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ELECTROCARDIOGRAPHIC AND CIRCULATORY 
CHANGES IN PROGRESSIVE MUSCULAR DYSTROPHY

B y

F. S o l t i , E. Z á d o r y  an d  Gy. B e k é n y

F IR ST  DEPARTM ENT OF M ED ICINE (D IRECTO R: PRO F. I . RU SZN Y Á K ) AND D E P A R T M E N T  O F  N EU RO 
PATHOLOGY (D IRECTO R: P R O F . B. H O RÄ N Y I), U N IV E R S IT Y  M EDICAL SCHOOL, B U D A P E S T

(R ece iv ed  O ctober 1, 1961)

In  22 p a tie n ts  su ffe rin g  fro m  progressive  m u sc u la r  d y s tro p h y  on th e  evidence 
o f  clinical e x am in a tio n s  a n d  m uscle  b iopsy  th e  fo llow ing  c irc u la to ry  a n d  E C G  changes 
w ere revealed .

S tro k e  vo lum e w as fre q u e n tly  d im in ished  a n d  p e rip h e ra l re s is tan c e  au g m en ted . 
T h e  m echanic  systo le  o f ten  lag g ed  beh in d  th e  e lec tr ic  systo le .

E lec tro ca rd io g ram s rev ea led  p a tho log ica l ch an g es in  80 p e r c e n t o f  th e  cases; 
th ese  changes w ere o f  th re e  ty p es .

T he m ech an ism  o f  e lec tro card io g rap h ic  a n d  c irc u la to ry  changes is  discussed.

Introduction

T here  is an in c reasin g  n u m b e r o f  o b se rv a tio n s  to  show  th a t  p rogressive  
m u scu la r  d y s tro p h y  o ften  affec ts  n o t m ere ly  th e  m u scu lo sk e le ta l system  
b u t  also th e  m y o card iu m . T he occurrence of an  affec tio n  of th e  h e a r t  m uscles 
a n d  th e  re su ltin g  ca rd iac  d is tu rb a n c e  have  b een  p ro v ed  b y  th e  follow ing 
o b se rv a tio n s .

(i) In  p a tie n ts  w ho h a d  d ied  of progressive  m u scu la r d y s tro p h y  au to p sy  
o ften  rev ea led  s im ila r h is to lo g ica l changes in  th e  m y o card iu m  a n d  in  th e  
sk e le ta l m uscles [1, 2, 3, 4].

(ii) In  such  p a tie n ts  ra p id ly  developing  c irc u la to ry  fa ilu re  h a s  been 
o b se rv ed  w hich h a d  to  be  asc rib ed  to  th e  disease a t  issue [5, 6, 7, 8, 9].

I n  sp ite  o f th ese  o b se rv a tio n s , only  a few a u th o rs  h av e  a c tu a lly  in v e s ti
g a te d  th e  p rob lem  in v o lv ed  an d  th e  re su lts  a re  so m ew hat c o n tra d ic to ry . 
T h e re  are  h a rd ly  an y  d a ta  reg a rd in g  th e  sy stem ic  c ircu la tio n  in  co n n ec tio n  
w ith  th e  disease, ex cep t co ncern ing  p ressu re  in  th e  p u lm o n a ry  c ircu la tio n , 
M ore num ero u s are  th e  E C G  re p o rts , b u t  th e ir  re su lts  a re  also c o n tra d ic to ry . 
T h e  incidence o f p a th o lo g ica l EC G -changes in  co n n ec tio n  w ith  p ro g ressive  
m u scu la r  d y s tro p h y  h as  n o t  y e t been  s ta te d , n o r  has i t  been  d e te rm in e d  
w h e th e r those  changes a re  specific  o f th e  d isease. In te rc o n n e c tio n s  betw een  
E C G  changes, c irc u la to ry  d is tu rb an ces  an d  th e  re su lts  o f m u sc le  h iopsy  
h av e  n o t  y e t been  e lu c id a ted .

T h e  p re sen t s tu d y  deals w ith  e lec tro card io g rap h ic  an d  c irc u la to ry  
chan g es in  progressive m u sc u la r  d y s tro p h y .

1 A cta Mcdica X IX /1 .
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Material and m ethod

T h e  exam inations w ere  m a d e  in  22 p a tie n ts  su ffe rin g  fro m  p rogressive  m u scu la r 
d y s t ro p h y ,  tre a te d  a t  th e  D e p a r tm e n t  of N eu ro p ath o lo g y . D iagnosis w as b a se d  on  clinical 
e v id e n c e  a n d  muscle b iopsy .

A fte r  th e  usual e x a m in a tio n s , th e  p a tie n ts  w ere q u e s tio n e d  a b o u t possib le  c ircu la to ry  
c o m p la in ts . In  add ition  to  ro u t in e  c ircu la to ry  te s ts  th e  E C G  reco rd ed  fro m  th e  ex trem itie s  
a n d  th e  p reco rd ia l leads V x, V 2, V 4 a n d  V6; 6 chest lead s a n d  3 u n ip o la r e x tre m ity  lead s w ere 
e x a m in e d  in  h a lf of th e  cases, to o .

T e n  p a tien ts  were s u b je c te d  to  a more d e ta iled  c irc u la to ry  e x am in a tio n , invo lv ing  
d e te rm in a tio n  of th e  e lectric  sy s to le , th e  m echanic sy s to le , f u r th e r  th e  systo lic  p h ases  and  th e  
r a te  o f  p ro p a g a tio n  of th e  p u lse  w a v e , th e  stroke vo lum e acco rd in g  to  W e z l e r  a n d  BÖGER [10], 
th e  c a rd ia c  o u tp u t and  th e  p e r ip h e ra l  resistance.

T h e  obserbed changes w ere  th e n  assessed in  th e  l ig h t  o f th e  p a tie n t’s c o m p la in ts , th e  
c lin ica l p ic tu re  and  th e  m uscle  b io p sy  results .

Results

T h e  clinical d a ta  a re  assem bled in  T ab le  I . C ardiac co m p la in ts  w ere 
m e n tio n e d  by 8 p a tie n ts . S y m p to m s of ca rd iac  d eco m p en sa tio n  w ere found 
in  n o n e  o f the  cases. D a ta  reg a rd in g  c ircu la tio n  are  show n in  T ab le  I I .

T h e  m ost consp icuous an d  frequen t ch an g es w ere a d ecreased  stroke  
v o lu m e , an d  an in c reased  p e rip h e ra l re s is tan ce . C ard iac  o u tp u t w as low in 
m o s t cases. The QT in te rv a l  w as e ither a t  or s lig h tly  above th e  h ig h e s t lim it 
o f  n o rm a l. C om pared w ith  th e  electric sy s to le , th e  m echanic  sy sto le  was 
d e la y e d  in  8 ou t o f 10 cases . T he second —  o r, ex cep tio n a lly , th e  f irs t  — 
h e a r t  so u n d  was sp lit o r d o u b le d  in  cases o f d is tu rb e d  in tra v e n tr ic u la r  con
d u c tio n . N either th e  c h a ra c te r  nor the  degree o f  th e  c ircu la to ry  phenom ena 
re v e a le d  any  in te rc o n n e c tio n  w ith  th e  b io p sy  resu lts .

Table I

Clinical data o f  p a tie n ts  su ffering  fro m  progressive m uscular dystrophy

No
Initials, sex, age, 

weight
Clinical appearance and 

the  result of 
muscle biopsy

Sym ptom  pointing 
to  circulatory disorder Tension

Pulse
rate

l M. Z., female, 
14 years

A scen d in g  form  of pseudohyper
t ro p h y . H as been ill for 8 years 120/80 80

2 G y. A., female, 
17 years

M ild ascen d in g  form  (2 fu r th e r  
cases in  th e  family) — 120/80 70

3 M. A., female, 
18 years

G rave  descending  form (2 fu r
th e r  cases in  the  fam ily)

D yspnoea on 
s tra in 130/80 70

4 A . B ., male,
18 yrs, 38 kg A scen d in g  form  since childhood — 140/90 70

5 Gy. K ., female, 
33 years

A scen d in g  form  since 15th 
y e a r  o f  age

D yspnoea on 
s tra in

E n la rg ed  liver 120/80 80

6 L . Sz., male, 
30 years

A scen d in g  form  since 10th 
y e a r  o f  age 125/90 80
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No
Initials, sex, age, 

weight
Clinical appearance and 

the resu lt of 
muscle biopsy

Symptom pointing 
to circulatory disorder Tension

Pulse
rate

7 M. Z., male, 
36 years

Ascending form  of pseudohyper
tro p h y  (2 siblings likewise ill)

D yspnoea on 
s tra in 120/80 8 a

8 G. M., male,
7 yrs, 20 kg

A scending pseu d o h y p ertro p h y  
du rin g  th e  la s t 3 years P a lp ita tio n 110/80 90

9 A. A., female, 
21 yrs, 46 kg

D escending form  during  last 
2 y rs (a sibling likewise ill) 145/100 60

10 M. K ., male, 
36 years

G rave ascending form  since 
15 th  y ear of age 130/80 96

11 J .  K ., female, 
36 yrs, 61 kg

G rave ascending form  since 
16 th  year of age

D yspnoea for 
th e  las t year. 
P record ia l 
pa in ; rig h t 
h eart 
en larged 150/100 70

12 J .  R ., male,
33 yrs, 60 kg

G rave ascending form  during 
th e  las t 4 years ____ 130/70 80

13 A. V., female, 
39 years

In c ip ien t ascending form  since 
one year (no b iopsy) ____ 110/75 60

14 K . P ., female, 
8 years

Mild ascending form  during 
la s t  5 years — 110/70 62

15 I. E ., male, 
14 years

G rave ascending form  of
p seu d o h y p ertro p h y  since 6 th  
y ea r of age P a lp ita tio n 130/80 90

16 I. K ., male, 
34 years

Ascending form  of pseudohyper
tro p h y  during  la s t 10 years — 130/80 68

17 Í. A., female, 
19 yrs, 71 kg

G rave ascending form  since 
14th year o f age ____ 115/80 76

18 A. K ., male,
19 yrs, 78 kg

G rave ascending form  since 
8 th  year o f age (1 sibling 
likewise ill) 170/90 60

19 P. M., female, 
29 years

Ascending form  during  last 
10 years

D yspnoea on 
s tra in . L eft 
h eart 
en larged 100/70 76

20 L. Gy., male, 
31 yrs

A scending pseu d o h y p ertro p h y  
during  las t 8 y ears — 140/80 60

21 Gy. T ., male, 
31 yrs D escending form ____ 130/80 60

22 E. M., female, 
27 yrs A scending pseu d o h y p ertro p h y

D yspnoea on 
s tra in 150/90 78



Table II

Circulatory fin d in g s

No Initials, age, sex 
Case No.

Blood
pressure

Pulse
rate

Electric systole 
E. 1, S j  S //

Mechanic
systole

1 J .  K ., 36 y rs, fem ale, case 11 150/100 72 330 m .sec 
35, 70, 225

350

2 J .  R ., 33 y rs , m ale case 12 130/70 70 360 m.sec 
40, 90, 230

430

3 A. V ., 39 yrs, fem ., case 13 110/75 60 300 m .sec 
40, 80, 180

340

4 К . P ., 8 y rs, fem ., case 14 110/70 62 340 m .sec 
40, 90, 210

340

5 I. E ., 14 y rs, m ale case 15 130/80 70 310 m .sec 
40, 80, 190

310

6 I .  K ., 34 y rs, m ale, case 16 130/80 68 340 m .sec 
50, 90, 200

380

7 J .  A ., 19 y rs, fem ., case 17 115/80 76 300 m .sec 
40, 80, 180

340

8 A. K ., 19 y rs, m ale, case 18 165/100 60 340 m .sec 
40, 90, 220

340

9 P. M., 29 y rs, fem ., case 19 100/70 74 360 m .sec 
40, 100, 220

400

10 L. G y., 31 y rs, m ale, case 20 140/80 60 400 m.sec 
50, 110, 240

440

Phonocard.
Pulse wave 

cm/sec
Stroke
volume

Cardiac
ou tput

litre/m in

Peripheral 
resistance 
(dyn. cm. 

sec-6 )

— 9.20 52.6 3.94 2540

— 10.10 38.4 2.69 3130

— 4.50 50.0 3.00 2400

2nd sound 
sp lit

8.00 40.0 2.48 2600

— 7.60 40.0 2.80 2200

2nd sound 
split

7.70 31.0 2.10 4000

Syst.
m urm ur

6.80 40.0 3.36 2500

— 7.14 62.0 3.70 2830

2nd sound 
doubled 
1st split

6.56 32.0 2.40 2700

2nd sound 
split

8.90 60.0 3.60 2100
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T able I I I  show s th e  e lec tro card io g rap h ic  changes. T h ey  w ere p a th o lo g ic  
in  10 cases and  belonged  to  th re e  ty p es.

Table III

Survey o f  electrocardiographic changes

Type o f ECG 
tracing

Number 
of cases Case numbers Description of ECG changes

A 3 1, 10, 22 N orm al ECG

в 6 2, 3, 5, 12, 13, 17 F la t  or n eg ativ e  T  w aves; ST in te rv a l f req u en tly  
depressed. N orm al conduction

c 4 6, 7, 15, 20 Slow conduction . B undle  b ran ch  block. P ro longed  
a tr io v en tricu la r  conduction . F re q u e n t b ro ad en in g  
of P  w ave

I) 9 4, 8, 9, 11, 14, 16, 
18, 19, 21

T apering  h igh  T  waves (especially  in  p record ial 
leads). Q R S com plex suggestive of h y p e rp o ta ss -  
aem ia

(i) F la t  or in v e rte d  T  w av es, and  —  in  m a n y  cases —  a s lig h t (0.1 to
0.2 mV) depression  o f th e  ST in te rv a l. C ond u ctio n  tim e  w as n o rm a l.

(ii) A co n duction  d is tu rb a n c e  was th e  c h a ra c te ris tic  fin d in g . T h e  QRS 
com plex  w as len g th en ed  (b e tw een  0.12 an d  0.15 sec.), n o tch ed ; th e re  was 
a le f t b u n d le -b ran ch  block in 3 cases an d  a r ig h t  one in  one case. T h e  d u ra tio n  
o f  th e  fre q u e n tly  b iphasic  P  w av e  was u su a lly  p ro longed  (0.10 to  0 .12 sec.j, 
so th a t  a slow ing dow n o f a tr ia l  co n d u c tio n  h a d  to  be assum ed . T h e  P Q  
in te rv a l w as pro longed  in  3 cases (0.20 to  0.22 sec.).

(iii) T he m o st com m on E C G  changes w ere s im ila r to  th a t  seen  in  hyper- 
p o tassaem ia . T he T  w ave w as p o in ted , n a rro w  an d  ta l l  ( te n t sh a p e d ) , som e
tim es  th e  ST in te rv a l was also slig h tly  e le v a te d  (0.1 mV). I t  w as in  th e  V t 
to  V 4 leads th a t  th e  e lev a tio n  o f  th e  T  w ave a p p e a re d  to  be m o st p ro n o u n ced . 
T h e  QRS in te rv a l, to o , w as m o stly  so m ew hat p ro longed  (0.10 to  0.11 sec.) 
w ith o u t, how ever, show ing signs of b u n d le -b ra n c h  block. A tr io v e n tr ic u la r  
co n d u c tio n  tim e  w as genera lly  a t  th e  u p p e rm o s t no rm al lim it (0 .19 to  0.21 
sec.). T he P  w aves w ere a b n o rm a lly  ta ll  in  50 p e r cen t o f th e  cases, especia lly  
in  th e  second an d  th ird  leads.

W e have  fa iled  to  fin d  a connection  b e tw een  th e  c h a ra c te r  a n d  degree 
o f ECG  changes on th e  one side an d  th e  re su lts  o f  m uscle b iop sy  on  th e  o ther.

F igs. 1 to  4 p re se n t d e ta ils  of ECG a n d  c ircu la tion  changes observed  
in 4 p a tien ts .
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F ig . 1. G y. K ., No. 5: T  w a v es  c o m p a ra tiv e ly  low in  th e  I I  a n d  I I I  leads as also in  th e  leads 
V 2—-V4. In v e rs io n  of T w av e  in  lead  V 4

F ig . 2 . Á .  K ., No. 18: T  w aves ta p e r in g  and  high in th e  p re co rd ia l leads V 4—-V,,; Q R S  a t  th e  
u p p e r  lim it of n o rm al v a lu e  (0.10 sec.) ECG o f th e  h y p e rp o tassaem ic  ty p e
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F ig . 3. L. G y., N o. 20: L eft b u n d le -b ra n ch  b lock . T h e  second heart so u n d  is sp li t ,  th e  f irs t
b roadened  in  th e  phon o card io g ram

F ig . 4. K . P ., No. 14: L eft b u n d le -b ra n c h  b lock . Split f irs t  and second  h e a r t  sounds
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Discussion

D a ta  regard ing  c irc u la to ry  phenom ena in  co n n ec tio n  w ith  p ro g ressiv e  
m u s c u la r  dystro p h y  a re  f a i r ly  scarce. B oas  a n d  L o w e n b u e g  [11] fo u n d  
c h ro n ic  ta ch y card ia  in  7 p a t ie n ts  suffering fro m  th e  disease. G a i l a n i  e t  al.
[12] ca th e te rized  th e  r ig h t  h e a r t  in 12 cases a n d  fo u n d  an  increased  r ig h t  
v e n tr ic u la r  pressure in  3 cases . K il b u r n  e t  a l. [13] observed  a d ecreased  
t id a l  a ir  volum e, d im in u tio n  o f  v ita l c a p a c ity , re d u c e d  oxygen sa tu ra t io n  
a n d  e le v a te d  p u lm o n ary  a r te r ia l  pressure.

T h e  p resen t f in d in g s  re v e a le d  an in c rea sed  p e rip h e ra l res is tan ce  a n d  
a d e c re a se  in  stroke v o lu m e . T h e  m echanic sy s to le  lag g ed  beh ind  th e  e lec tric  
sy s to le  (H egglin’s en e rg e tic  d y n am ic  in su ffic iency ). W hile m ore n u m ero u s , 
th e  re p o r ts  on ECG ch an g es  a re  co n trad ic to ry . T h a t  th e  ECG of m u sc u la r  
d y s tro p h ic  p a tien ts  f r e q u e n tly  shows changes is g e n e ra lly  recognized. R u b i n  
a n d  B u c h b e r g  [4] d is se n t in  th is  respect; in  17 p a tie n ts  w ith  m u scu la r  
d y s tro p h y  th ey  found s lig h t d ev ia tio n  in th e  P  a n d  Q w aves only. P u d d u  
a n d  M u s s a f i a  [14] are a lso  o f  th e  opinion th a t  E C G  changes are in fre q u e n t, 
e sp e c ia lly  repo la risa tion  c h a n g e s .

Y e t, m ost au th o rs  o b se rv e d  a high p e rc e n ta g e  o f pa tho log ica l E C G  
c h a n g e s  w hich could n o t  be  asc rib ed  to  an y  o th e r  ca rd ia c  d is tu rb an ce . T h e  
c o m m o n  change was th e  f la t te n in g  of the  T  w av e  a n d  a depression o f th e  
ST  in te r v a l  [6, 9, 15, 16]. A n o th e r  ty p e  o f E C G  ch an g es, as observed  b y  
S c h o t t  e t  al. [17] an d  M a n n i n g  and  Cr o p p  [18], co n sis ted  in  h igh  R  an d  
T  w a v e s , especially in  p re c o rd ia l  leads. G a i l a n i  e t  a l. [12] observed  r ig h t  
b u n d le -b ra n c h  block a n d  d e la y e d  righ t v e n tr ic u la r  conduction . B und le- 
b ra n c h  b lo ck  was o bserved  b y  T o u r n a ir e  e t al. [15] as well. The f in d in g s  
o f  S c h o t t  e t al. [17] a n d  M a n n i n g  and  Cr o p p  [18] a re  n o tew o rth y  in asm u ch  
as th e y  observed  ECG c h a n g e s  o n ly  in cases o f p se u d o h y p e rtro p h ic  m u scu la r  
d y s tro p h y .

T h e  freq u en t o ccu rren ce  o f  pathologic E C G  changes in  p rog ressive  
m u s c u la r  d y s tro p h y  has b e e n  p ro v e d  by  ou r f in d in g s . M ost of our p a tie n ts  
w ere  y o u n g , and  none o f th e m  d isp lay ed  any  s y m p to m  p o in tin g  to  co n g en ita l 
m a lfo rm a tio n  or h ea rt d isease . T h e  fac t th a t  19 o f th e  22 p a tie n ts  h ad  p a th o lo g 
ica l E C G  changes argues in  f a v o u r  of our s ta te m e n t .  T h e  observed changes 
b e lo n g ed  to  3 m ain ty p e s , (i) N o n ch a rac te ris tic  re p o la r is a tio n  d is tu rb a n c e , 
a p h e n o m e n o n  observed b y  m o s t  au tho rs [6, 7, 15, 16]. (ii) D istu rb an ce  o f  
c o n d u c tio n , a phenom enon o b se rv e d  bo th  b y  us a n d  o th e r  au th o rs  in  som e 
in s ta n c e s  [12, 14]. (iii) A  ty p e  o f  changes su g g estiv e  o f  h y p e rp o ta ssaem ia , 
c h a ra c te r iz e d  by  po in ted  h ig h  T  w aves, especia lly  in  th e  p record ia l lead s. 
T h e  c h a n g e s  observed b y  S c h o t t  e t  al. [17] as also  b y  M a n n i n g  an d  Cr o p p  
[18] p re su m a b ly  belong to  th is  th i r d  category . I t  seem s, th ere fo re , th a t  o u r 
th re e  ty p e s  com prise all E C G  changes occu rring  in  progressive  m u scu la r
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d y s tro p h y . A ccording to  o u r  o b se rv a tio n s , th e re  e x is ts  no ECG tra c in g  c h a ra c 
te r is t ic  o f  p seu d o h y p e rtro p h ic  m u scu la r d y s tro p h y , n o r can we a c c e p t th e  
s ta te m e n t  th a t  pa tho log ic  E C G  changes occur o n ly  in  th is  form  of th e  d isease . 
L e t us ad d  th a t  no a u th o r  re p o rtin g  on p ro g ressiv e  m uscu la r d y s tro p h y  
seem s to  h av e  perfo rm ed  m u sc le  b iopsy , a lth o u g h  no reliab le  d iag n o sis  can  
be  m ad e  w ith o u t i t .  C o n tra d ic tio n s  in  th e  l i te ra tu re  m ay  be due to  d ia g n o s tic  
fa c to rs  o f th is  k ind .

O u r resu lts  have  show n  t h a t  th e re  often  occur c ircu la to ry  d is tu rb a n c e s  
in  p rog ressive  m u scu la r d y s tro p h y , and  th a t  th e  changes are  ty p ic a l .  I t  
sh o u ld  be n o ted  th a t  EC G  a n d  c ircu la to ry  p h en o m en a  show ed no c o n n ec tio n  
w ith  e ith e r  th e  degree o f m u sc le  in v o lv em en t o r th e  re su lt o f m uscle b iopsies. 
I t  w as rem ark ab le  th a t  sy m p to m s p o in tin g  to  in co m p en sa tio n  (d y sp n o e a , 
a n k le  oedem a, etc .) w ere c o m p a ra tiv e ly  ra re . I t  is, o f  course, tru e  t h a t  p a t ie n ts  
su ffe rin g  from  th e  disease a re  m ore  or less im m obilized  so th a t  th e  c irc u la to ry  
fa ilu re  m a y  long rem ain  concealed .

A s reg ard s th e  m ech an ism  of th e  changes, i t  seem s obvious t h a t  th e se  
a re  p re se n t n o t only in  th e  sk e le ta l m uscles b u t  also in  th e  h e a r t. Y e t , cases 
h a v e  b een  recorded  in  w h ich  p o st-m o rtem  e x a m in a tio n  revealed  n o  h is to lo g 
ica l ch an g e  in  th e  h e a r t, a lth o u g h  th e  ECG h a d  b een  p a th o lo g ic ; a n d  vice versa.

W e agree w ith  o th e r  a u th o rs  in  th a t  th e  clin ica l g ra v ity  o f th e  d isease  
is f re q u e n tly  in d ep en d en t o f  th e  degree of c irc u la to ry  changes, so t h a t  o th e r  
fa c to rs , to o , m ust be a t  p la y . W e fre q u e n tly  fo u n d  energetic  d y n a m ic  in su f
f ic ie n c y  w ith  th e  c irc u la to ry  changes, a d iso rd e r u su a lly  a sso c ia ted  w ith  
d is tu rb a n c e s  o f p o tassiu m  b a la n c e  [19]. ECG ch an g es, such as th e  o ccu rren ce  
o f  h ig h  p o in ted  T w aves, a s lig h t e levation  o f th e  ST in te rv a l and  a m o d e ra te  
d is tu rb a n c e  o f co n d u c tio n , w ere  freq u en t in  o u r p a tie n ts  an d  a re  likew ise  
f re q u e n tly  associa ted  w ith  d is tu rb an ces  of th e  p o ta ss iu m  ba lan ce . T h e re  are 
e x p e rim e n ts  to  show  th a t  th is  b a lan ce  is o ften  u p se t in  progressive  m u sc u la r  
d y s tro p h y , th u s  i t  has b een  d e m o n s tra te d  b y  m ean s of labelled  p o ta ss iu m  
t h a t  b o th  th e  u p ta k e  a n d  re lease  o f p o tassiu m  is red u ced  in  such  cases [20, 
21 ]. T h e  po tassiu m  c o n te n t o f  th e  skeletal m uscles w ere found  to  h a v e  d im i
n ish ed , w hile th e ir  sod iu m  c o n te n t au g m en ted  [20, 21, 22]. D a n o w s k i  e t 
a l. [23] found  a slig h te r th a n  no rm al decrease in  th e  p o tassiu m  lev e l a f te r  
th e  a d m in is tra tio n  of in su lin  an d  dex trose . S ince changes in  th e  К  level 
o f  th e  ske le ta l an d  ca rd iac  m uscles are g en era lly  p ara lle l, i t  seem s sa fe  to  
a ssu m e  th a t  changes in  th e  p o ta ss iu m  c o n te n t o f  th e  h e a r t, th a t  is , ch an g es 
in  th e  in tra c e llu la r  p o ta ss iu m  level, are  responsib le  fo r th e  c irc u la to ry  ch an g es  
in  p rogressive  m uscu la r d y s tro p h y . I t  is k n o w n  th a t  b o th  th e  m e ta b o lism  
a n d  th e  energy  u tiliz a tio n  o f  th e  m uscles are  im p a ire d  in  th e  d isease  u n d e r  
d iscussion . In  o rder to  e lu c id a te  its  m echan ism , i t  is necessary  t h a t  o b se r
v a tio n s  concerning p o ta ss iu m  an d  sodium  ex ch an g e , c ircu la tio n  a n d  ECG  
be m ad e  in  a large n u m b e r  o f  p a tien ts .
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A ddendum  : W e s tu d ie d  fu rth e r  7 cases o f  p rog ressive  m u scu la r d y s tro p h y  
a f te r  th is  paper h a d  b e e n  com posed. C ard iac  o u tp u t  as d e te rm in ed  w ith  th e  
H a m ilto n  S tew art d y e  d ilu tio n  m ethod  w as d ecreased  and  th e  E C G  show ed 
p a th o lo g ic  changes in  e v e ry  instance.
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A fter a b r ie f  su rvey  of th e  l i te ra tu re  on  ra d ia tio n -in d u ce d  e lec tro ly te  a n d  w a te r  
d istu rbances in  liv in g  organ ism s, p rim arily  m am m als , in v estig a tio n s in to  th e  changes 
in the to ta l  so d iu m  an d  po tassiu m  co n te n ts  o f th e  e x trace llu la r  flu id  a n d  in to  u r in a ry  
sa lt excre tion  d u rin g  th e  3 -to -5 -day  effect h av e  been  rep o rted . The re su lts  h av e  rev ea led  
th e  occurrence o f  m ark ed  ionic sh ifts . The possib le  e x p la n a tio n  and  sign ificance  o f th e  
changes hav e  b een  discussed.

A n u m b er o f  m etabo lic  processes are  kn o w n  to  be in te r re la te d  w ith  
c e r ta in  defin ite  e le c tro ly te  co n cen tra tio n s . F o r  exam ple , in  th e  ce llu la r depo
la r isa tio n  phase  w h en  energy is re leased  b y  processes such  as g lycogen or 
p ro te in  decom position  or ad en o s in e tr ip h o sp h a te  (A TP) sy n th esis , th e  re la tiv e  
in tra c e llu la r  p o ta ss iu m  c o n cen tra tio n  is low  a n d  th e  sodium  c o n c e n tra tio n  
h ig h . C onversely, in  th e  rep o la risa tio n  p h ase  th e  anabo lic  processes a n d  th e  
decom position  o f A T P  requ ire  a h ig h er p o ta ss iu m  an d  a re la tiv e ly  low  sodium  
c o n cen tra tio n . A n a lte ra tio n  in  th e  m o lecu la r co n cen tra tio n  of th e  p o ta ss iu m  
ions suffices to  in h ib it  o r a c tiv a te  th e  a fo re -m en tio n ed  m etab o lic  processes. 
A sim ilarly  close in te ra c tio n  h as  been  fo u n d  to  ex is t b e tw een  en zy m atic  
fu n c tio n s  and  c e r ta in  anions an d  ca tio n s, re sp ec tiv e ly  [4, 9, 26, 29, 30, 43, 
44 , 46].

The e le c tro ly te  co n cen tra tio n s  re q u ire d  fo r th e  in tra c e llu la r  m etab o lic  
processes are en su re d  b y  th e  ac tiv e  an d  p assiv e  fu n c tio n s  o f th e  cell m em b ran e . 
T h e  active fu n c tio n , so-called sod ium  p u m p , is an  energy  consum ing  process; 
th e  passive fu n c tio n  res ts  up o n  changes in  th e  ce llu lar m em b ran e  p o te n tia l. 
U n d e r physio log ical cond itions th e  tw o p rocesses to g e th e r  keep  u p  th e  d if
ference  betw een  th e  in tra c e llu la r  and  th e  e x tra c e llu la r  ion c o n cen tra tio n s  
a n d  m ain ta in  th e  co n stan cy  of a b a lan ced  ion  exch an g e  [4, 7, 8, 26, 28, 29, 58].

E qually  g re a t  is th e  bio logical s ig n ifican ce  a tta c h in g  to  th e  e x tra 
ce llu la r ion c o n te n t o f th e  o rgan ism . T he in tra c e llu la r  an d  e x tra c e llu la r  flu ids 
d iffe r in e le c tro ly te  c o n cen tra tio n  b u t  th e  cell m em b ran e  s e p a ra tin g  th e  
tw o  system s does n o t  c o n s titu te  an  im p assab le  b a rr ie r  be tw een  th e m . S hould  
som e p a tho log ica l process b rin g  a b o u t a ch an g e  in  th e  e x tra c e llu la r  ion 
c o n te n t, th e  in tra c e llu la r  c o n te n t will n o t fa il to  show  a fte r som e tim e  th e  
e ffec t of th a t  ch an g e . The o rgan ism  p e rs is te n tly  endeavours to  keep  th e
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e x tra c e llu la r  e lec tro ly te  c o n c e n tra tio n s  a t  c o n s ta n t levels, an d  in  m a in ta in in g  
th e m , a ro le  o f p a ra m o u n t im p o rta n c e  is p la y e d  b y  th e  ion  tu rn o v e r  in th e  
k id n e y s , h o nes, g a s tro in te s tin a l t r a c t ,  th e  sk in  an d  th e  lung. W hile n o t  w ish ing  
to  d iscu ss  th e  in te g ra tio n  o f th e  ion  tu rn o v e r  in  d e ta il, we shou ld  n e v e rth e le ss  
like to  p o in t  o u t th e  co n sid e rab le  e x te n t to  w h ich  th e  ion  b a lan ce  o f th e  
o rg a n ism  is governed  b y  th e  n eu ro en d o crin e  sy stem . Im p a ired  fu n c tio n in g  
o f th e  ab o v e  organs, b y  in te rfe r in g  w ith  th e  com position  o f th e  e x tra c e llu la r  
sp ace , m a y  u p se t th e  e le c tro ly te  ba lan ce  in  th e  organism  [4, 9, 14, 23, 24, 
25, 28 , 29 , 32, 45, 47, 49, 58 ].

E v e n  th is  b rie f su rv ey  w ill suffice to  show  how  wide th e  a rea  is o v e r 
w h ich  th e  e lc tro ly tes  v ia  th e  v a rio u s  re g u la tin g  o rgan  system s re n d e r  th e  
o rg a n ism  accessible to  th e  co m p lex  effects o f ion iz ing  ra d ia tio n . T he sy n d ro m es  
p ro d u c e d  b y  ionizing ra d ia tio n  le n d  them selves to  discussion in  tw o g ro u p s , v iz . :

1. D is tu rb an ces  o f th e  a c tiv e  an d  p assive  ion  tra n sp o r t  th ro u g h  th e  
cell m e m b ra n e  re su ltin g  p r im a r ily  in  changes of th e  in trace llu la r  e le c tro ly te  
c o n c e n tra tio n .

2 . F u n c tio n a l d is tu rb a n c e s  of th e  in d iv id u a l reg u la to ry  o rg an s  due 
to  r a d ia t io n  sickness w h ich , g en era lly  b y  in c reas in g  th e  ra te  o f io n  loss, 
p ro d u c e  seco n d ary  sh ifts  in  th e  ion  c o n te n t o f th e  organism .

A s reg a rd s  th e  f i r s t  g ro u p , H a r r i s o n , B r u c e  and  S t a p l e t o n  [27] 
h av e  re c e n t ly  observed  an  in c re a se d  loss o f p o ta ss iu m  from  E . coli as a  re su lt 
o f i r r a d ia t io n  w ith  h igh  doses. K w a n - H s u  an d  D o m n e r  [37], a n d  S w i f t  
a n d  T a k e t a  [54] re p o r te d  s im ila r  re su lts  fo r y e a s t. R o t h e n b e r g  [51] 
n o tic e d  in c rea sed  N a iso to p e  u p ta k e  by  axons in  th e  fish . I n  fro zen  
e ry th ro c y te s , L e s s l e r  [c it. 43 ] observed  s im u ltan eo u sly  w ith  an  in c rease  
of th e  p o te n tia l  a tra n s ie n t  in c rease  in  К 12 u p ta k e  follow ed by  m a rk e d  К  
o u tf lo w . I n  carefu l s tu d ie s  M o r c z e k  [42, 43] show ed th a t  i r ra d ia t io n  of 
h u m a n  re d  b lood  cells in  v i tro  p ro m o ted  th e  loss o f po tassium  from  th e m . 
D is tu rb in g  th e  p e rm e a b ility  o f  th e  cell m em b ran e  in  th is  m an n er e lim in a te s  
th e  d iffe ren ce  betw een  th e  in tra c e llu la r  a n d  ex tra c e llu la r  c o n c e n tra tio n  
o f io n s.

T h e  re su lts  o f th e  e x p e rim e n ts  o f Ca s t e r  a n d  A r m s t r o n g  [12] w ith  
d iffe re n t ty p e s  o f tissue , o f E l l i n w o o d , W i l s o n  a n d  C o o n  [18] w ith  m a m m a 
lian  h e a r ts ,  an d  of B r e s c i a n i , D o s e  an d  R a j e w s i c y  [11] w ith  su rv iv in g  
organs f ro m  ra ts , leave no re a so n a b le  d o u b t t h a t  a f te r  in tensive  i r ra d ia t io n  
th e re  w ill b e  loss of in tra c e llu la r  p o ta ss iu m  a n d  t h a t  th e  cell m e m b ra n e  will 
lose i ts  c a p a c ity  to  a c t as a so d iu m  p u m p . T h e  m etab o lic  changes asso c ia ted  
w ith  th e  a lte ra tio n s  in  th e  ion  c o n te n t co rrespond  to  those observed  in  th e  
d e p o la r iz a tio n  stage  o f th e  cell [10, 21, 31, 38]. B e r g e d e r  [6, 7, 8] co nsiders 
th e  c h a n g e  o f  th e  m em b ran e  p o te n tia l  and  th e  energy-consum ing  m e ta b o lic  
processes in s tru m e n ta l in  th e  t r a n s p o r t  o f ions, to  be responsib le  fo r  th e  
ionic sh if ts .
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C oncerning th e  second  group  o f sy n d ro m es, i t  is d iff ic u lt to  classify 
th e  re su lts  accord ing  to  th e  organs in v o lv ed , th e  p a th o lo g ic  phenom ena 
being  closely in te rc o n n e c ted . I t  th e re fo re  seem s ex p ed ien t to  d iscuss the 
seco n d ary  sh ifts o f ions as syndrom es aris in g  in  response to  d iffe re n t dose 
levels. T he p re se n t w o rk  is on ly  concerned  w ith  th e  sh ifts  o f sod ium  and 
p o ta ss iu m  ions in  th e  g a s tro in te s tin a l sy n d ro m e .

Sodium . In  a series o f  ex p erim en ts  J a c k s o n , R h o d e s  a n d  E n t e n m a n  
[33] show ed th a t  th e  loss o f sod ium  from  th e  in te s tin a l t r a c t  w as th e  h ighest 
on th e  th ird  p o s tir ra d ia tiv e  d ay , an d  th a t  th e  loss red u ced  th e  organ ism ’s 
to ta l  sodium  b y  1.50 m E q . A t th e  sam e tim e , th e y  p re sen ted  ev idence by 
in tra p e rito n e a l d ia ly sis  t h a t  a loss of 1.45 m E q  of sod ium  w as b o u n d  to  be 
fa ta l .  T hey  found  th e  cau se  o f  th e  loss, in  th e  in h ib itio n  o f  in te s t in a l  sodium  
re a b so rp tio n  ex c re ted  w ith  th e  b ile. Q u a s t l e r  [47] an d  Co n a r d  e t al. [13] 
likew ise observed  t h a t  X - ir ra d ia tio n  d e p riv e d  th e  in te s tin a l w all o f  its  capac
i ty  to  ac t as a b a rr ie r  a n d  th e re b y  caused  th e  organ ism  to  lose e lec tro ly tes 
an d  w a te r . Cu r r a n  e t al. [15] observed  in  th e  iso la ted  ileum  a loss o f sodium  
on th e  th ird  p o s tir ra d ia tiv e  d a y ; th e y  ex p la in ed  th is  fo r th e  g re a te r  p a rt 
by  th e  cessation  o f th e  b a r r ie r  ac tio n  o f  th e  d e sq u a m a te d  e p ith e lia l layer, 
an d  p a r tly  b y  im p a ire d  a b so rp tio n . A t a n y  r a te , th e re  a p p e a rs  to  be little  
d o u b t th a t  th e  “ g a s tro in te s tin a l d e a th ”  is p r im a rily  due to  a loss o f  sodium  
an d  w a te r.

Potassium . Ca s t e r  a n d  A r m s t r o n g  [12] an d  J a c k s o n  a n d  E n í t e n m a n  
[32] have  e s tab lish ed  fa c t th a t  th e  to ta l  loss of p o tass iu m  d u rin g  th e  firs t 
fo u r days a fte r  i r ra d ia tio n  is considerab le , y e t  n o t as d isa s tro u s  as to  be the  
sole cause of d e a th . I t  is th e  h eav iest in  th e  m uscle an d  co n n ec tiv e  tissues. 
T h e  am o u n t o f p o ta ss iu m  ex cre ted  w ith  u rin e  on th e  f i r s t  a n d  th ird  days 
is, on an  average , 27 p e r  c en t h igher in  ir ra d ia te d  th a n  in  c o n tro l anim als 
[12, 32, 33, 40]. T h e  e a r ly  p o s tir ra d ia tio n  d is tu rb an ces  in  th e  ion-secreting  
a c tiv i ty  of th e  k id n ey s s till  a w a it e lu c id a tio n  [35, 41].

Chlorine. T he  ab o v e  q u o te d  a u th o rs  o b serv ed  ch lo rine to  s t a r t  m ig ra tin g  
to  th e  stom ach  th re e  h o u rs  a f te r  ir ra d ia tio n , w ith  alkalosis a n d  a decreasing 
ch lo rine  level show ing tw e lv e  hours la te r  in  th e  blood p la sm a . T he Na/Cl- 
ra t io  changed  in  m uscle  a n d  conn ec tiv e  tissu e , an d  th e re  w as a n egative  
ch lo rine  balance  w ith in  th e  body . A ccord ing  to  B a k e r  a n d  H u n t e r  [1, 2], 
en h an ced  gastric  se c re to ry  a c tiv ity  is one o f  th e  causes o f in te n s if ie d  chlorine 
m ig ra tio n .

Since the electro ly te  and water balances cannot be discussed except 
in close correlation w ith  each other, we m ust briefly dwell upon the atter 
subject. E ntenm an , E versole  and J ackson  observed polydipsia  and polyuria 
in mam m als one hour after exposure to  1500 r w hole-body irradiation, 
the cause of w hich has still to be explained [19, 33]. So berm ann  et al. [53], 
V ártere  sz  et al. [57], Sw ift  and Taketa  [54], and a number



14 Z. ZSEBŐ K  and GY. PETR Á N Y I

o f o th e r  au th o rs  o bserved  a  decrease in  p lu sm a vo lum e in  sev era l species 
o f  i r r a d ia te d  anim als. C hanges in  th e  e x tra c e llu la r  space, to o , a re  possib le , 
b u t  o f  th e se  we have as y e t  n o  clear conception. F o llow ing  local X -irra d ia tio n  
in  la rg e  doses, W i l d e  a n d  S h e p p a r d  [52, 59], a n d  D a r d e n  [52], n o ticed  
in  m u sc le  an  increase o f th e  e x tra c e llu la r  w a te r  space  w h ich  p ro b a b ly  re su lted  
fro m  a n  increased p e rm e a b ili ty  o f the  b lood  cap illa ries.

A s regards th e  n e u ro e n d o c rin e  system , one p o in t  o f considerab le  in te re s t  
h a s  to  b e  m en tioned . I n  m a m m a ls  given a le th a l dose o f X -irra d ia tio n , a 
b ip h a s ic  reac tio n  passing  th ro u g h  th e  ad renals is observab le , from  w hich 
se v e ra l a u th o rs  have  co n c lu d ed  to  an  en h an ced  ad re n a l co rtica l a c tiv ity  
in  b o th  th e  early  an d  th e  la te  p h ase  of th e  re a c tio n  [4, 5, 20, 24, 25, 48, 50, 
55]. D is tu rb e d  sa lt an d  w a te r  ba lances, too , m a y  be re la te d  to  d is tu rb e d  
m in era lo co rtico id  secre tion  b y  th e  ad ren a l co rtex  [24, 25, 45]. Y e t, th e  p rob lem  
s till  is a n  in tr ic a te  one. T h e re  is , fo r in stance , th e  f re q u e n t d isc rep an cy  b e 
tw e e n  sy n th es is  and  se c re tio n  o f ad ren o co rtica l h o rm o n es in  th e  o b served  
asp ec if ic  neuroendocrine re a c tio n  (D á v id  e t al., 16). T h is p o in t w ill be d is
cu ssed  in  d e ta il in  a su b se q u e n t paper.

E v e n  th is  b rie f a n d  in c o m p le te  su rv ey  o f  th e  p e rta in in g  l i te ra tu re  
c le a r ly  p o in ts  to  ce rta in  sh if ts  a n d  considerab le loss of e lec tro ly tes  from  
th e  o rg a n ism  exposed to  i r r a d ia t io n . T he question  p re se n ts  itse lf  w h a t changes 
in  th e  t o t a l  ion co n ten t o f th e  e x tra c e llu la r  space are p ro d u ced  by  th e  ra d ia tio n - 
in d u c e d  sh ifts  of in tra c e llu la r  ions an d  th e  in c reased  loss of ions from  th e  
k id n e y s  a n d  the  g a s tro in te s tin a l t r a c t .  M any a u th o rs  agree th a t  ra d ia tio n  
s ick n ess  does no t give rise  to  sign ifican t changes in  th e  c o n c e n tra tio n  o f 
ions in  th e  p lasm a [4, 12, 22, 33, 43 , 47, 53]. T he o rgan ism , b y  b rin g in g  its  
r e g u la to ry  m echanism s in to  p la y , obviously  tr ie s  to  m a in ta in  a t  a n y  cost 
th e  c o n s ta n c y  of the  e le c tro ly te  co n cen tra tio n s  w hich  i t  needs for its  b io logical 
fu n c tio n in g .

F o r  th is  reason i t  w as th o u g h t  necessary  to  s tu d y  th e  a lte ra tio n s  ta k in g  
p lace  n o t  o n ly  in  th e  se ru m  io n  co n cen tra tio n s b u t  also in  th e  to ta l  e x t r a 
c e llu la r  io n  con ten t. In  a d d it io n , th e  changes in  th e  a m o u n t of ions lo st 
th ro u g h  th e  kidneys w ere re g is te re d . Sodium  an d  p o ta ss iu m  being th e  e le c tro 
ly te s  o f  com m and ing  im p o r ta n c e , th e  p resen t p a p e r  re p o rts  only  re su lts  con
ce rn in g  th e s e  tw o.

M aterials and methods

In c lu d in g  all p re p a ra to ry  e x a m in a tio n s , 420 ra ts  o f th e  W is ta rs tra in , o f e ith e r  sex , 
4 to  6 m o n th s  old, and  w eighing 150 to  300 g, were used . T h ro u g h o u t th e  e x p erim en ts  th e  
a n im a ls  w e re  offered  th e  sam e a m o u n t o f  food  o f th e  sam e co m position . W a te r was n o t re s tr ic te d . 
F eed in g  o c c u rre d  once a d ay  so t h a t  e x a m in a tio n s  an d  te s ts  co u ld  be m ade  w ith  th e  an im a ls  
n e a r th e  f a s t in g  s ta te . W hole-body  i r r a d ia t io n  was m ade  w ith  a  S ta b ilip an  (Siem ens) X -ra y  
a p p a ra tu s  a t  200 kV, 20 m A, 0.5 m m  Cu f ilte r ,  35.0 r/m in . T h e  dose given w as 1500 r. T he 
H Y L w as 1.0 m m  Cu. Doses w ere c o n tro lled  on  each occasion  using  a Siem ens U n iv ersa l
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d o sim ete r. F o r ir ra d ia tio n  th e  an im als w ere  p lac ed  in to  plexiglass cages d iv id e d  in to  com 
p a r tm e n ts .

T he follow ing m eth o d  w as em p lo y ed  to  e lim in a te  th e  influence on  th e  se ru m  sodium  
a n d  p o tassiu m  v alues o f m etabolic  changes in  red  b lood cells, p la te le t d e co m p o sitio n  accom 
p a n y in g  c lo ttin g , an d  c o n tam in a tio n  b y  in te r s t i t ia l  f lu id . T he ra ts  were bled  to  d e a th  by  h eart 
p u n c tu re  u n d e r e th e r  an aesth es ia . In s te a d  o f a  sy rin g e  a closed suc tion  sy s te m  conducted  
th e  blood s tra ig h t in to  a cen trifu g a l tu b e  p re w arm e d  to th e  an im al’s b o d y  te m p e ra tu re . 
Sod ium free  h ep arin  w as used  as a n tic o a g u la n t a n d  to  enhance th e  re s is ta n c e  o f  dam aged  
e ry th ro c y te s  [9]. T h e  blood was c en trifu g e d  im m e d ia te ly  on one occasion fo r 10 m in u te s  a t  
900 to  1000 r. p . m. O nly  one or tw o o f  th e  se ra  o b ta in e d  in th is w ay sh o w ed  haem olysis; 
th e se  w ere d iscarded . In  th is  m an n er i t  w as also possib le  to  reduce to  a  neg lig ib le  level th e  
p o ta s s iu m  co n tam in a tio n  re leased  b y  d a m a g e d  e ry th ro c y te s . In  ou r v iew  th e  haem olysis 
o b se rv ed  freq u e n tly  a f te r  h igh  dose ir ra d ia t io n  is a seco n d ary  p h en om enon  p ro b a b ly  due to 
tech n ica l e rro r; red  blood cells dam ag ed  b y  ra d ia tio n  are  fa r more sensitive  th a n  in ta c t  ones 
to  in te rferen ce  b y  m echan ical force, te m p e ra tu re  differences, s tan d in g  fo r lo n g er periods 
o f tim e , etc.

Sodium  an d  p o tass iu m  were e s tim a te d  b y  flam e  p h o to m e try . U rin e  w as co llected  ind i
v id u a lly  in 24-hour po rtio n s .

T he e x tra ce llu la r  space was d e te rm in e d  w ith  in u lin  ad m in iste red  on a  sing le  occasion 
to  an im als  w ith  th e ir  re n a l h ili lig a ted . (A  d e ta ile d  d esc rip tion  of th e  m e th o d  w ill follow  in a 
su b seq u e n t p ap er.)  I t  show ed th e  e x tra c e llu la r  space  o f in ta c t  ra ts  to  be on  th e  av erag e  17.1 
p e r  cen t, w ith  a  m ax im u m  sc a tte r  o f i l . l  p e r  cen t.

T he to ta l  sod ium  an d  po tassiu m  conten t, o f th e  ex trace llu la r space w as c a lcu la te d  from  
th e  se ru m  levels a n d  w a te r  space d e te rm in e d  a t  th e  sam e p o in t of tim e.

R esu lts

T he ex p erim en ts  were ca rr ied  o u t in  5 para lle l series, w ith  20 experi
m e n ta l and  20 con tro l an im als in  each  one. In te rv en tio n s  a n d  b leed in g s were 
perfo rm ed  a t  1, 6, 12, 24, 48, a n d  72 h o u rs  a fte r  irrad ia tio n . In  th e  follow ing 
th e  re spec tive  m ean  values o f th e  f iv e  series will be given.

Serum  sodium  and p o ta ssium  concentrations. The v a lu es  o b ta in e d  for 
th e  co n cen tra tio n s  o f sodium  a n d  p o ta ss iu m  a t 1, 6, 12, 24, a n d  48 hours 
follow ing ir ra d ia tio n , v aried  b e tw een  lim its  w ith in  th e  s c a tte r . T h e  d ev ia tions 
n o ted  were too  s ligh t to  p e rm it conclusions. P arad o x ica lly , th e  lev e l o f bo th  
sod ium  and  p o ta ss iu m  was dec reased  a t  72 hours, by  w hich tim e  g a s tro in te s ti
nal signs and  sy m p to m s, and  d e h y d ra tio n  w ith  h aem o co n cen tra tio n  w ere p re
d o m in a tin g . I t  w ill be ou tlined  la te r  w h y  in  th a t  case th e  ch an g es  d id  no t 
t ru ly  re flec t th e  ac tu a l ionic sh if ts . T h e  re la tiv e  d a ta  are  l is te d  in  T ab le  2.

Extracellular f lu id .  In  th e  f i r s t  12 hours a fte r ir ra d ia tio n  no  c h a ra c te r
is tic  changes w ere n o ted  in th e  e x tra c e llu la r  flu id , b u t its  te n d e n c y  to  in s ta 
b ility  was u n m is tak ab le . T his w as p a r tic u la r ly  rem ark ab le  w h en  considered 
in  re la tio n  to  th e  lim ited  s c a tte r  in  th e  con tro ls . The chan g es ta k in g  place 
in  th e  ex tra c e llu la r  flu id  in  th is  f ir s t  12-hour period will be  m ore fully 
s tu d ie d  in  fu tu re  ex p erim en ts  to  be ca rr ied  ou t u n d er r ig o ro u s  conditions 
an d  em p lo y in g  selective m e th o d s . A t 24 hours a fte r ir ra d ia t io n  th e  e x tra 
ce llu la r flu id  w as found  to  h a v e  re a c h e d  th e  20-per cen t level w hence  i t  g rad
u a lly  san k  to  10 p e r cen t a t  72 h o u rs , w ith  the  g a s tro in te s tin a l syndrom e 
developing  a t  a b o u t th e  sam e ra te .  In  a r a t  weighing 200 g th e  10-per
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Table 1

Extracellular space  in  rats after 1500r uihole-body irradiation

Per cent
P ercen tage

sca tte r

P rio r  to
irra d ia t io n 17,1 + 1 ,1
a n d  c o n tro ls

A fte r
ir ra d ia t io n

l h 18,9 +  1,8

6" 16,8 +  2.2

12" 14,5 + 0 ,9

24" 19,9 +  1.3

48л 15,6 ± 1 ,2

72л 9,8 +  0,8

c e n t  lev e l represents a 10 to  14 m l loss of f lu id . C lin ical observations show  
th is  to  be an  accep tab le  v a lu e , afforded s u p p o r t b y  d eh y d ra tio n , decrease 
in  b lo o d  volum e, an d  in c re a se  in  th e  ex u d a te  a c c u m u la tin g  in  th e  g a s tro 
in te s t in a l  trac t.

T ota l sodium and total p o ta ss iu m  contents o f  the extracellular f lu id .  U n like  
t h a t  o f  th e  co n cen tra tio n s, th e  s tu d y  of th e  a m o u n ts  o f ex trace llu la r so d ium  
a n d  p o ta ss iu m  b ro u g h t a n u m b e r  of d is tu rb an ces to  lig h t. T he values lis ted  
in  T a b le  3 are of course n o t  id e n tic a l w ith  the  a b so lu te  va lues, b u t  as th e y  
a p p ro a c h  them  ra th e r  c lo se ly , i t  is safe to  re g a rd  th e m  as tru e  re flec tio n s

Table 2

S e ru m  sodium and p o ta s s iu m  levels in  rats after 1500r whole-body irradiation

Sodium P otassium

mEq/1

Prior to 
irrad ia tion  
and contro ls

150 +  4,12 4,51 +  0,34

After
irrad ia tion

1л 136 +  2,31 4,23 +  0,25

6 " 146 ±  3,82 4,36 ±  0,41
12ft 148 +  1,12 4,56 ±  0,31
24л 143 ±  4,00 4,51 +  0,23

48л 142 ±  2,11 3,82 ±  0,31

72" 138 ±  0,91 3,13 ±  0,10



RA DIA TIO N  EFFECT ON EL EC TR O LY TE AND WATER BALANCE 17

T able  3

Changes in  total extracellular sodium  and po tassium  in  rats 
after 1500r whole-body irradiation

Sodium Potassium

mg/100 g % deviation P  value mg 100 g % deviation P  value

P rio r  to
irrad ia tio n
a n d
co n tro ls

58,6 ±  4,00 I 2,98 ±  0,20

A fte r
irrad ia tion

i ft 59,6 ±  4,56 +  l P >  0,5 3,15 ±  0,24 +  6 0,2 < P  < 0 ,5

6" 57,5 +  8,59 —  2 P > 0 ,5 2,86 +  0,13 —  4 P  < 0 ,5

12'1 49,3 +  2,59 — 16 P < 0 ,0 1 2,58 ±  0,27 — 13 0,01 < P  < 0 ,0 2

24ft 63,6 +  5,05 +  8 0.1 < P  < 0 ,2 3,52 +  0,30 +  18 P < 0 ,0 1

48ft 51,5 +  4,97 — 12 0,02 < P  < 0 ,0 5 2,34 +  0,17 — 21 P < 0 ,0 1

72л 34,6 +  2,40 —41 P < 0 ,0 1 1,19 ±  0,08 — 60 P < 0 ,0 1

o f  th e  ex tra c e llu la r  ionic changes. E x p e rim e n ts  ca rried  o u t u n d e r  specific 
co n d itions in  n o rm a l and c o n tro l an im als show ed th a t  th e  e x tra c e llu la r  
f lu id  con ta ined  58.6 4.0) m g p e r  100 g o f to ta l sod ium  an d  2 .98  0.2)
m g  per 100 g o f  to ta l  po tassiu m . T h e  p o s tir ra d ia tio n  changes a re  p re sen ted  
in  T able 3. T h e  changes in  to ta l  so d iu m  p ra c tic a lly  p ara lle led  th o se  in  to ta l  
p o tassium . In  n e ith e r  were th e  chan g es s u b s ta n tia l  u n til  th e  1 2 th  h o u r  a fte r  
irrad ia tio n  w hen  a s ign ifican t d ro p  in  th e  to ta l  ion c o n te n t to o k  p lace  (P  <
0.01). A t 24 h o u rs , a slight rise in  th e  to ta l  sod ium  could be o b se rv ed  (0.1 <  
P  <  0.2), b u t  in  v iew  of its n o t h a v in g  been  sig n ifican t s ta tis tic a lly , i t  seem s 
co rrec t to  s ta te  t h a t  a g rad u a l decline in  th e  f irs t  48 hours d ev e lo p ed  in to  
a n  a b ru p t fa ll a t  72 hours (P  0 .01). T h e  changes in  to ta l  p o ta ss iu m  p re 
sen ted  a m ore ch a rac te ris tic  p ic tu re : a rise observed  a t  24 hou rs  (P  0.01) 
w as followed b y  a steep  decline la s tin g  u n til  th e  72nd h o u r (P  0.01). Im 
m ed ia te ly  b efo re  d ea th , th e  to ta l  sod ium  co n ten t o f th e  e x tra c e llu la r  flu id  
w as found to  be  41 per cen t less, a n d  th e  to ta l  p o tassium  c o n te n t 60 p e r cen t 
less, in  th e  ex p e rim en ta l th a n  in  th e  co n tro l an im als (Fig. 1).

A m ount o f  urinary sodium  a n d  po tassium . T he p o s tir ra d ia tio n  changes 
in  u rin ary  sod iu m  an d  p o tassiu m  c o n te n ts  are  expressed  n u m erica lly  in  F ig . 2. 
N um erical v a lu es  have  been g iv en  as th e  figures fo r c o n c e n tra tio n  a re  of 
in fo rm ativ e  v a lu e  only  w hen e q u a l am o u n ts  of u rin e  are  e x c re te d  or a fte r  
a  w ate r load . S pon taneous p o s tir ra d ia tio n  u rine  excre tions, on  th e  o th e r 
h an d , v a ry  w idely  in  am oun t. In  o u r  p re sen t ex p erim en ts  th e  av e rag e  ex trem es 
w ere po lyu ria  w ith  22.1 m l/100 g on  th e  f irs t  day , an d  oliguria w ith  0.4 m l/100 
g on th e  th ird  d ay . The changes o b se rv ed  in  to ta l  u r in a ry  sodium  a n d  p o ta ss iu m

2 Acta Medica X IX /1 .
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F ig . 1. C hanges in to ta l  e x tra c e l lu la r  sodium  and  p o ta s s iu m  in  r a ts  a f te r  1500 r w ho le-body
irra d ia tio n

F ig . 2. T o ta l  u rin a ry  so d iu m  a n d  po tassiu m  ex cre tio n  in  r a ts  a f te r  1500 r  w ho le-body
irrad a tio n
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ex c re tio n  in  24 hou rs  are rep re se n te d  in  F ig . 2 , w hich shows t h a t  in  th e  f irs t 
24 hou rs  a f te r  irra d ia tio n , p o ta ss iu m  e x c re tio n  increased to  a lm o s t the  
d oub le , an d  sod ium  excre tion  decreased  to  less th a n  half, th e  n o rm a l level. 
O n th e  th ird  d ay , th e  ex cre tio n  o f b o th  so d iu m  and  p o tassiu m  d ro p p e d  to  
a m in im um . T h is m ay  h av e  been  d u e  to  th e  sim ultaneous d e h y d ra tio n . 
C o n tra ry  to  our find ings, J a c k s o n  an d  E n t e n m a n  [32] re p o r te d  a fu r th e r  
increase  in  p o ta ss iu m  excre tion  occu rring  on  th e  th ird  day . A possib le  e x p la n a 
tio n  fo r th e  con flic ting  resu lts  seem s to  be t h a t  th e y  have based  th e ir  op in ion  
upon  c o n cen tra tio n  values w hich  w ere o f  course deceivingly  h ig h  w hen 
th e  24 -hour a m o u n t of u rine  w as a b o u t one h u n d re d th  of th e  a m o u n t  before 
ir ra d ia tio n .

D iscussion

T he values o b ta in ed  fo r e x tra c e llu la r  sod ium  and  p o ta ss iu m  a n d  th e ir  
a m o u n ts  in  u rin e , are  n o t su ffic ien t for d raw in g  conclusions, b u t  i f  considered  
in  th e ir  re la tio n s to  th e  re le v a n t d a ta  in  th e  lite ra tu re , th e y  m a y  s till  give 
som e in fo rm a tio n  concern ing  th e  e lec tro ly te  d is tu rb an ces in d u ced  b y  ra d ia tio n  
in ju ry .

D u rin g  th e  f irs t 24 p o s tir ra d ia tio n  h ours th e  e lec tro ly te  a n d  w a te r 
b a lan ces are  u n s tab le  an d  th e  fo llow ing processes develop. P o ly u r ia , po ly 
d ipsia  [4, 24, 25, 33, 45], en h an ced  g a s tr ic  secretion  [1], an d  in s ta b il i ty  of 
th e  e x tra c e llu la r  space w ith  a ten d e n c y  to  e x p a n d  are n o ticeab le . In s ta b il i ty  
o f th e  ex tra c e llu la r  space a n d  its  te n d e n c y  to  expand  m ay  be  p h en o m en a  
c o n c o m ita n t to  po lyd ipsia  an d  p o ly u ria , w h ich  are still im p e rfe c tly  know n 
co n d itio n s or th e y  m ay re su lt from  in c reased  p e rm eab ility  o f  c a p illa ry  walls 
[4, 52, 57]. As to  th e  e lec tro ly te  b a lan ce , in  th e  firs t 24-hour p e rio d  th ere  
is a rise  in  th e  to ta l  sodium  an d  p o ta ss iu m  co n ten ts  of th e  e x tra c e llu la r  flu id  
c o n c u rre n t w ith  decreased  so d ium  a n d  in creased  po tassium  e x c re tio n . The 
rise" in  ex tra c e llu la r  p o ta ss iu m  p ro b a b ly  derives in p a r t  fro m  th e  release 
o f ce llu la r p o tass iu m  due to  ch an g ed  p e rm e a b ility  co n d itions a n d  p a r tly  
from  d is in te g ra te d  rad ia tio n -su scep tib le  tis su e  elem ents. The k id n e y s  excre te  
th e  e x tra c e llu la r  p o tassiu m  a t  a h ig h er th a n  th e  usual ra te . C e rta in  signs 
—  such  as a rise  in  e x tra c e llu la r  so d iu m , a n d  increased u r in a ry  p o tassiu m  
w ith  decreased  u r in a ry  sodium  — in d ic a te  enhanced  a d re n o c o rtica l a c tiv ity  
or th e  e n tra n c e  o f  excess m in era lo co rtico id s  in to  th e  blood. In  o u r  v iew  these 
seco n d ary  signs m u st be m ore a p p a re n t th a n  rea l and  do n o t p e rm it  conclu 
sions as to  ad ren o co rtica l a c t iv i ty ;  such  a c tiv i ty  canno t be e x p e c te d  to  follow 
w ho le-body  ir ra d ia tio n  o f m ore th a n  1000 r .

On th e  second d ay  a f te r  i r ra d ia tio n  b o th , th e  w ate r an d  th e  e le c tro ly te  
b a lan ce  began  sh ifting  in  th e  n eg a tiv e  d irec tio n : the e x tra c e llu la r  space 
c o n tra c te d  to  15.5 per cen t, th e  to ta l  c o n te n t  o f sodium  d ro p p e d  b y  12 per
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c e n t ,  a n d  th a t  o f p o ta s s iu m  b y  21 per cen t. T h is  sh if t was the  co n seq u en ce  
o f  a d e fic ien t u p ta k e  d u e  to  anorex ia  and o f th e  o rg a n ism ’s losing its  c a p a c ity  
fo r  re ta in in g  e le c tro ly te s  a n d  w ater, th e  l a t t e r  m an ifesting  itse lf  w ith  an  
in c re a se d  excretion  o f  io n s .

I t  has a lready  b een  m en tio n ed  th a t  a cco rd in g  to  J a c k s o n  and  E n t e n m a n  
[32] d is tu rb an ces in  e n te ra l  ion  tu rn o v e r a re  cau se d  b y  th e  fa ilu re  o f th e  
so d iu m  excre ted  w ith  b ile  to  reabsorb  in  th e  sm all in testine . S ince th e n  
G o o d n e r  [cit. 15] h as  sh o w n  th a t  a t  the  s ta g e  in  q u e s tio n  sodium  re a b so rp tic n  
is n o t  y e t  in h ib ited . T h e  conclusion  w hich seem s to  follow  from  th e  low  ionic 
c o n te n t  o f the  e x tra c e llu la r  flu id , is one o f a n  im p e rfe c t ion tu rn o v e r  w h ich  
f in d s  its  ex p lan a tio n  in  t h a t ,  re ta rd ed  b y  slow  a n d  reversed  p eris ta ls is , th e  
in te s t in a l  ju ice is u n a b le  to  reach  the  large in te s t in e  w here a t th is tim e  th e  
so d iu m  could still be  re a b so rb e d .

A t a round  72 h o u rs , th e  electro ly te  a n d  w a te r  ba lan ce  is su d d en ly  u p se t;  
th e  ex trace llu la r  space  is fo u n d  to  have c o n tra c te d  to  10 per cen t, th e  to ta l  
so d iu m  to  have d ec reased  b y  41 p er cen t, a n d  th e  to ta l  po tassiu m  b y  60 
p e r  c e n t. W ere one g u id e d  b y  co n cen tra tio n  f ig u re s  alone, one w o u ld  be 
m is le a d  by  these v a lu es  b a re ly  showing an y  d iffe ren ces from  norm al. A fte r  
th e  6 7 th  p o s tirra d ia tio n  h o u r , th e  ep ithe lia l lin in g  o f th e  gu t s ta r ts  n ec ro t- 
is in g , th e  in te s tin a l w all becom es g radually  d e n u d e d  [15, 47], an d  co m p le te ly  
loses b o th  its  active a n d  p ass iv e  capacity  fo r tra n s p o r t in g  ions [15, 33, 47]. 
'The re su lt  is u n im p ed ed  in p o u r  of w ate r a n d  ions from  the  e x tra c e llu la r  
sp a c e  in to  th e  in te s tin a l t r a c t .  This o b se rv a tio n  o f  C u r r a n  e t al. [15] is c lea rly  
b o rn e  o u t by  the  a b r u p t  d ro p  in  the  to ta l  io n  c o n te n t  of the  e x tra c e llu la r  
flu id  observed  by  us. T h e  m ark ed  sa lt d e fic ien cy  an d  d eh y d ra tio n  re su lts  
in  d ec reased  diuresis a n d  u r in a ry  ion ex c re tio n .

T h e  sa lt and  w a te r  loss ou tlined  in  th e  fo reg o in g  appears to  com e in to  
p la y  as one of th e  d ire c t ae tio lo g ic  agents in  g a s tro in te s t in a l  d ea th . O f cou rse , 
th e  p a r t  o f th e  e lec tro ly te  a n d  w a te r  d is tu rb an ces  in  th e  w ide-ranged  d am ag in g  
a c tio n  o f ionizing ra d ia t io n  is n e ith e r p r im a ry  n o r  exclusive. N ev erth e less , 
a m o n g  th e  syndrom es e lic ite d  by  irrad ia tio n  a t  d iffe re n t dose levels th e re  
a re  so m e in  w hich th e  ro le  p la y e d  by  these d is tu rb a n c e s  can n o t be n eg lec ted .
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In  26 p a tie n ts , m ostly  young  m ales, su ffe rin g  from  herpes z o ste r , in  m o st cases 
in  th e  th o rac ic  seg m en ts, e lec tro card io g rap h ic  chan g es have  been o b se rv ed . T h e  changes 
d e te r io ra ted  a n d  im p ro v ed  p a ralle l to  th e  co u rse  o f th e  disease. T he in c id e n ce  of th e  
changes w as sig n ifican tly  h igher in g rav e  cases, i.e . w here several seg m en ts  w ere affec ted , 
th a n  in  th o se  of sim ple herpes zoster. T he d isease  m ay  give rise to  a  p a th o lo g ica lly  deep 
Q -w ave w h ich  som etim es becom es ch ro n ic  w ith o u t  co n co m itan t c a rd ia c  sy m p to m s. 
T he lo ca lisa tio n  o f herpes m ost fre q u e n tly  a sso c ia ted  w ith  an  a b n o rm a l E C G  is a t  th e  
seg m en ts T h 2 th ro u g h  T h 7.

Z osteric  c a rd io p a th y  m ay  be (i)  o f  n e u ra l origin when i t  is caused  b y  a  d is tu rb an ce  
o f sy m p a th e tic  in n e rv a tio n  due to  g a n g lio n itis ; ( ii)  o f vascu lar orig in  w h en  i t  is due to 
a hy p ererg ic  v a sc u la r  d isorder o f th e  a ffe c te d  seg m en t, sim ilar to  p o ly a r te r i i t is  nodosa 
( F e y r t e r ) . H isto log ical proofs o f th e  la t t e r  th e o ry  are still lack ing .

Introduction

H erpes zo ste r is an  acu te  in fec tious d isease ch a rac terized  b y  th e  in flam 
m a tio n  o f one or m ore  poste rio r sp ina l o r ce reb ra l ganglia (sim ple  or hem or
rh ag ic  or necro tic  gang lion itis), and  th e  p a in fu l in flam m ato ry  lesions o f  grouped 
vesicles on th e  sk in  or m ucous m e m b ra n e s  along th e  senso ry  n e rv es  origi
n a tin g  from  th e  a ffec ted  ganglion. In  a d d itio n  to  th e  p e r ip h e ra l, th e  sym 
p a th e tic  n erv o u s sy s tem  seem s also to  b e  in v o lv ed  in  th e  c u ta n e o u s  changes.

W hile th e re  ex is t a few re p o rts  on  th e  ca rd iovascu lar m an ife s ta tio n s  
o f herpes zo ste r, in  th e  p e rta in in g  l i te r a tu r e  we have fo u n d  no  d a ta  con
cern in g  e lec tro card io g rap h ic  changes in  connec tion  w ith  th e  d isease .

Material and m ethod

E lec tro card io g ram s were m ade m o stly  in  cases o f tho rac ic  herpes a t  a d m iss io n , a t  th e  
regression  of th e  co n d itio n  betw een 7 an d  14 d a y s , a n d  — provided  th e  E C G  sh o w ed  anom alies 
— one  y e a r a f te r  h ealin g  of th e  process. S ta n d a rd  lim b  leads, u n ip o la r  l im b  lea d s  an d  six 
p rcco rd ia l leads w ere u sed . Of th e  26 o b se rv ed  p a tie n ts  (24 m ales a n d  2 fem a le s) m o st were 
20 to  22 y ears o ld , one w as 13 an d  tw o w ere a b o v e  40 y ears o f age. O rgan ic  h e a r t  disease was 
ex c lu d ed  by  p h y sica l ex am in a tio n , chest X -ra y s  a n d  lab o ra to ry  tes ts . B efore  b e in g  exam ined , 
th e  p a tie n ts  rece ived  no drug. T h ey  w ere d iv id e d  in  tw o groups acco rd ing  to  th e  g ra v ity  of 
th e  process. T he f i r s t  g roup  consisted  of 17 p a tie n ts  who h a d  a m ild fo rm  o f th e  disease  e x te n d 
ing on ly  to  one or tw o  segm ents; th e  second g ro u p  in cluded  9 sub jects w hose h e rp es  ex ten d ed  
to  m ore th a n  tw o  segm en ts o r th e  c o n te n ts  o f th e  vesicles were h e m o rrh ag ic . T he g ravest 
fo rm  of th e  disease w as observed  in a  fem ale p a t ie n t  o f 66 years; i t  e x te n d ed  o v e r  fo u r segm ents 
a n d  gave  rise to  necrosis healing w ith  scars (F ig . 1).
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F ig. 1. H erpes zoster ex ten d in g  to  fo u r segm ents an d  healing  w ith  scar in 66-year-o ld  fem ale p a tie n t
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R esults

In  14 of th e  26 p a tie n ts , th e  ECG  show ed  patho log ic  changes. T hese  
consisted  in  d ep ressed  ST in te rv a l o r co n sid e rab ly  f la tte n e d  T -w ave in  12 
cases, an d  in  th e  p resence  of a deep Q -w ave in  2 in stances. A lto g e th e r, 60 
record ings w ere m ad e . In  fo u r cases, th e  chan g es m an ifested  th em se lv es  
in  th e  second w eek ; th e  card iac  d iso rd e r w o u ld  h av e  rem ained  un reco g n ized  
h a d  we co n ten d ed  ourselves w ith  a single e lec tro card io g ram  a t  ad m iss io n . 
T h e  p record ia l le ad s  show ed d e v ia tio n  in  fo u r  cases, and  th e  aV^ lead  in  
tw o  in stan ces; th e se  changes d isap p ea red  a f te r  th e  disease w as over, a p ro o f  
o f th e  ECG  chan g es an d  th e  h erp es  h av in g  b een  in te rco n n ec ted .

D ev e lo p m en t o f ECG changes, th e ir  a g g ra v a tio n , an d  n o rm a lisa tio n  
show ed a course p a ra lle l to  th a t  o f  th e  d isease. Case N o. 5 is a good ex am p le  
in  th is  respec t. T h is  p a tie n t, a m a n  of 22 y e a rs , developed  groups o f  vesicles 
w ith  se ro p u ru len t co n ten ts  over th re e  seg m en ts  on  th e  le ft side (T h 2— T h 4) 
an d  th e  in n er side o f the  left fo rearm  (seg m en t T h 4). The T 2 w ave w as f la t  
in  th e  f irs t EC G , ta k e n  a fte r 2 d a y s ; i t  w as n e g a tiv e  and  th e  T -w ave  in  th e
leads V 5__e w as d ep ressed  in  th e  EC G  ta k e n  6 d ay s  la te r. D epression  o f  th e
T -w ave was no lo n g er p ercep tib le  in  th e  p re c o rd ia l leads w hen a new  EC G  
was m ade 9 d a y s  la te r . W ave T 2 was iso e lec tric  a fte r  a n o th e r 5 d ay s . T he 
ECG  was n o rm a l a t  th e  follow -up e x a m in a tio n  p erfo rm ed  a f te r  14 m o n th s
(F ig . 2).

I t  was in  tw o  cases th a t  an  o b se rv a tio n  o f th e  d ev e lo p m en t o f  ECG - 
changes m ade i t  e v id e n t th a t  th e  depression  o f th e  Q -w ave h ad  been  in d u c e d  
b y  th e  herpes. Case No! 17 is an  exam ple  in  th is  respec t. S. T ., a 30 -y ear-o ld  
m ale p a tie n t, w as a d m itte d  D ecem ber 29, 1960, on accoun t o f a b e lt- lik e , 
la rgely  h em o rrh ag ic  herpes, w hich  e x te n d e d  to  segm ents T h 5, T h 6 a n d  T h 7 
on th e  le ft side. A  sm all Q -w ave w as o b serv ed  in  th e  lead aVt  an d  th e  b ith o - 
raca l lead  D on D ecem ber 30. A Q -w ave b ecam e  p ercep tib le  in  th e  f i r s t  lim b 
lead  and  th e  le a d  V 5 fou r days la te r . A fte r fu r th e r  3 days th e re  was n o  essen tia l 
change. A t th e  fo llow -up e x a m in a tio n  10 m o n th s  la te r , th e re  w ere p a th o lo g ic  
Q -w aves in th e  lead s I , aVL a n d  D (F ig . 3).

T he la s t case is w o rth y  o f especial n o te  because i t  show s ho w  easily  
i t  m ay  h ap p e n  th a t  a pa tho log ic  Q -w ave, o b se rv ed  acc id en ta lly , is reg a rd ed  
as a sign of an  ea rlie r m ore o r less sy m p to m -free  card iac  in fa rc t. T h e  tw o 
cases m ake i t  c lea r th a t  herpes zo ste r, w hile n o t causing  serious h e a r t  tro u b le , 
m ay give rise to  pa tho log ica l Q -w aves. I f  th e re  is such a w ave in  th e  ECG. 
th e  p a tie n t sh o u ld  be q u estio n ed  a b o u t a h erp es  zoster in th e  h is to ry .

I t  was likew ise by  w ay o f a co n tro l E C G , ta k e n  a fte r  th e  fu ll recovery  
o f a fem ale p a t ie n t  66 years o f  age, t h a t  th e  anom alous ECG  (depression
o f th e  ST seg m en t in  th e  f ir s t  lead  and  lead s V4__5; e leva tion  o f  th e  sam e
in  lead  aV^) w as found  to  be n o t o f co ro n ary -sc le ro tic  orig in  b u t  d u e  to  a 
g rave  herpes w h ich  h ad  ex te n d e d  over th re e  th o rac ic  segm ents.
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A  s tu d y  of th e  c o rre la tio n  be tw een  th e  g ra v ity  of h erp es  a n d  th e  inci
d e n c e  o f  ECG d ev ia tio n s  show ed  th a t  th e re  w ere such  an om alies in  6 ou t 
o f  17 m ild  cases, w hile am o n g  9 p a tie n ts  su ffering  from  g rav e , ex ten siv e , 
h e m o rrh a g ic  herpes (in c lu d in g  a case w ith  necroses) 8 show ed  pa th o lo g ic  
E C G  tra c in g s . M aking a ra n d o m  selec tion  a t  th e  D e p a rtm e n t o f D erm ato lo g y , 
a m o n g  100 p a tien ts  лее fo u n d  7 w hose EC G  revealed  p a th o lo g ic  changes.

F ig . 4 . In te rco n n ec tio n s  b e tw ee n  th e  site  an d  g ra v ity  of herpes zo ster a n d  th e  ECG 
c h an g e s  (N u m b e r alone m ean s s im p le  herp es z o ste r; u n d e rlin ed  n u m b er in d ic a te s  g rave, 

hem orrhag ic  cases; encirc led  n u m b er p o in ts  to  ECG changes)

T h e  d iffe rence  analysed  w ith  th e  te s t  w as fo u n d  to  be s ig n ifican t s ta t is 
t ic a lly .

F ig . 4 p resen ts a g en e ra l su rv ey  o f o u r cases as also th e  in te r re la tio n  
b e tw e e n  th e  v e rte b ra l leve l o f  th e  d isease, th e  a ffec ted  side, an d  th e  ECG 
d e v ia tio n s . W here th e  h e rp es  ex ten d ed  over severa l segm en ts, th e  n u m b e r 
o f th e  cases is in d ica ted  in  th e  m idd le  seg m en t (for in s tan ce , case N o. 17 
w h ich  co v ered  th e  segm en ts T h 5, T h 6 an d  T h 7 is in d ic a te d  in  T h 6); th e  u n d e r 
lin in g  o f  th e  case-num ber in d ic a te s  a serious fo rm  of th e  d isease (e. g. case 
N o. 12), w hile  a circle a ro u n d  th e  n u m b er m ean s t h a t  th e  ECG  show ed  p a th o 
logic ch an g es  (e.g. 12). As c a n  be seen from  th e  d iag ram , in  m o st o f  our 
p a t ie n ts  th e  herpes was lo ca lized  b e tw een  th e  segm en ts T h 2 an d  Th„. 19 cases
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belonged  to  th is  ca tego ry , o f  w hich  12 w ere m ild  and  7 g rav e . I t  w as in  th is 
g roup  th a t  th e  incidence o f  p a th o lo g ic  EC G  changes was th e  h ig h e s t.

I t  is now  p lanned  to  s tu d y  cases o f cerv ica l and  lu m b a r  h e rp es  from  
a card io log ic  angle, an d  co m p a re  th e  re su lts  w ith  th e  p re se n t f in d in g s . The 
n u m b er o f  cases does n o t  allow  conclusions concern ing  p ossib le  in te rc o n 
nec tio n s betw een  th e  a ffe c ted  side (rig h t or le ft) and  th e  EC G  reco rd .

E x c e p t th e  Q -w ave, a ll E C G  changes w ere tra n s ie n t p h e n o m e n a , lastin g  
d u rin g  th e  e ru p tio n  period  o f  th e  herpes. T h e  ECG anom alies w ere  freq u en tly  
ch an g in g , becom ing w orse o r im p ro v in g , o r even d isap p ea rin g  w ith in  the 
space o f  b u t  2 to  3 days. S ix  follow -up ex am in a tio n s , p e rfo rm ed  a f te r  a year, 
show ed —  excep t for th e  p resen ce  of a deep Q -w ave in  2 cases —  no  changes 
on th e  EC G , w hich d u r in g  th e  course o f  th e  herpes h ad  b e e n  abnorm al.

P a in s  in  the  left s ide  o f  th e  th o ra x  w ith  no herpes m ay  be  suggestive 
o f an  a t ta c k  of ang ina p e c to r is  o r of ca rd iac  in fa rc t. T he c o rre c t d iffe ren tia l 
d iagnosis is m ade d ifficu lt b y  th e  ECG  changes associa ted  w ith  th e  herpes. 
T he p a in , how ever, is la s t in g  an d  u n acco m p an ied  b y  fever o r h y p o ten sio n . 
N or do la b o ra to ry  te s ts  p o in t  to  m y o card ia l necrosis. D iffe re n tia tio n  is som e
w h a t fa c ilita te d  by  th e  o b se rv a tio n  o f P a s t i n s z k y  e t a l., in  t h a t ,  like  o ther 
v ira l in fec tions, herpes z o s te r  is also acco m p an ied  by  h y p o p ro th ro m b in a e m ia .

Discussion

T h ere  are tw o th eo rie s  concern ing  th e  p a th o m ech an ism  o f  E C G  changes 
due to  herpes zoster.

T h e  anom alies m a y  be  due to  d is tu rb an ces  in  c a rd ia c  in n erv a tio n . 
T he sy m p a th e tic  n erv es  o f  th e  h e a r t  ta k e  th e ir  o rig in  in  th e  segm en ts T h j 
to  T h 5. F ib res of th e  ra m i co m m u n ican tes  a lb i ru n  to  th e  s te lla te  ganglion, 
an d  i t  is from  th e  la t te r  t h a t  those  fib res  arise w hich , as a c c e le ra n t nerves, 
ru n  to  th e  card iac jilex u s. T h e  a n ta g o n is tic  in n e rv a tio n  o rig in a te s  from  the 
nuclei o f th e  b u lb a r v a g u s . H erpes zo s te r covering  th e  seg m en ts  T h 2 th rough  
T h 7 w as u sua lly  acco m p an ied  by  a p a th o lo g ic  ECG  in  o u r cases, a phenom 
enon  w ell in  h a rm o n y  w ith  th e  d is tu rb e d  sy m p a th e tic  in n e rv a tio n  of the  
h e a r t  due to  gan g lio n itis .

O f recen t, th e  th e o ry  of v a sc u la r  pa thogenesis  h a s  g a in ed  ground. 
F e y r t e r  has show n t h a t  n o t  only th e  sk in  and  th e  n e rv es  b u t  also o ther 
o rg an s are a tta c k e d  b y  th e  herpes zo ste r v iru s. In v o lv e m e n t o f th e  ganglia 
is n o t  th e  rule in cases o f  herpes zo ste r, so th a t  th e  lesion  o f  sp in a l ganglia 
need  n o t necessarily  be  o f  causal sign ificance . F e y r t e r  d e m o n s tra te d  h y p er
erg ic  cap illa ritis  an d  p o ly a rte riitis -n o d o sa -lik e  hy p ererg ic  a r te r i t is  in th e  
vessels o f th e  affec ted  seg m en ts  (p o ly a rte riitis  nodosa zo s te rica ) . T h e  arteries 
o f th e  sk in , as well as th e  nerves, show  a sy m m etrica l an d  m e ta m e ric  arrange-
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m e n t  (S i e g l b a u e r ). I t  is, acco rd in g  to  F e y r t e r , th ro u g h  th e  b lood  p a th  
t h a t  th e  herpes zoster v iru s  g a in s  access to  th e  a ffe c ted  tissues. T he g ang lia  
a re  o f te n  b u t  no t in v a r ia b ly  a ffec ted . The v a sc u la r  genesis seem s to  be co n 
f i rm e d  b y  cases in  w h ich  m e ta m e ric  cu tan eo u s m a n ife s ta tio n s  are  o b se rv ed  
w i th o u t  th e  in v o lvem en t o f  th e  sp inal gang lia  o r b y  tho se  w hich ru n  th e ir  
c o u rse  w ith o u t sensory  d is tu rb a n c e , neura lg ia  or o th e r  nervous p h en o m en a  
( H o c h l e i t n e r ). There a re , h o w ev e r, no such p ro o fs  o f  h ypererg ic  c a p illa ry  
c h a n g e s  being  associated  w ith  herpes zoster as w o u ld  confirm  an d  m o rp h o lo g 
ic a lly  s u p p o r t the  th e o ry  o f  v a scu la r  origin.

W e are  in d eb ted  to  D r . I .  J uvancz  for th e  s ta t is t ic a l  analysis.
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ÜBER DIE WIRKENG DES STROPHANTHINS 
AUF DIE NIERENFUNKTION

Von

Г . S o l t i , I .  M á r t o n , J u d i th  R é v  und R .  H e r m a n n

I . M ED IZIN ISCH E K L IN IK  (D IR EC TO R : PR O F. D R. I . RUSZNY Ä K) D E R  M EDIZINISCHEN U N IV ER SITÄ T,
BUDAPEST

(E ingegangen  am  23. M ärz 1962)

Die N ieren W irkung des S tro p h a n th in s  w u rd e  bei k re islau fgesunden  u n d  be i an  
ch ro n isch er K re islau finsu ffiz ienz  le idenden  P erso n en  u n d  auch  in  H u n d e ex p e rim e n ten  
u n te rs u c h t. E s w urde  eine a k u te  b e d eu ten d e  E rh ö h u n g  der W asser- u n d  K a liu m a u s
sch e id u n g  u n d  eine m äß ig ere  der N a triu m au ssc h e id u n g  festgeste llt. D iese  W irk u n g  
w u rd e  sow ohl bei K re islau fg esu n d en  als a u c h  bei a n  chron ischer K re is lau fin su ffiz ien z  
le id en d en  K ran k en  b e o b a c h te t. Die d u rch  S tro p h a n th in  v e ru rsach te  V e rm eh ru n g  der 
W asser- u n d  S alzex k re tio n  b e ru h t v o r a llem  a u f  e in e r H erab se tzu n g  d e r  tu b u lä re n  
R eso rp tio n  u n d  k a n n  n ic h t m it V erän d eru n g en  im  B lu tk re is lau f e rk lä r t  w e rd en . B ew crt- 
b a reV e rä n d eru n g e n  des A D H -Serum spiegels k ö n n en  n ach  V erabfolgung von  S tro p h a n th in  
n ic h t  re g is tr ie r t w erden . In  B a y tin a ln a rk o se , n a c h  P räm ed ik a tio n  m it D ib en zy lam in  
o d e r n a ch  D u rc h tre n n u n g  des ren a len  S y m p a th ic u s  t r i t t  die e rw äh n te  re n a le  S tro p h a n 
th in w irk u n g  n ic h t in  E rsch e in u n g . N ach  In je k tio n  von  S tro p h a n th in  in  den  v o m  R u m p f 
v ö llig  iso lie rten  K o p fk re is la u f  k a m  dieselbe c h a ra k te ris tisch e  V erm eh ru n g  d e r W asser- 
u n d  S a lzexkretion  z u s tan d e .

D ie R e su lta te  lassen  d a ra u f  sch ließen , d a ß  die W irkung des S tro p h a n th in s  au f 
d ie  N ie ren fu n k tio n  h a u p tsä c h lic h  d u rc h  V e rm ittlu n g  des Z en tra ln e rv en sy stem s sowie 
d e r zu den N ieren  v e rlau fen d en  S y m p a th ic u sb a h n e n  erfolgt.

D ie W irkung  d e r D ig ita lisg lykoside  a u f  N ieren fu n k tio n , W asser- u n d  
S a lz h a u sh a lt w urde o ft u n te rsu c h t. D ie E rg eb n isse  dieser F o rsc h u n g e n  u n d  
v o r  a llem  ih re  B ew ertu n g  sin d  n ic h t e in h e itlich . In  bezug a u f  die a u f  den W asser- 
u n d  S a lzh au sh a lt a u sg eü b te  W irk u n g  des S tro p h a n th in s  (D ig ita lis) w erden  
d re i E rk lä ru n g e n  a n e rk a n n t:  1. B ode u n d  Gr eef  [1] v e r tre te n  d ie M einung, 
D ig ita lis  e rhöhe den  K a lium sp iege l u n d  die S te igerung  d er re n a le n  K - u n d  
N a -E x k re tio n  tre te n  se k u n d ä r  in  E rsch e in u n g . —  2. N ach d er A n s ic h t von  
Fä r b e r  e t al. [2] h e m m t das D ig ita lis die A D H -S ek re tio n ; die W irk u n g  a u f  
d en  W asser- und  S a lz h a u sh a lt sei a u f  diese W eise zu erk lären . —  3. F r ey  [3] 
n im m t a u f  G rund  v o n  b iochem ischen , B r a n d es  und  Suchow sky  [4] von  
h isto lo g isch en  U n te rsu ch u n g en  einen  u n m itte lb a re n  E in flu ß  a u f  d ie  N iere  an . 
— Gremels [5] sowie H y m an  e t al. in jiz ie r te n  S tro p h a n th in  in  d ie  A . ren a lis  
u n d  b e o b a c h te ten  eine p ro m p te  S te ig eru n g  d e r W asser- u n d  S a lzau ssch e id u n g  
d u rc h  die be tre ffen d e  N iere . Diese U n te rsu c h u n g e n  sp rechen  a lso  fü r  eine 
d ire k te  B eein flussung  des N ie ren p aren ch y m s d u rch  D igitalis.

I n  d er vo rliegenden  M itte ilu n g  w erd en  unsere  E x p e rim e n te  ü b e r  die 
W irk u n g  des S tro p h a n th in s  a u f  die N ie ren fu n k tio n  e rö rte rt. Im  L au fe  dieser 
E x p e rim e n te  w aren  w ir b e s tre b t zu  e rfo rsch en , wie sich n ach  V e rab re ich u n g  
v o n  S tro p h a n th in  die N ie ren fu n k tio n  von  P a tie n te n  m it in ta k te m  K re is la u f



Tabelle I

Die N ierenw irkung  des S trophanthins bei K re is la u fssin su ffiz ien z

Name:
Diagnose: A lter . Periode: и 1 CK c PA„ Ff UNa Ejj. u K e k R R P VDr Mv

V P 1,75 114 380 20 168 2,99 232 3,95 130/80 80 4,9
T. Gv. 30jährig 0— 10 — — — — — — — — 130/80 74 — 4,6
com b. m itr. v itiu m 10— 20 3,60 118 445 26,5 222 8,00 160 5,85 120/85 76 — 4,5

20— 30 2,60 77 316 24,0 360 9,35 155 4,03 125/85 74 — 4,4
30— 40 4,20 115 432 26,6 227 9,50 150 6,30 125/80 80 — 5,0

Y P 0,78 84 420 22 500 3,90 130 0,82 150/85 76 4,5
T. K. 49jährig 0— 10 1,40 131 700 19 572 8,0 95 1,33 155/90 78 — 4,6
m yodeg. cordis 10— 20 1,70 153 790 19 590 10,0 93 1,58 150/90 72 — 4,2

20— 30 1,20 103 476 22 605 7,30 90 1,08 160/90 74 — 4.6
30— 40 1,60 159 594 27 560 9,00 90 1,44 — — —

V P 1.18 100 460 26 660 8,05 160 2,10 170/105 76 84 3,6
K . L. 37jährig 0— 10 1,65 167 600 24 635 10,5 140 2,32 160/110 74 80 3,3
hypertensio 10— 20 2,30 200 800 28 615 14,1 150 3,45 170/110 76 82 3,4
m yodeg. cordis 20— 30 2,20 180 785 28 600 13,2 145 3.18 155/100 78 76 3,5

30— 40 1,85 176 595 30 565 10,6 150 3,77 165/100 72 88 3,5

V P 1,25 110 365 28 300 3,55 245 3,05 155/100 80 80 2,5
K . S. 63jährig 0— 10 1,40 105 362 30 360 5,04 150 2,10 160/95 76 84 2.4
hypertensio 10— 20 1,20 105 460 25 395 4.73 235 2,82 155/95 76 82 2,5
coronariasclerosis 20— 30 1,05 79 320 25 365 3,84 180 1,90 160/95 74 74 2,4

30— 40 1,15 96 386 25 425 4,89 230 2,65 155/95 74 84 2,5

V P 1,18 82 240 34 260 3,12 82 1,00 140/85 80 80 5,0
M. 0 . 56jährig 0— 10 3,08 142 320 36 240 7,40 70 2,15 130/80 72 72 4,6
m yodeg. cordis 10— 20 2,20 142 400 — 220 4,85 60 1,32 135/80 74 70 4,7

2 0 - 3 0 2 00 120 500 24 225 4,50 55 1,10 130/90 76 78 4,6
30— 40 1.37 119 590 40 225 1,83 55 — 135/90 74 76 4,5

SO
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V P 0,65 55 300 35 210 1,40 90 0,60 140,40 84 105 —
B. H . 30jährig 0— 10 1,10 60 320 34 220 2,48 100 1,10 135/35 76 100 —
insuff. valv . ao rtae 10— 20 1,05 58 315 35 200 2,10 100 1,05 140/45 72 98 —

20— 30 1,20 66 360 32 220 2,62 90 1,08 130/30 72 102 —
30— 40 1,40 70 405 31 230 3,40 90 1,36 140/35 76 101

V P 1,20 96 510 26 476 5,70 123 1,48 185/105 74 _ 2,9
Sz. s. 61 jäh rig 0— 10 2,40 160 840 18 492 11,8 108 2,60 190/110 74 'ь _ 2,9
hypertensio 10— 20 2,30 160 820 18 482 11,1 113 2,60 210/120 64 — 2,7

20— 30 1,90 155 820 22 510 9,7 118 2,24 220/130 60 — 2,6
3 0 ^ 4 0 2,00 155 680 27 488 9,75 118 2,36 210/130 74 3,5

V P 0,80 62 405 15 300 2,40 90 0,72 120/70 84 110 4,9
N. J . 28jährig 0— 10 1,50 60 415 15 305 4,70 100 1,50 115/60 76 116 4,6
com b. m itr. v itium 10— 20 1,40 55 400 15,5 300 4,20 100 1,40 120/60 70 94 4,5

20— 30 1,50 68 460 16 400 6,00 90 1,35 110/55 70 100 4,4
30— 40 2,00 72 500 17 295 5,90 90 1,80 115/60 72 96 4,6

V P 1,00 70 350 20 250 2,50 120 1,20 140/85 90 115 5,1
B. J . 40j ährig 0— 10 1,50 74 400 18,5 300 4,50 110 1,65 140/80 82 120 4,7
insuff. va lv . bicusp. 10— 20 1,40 68 370 19 310 4,55 125 1,75 140/85 74 110 4,6

20— 30 1,55 76 450 17 300 4,70 150 2,30 130/75 80 90 4,6
30—40 1,50 82 500 17 320 4,80 150 2,25 140/80 92 84 5,2

Á. I.
V P 0,76 103 378 27 485 3,68 135 1,13 140/90 '72 - 4,0

48jährig 0— 10 0,94 132 490 27 495 4,65 135 1,27 150,90 60 — 3,7
obesitas, m yodeg. 10— 20 0,76 107 400 27 530 4,00 150 1,14 160/100 62 — 3,6
cardis 20— 30 0,86 115 450 26 530 4,55 175 1,50 160/90 56 — 3,5

30—40 0,69 80 322 27 490 2,90 180 1,06 160/100 60 — 3,6

E rklärung  der A bkürzungen  :
Z ur K olum ne Periode:
V P  =  V orperiode 

0— 10 =  n ach  S tro p h a n th in  die 
10— 20 =  n ach  S tro p h a n th in  die 
20— 30 =  n ach  S tro p h a n th in  die 
30— 40 =  n ach  S tro p h a n th in  die

и  =

ersten 10 M inuten

С р а н  —
U Na =
U K =

zw eiten 10 M inuten p  =
d ritte n 10 M inuten к  =
v ie rten 10 M inuten

U rin  ml/M in.
P A H  c learance 
U rin  N a triu m k o n ze n tra tio n  
U rin  K a liu m k o n zen tra tio n  
Pulszah l
endogen k re a tin in  c learance

Ff =  F iltra tio n s frak tio n  
E.Na =  N a triu m ex c re tio n  m g/m in 
E K =  K aliu m ex cre tio n  m g/m in 
V Dr =  V en endruck
Mv =  M inu tenvo lum en , der S ta rrsch en  

F o rm el gem äß : 100 0,5 X
P u lsd ru ck — 0,6 X d iasto lischer 
D ru ck  —  0,6 X A lter
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Tabelle II

соJ*.

