiv e  sp ike  a c tiv ity  reco rd ed  over th e  fro n ta l po le  a lso  belongs 
to  th e  ab n o rm a l p a tte rn s ,  its  p a th o lo g ica l s ign ificance is, h o w ev e r, unclear. 
T hese spikes m ay  re p re se n t a sign of im m a tu r i ty  of ce rta in  in h ib ito ry  func tions 
o f th e  fro n ta l  co rtex , since lesions o f th e  a n te ro -fro n ta l a rea  h a v e  b e e n  found 
to  cause, in  th e  m a jo r ity  o f cases, fu n c tio n a l d iso rders of th e  b la d d e r , p a r tic u 
la r ly  u r in a ry  in co n tin en ce  (K olodny  [23], H ofstätter  [14]). T h e  f ro n ta l  pole 
seem s to  e x e rt in h ib ito ry  fu n c tio n s on b e h a v io u ra l p a tte rn s  (J a r v ie  [17]), 
s t ru c tu ra l  lesions of th e  f ro n ta l  pole b e ing  asso c ia ted  w ith  a b e h a v io u ra l dis- 
in h ib itio n , in c lud ing  a d is in h ib ited  m ic tu r itio n  reflex .

As an  e x p la n a tio n  o f th e  coincidence o f enuresis w ith  in c re a se d  spike 
a c t iv i ty  in  som e o f o u r cases, i t  m ay  be  a lleged  th a t  th e  e ffe re n t in h ib ito ry  
in fluences on m ic tu r itio n  m a y  h av e  been  b locked  b y  th e  ep ile p tifo rm  discharges 
e ith e r  d ire c tly  or in d ire c tly  th ro u g h  th e  a c tiv a tin g  in fluence  o f  in d u c e d  sleep 
on convu lsive  p o te n tia ls  or b y  b o th . As a n o th e r  a lte rn a tiv e , b o th  enuresis 
a n d  th e  p a ra lle l a p p e a ra n ce  or increase o f ep ilep tifo rm  a c t iv i ty  m ig h t be as
c rib ed  to  d ischarg ing  non-specific  co rtica l s tru c tu re s  w ith  a s t im u la to ry  a c tiv ity  
on enuresis.

N o c tu rn a l en u resis  is ra re ly  a sso c ia ted  w ith  a te m p o ra l o r  b a so tem p o ra l 
co n vu lsive  a c tiv ity ; th is  in d ica tes  t h a t  th e  n e u ra l s tru c tu re s  o f  th e  hum an  
te m p o ra l lobe h av e  l i t t le  in fluence  on th e  m ic tu ritio n  re flex .

d )  T he p o ss ib ility  o f in d uc ing  enuresis  b y  p e rip h e ra l se n so ry  stim uli 
also  su p p o rt th e  claim  th a t  th e  m echan ism s in h ib itin g  th e  m ic tu r it io n  reflex
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a re  in a d e q u a te  or im m a tu re .  V oiding elicited  b y  su p ra p u b ic  ir r i ta tio n  is p ro b 
a b ly  th e  resu lt of a s im p le  segm en ta l sp inal re fle x  m echan ism , since response  
c o n fin e d  to  a sole sen so ry  m o d a lity  presum es a n  en h an ced  reflex  ir r i ta b ili ty . 
I t  h a s  been no ted  b y  R u c h  [27] th a t  em otiona l re a c tio n s  are  accom pan ied  b y  
a  d e f in ite  rise in  in tra v e s ic a l  p ressu re  w hile co u g h in g , s tra in in g  a t  d efeca tion  
o r  m ic tu r itio n  have no su c h  e ffec t in th e  sam e in d iv id u a l.

e)  In  the  m a jo r ity  o f  o u r  cases, th e re  m a y  h a v e  been  a causal re la tio n 
sh ip  betw een  cerebral in ju r y  a n d  im m a tu rity  o f  th e  ce reb ra l fu n c tio n s c o n tro l
l in g  th e  reflex of m ic tu r i t io n . S uch  a delay  is g e n e ra lly  overcom e in  th e  course 
o f  c e re b ra l and h o rm o n a l m a tu ra tio n  du ring  ado lescence, p ro v id ed  no ep i
le p to g e n ic  foci or m e n ta l d e fe c t have p ers is ted .

f )  The p resen t o b se rv a tio n s  have a c e r ta in  p ra c tic a l in te re s t, since in  
n o c tu r n a l  enuresis o f c e re b ra l  origin, by  re s tr ic tio n  o f flu id  in ta k e  d u rin g  th e  
se c o n d  h a lf  of the  d ay , c o u p le d  w ith  a co m b in a tio n  o f n o n -h y p n o tic  a n tic o n 
v u l s a n t  an d  drug cap a b le  o f  reducing  th e  d e p th  o f  sleep , we m ay  succeed in  
re d u c in g  th e  frequency  o f  e n u re s is  or even to  b r in g  i t  u n d e r co n tro l, p a r t ic u 
la r ly  in  cases associa ted  w ith  an  excessive d e p th  o f  sleep an d  an ep ilep tifo rm  
E E G  a c tiv ity  [26].
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Segm en ts o f h u m a n  sk in  w ere re m o v e d  su rg ica lly  fro m  th e  pu b ic  a n d  ab d o m in a l 
a rea s  o f fem ale  p a tie n ts . Skin-slices w ere in c u b a te d  in  vitro  for 5 hours w ith  K reb s-R in - 
g e r-p h o sp h ate -g lu co se  m ed ia  co n ta in in g  d e h y d ro ep ian d ro s te ro n e-4 -,4C. A  n u m b e r of 
labe lled  p ro d u c ts  w ere d e te c te d  b y  m eans o f  co lu m n  (A120 3), th in - la y e r  (A120 3, silica- 
gel G) a n d  p a p e r  ch ro m a to g rap h ic  te c h n iq u es . 14C -labelled and ro st-4 -en e-3 ,1 7 -d io n e, 
7 a -h y d ro x y d e h y d ro e p ia n d ro ste ro n e , 7 -k e to d e h y d ro ep ia n d ro ste ro n e  a n d  a n d ro s ta n e -  
3 ,17-dione cou ld  be  iso la ted  from  in c u b a tin g  m ed ia . T h e  re su lts  o f th e se  in c u b a tio n s  
p o in t to  th e  fa c t  t h a t  th e  sk in  co n ta in s en zy m e-sy stem s w hich  are cap ab le  o f  m e ta b o lis 
in g  d e h y d ro cp ian d ro s te ro n e  in  vitro.

I t  is w ell know n  th a t  s tru c tu ra l a n d  fu n c tio n a l a lte ra tio n s  in  th e  skin 
a re  f re q u e n t m a n ife s ta tio n s  o f endocrino log ica l d isorders. F o r ex a m p le , th e  
h row n-co lou red  h y p e rp ig m e n ta tio n  of th e  sk in  in  A dd iso n ’s d isease, th e  pu rp le - 
co lou red  s tr ia tio n s  o f  th e  abd o m in a l sk in  in  C ushing’s sy n d ro m e, th e  pale , 
d ry , oedem ato u s sk in  in  h y p o th y ro id ism  a re  c h a ra c te r is tic  a t te n d a n ts  o f  these  
d iseases.

In  fem ales, som e o f th e  sy m p to m s o f h y p e rfu n c tio n  of th e  a d re n a l co r
te x  (C ushing’s sy n d ro m e , ad ren o g en ita l sy n d ro m e , e tc .) or of th e  ovaries 
(S te in -L ev en th a l sy n d ro m e , a rrh e n o b la s to m a , e tc .) ap p ea r on th e  sk in  as 
w ell. T h e  sk in  is o ften  “ g reasy ” , th e  sebaceous g lands are  o v e rac tiv e , b lock ing  
th e  pores an d  causing  p y o d erm a  an d  acn e . T h ese  com pla in ts  are  u su a lly  asso
c ia te d  w ith  h irsu tism , m o u stach e  an d  h e a rd  d ev e lo p m en t, an d , d e p en d in g  on 
th e  ty p e  o f d isease, u su a lly  coarse h a ir  a p p e a rs  on various p a r ts  o f  th e  b o d y . 
T hese p a tie n ts  h av e  v e ry  coarse pub ic  a n d  a x illa ry  h a ir ; th e  h a ir  o f  th e  head  
is fin e  b u t  dense a n d  b a ld in g  beg ins, a cco rd in g  to  th e  m asculine p a t te r n ,  on 
th e  crow n o f th e  h ead  a n d  a t  th e  tem p les . T hese  o b serv a tio n s seem  to  in d ica te  
t h a t  th e  ho rm one  d iso rders are m an ife s ted  n o t  o n ly  in  th e  skin b u t  a lso  in  th e  
h a ir .

E x te n s iv e  b lood  a n d  urine  s te ro id  te s ts  co n d u c ted  w hen s tu d y in g  th e  
p a th o g en esis  of h irsu tism , have  show n u p  a la rg e  n u m b er of s te ro id -m e tab o lic  
d iso rd ers  ( B r o o k s b a n k  1961, D o r f m a n  1963, J u l e s z  e t al. 1963, D i g n a m  e t 
al. 1964, K o r e n m a n  e t al. 1965). H ow ever, we do n o t  y e t know  to  w h a t  e x te n t

* A p re lim in a ry  re p o rt  o f th is  w ork  was p re se n te d  a t  th e  Second In te rn a tio n a l  C ongress 
o n  H o rm o n a l S te ro id s , M ilano, I ta ly , M ay 23— 28, 1966.
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th e s e  d iso rd e rs  c o n tr ib u te  to  th e  d ev e lo p m en t o f  h irsu tism . F o r th is  rea so n  
th e re  is a g rea t deal of u n c e r ta in ty  in  th e  d iagnosis  an d  tre a tm e n t o f th e  co n d i
tio n . T h e  m a jo rity  o f th e  p u b lish e d  cases (B rooksbank  1961) a n d  o n e -th ird  
o f  o u r  ow n cases (J ulesz e t  al. 1963) h a d  to  b e  d iagnosed  as “ id io p a th ic  h i r 
s u t is m ” , w hich confirm s o u r  sc a n t in fo rm a tio n  on  its  pa thogenesis.

T h e  endocrine re la tio n sh ip  betw een  h u m a n  skin an d  h a ir  g ro w th  has 
b e e n  th e  su b jec t of n u m ero u s  ex p erim en ts  a n d  o b se rv a tio n s  (H amilton 1960, 
St r a u ss  an d  P o e m  1963, R ook 1965, Lebon  1965, P apa  an d  K ligman 1965, 
e tc .) . T h e  h u m an  sk in  a n d  h a ir  a re  v e ry  rich  in  ch o leste ro l (Fa r ed in  e t  a l. 1966, 
Tóth  e t  a l. 1966). W e can  d e te c t  a n u m b er o f 17 -ke to ste ro id s , m a in ly  d é h y d ro 
é p ia n d ro s té ro n e , in  th e  sk in  a n d  in  th e  h a ir  f ro m  d iffe ren t p a r ts  o f th e  b o d y  
(J u l e sz  e t  al. 1966a, b ). T hese  d a ta  also seem  to  b e a r  o u t th e  a ssu m p tio n  th a t  
a n d ro g e n ic  stero ids m u s t p la y  a p a r t  in  th e  d e v e lo p m en t of h u m a n  h a ir . W e 
a ssu m e  t h a t  those  w om en w ill suffer from  h irsu tism , w hose p ilo sebaceous 
g la n d  rece iv ed  an  excess o f  an d ro g en ic  s te ro id , causing  a m o d ifica tio n  in  th e  
ra t io  o f  and rogens to  o estrogens. I t  is also possib le  t h a t  a change in  th e  fu n c tio n  
o f  th e  en zy m e system s in th e  sk in  a ro u n d  th e  p ilosebaceous g lands c o n tr ib u te s  
to  th e  d ev e lo p m en t of h irsu tism .

W e know  very  l i t t le  a b o u t tho se  enzym es in  th e  skin w hich  m e ta b o liz e  
s te ro id s . A ccord ing  to  th e  i n vitro  in v e s tig a tio n s  o f  Malkinson  e t a l. (1959) 
a n d  o f  H siA  e t al. (1964, 1966) th e  skin m ay  p la y  a p a r t  in  th e  m e tab o lism  o f 
c o r tic o s te ro id s , b u t  we h a v e  no  d a ta  on th e  m e ta b o lism  of androgen ic  s te ro id s . 
S ince h u m a n  h a ir co n ta in s  a considerab le  a m o u n t o f d eh y d ro ep ian d ro s te ro n e , 
i t  s e e m e d  p ro fitab le  to  f in d  o u t w h e th e r th e  sk in  co n ta in s enzym es w h ich  can  
m e ta b o liz e  d eh y d ro ep ian d ro s te ro n e  fu r th e r . T here fo re , fem ale sk in-slices 
f ro m  d iffe re n t p a r ts  o f th e  b o d y  w ere in c u b a te d  in  vitro  w ith  ra d io a c tiv e  
d e h y d ro e p ia n d ro s te ro n e  a n d  th e  rad io ac tiv e  p ro d u c ts  o b ta in ed  w ere iso la te d  
b y  v a r io u s  ch ro m a to g rap h ic  m e th o d s.

M ateria ls  and  m eth o d s

P u b ic  (h a iry ) an d  ab d o m in a l (ha irless) sk in , o b ta in e d  from  surgery  on  fem ale  p a tie n ts ,  
w as u se d . A fte r  trim m in g  th e  sp ec im en s of ad h erin g  f a t ,  th e  sk in -tissue  w as sliced  a n d  th e  
slices w e re  w eighed an d  in c u b a te d  in  vitro.

M eth o d  o f  incubation

T h e  in c u b a tio n  m edia  u se d  w ere  K re b s-R in g e r-p h o sp h a te  w ith  200 m g glucose/100 m l 
(K R P G ) , a t  p H  7.2— 7.4. I n  a d d it io n , th e  m ed ia  c o n ta in e d  a  f in a l c o n cen tra tio n  o f  10-3 M 
d ip h o sp h o p y rid in e  n u c leo tide  (N A D ) a n d  in  one case a d en o s in e  tr ip h o sp h a te  (A T P). A ll s te 
ro id  a d d it io n s  w ere ta k e n  u p  in  0 .2  m l p ro p y len e  glycol in  th e  in cu b a tio n  flask s p r io r  to  th e  
a d d it io n  o f  th e  skin-slices. T h e  D H A -4 -14C w as o b ta in e d  fro m  th e  R ad io ch em ica l C en tre , 
A m e rsh a m , 117 /rc /m g  a n d  d ilu te d  w ith  un lab e lled  D H A .

S k in -slices  w ere in c u b a te d  in  a  G a llenkam p m e ta b o lic  sh ak e r a t  37 °C in  K R P G  m ed ia  
in  О 2 a tm o sp h e re  fo r 5 h o u rs .

W h e n , fo r con tro l p u rp o ses , sk in-slices w ere in a c t iv a te d ,  th is  w as acco m plished  b y  b o il
in g  th e  t is s u e  slices in  K R P G  fo r 10 m in u te s , a f te r  w h ich  th e  slices on ly  w ere tra n s fe r re d  to  a 
f la sk  c o n ta in in g  fresh  m ed ium  a n d  su b s tra te  fo r in c u b a tio n .
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E xtra c tio n  and  chromatographic procedures

A ll so lv en ts  w ere o f B D H  “ A n a la r”  q u a lity  a n d  w ere re d is tille d  befo re  use.
A fte r  in cu b a tio n  fo r 5 h o u rs , th e  K R P G  m ed ia  w ere d e ca n te d  fro m  th e  skin-slices. 

T h e  sk in -slices w ere f ir s t  e x tra c te d  w ith  3 x 5  m l o f ab so lu te  e th a n o l a n d  th e n  le f t o v e rn ig h t 
in 15 m l a ce to n e -w a te r  (2 : 1). T h e  e th an o lic  e x tra c t  w as com b in ed  w ith  th e  a ce to n e -w a te r  
e x tr a c t  a n d  th e  so lv en ts  w ere e v a p o ra te d . T he aqu eo u s resid u e  of th e  pooled  e x tra c ts  was 
co m b in ed  w ith  K R P G  m ed ia , th e  m ix tu re  w as sa tu ra te d  w ith  N aC l an d  N a 2S 0 4 a n d  e x tra c te d  
th re e  t im e s  w ith  25 ml o f m e th y len e  ch lo ride  an d  tw ice  w ith  20 m l o f d ie th y l e th e r. T h e  pooled 
e x tr a c ts  w ere  tak e n  to  d ry n ess u n d e r  a s tre a m  of f ilte red  a ir  a t  less th a n  45 °C.

T h e  e x tra c ts  w ere c h ro m a to g ra p h e d  on a 3 g a lu m in a  co lum n (M erck A. G ., B ro ck m an n  
I I I / IY  a c t iv ity )  10 m m  in  d iam e te r. S te ro id s w ere e lu ted  from  th e  co lum n w ith  step w ise  in c reas
in g  in c re m e n ts  o f e th an o l in  benzene  acco rd ing  to  F a r e d in  e t al. (1957). T h e  in d iv id u a l c lua tes 
w ere po o led  in  I —V I frac tio n s  acco rd in g  to  D in g e m a n s e  e t al. (1952) (T ab le  I).

T h in - la y e r  c h ro m a to g ra p h y  o f each  frac tio n  w as carried  o u t  on  a lu m in a  p la te s  (A120 3-G. 
M erck A . G. n ach  S tah l) u sin g  th e  sy s tem s o f F arf .d in  a n d  W e b b  (1966) a n d  silica-gel-G  (M erck 
A. G ., S h a n d o n ) acco rd ing  to  th e  sy s tem  of L is b o a  (1965). L o ca liza tio n  o f s te ro id s  w as carried  
o u t w ith  th e  Z im m erm an n  an d  th e  SbC l3 co lour reac tio n s  a n d  b y  a b so rp tio n  in  u ltra v io le t  a t 
240 m fi. T h e  ste ro ids w ere e lu te d  fro m  th e  th in - la y e r  p la te s  w ith  4 x 5  m l m e th a n o l. T he r e 
c o v ery  o f ste ro id s fro m  th e  a lu m in a  p la te s  was 85— 100 p e r c en t, a n d  fro m  silica-gel-G  
70— 90 p e r  cen t.

T h e  e lua tes from  a lu m in a  or silica-gel-G  th in - la y e r  p la te s  w ere  c h ro m a to g ra p h e d  on 
p a p e r  in  th e  B u s h  sy s tem s (1961). T h e  p a p e r was w ash ed  in  a  S o x h le t e x tra c to r  w ith  ch loro
fo rm , b en zen e , e th y l a c e ta te  a n d  m eth a n o l p rio r to  use .

Detection and  quantitation o f  radioactive steroids

R a d io a c tiv e  a reas w ere lo ca ted  on  p a p e r o r th in - la y e r  ch ro m a to g ra m s u sin g  a gas-flow  
N uclear-C h icago  4n  A c tig ra p h  I I  c h ro m a to g ram  scanner.

R a d io a c tiv e  s te ro id  sam ples fo r q u a n ti ta t io n , e lu te d  fro m  a lu m in a , silica-gel-G  or p aper, 
w ere p la te d  a t  “ in fin ite  th in n e s s”  a n d  co u n ted  on an  Iso to p e  D ev e lo p m en ts  L td . F lo b e to m a t 
ty p e  6051, th in  endw indow , low  b a ck g ro u n d , a u to m a tic  so lid  sam ple  sy s tem  o p e ra tin g  a t  21 per 
c e n t e ffic ien cv  for 14C.

F o rm a tio n  o f  steroid derivatives

A c e ty la tio n s  of iso la te d  s te ro id s  w ere p e rfo rm ed  g en era lly  acco rd in g  to  th e  p rocedure  
o u tlin e d  b y  B u s h  (1961).

R esults

O n F igu re  1 G rap h  A  show s th a t  b y  th e  skin-slices D H A -4 -14C has been 
c o n v e rte d  to  severa l s te ro id s  in  vitro. T h a t  th e se  a re  tru e  m e tab o lic  p ro d u c ts  
of th e  su b s tra te  is show n in G rap h  C, in  w hich  i t  is seen t h a t  on ly  D H A -4-14C 
w as reco v ered  w hen th is  s u b s tra te  h ad  been in c u b a te d  in  th e  absence  o f tissues. 
G rap h  В  ind ica tes  t h a t  w hen  sk in  tissu e  h a d  been  in a c tiv a te d  b y  bo iling  b e 
fore  in c u b a tio n  no tra n s fo rm a tio n  of D H A  o ccu rred  u n d e r th e  sam e cond itions 
in th e  absence of ac tiv e  sk in  tissu e .

T ab le  I I  show s th e  re su lts  o f in cu b a tio n  o f sk in-slices o f tw o  fem ale p a 
tie n ts . In  th e  f irs t case skin-slices w ere o b ta in ed  from  th e  p u b ic  reg ion  only. 
O ne p o rtio n  w as in c u b a te d  w ith  A TP an d  th e  o th e r, of m u ch  th e  sam e in q u a n 
t i ty ,  w as in c u b a te d  w ith o u t A T P . T he ra d io a c tiv ity  o f th e  m e ta b o lite s  (F ra c 
tio n s  I ,  IV , V, V I) w as v e ry  sim ilar. In  th e  second case skin-slices fro m  th e  pubic  
reg ion  as well as from  th e  abdom en  (hairless) w ere in c u b a te d . A lth o u g h  th e
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Table I

A lum ina  colum n chromatography according to F a r e d in  et al. (1 9 5 7 ) and  
D in g e m a n s e  et al. (1952)

S tan d ard  protocol

Tube
No.

% Ethanol 
benzene

ml
col

lected
Fraction

No.
Tube
No.

% Ethanol 
benzene

ml
col

lected
Fraction

No.

0 ___ 10 29 0.25 20

l — 10 30 0.25 20

2 — 10 I. 31 0.25 20 IV.

3 — 20 32 0.25 20

4 — 20 33 0.50 20

5 — 20 34 0.50 30

35 0.50 30
6 — 20

36 0.50 20
7 — 20

37 0.50 20
8 0.05 20

9 0.05 20 38 0.50 20

10 0.05 20 39 1.00 20

11 0.05 20 и . 40 1.00 20

12 0.05 20 41 1.00 20

13 0.05 20 42 1.00 20 V.

14 0.05 10 43 1.00 20

15 0.05 10 44 2.00 20

45 2.00 20
16 0.05 20

46 2.00 20
17 0.05 30

18 0.10 30 47 2.00 20

19 0.10 30 48 2.00 20

20 0.10 20 49 2.00 20 V I.

21 0.10 20 50 4.00 20

22 0.10 20 i n . 51 abs. e th an o l 20

23 0.10 20

24 0.10 20

25 0.10 20

26 0.10 20

27 0.10 20

28 0.25 20

n u m b e r  o f th e  ex p erim en ts  p re s e n te d  is lim ited , i t  can  be  seen th a t  m e ta b o 
lism  o f  D H A -4-14C ta k e s  p la c e  in  b o th  ty p es of sk in .

T h e  following s te ro id s  w ere  iso la ted  from  th e  n u m ero u s  m e tab o lite s  
d e te c te d .
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1. 5x-androstane-3,17-dione

T his stero id  w as iso la te d  from  F rac tio n  I .  T h e  rad io ac tiv e  su b s ta n c e  e lu t
ed  from  th e  a lu m in a  co lu m n  w as pu rified  b y  p a r t i t io n  o f th e  frac tio n  betw een  
90 p e r  cen t aqueous e th a n o l a n d  cyclohexane. T h e  p u rif ie d  e x tra c t w as ch ro m a
to g ra p h e d  f irs t  on a lu m in a  p la te , th e n  on p a p e r  in  th e  B ush  “ A ”  sy stem . 
T h e  re su lts  are show n in  T ab le  I I I .  T he id e n t i ty  o f  th e  rad io ac tiv e  5 a-and ro - 
stane-3 ,17 -d ione  w as e s ta b lish e d  on th e  basis o f  R f v a lu es  o b ta in ed  in  tw o  ch ro 
m a to g ra p h ic  sy stem s.

2. A ndrost-4-ene-3,17-dione

T his stero id  w as iso la te d  from  F rac tio n s  I  a n d  I I .  I t  w ill be seen in  F ig . 1 
t h a t  a u th e n tic  and rost-4 -ene-3 ,17 -d ione-4 -14C w as p re se n t in sm all q u a n t i ty  in 
F ra c tio n  I  of th e  s ta n d a rd  co lum n, h u t  m o st o f  th e  su b stan ce  w as p re se n t in
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Table I I

D istr ib u tio n  o f radioactivity on a lu m in a  column chromatography o f  extracts o f  sk in  incubated
w ith D H A -4 -liC

L n c u b a t io n  1: S ubstra te : D H A -4 -14C; 10 fic =  570 fig. Specific a c tiv ity  803 cpm /^g .
In cu b atio n  in  12 m l K R P G  w ith  10“ 3 M. NA D  for 5 hours in  0 2 

In c u b a t io n  2: S ubstra te : D H A -4 -14C; 10 fic =  570 fig . Specific a v tiv ity  1,154 cp m /fig .
In cu b atio n  in  10 m l K R P G  w ith  10“ 3 M. NA D  for 5 hours in  0 2

In c u b a 
tion
No.

Flask contents
Tissue

incubated
mg

Tcpm
in

ex trac t

Column fractions (see Fig. 1)

Fr. I
cpm

Fr. I I
cpm

Fr. I l l
cpm

Fr. IV  
cpm

Fr.V
cpm

Fr. VI 
cpm

l . a )  P u b ic  skin* 1.205 478.140 4.605 357.000 66.840 15.900 25.365 8.430

b )  P u b ic  skin 1.180 464.300 5.865 299.940 95.595 24.060 28.139 10.701

2. a )  Pub ic  skin 431 536.432 3.968 72.960 418.740 20.604 13.632 6.528

b)  Abdom . skin 761 557.140 2.020 60.180 458.520 23.280 10.340 4.800

c )  B oiled abdom .

skin 481 542.562 150 80.500 410.704 1.140 1.152 1.100

d )  No tissue — 495.280 720 136.920 352.920 2.340 580 1.800

* W ith  added 1 0 - 3 M. A T P

F r a c t io n  I I .  F rac tions I  a n d  I I  w ere su b jec ted  to  p re lim in a ry  th in - la y e r  ch ro 
m a to g ra p h y  on a lu m in a , th e  rad io ac tiv e  areas co rrespond ing  to  a u th e n tic  
an d ro st-4 -en e-3 ,1 7 -d io n e  w ere  e lu ted , th e  e lu a te s  su b jec ted  to  th e  acetic- 
a n h y d r id e -p y rid in e  a c e ty la tio n  p rocedure  o f B u s h  (1961), an d  re c h ro m a to 
g ra p h e d  on th in -lay e r a lu m in a -p la te . The and rost-4 -ene-3 ,17 -d ione  a reas  from  
th e s e  p la te s  were re c h ro m a to g rap h e d  on th in - la y e r  silica-gel-G  p la te s , a n d  in 
th e  B u s h  “ A ” paper sy s tem . T h e  resu lts  are  show n in T ab le  IV . T h e  id e n ti ty  of

Table I I I

Iso la tion  o f 5a-androstane-3,17-dione fro m  incubates o f  pub ic  sk in  w ith D H A -4 - l ,C

Chromatographic procedures

Incubation
flask

(see Table II)

Alumina column Alumina-TLC Paper
chrom atography

Tcpm
incorporated 

/ g skin
Tube No. Rf

In  Bush “ A” 
Rf

la )  P u b ic sk in  ex trac t 0— 5 0.599* 0.754 637

lb )  P u b ic sk in  ex tract 0— 5 0.906** 0.754 2.020

A u th e n tic 5 a  -androstane-3 ,17-dione 0— 5
0.593*

0.881**
0.756 —

* A lum ina-T LC : n -h ex an e -e th y l aceta te-g lacial ace tic  acid-abs. e thano l (210 : 30: 2 : 1) 
** A lum ina-TLC : n -h ex an e -e th y l aceta te-g lacial ace tic  acid-abs. e thano l (180 : 60 : 2 : 1)
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Tabic IV

Isolation o f  androst-4-ene-3,17-dione fro m  incubates o f  pub ic  sk in  w ith D H A -4 -liC

Chromatographic procedures

Alumina Acetylation Tcpm
Incubation flask 

(see Table II)
column TLC Paper incorpo

rated

Tube No. Alumina*
B,

Silica-gel
G**
Rf

In Bush 
“A”, Rf

/g skin

l a )  P u b ic  sk in  e x tra c t 0— 15 0.615* 0.490 0.497 3.863

2b) P u b ic  sk in  e x tra c t 0— 15 0.4632 0.443 0.498 3.991

A u th en tic  androst-4-ene-3 ,17-dione 4 — 15
0.609*

0,4382
0.446 0.499 —

* A lum ina-TLC : n -h ex an e-eth y l aceta te-g lac ia l acetic  acid-abs. e th an o l (180 : 60 : 2 : 1) 
** Silica-gel-G—TLC : Benzene-abs. e thano l (92 : 8)

th e  rad io a c tiv e  and rost-4 -ene-3 ,17 -d ione  w as e stab lish ed  on th e  basis  o f Rf 
v a lu es , o b ta in e d  in  th e  th re e  c h ro m a to g rap h ic  system s.

3. 7-keto-dehydroepiandrosterone (7 -k e to -D H A )

T h is  s te ro id  w as iso la ted  from  F ra c tio n  IV . T h e  rad io ac tiv e  su b stan ces 
e lu ted  from  th e  a lu m in a  co lum n w ere c h ro m a to g ra p h ed  f irs t on a lu m in a  p la tes , 
th e n  on p a p e r in  th e  B ush  “ B 4”  sy stem . T h e  rad io ac tiv e  areas co rrespond ing  
to  a u th e n tic  7 -k e to -d eh y d ro ep ian d ro s te ro n e  w ere e lu ted , th e  e lu a tes  su b jec ted  
to  th e  a c e tic -an h y d rid e -p y rid in e  a c e ty la tio n  p ro ced u re  o f B u s h  (1961) an d  
re c h ro m a to g rap h e d  on p a p e r  in  th e  B ush  “ A ”  sy stem . T h e  re su lts  a re  show n 
in T ab le  V. T he id e n ti ty  o f rad io ac tiv e  7 -k e to -D H A  an d  7 -k e to -D H A -ace ta te  
w as es tab lish ed  on th e  basis  o f Rf va lu es  o b ta in e d  in  th in - la y e r  a n d  p ap e r 
ch ro m a to g rap h ic  sy stem s. T hese in v e s tig a tio n s  w ere p erfo rm ed  in  b o th  cases 
on fem ale p a tie n ts , y e t  i t  can  be seen th a t  th e  7 -keto -D H A  could be  iso la ted  
on ly  from  in c u b a te s  o f N o. 1.

4. 7a -H ydroxydehydroepiandrosterone (7oc-hydroxy-D H A )

T his s te ro id  w as fo u n d  in  F ra c tio n  V . T he rad io ac tiv e  su b stan ces  e lu ted  
from  th e  a lu m in a  co lum n w ere ch ro m a to g ra p h ed  f irs t  on a lu m in a  p la te s , th en  
on silica-gel-G  in th e  L i s b o a  “ E ”  sy s tem  (1965) an d  fin a lly  on p a p e r  in  the  
B ush  “ B -”  sy s tem . T h e  rad io ac tiv e  a reas  co rresp o n d in g  to  a u th e n tic  7a-hy- 
d ro x y -D H A  w ere e lu ted , th e  e lua tes su b je c te d  to  th e  ace tic -an h y d rid e -p y rid in e  
a c e ty la tio n  p ro ced u re  of B u s h  (1961). T h e  7 a -h y d ro x y -D H A -d ia ce ta te  was 
re c h ro m a to g rap h e d  on p a p e r  in B ush  “ A ”  sy s tem  an d /o r on a lu m in a  p la tes .
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Table V

Iso la tio n  o f  7-keto-dehydroepiandrosterone (7 -k -D H A ) fro m  incubates o f  sk in  w ith  D H A -4 -u C

Chrom atographic procedures

Incubation
flask

(see Table II)

7-k-DHA
7-k-DHA-

acetate
Tcpm

Alumina
column

Alum ina-
TLC*

Paper
chrom ato-

graphy

P aper
chrom ato-

graphy

incorpo
ra ted  

/ g skin

Tube No. Щ
in  Bush
“ B 4”  Rf

in Bush 
“ A”  R f

l a )  P u b ic  sk in  ex tract 2 9 - 3 7 0.3421 0.640 0.504 1.691
lb )  P u b ic  sk in  ex trac t 2 9 - 3 7 0.1822 0.643 0.502 2.420

2a) P u b ic  sk in  ex tract 29—37 none** — — —

2 b) A b d o m . sk in  e x trac t 29— 37 none** — — —

A u th e n tic  7-k-DH A 31— 35
0.3421

0 .1 9 4 2
0.639 0.505 —

* A lum ina-TLC: n -h ex an e -e th y l aceta te-g lacial ace tic  acid-abs. e thano l (140 : 100 : 0.5 :2) 
** N o t detected.

Table VI

Iso la tio n  o f  7ct-hydroxy-dehydroepiandrosterone (7 a -O H -D H A ) fro m  incubates o f  sk in  w ith
D H A -4 -u C

Incubation
flask

(see Table II)

Chromatographic procedures

Tcpm  
incorpo

ra ted  
/ g skin

Alum ina
colum n

TLC
P aper

chrom a
tography

7a-OH-DHA-diacetate

P aper TLC

Alumina*
Silica-

gel-G**
In  Bush 

“ B 5”
In  Bush 

“ A” Alumina***

Tube N o. Rf Rf Rf Rf Rf

la )  P u b ic  sk in  ex trac t 38— 46 0.5751 0.4781 0.4531 0.7731 ___ 11.300
lb )  P u b ic  sk in  ex tract 38— 46 0.3442 — 0.4062 0.8072 0.6631 11.140

2a) P u b ic  sk in  ex tract 38— 46 0.4543 0.4292 — — 0.5272 10.468
2b . A b d o m . sk in  e x trac t 38—46 0.4914 0.4572 — — 0.6363 9.808

A u th e n tic  7a-O H -D H A 43— 44 0.5781 0.4471 0 .4461 0.7711 —

0.3252 0.4462 0.4012 0.8152 0.6691
0.4483 0.5272

0 .491 ' 0.6233

* A lum ina-TLC: n -h ex an e -e th y l aceta te-g lacial a ce tic  acid-abs. e th an o l (20 : 210 :
:1 : 10 )

* * Silica-gel-G-TLC, L isboa “ E ”  system : e thy l aceta te-n -hexane-g lac ia l acetic  a cid -eth an o l 
(72 : 13.5 : 10 : 4.5)

*** A lum ina-TLC : n -h e x an e -e th y l aceta te-g lac ia l ace tic  acid-abs. e th an o l (210 : 30 :
• 2 : 1 )
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T he re su lts  a re  show n in  T ab le  Y I. T h e  id e n t i ty  of rad io ac tiv e  7oc-hydroxy- 
D H A  a n d  7 a -h y d ro x y -D H A -d iace ta te  w as es tab lish ed  in th in - la y e r  (a lu m in a  
an d  silica-gel-G ) an d  in  p a p e r  c h ro m a to g ra p h ic  system s. B o th  a u th e n t ic  
7 a -h y d ro x y -D H A  an d  th e  iso la ted  su b s ta n c e  gave th e  b lue sp o t t e s t  w ith  
SbCl3 ty p ic a l o f zl5-7 -h y d ro x y  ste ro ids.

Discussion

I t  c an  be seen from  T ab les I —Y I th a t  h u m a n  skin u tilized  D H A -4 -14C 
in  vitro. T h e  p rin c ip a l m e tab o lite s  w ere 7 a -h y d ro x y -D H A  and  a n d ro s t-4 -e n e - 
3 ,17-d ione. H ow ever, 7 -ke to -D H A  a n d  5 a -an d ro stan e -3 ,1 7 -d io n e  c o u ld  be 
iso la ted  a lso  in  sm aller q u a n titie s  from  am o n g  th e  num erous m e ta b o li te s  de
te c te d  (T ab le  Y II) . No rad io a c tiv e  te s to s te ro n e  cou ld  be d e tec ted  in  in c u b a te s  of 
h u m a n  sk ins.

I n  vitro  C -7-oxygenation  an d  7sc-hydroxylation  of D H A  h a s  b e e n  de
scribed  in  th e  h u m an  a d re n a l co rtex  ( G a l l a g h e r  1958, N e v i l l e  a n d  W e b b  

1965, S t a r k a  1965) an d  in  hum an liv e r ( S t á r k a  1965). 7-keto-D H A  w as iso la te d  
fro m  th e  u rin e  o f p a tie n ts  w ith  n o rm a l a n d  ra ised  a d ren o co rtica l fu n c tio n  
( L i e b e r m a n  e t al. 1948). 7 a -h y d ro x y -D H A  w as found  a fte r th e  a d m in is tra t io n  
o f D H A  in  n o rm a l m an  ( S c h n e i d e r  a n d  L e w b a r t  1959), and  even  as a n o rm a l 
m e ta b o lite  o f endogenous origin in  h u m a n  u r in e  ( S t á r k a  an d  S i l i n k  1961). 
T h e  s ite  a n d  m echan ism  o f p ro d u c tio n  o f o x y g e n a te d  d eh y d ro e p ia n d ro s te ro n e  
is an  in te re s tin g  p rob lem . I t  has been  su g g ested  th a t  th e  h y d ro x y la t io n  an d  
o x y g e n a tio n  o f d eh y d ro ep ian d ro s te ro n e  o ccu rred  in  th e  ad ren a l g la n d  a n d  in 
th e  liv er. 7 a -h y d ro x y -D H A  an d  7 -k e to -D H A  are  here rep o rted  as co n v ersio n  
p ro d u c ts  o f  D H A  b y  in  vitro  in cu b a te s  o f h u m a n  skin-slices. T h is o b se rv a tio n  
suggests t h a t  sk in  co n ta in s  enzy m e-sy stem s w h ich  in  vitro are  c a p a b le  o f  th e
o x y d a tio n  o f d eh y d ro ep ian d ro s te ro n e  via  th e  p a th w ay , D H A  -------■> lot-
h y d ro x y -D H A ---- >• 7-keto -D H A .

Tabic V II

Percentage o f  conversion o f D H A -4 -liC to radioactive metabolites in hum an  sk in

In c u b a tio n
f la sk

(see T a b le  I I)

5 a -an d ro s tan e -
3 ,17-dione

A n d ro st-4 -en e-
3,17-dione

7-keto-D H A 7 a -h y d ro x y -D H A

T cp m /g
0//0

conver
sion

T cp m /g
0//о

c o n v e r
sion

T cpm /g
%

conver
sion

T c p m /g
%

c o n v er
sion

l a )  P u b ic  sk in 637 0.133 3.863 0.808 1.691 0.351 11.300 2.363

lb )  P u b ic  sk in 2.020 0.435 3.991 0.859 2.420 0.521 11.140 2.399

2a) P u b ic  sk in — — — — — — 10.468 1.951

2b) A bdom . sk in — — — — — 9.808 1.760
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The o ther p r in c ip a l m e tab o lite  of D H A  is o la te d  from  incu b a tes  o f  h u m a n  
sk in  w as an d rost-4 -ene-3 ,17 -d ione . I t  is w ell k n o w n  th a t  ovarian , te s t ic u la r , 
a d re n a l  and  p la c e n ta l  tis su e s  contain  an  e n z y m e  system  w hich ca ta ly z es  th e  
o x id a tio n  of th e  Zl5-3 /3 -hydroxy  group o f C19 s te ro id s  to  form  th e  Zl4-3 -keto  
g ro u p  ( S a m u e l s  e t  a l. 1951). T h a t and rost-4 -en e-3 ,1 7 -d io n e  could be  iso la te d  
f ro m  in  vitro in c u b a te s  o f  h u m a n  skin in d ic a te s  t h a t  h u m an  skin c o n ta in s  th e  
Zl5-3 /?-hydroxystero id  d eh y d ro g en ase  sy stem  w h ic h  is capable  of th e  tr a n s fo r 
m a tio n  of D H A  in  v itro  to  an d rost-4 -ene-3 ,17 -d ione . A ndrost-4 -ene-3 ,17-d ione  
is  a  “ basic  co m p o u n d ”  in  th e  C19 series ( D o r f m a n  a n d  U n g a r  1965) a n d  m a n y  
d e r iv a tiv e s  can be fo u n d  in  n a tu ra lly  occu rrin g  C19-stero ids. I t  is possib le  t h a t  
th e  h u m a n  skin can  a lso  tra n s fo rm  th is “ k e y  c o m p o u n d ”  according to  re q u ire 
m e n ts .

T he resu lts o f  th e s e  incubations p o in t  to  th e  fa c t th a t  sk in  c o n ta in s  
enzym e-system s w h ich  a re  capab le  of u tiliz in g  D H A  in  vitro. A t p re se n t we do 
n o t  know  the  sig n ifican ce  o f  these enzym es in  h u m a n  skin. W e assum e th a t  
f u r th e r  s tu d y  of th e  u t i l iz a t io n  of stero ids in  h u m a n  skin  will fu rn ish  m o re  in 
fo rm a tio n  of skin a l te r a t io n s  in endocrine d iseases  a n d  in th e  p a th o g en esis  o f 
h irs u tis m .
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ULTRAVIOLETT-
ABSORPTIONSSPEKTROPHOTOMETRISCHE 

UNTERSUCHUNGEN DES LIQUOR CEREBROSPINALIS
Von

A .  L a k o s , A g n e s  J á k i  und L .  L e h o t a i

I I .  M E D IZ IN IS C H E  K L IN IK  U N D  B IO C H E M IS C H E S  IN S T IT U T  
D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T  S Z E G E D

(E in g eg an g en  am  6. M ai, 1966)

Die U n te rsu ch u n g e n  e rg ab en , d aß  in  de r G esta ltu n g  des im  U ltrav io le tt-B e re ic h  
gem essenen, c h a ra k te r is tisch e n  S p ek tro p h o to g ram m s ( In te rfe re n z k u rv e )  des L iquor 
cereb rosp inalis  die A sco rb in säu re  eine en tsch e id en d e  H olle sp ie lt.

U n te r  den  M ethoden  d e r p h y sikochem ischen  A nalyse  des L iq u o r cere
b ro sp in a lis  sch e in t in  A n b e tra c h t se iner D u rch sich tig k e it die U V -A bsorp tions
sp ek tro sk o p ie  eine v ie lv e rsp rech en d e  M öglichkeit zu b ie te n . D ieses op tische 
M eßverfah ren  e ig n e t sich  zu r B estim m u n g  der L ö su n g sk o n zen tra tio n en  von 
S to ffen  m it c h a ra k te ris tisc h e r  L ic h ta b so rp tio n . Im  F a lle  von  S u b stan zg em i
schen  dagegen is t  die A u sw ertu n g  des S p ek tro g ram m s n ic h t e in fach , weil die 
A b so rp tio n sm ax im a  d er e inzelnen  K o m p o n en ten  e in an d e r ü b e rla g e rn  u n d  eine 
In te rfe re n z k u rv e  resu ltie ren  k a n n . D ies is t auch  bei den  L iq u o ru n te rsu c h u n 
gen d e r F all.

M it d er S p ek tro p lio to m e trie  des L iquors h a t  sich  als e rs te r  S h i o n o y a  [ 1 ]  

b e fa ß t. E r  fa n d  bei p a th o lo g isch en  L u m b alflü ssig k e iten  an d e re  A b so rp tio n s
w erte  als bei n o rm a len  u n d  k o n n te  einen  Z u sam m en h an g  zw ischen  K u rv e n 
höhe u n d  E iw e iß g eh a lt des L iq u o rs  nachw eisen . V e r a g u t h  u n d  O p i t z  [2] k a 
m en im  w esen tlichen  zu  analogen  F es ts te llu n g en , indem  bei o rgan isch -neu ro lo 
gischen K ra n k h e ite n  d er zu v o r en te iw e iß te  L iq u o r höhere  A b so rp tio n sw erte  
zeig te . A uch  D a m j a n o v i c h  u n d  M ita rb e ite r  [3] sowie J a c o b i  u n d  M itarb . 
[4, 5] w iesen n a c h , daß  versch iedene m enschliche L u m b alflü ss ig k e iten  spek tro - 
g rap h isch  w e itg eh en d  v o n e in a n d e r abw eichen . N ach  den  U n te rsu ch u n g en  von 
K a r c z a g  u n d  H a n a k  [6] sind  fü r  die A bw eichungen  im  S p ek tro g ram m  der 
m ensch lichen  L iquore  v o r  allem  P ro te in e  u n d  H a rn sä u re  v e ra n tw o rtlic h . 
P l a u t  u n d  M ita rb . [7] h ab en  ih re  m it 2 ,6 -D ich lo rp h en o lin d o p h en o l vorgenom 
m enen  chem ischen  B estim m u n g en  des V itam in  C -G ehaltes im  L iq u o r a u f spek- 
tro p h o to m e tr isc h e m  W ege n a c h g e p rü ft.

M it d e r B ew ertu n g  d e r L iq u o r-S p ek tro g ram m e h ab e n  sich M. S p i e g e l - 

A d o l f  u n d  M ita rb e ite r  [8 — 301 e ingehend  b e faß t. B ei v e rsch ied en en  p a th o lo 
g ischen F ä llen  u n te rsu c h te n  sie die L iq u o r-S p ek tro g ram m e u n d  k o n n te n  K örre-
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la t io n e n  zwischen d e r K ra n k h e i t  u n d  d er W ellen länge u n d  H öhe d er A bsorp- 
tio n sm a x im a  fests te llen . So fan d e n  sie, daß  bei S ch izophren ie , G eh irn e rsch ü t
te ru n g ,  P ara lysis p ro g re ss iv a , m e ta s ta tisc h e n  u n d  p rim ä re n  G eh irn tu m o ren , 
E p ile p s ie  und  bei m it k o n v u ls iv e n  S ym ptom en  e in h erg eh en d en  E rk ra n k u n g e n  
des Z en tra ln e rv en sy s tem s d as  S p ek tro g ram m  d e r  L u m b alflü ssig k e it sich in  
se in e n  — bei gleicher W ellen län g e  gem essenen — E x tin k tio n sw e rte n  w e it
g e h e n d  von  den n o rm a len  u n te rsc h e id e t.

D ie sich m it d e r L iq u o r-U Y -S p ek tro p h o to m e trie  b esch äftig en d en  A u to 
re n  s tim m en  darin  ü b e re in , d a ß  in  dem  Z u stan d ek o m m en  des ty p isch en  S -för
m ig en  S pek trog ram m s d e r L u m b alflü ssig k e it v ersch ied en e  au ch  physio logisch  
v o rk o m m e n d e  S toffe eine R o lle  sp ielen , u n te r  den en  die n o rm a len  u n d  p a th o 
lo g isch en  P ro te ine , die N u k le in sä u re n  und  ih re  D e riv a te , sowie H a rn sä u re  u n d  
A sco rb in säu re  die g rö ß te  B e a c h tu n g  verd ienen ; in  d e r F ra g e  ab e r, w elche von  
d en  im  L iquor chem isch n a ch w e isb a ren  S u b stan zen  in  d e r G e s ta ltu n g  des A b 
so rp tio n ssp e k tru m s d ie  w ic h tig s te n  sind , gehen d ie  M einungen  ause in an d er. 
S p i e g e l - A d o l f  u n d  M ita rb ., sow ie auch  N o d a  [31], H a c k  [32] u n d  S t r a i t  [33] 
v e rm u te n  eine even tue lle  R o lle  d er A sco rb insäu re ; doch  sp rechen  S p i e g e l - 

A d o l f  u n d  M itarb . a u f  G ru n d  ih re r  para lle l m it d er S p e k tro p h o to m e tr ie  d u rc h 
g e fü h r te n  chem ischen B e s tim m u n g e n  die H a u p tro lle  den  N u k le in säu ren  u n d  
ih re n  A bköm m lingen , sow ie d e n  P ro te in e n , bzw . d en  p a th o lo g isch en  P ro te in en  
zu . A u c h  die Rolle d e r A sco rb in säu re  is t ih res E ra c h te n s  n ic h t zu  v e rn a c h 
lä ss ig e n , deshalb k o n v e r tie re n  sie deren  m itte ls  chem ischer B estim m u n g  e rh a l
te n e  W e rte  zu A b so rp tio n sw e rte n  u n d  ziehen sie v o n  d er G esam tab so rp tio n  ab.

D ie  L iq u o r-U Y -S p ek tro p h o to m e trie  h a t  eine seh r u m fan g re ich e  L ite ra tu r , 
d e n n o c h  h a t  sich bis a u f  den  h e u tig e n  Tag  kein  e in h e itlich e r S ta n d p u n k t b e tre ffs  
d e r  F ra g e  herausb ilden  k ö n n e n , w elcher S to ff be i d e r S p e k tro p h o to m e trie  des 
L iq u o rs  e igentlich  gem essen w ird  u n d  w elchen P la tz  die L iq u o r-S p ek tro p h o to - 
m e tr ie  in  der L iq u o rd ia g n o s tik  e in n im m t.

D  as Ziel un sere r U n te rsu c h u n g e n  w ar zu e rm itte ln ,
1. welchem  S to ff in  d e r G e s ta ltu n g  des L iq u o r-S p ek tro g ram m s eine d om i

n a n te  B ed eu tu n g  zu k o m m t,
2 . w odurch  die A b w eich u n g en  in  den einzelnen  L iq u o r-S p ek tro g ram m en  

b e d in g t  sind .

Untersuchungsmaterial und Methoden

E s  w u rd en  die S p e k tro g ram m e  des m itte ls  L u m b a lp u n k tio n  v o n  50 P e rso n en  gew on
n e n e n  L iq u o rs  aufgenom m en.

U n se r  K ran k en g u t b e s ta n d  a u s  18 P a tie n te n  m it K o p fsch m erzen , 8 m it U räm ie  u n d  
c h ro n is c h e r  G lom eru lonephritis , 7 m it  E p ilep sie , 12 m it h y p e r te n s iv e r  E n cé p h a lo p a th ie  u n d  
5 F ä lle  m it  positivem  E E G -B efu n d  o h n e  o rgan isch -neuro log ische  A bw eichungen .

D a  d e r V erlauf des S p e k tro g ra m m s keinerle i Z u sam m en h an g  m it d e r D iagnose de r 
K ra n k e n  aufw ies, w urde in  T ab e lle  I v o n  d e r A n fü h ru n g  de r e in ze ln en  D iagnosen  abgesehen. 
Z u r S p e k tro m e tr ie  fanden  led ig lich  v o llk o m m en  k lare  L iq u o rp ro b e n  V erw endung . D a die a b 
g e lassen e  L u m b alflü ssigkeit fa llw eise  n u r  5— 6 ml b e tru g  u n d  d ie  E x tin k tio n s w e r te  d e r n a tiv e n
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L iquore  sich als zu  ho ch  e rw iesen , h ab en  w ir im  e rs ten  T eil u n se re r  U n te rsu ch u n g en  d ie  L iq u o r
p roben  m it b id es tillie r tem  W asser im  V erhältn is 1 : 5 v e rd ü n n t.

D ie op tisch en  M essungen  e rfo lg ten  g rö ß ten te ils  m it  H ilfe  des Speklrom om  201 (M O M , 
B u d ap es t), u n d  zum  k le in e re n  T eil m it den A p p a ra te n  U n ica m  (S p  500), H ilger (U V IS P E K  
H  700) u n d  B eckm ann  D U  in  Q u a rzk ü v e tte n  von  10 m m  Schich td icke . M it d en  e in ze ln en  
G erä ten  w u rd en  w eder h in s ic h tlic h  de r W ellenlänge, n o c h  d e r E x tin k tio n sw erte  n e n n e n sw e rte  
U n tersch iede  e rh a lte n  (in  d e r  W ellen länge ergaben  s ich  A bw eichungen  von  h ö c h s ten s  1 m (i, 
u n d  in den E x tin k tio n s w e r te n  b is zu 0,010). E x tin k tio n  u n d  W ellenlänge sind  a m  K o o rd in a 
ten sy stem  d arg este llt.

A ndere  A u to re n  [34] h a b en  den T ran sm iss io n sp ro ze n tsa tz  gegenüber de r W ellen län g e  
d a rg este llt. Die zw eierlei D a rs te llu n g sm eth o d en  k ö n n e n  A n laß  zu M iß v erstän d n issen  g eh en , 
d a  n ach  dem  S y stem  v o n  D e l b a  die M inim a des S p e k tro g ram m s die A b so rp tio n sm a x im a  
b edeu ten .

D er M eßbereich  lag  zw ischen  210—300 m ц. A n s ta t t  d e r  schon  e rw äh n ten  V e rd ü n n u n g  
m it dest. W asser h a b e n  w ir d e n  L iq u o r im  w eiteren  — a u s  sp ä te r  zu e rö rte rn d en  G rü n d e n  — 
m it 0,01 m/1 N aC N -L ösung  1 : 5 v e rd ü n n t.

In  säm tlich en  L iq u o rp ro b e n  w urden  au ß er d em  S p e k tro g ram m  auch  der E iw e iß g e h a lt  
(m it der S u lfo sa licy lsäu rem eth o d e  von  U js Á G H Y ) u n d  d e r  A sco rb in säu reg eh a lt (n a c h  R o e  u n d  
K u e t h e r )  u n te rsu c h t.

E rgebnisse

D ie S p e k tro g ra m m e  d e r L u m b alflü ss ig k e it ste llen  ty p ische , h o r iz o n ta l 
v erlau fen d e  S -förm ige K u rv e n  d ar, deren  a b s te ig e n d e r  Schenkel das M in im um  
bei 240—245 m /л e r re ic h t, hei 245 — 265 m,u w ied er a n s te ig t, bei 2 6 5 —268 т/л

Ext.

АЫ>. 1. S p e k tro g ram m  e in e r w ässerigen L iq u o rv e rd ü n n u n g  1 : 5, gem essen in n e rh a lb  von  
30 M inu ten  nach  de r L iq u o re n tn a h m e

ein c h a ra k te ris tisch e s  M axim um  zeigt u n d  an sch ließ en d  allm äh lich  a u f  300 m /i 
zu rü ck g eh t. D ie ty p isc h e  K urven fo rm  des L iq u o rs  v eran sch au lich t A b b . 1.

W ie A bb. 2 zu  e n tn e h m e n  is t, w ichen  d ie  S p ek tren  der e inzelnen  L iquore  
b e tre ffs  ih re r bei d e r  gleichen W ellenlänge gem essenen  E x tin k tio n sw e rte  s ta rk
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Tabelle I

FaU
P ro te in
mg%

A sc o rb in sä u re  
mg %

E x t .—M ax. 
bei

264— 270 т/л

1. N. J .  <? 46 0,202

2. T. J .  $ 34 2,65 0,700

3. P . I. <? 16 0,367

4. C. B. $ 40 0,189

5. T . D . $ 11 0,403

6. P . M. $ 35 0,168

7. B. J .  <? 21 0,252

8. T . Gy. ? 34 0,532

9. Cs. Gy. Ç 82* 0,529

10. L. I. $ 46 0,45 0,385

11. R . L. $ 41 1,0 0,640

12. E . K . ? 12 0,4 0,564

13. P . I. $ 1 3,3 0,643

14. P . S. $ 20 0,868

15. F . H . $ 36 3,2 0,648

16. V. ? 20 3,0 0,496

17. D. J .  $ 18 3,3 0,615

18. 0 .  N. $ 36 1,8 0,605

19. B. A. $ 33 3,0 0,710

20. J .  G. $ 14 3,0 0,718

21. Sz. Gy. $ 41 1,5 0,352

22. K . J .  ? 32 3,0 0,740

23. Ny. E . $ 45 1,6 0,418

24. N. J .  $ 75* 0,7 0,419

25. P . S. 22 1,7 0,569

26. S. $ 29 1,9 0,567

27. S. M. <J 30 1,0 0,880

28. Ny. F . $ 31 0,6 0,638

29. K . E . $ 10 1,0 0,592

30. M. B. ? 17 2,5 0,494

31. R . J .  $ 17 4,0 0,700

32. Sz. I. $ 20 2,7 0,418

33. L. O. $ 15 3,2 0,619

34. H . I. $ 30 1,8 0,687

35. T. J . ? 21 3,6 0,682

* D e r L iq u o r w ar b lu tig .
D ie  V erdünnung  der L iq u o rp ro b en  1— 17 geschah  m it  dest. W asser.
* D e r  L iquor w ar b lu tig .
D ie  V erdünnung  der L iq u o rp ro b en  18—35 g eschah  m it  0,01 M NaCN.
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Tabeiie I (F o rtse tzu n g )

Fall
P ro te .'n  
»•g %

A sc o rb in s ä u re
m g  %

E x t.— M ax. 
bei

264— 270 m /i

36. M. I. 3 23 3,5 0,632

37. P . É .  3 26 3,0 0,600

cdCO 36 1,7 0,438

39. M. $ 0,5 0,446

40. Cs. M. <J 23 3,4 0,622

41. M. L. 3 20 2,6 0,615

42. T . J .  $ 23 2,1 0,540

43. О. I .  3 30 4,0 0,675

44. Y. J .  Ç 25 1,8 0,640

45. P . Gy. 3 27 3,5 0,553

46. M. J .  3 30 5,0 0,800

47. S. F . 3 18 1,2 0,264

48. B . L .  $ 25 3,0 0,638

49. K . K . $ 13 3,8 0,790

50. Sz. M. 3 16 3,7 0,698

Die V erdünnung  der L iquorp roben  36—50 geschah  m it 0,01 M NaCN.

ab . D er besseren  Ü b e rs ich tlich k e it h a lb e r h a b e n  w ir n u r die K u rv e n  e in iger 
L iquore  d a rg es te llt.

In  T abe lle  I  sind  d er E iw eiß- u n d  A sco rb in säu reg eh a lt sowie d ie W ellen 
län g en  u n d  die E x tin k tio n sh ö c h s tw e rte  a lle r u n te rsu c h te n  L u m b a lflü ss ig k e iten  
zusam m en fassen d  d a rg es te llt.

A u ffa llend  w ar, d aß  die b in n en  30 M in u ten  nach  der A b n ah m e d e rse lb en  
L iq u o re  gem essenen E x tin k tio n sw e rte  n ic h t m it den  sp ä te r gem essenen  ü b e r
e in s tim m te n ; die le tz te re n  fielen  — der In k u b a tio n sd a u e r  p ro p o rtio n a l — k o n 
se q u e n t n ied rig e r aus. A m  au g enfä llig sten  w a r  d as  N achlassen d er E x tin k t io n s 
w erte  im  B ereich  des A b so rp tio n sm ax im u m s (A bb. 2, 3 und  4).

Im  S c h rif ttu m  k o n n te n  keine A n g ab en  be tre ffs  e iner A b n a h m e  der 
E x tin k tio n sw e rte  des L iq u o r-S p ek tro g ram m s m it der Z eit g efunden  w erden . 
W ir n a h m e n  an , d aß  in  d er w ässerigen V e rd ü n n u n g  die K o n z e n tra tio n  eines an 
d er L u f t  sich ze rse tzen d en  oder u m g ew an d e lten  Stoffes a b n im m t. H ierb e i 
t r a c h te te n  w ir eine A n tw o rt a u f  die F rag e  zu  e rh a lten , w elcher S to ff  bei der 
d e fin itiv en  G esta ltu n g  d er In te rfe ren z k u rv e  des L iquors au ssch lag g eb en d  ist.

In  A bb . 5, 6 u n d  7, sowie in  T ab . I I  s in d  d ie S pek trog ram m e, d ie A bsorp- 
tio n sm a x im a  u n d  die e inschlägigen L ite ra tu ra n g a b e n  be tre ffs  d e r w ich tigen  
S toffe , deren  A b so rp tio n sm ax im a  zw ischen 250 u n d  290 m /i liegen , d a rg e s te llt . 
D ie A b b ild u n g en  u n d  T abellen  w urden  n a c h  O t t i n g  [35] a n g e fe rtig t.
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Ext.

A b b . 2. S pek tro g ram m e w ässe rig e r L iq u o rv e rd ü n n u n g en  1 : 5, gem essen in n e rh a lb  v o n  30 
M in u te n  n ach  der L iq u o re n tn a h m e . (— • • — T ab e lle  I . ,  L iq u o r N r. 14; —- • — T ab e lle  I . ,  
L iq u o r  N r. 13; - - - T ab e lle  I . ,  L iq u o r  N r. 15; . . . .  T ab e lle  I . ,  L iq u o r N r. 12 u n d  —  T ab e lle  I . ,

L iquor N r. 2)

■ Ext

A bb. 3. S pek tro g ram m e d e r  g le ichen  L iq u orp roben , 8 S tu n d e n  n ach  der L iq u o re n tn a h m e ,
(B ezeichnungen  wie in  A b b . 2.)
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Ext.

A bb . 4. V e rän d e ru n g  des S p e k tro g ram m s der w ässerig en  L iq u o rv e rd ü n n u n g  — • — • — so fo rt 
. . . . 30, - - - - 60, —  • —  120,— 240 — 360 u n d ------ — 480 M inuten  n ach  d e r L iq u o re n tn a h m e

N ach  dem  P assie ren  e iner D ow ex 2 A n io n en au stau sch er-S äu le  n eh m en  
d ie E x tin k tio n sw e rte  w esen tlich  ab (A bb. 8). D ieser V ersuch b ew e is t led ig lich , 
ob  es sich  bei dem  o b en e rw äh n ten , in  d e r  G esta ltu n g  der c h a ra k te ris tisc h e n

i

Abb. 5. I. 5 -O x y m eth y lcy to s in , I I .  F la v in a d e n in d in u k leo tid , I I I .  L ac to f la v in , IV . A denosin 
5 -p h o sp h a t, V. U rea, V I. T ry p to p h a n , V II. B a rb itu ra t
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Tabelle I I

A bbildung Substanz
Ext.—Max.

ТП[А pH Schrifttum

5 ./I. 5 -0 x y m eth y Iey to sin 270 7,4 W ya tt, G. R ., Cohen, S . S .:  Bio- 
chem . J . 55, 776 (1953).

5./ I I . F la v in ad en in d in u k leo tid 265 — W hitby, L . G.: B iochem . J .  54, 
440 (1953).

5./ I I I . Lactoflavin 265 — W hitby , L. G .: Biochem . J .  54, 
440 (1953).

5 ./IV . A denosin-5-phosphat 262 — W hitby, L . G. : B iochem . J .  54, 
440 (1953).

5./У. Urea — — K lo tr , I .  Л7., A sko n n is , T h .:  J .  
A m er. chem. Soc. 69, 803 (1947).

5 ./V I. T ryp tophan 220 6 - 8 Saidel, L . J .,  Goldfarb, A .  R .,  
W aldm an, S .:  J .  biol. Chem. 
197, 287 (1952).

5 ./V II. B arb itu rsäu re 245 — K lo tr , 7. M ., A sko n n is , T h .:  J .  
A m er. chem. Soc. 69, 803 (1947).

6 ./I . D esoxyribonuk leinsäu re 260 — Sh len k , E . : A dvane. E nzym ol. 9, 
486 (1949).

6 ./I I . G lykolsäureoxydase 275 — Zelitch, I . ,  Ochoa, S . : J .  biol. Chem . 
201, 712 (1953).

6 . /I I I . H arnsäure 290 6,8 Schlenk, F .:  A dvane. E nzym ol. 9 , 
481 (1949).

6 ./IV . Guanin 250 6,8 Schlenk , F .:  A dvane. E nzym ol. 9, 
481 (1949).

6./Y. A d en o sin trip h o sp h at 258 — Schlenk , E . : A dvane. E nzym ol. 9, 
488 (1949).

6 ./V I. N ikotinam id 265 7,0 C anloni, G. L . : J .  biol. Chem. 189, 
212 (1951).

6 ./V II. L ac to flav inp liosphat 265 7,4 Zelitch , Ochoa, S. : J .  biol. Chem. 
201, 712 (1953).

1.11. U ridin 262 7,2 F ox, J .  J .,  Shugar, D .:  B iochim . 
b iophys. A cta  (A m st.) 9, 379 
(1952).

7./ I I . T hym idin 267 7,2 F ox, J .  J .,  Shugar, D. : B ioch im . 
b iophys. A cta  (A m st.) 9, 381 
(1952).

7./ I I I . Cytidin 272 7,2 F o x , J .  jT., Shugar, D .:  B iochim . 
b iophys. A cta  (A m st.) 9 , 372 
(1952).

7 ./IV . U racyl 258 7,2 Shugar, D ., Fox, J .  J . : B ioch im . 
b iophys. A cta  (A m st.) 9 , 205 
(1952).

7./V. T hym in 265 7,2 Shugar, D ., Fox, J .  J .:  B iochim . 
b iophys. A cta  (A m st.) 9 , 208 
(1952).

7./V I. O rotsäure 278 7,2 Shugar, D ., Fox. J .  J . : B iochim . 
b iophys. A cta  (A m st.) 9 , 211 
(1952).

7 ./V II. Cytosin 268 7,2 Shugar, D ., Fox, J . J . :  B iochim . 
b iophys. A cta  (A m st.) 9, 202 
(1952).

7 ./V II I . 5-M ethylcytosin 275 7,2 Shugar, D ., Fox, J . J . :  B iochim . 
b iophys. A cta  (A m st.) 9 , 204 
(1952).
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A b so rp tio n sm ax im a  eine en tsche idende  R olle sp ie len d en  S to ff um  eine an io 
n isch e  u n d  n ic h t basisch e  S u b stan z  h an d e lt, w ie z. B . C ytosin , 5 -0 x y m e th y l-  
cy to s in , U rid in , U ra c y l, T h y m in , T h ym id in , C y tid in , die in  A n b e tra c h t ih res 
u m  265 in,« gelegenen E x tin k tio n sm a x im u m s in  F ra g e  kam en .

Die in  der L u m b a lflü ss ig k e it e n th a lten e  [36, 47] u n d  in  p a th o lo g isch en  
Z u s tän d en  e rh ö h te  [37] B ren z trau b en säu re  w u rd e  auch  in B e tra c h t gezogen,

A bb. 6. I. D e so x y rib o n u k le in säu re , I I .  G ly k o lsäu reo x y d ase , I I I .  H a rn sä u re , IV . G u an in , 
V. A d e n o s in tr ip h o sp h a t, V I. N ik o tin am id , V I I .  L ac to fla v in p h o sp h a t

d a  das A b so rp tio n sm ax im u m  ih re r w ässerigen  L ö su n g  la u t  eigenen M essungen 
ebenfa lls bei 265 m ц  lieg t. Gegen eine en tsch e id en d e  R olle der B re n z tra u b e n 
sä u re  sp rich t a lle rd ings d e r U m stan d , daß  die E x tin k tio n sw e rte  ih re r  w ässe ri
gen L ösung w eder be im  S teh en , noch bei 30 M in u ten  lan g er L u ftd u rc h s trö m u n g  
w esen tlich  geringer w erd en , u n d  ferner, d a ß  die m oleku läre  E x tin k tio n  der 
A sco rb insäu re  e rh eb lich  g rößer is t als die d e r  B re n z trau b en säu re  (A bb. 9 
u n d  14).

N ach  den e ingangs z itie r te n  A utoren  w ird  die F o rm  bzw . d er V e rla u f  des 
L iq u o r-S p ek tro g ram m s a u ß e r  von den E iw e iß ze rfa llp ro d u k ten  u n d  N u k le in 
sä u re d e riv a ten  au ch  v o m  E iw eiß- und  H a rn sä u re g e h a lt des L iquors b e e in flu ß t.
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A b b .

A b b . 8. 
u n d  - - -

7. I . U ridin, I I .  T h y m id in , I I I .  C y tid in , IV . U ra cy l, V. T h y m in , V I. O ro tsä u re , 
V I I .  C y tosin , V I I I .  5 -M eth y Icy to sin

Ext.
1,00 r

0,90 - 

0,80 - 

0,70 - 

0,60 ■

0,50 ■

ОАО - 

0,30 - 

0,20 -  

0,10 -

------------- i------------- 1--------------1-------------i---------------------------- _̂_______ I___ :____ :________ I

210 220 230 2W  250 260 270 2 8 0 '2 9 0  ЗО О т /О

S p ek tro g ram m  einer m it  0,01 M /l N aC N  h e rg e s te llte n  L iq u o rv e rd ü n n u n g  1 : 5 — v o r 
n a c h  dem P assieren  e in e r D o w ex  2 A n io n en -A u stau sch e rsäu le  (T abelle I .,L iq u o rN r .  27.)
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D as E iw eiß , als U V -abso rp tio n sfäh ig es  M a te ria l m it e iner B an d e  b e i 280 т/л 
[39, 40 ], k an n  n a tü r lic h  in  d er W ellen län g en v erän d eru n g  eine R olle  spielen. 
N ach  eigenen B efu n d en  w erden  in  20 m g %  Se-E iw eiß e n th a lte n e n  A scorb in 
säu re -V erd ü n n u n g sre ih en  die F o rm  d e r S p ek tro g ram m e u n d  die A b so rp tio n s
h ö ch s tw erte  in d e r N äh e  von  265 m /л in  e rs te r  L inie d u rch  den  A sco rb in säu re 
g e h a lt d er M ischlösungen b e e in flu ß t (A bb. 10 u n d  11); n ah e  d e r W ellen länge 
v o n  290 m fi is t — b eso n d ers  be i H y p eru ricaem ie  — au ch  die H a rn sä u re  von  Be-

ixt.

A bb. 9. 3 m g% ige (340 M ikrom ol) 1 B re n z trau b e n sä u re lö su n g  (in  T y ro d e lö su n g ) — v o r und  
- - - n a ch  30 M in u ten  lan g er D u rc h strö m u n g  m it L u f t

d e u tu n g  [41—44]. D as S p ek tro g ram m  d ieser S toffe v e rr in g e rt s ich  jedoch  
w ed er beim  S tehen  an  d er L u ft noch  u n te r  dem  E in flu ß  v o n  0 2 — oder L uft- 
d u rch strö m u n g .

30 M inuten  langes D u rch p erlen  m it L u ft oder 1 :100  v e rd ü n n te s  H 20 2 
b e d in g t ähnliche V erän d eru n g en  im  S p ek tro g ram m , wie ein län g eres  S tehen  an 
d e r  L u ft.

B ei der V e rd ü n n u n g  d e r L u m b alflü ssig k e it m it 0,01 M /l N aC N -L ösung 
im  V erh ä ltn is  1 :5  k o m m t die V errin g eru n g  d er E x tin k tio n sw e r te  w eder au f 
D u rch strö m u n g  m it L u ft, noch  a u f  In k u b a tio n  bei R a u m te m p e ra tu r  zustande 
(A bb . 12).

D ie zur V erd ü n n u n g  b e n u tz te  C N -L ösung w urde n ach  H e r ber t  [44] und 
P i o a n  [45] an g e w a n d t, u m  die die Z erse tzu n g  der A sco rb in säu re  k a ta ly s ie re n 
d en  Schw erm eta llsa lze  zu b inden .

A u f die A sco rb in säu re  w urde  u n se re  A u fm erk sam k e it d a d u rc h  gelenkt, 
d a ß  n ach  A u ftro p fen  ein iger L iq u o rp ro b en  a u f  zuvor b e lich te te s  P h o to p ap ie r  
a n  d er A u ftrop fste lle  ein sch w arzb räu n lich e r F leck  ersch ien . E in e n  F leck  glei
ch er In te n s i tä t  v e rm o c h te  au ch  3 m g% ige  w ässerige A sco rb in säu re lö su n g  h er
vorzurufen .
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Ext.

A bb . 1 0 . S p ek trog ram m e v o n  1— 10 m g % ig e r A sco rb in säu relö su n g . (V erd ü n n u n g  1 : 5 m it 
0,01 M /l N a C N . E n d k o n ze n tra tio n : 0 ,2 — 2,0 m g % .)

A bb. 11. S p ek trog ram m e v o n  1 — 10 m g % ig e r  A sco rb insäu relösung  (in  20 m g % ig e r E iw eiß 
lö su n g ). (V erd ü n n u n g  1 : 5 m it 0,01 M /l  N aC N , E n d k o n z e n tra tio n  fü r  A scorb insäu re: 0 ,2— 2,0

m g % , fü r  E iw eiß: 4 m g % .)
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D ie K o n z e n tra tio n  d e r  A scorb insäure in  d e r  L um b alflü ssig k e it lie g t zw i
schen 0 ,3 —4,18 m g %  [45, 46, 47, 48, 49] u n d  ih r  A b so rp tio n sm ax im u m  bei 
265 m^t [32, 34, 44, 50 u n d  eigene B efunde].

S auersto ff- u n d  L u ftd u rc h s trö m u n g , sow ie S teh en  an  der L u ft u n d  O x y d a 
tio n sm itte l verm ögen  d as  S pek trog ram m  d e r A sco rb in säu re  zu b ee in flu ssen , da

£xt.

Abb. 12. S p ek tro g ram m  e in e r w ässerigen L iq u o rv e rd ü n n u n g  1 : 5 (Tabelle I . ,  L iq u o r  N r. 18) 
—  20 u n d  — 480 M in u ten  n a ch  de r L iq u o ren tn ah m e. S p e k tro g ram m  eines ebenso m it  0,01 M /l
N aC N  v e rd ü n n te n  L iq u o rs  (T abelle  I .,  L iquor N r. 1 3 ) .......... 20 u n d  - - - - 480 M in u ten  n a c h  der

E n tn a h m e

diese in  spezifischer L ich tab so rp tio n  n ic h t m e h r  fäh ige D eh y d ro asco rb in säu re  
um g ew an d e lt w ird  (A bb. 13). E ine  1 0~ 3 M ol/1 N aC N -L ösung s c h ü tz t  n ach  
H e r b e r t  [44] u n d  P io a n  [45] die A sco rb in säu re lö su n g  v o r O x y d ie ru n g . Die 
N aC N -L ösung g ib t eine — W asser g eg en ü b er zu  v ernach lässigende — gerin g 
grad ige  E x tin k tio n  (0,015).

D er Z u sam m en h an g  zw ischen E x tin k tio n sm a x im a  der v e rsch ied en en  
L iquore  u n d  dem  n a c h  R oe u n d  K u e t h e r  gem essenen A sco rb in säu reg eh a lt 
w urde  m a th e m a tisc h  erw iesen.

33 M essungspaare  w urden  an a ly s ie rt. D ie  V itam in  C-W erte s in d  m it  x  und  
die E x tin k tio n sw e rte  m it y  bezeichnet. D e r  K o rre la tio n sk o effiz ien t d e r  beiden
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D a te n  w u rd e  a u f G rund  d e r G leichung:

33
У  (* / -  x) (ji — у )

i= 1

/ у (х' - * У 2 ' ( у> - у)2
i = i U l

0,685

b e re c h n e t ,  w obei der K o rre la tio n sk o e ffiz ien t r , u n d  x  und  у  den e n tsp re c h e n 

d e n  m a th e m a tisc h e n  M itte lw e rt b edeu ten ï  =  2 ,47 ' 
y  =  0 ,599 ‘

Ext.
О, во г
0.70 -

0.60 -

0.50 -

ОАО ■

0.30 -

0.20 -

0.1 0 -

210 220 230 24-0 250 260 270 280 290 300Щ

Abb. 13. S p ek tro g ram m  einer 1 m g % ig e n  w ässerigen  A sco rb insäu relösung . G em essen : — • — 
so fo rt, - - - nach  30, — 60 u n d  . . . .  120 M in u te n  lan g em  S tehen  bei 20 °C

B eze ich n en d  fü r  den  Z u sam m en h an g  is t ,  w ie  w eit r 1 n ah ek o m m t. 
S o m it w ar also zw ischen den  u n te rsu c h te n  P a ra m e te rn  eine enge K o rre la 

t io n  u n d  zw ar ein gerades V e rh ä ltn is  (der W e r t  v o n  r is t  positiv) fe s tz u s te lle n . 
D ie S tre u u n g  des K o rre la tio n sk o effiz ien ten  w a r

sr
1 - r 2

] f n -  1
0,094

W ir  h ab en  den W e rt v o n  r  d er S ig n ifik an zp ro b e  un terw orfen . D a  d ieser 
n ic h t  v o n  n o rm ale r V e rte ilu n g  is t , b ed ien ten  w ir  u n s  der Form el:

daher p  <  0,1% .

tn_« =  -  x  n — 2 =  5,23
1/1 - r 2
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D ie S ignifikanz haben w ir auch au f G ru n d  d e r FiscHERSchen T ra n s fo r 
m atio n  erw iesen:

Z =  0,839. S tre u u n g  von  Z =  0,182

F ü r  die D u rc h fü h ru n g  d e r m ath em atisch en  B e rec h n u n g en  sei H errn  A. Török a u c h  an 
d ieser Stelle  u n se r D a n k  angesp rochen .

B esprechung

E s w urde  fe s tg e s te llt , daß  im  Z u sta n d e k o m m e n  der A b so rp tio n ssp e k 
tru m -K u rv e n  d er L u m b alflü ssig k e it der A sco rb in säu reg eh a lt der w esen tlich s te  
F a k to r  is t. U nsere  B efu n d e  stim m en m it d en  F ests te llu n g en  v o n  S p i e g e l - 
A d o l f  [13, 14], N o d a  [31], H ack [32] u n d  S t r a it  [33] überein  — m it  dem  
U n tersch ied , d aß  u n se re s  E rach ten s  das V ita m in  C den w ich tig sten , u n d  die 
ü b rigen  S toffe (E iw eiß , H a rn säu re , N u k le in sä u re n  u n d  ihre D e riv a te )  n u r  ak 
z iden te lle  F a k to re n  d a rs te llen .

In  un seren  V ersu ch en  kam  — obzw ar d e r  Z usam m enhang  zw isch en  V ita 
m in C m g % -G eh a lt u n d  E x tin k tio n sw e rte n  m a th e m a tisc h  bew iesen  w erden  
k o n n te  (r =  0,685) — d e r E x tin k tio n sk o e ffiz ie n t dem  1 ,00-W ert d o ch  n ich t 
ganz n ah e . D ie U rsach e  h ie rfü r is t in  m e h re re n  F ak to ren  zu su c h e n . N ach 
H ir st  [51] u n d  W o r t is  [46] liegt im  O rg an ism u s ein Teil der A sco rb in säu re  in 
der D eh y d ro -F o rm  v o r, die schon keine se le k tiv e  A bsorp tion  m e h r  b e s itz t, 
deren  b io logische W irk u n g  jedoch  noch e rh a lte n  is t.

D ies is t ein ü b e ra u s  w ich tiger U m s ta n d , da  in  der Z e llo x y d a tio n  das 
R ed o x sy stem  d er re d u z ie r ten  u n d  o x y d ie r te n  A scorbinsäure e ine  w ich tige  
Rolle e in n im m t. S p ek tro p h o to m e trisch  is t  n u r  d e r  G ehalt an  re d u z ie r te r  A scor
b in säu re  e rfaß b a r.

Bei A n w en d u n g  d e r 2 ,6 -D in itro p h en y lh y d raz in -M eth o d e  w ird  d ie  A scor
b in säu re  m it O x y d a tio n sm itte ln  in  D eh y d ro asco rb in säu re  u m g e w a n d e lt und  
le tz te re  als O sazon b e s tim m t. Die von P l a u t  u n d  M itarbeitern  [7] sp e k tro p h o 
to m e trisch  e rh a lte n e n  V itam in  C-W erte s te h e n  m it den m it H ilfe d e r  D ichlor- 
p h en o lindopheno l-M etliode  gefundenen g u t  im  E in k lang . Dies e r k lä r t  s ich  d a r
aus, d aß  die A u to re n  v o r  der sp ek tro p h o to m e trisc h e n  M essung d ie  V itam in  
С-ha ltig e , w ässerige L ösung  m it H 2S d u rc h s trö m t, und  d ad u rch  d ie  D eh y d ro 
asco rb in säu re  in  A sco rb in säu re  z u rü c k v e rw an d e lt h a tte n . (D ie H 2S-D urch- 
s trö m u n g  sc h ü tz t g le ichzeitig  die A sco rb in säu re  v o r  dem  o x y d ie ren d en  E in flu ß  
d er L u ft.)

D ie an d ere  U rsach e  is t, daß  das S p ek tro g ram m  offenbar a u c h  d u rch  
an d e re  S toffe des L iq u o rs  — w enn auch  n ic h t  d e fin itiv  — b e e in f lu ß t w ird .

Im  fo lgenden  seien jen e  A rgum ente  a n g e fü h r t ,  welche — d ir e k t  o d e r in d i
re k t — unsere  V e rm u tu n g  u n te rs tü tz e n , w o n ach  näm lich in d e r  G es ta ltu n g
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d es A b so rp tio n sm ax im u m s d er L u m b alflü ss ig k e it die A scorb insäure d ie  e n t 
sc h e id e n d e  Rolle sp ie lt:

L iq u o r und  A sco rb in säu re  haben
1. ih r  A b so rp tio n sm ax im u m  g le ich e rm aß en  bei 265 т/л,
2. die E x tin k tio n sw e rte  ih re r w ässerigen  V erdünnungen  w erd en  n ach  

d e m  S te h e n  geringer,
3. n ach  30 M in u ten  S te h e n  an  der L u f t  b zw . O z-D u rch strö m u n g  k o m m t 

d ie  V errin g eru n g  der E x tin k tio n sw e rte  ebenso  z u s ta n d e , was — w egen  ih re r  
h ö c h s t  se lek tiven  A b so rp tio n  — w eder den N u k le in sä u re n  und  ih ren  A b k ö m m 
lin g e n , noch  dem  P ro te in  o d e r der H a rn sä u re  zuzuschre iben  is t, d a  ih re  A b- 
so rp tio n sm a x im a  bei 280 b zw . 290 m/i liegen u n d  das S p ek tro g ram m  w ä h re n d  
d es  S te h e n s  keine V e rm in d e ru n g  e rfäh rt.

4 . E ine  m itte lb a re  S tü tz e  fü r unsere B e h a u p tu n g  is t die M itte ilu n g  von  
C a z z u l l o  [52, 53], w o n ach  d ie  L iq u o rp ro b en , w en n  sie nach d er E n tn a h m e  
x/ 2 — 23 S tu n d en  bei Z im m e rte m p e ra tu r  s te h e n , e in e  32 — 100% ige V erm in d e
ru n g  ih re s  chem isch e rm itte l te n  A sco rb in säu reg eh a lte s  erfahren.

5. D as C N -haltige V e rd ü n n u n g sm itte l v e rh in d e r t  die E x t in k t io n s v e r 
m in d e ru n g ,

6 . n ach  P assieren  e in e r  A n io n en -A u stau sch ersäu le  liegt das E x t in k t io n s 
m a x im u m  des L iquors w esen tlich  n iedriger,

7. d e r V erlau f d er L iq u o rk u rv e n  w ird  z w a r b e i 280 m/t auch  d u rc h  d ie  
E iw e iß k o n z e n tra tio n  b e e in f lu ß t, fü r  die A b so rp tio n  bei 265 m /i is t  je d o c h  die 
A sc o rb in sä u re  v e ra n tw o rtlic h .

E in e n  Z u sam m en h an g  zw ischen der D iag n o se  unserer F älle  u n d  den 
S p e k tro g ra m m e n  k o n n te  n ic h t  nachgew iesen w e rd e n . Die A nalyse d e r L iq u o r- 
S p e k tro g ra m m e  u n d  die S am m lu n g  der d a rau s  re su ltie re n d e n  E rfa h ru n g e n  k ö n 
n e n  zw eifelsohne in a llen  je n e n  F ällen  n ü tz lic h  se in , wo der klin ische V e rd a c h t 
a u f  e in e  L äsion  des Z en tra ln e rv en sy s tem s  b e s te h t ,  d ie  E rgebnisse d e r R o u tin e 
u n te rs u c h u n g e n  des L iq u o rs  a b e r  n ich t von  d en  n o rm a len  W erten  ab w eich en .

D ie  A usw ertung  d e r  L iq u o r-S p ek tro g ram m e  is t keine abgesch lossene  
F ra g e . D e r  G ehalt an  re d u z ie r te r  A sco rb in säu re  i s t  sp ek tro m etrisch  m e ß b a r , 
u n d  w e ite re  U n te rsu ch u n g en  s in d  beru fen  die F ra g e  zu  k lären , ob das V e rh ä l t 
n is d e r  K o m p o n en ten  des im  L iq u o r e n th a lte n e n  A sco rb insäu re—D e h y d ro -  
a sco rb in sä u re -R ed o x sy s tem s  u n te r  p a th o lo g isch en  U m stän d en  v e rä n d e r t  is t .
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ACTA M ED1CA
ТОМ X X III—ВЫП. 2.

Р Е З Ю М Е

ВОПРОСЫ ОБМЕНА ЖЕЛЕЗА И АНЕМИИ ПРИ СИСТЕМНОЙ КРАСНОЙ 
ВОЛЧАНКЕ И ПРИ РЕВМАТОИДНОМ АРТРИТЕ

Т. БУРГЕР, Д. БРАШ и Б. КЕСТХЕИ

Авторы выявили значительное повышение обмена железа при системной красной 
волчанке и при ревматоидном артрите. Однако встраивание радиожелеза в эритроциты 
у 7 из 11 больных с системной красной волчанкой и у 7 больных с ревматоидным артри
том было понижено. Результаты измерений, проведенных in vivo, указывают на повышен
ное депонирование железа в печени и в селезенке, и можно предполагать, что это соеди
нение железа не дает реакции с берлинской лазурыо.

На основании литературных данных и собственных исследований авторы считают, 
что встречающаяся при этих двух болезнях анемия вызывается тремя факторами: пони
женной активностью костного мозга, сокращением продолжительности жизни эритро
цитов и умеренным недостатком в железе.

ПРОБЛЕМЫ ОПРЕДЕЛЕНИЯ ПРОДОЛЖИТЕЛЬНОСТИ ЖИЗНИ ТРОМБОЦИТОВ

Т. БУРГЕР

Автор излагает свой метод определения продолжительности жизни тромбоцитов 
при помощи изотопа Сг31. Эффективность изотопа прямо пропорциональна его активности 
и густоте взвеси тромбоцитов. Оптимальная температура: 18—22° С. Определяя ежед
невно во взятых обратно пробах крови активность тромбоцитов, наблюдается экспонен
циальное понижение активности тромбоцитов и время полураспада тромбоцитов 3,6—
4,6 дней. Полную продолжительность жизни тромбоцитов автор определил в 9—11 дней 
как в отношении гомологичных, так и автологичных тромбоцитов, независимо от того, 
применял ли он совместимую по групповой принадлежности АВО, или несовместимую 
кровь. По мнению автора, истинная продолжительность жизни тромбоцитов, вероятно, 
более длительная.

Место гибели тромбоцитов еще не установлено точно, но на основании измерений, 
проведенных in vivo, при этом роль играют печень, селезенка и в меньшей мере легкие.

Автор подчеркивает, что метод пригоден также и для клинических исследований и 
может оказывать большую помощь при дифференциальной диагностике геморрагических 
диатезов.

ДАННЫЕ К ПАТОГЕНЕЗУ ОТЕКА ЛЕГКИХ

Д. КЕВЕР, Е. СЕЧ и М. ЗОМБОРИ

Авторы создали у крыс экспериментальную гиперволемию введением 2,5%-ого 
раствора глюкозы, 0,9%-ого раствора поваренной соли или 10%-ого раствора глюкозы, 
в количестве, соответствующем 3%-ам веса тела животных. При одновременном введении 
в хвостовую вену 50 мЕ питрессина и через полчаса еще 50 мЕ питрессина внутримышечно 
у животных в пределах СО минут после дачи раствора развивался тяжелый отек легких. 
В случае дачи только раствора, вызывающего гиперволемию, или только питрессина, 
отека легких не наблюдалось. Развитие отека, по всей вероятности, вызывается совмест
ным действием двух эффектов, а именно: уменьшения коллоидно-осмотического давления 
и повышения проницаемости легочных капилляров.
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МНОГОКРАТНАЯ АДЕНОМА ОКОЛОЩИТОВИДНОЙ Ж ЕЛЕЗЫ  
Клинические, гистологические и электронномикроскопические исследования

Г. СИЛАДЬИ, И. БЕНЕДЕЦКИ и К. ЛАПИШ

Сообщается случай совместного наличия двойной аденомы околощитовидной 
железы и аденомы коры надпочечников.

Всвязи с подробными клиническими, гистологическими и электронномикроскопи
ческими исследованиями наблюдаемого ими случая, а также удаленной оперативно 
аденомы, авторы доказывают, что «светлые основные клетки» обладают гормоносинтези
рующей способностью.

Излагаются понятия о «третичном гиперпаратиреозе» и об «относительной гипер- 
кальциурии». Всвязи дописанным случаем, авторы делают вывод, что раннее произ
ведение операции непременно показано во всех случаях с подозрением на аденому, неза
висимо от состояния почек.

АНАЛИТИЧЕСКОЕ ИССЛЕДОВАНИЕ ГАЗОВОГО ОБМЕНА КРОВИ У 
БОЛЬНЫХ С ЭРИТРЕМИЕЙ (РОЛУСУТНАЕМ1А VERA)

Д. НАДЬ, Я. СИЛАДЬИ. Ш. ОШВАТ и И. МЕРЦ

Авторы проводили у 37 больных эритремией в 82 случаях аналитическое изме
рение газового обмена крови. На основе полученных результатов в фазе обострения 
болезни удалось выявить отклонения, которые нормализовались в период ремиссии. По 
мнению авторов, указанные отклонения были вызваны увеличением числа эритроцитов и 
количества циркулирующей крови.

ИЗМ ЕНЕНИ Я ГЕМОДИНАМИКИ В СОСТОЯНИИ ШОКА ПОСЛЕ 
ЭКСПЕРИМЕНТАЛЬНОГО ИНФАРКТА МИОКАРДА

Д. ГАБОР, И. ЮХАС и Г. БОГАЧА

Авторы создали экспериментальный склероз миокарда. В 15 из 22 экспериментов 
развился шок. Во всех случаях были исследованы изменения 1. минутного и систоличе
ского объемов крови, 2. кровяного давления, 3. периферического сопротивления, 4. ко
ронарной и почечной фракций минутного объема крови, 5. коронарного и почечного 
кровотока и 6. сопротивления коронарных и почечных сосудов.

Результаты следующие:
1. Систолический и минутный объемы крови уменьшились в 19 случаях, в 12 из 

них развился шок.
2. В 7 случаях установленное рассчетом периферическое сопротивление повысилось 

до двухкратной величины по сравнению с исходной, причем в таких случаях шок не 
развился. И з 12 животных с шоком у  8 полное периферическое сопротивление показало 
лишь умеренное повышение. В остальных 4 случаях оно не изменилось или даже понизи
лось. У  3 животных шок развился, несмотря на неизменные величины систолического и 
минутного объемов крови. В этих случаях полное периферическое сопротивление показало 
значительный спад.

3. В  5 случаях были определены изменения минутного объема крови и сопротив
ления такж е через 30 и 60 мин. после развития некроза. Шок развился лишь в одном 
случае, причем полное периферическое сопротивление и систолический объем крови по
казали значительный спад. В остальных 4 экспериментах через 30 мин. после появления 
некроза минутный объем крови уменьшился, но по истечении 60 мин. он вновь достиг 
нормальной величины.

4. Линейные связи удалось выявить между а) коронарной фракцией минутного 
объема крови и полным периферическим сопротивлением, б) почечной фракцией минут
ного объема крови и полным периферическим сопротивлением и в) коронарной и почечной 
фракциями минутного объема крови.

5. М ежду константами коронарного и почечного кровотока и остальными пара
метрами кровообращения не было выявлено корреляции.
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АНАЛИЗ ПАТОМЕХАНИЗМА НОЧНОГО НЕДЕРЖ АНИЯ МОЧИ 
ЦЕРЕБРАЛЬНОГО ПРОИСХОЖДЕНИЯ ЭЛЕКТРОЭНЦЕФАЛОГРАФИЕЙ И

ЦИСТОМЕТРИЕЙ

Ф. КАЙТОР, И. ОВАРИ и О. ЖАДАНЬИ

На спонтанной ЭЭГ без наркоза наблюдается замедление, иногда эпилептиформ
ная активность. Наркоз почти в половине случаев активирует спайки в центральной и 
передней фронтальной областях; в некоторых случаях появляются спайк-волны и височ
ный электрический очаг. Наркоз вызвал энурез в 77 процентах, а раздражение лишь 
чувствительной коры— в 9 процентах случаев произведения теста. В 14 процентах случаев 
не удалось осаждать мочу.

Энурез встречался в 83% случаев в фазе наркоза, характеризуемой дельта-актив
ностью. Глубина наркоза, вызывающая мочеиспускание, повысила число спайков лишь 
в 17% случаев, в остальных случаях она подавляла спайки. Эпилептигенное повреж
дение мозга удалось доказать лишь изредка, но возможность повреждения мозга во время 
родов, или повреждения мозга другого происхождения, была установлена в бб процентах 
случаев.

Авторы предполагают, что центральные или фронтальные спайки отражают ретар
дацию развития определенных неспецифических структур первичной чувствительно- 
двигательной коры, а также передней фронтальной коры, что играет патогенетическую 
роль в поддержании ночного недержания мочи.

МЕТАБОЛИЗМ ДЕГИДРОЭПИАНДРОСТЕРОНА В ЧЕЛОВЕЧЕСКОЙ КОЖЕ
IN VITRO

И. Ф АРЕДИН, Й. Л. В Е Б Б  и М. ЮЛЕС

Авторы вырезали у женщин куски кожи из области лобка и живота. Они инку
бировали куски кожи в течение 5 часов в среде К ребс—Рингер—фосфат— глюкозы в при
сутствии дегидроэпиандростерона-4-C14. При помощи хроматографии на столбе (окиси 
алюминия), на тонком слое (окиси алюминия, силика-геля G) и на бумаге удалось выявить 
многочисленные меченые продукты. Из инкубационной среды удалось извлечь меченые 
С11 андрост-4-ен-3,17-дион, 7-гидроксидегидроэпиандростерон, 7-кето-дегидроэпиандро- 
стерон и андростан-3,17-дион. Полученные результаты подтверждают то предположение, 
что кожа человека содержит такие энзиматические системы, которые способны вызвать 
метаболизм дегидроэпиандростерона in vitro.

СГ1КЕТРОФОТОМЕТРИЧЕСКИЕ ИССЛЕДОВАНИЯ АБСОРБЦИИ В 
УЛЬТРАФИОЛЕТОВОЙ ОБЛАСТИ

А. ЛАКОШ, А. ЯКИ и Л . ЛЕХОТАИ

В оформлении характерной спектрограммы (кривая интерференции) цереброспи
нальной жидкости, измеряемой в ультрафиолетовой области, аскорбиновая кислота 
играет решающую роль среди веществ, содержащихся в жидкости.
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INCREASED NEEROMUSCULAR EXCITABILITY 
IN NON-SPECIFIC RESPIRATORY DISEASES OF

CHILDREN

B y

M a r i a  C s e r n o v s z k y , L.  B r a n y i c z k y  and V e r a  C s i k ó s

K É K E S T E T Ö  SANATORIUM (D IR E C T O R : D R . L. BRANYICZKY) 

(Received January  10, 1966)

In c reased  n eu ro m u scu la r  e x c ita b ili ty  h a s  o ften  been observed  in  196 ch ild ren , 
aged  3 to  14 y ea rs , su ffering  from  allerg ic a n d  o th e r  u p p e r re sp ira to ry  d iseases. T o e lu 
c id a te  th e  p a th o p h y s io lo g y  of th e  p h e n o m e n o n  th e  serum  to ta l  ca lc iu m  a n d  in o rg an ic  
p h o sphorus levels a n d  th e  ECG have  b een  s tu d ied .

In  th e  co n d itio n s assoc ia ted  w ith  b ro n c h ia l spasm  th e  m ost co n sp icu o u s change 
w as a h y p e rp h o sp h a ta em ia  (8 .1 ^ 0 .3  m g p e r  100 ml in  bronchial a s th m a , 7 .74 d : 0.24 
m g per 100 m l in  a s th m a tic  b ro n ch itis), in v a r ia b ly  p resen t in  th e  a c tiv e  p h a se , as well as 
ECG changes such  as a  p ro longed  Q —T , w ith  p eak ed , narrow , ta ll T  w av es  fo u n d  in  50 
p e r cen t o f th e  cases o f b ro n ch ia l a s th m a  a n d  in  38 pe r cen t of those  o f a s th m a t ic  b ro n 
chitis.

T he changes w ere p re su m ab ly  d u e  to  th e  decrease o f th e  ion ised  d iffu s ib le  cal
c ium  level d ev elop ing  to g e th e r w ith  th e  h y p e rp h o sp h a ta em ia . T his ch an g e  m a y  enhance  
th e  action  o f n e rv o u s  im pulses on  th e  sm all re sp ira to ry  p a th w ay s, a n d  th u s  one o f th e  
conditions o f  th e  d ev elo p m en t o f an  a s th m a t ic  a tta c k  m ay  ta k e  an  in c re a se d  effect.

At  our  S a n a to riu m  it  belongs to  th e  ro u tin e  ex am in a tio n  o f  ch ild re n  to  
e lic it so-called te ta n ic  reflexes such  as Ch w o stek ’s facial, P e t é n y i’s fem oral 
a n d  L ust’s p e ro n ea l reflex . U n d er 3 y e a rs  o f  age th e ir  p o s it iv ity  is u su a lly  
considered  a d iag n o stic  sign o f la te n t  t e ta n y ,  m ostly  rach itic  te ta n y .  I n  o lder 
ch ild ren  te ta n y  is less fre q u e n t an d  o f d if fe re n t aetiology. T he a b o v e -m e n tio n e d  
reflexes are p o sitiv e  in  such  cases, to o , b u t  are  b y  them selves n o t  p a th o g n o 
m onic. O pinions v a ry  as to  th e  cause a n d  sign ificance of th e ir  p o s i t iv i ty ;  p a e d i
a tr ic ian s  u su a lly  consider a p o sitive  fa c ia l re flex  to  rep resen t a sig n  o f  n e u ro 
p a th y  [ I ,  2, 3].

In  ch ild ren  su ffering  from  allerg ic in f la m m a to ry  re sp ira to ry  d iso rd e rs  we 
could  often  e lic it te ta n ic  reflexes, a n d  h a v e  m ad e  an  a tte m p t a t  th e  e lu c id a tio n  
o f th e  phenom enon .

Materials and methods

A to ta l o f 196 ch ild ren , aged 3 to  14 y e a rs  h a v e  been exam ined ; 100 c h ild re n  suffered  
fro m  b ro nch ia l a s th m a ; 63 o f a s th m a tic  (a llerg ic) b ro n ch itis , and 33 o f o th e r  r e s p ira to ry  tra c t  
d iso rders such  as ch ro n ic  b ro n ch itis , b ro n c h ie c ta s is , pneum onia , an d  th e  se q u e lae  to  m easles 
o r w hooping cough.

A p a rt  fro m  u su a l c lin ical e x am in a tio n s  a n d  lab o ra to ry  te s ts  we h a v e  d e te rm in e d  the  
serum  ino rgan ic  p h o sp h o ru s  acco rd ing  to  F i s k e  a n d  S u b b a R o w  [4], a n d  to ta l  se ru m  calcium  
b y  flam e  p h o to m e try . A n  EC G  w as m ade  in  e v e ry  case  [5, 6]. In  every  case we h a v e  a tte m p te d  
to  e lic it Ch w o s t e k ’s fac ia l, P e t é n y i’s fem o ra l a n d  L u s t ’s peroneal re flex .
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Results

In  F ig. 1 is p re se n te d  th e  p a tie n t m a te r ia l  acco rd in g  to  diseases. O f th e  
p a t ie n ts  51 per cen t su ffe red  fro m  b ronch ia l a s th m a , 32 from  as th m atic  b ro n c h i
tis  a n d  17 p er cen t from  o th e r  re sp ira to ry  c o n d itio n s . N o age and  sex d iffe rences 
co u ld  b e  d e m o n s tra te d  in  th e  single groups.