D ie N ierenw irkung  des S trophanthins bei K re is la u fin su ffiz ien z

Name:
Diagnose: Alter: Periode: U CK CPA H Ff u Na E Na u K e k RR P V ür Mv

V P 2,00 77 500 13,5 500 6,85 — — 145/90 76 48 4,3

H . Gy. 39jührig 0— 10 3,00 125 1100 11,0 585 17,5 — — 130/80 82 52 4,2

neurosis 10— 20 2,70 94 690 14,0 475 12,8 — — 130/85 8 6 50 4,1

20— 30 2,80 97 800 12,0 482 13,5 — — 130/90 8 8 46 3,8

30— 40 2,60 95 712 13,0 490 12,7 — — 130/80 90 44 4,3

V P 1,80 110 560 21,0 427 7,70 560 10,1 115/70 90 — 5 ,2

R . J . 34jährig 0— 10 4,70 210 680 31,0 325 15,30 262 12,3 120/75 90 — 4,8
neurosis 10— 20 3,80 177 530 33,0 328 12,50 265 10,1 120/75 8 8 — 4,7

20— 30 3,80 187 566 33,0 328 12,5 266 10,1 — — — —

30— 40 4,90 202 740 31,0 327 16,0 267 13,1 110/70 92 — 5,1

V P 1,50 105 530 20,0 300 4,50 205 3,10 140/80 60 44 3,8
7 . A. 28jährig 0— 10 2,00 100 480 19,0 250 5,0 200 4,0 120/65 70 48 4,6

ulcus duodeni 10— 20 2,00 98 500 20,0 305 6,10 190 3,80 120/70 72 50 4,8

20— 30 1,50 100 510 20,0 305 4,55 210 3,15 115/65 70 50 4,2

30— 40 1,40 90 460 20,0 300 4,20 220 3,25 120/70 70 44 4,0

V P 0,42 123 635 19,0 400 1,68 395 1,66 120/80 74 1  60 5,5
L. J . 60j ährig 0— 10 0,76 200 583 35,0 440 3,34 415 3,15 110/65 80 60 5,3
gastritis  ehr. 10— 20 0,64 138 520 27,0 405 2,59 365 2,24 110/70 80 66 5,1

20— 30 0,78 153 885 17,0 390 3,04 340 2,65 110/70 82 70 5,1
30— 40 0,42 138 385 36,0 375 1,58 345 1,45 105/65 84 68 5,2
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w*
V P 1,02 104 530 20,0 520 5,31 85 0,87 140/90 60 72 3,9

ü .  J . 53jährig 0— 10 1,80 115 560 21,0 460 8,30 50 9,00 150/95 64 46 3,8
cholelithiasis 10— 20 1,40 104 580 18,0 440 6,16 55 7,70 145/95 60 50 3,7

— 20— 30 1,25 82 430 19,0 450 5,64 55 6,90 140/90 62 44 4,2

30— 40 1,0 120 580 21,0 525 5,20 70 7,0 135/85 60 42 4,0

V P 1,10 100 510 20,0 310 3,43 150 1,65 140/80 80 76 4,1
M. N. 50jährig 0— 10 2,00 100 620 21,0 300 6,00 150 3,00 140/80 82 68 4,1
colitis 10— 20 2,00 90 600 21,0 300 6,00 160 3,20 135/80 74 76 3,7

20— 30 1,50 120 620 20,0 290 4,35 150 1,75 140/80 72 72 3,9

30—40 1,00 110 560 20,0 325 3,25 160 1,60 140/80 80 76 4,1

V P 1,40 98 500 20,0 405 5,65 200 2,80 130/80 80 44 4,8
K . L. 40jährig 0— 10 1,90 100 530 21,0 400 7,60 210 3,80 130/80 76 40 4,6
neurosis 10— 20 2,00 90 540 22,0 410 8,20 210 4,20 — — — —

20— 30 1,70 110 560 20,0 350 6,95 200 3,40 — — — —

30—4 0 1,40 110 555 20,0 400 6,40 210 2,90 130/80 80 40 4,8

V P 2,00 120 600 20,0 350 7,00 150 2,00 120/80 80 36 3,7

A. E . 24jährig 0— 10 3,00 116 550 19,0 380 11,4 200 6,00 120/75 76 40 3,7
ulcus ven tricu li 10— 20 3,00 124 630 20,0 350 10,5 200 6,00 120/75 — — —

20— 30 1,80 130 650 20,0 400 7,20 210 5,90 120/75 76 36 3,7
30—40 1,90 124 600 20,0 400 7,60 200 5,80 120/75 76 40 3,8

E rklärung  der A bkürzungen  :
Z ur K olum ne Periode:
V P  =  V orperiode

0— 10 =  n a ch  S tro p h a n th in  d ie e rs ten  
10— 20 =  n ach  S tro p h a n th in  die zw eiten  
20— 30 =  n ach  S tro p h a n th in  d ie d r i t te n  
30— 40 =  n ach  S tro p h a n th in  d ie v ie rten

10 M inuten  
10 M inu ten  
10 M inuten  
10 M inu ten

U
CPAH
U Na
UK
p
к

=  U rin  ml/M in.
=  P A H  c learance 
=  U rin  N a triu m k o n ze n tra tio n  
=  U rin  K a liu m k o n zen tra tio n  
=  P ulszah l
=  endogen k re a tin in  c learance

l ' l  =  F iltra tio n s frak tio n
E Na =  N a triu m ex c re tio n  m g/m in.

=  K a liu m ex cre tio n  m g/m in .
V Dr =  V enendruck
Mv =  M inu tenvo lum en , der S ta rrsch en  

F o rm el gem äß : 100 +  0,5 X 
P u lsd ru ck  —  0,6 X d ias to lisch er 
D ru ck  —  0,6 X A lter 05
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bzw . ch ro n isch e r K re islau fin su ffiz ienz  g e s ta l te t  u n d  wie die N ie ren w irk u n g  
des S tro p h a n th in s  zu  e rk lä re n  sei.

M ethodik

D ie a k u te  W irkung  des S tro p h a n th in s  a u f  die N ie ren fu n k tio n  w urde bei 10 a n  c h ro n i
sch er K re is lau fin su ffiz ien z  le id e n d en  P a tie n te n , sow ie b e i 8 P ersonen  m it in ta k te m  K re is la u f  
b e o b a c h te t .  N ach  drei 10’-igen  U rin sam m lu n g s-V o rp erio d en  w urden  0,25 mg S tro p h a n th in  К  
in tra v e n ö s  in jiz ie r t  u n d  a n sch ließ en d  der U rin  in  v ie r  10’-igen Perioden w e ite r g e sa m m elt. 
D ie S a m m lu n g  des U rins e rfo lg te  d u rch  K a th e te r is ie re n  d e r  H arnb lase . Die N ie re n d u rc h 
b lu tu n g  w u rd e  m itte ls  Р А Н -In fu sio n , die G lo m eru lu s-F iltra tio n  m itte ls endogener K re a tin in -  
C lea ran ce  b e s tim m t. In  je d e r  P erio d e  w urden B lu td ru c k  u n d  Pulsfrequenz gem essen , zu m eist 
a u c h  d ie  Ä n d e ru n g en  des venösen  D ruckes. Die Ä n d e ru n g en  des H arn m in u ten v o lu m en s w u rd e n  
a u f  G ru n d  d e r  STARRschen F o rm e n  berechnet. (B ezü g lich  E inzelfragen  der ex p erim e n te llen  
M e th o d ik  verw eisen  w ir a u f  eine vorhergegangene M itte ilu n g  [7]).

I n  e in e r  an d eren  V ersu ch sre ih e  u n te rsu ch ten  w ir  d ie Rolle des v e g e ta tiv e n  N e rv en 
sy s te m s in  de r ren a len  W irk u n g  des S tro p h a n th in s . D iese E x p e rim en te  w urden  bei 5 P a tie n te n  
n a c h  V e rab re ich u n g  von  D ib en zy lam in  (5 m g/kg K ö rp e rg ew ic h t in langsam er T ro p fin fu s io n ), 
u n d  b e i w e ite ren  5 P a tie n te n  in B a y tin a ln a rk o se  (lan g sam e i. v . In jek tio n  der 10 % ig en  L ösung  
b is P a t ie n t  e in sch läft)  w ied erh o lt. (D ie M ethodik  w u rd e  f rü h e r  beschrieben [8]).

D ie  W irk u n g  des S tro p h a n th in s  au f die A D H -S ek re tio n  w urde bei 10 d ek o m p e n sie rte n  
sow ie 5 k re is lau fg esu n d en  P e rso n en  u n te rsu ch t. D ie A D H -B estim m u n g  im  S e ru m  e rfo lg te  
m it d e m  m o d ifiz ie rten  B üR N schen V erfah ren  [9 , 10].

I n  T ie rex p e rim en ten  u n te rs u c h te n  w ir die n e u ra le  W irk u n g  des S tro p h a n th in s  a u f  die 
N ie re n fu n k tio n . Bei 7 H u n d e n  w u rd e  n ach  D e n e rv a tio n  d e r  einen Niere die a k u te  W irk u n g  
des S tro p h a n th in s  sow ohl a u f  d ie gesunde wie d ie d e n e rv ie r te  Niere b e o b a c h te t.  Z w ecks 
A u ssc h a ltu n g  de r zu r N iere v e rlau fen d en  S y m p a th ic u sfa se rn  w urde  7 T age vo r d e m  E x p e r i
m en t, n a c h  E rö ffn u n g  im  V —V I. In te rk o s ta lra u m  d e r lin k sse itig e  tru n cu s sy m p a th ic u s  bis 
zum  Z w erch fe ll freigeleg t u n d  e n tfe rn t  [11]. D er U rin  w u rd e  m it in die U re te rn  g e b u n d en e n  
K a n ü le n  a u s  de r gesunden  u n d  d e r den erv ierten  N iere  g e so n d e rt  gesam m elt. D ie M enge des 
in tr a v e n ö s  v e rab fo lg ten  S tro p h a n th in s  b e tru g  0,33 m g. D ie  a u f  die N ieren funk tion  a u sg e ü b te  
W irk u n g  des in  den iso lie rten  K o p fk re is lau f in jiz ie rten  S tro p h a n th in s  b eo b ac h te ten  w ir bei 
6 H u n d e p a a re n  m it g ek reu z tem  K re islau f. D as S t ro p h a n th in  (0,33 mg) w urde la n g s a m  in  
d en , v o m  R u m p fk re is la u f iso lie rten , K o p fk re is lau f des E m p fän g ertie res  e in g e sp ritz t. D ie 
S a m m lu n g  des U rins erfo lg te  d u rc h  U re te rk an ü len , d ie d u rc h  die B auchw and h e ra u sg e fü h r t  
w u rd en . (E in z e lh e ite n  s. in  u n se re r  diesbezüglichen M itte ilu n g  [12]).

Ergebnisse

D ie  a k u te  N ie ren w irk u n g  des S tro p h a n th in s  is t in T abelle I  u n d  I I  
d a rg e s te ll t . B ezüglich  d e r ü b rig en  E x p e rim e n te  w erden  bloß die E rg eb n isse  
d e r s ta tis t is c h -m a th e m a tis c h e n  A nalysen m itg e te i l t .  In  Tabelle I  w u rd e n  die 
e x p e rim e n te llen  A ngaben  d e r an  ch ron ischer K reilau fsinsuffiz ienz  le id en d en  
P a t ie n te n ,  in  T abelle  I I  die d e r  k re is lau fg esu n d en  Personen  v e ra n sc h a u lich t. 
W ie e rs ic h tlic h , b e s teh en  zw ischen den E rg e b n is se n  der beiden  G ru p p e n  
b loß  g ra d u e lle  U n te rsch ied e . B ezeichnend  fü r  d ie  W irk u n g  des S tro p h a n th in s  
is t, d a ß  die A usscheidung  v o n  W asser, K a liu m  u n d  N a triu m  b e trä c h tlic h  
z u n im m t, w äh ren d  sich  die g lom eruläre  F i l t r a t io n  u n d  die P A H -C lea ran ce  
k a u m  ä n d e rn . B em erk en sw ert is t, daß  die S tro p h a n th in w irk u n g  au ffa llen d  
ra sc h , in n e rh a lb  10 M in u ten  in  E rsch e in u n g  t r a t ,  B lu td ru ck , V e n e n d ru c k , 
P u ls fre q u e n z  u n d  M in u ten v o lu m en  zeig ten  k e in e  bew ertb a ren  Ä n d e ru n g en .
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S o m it s te h t die a k u te  N ieren w irk u n g  des S tro p h a n th in s  n ich t m it d e r  V er
besseru n g  des K reislau fs in  Z u sam m en h an g . Gewisse U n te rsch ied e  zw ischen 
den  beiden  G ruppen  ze ig ten  sich in  der 4. P e rio d e  (30—40 M in u ten  n a c h  der 
In je k tio n ) . Zu diesem  Z e itp u n k t nehm en  n o rm alerw eise  W  asser- u n d  Salz
ausscheidung  a llm äh lich  a b ; bei d ek o m p en sie rten  H erzk ran k en  h ä l t  jed o ch  
die S te igerung  der s tro p h a n th in b e d in g te n  W asser- u n d  S a lz e x k re tio n  in  diesem  
Z e itp u n k t noch an  (s. T abe lle  I I I ) .

Die E rgebn isse  d e r m a th e m a tisc h -s ta tis tisc h en  A nalyse d e r  D ibenzy l- 
am in  und  B ay tina l-V ersuche  sind  in  T abelle  IV  v e ran sch au lich t. D ie durch  
S tro p h a n th in  v e ru rsa c h te  S teigerung  d er W asser-, K alium - u n d  N a tr iu m 
au ssch e id u n g  w urde  d u rc h  beide P h a rm a k a  b e trä c h tlic h  v e rm in d e rt.

D er A D H -S erum spiegel blieb nach  S tro p h a n th in v e ra b fo lg u n g  im  allge
m einen  u n v e rä n d e rt. (D ie b eo b ach te ten  V erän d eru n g en  w aren  n ic h t  sign i
f ik a n t.)

Die m a th em a tisch -s ta tis tisch en  E rg eb n isse  der N ie ren d en erv a tio n s- 
ex p erim en te  sind in  T ab e lle  V d arg este llt. D ie des g rö ß ten  Teils ih re r  s y m p a th i
schen  In n e rv a tio n  b e ra u b te , p rak tisch  als d en e rv ie rt zu b e tra c h te n d e  N iere 
zeig te  eine ausgesprochen  gesteigerte  W asser-, N a triu m - u n d  K a liu m ex k re tio n . 
A uch  die g lom eruläre  F iltra tio q  und  P A H -C learance  sind  in  d e r d e n e rv ie rten  
N iere  gesteigert. N ach  V erabfo lgung  von  S tro p h a n th in  zeigen die zw ei N ieren  
e inen  en tscheidenden  U n te rsch ied , da bei d er d en erv ie rten  N iere d ie  s tro p h a n 
th in b ed in g te  S te ig eru n g  d er W asser-, N a tr iu m - und  K a liu m au ssch e id u n g  
u n te rb le ib t.

Die durch  das Z en tra ln e rv en sy s tem  ü b e rm itte lte  ren a le  W irk u n g  des 
S tro p h a n th in s  is t in  T abelle  V I zu sam m en g efaß t. W ie e rs ic h tlic h , erfolgt 
n ach  E in sp ritzu n g  v o n  S tro p h a n th in  in  den  iso lierten  K o p fk re is la u f  eine 
p ro m p te  E rh ö h u n g  d e r W asser-, N a triu m - u n d  K a liu m au ssch e id u n g , äh n lich  
w ie es hei in ta k te n  T ie ren  b eo b ach te t w u rd e . B lu td ru ck , H irn d u rc h b lu tu n g , 
P u lsfrequenz u n d  V en en d ru ck  b lieben  u n v e rä n d e r t . E s m uß  e rw ä h n t w erden , 
d aß  nach  den m it E v a n sb la u  und  J 131 au sg e fü h rten  K o n tro llu n te rsu c h u n g e n  
R um pf- und  K o p fk re is la u f des E m p fän g ertie res  völlig iso lie rt w aren .

Besprechung

Die N ieren w irk u n g  des S tro p h a n th in s  w urde von m e h re re n  A u to ren  
u n te rsu c h t, ih re E rgeb n isse  sind jed o ch  re c h t abw eichend . D ies d ü rf te  einer
seits d ad u rch  zu e rk lä re n  sein, daß  ein ige A u to ren  keine N ie re n fu n k tio n s 
p rü fu n g  V ornahm en bzw . die U n te rsu ch u n g  des K reislaufs v e rsä u m te n . A nder
seits w urde die S tro p h a n th in w irk u n g  m eist in  ch ron ischen  E x p e rim e n te n  
b eo b ach te t, obw ohl sich  die W irkung  a u f  die N ie ren fu n k tio n  ra sc h  e n tfa lte t. 
In  unseren  E x p e rim e n te n  erfolgte n a c h  S tro p h a n th in g a b e  e in e  bedeu tende
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Tabelle I I I

M athem atisch-statistische A n a ly se  der aku ten  N ieren w irku n g  des S trophan th ins  
(Ä n d e ru n g e n  v o n  20— 30 M in u ten  a u f  30—40 M in.)

Kreislaufgesunde Kreislaufkranke

n 8 8 7 10 10 9
X — 0,06 — 0,10 + 0 ,1 8 + 0 ,0 2 —0,01 +  0,05
s 0,50 1,56 1,32 0,06 0,15 0,07
t 0,36 0,18 0,36 0,89 0,25 1,90

p % > 7 0 > 8 0 > 7 0 ~ 4 0 , ~ 8 0 , ~ 1 0 ,

Signifikant
.

n ein nein nein n ein nein nein

A b kü rzu n g e n :
n =  Z ah l de r b eo b ach te ten  F ä lle
X =  D u rch sch n ittlich e  Ä n d e ru n g
s =  S tre u u n g  der Ä n derungen
t  =  S tu d e n ts c h e  Zahl
P  % =  W ahrsch e in lich k e it

Tabelle IV

W irk u n g  des Strophanthins a u f  d ie  N ieren funktion  nach Verabfolgung von D ib enzy lam in  b
in  B aytinal-N arkose  

(M athem atische  A n a ly se )

•
D ibenzylam in B aytinal

U E N a EK U E Na EK

n 5 5 5 5 5 5

X 0,14 0,73 0,37 0,18 — 1,11 0,30
s 0,32 0,45 0,65 0,35 2,80 0,32

t 1,00 3,65 1.32 1,29 0,89 2,14

p % > 3 0 <  5 > 2 0 > 2 0 > 4 0 ~ 1 0

S ignifikan t nein ja nein ne in nein nein

Tabelle V

Strophanth inw irkung  a u f  innervierte und denervierte N iere bei H unden  
(S ta tis tisc h e  A n a ly se . D en erv ie rt —  In n e rv ie r t)

u F-Xa E K

n 7 7 7

X — 0,08 — 0,17 — 0,15
s 0,07 0,32 0,13

t 2,90 1,43 3,10

p°ü <  5 ~ 2 0 ~  2

Signifikant ja nein ja
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Tabelle VI.

W irkung  des in  den isolierten K o p fk re is la u f in jizierten  S trophan th ins a u f  die N ieren fu n k tio n
des Hundes 

(S ta tis tisch e  A nalyse)

In  den Körperkreislauf verabfolgtes S trophanth in . Rechte Niere 
(linke Niere denerviert)

In  den isolierten K opfkreislauf 
Strophanthin

verabfolgtes

V E s . E K V E K

n 7 7 7 о 6 6

X 0,19 0,28 0,14 0,34 0,63 0,58
s 0,24 0,24 0,20 0,20 0,33 0,23

t 2,13 2,80 1,40 3,40 4,50 5,80

p %  (t) < 1 0 <  5 ~ 2 0 < 5 < 1 < 1

P%  (binom ) <  5 <  5 <  5

Signifikant ja ja ja ja s ta rk sta rk

Zw ischen den  be iden , d u rc h  S tro p h a n th in  v e ru rsa c h te n  N ie ren fu n k tio n sän d e ru n g en  
(d ie  eine Dosis w u rd e  in  den  R u m p fk re is la u f v e ra b re ic h t, w obei das D o p p e lte  d e r  rech ten  
in ta k te n  N iere b e rec h n e t w urde , d ie  an d ere  Dosis in  d e n  iso lie rten  K o p fk re is lau f)  k o n n te  
k e in  s ig n ifik an ter U n te rsch ied  nachgew iesen  w erden.

Vergleich der W irku n g  des in den R u m p fk re is la u f verabfolgten (das D oppelte der rechten 
intakten N iere berechnet) und in  den isolierten K o p fk r e is la u f in jizierten  S trophanth ins

v E N a E K

n t ; n 2 6; 7 6; 7 6; 7

diff — 0,04 0,07 0,30
t 0,19 0,30 1,69

P°o > 8 0 > 7 0 > 1 0

S ignifikan t nein nein nein

V erm ehrung d er W asser-, N a tr iu m - u n d  K a liu m au ssch e id u n g , in  E in k lan g  
m it den E rgebn issen  von  Schroeder  [14], F ärber  e t al. [2], W erkö  e t  al. [13], 
Greve e t al. [15] sowie Göltner  u n d  Schwab [16]. Es k o n n te  au ch  fest
geste llt w erden , d aß  die E rh ö h u n g  d er W asser- u n d  S a lzex k re tio n  h a u p t
sächlich  infolge V erm in d eru n g  d er tu b u lä re n  W asser- u n d  S a lz reab so rp tio n  
e n ts te h t.

H in sich tlich  der a k u te n  N ieren w irk u n g  des S tro p h a n th in s  w u rd e  zw ischen 
kreislau fgesunden  u n d  an  ch ron ischer K re islau fin su ffiz ienz  le id en d en  In d iv i
duen  kein  U n te rsch ied  v e rze ich n e t, w äh ren d  n a c h  e iner h a lb en  S tu n d e  bereits 
U ntersch iede in  E rsch e in u n g  tr a te n :  Bei K reis lau fg esu n d en  h ö rte  die Z unahm e 
d e r W asser- u n d  S alzausscheidung  au f, be i D ek o m p en sie rten  e rh ö h te  sich
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die  N a tr iu m - u n d  K a liu m e x k re tio n  w eiter. D a  bei D ek o m p en sie rten  nach  
S tro p h a n th in g a b e  n a c h  e in ig e r Z eit (ca. einer h a lb e n  S tunde) eine V erm in d eru n g  
d es  z irk u lie ren d en  B lu tv o lu m e n s  u n d  eine E rh ö h u n g  des H a rn m in u te n v o lu 
m e n s  e rfo lg te , d a rf  an g en o m m en  w erden, d a ß  die sp ä te  N ie ren w irk u n g  des 
S tro p h a n th in s  infolge V erb esse ru n g  des K re is lau fs  zu s tan d e  k o m m t. D ies 
d ü r f te  auch  eine E rk lä ru n g  d a fü r b ie ten , d a ß  ein  Teil d e r F o rsch e r im  
ch ro n isc h e n  E x p e rim en t n a c h  S tro p h a n th in g a b e  n u r  bei ch ro n isch er K re is
la u f in su ff iz ie n z  eine v e rm e h r te  W asser- u n d  S a lzaussche idung  b e o b a c h te n  
k o n n te .

H in sich tlich  des M echan ism us der N ieren  W irkung des S tro p h a n th in s  
so llen  zw ei n egative  E rg e b n isse  herausgehoben  w erden :

1. D ie a u f  den W asser- u n d  S a lzh au sh a lt au sg eü b te  a k u te  W irk u n g  
des S tro p h a n th in s  s te h t m it d en  Ä nderungen  des K reislau fs n ic h t im  Z u sam 
m e n h a n g . Cu g u d d a  u n d  A g n i s e t t a  [17] sow ie D a v is  e t al. [18] e rk lä ren  
die N ie ren w irk u n g  des D ig ita lis  m it der V erbesserung  des K re islau fs u n d  
d e r k o n se k u tiv e n  S te ig eru n g  d e r  renalen  B lu tz irk u la tio n . U nsere E x p e rim e n te  
w id e rsp re c h e n  dieser A n n a h m e , da nach  S tro p h a n th in g a b e  die W asser-, 
K a liu m - u n d  N a tr iu m e x k re tio n  ohne b em erk en sw erte  V erän d e ru n g en  in  
B lu tk re is la u f  und  N ie re n d u rc h b lu tu n g  a k u t u n d  b ed e u te n d  z u n ah m . D em nach  
d ü r f te n  die e rw ähn ten  F a k to re n  n u r bei ch ro n isch er S tro p h a n th in w irk u n g  
in  B e tr a c h t  gezogen w erden .

2 . D ie S tro p h a n th in w irk u n g  is t n ich t d e r V erän d eru n g  d er A D H - 
S e k re tio n  zuzuschreiben . L a s c h e  e t al. [19] b e o b a c h te te n  bei D ig ita lisb e h a n d 
lu n g  e in e  H erab se tzu n g  des S erum -A D H -Spiegels. I n  un seren  a k u te n  E x p e r i
m e n te n  w u rd e  keine H e ra b se tz u n g  des A D H -Spiegels b e o b a c h te t; ein  so lcher 
M ech an ism u s k ann  also die W irk u n g  des S tro p h a n th in s  a u f die N ie ren fu n k tio n  
n ic h t e rk lä re n .

A ls  ein  positives E rg e b n is  u nsere r U n te rsu ch u n g en  d ü rfte  die B eo b ach 
tu n g  b e w e r te t  w erden, d aß  d as  S tro p h a n th in  se inen  E in flu ß  a u f  die N ieren 
fu n k tio n  ü b e r  das Z e n tra ln e rv en sy s tem , und  h a u p tsä c h lic h  d u rch  V e rm ittlu n g  
des S y m p a th ic u s  a u sü b t. D ie B a y tin a l-E x p e rim e n te  bezeugen , d aß  d ie  a k u te  
N ie re n w irk u n g  des S tro p h a n th in s  in  der N arkose  g rö ß ten te ils  u n te rb le ib t;  
dies d e u te t  a u f  die w ich tige R o lle  des Z en tra ln e rv en sy s tem s h in . D ie S tro p h a n 
th in w irk u n g  erfo lg t in  e rs te r  L in ie  du rch  V e rm ittlu n g  des S y m p a th icu s , da 
sow ohl d ie  V erabfolgung v o n  D ib en zy lam in  w ie die D en erv ie ru n g  d er N iere  
die W asse r- und  S a lzau ssch e id u n g  ste igernde a k u te  S tro p h an th in w ü rk u n g  
h em m en .

N a c h  den E x p e rim e n te n  v o n  W e i n b e r g  u n d  H a l e y  [20] sow ie un seren  
e igenen  [21] erfolgte die W irk u n g  des S tro p h a n th in s  a u f  die H e rz fu n k tio n  
teils d u rc h  V erm ittlu n g  des Z en tra ln e rv en sy s tem s . So lag  es an  d er H a n d , 
einen  ä h lic h e n  M echanism us b ezü g lich  der a u f  die N ie ren fu n k tio n  au sg e ü b te n  
D ig ita lisw irk u n g  vo rau szu se tzen . U nsere H u n d ev e rsu ch e  m it S tro p h a n th in 
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gäbe in  den  iso lie rten  K o p fk re is lau f h ab e n  diese A nnahm e b e s tä t ig t ,  d a  b e im  
E m p fä n g e rtie r  die ch a ra k te ris tisch e  E rh ö h u n g  der W asser-, K a liu m - u n d  
N a triu m au ssch e id u n g  zu stande  k a m . S e lb s tv e rs tän d lich  sch ließ en  unsere  
V ersuche die u n m itte lb a re  renale  W irk u n g  des S tro p h an th in s  n ic h t a u s , b e to n e n  
a b e r  die en tscheidende Rolle des Z en tra ln e rv en sy s tem s und  d er zu d e n  N ieren  
v erlau fen d en  S y m p a th icu sb ah n en .

F ü r  die A u sfü h ru n g  der m a th e m a tisc h -s ta tis t is c h e n  A nalysen sp rech en  w ir H erren  
D r. I . J uvancz u n d  J .  F isc h e r  a u f  d iesem  W ege u n se ren  D ank  aus.
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The value  of t r e a tm e n t  w ith  a n tic o a g u la n t d rugs has been s tu d ie d  b y  co m p arin g  
th e  re su lts  ach ieved  in  96 cases o f  a r te r ia l  th ro m b o sis  an d  em bolism  in  th e  lim b s w ith  
th o se  in 62 con tro l cases t r e a te d  w ith  o th e r  d rugs. The evidence o b ta in e d  w as g rea tly  
in fav o u r o f a n tic o ag u lan t t r e a tm e n t.

A n tico ag u lan t th e ra p y  has now  been used  in th is  d e p a r tm e n t fo r ove г 
a decade. T he resu lts  ach iev ed  w ith  it  in  co ro n ary  th ro m b o sis  [7], th ro m b o 
em bolic  cerebral processes [4], p h leb o th ro m b o sis  an d  th ro m b o p h le b itis  [6], 
h a v e  been  rep o rted  earlier.

T he p resen t p a p e r is a n  ac c o u n t o f ou r experience gained  w ith  th is  t r e a t 
m e n t in  a rte ria l th ro m b o sis  a n d  em bolism  in  th e  lim bs; i t  does n o t dea l w ith  
th e  prob lem s o f d iagnosing  su ch  cases, fo r th ese  have  been d iscussed  a t  len g th  
in  p rev ious w orks [1, 2, 3, 5].

In  recen t years a to ta l  o f  96 su ch  p a tie n ts  were tre a te d  w ith  a n tic o a g u la n t 
d ru g s in th is  D e p a rtm e n t: 56 fo r a rte ria l th rom bosis and  40 fo r em bolism . 
A co n tro l group of 62 cases -— 22 th ro m b o tic  an d  40 em bolic p a tie n ts  —  con
s is ted  o f cases from  th e  tim e  w hen a n tic o a g u la n t th e ra p y  h a d  n o t y e t been 
genera lly  applied  in  th is  D e p a r tm e n t, and  p a r t ly  from  p a tie n ts  w ith  cond itions 
c o n tra in d ic a tin g  a n tic o a g u la n t th e ra p y  such  as h y p e rten s io n , h aem o rrh ag ic  
d ia b e tic  re tin o p a th y , ch ron ic  n e p h ritis , tb c . pu lin ., etc.

O f th e  56 th ro m b o tic  p a tie n ts  t re a te d  w ith  a n tico ag u lan ts , 46 w ere m ales 
a n d  10 fem ales; an d  of th e  40 em bolic  p a tie n ts , 17 w ere m ales a n d  23 fem ales. 
T h e  d is tr ib u tio n  by  sex in  th e  co n tro l g roup  was 15 m ales a n d  7 fem ales w ith  
th ro m b o sis , an d  18 m ales a n d  22 fem ales w ith  em bolism . T a k in g  th e  tw o 
g ro u p s to g e th e r, we fin d  61 th ro m b o tic  m ales ag a in st on ly  17 fem ales. The 
e x p la n a tio n  is th a t  am ong  o u r p a tie n ts  th rom bosis w as in  m a n y  cases a 
com p lica tio n  o f o b lite ra tin g  a rterio sc lerosis  o r endoang iitis  ( th ro m b o an g iitis ) , 
co n d itio n s fa r m ore fre q u e n t in  m en th a n  in  w om en. No such  m a rk e d  difference 
w as n o ted  in th e  sex d is tr ib u tio n  o f th e  em bolic p a tie n ts  (35 m ales aga in st 
45 fem ales).

T he d is tr ib u tio n  b y  av e rag e  age, w ith  th e  ex trem es in  b ra c k e ts , w as as 
follow s: tre a te d  th ro m b o tic  p a tie n ts  52.7 y ea rs  (17 an d  75), th e ir  u n tre a te d  
con tro ls  67.3 years (56 a n d  80); t r e a te d  em bolic cases 58.2 y e a rs  (39 a n d  92),
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th e i r  u n tre a te d  co n tro ls  59.3 years (36 an d  80). T h e  difference in  th e  average  
age o f  th e  tre a te d  th ro m b o tic  p a tien ts  a n d  th e ir  u n tre a te d  con tro ls  fin d s 
i ts  e x p lan a tio n  in  t h a t  a n tic o a g u la n t th e ra p y  w as c o n tra in d ic a ted  in  a g rea te r  
p ro p o rtio n  of the  o ld e r th a n  th e  y o u n g er p a t ie n ts ;  fo r in stan ce , in  th o se  w ith  
th ro m b o s is  developed  as a com plica tion  o f p r im a ry  o b lite ra tin g  en d o an g iitis . 
A s a re su lt, in th e  t r e a te d  g roup  th e re  w ere 11 p a tie n ts  below  40, w hereas th e  
age o f  th e  youngest m e m b e r  in  th e  con tro l g ro u p  w as 56 years.

O ur s tu d y  in c lu d es  no  p a tie n t w ho w as tra n s fe rre d  for su rgery  because 
b e t t e r  resu lts  w ere to  b e  ex p ec ted  from  em b o lec to m y  th a n  from  d ru g  t r e a t 
m e n t .  N o r does i t  in c lu d e  seven  p a tie n ts  w ith  em bo lism  and  one w ith  a rte ria l 
th ro m b o s is  who in  a d d it io n  to  an tico ag u lan ts  h a d  b een  tre a te d  w ith  fib rino - 
ly s in . T ogether w ith  so m e o thers w ho rece iv ed  fib rin o ly sin , th e ir  cases are  
d iscu ssed  in a s e p a ra te  r e p o r t  from  th is  D e p a r tm e n t [8].

O f our 56 p a tie n ts  su b je c te d  to  a n tic o a g u la n t t r e a tm e n t for th ro m b o sis , 
th e  p r im a ry  disease w as o b lite ra tin g  a rte rio sc le ro s is  in  39 and  endoan g iitis  
in  8 , w h ile  in th e  h is to ry  o f  9 p a tie n ts  th e re  w as ang iospasm  due to  tra u m a , 
f ro s tb i te ,  and  excessive sm o k ing . E ach  of th e  22 c o n tro l p a tie n ts  was suffering  
fro m  o b lite ra tin g  a rte rio sc le ro s is .

O f th e  40 p a tie n ts  t r e a te d  for em bolism , 10 h a d  stenosis o f the  left 
o s tiu m  associated  in  5 w ith  ab so lu te  a r ry th m ia , 5 su ffe red  from  o th e r v a lv u la r  
d e fe c ts  associated  in  4 o f  th e m  w ith  ab so lu te  a r ry th m ia , and  23 h a d  a r te r io 
sc le ro tic  h ea rt disease acco m p an ied  in  15 b y  a b so lu te  a rry th m ia , and  in  one 
p a t ie n t  b y  a recen t c a rd ia c  in fa rc t. In  tw o cases th e  cause of em bolism  could 
n o t  b e  estab lished  w ith  c e r ta in ty .

O f th e  40 co n tro ls  w ith  em bolism  n o t t r e a te d  w ith  a n tico ag u lan ts  9 h ad  
s te n o s is  o f  the left o s tiu m  w ith  abso lu te  a r ry th m ia , a n o th e r 9 suffered  from  
o th e r  v a lv u la r  defects a sso c ia te d  in  8 of th e m  w ith  ab so lu te  a r ry th m ia , 21 h ad  
a rte rio sc le ro tic  h e a r t  d isease  accom pan ied  in  8 o f th e m  b y  abso lu te  a r ry th m ia  
a n d  in  one by  a ca rd ia c  in fa rc t .  In  one co n tro l th e  cause of em bolism  could 
n o t  be  e stab lished  w ith  c e r ta in ty .

A ll our 96 p a tie n ts  su b je c te d  to  a n tic o a g u la n t t r e a tm e n t were given a 
c o u m a rin  p re p a ra tio n  w h ich  was e ith e r P e le n ta n  [aethy lium -d i-4 -(oxy- 
co u m arin y l)  ace ticum ] o r S in tro m  [alfa(4’-n itro p h en y l)-b e ta -ace ty l-(-4 -o x y - 
c o u m a rin )]  or S y n cu m ar [3 -(alfa)-4 ’-n itro p h en y l-(b e ta -ace ty l-ae th y l)-4 -h y d ro - 
x y c o u m a rin ] .

D u rin g  t re a tm e n t th e  p ro th ro m b in  tim e  w as k e p t as fa r as possible 
a t  d o u b le  th e  no rm al. I n  36 cases w ith  a c u te  v a scu la r  occlusion t r e a tm e n t 
w as s ta r te d  w ith in tra v e n o u s  or in tra a r te r ia l  in je c tio n s  of h ep arin . T w en ty  
sev ere  cases were g iven  in tra a r te r ia l  in jec tio n s o f 1 m l (5000 U) daily  h ep arin  
fo r  fro m  7 to  29 day s w hile  th e  coum arine th e ra p y  w as proceeding.

A ll th e  p a tie n ts  rec e iv e d  in  add itio n  v a so d ila tin g  d rugs, such as p roca ine , 
to lazo lin e , papaverine  h y d ro ch lo rid e , p a p a v e rin e  n ic o tin a te , ace ty lcho line
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in tra a r te r ia lly ;  to lazo lin e , papaverine  h y d ro c h lo rid e  or n ic o tin a te , A TP, 
sod iu m  n itr ite , b a m e th a n e  su lp h a te , in tra m u sc u la r ly ; p a p a v e rin e  h y d ro 
ch lo ride  in tra v e n o u s ly ; o r e th av erin a , p a p a v e r in e  hyd roch lo ride , to lazo lin e , 
b a m e th a n e  su lp h a te  o ra lly .

W e are o f course aw are of i t  th a t  no  e x a c t com parison  is possib le  be tw een  
th e  a n tic o a g u la n t- tre a te d  and  the  co n tro l g ro u p s , p a r tly  on ac c o u n t o f  th e  
s u b s ta n tia l  d ifference in  th e  average age o f  th e  th ro m b o tic  p a tie n ts  in  th e  
tw o  groups, an d  p a r t ly  because h a rd ly  e v e r a re  even as few as tw o  cases 
fo u n d  th a t  w ould  be eq u a l in  severity . N ev e rth e le ss , for a t ru e r  ap p rec ia tio n  
o f  th e  th e ra p e u tic a l re su lts , th ere  is g ro u n d  fo r com paring  th e  levels o f  the  
s ite s  o f th e  occlusions in  th e  tw o g roups, a n d  such  com parison  b rin g s  o u t a 
c e r ta in  s im ila rity  b e tw een  th e  tw o , as can  be seen  in  T ab le  1 for o u r th ro m b o tic  
p a tie n ts  and  in  T ab le  2 fo r our p a tie n ts  w ith  em bolism . M ultip le occlusions 
a c c o u n t for th e  d ifferences in th e  to ta l  n u m b e rs  of p a tien ts  a n d  in c id en ts .

Table 1

D istribution  o f  thrombotic incidents in the lim bs by the height o f  the p o in t o f  occlusion
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Table 2

D istribu tion  o f  embolic incidents in the lim bs by the height o f  the p o in t o f  occlusion

U pper Limbs Lower limbs
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The o u tco m e o f th e  cases is su m m a riz e d  in T ab le  3. In d iv id u a l  p a tie n ts  
w ere c lassified  as m ark ed ly  im proved  w h en  th e y  h ad  ceased to  h av e  pains 
a t  re s t, recovered  from  pregangrene, show ed  a rise in  the  o sc illom etric  in d ex ,
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or re g a in e d , a t  le a s t to  a co n sid erab le  e x te n t, th e ir  a b ility  to  w alk . As s lig h tly  
im p ro v e d  w ere  regarded  th e  p a t ie n ts  in  w hom  no  or h a rd ly  any  rise in  th e  
o sc illo m etric  in d ex  and only m o d e ra te  im p ro v em en t in  w alking b u t  co n sid erab le  
re lie f o f  p a in  w ere seen, or in  w hom  m oist gangrene w as tu rn e d  in to  th e  d ry  ty p e . 
The p a t i e n t ’s cond ition  was co n sid ered  d e te r io ra ted  w hen progressing th ro m 
bosis, o r  th ro m b o s is  associa ted  w ith  em bolism  h a d  ag g rav a ted  th e  v a sc u la r  
o b s tru c tio n , resp ec tiv e ly  w hen  th e  p regan g ren o u s s ta te  h ad  developed  in to  
g an g ren e , w ith  or w ith o u t th e  n ecess ity  of a m p u ta tio n . D eaths also cam e u n d e r  
th is  h e a d in g .

Table 3

S u m m arized  results o f  cases stud ied

' Im paired
Unchanged

Dete-
Together

Increase of

markedly slightly
riorated oscillometric 

index, per cent

СЛ
Si© A n tic o a g .- trea ted 40 7 6 3 56 157

О
Je C o ntro ls 2 8 2 10 22 33

X
A n tic o a g .- tre a te d 30 6 1 3 40 540

Л
-Q

и C o n tro ls 11 20 1 8 40 152

T a b le  3 show s th a t  b e tte r  re su lts  were o b ta in e d  in the  a n tic o a g u la n t 
tre a te d  g ro u p  th a n  in th e  con tro ls .

T h e  p e rc e n ta g e  rise in th e  o sc illom etric  in d e x  refers to  m easu rem en ts  
m ade in  th e  lo w er p a r t  of th e  a ffec ted  low er lim bs, re sp ec tiv e ly  in  th e  fo rea rm  
of th e  a f fe c te d  u p p e r ex trem ities.

T a b le  3 m a y  provoke o b jec tio n  on th e  g ro u n d  th a t  w hereas o b lite ra tin g  
a rte rio sc le ro s is  w as th e  p rim ary  d isease  in  all th e  th ro m b o tic  contro ls, i t  w as 
not th e  p r im a ry  disease in 17 of th e  th ro m b o tic  p a tie n ts  tre a te d  w ith  a n t i 
co ag u lan ts . T o  m ee t th is  o b jec tio n , T ab le  4 s e p a ra te ly  p resen ts th e  re su lts  
of a n tic o a g u la n t  t re a tm e n t in  th o se  39 p a tie n ts  w ho h a d  o b lite ra tin g  a r te r io 
sclerosis a s so c ia te d  w ith  th ro m b o sis  o f  th e  lim b. T h e ir  average age w as 58.8 
years. C o m p a riso n  w ith  the  co n tro l d a ta  w hich a re  a p p ea rin g  also in  T ab le  3, 
clearly  sh o w s th e  favourab le  re su lts  o b ta in ed  w ith  an tico ag u lan ts .

I n  e v a lu a t in g  our re su lts , a p o in t  of im p o rtan ce  is th a t  th e  g rea t m a jo r ity  
of our p a t ie n ts  w ith  a rte ria l th ro m b o s is  w ere f i r s t  seen re la tiv e ly  la te  a f te r  
onset: o n ly  4 cases in  each th e  t r e a te d  an d  th e  c o n tro l group w ere exam ined  
w ith in  24 h o u rs .

O f th e  40  cases tre a te d  w ith  a n tic o a g u la n ts  fo r em bolism  18 p a tie n ts  
only, a n d  o f  th e  40 contro ls 21 p a tie n ts ,  w ere seen w ith in  24 hours a fte r o n se t;
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Table 4

Therapeutic results in  obliterating arteriosclerosis associated w ith  lim b-thrombosis

Impaired
Unchanged

Dete-
Together

Increase oi’ 
oscillometric 

index, per centmarkedly slightly
riorated

A n tico ag .-trea ted 25 6 5 3 39 124

C ontro ls 2 8 2 10 22 33

th e  re s t  in  2 to  45 days. The th e ra p e u tic a l re su lts  ach ieved  in  th e  em bolic  
p a tie n ts  a d m itted  24 hours of o n se t a re  sum m arized  in  T ab le  5. T h e y  c learly

Table 5

Therapeutic results in  limb em bolism  f ir s t  seen w ith in  24 hours after onset

Im paired
Dete-

Together

Increase of 
oscillometric

markedly slightly
riorated index, per 

cent

A nticoag .-trea ted 17 l 18 639

Controls 6 9 6 21 248

e s ta b lish  the  v a lu e  o f  a n tico ag u lan ts  in  th e  t r e a tm e n t o f lim b em b o lism : in 
th e  tre a te d  group o f 18 p a tien ts  as m a n y  as 17 show ed m ark ed  im p ro v e m e n t; 
in  th e  contro l g ro u p  o f 21, n o t m ore  th a n  6. In  th e  co n tro l g roup  as m a n y  as 
6 cases had  d e te r io ra te d  so th a t  a m p u ta tio n  w as necessary , w hereas in  th e  
t r e a te d  group th e re  w as only one case w hich  becam e w orse, and  even  in  th a t  
case  no gangrene b u t  le tha l ca rd iac  d eco m p en sa tio n  ensued  on th e  1 5 th  d a y .

T he th e ra p e u tic a l resu lt w as b e t te r  in  o u r th a n  in  H a im o v ic i’s cases 
w ith  em bolism : 4 o f  his p a tien ts  d ied  an  early  d e a th , an d  2 of th e  re m a in in g  
12 developed g an g ren e . J a c o b s , in  h is m onograph  has failed to  se p a ra te  th e  
re su lts  he o b ta in ed  w ith  a n tic o a g u la n ts  in  a g roup  of 30 p a tie n ts  w ith  lim b 
em bo lism , from  th o se  he ach ieved  in  a n o th e r g roup  by  the  use o f v a so d ila to r  
d ru g s . W hat his ad d e d  results do rev ea l, how ever, is th a t  the  lim b  cou ld  be 
sa v e d  in  no t m ore  th a n  60 per c e n t in  his m ed ically  tre a te d  cases o f  em bolic 
occlusion th a t  h a d  been d iagnosed w ith in  10 hours o f onset.

In  the  p regangrenous c a te g o ry , to o , th e re  w as a m ark ed  d ifference b e 
tw een  th e  th e ra p e u tic  resu lts  a ch iev ed  w ith  a n tic o a g u la n t d rugs a n d  th e  con
tro ls . On the  ev idence  of Table 6, 18 o u t of 20 p a tie n ts  show ed im p ro v e m e n t 
in  th e  a n tic o a g u la n t- trea te d  g ro u p , b u t  on ly  2 o u t o f 10 in  th e  co n tro l g roup . 
In  th e  gangrenous category  for w h ich  th e  de ta ils  a re  p re sen ted  in  th e  sam e
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Table 6

Therapeutic  results in  pregangrenous and  gangrenous pa tien ts

Im paired Unchanged
Dete

riorated Total

Pregangrene

a n tico ag .- trea ted 18 l l 20

contro ls 2 l 7
10

G angrene

a n tico ag .- trea ted 5 5 4 14

con tro ls
4

—
6

10

ta b le , th is  difference is less conspicuous. S till, th e  su p e rio rity  o f th e  a n t i 
c o a g u la n t drugs is c learly  show n b y  th e  fa c t  t h a t  on ly  4 d e te r io ra ted  am ong  
th e  14 p a tie n ts  so t r e a te d , ag a in s t 6 fa ilu res am o n g  th e  10 con tro ls .

A n o th e r fa c t in  fa v o u r  o f th e  a n tic o a g u la n ts  is th a t  a m p u ta tio n  h a d  
to  b e  re so rte d  to  in  4 o u t o f  96 tre a te d  p a tie n ts  (4.2 p e r cen t) b u t  in  as m an y  
as 8 o f  62 con tro ls (12.8 p e r  cen t). T w en ty  p a tie n ts  w ith  ex trem e ly  severe 
c irc u la to ry  d is tu rb an ces  —  8 em bolic an d  12 th ro m b o tic  a rte ria l occlusions —  
w ere t r e a te d  w ith  1 m l (5000 U) h ep a rin  d a ily , b y  th e  in tra a r te r ia l  ro u te . This 
p ro d u c e d  m arked  im p ro v e m e n t in  14, s lig h t im p ro v em en t in  1, an d  none 
in  5 p a tie n ts . In  2 o f th e  la t te r ,  a m p u ta tio n  becam e  u n av o id ab le : in  one fo r 
p o p lite a l em bolism , in  th e  o th e r  for po p litea l th ro m b o sis .

A  g roup  of 16 p a tie n ts  needs s till to  be m en tio n ed , in  w hom  th rom bosis 
w as n o te d  in  th e  d ig ita l a r te rie s  only . A n tic o a g u la n t t r e a tm e n t p ro d u ced  
m a rk e d  im p ro v em en t in  all o f  th em , w ith  re lie f o f cyanosis an d  pa in . In  5 cases 
th e  to e s  an d  in 11 th e  fin g ers  w ere affected .

I t  seem s w o rth  w hile  to  describe one o f  th e se  cases.

D . L ., a fa c to ry  w o rk m a n , 74 y ears old , h ad  n o tic e d  a b o u t  3 w eeks p rio r to  adm ission , 
n u m b n ess  in  th e  left in d e x  f in g e r follow ed b y  coldness, p a in  a n d  sw elling. A t adm ission  th e  
f in g e r w as cold, th e  u n g u a l p h a la n x  cyanosed  an d  sen sitiv e  to  p ressu re . As a sign of a rte ria l 
o b lite ra t io n  an d  co n str ic tio n , th e  rh eo an g io g ram  show ed m ark e d  d e fo rm atio n  w ith  a low 
cu rv e  sh o w in g  f la t  peaks a n d  com p le te  absence of d ic ro tism  (F ig . 1). O scillom etry  w as norm al 
in  b o th  fo rea rm s: 4.5 P ach o n  u n its  on  th e  r ig h t, an d  5.0 on th e  le f ts id e . P e len ta n  was a d m in 
is te re d  fo r  11 days, w ith  3 ta b le ts  o f p ap av e rin e  n ic o tin a te  da ily  an d  in jec tio n s  o f sodium  
n i tr i te .  T h e  cond ition  g ra d u a lly  im p ro v ed , p a in  and  cy anosis su b sided , a n d  th e  fin g er go t w arm . 
A seco n d  rheo an g io g ram  show ed a h igher cu rve  w ith  p o in te d  peak s a n d  d icro tism  (Fig. 2). 
T he rh e o an g io g ram  an d  th e  e lec tro ca rd io g ram  of lead  I I  seen in  Figs. 1 an d  2 w ere recorded  
sy n c h ro n o u sly .

N o com plica tion  w as n o te d  to  occur in  th e  course  o f a n tic o a g u la n t th e ra p y  ex cep t in 
a single  case  in  th e  fo rm  o f a  su b c u tan e o u s  h a em ato m a.

P e r l i c k , and  also M a r x  an d  H a s s e , h o ld  i t  in ad v isab le  to  ad m in is te r  
in t r a a r te r ia l  in jec tions to  p a tie n ts  w ho are  u n d e r  a n tic o a g u la n t t r e a tm e n t.
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W e c a n n o t subscribe  to  th is view , for we a re  reg u la rly  ad m in is te rin g  h e p a rin  
in tra a r te r ia lly  an d  see no com plica tions i f  th e  p a tie n ts  follow th e  in s tru c tio n  
to  keep  a piece o f  co ttonw ool p ressed  f irm ly  to  th e  site  of th e  in je c tio n  for 
15 m in u te s . W e do , on the  o th e r  h a n d , ag ree  w ith  th e  said a u th o rs  in  w h a t

F ig . 1

C o l e  an d  K l e i t s c h , and  also O w e n s  a n d  S m i t h , have likew ise em p h asized , 
n am e ly , th a t  p ro ca in e  block o f th e  lu m b a r  sy m p a th e tic  ganglions is c o n tra 
in d ic a te d  because i t  m ay  give rise  to  re tro p e r ito n e a l h aem a to m a . T h erefo re , 
w h en ev er in  a fresh  case of em bolism  p ro c a in e  blockage is fo u n d  to  be  u n a 
v o id ab le , we a lw ays in jec t th e  d ru g  b e fo re  we begin the  t r e a tm e n t  w ith  an 
a n tic o a g u la n t a g en t. F rom  th is  p rin c ip le  w e h av e  so far d e v ia te d  in  a single

case ; in  th is  it  w as found  th a t  an  em bolic  low er lim b of a p a tie n t  w ith  stenosis 
o f  th e  le ft o stiu m , w ho because o f h e r c a rd ia c  condition  w ould  n o t  h a v e  su r
v iv ed  a m p u ta tio n , could no t be sav ed  e x c e p t perh ap s by a b lock . F o r tu n a te ly , 
we succeeded  in  sav ing  the  lim b , free fro m  an y  haem orrhagic  co m p lica tio n s. 
M ain ta in ed  on long -term  a n tic o a g u la n t th e ra p y , the  p a tie n t th e n  liv ed  for 
tw o  a n d  a h a lf  y ea rs  w ith o u t recu rren ce  o f  em bolic episodes. H e r  d e a th  was 
d u e  to  card iac  decom pensation .

4 A cta Medica X IX /1 .
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O n  th e  basis o f o u r ex perience  we re c o m m en d  an tico ag u lan t t r e a tm e n t  
in  a ll cases o f  a r te r ia l th ro m b o tic  occlusion in  th e  lim bs, p ro v id ed  th is  is 
n o t c o n tra in d ic a te d . In  th e  t r e a tm e n t o f em b o lic  occlusions, em b o lec to m y  
is th e  m e th o d  o f choice, i f  co n d itio n s are fa v o u ra b le . I f  n o t, some a n tic o a g u la n t 
d ru g  sh o u ld  be p rescrib ed . T h is is also in d ic a te d  a f te r  em bolectom y to  p re v e n t  
fre sh  em b o lic  in c id en ts . F ib rin o ly s in  d isso lv ing  th ro m b i and  em boli h a s  
been  a n  a d v a n c e  in  th e  m ed ica l tre a tm e n t o f  th e s e  conditions, b u t  b ecau se  
i t  is u n a b le  to  p re v e n t th e  fo rm a tio n  of new  th ro m b i, i t  m ust be c o m b in ed  
w ith  a n tic o a g u la n t d ru g s. T h is  com bined t r e a tm e n t  is a p p a re n tly  m o re  
e fficaceo u s th a n  are  a n tic o a g u la n t drugs in  th em se lv es . T herefore, i f  w e 
h a v e  o p p o r tu n i ty  to  m ak e  su ch  com bined  t r e a tm e n t ,  we prefer i t  in  cases 
of r e c e n t  th ro m b o em b o lism .

F o llo w in g  th e  p ra c tic e  o f  W r i g h t , O w r e n , W ood  and  Co n n , a n d  
M cCo o k  e t ah , th is  D e p a r tm e n t has now a p p lie d  long-term  a n tic o a g u la n t 
th e ra p y  fo r  a b o u t 3 y ea rs  w ith  th e  aim  of p re v e n tin g  em bolism . Such p re v e n tiv e  
t r e a tm e n t  is a d m in is te red  ch ie fly  to  p a tie n ts  w h o  h a v e  had  em bolism  d u e  
to  h e a r t  d isease  or a rte rio sc le ro s is  an d  w ho h a v e  recovered  from  c o ro n a ry  
or c e re b ra l th ro m b o sis  or re c u rre n t p h leb o th ro m b o sis . T he p rom ising  re su lts  
w ill b e  re p o r te d  elsew here.
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ÜBER DIE WIRKUNG DES CHLORPROPAMID AUF 
DIE GLYKONEOGENESE DER LEBER

V on

A. KÁLDOR und G. POGÁTSA

I I .  M EDIZINISCHE K L IN IK  (D IREK TO R: PROF. D R . P . GÖM ÖRI) D E R  MEDIZINISCHEN U N IV ER SITÄ T

(E ingegangen  a m  7. M ai 1962)

E s w urde  b e o b a c h te t, daß  d ie a u f  A la n in - u n d  B re n z trau b e n sä u re -W irk u n g  
im  P e rfu s io n sp rä p a ra t zu stan d ek o m m en d e  v e rm in d e r te  Z uckerabgabe de r L eb e r d u rc h  
C h lo rp ropam id  v e rh in d e r t  w erden k a n n , m it  G ly koko l jedoch  k an n  e in e  äh n lich e  
W irk u n g  n ich t b e o b a c h te t w erden. W ird  B re n z tra u b e n sä u re  v e rab re ich t, so b e e in f lu ß t 
C h lo rp ro p am id  a u ch  d ie Senkung des G lykogensp iegels der Leber n ich t.

D ie W irk u n g  d er o ralen  A n tid ia b e tik a  a u f  die G lykoneogenese i s t  im  
allgem einen  n ic h t b e k a n n t. O bw ohl d u rc h  H em m u n g  der N e b e n n ie re n 
r in d e n fu n k tio n  die G lykoneogenese d e r  L e b e r  in  der Regel h e ra b g e s e tz t  
w erden  k a n n , sind  die bei der p e ro ra len  D iab e te sb eh an d lu n g  a n g e w a n d te n  
S u lfo n y lu read eriv a te  in  den üblichen  D osen  o hne  W irkung a u f  d ie  N e b e n 
n ie ren rin d en fu n k tio n , u n d  die h y p o g ly k äm isch e  W irkung  e n ts te h t  o ffen b a r 
/ l ic h t d u rch  H em m u n g  d er N eb en n ie ren rin d e  [1]

Ü b er die a u f  die G lykoneogenese a u sg e ü b te  W irkung  d er e rw ä h n te n  
M itte l geben au ch  an d ere  U n te rsu ch u n g en  k e in e  A ufk lärung . D as S tic k s to ff 
g leichgew icht d er m itS u lfo n y lu re a p rä p a ra te n  erfo lg re ich  b eh an d e lten  P a t ie n te n  
b le ib t u n v e rä n d e r t  [2], es is t so g ar v e rm in d e r te  täg liche S tic k s to ff-A u s
scheidung  festzu ste llen  [3]. B o r n s t e i n  w ies d a ra u f  h in , daß  C a rb u ta m id  
u n d  T o lb u ta m id  die A lan in -T ran sam in ase  h e m m e n , was eher a u f v e rm in d e r te  
G lykogenese h in w eist [4].

Z ah lre iche  E x p e rim e n te  bew eisen  u n m itte lb a re  L eb e rw irk u n g  der 
p e ro ra len  A n tid ia b e tik a . E s w ird so g a r an g en o m m en , daß  im  Z u s ta n d e 
kom m en d er a k u te n  hyp o g ly k äm isch en  W irk u n g  die v e rm in d erte  Z u c k e ra b 
gabe d er L eb e r eine en tscheidende R olle  sp ie lt  [5]. U nsere v o ra n g e g a n g e n en  
E x p e rim e n te  bew iesen , d aß  die Z u ck e rab g ab e  d e r  R a tten leb e r im  P e rfu s io n s 
p rä p a ra t  u n te r  W irk u n g  v e rsch iedener h y p o g ly k äm isch er S u lfo n y lu re a p rä p a - 
ra te n  a b n im m t, w enn  ab e r S u lfo n y lu re a p rä p a ra te  ohne h y p o g ly k äm isch e  
W irkung , oder die in  d e r pero ralen  D ia b e te sb e h a n d lu n g  ebenfalls a n g e w a n d te  
B ig u an id d e riv a te  m it abw eichendem  W irk u n g sm ech an ism u s v e ra b fo lg t w e r
den , so b le ib t diese W irk u n g  aus [6, 7].

E s e rg ib t sich  die F rag e , a u f  w elche W eise der E iw eißsto ffw echsel der 
iso lie rten  L eb er m it S u lfo n y lu re a p rä p a ra te n  zu  beeinflussen  ist. E x p e rim e n te lle  
U n te rsu ch u n g en  w u rd en  d u rch g e fü h rt, u m  d ie  V eränderungen  d e r  Z u c k e r

4 *
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a b g a b e  d er R a tte n le b e r  zu  reg istrieren , fa lls  die In fu sio n sflü ssig k e it au ch  
A m in o sä u re n  e n th ä lt . A m  geeignetsten  sch ien  die A nw endung v o n  A lan in , 
d a  d iese  A m inosäure sich  b e i der T ra n sa m in ie ru n g  zu erst in  B re n z tra u b e n säu re , 
des w e ite ren  d u rch  d en  T rik a rb o x y lsä u re zy k lu s  in  K ohlensäure u m w a n d e lt. 
W e rd e n  an d ere  A m in o säu ren  angew and t, so m u ß  m it anderen  S to ffw ech se l
v o rg ä n g e n  gerechnet w erd en . U m  die w e ite ren  K e tten g lied e r des A la n in a b b a u s  
eb en fa lls  u n te rsu ch en  zu  kö n n en , schien es w ich tig , außer A lanin  au c h  die 
B re n z tra u b e n sä u re  zu  p rü fe n . Im  L aufe d e r  E x p e rim en te  w urde  v o n  den  
ü b rig e n  A m inosäuren  G lykoko ll angew endet.

M ethodik

A n 120 — 160 g sch w eren , au s  derselben Z u ch t s ta m m e n d e n , m it S ta n d a rd d iä t e rn ä h r te n  
A lb in o ra t te n  beiden G esch lech ts w urde die IssEKUTZsche iso lie rte  L eberperfusion  e in g e ste llt. 
D u rc h  e ine , in die V. p o rta e  e ingeleg te  K anüle  w u rd e  m it  g lukosefreier TYRODE-Lösung n ach  
2 0 m in u tig e r  V orperiode, be i k o n s ta n te r  T em p era tu r v o n  37° C, u n te r  S icherung e in e r g le ich 
m äß ig e n  O xygen isa tion , m it 5 m l/m in  G eschw ind igkeit p e rfu n d ie rt. In  h a lb s tü n d ig e n  Z eit
a b s c h n it te n  w urden aus de r P e rfu sio n sflü ß ig k eit m it  d e r  H a g e d o r n —jENSENschen M eth o d e  
B lu tz u c k e rb e s tim m u n g en  d u rc h g e fü h rt. D er g lu k o se fre ien  TYRODE-Lösung w u rd e  e in e rse its  
100 m g %  A lanin , an d erse its  d ie gleiche Menge B re n z tra u b e n sä u re  bzw. G lykokoll z u g e fü h rt. 
I n  w e ite re n  E x p erim en ten  e rfo lg te  die Zugabe v o n  100 m g %  C hlorpropam id (C h lo rp h en y l- 
su lp h o n y l-p ro p y lc a rb a m id ), so d a n n  iden tische D osen v o n  C h lo rp ropam id  m it e in e r d e r  e rw ä h n 
t e n  A m in o säu ren  zu sam m en . A ls K ontro lle  d ien te  d ie  Z u ckerabgabe  der m it g lu k o se fre ie r 
TYRODE-Lösung d u rc h s trö m te n  L eber. In  den A b b ild u n g en  sin d  die R esu lta te  in  m g G lukose 
p ro  g  L eb e r pro S tu n d e -W e rte n  angegeben . E ine G ru p p e  e n th ä l t  die bei D u rc h s trö m u n g  von 
7 — 12 R a tte n le b e rn  gew o n n en en  W erte ; »n« b e d e u te t  d ie  Z ah l der Fälle , die S tre u u n g  is t  in 
d e n  e n tsp rec h en d e n  K o lu m n en  s ic h tb a r. In  e inem  T eil d e r  E x perim en te  w urde d e r  G ly k o 
g e n g e h a lt  der L eber zu  B eg in n  u n d  am  E nde d e r  P e rfu s io n  m it der G ood  — K r a m e r  
—SoMOGYischen M ethode b e s tim m t.

R esu lta te

A b b . 1 zeigt d ie  m it A lan in  d u rc h g e fü h rte n  E x p erim en te . In  d e r w eißen  
K o lu m n e  sind die W erte  d e r  K o n tro llg ru p p e , in  der schief sc h ra ff ie rten  die 
d e r  A lan in -G ru p p e  d a rg e s te llt , die q u a d ra tisc h  sch ra ffie rte  zeigt die R e s u lta te  
d e r  A lan in - u n d  C h lo rp ro p am id -G ru p p e  u n d  d ie  schw arze die der m it  C h lo r
p ro p a m id  b eh an d e lten  T ie re . A uf A lan in w irk u n g  n ah m  die G lu k o seab g ab e  
in  d e r  1. u n d  2. S tu n d e  s ig n if ik a n t ab. A uch bei C h lo rp ropam id  w ar s ig n if ik a n te  
V e rm in d e ru n g  zu v e rze ich n en . W urden  A lan in  u n d  C hlorpropam id g em ein sam  
a n g e w e n d e t, so k o n n te  im  Vergleich zur K o n tro lle  keine s ig n if ik a n te  V er
m in d e ru n g  in  der G lukoseabgabe  der L eb e r fe s tg e s te llt w erden. I n  d e r  1. 
S tu n d e  wTa r die D ifferenz zw ischen den A lan in  bzw . A lanin  und  C h lo rp ro p am id  
e n th a lte n d e n  G ruppen  eben fa lls  s ig n ifik an t.

A b b . 2 e n th ä lt  die R e su lta te  d er m it  B ren z trau b en säu re  d u rch g e - 
g e fü h r te n  E x p e rim e n te . D ie W erte  der K o n tro llg ru p p e  sind eb en fa lls  in 
d e r  w eißen  R u b rik  w iedergegeben , die sch iefe  S ch raffierung  e n ts p r ic h t  den  
B re n z tra u b e n säu re -V e rsu c h e n , die q u a d ra tis c h  sch ra ffie rte  den m it B renz-
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n :  12 7  10 12 12 7  10 12
p :  К - A I : «0.01  < 0.01

A I-A IC h : < 0.01 —
K -C h  : <0.01 «0,01

A b b .l

tra u b e n sä u re  u n d  C hlo rp ropam id -L ösung  e n th a lte n e n  W erten . B re n z tra u b e n 
säu re  b ew irk te  in  d er 1. S tu n d e  eine s ig n ifik an te  A b n ah m e der Z u ck erab g ab e  
u n d  obw ohl die gem einsam e A nw endung v o n  B re n z tra u b e n säu re  u n d  Chlor- 
p ro p am id  in  d er 1. S tu n d e  ebenfalls zu s ig n if ik a n te r  V erm inderung  fü h r te , 
w ar in  d er G lukoseabgabe in  der 2. S tu n d e  k e in  w esen tlicher U n te rsch ied  
im  V ergleich zu r K o n tro lle  nachzuw eisen. W erd en  die W erte  der n u r  B ren z 
tra u b e n sä u re  e n th a lte n d e n  G ruppe m it d e r B re n z tra u b e n säu re  u n d  Chlor- 
p ro p am id  e n th a lte n d e n  G ruppe  verg lichen , so w a r  d er U n tersch ied  in  d e r  2.

Kont.

B.

BCh.

p: K —B: <S 0,01
К— BCh: <  0,02 
В— BCh:

Abb. 2
0,01
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S tu n d e  —  ähnlich  w ie im  F a ll  d e r A lan in -G ru p p e  —  s ig n ifik an t. D ie R e s u lta te  
d e r  G ly k o g en b estim m u n g en  sind  in  T ab . I  d a rg este llt. B ei d e r K o n tro ll- 
g ru p p e  u n d  bei der B re n z tra u b e n sä u re  e n th a lte n d e n  G ruppe w ar die S enkung  
d es  L eberg lykogensp iegels v o m  B eg inn  bis zu m  E n d e  der P e rfu sio n  s ig n if ik an t, 
b e i d e r  B ren z trau b en säu re  u n d  C h lo rp ro p am id  e n th a lte n d e n  G ru p p e  k o n n te  
d a g e g e n  keine S ign ifikanz  nachgew iesen  w erden .

I n  A bb. 3 sind  die R e su lta te  der m it G lykokoll d u rc h g e fü h rte n  E x p e r i
m e n te  s ich tb a r. D ie w eiße K o lum ne ze ig t die W erte  der K o n tro llg ru p p e ,

Abb. 3

die  s c h ie f  schraffierte  die m it  G lykokoll gew onnenen  R e su lta te , u n d  in  d e r 
q u a d ra t is c h  sch ra ffie rten  K o lu m n e  sind  die b e i d er gem einsam en A n w en d u n g  
v o n  G ly k o k o ll und  C h lo rp ro p am id  e rz ie lten  E rgebn isse  re g is tr ie r t. A u f Gly- 
k o k o llw irk u n g  w urde in  d e r Z u ck erab g ab e  d er L eber, w eder im  V erg leich  
z u r  K o n tro llg ru p p e , n och  z u r  G lykokoll u n d  C hlo rp ropam id  e n th a lte n d e n  
G ru p p e , keine s ig n ifikan te  V e rän d e ru n g  v e rze ich n e t. D ie G ly k o g en re su lta te  
d ie se r  S erie  sind in  T a b . I I  zu sam m en g este llt. D ie sig n ifik an te  A b n ah m e  
des L eberg lykogensp iegels  a m  E n d e  d er P e rfu s io n  erfo lg te in  sä m tlic h e n  
F ä lle n .

B esprechung

D e r  in  der L eb er v e rla u fe n d e  A m inosäurensto ffw echsel is t  n ic h t in  
a llen  E in z e lh e ite n  g ek lä rt. D ie  in  die L eb er ge langenden  A m in o säu ren  u m 
w a n d e ln  s ich  im  allgem einen  in  G lu k o se -6 -P h o sp h a t u n d  in  K e to n sä u re n , 
d a d u rc h  w ird  die A k tiv i tä t  d e r  G lu k o se-6 -P h o sp h a tase  g este ig e rt u n d  dies



Tabelle I

Veränderung des Leberglykogengehaltes nach D urchström ung von zuckerfreier Tyrodelösung (g GlukosejlOO g Leber)

K ontrollgruppe 100 m g%  Brenztraubensäure
100 mg%  Brenztraubensäure und 100 

Chlorpropamid
mß%

V . B. n. B. Diff. % V . B. n. B. Diff. % V . B. n. B. Diff. %

1,41 0,67 0,74 — 52 1,31 0,52 0,79 — 60 0,98 0,62 0,36 — 37

2,68 0,84 1,84 — 69 0,38 0,20 0,18 — 48 1,04 0,75 0,29 — 28

4,23 0,56 3,67 — 87 4,44 2,94 1,50 — 34 0,61 0,53 0,08 — 13

1,17 0,31 0,86 — 74 0,56 0,30 0,26 — 47 0,93 0,74 0,19 — 20

1,38 0,18 1,20 — 87 1,54 1,30 0,24 — 16 1,52 0,63 0,89 — 59

2,52 0,37 2,15 — 85 4,20 1,46 2,74 — 65 7,33 1,70 5,63 — 77

4,34 2,17 2,17 — 50 1,71 1,08 0,63 — 37 2,30 3,44 1,14 +  52

4,67 0,97 3,70 — 79

2,95 0,19 2,76 — 94

3,87 0,85 3,02 — 78

2,56 0,78 1,78 — 70

4,02 2,40 1,62 ^ 0

x : 2,98 0,86 2,12 — 72 2,02 1,10 0,92 — 44 2,10 1,20 0,90 —43

s: + 1 ,2 4 ± 0 ,7 1 ± 1 ,0 0 ± 1 7 ± 1 ,6 5 ± 1 ,0 4 ± 0 ,9 3 ± 2 1 ± 2 ,7 3 ± 1 ,0 6 ± 2 ,1 8 ± 4 1

n: 12 12 12 12 7 7 7 7 7 7 7 7

S: 11 6 6

t: 7,3103 2,6286 1,1538

p: « 0 ,0 1 < 0 ,02 < 0 ,5 0

Ü
B

E
R

 D
IE

 W
IR

K
U

N
G

 D
E

S C
H

L
O

R
PR

O
PA

M
ID



g

Tabelle II

Veränderung des Leberglykogengehaltes nach D urchström ung von zuckerfreier Tyrodelösung  (g G lukose/100 g L eber)

Kontrollgruppe 100 mg%  GlykokoII 100 mg%  Glvkokoll und 
100 mg% Chlorpropamid

V . B. n. B. Diff. 0 /
/0 V . B. n. B. Diff. % V . B. n. B. Diff. %

1,41 0,67 0,74 — 52 1,17 0,83 0,34 — 29 1,15 0,62 0,53 — 46
2,68 0,84 1,84 — 69 2,62 1,56 1,06 — 39 1,72 0,24 1,48 — 88
4,23 0,56 3,67 — 87 4,72 1,51 3,21 — 68 1,11 0,66 0,45 — 94
1,17 0,31 0,86 — 74 3,58 3,52 0,07 —  2 5,32 1,74 3,57 — 68
1,38 0,18 1,20 — 87 2,24 0,46 1,78 — 78 4,51 1,79 2,72 — 60
2,52 0,37 2,15 — 85 5,40 1,33 4,07 — 76 3,46 1,72 1,74 — 52
4,34 2,17 2,17 — 50 3,79 1,09 2,70 — 71 4,51 1,89 2,62 — 58
4,67 0,97 3,70 — 79 1,95 0,61 1,34 — 72 2,86 0,67 2,19 — 76
2,95 0,19 2,76 — 94 3,91 1.86 2,05 — 52 4,69 0,39 4,39 — 92
3,87 0,85 3,02 - 7 8 2,38 0,59 1,79 - 7 5 3,30 0,68 2,62 - 7 9

x: 2,92 0,71 2,21 — 76 3,18 1,34 1,94 — 56 3,26 1,04 2,22 — 71
s: ± 1 ,3 2 ± 0 ,5 9 ± 1 ,0 8 ± 2 3 ± 1 ,3 3 ± 0 ,9 0 ± 1 ,0 6 ± 2 8 +  1,53 +  0,66 i ± l ,2 3 +  17
n: 10 10 10 10 10 10 10 10 10 10 10 10
S: 9 9 9
t: 6,5000 6,0606 6,6154
p : « 0 ,0 1 « 0 ,0 1 « 0 ,0 1
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b e w irk t eine e rh ö h te  Z uckerabgabe  d er L eb er [8]. A nderse its is t  es au ch  
b e k a n n t, d aß  bei R a tte n  große D osen b e s tim m te r  A m inosäuren  tö d lic h e  
H y p o g ly k äm ie  v e ru rsach en  können . A ndere  A m inosäu ren  v e rh in d e rn  dagegen  
das Z u stan d ek o m m en  d ieser h y p o g ly k äm isch en  W irk u n g  [9]. D u rch  A m ino
säu rep erfu sio n  w u rd e  in  d er R a tte n le b e r  eine Z u n ah m e der E iw e iß sy n th ese  
e rz ie lt [10]. D ie b esch rieb en en  E x p e rim e n te  sp rechen  d afü r, d aß  die A m ino
säu ren  die Z u ck erab g ab e  der R a tte n le b e r  v e rsch ied en artig  b ee in flu ssen . 
W äh ren d  a u f  A lan in w irk u n g  die Z u ck erab g ab e  sich im  a llgem einen  v e r 
m in d e rt, k an n  n ach  G ly k o k o llv erab re ich u n g  diese W irkung  n ic h t re g is tr ie r t  
w erden . D ie m it B re n z tra u b e n säu re  h erv o rg eru fen e  v e rm in d e rte  Z u ck e rab g ab e  
w eist dagegen  d a ra u f  h in , d aß  d er b e o b a c h te te  E ffek t n ich t bei d e r U m 
w a n d lu n g  des A lan ins in  B re n z tra u b e n säu re , so n d ern  sp ä te r  z u s ta n d e k o m m t. 
D ie v e rm in d e rn d e  W irk u n g  des A lan ins bzw . d er B re n z tra u b e n säu re  a u f  die 
Z u ck erab g ab e  k a n n  m it C h lo rp ropam id  au fgehoben  w erden . G lykoko ll ü b te  
keine solche W irk u n g  aus. G leichzeitig  fan d en  w ir, daß  die bei d e r 
G lykoko llperfusion  zu s tan d ek o m m en d e  V erm in d eru n g  des L eb e rg ly k o 
gens d u rc h  C h lo rp ropam id  geh em m t w erden  k a n n , w ährend  die d u rc h  B re n z 
tra u b e n sä u re  h erv o rg eru fen e  G lykogensp iegelsenkung  d u rch  C h lo rp ro p am id  
n ic h t b e e in flu ß t w ird . Aus den  R e su lta te n  g eh t h e rv o r, daß  die in  d er L eb er v e r 
lau fen d e  G lykoneogenese in  b e s tim m te n  F ä llen  d u rch  h y p o g ly k äm isie ren d e  
S u lfo n y lu read e riv a te  b ee in flu ß t w erden  k a n n ; d er M echanism us des V o r
ganges soll d u rch  w eitere  U n te rsu ch u n g en  g ek lä rt w erden.
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THE EFFECT OF COCARBOXYLASE ON CARDIAC 
OUTPUT IN ACUTE HYPOXIA

B y

Z. N a g y  a n d  J .  S k o l n i k

SECOND D EPARTM ENT OF M ED ICINE (D IRECTO R PR O F. P. C Ö M Ö RI), U N IV E R S IT Y  MEDICAL
SCHOOL, BUDAPEST

(R ece iv ed  M ay 9, 1962)

In  th e  dog, th e  in crease  o f  ca rd iac  o u tp u t  in d u ced  b y  a c u te  a r te r ia l  hypoxia 
has been fo u n d  to  be red u ced  b y  cocarb o x y lase  in  sp ite  o f th e  fa c t  t h a t  th e re  was no 
change  in th e  degree o f a r te r ia l  d e sa tu ra tio n . U n d er n o rm al o x y g en  s a tu ra tio n  T P P  
h a d  no effect on card iac  o u tp u t.

A cute  a r te r ia l h y p o x ia  is g enera lly  re fe rred  to  in  l i te r a tu r e  as one of 
th e  pathophysio log ic  co n d itio n s o f w hich  an  increase o f c a rd ia c  o u tp u t is 
c h a ra c te r is tic  —  as in  th e  case o f an aem ia , h is to to x ic  h y p o x ia , beri-beri, 
h y p e rth y ro id ism  or a rte rio -v en o u s  f is tu la . M any com m on fe a tu re s  are to  
be found  in  all of th em , such  as an  acce le ra tio n  o f c ircu la tio n  a n d  a decrease 
o f  th e  arte rio -v en o u s oxygen  d ifference in  ad d itio n  to  th e  a u g m e n te d  cardiac 
o u tp u t . T he rise in  ca rd iac  o u tp u t  ensures ad e q u a te  o x ygen  su p p ly  for the 
tissu es  desp ite  reduced  a r te r ia l  oxygen  sa tu ra tio n . In  ch ro n ic  h y p o x ic  sta tes 
(e. g. congen ita l v a lv u la r  h e a r t  fa ilu re , p u lm o n a ry  em p h y se m a , o r a longer 
s ta y  a t  h igher a ltitu d e s)  po ly g lo b u lia , th e  increase in  o x y g en  tra n sp o rtin g  
c a p a c ity  com pensates th e  d e fic it [1— 12]. A lth o u g h  th e  in c rea se  o f cardiac 
o u tp u t  in  acu te  a r te r ia l h y p o x ia  is w idely  know n, know ledge  is scarce as 
to  th e  m echan ism  responsib le  fo r th e  increase . T here is no ev id en ce  available 
as to  th e  role p lay ed  b y  th e  c e n tra l  n ervous sy stem  in th is  rise  since  no a lte ra 
tio n  in  card iac  o u tp u t has b een  d e te c te d  follow ing b ila te ra l  c a ro tid  a rte ry  
occlusion  [13], n o r has th e re  b een  a n y  change revealed  b y  e x p e rim e n ts  where 
iso la ted  head  h y p o x ia  w as e s ta b lish e d ; w hereas in  iso la ted  t r u n k  hypoxia 
—  w ith  th e  h ead  supp lied  b y  n o rm a lly  s a tu ra te d  b lood  —  a n  increase in 
ca rd ia c  o u tp u t occurred  [5]. T h e  a lte ra tio n  in  tissue m e tab o lism  m a y  p resum 
ab ly  acco u n t fo r th e  in c rease  th ro u g h  th e  lib e ra ted  a n d  p o ssib ly  accu
m u la te d  m etab o lites  h av in g  a d ire c t v a so d ila tin g  effect [14]. T h e  sam e m echa
n ism  m ig h t lead  to  an  in crease  o f  ca rd iac  o u tp u t as in  th ia m in e  deficiency. 
In  O c h o a ’s view  [15], th e  b io log ica lly  ac tiv e  th ia m in e -p y ro p h o sp h a te  (T PP 
o r cocarboxy lase) loses its  e ffec t u n d e r hypo x ic  co n d itio n s . I t  seem s th a t  
th e  in a c tiv a tio n  o f th e  co ca rb o x y lase  sy stem  m ay  in d u ce  som e m etabolic  
ch an g e  in  h y p o x aem ia  an d  th is  w ould  acco u n t for th e  in c rea se  o f cardiac 
o u tp u t . W e h av e , th e re fo re , in v e s tig a te d  th e  in fluence  o f  cocarboxylase
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(B e ro la se , H offm ann-L a R o ch e ) adm in istered  in tra v e n o u s ly  on th e  increase  
o f  c a rd ia c  o u tp u t caused  b y  a c u te  arte ria l h y p o x ia .

M ethods

T h e  ex p erim en ts were m ad e  o n  35 dogs of b o th  sexes w eig h in g  10 — 20 kg, anaesth es ized  
w ith  c h lo ra lo se  (0.10 g/kg bod y  w e ig h t) .  O ne and  a h a lf h o u r a f te r  a n a e s th e s ia  th e  m ean  a rte ria l 
p re s su re  w as  m easured  in th e  c o m m o n  c a ro tid  a rte ry  b y  a  m e rc u ry  m an o m ete r; a  trac h ea l 
tu b e  w a s  in tro d u c e d  and  th e  o x y g en  co n su m p tio n  was m easu red  b y  a  K rogh  a p p a ra tu s  ap p lied  
to d o g s. In  m o st tes ts  th e  card iac  o u tp u t  w as de term ined  on  th e  b asis  o f  th e  d irec t F ick  p rincip le  
a n d  in  so m e b y  th e  S te w a r t-H a m ilto n  d y e  d ilu tion  m eth o d . B lood  sam ples were ta k e n  from  
th e  fe m o ra l  a n d  pu lm onary  a rte r ie s  to  d e te rm in e  th e  a rte r io -v e n o u s  oxy g en  difference. O xygen 
s a tu r a t io n  a n d  th e  a rte rio -v en o u s o x y g e n  difference w ere d e te rm in e d  b y  an  A tlas U niversal 
o x y m e te r .  E v a n s  blue was used  in  t h e  dye dilution te s ts . T h e  c o n ce n tra tio n  of dye in  th e  
p la sm a  w as re a d  a t  590 т/л w ave le n g th  in  a  B eckm an D U  sp e c tro p h o to m e te r , using  a  sam ple  
o b ta in e d  im m e d ia te ly  before th e  in je c tio n  of dye as th e  co n tro l. T h e  d e te rm in ed  p lasm a  flow  
w as c o r re c te d  to  whole blood f lo w  o n  th e  basis of th e  h a e m a to c r it .  B lood w ith d raw n  w as r e 
p la c e d  b y  b lo o d  ob ta ined  from  a n o th e r  dog.

A f te r  determ in ing  th e  b a sa l c a rd ia c  o u tp u t tw ice o r th re e  t im e s , w h ich  served as con tro l 
v a lu es , th e  an im als inhaled  a n  o x y g e n -p o o r  gas m ix tu re  (8 — 12 p e r  cen t oxygen a n d  88 — 92 
pe r c e n t  n itro g e n )  from  D ouglas b a g s  fo r  45 to  60 m inutes. D u rin g  th is  p e rio d  rep ea ted  m easu re 
m e n ts  w e re  m ade , 50 mg c o c a rb o x y la se  was in jected  in tra v e n o u s ly  a n d  again  th e  card iac  
o u tp u t  w as  de te rm in ed  every  t e n t h  m in u te .

O f th e  d a ta  ob ta ined , th o se  fo r  o x y g e n  consum ption , c a rd ia c  o u tp u t  an d  to ta l  p e rip h e ra l 
v a sc u la r  re s is tan c e  (T PR ) will be  d isc u sse d . The levels o f c o ca rb o x y la se , la c tic  acid a n d  p y ru v ic  
ac id  w ill b e  rep o rted  in a n o th e r  p a p e r .

Results

I n  a n  a tte m p t to  c la rify  th e  effects of c o ca rb o x y la se  on card iac  o u tp u t  
u n d e r  physio log ic  cond itions, i. e. w ith  norm al o x y g en  s a tu ra tio n , th e  an im als 
w ere g iv e n  50 mg c o ca rb o x y la se  in  four ex p erim en ts  fo llow ing th e  d e te rm i
n a tio n  o f  co n tro l values. I t  h a s  b een  found th a t  th e  co carb o x y lase  has failed  
to  le a d  to  a n y  changes in  c a rd ia c  o u tp u t . In  Fig. 1 th e  ca rd iac  o u tp u t observed  
in  fo u r  ex p erim en ts  is g iv en ; th e  em p ty  colum ns co rre sp o n d  to  th e  con tro l 
v a lu e s , w hile  th e  sq u ared  on es re p re se n t th e  m ean  v a lu e s  of card iac  o u tp u t  
fo llo w in g  th e  a d m in is tra tio n  o f  T P P . Com paring th e  re sp e c tiv e  twdn co lum ns, 
som e m in o r  differences can  b e  fo u n d , w hich do n o t  exceed  th e  physio logic 
f lu c tu a t io n  of cardiac o u tp u t  n o r  do they  go b e y o n d  th e  lim its  of s ta n d a rd  
e rro r  o f  th e  m ethod.

T h e  hypoxic  series w as d iv id e d  into tw o p a r ts . I n  18 o f th e  26 ex p e ri
m e n ts  th e re  was a co n sid e rab le  increase in ca rd ia c  o u tp u t  as a re su lt of 
h y p o x ia , w hile in  8 cases th e r e  occurred  som e m in o r  changes.

I n  th e  experim ents w h e re  a sign ifican t rise in  ca rd ia c  o u tp u t, caused  
b y  a c u te  hypox ia , has b een  d e te c te d , cocarboxy lase  red u ced  i t  to  a level 
n e a r  to  th e  control. T he c a rd ia c  o u tp u t values o f  th e  18 ex p e rim en ts  are 
d e m o n s tra te d  by  Fig. 2. E a c h  p o in t  rep resen ts th e  m e a n  v a lu e  of an  ex p e ri
m e n t in  th e  contro l period , in  h y p o x ia , as well as in  h y p o x ia  follow ing th iam in e-
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F ig . 1. E ffec t of 50 m g co carb o x y lase  on  card iac  o u tp u t  u n d e r n o rm al a r te r ia l  o x y g en  sa tu ra 
tio n , in  fo u r e x p erim en ts

E m p ty  colum ns re p re se n t th e  co n tro l va lues o f  c a rd iac  o u tp u t;  sq u a red  co lu m n s correspond  
to  th e  va lues a f te r  co ca rb o x y la se  ad m in is tra tio n

ml/min
6000

5000

4000-
Oardiac •
output * .

3000

2000 • •

7000

control

I 50 mg
Cocarboxylase

Г '

hypoxia

F ig . 2. E ffect o f co carb o x y lase  on card iac  o u tp u t  in  th e  f irs t  g roup  of h y p o x ic  ex p erim en ts

p y ro p h o sp h a te  a d m in is tra tio n . (In  fou r ex p erim en ts  th e  an im als  u n d e r  investi
g a tion  had  a lread y  been  found  sp o n tan eo u sly  hypox ic , w hich m ig h t be ascribed 
to  th e  an aesth esia  i tse lf  in  th e  con tro l periods, and th a t  is w h y  th e  norm oxic 
con tro l values are  m issing.) In  Fig. 3 th e  m ean  values fo r ca rd ia c  o u tp u t 
an d  oxygen co n su m p tio n  and  th e ir  s ta n d a rd  d ev ia tions a re  g iv en . C om pared 
w ith  th e  con tro l va lues, th e re  w'as an  a p p ro x im a te ly  50 per c e n t rise  in  card iac
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o u tp u t  in  hypox ia , w hereas th e  increased  ca rd ia c  o u tp u t  was red u ced  b y  
co c a rb o x y la se  by  ab o u t 40 p e r  cen t, a lth o u g h  no  e ssen tia l change o ccu rred  
in  th e  deg ree  of a rte ria l h y p o x ia . T here w as on ly  a s lig h t difference in  ca rd iac  
o u tp u t  b e tw een  th e  co n tro l v a lu e s  an d  th o se  fo r h y p o x ia  follow ing in je c tio n  
o f  T P P .  C alcu la ting  th e  sig n ifican ce  o f th e  d ifferences on th e  basis o f S tu d e n t’s 
“ t ”  te s t ,  th e  resu lts  w ere as fo llow s. The re d u c tio n  o f  h y p o x ic  card iac  o u tp u t  
b y  co ca rb o x y la se  was h ig h ly  s ig n ifican t, t  =  5 .20; P  <  0.001. T he d ifferences 
b e tw e e n  ca rd iac  o u tp u t v a lu e s  in  hypo x ia  a f te r  T P P  a d m in is tra tio n  a n d  
th e  c o n tro l values w ere t  =  2 .3 6 ; 0.05 >  P  >  0 .02. T h e  average changes 
in  o x y g e n  consum ption  a re  a lso  g iven  in  F ig . 3. A  s lig h t increase w as fo u n d

F ig . 3. C h anges in  card iac  o u tp u t  a n d  o x y g e n  co n sum ption  (m ean  v a lu e  a n d  s ta n d a rd  d e v ia tio n s  
o f 18 e x p e rim e n ts )  in  hyp o x ia , a n d  in  h y p o x ia  a fte r  co ca rb o x y la se  ad m in is tra tio n . (O xygen

c o n su m p tio n , em p ty  co lum ns)

in  h y p o x ia ;  cocarboxylase c o n s id e ra b ly  reduced  it .  W e are  inc lined  to  ascribe  
c o n s id e ra b le  im p o rtan ce  to  th e  la t t e r  fac t because  su ch  a phenom enon  cou ld  
n o t b e  d e te c te d  in  ex p e rim en ts  w here  th e  effects o f  cocarboxy lase  h av e  been  
in v e s t ig a te d  u n d er no rm al o x y g e n  sa tu ra tio n . T h e  m e a n  values for oxy g en  
c o n su m p tio n  in  th e  re sp ec tiv e  periods w ere,

C on tro l H ypox ia  H y p o x ia  -)- T P P
115 m l/m in  139 m l/m in 89 m l/m in

In  o th e r  w o rd s, th ere  w as a 21 p e r cen t in crease  in  oxygen  co n su m p tio n  
d u rin g  h y p o x ia , and  th e  c o ca rb o x y la se  red u ced  th is  increased  v alue  b y  36 
p e r c e n t. T h e  difference in  o x y g e n  co n sum ption  b e tw een  th e  con tro l a n d  
th e  h y p o x ic  values follow ing co carb o x y lase  a d m in is tra tio n  w a s — 22 p er c en t. 
T he d ec lin e  in  oxygen c o n su m p tio n  caused b y  th ia m in e -p y ro p h o sp h a te  in 
a c u te  h y p o x ia  was h ighly  s ig n if ic a n t, t  =  5.74; P  <  0 .001, an d  th e  d ifference 
in  o x y g e n  consum ption  b e tw e e n  th e  con tro l a n d  th e  v a lu e  in  h y p o x ia  fo l
low ing  th e  ad m in is tra tio n  o f  co carboxy lase  w as also  sig n ifican t, t  =  2 .58;
0.02 <  P  <  0.05.
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Changes in  p e rip h e ra l v a sc u la r  re s is tan ce  w ere,

C ontrol H y p o x ia  H y p o x ia  T P P
6.560 3.620 5.770 dyne. sec. cm -5

In  acco rdance  w ith  d a ta  in  l i te ra tu re , T P R  was fo u n d  to  decrease in  h y p o x ia . 
D esp ite  h y p o x ia , u n d e r th e  e ffec t o f  co carboxy lase  a d m in is tra tio n , T P R  
in c rea sed  a lm o st to  th e  level o f  th e  co n tro l v a lue .

m l/m in

50mg
Cocarboxylase
i.v.

Fig. 4. E ffec t o f co carb o x y lase  on card iac  o u tp u t  in th e  second  group  of h y p o x ic  e x p e rim e n ts . 
(N o increase  in  c a rd ia c  o u tp u t  in  hyp o x ia)

ml/min
3000-

Cardiac
outfiut 2000 \100  
Oxugen
Ж

7000- ■ 50

2500ml
±780

2450ml 
± 710

I

C o c S rb o x y lo se
i.v.
1940 ml/min 
±910

F ig . 5. Changes in  c a rd iac  o u tp u t  and  o x y g e n  c o n su m p tio n  (m ean  va lue  and  s ta n d a rd  d e v ia tio n s  
o f  8 ex p erim en ts) in  h y pox ia , a n d  in  h y p o x ia  a f te r  cocarboxy lase  a d m in is tra t io n

In  8 ex p erim en ts  th e re  w ere no  re m ark ab le  changes in  c a rd ia c  o u tp u t  
d u rin g  hyp o x ia . T h e  d a ta  of th is  g ro u p  o f te s ts  are  show n in  F ig . 4 , a n d  th e  
m ean  values fo r ca rd iac  o u tp u t a n d  oxygen  co n su m p tio n  are  p re se n te d  in  
F ig . 5. As seen, th e re  were neg lig ib le  changes in  card iac  o u tp u t  a n d  oxygen  
c o n su m p tio n  in  h y p o x ia , b u t a f te r  th ia m in e -p y ro p h o sp h a te  a d m in is tra tio n  
th e re  occurred  a 20 p er cen t dec line  in  ca rd iac  o u tp u t, w hile o x y g en  con
su m p tio n  decreased  b y  28 p e r c e n t.
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In  order to  d e te rm in e  w h e th e r th e  ch an g es in  oxygen  co n su m p tio n  
a n d  card iac  o u tp u t  ta k in g  place a fte r th e  a d m in is tra tio n  o f cocarboxy lase  
w ere  possible co n seq u en ces of som e p seu d o -e ffec t (changes w hich  m ig h t 
h a v e  happened  sp o n ta n e o u s ly  p rov ided  h y p o x ia  h a d  been  p e rm a n e n t) , in  
5 ex p erim en ts  th e  a n im a ls  inhaled  a h y p o x ic  gas m ix tu re  w ith o u t cocar
b o x y la se  being in je c te d . T h e  con tro l ca rd iac  o u tp u t  of 2.88 1/m in th e n  rose 
to  4 .20 1/min in  h y p o x ia  (see Fig. 6), in  o th e r  w ords to  th e  sam e level as 
in  th e  previous 18 e x p e rim e n ts . O xygen c o n su m p tio n  w as 130 m l/m in  u n d e r 
n o rm a l conditions, as co m p ared  to  135 m l/m in  in  h y p o x ia . I f  on ly  th e  card iac  
o u tp u t  values reco rd ed  a t  th e  end o f th e  h y p o x ic  p e riods (values co rrespond ing

ml/min

F ig . 6. E ffec t of p e rm a n e n t  h y p o x ia  on card iac  o u tp u t  ( th e  3 rd  co lum n corresponds to  th e  
respec tive  h y p o x ia  -f- cocarboxylase  p h a se  o f th e  18 ex p erim en ts)

to  th e  respective h y p o x ia  -j- cocarboxy lase  p h a se  o f th e  ab o v e-m en tio n ed  
18 experim en ts) a re  ta k e n  in to  co n sid era tio n , th e  increase o f ca rd iac  o u tp u t 
wras th e  sam e as d u rin g  th e  f irs t  phase o f h y p o x ia  w here  no decrease in  card iac  
o u tp u t  was d e tec ted .

O n th e  basis o f  th e  re su lts , th e  changes ta k in g  p lace a f te r  cocarboxy lase  
a d m in is tra tio n  sh o u ld  be  a t t r ib u te d  to  th is  t r e a tm e n t  and  can b y  no m eans 
be  reg a rd ed  as su b se q u e n t to  th e  depressive  c irc u la to ry  effects o f h y p o x ia .

D iscussion

In  th e  m a jo rity  o f  o u r  experim en ts a c u te  h y p o x ia  has been found  to  
in d u c e  an  increase o f  c a rd ia c  o u tp u t in k eep in g  w ith  d a ta  in the l i te ra tu re . 
I t  rem a in s  q u es tio n ab le , how ever, w hy th e re  w as no increase in  som e of 
th e  te s ts . I t  seems v e ry  lik e ly  th a t  differences o f  in d iv id u a l re a c tiv ity  w ere 
re sp o n sib le , as i t  o fte n  h ap p en s  w ith  c e r ta in  an im als  an d  species exposed
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to  the  sam e tre a tm e n t .  F o r in stan ce , h y p o x ia  causes no increase in ca rd iac  
o u tp u t  in  rab b its  [16], and a decrease in s te a d  o f an  increase in ra ts  |1 7 |.  
I t  is also ch a ra c te ris tic  th a t  th e  c a lc u la ted  v ascu la r resistance  declines in 
h y p o x ia  and  the arterio -v en o u s oxygen  d ifference  narrow s. As fo r m e ta b 
o lism , th e  ra te  o f o x ygen  co n sum ption  as w ell as th e  blood lac tic  acid  level 
increase  in  hy p o x ia . C erta in  s im ila rities can  be found  in th e  changes o f  c ir
cu la tio n  and  m etab o lism  u n d er th e  in flu en ce  o f  ep in ep h rin e  an d  h y p o x aem ia , 
b o th  are  bring ing  a b o u t an  increase o f ca rd ia c  o u tp u t  and  th e  blood lac tic  
ac id  level. L actic  ac id  infusion, w hich  is cap ab le  of increasing  th e  b lood  lac tic  
acid  level to  the sam e e x te n t as ep in ep h rin e  does, causes the ca rd iac  o u tp u t

Fig. 7. E ffec t of cocarb o x y lase  on oxygen  co n su m p tio n  u n d e r n o rm al oxygen  s a tu ra t io n . 
F irs t  co lum n, in th e  18 experim en ts , w here th e re  w as a n  increase  in card iac  o u tp u t  in  h y p o x ia ; 
second  colum n, in  th e  8 experim en ts, w here  no in c rease  of card iac  o u tp u t  cou ld  lie d e te c te d

also to  increase [18]. P resu m ab ly  view  o f  th e  effects of ep in ep h rin e  on c ir
cu la tio n  and m etab o lism , ártereitő l h as  b een  suggested  to  p lay  a ro le  in  th e  
c irc u la to ry  changes occurring  u n d e r h y p o x ic  cond itions [19, 2 0 ]. O th e r 
in v es tig a to rs , how ever, have succeeded  in  p ro d u c in g  an increase o f  ca rd iac  
o u tp u t  in dogs in  h y p o x ia  follow ing a d re n a le c to m y  [5]. By ch an g in g  th e  
m e tab o lism  and  th ro u g h  the l ib e ra te d  (and  possib ly  accu m u la ted ) m e ta 
b o lite s , w hich in d u ce  d irect a r te r io la r  v a so d ila ta tio n , hypox ia  m a y  w ell be 
su scep tib le  o f le ad in g  to  an increase o f  ca rd iac  o u tp u t  w ith  or w i th o u t  e p in ep h 
rine.

T he ex p e rim en ts  p resen ted  h a v e  p o in te d  to  th e  role in  ca rd ia c  o u tp u t  
re g u la tio n  of cocarboxy lase, an im p o r ta n t  fa c to r  in  in te rm ed ia ry  m e tab o lism . 
We are  inclined to  presum e a re la tiv e  o r ab so lu te  lack of co ca rb o x y lase  in 
h y p o x ia . The p re se n t series o f e x p e rim e n ts  p o in ts  to  the p o ss ib ility  th a t  
t he changes in  o x ygen  consum ption  m a y  a c c o u n t for the  a lte ra tio n s  in  ca rd iac  
o u tp u t . In  an  a t te m p t  to  prove th is , we h a v e  com piled  th e  d a ta  fo r  oxygen

O A cta Madicu X lX /t .
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co n su m p tio n  u n d e r  ou r v a rious ex p e rim en ta l cond itions (see F ig . 7). U n d e r 
n o rm a l oxygen  s a tu ra t io n , cocarboxy lase  a d m in is tra tio n  w as follow ed b y  
no  sig n ifican t ch an g e  in  oxygen co n su m p tio n  or card iac  o u tp u t. D iffe ren t 
re su lts  have  been  o b ta in e d  in th e  second g ro u p  o f experim en ts. H ere  oxygen  
co n su m p tio n  rose in  h y p o x ia  an d  co carb o x y lase  ad m in is tra tio n  w as fo llow ed 
b y  a decrease o f th e  ra ised  co n su m p tio n  d esp ite  th e  u n a lte red  h y p o x ic  con
d itio n . S im ilar chan g es h av e  been  o b serv ed  in  card iac  o u tp u t (see F ig . 3). 
i n  th e  th ird  g roup  th e re  w as a sligh t change in  oxygen  consum ption  in  h y p o x ia  
an d  a negligible a lte ra tio n  in  card iac  o u tp u t ,  w hereas b o th  w ere red u ced  
b y  T P P  (see F ig . 5). O u r ex perim en ts in d ic a te  th a t  these changes can  be 
a sc rib ed  to  th e  e ffec t o f th ia m in e p y ro p h o sp h a te , b u t  only u n d e r  h y p o x ia . 
T hese  recall ea rlie r d a te  accord ing  to  w h ich  in  h e a r t  p a tie n ts  th e  oxygen  
d e b t a fte r  exercise can  be reduced  b y  co ca rb o x y lase  [21].

T he a u th o rs  g ra te fu lly  acknow ledge the tec h n ica l a ssistan ce  of K . Al b e r t , A. KARAT 
a n d  V. V a jd a .
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A rev iew  of th e  d a ta  on  th e  th ro m b o p o ie tic  se ru m  fac to r is p re sen te d , th e  m ethods 
o f i ts  d em o n s tra tio n  are  desc rib ed  a n d  a case m a te ria l  com prising  139 p a t ie n ts  is d is
cussed . I n  m ice te s ts , se ru m  th ro m b o c y to p o ie tic  a c t iv ity  was d e m o n s tra te d  w ith  g rea t 
freq u e n c y  in  p o ly cy th aem ia , h y p ersp len ism , a n d  a cu te  th ro m b o c y to p en ia . In  p a tie n ts  
w ith  th ro m b o c y to p en ia , n o rm al blood a n d  p lasm a  m ay  also be e ffec tiv e . Q uestions 
co n cern in g  th e  fa c to r’s source of orig in , m ode of ac tio n , and p a th o g e n e tic  ro le , have 
b een  d iscussed . C om parison o f th e  fa c to r w ith  e ry th ro p o ie tin  revea led  th e  d iss im ila rity  
o f  th e  tw o  agen ts.

F o r th e  la s t te n  y ea rs  th e  s tu d y  o f th e  fac to rs  g o v ern ing  h a e m a to -  
poiesis h as  been  in  th e  fo reg round  o f haem ato lo g ic  research . I n  general, 
m uch  a t te n tio n  is being  d ev o ted  to  th e  q u es tio n s  concerning b io lo g ica l reg u 
la tio n s . T h e  h aem a to p o ie tic  sy stem , w h ich  h o u rly  supplies v a s t  n u m b ers  
o f  cells to  th e  c ircu la tio n  an d  is a t  all tim es  capab le  of a d a p tin g  su p p ly  to  
w idely  v a ry in g  d em and , sh o u ld  be possessed  o f a w ell-function ing  a n d  h igh ly  
sen sitiv e  reg u la tio n  in  o rd e r to  ensure h o m eostasis . The s tu d y  o f  re d  cell 
fo rm a tio n  has p roduced  th e  p ro o f of its  h u m o ra l con tro l by  d isco v erin g  e ry th 
ro p o ie tin  an d  estab lish in g  its  de fin ite  ro le in  th e  regu la tion . W h a t  strikes 
one is t h a t  from  th e  p o in t o f view  o f re g u la tio n  th e  o ther tw o k in d s  o f  p eri
p h e ra l cell shou ld  n o t h av e  been  su b m itte d  to  th e  in v estig a tio n  th e y  w ould 
a p p e a r to  m e rit. I t  is d ifficu lt to  im ag ine  t h a t  th e  w hite cells a n d  p la te le ts  
shou ld  lack  h u m o ra l fac to rs  to  govern  th e ir  p rod u c tio n . I t  c e r ta in ly  is no 
longer perm issib le  to  re g a rd  e ry th ro p o ie tin  a n d  haem opoie tin  as sy n onym s 
o f each  o th e r , as h ad  b een  c u s to m ary  to  do n o t so long ago. T h e  questio n  
now  is how  fa r  a th e o ry  o f th e  in d e p e n d e n t reg u la tio n  o f th e  d if fe re n t cell 
sy stem s can  be v e ry fied  b y  th e  d a ta  on h a n d , in  o th e r  w ords, is th e  th ro m b o - 
c y to p o ie tic  sy stem  also re g u la te d  b y  a fa c to r  analogous to  e ry th ro p o ie tin , 
a n d  i f  so, w h a t e ssen tia l role has it  to  fill, an d  how ?

O u r know ledge o f th e  fu n d a m e n ta ls  o f th e  th ro m b o cy te  sy s te m  is b u t 
re c e n t; th is  an d  th e  fa c t th a t  re liab le  d ire c t m ethods of p la te le t  coun tin g , 
e m in en tly  p h a se -c o n tra s t m icroscopy, h a v e  becom e availab le  o n ly  a few 
y ea rs  ago, exp la in s th e  c o m p ara tiv e  p a u c ity  o f d a ta  published . F o n io ’s in d irec t

* P re se n ted  a t  th e  H aein a to lo g ica l C ongress held  in  B u dapest D ecem b er, 1961

5 *
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m e th o d , s till in c u rre n t use , lacks accuracy  a n d  is o f  little  exped iency  in  se ria l 
te s t in g . W idesp read  th o u g h  th e  use of ra d io -a c tiv e  iso topes is in  th e  s tu d y  
o f  th e  k in e tic s  of e ry th ro p o ie s is , in  th ro m b o p o iesis  research  it  is s till a m a t te r  
o f th e  fu tu re .

C om prising  h u t  a few  o b serva tions, th e  l i te ra tu re  on th e  th ro m b o - 
p o ie tic  se ru m  fa c to r  is easy  to  su rvey  (T ab le  1).

Table 1

E ssen tia l literature on the throm bopoietic serum  factor

1952 Stefan in i e t. al. Infusion  of p o ly cy th aem ic  blood is follow ed b y  
rem ission of th ro m bocy topen ic  p u rp u ra

1957 Yamamoto Serum  from  p a tie n t  a fte r  blood loss ra ises p la te le t 
count in  ra b b its

1958 Steinberg e t  al. H um an a lb u m in  frac tio n s  cause m egakaryocytosis in 
rab b it

1959 Lin m a n  e t al. P o lycy thaem ic e th e r-so lub le  hum an  serum  e x tra c t  
gives rise to  p an cy to sis  in  the  r a t ;  so does b a ty l  
alcohol

1960 Schulm an  e t al. N orm al h u m an  p lasm a  contains th ro m bocy tosis- 
inducing fa c to r

1958 Kelemen  e t al. Specific h u m an  th ro m bopo ie tic  serum  fac to r, and 
its  p rincipal p ro p e rtie s

A t th e  beg inn ing  o f th e  ’50s Stefanini  e t al. [1] found  th a t  b lood  
from  p o ly cy th aem ic  donors p ro d u ced  rem ission in  id io p a th ic  th ro m b o cy to p en ic  
p u rp u ra  (I. T . P) S im ilar o b se rv a tio n s  have  since b e e n  m ade b y  o th e r  a u th o rs . 
In  a d d it io n  to  th e  la rg e  n u m b e r of th ro m b o c y te s  in fused , som e p la sm a tic  
fa c to r  h a s  been  assum ed  to  h a v e  a share  in  th e  fav o u ra b le  effect. Y amamoto 
[2] o b se rv e d  th e  serum  o f p a tie n ts  a fte r b lood  loss to  raise the  p la te le t co u n t 
in  r a b b i ts .  Steinberg  e t a l. [3] found th a t  c e r ta in  a lbum in  frac tio n s  of 
th e  h u m a n  blood p ro d u ced  m egak ary o cy to sis  w ith o u t  sim u ltan eo u sly  ra is in g  
th e  n u m b e r  of th e  p e rip h e ra l th ro m b o cy te s . L in m a n  e t al. [4] induced  th ro m b o 
cy tosis  in  ra ts  using e th e r-so lu b le  serum  e x tra c t o f h u m a n  blood. T hese a u th o rs  
show ed  t h a t  b a ty l a lcoho l, iso la ted  by  H olmes  fro m  bovine yellow  bone 
m arro w , h a d  a sim ilar effec t. Schulman et al. [5] d e m o n s tra te d  th e  p resence  
of a th ro m b o c y to s is - in d u c in g  fa c to r  in n o rm al h u m a n  serum . A ch ild  su f
fering  f ro m  congen ita l d efic ien cy  of th is  fa c to r  re sp o n d e d  to  n o rm a l h u m a n  
b lood  o r  p lasm a  w ith  th ro m b o c y to s is  la s tin g  fo r  days and  w eeks. T hese 
sam e a u th o rs  rep o rted  in  th e  sam e y ea r som e d a ta  on  a substance  o f in h ib ito ry  
effect w h ich  was less h e a tre s is ta n t  th a n  th e  s t im u la tin g  fac to r. K elem en  
e t al. [6] d e m o n s tra te d  a specific  th ro m b o p o ie tic  a c tiv ity  from  th e  se ra  of 
p a tie n ts  w ith  p a th o lo g ica l p la te le t  p ro d u c tio n , a n d  s tu d ied  it  for its  p r in 
cipal p ro p e rtie s .
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On th e  basis o f o u r  d a ta  concern ing  a p o ly cy th aem ic  p a t ie n t  w ith  
th ro m b o cy to s is  an d  a th ro m b o cy to p en ic  p a t ie n t  w ith  e ry th ro m y e lo sis , th e  
p rin c ip a l properties  m a y  be sum m arized  as show n in T able 2.

Table 2

E ffective  on  p a ren te ra l application
H e a t- s e n s i t iv e ..........................................
p H -sensitive  ............................................
N o n -d ia ly sab le ..........................................
R uns w ith  th e  /9-globulins ..............
D estroyed  b y  t r y p s i n ..........................

p ro te in  n a tu re , 
o r in tim ate ly  
b ound  to protein

A d m in iste red  p a re n te ra lly , the  se ru m  c o n ta in in g  th e  fa c to r  increased  
th e  c ircu la tin g  p la te le ts  in  m ice; in jec tions o f  0.2 to  0.02 m l b y  th e  in t r a 
venous, a n d  o f 0.5 to  0.2 m l b y  th e  in tra p e r ito n e a l ro u te  genera lly  p ro d u ced  
th is  effect. In tro d u c e d  in to  th e  sto m ach , th e  serum  was in effec tiv e . T he 
fa c to r  p roved  h e a t-se n s itiv e ; i t  largely  re ta in e d  its  a c tiv ity  a t  4°C fo r som e 
d ay s , an d  a t  room  te m p e ra tu re  fo r several h o u rs , b u t  h e a t o f 56°C in a c tiv a te d  
i t  w ith in  60 m in u tes . A s u b s ta n tia l  sh ift o f  th e  p H  tow ards e ith e r  a lk a lin ity  
o r ac id ity  likew ise re n d e re d  th e  fac to r in a c tiv e . T he d ia lysing  m em b ran e  
re ta in e d  i t ,  in  e lec tro p h o res is  i t  ran  w ith  th e  b e ta -g lobu lin s, an d  try p s in  
d es tro y ed  it .  A ll th e se  p ro p e rtie s  seem to  p o in t  to  its  being o f p ro te in  n a tu re  
or in tim a te ly  b o u n d  to  p ro te in . As a lread y  m en tio n ed , i t  is e ffective in  sm all 
am o u n ts , i. e. a t  h igh  d ilu tio n s , and  is in a c tiv a te d  on in cu b a tio n  w ith  no rm al 
h u m a n  serum  a t  th e  ra t io  o f 1: 1. In  view  o f th e se  la t te r  qualities  th e  fa c to r’s 
e ffec t m ig h t be a ssu m ed  to  be enzym atic  in  n a tu re .

F o r its  inc idence  th e  fac to r  was s tu d ie d  in  p a tie n ts  tr e a te d  d u rin g  
th e  la s t th re e  y ea rs  in  th is  D e p a rtm e n t a n d  in  th e  P o s tg ra d u a te  M edical 
School in  B u d a p e s t. T h e  exam in a tio n s in  th e  l a t te r  in s ti tu te  w ere carried  
o u t b y  E . K e l e m e n  a n d  D . L e h o c z k y . In  th is  D e p a rtm e n t I .  Cs e r h á t i  
an d  F . K r iz s a  help ed  to  collect the  d a ta .

G roups of 4 to  6 m ice w ere in jec ted  w ith  0.2 m l of fresh  se ru m  in t r a 
veno u sly , o r w ith  0.5 m l in tra p e rito n e a lly . U sin g  F e i s s l y  an d  L ü d i n ’s d irec t 
m e th o d  o f p h a se -c o n tra s t m icroscopy as m o d ified  by  F is c h e r  a n d  G e r m e r  
[7], p la te le t coun ts w ere m ade im m ed ia te ly  befo re  an d  th re e , re sp ec tiv e ly  
fiv e , days a f te r  th e  in je c tio n . W hen th e  av e rag e  rise in  th e  p la te le t  co u n t 
exceeded  30 p er cen t th e  re su lt w as d eno ted  as p o sitiv e , if  n o t, th e n  as n eg a tiv e . 
W h en  th e  rise w as s u b s ta n tia l  in  b u t a p ro p o r tio n  o f th e  m ice in  th e  g ro u p , 
th e  re su lt w as re g a rd e d  as questionab le  ( ± ) .  W hichever o f th e  3 -d ay  an d  
5 -d ay  coun ts show ed th e  h ig h er increase in  th e  n u m b er o f p la te le ts , w as 
ta k e n  to  be th e  s ta n d a rd ;  in  m ost cases i t  w as th e  5 -day  co u n t.

T he resu lts  o b ta in e d  w ith  sera from  139 p a tie n ts  are  p re sen ted  in  T ab le  3.
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Table 3

Throm bocytopoietic• activity  o f  sera fro m  patien ts with pathological and norm al platelet production
in  mice

Clinical diagnosis
N um ber of

R esult

patients
-f + -

Throm bocytosis in

p o ly cy th aem ia  v e r a ....................................................................... 10 8 2 —
O th e r  types of th ro m bocy tosis ............................................. 13 4 2 7

Throm bocytopenia  in

a c u te  I. T. P ..................................................................................... 4 4 — —
ch ro n ic  I. T. P ................................................................................. 11 1 3 7
seco n d ary  hypersplenism  ........................................................... 16 10 4 2
haem oblastosis, m yelofibrosis, pancy topen ia ,

18carcinom atosis ............................................................................................. 27 4 5

N o rm a l platelet count in

p o ly cy th aem ia  v e r a ....................................................................... 6 — — 6
c h ro n ic  erythrom yelosis ............................................................................ 2 2 — —
o th e r  blood d is e a s e s ..................................................................... 17 5 2 10

H ealthy  or haematologicallv norm al subjects ............................ 33 — 2 31

139 38 20 81
+  =  positive, 4; =  q u e s tio n a b le  
—  =  negative

M ostly  p a tien ts  w ith  p a th o lo g ica l p la te le t  p ro d u c tio n  w ere ex am in ed . 
T h e  g ro u p  of sub jec ts w ith  n o rm al th ro m b o cy to p o iesis  served  as co n tro l. 
G ra d in g  w as done on th e  b as is  o f th e  p e rip h e ra l p la te le t co un ts. A m o n g  th e  
d iseases  associated  w ith  thrombocytosis th e  f ir s t  place w as h e ld  b y  poly- 
c y th a e m ia  vera; all cases w ere  positive  or q u estio n ab le . In  th ro m b o c y to s is  
fo llo w in g  sp lenectom y, or som e u nknow n  cause , th e  resu lts  differed  in  g rad in g . 
O f th e  diseases invo lv ing  throm bocytopenia, all cases of acu te  I. T . P . w ere 
p o s it iv e , b u t m ost o f th o se  w ith  chronic I. T . P . w ere nega tive . T h e  g roup  
o f se c o n d a ry  hyp ersp len ism  inc luded  cases o f c irrhosis, congestive  sp len o 
m e g a ly , F e lty ’s sy n d ro m e, a n d  G au ch er’s d isease an d  was consp icuous for 
th e  g r e a t  p roportion  of p o s itiv e  and  q u es tio n ab le  cases. In  th e  g re a te r  p a r t  
o f  th e  b lo o d  diseases, a cco m p an ied  by  a re d u c tio n  in  th e  n u m b er o f p la te le ts , 
th e  se ru m  showed no a c t iv i ty  n o r th e  se ra  o f p a tie n ts  w ith  ad v a n c e d  
p o ly c y th a e m ia  w ith  norm al platelet count. T h e  sera  of tw o  p a tie n ts  w ith  
c h ro n ic  ery th rom yelosis co u ld  be, on th e  o th e r  h a n d , show n to  c o n ta in  th e  
f a c to r .  I n  th e  group o f su b je c ts  w ith  physio logical haem opoiesis a ll b u t  tw o 
q u e s tio n a b le  cases w ere n e g a tiv e . A lthough  no g enera l p rincip le  can  be in fe rred  
fro m  th e  evidence in  T ab le  3, i t  is n o t w ith o u t in te re s t th a t  m ost o f  p o ly 
c y th a e m ia  associated  w ith  th ro m b o c y to s is , of a c u te  I. T . P ., an d  o f seco n d a ry  
h y p e rsp le n ism , were p o s itiv e , w hereas th e  g re a te s t p a r t  o f th e  p a tie n ts  w ith
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th ro m b o cy to s is , ch ron ic  I . T . P . an d  o th e r  cond itions in vo lv ing  a decrease  
in  th e  p la te le ts  y ie lded  n eg a tiv e  re su lts .

W ith  th e  m eth o d  o u tlin ed  i t  w as n o t possib le to  d e m o n s tra te  th e  p re 
sence o f  a th ro m b o cy to p o ie tic  fa c to r  in  th e  serum  of h e a lth y  in d iv id u a ls . 
T h e  absence o f a p ositive  re a c tio n  m ig h t h av e  been due to  th e  m o d e ra te  
s e n s itiv ity  o f th e  m e th o d . W e once m ore re fe r to  S c h u l m a n  e t  a l. [5] who 
fo u n d  th a t  p lasm a from  n o rm al donors e lic ited  th ro m b o cy to sis  in  a child  
w ith  b lood  p la te le t deficiency. R ep ea ted  a t te m p ts  have been m ade to  in fluence  
th e  p la te le t co u n t in  p a tie n ts  w ith  I . T . P . by  blood or p la sm a  in fusions. 
T h a t  n o rm al b lood p re p a ra tio n s  can  in flu en ce  th e  n u m b er o f p la te le ts  in 
th e  c ircu la tio n , is d e m o n s tra te d  in  F ig . 1.

(m t)

F ig . 1. P la te le t  co u n t of p a tie n t  w ith  I .  T . P . follow ing ad m in is tra tio n  o f p o ly cy th aem ic  
blood, no rm al w hole b lood , a n d  n o rm al p lasm a

A p a tie n t w ith  chronic  I . T . P . h a d  a p la te le t coun t o f a b o u t  30.000, 
R e p e a te d  infusions o f p o ly cy th aem ic  b lood , norm al b lood  a n d  p lasm a, 
w ere follow ed b y  considerab le  increases in  th e  n u m b er o f p la te le ts ;  the  
increases w ere h igher a fte r  b lood  from  po lycy th aem ic  donors. T h e  change 
w as n o t due to  th e  th ro m b o c y te  in fu sed , fo r in  m any  occasions th e  p la te le t 
co u n t rem ained  unch an g ed  fo r severa l h o u rs  a fte r  th e  in fusion . T h e  th ro m b o 
cy tosis  e lic ited  la s ted  2 to  8 d ay s. S p len ec to m y  had  a fa v o u ra b le  effect.

In  a n o th e r p a tie n t th e  changes w ere less m arked . In  one  in stan ce , 
p o ly cy th aem ic  b lood, confirm ed  p o sitiv e  by  th e  m ouse te s t ,  p ro v e d  to  be 
ineffec tive  in  am eg ak ary o cy tic  th ro m b o c y to p e n ia  (m a lig n an t re ticu losis). 
T h e  d a ta  seem  to  fav o u r th e  view  th a t  n o rm a l p lasm a, too , possesses th ro m 
b o cy to p o ie tic  a c tiv ity , th o u g h  o u r m o d e ra te ly  sensitive m e th o d  is u n ab le  to  
disclose i t .

T h ro m b o cy to p o ie tic  a c tiv ity  w as o ften  found  to  v a ry  in  se ru m  sam ples 
from  th e  sam e p a tie n t. I t  w as fo u n d  to  w eaken  and  g ra d u a lly  cease w ith 
th e  p rogression  of th e  d isease. T his w as p a r tic u la rly  th e  case in  p o ly c y th a e m ia . 
T he sera  o f  po lycy th aem ic  p a tie n ts  w ith  no rm al p la te le t c o u n t w ere  usually
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n e g a tiv e . Several cases w ith  hypersp len ism  ceased  to  y ield  positive  re su lts  
a f te r  sp lenectom y. N o r w e re  drugs w ith o u t e ffe c t; fo r in stance , p red n iso n e  
w as fo u n d  capable o f  co m p le te ly  suppressing  a c tiv i ty .  I t  has to  be  n o te d  
t h a t  so fa r  we h av e  m a d e  n o  efforts a t  q u a n t i ta t iv e  d e te rm in a tio n s.

As regards th e  orig in  o f  th e  facto r, a t  b e s t  o n ly  evidence of a n e g a tiv e  
n a tu r e  is available in  r e la t io n  to  hum ans. E . g ., th e  possible p resence  of 
a c t iv i ty  a fte r  sp len ec to m y  den ies th e  sp leen ’s p la y in g  an  essen tia l ro le . T h e  
f a c to r ’s analogy to  e ry th ro p o ie t in  m erely  p o in ts  to  th e  necessity  o f fu r th e r  
a n im a l experim ents to  a p p ro a c h  th e  p rob lem . I n  m ice, th ro m b o cy to sis  fo l
lo w in g  tre a tm e n t w ith  u l t r a v io le t  rays is b ro u g h t a b o u t b y  a h u m o ra l fa c to r , 
a n d  th is  has been fo u n d  to  resem ble  th e  one in  m a n  in  m an y  of its  p ro p e rtie s  
[8]. X -ra y  irrad ia tio n  h a s  b e e n  shown to  d ep re ss  o r suspend  th e  fo rm a tio n  
o f  th is  fac to r, w hich w e m a y  te rm  th e  U Y -th ro m b o cy to p o ie tic  fa c to r  [9]. 
I t  seem s no t un reaso n ab le  to  conclude th a t  som e rad io -sensitive  cell sy s tem  
o r o rg a n  comes in to  p la y  w h e n  i t  is form ed [9]. I n  m ice, th e  fac to r has b een  
fo u n d  to  be in d ep en d en t o f  th e  presence o f th e  sp leen  for its  fo rm a tio n .

I n  s tudy ing  th e  m ech a n ism  o f  action, d iff icu ltie s  o f a tech n ica l n a tu re  
a re  in escap ab le . To e x a m in e , w ith  confidence in  th e  re su lts , th e  q u a n ti ta t iv e  
c o n d itio n s  of th e  m e g a k a ry o c y te  system  o f e x p e rim e n ta l an im als, w h ich  
w ith  u s  a re  mice, is an  in t r ic a te  ta sk . C ytological a n d  h isto log ical e x a m in a tio n  
o f  b o n e-m arro w  sm ears , a n d  to  an  even g re a te r  e x te n d  of b o n e-m arro w  
se c tio n s , have so fa r fa iled  to  produce re a d ily  ev a lu ab le  and  n u m erica lly  
d e m o n s tra b le  resu lts; in  o th e r  w ords, a h y p e rp la s ia  o f  m eg ak ary o cy te  sy s tem  
s till a w a its  con firm ation . I n  th e  ab ove-m en tioned  th ro m b o cy to s is  e lic ited  in  
m ice w ith  U V -irrad ia tion , b o th  th e  bone m arro w  a n d  th e  n u m b er of m eg a 
k a ry o c y te s  in  the  sp leen  w ere  ta k e n  in to  a c c o u n t, a n d  splenic m egakaryocy - 
to sis  w as d em o n stra ted . S h o u ld  one a t all e x p e c t th e  th ro m b o p o ie tic  a c tiv ity  
to  in c re a se  the  n u m b er o f  m eg ak ary o cy tes  in  th e  b o n e  m arrow ? T here  a re  
d a ta  in  th e  lite ra tu re  to  u n d e r lin e  th is  q u estio n . M a t t e r  e t al. [10] show ed  
in  r a ts  t h a t  rises in th e  p la te le t  coun t fo llow ing th ro m b o c y to p e n ia  in d u ced  
b y  ex ch an g e  tran sfu s io n , a re  accom panied  o n ly  b y  m o d era te , n o t m ore  
th a n  a b o u t  20 per cen t, in c rea se s  in  th e  n u m b e r  o f  m eg ak ary o cy tes; th e y  
also  sh o w ed  th a t  th e  m o d e ra te  changes w ere th o se  revealed  b y  e lec tro n  
m ic ro sco p y  in  the  c y to p la sm . In  add ition  to  th o s e  re fe rring  to  th e  bone- 
m a rro w  effect, there  a re  d a ta  in  th e  l ite ra tu re  w h ic h  su p p o rt th e  view  th a t  
th e  th ro m b o c y te s  a p p e a rin g  in  th e  c ircu la tion  m u s t  be new ly-form ed cells 
s ince , u n lik e  in  the e ry th ro c y te  and  leukocy te  sy s te m s , in  th e  th ro m b o c y te  
sy s te m  th e re  are no, o r  a t  le a s t  no su b s ta n tia l , re se rv es , th e re  ex ists no 
p la te le t  pool. The o b se rv a tio n s  m ade by  K r e v e n s  e t  al. [11] in  h u m an s 
a n d  b y  Cr a d d o c k  e t a l. [12] in  anim al e x p e rim e n ts , fav o u r th is  v iew . A 
s im ila r  s ta n d p o in t is o ccu p ied  b y  R o h r  [13]. I n  th e  p resen t ex p erim en ts , 
th e  rise  in  th e  num ber o f  th ro m b o c y te s  to o k  se v e ra l h o u rs , m ore often  d ay s ,



THE HUMORAL REGULATION OF PLATELET PRODUCTION 7 3

to  develop  an d  co m m o n ly  la s ted  6 to  8 d ay s, ceasing  g rad u a lly . I t  was cer
ta in ly  no rap id , t r a n s i to ry  phenom enon . A nd so th e  s tu d y  of th e  m echan ism  
o f ac tio n  is s till fa r  fro m  com plete ; fu r th e r  sy s te m a tic  in v es tig a tio n s  are 
needed , includ ing  e x a m in a tio n s  o f b o n e-m arro w  cu ltu res . C oncern ing  th e  
possible p a r t  o f th e  sp leen  in  th e  m echan ism , on ly  n eg a tiv e  o b serv a tio n s 
could  be m ade; a c t iv i ty  w as found  n o t to  d e p e n d  on th e  p resence o f th is  
o rg an . O n th e  c o n tra ry , p ositive  h u m an  se ru m  in creased  th e  p la te le t co u n t 
a t  a slig h tly  h igher r a te  in  th e  sp lenectom ized  th a n  in  no rm al m ice.

W h a t is th e  pathogenetic role o f th e  fa c to r?  C linical o b se rv a tio n s  do 
no t suffice to  answ er th e  q uestion , c la rifica tio n  o f  b o th  th e  source o f origin 
a n d  th e  p a th o g en e tic  ro le  m u s t be ex p ec ted  fro m  an im al ex p e rim en ts . T he 
resu lts  o f some ea rlie r  ex p e rim en ts  of ours su g g est a role o f se ru m  a c tiv ity  
in  th e  changes o f c irc u la tin g  p la te le t co u n t [14, 15]. M ainly th e se  resu lts  
w ould  seem  to  ju s t ify  th e  a ssu m p tio n  th a t  w h en ev e r th e  th ro m b o c y te  sy stem  
becom es deranged , one (o r m ore) h u m o ra l fac to r(s) com es in to  p la y  to  re s to re  
th e  th ro m b o p o ie tic  e q u ilib riu m . In  th is  co n n ec tio n , th e  o b se rv a tio n  o f D u x  
e t  al. [16] m erits  a t te n t io n ;  th e y  found  th a t  th e  se ru m  of in fa n ts  w ho h ad  
becom e th ro m b o c y to p e n ic  in  consequence o f  exchange tran sfu sio n s before 
n o rm aliza tio n  o f th e  o w n ’s th ro m b o cy te  c o u n t, w as capab le  o f increasing  
th e  n u m b er of p la te le ts  in  m ice. This fin d ing , to o , p o in ts  to  cau sa tiv e  re la tio n s 
b e tw een  serum  a c t iv i ty  a n d  changes, m ore p rec ise ly  increases, in  th e  n u m b e r 
o f  c ircu la tin g  th ro m b o c y te s .

T he q u es tio n  h a s  to  be ra ised  how  th e  th rom b o p o ieses  ex chang ing  
fa c to r  is re la ted  to  erythropoietin . In  ou r v iew , th e  tw o  fac to rs  a re  n o t id en tic  d ,  
a n d  num erous d a ta  a n d  clin ical observ a tio n s h a v e  show n differences b e tw een  
th e m . S im ilarities n ev e rth e le ss  also occur (T ab le  4). In v e s tig a tio n s  to  th ro m b o 
p o ie tic  sera  h av e  re v e a le d  d a ta  for w hich , to  o u r know ledge, th e  e ry th ro 
po ie tic  serum  fa c to r  h a s  n o t y e t been s tu d ie d . T hese d a ta  offer no su p p o rt 
fo r L i n m a n ’s s ta n d p o in t  th a t  all th ree  cell sy s tem s  are  governed  b y  a com m on 
haem o p o ie tin . F o r  in s ta n c e , e ry th ro cy to s is  o f ren a l orig in  asso c ia ted  w ith  
k id n ey  tu m o u rs  is n o t  accom pan ied  b y  th ro m b o c y to s is  in  sp ite  o f th e  h igh  
e ry th ro p o ie tin  t i t re .

F in a lly , m a y  th e  fac to r  u n d er d iscussion  be reg a rd ed  as a p o ie tin ?  
M ay one speak  o f  throm bopoietin  in  co n n ec tio n  w ith  i t?

In  our o p in io n , w h a t we are dealing  w ith  is ind eed  a su b s ta n c e  w ith  
specific  effect on  th ro m b o p o iesis . N ev erth e less , th e re  being  no in d isp u ta b le  
p ro o f o f th e  specific  response  o f th e  m e g ak a ry o cy te  sy stem , we h av e  g enera lly  
avo ided  use o f th e  te rm  th ro m b o p o ie tin . O u r ignorance  o f  th e  chem ical 
n a tu re  o f th e  ch an g es occurring  in  th e  p r im itiv e  bone-m arrow  cell m ig h t 
be excused  on th e  g ro u n d  th a t  th o u g h  d e te c te d  m ore th a n  h a lf  a c e n tu ry  
earlie r, e ry th ro p o ie tin  is n o t v e ry  well k n o w n  e ith e r. M ore know ledge o f 
i t  w ould  c e rta in ly  be  conducive to  th e  c la rif ic a tio n  o f its  enzym ic  n a tu re .
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Table 4

P rin c ip a l properties o f  the h u m a n  erythropoietic and thrombopoietic serum factors

P roperty E. S. F. T. S. F.

D e m o n s t r a b i l i ty ..................................................................................
in  cy tosis ..................................................................................... yes (?) yes
in  cy to p en ia  .............................................................................. yes yes

A c tiv i ty  w eakens and g rad u ally  ceases du ring  no rm aliza
t io n  o f cell count .................................................................... yes yes

H e a t  s e n s i t iv i t y .................................................................................. absen t p re sen t

S e n s itiv ity  to  shifts in  pH  ........................................................... m oderate m ark ed

D e s tro y ed  b y  t r y p s in ....................................................................... yes yes

R e ta in e d  b y  dialysing m e m b ra n e ............................................... yes yes

In  e lectrophoresis runs w i t h ......................................................... a-globulins ^-g lobulins

C h em istry  .............................................................................................. g lycoprotein —
A t h ig h  d i lu t io n s ................................................................................ — effective

In h ib ite d  w hen  m ixed w ith  n o rm al serum  .......................... — yes

L ik e  all problem s o f b io log ica l reg u la tio n , th o se  of th e  h u m o ra l reg u 
la tio n  o f  haem opoiesis are  in tr ic a te  p rob lem s. A p a r t  from  its  th e o re tic a l 
im p o r ta n c e , th e ir  s tu d y  p rom ises to  disclose fu tu re  possib ilities of d iag n o stic  
a n d , e v e n  m ore so, o f  th e ra p e u tic  va lue .

T h e  evidence on h a n d  a p p e a rs  to  show :
(i) t h a t  th ere  m ost p ro b a b ly  ex ists  a th ro m b o p o ie tic  fa c to r;
(ii) t h a t  th is  fa c to r  p ro b a b ly  c o n tr ib u te s  to  re s to re  physio log ica l p la te le t  

p ro d u c tio n  w henever th e re  is a su d d en  an d  considerab le  in te rfe ren ce  w ith  
th e  th ro m b o c y te  system . T h e  a v a ila b le  d a ta  a re  in a d e q u a te  to  decide w h e th e r 
th e  f a c to r  p a rtic ip a te s  in  n o rm a lly  b a lan ced  th ro m b o p o iesis ;

(iii) m o st kinds o f th ro m b o c y to p e n ia  a re  due  to  som e cause  o th e r  
th a n  th e  absence of th e  fa c to r . T h e  reaso n  w h y  p o ie tin aem ia  asso c ia ted  w ith  
th e se  c o n d itio n s  is devoid  o f  e ffec t, re sp ec tiv e ly  w hy  a t  o th e r  tim es no po ie tic  
a c t iv i ty  is p re sen t d esp ite  sev e re  cy to p en ia , is u n k n o w n ;

(iv) a lth o u g h  in  c e r ta in  ty p e s  o f th ro m b o cy to s is  th e  se ru m  is d em o n 
s tra b ly  a c tiv e  in inducing  c y to s is , its  p a r tic ip a tio n  in  m a in ta in in g  la s tin g  
th ro m b o c y to s is  canno t be e s ta b lish e d  on th e  basis o f  th e  d a ta  a t  d isposa l.
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EEG CHANGES INDUCED BY ELECTROSHOCK 
LOADS IN SCHIZOPHRENICS
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D EPA R T M E N T O F N EU RO PSY CH IA TRY  AND IN ST IT U T E  OF BRAIN R E SE A R C H , 
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(R eceived  J u ly  10, 1962)

On th e  basis  o f  e lec tro en cep h alo g ram s reco rd ed  from  sch izo p h ren ics a n d  n o n 
sch izophren ics d u rin g  th e  f ir s t  t r e a tm e n t  w ith  electroshock  th e  fo llow ing  m ay  be 
estab lish ed .

1. In  th e  co n tro ls  th e  n o rm aliza tio n  o f  th e  e lectro en cep h alo g ram s to o k  place 
w ith in  10 to  15 m in u te s  a f te r  th e  lo ad  a n d  o ccu rred  in  a steep s tra ig h t  lin e .

2. In  sch izophren ics th is  process la s te d  35 to  40 m inu tes o r e v en  longer.
3. T he conclusion  m ay  be d ra w n  t h a t ,  ow ing to  th e  re ta rd e d  n o rm a liza tio n  

period  an d  th e  in te rm it te n t  re lapses, in  sch izo p h ren ics  th e  fu n c tio n al c a p a c ity  o f th e  
m etabo lic  p rocesses o f th e  b ra in  m a in ta in in g  th e  function ing  s tru c tu re s  is d is tu rb ed .

R ecen tly  n u m ero u s  au th o rs  h av e  d e a lt  w ith  th e  question  o f  th e  possi
b ility  o f an a ly s in g  e lec trophysio log ica lly  n o rm a l and  p a th o lo g ic  psych ic  
fu n c tio n s . T he re su lts  are  no t u n eq u iv o ca l. So fa r  th e  a tte m p t to  f in d  re la tio n s  
be tw een  th e  in te lle c tu a l level, th e  n e u ro tic , p sy ch o p a th ic  a n d  p sy ch o tic  
co n d itio n s, re sp ec tiv e ly , and  th e  asso c ia ted  e lec tro en cep h a lo g rap h ic  changes 
h as  n o t been successful.

T h e  opin ion  o f  m o st au th o rs  is t h a t  th e  d y srh y th m ic  ir re g u la r  e lec trica l 
a c t iv i ty  is s tr ik in g  in  th e  e lec tro en cep h a lo g rap h ic  curves o f th e  d iffe ren t 
p sy c h ia tr ic  d iseases (R eview  o f H e n r y  a n d  K n o t t  [10]).

T h e  e v a lu a tio n  o f th e  sch izo p h ren ic  e lec tro en cep h a lo g ram s b y  th e  
d iffe ren t au th o rs  v a ry  to  a g rea t e x te n t. A ccord ing  to  G i b b s  [8 ]  th e  e lec tro 
en cep h a lo g ram  o f sch izophren ics does n o t  considerab ly  d e v ia te  fro m  th e  
n o rm a l v a r ia n t. G a s t a u t  [6], S c h w a b  [16], R i c k f o r d  [1], K e r s h m a n  [11], 
L i e b e r m a n  e t al. [13] h av e  observed  t h a t  th e  convulsive th re sh o ld  a g a in s t 
p e n ta m e th y le n e  te tra z o l is decreased  in  sch izophren ics. L e f m a n  a n d  P e r l ő  
[12] u sin g  com bined  p h o to -m e trazo l te s ts  a pa tho log ic  E E G  a c t iv i ty  in  53 
p e r c e n t of sch izophren ics. F a i l l a  [5], G o l d m a n n  [9] fo u n d  p a th o lo g ic  
E E G  p h en o m en a  s im ila rly  in  sch izo p h ren ic  psycho tics u n d e r a n a e s th e s ia . 
M a g y a r  [14] o b se rv ed  s im ila rly  severe p a th o lo g ic  changes a f te r  a sm all 
dose o f p en te trazo l.

C a l l a w a y  an d  R o u c h e r  [2] w ere th e  f ir s t  to  give an  a c c o u n t o f  E E G  
chan g es evoked  b y  shock  tr e a tm e n t. T h e y  o bserved  th e  d e lta  a c t iv i ty  w hich 
ap p e a rs  follow ing convu lsive  t r e a tm e n t o f te n  to  persist for a p e rio d  o f  3— 4
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m o n th s . T h e y  could  n o t  d e m o n s tra te  a d e fin ite  c o rre la tio n  betw een th e  deg ree  
o f re c o v e ry  an d  th e  p e rs is ten ce  of d e lta  w av es.

T s u g u n o v  an d  N ic o l a e v  [4] believe t h a t  th e  appearance  of th e  d e lta  
w aves is in d ic a tiv e  of b ra in  d am ag e  and  th e re fo re  w a rn  w ith  regard  to  e le c tro 
shock  t r e a tm e n t .  M a r t i n o  [15] d e tec ted  th e  d e lta  w ave a c tiv ity  cau sed  
b y  e le c tro sh o c k  m a in ly  in  th e  fro n to -p re c en tra l an d  fron to -basa l reg io n s. 
N e ith e r  cou ld  Ch u s h i d  an d  P a c e l l a  [3] f in d  a re la tio n  betw een th e  c lin ica l 
im p ro v e m e n t an d  th e  d isap p earan ce  of th e  d e lta  w aves. T hey  o b se rv ed , 
h o w ev e r, t h a t  a f te r  few  e lec tro shock  tre a tm e n ts  th e  d e lta  a c tiv ity  d isap p ea red  
e a rlie r  th a n  i f  th e  shock  tre a tm e n ts  w ere m o re  num erous and  ex am in ed  
th e re fo re  th e  co rre la tio n  b e tw een  th e  n u m b e r o f  electroshock tr e a tm e n ts  
an d  th e  p e rio d  of E E G  irre g u la rity .

I n  th e  course o f ou r s tu d ie s  concern ing  sch izo p h ren ia  we have  a t te m p te d  
to  o b ta in  d a ta  n o t on ly  a b o u t th e  m etab o lic  chan g es of th e  sch izo p h ren ic  
o rg a n ism , b u t  also a b o u t th e  fu n c tio n a l c o n d itio n s  o f the  nervous sy s tem  
o f sch izo p h ren ics . F o r th is  p u rp o se  th e  e x a m in a tio n  of the  E E G  changes 
fo llow ing  fu n c tio n a l loads o f  cereb ral b io e lec tric  a c tiv ity  seem ed su ita b le . 
T h e  p re s e n t  p a p e r  gives an  analysis  of th e  E E G  changes follow ing e le c tro 
shock  lo ad s  in  sch izophren ics.

M ethods

T h e  e x am in a tio n s  w ere c a rried  o u t in 20 sch izo p h ren ic s  an d  6 con tro l p sy c h o p a th s  
b e tw ee n  20 a n d  40 y e a rs  o f age. M ainly  acu te  cases n o t  y e t  su b jected  to  t r e a tm e n t  w ere 
e x a m in e d . W e h a d  on ly  a  few  cases w here some y ears  p re v io u s ly  e lectroshock th e ra p y  h a d  
been  a p p lie d . D rugs w ere w ith h o ld  fo r several days befo re  th e  exam in atio n . D uring  th is  t im e  
as w ell a s  befo re  th e  a p p lic a tio n  o f  th e  e lectroshock  th e  E E G  w as rep ea ted ly  reco rd ed  w ith  
th e  p a t ie n ts  a t  re s t. E lec tro sh o ck  w as carried  ou t w ith  a  S iem en s E lec tro co n v u lsa to r a p p a ra tu s  
(on th e  a v e ra g e  500 m A , 0.5 sec), b y  m eans of b ite m p o ra lly  p laced  electrodes. P re v io u s ly  
b if ro n ta l ly , b ite m p o ra lly  a n d  b ip a r ie ta lly  electrode w ires w ere f ix e d  on the  head  of th e  p a tie n ts .  
T he re c o rd in g s  w ere m ad e  w ith  an  8 channel K a y se r  in k  w ritin g  e lec tro en cep h alo g rap h . 
R e co rd in g  w as s ta r te d  %  to  1 m in u te  a f te r  th e  e lec tro -co n v u ls io n s h ad  ceased. G enera lly  a f te r  
f ix a t io n  o f  th e  f i r s t  in it ia l  phase  e v e ry  5 m inu tes a  sh o r t  p h a se  w as recorded. T he re co rd in g s  
w ere c a r r ie d  o u t fo r 40 to  60 m in u te s , u n til th e  f req u en cy  a n d  average  am p litu d e  of th e  cu rv e  
a t ta in e d  th e  p a t te rn  seen before  th e  shock  t re a tm e n t. In  e ach  p a tie n t only th e  f i r s t  e le c tro 
shock  w as ta k e n  in to  acco u n t. E v a lu a tio n  was p e rfo rm e d  in  th e  follow ing m an n er. All th e  
w aves w ere  co u n ted  in  in te rv a ls  o f  30 seconds, an d  fro m  th e se  th e  n u m b er of w aves fo r 1 second  
w as c a lc u la te d . T he d e lta  w aves o f  th e  sam e phases w ere  a lso  co u n ted  and  th e ir  n u m b e r  fo r  
one se c o n d  w as e s tab lish ed . T h u s th e  tim e  of a p p ea ran c e  a n d  a rran g em en t o f th e  d iffe re n t 
f req u e n c ie s  as well as th e  d e lta  w aves follow ing e lec tro sh o ck  loads were exam ined .

R esults

T h e  re su lts  m ay  be sum m arized  as fo llow s. In  th e  contro ls a f te r  th e  
e le c tro sh o c k  lo ad  th e  in it ia l , a lm ost iso e lec tric , sh o rt “ silen t”  p h ase  w as 
re p la c e d  b y  a slow d e lta  p h ase  w ith  a 600 to  1000 fi У  am p litu d e  o f 0 .5— 1 
c/s a l te rn a t in g  w ith  sh o rt f l a t  phases. F ive  m in u te s  la te r  a g rad u a l sh if t o f
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the  frequency  could  be observed  and  th e  a p p ea ran ce  o f d e lta  w aves d im in ished . 
S u b seq u en tly  th e  d e lta  w aves d isap p eared  an d  u su a lly  w ith in  10 to  15 m inu tes 
com ple te  re a rra n g e m e n t to o k  place, th e  freq u en cy  re tu rn e d  to  th e  in itia l 
va lue . T he increase  o f frequency  show ed a s teep  rise w ith o u t fa lling  back 
(F igs. 1 and 2).

In  th e  E E G  cu rv es o f sch izophrenics th e  b ioelec tric  changes showed 
a d iffe ren t p a t te rn  (F igs. 3, 4, 5, 6, 7). T he in itia l period  p ra c tic a lly  agreed 
w ith  th a t  of th e  co n tro ls . H ow ever, th e  decrease in  th e  n u m b e r o f d e lta  w aves, 
th e  sh o rten in g  a n d  d isap p earan ce  of th e  in it ia l  s ilen t an d  th e  f la t  phases, 
as well as th e  in crease  o f th e  frequency  ensued  m uch  la te r  an d  m ore  slowly.

F ig . 2
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F ig . 4

In  a ll c ases  relapses m ain ly  co n cern in g  th e  freq u en cy  (decrease o f freq u en cy ) 
co u ld  b e  observed , b u t  m ean w h ile  th e  n u m b er o f th e  d e lta  w aves increased . 
T he re s to ra t io n  of the  cu rv es  co rrespond ing  to  th e  s ta r t in g  p a tte rn  occu rred  
o n ly  a f te r  35— 50 m in u tes . I n  som e cases re a rra n g e m e n t to o k  p lace even 
la te r  (see F igs. 1, 2 an d  th e  E E G  curves).
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Discussion

T he resu lts  o b ta in e d  show  th e  s tr ik in g  fa c t  th a t  a f te r  th e  f irs t  e lec tro 
shock  load  sch izophren ics d isp lay  p ro lo n g ed  fu n c tio n a l d is tu rb a n c e s  as 
co m p ared  to  th e  co n tro ls . F u rth e rm o re , th e  E E G  curves of sch izophren ics 
w ere ch a rac te rized  b y  fre q u e n tly  a lte rn a tin g  phases o f im p ro v e m e n t and  
re lapse . T hese d a ta  im p ly  th a t  th e  sch izophren ic  b ra in  resp o n d s d iffe ren tly  

in  th e  p resen t case to  e lec troshock  lo ad in g  —  from  th e  non-sch izophren ic  
one. R e a rra n g e m en t occurs la te r  and is n o t c o n tin u o u s , b u t  f lu c tu a te s  show ing

[5 0 /jlV

'Л л ч

/ s e c

F ig .  6

6  Act« Medic« X IX /1 .



8 2 I. HÚSZAK and I. SOMOGYI

so m e tim e s  a com petition  o f  th e  d iffe ren t fu n c tio n a l s ta te s . In  a d d itio n  to  
th e  p e rs is tin g  delta  w aves a t te n t io n  m u st be  p a id  to  th e  m ore p ro lo n g ed  
iso e le c tr ic , so-called “ s ile n t” , p h ase s  la s tin g  over a longer period . T h e y  w ould  
n a m e ly  rep re sen t from  th e  e lec trophysio log ica l a sp ec t a s ta te  o f  in a c tiv i ty  
o r in h ib it io n , respective ly ; th is  w as also ex p erien ced  in  an im al ex p e rim en ts . 
T h is  p e rio d ica l and  fa irly  p ro lo n g ed  in h ib ito ry  p h ase  m ay  in  o u r op in ion  
be  co n s id e re d  as th e  e x h a u s tio n  an d  a m an ife s ta tio n  o f th e  p ro te c tiv e  in h ib i
t io n  o f  th e  cortex . This w as m o re  sign ifican t in  th e  sch izophren ic  b ra in  th a n  
in  t h a t  o f  th e  contro ls.

[ 5 0 / х И

F ig . 7

C hang ing  our tre n d  o f  th o u g h t from  th e  elec trophysio log ica l p o in t of 
v ie w  to  b iochem ical co n d itio n s  i t  m u st be assu m ed  th a t  th e  m e tab o lic  p ro 
cesses w h ich  re s titu te  or re p o la rise  th e  fu n c tio n a l m em branes o p e ra te  fa r 
s lo w er in  schizophrenics th a n  in  th e  con tro ls. N am ely , i t  is well k n o w n  th a t  
th e  fu n c tio n a l s ta te  of th e  n e rv e  cell is re g u la te d  b y  th e  a c t iv i ty  o f its 
e n e rg y -p ro d u c in g  o x id a tio n  sy s tem . T he en erg y -p ro d u c in g  o x id a tio n  p ro 
cesses fu n c tio n in g  k in c tic a lly  w ith  a su itab le  in te n s ity  can  rep a ir th e  m e ta 
bo lic  d iso rd e rs  occurring  a f te r  too  s tro n g  fu n c tio n a l dem ands fa r  qu ick er 
th a n  th e  ox idation  sy stem s w ith  low er in te n s ity  an d  defects.

T h e  above suggest t h a t  th e  analysis o f ce reb ra l b ioelec tric  a c tiv ity  
re c o rd e d  in  the  course o f lo ad in g s  renders possib le  to  o b ta in  c e r ta in  d a ta  
c o n c e rn in g  the  fu n c tiona l c a p a c ity  of th e  m e tab o lic  processes.
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UNTERSUCHUNGEN MIT J131 MARKIERTEM 
TRIOLEIN REI ATHEROSKLEROTIKERN

Von

G. E r d é l y i , L. K e l l e r  und I .  B a l á z s i

I I I . M ED IZIN ISCH E K L IN IK  D E R  M ED IZIN ISCH EN  U N IV E R S IT Ä T  BU DA PEST (D IR EK TO R : P R O F . D R . S. GERŐ

(E ingegangen  a m  25. J u l i  1962)

Die A k tiv itä tsk u rv e  des p e ro ra l v e ra b re ic h te n  J 131 T rio le in -M onoch lo rids w urde 
im  V ollb lu t u n d  im  T ric h lo re ss ig säu re p räz ip ita t u n te rsu c h t. Bei a th e ro sk le ro tisc h en  
K ra n k e n  is t  d ie K u rv e  hö h er u n d  fä ll t  lan g sam er ab , als bei n o rm alen  P erso n en . Die 
A k tiv itä tsw e r te  de r K ra n k en , bei d enen  d e r V e rd ac h t einer K o ro n a rsk le ro se  b es tan d , 
a b e r  diese K ra n k h e it  w ar m it üb lichen  k lin isch en  U n te rsu ch u n g sm eth o d en  noch  n ich t 
n ach w eisb ar, lagen  te ils  den  N o rm a lw erten , te ils  den W erten  de r a th e ro sk le ro tisc h en  
G ru p p e  n ä h e r. A u f G ru n d  de r L ite ra tu ra n g a b e n  u n d  der e igenen E rg eb n isse  w ird 
an g en o m m en , d a ß  die M ethode in d e r F rü h d ia g n o se  der A therosk lerose  n u tz b a r  sein 
k ö n n te .

I n  den  le tz te n  J a h rz e h n te n  is t die A therosk lerose  eines d e r  Z e n tra l
p ro b lem e  d er M edizin gew orden. D ie k lin ische  E rfo rschung  is t  je d o c h  durch  
die m an g e lh a ften , n ic h t zuverlässigen  u n d  o ft kom pliz ierten  d iag n o stisch en  
V e rfa h ren  e rschw ert. D a d er Z u sam m en h an g  zw ischen A th ero sk le ro se  und  
L ipo idsto ffw echsel se it langem  b e k a n n t is t ,  b e ru h t ein b e d e u te n d e r  Teil 
d e r  d iag n o stisch en  V erfah ren  a u f  den  V erän d eru n g en  der B lu tlip o id e . Die 
w e itlä u fig  an g ew an d ten  Se-C holesterin , G esam tlipo id , jö -L ipopro te in , P h o s
p h o lip id , usw . B estim m u n g en  zeigen m eisten s s ta tis tisc h  g u t b e w e rtb a re  
A bw eichungen , b ie ten  jed o ch  zu r D iagn o seste llu n g  der e in ze ln en  a th e ro 
sk le ro tisch en  K ra n k e n  keinen  g enügenden  A n h a ltsp u n k t. D ie A n w endung  
v o n  m it ra d io a k tiv e n  Iso to p en  m a rk ie r te n  F e t te n  eröffnete eine n e u e  M öglich
k e it  fü r  die U n te rsu ch u n g  d er D y n a m ik  des F e tts to ffw ech se ls . S t a n l e y  
u n d  T h a n n h a u s e r  [1] k o n n te n  als e rs te  die R eso rp tio n  des m it J 131 m a rk ie r te n  
T rio le in s u n d  die E lim in a tio n  d e r A k tiv i tä t  aus dem  B lu t be i N e p h ro tik e rn  
u n d  h y p erlip äm isch en  K ra n k e n  b e o b a c h te n  u n d  im  V ergleich z u m  N o rm al
w ert eine s ig n ifik an te  V erän d eru n g  fe s ts te lle n . Des w eiteren  fa n d  das V er
fah ren  zum  S tu d iu m  d er m it L ipo idsto ffw echse lstö rungen  v e rb u n d e n e n  
E rk ra n k u n g e n  au sg ed eh n te  A nw endung  [2— 12]. L i k o f f  u n d  M ita rb . [22, 
23 ]  fan d e n  n ach  p e ro ra le r  V erab fo lgung  v o n  J 131-Triolein im  B lu t  bzw . im  
m it T rich lo ressig säu re  gew onnenen E iw e iß p rä z ip ita t der a th e ro sk le ro tisc h en  
K ra n k e n , im  V ergleich zu  den n o rm alen  K on tro llp erso n en  eine h ö h e re  und  
lan g sam er ab fa llende A k tiv itä t .  Ä hn liche R e su lta te  e rh ie lten  a u c h  S e l l e r  
u n d  M ita rb . [24]. V erän d e rte  A k tiv itä ts k u rv e n  k o n n ten  n eu sten s  S a n d b e r g  
u n d  M ita rb . [25] bei D iabe tes m ellitu s, H a k k i l a  u n d  M ita rb . [26] bei k a r
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diale»- D ek o m p en sa tio n , Cr o f f o r d  u n d  M ita rb . [27], S i g l e r  u n d  R u b i n i  
[28], sow ie M e n g  [29] bei essen tie lle r H y p e rlip äm ie  reg istrie ren . M e t z  u n d  
M ita rb . [30] fan d en  bei B a n tu -N e g e rn , S c h w a r t z  u n d  L e w i t u s  [31] bei J u d e n  
je m e n isc h e r  A b stam m u n g  n ied rig ere  A k tiv itä ts k u rv e n  als bei den W eissen  
bzw . E u ro p ä e rn . D as V erfah ren  fan d  auch bei d e r  B ew ertu n g  der W irk u n g  
v o n  b lu tlip o id v e rm in d e rn d e n  M ed ikam en ten  eine A nw en d u n g  [32— 35].

D ie  Z ielsetzung  u n se re r  U n te rsu ch u n g en  w a r , neue  A ngaben  ü b e r  d ie  
A n w e n d b a rk e it d ieser M ethode  in  der D iag n o seste llu n g  der A thero sk le ro se  
zu  gew in n en .

M a te ria l und M ethodik

D ie  U n te rsu ch u n g en  e rfo lg ten  a n  3 K ra n k en g ru p p e n : In  die erste  G ruppe (10 F ä lle : 
8 M än n e r, 2 F ra u e n , L eb en sa lte r 55 — 73 Ja h re )  w urden  die P a tie n te n  gereih t, bei denen  a u f  
G ru n d  d e r  A nam nese, de r k lin isch en , L ab o ra to riu m s- u n d  E K G -B efunde  sicher A th e ro 
sk lerose  v o rlag . Säm tliche  d ieser P a t ie n te n  l it te n  an  sch w erer K oronarsk lerose , bei 8 K ra n k en  
w ar in  d e r  A nam nese sogar ein  M y o k a rd in fa rk t v o rzu fin d en . B ei den P a tie n ten  der zw eiten  
G ru p p e  (K o n tro llg ru p p e : 10 F ä lle : 6 M änner, 4 F rau en , A lte r  zw ischen 15 — 37 J a h re n )  w aren  
k e in e rle i S y m p to m e  der A th ero sk lero se  bzw . einer a n d e re n  m it L ipo idsto ffw echselstö rung  
v e r la u fe n d e n  E rk ra n k u n g  zu f in d e n . Z ur d ritte n  G ruppe  g e h ö r te n  die P a tie n ten  (4 M än n er, 
2 F ra u e n , 40 — 48 J a h re  a lt)  d ie zw ar a u f  G rund de r A n am n ese  (anginöse S chm erzen) a u f  
K o ro n a rsk le ro se  v e rd äc h tig  w a ren , a b e r  diese K ra n k h e it m it  d en  üblichen U n te rsu ch u n g s
m e th o d e n  n ic h t nachgew iesen w erd en  k o n n te . K ran k en  m it  R eso rp tio n sstö ru n g en  (G a llen 
b lase-, L eb e r- , M agen-, P a n k re as- , D a rm k ra n k h e ite n ) o d e r k a rd ia l  D ekom pensierte  e n th ie lt  
k e in e  d e r  G ru p p en , da  bei le tz te re n  info lge  der S tau u n g  die R e so rp tio n  unvollkom m en is t  [26].

U m  die Jo d a u fn ah m e  der S ch ild d rü se  zu hem m en, w u rd e  den  P a tie n te n  vo r de r U n te r 
su c h u n g  3 T ag e  lang  täg lich  3 x 5  T ro p fen  L ugol-L ösung v e ra b re ic h t . A m  T ag de r U n te rsu c h u n g  
e rh ie lte n  d ie  K ran k en  a u f  n ü c h te rn e n  M agen ein G em isch  v o n  0,5 m l/kg  K ö rp e rg ew ich t 
Speiseöl u n d  3 dl M ilch, das J 131-T rio lein-M onochlorid  v o n  50 — 80 ц С  A k tiv itä t  e n th ie lt .  
N ach  2, 4, 6, 8 u n d  24 S tu n d e n  w u rd e  v o n  den  P a tie n ten  je  15 m l B lu t in  ein H ep arin  e n th a l te n 
des R eag en zg la s  en tn o m m en , d as b is zu r B estim m ung im  K ü h lsc h ra n k  a u fb ew a h rt w u rd e . 
D ie P a t ie n te n  d u rften  z u e rs t n a c h  d e r 4 stünd igen  B lu te n tn a h m e  N ah ru n g  zu sich n e h m e n .

Z u r B lu tv o rb e re itu n g  w u rd e  m it einigen M o d ifik a tio n en  d ie v o n  B er e s  u n d  M ita rb . [8] 
em p fo h len e  M ethodik  an g ew en d e t. N ach  k rä ftig em  A u fsc h ü tte ln  w urden  aus den H ep arin  
e n th a l te n d e n  B lu tp ro b en  m it H ilfe  e ines m anuellen  P ip e tt ie ra p p a ra te s  fü r  die B e stim m u n g  
der A k t iv i tä t  des V ollb lu tes je  2 m l in  R eagenzgläser gem essen . Z ur Iso lierung  der L ip o p ro 
te in f r a k t io n  w u rd en  je  3 ml in  Z en trifu g en g läser p ip e t t ie r t  u n d  u n te r  stän d ig em  R ü h re n  
z u e rs t m it  5 m l 10% igem  K a liu m jo d id , d a n n  tropfenw eise  m it 4 m l 40% iger T rich lo ressigsäu re  
v e rse tz t .  M an lä ß t  das G em isch 30 M in u ten  lang  s teh en , r ü h r t  m it einem  G lasstab  u m  u n d  
z e n tr ifu g ie r t  10 M inuten  m it 5000 U m d reh u n g en  pro M inu te . D ie  S u p e rn a ta n s  w ird  v e rs c h ü tte t ,  
zum  N ied ersch lag  g ib t m an  u n te r  s tän d ig em  R ü h ren  6 m l 10%  iges K aliu m jo d id , sow ie 
tro p fen w e ise  2 m l 4 0 % ige  T rich loressigsäu re lösung , d a n n  w ird  aberm als  10 M in u ten  la n g  
z e n tr ifu g ie r t.  D as V erfah ren  w ird  so lange  w iederho lt, b is  d ie A k tiv itä t  der S u p e rn a ta n s  
b e tr ä g t  w en iger, als das l,5 fa ch e  d e r  H in te rg ru n d a k tiv i tä t .  D ie  A k tiv itä t  des a u f  diese W eise 
g e w o n n en en  P rä z ip ita ts  w ird  im  B o h rlo ck -K ris ta ll von 2 m l K a p a z i tä t  gem essen. Die A k t iv i tä t  
des V o llb lu te s  u n d  des T ric h lo re ss ig säu rep räz ip ita ts  w u rd e  a u f  das G esam tb lu tv o lu m en  
(7 ,7%  d es  K ö rp ergew ich tes) u m g ere ch n e t u n d  in  P ro zen ten  d e r  v e rab re ich ten  T r io le in a k tiv itä t  
a u sg e d rü c k t. D ie B erechnung  der V e rab re ich ten  Im p u lse  e rfo lg te  a u f  G rund  der Im p u lse  d e r  
a m  V e rsu c h s ta g  herg este llten  1 : 250 in  B enzin v e rd ü n n te n  L ö su n g  des J 131-T rio lein-Speise- 
ö lgem isches.

Ergebnisse

D ie R esu lta te  d er N o rm alen  und der A th e ro sk le ro tik e r  sind  in  A b b . 
1— 6 u n d  T ab . I  d a rg e s te llt .
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D ie 2- u n d  4 s tü n d ig en  W erte  d e r b e id en  G ru p p en  sind im  w esen tlich en  
ü b ere in stim m en d . D er D u rch sch n itt d er ó s tü n d ig e n  R esu lta te  ze ig t b e re its  
b ed eu ten d e  A bw eichung : Im  G egensatz  zu m  fa s t  u n v e rän d e rten  N iv e a u  der 
K o n tro llk u rv e  ze ig t die D u rc h sc h n ittsk u rv e  d e r  a th ero sk le ro tisch en  G ru p p e  
au sd rück liche  E rh ö h u n g . D ieser U n te rsch ied  zw ischen den zwei G ru p p en  
s t  bei den  8 s tü n d ig en  W erten  noch  s ig n if ik a n t. D ie 24stündigen  W e rte  n ä h e rn

%
75-.

_ О
74- ° о

Abb. 1. V o llb lu ta k tiv itä tsw e rte  u n d  D u rc h sc h n ittsk u rv e  norm aler P e rso n en

%

Abb. 2. T r ic h lo re ss ig säu re p räz ip ita t-A k tiv itä tsw e rte  u n d  D u rch sch n ittsk u rv e  n o rm a le r
P erso n en
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A b b . 3. V o llb lu ta k tiv itä tsw e r te  und D u rc h sc h n ittsk u rv e  der A th ero sk lero tik e r

A bb. 4 . T ric h lo re ss ig säu re p räz ip ita t-A k tiv itä tsw e rte  u n d  D u rch sch n ittsk u rv e  d e r  A th e ro 
sk lero tiker
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Abb. 5. V o llb lu t (VB)- u n d  T rich lo ress ig säu rep räz ip . (T E P )-D u rch sch n ittsk u rv e  bei N orm alen
u n d  A th e ro sk le ro tik e rn

Abb. 6. 2, 4, 6, 8 u n d  2 4 stü n d ig en  D u rc h sc h n ittsw erte  bei N orm alen  u n d  A th e ro sk le ro tik e rn . 
E rs te  Säule: G esunde P e rso n en , zw eite  Säule: A th e ro sk le ro tik e r. G anze S äu le: V o llb lu tw erte , 

sc h ra ff ie r te r  Teil: T ric h lo re ss ig säu re p räz ip ita t-A k tiv itä t
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sich  w ie d e r . W erden die D u rc h sc h n itte  der M ax im alw erte  verg lichen , so is t 
d ie  A b w eich u n g  zw ischen d e n  b e id en  G ru p p en  am  au genfä llig sten  (A bb . 7): 
W ä h re n d  d er D u rch sch n itt d e r  n o rm alen  M ax im alw erte  11,45 +; 2 ,25%  bzw . 
2 ,64  2 b  1 ,11%  b e trä g t, g e s ta l te n  sich die E rg eb n isse  d er A th e ro sk le ro tik e r: 
18,1 2 b 3 ,12%  bzw. 6,5 2 b 2 ,0 7 %  (p%  <  0,1 bzw . p %  <  0,1).

D ie  in  A bb. 8 u n d  9 d a rg e s te llte n  W erte  d e r  G ruppe I I I  (a u f A th e ro 
sk le ro se  ve rd äch tig e  P a tie n te n )  lagen  teils den  W e rte n  der K o n tro llg ru p p e , 
te ils  d e n  Ergebnissen d er a th e ro sk le ro tisc h en  G ru p p e  n äh er. In fo lge d ieser 
V e r te i lu n g  u n d  der geringen  Z a h l der Fälle , w u rd e n  keine D u rc h sc h n ittsw e rte  
b e re c h n e t .

%
70
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16

14

12
10

8

6

4

2

Abb. 7. D u rc h sc h n itte  d e r  M axim alw erte . B eze ich n u n g  s, Abb. 6.

Tabelle I

D urchschnitte und S tandarddeviationen
N r. Benennung

2 St 4 S t 6 S t 8 St 24 S t

I . N o rm a lb lu t 5,53 +  1,21 1 0 ,53+ 2 ,09 10,38 +  2,22 8 ,03+2,39 4,53+1,65

i l . B lu t  der 
A th e ro 
sk le ro tik e r 5 ,3 5 + 4 ,0 2 1 1 ,72+ 6 ,79 1 7 ,0 4 + 4 ,1 3 15 ,82+3,16 5,66 +  2,93

u i . N o rm . Trichlor- 
essigs. Präzip. 0 ,8 5 + 0 ,4 2 2,32 +  1,09 2 ,0 3 + 0 ,9 8 1 ,31+0,42 0 ,4 6 + 0 ,2 5

IV . T richloressigs. 
P rä z ip . bei 
A therosk lero- 
t ik e r n 1 ,0 4 + 0 ,8 6 2 .9 9 + 2 ,2 0 6,12 +  2,33 4,47 +  1,50 0 ,9 7 + 0 ,8 6

I — i l  p% > 8 0 > 6 0 < 0 ,1 < 0 ,1 > 3 0

I I I — IV . p% > 5 0 >  60 < 0 ,1 < 0 ,1 > 1 0

2, 4 , 6 , 8 u n d  24 stündige D u rc h sc h n ittsw e r te  des n o rm alen  u n d  a th e ro sk lero tisch en  B lu te s  
bzw . d e r  T rich lo ress igsäu rep räz ip . —  A k tiv itä t  im  P ro z e n ts a tz  des v e rab re ic h ten  J 131- 
T rio le in s  a u sg e d rü c k t [m it D a rs te llu n g  de r S ta n d a rd d e v ia tio n e n ] . D ie zwei u n te re n  Z eilen 
zeigen  d ie  S ign ifikanz  zw ischen d e m  n o rm a len  u n d  a th e ro sk le ro tisc h en  B lu t bzw . de r T r i 

ch lo re ss ig säu rep räz ip . — A k tiv itä t  in  p % .
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Abb. 8. Y o llb lu tw erte  bei P e rso n en  m it  A th erosk lerose-Y erdach t. O bere u n d  u n te re  S trichei 
lin ie  zeig t die D u rc h sc h n ittsk u rv e  vom  a th e ro sk lero tisch en  bzw . n o rm a le n  B lu t

%

Abb. 9. T ric h lo re ss ig säu re p räz ip ita tw erte  bei K ra n k e n  m it A th e ro sk le ro se -V erd ach t. S trichel
linie s. A bb. 8
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Besprechung

D ie  A nw endung des J 131-Trioleins b e d e u te te  e inen  w esen tlichen  F o r t 
s c h r i t t  in  der U n te rsu ch u n g  d es  F ettsto ffw echsels . O bw ohl nach  v a n  H a n d e l  
u n d  Z i l v e r s m i t h  [36, 37] d e r  physiologische S toffw echsel des T rio le in s 
d u rc h  d ie  M arkierung m o d if iz ie r t  w ird, h a lte n  d ie  m eis ten  V erfasser die 
M e th o d e  fü r  d iesbezügliche U n tersu ch u n g en  g ee ig n e t [38— 41]. W erd en  
je d o c h  eindeutige R e s u lta te  e rh a lte n , so is t die M e th o d ik  zu d iagnostischen  
V erg le ich su n te rsu ch u n g en  a u c h  in  dem  F a ll g ee ig n e t, w enn der e rw ä h n te  
V o rb e d a c h t von v a n  H a n d e l  u n d  Z i l v e r s m i t h  a k z e p tie r t  w ird .

D ie  J 131-T rio le in -M onoch lo rid  B indung is t  b e s tä n d ig  gegen pH -V er- 
ä n d e ru n g e n  von 1 bis 8, a ls  a u c h  gegen die W irk u n g  v o n  10% iger H C l, v o n  
M agen- u n d  D uodenalsaft b z w . P a n k re a tin  oder P e p s in  [42]. M ehr als 90%  
des v e ra b re ic h te n  J 131-T rio le in s  w ird  reso rb iert [8]. D ie im  V ollb lu t gefundene 
A k t iv i t ä t  w ird  teilweise d u rc h  das an  L ip opro te in  g eb u n d en e , teilw eise d u rch  
d as  w ä h re n d  der U tilisa tio n  fre igese tz te  a n o rg an isch e  J 131 geliefert. D a die 
F o rm e le m e n te  des B lu tes  a m  J 131 T ran sp o rt n ic h t  b e te ilig t sind , k ö n n en  
d ie  B estim m u n g en  au ch  im  P la sm a  d u rc h g e fü h rt w erd en  [41]. N ach  d er 
U n te rsu c h u n g e n  von B e r e s  u n d  M itarb . [8] e n th ä l t  d er T rich lo ressigsäure- 
p r ä z ip i t a t  ausschließlich o rg a n isc h  gebundenes, d ie  S u p e rn a ta n s  n u r  a n o rg a n i
sches J 131. A ußerdem  w u rd e  b ew iesen , daß  die R a d io a k t iv i tä t  des P rä z ip ita ts  
v o n  d e r  L ipo id frak tion  d e r  L ip o p ro te in e  s ta m m t. L a k s h m i n a r a y a n a  u n d  
M ita rb . [40] haben n ach g e w ie se n , daß sich das a n  T rio le in  gebunden  v e r
a b re ic h te  J 131 im  B lu t in  d e n  T rig lyzeriden b e f in d e t , d . h. die m a rk ie r te  
Ö lsä u re  w ird  als T rig ly ze rid  tra n s p o r t ie r t ,  u n d  d a s  J 131 w ird  w eder in  d ie  
C h o le s te rin e s te r  noch in  d a s  P h o spho lip id  e in g e b a u t.

U n se re  U n te rsu ch u n g se rg eb n isse  b e s tä tig e n  d ie  B eo b ach tu n g en  v o n  
L i k o f f  u n d  S e l l e r : D ie J 131-A k tiv i tä t  w ar im  V o llb lu t u n d  in  der T rich lo r- 
e s s ig sä u re fra k tio n  der A th e ro sk le ro tik e r  im  V e rh ä ltn is  zu den K on tro ll- 
w e r te n  s ig n ifik an t höher b zw . ve rzö g erte r. B e a c h tu n g sw e rt is t die B ew ertu n g  
d er d r i t t e n  G ruppe, wo d as  F e h le n  der au f A th e ro sk le ro se  w eisenden o b je k 
t iv e n  B e fu n d e  bei p o s itiv e r A n a m n e se  ein d iag n o stisch es  P rob lem  b e d e u te te . 
H in s ic h tl ic h  des A lters b i ld e n  diese P a tie n te n  e in en  Ü bergang  zw ischen  
d en  b e id e n  G ruppen. A us d e n  U n tersu ch u n g en  v o n  B e r k o w i t z  [43] g eh t 
je d o c h  h e rv o r , daß der V e r la u f  d e r A k tiv itä tsk u rv e  d u rch  das A lte r a lle in  
n ic h t b e e in f lu ß t w ird. D ie T a ts a c h e , daß die A k tiv i tä ts w e r te  teils den  N o rm a l
w e r te n , te ils  den W erten  d e r  A th e ro sk le ro tik e r n ah e lieg en , k an n  v ie lle ich t 
d a m it  e r k lä r t  w erden, d aß  e in  T e il der P a tie n te n  a n  einem  F rü h s ta d iu m  d e r  
A th e ro sk le ro se  leidet bzw . e in  K a n d id a t fü r A th e ro sk le ro se  sei. N a tü rlic h  
k ö n n te  d iese  Folgerung n u r  a u f  G rund von  U n te rsu c h u n g e n  an  g rö ß eren  
M a te r ia l u n d  längere B e o b a c h tu n g sz e it gestellt w e rd en .
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D ie U rsache  des U n te rsch ied es, d er zw ischen dem  J 131-T rio lein  S to ff
w echsel d e r A th e ro sk le ro tik e r u n d  d er g esu n d en  P ersonen  v o rlieg t, is t  h eu te  
n och  u n b e k a n n t. Es is t u n w ah rsch e in lich , d aß  die R eso rp tio n  v ersch ied en  
w äre , da  die K u rv en  in  den  e rs ten  v ie r  S tu n d e n  fa s t id en tisch  s in d . E s is t 
an zu n eh m en , das die E lim in a tio n  bzw . U tilisa tio n  der U ipoide v e rä n d e r t  
s in d . M e n g  [29], fe rn e r Cr o f f o r d  u n d  M ita rb . [27] bew iesen, d a ß  K ra n k e n  
m it essen tie ller H y p erlip äm ie  n u r  in  geringerem  M aße fäh ig  sin d , d ie  k o m p 
lexen  T rig lyzeride  in  eine, fü r  die G ew ebszellen nü tz lich e  F o rm  u m z u g e s ta lte n . 
A n n e h m b a r v e ru rsa c h t au ch  bei den A th e ro sk le ro tik e rn  ein ä h n lic h e r M echa
n ism us —  irgendeine  S tö ru n g  des L ipoidstoffw echsels —  die V erzögerung  
d e r E lim in a tio n . N ach  d er H y p o th ese  von  G e o r g  u n d  M ita rb . [44] b e s te h t 
die n ach  J 131-T rio le in -R eso rp tion  im  B lu t n achw eisbare  L ip o id a k tiv i tä t  aus 
2 F ra k tio n e n : E ine  sich lan g sam  e lim in ie rende  a lp h a -F ra k tio n  zu  u n g e fäh r 
5 % , u n d  eine sich  rasch  elim in ierende b e ta -F ra k tio n  zu e tw a  9 5 % . E s w ird  
angenom m en , d aß  im  B lu t der K ra n k e n  m it K o ro n aro k k lu sio n  u n d  H y p e r
lipäm ie  die sich  langsam  elim in ierende a lp h a -F ra k tio n  zu L a s te n  d e r  b e ta - 
F ra k tio n  zunehm en  w ürde .

D as abw eichende V erh a lten  der A k tiv itä tsk u rv e  von  A th e ro sk le ro tik e rn  
is t h eu te  eine noch  offene F rag e , deren  K lä ru n g  zur K en n tn is  d e r P a th o g en ese  
d e r E rk ra n k u n g  b e itrag en  w ürde.

*

D as T rio le in  w urde  von  H erren  D r. M. J a k i , D irek to r des F o rsc h u n g 
in s t i tu ts  der C hem ischer In d u s tr ie  fü r  P flan zen ö le , u n d  A b te ilu n g sle ite r  
In g . chem . J .  B e r é d i  h erg este llt. D ie M ark ie ru n g  v e rfe rtig te  H e rr  In g . ehern. 
E . V á n d o r , w issenschaftlicher M ita rb e ite r  d e r F a b rik  R e a n a l fü r  Fein- 
k em ik a lien . A n d ieser S telle sei ih n en  a llen  au frich tig  g e d a n k t.

D ie s ta tis tisc h e n  B erech n u n g en  w u rd en  vom  M ath em a tisch en  F o r
sc h u n g s in s titu t d er U ngarischen  A kadem ie  d e r W issenschaften  a u sg e fü h rt.
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Р Е З Ю М Е

ИЗМЕНЕНИЯ ЭКГ И КРОВООБРАЩЕНИЯ У БОЛЬНЫХ, СТРАДАЮЩИХ ПРО
ГРЕССИРУЮЩЕЙ МЫШЕЧНОЙ ДИСТРОФИЕЙ

Ф. ШОЛЬТИ, Э. ЗАДОРИ и Д Ь ,  Б Е К Е Н Ь

В связи с 22 больными, страдающими прогрессирующей мышечной дистрофией, 
исследовались изменения ЭКГ и кровообращения, наступающие при этой болезни. Пра
вильный диагноз был подтвержден, кроме клинических исследований, также биопсией 
мышц.

В отношении изменений кровообращения часто наблюдались низкий систолический 
объем и повышенное периферическое сопротивление. Часто было отмечено запаздывание 
механической систолы по сравнению с электрической систолой.

ЭКГ показала свыше чем в 4/5 части случаев патологические изменения, которые 
можно отнести в три основных группы.

Обсуждается механизм возникновения изменений ЭКГ и кровообращения.

РАССТРОЙСТВА ЭЛЕКТРОЛИТНОГО И ВОДНОГО ОБМЕНА, ВЫЗВАННЫЕ 
ОБЛУЧЕНИЕМ, С ОСОБЫМ УЧЕТОМ ИЗМЕНЕНИЙ КОЛИЧЕСТВА ИОНОВ 

ВО ВНЕКЛЕТОЧНОМ 11РОСТРАНСТВЕ

3. Ж Е Б Ё К ,  ДЬ. П ЕТРА Н Ь И  МЛ. и И. ВАХТЛ

Авторы дают краткий литературный обзор о расстройствах электролитного и вод
ного обмена живых существ, в частности млекопитающих, пораженных лучами. Иссле
довалось изменение содержания общего Na и К во внеклеточном пространстве при 3—5 
дневном эффекте, что бросает свет на скрытые изменения содержания ионов в организме. 
Зарегистрировались также изменения количества ионов, выделяемых мочой. Получен
ные экспериментальные данные обсуждаются в свете воззрения, формирующегося в на
стоящее время по этому вопросу.

ИЗМЕНЕНИЯ ЭКГ, СВЯЗАННЫЕ С ОПОЯСЫВАЮЩИМ ЛИШАЕМ

И. ПАШТИНСКИ и И. К Е Н Е Д И

Авторы при серийных исследованиях наблюдали изменения ЭКГ у 26 больных 
с опоясывающим лишаем, охватившим главным образом грудные сегменты. Изменения 
ЭКГ отмечались преимущественно у молодых мужчин (53,8%), причем изменения ухуд
шались или улучшались параллельно течению процесса опоясывающего лишая. В тяже
лых случаях заболевания опоясывающим лишаем, поражающим несколько сегментов, 
изменения ЭКГ наблюдались значительно чаще, чем в простых случаях. Обращается 
внимание на то, что при опоясывающем лишае может возникать патологический глубокий 
зубец У, который сохраняется без кардиальных симптомов. Изменения ЭКГ чаще всего 
отмечаются и случае опоясывающего лишая, поражающего сегменты IX-,.

Кардиальный эффект опоясывающего лишая (cardiopatliia zosterica) может 
возникать двумя способами: 1) вследствие нарушения симпатической иннервации, выз
ванного ганглионитом и 2) васкулярным путем,"вследствие пшерергнческого сосудистого 
заболевания пораженного сегмента, наподобие arteritis (Feyrter). Для последнего 
предположения в отношении сердца еще не имеются гистологических доказательств.



ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ ЭФФЕКТА СТРОФАНТИНА
НА ФУНКЦИЮ ПОЧЕЧК

Ф. Ш О ЛЬТИ , И. MAPTOH, Ю. Р Е В  и Р . ХЕРМАНН

Исследовалось действие строфантина на функцию почек и механизм этого действия 
на больных с нормальным кровообращением и с хронической сосудистой недостаточ
ностью и в опытах на собаках. Выло установлено, что при остром действии строфантина 
значительно повышается выделение воды и калия, и в меньшей мере — натрия. Указан
ный эффект наступает как у лиц с нормальным кровообращением, так и у больных с 
хронической недостаточностью кровообращения. Вызванное строфантином повышение 
выделения соли и воды основывается прежде всего на снижении канальцевой резорбции, 
H его нельзя отнести к изменению кровообращения. Уровень АДГ в сыворотке не пока
зывает достоверного изменения после дачи строфантина. При наркозе бантиналом выше
описанное действие строфантина на почки не наступает. Предварительная дача симпа- 
тико-адренолитического дибенамина или предварительная перерезка симпатических 
нервов, идущих к почкам, так-же предотвращают обусловленное строфантином повышение 
выделения соли и воды. Введение строфантина в голову, после полной изоляции ее от 
кровообращения туловища, вызывало типичное повышение выделения воды и соли.

По результатам опытов строфантин действует на почки прежде всего через цент
ральную нервную систему, н через симпатические нервные пути, идущие к почкам.

Л ЕЧ ЕН И Е АНТИКОАГУЛЯНТАМИ ТРОМБОЗОВ И ЭМБОЛИЙ АРТЕРИЙ
КОНЕЧНОСТЕЙ

К. Б У Г А Р - М Е С А Р О Ш  и Й. Ф О Н О

Авторы в 56 случаях тромбоза и в 40 случаях эмболии артерий конечностей при
меняли лечение антикоагулянтами, преимущественно препаратами кумарина. 20 боль
ных получили также гепарин внутриартериально, некоторые из них в начале лечения, 
внутривенно. В качестве контроля служило 22 больных с артериальным тромбозом и 
40 больных с эмболией.

В группе больных, леченных антикоагулянтами, терапевтический эффект был 
лучшим, чем в контрольной группе. Из 96 больных нервней группы у 70 отмечалось значи
тельное улучшение, у 13 — улучшение небольшой степени, у 7 - состояние не изменилось, 
в то время как у 6 больных отмечалось ухудшение состояния. Во второй группе из 62 
больных значительное улучшение отмечалось только у 13, умеренное улучшение у 28, 
состояние неизменилось у 3, а ухудшение зарегистрировано у 18 больных. Особенно 
выраженная разница наблюдается между двумя группами в случаях эмболии конеч
ностей в пределах 24 часов, так как у 18 больных группы, получившей антикоагулянты, 
ни в одном случае не пришлось провести ампутацию конечности, в то время как в 
контрольной группе среди 21 больного у 6 не удалось спасти конечность.

На основании благоприятных результатов лечения авторы считают, что в случаях 
артериальных тромбозов и в не поддающихся эмболэктомии случаях эмболий конечностей 

- при отсутствии противопоказаний лечение антикоагулянтами можно рассматривать 
вполне обоснованным.

ЭФФЕКТ ХЛОРПРОГ1 АМИДА НА ГЛИКОНЕОГЕНЕЗ В ПЕЧЕНИ

А. КАЛЬДОР и Г. ПОГАЧА

Авторы выявили, что наблюдаемое на препаратах при перфузии аланина и пиро- 
виноградной кислоты снижение отдачи сахара может быть предотвращено хлорпро- 
памидом. Подобное действие нельзя вызвать гликолом. В случае перфузии пировиноград- 
ной кислоты хлорпропамид задерживает также снижение уровня гликогена в печени.



ЭФФЕКТ КОКАРБОКСИЛАЗЫ НА МИНУТНЫЙ ОБЪЕМ ПРИ ОСТРОЙ 
ИНДУЦИРОВАННОЙ ГИПОКСИИ

3. НАДЬ и И. Ш К О Л Ь Н И К

В экспериментах на собаках повышение минутного объема, вызванное острой арте
риальной гипоксией, можно уменьшить кокарбоксилазой, несмотря на то, что степень 
артериальной десатурации совершенно не изменяется. При нормальной сатурации кисло
родом ТРР не оказывает никакого влияния на минутный объем.

ГУМОРАЛЬНОЕ РЕГУЛИРОВАНИЕ ТРОМБОЦИТОПОЭЗА

К. РАК

11одытоживаются наблюдения, имеющиеся относительно этого сывороточного фак
тора белковой природы, и излагается метод его выявления как и клинический материал, 
охватывающий 139 больных. В .мышином тесте вызывающее тромбоцитов свойство сы
воротки с наибольшей частотой можно выявить при полицитемии, гиперспленни и острой 
тромбоцитопении. При введении больным с тромбоцитопенией нормальная кровь иДн 
плазма также могут иметь тромбопоэтический эффект. Вкратце обсуждается вопрос воз
никновения этого фактора, его способа действия и патогенетическая роль. Можно уста
новить отклонения при сравнении с эритропоэтином.

ИЗМЕНЕНИЯ ЭЭГ, ВЫЗВАННЫЕ ЭЛЕКТРОШОКОВОЙ НАГРУЗКОЙ У ШИЗО
ФРЕНИКОВ

И. ХУСАК и К. ШОМОДЬИ

На основании электроэнцефалограмм, регистрированных у шизофреников и неши- 
зофреников в течение первичного лечения электрошоком можно установить ниже
следующее:

1) В контрольных случаях нормализация электроэнцефалограммы после шока 
наступала в пределах 10—15 мин.

2) У шизофреников для процесса нормализации требовалось 35—40 мин. и даже 
больше; у контрольных больных нормализация наступает крутой прямой линией.

3) На основании затяжности нормализации и интермиттнрующих возвратов можно 
заключить, что у шизофреников функциональная способность процессов обмена веществ 
головного мозга, поддерживающих функционирующие структуры, нарушена.

ИССЛЕДОВАНИЕ БОЛЬНЫХ АТЕРОСКЛЕРОЗОМ ПРИ ПОМОЩИ ТРИОЛЕНА,
МЕЧЕНОГО J 131

Г. ЕРДЕИ, Л. К Е Л Л Е Р  н И. БАЛАЖ

Авторы установили, что в цельной крови и в трихлоруксуснокислотном осадке 
крови больных атеросклерозом кривая активности введенного через рот трнолейн моно
хлорида, меченого ,ТШ, оказывается более затяжной и более высокой, чем у здоровых 
контрольных лиц. У больных с подозрением на коронарный склероз, у которых обычными 
клиническими методами исследования не удалось выявить изменений, величины актив
ности были отчасти близки к средним значениям контрольной группы, а отчасти к сред
ним данным группы атеросклеротиков. На основе литературных данных, как и получен
ных до сих пор собственных результатов, авторы придерживаются того мнения, что этот 
способ может оказать помощь при постановке раннего диагноза атеросклероза.
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MECHANISM OF THE “REGRESSION”
OF DIABETES INSIPIDUS AFTER PITUITARY 

STALK LESIONS IN RATS
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(R ece iv ed  A u g u s t 2, 1962)

T he w a te r  m etab o lism  of r a ts  h as b een  s tu d ie d  several weeks a f te r  th e  p i tu i ta ry  
s ta lk  h a d  been  d estro y ed  b y  m eans of th e  H o rs le y — Clarke a p p a ra tu s .

I t  has been found  th a t  on  an  o ra l lo ad  o f ta p  w a te r th e  po lyurie  re a c tio n  sy s te m 
a tic a lly  o bserved  a f te r  th e  o p e ra tio n  ceased  g ra d u a lly  in m ost o f th e  a n im a ls , and 
1 to  2 m o n th s  a f te r  o p e ra tio n  d iu res is d id  n o t exceed , or was on ly  s lig h tly  m o re  th a n  
th e  av erag e  fo r th e  n o n -o p e ra ted  co n tro l ra ts .  T h e  a d m in is tra tio n  o f e th a n o l  caused  
m o d era te , t h a t  o f physio logical sa line  o r co rtiso n e  in ten siv e  po lyuria . E x o g en o u s  c re a ti
n in e  c learance  was decreased , a n d  so w ere th e  spec ific  g rav ity  and  e le c tro ly te  c o n te n t 
o f  th e  u rin e . H ow ever, th e  cessatio n  of th e  d ia b e te s  insip idus-like c o n d itio n  w as only 
v ir tu a l ,  because  sp o n tan eo u s w a te r  in ta k e  w as still increased  several w eeks a f te r  o p e ra 
tio n . A n tid iu re tic  a c tiv ity  w as s ig n ifican tly  re d u ce d  in th e  h y p o th a la m u s  a n d  h a rd ly  
d e m o n s tra b le  in th e  n eu ro h y p o p h y sis . M orpholog ically , sign ifican t a tro p h y  a n d  th e  
d isa p p ea ran c e  of th e  n eu ro sec re to ry  m a te ria l  w ere observed.

T he ev idence o b ta in e d  in d ic a te s  t h a t  th e  p ro d u c tio n 'o f  a n tid iu re tic  h o rm o n e  is 
n o t  re su m ed  several w eeks a f te r  th e  d e s tru c tio n  of th e  p i tu i ta ry  s ta lk , a n d  th u s  th is 
h o rm o n e  h as no s ig n ifican t role to  p lay  in  th e  reg ress io n  of th e  p o ly u rie  re a c tio n . T he 
cessa tio n  of p o ly u ria  can  be tra c e d  b ack  f i r s t  o f  all to a d im in u tio n  o f g lo m e ru la r  
f i l t r a tio n ;  in v o lv em en t o f o th e r  fac to rs  c a n n o t be  ru led  ou t, e ith e r. T h e  c h an g es  in 
re n a l c ircu la tio n  m ay  re su lt p a r tly  fro m  th e  p itu ita ry -a d ren o c o rtic a l h y p o fu n c tio n  
cau sed  by  th e  d e s tru c tio n  of th e  s ta lk .

In  prev ious ex p erim en ts  concerned  w ith  th e  h y p o th a la m ic -h y p o p h y s ia l 
re la tio n s  o f w a te r  m etabo lism  [21] i t  w as found  th a t  in ra ts  w ith  s ta lk  lesion, 
o bv iously  as a re su lt o f dam age to  th e  tissu es  p roducing  the  a n tid iu re tic  h o r
m one, th e  o ra l ad m in is tra tio n  o f ta p  w a te r  w as followed b y  co n sid e rab le  
p o ly u ria . H ow ever, w hen w a te r loads w ere ap p lied  th ro u g h  lo n g er periods, 
d iu resis  g rad u a lly  d im in ished  a fte r  a few  w eeks in  m ost an im als a n d  one or 
tw o  m o n th s  a fte r  o p era tion  it  d id  n o t exceed , o r h a rd ly  exceeded, th e  m ean  
v a lu es  o b ta in ed  in  th e  n o n -o p era ted  co n tro l an im als. The re su lts  te n d  to  
in d ic a te  th a t  in  m ost o f th e  ra ts  d e s tru c tio n  o f th e  p itu ita ry  s ta lk  fa iled  to  
p ro d u ce  p ers is tin g  d iabetes insip idus.

O th e r a u th o rs , too , found  th a t  in  th e  r a t  operations a ro u n d  th e  h y p o 
p h y sia l a rea m ay  be followed by  a regression  o f d iab e tes  insip idus. F o r  ex am p le , 
i t  has been  show n b y  Ch e s t e r  J o n e s  [7] th a t  spon taneous w a te r in ta k e  was 
m ere ly  te m p o ra r ily  increased  in  som e o f th e  n eu ro h y p o p h y sec to m ized  ra ts . 
A l e x a n d e r  [1] lesioned th e  h y p o th a la m u s  in  sev era l hundred  ra ts  a n d  o b se rv 
ed  th a t  th e  p o ly u ria  follow ing o p e ra tio n  w as n o t alw ays p e rm a n e n t; ch ron ic

1 A cta Medica X IX /2.
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d ia b e te s  in sip idus d ev e lo p ed  in  m erely  o n e -th ird  o f  th e  anim als show ing  con
sid e rab le  p o lyu ria  d u rin g  th e  period im m e d ia te ly  follow ing opera tion . T h e re  
is am p le  evidence [4, 6 , 16, 17, 18] to  in d ic a te  t h a t  in  anim als su b je c te d  to  
to ta l  h y p o p h y se c to m y  tra n s i to ry  p o lyu ria , b u t  no  la s tin g  d iabetes insip idus* 
develops.

I n  th e  lig h t o f th e se  d a ta  i t  seem ed in te re s t in g  to  s tu d y  on th e  one h a n d  
th e  w a te r  m etab o lism  o f r a ts  sta lk-lesioned  sev e ra l weeks before b y  m e th o d s  
o th e r  th a n  th a t  in v o lv in g  ta p  w ater loads a n d  on  th e  o ther, to  in v e s tig a te  
w h a t m echan ism s m ig h t p la y  a role in  th e  reg re ss io n  of th e  po lyurie  re a c tio n  
o b se rv ab le  in  response to  o ra l ta p  w a te r a d m in is tra tio n  during  th e  p o s to p e ra 
tiv e  p e rio d .

In  th e  p resen t p a p e r  th e  resu lts  o b ta in e d  in  th e  above ex p erim en ts  a re  
d escrib ed .

M aterials and  m eth o d s

A lb ino  ra ts  of e ith e r  sex , fed  a t  m ixed d ie t a n d  w e ig h in g  140 to  220 g, w ere u sed . The- 
p i tu i t a r y  s ta lk  w as les io n ed  u n d e r  h e x o b arb ita l a n a e s th e s ia , b y  m eans of th e  H o rs ley — C lark e  
a p p a ra tu s .  W a te r  m e ta b o lism  w as con tro lled  severa l t im e s  a f te r  op eratio n . In  th e  e x p e rim e n ts  
to  b e  d esc rib ed  on ly  th o se  r a t s  w ere  used w hich show ed p o ly u r ia  in  response to  th e  o ra l a d m in 
is t r a t io n  o f ta p  w a te r  in  th e  p o s to p e ra tiv e  period , o r in  w h ic h  th e  po ly u ria  ceased one m o n th  
a f te r  d e s tro y in g  th e  s ta lk  a n d  d iu res is  no longer d iffe red  s ig n ific a n tly  from  th e  av erag e  fo r th e  
n o n -o p e ra te d  con tro ls. T h ese  tw o  c rite ria  w ere su p p le m e n te d  b y  a  th ird  one, viz. th e  h y p o th a 
la m ic -h y p o p h y s ia l sy s te m  o f th e  an im als w as s tu d ie d  h is to lo g ica lly , in  serial sec tio n s. O n ly  
th o se  an im a ls  w ere ta k e n  in to  con sid era tio n  as to  th e  c h an g es  in  w a te r  m etabo lism , in  w h ich  
th e  h y p o p h y s ia l  s ta lk  h a d  b een  destro y ed  in  i ts  e n tire  le n g th  (so-called to ta l  s ta lk  les io n ).