100 cases bronchitis- fic diseases of
-allergic the respiratory
bronchitis- tract 33 cases
63 cases

F ig . 1. D is tr ib u tio n  acco rd ing  to  disease

F ig . 2. R esu lts  o f e x a m in a tio n s  in  100 c h ild ren  w ith  b ro n ch ia l asthm a

E o sin o p h ilia  in ch ild ren  suffering  from  b ro n c h ia l a s th m a  av erag ed  7 
p e r  c e n t , in  children  w ith  a s th m a tic  b ro n ch itis , 6 p e r  cen t, in th e  m isce l
lan eo u s  g ro u p , 2 per cen t. In  a ll th ree  groups se ru m  Ca w as w ith in  th e  n o r 
m al 9 to  I I  m g per 100 m l ra n g e .

F ig . 2  con ta ins th e  d a ta  fo r  b ron ch ia l a s th m a  p a tie n ts . T he p a tie n ts  d is 
p la y in g  sy m p to m s a t  th e  tim e  o f ex am in a tio n  sh o w ed  h y p e rp h o sp h a taem ia .
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T he ino rgan ic  p h o sphorus v a lu e  in  th ese  cases w as 8.1 0.3 m g  p e r  100 m l,
w hereas in  th e  cases free o f sy m p to m s, 3.7 +  0.3 m g p e r 100 m l. T h e  te ta n ic  
reflexes could  be elic ited  in  75 p e r c e n t (in 42 cases o u t of 56) of th e  a c tu a lly  ill 
p a tie n ts , as co m p ared  to  th e  20 p e r cen t (9 cases o u t o f 44) in th e  sy m p to m - 
free group . T he fo u rth  co lum n show s th e  in c id en ce  o f ECG c h a n g e s ; Q —T 
exceeding 0.35 sec an d  p eak ed , n a rro w , ta ll  T  w aves w ere found  in  59 p e r  cen t 
(in 33 cases o u t o f 56) of th e  p a tie n ts  w ith  sy m p to m s, as com pared  to  th e  m ere 
7 p e r cen t (3 cases o u f of 44) in  th e  sy m p to m -free  g roup . H e a rt r a te  a v e rag ed  
85 to  105/m in., th u s  th e  e lec tric  sy sto le  as re la te d  to  frequency , w as p ro lo n g ed .

F ig . 3. R esu lts  o f e x am in a tio n s  in  63 c h ild ren  w ith  a s th m a tic  b ro n c h itis

In  F ig . 3. are  p re sen ted  th e  d a ta  fo r ch ild ren  suffering  fro m  a s th m a tic  
b ro n ch itis . In  th e  cases show ing  sy m p to m s a t  th e  tim e  of e x a m in a tio n  the  
serum  ino rg an ic  p h o sp h o ru s level w as 7.74 +  0.24 m g p er 100 m l, as co m p ared  
to  th e  4.1 +  0.27 m g p e r 100 m l in  th e  sy m p to m -free  group. W h en  th e re  were 
sym p to m s o f b ro n ch itis , te ta n ic  reflexes cou ld  b e  elic ited  in  71 p e r  c e n t  (in 30 
cases o u t o f 42), w hereas in  th e  sy m p to m -free  g ro u p  th e y  could  b e  ev o k ed  in 
24 p e rc e n t  (in 5 cases o u t o f 21). EC G  changes (longer th a n  35 sec a n d  peaked , 
n arro w , ta l l  T) could be d e m o n s tra te d  in 38 p e r  c e n t (16 cases of th e  42) o f  those 
show ing sy m p to m s, as co m p ared  to  ju s t  5 p e r  c e n t (1 of th e  21) sy m p to m less  
a t  th e  tim e  o f s tu d y . In  th is  g ro u p , too , th e  h e a r t  ra te  averaged  85 to  105/m in.

F ig . 4  show s th e  re la tio n sh ip  of te ta n ic  sy m p to m s to  th e  se ru m  ino rgan ic  
p h o sp h o ru s level. In  th e  cases show ing  sy m p to m s a t  th e  tim e  o f e x a m in a tio n  
th e  signs o f increased  n e u ro m u sc u la r  e x c ita b ili ty , b ron ch ia l sp a sm , positive 
te ta n ic  reflexes an d  EC G  changes o ccu rred  to g e th e r  w ith  h y p e rp h o sp h a ta e m ia  
w hereas in  th e  sy m ptom -free  g ro u p , if  th e y  o ccu rred  a t  all, th e y  w ere  n o t  associ
a te d  w ith  h y p e rp h o sp h a ta e m ia .
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I n  th e  m iscellaneous g ro u p , serum  in o rg a n ic  p h o sphorus w as 4 .8  +  0.43 
m g  p e r  100 ml. No E C G  c h a n g e s  could be d e m o n s tra te d . T e tan ic  re flex es  could  
b e  e lic ite d  in  9 p er c e n t  (3 cases o u t of 33).

T h e  results o f a ll th r e e  groups are su m m a riz e d  in  Table I .

P m g  X

8 -  a d o
A  ■ •

6 -

4-** ■
O A □

2 -

0 Ю 20 30 40 50 60
number of cases

°  b r o n c h ia l  s p a s m
□ ■te ta n ic  r e f l e x e s  о П Д b r o n c h ia l  a s t h m a
A E C G  c h a n g e s  •  ■ A a s th m a t i c  b r o n c h i t is

F ig. 4. C orre la tion  b e tw e e n  te ta n ic  sy m p to m s a n d  se ru m  inorgan ic  P  leve l

Table 1

D isease group
Num
ber of
cases

Serum
to ta l

Ca
mg

Serum
inorg.

P
mg

Positive
tetanic
reflexes

ECG
changes

Broncho-
spasm

Allergy in 
familial 
history

Mean
eosinophil
count

per 100 ml

B ro n c h ia l asthm a 
w ith  sym ptom s 56 9 to  

11
8.1
± 0 .3

75%
42 cases

5 9 %
33 cases

100%
56 cases

54% 7%

w ith o u t
sy m p to m s

44 9 to  
11

3.7
± 0 .3 1

20%
9 cases

7 %
3 cases

7%
3 cases

w ith  a n d  w ith o u t 
sy m p to m s to g e th e r

A s th m a tic  
b ro n c h itis  
w i th  sym ptom s 42 9 to  

11
7.74

± 0 .2 4
71%
30 cases

3 8 %
16 cases

100%
42 cases

28% 6 %

w ith o u t
sy m p to m s

21 9 to  
11

4.1
± 0 .2 7

24%
5 cases

5 %
1 case

5%
1 case

w ith  a n d  w ith o u t 
sy m p to m s to g e th e r

N o n sp ec ific  
re s p ira to ry  
d iseases 
w ith  sy m p to m s

33 9 to  
11

4.8
± 0 .4 3

9%
3 cases

0 % 6%
2 cases

2% 2%

N ote. I n  th e  asthm atic  b ro n c h it is  a n d  th e  m iscellaneous g ro u p s , sy m p to m s of in f la m m a tio n  
a n d  fe v e r  w ere also n o ted .
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In  ch ild ren  w ith  b ro n c h ia l a s th m a , o th e r  allergic m a n ife s ta tio n s  (eczem a, 
u r tic a r ia )  a lte rn a te d , in  th e  m id s t o f co m p le te  w ell-being, w ith  su d d e n  episodes 
o f e x p ira to ry  dyspnoea . In  th e  fam ily  of th e se  p a tie n ts  th e re  w as ev id en ce  of 
a llerg ic  diseases in  54 p e r cen t.

In  p a tie n ts  w ith  a llerg ic  b ro n c h itis  in fla m m a to ry  sy m p to m s  su ch  as 
leu k o cy to s is , su h feb rility , fev e r, in c reased  e ry th ro c y te  se d im e n ta tio n  ra te , 
cough, ex p ec to ra tio n  could  b e  o b serv ed  in v a ria b ly  w hen a s th m a tic  sy m p to m s 
w ere p re se n t. In  th e  fam ily  o f  th e se  p a tie n ts , allergic d iseases o c c u rre d  in  28 
p e r cen t.

Discussion

As to  th e  effect o f ca lc ium  on th e  re sp ira to ry  t r a c t ,  W a r n a n t  [7] de
sc rib ed  th e  b ro n ch o co n stric tiv e  ac tio n  o f calcium s sa lts, w hile  P o tteng er  [8] 
c la im ed  th em  to  be b ro n c h o d ila to r  ag en ts . P ottenger re c o m m en d ed  calcium  
sa lts  fo r  th e  tre a tm e n t o f a s th m a tic  a t ta c k s  a n d  rep o rted  on fa v o u ra b le  re su lts . 
S ince th e n , clinical o b se rv a tio n s  h av e  co rro b o ra te d  his cla im . T h e  in tra v e n o u s  
a d m in is tra tio n  o f ca lc ium  sa lts  e lev a tes  th e  level of b io logically  a c t iv e , ionised  
ca lc ium .

Serum  calcium , p h o sp h o ru s , m ag n esiu m  an d  p o tassiu m  d e te rm in a tio n s  
in  a llerg ic  cond itions (b ro n ch ia l a s th m a , an g io n eu ro tic  oedem a, eczem a) were 
re p o r te d  b y  H ajós [9], a n d  m ore re c e n tly  b y  B ernheim  [10]. N o t  o n ly  the  
a b so lu te , b u t  also th e  re la tiv e  se ru m  ca lc ium , m agnesium , p o ta s s iu m , sodium  
an d  p h o sp h o ru s values a re  o f  decisive im p o rta n c e . A ccord ing  to  th e  fo rm ula  
o f György  [11]

Y  _  fN«+] +  [R+]
[Ca++] +  [M g++] +  [H +]

th e  in crease  of th e  К  (co n s tan t)  is acco m p an ied  b y  an increase , i ts  d ecrease  by  
a decrease, o f e x c ita b ility . T h e  increase  o f  th e  c o n cen tra tio n  o f  m o n o v a le n t 
ions, o r th e  decrease o f t h a t  o f b iv a le n t ones enhances th e  e x c ita b il i ty , the  
te n d e n c y  to  convulsions. O u r cases could  b e  cha rac terized  b y  G y ö rg y ’s fo rm ula , 
as we d id  n o t d e te rm in e  th e  M g++ a n d  H + levels in an y  o f  th e  cases . N e ith e r 
w ere th e  N a + an d  K + levels d e te rm in e d  in  ev e ry  case.

As has been p o in ted  o u t b y  Gerloczy [12], th e  e lev a tio n  o f  th e  serum  
p o ta ss iu m  level is o f a te ta n o g e n ic  a c tio n , b y  a lte rin g  th e  n o rm a l C a /K  ra tio .

A  sh if t in th e  d irec tio n  o f P  in  th e  n o rm a l Ca : P  =  2 : 1 r a t io  m a y  lead 
to  la te n t  te ta n y  even w ith  a n o rm a l se ru m  calcium  level. B y  l a t e n t  te ta n y , 
Qu a n d t  an d  P onsold [13] m ean  a co n d itio n  in w hich a t ru e  h y p o ca lcaem ic  
s ta te  develops, w hile th e  se ru m  to ta l  ca lc ium  level is n o rm a l. U p p e r  re sp ira 
to ry  c a ta r rh s  m ay  often  lead  to  la te n t  te ta n y .
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A s to  th e  p a th o m e c h a n is in  of the  changes o b se rv e d  b y  us th e  fo llow ing  
h y p o th e s is  m ay be p u t  fo rw a rd . D uring th e  p e r io d  w hen  th e  conditions associ
a t e d  w ith  b ronchospasm  p ro d u c e  sym ptom s, th e  m o s t conspicuous f in d in g s 
in  th e  asth m atic  a n d  a lle rg ic  bronchitis g ro u p s  w ere h y p e rp h o sp h a ta e m ia  
in  a  s ig n ifican t p a r t  o f th e  c a se s  (59 and 38 p e r c e n t, re sp ec tiv e ly ), ECG  changes 
in d ic a t iv e  of a decrease in  t h e  ionised calcium  le v e l o f se rum , fu rth e r , p o s itiv e  
t e t a n ic  reflexes in  75 a n d  71 p e r  cent, re sp ec tiv e ly . In  th e  sym ptom less perio d  
th e  b ronchospasm  ceases, t h e  children show  se ru m  in o rgan ic  P  levels low er 
t h a n  no rm al, ECG c h a n g e s  occu r in 7 a n d  5 p e r  c e n t, re spec tive ly , p o s itiv e  
te t a n ic  reflexes in  20 a n d  24  p e r  cent, re sp ec tiv e ly .

T h e  changes fo u n d  in  t h e  period  d isp lay ing  sy m p to m s  could be in te rp re te d  
b y  a  decrease of p a r a th y r o id  a c tiv ity , h ad  th e  se ru m  calc ium  values b een  low . 
S in c e  th e y  were n o rm a l, w e m a y  only suggest th e  p o ss ib ility  th a t  th e  ion ised  
c a lc iu m  frac tion  w as d e c re a sed .

A ccording to  G ü n z e l  [14], L utterotti  a n d  K orth  [15], as w ell as 
D o x i a d e s  and  V o l l m e r  [1 6 ] , in  th e  diagnosis o f l a t e n t  te ta n y  th e  b e h a v io u r of 
th e  Q —T  segm ent is a d e c is iv e  p o in t w hich m a y  rep lace  th e  d e te rm in a tio n  of 
th e  se ru m  ionised ca lc iu m  le v e l. A ccording to  K a i s e r  [17], how ever, i t  is o n ly  
w i th  se ru m  to ta l ca lc ium  le v e ls  below 7.4 m g p e r  100 m l th a t  a p ro lo n g a tio n  
o f  Q —T  resu lts w ith  g re a t  p ro b a b ility , b u t in  m o s t cases o f re la tiv e  p a r a th y 
r o id  insuffic iency  h y p o c a lc a e m ia  is no t so sev ere . A cco rd in g  to  Mo s o n y i  [18] 
h y p o p a ra th y ro id ism  m u s t  n o t  be  accom panied  b y  h y p o ca lcaem ia . T he b io lo g i
ca l a c t iv i ty  of the  io n ised  c a lc iu m  fraction  is th e  dec is iv e  fac to r; u n fo r tu n a te ly , 
c lin ic a l m ethods fo r th e  ro u tin e  d e te rm in a tio n  o f th e  ionised ca lc ium  
le v e l  a re  still lacking.

V arious causes m ig h t e x p la in  the  e le v a te d  se ru m  inorgan ic  P  lev e l o b 
s e rv e d  in  every case d u r in g  th e  sy m ptom atic  p e r io d , su ch  as

(i) d istu rbances o f  p a ra th y ro id  fu n c tio n ,
(ii) renal d iseases,
(iii) increased b re a k d o w n  of h igh-energy  p h o s p h a te  esters.

(i) In  children  d is p la y in g  sym ptom s th e  b ro n ch o sp asm  m ay  b e  in 
te r p r e te d  as a sign o f v is c e ra l  te ta n y , an d  th e  E C G  changes, as well as th e  
p o s it iv e  te tan ic  re flex es  as sy m ptom s of la te n t  te ta n y .  On th e  basis o f th e  
r e s u l ts  we cannot, h o w e v e r , decide w ith  c e r ta in ty  w h ich  was th e  p r im a ry  
c h a n g e , th e  re la tiv e  p a r a th y r o id  insufficiency, o r th e  tra n s ito ry  increase o f  th e  
s e ru m  inorgan ic  P  lev e l n o t  d u e  to  p a ra th y ro id  a c t iv i ty .

(ii) R enal fu n c tio n  w a s  no rm al in every  o n e  o f  th e  196 children , so th a t  
r e n a l  diseases could be ru le d  o u t as a cause o f h y p e rp h o sp h a ta e m ia .

(iii) The se ru m  in o rg a n ic  P  level m ay  in c re a se  in  consequence o f an  in 
c re a se d  breakdow n o f A T P  d u e  to  dyspnoea — h y p o x ia  —, or to  som e o th e r  
m e c h a n ism . MÁNYAI [19] f o u n d  a decrease o f A T P  c o n cen tra tio n  in  e ry th ro -
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cy te s  in  b ronch ia l a s th m a . George  et al. [20] d e m o n s tra te d  a decrease o f  th e  
se ru m  inorganic P  lev e l follow ing 30 m in u te s  h y p e rv e n tila tio n . A t th e  sam e 
tim e , th e  acid-soluble o rgan ic  P  level s ig n if ican tly  in creased  in  th e  e ry th ro c y te s . 
P a r t  of th e  serum  in o rg an ic  P  loss a p p ea red  in  th e  h ig h -en erg y  p h o sp h a te  e s te rs  
o f  e ry th ro cy tes . T h ese  d a ta  have  a clin ical im p o rta n c e . In v es tig a tio n s  o f  th is  
k in d  m ay  e luc ida te  th e  p a th o m ech an ism  o f th e  b ro n ch o sp asm  p ro d u c in g  th e  
sam e  sym ptom s in  v a rio u s  path o lo g ica l co n d itio n s , a n d  m ay  also help  in  f in d 
in g  th e  causal th e ra p y .

As to  th e  se ru m  in o rgan ic  P  v alues in  th e  sy m p to m -free  ch ild ren  su ffe r
in g  from  allergic r e s p ira to ry  diseases, th e se  v a lu e s  w ere low er th a n  th o se  fo u n d  
in  o th e r  affections o f  th e  re sp ira to ry  o rgans.

Mosonyi  a n d  Á c s  [2 1 ,2 2 ]  h av e  p o in te d  o u t  th e  im p o r ta n t  fa c t t h a t  fo l
low ing  prolonged a d m in is tra tio n  o f d rugs o f co rtiso l a c tio n  hypoca lcaem ia  m a y  
develop  w hen t r e a tm e n t  is d iscon tinued . D u rin g  tr e a tm e n t  calcium  a b so rp tio n  
is in h ib ited . This le a d s  to  an  increase of p a ra th y ro id  a c tiv ity , w hich  p e rs is ts  a f
t e r  th e  tre a tm e n t h a s  b een  d iscon tinued . T h is  p ro tra c te d  h y p e ra c tiv ity  m ay  
ex p la in  th e  low  se ru m  ino rg an ic  P  levels fo u n d  in  th e  p a tie n ts  free from  s y m p 
to m s.

On the  basis  o f  th e  observed  changes a n d  th e  d a ta  in  th e  l i te ra tu re  a 
re la tiv e  p a ra th y ro id  fa ilu re  m ay  be assu m ed  to  occur in  th e  sy m p to m a tic  
p e rio d  of b ro n c h ia l a s th m a  an d  a s th m a tic  b ro n c h itis . T he ensu ring  h y p e r-  
p h o sp h a taem ia  en h an ces  p a ra th y ro id  fu n c tio n  th ro u g h  a feed -back  m ech an ism . 
P a ra th y ro id  a c t iv i ty  m a y  be so en h an ced  t h a t  i t  m a y  keep th e  se ru m  to ta l  
ca lc ium  a t  a n o rm a l level. H ow ever, th e  h y p e rp h o sp h a ta e m ia  th e n  red u ces th e  
se ru m  ionised ca lc iu m  level, an d  th u s  la te n t  t e t a n y  m ay  develop . T he in crease  
in  com pensa to ry  p a ra th y ro id  a c tiv ity , fu r th e r  p ro m o te d  b y  ste ro id  t r e a tm e n t ,  
co n tr ib u te s  to  th e  a b o litio n  of th e  o bserved  ch an g es.
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ZUR HÄMODYNAMIK DER ESSENTIELLEN 
HYPERTONIE*

Von

R. J u c h e m s

M E D IZ IN IS C H E  P O L IK L I N I K  ( D IR E K T O R : P R O F . D R . H . F R A N K E )  D E R  U N IV E R S IT Ä T  W Ü R Z B U R G  

(E ingegangen  am  13. Ju l i ,  1966)

E s w ird  ü b e r  exp erim en te lle  U n te rsu ch u n g e n  m itte ls  de r F a rb s to ffv e rd ü n n u n g s 
m eth o d e  an  20 H y p e rto n ik e rn  u n d  e iner G ru p p e  G esunder, sowie P a tie n te n  m it neu ro - 
z irk u la to risch er A sth en ie  b e ric h te t. D er p e rip h e re  W id e rs tan d  w ar in  d e r H y p e rto n i
k e rg ru p p e  e rh ö h t, in  de r P a tie n ten g ru p p e  m it fu n k tio n e lle n  H erzle iden  v e rm in d e rt. 
H e rzm in u ten v o lu m en  u n d  Schlagvolum en w aren  bei den  P a tie n te n  m it essen tie lle r 
H y p e rto n ie  v e rm in d e rt, u n te r  B erü ck sich tig u n g  des A lte rsu n te rsch ied es, m it  A u sn ah m e 
d e r d ek o m p en sierten  F ä lle  ab er norm al.

Seit der E in fü h ru n g  von  In d ik a to rv e rd ü n n u n g sv e rfa h re n  in  die k lin ische  
F o rsch u n g  hab en  w ir eine M ethode zu r V erfü g u n g , die es e r la u b t, o hne  G efäh r
dung  u n d  w esen tliche  B e las tu n g  des P a tie n te n  e x a k te  M essungen des H e rz 
m in u ten v o lu m en s, S ch lagvo lum ens u n d  p e rip h e re n  G esam tw id ers tan d es  am 
M enschen d u rch zu fü h ren  [9, I I ,  1 4 ]. D as P rin z ip  des V erfah rens d a r f  ich k u rz  
d a m it ch a ra k te ris ie re n , d aß  w ir n ach  In je k tio n  eines In d ik a to rs  in  die venöse 
S tro m b a h n  des M enschen an  der a rte rie llen  S eite  m it m odernen  A p p a ra tu re n  
b lu tig  die K o n z e n tra tio n  fo rtla u fe n d  m essen u n d  aus dem  Z e it-K o n z e n tra -  
tio n s -In te g ra l das H e rzm in u ten v o lu m en  e rrech n en .

Ü ber die H ä m o d y n a m ik  d er essen tie llen  H y p e rto n ie  liegen zum  Teil 
sich w idersp rechende  B efunde  v o r. M ehrere U n te rsu c h e r  [3, 8, 20] k o n n te n  
eine E rh ö h u n g  des H erzm in u ten v o lu m en s n ach w eisen ; an d ere  fan d e n  eine 
A b n ah m e [10 , 2 1 ]. Schließlich  w urde  von m an c h e n  F o rsch ern  [ 1 ,4 ,  16] keine 
Ä n d e ru n g  des H erzm in u ten v o lu m en s gesehen . A uch  w urde  je  n a c h  dem  
S chw eregrad  d er H y p e rto n ie  ein v e rm in d e rte s  oder e rh ö h tes  H e rz m in u te n 
v o lu m en  b e o b a c h te t. R ow e  [17] fan d  bei S ch w ereg rad  1 u n d  2 einen  n o rm a len  
H erz in d ex , bei S chw ereg rad  3 u n d  4  jed o ch  einen  v e rm in d e rte n . E in  e rh ö h te r  
p e rip h e re r  G esam tw id e rs tan d  w urde  m it u n te rsch ied lich en  M ethoden  von  v e r 
sch iedenen  A rb e itsg ru p p en  m itg e te ilt [1, 3, 8 , 1 0 ,  1 6 , 1 7 ,1 9 ,  2 1 ] .

M ethodik

U nsere  U n te rsu ch u n g e n  w u rd en  m itte ls  e ines n e u a rtig e n  D en sito m e te rs  de r F irm a  
W ate rs  (R o ch este r, M inneso ta , U SA) bei V erw endung  e in e r D u rc h flu ß k ü v e tte  d u rc h g e fü h rt. 
D ie A p p a ra tu r  w eist d ie F a rb s to ffk o n ze n tra tio n  des In d ik a to rs  Cardio'green b is zu  e in e r K o n 
z e n tra tio n  von 48 m g p ro  1 lin ea r an . Als S ch re ib g e rä t v e rw a n d te n  w ir den  S ch re ib e r B D —3

* V o rtrag  g e h a lten  an  d e r Ja h re s ta g u n g  de r U n g a risch en  G esellschaft fü r  K ard io log ie  
B a la to n fü red , 14. M ai 1966.
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d e r  F irm a  K ipp & Z onen , D e lf t, H o lland . N ach  P u n k tio n  de r a r té r ia  fem oralis u n d  A nsch luß  
a n  d ie  K ü v e tte  w urde e ine  V e rw e ilk ü v e tte  in  die re c h te  v e n a  cu b ita lis  e ingelegt.

U m  das B lu t u n g e r in n b a r  z u  m ach en , sp r itz te n  w ir 25 000 E in h e ite n  H e p a rin  e in . D an ach  
in jiz ie r te n  w ir m it S p e z ia lsp ritz en  5 m g C ard iogreen  in  d ie V ena  cu b ita lis  des P ro b a n d e n . Die 
O rig in a lfa rb s to ffv e rd ü n n u n g sk u rv e  w urde  a u f  sem ilo g arith m isch es P a p ie r  ü b e r tra g e n  u n d

A b b .  1.  A nordnung  zu r M essung  des H erzm in u ten v o lu m en s n a ch  dem  In d ik a to rv e rd ü n n u n g s 
v e r fa h re n . P u n k tio n  d e r A rt. fem o ra lis  (A) u n d  der V ena  cu b ita lis  (B) u n d  A nlegen  v o n  V erw eil
k a n ü le n . E in  PVC -Schlauch  m it  e in em  D urchm esser v o n  4 m m  v e rb in d e t die A rte rie n p u n k tio n s 
n a d e l  m it  der D u rc h flu ß k ü v e tte  (C). Zw ischen A rte rie  u n d  K ü v e tte  k a n n  e in  M odellk reislauf, 
d e r  m it  silikonisierten  G lask u g e ln  an g efü llt ist, e in g e sc h a lte t w erd en  (D ), w o m it e ine  d y n a m i

sche E ic h u n g  d e r  In d ik a to rv e rd ü n n u n g sk u rv e  e rz ie lt w ird

A bb .  2. a )  O rig in a lfarb s to ffv e rd ü n n u n g sk u rv e  n a ch  In je k tio n  von  5 m g C ard iog reen . D ie 
G rö ß e  d es H erzm in u ten v o lu m en s i s t  u m g ek eh rt p ro p o rtio n a l de r F läch e  de r P r im ä rk u rv e . 

b)  E ic h k u rv e  m itte ls  M o dellk re islau f

n a c h  d e m  V orgehen v o n  K i n s m a n , M o o r e  u n d  H a m i l t o n  die R e z irk u la tio n  ausgesch lossen  
[15]. A u s de r gew onnenen P r im ä rk u rv e  w ird  m itte ls  d y n a m isc h er E ich u n g  [18] d ie  F a rb s to f f 
k o n z e n tra t io n  u n d  das H e rzm in u te n v o lu m e n  e rrech n et.

D as  Schlagvolum en e rh ie lte n  w ir d u rch  D iv ision  des H e rzm in u ten v o lu m en s d u rc h  die 
A n z a h l d e r  Zacken in  de r F a rb s to ffv e rd ü n n u n g sk u rv e  p ro  m in . (Siehe A bb. 2a).
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D oppelm essungen  des H e rzm in u te n v o lu m e n s u n d  Schlagvo lum ens h a t t e n  eine gute 
Ü b ere in stim m u n g  d e r  M eßw erte gezeig t ( r  =  0,93). E in zelh e iten  sind  a n  a n d e re r  Stelle  be
sch rieb en  [11].

D er p e riphere  W id e rs tan d  e rre c h n e t sich  d u rc h  M u ltip lik a tio n  des m it t le re n  B lu td ru ck es 
m it 1332, d iv id ie rt d u rc h  das S tro m v o lu m e n  in  de r Sekunde. Als m it t le re r  B lu td ru c k  gilt 
d ias to lisch er B lu td ru c k , p lu s 1/3 de r B lu td ru c k a m p litu d e . Die U n te rsu c h u n g e n  w u rd en  alle 
am  liegenden  P a tie n te n  in  einem  th e rm o in d iffe ren ten  M ilieu, bei e iner D u rc h sc h n itts te m p e ra tu r  
v o n  20° C d u rch g efü h rt. Z um  V ergleich  w u rd e n  H erzgesunde  u n d  P a tie n te n  m it  neu ro zirk u la - 
to risch e r A sthen ie  herangezogen ; le tz te re  zeigen n ic h t se lten  einen lab ilen  H o c h d ru c k . D en fol
g en d en  E rg ebn issen  liegen U n te rsu ch u n g e n  a n  15 N orm alpersonen , 15 P a t ie n te n  m it neuro- 
z irk u la to risc h e r A sthen ie  u n d  20 H y p e r to n ik e rn  zu g ru n d e . Bei le tz te ren  w a r  a u sn ah m slo s  der 
H ochdruck über 5 Ja h re  b e k an n t. S ta tis t is c h e  U n te rsu ch u n g en  a u f  S ig n ifik an z  w u rd e n  nach 
dem  S tu d en t-V erfah ren  d u rch g efü h rt. A ls s ig n ifik a n t g ilt, w enn  d ieÜ b ersch re itu n g sw ah rsch e in - 
lic h k e it u n te r  0,05 lieg t.

E rg eb n isse

D er D u rc h sc h n ittsw e rt fü r  das H e rzm in u ten v o lu m en  w a r  in  d e r  H y p e r
to n ik e rg ru p p e  4,39 1/min (s =  +  0 ,68); die N orm alpersonen  ze ig ten  ein H erz
m in u ten v o lu m en  von  5,31 1/min (s =  + 0 ,7 1 ) . Die P a tie n te n  m it n eu ro z irk u la - 
to risc h e r A sthen ie  h a tte n  sch ließ lich  ein H e rz m in u ten v o lu m en  m it d u rch 
sc h n ittlic h  6,75 1/min (s =  + 1 ,2 ) .  A uch  der periphere  W id e rs ta n d  w a r  in  den 
v e rsch iedenen  G ru p p en  u n te rsch ied lich . D en höchsten  M itte lw e rt zeig te  die 
H y p e rto n ik e rg ru p p e  m it d u rc h sc h n ittlic h  2298 dyn  • sec • c m -5 . D er N orm al
w ert b e tru g  1481 dyn  ■ sec • c m -5 (s =  + 2 9 4 ) . Die P a tie n te n  m it  neu roz irku - 
la to r isc h e r  A sthen ie  h a tte n  im  D u rc h s c h n itt  e inen  g erin g eren  peripheren  
W id e rs ta n d  m it 1161 dyn  • sec • c m ~ 5 (s =  + 2 4 8 ) . D as S ch lag v o lu m en  zeigte 
au ch  ein un te rsch ied lich es  V e rh a lte n . D er D u rc h sc h n ittsw e rt fü r  N orm al
p erso n en  b e tru g  72 m l, fü r  H y p e r to n ik e r  58 ml u n d  fü r  d ie  P a tie n te n -

Tubelle  1

M ittelw erte und S tandardabw eichung des M ittelwertes verschiedener 
häm odynam ischer P aram eter bei H yperton ikern  und N orm alpersonen

Normalpersonen 
(n -  15)

H ypertoniker 
(n = 20)

A lter 33,2 (sm =  3,08) 46,01 (sm =  2,56)

L änge 168,2 (sm =  1,68) 169,1 (sra =  1,42)

G ew icht 68,0 (sm =  2,71) 76,0 (sm =  2,34)

H erzm in u ten v o lu m en 5,31 (sm =  0,18) 4,39 (sm =  0,15)

H erzindex 2,97 (sm =  0,09) 2,31 (sm =  0,08)

Schlagvolum en 72,1 (Sqi =  3,48) 58,1 (sm =  2,56)

H erzfrequenz 73,5 (sm =  1,82) 76,8 (sm =  2,28)

M ittle rer B lu td ru ck 96,6 (sm =  2,96) 127,5 (sm =  2,51)

P e rip h ere r W iderstand 1481,2 (sm =  75,5) 2297,7 (snl =  95,8)

sm =  S tan d ard ab w eich u n g  des M itte lw ertes
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g ru p p e  m it n e u ro z irk u la to r isch e r  A sthenie d u rc h sc h n itt l ic h  84 m l. D ie E in z e l
w e r te  in  der le tz ten  G ru p p e  ze ig ten  E rh ö h u n g en  b is  118 m l. D er m ittle re  
B lu td r u c k  b e tru g  d u rc h s c h n itt l ic h  127 m m H g  in  d e r  P a tie n te n g ru p p e  m it 
H y p e r to n ie ,  96,6 m m H g  b e i d en  norm alen  V ersu ch sp e rso n en , u n d  w ar be i den  
P a t i e n te n  m it n e u ro z irk u la to r isc h e r  A sthenie  n ic h t  s ig n if ik an t abw eichend .

D iskussion

U n se re  E rgebn isse  d e r  Schlagvolum en- u n d  H erz m in u te n b e s tim m u n g  
a n  d e n  N o rm alp erso n en  la s se n  sich m it den W e rte n  a n d e re r  A u to ren  g u t v e r 
g le ic h e n . H egglin b e o b a c h te te  ein d u rch sch n ittlich es  H erzm in u ten v o lu m en  
b e i H erzg esu n d en  von  5,5 +  0,75 1/min [9], H o ch rein  u n d  Sch neider  6,2 
1/m in [10]. N icholson u n d  W ood [14] geben e in en  H erz in d ex  von  3,17 an , 
D o y l e  e t  al. [5] e rh ie lten  3,2 an  53 H erzgesunden .

S ta tis tisc h e  B e re c h n u n g e n  zeigten einen s ig n if ik a n te n  U n te rsch ied  des 
H e rz m in u te n v o lu m e n s  d e r H y p e rto n ik e rg ru p p e  v o m  N o rm alk o llek tiv  (P  <  
0 ,0 0 1 ). D e r H erzindex  is t  im  V erg leich  beider u n te rs u c h te n  G ruppen  (N o rm a l
p e rs o n e n  u n d  H y p e rto n ik e r)  n o ch  deu tlicher u n te rsc h ie d e n , da die H y p e r
to n ik e r  eine Ü b erg ew ich tig k e it zeig ten . E ine A d ip o s ita s  is t be i H y p e rto n ik e rn  
h ä u f ig  an zu tre ffen , wie sc h o n  frü h ere  A u to ren  [21] b e r ic h te t  h ab en . D a bei 
u n s e re n  H ypertonikern  das L e id en  mindestens f ü n f  Ja h re  bekannt war u n d  
m e h re re  P a tie n te n  einen  F u n d u s  hyperton icus (S ta d ie n  I I I  —IV  n ach  K eith  
u n d  W a g en er ) zeig ten , k ö n n e n  w ir unsere E rg e b n isse  g u t m it den B efunden  
v o n  R ow e  vergleichen, d e r  b e i fo rtg e sc h ritte n e r H y p e r to n ie  ebenfalls einen  
re d u z ie r te n  H erzindex  fa n d  [17]. Auch W ollheim  h a t te  dieses V e rh a lten

Tabelle 2

E rg ebn isse  der S ign ifikanzberechnungen  nach dem S tudentverfahren . Der Unterschied g ilt 
s ta tis tisch  s ig n ifikan t, wenn d ie Ü berschreitungsw ahrscheinlichkeit ( P )  0,05 oder kleiner ist

xl x2 4 2 P

A lte r 33,2 46,01 3,2 0,01
K ö rp e rlä n g e 168,2 169,1 0,372 0,7
G e w ich t 68,0 76,0 2,247 0,02
H e rz fre q u en z 73,47 76,8 1,038 0,3
H M V 5,31 4,39 3,833 0,001
S ch lag v o lu m en 72,07 58,05 3,302 0,01
H e rz in d e x 2,97 2,31 6,642 0,001

P,n 96,55 127,5 8,068 0,001
P e r ip h e re r  W iderstand 1481 2298 6,371 0,001
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nach w eisen  kön n en  [21]. E s f ra g t sich jed o ch , oh n ic h t d er A lte rs fa k to r  ein 
v e rm in d e rte s  H e rzm in u ten v o lu m en  v o r tä u s c h t. U nsere P a tie n te n  w aren  im  
D u rc h s c h n itt  46 J a h re  a l t  u n d  d a m it 13 J a h re  ä lte r  als die N o rm a lp e rso n en . 
S chon W ezler h a t  a u f eine A lte rsa b h ä n g ig k e it des Z e itvo lum ens h ingew iesen  
[19].

N euere U n te rsu ch u n g en  von  B r a n d fo n br en er  e t al. [2] m it  dem  In d i
k a to rv e rd ü n n u n g sv e rfa h re n  h ab en  fü r  24 jäh rige  ein d u rc h sc h n ittlic h e s  H e rz 
m in u ten v o lu m en  von 6,49 1/min, fü r  55 jäh rig e  ab e r von  4,63 1/min nach w eisen  
k ö n n e n . E igene U n te rsu ch u n g se rg eb n isse  an  w eite ren  H y p e r to n ik e rn  zeig
te n  im  D u rc h sc h n itt  bei 2 4 jäh rig en  ein Z e itvo lum en  v o n  6,5 1/m in, eine 
P a tie n te n g ru p p e  m it einem  A lte r um  53 J a h re  h a tte  h ingegen  ein H e rz m in u 
te n v o lu m e n  von  4,95 1/min [13]. E s k a n n  so m it angenom m en  w e rd e n , d aß  das 
H e rzm in u ten v o lu m en  bei H y p e rto n ik e rn  a lte rsa b h ä n g ig  is t; m ö g lich e rw e ise  
d ü r f te  a b e r auch  die D au e r d e r  E rk ra n k u n g  v o n  B ed eu tu n g  se in .

U nsere P a tien ten  m it funk tionellen  H erz- u n d  K re is lau fs tö ru n g en  h a t te n  ein 
g e s te ig e rte s  H erzm in u ten v o lu m en  bei e rh ö h tem  H erz index . I h r  m it t le r e r  B lu t
d ru c k  w ar n ic h t von  dem  d e r N o rm alp erso n en  u n te rsch ied en . A n d ie  M essung 
des B lu td ru ck es  w urden  s tren g e  K rite rie n  ang e leg t u n d  der E in f lu ß  p sy ch isch er 
F a k to re n  a u f  den B lu td ru c k  w urde  m ög lichst ausgeschlossen. E s is t  j a  b e k a n n t, 
d a ß  u n te r  d er D iagnose » funktionelle  H e rzk ran k h e it«  sich P a t ie n te n  fin d en , 
d ie  zeitw eise B lu td ru ck e rh ö h u n g en  in  F o rm  eines »labilen« H o ch d ru ck es  
au fw eisen . Es is t zu d isk u tie ren , ob n ic h t die aus der L ite ra tu r  h e r  b e k a n n te n  
e rh ö h te n  H erzm in u ten v o lu m in a  hei H y p e rto n ik e rn  d u rch  E in b e z ie h u n g  von 
P a tie n te n  m it lab ilem  H o ch d ru c k  v o rg e tä u sc h t w erden . F i n k i e l m a n  [6] h a t  
k ü rz lich  einen  A nstieg  des Z e itv o lu m en s be i P a tie n te n  m it la b ile m  H o ch 
d ru c k  nachgew iesen . D ie P a tie n te n  m it H ochdruck und H erzdekom pensation  
je d o c h  zeig ten  ein s tä rk e r  v e rm in d e rte s  H e rzm in u ten v o lu m en  im  V ergleich  
m it  den  k o m pensie rten  H y p e rto n ik e rn , wie das auch  zu e rw a rte n  w ar.

D ie H erzfrequenz  w ar in  d er H o ch d ru ck g ru p p e  n ic h t w esen tlich  v e r
sch ied en , jed o ch  bei den P a tie n te n  m it n eu ro z irk u la to risch e r A s th e n ie  le ich t 
e rh ö h t. D as Sch lagvo lum en , das bei u n se ren  P ro b an d en  eine d e u tlic h e  K o rre la 
tio n  m it dem  H erzm in u ten v o lu m en  zeig te , w ar in der H y p e r to n ik e rg ru p p e  im  
D u rc h sc h n itt  v e rm in d e rt.

E in  A nstieg  des p e rip h e ren  W id e rs tan d es  bei H y p e rto n ik e rn  w u rd e  von 
m eh re ren  F o rschern  b e o b a c h te t [1, 3, 17, 19, 20, 21 u . a .] . U n sere  P a tie n te n  
m it H y p e rto n ie  ze ig ten  eine s ig n ifik an te  E rh ö h u n g  des p e rip h e re n  W id er
s ta n d e s  (P  <  0,001). D ab e i w ar d er m ittle re  D ru ck  m it  dem  e rh ö h ten  
p e rip h e ren  W id e rs tan d  k o rre lie r t. D er p e rip h ere  W id e rs ta n d  w a r  be i den 
U n te rsu c h te n  m it n e u ro z irk u la to risch e r A sthen ie  v e rm in d e rt. Im  E x p e rim e n t 
k o n n te n  B rod e t al. d u rch  S tim u la tio n  das H y p o th a la m u s , bzw . d e r  cerebralen  
C o rtex  m it n ach fo lgender A k tiv a tio n  der M u sk u la tu r eine E rh ö h u n g  des 
p e rip h e ren  W id erstan d es v e ru rsach en  [3]. D iese E rgebn isse  h a b e n  diese A u to ren
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zu  d e r  These an g e re g t, d ie  v e rän d e rte  H ä m o d y n a m ik  bei H y p e rto n ik e rn  
e n tsp re c h e  den K re is la u fu m ste llu n g e n  von  N o rm a lp e rso n en , die eine a n s tre n 
g e n d e  körperliche T ä t ig k e i t  a u sü b en  w ollen oder sich  fü r  körperliches T ra in in g  
v o rb e re ite n . F olkow [7] f a n d  eine v e rs tä rk te  K o n s tr ik tio n  der A rte rio len  im  
A n fa n g ss ta d iu m  d er H y p e r to n ie . Als Folge d a v o n  so llte  die E rh ö h u n g  des 
D ru c k e s  nach  a n fän g lich e r S te igerung  zu e in er V e rm in d e ru n g  des H e rz m in u 
te n v o lu m e n s  und  d e r H e rz a rb e i t  führen , da d iese a n n ä h e rn d  p ro p o rtio n a l dem  
Q u a d r a t  des H e rz m in u te n v o lu m e n s  ist.

L e tz ten  E ndes s in d  d ie  T heorien  ü b e r die E n ts te h u n g  des v e rä n d e rte n  
p e r ip h e re n  W id erstan d es b e i  H y p erto n ie  g eg en w ärtig  n och  zu  sehr sp e k u la tiv , 
a ls  d a ß  w ir endgü ltig  d a z u  S te llu n g  nehm en  k ö n n te n .
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T he role p lay ed  b y  th e  venous b ro n c h o p u lm o n a ry  an asto m o ses o f th e  lu n g  u n d e r  
n o rm al h aem o d y n am ica l cond itions is n o t  c lear. W h en  th e re  is h y p e rten sio n  in th e  sy s tem  
of th e  p u lm o n a ry  v e in  (e.g. in  m itra l  v a lv u la r  d isease) th e  m a jo r  p a r t  of p u lm o n a ry  
a rte ria l blood is d iv e r te d  th ro u g h  th e  b ro n ch ia l v e in s in to  th e  azygos ve in  o r r ig h t  
a tr iu m , w ith o u t h a v in g  flow n th ro u g h  th e  le ft h e a r t .  I t  is lik e ly  th a t  th is  sh u n t red u ces 
to  some e x te n t  th e  congestion  in  th e  p u lm o n a ry  v en o u s  sy s te m , b u t  a t  th e  sam e tim e  
increases th e  b u rd e n  p laced  upo n  th e  r ig h t h e a r t .  T h e  in creased  ra te  o f b ro n ch o p u lm o 
n a ry  venous flow  m ay  be d e m o n s tra ted  b y  c a th e te r is a t io n  o f th e  azygos vein.

In  sp ite  o f th e  ad v an ces ach iev ed  in  th e  f ie ld  o f h aem o d y n am ica l e x a m i
n a tio n s , m any  a sp e c ts  o f th e  b ro n c h o p u lm o n a ry  s h u n ts  rem ain  d ifficu lt to  
a p p ro ach . T he ro le  o f  th e  a r te r ia l connex ions b e tw e e n  th e  p u lm o n a ry  a n d  sy s
te m ic  circu la tions ( th e  b ro n ch o p u lm o n a ry  a r te r ia l  sh u n ts )  is exp la ined  b y  th e  
ev idence  o b ta in ed  in  v a lv u la r  h e a r t  diseases a sso c ia te d  w ith  reduced  p u lm o 
n a r y  b lood  flow , b u t  V i r c h o w ’s o b se rv a tio n s  [ 1 ]  cou ld  o n ly  be su p p lem en ted  
b y  som e fu r th e r  cases, w ith o u t a llow ing  an  in s ig h t in to  th e  b ack g ro u n d  o f th e  
h aem o d y n am ica l ch an g es. F o r ex am p le , in  F a l lo t ’s te tra lo g y  th e  low  p u lm o 
n a ry  card iac  o u tp u t  is follow ed in  c e r ta in  cases b y  a d ila ta tio n  of th e  sy stem ic  
b ro n c h ia l a rte rie s , a n d  th ro u g h  th e  b ro n c h o p u lm o n a ry  sh u n ts  th e  ra te  o f  p u l
m o n a ry  b lood flow  increases. I t  rem ain s, h o w ev er, u n k n o w n  w hy th is  m ore or 
less co m p en sa to ry  m ech an ism  develops in  som e, b u t  n o t  in  all cases.

O ur know ledge concern ing  th e  venous s h u n ts  o f  th e  lu n g  is s till m ore  
defec tive . The v en o u s  sy s tem  of th e  lu n g  is co m posed  o f  th e  follow ing ty p e s  o f  
v e in .

1. P u lm o n a ry  v e in , d ra in in g  th e  a lv eo la r c a p illa ry  n e tw o rk  an d  em p ty in g  
in to  th e  left a tr iu m ; i t  carries a r te r ia l  b lood.

2. T rue  b ro n c h ia l veins are  th e  veins o f th e  p r im a ry , secondary  a n d  t e r 
t i a r y  b ronch i. T h e y  a re  n o t d ire c tly  co n n ec ted  w ith  th e  p u lm o n a ry  ven o u s 
sy s te m , an d  th ro u g h  th e  in te rc o s ta l veins or azygos v e in  th e y  ca rry  ven o u s 
b lo o d  in to  the  r ig h t  a tr iu m .

3. B ro n ch o p u lm o n a ry  veins [2] o rig in a te  p a r t ly  u n d e r  th e  m ucosa a n d  
p a r t ly  u n d er th e  m u sc u la r  lay e r o f  th e  sm all b ro n c h i, b y -pass th e  a lv eo la r 
n e tw o rk , an d  c a rry  v en o u s b lood  th ro u g h  th e  le f t  p u lm o n a ry  vein  in to  th e  le ft 
a tr iu m .
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4 . A nastom oses (sh u n ts )  b e tw een  th e  b ro n ch ia l an d  th e  p u lm o n a ry  veins 
a re  c a p illa ry -s ized , an d  are' to  b e  fo u n d  in  th e  region of th e  re s p ira to ry  b ro n 
ch io le . T h e y  em p ty  in  th e  d ire c tio n  o f  th e  t ru e  b ro n ch ia l v e in s , th u s , th e y  ca rry  
a r te r ia l  b lo o d  in to  th e  r ig h t  h e a r t .

I n  s tu d ies  concern ing  th e  v en o u s side o f b ro n c h o p u lm o n a ry  c ircu la tio n  
[4, 6 , 7] p a r tia l  liga tion  o f th e  p u lm o n a ry  veins is usually  c a rr ie d  o u t. T he 
r e s u l ts  a re  unequ ivocal: th e  b ro n c h o p u lm o n a ry  sh u n ts  open  u p , a n d  from  th e  
p u lm o n a ry  a rte ry  p a r t  o f th e  b lo o d  v o lu m e  flow s b ack  in to  th e  r ig h t  h e a r t 
w i th o u t  h av in g  passed  th ro u g h  th e  sy s tem ic  c ircu la tion .

F ig . 1 . D ia g ram m a tic  re p re se n ta tio n  o f th e  an im a l experim en ts . T he a r te ry  a n d  v e in s of th e  
le f t  lu n g  a re  clam ped. M an o m eter M j m easu re s  sy s tem ic  pressu re  in  th e  fe m o ra l a r te ry ,  M 2 
m e a su re s  p ressu re  in  th e  p u lm o n a ry  a r te ry  d is ta l  fro m  th e  s ite  o f c lam p in g , M 3 m easures 

pressure in  th e  p u lm o n a ry  v e in  d is ta l  fro m  th e  site  o f c lam p in g

I n  th e  p resen t s tu d y , th e  ab o v e  o b se rv a tio n s  h av e  b een  su p p le m e n te d  
b y  o x y m é tr ie  and  m a n o m e tric  d a ta  o b ta in e d  in an im al e x p e rim e n ts  an d  in 
p a t ie n ts  d isp lay ing  p a th o lo g ic a l changes in  th e  p u lm o n a ry  c irc u la tio n .

M a te r ia ls , m e th o d s  a n d  resu lts

I n  8 dogs un d er in tra tra c h e a l  a n a e s th e s ia  a n d  b re a th in g  a m ix tu re  o f 0 2 a n d  h a lo th a n e  
th e  c h e s t  a n d  th e  pericard iu m  w ere  in c ised , o pened  an d  ru b b e r cuffs w ere p laced  o n  th e  left 
p u lm o n a ry  a r te ry  and  vein . T h ro u g h  th e  a p ex  of th e  r ig h t v en tric le  a  C o u rn an d  c a th e te r  w ith  
a  b a llo o n  w as in se rted  in to  th e  le f t  b ra n c h  of th e  p u lm o n a ry  a r te ry . T h ro u g h  th e  le f t  auricle  
p o ly e th y le n e  ca th e te rs  w ere p assed  u p  in to  th e  le f t  p u lm o n a ry  veins. To s to p  th e  fu n c tio n a l 
flo w  in  th e  le f t  lung, th e  b lood  vesse ls  m en tio n ed  w ere  p ressed  ag a in s t th e  c a th e te r s  in  th e ir  
lu m e n  b y  in f la tin g  th e  cuffs p lac ed  u n d e r  th e m  a n d  th e  p ressu re  re la tio n s  o f th e  n u tr it iv e  
(b ro n c h ia l)  c ircu la tio n  were e x am in ed  b y  th e  a id  o f th e  ca th e te rs .

S y s te m ic  pressure w as m e a su re d  b y  a m a n o m e te r  in se rted  in to  th e  r ig h t  fe m o ra l a r te ry  
(.Fig. 1 , M ,). B lood p ressures d is ta l  fro m  th e  c lam p s p laced  on  th e  le f t  p u lm o n a ry  a r te rv  
(F ig .  1, M 2) a n d  pu lm o n ary  ve in s (F ig . 1, M 3) w ere  m easu red  b y  e lec tro m an o m ete rs . B efore  ob 
s t r u c t in g  th e  b lood vessel sy s tem s th e  p re ssu re s  in  th e m  w ere d e te rm in ed  (F ig . 2). Fo llow ing  
c la m p in g  th e  a r te ry  and  veins o f th e  le f t  lu n g , d is ta l  to  th e  site  o f c lam ping  p re ssu re  decreased  
to  a  fe w  m m  H g  an d  th e  a r te r ia l  a n d  v en o u s  p re ssu re  v a lu es becam e sim ilar. T h e  p re ssu re  curve 
o f th e  p u lm o n a ry  a rte ry , to o , b ecam e sim ila r  to  a  v en o u s pressu re  cu rve, a n d  i ts  v a lu e s , to g e th e r 
w i th  th o s e  o f th e  p u lm o n ary  ve in , co rre sp o n d e d  to  th e  p ressu re  v a lu e  m ea su re d  in  th e  r ig h t 
a t r iu m  (F ig . 3).
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Fig. 2. N o rm a l p re ssu re  values in  th e  dog d u rin g  general an aesth es ia

Fig. 3. Changes in  th e  p ressu re  values show n in  F ig. 2. A bove: fem ora l a r te r ia l  p ressu re . 
C entre : p u lm o n a ry  a r te r ia l  p ressu re  d ista l from  th e  s ite  o f c lam ping . Below : p u lm o n a ry  v en o u s 

p re ssu re  d is ta l from  th e  s ite  o f  c lam p in g

I*

V

L io. Ham ,

V . azygo s v. cave 
sup.

Л — Лi Âjy

pulm, v. azygos
cap.

F ig . 4. N orm al p ressu re  v a lu es m easured  b y  c a th e te r is a tio n  in  th e  azygos v e in , su p e rio r v en a  
cav a  an d  p u lm o n a ry  c ap illa ry  in  Case 10, T ab le  1(A). E le v a te d  p ressure  in  th e  azygos v e in  in  

m itra l  stenosis, in  Case 2, T ab le  1(B)
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S tu d ie s  were carried  o u t  in  s ix  p a tie n ts  su ffering  fro m  m itra l disease acc o m p a n ied  by  
p u lm o n a ry  venous h y p e rten sio n , a n d  in  six  o th e rs  w ith  v a lv u la r  disease n o t cau sin g  p u lm o n a ry  
v e n o u s  h y p e rten sio n . W hen  th e  r ig h t  h e a r t  w as c a th e te r iz e d , p ressu re  w as m ea su re d  in th e  
v e n a e  c av a e , r ig h t a tr iu m  a n d  v e n tr ic le , p u lm o n a ry  a r te ry  a n d  p u lm o n a ry  cap illa rie s , a n d  in  
th e  azy g o s vein ; oxygen s a tu ra t io n  of b lood  w as also d e te rm in e d  (Table J).

I n  th e  th ir te e n th  case, th e  p u lm o n a ry  a r te ry  a n d  p o s t m o rte m  th e  b ro n c h ia l ve in s o f  
th e  le f t  lu n g  w ere filled  u p  w ith  a  5 p e r  c en t p o ly v in y l so lu tio n  [3], th e n  th e  p re p a ra tio n  w as 
c o rro d e d . T he a rte rie s  o f  th e  lo w er lo b e  w ere filled  u p  b u t ,  as a  re su lt  o f th e  p u lm o n a ry  em b o 
l is a t io n  w h ich  h ad  ta k e n  p lace , th e  a r te r ia l  sy s te m  o f  th e  m id d le  lobe cou ld  n o t  b e  in je c te d . 
T h ro u g h  th e  tw o big b ro n c h ia l v e in s  ru n n in g  in  th e  h ilu m  th e  p u lm o n a ry  veins o f  th e  m idd le  
lo b e  w ere  also filled  up.

D iscussion

U n d e r no rm al h a e m o d y n a m ic a l co n d itio n s, th e  connexions b e tw e e n  th e  
p u lm o n a ry  an d  b ro n ch ia l b lo o d  vessels a p p a re n tly  re p re se n t no su b s ta n tia l  
s h u n t  v o lum e. H ow ever, th e  ex p erim en ts  co n d u c te d  b y  Miller  in  1906 [4] 
h a v e  show n  th a t  u n d e r  p a th o lo g ic a l co n d itio n s th e  fu n c tio n a lly  c losed  sh u n ts  
w o u ld  open  up . M iller in je c te d  a g e la tin  so lu tio n  s ta in e d  w ith  P ru ss ia n  b lu e  
in to  th e  p u lm o n ary  a r te ry ;  th e  g e la tin  p a ssed  o v er in to  th e  p u lm o n a ry  veins 
b u t  a f te r  th e  veins h a d  b e e n  c lam p ed , i t  a p p e a re d  in  th e  b ro n c h ia l veins. 
B e r ry  a n d  D aly  [5] p e rfu se d  th e  p u lm o n a ry  a r te ry  in  dogs an d  fo u n d  th a t  
a b o u t  1 p e r  cen t of th e  p u lm o n a ry  a r te r ia l  o u tflo w  p e r m in u te  h a d  flow n  to 
w a rd  th e  r ig h t a tr iu m . A cco rd in g  to  A viado  e t al. [6] 7.3 to  8 p e r c e n t o f  th e  
p u lm o n a ry  a rte ria l flow  passes  in to  th e  r ig h t  a tr iu m . A ram endia  e t  al. [7] 
p e rfu s e d  in  h ea rt-lu n g  p re p a ra tio n s  th e  p u lm o n a ry  a r te ry  an d  m a in ta in e d  th e  
b ro n c h ia l  a r te ria l c irc u la tio n , a n d  d e te rm in e d  u n d e r  such  cond itions th e  venous 
in flo w  in to  th e  r ig h t a tr iu m . W hen  th e  b ro n ch ia l a r te rie s  h ad  been  c lam p ed , 
b ro n c h ia l  venous b ack -flo w  d im in ish ed  b y  30 to  50 p e r cen t. I t  w as co n c lu d ed  
t h a t  a b o u t 50 to  70 p e r  c e n t o f  th e  b ro n c h ia l v en o u s vo lum e o rig in a te d  from  
th e  p u lm o n a ry  c ircu la tio n .

In  cases of pulm onary venous hypertension (such as occurs for instance  
in  m itra l stenosis) March and  e t al. [8] found th a t a substantial part o f the  
p u lm on ary  venous b lood volu m e was d iverted  through the bronchial veins  
in to  th e  right atrium.

O u r an im al e x p e rim e n ts  h av e  co n firm ed  th e  ex istence  o f a b ro n c h o p u l
m o n a ry  connexion b e tw een  th e  r ig h t a n d  le f t a tr iu m . A fte r th e  p u lm o n a ry  
c irc u la tio n  o f th e  le f t lu n g  h a d  been  e lim in a te d , th is  sy stem  cou ld  g e t b lood  
e x c lu s iv e ly  from  th e  b ro n c h ia l a r te rie s . T h e  fa c t t h a t  d is ta l from  th e  o b s tru c 
t io n  r ig h t  a tr ia l  p ressu re  v a lu e s  w ere reco rd ed  n o t  o n ly  in  th e  p u lm o n a ry  v e in , 
b u t  a lso  in  th e  p u lm o n a ry  a r te ry  in d ica te s  t h a t  th e  p u lm o n a ry  a r te r ia l  sy stem  
is c o n n e c te d  th ro u g h  b ro n c h o p u lm o n a ry  sh u n ts  w ith  th e  r ig h t a t r ia l  one 
(p u lm o n a ry  a r te ry  — p u lm o n a ry  c ap illa ry  — p u lm o n a ry  vein  — v en o u s  b ro n 
c h o p u lm o n a ry  an asto m o sis  — b ro n c h ia l v e in  — azygos vein  — su p e rio r  v e n a  
c a v a  — r ig h t a tr iu m ).
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Table I

Case N o. N am e D iagnosis

P ressu re , m m  H g , in
O xygen sa tu ra tio n , 

p e r cent
F in d in g s  a t  o p e ra tio nA zygos

vein
R ig h t

a tr iu m

P ulm .
P u lm . a rt . 
a r te ry  * wedge or 

j le f t a tr iu m A zygos
vein

Sup.
v en a  cava

l Mrs. P . J . M itral stenosis 15/12 8/4 35/20 28/18 72.5 64.5 M itral orifice of 
fingertip  size

2 Mrs. B. Gy. M itral stenosis 18/12 15/10 __* - 65 55 M itral orifice, 0,6 sq. cm

3 K. I. Com bined m itra l disease 20/8 15/6 60/40 50/30 69 60 -

4 B. N. M. Com bined m itra l disease 30/12 10/3 58/25 35/14 - M itral orifice, 0,8 sq. cm

5 Sz. J . Com bined m itra l disease 22/18 4/2 45/15 - 91 80.5 -

6 K . J . Com bined m itra l disease 22/14 14/8 110/50 60/40 - — -

7 B. I. A tria l sep ta l defect 7/3 6/3 50/20 24/10 82.5 78.5 A tria l sep ta l defect, 
m easuring  2 sq. cm

8 Sz. S. A tria l sep tal defect 7/4 6/2 18/5 15/5 — A trial sep tal defect 
m easuring  3 sq. cm

9 P. A. A tria l sep ta l defect and 
p u lm onary  venous 
anom aly

8/5 7/1 25/12 10/7 76 72 A tria l sep tal defect, 
m easuring  1 sq. cm ; 
veins o f th e  superior lobe 
of r ig h t lung opening in to  
superior vena  cava

10 P . V. V en tricu lar sep ta l defect 8/5 7/3 20/12 10/4 - - —

11 T. J . P u lm onary  stenosis 5/3 3/1 25/12 14/8 80 76.5 —

12 P . L. P a te n t  foram en ovale 8/4 5/1 25/12 15/6 82 79 -

13 Mrs. K . F. Com bined m itra l disease, 
p u lm onary  em bolism 14/7 _** - —

* C ath e ter could n o t be in se rted  in to  p u lm o n a ry  a rte ry . P ressu re  in  r ig h t ven tric le  was 70/6 m m  Hg.
** C a th e te r  could  n o t be in se rted  in to  p u lm o n a ry  a rte ry . P ressu re  in  r ig h t v en tric le  was 50/4 m m  Hg.
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T h e  above re la tio n s  a re  co rrobora ted  b y  th e  ev idence  o b ta in e d  on c a th e 
te r is a t io n  of th e  azygos v e in . In  th e  con tro l g ro u p  (Table I ,  p a tie n ts  7 to  12) 
p re s s u re  in  the  azygos v e in  w as only a few  m m  H g  h igher th a n  in  th e  r ig h t 
a t r iu m  (F ig . 4). In  m i t r a l  v a lv u la r  disease, e sp ec ia lly  in  stenosis com bined  
w ith  b icu sp id  in su ffic ien cy , th e  value of th e  g ra d ie n t  m ay  a m o u n t to  severa l 
t im e s  th e  norm al (Table I ,  p a t ie n t  4). L ikew ise, th e re  was a consp icuous dif
fe re n c e  in  oxygen s a tu ra t io n  be tw een  th e  b lo o d  sam p les  ta k e n  from  th e  azygos 
v e in  a n d  from  th e  se g m e n t o f  th e  superior v e n a  c a v a  above its  e n tra n c e . In  th e  
c o n tro l  g roup  th is  d iffe ren ce  d id  n o t exceed 5 p e r  c e n t ( I  vo l p e r  cen t), w hereas 
in  p a t ie n ts  1 to  6 i t  w as a b o u t  10 per cen t (2 vo l p e r  cen t).

I n  case 13 th e re  h a d  b e e n  m ultip le p u lm o n a ry  em bo lisa tions in  ad d itio n  
to  c o m b in e d  m itra l v a lv u la r  disease du ring  th e  7 y ea rs  o f o b se rv a tio n . The 
p a t i e n t  died  su dden ly  o f  a c u te  h e a r t fa ilu re . T h e  corroded  p re p a ra tio n  of 
th e  r ig h t  lung d e m o n s tra te d  th e  exp erim en ta l r e s u lts  o f Mil l e r  [4 ]. T h ro u g h  
th e  tw o  b ronch ia l ve in s  f o u n d  in  th e  h ilum  th e  p u lm o n a ry  ven o u s sy s tem  of 
th e  m id d le  lobe was p e r fe c t ly  filled  up.

S um m ing  up , o u r r e s u l ts  allow  for th e  fo llow ing  conclusions.
1. In  p u lm o n ary  v e n o u s  hypertension  (e.g . in  m itra l  disease) p a r t  o f th e  

b lo o d  is d iverted  from  th e  s y s te m  of th e  p u lm o n a ry  vein  th ro u g h  th e  b ro n c h o 
p u lm o n a ry  shun ts in to  th e  r ig h t  a trium .

2. T he increased  r a te  o f  b ro n ch o p u lm o n a ry  ven o u s flow  m ay  be  d em o n 
s t r a t e d  b y  c a th e te r isa tio n  o f  th e  azygos ve in .

3. T he increase o f  th e  b ro n ch o p u lm o n a ry  s h u n t  vo lu m e flow ing  in  th e  
d ire c t io n  of th e  r ig h t a t r iu m  au g m en ts  th e  w o rk  o f  th e  r ig h t h e a r t . S ince i t  is 
e sp e c ia lly  in  m itra l d isease  t h a t  th e  sh u n t flow  te n d s  to  increase , b ro n c h o p u l
m o n a ry  venous flow  is a lso  m a in ta in e d  by  th e  o v e rb u rd e n e d  r ig h t h e a r t  (p u l
m o n a ry  a r te ry  — p u lm o n a ry  cap illa ry  — p u lm o n a ry  vein  — ven o u s b ro n ch o 
p u lm o n a ry  sh u n t — b ro n c h ia l  vein  — azygos v e in  — su p erio r v en a  cav a  — 
p u lm o n a ry  a rte ry  e tc .).

4 . I t  seems like ly  t h a t  th e  b ro n ch o p u lm o n a ry  sh u n t reduces th e  conges
t io n  in  th e  p u lm o n ary  v e n o u s  system .

5. A n increase in  a r t e r i a l  b ro n ch o p u lm o n ary  flo w  p laces a g re a te r  b u rd en  
on  th e  le f t  th a n  on th e  r ig h t  h e a r t  [3] (a o r ta -b ro n c h ia l a r te ry  — a r te r ia l  b ro n 
c h o p u lm o n a ry  sh u n t — p u lm o n a ry  cap illa ry  — le f t  a tr iu m  — le ft v en tric le  
— a o r ta ,  etc.).
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EFFECT OF POTASSIUM PERCHLORATE ON THE FOET AL
RARBIT THYROID

B y

L. L a m p é , L. Mó d is  and A. Gé h l

D E P A R T M E N T  O F  O B S T E T R IC S  (D IR E C T O R : P R O F . A . A R V A Y ) A N D  IN S T IT U T E  O F  A N A T O M Y , H IS T O L O G Y  
A N D  E M B R Y O L O G Y  (D IR E C T O R : P R O F . S t .  K R O M P E C H E R ), U N IV E R S IT Y  M E D IC A L  S C H O O L , D E B R E C E N

(R ece iv ed  J u ly  23, 1966)

T he e ffec t o f p ro trac te d  p o ta s s iu m  p e rch lo ra te  t re a tm e n t fro m  th e  b eg in n in g  
o f p reg n an cy  on  th e  m ate rn a l a n d  fo e ta l th y ro id  g lands has been s tu d ie d  in  ra b b its . 
T he su b s tan ce  h as  been fo u n d  to  cause  excessive  h y p erp lasia  a n d  h y p e rfu n c tio n  in  
th e  m a te rn a l a n d  foe ta l g land  a lik e . T h e  in crease  in  th e  re la tiv e  w e ig h t o f  th e  fo e ta l 
g lands was m o re  in tensive  th a n  t h a t  o f th e  m a te rn a l g land , a  fin d in g  w h ic h  is  a  sign 
o f h igher go itro g en ic  risks to  th e  fo e tu s  an d  su g g ests th a t  th e  foe ta l h y p o p h y se o th y ro id  
system  has fu n c tio n s  of its  ow n, in d e p e n d e n t fro m  those of th e  m a te rn a l  o rg an ism . 
A tte n tio n  is d ra w n  to  th e  fo e ta l r isk s  in v o lv ed  b y  th e  tre a tm e n t in  q u estio n .

T he ad v erse  effects of in tra u te r in e  th y ro id  in ju ry  on p h y sica l a n d  m e n ta l 
d ev e lo p m en t h a v e  been  w idely d iscussed  ( B o n g io v a n n i  e t al. [1956], F r e n c h  
a n d  V an  W y k  [1964], H ooft e t  a l. [1962], J ob [1963], N e im a n n  e t  a l. [1963]). 
Ia tro g e n ic  fa c to rs  acco u n t fo r a la rg e  n u m b e r o f such in ju rie s . P o ta ss iu m  
p e rc h lo ra te  tre a tm e n t ,  claim ed b y  its  in it ia to rs  (Go d l e y  a n d  S t a n b u r y  
[1954]) to  be e n tire ly  harm less h a s  b een  su b seq u en tly  in c r im in a te d  b y  o th e rs  
(G j e m d a l  [1963], K raatz a n d  M ärz  [1960], K r e v a n s  e t  al. [1962], S u n a r  
[1963], etc .) fo r go itrogenic  an d  o th e r  effects. T he increasing  use o f  p o ta ss iu m  
p e rc h lo ra te  in  th e  tre a tm e n t o f  h y p e rth y ro id ism  in recen t y e a rs  w a rra n ts  
in v es tig a tio n s  in to  its  effects d u rin g  p reg n an cy .

In  earlier in v estig a tio n s w e h a v e  fo u n d  th a t  th y ro id  131I u p ta k e  w hich  
is th e  f irs t sign o f th e  g land ’s a c t iv i ty  (Mit sk e v it c h  an d  Ma m u l y  [1953]) 
s ta r ts  on th e  2 0 th  d ay  of foetal life  in  th e  r a b b i t  (L ampé  e t al. [1966a]). T h is is 
th e  s tag e  w hen d iffe ren tia tio n  o f th e  acin i beg ins an d  th e  f irs t tra c e s  o f  colloid 
a p p e a r . B y th e  en d  of in tra u te r in e  life th e  m icroscopic or fu n c tio n a l d ifferences 
b e tw een  th e  fo e ta l an d  th e  m a te rn a l  g land  h a v e  d isappeared , as re f le c te d  b y  
id e n tic a l h istochem ica l reac tio n s o f  b o th  tissu es  (L ampé  e t  al. [1966b]).

O ur in v es tig a tio n s  in to  th e  e ffec t on th e  fo e ta l th y ro id  o f  p o ta ss iu m  p e r
c h lo ra te  ad m in is te red  over th e  w hole  p re g n a n c y  were concerned  w ith  th e  fo l
low ing  issues.

1. Do th y ro s ta t ic  agen ts e n te r in g  th e  fo e ta l organism  b y  th e  p la c e n ta r  
ro u te , induce s im ila r changes in  th e  fo e ta l as in  th e  m a te rn a l g la n d ?

2. Do th e se  agen ts in te rfe re  w ith  th e  no rm al d iffe re n tia tio n  o f th e  
th y ro id  gland ?
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M ateria l an d  m e th o d

12 p re g n an t r a b b it s  k e p t  u n d e r  id en tica l n u tr i t io n a l  a n d  en v iro n m en ta l co n d itio n s w ere 
g iv en  p o tass iu m  p e rc h lo ra te  in  doses of 100 m g/kg d a ily , m ix e d  to  a  sm all p o rtio n  o f food , fro m  
th e  v e ry  s ta r t  of p re g n an c y . S ix  an im als  were w orked  u p  on  th e  2 1 st d ay , six  o th ers  on  th e  2 8 th  
d a y  o f  p regnancy , o u r e a r lie r  e x p erim en ts  hav in g  sh o w n  d iffe re n tia tio n  of th e  th y ro id  g lan d  
to  s t a r t  on  th e  20 th  a n d  to  co m p le te  i ts  course b y  th e  2 8 th  d a y  of p regnancy . W e ex am in ed  
th e  m a te rn a l  th y ro id s  in  o rd e r  to  check  th e  effect o f th e  d ru g . A s a co n tro l, d a ta  fo r u n tre a te d  
r a b b i t  foetuses o b ta in e d  in  e a r lie r  experim en ts w ere u sed .

A t th e  end of th e  re sp e c tiv e  periods th e  an im als  w ere  k illed , th e  fo e ta l th y ro id s  rem o v ed  
a n d  w o rk ed  up , to g e th e r  w i th  th e  m ate rn a l th y ro id  a n d  p i tu i ta r y  g lands fo r h isto log ical a n d  
h is to ch e m ic a l s tu d y  a n d  s ta t i s t ic a l  ev a luation . T he g lan d s  w ere  freed  fro m  th e  a d ja c e n t  tissu es 
as co m p le te ly  as possib le , th e n  w eighed  and  re la te d  to  100 g  b o d y  w eigh t. F o r s ta in in g , com 
b in e d  ga llocy an in -o rce in -eo sin -m eth an y l-y e llo w  a n d  th e  h a e m a to x y lin  ch ro m atro p e  2 R  m eth o d  
w ere  u sed , an d  as h is to ch e m ic a l m eth o d s, th e  P A S -re ac tio n  fo r th e  d e m o n s tra tio n  o f  g lyco
p ro te in s  (n e u tra l m u co p o ly sa cc h a rid e s); to lu id in e  b lu e , c e les tin e  b lue  an d  H ale’s re a c tio n  fo r 
th e  d em o n s tra tio n  of b a so p h ilic  e lem ents; te tra z o tis e d  b e n z id in e  fo r th e  d e m o n s tra tio n  of 
p ro te in ;  d iazonium  fo r th e  d e m o n s tra tio n  of SS -f- S H  g ro u p s.

T h e  reason  fo r se lec tin g  th e  foregoing re ac tio n s  w a s  to  h a v e  fo u n d  in  earlie r stu d ies , 
in  acco rd an ce  w ith  K h o m p e c h e r  e t  al. (1961a, 1961b, 1962), M ü l l e b  (1962), K o b a y a sh i e t  al. 
(1959) a n d  W a llba ff  (1959) t h a t  th e  substance  w h ich  g iv es th e  th y ro id  g land  its  h is to ch em ica l 
c h a ra c te r  is a  n e u tra l g ly c o p ro te in , th e  carrier of th e  a c tu a l  th y ro id  horm ones. B y  id en tify in g  
th e  c a rb o h y d ra te  an d  th e  p ro te in  com ponen ts o f th is  su b s ta n c e  th e  reac tio n s will co n seq u en tly  
d e fin e  th e  secre to ry  s ta te  o f  th e  th y ro id .

S ta tis tic a l e v a lu a tio n  o f  th e  m icroscopic p ic tu re  a llow ed  a re liab le  e stim a tio n  o f th y ro id  
fu n c tio n . Owing to  th e  in h o m o g en eo u s  s tru c tu re  o f th e  th y ro id  g lan d , we fo u n d  th e  q u a n ti ta t iv e  
p ro c e d u re  o f E bänklö (1955) a n d  P alkovits  (1963) b a se d  o n  th e  m easu rem en t o f th e  a c in u s -  
e p ith e liu m —strom a ra tio ,  m o re  su itab le  for th is  p u rp o se  t h a n  m easu rem en ts  o f nuc le ic  v a riae  
t io n s . T h e  m ate rn a l a n d  fo e ta l  th y ro id  g lands of u n tr e a te d  an im a ls  belonging  to  th e  sam e stages 
o f  p re g n a n c y  were s tu d ie d  b y  th e  sam e m ethod .

T h e  conclusions d ra w n  fro m  th e  p re sen t e x p e rim e n ts  h a v e  b een  based  on a c o m p reh en 
sive  e v a lu a tio n  of th e  ev id e n ce  d e riv ed  from  th e  m ic ro sco p ica l, h istochem ical an d  s ta tis t ic a l  
m e th o d s  an d  of th e  th y ro id  w e ig h ts .

R esu lts

F ig . 1 shows th e  re la t iv e  m a te rn a l a n d  fo e ta l  th y ro id  w eights. T h e  th y 
ro id s  o f  th e  u n tre a te d  p re g n a n t anim als w eighed  b e tw een  5.0 an d  11.4 m g/100 
g [av e rag e , 8.1 m g/100 g] on  th e  21st d ay  a n d  b e tw e e n  7.7 an d  13.3 m g/100 g 
[av e rag e , 10.45 m g/100  g] on  th e  2 8 th  day . T h e  th y ro id s  of th e  foetuses o f th e  
sam e  an im als w eighed  b e tw e e n  11.7 an d  18.7 m g /100  g [average, 13.8 m g/100 g] 
on th e  21st day , a n d  b e tw e e n  11.3 an d  13.9 m g /100  g [12.5 mg/100 g] on th e  
2 8 th  d ay .

In g estio n  of p e rc h lo ra te  has been fo u n d  to  cau se  an  increase in  m a te rn a l 
as w ell as in  fo e ta l th y ro id  w eigh t. On th e  2 1 s t d a y  o f tre a tm e n t th e  m a te rn a l 
th y ro id s  w eighed b e tw e e n  10.3 and  28.9 m g/100  g (average, 21.7 m g/100 g), 
a n d  th e  fo e ta l th y ro id s , b e tw e e n  42.3 an d  56.2 m g /100  g (average, 49.5 m g/100
g). I n  o th e r  w ords, th e  m a te rn a l th y ro id  re a c h e d  n e a r ly  th reefo ld , a n d  th e  
fo e ta l  g land , n ea rly  fo u rfo ld  its  in itia l w eigh t. C o n tin u e d  in ta k e  of p e rch lo ra te  
f u r th e r  enhanced  th e  in c re a se  in th y ro id  w e ig h t, p a r tic u la r ly  in  th e  fo e tu s . 
T h e  m a te rn a l g land  w e ig h ed  betw een  28.3 a n d  51 .1  m g/100 g (average, 41.0 
m g/100  g), and  th e  fo e ta l  g lan d , betw een  85.0 a n d  131.7 m g/100 g (av erag e , 
110.2 m g/100 g) on th e  2 8 tli day .
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F ig. 1. R e la tiv e  m a te rn a l an d  fo e ta l th y ro id  w eigh ts in  u n tre a te d  ra b b its  an d  r a b b its  t r e a te d  
w ith  p o tass iu m  p e rch lo ra te , on  th e  2 1 st a n d  2 8 th  days o f p reg n an cy

F igs 2, 3, 4. F o e ta l r a b b it  th y ro id  on  th e  21st d a y  o f po tassium  p e rch lo ra te  t r e a tm e n t  
co n tin u ed  from  th e  b eg in n in g  o f p regnancy

F ig. 2. G lan d u la r tissu e  consisting  of dense  tra b e c u la e  w ith  m inute  ac in ar lu m in a . Gallo- 
cy an in -o rce in -eosin -m cthany l-ye llow  s ta in in g  (G O EM ). E n la rg em en t: 40 X  1.5 X  4.1 

F igs 3 a n d  4. T h y ro id  g lan d  of th e  sam e ra b b it  fo e tu s . PA S-reaction . T h e  ac in i a re  lined  
w ith  h ig h  cuboidal a n d  co lu m n ar ep ith e lia l cells. T h e  m in u te  lum ina  c o n ta in  P A S -p o sitiv e

colloid. E n la rg em e n t: as before
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M icroscopical changes produced by KC104, d u rin g  the f ir s t  21 days o f  pregnancy

Foetal thyroid. T h e  p a t te rn  is m ade u p  o f dense  trab ecu lae  a n d  occasiona l 
ac in i. T h e  ep ith e lia l cells a re  cuboid  in sh a p e  a n d  co n ta in  ro u n d  n u c le i w ith  
a loose ch ro m a tin  s tru c tu re . T he lum ina  o f  th e  scarce  acin i n o t w id er th a n  a 
p in h o le  co n ta in  P A S -p o s itiv e  colloid (F igs 2, 3, 4 ). A p a r t  from  h ig h e r e p ith e 
lia l cells n e ith e r  th e  m icroscop ical no r th e  h is to ch em ica l p ic tu re  d iffers from  
t h a t  seen  in  u n tre a te d  an im a ls . S ta tis tic a l e v a lu a tio n  reveals a re d u c tio n  in  th e  
r e la t iv e  n u m b e r o f th e  ac in i to  4 p e r cen t as a g a in s t 10 p e r cen t in  th e  co n tro ls , 
w h ile  th e  re la tiv e  v o lu m e  o f th e  s tro m a  has b een  fo u n d  to  increase fro m  39 p e r 
c e n t to  46 p er cen t. T h e  p ro p o rtio n  of th e  ep ith e liu m  rem ained  p ra c tic a lly  
u n c h a n g e d  (F ig . 5).

А С S.

С К С К С К

F ig . 5. P ro p o rtio n  o f ac in i (A), ep ith e lia l cells (E ) a n d  s tro m a  (S) in  th e  foe ta l r a b b it  th y ro id  
on  th e  2 1 st d a y  of p o ta s s iu m  p e rch lo ra te  t r e a tm e n t  (K ) a n d  in  u n tre a te d  c o n tro ls  (C)

M aterna l thyro id . T h e  m icroscopic p a t te r n  is do m in a ted  b y  ac in i lin ed  
w ith  a  h ig h  co lu m n ar e p ith e liu m  in te rsp e rsed  b y  c u b o id a l cells. T he ac in i con
ta in  tra c e s  of P A S -p o sitiv e  colloid o f a v e ry  loose , fo am y  s tru c tu re . T h e  ap ica l 
zone o f  th e  co lu m n ar cells show s an  excessive n u m b e r  of P A S -positive g ran u les . 
T h e  m icroscop ic  p ic tu re  is th u s  ch a ra c te ris tic  o f  h y p e rfu n c tio n  (Figs 6, 7). T h e  
d is tin c tiv e  change in  re la tio n  to  th e  m a te rn a l g lan d s  belonging to  th e  sam e 
s ta g e  o f  p reg n an cy  is h y p e rfu n c tio n . S ta tis t ic a l  e v a lu a tio n  shows a re d u c tio n  
in  th e  p e rcen tag e  of ac in i a n d  a para lle l in c rea se  in  t h a t  of fu n c tio n in g  e p ith e 
lia l cells w ith  no q u a n t i ta t iv e  change of th e  s tro m a  (F ig . 8).

Ingestion  o f  KCIO  4 between the f ir s t  and  28th  day o f  pregnancy

Foetal thyroid. T h e  g re a tly  en larged  h y p e rp la s ie  g land  is m ad e  u p  of 
ac in i w ith  a lin ing  o f  c o lu m n a r ep ithe lium  a n d  v e ry  n arro w , in v a ria b ly  collo id- 
free , lu m in a  (F igs 9, 10). T h e  absence of co llo id  d ep o sits , th e  s tru c tu ra l  signs 
o f e p ith e lia l h y p e rfu n c tio n  a n d  re ta rd e d  d e v e lo p m e n t of th e  acini a re  in  sh a rp  
c o n tra s t  w ith  th e  p a t te r n  fo u n d  in  th e  foetuses o f  u n tre a te d  an im als. S ta tis t ic a l  
e v a lu a tio n  show s a re d u c tio n  in th e  re la tiv e  n u m b e r  of acin i an d  a p a ra lle l 
in c rease  in  th a t  o f th e  e p ith e lia l cells (F ig. 11).
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F igs 6 a n d  7. T h y ro id  gland o f r a b b it  o n  th e  21st d a y  o f p regnancy . T re a tm e n t w i th  p e rch lo ra te
from  th e  f i r s t  d a y  o f p reg n an cy

F ig . 6. H y p erfu n ctio n in g  tis su e . G O E M -sta in in g . E n la rg em en t: as o n  F ig . 2.
F ig. 7. P A S -p o sitiv e  colloid an d  g ran u le s  in  th e  a p ica l zone of th e  ep ith e lia l cells. E n la rg em e n t:

as ab ove

* c. s
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F ig . 8. A —E  —S ra tio  in  th e  m a te rn a l  th y ro id  on th e  2 1 st d a y

M aterna l thyroid. T he  ac in i a re  lin ed  w ith  co lum nar e p ith e liu m  a n d  con
ta in  P A S -p o sitiv e , loose, sp o ra d ic a lly  d en se , colloid (Figs 12, 13, 14, 15). 
T he g la n d u la r  h y p erfu n c tio n  is in  sh a rp  c o n tra s t  w ith  th e  g lan d s  o f  u n tre a te d  
an im als b e in g  in  th e  sam e s ta g e  o f p re g n a n c y . S ta tis tica l e v a lu a tio n  reveals

Acta Medica Academiae Seientiafum Hungaricae 23, 1967



228 L . LA M PÉ, L. MÓDIS and Ä. G É H L

F ig s  9 a n d  10. F oe ta l th y ro id  o n  th e  2 8 th  d ay ; p o tassium  p e rc h lo ra te  h av ing  been  a d m in is te re d
since  th e  f irs t  day  of p re g n a n c y

F ig . 9 . D ifferen tia tio n  of ac in i a n d  dense trab ecu lae . N o  co llo id  deposits. H ig h  c u b o id a l 
g landular e p ith e liu m . G O EM -staining. E n la rg e m e n t:  as before 

F ig . 10. PA S-reaction . T he b a s e m e n t  m em brane a n d  th e  a p ic a l m em b ran e  of th e  g lan d u la r  
e p ith e lia l  cells are P A S  p o s it iv e .  No colloid re a c tio n . E n la rg e m e n t:  as before

A £ S.
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F ig . 11. Q u an tita tiv e  re la tio n  b e tw een  A —E  —S in  th e  fo e ta l  g lan d  on th e  2 8 th  d a y

a re d u c tio n  in  th e  re la tiv e  n u m b e r  of acini a n d  a n  increased  p ro p o rtio n  of 
e p ith e lia l  cells and  s tro m a  (F ig . 16).

M a tern a l hypophysis. A m o n g  th e  b e ta  cells m a n y  v acu o la ted , ty p ic a lly  
d e g ra n u la te d  “ th y ro id e c to m y -c e lls”  are seen re g a rd le ss  w h e th e r t r e a tm e n t h a s  
b e e n  o f  21 or 28 days d u ra t io n .
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F igs 12 — 15. T h y ro id  g lan d  o f ra b b it  on  th e  2 8 th  d a y  of p reg nancy . T re a tm e n t  w ith  
po tassiu m  p e rch lo ra te  fro m  th e  f i r s t  d a y  of p regnancy .

Fig. 12. E xcessive  g lan d u la r  h y p e rfu n c tio n . A cin i lin ed  w ith  h igh c o lu m n ar e p ith e liu m . 
O ccasional ro u n d  g ian t cells w ith  loose c lear p lasm a . G O E M -stain ing . E n la rg e m e n t:  as before

A C S .

с к с к с к
Fig. 16. Q u a n tita tiv e  re la tio n  be tw een  A —E  — S in  th e  m ate rn a l th y ro id  on  th e  2 8 th  d ay

Discussion

T h e  a n tith y ro id  a c t iv i ty  of K C 104 due to  its  th y ro x in e  sy n th e s is  b lo ck ing  
effect h a s  been show n b y  m eans of 131I b y  W y n c a a r d en  (1952) a n d  co n firm ed  
m o rp h o lo g ica lly  b y  K rüskem per  a n d  K leinsorg  (1954).
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T h e  m ech an ism  o f iod ine  c o n cen tra tio n  b y  th e  th y ro id , as th e  f i r s t  s tep  
in  th e  sy n th esis  o f  th y ro id  ho rm one is c la im ed  b y  Lewitus e t al. (1961), 
G rab  a n d  Ob e r d is s e  (1959) to  be due to  a b in d in g  of iodine b y  a d so rp tio n , 
a p ro cess  in  w hich  th e  th y ro id  is supposed  to  p la y  th e  role of a specific  p ro te in  
io n -e x c h a n g e r. In  o p p o sitio n  to  th is , H almi e t  al. (1956, 1961) re g a rd  th e  
a c c u m u la tio n  of io d in e  as an  energy -co n su m in g  a c tiv e  tra n sfe r  p rocess. P e r 
c h lo ra te  in h ib its  th e  io d in e -co n cen tra tin g  a c t iv i ty  o f th e  th y ro id  as w ell as in  
o th e r  sy stem s in  w h ich  iod ine  is d eposited , i.e . in  th e  sa liv ary  g lands, in  th e  
g a s tr ic  w all, e tc . (W y n g a a r d e n  e t al. [1953], H almi e t al. [1956], K utzim 
e t  a l. [1963]). A c o m p a ra tiv e  an tag o n ism  b lo ck in g  th e  access of iod ine to  th e  
th y ro id  is a sc rib ed  to  K C 104 b y  W y n g a a r d e n , a claim  co n sis ten t w ith  th e  
f in d in g  o f A nbar  e t  al. (1959) th a t  36C1 a n d  180  labelled  K C 104 is s to re d  in  
th e  th y ro id . T he fa c t  t h a t  K rüskemper  a n d  R eilich  (1959) have  been  ab le  to  
n e u tra liz e  th e  e ffec t o f  K C 104 b y  K J  a d m in is tra tio n  also su p p o rts  th is  th e o ry .

In  th e  lig h t o f th e  foregoing  ex p e rim en ta l ev idence  as well as o f n u m ero u s  
c lin ica l o b se rv a tio n s  (Lőrincz a n d  A ndor  [1956], Szántó [1964]) th e  m a n n e r  
in  w h ich  K C 104 ta k e s  effect m ay  be o u tlin e d  as follow s. The su b stan ce  m o st 
c e r ta in ly  in te rfe res  w ith  iod ine  u p ta k e  w h e th e r th ro u g h  a co m p etitiv e  a n ta g o 
n ism  o r a b lo ck ing  e ffec t on  th e  enzym es p ro v id in g  for th e  accu m u la tio n  of 
io d in e . T h e  consequence  is a red u ced  p ro d u c tio n  o f  th y ro id  horm one a n d  a fa ll 
o f th e  b lo o d  h o rm o n e  level. T his in  tu rn  e lic its  an  enhanced  p ro d u c tio n  of 
T S H . T h is re su lts  in  en la rg em en t an d  h y p e rp la s ia  of th e  th y ro id  g lan d  th e  
e x te n t  o f w hich  is re la te d  to  K C 104-in tak e . In v o lv e m e n t of th e  p i tu i ta ry  g lan d  
b y  th e  p rocess has b een  d e m o n s tra te d  b y  E ger  e t  al. (1955) b y  th e  f in d in g  
o f th y ro id e c to m y -c e lls  asso c ia ted  w ith  low  th y ro x in e  levels.

A s suggested  b y  o u r fin d in g s, th e  p e rm e a b ili ty  of th e  p lacen ta l b a r r ie r  to  
K C 1 0 4 enab les th is  su b s ta n c e  to  cause th e  sam e changes in th e  fo e ta l th y ro id  
as in  th e  m a te rn a l g lan d , n am e ly  in ten siv e  h y p e rp la s ia  as a sign o f h y p e rfu n c 
tio n , a n d  on th e  ev idence  o f s ta tis tic a l c a lc u la tio n s , a re la tiv e  red u c tio n  in  th e  
n u m b e r  o f acin i w ith  an  increase  in  ep ith e lia l e lem en ts  an d  s tro m a , a sso c ia ted  
w ith  a  loss or co m p le te  d isap p earan ce  o f collo id . In  u n tre a te d  an im a ls , th e  
re la tiv e  w eigh ts o f m a te rn a l an d  fo e ta l g lan d s h a v e  been  found  p ra c tic a lly  
id e n tic a l a t  th e  g iven  s tag es  o f p reg n an cy , w h ereas  u n d e r  th e  effect o f K C 1 0 4 
a s ig n if ic a n t e n la rg e m e n t o f  th e  fo e ta l th y ro id  is dem o n strab le  on th e  21 st, 
s till m o re  so on th e  2 8 th  d a y  o f p reg n an cy . T h is f in d in g  conclusively  show s, in  
a g re e m e n t w ith  th e  re su lts  o f  N ikitovitch a n d  K n o bil  (1955) an d  of P ostel 
(1957) t h a t  th e  p i tu i ta ry - th y ro id  system  o f th e  fo e tu s  fu nc tions in d e p e n d e n tly  
of i ts  m a te rn a l  c o u n te rp a r t ,  o therw ise e n la rg e m e n t o f th e  m a te rn a l th y ro id  
w ou ld  b e , o bv iously , m ore  in ten se  th a n  t h a t  o f  th e  fo e ta l g land . In c re a se d  
s e n s it iv ity  o f th e  fo e ta l th y ro id  m ay  be due  e i th e r  to  a defic ien t fu n c tio n  o f 
th e  enzym es resp o n sib le  fo r iod ine u p ta k e  o r to  an  u n d u e  accu m u la tio n  of 
p e rc h lo ra te . B o th  possib ilities  req u ire  fu r th e r  s tu d y .
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In  e v a lu a tin g  o u r re su lts , allow ance m u s t b e  m ad e  fo r th e  fa c t t h a t  th e  
an im als  used  in  th e  s tu d y  w ere h e a lth y  a n d  e u th y ro id . In  c lin ica l p rac tice , 
how ever, th e  reason  fo r p rescrib in g  K C 104 d u rin g  p re g n a n c y  is u su a lly  m a te r 
n a l h y p e rth y ro id ism  in  w hich  case ab n o rm a l fu n c tio n  o f th e  fo e ta l th y ro id  is 
ex cep tio n a l. C on seq u en tly , K C 104, w hile n o rm a liz in g  th e  fu n c tio n  o f th e  h y p e r
th y ro id  m a te rn a l g lan d , u n d u ly  depresses th e  a c t iv i ty  o f th e  e u th y ro id  g land  
of th e  foetus.

I t  m u st, th e re fo re , be  k e p t in  m ind  th a t  p o ta ss iu m  p e rch lo ra te  in ta k e  
d u rin g  p reg n an cy  causes s im ila r s tru c tu ra l chan g es in  th e  m a te rn a l an d  
fo e ta l th y ro id  a n d  carries m ore  severe go itrogen ic  risk s to  th e  foe tus.
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DISTURBANCES OF CARBOHYDRATE 
METABOLISM IN INDUCED INFARCTOID 

CARDIOPATHY

By

Cs. H e g y v á r y , E . N em esánszky  an d  J .  Sós
IN S T IT U T E  O F  P A T H O P H Y S IO L O G Y , U N IV E R S IT Y  M E D IC A L  S C H O O L , B U D A P E S T  

(R ece iv ed  S ep tem b er 9, 1966)

C a rb o h y d ra te  m e ta b o l is m  o f  th e  h e a r t  in  c a r d io p a th y  b r o u g h t  a b o u t  b y  a  c a rd io -  
p a th o g e n ic  d ie t  h a s  b e e n  s tu d ie d  in  iso la te d  h e a r t  p r e p a r a t io n s .  I n  t h e  d ie ta r y  g ro u p  
g lu co se  u p ta k e  w a s  n o r m a l ,  la c t ic  ac id  r e le a se  w a s  re d u c e d  a n d  p y r u v ic  a c id  r e le a se  
in c re a se d . T h e  f a c to r  h e ld  r e sp o n s ib le  fo r  th e  m e ta b o l ic  c h a n g e s  is  a  r e d u c t io n  in  l a c ta te  
d e h y d ro g e n a s e  a c t i v i t y  w h ic h  su p p o s e d ly  a f fe c ts  th e  SzENTGYÖRGYi — K r e b s  cyc le  
c lo se ly  in v o lv e d  in  m i to c h o n d r ia l  fu n c tio n .

In  earlier s tu d ie s  Sós e t al. have  show n t h a t  in fa rc to id  changes a p p e a r 
in r a ts  [12, 13], dogs [14] a n d  cocks [14] fed  a se m isy n th e tic  d ie t rich  in choles
te ro l, v ita m in  D 2, so d iu m , ch lo ride , p h o sp h a te , a n d  calc ium , b u t  po o r in  p o ta s 
sium  an d  m agnesium . T h e  an im als deve loped  h y p e rten s io n  a n d  co ro n ary  
sclerosis lead ing  m o stly  to  sp o n tan eo u s ca rd iac  d e a th , ensu ing  in  ra ts  be tw een  
th e  5 th  an d  6 th , in  cocks b e tw een  th e  14 th  a n d  2 0 th  w eek. T h e  m icroscopic 
chan g es were round cell in f iltra tio n , coronary sclerosis w ith  d eg en era tiv e  changes, 
a n d  scars, fib rosis a n d  m e ta s ta tic  ca lc ifica tio n  re su ltin g  from  m y o card ia l 
in fa rc tio n s . A ortic  p la q u e s  w ere also p resen t. C o ro n ary  occlusion w as seen in  
a few  cases only.

T h e  fa ilu re  o f in d u c in g  in fa rc to id  chan g es in  a n y  re liab le  m a n n e r b y  
e x p e rim e n ta l a th e ro sc le ro sis  a lone as well as th e  f in d in g  th a t  m y o card ia l 
necrosis  was n o t n ecessa rily  assoc ia ted  w ith  co ro n a ry  occlusion, w ere suggestive  
o f a d irec t d is tu rb a n c e  o f  m y o card ia l m e tab o lism  b y  th e  d ie t. To c lear th is  
issue w as th e  aim  o f th e  p re se n t s tu d y .

Materials and m ethods

In  th e  ex p erim en ts  115 m ale  ra ts  of th e  I n s t i tu te ’s s tock  w ere used . F o r ty  an im als 
se rv in g  as con tro ls rece ived  a n o rm al d ie t [13], 75 a n im a ls  th e  c a rd io p a th o g en ic  Ses d ie t. F o r 
d e ta ils  o f th e  d ie t see [13]. B o th  d ie ts  w ere sem isy n th e tic . In  th e  5 th  an d  6 th  w eek th e  h e a rts  
w ere iso la ted  in  b o th  g ro u p s b y  th e  m eth o d  of L a n g e n d o r f f  as m odified  b y  B l e e h e n  and  
F is c h e r  [2] and  perfused  fo r h a lf  a n  h o u r w ith  a K reb s — I len se le it b ic a rb o n a te  R in g er so lu
tio n  co n ta in in g  h a lf th e  a m o u n t o f calcium  [11] and 100 m g p e r  100 m l o f glucose. T he an im als 
w ere fa s ted  fo r 16 h rs before  th e  ex p erim e n t, th en  th e y  w ere  g iven  50 U /100 g of h ep arin  in tra -  
p e rito n ea lly . F ifteen  m in u te s  la te r  th e  an im als w ere d e c a p ita te d , th e  h e a r t  w as suspended  
im m e d ia te ly  on a can n u la  a n d  p e rfu sed  w ith  10 to  15 m l o x y g e n a ted  f lu id  o f  30 di 0.05 °C 
u n d e r  a  p ressu re  of 120 cm  w a te r . A fte r  30 m in. p e rfu s io n  w as sto p p ed , th e  h e a r t  was 
care fu lly  b lo tte d , w eighed to  th e  accu racy  of 10 m g a n d  p re p a re d  fo r h isto log ic  s tu d y . The 
p e rfusion  flu id  was m easu red  to  th e  accu racy  of 0.1 m l a n d  s to red  in  a re fr ig e ra to r a t  - f  2 °C
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a f te r  h a v in g  ad d ed  50 m g N a F  fo r  th e  p re v en tio n  o f g lycolysis. In  a liq u o ts  o f th e  pe rfu s io n  
f lu id ,  g lu co se  was estim a ted  a cc o rd in g  to  H u l t m a n  [10], p y ru v ic  acid  acco rd ing  to  F r i e d e - 
m a n n  a n d  H a u g e n  [4], la c tic  ac id  acco rd in g  to  B a r k e r  an d  S u m m e r s o n  [1], N a  a n d  К  b y  
f la m e  p h o to m e try ,  alw ays on  th e  d a y  o f  th e  e x p e rim e n t. T he u p ta k e  of glucose as w ell as th e  
re le a se  o f  p y ru v ic  and  lac tic  acid s w e re  expressed  in  m g p e r 1 g w e t h e a r t  w e ig h t p e r  1 h r. 
B lo o d  p re s su re  was m easu red  in d ir e c t ly  [5]. S ign ificance w as e v a lu a te d  b y  S t u d e n t ’s t- te s t .  
T h e  s e c tio n s  w ere s ta ined  w ith  h a em a to x y lin -e o s in .

Results

T h e  an im als w eighed b e tw e e n  80 a n d  100 g a t  th e  o u tse t. A t th e  en d  of 
th e  e x p e r im e n t average b o d y  w e ig h t h a d  risen  to  143.7 g in  th e  co n tro ls  an d  
re m a in e d  a t  97.4 g in  th e  SG5 g ro u p . B lood  p ressu re  w as 110 +  5 m m  H g  in  th e  
c o n tro ls  a n d  160 +  10 m m  H g  in  th e  Sgg g roup . T hese figu res ag ree  w ith  
e a r l ie r  f in d in g s  [13].

T h e  d ifficulties in v o lv e d  b y  th e  te c h n iq u e  o f h e a r t  p re p a ra tio n  cau sed  us 
to  r e s t r i c t  perfusion to  30 m in , th is  h av in g  b een  fo u n d  th e  u tm o s t p e rio d  d u rin g  
w h ic h  ev e n  th e  dam aged  h e a r ts  w ere fu n c tio n in g  n o rm a lly . T h is w as th e  case 
in  40  o u t  o f  45 contro l h e a r ts  as o p posed  to  38 o u t o f 70 h e a r ts  o f th e  S65 g roup , 
a d iffe re n c e  w hich alone w o u ld  be  conclusive of th e  ad v erse  e ffec t on th e  
h e a r t  o f  th e  d ie ta ry  fa c to r . T h e  rem a in in g  32 h e a r ts  o f th e  S65 g roup , 5 to  10 
m in u te s  a f te r  insertion  o f th e  c a n n u la  show ed v e n tr ic u la r  fib rilla tio n  fo llow ed 
b y  c a rd ia c  a rrest. A n u m b e r  o f  c o n tro l h e a r ts  co n tin u ed  to  b e a t  n o rm a lly  for 
o n e  to  th r e e  hours. In  th e  S 65 g ro u p  o n ly  th o se  h e a r ts  w ere e v a lu a te d  w hich 
h a d  fu n c tio n e d  n o rm ally  fo r  30 m in u tes .

T h e  resu lts  are show n in  T ab le  I.

Table I

Control group Cardiopathogenic group Significance

W e t h e a r t  w eigh t per 
100 g  b o d y  weight 0.343 ± 0 .1 7 0 *  (40**) 0.361 ± 0 .1 6 7  (40) 0 .7 < P < 0 .8

G lucose  u p ta k e  mg per g 
h e a r t  w e ig h t per hour 8.49 ± 2 .7 9  (18) 8.09 ± 2 .1 3  (18) 0 .8 < P < 0 .9

L a c tic  a c id  p roduction  mg 
p e r  g w e t  h e a rt weight 
p e r  h o u r 2.94 ± 1 .0 6 (1 7 ) 1.14 ± 0 .7 2  (18) 0 .0 2 < P < 0 .0 5

P y ru v ic  ac id  production 
m g  p e r  g w et h eart 
w e ig h t  p e r  hour 169.8 ± 5 4 .8  (20) 345 ± 5 0 .6 7  (19) 0 .0 1 < P < 0 .0 2

* =  s ta n d a r d  dev ia tion  
** =  n u m b e r  of anim als

H e a r t  w eight c o rre la te d  to  b o d y  w eig h t show ed no s ig n ifican t d ifference 
b e tw e e n  th e  tw o groups. T h is  in d ic a te s  t h a t  th e  ab n o rm a l f in d in g s sh o u ld  be 
c o n n e c te d  w ith  fu n c tio n a l c au ses  r a th e r  th a n  w ith  ca rd iac  h y p e r tro p h y .
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A verage glucose u p ta k e  w as in s ig n if ic a n tly  red u ced  in  th e  S 65 group .
R elease o f la c tic  ac id  w as re d u ced  to  39 p e r  cen t o f th e  c o n tro l v a lu e  in 

th e  S65 g roup , th e  d ifference b e in g  h ig h ly  s ig n ifican t. C onverse ly , th e  release 
o f  p y ru v ic  acid  in  th e  S65 g roup  w as tw ice  t h a t  o f th e  co n tro ls , th e  difference 
b e in g  h igh ly  sig n ifican t.

A t th e  end  o f th e  e x p e rim e n t, th e  К  a n d  N a co n cen tra tio n s  o f  th e  p e rfu 
sion  f lu id  w ere s im ila r in  th e  Ses g roup  an d  th e  co n tro l g roup  a n d  d iffe red  from  
th e  K re b s  so lu tion  b y  a t  m o st 5 p e r  cen t.

N o co rre la tions w ere fo u n d  b e tw een  b lo o d  pressure  v a lu e s , h isto log ica l 
p ic tu re  an d  th e  m e tab o lic  changes. In  c o n tra s t ,  th e  life sp an  o f  th e  iso la ted  
h e a r t  p re p a ra tio n  a n d  th e  m icroscopic  changes w ere closely c o rre la te d . Severely  
d am ag ed  h e a rts  ra re ly  fu n c tio n e d  a f te r  h a lf  an  hou r. In  th is  m a n n e r , our 
o b se rv a tio n s  w ere g enera lly  d e riv ed  fro m  less severely  a ffec ted  h e a r ts ;  th is , 
h o w ev er, adds to  th e  s ign ificance  o f th e  d ifferences.

T h e  m icroscopic f in d in g s w ere c o n s is te n t w ith  tho se  d esc rib ed  in  th e  
in tro d u c tio n .

D iscussion

T he significance o f e lec tro ly te  m e tab o lism  in  th e  changes u n d e r  s tu d y  has 
been  con firm ed  b y  earlie r in v e s tig a tio n s  [12, 13, 14]. T he p re se n t d a ta  d irec t 
a t te n t io n  to  th e  in v o lv em en t of c a rb o h y d ra te  m etabo lism . F ro m  th e  no rm al 
g lucose u p ta k e  i t  m ay  be in fe rred  th a t  g lucose p e rm eab ility  a n d  hex o k in ase  
(g lucok inase) a c tiv ity  w ere u n a ffe c ted  a n d  t h a t  th e  f ir s t  s tep s  o f  glycolysis 
p ro ceed ed  n o rm ally . T he h e a r t  a ffec ted  b y  th e  S65 d ie t d id  n o t  re lease  o r ta k e  
u p  sod ium  an d  p o ta ss iu m , in o th e r  w ords, th e  e lec tro ly te  m e ta b o lism  w as p e r
m a n e n tly  d is tu rb ed .

P y ru v ic  a n d  lac tic  ac id  p ro d u c tio n  w as affec ted  in  a c h a ra c te r is tic  m a n 
n e r. T he change w as, how ever, th e  oppo site  o f  w h a t we h a d  e x p e c te d  to  fin d  
in  th e  presence o f in fa rc to id  lesions, p a r tic u la r ly  because th e re  is ev id en ce  th a t  
in  m y o ca rd ia l ano x ia  b o th  th e  h e a r t  m uscle  a n d  th e  venous b lo o d  le a v in g  th e  
h e a r t  co n ta in  red u ced  levels o f p y ru v ic  a n d  e lev a ted  levels o f la c tic  a c id  [3, 7]. 
T h e  red u ced  lac tic  acid  p ro d u c tio n  in  d ie ta ry  m y o card ia l in ju ry  m a y  b e  ascribed  
e ith e r  to  an  in h ib itio n  o f la c tic  ac id  d eh y d ro g en ase , or to  a fa ll in  th e  concen
t r a t io n  o f reduced  p y rid in e  n u c leo tid es  (N A D H 2). Gu d bja r n a so n  [8] fo u n d  in 
ch ro n ic  h e a r t  fa ilu re  red u ced  aldo lase , la c tic  dehydrogenase  a n d  N A D P -iso - 
c i tr a te  dehydrogenase  a c tiv itie s , w ith  a s im u ltan eo u s increase  in  th e  a c tiv ity  
o f  g lycero l a ldehyde  p h o sp h a te  d eh y d ro g en ase  as a sign o f aerob ic  co m p en sa tio n  
fo r th e  d is tu rb an ce  o f th e  an ae ro b ic  m e tab o lism . On th ese  g ro u n d s  th e  reduced  
p ro d u c tio n  of la c tic  acid  m ig h t be  b e s t a c c o u n te d  for b y  an  in h ib itio n  o f lac 
t a te  dehydrogenase . I t  is hoped  th a t  d ire c t m easu rem en ts  w ill c la rify  these  
q u estio n s inc lud ing  th e  role o f N A D H 2.
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A ccum ula tion  o f p y ru v ic  acid  m ay  h av e  its  cau se , a p a r t  from  d is tu rb 
an ces o f  th e  Szentgyörgyi— K rebs cycle, or o f  ae ro b ic  m etabo lism  in g enera l, 
also  in  th iam in e  defic iency . T h is  is su p p o rted  b y  th e  f in d in g  of h igh b lo o d  p y ru 
v ic  a c id  levels an d  a re d u c e d  card iac  p y ru v ic  a c id  e x tra c tio n  in dogs k e p t on 
a th ia m in e -d e fic ien t d ie t [9 ]. I t  has been also possib le  to  in h ib it o x id a tio n  of 
p y ru v ic  a n d  of a -k e to g lu ta r ic  acids in b ra in  a n d  liv e r  cell m ito ch o n d ria  b y  th e  
a d m in is tra tio n  of th ia m in e  an ta g o n is ts  [6], a f in d in g  w hich  in c id en ta lly  ex 
p la in s  th e  card iac changes in  beri-beri. The fa c t t h a t  th e  S65-d ie t co n ta in s  su f
f ic ie n t  am o u n ts  of v i ta m in  B x suggests th a t  th e  c i t r a te  cycle is in v o lv ed  in  
co n seq u en ce  of anox ia , b u t  i t  is well possible t h a t  th e  d ie t leads to  a re la tiv e  
B j-h y p o v itam in o sis  b y  in c re a s in g  th e  d e m an d  fo r th ia m in e . In  su m , th e  
m e ta b o lic  changes b ro u g h t a b o u t  b y  th e  S65 d ie t a re  to  a ce rta in  degree rem i
n is c e n t  o f  those fo u n d  in  co n g estiv e  h e a r t fa ilu re , a n d  i t  is assum ed th a t  m y o 
c a rd ia l  m etabo lism  is d ire c t ly  affected  an d  n o t  seco n d a rily  th ro u g h  h y p o x ia  
re s u lt in g  from  a th e ro sc le ro s is . T he d ie ta ry  in ju ry  seem s to  involve p r im a rily  
th e  m ito ch o n d ria , since i t  is th e re  th a t  p y riv u c  a c id  d eca rb o x y la tio n  ta k e s  
p lace  a n d  w here th e  e n z y m e s  o f th e  Szen tgy ör gy i— K rebs cycle a re  to  be 
fo u n d .

I t  is an open q u e s tio n  w h e th e r the  e le c tro ly te  d is tu rb an ces  rev ea led  in 
e a r lie r  s tu d ies  [12] re p re s e n t  p rim ary  changes o r  w h e th e r  th e y  re su lt from  
a lte re d  cell functions. T h e  lip id  an d  p ro te in  m e ta b o lism  of th e  h e a r t  in  th e  
p re se n c e  o f in fa rc to id  le s io n s is also a su b jec t fo r  f u r th e r  stud ies.
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PRESSURE MEASUREMENTS IN VARIOUS PARTS 
OF THE LYMPHATIC SYSTEM

B y

Gy . S z a b ó  a n d  Z s. M a g y a r

N A T IO N A L  IN S T IT U T E  O F  T R A U M A T O L O G Y , B U D A P E S T  

(R eceived  S e p tem b e r 6, 1966)

In  23 a n a e s th e tiz e d  dogs p ressu re  h a s  b een  m easu red  in  d iffe re n t p a r ts  o f the  
ly m p h a tic  sy s te m , i.e . on th e  neck  ( th o rac ic  d u c t, ju g u la r  tru n k , r ig h t ly m p h a tic  tru n k ) , 
in  th e  chest (e ffe re n t ly m p h  vessel o f th e  h e a r t ,  b ro n ch o m ed iastin a l t ru n k ) ,  in  th e  
ab d o m in a l c a v ity  (h e p a tic  tru n k , in te s tin a l t r u n k ,  lu m b ar tru n k ) . T h e  re su lts  lend 
fu r th e r  su p p o rt to  th e  claim  th a t  c e n tr ip e ta l  ly m p h  flow  is m a in ta in ed  b y  tem p o ra rily  
a c tin g  reg ional forces ra th e r  th a n  b y  a  c o n s ta n t  p ressu re  g rad ien t.

In  a p rev ious p a p e r  [ I ]  i t  has b een  show n  th a t  n e ith e r  th e  p re ssu re  d if
ferences b e tw een  th e  th o ra c ic  d u c t an d  th e  cerv ica l veins, n o r th o se  b e tw een  th e  
th o ra c ic  d u c t a n d  p e rip h e ra l — i.e. h e p a tic , lu m b a r , in te s tin a l, leg  — ly m p h  
vessels p rov ide  a c o n s ta n t g ra d ie n t w hich  m ig h t possib ly  acco u n t fo r  th e  m a in 
te n a n c e  o f ly m p h  flow . I t  m u s t, how ever, b e  s ta te d  th a t  v e ry  l i t t le  is know n 
a b o u t th e  h y d ro s ta tic  p ressu re  p rev a ilin g  in  th e  vario u s areas o f th e  ly m p h a tic  
sy s tem , inc lu d in g  its  m ain  tru n k s . P e r ta in in g  d a ta  in  th e  l i te r a tu r e  are  n o t 
co m p arab le  in v iew  of th e  d iffe ren t te c h n iq u e s  em ployed . T his h as  p ro m p te d  us 
to  s tu d y  th e  p ressu res  in  d iffe ren t regions o f  th e  ly m p h a tic  sy stem .

M ethods

M ongrel dogs u n d e r  ch loralose  genera l a n ae s th es ia  (0.1 g/kg) were f ix e d  in  th e  supine 
p o sitio n  to  th e  o p e ra tin g  tab le . On th e  le ft side o f th e  n eck , th e  th o rac ic  d u c t a n d  th e  ju g u la r  
t ru n k , a n d  on th e  r ig h t  side, th e  r ig h t ly m p h a tic  t r u n k  or th e  r ig h t ju g u la r  t r u n k  w ere  exposed. 
T h e  fo rm er p roved  to  be a  d u c t 1 to  2 cm  long, e m p ty in g  in to  th e  r ig h t v en o u s an g le . In  m an y  
an im a ls  th e re  was no  a c tu a l r ig h t ly m p h a tic  t ru n k , b u t  th e  in d iv id u a l d u c ts  m ak in g  u p  the  
t r u n k  jo in e d  se p a ra te ly  th e  cerv ical veins. In  th is  case  p ressu re  was m easu red  in  th e  ly m p h  
d u c t w ith  th e  g re a te s t  ca lib re  ju s t  over its  ju n c tio n  w ith  th e  vein . P ressu re  in  th e  ju g u la r  tru n k  
w as u su a lly  m easu red  a t  th e  le f t side a t  le a s t 3 to  4 cm  above i ts  ju n c tio n  w ith  th e  tho rac ic  
d u c t. In  a  few cases, p re ssu re  w as m easu red  b ila te ra lly . T h en  th e  chest w as o p e n ed  a n d  u n d e r 
in tr a t r a c h e a l  m ech an ica l b re a th in g  th e  b ro n c h o m e d ia s tin a l t ru n k  an d  th e  e ffe re n t ly m p h a tic  
vessel o f th e  h e a r t  [2] w ere exposed an d  th e ir  p re ssu re  m easu red . Closure o f th e  ch es t was 
fo llow ed b y  u p p e r  m ed ian  lap a ro to m y  an d  th e  m ain  tru n k s  carry in g  ly m p h  fro m  th e  liver, the  
in te s t in a l  an d  lu m b a l (g en era lly  th e  le ft one b ecau se  o f easier access) t ru n k s  w ere exposed 
a n d  th e  p ressu res w ere m easu red . O ccasionally , p re ssu re  w as de te rm in ed  in  th e  r ig h t  lum bal 
t r u n k  a n d  in  th e  ly m p h a tic s  o f th e  p e riren a l cap su le  a n d  th e  ren a l h ilum , o r in  o th e r  cases, in 
one o f th e  ly m p h a tic s  ru n n in g  p a ra lle l w ith  th e  sap h en o u s vein . F o r th e  m e a su re m e n ts  a 
S ta th a m  ty p e  s tra in  g auge  f i t te d  to  a  S iem ens e lec tro m an o m e te r was u sed ; th e  zero  p o in t o f the  
m a n o m e te r  w as a d ju s te d  2 to  3 cm  above th e  p lan e  o f th e  tab le .

A F re n c h  1 (N o. 30) can n u la  w as in se rte d  re tro g ra d e ly  in to  th e  ly m p h  d u c t  a n d  connect
ed w ith  th e  m an o m e te r’s m easu rin g -h ead  b y  m eans o f  a  th in , non-e lastic  te flo n  tu b e  filled  w ith
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T able  I

In tra lym p h a tic  pressures

N o.
Jugular

vein
Thoracic

duct
Right

lym phatic
trunk

Ju g u la r
tru n k
(k f t)

H eart
Bronchom ed.

tru n k

l . 6.5 5.5 0.2

2. 5.0 6.0 0.5

3. 7.5 6.5 0.3

4. 8.5 9.0 0.2

5. 7.5 7.0 2.0 0.7 5.0 3.0

6 . 4.5 3.0 3.5 1 .0 2.0 2.0

7. 7.0 5.0 4.0 3.2 2.0 5.2

8. 10.0 10.0 1.8 0.5 3.5 3.0

9. 8.0 6.5 1 .0 0.2 4.5

10. 4.0 3.5 — 1 .0 - 0 . 5 4.0 3.5

1 1 . 8.0 5.0 3.5

12. 9.0 8.0 7.0 5.5

13. 5.0 3.0 2.0 0.3 1.5

14. 2.0 2.0 1 .0 0 1 .0 2.0

15. 3.0 10.0 1 .0 0.2 2.0 0.5

16. 4.0 2.0 3.0 0 3.0 1 .0

17. 7.5 1 .0 3.0 — 1 .0 2.0 1.5

18. 6.0 4.0 1 .0 0.5 2.0 1 .0

19. 1 .0 2.0 1.5 0.2 5.0

20. 6.5 4.0 1.5 0.5 3.5 1.5

21. 7.0 5.0 - 0 . 8 0.2 3.5 1.5

22. 3.5 7.0 2.0 0.8 4.5

23. 3.5 3.5 1.0 0.5 1.5

M ean 5.83 5.11 2.13 0.85 2.91 2.09

1 .0 -1 0 .0 1 .0 -1 0 .0 — 1 .0 -7 .0 - 1 . 0 — 5.5 0.5 —5.0 0.5 — 5.2

s 0.40 0.46 0.40 0.28 0.34 0.35

n 23 23 17 23 17 13

h e p a r in  so lu tio n . Care w as ta k e n  to  av o id  o b stru c tio n  of th e  ly m p h  flow  w ith  th e  c an n u la . 
T h is w as  n a m e ly  occasionally  o b se rv ed  in  o u r earlier e x p e rim e n ts  a n d  a t  th e  beg in n in g  o f th e  
p re s e n t  s tu d ie s  as long as we h a d  b e e n  d irec tin g  th e  t ip  o f th e  can n u la  p ro x im a lly  w h ich  led  
so m e tim e s  to  e rro n eo u sly  low  re ad in g s  b y  o b stru c tin g  ly m p h  flow , especially  in  sm all-ca lib re  
v esse ls. W h e n , how ever, th e  t ip  o f th e  can n u la  p o in ts  d is ta lly , t h a t  is in  th e  d irec tio n  o p p o site  
to  th e  ly m p h  flow , th e n  o b s tru c tio n  w ill lead  to a su ccessively  ris in g  p ressure  w hich th e  in s t r u 
m e n t w ill n o t  fa il to  disclose.

A s s ta te d  in  an  earlie r s tu d y  [1 ], th e  n o n -in te g ra te d  p re ssu re  curves ex h ib it o sc illa tions. 
In  th e  p r e s e n t  ex p erim en ts , m ean  p re ssu re  values w ere re c o rd e d  b y  e lectron ic  in te g ra tio n .
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(mm H g)

L iv er
In te s tin a l

t ru n k
L u m b a r  t ru n k  

(left)
P e rire n a l
capsule R en al h ilu m Leg

4.5 8.0 2.0 0.0

2.0 6.0 2.2 1.0

3.8 3.5 1.7

7.5 8.5 2.5 - 0 . 3

- 0 . 3

2.7

0.0

2.0 6.0 7.0
2.0 2.5 2.0

3.0 1.5 4.0

3.5 0.5 1.5

0.3 1.5 1.0
1.5 0.3 1.5 1.0 6.0 1.0

8.5 4.0 2.0 5.0

3.5 3.5 5.0

2.5 1.0 3.0 9.5 5.0 0.0

3.43 3.60 2.72 0.51

0 .3 —8.5 0.3 —8.5 1.0 —7.0 1 .0—9.5 5.0—6.0 —0 .3 — (-2.7

0.64 0.77 0.28 0.38

13 13 13 3 2 8

R e su lts

A to ta l  o f 23 an im als  w as used . T h e  p ressu re  values a re  sh o w n  in  T ab le  I. 
M ean p ressu re  in  th e  ju g u la r  vein  w as 5.83 m m  H g; in th e  th o r a c ic  d u c t, 5.11; 
in  th e  ju g u la r  t ru n k , 0 .85; in  th e  r ig h t ly m p h a tic  tru n k , 2.13 m m  H g . W ith  the 
ch es t open , p re ssu re  in  th e  e ffe ren t ly m p h a tic  tru n k  of th e  h e a r t  w as 2.91 mm 
H g ; in  th e  b ro n ch o m ed ia s tin a l t ru n k , 2 .09  m m  Hg; in th e  h e p a t ic  t r u n k ,  3.43;
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in  th e  in te s tin a l t ru n k , 3 .6 0 ; in  th e  lum bar t iu n k ,  2 .72 m m  H g; in th e  c ru ra l 
ly m p h  vessel, 0.51 m m  H g .

P ressu re  in  th e  ly m p h a t ic s  of the p e rire n a l c a p su le , m easured  in  th re e  
in s ta n c e s  was found  u n e x p e c te d ly  high, i.e. fro m  1.5 to  9.5 m m  H g. P re ssu re  
in  t h e  re n a l hilum , m e a su re d  in  tw o  cases, w as 5.0 a n d  6.0 m m  H g, re sp ec tiv e ly . 
M e a su re m e n t of p ressu re  in  t h e  ren a l ly m p h a tic s  w a s  a t te m p te d  only if  c lea rly  
v is ib le  vessels allow ing c a n n u la t io n  could be  fo u n d . T h is was, how ever, an  
e x c e p tio n a l  finding, d u e  p r o b a b ly  to  congestion . B e tw e e n  th e  pressure v a lu e s  
o f  th e  tw o  lum bar t r u n k s  n o  sign ifican t d iffe rence  w as found . In  fo u r cases 
s im u lta n e o u s  m easu rem en ts  w ere  m ade on b o th  s id e s , th e  readings w ere 2.1 
(1 .0  — 3.0) m m  H g r ig h t  a n d  2 .3  (1.0 — 4.5) m m  H g  le ft. In  paralle l re a d in g s  
p e r fo rm e d  on b o th  sides in  s ix  cases the  p ressu re  in  th e  r ig h t ju g u la r  t r u n k  w as 
0 .3 3  +  0.13 and in th e  le f t ,  1 .08  +  0.58 m m  H g. T h e  difference betw een  th e  
tw o  s id es  was, how ever, n o t  s ig n ifican t (one-sam ple  “ t ”  te s t ;  p =  0.30).

D iscussion

C o n fron ta tion  of th e  p r e s e n t  findings w ith  th e  sp a rse  d a ta  recorded  in  th e  
l i t e r a tu r e  shows th a t  th e  p re s s u re  found in  th e  th o ra c ic  d u c t b y  R o u v ièr e  
a n d  V alette  [4], i.e. 6.4 cm  H 20 ,  and  by W e b b  a n d  Starzl [5], i.e. 3.5 to  5.5 
c m  H 20  are  inside o u r l im i t  v a lu e s  (1.0 to  10.0 m m  H g). The m ean p re ssu re
r e c o rd e d  b y  P app [6] in  t h e  th o rac ic  du c t, 2.5 ( — 2 . 0 ---- (-7) cm H 20  w as
r e m a r k a b ly  low. McCa r r e l l  [7] reg istered  p re ssu re s  be tw een  —2.8 an d  +  3.2  
cm  H 20  in  the  ju g u la r  t r u n k  d u rin g  passive m o v e m e n t o f  th e  head , w h ereas  
R o u v iè r e  and  Valette o b ta in e d  figures b e tw e e n  1.5 a n d  2.0 cm H 20  a n d  
W e b b  a n d  Starzl b e tw e e n  2 .5  an d  10.0 cm H 20  b y  in d ire c t m easu rem en ts . 
T h e  v a lu e s  found in th e  p r e s e n t  s tu d y  ranged  b e tw e e n  — 1.0 an d  + 5 .5  m m  H g . 
V a lu e s  in  th e  order o f th o s e  re c o rd e d  by  W e b b  a n d  Starzl have n ev er b een  
f o u n d  in  o u r cases ex cep t in  sy s te m ic  venous c o n g e s tio n  [1], in  w hich case th e  
p re s s u re s  in  the  ju g u la r  t r u n k  ran g e d  betw een  3.0 a n d  14.5 m m  H g.

In  resp ec t to  th e  ly m p h a t ic s  of the h e a r t, th e  f ig u re s  given b y  D r in k er  
e t  a l. [8] re fer to  end p re s su re s , th e  m axim um  v a lu e  b e in g  15.5 cm H 20 . T hese  
a re , o b v io u sly , no t c o m p a ra b le  w ith  our value o f  2 .9 1  +  0.34 m m  H g since th e  
e n d  p re s su re  g reatly  exceeds t h e  side pressure in  th e  ly m p h a tic s . We fo u n d  fo r  
in s ta n c e  a m ean end p re s su re  o f  26.3 (16—32) cm  H 20  in  th e  th o rac ic  d u c t o f 
10 h e a l th y  dogs as o p p o sed  to  th e  side pressure o f 5 .1 1  +  0.46 recorded  in  th e  
p r e s e n t  experim en ts.

I n  th e  lym phatics o f  th e  legs, D rinker a n d  F ie l d  [9] never found  p o s i
t iv e  re s t in g  values, in  f a c t ,  t h e  re s tin g  pressures r a n g e d  a ro u n d  zero. T his is in  
a g re e m e n t w ith  our ow n f in d in g s .  Flexion a n d  e x te n s io n  a lte rn a tin g  in  r a p id  
su ccess io n  resu lt in a rise  o f  s id e  pressure to  58 cm  H 20 ,  a n d  th is  figure fu r th e r  
ro se  to  99 cm H 20  w hen th e  ly m p h a tic s  had  been  co m p ressed .
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B y  th e  o b se rv a tio n  th a t  in th e  ly m p h a tic s  o f  a resting  lim b , th e r e  is v i r tu 
a lly  no  m easu rab le  p ressu re  i t  is conv in c in g ly  i llu s tra te d  th a t  in  th e  ly m p h a tic  
sy stem  th e re  is no vis a tergo, in  o th e r  w ords, n o  in tr in s ic  pressure g r a d ie n t  w hich 
w ould  m a in ta in  a co n tin u o u s c e n tr ip e ta l ly m p h  flow . C orrespond ing ly , as p o in t
ed o u t b y  Genersicii as e a rly  as 1871 [10] th e  re s tin g  lim b has n o  ly m p h  flow  
e ith e r . I n  th e  sam e w ay , th e  ou tflo w  of ly m p h  from  th e  cerv ical t r u n k  o f th e  
re s tin g  a n im a l is sc a n ty  or n il. I t  req u ires  m assag e  o f th e  neck or p a ss iv e  m o tio n  
of th e  h e a d  to  e lic it ly m p h  flow  [7]. T h e  loca l fac to rs  of lym ph  flo w  h a v e  been 
d iscussed  in  a n o th e r  s tu d y  [11, 1 2 ].T h e  fa c to rs  responsib le  for th e  m a in te n a n c e  
of in tr a ly m p h a tic  p ressu re  h av e  also been  d e a lt  w ith  [1]. In  th e  p re s e n t  s tu d y  
th e  side p ressu res w ere m easu red  in  v a rio u s  a rea s  of th e  ly m p h a tic  sy stem . 
B y  th e  u se  o f th e  sam e tech n iq u e  in  id e n tic a l an im als  com parab le  f ig u re s  have 
b een  o b ta in e d  w hich p lead  a g a in s t th e  ex is te n c e  o f a stab le  p re ssu re  g ra d ie n t 
b e tw een  th e  cen tra l a n d  th e  p e rip h e ra l p a r ts  o f  th e  ly m p h a tic  sy s te m  su ffic ien t 
to  m a in ta in  th e  c e n tr ip e ta l flow  o f ly m p h .
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EFFECT OF TOTAL BODY IRRADIATION ON CAPILLARY
PERMEABILITY

F L U ID  A N D  E L E C T R O L Y T E  B A L A N C E , A N D  IN T R A O R G A N IC  P L A S M A  P R O T E IN
SPA C E S

B y

G y . Szabó, E . Sármai and Z s. Magyar

N A T IO N A L  IN S T IT U T E  O F  T R A U M A T O L O G Y , B U D A P E S T  

(R eceived  S e p tem b e r 24, 1966)

T o ta l b o d y  ir ra d ia tio n  by  650 r  w as fo llow ed  in  th e  r a t  b y  a re d u c tio n  in  p lasm a  
p ro te in  level as w ell as in  th e  d ry  w eigh t a n d  p ro te in -N  co n cen tra tio n  o f th e  in d iv id u a l 
o rg an s. P la sm a  N a  an d  К  levels w ere u n a ffe c te d  w hile N a co n ce n tra tio n  w as in creased  
in  th e  spleen a n d  in  th e  sk in , reduced  in  th e  in te s t in a l  w all, and  th e  К  c o n c e n tra t io n  was 
in  m o st tissues red u ced .

T he in tra v a s c u la r  a lb u m in  space d e te rm in e d  th ree  m in u te s  a f te r  in tra v e n o u s  
a d m in is tra tio n  o f 131I-a lb u m in  rev ea led  a g e n e ra l increase in  th e  i r r a d ia te d  an im als , 
b e in g  s ig n ifican t o n ly  in  th e  k id n ey  a n d  sp leen . T o ta l in trao rg an ic  a lb u m in  sp ace  d e te r 
m in e d  24 hrs. a f te r  a d m in is tra tio n  o f th e  lab e lle d  a lb u m in  show ed no  in c rease  in  an y  
in d iv id u a l o rgan . T h ere  w as a consp icuous f in d in g  of id en tica l in tra v a s c u la r  a n d  to ta l  
in tra o rg a n ic  a lb u m in  spaces, i.e. co m p le te  d isa p p ea ran c e  of e x tra v a s c u la r  a lb u m in , in 
th e  liver. A nalysis o f th e  re su lts  show s t h a t  i r ra d ia t io n  causes no excess o f  e x tra v a sc u la r  
p ro te in , a n d  th e  f lu id  excess in  th e  tissu es is  n o t  e x trace llu la r, i.e. o e d em a to u s  in  c h a r
a c te r , no c o rre la tio n  h a v in g  been d e te c te d  b e tw een  th e  in tra -  an d  e x tra v a s c u la r  flu id  
a n d  e lec tro ly te  changes. T he p re sen t re su lts  th u s  leave  any  sig n ifican t in v o lv e m e n t of 
c ap illa ry  p e rm e a b ility  o u t o f co n sid era tio n .

C ap illa ry  changes caused  b y  ion iz in g  ra d ia tio n  are  g en e ra lly  described  
as fa ir ly  c h a ra c te ris tic  [31]. C ap illa ry  d i la ta t io n  is p roduced , th is  a p p e a rs  as 
c u ta n e o u s  e ry th e m a . F ro m  th e  o b se rv a tio n  t h a t  colloidal dyes in je c te d  in t r a 
v e n o u s ly  reach  th e  a ffec ted  areas ra p id ly  [21] a n d  th a t  th e y  a re  c leared  from  
th e  c ircu la tio n  a t  an  in creased  ra te  [11, 35 ], i t  h a d  been con c lu d ed  to  an  in 
crease  in  cap illa ry  p e rm eab ility . L a te r  s tu d ie s , how ever, in d ic a te d  th a t  i t  is 
n o t  c ap illa ry  p e rm e a b ility  w hich is a t  f a u l t  b u t  ra th e r  th e  r e tu rn  o f colloids, 
in c lu d in g  p lasm a p ro te in s , from  th e  e x tra v a s c u la r  space b y  th e  ly m p h a tic s  
in to  th e  b lood  [28, 29]. B o th  possib ilities  im p ly  an  increase in  th e  a m o u n t of 
e x tra v a s c u la r  p ro te in  w hich  m ay  re su lt in  a re d u c tio n  of p lasm a v o lu m e  a n d /o r 
in  a loss o f p lasm a p ro te in s  on th e  one h a n d  a n d  in  an increase in  e x tra c e llu la r  
f lu id  v o lum e, on th e  o th e r  — i.e. in  o ed em a — as re flec ted  b y  an  in crease  in 
tissu e  flu id  an d  so d ium  c o n te n t a sso c ia ted  w ith  a decrease in  th e  c o n c e n tra tio n  
o f p o ta ss iu m . O bvious as th is  process seem s to  be, th e  p e r ta in in g  d a ta  are  
co n flic tin g . Som e a u th o rs  reg a rd  th e  in c rease  o f p lasm a volum e as a m echan ism  
co m p en sa tin g  th e  d e s tru c tio n  of red  b lo o d  cells [14, 22, 24, 2 6 ], w hile  o thers 
fo u n d  p lasm a vo lu m e to  he  red u ced  [10, 29 , 33]. A t any  ra te , th e  dose o f ra d ia 
tio n  a n d  th e  s tag e  a t  w hich  th e  changes a re  b e in g  s tud ied  seem  to  m ak e  a g rea t 
d iffe rence  [26]. T h e  p lasm a  p ro te in  level w as, how ever, co n s is te n tly  d im in ished
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in  a ll o f  th e  an im al species h ith e r to  s tu d ied  [15, 24 , 29]. A gain, som e a u th o rs  
fo u n d  a s lig h t in crease  in  th e  vo lum e o f e x tra c e llu la r  flu id  w hereas o th e rs  
o b se rv e d  n e x t to  no ch an g e  a t  le a s t as fa r  as th e  acu te  stage is c o n ce rn ed  
[24, 34].

E v id e n c e  is scarce  co n cern in g  th e  e lec tro ly te  co n cen tra tio n s  in  th e  tis su es . 
T h o u g h  s tu d ies  in vitro seem  to  suggest t h a t  ion iz in g  rad ia tio n  e lic its a loss 
o f  p o ta s s iu m  an d  an  u p ta k e  o f sod ium  b y  th e  cells, m ore p a r tic u la r ly  b y  th e  
e ry th ro c y te s  [16], n u m e ro u s  s tu d ies  in v a rio u s  a n im a l species h av e  fa iled  to  
d e m o n s tra te  a n y  s ig n if ic a n t change in  th e  p la sm a  so d iu m  an d  p o ta ss iu m  levels 
[3, 4 , 30 , 24], th o u g h  th e re  w ere  occasional fin d in g s  to  th e  co n tra ry .

W e h av e  th u s  no re liab le  in fo rm a tio n  on th e  question  w h e th e r le th a l 
to ta l  b o d y  ir ra d ia tio n  causes an  increase in  c a p illa ry  p erm eab ility , as re f le c te d  
b y  a g en e ra l or local o ed em a, n o r  on th e  q u e s tio n  o f p a r tic u la r ly  a ffe c ted  
tis su e s  o r  system s. To c lear th e se  issues we h a v e  s tu d ie d  th e  effect o f ir ra d ia t io n  
in  th e  r a t  on b lood  p la sm a  vo lu m e an d  p ro te in  lev e l, on th e  flu id , p ro te in  a n d  
e le c tro ly te  c o n te n t of in d iv id u a l tissues, fu r th e rm o re  on th e  in tra -  a n d  e x tra -  
v a s c u la r  p lasm a  p ro te in  space .

M ethods

F o r ty  fem ale a lb ino  r a ts  w eigh ing  267 i  4 g w ere u sed . A n o th e r group of 40 an im a ls  
w e ig h in g  264 ^  6 g served  as co n tro ls . T he an im als rece iv ed  a to ta l  bo d y  ir ra d ia tio n  o f 650 r  
w ith  a  S iem ens S tab iliv o lt a p p a ra tu s ,  w ith  180 kV, 15 cm  m A , 1 m m  Cu filte r, sk in —focus d is 
ta n c e  80 cm . T h is dose a lm o s t in fa llib ly  caused  d e a th  o f  th e  an im als  b y  th e  end of tw o  to  fo u r 
w e ek s . O u r s tu d ies  w ere p e rfo rm e d  as soon as th e  ra d ia tio n  sy n d ro m e had  developed . A s its  
in d ic a to r  th e  red  cell co u n t w as u se d , th is  hav ing  b een  fo u n d  m ore  reliable for th is  p u rp o se  
th a n  th e  leu k o c y te  or ly m p h o c y te  co u n ts . A t th e  s ta r t  o f  th e  s tu d ies  th e  in itia l red  cell c o u n t 
o f 6 .086 ,000  ^  i l l , 000 h a d  fa llen  to  2.562,000 i  101,000, w h e reas  th e  in itia l leu k o cy te  c o u n t 
13,560 ±  692 fell to  3760 ±  336. O n th e  basis of th ese  c r ite r ia  th e  stud ies w ere p e rfo rm ed  
b e tw e e n  th e  8 th  an d  22nd d a y  (av erag e  12.7 days). I n  con seq u en ce  of th e  rad ia tio n  in ju ry  th e  
a n im a ls  sh o w ed  a loss o f  w e ig h t a m o u n tin g  to  12.4 ^  1.3 p e r  cen t.

A t  th is  stage, th e  an im a ls  rece iv ed  in to  th e  c au d a l v e in  0.1 m l/100 g of 131I-lab e lle d  
h u m a n  se ru m  a lb u m in  w ith  a n  a c t iv ity  o f 4 to  6 fiC. T h en  th e  an im als were s tu d ied  in  tw o  
g ro u p s  o f 20 r a ts  each. In  th e  f ir s t ,  b lood w as d raw n  fro m  th e  c a ro tid  th ree  m in u tes  a f te r  th e  
in je c tio n  o f  labe lled  p ro te in  a n d  th e  an im als were k illed  b y  a n  overdose of th e  a n a e s th e tic , in  
th e  seco n d  g ro u p  th is  p ro ced u re  to o k  p lace  24 hrs. a f te r  th e  in je c tio n . T he two n o n -irra d ia te d  
co n tro l g ro u p s  of 20 ra ts  w ere s tu d ie d  in  th e  sam e m an n e r.

I n  th e  b iochem ical m e th o d s  ap p lied  freezing te c h n iq u es  were avoided in  v iew  o f th e  
excessive  s c a t te r  of th e  re su lts  w h ich  could  n o t  be e lim in a te d  e v en  b y  trip lica te  d e te rm in a 
tio n s . T h e  tec h n iq u e  em ployed  p ro v id e d  for m ore re p ro d u c ib le  fig u res . A fter k illing th e  an im a ls  
th e  o rg a n s  w ere  le ft to  b leed , th e n  w ere  c u t u p  in to  p ieces in  th e  co n ta in e r used for fu r th e r  p ro 
cessing  so as to  avo id  a n y  fu r th e r  loss o f tissu e  flu id . In  each  o rg a n  we de te rm in ed  th e  solid  
c o n te n ts  b y  d ry in g  u n til  c o n s ta n t  w e ig h t, a n d  th e  c o n c e n tra tio n  of p ro te in -N  b y  d ig es tio n  
w ith  su lp h u ric  acid  and  d is tilla tio n  acco rd in g  to  W a g n e r  —P a r n a s s ; th e  non -p ro te in -N  v a lu e  
w as d e d u ce d  fro m  th e  o b ta in e d  fig u re . T issue specim ens w ere hom ogen ized  in a P o tte r-h o m o g en - 
ize r a n d  e x tra c te d  w ith  tr ic h lo ro ac e tic  acid. T he e x tra c ts  se rv ed  fo r estim a tio n  of N a  a n d  К  
(b y  f lam e  p h o to m e try ) , o f n o n -p ro te in  b o u n d  131I a c t iv ity  a n d  N  co n ten t. The sam e s tu d ie s  
w ere c a rr ie d  o u t  in  th e  b lood  p lasm a . T he to ta l  a c t iv ity  o f p la sm a  a n d  of th e  specim ens w h ic h  
h a d  b een  d ig es ted  w ith  20 p e r cen t N a O H  so lu tion  w as m ea su re d  in  a  sc in tilla tion  well d e te c to r . 
A fte r  d e d u c in g  th e  n o n -p ro te in  b o u n d  a c tiv ity  th e  q u o tie n ts  o f  th e  o rgan /p lasm a a c tiv it ie s  
are  e q u iv a le n t  w ith  th e  a lb u m in  space  in  th e  resp ec tiv e  tis su e  ex p ressed  as per cen ts o f  th e  w e t 
w e ig h t. I t  w as p resum ed  t h a t  m ix in g  for th ree  m in u te s  w as su ffic ie n t for re liab ly  re fle c tin g  
th e  a m o u n t o f in tra v a sc u la r  p la sm a  p ro te in , w hereas th e  d is tr ib u tio n  space o b ta in e d  b y  th e
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end  of 24 hrs. co rresp o n d ed  to  th e  to ta l  in tra o rg a n ic  p la sm a  a lbum in  space, th e  d iffe ren ce  b e 
tw een  th e  tw o v a lu es g iv in g  th e  e x tra v a sc u la r  p ro te in  space.

T h e  a ssu m p tio n  t h a t  th e  re d u c tio n  o f th e  so lid  co n ten ts  in  th e  in d iv id u a l tissu es, 
being  th e  consequence o f  w a te r  u p tak e , allow ed to  e s t im a te  th e  volum e o f a c c u m u la te d  w a te r

M k
per 100 g tis su e , on  th e  b asis  o f th e  fo rm ula , 100 • — ------- 100, Mk rep resen tin g  th e  co n ce n tra -

M r
tio n  o f solids in  th e  re sp ec tiv e  tissu e  of th e  c o n tro l a n im a l, and Mr in  th a t  o f th e  ir ra d ia te d  
an im al.

R esu lts

C ircu la ting  p la sm a  volum e w as 4.30 i  0.55 m l/100 g bo d y  w e ig h t in  th e  
co n tro ls , an d  5.15 ^  0.56 m l/100 g b o d y  w e ig h t in  th e  ir ra d ia te d  a n im a ls , as 
ca lc u la ted  from  th e  p lasm a  ac tiv itie s  a t  th r e e  m in u tes . T he d ifference  d id  n o t

Fig. 1. E ffec t of to ta l  b o d y  ir ra d ia tio n  on  d ry  w e ig h t (u p p e r  row) and  p ro te in  c o n c e n tra tio n  
(low er row ) of th e  in d iv id u a l o rgans in ra ts . L eft co lu m n s: contro l anim als. R ig h t  co lum ns:

ir ra d ia te d  a n im a ls

reach  sign ificance (p  >  0.10). P lasm a p ro te in  co n cen tra tion  w as 6 .74  +  0.11 
g p e r  100 m l in  th e  co n tro ls , an d  5.69 +  0 .12 g p er 100 m l in  th e  ir ra d ia te d  
an im als . T h e  d ifference  w as h igh ly  s ig n if ic a n t.

T h e  solid c o n te n t  o f th e  in d iv id u a l o rg an s  in  th e  ir ra d ia te d  a n im a ls  was 
g en era lly  red u ced . R ed u c tio n  in p ro te in  n itro g e n  co n ten t was h ig h ly  s ig n ifican t 
(p  <  0.001 — p  <  0.01) in  th e  lungs, th e  liv e r , k idneys an d  sp leen , a n d  n o t 
s ig n ifican t in sk in , in te s tin e s  an d  m uscles. T h e  to ta l  solid c o n te n t w as sign ifi
c a n tly  red u ced  in th e  lungs, th e  k id n ey s, a n d  th e  spleen, and  i t  w as a t  th e  b o rd e r
line o f  sign ificance in  th e  liver, th e  in te s t in e s , an d  the  skin . T h e re  w as no 
re d u c tio n  in th e  m uscles (F ig . 1).

T hese f ig u res , th o u g h  being on th e  w ho le  in d ica tive  of a f lu id  excess in 
th e  tissu es  are a lo n e  n o t  conclusive o f th e  p resen ce  of oedem a. A p a r t  fro m  th e  
ro le o f cell b reak d o w n  confirm ed  b y  th e  co n sid e rab le  loss in b o d y  w e ig h t, w a te r  
re te n tio n  m ay  be  in tra c e llu la r  as well as e x tra c e llu la r . To o b ta in  in fo rm a tio n  on
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th is  p o in t ,  sod ium  a n d  p o ta ss iu m  c o n c e n tra tio n s  in  th e  tissues w ere s tu d ie d .
P la sm a  N a a n d  К  levels w ere id e n tic a l in  th e  ir ra d ia te d  an im als  a n d  in 

th e  c o n tro ls , as N a w as 127 +  2, and  128 +  m E q /1  an d  К  5.05 +  0 .15  a n d  
5.3 +  0.19 m Eq/1, re sp e c tiv e ly . T he changes o f  tis su e  N a co n cen tra tio n s  w ere

F ig . 2. E ffe c t o f to ta l  b o d y  ir ra d ia tio n  on  К  an d  N a  c o n c e n tra tio n  of th e  tissu es (m E q /k g  
w e t w e ig h t) . U p w ard : К -c o n c e n tra tio n . D ow nw ard : N a -c o n c e n tra tio n . L eft co lum ns: c o n tro l 

a n im a ls . R ig h t colum ns: i r r a d ia te d  an im als

F ig . 3. T is su la r  f lu id  spaces a n d  e le c tro ly te  co n cen tra tio n s  in  i r ra d ia te d  ra ts . C olum ns 1: F lu id  
v o lu m e (m l/100  g w e t w e ig h t) . C olum ns 2: N a  co n ce n tra tio n  (m E q /k g  w et w eight). L e ft c o lu m n s: 

co n tro l a n im a ls . R ig h t colum ns: i r r a d ia te d  anim als

n o t  c o n s is te n t; th e re  w as n o  sign ifican t change in  th e  lungs, liver, k id n e y s , a n d  
m u sc les , b u t  a s ig n if ic a n t in crease  w as o b serv ed  in  sp leen  an d  skin, a n d  a reduc-: 
t io n  in  th e  in te s tin a l w a ll. К  co n cen tra tio n  sh o w ed  a paralle l te n d e n c y  to  
decline  w ith  th e  e x c e p tio n  o f  th e  in te s tin e  w h e re  a  n o t  sign ifican t (p  >  0 .10)
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increase  w as d em o n strab le . T h e  red u c tio n  in  th e  liv e r, k id n ey s , m uscles, an d  
sp leen  w as, how ever, s ig n ifican t (F igs 2, 3).

T h e  s tu d y  o f  th e  in tra o rg a n ic  p lasm a  p ro te in  spaces re v e a le d  a consider
ab le  increase  in  th e  ir ra d ia te d  an im als a t  th re e  m in u te s  re flec tin g  an  increase 
in  in tra v a sc u la r  p ro te in  spaces. T he increase  in  th e  k id n ey s  a n d  sp leen  was 
h ig h ly  s ign ifican t, w hereas in  th e  o th e r organs i t  was n o t  s ig n ifican t. T h e  excess 
in tra v a sc u la r  p ro te in  m a y  be in te rp re te d  as h av in g  been  due to  v a so d ila ta tio n  
or congestion . In  c o n tra s t , n e ith e r  th e  24-hr. 131I-p ro te in  space , i.e . th e  to ta l  
in tra o rg a n ic  p ro te in  space , n o r th e  e x tra v a sc u la r  p la sm a  p ro te in  space , i.e. th e  
d ifference of th e  2 4 -h r. a n d  3 -m in u te  v a lu es , rev ea led  a s ig n if ican t increase  in  
a n y  o f  th e  in d iv id u a l o rgans. I t  w as su rp ris in g  to  f in d  a re d u c tio n  o f  th e  to ta l  
in tra o rg a n ic  a lb u m in  space  in  th e  liver, w hich  w as a t  th e  b o rd e rlin e  o f  signifi
cance ( p >  0.05, 0.10) a n d  re p re se n te d  p ra c tic a lly  a to ta l  d ep le tio n  o f th e
o rgan  of e x tra v a sc u la r  p ro te in  (T able I).

Table I

3-m inu te  and 24,-hour l u I-a lb u m in  spaces [m l/100 g  wet weight] in  controls and  irradiated rats

L ung L iv er K id n ey S pleen
I n te s 
t in e  s M uscle Skin

3 m in . X 11.4 12.6 14.0 7.1 1.3 0.42 0.94

N orm al
Sm ± 0.87 0.71 0.78 0.45 0.09 0.05 0.13

24 hrs. X 23.7 18.1 21.4 12.6 9.4 3.3 7.70

Sm ± 0.88 1.48 1.40 1.13 0.69 0.38 0.92

3 m in. X 12.1 14.4 16.0* 9.0* 1.5 0.57 1.33

Ir ra d ia te d
Sm ± 0.77 1.40 0.70 0.61 0.15 0.06 0.20

24 hrs. X 24.5 13.0 22.9 12.1 9.2 2.9 9.90

Sm ± 1.62 0.57 0.94 1.59 0.80 0.23 1.03

* =  p <  0 . 0 1

D iscussion

E v a lu a tio n  o f  th e  re su lts  from  th e  p o in t o f v iew  o f c a p illa ry  p e rm e a b ility  
m akes i t  n ecessary  to  realize  t h a t  th e  re d u c tio n  in  p la sm a  p ro te in  c o n c e n tra 
tio n  a f te r  ra d ia tio n  in ju ry  m a y  be due  to  sev era l fa c to rs , p a r t ic u la r ly  to  
in creased  p ro te in  ca tab o lism  or loss, as w ell as to  red u ced  an ab o lism , fu r th e r
m ore  to  a d ilu tio n  o f  b lood  p lasm a. P assag e  o f in tra v a s c u la r  p ro te in s  in to  
th e  e x tra v a sc u la r  space  is p re su m ab ly  a fa c to r  o f m in o r s ign ificance .

T he discussion o f th e  ro le o f increased  ca tab o lism , re d u ced  an ab o lism  and  
o f in te s tin a l o r re n a l p ro te in  loss, w ould  n o t  be  ju s tif ie d  in  th e  p re se n t paper,
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sin ce  th e se  were o u ts id e  th e  su b je c t of th e  s tu d ie s . As to  th e  possib le p a r t  
p la y e d  b y  d ilu tion , th is  f a c to r  c a n n o t be ru led  o u t in  v iew  o f th e  (n o t sign ifi
c a n t)  in c rea se  in  c ircu la tin g  p la sm a  volum e, in  th e  p re se n t ex p e rim en ts . H ow 
e v e r  in  earlie r s tud ies on dogs [28, 29] a re d u c tio n  w as observ ed . S till, th is  
r e d u c tio n  w as p ro p o rtio n a te  to  th e  loss in b o d y  w eig h t, th u s  th e  ra tio  p lasm a 
v o lu m e  p e r  bo d y  w eigh t h a d  rem a in ed  u n ch an g ed .

T h e  p re sen t re su lts  d id  n o t  su p p o rt th e  o ccu rren ce  o f  an  excessive passage  
o f  p ro te in s  in to  th e  e x tra v a s c u la r  space. T h o u g h  th e  c o n c e n tra tio n  o f 1311- 
la b e lle d  a lb u m in  in  th e  in d iv id u a l organs a t  th re e  m in u te s , i.e. th e  in tra v a sc u la r  
p la s m a  p ro te in  space, w as s l ig h tly  increased , th e re  w as p ra c tic a lly  no change 
in  th e  to ta l  in trao rg an ic  p la sm a  p ro te in  space as re fle c ted  b y  th e  24-hr con
c e n tr a t io n  of 131I-p ro te in  in  th e  in d iv id u a l o rg an s in  re la tio n  to  th e  p lasm a 
p ro te in  level.

Som e problem s in v o lv ed  b y  ou r m eth o d s a n d  th e  in te rp re ta t io n  of our 
r e s u lts  sh o u ld  be, how ever, b r ie f ly  discussed.

I t  is well know n th a t  th e  p rinc ip le  of in d ic a to r  d ilu tio n s lends itse lf  w ith  
c e r ta in  lim ita tio n s  on ly  fo r th e  e s tim a tio n  o f c irc u la tin g  p la sm a  vo lum e. T he 
re s u lts  a re  reliab le on ly  w h en  th e  in d ica to r  h a d  co m p le te ly  m ixed  w ith  th e  
w h o le  o f  p la sm a  an d  d id  n o t  le a v e  th e  v ascu la r b e d  in  a n y  s ig n if ican t a m o u n t.

T h e  average m ix in g  tim e  o f 131I-labelled  a lb u m in  is th re e  m in u te s  in  th e  
r a t  [7, 23]. This tim e  is too  s h o r t  fo r  an y  s ig n ifican t p assage  o f lab e lled  p ro te in  
in to  th e  e x tra v a sc u la r  space ( th is  p rob lem  will be d iscussed  la te r) . I t  m u s t th e re 
fo re  b e  assu m ed  th a t  th e  to ta l  a m o u n t of 131I p ro te in  is s till in side  th e  v ascu la r 
b e d , m o re  p a r tic u la rly , as a  consequence o f o u r te c h n iq u e , in side  th e  sm all 
v esse ls . A ccord ing ly  th e  in d ic a to r  co n cen tra tio n  fo u n d  in  a g iven  tissu e  d iv ided  
b y  th e  in d ic a to r  c o n c e n tra tio n  in  th e  p lasm a gives th e  vo lu m e o f in tra v a sc u la r  
p la sm a  in  th e  respective  tis su e . M ore th a n  h a lf  th e  p la sm a  p ro te in  of th e  b o d y  
is h o w e v e r  ou tside  th e  v a sc u la r  b e d  [I , 5, 17, 18]. I n  th is  m a n n e r, a f te r  in t r a 
v e n o u s  a d m in is tra tio n  o f la b e lle d  p ro te in  an  in it ia l  ra p id  in tra v a s c u la r  m ix ing  
p h a se  th r e e  to  tw e n ty  m in u te s  in  d u ra tio n , d ep en d in g  on th e  an im al species, 
is fo llo w ed  b y  a fu r th e r  dec line  o f  th e  in d ic a to r  c o n c e n tra tio n  in  p lasm a. 
D u r in g  th is  slow er ph ase , e q u ilib ra tio n  of th e  in d ic a to r  w ith  th e  e x tra v a sc u la r  
p la sm a  p ro te in s  is ach ieved . W h en  th is  process is co m p le ted , th e  ca lcu la ted  
v o lu m e  n o  longer co rresponds to  t h a t  of th e  c ircu la tin g  p la sm a  b u t  to  a fic tiv e  
sp ace  in  w hich  th e  c o n c e n tra tio n  o f  th e  resp ec tiv e  p ro te in s  is th e  sam e as in 
th e  b lo o d  p lasm a. T h is space  is a fic tiv e  one because  th e  c o n c e n tra tio n  o f p ro 
te in  is n o  p a r t  of th e  e x tra c e llu la r  f lu id  as h igh  as in  th e  p la sm a . I t  w ould  th e re 
fo re  b e  m o re  co rrec t to  ex p ress  th e  am o u n t of th e  re sp ec tiv e  p la sm a  p ro te in  
f ra c tio n  (a lbum in  in th e  p re se n t case) in th e  tissu es  in  g ram s. T h is could  be 
c o m p u te d  from  th e  p ro d u c t o f  th e  “ space”  a n d  th e  p la sm a  c o n c e n tra tio n  of 
th e  re sp e c tiv e  p ro te in . In  th e  p re se n t stud ies th is  h as  b een  av o id ed  because  in 
i r r a d ia te d  an im als th e  p la sm a  p ro te in  levels are  dec reased , th e re fo re  th e  ca lcu 
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la tio n s  w ould  n o t h a v e  re flec ted  th e  t ru e  cond itio n s. W e fo u n d  i t  m o re  correct 
to  in d ic a te  th e  to ta l  in tra o rg a n ic  p la sm a  p ro te in  space or, m o re  correc tly , 
th e  in tra o rg a n ic  p la sm a  a lb u m in  space . T h is , how ever, is n o t a  re lia b le  reflec
tio n  o f  th e  a m o u n t o f  in tra o rg a n ic  p la sm a  p ro te in  before co m p le te  eq u ilib ra tio n  
o f th e  in d ic a to r  w ith  th e  e x tra v a sc u la r  p ro te in  pool has been  re a c h e d . T h e  ra te  
o f p ro te in  eq u ilib ra tio n  depends on th e  a m o u n t of e x tra v a s c u la r  p ro te in  in 
th e  in d iv id u a l o rg an s, as w ell as on th e  v e lo c ity  o f blood flow  a n d ,  in  a ll likeli
h o o d , on cap illa ry  p e rm e a b ility  to  p ro te in .

C om plete e q u ilib ra tio n  of labe lled  a lb u m in  w ith  th e  to ta l  p la s m a  album in  
pool ta k e s  2 to  5 d ay s  in  h u m an s, a l i t t le  less in  dogs [9 ,1 2 ,1 9 ,2 5 ] , a n d  is consid
e ra b ly  sh o rte r  in  r a ts  [17]. In  th e  dog, e q u ilib ra tio n  of labelled  p ro te in  betw een 
b lo o d  p lasm a  an d  ly m p h  is p ra c tic a lly  co m p le te  b y  th e  end  o f  7 to  1 2 h rs [35]. 
T h is in d ica te s , on th e  o th e r  h an d , t h a t  b y  th e  end  of th is  p e rio d  m ix in g  of the 
in d ic a to r  w ith  th e  e x tra v a s c u la r  p ro te in  poo l is com plete. T h e re fo re , th e  24-hr. 
lim it se t in  th e  p re se n t s tu d y  m u st b e  su ffic ien t for co m p le te  eq u ilib ra tio n , 
le av in g  som e d o u b ts  a b o u t th e  sk in  a n d  th e  m uscles only , as su g g e s te d  b y  the 
m orpho log ic  a p p e a ra n ce  o f th e  cap illa rie s  in  th ese  s tru c tu re s  [2] a n d  b y  the 
d e lay ed  colloid e q u ilib ra tio n  in  th e ir  ly m p h  [13, 20.]

I t  is m ore d iff ic u lt to  exclude th e  p o ss ib ility  th a t  in c e r ta in  o rg a n s  signif
ic a n t am o u n ts  o f lab e lled  p ro te in  leav e  th e  in tra v a sc u la r  sp a c e  in  th e  first 
th re e  m in u tes . As to  th e  k id n ey s, m ix in g  o f labe lled  serum  a lb u m in  w ith  e x tra 
v a sc u la r  a lbum in  w as d em o n strab le  a t  th re e  to  fifteen  m in u te s  [6, 7]. The 
m orpho log ic  a p p e a ra n ce  o f th e  cap illa rie s  suggests th a t  th is  m a y  a p p ly  to  the 
liv e r  as well. T he fa c t  rem ain s th a t  th e  d ifferences betw een  th e  3 -m in u te  and 
24-lir. in tra o rg a n ic  a lb u m in  spaces o f  th e  k id n ey  and  liv er re v e a le d  b y  our 
ea rlie r ex p erim en ts  in  dogs [30, 31] as w ell as b y  th e  p resen t s tu d y  in  ra ts  were 
o f u n q u estio n ab le  s ign ificance . T h e  w hole  question  dw indles, h o w ev e r, to  a 
p u re ly  specu la tiv e  issue  b y  th e  fa c t t h a t  n o n e  o f th e  organs sh o w ed  a n y  increase 
in  th e  24-hr. a lb u m in  space. T he 3 -m in u te , i.e. in tra v a sc u la r  a lb u m in  space 
rev ea led  no s ig n ifican t change, a t  le a s t  no d e fin ite  re d u c tio n . I t  is th e re 
fo re  obv ious th a t  th e re  can n o t be a n y  ap p rec iab le  rise in th e  e x tra v a sc u la r  
p la sm a  p ro te in  v o lu m e  ca lcu la ted  fro m  th e  d ifference of th e  3 -m in . a n d  24-hr. 
v a lu es  e ith e r. I t  w as on th e  o th e r h a n d  s tr ik in g  to  fin d  th a t  th e  l iv e r  o f irrad i
a te d  an im als w as p ra c tic a lly  d ep le ted  o f  e x tra v a sc u la r  p ro te in , a f in d in g  to  be 
ex p la in ed  p a r tly  b y  an  increase of th e  in tra v a sc u la r  a lbum in  sp a c e , p a r tly  by  
a re d u c tio n  in to ta l  a lb u m in . T h o u g h  ow ing to  th e  g rea t s c a t t e r  w ith in  the 
in d iv id u a l g roups, th e  changes w ere n o t  sig n ifican t, th e y  a re  n o n e  th e  less 
re m a rk a b le  in v iew  o f th e  liv er b e in g  th e  v e ry  site  of a lb u m in  p ro d u c tio n . A 
m in o r increase in in tra v a s c u la r  a lb u m in  space was d e te c ta b le  in  m o s t of the 
o rg an s; th is  in crease  w as s ig n ifican t in  th e  k id n ey  an d  sp leen  (p  <  0.01), a 
f in d in g  in te rp re te d  as b e in g  due to  d i la ta tio n  of th e  sm all vesse ls  o r  even tually  
to  congestion .
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T h e  failure of d e m o n s tra t in g  any increase in  p la sm a  p ro te in  in  th e  in d i
v id u a l  o rgans d e fin ite ly  p le a d s  against an y  s ig n if ic a n t  change of c a p illa ry  
p e rm e a b il i ty . On th e  o th e r  h a n d ,  an  excess of f lu id  w as  d em onstrab le  in  m o s t 
o f  t h e  tissu es  on th e  g ro u n d s  o f  th e  reduced d ry  w e ig h t  an d  p ro te in  n itro g e n  
v a lu e s .  A s a m a tte r  o f  f a c t ,  th i s  m igh t be a sign  o f  o ed em a due to  in c rea sed  
c a p i l la ry  perm eab ility . A n o th e r  possible cause o f  ex cess iv e  w a te r u p ta k e  m a y  
b e  a  ce llu la r d estru c tio n  b y  th e  ionizing ra d ia tio n . I f ,  how ever, th e  w a te r  ex-

f i g .  4 . C orre la tion  of th e  e x p e c te d  a n d  ac tual changes o f  f lu id  a n d  e lectro ly te  c o n te n ts  in  
i r r a d ia te d  anim als. Upper row : F lu id  c o n te n t. Columns 1; In c re a s e  in  flu id  c o n ten t o f tissu es. 
C o lu m n s 2: C om puted tis su la r  w a te r  u p ta k e  (ml/100 g w e t w e ig h t) .  Lower row: N a an d  К  con
c e n t r a t io n .  Columns 1: E x p e c te d  c h an g e s  in co n ce n tra tio n  c o m p u te d  from  tis su la r  w a te r  

u p tak e . C o lu m n s 2 : A c tu al changes in  c o n c e n tra t io n

cess is  ex trace llu lar, in  o th e r  w ords, p roduced  b y  accu m u la tio n  of oedem a 
f lu id ,  i t  m u s t have th e  sam e  e le c tro ly te  com position  as th e  b lood p lasm a.

K n o w in g  the  w a te r  u p ta k e  o f th e  in d iv idua l t is s u e s  i t  is easy to  co m p u te , 
w ith  m in o r  corrections a c c o rd in g  to  the D o n n á n  e q u ilib r iu m , to  w h a t degree 
th e  N a  a n d  К  c o n cen tra tio n s  o f  th a t  p a rticu la r t is s u e  a re  b ound  to  change i f  
th e  f lu id  excess is e x tra c e llu la r  a n d  if no s ig n if ic a n t ce llu la r release o f К  a n d  
u p ta k e  o f  N a has ta k e n  p la c e . T h e  results of th e s e  ca lcu la tio n s  are show n in  
F ig . 4 . T h e  upper row  r e p re s e n ts  th e  difference in  th e  w a te r  co n ten t of tissu es  
in  t h e  co n tro ls  and  i r r a d ia te d  an im als, and  th e  w a te r  u p ta k e  b y  th e  tissu es  
o f  t h e  ir ra d ia te d  an im als c o m p u te d  from  these  v a lu e s  [ml/LOO g]. T he low er 
ro w  sh o w s th e  changes in  th e  t is s u la r  co n cen tra tio n s o f  N a  an d  К  in th e  i r r a d i
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a te d  an im als. H ere  th e  f irs t  colum ns re p re se n t th e  ca lcu la ted  changes, e x p re s 
sing how  th e  t is su la r  e lec tro ly te  co n cen tra tio n s  sh o u ld  h av e  changed , w ere  th e  
flu id  ta k e n  u p  b y  th e  tissu es  of th e  sam e e le c tro ly te  com position  as th e  b lo o d  
p lasm a. T he second  co lum ns rep resen t th e  a c tu a l  v a lu es . I t  is seen t h a t ,  w ith  
th e  ex cep tio n  of th e  sp leen  an d  of th e  skin , th e  a c tu a l  co ncen tra tions re v e a l no 
d is tin c t te n d e n c y  to  coincide w ith  th e  e x p e c te d  v a lu e s . T he changes in  th e  sk in  
are , how ever, o f d o u b tfu l in fo rm ativ e  v a lu e  since  th is  tissue is c o n s ti tu te d  
for th e  g re a te r  p a r t  o f in te rs ti t ia l  fib res an d  n o t  o f ce llu la r m ass, and , in  c o n tra s t  
to  o th e r  tissu es , i ts  N a -co n cen tra tio n  is h ig h e r  th a n  its  К -co n c e n tra tio n . A t 
an y  r a te , no co rre la tio n s  h av e  been found  b e tw e e n  th e  expected  an d  th e  a c tu a l  
changes in  th e  N a -co n cen tra tio n s  of th e  in d iv id u a l tissues (r =  0 .155 ; S r =  
=  + 0 .1 6 2 ).

T hese f in d in g s  su g g est th a t  th e  w a te r  excess fo u n d  in  th e  tis su es  is due 
to  cellu lar, i.e. t is su la r  b reak d o w n  ra th e r  th a n  to  an  ex trace llu la r a c c u m u la tio n  
of flu id . T h is in te rp re ta t io n  is co n sis ten t w ith  o u r f in d in g  of reduced  p o ta s s iu m  
co n cen tra tio n s  in  th e  in d iv id u a l tissues w ith  th e  o n ly  excep tion  of th e  in te s t in a l  
w all, th e  re d u c tio n  b e in g  sign ifican t in  th e  m u sc les  a n d  th e  skin, a t  th e  b o rd e r 
line o f sign ificance  in  th e  liv er an d  k id n ey , a n d  n o t  sign ifican t in th e  lu n g  a n d  
sp leen . In  a g reem en t w ith  num erous o b se rv a tio n s  [3, 4, 15] no c h an g e  w as 
d em o n strab le  in  th e  p la sm a  co n cen tra tio n s o f  N a  a n d  K .

In  sum , th e  p re se n t s tud ies of w a te r  a n d  e lec tro ly te  m e tab o lism  h av e  
also fa iled  to  co n firm  th e  ex trace llu la r o rig in , in  o th e r  w ords th e  o e d e m a to u s  
c h a ra c te r , o f w a te r  excess associa ted  w ith  su b le th a l to ta l  body  i r ra d ia t io n , 
n o r h av e  th e y  le n t  s u p p o r t to  th e  claim  th a t  in  r a d ia tio n  in ju ry  of th is  s e v e r ity  
cap illa ry  p e rm e a b ility  w as increased  to  a n y  s ig n if ic a n t degree. T h e  re su lts  
w ere c o n s is ten t w ith  th e  w ell-know n fac t t h a t  m assiv e  to ta l  bo d y  i r ra d ia t io n  
causes m assive re n a l I'V - an d  К -loss an d  К -d e p le tio n  of th e  tissues se n s itiv e  
to  ra d ia tio n  [16].
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EFFECT OF LATERAL HYPOTHALAMIC LESION ON 
MATERNAL BEHAVIOUR AND FOETAL VITALITY

IN THE RAT

B y

Z. A v a r  a n d  E . M o n o s

S E C O N D  D E P A R T M E N T  O F  O B S T E T R IC S  (D IR E C T O R : P R O F .  I .  Z O L T Á N ) AND E X P E R IM E N T A L  R E S E A R C H  
L A B O R A T O R Y  (H E A D : D r . A . G. B . K O V Á C II), U N I V E R S IT Y  M ED IC A L SC H O O L, B U D A P E S T

(R eceived  O c to b e r  1 , 1966)

T he in flu en ce  of e lec tro ly tic  lesion  o f  th e  la te ra l  (tubera l d o rso la te ra l  a n d  in fu n 
d ib u la r  v e n tro la te ra l)  h y p o th a la m ic  reg io n s o n  m a te rn a l nest-bu ild ing , r e tr ie v in g ,  and 
n u rs in g  a c tiv itie s  o n  one h a n d  and  o n  fo e ta l  v i ta l i ty  on the  o th e r  h a s  b e e n  s tu d ied  
a n d  an  a t te m p t  h a s  b een  m ade to  c la rify  th e  ro le  o f m ate rn a l b e h a v io u r  a n d  o f  fo e ta l 
v i ta l i ty  b y  c ro ss-fo s te rin g  experim en ts . T h e  s tu d ie s  included o b se rv a tio n s  o f  m a te rn a l 
food  a n d  w a te r  in ta k e ,  o f bod y  w eigh t, a n d  b o d y  tem p era tu re .

T he m o th e rs  w ith  h y p o th a lam ic  le s io n  fa iled  to  develop even  th e  fu n d a m e n ta l  
p a tte rn s  o f m a te rn a l  b e h av io u r arid th e  c h a ra c te r is tic  behavioural cy c le  a f te r  p a r tu r i 
t io n . E v en  h e a lth y  offsp ring  of h e a lth y  c o n tro l m o th ers  failed to  in i t i a te  th e  p a tte rn  
o f m a te rn a l b e h a v io u r  in  these  m o th ers . A t  th e  sam e tim e also th e ir  o f fsp r in g  w as of 
poor v i ta l ity , u n a b le  to  e lic it nu rsin g  a c t iv i ty  in  con tro l fo ste r-m o th ers .

T he im p o r ta n t  ro le o f ce rta in  s t r u c tu r e s  o f th e  la te ra l h y p o th a la m ic  reg io n  in 
th e  in te g ra tio n  of m a te rn a l b eh av io u r h a s  b e e n  suggested  by the  a u th o rs .

In  earlie r s tu d ie s  we have show n t h a t  e lectro ly tic  in ju ry  o f  th e  h y p o 
th a la m ic  region in  r a ts  d u rin g  th e  th i r d  tr im e s tre  of g esta tion , w h ile  leav ing  
th e  d u ra tio n  of g e s ta tio n  an d  p a r tu r i t io n  u n a ffec ted , leads to  in c re a s e d  p e ri
n a ta l  m o rta lity , ex ceed ing  even 90 p e r  c e n t  on th e  second d a y  a f te r  delivery  
if  th e  tu b e ra l d o rso la te ra l an d  in fu n d ib u la r  v en tro la te ra l a re a s  h a v e  been 
le sioned  [1, 2].

I t  is s till u n d e c id e d  w hich of th e  b io lo g ic  m echanism , i.e. m a te r n a l  b e h a v 
io u r, fo e ta l v i ta l i ty ,  o r la c ta tio n , is a f fe c te d  b y  la te ra l h y p o th a la m ic  lesions 
to  a degree of le ad in g  to  increased  n e o n a ta l  le th a lity . Since th e  la c ta t io n  is 
o rg an ized  p rim a rily  b y  an te ro m ed ia l h y p o th a la m ic  s tru c tu re s  [3 ] , w e have 
co n fin ed  these  s tu d ie s  o n ly  to  th e  a sp e c ts  o f  m aterna l b e h a v io u r  a n d  foetal 
v i ta l i ty .  A s tu d y  o f  th e se  fac to rs  seem ed  a lso  desirable on th e  g ro u n d s  o f our 
e a rlie r  o b se rv a tio n  t h a t  in p re g n a n t a n im a ls  w ith  la te ra l h y p o th a la m ic  lesion 
fo o d  an d  w a te r  in ta k e  w as m ark ed ly  re d u c e d , a find ing  w hich m a y  w ell connect 
th e  p e r in a ta l m o r ta l i ty  w ith  fo e ta l m a ld e v e lo p m e n t. F u r th e r , th e s e  m o th ers  
d id  n o t  b u ild  n e s ts  a n d  le ft th e ir  y o u n g  sc a tte re d  abou t in th e  c a g e . A lso th e  
p o ss ib ility  m ig h t be  ra ised  th a t  fo e ta l v i ta l i ty  m ay have b een  to o  stro n g ly  
a ffec ted  to  p ro v id e  th e  n ecessary  s tim u li  fo r  th e  developm ent a n d  m a in te 
n a n c e  o f m a te rn a l b e h a v io u r; an  issue w e h a v e  in tended  to  c la r ify  in  cross- 
fo s te rin g  ex p e rim en ts .
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M ateria l and  m e th o d s

A  to ta l  of 63 p r im ip a ro u s  W is ta r  albino ra ts  w as u se d . T h e  resu lts  of our e a rlie r  s tu d ie s  
on  36 fu r th e r  litte rs  h a v e  a lso  b e e n  included [2].

Id e n tif ica tio n  of th e  f i r s t  d a y  of gestation , o b s e rv a t io n  o f  th e  whole course o f  d e liv e ry  
a n d  e lec tro ly tic  lesion to  th e  re sp e c tiv e  h y p o th a lam ic  a re a s  b e tw ee n  th e  16th a n d  1 8 th  d a y s  
o f  p re g n a n c y  were ca rried  o u t  a s  described p rev io u sly  [1 , 2 ]. F o o d  and w ater in ta k e ,  r e c ta l  
te m p e ra tu re  and bo d y  w e ig h t o f  th e  te s t  anim als w ere  r e c o rd e d  daily , as well as th e  a v e ra g e  
b o d y  w e ig h t o f th e  y o u n g  o f t h e  sam e litter.

M a te rn a l b e h av io u r w as  s tu d ie d  by  a  close o b s e rv a t io n  o f th e  nest-build ing , re tr ie v in g  
a n d  n u rs in g  activ ities. T h e  p r e g n a n t  anim als were c o n f in e d  to  single cages whose p o s te r io r  
t h i r d  w as d iv ided by  a  h o r iz o n ta l  rim m ed  shelf in to  a n  u p p e r  a n d  a  lower c o m p a rtm e n t. N e s t-  
b u ild in g  fro m  soft p a p e r-sc ra p s  w a s  checked daily  a n d  i n t a c t  n e s ts  w ere stirred  up . T h e  r e t r i e v 
in g  a c t iv i ty  was stu d ied  b y  o b se rv in g  w hether tb e  m o th e r  w a s  collecting  the  young  in to  a  n e s t  
im m e d ia te ly  a fte r d e liv e ry , fu r th e rm o re ,  th e  young a f te r  w e ig h in g  were placed once d a ily  in to  
th e  u p p e r  co m p artm en t o f  th e  c ag e  a n d  one hour la te r  i t  w a s  a sc e rta in e d  w hether th e ir  m o th e r  
h a d  c a rr ied  th em  back. T h e  m o s t  ch arac te ris tic  sign o f  n u r s in g  b eh av io u r was th e  n u rs in g  p o s 
tu r e ,  w h en  th e  m other w as sp ra w lin g  over th e  l it te r  d u r in g  th e  f i r s t  p o st-p a rtu m  days.

T h e  fo llow ing  six g roups w ere  s e t  up : 
i n ta c t  m o th e rs  (21)

w ith  th e ir own l i t t e r  (G ro u p  I),
fo ste red  l it te r  fro m  o th e r  in ta c t  m others (G roup  I I ) ,  

sh a m -o p e ra te d  m others (3 5 )
w ith  th e ir own l i t t e r  (G ro u p  I I I ) ,
fo ste red  l it te r  fro m  m o th e r s  w ith  la te ra l h y p o th a la m ic  lesion  (Group IV), 

m o th e rs  a f te r  la te ra l h y p o th a la m ic  lesion (27) 
w ith  th e ir  own l i t t e r  (G ro u p  У),
fo s te red  l it te r  f ro m  s h a m -o p e ra te d  m others (G ro u p  V I) .

I n  th e  cross-fostered  g ro u p s  each  m other h a d  4 o r  5 fo s te re d  youngs delivered  o n  id e n 
t ic a l  d ay s . M orta lity  r a te  w as re g is te re d  daily  in  each  g ro u p .

L itte rs  of sh a m -o p e ra te d  a n d  lesioned m o th e rs  w e re  co m p ared  in  order to  e lu c id a te  
p o ss ib le  differences in  th e  fo e ta l  v i ta l i ty .  F o r th is p u rp o se , 30 liv e -b o rn  young of 8 m o th e rs  w i th  
l a te ra l  h y p o th a lam ic  les io n  a n d  57 o f  8 w ith  sh a m -o p e ra tio n  w e re  k e p t in  nests w ith o u t  th e i r  
m o th e r  a n d  th e  sp o n tan eo u s d a ily  m o rta lity  ra te  w as re c o rd e d .

Results

E n tire ly  n o rm al m a te r n a l  behaviour w as f o u n d  in  Groups I , I I  a n d  I I I  
(T ab le  I) . This m eans t h a t  f ro m  th e  soft p a p e r -s c ra p s  prov ided  for th e m  th e y  
b u i l t  n e s ts  in to  w hich  th e y  collected th e  y o u n g  im m e d ia te ly  a fte r d e liv e ry , 
h a v in g  freed  them  fro m  th e  fo e ta l  m em branes a n d  th e  p lacen ta . T hey in v a r ia b ly  
fe tc h e d  an d  g a th ered  th e m  in  th e  nests. O n ly  o n e  in ta c t  m other b e h a v e d  in  
a d if fe re n t m anner in  t h a t  sh e  b u ilt the  n e s t in  th e  u p p e r  co m p artm en t w h e re  
th e  y o u n g  had  been p la c e d  a n d  re tu rn ed  fo r e v e ry  feeding. N ursing a c t iv i ty  
w as u n a ffec ted  in th e  in t a c t  a n d  sh am -opera ted  a n im a ls , as reflected  b y  fo e ta l  
m o r ta l i ty  (Fig. l a  a n d  b ) . P e r in a ta l  death  w as r e la t iv e ly  low in the  f ir s t  th r e e  
d a y s  a n d  there  was no  s ig n if ic a n t difference in  th i s  re sp ec t betw een tb e  tw o  
g ro u p s .

T h e  behav iou r o f  m o th e r s  w ith  la te ra l h y p o th a la m ic  lesion was g ro ss ly  
d e f ic ie n t w hether th e  y o u n g  belonged  to  th em  (T a b le  I ,  V) or to  con tro l sh a m - 
o p e ra te d  anim als (T able  I ,  V I) . T hey  b u ilt no  n e s ts  a n d  gnawed n o t o n ly  th e
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p la c e n ta  an d  th e  en v e lo p s b u t  also som e o f th e  y o u n g . T h ey  did  n o t  collect 
th e  y o u n g  in to  n e s ts  b u t  le f t th e m  sc a tte re d  a b o u t on th e  floo r o f th e  cage an d  
in s te a d  of avo id ing  th e m , th e y  tro d  th em  dow n. W h en  th e  y o ung  w ere p laced  
in to  th e  u p p er c o m p a r tm e n t th e y  d id  n o t fe tc h  th e m  a n d  show ed no  in te re s t 
in  th e m  w hen th e y  h a d  b een  re tu rn e d  to  th e  lo w er c o m p a rtm e n t. In  b rie f, th e  
le s io n ed  m others h a d  lo s t  th e ir  n u rsin g  a c tiv ity , a n d  80 p e r cen t of th e  live-bo rn  
y o u n g  died  in th e  f i r s t  tw o  d ay s of life (F ig. le ) .  In  th is  g roup  no m ore th a n  
th re e  m o thers h ad  s till som e o f th e ir  young a t  th e  en d  o f tw o  days, a n d  in  th ese  
m o th e rs  th e  lesion o f  la te r a l  h y p o th a lam ic  reg io n s  in  q u estio n  w as p a r-

F ig . 1. M o rta lity  o f  liv e -b o rn  y o u n g  in  th e  in d iv id u a l g ro u p s  d u rin g  th e  f irs t  1 to  3 d ay s a f te r  
b i r th .  O rd in a te : C o rre la tio n  o f m o r ta l ity  w ith  th e  n u m b e r  o f liv e -b ir th s  in  pe r cen t. A bscissa: 
D ay s, a )  In ta c t  m o th e rs  w ith  y o u n g  from  o th er in ta c t  m o th e rs . 6)  S h am -o p era ted  m o th e rs  
w ith  th e ir  own y oung , c)  M o th ers w ith  la te ra l h y p o th a la m ic  lesion  w ith  y o u n g  b o rn  from  
co n tro l m others, d )  Y o u n g  fro m  co n tro l m others iso la te d  fro m  m o th e r, le f t w ith o u t nu rsin g . 
e) M others w ith  la te ra l  h y p o th a la m ic  lesion w ith  th e ir  o w n  o ffsp ring , f )  Y oung  from  m o th e rs  
w ith  la te ra l  h y p o th a la m ic  lesion , iso la ted  from  th e ir  m o th e rs , le f t w ith o u t nu rsing , g )  O ffspring  

o f m others w ith  la te ra l  h y p o th a la m ic  lesion g iv en  to  h e a lth y  foste r m o th ers

Table I

M a tern a l behaviour in groups w ith lateral hypothalam ic  
lesion a n d  in  control groups w ith ow n a n d  fostered  litter

No.

C г о u p s

N est
building

Retrieving of young from

Nursing
M others Young

upper com
partm en t floor

I in ta c t ow n + + + +

и in ta c t in ta c t  foster + + + +

i n sham -o p era ted ow n + + + +

IV sham -o p era ted in ju re d  foster + + - -

V injured own — — — —

V I in jured sh am -o p era ted  foster — — — —
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t i a l  o r  u n ila te ra l. I t  h a d  n o  consequence  w h a tso ev er w h e th e r  th e  young  
w ere  f ro m  no rm al m o th e rs , as b y  th e  end  o f th e  th ird  d a y  96 p e r  c e n t o f  th e  
fo s te re d  y oung  w ere d ead  a n d  on th e  fo u r th  d ay  th e  on ly  su rv iv o r , to o , died 
(F ig . l c ) .

T h e  sh am -o p era ted  an im a ls  show ed a p ecu lia r b e h a v io u r  to w a rd s  th e  
o ffsp r in g  o f m o thers w ith  la te ra l  h y p o th a la m ic  lesion (T able  I ,  IV ). T hey  
b u i l t  n e s ts  in  th e  m a n n e r o b se rv ed  in  G roups I —I I I  an d  re tr ie v e d  th e  young 
f ro m  th e  u p p e r c o m p a r tm e n t, b u t  in s te a d  o f  co llecting  th e m  in to  n e s ts  th e y  
le f t  th e m  sc a tte re d  a b o u t a n d  h u r t  th e m  o ften  b y  gnaw ing. T h e y  show ed  no 
n u rs in g  a c tiv ity  an d  th e se  y o u n g  d ied  a t  th e  sam e ra te  (F ig . lg )  as those  
w h ic h  h a d  rem ained  w ith  th e ir  in ju re d  m o th e rs  (F ig. l e ;  p  =  8 p e r  cen t). 
B y  th e  en d  of th e  second d a y  ev e ry  such  n ew b o rn  an im al w as d ead .

M ean  b ir th  w eigh t o f th e  liv e -b o rn  y o u n g  w as 5.63 g in  th e  in ta c t  g roup , 
5.45 g in  th e  sh am -o p era ted  g ro u p , a n d  4.92 g in  th e  g roup  w ith  la te r a l  h y p o 
th a la m ic  lesion.

S p o n tan eo u s  m o r ta l i ty  is show n b y  g rap h s d an d  f  o f F ig . 1. I t  can  be 
seen  t h a t  y oung  from  m o th e rs  w ith  la te ra l  h y p o th a la m ic  lesion (f) d ied  a t  th e  
sam e  r a t e  w h e th e r d ep riv ed  fro m  th e ir  m o th e rs  or rem ain in g  w ith  th e m  (e) 
o r g iv e n  to  h e a lth y  fo s te r-m o th e rs  (g). On th e  f irs t  d ay  th e re  w as no  s ig n ifican t 
d iffe re n c e  betw een  th e  th re e  g ro u p s (f—g: p  =  12 p er cen t; f —e: p  =  85 p er 
c e n t;  g — e: p  =  8 p e r cen t); on  th e  second  d ay , to ta l  m o r ta li ty  in  g ro u p  e was 
14 p e r  c e n t less th a n  in  th e  o th e r  tw o  g roups, w here  m o rta lity  a t ta in e d  100 per 
c e n t ( f— e: p =  4 p e r cen t; g —e: p  =  2 p e r  cen t). S u rv iv a l o f th e  o ffsp ring  
o f  sh a m -o p e ra te d  m o th ers  w as lo n g er (F ig . Id )  th a n  of th e  o ffsp rin g  o f  le- 
s io n e d  m o th e rs  ( f ) .T h e y  d ied  a t  th e  sam e r a te  as th e  y oung  o f sh a m -o p e ra te d  
a n im a ls  g iven to  lesioned  m o th e rs  (c). T h e  p -v a lu e  co m p u ted  on  th e  basis 
o f  th e  d ifference  b e tw een  th e  tw o  g ro u p s w as 6 p e r  cen t on th e  f i r s t ,  4 p e r  cen t 
on th e  second , an d  14 p e r  c e n t on th e  th ird  d ay . M ean w eig h t o f  one d a y  old 
a n im a ls  w as 5.36 g in  g roup  d , a n d  4 .96  g in g roup  f; th e  d ifference w as sign if
ic a n t  s ta tis t ic a lly  (1 p e r  c en t >  p >  0.1 p e r  cen t).

M a te rn a l food a n d  w a te r  in ta k e , re c ta l  te m p e ra tu re  a n d  b o d y  w eigh t 
sh o w ed  th e  sam e changes as th o se  o b se rv ed  in  o u r earlier e x p e rim e n ts  [2].

D iscussion

E le c tro ly tic  lesion of th e  la te ra l  ( in fu n d ib u la r  v e n tro la te ra l  a n d  tu b u la r  
d o rso la te ra l)  h y p o th a lam ic  reg io n s in  ra ts  b e tw een  th e  1 6 th  a n d  1 8 th  d ay s of 
g e s ta tio n  h as  been fo u n d  to  re su lt  in  a d is tu rb a n c e  o f m a te rn a l b e h a v io u r  
m a rk e d  b y  th e  loss o f n e s t-b u ild in g , re tr ie v in g  a n d  n u rsin g  a c tiv itie s . Conse
q u e n tly ,  in  ad d itio n  to  th e  h ig h  m o r ta l i ty  r a te  in  th e  f irs t six  h o u rs  a f te r  de liv 
e ry , th e  live-bo rn  y o u n g  d ied  d u rin g  th e  f i r s t  day s of th e ir  lives. A p a r t  from
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th e  p ro fo u n d  b e h a v io u ra l defect o f th e  m o th e rs , th e  red u ced  fo e ta l  v i ta li ty  
m u s t also have  p la y e d  a p a r t  in  th e  p e r in a ta l  m o rta lity . T h is w as sugg ested  
n o t o n ly  b y  th e  low  b i r th  w eight o f th e  y o u n g  b o rn  from  m o th ers  w ith  h y p o th a 
lam ic  lesion h u t  a lso  b y  th e  fin d in g  t h a t  th e  offsp ring  o f m o th e rs  w ith  h y p o 
th a la m ic  lesion d ied  ea rlie r w hen d ep riv ed  o f  th e ir  m o thers th a n  d id  th e  con
tro l n ew born  an im a ls  u n d e r  th e  sam e co n d itio n s .

I t  is well k n o w n  th a t  th e  p o s t-d e liv e ry  m a te rn a l b e h a v io u ra l p a t te rn  
fails to  develop i f  th e  y o u n g  are  iso la ted  fro m  th e  m o th er im m e d ia te ly  a fte r  
d e liv e ry  a n d  even  i f  a n y  o f th e  b e h a v io u ra l fea tu re s  shou ld  h a v e  a p p ea red , 
th e y  ra p id ly  su b s id e d  in  th e  absence o f fo e ta l s tim u li [11]. I n  th e  p re sen t 
s tu d ie s  we w ere lo o k in g  fo r evidence w h ich  m ig h t possib ly  lin k  u p  th e  p o s t
p a r tu m  b e h a v io u ra l d e fec t in h y p o th a la m u s-d a m a g ed  m o th ers  w ith  th e  poor 
v i ta l i ty  of th e  y o u n g  w hich  b y  th is  fa c t  w o u ld  fail to  p ro v id e  th e  necessary  
s tim u li fo r th e  d e v e lo p m e n t and  m a in te n a n c e  o f  m a te rn a l b e h a v io u r . W e have 
fo u n d , indeed , in  fa v o u r  of th is  su p p o s itio n , th a t  h e a lth y  m o th e rs  w hen 
h av in g  th e ir  y o u n g  ex ch an g ed  fo r th e  o ffsp rin g  o f m o thers w ith  la te ra l  h y p o 
th a la m ic  lesion, th o u g h  being  in  possession o f  th e  basic  c h a ra c te rs  o f  m a te rn a l 
b e h a v io u r, i.e. n e s t-b u ild in g  an d  re tr ie v in g  ac tiv itie s , fa iled  to  d ev e lo p , on th e  
o th e r  h a n d , n u rs in g  b eh av io u r to w a rd  th e se  y o u n g  w hich c o n se q u e n tly  died 
a t  th e  sam e ra te  as i f  th e y  h ad  been to ta l ly  d e p riv e d  of th e ir  m o th e rs . T h e  m or
ta l i ty  r a te  of n ew b o rn  ra ts  k e p t to g e th e r  w ith  th e ir  h y p o th a la m u s-d a m a g ed  
m o th e rs  w as th e  sam e  as in  th e  tw o  fo rego ing  groups, b u t  here  even  th e  basic 
c h a ra c te rs  o f m a te rn a l  b eh av io u r rem a in e d  e n tire ly  a b se n t even  to w a rd  fu lly  
v iab le  o ffspring  o f  n o rm a l m o th ers . S ince th e re  is evidence to  su g g est th a t  
su rv iv a l of n ew b o rn  an im als  w ith  fo s te r-m o th e rs  g rea tly  d ep en d s on th e  tim e  
e lap sed  since d e liv e ry , in  o th e r  w ords on th e  d u ra tio n  of la c ta tio n  [4], exchange 
o f  th e  new born  a n im a ls  was ca rried  o u t in  e v e ry  in stan ce  im m e d ia te ly  a fte r  
c leansing  from  p la c e n ta  a n d  envelops, in  th e  f irs t  24 h ours a f te r  d e liv ery .

W e th u s  b e liev e  to  have lesioned  su c h  h y p o th a lam ic  s tru c tu re s  w hich 
are  fu n d a m e n ta l in  th e  o rgan iza tion  o f m a te rn a l  b eh av io u r in  th e  r a t .  T here  is 
no  g ro u n d  to  c o n n e c t b eh av io u ra l d is tu rb a n c e s  induced  in  th is  m a n n e r  w ith  
la c ta tio n  d is tu rb a n c e s , n o t  only because  th e re  w as no d ifference in  th e  m icro 
scopic  ap p e a ra n ce  o f  th e  m am m ary  g lan d s b e tw een  th e  co n tro ls  a n d  th e  a n i
m als  w ith  h y p o th a la m ic  lesion (u n p u b lish ed  d a ta ) , b u t  also b ecau se  i t  h a s  been 
show n th a t  in  th e  reg u la tio n  o f th e  h o rm o n es responsib le fo r th e  re lease  and  
m a in te n a n c e  of la c ta t io n  th e  m ed ian  s tru c tu re s  of th e  h y p o th a la m u s  are  p r i
m a rily  in v o lv ed  [3, 7 ] .  K urcz [7] has show n  th a t  in ju ry  to  th e  a rea  o f th e  
v e n tro m e d ia l n u c leu s  in  th e  r a t  a ffec ts  th e  m echan ism  o f la c ta t io n  while 
le av in g  th e  p a t te r n  o f m a te rn a l in s tin c ts  in ta c t .

S t a m m  [12] fo u n d  th a t  e x tirp a tio n  o f  th e  m edian  c o rtic a l (c ingu la te  
a n d  re tro sp len ia l)  a rea s  in  th e  r a t  p ro fo u n d ly  affects m a te rn a l b e h a v io u r  w ith 
o u t  in fluencing  la c ta t io n . In  v iew  of th e  ab u n d a n c e  o f h y p o th a la m o -c o rtic a l
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in te rc o n n e c tio n s  [9] th e re  m ig h t ex is t fu n c tio n a l links betw een  th e  reg ions 
s tu d ie d  b y  S t a m m  [12] a n d  th o se  s tu d ied  b y  u s , m oreover, th a t  th e se  tw o  
re g io n s  re p re se n t tw o d iffe re n t in te g ra tiv e  levels o f  th e  sam e com plex  b e h a v 
io u ra l  m ech an ism . I t  has to  b e  m en tio n ed  th a t  th e  reg ions s tu d ied  b y  us la rg e ly  
c o v e r  th o s e  areas w hich h a v e  b een  found  to  b e  engaged , in  th e  m a n n e r  o f  a 
fe e d in g  c e n tre , in  th e  o rg a n iz a tio n  of feed ing  b e h a v io u r  [9]. T here is good reaso n  
to  c o n n e c t  th is  find ing  w ith  th e  poor v i ta li ty  o f th e  y o u n g  bo rn  from  m o th e rs  
w ith  la te r a l  h y p o th a lam ic  d am ag e , since fo o d  a n d  w a te r  in tak e  is g re a tly  
r e d u c e d  a f te r  la te ra l h y p o th a la m ic  lesion, a f in d in g  w hich  in itse lf  m a y  well 
a c c o u n t  fo r  th e  low er b ir th -w e ig h t an d  th e  p o o r v i ta l i ty  of th e  o ffsp ring , a n d  
le a d s  u s  to  believe th a t  th e re  is a  red u c tio n  in  th e  f lu id  co n ten t of th e  fo e ta l 
t is su e s  w h ich , obviously , m a k e s  th e  young  p a r t ic u la r ly  vu ln e rab le  to  p e r in a ta l  
d e h y d ra t io n . T hough  po o r fo e ta l  v ita li ty  is th u s  an  im p o r ta n t fa c to r  o f  th e  
e x cess iv e  s tillb o rn  ra te , p r im a ry  d is tu rb an ce  o f m a te rn a l b eh av io u r is n one  
th e  le ss  s ig n ifican t. The fu n d a m e n ta l  ch a rac te rs  o f  m a te rn a l b eh av io u r kn o w n  
to  e x is t  in  no rm al an im als a t  th e  m o m en t of d e liv e ry , regardless o f e x te rn a l 
s t im u li  f ro m  th e  new born  [11], a re  adverse ly  a ffec ted  b y  th e  la te ra l h y p o th a la 
m ic  le s io n , to  th e  e x te n t t h a t  th e  m o thers fa iled  to  m ake a tte m p ts  a t  n e s t
b u ild in g  a n d , while gnaw ing o ff  th e  p lacen ta , th e y  w o u ld  gnaw  th e ir  y o u n g  as 
w ell.

I t  em erges from  our e x p e rim e n ts  th a t  th e  la te ra l  h y p o th a lam ic  reg ions 
p la y  a  la rg e  p a r t  in th e  in te g ra t io n  of m a te rn a l b e h a v io u r , lesion to  th e se  a reas  
b e in g  in h ib it iv e  to  th e  d e v e lo p m e n t of th e  p r im a ry  ch a rac te rs  o f m a te rn a l  
b e h a v io u r  even  in  th e  p re sen ce  o f th e  n ecessa ry  fo e ta l stim uli. A p a r t  fro m  
n e rv o u s  s tru c tu re s , endocrine in flu en ces are  also in v o lv ed  in  shap ing  th e  p a t 
te rn  o f  m a te rn a l  b eh av io u r [5, 8, 10], obv iously  b y  de fin ite  in te rre la tio n sh ip s  
b e tw e e n  th e se  tw o re g u la to ry  sy stem s. W e h a v e  to o  l i ttle  u n d e rs ta n d in g  o f 
th is  in t r ic a te  neu roendocrine  m ech an ism  to  recogn ize  its  role a t  all p h a se s  of 
m a te r n a l  b eh av io u r p a tte rn .

W e  a re  in d eb te d  to  Mrs. J .  K o v á cs  fo r skilful a ss is tan ce .
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STEROID TREATMENT OF LUPUS NEPHROPATHY
R E S U L T S  O F 60 C A SES 

B y

G y. P e t r á n y i  an d  A. L e ö v e y

SEC O N D  D E P A R T M E N T  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  SC H O O L, D E B R E C E N  

(R eceived  O ctober 1, 1966)

T he v a lu e  o f co rtico s tero id s in  S L E -n e p h ro p a th y  has been  s tu d ied . Im m ed ia te  
response of th e  p ro cess  to  th e  d ru g  w as b y  no m ea n s  convincing ; th is  app lies to  th e  
re su lts  o f lo n g -te rm  tr e a tm e n t  as well, even  w hen  v iew ed  from  th e  d is tan c e  o f six  years. 
H ow ever, m assive  doses ap p lied  over long periods seem ed to  be m ore effec tiv e  in  h a ltin g  
th e  le th a l p ro g ress  o f  th e  process th a n  sp o rad ic  courses w ith  sm all doses, th o u g h  th e  
n u m b er o f sy m p to m -fre e  cases w as e ssen tia lly  th e  sam e in  b o th  g ro u p s a n d  d id  no t 
acco u n t fo r m ore  th a n  one th ird  of th e  cases. A llow ance  m u st be m ade  fo r possib le spon
tan eo u s f lu c tu a tio n s  o f  th e  process w hich  m a y  becom e m an ifes t d u rin g  prolonged 
periods of o b se rv a tio n . T h e  conclusion has been  d ra w n  th a t  early  m assive-dose  co rtico 
ste ro id  tr e a tm e n t  in  S L E  holds th e  prom ise  o f a  50 p e r  cen t re d u c tio n  in  th e  m o rb id ity  
an d  m o rta lity  r a te  o f  lu p u s  nep h ritis .

T he n e p h ro p a th y  of system ic  lu p u s e ry th e m a to su s  (S L E ) — w hich 
p resen ts  itse lf  in  th e  fo rm  of g lo m eru lo n ep h ritis , neph rosis  or as a m ix tu re  of 
b o th  — is m ore r e s is ta n t  to  t re a tm e n t th a n  a n y  o th e r m a n ife s ta tio n  of th e  
disease. T ho u g h  th e  ap p lic a tio n  of co rtico ste ro id s  has g re a tly  im p ro v ed  th e  
prognosis of S L E  b y  th e  fav o u rab le  response  i t  genera lly  elicits even  in  severe 
cases w ith in  a few  d ay s , i t  l i t t le  affec ts th e  course  o f ren a l d isease even w hen 
co n tin u ed  over long  periods. In  fac t, ren a l d isease has rem ain ed  th e  p re v a le n t 
cause o f d e a th  in  S L E . W hile  in  th e  view  of som e a u th o rs  [7, 9] co rtico ste ro id s  
app lied  in  a d e q u a te ly  m assive  doses p re v e n t th e  d ev e lo p m en t o f  ren a l disease 
in  S L E , o th e r c lin ic ians see no reason  to  sh a re  th is  op tim ism  [4, 8, 10]. In  our 
op in ion , im p ro v e m e n t of ren a l disease in  S L E  a f te r  co rtico id  th e ra p y  is too 
ra re  to  be ev a lu ab le  o th erw ise  th a n  b y  s ta t is t ic a l  analysis  [5].

B y  th e  fa c t  t h a t  th e  h aza rd s  o f co rtico s te ro id  a d m in is tra tio n  increase 
w ith  its  d u ra tio n  a n d  w ith  th e  doses, th e , a d v a n ta g e s  of lo n g -te rm  tre a tm e n t 
w ith  m assive doses a re  m ad e  h igh ly  q u es tio n ab le . In  O ctober, 1965, th e  N a tio n 
al In s t i tu te  of H e a lth  h as  called  up o n  th e  c lin ic ians for co -o p era tio n  b y  con
tr ib u tin g  ev idence fo r  a p lan n ed  com prehensive  ev a lu a tio n  of co rtico ste ro id  
th e ra p y  in S L E -n e p h ro p a th y  [13].

T he p re se n t p a p e r  re p o rts  upon  ou r o b se rv a tio n s  w ith  co rtico id  t r e a t 
m en t of ren a l d isease  assoc ia ted  w ith  SL E .