T h e  an im als n o t  m ee tin g  th e  above c rite ria , v iz . th o se  in  w hich th e  s ta lk  h a d  n o t  o r 
on ly  p a r t ia l ly  been  d a m a g ed  o r in  w hich no  d is tu rb a n c e  o f  w a te r  m etabo lism  h a d  d ev elo p ed  
a f te r  o p e ra tio n , w ere n o t  in c lu d e d  in  th e  ev a lu a tio n . ( I t  h a s  to  be  n o ted  th a t  to ta l  s ta lk  lesion  
in v a r ia b ly  re su lted  in  p o ly u ria .)  I n  a few ra ts  w ith  t o ta l  s ta lk  lesion  th e  d iab e tes  in s ip id u s -  
like  c o n d itio n  did n o t  cease  a f te r  2 or 3 m o n th s; th e s e  a n im a ls  con tinued  to  re sp o n d  w ith  
p o ly u ria  to  th e  o ral a d m in is tra t io n  of tap  w a ter. S ince o u r  a im  w as to  s tu d y  th e  reg re ss io n  o f  
d iab e te s  in sip id u s , th ese  a n im a ls , to o , w ere excluded  fro m  th e  evaluation .

T h e  tech n iq u e  o f w a te r  lo ad  and th e  d e ta ils  o f  th e  h isto log ical ex am in a tio n  o f th e  
h y p o th a la m ic -h y p o p h y s ia l  a re a , th e  localization  o f th e  les io n  a n d  d e te rm in a tio n  o f i ts  e x te n t  
in  o u r  p re v io u s  p ap ers  [15, 16, 17, 21] hav e  been d esc rib ed . T h e  d iu re tic  reac tio n  o f th e  a n i
m als w as e v a lu a te d  as a  “ su m m a tio n  u rin e  o u tp u t”  a f te r  th e  o ra l a d m in is tra tio n  o f 5 p e r  c e n t  
b o d y  w e ig h t o f ta p  w a te r . T h is  v a lu e  ind ica tes th e  in te n s i ty  o f  d iuresis and  is th e  a re a  u n d e r  
th e  su m m a tio n  po lygon  o f  th e  cu m u la tiv e  u rine  o u tp u ts  m easu red  a t  1-hour in te rv a ls  fo r 8 
h o u rs  m u ltip lie d  b y  th e  re c ip ro ca l o f th e  a m o u n t o f  w a te r  ad m in istered . T he spec im ens fo r  
h is to lo g ic  s tu d y  w ere o b ta in e d  in  th e  follow ing w ay . T h e  r a t s  w ere killed by  d e c a p ita tio n , th e  
h y p o th a la m u s  w as re m o v e d  to g e th e r  w ith  th e  p i tu i ta r y  ( th u s  i t  w as achieved t h a t  th e  s ta lk  
cou ld  b e  exam in ed  as a  w hole), f ix e d  in Susa’s so lu tion , e m b e d d ed  in p a raffin  and c u t  u p  se ria lly  
in to  12-m icron  th ic k  sec tio n s a t  100 m icron d is tan ces . T h e  sections cu t in  th e  f ro n ta l  p la n e  
w ere s ta in e d  w ith  h a em a to x y lin -e o sin , in  som e cases w i th  G om ori’s ch ro m e-a lu m -h aem a to x y - 
lin , G o m o ri’s a ld eh y d e-fu ch sin , a s  well as w ith  P a g e t-E c c le s to n ’s aldehyde th io n in e .

W e stu d ied  sev e ra l a sp e c ts  o f th e  w a te r  m e ta b o lism  o f ra ts  stalk-lesioned m o re  th a n  
one m o n th  earlier. Fo llow ing  th e  o ra l ad m in is tra tio n  o f t a p  w a te r  we de term ined  th e  e le c tro ly te  
a n d  c re a tin in e  ex cre tio n , th e  specific  g ra v ity  of th e  u r in e , th e  g lom eru lar f i lt ra tio n  r a te ,  sp o n 
ta n e o u s  w a te r  in ta k e , th e  h is to lo g y  of th e  h y p o th a la m u s  a n d  neurohypophysis, as w ell as th e  
a n tid iu re t ic  p rincip le  th e y  co n ta in ed . F ina lly , we m a d e  som e experim en ts to  in flu en ce  w a te r  
m e ta b o lism . T h e  re su lts  o b ta in e d  were com pared  w ith  th o se  y ie lded  b y  n o n -o p e ra ted  c o n tro ls , 
or, i f  i t  seem ed necessa ry , w ith  th o se  o b ta ined  in  r a ts  w ith  sta lk -lesions a few  d ay s b efo re  a n d  
b e in g  p o ly u rie .
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U rin a ry  excretion o f  sod ium , po ta ssiu m , chloride, and  crea tin ine

T h e  an im als h a d  b e e n  fa s te d  for 10 h r. befo re  th e  e x p e r im e n t, ta p  
w a te r  h a d  been allow ed a d  lib itu m . A t th e  b eg in n in g  o f  th e  e x p e rim e n t 
w a te r  w as w ithhe ld , th e  an im als  w ere p laced  one b y  one in to  cages 
su ita b le  fo r collecting  u r in e , a n d  w ere g iven  b y  s to m ach  tu b e  ta p  
w a te r  o r physio logical N aC l so lu tion , in  a m o u n ts  o f  5 p e r c e n t b o d y  
w eig h t. T h e  d u ra tio n  o f  th e  ex p erim en t w as 5 ho u rs . B y  th e  e n d  o f  th e  
5 th  h o u r  u*-ine vo lum e w as m easu red  w ith  0 .1  m l p recision , a n d  sam ples 
o f  u rin e  w ere te s ted  fo r N a , K , Cl an d  c rea tin in e  c o n c e n tra tio n . N a  a n d  К  
w ere d e te rm in ed  b y  f la m e  p h o to m e try , Cl b y  th e  m e th o d  o f  S c h a l e s  
a n d  S c h a l e s  [32], c re a tin in e  b y  th e  m e th o d  o f F o l in -W u  [1 1 ], as m o d i
fied  b y  B r o d  an d  S ir o t a  [5 ].

T h e  vo lum e o f u rin e  e x c re te d  in  5 h r . w as co m p u ted  fo r 100 g. b o d y  
w e ig h t. T h e  values o f so d iu m , p o tassiu m  a n d  ch loride a re  ex p re sse d  in  
m -E q ./ l . ,  as w ell as in  /г-Eq./lOO g. b o d y  w e ig h t. T h e  c re a tin in e  v a lu es  
a re  ex p ressed  in  m g. c re a tin in e  o u tp u t in  5 h r ., co m p u ted  for 100 g. b o d y  
w e ig h t. F in a lly  th e  ra tio  o f  sod ium  an d  p o ta ss iu m  (N a /К )  w as also  e s ti
m a te d . T h e  resu lts  w ere s ta t is t ic a l ly  an a ly sed  usin g  S tu d e n t’s t - t e s t .

T h e  resu lts  for e le c tro ly te  an d  c rea tin in e  ex cre tio n  are  p re se n te d  in  
Table I .  T he  average u rin e  o u tp u t  o f th e  ra ts  w ith  s ta lk  lesions g iven  ta p  w a te r  
d id  n o t su b s ta n tia lly  d iffer from  th a t  o f th e  n o n -o p e ra ted  con tro ls . H ow ever, 
as co m p ared  correspond ing  c o n tro l values, u r in a ry  N a, K , Cl c o n c e n tra tio n  
a n d  o u tp u t  w ere sig n ifican tly  low er. The N a/К  ra tio  d id  n o t change , w hereas 
c re a tin in e  excre tion  s lig h tly  decreased . In  Table I  th e re  are  d a ta  a lso  fo r  10 
ra ts  w h ich  h a d  been su b jec ted  to  s ta lk  lesion a few days earlier. T hese  an im als  
v o id ed  s ig n ifican tly  m ore u rin e . T he co n cen tra tio n s o f N a, К  an d  Cl dec reased , 
to ta l  e lec tro ly te  o u tp u t w as p ra c tic a lly  u n ch an g ed , crea tin in e  o u tp u t  w as 
s lig h tly  increased .

T h e  ra ts  sub jec ted  to  s ta lk  lesion severa l w eeks earlie r re sp o n d ed  to  th e  
o ra l a d m in is tra tio n  o f physio log ica l saline so lu tio n  w ith  m ark ed  p o ly u ria . 
T h e  v a lu es  are a lm ost id e n tic a l w ith , or s lig h tly  d iffe ren t from , th o se  fo r th e  
r a ts  s ta lk -lesioned  a few day s earlie r. U rine o u tp u t  increased  in  b o th  g roups, 
N a, К  a n d  Cl con cen tra tio n s d ecreased , К  an d  c rea tin in e  o u tp u ts  w ere  p r a c t i 
ca lly  u n ch an g ed , w hereas N a a n d  Cl excre tion  w as slig h tly  increased . C o m p ar
ison  o f th e  d a ta  for th e  ta p  w a te r - tre a te d  an im als w ith  tho se  for th e  p h y sio lo g 
ica l sa lin e -tre a ted  ones show s th a t  follow ing th e  a d m in is tra tio n  o f  sa lin e  th e  
o u tp u t  n o t  only  of Na a n d  Cl, b u t  also of К  increased . I t  is n o te w o rth y  t h a t  
th e  h y p e rp o ta ssu ria  developed  in  th e  sta lk -lesioned  an im als, to o . A cco rd in g  
to  th e  d a ta  o f  B r u n n e r  e t al. [6] an d  our ow n [16, 18] u rin a ry  К  c o n c e n tra 
tio n  does n o t increase in  h y p o p h y sec to m ized  ra ts  t r e a te d  ora lly  w ith  p h y sio lo g 
ica l N aC l so lu tion . T hus, o u r re su lts  suggest th a t  as fa r  as p o tassiu m  ex c re tio n

1
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Table I

Sodium , potassium , chloride and creatinine ou tpu ts fo llow ing  oral adm inistra tion  o f  tap

Group
Tim e afte r  
operation

Fluid
administered

N um ber
of

animals

Body
w eight

g

5 h r urine 
ou tpu t 

calculated 
for 100 g 

body weight
(ml)

Na

I. In ta c t — ta p  w ater 10 162.5
± 2 .3 *

4.9
± 0 .1

29.8
± 4 .4

I I . Stalk-lesions 6 — 8 d a y s ta p  w ater 10 191.5
± 7 .9

9.6
± 0 .6

15.2
± 1 .1

I I I . Stalk-lesions m ore th a n  
1 m o n th

ta p  w ater 10 182.5
± 5 .0

4.7
± 0 .2

13.5
± 2 .0

IV . I n ta c t — phys. NaCl 10 176.0
± 2 .7

3.9
± 0 .2

151.9
± 4 .5

V . Stalk-lesions 6 — 8 d ay s phys. NaCl 10 208.0
± 9 .9

10.9
± 0 .5

70.4
± 6 .7

V I. Stalk-lesions m ore th a n  
1 m o n th

phys. NaCl 10 186.0
± 4 .6

9.9
± 0 .7

82.1
± 8 .5

* S tan d ard  error. I / I I . p « 0 .0 0 1 0.02>p>0.01

I / I I I . p>0.05 p<0.01

I/IV . p<0.01 p « 0 .0 0 1

I I / I I I . p<0.001 p>0.05

P robability : II/V . p>0.05 p « 0 .0 0 1

III/IV . p)0 .05 p « 0 .0 0 1

IV /V . p « 0 .0 0 1 p<0.001

IV /V I. p<0.001 p « 0 .0 0 1

V /V I. p>0.05 p)0 .05

is concerned , s ta lk -le s io n ed  anim als re a c t lik e  th e  in ta c t  ones, an d  n o t like 
h y p o p h y sec to m ized  ones.

S p ec ific  gravity o f  the urine

T he specific g ra v ity  o f  u rine  was d e te rm in e d  b y  th e  p y k n o m e tric  m eth o d  
o f G a l  e t al. [12], s im u lta n e o u s ly  w ith  u rin e  o u tp u t  5 hours a fte r  th e  anim als 
h a d  been  given 5 p e r c e n t b o d y  w eight of ta p  w a te r  or physio logical saline by 
m o u th . The resu lts a re  sh o w n  in Fig. 1. T h e  r a ts  loaded  w ith  physio logical 
sa lin e  voided less u rin e  o f  h ig h er specific g ra v ity  th a n  d id  th e  in ta c t  anim als 
a f te r  w a te r loading. A few  d ay s a fte r lesion ing  th e  p itu ita ry  s ta lk  b o th  groups 
v o id e d  am ple am o u n ts  o f  u r in e  of lower specific  g ra v ity . T here  w as no m arked  
d iffe rence  in  specific g r a v i ty  of th e  u rin e  b e tw een  in ta c t  an d  hy p o p h y sia l
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water and physiological N a d  solution, in  intact rats a n d  rats w ith stalk lesions

Concentration
(mEq/l)

5 hr. output, calculated for 100 g body weight 
(/xErj/1/100 g body weight)

Na/К  ratio

5 hr. creatinine 
o u tp u t 

calculated 
for 100 g 

body w eight
(me)К Cl Na К Cl

14.8 32.6 148.1 69.4 163.8 2.1 0.44
± 2 .3 ± 5 .5 ± 2 2 .5 ± 1 1 .2 ± 2 7 .6 ± 0 .2 ± 0 .0 3

7.0 16.5 145.3 66.0 155.5 2.2 0.54
± 0 .4 ± 2 .1 ± 1 8 .7 ±  4.6 ± 2 2 .0 ± 0 .2 ± 0 .0 6

6.7 10.5 62.0 31.9 47.9 1.8 0.34
± 0 .5 ± 1 .3 ±  8.8 ±  3.2 ±  5.4 ± 0 .3 ± 0 .0 4

27.2 184.2 585.6 105.4 702.9 4.9 0.48
± 2 .2 ± 5 .6 ± 3 3 .5 ±  6.5 ± 3 3 .8 ± 0 .5 ± 0 .0 8

11.7 79.6 723.7 122.8 839.1 6.3 0.56
± 1 .4 ± 5 .7 ± 5 6 .0 ± 1 2 .4 ± 5 2 .1 ± 0 .5 ± 0 .0 8

11.4 87.4 758.4 110.1 874.4 7.8 0.47
± 1 .2 ± 5 .8 ± 3 0 .5 ± 1 3 .2 ± 5 1 .8 ± 0 .9 ± 0 .0 6

p<0.01 0.02>p>0.01 p>0.05 p)0 .05 p )0 .0 5 p>0.05 p>0.05

p<0.01 p<0.001 p<0.01 p<0.01 p<0.001 p>0.05 p>0.05

p<0.01 p « 0 .0 0 1 p « 0 .0 0 1 0.02>p>0.01 p « 0 .0 0 1 p<0.001 p>0.05

p>0.05 0.05>p>0.02 p<0.001 p<0.001 p<0.001 p)0 .05 0.02>p>0.01

p<0.01 p « 0 .0 0 1 p « 0 .0 0 1 p<0.001 p « 0 .0 0 1 p<0.001 p )0 .0 5

p « 0 .0 0 1 p « 0 .0 0 1 p « 0 .0 0 1 p « 0 .0 0 1 p « 0 .0 0 1 p<0.001 p>0.05

p<0.001 p<0.001 0.05>p>0.02 p>0.05 0.05>p>0.02 p)0 .05 p )0 .0 5

p<0.001 p<0.01 p<0.01 p>0.05 0.02>p>0.01 0.02>p>0.01 p )0 .0 5

p)0 .05 p>0.05 p>0.05 p)0 .05 p )0 .0 5 p>0.05 p)0 .0 5

stalk -lesioned  r a ts  a f te r  th e  w a te r  load . T h is  w as n o t su rp ris in g , since th e  
n on -opera ted  an im als  h ad  also been  t r e a te d  w ith  ta p  w a te r. T here  w as m ore 
difference b e tw een  th e  tw o g roups on t r e a tm e n t  w ith  physio logical saline. 
T he specific g ra v ity  o f the  u rine  w as low in  th e  g roup  su b jec ted  to  s ta lk -lesion  
several weeks ea rlie r  a fte r b o th  w a te r  a n d  sa line  load . U rine o u tp u t  b y  th e  
an im als t re a te d  w ith  ta p  w a te r  w as c o m p arab le  to  th a t  o f th e  n o n -o p e ra te d  
con tro ls, w h ereas  in  response to  saline, in te n s iv e  p o lyu ria  developed .

Glomerular fi l tra tio n  rate

G lom eru lar f iltra tio n  ra te  w as d e te rm in e d  b y  th e  exogenous c rea tin in e  
clearance m e th o d  o f L o t s p e i c h  [26]. R a ts  s ta lk -lesioned  several w eeks earlie r 
an d  in ta c t r a ts  w ere used. One g roup  o f th e  s ta lk -lesioned  an im als w as tre a te d
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G r o u p In ta c t H y p o p h y s ia l  6 ta lk - le s io n s

F lu id  a d m in is te r e d ta p  w a te r p h y s . N aC l ta p  w a te r p h y s . NaCl ta]) w a te r p h y s . NaCl

T im e  e la p s e d  
a f te r  o p e ra t io n

- - 6  to  14 d ay s 6  to  14 d avs
m o re  th a n  

o n e  m o n th
m o re  th a n  
o n e  m o n th

N u m b e r  o f  a n im a ls i6 i o 2 4 28 i6 и

B o d y  w e ig h t, g 1 9 0 -0 ± 3 -7 * 188-9 ± .1 2 8 187-5  ± 3 - 8 l8 0 - 7 ± 3 - 0 171 6 ± 5 1 1 8 2 - 3 ± 5 - 9

5  h r . u r in e  o u tp u t  

c a lc u la te d  fo r  10 0  g. 

bo d y  w e ig h t 

(m l)

4 -3  ± 0 1 2-2  ± 0 - 5 8 - 9 ± 0 - 5 9 -5  ± 0 - 3 4 -3  ± 0 - 4 8 - 4 ± 0 - 4

S p e c if ic  g ra v ity  
o f  u r in e

l(K W ± 0 -9 1018 ± 0 - 8 100 6  ± 0 - 5 1 0 0 9  ± 0 " 4 1 0 0 6 ± 1 -0 1 0 0 9  ± 0 - 5

* S ta n d ard  error.

Fig. 1. Specific g ra v ity  of u rine  in  in ta c t  r a ts  an d  ra ts  w ith  sta lk -lesions follow ing oral loading 
w ith  ta p  w a te r  an d  physio logical NaCl so lu tion
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w ith  su b cu tan eo u s  doses o f  co rtisone  (A dreson , O rganon , 10 m g /ra t)  o v e r 
4  days. T he re su lts  are show n in  Table I I .  O ur d a ta  in d ic a te  th a t  in  th is  series 
d iu resis  an d  exogenous c re a tin in e  clearance ra te  s ig n ifican tly  decreased  in  th e  
an im als  s ta lk -lesioned  sev era l w eeks before. T hese  ch an g es were abo lish ed  b y  
co rtiso n e  t r e a tm e n t;  in  th e  an im als  s ta lk -lesioned  sev era l weeks befo re  an d  
so tre a te d  m in u te  diuresis a n d  exogenous c re a tin in e  c learance  were co m p arab le  
w ith  th o se  fo r th e  n o n -o p e ra te d  anim als.

Table II

Exogenous creatinine clearance and m inute  d iuresis in  intact rats 
a n d  rats with stalk-lesions

Group
Time after 
operation

N um ber
of

animals

Body weight 
g

Exogeneous creatinine 
clearance 

ml/100 cm2/min

Urine o u tp u t 
ml/100 cm 2/m in

I .  In ta c t — i l 168.2 ±  8.9* 0.709 ±  0.076 0.030 ±  0.002

I I . S talk-lesions m ore th a n  
30 days

12 185.8 ±  5.7 0.438 ±  0.050 0.018 ±  0.002

I I I .  S talk-lesions +  
cortisone

m ore th a n  
30 days

7 152.1 ±  3.2 0.703 ±  0.078 0.028 ±  0.002

i / n p<0.01 p<0.001

P ro b ab ility : I /I I I p>0.05 p>0.05

II /I I I p<0.01 p<0.01

W ater consum ption

In  an  e ffo rt to  s tu d y  th e  n a tu re  o f th e  d is tu rb a n c e  o f w a te r m e tab o lism  
o bservab le  in  r a ts  s ta lk -le s io n ed  several w eeks ea rlie r, we h av e  e x a m in e d  
th e  24-hour spon tan eo u s w a te r  in tak e  by  n o n -o p e ra te d  con tro l ra ts , a n d  th e  
r a ts  s ta lk -lesioned  1 or 2 w eeks earlier an d  re sp o n d in g  w ith  p o ly u ria  to  o ra l 
w a te r  a d m in is tra tio n , co m p arin g  th e  resu lts  w ith  th o se  o b ta ined  for th e  ra ts  
s ta lk -les io n ed  severa l w eeks before. T he re su lts  a re  p resen ted  in  Table I I I .  
T h e y  in d ica te  th a t  1 or 2 w eeks a fte r th e  s ta lk  h a d  been  lesioned w a te r  con
su m p tio n  s ig n ifican tly  in c rea sed . H ow ever, w a te r  in ta k e  was in c reased  also 
in  th e  ra ts  s ta lk -lesioned  sev e ra l weeks before, a lth o u g h  such an im als no lo n g er 
developed  p o ly u ria  on th e  w a te r  load.

M orphology o f  the hypothalam us a n d  neurohypophysis

T he h y p o th a lam ic -n eu ro h y p o p h y s ia l sy s te m  o f th e  ra ts  s ta lk -les io n ed  
severa l w eeks earlie r show ed ch a rac te ris tic  m o rpho log ica l changes. T he changes 
found  in  th e  ad en o h y p o p h y sis  an d  th e  pars  in te rm e d ia  are  n o t d iscussed  here .
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Table II I

Spontaneous 24-hour water intake by intact rats and rats with stalk-lesions

Group Tim e after 
operation

Number
of

animals
Body w eight 

g

Spontaneous w ater in tak e  in  24 hours

ml ml/100 g body weight

I .  I n ta c t — 10 194.5 ±  6.0* 25.5 ±  1.7 13.4 ±  0.6

I I .  S talk-lesions 6 — 14 days 10 208.5 ±  12.1 212.4 ±  14.6 101.1 ±  3.5

I I I .  S talk-lesions m ore th a n
1 m o n th 10 199.5 ±  6.3 179.1 ±  11.8 89.9 ±  5.1

I/II p « 0 . 0 0 1 p « 0 . 0 0 1

P ro b ab ility : I / I I I p « 0 . 0 0 1 p « 0 . 0 0 1

I I / I I I p )  0.05 p)> 0.05

* S ta n d ard  error.

A s to  th e  h y p o th a lam u s, we shall only  d ea l w ith  changes in  th e  su p ra o p tic  
n u c le u s , as well as in  th e  m agnoce llu la r p o r tio n  of th e  p a ra v e n tr ic u la r  nucleus. 
N o q u a n ti ta t iv e  h isto lo g ica l m ethods (co u n tin g  o f ganglionic cells, k a ry o m e try )  
w ere  ap p lied  b u t i t  seem ed  as if  th e  n u m b e r o f  ganglionic cells w as low er th a n  
n o rm a l an d  th e ir  size sm a lle r  th a n  in  th e  in ta c t  an im als. T he n e u ro h y p o p h y s is  
sh o w ed  m arked  a tro p h y , its  size w as s ig n ifican tly  d im in ished . B eside  th e  
a t r o p h y  o f the  h y p o th a la m u s  and  n eu ro h y p o p h y sis  i t  was m o st consp icuous 
t h a t  th e  n eu ro secre to ry  m a te r ia l  h a d  a lm o st com pletely  d isa p p e a re d . In  th e  
m ag n o ce llu la r  nuclei o f  th e  a n te rio r  h y p o th a la m u s , as well as in  th e  neuro- 
h y p o p h y s is  th ere  w ere som e occasional m in u te  granu les w hich to o k  th e  sta in s  
a p jd ie d . T he lesioned h y p o p h y s ia l s ta lk  show ed  no signs of re g e n e ra tio n ; no 
пелс p o s te rio r  p itu ita ry - lik e  s tru c tu re  developed .

A n tid iu re tic  p rin c ip le  content o f  the hypothalam us and neurohypophysis

T h is  was d e te rm in ed  as a lread y  d esc rib ed  [15, 20]. T he an im a ls  w ere 
k ille d  b y  d ecap ita tio n  a n d  ex san g u in a tio n . T he h y p o th a lam ic  ( to ta l  h y p o 
th a la m u s )  and  n e u ro h y p o p h y s ia l e x tra c ts  p re p a re d  w ith  physio lo g ica l NaCl 
so lu tio n  w ere in jec ted  in tra p e rito n e a lly  in to  in ta c t  and  p rev io u sly  w ater- 
lo a d e d  ra ts , draw ing conclusions as to  th e  a n tid iu re tic  p rinc ip le  c o n te n t  from  
th e  in te n s i ty  of th e  in h ib itio n  o f d iuresis. T h e  res id ts  of th is  e x p e rim e n t are 
sh o w n  in  Fig. 2. I t  can  be  seen th a t  th e  n eu ro h y p o p h y sis  an d  h y p o th a la m u s  
o f  th e  in ta c t  ra ts  c o n ta in  considerab le  a m o u n ts  o f th e  a n tid iu re tic  p rin c ip le . 
T h e  n eu ro h y p o p h y sis  o f  th e  ra ts  s ta lk -le s io n ed  several weeks e a r lie r  show s 
a lm o s t no , or very  slig h t a n tid iu re tic  a c tiv ity . T he sam e applies to  th e  h y p o 
th a la m u s  o f the  an im als sta lk -lesioned  sev e ra l w eeks befo rehand .



8 0  -

7 0 -

6 0 -

~  54 ) -

Ï  4 0  -

• t  3 -0  -

!  2 0  -  
<

1 0 -

+
•

•  •

•
# •  

•  •

•

•

•  •

•

•  •  •

•
•

•

•
•

# .

* .  •

•

•  •

• 
• 

•

•

•

•

•  •  

•

•
•  •  

•

•
•  •  •  

• •  •
о  -  

1 0  -  

2 4 ) -

•  •

• • •
•

•
•

T r e a tm e n t
F ro n ta l

H y p o th a la m u s  o f Hypothalamus of rat* N e u ro h v p o p h y s is  ot N e и ro ll Vl>oplivsis o f

a p p l ie d P liy s . c o n t r o l  ra ts . with-talk lesions c o n tr o l  ra ts ra ts  w ith «talk lesions

to  r e c ip ie n t Mat'd 5*fold 10 -fo ld 5 -fo ld 10 -fo ld 5 -fo ld 10-fo ld 5 -fo ld 10-fo ld

a n im a ls « d i lu t io n d i lu t io n d i lu t io n d i lu t io n d i lu t io n d i lu t io n d i lu t io n d i lu t io n

M ean 0 1 8 ± 0 -2 1 * 0 -50± 0-22 7-08 ± 0 -3 9 5-22± 0-42 2-30± 0-35 l)-97±0-53 4-90±0\3T> f-33± 0-36 0 0 1 ± 0 -3 1 0 -2 2 Í0 -6 4

* standard  e r ro r

F ig . 2. A n tid iu re tic  a c tiv ity  of h y p o th a la m u s an d  neu ro h y p o p h y sis o f in ta c t  r a ts  and  ra ts  
w ith  sta lk -lesions m ore th a n  1 m o n th  earlier

M
E

C
H

A
N

ISM
 O

F
 T

H
E

 “R
E

G
R

E
S

S
IO

N
" O

F D
IA

B
E

T
E

S
 IN

SIP
ID

U
S



1 0 4 К . KOVÁCS, М. A. DÁVID and F .A. LÁSZLÓ

E ffe c t o f  cortisone, p h ysio log ica l saline a n d  ethanol on the sum m ation  
urine ou tput o f  ra ts  stalk-lesioned several weeks before

A s previous in v e s tig a tio n s  h ad  in d ic a te d  t h a t  in  m ost s ta lk -le s io n ed  
a n im a ls  oral ta p  w a te r  a d m in is tra tio n  led to  p o ly u ria  only  fo r a tim e  a f te r  
o p e ra t io n , and  after th e  la p se  o f  1 or 2 m o n th s d iu re s is  re tu rn e d  to  th e  n o rm a l 
le v e l, i t  seem ed in te re s tin g  to  exam ine th e  in flu e n c e  ex e rted  b y  d iffe ren t su b 
s ta n c e s  on the  w ater m e ta b o lism  of ra ts  s ta lk -le s io n ed  several weeks be fo reh an d . 
O n e  g ro u p  of such ra ts  w as g iv e n  5 per cent b o d y  w e ig h t o f ta p  w a te r  b y  m o u th  
a n d  t r e a tm e n t  for 2 or 3 d a y s  w ith  daily doses o f  10 m g /ra t o f co rtisone  (A dre- 
so n , O rganon) su b cu tan eo u s ly . A  second an d  a th i r d  g roup  w as g iven  5 p er cen t 
b o d y  w e ig h t o f p h ysio log ica l N aC l solution o r 5 p e r  cen t e th an o l, in s te a d  o f  
t a p  w a te r . The ra ts  w ere p la c e d  one by one in to  m e tab o lic  cages, u rin e  o u tp u t  
w a s  m easu red  every h o u r  fo r  8 hours, and th e  u r in e  ex cre ted  w as e v a lu a te d  
as “ su m m a tio n  urine o u tp u t” . T he results are  p re se n te d  in  Table I V .  T he  d a ta  
th e r e in  in d ica te  th a t  th e  su m m a tio n  urine o u tp u t  o f  th e  ra ts  s ta lk -le s io n ed  
s e v e ra l weeks earlier d id  n o t  d iffe r sign ifican tly  fro m  th a t  o f th e  n o n -o p era ted  
c o n tro ls  in  th e  case o f o ra l t a p  w a te r tre a tm e n t. O n  th e  o th e r h a n d , t r e a tm e n t 
w ith  co rtisone  and th e  o ra l a d m in is tra tio n  o f  physio log ica l N aC l so lu tio n  
r e s u l te d  in  significant p o ly u r ia , and  the oral a d m in is tra tio n  o f e th a n o l caused  
m o d e ra te  polyuria.

Table IV

E ffect o f  cortisone, physio log ica l NaCl solution and  ethanol on the sum m ation  
u rin e  output o f  intact ra ts a n d  rats with stalk-lesions more than 1 month earlier

G roup
Fluid

administered T re a tm e n t
Number

of
animals

Body w eight 
g

Summation 
urine ou tpu t P robability

I .  I n t a c t tap
w ater

— 10 185.0 ±  7.5* 6.34 ±  0.22 I / I I  p<0.01 
l / I I I  p<0.001

I I .  I n ta c t tap c o rtiso n e 10 167.0 ±  3.1 7.67 ±  0.27 I/IV  p<0.001
w a te r

I I I .  I n ta c t phys. — 10 208.5 ±  7.7 3.13 ±  0.36 V /V Í p<0.001
NaCl V /V II p<0.001

IV . I n ta c t e thanol --- 10 180.0 ±  5.5 8.20 ±  0.22 V /V III p<0.01 
I/V  p>0.05

У . S ta lk - tap — 10 194.0 ±  7.7 6.56 ±  0.37 II/V I p<0.01
les io n s w ater III /V II p<<0.001

V I. S ta lk - tap co rtiso n e 10 160.5 ±  4.9 9.64 ±  0.63 IV /V III p )0 .05
lesions w ater

V II . S ta lk - phys. — 10 185.0 ±  4.3 11.68 ±  0.87
lesions NaCl

V I I I .  S ta lk - ethanol — 10 180.0 ±  5.2 8.02 ±  0.29
lesions

* S tan d ard  error.
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D iscussion

T h e  resu lts  suggest t h a t  th e  d is tu rb an ce  o f  w a te r  m e tab o lism  w hich 
develops in  co n junc tion  w ith  th e  p i tu i ta ry  s ta lk  lesion undergoes a  g rad u a l 
a lte ra tio n . Follow ing o p e ra tio n  n am ely  (excep t for th e  in te rp h a se  o f  te m p o ra ry  
o lig u ria  beginning  on th e  th ird  d ay  an d  la s tin g  1 or 2 days) th e  an im als  
re sp o n d ed  w ith  m ark ed  p o ly u ria  to  th e  o ra l a d m in is tra tio n  o f  t a p  w a te r , 
w hereas th is  po lyurie  re a c tio n  w as no longer dem o n strab le  1 or 2 m o n th s  a fte r  
o p e ra tio n , w hen d iuresis d id  n o t exceed o r on ly  slig h tly  exceeded  th e  av e rag e  
fo r th e  n on -opera ted  co n tro ls  in  th e  m a jo rity  o f th e  an im als, so th a t  one  m igh t 
feel te m p te d  to  claim  th a t  th e  d iab e tes  in sip idus-like  co n d itio n  h a d  ceased . 
H ow ever, th e  n o rm a liza tio n  o f w a te r  m e tab o lism  is on ly  v ir tu a l ,  because  
sp o n tan eo u s  w a te r  in ta k e  con tin u es to  be increased , an d  th e  specific  g ra v ity  
a n d  e lec tro ly te  c o n c e n tra tio n  o f th e  u rine  a re  low er th a n  norm al.

I t  was rem ark ab le  t h a t  th e  tw o m eth o d s o f p roven  va lu e  fo r  s tu d y in g  
w a te r  m etabo lism  (th e  d iu re tic  reac tio n  in  response to  th e  a d m in is tra t io n  of 
w a te r , an d  spon taneous w a te r  consum ption ) y ie lded  d iv e rg en t r e s u lts  in  th e  
r a ts  sta lk -lesioned  severa l w eeks earlie r; th e  an im als show ing a n o rm a l d iu re tic  
response  h ad  nam ely  p o ly d ip sia . S im ilar conclusions h av e  been  d ra w n  from  
p rev io u s experim en ts concerned  w ith  th e  w a te r  m etabo lism  o f h y p o p h y sec to m - 
ized  ra ts  [16]; these  an im als  show ed excessive an tid iu resis  in  re sp o n se  to  an  
o ra l w a te r  load , w hile sp o n tan eo u s  w a te r  in ta k e  d id  n o t d ecrease. I t  seem s 
th e re fo re  th a t  th e  changes in  th e  d iu re tic  reac tio n  in  response to  a n  o ra l w a te r  
lo ad  a n d  those o f sp o n tan eo u s  w a te r  ingestio n  are  in fluenced  b y  d iffe ren t 
m echan ism s, and  th e  e x a m in a tio n  o f one p a ra m e te r  m ig h t show  a p a th o lo g ica l 
sh if t w hen  th e  o th e r  y ields n o rm a l re su lts . T his po in ts  to  th e  f a c t  t h a t  no 
re liab le  conclusions co ncern ing  w a te r  m e tab o lism  should  be d ra w n  on  th e  
basis  o f resu lts  o b ta in ed  b y  one single m e th o d  o f assay .

T he question  arises, w h a t fac to rs ta k e  p a r t  in  th e  p ro d u c tio n  o f  th e  
changes in  w a te r m e tab o lism  follow ing s ta lk  lesion. I t  is h a rd ly  q u es tio n ab le  
th a t  th e  d iabetes in sip idus-like  cond ition  develop ing  sh o rtly  a f te r  o p e ra tio n  
can  be exp lained  b y  a d efic iency  o f a n tid iu re tic  ho rm one; i t  is u n c le a r , how ever, 
w h y  th e  ch a rac te ris tic  p o ly u rie  response d isap p ears  1 o r 2 m o n th s  la te r .

T he f irs t possib ility  is th a t  several w eeks a fte r  th e  s ta lk -le s io n  A D H  
p ro d u c tio n  is resum ed  a n d  th is  w ould be responsib le  for th e  a p p a re n t  n o rm a
liz a tio n  of w a te r m e tab o lism . T he basis fo r th is  hyp o th esis  has b e e n  supp lied  
b y  th e  investig a tio n s o f  S t u t in s k y  [33, 3 4 ], B il l e n s t ie n  an d  L e v e q u e  [3], 
a n d  M o ll  [28, 2 9 ]. T hese a u th o rs  s tu d ied  seria l sections o f th e  h y p o th a la m u s  
a n d  h y p o p h y sia l s ta lk  from  an im als hy p o p h y sec to m ized  severa l w eeks earlier 
a n d  found  th a t  th e  b ro k e n  s ta lk  w as capab le  o f reg en era tio n  a n d  a new , 
neu rophy p o p h y sis-lik e  s tru c tu re  developed  in  th e  s tu m p . T hese m o rpho log ica l 
o b se rv a tio n s w ere su p p o rte d  b y  th e  re su lts  o b ta in ed  b y  L l o y d  e t a l. [24 , 25],
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as w ell as Mirsky e t a l. [27], w ho found a re -a p p e a ra n c e  of A D H  in  th e  b lood  
o f  an im a ls  after h y p o p h y se c to m y  perfo rm ed  se v e ra l w eeks earlier.

H ow ever, our in v e s tig a tio n s  ind icate  d e f in ite ly  th a t  no secre tion  o f a n ti
d iu re t ic  horm one can  b e  d em o n stra ted  sev e ra l w eeks a fte r  s ta lk  lesion and  
th u s  A D H  can p lay  no  ro le  in  th e  cessation  o f  th e  po lyu rie  reac tio n . T he ra ts  
s ta lk -le s io n ed  sev era l w eeks earlier con tin u ed  n a m e ly  to  excre te  u rine  o f low 
sp ec if ic  g rav ity  an d  low  e le c tro ly te  c o n ten t, th e  a n tid iu re tic  a c tiv ity  of th e ir  
h y p o th a la m u s  was v e ry  low  a n d  in  the  n eu ro h y p o p h y s is  a lm ost n il. T he claim  
t h a t  th e  p roduction  o f  A D H  w ould be re su m ed  sev era l w eeks a fte r  destro y in g  
th e  s ta lk  has no t b een  su p p o r te d  by  our m o rp h o lo g ica l find ings, e ith e r; we 
n a m e ly  found m ark ed  a tro p h y , a d isappearance  o f  th e  n eu ro sec re to ry  m a te ria l 
f ro m  th e  sup raop tic  a n d  p a ra v e n tr ic u la r  nucle i, s ta lk ,  neu ro h y p o p h y sis  sy stem , 
a n d  th e  s ta lk  show ed n o  s ig n  of regeneration . O u r p rev ious ex p erim en ts  [22], 
to o , y ie ld ed  evidence ru lin g  o u t th e  role in  th e  p rocess of A D H ; we h ad  found 
n a m e ly  th a t  ace ty lch o lin e , w h ich  liberates A D H , cau sed  only  a s ligh t in h ib itio n  
o f  d iu resis  in  sta lk -le s io n ed  ra ts .  F inally , we sh o u ld  m en tio n  th e  re su lts  o f th e  
e th a n o l  experim en ts. I t  is k n o w n  [8, 9, 10] t h a t  th e  a d m in is tra tio n  of e th an o l 
is fo llow ed  by  p o ly u ria , a n d  th e  increased d iu res is  is th o u g h t to  be due to  an 
in h ib i t io n  of A D H  p ro d u c tio n . The fact t h a t  fo llow ing  th e  a d m in is tra tio n  of 
e th a n o l  diuresis in c re a se d  also  in  the an im a ls  sta lk -les io n ed  severa l w eeks 
b e fo re h a n d  does n o t p ro v e  th e  role of A D H , b ecau se  e th an o l m ay  in fluence  
w a te r  m etabo lism  in  o th e r  w ays, too. I t  th e re fo re  seem s th a t ,  u n like  a f te r  
h y p o p h y se c to m y , a f te r  s ta lk  lesion it  is ju s t  th e  tis su es  capab le  o f reg en era tio n  
t h a t  a re  destroyed  a n d  th u s  i t  is im possible t h a t  A D H  p ro d u c tio n  be resum ed .

T h e  cessation  o f  th e  p o ly u rie  reaction  m a y  be  b ro u g h t in to  co rre la tio n  
f i r s t  o f  all w ith  th e  d ec rea se  o f  th e  g lom erular f i l t r a t io n  ra te . I t  is know n  from  
th e  in v es tig a tio n s  o f B e r l i n e r  and  D a v id s o n  [2 ] an d  o th e r au th o rs  [14] th a t  
in  d ia b e te s  insip idus th e  d ecrease  of the G F R  cau ses  a d im in u tio n  of po ly u ria . 
I n  p rev io u s  ex p erim en ts  117, 19] we, too , sh ow ed  th a t  in  ra ts  su ffering  from  
d ia b e te s  insipidus a n d  d e h y d ra te d  by  w a te r  d e p riv a tio n  p o ly u ria  ceases 
c o m p le te ly , and  m a y  tu r n  in to  oliguria if  h a e m o c o n c en tra tio n  increases an d  
th e  c ircu la tin g  b lood  v o lu m e  decreases to  a co n sid e rab le  e x te n t.

O u r in v estig a tio n s h a v e  n o t clarified th e  m ech an ism s responsib le  for th e  
d e c re a se  of G FR  fo llow ing  sta lk-lesion . F ro m  th is  p o in t of view  i t  is f ir s t  of 
a ll a h y p o fu n c tio n  o f th e  ad en o h y p o p h y sis , o f th e  A C T H -adrenocortica l sy stem  
t h a t  shou ld  be ta k e n  in to  considera tion . T h e re  is n am ely  a b o d y  o f evidence 
[4, 30 , 31] in d ica tin g  t h a t  h y p o p h y sec to m y  a n d  ad ren a lec to m y  re su lt in  a 
d im in u tio n  of g lo m eru la r f i l t r a t io n , and a fte r  s ta lk  lesion th e  p itu ita ry -a d re n a l 
a x is  show s h y p o fu n c tio n  [13]. W e, too, h a v e  ex am in ed  th e  ad ren o co rtica l 
f u n c t io n  of ra ts  severa l w eeks a fte r  s ta lk  lesion, b y  an a ly s in g  th e  co rticoste rone  
c o n te n t  o f ad renal v e n o u s  b lo o d ; such an im a ls  w ere found  to  secrete  less 
c o r tic o s te ro id  [19]. T h is  v iew  is fu rth e r su p p o r te d  b y  ou r o b se rv a tio n  th a t
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sev era l w eeks a fte r  s ta lk  lesion excessive p o ly u ria  could  be induced  b y  co rtiso n e  
a d m in is tra tio n  or th e  d iabetes in s ip id u s  m ade to  cease by  su b jec tin g  th e  a n i
m als to  b ila te ra l ad ren a lec to m y  [23].

H ow ever, th e  h y p o fu n c tio n  o f th e  p itu ita ry -a d re n o co rtic a l sy s te m  does 
n o t ex p la in  co m ple te ly  th e  d isap p earan ce  o f th e  po lyu rie  reac tio n . A f te r  s ta lk  
lesion ad ren a l a c tiv ity  is d im in ished  a few  d ay s  a fte r  opera tion  a lre a d y , y e t 
th e  p o lyu rie  re a c tio n  rem ains d e m o n s tra b le  fo r w eeks. A n o th e r a rg u m e n t 
a g a in s t th e  exclusive role of th e  p itu ita ry -a d re n o c o r tic a l sy stem  is th e  fac t 
t h a t  in  som e o f th e  an im als w ith  s ta lk  lesion th e  d iu re tic  response to  th e  oral 
a d m in is tra tio n  o f  ta p  w a te r is s till in creased  a f te r  th e  lapse o f sev e ra l w eeks, 
y e t in  th ese  an im als , too , p itu i ta ry -a d re n a l  fu n c tio n  is d im in ish ed . T hus, 
o th e r  m echan ism s (d im inu tion  o f c irc u la tin g  b lood  volum e? sh ifts  in  e le c tro 
ly te  m etab o lism ?) should  also be  ta k e n  in to  considera tion . F u r th e r  in v e s ti
g a tio n s are req u ired  to  decide th e  issue.
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ÜBER DIE VERZÖGERUNG DER VOLUMWELLEN 
DER VENENPULSKURVE

Von

G y . B o d r o g i  u n d  A . K o v á c s

H ER ZFÜ R SO R G ESTEL LE F Ü R  JU G E N D L IC H E  (VORSTAND: D R . GY. BODROGI), B U D A PEST 

(E in g eg an g en  am  6. A u g u s t 1962)

D ie  V enen p u lsk u rv e  b e s te h t  g rö ß ten te ils  a u s  V olum w ellen . Z ur F o r tp f la n z u n g  
der S tro m w elle  is t  eine gew isse Z e it no tw end ig . Ü b e r  d e n  vom  H erzen d is ta le r  lieg en d en  
V enen e rsch e in en  die S tro m w ellen  v e rsp ä te t,  w esh a lb  d ie einzelnen P u n k te  z u r  Z e it
b e s tim m u n g  ungeeignet sind . A m  geringsten  i s t  d ie  V erzö g eru n g  des v-G ipfels, w e n n  die 
A b n ah m este lle  de r B u lbus ju g u la r is  is t. D er a u fs te ig en d e  Schenkel der c-W elle, d ie  eine 
D ruckw elle  is t ,  e rsch e in t u n a b h ä n g ig  von  d e r E n tfe rn u n g  vom  H erzen , p ra k tis c h  zum  
g leichen  Z e itp u n k t. V om  B u lb u s  ju g u la ris  k a n n  d ie  V en en pu lskurve  m it  d e r  p h o to 
e lek trisch en  M ethode n u r  m it H ilfe  eines zw isch en g esch alten en  F äh n ch en s v e r fe r t ig t  
w erden . M it dem  von  u ns a n g ew a n d ten , a u f  K a p a z itä tsm e ssu n g  b e ru h en d en  V e rfah re n  
k a n n  m eis te n s  auch  v o m  B u lb u s  ein zuverlässiges M echanogram m  b e re i te t  u n d  die 
V e rsp ä tu n g  de r V olum w ellen  a u f  ein  M in im um  v e rm in d e r t  w erden.

Im  a llgem einen  w erden  d ie  einzelnen  W ellen  d er V en enpu lsku rve  au ch  
heu te  noch  als Z e its ig n a lp u n k te  b e tra c h te t ,  ob w o h l im  le tz ten  J a h rz e h n t  d er 
ze itreg is trie ren d e  W ert d er P h leb o g ram m e v ie l a n  B edeu tu n g  v e rlo ren  h a t .  
U nserer M einung  nach  sind  z u r  Z e itm a rk ie ru n g  fo lgende P u n k te  g ee ig n e t: 
U n te r U m stä n d e n  der B eg inn  d e r a-W elle, m a n c h m a l der B eginn  u n d  der 
Gipfel d er c-W elle. Diese sind  näm lich  F o lgen  d e r D ru ck v e rän d eru n g  u n d  da 
zur F o rtp f la n z u n g  der D ru ck v e rän d eru n g  e ig en tlich  keine Zeit n ö tig  is t ,  e n t
s tehen  diese P u n k te  p ra k tisc h  gleichzeitig  m it d en  E re ign issen , die sie auslö sen . 
Die ü b rigen  W ellen , die V olum w ellen  sind , ze igen  eine gewisse V e rsp ä tu n g . 
D as zeitliche  A u ftre te n  d er e n tsp rech en d en  P u n k te  der V olum w ellen is t  v e r
schieden je  n a c h  dem , an  w elcher Stelle des H a lses  die R eg istrie rung  e rfo lg t.

J a h re la n g  w urde der G ipfel d er v-W elle als Z e itp u n k t der M itra lö ffn u n g  
b e tra c h te t. D ieser Z u sam m en h an g  d ien te  zu r Id e n tif iz ie ru n g  des Ö ffn u n g sto n s, 
da m an a n n a h m , daß  säm tlich e , n ach  dem  2. T o n  erfo lgenden  u n d  g le ichze itig  
m it dem  v -G ipfel zu stan d e  k o m m en d en  T o n ersch e in u n g en  Ö ffnungstöne  sind , 
die am  ab ste ig en d en  Schenkel d e r v- bzw . y -W elle a u f tre te n d en  T o n e rsch e in u n 
gen dagegen  dem  3. T on en tsp rech en . D iese F e s ts te llu n g  is t u n rich tig , d a  die 
i>-Welle als V olum w elle b e trä c h tlic h e  V e rsp ä tu n g  aufw eisen k an n . L a g e r l ö f  
u n d  M ita rb . [4] s te llten  1948 die V e rw e n d b a rk e it des p-W ellengipfels zu r 
T o n id en tif ik a tio n  in  A brede. E s w urde nach g ew iesen , daß  die V e rsp ä tu n g  
zw ischen ti-G ipfel u n d  T rik u sp id a lö ffn u n g  so g a r 0 ,1 3 ”  ausm achen  k a n n , so 
daß  dieser e rh eb lich  verzö g erte  n-G ipfel eh er d en  3. Ton als den Ö ffn u n g sto n
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a n z e ig t .  D ie A uffassung, d a ß  jed e  m it dem  v-G ipfel synchrone T o n ersch e in u n g  
a ls  E rö ffn u n g s to n  b e t r a c h te t  w erden  soll, i s t  also g ru n d sä tz lich  u n ric h tig .

A l t m a n n  u n d  M ita rb . [2] b e re ite ten  1961 m it m ehreren  M e th o d en  P h le 
b o g ra m m e  synchron  m it V o rh o fk u rv en : A n d en  m it versch iedenen  M ethoden  
re g is t r ie r te n  K u rv en  ze ig ten  sich zeitlich  v ersch ied en e  V erzögerungen .

W ir  befassen u ns m it  d ieser F rag e  se it län g e re r  Zeit. Z ur R eg is tr ie ru n g  
des V enenpu lses v e rw en d en  w ir ein »D ilatom eter« , dessen V orteil d a r in  b e s teh t.

Grundsätzliches Schema des Dilatometers 

Oscillator \

A bb. 1. Schem atisches B ild  des A p p a ra te s

d a ß  d e r  R ezep to r m it d e r V enenw and  n ic h t in  R erü h ru n g  ko m m t. D as I n s t ru 
m e n t  b e ru h t  au f dem  b e k a n n te n  P rinz ip  d e r  K ap az itä tsm essu n g  u n d  is t  e ig en t
lic h  e in  M eßgerät zu r R estim m u n g  k le iner K a p a z itä te n  m it fo lgenden  R estan d - 
te i le n :  E le k tro d e  m it e tw a  0,5 m m 2 O b erfläch e , w elche in  e tw a 1— 5 m m  E n t
f e rn u n g  v o n  der K ö rp ero b erfläch e  lieg t, e in  T ran sis to r-O sz illa to r m it  5 M Hz- 
F re q u e n z , ein F re q u e n z d e te k to r  sowie ein A tte n u a to r . D er A p p a ra t  fu n k tio 
n ie r t  n a c h  dem  in A bb. 1. d a rg es te llten  S chem a. E in e  oberfläch liche V ene p ro 
d u z ie r t  d e r  H e rz tä tig k e it en tsp rech en d e  V o lu m v erän d eru n g en , d. h . P u lsa tio n . 
D u rc h  d ie  P u lsa tio n  w ird  d ie  E n tfe rn u n g  d  zw ischen der ü b e r d em  u n te r 
s u c h te n  P u n k t b e fin d lich en  E lek tro d e  E  u n d  d e r K ö rp ero b erfläch e  u m  A d 
v e r ä n d e r t .  Die E le k tro d e  u n d  der K ö rp er b ild en  einen K o n d e n sa to r , dessen 
K a p a z i t ä t  von  ih rem  gegenseitigen  A b s ta n d  ab h än g ig  is t. D ie A b s ta n d sä n d e 
r u n g  A  d  v e ru rsach t eine А c K a p a z itä tsv e rä n d e ru n g , die den S ch w in g u n g s
k re is  des m it der E le k tro d e  v e rb u n d en en  O sz illa to rs  v e rs tim m t. D er F re q u e n z 
d e te k to r  erzeug t eine d e r V e rstim m u n g  p ro p o rtio n a le  S p an n u n g , die du rch  
e in e n  A tte n u a to r  u n m itte lb a r  an  den  E k g -A p p a ra t geschalte t w e rd e n  k an n . 
E s  i s t  m a th e m a tisc h  n ach w e isb a r, d aß  w en n  d as  du rch  P u lsa tio n  v e ru rsa c h te  
A  d  im  V ergleich zu d g en ü g en d  klein  is t, d as  G e rä t eine den V o lu m v erän d e- 
ru n g e n  p ro p o rtio n a le  S p a n n u n g  ohne R e rü h ru n g  der u n te rsu c h te n  K ö rp e r
o b e rf lä c h e  erzeug t; le tz te re  w ürde  du rch  m echan ische  E in w irk u n g  d ie M eß
w e r te  verfä lschen .
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M ehrere ta u se n d  m it d iesem  A p p a ra t re g is tr ie r te  V en en p u lsk u rv en  w u r
d en  ü b e rp rü ft. W ir fan d en , d aß  d er G ipfel d e r v -W elle m eistens im  e rw a rte te n  
Z e itp u n k t e rsch e in t u n d  zu r Id e n tif ik a tio n  des Ö ffnungstons geeignet is t. 
Z iem lich h äu fig  w u rd e  jed o ch  eine h o ch g rad ig e  V erzögerung  b e o b a c h te t.

Um  zur L ösung  d er F rag e  n äh e r zu  k o m m en , w u rd en  200 V en en p u lsk u rv en  
von  K ran k en  m it M itra lfeh le r an a ly s ie rt; in  4 4 %  d e r F ä lle  w ar eine b e trä c h t
liche u-V erzögerung zu  b eo b ach ten  (A bb. 2 u n d  3). In te re ssan te rw eise  w a r die

^-V erspä tung  in  den  F ä llen  am  h äu fig sten , w en n  die R eg is trie ru n g  n ic h t am  
B u lb u s ju g u la ris , so n d e rn  an  einer ferner liegenden  zerv ika len  V ene v o rg en o m 
m en  w urde. W ar die A b n ahm este lle  das u n te r  d em  O h rläp p ch en  liegende G eb ie t, 
so w ar die u-V erzögerung  b e träch tlich . D a die V en en p u lsk u rv e  an fangs an  der 
am  d eu tlich s ten  p u ls ie ren d en  S telle re g is tr ie r t u n d  d e r A b s tan d  vom  H erzen  
n ic h t m a rk ie rt w u rd e , k o n n te  das ä ltere  M a te ria l von  d iesem  S ta n d p u n k t n ic h t 
b e a rb e ite t w erden . D am als  w urde  näm lich  n o ch  n ic h t d a m it g e rech n e t, d aß  
zw ischen den, an  v e rsch ied en en  H alsreg ionen  aufgenom m enen  P h leb o g ram 
m en , im  Z e itp u n k t des E rscheinens d er e inze lnen  W ellen b ed eu ten d e  U n te r 
sch iede b esteh en  k ö n n en . Die genaue M ark ie ru n g  d er A b n ah m este llen  erfo lg te  
e rs t nachdem  es e rk a n n t w urde , daß  die re tro g ra d e  D ru ck sch w ellen fo rtp flan 
zu n g  eine gewisse Z e it b ean sp ru ch t.

D ie V en en p u lsk u rv e  w urde  w om öglich v o m  B u lb u s ju g u la ris  au fg en o m 
m en , da h in sich tlich  d e r äu ß eren  M echanograph ie  diese Stelle re c h t h e rzn ah e  
lieg t. D a sich d er B u lb u s t ie f  zw ischen den  b e id en  S chenkeln  des M. sternocle ido- 
m asto id eu s b e fin d e t, k a n n  seine B ew egung m it d e r  W EBERschen M ethode n ich t

2 Acta Mcdica X IX /2.

Abb. 3. D er P feil zeigt die V erzögerung  de r r-W elle

A bb. 2. D er P feil zeigt d ie V erzö g eru n g  de r v-W elle
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re g is tr ie r t  w erden ; dies is t  n u r  m it e inem  zw ischengeschalte ten  F ä h n c h e n  
m ö g lich . D ies b e d e u te t jed o ch  u n se re r  M einung n ach  einen  E in g riff  in  die 
Y en en v o lu m b ew eg u n g en  u n d  v e ru rsa c h t w ahrschein lich  b e d e u te n d e  V erzer
ru n g . M it H ilfe der K a p a z itä tsb e s tim m u n g sm e th o d e  w aren  w ir je d o c h  h äu fig  
im s ta n d e , von  dieser S telle  die P u lsk u rv e  ab zu le iten , se lb st w enn k eine  V enen
b e w eg u n g  augensich tlich  w ar.

I n  56 von 200 F ä llen  e n ts ta n d  d er v -G ipfel im  V ergleich zum  2. H e rz to n  
zu m  e rw a rte te n  Z e itp u n k t. D ie R eg is tr ie ru n g  erfo lg te  in  sä m tlic h e n  F ä llen

Hais

A bb. 4 . O b en  2 zerv ikale  P h leb o g ram m e, u n te n  U n te ra rm p h le b o g ra m m . A m  H a ls :  Q - c -  
S tre ck e  0,13", Q—«-Strecke 0,50". A m  U n te ra rm  : Q —c-Strecke 0,14", Q —« -S trecke  0,62"

am  B u lb u s  ju g u la ris . I n  den  ü b rig en  F ä llen  b e s ta n d  eine V erzö g eru n g  der 
v-W elle. D ie größte  p -V ersp ä tu n g  w a r bei den  A ufnahm en  s ic h tb a r , b e i denen  
die A b n ah m este lle  u n te r  dem  O h rläp p ch en , k ra n ia l vom  B u lbus lag .

I n  3 F ällen  w urde  an  d e r lin k en  S ch u lte r  V enenbew egung b e o b a c h te t. 
D ie v o m  B ulbus ju g u la ris  u n d  von  d ieser V ene v e rfe rtig te n  A u fn ah m en  erga
b en  fo lgende W erte :

I .  Cs. 45/61: Q— «-Strecke a n  d e r ze rv ik a len  V ene 0 ,50” , an  de r P e r ip h e rie  0,62” . 
Q— c-S treck e  an  der ze rv ik a len  V ene 0 ,1 3 " , a n  de r P e rip h erie  0 ,1 4 " (A bb. 4).

I .  G. 30/61: Q— «-Strecke ü b e r  dem  B u lb u s  ju g u la r is  0,42” , an  de r P e r ip h e rie  0 ,48" 
(A b b . 5).

l n  e inem  d r itte n  F a ll (B . P . 106/62) w ar am  p e rip h e ren  P h leb o g ram m  ebenfa lls  w esen t
liche  V erzö g eru n g  zu b e o b ach ten .

D iese 3 Fälle  sp rech en  d a fü r, d aß  die p-W elle als S trom w elle  sich  lan g sam  
fo r tp f la n z t  und  an  d er P e rip h e rie  m it m e ß b a re r  V ersp ä tu n g  e rsch e in t. D ie
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Ha/s

3 3 9 /6 2

A bb . 5. Oben B u lb u sp h leb o g ram m , u n te n  P h leb o g ram m  des p e rip h e ren ’ H a ls  telles. Q —v- 
S tre ck e  am  B u lb u s 0,42", an  de r P e rip h e rie  0,48"

c-W elle dagegen, d ie eine D ruckw elle is t, e rsc h e in t g leichzeitig  sow ohl an  d er 
P e rip h erie  als au c h  a n  der ze rv ik a len  Vene.

B esprechung

A m  P h leb o g ram m  w ird a u ß e r  der D ru c k v e rä n d e ru n g  in  d er V ene die 
Y enenfü llung  u n d  -en tlee ru n g , d. h . ih re  Y o lu m v erän d e ru n g  re g is tr ie r t. N u r 
e in  k leiner Teil d e r  W ellen  der V en en p u lsk u rv e  k a n n  als D ruckw elle b e tra c h te t  
w erd en , g rö ß ten te ils  s in d  es V olum - hzw . S trom w ellen . F rü h e r  w urde  jed e  
V enenw elle als D ru c k v e rä n d e ru n g  b e tra c h te t .  L a u t  W e n c k e b a c h  u n d  M it- 
a rb . [6] (1927) s in d  die V o lu m v erän d eru n g en  fü r  das E n ts te h e n  des P h le b o 
g ram m s v e ra n tw o rtlic h . G r o e d e l  [3] (1946) m e in t, d aß  au ß e r den  D ru c k 
v e rän d e ru n g en  a u c h  die S trom w ellen  von  g roßer B e d e u tu n g  sind. L u is a d a  [5] 
(1954) an alysierte  d ie  V en enpu lsku rve  eingehend  u n d  n im m t an , d aß  sie te ils  
D ru ck -, teils V o lu m v erän d eru n g en  re p rä se n tie r t:  se in er M einung n ach  k ö nnen  
b e id e  auch in n e rh a lb  derselben  W elle eine R olle h a b e n . A l t m a n n  [1] b e to n te
(1 9 5 8 ), daß  die V en en p u lsk u rv e  aus V olum w ellen  b e s te h t. A u f G ru n d  la n g 
jä h r ig e r  B eo b ach tu n g en  s te h t u n se re  A uffassung  im  E in k lan g  m it d e r d er 
A u to re n , die sow ohl D ruck- als au ch  V o lu m v erän d eru n g en  a k z e p tie ren : D ie 
au fste igenden  S ch en k e l der a- u n d  c-W ellen s in d  D ruckw ellen , alle ü b rig e n

2 *
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s in d  S trom w ellen . D ie F o rtp fla n z u n g sg e sc h w in d ig k e it der a- u n d  c-W ellen  als 
D ru c k w e lle n  is t re ch t g ro ß , d . h . sie e rsche inen  an  je d e r  S telle d er V ene p ra k 
t i s c h  g leichzeitig  m it d e r sie au slö senden  H erz fu n k tio n . D a jed o ch  fü r  d ie  F o r t
p f la n z u n g  der S trom w ellen  —  E b b e- oder F lu tw e llen  —  eine gew isse Z e it n o t
w e n d ig  is t , erscheinen d iese  W ellen  an  d e r P e rip h erie  n a tü r lic h  v e rsp ä te t .

D e rr-G ip fe l s te h t m it  d e r M itra lö ffn u n g  im  Z u sam m en h an g . D as Öffnen 
d e r  K la p p e n  erm öglich t d ie  S trö m u n g  d e r B lu tm en g e  aus dem  V o rh o f in  die 
K a m m e r , dies v e ru rsa c h t im  V en en sy stem  u n d  V orhof E b b e , die s ich  s tu fen 
w e ise  en tw ick e lt u n d  v o re r s t  p ro x im al, s p ä te r  d is ta l vom  H erzen  ersch e in t. 
W e g e n  d e r In ertie  der B lu tsä u le  u n d  des S trö m u n g sw id ers tan d es  b e n ö tig t die 
E b b e  Z e it zur F o rtp f la n z u n g .

D ie  F o rtp flan zu n g sg esch w in d ig k e it d e r E bbew elle , d . h . d e r E b b e  is t 
v o n  d e r  a b s tra n sp o rtie r te n  B lu tm en g e  ab h än g ig . D arau s lä ß t  sich  sch ließen , 
d a ß  je  schneller die B lu tm e n g e  aus dem  V o rh o f s trö m t, desto  schne lle r e n ts te h t 
d ie  E b b e  u n d  desto sch n e lle r erfo lg t die re tro g ra d e  F o rtp f la n z u n g  d e r  E b b e 
w elle . A n  einer n äh e r zu m  V o rh o f liegenden  S telle  k a n n  der B eg inn  d e r  E b b e 
w elle  n a tü r lic h  frü h er re g is tr ie r t  w erden, als an  d is ta l liegenden  P u n k te n . D am it 
k a n n  e rk lä r t  w erden, d aß  a n  P h leb o g ram m en  d er e n tfe rn t liegenden  zerv ika len  
V e n e n  o d er S chu lte rvenen  d e r  G ipfel der v-W ellen  s ig n ifik an t s p ä te r  e rsch e in t 
a ls  z. B . an  den ü b er d em  B u lb u s au fgenom m enen  K u rv en . D ie re tro g ra d e  
F o r tp f la n z u n g  der E bbe- u n d  F lu tw ellen  k a n n  n a tü r lic h  g ew isserm aßen  auch  
d u rc h  d as  K lap pensystem  b e e in f lu ß t w erden . D ies is t ind iv iduell v e rän d e rlich , 
zw eife llo s sind  aber m e is ten s  zw ischen dem  re c h te n  V orhof u n d  d em  B ulbus 
ju g u la r is  zahlreiche K la p p e n sy s te m e  v o rzu fin d en . D as G esagte  lie fe r t die 
E r k lä r u n g  zur B eo b ach tu n g , d aß  die am  B u lb u s ju g u la ris  re g is tr ie r te  V enen
p u ls k u rv e  die r-V erzögerung  in  einigen F ä llen  erk en n en  lä ß t, in  a n d e ren  dage
g e n  n ic h t .  V erm utlich  is t  d ie  F o rtp flan zu n g sg esch w in d ig k e it d er E bbew elle  
d o r t  g rö ß e r, wo w eniger K la p p e n  zw ischengeschalte t s ind , w o d u rch  d ie  E bbe 
f a s t  g leichzeitig  m it dem  —  sie auslösenden  —  Ö ffnen der T rik u sp id a lk la p p e  
z u s ta n d e  kom m t. D er G ipfel d e r c-W elle ze ig t p ra k tisc h  nie V erzögerung . Die 
3 S ch u lte rp h leb o g ram m en  ze ig ten  p ra k tisc h  keine V ersp ä tu n g  d e r c-W elle. 
A u c h  d ies u n te rs tü tz t  die A n n a h m e , daß  d e r au fste igende S chenkel d e r  c-W elle 
e in e  D ruckw elle  d a rs tc llt.

E s  is t som it o ffen sich tlich , d aß  an  d er V en enpu lsku rve  aussch ließ lich  
d ie  D ruckw ellen  zur T o n id e n tif ik a tio n  angew en d et w erden  kö n n en , die V olum 
w e llen  dagegen  dazu u n g ee ig n e t sind . J e  g rö ß er die E n tfe rn u n g  d e r  A bnahm e- 
S te lle  v o m  H erzen, desto  e rh eb lich e r is t die v o raussich tliche  v-V erzögerung .
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RESULTS OF LONG-TERM TREATMENT OF CHRONIC 
GLOMERULONEPHRITIS WITH CORTICOIDS
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INSTITUTE FO R CARDIOVASCULAR RESEA R C H  (DIRECTO R: PR O F . J .  BRO D) 
PRAG U E, CZECHOSLOVAKIA

(R eceived  O c to b e r  23, 1962)

1. 33 p a tie n ts  w ith  h igh ly  a c t iv e  chron ic  g lo m eru lo n ep h ritis  a cco rd in g  to  th e  
c r ite r ia  p resen ted  a n d  5 p a tie n ts  w i th  low  a c tiv ity  ch ron ic  g lo m e ru lo n ep h ritis  were 
su b je c ted  to  lo n g -te rm  th e ra p y  w ith  co rtiso n e  or p redn isone. 56 p a tie n ts  w ith  h ighly 
a c tiv e  disease a n d  65 w ith  a  low a c t iv i ty ,  on  th e  sam e reg im e b u t  w i th o u t  corticoids, 
w ere used  as co n tro ls. T h e  con tro l g ro u p  d id  n o t d iffer from  th e  t r e a te d  g ro u p  as regards 
age, th e  level o f re n a l fu n c tio n  a t  th e  s t a r t  o f  ob se rv a tio n , o r th e  d e v e lo p m en ta l tren d  
in  g lom eru lar f i lt r a tio n . In  th e  h ig h ly  a c tiv e  group  th e re  w as also n o  d iffe ren ce  in  the  
d u ra tio n  of th e  d isease.

2. U nder th e  in flu en ce  of c o r tico id s  th e  clinical signs o f a c t iv ity  o f  th e  disease 
d ecreased  in b o th  h ig h  a n d  low a c t iv i ty  g roups.

3. In  th e  h ig h  a c t iv ity  g ro u p , d e te r io ra tio n  in g lo m eru lar f i l t r a t io n  w as a rrested , 
a n d  th e  tre n d  rev ersed  in  s ig n ifican tly  h ig h er n u m b er th a n  in  th e  c o n tro l g ro u p . In  the  
low  a c tiv ity  g roup  th e  n u m b er of t r e a te d  p a tie n ts  w as too  low  fo r s ta t is t ic a l  eva lu a tio n .

4. T he fa v o u ra b le  in fluence o f  co rtico id  th e ra p y  u su a lly  la s te d  lo n g er th a n  the  
p e rio d  of t re a tm e n t, a n d  in th e  m a jo r i ty  o f p a tie n ts  no re lapse  o ccu rred  in  th e  follow-up 
p eriod .

5. No serious co m plica tions w e re  n o ted  in  th e  course  o f th e ra p y .

A lthough  th e  th e ra p e u tic  v a lu e  o f  corticoids in  th e  n e p h ro tic  syndrom e 
is well estab lished , few  stud ies seem  to  have  been ca rried  o u t so fa r  on the  
p o ssib ility  o f in fluencing  th e  course o f  chronic  g lo m eru lo n ep h ritis  irrespective  
o f  th e  n ep h ro tic  sy n d ro m e . F a r n s w o r t h  (1950) cla im ed  to  h a v e  achieved 
a  fav o u rab le  m od ifica tion  of th e  co u rse  o f g lo m eru lonephritis  la s tin g  from  6 
w eeks to  5 m onths in  3 children . S q u ir e  et al. (1957) re m a rk e d  on  th e  pro
longed  life ex p ec tan cy  o f  g lo m eru lo n ep h ritis  sub jec ts  w hose n e p h ro tic  syndrom e 
h a d  b een  tre a te d  w ith  co rtico ids. A r m st r o n g  and  K u s h n e r  (1960) on the 
o th e r  h a n d  w arn a g a in s t th e  use o f  co rtico ids, h av in g  n o ted  th e  developm ent 
o f  fa ta l  u raem ia  in  1 a d u lt  p a tie n t  w hose N P N  p rio r  to  t r e a tm e n t  was 50 
m g  p er 100 m l. T he a d m in is tra tio n  o f  co rtisone  to  e x p e rim e n ta l an im als  w ith 
M asugi n ep h ritis  gave conflic ting  r e s u lts ;  E n d e r l in  et al. (1951) fo u n d  m arked  
m orpho log ica l im p ro v em en t, while L ip p m a n  et al. (1954) re p o r te d  an  enhancing  
e ffec t on th e  g ra v ity  o f  th e  in f la m m a to ry  signs. H ow ever, th e  exp erim en ta l 
n e p h ritis  p roduced  b y  n ep h ro to x ic  se ra , th o u g h  b earin g  m a n y  m orphological 
a n d  clin ical sim ilarities to  h u m an  g lo m eru lo n ep h ritis , also h as  som e im p o rta n t 
d iffering  fea tu res. In  ad d itio n , i t  re p re se n ts  th e  early  an d  n o t th e  la te r  stage, 
w hen  re p a ra tiv e  sca rrin g  processes m a y  com prom ise th e  fu n c tio n  o f  th e  organ. 
In h ib itio n  b o th  of th e se  processes a n d  o f th e  fo rm atio n  o f a n tib o d ie s , th o u g h t
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to  b e  im p o r ta n t  no t on ly  in  th e  in itia tio n  of th e  d isease , b u t  also in  th e  m a in 
te n a n c e  o f  ac tiv ity  ( R e j h o l e c  et a l ., 1952) is one o f  th e  p ro m in en t fea tu res o f  
th e  e ffe c t of cortisone a n d  a llie d  corticoids. F ro m  th is  a sp ec t, i t  w ould a p p e a r 
w a r r a n te d  to  te s t th e  e ffec t o f  th e se  horm ones in  th e  la te r  s tag es  of glom erulo
n e p h r i t is .

M a te ria l and m ethods

T h e  p re sen t s tu d y  is b a se d  o n  a  follow -up of p a tie n ts  w i th  ty p ic a l su b acu te  o r ch ro n ic  
g lo m e ru lo n ep h ritis , whose d isease  la s te d  a t  least 9 m o n th s  (a n d  u su a lly  m ore), an d  who w ere  
re p e a te d ly  observed in o u r I n s t i tu te  o v e r a t  least 6 m o n th s  (a n d  u su a lly  m ore, th e  av erag e  
d u r a t io n  o f th e  follow-up b e in g  2.4 y e a rs) . T he follow ing in v e s tig a tio n s  w ere carried  ou t a t  
e ac h  c o n tro l  follow -up, in  a d d it io n  to  th e  u sua l h is to ry  a n d  p h y s ic a l e x am in a tio n : u rin e  fo r  
q u a n t i t a t iv e  p ro te in  analysis. A d d is  c o u n t, e ry th ro cy te  se d im e n ta tio n  ra te ,  a  24-hour av erag e  
g lo m e ru la r  f i ltra tio n  ra te  (e n d o g en o u s  crea tin in e  c learance), a n d  co n ce n tra tin g  ab ility . Thi& 
w as e s t im a te d  a fte r w ith h o ld in g  f lu id  fo r  36 hours, unless th e  s u b je c t a tta in e d  an  u rin e  specific 
g r a v i ty  exceed ing  1028 in  a t  le a s t  tw o  successive 4 -h o u r u r in e  spec im ens before 36 hours. 
In  b o th  th e  tre a te d  and  co n tro l g ro u p  th e re  was no d ifference  in  d ie t  or o th e r  su p p le m e n ta ry  
o r s y m p to m a tic  th e rap y . T h e  p e r io d  o f  bed -rest in b o th  g ro u p s  w as com parab le .

I n  th e  in itia l stud ies A C T H  o r  co rtiso n e  were u sed , s ta r t in g  w ith  an  in itia l dose of 100 
o r 200 m g  da ily , followed b y  a  su s ta in in g  dose of 50 or 100 m g d a ily ; th e  to ta l  dose was 1050—  
9600 m g  A C T H  or 2000— 3380 m g co rtiso n e . L ater, p red n iso n e  w as m ain ly  used  in daily  dose& 
o f 5— 60 m g w ith  a to ta l  dose o f 0 .54  to  6.97 g. The t r e a tm e n t  w as a lw ays carried  o u t u n d e r  
p e n ic illin  screen, u sua lly  w ith  s tre p to m y c in  as well, a n d  in  th e  e a rly  g ro u p  tre a tm e n t wa& 
s u p p le m e n te d  w ith  100 m g A C T H  o n ce  a  week.

D isease  a c tiv ity  w as assessed  acco rd in g  to  th e  c r ite r ia  o f  B r o d  a n d  B e n e s o v á  (1957). 
T h ese  c r ite r ia  take in to  a cc o u n t th e  d a ily  ra te  of u r in a ry  e x c re tio n  of p ro te in , e ry th ro c y te s , 
le u c o c y te s  a n d  casts, an d  th e  e r y th ro c y te  sed im en tatio n  r a te ,  e ach  fa c to r being  graded  from  
0 to  4 (T ab le  I). The a c tiv ity  g ra d e  is  expressed  by  th e  su m  o f p o in ts  fo r a ll th e  five  fa c to rs , 
so t h a t  th e  to ta l  can range  fro m  0 to  20.

T h e  progress of th e  d isease  w a s  assessed  from  th e  ch an g es in  g lo m eru lar f i ltra tio n  r a te .  
T o m a k e  com parison  easier, th e  l a t t e r  d a ta  for a given in d iv id u a l w ere p lo tte d  ag a in st tim e , 
a n d  a  reg re ss io n  line was d raw n . T h is  w as sim ple in m o st cases, b u t  in  som e p a tie n ts  th e  d a ta  
sh o w ed  considerab le  sca tte rin g . In  th is  in s ta n c e  we m erely  co n n ec te d  th e  p o in ts  a t  th e  beg inn ing  
a n d  e n d  o f th e  observation  p e rio d . T o  e s tim a te  th e  ra te  o f ch an g e  of g lo m eru lar f i ltra tio n  r a te  
b e fo re  th e  p a tie n t  had  com e u n d e r  o u r  observation , we d rew  a  lin e  connecting  th e  level o f  
G F R  o f  120 m l/m in  (assum ed to  h a v e  b een  th e  norm al g lo m e ru la r  f i l t r a tio n  ra te  before  th e  
p a t i e n t  h a d  fallen  ill) a t 0 tim e  w ith  th e  a c tu a l level o f G F R  fo u n d  a t  th e  s ta r t  of o b se rv atio n . 
T h e  r a t e  o f  change of g lo m eru lar f i l t r a t io n  w as expressed as p e r  c e n t d ec rem en t (or in c re m e n t)  
p e r  a n n u m . Changes exceeding + 1 0  p e r  c en t were a rb itra r ily  co n sid ered  s ig n ifican t. T he cor-

Table I

Point system fo r  eva lua tion  o f  activity o f  glom erulonephritis

P oints
Proteinuria 

(gr/24 hours)

Addis count
Erythrocytes
sedim entationE ry th rocy tes

(m illions)
Leucocytes
(millions)

Casts
(millions)

0 0 0 — 1 0 - 2 0 1 - 1 2

1 O .l - l .O 2 — 10 3 - 1 0 0 .1 —0.5 1 3 - 2 0

2 1 .1 -3 .0 11 — 30 1 1 - 2 0 0.6 — 1.0 2 1 - 3 0

3 3 .1 -5 .0 3 1 - 5 0 2 1 - 5 0 1 .1 - 2 .0 3 1 - 4 0

4 > 5 .0 > 5 0 > 5 0 > 2 .0 > 4 0
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rec tn ess  o f th e  im pression  th u s  ga in ed  co n cern in g  th e  p ro g ress  o f  th e  disease w as ch ec k ed  by  
th e  c lin ical assessm en t o f th e  d isease  b y  an  in d e p e n d e n t o b se rv e r.

F o r  pu rp o ses o f an a ly sis , p a tie n ts  w ith  h ig h  a n d  low  a c t iv i ty  disease w ere  assessed  
se p a ra te ly , an  a c t iv ity  g rad e  o f 10 h av in g  b een  ta k e n  as th e  a r b i t r a r y  d iv id ing  lin e . E a c h  of 
th e  tw o  sub g ro u p s w as co m p ared  w ith  a  g ro u p  of u n tr e a te d  su b je c ts  w ith  a  co rre sp o n d in g  
degree o f a c tiv ity . T h e  a n a ly s is  w as c a rried  o u t  b o th  q u a n ti ta t iv e ly  a n d  q u a lita tiv e ly . Q u a n ti
ta t iv e  ana ly sis  w as carried  o u t  b y  S tu d e n t’s t - te s t  (F is h e r , 1946), q u a lita tiv e  a n a ly s is  b y  th e  
te s t  o f in d ep endence  (II- te s t) .

R esu lts

T he th e ra p e u tic  s tu d ie s  w ere ca rried  o u t in  38 p a tie n ts  w ith  ch ro n ic  glo
m eru lo n ep h ritis . In  5, th e  disease w as considered  s lig h tly  active , w h e reas  in  
33 th e  a c tiv ity  grade w as h igh . 121 p a tie n ts  w ith  ch ro n ic  g lo m eru lo n ep h ritis  
w ere used  as con tro ls , 65 o f w hich h a d  low  a c tiv i ty  d isease, an d  56 h a d  an  
a c tiv ity  g rade  o f m ore th a n  10 p o in ts . I n  4 p a tie n ts  th e  in v es tig a tio n  w as ca rried  
o u t in  tw o sep a ra te  periods, so th a t  th e  to ta l  n u m b e r  o f  in v es tig a tio n s  am o u n te d  
to  41 for th e  tre a te d  g roup  an d  122 fo r th e  co n tro l g ro u p .

T here  was no d ifference be tw een  th e  tre a te d  a n d  u n tre a te d  g roup  in  age, 
th e  in itia l level of g lo m eru la r f i l t ra t io n  a t  th e  s ta r t  o f  th e  o b se rv a tio n  p erio d , 
or in  th e  average  d ev e lo p m en ta l tre n d  o f  g lo m eru la r f i l t ra t io n  before th e  obser
v a tio n  period  h ad  s ta r te d  (T able I I ) .  I t  can  be seen  from  b o th  T ab le  I I  an d

Table II

Clinical and fu n ctio n a l data o f  patients w ith glomerulonephritis
C hronic g lom erulonephritis

U ntreated Treated
S tatistical

significance

Age ( y e a r s ) ...................................................... 27.9

Low  activity 
19.2 n

D u ra tio n  o f disease ( y e a r s ) ..................... 6 .6 2 .6 p <  0.05

G lom erular f iltra tio n  ra te  before
(m l/m in .) ...................................................... 92.7 86.7 n

A ver, a n n u a l %  change o f  G F R  before - 1 3 .7 - 1 2 .7 n
Aver, a n n u a l %  change o f G F R  a fte r +  3.3 +  2 1 .1 n
Change o f a c tiv ity  ...................................... +  0.05 -  5.0 p  <  0 .0 1

Age ( y e a r s ) ...................................................... 33.3

High activity 
30.2 n

D u ra tio n  o f disease ( v e a r s ) ..................... 5.5 3.4 n
G lom erular f iltra tio n  ra te  before

(m l/m in.) ...................................................... 66.3 71.2 n
A ver, a n n u a l %  change o f G F R  before - 2 6 .8 - 2 9 .4 n
Aver, an n u al %  change o f G F R  a f t e r . . . - 2 6 .8 +  13.7 p  < 0 . 0 0 1

Change o f a c tiv ity  ...................................... -  1.9 -  5.6 p  <  0.001
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F ig . 1 th a t  th e  su b d iv is io n  o f  th e  p a tie n ts  in to  tw o sub g ro u p s acco rd ing  to  
a c t iv i ty  grade w as in  good  ag reem en t w ith  th e  average d e v e lo p m en ta l tre n d  
o f  th e  ra te  of g lo m eru la r f i l t ra t io n :  — 13.7 p e r  cen t an d  — 12.7 p e r  cen t for 
th e  u n tre a te d  or t r e a te d  g ro u p  w ith  a low  a c t iv i ty  grade, a n d  — 26.8 p e r cen t 
o r  — 29.4  per cen t fo r th e  su b g ro u p  w ith  a  h ig h  a c tiv ity  g rad e , re sp ec tiv e ly . 
T h e  o n ly  significant d iffe ren ce  betw een th e  su b g ro u p s was in  th e  d u ra tio n  of

% U n t r e a t e d  T r ea t ed

%

F ig . 1. A verage y early  ch an g e  in  G F R  in  in d iv id u a l p a tie n ts  w ith  g lo m e ru lo n ep h ritis  w ith  
a n d  w ith o u t  corticoid t r e a tm e n t.  T h e  horizon tal d a sh e d  lines in d ica te  th e  ± 1 0 %  changes 

w hich w ere  a rb it r a r i ly  tak e n  as th e  l im it  o f significance
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g lo m eru lonephritis  p rio r  to  th e  s ta r t  o f  th e ra p y , w hich w as s h o r te r  in  the 
tr e a te d  group  w ith  a low  a c tiv i ty  g rade  th a n  in  th e  u n tre a te d  one . H ow ever, 
in  th e  m ore im p o r ta n t  su b g ro u p  w ith  a h ig h  a c tiv ity  g rade  th e  d ifference  in 
th e  d u ra tio n  o f th e  d isease be tw een  th e  tr e a te d  an d  u n tre a te d  su b g ro u p s  was 
in sig n ifican t.

The in fluence o f  corticoids on the a c tiv ity  o f  the in fla m m a to ry  process

T here w as, o f course, considerab le  s c a tte r  in  th e  d a ta  on  th e  a c tiv ity  
g rad e  o f th e  disease acco rd in g  to  th e  c lin ica l c rite ria  re fe rred  to  a b o v e . I t  was 
th e re fo re  n ecessary  to  ju d g e  th e  re p ro d u c ib ility  of th e  re su lts  in  p a t ie n ts  who 
rem ain ed  s ta tio n a ry  o v er th e  course o f  sev era l m on ths or y e a rs . O f 48 such 
su b jec ts , in  w hom  G F R  on re p e a te d  e x a m in a tio n  rem ain ed  w ith o u t  change, 
in  on ly  6 d id  in d iv id u a l a c tiv ity  ra tin g s  d iffer b y  m ore th a n  3 p o in ts  from  the 
av erag e  o b ta in ed  fro m  to ta l  a ssessm en t o f  a c tiv ity  grade in  th e  e n tire  group. 
A d ifference o f  ^ 3  p o in ts  from  th e  av e rag e  a c tiv ity  grade before  t r e a tm e n t  was 
th e re fo re  considered  s ig n ifican t.

I t  can  be seen from  T ab le  I I  t h a t  u n d e r  th e  in fluence o f c o rtic o id  tr e a t
m e n t th e  a c tiv ity  g rad e  decreased  b y  5.0 an d  5.6 po in ts fo r th e  low  a n d  high 
a c tiv i ty  groups, re sp ec tiv e ly . T h e  changes in  b o th  th ese  su b g ro u p s  differed 
s ig n ifican tly  from  th e  b e h a v io u r o f th e  u n tre a te d  sub jec ts , w h ere  th e  average 
changes o f a c tiv ity  o f  -(-0.05 an d  — 1.9, resp ec tiv e ly , w ere w ith in  th e  range  of 
sp o n tan eo u s v a r ia tio n  o f th e  a c tiv ity  g rad e .

The d a ta  in  T ab le  I I I  d e m o n s tra te  t h a t  in  th e  group w ith  low  a c tiv ity  
th e  ra tin g  decreased  b y  m ore  th a n  3 p o in ts  in  16.9 per cen t o f  th e  u n tre a te d , 
a n d  in  80 p e r cen t o f  th e  tr e a te d  p a tie n ts . In  13.9 p er c en t o f  th e  u n tre a te d  
su b jec ts  an  increase  in  a c tiv ity  d u rin g  th e  course of o b se rv a tio n  w as found, 
w hereas in  th e  t re a te d  g roup  an  increase  o f  a c tiv ity  was n ev er o b se rv e d . In  the 
g roup  w ith  a h igh  a c tiv i ty  g rade  a s im ila r d rop  in  a c tiv ity  w as n o ticed  in 
35.2 p er cen t o f th e  u n tre a te d , a g a in s t 71.5 p e r cen t of th e  t r e a te d  sub jec ts . 
A n increase  of a c tiv ity  w as n o te d  in  12.95 p e r  cen t o f th e  u n tre a te d  a n d  2.8 per 
c en t o f th e  t r e a te d  su b jec ts .

In  som e o f th e  su b je c ts , in  p a r tic u la r  since we h ad  s ta r te d  to  a p p ly  higher 
doses, a te m p o ra ry  in crease  in  p ro te in u ria  an d  A ddis co u n t w as n o tic e d . This, 
how ever, subsided  w hen  th e  co rtico id  dose w as g radua lly  lo w ered , a n d  there 
w ere no la te r  d ifferences b e tw een  th ese  cases an d  th e  rem a in d e r o f  th e  clinical 
su b group .

The in fluence o f  corticoids on glomerular filtra tio n

I t  m ay  be seen from  T ab le  I I  an d  F ig . 1 th a t  in  th e  h igh  a c t iv i ty  u n tre a te d  
g roup  th e  decreasing  te n d e n c y  o f  g lo m eru la r f iltra tio n , fo u n d  b e fo re  obser
v a tio n , rem ained  u n c h an g ed  d u rin g  o b se rv a tio n  (—26.8 p e r c e n t p e r  year).



Table II I

Effect o f  long-term corticoid therapy on glomerular filtra tio n  rate and disease activity

toto

Chronic glomerulonephritis
U ntreated  T reated

No.
of

Change
of glomerular filtration  rate

Change 
of ac tiv ity

No.

Change
of glomerular filtration  rate

Change 
of activ ity

investiga
tions

De
crease

No
change

Increase D e
crease

No
change

Increase
of investiga

tions
De-

crease
No

change
Increase De

crease
No

change
Increase

a b c e f g h i j к 1

66 17 35 14 i l 45 9 5 l l 3 4 l 0
(only in  65 investig •)

Low a c tiv ity О/
/0 25.7 53.1 21.2 16.9 69.2 13.9 20. 20.0 60.0 80.0 20.0 0

74.3
1

80 0

56 35 13 8 19 28 7 36 7 14 15 25 9 1
(only in 4 investig .) (only  in  35 investig .)

H igh a c tiv ity
% 62.5 23.2 14.3 35.2 51.85 12.95 19.4 38.9 41.7 71.5 25.7 2.8

37.5 80 .6
1

S ta tis tica lly  sign ifican t differences in  th e  ra te  o f  change of g lom erular f iltra tio n  ra te  betw een th e  u n tre a te d  an d  trea te d  p a tien ts  
w ith  chronic g lom erulonephritis o f h igh  a c tiv ity  g rade: colum n

a : g p  <  0.0005

c : i p  <  0.01

(b +  c) : (h  +  i) p  <  0.0005

B
R

O
D

 et al.
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O n th e  o th e r h a n d , a m a rk e d  difference m a y  be  n o te d  in  the  group t r e a te d  w ith  
co rtico ids, w here th e  descending  tre n d  w as re p la c e d  by  an average  in c re a se  о 
-(-13.7 p er cen t p e r a n n u m . T he difference b e tw een  th e  tre a te d  a n d  u n tr e a te d  
g roup  was h ig h ly  s ig n ifican t (p  <  0.001). F ro m  T ab le  I I  i t  follows t h a t  while 
th is  rev ersa l o f t r e n d  o ccu rred  in  41.7 p er c e n t o f  th e  tre a te d  group , i t  w as seen 
in  on ly  14.3 p e r  c en t o f th e  u n tre a te d  g ro u p . In  ac tive  g lo m eru lo n ep h ritis , 
t re a tm e n t m ay  be  considered  successful ev en  i f  i t  does no t lead  to  im p ro v e d  
ren a l fu n c tio n , b u t  m ere ly  resu lts  in  s ta b iliz a tio n . This la t te r  c r ite r io n  was 
fu lfilled  in  37.5 p e r cen t o f th e  u n tre a te d  a n d  80.6 p er cen t of th e  t r e a te d  su b 
je c ts . T he tre a te d  su b g ro u p  w ith  a low a c t iv i ty  g rade  con ta ined  o n ly  5 su b je c ts  
so th a t  d ifferences co m p ared  w ith  th e  u n tre a te d  g roup  are d ifficu lt to  e v a lu a te . 
H ow ever, here  to o , th e  general tre n d  o f g lo m eru la r f iltra tio n  in  th e  t re a te d  
g roup  w as —J-21 p e r  cen t p e r an n u m  as co m p a re d  w ith  -f-3.3 p er c e n t  in  th e  
u n tre a te d  g roup . In  ag reem en t w ith  th e  g en e ra l classification  o f th e  cases in  
th is  subgroup  th e re  w as no difference in  th e  fav o u rab le  course o f  th e  disease 
be tw een  th e  t r e a te d  an d  u n tre a te d  g roups i. e. g lom erular f i l t r a t io n  d id  no t 
change.

A nalysis rev ea led  no d ifference in  th e  th e ra p e u tic  re sponse  b e tw een  
su b jec ts  w hose d isease w as com plica ted  b y  th e  n ep h ro tic  syndrom e (T y p e  В —  
N ep hritis) an d  th o se  w ith o u t such a co m p lica tio n . N or d id  we f in d  a n y  re la 
tio n sh ip  b e tw een  th e  re su lt of t re a tm e n t a n d  th e  in itia l ra te  of c h a n g e  o f  glo
m eru la r  f i l tra tio n , a lth o u g h  we u su a lly  d id  n o t  adm in is te r co rtico id s  to  sub 
je c ts  w hose in it ia l  g lo m eru la r f i ltra tio n  leve l w as less th a n  30 m l/m in .

No reg u la r  effect o f  th e  cortico id  th e ra p y  on co n cen tra tin g  a b i l i ty  was 
observed .

D uration o f  the therapeutic effect

T his could  be  assessed in  14 su b jec ts  w ho w ere un d er o b se rv a tio n  fo r a 
su ffic ien t period  a f te r  co rtico id  tre a tm e n t h a d  b een  te rm in a ted . T h e  fa v o u ra b le  
e ffec t la s ted  from  6 to  72 m o n th s, w ith  an  av e rag e  of 22.5 m o n th s . I n  tw o 
su b jec ts , new  p rog ression  ap p eared  a f te r  17 an d  48 m on ths, re sp e c tiv e ly , 
w hile in  th e  o th e rs  no signs o f such an  u n fa v o u ra b le  course w ere n o te d  d u rin g  
th e ir  la s t fo llow -up v is it.

C om plications

In  a m a jo r ity  o f th e  su b jec ts  th e  u su a l acne , s triae  and  C ushingoid  fea
tu re s  ap p eared . A lth o u g h  rig id  sa lt re s tr ic tio n  w as never ap p lied  (w ith  th e  
ex cep tio n  o f cases w ith  m ark ed  n e p h ro tic  syndrom e) we n ev e r o b se rv e d  a 
sig n ifican t rise  in  b lood  pressure. N e ith e r  w ere considerable ch an g es  in  th e  
m in era l m etab o lism  observed .
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D iscussion

E v a lu a tio n  of th e  th e ra p e u tic  effect in  a ch ro n ic  disease p re sen ts  m a n y  
d if f ic u ltie s , p a rtic u la r ly  in  k id n e y  disease w h e re  th e  pathological p rocess has 
d e s tro y e d  p a r t  of th e  p a re n c h y m a  so t h a t  e v e n  fu ll a rre s t o f p ro g ressio n  
c a n n o t  b rin g  ab o u t fu ll fu n c tio n a l re s ti tu tio n . M oreover, in  a d isease w ith  an  
ir r e g u la r  n a tu ra l  h is to ry  i t  is d ifficu lt to  decide  in  a n  in d iv idua l p a tie n t  w h e th e r  
a c e r ta in  change in  th e  cou rse  of the  d isease  is spon taneous or w h e th e r  i t  
sh o u ld  b e  regarded  as a consequence of th e ra p y .  I t  w as, therefo re , n ecessa ry  
to  u se  in  th e  analysis s ta t is t ic a l  m ethods on  a  la rg e  m ateria l.

T h e  p rim ary  fu n c tio n  a ffec ted  by  th e  p a th o lo g ic a l process in  g lo m eru lo 
n e p h r i t is  is g lom erular f i l t r a t io n . I t  is easy to  e s tim a te  a given tre n d , i f  v a lu es  
fo u n d  in  a given p a tie n t  in  th e  course of a lo n g  o b se rv a tio n  period  show  li t t le  
s c a t te r  a b o u t a s tra ig h t lin e . D ifficulties a re  e n c o u n te re d  in  those  in f re q u e n t 
cases w h e re  values o f g lo m eru la r f iltra tio n  o sc illa te  in  b o th  d irec tio n s  on 
r e p e a te d  ex am in a tio n . T h a t  th ese  oscilla tions w ere  n o t due to  th e  m e th o d s  
w as e v id e n t  from  th e  good agreem ent o f  e s tim a tio n s  carried  o u t a t  sh o rt 
in te rv a ls . In  sub jec ts  w ith  a n  oscillating co u rse  o f  th e  disease, th e  d ev e lo p 
m e n ta l  t r e n d  was ju d g e d  fro m  values a t th e  b e g in n in g  and  end of th e  o b se rv a 
tio n  p e r io d . I f  th e  s c a tte r  o f th e  d a ta  allow ed th e  co n stru c tio n  of tw o  possib le  
c u rv e s , w e used th e  less fav o u rab le  p o ssib ility  in  th e  tre a te d  group  a n d  th e  
o p p o s ite  in  th e  u n tre a te d  g ro u p . This p ro ced u re  p re ju d iced  th e  re su lt a g a in s t 
a fa v o u ra b le  effect of t r e a tm e n t .

T h e re  m igh t h av e  been  d is to rtio n  of th e  r e s u lts  if  th e  ann u a l p e rc e n tu a l 
c h a n g e  in  g lom erular f i l t r a t io n  was assessed f ro m  differen t s ta r tin g  levels , 
as w as  c e r ta in ly  th e  case fo r th e  period a fte r  th e  s t a r t  of observation . H o w ev er, 
in  th e  e n tire  m a te ria l (T ab le  I I )  th ere  was no s ig n if ic a n t difference in  th e  levels 
o f  g lo m e ru la r  f i ltra tio n  a t  th e  s ta r t  of o b se rv a tio n  betw een  tre a te d  a n d  u n 
t r e a te d  g ro u p s. M oreover, fro m  th e  clinical p o in t o f  v iew  th e  p e rcen tu a l ch an g e  
in  g lo m e ru la r  f iltra tio n  ra te  w ith in  a given p e r io d  o f  tim e is a b e tte r  in d ic a to r  
o f th e  sign ificance  of th is  fa c to r  th a n  th e  t a n g e n t  o f th e  en tire  tim e  c u rv e . 
T h u s , a  d ec rem en t o f g lo m eru la r  f iltra tio n  o f  10 m l p er annum  gives th e  sam e  
slope in  th e  ranges from  110 to  100 m l/m in., 20 to  10 m l/m in . and  15 to  5 m l/m in ., 
h u t  th e  p e rc e n tu a l decrease in  th e  f irs t in s ta n c e  is 8 .5 , in  th e  second 50, a n d  in  
th e  t h i r d  66.

T h e  resu lts  of th e  p re se n t p ap er confirm  th e  v a lid ity  of th e  c r ite r ia  fo r 
e v a lu a tio n  o f  th e  a c tiv ity  o f  th e  disease. T he in c id en ce  of a rrested  d isease  w as 
fa r  g r e a te r  in  th e  low a c tiv i ty  g roup  and  th e  r a te  o f  d e te rio ra tio n  of g lo m eru la r  
f i l t r a t io n  in  th is  group w as o n ly  h a lf  th a t  in  th e  h ig h  a c tiv ity  group.

T h e  t re a te d  an d  u n tr e a te d  groups w ere  co m p arab le  as re g a rd s  age , 
d u r a t io n  a n d  average s e v e r ity  of disease.

T h e  re su lts  d e m o n s tra te  th a t  a fte r a p r o tr a c te d  course o f co rtico id s , 
th e  c lin ic a l signs of d isease a c t iv i ty  decreased in  th e  m a jo rity  of cases a n d  th e
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decreasing  te n d e n c y  o f  G F R  w as rep laced  b y  a ris in g  tre n d . T his re su lt  w as 
h ig h ly  s ign ifican t in  th e  h igh  a c tiv ity  g roup . I n  th e  low  a c tiv ity  g ro u p  corti- 
coid th e ra p y  w as ap p lied  only  to  a sm all n u m b e r o f su b jec ts , w hich  exp la in s 
w h y  th e  re su lts  w ere  s ta tis t ic a lly  in s ig n ifican t, a lth o u g h  th e y  w ere in  good 
ag reem en t w ith  th e  above.

I f  p recau tio n s are  ta k e n , p ro tra c te d  cortico id  th e ra p y  in  ad u lts  does n o t 
lead  to  serious co m p lica tio n s. T he resu lts  o f th e  p re se n t s tu d y  su g g est a 
fav o u rab le  in fluence  o f  cortico ids on th e  in te n s ity  o f th e  in f la m m a to ry  process 
in  th e  k idneys. T h e y  also d e m o n s tra te  th a t  i t  is possib le  in  a h igh  p e rcen tag e  
o f cases to  a rre s t d e te r io ra tio n  o f g lom eru lar f i l tra tio n . W e suggest th is  th e ra p y  
to  be  in d ica ted  in  a ll p a tie n ts  w ith  a h ig h ly  ac tiv e  d isease. T he sm all n u m b e r 
o f p a tie n ts  in th e  e a r ly  stag e  o f th is  th e ra p e u tic  tr ia l ,  w hen  sm all co rtico id  
doses w ere given, do n o t  allow  s ta tis t ic a l  analysis  o f th e  p rob lem  o f dosage, 
n ev erth e less  we w ou ld  recom m end  a h igh  in itia l dose, a long te rm  course o f 
th e ra p y , an d  a h ig h  to ta l  dose. In  th e  cases re sp o n d in g  fav o u rab ly , th e  change 
in  tre n d  o f g lo m eru la r f i l tra tio n  becom es a p p a re n t w ith in  fou r w eeks from  th e  
s ta r t  o f t re a tm e n t, w hile  changes in  p ro te in u ria  an d  A ddis co u n t m a y  a p p ea r 
before  or a fte r  th e  g lo m eru la r f i l tra tio n  response  h as  been  n o ted . T re a tm e n t 
m u s t be in d iv id u a lized .

W e h av e  re fra in e d  from  using  cortico ids in  re n a l fa ilu re , w hen  m o st of 
th e  glom eruli h a v e  b een  rep laced  b y  scar tissu e  an d  th e o re tic a lly  no response 
could  be expec ted . T h e  increase  in  ca tab o lism  due to  co rtico ids cou ld  u n d e r 
th e se  cond itions acce le ra te  th e  d ev e lopm en t o f u raem ia . H ow ever, we do n o t 
possess su ffic ien t d a ta  to  s u b s ta n tia te  th is  s ta te m e n t.
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(E in g eg an g en  am  10. D e ze m b er 1962)

L y m p h flu ß  u n d  -Z usam m ensetzung d e r  in n e rv ie r te n  bzw. d e n e rv ie r te n  N iere  
w u rd en  v o r u n d  n a c h  U re terv e rsch lu ß  u n te r s u c h t .  D er L ym p h flu ß  e rg ab  id en tisc h e  
W erte  in  V o rp erio d en  d e r  in n erv ierten  u n d  d e r  d e n e rv ie r te n  N iere, n a ch  U re te rv e r 
sch luß  dagegen  n a h m  d e r L y m p h flu ß  der d e n e rv ie r te n  N iere s ig n ifik an t zu (p  <  1% ). 
Im  A usbleiben  d e r  L y m p h flu ß ste ig e ru n g  d e r in n e rv ie r te n  N iere nach  U re te rv e rsc h lu ß  
w ird  d em  L y m p h an g io sp asm u s B ed eu tu n g  b e ig em essen . Im  F  alle von U re te rv e rsc h lu ß  +  
S ta u u n g  der V. re n a lis  a b e r  n im m t der L y m p h flu ß  v o n  d e r in n erv ierten  N ie re  s ig n if ik a n t 
zu  (p  <  0 ,1 % ). D e r L y m p h e iw eiß g eh alt n a h m  in  a llen  F ä llen  nach  U re te rv e rsc h lu ß  
sow ohl in  de r in n e rv ie r te n  (p  =  0 ,9 % ), als a u c h  in  d e r  den erv ierten  N iere  (p  <  0 ,1 % ) 
s ig n if ik a n t ab . D e r L y m p h e iw eiß g eh alt d e r  in n e rv ie r te n  N iere w ar n a ch  S ta u u n g  der 
V . ren a lis  im  V erg le ich  zu dem  n ach  U re te rv e rsc h lu ß  sig n ifik an t (p  <  1 % ) hö h er. 
D e r A /G -Q u o tien t in  d e r  N ieren lym phe w ar h ö h e r  a ls im  B lu tp lasm a  (p  <  1 % ). Die 
o sm otische  K o n z e n tra tio n  de r L ym p h e  sow ohl d e r in n erv ie rte n , wie d e r d e n e rv ie r te n  
N iere  w ar bei A u ssch eid u n g  von  h y p e rto n isc h em  H a rn  bzw. nach  U re te rv e rsc h lu ß  
k o n s ta n t. D ie o sm o tisch e  P la sm ak o n z en tra tio n  in  d e r d enerv ierten  G ru p p e  w a r im  
V ergleich  m it d en  a n d e re n  V ersuchsg ruppen  a m  n ied rig s ten . In  dieser G ru p p e  zeig te  
d ie  N ie ren ly m p h e  im  V ergleich  zum  B lu tp la sm a  H y p e ro sm o la ritä t. D ie o sm o tisch e  
K o n z e n tra tio n  d e r  N ie ren ly m p h e  w urde d u rc h  S ta u u n g  der V. renalis n ic h t b e e in f lu ß t. 
D er Z u sam m en h an g  zw ischen  N ie ren fu n k tio n  u n d  N ie ren ly m p h z irk u la tio n  w ird  e rö r te r t .

N ach U re te rv e rsch lu ß  spielen die N ie ren ly m p h g efäß e  im  A u fre c h te rh a l
te n  d e r N ie re n fu n k tio n  eine w ichtige Rolle [1, 2 , 3, 4, 19]. Bei H y d ro n ep h ro se  
erw eite rn  sich die N ieren lym phgefäße , u n te r  an d e rem  infolge d er e rh ö h te n  
L ym phm enge . N ach  U re te rv e rsch lu ß  g e lan g t au s  dem  H oh lsystem  H a rn  in 
das N ie re n in te rs titiu m . B abics u n d  R é n y i -Vámos [1, 2] sind d er M einung , 
d aß  die v e rm e h rte  in te rs ti t ie lle  F lüssigkeit d u rc h  das N ie ren ly m p h g efäß sy stem  
a b tra n s p o r tie r t  w ird .

D ie N ie ren ly m p h e  b e s te h t aus R inden- u n d  M arklym phe. D as G em isch  
d er zw ei K o m p o n e n te n  w ird  durch  die H ilus- bzw . K ap se lly m p h k o llek to ren  
a b tra n sp o r tie r t . Z w ischen  den  zwei L y m p h g e fäß sy stem en  b es teh t e ine  a n a to 
m ische u n d  fu n k tio n e lle  A nastom ose [3, 9 ]. L a u t  D rinker  [5] k a n n  au s d er 
A nalyse d e r L y m p h e  a u f  die Z u sam m ense tzung  d e r  in te rs titie llen  F lü ss ig k e it 
gefo lgert w erden . B ei A bsonderung  h y p ero sm o tisch en  H arn s is t d er o sm otische  
D ru ck  des N ie re n rin d e n in te rs tit iu m s  m it dem  des P lasm as id en tisch , d e r  des 
M a rk in te rs titiu m s  is t  dagegen  hy p erto n isch  [6, 7, 8, 18). D er osm otische  D ru ck  
d e r  N ieren lym phe  w ird  also durch  die Z u sam m en se tzu n g  der iso sm o tisch en  
R inden- u n d  h y p ero sm o tisch en  M ark lym phe b e s tim m t.

3  A cta Medica XIX/2.
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I n  u n se ren  E x p e rim e n te n  u n te rsu c h te n  w ir folgende P ro b lem e:
1. O sm otische  K o n z e n tra tio n  der N ie ren ly m p h e , des B lu tp la sm a s  u n d  

H a rn s  b e i hy p ero sm o tisch em  H arn .
2 . V e rän d eru n g en  d er M enge, der Z u sam m en se tzu n g  und  des o sm o tisch en  

D ru c k s  d e r  N ieren lym phe n a c h  U re te rv e rsch lu ß  bei h y p erosm otischem  H a rn .

M ethodik

D ie  V ersu ch e  w u rd en  an  m it  P e n to b a rb ita l  n a rk o tis ie r te n  (0,03 g /kg), h u n g e rn d e n , 
d u rc h s c h n i t t l ic h  16 kg w iegenden  H u n d e n  b e iderle i G esch lech ts  u n te rn o m m en . H y d ra t io n :  
70 m l/k g  physio log isches S a lz + 5 % ig e  D ex tro se lö su n g  in tra v en ö s  v o r der O p e ra tio n  bzw . 
70 m l/k g  W asse r  p e ro ra l 24 S tu n d e n  v o r  de r O p e ra tio n . l% ig e  L idocain -T röpfelung  d e r  d u rc h  
M e d ia n la p a ro to m ie  freigelegten  l in k e n  N iere. IC anülie rung  eines H ilus-, zuw eilen K a p se lly m p h 
g e fäß e s , H a rn sa m m lu n g  aus d em  lin k en  U re te r  m it  P o ly ä th y le n k an ü le . Z w ei V ersu ch e  
w u rd e n  in  M an n itd iu rese  d u rc h g e fü h r t .  0,05 m l/k g  H e p a rin lö su n g  d ien te  zu r H e m m u n g  d e r  
B lu tg e r in n u n g  u n d  H e p a rin p u lv e r  zu r G e rin n u n g sh em m u n g  der B lu t- bzw . L y m p h p ro b e n . 
D e r B lu td r u c k  w u rd e  in  de r A . fem o ra lis  gem essen. I n  e in e r an d eren  V ersu ch sg ru p p e  w u rd e  
d e r  l in k e  U re te r  in In a c tin n a rk o se  a sep tisch  versch lo ssen . N a ch  24 S tu n d en  L y m p h sa m m lu n g  
au s  e in e m  L y m p h g e fäß  des lin k e n  N ierenh ilus .

I n  11 F ä llen  w u rd en  die E x p e rim e n te  n a ch  D e n erv ie ru n g  de r N iere v o rg e n o m m en , 
d a  a n z u n e h m e n  w ar, daß  d ie N ie ren fre ilegung  —  ä h n lic h  wie in  den N ie ren b lu tg e fä ß en  
[10, 10a] —  einen  Spasm us d e r L y m p h g e fäß e  h e rv o rru f t  [11].

M e th o d ik  der N ierendenervierung : D u rc h tre n n u n g  der zur N iere lau fe n d en  N e rv en , 
P in se lu n g  d e r  A. renalis  m it P h en o llö su n g  u n d  abs. A lk o h o l n a ch  E n tfe rn u n g  de r G e fäß ad v en - 
t i t ia .

I .  D u rch führung  der E xp erim en te  an innervierter (n ich t denervierter)  N iere :

1. 2— 3stü n d ig e  S am m lu n g  d e r no rm alen  N ie ren ly m p h e  u n d  des H a rn s  (V o rp erio d e).
2. V ersch lu ß  des U re ters .
3 . 3— 4 stü n d ig e  L y m p h sam m lu n g .
4 . V e ren g u n g  der lin k en  V . ren a lis .
5. 30— 60m inutige  L y m p h sam m lu n g .
6. B lu te n tn a h m e  au s de r A . fem ora lis  zu  B eg in n  u n d  am  E nde  des V ersu ch es .
7. B lu te n tn a h m e  aus d e r l in k e n  V. ren a lis  am  E n d e  des V ersuches.
I n  d e r  n a ch  ltä g ig em  U re te rv e rsc h lu ß  u n te r s u c h te n  G ru p p e  d au erte  die L y m p h sa m m - 

lu n g sp e r io d e  ebenfalls 3— 4 S tu n d e n . D arau ffo lg en d  V eren g u n g  der linken  V . re n a lis ,  sch ließ 
lich  L y m p h sa m m lu n g  (30— 60 M in .). B lu te n tn a h m e  a u s  d e r A. fem oralis, B lu tg e r in n u n g s 
h e m m u n g  m it  H ep arin p u lv er.

I I .  D urch führung  der E xp erim en te  an  denervierter N iere  :

N a c h  N ie ren d en erv ieru n g  d ieselbe  P eriode  a ls b e i E x p erim en ten  a n  in n e rv ie r te r
N ie re .

C h em isch  a n a ly s ie rt w u rd e  d as  B lu tp la sm a  d e r A rte rie  u n d  Vene, a u ß e rd e m  d e r H a rn  
v o r  d e m  E x p e r im e n t bzw. der s ta u e n d e  H a rn  des v e rsch lo ssen en  H ohlsystem s. D ie  o sm o tisch e  
K o n z e n tra t io n  w urde  du rch  B e stim m u n g  der G e frie rp u n k tse rn ied rig u n g  (B eck m an n -T h e rm o 
m e te r)  gem essen . E iw eiß  w u rd e  m it  dem  M ik ro -K je ld ah l-V erfah ren  m it D e s tilla tio n  bzw . 
B iu re tv e rfa h re n  [12] der A lb u m in -G lo b u lin -Q u o tie n t m itte ls  P a p ie re le k tro p h o rese  b e 
s t im m t  [12].

D ie  m a th e m a tisc h -s ta tis t is c h e  A u sw ertung  e rfo lg te  m it S tu d en ts  »(«-Probe bzw . d em  
V o rz e ic h en -T es t. D ie U n te rsu ch u n g e n  w urden  m it S e lb s tk o n tro lle  d u rch g efü h rt.

Ergebnisse

T a b e lle n  I .—V. zeigen die L y m p h w erte  d e r in n e rv ie rten  b zw . dener- 
v ie r te n  N iere , außerdem  die B lu tp lasm a- u n d  H arn w erte .
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I .  L y m p h flu ß  aus der innervierten  N iere :

a )  N ach U re te rv e rsch lu ß : In  der m it physio log ischer S alz lö sung  vor- 
h y d ra tie r te n  G ru p p e  (T ab . I .)  s te ig e rte  sich d er L y m p h flu ß  in  4 von  9 E x p e ri-

Tabelle I

L y m p h flu ß  aus der innervierten Niere, E iw eißgehalt der N ierenlym phe  
und des B lutp lasm as vor u n d  nach Ureterverschluß bzw. bei S tauung der V. renalis 

(V orbehandlung  d e r T iere m it physio l. K ochsalzlösung)

Plasma Nierenlym phe D iurese

Nr.
A. femoralis V.

renalis N orm al U reterverschluß
Stauung 

der V. renalis
in  der 
V or

periode 
F luß 

m l/m in
Gesamt-

prot.
g%

A/G
Gesamt-

prot.
g%

Fluß
m l/min

G esamt-
p rot.
g%

A/G
Fluß

ml/min
Gesamt-

prot.
g%

A/G
Fluß

ml/min
Gesamt-

prot.
g%

A/G

l . 5,89 0,5 — 0,01 1,74 2,4 0,02 1,64 0,5 0,20 2,68 0,8 0,14
2. 7,65 0,7 7,20 0,20 1,66 1,5 0,15 1,22 1,5 0,54 3,81 0,8 0,48
3. 6,50 1,7 6,25 0,10 3,87 2,2 0,16 3,15 2,0 3,00 3,75 1,4 0,13
4. 6,12 1,3 5,95 0,01 2,40 1,7 0,01 — — 0,09 3,53 1,2 0,07
5. 5,14 1Д 4,82 0,01 3,61 1,2 0,01 2,62 1,2 0,14 3,10 1,7 0,34
6 .» 6,35 1,0 5,95 0,07 3,48 1,5 0,09 1,85 1,7 0,33 4,30 — 0,15
7. 4,51 0,7 4,18 0,06 1,64 0,7 0,02 — 0,7 — — — —

8. 5,53 2,4 5,12 0,02 2,87 2,2 0,02 2,05 2,4 0,10 3,69 1,5 0,14
21.» 5,74 0,9 5,34 0,04 2,05 1,3 0,07 1,64 0,8 — — — 0,10

X 5,94 1,14 5,60 0,06 2,59 1,64 0,06 2,02 1,35 0,63 3,55 1,23 0,19
s 0,89 0,59 0,94 0,06 0,89 0,55 0,06 0,66 0,68 1,06 0,53 0,37 0,14

* K apsellym phe.

Tabelle II

L y m p h flu ß  aus der innervierten Niere, E iw eißgehalt der N ierenlym phe  
u n d  des B lu tp lasm as 24 Stunden nach Ureterverschluß 

(V orbehandlung  d e r T iere m it physiol. K ochsalzlösung)

Plasm a Nierenlymphe

Nr.
A. femoralis V. renalis

Hydroneplirose 
(24 Stunden)

Stauung 
der V. renalis

G esam tprot.
g% A/G

G esam tprot.
g%

Fluß
ml/min

Gesamtprot.
g% A/G

Fluß
ml/min

G esam tprot.
g% A/G

9 5,02 1,3 4,51 0,01 3,07 1,4 — ___ ___

10 5,33 0,6 5,12 0,01 2,05 0,8 0,03 1,90 0,8
11 4,51 1,1 4,30 0,02 2,05 1,1 — — —

12 5,53 1,4 5,12 0,01 3,40 2,1 — — —

13 5,53 1,0 4,92 0,02 2,25 1,7 0,03 2,87 2,8

X 5,18 1,1 4,79 0,01 2,56 1,4 0,03 2,38 1,8
s 0,42 0,3 0,37 0,005 0,63 0,5 — — —

3 *
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m e n te n . In  2 F ällen  w a r  k e in e  V erän d eru n g , in  3 jedoch  eine V erm in d eru n g  
n ach zu w eisen . Die V e rä n d e ru n g  w ar n ich t s ig n if ik a n t. N ach  p e ro ra le r  W asser
z u fu h r  (Tab. II I .)  n a h m  d e r  L ym phfluß  in  6 v o n  7 E x p e rim en ten  zu , in  einem  
v e rm in d e r te  er sich. D ie  Z u n ah m e w ar an  d e r  G renze der S ign ifikanz  (5 %  <  
<  p  <  10% ). In  M a n n itd iu re se  w ar der A n stieg  des L ym phflusses n a c h  U re

te rv e rs c h lu ß  b e d e u te n d  (T a b . IV .). Die tr a n s p o r t ie r te  L y m p h m en g e  d er v e r
sch lo sse n e n  Niere w a r  n a c h  ltäg ig em  U re te rv e rsch lu ß  (T ab . I I .)  no rm al 
(T a b . I . und  H L ).

b) In  der in n e rv ie r te n  G ruppe m it U re te rv e rsch lu ß  +  S ta u u n g  d er V. 
x en a lis  s te igerte  sich d e r  L y m p h ab flu ß  s ig n if ik a n t (p  <  0 ,1% ).

Tabelle I I I

L ym p h flu ß  aus der innervierten N iere , E iw eißgehalt der N ierenlym phe  
u n d  des B lutplasm as vor u n d  nach Ureterv er Schluß bziv. bei S tauung der V . renalis 

(V o rb eh an d lu n g  der Tiere m it p e ro ra le r  W asserzufuhr)

Plasma N ierenlym phe

N r.
A. femoralis

V.
renalis N orm al U reterverschluß

Stauung 
der V. renalis

in der 
Vor-

G esamt-
pro t.
g%

A/G
Gesamt-

prot.
g%

F luß
m l/m in

Gesamt-
pro t.
g%

A/G
Fluß

m l/min
Gesam t-

p rot.
g%

A/G
Fluß

ml/min
Gesamt-

prot.
g%

A/G

période
ml/min

2 6 6 ,1 5 2 ,8 6 .1 5 0 ,0 5 5 ,0 1 3 ,5 0 ,0 8 4 ,0 3 4 ,0 0 ,3 6 4 ,3 0 ЗД 0 ,0 8

2 8 5 ,4 3 1 ,1 4 ,3 5 0 ,0 2 3 ,2 8 1 ,8 0 ,0 4 3 ,0 7 1 ,5 0 ,2 5 3 ,2 8 — 0 ,0 1

3 1 5 ,6 3 1 ,5 5 ,1 2 0 ,0 1 3 ,6 9 1 ,5 0 ,0 2 2 ,8 7 2 ,6 0 ,0 3 2 ,8 7 — 0 ,3 3

3 2 5 ,2 7 — 4 ,7 3 0 ,0 4 2 ,8 7 — 0 ,0 2 2 ,0 5 — 0 ,1 3 3 ,3 3 — 0 ,0 8

3 3 6 ,2 5 0 ,5 4 ,7 1 0 ,0 1 2 ,8 7 0 ,0 7 0 ,0 2 2 ,8 7 0 ,8 — — — 0 ,2 2

3 4 5 ,1 2 1,1 4 ,9 2 0 ,0 3 — — 0 ,0 6 — — — — — 0 ,0 9

3 7 4 ,9 2 2 ,2 4 ,6 6 0 ,0 2 — — 0 ,0 3 — — — — — 0 ,0 7

X 5 ,5 4 1 ,5 3 4 ,9 5 0 ,0 3 3 ,5 4 1 ,8 7 0 ,0 4 2 ,9 8 2 ,2 3 0 ,1 9 3 ,4 5 — 0 ,1 3

s 0 ,5 0 0 ,8 3 0 ,5 8 0 ,0 2 0 ,8 4 1 ,1 8 0 ,0 2 0 ,7 1 1 ,4 0 0 ,1 4 0 ,6 1 — 0 ,1 1

Tabelle IV

L y m p h flu ß  aus der innervierten  N iere , Eiweißgehalt der N ierenlym phe bzw. des B lutplasm as 
vor u n d  nach Ureterverschluß w ährend M annitdiurese

Plasma N ierenlym phe M annit
diurese

Vorperiode
N r.

A. femoralis V. renalis M annitdiurese Ureterverschluß

Gesamtprot.
g% A/G

G esam tprot.
g%

Fluß
ml/min

Gesamtprot.
g% A/G

Fluß
ml/min

Gesamtprot.
g% A/G

Fluß
ml/min

1 7 * 4 ,9 2 1 ,3 4 ,3 0 0 ,0 2 2 ,4 6 — 0 ,3 3 2 ,0 5 2 ,5 2 ,0 1

1 8 4 ,7 1 1 ,0 4 4 ,7 1 0 ,0 3 3 ,6 4 1 ,6 0 ,1 8 2 ,4 6 1 ,5 1 ,4 5

* K apsellym phe.
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D er L y m p h flu ß  aus der denervierten N ie re  (T ab . V.) n a h m  infolge 
des U re te rv e rsch lu sses  in  9 von  11 E x p e rim e n te n  s ig n if ik an t zu  (p  <  1% ). 
D ie L y m p h flu ß w erte  d er in n e rv ie rte n  u n d  d e n e rv ie rten  N iere w aren  in  der 
V orperiode id en tisch .

D er G esam te iw eiß g eh alt im  P lasm a d er A. fem oralis w ar s ig n ifik an t 
h ö h er (p  <  0 ,1 % ), als in  d e r V. renalis  (T a b .I .— V .). U nsere  E rgebn isse  s tim 
m en m it den  L ite ra tu ra n g a b e n  üb ere in  [20, 21].

D er E iw e iß g eh a lt in  d er N ieren lym phe w ar n ach  U re te rv e rsch lu ß  in  
allen  F ä llen  s ig n if ik a n t n ied rig er, als in der V orperiode : In  d er in n e rv ie rte n  
G ruppe  nach  V o rh y d ra tie ru n g  m it physio log ischer Salzlösung  w ar p  <  0 ,9%  
(T ab. I .) ,  in  d er in n e rv ie r te n  G ruppe  m it p e ro ra le r  W asse rzu fu h r p  < 5 %  
(T ab . I I I . ) ,  in  d er d e n e rv ie rten  G ruppe p  < 0 ,1 %  (T ab . V .). B ei U re te rv e r
sch luß  -f- S ta u u n g  d e r V. ren a lis  s te ig erte  sich d e r E iw e iß g eh a lt d er N ieren 
ly m p h e  im  V erh ä ltn is  zu den  n ach  U re te rv e rsch lu ß  b e o b a c h te ten  W erten  sign i
f ik a n t  (p  <  1% ). D ie А /G -W erte  in  d er N ie ren ly m p h e  w aren  s ig n ifik an t 
(p  <  1% ) h ö h er, als im  P la sm a  (T ab . I ., H L , V .). D ie M in u tend iu rese  w a r in  
d er d e n e rv ie rten  G ruppe  s ig n if ik an t hö h er (p  <  5 % ), als in  d er in n e rv ie r te n  
G ruppe  (T ab . I ., I I I . ,  V .).

Tabelle V

N ieren flu ß  aus der denervierten Niere, E iw eißgehalt der N ierenlym phe  
und  des B lu tp lasm as vor und  nach Ureterverschluß bzw. bei S tauung  der V. renalis 

(V orbehandlung  de r T iere m it physiol. K ochsalzlösung)

Plasma Nierenlympl e
Diurese

nach

Nr.
A. femoralis

V.
renalis Nach D enervation U reterverschluß

Stauung 
der V. renalis

Dener
vation

Gesamt- Gesamt- Fluß Gesamt- Fluß Gesamt- Fluß Gesamt-
A/G

période
prot.
g%

A/G prot.
g%

rnl/min prot.
g%

A/C ml/min prot.
g%

A/G ml/min prot.
g%

Fluß
ml/min

14 6 ,8 0 — 6 ,7 2 0 ,0 3 3 ,2 8 1 ,7 0 ,1 0 2 ,6 6 1 ,3 0 ,8 4 3 ,2 8 1 ,1 0 ,0 8

15 6 ,8 1 — 6 ,7 3 0 ,1 2 3 ,2 8 1 ,1 0 ,1 6 3 ,2 1 1 ,3 — — - 1 ,0 0

1 6 5 ,1 2 0 ,5 4 ,7 1 0 ,0 1 3 ,2 9 1 ,2 0 ,0 4 3 ,0 7 1 ,5 — — - 0 ,1 2

19 3 ,6 4 1 ,4 3 ,4 8 0 ,0 1 2 ,4 6 1 ,3 0 ,0 5 1 ,6 4 1 ,0 0 ,4 2 2 ,4 6 0 ,6 0 ,2 0

2 2 * 5 ,4 3 0 ,5 5 ,3 3 0 ,0 2 3 ,0 7 0 ,9 0 ,0 3 2 ,7 7 0 ,7 — — — 0 ,1 0

3 8 4 ,5 5 2 ,2 4 ,1 0 0 ,0 1 3 ,4 7 — 0 ,0 6 2 ,8 4 2 ,3 0 ,2 5 3 ,2 4 - 0 ,0 4

3 9 4 ,8 2 2 ,2 4 ,7 1 0 ,0 4 — 2 ,6 0 ,0 4 — 2 ,8 0 ,0 6 3 ,2 8 — 0 ,3 8

4 0 5 ,8 4 1 ,8 6 ,1 5 0 ,0 4 2 ,8 7 1 ,2 0 ,1 1 2 ,7 0 1 ,0 — — — 0 ,1 6

4 2 5 ,2 0 2 ,0 — 0 ,0 4 3 ,2 8 2 ,3 0 ,0 4 2 ,8 7 2 ,5 — — — 0 ,0 5

4 3 5 ,1 3 — 5 ,9 4 0 ,0 2 3 ,2 8 — 0 ,0 3 2 ,9 7 — — — - 0 ,0 4

4 4 5 ,1 2 — — 0 ,0 5 3 ,0 7 — 0 ,1 6 2 ,8 7 — — — — 0 ,9 0

X 5 ,3 1 1 ,5 1 5 ,3 2 0 ,0 4 3 ,1 4 1 ,5 4 0 ,0 7 2 ,7 6 1 ,6 0 0 ,3 9 3 ,0 7 0 ,2 8

s 0 ,9 2 0 ,7 4 1 ,1 5 0 ,0 3 0 ,2 9 0 ,6 1 0 ,0 5 0 ,4 3 0 ,7 5 0 ,3 3 0 ,4 0 0 ,3 4

* K apsellym phe.
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D ie  osmotischen K onzentrationsw erte  der L y m p h e , des P la sm as u n d  
H a rn s  sin d  in  T ab . V I., V II I .  u n d  IX . d a rg es te llt. T abelle  V II . u n d  V II I . zeigen, 
d a ß  in  d er in n e rv ie rten  G ru p p e  d e r M itte lw ert d er o sm otischen  K o n zen 
t r a t io n  im  P lasm a v o n  je n e m  in  der L y m p h e  n ic h t w esen tlich  ab  w ich. 
A u f  W irk u n g  des U re te rv e rsch lu sses  -f- d er S ta u u n g  d er V. ren a lis  (T ab . V I. 
u n d  V II I .) ,  sowie n ach  l tä g ig e m  U re te rv e rsch lu ß  (T ab . V II.)  v e rä n d e rte  sich 
d ie  O sm o la ritä t d er N ie ren ly m p h e  n u r u n b e d e u te n d . In  der d e n e rv ie rten  
G ru p p e  b es tan d en  b e d e u te n d e  U n te rsch ied e  zw ischen  d e r o sm o tisch en  K o n 
z e n tr a t io n  des B lu tp la sm as u n d  d e r  N ieren lym phe  in  d er V orperiode  (p  <  
< 0 , 1 % ) ,  sowie n ach  U re te rv e rsch lu ß  (p  <  3% ) (T ab . IX .) . B ed eu ten d e  
A b w eich u n g en  (p  <  0 ,1 % ) w aren  au ch  zw ischen den  o sm o tisch en  P la sm a 
k o n z e n tra tio n sw e rte n  d er b e id en  G ruppen  festzu ste llen . D ie o sm otische  K o n 
z e n tr a t io n  der L ym phe ze ig te  u n te r  versch iedenen  V ersu ch sb ed in g u n g en  keine 
w e se n tlic h e n  U n tersch iede . D ie  osm otische K o n z e n tra tio n  des H a rn s  w ar in  
a lle n  E x p e rim e n te n  h ö h er, als die d er L y m p h e  bzw . des P lasm as. N ach  U re te r
v e rsc h lu ß  w ar die o sm o tisch e  K o n z e n tra tio n  des H a rn s  u n g e fä h r in  d er H ä lfte  
d e r  F ä lle  etw as höher bzw . n ied rig e r als v o r dem  V ersch luß  u n d  in  a llen  F ällen  
h ö h e r  als die osm otische P la sm a k o n z e n tra tio n  (T ab . V I., bzw . V II I . ,  IX .).

D en  norm alen  L y m p h flu ß  [9, 13, 14], die W irk u n g  der V en en stau u n g  
a u f  d e n  L ym phfluß  u n d  a u f  den E iw e iß g eh a lt d e r  N ieren ly m p h e  b e tre ffen d  
w a re n  unsere  E rgebn isse  m it den  L ite ra tu ra n g a b e n  ü b e re in s tim m e n d  [2, 4, 5,

Tabelle VI

Osmotische K onzentration  der N ierenlym phe, 
des P lasm as u n d  H arns vor und  nach Ureterverschluß  

(Innerv ierte  T iere  m it  physio l. K ochsalzlösung-V orbehandlung)

Plasma mOsm/1 N ierenlym phe т О э т Д H arn  mOsm/1

N r.
A. femoralis V. renalis Normal

U reter
verschluß

Stauung der 
Y. renalis

Vor U reter
verschluß

N ach U reter
verschluß

l 312 301 326 321 321 1556 748
2 344 344 307 307 307 560 648
3 326 326 296 296 296 1473 1290

4 357 348 375 — 370 1424 1059
5 321 312 312 321 312 951 1134

6 * 317 317 307 317 317 1033 1183

8 344 359 339 339 339 575 690

21* 352 352 335 326 — 785 —

X 334,1 332,4 324,6 318,1 323,1 1044,6 965
s 17,2 21,2 25,2 13,7 24,6 400,1 —

K apsellym phe.
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Tabelle VII

Osmotische Konzentration der N ierenlym phe  
u n d  des B lutp lasm as 24 S tunden nach Ureierverschluß 

(In n e rv ie rte  T iere, V orbehandlung  m it physio l. Kochsalzlösung)

Nr.

P lasm a mOsm/1 N ierenlym phe mOsm/1
H arn mOsm/1 

nach
U reter vers chlußA. fem oralis V. renalis

H ydronephrose 
(24 S tunden)

Stauung der 
V. renalis

9 392 403 326 — 554

10* 312 312 331 — 661

11 321 321 331 — 348

12 370 360 370 — 511

13 361 361 331 331 1330

X 351,2 351,4 337,8 — 680,8

s 33,8 36,4 18,1 380.0

* K apse llym phe.

Tabelle V III

Osmotische Konzentration der N ierenlym phe, 
des P lasm as und H arns vor und  nach Ureterverschluß 

( In n erv ie rte  T iere m it pero ra ler W asserzufuhr)

Nr.

P lasm a N ierenlym phe
H arn ,

V orperiode
A. fem oralis V. renalis Normal U reterverschluß

Stauung der 
V. renalis

26 352 357 335 335 317 596

28 316 312 331 331 331 1050

31 331 331 339 344 331 914

32 335 331 339 348 335 661

33 340 340 320 340 350 730

37 336 298 330 — — 1230

X 335 328,2 332,3 339,6 332,8 863,5

s 11,8 20,8 7,2 6,8 11,8 245,8

9 , 14, 15]. D asse lbe  b ez ieh t sich auch  a u f d ie  o sm otischen  K o n z e n tra tio n sw e rte  
des P lasm as bzw . d e r L y m p h e  [16, 17].

D a ten  ü b e r  den  N ieren ly m p h flu ß  n a c h  U re te rv ersch lu ß  bzw . n ach  
D en erv a tio n , sow ie ü b e r die O sm o la ritä t d e r  N ieren lym phe w a re n  in  der 
L ite ra tu r  n ic h t zu  fin d en .
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Tabelle IX

Osmotische Konzentration der N ierenlym phe, 
des P lasm as u n d  H arns vor u n d  nach Ureierverschluß 

(D enerv ierte  T iere, V orbehand lung  m it  p e ro ra ler W asserzufuhr)

Nr.

P lasm a mOsm/1 N ierenlym phe mOsm/1
H arn  mOsm/1 

Vorperiode
A. fem oralis V. renalis

N ach
D enervation U reterverschluß

14 307 312 339 307 693
15 307 312 331 331 321
16 321 321 339 317 960
19 285 301 357 324 940
22* 315 301 331 331 860
38 314 302 — 330 569
39 321 302 346 346 634
40 312 314 330 308 —

41 294 — 330 500
42 330 — 320 336 671

43 319 302 330 335 817
44 308 314 —

X 311,1 307,4 333,4 326,5 687,5

s 12,3 7,4 11,8 12,5 194,7

* K apsellym phe.

B esprechung

F o lg en d e  E rgebn isse  sollen h e rv o rg eh o b en  w erden:
1. D ie S te igerung  des L ym phflusses d e r  in n e rv ie rte n  N ieren  w a r  n ach  

U re te rv e rsc h lu ß  n ich t s ig n if ik a n t, in  den d e n e rv ie r te n  N ieren k o n n te  dagegen  
eine s ig n if ik a n te  Z u n ah m e des L ym phflusses fe s tg e s te llt w erden. D ies sp r ic h t 
d a fü r , d a ß  infolge der N iercnh ilu sfre ilegung  e in  L y m p h g efäß sp asm u s e n ts te h e n  
k a n n , d e r  n ach  U re te rv e rsch lu ß  gegen die S te ig e ru n g  des L ym phflusses w irk t. 
N a c h  U re te rv e rsch lu ß  w ird  ein  Teil des in  d as  In te r s t i t iu m  gelangenden  H a rn s  
s ic h e rlic h  du rch  das L y m p h g efäß sy stem  a b tra n s p o r t ie r t :  Die ex p e rim en te lle  
D e m o n s tra tio n  dieses P rozesses is t jed o ch  in fo lge  des L y m p h an g io sp asm u s 
e rsc h w e r t. B ei der A bw eichung  k an n  auch  d e r  geringeren  M in u ten d iu rese  d e r 
in n e rv ie r te n  N iere B e d eu tu n g  zukom m en.

2 . N ach  U re te rv e rsch lu ß  w urde die N ie ren ly m p h e  tro tz  des h y p e ro sm o 
tis c h e n  H a rn s  n ich t h y p ero sm o tisch .

3 . N ach  U re te rv e rsch lu ß  nah m  in  a llen  E x p e rim e n te n  der E iw e iß g eh a lt 
in  d e r  N ieren ly m p h e  ab .



ÜBER DIE UNTERSUCHUNG DER NIERENLYMPHE 135

D ie R e su lta te  sp rech en  d a fü r , d aß  d er in  das N ie re n in te rs titiu m  g e lan 
gende hypero sm o tisch e  H a rn  infolge V erd ü n n u n g  isosm otisch  w ird  u n d  d aß  
die in te rs titie lle  E iw e iß k o n z e n tra tio n  a b n im m t. A u f das b ed eu ten d e  M aß  d er 
V erd ü n n u n g  w eist die T a tsa c h e  h in , d aß  obw ohl d e r E iw eißgehalt d e r  N ie re n 
ly m p h e  n ach  U re te rv e rsch lu ß  -f- S ta u u n g  d e r V . renalis höher w ird , a ls d er 
n a c h  U re te rv e rsch lu ß  g e fu n d en e , die n o rm alen  E iw e iß k o n zen tra tio n sw erte  
je d o c h  n ic h t ü b e rsc h re ite t. E in  T eil d er in te rs titie lle n  F lüssigkeit w ird  d u rc h  
die B lu tk ap illa ren , ein  a n d e re r  (e iw eißhaltiger) T eil ab er du rch  das L y m p h 
g efäß sy stem  a b tra n sp o r tie r t .

D ie osm otische K o n z e n tra tio n  d er N ie ren ly m p h e  ist auch u n te r  v e rsc h ie 
d en en  V ersuchsbed ingungen  ziem lich  b e s tä n d ig  u n d  s tim m t m it d e r des B lu t
p lasm as übere in . In  d er d e n e rv ie rten  V ersu ch sg ru p p e  dagegen is t die O sm ola- 
r i t ä t  im  B lu tp lasm a  n ied rig e r als in  d er N ie ren ly m p h e  derselben u n d  im  B lu t
p la sm a  d er in n e rv ie rten  G ru p p e . D ie U rsache  dieses B efundes is t u n b e k a n n t .

N euerd ings w ird  d er B eo b a c h tu n g  eine b e d e u te n d e  Rolle zu g esch rieb en , 
d aß  das N ieren m ark  im  V erg leich  zum  B lu tp la sm a  h y p e ro sm o tisch  is t 
[6, 7, 8, 18].

D ie k o n s ta n te  u n d  m it d er des B lu tp lasm as ü b ere in stim m ende  o sm o tisch e  
K o n z e n tra tio n  der N ie ren ly m p h e  sp ric h t d a fü r, d a ß  keine b ed eu ten d e  L y m p h - 
p ro d u k tio n  in  der M edulla v o r sich  g eh t, oder a b e r  w ird  die von h ier s ta m m e n d e  
h y p ero sm o tisch e  L y m p h e  b in n e n  k u rze r Z eit isosm otisch . E ine a n d e re  H y p o 
th ese  is t  [22], daß  die L y m p h e  aus d er M edulla in  R ich tu n g  der iso sm o tisch en  
R in d e  s trö m t: D am it k a n n  die Iso sm o la ritä t d e r  N ieren lym phe u n d  des B lu t
p lasm as le ich t e rk lä r t w erden .

Schließlich  soll noch  die fo lgende F rag e  b e a n tw o rte t w erd en : W elche 
R olle k o m m t der L y m p h z irk u la tio n  in  d er N ie ren fu n k tio n  zu?

D em  ko llo idosm otischen  D ru ck  der m ed u llä ren  B lu tgefäßen  u n d  d er 
F u n k tio n  d er HENLEschen Schleifen  is t im  A u fre c h te rh a lte n  der H y p ero sm o se  
des M a rk in te rs titiu m s  eine en tsch e id en d e  Rolle be izum essen: D urch  d en  k o llo id 
o sm otischen  D ruck  d e r K a p illa re n  w ird  die w äh ren d  h y p e rto n isch e r H a r n 
b ild u n g  aus den S am m elrö h ren  in  das In te r s t i t iu m  gelangende F lü ss ig k e it 
a b tra n s p o r t ie r t .  D ie g ru n d leg en d e  F u n k tio n  d e r N ieren lym phgefäße  is t ,  d u rc h  
s tä n d ig e n  T ra n sp o rt des in te rs titie lle n  E iw eißes im  N ierenm ark  den  e ffe k tiv e n  
ko llo idosm otischen  D ru ck  des B lu tes  zu s ich e rn . A u f die B e d e u tu n g  des 
in te rs titie lle n  E iw e iß tra n sp o rte s  w eisen die T a tsa c h e n  h in , d aß  n a c h  V er
sch lu ß  d er N ie ren lym phgefäße  e inerseits die D iurese erh ö h t w ird  [23, 24], 
a n d e rse its  die osm otische  K o n z e n tra tio n  des H a rn s  ab n im m t [23].

*  *  *

F ü r  die m a th e m a tisc h -s ta tis tisc h e n  A n a ly sen  danken  w ir H e r rn  B éla  
H a jtm a n n  auch  an  d ieser S te lle .
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D E R  UNG A RISCH EN  A KA D EM IE D E R  W ISSEN SCH A FTEN

(E in g eg an g en  am  4. J a n u a r  1962)

B ei R a tte n  w u rd e n  d ie m it dem  d u rch  1500 r  ausgelösten  g a s tro in te s tin a le n  
S tra h le n sy n d ro m  p a ra lle l a u f tre te n d e n  V e rä n d e ru n g e n  des e x traze llu lä ren  R a u m e s 
an a ly s ie rt.

W äh ren d  d e r e rs ten  24 S tu n d e n  n ach  der S tra h le n ex p o s itio n  is t d e r  ex tra ze llu lä re  
R a u m  re c h t lab il u n d  w eist n e g a tiv e  u n d  p o sitiv e  S c h w a n k u n g en  auf. E in m alig e  B e s tim 
m u n g  des ex tra ze llu lä re n  R au m es e rg ib t in  d ieser Z e itp e rio d e  kein  rea les  B ild . V on  d e r 
24. S tu n d e  an  e n ts te h e n  g a s tro in te s tin a le  S y m p to m e  u n d  d e r ex traze llu lä re  R a u m  v e r
m in d e rt sich zu ers t sukzessiv , v o n  de r 65. S tu n d e  b is  zum  T ode  is t jed o c h  eine s ta rk e  
S enkung  der e x tra ze llu lä re n  W erte  zu  v e rze ich n en . I n  de r gesam ten  B e o b ac h tu n g sze it 
v e rm in d erte  sich de r ex tra ze llu lä re  R au m  u m  54— 5 8 % .

D ie E rgebn isse  w erd en  a n h a n d  d e r n eu eren  L ite rä tu ra n g a b e n  ü b e r  d as g a s tro 
in te s tin a le  S tra h le n sy n d ro m  b ew erte t.

Die U n te rsu ch u n g en  von  S c h a d e  u n d  M e n s c h e l  (1923) [24] h ab e n  gezeig t, 
d a ß  n ach  R ö n tg e n g a n z k ö rp e rb es tra h lu n g  im  v o n  K ap illa rw an d  u n d  Zell
m e m b ra n  b eg ren z ten  sog. »D reikam m ersystem « des O rganism us versch iedene  
V erän d e ru n g en  Z ustandekom m en , die te ils d u rch  d ie  v e rä n d e rte  P e rm e a b ilitä t 
d e r  K a p illa rw a n d , te ils  d u rch  eine F u n k tio n sv e rä n d e ru n g  d er o sm otischen  
Z e llm em b ran  e rk lä r t w erden  können . A u f G ru n d  d e r irrev e rs ib len  m o rp h o lo 
g ischen  V erän d eru n g en  d e r E n d o th e lze llen  k o n n te n  L a z a r e w  u n d  L a z a r e w a  
[14] die F u n k tio n sv e rä n d e ru n g e n  der K a p illa rw a n d  n ach  B e s tra h lu n g  m it 
600 r  nachw eisen . Im  in te rs titie lle n  R au m  k a n n  led ig lich  die P e rm e a b ili tä ts 
v e rä n d e ru n g  der K a p illa rw a n d  d e ra rtig e  V ersch ieb u n g en  v e ru rsach en , w o ra u f  
schw ere S tö ru n g en  im  Salz- u n d  W asse rh au sh a lt des ganzen  O rgan ism us e rfo l
gen  ( K e r p e l - F r o n iu s  [12]). D a jed o ch  n ich t n u r  m it d er d irek ten , so n d ern  
au c h  m it e iner a llgem einen , aspezifischen  S ch o ck w irk u n g  der B e s tra h lu n g  
g e rech n e t w erden  m u ß , soll bei d er P rü fu n g  d e r P e rm e a b ilitä tsv e rän d e ru n g e n  
d e r  die einzelnen  S ystem e tre n n e n d e n  M em branen , au ch  diese T a tsach e  b e rü c k 
s ic h tig t w erden . V on den  zah lre ichen  F o rsch ern , d ie sich  m it d er K lä ru n g  d e r  
E in ze lh e iten  des ko m p lex en  S chockm echan ism us b e fa ß te n , e rw äh n en  w ir  
C a n n o n  [4], M o on  [17], R u s z n y á k , K a r á d i, H á m o r i [2 2 ,2 3 ], G ö m ö r i [9].

D a die L ite ra tu ra n g a b e n  e in an d er gew isse rm aß en  w id ersp rech en , w a r  
d a s  Ziel vorliegender A rb e it, die sich zum  S tra h le n sy n d ro m  der R a tte n  gesel
le n d e n  V erän d eru n g en  des ex traze llu lä ren  R au m es m it genauem  u n d  zu v er-
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lä ß ig e m  V erfahren  zu  b es tim m en . V or d e r B eschre ibung  d e r a n g ew an d ten  
M e th o d ik  sollen die n e u e re n  G esich tsp u n k te  ü b e r den  e x tra z e llu lä re n  R au m  
u n d  d ie  d iesbezüglichen U n te rsu c h u n g e n  k u rz  b e h a n d e lt w erden .

E in e  ideale S u b s ta n z , die in  den  in tra z e llu lä ren  R au m  ü b e rh a u p t n ich t 
e in d r in g t ,  s te h t zu r B e s tim m u n g  d e r ex tra z e llu lä re n  F lü ssig k e it n ic h t z u r  
V e rfü g u n g , w oraus fo lg t, d a ß  keine d e r z u r B estim m ung  des e x tra z e llu lä re n  
R a u m e s  d ienenden  M eth o d en  ab so lu t e x a k te  E rgebn isse  lie fe rt. B ei A nw en
d u n g  v o n  In u lin  oder M a n n it k ö n n en  je d o c h  ausre ichend  g enaue R e su lta te  
g e w o n n e n  w erden [7, 13, 19]. D ie m it a n d e re n  S u b stan zen , w ie z. B . Thio- 
c y a n a t ,  N a- und  C l-Iso topen  b e s tim m te n  R äu m e  k ö n n en  n u r  als N a -, CI- usw . 
V e rte ilu n g srä u m e  b eze ich n e t w erden . E in  u n b e d e u te n d e r  F e h le r  d e r In u lin 
m e th o d e  is t die lan g sam e P e n e tra t io n  d e r S u b stan z  in  den  ex tra z e llu lä re n  
R a u m  d e r E lastin - u n d  K o llag en e lem en te .

L a u t  Co ttl o v e  (z it. 16) v e r lä u f t die In u lin v e rte ilu n g  im  ex tra z c llu lä re n  
R a u m  in  zwei g e so n d e rten , ex p o n en tie llen  D iffusionsphasen . W ie bere its  
e rw ä h n t ,  k an n  der e x tra z e llu lä re  R a u m  als D re ik am m ersy stem  b e tra c h te t  
w e rd e n , das aus einem  a k tiv e n  u n d  einem  in a k tiv e n  R aum  b e s te h t. D e r ak tiv e  
e x tra z e llu lä re  R aum  b e s te h t  w ieder aus zw ei —  le ich t und  schw er d iffu sib len  —  
T e ile n , le tz te re r  b e s te h t aus d em  B indegew ebe-, K nochen- u n d  aus d em  kleinen 
z e llu lä re n  In u lin rau m . D er in a k tiv e  bzw . tran sze llu lä re  R au m  u m fa ß t die 
n ic h t  zu m  In u lin -V erte ilu n g srau m  g eh ö ren d en  F lü ssig k e iten : L iq u o r, G alle, 
d e r  in  d en  Nieren b e fin d lich e  H a rn , die G elenksflüssigkeit [15, 16].

D a  sich das In u lin  im  a k tiv e n  ex tra z c llu lä re n  R au m  v e rh ä ltn ism ä ß ig  
sch n e ll u n d  gleichm äßig v e r te i l t ,  is t es zu r B estim m u n g  des ex tra z e llu lä re n  
R a u m e s  d er kleinen S ä u g e tie re  a u ß e ro rd e n tlich  geeignet [3, 7, 13]. D as In fu 
s io n sv e rfa h re n  m it H a rn sa m m lu n g , oder N ep h rek to m ie  m it e in er In je k tio n  
v e rb u n d e n  sind zur g e n au en  B estim m u n g  des V erte ilu n g srau m es geeignet. 
D as  e rs te re  V erfahren  is t  au s  der L i te ra tu r  w o h lb ek an n t [2, 13], d as  zw eite 
b e r u h t  a u f  folgendem  P r in z ip : D a die E lim in a tio n  bzw . in traze llu lä re  D iffusion  
des in  e in e r  In jek tio n  v e ra b re ic h te n  In u lin s  be i n e p h re k to m ie rten  T ie ren  viel 
la n g s a m e r  u n d  g le ichm äßiger v o r sich  geh t, k a n n  die V erte ilung  ex p o n en tie ll 
c h a ra k te r is ie r t  w erden [19]. I n  b e s te r  A n n ä h e ru n g  e rh ä lt m an  den  V erte ilu n g s
ra u m , w en n  die In u lin k o n z e n tra tio n  im  S erum  zu versch iedenen  Z e itp u n k te n  
n a c h  d e r  Inu lingabe b e s tim m t w ird . W erd en  die e rh a lten en  W erte  oder die 
u m g e re c h n e te n  ex tra z e llu lä re n  R äu m e im  sem ilogarithm ischen  M aß stab  d a r
g e s te ll t ,  so e rh ä lt m an  eine  s te il v e rlau fen d e  G erade , die a u f  den  Z e itp u n k t 
»0« e x tra p o lie r t  w ird. N ach  d en  U n tersu ch u n g serg eb n issen  d er le tz te n  J a h re  
w u rd e  b e i R a tte n  fü r die e x tra p o lie r te n  ex traze llu lä ren  R äu m e 16— 15,3%  
g e fu n d e n , die m axim ale S ch w an k u n g  b e trä g t  1,5— 3 %  [19, 29].

In fo lg e  der e x a k te n  E rg eb n isse  u n d  d e r e in fachen  A u sfü h ru n g  fan d en  
w ir  d iese  M ethode —  m it g e rin g er M o d ifik a tio n  —  fü r die R e g is tr ie ru n g  der 
V e rä n d e ru n g e n  des e x tra z e llu lä re n  R au m es v o n  b e s tra h lte n  R a t te n  geeignet.
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M ethodik

I n  den  V o rv e rsu ch en  w u rd e  in ta k te n  R a tte n  n a c h  U n te rb in d u n g  des N ie ren h ilu s  eine 
g roße  Inu lindosis [100 m g /k g ] in  e inm aliger In je k tio n  v e ra b fo lg t [28], so d an n  d ie In u lin 
k o n z e n tra tio n  im  S e ru m  zu v e rsch ied en en  Z e itp u n k te n  b e s tim m t. D ie d u rc b sch n ittlich e n  
K o n z en tra tio n sw erte  sow ie d ie a u f  den  ex traze llu lä ren  R a u m  u m g erech n e ten  W e rte  w u rd en  
im  sem ilo g arith m isch en  M a ß sta b  d a rg este llt , u n d  a u f  d e n  Z e itp u n k t »0« e x tra p o lie r t. A u f diese 
W eise e rh ie lten  w ir e x tra z e llu lä re  R au m -W erte  von  1 6 ,1 5 %  (A bb . 1). In  säm tlich en , p a ra lle l

A bb. 1. Sem ilogarithm ische  In u lin w e rte  im  Serum  in  v e rsch ied en en  Z eitp u n k te n  (E inm alige  
In u lin in je k tio n , R a tte n  m it N ie ren h ilu sv ersch lu ß )

d u rc h g e fü h rten  u n d  w ied erh o lten  U n te rsu ch u n g en  e rg ab  sich  d ieselbe  ex p o n en tie lle  V erte ilu n g . 
D a  das In u lin  sich im  sch n e ll d iffu n d ie rb a ren  Teil des e x tra z e llu lä re n  R aum es be i n ep h rek to - 
m ie r ten  R a tte n  b in n en  20— 30 M in u ten  v e r te il t  [28], w u rd e  d ie  In u lin k o n z e n tra tio n  des S erum s 
u n d  d a m it der e x tra ze llu lä re  R a u m  in  einer w e ite ren  V ersuchsserie  n u r in d e r 30. M inu te  
b e s tim m t. Der gew onnene  D u rc h sc h n ittsw ert (16,4 +  1 ,3 6 % ) w ar m it dem  30 -M in u ten w ert 
d e r  besch riebenen  ex p o n en tie lle n  V erte ilu n g sfu n k tio n  id e n tisc h . Infolge  der g eringen  S tre u u n g  
d e r  V ersuchsergebnisse, sow ie d e r m in im alen  A bw eichung  zw ischen  dem  au f »0« e x tra p o lie r te n  
u n d  dem  3 0-M inu tenw ert (0 ,2 5 % ) fan d en  w ir fü r  d ie B e s tim m u n g  des re la tiv e n  e x tra ze llu lä re n  
R au m es die e inm alige  B lu te n tn a h m e  n ach  30 M in u ten , m it  d o p p e lte r K o n tro lle  v o n  au s
re ic h en d e r G enau igkeit.

D ie V ersuche u n d  die V orversuche w u rd en  a n  121 W is ta r -R a tte n  (1— 2- 
m o n a tig e  T iere v o n  120— 180 g G ew icht) b e id en  G eschlechts d u rc h g e fü h rt.
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W ä h re n d  der E x p e rim e n te  e rh ie lten  die T iere  F u t te r  b e s tim m te r M enge u n d  
Z u sam m en se tzu n g . W asser e rh ie lten  sie a d  lib itu m . E ine T ie rg ru p p e  e rh ie lt 
k e in e  F lüssigkeit, e in er a n d e ren  G ruppe w u rd e  1 S tu n d e  nach  d er B e s tra h lu n g  
p e ro ra le r  W asserstoß  (5%  des K örperg ew ich tes) m it d e s tillie rtem  W asser 
v e ra b fo lg t.

D ie G an zk ö rp e rb es trah lu n g  erfo lg te m it einem  S t a b il ip a n -A p p a ra t 
(S iem ens) u n d  einer D o sis le istung  von  35 r /m in . Die S trah len d o sis  b e tru g  
1500 r ,  H W L  w ar 1,0 m m  Cu. W äh ren d  d er B estrah lu n g  w u rd en  d ie  T iere  in  
au s  P lex ig las v e rfe rtig te n , m it F ä c h e rn  iso lie rten  K äfigen  u n te rg e b ra c h t. 
D ie u n te r  id en tisch en  ex p e rim en te llen  B ed in g u n g en  g ehaltenen  K o n tro lltie re  
w u rd e n  —  ohne d aß  sie d e r S trah len w irk u n g  au sg ese tz t gew esen w ären  —  
ein e  gleiche Zeit lan g  in  die B estrah lu n g sg efäß e  gelegt.

D ie ex traze llu lä ren  R a u m b estim m u n g en  w u rd en  1, 6, 12, 24, 48 u n d  72 
S tu n d e n  nach  der S tra h le n e x p o s itio n  vo rgenom m en , das In u lin  w u rd e  in  diesen 
Z e itp u n k te n  in jiz ie rt, d ie N ie ren h ilu s-A b b in d u n g  erfo lg te 30 M in u ten  v o rh e r, 
d ie  E x sa n g u in a tio n  30 M in u ten  n achher.

N ie ren h ilu sab b in d u n g : Ä th e rn a rk o se , re tro p erito n ea les  E in d rin g e n  aus 
d o rsa le m  S ch n itt, A b tre n n u n g  d er N ierengeb ilde; die N eb en n ieren  b lieben  
u n b e r ü h r t  und  der N ie ren h ilu s  w urde  m it e inem  d ü n n en  F a d e n  a b g eb u n d en . 
D ie In z is io n  w urde m it 1— 2 N ä h te n , die H a u t m it K lam m ern  versch lossen . 
D a  d ie  ex traze llu lä ren  R a u m b estim m u n g en  be i e iner g rößeren  A n zah l von  
T ie re n  zugleich d u rc h g e fü h rt w u rd en , erfo lg te be i jed em  T ier zu e rs t das A b b in 
d en  des N ierenhilus.

Inu lin -V erab fo lg u n g : N ach  d er M ethod ik  vo n  W h it e  u n d  R o l f  [28] w urde 
d en  T ie re n  30 M inu ten  n ach  dem  E in g riff  1 m l l% ig e  In u lin -L ö su n g  (10 mg) 
in  d ie  Schw anzvene in jiz ie r t. D ie In jiz ie ru n g  erfo lg te  in  m ilder Ä th e rn a rk o se , 
w o d u rc h  die gesam te Inu lin -M enge  restlos u n d  sich er in  den K re is la u f  gelang. 
V e rsu ch e , bei denen  die In jiz ie ru n g  p a rav en ö s geschah , oder geringere B lu tu n 
gen e n ts ta n d e n , w u rd en  n ic h t b ew erte t.

E x sa n g u in a tio n : D ie B lu te n tn a h m e  d u rch  H e rzp u n k tio n  w u rd e  m it einem  
eigens zu  diesem  Zw eck k o n s tru ie r te n , geschlossenen Saugsystem  d u rc h g e fü h rt. 
D ie G las- u n d  G u m m ib estan d te ile  des A p p a ra ts  w u rd en  v o ran g eh en d  v o n  den 
a n h a f te n d e n  S puren  v o n  In u lin  so rg fä ltig  g e re in ig t. D as en tn o m m en e  B lu t 
w u rd e  h ep a rin is ie rt u n d  u n m itte lb a r  zen tr ifu g ie rt.

In u lin -B e s tim m u n g : 1 m l P la sm a  w ird  n ach  S o m o g y i a lka lisch  en te iw e iß t 
(V e rd ü n n u n g  1 : 10) [2]. 2 m l d er eiw eißfreien  V erd ü n n u n g  w erd en  m it  0,5 m l 
1 6 % ig e r 4 n  N aO H -L ö su n g  v e rse tz t  u n d  das G em isch zur Z e rs tö ru n g  des 
Z u ck e rs  in  ein kochendes W asse rb ad  geste llt, d an ach  m it L e itu n g sw asse r 
a b g e k ü h lt .  M an v e rse tz t m it 5 m l D ip h en y lam in reag en s u n d  s te llt d ie R eag en z
g lä se r ab erm als  fü r 30 M in u ten  in  ein  kochendes W asse rb ad  [19]. N ach  W asser
k ü h lu n g  w ird  b in n en  20 M in u ten  m it dem  U v ifo t-P h o to m e te r, be i F ilte rs te l
lu n g  M G (dies e n tsp ric h t d er W ellen länge 625 т/л) p h o to m e tric rt. D ie  B erech-
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n u n g en  w u rd en  m it S ta n d a rd lö su n g en  m a th e m a tisc h  u n d  g raph isch  p a ra lle l 
d u rch g e fü h rt. D oppelte  K o n tro lle  der e rh a lte n e n  W erte : E in e rse its  w u rd en  
aus je d e r  B lu tp ro b e  P a ra lle lb e s tim m u n g en  d u rc h g e fü h rt (im  F a ll v o n  In k o n 
gruenz w urde  das R e su lta t  n ich t b ew erte t)  an d e rse its  w urde n ach  d e r b e re its  
gesch ilderten  M ethode die exponen tie lle  K u rv e  d e r Y ersuchsserien  k o n s tru ie r t  
u n d  die 30-M inu tenw erte  m it den e n tsp re c h e n d en  P u n k te n  d ieser K u rv e  v e r
glichen . E s soll noch e rw ä h n t w erden , daß  das zu r L ösung  des In u lin s  d ienende  
F lü ssig k e itsv o lu m en  (1 m l) v o n  dem  gem essenen  ex traze llu lä ren  F lü ss ig k e its 
w ert s u b tra h ie r t  w urde . Z u r g raph ischen  B e w e rtu n g  w urden  die E x tin k tio n s 
w erte  d er In u lin -V erd ü n n u n g sserie  in  e iner G le ichung  zw eiten  G rades (m it der 
en tsp rech en d en  F eh le rk o rrek tio n ) a u sg ed rü ck t.

A n d er g rap h isch en  K u rv e n d a rs te llu n g  d e r G leichung sind a u f  G ru n d  der 
E x tin k tio n sw e rte  die u n te rsu c h te n  ex tra z e llu lä re n  R äum e u n m itte lb a r  in  m l 
abzulesen .

Besprechung

D ie ak tiv en , schnell d iffu n d ie rb a ren  e x tra z e llu lä re n  R a u m v e rä n d e ru n g en  
w u rd en  bei m it 1500 r  b e s tra h lte n  R a tte n  zu  versch iedenen  Z e itp u n k te n  
b e s tim m t. Die R e su lta te  sind  in  T ab . I . zu sam m en g efaß t: 1 S tu n d e  n ach  
S trah len ex p o sitio n  is t die S te igerung  des e x tra z e llu lä re n  R aum es n ic h t s ign ifi
k a n t (-}- 1 ,9% , p  <  0 ,20), 12 S tu n d en  lan g  e rfo lg t eine sukzessive A b n a h m e , 
in  d er 24. S tu n d e  sind  w ieder anste igende W erte  zu verzeichnen  (12 S tu n d e n 
w e rt: 13 ,7% , 24 S tu n d e n w e rt: 19,1% ). D a n ic h t säm tliche  e rh a lte n e n  W erte  
s ig n ifik an t sind  u n d  z. B . d ie  S ta n d a rd d e v ia tio n  des 6  S tu n d en w erte s  v e r
h ä ltn ism äß ig  hoch is t ( ^  2 ,70), k an n  m an  die V erän d eru n g en  des e x tra z e llu 
lä ren  R au m es in  den  e rs te n  24 S tu n d en  n u r  schw er ch a rak te ris ie ren . E s is t 
a llerd ings fe stzuste llen , d aß  d er ex traze llu lä re  R a u m  in dieser Z e itperiode  re c h t 
lab il is t  u n d  seine G röße die S treu u n g sg ren zen  ü b ertre ffen d e  S ch w an k u n g en  
aufw eist. D iese fa s t c h a rak te ris tisch e  L a b ili tä t  f in d e t ih re  E rk lä ru n g  in  den 
am  e rs te n  T ag  o ft an tag o n is tisch  w irkenden  P rozessen  u n d  S y m p to m en , die 
den  W asse rh au sh a lt u n d  seine R egu la tion  beein flu ssen , wie z. B . geste ig e rte  
K a p illa rp e rm e a b ilitä t [1, 25, 27, 29], P o ly u rie  u n d  Polydipsie [1, 10, 11, 18], 
A nstieg  der W asse rau fn ah m efäh ig k e it v o n  s trah len em p fin d lich en  G ew eben 
u n d  D e h y d ra tio n  a n d e re r  Gewebe [1, 5], g este ig e rte  M agensekre tion  in  der 
8 — 12. S tu n d e  [1]. D ie R ich tu n g  der V ersch ieb u n g  der W asserräu m e k an n  
led ig lich  a u f  G ru n d  d er ex traze llu lä ren  R aum -V eränderungen  n ic h t b e s tim m t 
w erden . W ed er D u rs ten , noch  p e ro ra le r W asse rs to ß  (m it 5%  des K ö rp e r
gew ichts) beein flussen  die V erän d eru n g en  des ex traze llu lä ren  R au m es d er
m aß en , d aß  d a rau s  a u f  F lü ssig k e itsv ersch ieb u n g  gefolgert w erden  k ö n n te . 
D ie U n te rsu ch u n g en  bew iesen außerdem , d aß  die einm alige B estim m u n g  des
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e x tra z e llu lä re n  R aum es am  e rs te n  T ag  ein fa lsches oder n ich t k o m p le tte s  B ild 
z e ig e n  k a n n .

A m  zw eiten  T ag  v e rm in d e r t  sich der e x traze llu lä re  R au m  im  V erh ä ltn is  
z u m  2 4 stü n d ig en  e rh ö h te n  W e rt in  s ig n if ik a n te r  W eise u m  e tw a  5 % . Die

Tabelle I

Veränderungen des extrazellulären Raum es bei R a tten  nach Ganzkörperbestrahlung
m it 1500 r

Untersuchungszeit
nach

Strahlenexposition

Zahl
der Tiere

E xtrazell. R aum  
(K örpergew icht- %  ) p-W ert

K ontrolle  +  (no rm al) 18 16,4 ±  1,36

1 Stunde 7 18,3 ±  0,89 0 ,2 0 > p > 0 ,1 0

6 S tunden 5 16,4 ±  2,70 —
12 Stunden 8 13,7 ±  0,24 p <  0,01
24 Stunden 8 19,1 ±  1,31 p <  0,01
48 Stunden 7 14,7 ±  1,21 P  <  0,01
72 Stunden 6 9,2 ±  0,30 p <S 0,01

S tra h le n sc h ä d ig u n g  des g a s tro in te s tin a le n  E p ith e ls  m an ifestie rt sich  u . a. in 
v e rm in d e r te r  ak tiv e r u n d  p a ss iv e r  F lü ssig k e itsreso rp tio n  [6 ]. D er g eh in d erte  
g a s tro in te s t in a le  W asse rk re is lau f re tin ie rt eine 5 %  des K örpergew ich ts e n t
sp re c h e n d e  Menge e x tra z e llu lä re r  F lüssig k e it; als Folge der A norexie, d er v e r
m in d e r te n  W asserreso rp tion  u n d  der D iurese am  e rs te n  T ag is t der O rgan ism us 
n ic h t  m e h r  fähig, diesen V e rlu s t zu erse tzen .

V o n  der 48. S tu n d e  b is  zum  T od, also  b is zu r 72— 76. S tu n d e  n im m t 
d e r  e x tra z e llu lä re  R au m  in  geste ig ertem  M aße —  gew isserm aßen b eze ich n en d  
f ü r  d a s  sich  parallel e n tw ick e ln d e  g a s tro -in te s tin a le  Syndrom  —  ab , a u f  W erte  
u n te r  1 0 %  des K ö rp ergew ich ts. L a u t des a llo m etrisch en  ex traze llu lä ren  R a u m — 
K ö rp e rg ew ich t-V erh ä ltn isse s  n ach  G a h l e n  u n d  R ö t t g e r  [8 ], k a n n  diese 
A b n a h m e  als abso lu t b e t r a c h te t  w erden , da  das a llom etrische  V erh ä ltn is  zw i
sc h e n  F lü ssig k e itsrau m - u n d  K ö rp e rg ew ich tsab n ah m e  n ich t m eh r b e s te h t.

D ie  d u rch g efü h rten  E x p e rim e n te  d em o n str ie ren  die bis zu m  E x itu s  
5 6 %  e rre ich en d e , s ig n ifik an te  V erm inderung  des ex traze llu lä ren  R au m es. L a u t 
S w i f t  u n d  T a k e t a  [26] v e r lä u f t  in n e rh a lb  des ex traze llu lä ren  R au m es die 
V o lu m en v e rm in d e ru n g  des P la sm as (40— 6 0 % ), zum indest in  d e r  le tz te n  
P e r io d e  p a ra lle l m it d er V e rän d e ru n g  der in te rs titie lle n  F lü ssig k e it. M o s e r  
fa n d  im  g as tro in te s tin a len  T r a k t  bei m it 1000 r b e s tra h lte n  R a tte n  v o r dem  
T o d e  e in e  F lüssigkeitsm enge, die 10%  des K ö rp erg ew ich ts  en tsp rach . In  u n se 
re n  E x p e r im e n te n  v e rm in d e rte  sich der ex tra z e llu lä re  R aum  vom  2 4 stü n d ig en  
M a x im a lw e r t gerechnet (d . h . vom  Z e itp u n k t d e r  E rscheinung  d e r g a s tro 
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in te s tin a le n  S ym ptom e) bis zum  Tod um  eine F lüssigkeitsm enge die 9 ,9 %  des 
K örpergew ich ts b e trä g t. V on d er 60— 65. S tu n d e  an  fo lg te a u f  die b is d a h in  
langsam e S enkung d er ex traze llu lä ren  R au m -W erte  ein jä h e r  A bfall, w as m it 
d en  B eo b ach tu n g en  v o n  C u r r a n  [6] in  Z u sam m en h an g  g eb rach t w erden  k a n n , 
d e r  zu  diesem  Z e itp u n k t in  der D arm w and  eine p a rad o x e  P e rm e a b ilitä t fü r  
W asser nachw ies.

Die im  g a s tro in te s tin a le n  T ra k t re tin ie r te  F lü ssig k e it is t also o ffen s ich t
lich  ex traze llu lä ren  U rsp ru n g s , obw ohl auch  in tra z e llu lä re r  F lü ss ig k e itsv e rlu s t 
n ic h t ausgeschlossen w erd en  k a n n , da die k o m p en sa to risch e  W echselw irkung  
d e r  W asserräum e w o h lb ek an n t is t. Es soll no ch m als  b e to n t w erden , d a ß  die 
ex traze llu lä ren  R au m -B estim m u n g en  allein  d ie  F rag e  der p a th o lo g isch en  
D y n a m ik  der W asse rräu m e  n ich t k lä ren  k ö n n en .

D ie U m stän d e , d aß  e inerseits zw ischen W asser- u n d  N a-S to ffw echsel 
e in  enger Z u sam m en h an g  b e s te h t, anderse its  —  w ie dies eigene U n te rsu c h u n 
gen  [30], sowie A ngaben  a n d e re r  F o rscher b e w e ise n — , daß  die N a-A u ssch e i
d u n g  beim  S tra h le n sy n d ro m  pathologisch  h ohe  W erte  au fw eist, lassen  au ch  
h in sich tlich  der e x tra z e llu lä re n  R äum e gewisse F o lg eru n g en  zu.

N ach  le ta le r  G a n zk ö rp e rb es trah lu n g  —  w ie d a rü b e r  in  einer v o ra n g e h e n 
d en  A rb e it bere its  b e r ic h te t w urde [30] —  n im m t näm lich  die N a-A usscheidung  
zu , im  ex traze llu lä ren  R a u m  fü h r t  die v e rm in d e rte  N a -K o n z e n tra tio n  b e k a n n t
lich  zu r V erm inderung  der K o n z e n tra tio n  d er ü b rig e n  K a tio n en  u n d  a u f  G ru n d  
d e r E le k tro n e u tra li tä t  zu r A bnahm e der G e sa m te le k tro ly tk o n z en tra tio n .

F a lls  E le k tro ly tk o n z e n tra tio n sa b n a h m e  u n d  W asserv erlu st n ic h t v o ll
kom m en  para lle l v e rlau fen , v e rä n d e rt sich au ch  d e r osm otische D ruck  d e r e x t r a 
ze llu lä ren  F lü ssigke it, d a  die in  den  K ö rp erflü ssig k e iten  befind lichen  E le k tro -  
ly te  zu 95%  fü r die A u fre c h te rh a ltu n g  des o sm o tisch en  D rucks v e ra n tw o rtlic h  
sind .

Die bei S tra h le n e rk ra n k u n g en  im  e x tra z e llu lä re n  R aum  v e rlau fen d en  
V ersch iebungen  des W asser- u n d  N a-H au sh a lte s  s ind  auch  h in sich tlich  d er 
u n te r  U m stän d en  z u s ta n d e  kom m enden  o sm otischen  D ru ck v e rän d eru n g en  in  
d e r  ex traze llu lä ren  F lü ss ig k e it von  B ed eu tu n g .

D ie beim  S tra h le n sy n d ro m  b eo b ach te te  V ersch iebung  der K a tio n e n  in 
n e g a tiv e r  R ich tu n g , sowie die E inengung  des ex tra z e llu lä re n  R aum es u n te r 
s tü tz e n  die A n nahm e, d aß  p r im ä r  eine g este ig erte  N a-A usscheidung  e n ts te h t  
u n d  dies zu r S tö ru n g  des gesam ten  E le k tro ly t-  u n d  W assersto ffw echselg le ich 
gew ichtes fü h rt.

A u f G rund  d ieser A n n ah m e erg ib t sich die F ra g e , w orin  die U rsach e  der 
g este igerten  N a-A usscheidung  lieg t.

D ie a u f  den N a -u n d  W asse rh au sh a lt e in w irk en d en  in teg rie ren d en S y stem e  
(H y p o th a la m u s , N eu ro h y p o p h y se , A denohypophyse) w erden  an n e h m b a r d u rch  
eine  S trah len sch äd ig u n g  von  1500 r  läd ie rt, au ch  dies k an n  eine der U rsach en  
d e r sich en tw icke lnden  S y m p to m e sein.

4 Acta Mcdica X IX /2.
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E in e  n ich t zu v ern ach lässig en d e  R olle im  k o m pliz ie rten  R eg u la tio n s
m e c h a n ism u s  ist auch den  n ic h t  fehlerlos fu n k tio n ie ren d en  Osmo- u n d  V olum en
re z e p to re n  beizum essen , w e ite rh in  der g e s tö r te n  S yn these  der H o rm o n e , w elche 
d ie  tu b u lä r e  N a-R eso rp tio n  beeinflussen .

D  er läd ie rte  O rg an ism u s k an n  ab er w ed er den  ex traze llu lä ren  R a u m  m it 
e n d o g e n e m  —  in  e rs te r  R e ih e  aus F e ttg e w e b e a b b au  s tam m en d en  —  W asser 
a u ffü lle n , noch  die e in g e fü h rte  F lüssigke it z u rü c k h a lte n , w odurch  die K a ta s tro 
p h e  m it  S icherheit e in tr if f t . A u f diesem  G eb ie t w a rten  noch  viele F ra g e n  a u f 
K lä ru n g .
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A tech n iq u e  of t r a n s s e p ta l  le ft h e a r t c a th e te r iz a tio n  em ployed  w ith  success in 
25 o u t o f 28 p a tie n ts  is d esc rib ed  in d e ta il. N o serious com plication  w as o b se rv ed . The 
tec h n iq u e  described is sim ple  a n d  safe, and  re q u ire s  no eq u ip m en t o th e r  th a n  t h a t  u sua l 
in  a ll cardiological lab o ra to rie s . I t  y ields c lear p re ssu re  record ings, a n d  p e rm its  ex ac t 
d iagnosis of p a th o lo g ica l ch an g es in  th e  left h e a r t .

A few  ch a ra c te ris tic  p re ssu re  reco rd ings a re  p resen ted .

T h e need of ex ac t p re o p e ra tiv e  card io log ical diagnosis has led  to  the  
d ev e lo p m en t o f a v a r ie ty  o f tech n iq u es  fo r s tu d y in g  haem o d y n am ic  co n d itio n s 
in  th e  cham bers of th e  le ft h e a r t ,  such as p e rcu tan eo u s  p u n c tu re  o f  th e  left 
a tr iu m  from  behind  [4], p e rcu tan eo u s  p u n c tu re  o f th e  left a tr iu m  fro m  the  
su p ra s te rn a l no tch  [25], p e rc u ta n e o u s  p u n c tu re  o f th e  left v e n tr ic le  b y  the  
tra n s th o ra c ic  rou te  [5], s im u ltan eo u s  p e rcu tan eo u s  p u n c tu re  o f b o th  a tr ia  by  
th e  tra n s th o ra c ic  ro u te  [ 1 0 ], le ft a tr ia l p u n c tu re  th ro u g h  th e  b ro n ch o sco p e  
[1 , 1 2 ], re tro g rad e  le ft v e n tr ic u la r  c a th e te r iz a tio n  th ro u g h  th e  ex p o sed  left 
b ra c h ia l, u ln a r, rad ia l [15, 34] or ca ro tid  [24] a r te ry , and  p e rc u ta n e o u s  ca
th e te r iz a tio n  th ro u g h  th e  fem o ra l a r te ry  [11, 24].

E xp erien ce  has show n th a t  all these  m e th o d s h av e  d isa d v a n ta g e s  and  
in v o lv e  hazards [13, 14, 15, 19, 20, 21, 24, 26, 33, 34], and  th a t  n o n e  o f  th em  
fu lfils  a ll th e  requ isites o f in te rv e n tio n s  of th is  ty p e :  sa fe ty , s im p lic ity  o f  te c h 
n iq u e , absence of d iscom fort fo r th e  p a tie n t, th e  possib ility  o f p ro lo n g ed  in tra -  
c a rd ia l p ressu re  record ings, co n sis ten t easy  access to  b o th  th e  le f t a t r iu m  and  
le f t v en tric le , th e  p o ssib ility  o f  com bin ing  le f t h e a r t  w ith  r ig h t h e a r t  c a th e te r 
iz a tio n , o f in jec ting  c o n tra s t  m a te ria l, a n d  o f ca rry ing  o u t d y e  d ilu tio n  
s tu d ie s .

Co u r n a n d  [8 ] o b serv ed , an d  general experience  has since co n firm ed , 
how  easily  a c a th e te r  in tro d u c e d  th ro u g h  th e  g rea t saphenous v e in  is passed  
in to  th e  left a tr iu m  th ro u g h  an  a tr ia l  sep ta l defec t. P ro m p ted  b y  th is  know l
edge C o p e  [9], in  1959, u tiliz in g  a long s tra ig h t  needle in tro d u c e d  in sid e  the  
lu m en  o f a card iac c a th e te r , p u n c tu re d  th e  le f t a tr iu m  th ro u g h  th e  in te ra tr ia l  
se p tu m . L a te r  R oss an d  B r a u n w a l d  [6 , 27] used  for th e  sam e p u rp o se  a 
need le  w ith  a curved  en d ; em p lo y in g  various m odifica tions, th e ir  m e th o d  has

4*
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b e e n  a d o p te d  b y  sev era l w o rk e rs  [2, 17, 30] a n d  u sed  w ith  success fo r tran s-  
s e p ta l  ca th e te riza tio n  o f  th e  le f t atrium .

W e have used th e  m e th o d  described b y  S t e i n h a r t  an d  E n d r y s  [30] 
sin ce  1960. In  th is re p o r t  w e p resen t the  m e th o d  a n d  th e  experience w e have 
so f a r  gained  w ith  it

Method

T h e  tran sse p ta l p u n c tu re  n e e d le  used by  us is a  s ta in le ss -s te e l can n u la  w ith  a n  ou tsid e  
d ia m e te r  o f 1.2 m m  (Fig. l a ) .  T h e  d is ta l  end is sh ap ed  w ith  a specia l c u rv a tu re  (F ig . lb ) ,  and  
th e  p ro x im a l end te rm in a te s  in  a  socket. F rom  so ck e t to  t ip  th e  needle is 84 cm  in  len g th . 
A  m e ta l  d irec tio n  in d ica to r is w e ld e d  to  th e  socket p e rm it tin g  e x a c t d e te rm in a tio n  o f th e  d irec-

J P i g .  1 .  ( a )  T ranssep ta l p u n c tu re  n e e d le ; (6) distal end  o f n e ed le  w ith  c u rv a tu re ; (c) c u rv a tu re  
o f  tran sse p ta l c a th e te r ;  (d ) tra n s se p ta l  c a th e te r  p a sse d  over th e  p u n c tu re  need le

t io n  in  w h ich  th e  tip  of th e  n e ed le  p o in ts . Below th is  th e re  is a  stop-cock . T he sock e t ends in 
a  c lo se ly  f i t t in g  connecting  p iece . A lth o u g h  co n sid erab ly  th in n e r  an d  longer, th is  need le  is 

:s im ila r  in  shape  to  th a t  d e sc rib e d  b y  R o ss  and B r a u n w a l d  [27].
F o r  th e  in tro d u c tio n  o f th e  n e ed le  a yellow -coloured  O ed m an — L edin  c a th e te r , 82.5 cm 

in  le n g th ,  w ith  an inside d ia m e te r  o f  1.5 m m , is used. O ne e n d , w ith  th e  t ip  slig h tly  ta p e re d  [23], 
is  c u rv e d  in  th e  m anner i l lu s t r a te d  in  F ig. lc ;  th is  is e s se n tia l, fo r i t  is th e  on ly  m ea n s  to  
e n su re  th e  c a th e te r’s p assage  in to  t h e  le ft ventricle . T h e  p ro x im a l end  is conical to  f i t  th e  con
n e c t in g  p iece. The ca th e te r  so p re p a re d  is easily s lipped  o v e r  th e  tra n s se p ta l  p u n c tu re  needle, 
o f  w h ic h  th e  d ista l 15 m m  a n d  t h e  t ip  p ro jec t from  th e  c a th e te r  passed  over i t  in  i ts  en tire  
le n g th  (F ig . Id ).
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T h e  c a th e te r  is in se rted  e ith e r p e rcu tan e o u s ly  w ith  Se l d in g e r ’s m eth o d  in to  th e  r ig h t 
fem o ra l v e in  [2 9 ],o r in to  th e  exposed  r ig h t g re a t sa p h e n o u s  vein . (The la t te rm e th o d  is  em ployed  
w h en  le ft h e a r t  an d  r ig h t h e a r t  c a th e te r iz a tio n  are  co m b in ed .) S tra ig h ten ed  w ith  S e l d in g e r ’s 
f lex ib le  s ty le t ,  th e  c a th e te r  is in tro d u c ed  th ro u g h  th e  in ferio r vena  cava in to  th e  r ig h t  a tr iu m . 
T h e  s ty le t  is th e n  rem oved  an d  rep laced  b y  th e  p u n c tu re  needle, tak in g  ca re  t h a t  b y  leav ing  
16 to  18 m m  of its  p ro x im al end  free , i ts  t ip  be sa fe ly  concealed  inside th e  c a th e te r .

T h e  needle h av in g  been  a d v an ced  th ro u g h  th e  lum en  of th e  c a th e te r  in to  th e  r ig h t 
a tr iu m , tra n s se p ta l  p u n c tu re  o f th e  le ft a tr iu m  is c a rr ied  o u t in th e  u su a l m a n n e r  [30]. (The 
need le  t ip  concealed  in  th e  c a th e te r  is p o sitio n ed  a t  r ig h t  angles to  th e  in te r a t r ia l  sep tu m : 
w ith  th e  a id  o f th e  d irec tio n  in d ic a to r on th e  c o n n e c to r  i t  is ro ta te d  to w a rd  th e  r ig h t  side of

F i g .  2 .  N orm al le ft a tr ia l p ressu re  reco rded  on th e  second channel, an d  w edge p u lm o n a ry  
a r te ry  p ressu re  o f th e  sam e p a tie n t  reco rded  on th e  f if th  channel. On f i r s t  c h an n e l, ECG II .;  
in  th e  th ird , fo u rth  and  s ix th  channels , PCG. R eco rd ed  w ith  a s ix -channel “ H eilig e”  Mul- 
t is c r ip to r . T he left a tr ia l p ressu re  curve is c h a ra c te riz ed  b y  two peaks: i t  h as tw o  p e ak s  during  

one ac tion : an  a tr ia l  c o n tra c tio n  a n d  an  a tria l filling w ave

th e  p a tie n t,  to  th e  le ft and  p o ste rio rly  a t  a b o u t a 45° level betw een th e  m ed ian  a n d  th e  fro n ta l 
p lan e s . I t  is im p o r ta n t th a t  ro ta tio n  should  be to  th e  r ig h t, else th e  needle t ip  m ig h t e n te r  th e  
r ig h t au ric le , w hence th e  a o rta  m ay  in a d v e r ta n tly  be  p u n c tu re d .)  Successful p u n c tu re  is read ily  
sensed , for th e  sep tu m  is su d d en ly  fe lt to  cease to  re s is t;  a t  th e  sam e tim e , th e  ty p ic a l left 
a tr ia l  p ressu re  cu rve  ap p ears  on th e  oscilloscope (F ig . 2), and  w ith d raw al o f o x y g e n a te d  blood 
co n firm s th e  p ro p er lo ca tio n  of th e  need le  tip .

W h en  its  t ip  h as been  safely  localized in th e  le f t a tr iu m , th e  needle is f ix ed  a n d  th e  c a th e 
t e r  passed  forw ard  over it. T he needle is th e n  w ith d ra w n  from  th e  ca th e te r , th e  a d a p te r  m oun ted  
to  i ts  p ro x im a l end , and  c a th e te r iz a tio n  is c a rried  o u t  in th e  u su a l m an n e r.

B y ro ta tin g  th e  c a th e te r  w hile  passin g  i t  fo rw ard  over th e  need le  f ro m  90 to  120° 
to w a rd  th e  r ig h t side o f th e  p a tie n t,  i t  is easy  to  ach iev e  e n try  in to  th e  le ft v e n tr ic le , p rov ided  
th e  c u rv a tu re  is o f th e  r ig h t shape . To m a in ta in  t h a t  sh ap e  i t  is im p o r ta n t t h a t  th e  c a th e te rs  
b e  s te rilized  n o t by  h e a t b u t  b y  chem ical a g en ts  [16]. E xcessive  re g u rg ita tio n  m a y  ren d er i t  
d if f ic u lt  to  e n te r  th e  left ven tric le .
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Results

W ith  th e  m e th o d  d esc rib ed  above, t r a n s s e p ta l  le f t h e a r t c a th e te r iz a tio n  
h as  b een  carried  ou t in  28 p a tie n ts . The left a tr iu m  w as successfully e n te re d  in  
a ll b u t  th re e  cases. T h e  fa ilu re s  occurred  in  th re e  o f  o u r earliest p a tie n ts , a n d  
w ere  d u e  to  our lack  o f  ex p erien ce , and  our in i t ia l  u se  of tra n sse p ta l need les 
w ith  in su ffic ien tly  p o in te d  t ip s .

F i g .  3 .  L e f t  a tr ia l p ressure  in  a  p a t ie n t  w ith  pure  m itra l s ten o sis  reco rd ed  on th e  second c h a n 
ne l. O n f if th  ch an n e l, w edge  p u lm o n ary  p ressu re  a r te r y  o f th e  sam e p a tie n t

N o u n d u ly  severe co m p lica tio n s  were n o te d . In  one p a tie n t w ith  ad h esiv e  
p e r ic a rd itis , b igem inia a n d  h y p o ten sio n  developed  d u rin g  left h ea rt c a th e te r 
iz a tio n , w ith  tem p o ra ry  loss o f  consciousness fo llow ed  by  com plete reco v e ry  
w ith in  an  h o u r a fte r re m o v a l o f  th e  ca th e te r. T w o p a tie n ts  m entioned  a v ag u e  
a n d  n o t  p a r tic u la r ly  d is tre ss in g  sensation  of p a in  in  th e  u p p e r p a r t of th e  c h e s t 
a t  th e  m o m en t th e  se p tu m  w as p u n c tu red . All th e  o th e r  p a tie n ts  to le ra te d  th e  
in te rv e n tio n  w ith o u t a n y  sign  o f d iscom fort. A rrh y th m ia  d id  no t occur e ith e r  
a t  th e  tim e  of p iercing  th e  se p tu m  or of passin g  th e  c a th e te r  in to  th e  left 
a tr iu m . In  som e p a tie n ts  a few  v en tricu la r e x tra sy s to le s  w ere observed w h en  
th e  c a th e te r  tip  en te red  th e  le f t ven tric le , b u t  consp icuously  less th a n  are  
c o m m o n ly  evoked b y  th e  c a th e te r  tip  in  th e  r ig h t  v en tric le  on r ig h t h e a r t  
c a th e te r iz a tio n . To th e  b e s t o f  o u r know ledge, in  no  case d id  we in a d v e r ta n tly  
p u n c tu re  th e  free w all o f  th e  a tr iu m  or any  o th e r  n e a rb y  s tru c tu re . No p a t ie n t
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com p la in ed  of d isco m fo rt a f te r  c a th e te r iz a tio n , an d  all were u p  a n d  ab o u t the  
sam e d ay .

O n several occasions exercise te s ts  w ere p erfo rm ed ; on o th e rs , dye was 
in tro d u c e d  in to  th e  c a th e te r  p laced  in  th e  le ft a tr iu m . In  som e cases, th e  
c a th e te r  was allow ed to  rem ain  in  th e  le f t a tr iu m  fo r 30 to  40 m in u te s . In  some 
p a tie n ts , a second c a th e te r  w as also in tro d u c e d  (in to  th e  a o r ta , th e  p u lm o n ary

--U--

{ И  j , ! j  ; ' j - j  :
W----« sis'
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F i g .  4 .  L e ft a tr ia l p ressu re . C om bined m itra l d efec t w ith  considerab le  re g u rg ita tio n . A trial
fib rilla tio n

a r te ry ,  etc.) to  o b ta in  s im u ltaneous p ressu re  record ings. N o com plica tions or 
d iscom fort w ere n o te d  d u rin g  or a fte r  such  p rocedures.

T ran ssep ta l le f t h e a r t  c a th e te r iza tio n  w as carried  o u t in  p a tie n ts  w ith  
m itra l  defect, a c tu a l o r suspected  ao rtic  defec t, an d  a few  cases w here rig h t 
h e a r t  c a th e te riza tio n  y ie lded  h igh w edge p u lm o n a ry  a r te ry  p ressu res  th a t  were 
in co m p a tib le  w ith  th e  clinical p ic tu re  seen. All th e  pressure  cu rv es  reg istered  
th ro u g h  th e  c a th e te r  w ere of excellen t q u a lity . In  p a tie n ts  w ith  m itra l defect 
th e  c a th e te r  w as w ith d ra w n  from  th e  left in to  th e  r ig h t a tr iu m , co n tinuously  
reco rd in g  th e  p ressu re  g rad ien t b e tw een  th e  tw o  (Fig. 6 ). In  sev e ra l p a tien ts  
dye  w as in tro d u ced  th ro u g h  th e  c a th e te r  in to  th e  left a tr iu m  a n d  ven tric le , 
re sp ec tiv e ly , for th e  d e te rm in a tio n  o f re g u rg ita tio n  and  ca rd ia c  o u tp u t w ith  
th e  a id  of th e  dye  d ilu tio n  curve reg is te red  pe rip h era lly . F igs 3 to  9 illu s tra te  
som e re p re se n ta tiv e  cu rves.
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F ig . 5 . W ith d raw a l of c a th e te r  f ro m  le f t  ven tricle  in to  le f t  a tr iu m  in  a n o rm al su b je c t. N o  
g rad ien t be tw een  le f t  v e n tr ic u la r  and left a tr ia l  d ias to lic  p ressures

F ig . 6. W ith d ra w a l of th e  c a th e te r  f ro m  le f t ven tricle  in to  le f t  a tr iu m  in  a p a tie n t  w ith  m itral!
s ten o sis . L arge g rad ien t
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F ig . 7. W ith d raw al of c a th e te r  from  le ft a tr iu m  in to  r ig h t a tr iu m  in n o rm al su b je c t (fifth  
ch an n e l). No apprec iab le  p ressu re  g ra d ie n t. (A ortic  p ressu re  cu rv e  of th e  sam e su b je c t, on

second channel.)
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F ig . 8. W ith d raw a l of c a th e te r  from  le ft a tr iu m  in to  r ig h t a tr iu m  in m itra l  sten o sis . Consid
erab le  p ressu re  g ra d ie n t be tw een  th e  tw o a tr ia
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F ig . 9 . L e f t  h e a r t c a th e te r iz a tio n  in  suspected  ao rtic  sten o sis . O n second channel, ao rtic  
p re s su re ;  on  f if th  channel, le f t  v e n tr ic u la r  pressure. No e ssen tia l difference be tw een  th e  tw o

systo lic  p ressures

Discussion

W h en  deciding fo r su rg e ry  in  the  case o f m itra l  defects it  is n o t alw ays 
s u f f ic ie n t to  know  th e  w edge p u lm o n ary  a r te ry  p ressu re . I t  is o ften  necessary  
to  re c o rd  th e  left a tr ia l , a n d  p referab ly  also th e  le f t v e n tr ic u la r  p ressu re . 
T h is  is also a req u is ite  to  e s tab lish in g  th e  h aem o d y n am ic  cond itions in  left 
h e a r t  defec ts . T ra n sse p ta l le f t  h e a r t  c a th e te riza tio n  as described  in  th e  forego
in g , re p re se n ts  a sim ple a n d  sa fe  m ethod  th a t  c an  be ca rried  o u t in  a lm o st any  
ca rd io lo g ica l lab o ra to ry  w ith  th e  usual e q u ip m e n t a n d , un like several o th e r 
le f t  h e a r t  c a th e te riza tio n  p ro ced u re s , w ith o u t th e  presence  o f th e  a n a e s th e tis t 
o r  b ro n ch o lo g is t. As th e  p re ssu re  curves are  re g is te re d  th ro u g h  ca th e te rs  o f a 
f a ir ly  w ide  lum en, th e ir  q u a l i ty  is un o b jec tio n ab le . T ra n sse p ta l c a th e te riza tio n  
is  p e rfo rm e d  w ith  th e  p a t ie n t  sup ine  and  aw ak e ; m oreover, w ith  th e  c a th e te r  
in tro d u c e d  p e rcu tan eo u sly  in to  th e  left a tr iu m , he m ay  even do exercise 
(e rg o m e try ) ; th u s th e  p ro c e d u re  can  be carried  o u t w ith  th e  p a tie n t in  a p h y s 
io lo g ica l basal s ta te , th e  sa m e  as in  righ t h e a r t  c a th e te r iz a tio n . The m eth o d  
c a u se s  no  p a rticu la r  d isc o m fo rt, an d  p rov ided  c e r ta in  m easures of p recau tio n  
a re  o b se rv ed  (repeated  f lu sh in g  w ith  heparin ized  sa line  so lu tion ), th e  c a th e te r  
c a n  b e  le f t in  th e  left a tr iu m  fo r considerable t im e  w ith o u t u n fav o u rab le  con
se q u e n c e s . Dyes can be in je c te d  in to  the  left a tr iu m  th ro u g h  th e  c a th e te r , and  
so f ro m  th e  perip h era lly  re g is te re d  dye d ilu tio n  cu rv e  i t  is possible to  assum e
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th e  e x te n t  o f reg u rg ita tio n  in  m itra l defects. T h e  c a th e te r  perm its  in je c tio n  of 
c o n tra s t  m a te ria l in to  th e  in d iv id u a l ch am b ers , an d  th e  resu lting  levo -card io - 
an g io g ram s are  o f help  in  c larify ing  m a n y  d iag n o stic  problem s [24, 30 ]. T rans- 
s e p ta l p u n c tu re  has th e  a d d itio n a l a d v a n ta g e  o f lending  itse lf re a d ily  to  p e r
fo rm an ce  in  ch ild ren , w here th e  an a to m ic  co n d itio n s preclude o th e r  d irec t 
p u n c tu re  m eth o d s [2 , 28].