Material and methods

In  60 o u t o f 170 p a tie n ts  w ith  S L E  reg u la rly  follow ed up in th e  period  1952 to 1963, 
th e re  were sy m p to m s in d ic a tiv e  o f ren a l in v o lv em en t. Cases w ith  sligh t t ra n s ito ry  ren a l episodes,
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su c h  a s  s lig h t opalescence o r a  few  e ry th ro c y te s  in  th e  u r in e , h a v e  n o t  been  in c lu d e d . N eedle 
b io p sy  o f  th e  k idneys w as a d o p te d  in  1958 an d  on ly  in  a  few  se lec ted  cases w ith o u t a tte m p tin g  
to  c h e c k  th e  resu lts o f c o r tic o s te ro id  tre a tm e n t b y  th is  ev idence . O ur ev a lu a tio n  th u s  re s ts  on 
th e  c o n fro n ta tio n  of th e  clin ical f in d in g s  o f tw o periods. T h e  f i r s t  covers th e  six  y ea rs  be tw een  
J a n u a r y ,  1952, and  D ecem ber, 1957, th e  co rtico s tero id  th e ra p y  w as s tr ic tly  c o n fin ed  to  th e  
a c tu a l  p e rio d s  of ex acerb a tio n  a n d  th e  lo w est e ffic ien t dose w as n o t  exceeded. T h e  second  period  
in c lu d e s  a n o th e r  six y ears  b e tw e e n  J a n u a ry ,  1958, a n d  D ecem b er, 1963, w h en  b y  re aso n  of 
v a r io u s  considera tions in c lu d in g  b e t te r  facilities, ev e ry  p a t ie n t  w as im m e d ia te ly  s ta r te d  on 
a  m assiv e -d o se  (term ed  to d a y  “ im m u n o su p p re ss iv e”  course) w ith  co rtico s tero id s w h ich  was 
c o n tin u e d  u n til  th e  signs a n d  sy m p to m s w ere b ro u g h t u n d e r  co n tro l as fa r  as possib le . I n  case 
o f  re s id u a l  signs th e  p a tie n ts  c o n tin u e d  on  th e  d ru g  a f te r  d isch arg e , an d  re p o rte d  re g u la r ly  a t  
o u r  sp e c ia l clinic. T hus, w hile  in  th e  f i r s t  group  co rtico s tero id  tr e a tm e n t  w as re s tr ic te d  to  th e  
p e r io d s  o f  ex acerb a tio n  a n d  e v en  th e n  th e  low est e ffic ien t dose w as prescribed , in  th e  second 
g ro u p  th e  ex acerba tions w ere t r e a te d  w ith  m assive doses o f  60 to  300 m g p red n iso lo n e  da ily , 
a n d  in  case  o f need tr e a tm e n t  w a s  c o n tin u e d  a fte r  d ischarge  w ith  m ain ten a n ce  doses o f  20 to  
40 m g  d a ily  u n til freedom  fro m  sy m p to m s  w as as com ple te  as possible.

T w e n ty -e ig h t o u t o f th e  60 p a tie n ts  w ith  S L E -n e p h ro p a th y  belonged  to  th e  f i r s t ,  32 to  
th e  se c o n d  group.

R esults

T a b le  I  shows th a t  th e re  is a defin ite  d ifference b e tw een  th e  re su lts  of 
s p o ra d ic  tre a tm e n t w ith  lo w  doses an d  of a sy s te m a tic  t re a tm e n t w ith  m assive  
d o ses . T h o u g h  renal d e a th  in  G roup  I I  am o u n te d  to  on ly  40 p e r  c e n t o f  th a t  
in  G ro u p  I ,  th e  cases w h ere  freed o m  from  ren a l sy m p to m s h ad  b een  a t ta in e d  
w ere  h a rd ly  m ore in  G roup  I I  th a n  in  G roup I  (10 : 8). In  o th e r w ords, b y  th e  
r e d u c t io n  of m o rta lity  i t  w as  th e  n u m b er o f slow ly  progressing  cases w hich  
in c re a s e d  (18 in G roup I I  vs. 10 in  G roup I) r a th e r  th a n  th a t  o f th e  cu res. T he 
o v e r-a ll  figures in  SL E  sh o w , how ever, th a t  in  G roup  I  28 cases o u t  o f 53, 
w h e re a s  in  G roup I I  o n ly  32 o u t o f  1 1 7  p a tie n ts  w ere  or becam e n é p h ro p a th ie  
(T a b le  I I ) ,  in  o th e r w o rd s, in  G roup I I  ren a l d isease w as red u ced  to  50 per 
c e n t.

T h e se  figures s tro n g ly  su g g est th a t  lo n g -te rm  tre a tm e n t w ith  m assive  
c o r tic o s te ro id  doses in h ib ite d  th e  progression  o f n e p h ro p a th y  w ith o u t a c tu a lly

Table I

Outcome o f  SLE -nephropathy in  60 cases, in  
relation to the in tensity  o f  steroid treatm ent

S L E -n e p h ro p a th y N u m b e r  o f  p a tie n ts

O utcom e

I
(1952— 57)

S p o rad ic  low 
dosage

II
(1958— 63) 

R e g u la r  h ig h  
dosage

T o ta l

D e a th 1 0 4 14

S ta g n a tio n  or slow p ro g ressio n 1 0 18 28

F re e d o m  from  sym ptom s 8 1 0 18

T o ta l 28 32 60
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Table II

Preventive value o f  corticosteroid treatm ent on  nephropathy in  S L E

I I I
D iagnosis (1952— 57) (1958— 63) T o ta l

S porad ic  low  d o sag e R e g u la r  high dosage

N u m b er o f p a tie n ts  w ith  S L E 53 (31 .7% ) 117 (68.3% ) 170 (100% )

In cidence  of n e p h ro p a th y  in  these  cases 28 (52 .8% ) 32 (27.2% ) 60 (35% )

cu rin g  it .  A cco rd ing ly , d u rin g  th e  six y e a r  p e r io d  of o b se rv a tio n , th e  d e a th  
ra te  o f  n e p h ro p a th y  decreased  w hile th e  n u m b e r  o f chronic cases in c reased .

S ince from  th e  y e a r  1964 c y to s ta tic  (6 -m ercap to p u rin e ) t r e a tm e n t  has 
also b een  ap p lied  [6] in  cases of severe n e p h ro p a th y , we have  no fu r th e r  basis 
fo r com parison .

D iscussion

I t  m ay  be in fe rred  from  th e  re su lts  t h a t  w hile co rtico ste ro id  t r e a tm e n t  
has no  sh o rt- te rm  effec t on th e  n e p h ro p a th y , p ro longed  ap p lica tio n  o f m assive  
doses p e rc e p tib ly  in fluences le th a lity  w hen  v iew ed  over longer p e rio d s . T he 
fa c t t h a t  as fa r  as freed o m  from  sy m p to m s is concerned , a c o n s is ten t schedu le  
w ith  m assive doses h as  no  sign ifican t a d v a n ta g e  over sporad ic  t r e a tm e n t  w ith  
m in o r doses, a d m its  o f tw o possible in te rp re ta t io n s . 1) E ith e r  th e re  a re  ty p e s  
w h ich  will re sp o n d  to  th e ra p y  a t  a n y  r a te , ev en  to  sm aller doses if  t r e a tm e n t  
is long  enough ; 2) or th e se  are  sp o n tan eo u s rem issions in d e p e n d e n t o f  t r e a t 
m e n t. T he la t te r  p o ss ib ility  is suggested  b y  th e  com ple te  sp o n tan eo u s  rem is
sions w itn essed  in  S L E , inc lud ing  cases o f excessive  sev erity , in  th e  p re -co rti-  
co s te ro id  e ra , th o u g h  i t  is im possib le to d a y  to  g ive an  estim a te  o f th e  inc idence  
o f su ch  sp o n tan eo u s  rem issions, ow ing to  th e  in a d e q u a c y  o f th e  s ta n d a rd s  
on w h ich  th e  d iagnosis  o f  S L E  w as b ased  p r io r  to  1950.

I t  deserves, h o w ever, a tte n tio n  th a t  53 o f  o u r SL E  p a tie n ts  w ere o b se rv ed  
in  th e  perio d  1952 — 57, an d  117 in  th e  p e r io d  1958 — 63, y e t  th e  n u m b e r  of 
cases w ith  n e p h ro p a th y  w as n ea rly  id e n tic a l in  th e  tw o g roups (28 a n d  32, 
re sp ec tiv e ly ). S ince th e  d iagnostic  c rite ria  w ere  th e  sam e in  th e  tw o  periods, 
in  sp ite  of th e  fa ilu re  o f  cortico ids to  in flu en ce  th e  n e p h ro p a th y  once i t  has 
d eve loped , e a rly  ap p lic a tio n  of m assive c o rtic o id  doses m ig h t h av e  som e p re 
v e n tiv e  va lu e , as c lea rly  suggested  b y  th e  f ig u re s  in  T ab le  I I .

O u r m a te ria l, th o u g h  fa irly  la rge , is s till  in su ffic ien t fo r th e  e v a lu a tio n  
o f co rtico id  tr e a tm e n t  in  resp ec t to  th e  in d iv id u a l ty p es o f S L E -n e p h ro p a th y .

T h e  p re se n t s tu d y  raises certa in  issues in  re sp e c t to  nephrosis . Som e ty p es  
o f th is  sy n d ro m e, p a r tic u la r ly  tho se  asso c ia ted  w ith  p rim ary  ch ron ic  n e p h ritis , 
a re  re g a rd e d  as “ u n d iffe re n tia te d  collagen”  o r  as “ m onosystem ic  a u to im m u n e ”

5* Acta Medica Academiae Scientiarum Hungaricae 23, 1967



266 GY. PETRÁNYI and A. LEÖVEY

d ise a se , o r, in  general te rm s , as “ p rim a ry  im m u n o p a th o lo g ie  p ro cess” . W h a t 
s h o u ld  b e  th e  th e ra p e u tic  a t t i tu d e  in such  cases?  T he obvious an sw er is th a t  
i t  m u s t  b e  th e  sam e as in  S L E , since an  im m u n o p a th o lo g ie  process, w h e th e r  
g e n e ra liz e d  or m onosystem ic , calls n ecessarily  fo r th e  sam e ty p e  o f t r e a tm e n t  
a n d , a s  w e expect, w ill also  show  th e  sam e p a t te r n  of response. In  co rtico id - 
r e s i s t a n t  severe cases c y to s ta t ic  agen ts (p a r tic u la r ly  6 -m ercap to p u rin e ) are  
g iv e n  a s  th e  la s t re so rt [6, 1 2 ].

E v a lu a tio n  of c o r tic o s te ro id  t r e a tm e n t  in  nephrosis  m u st re s t  on  f irm  
d ia g n o s tic  grounds. T h o u g h  S L E  m ay  c e r ta in ly  a p p e a r as a m o n o sy stem ic  
r e n a l  co n d itio n , th e re  are  on  th e  o th e r h a n d  p a r tic u la r  typ es o f n ep h ro s is , 
f i r s t  o f  a ll lip id  nephrosis in  ch ildhood , w h ich  show  an  excellen t re sp o n se  to  
c o r tic o s te ro id s  in  70 to  80 p e r  c en t of th e  cases [14]. C onversely, a cco rd in g  to  
so m e  a u th o rs  [I , 3, I I ]  a m y lo id  nephrosis  p rec lu d es  th e  use of co rtico ste ro id s .
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EFFECT OF HEXADIMETHRINE BROMIDE ON 
PITUITARY BLOOD FLOW IN RATS

By

K . K ovács, L. Csernay  and S. B ertényi

F IR S T  D E P A R T M E N T  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  SC H O O L, S Z E G E D  

(R eceived  O ctober 6, 1966)

In je c tio n  of h e x a d im e th rin e  b rom ide h as  b e en  fo u n d  to  be follow ed b y  a  re d u c 
tio n  in  blood p re ssu re , c a rd iac  o u tp u t  an d  ad en o h y p o p h y sea l blood flow  in  ra ts .  T he 
claim  th a t  th e  cau se  o f p i tu i ta r y  necrosis in d u ced  b y  th e  com pound lies in  a  re d u c tio n  
of regional b lo o d  flow , h a s  been  su p p o rted .

P o s t-p a r tu m  necrosis  o f th e  a n te rio r  p i tu i ta r y  has been  a sc rib ed  b y  
Sh eeh an  on th e  g ro u n d  o f m icroscopic e x a m in a tio n  of h u m an  m a te r ia l  to  an  
ischaem ic  m ech an ism  (Sh eeh a n  [1937], Sh e e h a n  a n d  Sta n field  [1961]). 
In tra v e n o u s  a d m in is tra tio n  of h ex ad im e th rin e  b ro m id e  to  ra ts  has been  fo u n d  
to  induce  changes o f th e  sam e m orphologic  c h a ra c te r  as those  seen in  h u m a n  
p i tu i ta ry  necrosis (K ovács e t  al. [1964, 1 9 6 5  a 1966a, b ]). A possib le  re d u c tio n  
o f  a n te rio r  p i tu i ta ry  b lo o d  flow  b y  th e  su b s ta n c e  in  th e  la b o ra to ry  an im a l 
w ould  therefo re  s u p p o r t Sh e e h a n ’s concep t. I t  w as th is  issue w h ich  we 
in te n d e d  to  c la rify  in  th e  p re se n t s tu d y .

Method

E ig h ty  fem ale  a lb in o  r a ts  o f id en tica l s tra in  k e p t  o n  a  s ta n d a rd  d ie t w ere u sed . T w e n ty  
a n im a ls  served as c o n tro ls . T h e  rem a in in g  60 were t r e a te d  in tra v e n o u s ly  w ith  5 m g h ex ad im e th - 
rin e-b ro m id e  (P o ly b ren e , A b b o tt) ,  th is  dose hav in g  b een  fo u n d  in  earlie r e x p e rim e n ts  to  cause  
p i tu i ta r y  necrosis in  a b o u t  50 p e r  cen t o f th e  ra ts . B e tw een  th e  f ir s t  an d  second, th e  second  and  
fo u r th  and  th e  12 th  a n d  2 4 th  h o u r  a f te r  th e  in jec tio n  th e  fo llow ing  p a ram ete rs  w ere d e te rm in e d : 
sy s to lic  blood p ressu re  (m m  H g), c ard iac  o u tp u t (m l/m in /100  g bod y  w eight), w e ig h ts o f adeno- 
a n d  n eu ro h y p o p h y sis  (m g /ra t) , ad en o h y p o p h y sea l a n d  n eu ro h y p o p h y sea l f ra c tio n  o f  card iac  
o u tp u t ,  ad en o h y p o p h y sea l a n d  n eu ro h y p o p h y sea l b lo o d  flow  fid /m in /m g adeno- a n d  n e u ro 
h y p o p h y sis), and  v a sc u la r  re s is tan c e  of adeno- an d  n e u ro h y p o p h y sis  (103 cm • d y n e  • se c _5/100 
g adeno- and  n eu ro h y p o p h y sis).

T he e x p erim en ts  w ere done  accord ing  to  S a p ir s t e i n  (1958), G o ld m a n  a n d  S a p ir s t e i n  
(1958) and  G o l d m a n  (1963), as d e ta iled  in earlier s tu d ie s  (D A v id  e t al. [1965], K o v á c s  e t al. 
[1965b]).

A fter a 12-hour f a s t  d u rin g  w hich  d rin k in g  w a te r  w as allow ed ad lib itum , th e  r a ts  w ere 
an ae sth e tize d  in tra p e r i to n e a lly  b y  45 m g/kg of p h é n o b a rb ita l ,  th e  fem oral ve in s a n d  th e  caro 
t id  a r te ry  of one side w ere exp o sed , and  a fte r  an  in tra v e n o u s  dose of 0.1 m l h e p a rin , systo lic  
b lo o d  pressure  w as m ea su re d  d irec tly  w ith  a m ercu ry  m a n o m e te r  connected  to  th e  c a ro tid  by  
a po ly e th y len e  c a th e te r . T h is w as follow ed by  an  in je c tio n  o f  0.2 m l 86R b  Cl, c o rre sp o n d in g  to 
a  to ta l  dose o f 10 fiC  80R b , in to  th e  fem oral vein . T w e n ty  to  60 sec. la te r  0.2 m l 1 p e r  cen t 
E v an s -b lu e  so lu tio n  w as in je c te d  in to  th e  fem oral v e in  o f  th e  o th e r  side. A fte r  th e  in je c tio n  
o f d y e  had  been co m p le ted , a r te r ia l  blood sam ples w ere co llected  a t  one second in te rv a ls , w ith  
th e  a id  of a frac tio n  co llec to r th ro u g h  a cannu la  in se r te d  in to  th e  caro tid . W hen  d isco lo ra tio n  
o f th e  blood h ad  ceased , th e  an im a ls  w ere killed b y  an  in tra v e n o u s  dose of s a tu ra te d  KC1 solu
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t io n .  T h e  p i tu i ta ry  g lands w ere  re m o v e d  im m e d ia te ly , th e  a n te r io r  lobe w as se v e re d  fro m  th e  
n e u ro h y p o p h y s is , b o th  p o rtio n s  w ere  w eighed on a n  a n a ly tic a l balance to  th e  a c c u ra c y  o f 0.1 
m g . T h e n  th e  adeno- an d  n eu ro h y p o p h y ses  w ere h y d ro ly se d  in  20 pe r cen t K O H  o n  a  h o t  w a te r  
b a th ,  a n d  th e ir  ra d io a c tiv ity  w as d e te rm in e d  b y  m ean s o f th a ll iu m -a c tiv a te d  ho llo w  N a J  c ry s
ta l .  C a rd ia c  o u tp u t was d e te rm in e d  b y  th e  d y e -d ilu tio n  tec h n iq u e  of H a m il t o n  e t  a l. (1932). 
T h e  E v a n s -b lu e  c o n cen tra tio n s  in  a r te r ia l  blood sam p le s w ere  m easu red  w ith  a  U n icam -sp ec 
t r o p h o to m e te r  a t  620 m /i w a v e -le n g th . T he re su lts  w ere ev a lu a te d  b y  S tu d e n t’s “ t ” - te s t.

Results

T h e  resu lts  a re  show n  in  T ab le  I . I t  m a y  b e  seen th a t  th e  b io o ú  p ressu re  
o f  th e  r a t s  tre a te d  w ith  h e x a d im e th rin e  b ro m id e  w as low er th a n  t h a t  o f th e  
c o n tro ls . T h e  d ifference w as th e  m o st d is t in c t  b e tw een  th e  f i r s t  a n d  second 
h o u rs  a n d  was still d e m o n s tra b le  b e tw een  th e  1 2 th  a n d  2 4 th  h rs . C a rd iac  o u t
p u t  o f  th e  tre a te d  an im als  w as low er th a n  t h a t  o f  th e  con tro ls; th e  d ifference  
w as s ig n if ic a n t in th e  f i r s t  few  hours a f te r  th e  in jec tio n .

A d en o h y p o p h y sea l w e ig h t s lig h tly  in c re a se d  in th e  t r e a te d  g roups 
th ro u g h o u t ,  w hereas th e  a d e n o h y p o p h y se a l f ra c tio n  o f card iac  o u tp u t  show ed 
h a r d ly  a n y  change. A s ig n if ic a n t re d u c tio n  in  ad en o h y p o p h y sea l b lo o d  flow  
o c c u r re d  in  th e  f irs t  tw o  h o u rs  a n d  b e tw een  th e  second a n d  fo u r th  h o u rs , 
w h e re a s  12 to  24 hrs a f te r  th e  in jec tio n  th e  v a lu e s  w ere again  in  th e  ra n g e  of 
th o s e  fo u n d  in th e  co n tro ls . A n  increase  in  ad en o h y p o p h y sea l v a sc u la r  re s is t
a n ce  w as  fo u n d  d u rin g  th e  f i r s t  few  h o u rs  b u t  th e  considerab le  s c a t te r  o f th e  
v a lu e s  d id  n o t p e rm it to  e s ta b lish  an y  s ig n if ic a n t d ev ia tio n  from  th e  co n tro ls .

W h ile  in respect to  w e ig h t, b lood  flow  a n d  v a sc u la r  re s is tan ce , th e  neu ro - 
h y p o p h y s is  of th e  t r e a te d  an im a ls  show ed n o  s ig n ifican t d e v ia tio n  fro m  th e  
c o n tro ls , th e  n eu ro h y p o p h y sea l frac tio n  o f c a rd ia c  o u tp u t  w as fo u n d  to  exceed 
s ig n if ic a n tly  th e  con tro l v a lu e s  a t  one to  tw o , a n d  tw o  to  fou r h o u rs . I t  is , how 
e v e r , b y  n o  m eans ce rta in  w h e th e r  th is  d e v ia tio n  h as  a n y  bio logical s ign ificance . 
I t  d e se rv e s  m en tion  in  th is  c o n te x t t h a t  n eu ro h y p o p h y se a l b lo o d  flo w  was 
m a n y  tim e s  th a t  of th e  a d e n o h y p o p h y se a l flo w  b o th  in th e  te s t  a n im a ls  an d  
in  th e  co n tro ls . This is in  a g re e m e n t w ith  th e  fin d in g s of Goldman  (1963) 
a n d  w ith  th e  resu lts o f o u r  ea rlie r  s tu d ies  (D á v id  e t al. [1965]).

Discussion

I t  h a s  been fo u n d  t h a t  a d e n o h y p o p h y se a l b lo o d  flow  is re d u c e d  d u rin g  
th e  f i r s t  hours a fte r  th e  a d m in is tra tio n  o f  h e x a d im e th rin e  b ro m id e . T his 
f in d in g  is obviously  n o t  ap p lic a b le  w ith o u t d u e  c ritic ism  to  th e  p a th o g en es is  
o f  h u m a n  p itu ita ry  n ecrosis , n ev erth e less  i t  f i ts  in  re m a rk a b ly  w ell w ith  th e  
c o n c e p t o f  Sheehan  (S h e e h a n  [1937], Sh e e h a n  an d  St a n field  [1961]) 
l in k in g  u p  p itu ita ry  necrosis  w ith  a re d u c tio n  in  reg iona l b lood  flow .

A ccord ing  to  our e a rlie r  s tu d ie s  (K ovács e t  al. [1964, 1966a]) in tra v e n o u s  
a d m in is tr a t io n  of 5 m g  h e x a d im e th rin e  b ro m id e  causes in a b o u t 50 p e r  c en t of
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th e  r a ts  focal ad en o h y p o p h y sea l in fa rc ts  w h ich  ta k e  a few  h o u rs  to  b e  de
m o n s tra b le  m icroscop ica lly . A llow ance m ad e  fo r th e  in d iv id u a l v a r ia tio n s , 
conclusive  m icroscopic  signs of necrosis a rc  u su a lly  ab se n t u n t i l  th e  en d  of 
th e  f i r s t  six  h o u rs . L arge  nec ro tic  a re a s  can  also be  seen w ith  th e  n a k e d  eye 
w hereas d e tec tio n  o f  m in o r in fa rc ts  re q u ire s  m icroscopic e x a m in a tio n .

I n  th e  p re se n t in v es tig a tio n s  no  m icroscop ic  s tu d y  w as p o ssib le , as th e  
p i tu i ta r y  g lands h a d  to  be used fo r 8eR b  d e te rm in a tio n . O n th e  b as is  o f an  e a r
lie r stvidy o f  sev e ra l h u n d re d  r a t  p i tu ita r ie s  a f te r  in jec tio n  o f h e x a d im e th rin e  
b ro m id e , how ever, th e  com pound  m u s t h a v e  h a d  th e  u su a l effect in  th e  p re se n t 
series, i.e . th e  in d u c tio n  o f p itu ita ry  necrosis  in  a b o u t 50 p e r c en t o f  th e  an im als . 
T h is w o u ld  seem  to  be  d isco rd an t w ith  th e  f in d in g  of a red u ced  a d e n o h y p o 
p h y sea l b lo o d  flow  in all b u t  tw o  an im als  c o n tra s te d  w ith  th e  co n tro ls  d u rin g  
th e  f ir s t  h o u rs  a f te r  th e  in jec tio n . T he o n ly  possib le  ex p lan a tio n  o f  th is  seem ing  
d isc rep an cy  is t h a t  a red u c tio n  of reg io n a l b lood  flow  does n o t  n ecessarily  
lead  to  necrosis. In  som e cases, isch aem ia  m a y  h av e  been o f s h o r te r  d u ra tio n , 
w hile in  o th e rs  i t  w as p e rh ap s co n fin ed  to  sm alle r a reas , th e re fo re  h y p o x ia  
w as n e ith e r  in ten se  n o r  long enough to  cause  p a ren ch y m a l d e s tru c tio n . I t  w as, 
h o w ever, n o t  possib le  to  give e x p e rim e n ta l s u p p o r t to  th is  e x p la n a tio n  b y  th e  
p re se n t s tu d ie s , since Sa pir stein ’s m e th o d  does n o t m easu re  b lo o d  flow  con
tin u a lly ;  as th e  an im a l has to  be sac rificed , th e  figures y ie lded  b y  th e  m e th o d  
m ere ly  g ive an  in s ta n ta n e o u s  p ic tu re  o f p i tu i ta r y  b lood  flow .

O n th e  g ro u n d s o f ou r earlie r s tu d ie s  (K ovács e t al. [1 9 6 4 ,1965a, 1 9 6 6 a ] ) , 
we sh o u ld  h av e  fo u n d  necro tic  a n te r io r  p i tu i ta r y  areas in  a b o u t 50 p e r c en t of 
th e  a n im a ls  24 h o u rs  a f te r  th e  in jec tio n  o f h e x a d im e th rin e  b ro m id e . T h is seem s 
to  be  a t  v a ria n c e  w ith  ou r finding o f  n o rm a l b lood  flow  a t  t h a t  p h a se , since, 
as g en e ra lly  k n o w n , in fa rc ts  are  d ev o id  o f a n y  blood  flow . T h is we h a v e  been  
ab le  to  con firm  b y  d e m o n s tra tin g  th a t  ad en o h y p o p h y sea l in fa rc ts  do n o t  ta k e  
u p  in tra c a rd ia l ly  in je c te d  In d ia  in k  (K ovács e t  a l., in  press). T hese  in c o n g ru e n t 
f in d in g s  m ig h t be  ex p la in ed  b y  th e  p o ss ib ility  th a t  e ith e r  th e  in fa rc ts  w ere 
to o  sm all o r th e  m e th o d  n o t sen sitive  en o u g h  to  reg is te r m in o r ch an g es. T his 
ag a in  is c o n tra in d ic a te d  b y  ou r ea rlie r r a t  ex p erim en ts  in v o lv in g  p i tu i ta ry  
s ta lk  lesion  (D á v id  e t  al. [1965]). T h is  o p e ra tio n  has been  fo u n d  to  ind u ce  
p i tu i ta r y  in fa rc ts  invo lv in g  a b o u t 50 p e r  c e n t of th e  g land  (D a n ie l  a n d  P r i
chard [1956], László e t al. [1962], A dams e t  al. [1963, 1964], Gr eep  [1963]). 
R e d u c tio n  o f p i tu i ta ry  blood flow  w as d em o n strab le  in all o f  th e  an im als 
a ffec ted  in  th is  m a n n e r. This w ould  seem  to  suggest th a t  v a s o d ila ta tio n , in  
o th e r  w ords, an  acce lera tion  of b lood  flow , ensues in th e  su rv iv in g  tissu es  a d ja 
c e n t to  th e  necrosed  a reas. C on firm atio n  o f th is  p o ssib ility  re q u ire s  m icro rheo- 
logic ev id en ce  in  vivo.

T h e  p re se n t re su lts  leave us w ith  th e  p ro b lem  o f th e  u n k n o w n  m echan ism  
a c c o u n tin g  fo r th e  tra n s ito ry  re d u c tio n  in  ad en o h y p o p h y sea l b lood  flow  
a f te r  th e  in jec tio n  o f h ex ad im e th rin e  b ro m id e . T he fall of b lood  p re ssu re  a n d
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T able  I

A d en o h y p o p h y s is

G ro u p
N u m b er

o f
an im als

Body-
w e ig h t

g

Blood 
p ressu re  
m m  Hg

C ard iac  
o u tp u t  

m l/m in /1 0 0  g 
b o d y  w e ig h t

W eig h t
m g

F ra c tio n  o f 
ca rd ia c  o u tp u t  

p e r  c e n t

I. C o n tro l 20 206
± 3 .9 *

122
± 2 .0

31.8 
±  1.6

7.3
± 0 .4

0.009
± 0 .0 0 0 5

I I .  H e x ad im e th rin e  
b ro m id e  
1 — 2 h rs

20 219
± 5 .9

77
± 5 .1

24.4
± 0 .9

8.7
± 0 .6

0.007
± 0 .0 0 0 9

I I I .  H e x ad im e th rin e  
b ro m id e  
2 — 4 hrs

20 211
± 4 .4

90
± 3 .1

25.6
± 1 .1

8,9
± 0 .5

0.007
± 0 .0 0 0 4

IV . H e x ad im e th rin e  
b ro m id e  
1 2 —24 h rs

20 228
± 5 .7

96
± 3 .3

28.0
± 1 .3

8.6
± 0 .7

0.011
± 0 .0 0 1 6

l / l l p ^O .001 pC O .001 p > 0 .0 5 p > 0 .0 5

P ro b a b ili ty I / I I I p  <(0.001 p < 0 .0 1 0 .0 2 > p >
0.01

p > 0 .0 5

I/IV pCO.001 p > 0 .0 5 p > 0 .0 5 p > 0 .0 5

* S ta n d a rd  e rro r

c a rd ia c  o u tp u t  c a n n o t be th e  o n ly  fac to rs , f ir s t  b ecau se  in  som e an im als b lood  
flow  w as  re d u c e d  th o u g h  th e  sa id  p a ra m e te rs  w ere n o rm a l a n d  second b ecau se  
i f  th is  su p p o s itio n  w ere t ru e ,  severe  h y p o x aem ic  d am ag e  w ould  h a v e  been  
fo u n d  in  o th e r  organs as w ell. In  o u r v iew  h e x a d im e th rin e  b rom ide causes an  
a r re s t  o f  p i tu i ta ry  c ircu la tio n  w hich  resu lts  in h y p o x aem ic  necrosis, th o u g h  
th e  p re s e n t  s tu d y  has fa iled  to  th ro w  lig h t on th e  process d irec tly  resp o n sib le  
fo r th is  re a c tio n . Isch aem ia  re su ltin g  in  h u m a n  a n te r io r  p i tu i ta ry  necrosis  has 
b een  a sc r ib e d  to  em bolism  b y  Simmonds (1914), to  th rom bosis b y  R ey e  
(1926) a n d  Sch reiner  (1955) a n d  to  v aso sp asm  b y  Sh eeh an  an d  Sta n fie l d  
(1961), w h ereas  McK ay  e t al. (1953), B e e r n in k  a n d  McK ay  (1962) re g a rd  i t  
as p a r t  o f  th e  S h w artz in an -p h en o m en o n . N ecroses caused  b y  h e x a d im e th rin e  
b ro m id e  le a v e  th e  possib ilities o f  v aso sp asm , s ta s is  o r th ro m b o sis  likew ise open . 
E lec tro n -m ic ro sco p ic  s tud ies (K ovács e t al. [1966b]) h av e  failed  to  c la rify  th is  
q u e s tio n , since  th e  in c r im in a te d  changes, i.e . v a sc u la r  w all dam age , s ta s is , 
th ro m b o s is  w ere a lre a d y  d e m o n s tra b le  in  th e  p re -n e c ro tic  phase.
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Neurohypophysis

Blood flow 
/ul/min/mg 

adenohypophy- 
seal 

w eight

V ascular 
resistance 

103 cm • dyne* 
• sec“6/100 g 

adenohypophy- 
seal w eight

W eight
mg

F raction  of 
cardiac o u tp u t 

per cent

Blood flow 
/Л/min/mg/ 
neurohypo

physeal weight

V ascular 
resistance 103cm- 

•dyne* scc-6/100 g 
neurohypo

physeal weight

0.75 136.3 1.0 0.008 6.00 18.7
± 0 .0 4 ± 8 .4 ± 0 .2 ± 0 .0 0 0 8 ±0.61 ± 2 .2

0.40 167.8 1.1 0.014 6.62 18.2
± 0 .0 5 ± 1 5 .9 ± 0 .1 ± 0 .0 0 1 1 ± 0 .6 0 ± 6 .6

0.44 175.2 1.1 0.014 7.28 14.6
± 0 .0 3 ± 1 3 .9 ± 0 .1 ± 0 .0 0 1 2 ± 0 .6 6 ± 3 .7

0.81 114.6 1.2 0.009 6.06 36.3
± 0 .1 1 ± 1 1 .9 ± 0 .1 ± 0 .0 0 1 0 ± 1 .1 2 ± 1 1 .6

pC O .001 p > 0 .0 5 p > 0 .0 5 pC O .001 p > 0 .0 5 p > 0 .0 5

p < 0 .0 0 1 0 .0 5 > p >
0.02

p > 0 .0 5 pC O .001 p > 0 .0 5 p > 0 .0 5

p > 0 .0 5 p > 0 .0 5 p > 0 .0 5 p > 0 .0 5 p > 0 .0 5 p > 0 .0 5
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ÜBER EINIGE AKTUELLE FRAGEN 
DER CHRONISCHEN PYELONEPHRITIS

Von

F . RÉNYI-VÁMOS
U R O L O G IS C H E  K L IN IK  ( D IR E K T O R : P R O F . D R . A. BA B IC S) D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T  B U D A P E S T

(E in g eg an g en  am  15. O k to b e r , 1966)

Zwecks V o rb eu g u n g  der a k u te n  P h ase  d e r  P y e lo n ep h ritis  em p fieh lt es sich , die 
K a th e te r is ie ru n g  zu  v e rm e id en  u n d  R e ih e n u n te rsu c h u n g e n  e inzu führen . D ie  e n ts p re 
chende B e h an d lu n g  des a k u te n  Prozesses bzw . d ie  K o n tro llie ru n g  der P a t ie n te n  se tz t  
d ie M öglichkeit d e r  E n tw ic k lu n g  der ch ro n isch en  P rozesse  herab . Zw ecks B e h an d lu n g  
u n d  K o n tro llie ru n g  d e r ch ron ischen  K ra n k en  w ird  d ie E rr ic h tu n g  von  F ü rs o rg e in s t i tu 
te n  em pfohlen . Im  fo r tg e sch ritte n en  S tad iu m  des P rozesses k a n n  m itte ls  c h ro n isch e r 
H äm odia lyse  d a s  L eb en  d e r P a tie n te n  v e r lä n g e r t  u n d  au ch  v e rb essert w erd en .

In  den v e rg an g en en  zwei Ja h rz e h n te n  s ta n d  die P y e lo n ep h ritis  u n v e r 
ä n d e r t  im  M itte lp u n k t des In te resses , was u n te r  an d eren  den fo lgenden  zu zu 
sch re iben  ist:

1. Die H ä u fig k e it d e r chronischen  P y e lo n e p h ritis . Bei der S ek tio n  f in d e t 
sich in  4 —15%  d e r  F ä lle  chronische P y e lo n e p h ritis  [7, 8, 30, 34]. H ie rb e i sei 
e rw ä h n t, daß  die P y e lo n e p h ritis  in  der M ehrzah l d e r F älle  in  v ivo n ic h t  e rk a n n t 
w urde  [7, 13, 22]. A u f die B ed eu tu n g  der la te n te n  P y e lo n ep h ritis  h a b e n  u n te r  
a n d e ren  E ndes u n d  M ita rb . [6] sowie Gömöri u n d  Szendey  [9] h ingew iesen . 
G e n an n te  V erfasser s te llte n  a n h a n d  ih re r b io p tisc h e n  u n d  S ek tio n sb efu n d e  
fest, d aß  im  H in te rg ru n d  d e r einfachen H o c h d ru c k k ra n k h e it, b eso n d ers  w enn 
es sich u m  die m a lig n e  F o rm  d er E rk ra n k u n g  h a n d e lt , n ich t se lten  eine c h ro n i
sche P y e lo n e p h ritis  s te h t .  B ei der k lin ischen  U n te rsu ch u n g  d ieser K ra n k e n  
erhob  sich in den  m e is ten  F ä llen  n ic h t e in m al d e r V e rd ach t einer ch ro n isch en  
P y e lo n ep h ritis .

2. Die H ä u f ig k e it  d e r U räm ie. L a u t d e r  S ta t is t ik  der W e ltg e su n d h e its 
o rg an isa tio n  fa llen  jä h r lic h  2 0 —30 neue u rä m isc h e  K ran k en  a u f  1 M illion 
E in w o h n er, w as in  u n g a risc h e r R ela tion  jä h r l ic h  200 — 300 neue U räm ie fä lle  
b edeutet.

3. B a k te r iu r ie . U n te r  no rm alen  V e rh ä ltn isse n  e n th ä lt  d er H a rn  keine 
oder d u rch  K o n ta m in a tio n  n u r  w enig B a k te r ie n . D ie V erm ehrung  d e r B a k te 
r ien zah l k an n  b e re its  a u f  P y e lo n ep h ritis  d e u te n . A n h an d  der a u sg e d e h n te n  
F o rsc h u n g sa rb e it v o n  K ass [14, 15, 16, 17] i s t  es h eu te  bere its  a llgem ein  a n e r
k a n n t,  d aß  w ä h re n d  eine B ak te rien zah l u n te r  10 000/m l H a rn  K o n ta m in a tio n  
b e d e u te t, eine B a k te r ie n z a h l ü b e r 100 000/m l H a rn  (sign ifik an te  B a k te r iu r ie )  
b e re its  a u f  P y e lo n e p h ritis  h inw eisen kan n . Im  F a lle  eines e inm aligen  p o sitiv en  
R e su lta ts  soll d ie  U n te rsu c h u n g  w iederho lt w e rd e n ; falls sich die S ig n ifik an z
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a b e rm a ls  m e ld e t (p e rs is ten te  B ak te riu rie ) , e m p fie h lt es sich die B e h a n d lu n g  — 
s e lb s t  im  M angel an d e re r S y m p to m e  — zu  b e g in n e n , da es sich e n tw ed e r b e re its  
u m  P y e lo n e p h ritis  h a n d e lt  ( la te n te  P y e lo n e p h ritis )  oder ein P rä d isp o s itio n  
b e d e u te n d e r  Z u stan d  v o r lie g t, d e r ohne B e h a n d lu n g  n ic h t se lten  zu  P y e lo 
n e p h r i t i s  f ü h r t  [8, 15, 21, 2 9 ]. D ie s ig n if ik an te  B a k te riu rie  s te llt d e m n a c h  ein 
k lin is c h e s  W arnzeichen  d a r , d as  die In fe k tio n  d e r H arnw ege n o ch  v o r  dem  
A u f t r e te n  an d ere r S y m p to m e  a n k ü n d ig t.

A n g esich ts  der u n te r  1. u n d  2. a n g e fü h r te n  d ü ste ren  D a te n  u n d  der 
e rm u tig e n d e n  A ngaben  in  P u n k t  3. h ie lten  w ir  die E rö rte ru n g  e in iger p a th o 
g e n e tis c h e n  F ragen  d er P y e lo n e p h ritis  fü r  an g eze ig t; das w eitere  Z iel v o rlie 
g e n d e r  A rb e it w ar die Z u sam m en fassu n g  je n e r  th e ra p e u tisc h en  M aß n ah m en , 
die d ie  H e rab se tzu n g  d er H ä u f ig k e it d e r a k u te n  P y e lo n ep h ritis  bezw ecken  
b zw . d a z u  b e itrag en , d aß  d ie  P rogression  d e r sich  bere its  en tw ic k e lte n  oder 
c h ro n is c h e n  Prozesse zum  S til ls ta n d  g e b ra c h t o d e r w enigstens v e r la n g sa m t 
w e rd e n  k a n n .

Einige pathogenetische B eobachtungen

1. B ei unserer die m en sch lich en  u ro lo g isch en  E rk ra n k u n g e n  re p ro d u 
z ie re n d e n  Y ersuchsserie w ies d as  h isto log ische  B ild  der N iere n a c h  In fiz ie ru n g  
d e r  B la se n w a n d , des H o d en s  bzw . der S am en b la se  a u f  a k u te  (A bb . 1) bzw . 
b e i ü b e r le b e n d e n  T ieren  a u f  ch ron ische  P y e lo n e p h ritis  h in . E s w u rd e  bew iesen , 
d a ß  es s ich  n ic h t um  eine k a n a lik u lä r , im  U re te r lu m e n  aszend ie rende , so n d ern  
u m  e in e  h äm ato g en e  P y e lo n e p h ritis  h a n d e lt. Im  Z u stan d ek o m m en  des P ro 
zesses sp ie len  die E rk ra n k u n g  d e r reg ionalen  L y m p h k n o te n  bzw . die d a ra u ffo l
g e n d  e n ts ta n d e n e  N ie re n sa ftk re is lau fs tö ru n g  eine R olle [25]. Bei d er In fiz ie ru n g  
v o n  3 B au ch o rg an en  (D arm , G allenb lase, E ile ite r)  erschien  h is to lo g isch  eine 
f le c k ig e  N ie ren rin d en n ek ro se  [26] (A bb. 2). L a u t  un sere r u n v e rö ffe n tlic h ten  
t ie re x p e rirn e n te lle n  B efunde s in d  n ach  In f iz ie ru n g  des K n o ch en m ark s o d e r der 
M u s k u la tu r  schw ere N ie ren v e rän d e ru n g en  (T u b u lu se p ith e ld e g e n era tio n , Zell
d e s q u a m a tio n , stellenw eise N ekrob iose) zu b e o b a c h te n . A n h an d  u n se re r  E x p e 
r im e n te  n a h m e n  w ir an , d aß  im  L aufe  der sich  im  O rgan ism us ab sp ie len d en  v e r
sc h ie d e n e n  fiebrigen  In fe k tio n sk ra n k h e ite n  N ie ren v e rän d e ru n g en  Z u stan d e
k o m m e n  k ö n n en , die — fa lls  sie n ic h t heilen  — en tw ed er in  ch ron ische  P y e lo 
n e p h r i t i s  übergehen  oder — im  F a lle  e iner n a rb ig e n  H eilung  — dem  O rg an is
m u s e in e  P räd isp o sitio n  b e d e u te n , w as a n lä ß lic h  sp ä te re r  In fek tio n en  d ie  E n t 
s te h u n g  e in e r e rn eu ten  E n tz ü n d u n g  (P y e lo n ep h ritis )  oder fleck iger N ekrose  
f ö rd e r t .  D ie  E rgebn isse  w eisen  d a ra u f  hin, d a ß  a n läß lich  der sich im  O rg an ism u s 
a b sp ie le n d e n  versch iedenen  en tzü n d lich en  P rozesse  die M öglichkeit einer 
s e k u n d ä re n  h äm ato g en en  N ie re n  V eränderung  a u c h  zu erw ägen is t. D iese F e s t
s te l lu n g  sp r ic h t fü r  die N o tw e n d ig k e it d e r H a rn u n te rsu c h u n g : A u f E n tz ü n 
d u n g  h in w eisen d e  Zeichen (P y u rie , B a k te r iu r ie )  oder lediglich s ig n if ik a n te  
B a k te r iu r ie  ind izieren  n e b s t  d e r B eh an d lu n g  d e r G ru n d k ra n k h e it a u c h  die
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B eh an d lu n g  bzw . K o n tro llie ru n g  d er N ie ren v e rän d e ru n g . Es k a n n  V orkom m en, 
d aß  die zwecks B ek äm p fu n g  der G ru n d k ra n k h e it  angew and te  T h e ra p ie  (z. B. 
A n tib io tik a )  au ch  den  la te n te n , e n tz ü n d lic h e n  P rozeß  der N iere te ilw e ise  oder 
v o llkom m en  heilt.

Abb. 1. E x p erim en te lle  a k u te  P y e lo n ep h ritis  b e im  K an in ch en : E x su d a t in  d e r  B o w m anschen  
K ap se l, en tzü n d lich es I n f i l t r a t  im  In te rs titiu m

Abb. 2. E x p erim en te lle  fleck ige N ie ren rin d en n ek ro se  beim  K a n in c h e n

2. P y e lo n ep h ritis  bzw . B a k te r iu r ie  im  K in d esa lte r. W ie d a r a u f  zah lreiche 
M itte ilu n g en  h inw eisen , kom m en bei K in d e rn  In fek tionen  d e r H a rn w eg e  fa s t 
ebenso  häu fig  v o r  w ie die d er A tem w ege. W ä h re n d  P y e lo n ep h ritis  n ic h t  o b s tru k 
tiv e n  U rsp ru n g s in  e rs te r  R eihe die A lte rsg ru p p e n  zwischen I — 3 J a h r e n  g efäh r
d e t , en tw ick e lt s ich  die o b s tru k tiv e  P y e lo n e p h ritis  zum eist b e i 3 — 5 jährigen  
K in d e rn  [4, 19, 20]. In  1,5 — 4 %  d e r F ä lle  f in d e t sich B a k te r iu r ie . H äufig  
m e ld e t sich p y e lo n ep h ritisch e  A u fflack e ru n g  u n d  der P ro zeß  is t  — ähn lich  
w ie bei den E rw ach sen en  — oft sy m p to m fre i. All dies sp ric h t d a fü r , d a ß  Bak-
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te r iu r ie  oder P y e lo n e p h ritis  au ch  im  K in d e sa lte r  o f t  V orkom m en, w o rau s fo lg t, 
d a ß  ein Teil der be i d en  E rw ach sen en  a u f tre te n d e n  P y e lo n ep h ritid en  b e re its  
im  K in d e sa lte r  b eg o n n en  h a t .

3. A sy m p to m a tisc h e  B ak te riu rie  in  d e r  S chw angerschaft. L a u t  d e r 
1959 ersch ienenen  M itte ilu n g  von  K ass [17] la g  h e i 6 %  der 4000 u n te rs u c h te n  
S ch w an g eren  s ig n if ik a n te  B a k te r iu r ie  vor, w ä h re n d  diese P ro zen tzah l b e i 200 
g e su n d e n  U n v e rh e ira te te n  led ig lich  0 ,5%  a u sm a c h te . K ass n ah m  an , d a ß  die 
B a k te r iu r ie  im  zw eiten  S ch w an g e rsch a ftsm o n a t b e g a n n . Bei M eh rg eb ären d en  
b e tru g  d ie  P ro z e n tz a h l d e r  sig n ifik an ten  B a k te r iu r ie  11% . Bei 40%  d e r n ic h t  
b e h a n d e lte n  S ch w an g eren  m eld e ten  sich w ä h re n d  d e r  S chw angerschaft bzw . 
im  P u e rp e riu m  die k lin isc h e n  S ym ptom e d er P y e lo n e p h r itis , in  der b e h a n d e lte n  
G ru p p e  w aren  ab e r d iese  Z eichen  in  keinem  F a ll  zu  b eo b ach ten . N ach  K ass 
k a m  es be i 24%  d er S ch w an g eren  zu einer F rü h g e b u r t ,  im  G egensatz  zu  d e r 
K o n tro llg ru p p e , in  d e r  d iese  P ro zen tzah l n u r  9 %  b e tru g . In  dem  1500 S c h w an 
gere um fassen d en  M a te r ia l v o n  T urner  [32] m e ld e te  sich  die s ig n ifik an te  B a k 
te r iu r ie  in  7%  der F ä lle , w ä h re n d  dieses S y m p to m  in  d er K o n tro llg ru p p e  n u r  
b e i 1 %  d e r F rau en  vorzru finden  w ar. Ü ber ä h n lic h e  B efu n d e  und  p y e lo n ep h ri-  
t is c h e  F o lgen  b e r ic h te te n  F oreman [8], Sch a m a d en  [29], Cum m ins [5], 
P rat u . M itarb . [23] u sw .

U nsere  m it d er I I .  F ra u e n k lin ik  der M ed iz in isch en  U n iv e rs itä t B u d a p e s t 
g em ein sam  d u rc h g e fü h rte n  u n v e rö ffen tlich ten  U n te rsu c h u n g e n  e rg ab en  ä h n 
liche  R e su lta te . M it H ilfe  d e r  zu r F es ts te llu n g  d e r  s ig n ifik an ten  B a k te r iu r ie  
d ien e n d e n  U n te rsu c h u n g e n  k o n n te n  w ir in  m a n c h e n  F ä llen  keine B eschw erden  
v e ru rsa c h e n d e  P y u rie  -|- B a k te r iu r ie  d iag n o stiz ie ren .

D ie a n g e fü h rten  L ite ra tu ra n g a b e n  w eisen d a r a u f  h in , daß  infolge d e r in  
d e r S ch w angerschaft h ä u f ig  a u ftre te n d en  s ig n if ik a n te n  B ak te riu rie  sich  im  
L a u fe  d e r S ch w an g ersch aft o d e r im  P u e rp e riu m  eine m an ifeste  P y e lo n e p h ritis  
e n tw ic k e lt.

4. B ak te riu rie  u n d  P y e lo n e p h ritis  bei D ia b e tik e rn . W ie d a ra u f  zah lre ich e  
L ite ra tu ra n g a b e n  h in w e isen , k o m m t die P y e lo n e p h r it is  hei Z u ck e rk ran k en  
h ä u f ig e r  v o r  als hei n ic h t  D ia b e tik e rn . N ach  e in ig en  V erfassern  b e tr ä g t  die 
P ro z e n tz a h l der an  P y e lo n e p h r it is  leidenden Z u c k e rk ra n k e n  18—2 0 % . B alázs 
u n d  M ita rb . [1] fan d e n  e ine  6 % ig e  H ä u fig k e it; l a u t  R o bbin s  u n d  T ucker  [28] 
is t  d ie  T odesu rsache  h e i 7 ,3 %  der D iab e tik e r  P y e lo n e p h ritis , bei den  n ic h t  
D ia b e tik e rn  dagegen n u r  h e i 1 ,3 % . Im  V erh ä ltn is  zu  d en  übrigen  K ra n k h e ite n  
b e t r ä g t  die H äu fig k e it d e r  P y e lo n ep h ritis  bei D ia b e tik e rn  nach  H e t é n y i [11] 
das D o p p e lte , nach  B e e so n  [2] das F ü n ffach e  u n d  n a c h  K ass [16] das V ie r
fach e , H a n se n  [10] b e o b a c h te te  an h an d  der U n te rsu c h u n g e n  von 148 D ia b e ti
k e rn  e c h te  B ak te riu rie  b e i 18 ,5%  der z u c k e rk ra n k e n  F ra u e n , u n d  b e i n u r  
3 ,7 %  d e r  n ic h t Z u c k e rk ra n k e n ; bei den M ännern  m a c h te n  diese P ro zen tzah len  
7 b zw . 3 %  aus. W ie e rs ic h tlic h , k o m m t hei d en  Z u c k e rk ra n k en  h äu fig  s ig n i
f ik a n te  B ak te riu rie  b zw . P y e lo n e p h ritis  vor.
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5. Die B e d e u tu n g  d er a sy m p to m a tisc h e n  B a k te r iu r ie  be i u ro logischen  
E rk ra n k u n g e n . N ach  u n se ren  u n v e rö ffe n tlic h ten  U n te rsu ch u n g en  is t  d er signi
f ik a n te n  B a k te riu rie  a u c h  a u f  dem  G ebie t d er U rologie eine B e d e u tu n g  b e izu 
m essen  (N ep h ro p to se  usw .).

6. P h e n a c e tin  u n d  P y e lo n ep h ritis . S eit d er 1953 e rsch ienenen  M itte ilu n g  
v o n  Spühler  u n d  Zollinger  [31] h ab en  zah lre iche  F o rsch e r d a ra u f  h inge
w iesen , d aß  P h e n a c e tin a b u su s  h äu fig  zu P y e lo n ep h ritis  fü h r t .  H e u te  h e rrsch t 
eh e r die A uffassung , d a ß  das P h a rm a k o n  alle in  n ic h t P y e lo n e p h ritis  v e ru rsa c h t 
so n d e rn  einen, d as  A n h a fte n  d er B a k te rie n  in  d er N iere  e rm ö g lich en d en  P rä 
d isp o sitio n szu stan d  h e rb e ifü h r t  u n d  a u f  diese W eise zu r E n tw ic k lu n g  der 
P y e lo n ep h ritis  b e i t r ä g t .  In  U n g a rn  sch e in t diese F ra g e  v o n  m in d e re r  B ed eu 
tu n g  zu sein.

7. O b stru k tio n s-P y e lo n e p h ritis . F ü r  diese be i K in d e rn  h ä u f ig  v o rk o m 
m en d e  F o rm  d er P y e lo n e p h ritis  is t zu m eist eine E n tw ick lu n g san o m a lie  der 
N iere  bzw . des H a rn tra n s p o r ts y s te m s  v e ra n tw o rtlic h . B ei E rw ach sen en  b ere i
t e t  die D iag n o stiz ie ru n g  d er en tzü n d lich en  N ierenprozesse  im  allgem einen  
k e in e  S chw ierigkeit, da  die auslösende U rsache  (S te in , G efäß an o m alie , P ro s ta ta 
h y p e rtro p h ie  usw .) m it d e ra rtig en  B eschw erden  e in h erg eh t, d a ß  sich  der 
P a t ie n t  u n b e d in g t zu r fach ä rz tlich en  U n te rsu c h u n g  m eld e t.

8. D ie R olle d e r K a th e te r is ie ru n g  be i der In fe k tio n  d e r H arn w eg e . M it 
d en  G efahren  u n d  K o m p lik a tio n en  der K a th e te r is ie ru n g  befassen  sich  säm tliche  
L e h rb ü c h e r; in d iesem  Z u sam m en h an g  w ollen w ir ab e r a u f  die in  d e r le tz ten  
Z e it s te ts  la u te r  w erd en d e  A uffassung  zah lre ich er V erfasser h inw eisen , daß  
schon  n ach  e in m alig e r — zu m eist n ic h t e n tsp re c h e n d e r — K a th e te r is ie ru n g  
d ie  oberen  H arn w eg e  o ft in fiz ie rt w erden  [3, 12 usw .]. N ach  K ass [14] b e trä g t 
d ie P ro zen tzah l d e r n a c h  K a th e te r is ie ru n g  a u ftre te n d en  E n tz ü n d u n g  der 
o b eren  H arnw ege 2 —4 % .

9. V o ran g eh en d e  N ie re n k ra n k h e it als p räd isp o n ie ren d e r F a k to r  im  Z u
stan d ek o m m en  d e r P y e lo n e p h ritis . Z ah lre iche  A ngaben  sp rech en  d a fü r, daß  
z u r  H erb e ifü h ru n g  e in er ex p erim en te llen  P y e lo n ep h ritis  die v o ran g eh en d e  
L äd ie ru n g  der N iere  e rfo rderlich  is t [23, 25 usw .]. R e u b i [24] h e b t  in der 
m ensch lichen  P a th o g e n e se  die p räd isp o n ie ren d e  R olle d er ch ro n isch en  G lom e
ru lo n e p h ritis  h e rv o r , la u t  V arga u n d  T u -S ü j-H aj [33] is t in  d ieser B eziehung 
d e r N ephrose eine B e d e u tu n g  beizum essen .

B ei den an u risc h e n  K ra n k e n  u n se re r  K u n s tn ie re n s ta tio n  w aren  au ß e r 
P y e lo n ep h ritis  fo lgende  (der P y e lo n e p h ritis  v o ran g eh en d en ) N ie re n k ra n k h e ite n  
zu  v erze ich n en : ch ron ische  G lo m eru lo n ep h ritis , A m ylo idosis, P e r ia r te r iitis  
n o d o sa , A rteriosc lerosis  ren is [27]. Ü b er ähn lich e  B efunde  b e r ic h te te  auch  
F abre  [7]. D ie p y e lo n ep h ritisch en  V erän d e ru n g en  d er h y p o p la s tisc h e n  Niere 
s in d  a llb e k a n n t.

10. Die B e d e u tu n g  d er ch ron ischen  P y e lo n ep h ritis  in  d er E n tw ick lu n g  
d e r a k u te n  O ligo-A nurie . In  unserem  492 P a tie n te n  u m fassen d en  M ate ria l der
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K u n s tn ie re n s ta tio n  w ar die au slö sen d e  U rsache d e r O ligo-A nurie in  122 F ä llen  
(2 4 ,8 % ) die ak u te  A u ff la e k e ru n g  eines ch ro n isch en  N ierenprozesses. In  81 
F ä lle n  — was 67 ,1%  d e r c h ro n isch en  N ie ren k ran k en  bzw . 16 ,4%  des g esam ten  
K ra n k e n m a te r ia ls  a u s m a c h t — w ar die G ru n d k ra n k h e it  ch ron ische  P y e lo 
n e p h r i t is .  D er U m stan d , d a ß  zah lre ich e  K ran k en  n ic h ts  ü b e r ih re  v o ran g eh en d e  
N ie re n k ra n k h e it  w u ß te n , s p r ic h t  ebenfalls fü r  die B e d e u tu n g  der la te n te n  ch ro 
n isc h e n  P y e lo n ep h ritis .

W erd en  diese w illk ü rlic h  zu sam m en g este llten  p a th o g e n e tisc h e n  F a k to re n  
u n d  d a s  W esentliche des P ro zesses  zu sam m en g efaß t, so e rg ib t sich, d aß  sich 
d ie  P y e lo n e p h ritis  in  s ä m tlic h e n  L eb en sa lte rn  — u n d  so au ch  be i K le in k in d e rn  
— m a n ife s tie re n  k a n n , m a n c h m a l jedoch  la te n t  b le ib t. In  der E n tw ic k lu n g  
d e r  K ra n k h e i t  können  k o n g e n ita le  u n d  erw orbene N ieren - bzw . H a rn tr a n s p o r t
sy s tem -V erän d e ru n g en , v e rsc h ie d e n e  en tzü n d lich e  P rozesse , E rk ra n k u n g e n  
(Z u c k e rk ra n k h e it) , S c h w a n g e rsc h a ft usw . eine R o lle  sp ielen . F a lls  ke ine  
c h a ra k te ris tis c h e n  S y m p to m e  vorliegen , is t die D iag n o se  d er a k u te n  P h ase  
h ä u f ig  schw ierig  bzw . u n m ö g lich . In  Fällen , in d en en  die P y e lo n ep h ritis  in  der 
a k u te n  P h ase  n ich t d e f in it iv  h e ilt , sondern  in  die ch ron ische  P h ase  ü b e rg eh t, 
k o m m t es frü h er oder s p ä te r  z u r  Z e rstö ru n g  d er N iere . E s k a n n  V orkom m en, 
d a ß  d ie  la te n te  P y e lo n e p h ritis , d ie den  P rozeß  in  G an g  se tz te , n u r  d an n  e rk a n n t 
w ird , w en n  sich im  L au fe  d e r  ch ron ischen  P h ase  als »erstes Sym ptom « H o ch 
d ru c k , U räm ie , H e rz d e k o m p e n sa tio n  bzw. O ligo-A nurie  m elde t.

K lin isch e  Folgerungen

U n te r  B erü ck sich tig u n g  d e r an g e fü h rten  p a th o g e n e tisc h e n  F a k to re n  w ol
len  w ir  die W ich tigkeit fo lg e n d e r p ro p h y la k tisc h e r, d iag n o stisch e r u n d  th e o re 
t is c h e r  M aßnahm en  h e rv o rh e b e n :

1. W om ögliche V e rm e id u n g  der K a th e te r is ie ru n g . In  en tsp rech en d en  
F ä lle n  e m p fieh lt sich eh e r d ie  H a rn e n tn a h m e  n a c h  so rg fä ltig em  A bspü len  der 
H a rn rö h re  (M itte ls tra h lh a rn ). In  F ällen , in  d en en  dieses V erfah ren  w egen 
irg e n d e in e r  U rsache n ic h t d u rc h g e fü h r t  w erden k a n n , m üssen  K a th e te rs te r il i
s ie ru n g  u n d  K a th e te r is ie ru n g  so rg fä ltig s t v o rg en o m m en  w erden .

2 . R e ih e n u n te rsu c h u n g . W ird  die s ig n if ik an te  B a k te r iu r ie  im  K in d e s 
a l te r ,  w ä h re n d  bzw. n a c h  f ie b r ig e n  E rk ra n k u n g e n , w ä h re n d  der S chw anger
s c h a f t , b e i Z u ck erk ran k en , b e i E n tw ick lu n g san o m a lie  bzw . N ep h ro p to se  usw . 
n ach g ew iesen , so k an n  d e r d u rc h  die E n tw ick lu n g  e in er ev en tu e llen  P y e lo 
n e p h r i t is  gefäh rde te  Z u s ta n d  d e r  N iere re c h tz e itig  e rk a n n t w erden . Z ur K lä 
ru n g  d e r  übrigen  K ra n k h e ite n  bzw . Z u stän d e , b e i den en  (oder w egen deren) 
s ig n if ik a n te  B ak te riu rie  e n ts te h e n  k a n n , sind  w eite re  F o rsch u n g en  e rfo rderlich . 
D ie D iag n o stiz ie ru n g  d e r s ig n if ik a n te n  B a k te riu rie  b e d e u te t  g leichzeitig , daß  
a n h a n d  d e r in diesen F ä lle n  u n b e d in g t e rfo rd e rlich en  w eite ren  N ie re n u n te r
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suchungen  u n d  F e s ts te llu n g  der R esistenz  des K ran k h e itse rreg e rs  (z u m e is t 
E . coli) die en tsp re c h e n d e  B eh an d lu n g  bzw . K o n tro llie ru n g  des P a t ie n te n  e in 
ge le ite t w erden  soll.

3. In  m anchen  F ä llen  w ird die d ia g n o s tiz ie r te  ak u te  P y e lo n e p h ritis  
n ic h t in e n tsp re c h e n d e r W eise b eh an d e lt. E s  k o m m t häu figer v o r, d a ß  falls 
n ach  d e r a n tib io tisc h e n  K u r  die B eschw erden  a u fh ö re n , die P a tie n te n  n ic h t 
w eite r b e h a n d e lt hzw . k o n tro llie r t w erden. In  d ie se r  A rbeit wollen w ir a u f  die 
en tsp rech en d e  B eh a n d lu n g  der ak u ten  P y e lo n e p h r it is  n ich t e ingehen , es sei 
jed o ch  b e to n t, daß  die a k u te  P y e lo n ep h ritis  e ine la n g e  Zeit h in d u rch  b e h a n d e lt  
u n d  k o n tro llie r t w erden  soll.

4. D ie ch ron ischen  Prozesse b e a n sp ru c h e n  eine sozusagen le b e n s lä n g 
liche B eh an d lu n g  u n d  K o n tro llie ru n g  (B lu td ru c k , A näm ie, K re is lau f, Salz- 
u n d  F lü ss ig k e itsh a u sh a lt, D iä t usw .). D iese A u fg a b e  so llten  die in den  K lin ik e n  
u n d  K ra n k e n h ä u se rn  e r r ic h te te n  F ü rs o rg e in s ti tu te  übernehm en.

5. C hronische D ia lyse  d er a rb e itsu n fä h ig e n  u räm ischen  K ra n k e n .
D a die au sfü h rlich e  B esprechung  jed es  e in ze ln en  P u n k tes  eine M itte ilu n g  

an  u n d  fü r  sich au sfü llen  w ürde , haben  w ir d ie  m it der ch ron ischen  P y e lo 
n e p h ritis  v e rb u n d e n e n  A ufgaben  n u r  sc h e m a tisc h  zusam m engefaß t. D as  Ziel 
vo rliegender A rb e it w ar, die A u fm erk sam k e it a u f  den  U m stand  zu le n k e n , daß  
die V o rb eu g u n g  d er ch ron ischen  P y e lo n e p h ritis , d ie D iagnostiz ierung  u n d  die 
en tsp rech en d e  B e h a n d lu n g  der ak u ten  u n d  ch ro n isch en  Phase fü r  m a n c h e  
K ra n k e n  bessere L eb en sv e rh ä ltn isse  bzw. die V erlän g eru n g  des L eb en s b e d e u 
ten  können .
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O v ariec to m y  w as fo u n d  to  leave th y ro id  1311 u p tak e  a n d  131I- tr i- io d o th y ro n in e  
d isap p earan ce  in  vivo  u n a ffe c te d  w hereas i t  red u ced  th e  response  to  T S H  o f th e  thyro id . 
A tra n s ie n t re d u c tio n  in  p i tu i ta ry  T S H  c o n te n t w as reg is te red  th re e  w eeks a f te r  ovariec
to m y , a fin d in g  in te rp re te d  as being  due  to  a n  in creased  re lease  o f th e  h o rm one.

R ecen t s tu d ie s  co ncern ing  th e  e ffec t o f o v arian  h o rm o n es  on th y ro id  
fu n c tio n  [1, 2, 3] h a v e  c lea rly  show n th a t  th e  oestrogens e n h an ce  th e  capac ity  
o f b lood  p lasm a fo r b in d in g  th y ro id  ho rm ones [4, 5]. In  c o n tra s t ,  ev idence as 
concerns th e  d irec t in flu e n c e  of o v arian  ho rm o n es on th e  th y ro id  g lan d  is no t 
e n tire ly  co n sis ten t [ I ,  6, 7, 8], th o u g h  th is  v e ry  issue is o f an  o b v io u s p rac tica l 
s ign ificance, as i l lu s tr a te d  b y  th e  p rev a len ce  of h y p e rth y ro id ism  or hy p o 
th y ro id ism  in fem ales, p a r tic u la r ly  d u rin g  th e  c ritica l periods o f  o v a ria n  ac tiv 
ity .

E vidence  is sc a n ty  in  resp ec t to  th e  in flu en ce  of o v a ria n  a c tiv i ty  on the 
th y ro id  response to  th y ro tro p h ic  ho rm one  (T SH ) [I , 8, 9]. T h is  h a s  p ro m p ted  
us to  s tu d y  th e  in flu e n c e  o f o v a riec to m y  on th y ro id  a c t iv i ty ,  th e  th y ro id  
response  to  T S H , a n d  on p itu i ta ry  T S H  c o n te n ts , in th e  m ouse.

M ateria l and  m ethods

Fem ale  a lb ino  m ice, a p p ro x im ate ly  20 g in  w eigh t, w ere k e p t  on  a  io d in e -p o o r diet. 
F o r  th e  d e te rm in a tio n  o f th y ro id  131I u p tak e , 2 f i d  1311 w as given in tra p e r i to n e a lly ,  th e  an i
m als  were killed  24 h o u rs  la te r ,  an d  th e  th y ro id  g lan d s w ere rem oved  a n d  ho m o g en ized  in  2 ml 
2 N  N aO H . R a d io a c tiv ity  w as m easu red  in  a  w e ll-ty p e  sc in tilla tio n -c ry s ta l a n d  th y ro id  1311 
u p ta k e  in  24 ho u rs  w as ex p ressed  in  p e r cen ts o f  th e  in je c te d  a c tiv ity .

F o r e s tim a tio n  of th e  d isap p earan ce  ra te  o f 131I- tr i- io d o th y ro n in e  in  v ivo , th e  anim als 
rece ived  1 //C i/0 .1 /ig  131I- tr i- io d o th y ro n in e  (A m ersh am ) in trav en o u s ly . T o ta l  a c t iv ity  in the 
an im als  w as m easu red  b y  m ea n s  of a g e o m e try -in d e p en d e n t d e te c to r  d esig n ed  b y  K r a szn a i 
e t al. [20] fo r th e  s tu d y  o f to ta l  body  ra d io a c tiv ity  in  sm all an im als. V a lues fo u n d  a t  1, 10, 24, 
an d  48 h ours, re sp ec tiv e ly , w ere expressed  in  p e r cen ts  o f th e  a c t iv ity  m ea su re d  10 m inutes 
a f te r  a d m in is tra tio n  o f  th e  com pound .

T h y ro id  response to  T S H  w as exam ined  3 a n d  12 w eeks a f te r  o v a rie c to m y  b y  correlating  
th e  fin d in g s w ith  th o se  in  m ice su b jec ted  to  a sh am -o p era tio n . T he effec t o f  T S I Ï  on  th e  thyro id  
w as e s tim a te d  on th e  b asis o f  th e  m eth o d  of M c K e n z i e  [10] a d a p te d  b y  u s fo r th is  purpose 
[11]. I f  th e  te s t  dose o f T S H  e lic ited  a s tim u la to ry  response , th en  o u tp u t  o f  lab e lled  horm one 
b y  th e  th y ro id  an d  c o n se q u en tly  a c tiv ity  in th e  b lood , increased . T h e  s ta n d a r d  T S H  solution 
(lyoph ilized  A m b in o n -O rg an o n ) was p rep ared  im m e d ia te ly  before use. T S H  w as given in tra 
ven o u sly  in  0.5 m l f lu id , in  doses o f 0 .1, 0.2, 0 .5, an d  1.0 m U . B lood a c t iv ity  2 h o u rs  a fte r  the 
in tra v en o u s  in jec tio n  o f T S H  w as co rre la ted  w ith  th e  m ean  2-hour v a lu e s  (100 pe r cent) in 
m ice in jec ted  w ith  0.5 m l o f a 1 pe r cen t saline so lu tio n  of h u m an  serum  a lb u m in .
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F in a lly ,  i t  was s tu d ied  in  5 se rie s  w hether o v a riec to m y  h a d  a n y  effect on p i tu i ta r y  T S H  
c o n te n t .  T h e  p itu ita ries  o f th e  a n im a ls  w ere  rem oved b y  th e  p ro c e d u re  o f A m e s b u h y  e t al. [12], 
h o m o g e n iz e d  in  saline and  th e  T S H  c o n c e n tra tio n  w as d e te rm in e d  b y  th e  m eth o d  of M c K e n z i e , 
u s in g  300 a lb ino  mice. T he p r e t r e a te d  te s t  mice, g rouped  p e r  5 a n im a ls  or m ore, w ere in je c te d  
in tr a v e n o u s ly  w ith  0.5 ml o f a n  e x t r a c t  corresponding  to  1/8 o f  th e  p i tu i ta ry  g lan d , w hereas 
th e  c o n tro l  anim als were g iven  1 p e r  c e n t  serum  album in  in  0.5 m l sa line , a n d  th e  2 -h o u r a c tiv 
i ty  v a lu e s  o f  th e  blood w ere c o m p a re d . T he reason fo r u s in g  1/8 o f th e  p i tu i ta ry  g lan d  w as 
t h a t  in  o u r  p re lim inary  e x p e rim e n ts  w e h a d  found  th e  th y ro id  s tim u la tin g  effect o f  th is  a m o u n t 
s u f f ic ie n tly  in fo rm ative  o f p i tu i t a r y  T S H  content.

R esults

T h e  u p p er section o f T a b le  I  shows th e  2 4 -h o u r th y ro id  131I -u p ta k e  in  
p e r  c e n t . I t  can be seen t h a t  o v ariec to m y  d id  n o t  a ffec t th e se  va lues. In  th e

Table I

T h y ro id  131I-u p ta k e

3 w eeks a f te r  o p e ra t io n  12 w eeks a f te r  o p e ra tio n

S ham -operat ed O v a rie c to m iz e d  j S ham -o p erated O v a riec to m izcd

22.8 ±  0.9 23 .8  ±  0.9 : 24.0 ±  0.9 25.0 ±  0.7
(12) (12) (10) (10)

24-hour t o t a l  b o d y  activ ity  expressed  in  p e r 
c e n ts  o f  th e  10-m inute va lue

3 w eeks a fte r  op era tio n

S h a m -o p e ra te d O v a riec to m ized

43.1 d r  1.2 40.9 d r  1.2
(10) (10)

U pper sec tio n :  T hyro id  131I -u p ta k e  24 hours 
a fte r  in tr a p e r i to n e a l  in jec tio n  of 131I.

Lower sec tio n :  131I-tri-io d o -th y ro n in e  d isa p p ea r
ance ra te  in  v ivo . R eference va lue  (100 p e r  cen t), 
w hole-body a c t iv i ty  10 m inutes a f te r  in tra v e n o u s  in 
jec tion  of th e  su b s ta n c e .  In  b rackets , n u m b e r  o f  an im als.

lo w er se c tio n  th e  ra te  o f 131I- tr i- io d o th y ro n in e  d isa p p e a ra n ce  is p re sen ted . 
W h o le -b o d y  ac tiv ity  fo u n d  10 m in u te s  a fte r in tra v e n o u s  in jec tio n  o f th e  la 
b e lle d  h o rm o n e  was ta k e n  as 100 p e r  cen t an d  th e  v a lu e s  o b ta in e d  a t  24 h o u rs  
w ere  e x p re sse d  in per cen t o f th is .  I t  can  be seen t h a t  — a t  le a s t u n d e r th e  co n d i
tio n s  o f  th e  p resen t e x p e r im e n t — th ree  weeks a f te r  o v a riec to m y  th e  ra te  of 
d isa p p e a ra n c e  in  vivo of 131I- tr i- io d o th y ro n in e  w as u n ch an g ed . T h e  g rap h s 
p re s e n te d  in  Fig. 1 are  c o n s is te n t  w ith  th is fin d in g .

T h e  figures seen in  T a b le  I I  re f le c t th e  effect o f o v a rie c to m y  on th e  th y ro id  
re sp o n se  to  T SH . T S H  g iven  in  doses of 0.1 a n d  0.2 m U  elic ited  a s lig h te r
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F ig . 1. 131I-tr i- io d o th y ro n in e  d isap p earan ce  ra te  in  vivo. M ean va lues fo u n d  in  c o n tro ls  a n d  
in  o v ariecto m ized  m ice (10 an im als  p e r group). R eferen ce  v a lu e  (100 pe r cen t), w h o le -b o d y  

a c t iv ity  10 m in u te s  a f te r  in trav en o u s  in je c tio n  o f th e  sub stan ce

Table II

In flu en ce  o f  ovariectomy on the thyro id  response to T S H

Test dose Blood activity expressed in per cents of the control 
(2-hr. value)

TSH mU
3 weeks after operation

Sham-operated Ovariectomized

0.1 220 ±  3 (14) 103 ±  3 (14) ***

0.1 252 ±  8 (15) 106 ±  2 (16) ***

0.1 260 ±  8 (16) 128 ±  4 (16) ***

0.1 213 ±  7 (10) 112 ±  6 (10) ***

0.2 322 ±  8 (17) 167 ±  3 (18) ***

0.2 275 ±  2 (17) 140 ±  3 (17) ***

0.5 520 ±  11 (16) 422 ±  4 (17) ***

1.0 670 ±  15 (16) 658 ±  9 (16)

TSH mU
12 weeks after operation

Sham-operated Ovariectomized

0.1 253 ±  5 (15) 131 ±  3(15)***

T he co n tro l an im als  rece ived  1 p e r cen t h u m a n  se ru m  a lb u m in  in 0.5 m l sa line . In  
b ra ck e ts , th e  n u m b er o f an im als . In  th e  cases m ark ed  w ith  *** th e  d ifference b e tw een  o v ariec 
to m ized  a n d  sh a m -o p e ra te d  an im als w as h igh ly  s ig n ifican t (p < 0 .1 ) .
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s t im u la t io n  on th e  re sp o n se  in  o v ariec to m ized  th a n  in  sh a m -o p e ra te d  m ice. 
T h e  v a lu e s  found in  th e  t e s t  an im als a n d  in  th e  con tro ls  te n d e d , h ow ever, to  
c o n v e rg e  on increasing  th e  dose, an d  a f te r  th e  a d m in is tra tio n  o f 1.0 m U  of 
T S H  th e  difference w as no  lo n g er sig n ifican t.

T a b le  I I I  p re sen ts  th e  figu res re flec tin g  th e  in fluence  o f o v a rie c to m y  on 
p i tu i t a r y  T S H  co n ten ts . In  f iv e  series of e x p e rim en ts , th e  p i tu i ta ry  T S H  con
t e n t s  w ere  exam ined  in  f iv e  m ice th ree  w eeks, in  fu r th e r  five m ice 12 w eeks, 
a f te r  o v ariec to m y , each  tim e  ag a in s t c o n tro l g roups o f fiv e  sh a m -o p e ra ted  
a n im a ls . T he resu lts  w ere e v a lu a te d  on th e  b as is  o f tw o d iffe ren t s ta n d a rd s . 
1. T h e  2 -h o u r a c tiv ity  fo u n d  in  th e  b lood  o f te s t  m ice in je c te d  w ith  1/8 o f th e

Table III
B lood 2-hr ac tiv ity  in  per cents o f  the control value

Series

1
P i tu i ta r y  

e x tr a c t  o f  sham - 
o p e ra te d  an im als

2
P itu i ta r y  e x tr a c t  

o b ta in e d  
3 w eeks a f te r  
o v a rie c to m y

3
C orrela tio n  o f  f ig u res  o f  
co lu m n  2 to  th o se  o f  

co lum n 1, in  p e r  cen t

I 332 ±  10 238 ±  11 71.8 ±  3.4***

i l 315 ±  20 157 +  6 49.8 ±  2.6***

i n 252 ±  8 191 ±  6 75.7 ±  1.3***

IV 376 ±  18 212 ±  11 56.2 ±  1.3***

V 308 ±  7 245 ±  6 79.6 ±  1.2***

Pituitary extract 
of sham-operated 

animals

Pituitary 
extract 

obtained 12 
weeks after 
ovariectomy

Correlation of figures of 
column 2 to those of 

column 1, in per cent

I 315 ±  19 289 ±  10 91 .9  ±  4 .5

I I 252  ±  8 246 ±  7 97 .4  ±  1-5

I I I 248 ±  5 2 d4 6 102.4 ±  1.7

IV 382 ±  8 354 ±  8 92.5  ±  1.4**

V 304  ±  6 318 ±  6 104.6  ±  1.5*

A c tiv i ty  in  te s t  m ice in je c te d  w ith  p i tu i ta ry  o f sh am -o p era ted  an d  o v a riec to m ized  an i
m a ls , ex p ressed  in  per c en t o f th e  v a lu es found  in  th e  con tro ls (C olum ns 1, 2), th ese  hav in g  
b e e n  g iv e n  1 pe r cen t h u m a n  se ru m  a lb u m in  in  0.5 m l physio log ical saline. C olum n 3 shows 
th e  c o rre la t io n  of b lood a c t iv ity  in  m ice in jec ted  w ith  p i tu i ta ry  e x tra c t  o f o v ariec to m ized  mice, 
a g a in s t  th e  respec tive  fig u res o b ta in e d  in  m ice w h ich  h a d  b een  in jec ted  w ith  p i tu i ta r y  e x tra c t 
o f  sh a m -o p e ra te d  mice.

* d iffe re n ce  sign ifican t ( p < 5 )
** d iffe re n ce  h ighly s ig n ifican t ( p < l )

*** d iffe re n ce  very  h igh ly  s ig n ific a n t (p < 0 .1 )
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p itu i ta ry  s u b s tra te  o f  (a) o variec tom ized  a n d  (b) sh am -o p era ted  m ice  w as 
c o rre la ted  w ith  th e  2 -lio u r 131I-a c tiv ity  o f  c o n tro l m ice (w hich h a d  b e e n  in 
je c te d  w ith  1 p e r c e n t  sa line  so lu tion  of se ru m  a lb u m in ). (Table I I I ,  co lu m n s 
1, 2.) 2. T w o-hour b lo o d  a c tiv ity  of m ice in je c te d  w ith  p itu i ta ry  e x t r a c ts  o f 
sh am -o p e ra ted  an im a ls  w as tak en  as 100 p e r  c e n t a n d  th e  co rresp o n d in g  v a lu es  
fo u n d  a t  2 h ou rs a f te r  in jec tio n  w ith  p i tu i ta r ie s  o f  o variec tom ized  m ice  w as 
c o rre la ted  w ith  th is  fig u re . T hree  weeks a f te r  o v a riec to m y  th e  p i tu i ta r y  T S H  
co n cen tra tio n s  w ere d e fin ite ly  reduced , in  c o n tra s t  to  th e  find ings in  sham - 
o p e ra te d  an im als. T h e  d ifference was h ig h ly  s ig n if ican t th ro u g h o u t (p  <  0.1). 
T w elve weeks la te r  n o  sig n ifican t d ifference o r n o n e  a t  all was d e m o n s tra b le .

D iscussion

T he ch ief cau se  o f  th e  co n trad ic tio n s  in  th e  d a ta  concern ing  th e  in flu en ce  
o f o v a riec to m y  on th y ro id  iodine u p ta k e  lies in  th e  use o f d iffe re n t an im a l 
species an d  in  th e  d e te rm in a tio n s  h av in g  b een  m ad e  a t  d iffe ren t t im e s  a f te r  
o v a riec to m y  [13, 14, 15]. In  th e  p re sen t s tu d ie s , no ab n o rm a lity  in  th y ro id  
131I -u p ta k e  or in  th e  e lim in a tio n  of in jec ted  131I-tr i- io d o th y ro n in e  w as d em o n 
s tra b le  th ree  w eeks a f te r  o v ariec to m y  w hich  in d ic a te s  th a t  a t  th is  p o in t  o f  tim e  
th y ro id  fu n c tio n  w as n o rm a l.

N o a c h  [9] fo u n d  th a t  oestrogens e n h a n c e d  th e  th y ro id  re sp o n se  to  
T S H . T his is a t  v a r ia n c e  w ith  th e  assertion  o f  P l u n k e t t  e t al. [ 8 ] ,  as w ell as of 
B e c k e r s  an d  D e V i s s c h e r  [1 ]  th a t  o v a rie c to m y  com bined  w ith  o e s tra d io l 
a d m in is tra tio n  re d u c e d  th e  excessive th y ro id  response  to  T S H . T h ese  e x p e ri
m en ts  have , h o w ev er, th e  shortcom ing  t h a t  th y ro id  response was n o t  checked  
in  co n tro l an im als  fu r th e rm o re , th a t  th e  doses o f  T S H  w ere ex cessive ly  h igh 
(10 IU ). In  th e  p re s e n t  s tu d y  we were co n ce rn ed  w ith  th e  response  o f  o v a ri
ec tom ized  m ice, a n d  to  c la rify  th is  issue w e a p p lie d  sm aller doses, close to  th e  
physio log ica l ran g e .

I t  em erges fro m  o u r find ings th a t  th re e  w eeks a fte r  o v a riec to m y , th y ro id  
response  to  T S H  w as red u ced  in sp ite  of th e  n o rm a l 131I-u p ta k e . W h ile  0.1 m U  
o f T S H  elic ited  a s ig n if ican t th y ro -s tim u la tin g  response in h e a lth y  m ice , i t  
fa iled  to  do so in  o v ariec to m ized  an im als. A s th e  doses were in c rea sed  th e  d if
ferences in th e  re sp o n se  betw een  th e  co n tro ls  a n d  th e  ovariec to m ized  an im als  
d im in ished . 1.0 m U  o f T S H  p ro b ab ly  re p re se n te d  a stim ulus w hich  e lic its  th e  
m ax im al response  in  100 p er cen t o f th e  a n im a ls .

I f  th e  th y ro id  g lan d  fails to  respond  a d e q u a te ly  to  T S H  th e  o n ly  m eans 
of keep ing  u p  th e  e u th y ro id  s ta te  is a c o m p e n sa to ry  increase in  p i tu i ta r y  
T S H  o u tp u t. T h e  fin d in g s  o f B a k k e  an d  L a w r e n c e  [16] in d ica te  t h a t  a re d u c 
tio n  in  th y ro id  a c t iv i ty  is follow ed b y  an  in c rea sed  p itu ita ry  T S H  o u tp u t ,  as 
re flec ted  b y  th e  re d u c e d  p itu i ta ry  T S H  c o n te n t  th re e  or fou r weeks a f te r  th y ro id 
ec to m y . A t a la te r  s ta g e  p itu i ta ry  T S H  c o n te n t  w as again  n o rm a l. I t  th e re -
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fo re  se e m e d  p e r tin e n t to  s tu d y  th e  p i tu i ta ry  T S H -c o n te n ts  th ree  w eeks a f te r  
o v a r ie c to m y  w hen th e  th y ro id  g land  shows a n o rm a l 131I-u p ta k e  h u t  a re d u c e d  
re sp o n se  to  T S H .

I n  th e  li te ra tu re  we f in d  opposed  view s as  reg a rd s  th e  in fluence  o f  o v a r i
e c to m y  o r  dosage of o v arian  h o rm o n e  on p i tu i ta r y  T S H -co n ten ts . W hile  a c c o rd 
in g  to  c e r ta in  au th o rs , c a s tra tio n  leaves u n a ffe c te d  th e  p i tu i ta ry  T S H -co n - 
c e n tr a t io n  [17, 18], o th e rs  o b se rv ed  a decrease  in  T S H  o u tp u t [19]. A m e s b u r y  

[12] fo u n d  th a t  in th y reo id ec to m ized  an im als  oestrogen  a d m in is tra tio n  d id  
n o t  a f fe c t  p i tu i ta ry  T S H -c o n c e n tra tio n  w h ereas  in  con tro l an im als i t  c au se d  a 
red u c tio n

I n  th e  p resen t s tu d y  w e found  a re d u c tio n  in  p itu ita ry  T S H  c o n te n ts  
th r e e  w eek s  a fte r  o v a riec to m y . A t tw elve  w eeks th e re  w as, how ever, no  s ig n if
ic a n t  d iffe ren ce  in  th is  re sp e c t be tw een  o v a riec to m ized  an d  co n tro l an im a ls . 
T h is  is  in te rp re te d  in  th e  fo llow ing  m an n e r. T h e  fa c t th a t  th ree  w eeks a f te r  
o v a r ie c to m y  th e  th y ro id  re sp o n se  to  T S H  w as red u ced  and  y e t th e  a n im a l 
r e m a in e d  e u th y ro id  w as n ecessarily  due to  a n  increased  p itu i ta ry  T S H  re 
lease . I n  f a c t ,  release of th e  h o rm o n e  exceeded  i ts  p ro d u c tio n  a t  f irs t, as re f le c ted  
b y  th e  lo w  p itu i ta ry  T S H  c o n te n ts  th ree  w eeks a f te r  ovariec tom y . W h en  in 
th e  c o u rse  o f  a few w eeks T S H  p ro d u c tio n  h a d  c a u g h t up w ith  its re lease , th e  
e q u ilib r iu m  th u s  reach ed  w as re flec ted  b y  th e  id e n tic a l figures fo u n d  in  th e  
o v a rie c to m iz e d  an im als an d  th e  contro ls.

T h o u g h  th e  re su lts  o f th e se  an im al e x p e rim e n ts  can n o t be a p p lie d  to  
h u m a n  p a th o lo g y  w ith o u t d u e  re se rv a tio n , y e t  an  analogy  suggests  i ts e lf  
b e tw e e n  th e  p re sen t re su lts  a n d  th e  co n d itio n s  p rev a ilin g  in m en o p au se . I t  
m a y  b e  a ssu m ed  th a t  un less th e  reduced  th y ro id  response asso c ia ted  w ith  
c r it ic a l  ag e  is e q u ilib ra ted  b y  an  increased  p i tu i ta r y  T S H  o u tp u t, h y p o th y ro id 
ism  w ill in e v ita b ly  ensue, as ind eed  i t  is p re v a le n t  in c lim acteric  w o m en .
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CLINICAL TRIAL OF A NEW TYPE PROMPTLY ACTING 
PSYCHOENERGETIC AGENT (PHENYL-ISOPROPYL- 

METHYLPROPINYL-HC1, “E-250”)

B y

E . V a r g a  and L . T r i n g e r

D E P A R T M E N T  O F  P S Y C H IA T R Y , U N IV E R S IT Y  M E D IC A L  SCHOO L, B U D A P E S T  

(R eceived  N o v e m b er 9 , 1966)

E-250 com prises th e  clinical an d  p h a rm a co lo g ica l p roperties o f a m p h e ta m in e  
a n d  MAO in h ib ito rs .

T he co m p o u n d  is a m ore p o te n t M AO in h ib ito r  th a n  n ia lam id e , i t s  in h ib ito ry  
effec t is “ irrev e rs ib le ” . I ts  p sy c h o s tim u la to ry  a c tio n  differs from  th a t  o f  a m p h e ta m in e  
b u t  is d isp lay ed  im m ed ia te ly . I t  does n o t  s ig n ific a n tly  enhance m o ti l i ty  a n d  basal 
m etab o lism . T h e  d ru g  has a h y p o ten s iv e  e ffec t.

T he m o st im p o r ta n t  fea tu re  o f  E -250  is  t h a t  its  action  is p ro m p t a n d  las tin g . 
C o n sequen tly  i t  suffices to  ad m in iste r th e  d ru g  fo r  a  sh o rt period of tim e . E -2 5 0  re lieves 
d ep ressed  s ta te  im m ed ia te ly  or i t  has no e ffe c t, in  w hich  respect i t  re sem b les th e  effect 
o f  ECT an d  d iffers re m a rk ab ly  from  o th e r  a n tid e p re s s a n ts  which need  a t  le a s t  o ne , b u t  
in  m ost cases tw o  w eeks to  d isp lay  th e ir  fu ll e ffec t.

E -250 is n o t  a euphoriz ing  ag en t, h a s  no  d irec t influence on p sy c h ic  co n d itio n  
a n d  general w ellbeing , b u t  ex erts its  a c tio n  in d ire c t ly  by  enhancing a c t iv i ty  a n d  p ro 
duc in g  su rp lu s energy .

On th e  b asis o f clinical o b se rv a tio n s in  p a tie n ts ,  th e  E-250 sy n d ro m e  is  c h a ra c 
te rize d  by  an  eagerness to  ac t, a t r a n s ito ry  se n sa tio n  of h ea t w ith o u t e n h a n c e d  m o tility  
o r  red u ced  c ritica l sp ir it, a re lief o f tire d n e s s , p ro longed  feeling of a le r tn e s s  causing  
d is tu rb e d  sleep a n d  an o rex ia . All th is  is in  c o n tr a s t  to  th e  MAO in h ib ito rs  w i th o u t  acu te  
a c tio n , i.e. to  a m p h e tam in e  w hich en h an ces  m o ti l i ty  and  production .

T h e  d ru g  g re a tly  enhances th e  d riv e  — th is  effec t m anifests i ts e lf  in  th e  fo rm  of 
a  s trik in g  se n sa tio n . T hose who d id  n o t  e x p e rien c e  such  a sub jective  s e n sa t io n  d id  n o t 
re sp o n d  to  th e  d ru g  la te r  e ith e r. T h u s  th e  t a r g e t  sym ptom  of th e  d ru g  is th e  lack 
o f  in it ia tiv e  (s tu p o r , in h ib itio n , n e g a tiv ism , e tc ).

A large  n u m b e r  of new  p h e n y l-a lk y la m in e  derivatives h a v e  b e e n  d ev e l
oped  b y  K n o l l  w ith  th e  aim  to  en h a n c e  selec tive ly  certa in  e ffec ts  a n d  to  
e lim in a te  som e o th e rs  o f am p h e tam in e  (in c rea sed  m o tility , e n h a n c e d  basa l 
m e tab o lism , in c reased  b lood  p ressu re , an o rex ig en ic  action , s lig h t m onoam ino- 
ox idase  in h ib itio n , m ild  p sych o en erg e tic  a c tio n , etc .) One of th e se  co m pounds 
is p h e n y l-iso p ro p y l-m e th y lp ro p in y l-H C l, (E -250), a p ro m p tly  a c tin g  a n ti
d e p re ssa n t w ith  a m a in ly  p sy ch o en erg e tic  e ffec t.

One large group of psychoenergetics consists o f dibenzazepine dérivâtes, 
com pounds related to  phenothiazines w ith  im ipram ine as their representative  
m em ber. A series o f com pounds (des-m ethyl-im ipram ine, norim ipram ine) 
has been produced from the original su b stan ce w ithout any m arked increase in 
the effect (H aase  et al.).

A n o th e r a n d  even  la rg e r g roup  is t h a t  o f  th e  MAO in h ib ito rs . T h e  firs t 
in  th is  g roup  is th e  a n titu b e rc u lo tic  a g e n t  ison ico tin ic  acid h y d ra z id e , IN H .
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Table I

C h a r a c te r is t ic  e ffe c ts  o f  s o m e  p syc h o e n e rg e tic  a n d  p s y c h o s t im u la n t  agen ts  (K n o l l )

M A O I
ac tio n

N E *
ac tio n

E nhanced
m o tility

P s y c h o 
s t im u la n t

A cute
reserp ine

P sy ch o 
en erg e tic ,

ch ro n ic
reserp in e

E u p h o r-
izing

Im ip ra m in e 0 + + +  + 0 0 0 0 0

N ia lam id e + + + 0 0 0 0 +  +  +  + 0

A m p h e ta m in e + + + +  +  + + + +  + + + + + 0 +
E-250 + + + + + + + + + + + + +  +  +  + 0

P a rg y lin e + + + + 0 0 + + 0

* Norepinephrin

P sy c h o e n e rg e tic  ag e n ts  s im ila r to  IN H  a re  c la ss ified  am ong th e  h y d ra z id e  
d é r iv â te s  ip ro n iaz id , iso ca rb o x az id , phenelz in  su lp h a te , n ialam ide. A n o th e r  
g roup  is t h a t  o f th e  p h en y la lk y lam in e  d é r iv â te s ;  th e ir  re p re se n ta tiv e s  a re  
tra n y lc y p ro m in e , p a rg y lin e  a n d  E-250. I t  is n o t  y e t  c lear w heth er th e ir  en zy m e  
in h ib ito ry  effect is th e  m a in  p h a rm aco d y n am ic  o n e , o r  only a side effect.

D iscussion

B e y o n d  th e  conclusions w hich can be  d ra w n  from  Table I ,  c lin ica l 
ex p e rien ce  h as  also ju s t if ie d  th e  search  for an  a n tid e p re s sa n t w ith  im m e d ia te  
ac tio n  (like  t h a t  of E -250), as m ore th a n  once c o n v u ls io n  tre a tm e n t is n e e d e d  
in  cases o f  depression , fo r  in d u c in g  an  im m e d ia te  re so lu tio n  of th e  in h ib ite d  
s ta te . H o w ev er, th e  p sy c h o tic  com ponen t o f  th e  a c tio n  of m em bers o f  b o th  
th e  aze p in e  an d  th e  h y d ra z id e  groups m a n ife s ts  i ts e lf  a t  th e  b e s t a w eek  
a f te r  t r e a tm e n t  has b een  s ta r te d , b u t  m o stly  tw o  w eeks la te r  ( P a r e ) .

O n th e  o th e r h a n d , i t  is also know n fro m  P a r e ’s d a ta  th a t  th e re  a re  
c e r ta in  “ im ip ram in e  d ep re ss io n s”  an d  im ip ra m in e  re s is ta n t cases in  w h ich  
fa v o ra b le  re su lts  m ay  b e  ex p ec ted  from  MAO in h ib ito rs . H ow ever, to d a y  we 
k now  t h a t  th e ir  r e p re s e n ta tiv e  com pound, n ia la m id e  has n o t stood  th e  t e s t  
of tim e  once  th e  p laceb o  e ffec t o f th e  new  d ru g  h a s  passed ; in c lin ical t r ia ls  
R i c k e l s  e s tim a te d  th e  d ru g ’s effect by  an  u n fa llib le  m ethod  on a sco rin g  
scale a n d  h a s  show n t h a t  i t  d id  n o t su rpass th e  p laceb o  effect.

P h a rm aco lo g ica l a n a ly s is  has ju s tif ie d  th e  c lin ica l tria ls  w ith  E -2 5 0 . 
The c o m p o u n d  possesses b o th  a s trong  acu te  c e n tra l  nervous system  s t im u 
la n t  a c tio n  a n d  a p ro lo n g ed  th y m o lep tic , p sy ch o en erg iz in g  effect. T h e  f i r s t  
m ay  h e  a t t r ib u te d  to  th e  a c tio n  of th e  a m p h e ta m in e  ty p e  co m ponen t, th e  
second in d ic a te s  th e  M A O I c h a ra c te r  of th e  m o lecu le .

E -2 5 0  differs fro m  p a rg y lin e  b y  its  C H  — C H 3 groups, these, h o w ev e r, 
n o t on ly  ch an g e  th e  c o m p o u n d ’s pharm aco log ical c h a ra c te r , b u t lend  a d iffe r-

Acta Medica Academiae Scientiarum Hungaricae 23, 1967



CLINICAL TRIAL OF A NEW TYPE PSYCHOENERGETIC AGENT 291

e n t  chem ical n a tu re  to  th e  m olecule w hich  a d o p ts  stereo isom eric  c h a ra c te r 
is tic s . T hus E -250  is a MAO in h ib ito ry  a m p h e ta m in e  d e riv a tiv e  w hich  red u ces  
b lo o d  pressure w ith o u t en h an c in g  basa l m e ta b o lism . P a rg y lin e  has a v e ry  s lig h t 
p sychoenerge tic  a c tio n  a n d  no p sy c h o s tim u la n t e ffec t w hatsoever. I t  is n e v e r 
th e less  a new  ty p e  o f d ru g s in th e  t r e a tm e n t  o f  h y p e rten s io n , an d  th o u g h  no 
a n tid e p re ssa n t, is h a s  a t  le a s t no depressing e ffe c t e ith e r  in c o n tra s t to  re se rp in e .

As d e m o n s tra te d  in  an im al ex p e rim en ts  b y  K n o l l , E-250 h as  a v e ry  
p ro n o u n ced  a c u te  p sy c h o s tim u la n t ac tio n . In  th is  re sp ec t i t  n ea rly  p a ra lle ls  
a m p h e ta m in e  a n d  is m ore  p o te n t th a n  p h e n m e tra z in e . P argy line  h as  no  such  
e ffec t n e ith e r  does i t  a ffec t m o tility .

M otility  o f  th e  ex p e rim en ta l an im als  (w hich  is g rea tly  en h a n c e d  by  
am p h e tam in e) is h a rd ly  in fluenced  b y  E -250  e ith e r . T hus a co m p o u n d  m ay  
d isp lay  a p sy c h o s tim u la n t ac tion  w ith o u t e n h a n c in g  m o tility .

A fu r th e r  im p o r ta n t  difference b e tw een  am p h e tam in e  an d  E -250  is 
th e  fac t th a t  e x p e rim e n ta l depression in d u ced  b y  m in o r q u an titie s  o f  re se rp in e  
c a n n o t be c o u n te ra c te d  w ith  a m p h e ta m in e , w hile E -250 re liab ly  in h ib its  it . 
T h e  ineffec tiveness o f am p h e tam in e  in d ep ressiv e  s ta te s  is well kn o w n  from  
clin ical p rac tice . F in a lly , while a m p h e ta m in e  en h an ces basa l m e tab o lism , 
E -250  has no su ch  e ffec t an d  as a h y p o ten s iv e  i t  is s im ilar to  p a rg y lin e .

Toxicity  tests

S ub acu te  to x ic i ty  te s ts  w ere carried  o u t on  dogs fo r fo u r w eeks by  th e  m a n u fa c tu r in g  
f irm  (C hinoin, B u d a p es t) . T h e  doses v a ried  betw een  1.25 a n d  2.50 m g/kg body  w eigh t.

A p a rt fro m  m in o r a n o rex ia  and  loss o f w e ig h t no  c lin ical sym ptom s w ere o b se rv ed .
R egu lar la b o ra to ry  te s ts  on an im als show ed no ch an g es w ith  th e  excep tion  o f th e  M allen 

te s t  w hich w as p o s itiv e  a f te r  th e  second to  th ird  w eek . A u to p sy  find ings in d ic a te d  fro m  th e  
second  week o n w ard s  g ra d u a lly  increasing  severe fo cal h y d ro p ic  degeneration  of th e  liv e r  an d  
th e  focal f a t ty  in f il t r a t io n  o f th e  ren al p a ren ch y m a .

On th e  b as is  o f th e  pharm aco log ical d a ta  we ex p ec ted  a p r im a ry  ac tio n  
o f th e  d rug  on d riv e , a s tim u la tio n  o f th e  a c t iv a tio n  system  an d , a t  th e  sam e 
tim e , a chronic  a n tid e p re s se n t effect.

C on seq u en tly , we ad m in is te red  th e  d ru g  f i r s t  o f all to  n eg a tiv is tic  p a tie n ts , 
in d ep en d en tly  o f  th e  d iagnosis, th u s  to  su b je c ts  d isp lay ing  in h ib itio n , lack  
o f in itia tiv e , s c a n ty  em otions an d  im pu lses, t a r g e t  sy m ptom s co n n ec ted  w ith  
d is tu rb e d  d rive .

E-250 w as n o t  ap p lied  to  p a tie n ts  w ith  p re d o m in a n t a n x ie ty , co n fu sed  
aw areness, p sy c h o m o to r  ex c item en t, d is in te g ra tio n  or m anic m an ife s ta tio n s .

D uring  t r e a tm e n t  th e  p a tien ts  w ere su b je c te d  to  ro u tin e  la b o ra to ry  
te s ts  tw ice a w eek ; b lood  coun ts, u rine  a n a ly s is , liv er function  te s ts , b lood  
p ressu re , pu lse  r a te  a n d  b o d y  te m p e ra tu re  w ere reg u la rly  checked. T h e  d ru g  
w as n o t ap p lied  in  cases o f h ep a tic  an d  re n a l  lesions, w ith  th e  e x c e p tio n  of 
tw o  p a tie n ts  w ith  a h is to ry  o f h ep a titis .
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Table I I

Psychoenergizing action o f  E -250

A c u te Tw o m o n th s  a f te r  d isc o n tin 
u a tio n  o f  t re a tm e n t

+  + + +  + + 0 +  + + + + + 0
(?) n o t 
k n o w n

D e p ress io n  15 m en
2 w om en

i l - 3 3 4 4 5 4 (5)

N e u ro tic  3 m en 
d e p ress io n  2 w om en 3 2 — — 1 2 — 9 (2)

O bsessio n al 2 m en 
p sy ch o sis  0  w om en — 1 — 1 — — — 2

S ch izo p h ren ic  8 m en 
lac k  o f
in it ia t iv e  1 w om an

3 2 1 3 2 1 — 4 (2)

P a ra n o id  2 m en 
sc h izo p h ren ia  0  w om en 1 — — 1 — — — 2

N o rm a l 4 m en
0  w om en un ifo rm  progress o f th e  E -250 syndrom e

T o ta l 34 m en
5 wom en 25 5 1 41 8 7 7 — 12 (9)

T a b le  I I  shows th a t  th e  d ru g  h a d  a d e fin ite  a c u te  e ffec t m ain ly  on  d ep ress iv e  p a tie n ts  
in  w h o m  i t  reso lved  in h ib itio n  a n d  th e  seco n d ary  p sy c h ic  d is tu rb an ces w ith  p ra c t ic a lly  th e  
sam e  sp e e d  as ECT.

Case reports

Case N o . 1. A. Sz. m ale  (b o rn  1899), p en sio n er, h a d  b een  tre a te d  e ig h t y e a rs  ago  fo r 
d e p re ss io n  w ith  E C T . B efore  ad m iss io n  he  h a d  b een  d ep ressed  fo r m o n th s in  a  d e je c te d ,w e a ry  
a n d  d e sp ir i te d  m ood, h a d  lo s t w e ig h t a n d  been  co n v in c ed  to  d ie sh o rtly , h a d  a v o id e d  peop le  
a n d  b e e n  “ a fra id  of h im self” . I n  tb e  n e u ro tic  a n d  l a te r  in  th e  closed-w ard n ia la m id e  a n d  im i
p ra m in e  w ere  ad m in iste red  b u t  th e  co n d itio n  d e te r io ra te d . A fte r  th e  f ir s t  dose o f  E -2 5 0  th e  
h i th e r to  im m o b ile  s ta te  u n d e rw e n t a  su d d en  ch ange , “ as i f  som eth ing  h a d  lif te d  m e fro m  m y 
illn ess , l if te d  m e or ta k e n  m e o u t  o f it .  I  feel so l ig h t  as i f  I  h a d  been lifted  fro m  a  g rip , as if  
I  w ere  c o m p le te ly  h e a lth y . I  do n o t  feel a n y th in g , o n ly  t h a t  all I  had  fe lt d u rin g  m y  illness 
is su d d e n ly  o v e r” . On 0.05 g E -250  once a d a y  fo r 5 d a y s  as th e  sole tr e a tm e n t  th e  p a t ie n t  
b e ca m e  a c tiv e , looked a f te r  h is fellow  p a tie n ts , s lep t w ell, a p p e ti te  im proved . H e w as d isch arg ed  
on  t r ia l  a n d  a t  a  follow -up co n tro l th re e  m o n th  la te r  h is  co n d itio n  was sa tis fac to ry . D iag n o sis: 
in v o lu t io n a ry  depression.

Case N o . 2. F . R . m ale  (b o rn  1919). R e ta rd e d  d ev e lo p m en t p resu m ab ly  a f te r  e n ce p h a litis  
in  ch ild h o o d . A fte r  p r im a ry  schools h e  h a d  becom e a  b u tc h e r ,  perfo rm ed  his w o rk  a n d  m arr ied . 
H e  w as a lw ay s  s ilen t an d  m o d es t. F iv e  y ea rs  ago he fe ll ill, “ becam e d u m b ” , re fu sed  sp eech  
a n d  to  e a t ,  w as sad , w ep t. A fte r  e c t  he  reg a in ed  h is  a c t iv i ty ,  b u t  rem ained  fo rg e tfu l; h e  th e n  
w o rk e d  a s  a  school ja n ito r  a n d  w as co n sid ered  a re liab le , consc ien tious m an . O ne m o n th  befo re  
a d m iss io n  h e  h a d  su d d en ly  grow n q u ie t,  re fused  to  w o rk , s ta y e d  a t  hom e, lo s t w e ig h t. A s th e  
c o n d itio n  d id  n o t  change on  im ip ra m in e  tre a tm e n t,  E -250  w as prescribed .O n  th e  f i f th  d a y  of 
t r e a tm e n t  h is  a tt i tu d e  ch an g ed , he  w as m ore a c tiv e , h is  fa c ia l expressions w ere m ore su g g estiv e , 
h is m o o d  im p ro v ed , he b eg an  a n d  ca rried  on  c o n v e rsa tio n s  w ith  fellow p a tie n ts ,  w a s  m ore
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liv e ly  d u rin g  ro u n d s  an d  la te r  a sk ed  fo r w ork. A fte r  tw o  w eeks tre a tm e n t w ith  E -250  ( th e  
lo n g es t u n in te r ru p te d  E -250 th e ra p y )  he  w as d isch arg ed  in  a n  im p roved  co n d itio n . C ontro l 
a f te r  th re e  m o n th s : to o k  u p  w o rk , w here  he  p e rfo rm s sa tis fac to r ily , his c o n d itio n  is good. 
D iagnosis: im b ec illity , depression .

Case N o. 3. E . Cs. m ale  (b o rn  1919), grows v ine , b a ch e lo r, lives w ith  h is s is te r ’s fam ily . 
T h ree  y ea rs  ago he w en t th ro u g h  a depressive  ph ase , a t te m p te d  suicide w ith  h ig h  v o ltag e  
e le c tr ic -c u rren t and  la te r  b y  s ta b b in g  h im self in  th e  c h es t, a f te r  w hich he rece iv ed  e c t . T h e  
c o n d itio n  im p ro v ed , b u t  “ n o t  th e  sam e person  le f t th e  h o sp ita l  as th e  one he  h a d  b e en  before  
h is  illness” , he  w as q u ie t, low  sp ir ite d , his p e rso n a lity  w as p a le r , he was in te re s ted  in  h is d u ty  
o n ly  a n d  th o u g h  a c tu a lly  n o t  av o id ing  people  d id  n o t  seek  th e ir  com pany . B efore  adm iss io n  
he in d u lg ed  in  se lf-accusation , believed  h im self to  be a  tax -sw in d le r  (ex ag g e ra tin g  th e  re a l 
im p o rta n ce  o f th e  fac ts), av o id ed  people, d id  n o t w ork , la y  on  h is bed  expecting  h is  a r re s t ,  d id  
n o t  e a t.  A t  adm ission  he w as in h ib ited , in du lged  in  se lf-accu sa tio n s, was in  a d ep ressed  m ood. 
A fte r  a  sh o r t  e c t  his co n d itio n  rem a in ed  unch an g ed . S u b se q u e n tly  E-250 w as p re sc rib ed . On 
th e  th ird  d a y  of t re a tm e n t h e  becam e ac tiv e  for th e  f i r s t  tim e , asked  for p sy c h o th e ra p y  a n d  
co n v ersa tio n . On th e  n e x t d a y  he  w as cheerfu l, m ad e  fr ien d s  w ith  fellow p a tie n ts  a n d  th e n  
p ro p o sed  som e q u ite  rea lis tic  p lans. A fte r  five  d ay s E -250  t re a tm e n t  was d isc o n tin u e d  a n d  
th e  p a tie n t  d ischarged  on tr ia l .  As th is  was successful he  w as sen t hom e. C on tro l a f te r  th re e  
m o n th s  rev ea led  an  in v a riab ly  good cond ition . D iagnosis: d ep ress io n  w ith  p a ran o id  sy m p to m s.

T h e  a c tu a l effect o f th e  d ru g  on s tu p o ro u s  sch izo p h ren ics  w ith  lack  of in it ia t iv e  is less 
p ro n o u n c ed  b u t  still q u ite  m ark ed .

Case N o. 4. K . Z. m ale  (b o rn  1937), m e ta llu rg ic a l w o rk er, lives in  good fa m ily  cond i 
tio n s . H e  h a d  been  h o sp ita lized  th re e  y ears  ago becau se  o f p e rsecu tio n  m an ia  a n d  a c u te  p sy ” 
chosis, on  E C T he c leared  u p  slow ly, an d  was d isch arg ed  in  a n  im p ro v ed  co n d ition . H e  to o k  u p  
w o rk  b u t  d isp lay ed  less in te re s t  an d  em otions, h is p e rso n a lity  w as less colourfu l th a n  before . 
T h ree  m o n th s  before th e  second adm ission  he h a d  b ecam e restle ss , tense  an d  th o u g h  he m en 
tio n e d  no delusions and  p e rfo rm ed  his w ork  sa tis fac to rily , he w as k e p t u n d e r o b se rv a tio n  b y  h is 
re la tiv e s . O n th e  week before  adm ission  he re fused  to  w o rk , la y  a t  hom e, to o k  no  in te re s t  in  
a n y th in g  b u t  d id  n o t com pla in . A t adm ission  his a ffec ted  b u t  co n v en tional b e h av io u r , la c k  of 
in te re s t ,  to ta l  ind ifference a n d  m ild ly  m an n e ris tic  p sy c h o m o to r  c h a ra c te r  w ere e v id e n t. A p a r t  
fro m  tire d n ess  he h ad  no o th e r  co m p la in ts. In  th e  w a rd  he  show ed no in itia tiv e , b u t  com plied  
w ith  all d em an d s. H e p re fe rred  to  lie q u ie tly  an d  to  m e d ita te . U n d er th e  effect o f  th e  f i r s t  dose 
o f  E -250 he su d d en ly  to o k  in  th in g s  d u rin g  lu n ch , b eg an  to  speek  to  his fellow p a tie n ts .  O n th e  
th ird  d a y  he  re p o rts  on  im p ro v e m en t, w an ts  to  h a v e  v is ito rs . On th e  fo u rth  d a y  h e  asks for 
a  leave. On th e  f if th  d ay  he  is allow ed to  leave on tr ia l  w h ich  is successful. T re a tm e n t is d iscon
tin u e d . A fte r  a second tr ia l  leav e  he is d ischarged . A t a  fo llow -up  a f te r  tw o m o n th s  th e  p a tie n t  
w as w ell, he  to o k  u p  w ork. D iagnosis: p o stp ro cessu a l sch izo p h ren ic  reaction .

Case N o. 5. J .  B. m ale  (bo rn  1910), g ra d u a te  en g in eer, w ith  good w ork ing  a n d  fam ily  
con d itio n s. H ad  h ad  a p sy ch o tic  episode before th e  ad m iss io n . H e was a d m itte d  in  a s ta te  
c h a ra c te riz ed  b y  delusions o f  s tran g e  in fluences a n d  p o ison ing . E C T was given. A fte r  d ischarge  
h e  y e t h a d  again  h a llu c in a tio n s , sm elt odours on h im self, f e lt  s tra n g e  ta s te s  to  w hich  he a tta c h e d  
no d e lusional e x p lan a tio n s . H e  knew  h im self to  be  ill, s ta y e d  a t  hom e and  re p o rte d  ill a t  his 
w ork . A t hom e his co n d itio n  w as ch arac te rized  beside  o lp h a c to ry  and  g u s ta to ry  h a llu c in a tio n s  
b y  in tro v e rs io n , p a ss iv ity , a n d  aw areness o f being  ill; h e  re fu sed  tre a tm e n t an d  show ed  a com 
p le te  lack  o f in itia tiv e . U n d e r th e  in fluence o f E -250 he reca lled  th a t  since his illness 10 y ea rs  
ago he h a d  h a d  sm ell an d  ta s te  sen sa tio n s b u t  h a d  b een  ab le  to  perform  his w o rk  ex ce llen tly . 
H e  h a d  m en tio n ed  his s tra n g e  sy m p to m s to  n o b o d y  as he  h a d  a tta c h e d  no im p o rta n c e  to  th em . 
B efore th e  second adm ission  i t  w as n o t so m uch  th ese  s tra n g e  sensations b u t  a d e jec ted n ess 
a n d  tire d n ess  w hich  h a d  m ad e  h im  ill. D u rin g  t r e a tm e n t  h is a c tiv ity  g rad u a lly  re tu rn e d . On 
th e  f if th  d a y  tre a tm e n t w as d isco n tin u ed  and  he w as a llow ed  to  leave on tr ia l. A w eek  la te r  he 
w as d isch arg ed  in  an  a c tiv e  s ta te ,  w ith  faded  h a llu c in a tio n s . H e failed  to  re p o rt  fo r a co n tro l 
ex am in a tio n . D iagnosis: p o stp ro cessu a l sch izophren ia .

In c rea sed  co n sid e ra tio n  w as given to  th e  possib le side e ffec ts . M any  
p h re n o tro p ic  drugs in c lu d in g  th e  MAO in h ib ito rs  are  tox ic . T he m o s t to x ic  of 
th e m  is ip ro n iaz id . T h ey  a ffec t p rim a rily  th e  liv e r  a n d  th e  hem o p o ie tic  o rgans. 
Im ip ra m in e  ja u n d ic e  a n d  ag ran u lo cy to sis  p ro b a b ly  a re  of allerg ic orig in . I t  is 
w ell k n o w n  th a t  d u rin g  or a f te r  M AOI t r e a tm e n t  im ip ram in e , re se rp in e  or
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b io g e n o u s  am ines elicit a “ chesee re a c tio n ” . A lle rgy  m ay  occur on th e  a d m in is 
t r a t io n  o f  a n y  of th e  th y m o le p tic s . P sy ch ica lly  h y p o m an ia , m an iac  co n d itio n s , 
p s y c h o tic  e x ace rb a tio n  m a y  also be e x p e c te d  (W agensommer). S o  we w ere 
p re c a u tio n s  w ith  th e  a d m in is tra tio n  re sp ec tiv e ly  to  th e  in te ra c tio n s .

Table I I I

The side-effects o f  E -250

Age o f  p a t ie n ts  average 30 years 
youngest 16 years 

o ldest 72 years

D u ra tio n  o f  t re a tm e n t:  average 5 to  6 days (19 cases) 
sh o rte s t 1 d a y  (9 eases)
longest 16 days (1 case)

D o sag e : 1 0.05 g ta b le t  o ra lly  once a d a y  in  th e  m o rn in g  (in  4 cases 0.10 g)

L oss o f  w e ig h t: 1 case

G ain  in  w e ig h t: 4 cases

C o n s tip a tio n : 0

D ia rrh o e a :  0

G a s tr ic  c o m p la in ts : 2 cases

H y p e r te n s io n :  1 case

H y p o te n s io n :  26 cases

B ra d y c a rd ia :  0

T a c h y c a rd ia :  23 cases

S e n sa tio n  o f h e a t:

D ry n e ss  o f  m o u th : 0

H e a d a c h e : 2 cases

O r th o s ta t ic  collapse: 2 cases

C h an g es in  ro u tin e  lab o ra to ry  te s ts :  0 

Sleep d is tu rb a n c e :

a n o rex ia  a f te r  tw o weeks t r e a tm e n t  

re liev ed  d ep ress io n  and an o rex ia

on  th e  d isc o n tin u a tio n  of t r e a tm e n t  th e  
g a s tr ic  sy m p to m s d isappeared

a cu te  a n x ie ty

b lood  p re ssu re , especially  sy s to lic  p ressu re  
re d u ce d  b y  10 — 30 m m  Hg

in s ig n ific an t, tem p o ra ry  

o b lig a to ry  tra n s ie n t  side-effect

te m p o ra ry , ch arac te rized  b y  a feeling  o f te n 
sion

b o th  on  th e  th ird  d ay  in  p a tie n ts  o ld e r th a n  
f i f ty  y ea rs

o b lig a to ry  te m p o ra ry  side-effect
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ACTA M E D IC A

ТОМ XXIII — ВЫП. 3

Р Е З Ю М Е

УСИЛЕНИЕ НЕРВНО-МЫШЕЧНОЙ ВОЗБУДИМОСТИ ПРИ НЕСПЕЦИФИЧЕСКИХ  
ЗАБОЛЕВАНИЯХ ДЫ ХАТЕЛЬНЫ Х ОРГАНОВ У ДЕТЕЙ

М. ЧЕРНОВСКИ, Л. БРАНИЦКИ и В. ЧИКОШ

У 196 детей в возрасте от 3 до 14 лет, страдавших аллергическими или воспали
тельными болезнями бронхиальной системы, а также другими заболеваниями дыхатель
ных органов, авторы очень часто наблюдали признаки усиления нервно-мышечной воз
будимости. Для выяснения патофизиологии этого явления были проведены определения 
общего содержания кальция и неорганического фосфора в сыворотке, а также электро
кардиографические исследования.

Согласно полученным результатам, при патологических процессах, сопровождаю
щихся бронхиальной астмой, наиболее поразительным является гиперфосфатемия, всегда 
обнаруживаемая в активной фазе болезни, которая при бронхиальной астме составляет
8,1 ±  0,3 мг%, а при астматическом бронхите — 7,74 ±  0,24 мг%. Помимо того в значи
тельной части случаев (50% или 38%) наблюдаются следующие изменения ЭКГ: удлине
ние интервала Q—Т, высокий, острый и узкий зубец Т.

Причиной указанных изменений, предположительно, является уменьшение иони
зированного, диффундируемого кальция, возникающее одновременно с гиперфосфатемией. 
Указанное изменение минерального обмена веществ может вызвать усиление действия 
нервных импульсов, оказанного на меньшие дыхательные пути, в результате чего в повы
шенной мере проявляется одна из предпосылок возникновения астматического приступа.

О ГЕМОДИНАМИКЕ ЭССЕНЦИАЛЬНОЙ ГИПЕРТОНИИ

Р. ЮХЕМС

Сообщаются результаты экспериментальных исследований на 20 гипертониках, 
на группе здоровых лиц и на больных нейроциркуляционной астенией, проводившихся мето
дом разведения красителей. В группе гипертоников периферическое сопротивление 
оказалось повышенным, а в группе больных функциональными болезнями сердца оно 
было пониженным. Минутный объем сердца и систолический объем сердца были у боль
ных эссенциальной гипертонией уменьшенными, но если принимать во внимание воз
растные различия, то, за исключением случаев декомпенсации сердца, эти величины можно 
признать нормальными.

ГЕМОДИНАМИЧЕСКОЕ ЗН АЧ ЕН И Е ВЕНОЗНОГО  
БРОНХОПУЛЬМОНАЛЬНОГО КРОВООБРАЩ ЕНИЯ

К. ЛОЖАДИ и Т. ЛОНЬАИ

Роль венозных бронхопульмональных анастомозов при нормальных гемодинами
ческих условиях еще невыяснена. При гипертонии системы легочной вены (напр., в случае 
порока двустворчатого клапана сердца) значительная часть крови легочной артерии попа
дает через бронхиальные вены в непарную вену, или в правое предсердие без протекания 
через левую половину сердца. Весьма вероятно, что этот шунт до определенной степени 
уменьшает застой в венозной системе легких, но в то ж е время еще более повышает 
нагрузку правой половины сердца. При помощи катетеризации непарной вены можно 
выявить ускорение бронхопульмонального венозного кровообращения.
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ДЕЙСТВИЕ ПЕРХЛОРАТА КАЛИЯ НА ЩИТОВИДНУЮ Ж ЕЛЕЗУ ПЛОДА  
(Эксперименты на кроликах)

Л. ЛАМПЕ, Л. МОДИШ и А. ГЕЛ

Авторы давали беременным кроликам по 100 мг перхлората калия на кг веса тела 
в день и, сравнивая с данными контрольных животных, исследовали на 21-й и 28-й 
день беременности: а) вес, б) гистологическую картину, в) гистохимические реакции и г) 
соотношение ацинусов, эпителия и стромы щитовидной железы матерей и плодов.

Согласно полученным результатам, перхлорат проникает через плацентарный барьер 
и вызывает в щитовидной ж елезе плода те ж е гистологические изменения, что и в щи
товидной железе матери. При действии перхлората вес фетальных щитовидных желез 
увеличивается сравнительно более, чем вес щитодиной железы матери.

НАРУШ ЕНИЕ УГЛЕВОДНОГО ОБМЕНА ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ  
ИНФАРКТОИДНОЙ КАРДИОПАТИИ

Ч. ХЕДЬВАРИ, Э. НЕМЕШАНСКИ и Й. ШОШ

Авторы исследовали на изолированных препаратах сердца углеводный обмен, после 
поражения сердца в результате кардиопатогенного режима питания. В группе животных 
с кардиопатией было установлено нормальное поголощение глюкозы, уменьшение выде
ления молочной кислоты и повышенное выделение пировиноградной кислоты. Изменения 
обмена веществ обуславливаются, по всей вероятности, понижением дегидрогеназной 
активности лактата, нарушением цикла Сент-Дьерди—Кребса и, в конечном итоге, умень
шением митохондриальной функции.

И ЗМ Е РЕ Н И Е  ДАВЛЕНИЯ НА РАЗЛИЧНЫ Х УЧАСТКАХ ЛИМФАТИЧЕСКОЙ
СИСТЕМЫ

Д . САБО и ж . МАДЬАР

Авторы проводили у 23 собак под хлоралозовым наркозом измерения среднего 
давления на отдельных участках лимфатической системы, а именно, на шее: в грудном 
протоке, в шейном стволе и в правом лимфатическом стволе; в грудной клетке: в отво
дящем лимфатическом стволе сердца и в бронхомедиастинальном стволе; в брюшной 
полости: в лимфатическом сосуде печени, в кишечном стволе, в люмбальном стволе, а 
также в лимфатических сосудах почек. Результаты измерений предоставили лишнее 
доказательство того, что центростремительный ток лимфы поддерживается временными 
факторами, оказывающими местное действие в отдельных областях, а не градиентами 
давления постоянного характера.

ДЕЙ С ТВИ Е ОБЛУЧЕНИЯ ВСЕГО ТЕЛА НА ПРОНИЦАЕМОСТЬ КАПИЛЛЯРОВ
Исследование содержания воды и электролитов в организме и внутриорганных прост

ранств плазменных белков

Д. САБО, Е. ШАРМАИ и Ж. МАДЬЯР

У  крысы после рентгеновского облучения всего тела дозой 660 р концентрация 
плазменных белков, а также сухой вес и содержание азота в отдельных органах пони
зились.

Концентрация натрия и калия в плазме крови не изменилась. Содержание натрия 
в тканях селезенки и кожи повысилось, в кишках оно уменьшилось, а содержание калия 
в общем уменьшилось.

Тканевое пространство плазменных белков («внутрисосудистое альбуминовое про
странство»), при измерении, спустя 3 минуты после внутривенного введения альбумина, 
меченого J 131 у  облученных животных, как правило, увеличивалось, однако, достоверное 
изменение было получено лишь в почках и в селезенке. Спустя 24 часа после введения 
меченого альбумина,пространство J 131 («общее пространство внутриорганного альбумина»)
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не увеличилось ни в одном органе. Поразительно, что в печени внутрисосудистое прост
ранство и общее пространство внутриорганного альбумина были одинаковыми, и что 
внесосудистый альбумин исчез. Анализ полученных данных показывает, что под влиянием 
облучения не происходит повышения количества внесосудистых плазменных белков, и 
повышение содержания воды в тканях не является результатом отека, повышения коли
чества внеклеточной воды, так как между изменением содержания воды и содержания 
натрия не существует корреляции. Следовательно, результаты исследований авторов не 
подтверждают положение о повышении капиллярной проницаемости.

ИЗМЕНЕНИЯ ПОВЕДЕНИЯ МАТЕРЕЙ И ЖИЗНЕСПОСОБНОСТИ ПОТОМСТВА 
У КРЫС ПОСЛЕ ПОВРЕЖ ДЕНИЯ ЛАТЕРАЛ ЬН Ы Х ОБЛАСТЕЙ ГИПОТАЛАМУСА

3. АВАР и Э. МОНОШ

Авторы исследовали действие электрического повреждения латеральных областей 
гипоталамуса (regio tuberalis dorsolateralis, regio infundibularis ventrolateralis) у  беремен
ных крыс на активность матерей по строению гнезда («retrieving»), по уходу  за своими 
детенышами («nursing») и на жизнеспособность потомства. Было исследован также во
прос о том, каким образом изменяются поведение матерей и смертность детенышей в 
случае замены потомства матерей с поврежденным гипоталамусом на потомство контроль
ных животных. Помимо этого измерялись также потребление пищи и воды крысами и 
вес и температура их тела.

У матерей с поврежденным гипоталамусом не наблюдалось и элементов материн
ского поведения, не развилось послеродового характерного цикла материнского пове
дения, и детеныши родились с меньшей жизнеспособностью. Контрольные крысы не могли 
выращивать потомство матерей с повреждением гипоталамуса, и у крыс с повреждением 
гипоталамуса под влиянием детенышей контрольных матерей также не наблюдалось 
развития материнского поведения.

По мнению авторов, отдельные структуры латеральной части гипоталамуса играют 
большую роль в развитии материнского поведения.

ЭФФЕКТИВНОСТЬ СТЕРОИДНОЙ ТЕРАПИ И ПРИ ЛЮПОЗНОМ Н ЕФ РИ ТЕ ИЛИ
НЕФ РО ЗЕ

Д. ПЕТРАНЬИ и А. ЛЁВЕИ

Сообщаются данные к эффективности кортикостероидов при нефропатии с синдро
мом системной красной волчанки. Лечебное действие преднизолона неубедительное не 
только непосредственно после его применения, но оно ненадежное и по истечении 6 лет. 
Длительное лечение большими дозами преднизолона в отношении смертельного прогрес- 
сиврования болезни, повидимому, более благоприятно, чем нерегулярная дача неболь
ших доз; однако, в двух группах число больных, ставших бессимптомными, не показы
вает существенных отклонений и составляет приблизительно лишь одну треть случаев. 
В этом результате, наблюдаемом в течение длительного лечения, повидимому, имеет зна
чение также самопроизвольная флюктуация процесса.

Более важным является то установление автора, что соответствующее патрониро
вание больных с синдромом системной красной волчанки и их энергичное лечение корти
костероидами выраженно (приблизительно на половину) снижает вероятность развития 
тяжелой люпозной нефропатии.

ДЕЙСТВИЕ БРОМИДА ГЕКСАДИМЕТРИНА НА ГИПОФИЗАРНОЕ  
КРОВООБРАЩ ЕНИЕ

К. КОВАЧ, Л. ЧЕРНАИ и Ш. БЕРТЕНЬИ

После введения бромида гексадиметрина у крысы понижаются кровяное давление, 
минутный объем крови и кровообращение в аденогипофизе. Эти данные подтверждают 
мнение авторов, согласно которому некроз аденогипофиза, наблюдаемый после дачи бро
мида гексадиметрина, обуславливается местным нарушением кровообращения.
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НЕКОТОРЫЕ АКТУАЛЬН Ы Е ПРОБЛЕМЫ ХРОНИЧЕСКОГО ПИЕЛОНЕФРИТА

Ф. РЕНЬИ-ВАМОШ

Ввиду частоты заболеваемости хроническим пиелонефритом, этот патологический 
процесс находится в центре внимания исследователей. Д ля профилактики острой фазы 
следует проводить серийные исследования и обойтись без катетеризации. Возможности 
развития хронического процесса уменьшаются при соответствующем лечении острого 
процесса и контрольном обследовании больных. Для лечения и контрольного обследо
вания больных с хроническим пиелонефритом автор рекомендует учреждение диспан
серов. В далеко зашедшей стадии болезни продление ж изни и облегчение состояния боль
ных возможны лишь при помощи хронического гемодиализа.

ДЕЙСТВИЕ ЭКСТИРПАЦИИ ЯИЧНИКОВ У МЫШЕЙ НА ЧУВСТВИТЕЛЬНОСТЬ 
ЩИТОВИДНОЙ Ж Е Л Е ЗЫ  К ТИРЕОТРОПНОМУ ГОРМОНУ

Я. ФЁЛДЕШ, И. КРАСНАИ, Э. ГЕСТЕШИ и И. ТАКАЧ

После удаления яичников у  мышей поглощение J 131 щитовидной железой остается 
неизменным. Скорость исчезновения трийодтиронина, меченого J131 при внутривенном 
введении in vivo также не показывает изменения. В то ж е  время наблюдается уменьшение 
чувствительности щитовидной железы к тиреотропному гормону. Спустя 3 недели после 
удаления яичников, содержание тиреотропного гормона в гипофизе мышей временно 
уменьшалось: это явление авторы приводят в связь с нарастанием выделения гормона.

ПРИМЕНЕНИЕ В ПСИХИАТРИИ НОВОГО ПСИХОЭНЕРГЕТИЧЕСКОГО  
ПРЕПАРАТА БЫСТРОГО ДЕЙСТВИЯ (ФЕНИЛИЗОПРОПИЛ-МЕТИЛПРО- 

ПИНИЛ-АМИН HCL «Е—260»)

Э. ВАРГА и Л. ТРИНГЕР

Е —250 объединяет в себе фармакологические и химические свойства амфетамина 
и ингибиторов МАО. Препарат более сильный ингибитор МАО, чем ниамид. Это действие 
его отличается от действия актедрона, но он оказывает такж е и быстрое действие. Пре
парат не повышает в значительной мере подвижность и обмен веществ и понижает кро
вяное давление.

Наиболее ценным свойством Е —250 является быстрое и в то же время прочное 
действие, благодаря чему его приходится давать лишь короткое время. Он немедленно 
прекращает депрессию. В этом отношении он больше всего напоминает действие ES и в 
поразительной мере отличается от прочих антидепрессивных средств, в случае приме
нения которых для достижения эффекта необходимо давать лекарство в течение одной 
недели, а чаще всего в течение двух  недель. Е—250 не вызывает эйфории, не оказывает 
непосредственного действия на эмоциональную жизнь И на общее самочувствие, его 
действие непрямое, проявляющееся через повышение активности и энергии.

На основании клинического наблюдения 39 больных:
Синдром Е—250 (который одинаковый у нормальных контролей и у больных) 

состоит в повышении активности с проходящим чувством ж ара без повышения подвиж
ности и уменьшения критики, во внезапном прекращении чувства усталости при прочном 
чувстве бодрости, в нарушении сна и уменьшении аппетита. Важ ное наблюдение: пре
парат вызывает как-бы ударное повышение импульса (Antrieb). Все это воспринимается 
в форме внезапного переживания. У  больных, у которых это субъективное переживание 
отсутствует, и позже не получается положительного результата.

Следовательно, целевым симптомом применения Е — 250 является отсутствие 
импульса (ступор, заторможенность, негативизм и т. д.) и, в соответствии с этим, наиболее 
эффективным препарат оказывается при лечении депрессии.
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REFRAKTIONSUNTERSUCHUNGEN

Von

L.  Molnár

OPH TH A LM OLOG ISCHE ABTEILUN G  (CH EFA RZT: D R . L. M OLNÁR) DES KOM ITATSKR A N K E N  H A U SES,
D EB R EC E N

(E in g eg an g en  a m  10. M ai 1966)

Bei 84 F rü h g eb o ren en , 81 N eu g eb o ren en , 426 Säuglingen, 48 K in d e rn  u n te r  2 
J a h re n  sowie der G esam tb ev ö lk eru n g  d e r G em einde Ü jléta  w u rd en  a n h a n d  de r in 
Z ykloplegie b e s tim m ten  L ic h tb rec h u n g  d ie  Ä n d e ru n g  der R e frak tio n  in  d en  v e rsch ie 
d enen  L eb en sa lte rn , die G e sta ltu n g  de r B re c h k ra f t  de r K ornea sowie d ie  V e rte ilu n g  der 
M yopie, E m m etro p ie  u n d  H y p e rm é tro p ie  u n te rs u c h t . A uf G rund de r e rm it te l te n  A nga
ben  w erden  einige oph thalm olog ische  F a k to re n  (d u rch sch n ittlich e  R e f ra k t io n  bei der 
G e b u rt bzw . im  L aufe der sp ä te re n  J a h r e ,  E n tw ic k lu n g  der E m m e tro p isa tio n  u n d  des 
o p tisch en  A p p a ra ts)  b ek an n tg eg eb en , fe rn e r a n h a n d  von bei 111 sch ie len d en  K in d ern  
d u rc h g e fü h rten  R e frak tio n su n te rsu c h u n g e n  d ie Ä tiologie der e in ze ln en  S tra b ism u s
ty p e n  e rö rte r t.

D ie R e frak tio n  e rg ib t sich aus dem  B u lbusdurchm esser sow ie d e r  L ic h t
b rech u n g  d er K o rn ea  u n d  der L inse. Iw a n o w  [2] fand  an läß lich  d e r  b e i lm o n a - 
tig en  Säuglingen  u n d  zw eie in h a lb m o n atig en  K ad av ern  d u rc h g e fü h r te n  U n te r
su ch u n g en  einen  d u rch sch n ittlich en  B u lb u sd u rch m esse r von  18,5 m m . D ie bei 
L eichenaugen  vorgenom m enen  M essungen  s ind  ziem lich u n g en au , in  v iv o  kann  
a b e r  die U n te rsu ch u n g  n u r  bei e in g e ü b te n  Personen  und  m it H ilfe  spezialer 
E in r ic h tu n g e n  vo rgenom m en w erden . B ei d e r RuSHTONschen M e th o d e  [8] wird 
die L ängsachse  d u n k e la d a p tie r te r  A ugen  m it H ilfe von R ö n tg e n s tra h le n  be
s tim m t. D er A p p a ra t von  D aschew skij  [1] b e s te h t aus e in er S p a ltla m p e  und 
einem  P h o to a p p a ra t. Von den  v e rfe r tig te n  F ilm stre ifen  k ö n n e n  d e r  K rü m 
m u n g srad iu s  d er K ornea , die T iefe  d e r  Y orderkam m er, der K rü m m u n g sra d iu s  
d e r  v o rd e ren  u n d  h in te ren  L in sen o b e rfläch e , die D icke d e r  L in se  u n d  die 
R e fra k tio n  des Auges abgelesen  w erd en . D ie U m rechnung d e r L ich tb rech u n g  
d e r e inzelnen  op tischen  E lem en te  in  D io p triew erte  erfo lg t m it  H ilfe  spezialer 
T ab e llen ; die M ethode eignet sich  au ch  zu r B estim m ung d er L in sen re frak tio n . 
D a uns keine solche In s tru m e n te  z u r  V erfügung  stan d en , u n te r l ie ß e n  w ir die 
U n te rsu ch u n g  d ieser beiden  F a k to re n  u n d  bestim m ten  led ig lich  d ie L ich t
b rech u n g  sowie die B rech k ra ft d e r K o rn e a . A nhand der be i F rü h -  u n d  N eu
geborenen  e rm itte lte n  A ngaben  a n a ly s ie r te n  w ir die G es ta ltu n g  d e r  B rech k ra ft 
d e r  H o rn h a u t in  den e rsten  L e b e n s ja h re n  u n d  die Ä n d eru n g  d e r  R efrak tio n  
von  d er G eb u rt bis zum  G re isen a lte r.

Acta Medica Academiae Scientiarum Hungaricae 23, 1967



298 L. MOLNÄR

M aterial und M ethod ik

D ie L ich tb rech u n g  v o n  84 F rühgeborenen , 81 N e u g eb o re n e n , 426 Säuglingen, 48 K in 
d e rn  u n te r  2 Ja h ren  sow ie d e r  G esam tb ev ö lk eru n g  (2084 P e rso n e n )  der Gem einde Ű jlé ta  w u rd e  
in  Z ykloplegie  b e s tim m t; a u f  d iese  W eise ko n n ten  w ir  d ie  Ä n d e ru n g  der R e frak tio n  in  e in e r 
gesch lossenen  P o p u la tio n  b e o b a c h te n . U m  festste llen  zu  k ö n n e n , inw iefern die v o n  a n d e re n  
V e rfasse rn  b estim m ten  A c h se n län g sw erte  die E n tw ic k lu n g  d e r  endgü ltigen  G e sa m tlic h tb re 
c h u n g sk ra f t  und der R e f ra k t io n  u n te r  B erücksich tigung  d e r  L ich tb rech u n g  de r L inse  b e e in 
f lu ß te n ,  bestim m ten  w ir a u ß e rd e m  die B rechkraft de r K o rn e a  b e i 114 F rü h - u n d  N eu g eb o ren en  
b zw . K in d e rn  u n te r  zwei J a h r e n .  D iese  U n tersuchungen  e rm ö g lich ten  die F ests te llu n g  d e r p ro 
z e n tu a le n  V erteilung d e r M y o p ie , E m m etrop ie  u n d  H y p e rm é tro p ie  bzw. der p a th o lo g isc h  
a u f fa ß b a re n  A m etropie  in  d e n  e inzelnen  A ltersg ru p p en . D ie  e rm itte lte n  W erte  w u rd e n  m it 
d e n  R efrak tio n sw erten  v o n  111 sch ie len d en  3—1 0 jäh rig en  K in d e rn  verglichen, w as d ie ä tio lo 
g isch e  B ew ertung  der e in z e ln e n  S trab ism u sty p en  e rm ö g lich te .

D ie  zur U n te rsu ch u n g  d e r  L ich tb rechung  v o n  N e u g eb o re n e n , Säuglingen u n d  K le in 
k in d e rn  dienende M ethode w u rd e  b e re its  b ek an n tgegeben  [7]. B ei de r Messung der B re c h k ra f t  
d e r  H o rn h a u t  w urde das A u g e  n a c h  vorangehender T e tra k a in -A n ä s th e s ie  m it de r H a n d  o d e r 
m it  d em  ÜESMARRESschen L ö ffe l geöffne t. In  etw a 30%  d e r  F ä lle  erw ies sich die F ix ie ru n g  des 
B u lb u s  d u rch  F e sth a ltu n g  d e r  K o n ju n k tiv a  m it e iner P in z e t te  (3 m m  vom  L im bus e n tf e rn t,  
in  d e r  H öhe  von 3 u n d  9 U h r )  f ü r  erforderlich.

E rgebn isse  und D isk ussion

D er d u rc h sc h n ittlic h e  R efrak tio n sw ert sc h w a n k t be i N eugeborenen n ach  
d en  versch iedenen  V e rfa sse rn  zwischen -(- 1,8 u n d  %  5,3 D. Die u n te rsc h ie d 
lic h e n  E rgebnisse s in d  w ah rsch e in lich  au f d ie  V ersch ied en h e it der B e s tim 
m u n g sm e th o d en  z u rü c k z u fü h re n . W ir fanden  b e i N eu- bzw. F rü h g eb o ren en  
W e r te  v o n  + 3 ,2  bzw . + 3 ,9  D ; die d u rc h sc h n ittlic h e  R efrak tio n  d ü rfte  som it 
b e i N eugeborenen  + 3 ,0  D  u n d  bei F rü h g eb o ren en  + 4 ,0  D ausm achen.

D ie B rechkraft d e r  K o rn e a  b e träg t n ach  d e n  M essungen  von Se e f e i ,d e r  
[9] 50 ,5  D , nach u n se ren  B estim m u n g en  48,4 D ; b e i d e n  F rühgeborenen  fan d e n  
w ir  e in en  D u rc h sc h n ittsw e rt von  53,1 D. L a u t  D a sc hew skij  [1] m a c h t die 
g e sa m te  B rechkraft des A u g es be i der G eburt 81,0 D  au s , w oraus zu fo lgern  is t, 
d a ß  d ie  B rech k ra ft d er 18 m m  lan g en  Linse des N e u g eb o ren en  über eine B re c h 
k r a f t  v o n  etw a 30,0—35,0  D  v e rfü g t, was aber se lb s tv e rs tä n d lic h  auch v o n  d e r  
im  A u g e  eingenom m enen P o s itio n  der Linse a b h ä n g t. N ach  den S ch ä tzu n g en  
v o n  D aschewskij  [1] b e t r ä g t  d ieser W ert 35,0 D .

U n m itte lb a r  n ach  d e r  G e b u r t beg inn t die V e rm in d e ru n g  der R efrak tio n , 
d ie  E m m etro p isa tio n . D ie F ra g e , in  welchem L e b e n sa lte r  sich die E n tw ick lu n g  
des B u lb u s  abschließ t, is t  n o c h  ungek lärt. D ie e n d g ü ltig e  Größe des B u lb u s 
e n tw ic k e lt  sich nach Ste ig e r  [10] anläßlich d er V a r ia t io n  einiger, v o n e in an d er 
u n a b h ä n g ig e r , ve re rb lich er o p tis c h e r  K o n stan ten  (B re c h k ra f t  der K ornea  u n d  
L in se , A chsenlänge). D ie K o m b in a tio n  dieser e rb lic h e n  K o n stan ten  w erd en  
se lb s tv e rs tä n d lic h  auch  v o n  p e ris ta tisch en  E in f lü sse n  (geographische L age, 
S trah len w irk u n g , K lim a, gesellschaftliche E in flü sse  usw .) gefördert bzw . 
g e h e m m t. D ie Frage, w a n n  s ic h  die E n tw ick lung  des B u lb u s  abschließ t, h a t  
St eig er  [10] jedenfalls n ic h t  b e a n tw o rte t. K e t t e sy  [3] m ein t, daß auch  d e r
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Z e itp u n k t, in dem  sich das L än g en w ach stu m  des Auges ab sch ließ t, v e re rb lic h  
is t. Seiner A n sich t nach  g ib t es A ugen , bei d en en  die S tab ilisa tio n  b is  zu m  E n d e  
des 2. L eb en sjah rs  e in tr i t t ,  w äh ren d  in  a n d e ren  F ällen  das L ä n g e n w a c h s tu m  
n u r  E n d e  des e rs ten  D ezenn ium s oder g leichzeitig  m it der k ö rp e rlic h e n  V oll
en tw ick lu n g  zum  S tills tan d  k o m m t.

D as W ach stu m  des A ugapfels is t im  e rs te n  L ebensjah r am  in te n s iv s te n , 
da  sich die F ix a tio n , die k o o rd in ie rte  A ugen- u n d  H an d b ew eg u n g en  e tw a  im
4. — 6. M onat en tw ickeln , w äh ren d  die A k k o m o d a tio n  nach  u n s e re n  U n te r
su ch u n g en  g leichzeitig  m it dem  PuRKiNjE-SANSONSchen Spiegelb ild , im  7. — 9. 
M onat fü r  vo llen tw ick e lt g ilt. M it fo rtsc h re ite n d em  A lter v e rm in d e r t  sich  die 
G e sa m tb re c h k ra f t des A uges: D ies w ü rd e  die S teigerung  d er b e re i ts  bei der 
G e b u rt b e s teh en d en  H y p e rm é tro p ie  zu r Folge haben , w enn g le ich ze itig  der 
L än g sd u rch m esse r des B u lb u s n ic h t in  noch  b ed eu ten d erem  M aße an w ach sen  
w ürde . D a n ach  Iwanow  [2] d ieser W e rt am  E n d e  des S ä u g lin g sa lte rs  22 mm 
a u sm a c h t, w urde  die L ängsachse  im  L aufe  eines Ja h re s  um  4 m m  lä n g e r , was 
einem  D io p triew ert von  —9,0 D (1,0 D =  0,44 m m ) en tsp rich t. W ie  a u fT a b .  1

Tabelle 1

Durchschnittliche R efraktion  und  Brechkraft der K ornea bei Frühgeborenen, Neugeborenen, 
Säuglingen und K in d ern  unter zivei Jahren

L eb en sa lte r
Z ah l d e r 

Fälle
D u rch sch n ittlich e

R e fra k tio n
Zahl d e r  

F ä lle
D u rc h sc h n ittl ic h e  

B r e c h k ra f t  d e r K o r
nea

Frühgeborene: 2 — 7 Tage 84 +  3,9 1) 16 53,1 D

N eugeborene: 2 — 7 Tage 81 +  3,2 I) 8 48,4 D

F rü h geborene  u n d  Säuglinge:

8 - 3 0  Tage 148 +  2,9 D 13 45,9 D

Säuglinge: 1 — 6 M onate 165 +  2,7 D 27 45,7 46,1 I)

Säuglinge: 6 — 12 M onate 113 +  2,6 I) 11 44,8 D

K inder: 1 — 2 Ja h re 48 +  2,4 I) 39 43,9 44,2 1)

e rsich tlich , w urde  d er R e fra k tio n sd u rc h sc h n itt der K o rn ea  u m  -f-0,6 D, die 
B re c h k ra ft d er K ornea  bei F rü h g e b o re n e n  um  -f-8,3 D u n d  bei N eugeborenen  
um  —f-3,6 D n iedriger. D em n ach  m uß  sich  im  ersten  L e b e n s ja h r  vornehm lich  
die B re c h k ra f t der L inse in  z iem lich  b ed eu ten d em  Maße v e rm in d e rn , d am it die 
P ro je k tio n  a u f  der R e tin a  p u n k ta r t ig  w erde.

A n h an d  un se re r U n te rsu c h u n g e n  is t die B rech k ra ft d e r  H o rn h a u t am 
E n d e  des 2. L eb en sjah rs  a n n ä h e rn d  endg ü ltig . Der L än g sd u rch m esse r des 
A uges b e trä g t  nach I wanow  [2] 23 m m , w äh ren d  den A n g ab en  v o n  D aschew-
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Tabelle 2
Verteilung der H yp erm é tro p ie , Emmetropie u n d  M y o p ie  bei Neugeborenen 

(L ite ra tu ran g ab en )

V e rfas se r
J H y p e rm é tro p ie E m m e tro p ie

%

M yopie

T ito w  [12] 80,9 11,5 7,6

Se l e n s k ij  und Kx e b a n s k a ja  [15] 94,4 4,0 1,6

U t k in  [14] 97,9 1,75 0,35

M olnár [7] 92,2 4,8 3,0

D u rchschn itt 91,35 5,51 3,14

%

----------  D u rc h sc h n ittlic h e r  D iop triew ert: + 3 ,9 5  ( S e l e n s k i j  u n d  M itarb .)
---------  D u rc h sc h n ittlic h e r  D io p triew ert: + 3 ,6 3  (V erfasse r)

R efra k tio n szu sta n d  von Neugeborenen und

—7 —6 —5 - 4 —3 —2 — 1 0

Z ah l d e r  F ä lle 1 3 1 - — — — 4 20

О //о 0,6 0,2 - - — — 0.8 4,0

Z ahl d e r  F ä lle 2 — — - 1 2 2 3 5

о/, о — - 0,6 1,2 1,2 1,8 3,0

1 A n g a b e n  v o n  S e l e n s k i j  u n d  M ita rb .
2 A n g a b e n  v o m  Verfasser
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SKij [1] gem äß die B re c h k ra f t d er L inse 19,8 D u n d  die G e sa m tb re c h k ra ft 
59,9 D ausm achen ; dies b e d e u te t, d aß  im  3. L eb en sjah r die E n tw ic k lu n g  des 
op tisch en  A p p a ra ts  fa s t  abgeschlossen is t. A bgesehen  von  d e r B rech u n g sam e
tro p ie  k a n n  d em n ach  n u r  d av o n  die R ede  sein, daß  zw ischen d e r  R e frak tio n  
u n d  d er Ä nderung  des A ugen längsdurchm essers ein Z u sa m m e n h a n g  b es teh t.

Aus T ab . 2 g e h t h e rv o r, d aß  3 ,14%  d er N eugeborenen  m y o p , 5 ,51%  
em m etro p  u n d  91 ,35%  h y p e rm e tro p  sind . A n h an d  d er U n te rsu c h u n g  von 
2398 N eugeborenen  g e lan g te  Steiger [10] zu  fo lgenden  F e s ts te llu n g e n : M yo
pie 0 ,4% , E m m etro p ie  0 ,9 % , H y p e rm é tro p ie  98 ,7% . In  d er G ru p p e  d e r Ü b er
s ich tigen  g e s ta lte te n  sich  die D io p triew erte  fo lgenderm aßen : 1 — 2 D =  55 ,7% , 
3 - 4  D =  31 ,4% , 5 - 6  D  =  10 ,2% , 7 - 8  D =  1,4% .

Die E rgebn isse  d e r v o n  uns u n d  v o n  Se len sk ij  sowie K l e b a n sk a ja  [15] 
bei N eugeborenen  d u rc h g e fü h rte n  L ic h tb re c h u n g su n te rsu ch u n g e n  v e ra n 
sch au lich t A bb. 1. W ie ersich tlich , k a m e n  M yopie in  4 ,8 % , E m m e tro p ie  in  
3 ,0%  der F älle  v o r. D io p triew erte  zw ischen —(— 0,5 D u n d  -(-2,5 D w aren  in  
19,4%  der Fälle , zw ischen  + 3 ,0  D u n d  5,5 D in 59%  d e r F ä lle  u n d  über 
+  6,0 D in 13,8%  d e r F ä lle  zu verze ichnen . D ie V erte ilung  is t  m öglicherw eise 
etw as g ek ü n ste lt, d ie sich  in  den  sp ä te re n  J a h re n  vollz iehende V e rä n d e ru n g  der 
R efrak tio n  k a n n  ab e r n u r  a u f  diese W eise re g is tr ie r t w erd en . A nsonsten  
s tim m t diese A u fte ilu n g  m it der I ly p e rm e tro p ie -G ru p p ie ru n g  (g e rin g g rad ig  =  
fa k u lta tiv , m itte lg ra d ig  =  re la tiv , h o ch g rad ig  — abso lu t) so zu sag en  überein .

Die V ersch iebung  in  R ich tu n g  d e r E m m etro p ie  is t in  T a b . 3 u n d  4 d a r 
geste llt. Die A n g ab en  d e r T ab . 3 zeigen, d aß  sich am  E n d e  des 1. L eb en sjah rs  
die P ro zen tzah l d e r h o ch g rad ig en  H y p e rm é tro p ie  fa s t  um  5 0 % , d ie  d e r Fälle  
m it m itte lg rad ig e r H y p e rm é tro p ie  led ig lich  u m  2 —4 %  v e rm in d e r t ,  w äh ren d  
d ie  A nzahl d er F ä lle  m it geringg rad iger H y p e rm é tro p ie  z u n im m t u n d  die der 
m yopischen  F älle  u n v e rä n d e r t  b le ib t. T a b . 4, in  der die A n g ab en  d e r G esam t
bevö lkerung  d er G em einde Ű jlé ta  angegeben  sind, v e ra n sc h a u lic h t die W erte  
d er ä lte ren  Ja h rg ä n g e . O bw ohl zw ischen den  D a te n  d er be id en  T ab e llen  gewisse 
A bw eichungen vo rlieg en , k an n  fes tg e s te llt w erden , d aß  die A m etro p ie  in  2 —3%

Frühgeborenen am  ersten Lebenstag

+1 + 2 -(-3 + 4 + 5 +6 + 7 + 8 + 9 + 10 -f 11

21 41 73 130 138 48 16 3 2 - -

4.2 8,2 14,6 26,0 27,6 9,6 3,2 0,6 0,4 - -

9 23 34 37 26 11 3 7 — 1 1

5,5 13.9 20,7 22,5 15,8 6,6 1,8 4,2 — 0,6 0,6
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Tabelle 3

V eränderung  der H yperm étrop ie , E m m etrop ie  und  M yo p ie  in  den verschiedenen A ltern

1 Z ah l der
L ebensalter i Fälle

M E
Z w ischen
+  0,5 D 

u n d  + 2 ,5  D

Zw ischen 1 C h e r  
+ 3 ,0  D  j +6 0 D 

u n d  +5,5 D  !

%

N eu g eb o re n e : 2 — 7 Tage 165 4,8 3,0 19,4 59,0 13,8

S ä u g lin g e : 7 — 30 Tage 148 4,0 5,4 26,3 54,2 10,1

S ä u g lin g e : 2 —12 M onate 278 4,6 5,7 27,0 57,4 5,3

K in d e r :  1 — 2 Jah re 48 4,2 18,7 22,6 52,4 2,1

3 — 5 jäh rig e  K inder 83 6,0 17,0 36,1 38,5 2,4

sc h ie len d e  K inder 60 - — 20,0 64,4 15,6

6 — 1 0 jäh rig e  K inder 45 7,9 21,0 37,4 31,4 2,3

sc h ie len d e  K inder 51 - — 31,3 54,2 14,5

K in d e r :  11 —15 Jah re 63 8,4 39,5 29,0 21,2 1.9

A lte r  in  J a h re n  16 — 30 128 8,7 51,9 21,0 16,2 2,2

M =  M yop ie  
E  =  E m m e tro p ie

d e r  h o ch g rad ig en  H y p e rm e tro p ie -F ä lle  am  E n d e  des 3. L ebensjah rs zum  
S t i l ls ta n d  k o m m t und  au ch  in  d en  sp ä te ren  J a h re n  u n v e rä n d e r t  b le ib t. G leich
ze itig  v e rm in d e rt sich au ch  d ie  A nzahl der F älle  m it m itte lg rad ig e r H y p e r
m é tro p ie  fa s t  au f die H ä lf te ;  v o n  diesem  Z e itp u n k t ab  bis zum  15. — 20. 
L e b e n s ja h r  k an n  jä h rlic h  eine  d u rc h sc h n ittlic h e  V e rm in d e ru n g  von  2 — 3%  b e o b 
a c h te t  w erd en , bei der A lte rsg ru p p e  15 — 20 is t sch ließ lich  ein k o n s ta n te r  
W e r t  — m itte lg rad ig e  H y p e rm é tro p ie  in 15%  d er F ä lle  — zu  verzeichnen . E s 
e rh e b t  s ich  die F rage, ob sich  d ie  H y p erm étro p ie  in  d iesen  F ä llen  bis zum  E n d e  
d e r  P u b e r t ä t  stufenw eise e n tw ic k e lte  oder — ana lo g  z u r  hochgrad igen  H y p e r
m é tro p ie  — bere its E n d e  des 3. L eb en sjah rs  z u s ta n d e k a m . U m  dies en tsch e id en  
zu  k ö n n e n , haben  w ir die R e fra k tio n  von  60, 3 jä h rig e n  u n d  51, 7 jäh rig en  
sc h ie le n d e n  K indern  gem essen ; in  d en  folgenden 4 J a h re n  w urde  die G esta ltu n g  
d e r L ic h tb re c h u n g  dieser P a t ie n te n  regelm äßig  k o n tro llie r t  (Tab. 5). Es e rgab  
sich , d a ß  im  V erlauf von 4 J a h r e n  die H y p erm étro p ie  bei 59 ,4%  der zu r e rs te n  
G ru p p e  gehörenden  F älle  (im  M a te r ia l von Miyashita  [6] b e tru g  diese P ro z e n t
zah l 5 4 ,5 % ) und  in  63,3%  d e r  P a tie n te n  der zw eiten  G ru p p e  en tw eder s ta t io 
n ä r  b lie b  oder sich s te ig e rte . D em en tsp rech en d  is t d ie  A nzah l der F ä lle , in  
d en en  s ic h  eine Ä nderung  d er H y p e rm é tro p ie  vollzog, bei sch ie lenden  und  n ich t-
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T abelle  4

Prozentuale und dem Lebensalter entsprechende Verteilung der gering-, mittel- und hochgradigen  
H yperm étropie, E m m etrep ie  und M y o p ie  bei 1848 K in d ern  und Erw achsenen  

(B evölkerung d e r  G em einde IJ jle ta )

L eb en sa lte r
(Ja h re )

M E
Z w ischen 
+  0,5 D 

u n d  + 2 ,5  D

Zw ischen
+  3,0 D 

u n d  + 5 ,5  D

Ü ber 
+  6,0 D

%

l 3,4 - 27,5 58,8 10,3

2 - — 26,0 69,7 4,3

3 4,5 — 45,4 45,6 4,5

4 6,3 — 59,4 31,2 3,1

5 5,3 4,3 56,4 29,0 5,0

6 4,9 4,9 60,7 25,7 3,8

7 3,6 5,0 61,7 26,2 3,5

8 4,4 5,2 63,4 23,9 3,1

9 4,7 5,6 64,7 22,0 3,0

10 4,5 18,0 52,2 22,3 3,0

11 3,9 12,5 59,1 21,0 3,5

12 4,1 9,6 63,5 20,9 1,9

13 7,5 14,2 58,4 16,6 3,3

14 7,2 17,7 53,3 19,0 2,8

15-20 4,6 48,1 29,7 15,0 2,6

21 39 4,6 52,9 26,5 13,6 2,4

40 -59 4,8 38.9 43,3 10,9 2,1

M — M yopie 
E  =  E m m etrop ic

schielenden K indern annähernd identisch , woraus folgt, daß obw ohl die Ver
m inderung der relativen H yperm étropie nach dem 3. Lebensjahr am bedeu
tendsten  ist, es keineswegs behauptet werden kann, daß sich in den erwähnten  
Fällen die m ittelgradige H yperm étropie bereits im Alter von 3 Jahren ent
w ickelte. Dies k önnte nur mit einer von  der Geburt bis zur P ubertät dauernden, 
fortlaufenden U ntersuchung der B etroffenen  entschieden werden. W ird jedoch
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d ie  H y p e rm e tro p ie -V erte ilu n g  d er 3 —6 jä h rig e n  u n d  6 — 10jährigen sch ie lenden  
K in d e r  m it den  A n g ab en  d er n ich t-sch ie len d en  K in d e r ähn lichen  A lte rs  v e r 
g lich en  (T ab. 3), so e rg ib t sich , d aß  im  V e rh ä ltn is  zu  den  n ich t-sch ie len d en , in  
b e id e n  G ru p p en  d e r  S ch ie lenden  die A n zah l d e r  hochgrad igen  H y p e rm e tro p ie -  
F ä lle  7m al, die d e r m itte lg ra d ig e n  2m al h ö h e r la g , w ährend  die g e ringg rad ige  
H y p e rm é tro p ie  se lte n e r  v o rk am .

Tabelle 5

Veränderung der Übersichtigkeit von Sch ie lenden  während 4 Jahren

G ru p p e  I
3— 6 jäh rig e  K in d e r  

(60 F ä lle )
%

G ruppe  I I  
7— 10jährige K in d e r  

(51 F älle)
%

U n v erän d e rte  H y p e rm étro p ie 47,7 59,4

S teigerung  de r H y p e rm étro p ie 11,7 3,9

V erm inderung  de r H y p erm étro p ie 35,7 21,0

E m m etro p isa tio n  de r H yp erm étro p ie 3,3 9,8

M yopisation  der H y p e rm étro p ie 1,6 5,9

A n h a n d  d ieser F e s ts te llu n g  d ü rfte  a n g en o m m en  w erden, d aß  sich  die 
re la tiv e  H y p e rm é tro p ie , ana lo g  zur a b so lu te n  H y p erm étro p ie , seh r frü h , 
b e re its  im  2. — 3. L e b e n s ja h r  s tab ilis ie rt u n d  a u f  diese W eise im  Z u s ta n d e 
k o m m en  des S trab ism u s acco m o d ativ u s eine k a u sa le  Rolle spielt.

D ie  in  A bb. 2 a n g e fü h rte n  A ngaben  b ezü g lich  d e r G esta ltu n g  d e r M yopie 
in  Ű jlé ta  w eisen d a ra u f  h in , d aß  u n te r  d en  4 jä h rig e n  K indern  2/3 d e r K u rz 
s ic h tig e n  an  gering- bzw . m itte lg rad ig e r M yopie u n d  1/3 an  m aligner M yopie 
le id en . B ei den  10— 1 4 jäh rig en  is t die A n zah l d e r  a n  der le tz te rw ä h n ten  V er
ä n d e ru n g  le idenden  sozusagen  u n v e rä n d e rt, w ä h re n d  die P ro z e n tz a h l d er 
e rs te rw ä h n te n  F ä lle  s tä n d ig  zu n im m t u n d  sich  f a s t  v e rd o p p e lt. E tw a  zu r Z eit 
d e r P u b e r tä t  s ta b ilis ie r t sich  ein Teil der g e rin g g rad ig en  M yopien, in  e iner 
A n zah l d e r F älle  (e tw a  0 ,5 % ) en tw ick e lt sich  dag eg en , w ahrschein lich  w egen 
B rech u n g sp ro b lem e , e ine E m m etro p ie . D er U m s ta n d , d aß  sich im  18. — 20. 
L e b e n s ja h r  die M ehrzah l d e r  m itte lg rad ig en  M yopie-F älle  s tab ilis ie r t, bei 
0,5 — 0 ,8 %  d e r K in d e r es je d o c h  zu r b ö sa rtig en  E n ta r tu n g  ko m m t, e rk lä r t  au ch  
die T a tsa c h e , daß  die K u rv e  d e r gering- bzw . m itte lg ra d ig e n  K u rzs ich tig k e it 
n a c h  d em  10. — 14. L e b e n s ja h r  eine l,3 % ig e  V e rm in d e ru n g  zeigt. Miyashita  [6], 
d er d ie  R e fra k tio n  v o n  59 M ed iz in -S tu d en tin n en  4 J a h re  h in d u rch  k o n tro l
lie r te , s te ll te  fest, d aß  d ie  K u rzs ich tig k e it in  62 %  d e r  F älle  s ta tio n ä r  u n d  in  
38%  d e r F ä lle  p ro g ressiv  w ar (nach  unseren  E rg e b n isse n  b e tru g en  diese P ro 
z e n tz a h le n  67 bzw . 3 3 % ). I n  Ü jlé ta  m ac h te n  d ie  gering- und  m itte lg rad ig e  
M yopie b e i P erso n en  äh n lich en  A lters 62%  u n  d ie  m a lig n e  38%  aus. In  den spä-
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Abb. 2. P ro zen tu a les  V o rk o m m en  der M yopie in  d en  v e rsch ied en en  L eb ensa lte rn  (Ü jlé ta , 2084
E in w o h n er)

--------- K le in g rad ig e  u n d  m itte lg rad ig e  M yopie; -------------  m aligne M yopie

D

Abb. 3. D u rc h sc h n ittlic h e  R efrak tionsw erte  d e r N eugeborenen , Säuglinge u n d  K in d e r
(Ü jlé ta )

te ren  J a h re n  wies die le tz te rw ä h n te  V e rä n d e ru n g  eine an ste ig en d e  u n d  die 
e rs te rw ä h n te  e ine  ab n eh m en d e  T endenz au f, w oraus fo lg t, daß  sich  d ie K u rz 
sich tig k e it in  e in e r m in im alen  P ro zen tzah l d e r  F älle  selbst nach  d em  18. — 24.
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L e b e n s ja h r  n ich t s ta b ilis ie r t. N a tü rlich  b e s te h t  bei diesen K u rz s ic h tig e n  auch  
e in e  F u n d u sv e rä n d e ru n g .

N ach  den L ite ra tu ra n g a b e n  n im m t d ie  Z ah l der K u rzsich tig en  s te ts  zu. 
U t k in  [14] fan d  diese V erän d eru n g  bei 1 5 ,5 8 %  der 16jährigen K in d e rn  vor 
(g e rin g g rad ig e  M yopie 72 ,37%  dieser F ä lle , m itte lg rad ig e , d. h. D io p tr iew erte

D

AM k 4. V erte ilu n g  der d u rc h sch n ittlich e n  R e fra k tio n  in  den verschiedenen L eb e n sa lte rn
(U jlé ta , G esam tb ev ö lk e ru n g )

zw ischen  —3,0 u n d  —6,0 D , in  22,37%  u n d  m aligne  M yopie in  5 ,2 6 %  d e r 
F ä lle ) . S einer A nsich t n a c h  p ro g red ie rt die K u rzs ich tig k e it m ittle re n  G rades 
vom  9. L eb en sjah r an  u n d  g eh t im A lte r v o n  13 J a h re n  bereits in  eine h o c h 
g rad ig e  F o rm  über. A n läß lich  d er s ta tis tisc h e n  B ew ertu n g  von 1156 K u rz s ic h 
tig e n  s te ll te  U eno [13] fe s t, d a ß  es sich in  d er M eh rzah l der vo r dem  10. L eb en s
ja h r  a u f tre te n d e n  M yopie-F älle  um  eine g en e tisch  d e te rm in ie rte  an g eb o ren e  
A n o m alie  h an d e lt. In  20 ,3%  der F älle  k o n n te  die V ererbung nachgew iesen  
w erd en . Bei den F ra u e n  kam  die K u rz s ic h tig k e it häufiger vo r als bei den  
M än n e rn .

L a u t  zah lre icher V erfasser is t eine L ic h tb re c h u n g  von + 5 ,0  D noch fü r  
n o rm a l zu  b e tra c h te n . N ach  Sorsby u n d  M ita rb . [11] schw anken die N o rm a l
w e rte  zw ischen  + 4 ,0  D u n d  —4,0 D, n ach  D a sc h ew sk ij  [1] zw ischen + 2 ,0  D 
u n d  — 2,0  D . U nsere in  d er G em einde U jlé ta  e rm itte lte n  d u rc h sc h n ittlic h e n  
R e fra k tio n sw e rte  v e ran sch au lich en  A bb. 3 (0 — 15jäh rige  K inder) u n d  A bb . 4 
(G esam tb ev ö lk e ru n g ). W ie ersich tlich , bew egt sich  d ie  K urve  ober- bzw . u n te r 
halb  d e r  d u rch sch n ittlich en  D iop triew erte  in  e in e r B reite  von  1,5 D (dies
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b e d e u te t  sowohl in  p o sitiv e r, als au ch  in  n e g a tiv e r  R ich tu n g  A bw eich u n g en  
von  0,75 D), w oraus fo lg t, daß  zw ischen  10 — 59 Ja h re n  die d u rc h sc h n ittlic h e  
R e fra k tio n  fast id en tisch  ist bzw. u m  d en  M itte lw ert schw ank t. D er ta ts ä c h 
liche  W ert is t a b e r se lb s tv e rs tän d lich  d ie  F u n k tio n  des A lte rs . D ie in  der 
A lte rsg ru p p e  von 5 — 9 Ja h re n  (d u rc h sc h n ittlic h e  R efrak tion  +  2,2 D ) Vorge
fu n d e n e n  W erte  von  + 1 ,5  — 3,0 D sin d  z. B. S treu u n g sam etro p ien . D ie klein- 
u n d  m itte lg rad ig e  H y p e rm é tro p ie  u n d  M yopie sind — m it A u sn ah m e  d e r im
2. — 3. L eb en sjah r s tab ilis ie rten  re la tiv e n  Ü b ersich tig k e it und d e r m it F u n d u s 
v e rä n d e ru n g  e inhergehenden  K u rz s ic h tig k e it — n ich t als p a th o lo g isch e  Z u
s tä n d e  zu  b e tra c h te n . Bei den E in w o h n e rn  v o n  Ú jlé ta  w aren  fo lg en d e , als 
p a th o lo g isch  a u ffaß b a re  V erän d eru n g en  v o rzu fin d en : hochgrad ige  H y p e rm é 
tro p ie  (2 ,8% ), m aligne  M yopie (2 ,2 % ), v o rz e itig  s tab ilis ierte  re la tiv e  H y p e r
m é tro p ie  (7—10% ), m it F u n d u sv e rä n d e ru n g  einhergehende M yopie m ittle re n  
G rad es, sowie A n isom etrop ie  und  A stig m ie . Im  Z u standekom m en  d ie se r V er
än d e ru n g e n , die in  in sgesam t 12 — 15%  d e r  u n te rsu c h te n  Fälle  V orlagen, sp ie lte  
d ie  E rb lich k e it eine b ed eu ten d e  R olle.

A us A bb. 3 u n d  4 geh t h ervo r, d a ß  die E m m etro p isa tio n , m it A u sn ah m e 
d e r pa tho log ischen  F ä lle , etw a im  A lte r  v o n  10 —12 Ja h re n  b e e n d e t is t. Bei 
d en  15 — 24 jährigen  P erso n en  m a c h t d ie  A n zah l der E m m etro p en  b e re its  m ehr 
als 50 %  aus (Tab. 4). In  diesem  A lte r  b e t r ä g t  die d u rch sch n ittlich e  R e frak tio n  
— die b is zum  59. L eb en sjah r sozusagen  u n v e rä n d e r t  b le ib t — b e re its  w eniger 
a ls + 1 ,0  D (A bb. 4). D em nach  fo lg t b is  zu m  A lte r von 70 J a h re n , w a h rsc h e in 
lich  w egen der L in sen v erän d eru n g  u n d  T o n u sv e rm in d e ru n g  des M. c ilia ris  eine 
H y p e rm e tro p isa tio n sp h ase . W äh ren d  n ach  Markbreiter [5] d ie  U rsache 
d ieser E rsch e in u n g  in  d er H o m o g en isa tio n  des K erns und  der R in d e  lieg t, h ä lt 
W essely  [16] die d u rch  die a lte rsb e d in g te  V eränderung  d e r S k le ra s tru k tu r  
v e ru rsa c h te  V erk le inerung  des B u lb u s  u n d  Maione [4] die V e rflach u n g  der 
L inse  fü r  v e ran tw o rtlich . N ach dem  70. L e b e n s ja h r t r i t t  im a llg em ein en  eine, 
d u rc h  die senile V erän d eru n g  d e r L in se n b re c h k ra ft v e ru rsa c h te  M yopisa- 
tio n  auf.
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SCHOCK UND LUNGENÖDEM

Von

I . S z á m

IV . M E D IZ IN IS C H E  K L IN IK  (D IR E K T O R : P R O F . D R . M ED . G. G Á B O R )
D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T , B U D A P E S T

(E ingegangen  am  17. S e p tem b e r  1966)

Die B eo b ach tu n g , d aß  v e rsch iedene  S chockfo rm en  eine hem m en de W irk u n g  a u f  
d ie E n tw ick lu n g  des L ungenödem s au sü b en  k ö n n e n , w urde k linisch u n d  tie re x p e r im e n 
te ll b e leu ch te t. E s w urde an  H a n d  v o n  zwei K ran k en g esch ich ten  d e m o n s tr ie rt, d a ß  sich 
das L u ngenödem  nach  A u ftre te n  e ines Schocks v ö llig  zurückbilden  k a n n . D es w e ite ren  
w urde  an  e inem  3. Fall gezeig t, d a ß  die R eihenfo lge  de r K ran k h e itse rsch e in u n g en  auch  
eine u m g ek eh rte  sein k an n : d as a k u te  L u n g en ö d em  t r a t  nach der e rfo lgreichen  B e k ä m p 
fu n g  des Schocks auf. A us T ie rv e rsu ch en  an  106 R a tte n  ging hervor, d aß  das Z u s ta n d e 
kom m en  eines ex p erim en tellen  L u n g en ö d em s n a c h  N H ,C 1-E inspritzung  bzw . E in a t 
m ung  von h y p e rb a re m  S au e rs to ff  d u rc h  e inen  F orm alin sch o ck  gehem m t w erd en  k o n n te .

Zw ischen Schock  und  L u n g en ö d em  b e s te h e n  verschiedene W ech se lb ezie 
h u n g en .

1. E n tw ick lung  eines Lungenödem s im  Schockzustand. E in  a k u te s  L u n 
genödem  is t im  S eh o ck zu stan d  ziem lich  se lten  zu b eo b ach ten . K o m m t es 
je d o c h  vo r, so is t es au ß er d er Ä n d e ru n g  d e r O sm o la ritä t des B lu tp la sm a s  u n d  
d er d y n am isch en  Insuffiz ienz des p u lm o n a len  L ym phkreislau fes, a u f  eine 
H ypox ie  zu rü ck zu fü h ren . D ie L u n g e n k a p illa ren  sind  d er H y p o x ie  g eg en ü b er 
ä u ß e rs t  em pfind lich  (Warren  u n d  D r inker  1942; D rinker 1945; R u s z n y á k , 
Földi und  Szabó 1957): die H y p o x ie  ru f t  e ine  P e rm e a b ilitä tss te ig e ru n g  der 
W an d  der L u n g en k ap illa ren  h e rv o r.

Moon u n d  Morgan (1936) k o n n te n  hei versch iedenen  e x p e rim e n te llen  
S chockform en  m it v e rzögerten  V e rla u f ein  te rm in a le s  L ungenödem  n ach w eisen . 
A uch  kriegsm edizin ische A ufze ichnungen  e rw äh n en  die E n tw ic k lu n g  eines 
L ungenödem s beim  S ch o ck zu stan d , n ach  S ch u ß v erle tzu n g en . Long  (1840), 
Ba r d e n  (1897) u n d  Pack (1926) m a c h te n  bei schw eren B ra n d w u n d e n  äh n lich e  
B eo b ach tu n g en .

E in  H e rz in fa rk t m it schw erem  L in k sv ersag en  k an n  g leichzeitig  Schock 
u n d  L ungenödem  v e ru rsach en ; eine zum  Schock  führende L u n g en em b o lie  
ru f t , w enn auch  se lten , ein re flek to risch es  L ungenödem  hervor.

E in  L ungenödem  k an n  im  S ch o ck zu stan d  auch  du rch  die S c h o c k b e h a n d 
lung , so z. B. die B e lastu n g  des k le inen  K re is lau fs  m it ü b e rd o sie rte r In fu s io n s 
th e ra p ie  oder d ie w iederholte  A n w en d u n g  v o n  S y m p a th y co m im e tica  au sg e lö st 
w erden . D ie lungenödem erregende W irk u n g  v o n  hohen  A d ren a lin d o sen  is t  seit 
J a h rz e h n te n  b e k a n n t (Luisada  1928).

2. D urch Lungenödem  hervorgerufener Schockzustand. E in  schw eres L u n 
genödem  k an n  zum  Schock fü h re n ; es sa m m e lt sich eine große M enge von
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B lu tp la sm a  in den in te rs ti t ie lle n  G ew ebsspalten  d e r L unge an  oder t r i t t  in  die 
A lveo len  über. M ehr a ls  1000 ml k an n  a u f d iese  W eise dem  K re is lau f v e rlo ren  
g eh en . Zum  Schock k o m m t es also, w enn bei e n tsp re c h e n d e r  D auer u n d  Schw ere 
des L ungenödem s d e r  ra sc h e  V erlust g ro ß er F lü ssig k e itsm en g en  eine B lu te in 
d ick u n g  und  V isk o sitä tss te ig e ru n g  au sge löst h a t  (Lutz und  Schumacher  
1965). D er Schock k a n n  b e im  Lungenödem  a u c h  d u rc h  die ang ew an d te  T h e ra 
p ie  ausgelöst w erden , z. B . fö rd e rt M orphin  d ie K o llap sten d en z . A d e rlaß  oder 
u n b lu tig e  S ta u u n g s lig a tu r  d e r E x tre m itä te n  k ö n n e n  ebenfalls e inen  Schock 
h e rv o rru fen . Diese M aß n a h m e n  w irken — d u rc h  die V erm inderung  des B lu t
s tro m s  zum  H erzen  u n d  z u r  Lunge — beim  L u n g en ö d em  günstig ; a n d e rse its  
k a n n  d er so b ew irk te  A b fa ll des M in u ten v o lu m en s — falls der P a t ie n t  schon  
o ligäm isch  und  sein  M in u ten v o lu m en  k lein  is t  — einen  Schock auslösen  (Alt
sc hu le  1956).

3. D er d r it te , b is  j e t z t  n ich t b e a c h te te  u n d  in  d er L ite ra tu r  k a u m  e r
w ä h n te  Z u sam m en h an g  zw ischen  Schock u n d  L u n g en ö d em  is t die R ückb ild u n g  
des Lungenödem s nach der E ntw icklung des Schocks. B ezüglich  d ieser E rsc h e i
n u n g  soll im fo lg en d en  ü b e r  einige k lin isch en  B eo b ach tu n g en  u n d  T ie rv e r
su ch e  b e rich te t w e rd en .

In  den le tz te n  J a h r e n  h aben  w ir w ied e rh o lt die E rfah ru n g  g e m a c h t, d aß  
d as  d u rch  L in k sinsu ffiz ienz  oder du rch  die S ch äd ig u n g  des Z e n tra ln e rv e n 
sy s tem s  v e ru rsach te  L u n g en ö d em  nach  d e r E n tw ic k lu n g  des Schocks h äu fig  
a u f  h ö rt.

K asu istik

F all 1. D er 6 1 jäh rig e  M an n  A. B. w urde w egen  M itra lstenose  u n d  H erzinsu ffiz ienz  
sch o n  frü h er an u n se rer K lin ik  b eh an d e lt. E r  e r li t t  v o r  4 J a h r e n  einen L u n g en in fa rk t, v o r 2 
J a h r e n  eine E n d o k a rd itis  le n ta ,  u n d  w urde w egen p lö tz lic h  au ftre te n d e r H em pleg ie  m it 
B ew u ßtlosigkeit e in g elie fert.

B eim  m itte lm äß ig  e r n ä h r te n  P a tien ten  zeigen sich  w ed er Zyanose noch Ö dem e. L un g en  
o h n e  B efund . Die H e rz d ä m p fu n g  übersch re ite t n a ch  lin k s  d ie M ediok lav iku larlin ie  u m  eine 
E in g e rb re ite . M itra lö ffn u n g sto n , diasto lisches G eräusch  u n d  a k ze n tu ie r te r  I. S p itzen to n . A bso
lu te  A rrh y th m ie . H e rz fre q u en z  100 pro m in. B lu td ru c k  170/90 m m  Hg. Die p lö tz lich e  lin k s 
se itig e  Hem plegie, die m oto risch -senso rische  A ph asie , d as rech tsseitige  B ab in sk i-S y m p to m  
w eisen  au f eine E m bolie  d e r  l in k e n  A rt. caro tis in te rn a  h in .

N ach  v o rü b e rg eh en d er B esserung  des Z u stan d es t r a t  a m  4. B ehan d lu n g stag  e in  a k u te s  
L u n g en ö d em  auf. Z y an o se, L u n g en - und T rach ea lrasse ln , O rth o p n o e . M orphin s. c ., P ro ca in  
(10 m l 1% -ige Lösung i. v .) ,  S au ersto ffb ea tm u n g , S tro p h a n th in ,  w iederholte  A b sau g u n g  des 
en d o tra ch e a le n  S ekrets b lie b e n  erfolglos. T a c h y a rrh y th m ie  v o n  160 pro m in.

N ach  15stündigem  B e s te h e n  des Lungenödem s p lö tz lich e  B lu td ru ck sen k u n g . E in  S ch o ck 
z u s ta n d  en tw ickelte  sich , d e r  B lu td ru c k  w urde in e in igen  M in u ten  u n m eß b ar u n d  g leichzeitig  
v e rsch w an d en  die R a sse lg e rä u sc h e , hörte  das L u n g en ö d e m  völlig  au f u n d  k eh rte  n ie  w ieder 
z u rü ck . 5 S tunden  sp ä te r  t r a t  K am m erflim m ern  u n d  L ä h m u n g  der v ita len  Z en tren  e in . A uch 
a u to p tisc h  w ar kein L u n g en ö d e m  nachw eisbar.

F all 2. H. J .  8 1 jäh rig e  F ra u . In  der A n am nese  k o m m e n  seit Ja h re n  w ied erk eh ren d e  
E x tre m itä te n p a re se n  m it Schw indelgefüh l und  sp o n ta n e r  H e ilu n g  vor. P a tie n tin  w u rd e  w egen 
lan g sam , stufenw eise, in n e rh a lb  v o n  zwei T agen a u f tre te n d e r  A phasie  u n d  rech tsse itig e r H e m i
p leg ie  bew ußtlos eingew iesen.

Bei der A ufnahm e d e r  soporösen  F rau  fan d en  sich  ü b e r  de r ganzen Lunge m itte l-  b is 
g ro ß b las ig e  R asselgeräusche. K e in e  Zyanose oder Ö dem e. D as Zw erchfell bew egte sich  trä g e . 
H e rz  1 Q uerfinger n ach  lin k s  v e rg rö ß e rt; lau te  H e rz tö n e . P u lsfreq u en z  120/min. B lu td ru c k
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140/90 m m  H g. N e rv en sy stem : rech tsseitige  H em ip leg ie , linksseitige  H em iparese. A u g e n h in te r
g ru n d : s ta rre , sk le ro tische  G efäße.

U n te r  den  L ab o ra to riu m sb e fu n d en  sind  eine le ich te  A lbum inurie  u n d  g e s te ig e rte  Uro- 
b ilinogenurie  b em erk en sw ert. E ry th ro z y te n : 5 200 000, L eu k o zy ten  17 500. H b . 100%  (E x s ik 
kose). R e s ts tic k s to ff  46 m g % . D as E K G  zeigte eine S in u sta ch y k a rd ie  (F req u en z  120 p ro  m in.). 
Die g esen k ten  ST Z w ischenstücke  in A ble itung  I u n d  I I  w eisen au f eine Ü b e rla s tu n g  d e r linken 
K a m m e r hin.

D as L u n g en ö d em  w ar m it dem  gew öhnlichen th e ra p eu tisc h en  V erfah ren  n ic h t  zu beein 
flu ssen , d ie R asse lg eräu sch e  w urden  in ten siv e r u n d  w aren  auch ohne S te th o sk o p  zu  hören . 
In  12 S tu n d e n  e n tw ick e lte  sich eine zen tra le  u n d  p e rip h e re  Insuffizienz. Als d e r  systo lische 
B lu td ru c k  u n te r  50 m m  H g  san k , h ö rte  das L u n g en ö d em  völlig  a u f  u n d  k e h r te  n ic h t  w ieder 
zu rü ck . P a tie n tin  s ta rb  in  de r 17. S tu n d e  der K lin ik b e h a n d lu n g .

A u to p tisch e  D iagnose: E m ollitiones m u ltip liées  e t  cicatrices cereb ri, h y d ro c e p h a lu s  
in te rn u s , a rte rio scle ro sis g en era lisa ta , h y p e rtro p h ia  e t  d ila ta tio  v en tricu lo ru m  c o rd is . In  der 
L unge k o n n te  m an  k e in  Ö dem  nachw eisen.

Fall 3. Bei d em  5 4 jäh rig en  P a tie n te n  G. M. m it L inksversagen  w ar d ie R eih en fo lg e  der 
K ra n k h e itse rsc h e in u n g en  eine u m g ek eh rte : ein a k u te s  L un g en ö d em  t r a t  n ach  d e r e rfo lgreichen  
B ek äm p fu n g  des S ch o ck zu stan d es auf.

P a t ie n t  m ac h te  v o r 4 u n d  3 J a h re n  w ied erh o lt H e rz in fa rk te  du rch , d ie sp ä te re n  B e
schw erden  w aren  a u f  ein  A n eu ry sm a  der linken  K a m m e r u n d  au f eine H erz in su ffiz ien z  z u rü ck 
zu fü h ren . W egen H erz in su ffiz ien z  w urde er in  d en  le tz te n  2 Ja h re n  v ierm al b e h a n d e lt .

2 M onate  n ach  d em  le tz te n  K lin ik a u fen th a lt t r a te n  abends s ta rk e  p e k ta n g in ö se  B e
schw erden  m it S chw itzen  au f. D ie Schm erzen h ö r te n  e rs t  n ach  E in sp ritzu n g  v o n  P e th id in  auf. 
D er K ra n k e  w urde m it der D iagnose eines rez id iv ie ren d en  M y o k ard in fark ts  w ied er eingew iesen.

K lin ik a u fn ah m e  im  S ch ockzustand . D ie sch w eiß b ed eck te  H a u t w ar b la ß  u n d  zy an o 
tisch . K ü h le  E x tre m itä te n . L ungen  o. B. H erz  2 1/2 Q uerfinger nach  links v e rg rö ß e r t .  E in  
frü h e r n ic h t h ö rb a re s  ap ik a les , holosystolisches G e räu sch  wies au f eine M itra lin su ffiz ien z  hin . 
P u lsfreq u en z  96/m in . B lu td ru c k  80/70 m m  H g. L eb e r u m  5 Q uerfinger v e rg rö ß e rt .

A uch  d ie L ab o ra to riu m sb e fu n d e  sp rachen  fü r  e inen  rezid iv ierenden  M y o k a rd in fa rk t. 
SGOT 880 E in h e ite n . R o te  B lu tk ö rp e rch en  4,3 M illionen, w eiße 20 400. H b  8 3 % . B S R : 17 m m . 
D as E K G  zeig te e inen  T aw ara-S chenkel-B lock  u n d  im  V ergleich  m it den f rü h e re n  E K G -A uf- 
n a h m e n  eine w esen tliche  Ä nderung .

D ie S c h o ck b eh an d lu n g  erw ies sich an fan g s als w irkungslos, der B lu td ru c k  san k  und  
w urde  u n m eß b a r , d ie U rin au ssch eid u n g  h ö rte  vö llig  au f. Pulslosigkeit. L u n g en : no ch  im m er 
o. B ., ke in  L un g en ö d em , d ie A tm u n g  sehr f req u e n t, a b e r  keine  A tem geräusche.

A ls es ab er en d lich  gelang, den Schock zu  b ese itig en , u n d  der B lu td ru c k  a u f  90/70 
m m  H g , sp ä te r  au f 120/80 m m  H g an stieg , e rsch ien  a lsb a ld  ein ak u te s  L u n g en ö d em . D as R a s
seln v e rs tä rk te  sich u n d  w ar w eith in  h ö rb a r. D er P a t ie n t  h u s te te  eine große M enge v o n  d ü n 
nem , serösem , le ich t ro sa  g e fä rb ten  S p u tu m  aus. D as L u n g en ö d em  zeigte n ach  V erab re ich u n g  
von M orph in , S tro p h a n th in , en d o trach ea le r S e k re ta b sa u g u n g  und  S au e rs to ffin h a la tio n  keine 
w esen tliche  B esserung . A m  zw eiten  B eh an d lu n g stag  e n tw ick e lte  sich ein p a ra ly tis c h e r  Ileus 
u n d  d e r P a t ie n t  g ing info lge e iner p lö tz lichen  s ta rk e n  H äm atem esis ad  e x itu m .

S ek tio n sb efu n d : In fa rc tu s  recens e t p riscu s m y o ca rd ii, an eu ry sm a  v e n tr ic u li  sin is tri 
cord is , erosio h aem o rrh ag ica  v en tricu li e t in te s tin i, o ed em a pu lm onum  m ai. g ra d . D ie  frische 
H in te rw an d n e k ro se  d e r lin k en  K am m er w ar seh r au sg e d eh n t, die L ungen w aren  hoch g rad g e  
m it Ö d em flüssigkeit d u rc h trä n k t.

T ierversuche

M ethodisches. D ie T ie rversuche  w urden  a n  106 W is ta r -R a tte n  von e tw a 200 g K ö rp e r
g ew ich t au sg e fü h rt. A k u te s  L u ngenödem  w u rd e  d u rc h  eine in trap erito n ea le  In je k t io n  von 
A m m o n iu m ch lo rid  (0,7 m l 100 g 6% ig) bzw. d u rc h  E in a tm u n g  von reinem  h y p e rb a re n  S au e r
s to ff  (3,7 A tü  3 S tu n d e n  h in d u rch )  in einer 60 1 Ü b e rd ru ck k a m m e r h erv o rg eru fen . B ezüglich 
der E in z e lh e ite n  de r M ethod ik  soll au f frü h ere  M itte ilu n g e n  hingew iesen w erd en  ( K ö n i g  u n d  
K ö n i g  1949, G o t t s e g e n , S z á m  u n d  C s o r n a y  1954, 1956, S z á m , N i k o l i t s  u n d  G o t t s e g e n  
1966).

D as A usm aß  des L u n genödem s w urde d u rc h  B estim m u n g  des re la tiv en  L u n g en g ew ich 
tes sow ie d u rc h  h isto log ische  U n te rsu ch u n g en  fe s tg e s te llt . D ie A usw ertung  d e r m ik ro sk o p i
schen  B efunde  erfo lg te  oh n e  K e n n tn is  der ex p erim e n te llen  D a ten . M it +  +  +  w u rd e n  sich 
a u f  d ie  g e sam ten  L u n g en lap p en , m it + +  au f e inzelne  L ap p e n  erstreckende , m it +  herdw eise  
z e rs tre u te  V e rän d e ru n g en  beze ichnet. Die Schw ere des Ö dem s w urde in den e in ze ln en  Serien

Аса Medica Academiae Scientiarum Hungaricae 23, 1967



312 szám

d u rc h  V erg le ich  einerseits de r h isto log ischen  B efunde, a n d e rse i ts  der M itte lw erte  d e r L u ngen- 
K ö rp e rg ew ic h ts in d ic e s  (re la tiv e s  L u n gengew ich t =  L u n g en g ew ich t x  1 0 0 /K örpergew ich t) 
b e u r te i l t .  D e r norm ale  W ert des re la tiv e n  L ungengew ich tes e rw ies sich bei 9 n o rm alen  R a tte n  
0,84 ±  0 ,04 .

D e r  S ch o ck zu stan d  w u rd e  d u rc h  F o rm alin  h e rv o rg e ru fe n . D ie m it F o rm alin  v o rb e h a n 
d e lte n  T ie re  e rh ie lten  3m al 0,5 m l e in e r 4 % ig en  L ösung  s. c. in n e rh a lb  von 20 S td . u n d  1 S td . 
n a c h  d e r  le tz te n  In je k tio n  w u rd e  A m m onium ch lo rid  in jiz ie r t.

D ie  K ö rp e r te m p e ra tu r  de r T ie re  w urde  re k ta l  gem essen . D er S au e rs to ffv e rb rau ch  der 
n ü c h te rn e n  T iere  w urde n a ch  I s s e k u t z  u . I s s e k u t z  1942 in  je  10 M eßperioden zu  5 m in . 
v o r  d e r  e r s te n  u n d  4 S td . n a c h  d e r le tz te n  F o rm a lin in je k tio n  b es tim m t. Z um  V erg leich  w u r
den  d ie  a r ith m e tis c h e n  M itte lw e rte  de r beiden  B estim m u n g sre ih en  zugezogen. D er B lu td ru c k  
w u rd e  te i ls  u n b lu tig  m itte ls  des p h o to e le k trisc h en  M an o m ete rs  v o n  H e h r  an de r V o rd e rp fo te , 
te ils  a u f  b lu tig e m  W ege in  de r fre i p rä p a r ie r te n  F em oralis  m it  e inem  E lem a-E lek tro  m an o m e te r 
g em essen . D ie  s ta tis tisc h e  A u sw e rtu n g  der E rgebn isse  e rfo lg te  m itte ls  der S tu d e n tsc h e n  
T -P ro b e .

V ersuchsergebnisse

1. I n  der e rs ten  V ersuchsre ihe  w urde  d ie  W irkung  des F o rm a lin -  
S ch o ck s a n  44 W is ta r -R a tte n  g ep rü ft. A ku tes L u n g en ö d em  w urde bei 21 V er
s u c h s tie re n  du rch  E in a tm u n g  v o n  h y p e rb a rem  S au ersto ff, bei w e ite ren  23 
d u rc h  E in sp ritz u n g  v o n  N H 4C1 herv o rg eru fen . 21 T ie re  erh ie lten  F o rm a lin in 
je k t io n e n , die üb rigen  d ie n te n  als K on tro lle . D ie V ersuchsergebnisse  s in d  aus 
T a b e lle  I  e rsich tlich . D ie h isto log ische  U n te rsu c h u n g  d er Lunge u n d  d ie  re la 
t iv e n  L u n g en g ew ich te  ze ig ten  in  den  beiden  L u n g en ö d em fo rm en  zw ischen  F o r
m alin sch o ck -T ie ren  u n d  K o n tro llg ru p p e  einen  s ig n if ik a n te n  U n tersch ied .

Tabelle I

D ie p ro tek tive  W irkung der Form alinvorbehandlung bei experim entellem  Lungenödem , hervorge
ru fen  durch N H fC l bzw. durch E ina tm ung  von hyperbarem  Sauersto ff 

(3 S tu n d en , 3,7 A tü .)

E x p e r im e n t

G rad  des L u ngenödem s 
(h isto log isch)

D u rc h -
s c h n it tl .

Ü b e r le b e n s 
d a u e r
(M in .)

R e la t.  L ungengew ich t 

/1 0 0  x L u n g en g ew ich t \  
\  K ö rp erg ew ich t /

Z a h l  d e r  
Ü b e r le b e n 

d en
e + +  + +  +  +

H
yp

er
ba

re
s

L
un

ge
nö

de
m F o rm alin -

Schock 6 2 3 0 243 1,23 ± 0 ,0 3 l

K on tro lle 2 1 1 6 237 1,64 ± 0 ,0 4 2

S
al

m
ia

k 
L

un


ge
nö

de
m

F orm alin- 

Schock 8 2 0 0 30 0,86 ±0 ,03 2

K ontro lle 1 6 4 2 34,5 1,3 ± 0 ,0 3 1

a)  H yperbares Lungenödem . W äh ren d  das h o h e  d u rch sch n ittlich e  re la tiv e  
L u n g e n g e w ic h t (1,64 +  0,04) d er K o n tro ll ie re  a u f  hochgradiges L u n g en ö d em  
h in w ies , w a r das re la tiv e  L u ngengew ich t bei d en  fo rm a lin b eh an d e lten  T ie ren
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n u r  m äß ig  e rh ö h t (1,23 +  0,03). Die h isto lo g isch e  U n tersu ch u n g  ze ig te  kein  
hochgrad iges und 5 m itte lg rad ig e  L u ngenödem e in  d er F o rm a lin g ru p p e , 6 T iere  
b lieben  ödem frei. D em gegenüber w aren  in  d e r  K o n tro llg ru p p e  6 h o ch g rad ig e  
u n d  2 m itte lg rad ig e  Ö dem e nachzuw eisen , 2 w aren  ödem frei.

b) Sa lm ia k  Lungenödem . Die E rg eb n isse  w aren  ähnlich wie be i d e r  f rü 
heren  G ruppe. In  d er K o n tro llg ru p p e  w a r  d a s  L ungengew icht 1,3 +  0,03, 
gegenüber dem  völlig  no rm alen  W ert (0,86 +  0,03) der F o rm alin -S ch o ck tie re . 
H isto log isch  w aren  keine hochgrad igen  u n d  n u r  2 geringfügige Ö d em e n a c h 
zuw eisen, die A nzahl d er ödem freien  T iere  b e tru g  8. In  der K o n tro llg ru p p e  
k am en  2 hochgrad ige  u n d  10 m itte lg rad ig e  L ungenödem e vor u n d  n u r  ein  e in 
ziges T ie r w ar frei von  Ö d. ;m.

Tabelle II

K örpertem peratur, G rundum satz und B lu tdruck  nach Formalinverabreichung  
D er S au e rs to ffv e rb rau ch  w urde  an  denselben T ie ren  v o r  u n d  nach dem  V ersu ch  b e s tim m t; 

zu den ü b rig en  V ersuchen  w urde s te ts  eine b e so n d e re  K o n tro llg ru p p e  zu gezogen

T e m p era tu r
<°C)

0 2-V e rb ra u c h  
m l/100 g /5  m in

S yst. B lu td ru ck  
u n b lu tig  m m  H g |

S y s t. B lu td ru c k  
b lu tig  m m  H g

K ontro lltiere 38,2 ;•;0,25 21,1 : 0,83 109 ± 2 ,76 99 ± 4 ,1 2

Forrnalin-Schock-Tiere 36,0 0,35 16,9 ; 1,01 65 ±4 ,62 50,7 ± 3 ,9 5

Die d u rc h sc h n ittlic h e  Ü b erlcb en sd au er u n d  die A nzahl der Ü b e rleb en d en  
zeig te bei be iden  L ungenödem form en  keinen  s ig n if ik an ten  U n te rsch ied .

2. In  e iner zw eiten  V ersuchsreihe w u rd en  21 m it F orm alin  v o rb e h a n d e lte  
u n d  20 K o n tro lltie re  bezüglich  des V e rh a lten s  ih re r K ö rp e r te m p e ra tu r  m it
e in an d e r verg lichen . 2 S td . nach  d er le tz te n  F o rm a lin in jek tio n  w ar d ie  T e m p e 
r a tu r  d er v o rb e h a n d e lte n  T iere d u rc h sc h n ittlic h  2,2 °C n iedriger a ls  die der 
K o n tro llen  (Tab. I I ) .  D ie A bw eichung erw ies sich als s ta rk  s ig n if ik a n t 
(t =  5,184, P  0,01). F ö rd e ru n g  der W ä rm eab g ab e  durch  einen V e n tila to r  
am  K äfig  h a t  in k e in e r d er beiden  G ruppen  n en n en sw erte  w eitere Ä n d e ru n g en  
d er T e m p e ra tu r  b e w irk t: sie sank  d u rc h sc h n ittlic h  um  0,15 °C bei d en  F o rm a 
lin-, um  0.28 °C bei den  K o n tro llie re n .

3. In  d er n ä c h s te n  V ersuchsreihe w u rd e n  d ie  fo rm a lin b e h a n d e lten  T iere 
d u rch  H eizung  des K äfig s a u f  38 °C e rw ä rm t; d ies w urde bei einer U m g eb u n g s
te m p e ra tu r  von e tw a  40 °C b innen  20 m in  e rre ic h t. N un  w urde d iesen  T ie re n  
die n ach  d er E rw ä rm u n g  w esentlich  le b h a fte r  w aren  — sowie d e r bei Z im m er
te m p e ra tu r  g eh a lten en  K o n tro llg ru p p e  A m m o nium ch lo rid  in jiz ie rt.

D ie h isto log ischen  B efunde und  re la tiv e n  L ungengew ichte v o n  10 V er
suchs- und  11 K o n tro lltie re n  sind in T ab . I I I  zusam m engefaß t. D ie V e rsu ch s
tie re  sind  20 — 45 (d u rc h sc h n ittlic h  28), die K o n tro lle n  20 — 60 (d u rc h sc h n ittlic h  
38) m in nach  d er In je k tio n  eingegangen; die in n e rh a lb  von 20 m in  g e s to rb e n e n
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Tabelle III

F orm a lin sch o ck  wehrt das Salm iak-L ungenödem  auch bei konstanter K örpertem peratur ab

L u n g en ö d em
Ü berlebend

R e la t.  L u n g e n g e 
w ic h t+  + + + + + в

A m m o n iu m ch lo rid 6 l 3 l — 1 ,6 4 ^ 0 ,1 2 8

A m m o n iu m ch lo rid  -f- Form alin - 

Schock  +  E rw ärm en - l 1 8 - 1,02 ± 0 ,0 5 4

T ie re  b lie b e n  u n b e rü c k s ic h tig t, da  n ach  u n se re n  frü h eren  E rfa h ru n g e n  zur 
E n tw ic k lu n g  des S a lm iak -L ungenödem s 20 m in  n ö tig  sind. Es gab ke in e  Ü b e r
le b e n d e n . D ie m eisten  F o rm a lin tie re  b lieben  ö d em fre i, w ährend  das h is to lo 
g ische  B ild  der K o n tro lltie re  — m it einer e in z ig en  A usnahm e — s te ts  L u n g e n 
ö d em , z u m e is t schw eren o d er m ittle re n  G rades, au fw ies. D em en tsp rech en d  w ar 
d as  r e la t iv e  L ungengew ich t d e r K o n tro llen  s t a r k  e rh ö h t, das d er V e rsu c h s
g ru p p e  h ingegen  n ah ezu  n o rm a l. D er S au e rs to ffv e rb rau c h  w urde  b e i jed em  
T ie re  v o r  u n d  n ach  den  F o rm a lin in jek tio n en  b e s tim m t. T ab . I I  e n th ä l t  die 
M itte lw e r te  der B estim m u n g en  sowie die Ä n d e ru n g  der A usgangsw erte . Bei 
a llen  T ie re n  san k  d e r R u h e u m sa tz  um  8 —4 6 %  (d u rch sch n ittlich  2 0 % ). D ie 
A b w e ic h u n g  erwies sich  als s ta rk  sig n ifik an t ( t  =  9,1, P  <C 0,01). D ie in t r a a r 
te r ie lle n  B lu td ru c k w e rte  w a re n  um  10 —15 m m  H g  n iedriger als die a u f  u n b lu 
tig em  W ege e rh a lten en , doch  w urde m it b e id e n  M ethoden ein D ru c k a b fa ll 
v o n  ü b e r  40 m m  H g n ach  d e r le tz te n  F o rm a lin e in sp ritz u n g  festg este llt (T ab . I I ) .  
D ie  A b w e ich u n g  zw ischen V ersuchs- und  K o n tro llg ru p p e n  erwies sich  als s ta rk  
s ig n if ik a n t  (t =  10,75 bei b lu tig e r , 8,244 bei u n b lu tig e r  M essung, P  <7 0,01 fü r  
b e id e  G ru p p en ). D as K ö rp erg ew ich t w urde n a c h  24stünd igem  N ah ru n g s- u n d  
W a sse re n tz u g  u n te rsu c h t. E s  san k  um  10,4 g b e i d en  u n b eh an d e lten , u m  7,8 g 
be i d e n  F o rm a lin tie re n ; d er U n tersch ied  w ar n ic h t  s ign ifikan t.