O u r m a te ria l now  consisting  of 28 cases is to o  sm all to  p e rm it fa r-re ac h in g  
conclusions concern ing  th e  sa fe ty  o f th e  m e th o d . B u t i f i t  is rev iew ed  in  com 
b in a tio n  w ith  th e  m ore th a n  800 tra n s se p ta l p u n c tu re s  repo rted  in  th e  l i te ra tu re , 
th e  p ro ced u re  m ay  be c laim ed  to  h av e  in v o lv ed  less hazards th a n  a n y  o th e r 
m e th o d  used  in  left h e a r t c a th e te r iz a tio n ; in  fa c t, i t  involves no g re a te r  risk  
th a n  does r ig h t h e a r t c a th e te riza tio n . To p ie rce  th e  a tria l se p tu m  a n d  push  
th e  c a th e te r  in to  th e  left h e a r t  are in  th em se lv es  m an ipu la tions in c u rr in g  no 
risk , p ro v id ed  due cau tio n  is observed , in  aw aren ess  of th e  p o te n tia l d a n g e r  of 
em bo lism  in th e  left h e a r t. No sign ifican t a r rh y th m ia  a t the  tim e  o f  p u n c tu re  
w as n o te d  in  our cases, n o r h av e  an y  been  m en tio n ed  in  th e  l i te ra tu re .

T h e  d an g er of in a d v e r ta n tly  p u n c tu r in g  a n o th e r  s tru c tu re  in s te a d  o f  th e  
s e p tu m  is g rea tly  reduced  b y  th e  fa c t th a t  th e  t ip  o f th e  needle is easily  d irec ted , 
a n d  can  be  used  for scann ing  p ra c tic a lly  th e  w hole o f th e  sep tum . O w ing  to  its 
th in n e ss , th e  use of our needle w ill red u ce  th e  d an g er incu rred  b y  a possib le 
a c c id e n ta l p u n c tu re  (for exam ple , of th e  a tr ia l  w all), as long as ca re  is ta k e n  
n o t to  p ass  th e  c a th e te r  fo rw ard  over th e  need le  u n til  th e  la t te r ’s safe  lo ca tio n  
in  th e  le f t a tr iu m  has been  verified  b y  th e  p re ssu re  curve on th e  oscilloscopic 
screen . W e w ould  m en tio n  here  th a t  in  p u n c tu re s  of th e  left a tr iu m  b y  th e  
p o s te r io r  p e rcu tan eo u s ro u te  perfo rm ed  acco rd in g  to  B jörk [4], th e  le f t a tr ia l  
Avail is a lw ays p ierced  from  th e  o u tside  w ith  a need le  considerab ly  th ic k e r  th a n  
o u rs ; th e  s itu a tio n  is th e  sam e w ith  th e  tra n sb ro n c h ia l techn ique  [19]. I t  seem s 
im p ro b ab le  th a t  piercing th e  a tr ia l  Avail from  o u ts id e  should in cu r less d an g er 
th a n  w ould  its  acc id en ta l p u n c tu re  from  in sid e . -

The question arises whether piercing o f  th e  atrial septum m ay produce 
a septal defect. R oss et al. [28] performed the K r85 inhalation test in  a num ber  
o f  patients folloAving transseptal puncture, and were unable to  dem onstrate  
a persistent left to right shunt in any one o f th em . A t post-m ortem  exam ina
tions o f  patients who died after operations performed a feAV days follow ing  
transseptal puncture, the site of the puncture could hardly be id en tified  [30].

The qualities of, and experiences with, transseptal catheterization com
pare favourably Avith all other methods of left heart catheterization, and pro
vide the final considerations needed to assess the best Avay of treatm ent. 
In view of this, the direct percutaneous puncture methods should be abandoned 
as dangerous and associated with a variety o f complications.

A lth o u g h  its  re la tiv e  sa fe ty  an d  te c h n ic a l sim plic ity  suggest its  u se  as 
a  d iag n o stic  too l, it  m u st be borne in  m ind  t h a t  tra n sse p ta l left h e a r t  c a th e te r 
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iz a t io n  has its  s tr ic t  in d ica tio n s  and  c o n tra in d ic a tio n s . In  our o p in io n  i t  is 
in d ic a te d  in  every  case o f  p o stcap illa ry  p u lm o n a ry  hypertension , in  w hich  
r ig h t  h e a r t  c a th e te r iz a tio n  h as  failed to  lead  to  a sa tisfac to ry  d iagnosis. T he 
c o n tra in d ic a tio n s  a re  th e  sam e as w ith  r ig h t h e a r t  ca th e te riza tio n ; n o r  do we 
re c o m m e n d  th e  te c h n iq u e  in  cases w ith  a h is to ry  o f  a rte ria l em bolism  su sp ec ted  
to  h a v e  o rig ina ted  from  th e  le ft h ea rt. As a tr ia l  f ib rilla tio n , p a r tic u la r ly  if  of 
lo n g  s ta n d in g , p red isposes to  th ro m b u s fo rm a tio n , th is  also m ay c o n tra in d ic a te  
t r a n s s e p ta l  le ft h e a r t  c a th e te r iz a tio n . In  e x c e p tio n a l cases one shou ld  re fra in  
fro m  m o re  th a n  th e  a b so lu te ly  essential m in im u m  m an ip id a tio n , an d  w ith d ra w  
th e  c a th e te r  in to  th e  r ig h t h e a r t  as soon as possib le  a fte r re g is tra tio n  o f  th e  
p re s su re  curve.
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(E in g eg an g en  am  14. A p ril 1962)

Z ur B e stim m u n g  d e r spezifischen A k t iv itä t  d e r  jo d h a ltig e n  S toffe  im  B lu t w ird 
ein  e in faches V e rfah re n  b esch rieben . E s w u rd e  d ie  D isk rep an z  der V e rh ä ltn isse  der 
z irk u lie ren d en  J 127 u n d  J 131 e n th a lte n d en  A m in o säu ren  b e s tä tig t  u n d  nachgew iesen , 
d aß  diese D isk rep an z  in  F u n k tio n  de r Z eit v e rän d e rlic h  is t. E ine  E rk lä ru n g  d ieser 
V erän d eru n g en  lie g t d a r in , d aß  die versch iedenes J o d  e n th a lte n d en  A m in o säu ren  in 
jew eils v e rsch ied en en  Z e itp u n k te n  im  K re is lau f e rsch e in en  u n d  d o rt v e rsch ied en  lang  
verb le iben .

B lo ck  u n d  M ita rb . [1] s te llten  1960 fest, d a ß  die Z usam m en se tzu n g  der 
im  Serum  b e fin d lich en  J 1 2 7  bzw . J 1 3 1  e n th a lte n d e n  A m inosäu ren  seh r v e r
sch ieden  is t. W ä h re n d  J 1 3 1  e n th a lte n d e  T y ro s in d e riv a te  im  S erum  n ic h t 
oder n u r  in  S p u ren  e n th a lte n  sind , m achen  die J 1 2 7  e n th a lte n d e n  T y ro sin d e ri
v a te  die H ä lfte  sä m tlic h e r jo d h a ltig en  A m in o säu ren  aus. Dies b e d e u te t also, 
d aß  sich die ra d io a k tiv e n  Jo d iso to p e  zu einer A n a ly se  der S ch ildd rüsenhorm one  
im  Serum  n ic h t e ignen . V o rausgese tz t, d aß  d e r S toffw echsel der s tab ilen  u n d  
d er ra d io a k tiv e n  Jo d iso to p e  id en tisch  vo r sich  g e h t, k a n n  obige F es ts te llu n g  
n u r  a u f  eine W eise g e d e u te t w erden : Die versch ied en es Jo d  e n th a lte n d e n  
A m inosäu ren  e rsche inen  an n e h m b a r in  jew eils versch iedenen  Z e itp u n k te n  in  
d er B lu tb a h n , u n d  d e r Z e itp u n k t ih re r b io log ischen  P e rio d iz itä t is t  ebenfalls 
versch ieden . D as E rsch e in en  d er jo d h a ltig en  A m in o säu ren  u n d  ih r  w eiteres 
Schicksal k a n n  g u t v e rfo lg t w erden , w enn m a n  ih re  spezifische A k tiv i tä t  in  
zu  versch iedenen  Z e itp u n k te n  en tn o m m en en  S eru m p ro b en  b e s tim m t. Im  fol
genden  w erden  u n se re  d iesbezüglichen  E x p e rim e n te , die m it J 1 3 1  v o rb e h a n d e l
tem  K an in ch en se ru m  au sg e fü h rt w urden , b esp ro ch en .

M ethode

Vorbereitung des M ateria ls. 12, je  2— 2,5 kg w ieg en d en  K an in ch en  w urde  400 fiC  tr ä g e r 
freies K J 131 in tra v e n ö s  v e ra b re ic h t. D as P rä p a ra t  w u rd e  v o rh e r p ap ie rch ro m a to g rap h isch  
k o n tro llie r t ;  2, 6, 24, 48 u n d  72 S tu n d e n  nach  de r E in s p r itz u n g  des Iso to p s w u rd e  B lu t e n t
n o m m en  u n d  d ie B lu tp ro b e n  u n v erzü g lich  zen trifu g ie rt. 4 m l des Serum s w u rd en  im  Z en tri
fu g en g las  m it 0,2 m l 10% igem  H 2S 0 4 u n d  8 m l n -B u ta n o l g rü n d lich  gem isch t, z en trifu g ie rt 
u n d  die o b en steh en d e  F lü ss ig k e it m it einer P a s te u r -P ip e tte  ab g esau g t. D as S e d im e n t w urde 
no ch  zw eim al, m it  je  5 m l B u ta n o l gew aschen. D ie a b g e sa u g te n  B u ta n o le x tra k te  w u rd en  m itte ls  
2 n -N H 4O H  u n te r  In d ik a to rp a p ie rk o n tro lle  a u f  p H  7— 8 a lk a lis ie rt, so d an n  bei 40° C n ich t
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ü b e rs te ig e n d e r  T em p era tu r a u f  5 m l e in g ed am p ft, m it 5 m l C hloroform  k rä ftig  d u rc h sc h ü tte l t  
u n d  m it  10 m l 2 n -N H 4O H  e m u lg ie rt. D ie A m m o n iu m p h ase , d ie sich v o n  de r B u tan o l-C h lo ro 
fo rm f ra k t io n  scharf tr e n n te ,  w u rd e  m it e in e r P a s te u r -P ip e tte  ab g esau g t, d as S e d im e n t noch  
zw eim al m it  je  10 m l 2 n -N H jO H  gew aschen . D ie v e re in ig te n  A m m o n iu m fra k tio n en  w u rd en  
m it H e iß lu f t  g e trocknet, de r T ro c k e n rü c k s ta n d  in  0,5 m l 2 ra-NH4O H  aberm als  g e lö s t u n d  0,1 m l 
d a v o n  ch ro m a to g ra p h ie rt.

Chromatographie

A u f  Schleicher-Schüll 2043/a  oder M acherey -N agel 214 F ilte rp a p ie r  (34 X 34 cm ) w ird  
d ie  S ta r t l in ie  2,5 cm vom  u n te re n  P a p ie r ra n d  m a rk ie r t  u n d  das P a p ie r  in  3 cm  A b s tä n d e n  
d u rc h  se n k re c h te  L inien  in  3 p a ra lle le  S tre ifen  g e te ilt . M an p ip e ttie r t  v o re rs t  a u f  säm tlich e  
S ta r tp u n k te  0,1 m l am m o n ia lk a lisch es E x tr a k t ,  so d an n  a u f  die linke S ta r tl in ie  e ine  D ijod-

Abb. 1. P a p ie rc h ro m a to g ram m  d e r au s  d em  B lu t iso lie rten  jo d h a ltig e n  Stoffe. A uf d e m  re ch ten  
P a p ie rs tre ife n  is t das C h ro m ato g ram m  der im  Serum  b efind lichen  jo d h a ltig e n  S u b s ta n z en  
s ic h tb a r ,  a m  linksseitigen  das C h ro m ato g ram m  desselben Serum s n ach  Z ugabe v o n  0,04 pg  

T hyroxin  u n d  0 ,04 p g  T r ijo d th y ro n in . B ezeichnungen  s. im  T ex t

ty ro s in  (D J T ) , K a liu m jo d id  (K J ) , T h y ro x in  (T ,) u n d  3 -3 '-5 '-T rijo d th y ro n in  (T 3) e n th a lte n d e  
S ta n d a rd lö su n g . Die L au fze it d e r  au fs te ig en d en  C h ro m ato g rap h ie  b e tru g  bei Z im m er
te m p e r a tu r  16 S tunden . L ö su n g sm itte l:  m it  2 n -N H ,O H  g e sä ttig te r  B u tan o l. D ie  w ässerige  
P h a se  (2 n -N H 4OH) w u rd e  in  e in em  E in d am p fu n g sg efäß  in  den Z y lin d er g e s te ll t .  U m  
D a m p fsä t t ig u n g  zu erzeugen , s te l l t  m an  d ie  L ö su n g sm itte l v o ran g eh en d  fü r  24 S tu n d e n  
in  d e n  m it  d re i G u m m isch ich ten  fe s t versch lo ssen en  G laszy linder. A m  E n d e  d e r  L a u f
z e it  w ird  d a s  P ap ier g e tro c k n e t u n d  d ie 3 b e n a c h b a r te n  C h ro m ato g ram m e p a ra l le l  m it 
d e r S ta r t l in ie  in  0,5 cm  A b s tä n d e  g e te ilt .  N u n  w ird  d as C h ro m ato g ram m  in  3 T eile  z e r
s c h n i t te n  u n d  die S tre ifen  ( E x t r a k t  bzw . E x tr a k t  -j- S ta n d ard lö su n g ) a u f  fo lg en d e  W eise 
e n tw ic k e lt .
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E ntw icklung  des C hrom atogramms

A us jo d h a ltig e n  an o rg an isch en  u n d  o rg an isch en  V erb in d u n g en  w ird  a u f  E in w irk u n g  
v o n  C erisu lfa t in  v e rsch ied en en  V erh ä ltn issen  Jo d  fre ig e se tz t, das die C e(S 04)2-—H 3A s 0 3- 
R e a k tio n  a u f  b e k a n n te  W eise k a ta lis ie r t.  S ta t t  des  schw er b e w ertb a ren  gelb lichw eißen  
K o n tra s te s  e n ts te h t  in  A n w esenheit v o n  F e rro in - In d ik a to r  e in  sch arfe r g rü n -ro te r  K o n tra s t ,  
in  dem  d ie  ro te n  F leck en  d ie  jo d h a ltig e n  K o m p o n e n te n  anzeigen. Z u sam m en setzu n g  d e r 
zu r E n tw ick lu n g  d ien en d en  L ösung:

3 m l 0,01 ra-Ce(S04)2
4 m l 0,4 n -H 3A s 0 3
0,04 m l m /4 0 -F erro in

M it H ilfe des G em isches w erden  b e re its  0,02 /щ  K J ,  sowie 0,04 /tg T h y ro x in , D ijod- 
ty ro s in  u n d  T rijo d th y ro n in  g u t  s ich tb a r: U n te r  d en  besch rieb en en  ex p erim en te llen  V e rh ä lt
n issen  w erden  so m it säm tlich e  ano rg an isch en  u n d  o rg an isch en  jo d h a ltig e n  K o m p o n e n te n  des 
Serum s sic h tb a r, m it  A u sn ah m e des in  m in im alen  M engen v o rh a n d en e n  T r ijo d th y ro n in s . 
E s soll noch  b e m e rk t w erden , d aß  m it dem  e rw ä h n te n  V erfah ren  die T h y ro x in -F ra k tio n  a u ch  
geringe M engen v o n  З -З '-D ijo d th y ro n m  u n d  3 -3 '-5 '-T rijo d th y ro n in  e n th ä lt.

B estim m ung der spezifischen  A k tiv itä t

D as g e tro ck n e te  C hro m ato g ram m  w ird  z e rsc h n itte n , die A k tiv itä t  d e r  e inzelnen  P a p ie r
s tü c k ch e n  m it H ilfe des S z in tilla tio n szäh lers  gem essen  u n d  p ro z en tu a l b e w erte t.

N ach  M essung de r A k tiv itä t  w u rd en  die d e n  e inzelnen F ra k tio n e n  en tsp rec h en d e n  
P a p ie rs tü c k ch e n  v e re in t u n d  in  S u p rem ax -R eag en zg lä se rn  bei 500° C m it L auge solange v e r
a sc h t, bis die S u b s tan z  keine  K o h len sto ffte ilch en  m e h r en th ie lt. N ach  A b k ü h lu n g  w urde  d ie 
v e ra sc h te  S u b s ta n z  m it га-H C l n e u tra lis ie r t, a u f  3 m l e rg än z t u n d  zu r B estim m u n g  1 m l v e r 
w en d et. Z u r B estim m u n g  d ien te  das M ikro jod -V erfah ren  n ach  D em eczk y  (E m p fin d lic h k e it: 
0,001 fig J ) .  A uf G ru n d  der M enge u n d  A k tiv itä t  d e r  e inzelnen jo d h a ltig e n  F ra k tio n e n  w urde  
d ie  spezifische A k t iv itä t  in  jtg /Im p u ls /M in  a u sg e d rü c k t berech n et.

N ach  den P a ra lle lu n te rsu ch u n g e n  lieg t d ie F eh lerg renze  de r M eth o d ik  u n te r  1 0 % .

E rgebnisse

In  der e rs te n  V ersuchsserie w u rd en  die in  B u tan o l löslichen  J 127- u n d  
J i 3 i . F ra k tio n e n  d er 48 stü n d ig en  S eru m p ro b en  u n te rsu c h t u n d  fe s tg e s te llt, 
d aß  zw ischen d en  en tsp rech en d en  F ra k tio n e n  ein w esen tlicher U n te rsch ied  
b e s te h t.

A bb. 2. ze ig t d eu tlich , daß  w äh ren d  das p ro zen tu a le  V erh ä ltn is  von  
D J 1 2 7  T  u n d  T 3 2 7  die P ro zen tzah l der en tsp rech en d en  J 1 3 1  e n th a lte n d e n  F ra k 
tio n en  ü b e rtr if f t , is t d er p ro zen tu a le  G eh a lt des Serum s an  ra d io a k tiv e s  J o d  
e n th a lte n d e r  T ^ - F r a k t i o n  höher als d er G e h a lt an  in ak tiv e s  J o d  e n th a lte n d e r  
T 4 2 '-F ra k tio n .

Die U rsache  der D isk repanz  lieg t e n tw ed e r in  d er v e rsch ied en en  G e
schw ind igke it des Jo d iso to p en e in b au s  in  d ie einzelnen  F ra k tio n e n  oder d a rin , 
d aß  das E rsche inen  bzw . V erschw inden  d e r einzelnen  F ra k tio n e n  in  bzw . aus 
d e r B lu tb a h n  zu versch iedenen  Z e itp u n k te n  erfo lg t. Z ur K lä ru n g  d e r F rag e  
w u rd en  die V e rän d eru n g en  der e inzelnen  J 131-F ra k tio n e n  als F u n k tio n  der Z eit 
u n te rsu c h t.

W ie aus A bb . 3. e rsich tlich , s in k t die M enge d er K J 131-F ra k tio n  m it der 
Z eit rap id ,d ie  J 1 3 1 -T yrosin- u n d  T^31-F ra k tio n e n  zeigen v o re rs t eine anstei-
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g e n d e , so d an n  eine a b n e h m e n d e  T endenz . S ehr b e a c h tu n g sw e rt is t die T 3 31- 
F r a k t iö n ,  die n u r in  d er 24. S tu n d e  im  S erum  e rsch e in t u n d  in  der 72. S tu n d e  
n o c h  z u n im m t.

Im  G egensatz zu  d e r d y n am isch en  V e rä n d e ru n g  d er J 131-F ra k tio n  zeig t 
d ie  J 127-F ra k tio n  eine sch e in b a re  S ta b ili tä t . D ie V erän d eru n g en  d er spezifi-

A b b . 2 . D ie  in  B u tano l lö slichen  J 127 u n d  J 131-F ra k tio n e n  4 8 stü n d ig er S eru m p ro b en . A n  der 
A b sz isse  i s t  d ie von der S ta r tl in ie  b e rech n e te  E n tfe rn u n g  der e inzelnen  S u b s tan zen  in  cm , 
a n  d e r  O rd in a te  die p ro z en tu a le  V e rte ilu n g  der e in ze ln en  F ra k tio n e n  sic h tb a r. D ie  w e iß en  
K o lu m n e n  bezeichnen die in a k t iv e n  Jo d iso to p e  e n th a lte n d e n  F ra k tio n e n , d ie sch w arzen  die

ra d io a k tiv e n

A b b . 3. A k tiv itä tsV e rän d e ru n g en  d e r  J 131 e n th a lte n d e n  F ra k tio n e n  2, 6, 24 u n d  72 S tu n d e n
n a c h  In jiz ie ru n g  des Iso to p s
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sehen  A k tiv itä t  g e s ta tte n  gewisse F o lgerungen  a u f  die R eihenfolge des E rsc h e i
nens der v ersch ied en en  S ch ildd rüsenhorm one  im  B lu t. D ie m ax im ale  spez i
fische A k tiv itä t  w urde  als 100%  b e tra c h te t  u n d  die e inzelnen  K u rv en  w u rd en  
dem gem äß d a rg es te llt.

Aus A bb. 4. g eh t h e rv o r, d aß  w äh ren d  die spezifische A k tiv itä t  des K J 
von  der 2. S tu n d e  an  sukzessiv  s in k t, die jo d h a ltig e  T y ro s in frak tio n  das M axi-

/166. 4. V erän d e ru n g en  de r spezifischen  A k tiv itä t  de r im  S eru m  befind lichen  jo d h a ltig e n  
S toffe in F u n k tio n  de r Z eit. D ie spezifische A k tiv itä t  d e r  e inzelnen  Z e itp u n k te  w urde m it  de r 

fü r  100%  g ese tz ten  m ax im alen  spezifischen A k t iv i tä t  verg lichen

m um  der spezifischen  A k tiv itä t  in  der 24. S tu n d e , die T 4-F ra k tio n  in  d e r 48. 
S tu n d e  e rre ich t. D ie spezifische A k tiv itä t  d er T 3-F ra k tio n  e rre ich t ledig lich  
in  d er 24. S tu n d e  m eß b are  W erte , der M axim alw ert w urde  im  R ahm en  u n se re r 
Y ersuchsserie in  d er 72. S tu n d e  erh a lten .

B esprechung

Die E x p e rim e n te  b e s tä tig te n  die D isk repanz  d e r Z usam m en se tzu n g  d er 
im  B lu t z irk u lie ren d en  J 127- u n d  J m -ha ltig en  A m in o säu ren  u n d  zeig ten , d aß  
diese D isk repanz  von  d e r Z eit abhäng ige  V erän d e ru n g en  aufw eist. D iese V er
än d eru n g en  e n ts te h e n  d a d u rc h , d aß  die v e rsch ied en en  jo d h a ltig en  A m ino
säu ren  im  K re is la u f zu  versch iedenen  Z e itp u n k te n  erscheinen  bzw. sich v e r 
sch ieden  lange Z eit in  d e r B lu tb a h n  befinden . D ie w ich tig ste  S ch lußfo lgerung  
aus den  E x p e rim e n te n  is t, d aß  es prinzip iell k e in en  einzigen Z e itp u n k t g ib t, 
in  dem  die J m  e n th a lte n d e n  F ra k tio n e n  des S erum s den  ta tsä c h lic h  b e s te h e n 
den  V erh ä ltn issen  der jo d h a ltig e n  B estan d te ile  e n tsp rech en  w ürden .

B ereits 1939 w urde  die F rag e  geste llt, ob das Serum  Jo d ty ro s in  e n th ä lt .  
L a u t  T r e v o r r o w  b e s te h t d er Jo d g e h a lt des P lasm as aus 3 0 %  T h y ro x in , 2 0 %  
anorgan isches J o d , 5 0 %  Jo d ty ro s in  [2]. Ä hnlicherw eise  fan d  W ilm a n n s  im

O Acta Mcdica X IX /2 ,
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S e ru m  d ijod ty rosin - u n d  th y ro x in a r tig e  S u b stan zen  [3]. D u rch  die U n te r
s u c h u n g  des V erhältn isses d e r  J 1 2 7  e n th a lte n d e n  F ra k tio n e n  m itte ls  P a p ie r
c h ro m a to g ra p h ie  k o n n te  je d o c h  die A nw esenhe it von D ijo d ty ro s in  n ic h t n ach 
g ew iesen  w erden [4, 5, 6 , 7 ], u m  so w eniger d a  Jo d ty ro s in e  au ch  u n te r  den 
J 1 3 1  e n th a lte n d e n  F ra k tio n e n  n ic h t nachzuw eisen  w aren  [8 , 9, 10, 11, 12, 13]. 
D  as au s  dem  Serum  g e leg en tlich  nachgew iesene J i:u-D ijo d ty ro s in  w u rd e  der 
s c h ä d ig e n d e n  E in w irk u n g  d e r ra d io a k tiv e n  S tra h lu n g  zugeschrieben . H in s ic h t
lic h  u n se re r  E x p erim en te  is t  die M itte ilu n g  von  F e u e r  von  b eso n d erem  In te r 
esse . B e i R a tte n  w urde  d ie  spezifische A k tiv i tä t  der jo d h a ltig e n  A m inosäu ren  
im  S e ru m  u n te rsu c h t; w ed e r M ono-, n och  D ijo d ty ro s in  k o n n te  nachgew iesen  
w e rd e n , das V erhältn is  d e r T 3- u n d  T 4-F ra k tio n e n  zeigte w esen tliche  A bw ei
c h u n g  v o n  den L ite ra tu ra n g a b e n , u n d  die sog. 3. S u b stan z , die als N eben
p r o d u k t  der V era rb e itu n g  zu  b e tra c h te n  is t, w ar v o rh a n d e n  [15].

Z u r  p ap ie rch ro m ato g rap h isch en  Iso lie ru n g  von  J 1 2 7  e n th a lte n d e n  F ra k 
t io n e n  w u rd e  von B lock , M a n d l  u n d  W e r n e r  ein neues V erfah ren  au sg earb e i
t e t  [16, 17, 18] und  im  L au fe  ih re r  E x p e rim e n te  w urde ab erm als  die M öglich
k e i t  e rw ogen , ob das S e ru m  Jo d ty ro s in e  e n th ä lt .  D e a l e  u n d  W h i t e h e a d  [19] 
b e r ic h te te n  über ähn liche  B eo b a c h tu n g e n . N achdem  die D isk rep an z  d er J 131- 
u n d  J 127-F rak tio n en  k la rg e leg t w u rd e , gab  B lock  eine Z u sam m en fassu n g  der 
F e h le rq u e lle n , die an läß lich  d e r Iso lieru n g sv o rg än g e  fü r  das V ersch w in d en  der 
J o d ty ro s in e  v e ran tw o rtlich  w aren  [1]. E in es  d ieser A rg u m en te , d aß  näm lich  
d ie  A n w en d u n g  von  C h lo ro fo rm  den  V e rlu s t eines Teiles der Jo d ty ro s in e  v e r
u rs a c h e n  w ürde, k o n n te  d u rc h  unsere  E x p e rim e n te  n ic h t u n te r s tü tz t  w erden .
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ÜBER DIE WIRKUNG DES OESTRIOLS 
AUF DEN LIPOIDSTOFFWECHSEL

V on

M. J u l e s z , M. B. F r ö h l i c h , I .  K . L á s z l ó , I .  T ó t h , G. S z e p e s s y

und M. A. D á v i d

I. M EDIZINISCHE K L IN IK  UND ZENTRALLABORATORIUM  
D E R  M ED IZIN ISCH EN  U N IV ERSITÄ T, SZEGED

(E in g eg an g en  a m  12. M ai 1962)*

D ie W irkung  des O estrio ls a u f  die G esam tlip o id -, P h o sp horlipo id -, C holesterin - 
u n d  C holesterinester- sowie d ie A lpha- u n d  B e ta -L ip o p ro te in k o n z e n tra tio n  des B lu tes 
w u rd e  a n  sechs F ra u e n  v e rsch ied en en  A lters  m it  versch iedenen  D iag n o sen  u n te rsu c h t. 
D a s  O estrio l ü b te  bei den  gegebenen  V ersu ch sb ed in g u n g en  au f das G esam tlip o id -, 
P h o sp h o rlip o id -, C holesterin- u n d  C h o les te rin es te rn iv eau  keinen w e se n tlich e n  E in 
f lu ß  aus.

D as O estrio l b ew irk te  eine s ig n ifik an te  V erm in d eru n g  des A lp h a -L ip o p ro te in 
g e h a lte s  im  Serum  u n d  eine E rh ö h u n g  d e r  B e ta -L ip o p ro te in k o n z e n tra tio n .

D as O estrio l sch e in t n ic h t n u r  in  se iner W irk u n g  a u f  das E n d o m e tr iu m , sondern  
a u c h  b ezüghch  seines E ffek tes  a u f  d en  L ip o idsto ffw echsel eine b eso n d e re  S te lle  u n te r  
d e n  O estrogenen  e inzunehm en .

D ie W irk u n g  d er O estrogene a u f  d en  C holesterinstoffw echsel is t  seit 
lan g em  b e k a n n t ( K a u f m a n n , 1932); e in g eh en d er befaß te  m an  s ich  m it der 
F ra g e  a b e r e rs t, als der Z u sam m en h an g  zw ischen  C holesterin  u n d  A th e ro 
sk lerose  e rk a n n t w urde. D as C holesterin  is t d e r G ru n d sto ff der S te ro id h o rm o n e , 
u n d  so w a r zu  e rw arten , d aß  gewisse S exua lho rm one  einen E in f lu ß  a u f  die 
A th ero sk le ro se  au sü b ten .

E s  fie l auf, d aß  K oron arsk le ro se  u n d  m y o k ard ia le  In fa rk te  b e i F rau en  
v o r  d e r  M enopause b ed e u te n d  se lten e r V orkom m en als bei M än n e rn  (G l e n d y  
u n d  M ita rb e ite r , 1937; Cl a w s o n , 1941). E s w urde  auch nachgew iesen , daß  
m y o k a rd ia le  In fa rk te  be i k a s tr ie r te n  F ra u e n  h äu fig e r sind als bei g le ich a ltrig en  
g esu n d en  F ra u e n  (O l i v e r  u n d  M ita rb e ite r , 1954).

B a ld  s te llte  sich h e rau s , d aß  zu r Z e it d e r gesch lech tlichen  R eife bei 
M än n e rn  u n d  F ra u e n  u n te r  an d e rem  auch  im  L ipoid- und  L ip o p ro te in g e h a lt 
des S eru m s U n tersch iede  b es teh en  (R u ss  u n d  M ita rb e ite r, 1951; A d l e r s b e r g  
u n d  M ita rb e ite r , 1956) u n d  d er G edanke, d iesen  U ntersch ied  m it d en  O estro 
genen  in  k au sa len  Z u sam m en h an g  zu  b rin g en , lag  a u f  der H a n d . In  d er T a t 
h a t  O estro g en v erab re ich u n g  eine B ee in flu ssung  des L ipo idgehaltes des Serum s 
v o n  M än n e rn  in  »weiblicher« R ic h tu n g  zur F o lge (R u ss  und  M ita rb e ite r , 1955; 
F u r m a n  u n d  M ita rb e ite r, 1957). N ach  den  U n te rsu ch u n g en  v o n  O l i v e r  und  
M ita rb e ite rn  (1956) se tz ten  die O estrogene b e i M ännern  m it H y p erch o les te rin - 
äm ie  u n d  A therosk lerose den  C holesterin- u n d  ß-L ip o p ro te in -C h o leste rin 
g e h a lt des P lasm as h e rab , w äh ren d  sie den  P hosphorlipo id - u n d  a -L ip o p ro te in -

* A k z e p tie r t  am  18. S ep t. 1962.

5*
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C holesterinsp iegel e rh ö h en . D ies w urde m it B ezu g  a u f  das O estron , das 17-/?- 
O es trad io l u n d  v ersch ied en e  sy n th e tisch e  O estro g en e  nachgew iesen.

D u rch  die im  Serum -C holesterin - u n d  -L ip o p ro te in sp ieg e l e in tre te n d e n  
V erän d e ru n g en  w ird  n a c h  m an ch en  A u to ren  ( K a t z  u n d  M ita rb e ite r, 1959; 
S t a m l e r  u n d  M ita rb e ite r , 1957) der k lin ische  Z u s ta n d  günstig  b e e in f lu ß t. 
D ie g leichen  A u to re n  b e tra c h te te n  ab e r a u f  G ru n d  ih rer an d e rw e itig en  
V ersu ch e  die k lin isch en  E rfo lge als zw eifelhaft —  obw ohl die O estrogene au ch  
in  d iesen  die C h o le s te rin k o n zen tra tio n  u n d  d en  C ho lesterin /P hosphorlipo id - 
Q u o tie n te n  h e ra b se tz te n  (S t a m l e r  und  M ita rb e ite r , 1955, 1959).

A u f den Z u sa m m e n h a n g  zw ischen L ipo idsto ffw echsel u n d  O estro g en en  
w eisen  au ch  jen e  U n te rsu c h u n g e n  hin, in  d en en  nachgew iesen w u rd e , d a ß  
M än n e r u n d  F ra u e n  m it m y o k ard ia len  In fa rk te n  geringere M engen b io log isch  
a k tiv e r  O estrogene e n tlee ren  als gleichaltrige g esu n d e  In d iv id u en  (M a r m o r s t o n  
u n d  M ita rb e ite r , 1955, 1957; B e r s o h n  u n d  M ita rb e ite r , 1957). In  den  le tz te n  
J a h re n  w urde  v e rsch ied en erse its  festgeste llt, d aß  d a s  gem einsam e V o rk o m m en  
v o n  L eb erz irrh o se  u n d  M y o k ard ia lin fa rk t ä u ß e rs t  se lten  is t ( K w a a n  u n d  M it
a rb e ite r , 1956, G r a n t  u n d  M ita rb e ite r, 1959, H o w e l l  u n d  M ita rb e ite r, 1960, 
R u e b n e r  u n d  M ita rb e ite r , 1961). K w a a n  u n d  M ita rb e ite r  (1956) d a c h te n  a u f  
die M öglichkeit, d aß  die L eberz irrhose  d u rch  V erk le in e ru n g  des A th ero m s in  
den  K o ro n a rien  oder infolge d e r gesteigerten  F ib rin o ly se  gegen In fa rk t  s c h ü tz t .  
A u f e in en  Z u sam m en h an g  zw ischen L eberz irrhose  u n d  den hohen  O estrogen- 
sp iegel w urde  jed o ch  n ic h t hingew iesen.

H ie rau s  w ird  v e rs tä n d lic h , daß in le tz te r  Z e it m ehrere F o rsch e r n ach  
O estro g en en  suchen , w elche das S e ru m ch o leste rin n iv eau  herab se tzen , ohne eine 
fem in is ie ren d e  W irk u n g  au szu ü b en . Die O estro g en b eh an d lu n g  v o n  M än n ern  
g eh t n ä m lic h  m it ü b e ra u s  unan g en eh m en  F em in isa tio n se rsch e in u n g en , H e ra b 
se tz u n g  oder V erlu st d e r L ib ido  u n d  G y n äk o m astie  e inher. Das neue s y n th e 
tisch e  O estrogen  M anvene (3 -M eth o x y -1 6 -a lp h a-m eth y l-o estra -l,3 ,5 (1 0 )trien - 
1 6 -b e ta , 17-beta-d io l) h a t  b e i M enschen e in en  g ü n stig en  E in flu ß  a u f  den  
C ho leste rin sto ffw ech se l e n tfa l te t  u n d  den R a t te n u te ru s  sozusagen u n b e e in 
f lu ß t  gelassen , sich b e i M enschen  ab er als s ta rk  oestrogen-w irksam  erw iesen  
(C o h e n  u n d  M ita rb e ite r , 1959). E in  w eiteres n eu es O estrogen, das P r ä p a ra t  
SC 8246 (16 -a lp h a-C h o leste ro n -3 -m eth y l-ae th er) h a t  R i v i n  (1959) a u sp ro b ie r t. 
B ei M än n ern , die a k u te  m y o k ard ia le  In fa rk te  ü b e rs ta n d e n  h a tte n , b e w irk te  
es 6 — 8  M onate  v e ra b re ic h t in  einem  b e trä c h tlic h e n  Teil der F älle  eine E r 
h ö h u n g  des A lp h a /B e ta -L ip o p ro te in q u o tien te n , o hne  jedoch  den  S e ru m 
c h o le s te rin g eh a lt h e ra b z u se tze n . A bgesehen v o n  d e r geringgradigen  G y n ä 
k o m a s tie  ging die a u f  die L ip o p ro te in e  e n tfa l te te  W irk u n g  n ich t m it u n a n 
g en eh m en  N eb en w irk u n g en  e inher.

D ie a n g e fü h rten  A n g ab en  b ed eu ten  n ic h t u n b e d in g t, daß der die K orona- 
r ie n k ra n k h e it  h em m en d e  E ffe k t der O estrogene m it  d er au f die L ipoide bzw . 
L ip o p ro te in e  e n tfa lte te n  W irk u n g  zu sam m en h än g t, es können  auch  zah lre ich e
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an d ere  F a k to re n  —  eine B eein flussung  a n d e re r  H orm one, d er P sy ch e , G efäß
p e rm e a b ilitä t und  des L eberstoffw echsels —  in  F rag e  kom m en. D essen u n g e
a c h te t  is t  ab er auch  d a n n  die w eitere  Suche n a c h  O estrogenen , die e in en  au s
gesp rochenen  E in flu ß  a u f  den  F e tts to ffw ech se l a u sü b en , g leichzeitig  a b e r n ich t 
fem in isieren , angezeig t.

D er G edanke, au c h  das O estrio l in  d ieser H in s ich t zu p rü fen , la g  a u f  der 
H an d . Seine W irk u n g  is t  bei M enschen u n d  N ag ern  h au p tsäch lich  a u f  C ervix, 
V ag ina  u n d  V ulva g e ric h te t (Р и с к  u n d  M ita rb e ite r  1956, Р и с к  1957, Р и с к  
u n d  M ita rb e ite r  1957, Р и с к  1958), w äh ren d  es das E n d o m e triu m  k a u m  b eein 
f lu ß t. D a es bei F ra u e n  im  K lim a k te riu m  keine B lu tu n g en  v e ru rs a c h t, is t es 
vo rzü g lich  zur B eh an d lu n g  k lim ak te risch e r B eschw erden  geeignet. Ü b er die 
W irk u n g  des O estriols a u f  den L ipoidstoffw echsel h ab en  w ir in  d er u n s  zu g än g 
lichen  L ite ra tu r  keine A ngaben  gefunden .

Methodik

D ie P ro b a n d e n  w aren  sechs F ra u e n  versch ied en en  A lters  (19— 52 Ja h re ) . 1. In o p e rab ile s  
U te ru sca rc in o m , A lter 50 J a h re .  2. Sch izophren ie , A lte r  52 J a h re . 3. S te in -L e v en th a lsy n d ro m , 
34 J a h re .  4. Id io p a th isc h e r H irsu tism u s, 19 J a h re . 5. K lim a k te riu m , 48 J a h r e .  6. In a k tiv e  
T u b erk u lo se , 41 Ja h re .

E in e  W oche v o r  d e r  B eh an d lu n g  w urde  fo lgende q u a n ti ta t iv e  D iä t a n g e se tz t: 40 g 
G esam tk a lo rien /k g  K ö rp e rg ew ich t in fo lgender A u fte ilu n g : 50%  K o h le n h y d ra t,  3 5 %  F e t t  
u n d  1 5 %  E iw eiß , welche Z u sam m en setzu n g  d e r bei u n s  ü b lich en  E rn äh ru n g sw eise  e n tsp r ic h t. 
N ach  d e r einw öchigen V o rp erio d e  w u rd en  bei d e r g leichen  D iä t eine W oche lan g  tä g lic h  250 fig 
O estrio l ( O v e s t i n ,  O rg an o n ) v e rab re ic h t. D ie e inw öchige B eh an d lu n g  b e w irk t n a ch  den 
m it a n d e re n  O estrogenen  g e m ach ten  E rfah ru n g e n  eine ausgesprochene B eein flu ssu n g  des 
F e tts to ffw ech se ls  (D iczfa u u sy  u n d  M ita rb e ite r  1961). E in e  W oche n ach  d em  A b se tzen  der 
O estrio ld a rre ich u n g  w u rd e  d ie  q u a n ti ta t iv e  D iä t fo rtg e se tz t. Sow ohl in  de r V or- a ls a u ch  in 
de r V ersu ch s- u n d  N ach p erio d e  w u rd en  —  im m er an  zwei gleichen W o ch en tag en  —  aus B lu t
p ro b en  be i n ü ch te rn em  M agen G e sa m tfe tt, P h o sp h o rlip o id , G esam tch o leste rin , C h o les te rin 
e s te r  sow ie d ie S eru m lip o p ro te in frak tio n en  b e s tim m t.

D ie S e ru m -G esam tlip o id b estim m u n g en  w u rd en  n a c h  de r M ethode v o n  L in d iio l m  (1956) 
v o rg en o m m en . N ach de r E x tra k tio n  de r S erum lipo ide m it A lkohol-A zeton w u rd e  d as  A lkohol- 
A zeto n g em isch  a b d es tillie r t u n d  de r R ü c k s ta n d  in  P e tro lä th e r  au fg en o m m en , w o ra u f die 
L ipo ide  in  L ösung g ingen , w äh ren d  d ie als V e ru n re in ig u n g en  v o rh a n d en e n  Salze  u n g elöst 
b lieben . N a ch  A b d am p fen  des P e tro lä th e rs  w urde  die L ipo idm enge  g ra v im e trisc h  b e s tim m t. 
D ie N o rm a lw erte  b e tra g en  600— 1500 m g% .

D ie B estim m u n g  des S erum -P h o sp h o rlip o id s gesch ah  n ach  dem  V e rfah re n  v o n  L in d 
h o lm . D ie P ho sp h o rlip o id e  w u rd en  n ach  A usfällung  d e r E iw eiße m it A lk o ho l-A zeton  e x tr a 
h ie r t, im  K je ld a h l-K o lb e n  z e rs tö r t  u n d  ansch ließ en d  d e r P h o sp h o rg eh a lt b e s tim m t. N ach  
M u ltip liz ie ren  der L ip o id -P h o sp h o rw erte  m it 25 w urde  de r P h o sp h o r-L ip o id g eh a lt in  m g %  
u m g ere ch n e t. N o rm a lw erte : 150— 410 m g % .

D ie G esam tch o le ste rin b estim m u n g  erfo lg te  n a c h  de r M ethode v o n  Z a k  (Z ak  u n d  
M ita rb e ite r , 1954, 1957), d ie d a ra u f  b e ru h t, d a ß  das C ho leste rin  in  essigsaurem  M edium  m it 
schw efelsau rem  F e rrich lo rid  eine de r v o rh a n d en e n  C holcsterinm enge p ro p o rtio n a le  in ten siv  
v io le tt- ro te  F a rb e  g ib t.

Z u r B estim m ung  des C ho leste rineste rs .b ed ien ten  w ir u n s  ebenfalls d e r  ZAKschen 
M ethode. N ach  A usfällen  des freien  C holesterins m it D ig ito n in  w urde das C h o les te rin  der 
ob igen  F a rb re a k tio n  u n te rzo g en , die d ab ei e rh a lte n e  F a rb in te n s i tä t  von  den G e sa m tc h o le s te rin 
w erten  abgezogen  u n d  so d ie  C ho lestc rincste rm enge  e rh a lte n .

D ie L ip o p ro te in fra k tio n e n  w u rd en  e le k tro p h o re tisch  —  in  V e ro n a ln a tr iu m -N a tr iu m - 
a ze ta t-P u ffe rlö su n g  v o n  p H  8,6 bei 200 V S p an n u n g  u n d  e iner S tro m in te n s itä t  v o n  2 m A  pro  
S tre ifen  —  g e tre n n t (G ra ssm a nn  u n d  M ita rb e ite r  1952). N ach  e tw a  18-stünd igem  L a u f  w urd en  
die P a p ie rs tre ife n  m it S u d an sch w arz  В g e fä rb t (Sw a n , 1953). D ie q u a n ti ta t iv e  A u sw ertu n g  
d e r e inzelnen  F ra k tio n e n  g eschah  m it dem  B eckm an-S p inco  V erfah ren . N o rm a le  V erte ilu n g  
d e r A lp h a- u n d  B e ta -L ip o p ro te in frak tio n en : A lp h a  =  20— 3 0% , B e ta  =  70— 8 0 % .
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E rgebnisse

D ie  m it der S tu d e n tsc h e n  »(«-Probe b e w e r te te n  E rgeb n isse  s in d  in  
T a b e lle n  1, 2 u n d  3 zu sam m en g e faß t. D ie b io m e trisch e  A nalyse geschah  au f 
G ru n d  d e r  B erechnung  d e r U n te rsc h ie d sm itte lw e rte .

Tabelle

Veränderung des G esam tlipoid- u n d  Phosphorlipoidgehaltes 
a u f  W irku n g  der Oestriolbehandlung

Vor der
W ährend der B ehandlung N ach der Behandlung

Behandlung
am  4. Tage am  8. Tage am 11. Tage am  15. Tage

G e sa m t
lip o id
m g %

D u rch 
sch n itt 782,4 866,3 760,5 831,3 829,3

V erände
rung —

± 7 3 ,7
± 3 3 ,9

— 31,8 
± 3 9 ,1

+  39,0 
± 5 9 ,7

+  37,0 
± 6 4 ,8

P h o s p h o r
lip o id
m g %

D urch
sc h n itt 224,5 233,5 232,2 265,3 230,7

V erän d e
rung - +  9,7 

± 1 3 ,2
+  8,2 
± 1 9 ,2

+ 4 1 ,5
± 4 0 ,5

+  6,8 
± 1 6 ,4

G esam t
lipoid p >  0,05 p ;> 0,05 p >  0,05 p >  0,05

P h o sp h o r
lipo id

p >  0,05 p  >  0,05 p >  0,05 p >  0,05

T ab e lle  1 v e ra n sc h a u lich t die V e rän d e ru n g  d e r G esam tlipo id- u n d  d er 
P h o sp h o rlip o id w e rte  w ä h re n d  u n d  nach  d er O es trio lb eh an d lu n g  g egenüber den  
A u sg an g sw erten . D ie v o r d e r  B eh an d lu n g  e rh a lte n e n  D a ten  ste llen  d en  M itte l
w e r t d e r  be i den 6  K ra n k e n  zu  zwei v e rsch ied en en  Z e itp u n k te n  gem essenen 
W e rte  in  d er e rs ten  W oche d e r  D iä t d ar, w äh ren d  d ie  im  Laufe der B eh an d lu n g  
b zw . n a c h  A bsetzen  d e rse lb en  reg is tr ie r ten  in  je d e m  F alle  die D u rc h sc h n itts 
w e r te  d e r  bei den  6  F ra u e n  gleichzeitig  vo rg en o m m en en  B estim m u n g en  
b e d e u te n . D u rch  V ergleich d e rse lb en  m it den  A usg an g sw erten  w urde  die V er
ä n d e ru n g  bzw . die S ig n ifikanz  d er V erän d eru n g en  b e rech n e t. A uch die B erech 
n u n g  d e r  ü b rig en  P a ra m e te r  erfo lg te  u n te r  Z u g ru n d e leg u n g  dieses V erfah rens .

N a c h  T abelle  1 w aren  die V e rän d eru n g en  im  G esam tlipoid- u n d  im  
P h o sp h o rlip o id g e h a lt be lan g lo s: p  w ar in  sä m tlic h e n  F ä llen  >  0,05.

T ab e lle  2 zeig t die V erän d e ru n g en  des S erum cho leste rin - u n d -C h o le s te r in 
e s te rn iv e a u s  gegenüber den A usgangsw erten  w ä h re n d  u n d  n ach  d er O estrio l
b e h a n d lu n g . Die B erech n u n g  erfo lg te  a u f  die gleiche W eise wie in  T abe lle  1. 
E in e  S ig n ifik an z  ergab  sich w ed er h in sich tlich  d e r  V erän d eru n g en  im  S eru m 
c h o le s te r in g e h a lt , noch  b ezüg lich  des C ho leste rineste rs: p  >  0,05.
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Tabelle 2

Veränderung des Cholesterin- und  Cholesterinestergehahes 
a u f  W irkung  der Oestriolbehandlung

Vor der 
Behandlung

Während der Behandlung Nach der Behandlung

am 4. Tage am 8. Tage am 11. Tage am 15. Tage

C holesterin
m B%

D urch
sch n itt 259,4 258,7 263,5 244,7 241,5

V erände
rung — +  3,5 

± 1 5 ,8
± 1 0 ,8
± 1 1 ,0

— 10,2 
± 2 0 ,0

- 1 3 ,7
± 1 8 ,2

C holesterin 
este r
m S%

D u rch 
sc h n itt

V erände
rung

187,6 191,8 185,7 172,0 172,5

— ' +  5,5 
± 1 6 ,3

-  2,3 
± 1 4 ,6

- 1 6 ,0
± 1 8 ,8

- 1 5 ,5
± 1 7 ,0

W ahrschein lichkeit

Veränderung

Cholesterin p >  0,05 p >  0,05 p >  0,05 p  >  0,05

C holesterin
este r

des Lipoprotei

p >  0,05

Tabelle 3

ngehaltes a u f

p >  0,05 

W irkung der (

p  >  0,05 

Jestriolbehandl

p >  0,05

m g

Vor der 
Behandlung

Während der Behandlung Nach der Behandlung

am 4. Tage I am 8. Tage am 11. Tage am 15. Tage

a-L ipo-
p ro te in
%

D u rch 
sc h n itt 22,2 19,8 14,8 17,7 18,9

V erände
rung —

- 2 , 5
± 2 ,0

- 9 , 1
± 2 ,3

- 4 , 6
- ± ± 1

- 4 , 6
± 6 ,3

/5-Lipo
p ro te in
%

D u rch 
sc h n itt 77,7 80,4 85,4 82,4 81,0

V erände
rung —

± 4 ,0
± 2 ,0

± 8 ,7
± 2 ,3

± 4 ,7
± 4 ,2

± 4 ,4
± 6 ,4

W ahrschein lichkeit

a-L ipo-
p ro te in p >  0,05 P <  0,01 p >  0,05 p  >  0,05

/3-Lipo-
p ro te in p >  0,05 p <  0,01 p >  0,05 p >  0,05

Ä hnlicherw eise w u rd en  die Ä nderungen  d er A lpha- u n d  B e ta -L ip o p ro 
te in e  v o r  u n d  n ach  d e r O estrio lb eh an d lu n g  v e rfo lg t. A us T ab e lle  3 erhellt, 
d a ß  am  8 . T age d er B eh an d lu n g  das A lp h a-L ip o p ro te in  s ig n if ik a n t v e rm in d e rt 
u n d  das B e ta -L ip o p ro te in  d em en tsp rech en d  s ig n ifik an t e rh ö h t w ar.
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B esprechung

I n  den  vo rliegenden  V ersu ch en  w urde die W irk u n g  des O estriols an  
F r a u e n  e rp ro b t, die an  e in e r  d e r  norm alen  E rn äh ru n g sw e ise  en tsp rech en d en  
q u a n t i ta t iv e n  D iä t g e h a lte n  w u rd en . N ach den  w e ite r oben an g e fü h rten  L ite 
r a tu r a n g a b e n  nehm en  die A u to re n  im  allgem einen  einen  Z usam m enhang  
zw isch en  dem  bei F ra u e n  b e o b a c h te te n  gew issen S ch u tz  gegen M yokardial- 
in f a r k t  u n d  den O estro g en en  an . D en U m stan d , d aß  b e i M ännern  m it L eb er
z irrh o se  ein M y o k a rd ia lin fa rk t se lten er v o rk o m m t, e rk lä re n  w ir —  zu m in d est 
te ilw e ise  —  m it dem  info lge  d e r  L eberläsion v o rh a n d e n e n  h ö h eren  O estrogen- 
b lu tsp ie g e l. Das O estrio l v e r fü g t  —  w enigstens bei F ra u e n  —  ü b e r m anche 
b io lo g isch e  V orteile g eg en ü b e r O estron  und  O estrad io l, die eine U n te rsu ch u n g  
se ines E influsses a u f d en  S to ffw echsel u n b ed in g t in d iz ie r t erscheinen  lassen.

D ie V ersuche w u rd en  a n  F ra u e n  teils v o r u n d  te ils  n ach  der M enopause 
v o rg en o m m en  und  e rg ab en , d a ß  eine W oche h in d u rc h  v e ra b re ich te  O estriol- 
g a b e n  v o n  250 ,ug pro  T ag  b e i F ra u e n  im  K lim a k te r iu m  keine B lu tu n g en  und  
be i d e n  in  der gesch lech tlich en  A k tiv itä t b e fin d lich en  keine S tö ru n g en  im  
Z y k lu s  veru rsachen .

D iese V ersuche b ew eisen , d aß  es sich beim  O estrio l um  eine h insich tlich  
des F e tts to ffw ech se ls  a k tiv e  S u b s ta n z  h an d e lt, w elche —  ohne den  G esam t
lip o id - , P hosphorlipo id -, C ho lesterin - und  C h o les te rin es te rg eh a lt des B lu tes 
w e se n tlic h  zu beeinflussen  —  die A lp h a-L ip o p ro te in k o n zen tra tio n  sign ifikan t 
h e ra b s e tz t  und  den B e ta -L ip o p ro te in g e h a lt e rh ö h t.

E s  fra g t sich n u n , ob d iese W irkung  im  E in k la n g  m it den  L ite ra tu r 
a n g a b e n  ü b e r andere O estro g en e  s te h t. I s t  es m öglich , d aß  ohne Ä nderungen  
des S e ru m ch o leste rin n iv eau s im  L ip o p ro te in g eh a lt des Serum s eine w esen t
lich e  Ä n d eru n g  zu stan d e  k o m m e ?  Aus den V ersuchen  v o n  O l iv e r  u n d  M it
a rb e i te rn  (1956) wissen w ir, d a ß  O estrogene bei h y p e rch o le s te rin äm isch en  M än
n e rn  d as  B e ta -L ip o p ro te in n iv e au  h e rab se tzen  u n d  d en  A lp h a -L ip o p ro te in 
g e h a lt  e rhöhen . Dies s te h t n ic h t  im  E ink lang  m it u n se ren  U n te rsu ch u n g se rg eb 
n issen . H ie r  is t aber in  B e tr a c h t  zu  ziehen, daß  w ir u n sere  U n te rsu ch u n g en  an  
F ra u e n  vorgenom m en h a t te n .  D ie obigen A u to ren  b e o b a c h te te n  ab er auch 
a n d e re  A bw eichungen im  F e tts to ffw ech se l, u n d  zw ar eine V erm in d eru n g  des 
C h o les te rin - und  einen A n s tie g  des P h o sp h o rlip o id g eh a ltes  im  S erum . U nsere 
B e fu n d e  s tim m en  insofern  m it  den  A ngaben v o n  K i v i n  (1959) ü b ere in , als 
a u c h  w ir  fanden , daß die q u a n t i ta t iv e  Ä nderung  d e r L ip o p ro te in e  n ic h t u n b e 
d in g t  m it einer Ä nderung  des S eru m ch o leste rin n iv eau s e in h erg eh en  m uß . R iv in  
f a n d , d a ß  bei M ännern  m it M y o k a rd ia lin fa rk t das sy n th e tisc h e  O estrogen  SC 
S246 d e n  C holesteringehalt in  d e r  M ehrzahl der F ä lle  n ic h t h e ra b se tz te , obzw ar 
d e r  A lp lia /B e ta -L ip o p ro te in q u o tie n t erh ö h t ivar.

W as die F rage b e tr if f t ,  ob die S ch u tzw irk u n g  d e r O estrogene gegen 
K o ro n a rth ro m b o se  m it dem  a u f  die L ipopro teine e n tfa l te te n  E ffek t zusam m en
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h ä n g t, gehen die M einungen  au se in an d er. Die A n n ah m e eines so lchen  Z usam 
m enhanges h a t  die seh r um fan g re ich en  U n te rsu ch u n g en  au sge löst, in  denen 
m a n  b e s tre b t w ar, d en  »ungünstigen« L ipoidstoffw echsel d e r M än n er m it 
O estrogenen  zu k o rrig ie ren . Die th e ra p e u tisc h en  B em ü h u n g en  h a b e n  sich als 
d e ra r t  »heroisch« erw iesen , daß  m itu n te r  die G y n äk o m astie  eine M am m a
a b la tio n  nö tig  m ach te .

D er E in flu ß  des O estrio ls a u f  die L ip o p ro te in frak tio n en  b e i F ra u e n  w ird 
d u rc h  unsere  V ersuche m it g roßer W ah rsch e in lich k e it b e s tä tig t . D ie R ich tu n g  
d e r  A k tiv itä t  w e ich t ab e r v o n  der d er ü b rig en  O estrogene ab . D as O estriol 
sch e in t n ich t n u r  in  se iner W irk u n g  a u f  das E n d o m e triu m , so n d ern  auch 
—  was seine W irk u n g  a u f  den  L ipoidstoffw echsel b e tr if f t  —  eine besondere 
S telle  u n te r  den O estrogenen  e inzunehm en . Es fra g t sich, ob es auch  den 
L ipoidstoffw echsel d e r M änner in  äh n lich er W eise b ee in flu ß t. Seine A uspro- 
h ie ru n g  an  M ännern  h a lte n  w ir jeden fa lls  fü r angezeig t.
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THYROID FUNCTION DURING TREATMENT 
WITH THE ERGOT DERIVATIVE LYSERGIC 

ACID BUTANOLAMIDE

By

L. S z á n t ó , A lice L. R e v i c z k y  and T . G r y n a e u s

SECOND D EPA R T M E N T O F M ED ICINE AND BA LN EO LO GICA L RESEA RCH  IN ST ITU TE, 
STATE IN ST ITU TE O F RHEUMATOLOGY A ND BA LN EO LO GY , BUDAPEST

(R eceived  M ay 21 , 1962)

T he effec t o f  ly se rg ic  acid  b u ta n o l a m id e  (M L A B ), a se ro to n in  a n ta g o n is t ,  on 
th y ro id  fu n c tio n  h as  b een  s tu d ied , on th e  b asis  o f 131I  in co rp o ra tio n  in to  th e  th y ro id ,  
o f  th e  iod ine c o n te n t  o f th e  th y ro id  an d  se ru m  as d e te rm in ed  b y  p a p e r  c h ro m a to 
g rap h ic  ana ly sis , o f  th e  in te ra c tio n  be tw een  se ro to n in  an d  M LAB a d d ed  to  r a t  se ra  
in cu b a ted  in  v itro  in  K re b s— R in g er p h o sp h a te  b u ffe r , as well as o f re su lts  o b ta in e d  
in  h u m an  su b jec ts . I n  e v e ry  p a ram e te r  e x am in ed , M LA B  p ro v ed  to  in c re ase  th y ro id  
a c tiv ity :

1. T h e  in c o rp o ra tio n  of I31I  in to  th e  th y ro id  in creased .
2. T h e  free  T 4 c o n te n t  o f th e  r a t  th y ro id  a n d  th e  conversion  r a te  in c re a sed .
3. T h e  T 4 o u tp u t  o f th e  th y ro id  increased .
4. P e r ip h e ra l d e io d in a tio n  increased  b o th  in  v iv o  an d  in  v itro .
5. In d ire c t s tu d ie s  (M LA B -j- m e th y lth io u ra c il, M TU) y ielded re su lts  in d ic a tiv e  

o f  an  in creased  T S H  secre tion .
6. H isto lo g ica l e x am in a tio n s  show ed a  g ra d u a l  dev elo p m en t o f th y ro id  h y p e r

fu n c tio n .
7. In  h u m a n  ex p erim e n ts  in vo lv ing  n o rm a l su b jec ts  an d  p a t ie n ts  w ith  

m y x o ed em a, signs o f  in creas in g  th y ro id  a c t iv ity  w ere  d e m o n s tra ted .
I t  has been  su g g ested  t h a t  M LAB in te rfe re s  w ith  th e  fu n c tio n  of th e  h y p o th a la 

m ic -p itu ita ry - th y ro id -p e r ip h e ry  system  a t th re e  p o in ts , viz.
i t  increases p e r ip h e ra l d e iod ina tion ;
i t  s tim u la te s  th y ro id  fu n c tio n  d irec tly ; a n d
i t  s t im u la te s  th y ro id  fu n c tio n  in d ire c tly , th ro u g h  th e  h y p o th a la m ic -p itu ita ry  

system .

T he d iscovery  a n d  th e ra p e u tic a l u se  o f th e  th io u rac il p re p a ra tio n s  
( A s t w o o d , M a c K e n z i e , 1, 2) rep resen ted  a  s ig n if ic a n t advance  in  th y ro id  
p a th o lo g y . T he in v e s tig a tio n s  invo lv ing  th e  u se  o f  a n tith y ro id  a g e n ts  h av e  
e lu c id a ted  th e  single phases  o f th y ro id  h o rm o n e  sy n thesis . T he th y ro id  h o r
m one su p p ly  of th e  o rgan ism  depends on th e  sy n th es is  and  m e ta b o liz a tio n  of 
th ese  horm ones. W hile  th e  problem s of sy n th e s is  h av e  been  s tu d ied  fo r  m ore 
th a n  tw o  decades, th o se  o f  d eg rad a tio n  could  be  in v e s tig a te d  only  since  p a p e r 
ch ro m a to g ra p h y  h a d  allow ed to  o b ta in  in fo rm a tio n  as to  th e  n a tu re  o f  th e  
h o rm o n e  analogues a n d  m etab o lite s  [3], a n d  th e  specific m e tab o lic  effects 
an d  physio logical p ro p e rtie s  o f th e  horm one an a lo g u es [4]. W hile th e  in h ib itio n  
o f ho rm one  syn th esis  is d irec ted  in  th e  f irs t p lace  a g a in s t th e  p e rox idase  enzym e 
sy s tem , a lth o u g h  th e  enzym e could n o t be d e m o n s tra te d  in  th e  th y ro id  p ro p e r, 
re c e n t ev idence te n d s  to  in d ica te  th a t  in  th e  d e g ra d a tio n  of th y ro id  ho rm o n es 
th e  try p to p h a n  d e riv a tiv e s  (sero ton in , etc .) p la y  a  s ign ifican t role. I t  is kn o w n  
from  th e  in v es tig a tio n s  o f  G a l t o n  and  I n g b a r  [5] th a t  sero ton in  a n d  th e  sero-
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to n in - l ib e ra to r  reserp ine  in h ib it  th e  m e ta b o liz a tio n  of th y ro x in e  (in  th e  follow 
in g :  T 4) a n d  of tr iio d o th y ro n in e  (in  th e  fo llow ing : T 3) in  m am m alian  a n d  a m p h i
b ia n  l iv e r  and  renal tissu e  p re p a ra tio n s . T h is  in h ib itio n  is ex e rted  also w hen 
s e ro to n in  is n o t ad d ed  d ire c tly  to  th e  tissu e  p re p a ra tio n s , b u t  is ad m in is te re d  
to  t h e  e x p e rim e n ta l an im als  (m ice, in  th e ir  case) before s tu d y . F ro m  th e  re su lts  
o f  t h e  ab o v e  ex perim en ts follow s th a t  se ro to n in  in h ib its  th y ro id  a c t iv i ty  by  
s u p p re s s in g  th e  m e ta b o liz a tio n  o f th y ro id  h o rm o n es. Cerl et t i  e t a l .  [6] have 
p ro d u c e d  an  ergot d e r iv a tiv e  1 -m ethy l-d -ly serg ic  ac id -b u tan o lam id e  (D eseril, 
S a n d o z )  (in  th e  follow ing, M L A B ), w hich h as  p ro v ed  to  an tag o n ize  se ro to n in  
in  t h e i r  exp erim en ts . L y serg ic  acid  b u ta n o la m id e  is equally  capab le  o f in h ib it
in g  th e  ce n tra l and  p e r ip h e ra l actions of se ro to n in .

W e h av e  assum ed  t h a t  b y  increasing  th e  m e tab o liza tio n  o f th y ro id  ho r
m o n e s  M LA B  w ould be cap a b le  of s tim u la tin g  th y ro id  a c tiv ity . I t  m ig h t also 
s t im u la te  th y ro id  fu n c tio n  th ro u g h  th e  h y p o th a la m ic -p itu ita ry  sy s tem , ac tin g  
o n  i t s  c e n tra l  site  of a c tio n , or even by  a d ire c t ac tion  on th e  th y ro id . These 
c o n te n tio n s  have been u n eq u iv o ca lly  c o rro b o ra te d  b y  our re su lts  o b ta in e d  in 
a n im a l  exp erim en ts , h u m a n  p a tie n ts  and  n o rm a l contro l su b jec ts .

M ateria ls an d  m eth o d s

M ale a lb ino  ra ts  (av erag e  w e ig h t, 193 g) w ere d iv id e d  in to  fo u r g roups. T h e y  w ere fed 
a  lo w -io d in e  d ie t [8], co n ta in in g  a t  th e  m o st 0.1 //g  o f io d in e  p e r g. T he drugs w ere ad m in is te re d  
th r o u g h  a  g a s tr ic  tu b e  an d  th e  an im a ls  w ere su b je c ted  to  s tu d y  24, 48, 72 a n d  168 h o u rs  la te r, 
r e s p e c t iv e ly .  G roup 1 (30 ra ts )  se rv ed  as con tro l, g ro u p  2 w as tre a te d  w ith  50 m g of m eth y l- 
th io u r a c i l  d a ily , group 3, w ith  0.25 m g of M LAB d a ily , w hile th e  an im als o f  g ro u p  4 w ith  
0 .25 m g  o f  M LAB and  50 m g o f m e th y lth io u rac il d a ily .

P r io r  to  sacrifice, th e  an im a ls  w ere given 50 fiC  carrier-free  K 13II in tra p e r ito n e a lly  
(24 h o u r s  before  sub jec tin g  th e m  to  s tu d y ). T h en  th e  an im a ls  were killed  b y  a n  o v erd o se  of 
a n a e s th e t ic ,  th e  th y ro id  w as re m o v e d  an d  b lood w as co lle c ted  b y  h e a r t  p u n c tu re . T h e  m a te ria l 
fo r  o n e  e x p e rim e n t was su p p lied  b y  specim ens o b ta in e d  fro m  3 anim als. T he th y ro id s  were 
w e ig h e d  b y  to rsio n  scales a n d  h om ogen ized  im m e d ia te ly  in  1.5 m l o f ice-cool d is tilled  w a te r. 
F r o m  a  k n o w n  volum e 0.05 m l sam p les w ere a p p lied  to  tw o  paralle l pap ers  a n d  th e  a c t iv ity  
a t  e a c h  p o in t  was co un ted  th re e  t im e s  b y  m eans of a  G e ig er— M üller co u n te r, in  a  le a d  co lum n 
w ith  t h e  sam e  geom etry . T h e  m e a n  im p u lse /m in u te  v a lu e s  th u s  o b ta in ed  w ere m u ltip lie d  b y  30, 
e x p re s s e d  in  p ercen tage  of th e  a m o u n t a d m in is te red , a n d  co m p u ted  fo r 100 m g o f tis su e  th is  
r e p re s e n ts  th e  in co rp o ra tio n  in  th e  T ab le  [9].

T h e  free horm one c o n te n t  o f th e  th y ro id  g la n d  w as de te rm in ed  ra d io p a p e rc h ro m a to - 
g ra p h ic a l ly  according to  T a u r o g , T ong  and  Ch a ik o f f  [10], a fte r  e x tra c tio n  o f 1 m l o f  th e  
h o m o g e n a te  in  th e  p resence of a  red u cin g  a g en t w ith  ac id  b u tan o l, an d  e v a p o ra tio n . T he 
n u m e r ic a l  im p /m in  v a lue  fo u n d  in  th e  sp o t T 4 of th e  p a p e r  ch ro m ato g ram  w as e x p re ssed  in 
p e rc e n ta g e  o f th e  ad m in iste red  a m o u n t an d , to  fa c ili ta te  ev a lu a tio n , was m u ltip lied  b y  10.000.

T h e  horm one c o n ten t o f b lo o d  serum  w as d e te rm in e d  b y  th e  sam e m eth o d  in  th e  pooled  
s e ra  f ro m  th re e  anim als a n d  th e  b lo o d  T 4 values w ere  ex p ressed  in  th e  sam e w ay .

T h e  inorgan ic  iodine c o n te n t  o f blood serum  w as d e te rm in e d  b y  e x tra c tio n  w ith  chilled 
b u ta n o l ,  a n d  a liquo ts o f th e  b u ta n o l  e x tra c t  w ere a p p lie d  to  th e  p ap er w ith o u t loss (w ith o u t 
e v a p o ra t io n ) .  T he im p/m in  v a lu e  o f th e  sp o t a p p ea rin g  a t  0 .4  R f was expressed  in  p e r  c en t of 
th e  t o t a l  ra d io a c tiv e  iod ine c o n te n t  o f th e  serum .

I n  vitro experim ents

48 h o u rs  before k illing  th e m , each  of 50 ra ts  w ere  in je c te d  w ith  50 /iC K 131I  in tra p e r i
to n e a l ly ,  a n d  a t  48 h o u rs , w h en  th e  a c tiv ity  w as p ra c t ic a lly  in  th e  T 4 fra c tio n , b lo o d  was 
c o lle c te d  b y  h e a r t  p u n c tu re . T h e  b lo o d  serum  was in c u b a te d  w ith  K reb s— R in g e r p h o sp h a te
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b u ffer so lu tio n , o r  w ith  K re b s— R in g er so lu tion  +  250 fig  se ro to n in  -f- 125 /ig M L A B , a t  37° C 
fo r  24 h o u rs , th e n  a f te r  th e  b u ta n o lic  e x trac tio n  m e n tio n e d  above  th e  a c tiv ity  fo u n d  in  th e  
single frac tio n s  w as expressed  in  percen tag e  of th e  to ta l  a c t iv ity  found  in th e  p a p e r  c h ro m a to 
gram s, o b se rv in g  th e  sh ifts  in  th e  131I  values be tw een  th e  s ing le  frac tions.

H u m a n  experim ents

N o rm a l v o lu n te e rs  w ere t r e a te d  over one w eek  w ith  1 m g of M LAB t. i. d . T h e  ch an g es 
in  th e  se ru m  in o rg an ic  iod ine  leve l w ere estim a ted  [11], a n d  in  a  few  cases th e  h o rm o n e  fra c 
tio n s  w ere s e p a ra te d  b y  p a p e r  ch ro m a to g rap h y  a n d  th e i r  am o u n ts  were d e te rm in e d  [12]. 

Id e n tic a l e x am in a tio n s  h a v e  been  carried  o u t in  p a t ie n ts  suffering  from  h y p o th y ro id ism .

Results

I .  Incorporation  o f  131I  into the thyro id  ( Fig. 1 )

36 ±  11
Group 1. (C ontro l an im als).

m ean  v alue  ^  S. D .
I n c o r p o r a t io n :------- --------------------;------

n u m b e r  ot ex p erim en ts 10
Group 2. (50 m g M TU  daily). The in c o rp o ra tio n  of 131I was m a x im a lly

(3.2 ±  1.2)
in h ib ite d  d u rin g  th e  f ir s t  24 hours , as com pared  w ith  th e  im p /m in

values fo r th e  con tro ls . T h e  m easure  of in h ib itio n  d id  n o t change s u b s ta n tia l ly  

in  th e  course  o f one w eek (a t 168 hours = -----

5 0 -

45

4 0 -

3 5 -

3 0 -

2 5 -

20

75 -

70-

5

2 4 "

П Normal
m  MTU. i

4 8 h
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72  h 188 h
istandard deviation 
number of experiments
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-75
70

[-5

F ig . 1. 13II  u p ta k e  b y  th e  th y ro id , in p e rce n ta g e  o f th e  dose a d m in is te re d
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G roup 3. (0.25 m g M L A B  daily). D u rin g  th e  f irs t 24 hours 131I  in c o rp o ra 

t io n  d id  n o t differ c o n sid e rab ly  from  t h a t  o f  th e  contro ls:

22 +  5
A t 48  h o u rs  a slight decrease w as n o te d : ----= .— , A  sign ifican t in crease  fo llow ed

6
48.5 +  5.5

a f te r  72 h o u rs : —----------—, a n d  th e  h igher in c o rp o ra tio n  values p e rs is te d  u n til

th e  e n d  o f  th e  one w eek p e rio d  o f o b se rv a tio n :
43 .4  ±  11

F ig . 2. F ree  T 4m I  in  th y ro id , in  p e rc e n ta g e  o f 131I in jec ted . X 104

G roup 4. (0.25 m g M LA B  +  50 m g M T U  daily).
T h e  24-hour iodine u p ta k e  b y  th e  th y ro id  w as m uch low er th a n  t h a t  in  

3.8 ±  1.5)
th e  c o n tro ls

10
, b u t  no such  m a x im a l suppression  re su lted  as in  th e

3.14 ±  0.6
M T U -tre a te d  anim als. A t 48 hours th e  in c o rp o ra tio n  value was

11

T h e 7 2 -h o u r
8.3 ±  4.4

an d  168-hour va lu es
6.86 +  1.6

d efin ite ly  ex ceed ed

th e  io d in e  u p ta k e  by  th e  th y ro id  observed  in  M T U -trea ted  an im als.
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I I .  Free T \31I  in  the thyroid , 
in  percentage o f  the am ount o f  131I  injected (  F ig. 2 )

Group 1. (C ontrols).

F ree  T 431I  in  th y ro id  =  

Group 2. (50 m g M TU).

126 ±  39 

8

16 ±  l j2 J ’
39 ±  10

A t 24 h o u rs  th e re  was h a rd ly  a n y  free  T 4  131I in  th e  th y ro id  

T h e re  w as a s ligh t increase  a t  48 a n d  168 h o u rs , th e  values b e in g  

th e n  3 5  ± 2 , an d  f in a l ly 5 5  ±  3 2  .
2 3

Group 3. (0.25 m g MLAB daily ).
T h e  T 4  131I  c o n te n t of th e  th y ro id  g re a tly  increased d u r in g  th e  firs t

377 ± 7 1  , 417 ±  104 , , , . ,
24 h ours ---------- — , to  reach  ---------------  a t  48 hours, and  th e  m a x im u m  ol

531 ±  226
a t 72 h o u rs , a value m a n y  tim e s  th e  contro l one. T h e  free  T 4  131I

c o n te n t o f  th e  th y ro id  was still v e ry  h ig h  b y  th e  end of th e  e x p e rim e n t, a t

168 h ours | 207 62J. T he m easure o f  th e  increase  of T 4  c o n te n t w as m uch

g re a te r  th a n  th e  increase  in  th e  ra te  o f  in co rp o ra tio n , i. e. m ore in o rg an ic  131I 
w as c o n v e rted  to  T 4  131I  in  th e  u n it  o f  tim e  (increased conversion  ra te ) . 

Group 4. (0.25 m g MLAB ±  50 m g M TU  daily).
A t 24 h ours th e  T 4  co n ten t o f th e  th y ro id  was ab o u t h a l f  th e  norm al 

55 ±  23 )
— I-------1. L a te r , i t  increases g ra d u a lly  a n d  b y  168 hours it  is co n sid e rab ly

h ig h e r th a n  th e  va lu es  for th e  n o rm a l co n tro ls  an d  even m ore ab o v e  th a t  of
224 ±  94)

6
th e  M T U -trea ted  g roup

I I I .  T 4  1317 in  serum ,
in  percentage o f  the am ount o f  13lI  injected  X 104  ( F ig .  3 )

Group 1. (co n tro l anim als). T h e  T 4  131I  co n ten t o f se ru m
26 ±  17 

8
Group 2. (50 m g M TU daily). T h e  se ra  from  th e  an im als k illed  a t  th e  

specified  po in ts  o f tim e  show ed a b o u t th e  sam e T 4  131I v a lues, re fle c tin g  the  
co n d itio n  co rrespond ing  to  m ax im al in h ib itio n . T he values w ere a t  24 hours

L Í £ ,  a t  48 h ours -  ^  ° '7 , a t 72 h o u rs  3  ±  L ? , and  a t 168 h o u rs  2°  ^  4  .
3 3 4 3
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F ig . 3. T 4'3II in  serum , in  p e rcen tag e  of 131I a d m in is te re d , m ultip lied  b y  104

G roup 3. (0.25 m g M L A B  daily).

T h e  24-hour v a lu e ---—— , ab o u t h a lf  th e  v a lu e  found  in the  u n tre a te d
6

c o n tro ls . T h e  48-hour va lu e  w as s till lower 

m u c h  h ig h e r  th a n  th e  n o rm a l co n tro l value 

168 h o u rs  w as ? ■

7
, while th e  72-hour one

(38 +  16)
The value fo u n d  a t

G roup 4. (0.25 m g M LA B  +  50 mg M TU d a ily ) .

T h e  se ru m  T 4 131I va lues in  th is  group w ere a t  24 ho u rs , — ; 48 h o u rs

6  ±  0.7  
12

. F ro m  th e  72nd h o u r  on th e  values te n d e d  to  increase, re a c h in g

---- ^ -----  a t  168 hours, a p e a k  fiv e  tim es h ig h er t h a n  th e  value for th e  r a ts

t r e a te d  w ith  M TU alone, h u t  s till below th e  c o n tro l level.

IV . C hanges in  thyroid weight, computed fo r  100 g  o f  body weight (F ig . 4 )

G roup 1. (contro l an im als). T he average g la n d  w eigh t per 100 g b o d y  
w e ig h t w as 9.8 m g.
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Group 2. (50 m g M TU d a ily ). T he average  th y ro id  w eigh t o f 9.8 m g 
in c rea sed  to  a lm o st 16 m g b y  24 hours. T he 48 -hour va lu e  w as 15 m g, th e  
7 2 -h o u r one w as 12.0 m g. T he 168-hour v alue  w as 19.0 m g.

Group 3. (0.25 m g M LA B daily ). I t  was re m ark ab le  th a t  th e  v a lu es  fo r 
th e  f ir s t  th re e  days w ere a lm o st id en tica l w ith  th o se  found  fo r th e  an im als  
t r e a te d  w ith  th e  th y ro id - in h ib ito r  M TU. D u rin g  th e  f irs t  24 h ours th e  v a lu e  
in c rea sed  s teep ly  to  13 m g, an d  co n tin u ed  to  increase  on th e  second  d a y  to  
15.0 m g. O n th e  th ird  d ay  th y ro id  w eight d ro p p ed  to  a v a lu e  low er th a n  th e

Fig. 4. Changes in  th y ro id  w e igh t, co m p u ted  fo r 100 g bod y  w e igh t

2 4 -h o u r one (11.58 mg). S u b seq u en tly  th y ro id  w eigh t p e rs is ted  a t  a sim ila rly  
lo w level ( 1 1 . 0  mg).

Group 4. (0.25 mg M LAB +  50 m g M TU daily).
A t 24 hours th e  th y ro id  w eighed  10.4 m g. L ike in  g roup  2, th e  w e ig h t 

dec reased  b y  th e  4 8 th  h o u r  (8.2 m g). T he 72 h o u r va lu e  w as 11.2 m g, to  
re m a in  p ra c tic a lly  u n ch an g ed  ( 1 2 . 0  mg) u n til  th e  end  of th e  e x p e rim e n t.

V. Serum  inorganic 1S1I  in  percentage o f  serum  activ ity , 
during  treatment w ith  0.25 mg o f  M L A B  da ily  (F ig . 5 )

A t 24 hours th e  inorgan ic  131I  va lu e  w as 36.3 p er cen t, p ra c tic a lly  id e n tic a l 
w ith  t h a t  fo r th e  u n tre a te d  co n tro ls  (37 p er cen t). A t 48 hou rs  th e  v a lu e  w as 
s ig n if ican tly  increased  (46.6 p e r cen t), a t  72 h ours again  less (27.3 p e r ce n t) , 
to  rise  su b seq u en tly  to  50.3 p er cen t a t  168 hours.

V I. E xperim ents w ith  rat sera incubated w ith serotonin,
or w ith serotonin and M L A B  (T able  1)

In  th e  basic  ex p erim en t, r a t  b lood  serum  o b ta in ed  48 h ours a fte r  a dose 
o f  131I w as in c u b a te d  in  K reb s— R in g er p h o sp h a te  b u ffe r fo r 24 h o u rs . T h e  
a c tiv i ty  values w ere 18.5 p e r c e n t for inorgan ic  iod ide, 46.8 p e r cen t fo r T 4,

6  A cta Medica X IX /2 .
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Fig. 5. In o rg a n ic  131I  in serum , in  p e rce n ta g e  of serum  a c tiv ity

Table 1

P aper chromatographic distribution  o f  1311, 
in  percentage o f  the total activity  applied  

(M ean values)

N um ber
of

experiments

Site of ac tiv ity  (R f values)

s ta r t
0.11
D IT

0.36
iodide

0.4
T 4

0.6
T 3 front

1. R a t  serum , du ra tion  o f in cu b a tio n  
48 h rs . E x tra c te d  w ith  b u ta n o l 6 3.7 3.5 8.1 69.9 12.4 2.6

2. In c u b a tio n  in K rebs— R in g er p h o s
p h a te  b u ffer ........................................ 6 7.2 8.4 18.5 46.8 15.3 7 .7

3. T h e  fo rm er -f- 250 fig  s e ro to n in . . . 5 4.6 6.6 8.4 65.4 11.2 3.3
4 .  In c u b a tio n  in K rebs— R in g e r p h o s

p h a te  buffer -j- 250 fig  se ro to n in  
+  125 (щ  M L A B ............................... 6 8 .8 10.9 20.7 38.8 14.4 4.5

In c u b a tio n  las ted  24 h o u rs  in  a 37° C w a te r b a th  in ev ery  case.

a n d  15.3 p er cen t fo r T 3. A fte r  in c u b a tio n  w ith  250 o f se ro to n in  th e  in o r
g an ic  iod ine value d ec rea sed  to  8.4 p er cen t, t h a t  fo r T 4  w as 65.4 p e r cen t and  
th e  T 3  va lue , 11.2 p e r  c e n t. T here  w as a consp icuous change in  th e  T 4 /T 3  ra tio  
(c o n tro l g roup: 3 : 1, se ro to n in  group  5.9 : 1). T h e  values for g roup  3 (250 pg 
o f  se ro to n in  -f- 125 g o f M LA B ) w ere: in o rgan ic  iod ide  20.7 p er c en t, T 4  38.8 
p e r  c e n t an d  T 4  14.4 p e r  c e n t. In  th is  g roup  th e  v a lu e  o f th e  Т ^ Т 4  ra tio  was 

.2.6 : 1.
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V I I .  H istological stud ies

A t 24 hours fo llow ing th e  a d m in is tra tio n  o f  M LA B th e  ra t  th y ro id  show ed 
th e  follow ing h isto log ica l p a tte rn  (M icrographs 1 to  3). The acini a re  d iffe ren t 
in  size, th e  ac in a r ep ith e liu m  is f la tte n e d , cu b o id -sh ap ed , the  en la rg ed  g lands 
are  filled  b y  hom ogeneous colloid, a p ic tu re  c h a ra c te r is tic  of no rm al fu n c tio n . 
A fte r 2 days of t r e a tm e n t th e  lum ina  o f th e  g lan d s are  narrow , th e  fo llicu la r 
ep ith e lia l elem ents lin ing  th e  lum ina  are h ig h e r, th e  acin i are filled b y  d e ta c h e d  
ep ith e lia l cells, th u s  th e  p ic tu re  po in ts to  a c u te  h y p erfu n c tio n . A t 72 hours 
ac in i o f n arro w  lum en  lin ed  b y  high cubo id  ep ith e liu m  are found  in  th e  rich ly  
g la n d u la r  th y ro id  tissu e , w ith  occasional g ro u p s of lym phocy tes in  th e  in te r- 
s t i t iu m . A t 168 h ours d ilu te  colloid fills th e  s lig h tly  d ila ted  acin i, a n d  in te r 
s t i t ia l ,  sep ta l ly m p h o id  an d  connective tissu e  p ro life ra tio n  is v isib le. T h e  h is to 
log ical p a tte rn  resem bles th a t  of h u m an  h y p e rfu n c tio n in g  goitre.

V I I I .  H um an  experim ents

Group 1. E ach  o f th e  5 h ea lth y  c o n tro l su b jec ts  was tre a te d  w ith  1 m g 
o f M LA B t .  i. d. for one w eek. P rio r to  t r e a tm e n t ,  each  one of th e m  w as te s te d  
fo r serum  inorgan ic  iod ine w ith  th e  fo llow ing re su lts :

K . J . :  3.0; Gy. E .: 3 .1; G. F .: 3.8; M rs. L . Sz.: 4 .0 ; G. T .: 4.5 /xg p e r 100 m l.
T he te s ts  m ade a f te r  th e  one w eek o f  t r e a tm e n t  y ielded th e  fo llow ing 

re su lts :
K . J . :  4 .4; G y. E .:  4 .4 ; G. F .: 4.9; M rs. L . Sz.: 4 .9 ; G. T. 5.3 /xg p e r  100 ml.
T he average  increase  was 1.1 /xg p e r c e n t. T he h ighest rise w as fo u n d  in 

th e  case of K . J . ,  w ho h a d  show n one of th e  lo w est in itia l serum  io d in e  v a lu es , 
a n d  th e  sm allest w as fo u n d  in  th e  case o f  G. T ., who had  show n th e  h ig h es t 
o rgan ic  iodine level p rio r to  tre a tm e n t.

Group 2. Seven p a tie n ts  suffering  from  m yxoedem a or la te n t  h y p o th y 
ro id ism  w ere tre a te d  w ith  1 m g of M LAB t .  i. d . fo r one week. B efore tr e a tm e n t ,  
th e  se rum  organic iod ine  values were:

M rs. F . L : 1.5; M rs. K . J . :  2.7; Mrs. B. I . :  3 .2 ; Mrs. H. M.: 3 .6 ; M rs. K . L : 
4 .1 ; Mrs. N. E .: 5 .6; M rs. Sz. I. 3.8 /xg p er 100 m l.

A fte r t re a tm e n t th e  values were:
M rs. F . I .:  3.3; M rs. K . J . :  4.7; M rs. B . I . :  5 .0 ; Mrs. H. M.: 4 .1 ; M rs. K . L : 

6 .4 ; Mrs. Sz. L : 5 .0; M rs. N. E .: 6.0 /xg p e r 100 ml.
T he average  increase  was 1.68 /xg p e r c e n t. H ere, too, th e  in c re m e n t was 

la rg es t w ith  th e  p a tie n t  show ing th e  low est in it ia l  va lue , and  sm a lle s t in  th e  
case o f N. E ., w hose o rganic  iodine level in  se ru m  h ad  been n o rm al. I t  is to  he 
n o te d  th a t ,  as d e te rm in ed  by  th e  m e th o d  u sed  a t  our In s ti tu te , th e  norm al 
serum  organic iodine values range from  3.8 to  7.5 /xg per 100 m l.

6 '
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Discussion

I n  o u r ex p erim en ts  a n d  clinical s tu d ies  th e  com pound lyserg ic  a c id  b u ta -  
n o la m id e , w hich has a n tise ro to n in  a c tiv ity , h a s  proved  u n e q u iv o c a lly  to  
in c re a se  th y ro id  a c tiv ity .

E x c e p t for th e  4 8 -h o u r values, in  th e  a n im a l experim en ts th e  in c o rp o ra 
t io n  o f  131I  was above th e  n o rm a l value. A fte r  th e  f irs t  day th e  free T 4  c o n te n t

I before thyroxine treatment ^  before triiodothyroine treatment
s-, I after!week o f Deseril 

i treatm ent 1

1,5 -

1-

0,5-

norma!

П  a fter  Tweek o f Deseril ~0/ 
trea tm ent Л /о

i l
pathological

1,5

-7

- 0,5

F i g .  7. Serum  th y ro x in e  and  tr i io d o th y ro n in e , in  /<g per cen t

of th e  th y ro id  was s tro n g ly  increased  and  c o n tin u e d  to  increase g ra d u a lly  t i l l  
72 h o u rs . H ow ever, in c o rp o ra tio n  an d  free T 4  c o n te n t  did n o t increase  a t  th e  
sam e r a te ;  th e  la t te r  in c reased  m uch fa s te r  (in c reased  conversion r a te ;  fa s te r  
u t i l iz a t io n  o f th e  in c o rp o ra te d  iodine). In  a d d itio n , an  im m ed ia te , q u ick  b re a k 
d ow n  o f  th y ro g lo b u lin  m ay  p la y  a role in  th e  in crease  of th e  free T 4  c o n te n t  
o f th e  th y ro id , b u t  our m e th o d  d id  n o t len d  i ts e lf  to  an  estab lish ing  th e  r a te  
of t h a t  p rocess. T he increase  o f  th e  free T 4  c o n te n t  o f th e  th y ro id  seem s to  be 
a r e s u l t  o f  T S H  action . In c o rp o ra tio n , g lan d u la r  a n d  serum  T 4  c o n ten ts  re a c h e d
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M i c r o p h o t o g r a m  1 . 24 hours a f te r  M L A B  tre a tm e n t

M i c r o p h o t o g r a m  2 .  48 hours a f te r  M LA B  tre a tm e n t

M i c r o p h o l o g r a m  3 .  72 hours a f te r  M L A B  tre a tm e n t
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th e  m a x im u m  a t  72 h o u rs . A t th a t  tim e  th e  T 4  co n ten t of serum  w as ab o v e  
n o rm a l —  w hile o therw ise  a lw ays below  n o rm a l — , w hich m ay  be  e x p la in e d  
b y  a n  in c rease  of d e io d in a tio n  caused by  M L A B . T he m axim um  T 4  o u tp u t  a t 
72 h o u rs  has been co n firm ed  also by  th e  c h an g e  in  th y ro id  w e ig h t, w hich  
re a c h e d  th e  m in im um  a t  72 h o u rs . The d e io d in a tio n -in c reasin g  e ffec t o f  M LA B 
h as  b e e n  p ro v ed  also b y  th e  inorgan ic  131-io d in e  co n ten ts o f th e  se ra  te s te d ;  
e x c e p t fo r  th e  72-hour v a lu e s  th ese  were a lw ay s  over th e  n o rm al lev e l.

T h e  resu lts  of our in  vitro  exp erim en ts , to o , in d ica ted  th a t  th e  d e g ra d a tio n  
o f  th e  io d in e  horm ones is in c reased  by  M L A B . I n  th e  r a t  sera  in c u b a te d  for 
24 h o u rs  w ith  se ro ton in  th e  a m o u n t of th e  d e io d in a tio n  p ro d u c ts  o f  iod ine 
h o rm o n e s : inorgan ic  iod ine , T 3  and  d iio d o ty ro s in e , decreased as a re s u lt  o f th e  
in h ib it io n . I f  M LAB h a d  b e e n  added  to  th e  m ix tu re , th e  a m o u n t o f  each  of 
th e  th r e e  frac tio n s m en tio n ed  above in c reased , a n d  even su rpassed  th e  values 
fo u n d  in  co n tro l serum . T h e  s im u ltaneous a d m in is tra tio n  of M TU a n d  M LA B 
s u p p lie d  fu r th e r  in fo rm a tio n  as to  th e  s tim u la tio n  o f th y ro id  fu n c tio n  b y  se ro 
to n in  a n ta g o n is ts . As co m p ared  w ith  th e  a n im a ls  tre a te d  w ith  M T U  alone , 
th e  u p ta k e  of labelled  io d in e  h a rd ly  in c reased , b u t  th e  free T 4  c o n te n t  o f  th e  
th y r o id  in creased  a lm ost fiv e fo ld . The se ru m  T 4  level increased a p p ro x im a te ly  
a t  th e  sam e  ra te . This re su lt  m ay  be in te rp re te d  as ind ica tin g  t h a t  M LA B  
p re v e n ts  M TU  from  e x e rtin g  its  fu ll in h ib ito ry  effect on th e  sy n th e s is  o f  th e  
th y r o id  horm ones (p e ro x id ase  system ). F u r th e rm o re , our re su lts  m a y  be 
e x p la in e d  b y  th e  increase o f  th e  conversion r a te  caused  by  M LAB (see g ro u p  1.). 
T h e  M L A B — M TU an ta g o n ism  is re flec ted  a lso  b y  th e  w eight cu rv es . W hen  
th e  tw o  d rugs are  a d m in is te re d  s im u ltan eo u sly  i t  is nam ely  fo u n d  t h a t  th e  
w e ig h t o f  th e  th y ro id  does n o t  increase f iv e fo ld , because M LA B, a lth o u g h  i t  
cau ses  som e increase of th y ro id  w eight i tse lf , co u n te rac ts  th e  g o itrogen ic  
e ffec t o f  M TU.

T h e  excessive increase  o f  th y ro id  w e ig h t observed 72 h o u rs  a f te r  th e  
a d m in is tr a t io n  of M TU, a n d  a t tr ib u te d  to  th e  effect of T SH , does n o t  ta k e  
p lace  w h e n  M LAB is ap p lied  in  co m bina tion  w ith  MTLT; in th is  case th e  shape  
o f th e  w e ig h t curve w as a lm o s t iden tica l w ith  th a t  of th e  co n tro l an im als . 
In  o th e r  w ords, M LAB is cap ab le  of co m p en sa tin g  th e  effect of in h ib ite d  u p ta k e , 
th u s  s a tis fa c to r ily  en su rin g  p e rip h era l re q u ire m e n t (the m e ta b o lisa tio n  of 
th y ro id  ho rm ones increases). T h is is w hy no s u b s ta n tia l  TSH  effect is o b se rv ed .

T h e re  is no d ivergence b e tw een  th e  h is to lo g ica l p a tte rn  o f th e  th y ro id  
a n d  th e  fu n c tio n a l d a ta  in  th e  case of th e  M L A B -trea ted  an im als . O n th e  
seco n d  d a y  a lread y  th e  p ic tu re  suggests a c u te  h y p e rfu n c tio n . L a te r , a longside  
th e  h y p e ra c tiv e  ep ithe lia l e lem en ts  ly m p h o id  a n d  connective tissu e  in f i l t r a 
tio n s  a lso  a p p ea r, in d ica tiv e  o f  a m ax im al g la n d u la r  h y p erfu n c tio n , w h en  th e  
a c tiv e  e p ith e lia l elem ents a re  no  longer c a p a b le  o f  fu rth e r  increasin g  p ro d u c 
tio n  a n d , as a resu lt of th e  re la tiv e  ex h au stio n , ly m p h o id  and  co n n ec tiv e  tissu e  
p ro p a g a tio n  develops.
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T he resu lts  of our h u m a n  o b serv a tio n s ag reed  w ith  th o se  o f th e  an im al 
e x p e rim e n ts . A fte r one w eek  o f  t r e a tm e n t th e  in itia l serum  o rg an ic  iod ine  
lev e l w as increased  by  an  av e rag e  of 1.3 ц g p e r  100 m l in  h e a lth y  v o lu n te e rs . 
T h e y  g ra d u a lly  developed c h a ra c te r is tic  c lin ica l sym ptom s, su ch  as ep isodes 
o f e x c ite m e n t, s ligh t sw ea tin g , m ild  v ertig o , p a lp ita tio n , in so m n ia  a n d  loss 
o f  c o n c e n tra tiv e  pow er. N o to x ic  side-effect m ak in g  necessary  to  d isc o n tin u e  
th e  t r e a tm e n t  has been o b se rv ed . T h en  p a tie n ts  suffering  from  m a n ife s t or 
l a te n t  m yxoedem a w ere t r e a te d  w ith  th e  d ru g , likew ise for one w eek . T he 
se ru m  organ ic  iodine level in c reased  m ore m a rk e d ly  th e n  in  th e  c o n tro ls , by  
a n  av erag e  o f 1.6 pg p er 100 m l. In  th re e  o f  th ese  cases c h ro m a to g ra p h ic  
an a ly s is  fo r th y ro id  ho rm ones w as also ca rried  o u t. T he serum  T 4  f ra c tio n  was 
in c rea sed  b o th  in th e  p a tie n ts  an d  in  th e  n o rm a l su b jec ts ; in  th e  la t t e r  to  
n e a r ly  doub le  th e  in itia l. A fte r one w eek of tr e a tm e n t  th e  a m o u n t o f  T 3  s lig h tly  
d ecreased  in  th e  norm al su b je c ts , w hile i t  m a rk ed ly  increased  in  th e  p a tie n ts , 
re ach in g  double  of th e  in it ia l  v a lu e  a fte r  one w eek of tre a tm e n t. T h is  p h e n o 
m en o n  m ig h t fin d  its  e x p la n a tio n  in  an  in c reased  d e g ra d a tio n  o f  th y ro id  
h o rm ones.