Besprechung

D er M echanism us, d u rc h  w elchen der S ch o c k z u s ta n d  das a k u te  L u n g e n 
ödem  b e h e b t ,  b e s te h t in sb eso n d ere  in  der A b n a h m e  des venösen R ü ck flu sses , 
w o d u rc h  die rech te  K a m m e r u n d  der k leine K re is la u f  e n tla s te t w erd en . E s 
e n tw ic k e lt  sich eine e in fache  o d er eine m it H ä m o k o n z e n tra tio n  e in h erg eh en d e  
H y p o v o lä m ie  (W o l l h e im  1967). Bei schw erem  S ch o ck  fü h r t  auch  d e r P la s m a 
a u s t r i t t  au s  den  G efäßen  z u r  v e rm in d e rten  F ü llu n g  d er rech ten  K a m m e r und 
des k le in e n  K reislaufs bzw . z u r  A bnahm e des M inu tenvo lum ens, d ie  ih re r 
se its  e in e  V erm inderung  des p erip h eren  D ru ck es  z u r  Folge h a t. E in e  w e ite re  
E rs c h e in u n g  is t die E rw e ite ru n g  des K a p illa rn e tz e s : das B lu t in d er K a p il la r 
b a h n  s t r ö m t  langsam  oder k a n n  sogar s ta g n ie re n . Im  irreversib len  S ta d iu m
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k o m m t n och  eine a llgem eine , periphere  V a so d ila ta tio n  dazu . D iese h äm o d y n a- 
m ischen  E ffek te  des S chocks erk lä ren  die T a tsa c h e , daß  v iele F o rm e n  von 
ak u tem  L ungenödem  n a c h  dem  A u ftre ten  des Schocks v e rsch w in d en . Sarnoff 
und  F arr (1944) b e h a n d e lte n  das L ungenödem  d u rc h  m itte ls  sp in a le r  A n ä s th e 
sie hervo rgeru fene  B lu td ru c k se n k u n g  u n d  e rk lä r te n  die günstige  W irk u n g  m it 
d er V erm inderung  des B lu trü ck flu sse s  zum  re c h te n  H erzen. Litarczek  (1958) 
s te llte  ebenfalls die g ü n s tig e  W irkung  der k ü n s tlic h  h e rv o rg eru fen en  B lu td ru c k 
sen k u n g  bei P a tie n te n  m it L ungenödem  fest. E r  b eo b ach te te , d aß  bei P a tie n te n , 
bei den en  e r eine g rö ß ere  B lu td ru c k se n k u n g  erzielen  k o n n te , d as  L ungenödem  
schneller verschw and  als d o rt, wo der B lu td ru c k  n u r w enig  ab fie l. Auch 
Sar n off , B erglund  u n d  Sarnoff  (1953) h a b e n  b em erk t, d aß  im  irrev ersib len  
Schock eine b e trä c h tlic h e  B lu tm en g e  aus dem  k le inen  in  den  g ro ß en  K re islau f 
ge le ite t w erden  k an n .

A u f G rund th e o re tis c h e r  E rw äg u n g en  m u ß  m an  auch  m it e in em  D ru c k 
abfall in  den  P u lm o n a lg e fäß en  rechnen . D er F iltra tio n sd ru c k  d e r  L u n g en k a 
p illa ren  is t vom  G e s ic h tsp u n k t des Z u stan d ek o m m en s der a lv e o lä re n  T ran s
su d a tio n  einer der w ic h tig s te n  F a k to re n . T ie rv e rsu ch e  h ab en  a b e r  gezeig t, daß 
bei zah lre ichen  ex p e rim en te llen  Schockform en  die D ru c k v e rh ä ltn isse  des k lei
nen  K reislau fs bis zu m  E n d s ta d iu m  u n v e rä n d e r t  b leiben (H alm ágyi  1957), 
oder die D ru ck w erte  n u r  w enig ab n eh m en  (Takács , N agy u n d  K álla y  1957). 
Es en tw ick e lt sich im  k le inen  K re is lau f eine V aso k o n strik tio n  infolge der 
A noxie (E uler u n d  L iljen str a n d  1946; T akács 1963) m it d e r  Z u n ah m e  d e r 
p u lm o n a len -v ask u lä ren  R esis ten z ; der D ru ck  in  den L u n g e n k a p illa ren  zeigt 
desw egen keine oder n u r  eine m äßige A b n ah m e. Diese A b n ah m e is t  bei einem 
d u rch  H äm o rrh ag ie  o d e r T ra u m a  h erv o rg eru fen en  Schock am  au sg e p rä g te s te n  
(Takács 1963). D ie D ru ck sen k u n g  in  d en  L u n g en k ap illa ren  is t  also fü r  die 
R ü c k b ild u n g  des L u n g en ö d em s nach  d e r E n tw ick lu n g  des S chocks höchstens 
teilw eise v e ra n tw o rtlic h . D er F lü ss ig k e itsg eh a lt d er Lunge is t  a b e r  n ic h t nur 
von  d en  D ru ck v e rh ä ltn issen , sondern  au ch  von  der p u lm o n a len  D u rch strö 
m ung  abhängig . D ie H y p o x ie  v e ru rsa c h t w äh ren d  des S chocks eine Vaso
k o n s tr ik tio n  in d e r L u n g e  (E uler u n d  L iljenstrand  1946), d ie periphere 
R esistenz  n im m t zu , d ie D ru ck w erte  des k le in en  K reislaufs b le ib en  u n v e rä n d e rt 
oder zeigen n u r eine geringe  A bnahm e, d e r B lu tg e h a lt d er L u n g e  n im m t aber 
w esen tlich  ab. D a d u rc h  is t  auch  der A nstieg  d e r V ita lk a p a z itä t  n a c h  A derlaß  
bei A sth m a  card ia le  zu  e rk lä ren : m it d e r A b n ah m e des B lu tg e h a lts  d e r Lunge 
n im m t deren  L u f tg e h a lt  (die V ita lk a p a z itä t)  zu. Im  S c h o c k z u s ta n d  en ts teh t 
eine A rt u n b lu tig e r  »A derlaß« in  die p e rip h e ren  G efäße. Die F o lg e  is t  eine V er
m in d eru n g  des H erzm in u ten v o lu m en s u n d  d a m it auch  d er F ü llu n g  im  kleinen 
K re is lau f. A uch a n d e re  Prozesse kön n en  eine R olle spielen. W eg en  d e r genera
lis ie rten  F lü ss ig k e itsau ss trö m u n g  in d en  ex tra v a sa len  R aum  w ird  die F lüssig
k e itsau ss trö m u n g  in  d e r  L unge geringer u n d  das schon e n tw ic k e lte  T ran ssu d a t 
w ird  d u rch  die L y m p h g e fäß e  en tfe rn t.

2* A da  Medica Academiae Scientiarum Hun^aricae 23, 1967



316 . SZÁM

I n  früheren  V ersu ch en  (Gottsegen, Szám u n d  Csornay  1957) is t  die 
F e s ts te l lu n g  von Selye  (1 9 3 8 ), w onach die A u slö su n g  einer A la rm reak tio n  
d u rc h  F o rm alin e in sp ritzu n g  d ie  T iere  vor L u n g en ö d em  sc h ü tz t, v o lla u f b e s tä 
t i g t  w o rd e n , und  zw ar n ic h t  n u r  beim  A drenalin- u n d  K ochsalz in fusionsödem , 
s o n d e rn  auch  beim  h y p e ro x isc h e n  und S a lm iak ö d em . D och k o n n te n  w ir der 
S ch lu ß fo lg e ru n g , daß  d ieser S ch u tze ffek t a u f e in e r v e rm e h r te n  P ro d u k tio n  von  
G lu co co rtico id en  b e ru h e  (S e ly e  1950), n ich t b e ip flic h te n . C o rtiso n v erab re i
c h u n g  h em m te  in u n se ren  V ersu c h e n  die E n ts te h u n g  von  L ungenödem  n ic h t, 
a u c h  w u rd e  es durch  D eso x y co rtico s te ro n  n ic h t g e fö rd e rt. W ir fan d en , d aß  
F o rm a lin v e ra b re ich u n g  a u c h  b e i a d ren a lek to m ie rten  T ie ren  eine volle S c h u tz 
w irk u n g  au sü b t. Die A n n a h m e  einer S tre ß re a k tio n  m it H y p e ra k tiv i tä t  d er 
N e b e n n ie re n rin d e  m uß d e m n a c h  w iderlegt w erden .

D e r  Nachweis e iner u n v e rä n d e r te n  S c h u tz w irk u n g  des F o rm alin s  au ch  
n a c h  A d ren ek to m ie  h a t  u n s e r  A ugenm erk  in  e rs te r  L in ie  a u f  den K re is la u f
e f fe k t d iese r V o rbehand lung  g e le n k t. K önig u n d  K önig  (1949), die bei 3 R a t 
te n  H e m m u n g  des S a lm iak ö d em s nach F orm alin  b e o b a c h te t haben , sch rieb en  
d ies d e m  Schockzustand  d e r T ie re  zu , der die R e so rp tio n  des Salm iaks aus d e r 
B a u c h h ö h le  v e rh in d ert h a b e n  sollte . Die U n r ic h tig k e it dieser A uffassung  
b e w e is t  d ie  gegenüber d er K o n tro lle n  u n b ee in flu ß te  L e ta l i tä t  u n d  sogar v e r 
k ü r z te  L ebensdauer u n se re r  v o rb eh an d e lten  T ie re . D ie  u n m itte lb a re  B eo b 
a c h tu n g  d e r som nolenten  F o rm a lin tie re  v e ra n la ß te  u n s , an  der u rsäch lich en  
B e d e u tu n g  einer ak u ten  h ä m o d y n am isch en  und  S to ffw echse lschäd igung  fe s t
z u h a l te n  u n d  deren W irk u n g  a u f  die H em m ung des Ö dem s zu analysieren .

D ie  H erabsetzung  d e r K ö rp e rte m p e ra tu r  im  schw eren  Schock b ild e t 
e in en  n ic h t  zu v e rn ach lä ss ig en d en  F ak to r. D ie S ch u tzw irk u n g  d er U n te r 
k ü h lu n g  w urde  bei ex p e rim e n te llem  L ungenödem  v o n  Campbell (1937), 
Gr o ssm a n n  und  P enrod  (1949) u n d  K önig u n d  K önig  (1949) nachgew iesen ; 
H y p e r th e rm ie  erhöhte h in g eg en  d ie  Ö d em b ere itsch aft (H a d d y , Campbell  u n d  
V is s c h e r  1949). Die R e k ta l te m p e ra tu r  unserer T ie re  s a n k  n ach  F o rm alin . D ie 
S c h u tz w irk u n g  blieb jed o ch  in  b e id e n  V ersuchsreihen  e rh a lte n , auch  w enn  d er 
K ü h le f fe k t  durch  E rh ö h u n g  d e r  U m g eb u n g s tem p era tu r  k o m p en sie rt w u rd e ; 
d ie se r d ü r f te  zum indest n ic h t a lle in  fü r die V e rh ü tu n g  des L ungenödem s v e r 
a n tw o r t l ic h  gem acht w erden .

A u s  frü h eren  U n te rsu c h u n g e n  (Gottsegen, R omoda  u n d  B artok (1954), 
Go t t s e g e n , K ohen u n d  R om oda  (1956) is t b e k a n n t, d a ß  gegen L ungenödem  
w irk sa m e  M edikam ente, w ie M o rp h iu m  und P ro ca in , d en  G ru n d u m sa tz  h e ra b 
se tzen . D ie  in  unseren V e rsu c h e n  gefundene S en k u n g  des R u h eu m sa tzes  u m  
d u rc h s c h n it t l ic h  26%  n ach  d en  F o rm a lin in jek tio n en  d ü r f te  zu r H em m u n g  d er 
Ö d e m e n ts te h u n g  w esentlich  b e itra g e n . Die auch  n a c h  A d ren ek to m ie  e rh a lte n e  
S c h u tz w irk u n g  einer F o rm a lin  V orbehand lung  is t also  eine Folge des b e s te 
h e n d e n  S chockzustandes. D er b e i  d en  m it F o rm alin  b e h a n d e lte n  T ie ren  b e o b 
a c h te te  B lu td ru c k a b fa ll von  d u rc h sc h n ittlic h  40 m m  H g  is t  geeignet, die w ich 
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t ig s te  häm o d y n am isch e  V orausse tzung  des L u n g en ö d em s, die B lu ta n sc h o p p u n g  
im  k leinen  K re is lau f, w eitgehend  zu b ee in flu ssen . D ieser M echanism us, der 
auch  d er ödem h em m en d en  W irkung  der V a so d ila ta to re n  u n d  G ang lionb locker 
(Sarnoff , Goodale , Sarnoff  1952, H il d e n  1953, D avies und  M ita rb . 1953, 
Storstein u n d  T v eten  1954, K och 1955, F e r s in i  u n d  Susca 1955, E llestad  
u n d  Olson 1956, K ellner  1957 usw .), sow ie d e r  R ü ck en m ark an äs th es ie  
(Sarnoff  und  F arr 1944) zugrunde lieg t, w ird  au c h  im ex p erim en te llen  For- 
m alin -S chock  in  G ang  g ese tz t.

F ü r  die H ilfe in  d e r h isto log ischen  U n te rsu ch u n g  sow ie in den u n b lu tig en  B lu td ru c k -  
bzw . G ru n d u m sa tzb e stim m u n g en  sag t V erfasser F ra u  D r. m ed . M. C sornay, H e rrn  D r. m ed . 
h ab il. T . G áti u n d  F ra u  D r. m ed. M. Is tv án ffy  a u ch  a u f  d iesem  W ege besten  D an k .
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DIABETES MELLITUS IN PITUITARY INSUFFICIENCY

By

E . G o t h  and  G y . M i k l ó s

S E C O N D  D E P A R T M E N T  O F  M E D IC IN E  A N D  D E P A R T M E N T  O F  PA TH O LO G Y ,
J Á N O S  H O S P IT A L , B U D A P E S T

(R ece iv ed  O ctober 26, 1966)

In  a  65-year-old m ale  th e  sudden  o n se t o f  d ia b e te s  was w itnessed 15 y e a rs  a f te r  
h y p o p h y se c to m y  for a ch ro m o p h o b e  adenom a. T w o  a n d  a h a lf years la te r, th e  p a tie n t  
developed  h e p a tic  c irrhosis a n d  died in co n sequence  o f staphylococcal e n te ro co litis  an d  
p n eu m o n ia . A u topsy  re v ea le d  a pseudocyst w ith  scarce  p itu ita ry  tissue a t  th e  site  
o f th e  rem o v ed  g land. R esp o n se  to  m e th y rap o n e  a n d  th e  presence of lip id -m o b iliz in g  
fa c to r  p o in te d  to some p re se rv e d  p itu ita ry  a c t iv ity .  T h is  case m akes i t  d o u b tfu l w h e th 
er th e  p i tu i ta ry  g land  is necessarily  invo lved  in  th e  pa thogenesis o f d iab e tes .

T h e sp o n tan eo u s occu rrence  of p i tu i ta ry  fa ilu re  to g e th e r w ith  d ia b e te s  is 
very  ra re . B y  th e  increasing  p rac tice  of h y p o p h y se c to m y  for d iab e tic  an g io 
p a th y  it  h as  becom e possib le  to  s tu d y  H o u s s a y ’s phenom enon in  th e  h u m a n  
sub jec t. P i tu i ta r y  failure p receed ing  th e  o n se t o f  d iabetes has been  re p o r te d  
in six cases on ly . A ny o b se rv a tio n  of th is  k in d  m a y  raise in te re s tin g  p o in ts  
concerning th e  pa thogenesis  o f d iabetes.

Case report

A. L ., a 50-year-old  m a le  p a tie n t h ad  b e e n  su b jec ted  to  h y p o p h y se c to m y  
for a ch rom ophobe  ad en o m a in 1946. T he o p e ra tio n  had  been follow ed b y  w eak 
ness, d row siness, easy fa tig u e , dryness of th e  sk in , puffiness of th e  ey e lid s , loss 
of body  h a ir , slow speech, loss of po ten cy , a n d  co n stip a tio n . The p a t ie n t  w as 
tre a te d  a t  f ir s t  w ith  A CTH  a n d  DOCA, th e n  w ith  12.5 to  25 mg of c o r tiso n e  and  
100 m g o f th y ro id  e x tra c t da ily . This k e p t h im  in  a sa tisfac to ry  c o n d itio n , on ly  
three to  six  tim es a y e a r in  th e  course o f  c e r ta in  episodes such as in flu e n z a , 
pneum on ia  o r heav y  p u rg a tio n  he w ould b eco m e sudden ly  drow sy, d if f ic u lt  to  
arouse from  sleep, or ev en  com atose. T h ese  b o u ts  w hich were acco m p an ied  
by  te m p e ra tu re s  rising to  40 °C even in  th e  ab sen ce  of any  a p p a re n t in fec tio n  
and  b y  a d ro p  of blood p ressu re  to  80 or 90 m m  H g, p ro m p tly  re sp o n d e d  to  
an in tra m u sc u la r  in jec tio n  o f 150 mg o f co rtiso n e .

L a b o ra to ry  in v es tig a tio n s . U rin a ry  k e to s te ro id  o u tp u t was b e tw e e n  4.6 
and 7.8 m g, ex cep tio n a lly  betw een 10 a n d  12 m g daily , th a t  o f  k e to g en ic  
stero ids (b y  th e  m ethod  o f  N orimbehsky) b e tw e e n  0 and  7 mg, w ith  o ccasional 
peaks o f 13 m g. 40 U. Z n-A C T H  elicited a rise  in  th e  excretion  of 1 7 -k e to s te ro id s
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f ro m  4 .6  m g to  11.4 m g, leav in g  u n ch an g ed  t h a t  of ketogenic s te ro id s . M ethy- 
r a p o n e  caused  a re d u c tio n  in  th e  ex c re tio n  o f  17-ketosteroids an d  a 5.8  m g  rise 
in  t h a t  o f ketogenic  ste ro id s . (B y our m e th o d , th e  low est lim it of n o rm a l increase 
is  8 m g .) T he p lasm a h y d ro co rtiso n e  lev e l v a rie d  betw een 0 a n d  4 fig per

F ig . 1. C y stic  s tru c tu re  occu p y in g  th e  
s ite  o f  th e  rem o v ed  p itu i ta ry  g lan d

F ig . 2 . A d e n o -p itu ita ry  cell g ro u p s  in  th e  
w a ll o f  th e  cyst occupying  th e  se lla

100 m l. U r in a ry  a ldosterone  o u tp u t  w as 3.8 fig  d a ily . B asal m etabo lic  r a te  w as 
b e tw e e n  -—7 an d  —12 p e r c e n t. T he th y m o l p re c ip ita tio n  te s t w as 4 .8  u n its , 
th e  g o ld  sol reac tio n  n eg a tiv e . Serum  b iliru b in  w as 0.7 mg per 100 m l. E ffe c t o f 
p ro te in - lo a d in g  on blood su g a r, 122 — 56 —104 m g  p e r  100 ml. (As d e m o n s tra te d  
b y  GÓTH in  1952, a re d u c tio n  o f  th e  b lood  su g a r  leve l a fte r p ro te in  in ta k e  is a 
sign  o f  p i tu i ta r y  failu re .) B lood  su g ar to le ran ce  cu rv e  w ith  dex trose: 86 — 110 — 
104 — 90 — 80 m g per 100 m l. Serum  p o ta ss iu m , betw een  4.0 an d  5.0 m E q . 
S e ru m  so d iu m , betw een  139 a n d  140 m E q . E n d o g en o u s  c rea tin ine  c le a ra n ce , 
103 m l. E ry th ro c y te s , b e tw een  3,700,000 an d  4 ,400 ,000 ; leucocytes, 6400; h a e 
m o g lo b in , 12 g per 100 m l; se ru m  iron , 70 fig  p e r  100 ml, serum  ch o le s te ro l, 
160 m g  p e r  100 ml.

A p a r t  from  th e  forego ing  episodes th e  p a t ie n t  had  been f i t  d u r in g  15 
y ears . T h e n  he  sudden ly  ex p erien ced  excessive th i r s t  com pelling h im  to  d r in k  
3 1 w a te r  d a ily  and  he lo s t 1.5 k g  in  fo u r d a y s . B lood  sugar was 313 m g  p e r
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100 m l in  th e  m orn ing , 296 a t  m id d ay  and  440 in  th e  even ing , an d  th e  u rin a ry  
e x c re tio n  of sugar w as 77 g da ily . R ed u c tio n  o f  d ie ta ry  c a rb o h y d ra te s  to  180 g 
d a ily  w as followed b y  a fa ll in  sugar excre tion  to  20 or 30 g. C a rb u tam id e  was 
p resc rib ed  in in itia l dose o f 3 g. T h e  d iabe tes im p ro v ed , p e rm ittin g  a successive

F ig . 3. A drenal co rtex  w ith  signs o f  a tro p h y  F ig. 4. L an g e rh an s’s is le t w ith  hya lin ized  
a n d  a d isorgan ized  c ellu la r p a t te rn .  T he zone c en tre

fasc icu la te  is co n sp icu o u sly  n a rro w

re d u c tio n  of th e  dose b y  0.5 g da ily  to  a m a in te n a n c e  dose of 0.5 g d a ily  on w hich 
th e  p a tie n t  rem ain ed  su g ar-free , w ith  b lood su g a r va lues of 146, 194, an d  173 
m g p e r  100 m l, re sp ec tiv e ly . T he u r in a ry  fa t-m o b iliz in g  fa c to r  w as exam ined  
b y  th e  m ethod  of Chalm ers . T he p a tie n t w as k e p t  on a d ie t c o n ta in in g  180 g 
ca rb o h y d ra tes  d u rin g  fo u r d ay s, and  on a 1000 calorie  an d  50 g c a rb o h y d ra te  
d ie t fo r fu r th e r  fo u r d ay s . In jec tio n  in to  m ice o f th e  e x tra c ts  of u rin e  e lim ina ted  
d u rin g  th e  low c a rb o h y d ra te  in ta k e  caused a re d u c tio n  in  b o d y -w eig h t b y  2 g 
a n d  an  increase in  th e  serum  lip ids w hereas th e  u rin e  o b ta in ed  d u rin g  m assive 
c a rb o h y d ra te  in ta k e  h a d  no effect a t  all.

T h e  p a tie n t d id  w ell fo r an o th e r tw o y ea rs  d u rin g  w hich tim e  he experi
enced  only tw o episodes of drow siness. H is la s t adm ission  in  S ep tem b er 1963 
w as m ade necessary  b y  an o rex ia  and  w eakness. T h e  b lood  su g ar v a lu es  were 
166 m g  per 100 m l in  th e  m orn ing , 279 m g p e r  100 m l a t  m id d ay , a n d  300 mg 
p e r  100 ml in  th e  ev en ing . G lycosuria w as slig h t. T h e  th y m o l p re c ip ita tio n  te s t 
w as 14.6 un its , gold sol reac tio n  5 u n its , serum  b iliru b in  3.0 m g p e r 100 m l by
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th e  p ro m p t d irect re a c tio n . L iv e r and  spleen w ere n o t p a lp ab le . In  a few  weeks 
a sc ite s  developed, th is  w as follow ed b y  a s tap h y lo co cca l en te ro co litis  w ith  
h a e m o rrh a g ic  stoo ls, acco m p an ied  b y  p n eu m o n ia  an d  p u lm o n a ry  oedem a. 
C o rtiso n e , flu id  an d  e le c tro ly te  th e ra p y , ca rd iac  d rugs, an d  su lp h ag u an id in e  
w ere  g iven  w ith o u t a n y  b e n e f it . T h e  p a tie n t d ied  in  J a n u a ry , 1964.

P o s t m ortem  fin d ing . T h e  bo d y  was th a t  o f  a m o d era te ly  obese elderly  
m a le . O n th e  rig h t side o f th e  sca lp  over th e  f ro n ta l  an d  p a r ie ta l reg ions th e re  
w as a d iagonal scar re su ltin g  from  th e  o p e ra tio n  15 y ea rs  earlie r. B o th  fro n ta l 
lob es co n ta in ed  severa l em o llitio n  cysts o f w a ln u t size. There w as a w a ln u t
s ized  s tru c tu re  id e n tif ia b le  as a cyst w ith  a 2 to  3 m m  th ic k  f ib ro u s  capsu le , 
p ro tru d in g  from  th e  sella to  th e  cran ia l basis. I t s  lu m en  was filled  w ith  a b ro w n 
ish -re d  tu rb id  flu id . T he se lla  w as ab n o rm ally  w ide, its  w alls w ere b r ittle . 
T h e  h y p o th a la m ic  s tru c tu re s  o v er th e  cyst w ere so ftened . T h ere  w as a g enera l
ized  a tro p h y  of th e  en d o crin e  o rgans, especially  o f th e  ad ren a l c o rtex , w hich 
d isp la y e d  conspicuously  lip id -p o o r areas. T he o th e r  find ings in c lu d ed  gener
a lized  atherosclerosis; a tro p h ic  cirrhosis o f th e  liv er, acu te  c a ta r rh a l  e n te ro 
co litis  a n d  focal b ro n ch o p n eu m o n ia . M icroscopic f in d in g s: T h e  w all o f th e  cyst 
o c c u p y in g  th e  sella w as m ad e  u p  of fib rous tissu e  w ith  an  ep ith e lia l lin ing. 
B e tw e e n  th e  fib rous s tra n d s  o f irreg u la r a rra n g e m en t, chronic  in fla m m a tio n  
w as d em o n strab le  w ith  ca lc iu m  an d  haem osiderin  deposits.

I n  th e  in tra se lla r  p o r tio n  o f th e  capsu le th e re  w ere sm aller g roups of 
a n te r io r  p i tu i ta ry  cells, m o s tly  o f th e  ch rom ophobe ty p e  b u t  b y  th e  M allory- 
C ro ssm an  s ta in ing  m eth o d  eosinoph ile  and  b aso p h ile  cells w ere also d em o n 
s tra b le  in  some groups. T h e  follicles of th e  th y ro id  w ere m ark ed  b y  n a rro w  lu- 
m in a , a low  ep ithelium , an d  a n  ab u n d an ce  of colloid. T h e  testic les show ed ca n a 
lic u la r  a tro p h y  an d  h y a lin e  d eg en era tio n , th e  m a jo r ity  co n ta in ed  no L eydig  
cells. T h e  ad ren a l co rtex , p a r t ic u la r ly  th e  zona fa sc icu la ta , w as n a rro w , m ost 
o f  th e  cells were poor in  lip id . In  th e  pancreas th e re  w as an  excess o f connec
tiv e  tis s u e  and  m icrofocal f a t t y  necrosis. In c ip ie n t h y a lin e  d eg en e ra tio n  was 
d e m o n s tra b le  in  a n u m b er o f  L a n g e rh an s’s islets.

D iscussion

I n  a m ale p a tie n t, h y p o p h y se c to m y  was follow ed a fte r  a 15-year in te rv a l 
b y  th e  sud d en  onset of d ia b e te s  o f m edium  sev e rity . T ho u g h  th e  possib ility  
o f s te ro id  d iabetes c an n o t be  ru le d  o u t, i t  is m ade u n lik e ly  b y  th e  fa c t t h a t  th e  
p a t ie n t  h a d  been on sm all m a in te n a n c e  doses (12.5 an d  25 mg) of co rtiso n e  for 
15 y e a rs  w hich were co n tin u e d  also a fte r th e  o n se t o f d iab e tes  w ith o u t an y  
a d v e rse  effect on th is  c o n d itio n . In  p itu ita ry  fa ilu re , even  u n d e r su b s ti tu tio n  
t r e a tm e n t  w ith  cortisone, d ia b e te s  generally  rem a in s  ab sen t. In  th e  p re sen t 
case, c irrh o sis  of th e  liv e r a p p e a re d  in  th e  th ird  y e a r  a f te r  th e  on se t o f  d iab e tes ,
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th e re fo re  it  could n o t have  had  an y  ae tio lo g ic  significance. T h e  foci o f  necrosis 
fo u n d  in th e  p an creas  w ere too  sm all to  a cco u n t for the  p ro d u c tio n  o f  d iabetes. 
T he re a d y  response to  ca rb u ta m id e  w as a fu r th e r  evidence o f  in su lin  secretion .

T he orig inal tu m o u r  rem oved  15 y ea rs  earlier had been  re p la c e d  b y  a 
p seudocyst bu lg ing  in to  th e  basa l reg io n  o f  th e  b ra in  w ith c o n se q u e n t d e s tru c 
tio n  o f a lm ost th e  w hole h y p o th a la m u s . T h e  cyst showed o ccas io n a l g roups of 
eosinophile and  baso p h ile  cells. T hese m ig h t have been p reserved  fro m  th e  orig
inal tu m o u r or w ere signs of a recu rren ce . T hough  th e  n u m b er o f  th e  rem ain ing  
cells w as v e ry  sm all, th e y  m u st still h a v e  h a d  som e endocrine a c t iv i ty .  Overall 
endocrine h y p o fu n c tio n  w as re flec ted  b y  th e  find ing  of th y ro id , ad ren o co rtica l 
an d  te s tic u la r  a tro p h y . In c ip ie n t h y a lin e  degeneration  of L a n g e rh a n s ’s islets 
m ay  be regarded  as a m orphologic ev id en ce  of d iabetes. T h e  s lig h t rise in 
co rtico ste ro id  ex c re tio n  elic ited  b y  m e th y ra p o n e  and  the  p re sen ce  o f  th e  lipid- 
m obilizing fac to r  suggest th a t  a m o d e s t endocrine a c tiv ity  w as s ti l l  preserved. 
T he p ro d u c tio n  o f lip id -m ob iliz ing  fa c to r  is generally  ascribed  to  th e  an te rio r 
p i tu i ta ry  lobe th o u g h  th e  p o ste rio r lobe  also contains a su b s ta n c e  o f  th is  kind 
(R udman  e t a l., Seifter  an d  ab , L é l e k , Chalmers). T he p re s e n t  au thors 
(G Ó T H  e t al.) also fa iled  to  d e m o n s tra te  th e  presence of lip id -m o b iliz in g  factor 
a f te r  a low -calorie d ie t in th e  urine  o f  tw o  p a tien ts , one w ith  S h e e h a n ’s syn
d ro m e an d  th e  o th e r  w ith  a ch ro m o p h o b e  adenom a.

Search for th e  cause of d ia b e te s  leads d irectly  to  th e  p i tu i ta r y  gland, 
since STH , A CTH , p ro la c tin  and  to  a c e r ta in  ex ten t also T S H  a re  know n to 
e lev a te  th e  blood su g a r level. Y oung  succeeded  in inducing  d ia b e te s  b y  means 
of ST H  (m e tah y p o p h y sia l d iabetes) a n d  considers th is h o rm o n e  to  rep resen t a 
decisive fac to r  in  th e  pathogenesis o f  d iab e te s . In  con fo rm ity  w ith  th is  claim, 
J ulesz in c rim in a tes  th e  p itu ita ry  g lan d  fo r th e  p roduction  o f  ju v e n ile  diabetes 
(J ulesz e t al.). A ccord ing  to  Va lla n c e-Owen  e t al., in su lin -a n ta g o n is ts  do 
n o t ta k e  effect in  th e  absence o f a fu n c tio n in g  p itu ita ry  g la n d  w h ereas  o ther 
in v es tig a to rs  in c lu d in g  Magyar d en y  a n y  p a rtic ip a tio n  of th e  p i tu i ta r y  gland 
in th e  p ro d u c tio n  o f d iab e tes , e x c e p t fo r th a t  associated w ith  C u sh in g ’s dis
ease or w ith  acrom egaly .

In  th e  p re se n t case d iab e tes  dev e lo p ed  though very  l i t t l e  function ing  
p itu i ta ry  tissue  h ad  been  p reserved . T h is  p leads against th e  v iew  w h ich  insepa
ra b ly  links up  th e  pa thogenesis  o f d ia b e te s  w ith  the p resence  o f  function ing  
p itu ita ry  tissue.
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EFFECT OF HYPERTONIC MANNITOL SOLUTION 
ON CIRCULATION AND RENAL FUNCTION 

IN ACUTE BLOOD LOSS
B y

G y . S z a b ó  and  S u s a n  M a g y a r

N A T IO N A L  IN S T IT U T E  O F  T R A U M A T O L O G Y , B U D A P E S T  

(R eceived  N ovem ber 11, 1966)

In  th e  a n a e s th e tiz e d  dog w ith  h aem o rrh ag ic  h y p o ten s io n  and w ith  th e  a r te r ia l  
p ressure  s ta b ilize d  a t  60 m m  H g, 200 ml o f a 20 p e r  c e n t m an n ito l so lu tion  s ig n if ic a n tly  
enhances d iu res is , in creases th e  inu lin  an d  P A H  c le a ra n c es , th o u g h  th e  fo rm er does n o t 
reach  th e  n o rm o te n s iv e  co n tro l level. R e tra n sfu s io n  o f  th e  lost blood fu r th e r  in c reases  
d iuresis, b u t  n o t  th e  c learan ce  values. In  resp o n se  to  m an n ito l the  d irec tly  m ea su re d  
ren a l blood flow  in creases m od era te ly , ren a l re s is ta n c e  decreases sligh tly , by  16 p e r  cen t 
on th e  average.

W hen a r te r ia l  p ressu re  was k ep t a t  th e  sam e h y p o te n s iv e  level, m an n ito l s ig n if ic a n t
ly  enhanced  c a rd iac  o u tp u t  an d  reduced  p e r ip h e ra l v a sc u la r  resistance  by  33 p e r c e n t.

W hen  fu r th e r  b lood  loss w as p rev en ted  d u r in g  m an n ito l infusion , a r te r ia l  p re s 
sure  rose fro m  60 to  89 rfc 3.1 m m  H g, card iac  o u tp u t  in creased  to n early  th e  d o u b le  o f 
th e  p re -h aem o rrh ag ic  v a lu e  an d  to ta l v a scu la r  re s is ta n c e  decreased  to  35 p e r  c e n t o f 
th e  con tro l v a lu e . R e tra n sfu s io n  of blood caused  no fu r th e r  increase in  ca rd iac  o u tp u t.

D iuresis also in c reased  in  the  la t te r  e x p e rim e n t. P A H  and  inu lin  c learan ces rose  
h igh  above  th e  co n tro l v a lu es, b u t  th is  was d u e  m a in ly  to  an  e lim ination  o f  c lea ran ce  
su b stan ces a c c u m u la te d  in  th e  k idney  d u rin g  h y p o ten s io n .

M an n ito l in c re ased  th e  d irec tly  m easu red  re n a l blood flow to th e  n o rm o te n siv e  
con tro l lev e l; re n a l v a sc u la r  resistance decreased  s ig n ifican tly  (by  an  av era g e  o f  33 
pe r cen t).

T h e  re su lts  in d ic a te  th a t  the  decrease o f v a sc u la r  resistance  caused b y  m a n n ito l  
is n o t d u e  ex c lu siv e ly  to  th e  decrease o f blood v isc o s ity , no r a specific ren al e ffec t, an d  
it  m an ifests i ts e lf  m o re  m ark ed ly  in system ic  th a n  in  re n a l c irculation .

H y p erto n ic  m a n n ito l so lu tion  is know n to  be  a p o ten t osm otic  d iu re tic  
[14]. T h is has g a in ed  p ra c tic a l im p o rtan ce  w h en  i t  w as show n th a t  th e  d iu re tic  
effect is ex e rted  also  in  b lood  loss or in  o th e r  h y p o ten siv e  cond itions. T h e re 
fore, in tra v e n o u s  in fu sio n  o f m an n ito l has b e e n  recom m ended  for th e  p re v e n 
tio n  an d  t r e a tm e n t o f p o s ttra u m a tic  or p o s to p e ra tiv e  oliguria or a n u r ia  [1, 10, 
11, 12]. H y p e rto n ic  m a n n ito l is, how ever, n o t  o n ly  a tu b u la r  d iu re tic , i.e . one 
ac tin g  b y  d im in ish in g  w a te r  and  e lec tro ly te  rea b so rp tio n , b u t i t  also  e n 
hances g lo m eru la r f i l t r a t io n  ra te  (G FR ) [11] a n d  renal blood flow  (R B F ) 
[3, 5], an d  decreases re n a l v ascu la r re s is tan ce . T h e  la t te r  is, how ever, d u e , a t  
least in  p a r t , to  a h aem o d ilu tio n , to  a decrease o f  b lood  v iscosity  b y  th e  h y p e r 
to n ic  so lu tion . I t  sh o u ld  be realized  th a t  a d ec rease  o f  v iscosity  m ay p ro fo u n d ly  
in fluence  n o t o n ly  th e  re n a l, b u t also th e  sy s te m ic  haem odynam ics. T h e  in t ro 
d u c tio n  in to  th e  c irc u la tio n  of considerable q u a n ti t ie s  of an  o sm otica lly  ac tiv e  
su b stan ce  m ay  s ig n if ic a n tly  increase th e  v o lu m e  o f c ircu la ting  p lasm a  a n d , in 
o ligaem ia, seco n d arily  also  th e  card iac o u tp u t . T o  c la rify  these sy stem ic  haem o-
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d y n a m ic  effects, in  dogs w ith  h aem o rrh ag ic  h y p o ten sio n  we s tu d ie d  th e  effect 
o f  h y p e r to n ic  m an n ito l in fusion  on ca rd iac  o u tp u t , to ta l p e rip h e ra l v a scu la r  
re s is ta n c e  (T P R ), R B F , ren a l v a scu la r re s is ta n c e , diuresis, and  G F R .

Methods

M ongrel dogs of b o th  sexes, w ith  a  m ean  w e ig h t o f 18.5 (15 to  28) kg , a n ae s th e tize d  
w ith  p e n to b a rb ita l  (0.30 m g/kg  in tra v en o u s ly ), w ere  u sed . T he left k id n ey  w as ex p o se d  from  
a m e d ia n  ab d o m in a l incision  a n d  a ny lon  tu b e  of la rg e  d iam e te r was liga ted  in to  th e  re n a l vein. 
T h is  w a s  conn ec ted  to  a can n u la  in  th e  ju g u la r  ve in  th ro u g h  a  silicon ru b b e r tu b e  sy s te m . R enal 
o u tf lo w  w as m easured  d irec tly . To collect u rin e , p o ly e th y len e  tu b es were in se r te d  in  b o th  u re 
te rs . A r te r ia l  blood p ressu re  w as m easu red  by  m ea n s  o f a m ercu ry  m an o m ete r l ig a te d  in to  th e  
fe m o ra l a r te ry .  M ixed ven o u s b lood  w as o b ta in ed  b y  m ea n s  of a cardiac  c a th e te r  in se r te d  in to  
th e  r ig h t  a tr iu m . Cardiac o u tp u t  w as de te rm in ed  b y  th e  d irec t F ick  m ethod . O x y g en  co n su m p 
tio n  w as m easu red  by  sp iro m etry . G F R  was e s t im a te d  on  th e  basis of th e  in u lin  c learan ce, 
a n d  re n a l  p lasm a  flow  (R P F )  on th e  basis o f th e  P A H  c learance  and  ex tra c tio n .

T h e re  were tw o ty p es  o f ex p erim en t. In  one g ro u p  o f 17 dogs, we d e te rm in e d  a t  f irs t  in 
tw o  p e r io d s  th e  p a ram ete rs  m en tio n ed , th en  b y  ra p id  bleeding in to  a lev e llin g  co n ta in e r 
a r te r ia l  p ressu re  was red u ced  to  60 m m  H g. T h e  te s ts  w ere rep ea ted  20 to  30 m in u te s  a fte r 
th e  o n se t  o f  b leeding, w hen  b lood p ressure  h a d  a lre a d y  stab ilized . T hen  200 m l o f  a 20 per 
c en t m a n n ito l  so lu tion  w as in fu sed  in  20 to  30 m in u te s , keep ing  a rte ria l p re ssu re  a t  60 m m  
H g  th ro u g h o u t.  This caused  a fu r th e r  blood loss o f 290 i  35 ml. W hen  a b o u t h a lf  th e  
m a n n ito l  h a d  been in fused , collection  of u rine  a n d  b lo o d  sam ples s ta r te d  a g a in . S ubse
q u e n tly ,  th e  blood in  th e  levelling  co n ta in er w as re tra n sfu se d  in 10 to  15 m in u te s , and 
th e  te s ts  w ere  again  rep ea ted .

I n  th e  second g ro u p  of 14 dogs a f te r  tw o c o n tro l periods a rte ria l p ressu re  w as low ered 
to  60 m m  H g. T he te s ts  w ere c a rried  o u t again  d u rin g  h y p o ten s io n . Then th e  leve lling  co n ta in e r 
w as s h u t  o ff  an d  200 ml o f a 20 p e r cen t m an n ito l so lu tio n  w as infused. T hus, in  th is  e x p erim e n t 
th e re  w a s  no  fu r th e r  b lood loss, th e re fo re  blood p re ssu re  increased  during  m a n n ito l in fusion . 
T en  m in u te s  a fte r  th e  o n se t o f m an n ito l in fusion  th e  te s ts  w ere carried ou t ag ain . T en  m in u te s  
a f te r  th e  in fu sio n  had  been co m p le ted  th e  blood in th e  c o n ta in e r  was re tran sfu sed  a n d  th e  tes ts  
wrere  re p e a te d .

I n  ev ery  exp erim en t th e  an im als  received  p h y sio lo g ica l NaCl so lu tion  c o n ta in in g  5 per 
c e n t in u lin  a n d  0.2 per cen t P A H , in fused  a t  a r a te  o f  2 m l pe r m inute . D uring  th e  h y p o ten s iv e  
p e r io d  th e  r a te  of in fusion  w as red u ced  to  0.5 m l/m in . C ollection of u rine  w as b e g u n  h a lf  an 
h o u r  a f te r  th e  onset of in fusion . U rin e  was co llected  in  tw o  contro l periods an d  in  th e  h y p o te n 
sive p e r io d , 20 m inu tes in d u ra tio n  each. D uring  a n d  a f te r  m an n ito l infusion th e  p e rio d s  las ted  
10 m in u te s  each. Blood sam ples a t  m id -period  w ere o b ta in e d  from  th e  fem ora l a r te r y ,  r ig h t 
a tr iu m  a n d  ren a l vein.

O x y g en  sa tu ra tio n  of a r te r ia l  an d  venous b lo o d  w as d e term ined  by  m ean s o f a n  A tlas 
o x y m e te r , th e  blood and  u rin e  sam ples were te s te d  fo r a lk a li-resis tan t in u lin  acco rd in g  to  
H ig h a s i  a n d  P e t e r s  [7], a n d  fo r p a raa m in o h ip p u ric  ac id  co n cen tra tio n  b y  th e  m e th o d  of 
S m it h  e t  a l. [15].

Results

Group I

a )  S ystem ic  c ircu la tio n . In  response to  b leed in g  card iac o u tp u t dec reased  
from  1.85 +  0.1 to  0.94 +  0.07 L /m in. A t 60 m m  H g a rte ria l p ressu re , m a n n ito l 
in c re a se d  i t  to  1.44 +  0.5 L /m in . T h e  effect w as based  on a s ig n ifican t (33 per 
c en t)  d ecrease  of T P R , w h ich  in th e  f ir s t  p e rio d s  was 67 +  6.5 a n d  61 +  
r  6 .4  X 102 dyne sec c m -5 ; in  th e  h y p o te n s iv e  ones, 58 +  5.3; d u rin g  m a n n ito l 

in fu sio n  39 +  3.8 X 102 d yne  sec c m -5. A f te r  re tran sfu sio n  ca rd iac  o u tp u t
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re tu rn e d  to  th e  in itia l level (1.83 ±  0.17 L /m in ). T P R , how ever, re m a in e d  low 
(51 +  4 .0), co rresp o n d in g ly  blood p ressu re  ro se  on ly  to  100 +  3.9 m m  H g, 
thu s d id  n o t reach  th e  in itia l m ean of 133 3.6 m m  Hg. T h is w as d u e , a t
least in  p a r t ,  to  th e  fa c t th a t  th e  v isco sity  o f  b lo o d  rem ained  low. T h e  ven o u s 
h a e m a to c rit w as n am elv  46 +  1.2 a t  th e  o n se t o f  th e  ex p e rim en t, 42 4- 1.5

P

Fig. I. E ffec t o f h y p e rto n ic  m ann ito l in fu 
sion a t  c o n s ta n t a r te r ia l  p ressure  on blood 
p ressu re  (P ), c a rd iac  o u tp u t  (V), system ic 
v ascu la r re sis tan ce  (T P R ) an d  venous h ae
m a to c rit  (H t) . C, a n d  C2: con tro l periods. 
11: h y p o ten s iv e  period . M: during  m ann ito l 
in fusion . R : p e rio d  follow ing re transfusion

P

F ig . 2. E ffect of h y p e rto n ic  m a n n ito l in fu 
sion  on a rte ria l p ressu re  (P ) , le f t renal 
b lo o d  flow (R B F ), ren a l re s is ta n c e  (R R ) 
a n d  th e  renal frac tio n  o f c a rd ia c  o u tp u t 
(R F ) .  Signs denoting  p e rio d s as in  Fig. 1

d u rin g  b leed ing , an d  34 +  1.6 in re sponse  to  m an n ito l in fusion , a n d  d id  not 
rise above 37 1 1-2 follow ing re tra n sfu s io n .

b)  Renal circulation. T he changes in  R B F  were sim ilar to  th o se  o f  cardiac 
o u tp u t :  d u rin g  h y p o ten sio n  R B F dlr d ro p p e d  to  half the  in itia l v a lu e , írom
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203  +  13.5 m l/m in to  96 +  9.2 m l/m in. H o w ev e r, in  response to  m a n n ito l  in 
fu s io n  R B F  increased  o n ly  s lig h tly , to  106 +  12.5 m l/m in. This m ean s t h a t  th e  
re n a l  f ra c tio n  of ca rd iac  o u tp u t  (as exam ined  in  th e  le ft k idney) d ro p p e d  fro m  
th e  p re -b leed in g  12 p er c e n t to  10.3, and  c o n tin u e d  to  decrease in  re sp o n se  to  
m a n n ito l ,  to  7.7 per cen t. A t an y  ra te , som e d ec rease  could be d e m o n s tra te d

Fig. 3. E f fe c t  o f  h y p e rto n ic  m a n n ito l  in fusion  a t  c o n s ta n t  a r te r ia l  pressure  on С рдн a n d  Cjn 
d ire c tly  m e a su re d  an d  ca lcu la ted  R B F , and  on d iuresis (V m l/m in ). S: left k idney . D : r ig h t  
k id n ey . D i: R B F  m easured  d ire c tly . Cl: R B F  c a lcu la te d  fro m  Срдн of left k id n ey . O th e r

a b b re v ia tio n s  and  signs as in  F ig . 1

also in  re n a l  v ascu la r re s is ta n c e , w hich was 58 +  4 . 7 x l 0 3 dyne sec c m “ 5 a t  
th e  b e g in n in g  of th e  e x p e rim e n t, 64 +  10.0 a f te r  b leed in g , and  55 +  2.7 a f te r  
m a n n ito l in fusion . T he m ean  decrease  of 16.5 p e r  c e n t w as sign ifican t b y  th e  
one s a m p le  “ t ”  te s t (p <  0.05).

c )  R e n a l  function .  U rine  o u tp u t  was a lm o st e q u a l in  th e  tw o k id n e y s ; a t  
th e  b e g in n in g  of th e  e x p e rim e n t i t  w as 0.21 +  0 .05 m l/m in  in  th e  in ta c t  r ig h t  
k id n e y  a n d  0.17 +  0.03 m l/m in  in  th e  left one. D u r in g  b leed ing  diuresis s to p p e d  
in  m o s t cases , or was red u ced  to  inm easu rab le  lev e ls . In  sp ite  of the  fa c t t h a t
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b lood  p ressu re  rem ain ed  unchanged , m a n n ito l in fusion  increased  d iu resis  to
0.71 +  0.11 an d  0.59 +  0.12 m l/m in ., re sp ec tiv e ly . A fte r re tran sfu s io n  d iu resis  
increased  to  doub le  th a t  v a lue  (1.95 +  0.20 an d  1.34 0.18 m l/m in ., re 
sp ec tiv e ly ).

T h ere  w as h a rd ly  an y  difference b e tw een  th e  tw o kindeys in in u lin  c lea r
an ce : 30 ! 2.5 ml an d  27 +  1-5 ml. D u rin g  o liguria  th is  decreased  a lm o s t to  
zero (1.5 and  1.4 m l, respec tive ly ), in re sponse  to  m an n ito l infusion it  in c reased  
ag a in  to  21 2.5 an d  21 +  2.8 m l., re sp ec tiv e ly . I t  is likely th a t  d u rin g
a n u r ia  som e q u a n t i ty  o f inu lin  had  been  a c c u m u la ted  and  th is  w as e lim in a te d  
w hen d iuresis s ta r te d  again . T h is is sugg ested  n am ely  by  th e  o b se rv a tio n  th a t  
fo llow ing re tran sfu s io n  in id in  c learance d ecreased  to  15 +  1.1 a n d  16 1.9
m l/m in , re spec tive ly .

T h e  P A H  clearances w ere closely s im ila r in th e  p re lim in a ry  perio d s: 
126 I 10.1 an d  117 +  13.1. D uring  h y p o te n s io n  Срдн d ropped  to  a lm o st 
zero. M annito l in fusion  stro n g ly  increased  С рдн, to  175 +  28.4 on th e  r ig h t 
side an d  139 +  11.2 m l/m in  on th e  le ft. H ere , to o , an  accu m u la tio n  of P A H  
d u rin g  o liguria m u st have  ta k e n  place in th e  k id n ey . Follow ing re tra n sfu s io n  
th e  Срдн show ed n am ely  a decrease (128 18.1 an d  114 f 8.3). Е рд н  d ec rea s
ed d u rin g  th e  ex p erim en t and  even n e g a tiv e  values were o b ta in ed  in a few 
cases d u rin g  o liguria or d u ring  m an n ito l in fusion .

R B F  ca lcu la ted  from  Срдн an d  ven o u s h aem a to c rit increased  m ore 
m ark e d ly  d u rin g  m an n ito l infusion in  th e  le f t k id n ey  th a n  did th e  R B F dir. In  
th e  p re lim in a ry  periods in th e  left k id n ey  th e  R B F  calcu lated  from  Срдн and  
h a e m a to c rit was 215 +  26 m l/m in: e x a c tly  th e  sam e as th e  m ean  o f d ire c t 
m easu rem en ts . Follow ing m an n ito l in fusion  th e  value increased to  211 +  21 
m l, as com pared  w ith  th e  d irec tly  m easu red  106 +  12 ml. A fter re tra n sfu s io n  
th e  ca lcu la ted  R B F  decreased  to  180 ! 16 m l, b u t  th is  was still h ig h e r th a n  th e  
R B F dir value.

Group I I

a )  Systemic circulation. B leeding to  60 m m  Hg a rte ria l p ressu re  reduced  
ca rd ia c  o u tp u t from  1.75 +  0.16 and  1.71 0.16 L /m in. to  0.89 0.06. T h is
w as sig n ifican tly  increased  b y  m an n ito l in fusion , to  2.95 +  0.31 L /m in , w h e re 
as re tra n sfu s io n  h ad  no influence on ca rd iac  o u tp u t (2.64 0.31 L /m in).
B lood  p ressure  increased  sign ifican tly  d u rin g  m an n ito l infusion. W hile  a t  th e  
b eg in n in g  of th e  ex p erim en t a rte ria l p ressu re  w as 124 : 3.8 and  119 +  3.6 
m m  H g , and  a f te r  th e  b lood  loss i t  w as red u ced  to  60 m m  H g, in re sp o n se  to  
200 m l o f h y p e rto n ic  m an n ito l a r te ria l p ressu re  increased  again  to  89 3.1 mm
H g. R e tran sfu sio n  of th e  lo st 240 +  28 m l o f blood increased blood p ressu re  to  
99 5.9 m m  H g, i.e. a rte ria l blood p re ssu re  w as n o t restored  to  th e  in itia l level.

M annito l s ig n ifican tly  d im in ished  T P R . T h is was 64 +  6.5 an d  63 !
7.2 X 102 dyne sec cm a t th e  beg in n in g  o f th e  experim en t, th e  v a lu e  d u rin g
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h y p o te n s io n  w as 59 +  6.1, d u rin g  m a n n ito l in fusion  27 +  2.6 u n its ,  an d  
34 +  4.6 a f te r  th e  re tran sfu s io n  o f b lood . T h is  w as due, a t  least in  p a r t ,  to  a 
re d u c tio n  o f b lo o d  v iscosity . T he h e m a to c rit decreased  from  th e  p re -ex p eri-
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F ig. 4. E ffec t of h y p e r to n ic  m an n ito l so lu
tio n , d u rin g  in creas in g  c ircu la tin g  blood v o l
u m e  a n d  a r te r ia l  p re ssu re , on blood p re s 
sure  (P ), c ard iac  o u tp u t  (V); to ta l  pe rip h eral 
v a sc u la r  re sis tan ce  (T P R ), an d  th e  haem a- 

to c r i t  (H t)

F ig . 5. E ffec t o f hy p erto n ic  m an n ito l so lu 
t io n  on  re n a l haem odynam ics d u rin g  in c re a s 
in g  c irc u la tin g  p lasm a volum e a n d  a r te r ia l  
p re ssu re . A b b rev ia tio n s a n d  signs as in  

F ig. 1 an d  Fig. 2

m e n ta l 43 +  1.6 to  30 +  1.7 d u rin g  in fusion , a n d  re tran sfu sio n  h a rd ly  in f lu 
enced  th e  v a lu e  (32 +  1.7).

b) R ena l circulation.  In  th e  p re lim in a ry  p e rio d s R B F dir was 213 +  23.1. 
D u rin g  h y p o te n s io n  th is  decreased  to  107 +  20.3 m l/m in . M annito l in fu sio n  
in creased  i t  to  209 +  23.7. A fter re tra n s fu s io n  R B F  decreased (n o t signifi- 
c a n tly )  to  187 +  11.7.
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R en a l v a sc u la r  res is tan ce  was 52 +  5 .7 x 1 0 3  dyne sec c m “ 5. F o llow ing  
blood loss i t  in c rea sed  insign ifican tly  to  58 +  7.1. M annitol in fu s io n  was 
follow ed b y  a v e ry  h ig h ly  sign ifican t d e c re a se , to  38 +  4.2 u n its  (p  <+ 0.01). 
R e tran sfu s io n  in c reased  th e  v ascu la r re s is ta n c e  to  46 +  5.2.

C PAH

C, C2 и  R

Fig. 6. E ffec t o f h y p e r to n ic  m ann ito l so lu tion  o n  P A H  an d  inulin  clearances, on  d iu resis , as 
well as on  th e  d irec tly  m easu red  and calcu la ted  re n a l  b lo o d  flow, during in c re as in g  c ircu la tin g  

p lasm a  vo lum e a n d  a r te r ia l  pressure. A b b re v ia tio n s  a n d  signs as in Fig. 1 a n d  F ig . 3

c) R enal fu n c t io n .  D uring th e  tw o p re lim in a ry  periods d iu resis  in  th e  left 
k id n ey  w as 0.38 +  0.12 and  0.34 +  0.07, in  th e  righ t k idney 0.55 +  0.24 and 
0.52 +  0.22 m l/m in . D uring  h y p o ten sio n  th e  an im als were p ra c tic a lly  anu ric , 
none o f th em  show ed  diuresis reach ing  0 .05  m l/m in. In  response to  m a n n ito l
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d iu re s is  increased  h ig h ly  sign ifican tly , to  2 .71 +  0.64 on the  r ig h t a n d  to  
1.83 -  0.51 on th e  le f t side. R e tran sfu sio n  h a d  n o  s ign ifican t influence (2 .72  +  
+  0 .57  a n d  2.01 +  0.27 m l/m in , respective ly ).

T h e  in itia l in u lin  c lea ran ce  values w ere 24 -f- 3.7 and  20 +  3.3 fo r  th e  
r ig h t  k id n e y  an d  21 +  4 .0  a n d  19 +  3.1 ml fo r  th e  le ft. M annitol in fu s io n  a d 
m in is te re d  du ring  h y p o te n s io n  increased th e  c lea ran ces  highly s ig n if ican tly , to  
44 +  8 .8  a n d  43 +  12.2, re sp ec tiv e ly . I t  is lik e ly  t h a t  here, too, an  e lim in a tio n  
o f  a c c u m u la te d  in u lin  w as invo lved , because fo llow ing  re transfusion  Cin w as 
as low  as 16 +  2.1 a n d  13 +  2.5 m l/m in, re sp e c tiv e ly .

С р а н ? as d e te rm in ed  on  th e  basis of th e  a rte rio -v en o u s  d ifference, w as  a t  
th e  b e g in n in g  in  th e  r ig h t k id n e y  149 +  33.9 a n d  139 ; 33.6 m l/m in , a n d  in  
th e  c a n n u la te d  left one 107 +  14.2 and  100 +  5 .8 .

I n  h y p o ten sio n , ow ing to  th e  o liguria, th e  c learances could n o t  b e  e s t i
m a te d . Follow ing  m a n n ito l in fusion  Срдн in c re a se d  to  466 +  85 in  th e  r ig h t  
k id n e y  a n d  to  441 +  71 in  th e  left one. T h is e x tre m e  increase was d u e  h e re , 
to o , to  a n  accu m u la tio n  o f P A H  during  th e  o lig u ric  period . The c learance v a lu e s  
a f te r  re tra n s fu s io n  w ere 139 +  23 and  131 +  2 6 .8 , respectively .

T h e  ca lcu la ted  RBF o f th e  left k idney  w as 190 +  25 and 181 11 m l/m in
in  th e  p re lim in a ry  periods. T h is  increased to  666 +  105 m l/m in during  m a n n ito l  
in fu s io n , w hile follow ing re tran sfu s io n  i t  h a d  a v a lu e  com parable to  t h a t  o f 
R B F djr (178 +  39 m l/m in).

D iscussion

H y p e rto n ic  m a n n ito l so lu tio n  proved  to  b e  a  h ig h ly  p o ten t d iu re tic  a lso  
u n d e r  o u r  ex p erim en ta l co n d itio n s. In  sp ite  o f th e  m ain ten an ce  of h y p o te n s io n  
a t  th e  sam e  level an d  in  sp ite  o f  th e  fac t th a t  in  t h a t  period th e  vo lum e o f  lo s t  
b lood  ex ceed ed  th a t  o f th e  ad m in is te red  flu id , d iu re s is  rose to  th ree  t im e s  th e  
n o rm o te n s iv e  con tro l v a lu e . I n  th e  ex perim en ts in  w h ich  no fu rth e r b lo o d  loss 
o c c u rre d  d u rin g  m an n ito l in fusion , diuresis in c re a se d  more th a n  f iv e fo ld , 
a l th o u g h  R B F  was m uch  lo w er th a n  th e  c o n tro l in  g roup  I  and n e a r to  i t  in  
g ro u p  I I .  T h e  co rre la tio n  b e tw een  diuresis a n d  G F R  is difficult to  e v a lu a te ,  
b ec a u se , in  c o n tra s t to  th e  v iew  of P eters a n d  B r u n n e r  [11], we th in k  t h a t  
d u rin g  a n u r ia  inu lin  m a y  accu m u la te  in th e  k id n e y  a n d  th is is e lim ina ted  w h en  
in  re sp o n se  to  m an n ito l d iu resis  s ta r ts  again. T h is  h y p o th e s is  is su p p o rted  b y  th e  
fa c t  t h a t  in  th e  n e x t c learan ce  period  Cin d ec reased , in  sp ite  of the fac t t h a t  th e  
to ta l  v o lu m e  of b lood h ad  b e e n  re transfused .

M a n n ito l increased  R B F  only m o d era te ly , b y  11 per cent, w hen  a r te r ia l  
p re ssu re  w as m a in ta in ed  a t  a c o n s tan t level. C o rrespond ing ly , the  d ec rea se  o f  
re n a l v a s c u la r  resistance  w as s lig h t; a t  an y  ra te ,  th e  decrease was less th a n  th e  
33 p e r  c e n t decrease d e m o n s tra te d  in T P R .
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In  th e  ex perim en ts in  w hich  th e  fu r th e r  loss o f b lood  w as p re v e n te d  
d u rin g  m an n ito l d iuresis, R B F  becam e a lm o st no rm al, a lth o u g h  a r te r ia l  
p ressu re  rem ained  u n d e r its  v a lu e  before b leed ing . C orrespond ing ly , ren a l 
v a scu la r  resistance  decreased  b y  34 p er cen t. H ow ever, T P R  decreased  even  
m ore m ark ed ly . O therw ise, th e  m an n ito l s ig n ifican tly  increased  ca rd iac  o u tp u t  
in b o th  ty p es  o f ex p erim en t. T hese  o b se rv a tio n s are a t  v a rian ce  w ith  th e  v iew  
th a t  h y p erto n ic  m an n ito l w ould  e x e rt a specific  ren a l effect [6, 8].

M annito l w as, how ever, show n to  d im in ish  v ascu la r re s is tan ce  in  th e  
iso la ted  k id n ey  [5, 4 ], th e re fo re  th e  effect c a n n o t be ascribed  s im p ly  to  an 
increase o f plasm a volum e an d  card iac  o u tp u t. T h is  d irec t ren a l effect m a y  o n ly  
in  p a r t  be due to  a decrease o f b lood  v isco sity , because R B F  in c reased  even 
w hen  p ressure  was k e p t c o n s ta n t and  th e  h a e m a to c rit values w ere  u n 
changed  [4 J.

As m en tioned , in  o u r ex p erim en ts  m a n n ito l s ig n ifican tly  in c rea sed  c a r
d iac o u tp u t  an d  d im in ished  T P R . H ow ever, even  w hen i t  is b ro u g h t a b o u t b y  
hom ologous p lasm a in fusion , a norm ovolaem ic  or hypervo laem ic  d ec rease  of 
b lood v iscosity  w ill s ig n if ican tly  increase ca rd iac  o u tp u t an d  d im in ish  T P R  
19]. A ccordingly , th e  sy stem ic  h aem o d y n am ica l effects o f m a n n ito l m ig h t be 
ex p la in ed  b y  a decrease o f b lood  v iscosity . In  ou r ex p erim en ts  th e  sy stem ic  
h aem o d y n am ic  effect w as m ore  m ark ed  w hen liaem od ilu tion  w as n o t fo llow ed  
b y  a fu r th e r  loss of b lood , i.e. w hen  to g e th e r w ith  liaem od ilu tion  th e  c irc u la tin g  
b lood  volum e increased  s ig n ifican tly . T h is is analogous to  th e  o b se rv a tio n  th a t  
in response to  a decrease o f h a e m a to c rit b ro u g h t ab o u t b y  p lasm a in fu s io n , th e  
ca rd iac  o u tp u t increases m u ch  m ore s ig n ifican tly  w hen th e  decrease o f  b lood  
v iscosity  is associa ted  w ith  h y p erv o laem ia .

In  ou r ex p erim en ts  th e  increase of ca rd iac  o u tp u t and  th e  d ec rease  of 
T P R  exceeded in  m easu re  th e  changes in  re n a l haem odynam ics. T o  th is  m ay  
be ascribed  th e  find ing  th a t  in  sp ite  o f th e  increase  o f R B F , th e  re n a l fra c tio n  
o f ca rd iac  o u tp u t s ig n ifican tly  decreased in  b o th  ty p es  of e x p e rim e n t: in 
response  to  m an n ito l in  th e  le f t k id n ey  th e  ren a l frac tio n  of ca rd iac  o u tp u t  
decreased  from  12 p er c e n t to  7.7 an d  7 p e r c e n t, respective ly .

T h u s , th e  effect o f m a n n ito l on sy stem ic  c ircu la tio n  w as e sse n tia lly  th e  
sam e as its  renal h aem o d y n am ic  effect, only  th e  fo rm er was m ore m a rk e d . T he 
increase in  card iac  o u tp u t  m a y  be ex p la in ed  b y  th e  increase o f c irc u la tin g  
p lasm a or blood volum e. I t  is h igh ly  p ro b ab le  th a t  th e  vo lum e in c rea sed  in 
g roup  I ,  too , in w hich a r te r ia l p ressu re  w as k e p t low b y  fu r th e r  b leed in g . T h a t  
th is  w as so, is suggested  b y  th e  decrease o f v a scu la r  res is tan ce  w h en  a r te r ia l 
p ressu re  w as c o n s ta n t, from  w hich one m a y  conclude to  an in c rea se  in  th e  
c a p a c ity  of th e  v a scu la r b ed , an d  co n seq u en tly  also to  th a t  of th e  b lood  vo l
u m e filling  it. In  a few cases we m easured  b y  m eans of ra d io a c tiv e  h u m an  
serum  a lbum in  th e  c irc u la tin g  p lasm a vo lum e before an d  a f te r  m a n n ito l 
in fusion . I t  has been fo u n d  th a t  a lth o u g h  th e  an im als h av e  lo s t b lood  in
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excess o f th e  vo lum e o f in fu sed  flu id , th e  v o lu m e  of p lasm a s till increased . 
I t  h a s  also been su g g ested  th a t  m an n ito l m ig h t a c t as a v a so d ila to r. T h e  ev i
den ce  o b ta in ed  in d ic a te d  th a t  th e  d ecrease  o f ren a l re s is tan ce  can n o t 
b e  b ased  on a decrease  o f  blood v isco sity  a lone  [6]. In  our case, to o , th e  
m o re  th a n  60 p er c e n t decrease in  T P R  can  be  ascribed  on ly  in  p a r t  to  th e  
30 p e r  cen t decrease o f  th e  h aem a to c rit (from  43 to  32), an d  a d ire c t v a so d i
la to r  effect of h y p e rto n ic  m an n ito l m ust be assum ed .

T h e  m echan ism  o f th e  system ic v a so d ila to r  effect is n o t c lear; th e  p e r
ta in in g  d a ta  te n d  to  in d ic a te  th a t  th e  effect is n o t  neurogen ic  [5].

As fa r  as p ra c tic e  is concerned, th e  sy s tem ic  h aem o d y n am ic  e ffec t of 
m a n n ito l appears to  b e  ad v an tag eo u s in  p o s ttra u m a tic  an d  h aem o rrh ag ic  
sh o ck . O n th e  one h a n d , b y  its  osm otic a c tio n  i t  w ill increase  c ircu la tin g  b lood 
v o lu m e  an d  th u s  ca rd ia c  o u tp u t , and , on th e  o th e r  h an d , it  causes p e rip h e ra l 
v a so d ila ta tio n , ju s t  like ad renerg ic  b lo ck ad e , e.g. p h en o x y b en zam in e , does, 
a n d  enhances b lood  flow  in  certa in  organs. I t  ap p ears  to  be a d isa d v a n ta g e  
t h a t  as a resu lt o f i ts  d ire c t renal effect, m a n n ito l causes a considerab le  loss 
o f  w a te r  an d  e lec tro ly te s  [16, 13, 17]. T h is e ffec t, how ever, is of no p rac tica l 
im p o rta n c e  w hen th e  p a t i e n t ’s life is in a c u te  d an g e r, and  th e  losses o f  w a te r 
a n d  e lec tro ly tes m a y  easily  be corrected  [2]. T h u s , a p a r t  from  its  use in  th e  
t r e a tm e n t  of an u ria  a n d  th e  p reven tion  o f re n a l lesions, h y p erto n ic  m an n ito l 
is th e re fo re  a useful a g e n t in  such cond itions.
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THE ERYSIPELAS PROBLEM
I I .  T H E  P R O P E R T IE S  A N D  A E T IO L O G IC A L  R O L E  O F ST R E PT O C O C C U S ST R A IN S 

IS O L A T E D  FR O M  E R Y S IP E L A S  A N D  O T H E R  D E R M A L  D IS E A S E S

B y

J .  B ö s z ö r m é n y i , J .  S z i t a , Ö . R a j k a , S .  K o r o s s y  and M a r i a n n a  G ó z o n y

S E R U M  A N D  V A C C IN E  IN S T IT U T E  “ H U M A N ” , S T A T E  IN S T IT U T E  O F  P U B L IC  H E A L T H ,
S E C T IO N  O F  D E R M A T O L O G Y  O F  IS T V Á N  H O S P IT A L , A N D  SEC O N D  S E C T IO N  O F  D E R M A T O L O G Y

O F  K U N  H O S P IT A L , B U D A P E S T

(R eceived  D ecem ber 23, 1966)

F ro m  115 p a tie n ts  w ith  e ry sip e las  a n d  214 p a tien ts  suffering  fro m  eczem a or 
p y o d erm a , 66 b e ta -h aem o ly tic  s tre p to c o cc u s  s tra in s  have been iso la ted . O f th e  stra ins 
25 were g roup  A, 22 g ro u p  C an d  19 g ro u p  G. T he A group s tra in s  b e lo n g ed  to  12 d iffer
e n t ty pes. O f th e  iso la ted  66 s tra in s  64 w ere te s te d  in mice. M ost o f th e  s tra in s  were 
a v iru len t an d  a few  were m o d era te ly  v iru le n t. Since th e  stra ins w hich p ro v e d  to  be av iru 
len t in th e  m ouse caused  serious disease  in  m an , a n d  as th e  beh av io u r o f th e  d e lay ed -ty p e  
h y p e rsen s itiv ity  reac tio n , an d  th e  ab sence  of tru e  im m u n ity  su g g ested  a n  im m une 
defec t, i t  m ay  be assum ed th a t  th e  h u m an  p a th o g en ic ity  of th e  s tra in s  a v iru le n t  in  the 
m ouse m ay  be a tt r ib u te d  to a d efec t o f th e  defence system . T h e  w e ak n e ss  of the 
an tig en  an d  th e  d im in ished  a b ili ty  o f th e  o rg an ism  to produce specific  a n tib o d ie s  m ay 
acco u n t for th e  freq u e n t recu rren ce  o f erysipelas .

In the  f irs t p a p e r of th is  series [1] th e  re su lts  of d e la y e d -ty p e  sk in  tests 
in v o lv in g  th e  use of v a rious s trep to co cca l an tig en s allowed th e  co n c lu sio n  th a t  
in  erysipelas a ce rta in  k ind  of im m u n e  w eakness exists as fa r  as d e la y e d -ty p e  
re a c tiv ity  is concerned . T h is conclusion  is in harm ony  w ith  th e  long-know n 
fa c t th a t  erysipelas does n o t leave b eh in d  im m u n ity , as well as w ith  th e  find ing  
th a t  leucocytes, inc lud ing  th e  sm all ly m p h o cy te s  responsible fo r d e lay ed -ty p e  
h y p e rse n s itiv ity , are a lm ost e n tire ly  a b se n t in  th e  areas of in fla m m a tio n  [2]. In 
o rd e r to  fu r th e r  e lu c id a te  th e  p a th o m ech an ism  of erysipelas, it h as  b een  deem ed 
n ecessary  to  s tu d y  th e  d is tr ib u tio n  o f th e  ty p e s  and  v iru lence o f th e  p a th o g en ic  
s trep to co cca l s tra in s , th e  m ore so as a p p a re n tly  B a r t e l s  and  K i s k a e r  in  1944 
w ere th e  la s t to  re p o rt on th e  iso la tio n  o f strep tococci from  cases o f  erysipelas 
[3] an d  because th e  s tra in s  o f s trep to co cc i iso la ted  from ery sip e las  do  n o t seem 
to  h av e  ever been te s ted  fo r v iru lence .

Materials and methods

M aterial tested. F rom  a ffec ted  sk in  a rea s, sam ples o f tissue-flu id  w ere ta k e n  u n d e r  asep
tic  con d itio n s in 115 cases o f erysipelas a n d  214 cases o f m icrobial eczem a o r p y o d e rm a , to 
iso la te  b a c te ria . A t th e  sam e tim e, blood sam ples w ere ob ta in ed  for sero logical te s tin g .

Cultivation. T he tissue f lu id  o r d ischarge  w as in jec ted  d irectly  in to  b ro th  (S z i ta — B a r th a ’s 
m ed iu m , |4 |)  an d  th e  b e ta -h aem o ly tic  s tre p to c o cc i w ere iso lated  on bovine  b lo o d  conta in ing  
a g a r  p la tes.

D eterm ination o f  groups and types. T h e  s trep to co ccu s stra in s  w ere g ro u p e d  b y  use of 
th e  L ancefield  e x tra c t ,  re p ea tin g  th e  d e te rm in a tio n  in doub tfu l cases w ith  th e  F u lle r  e x trac t.
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T y p in g  on th e  basis o f th e  T -a n tig e n  was carried o u t b y  th e  a g g lu tin a tio n  techn ique  of G riffith  
a n d  on  g rounds of th e  M -an tig en  b y  th e  p recip ita tion  te s t  o f  L a n cefie ld  as described p rev io u s
ly  [5].

Test fo r  virulence. F ro m  th e  6-hour cu ltu re  o f th e  s tr a in  in o cu la ted  in to  K a lb a k ’s 
m e d iu m  [6] tenfold  d ilu tio n s  w e re  m ade  from  1 in  10 to  1 in  10 m illion , and  w hite m ice, w eigh
in g  18 to  20 g were in o c u la te d  w ith  1 m l doses in tra p e r ito n e a lly , u s in g  4 mice for ev ery  d ilu tio n . 
A s d e te rm in e d  a fte r 5 d a y s  o f  o b se rv a tio n , a stra in  w as co n sid e re d  v iru len t w hen i t  k illed  a t  
le a s t  2 m ice a t  a d ilu tio n  o f  1 in  1000 or higher. T he g e rm  c o u n ts  o f th e  6 hour cu ltu res  w ere 
b e tw ee n  107— 108/ml.

A ntibody titra tion . T h e  a n tis tre p to ly s in -0  (A SO ) a n d  th e  an tis trep to k in ase  (A S K ) 
t i t r e s  w ere determ ined  a cc o rd in g  to  B öszörm ényi [7, 8]. In  n o rm a l ad u lts  b o th  t it re s  average  
125 u n its . In  H u n g ary  th e  h ig h e s t  lim it of norm al is e s t im a te d  250 U [9, 10].

Results

T h e  b actero log ical r e s u lts  for 329 p a tie n ts  a re  p resen ted  in  Table I .  As 
th is  p a p e r  is in ten d ed  to  d e a l solely w ith  th e  ro le  o f  strep tococci, th e  re su lts  
co n cern in g  them  w ill o n ly  b e  discussed. F ro m  th e  tw o  groups of p a tie n ts  a 
to ta l  o f  66 stra in s o f h a e m o ly tic  strep tococci co u ld  h e  iso lated . T h e ir g roups 
a n d  ty p e s  are show n in  Table  I I .

Table I

Cultivation results

Diagnosis Iso la ted  m icroorganism
N u m b e r  o f  

cases P e r  cent

Erysipelas ß -h aem o ly tic  streptococcus 21 18,3

F a c u lta tiv e  pathogens 51 44.3

N on-pathogen ic  bacteria 31 27.0

N o n e  (sterile culture) 12 10.4

T otal 115 100.0

Microbial /З-haem o ly tic  streptococcus 45 21.0

pyoderm a F a c u lta tiv e  pathogens 126 58.9

N on-pathogen ic  bacteria 33 15.4

N o n e  (sterile culture) 10 4.6

Total 214 100.0

F a c u lta t iv e  pathogens: s ta p h y lo c o c c i, non-haem oly tic  s tre p to c o c c i, B. p ro teus, K lebsiellae , 
P seu d o m o n as .

F ro m  all th ree  g ro u p s  o f  diseases, C a n d  G -g ro u p  strep tococci could  be 
iso la te d  in  re la tive ly  la rg e  n u m b ers . The inc idence  o f  th e  la t te r  and  of A -group  
s trep to co cc i is show n s e p a ra te ly  in Table I I I .  T h e  25 А -group  s tra in s  iso la ted  
b e lo n g ed  to  12 d iffe ren t ty p e s ,  th u s , in  ag reem en t w ith  o th e r  au th o rs , we found  
no  ty p e  to  p rep o n d era te  in  a n y  disease. This o f  co u rse  m ean s th a t  th e  ex am in ed  
d iseases were no t re la te d  to  special serotypes.
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Table II

Serological d istribu tion  o f  beta-haemolytic streptococci isolated fro m  various sk in  diseases

G roups E ry sip e las
M icrobial

eczem a P y o d e rm a T o ta l P e r  ce n t

A 8 14 3 25 37.9

C 8 9 5 22 33.3

G 5 9 5 19 28.8

T o ta l 21 32 13 66 100

T y p es in  G ro u p  A N u m b er o f  single ty p es T o ta l

3 l l

3, 13 i 2 1 4

5 1 1

5, 11, 12 3 3

8 1 1

8, 25 2 3 5

9 1 1

12 1 1

15 1 1

24 1 1 2

25 2 2

U ntypeab le 2 1 3

T o ta l 8 14 3 25

Table III

Relative incidence o f  A  and  C -f~ G-group streptococci in  the three groups o f  sk in  diseases

E ry sip e las  
p e r cen t

M icrobial 
eczem a 

p e r  cen t

P y o d erm a  
p e r cen t

G roup A 38 44 24

G roup  C -f- G 62 56 76

1 0 0 1 0 0 1 0 0

Im m e d ia te ly  a f te r  iso la tion , 64 s tra in s  o u t of th e  to ta l  o f 66 w ere te s ted  
fo r v iru lence  in  m ice, w ith  th e  aim  to  d e te rm in e  th e  p ro te c tiv e  a n tib o d y  titre s  
o f th e  p a tie n ts ’ sera  a g a in s t th e  s tra in s  causing  disease in  th em . T h is  a tte m p t
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Table IV

Virulence tests

N u m b er o f m ice k ille d  in  groups of 4 m ice each  b y  10“ 1 to  10~6 
d ilu tio n s  o f  d iffe ren t s tra in s  o f  s trep to co ccu s

S tr . G roup A S tr .  G ro u p  C S tr .  G ro u p  G

Diagnosis

E ry s ip e la s

M icrob ia l eczema

P y o d e rm a

S c a rle t fever

Dilution

No* 10-1 10-2 Ю-3 10-<10~5 lO"6 No. 10- 1 io - ! 10-3 No. 10-1 10-210-3

l 2 9 1 17 1
2 4  3 1 0 18 2

3 4. 1 11 3 19

4 2 12 1 20 3 1

5 3  2 13 21

6 1 1 14
n 15 2

n o t  te s t e d
8 16

22 36 2 45

23 1 37 2 1 46 2 2

24 1 38 3 2 47 3 2

25 2 1 39 4 2 48 1

26 40 1 49 1

27 41 2 1 50 4 3 2

28 1 42 1 51 2 1

29 43 52 2 1

30 2 44 1 53 3

31

32 1

33

34

35

54 4  4  1 57 2 62 1

55 1 58 2 63 1

56 1 59 2 2 64

60 4 2 65 1 1

61 1 66 4 3 2

67 4 4 3 3 2 1

68 2 2

69 4 3 3 2

70

71 4 4 3 2 2 2
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D iagnosis

No.*

S tr. G roup A 

D ilu tion

io-1 io-* io-3 10-* io-* 1 0 -*

72

T onsillitis 73 3 1

74 4 3

75 4 4 1

O titis 76 4 4 3 2

77 4 3 2 1

M eningitis 78

P o s to p e ra tiv e  su p p u ra tio n 79 1 1

* N o. o f stra in s

fa iled , since th e  v iru lence  of th e  firs t iso lated  s tra in s  w as so low th a t  it was 
im possib le  to  set up  a passive  p ro tec tio n  te s t a g a in s t th em . In  view  o f th ese  
re su lts  increased  a tte n tio n  w as focussed on th e  v iru len ce  of th e  iso la ted  s tra in s , 
b u t  th e  la te r  re su lts  w ere s im ila r to  the  earlie r ones an d  th e re  w as no s tra in  
w h ich  w ould have  been  le th a l to  w hite mice in  h ig h e r d ilu tio n  as 1 in 10,000.

Table V

A n tis trep to lysin -0  ( A S O )  and  antislreptokinase ( A S K )  litres in streptococcus-positive sk in
diseases

N u m b e r  o f  cases

T itre E rysipe las M icrobial eczem a an d  p y o d erm a

ASO ASK. ASO ASK

15 — 25 U (units) 2 2

30 — 50 U 1 1

6 0 - 1 0 0  и i 2 2

1 2 0 -2 0 0  U 7 3 2 5

240 — 400 U 6 7 12 3

480 — 800 U 3 1 6 4

960 1600 U 3 1 4 1
1 9 2 0 -3 2 0 0  U 1 1
3 8 4 0 -6 4 0 0  U 2

T o ta l 20 17 25 21

Mean titre , units 340 175 420 262
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T o  con tro l th e  te c h n iq u e  o f iso la tio n  an d  th a t  of v iru len ce  te s ts , 13 
А -g ro u p  strep tococcus s tra in s  w ere te s te d  fo r v iru lence  sh o rtly  a f te r  iso lation  
fro m  p a t ie n ts  w ith  sca rle t fe v e r, to n s illitis  an d  o titis . R esu lts  are  p re se n te d  in 
Table  I V .  As visible, 44 s tra in s  o f  th e  64 iso la ted  from  sk in  d iseases w ere  abso
lu te ly  a v iru le n t and  th e  re m a in in g  20 w ere le th a l for w h ite  m ice a t  a d ilu tio n  of 
1 in  100. A t th e  sam e tim e , o f  th e  13 co n tro l s tra in s  only  3 w ere a v iru le n t , and 
5 w e re  le th a l even a t  a d ilu tio n  of 1 in  10,000.

I n  o rd e r to  d e te rm in e  w h e th e r  th e  s trep to co cc i iso la ted  fro m  sk in  dis
eases  re p re se n te d  an a n tig en ic  s tim u lu s , a t  all fo r th e  o rgan ism , in  45 o u t of 
th e  66 s trep to co ccu s-p o sitiv e  cases th e  sera  w ere te s te d  fo r A SO t i t r e  an d  in  
38, fo r  A S K  titre . R esu lts  a n d  ca lcu la ted  m ean  ti tre s  are  show n in  Table V. 
A lth o u g h  in  th e  m a jo rity  o f cases th e  t i t r e s  o f b o th  an tib o d ies  w ere h ig h e r th a n  
250 U , th e y  exceeded th is  u p p e r  n o rm a l lim it only  sligh tly . In  th e  erysipelas 
g ro u p  th e  m ean  titre s  fo r b o th  an tib o d ie s  w ere low er th a n  in  th e  s tre p to c o c c u s
p o s itiv e  p a tie n ts  w ith  eczem a or p y o d erm a .

D iscussion

G ro u p  C and  G s tra in s  w ere fre q u e n t am ong  th e  iso la ted  s trep to co cca l 
s t r a in s  (33 and  29 p er cen t, re sp ec tiv e ly ). O th e r au th o rs  h a v e  n o t  observed  
s im ila r  incidences, an d  d u rin g  th e  p a s t 20 y ea rs  no b o d y  seem s to  h a v e  s tu d ied  
s t r a in s  iso la ted  from  e ry sip e las . A ccord ing  to  th e  s ta tis tic s  p u b lish e d  in  th is 
c o u n tr y  [5] and ab ro ad  [11, 12, 13 j 70 to  95 p e r cen t of th e  s trep to co cc i iso lated  
fro m  s c a r le t  fever, to n s illitis  a n d  sep ticaem ia  w ere А -group a n d  o n ly  3 to  15 
p e r  c e n t  w ere C and  G -group  s tra in s . A ccord ing  to  th e  sam e s ta t is t ic s  C and  
G -g ro u p  strep tococci a re  m o re  fre q u e n t in  h e a lth y  carriers th a n  in  p a tie n ts  
w ith  a c u te  illnesses. T he c o m p a ra tiv e ly  low  p a th o g en ic ity  o f g ro u p  C an d  G 
s t r a in s  h a s  also been know n  fo r  long.

T h e  h igh incidence of C a n d  G s tra in s  in  ou r m a te ria l ra ises th e  questio n  
w h e th e r  th e y  were a c tu a lly  p a th o g en ic  or w ere iso la ted  o n ly  b y  chance , as 
o p p o se d  to  th e  А-group  s tra in s , w hich  a re  c e rta in ly  p a th o g en ic  a n d  whose 
is o la tio n  is no t a m a tte r  o f ch an ce . I t  w as re m ark ab le  th a t  th e  iso la te d  group-A  
s tr a in s  shou ld  be ju s t  as l i t t le  p a th o g e n ic  fo r m ice as th e  C an d  G -g roup  s tra in s. 
T h e  q u e s tio n  thus arose w h e th e r  th e  s tra in s  a v iru le n t in  th e  m ouse a re  capable  
o f  p ro d u c in g  disease in  m an . A ccord ing  to  th e  p re v a le n t v iew , fo r w h ich  m ost 
o f  th e  c re d it goes to  L a n c e f i e l d  [14], th e  v iru lence  fac to r  an d  th e  p ro tec tiv e  
a n tig e n  o f  th e  strep tococci is id e n tic a l w ith  th e  type-specific  M p ro te in .

T ru e  im m unity  is p ro v id e d  fo r exclusively  b y  th e  ty p e -sp ec if ic  anti-M  
a n tib o d ie s . I f  an  in d iv id u a l is in fec ted  b y  a v iru le n t s trep to co cca l s tra in , a fte r 
r e c o v e ry  he will have  ty p e -sp ec if ic  im m u n ity , w hich  m ay  p e rs is t fo r  several 
d e c a d e s  [15].
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T hus, accord ing  to  th e  above th e o ry  th e  recurrences o f s trep tococcal 
d iseases w ould  alw ays h av e  to  be caused b y  d iffe ren t ty p es . B u t in  c e r ta in  in d i
v id u a ls  erysipelas is k n o w n  to  have  recu rred  m ore th a n  50 tim es , i.e . m ore  th a n  
th e  to ta l  n u m b er o f ty p e s  of G roup A strep tococc i. T h is o b v io u sly  m ean s th a t  
in  such  cases th e  sam e ty p e  h ad  to  be th e  p a th o g en ic  ag en t a t  le a s t tw ice . B ar
tels and  B iskaer [3] re p o rte d  tw o, H olmes an d  W illiams [16] n in e , K öhler 
an d  H einrich [17] fo u r p a tie n ts  in  w hom  a f te r  som e m o n th s  in te rv a l  th e  sam e 
ty p e  of s trep to co ccal А -g roup  h ad  caused  fo r th e  second tim e  a new  acute  
disease.

T herefo re, c lin ical im m u n ity  does n o t necessarily  develop  even  to  the  
ty p e  of s trep to co ccu s w hich  has a lread y  caused  m anifest d isease. A t le a s t tw o 
hy p o th eses  m ay  be p u t  fo rw ard  to  ex p la in  th is : e ith e r th e  p a th o g e n ic  stra in  
w as no t an tigen ic  enough , an d /o r th e  im m une  a p p a ra tu s  o f  th e  organism  
reac ted  w eakly .

T h u s, it  seem s reaso n ab le  to  claim  th a t  s trep to co ccal s tra in s  a v iru le n t in 
th e  m ouse are cap ab le  o f  causing  erysipelas or o th e r disease in  m a n , as i t  has 
been  concluded from  clin ical observ a tio n s, in  th e  f irs t p lace. T h e re  is a m arked  
d isc repancy  b e tw een  th e  re su lts  o f v iru lence  te s ts  and  th e  clin ical sy m p to m s of 
erysipelas, in asm u ch  as th e  s tra in s  iso la ted  from  erysipelas a n d  n o n v iru len t 
fo r th e  m ouse are  h ig h ly  p a th o g en ic  fo r m an ; th e y  m ay  p ro d u ce  serious disease 
w ith  high fever, m ala ise , in ten siv e  hyperaem ic-oedem atous in fla m m a tio n . The 
p a th o g en ic ity  of a v iru le n t s tra in s  in  an im als is confirm ed b y  th e  re c e n t in v esti
g a tions o f Ca y e u x  e t al. [18], w ho could  induce severe ca rd iac  a n d  a rticu la r 
changes in m ice if  th e  in fec tio n  w ith  s trep tococcus s tra in s  a v iru le n t fo r mice 
w as coupled w ith  th e  in h ib itio n  of leucocy tes b y  a n tile u c o c y tic  serum . The 
ana logy  betw een  C ay eu x ’s a v iru le n t la b o ra to ry  s tra in s  an d  th e  s tra in s  iso lated  
b y  us is obvious, ex cep t th a t  th e  said  au th o rs  have  d am ag ed  th e  defence 
system  of m ice, w hile in  erysipelas th e re  m ay  be a d efec t in  th e  defence 
system  o f th e  o rg an ism  due to  some as y e t u nclear cause.

T he la t te r  p o ss ib ility  is su p p o rted  b y  th e  fac t th a t  in o u r  erysipelas pa
tie n ts  th e  ASO an d  A SK  a n tib o d y  ti t re s  w ere low er th a n  in  th e  p a tie n ts  with 
strep to co ccu s-p o sitiv e  eczem a an d  p y o d erm a, an d  m uch low er th a n  fo r exam ple 
in  rh eu m atic  fever, cho rea  and  o th e r s trep to co ccal diseases [19].

A fu r th e r  sign in d ica tiv e  o f th e  w eak  re a c tiv ity  o f th e  im m u n e  a p p a ra tu s  
w as th a t  th e  d e la y e d -ty p e  allergic sk in  reac tio n s of th e  p a tie n ts  w ith  recu rren t 
erysipelas were less fre q u e n t positive  th a n  in  th e  con tro ls [1]. S till a n o th e r  sign 
o f th e  poor re a c tiv ity  o f  th e  im m une a p p a ra tu s  was th e  fa c t t h a t  in  th e  inflam ed 
areas of erysipelas th e  n u m b e r o f leucocy tes (including  th e  sm all lym phocy tes
i.e. im m unocy tes) w as re m a rk a b ly  low [20, 2].

J u s t  th is im m unolog ica l w eakness m ay  be responsib le  fo r  th e  fa c t th a t 
u n d e r ce rta in  p red isp o sin g  c ircum stances av iru len t o r less v iru le n t s tre p to 
cocci, too , m ay  cause d isease in m an , especially  w hen th e y  e n c o u n te r  conditions
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fa v o u ra b le  for th e ir  g ro w th  a n d  m u ltip lica tio n  (in  e rysipe las m ain ly  in  th e  
ly m p h a tic s ) . In  th is  case t h e y  m anifest th em se lv es  w ith  g rave  an d  pecu lia r 
s y m p to m s . The s trep to co cca l s tra in s  av iru len t fo r m ice, i.e. those  p ro d u c in g  
no  M -an tig en , are n am ely  n o t  de fic ien t in an y  o th e r  re sp e c t, since th e ir  a b ility  
to  m u lt ip ly  and to  p ro d u ce  to x ic  ex trace llu lar su b s ta n c e s  is in d e p e n d e n t of 
th e  fo rm a tio n  of M -an tigen , a n d  i t  has been show n in  r a b b i t  ex p erim en ts  th a t  
c e r ta in  strep tococcus f ra c tio n s  n o t con tain ing  M -an tig en  m ay  give rise  to  
s tro n g  d e layed -type  se n s it iz a tio n  [21]. These to x ic  fa c to rs  m ay  b y  them selves 
ev o k e  serious patho log ica l sy m p to m s  even in  th e  ab sen ce  o f  M -antigen , w hen  
th e  im m u n e  ac tiv ity  of th e  o rg a n ism  is weak.
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Ü B E R  D IE  B E D E B T U N G  D E R  BAKTERIÄMIE  
U N D  T O X IN Ä M IE  IM ZU STA ND EK O M M EN  

D E R  OLIG O-ANURIE

Von

F. Rén y i-Vámos und M. Csellá r

IJR O L O G IS C H E  K L IN IK  (D IR E K T O R : P R O F . D R . A. BA SICS.)
D E R  M E D IZ IN IS C H E N  U N IV E R S IT Ä T  B U D A P E S T

(E in g eg an g en  am 2. J a n u a r  1967)

Im  V erlau f v o n  6 1/2 Ja h re n  w urden  87 O ligo -A nurien  b ak te riäm isch en -to x in - 
äm ischen  U rsp ru n g s b e o b ac h te t. Die G e sa m tm o rta l itä t  b e tru g  49 ,4%  (43 Fälle). 
S ym m etrisch e  N ie ren rin d en n ek ro se  w ar in 8 F ä lle n  (M o rta litä t 100% ), Schockniere  
in  56 F ä llen  (M o rta li tä t  3 2 ,1% ), ak u te  A u fflack e ru n g  e iner chronischen N ie ren k ra n k 
h e it  in 23 F ä llen  (M o rta li tä t  7 4 % ) zu v e rze ich n en . D ie auslösenden  U rsach en  der 
N ie ren rin d en n ek ro se  bzw . de r Schockniere w aren  in  e rs te r  R eihe sep tisch er A b o rt, 
d ie der ch ron ischen  N ie ren k ra n k h e it (h a u p tsäch lich  P y e lo n ep h ritis  chron ica) dagegen  
C holezystitis , C h o lang itis  u n d  Cholangiolitis.

Acta Medica Academiae Scientiarum Hungaricae Tornus 23 (4), pp. 345— 351 (1967)

T ie rex p erim en te lle  U n te rsu ch u n g en  und  k lin isch e  B eobach tungen  sp re 
chen  d a fü r, d aß  a u f  W irk u n g  von B ak te riäm ie  u n d  T ox inäm ie  versch ied en e  
N ie ren v e rän d e ru n g en  Z ustandekom m en können . In  vo rliegender A rb e it te ilte n  
w ir die P a tie n te n  u n se re r K u n s tn ie re n s ta tio n , bei denen  die E n ts te h u n g s u r 
sache  d e r O ligo-A nurie B a k te riä m ie  bzw. T o x in äm ie  w ar, den N ie ren v e rän d e 
ru n g en  en tsp rech en d  in  3 G ru p p en  ein.

K ran k en m ate ria l

1. Symmetrische Nierenrindennekrose. W ie d a ra u f  säm tliche  sich m it 
N ie ren rin d en n ek ro se  b efassen d en  M itte ilungen  u n d  M onographien  h inw eisen , 
k a n n  in  der E n ts te h u n g  dieses N ierenprozesses u n te r  anderen  au ch  die I n 
fek tio n  eine Rolle sp ielen .

A n den  K u n s tn ie re n s ta tio n e n  ist die n ach  sep tisch em  A b o rt a u f tre te n d e  
R in d en n ek ro se  w o h lb e k a n n t. Bei K in d ern  k o n n te n  McK ay  und  W a h l e  [8 J, 
E s k e l a n d  u n d  S k o g r a n d  [5], Z uelzer  und M ita rb . [13] sowie an d e re  V er
fasser einen G ram -n eg a tiv en  K ran k h e itse rreg e r nachw eisen ; B o u is so n  und 
M ita rb . [4] sowie N a k a i  u n d  Mo rg aretten  [9] fü h r te n  m it E. coli-T oxin  ex 
p erim en te lle  fleckige o d er T o ta lnek rose  herbei. In  d e r von  J u h e l - R é n o y  [7] 
1886 p u b liz ie rten  M itte ilu n g , in  der die b e id e rse itig e  N ie ren rin d en n ek ro se  
das ers tem al besch rieb en  w u rd e , w ar die U rsach e  d e r K ra n k h e it eine S tre p to -  
k o k k en -In fek tio n . In  den  F ä llen  von W e a v e r  u n d  H aam [12] sowie a n d e re r
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V e rfa sse r  en tw ickelte  sich  d ie  N ekrose  infolge S trep to k o k k en -T o n sillitis . 
D ie  sy m m etrisch e  N ie ren rin d en n ek ro se  k a n n  bei V ersu ch stie ren  a u c h  m it 
S tre p to k o k k e n -L y sa t e rz e u g t w erden . G l a h n  u n d  W e l d  [6], N a v a s q u e z  [10] 
u n d  a n d e re  V erfasser b e o b a c h te te n  d u rc h  S tap h y lo k o k k en -T o x in  h e rb e ig e 
f ü h r te  R indennekrose . P n e u m o k o k k e n b e d in g te  N ekrose k o n n te n  B l ack m a n  
u n d  M ita rb . [3] bei K in d e rn  n ach  L u n g e n e n tz ü n d u n g  u n d  B e l l  [2] nach  
P n e u m o k o k k e n -P e rito n itis  w ah rn e h m e n . U n se r Ziel is t n ic h t die e ingehende 
E r ö r te r u n g  der a u sg e d e h n te n  L ite ra tu r , d a  dies den  R ah m en  d ie se r A rb e it 
ü b e rs c h re ite n  w ürde, w ir w o llen  led ig lich  d ie jen igen  M itte ilungen  h e rv o rh e b e n , 
in  d e n e n  ü b e r K ra n k h e itse rreg e r  b e r ic h te t  w ird , die auch  in  d er m ensch lichen  
P a th o lo g ie  eine Rolle sp ie len  k ö n n en  u n d  in  ein igen u nserer F ä lle  fü r  d ie  E n t 
w ic k lu n g  der N ieren rin d en n ek ro se  v e ra n tw o r tlic h  w aren .

I n  unserem  M a te ria l k a m e n  9 F ä lle  m it  N ie ren rin d en n ek ro se  v o r :  In  8 
d ie se r  F ä lle  (1,6%  des G e sa m tm a te ria ls )  lag  als auslösende U rsach e  Sepsis vor. 
D e r  sep tisch e  Z u stan d  en tw ic k e lte  sich  in  5 F ä llen  infolge v o n  sep tischem  
A b o r t ,  in  2 infolge C h o lezy stitis  u n d  in  1 F a ll infolge P neum onie  (T ab . I).

T abelle  I

Sym m etrische N ierenrindennekrose

N r. Name G rundkrankheit

l . F rau  L. P . Sep tischer A b o rt (fleckige N ierenrindennekrose)

2 . F rau  J .  Sz. Sep tischer A b o rt

3. F rau  J .  B. Sep tischer A b o rt

4. F rau  P . J . Sep tischer A b o rt

5. F rau  J .  H . Sep tischer A b o rt

6 . F rau  Gy. У. C holecystitis p e rfo ra tiv a , Periton itis

7. L. V. C holecystitis, Cholangiolitis

8 . Frau  F . V. P neum onie

Falldarstellung. F ra u  L. P . B ei der 2 1 jäh rig en  P a tie n tin  w urde die N ie ren rin d en n ek ro se  
m it te ls  B iopsie  in  vivo d iag n o s tiz ie r t. 30. IX . 1961 w u rd e  eine e tw a 3—4 m o n atig e  S ch w an g er
s c h a f t  u n te rb ro c h en , u n d  es t r a te n  B lu tu n g , S c h ü tte lf ro s t, Sepsis u n d  G e lbsuch t au f. P a tie n tin  
s te ll te  im  Z usam m enhang  m it  d e r  S ch w a n g ersch a ftsu n te rb re ch u n g  die K r im in a litä t  en tsch ie 
d e n  in  A b red e . Die 8 T age h in d u rc h  a n d au e rn d e  m assive  A nurie  k o n n te  d u rc h  k o n se rv a tiv e  
B e h a n d lu n g  u n d  2m alige H ä m o d ia ly se  b eh o b en  w erd en , u n d  die N ie ren fu n k tio n  se tz te  sich 
a llm ä h lic h  in  Gang, die täg lich e  H a rn m en g e  b e tru g  a b e r  se lb st n ach  20 T ag en  led ig lich  100— 
200 m l. W egen des V e rd ach tes  e in e r N ie ren rin d en n ek ro se  w urde  eine N ie ren b io p sie  du rch g e
f ü h r t .  D e r  g röß te  Teil des h is to lo g isch en  P rä p a ra ts  zeig te  ledig lich  das S c h a tte n b ild  d e r N ie ren 
s t r u k tu r ,  K ern färb u n g  w a r n ic h t  zu  b e o b ac h te n ; a n  e inem  k leineren  T eil des h isto log ischen  
S c h n i tte s  w a r in  der N ie ren su b s tan z  K e rn fä rb u n g  ersich tlich . A uf diesem  G eb iet t r a te n  auch 
e in ig e  h y p eräm isch e  G lom eru len  in  E rsch e in u n g . V on d iesem  Z e itp u n k t a n  b e g an n  e in  lan g sa 
m e r  A n s tie g  der D iurese, d ie  M enge des 2 4 -S tu n d e n h a rn s  b lieb  ab er u n te r  1700 m l (spez. 
G e w ic h t:  1006— 1008). D er R e s ts tic k s to ffw e rt sc h w an k te  u m  110 m g % , in  d ieser Z eit w ar 
P a t ie n t in  n ich t m ehr b e ttläg e rig . 9. X . e k lam p tisch e  A nfallserie, T od. N ach  d e n  Z im m er-
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genossinnen  ü b e rsc h rit t  P a t ie n tin  die d iä te tisch en  V o rsch riften , in d em  sie die Speisen heim lich  
sa lzte  u n d  w ürzte.

N ach  sep tischem  A b o rt k a n n  so m it au ch  eine N ie ren rin d en n ek ro se  fleck ig en  T y p s auf- 
tre te n . A n h an d  des h isto lo g isch en  B ildes s te h t  es ab er fe st, d aß  das L eben  de r P a tie n tin , se lbst 
w enn de r ek lam p tisch e  A nfall n ic h t dazw ischen  gekom m en w äre , n u r  fü r  k u rz e  Z eit zu v e r
län g ern  gewesen w äre.

2. Schockniere. A n d ieser S telle  wollen w ir se lb s tv e rs tä n d lic h  n u r  ü b er 
je n e  F ä lle  b e rich ten , in  d en en  sich die O ligo-A nurie, d . h . d ie  a k u te  N ieren
insuffiz ienz  au f G ru n d  eines b a k te rie lle n  bzw . to x in äm isch en  S chocks en tw icke l
te . A nsch ließend  sei b e to n t , d a ß  d er Schock n ic h t u n b e d in g t zu r a k u te n  N ie
ren insuffiz ienz  fü h r t .  Im  Z u sam m en h an g  m it Schock k o m m t es zw ar häu fig  
zu r N ie renschäd igung  (»Niere im  Schock«), das M aß derse lb en  is t jed o ch  n ich t 
im m er d e ra rtig  b e d e u te n d , d aß  sich  O ligo-A nurie en tw ick e ln  w ürde .

Tabelle II

Schockniere

Nr. Name Diagnose Lebt Gestorben

Sep tischer A b o rt (50 Fälle) 36 14

l . N. D. E ite ru n g  n ach  H ernio tom ie -L.

2. Á. F. P a n k re a titis -P e rito n itis

3. F ra u  I. G. G lu tealabszeß -f-
4. D. N. P a ra re k ta le  E ite ru n g +
5. I. L. V en tro fix a tio n , P e rito n itis +
6. I. M. S eptische C holangitis, Cholangiolitis +

Insgesam t 38 18

In  56 u n se re r F ä lle  w ar u n m itte lb a r  v o r d e r o ligo -anu rischen  P hase  
Schock oder hoch g rad ig e  B lu td ru c k v e rm in d e ru n g  nachzuw eisen  (T ab . I I ) . 
In  50 d ieser F älle  w a r die auslö sende U rsache ein  sep tisch e r A b o rt. In  6 F ä llen  
w aren  fü r  die B ak te riäm ie -T o x in äm ie  fo lgende p a th o lo g isch e  P rozesse  v e r
a n tw o rtlic h : E ite ru n g  n ach  H ern io tom ie , P a n k re a tit is -P e r ito n itis ,  g lu tea le r 
A bszeß , p a ra re k ta le  E ite ru n g , n ach  V en tro fix a tio n  a u fg e tre ten e  P e rito n itis , 
n ach  G allen o p era tio n  au fg e tre ten e  C ho lang itis, C holang io litis . M o rta litä t:  
in d er e rs ten  G ru p p e  (sep tisch e r A b o rt)  28%  (14 F älle), in  d e r zw eiten  G ruppe 
4 d e r 6 K ran k e . G e sa m tm o rta li tä t  32 ,1% .

3. A ku te  A u ff lackerung  chronischer Nierenkrankheiten .  In  e in er v o ra n g e 
h en d en  M itte ilung  (11) h ab en  w ir d a ra u fh in g e w iesen , d a ß  an läß lich  d e r  a k u ten  
A ufflackerung  s u b a k u te r  u n d  ch ron ischer N ie re n k ra n k h e ite n  (su b a k u te  und  
chron ische  G lo m eru lo n ep h ritis , ch ron ische P y e lo n e p h ritis , A m ylo idose, N e
ph rosk lerose , P e r ia r te r ii t is  nodosa) O ligo-A nurie Z ustan d ek o m m en  k an n .
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Tabelle III
A ku te  A u ffL o ckeru n g  chonischer N ierenkrankheiten

Nr. N am e G ru n d k ra n k h e it
D ie die  A u fflack e ru n g  

au slösende  E rk ra n k u n g L e b t
G estor

ben

1. L. Sz. C hronische P y e lo 

n e p h ritis

C holezystitis gan g rae 

nosa

_L

2 . F ra u  M. S. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, Cholangiolitis 

a cu ta

+

3. F ra u  M. K. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, C holangiolitis 

a cu ta

+

4. F ra u  F. S. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, Cholangiolitis 

a cu ta

5. F ra u  M. К . M. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

g itis, Cholangiolitis 

a cu ta

6 . M. T. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, Cholangiolitis 

a cu ta

7. F ra u  J . B. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, C holangiolitis 

a cu ta

8 . F ra u  I. Y. C hronische P y e lo 

n e p h ritis

C holezystitis, C holan

gitis, Cholangiolitis 

acu ta

9. F ra u  S. M. C hronische P y e lo 

n e p h ritis

E itrig e  N ephritis

10 . J .  H. C hronische P y e lo 

n e p h ritis

E itrig e  N ephritis

11. F ra u  Gy. U. C hronische P y e lo 

n e p h ritis

P ye lo n ep h ritis  acu ta +

12 . F ra u  J . T. C hronische P y e lo 

n e p h ritis

P yo n ep h ro s 1. d. P y e lo 

n ep h ritis  a cu ta

13. F ra u  J . G. C hronische P y e lo 

n e p h ritis

G lutealabszeß

14. G. K. C hronische P y e lo 

n e p h ritis

G lu tealabszeß

15. P . I. C hronische P y e lo 

n e p h ritis

G lu tealabszeß

(Z u ck erk ran k h e it)
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N r. N am e G ru n d k ra n k h e it
D ie d ie  A u ffla c k e ru n g  

nuslö sen d e  E rk ra n k u n g L e b t
G e s to r

ben

i6 . P . Sz. C hronische Pyelo

nep h ritis

P an k reas-F ettn ek ro se +

17. I. Sz. C hronische Pyelo

nep h ritis

P an k reas-F ettn ek ro se +

18. F rau  F. T. P e ria rte riitis  nodosa A ppendicitis gangraenosa, 

P e rito n itis
+

19. F ra u  1. K. C hronische Pyelo

nep h ritis

G allenb lasenperforation ,

P e rito n itis
- F

20. F ra u  I. K. C hronische Pyelo

nep h ritis

B ronchopneum onie

21. F ra u  K. 0 . C hronische G lom erulo

nep h ritis

E x tra u te r in e  Schw anger

schaft-O pera tion
+

22. B. J . A m yloidose O steom yelitis +
23. K. V. Chronische G lom erulo

nep h ritis

E n zep h alitis +

Insgesam t 6 17

Die U rsache d e r a k u te n  E x aze rb a tio n  is t zu m e is t eine fiebrige E rk ra n k u n g . 
In  v o rlieg en d er A rb e it befassen  w ir uns n u r  m it jen en  F ä llen , in  d en en  fü r 
die a k u te  A u fflack eru n g  ein ohne Schock  v e rlau fen d er sep tisch e r Z u stan d  
d er G ru n d  w ar (T ab . I I I ) .

S ep sisb ed in g te  A ufflackerung  einer ch ro n isch en  N ie re n k ra n k h e it fü h rte  
in  23 F ä llen  (4 ,62%  des G esam tm ateria ls) zu  O ligo-A nurie. D ie U rsach en  der 
Sepsis w aren  wie fo lg t: C holezystitis, C ho lan g itis , C holangiolitis (8 F älle), 
F e ttn e k ro se  (2 F ä lle ), O p era tio n  wegen e x tra u te r in e r  S ch w an g ersch aft (1 
F a ll), g an g rän ö se  C h o lezystitis  -|- P e r ito n itis  (1 Fall), gangränöse B lin d d a rm 
en tz ü n d u n g  B au ch fe llen tzü n d u n g  (1 F a ll) , P yonephros (1 F a ll) , E n ze 
p h a litis  (1 F a ll), P y e lo n e p h ritis  (1 F all), B ronch o p n eu m o n ie  (1 F a ll) , O steo- 
my< ■litis (1 F a ll).

D ie Sepsis v erlie f in  d er M ehrzahl d e r  F ä lle  an  anderen  A b te ilu n g en , 
von  wo d a n n  die P a tie n te n  zu uns ü b e rg e lie fe rt w urden . Die K ra n k h e its e r re 
ger k o n n te n  w ir n u r  in  2 F ällen  (Fall 15: S taphy lococcus h aem o ly ticu s  und 
F all 7: E . coli) id en tifiz ie ren . Die U rsache  d e r zah lreichen  n e g a tiv e n  E rg e b 
nisse lieg t d a rin , d aß  die P a tie n te n  vo r d e r  A ufn ah m e bere its  m eh re re  T age 
h in d u rch  eine a n tib io tisc h e  B ehand lung  e rh ie lte n . D ie M o rta litä t lieg t rech t 
hoch: 74%  (die G e sa m tm o rta li tä t  der K u n s tn ie re n a b te ilu n g  m a c h t 4 1 %  aus).

H isto log isch  w aren  in der N iere a u ß e r  d e r G ru n d k ra n k h e it zellrciche 
G lom erulen  (G lom eru litis) sowie In f il tra tio n  u n d  Ö dem  des In te rs t i t iu m s  fe s t
zustellen .
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D ie  G ru n d k ra n k h e it w a r  in  der M ehrzah l d e r F älle  ch ron ische  P y e lo 
n e p h r i t is ,  in  2 Fällen  ch ro n isch e  G lo m eru lo n ep h ritis  u n d  in  je  1 F a ll A m ylo idose  
b zw . P e r ia r te r ii t is  nodosa .

Besprechung

A n  u nserer K u n s tn ie re n a b te ilu n g  w u rd en  zw ischen 1. I I .  1960 — 1. IX . 
1966 497  P a tie n te n  b e h a n d e lt ;  d ie G e sa m tm o rta li tä t  b e tru g  41% . In  87 F ä lle n  
(1 7 ,5 %  des gesam ten  a n u risc h e n  M ateria ls) h a n d e lte  es sich u m  eine O ligo- 
A n u r ie  b ak te riäm isch en -to x in äm isch en  U rsp ru n g s . D ie M o rta li tä t  d ieser 
G ru p p e  — 49,4%  — lieg t h ö h e r  als die des G esam tm a te ria ls . A n h an d  d e r  A u f
sc h lü sse lu n g  der b ezüg lichen  A n g ab en  lä ß t  sich  fests te llen , daß  die P ro g n o se  
b e i sy m m e trisc h e r N ie ren rin d en n ek ro se  — v erstän d lich e rw eise  — a u ß e ro rd e n t
lic h  sc h le c h t is t; hei d e r a k u te n  A u fflack eru n g  ch ro n isch er N ie re n k ra n k h e ite n  
s in d  d ie  A ussich ten  ebenfa lls sch lech t, in  F ä llen , in  den en  lediglich eine S ch o ck 
n ie re  v o rlie g t, is t die P ro g n o se  dagegen  v e rh ä ltn ism ä ß ig  gu t. D ie M o r ta l i tä ts 
z iffe rn  d ieser le tz te rw ä h n te n  U n te rg ru p p e  s ind  b esser als die des g e sam ten  
a n u r is c h e n  M aterials (T ab . IV ).

Tabelle IV

Gesam tm aterial

K ra n k e n m a te r ia l
A n zah l der 

Fälle
M o r ta l i tä t  %  

(Z ah l d e r  F ä lle )

A n u rie  b ak te riäm isch en -to x in äm isch en  U rsprungs 87 49,4 (43)

S y m m etrisch e  N ierenrindennekrose 8 1 0 0 , 0  ( 8 )

S ch o ck n ie re 56 32,1 (18)

A k u te  A ufflackerung einer ch ro n isch en  N ie ren k ran k h e it 23 74,0 (17)

A u s p a th o g en e tisch em  S ta n d p u n k t k o m m en  hei N ie ren rin d en n ek ro se  
g lo m e ru lä re  Ischäm ie, K a p illa rs ta se , in tra v a s k u lä re  K o ag u la tio n  u sw . in  
F ra g e .

U nseres  E rach ten s  h a n d e lt  es sich bei d u rc h  b a k te r iä m isc h e n -to x in 
ä m is c h e n  Schock v e ru rs a c h te r  O ligo-A nurie u m  dieselben  p a th o g e n e tisc h e n  
F a k to r e n  wie bei der S ch o ck n iere , d. h. u m  die V erän d eru n g  des N ie re n k re is 
la u fe s . B álint  [1] wies d a ra u f  h in , daß  bei V e rsu ch stie ren  in d er p o s tisc h ä m i
sch en  P h a se  die N ie re n d u rc h b lu tu n g  v e rh ä ltn ism ä ß ig  u n v e rä n d e rt is t ,  d ie 
G lo m e ru la rf iltra tio n  sich  d ag eg en  in  b e d e u te n d e m  M aße v e rm in d e rt. S einer 
A n s ic h t n a c h  ist fü r  d ie  E rsc h e in u n g  in  e rs te r  R e ih e  die K o n s tr ik tio n  des 
V as a ffe ren s  v e ran tw o rtlich , w oraus gefo lgert w ird , d aß  im  Z u s tan d ek o m m en  
d e r  O ligo-A nurie der v e rm in d e r te n  F iltra tio n  eine aussch laggebende R olle 
z u k o m m t.
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W ir sind  u ns d a rü b e r  im  k la ren , d a ß  d ie  tie rex p e rim en te llen  E rg eb n isse  
a u f  die m ensch liche  P a th o lo g ie  n u r m it d em  nö tig en  V o rb eh a lt ü b e r tra g e n  
w erden  k ö n n en , es d ü rf te  jed o ch  an g en o m m en  w erden , daß  sich bei M enschen 
im  F alle  von  Schock  — auch  den b ak te riä m isc h en -to x in ä m isc h e n  Schock 
inbegriffen  — äh n lich e  Prozesse absp ie len , w ie bei den  V ersuchstie ren .

Bei d er a k u te n  A ufflackerung  c h ro n isch e r N ie ren k ran k h e iten  k o n n te  
die U rsache d e r  A nurie  histo logisch  te ilw eise  g e k lä rt w erden. D ie a k u te  V er
k le inerung  d e r b e re its  v o ran g eh en d  k le iner gew ordenen  G lo ineru lum oberfläche  
(G lom eru litis) sow ie d as  en tzünd liche  ö d e m  des In te rs titiu m s  tra g e n  zw ar in  
b ed eu ten d em  M aße z u r  E n tw ick lu n g  d e r O ligo-A nurie bei, u n se re r  A nsich t 
n ach  is t ab e r au ch  d er e rw äh n ten  in tra re n a le n  K re is lau fv e rän d e ru n g  — die 
zu r V erm in d eru n g  bzw . zum  v o rü b erg eh en d en  A ufhören  d er G lom eru larfil- 
t ra t io n  fü h ren  k a n n  — eine w esentliche B e d e u tu n g  beizum essen. I n  A n b e tra c h t 
dessen  jed o ch , d a ß  in  d e r F rü h p h ase  der O ligo-A nurie , bei den  sich in  schw erem  
Z u stan d  b e fin d lich en  P a tie n te n  die D u rc h fü h ru n g  d iesbezüg licher U n te r
suchungen  n ic h t r a ts a m  is t, k an n  das V o rh an d en se in  d ieser fu n k tio n e llen  
V erän d eru n g  n ic h t bew iesen  w erden.

D ie a n g e fü h rte n  A ngaben  sp rechen  d a fü r , daß  sich a u f  W irk u n g  von 
B ak te riäm ie -T o x in äm ie  O ligo-A nurie e n tw ick e ln  k an n . Im  H in te rg ru n d  s te h t 
se lten e r eine sy m m etrisch e  N ie ren rin d en n ek ro se , in  der M ehrzah l d e r  Fälle  
k o m m t jed o ch  d ieser schw ere Z u stan d  in fo lge  d e r a k u ten  A u fflack e ru n g  eines 
m it oder ohne Schock  verlau fen d en  ch ro n isch en  N ierenprozesses — in e rs te r 
R eihe ch ro n isch er P y e lo n ep h ritis  — z u s ta n d e .

Die th e ra p e u tis c h e n  R ich tlin ien  k ö n n e n  in  2 P u n k te n  zu sam m en g efaß t 
w erden : 1. B eh eb u n g  bzw . H eilung d e r au slö sen d en  U rsache u n d  2. B e h a n d 
lung d er O ligo-A nurie  an  einer K u n s tn ie re n s ta tio n , w o ru n te r  k o m p lex e  an 
tiu räm isch e  T h e ra p ie  u n d  nö tigenfalls H äm o d ia ly se  zu v e rs te h e n  is t.
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FUNCTIONS OF THE KIDNEY AFTER LIGATION OF THE
RENAL ARTERY

By

A. F ek ete

IN S T IT U T E  O F  P H Y S IO L O G Y , U N IV E R S IT Y  M E D IC A L  SC H O O L, B U D A P E S T  

(R eceived J a n u a ry  5, 1967)

A fter lig a tio n  of th e  renal a rte ry  in  dogs, th e  k id n ey  has been fo u n d  to  reco v er its 
fu n c tio n s to  a c e r ta in  e x te n t, p rov ided  th e re  is a  suffic ien t co lla te ra l b lo o d  flow . The 
fo rm atio n  o f a n  a d e q u a te  co lla teral b lo o d  su p p ly  requ ires th e  p resence  o f  a n  in ta c t 
c o n tra la te ra l  k id n ey  w ith in  a period  of a p p ro x im a te ly  th ree  m o n th s . R e m o v a l o f the  
in ta c t  k id n ey  a t  th e  end of th is period d e f in ite ly  fav o u rs  th e  d ev elopm en t o f  a  co lla te ra l 
blood flow  p ro v id in g  for th e  necessary  re n a l b lood supply .

T he re d u ce d  ren al blood su p p ly  w as fo u n d  to  be responsib le fo r  th e  a rte ria l 
h y p e rten sio n  th e  persistence of w hich b e y o n d  th e  c ritica l period of th re e  m o n th s  has 
de le terious consequences. The dogs w hose r ig h t  k id n ey  was rem oved fo u r to  six  m o n th s 
a f te r  lig a tio n  o f th e  left renal a rte ry , d ied  w ith o u t exception.

T he o b se rv a tio n  th a t  a f te r  e x p e rim e n ta l lig a tion  of th e  re n a l a r te ry  in 
s te a d  of a un ifo rm  necrosis m acroscop ically  d iscern ib le  areas of h e a l th y  p a re n 
ch y m a a lte rn a tin g  w ith  necro tic  or isch aem ic  p a tch es ap p ear o v e r th e  w hole 
m ed u lla  an d  c o rte x , has d raw n a t te n tio n  to  th e  im portance  o f th e  co lla te ra ls  
in  ren a l b lood  su p p ly  (H artwich [14], W olf and  H eisen  [22], D a v is  [20]). 
A ccording to  Sh e e h a n  an d  D avis [20], necrosis  re su lting  from  to ta l  ischaem i- 
z a tio n  o f th e  k id n e y  is p a tc h y  in c h a ra c te r . D em arca tion  o f th e  ischaem ic 
a reas  from  tho se  su p p lied  w ith  blood is d e m o n s tra b le  as early  as 4 h rs a fte r  
th e  in te rc e p tio n  o f  ren a l blood flow. A t 24 h rs  th e  red  patches a re  a liv e  w h ere 
as th e  ischaem ic a reas have u n d erg o n e  successive in fa rc tion . T h e  p a tc h y  
c h a ra c te r  of necrosis  is generally  asc rib ed  to  th e  special b lood su p p ly  o f th e  
k id n ey , o p e ra tin g  o u ts id e  th e  m ain ch a n n e l o f th e  renal a r te ry , th ro u g h  th e  
co lla te ra l sy stem .

T he aim  o f th e  p resen t s tu d y  w as to  in v estig a te  the  fu n c tio n s  o f th e  
k id n ey  a fte r  lig a tio n  of th e  renal a r te ry . O u r earlie r find ing  th a t  th e  co lla te ra l 
b lood  supp ly  o f  th e  k id n ey  is su ffic ien t fo r a m ore or less a d e q u a te  renal 
fu n c tio n , has b een  rep o rted  p rev iously  (5).

M aterial a n d  m ethods

M ongrel dogs o f b o th  sexes were used . T h e  in te rv e n tio n  was pe rfo rm ed  u n d e r  ste rile  
c o n d itio n s, in h e x o b a rb ita l  an aesthesia . By th e  m id lin e  approach , th e  left r e n a l  a r te ry  was 
lig a ted  10 to  13 m m  a w ay  from  th e  hilus a n d  th e  w o u n d  was closed. One g ro u p  (a) o f 7 dogs 
w as in te n d e d  for la te r  a cu te  ex p erim en ts, in a n o th e r  g ro u p  (b) of 19 dogs th e  r ig h t  k id n ey  w as
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re m o v e d  42 to  186 d ay s a f te r  lig a tio n  o f th e  left ren al a r te ry .  T h e  su rv ivo rs were used  fo r a c u te  
e x p e rim e n ts . 9 dogs o f th is  g roup  (c) w ere k ep t in m e ta b o lic  cages and urine  o u tp u t, th e  co n 
c e n tra t io n s  o f c rea tin in e , c a rb am id e , sodium , an d  o sm o la r ity  o f  u rine  and  blood se ru m  w ere 
e s t im a te d  d a ily , a n d  th e  n o n p ro te in  n itro g en  v a lu e , e v e ry  o th e r  day.

T h e  a cu te  e x p erim en ts  w ere  perfo rm ed  u n d e r ch lo ra lo se  anaesthesia . T he le f t k id n e y  
w ith  th e  l ig a te d  ren a l a r te ry  w as exposed  from  a m id lin e  in c is io n , th e  ren a l v e in  w as c a re fu lly  
p re p a re d  a n d  con n ec ted  w ith  th e  le f t ju g u la r  v e in  b y  m e a n s  of a p lastic  tu b e  [4]. B y  th e  T - 
b ra n c h  o f th e  tu b e  th e  b lood  flow ing  fro m  th e  vein  w as m e a su re d  (d irect R B F ). U rine  w as co l
le c te d  b y  a n  u re te r  c a th e te r . T h e  necessary  c o n c e n tra tio n s  o f exogenous c rea tin in e , in u lin  
a n d  P A H  w ere en su red  b y  th e  u su a l in fusion  tech n iq u e . G lo m eru lar f iltra tio n  ra te  w as co m 
p u te d  fro m  R P F  c a lcu la ted  b y  m ean s of th e  h a e m a to c r it  a n d  th e  E ( G F R  =  R P F  X E ,„  
o r E cr). O xygen  c o n ce n tra tio n  in  th e  b lood of th e  re n a l v e in  a n d  a rte ry  was m easu red  b y  a n  
A tla s  o x y m e te r, th e  osm otic  c o n ce n tra tio n  of th e  u rin e  b y  a n  osm om eter, th e  N a -c o n c e n tra tio n  
b y  f la m e  p h o to m e try . T h e  n o rm a l va lues hav in g  b een  re c o rd e d , Tm p a h  was d e te rm in e d  a t  
ra ised  p la sm a  P A H  co n ce n tra tio n . F o r d e ta ils , see [6, 7, 8 j.

T h e  a cu te  e x p erim e n t w as co m p le ted  b y  lig a tin g  th e  a o r ta  2 cm  above a n d  5 cm  b elow  
th e  o rig in  o f th e  ren a l a r te ry  a n d  b y  in jec tin g  in d ia  in k , in  one  case po lyv in y lp y rro lid o n e  [18] 
in to  th e  la t t e r  vessel. T he k id n ey  w as th e n  carefu lly  iso la te d  a n d  sub jected  to  m o rp h o lo g ic  
a n d  h is to lo g ic  s tu d y .

R esults

a )  A cu te  ex p e rim en t in  7 dogs on th e  7 th ,  1 3 th , 20 th , 50 th , an d  1 0 6 th  
d a y , re sp e c tiv e ly  a f te r  to ta l  lig a tio n  of th e  le f t re n a l  a r te ry , th e  r ig h t k id n e y  
b e in g  le f t  in ta c t.  T h e  re su lts  a re  seen in  T ab le  I . L e f t  R B F  w ith  th e  re n a l a r te ry

Table I

D a ta  fo r  left k idney, 7 to 106 days after arterial liga tion , w ith  fu n c tio n in g  right k id n ey

No.
D a y
a fte r
lig a 
tio n

R en al w eig h t B lood
p res
su re
mm
H g

R B F G F R V /m in
Ecr Em EpAH A V 0 . Qo.

le f t r ig h t m /m in /100 g

77/64 7 30.3 37.5 140 48 3 0 0 .0 0 0.07 0.10 3.4 1.63

78/64 7 29.2 39.1 130 80 2 0 0 .0 0 0.04 0.00 1.5 1.20

85/64 13 18.4 22.8 120 104 4 0 0 .0 6 0.07 0.09 0.9 0 .9 4

88/64 13 28.8 30.5 115 100 0 0 0.01 0.00 0.04 0.8 0 .8 0

91/64 20 25.4 29.5 115 85 0 0.07 0 .0 2 0.00 0.04 0.3 0 .2 5

15/65 50 18.2 31.7 140 37 0 0.03 0 .0 4 0.02 0.00 1.2 0 .4 4

37/65 106 13.5 57.2 130 34 0 0.07 0 .0 3 0.03 0.12 1.2 0.41

lig a te d  (p ro  100 g k id n e y  w eigh t) was b e tw een  1/10 an d  1/4 of th e  n o rm al R B F . 
F i l t r a t io n , ex cre tio n , an d  u rin e  o u tp u t w ere m in im a l. The k idneys sh ow ed  
a tro p h y . T h o u g h  th e  in d ia  in k  d id  n o t fa il to  re v e a l th e  presence o f c o lla t
e ra ls  a n d  o f a p a te n t  co m m u n ica tio n  p re v a le n tly  in  th e  subcortica l areas (g lom - 
eru les filled  w ith  in d ia  in k ), th e re  was p a re n c h y m a l degenera tion  w ith  e x 
te n s iv e  d e s tru c tio n  o f  n ep h ro n s  w hich  show ed no  s ign  o f any  fu n c tio n  (F ig . 1).

b)  R ig h t n e p h re c to m y  42 to  186 days a f te r  lig a tio n  of th e  le ft re n a l a r 
te ry  in  19 dogs. T ab le  I I  p re sen ts  th e  in te rv a ls  in  d ay s  betw een  th e  tw o  in 
te rv e n tio n s  an d  th e  fa te  o f th e se  anim als le f t w ith  one k idney  w hose a r te r y

Acta  Mcdica Acadimiae Scientiarum Hungaricae 23, 1967



FUNCTIONS OF THE KIDNEY AFTER LIGATION OF THE RENAL ARTERY 3 5 5

h a d  b een  ligated . W hen  th e  in te rv a l b e tw een  th e  tw o in te rv e n tio n s  w as sh o rte r 
th a n  80 days or longer th a n  100 d ay s, a f te r  rem oval of th e ir  r ig h t  k id n e y  the 
an im als  died w ith  u raem ia  in  6 to  11 d ay s  (one an im al in  30 d a y s) . T h e  six

Fig. 1. A tro p h y  of left k id n ey  50 d ay s a f te r  lig a tio n  of th e  renal a r te ry ;  i n ta c t  r ig h t  kidney

Table II
Surv iva l and m ortality after ligation o f  left renal artery and removal o f  right k idney

No.
In te rv a l  in  d ay s  

be tw een  th e  
tw o  in te rv e n tio n s

O utcom e

33/64 42 d ea th  on 6 th  d ay

34/64 49 d eath  on 8 th  d a y

35/64 71 d ea th  on 8 th  d ay

116/65 81 survival

64/65 87 survival
35/65 93 survival

47/65 93 survival

121/66* 99 survival

36/65 99 survival

43/65 1 0 1 d eath  on 11th d ay

56/65 102 d eath  on 7 th  d ay

53/65* 111 d eath  on 8 th  day
127/66* 117 d eath  on 8 th  d ay

30/65* 146 death  on 6 th  d ay

39/65* 153 death  on 9 th  day

35/65* 170 d ea th  on 9 th  day

75/65* 179 d eath  on 29th d ay
63/65* 183 d eath  on 7 th  day

32/65* 186 d eath  on 9 th  d ay
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a n im a ls  w hich had  b een  s u b je c te d  to  rig h t n e p h re c to m y  80 to  100 day s a f te r  
l ig a t io n  o f  th e  left re n a l a r t e r y ,  survived w ith o u t ex cep tio n . In  4 o f th e se , 
n e p h re c to m y  was fo llow ed b y  azotaem ia in  th e  ra n g e  o f  100 m g p er 100 m l 
in  2 a n im a ls , declining to  n o rm a l values in  2, w h e reas  in  th e  rem ain ing  2 dogs 
N P N  w as norm al th ro u g h o u t  (Fig. 2).

days

F ig . 2. N P N  in  th e  f irs t d a y s  a f te r  liga tion  of th e  le f t re n a l  a r te ry  and r ig th  n ep h rec to m y  
A b scissa: in te rv a l b e tw ee n  th e  tw o  in terven tions. O rd in a te :  N P N , m g per 100 ml

T h o se  anim als w ere  co n sid e red  surv ivors w h ich  w ere alive w ith  no rm al 
N P N -v a lu e s  on th e  1 4 th  d a y  or w ith  e leva ted  N P N -v a lu e s  on th e  3 0 th  to  
8 0 th  d a y  a fte r n ep h rec to m y . T h ese  anim als w ere su b je c te d  to  an acu te  e x p e ri
m e n t  b e tw een  the  14 th  a n d  8 0 th  day  (Table I I I ) .  T h e  f iv e  successful e x p e ri
m e n ts  re su lted  in  th e  fo llo w in g  findings. B lood p re ssu re  was e levated , R B F  
w as  1/ 2— 1/3 of the  n o rm a l; E creah E/n and E p a h  w ere  fa ir ly  p reserved  in  co n 
t r a s t  to  a reduced Р А Н -se c re tio n  (Tm a p p ro x im a te ly  5); diuresis was n o rm a l 
w h e re a s  osm olarity  o f th e  u r in e  was low. T h e  v a lu e s  fo r th e  a rte rio -v en o u s 
О 2 d iffe ren ce  have b een  c o rre c te d  according to  D ole  e t  al. [11]. R en a l 0 2- 
u p ta k e  (Q 0 ) was in  th e  n o rm a l  range [7].

R ecord ing  of b lood  p re s su re  over the  w hole a c u te  ex p erim en t w as b eg u n  
p re o p e ra tiv e ly . I t  can  be  seen  fro m  columns 2 a n d  3 o f  T ab le  I I I  th a t  th e  v a lu es  
o f  185 to  210 mm H g fo u n d  b e fo re  p rep a ra tio n  h a d  fa llen  b y  th e  tim e  o f th e  
a c u te  ex p erim en t to  b e tw e e n  140 and  160 m m  H g  o n  acco u n t of th e  iso la tio n  
o f  th e  re n a l vein or, m ore  p rec ise ly , in consequence  o f th e  haem orrhages in 
v o lv e d  b y  its  iso lation . B u t e v e n  these values ex ceed ed  th e  no rm al range.

A t au topsy , th e  k id n e y  w hose a rte ry  h a d  b e e n  lig a te d  was lite ra lly  fu sed  
w ith  i ts  env ironm en t; i t  d isp la y e d  an a b u n d a n t v a s c u la r  ne tw o rk  w ith  d ila ted
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Table III

R enal fu n c tio n  in  the survivors

116/65 64/65 35/65 47/65 121/66

B lood pressure

before I 210 183 190 205 210
\ in te rven tion

a fte r  J 160 163 150 145 140

K B F inl/m in 217 273 324 266 410

H t 20 37 38 37 27

R P F  m l/m in 174 172 201 167 298

G F R  m l/m in 24 21 36 30 48

^creat 0.10 0.12 0.08 0.16 0.16

Ein 0.14 — 0.12 0.18 —

E p A H 0.30* 0.59 0.56 0.66 0.44**

V /m in/m l 0.86 0.50 0.48 2.71 1.40

T m P A H 4.8 4.9 5.0 4.9

H b  g pe r 100 ml 7.9 12.6 14.0 14.0 9.3

-AVDqj vo l% 1.7 1.6 1.5 1.7 1.4

Qo2 ml 3.70 4.37 4.85 4.53 4.16

U Na • V 26 6 6 30 510 220

U/Posm 1.3 2.9 1.0 1.8 1.8

N P N  m g per 100 ml 104 42 40 36 62

R enal w eight, g 19.4 45.8 60.2 35.0 16.2

* P a_pAH over 5 m g per 100 ml ** P -PAH o v e r 7 mg per 100 ml

Fig. 3. L eft k idney  a f te r  lig a tio n  of its  a r te ry . C olla tera ls o rig ina ting  from  th e  m esen teria l 
sy s te m  (in s itu , in v ivo ; a n im a l No. 64/65)
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F ig . 4. C olla tera ls and v a sc u la r  n e tw o rk  of the  l ig a ted  le f t  k id n e y  a fte r in tra a r te r ia l  P V P
in je c tio n  (anim al No. 116/65)

F ig . 5. P a tch y  necro sis  a f te r  ligation  of re n a l a r te r y  (an im al No. 47/65)

c a p su la r  vessels. T he u re te r  w as th ickened . T h e  k id n e y s  w eighed less th a n  
n o rm a l b u t  for one case w h e re  th e y  w eighed  m o re . T he co lla tera ls seen 
in  F ig . 3 o rig inated  fro m  th e  m esenteria l sy s te m  (N o. 64/65). F ig. 4 show s 
th e  co lla te ra ls  and  th e  v a s c u la r  ne tw ork  of a n im a l N o. 116/65 a fte r  in je c tio n  
o f p o ly v in y l pyrro lidone. T h e  n ec ro tic  pa tches a l te rn a t in g  w ith  in ta c t a reas  in  
a n im a l N o. 47/65 are seen in  F ig . 5.

c)  9 an im als (m ark ed *  in  T ab le  I I )  w ere k e p t  a f te r  rig h t n e p h re c to m y  
in  m e ta b o lic  cages. One o f  th e s e  anim als (No. 121) su rv iv e d , one (No. 29) d ied  
w ith  u ra e m ia  on th e  2 9 th  d a y , th e  o th e r 7 b e tw e e n  th e  6 th  and  11 th  d ay s .
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F  ig. 6. D aily  d iu res is  pe r sq. m  b o d y -su rface  in  one group  of an im als w ith  lig a te d  le f t k id n ey  
A bscissa: n u m b er o f d ay s a f te r  r ig h t nep h rec to m y

A ccording to  F ig . 6, in  fou r an im als  (Nos 127, 30, 31, 75) w hich h a d  d ied , u r i
n a ry  o u tp u t  w as sim ilar to  th a t  o f  th e  su rv iv o rs  du ring  th e  sam e p e rio d  w hereas 
th e  rem ain in g  fo u r (Nos 53, 32, 63, 39) w ere defin ite ly  oliguric. I n  a ll o f  the 
an im als  w hich h a d  died , c rea tin in e  an d  ca rb am id e  excre tion  w as low  a n d  N P N  
rose ra p id ly  (F ig . 2). T h e  osm otic  q u o tie n t o f blood an d  p lasm a  w as a ro u n d  
1, in  o th e r  w ords, th e  k id n ey  w as hypo- o r a s th en u ric . C o m p ara tiv e  d a ta  re 
co rded  over 28 days in  one o f th e  su rv iv o rs  an d  in  one of th e  le th a l  cases, are 
p re sen ted  in  F ig . 7.

In  th e  dogs w hich h ad  d ied  o f ren a l fa ilu re , th e  k id n ey s w ith  lig a te d  a r
te ry  show ed gross a tro p h y  an d  w eighed be tw een  8 and  16 g. T h e y  w ere  fused 
w ith  th e  a d ja c e n t tissues. T h e ir  a b u n d a n t co lla te ra l ne tw o rk  w as o f  a cobw eb- 
like delicacy. A p a rt from  s lig h t q u a n ti ta t iv e  differences, th e  h is to lo g ic  p a tte rn  
w as un ifo rm , its  m ain  fea tu re s  be ing  co rtica l a tro p h y  and  th in n in g  in  c o n tra s t 
to  fa irly  p reserv ed  su b co rtica l a reas w ith  num erous n o rm al, o f te n  g igan tic  
ju x ta m e d u lla r  glom erules a rran g ed  in ty p ic a l strings or g ro u p s, a n d  to  in 
t a c t  m e d u lla ry  areas (F ig . 8).

D iscussion

T he co lla te ra l sy stem  su p p ly in g  th e  k id n ey  in h u m an  b e in g s , dogs, and 
ra b b its  [1, 9, 10, 16] has th e  follow ing c o n stitu en ts .

a )  D irec t lu m b a r b ran ch es  o f th e  a o rta  ru n n in g  b eh in d  th e  k id n e y  and 
en te rin g  th is  o rgan  in  th e  h ilu m , p a ra lle l w ith  th e  ren a l a r te ry ;  b)  vessels 
w hich  acco m p an y  th e  u re te r  an d  su p p ly  th e  connective and  fa t  tis su e s  o f the
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Fig. 7. C orre la tio n  o f d a ta  of survivors w ith  th o se  o f th e  le th a l cases

re n a l pelv is as well as th e  p e r ih ila r  region of th e  c o rte x . T hese vessels co m m u n i
c a te  w ith  th e  a rcu a te  a r te r y  a n d  supply  large  a re a s  o f th e  ren a l p a ren ch y m a ;
c) an  a b u n d a n t c a p su la r  n e tw o rk  o rig inating  fro m  th e  sp e rm atic , su p ra ren a l, 
p h re n ic  (arcus exo rena lis), su p e rio r , and in fe rio r m e sen te ric  a rte ries . The d iffe r
e n t  d is tr ib u tio n  of th e  a re a s  le f t in ta c t a f te r  l ig a tio n  o f th e  ren a l a r te ry  is due  
to  in d iv id u a l v a ria tio n s  in  th e s e  collaterals [20]. T h e  in v es tig a tio n s  of W o l f  

a n d  H e i s e n  [22] in to  th e  b lo o d  supply  of th e se  a rea s  h av e  show n th a t  one 
w eek  a f te r  ischaem iza tion  th e  blood leaves th e  re n a l  v e in  a t  a ra te  of 10 to  
20 d ro p s  per m inu te  w h ich  corresponds to  20 p e r  c e n t o f th e  no rm al flow . O n 
th e  ev idence  of o th e r  s tu d ie s  th e  blood leav in g  th e  k id n e y  on th e  f if th  d a y  
a f te r  in te rc e p tio n  of i ts  b lo o d  supp ly  corresponds to  1/10 to  1/4 of th a t  o f th e  
o th e r  side and  u r in a ry  e x c re tio n  ceases a t th e  a ffe c ted  side [23]. A ccording to
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F ig . 8. C ortical a tro p h y  w ith  h y p e rtro p h ic  ju x ta m e d u lla r  g lom eru les o f  a n im a l No. 36/65, 
d ied  179 days a f te r  lig a tio n  o f th e  left ren al a r te ry  an d  9 d ay s  a f te r  r ig h t  n ep h rec to m y

S h eeh a n  and D avis [20] one third to one half o f the renal parenchym a m ay  
be k ep t alive by the collateral blood supply.

R esu lts  o b ta in e d  in  o u r g roup  a)  show ed th a t ,  a f te r  lig a tio n  o f  its  renal 
a r te ry , th e  left k id n e y  receives a m in im al b lood  su p p ly  b e tw een  th e  7 th  and 
106 th  d a y  a fte r  lig a tio n , an d  th e  organ  undergoes g ra d u a l a tro p h y  an d  shows 
no sign  o f any  fu n c tio n  d u rin g  th e  en tire  period .

I f  r ig h t n e p h re c to m y  w as p erfo rm ed  80 to  100 day s a f te r  lig a tio n  of th e  
left re n a l a r te ry , a co lla te ra l sy stem  p ro v id ing  fo r  a p p ro x im a te ly  tw o  th ird s  
o f  th e  no rm al re n a l fu n c tio n s  h ad  tim e  to  develop  an d  all o f th e  s ix  an im als 
su rv iv ed  [5, 12]. R e su m p tio n  o f ren a l fu n c tio n  re flec tin g  an  a d e q u a te  co lla t
e ra l b lo o d  su p p ly  w as d em o n strab le  in  six  cases a f te r  lig a tio n  o f th e  ren a l a r
te ry . T hese  re su lts  seem  to  suggest th a t  d ev e lo p m en t o f  an  a d e q u a te  co lla tera l 
b lo o d  su p p ly  req u ires  a c e r ta in  period  of tim e , since no an im a l su rv iv ed  if 
th e  in te rv a l b e tw een  th e  lig a tio n  of th e  left ren a l a r te ry  an d  th e  r ig h t n ep h rec
to m y  h a d  been less th a n  80 days.

I f  an  8 0 -d a y -in te rv a l allow s su ffic ien t tim e  fo r  th e  co lla te ra ls  to  develop 
to  th e  e x te n t o f p ro v id in g  fo r th e  fu n c tio n s o f  a k id n ey  w hose b lood  supp ly  
th ro u g h  th e  ren a l a r te ry  h as  been  cu t off, w h y  th e n  do th e  an im als  succum b 
to  n e p h re c to m y  o f th e  c o n tra la te ra l  side if  th e  in te rv a l se p a ra tin g  i t  from  th e  
lig a tio n  of th e  le ft re n a l a r te ry  is as long as 101 to  186 d a y s?  T h e  fa c ts  revealed  
b y  th e  in v es tig a tio n s  o f  Goldblatt e t al. [13] in to  th e  m echan ism  of induced  
h y p e rten s io n  p e rm it to  assum e th a t  th e  red u ced  b lood  flow  asso c ia ted  w ith  th e  
lig a tio n  o f th e  ren a l a r te ry  e lic its an  increased  p ro d u c tio n  o f re n in  accoun ting
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fo r  th e  m ain ten an ce  o f h y p e r te n s io n . In  5 a c u te  ex p e rim en ts  p erfo rm ed  in  
th is  se rie s , blood p ressu re  ra n g e d  betw een  180 a n d  210 m m  H g  b e tw een  th e  
1 4 th  a n d  8 0 th  days a f te r  re m o v a l o f  th e  r ig h t k id n ey . In  th e  lig h t o f  th e  Gold- 
BLATT-mechanism th e  fa c t t h a t  th e  co lla terals a re  cap ab le  o f  su p p ly in g  th e  
k id n e y  a f te r  ligation  of th e  re n a l a r te ry  ap p ears  to  be  fu lly  c o n s is te n t w ith  
th e  e v e n tu a l  p ro duc tion  o f  h y p e rte n s io n .

O n  th e  evidence o f  P ic k e r in g ’s ra b b it  e x p e rim e n ts  [19], th e  conse
q u e n c e s  o f  h y p ertension  a re  r e la te d  to  its  d u ra tio n . I f  i t  has p e rs is te d  longer 
t h a n  50  d ay s , it  is beyond  th e  s ta g e  w hen c o n tra la te ra l n e p h re c to m y  is o f an y  
u se , a s  accord ing  to  P ic k e r in g  b y  th is  tim e  its  m a in te n a n c e  h as  been  ta k e n  
o v e r  b y  e x tra re n a l m ech an ism s. H uber  [15] has show n th a t  in  th e  r a t  h y p e r
te n s io n  ta k e s  65 days to  b eco m e  irreversib le .

I n  conform ity  w ith  d a ta  in  th e  lite ra tu re , th e  p re se n t re su lts  c learly  
in c r im in a te  th e  reduced  re n a l  b lo o d  supp ly  fo r th e  m a in te n a n c e  o f a rte ria l 
h y p e r te n s io n . The c ritica l p e r io d  b ey o n d  w hich a r te r ia l  h y p e rte n s io n  is b ound  
to  a f fe c t  ren a l function  m a y  b e  e s tim a te d  a t  th re e  m o n th s . I f  th e  h y p e rten s io n  
p e r s is ts  fo r  four to  six m o n th s  — as it  supposed ly  d id  in  o u r cases w ith  fa ta l 
o u tc o m e  — th e n  i t  is well p o ss ib le  t h a t  i t  a c c e n tu a te s  th e  te n d e n c y  to  co n stric 
t io n  o f  re n a l vessels, p a r t ic u la r ly  in  a prev iously  d am ag ed  k id n ey .

I n  th is  m anner th e  a n im a ls  w hich  had  been  n ep h rec to m ized  101 to  186 
d a y s  a f te r  ligation , m u st h a v e  re a c h e d  a stage  o f a r te r ia l  h y p e rte n s io n  w here 
d e s p ite  a n  adequa te  c o lla te ra l b lo o d  supp ly , a r te r io la r  dam ag e  a n d  cortical 
a t r o p h y  h a v e  so fa r a d v a n c e d  t h a t  c o n tra la te ra l n e p h re c to m y  m u s t h av e  led 
to  f a t a l  re n a l failure. W e a re  th u s  inc lined  to  ascribe  th e  d e a th s  in  th is  group 
to  a r te r ia l  h y p ertension  a n d  to  its  e x tra re n a l consequences.

F u r th e r  in v estig a tio n s in to  th e  n a tu re  o f th e  h y p e rte n s iv e  co n d itio n  in 
d u c e d  b y  th e  ligation  o f th e  re n a l  a r te ry  are in  course.
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T H E  M ECHANISM  OF ELEC TR O C A RD IO G R A PH IC  
C H A N G ES IN TH Y R O TO XIC O SIS

B y

P . Schw eitzer , T . H ild ebr a n d , H . K lvanová  and E . Mer sten o v á

F IR S T  AND SECOND DEPARTM ENTS O F M E D IC IN E , FACULTY OF M ED IC IN E ,
Sa f A R IK  U N IV ERSITY , K O SICE, CZECHOSLOVAKIA

(R eceived J a n u a ry  6, 1967)

An a n a ly s is  o f  th e  ECG  changes in  th y ro to x ic o s is  and  th e  re la tio n sh ip  b e tw een  
th e  ECG  a n d  som e clin ical and  h aem o d y n am ic  fa c to rs  has been perfo rm ed . T h e  re su lts  
in d ic a te  t h a t  in  a d d itio n  to  th y ro id  o v e ra c tiv i ty  o th e r  facto rs also c o n tr ib u te  to  th e  
EC G  changes in  p a tie n ts  w ith  th y ro to x ico sis .

T h e  influence  o f th y ro id  o v e ra c tiv ity  on  th e  e lec trocard iog ram  h a s  o ften  
been  s tu d ie d  [7, 8, 10, 15, 19]. T he re su lts , h o w ev e r, are co n tro v ersia l. O ne of 
th e  m o s t d iscussed  q u estio n s is w h e th e r th e  cause of th e  ECG  ch an g es  in 
th y ro to x ico s is  is so lely  th e  increased th y ro id  a c t iv i ty  or w h e th e r som e o th e r  
fa c to rs  also h av e  a p a r t  in  these  changes [1 , 8, 19].

T h e  p u rpose  o f th e  p resen t p ap e r w as to  in v estig a te  th e  re la tio n sh ip  
b e tw een  th e  ECG  a n d  som e clinical an d  h a e m o d y n a m ic  fac to rs. T h e re fo re , th e  
in fluence  on th e  E C G  o f th e  p a tie n ts ’ age, d u ra t io n  of th e  illness, b o d y  m ass, 
b lood  p ressu re  a n d  th e  sy m p a th e tic  sy s tem  h as  been  s tu d ied  in  p a t ie n t  w ith  
th y ro to x ico s is .

Material and m ethods

W e have  in v e s tig a te d  36 p a tie n ts  w ith  th y ro to x ic o s is , diagnosed on th e  b a s is  o f  th e  
c lin ical p ic tu re  an d  la b o ra to ry  find ings, in c lu d in g  131I u p ta k e . F o u r ECGs w ere  re co rd e d  in 
every  case. T he f ir s t  cu rv e  w as ta k e n  in  th e  su p in e  p o sitio n , th e  second one in  th e  u p r ig h t  
p o sitio n , du rin g  th e  f i r s t  m in u te . T he n e x t tw o cu rv es , in  sup ine and  u p rig h t p o s itio n , were 
reco rd ed  90 m in u te s  a f te r  ad renerg ic  b lockade. S y m p a th e tic  a c tiv ity  w as in h ib ite d  w ith  th e  
b e ta -ad re n e rg ic  b lo ck in g  d ru g s  p ro netha lo l [3] a n d  p ro p ran o lo l*  [2] in  doses o f  300— 400 m g 
an d  40 m g, re sp ec tiv e ly , adm in iste red  orally .

In  every  p a tie n t,  th e  follow ing ECG p a ra m e te rs  w ere  analysed : h e a rt r a te ,  P Q  in te rv a l , 
th e  a m p litu d e  of P 2, T 2 R y ja n d  th e  sum  of Syi +  R y 5. T h e  d a ta  were co rre la ted  w ith  th e  p a 
t ie n t’s age, d u ra tio n  o f th e  illness, pondéral in d ex  (b o d y  m ass) [13] and blood p re ssu re . S ta tis 
tica l sign ificance  w as co m p u te d  w ith  S tu d e n t’s T  te s t .

R esults

In  T ab les I  a n d  I I  an d  F igure 1 th e  c lin ica l d a ta  an d  th e  in flu e n c e  of 
p o s tu ra l changes b e fo re  an d  a fte r ad ren e rg ic  b lockade are p re se n te d . F rom  
Fig. 1 an d  T ab le  I  i t  is ev id en t th a t  th e  a d re n e rg ic  b lockade in  th e  su p in e  posi-

* K in d ly  su p p lied  as A lderlin  and  In d e ra l  b y  Im p eria l Chem ical In d u s tr ie s ,  L td .
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t io n  d e c re a sed  th e  h e a r t r a te  from  108/m in. to  91/m in. (p < 0  .01), a n d  th a t  
th e  o r th o s ta t ic  increase in  h e a r t  ra te  before th e  ap p lica tio n  of b e ta -a d re n e rg ic  
b lo c k in g  d ru g s was 12/m in. a n d  a fte r  th e  in h ib it io n  o f th e  sy m p a th e tic  sy s te m , 
9 /m in . T h e  increase in  h e a r t  r a te  in  th e  u p r ig h t  p o sitio n  before an d  a f te r  a d 
re n e rg ic  b lockade  w as s ig n if ic a n t s ta tis t ic a lly  (p 0.01). F igure 1 in d ic a te s

HR PQ P2 T2
min sec mV mV mV

F ig . 1. E f fe c t  o f  adrenergic b lo ck ad e  in  th e  ECG. I. B efo re  ad ren erg ic  b lockade; I I .  A fte r  a d re n
ergic b lo ck ad e

Table I

Clinical data

M ean Ranges

A ge 47.5 23.0 69.0

P o n d é ra l  index 12.8 11.0 13.8
* D u ra tio n  of illness 38.4 2.0 140.0

S y s to lic  blood pressure 152.0 120.0 210.0

D ia s to lic  blood pressure 88.0 70.0 130.0

M ean  blood pressure 109.0 90.0 156.6

* E x p re s se d  in  m o n th s

t h a t  a d re n e rg ic  b lockade d id  n o t  com plete ly  ab o lish  th e  ta c h y c a rd ia  in  p a 
t ie n ts  w ith  thy ro to x ico sis . A t th e  sam e tim e , a s ig n if ic a n t co rrelation  w as fo u n d  
b e tw e e n  re s tin g  h e a r t r a te  a n d  th e  effect o f  ad ren e rg ic  b lockade (r =  0.50, 
p <C 0 .0 1 ), w hich  m eans t h a t  th e  m ost p ro n o u n c e d  effect o f ad renerg ic  b lo c k 
ade  o c c u r re d  in  p a tie n ts  in  w h o m  th e  h e a r t r a te  w as th e  h ighest.

T h e  PQ  in te rv a l in  th e  sup ine  position  w as 0.155 sec. and  ad re n e rg ic  
b lo c k a d e  p ro longed  i t  to  0 .17 sec. (p < 0  .05). I n  th e  u p rig h t p o sitio n  b e fo re  
s y m p a th e t ic  in h ib itio n  th e re  w as a sh o rten in g  o f  th e  PQ  in te rv a l (m inus 0.015 
sec.) a n d  a f te r  adrenerg ic b lo ck ad e  a sh o rte n in g  am o u n tin g  to  0.02 sec. B o th  
th e se  c h a n g e s  were s ig n ifican t s ta tis tic a lly  (p <  0.01).

T h e re  are  m any  fac to rs  w h ich  influence  th e  PQ  in te rv a l. One o f th e se  is 
th e  h e a r t  r a te .  I ts  increase lead s  to  a sh o rte n in g  o f  th e  PQ in te rv a l. In  F ig . 2
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Table I I

In fluence o f  postura l changes on the electrocardiogram before and after adrenergic blockade

B efore  adrenerg ic b lo ck ad e A fter ad renerg ic  b lo ck a d e

S u p in e  pos. U p r ig h t  p o s . Supine pos. U p r ig h t  pos.

H e art ra te M ±

SEM 1 0 8 ± 2 .5 0 1 2 0 ± 2 .6 6 91 ±1 .98 100 ± 1 .9 1

P < 0 .0 1 < 0 .0 1

PQ in te rv a l M ±

SEM 0.155 ±0.0046 0 .1 4 0 ± 0 .0 0 3 9 0.170±0.0041 0 .1 5 0 ± 0 .0 0 3 9

P < 0 .0 1 < 0 .0 1

H eigh t o f P 2 M ±

mV SEM 0.12±0 .0081 0 .1 6 ± 0 .0 1 2 3 0.09 ±0.0065 0 .1 2 ± 0 .0 0 9 7

P < 0 .0 5 < 0 .0 5

H eight of T , M ±

mV SEM 0.21 ±0.0160 0 .1 3 ± 0 .0 1 6 0 0 .22±0.015 0 .1 8 ± 0 .0 1 6 0

P < 0 .0 1 > 0 .0 5

H eig h t o f RV„ M ±

mV SEM 1.70 ±0.0790 1.50 ± 0 .0 9 3 0 1.70±0.067 1 .5 0 ± 0 .0 8 2 0

> 0 .0 5 > 0 .0 5

is p resen ted  th e  re la tio n sh ip  betw een  h e a r t  r a te  and  PQ in te rv a l b e fo re  an d  
a fte r  ad renerg ic  b lo c k a d e  in  th e  supine p o s itio n . Fig. 2 in d ica tes  t h a t  in  11 
p a tie n ts  before a n d  in  7 p a tie n ts  a fte r  th e  ad ren erg ic  b lockade th e re  w as a 
p ro lo n g a tio n  of th e  P Q  in te rv a l. O therw ise , w e found  no s ta tis t ic a lly  sig n if
ic a n t co rre la tio n  b e tw e e n  h e a r t ra te  a n d  P Q  in te rv a l n e ith e r in  th e  sup ine  
n o r in  th e  u p r ig h t p o s itio n . T he resu lts  c o n firm  th e  assum ption  t h a t  in  som e 
p a tie n ts  w ith  th y ro to x ic o s is  th ere  is a re la t iv e  p ro longa tion  of th e  P Q  in te rv a l.

A ccord ing  to  sev e ra l papers [14, 15, 18, 19] th e re  is an  in c rea se  in  th e  
am p litu d e  of P 2 3 in  p a tie n ts  w ith  th y ro to x ic o s is . In  our group th e  m e a n  v alue  
fo r P 2 was 0.12 m V. A drenerg ic  b lockade d ec rea sed  it  s ign ifican tly  to  0 .09 mV 
(p <[ 0.01). D u rin g  th e  p o s tu ra l changes b e fo re  an d  a fte r ad ren erg ic  b lo ck ad e  
th e re  was a s ta t is t ic a l ly  s ign ifican t in c rea se  in  th e  voltage of P 2 (p <  0.05). 
T he re la tio n sh ip  b e tw e e n  sy m p a th e tic  a c t iv i ty  and  th e  a m p litu d e  o f  P 2 is 
also ev iden t from  th e  sig n ifican t co rre la tio n  b e tw een  the  decrease in  a m p litu d e  
o f P 2 a fte r  s y m p a th e tic  in h ib itio n  and  th e  re s tin g  am plitude  o f th e  P 2. T he 
m ost p ro n o u n ced  e ffec t o f adrenergic b lo c k a d e  w as seen in p a tie n ts  in  w hom  
th e  v o ltage  of P 2 w as th e  h ighest (r =  0 .65, p  <C 0.01). The c o rre la tio n  b e tw een  
h e a r t ra te  and  th e  a m p litu d e  of P 2 w as n o t  s ig n if ican t (r =  0.29, p >  0.05).
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T h y ro id  o v e ra c tiv ity  is kn o w n  to  in flu en ce  th e  T  w ave [7, 15, 18, 1 9 ]. In  
o u r  p a t ie n ts  th e  m ean  a m p litu d e  o f T 2 w as 0.21 mV. A drenergic b lo c k a d e  
h a d  n o  e ffec t on th e  v o lta g e  o f  T 2. D uring  o r th o s ta s is  th e re  was a s ig n if ic a n t 
d e c re a s e  o f  th e  am p litu d e  o f  T 2 (p <  0.01) an d  ad ren erg ic  b lockade p re v e n te d  
a n y  s ig n if ic a n t f la tte n in g  o f  th e  T ,  in  th e  u p r ig h t  position . O ther fa c to rs  m a y

НШГ Ш Г
200 ISO too 50
I—I—I— I— I— I----1---- 1---- 1-----1----- 1------ 1------- 1-------- 1---------1-----------1

F ig. 2. О B efore  a d ren e rg ic  b lockade •  A fte r  ad ren erg ic  blockade

also  c a u se  T  w ave changes in  p a tie n ts  w ith  th y ro to x ic o s is . In  ou r g ro u p  th e  
c o r re la t io n  betw een  age a n d  th e  am p litu d e  o f  T 2 w as only s ig n if ic a n t s t a 
t i s t ic a l ly .  W ith  age, th e  T  w a v e  becam e sm a lle r  (r  =  —0.33, p <  0.05).

T h e  vo ltage of th e  R Vs w av e  is in creased  in  som e p a tien ts  w ith  th y r o 
to x ic o s is  [15, 18]. A d ren erg ic  b lo ck ad e  an d  p o s tu ra l  changes had  no e ffec t on
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th e  a m p litu d e  o f  R Vs. O n th e  o th e r h a n d , th e re  w as a sign ifican t co rre la tio n  
b e tw een  th e  a m p litu d e  o f R V5 an d  th e  sy s to lic  b lood  pressure. O n in c reasin g  
b lood  p ressu re  th e re  w as an  increase  in  th e  am p litu d e  of R V5 (r =  0.36, 
p <  0.05). S im ila rly , th e re  w as a s ig n if ic a n t co rre la tio n  b e tw een  th e  su m  of 
S v i +  R v5 an d  sy sto lic  b lood  p ressu re  (r =  0 .33 , p <  0.05). T h e  re la tio n sh ip  
b e tw een  th e  p o n d é ra l in d ex  and  th e  Rv= w av e  w as n o t sig n ifican t s ta tis t ic a lly  
(r =  0.02, p <  0.05).

ГЯЕ MECHANISM OF ELECTROCARDIOGRAPHIC CHANGES

D iscussion

T a c h y c a rd ia  is one of th e  c o n s ta n t sy m p to m s of th y ro to x ic o s is . T he 
acce lera tio n  o f th e  h e a r t  r a te  m ay  h a v e  tw o  causes. The f irs t one is th e  th y ro id  
o v e ra c tiv ity  a n d  th e  second th e  in c rea sed  a c tiv i ty  of th e  sy m p a th e tic  sy s tem . 
T h e  p a r tic ip a tio n  o f  th is  second fa c to r  is n o t  genera lly  accep ted  [4, 5, 9, 11, 
17, 20]. F ro m  o u r re su lts  i t  m ay  be co n c lu d ed  th a t  th e  sy m p a th e tic  system  
h as a p a r t  in  th y ro to x ic  ta c h y c a rd ia  a n d  th a t  th e  sy m p a th e tic  acce lera tio n  
of th e  h e a r t r a te  v a rie s  from  p a tie n t  to  p a tie n t .

T h y ro id  o v e ra c tiv ity  increases th e  a m p litu d e  of th e  P 2 w ave [14, 15, 18, 
19]. T h is is d u e  e ith e r  to  th e  increased  sy m p a th e tic  a c tiv ity  o r to  th e  ta c h y 
ca rd ia  itself. In  o u r p a tie n ts  th e re  w as no  sig n ifican t co rre la tion  b e tw een  h e a r t 
r a te  a n d  th e  a m p litu d e  o f P 2. O n th e  o th e r  h a n d , th e re  w as a s ig n if ic a n t de
crease in  th e  a m p litu d e  of P 2 a f te r  sy m p a th e tic  b lockade an d  a s ig n ifican t 
co rre la tio n  b e tw een  th e  re s tin g  a m p litu d e  o f  P 2 and  th e  d ecreasin g  e ffec t of 
th e  ad ren erg ic  b lo ck ad e . T hese o b se rv a tio n s  su p p o rt th e  a ssu m p tio n  t h a t  th e  
cause o f th e  in c rease  in  th e  am p litu d e  o f  P 2 re s ts  w ith  th e  sy m p a th e tic  sy stem . 
T h e  m echan ism  b y  w hich  these  changes a re  b ro u g h t a b o u t, rem a in s  u n k n o w n .

T h e  in flu en ce  o f th y ro to x ico s is  on  th e  T  w ave has o ften  b e e n  s tu d ie d  in  
recen t years  [7, 15, 18, 19]. W e h a v e  show n  [16] th a t  in  y o u n g  th y ro to x ic  
p a tie n ts  th e  T  w av e  is o ften  in creased . F ro m  th e  p resen t re su lts  i t  m a y  be 
concluded  th a t  w ith  increasing  age a f la t te n in g  o f th e  T 2 w ave occurs. I t  is 
n o t know n w h e th e r  th is  w as due to  th e  age i ts e lf  or ra th e r  to  isch aem ic  h e a r t 
d isease o ften  e n c o u n te re d  in  o lder p a tie n ts .

In  som e p a tie n ts  w ith  th y ro to x ic o s is  th e re  is an  increase in  th e  v o ltag e  
of th e  R v5 w av e  [15, 18]. T his m ay  be  cau sed  e ith e r  b y  a h y p e r tro p h y  o f th e  
le ft v en tric le  o r b y  th e  th in n ess  o f th e  th o ra c ic  w all. T he n o n -s ig n if ican t co rre 
la tio n  b e tw een  p o n d é ra l in d ex  an d  th e  a m p litu d e  of R V5, an d  th e  s ig n ifican t 
re la tio n sh ip  b e tw een  th e  am p litu d e  o f R Vs an d  systo lic  b lood  p re ssu re  su p p o rt 
th e  a ssu m p tio n  t h a t  th e  increased  a m p litu d e  of Rvs m ay  be cau sed  b y  th e  
h y p e r tro p h y  o f th e  le f t ven tric le .

As to  th e  p ra c tic a l im p o rtan ce  o f th e  re su lts , th e  q u estio n  a rises  w h e th 
er o r n o t, b e ta -a d ren e rg ic  b lock ing  d ru g s a re  in d ica ted  in  th y ro to x ic o s is . O ur 
re su lts  su p p o rt th e  op in ion  o f tho se  w ho recom m end  a s im u ltan eo u s ad m in is-
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t r a t io n  o f a n ti th y ro id  d rugs an d  b e ta  ad ren erg ic  b lo ck in g  drugs [4, 9, 17]. W e 
believe  th a t ,  p a r tic u la r ly  a t  th e  beg inning  o f  t r e a tm e n t ,  w hen a n tith y ro id  th e 
ra p y  is n o t  y e t  e ffec tiv e , b e ta  adrenerg ic  b lo c k a d e  shou ld  be app lied . A cco rd 
ing  to  o u r  p re lim in a ry  re su lts  th e re  is y e t a n o th e r  in d ica tio n  for b e ta -a d re n e r
gic b lo ck in g  d rugs. W e h av e  nam ely  ach ieved  som e im p ro v em en t w ith  p ro p ra 
nolo l in  p a tie n ts , w ho received  tr iio d o th y ro n in e  a n d  th y ro id in e  e ith e r  as a 
t r e a tm e n t  of h y p o th y ro id ism  or of goitre.
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STARLING’S LAW OF OEDEMA PRODUCTION
ITS M A TH EM A TIC A L A N A L Y SIS  F R O M  IIA E M O -L Y M PIIO D Y N A M IC  A SPEC TS

, By
M. F öldi and L. Lehotai

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED 

(R eceived  J a n u a ry  9, 1967)

S t a r l in g ’s la w  a s s ig n s  th e  sa m e  o e d e m a to g e n ic  e ffe c t to  th e  in c r e a s e  in  c a p il
la ry  p re ssu re  a n d  to  th e  r e d u c t io n  in  co llo id  o sm o tic  p re ssu re .

T ak ing  in to  a cc o u n t th e  ly m p h o d y n am ic  aspects o f oedem a p ro d u c tio n , i t  is 
claim ed th a t  in  sy s tem ic  v enous h y p e rte n sio n  th e  increase in  c ap illa ry  p re ssu re  rep re 
sen ts an oedem atogen ic  p o ten c y  tw ice  as g re a t as th e  red u ctio n  in co llo id  o sm otic  pres
sure.

S t a r l in g ’s law  in  i t s  c la s s ic a l fo rm  as w ell as w ith  i ts  m o d if ic a tio n  b y  th e  p re s
e n t  a u th o rs  is d e f in a b le  in  e q u a t io n s .

O n th e  b a s is  o f  t h e  p e r ta in in g  d a ta  o f  K o r á n y i a n d  F a r k a s , a  n e w  m a th e m a tic a l  
c o r re la tio n  h a s  b e e n  fo u n d  to  s u b s ta n t i a te  th e  c la im  th a t  in  sy s te m ic  p h le b o h y p e r te n -  
s io n  th e  o e d e m a to g e n ic  p o te n c y  o f  c a p i l la ry  p re ssu re  is a b o u t  tw ic e  t h a t  o f  colloid 
o sm o tic  p re ssu re .

Starling’s classical law  concerning the equilibrium betw een  capillary 
pressure and colloid osm otic pressure o f plasma proteins m ay be defined by 
the equation

K ,  -  K i =  Pc -  Pi (1)
w here

K s rep re sen ts  th e  collo id  o sm otic  pressu re  of b lood  se ru m ;
K j,  th e  colloid o sm otic  p ressu re  o f in te rs titia l flu id ;
Pc, th e  cap illa ry  p ressu re ;
Pi, th e  in te rs ti t ia l  (tissue) p ressu re .
In  a s ta te  o f eq u ilib riu m  sa tisfy in g  th is  eq ua tion , a b o u t 20 l i tre s  of fluid 

a re  f ilte re d  in  24 hrs th ro u g h  th e  a r te r ia l end of th e  cap illa ries in to  th e  in ter- 
s t i t iu m  in  a h e a lth y  a d u lt. 16 to  18 litre s  of th is  are re a b so rb e d  th ro u g h  the 
ven o u s end of th e  cap illa ries an d  2 to  4 litre s  are re tu rn ed  in to  th e  c ircu la tio n  as 
ly m p h .

T h e  follow ing e q u a tio n  fo rm u la te d  b y  Landis an d  P appenh eim er  
(1963) expresses th e  sam e re la tio n sh ip s  as eq u a tio n  (1) ex cep t fo r  th e  in tro 
d u c tio n  of a f iltra tio n  coeffic ien t

F M  = k ( P c -  K s -  Pi +  К ,)  (2)
w here

F M  rep resen ts  th e  f i l t r a t io n  flu id  flow , and 
к  rep resen ts th e  coeffic ien t.
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T h e  p resen t s tu d y  d e a ls  w ith  th e  oedem atogen ic  e ffec t o f th e  changes in  
P f a n d  K s.

W h e th e r  analyzing  p h leb o h y p e rto n ic  o ed em a due to  an  e leva tion  of 
P c, o r  hypoonco tic  o ed em a  d u e  to  a reduction  o f  K s, b o th  will p resu m ab ly  
in f lu e n c e  K i and Р,- to  e x a c t ly  th e  same e x te n t  in  th e  acu te  ex p erim en t. 
T h e re fo re , equation  (1) m a y  b e  sim plified as fo llow s:

K s =  Pc (3)

e x p re s s in g  th e  fact co n firm ed  b y  m easurem ents t h a t ,  in  ev e ry  an im al species 
h i th e r to  stud ied , c ap illa ry  p re s su re  and colloid o sm o tic  p ressu re  of p lasm a 
p ro te in s  are p rac tica lly  e q u a l  u n d e r norm al co n d itio n s .

I t  follows from  e q u a t io n  (3) th a t

a к +  a =  ap +  a (4)

CLk "I- 2CL ap “I-  ‘2.(1 (5)

ak -(- na =  ap -f- na  (6)
w h e re

aic a n d  ap rep resen t th e  a rb i t r a ry  values o f K s a n d  P c.
I n  o th e r words, e le v a tio n  o f  K s and  of P c to  th e  sam e e x te n t leaves th e  

e q u il ib r iu m  of fluid p assag e  u n a ffe c ted  and  leads to  no  f lu id  re te n tio n .
I t  follows from  e q u a tio n  (3) th a t  p h leb o h y p e rto n ic  oedem a of increasing  

s e v e r i ty  is produced if

K's Pc -f- a Pc “H 2 a  Pc ~t~ (n — 1) о Pc na  (7)

I t  also follows fro m  e q u a t io n  (3) th a t  h y p o o n c o tic  oedem a of increasing  
s e v e r i ty  is produced if

P£ >  K's — a >  K s — 2a  >  . . .  >  K ’s — (га — 1) a >  K ’s — na  (8)

K's an d  P'c rep re sen tin g  th e  a rb itra ry  basic  v a lu e s  o f  K s or P c.
T h e  foregoing th e o re tic a l  considerations im p lic a te  th a t  oedem a is o f 

p re c is e ly  th e  same se v e r ity  w h e th e r  resu lting  f ro m  sh ifts  in  flu id  ba lan ce  
f i t t in g  e q u a tio n  (7) or (8).

T h e  condition  in  w h ich  a  g iven  elevation  o f v e n o u s  p ressu re  is associa ted  
w ith  p rec ise ly  the  sam e re d u c t io n  in  colloid o sm otic  p re ssu re , obviously  doubles 
th e  s e v e r i ty  of oedem a:

K '  — na  <  K s — (n — 1) a <2. . . .  K's — 2 a <2 K's — a < P c  +  « < P c  +

+  2a <  . . . <  P'c +  (n — 1) a <  P'c +  na  (9)

(see F ig . I).
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T hese co n sid e ra tio n s  based  on Starling ’s law  leave th e  fa c t o u t o f  ac 
c o u n t th a t  in  h y p o o n co tic  s ta te s  th e  “ sa fe ty  v a lv e ”  fu n c tio n  o f th e  ly m p h a tic  
b ed  asserts  itse lf  u n h in d e red  an d  resists  flu id  re te n tio n  u n til  th e  ex trem e  p o in t 
is reach ed  w here excessive f iltra tio n  has led to  an  o v e rp ro d u c tio n  o f in te rs ti-

F ig. 1. R ig h t side: E q u a tio n  (3). L eft side: E q u a tio n s  (7) a n d  (8). P c (c ap illa ry  p ressu re ) 
has been rep laced  b y  P v (venous p ressure) th is  being  m ore co n v en ien t to  m easu re . P „  a n d  K s 
a re  a ssum ed  to  be 40 cm  H 20 ,  a to  be 10 cm  H 20 .  T h e  a rro w s in d ica te  th e  d irec tio n  o f th e  sh ift 

fro m  oedem a-free to  o ed em ato u s  co n d itions

tia l  flu id  w hich su rp asses  th e  tra n sp o r tin g  c a p a c ity  of th e  ly m p h a tic s . A local 
increase  in  cap illa ry  p ressu re  invo lves th e  sam e cond itions. In  c o n tra s t ,  in  
sy stem ic  p h leb o h y p erten s io n , th e  v e ry  sam e increase  in  venous p ressu re  w hich  
has o v e rth ro w n  Starling ’s equ ilib riu m  in th e  cap illa ry  sy stem , p re v e n ts  th e  
d ra in ag e  o f ly m p h  in to  th e  venous system  (2, 3, 4, 7). In  opposition  to  th e  g en er
al v iew , we m u s t th e re fo re  reg a rd  an  in c reased  K s in  th e  p resence o f sy stem ic  
p h leb o h y p e rten s io n  as an  oedem atogen ic  fo rce  tw ice as g re a t as a red u ced  
K s. A ccord ing ly , an  eq u ilib riu m  in  system ic  p h leb o h y p e rten s io n  m u s t sa tis fy  
th e  follow ing eq u a tio n ,

aPi +  a =  я к , +  2a (10)

W hen  re p re se n tin g  these  co rre la tio n s g rap h ica lly , ap an d  a re  as
sum ed  to  be 40 an d  a  to  be 10 cm  H 20 ,  th e n :

P l =  40 +  a  ( I I )

=  40 +  2a (12)
I t  follow s th a t

a  =  P t -  40
an d

К , -  40
a  =  ------------------

2
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T h e re fo re

a n d

Pl -  40 =
K x -  40

p i =  ^ ; 40 + 4 0

P1 =  ^  +  4 0 - ü  
2 2

P x =  0.5 K x +  20

E q u a tio n s  (10) a n d  (13) are  rep re sen ted  in  F ig . 2.

(13)

F ig . 2 . R ep resen ta tio n  o f e q u a tio n  (10) a'p a n d  aK b e in g  40 cm  H 20 ,  a 10 cm  H 20  

I n  o rd er to  decide w h e th e r  th e  e q u a tio n  co rrespond ing  to  Starling ’s
law

K s =  P c (3)

o r t h a t  b a sed  on our h y p o th e s is

Pc =  0.5 K s +  20

is v a l id  in  generalized p h le b o h y p e rte n s io n  in  h u m a n s , we h av e  m ade use o f th e  
m a te r ia l  o f  F arkas (1928) a n d  K orányi (1930). T h ese  a u th o rs  m easu red  th e  
co llo id  o sm otic  pressu re  o f  p la sm a  p ro te in s  an d  th e  venous p ressu res in  110 
o e d e m a to u s  and n o n -o ed em a to u s  su b jec ts , th e  fo rm er g roup  com p ris in g  u n 
s e le c te d  cases of card ia l, re n a l, a n d  cachectic  oedem a.*  T ab le  I  gives a su m m a ry  
o f  th e  d a ta  o b ta ined ; m ean  v a lu e s  an d  s c a tte r  h a v e  been  co m p u ted  b y  us.

* Colloid osm otic p re ssu re  w as co m p u ted  fro m  th e  se ru m  a lb u m in  a n d  g lo b u lin  v a lu e s . 
V e n o u s  p re ssu re  was m easu red  in s te a d  o f cap illa ry  p ressu re . B o th  p ro cedures a re  still accep tab le .
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Tabic I

M ean values and  scatter in  the 110 cases stud ied  by F a r k a s  [1 ]  and  K o r á n y i  [ 4 ]

Degree of oedema
K . A ( =  A', — 1\.) N um ber of 

patientsMean Scatter Mean Scatter Mean S ca tte r

O edem a absen t (0) 31.0 4.3 6.6 2.8 24.4 4.8 67
O edem a, slight (1) 22.3 6.6 7.2 4.4 15.1 3.6 12
O edem a, m odera te  (2) 23.9 5.7 8.8 6.6 15.1 4.9 11
O edem a, severe (3) 23.2 7.6 12.5 7.3 10.7 5.4 13
O edem a, m assive (4) 27.8 6.0 21.0 7.4 6.8 4.6 7

K o r á n y i  rep re se n te d  th e  d a ta  co llec ted  b y  F a r k a s  g e o m e tr ic a lly  (Fig. 
3) a n d  a rriv ed  a t  a defi itio n  o f  th e  co rre la tio n s  betw een  o ed em a fo rm a tio n , 
v en o u s p ressu re  an d  coll <id osm otic  p ressu re  b y  tw o lim iting  s t r a ig h t  lines. B y 
th is , he fu rn ish ed  th e  f irs t e x a c t g eo m etric  d em o n stra tio n  o f th e  s ta te m e n t

F ig . 3. T he F a r k a s — K o r á n y i  g ra p h  in  its  o rig in a l fo rm , P^0 =  colloid o sm o tic  p ressu re
V =  v en o u s p ressu re  ([6] an d  [7j)

derived from Starling ’s law  th a t the va lues for venous and th e  collo id  os
m otic pressures are interchangeable.

On checking the calculations for th e  tw o straight lines we h a v e  found  
th a t th ey  require a minor correction, i.e.

P„ =  0.89 K s -  12.9 (14)
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a n d
P v =  0.89 K s -  17 .8  (15)

w h e re
P v rep resen ts th e  v e n o u s  pressure.
T h ese  two lines m a y  b e  su b stitu ted  b y  a n  in te rm e d ia te  c ritica l lin e , its  

e q u a t io n  being

P v =  0.89 K s -  15 .3  (16)

G oing fu rth e r, w e d e r iv e d  from  each a g g re g a tio n  of po in ts w hich  K o
r á n y i  him self h ad  en c lo sed  b y  lim iting lines (1930) (F ig . 3) a s tra ig h t line  d e 
f in e d  as follows.

a )  I ts  angle o f in c lin a tio n  m ust be su ch  t h a t  i ts  m axim al le n g th  fa ll 
b e tw e e n  th e  p e rp e n d ic u la rs  d ra w n  from  th e  e x tre m e  p o in ts  of th e  ag g reg a tio n s.

b)  T he difference b e tw e e n  th e  m ean d is ta n c e s  fro m  th e  p o in ts  s i tu a te d  
a t  th e  u p p e r and low er s id e s  should  no t exceed  0 .2  u n its , i.e.

nf n r
A V n (u p p e r)  ^  A F n(lo w er)

—---------------------------------!----------------------------- < 0.2
T lj n a

( th e  lin e  m ust lie in  th e  m id d le  of the agg rega te  o f  p o in ts).
C ondition  ( a )  d e fin es  th e  grad ien t of th e  lin e  a n d  cond ition  (b )  th e  sec tio n  

i t  c u ts  off from  c o o rd in a te  у  (F ig . 4).
T h e  equations o f  th e  lin e s  thus c o n s tru c te d  a re ,

in th e  absence of o ed e m a : F 0 =  0.34 P k0o -  3 (17)

in m in o r  oedem a: V i =  0.72 P kCl -  8 .9 (18)

in m o d e ra te  oedem a: V 2 =  0.96 P k0i -  12.2 (19)

in m assiv e  and  excessive  
oed em a: F 3_ 4 =  1.01 P„0j_ 4 -  9.3 (20)

I n  th e  absence o f  o e d e m a  th e  g rad ien t is 0 .3 4  a n d  increases successively  
to  1 .01. W hen leav ing  f a c to r  ( b )  ou t of acco u n t, th is  gives th e  num erica l v a lu e  
o f  th e  increase in  v en o u s p re s su re  in re la tion  to  th e  collo id  osm otic p ressu re  o f 
th e  p lasm a.

T h e  g rad ien t o f th e  l in e  satisfying e q u a tio n  (17) w hich applies to  th e  
cases  w ith o u t flu id  r e te n t io n ,  nearly  co rresponds to  t h a t  o f equa tion

Pc =  0.5 K s +  20 (13)
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d eriv ed  by  us on th e  basis  o f th eo re tica l c o n sid e ra tio n s . T his s u b s ta n tia te s  o u r 
claim  th a t  venous, i.e . c ap illa ry  pressure in  sy s tem ic  p h leb o h y p erten sio n  is 
an  oedem atogen ic  fa c to r  tw ice as p o te n t as co llo id  osm otic p ressu re . F a c to r  
b figu ring  in  th e  e q u a tio n s  o f K o r á n y i  an d  in  o u r  eq u a tio n s  do n o t  re flec t th e

F i g  4 . Representation o f  the equations derived from the  cases of F a r k a s  and K o r á n y i

(equations (17) to  (20)

re la tionsh ips b e tw een  th e  cap illa ry  an d  th e  co llo id  osm otic p ressu res. In  fa c t, 
w h a t th is  fac to r  ex p resses  in  th e  K o r á n y i — F a r k a s  equa tions is an  excess of 
cap illa ry  p ressu re  o v e r venous pressure, its  v a lu e  b e in g  d ep en d en t on th e  te c h 
n ique  em ployed, h u t  its  v a ria tio n s  sh ift th e  lin e  m ere ly  upw ard  or dow n w ard  
w ith o u t affecting  th e  g rad ien t.

T he decisive ro le  o f  th e  g rad ien t o f th e  c u rv e , in  o th e r w ords, th e  tw o 
fold oedem atogen ic  e ffec t o f venous p ressu re  in  sy stem ic  p h leb o h y p erten sio n  
is fu r th e r  su p p o rte d  b y  th e  following re la tio n sh ip s .

W hen d iv id in g  successively  th e  g ra d ie n ts  o f  th e  lines co rrespond ing  to  
eq u a tio n s (17), (18), (19), an d  (20) b y  th e  g ra d ie n t o f th e  line su itin g  eq u a tio n  
(17) i t  becom es c lea r t h a t  w ith  th e  in crease  o f  oedem a th e  oedem atogen ic  
effect of venous p re ssu re  g rad u a lly  increases. F ro m  th e  g rap h  rep re sen tin g  th e  
re la tionsh ips b e tw een  th e  degree of oedem a a n d  th e  q u o tien ts  (Fig. 5) i t  c lea rly  
em erges th a t  in  th e  p a tie n ts  stud ied  by  K o r á n y i  an d  F a r k a s  th e  o e d e m a to 
genic effect of v en o u s  p ressu re  as com pared  w ith  t h a t  o f colloid o sm otic  pres-
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su re , a sse rts  itse lf  m ore  a n d  m ore  as th e  o edem a grow s in  sev e rity  u n t i l  i t  has 
re a c h e d  a  m ax im um  w hich  lim its  its  fu r th e r  increase . This is w h a t h a p p e n s  in  
ex cess iv e  oedem a.

F ig . 5 . C orre la tions be tw een  th e  g ra d ie n ts  a n d  th e  degree  of oedem a. A bscissa: 0 =  oedem a 
a b se n t,  1 =  oedem a, s lig h t 2 =  oedem a, m o d e ra te , 3 =  oedem a, severe  a n d  m assiv e  ̂  j

In  th e  cases s tu d ied  b y  K o r á n y i an d  F a r k a s , th e  va lu e

A  =  P c — K ,

sh o w ed  a  decrease from  th e  n o rm a l m e a n  o f 24.4 to  15.1, an d  K s a n  in crease  
fro m  22.3 to  23.9, in  th e  cases o f 1st a n d  2nd  degree o f severity  a like. I f  colloid 
o sm o tic  pressure alone is to  d e te rm in e  a s lig h t f lu id  re te n tio n  in  an  o rig in a lly

Py

F ig . 6. R egression  e q u a tio n  ex p ress in g  th e  c o rre la tio n s  b e tw een  severity  o f o edem a (ab scissa  ) 
and  venous p re ssu re  in  th e  cases o f  F a r k a s  a n d  K o r á n y i

o ed em a-free  cond ition , th e n  its  re d u c tio n  m u s t a m o u n t to  8.7 cm  (m o re  p re 
c ise ly , to  8.1 cm on ly  i f  a llow ance is m ad e  fo r a m inor increase o f  venous 
p re ssu re  from  6.6 to  7.2). O n th e  o th e r  h a n d , th e  increase in  ven o u s p re ssu re
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needs o n ly  be h a lf  as g re a t, i.e. 3.7 cm  (m ore prec ise ly , 4.4 cm , i f  a llo w an ce  is 
m ade fo r  a m in im al re d u c tio n  in  colloid o sm o tic  p ressu re  from  23.9 to  23.2) to  
m ake a m o d e ra te  oedem a severe. T he sh if t fro m  th e  s ta te  o f m a ss iv e  to  ex 
cessive o edem a w as o b v io u sly  due to  th e  8.5 cm  increase in  v en o u s  p ressu re  
from  12.5 cm  to  21 cm , th o u g h  colloid o sm o tic  p ressu re  h ad  also in c re a se d  b y

Fig. 7. R egression  e q u a tio n  expressing  th e  co rre la tio n s be tw een  sev erity  o f o ed em a  (ab scisäa ) 
a n d  colloid osm o tic  p ressu re  in  th e  cases o f F a r k a s  an d  K o r á n y i

A

Fig. 8. R egression  e q u a tio n  expressing  th e  co rre la tio n s  b e tw een  severity  o f o ed em a  (ab sc issa ) 
an d  A ,  in  th e  cases o f F a rk a s  a n d  K orányi

4.6 cm , from  23.2 cm to  27.8 cm. T h is ch an g e  w as caused b y  a s h if t  o f  the  
forces in  fa v o u r  o f ven o u s p ressu re  (8 .5—4 .6  =  3.9 cm ); to  p ro d u c e  sligh t 
oedem a in  an  o rig ina lly  oedem a-free s ta te , re d u c tio n  in  colloid o sm o tic  p ressu re  
h ad  to  a t ta in  8.1 cm : th is  again  d e m o n s tra te s  th e  ra tio  of 1 : 2 in  th e  oede- 
m a to g en ic  effect of colloid osm otic  an d  v en o u s  p ressures.
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I n  th e  cases of K o r á n y i  an d  F a r k a s , th e  c o rre la tio n  coefficient be tw een  
th e  d e g re e  of oedem a a n d  v en o u s  pressure w as fo u n d  to  be 0.91 (p  <  5 % ) an d  
th e  reg re ss io n  eq u a tio n :

у  =  3.41 * +  44 (21)

T h e  c o rre la tio n  coeffic ien t b e tw e e n  th e  degree o f  o edem a and  A ( th e  d ifference  
b e tw e e n  venous an d  co llo id  o sm o tic  p ressu res) w as fo u n d  to  be 0.95 (p < ^2 % ) 
a n d  th e  regression e q u a tio n :

у  =  — 3.96 ж +  22 .3  (22)

T h e  corre la tion  co e ffic ien t betw een  th e  deg ree  of oedem a a n d  colloid 
o s m o tic  p ressu re  was 0.24 o n ly  (p  <[ 70% ).

T h e se  co rre la tions a re  rep re se n te d  in  F ig s  6 to  8.

K a(*)

F ig . 9 . S p a tia l  s tra ig h t lin es d e r iv e d  from  th e  d a ta  o b ta in e d  b y  K o rán y i a n d  F a rka s

F or a clearer illu stra tion  of these con n ection s, the successively  more 
sev ere  form s of oedema in  th e  K o rányi—FARKAS-m aterial m ay be represented  
in sp a ce  as functions o f  P v, K s, and K s — P v ( =  A ), and the direction o f the  
sp a tia l straight lines ob ta in ed  in  this m anner m a y  be compared w ith  th a t of 
th e  th eoretica lly  derived stra igh t lines (Fig. 9).

T o  obtain the 1st th eoretica l straight lin e , th e  K s values belonging to  
each  o f  th e  K orányi—F a r k a s  d -values are com p u ted  by leaving P v unchanged.

Acta  Medica Academiae Scientiarum Hungaricae 23, 9167



STARLING’S LAW OF OEDEMA PRODUCTION 381

A sp a tia l s tra ig h t line  th u s  o b ta in ed  re fle c ts  th e  s itu a tio n  w here  fo r  th e  
increase  in  oedem a a g ra d u a l reduction  in  co llo id  osm otic p ressu re  w o u ld  be 
solely responsib le  (0  — B ).

To o b ta in  th e  3 rd  th e o re tic a l s tra ig h t lin e , we have  to  ca lcu la te  th e  P v- 
v a lues belonging to  th e  in d iv id u a l d -v a lu e s  o f  K o r á n y i—Farkas b y  leav in g  
K s un ch an g ed . T he p o s itio n  o f a sp a tia l s t r a ig h t  lin e  th u s  reflects th e  s i tu a tio n  
w here th e  increase  o f  oed em a w ould be d u e  so le ly  to  a g radual rise  in  v en o u s 
p ressu re  (0  — A ).

To o b ta in  th e  2 n d  th eo re tica l sp a tia l lin e  w e have to  ca lcu la te  th e  P„ 
and  K s values b e long ing  to  th e  in d iv idua l A -v a lu es  in  a m anner to  h a v in g  th e  
P v inc rease  b y  th e  sam e cm  H 20  as th e  K 3 is red u ced . T he positio n  o f  su ch  a 
s tra ig h t line th u s  re flec ts  th e  s itu a tio n  w h ere  th e  increase  of oedem a w o u ld  be 
due to  a s im u ltan eo u s re d u c tio n  in K s an d  a n  e le v a tio n  in  P v of th e  sa m e  o rd e r

T h e  position  o f th e  sp a tia l coord inates in d ic a te s  th a t  for a s lig h t o ed em a, 
in th e  absence o f a n y  p rev io u s flu id  re te n tio n , re d u c tio n  of K s is la rg e ly  re-

1. F a rk a s , G.: Z. exp . M ed. 62, 35 (1928).
2. F ö l d i, M ., P a p p , N .: J a p .  C ircu lâ t. J .  (E n .)  25, 703 (1961).
3. F ö l d i, M.: L y m p h z irk u la tio n  bei der H erz insu ffiz ienz. In te rn a tio n a l S y m posion  in  W ü rz 

b u rg , 1963. T h iem e, S tu t tg a r t  1964.
4. K o r á n y i, S.: A v eseb a jo k  funkcionális p a th o lo g iá ja  és th e rá p iá ja  k lin ika i e lő a d áso k b an .

M agyar O rvosi K ö n y v k ia d ó  T ársu la t, 1930.
5. L a n d is , E . M., P a p p e n h e im e r , J .  R .:in :  H a n d b o o k  o f Physio logy. P a r t  C ircu la tio n  Vol. 2.

A m erican  P h y s io log ica l Society , W ash in g to n  1963.
6. R u szn y á k , I .,  F ö l d i, M., Szaró , Gy .: L y m p h a tic s  a n d  ly m p h  circu la tion . P e rg a m o n  P ress ,

O xford  1960.

(0  -  R ).

sponsib le , w hereas from  th is  stage  onw ard  th e  decisive  role is g ra d u a lly  ta k e n  
over b y  an  increase in  P r.

R E F E R E N C E S
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MODEL EXPERIMENT FOR THE DEMONSTRATION OF 
THE EFFECT OF SYSTEMIC PHLEBOHYPERTENSION 

ON LYMPH FLOW AND OEDEMA PRODUCTION

B y

M . F ö l d i , A. L a k o s , L .  L e h o t a i  an d  S . S o n k o d i

SEC O N D  D E P A R T M E N T  O F  M E D IC IN E , U N IV E R S IT Y  M ED IC A L S C H O O L , S Z E G E D  

(R ece iv ed  J a n u a ry  9, 1967)

I t  is d em o n s trab le  b y  m eans o f a  sim ple  h aem o -ly m p h o d y n am ic  m o d el th a t  
as a re su lta n t o f p h y sical forces, th e  in creased  oedem atogenic e ffec t o f generalized  
p h leb o h y p e rten sio n  is closely re la te d  to  th e  re tro a c tiv e  spread of in c re a sed  p ressu re  to  
th e  ly m p h a tic  sy s tem , in te rfe rin g  w ith  th e  d ra in ag e  of lym ph  in to  th e  v en o u s  system . 
T he differences be tw een  “ closed”  an d  “ c a n n u la te d ”  lym ph  flow, fu r th e rm o re  th e  cor
re la tio n s  be tw een  th e  d is tu rb an c es  o f ly m p h  flow  and  oedem a p ro d u c tio n  a re  clearly  
d em o n strab le  in th e  m odel.

I t  h as  been  clearly  recogn ized  b y  Starling  (1909) th a t  sy s te m ic  ph lebo 
h y p e rten s io n , w hile lead in g  to  an  e lev a tio n  o f  cap illary  p ressu re  i.e . o f f i l t ra 
tio n  force a t  th e  p e rip h ery , increasing  b y  th is  fa c t th e  ra te  o f  c a p illa ry  f i l tra 
tio n  an d  th u s  th e  p ro d u c tio n  o f ly m p h , i t  in h ib its  on th e  o th e r  h a n d  th e  cen
t r a l  d ra in ag e  of ly m p h  in to  th e  venous sy s tem . Starling d id  n o t, how ever, 
reg a rd  th is  in h ib itio n  as a s ig n ifican t fu n c tio n a l facto r.

F öldi e t al. (1957) h av e  d e m o n s tra te d  in  dogs th a t  a su d d e n  e levation  
o f  p ressu re  in  th e  su p erio r v e n a  cav a  is p ro m p tly  followed b y  an  in crease  of 
ly m p h  p ressu re  in  th e  th o ra c ic  d u c t. T h e y  h a v e  fu r th e r  show n t h a t  in  cen tra l 
c irc u la to ry  fa ilu re  asso c ia ted  w ith  m assive  oedem a th e  ly m p h  flo w  from  th e  
opened  th o rac ic  d u c t exceeds m an y  tim es  th e  no rm al ra te ;  in  th e  in ta c t  ly m 
p h a tic  sy stem  th e  v e lo c ity  o f ly m p h  flow  is n o t accelerated .

L a te r , F öldi an d  P app  h av e  show n b y  th e  b u b b le -flo w m ete r tech n iq u e
(1961) an d  F öldi e t al. b y  th e  th e rm o -flo w m ete r tech n iq u e  (1962) th a t  in 
creased  ly m p h  flow  asso c ia ted  w ith  in c reased  pressure in  th e  in fe rio r  vena 
cava  im m ed ia te ly  ceases if  p ressu re  in creases  in  th e  superio r v e n a  c a v a . F öldi 
an d  P app  (1961) te rm ed  th e  ly m p h  flow  in  an  in ta c t  ly m p h a tic  sy s te m  “ ac tu a l 
ly m p h  flow ”  and  th a t  d em o n strab le  on th o ra c ic  d u c t c an n u la tio n , “ can n u la ted  
ly m p h  flo w ” . W ith  a n o rm al venous p re ssu re  th e  tw o values a re  e q u a l w hereas 
in  sy stem ic  p h leb o h y p erten s io n  “ a c tu a l ly m p h  flow ”  is n o t m o re  th a n  a frac 
tio n  of “ can n u la ted  ly m p h  flow ” . T h is  is in  good ag reem en t w ith  th e  recent 
re su lts  o b ta in ed  by  WÉGRIA e t al. (1963). Servelle  et al. (1966) in fe rre d  from  
ly m p h o g rap h ie  find ings th a t  in  congestive  h e a r t  fa ilu re  th e re  is a  s tasis  of 
ly m p h  in  th e  d is ten d ed  ly m p h a tic s .
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I t  seem s, th ere fo re , c le a r  t h a t  one of th e  e s se n tia l fac to rs  of ca rd iac  oe
d e m a  is  an  increased p ro d u c tio n  of lym ph  w ith  no  in c rease  in  th e  v e lo c ity  o f 
i ts  f lo w , or, as we h av e  te rm e d  i t ,  a haem o d y n am ic  fa ilu re  o f lym ph  flow .

T h e  reason w hy i t  se e m e d  necessary  to  e x a m in e  th is  question  is t h a t  i t  
h a s  b e e n  claim ed on th e  g ro u n d s  o f stud ies w ith  131I-a lb u m in  th a t  th e  v e lo c ity  
o f  ly m p h  flow  is in creased  in  ca rd iac  oedem a. T h e  m e th o d  on w hich th e  claim  
h a s  b e e n  based  is an  in d ir e c t  one. I t  consists in  in je c tin g  th e  labeled  a lb u m in  
su b c u ta n e o u s ly  and  in  r e c o rd in g  its  ra te  o f a b so rp tio n . Since u n d e r n o rm a l 
c o n d itio n s  absorp tion  o f  th e  ly m p h  takes p lace th ro u g h  th e  ly m p h a tic s , c h a n 
ges in  th e  norm al ra te  o f  a b s o rp tio n  are u su a lly  id e n tif ie d  w ith  tho se  in  th e  
r a te  o f  ly m p h  flow.

Method

T h e  problem  has b e e n  s tu d ie d  in  a sim ple m o d e l serving as a  rough  
re p ro d u c tio n  of h a em o -ly m p h o d y n am ic  con d itio n s (F ig . 1). All it  h ad  to  fu lfil

7

F ig . 1 . Schem e of “ h a em o -ly m p h o d y n a m ic ”  system . 1. H e a r t ;  2. A rte ria l system ; 3. V enous 
s y s te m ; 4. L ym phatic  sy s te m ; 5. In te rs ti t ia l  space w ith  b lo o d  a n d  ly m p h  cap illaries

w as to  allow  the  s tu d y  o f  g en e ra lized  p h leb o h y p e rten s io n , fu r th e r  of “ a c tu a l”  
a n d  “ c a n n u la te d ” ly m p h  f lo w . O th er com plica ting  fa c to rs , such as e la s tic ity  
a n d  d is ten s ib ility  of th e  v e sse ls , flu id  v iscosity , e tc . h a v e  been neg lected .

A  co n stan t flow  is m a in ta in e d  b y  a c o n s ta n t p ressu re  in  a closed tu b e  
s y s te m  (F ig . 2). In  o rd e r to  rep ro d u ce  cap illa ry  f i l t r a t io n , one p o rtio n  o f  th e  
tu b e  ru n s  th rough  a closed e la s t ic  cylinder w ith  w h ich  i t  com m unicates th ro u g h  
a sm a ll  opening  (A). A side  tu b e  b ranches from  th e  cy lin d e r a t  В and  jo in s  th e  
m a in  tu b e  a t  C from  w hich  i t  can  be shu t off fo r th e  o u tle t  o f c ircu la ting  flu id  
D . T h e  o u tflow -ra te  of th e  f lu id  a t  A in a u n it  o f  tim e  is obviously  re la te d  to  
th e  p re ssu re  prevailing  in  th e  sy s te m , as well as to  th e  e la s tic ity  of th e  cy lin d er, 
a n d  to  a  certa in  degree to  t h a t  o f th e  elastic  c o n ta in e r .
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Fig. 2. “ H aem o -ly m p h o d y n am ic”  m odel. P  =  P u m p ; M =  M anom eter; R  =  E la s tic  wall. For
o th e r  a b b rev ia tio n s, see th e  te x t

T h e lum en  o f  th e  tu b e  has been  n a rro w ed  a t  L for th e  re p ro d u c tio n  of 
p erip h era l res is tan ce .

W e could th u s  s tu d y
a)  b y  ro ta m e tr ic  m easu rem en t o f th e  flow  in  a closed sy s te m , and
b) b y  d irec t m easu rem en t o f th e  a m o u n t of flu id  flow ing  o u t  a t  D from  

th e  open tu b e ,
in  w h a t m an n er a g iven  res tr ic tio n  o f  th e  lu m en  a t  E , an d  an  in c rea se  of p res
su re  inside th e  sy s tem  m easu red  a t  F , w ou ld  a ffec t th e  flow  th ro u g h  tu b e  G.

W e also s tu d ie d  u n d e r th e  sam e co n d itio n s th e  p ressu res  in  tu b e  G, 
fu rth e rm o re  th e  v e lo c ity  of th e  rise o f  th e  f lu id  level in c o n ta in e r  H , th is  la tte r  
serv ing  as a m odel fo r  th e  ra te  of oedem a p ro d u c tio n .