T h e  su b jec tiv e  co m p la in ts  soon subsided  in  th e  M L A B -trea ted  m yxoede- 
m a to u s  p a tie n ts , w ith  a m a rk e d  im p ro v em en t o f  som nolence, fa tig u e  a n d  ev en 
tu a lly  o f  depression . These p a tie n ts , u n like  th e  no rm al te s t  su b jec ts , co m p la in ed  
o f  no u n to w a rd  side effects.

T h e  resu lts  o b ta in ed  te n d  to  p rove  th a t  M LAB increased  th y ro id  func
tio n  in  ev e ry  one of th e  p a ra m e te rs  ex am in ed  b y  us. T he u n d e rly in g  m ode o f 
a c tio n  is u nclear. An en h an ced  d eg rad a tio n  o f th y ro id  ho rm ones sh o u ld  be 
ta k e n  in to  considera tion  in  th e  f irs t  p lace, in  v iew  o f th e  d ru g ’s a n tis e ro to n in  
a c tiv ity . T he resu lts  o b ta in e d  suggest th a t  M LA B does in  fa c t in c re a se  h o r
m one  d eg rad a tio n , because in  th e  serum  o f tre a te d  an im als th e  ino rg an ic  
iod ine  labe lled  w ith  131I  show ed  a h igher leve l th a n  in  th a t  o f th e  con tro ls .

T h e  increased  m e ta b o liz a tio n  o f th y ro id  horm ones b y  itse lf  does n o t  fu lly  
ex p la in  th e  sudden  increase  o f  th y ro id  fu n c tio n , w hich in  th e  a n im a ls  m an i
fe s ted  its e lf  in  an  increase o f  free th y ro id  T 4  co n te n t a f te r  th e  f i r s t  24 hours 
a lre a d y , an d  in  every  a sp ec t o f  th y ro id  h y p e rfu n c tio n  a f te r  tw o  d ay s . The 
in c rease  o f th e  serum  organ ic  iod ine  level b y  m ore  th a n  1  pg p er 1 0 0  m l n o ted  
in  th e  p a tie n ts  a fte r  one w eek  o f  t re a tm e n t w as a n o th e r change t h a t  m a y  be 
in te rp re te d  as being in d ic a tiv e  o f a sig n ifican t increase in  th y ro id  fu n c tio n .

A d irec t s tim u la tin g  e ffec t m ig h t also be  invo lv ed , accord ing  to  S a u n d e r s

[13], in  th e  b ra in  and  liv e r, th ro u g h  th e  in h ib itio n  o f m ono am in o -o x id ase , th e  
se ro to n in  level increases, cau s in g  a red u c tio n  o f th e  d ip h o sp h o p y rid in e  nucleo
tid e  level. T h rough  a s im ila r m echan ism  sero to n in  m ay  increase in  th e  th y ro id , 
to o , w hich  con ta ins se ro to n in  in  su b s ta n tia l am o u n ts . T he th y ro id  g la n d  devel
ops from  th e  digestive t r a c t  a n d  th u s  possesses cells o f th e  en te ro ch ro m affin e  
ty p e  [14, 15, 16]. S e ro ton in  m a y  n o t only in h ib it th e  d e g ra d a tio n  o f  th y ro id
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h o rm o n es , b u t also d ec rea ses  th e  th y ro id  D P N  level. O n th e  o th e r h a n d , D P N  
in c rea se s  in  th e  th y ro id  th e  io d ina tion  of ty ro s in e  [7], d irec tly  an d  in d irec tly  
( th e  a c tiv ity  of th e  H M P  s h u n t increases as a re su lt  o f th e  increased  T P N H  
sy n th es is ) . I t  m ay th e re fo re  be assum ed th a t  in  D P N  deficiency th e  th y ro id  
h o rm o n es  are sy n th es ized  a t  a reduced  ra te , a n d  a t  an  increased  ra te  w h en  th e  
lev e l o f  D P N  is in c rea sed  as a resu lt o f se ro to n in  in h ib itio n  [16].

M oreover, M LA B  in c re a se d  th e  a c t iv i ty  o f  T S H . T he p ro m p t increase 
o f  th y ro id  w eight in  re sp o n se  to  MLAB m a y  h a v e  been  th e  re su lt o f a  T SH  
s tim u lu s . In  o th e r w o rd s , th e  stim u la tio n  o f p i tu i ta r y  a c tiv ity  is rea lized  by  
c e n tra l  ac tion , th ro u g h  th e  diencephalic s ite  o f  a c tio n  o f M LAB.

A  fu rth e r  fin d in g  w as th e  sudden in crease  o f  iod ine in co rp o ra tio n  on th e  
th i r d  d a y  and  th e  s im u lta n e o u s  m axim um  th y ro id  ho rm one o u tp u t ( th e  high 
se ru m  T 4  value a t  72 h o u rs , an d  a decrease o f  th y ro id  w eight occurring  a t  th e  
sa m e  tim e). These a p p e a r  to  be  due to  TSH  a c tio n . A ccord ing  to  M it c h e l l  [19], 
th e  in h ib ito ry  effect o f  th io u ra c il  is d im in ished  b y  T S H . O ur re su lts  in d ica te  
t h a t  M LAB dim inishes M T U  inh ib ition , p re su m a b ly  th ro u g h  an  increase  of 
T S H  secretion . F u r th e r  in v e s tig a tio n s  are p la n n e d  to  s tu d y  th e  effect o f M LAB 
o n  T S H  secretion.

L ysergic acid b u ta n o la m id e , w hich s tim u la te s  equally  th e  th y ro id  h o r
m o n e  syn thesiz ing  a n d  m e tab o liz in g  ac tiv itie s  o f  th e  th y ro id , seem s to  be 
s u ita b le  for induc tio n  o f  e x p e rim e n ta l h y p e r th y ro id ism , and  th u s  for s tu d y in g  
th e  p a th o p h y sio lo g y  o f  h y p e rth y ro id ism s.
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CORRELATION BETWEEN CAPILLARY FILTRATION 
AND LYMPH FLOW IN VENOUS CONGESTION
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(R ece iv ed  M ay 31, 1962)

T he effec t o f v en o u s congestion  in  th e  h in d  legs o f anaesthesized  d o g s on  th e  f lu id  
a n d  p ro te in  loss from  th e  cap illa ries, on  th e  q u a n ti ty  a n d  p ro te in  c o n te n t  o f  th e  ly m p h  
flow ing  from  a ly m p h a tic  o f th e  e x tre m ity  h as  b een  in v es tig a ted . B e tw een  f lu id  f i l t r a 
t io n  a n d  ly m p h  flow  a s ig n ifican t, p o s itiv e , th o u g h  n o t v e ry  close c o rre la tio n  (r =  
=  0.29 p  <  0.05) h a s  b een  fo u n d . L y m p h  flow  in creased  p a ralle l w ith  th e  in c rease  of 
v en o u s p ressu re  acco rd ing  to  th e  reg ress io n  e q u a tio n , L  — 76.3 +  P  • 4 .01 . T h e  p ro te in  
c o n te n t o f th e  ly m p h  w as m u ch  h ig h er th a n  th e  ca lcu la ted  p ro te in  c o n c e n tra tio n  of 
th e  c ap illa ry  f i l t r a te .  No co rre la tio n  cou ld , how ever, be  found  be tw een  th e  tw o  v a lu es 
( r  =  0.02).

T he ra te  of flow  of flu id  filte rin g  th ro u g h  th e  cap illa ry  w all u n d e r  c o n s ta n t 
co llo id-osm otic  an d  tissu e  p ressu res is d ire c tly  p ro p o rtio n a l to  th e  c ap illa ry  
p ressu re . T he increase o f venous p ressu re  re a c tin g  upon  th e  c a p illa ry  p ressu re  
acco rd in g ly  enhances cap illa ry  f i l tra tio n  [1, 2]. W ith  th e  increase  o f  cap illa ry  
f i l t ra t io n  th e  flow  in  th e  ly m p h  vessels o f  th e  respective  a rea  u su a lly  also 
increases. T hus, due to  th e  venous congestion  b ro u g h t ab o u t in  a lim b , ly m p h  
flow  increases in  th e  foo t [3, 4].

W h i t e , F i e l d  an d  D r i n k e r  [5] e x e rtin g  pressure on th e  h in d  legs of 
dogs observed  an  increase  o f  ly m p h  flow . T h ere  h av in g  been no p ro p e r  in v e s ti
g a tio n s of q u a n tita tiv e  c h a ra c te r , i t  h as  been  im possib le  to  p e rfo rm  an  e x a c t 
analysis  o f th e  co rre la tio n  b e tw een  th e  rise  o f  venous pressure a n d  th e  in crease  
o f  cap illa ry  f iltra tio n  an d  th e  changes o f  th e  ly m p h  flow, re sp ec tiv e ly .

M ethods

T h e  in v es tig a tio n s  w ere p e rfo rm ed  in  18 dogs w eighing 15— 20 kg, a n ae s th es iz e d  w ith  
h e x o b arb ita l-so d iu m . T he fem ora l a r te ry  a n d  v e in  w ere p rep ared  u n d e r th e  in g u in a l reg io n  on 
one leg an d  a close to u rn iq u e t  led  u n d e r  th e  lif te d  vessels w as app lied  on th e  lim b . A ro ta m e te r  
a n d  a  m an o m e te r fo r m easu ring  b lood flow  a n d  p re ssu re  w ere tied  in to  th e  a r te ry .  A  p o ly th e n e  
c a n n u la  was in tro d u c ed  in to  th e  fem ora l v e in  th ro u g h  a  d is ta l  la te ra l b ran ch , a n d  w as co n n ec ted  
w ith  a w a te r  m an o m ete r. T h en  th e  p o p lite a l ly m p h  no d e  was s titch ed  ro u n d  w ith  th r e a d  and  
t ie d  (F ig . 1). F ro m  am ong  th e  d ila ted  ly m p h  vessels a  su itab le  one was ch osen  a n d  a  can n u la  
w as t ie d  in to  i t  to  collect ly m p h . T he lim b  w as p assiv e ly  m o v ed  a t  a freq u en cy  o f  30 p e r  m in u te , 
a s  d escribed  elsew here [6].

A fte r  som e periods o f collecting  ly m p h  la s tin g  gen era lly  10 m in u tes , v en o u s  p re ssu re  in 
th e  lim b  w as increased  b y  n a rro w in g  th e  fem o ra l ve in . T h e  p ressure  v a lu es co u ld  be  re g u la te d  
b y  ch an g in g  th e  ra te  o f na rro w in g . In  th e  co n tro l pe rio d s as well as a t  h ig h er p re ssu re  va lues 
b  lood sam ples w ere re p ea te d ly  w ith d raw n  fro m  th e  fem o ra l a r te ry  an d  v e in , h a e m a to c r it  and
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p ro te in  co n ce n tra tio n  w ere  d e te rm in ed . On th e  basis o f th e se  re su lts  an d  th e  b lood  flow  m eas
u re d  w ith  th e  ro ta m e te r  th e  q u a n ti ty  of f lu id  f i l t r a t in g  in  th e  leg pe r m in u te  as w ell as th e  
p ro te in  c o n te n t of th e  f i l t r a te  w ere  calcu la ted .

F ig . 1. P o p litea l ly m p h  no d es and  ly m p h  vesse ls in  th e  h in d  leg of th e  dog
1 — place  o f lig a tin g  th e  ly m p h  no d e ;
2 — c a n n u la  in  a  ly m p h  vessel

R esults

T h e  average q u a n t i ty  o f  lym ph  flow ing  fro m  th e  opened ly m p h  vessel 
a m o u n te d  to  19 i  17 m g p e r m inu te . T he flow  o f ly m p h  as a ru le  in c reased

Fig. 2. L y m p h  flow  a n d  cap illa ry  f i l t r a tio n  in  v en o u s congestion 
---------------------venous pressu re  (cm  H 20 )
— — — — — flow  of ly m p h  (m g/m in)
— . — . — . — p ro te in  co n te n t o f ly m p h  (g p e r cent)

w ith  th e  rise  of venous p ressu re . B u t th is  in crease  w as b y  no m eans as re g u la r  
an d  im m ed ia te  as s ta te d  b y  W h it e  et al. [5], i t  som etim es occurred  w ith  a 
d e lay  o f 1 0 — 2 0  m in u te s  an d  often  decreased  on p ro lo n g ed  venous congestion  
(F ig . 2). O n th e  o th e r h a n d , th e  flow  o f ly m p h  d id  n o t  im m ed ia te ly  re tu rn  to  
th e  s ta r t in g  v alue  w hen  co n gestion  h ad  ceased. C onsidering  th e  fac t t h a t  ly m p h  
flow  w as d iffe ren t from  an im a l to  an im al even  b efo re  co n stric tin g  th e  fem oral 
v e in  (a t  a venous p ressu re  o f 2.5 to  7.5 cm  H 2 0 ) ,  th e  flow  observed befo re  th e  
periods o f  venous co n g estio n  w as regarded  as th e  b as ic  v a lue  ( 1 0 0  p e r cen t) 
an d  to  th is  w ere co m p ared  th e  changes of ly m p h  flow  (Table 1). All th e  d a ta
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of 102 o b se rv a tio n s are  show n  in  F ig . 3. I n  sp ite  o f  th e  w ide sc a tte r in g , ly m p h  
flow  show ed a defin ite  in c reas in g  te n d e n c y  w h en  venous p ressu re  in c reased , 
and  th e re  p ro v ed  to  be a lin ea l connec tion  b e tw e e n  th e  values o f  p re ssu re  and  
flow , ex p ressed  b y  th e  reg ression  e q u a tio n :

Table 1

Increase o f  the lym ph flo w  and  rise o f  venous pressure

p 0 - 1 0 0 1 to о 2 0 -3 0 3 0 - 4 0 4 0 - 5 0 5 0 -6 0 A bove 60

L % 1 0 0 .0 122.2 151.5 315.2 195.7 318.0 320.2

S D. 8 6 .0 77.5 232.6 87.9 223.7 284.5

n. — 31 17 18 12 6 18

P  =  v en o u s pressure cm  H 20 ;
L %  =  av erage  lym ph flow  expressed  in percen tag e  o f  flow  in contro l-periods; 
S. D. =  s ta n d a rd  error; 
n . =  n u m b er of o b se rv atio n s.

mg/min

F ig . 3. C orre la tion  b e tw een  ly m p h  flow  (m g /m in ) a n d  venous pressu re  (cm  H 20 )
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L  =  76.3 +  4.01 P

w h e re  L  m eans th e  flow  o f ly m p h  (m g/m in) a n d  P  th e  venous p re ssu re  (cm  
H 2 0 ) .  A cco rd in g  to  th e  e q u a tio n  a 40.1 per c e n t in crease  of ly m p h  flow  co rre 
s p o n d s  to  every  1 0  cm  rise o f  venous p ressu re .

T h e  rise  o f venous p re ssu re  increased  th e  c a p illa ry  f iltra tio n  in  th e  lim b . 
T h e  lo ss  o f  th e  f ilte red  f lu id  am o u n ted  to  a n  av erag e  of 0 .186/m in in  th e  
p e r io d s  p reced in g  th e  venous congestion  (T able  2). T h e  n u m b er o f o b se rv a tio n s , 
h o w e v e r , d id  n o t suffice fo r a m a th e m a tic a l a n a ly s is  o f th e  resu lts  as w as done 
w ith  th e  ly m p h  flow  va lues.

Table 2

E ffe c t o f  venous congestion on the amount o f  filtra ted  f l u i d  and  the rate o f  lym ph  f lo w

p 0 - 1 0 1 0 -2 0 2 0 - 6 0 Above 60 Total

F R  m l/m in 0.186 0.964 0.980 3.204 —

S. D. 0.40 2.85 8.24 2.77 —

L  m l/m in 0.019 0.020 0.026 0.053 0.027

S. D. 0.017 0.015 0.010 0.026 0.011
n 17 14 16 8 53

A  sig n ifican t increase o f  f i ltra tio n  was o b se rv ed  to  occur only w hen  p res
su re  in c re a se d  above 60 cm  H 2 0 .  This increase w as an a ly zed  b y  th e  X2  m e th o d ; 
th is  re v e a le d  th a t  increased  f i l t ra t io n  values w ere  s ig n ifican tly  (p  <  0 .0 2 ) a t  
a  p re s s u re  above 60 cm  H 20  m ore freq u en t th a n  a t  low er venous p ressu re .

T h e  re la tio n  of th e  f i l t r a t io n  values to  th e  flo w  o f lym ph  observed  a t  th e  
sa m e  p o in ts  o f tim e  w as also  exam ined  (F ig . 4 ). T h e  corre la tion  coeffic ien t 
( r  =  0 .2 9 ) show ed th a t  b e tw e e n  th e  tw o v a lu e s  th e re  ex ists a lim ite d , b u t  
s ig n if ic a n t  (p  <  0.05) p o s itiv e  corre la tion .

T h e  p ro te in  co n te n t o f  th e  f i l tra te  w as 0 .79  g p er 100 m l in th e  perio d s 
b e fo re  v en o u s  congestion . W ith  th e  increase o f  ven o u s pressure i t  show ed  a 
d e f in i te  ris in g  ten d en cy  (T ab le  3). The rise w as, how ever, s ign ifican t on ly  a t  
p re s su re  v a lu es  above 60 cm  H 20  (S tu d e n t’s “ t ”  m eth o d  y ielded  t =  2 .581 , 
p  <  0 .0 2 ). B etw een  th e  p re ssu re  values o f 20 a n d  60 cm  H 2 0 ,  th e  in c rea se  d id  
n o t  p ro v e  to  be sign ifican t (t =  1.087, p  >  0.20). T h e  lack  o f sign ificance is 
in  a ll p ro b a b ili ty  ex p la in ed  b y  th e  u n sa tis fa c to ry  n u m b er o f o b se rv a tio n s . 
T h e  p ro te in  co n ten t o f th e  ly m p h , too , show'ed a m in im al rise d u rin g  ven o u s 
c o n g e s tio n . N o defin ite  c o rre la tio n  could be show n  b e tw een  th e  p ro te in  c o n te n t 
o f  th e  f i l t r a te  and  th e  p ro te in  co n cen tra tio n  o f  th e  lym ph  co llec ted  s im u l
ta n e o u s ly  (r =  0 .0 2 ).
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F

Fig. 4. C o rre la tion  b e tw een  cap illa ry  f i l t r a tio n  a n d  ly m p h  flow  (m g/m in)

Table 3

P rotein  content o f  capillary filtra te and lym ph

p 0-10 10-20 2 0 - 6 0 Above 60 T o ta l

F p 0.79 0.79 2.06 3.20 1.46
S. D. 2.87 3.59 3.37 2.02 3.26

Lp 2.00 2.04 2.38 2.39 2.15
S. D. 0.15 0.26 0.21 0.86 1.02

n 15 11 11 8 45

P  =  venous pressure , cm  H 20 ;
F p  =  percen tage o f p ro te in  co n te n t o f th e  f i ltra te , on  th e  basis o f th e  fo rm ula ,

P a  (100 -  H a) -  P v  (100 — H a  — F )
FP = ------------------------ f --------------------------

w here P a  and  P v  m ean  th e  p ro te in  c o n ten t of a r te ria l o r v enous b lood, H a, th e  a rte ria l haem a- 
to c r i t ,  an d  F , th e  q u a n ti ty  o f  cap illa ry  f iltra te .

L p  =  p ro te in  co n ten t o f ly m p h  in  g  pe r 100 ml.

D iscussion

A  positive  c o rre la tio n  has been  show n to  ex is t b e tw een  th e  increased  
f i l tra tio n  o f flu id  in  th e  lim b  an d  th e  r a te  o f  ly m p h  flow . T h is  co rre la tio n , 
how ever, is n o t so close as one m ig h t ex p ec t on  th e  basis o f ea rlie r d a ta  in  th e  
lite ra tu re . T he p ro b ab le  reaso n  for th is  is t h a t  th e  flow  o f ly m p h  is d ep en d en t
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on th e  q u a n ti ty  of e x tra c e llu la r  f lu id  in  th e  tissu e  an d  th e  tissu e  p ressure  
r a th e r  th a n  on m o m en ta ry  c a p illa ry  f iltra tio n . T h e  increased  f i l t ra t io n  f irs t 
fills  u p  th e  ex trace llu la r space  a n d  only  th e n  will s ta r t  th e  increased  ly m p h  flow . 
T h e  in c re a se  of ly m p h  flow  does n o t  necessarily  coincide in  tim e  w ith  th e  
in c re a se  o f  f iltra tio n ; i t  s ta r ts  la te r  a n d  lasts  longer. T he change o f ly m p h  flow  
m a y , on  th e  o ther h a n d , d ep en d  on th e  orig inal w a te r  c o n te n t o f th e  tissues. 
O u r p re s e n t  experim en ts, h o w ever, do n o t offer su ffic ien t p ro o f o f th is  su ppo
s itio n . I t  m u s t be p o in ted  o u t h o w ev er th a t  in  ou r ex p erim en ts  th e  v a lu e  for 
c a p illa ry  f i ltra tio n  show s th e  s ta te  a t  th e  m o m en t w ith d raw a l o f  th e  b lood 
sa m p le , w hile  lym ph  co llec tion  ta k e s  1 0  to  2 0  m in u te s , th u s  ly m p h  flow  values 
r e p re s e n t  only  a m ean fo r th e  given period .

W e hav e , fu rth e rm o re , s ta te d  t h a t  b e tw een  venous p ressu re  a n d  increase  
o f  ly m p h  flow  there  is a c o rre la tio n  o f th e  sam e q u a n ti ta t iv e  c h a ra c te r  as be
tw e e n  th e  rise of venous p re ssu re  an d  th e  increase o f cap illa ry  f i l tra tio n  [2, 7, 8 ]. 
T h e  c o rre la tio n  show n b y  us is va lid  for venous p ressu res b e tw een  10 an d  80 
cm  H 2 0 .  T h e  “ critical p ressu re  v a lu e ”  described  in  th e  h u m a n  lim b  b y  K r o g h , 
L a n d i s  a n d  G i b b o n  [1] s ta t in g  th a t  f i ltra tio n  increases only  a t  venous pressure  
v a lu e s  ab o v e  15 cm H,20  h as  n o t been  observed  b y  us in  co n n ec tio n  w ith  
ly m p h  flow , nor has in  c o n n ec tio n  w ith  cap illa ry  f i l tra tio n  in  th e  ca t lim b  such 
a c r i t ic a l  pressure been  o b serv ed  b y  P a p p e n h e i m e r  and  S o t o - R i v e r a  [8 ].

T h e  ra te  of cap illa ry  f i l t r a t io n  co m p u ted  fron t th e  h a e m a to c rit v a lu e  was 
a t  le a s t  te n  tim es as m uch  as th e  q u a n ti ty  o f th e  ly m p h  flow ing  from  th e  
o p en ed  ly m p h  vessel. D isreg a rd in g  som e possible m e th o d ica l e rro rs, we have  
to  p o in t  o u t th a t  only one ly m p h  vessel w as c a n n u la te d  b y  w hich  vessel th e  
ly m p h  is supp lied  only from  th e  low er leg an d  n o t from  th e  th ig h . O n th e  o th e r 
h a n d  th e re  are a t least 3— 4 o th e r  ly m p h  vessels o f sim ilar size rem o v in g  th e  
ly m p h  o f  th is  area. I t  m u s t, h o w ev er, be p o in ted  o u t th a t  all ly m p h  vessels 
h a d  b e e n  o b stru c ted , th u s  flow  in  th e  opened  ly m p h  vessels w as in  a ll p ro b a 
b ili ty  g re a te r  th a n  u n d e r n o rm a l c ircum stances.

T h e  m ean  p ro te in  c o n te n t o f th e  cap illa ry  f i l t ra te  was 0.79 g p e r  100 m l, 
h ig h e r  th a n  th e  m ean o f 0.3 g p e r 100 m l found  b y  L a n d i s  et al. [9] in  th e  
h u m a n  lim b . F rom  th is  d ifference  no fa r-reach in g  consequences can  be  d raw n , 
as i t  m a y  h av e  been due to  d ifferences e ith e r  in species or m eth o d o lo g y . This 
v a lu e , h o w ev er, is d e fin ite ly  low er th a n  th e  p ro te in  c o n te n t o f th e  ly m p h  
s im u lta n e o u s ly  ob ta ined . W e c a n n o t reg a rd  th is  fa c t as be ing  o n ly  n a tu ra l. 
A cco rd in g  to  L a n d i s  et al. as w ell as o u r own in v es tig a tio n s , th e  f i l t r a t io n  of 
f lu id  a n d  jiro te in  rep resen ts a n e t  loss, i. e. th e  difference of cap illa ry  f i l tra tio n  
an d  a b so rp tio n . I t  was th e re fo re  s tr ik in g  th a t  th e  p ro te in  co n te n t o f th e  ly m p h  
c a rry in g  o ff  th e  difference o f f i l t r a t io n  an d  ab so rp tio n  was n o t th e  sam e as 
t h a t  o f  th e  flu id  lost from  th e  b lood  s tream . I t  necessarily  follows t h a t  in  th e  
a rea  in  q u es tio n  a flu id  free fro m , or v e ry  poor in , p ro te in  w as being  a ccu m u 
la te d . R a is in g  th is  questio n  is a lso  ju s tif ie d  b y  one o f ou r o b serv a tio n s show ing
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a  decrease o f th e  p ro te in  c o n c e n tra tio n  of p e rip h e ra l ly m p h  in  ch ro n ic  ven o u s 
congestion  ( 1 0 ); th e  p ro te in  c o n te n t ap p ro ach ed  th a t  o f th e  f i l t r a te  u n d e r  con
tin u o u s ly  increased  f i l tra tio n  ra te  in  sp ite  o f th e  increased  f iltra tio n  o f  p ro te in . 
A cu te  ex p erim en ts  have  n o t rev ea led  a n y th in g  sim ila r. I t  is obvious t h a t  som e 
tim e  is n eeded  to  reach  a d y n am ic  s ta te  b e tw een  th e  respective  p ro te in  con
c e n tra tio n s  o f th e  f i l tra te , th e  ex trace llu la r  f lu id  an d  th e  ly m p h  a n d  i t  is easy  
to  u n d e rs ta n d  w hy we h av e  failed  to  fin d  a co rre la tio n  betw een  th e  p ro te in  
c o n te n t o f th e  ly m p h  an d  th e  f iltra te .
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ИССЛЕДОВАНИЕ МЕХАНИЗМА ОБРАТНОГО РАЗВИТИЯ НЕСАХАРНОГО 
ДИАБЕТА У КРЫС ПОСЛЕ РАЗРУШЕНИЯ НОЖКИ ГИПОФИЗА

К. КОВАЧ, М. А. ДАВИД и Ф. А. ЛАСЛО

Авторы при помощи аппарата Хорслей—Кларка повреждали ножку гипофиза 
у крыс, и спустя несколько недель после вмешательства исследовали водный режим 
животных.

Было установлено, что в случае пероральной нагрузки водопроводной водой по- 
лиурическая реакция, наблюдаемая после вмешательства, у большинства животных 
постепенно прекращается и 1—2 месяца после операции количество мочи животных 
уже не превышало или только весьма мало превышало средние величины у контрольных 
крыс. После дачи этанола, при введении небольшого количества физиологического раст
вора или кортизона, удалось вызвать значительную полиурию. Экзогенный креатини
новый клиренс снижался и удельный вес как и содержание электролитов мочи были 
более низкие. Прекращение состояния, напоминающего несахарный диабет, однако, 
только кажущееся, так как самопроизвольный прием воды у животных даже спустя не
сколько недель после операции еще оставался повышенным. Отмечается, что противоди- 
уретическая активность в гипоталамусе значительно снижена, а в неврогипофизе ее 
почти нельзя выявить. Морфологически имеется значительная атрофия и исчезновение 
невросекреции.

Результаты указывают на то, что производство противодиуретического гормона 
спустя несколько недель после вмешательства не восстанавливается, и следовательно, 
этот гормон не играет роли при об)» гном развитии полиурической реакции. Прекраще
ние повышенного диуреза можно отнести прежде всего к снижению клубочковой фильт
рации, но возможно, что в этом механизме участвуют также другие факторы. Изменение 
почечного кровообращения предположительно обуславливается отчасти гипофункцией 
оси гипофиз-кора надпочечников, развивающейся вследствие повреждения ножки гипо
физа.

О ЗАПАЗДЫВАНИИ ОБЪЕМНЫХ ВОЛН ВЕННОЙ КРИВОЙ
ДЬ. БОДРОГИ и А. КОВАЧ

Венная кривая состоит в основном из объемных волн. Для распространения волн 
необходимо определенное время, так как скорость распространения весьма незначительна. 
На более отдаленных от сердца венах волны появляются с опозданием и поэтому отдель
ные точки непригодны для измерения времени. Вершина волны (v) показывает наимень
шее опоздание в том случае, если кривая записывается с bulbus jugularis. Восходящая 
ветвь кривой (с), представляющая собой волну давления, появляется, независимо от рас
стояния от сердца, практический в одинаковое время. При помощи известного фотоэлект
рического метода нельзя записать кривую с bulbus jugularis, только с помощью вклю
чения небольшого флажка. Методом авторов, основывающемся на измерении емкости, 
в большинстве случаев можно зарегистрировать хорошую механограмму также с bulbus 
jugularis и добиться максимального снижения времени опоздания объемных волн.
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РИТА КОРТИКОИДАМИ \

>
Й. БРОД, В. ФЕНЦЛ, 3. ГЕЙЛ, Й. ЙИРКА и В. № А Т

1. 33 больных, страдавших по приведенным критериям весьл*Э активным хрони
ческим гломерулонефритом, и 5 больных со слабой активностью хронического гломеруло- 
нефрита подвергались длительному лечению кортизоном и преднизолом. 56 больных с 
высокой активностью и 65 больных со слабой активностью которые при впрочем одина
ковом лечении не получали кортикоиды, служили контролем. Контрольная группа 
в отношении возраста, уровня почечной функции в начале наблюдения и направления 
развития клубочковой фильтрации, не различалась от подопытной группы. Группа с 
высокой активностью болезни в отношении продолжительности болезни также не по
казала отклонения от контрольной группы.

2. Под влиянием кортикоидов клинические симптомы активности болезни снижа
лись как в группе с высокой, так и со слабой активностью болезни.

3. В группе с высокой активностью прекратилось ухудшение клубочковой фильт
рации, и направление развития улучшилось в значительно более высоком проценте, чем 
у контрольной группы. В группе со слабой активностью болезни число больных, леченных 
кортикоидами, не было достаточным для статистической оценки.

4. Благоприятное действие лечения кортикоидами, как правило, продолжало 
проявляться также после прекращения курса лечения, и у преобладающей части боль
ных за последующий период рецидивов не отмечалось.

5. В ходе лечения не наблюдалось серьезных осложнений.

ИССЛЕДОВАНИЕ ПОЧЕЧНОЙ ЛИМФЫ ПОСЛЕ ЗАКРЫТИЯ МОЧЕТОЧНИКА
М. ПАПП и М. Т. КОВАЧ

Автор экспериментально исследовал истечение почечной лимфы и ее состав в иннер
вированной и денервированной почках до и после закрытия мочеточника. Истечение лим
фы из иннервированной и денервированной почек не показывает разницы. После закрытия 
мочеточника истечение лимфы из денервированной почки достоверно повышается (р <  
<  1%). По мнению автора лимфангиоспазм играет Значительную роль в том, что после 
закрытия мочеточника истечение лимфы из иннервированной почки не повышается. 
Однако, если к закрытию мочеточника присоединяется застой в почечной вене, то истече
ние лимфы в этой подопытной группе также достоверно повышается (р <  0,1%).

Под влиянием закрытия мочеточника содержание белков в лимфе во всех случаях 
достоверно снижается, как в подопытной группе с иннервированными почками (р <  0,9%), 
так и в группе с денервированными почками (р <  0,1%). При застое в почечной вене в 
группе с иннервированными почками содержание почечной лимфы, по сравнению с вели
чинами, полученными после закрытия мочеточника, достоверно повышается (р <  1%). 
Величина А/Г в почечной лимфе больше чем в плазме (р <  1%). Осмотическая концент
рация лимфы полученной как из иннервированной, так и из денервированной почек, 
постоянная — даже в случае выделения гипертонической мочи или после закрытия моче
точника. В группе животных с денервированными почками осмотическая концентрация 
плазмы, по сравнению с прочими подопытными группами, более низкая. В этой группе 
почечная лимфа — по сравнению с плазмой крови — осмотически гипертоническая. За
стой в почечной вене не повлияет на осмотическую концентрацию почечной лимфы. Автор 
сообщает свою концепцию о связи между почечной функцией и лимфообращением в 
почках.

ЭКСПЕРИМЕНТАЛЬНЫЕ ИССЛЕДОВАНИЯ ИЗМЕНЕНИЙ, ПРОИСХОДЯЩИХ 
ВО ВНЕКЛЕТОЧНОМ ПРОСТРАНСТВЕ ПРИ ЛУЧЕВОМ СИНДРОМЕ

3 . Ж Е Б Ё К  И ДЬ. П Е ТРА Н Ь И  мл.

Авторы исследовали на крысах изменения внеклеточного пространства, наблю
даемые при желудочно-кишечном лучевом синдроме, вызванном облучением дозой 1500 г.

Он устанавливают, что в течение 24 часов после облучения состояние внеклеточ
ного пространства весьма неустойчивое и показывает отклонения как в положительном,



так и в отрицательном направлениях. В этот период однократное определение изменений 
внеклеточного пространства не дает реальной картины. Начиная с24-го часа, после развития 
желудочнокишечных симптомов, внеклеточное пространство постепенно уменьшается, а 
начиная с 65-го часа до смерти — внезапно уменьшается. За весь период наблюдения вне
клеточное пространство уменьшилось на 54—58%.

Полученные результаты авторами обсуждаются в свете новых литературных дан
ных о лучевом синдроме.

ТРАНССЕПТАЛЬНАЯ КАТЕТЕРИЗАЦИЯ ЛЕВОЙ ПОЛОВИНЫ СЕРДЦА
Г. Ш. КОВАЧ, я. П ЕП О  и Б . ФЕЛКАИ

Авторы подробно излагают технику транссептальной катетеризации левой половины 
сердца. Они применяли этот метод у 28 больных, — в 25 случаях с хорошим результатом. 
Существенных осложнений не наблюдалось. Описанная техника исследования надежна 
и просто проводима в любой кардиологической лаборатории. При помощи транссепталь
ной катетеризации левой половины сердца можно получать хорошие кривые давления 
и точно диагносцировать патологические изменения левой половины сердца.

Авторы трактуют несколько характерных кривых давления.

ДИНАМИЧЕСКОЕ ИССЛЕДОВАНИЕ ЙОДОСОДЕРЖАЩИХ АМИНОКИСЛОТ
СЫВОРОТКИ

И .  РЕМ ЕН А Р-БА ЛО Г и П. КЕРТАИ

Дается описание простого метода для определения специфической активности 
йодосодержащих веществ крови. Экспериментально доказано расхождение соотношения 
аминокислот, содержащих J 127 и J 131, циркулирующих в крови, и выявлено, что указанное 
отклонение меняется в зависимости от времени. Изменения можно отнести к тому факту, 
что аминокислоты с различным содержанием йода появляются в кровообращении в раз
личные сроки, и остаются в кровяном русле в течение различного времени.

ДЕЙСТВИЕ ЭСТРИОЛА НА ОБМЕН ЛИПОИДОВ
М. ЮЛЕС, Б . М. Ф РЁЛ И Х , И. к. ЛАСЛО, И. ТОТ, Г. СЕПЕШШИ и М. А. Д А В И Д

1) Авторы исследовали у 6 женщин различного возраста с различными диагнозами 
действие эстриола на концентрацию общих липоидов, фосфолипоидов, холестерина, 
холестерин-эфира, альфа- и бета-липопротеинов крови.

2) На основании результатов вышеприведенных исследований эстриол — в при
меняемых экспериментальных условиях — не оказывает существенного эффекта на 
уровень общих липоидов, фосфолипоидов, холестерина и холестерин-эфира.

3) Эстриол вызывает достоверное повышение содержания альфа-липопротеина в 
сыворотке и снижает концентрацию бета-липопротеина.

4) На основании полученных результатов авторы считают обоснованным испро
бовать противоатеросклеротическое действие биологически малоактивного эстрогена 
у мужчин с атеросклерозом или после перенесенного инфаркта миокарда.

ИССЛЕДОВАНИЕ ФУНКЦИИ ЩИТОВИДНОЙ ЖЕЛЕЗЫ ПРИ ДАЧЕ ПРОИЗВОД
НОГО АЛКАЛОИДА СПОРЫНЬИ (БУТАНОЛАМИДА ЛИЗЕРГЕНОВОЙ

КИСЛОТЫ)
Л . САНТО, А. Л. РЕ В И Ц К И  и Т. ГРИНЕУС

Авторы исследовали действие бутаноламида лизергеновой кислоты, антагониста 
серотонина, на функцию щитовидной железы. Результаты были оценены в опытах на жи
вотных на основе усвоения J 131 щитовидной железой, при помощи анализа содержания



йода в щитовидной железе и в сыворотке методом бумажной радиохроматографии, далее 
in vitro на основании взаимодействия серотонина или десерила, добавленного к сыворотке 
крыс, инкубированной фосфатно-буферным раствором Кребс—Рингера, а также на 
основании терапевтических резуьлтатов на больничном материале. Бутаноламид лизер- 
геновой кислоты во всех параметрах стимулировал функцию щитовидной железы:

1. повысилось усвоение J 131 щитовидной железой,
2. повысилось содержание свободного Т4 и «conversion rate» в щитовидной железе

крыс;
3. щитовидная железа выделяет повышенное количество Т4;
4. повышается периферическая дейодинация (как in vivo так и in vitro);
5. косвенные исследования (Десерил +  MTU) говорят за повышение секреции

TSH;
6. гистологические исследования указывают на постепенное развитие гиперфунк

ции h
7. в экспериментах на людях наблюдаются у здоровых лиц и у больных миксэде- 

мой признаки повышенной функции щитовидной железы.
По мнению авторов Десерил оказывает свое действие на систему гипоталамус— 

гипофиз—щитовидная железа—периферия путем
а) повышения периферической дейодинации,
б) непосредственного стимулирования щитовидной железы и
в) косвенного стимулирования щитовидной железы посредством системы гипо

таламус—гипофиз.

СВЯЗЬ МЕЖДУ КАПИЛЛЯРНОЙ ФИЛЬТРАЦИЕЙ И ЛИМФОТОКОМ 
ПРИ ВЕНОЗНОМ ЗАСТОЕ

ДЬ. САБО, Ж . МАДЬЯР и М. ПА П П

Авторы исследовали на задних конечностях наркотизированных собак действие 
венозного застоя на потерю жидкости и белков из капилляров, на лимфоток в конеч
ностях и на уровень белков в лимфе. Было установлено, что между фильтрацией жид
кости и лимфотоком существует — хотя и не очень тесная — но достоверно положи
тельная связь (г =  0,29; р 5%). Лимфоток повышается параллельно венозному давлению. 
Эта зависимость выражается регрессионным уравнением: L =  P х 4,01 +  76,3. Содер
жание белков в лимфе гораздо больше, чем исчисленная концентрация белков в фильт
рате. Между двумя величинами не удалось выявить корреляции (г =  0,02).
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T he A cta M edico  pub lish  p a p e rs  on  m edical science in  E n g lish , G erm an, F re n c h  and  
R u ssian .

T he A cta M edico  ap p ear in  p a r ts  o f v a ry in g  size, m ak in g  u p  vo lum es.
M an u scrip ts shou ld  he ad d ressed  to :

A c ta  M edico
B udapest V I I I . ,  K o rá n y i S . u. 2/a , I .  B e lk lin ika

C orrespondence w ith  th e  e d ito rs  a n d  pu b lish ers shou ld  b e  se n t to  th e  sam e a d d re ss . 
T he ra te  o f subscrip tio n  to  th e  A cta  M edico  is 110 fo rin ts  a  vo lum e. O rders m a y  be 

p laced  w ith  “ K u ltu r a "  Foreign  T ra d e  C o m p an y  fo r B ooks an d  N ew spapers (B u d a p e s t  I . ,  
FS u tc a  32. A cco u n t N o. 43-790-057-181) o r w ith  re p re se n ta tiv e s  a b ro ad .

L es A cta  M edico  pa ra issen t e n  fran ç a is , a llem an d , ang la is e t russe  e t p u b lie n t  des 
m ém oires du  do m ain e  des sciences m éd ica les .

L es A cta  M edica  son t p u b lié s  sous form e de fascicu les q u i seron t ré u n is  en  
vo lum es.

On est p rié  d ’envoyer les m a n u s c r i ts  d estinés à la  ré d ac tio n  à  l ’adresse  su iv a n te :

A cta  M edica
Budapest V I I I . ,  K o rá n y i S . u. 2/a, I .  B e lk lin ik a

T o u te  co rrespondance  d o it ê tre  en v o y ée  à ce tte  m êm e ad resse .
Le p rix  de l ’ab o n n em en t e s t d e  110 fo r in t  p a r vo lum e. On p e u t  s ’a b o n n er à l ’E n tre p r is e  

d u  Com m erce E x té r ie u r  de L ivres e t J o u r n a u x  « K u ltu ra»  (B u d a p es t I . ,  F 6  u tc a  32. — C o m p te - 
c o u ra n t  N o. 43-790-057-181) ou à  l ’é tra n g e r  chez to u s  les re p ré se n ta n ts  ou d é p o s ita ire s .

«.Acta M edica» публикуют трактаты из области медицинских наук на русском, 
немецком, английском и французском языках.

« Acta  M edica»  выходят отдельными выпусками разного объема. Несколько выпу
сков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:
A cta  M edica

B udapest V I I I . ,  K o rá n y i S . и . 2/a, I .  B e lk lin ik a

По этому же адресу следует направлять всякую корреспонденцию для редакции и 
администрации.

Подписная цена «A cta  M edica»  — ПО форинтов за том. Заказы принимает пред
приятие по внешней торговле книг и газет « K u ltu ra » (B u d a p es t I . ,  F6 u tc a  32. Теку
щий счет № 43-790-057-181) или его заграничные представительства и уполномоченные.
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ACTA MEDICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

O R V O S T U D O M Á N Y I  K Ö Z L E M É N Y E I

K I A D Ó H I V A T A L :  B U D A P E S T  V. ,  A L K O T  M Ä N Y  U T C A  2 1 .

A z A cta  M edica  n ém e t, a n g o l, orosz és f ra n c ia  n y e lv en  közöl tu d o m á n y o s  értek ezések e t 
a z  o rv o s tu d o m á n y  körébő l.

A z A cta  M edica  v á lto zó  te r je d e lm ű  fü z e te k b e n  je le n ik  m eg, tö b b  fü z e t a lk o t egy k ö te te t.
A  közlésre  sz á n t k é z ira to k  a k ö v e tk ező  c ím re  k ü ld en d ő k :

A cta  M ed ica  

D r. S tark  E rv in
B udapest V I I I . ,  K o rá n y i S .  u . 2 /a , I .  B e lk lin ika

U g y an erre  a c ím re k ü ld en d ő  m in d en  sze rk esz tőség i levelezés.
A z A cta  M edica  e lő fizetési á ra  k ö te te n k é n t  b e lfö ld re  80 fo rin t, k ü lfö ld re  110 fo r in t. Meg

re n d e lh e tő  a belfö ld  szám ára  az  „ A k ad ém ia i K ia d ó ” -n á l (B u d ap est V ., A lk o tm á n y  u tc a  21. 
B a n k sz á m la :  05-915-111-46), a  kü lfö ld  sz á m á ra  p e d ig  a  ,,K u ltúra”  K ö n y v  és H írlap  K ü l
k e re sk e d e lm i У  á lla la tn á l (B u d a p es t I .,  F ő  u tc a  32. B an k szám la  43-790-057-181) v a g y  an n ak  
k ü lfö ld i  k ép v ise le te in é l, b izo m án y o sa in á l.

D ie  A cta  M edica  v e rö ffen tlich en  A b h a n d lu n g e n  au s dem  B ereiche d e r  m ediz in ischen  
W is se n sc h a fte n  in  d eu tsch e r, eng lischer, fran z ö s isc h e r  u n d  ru ss isch er S p rach e .

D ie A cta  M edica  e rsch e in en  in  H e fte n  w ech se ln d en  U m fanges. M ehrere  H e fte  b ilden  
e in e n  B a n d .

D ie zu r V erö ffen tlichung  b e s tim m te n  M a n u sk rip te  sind an  fo lgende A dresse  zu senden

A cta  M ed ica
B udapest V I I I . ,  K o rá n y i S . и. 2 /a , I .  B e lk lin ika

A n  die gleiche A n sch rift i s t  au ch  jed e  fü r  d ie  K ed ak tio n  b e s tim m te  K o rrespondenz  
z u  r ic h te n .

A b o n n em en tsp re is  p ro  B a n d : 110 F o r in t .  B e s te llb a r  bei d em  B u ch - u n d  Z eitu n g s- 
A u ß e n h an d e ls -U n te rn eh m en  »K u ltu r a « (B u d a p es t I . ,  F ő  u tc a  32. B a n k k o n to  N r. 43-790- 
-057-181) oder bei se inen A u s la n d sv e rtre tu n g e n  u n d  K om m issionären .



UNTERSUCHUNGEN DES LYMPHADENOGRAMMS 
BEI BÖSARTIGEN GESCHWULSTKRANKHEITEN

Von

M.  S z e g v á r i  und A .  I h r a c s k a

F R A U E N K L IN IK  (D IR EK TO R : P R O F . D R. F. E. SZONTÁGH) D E R  M EDIZINISCHEN U N IV ERSITÄ T, SZEG ED

(E in g eg an g en  am  18. J u n i  1962)

E s w ird  ü b e r  d ie E rfah ru n g e n  be i 2 P a t ie n t in n e n  m it b ö sa rtig e r G esch w u ls t 
b e r ic h te t .  Die B ed eu tu n g  d e r  L y m p h ad en o g rap h ie  in  d e r  D iagnostik  u n d  in  d e r  A u s
w ah l d e r e n tsp rec h en d e r T h erap ie  w ird  b e to n t .

D ie k lin isch  a llgem ein  an w en d b are  M ethode  d er L y m p h an g io - u n d  
L y m p h a d e n o g ra p h ie  w u rd e  v o n  dem  en g lisch en  C hirurgen K i n m o n t h  [4] 
a u sg e a rb e ite t. M it d iesem  V erfah ren  k ö n n en  die p räfasz ia len  L y m p h g e fä ß e  
u n d  L y m p h k n o te n  d er E x tre m itä te n  rö n tg en o lo g isch  d a rg es te llt w erd en . 
E in e  w ich tige  B ed eu tu n g  is t  d er A uffü llung  d e r u n te re n  E x tre m itä te n  b e iz u 
m essen , d a  a u f  diese W eise ein  b e d e u te n d e r T eil d e r ingu inalen , p e lv in e n  u n d  
lu m b a le n  L y m p h k n o te n  rön tgeno log isch  s ic h tb a r  w ird . W äh ren d  f rü h e r  die 
D iagnose  d er e rw ä h n te n  L y m p h k n o te n  led ig lich  d u rc h  die h isto log ische  U n te r 
su c h u n g  des o p e ra tiv  e n tfe rn te n  M ateria ls g e s te llt w erden  k o n n te , s in d  d a n k  
d e r  M ethode h eu te  die rö n tg en o g rap h isch en  C h a rak te ris tik a  d er p r im ä re n  
u n d  se k u n d ä re n  E rk ra n k u n g e n  der L y m p h k n o te n , in  e rs te r R eihe d e r  b ö s a r t i 
gen  G eschw ülste  a u f  G ru n d  d er e in g eh en d en  A rb e iten  von  Co l e t t e  [1], 
K a i n d l  [3], F u c h s  [2] usw . b e re its  w ohl b e k a n n t.

In  e iner frü h e re n  A rb e it [5] h ab en  w ir  ü b e r  unsere  E rfa h ru n g e n  m it 
w äß rig em  (N a-A zetrio za t =  O pacoron) u n d  öligem  (L ipiodol u l tr a f lu id )  
K o n tra s tm it te l  b e r ic h te t. D ie U n te rsu c h u n g e n  w u rd e n  n u r bei e n tsp re c h e n d e r  
In d ik a tio n  d u rch g e fü h rt.

K asuistik

F all 1. F ra u  J .  R . (N r. 181/62). Bei de r 6 5 jäh rig en  P a tie n tin  w urde am  10. J a n .  1961 
a n  e in e r gynäkolog ischen  A b te ilu n g  eine in tra u te r in e  U n te rsu ch u n g  u n te rn o m m en . H is to lo 
g isch er B efu n d : A denocarc inom a corporis u te r i .  B e h a n d lu n g : A bdom inale H y s te re k to m ie  
u n d  A d n ex en tfe rn u n g , n ach h e r p e rk u ta n e  R ö n tg e n b e s tra h lu n g  m it 8000 r. E in  J a h r  n ach  
d e r  O p e ra tio n  k lag te  P a tie n tin  ü b e r  Schm erzen , d ie  in  R ich tu n g  der beiden  u n te re n  E x tr e 
m itä te n  a u ss tra h lte n . A ußerdem  b e ric h te te  sie, d a ß  zeitw eise  beide u n te re n  E x tr e m itä te n  
an sch w ellen  u n d  d a ß  an  d e r Scham  im  B ereich  des S ch e id en m u n d es ein K n o ten  z u  fü h le n  is t .

D ie U n te rsu ch u n g  zeig te  n eb en  dem  O rificium  e x te rn u m  u re th ra e  ein  h a se ln u ß g ro ß e s  
u n d  im  S ch e id en stu m p f e in  nuß g ro ß es, le ich t b lu te n d e s  n ek ro tisches G esch w u lstg ew eb e . 
A n d en  u n te re n  E x tre m itä te n , b esonders am  re c h te n  F u ß  ausdrück liches Ö dem .

D ie v o rd e ren  p rä fasz ia len  L ym phgefäße  d e r  b e id e n  u n te re n  E x tre m itä te n  w u rd en  
m it L ip iodo l u ltra f lu id  a n  au fein an d erfo lg en d en  T ag e n  au fg efü llt. Am L y m p h a d en o g ra m m

1 A cta Medica X IX /3.
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A bb. 1. N orm ales L y m p h g e fäß - u n d  L y m p h k n o te n b ild . In g u in ale , pelv ine  L y m p h k n o te n , 
L y m p h g efäß n e tze . A uffü llung  von d e r r e c h te n  u n te re n  E x tre m itä t

A bb. 2. P e lv in e  L y m p h k n o te n . A uffü llung  von de r l in k e n  u n te re n  E x tre m itä t .  K eine  F ü llu n g  
d e r L gg l. iliacae ex t. m ed . (—> ), m angelhafte  F ü llu n g  m it  K o n tra s tm itte l des u n te re n  Pols 

des o b eren  sakralen  L y m p h k n o te n s  (-|— >)

s in d  fo lg en d e  V erän d e ru n g en  v o m  N orm alb ild  (A b b . 1) zu  verzeichnen (A b b . 2): P a r t ia le  
F ü llu n g  d e r  Lggl. ilia cae  e x t.  m ed . Ü b er das P ro m o n to r iu m  sch arfran d ig er S c h a tte n a u s fa ll  
im  k a u d a le n  P o l des in  d e r  V erzw eigung  der A . i lia c a  co m m . liegenden so litä re n  L y m p h 
k n o te n s ,  b lasse  F ü llu n g  im  o b e ren  P o l des in  g le ich er H ö h e  liegenden die A . ilia ca  e x t.  fo l 
g e n d e n  la te ra le n  L y m p h k n o te n s . A u f A bb. 3 i s t  a n  e in e m  bed eu ten d en , d em  V e r la u f  der 
A . i lia c a  e x t. e n tsp rec h en d e n  B e re ich  keine L y m p h k n o te n fü llu n g  zu sehen. A n  d iese r  S te lle
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i s t  ein  z iem lich  e rw e ite rte s  S-förm iges L y m p h g e fäß b ü n d e l s ic h tb a r , k ra n ia l  d a v o n  sin d  
k le inere  L y m p h k n o te n  a ls ü b lich  zu e rk e n n e n . A uch d iese A u fn ah m e zeig t d en , a u c h  a u f  dem  
vo rig en  B ild  s ic h tb a ren  sc h a rfran d ig en  S c h a tte n a u s fa ll  im  u n te re n  Pol des L y m p h k n o te n s . 
U nseres E rac h te n s  s te h t  das L y m p h an g io - u n d  L y m p h ad en o g ram m  in  Ü b e re in s tim m u n g  
m it  den  B eschw erden  de r P a tie n tin  u n d  m it  den k lin isch en  S y m p to m en . D a s  ö d e m  der 
u n te re n  E x tre m itä t  i s t  Folge de r D e s tru k tio n  de r p e lv inen  L y m p h k n o te n . D as g rö ß e re  ö d e m  
a n  de r re ch ten  u n te re n  E x tre m itä t  i s t  m it  de r au sg e p rä g ten  tu m o ro sén  D e s tru k tio n  de r 
re ch tsse itig e n  L y m p h k n o te n  zu  e rk lä re n . Die in  die Schenkel a u ss tra h le n d en  Schm erzen  
k ö n n e n  a ls N erv en k o m p ressio n ssy m p to m e in fo lge  de r T u m o rin f iltra tio n  d e r p e lv in en  L y m p h 
k n o te n  b e tra c h te t  w erden .

Abb. 3. (-> ) S ch arfran d ig er S ch a tte n au sfa ll. (-)—>) K eine F ü llu n g  der m edialen  L y m p h k n o te n 
k e tte . ( <—Ц-) E rw eite rte s  L ym phgefäß  a n  d e r  L y m p h k n o te n k e tte . A uffü llung  v o n  d e n  u n te re n  
E x tre m itä te n . Die A ufnahm e w urde u n m itte lb a r  n ach  de r A uffü llung  de r r e c h te n  u n d  24 

S tu n d en  n a ch  d e r  linken  Seite  v e rfe r tig t

W ir sin d  de r A n s ich t, daß  d ie  D u rc h fü h ru n g  d e r L y m p h a d en o g ra p h ie  b e i  b ö sa r tig e  
G eschw ülsten  im  k le in en  B ecken d em  A rz t  in  der B e u rte ilu n g  des w e ite ren  B e s tra h lu n g s  
P ro g ram m s H ilfe le is ten  k a n n .

Fall 2. F ra u  G y. M. (280/62). K lin isch e  A ufnahm e der 7 5 jäh rigen  F ra u  a m  1. F eb r. 
1962. A nam nese: Seit 2 M onaten  ö d e m  an  de r g anzen  re c h te n  u n te re n  E x tr e m itä t ,  so daß 
d e r U m fang  d o p p e lt so groß  is t  als d e r  d e r  linken  u n te re n  E x tre m itä t .  P a t ie n t in  b e m e rk te  
v o r  6 M onaten  e in en  nußg ro ß en  K n o te n  in  der L e is te n g ru b e , de r sich  d u rc h  B e h an d lu n g  
m it U m sch lägen  schnell z u rü ck e n tw ic k e lte . Zeitw eise w ar sie fieb e rn d . B e fu n d  b e i d e r A u f
n a h m e : Senile In v o lu tio n  de r äu ß eren  u n d  in n eren  G en ita lien , im  re c h te n  su b in g u in a le n  
B ere ich  u n te r  dem  lig am en tu m  P o u p a r t i  zu sam m en h än g en d e , n u ß g ro ß e  u n d  k le in e re , kau m  
bew eg b are  L y m p h k n o ten b ü n d e l.

D iagnose: L y m p h o sark o m , L y m p h a d e n itis , M e tas ta sen  in  den L e is te n ly m p h k n o te n .
D as q u a lita tiv e  B lu tb ild  zeig te  k e in e  L eukäm ie  an .
L y m p h o g rap h ie  d e r re ch ten  u n te re n  E x tre m itä t  (A bb . 4 — 6): D ie p rä fa sz ia le n  v o r

d e ren  m edialen  B ü n d e l zeigen e inen  g e rad e n  V erlau f, n o rm ale  Zahl d e r B a h n e n  (8 — 12). 
S u p ra p a te lla r  i s t  ein  b laß cs, sp in n en g ew eb eartig es F a se rsy s te m  zu e rk en n e n , d a s  m it der 
re tro g ra d e n  F ü llu n g  de r L y m p h b a h n en  zu  e rk lä ren  is t .  G eringe V erd ick u n g  d e r  a ffe ren ten  
L y m p h g efäß e  v o r  de r E in m ü n d u n g  in  d ie  ing u in a len  oberfläch lichen  u n te re n  L y m p h k n o te n ,

1*
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A b b . 4 . (-> ) Geringe re tro g ra d e  A b b . 5. (->-) D ie a f fe re n te n  Abb. 6. ( -> ) D e s tru k tio n  des
F ü llu n g . W inzige K o n tra s t-  L y m p h g efäß e  der o b e rflä c h -  k ra n ia le n  Teils d e r Lggl. ingui-

m itte le x tra v a sa te  l ie h e n  inguinalen  u n te r e n  nales superfic . inf. (- - ) Yer-
L y m p h g e fäß e  v o r d e r E in -  g rö ß e rte r  pe lv in e r L y m phkno  -
m ü n d u n g , außerdem  g rö ß e re  te n

K o n tra s tm it te le x tra v a sa te

d a s e lb s t  au ch  p e r ily m p h v a sk u lä re  k leinere K o n tra s tm it te le x tr a v a s a te .  D er A u s tr i t t  des 
K o n t ra s tm i t te l s  kan n  a u f  e in e  sch w ere  L y m p h g e fäß w an d e n tzü n d u n g  (L y m p h a d en itis  a cu ta )  
z u rü c k g e fü h r t  w erden. D as L y m p h a n g io g ram m  z e ig t e in  p a th o lo g isc h es  B ild  de r d re i su b 
in g u in a le n  L y m phkno ten : D a s  K o n tra s tm it te l  i s t  n u r  su b k a p su lä r  — b e i de r E in m ü n d u n g  
d e r  a f fe re n te n  B ahnen  — z u  e rk e n n e n , die L y m p h k n o te n  zeigen  B ech erfo rm , k e in e  A uf
f ü l lu n g  d e r  efferenten  G efäß e  u n d  de r tie fen  in g u in a le n  L y m p h k n o te n , V erg rö ß eru n g  des 
u n te r e n  pelv inen  L y m p h k n o te n s  (A b b . 6).

A u f  G rund des L y m p h a n g io g ra m m s w urde d ie  E rk ra n k u n g  des L y m p h k n o te n sy ste m s 
a n g e n o m m e n , das L y m p h a n g io g ra m m  u n te rs tü tz te  d a s  k lin isc h e  B ild  d e r L y m p h an g itis . 
D e r  o p e ra t iv e  E ingriff w u rd e  n a c h  der A nalyse des L y m p h a d en o g ra m m s d u rc h g e fü h rt. 
P a th o b is to lo g isc h e  D iagnose: L y m p h o sark o m .

D ie obigen F a lld a rs te llu n g e n  sollen die A u fm e rk sa m k e it a u f  die k lin ische 
B e d e u tu n g  der L y m p h o g ra p h ie  und L y m p h a d e n o g ra p h ie  len k en . U nsere 
F ä lle  bew eisen, daß  m it F lilfe  der L y m p h a d e n o g ra p h ie  die p r im ä r  tu m o ro sén  
E rk ra n k u n g e n  und  die M e ta s ta se n  nachzuw eisen  s in d . A uch  in  d er B eu rte ilu n g  
d e r  T u m o ra u sb re itu n g  i s t  d iesem  V erfahren  B e d e u tu n g  beizum essen .
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W ir sind  d er A n sich t, d aß  die L y m p h ad en o g rap h ie  als H ilfsm itte l  in  der 
p räz isen  D iagnoseste llung  u n d  in  d e r B e u rte ilu n g  der P ro p a g a tio n  d e r  tu m o 
ro sén  V erän d eru n g en  im  k le in en  B ecken  einen  w eite ren  F o r ts c h r i t t  b e d e u te t.  
A u ß e rd em  b ie te t sie au ch  H ilfe  in  d e r ch iru rg ischen  u n d  S tra h le n th e ra p ie .
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ÜBER DEN MECHANISMUS 
DER ULZEROGENEN WIRKUNG DES BUTAZOLIDINS

Von

L. Cs a l a y  und E d i t  T ó t h

PATHOPHYSIOLOGISCH ES IN STITU T (D IR E K T O R : PR O F. D R. J .  SÓS) D E R  M EDIZINISCHEN U N IV ER SITÄ T,
BUDAPEST

(E in g eg an g en  am  24. J u l i  1962)

E s w u rd e  e x p e rim e n te ll n ach gew iesen , d a ß  d u rc h  V erabfo lgung  v e rsc h ie d e n e r  
B u taz o lid in -D o sen  d ie a u f  d ie  N eb en n ie ren  bzw . d e n  M agen au sg eü b te  W irk u n g  des 
P h a rm a k o n s  d iffe ren z ie rt w erd en  k a n n . Bei tä g lic h e r  V erabfo lgung  v o n  100 m g /k g  
B u ta z o lid in  t r e te n  die M agenschäd igungen  v o r  d em  A nstieg  d e r K o rtik o ste ro n -S y n - 
th e tis ie ru n g s fä h ig k e it  d e r  N e b en n ie ren  auf. E in e  A k tiv ie ru n g  de r N eb en n ie ren  k a n n  
n u r  b e i V erab fo lgung  g rö ß ere r B u tazo lid in -D o sen  — 200 m g/kg  — nachgew iesen  w e rd en . 
D ie B eo b ach tu n g en  sp rech en  d a fü r , daß  im  E n ts te h e n  des u lzerogenen B u ta z o lid in -  
E ffe k ts  d ie  F u n k tio n sv e rän d e ru n g  de r N eb en n ie ren  k e in e  en tscheidende  R olle  sp ie lt .

D es w e ite ren  w urde  d e r B u ta z o lid in -E ffe k t a u f  d ie du rch  H is ta m in  b e w irk te  
S a lzsäu re sek re tio n sste ig e ru n g  u n te rs u c h t . lO tägige B u tazo lid in -B eh an d lu n g  (150 m g /k g ) 
s te ig e r t  d ie  S ek re tio n , w erd en  je d o c h  größere  D o sen  v e rab fo lg t (220 m g/kg), k a n n  d e r  
E ffe k t n u r  am  A nfang d e r B eh an d lu n g  (5. T ag ) n achgew iesen  w erden. A m  10. T ag  
d e r B e h an d lu n g  sind  die W erte  d e r  S a lzsäu re sek re tio n  bei b eh an d e lten - u n d  K o n tro ll-  
tie ren  ü b e re in s tim m en d . D as A u fh ö ren  de r S a lzsäu re sek re tio n sste ig e ru n g  am  E n d e  
der B e h an d lu n g  k a n n  te ils  m it  d e r T o x iz itä t des B u taz o lid in s , te ils  m it  dem  S c h le im 
h a u tö d e m  e rk lä r t  w erden .

D as sa lzsäu re sek re tio n v erm in d e rn d e  C h lo ro th iaz id  k o n n te  die u lzerogene  W ir
k u n g  des B u tazo lid in s n ich t beein flussen .

K lin ische  u n d  tie re x p e rim en te lle  A n g ab en  bew eisen  e in deu tig , d a ß  d as  
B u tazo lid in  n e b s t seiner au sg eze ich n eten  a n tirh e u m a tis c h e n  W irk u n g  a u c h  
ü b er u lzerogene E ig en sch a ften  v e rfü g t [1, 2, 3 ]. D er M echanism us d iese r 
E rsch e in u n g  is t t ro tz  a ller d iesbezüg lichen  F o rsc h u n g e n  noch  n ich t g e k lä r t .  
D ie F rage  w u rd e  von  m eh reren  S e iten  a n g e n ä h e rt, so w urde z. B . die W irk u n g  
des B u tazo lid in s  a u f  die S a lzsäu resck re tio n  [4, 5, 6 , 7], u n d  a u f  die in n e r 
sek re to risch en  D rü sen  u n te rsu c h t [4, 12, 13, 14, 15]. V a r r ó , Cs e r n a y  u n d  
J á v o r  [8 ] le n k te n  die A u fm erk sam k e it a u f  d as  ö d e m  der M ag en sch le im h au t, 
A r o n  u n d  L e f r e i n  [9] k o n n te n  die u n m itte lb a r  a u f  die M agenzellen a u sg e ü b te  
to x isch e  W irk u n g  des B u tazo lid in s  n achw eisen . D ie E rgebnisse  s ind  je d o c h  
so w id ersp rech en d , d aß  die sich  a u f  den P a th o m e c h a n ism u s  b eziehenden  U n te r 
suchungen  noch  keinesw egs als abgeschlossen  b e tr a c h te t  w erden  k ö n n e n .

D as Z iel vo rlieg en d er E x p e rim e n te  w a r d ie  B ean tw o rtu n g  fo lg en d e r 
F rag en :

1. Die W irk u n g  ch ro n isch er V erab fo lg u n g  versch ieden  h o h er D o sen  
B u tazo lid in s  a u f  die H o rm o n sy n th ese  der N eb e n n ie re n  bei R a tte n .

2. D er e tw aige  Z u sam m en h an g  zw ischen  d e r  N eb en n ie ren w irk u n g  des 
B u tazo lid in s  u n d  seinem  u lzerogenen  E ffek t.
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3. D ie B eein flussung  d e r d u rch  H is ta m in  ausgelösten  S te ig e ru n g  der 
S a lz sä u re se k re tio n  d u rc h  v e rsch ied en e  B u tazo lid in -D o sen .

4 . D er E in flu ß  v o n  C h lo ro th iaz id  a u f  d en  u lzerogenen  E f fe k t  des 
B u ta z o lid in s .

M ethodik

R a t t e n  w urde täg lich  in tra p e r i to n e a l  10 u n d  20 m g/100 g B u tazo lid in  (P h a rm az eu tisc h e  
W e rk e  R ic h t e r , B u d ap es t)  v e ra b fo lg t.  A m  5. u n d  10. T ag  de r B eh and lung  w u rd e  d ie  h o rm o n 
s y n th e tis ie re n d e  F ä h ig k e it d e r  N eb en n ie ren  in  v i tr o  b e s t im m t u n d  zw ar s te ts  24 S tu n d en  
n a c h  d e r  le tz te n  In jek tio n .

P rü fu n g  der H o rm o n sy n th e se  de r N eb en n ie ren : B e id e  N ebenn ieren  e in e r R a t te  w urd en  
in  e in  3 m l T yrode-L ösung  e n th a lte n d e s  W arb u rg -G efäß  g e leg t, 1 E  ACTH (E x a c th in ,  P h a rm a 
z e u tis c h e  W erke  R ich te r, B u d a p e s t)  h in zu g e fü g t, o x y g e n is ie r t  u n d  2 S tu n d e n  la n g  in  einem  
W a s s e rb a d  v o n  37 °C in k u b ie r t .  D ie  w ährend  d ie se r  Z e it sy n th e tis ie r te  H o rm o n m en g e  w urde 
b e s t im m t .  D as C orticosteron  w u rd e  m it A th y la c e ta t  e x tra h ie r t ,  zu r E x tra k t io n  w u rd e  eine 
a lk a l is c h e  L ösung b e ig e fü g t [10 , 21], d ie au sg e lö s ten  S toffe  w urden  e n tfe rn t,  d ie  A lkalien  
m i t  W a s se r  ausgew aschen, u n d  d ie  L ösung m it N a 2S 0 4 e n tw ässe rt u n d  v e rd a m p ft. D e r  R ü ck 
s t a n d  w u rd e  zwecks w e ite re r  R e in ig u n g  m it P e tro lä th e r  v e rse tz t  u n d  sch ließ lich  — u m  die 
O x y d a t io n  d e r S tero ide  zu  v e rh in d e rn  — u n te r  D u rc h s trö m u n g  m it C 0 2 a b e rm a ls  v e rd a m p ft. 
D e r  E x t r a k t  w urde im  B u sH sch en  S ystem  [10] in  T o lu o l: M eth an o l : W asser 4 : 3 : 1  ch ro m ato - 
g r a p h ie r t  u n d  der P a p ie rs tre ife n  m it T e tra z o liu m b la u  en tw ick elt. D ie F o rm a sa n -F lec k e  
w u rd e n  au sg e sch n itten , d ie  F a rb e  w u rd e  e lu ie rt, so d a n n  ih re  In te n s itä t  m it  d em  S tu fen 
p h o to m e te r  m it S 53 -F ilte r b e s t im m t. A nläß lich  je d e r  e in ze ln en  p a p ie rch ro m a to g ra p h isch e n  
E n tw ic k lu n g  w urden  p a ra lle l  m it  dem  V e rsu c h sm a te r ia l  m in d esten s d re i C o rtico ste ro n - 
S ta n d a r d e  v o n  b e k a n n te r  K o n z e n tra tio n  m ite n tw ic k e lt .  D er C o rtico ste ro n g eh a lt d e r  u n b e 
k a n n te n  S u b s tan z  w urde aus d e r  E ic h k u rv e  d ieser s te ts  am  selben P a p ie rs tre ife n  e n tw ic k e lten  
C o rtic o s te ro n -S tan d a rd e  v o n  b e k a n n te r  K o n z e n tra tio n  b e rec h n e t. Im  V erlaufe des E x tra k t io n s 
u n d  R ein ig u n g sp ro zesses g eh en  15%  des C o rtico s te ro n g eh a lte s  v e rlo ren . So k ö n n e n  also 
a u s  d e r  m it  p e ripherem  B lu t  v e rse tz te n  C o rtico ste ro n lö su n g  von  b e k a n n te r  K o n z e n tra tio n  
8 5 %  zurü ck g ew o n n en  w erd en . D ie  E m p fin d lic h k e it d es V erfah rens b e trä g t  b e i C ortico ste ro n
0.4 /cg.

D a s  G ew icht de r N e b e n n ie re n  w urde  p ro  100 g K ö rpergew ich t an g eg eb en .
S a lzsäu re se k re tio n sb e stim m u n g  n ach  H e r r  u n d  P órszLsz (11): In  d e n  P y lo ru s  de r 

m it  U r e th a n  n a rk o tis ie rte n  T ie re  w u rd e  eine K a n ü le  g eb u n d en , d an n  m it H ilfe  e in e r  S ch lu n d 
so n d e  d e r  M agen zw eim al m it  j e  5 m l p h y sio lo g isch e r K ochsalzlösung  d u rc h g e sp ü lt .  D iese 
P r o z e d u r  w urde  2 S tu n d e n  s p ä te r  w ied erh o lt. V o n  d iesem  Z e itp u n k t an  w u rd e  d e r  M agen 
s tü n d l ic h  m it 4 m l N aC l-L ösung  d u rc h g esp ü lt u n d  d ie  A z id itä t  des P e rfu sa tes  m it  0,01 n-N aO H  
t i t r i e r t .  D as H istam in  w u rd e  n a c h  2 x l s tü n d ig e r  G ru n d p erio d e  v e rab re ich t.

D ie  R a tte n  e rh ie lte n  tä g lic h  5 m g/kg  C h lo ro th iaz id  pe r os.

E x p erim en te lle r Teil

I m  e rs ten  Teil d e r E x p e rim e n te  w u rd e  die W irk u n g  v e rsch ied en er 
B u ta z o lid in -D o se n  a u f  d ie  N e b e n n ie re n fu n k tio n  u n te rsu c h t. D ie  be i den 
B e s tim m u n g e n  der C o rtico s te ro n -S y n th e tis ie ru n g sfäh ig k e it g ew o n n en en  D a te n  
l ie ß e n  d en  fu n k tio n e llen  Z u s ta n d  der N eb e n n ie re n  e rk en n en , d iese  A n g a
b e n  w u rd e n  sodann  m it d e r  m ag en sch äd ig en d en  W irkung  des P h a rm a k o n s  
v e rg lic h e n .

R a t te n  w urde tä g lic h  100 m g/kg  B u ta z o lid in  v e rab fo lg t. A m  11. T ag , 
2 4 S tu n d e n  nach  d er le tz te n  In je k tio n  w u rd e n  die T iere d e k a p itie r t . E s  w urde 
in  v i t r o  u n te rsu c h t w iev ie l C o rtico ste ro n  die N ebenn ieren  a u f  W irk u n g
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v o n  1 E ACTH in  2 S tu n d en  sy n th e tis ie re n . D ie E rg eb n isse  sind  in  A bb . 1 
zu sam m en g este llt. A m  re c h te n  G rap h ik o n  d er A b b . 1 is t die a u f  100 g K ö rp e r
gew ich t b e rech n e te  C o rtico ste ro n sy n th ese  von  je  10, m it B u tazo lid in  b e h a n d e l
te n  bzw . K o n tro lltie re n  d a rg e s te llt. A us d er s ta t is t is c h e n  A nalyse d e r A ngaben  
e rg ib t sich, d aß  zw ischen  den  b e id en  G ru p p en  k e in e  sig n ifik an te  D ifferenz 
b e s te h t. Am lin k sse itig en  G rap h ik o n  der A bb . 1 is t  das a u f  100 g K ö rp e rg e 
w ich t b erechnete  N eb en n ie ren g ew ich t an g e fü h rt. D ie Z u sam m en ste llu n g  ze ig t, 
d a ß  a u f  W irk u n g  v o n  B u ta z o lid in b e h a n d lu n g  d a s  G ew icht der N eb en n ie ren

Abb. 1. W irkung ch ro n isch e r B u tazo lid in -D o sie ru n g  [100 m g /k g ] a u f  G ew icht u n d  C ortico
s te ro n sy n th ese  der N e b en n ie ren

D ie O rd in a te  des lin k sse itig en  G rap h ik o n s zeigt das a u f  100 g K ö rp erg ew ich t b e rech n ete  
N ebenn ierengew ich t in  m g au sg ed rü ck t. D ie O rd in a te  des re ch tsse itig e n  G raph ikons b e d e u te t 
die a u f  100 g K ö rp e rg ew ich t b e rech n ete  C o rtico ste ro n sy n th ese  in  / /g. Die P u n k te  b e d eu ten  
die W erte  der e inzelnen  T ieren , die K o lu m n en  e n th a lte n  die G ru p p e n d u rch sch n ittsw e rte .

К  =  K o n tro lle , В =  B u taz o lid in

z u n ah m , die E x p e rim e n te  bew eisen  jed o ch , d a ß  das in  id en tisch en  M engen 
v e rab fo lg te  B u ta z o lid in  keine E rh ö h u n g  d e r N eb en n ie ren h o rm o n sy n th ese  
b ew irk te . In  d e r M ag en sch le im h au t der b e h a n d e lte n  T iere w aren  m a k ro 
skopische B lu tu n g e n  s ich tb a r. D ie V erän d e ru n g en  b e tre ffen  den sek re to risch en  
M agenteil. I n ta k te r  V orm agen . D ie V e rän d e ru n g en  sind  in  A bb. 2 d a rg e s te llt . 
L a u t der h isto log ischen  U n te rsu c h u n g  e n tsp re c h e n  die im  M agen b e fin d lich en  
V erän d eru n g en  h ä m o rrh a rg isc h en  E rosionen .

A uf G ru n d  d e r  E x p e rim e n te  k a n n  fe s tg e s te llt  w erd en , d aß  k le ine  B u ta -  
zo lid indosen , die im  M agen b e re its  E rosionen  v e ru rsa c h e n , die N e b e n n ie re n 
h o rm o n sy n th ese  n ic h t s te igern , im  u lzerogenen  E ffe k t des B u tazo lid in s  sp ie len  
also  die N eb en n ie ren  keine w esen tliche  R olle.



2 0 2 L. CSALAY und E. TÓTH

D es w eiteren  w urde  d ie W irk u n g  g rö ß ere r B u tazo lid in d o sen  a u f  die 
N e b e n n ie re n fu n k tio n  u n te rs u c h t . R a t te n  w u rd e  w äh ren d  5 b zw . 10 Tage 
tä g l ic h  200 m g/kg B u ta z o lid in  v e ra b fo lg t u n d  die C o rtico ste ro n -S y n th e tis ie - 
ru n g s fä h ig k e it  in  äh n lich e r W eise b e s tim m t. D ie E rgebn isse  s in d  in  A bb . 3 
d a rg e s te l l t .  Sowohl die 5- als die lO tägige B eh an d lu n g  fü h r t  zu  s ig n if ik a n te r  
S te ig e ru n g  der H o rm o n sy n th ese , sow ie zu  E rh ö h u n g  des N eben n ieren g ew ich tes . 
D ie  E x p e rim e n te  zeigen  so m it, d aß  diese g ro ß en  B u tazo lid in d o sen  d ie  N eb en 
n ie re n fu n k tio n  b e re its  s te ig e rn . In fo lge  d e r b e k a n n te n  u lzero g en en  W irk u n g  
des N e b en n ie ren rin d en h o rm o n s k a n n  das B u tazo lid in  —  a n n e h m b a r  au ch  au f

Butazolidin

A bb . 2 . M ag ensch le im hau t de r R a t te n  n a ch  lO täg iger B u tazo lid in -B eh an d lu n g : D osierung
100 m g/kg /T ag

D ie B ild e r  zeigen die K o n tu re n  des en tla n g  de r g ro ß en  K u rv a tu r  a u fg esc h n itte n en  u n d  au s
g e b re i te te n  M agens. O ben  b e f in d e t sich d e r V o rm agen , die im  u n te re n  se k re to risc h en  M agen
te il  s ic h tb a re n  schw arzen  P u n k te  u n d  L in ien  zeigen G röße u n d  A nzahl d e r h ä m o rrh a g isch e n

E ro sio n en

d iese  W eise —  a u f  d ie  M ag en sch le im h au t e inw irken , es soll je d o c h  b e to n t 
w e rd e n , d aß  in  der M ag en sch le im h au tsch äd ig u n g  noch  einem  a n d e re n  w esen t
lic h e n  W irk u n g sm ech an ism u s eine R olle z u k o m m t, da —  w ie dies d ie  E x p e r i
m e n te  bew iesen —  diese u n m itte lb a re  W irk u n g  im  u lzerogenen  E ffe k t des 
B u ta z o lid in s  n u r u n w esen tlich  sein  k a n n .

D a  d u rch  en tsp re c h e n d e  B u tazo lid in d o sie ru n g  die M agen- u n d  N eb en 
n ie re n w irk u n g  des P h a rm a k o n s  d iffe ren z ie rt w erd en  k o n n te , w a r d a s  w eitere  
Z ie l, d ie  w id ersp rech en d en  E rg eb n isse , die b e i d er U n te rsu c h u n g  des B u tazo- 
l id in -E ffe k ts  a u f  die S a lz säu re sek re tio n  gew onnen  w urden , m it H ilfe  einer 
g e e ig n e te n  M ethod ik  bzw . d u rc h  A n w en d u n g  v e rsch iedener B u tazo lid in d o sen  
z u  k lä re n .

D ie  S a lzsäu resek re tio n  w urde  s t a t t  d e r üb lichen  SHAYschen T echn ik  
m it  d e r  P e rfu s io n sm e th o d ik  von  H e r r  u n d  P órszász  [11] b e s t im m t. L au t
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Kontrolle B utazo lid in

A bb. 3. W irkung  5- bzw . lO täg iger B u taz o lid in b eh a n d lu n g  [200 ing/kg] au f die C o rticosteron - 
sy n th ese  der R a tte n n eb e n n ie ren . O rd in a te : D ie in  2 S tu n d e n  a u f  A C T H -W irkung  in  v itro  
sy n th e tis ie r te  C orticosteronm enge  in  ^ag/100 g K ö rp e rg ew ich t. A bszisse: T ag e  d e r B u ta -

zo lid in -B eh an d lu n g
B ed eu tu n g  der P u n k te  u n d  K o lu m n en  s. A bb. 1

Abb. 4. W irkung lO täg iger 150 m g/kg B u taz o lid in -B eh a n d lu n g  au f die d u rc h  H is tam in
gesteigerte  S a lzsäu re sek re tio n

A n  d e r Abszisse be fin d en  sich  die Z e itp u n k te  d e r M agenspü lungen  in  S tu n d e n  (P u n k t 0 
b e d e u te t  den Z e itp u n k t d e r K an ü lee in fü h ru n g ). O rd in a te :  D ie d u rch  das P e rfu sâ t v e rb ra u c h 
te n  m l de r 0,01 n -N aO H -L ö su n g . Die k o n tin u ie rlich e n  bzw . g estrich e lten  L in ien  zeigen die 
D u rch sch n ittsw erte  de r S a lzsäu resek re tio n  d e r K o n tro ll-  bzw . de r b e h an d e lte n  T iere. Die 

D ifferenz zw ischen den beiden  G ru p p en  is t  s ta tis t is c h  s ig n ifik an t: p  < 0 ,0 1



2 0 4 L. CSALAY und E. TÓTH

u n s e re r  U n te rsu ch u n g en  b e d e u te t  diese M e th o d ik  fü r  die T iere  eine k le in e re  
B e la s tu n g  und  lie fe rt g e n a u e re  E rgebn isse  als d a s  SHAYsche V erfah ren .

R a t te n  w urde z u e rs t  in tra p e r ito n e a l 150 m g /k g  B u tazo lid in  v e ra b fo lg t. 
A m  10. T ag  w urde d e r  a u f  10 m g/kg H is ta m in w irk u n g  erfo lgende S a lz säu re 
se k re tio n sa n s tie g  im  M agen  d e r b e h a n d e lte n  u n d  K o n tro l l ie re n  u n te rs u c h t . 
D ie  in  A bb . 4 d a rg e s te llte n  E rg eb n isse  zeigen, d a ß  bei den  b e h a n d e lte n  T ie ren  
n a c h  H is tam in g ab e  eine w esen tlich e re  S te ig e ru n g  d e r S a lzsäu resek re tio n  erfo lg t 
als b e i  d en  K o n tro ll ie re n . D ie  D ifferenz is t  s ta t is t is c h  s ig n if ik an t (p  <  0,01).

I n  der n ä ch s ten  S erie  w u rd e  die W irk u n g  v o n  220 m g/kg  B u ta z o lid in  
u n te r s u c h t .  13 der 20 b e h a n d e lte n  T iere g ingen  w ä h re n d  d er lO täg igen  B e h a n d 
lu n g  e in , es h an d e lte  sich  a lso  u m  eine h y p e rto x isc h e  D osis. A bb . 5 e n th ä l t  die

A bb . 5. W irkung  lO täg iger B u taz o lid in -B eh a n d lu n g  [220 m g/kg] a u f  die d u rc h  H is ta m in  
g e s te ig e r te  S a lzsäu resek retion . T e x t  s. A bb. 4

E rg e b n is se  der an  d iesen  T ie re n  v o rg en o m m en en  S a lz sä u re se k re tio n su n te r
s u c h u n g e n : A uf H is ta m in w irk u n g  ist die S a lz säu re sek re tio n  die g leiche wie 
b e i d e n  K o n tro lltie ren , d ie  b e i V erabfo lgung  k le in e re r  B u tazo lid in d o sen  b e 
o b a c h te te  S teigerung  k o m m t a ls ó im  F all v o n  Ü b e rd o sie ru n g  n ic h t z u s ta n d e . 
M a k ro sk o p isch  w ar d ie  M ag en sch le im h au t d e r  R a t te n  ö d em atö s, im  se k re to 
r is c h e n  M agenteil w a re n  d ie  b e k a n n te n  E ro s io n e n  s ich tb a r.

U m  die D y n a m ik  d e r  E rsch e in u n g  zu  u n te rsu c h e n , w u rd e  d ie  a u f  H is ta 
m in w irk u n g  z u s ta n d e k o m m e n d e  S a lz säu re sek re tio n  auch  am  6 . T ag  d er le tz te r 
w ä h n te n  ex p erim en te llen  S erie  b e s tim m t. D as E rg eb n is  s tim m t m it d en  bei 
150 m g /k g  B u tazo lid in -V erab fo lg u n g  gew onnenen  R e su lta te n  ü b e re in , d. h . 
d ie b e h a n d e lte n  T iere  se z e rn ie ren  m ehr S a lzsäu re  als die d er K o n tro llg ru p p e . 
D a  d ie  säu re se k re tio n s te ig e rn d e  W irk u n g  des H is ta m in s  n ach  m e h rtä g ig e r 
V e ra b fo lg u n g  dieser D osis n ic h t  w ah rzu n eh m en  is t ,  k o n n te  w ä h re n d  d e r la n g 
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d a u e rn d e n  B eh an d lu n g  die sa lz säu re sek re tio n s te ig e rn d e  W irk u n g  des H is ta 
m in s, en tw ed er w egen d er ö d em atö sen  S ch le im h au t o d er w egen d er im  S to ff
w echsel d er M ukosa z u s ta n d e k o m m e n d e n  V erän d e ru n g en  sch e in b a r n ic h t zu r 
G e ltu n g  kom m en.

In  K e n n tn is  d er die sa lzsäu re sek re tio n s te ig e rn d en  W irk u n g  d e r  B u ta- 
z o lid in -B eh an d lu n g  e rg ab  sich  die F rag e , w elche R olle das P h a rm a k o n  im  
u lzero g en en  E ffek t sp ie lt. U m  dem  P ro b lem  n ä h e r  zu  ko m m en , w u rd e  in  
w e ite ren  E x p e rim e n te n  u n te rs u c h t , ob die m ag en sch äd ig en d e  W irk u n g  des 
B u tazo lid in s  d u rc h  V erab fo lg u n g  v o n  5 m g/kg die S a lz säu re sek re tio n  v e rm in 
d e rn d e m  C hloro th iazid  g eh em m t w erden  k an n . Zw ei, je  10 R a t te n  e n th a lte n d e n  
G ru p p e n  w urde w äh ren d  10 T age tä g lic h  150 m g/kg  B u ta z o lid in  in tra p e r ito n e a l 
v e ra b fo lg t. D en T ieren  d e r e rs te n  G ruppe w u rd e  au ß e rd e m  5 m g /kg  C hloro
th ia z id  v e ra b re ich t, die z u r  2. G ru p p e  gehörenden  T iere  d ie n te n  als K o n tro lle . 
Im  sek re to risch en  M agen teil d e r am  10. T ag  g e tö te te n  R a t te n  w aren  in  beiden  
G ru p p e n  die gleichen L äsio n en  zu  e rk en n en , d er u lzerogene E ffek t des B u ta z o 
lid in s  k o n n te  also d u rch  die B eh an d lu n g  n ich t b e e in flu ß t w erden .

D iskussion

B azzi  und  M a nz o  [15] w aren  b e re its  1952 d er M einung, d aß  das B u ta z o li
d in  d ie  N eb en n ie ren fu n k tio n  s te ig e r t. W äh ren d  die B e o b a c h tu n g  von  Ch r i s t e a s  
[24] —  d aß  näm lich  an läß lich  d er B u tazo lid in -B eh an d lu n g  E osinopen ie  auf- 
t r i t t  —  diese H y p o th ese  u n te r s tü tz t ,  k o n n te n  K i r s n e r  u n d  F o r d  [4] bei m it 
B u ta z o lid in  b eh a n d e lte n  P a tie n te n  w eder N eb en n ie ren h y p erp la s ie , noch 
g es te ig e rte  17 -K eto ste ro id -A u ssch e id u n g  w ah rn eh m en . D ie tie rex p e rim en te llen  
A n g ab en  sind ebenfa lls w id e rsp rech en d : K u z e l l  u n d  M ita rb . [14] k o n n te n  
in  a k u te n  V ersuchen , n a c h  B u tazo lid in -B eh an d lu n g  keine V erän d e ru n g  des 
V itam in -C  G ehaltes d er N eb en n ie ren  fests te llen , B r a u n  [13] fa n d  dagegen  
bei R a t te n  nach  V erab fo lg u n g  u lzerogener B u tazo lid in -D o sen  V erm in d eru n g  
des V itam in -C -G ehaltes d e r N eb en n ie ren  u n d  E o sin o p en ie . N ach  ch ro n isch er 
B u tazo lid in -V erab fo lg u n g  b e o b a c h te te  E g e r  [12] a u ß e r  d en  u lzerösen  M agener
sch e in u n g en , N eb en n ie re n h y p ertro p h ie  u n d  Z u n ah m e  des L ip o id g eh a lte s  in  
a llen  d re i R in d en sch ich ten . E r  w ar d e r M einung, d aß  es sich  u m  A d a p ta tio n s 
e rsch e in u n g en  h a n d e lt.

N euere  ex p erim en te lle  A n g ab en  bew iesen, d aß  n e b s t d e r in  U lk u sv e r
su ch en  b isher an g e w a n d te n  ch ron ischen  V erabfo lgungsw eise  w ed er die 
V e rän d e ru n g en  des V itam in -C -G ehaltes der N eb en n ie ren , noch  die V e rä n d e ru n 
gen  d e r  E o sinoph ilenzah l e in  zuverläß liches B ild  d e r N eb en n ie ren fu n k tio n  
e rg eb en . U nsere E x p e rim e n te  [16, 17] zeigen, d aß  bei v e rsch ied en en  B e la s tu n 
gen  au sg ese tz ten  T ieren  w ed er d e r C o rtico ste ro n g eh a lt des venösen  N eb en 
n ie re n b lu te s  noch  die H o rm o n -S y n th e tis ie ru n g sfäh ig k e it d er N eb en n ie ren  der 
G e s ta ltu n g  des h isto log ischen  B ildes para lle l v e rlau fen . D ie Z u n ah m e des
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N eb en n ie ren g ew ich tes  d e u te t  ebenfalls n ic h t g en au  a u f  d en  fu n k tio n e llen  
Z u s ta n d  der O rgane, w ie d a s  au ch  unsere  v o ra n g e h e n d e n  E x p e r im e n te  bew ei
se n : B e i an  E iw eiß- u n d  M eth io n in -M an g eld iä t g eh a lten en  T ie ren  [16, 23] 
w u rd e  bei norm alem  N eb en n ie ren g ew ich t, be i R a t te n  m it T rip to p h a n m a n g e l 
n e b s t  h y p e rtro p isch en  N e b e n n ie re n  eine v e rm in d e rte  H o rm o n se k re tio n  b e 
o b a c h te t .  B e id e n  s y s te m a tis c h  zu  Schw im m en gezw ungenen  T ie ren  k o n n te  
zw isc h e n  G ew icht u n d  S y n th e tis ie ru n g sfä h ig k e it d er N eb en n ie ren  ebenfalls 
k e in e  P a ra lle litä t fe s tg e s te ll t  w erd en  [17]. Im  v o rlieg en d en  E x p e r im e n t w urde 
e b e n  desw egen aus d em  d ire k te n  H o rm o n b e s tim m u n g sv e rfa h ren  a u f  den 
fu n k tio n e lle n  Z u s ta n d  d e r N eb en n ie ren  gefo lgert.

U nsere E x p e rim e n te  bew eisen , d aß  d u rc h  V erab fo lg u n g  v ersch ied en er 
B u tazo lid in -D o sen  die a u f  N eb en n ie ren  bzw . M agen a u sg eü b te  W irk u n g  des 
P h a rm a k o n s  d iffe ren z iert w e rd e n  k an n . W ird  das B u tazo lid in  in  k le inen  tä g 
l ic h e n  D osen v e ra b fo lg t, so en tw ick e ln  sich  die M agensch äd ig u n g en  v o r der 
S te ig e ru n g  der C o rtico s te ro n -S y n th e tis ie ru n g sfäh ig k e it d er N eb en n ie ren . Die 
A k tiv ie ru n g  der N e b e n n ie re n  m an ife s tie rt sich  n u r  bei g rö ß eren  B utazo lid in - 
D o se n . Diese B e o b a c h tu n g e n  sp rechen  d a fü r, d aß  im  Z u s tan d ek o m m en  des 
u lze ro g en en  B u ta z o lid in -E ffe k ts  den  F u n k tio n sv e rä n d e ru n g e n  d er N ebenn ieren  
k e in e  w esentliche R olle z u k o m m t. Die E rk lä ru n g  d er w id e rsp rech en d en  L ite ra 
tu r a n g a b e n  liegt w a h rsc h e in lic h  d a rin , d aß  d ie F o rsch er te ils  versch iedene 
B u tazo lid in -D o sen  v e ra b fo lg te n , te ils  zu r F u n k tio n sp rü fu n g  d e r N ebenn ieren  
T e s te  versch iedener E m p fin d lic h k e it an g ew en d e t h ab en .

U m  den M echan ism us des idzerogenen  B u ta z o lid in -E ffe k ts  zu k lä ren , 
w u rd e  des w eiteren  die a u f  die S a lzsäu resek re tio n  a u sg eü b te  W irk u n g  des 
P h a rm a k o n s  u n te rsu c h t. D ie  L ite ra tu ra n g a b e n  s ind  au ch  in  bezug  a u f  diese 
F ra g e  w idersp rechend .

W äh ren d  K i r s n e r  u n d  F o rd  [4] bei M enschen  a n lä ß lic h  chron ischer 
B u tazo lid in -V erab fo lg u n g  d ie S te igerung  d er S a lz säu re sek re tio n  w ah rn eh m en  
k o n n te n , fand La m b l i n g  [18] gem einsam es E n ts te h e n  v o n  d iffu ser G astritis  
u n d  H y p erch lo rh y d rie . L a u t  V arr ó , Cs e r n a y  u n d  J á v o r  [8 ] e rfo lg ten  bei 
H u n d e n  nach  u lzero g en er B u tazo lid in -D o sie ru n g  keine V erän d e ru n g en . Bei 
M eerschw einchen  [6 ] b e w irk t d as  P h a rm a k o n  eine V erm in d e ru n g  d er Salz
s ä u r  esek re tion  [16]. D ie a n  R a tte n  d u rc h g e fü h rte n  E x p e rim e n te  ergeben  
e b e n fa lls  w idersp rechende R e s u lta te :  V erm in d eru n g  [5] u n d  Z u n ah m e  d er S ekre
t io n  w u rd en  gleichfalls b e sc h rie b e n  [19]. D ic T a tsa c h e , d aß  d iese A ngaben  bei 
T ie re n  m it u n te rb u n d e n e m  P y lo ru s  gew onnen w u rd en , e rsch w ert die K lä ru n g  
d e r  F rag e , da das B u ta z o lid in  b e k a n n tlic h  die E n tw ic k lu n g  des SHAYschen- 
U lk u s  beein fluß t [7]. D ie  P y lo ru su n te rb in d u n g  v e ra n la ß t n ic h t n u r  eine 
S te ig e ru n g  der S a lz sä u re se k re tio n , sondern  v e ru rsa c h t au ch  schw ere Z irkula- 
t io n s - ,  organische u n d  e n d o k rin e  S tö ru n g en  [20], die das B u ta z o lid in  infolge 
s e in e r  an tip h lo g is tisch en , an a lg e tisch en , die S c h ild d rü se n fu n k tio n  v e rm in d e rn 
d e n  u n d  die N e b e n n ie re n fu n k tio n  s te ig e rn d en  W irk u n g  b ee in flu ssen  k an n .
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Z w ischen  d er du rch  P y lo ru su n te rb in d u n g  v e ru rsa c h te n  S a lz säu re sek re tio n s
s te ig e ru n g  u n d  den  e rw ä h n te n  o rg an isch en  V erän d eru n g en  b e s te h t e in  enger 
Z u sam m en h an g , so d a ß  die u n m itte lb a re  E in w irk u n g  des P h a rm a k o n s  au f 
die S a lzsäu resek re tio n  m it d ieser M eth o d e  n ic h t u n te rsu c h t w e rd en  k an n .