Results

In  th e  case o f  “ closed ly m p h  flo w ” , e levation  o f “ v en o u s  p ressu re” 
caused  a linear re d u c tio n  o f “ lym ph  flo w ”  a n d  an  increase in  la te ra l  “ ly m p h ” 
p ressu re  (Fig. 3). T h e  corre la tions b e tw een  ly m p h  flow  a n d  v en o u s  pressure 
are  defined  b y  th e  eq u a tio n ,

L  =  -  0.14 P v +  78 (1)
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o r, in  a general form

L  —  —  u P c  ~ b  b  ( 2 )

w h ere
L  rep resen ts  “ ly m p h  f lo w ”  expressed in  m l p e r  m in u te ,
P v, “ venous p re ssu re ”  in  m m  H 20

ml mmli20
aao r

10 30 50 70 90 П0120150170190 210mmHo0

F ig . 3. “ L y m p h  flow”  (full co lu m n s)  a n d  la t 
e ra l “ ly m p h ” pressure (e m p ty  c o lu m n s) in 

closed “ ly m p h ” flo w

Fig. 4. “ L y m p h  flo w ”  (full co lum ns) a n d  
la te ra l “ ly m p h ”  pressu re  (em p ty  co lum ns) 

in  o p en  “ ly m p h  flow ”

T h e  correlations b e tw e e n  la te ra l p ressure o f  “ ly m p h ”  and  “ v e n o u s”  
p re ssu re  are  defined b y  th e  e q u a tio n ,

P j  =  0.85 P„ +  43 (3)

o r, in  a general form :

P ! =  a ' P v +  b' (4)

w h ere  P x represen ts “ ly m p h ”  p ressu re  in H 20 .
In  th e  case of “ open  ly m p h  flow ” , e levation  o f  ven o u s pressure caused  a 

lin e a r  in c rease  in “ ly m p h  f lo w ”  an d  in la te ra l p re ssu re  o f  “ ly m p h ” .
T h e  correlations b e tw e e n  “ ly m p h  flow ”  an d  “ v e n o u s”  pressure in  case 

o f o p e n  flow  are described  b y  th e  following eq u a tio n :*

L  =  0.54 P v +  70 (5)

* I f  th e  dim ensions a re  to  a g ree  th e n  the  g rad ien ts  o f  th e  s tra ig h t lines m ay  be ex-
, . 1 0 - 3 ml

p re sse d  in  а = -------— - u n its .
mm H 20
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or
L  =  a "P v +  b" (6)

T he co rre la tio n  be tw een  “ ly m p h ”  p re ssu re  an d  “ venous”  p re ssu re  is,

-  0.57 P v +  119 (7)
or

1 \  =  a'” P„ +  b " ' (8)

W hen  eq u a tio n  (3) is d iv ided  b y  e q u a tio n  (7), th e  q u o tien t o f  th e  g ra 
d ie n ts  of th e  s tra ig h t lines is 1.4. This m ean s t h a t  in  th e  case of “ closed  ly m p h  
flow ”  an  id en tica l e lev a tio n  o f “ venous”  p re ssu re  en ta ils  an increase  in  la te ra l 
“ ly m p h ”  p ressu re  1.4 tim es  th a t  in th e  case o f  an  open flow.

ml

‘ 300 

200 

100

0 30 5070901101301501701902Ю 230250270290 mmH20

Fig. 5. R ise o f “ oedem a f lu id ” level upo n  e lev a tio n  o f “ v en o u s”  pressure in  o pen  (e m p ty  co l
u m n s) a n d  closed “ lym ph  flo w ”  (fu ll colum ns)

T he level o f “ oedem a f lu id ”  show ed a lin e a r  rise in  bo th  open  a n d  closed 
“ ly m p h  flow ” , as described  by  the  e q u a tio n s ,

О,, =  0.28 P v +  33 (9)

or

0„ =  a 1 -f- P v -f- b l (lO)

Ог =  0.87 P r +  40 ( Ш

or

Oz =  a ,P v +  6 2 (12)

w here
0„ rep resen ts  th e  level of “ oedem a f lu id ”  w ith  open “ ly m p h  flo w ”  and 
0 2 th e  level o f “ oedem a flu id ”  w ith  closed  “ lym ph  flow ” .
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W h e n  d iv id ing  e q u a tio n  (11) b y  e q u a tio n  (9), th e  q u o tien t o f th e  g ra 
d ie n ts  is 3 .1 . In  o th e r  w ords, if  in  th e  p re se n t h aem o -ly m p h o d y n am ic  m odel 
th e  “ ly m p h ”  is allow ed free o u tflow , on th e  e le v a tio n  o f “ venous”  p re ssu re  th e  
level o f  “ o edem a f lu id ”  rises 3.1 tim es m ore s lo w ly  th a n  i t  does if  th e  “ ly m p h ” 
is b e in g  re tu rn e d  to  th e  c ircu la tion .*

D iscussion

T h e  m easu rem en ts  h a v e  su p p o rted  o u r  th eo re tica l d ed u c tio n s  an d  
ag reed  w ith  th e  re su lts  o f d ire c t stud ies of th e  ly m p h a tic  system . O n th e  o th e r  
h a n d , th e y  w ere a t  v a ria n c e  w ith  th e  in te rp re ta t io n  of th e  re su lts  o f  s tu d ie s  
w ith  131I-a lb u m in  w hich  sp rings from  th e  m isco n cep tio n  th a t  b y  m e a su rin g  
th e  r a te  o f  131I-a lb u m in  a b so rp tio n  one e s tim a te s  t h a t  of lym ph  flow . In c id e n 
ta lly , th e  131I-a lb u m in  m e th o d  has som e a d d itio n a l shortcom ings (9).
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RADIOZINC U P T A K E  BY  T H E  ACUTELY D A M A G E D  
PA N C R E A S OF RATS

B y

G. B. Makara , M. P a p p , L. Csáki and I. P ál

D E P A R T M E N T  O F  P A T H O P H Y S IO L O G Y , I N S T IT U T E  O F  E X P E R IM E N T A L  M E D IC IN E  
O F  T H E  H U N G A R IA N  A C A D E M Y  O F  S C IE N C E S  A N D  IN S T IT U T E  O F  IS O T O P E S , 

N A T IO N A L  A T O M IC  E N E R G Y  C O M M IS S IO N , B U D A P E S T

(R ece iv ed  F e b ru a ry  25, 1967)

T he u p ta k e  of 65Z n g ly c in a te  a n d  o f 65Zn g luconate  by  th e  p a n c re a s , th e  liver, 
a n d  th e  je ju n u m  o f a lb ino  r a ts  h as been  s tu d ied . In  in ta c t an im als , th e  cu rv es fo r th e  
u p ta k e  b y  th e  p an creas ru n  h ig h  a n d  a lm o st con tin u o u s courses f ro m  th e  f i r s t  to  the  
7 th  h o u r a f te r  in jec tio n . I n  lap a ro to m ize d  an im als , th e  p an creas ta k e s  u p  m u ch  less, 
th e  liver m ore, and  th e  je n u n u m  a b o u t as m u ch  o f th e  in jec ted  65Z n as i t  does in  in ta c t 
ra ts .  In  an im als w ith  d eso x y ch o la te -in d u ced  p a n c re a titis , 65Zn u p ta k e  b y  th e  pancreas 
is s lig h t even  in  re la tio n  to  t h a t  in  lap a ro to m ize d  ra ts ,  less so th e  u p ta k e  b y  th e  je ju n u m , 
b u t  th a t  b y  th e  liv e r  rem a in s u n ch an g ed . T h e  decrease in  u p ta k e  is p ro b a b ly  due to 
decreased  blood flow  th ro u g h  th e  in flam ed  p an creas.

T h e pancreas, th e  liver, an d  th e  in te s tin e s  of th e  n o rm a l la b o ra to ry  
an im al ta k e  up  m uch  65Zn [10, 14]. U p ta k e  b y  the  p an creas  a n d  th e  liver 
reaches its  p eak  2 hours a f te r  in tra v e n o u s  in jec tio n  in m ice, a n d  6 to  8 hours 
in  dogs [7, 14]. In  fac t, th e  h ig h  a ff in ity  o f th e  pancreas for 65Z n h as  p ro m p ted  
m a n y  a t te m p ts  to  use th is  iso tope  in  m ak in g  th e  organ v isib le  (cf. [10]).

D a ta  are scarce concern ing  th e  u p ta k e  o f  65Zn b y  th e  a b d o m in a l organs 
u n d e r  pa tho lo g ica l cond itions. Lowry e t al. [5] found  th a t  th e  p a n c re a s  o f ra ts  
w ith  a llo x an  d iabetes to o k  up  m uch  less 65Z n in  th e  firs t 24 h o u rs  a f te r  in jec tion  
th a n  d id  th e  p ancreas o f co n tro l an im als .

In  th e  p resen t w ork  we h av e  in v e s tig a te d  th e  effect o f a c u te  p an crea tic  
in ju ry  on  th e  65Zn u p ta k e  b y  th e  p an c reas , th e  liver, and th e  je ju n u m .

Material and methods

R a n d o m -b red  fem ale W is ta r-s tra in  r a ts  w eigh ing  180 to  250 g w ere p lac ed  in  six  t r e a t 
m e n t g ro u p s. A fte r tre a tm e n t in  one of th e  six  w ay s d e ta iled  below an d  d e s ig n a te d  A th ro u g h  
F ,  all th e  an im als w ere a n ae sth e tize d  w ith  e th e r  a n d  g iven  an  in jec tio n  o f  65Z n  g ly c in a te  or 
li5Z n g lu co n a te  in  th e  long sap h en o u s vein . E a c h  r a t  rece ived  0.5 ml o f a  so lu tio n  co n ta in ing  
10 ,ug o f zinc (a c tiv ity  8.5 to  9.5 fiC\ m o la r ra tio  o f Z n to  g lycinate  an d  of Zn to  g lu co n a te  1 : 2). 
W ith  th e  ex cep tion  of those  in  g roup  A , a ll an im a ls  w ere  d ecap ita ted  2 h o u rs  a f te r  in jection . 
B locks o f 100 to  300 m g w ere a t  once rem o v ed  fro m  th e  pancreas, th e  liv e r , a n d  th e  je ju n u m , 
care fu lly  cleansed , and  w e ig h ted  w ith  a to rsio n  b a lan ce . A ctiv ities w ere m e a su re d  in  a well- 
ty p e  sc in tilla tio n  cou n te r, an d  th e  d iffe ren tia l ab so rp tio n  ra tio s  were c a lcu la te d :

cpm /g  o rg an  w e igh t 

a d m in is te re d  cpm /g  b o d y  w eight
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F o r  histo logy, sm all b lo ck s  o f  pancreas and  liv e r w ere  f ix e d  in  form alin  a n d  s ta in e d  
w ith  h aem atoxy lin -eosin .

S ta tis t ic a l  significance w as d e te rm in e d  by S tu d e n t’s “ t ”  te s t.

Treatment groups

A  )  A fter a 16-hour fa s t ,  65Z n  w as in jec ted  and  th e  a n im a ls  w ere  d ecap ita ted  1, 2, 3, 5, 7 
a n d  24 h o u rs  later.

B )  A fte r a 16-hour fa s t ,  la p a ro to m y  was p e rfo rm ed  u n d e r  e th e r  anaesthesia . S till in 
th e  f a s t in g  s ta te , the  an im als w e re  g iv en  G5Zn on th e  n e x t  d a y .

C )  R a ts  were tre a te d  as in  g ro u p  B , b u t  a fte r o p en in g  th e  a b d o m in a l wall th e  d u o d en u m  
w as p ie rc e d  an d  a cannula w as in s e r te d  in to  th e  bile d u c t th ro u g h  w h ich  0.6 m l of a  1.5 p e r cen t 
so d iu m  desoxycho la te  so lu tio n  (p H  7.4) was in jec ted  slow ly in to  th e  pancreas u n d e r co m p res
sio n  o f  th e  com m on d u c t fo r 2 m in u te s  [2].

D )  T o serve as con tro ls fo r  g ro u p s  E  and  F , ra ts  w ere  in je c te d  in trap erito n ea lly  on  tw o , 
c o n se c u tiv e  days w ith a 1 m l/100  g  d o se  of physiological sa lin e  a n d  g iv en  65Zn on th e  th ird  d ay , 
a f te r  a  16-hour fast.

E )  R a ts  were in jec ted  in tra p e r i to n e a lly  on tw o  co n se cu tiv e  days w ith  a 25 m g/kg  
dose  o f  d .l.-e th ion ine  in  p h y sio lo g ica l saline and given 65Z n o n  th e  th ird  day, a fte r  a 16-hour 
fa s t .

F )  U n d er ether a n a e s th e s ia , th e  ra ts  received in to  th e  sa p h e n o u s  vein  a single in jec tio n  
o f 4 m g  p e r  100 g of a lloxan  in  0 .25  m l o f physiological sa lin e  a n d  w ere given 65Zn th re e  d ay s 
la te r ,  a f te r  a 16-hour fast.

T h e  ra ts  in groups D , E , a n d  F  were trea te d  s im u lta n eo u s ly .

Results

Control group A .  T h e  u p ta k e  b y  the  p an creas  o f  65Z n g lycinate  an d  o f e5Zn 
g lu c o n a te  ran  a high an d  a lm o s t  continuous cou rse  fro m  th e  firs t to  th e  7 th  
h o u r  a f te r  in jection . T w e n ty - fo u r  hours la te r  i t  w as fo u n d  to  have fa llen  to  
b e tw e e n  l /3 th  to  l /4 th  o f  th e  p e a k  value (F ig. 1).

Laparotom ized group  B .  T h e  pancreas to o k  u p  m u ch  less, the  liver m ore, 
a n d  th e  je ju n u m  ab o u t as m u c h  of 65Zn as th e y  d id  in  th e  in ta c t co n tro l ra ts  
(T ab le  I).

Pancreatitic group C. I n  th e se  anim als p a n c re a tic  e5Zn u p tak e  w as s ligh t 
ev en  in  re la tio n  to  th a t  in  th e  laparo tom ized  ra ts ,  less so th e  u p tak e  b y  th e  
je ju n u m , b u t  th a t  b y  th e  l iv e r  rem ained  u n c h a n g e d  (T able I). e5Zn u p ta k e  
sh o w ed  th e  same decrease  w h e th e r  ca lcu la ted  fo r  d ry  or w et w eight.

H is to lo g y  revealed  in f la m e d  necrotic  a reas o f  v a r ia b le  size in  a b o u t h a lf  
th e  n u m b e r  of blocks of p a n c re a s  rem oved from  th e  p a n c re a ti t ic  ra ts  in  g roup  C. 
In  o n e  q u a r te r , m ild in f la m m a to ry  in filtra tio n s w ere  seen , w ith o u t necroses. In  
th e  r e s t ,  no histological c h a n g e s  were de tec ted .

Ethionine-treated g roup  E .  T he  pancreas to o k  u p  as m uch 65Zn g ly c in a te  
in  th e  t r e a te d  anim als as in  th e  u n tre a te d  c o n tro l r a ts .  T he u p ta k e  b y  th e  
je ju n u m  w as higher an d  t h a t  b y  th e  liver low er th a n  in  th e  contro ls. T h is t r e a t 
m e n t in d u ced  vacuo lar d e g e n e ra tio n  and, o ccasio n a lly , in te rs ti t ia l  in f il tra tio n  
a n d  c e llu la r  d issociation  in  t h e  pancreas an d  th e  liv e r  (T able II) .
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Alloxan-treated group  F . T he  u p ta k e  o f e5Zn g lycinate  b y  each  o f  th e  th ree  
o rg an s s tu d ied  w as th e  sam e in  th e  t r e a te d  as in  th e  con tro l a n im a ls  despite  
a decrease in  n u m b e r an d  d ia m e te r  o f th e  is le ts  o f L angerhans (T ab le  I I ) .

F ig . 1. T im e course o f tí6Zn u p ta k e  of p ancreas ( • ) ,  l iv e r  ( О ), an d  je ju n u m  ( □ ) .  65Z n g lycinate  
---------- ; f5Zn g lu co n a te  ----------. E ac h  p o in t is th e  m ean  of 4 v a lu e s

Table I
65Z n  uptake in experim ental pancreatitis

T re a tm en t g ro u p s of ra ts p an c reas* liver* je ju n u m *

Л Control** 9 15.5 zh 1 -2 13.5 ± 0 .6 6.0 ± 0 .7

65Zn glyci- В L ap a ro to m y 10 7.6 ± 0 .8 16.2 ± 0 .7 5.7 ± 0 .4
n a te C P a n c rea titis 6 2.1 ± 0 .3 1 6 .2 ± 0 .9 О ©

S ignificance A - В  p < 0 .0 0 1 A -  В p < 0 .0 5

B - C  p < 0 .0 0 1 В -  C p < 0 .0 2

A Control** 9 1 4 .6 ± 0 .9 14.8 ± 1 .0 7 .2 ± 0 .5
e5Zn gluco- В L ap a ro to m y 13 1 1 .5 ± 0 .9 2 1 .9 ± 0 .9 6.8 ± 0 .6

n a te C P a n c rea titis 16 4 .4 ± 0 .5 2 0 .4 ± 0 .8 4.9 ± 0 .4

Significance A - В  p < 0 .0 5 A В pCO.OOl

B - C  p < 0 .0 1 B - C  p < 0 .0 1

m cpm /g o rg an  w e igh t
ad m in iste red  cpm /g bo d y  w eigh t 

** 2 hours a f te r  in jec tio n
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Table II

6sZ n  glycinale u p ta ke  after treatment w ith  e th ion ine  and alloxan

T re a tm e n t  groups
N u m b e r  
o f  r a t s pancreas* liv e r* je ju n u m *

D C o n tro l l i 11.6 ± 0 .9 14.1 ± 0 .9 6 .0 ± 0 .4

E  E th io n in e 5 10 .5±1 .2 7.1 ± 0 .5 8.5 ± 0 .2

F  A llo x an 10 11 .4±1.2 1 2 .6 ± 0 .6 6 .5 ± 0 .4

S ign ificance D - E  pCO.OOl D - E  p < 0 .0 1

cpm /g organ w e ig h t 
a d m in is te re d  cpm /g b o d y  w e ig h t

Discussion

In tra v e n o u s ly  in je c te d  65Z n  is rap id ly  b o u n d  b y  th e  p lasm a p ro te in s  an d  
th e  b lo o d  cells, is n o t d ia ly s a b le  [4, 11, 13], an d  th e  b lood  is qu ick ly  c leared  of 
i t  [3 ]. O kunewicz e t al. [8] p u t  fo rw ard  th e  h y p o th e s is  th a t  B5Zn is tra n s fe rre d  
f ro m  p la sm a  to  tissue b y  d ir e c t  physicochem ical exchange . E x p e rim e n ts  in  
vitro  rev e a le d  th a t  su b s ta n c e s  in h ib itin g  m e ta b o lism  leave  th e  u p ta k e  o f  esZn 
b y  th e  liv e r  unaffec ted ; i ts  p a ssag e  th ro u g h  th e  cell m em brane  is p ro b a b ly  a 
p a s s iv e  one, a n t i t  becom es b o u n d  inside th e  cell [12 |.

I n  th e  pancreas th e  e5Z n  is ta k e n  up b y  th e  a c in a r  cells and  th e  is le ts  o f 
L a n g e rh a n s , which la t te r  a c c o u n t for abou t 3 p e r  c e n t  o f th e  p an c rea tic  m ass. 
I n  th e  a c in a r cells 65Zn c o n c e n tra tio n  reaches its  p e a k  in  th e  f irs t 7 h o u rs  an d  
is a t  a m u ch  lower level 24 h o u rs  la te r . In  th e  is le ts  o f  L an g erh an s i t  rem a in s  
v i r tu a l ly  unchanged  in  th e  f i r s t  48 hours a fte r  in je c tio n  [6]. In  th e  f irs t  7 h o u rs  
u p ta k e  b y  th e  acinar cells p re d o m in a te s . This easily  ex p la in s  w hy in  o u r e x p e ri
m e n ts  a llo x an  failed to  in f lu e n c e  65Zn u p tak e  b y  th e  en d  of th e  second h o u r. As 
has a lre a d y  been m en tio n ed , L owry  et al. [5] h a v e  fo u n d  th a t  th e  p an creas  of 
r a t s  w ith  alloxan d iab e tes  ta k e s  u p  less 65Zn in  th e  f i r s t  24 hours a fte r  in je c tio n  
th a n  do es th e  pancreas o f  c o n tro l  anim als; i t  seem s p ro b ab le  th a t  a t  th is  tim e  
th e  g re a te r  p a r t of th e  to ta l  a c t iv i ty  of th e  p an c reas  o rig in a tes  from  th e  iso to p e  
r e ta in e d  b y  th e  islets o f L a n g e rh a n s .

T re a tm e n t w ith  e th io n in e , w hich in te rfe res w ith  p an c rea tic  p ro te in  s y n 
th e s is  d id  n o t affect e a rly  e5Z n  u p ta k e  by  th e  g la n d  [1]. T h is agrees well w ith  
th e  m e n tio n e d  h y po thesis  o f  Okunewicz  e t al. [8] t h a t  u p ta k e  rests  on d ire c t 
p h y sico -ch em ica l exchange.

I n  th e  ra ts  w ith  so d iu m  d eso x y ch o la te -in d u ced  p a n c re a titis , 65Zn u p ta k e  
b y  p a n c re a s  and je ju n u m  w as decreased. O b v io u sly , th e  su b s ta n tia l decrease  
in  p a n c re a tic  up tak e  could  n o t  h a v e  been caused  b y  o edem a since th e  decrease  
w as fo u n d  to  be th e  sam e w h e th e r  calcu lated  fo r  d r y  or fo r w et w eig h t, a n d
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i t  seem s likely  t h a t  i t  w as a consequence of th e  red u ced  blood  flow  o f th e  in 
flam ed  p ancreas [9]. T h e  decrease in e5Zn u p ta k e  b y  th e  je ju n u m  m ay  h a v e  been  
th e  consequence o f a re d u c tio n  in th e  a m o u n t o f b lo o d  flow ing th ro u g h  th e  
sp lan ch n ic  v a scu la r a reas  follow ing a sh iftin g  o f  c ircu la tin g  b lood  b ro u g h t 
a b o u t b y  p e rito n ea l e x c ita tio n  in lap a ro to m ized  a n d  b y  shock in  th e  p a n c re a ti-  
t ic  an im als.
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EFFECTS OF HYPOPHYSECTOMY AND OF ACTH 
ON THE CHANGES INDUCED BY HEXADIMETHRINE

BROMIDE

By

K .  K o v á c s , I l o n a  S z i j j , J ú l i a  K o c s i s  and F . A .  L á s z l ó

F IR S T  D E P A R T M E N T  O F  M E D IC IN E  A N D  I N S T I T U T E  O F  R A D IO L O G Y ,
U N IV E R S IT Y  M E D IC A L  S C H O O L , S Z E G E D

(R eceived  A pril 1, 1967)

H e x ad im e th rin e  b rom ide  was found  to  in d u ce  in  h y p o p h y sec to m ized  r a ts  a 
sh a rp  fall in  re c ta l te m p e ra tu re  and  to  lead  to  d e a th  in  a few hours. N ecrosis o f th e  in n er 
layers o f th e  a d ren a l c o rte x  an d  of th e  ascen d in g  lim b s of H e n l e ’s  loops is less severe 
th an  in th e  co n tro ls , a n d  nephrocalc inosis re m a in s  a b se n t, b u t the  necroses in th e  zona 
glom erulosa a re  n o t a ffec ted  by  h y p o p h y sec to m y . In  h ex ad im eth rin e  b ro m id e  tre a te d  
an im als 24 hours a f te r  h y p o p h y sec to m y  A C T H -p re tre a tm e n t decreases th e  fa ll o f re c ta l 
te m p e ra tu re , p ro longs th e  su rv iv a l b u t  increases th e  sev e rity  of ad ren o co rtica l, h e p a tic , 
and  ren a l necrosis. A n im als tre a te d  w ith  h e x a d im e th rin e  brom ide one m o n th  a fte r  
h y p o p h y sec to m y  are  less responsive  to A C T H ; in  th ese  cases ACTH fails to  in h ib i t  th e  
fall o f rec ta l te m p e ra tu re  a n d  to prolong su rv iv a l, b u t  also increases th e  se v e rity  o f ne
croses. и  is con clu d ed  th a t  h y p o p h y sec to m y  a ffe c ts  th e  consequences o f  h e x a d im e th 
rine  b rom ide tr e a tm e n t  b y  reducing  th e  re s is tan c e  of ra ts  while p ro te c tin g  th em  
from  tissue  d am ag e.

H e x a d im e th rin e  b ro m id e  ad m in is te red  to  ra ts  induces p a tc h y  in fa rc tio n  
o f th e  an te rio r  lobe o f th e  p itu ita ry , o f th e  in n e r  layers of th e  a d re n a l co rtex  
an d  o f th e  liv er an d  ex ten s iv e  necrosis o f th e  zo n a  g lom erulosa o f  th e  ad ren a l 
co rtex . I t  also a ffec ts  th e  k id n ey  b y  cau sin g  necrosis and  ca lc ific a tio n  o f 
H e n l e ’s loops ( S e l y e  e t  a l., 1963, Ca r r o l l  e t  a l., 1964, K o v á c s  e t  a l., 
1964a, 1966a, N i c h o l s , 1966, K o v á c s  an d  S z i j j , in  press). Since h y p o p h y se c 
to m y  im pairs  th e  re s is tan ce  of ra ts  to  v a rio u s in ju rie s  and  m odifies e x p e rim e n 
ta l  dam age to  th e  a d ren a ls  an d  to  th e  k id n ey s , i t  seem ed in te re s tin g  to  ex am in e  
w h e th e r th e  d am ag e  w ould  he m odified  b y  p rev io u s  h y p o p h y sec to m y  o r b y  
A CTH  a d m in is tra tio n . T h e  p resen t re p o rt dea ls  w ith  these  s tu d ies  a n d  th e ir  
re su lts .

M ethod

We used  fem ale  a lb in o  r a ts  o f id en tica l s tra in  a n d  o f 160 to  220 g b o d y -w e ig h t, keep ing  
th em  on a s ta n d a rd  d ie t. S ix g ro u p s w ere se t up . T h e  f i r s t  com prised  u n tre a te d  co n tro ls . T he 
an im als o f th e  second  g ro u p  rece ived  5 mg h e x a d im e th rin e  b rom ide (P o ly b ren e , A b b o tt)  in to  
a ta il vein. T he an im a ls  o f g ro u p s  3 to  6 were h y p o p h y se c to m ize d  u n d e r e th e r  a n ae s th es ia  from  
th e  p a ra p h a ry n g ea l a p p ro ac h . T he an im als o f th e  th ir d  g ro u p  received 5 m g h e x a d im e th rin e  
b rom ide  in to  th e  ta i l  v e in  24 h rs  a f te r  h y p o p h y sec to m y  on a single occasion w ith o u t an y  o th e r  
t r e a tm e n t. T he an im a ls  o f  th e  fo u rth  g roup  received  A C T H  in sub cu tan eo u s doses o f 5 IU , th e  
f ir s t  being  given im m e d ia te ly  a f te r  h y p o p h y sec to m y , th e  second an d  th ird  12 an d  24 h rs  la te r. 
T o g eth er w ith  th e  la s t in je c tio n  5 m g h e x ad im e th rin e  b ro m id e  were in je c te d  in tra v e n o u s ly . 
T he an im als o f th e  f if th  g ro u p  w ere given a single in tra v e n o u s  dose of 5 m g h e x ad im e th rin e
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b ro m id e  one  m on th  a fte r  h y p o p h y se c to m y  w ith o u t a n y  o th e r  t re a tm e n t. In  th e  s ix th  g ro u p  
5 I U  A C T H  were given su b c u ta n e o u s ly  one m o n th  a f te r  h y p o p h y sec to m y  on fo u r su b seq u e n t 
d a y s .  T h e se  anim als rece ived  5 m g  h e x ad im e th rin e  b ro m id e  to g e th e r w ith  th e  la s t  in jec tio n .

R e c ta l  tem p era tu re  w as m e a su re d  w ith  a m e rc u ry  th e rm o m e te r  a t  d e te rm in e d  in te rv a ls  
b e fo re  a n d  a f te r  th e  a d m in is tra tio n  o f h ex ad im e th rin e  b ro m id e . T h e  tim e of d e a th  w as reco rded  
a n d  m e a n  su rv iv a l assessed 1, 2, 3 , 4 , 6, 8, 12, 24, 36, a n d  48 h rs  a fte r th e  in je c tio n . T h e  su r
v iv in g  a n im a ls  were killed  b y  e th e r  in h a la tio n  48 h rs  a f te r  th e  h ex ad im eth rin e  b ro m id e  a d m in 
i s t r a t io n .  A fte r  d ea th  th e  se lla r  re g io n  was ex am in ed  so as to  ascerta in  t h a t  h y p o p h y se c to m y  
h a d  b e e n  com plete. A nim als w ith  re s id u a l p i tu i ta ry  tis su e  w ere  n o t eva lu a ted . T h e  o rg an s  re 
m o v e d  a t  au to p sy  were f ix ed  in  4 p e r  cen t fo rm ald eh y d e  a n d  em bedded  in  p a ra ff in . Sections 
4 to  8 fi  th ic k  were s ta in ed  w ith  h e m a to x y lin -eo s in . T h e  e x te n t  o f  necrosis fo u n d  in  th e  o rgans 
w as  g ra d e d  1, 2, 3, and  0; 1 s ig n ify in g  sm all, 2 m ed iu m , 3 e x ten siv e  necrosis a n d  0 n o  m icro 
sc o p ic  e v id en ce  of necrosis. T h e  in d iv id u a l  o rgans o f  th e  an im a ls  belonging to  th e  sam e  group  
w e re  g ra d e d  separa te ly , a n d  th e  su m s of th e  fig u res w ere d iv id ed  by  th e  n u m b e r o f  an im als . 
T h e  f ig u re  th u s  ob tained , te rm e d  n ecro sis  in d ex , w as th e  re su lt  o f q u a lita tiv e  a sse ssm en t, n e v e r
th e le s s  i t  re flec ts  the  e x te n t a n d  in c id en ce  of th e  changes w ith  reasonab le  a cc u rac y  a n d  lends 
i t s e l f  fo r  th is  reason to  a  c o m p a ra tiv e  ev a lu a tio n  of th e  f in d in g s  be tw een  th e  in d iv id u a l g roups. 
A  n e p h ro ca lc in o sis  index  w as c o m p u te d  in  th e  sam e m an n e r. T h e  p re req u isite  fo r  e v a lu a tin g  
c h a n g e s  in  th e  adrenals a n d  in  th e  l iv e r  w as a su rv iv a l o f a t  le a s t  six hrs, an d  th o se  in  th e  k id 
n e y s  o f  a t  le a s t  24 hrs, since s ig n s o f necrosis a re  n o t  m an ife s t before th a t  tim e.

Results

D e a th  ra te  and  m ean  s u rv iv a l tim e  a re  p re se n te d  in  T ab le  I . In  th e  g roup  
o f  n o n -h y p o p h y sec to m ized  an im a ls  n o t m o re  th a n  4 ou t o f 22 d ied  w ith in  
48 h r s  a f te r  th e  a d m in is tra tio n  o f h e x a d im e th rin e  brom ide. T o le ran ce  to  th e  
d ru g  w as  g rea tly  a ffec ted  b y  h y p o p h y sec to m y , m o s t anim als d ied  b y  th e  end  
o f  4 8  h rs . R esistance seem ed  to  h av e  b een  low est in  th e  ra ts  h y p o p h y sec to -  
m iz e d  24 h rs prev iously , as n o n e  o f th ese  an im als  w as alive 24 h rs  a f te r  th e  
h e x a d im e th r in e  brom ide a d m in is tra tio n . S u rv iv a l o f th e  anim als in je c te d  w ith  
h e x a d im e th r in e  brom ide one  m o n th  a fte r  h y p o p h y se c to m y  w as co n sid e rab ly  
s h o r te r  th a n  of n o n -h y p o p h y sec to m ized  ones, b u t  considerab ly  lo n g er th a n  of 
th o s e  w h ic h  had  been h y p o p h y se c to m iz e d  24 h rs  p rio r  to  th e  in jec tio n  o f  h e x a 
d im e th r in e  brom ide. A C T H  w as found  c o n sid e rab ly  to  p ro long  s u rv iv a l in 
a n im a ls  in jec ted  w ith  h e x a d im e th r in e  b ro m id e  24 h rs  a fte r h y p o p h y se c to m y ; 
so m e  o f  th e m  were s till a liv e  48  h rs a f te r  th e  in je c tio n . In  oppositio n  to  th is , 
A C T H  fa ile d  to  affect s u rv iv a l in  th e  an im als  in je c te d  w ith  h e x a d im e th rin e  
b ro m id e  one m on th  a f te r  h y p o p h y se c to m y . T h o u g h  in  th e  f irs t six  h o u rs  less 
a n im a ls  d ied  in th e  g roup  w h ic h  h ad  been  g iven  A C T H  to g e th e r w ith  h e x a d i
m e th r in e  brom ide th a n  in  t h a t  w hich h a d  rece iv ed  h e x a d im e th rin e  b ro m id e  
a lo n e , l a te r  th is  d ifference w as no longer d e m o n s tra b le  and  m ean  su rv iv a l was 
a lm o s t  th e  sam e in b o th  g ro u p s .

T a b le  I I  shows th e  r e c ta l  te m p e ra tu re s  m easu red  a t  d iffe re n t tim es. 
W h ile  te m p e ra tu re  of th e  c o n tro ls  was p ra c tic a lly  u n changed  th ro u g h o u t, 
a d m in is t r a t io n  of h e x a d im e th r in e  b rom ide  to  in ta c t  an im als w as fo llow ed  b y  a 
m o d e ra te  fa ll of te m p e ra tu re . I n  th e  h y p o p h y sec to m ized  an im als th e  rec ta l 
t e m p e r a tu r e s  had  been lo w er p r io r  to  th e  a d m in is tra tio n  of h e x a d im e th rin e  
b ro m id e  a n d  from  th e  in je c t io n  o f h e x a d im e th rin e  b rom ide  onw ard  te m p e ra -
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Table I

D ie d  w ith in
A v erag e  s u rv iv a l

G roup
N o. o f 

an im ale 6 24 48
h o u r s

h o u rs o f  all r a t s  J o f  d e a d  r a ts

N on-hypophysectom ized ,

u n tre a te d 10 0 0 0 18
N on-hypophysec tom ized  -f~ 

H B 22 0 1 4 46 36
H y p o p h y sec to m y  one d ay  

earlier +  H B 13 10 13 13 4 4
H ypop h y sec to m y  one d ay  

earlier -f- ACTH -f- H B 13 1 5 7 34 22
H ypop h y sec to m y  one m o n th  

earlier -J- H B 18 6 11 12 24 12
H ypophysec tom y one m o n th  

earlier +  ACTH +  H B 15 1 9 10 27 u

H B  h ex ad im eth rin e  b rom ide

tu re  decreased  ra p id ly  an d  m ost an im als d ied  w ith in  tw o days. T e m p e ra tu re  of 
h y p o p h y sec to m in ed  an im als in jec ted  w ith  A C T H  w as h igher in it ia lly  th a n  o f 
th o se  w hich  received  no A CTH . H y p o th e rm ia  d u e  to  h e x a d im e th rin e  b ro m id e  
in jec ted  24 h rs a f te r  hyp o p liy sec to m y  w as co n sid e rab ly  sligh ter, or occasio n a lly  
even a b se n t, in  th e  an im als p re tre a te d  w ith  A C TH . In  c o n tra s t, A C T H  h a d  
no p ro te c tiv e  in fluence  in  tho se  an im als w h ich  h a d  been  tre a te d  w ith  h e x a d i
m e th rin e  b rom ide  one m o n th  a fte r  h y p o p h y se c to m y , as reflec ted  b y  a co n sid 
e rab le  fa ll o f te m p e ra tu re .

T ab le  I I I  sum s up  th e  incidence o f  n e c ro tic  changes an d  th e  necrosis- 
in d ex  values in  th e  in d iv id u a l o rgans. H e x a d im e th rin e  brom ide ca u se d  a n te 
rio r p i tu i ta ry  necrosis in  10, in fa rc ts  in  th e  in n e r  layers of th e  a d re n a l c o r te x  in  
12, in fa rc ts  in  th e  liv e r  in  9 o u t o f 22 n o n -h y p o p h y sec to in ized  ra ts . N ecrosis  of 
th e  zona g lom erulosa an d  o f H e n l e ’s loops w as dem o n strab le  in  all, n ep h ro ca l- 
cinosis in  9 o f th e  an im als . Inc idence  an d  e x te n t  o f th e  n ecro tic  ch an g es a ffe c t
ing th e  in d iv id u a l o rgans largely  co rresp o n d ed  to  earlie r find ings (C a r r o l l  e t 
a l., 1964; K o v á c s  e t a l., 1964a, 1966a; K o v á c s  an d  S z i j j , in  p ress). A ll th e  
an im als  tre a te d  w ith  h ex ad im e th rin e  b ro m id e  24 h rs a fte r  h y p o p h y se c to m y  
died  w ith in  24 h rs a f te r  th e  in jec tio n  an d  no  m ore  th a n  3 su rv iv ed  th e  f i r s t  six 
h rs. S ince d ev e lo p m en t o f d em o n strab le  a d re n o c o rtica l and  h e p a tic  necrosis 
ta k e s  a b o u t six h rs an d  th a t  o f ren a l necrosis 24 h rs, we had  no o p p o r tu n ity  to  
s tu d y  nec ro tic  lesions o f th e  ad ren a l c o rtex  a n d  o f th e  liver in  m ore  th a n  3 a n i
m als an d  those  o f th e  k idneys in  none a t  all. In  th ese  3 an im als in fa rc tio n  of

Acta Medica Academiae Scientiarum Hungaricae 23, 1967



39S К. KOVÄCS et al.

T ab ic  II

G roup N o. o f an im als
N o . o f  an im a ls  

d e a d  w ith in  
48 h r s

0

R  e c t a 1 

1

N o n -h y p o p h y sec to m ized , u n tre a te d 10 0 38.5 

±  0.2*

38.3 

±  0.2

N o n -h y p o p h y sec to m ized  -f- HB 10 0 38.6 

±  0.2

36.5 

±  0.3

H y p o p h y sec to m y  one d a y  earlie r +  

H B

13 13 35.4 

±  0.5

35.6 

±  0.5

H y p o p h y sec to m y  one d a y  earlier -f- 

A C T H  +  H B

13 7 38.6 

±  0.4

37.0 

±  0.2

H y p o p h y sec to m y  one m o n th  

e a rlie r  -f- H B

18 12 37.4 

±  0.1

34.2 

±  0.4

H y p o p h y sec to m y  one m o n th  15 

ea rlie r +  ACTH - f  H B

10 38.0 

±  0.1

35.4 

±  0.3

H B  =  h e x a d im e th rin e  b rom ide  
* =  s ta n d a r d  e rro r o f th e  m ean  

** =  less th a n  th ree  ra ts  alive

th e  in n e r  a d ren o co rtica l lay e rs  w as found  in  one in s tan ce  and  necrosis o f  th e  
zo n a  g lom eru losa  in  th re e . H e p a tic  necrosis w as n o t  observed. I t  is, h o w ev er, 
c lea r t h a t  th e  f in d in g s d e riv ed  from  a to ta l  o f th re e  an im als give no t ru e  e s ti
m a te  o f  th e  incidence  an d  e x te n t  o f n ec ro tic  lesions affecting  th e  in d iv id u a l 
o rg an s . I n  th e  A C T H -p re tre a ted  an im als th e  necrosis  induced  by  h e x a d im e th 
r in e  b ro m id e  in  th e  a d re n a l co rtex , in  th e  liv e r, a n d  in  H e n l e ’s loops w hen  
a d m in is te re d  24 h rs  a f te r  h y p o p h y sec to in y  sh ow ed  th e  sam e incidence  and 
e x te n t  as in  n o n -h y p o p h y sec to m ized  an im als  t r e a te d  w ith  h e x a d im e th rin e  
b ro m id e . N ephrocalc inosis  a ffec tin g  th e  co rtico -m ed u lla r  ju n c tio n s  also d e v e l
op ed . I n  th e  g roup  w here a m o n th  h ad  e lap sed  betw een  h y p o p h y se c to m y  
a n d  h e x a d im e th rin e  b ro m id e  a d m in is tra tio n  th e  a tro p h ie d  deeper lay e rs  o f  th e  
a d re n a l  c o r te x  c o n ta in e d  occasional m in u te  in fa rc ts  only . N ecrosis of th e  liv er 
w as a b s e n t  in  th is  g roup  a n d  th a t  of H e n l e ’s loops w as slight. In  2 o u t o f  7 
an im a ls  w hose o rg an s h ad  b een  s tu d ied  m icro sco p ica lly , th e re  was no ev idence  
o f re n a l  necrosis a n d  in  th e  rem ain in g  5, necrosis w as of p a tc h y  c h a ra c te r  an d  
n o t  e x te n s iv e . N ephrocalc inosis  w as ab se n t th ro u g h o u t. In  th e  g roup  w here 
a d m in is tra tio n  of h e x a d im e th rin e  brom ide fo u r w eeks a fte r  h y p o p h y sec to m y  h ad  
b e e n  co m b in ed  w ith  A C T H -p re tre a tm en t, in fa rc ts  o f  th e  deeper ad ren o co rtica l
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t e m p e r a t u r e  a t  h o u r

2 3 4 6 8 12 24 36 48

38.3 38.2 38.1 37.6 38.1 38.1 37.6 38 .3 38.6

±  0 .3 ±  0.3 ±  0.3 ±  0.2 ±  0.2 ±  0 .2 ±  0.1 ±  0 .2 ±  0.1

36.2 36.5 36.9 35.8 36.7 36.7 35.9 3 6 .8 35.1

±  0 .3 ±  0 .4 ±  0.5 ±  0.3 ±  0 .4 ±  0 .3 ±  0.3 ±  0 .3 ±  0.4

34.8 33.8 32.8 31.1 32.0** — — — —

±  0.6 ±  0.7 ±  1.0 ±  0.8

36.9 37.2 37.3 36.9 37.8 38.5 37.1 38 .7 36.2

±  0.2 ±  0.2 ±  0.3 ±  0.4 ±  0.3 ±  0.2 ±  0.1 ±  0 .3 ±  0.7

33 .4 33.3 33.3 32.8 32.8 33.5 33.5 33 .8 33.4

±  0.6 ±  0.6 ±  0.7 ±  0.8 ±  0.7 ±  0.1 ±  0.7 ±  0 .5 ±  0.5

34.2 34.3 34.0 33.2 34.4 35.8 34.3 36.1 31.9

±  0 .4 ±  0 .4 ±  0 .4 ±  0 .4 ±  0 .4 ±  0 .4 ±  0.3 ±  0 .3 ±  0.8

lay ers  w ere m ore fre q u e n t, th o u g h  d e fin ite ly  n o t m ore ex tensive  th a n  in  the  
o th e r  g roups, b u t necrosis o f th e  zona g lo m eru lo sa  was d e m o n s tra b le  th ro u g h 
o u t. In fa rc ts  w ere fre q u e n t in  th e  liver. N ecrosis o f H e n l e ’s lo o p s w as also 
d e m o n s tra b le  in  th o se  an im als w hich h ad  su rv iv ed  24 h rs, b u t  nephroca l- 
cinosis w as ab sen t.

T h e  m icroscopic changes d e m o n s tra b le  in  th e  in ta c t an im als t r e a te d  w ith  
h e x a d im e th rin e  b ro m id e  co rresponded  to  th o se  described earlie r ( C a r r o l l  et 
a l., 1964; K o v á c s  e t a l., 1964a, 1966a; K o v á c s  and  S z i j j , in  p ress). In  
th e  a n te r io r  p i tu i ta ry , th e  in n e r layers o f  th e  ad rena l co rtex  a n d  in  liver 
th e y  w ere ch a ra c te ris tic  in fa rc ts . T he zona g lom erulosa show ed e x te n s iv e  ne
crosis; in  a n u m b er o f an im als it  w as n a rro w  or h a d  d isappeared , su b c a p su la rly  
zona fasc icu la ta  cells w ere recognizable. R e n a l dam age was fo u n d  to  a ffec t the  
co rtico -m ed u lla r b o u n d a ry . T h e  tu b u la r  ep ith e liu m  lining th e  a scen d in g  lim bs 
o f H e n l e ’s loops w as necrosed  an d  th e re  w as nephrocalcinosis in  a  n u m b e r of 
an im als .

T h e  ad ren a l co rtex  o f th e  an im als w h ich  had  been h y p o p h y sec to m ized  
one m o n th  before h e x a d im e th rin e  b ro m id e  tre a tm e n t, d isp la y e d  defin ite  
a tro p h y  affecting  p re v a le n tly  th e  in n e r la y e rs . T h e  zona g lom eru losa  ap p eared  
b ro a d e r  an d  was sh a rp ly  d e m a rc a ted  fro m  th e  zona fa sc ic u la ta . In  the  
A C T H -p re trea ted  an im als b ro ad en in g  o f  th e  a tro p h ic  c o rtex  a n d  en large
m en t o f the  cells w ere d em o n strab le . In  th e  an im als  w hich h ad  b een  hypo p h y s-
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T ab le  I I I

No. of 
animals

No. of animals 
surviving Adenohypophysis

Group 6 24 48

hours number index

N on-h y p o p h y sec to m ized , u n tre a te d 10 10 10 10 *0/10** 0.0

N o n -h y p o p h y sec to m ized  -f- H B 22 22 21 18 10/22 0.7

H y p o p h y sec to m y  one d a y  earlie r +  H B 13 3 0 0 — —

H y p o p h y sec to m y  one d a y  earlie r +  

A C T H  +  H B 13 12 8 6 — —

H y p o p h y sec to m y  one m o n th  ea rlie r  -f- H B 18 12 7 6 — —

H y p o p h y sec to m y  one m o n th  earlie r -f- 

A C T H  - f  H B 15 14 6 5 - —

H B  =  h e x a d im e th rin e  b ro m id e  
* =  n u m b e r  o f necroses

** =  n u m b e r  o f m ic roscop ica lly  e v a lu a te d  anim als

ec to m ized  24 hrs p rio r  to  h ex ad im e th rin e  b ro m id e , co rtica l a tro p h y  w as n o t 
e v id e n t. T re a tm e n t w ith  A C T H  induced  c o rtic a l h y p e rp la s ia . In  th e  a d re n a ls  
o f  th o s e  h y p o p h y sec to m ized  an im als in  w h ich  h e x a d im e th rin e  b ro m id e  h a d  
b een  le th a l  w ith in  th e  f i r s t  h o u rs , ex tensive h y p e ra e m ia , cap illa ry  d is ten s io n , 
a n d  h ae m o rrh a g es  w ere fo u n d  in  a n u m b er o f  cases. T h e  deeper lay e rs  o f  th e  
zona fa sc ic u la ta  a n d  th e  zo n a  re ticu la ris  w ere  p a r tic u la r ly  a ffec ted . T h ese  
a n im a ls  do  n o t figu re  in  T a b le  I I I  hav ing  d ied  b e fo re  th e  possible necrosis h ad  
b eco m e m an ife s t. In  th o se  an im a ls  w hich su rv iv e d  th e  f irs t  six hours a f te r  h e x a 
d im e th r in e  b rom ide  a d m in is tra tio n  th e  in fa rc ts  in  th e  in n e r layers o f th e  a d re 
n a l c o r te x , th o u g h  b e ing  g en e ra lly  sm all, d id  n o t d iffe r  in  ch a rac ter fro m  th o se  
fo u n d  in  th e  an im als w h ich  h a d  n o t been h y p o p h y sec to m ized . N ecrosis o f  th e  
zona g lo m eru lo sa  a n d  th e  re n a l  lesions h ad  th e  sa m e  m icroscopic a p p e a ra n ce  as 
th o se  c a u se d  b y  h e x a d im e th rin e  b rom ide in  th e  n o n -h y p o p h y sec to m ized  a n i
m als. T h e  h isto log ica l ch an g es  are  p resen ted  in  F ig s  1 to  10.

D iscussion

T h e  p re se n t re su lts  c lea rly  show th a t  h y p o p h y se c to m y  increases th e  
v u ln e ra b il i ty  of ra ts  to  h e x a d im e th rin e  b ro m id e . A d m in is tra tio n  o f th e  s u b 
s ta n c e  is  fo llow ed b y  a sh a rp  fa ll o f rec ta l te m p e ra tu re  an d  th e  m a jo rity  o f  th e  
a n im a ls  d ie  w ith in  a few  h o u rs  p a rtic u la r ly  i f  th e  in te rv a l  betw een  h y p o p h y sec -
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Zona faec. and L iv er Z ona glom erulow a H e n le ’s loops NephrocalcinoBiB
zona  retie . 1

N  e с г о  e i в

n u m b er index n u m b er in d ex n u m b er in d ex n u m b er in d ex n u m b e r index

0/10 0.0 0/10 0.0 0/10 0.0 0/10 0.0 0/10 0.0

12/22 1.2 9/22 0.9 22/22 2.5 21/21 2.2 9/21 0.8

1/3 0.7 0/3 0.0 3/3 2.0 - - — -

7/12 0.8 9/12 1.2 12/12 2.3 8/8 2.3 5/8 0.9

4/12 0.4 0/12 0.0 12/12 2.2 5/7 0.9 0/7 0.0

9/14 0.9 12/14 1.6 14/14 2.3 6/6 1.7 0/6 0.0

to m y  an d  h e x a d im e th rin e  b rom ide  t r e a tm e n t  w as as sh o rt as 24 h rs . T h is ob
se rv a tio n  is in  no w ay  su rp ris in g , h y p o p h y sec to m y  being kn o w n  to  a ffec t the 
re sis tan ce  o f an im als to  o th e r  stresso rs as well ( S e l y e , 1947). W h a t im p ressed  us

Fiji. 1. A drenal g land  o f n o rm al co n tro l ra t.  T h e  zona  glom erulosa a n d  zo n a  fa sc ic u la ta  are 
c learly  seen. H a e m a to x y lin —eosin, X 176

was th e  d iffe ren t to le ran ce  of th e  an im als  to  h ex ad im e th rin e  b ro m id e  given 
24 h rs  or four weeks a f te r  h y p o p h y sec to m y . T olerance to  h e x a d im e th r in e  bro
m ide ad m in is te red  24 h rs a f te r  h y p o p h y se c to m y  was poor, p ro b a b ly  in  conse
quence  o f acu te  c o rtico s te ro id  d ep le tio n , a n d  th e  anim als d ied  w ith o u t  excep
tio n  in  th e  f irs t hou rs. T h e  an im als w hich  received  th e  d ru g  o n e  m o n th  after 
h y p o p h y sec to m y  seem  to  h av e  acqu ired  a s lig h t cap ac ity  o f a d a p ta t io n  to  the
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F ig . 2. A d re n a l gland of n o n -h y p o p h y se c to - 
m ized  r a t  24 hrs after a d m in is tra t io n  o f he- 
x a d im e th r in e  brom ide. C om plete d e s tru c tio n  
of th e  z o n a  glom erulosa. H a e m o rrh a g ic  n e 
crosis in  th e  zona fascicu la ta. H a e m a to x y lin  

—eosin, X 176

Fig. 4. A d re n a l gland of n o n -h y p o p h y se c to - 
m ized  r a t  48 hrs a fte r a d m in is t r a t io n  of 
h e x a d im e th r in e  brom ide. T he n e c ro tic  zona 
g lo m e ru lo sa  has p ractically  d isa p p e a re d . H a e 

m a to x y lin —eosin, X 176

Fig. 3. A d re n a l g lan d  o f n o n -fy p o p h y sec to m ized  
ra t  24 h rs  a f te r  ad m in is tra tio n  o f h e x a d i
m eth rine  b ro m id e . N ecrosis of zona g lo m eru lo 
sa. F o ca l in fa rc tio n  in th e  zona fa sc icu la ta .

H a e m a to x y lin —eosin, X llO

Fig. 5. A d re n a l g lan d  of u n tre a te d  r a t  one 
m o n th  a f te r  h y p o p h y se c to m y . T he zona  g lo
m erulosa a p p e a rs  to  be b roader, w hereas th e  
zona fa sc ic u la ta  a n d  zona re ticu la ris  a re  d e f
in ite ly  n a rro w . H a em a to x y lin —eosin, X 176
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F ig. 6. A drenal g lan d  of r a t  48 hrs a fte r 
a d m in is tra tio n  of h e x a d im e th rin e  brom ide. 
I ly p o p h y se c to m y  one m o n th  earlie r. D efin ite  
ad ren o co rtica l a tro p h y . C om plete  destru c tio n  
of th e  b ro ad  zona g lom eru losa . T he zona fas- 
c icu la ta  and  zona re tic u la r is  are  narrow er 
b u t  free from  necrosis. H a e m a to x y lin —eosin, 

X 176

Fig. 8. K id n ey  of no n -h y p o p h y secto in ized  
r a t  48 h rs  a fte r  a d m in is tra tio n  of hexadi- 
m e th rin e  b rom ide. E x te n s iv e  necrosis of the  
ascend ing  lim bs of H e n l e ’s loops. H aem a

to x y lin —eosin, X 176

F ig . 7. A d re n a l g land of r a t  48 h rs  a f te r  a d 
m in is tra tio n  o f h ex ad im eth rin e  b ro m id e . H y- 
p o p h y se c to m y  one m o n th  earlier. A C T H -pre- 
t r e a tm e n t.  C om plete d e s tru c tio n  o f  th e  zona 
g lo m eru lo sa . T he zona fa sc icu la ta  show s no 
e v id en ce  of necrosis. H a e m a to x y lin -  eosin, 

X 176

F ig . 9. K id n ey  of ra t  48 hrs a f te r  a d m in is 
t r a t io n  o f h e x ad im eth rin e  b ro m id e . I ly p o  
p h y se c to m y  one m o n th  earlie r. N ecrosis ol 
H e n l e ’s loops is no t ex ten siv e . H a e m a to x y 

l in —eosin, X 176
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F ig . 10. L iv e r  o f r a t  48 h rs  a f te r  a d m in is tra tio n  o f h e x a d im e th rin e  b rom ide. H y p o p h y sec - 
to m y  o n e  m o n th  earlier. P re t r e a tm e n t  w ith  A C TH . C h a rac te ris tic  p a tc h y  in fa rc tio n . H aem a-

to x y lin —eosin, X  176

c o r tic o id  deficiency, p ro b a b ly  b y  a red u c tio n  of th e ir  dem ands in  co rtico id s  
w h ic h  re s u lts  in  a ce rta in  re s is ta n c e . A n o th e r d is tin c tiv e  fea tu re  b e tw e e n  th e  
tw o  g ro u p s  tre a te d  w ith  h e x a d im e th rin e  b ro m id e  24 hrs an d  fo u r w eeks re 
sp e c tiv e ly  a f te r  h y p o p h y se c to m y  w as th e  re sponse  to  ACTH. T re a tm e n t 24 hrs 
a f te r  h y p o p h y se c to m y  w ith  A C T H  w as fo u n d  to  p ro lo n g  su rv iv a l a n d  to  c o u n te r 
a c t th e  f a l l  o f rec ta l te m p e ra tu re . In  th e  an im als  tr e a te d  fou r weeks a f te r  h y p o 
p h y s e c to m y  th e  effect o f A C T H  w as less m ark ed . I t  h a rd ly  a lte red  s u rv iv a l an d  
fa ile d  to  a v e r t  th e  fall o f re c ta l  te m p e ra tu re . I t  d id , how ever, have  an  in flu en ce  
on th e  a d re n a l cortex  even  in  th e s e  cases b y  lead in g  to  defin ite  b ro ad en in g  o f  th e  
a tro p h ie d  in n e r layers. I t  a lso  in c rea sed  th e  f re q u e n c y  of necrosis in  th e  in d iv id 
u a l o rg a n s . R esponsiveness o f  th e  ad ren a l c o r te x  to  th e  en h an c in g  in flu en ce  
o f A C T H  w as reduced  in  a n im a ls  w hich h a d  b een  h y p o p h y sec to m ized  fo u r 
w eeks e a r lie r . This is also su p p o r te d  b y  th e  o b se rv a tio n  of D ear a n d  G u il l e - 
м ш  (1960) th a t  ACTH fa ils  to  e lic it a s im ila r e lev a tio n  of th e  p la sm a  c o r t i
c o s te ro n e  leve l in  an im als h y p o p h y se c to m iz e d  sev era l weeks before  as in  th o se  
w h ic h  w ere  h y p o p h y sec to m ized  a few  h o u rs  ea rlie r. Poor a d re n o c o rtica l re 
sp o n se  to  ACTH in  ra ts  h y p o p h y se c to m iz e d  sev era l weeks p re v io u s ly  has 
b e e n  o b se rv e d  also b y  us e a r lie r  (D ávid  e t a l., 1961).

H y p o p h y se c to m y  a ffe c ted  n o t only  re c ta l  te m p e ra tu re  and  su rv iv a l, b u t  
also  th e  freq u en cy  and  e x te n t  o f  necroses in  th e  in d iv id u a l organs. T h o u g h  th e  
n u m b e r  o f  surv ivors b ey o n d  th e  f irs t  hours o f h ex ad im e th rin e  b ro m id e  e ffec t 
w as to o  sm a ll to  m ake re liab le  e v a lu a tio n  possib le , th e  find ings c lea rly  sh o w ed
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th a t  h y p o p h y sec to m y  p ro tec ts  th e  tissues a g a in s t th e  effects of h e x a d im e th rin e  
b ro m id e , w hereas A CTH  m akes th em  ag a in  suscep tib le  to  n ecro sis , w ith  the  
sole ex cep tio n  of th e  zona g lom erulosa w here  th e  necrosis cau sed  b y  h ex ad i
m e th rin e  b rom ide  w as n o t a ffec ted  b y  h y p o p h y sec to m y  or A C TH .

T he s ign ifican t in fluence  o f h y p o p h y se c to m y  or of A C T H  o n  n ecro tic  
lesions has been  p o in ted  o u t b y  severa l in v e s tig a to rs . T onutti (1953) found  
h y p o p h y sec to m y  to  p ro te c t gu inea  pigs fro m  ad rena l necrosis in d u c e d  by  
d ip h th e r ia  to x in  unless A CTH  tre a tm e n t w as ap p lied  s im u ltan eo u sly  in  w hich 
case h y p o p h y sec to m y  h ad  no p ro te c tiv e  e ffec t a t  all. D im e th y lb e n z a n th rac e n e  
fails to  p ro d u ce  ad ren o co rtica l necrosis in  r a ts  hyp o p h y sec to m ized  a few  weeks 
ea rlie r (H uggins an d  Morii , 1961; Morii a n d  H uggins, 1962; H uggins  and 
S ugiyama , 1965). A C TH  w as found  to  en h an ce  th e  in d uc tion  o f a d re n a l  n ec ro 
sis b y  th ro m b in  (Margaretten  e t a l., 1965), b y  d im e th y lb e n z a n th rac e n e  
(Morii an d  H uggins, 1962), an d  b y  th o r iu m  d ex tr in e  (Ga bb ia n i  e t  a h , 1965) 
in  in ta c t  ra ts . In  opposition  to  th e  p re se n t re su lts , T uchweber  e t  al. (1963) 
fo u n d  h y p o p h y sec to m y  to  h av e  an  a g g ra v a tin g , an d  ACTH a p ro te c tiv e , in 
flu en ce  on ad ren o co rtica l necrosis in d u ced  b y  h ex ad im eth rin e  b ro m id e . S tu d y 
ing th e  effects o f h ex ad im e th rin e  b ro m id e  on th e  ad renal c o rte x  in  r a ts  h y p o 
p h y sec to m ized  th ree  to  six  weeks e a r lie r ,H uggins and  Sugiyama (1965) found  
th a t  ad ren o co rtica l necrosis developed  in  th e se  an im als also. T h ese  re s id ts  are, 
how ever, b y  no m eans co m p arab le  to  ours since these  au th o rs  h a d  used  m assive 
doses — 6 m g p er 100 g body-w eigh t — w hich  in v a riab ly  p ro v e d  le th a l to  
o u r an im als in  a few m in u tes  regard less o f  p rev ious h y p o p h y se c to m y . Our 
re su lts  a re  in  ag reem en t w ith  tho se  o f N ichols (1966) who fo u n d  t h a t  h ex ad i
m e th rin e  b rom ide w as p oorly  to le ra te d  b y  ra ts  hy p o p h y sec to m ized  one week 
ea rlie r a n d  th e  dose o f 1.6 m g p er 100 g w as le th a l for all th e  a n im a ls  in  tw o  to 
tw e lv e  hours. H y p eraem ia  an d  cap illa ry  d is ten sio n  were seen, b u t  ad ren o co r
tic a l necrosis was ab sen t.

H y p o p h y sec to m y  is know n to  m od ify  th e  developm ent o f re n a l changes. 
I t  w as fo u n d  to  in h ib it co m p en sa to ry  h y p e r tro p h y  of th e  c o n tra la te ra l  k idney  
a f te r  u n ila te ra l n ep h rec to m y  (Asta r a ba d i , 1963), to  reduce or to  a v e r t  en tire ly  
th e  ren a l changes caused b y  p a ra th o rm o n e , d ih y d ro tac liy s te ro l, chrom ium  
ch lo ride  an d  N a H 2PO.j (Se l y e , 1958; Se ly e  e t ah , 1962a, b). A cco rd ing  to 
F arnsw orth  (1959) am inonucleoside n ep h ro sis  fails to  develop in  h y p o p h y sec 
to m ized  ra ts . W e, too , found  th a t  h y p o p h y se c to m y  reduced  th e  s e v e rity  of 
p itu itr in - in d u c e d  focal necrosis o f  th e  ren a l co rtex  in o e s tro g e n -p re trea te d  
ra ts  (K ovács e t ah , 1964b). T he p resen t re su lts  a re  in ag reem en t w ith  th o se  of 
T uchw eber  e t ah (1963) accord ing  to  w h ich  h ex ad im eth rin e  b ro m id e  a d m in 
is te red  to  ra ts  im m ed ia te ly  a f te r  h y p o p h y se c to m y  does n o t cau se  nephrocal- 
cinosis un less p re lim in a ry  t re a tm e n t w ith  A C TH  has been ap p lied .

T h e  m echan ism  u n d erly in g  th e  p ro te c tiv e  effect of h y p o p h y se c to m y  is not 
c lear. O ur earlie r s tud ies (Carroll e t ah , 1964; K ovács e t ah , 1966a; K ovács
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a n d  Sz ij j , in  press) su g g e s t th a t  th e  necroses in  th e  ad ren a l c o rtex  a n d  in  
th e  l iv e r  are  due to  isc h a e m ia  arising  as a co n seq u en ce  of som e, s till u n e x 
p la in e d , d iso rder of re g io n a l b lood  flow. W e w o u ld  h a v e  to  clarify  w h e th e r  th e  
p r im a ry  cause of isch aem ia  w as cap illary  d am ag e , s ta s is , vasospasm  or th ro m 
b o sis  (K ovács e t ah , 1 9 66b ; K ovács, 1967) in  o rd e r  to  offer an y  e x p la n a 
tio n  a c c o u n tin g  for th e  p ro te c tiv e  action  o f h y p o p h y se c to m y . We h av e  show n 
e a r lie r  t h a t  a d m in is tra tio n  o f  m assive doses o f  p o s te r io r  p itu ita ry  h o rm o n e  to  
o e s tro g e n -p re tre a te d  r a ts  le a d s  to  p a tch y  necrosis o f  th e  ren a l cortex  b y  causing  
re n o -v a sc u la r  spasm . T h o u g h  h y p o p h y sec to m y  fa ile d  to  in h ib it th e  v a s o 
sp a sm , i t  su b s ta n tia lly  re d u c e d  th e  severity  o f  c o r tic a l necrosis (László e t a l., 
1966). T h ese  o b se rv a tio n s ra ise  th e  possib ility  t h a t  h y p o p h y sec to m y  m a y  in 
c rea se  th e  to lerance  to  h y p o x ia , a supposition  b y  no  m eans inco m p atib le  w ith  
th e  p re s e n t  resu lts since i t  is w ell possible t h a t  h y p o p h y se c to m y  is fo llow ed b y  
a d ec rea se  of cellular s e n s i t iv i ty  to  hypoxia . I f  th is  c la im  proves tru e , th e n  we a re  
ju s t i f ie d  in  reg ard in g  th e  ab sen ce  o f ACTH se c re tio n  as th e  p rim ary  cause  of 
th e  re d u c tio n  in 0 2-d e m a n d  o f hyp o p h y sec to m ized  an im a ls , since a d m in is tra 
tio n  o f  A C TH  m akes th e m  a g a in  susceptib le to  th e  in ju rio u s  effect o f h ex ad i- 
m e th r in e  brom ide.
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The im m ed ia te  h a em o d y n am ic  effects o f p o ly cy th a em ia  in d u ced  b y  e ry th ro c y te  
transfusion  h av e  been  s tu d ie d  in  th e  dog. C ard iac  o u tp u t  d im in ished , w hile to ta l  p e rip h 
e ra l re sistan ce  in c reased  a n d  b lood pressure  re m a in e d  p ra c tic a lly  u n c h an g e d . T he 
arte rio -v en o u s 0 2-d ifference  in v ariab ly  in creased  th o u g h  v enous О „ -sa tu ra tio n  show ed 
no significant ch an g e . T h e  re d u c tio n  in Ö l t r a n s p o r t  w as co m p en sa ted  b y  a co rresp o n d 
ing increase  in  0 2-u tiliz a tio n .

W hile opinions ag ree concern ing  th e  h aem o d y n am ic  effects of h ypervo l- 
aem ic anaem ia , th e  o p p o site  is th e  case w ith  h y p e rv o laem ic  p o ly cy th aem ia . An 
increase  in  card iac  o u tp u t  h as  been  found b y  som e a u th o rs  [1, 3, 7], a red u c tio n  
b y  o th ers  [10, 11]. C erta in  in v es tig a to rs  in d u ced  no rm ovo laem ic  p o ly cy th aem ia  
in  an im als b y  s im u ltan eo u s b leed ing  and  tra n s fu s io n  o f e ry th ro c y te s , b u t  in 
h u m a n  p a th o lo g y  p o ly c y th a e m ia  is genera lly  a sso c ia ted  w ith  hyp erv o laem ia . 
T he p re sen t s tu d y  h as  b een  concerned  w ith  th e  h aem o d y n am ic  effects o f p o ly 
cy th aem ia  induced  b y  tra n s fu s io n  of e ry th ro cy te s .

M ateria l and  m ethod

A naesthesia  w ith  0.10 g p e r  kg  chloralose was in d u ce d  in  dogs of b o th  sexes ran g in g  in 
w eigh t be tw een  10 kg a n d  20 kg , a n d  fasted  for a t  le a s t 18 ho u rs . A  can n u la  w as in se rte d  in to  
th e  t ra c h e a  a n d  a tta c h e d  to  a  K ro g h -a p p a ra tu s  a d o p te d  to  e s tim a tio n  o f О »-consum ption  in  dogs. 
M ean a r te r ia l  p ressure  w as m ea su re d  w ith  a m ercu ry  m an o m e te r  in  th e  com m on c a ro tid . C ar
d iac  o u tp u t  was e s tim a te d  on th e  basis o f  F i c k ’s  d irec t p rin c ip le . F o r  th is  pu rp o se  a r te r ia l  blood 
w as ta k e n  from  th e  fem ora l a r te ry ,  a n d  m ixed venous b lo o d  fro m  th e  p u lm o n a ry  a r te ry  th ro u g h  
a c a th e te r  introduce«1 u n d e r ra d io g ra p h ic  contro l. B lood c lo ttin g  w as p re v en ted  w ith  h ep arin . 
B lood sam ples were co llected  u n d e r  p a raffin  and  k e p t in  a re fr ig e ra to r u n til th e  tim e  of s tu d y . 
0 2-sa tu ra tio n  of blood w as d e te rm in e d  by  th e  aid  o f a  K ip p  h aem o reflec to r an d  0 2-c o n te n t 
w as ca lcu la ted  from  th e  h a e m a to c r it  an d  haem oglobin  v a lu es. P e rip h era l re sis tan ce  w as com 
p u te d  on th e  basis o f  th e  u su a l fo rm u la : 1332 X a r te r ia l  m ean  pressu re  p e r card iac  o u tp u t/6 0  
d y n e  • cm  ■ sec -6  reck o n in g  w ith  zero c en tra l venous p re ssu re . T h e  ex p erim en ts  w ere p e rfo rm 
ed as follow s. C ardiac o u tp u t  w as e s tim a ted  to g e th e r w ith  b lood  p ressure  on tw o or th ree  
occasions a t  10-m inute  in te rv a ls . In  th e  m ean tim e b lo o d  w as ta k e n  from  th e  donors, th e  h ep 
arin ized  sam ples w ere cen trifu g e d , th e  p lasm a w as d isca rd ed . O f th is  sam ple  w hich  h ad  
now  a h a em a to c rit va lue  o f 60 to  80 pe r cen t, 300 to  500 m l w ere in tro d u c ed  in to  th e  fem o
ra l a r te ry  o f th e  te s t  an im a ls  a t  a  ra te  ex ten d in g  th e  p rocess o v er 10 to  15 m in u te s  subse
q u e n tly , a t  10 m inu tes a n d  a t  one or tw o fu r th e r  1 0 -m in u te  in te rv a ls , th e  e s tim a tio n s  were 
rep ea ted .

8 Acta Medica Academiae Scientiarum Hungaricae 23, 1967



410 Z. NAGY, I. JAKAB and A. MÉSZÁROS

R esults

T h e  overall resu lts  h a v e  b e e n  ta b u la te d . To fa c ilita te  com parison , c a rd iac  
o u tp u t  w as  calcu lated  p e r sq . m  b o d y  su rface , th e  ra tio  litre /m in /sq . m  re p re 
s e n tin g  th e  cardiac in d ex  w h ic h  se rv ed  as th e  basis  fo r  expressing  th e  to ta l  
p e r ip h e ra l  resistance (T P R ) a n d  a r te r ia l  0 2- tra n s p o r t  (p ro d u c t o f  ca rd iac  index  
a n d  a r te r ia l  (^ -c o n c e n tra tio n ) . T h e  ta b le  p re sen ts  fu rth e rm o re  th e  a r te r io 
v e n o u s  О 2-difference, 0 2- s a tu ra t io n  o f m ixed  b lood , b lood  p ressu re , haem a- 
t o c r i t  a n d  О 2-utiliza tion  (A —V  0 2-d ifference a r te r ia l 0 2-co n ten t).

Table 1

Control 10' after transfusion 30’ to  4 0 ' after
transfusion

H a e m a to c r i t  % 43.2 ± 5 .0 8  55.0 54,4

P  <  0.001----------11---------- P  >  0.20

P  <  0.001—

B lood  p re ssu re , m m  Hg 1 3 9 .0 ± 2 7 .6  135.5 126.6

— P  >  0.30----------- ! 1 P  <  0 .02-

- — ------------------------P  <  0.05------------------------------

C ard iac  in d e x , 1/min/sq. m 3.25 ± 1 .0 1  2.28 1.73

1---------- P  <  0.01------------1 - P  ~  0 .0 5 -

------------------------------- P  <  0.001---------------------------

T P R

cm  * d y n e  * sec- **
3 6 7 2 ± 1 3 3 5  5338 6204

- P  <  0.05------------11----------P  >  0.10

—  --------P  <  0.001—

A rte rio -v e n o u s  0 2 difference 

vo l %
4 .6 9 ± 1 .2 0  6.73 8.01

P  =  0.001---------- 11--------- P  >  0.05

P  <  0.001—

P u lm o n a ry  a r te ry  

0 2- s a tu r a t io n  %
69.1 ± 7 .3 8  68.4 60.7

P > 0 . 6 0 ------------11 P < 0 . 0 1

- P  <  0.01

0 2- t r a n s p o r t  m l/m in 591 ± 1 9 0  531 400

— P  >  0.20------------1 '----------P  <  0.05

P  <  0.001 -

0 2-u til iz a tio n 25.7 ± 6 .0 2  28.5 34.7

— P  >  0.20------------1 P  >  0.05

—P  <  0.01
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U n d er th e  p re sen t ex p e rim en ta l co n d itio n s , transfusion  o f  e ry th ro c y te s  
red u ced  ca rd iac  o u tp u t  an d  increased  T P R . S ince 0 2-con su m p tio n  w as p ra c ti
ca lly  u n a ffe c ted , th e  increase  in  A —V 0 2-d iffe ren ce  was highly  s ig n if ic a n t (P  <  
< 0  .0011). T h is was in  good ag reem en t w ith  th e  clinical find ing  o f  a n  increased  
A —У  О ..-difference in  p o ly cy th aem ia  even  in  th e  absence of c irc u la to ry  failu re . 
T h e  re d u c tio n  o f 0 2-sa tu ra tio n  in  m ixed  b lo o d  o f th e  pu lm onary  a r t e r y  w as no t 
o f su ch  an  e x te n t as to  connect th e  in c rease  in  A —Y 0 2-d ifference w ith  s ta g 
n a n t  h y p o x ia . T h e  red u c tio n  in ca rd ia c  o u tp u t  was follow ed b y  a m inor 
re d u c tio n  in  0 2-tra n sp o r t. T he increase  in  0 2-u tiliza tio n  (11 a n d  35 p e r  cent) 
co rresp o n d ed  to  th e  red u c tio n  o f 0 ,,- tr a n s p o r t  (10 and  32 per c e n t) .

Discussion

G o ld sm ith  (1936) could show  in  p o ly cy th aem ic  p a tien ts  a n  increased  
ca rd iac  o u tp u t  and  connec ted  th is  f in d in g  w ith  an  increase in  b lo o d  vo lum e. 
S t e w a r t  e t al. (1941) suggested  th a t  th e  a u g m e n te d  A —Y 0 2-d iffe re n ce  was 
due to  th e  slow ing dow n o f c ircu la tio n  cau sed  b y  th e  reduced v e n o u s  0 2-con- 
te n t . In  th e  p re sen t ex p erim en ts  th is  re d u c tio n  w as insign ifican t in  s p ite  o f  the 
in c reased  A —V 0 2-difference. R e g a n  e t a l. (1963) have likew ise o b se rv e d  a 
red u ced  ca rd iac  o u tp u t associa ted  w ith  re d u c e d  co ronary  flow. T h e  f in d in g  of a 
n o rm a l 0 2-sa tu ra tio n  in  co ro n ary  sinus b lo o d  w as regarded  b y  th e se  a u th o rs  as 
ev idence  a g a in s t th e  p o ssib ility  of m y o c a rd ia l hypox ia . I t  m ay  b e  o f  in te re s t 
to  co n fro n t th e se  o b se rv a tio n s w ith  th e  fin d in g s  of an increased  re n a l blood 
flow  in  p o ly cy th aem ia  v e ra  ( S c o t t  e t a l., 1950; de W a r d e n e r , 1951; M a l i z i a , 

1956; D o e r i n g , 1956), even th o u g h  th e se  in v e s tig a tio n s  have b een  c a rr ie d  out 
u n d e r d iffe ren t cond itions. N evertheless, th e  b asic  fea tu re , p o ly c y th a e m ia , was 
com m on to  b o th .
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RECENSIG

K l o t z , H . P .: Les déséquilibres endocriniens 

L ’E x p an s io n  S cien tifique F ra n ç a ise , P a ris  1966

M onographs on th e  th eo re tic a l or clinical a sp ec ts  o f endocrinology u su a lly  tre a t th e ir 
su b je c t in th e  co n te x t o f th e  in d iv id u a l glands. T he p re se n t vo lum e d e p a rts  fro m  th e  co n v en tio n 
al schem e. I ts  m ain  sec tio n s a re  d evo ted  to  th e  p h y sio lo g ica l, b iochem ical, p a th o lo g ica l, and 
clin ical issues of th e  essen tia l endocrine m an ife s ta tio n s , seeking in th is  m an n e r  a sy n th e tic  
a p p ro ac h  to  the  re su lts  o f e x p erim en ta l an d  c lin ical endocrino logy . T he lea s t th a t  m ay  be 
said  is th a t  th e  a u th o r  has do n e  ju s tic e  to  th is  ta sk , th e  in tro d u c to ry  section  g ives a h isto rica l 
o u tlin e  of endocrino logy . T h e  p ic tu re  o f th e  c u rre n t s ta te  o f  endocrinological re sea rch  is p a r tic 
u la rly  illu m in a tin g . I t  g ives occasion for stressing  th e  c ircu m stan ce  all too o ften  ignored  th a t  
o u ts id e  th e  horm onal level p rev a ilin g  in the  o rg an ism , th e  responsiveness o f th e  in d iv idual 
effec to r organs or re ce p to rs  also de term ines th e  c h a ra c te r  o f th e  endocrine  effects. I t  is, fu r th e r 
m ore, ju s t ly  em phasized  th a t  th e  v arious neu ro en d o crin e  m echan ism s o p e ra te  a p a r t  fro m  th e ir 
re g u la to ry  influence on th e  p i tu i ta ry  gland also th ro u g h  d irec t nervous p a th w a y s  to  th e  effec
to r  organs.

T he follow ing sec tio n s deal w ith  the  endocrine  b ack g ro u n d  of sexual fu n c tio n  and  of 
io d ine , c a rb o h y d ra te , f a t ,  a n d  e lec tro ly te  m etab o lism  u n d e r  norm al and  p a th o lo g ic  conditions. 
T h is  is follow ed by  th e  d iscussion  of the  horm onal a sp e c ts  o f  m elan in  m etab o lism , o f a rte ria l 
b lood  pressure, a n d  ca lc iu m  balance . Full sections a re  d e v o ted  to  th e  n eu ro h o rm o n a l reg u la 
tions a n d  to the  en d o crin e  a sp ec ts  o f ageing. T he su b sec tio n s  on th e  ho rm o n al im ba lances in 
p u b e rty , g esta tio n , an d  m enopause  are h ighly  in s tru c tiv e . T he last section  resu m es cu rren t 
view s on the  arisal o f th e  v a rio u s  ty p es o f ho rm o n al im b a lan ce .

T he sy n th e tic  line  o f a p p ro ac h  has been m a in ta in e d  th ro u g h o u t, an d  th e  nonhorm onal 
fac to rs  have  been d u ly  p o in te d  ou t w herever necessary . T h e  a u th o r  w ould still a d d  to th e  value 
of his w ork by defin ing  th e  e x te n t  o f the  va rio u s en d o crin e  and  nonendocrine  in fluences still 
m ore closely in an e d itio n  to  com e. T he m on o g rap h  in c lu d es 1803 references. A ju d ic io u s use 
has been m ade of lo n g -es tab lish ed  facts still of su ffic ien t im p a c t. T he a u th o r  has a b rillian t 
an d  a t  th e  sam e tim e lu cid  s ty le  m aking  the  su b jec t accessib le  even to those  who are  less fam il
iar w ith  th e  qu estio n s o f endocrino logy . He se ts fo rth  his view s w ith  a com m en d ab le  e x p lic it
ness an d  p resen ts even  co n tro v e rs ia l issues w ith  a re m a rk a b le  c la rity . A p a r tic u la r  asse t o f th e  
w ork lies in  its  ex ce llen t illu s tra tio n s . A lm ost every  a sp e c t o f th e  su b jec t is d o cu m en ted  by 
o u ts ta n d in g  single o r seria l illu s tra tio n s  m ostly  from  th e  a u th o r , a few of th e m  from  o th er 
sources. By th is fa c t, th e  m on o g rap h  has th e  a d d itio n a l m erit o f an  endocrino log ical a tlas.

K lo t z ’s n e w  m o n o g r a p h  t h u s  m a y  b e  s u m m e d  u p  a s  a r e a d a b le  a n d  h ig h ly  i n f o rm a t iv e  
w o rk  d e s t in e d  for  t h e  u s e  o f  t h e  i n v e s t i g a to r  e n g a g e d  in  t h e o r e t i c a l  or  p r a c t i c a l  e n d o c r in o lo g y  
as well as  o f  th e  b e g in n e r  w h o  seeks  bas ic  i n f o r m a t i o n  o n  t h e  s u b je c t .

I. H o l l ó

Acta Medica Acaderr.iae Scivntiarum Hungaricae 23, 1967





INDE X

M olnár, L .:  R e frak tio n su iite rsu ch u n g en  ...................................................................................................  297
S zám . I .:  Schock u n d  L ungenödem  ..........................................................................................................  309
Góth, E . an d  M ikló s , G y.: D iabetes m ellitu s in  P i tu i ta ry  Insufficiency  ..................................  319
Szabó, Gy. an d  M agyar, S .:  E ffec t of H y p e rto n ic  M an n ito l Solution on C ircu la tion  and

R enal F u n c tio n  in  A cu te  Blood Loss .......................................................................................... 325
Böszörm ényi, J .,  S zita , J . ,  R a jka , 0 .,  Korossy, S . a n d  Gózony, M .:  T he E ry sip e las  P rob lem  

II . T he P ro p e rtie s  a n d  Aetiological R ole o f  S trep to co ccu s S tra in s Iso la te d  fro m  E ry 
sipelas and  o th e r  D erm al Diseases .......................................  337

R én y i-V á m o s, F . a n d  Csellár, M .:  Ü ber die B e d eu tu n g  d e r B ak te riäm ie  u n d  T o x in ä m ie  im
Z u stan d ek o m m en  d e r Oligo-Anurie ............................................................................................... 345

Fekete, À . :  F u n c tio n s  o f  th e  K id n ey  a fte r L ig a tio n  of th e  R en al A rte ry  ..................................  353
Schweitzer, P ., H ildebrand, T ., K ívánóvá, H . a n d  M erstenová , E . : T he M echan ism  of

E lec tro ca rd io g rap h ic  Changes in T h y ro to x ico sis  .................................................................  365
Földi, M . and  Lehotai, L . : S ta rlin g ’s Law of O edem a P ro d u c tio n : its M a th em atica l A nalysis

from  H aem o -L y m p h o d y n am ic  A spects ..................................................................................... 371
F öld i, M ., Lakos, A .,  Lehotai, L . and  Sonkodi, S .:  M odel E x p e rim en t for th e  D e m o n s tra tio n  

of th e  E ffect o f S y stem ic  P h leb o h y p erten sio n  on L y m p h  Flow and  O edem a P ro d u c 
tion  .......................................................  383

M akara , G. В ., P app , M .,  C sáki, L . and  Pál, I .  : R ad io z in c  U p tak e  by  th e  A cu te ly  D am aged
P an creas o f R a ts  ..................................................................................................................................  389

Kovács, K .,  S z i j j , / . ,  K o csis , J .  and  László, F .:  E ffec ts  o f H y p o p h y sec to m y  a n d  of ACTH
on th e  C hanges In d u c ed  by  H e x ad im eth rin e  B ro m id e  ........................................................ 395

N agy. Z Jakab,  I .  a n d  M észáros, A .:  E ffec t o f A cu te  E x p erim en ta l P o ly c y th a e m ia  on
C ardiac O u tp u t  ....................................................................................................................................... 409

R ecensio .................................................................................................................................................................... 313

Printed  in  H u n g a ry

A k ia d á sé rt  felel az A k a d é m ia i K ia d ó  ig azg a tó ja  M űszaki sze rk e sz tő : F a rk a s  S án d o r
A k é z ira t n y o m d á b a  é rk e z e tt:  1967. V II .  24. —  T e rje d e le m : 10,75 (A /5) í v ,  49 á b ra  

67 .61134 A k ad ém ia i N yom da. B u d a p e s t  —  Felelős v ezető : B e rn â t G y örgy



F ro m  t h e  t i t le s  of 

A K A D É M IA I  K IA D Ó

P u b lis h in g  H ouse of the  H u n g a r ia n  A cadem y o f Sciences 

I. H a y n a l  — J . M atsch

P a ro x y sm a l Tachycardia. P athogenesis and Treatm ent o f  the Supraventricu lar  
F orm
In  E n g l is h  — A pprox. 360 p a g e s  — N um erous fig u re s  — 1 7 x 2 4  cm  — C lo th  

M. J u le s z  — I. Holló

D ia g n o stic s  o f  Neuroendocrine D iseases and their Pathophysiological Bases 
In  R u s s ia n  — A pprox. 880 p ag es  — 140 fig u res , p a r t ly  in  colour — 1 7 x 2 4  
cm  — C lo th

F . K o v á ts  — В. Bugyi

O ccu pa tiona l M ycotic Diseases o f  the Lungs
In  E n g l is h  — A pprox. 230 p ag es  — 160 figures — 1 7 x 2 4  cm — C loth  

D . S z a b ó

M ed ica l Colour Photom icrography
In  E n g l is h  — 135 pages — 103 figu res — 16 co lo u red  p la tes  — 1 7 x 2 4  cm  
— C lo th
In  p r e p a r a t io n  also in  R u ss ia n

A k a d é m ia i K iadó 
B u d a p e s t  Y. 
A lk o tm á n y  u tc a  21



A CTA  M ED ICA
ТОМ X X II1 — ВЫП. 4

Р Е З Ю М Е

ИССЛЕДОВАНИЕ ИЗМЕНЕНИЙ РЕФ РАКЦ ИИ
Л. МОЛЬНАР

Автор исследовал у 84 преждевременно рожденных детей, у 81 нормального ново
рожденного, у 42G грудных детей, у 48 детей младше двух лет, и у всего населения села 
Уйлета (2084 чел.) на основании преломления света, определенного при циклоплегии, 
изменения рефракции, наблюдаемые по мере старения, изменения способности роговицы, 
преломлять свет и частоту случаев миопии, эмметропии и гиперметропии. На основании 
полученных данных автор устанавливает величину диоптрии средней рефракции при рож
дении, изменения этой величины по мере старения, срок заканчивания развития опти
ческого аппарата и выясняет процесс эмметропизации. В связи со сравнением данных 
рефракции ] 11 косоглазых детей указывается также на этиологию отдельных форм косо
глазия.

ШОК И ОТЕК ЛЕГКИХ
И. САМ

Сообщаются клинические и экспериментальные данные о том, что шок может пре
пятствовать развитию отека легких. Казуистика двух случаев демонстрирует, что уже 
возникший отек легких может полностью регрессировать после появления шока. Встре
чается, однако, и обратная последовательность возникновения симптомов: у третьего 
больного острый отек легких развился после преодоления шока. В опытах на 85 крысах 
было выявлено, чтр формалиновый шок тормозил развитие экспериментального отека 
легких, вызываемого впрыскиванием NH ,С1 или вдыханием чистого кислорода под высоким 
давлением.

САХАРНЫЙ ДИАБЕТ ПРИ НЕДОСТАТОЧНОСТИ ГИПОФИЗА
Э. ГОТ и Дь. м и к л о ш

У 65-летней мужчины через 15 лет после удаления гипофиза по поводу хромофоб
ной аденомы развилась острый сахарный диабет. Дачей Букарбана удалось поддержать 
больного в состоянии равновесия. Через 2 1/ 2 года после развития диабета больной умер 
от цирроза печени, стафилококкового энтероколита и пневмонии. На вскрытии на месте 
удаленного гипофиза была обнаружена псевдокиста. При гистологическом исследовании 
в стенке псевдокисты было найдено очень незначительное количество гипофизарной ткани. 
На основании метопироновой пробы и исследования липоидо-мобилизующего фактора эта 
ткань еще осуществляла некоторую функцию. В свете этих данных напрашивается вопрос, 
играет ли гипофиз на самом деле всегда важную роль в патогенезе сахарного диабета.

ДЕЙСТВИЕ ГИПЕРТОНИЧЕСКОГО РАСТВОРА М АННИТА НА 
КРОВООБРАЩЕНИЕ И НА ФУНКЦИЮ  ПОЧЕК В СОСТОЯНИИ ОСТРОЙ

ПОТЕРИ КРОВИ

Д ь . С А Б О  и Ж . М А Д ЬЯ Р

У наркотизированных собак в состоянии гипотонии, вызванной кровопусканием, 
при величине артериального давления, стабилизированной на 60 мм рт. ст., дача 200 мл 
20%-ного раствора маннита оказывает существенное диуретическое действие, инулиновый 
и ПАГК-клиренсы значительно повышаются, хотя инулин не достигает величин, измер



яемых в норме. Ретрансфузия взятой крови также повышает диурез, однако, без изменения 
величин клиренса. При непосредственном измерении под влиянием маннита наблюдается 
лишь умеренное повышение количества крови, протекающей через почки, причем почеч
ное сопротивление несколько понижается (в среднем на 16%).

При поддержании неизменного уровня артериального давления маннит в значи
тельной мере увеличивает минутный обьем сердца и понижает периферическое сосудистое 
сопротивление в среднем на 33%.

В экспериментах, в которых авторы в время вливания маннита прекратили крово
пускание, артериальное давление повышалось с 60 до 89 ± 3 ,1  мм рт. ст. а минутный объем 
увеличивался почти до двукратной контрольной величины, измеренной до обескровлива
ния. Общее сосудистое сопротивление понижалось до 35% контрольной величины. Ретранс
фузия взятой крови больше не вызывала дальнейшего повышения величины минутного 
объема.

В этой серии опытов диурез такж е значительно повышался. Величины клиренса 
ПАГК и инулина существенно превышали контрольные величины, однако, это было выз
вано, по большей части, выделением клиренсовых веществ, накопившихся в почках в 
состоянии гипотонии.

При непосредственном измерении под влиянием маннита наблюдалось повышение 
кровообращения в почках до величины, измеряемой при нормальном кровяном давлении. 
Сосудистое сопротивление в почках значительно понижалось (в среднем на 33%).

Результаты указывают на то, что понижающее сосудистое сопротивление, действие 
маннита, обуславливается не исключительно лишь уменьшением вязкости крови, оно не 
представляет собой специфического почечного действия, а проявляется в системном кро
вообращении еще более выраженно, чем в сосудах почек.

ПРО БЛ ЕМ А РОЖИ II

Свойства стрептококковых штаммов выращенных из патологического материала больных 
с рожой и другими дерматозами и их роль в патомеханизме заболевания

Й. БЁСЁРМЕНЬИ, Й. СИТА, Э. РАЙКА, Ш. КОРОШИ и М. ГОЗОНЬ

Из патологического материала 115 больных рожой и 214 больных микробной экземой 
было выращено 66 штаммов /^-гемолитических стрептококков. 25 из них относились к 
группе А, 22 — к группе С и 19 — к группе G. Представители группы А относились к 12 
различным типам. У 64 из выращенных штаммов авторы исследовали способность убивать 
мышей, причем, они в преобладающем большинстве оказались совершенно невирулент
ными, а меньшая часть их обладала сниженной вирулентностью. Ввиду того, что эти в 
отношении мышей невирулентные стрептококки вызывали у человека тяжелые болезни, 
и что из поведения клеточной реакции позднего типа, из гистологической картины и из 
отсутствия настоящено иммунитета можно было заключить о дефекте иммунитета, можно 
полагать, что патогенность для человека этих невирулентных штаммов следует приписы
вать этой слабости иммунитета. Слабое антигенное раздражение и уменьшенная специфи
ческая способность организма вырабатывать антитела, могут, совместно, быть причиной 
частоты заболеваемости рожой.

ЗН А Ч Е Н И Е  БАКТЕРИЕМИИ И ТОКСИНЕМИИ В ВОЗНИКНОВЕНИИ
ОЛИГО-АНУРИИ

Ф. РЕНИ-ВАМОШ и M. ЧЕЛЛАР

В течение 6 '/2 лет авторы наблюдали 87 случаев олиго-анурии бактериемической- 
токсинемической этиологии. Общая смертность составляла 49,4% (43 случая). Билатераль
ный некроз коры почек наблюдался в 8 случаях (смертность 100% ), шоковая почка была 
обнаружена в 56 случаях (смертность 32,1% ), внезапное обострение хронического заболе
вания почек было установлено в 23 случаях (смертность 74%). Вызывающими причинами 
некроза коры почек и шоковой почки были в первую очередь септические аборты, а хрони
ческого заболевания почек (прежде всего хронического пиелонефрита) — холецистит, хол- 
ангит и холангиолит.



ФУНКЦИЯ ПОЧЕК ПОСЛЕ ЛИГИРОВАНИЯ ПОЧЕЧНОЙ А РТЕРИ И
А. Ф ЕКЕТЕ

У собак после лигирования почечной артерии в случае развития подходящей ана
томической системы коллатералей удалось выявить восстановление функции почек. 
На основании экспериментальных данных весьма вероятно, что для развития коллатераль
ного кровообращения необходимо сохранить в течение известного времени интактную 
правую почку. По истечении 3 месяцев удаление интактной почки выраженно способствует 
развитию коллатерального кровообращения и кровоснабжению тканей в почке с лигиро
ванной почечной артерией.

Установлено, что уменьшение кровообращения в почке вызывает и поддерживает в 
организме животного гипертонию. На основе экспериментальных данных полагается, что 
по истечении трех месяцев гипертония оказывается вредной для организма, и этому обсто
ятельству следует приписать, что собаки, которым производили удаление правой почки 
через 4 - 6  месяцев после лигирования почечной артерии, погибли от недостаточности 
почек.

МЕХАНИЗМ ИЗМЕНЕНИЙ ЭКГ ПРИ ТИРЕОТОКСИКОЗЕ

П. ШВЕЙЦЕР, Т. ХИЛЬДЕБРАНД, X. КЛВАНОВА и Е. МЕРСТЕНОВА

Проводился анализ изменений ЭКГ при тиреотоксикозе и связи между ЭКГ и неко
торыми клиническими и гемодинамическими факторами. Полученные результаты показы
вают, что у больных тиреотоксикозом в вызывании изменений ЭКГ, кроме гиперактивности 
щитовидной железы, участвуют и другие факторы.

МАТЕМАТИЧЕСКИЙ АНАЛИЗ ТЕОРИИ СТАРЛИНГА О ВОЗНИКНОВЕНИИ  
ОТЕКОВ С УЧЕТОМ ГЕМО-ЛИМФОДИНАМИЧЕСКИХ СООВРАЖЕНИИ

М. ФЁЛЬДИ и Л. ЛЕХОТАИ

На основании теории Старлинга в возникновении водянки рост капиллярного давле
ния и уменьшение коллоид-осмотического давления имеют нумерически одинаковое 
значение.

С учетом лимфодинамических условий авторы настоящей статьи выдвигают теорию, 
что в случае генерализованной флебогинертонии повышение капиллярного давления 
представляет собой в два раза большую гидроиигенную силу, чем уменьшение коллоидно
осмотического давления.

Модифицированную авторами теорию, как и классическую теорию Старлинга 
можно выразить в уравнениях.

На основе данных 110 больных Фаркаша и Коранъи, без водянки и с водянкой раз
личной степени и различного генеза, удалось установить новые математические зависи
мости и то, что, соответственно теории авторов, при генерализованной флебогипертонии 
гидропигенное значение капиллярного давления превышает значение коллоидно-осмоти
ческого давления на самом деле в два раза.

ДЕЙСТВИЕ ГЕНЕРАЛИЗОВАННОЙ ФЛЕБОГИПЕРТОНИИ НА 
ЛИМФООБРАЩЕНИЕ И НА ВОЗНИКНОВЕНИЕ ОТЕКА В ОПЫТАХ

НА МОДЕЛИ

М. ФЁЛЬДИ, А. ЛАКОШ, Л. ЛЕХОТАИ и Ш. 1ИОНКОДИ

На простой гемо-лимфодинамической модели можно установить, что в гидропиген- 
ном действии флебогипертонии, генерализовавшейся вследствие действия физических сил, 
значительную роль играет то обстоятельство, что повышение давления, распространяясь 
обратно на лимфатическую систему, препятствует впайению лимфы. На модели наглядно 
видны также принципиальная разница между «закрытым» и «канюлированным» лимфото- 
ками и связь между возникновением отека и расстройством лимфообращения.



ПОГЛОЩ ЕНИЕ РАДИОЦИНКА ПОДЖ ЕЛУДОЧНОЙ Ж ЕЛЕЗОЙ ПРИ ЕЕ  
ОСТРОМ ПОВРЕЖ ДЕНИИ

Г. МАКАРА

Исследовалось поглощение 2п 65-глицината и 2п'”'-глуконата щитовидной железой, 
печенью и тощей кишкой белых крыс. Через 1—7 часов после впрыскивания наблюдалось 
в поджелудочной железе подопытных животных значительное поглощение радиоцинка. 
После лапаротомии поджелудочная железа крыс поглощала меньше, а их печень погло
щала больше радиоцинка, чем соответствующие органы контрольных животных. При 
дезоксихолатовом панкреатите поджелудочная железа и тощая кишка животных погло
щает еще меньше изотопов, чем после лапаротомии. Уменьшение поглощения радиоцинка 
объясняется, по всей вероятности, ухудшением кровоснабжения воспалительной подж е
лудочной железы.

ДЕЙСТВИЕ ГИПОФИЗЕКТОМИИ И ДАЧИ АКТГ НА ИЗМЕНЕНИЯ, 
ВЫ ЗВАННЫ Е БРОМИДОМ ГЕКСАДИМЕТРИНА

К. КОВАЧ, И. СИЙ, Ю. КОЧИШ и Ф. ЛАСЛО

После дачи бромида гексадиметрина температура прямой кишки гипофизектомиро- 
ванных крыс резко понижается и в пределах нескольких часов большинство животных 
погибает. Некроз внутренних слоев коры надпочечников, а также восходящей ветви пет
лей Генле менее выраженный, чем у  контрольных животных. Инфаркта печени и каль
циноза почек не развивается. Некроз клубочковой зоны ж е закономерно появляется. 
Если через день после гипофизектомии животным давали АКТГ, то эта предварительная 
дача приводила к умерению понижения температуры прямой кишки, наблюдаемого после 
введения бромида гексадиметрина, к удлинению времени выживания животных, при 
одновременном увеличении некрозов, возникающих во внутренней корковой части надпо
чечников, в почках и в печени. Спустя месяц после гипофизектомии крысы реагировали в 
меньшей мере действие АКТГ в случае дачи бромида гексадиметрина. У этих животных 
введение АКТГ не предотвращало понижения температуры прямой кишки, не вызывало 
существенного изменения времени выживаемости крыс. С другой стороны АКТГ обусловли
вает усиление некрозов в органах. Эти результаты указывают на то, что в случае дачи 
бромида гексадиметрина гипофизектомии имеет двоякий эффект; с одной стороны, она 
понижает сопротивляемость крыс, а с другой — предоставляет определенную защиту 
против развития повреждения тканей.

ДЕЙСТВИЕ ОСТРОЙ ЭКСПЕРИМЕНТАЛЬНОЙ ПОЛИГЛОБУЛИИ НА
МИНУТНЫЙ ОБЪЕМ

3. НАДЬ, И. ЯКАВ, А. МЕСАРОШ, Ш. ФЮЛЁП, А. КАРАЙ и И. ЛУЛИГЬ

В острых опытах на собаках авторы исследовали действие трансфузионной поли- 
глобулии на кровообращение и установили, что минутный объем уменьшился, а сопро
тивление кровообращению повысился при незначительном изменении кровяного дав
ления. Рост артерио-венозной разности кислорода был нормальным, без значительного 
уменьшения кислородной насыщенности венозной крови. Уменьшение кислородного 
транспорта компенсируется соответствующим ростом использования кислорода.
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T he au tho rs o f  th is m o n o g ra p h  give d e ta iled  ana tom ica l a n d  h is to log ical 

analyses o f  th e  h y p o th a lam o -h y p o p h y sea l com plex, w ith  p r im a ry  regard  

to  the in te rests  o f  th o se  engaged  in  experim en tal research  (stereo tax ic  

atlas, G olgi a rc h itec tu re , synap to logy , h ypo tha lam ic  p a th w a y s , b lood  

circulation  an d  in n e rv a tio n  o f  the  p itu ita ry  gland). R ich  experim en tal 

m ateria l has been p resen ted  co ncern ing  hypo tha lam ic c o n tro l o f  the 

thy ro troph ic , ad re n o co rtic o tro p h ic , g o n ad o tro p h ic  an d  so m a to tro p h ic  

functions. A new  c h a p te r  deals w ith  the  specific, an d  to  som e extent 

au tonom ous, ro le  o f  a certa in  lim ited  region o f  the h y p o th a lam u s 

(hypophysio troph ic  a rea) in th e  m a in ten an ce  o f  s truc tu re  a n d  functions 

o f  the an te rio r p itu i ta ry  g land . Ö n a c co u n t o f  the novel c o n c ep ts  raised 

an d  the genuine h is to lo g ica l an d  experim en tal m odes o f  a p p ro a c h , the 

volum e will ce rta in ly  p rove useful to  all n eu ro an a to m ists , n eu ro p h y s io l

ogists, as well as to  the  clin ical neuro log ists .
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