E in e  w eitere  S chw ierigkeit b e d e u te t ,  d aß  d as  infolge d er M agensch le im 
h a u tv e r le tz u n g  in  d en  M agensaft g e langende  B lu t die S a lz säu re sek re tio n  
w esen tlich  s tö r t .  D ie V orte ile  des in  u n se ren  E x p e rim e n te n  a n g e w a n d te n  
P erfu sio n sv erfah ren s n ach  H e r r  u n d  P órszász  [11] sind  die fo lgenden : 
T eils is t  d er S ekre tionsre iz  n ich t die P y lo ru su n te rb in d u n g , so n d e rn  das u n m it
te lb a r  a u f  die M agenzellen e in w irk en d e  H is ta m in , te ils  k a n n  die B estim m u n g  
in  k ü rz e re r  Z eit d u rc h g e fü h rt w erd en , d e r  M agensaft ge lang t w egen d e r w ied er
h o lte n  S pü lungen  n u r  k u rz  m it d e r M agenw and  in  B e rü h ru n g , so d a ß  die aus 
d e r S ch le im h au tsch äd ig u n g  s ta m m e n d e  B lu tu n g  die B estim m u n g  w eniger 
s tö r t .  D ie m it d ieser M ethode v o rg en o m m en en  V ersuche e rg ab en , d aß  die 
lO täg ige B u tazo lid in -V erab fo lgung  m it 150 m g/kg  die sa lz sä u re se k re tio n 
s te ig e rn d e  W irkung  des H is tam in s  e rh ö h t. W ird  220 m g/kg  d ie  g leiche Zeit 
lan g  d o sie rt, k an n  diese W irk u n g  n ic h t w ah rg en o m m en  w erd en . L e tz te res  
s te h t  w ahrschein lich  m it d er T o x iz itä t  des B u tazo lid in s  im  Z u sam m en h an g , 
d a  n u r  7 der m it d ieser D osis b e h a n d e lte n  T iere  am  L ehen  b lieben . B e k a n n tlic h  
h e m m t das B u tazo lid in  zah lre iche  S to ffw echselvo rgänge, so d aß  a n n e h m b a r 
au ch  d e r S a lzsäu resek re tio n sm ech an ism u s g e s tö rt w ird . D ie M ag en sch le im h au t 
d ieser T iere  w ar auch  m ak ro sk o p isch  ö d em a tö s . V a r r ó , Cs e r n a y  u n d  J á v o r  [8 ] 
k o n n te n  bei H u n d en  ähn lich e  E rsc h e in u n g e n  b eo b ach ten . W erd en  d ie T iere 
m it g roßen  B u tazo lid in -D o sen  k ü rz e re  Z eit b e h a n d e lt, so k a n n  die sa lz säu re 
sek re tio n ste ig e rn d e  W irk u n g  des H is ta m in s  noch  zu r G eltung  k o m m en .

E s e rh eb t sich die F rag e , w elche B olle die g este igerte  S a lzsäu resek re tio n  
im  M echanism us der u lzerogenen  W irk u n g  des B u tazo lid in s  sp ie lt. E x p e r i
m en te lle  D a ten  bew eisen, d aß  a lle in  die S te ig e ru n g  d er S a lz säu re sek re tio n  
n och  ke in  U lkus v e ru rsa c h t, u n d  d a ß  die e rh ö h te  S ek re tio n  fü r  die S ch äd ig u n g  
d e r M ukosa n u r  d an n  v e ra n tw o rtlic h  is t , w enn  die W id e rs ta n d sfä h ig k e it der 
M agensch le im hau t v e rm in d e rt is t . L a u t  L ite ra tu ra n g a b e n  k o m m en  n ach  
B u tazo lid in -V erab fo lg u n g  im  S to ffw echsel d er M ukosa V e rä n d e ru n g en  zu 
s ta n d e . T heore tisch  b e s te h t also die M ög lichkeit, d aß  im  E n ts te h e n  d e r S ch le im 
h a u tsc h ä d ig u n g  auch  d e r g e s te ig e rten  S a lzsäu resek re tio n  eine R olle z u k o m m t. 
N ach  experim en te llen  D a te n  k o n n te  b e i M eerschw einchen d u rch  N e u tra lisa tio n  
d e r  S alzsäure das Z u stan d ek o m m en  d e r  M agenschäd igungen  in  3 0%  d e r F älle  
v e rh in d e r t  w erden  [6 ]. In  diesen E x p e r im e n te n  w u rd en  in te re ssan te rw e ise  
d ie  S alzsäu resek re tio n  v e rm in d e rn d e  B u tazo lid in -D o sen  v e rab fo lg t. V a rr ó  und  
M ita rb . [8 ] k o n n te n  b e i H u n d en  d ie  u lzerogene B u ta z o lid in -W irk u n g  m it 
die S alzsäu resek re tio n  v e rm in d e rn d e m  A tro p in  n ich t beein flussen .

W ir u n te rsu c h te n  au ch  die W irk u n g  v o n  C h lo ro th iaz id . D ieses P h a rm a 
k o n  v e rm in d e rt te ils d ie  S a lz säu re sek re tio n , te ils  die d u rch  B u ta z o lid in  ver-
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u rs a c h te  W asse rre ten tio n , w a s  sich in  den E x p e r im e n te n  im  Ö dem  d er M ukosa 
m a n ife s tie r te .

A us den V ersu ch se rg eb n issen  geht h e rv o r , d a ß  C hlo ro th iazid -V erabfo l- 
g u n g  d ie  ulzerogene B u ta z o lid in -W irk u n g  n ic h t b e e in f lu ß t, es soll jed o ch  
e rw ä h n t  w erden, d aß  d as  C h lo ro th iaz id  die S a lz säu re sek re tio n  n ic h t vo ll
k o m m e n  b lock iert, so n d e rn  n u r  v e rm in d e rt. D ie U n te rsu c h u n g e n , die sich m it 
d e r  R o lle  der S alzsäure im  E n ts te h e n  des B u ta z o lid in u lk u s  befassen , k ö n n en  
a lso  n ic h t  als abgesch lossen  b e tra c h te t  w erd en .

E s  is t m öglich, d a ß  b e i den  m it B u ta z o lid in  b e h a n d e lte n  T ie ren  die 
S a lz sä u re se k re tio n s s te ig e ru n g  n ach  H is tam in  n u r  eine T e ile rsche inung  des 
R e iz z u s ta n d e s  der S c h le im h a u t is t, und  d a ß  im  M echan ism us d er u lzerogenen  
W irk u n g  n ich t n u r d e r  S te ig e ru n g  der S a lz säu re sek re tio n , so n d ern  v ie lm eh r 
d e n  S to ffw ech se ls tö ru n g en  d e r  Salzsäure seze rn ie ren d en  S ch le im h au t eine 
w e se n tlic h e  Rolle z u k o m m t.
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In  connexion  w ith  food p o iso n in g  cau sed  b y  S t a p h y l o c o c c u s  a u r e u s  w e h a v e  
a tte m p te d  to  d em o n s tra te  b y  a  new  m eth o d  th e  e n te ro to x in  p ro d u c tio n  b y  th e  m ic ro 
organ ism s iso la ted  from  food sam p le s . A d u lt dogs w ere  fed  w ith  th e  c u ltu re  o f  th e  
s tra in  in  q u estio n ; th e  an im als a f te r  a  la te n cy  p e rio d  o f 4 to  5 hours re sp o n d e d  w ith  
fre q u e n t d ia rrh o ea  a n d  som e o th e r  sy m p to m s. U n lik e  in  h u m an  d ise a se , v o m itin g  
w as in freq u e n t. T he sy m p to m s p e rs is te d  for 7 to  9 h o u rs . F ro m  th e  stoo ls la rg e  q u a n ti t ie s  
o f  s tap hy lococci could  be  grow n fo r 8 to  12 h o u rs , a n d  sm all am o u n ts  fo r a n  a d d itio n a l 
12 h o u rs . T h e  v o m its , to o , w ere p o sitiv e  fo r S t a p h y l o c o c c u s  a u r e u s .  U n d e r  s im ila r  
co nd itions no  disease could be  in d u ce d  b y  th e  feed in g  o f  ap a th o g en ic  s ta p h y lo c o cc u s  
s tra in s .

T he m eth o d  d escribed , a lth o u g h  less se n s itiv e  th a n  D olm an’s t e s t ,  m a y  len d  
its e lf  fo r th e  d em o n s tra tio n  of e n te ro to x in  p ro d u c tio n  b y  staphy lococci.

T he inc idence  o f food po ison ing  of s tap h y lo co cca l aetio logy  is d iffe re n t 
in  th e  d iffe ren t co u n tries . In  th e  U . S. A. th e y  cause  70 to  90 p er c e n t  [ 1 ], in  
I ta ly  24 to  28 p e r cen t [2, 3], in  F ra n c e  24 p e r  c en t [4], in  G reat B r i ta in  2 p e r 
c en t [5] o f food  poisonings. In  H u n g a ry  th e y  a re  responsib le  for a c o n s id e ra b le  
n u m b e r; acco rd ing  to  th e  s ta tis t ic a l  d a ta  o f o u r I n s t i tu te ,  in  th e  p e r io d  1950 
to  1956 th e y  caused  food po ison ing  in  10 p e r  c en t, in  th e  perio d  1956— 60 
in  22 p er cen t o f th e  cases [6 ]. T he d a ta  for 1951— 59, p u b lished  b y  th e  B u d a 
p es t E p idem io log ica l S ta tio n , show ed  a 16 p e r c en t incidence  of s ta p h y lo c o c c a l 
ae tio lo g y  [7]. T hese d a ta  m ake i t  obv ious t h a t  th e  m icroo rgan ism  p la y s  an  
im p o r ta n t  ro le in  n u tr itio n a l h y g ien e . To p re v e n t th e  occu rrence  o f  food 
poisonings i t  is im p e ra tiv e  th a t  fo o d stu ffs  sh o u ld  be su b jec ted  to  s y s te m a tic  
bac te rio lo g ica l ex am in a tio n s  an d  th o se  w h ich  a re  found  to  c o n ta in  la rg e r  
q u a n titie s  o f s tap h y lo co cc i m u st be  w ith h e ld  fro m  co n su m p tio n . M an y  fo o d 
stu ffs  m ay , o f course, co n ta in  S tap h y lo co cc i, acco rd in g  to  ou r u n p u b lish e d  
d a ta ,  sm all q u a n titie s  of i t  ( 1 0 1 — 1 0 2 /g) m ay  be  d e m o n s tra te d  in  th e  m ic ro flo ra  
o f  50 p er cen t o f all foods. N a tu ra lly , i t  is n o t ir re le v a n t w h e th e r th e  s tr a in  
fo u n d  in  th e  food is pa th o g en ic  or n o n -p a th o g en ic , because we fo rm u la te  our 
o p in ion  on th e  basis o f p a th o g e n ic ity , in  th e  f ir s t  p lace.

T he d iffe ren t a u th o rs  ascribe  th e  g enera l a n d  en te ra l p a th o g e n ic ity  of 
s tap h y lo co cc i to  d iffe ren t m orpho log ica l a n d  bio logical p ro p e rtie s . I t  is u n i
v e rsa lly  accep ted  th a t  th e  coagu lase-positive  Staphylococcus aureus haem olyticus  
s tra in s  a re  p a th o g en ic , an d , a t  th e  sam e tim e , i t  is th e se  s tra in s  t h a t  p ro d u c e

2 A cta Metlica X IX /3 .
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e n te ro to x in . Beside th is  p ro p e r ty  a t te n tio n  h a s  been  d raw n  to  th e  p ro p e r ty  
o f  b re a k in g  down m a n n ito l  [8 ], p h ospha t [9], le c ith in  [10], fa ts  [11]. A ccord ing  
to  th e  general o p in io n , th e  m ore these  so -ca lled  p a th o g e n ic ity  te s ts  y ield  
p o s it iv e  resu lts, th e  m o re  lik e ly  i t  is th a t  th e  s t r a in  in  questio n  is p a th o g en ic . 
K r in s k y  et al. [11] e x a m in e d  in  deta il th e  fe rm e n ta t iv e  a c tiv itie s  o f s ta p h y lo 
co ccu s s tra in s  iso la te d  f ro m  1420 p a tien ts  a n d  h e a lth y  su b jec ts , a n d  concluded  
t h a t  ce rta in  en z y m a tic  fu n c tio n s  show a p a ra lle llism  w ith  th e  p a th o g e n ic ity , 
b u t  no  single e n z y m a tic  a c t iv i ty  would be a 1 0 0  p e r  cen t p ro o f of p a th o g e n ic ity . 
O n  th e  o ther h a n d , R u m a n ia n  au tho rs h a v e  p o in te d  ou t th a t  th e re  e x is t s ta p h y 
lo co cc i, w hich do n o t g iv e  in  vitro p a th o g e n ic ity  te s ts ,  b u t  p roduce  e n te ro to x in . 
T h e re fo re  th e y  th in k  i t  reaso n ab le  to  te s t  fo r  e n te ro to x in  p ro d u c tio n  every  
s t r a in  of s tap h y lo co ccu s iso la te d  from  cases o f  fo o d  poisoning  [1 2 ].

T he te s t for th e  d e m o n s tra tio n  of e n te ro to x in  w as w orked  o u t b y  D olman 
a n d  W ilson [13] in  1940 . S ince th en , i t  h a s  b e e n  used  ex ten siv e ly , b u t  i t  m ay  
o c c u r , as it  has b een  r e p o r te d  for exam ple  b y  H uet  [14] an d  B u t t ia u x  [15], 
t h a t  a s taphy lococcus s t r a in  causing food p o iso n in g  is neg a tiv e  b y  th e  D olm an  
t e s t .  O th er te s ts  re c o m m e n d e d  for th e  d e m o n s tra tio n  of to x in  p ro d u c tio n  
a re  th e  frog te s t  [16], as w ell as th e  in tra c e re b ra l  in o cu la tio n  o f  m ice, b u t 
th e s e  m ethods are  n o t  e x te n s iv e ly  used [17].

K ienitz [18] a n a ly s e d  in  deta il th e  p o ss ib ilitie s  of d e m o n s tra tin g  s ta p h y 
lo co cca l e n te ro to x in , a n d  a rr iv e d  a t th e  co n c lu s io n  th a t ,  a p a r t  from  th e  ex p e ri
m e n ts  involv ing  h u m a n  v o lu n tee rs , on ly  th e  te s ts  m ade in  y o u n g  c a ts  and  
m o n k e y s  are re liab le , m u c h  m ore so as R ic h m o n d ’s ra b b it  g u t te s t  and  
R o b in to n ’s frog te s t .

A lbino m ice, g u in e a  p igs and ra b b its  a re  n o t  su itab le  for th e  d e m o n s tra 
t io n  o f to x in  and , as f a r  as one can ju d g e  fro m  th e  d a ta  p u b lished , i t  is im p o s
s ib le  to  rep roduce  s ta p h y lo c o c c a l in to x ic a tio n  ev en  in  th e  dog. Min e t t  was 
th e  f ir s t  to  a d m in is te r  th ro u g h  a gastric  tu b e  20 to  40 ml of s tap h y lo co cca l 
f i l t r a t e  m ixed w ith  th e  sa m e  volum e of m ilk  to  dogs 6  to  1 2  m o n th s  o f age. 
S o m e anim als v o m ite d  a n d  h ad  d ia rrh o ea , b u t  la te r  fa iled  to  re sp o n d  w ith  a 
s im ila r  reaction . B y  a d m in is te r in g  to x in  p a re n te ra l ly , R idgon  [20] succeeded  
in  p ro d u c in g  sy m p to m s  o f  in to x ica tio n , w h ile  J ordan  did  n o t [21]. W e shall 
co m e  b ack  to  th e se  r e s u l ts  la te r . Sedlak  [22] a n d  K ienitz [18] h a v e  a rriv ed  
a t  th e  sam e conclusion  co n cern in g  th e  e v a lu a tio n  o f  th e  v a rious b io log ica l te s ts .

As already  m e n tio n e d , in  H u ngary  s ta p h y lo c o c c i o ften  p la y  a p a th o g en ic  
ro le  in  food p o iso n in g , a n d  we consider i t  h ig h ly  reco m m en d ab le  to  m ake 
sy s te m a tic  te s ts  fo r th e  d e m o n s tra tio n  o f e n te ro to x in , as i t  w as in  fa c t done 
in  m a n y  a case [23, 2 4 ]. T h e  m ain ob stac le  o f  b io logical assay  is t h a t  young  
c a ts  a re  no t alw ays a v a ila b le . There is th e re fo re  a need  for develop ing  a n o th e r, 
m o re  feasible p ro c e d u re . W e have w orked  o u t a new  m eth o d  for th e  d e m o n s tra 
t io n  o f en te ro to x in  in  co n n ex io n  w ith  food p o iso n in g  invo lv ing  a w hole fam ily . 
B e fo re  describing th e  m e th o d , we p re sen t th e  p e r ta in in g  case re p o r ts .
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In  A pril, 1961, a w ed d in g  d in n e r  to o k  p lace , a f te r  w hich m a n y  o f th e  
g u ests  developed  food po ison ing  and  5 o f  th e m  h a d  to  he ta k e n  in to  h o sp ita l. 
I n  th e  h is to ry  o f ev e ry  one o f th e m  th e re  w as ev idence  th a t  th e y  h a d  co n su m ed  
food  le ft over fro m  th e  d in n e r. T he sy m p to m s  b egan  to  ap p ea r 2 to  3 h ou rs 
la te r .  A cu te  gastric  p a in s , n au sea , v o m itin g  deve loped  sudd en ly , fo llo w ed  by  
fre q u e n t a tta c k s  of d ia rrh o ea , f irs t fo rm e d  s to o ls, th e n  liq u id , w a te ry ,  an d  
o ccasiona lly  co n ta in in g  pus an d  b lood . T h e  p a tie n ts  h ad  to  be ta k e n  to  a  h o sp i
ta l  ow ing to  th is  severe co n d itio n . O n ad m iss io n  th e  m ost consp icuous f in d in g  
w as th e  ex trem e  w eakness o f th e  p a tie n ts ,  som e o f w hom  lost consc iousness, 
w h ile  o th e rs  w ere n ear to  co llapse. T h ree  p a t ie n ts  recovered  and  w ere d isch a rg ed  
7 d a y s , tw o  of th e m  8  day s a f te r  ad m issio n .

A t th e  h o sp ita l f irs t sa lm onellosis w as  su sp ec ted  b u t no sa lm o n e lla  could  
be  iso la te d  from  th e  faeces. E ig h t sam p les  o f  food  w ere sen t to  th e  E p id e m io lo 
g ica l S ta tio n ; fro m  five  of th e m  (fan cy  cak e , d ressed  m ea t, c ream  p ie , bo iled  
h a m , b u t te r  cookies) coagu lase p o s itiv e  Staphylococcus aureus haem olyticus  
cou ld  be grow n, w hereas th re e  o th e r sam p le s  c o n ta in e d  no p a th o g en ic  b a c te r ia . 
I t  is to  be n o ted  th a t  since th e  sam ples h a d  b een  sen t in  a fte r  s to ra g e  fo r a 
lo n g e r perio d  of tim e , no d e ta iled  b a c te rio lo g ic a l te s ts  w ere m ad e , b u t  from  
th e  ab o v e  m en tio n ed  5 sam ples th e  s ta p h y lo c o c c u s  grew in alm ost p u re  c u ltu re s  
in  b lo o d  ag ar an d  in  p u re  cu ltu re s  in  m ed ia  co n ta in in g  8  per c e n t N aC l.

T he clin ical sy m p to m s co rresp o n d ed  to  th o se  of s ta p h y lo c o c c a l food 
p o ison ing . As i t  tu rn e d  o u t la te r , one m e m b e r o f th e  fam ily  h a d  su ffe re d  from  
fo llicu la r to n s illitis  tw o  w eeks befo re  th e  d in n e r  an d  a t th e  tim e  th e  foods 
w ere  cooked every  m em ber of th e  fa m ily  w as com plain ing  ab o u t c o m m o n  cold 
a n d  an g in a . No te s ts  o f th r o a t  or s p u tu m  sam p les  w ere m ade, b u t  th e  foods 
m ig h t h av e  been  in fec ted  t h a t  w ay . S ince o n ly  a sm all p a r t  o f th e  fo o d s  w as 
co n su m ed  w ith in  a sh o rt t im e  a f te r  th e i r  p re p a ra tio n , in  th e  s to re d  fo o d s  th e  
s tap h y lo co cc i h a d  tim e  to  m u ltip ly  a n d  p ro d u c e  to x in  in  such  a m o u n ts , as 
m ig h t ex p la in  th e  severe sy m p to m s.

F iv e  of th e se  stap h y lo co ccu s s tra in s  w ere  sen t to  th e  M icrob io log ica l 
D e p a r tm e n t o f th e  N a tio n a l I n s t i tu te  o f  N u tru tio n  for e n te ro to x in  te s ts . 
A lth o u g h  th e  five  s tra in s  seem ed to  be  id e n tic a l, we te s te d  th e m  o n e  b y  one. 
M ice w ere in o cu la ted  in tra c e re b ra lly , o n  th e  one h an d , and , on  th e  o th e r, 
s te r ile  m ilk  h a d  been  in fec ted  w ith  c u ltu re s  o f  th e  s tra in s  in  q u es tio n  a n d  1  l i tre  
v o lu m es o f such  24-hour cu ltu re s  w ere  fed  to  2— 2 a d u lt dogs (14 to  18 kg). 
A t th e  tim e  of feed ing  th e  m ilk  sam p les  c o n ta in e d  10° to  108/g liv in g  S ta p h y lo 
coccus aureus o rgan ism s. T h e  an im als , fa s te d  m o d e ra te ly  before, in g e s te d  th e  
m ilk  w ith o u t fa il w ith in  20 to  60 m in u te s . I n  th e  follow ing we d e sc rib e  th e  
re su lts  o b ta in ed  w ith  th e  d iffe ren t s tra in s .

S tra in  I  (1.774/61). F o u r  hou rs  a f te r  h a v in g  in gested  th e  in fe c te d  m ilk  1, 
f iv e  h o u rs  la te r  3, an d  te n  h o u rs  la te r  2 liq u id  stools w ere p assed . B e tw een  
7 a n d  8  h o u rs  one of th e  dogs v o m ited  tw ice . B o th  an im als w ere in e r t  a n d  h ad

2 *
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n o  a p p e tite . T h ey  se e m e d  to  feel b e tte r  a f te r  9 ho u rs . T w en ty -o n e  h o u rs  
fo llo w in g  th e  in g e s tio n  o f  m ilk  b o th  an im a ls  a p p e a re d  to  be w ell, h a d  no 
d ia r rh o e a  any lo n g er. T h e  tw o  stools passed  b e fo re  th e  ex p erim en t a n d  th e  
o n e  passed  im m e d ia te ly  a f te r  feeding w ere n o rm a l, no staph y lo co cc i cou ld  
b e  iso la te d  e ith e r f ro m  th e m  or from  re c ta l  sw a b s  ta k e n  a t th e  sam e p o in ts  
o f  t im e , w hereas f ro m  th e  s to o ls  passed b e tw e e n  4 a n d  10 hours, from  th e  r e c ta l  
sw a b s  ob ta ined  in  th e  sa m e  period  and  from  th e  2  v o m its  in n u m erab le  s ta p h y 
lo co cc i were grow n. T h e  p a th o g e n ic  agen t w as p re s e n t  in  sm all n u m b ers  in  th e  
s to o ls  passed a f te r  24 h o u rs ,  and  no t a t a ll in  th e  specim ens te s te d  a f te r  48 
h o u rs .

Stra in  I I  (1 .775/61). T h e  tw o anim als fed  th e  in fec ted  m ilk  passed  2 s too ls 
a t  tw o  hours, a n o th e r  2 a t  f iv e , and  4 a t n in e  h o u rs . F ro m  th e  f irs t fo u r  s to o ls  
in n u m e ra b le , from  th e  se c o n d  four som ew hat le ss , Staphylococcus aureus  cou ld  
b e  grow n, th e  re c ta l sw a b s  ta k e n  a t 5 h o u rs  lik ew ise  con ta ined  u n c o u n ta b le  
a m o u n ts  of th e  o rg a n ism . T h e  stools p assed  b e fo re  an d  30 hours a f te r  th e  
e x p e rim e n t were n e g a tiv e  fo r Staphylococcus aureus, those  passed  b e tw e e n  
24 a n d  30 hours c o n ta in e d  few  of th e  o rg an ism .

S tra in  I I I  (1 .776 /61 ). A fte r a period o f la te n c y  la s tin g  six h o u rs  th e  tw o  
d o g s produced  one v o m it  a n d  5 liqu id  stools, fo llo w ed  a t  e igh t hours b y  tw o  liq u id  
a n d  a t  nine hours b y  3 sem i-so lid  stools. T h e  v o m it and  th e  7 liq u id  s too ls 
c o n ta in e d  large n u m b e rs  o f  staphy lococcus, w h e re a s  th e  coun ts w ere  lo w er 
in  th e  9-hour stoo l a n d  in  th e  fu rth e r  3 stoo ls p a s se d  a t  n ig h t. (The b a c te r iu m  
c o u ld  be recovered  in  s a l t  a g a r  only, and  n o t in  b lo o d  agar.) The 2 4 -h o u r s too ls 
c o n ta in e d  s tap h y lo co ccu s  in  sm all q u a n titie s . T h e  re c ta l sw abs ta k e n  a f te r  
s ix  a n d  eight h o u rs  c o n ta in e d  enorm ous q u a n t i t ie s  o f Staphylococcus a u reu s , 
w h e re a s  those o b ta in e d  a t  tw en ty -th ree  h o u rs  c o n ta in e d  co n sid e rab ly  less. 
A f te r  48 hours s ta p h y lo c o c c u s  could be g ro w n  n e ith e r  from  th e  s to o ls , n o r  
f ro m  th e  rec ta l sw ab s. T h e  an im als were w e a k  a n d  h a d  no a p p e tite  fo r  5 to  9 
h o u rs  following feed in g .

Stra in  I V  (1 .777 /61 ). B etw een 4 a n d  8  h o u rs  th e  an im als fed  th e  
in fe c te d  m ilk w ere w e a k , h a d  no a p p e tite , p a ss in g  stools in  th e  fo llow ing  
o rd e r :  Two a t 4 h o u rs , o n e  a t  5 hours, f iv e  a t  6  h o u rs ; every  stoo l w as l iq u id  
a n d  con ta ined  in n u m e ra b le  staphylococci. A f te r  22 hours five m ore  s to o ls  
w e re  passed; th e se  w e re  o f  norm al co n s is te n c y  a n d  co n ta ined  h a rd ly  a n y  
s tap hy lococcus.

Stra in  V  (1 .778 /61). D iarrhoea  b eg an  a f te r  4 %  hours an d  till 9 h o u rs  
8  s to o ls  were p assed . T h e se  con ta ined  la rg e  q u a n tit ie s  of s tap h y lo co ccu s . 
T h e  cond ition  of th e  a n im a ls  was sim ilar to  t h a t  described  in  co nnex ion  w ith  
th e  prev ious e x p e r im e n ts . No Staphylococcus aureus  could be g row n  fro m  
th e  stools o b ta in ed  b e fo re , an d  from  th o se  p a s se d  la te r  th a n  30 h o u rs  a f te r , 
fe ed in g . The c u ltu ra l r e s u l ts  o f  th e  rec ta l sw abs w ere  sim ilar to  th o se  o b ta in e d  
fo r  th e  stools.
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T hree  dogs w ere tr e a te d  re c ta lly  w ith  3 m l vo lum es of th e  c u ltu re  o f  one 
o f th e  s tra in s  in  q u es tio n . T he dogs deve loped  n e ith e r  d ia rrh o ea , n o r  a n y  
o th e r  sy m p to m . T h e  1— 2 stoo ls passed  in it ia lly  a n d  th e  re c ta l sw ab s ta k e n  
w ith in  6  hours c o n ta in e d  sm all n u m b ers  of Staphylococcus aureus.

T h e ex p e rim en ts  w ere re p e a te d  w ith  3 s tra in s  o f n o n -h aem o ly tic  S ta p h y 
lococcus aureus a n d  w ith  tw o  s tra in s  o f Staphylococcus albus. A ll th e se  s tra in s  
o r ig in a te d  from  food , a n d  gave n eg a tiv e  re su lts  b y  th e  coagulase, le c ith in a se  
a n d  m an n ito l b reak d o w n  te s ts . T he an im als  fed  th e  ap a th o g en ic  s tra in s  sh o w ed  
n e ith e r  d ia rrh o ea , n o r a n y  o th e r  sy m p to m  follow ing th e  in g estio n  o f s ta p h y lo 
coccus. T he b a c te r ia  th em se lv es  could  be d e m o n s tra te d  in  th e  stoo ls fo r  10 to  
24 h o u rs . S im ilarly , we o b ta in e d  n eg a tiv e  re su lts  fo r th e  h aem o ly tic  S ta p h y lo 
coccus aureus iso la te d  fro m  th e  v o m it of a p a tie n t  w ith  food poisoning , a l th o u g h  
th is  s tra in  w as coagu lase-p o sitiv e .

I n  th e  m ouse e x p e rim e n ts  24 -hour ag a r c u ltu re s  o f th e  s tra in s  w ere 
su sp en d ed  in  sa line  an d  7 to  10 an im als  w ere in o c u la te d  in tra c e re b ra lly  w ith  
a q u a n t i ty  o f 0.05 m l. T he d e a th s  a f te r  1, 2 an d  3 day s w ere reco rd ed . A tte m p ts  
w ere m ade a t  reco v erin g  Staphylococcus aureus fro m  th e  b ra in  a n d  sp le e n  in  
sa line  an d  blood  m ed ia , a n d  th e  b ra in  w as ex am in ed  h isto log ically .

Table I

Strain
Number 
of mice

Number of deaths Bacteriology result and num ber

to ta l
daily brain spleen

1 2 3 + + -

I. 1.774/61 7 7 4 2 1 5 0 5 0

II . 1.775/61 10 10 9 1 7 0 7 0

I I I .  1.776/61 10 9 8 1 7 0 7 0

IV . 1.777/61 10 9 8 1 7 0 7 0

V. 1.778/61 10 10 9 1 9 0 9 0

T he d a ta  in  T ab le  I  in d ic a te  th a t  th e  c u ltu re s  of th e  s tra in s  o rig in a lly  
su p p o sed  to  be d iffe ren t w ere p ra c tic a lly  eq u a l in  p a th o g e n ic ity , th e  d iffe ren ces 
o b ta in e d  could  be ascrib ed  to  b io logical sc a tte r in g . T he path o g en ic  a g e n t cou ld  
be iso la ted  from  th e  b ra in  a n d  sp leen  in  ev e ry  case. P a th o h is to lo g ica l e x a m in a 
tio n  show ed o edem a an d  h aem o rrh ag e  in  th e  b ra in .

D iscussion

In  th e  above  describ ed  ty p ic a l b u t  u n u su a lly  serious s ta p h y lo c o c c a l 
food poisoning  th e  source o f  in fec tio n  w as p re su m a b ly  th a t  m em b er o f  th e  
fam ily , w ho h a d  h a d  to n s illitis  tw o  w eeks ea rlie r, b u t  th e  o th e r  m em b ers  o f 
th e  fam ily  w ho h a d  sy m p to m s o f an g in a  m igh t h a v e  p lay ed  such  a ro le . S ev era l
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fo o d s could be su sp e c te d  o f  hav ing  h ad  a p a r t  in  th e  tran sm iss io n  of th e  p a th o 
gen ic  agen t an d  th e  g ro w th  of b ac te ria  in  th e m  w as g re a tly  p ro m o te d  b y  th e  
24 to  48 h ours’ s to ra g e . T h e  vom its and  s to o ls  o f  th e  p a tie n ts  w ere n o t ex am in ed  
b ac te rio lo g ica lly . T h e se  d a ta  w ould h a v e  su p p le m e n te d  v a lu a b ly  th e  reco rd , 
y e t  th e ir  lack  s u b tr a c ts  l i t t le  o f th e  e v id e n c e , i t  now  being  u n q u e s tio n a b le  
t h a t  s taphy lococci m a y  be  responsible fo r fo o d  poisoning.

T he aim  o f th e  p re s e n t  in v es tig a tio n s  w as  to  d e m o n s tra te  th e  p ro d u c tio n  
o f  e n te ro to x in  b y  s ta p h y lo c o c c i, in  th e  f i r s t  p lace . Y oung  c a ts  n o t  h av in g  
b e e n  availab le , a d u l t  d o g s w ere used  a n d  i t  h a s  been  a sc e rta in ed  t h a t  b y  th e  
o ra l a d m in is tra tio n  o f  m ilk  co n ta in in g  1 0 6  to  1 0 8  live germ s p e r g ram  o f a 
2 4 -h o u r cu ltu re  o f e n te ro p a th o g e n ic  s ta p h y lo c o c c i a disease could  he in d u ced  
in  th e m , w ith  a la te n c y  o f  4 to  5 ho u rs . T h e  m o s t c h a ra c te ris tic  sy m p to m  of 
th e  disease w as, a p a r t  f ro m  p ro s tra tio n  a n d  an o rex ia , th e  f re q u e n t passage 
o f  m ucous d ia rrh o e a , so m etim es c o n ta in in g  b lo o d , w ith  4 to  7 s too ls in  8  to  
10 h o u rs . The d ia r rh o e a  ceased  in  8  to  10 h o u rs , w h en  th e  o th e r sy m p to m s also 
d isap p ea red . T he p a th o g e n ic  agen t could  be  d e m o n s tra te d  in  la rg e  q u a n tit ie s  
in  th e  f irs t stool sa m p le s , la te r  th e  b a c te r ia l c o u n t decreased  an d  a f te r  24 hours 
few  staphy lococci w e re  p re se n t in  th e  s to o ls  a n d  re c ta l sw abs. Sm all n u m b ers  
o f  staphy lococci m a y  be  ex c re ted  also u n d e r  n o rm a l cond itio n s. I t  is to  be 
n o te d  th a t  th e  iso la t io n  o f  s taphy lococci, e sp ec ia lly  w hen  th e y  a re  p resen t 
in  sm all num bers o n ly , w ill only be successfu l in  e lective m ed ia  su ch  as ag ar 
c o n ta in in g  8  p e r c e n t N aC l, ev en tu a lly  10 p e r  c e n t e tan o l. I n  b lo o d  ag a r th e  
o th e r  m em bers o f  th e  n o rm a l in te s tin a l f lo ra  su p p ress  th e  stap h y lo co cc i.

O ur resu lts  a p p e a r  to  be a t varian ce  w ith  th o se  pu b lish ed  b y  M i n e t t  [19].  
T h is  is exp lained  p a r t ly  b y  our using h ig h e r  doses th a n  th e  sa id  a u th o r  d id. 
W e are  convinced t h a t  th e  am oun t of to x in  o r c o n ta m in a te d  food shou ld  be 
p ro p o rtio n a te  to  th e  w e ig h t of th e  an im als. D ogs are u n d o u b te d ly  less sensitive  
t h a n  are  h u m an  b e in g s  o r c a ts  and  th e re fo re  th e  dose to  be a d m in is te re d  shou ld  
b e  h ig h er. The sy m p to m s  in d u ced  are p re s u m a b ly  d ep en d en t u p o n  th e  n u m b er 
o f  b a c te r ia , to o , b e s id e  th e  to x in  effect.

The resu lts  o f  th e  in tra c e reb ra l in o c u la tio n s  of m ice in d ic a te  t h a t  th e  
e x a m in e d  s tra in s  o f  s tap h y lo co ccu s  w ere p a th o g e n ic . T he d ifferences be tw een  
s t r a in s  found in  th e  d o g  o r  m ouse ex p e rim en ts  a re  due p re su m ab ly  to  bio logical 
v a r ia tio n s . No sy m p to m s  could  be in d u ced  in  dogs w ith  an  a p a th o g en ic  s tra in  
a n d  w ith  one a p p a re n t ly  pathogen ic , a n d  th e re fo re  we e v a lu a te  o u r re su lts  
p o s itiv e ly . The m e th o d  w e have developed  m a y  n o t be as sen sitive  as th e  D ol
m a n  te s t ,  b u t s till a p p e a r s  to  be su itab le  fo r th e  d e m o n s tra tio n  of e n te ro to x in  
p ro d u c tio n  by  s ta p h y lo c o c c i.

W e wish to  a d d  t h a t  on oral a d m in is tra tio n  th e  stap h y lo co ccu s p ro d u ced  
m o re  serious sy m p to m s in  th e  dogs th a n  th e  B . cereus an d  o th e r aerob ic  sporous 
b a c te r iu m  s tra in s  e x a m in e d  by  one of us, a n d  on in tra c e re b ra l in o cu la tio n  
in  m ice i t  was also  m o re  pa thogen ic  th a n  B . cereus [26, 27].
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VERGLEICH DER KARIESINTENSITÄT DER ERWACH
SENEN BEVÖLKERUNG UNGARNS MIT DEN ANALOGEN 

ANGAREN DER VEREINIGTEN STAATEN, 
TSCHECHOSLOVAKEI UND ITALIEN

Von

P . B ruszt

STOMATOLOGISCHE A BTEILU N G  DES STÄDTISCHEN K RAN K EN HA U SES, BAJA 

(E in g eg an g en  am  28. N o v e m b er 1962)

A u f G ru n d  v o n  b e i a n n äh e rn d  13 000 P e rso n e n  ü b e r  14 Ja h re n  o h n e  S e lek tion  
d u rc h g e fü h rten  U n te rsu ch u n g e n  w erden  d ie A n g a b en  de r K a riesfreq u en z  u n d  der 
K a r ie s in te n s itä t  b ek an n tg eg eb en . D ie in  5 jäh rig e  A lte rsg ru p p en  g e te ilten  E rg eb n isse  
w e rd en  bei F ra u e n  u n d  M ännern  g e tre n n t  b e w e r te t.

D ie K a rie sa n g a b en  de r U m gebung  d e r S ta d t  B a ja  w erden m it  d e n , in  den  
ü b rig en  G eb ieten  U n g a rn s  g esam m elten  D a te n  v e rg lich en .

D ie K a rie sk u rv e n  de r e rw achsenen  B e v ö lk e ru n g  von  drei a n d e re n  L ä n d e rn  
w erd en  m it d en  A n g ab en  U n g arn s verg lich en . W äh re n d  die K u rv e  d e r V e re in ig te n  
S ta a te n  u n d  d ie  d e r T schechoslovakei z u e in an d e r  re c h t  nah e  u n d  ü b e r  d e r  K u rv e  
U n g a rn s v e rla u fen , liegen  die W erte  I ta lie n s  n ied rig e r.

In  v o rlieg en d er A rb e it w ird ü b er die be i n ah ezu  13 000 D o rfb ew o h n ern  
(ü b er 14 Ja h re n )  in  12 G em einden  d u rc h g e fü h rte n  U n te rsu ch u n g en  b e r ic h te t .  
D ie E rg eb n isse  w erd en  m it ein igen zu r V erfü g u n g  steh en d en  a u s län d isch en  
analogen  A ngaben  verg lichen . A ußerdem  w erd en  auch  die E rn ä h ru n g s v e r 
h ä ltn isse  d ieser L ä n d e r m ite in a n d e r ve rg lich en , da  im  Z u stan d ek o m m en  der 
K aries  u n te r  den  M ilieuw irkungen  an n e h m b a r die E rnäh ru n g sw eise  d ie w e se n t
lich ste  R olle sp ie lt.

D ie U n te rsu c h u n g e n  fan d en  in  den  J a h re n  1949— 60 im  R a h m e n  von  
hy g ien isch en  R e ih en u n te rsu ch u n g en  s ta t t .  Ü b er einige E rgebnisse  h a b e n  w ir 
b e re its  b e ric h te t [7, 8 , 9, 10, 11, 12].

D as u n te rsu c h te  G eb iet b ild e t eine geograph ische  E in h e it. A sztalos 
u n d  Sárfalvi [4] sch re ib en  ü b e r das L ößfeld  v o n  B ácska , wo die u n te rs u c h te n  
D örfer liegen , fo lgendes:

»Das L ößfeld  v o n  B ácsk a  e rs tre c k t sich ü b e r  d ie  B ezirke  B ácsalm ás u n d  B a ja . 
Im  zw ischen d e r D on au  u n d  d e r L andesgrenze lieg en d en  G eb iet i s t  — abw eichend  v o n  se iner 
U m g eb u n g  — die P ro z e n tz a h l des A ckerbodens a u ß e ro rd e n tlic h  hoch, die A u sd eh n u n g  der 
W iesen u n d  W eiden  d a b e i u n b e d e u te n d . D er B ezirk  i s t  fü r  Z uckerrüben  e ines d e r  f r u c h t
b a rs te n . E s w erden  G e tre id e , K a rto ffe ln  u n d  au ß erd em  F u tte rk o rn  u n d  H a lm fu t te r  g e b au t. 
Im  S an d b o d en  g ed eih t eine h o ch en tw ick e lte  W e in k u ltu r . H in sich tlich  des V ie h s ta n d e s  ist 
d ie a u f  den  M aisan b au  g e g rü n d e te  Schw einezuch t am  b e d eu ten d s te n .

D as K lim a des G eb ie tes is t k o n tin e n ta l, die jäh rlich e  M itte lte m p e ra tu r  
b e trä g t  10° C, die d u rch sch n ittlich e  N iedersch lagsm enge 550— 600 m m /J a h r . 
Die In so la tio n sd a u e r , die in  U n g arn  d u rc h sc h n ittlic h  1900 S t/J a h r  a u s m a c h t, 
is t am  u n te rsu c h te n  G eb ie t am  hö ch sten  [4, 35].
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M it A usnahm e eines Teiles von V a sk ú t s in d  die B ew ohner säm tlich e r 
G e m e in d e n  U n g arn  [9]. D ie  überw iegende M eh rzah l der B e v ö lk e ru n g  (71—  
9 1 ,3 % , d u rc h sc h n ittlic h  8 1 ,6 % ; A ngabe au s 1949) sind  F e ld a rb e ite r  [5]. 
S ä m tlic h e  L än d er g eh ö ren  K o o p era tiv en  an .

I n  den e in ze ln en  D ö rfe rn  b e trä g t d ie  E inw o h n erzah l 1080— 5982. 
D u rc h s c h n itt l ic h  is t  p ro  100 W ohnungen  m it  350 (318—-398) P e rso n e n  zu 
re c h n e n  [5, 27, 28]. I n  d en  G em einden  g ib t es m eh re re  B ohr- u n d  O b e rfläch en 

b r u n n e n . N ur in  e in em  d iese r B ru n n en  (P ü sp ö k p u sz ta  bei D ávod) k o n n te  
e in  h o h e r  F lu o rg eh a lt nachgew iesen  w erden  (3 mg/1), in  5 B ru n n e n  (1 E rsek- 
c s a n á d , 4 K a ty m á r)  b e tru g  d e r F lu o rg eh a lt e tw a  1,5 mg/1, in  w e ite ren  5 dagegen  
w a r  e r  a u ß e ro rd e n tlich  n ie d rig , zum eist u n te r  0 ,3— 0,4 m g /1 .

D ie du rch  das L a n d e s in s t i tu t  fü r E rn ä h ru n g sw isse n sc h a ftd u rc h g e fü h rte n  
U n te rsu c h u n g e n  b e s c h rä n k te n  sich au f die B ew o h n e r der G em einden  V ask ú t 
u n d  D á v o d  [9]. D a a u f  d iese  W eise n u r e in  k le in e r  Teil unseres M ate ria ls  b e 
a r b e i te t  w urde , s tü tz te n  w ir uns au f die, das ganze  L and  b e tre ffe n d en  s ta t i 
s t is c h e n  A ngaben  [15] (T ab . I I I ) .
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E s m uß  b e to n t w erd en , d a ß  w äh ren d  in  den V o rk rieg s jah ren  —  d as K in 
d e sa lte r  d er m eis ten  U n te rsu c h te n  fä llt a u f  diese Zeit —  d er jä h r lic h e  Z u ck e r
v e rb ra u c h  n u r  e tw a  10 kg  b e tru g  [15, 38, 40], diese Z ah l h e u te  17— 26 kg 
au sm a c h t.

Die U n te rsu c h u n g sm e th o d ik  u n d  die B e a rb e itu n g  d e r A n g ab en  w u rd en  
in  v o ran g eh en d en  M itte ilu n g en  b esch rieb en  [7— 12].

In sg e sa m t w u rd en  12 839 P erso n en  —  6073 M änner u n d  6766 F ra u e n  —- 
u n te rs u c h t, also e tw a  10%  m eh r F ra u e n , als M änner. D iese 12 839 P erso n en  
s te llen  d u rc h sc h n ittlic h  43 %  d e r erw achsenen  B ev ö lk e ru n g  d er 12 G em einden  
d a r. I n  8  v o n  den  14 A lte rsg ru p p e n  ersch ienen  zu r U n te rsu c h u n g  m eh r als 
1000 P ersonen .

In  T ab . I  is t die K a rie sfreq u en z  u n d  In te n s i tä t  d er M än n er u n d  F ra u e n  
in  5 jäh rig e  A lte rsg ru p p en  g e o rd n e t a n g e fü h rt. A us den  A n g ab en  g e h t h e rv o r, 
d aß  ü b e r 40 J a h re n  ein k a rie sfre ies  G ebiß  n u r  A usnahm sw eise  v o rk o m m t.

D ie g lobale K ariesfrequenz  b e trä g t  be i F ra u e n  97 ,7 % , bei M än n e rn  95 ,5 % , 
im  D u rc h sc h n itt also 9 6 ,8 % .

K ariesin tensitä t : D er D M F -In d ex  is t hei den 14 Jä h r ig e n  3 ,1 , be i den 
15— 19 Jä h rig e n  4,3 u n d  w ä c h s t be i den  20— 24 Jä h rig e n  v o n  6 , 6 , 8 , 9 ,4 s tu fe n 
w eise b is zu  19 an . D u rc h sc h n ittsw e rte : F ra u e n  12,5, M än n er 10,2, G loba lw ert 
11,4.

W äh ren d  die D u rc h sc h n ittsw e rte  (M itte lw erte ) — info lge d e r h o h e n  Z ahl 
d er P ro b a n d e n  —  n u r  geringe F eh le r aufw eisen , zeigen die D M F -In d ex w erte  
in  d en  e inzelnen  G ru p p en  b e trä c h tlic h e  S ch w an k u n g en  u n d  S tre u u n g e n  
(0, 1, 2 . . . 27, 28).

D ie 11. S p a lte  d er T ab . I  ze ig t die zw ischen den  D M F -In d ex en  2 b e n a c h 
b a r te r  A lte rsg ru p p en  b e s te h e n d e n  U n te rsch ied e . W erd en  diese A n g ab en  a u f 
5 J a h re  v e r te ilt  u n d  die b e id en  E x tre m w e rte  v e rn a c h lä ß ig t, so e rg ib t sich , daß 
im  D u rc h sc h n itt jä h r lic h  0 ,2— 0,3 Z ähne d e r P ro b a n d e n  e rk ra n k e n .

B each ten sw ert is t das Ü b e re in s tim m en  d ieser Z ahl m it d en  v o n  Z uhrt 
[50] jü n g s te n s  m itg e te ilte n  D a te n  ü b e r D eu tsch lan d .

M it fo rtsc h re ite n d em  A lte r  is t die V ersch lech te ru n g  des G ebisses 
z iem lich  g le ichm äßig . D as W o rt » Z ah n v ersch lech te ru n g «  w u rd e  ab sich tlich  
g ew äh lt, d a  u n se re r  M einung n a c h  im  V erd erb en  der Z ähne  n ic h t  n u r  der 
K a rie s , so n d ern  au ch  d er L o ck eru n g  eine R olle zu k o m m t [43].

I n  d er K a rie sb ew ertu n g  m it H ilfe d er D M F -In d ex zah l e rg ib t sich  eine 
große F eh le rq u e lle  aus dem  U m sta n d , d aß  ein  Teil d e r Z ähne  n ic h t w egen 
K arie s , so n d ern  w egen P a ra d e n to se  feh lt. D as V erh ä ltn is  d er b e id en  U rsach en  
k a n n  n u r  schw er fe s tg e s te llt w erd en . A u f G ru n d  d er e igenen  E rfa h ru n g e n  u n d  
d enen  u n g a risch e r V erfasser, is t  d em  d u rch  P a ra d e n to se  v e ru rsa c h te n  Z a h n m a n 
gel b is zum  4 0 —50. L eb en s jah r im  a llgem einen  keine B e d e u tu n g  b e izum essen .

A bb . 1 s te llt  d ie in  d en  e inze lnen  D örfern  V orgefundenen D M F -In d ex - 
zah len  g esondert d ar.
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Tabelle I
K ariesfrequenz, K a rie sin ten sitä t u n d  D M F -In d exko m p o n en te

A lter, Geschlecht
Zahl

der U ntersuch ten
Zahl der Personen m it 

schlechten Zähnen %
Zahl der 

kariösen Zähne Karies Wurzel

M. 93 68 73,1 276 1,9 0,2
F . 14 81 68 84,0 273 1,6 0,3
G e sa m t 174 136 78,1 549 1,7 0,3

M. 518 438 84,5 2 071 2,1 0,4
F . 15— 19 533 472 86,9 2 438 2,8 0,2
G e sa m t 1 051 910 86,5 4 509 2,5 0,3

M. 351 332 94,6 1 955 1,9 0,6
F . 20— 24 543 499 91,9 3 981 2,5 0,7
G e sa m t 894 831 93,0 5 936 2,3 0,7

M. 584 552 94,7 3 878 1,8 0,8
F . 25— 29 700 677 96,7 6 492 2,5 0,8
G e sa m t 1 284 1 229 95,7 10 370 2,2 0,8

M. 548 523 96,5 4 132 1,6 0,8
F . 30— 34 706 700 99,1 7 624 1,9 1,0
G e sa m t 1 254 1 223 97,9 11 756 1,8 0,9

M. 622 611 98,2 5 581 1,8 1,3
F . 35— 39 634 626 98,7 7 294 1,9 0,9
G e sa m t 1 256 1 237 98,3 12 875 1,9 1,1

M. 454 449 99,0 4 453 1,5 1,8
F . 40— 44 559 559 100,0 7 343 1,5 1.5
G esam t 1 013 1 008 99,5 11 796 1,5 1,6

M. 698 677 97,0 7 516 1,2 1,4
F . 4 5 — 49 768 764 99,5 10 852 1,6 1.7
G e sa m t 1 466 1 441 98,3 18 368 1,4 1,5

M. 650 641 98,6 8 043 1,0 1.8
F . 50— 54 725 720 99,3 11 134 1,2 2,0
G e sa m t 1 375 1 361 98,9 19 177 1,1 1,9

M. 572 567 99,1 8 261 0,9 1,7
F . 55— 59 561 560 99,9 9 451 1,0 1,5
G e sa m t 1 133 1 127 99,4 17 712 1,0 1,6

M. 440 436 99,1 6 902 0,8 1,6
F . 60— 64 442 442 100,0 8 241 1,0 2,2
G e sa m t 882 878 99,5 15 143 0,9 1,9

M. 304 301 99,0 5 102 1,1 2,5
F . 65— 69 288 288 100,0 5 519 0,8 1,9
G e sa m t 592 589 99,5 10 621 0,9 2,2

M. 157 155 98,7 2 652 0,7 2,6
F . 70— 74 166 166 100,0 2 985 0,5 1,9
G e sa m t 323 321 99,1 5 637 0,6 2,3

M. 82 82 100,0 1 444 0,5 2,2
F . 75— 79 70 70 100,0 1 444 0,8 2,7
G e sa m t 152 152 100,0 2 888 0,7 2,5

M 6 073 5 832 95,9 62 266 1,4 1,3
F . 14— 79 6 766 6 611 97,7 85 071 1,8 1,3
G e sa m t 12 839 12 443 96,8 147 337 1,6 1,3
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der erwachsenen Bevölkerung von 12 Gemeinden bei B a ja

Füllung Krone
Z ihn- 

mangel
K aries je Person 

(DM I'-Iml.x)
Unterschied zw ischen den 

D M F-Indexen der 2 
A ltersgruppen

DMF-Index 
der W eisheits

zähne

D M F-Index m it 
den W eisheits

zahnen

0,5 0,3 2,9
1,0 — 0,4 3,3 3,1
0,8 — 0,3 3,1

1,2
0,6 0,1 0,8 4,0
0,7 0,1 0,7 4,5 4,3
0,6 0,1 0,6 4,3

2,3
1Д 0,3 1,6 5,5 1,2
0,9 0,6 2,6 7,3 1,5 8,0
1,4 0,4 2,2 6,6 1,4

i 1
0,9 0,4 2,7 6,6 1,3
1,0 0,9 4,0 9,2 2,0 9,7
1,0 0,6 3,4 8,0

1,4
1,7

0,8 0,5 3,8 7,5 1,5
1,0 1,2 5,7 10,8 2,1 11,2
0,8 0,7 5,2 9,4

0,8
1,8

1,0 0,8 4,0 8,9 1,8
1Д 1Д 6.5 11,5 2,3 12,2
1,0 1,0 5,2 10,2

1,4
2,0

0,9 0,6 5,0 9,9 2,2
0,7 0,7 8,7 13,1 2,5 14,0
0,8 0,7 7,0 11.6 2,4

o 9
0,4 0,4 7,3 10,7 2,3
0,6 1,1 9.1 14,1 2,3 14,8
0,6 0,8 8,2 12,5

1,4
2,3

0,3 0,3 9,0 12,4 2,5
0,5 0,8 10,8 15,3 2,8 16,6
0,4 0,6 9,9 13,9

1,8
2,7

0,3 0,3 11,2 14,4 2,8
0,5 0,7 13,1 16,8 3,0 18,6
0,4 0,5 12,2 15,7

1,4
2,9

0,2 0,2 12,9 15,7 3,1
0,3 0,4 14,8 18,7 3,2 20,2
0,2 0,3 13,8 17,1

0,8
3,1

0,1 0,2 12,8 16,7 3,0
0,2 0,4 15,8 19,1 3,4 21,1
0,1 0,3 14,4 17,9

0,1
3,2

0,1 0,5 12,9 16,8 3,2
0,1 15,5 18,0 3,4 21,3

0,1 0,3 14,7 18,0
1,0

3,3

0,1 14,8 17,6 3,2
0,1 16,9 20,5 3,5 22,3
0,1 15,7 19,0 3,3

0,5 0,4 6,7 10,2 2,2
0,8 0,8 7,8 12,5 2,4 13,4
0,7 0,6 7,2 11,4 2,3
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A bgesehen  von  g e rin g zah lig en  A b w e ich u n g en  -— die v ie lle ich t m it der 
v e rh ä ltn is m ä ß ig  g e rin g eren  Z ahl d ieser A lte rsg ru p p e n  zu e rk lä re n  s in d  —  
lie g e n  säm tlich e  W erte  in  d e r N ähe d er K u rv e , die die su m m ie rten  A n g ab en  
d a r s te l l t  u n d  eine n a h ezu  g e rad e  L inie b ild e t (A bb. 2).

DMF-index

21 
20 

19 
18 
17 
16 
15 
14 
13 

12 
11 
10 
9 
8 
7 

6 
5 
4  

3 

2 
1

14 15 20 25 30 35 40 45 50 55 60 65 70 75 80 Jahre

A b b . 1 . D M F -Indexe  der B e v ö lk e ru n g  von  N a g y b a ra c sk a , D áv o d , V askú t, B á csb o k o d , Felsö- 
s z e n tiv á n , É rsek csan ád , S zerem le , w e ite rh in  v o n  M á té te lk e -T a tah á za , K u n b a ja , K a ty m á r  
u n d  B á c sm a d a ra s , je  A lte rs fü n f  jah rg ru p p e n , ф  1 N a g y b a ra c sk a , О  2 D á v o d , ф  3 V a sk ú t, 
Д  4  B ácsb o k o d , jk. 5 M á té te lk e -T a ta h á z a , ф  6 K u n b a ja ,  0  7 F e lső szen tiv án , □  8 É rsek - 

csanád , (J) 9 K a ty m á r ,  @ 10 S zerem le ,-j- 11 M adaras

D  as  D u rc h sc h n itts a lte r  d er P ro b a n d e n  sch w an k t in  d en  e in ze ln en  
D ö rfe rn  zw ischen 39— 43 J a h re n ,  ein  4 5 jä h rig e r  D u rch sch n itt w u rd e  led ig lich  
in  e in e r  G em einde v e rz e ic h n e t. D u rc h sc h n ittsw e rt: 40,8.

A u s den  A ngaben  d e r  T a b . I  is t die b e re its  von  anderen  V erfa sse rn  [3] 
fe s tg e s te l l te  T a tsach e  e rs ic h tlic h , daß  die K a r ie s in te n s itä t  der F ra u e n  in  s ä m t
lic h e n  A lte rsg ru p p en  sch o n  v o r  dem  G e s ta tio n sa lte r  höher is t als die d e r  M än
n e r . D e r  globale U n te rsc h ie d  zw ischen d en  2 D u rc h sc h n ittsw e rte n  b e t r ä g t  2,3.
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D ie g raph ische  D ars te llu n g  der K o m p o n e n te n  d er D M F -Indexe  v e ra n 
sc h a u lic h t, daß  die K u rv e  d er feh lenden  Z äh n e  (w egen K aries u n d  Z a h n lo c k e 
ru n g  v e rlo ren e  Z ähne) u n d  die D M F -K u rv e  p a ra lle l an ste ig en  (T ab . I) . D a bei

75 70 25 30 35 40 45 50 55 50 65 70

Abb. 2. D M F -Indexe  de r erw achsenen  B evö lkerung  in  U n g a rn  (W eisheitszähne e in b egriffen ). 
1. G yód , 2. D ie B ezirke  B a ja  u n d  B ácsalm ás, 3. H a las-M ajsa , F é legyháza , 4. K a m u t,  
5. W ö ch n e rin n en  aus D ebrecen , ф  M itte lschü ler au s  B u d a p es t. Д  D ebrecen er, S á to r- 
a lja ú jh e ly e r , E g ere r, О  B u d a p es te r  U n iv e rs itä tsh ö re r , R e k ru te n  aus v e rsch ied en en  
G eb ie ten  U n g a rn s , ф  F a b r ik a rb e ite r , g  B u d a p es te r  B lasen m u sik a n te n , B e rg leu te  aus

R u d a b á n y a

d e r B e rech n u n g  d er D M F -In d ex e  einige V erfasser [21, 32, 47 usw .] au ch  die 
W eish e itszäh n e  m itrech n en , sch ien  es zw eckm äß ig , U n te rsu c h u n g e n  d u rc h 
z u fü h re n , inw iefern  bei B erü ck sich tig u n g  d e r W eish e itszäh n e  in  d en  e in ze ln en  
A lte rsg ru p p e n  u n d  g lobal die D M F -Indexe  e rh ö h t w erden . A u f d iese W eise 
k ö n n en  d u rch  S u b tra k tio n  bzw . A d d itio n  d e r die W eisheitszähne b e tre ffe n d e n  
D a te n  d ie  A ngaben  d e r versch iedene S ta n d p u n k te  v e r tre te n d e n  V erfasser
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v e rg lic h e n  w erd en . E s e rgab  sich, d aß  die B e rü ck sich tig u n g  der W eish e itszäh n e  
d e n  D M F -In d e x  d e r 20— 8 0 jäh rig en  u m  2,3 e rh ö h t (bei M ännern  u m  2 ,2 , bei 
F ra u e n  u m  2,4). W erd en  jed o ch  au ch  d ie  A lte rsg ru p p e n  zw ischen  14— 19 in  
B e tra c h t  gezogen, so e rh ö h t die B e rü ck s ich tig u n g  d er W e ish e itszäh n e  den  
D M F -In d e x  n u r  u m  2,03. D ie le tz te  se n k re c h te  Säule der T ab . I  ze ig t die G e
s ta l tu n g  d e r D M F -In d ex e  n ach  A d d itio n  d e r W eish e itszäh n e; die A n g ab en  b e 
z ieh en  sich  a u f  die A lte rsg ru p p e  ü b e r  14 J a h re n  in  den  G em einden  d e r U m g e
b u n g  v o n  B a ja .

Vergleich der U ntersuchungsergebnisse in  der Um gebung von Baja und in  den
übrigen Gebieten Ungarns

A bb . 2 v e ra n sc h a u lich t d ie  in  U n g a rn  gesam m elten  A n g ab en  ü b e r 
d en  K a rie sb e fa ll d e r erw ach sen en  B ev ö lk e ru n g . E rgebn isse  v o n  A m b u la n z 
u n te rsu c h u n g e n , also  von  Z a h n k ra n k e n , fe rn e r  von  P erso n en  d e ren  T r in k 
w asse r h o h en  F lu o rg e h a lt au fw eist bzw . v o n  P ro b a n d e n , die B e ru fssch äd en  
a u sg e se tz t s in d , die in  e inem  abgesch lossenem  T a l leben , sch ließ lich  v o n  Z igeu
n e rn , d ie  eine g ru n d sä tz lic h  abw eichende  L ebensw eise fü h ren , w erd en  h ie rb e i 
n ic h t b e rü c k s ic h tig t. A us A bb. 2 lä ß t  s ich  zw ischen d en  a n g e fü h rte n  
A n g a b e n  —  tro tz  d e r F eh le rq u e llen  —  eine gew isse G le ichm äßigkeit fe s ts te lle n . 
B eso n d ers  au g en fä llig  is t das Ü b e re in s tim m en  d e r R e su lta te  v o n  G yód, H a las , 

M ajsa , F é le g y h á z a  u n d  K a m u t m it den  D a te n , die in  d er U m gebung  v o n  B a ja  
g e sam m elt w u rd en . E s soll je d o c h  b e to n t  w e rd en , d aß  die g eringeren  A bw ei
c h u n g e n  d e r K a r ie s in te n s itä t  (D M F -In d ex ) in fo lge m öglicher F eh le rq u e llen  
be i d e r  A u fn ah m e  d e r A ngaben  n ic h t a ls  w esen tlich  zu  b e tra c h te n  s in d . D ie 
in  m e h re re n  F ä lle n  b eo b a c h te te  I d e n t i tä t  z ah lre ich er A ngaben  d e r A lte rs 
g ru p p e  15— 19 is t  ebenfalls au ffa llen d .

L a u t  u n se re r  A n g ab en  bzw . d e r A b b . 2 is t  d e r Z u sam m en h an g  zw ischen  
L e b e n sa lte r  u n d  D M F -In d ex  in  d e r A lte rsg ru p p e  18— 80 n ah ezu  gerad lin ig . 
D a ra u s  fo lg t, d aß  d e r a rith m e tisc h e  D u rc h sc h n ittsw e r t der D M F -In d ex e  in  den  
v e rsc h ie d e n en  A lte rsg ru p p e n  ein  fü r  d as  d u rc h sc h n ittlic h e  L e b e n sa lte r  ch a 
ra k te r is t is c h e r  W e rt is t. D iese F e s ts te llu n g  is t  au c h  desw egen v o n  B e d e u tu n g , 
da  te ils  die Z ah l d e r u n te rsu c h te n  P e rso n en  in  d en  ü b rig en  G eb ie ten  U n g arn s  
im  V e rh ä ltn is  zu  u n se re r  P ro b a n d e n z a h l n u r  gering  is t (2— 300 P erso n en ) 
[6, 22 , 31, 46], te ils  beziehen  sie sich  n u r  a u f  einige Ja h rg ä n g e  e n th a lte n d e  
G ru p p e n  [13, 33, 49]. A u f G ru n d  des G esag ten  k ö n n en  jed o ch  au ch  diese 
D a te n  n eb e n  A bb . 2 e ingezeichnet w erden .
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Vergleich der K ariesintensität der erw achsenen Bevölkerung Ungarns m it den 
analogen Daten von drei anderen Ländern

T a b . I I  u n d  A bb . 3 v e ran sch au lich en , d a ß  die D M F -Indexe U n g a rn s  
zw ischen d e n  In d e x w e rte n  der V ere in ig ten  S ta a te n  u n d  I ta lien s  lieg en , d . h . 
d aß  d er K a rie sb e fa ll d er u ngarischen  B ev ö lk e ru n g  m äßiger is t , a ls d e r d e r

Tabelle II

Vergleich der durchschnittlichen K arieszahl j e  Proband ( D M F - ln d e x )  in Ita lien , U n garn , U S A
und Tschechoslowakei

(W eisheitszähne e in b eg riffen )

Altersgruppen 4 S täd te in  Ita lien 
(Schour und Massier)

12 Gemeinden im  K om ita t 
Bács-Kiskun (Bruszt)

USA (Klein und 
Palmer)

Tschechoslovakei 
(Ponéová und  H ajek)

11— 15 1,5 4,66 6Д

16— 20 2,02 4,3 8,50 9,3

21— 30 2,31 8,8 17,05 13,36

31—40 6,96 11,7 20,35 17,90

41— 50 9,26 14,4 21,87 21,14

51— 60 10,80 17,2 23,20 26,07

V ere in ig ten  S ta a te n , jed o ch  viel sch lech te r a ls b e i den  Ita lien e rn . E rs ta u n lic h  
is t die Ä h n lich k e it zw ischen den K u rv e n  d e r V erein ig ten  S ta a te n  u n d  d er 
T schech o slo v ak e i n ic h t n u r  in  e inzelnen , so n d e rn  in  säm tlichen  A lte rsg ru p p e n , 
obw ohl in  d e r G e s ta ltu n g  der D M F -Indexe  a u ß e r  K aries und  P a ra d e n to se  au ch  
d er z a h n ä rz tlich e n  V ersorgung  eine Rolle z u k o m m t (die b e a rb e ite ten  A n g ab en  
s ta m m e n  aus dem  Z e itp u n k t vo r der F lu o rid ie ru n g  des T rin k w asse rs).

B e k a n n tlic h  w erden  die k ario g en en  F a k to re n  m it der Z iv ilisa tio n  in  
Z u sam m en h an g  g e b ra c h t, es is t ab er noch  n ic h t  en d g ü ltig  en tsch ied en , w elchem  
Z iv ilisa tio n sfak to r  d ab e i eine w esentliche bzw . en tscheidende R olle z u k o m m t. 
S c h o ü r  u n d  M a s s l e r  [ 3 7 ]  sind  der M einung, d a ß  u n te r  den zah lre ich en  F a k to 
ren  die E rn ä h ru n g sw e ise  aussch laggebend  is t .

Sós [40] sc h re ib t: »D a A bw echslung  u n d  der p ro zen tu a le  A n te il d er 
F r is c h p ro d u k te  geringer gew orden sind , r u f t  d ie  ziv ilisierte  E rn ä h ru n g  Q u a li
tä tsm a n g e le rsc h e in u n g e n  h ervo r. 1/3 d e r ä rz tlic h e  B ehand lung  b e a n s p ru c h e n 
den  K ra n k h e ite n  s ind  S to ffw ech se le rk ran k u n g en , selbst w enn es zu  B eg in n  
irg en d e in e  an d e re  K ra n k h e it w ar, so w ird  d ie  zu stan d eg ek o m m en e  S to ff
w echselanom alie  das L e itm o tiv« .

D ies an  sich b ie te t  schon eine E rk lä ru n g  d a fü r, daß  fü r die sich  m it d e r 
Z iv ilisa tio n  p a ra lle l v e rb re iten d e  Z ah n k aries  d ie  E rn ä h ru n g  v e ra n tw o r tlic h  is t .

3  Acta Medica XIX/3.
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DMF. index

Abb. 3. D M F -In d ex e  d e r  B ev ö lk eru n g  ü b er 15 J a h re n  in  d e r Tschechoslow akei, den  V e re in ig te n
S ta a te n , in  U n g arn  u n d  I ta l ie n

--------------------------------U SA
— —  —  —  —  —  T sch ech o slo w ak ei 
— . — . — . — . — . —  U n g a rn  
----------------- ---------- I ta lie n

In Anbetracht, daß die Mehrzahl der Untersuchungen zwischen 1949— 60 
stattfanden, wurden die Lebensmittelkonsum-Angaben der untersuchten  
Länder in den Jahren 1955— 56 und 1959 verglichen [15, 40]. In Tab. I I I  ist 
die Gestaltung des jährlichen Lebensmittelkonsums pro Person und der pro
zentuale Anteil der wichtigsten Lebensmittelgruppen am Kalorienverbrauch 
zusam m engestellt. Laut Schour und Massler  ist hinsichtlich des Karies-
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Tabelle III

J ä h r l i c h e r  d u r c h s c h n i t t l i c h e r  L e b e n s m i t t e l v e r b r a u c h  j e  P e r s o n  i n  d e n  J a h r e n  1 9 5 5 — 5 6  u n d  1 9 5 9

Menge (kg) Prozentualer A nteil am  K alorienverbrauch

Ungarn USA Italien
Tschecho
slowakei Ungarn USA Ita lien

Tschecho
slowakei

G etreide 1 5 2 7 0 1 4 7 1 3 1 ,5 4 8 ,7 2 2 ,6 5 5 ,7 4 4 ,2
1 3 7 6 6 1 4 2 1 2 5 4 4 ,1 2 1 , 3 5 0 , 6 “ 4 2 , 2

K arto ffe l 1 2 0 4 6 4 9 1 2 1 ,2 7 ,4 3 ,0 3 ,7 6 ,8
1 0 0 4 7 5 3 1 0 4 6 , 3 2 , 9 3 , 7 “ 6 ,1

Zucker 25 4 0 17 3 3 ,7 9 ,0 1 5 ,5 7 ,1 1 1 ,0
2 6 4 1 2 0 3 6 , 0 9 ,7 1 5 , 7 7 , 7 “ 1 1 , 7

L egum inosen  und 6 6 12 3 2 ,4 2 ,5 3 ,8
Ö lpflanzen 5 6 1 3 2 , 0 2 , 3 3 , 6 “

Fleisch 3 7 9 2 2 0 4 4 ,8 6 ,0 1 6 ,6 3 ,7 9 ,5
4 6 9 4 2 7 5 4 , 0 7 ,9 1 8 , 8 4 , 6 “ 1 0 , 5

E ier 6 21 8 1 6 4 ,0 C 0 ,7 2 ,7 1 ,2 1 ,2
9 2 0 8 1 6 9 , 0 e 1 , 2 2 ,5 1 , 2 “ 1 ,5

Fisch 1 5 5 3 ,7 0 ,1 0 ,6 0 ,8
1 5 4 4 0 ,1 0 , 7 0 , 7 “

M ilch u n d 8 7 2 3 7 1 0 6 1 4 5 ,3 d 5 ,3 1 4 ,1 6 ,3 8 ,4
M ilchproduk te11 1 1 5 1 1 1 ,O f1 7 ,3 1 3 , 7 6 ,5 8 , 7

F e t t  u n d  Öl 2 2 2 0 13 1 6 ,6 1 6 ,6 1 6 ,1 1 1 ,9 1 3 ,6
2 3 2 1 1 6 1 8 , 0 1 7 , 6 1 6 , 2 1 4 , 2 “ 1 4 , 6

a )  Jäh rlich er D u rc h sc h n itt in  1 9 5 9 /6 0 ;  b )  O hne B u tte r , da  B u tte r  in d e r »F e tt« -S äu le  
zu fin d en  is t; c )  S tü ck ; d )  L ite r.

befa lls eh er dem  Z ucker- als dem  Z e rea lien v e rb rau ch  eine B e d e u tu n g  b e izu 
m essen ; ich  m eine w e ite rh in , d aß  die zw ischen  den  D M F -Indexen  d e r  V ere in ig 
te n  S ta a te n  u n d  I ta lie n s  bzw . U n g arn s u n d  d er T schechoslow akei b e s teh en d e  
U n te rsch ied e  eben fa lls  d a m it in  Z u sa m m e n h a n g  stehen .

In  den  J a h re n  1955— 59 b e tru g  d er Z u ck erk o n su m  in  U n g a rn  25— 26 kg, 
in  d en  V ere in ig ten  S ta a te n  40— 41 kg , in  I ta l ie n  17— 20 u n d  in  d e r  T sch ech o 
slow akei 33— 36 k g  p ro  P erson . D er V e rla u f  d e r K a r ie s in te n s itä tsk u rv e n  in  
d iesen  L än d e rn  e n tsp r ic h t also a n n ä h e rn d  d e r R eihenfolge des Z u c k e rv e r
b ra u c h s . Z um  Z e itp u n k t d er U n te rsu c h u n g e n  von  Sc i i o u r  u n d  M a s s l e r  w ar 
ab e r d e r U n te rsch ied  zw ischen d em  Z u ck erk o n su m  der V e re in ig ten  S ta a te n  
bzw . I ta lie n s  u n d  U n g arn s noch  b e d e u te n d e r . (W äh ren d  d er Z u ck e rk o n su m  in  
d en  V ere in ig ten  S ta a te n  1930— 34 b e re its  m it dem  g eg en w ärtig en  ü b e re in 
s tim m te , b e tru g  die M enge in  I ta lie n  9 kg  u n d  in  U n g arn  10 kg p ro  P e rso n ) [38].

3 *
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W ü rd e  in  d e r K a r ie s in te n s i tä t  der G e tre id e  v e rb ra u c h  die H a u p tro lle  
sp ie len , so m ü ß te  die K ariesre ih en fo lg e  sich  u m g e k e h r t g esta lten .

D e r F leisch-, E i- u n d  M ilchkonsum  d er V e re in ig te n  S ta a te n  is t v iel g rö ß er 
als d e r  v o n  I ta lie n  bzw . U n g a rn . E s schein t je d o c h , d a ß  in  d er K a rie sp ro p h y lax e  
d ie sen  F a k to re n  keine so w ich tig e  B ed eu tu n g  z u k o m m t wie das einige V erfasser 
a n n e h m e n .

D e r  A nstieg  des Z u ck erk o n su m s is t m eh r o d e r w eniger g ese tzm äß ig  m it 
d e r  zu n e h m e n d e n  In d u s tr ia lis ie ru n g  v e rb u n d e n  [3]. N ach  dem  I I .  W eltk rieg  
is t  in  U n g a rn  die K a rie sv e rb re itu n g  gestiegen , w o b ei n e b s t zah lre ich en  F a k to 
re n  a u c h  dem  g es te ig e rten  Z ucker- u n d  S ü ß w a re n v e rb rau c h  eine w ich tige  
R o lle  z u k o m m t [3]. A u f G ru n d  d e r vo rliegenden  U n te rsu c h u n g e n  k ö n n en  w ir 
d ie sen  U m s ta n d  h in s ic h tlic h  d e r erw achsenen  B ev ö lk e ru n g  m it D a te n  je d o c h  
n ic h t  u n te r s tü tz e n .

I n  e in er v o ra n g e h e n d e n  M itte ilu n g  [8 ] w iese ich  d a ra u f  h in , d aß  bei 
K in d e rn  m it k ariesfre iem  b zw . v e rh ä ltn ism ä ß ig  ka rie sfre iem  M ilchgebiß w a h r
sc h e in lic h  au ch  die b le ib e n d e n  Z ähne g esu n d e r w erden . A bb. 3 v e ra n 
sc h a u lic h t , d aß  w en n  in  d e n  e inzelnen  L ä n d e rn  zw ischen  den  D M F -In d ex en  
in  d e r  P u b e r tä t  e in  s ta rk  s ig n if ik a n te r  U n te rsc h ie d  b e s te h t:  b le ib t d ieser in  
s ä m tlic h e n  A lte rsg ru p p en  e rh a lte n .

D a  die K u rv e n  d er e in ze ln en  L än d e r b e trä c h tlic h e  U n tersch ied e  a u f
w eisen , k ö n n e n  die D M F -In d ex e  U ngarns —  tr o tz  d e r  größere S ch w an k u n g en  
au fw e isen d en  W erte  e in iger G eb ie te  —  als e in h e itlic h  b e tra c h te t  w erden . D ies 
w e is t d a ra u f  h in , d aß  im  K arie sb e fa ll der Z a h n s tru k tu r  eine en tsch e id en d e  Rolle 
z u k o m m t. E s k ö n n en  ab e r a u c h  an d ere  U rsach en  vo rliegen , wie z. B . ab w ei
c h en d e  E ig en sch a ften  v e rsch ied en er B ev ö lk e ru n g sg ru p p en , U n tersch iede  in  der 
E rn ä h ru n g , fe rn e r sonstige  U m w eltfak to ren .
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In animals fed a magnesium-supplemented, otherwise cardiopathogenic diet 
no infarctoid changes could be observed in the heart muscle and no decrease occurred 
in the myocardial potassium and magnesium contents. The electrolyte shifts caused in 
serum by the cardiopathogenetic diet were also prevented by magnesium.

The potassium content of the perfusion fluid of the Straub heart was significantly 
lower after 15 minutes, when the magnesium content of the perfusion fluid had been 
increased to five times the normal concentration.

The myocardial K42 content of animals maintained on a magnesium-rich diet 
was 20 per cent higher than that of the controls 3 hours after intraperitoneal K4Z 
administration.

M agnesium  d efic ien cy  o f th e  diet p lay s a s ig n if ican t role in  th e  d e v e lo p 
m en t of e x p e rim e n ta l c a rd io p a th ie s . A cco rd in g  to  B a ju sz  and  S e l y e  [2], 
d ie ts  low  in  p o ta ss iu m  o r m agnesium  m ak e  th e  h e a r t  m uscle sen s itiv e  to  
p a th o lo g ica l changes. H e l l e r s t e in  e t al. [6 ], M acI n t y r e  an d  D a v id s o n  [8 ], 
U n g l a u b  e t al. [25], Sós e t al. [2 2 , 23] h av e  in d u c e d  ca rd iac  changes b y  feed in g  
an im als  a lo w -m agnesium  d ie t, o r low -m agnesium  d ie ts  rich  in  p ro te in , c h o 
leste ro l, v ita m in  D , Ca, P 0 4  a n d  N a, an d  low  in  K . T he resu lts  o f th e se  in 
v estig a tio n s  called  a t te n t io n  to  th e  a ssu m p tio n  t h a t  m agnesium  m ig h t h a v e  
a p ro te c tiv e  a c tio n  a g a in s t th e  dev e lo p m en t o f  in fa rc to id  card iac  ch an g es . 
S e l y e  [17] fo u n d  M gCl2  to  p ro te c t ag a in s t e le c tro ly te  s te ro id  c a rd io p a th y . 
A d m in is tra tio n  o f m ag n esiu m  a llev ia ted  th e  sy m p to m s  even w hen in fa rc tio n  
h a d  been  in d u ced  b y  su rg ica l co ro n ary  occlusion  [2]. S himam oto  e t al. [19] 
re p o rte d  m ag n esiu m  to  a ffo rd  p ro tec tio n  in  m y o c a rd ia l in fa rc tio n  in d u c e d  
b y  m eans o f m acro m o lecu la r su b stances. Since in  p rev io u s  ex perim en ts we h a v e  
fo u n d  a decrease in  th e  m agnesium  co n ten ts  o f  th e  e n tire  h e a r t m uscle a f te r  
e x p e rim e n ta l m y o ca rd ia l in fa rc tio n  [15], i t  seem ed  in te re s tin g  to  in v e s tig a te  
th e  p ro p h y lac tic  p ro te c tiv e  effect o f m agnesium  in  th e  card iac  changes in d u c e d  
b y  d ie ta ry  m eans.

Experimental

M ale a lb ino  r a t s  w eigh ing  120 to  150 g w ere  u sed . T he con tro l g ro u p  w as 
fed  a sem i-sy n th e tic  n o rm a l d ie t [21]. A n o th e r  g ro u p  w as m a in ta in ed  on  a
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c a rd io p a th o g e n ic  d ie t (S65) [20]. A th i rd  g ro u p  w as fed th e  c a rd io p a th o g e n ic  
d ie t ,  b u t  th is  tim e  f iv e  tim e s  th e  n o rm a l m agnesium  re q u ire m e n t h a d  been 
a d d e d  to  i t ,  in  th e  fo rm  o f MgCl2  [16]. A f te r  m a in ta in in g  th e  an im a ls  on  these  
d ie ts  fo r  six  w eeks, th e y  w ere k illed  b y  e x san g u in a tio n . P a r t  o f  th e  h e a r t  w as 
s tu d ie d  h isto log ica lly , th e  re s t  w as used  fo r  e lec tro ly te  d e te rm in a tio n s . N a  and  
К  w ere  d e te rm in ed  b y  f la m e  p h o to m e try , Ca an d  Mg b y  c o m p lex o m e try .

T h e  h isto log ica l s tu d ie s  in d ic a te d  t h a t  a f te r  six w eeks on  th e  ca rd io 
p a th o g e n ic  d iet 1 0  an im a ls  ou t o f 16 h a d  dev e lo p ed  in fa rc to id  ca rd ia c  changes, 
p a r t ly  m yo card ia l in f i l t ra t io n  an d  p a r t ly  necroses. In  3 cases severe  p a re n c h y 
m a to u s  changes w ere d e te c te d . In  3 a n im a ls  th e  m y o ca rd iu m  w as in ta c t  
(T a b le  I ) .

Table I

E f f e c t  o f  c a r d i o p a t h o g e n i c  d i e t  o n  m y o c a r d i u m

Condition of m yocardium

Diet
In tac t

Mild parenchym atous 
degeneration

Severe parenchym a
tous degeneration In farc to id  change

C ard io p a th o g en ic 3 — 3 10

C ard io p a th o g en ic  -f- 
m ag n esiu m 8 4 ____ ____

N o rm a l con tro l 10 — — —

I n  response to  feed in g  a ca rd io p a th o g e n ic  d iet en riched  w ith  MgCl2, 
8  a n im a ls  ou t of 1 2  show ed  an  in ta c t  m y o c a rd iu m . In  4 cases s lig h t p a re n c h y 
m a to u s  d eg en era tio n  cou ld  he d e m o n s tra te d , a lth o u g h  m ost o f th e  com plex  
n o x io u s  fac to rs  of th e  d ie t (h igh p ro te in , cho lestero l, sod ium , p h o s p h a te  an d  
c a lc iu m  c o n cen tra tio n s , h ig h  D 2 v ita m in  a n d  low  К  co n ten t) h a d  b een  ap p lied . 
T h e  re s u lts  (Table I)  m ak e  i t  obvious t h a t  th e  h igh  MgCl2  d ie t a ffo rd e d  p ro 
te c t io n  ag a in s t th e  ca rd iac  changes in d u c e d  b y  d ie ta ry  m eans.

S ince N i c k e r s o n  e t a l. [12] h ad  su g g es ted  th a t  an  in tra c e llu la r  p o ta ss iu m  
d e fic ie n c y  w ould be resp o n sib le  fo r th e  d ev e lo p m en t of in fa rc to id  card iac  
c h a n g e s , w hereas D u  R u i s s e a u  an d  M o r i  [4] h a d  claim ed th a t  a la c k  o f m ag 
n e s iu m  w ould  be th e  p r im a ry  defect, we s tu d ie d  also th e  changes in  th e  e le c tro 
ly te  c o n te n t o f h e a r t  m uscle  an d  se ru m  in  response  to  th e  c a rd io p a th o g e n ic  
d ie t  a n d  th e  ca rd io p a th o g en ic  d ie t en rich ed  w ith  MgCl.,. As a lre a d y  re p o r te d  
b y  u s  [15], th e  p o ta ss iu m  a n d  m agnesium  c o n te n ts  o f th e h e a r tm u s c le d e c re a s e d  
in  re sp o n se  to  th e  ca rd io p a th o g en ic  d ie t . I n  th e  p resen t e x p e r im e n ts  th e  
p o ta s s iu m  c o n c e n tra tio n  o f th e  m y o c a rd iu m  decreased  from  92 m E q /k g  to  
70 m E q /k g . In  th e  an im als  fed  th e  m ag n esiu m -en rich ed  ca rd io p a th o g e n ic  
d ie t  n o  p o tassiu m  d e p le tio n  re su lted , in  sp ite  o f th e  low  p o ta ss iu m  c o n te n t o f 
th e  d ie t ,  an d  no in fa rc to id  changes d ev e lo p ed , e ith er.
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S im ila r changes h a v e  been  n o te d  in  th e  m agnesium  c o n te n t o f  h e a r t  
m uscle . On feed ing  th e  ca rd io p a th o g en ic  d ie t th e  m agnesium  c o n te n t o f  h e a r t  
m uscle  decreased  an d  th is  change d id  n o t ta k e  place on feed ing  a S6 5  d ie t 
en ric h e d  w ith  m agnesium . W hen  m ag n esiu m  is ad d ed  to  th e  d ie t in  la rg e  
a m o u n ts , no m yo card ia l ca lc ium  an d  so d iu m  dep le tio n  resu lts , e ith e r . T he 
re s u lts  a re  p re sen ted  in  T ab le  I I .

Table II

C h a n g e s  i n  m y o c a r d i a l  e l e c t r o l y t e  c o n c e n t r a t i o n

D iet
N um ber Potassium Sodium Calcium M agnesium

of animals
mg per 100 g and standard deviation

N orm al 10 370 ±  10 126 ± 1 0 10,5 ±  0.8 20 ±  2

C ard iopathogenic 16 280 ±  15 160 ±  15 14 ±  2 16 ±  2

C ard iopathogenic  +  
m agnesium 12 416 ±  35 138 ±  10 11.7 ±  0.5 19 ±  2

m E q /k g

N orm al 95 55 5.2 16

C ard iopathogenic 72 69 7 13

C ard iopathogenic  +  
m agnesium 106 60 5.8 15

T he m ost sig n ifican t change caused  b y  th e  card io p a th o g en ic  d ie t in  th e  
e le c tro ly te  c o n ten ts  of se ru m  w as th e  decrease  o f  th e  m agnesium  lev e l an d  
th e  in c rease  o f ca lcium  level. N e ith e r o f th e se  sh if ts  could be o b se rv ed  in  th e  
an im a ls  fed  th e  m ag n esiu m -en rich ed  c a rd io p a th o g en ic  d ie t. T hese re s u lts  are  
show n  in  T ab le  I I I .

Table III

C h a n g e s  i n  s e r u m  e l e c t r o l y t e  c o n c e n t r a t i o n

D iet
N um ber Potassium Sodium Calcium M agnesium

of animals
mg per 100 ml and standard deviation

N o rm al 10 24 ±  3 315 ±  8 9.8 ±  0.1 3.0 ±  0.4

C ard iopathogenic 16 26 ±  2.7 317 ±  12 11.5 ±  0.2 2.2 ±  0.4

C ard iopathogenic  -f- 
m agnesium 12 27 ±  3 312 ±  15 9.4 ±  0.2 3.3 ±  0.2

m E q /L

N o rm al 6 .1 137 4.9 2.5

C ard iopathogenic 6 .6 138 5.7 1.8

C ard iopathogenic  +  
m agnesium 6.9 136 4.7 2.7
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I n  o rd er fu r th e r  to  e lu c id a te  th e  p h e n o m e n o n , we exam ined  th e  p e rfu s io n  
f lu id  (B oy le-C onw ay’s so lu tio n ) of S tra u b  h e a r ts  fo r changes in  p o ta ss iu m  
c o n te n t  a t  d iffe ren t m ag n esiu m  c o n c e n tra tio n s . I f  th e  m agnesium  c o n c e n tra 
t io n  h a d  been  in c rea sed  fivefo ld , th e  p o ta s s iu m  c o n te n t of th e  p e rfu s io n  f lu id  
w as s ig n ifican tly  low er th a n  th e  con tro l v a lu e s  a t  15 m inu tes. T h is suggests  
t h a t  in  a m ilieu r ic h  in  m ag n esiu m  th e  h e a r t  m uscle  m igh t ta k e  u p  in c rea sed  
q u a n ti t ie s  o f p o ta ss iu m . A t th e  end of th e  e x p e r im e n t no sign ifican t d ifference  
in  th e  N a co n ten t o f th e  B oy le-C onw ay  so lu tio n  co u ld  be d e m o n s tra te d  b e tw een  
th e  n o rm a l h e a r ts  a n d  th e  m a g n e s iu m -tre a ted  ones. These re su lts  a re  show n 
in  F ig . 1.

mEq/L mEq/L

F ig . 1. P o ta ss iu m  a n d  so d iu m  co n ce n tra tio n  of p e rfu s io n  f lu id  15 m inu tes a f te r  su sp en sio n  
o f  f ro g  h e a r t .  T he b ro k en  lin e s  in d ic a te  th e  o rig in a l К  a n d  N a  co n cen tra tions o f th e  B oyle-

Conway so lu tio n

W e h av e  also e x a m in e d  th e  K 4 2  a c tiv it ie s  o f  th e  m y o card iu m  o f r a ts  
fed  a n o rm a l se m isy n th e tic  d ie t an d  of r a ts  fed  a m agnesium -rich  d ie t. T he 
so lu tio  1 c o n ta in in g  a b o u t lO/tC/100 g K 4 2 C1 in  0.2 m l iso tonic  N aC l so lu tio n  
w as a d m in is te re d  in tra p e r i to n e a l ly  to  a g ro u p  o f  14 an im als fed  th e  n o rm a l 
d ie t a n d  to  a n o th e r g ro u p  o f  14 an im als fed  th e  h igh -m agnesium  d ie t . H a lf  
o f th e  an im als  w ere k ille d  b y  ex san g u in a tio n  ( th e  caro tid s  were c u t)  1  h o u r, 
th e  o th e r  h a lf  3 h o u rs , a f te r  th e  a d m in is tra tio n  o f th e  iso tope. T h e  h e a r t  
m uscle  w as hom ogen ised  a n d  exam ined  for a c t iv i ty .  T he resu lts  a re  show n  in 
F ig . 2. N o d ifference in  a c t iv i ty  could  be  d e m o n s tra te d  b e tw een  th e  tw o  
1 -h o u r g roups, w hereas th e  tw o  3-hour g roups d iffe red  s ign ifican tly  (p 0.05). 
T h e  m ag n esiu m -rich  d ie t cau sed  a h igher K 4 2  a c t iv i ty .  This in d ica te s  t h a t  th e
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p resence  o f  la rge  am o u n ts  of m agnesium  red u c e s  th e  po tassium  loss b y  th e  
h e a r t  m uscle.

T h ese  o b se rv a tio n s  suggest a close c o rre la tio n  to  ex ist betw een  m ag n esiu m  
an d  p o ta ss iu m  m etabo lism .

F ig . 2. IC42 a c tiv ity  o f m y o card iu m  o f an im als m a in ta in e d  on norm al and  on  m ag n esiu m - 
rich  d ie ts , 1 an d  3 h o u rs  a f te r  in tra p e rito n ea l in je c tio n  o f  iso tope. O rd ina te : Im p u lse /m in u te /g

h e a r t  m uscle tis su e

Discussion

T h e re su lts  o b ta in e d  w ith  th e  m ag n esiu m -en rich ed  ca rd io p a th o g en ic  d ie t 
are  in  h a rm o n y  w ith  th e  effects observed  in  o th e r  ty p es  of e x p e rim e n ta l c a r 
d io p a th ie s  an d  also w ith  th e  fav o u rab le  effec ts  observed  in  cases o f  h u m a n  
m y o ca rd ia l in fa rc tio n . P e p l i a  [14], A g r a n a t  [1], P a r s o n s  e t al. [13] an d  
M a r a is  [9] h av e  o b ta in e d  fav o u rab le  re su lts  in  th e  tre a tm e n t o f a n g in a  an d  
m y o c a rd ia l in fa rc tio n  b y  a d m in is te rin g  M g S 0 4  in trav en o u sly . K ö h l e r  [7]  
o b serv ed  a benefic ia l e ffect of Mg in tro d u c e d  b y  ion tophoresis  in  th e  t r e a tm e n t  
of m y o ca rd ia l in fa rc tio n . As to  th e  m ode o f a c tio n , i t  m ight be su g g ested  th a t  
in tra c e llu la r  m agnesium  p lay s an  im p o r ta n t ro le  as a m ain  enzym e a c t iv a to r .  
A cco rd ing  to  th e  o b se rv a tio n s of H a r m o s  e t a l. [5], in  response to  th e  c a rd io 
p a th o g e n ic  d ie t th e  a c tiv ity  of severa l m y o c a rd ia l enzym es is d ec rea sed . 
S e l y e  a n d  B a j u s z  [18] has re p o rte d  th a t  b o th  KC1 an d  MgCl2  su sp e n d  th e  
a c t iv i ty  o f enzym es causing  h e a r t  necroses e. g. p ap a in e .

B eside  th e  enzym e a c tiv a tin g  effect o f  M g, th e  one on m ito c h o n d ria  
sh o u ld  also  be ta k e n  in to  acco u n t. A ccord ing  to  M i s h r a  [10], a m ag n esiu m -d e fi
c ien t d ie t changes th e  n u m b er o f ca rd iac  m ito c h o n d ria . V it a l e  e t al. [2 6 ]fo u n d  
th a t  m ag n esiu m  defic iency  p ro d u ced  m a rk e d  chan g es in  th e  m ito c h o n d ria  of 
th e  h e a r t  w ith in  a few  days. T a p l e y  [24] show ed  th a t  m agnesium  p ro te c ts  
th e  iso la te d  m ito ch o n d ria  of th e  r a t  a g a in s t v a rio u s  noxious fa c to rs  cau sin g  
sw elling . A ccord ing  to  th e  in v es tig a tio n s  of N a k a m u r a  e t al. [11], in  re sp o n se
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to  fe e d in g  a m a g n esiu m -d efic ien t d iet, m ito c h o n d r ia  begin  to  sw ell a t  a tim e  
w h e n  th e re  is no ev id e n c e  y e t  o f  a lack  o f  m a g n e siu m . B a r t l e y  e t  a l. [3] has  
a ssu m e d  th a t  th e  m ito ch o n d riu m  m ight b e th e  b a sic  u n it resp onsib le fo r  a c tiv e  
in tr a c e llu la r  e le c tr o ly te  tran sp ort. It is th u s  p o ss ib le  th a t th e  p o ta ss iu m  d ep le 
t io n  is  a resu lt o f  a d e f ic ie n c y  in  m agn esiu m .

T h ese  e x p e rim e n ta l re su lts  seem  to  c o n firm  th e  view  th a t  m ag n esiu m - 
r ic h  d ie ts  shou ld  be u sed  in  th e  p rev en tio n  o f  m y o card ia l in fa rc tio n .
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STEROID STUDIES ON FLORISIL ADSORBENT COLUMN
I. B E H A V IO U R  O F D IF F E R E N T  S T E R O ID S  O N  T H E  “ S E R V A ”  

F L O R IS IL  C O LU M N

By

I .  F a r e d in

F IR S T  D EPA RTM EN T OF M ED ICINE. U N IV ER SITY  M EDICAL SCHOOL, SZEGED 

(R eceived  J a n u a ry  18, 1963)

S tu d ies  o f  s te ro id  d e te rm in a tio n  w ith  th e  f lo r is il S erva , F lu k a  a n d  N y m co , 
d iffe re n t in  a d so rp tiv e  p ro p e rtie s  from  th e  flo ris il ex ten siv e ly  used in  th e  l i te r a tu re ,  
h av e  b een  p e rfo rm ed . In  th e  s tu d ies  w ith  c o rtiso l a n d  cortisone th e  th re e  m ak e s  of 
flo ris il p u rif ied  in  th e  sam e w ay as a c tiv a te d  u n d e r  id en tica l co n d itio n s, w ere  s ig n if
ic a n tly  d iffe re n t in  a c t iv ity .

F u r th e r  s tu d ie s  h av e  show n th a t ,  as a p p lie d  in  chloroform ic so lu tio n , p re g n an - 
ed io l, a llo p reg n an ed io l, an d ro ste ro n e , e tio ch o lan o lo n e , iso an d ro stero n e  a n d  d eh y d ro - 
iso an d ro ste ro n e  a re  n o t  ad so rb ed  to  Serva f lo r is il, c an  be  easily  w ashed o u t  f ro m  i t  and  
can  be  reco v ered  q u a n ti ta t iv e ly .

T h e  re su lts  te n d  to  prove th a t  f lo ris il S e rv a  m a y  be u sed  fo r th e  s e p a ra t io n  of 
co rtiso l an d  co rtiso n e , as well as 17 -k e to s te ro id s fro m  biological m a te ria ls .

A u th o r  desc rib es a m eth o d  fo r th e  re g e n e ra tio n  an d  a c tiv a tio n  o f  d iffe re n t 
f lo ris ils . U sing  th is  m e th o d  th e  re g en e ra ted  a n d  a c t iv a te d  flo ris ils  can  b e  m a in ta in e d  
w ith o u t lo ss o f  a c t iv ity  fo r  sev era l w eeks.

I n  v iew  of th e  g rea t sign ificance of s te ro id  ho rm ones and th e ir  m e ta b o 
lite s , ex ten s iv e  in v e s tig a tio n s  h av e  been  s ta r te d  in  recen t years to  w o rk  ou t 
m e th o d s fo r th e  se p a ra tio n  an d  d e te rm in a tio n  o f th e  stero ids c o n ta in e d  in  
v a rio u s b io logical m a te ria ls , u rin e , b lood  a n d  tis su es . I t  is a c o m p lic a te d  ta s k  
to  se p a ra te  s te ro id s  from  th e  c o n ta m in a tio n  o f  b io logical m a te ria ls . M ost of 
th e  p ro ced u res  m ake use o f flo risil [1, 2 ], silica  gel [3] and  A12 0 3  [4, 5] for 
th a t  p u rpose .

F lo risil (s ilicate  of m agnesium ) is k n o w n  se lec tive ly  to  ad so rb  c o rtic o 
stero ids; th is  m akes i t  possible to  reco v er th e m  in  p u re  form  fro m  so lu tio n s 
c o n ta in in g  d iffe ren t s te ro id s . T his useful p ro p e r ty  o f florisil has b een  u tilised  
b y  N e l so n  an d  Sa m u e l s  [1] in  th e  case of b lo o d  a n d  b y  Gl e n n  a n d  N e l s o n  [2] 
in  th e  case o f u rin e  to  se p a ra te  an d  id e n tify  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to ste ro id . 
H e r n a n d o  e t al. h av e  fu r th e r  developed  th e  m e th o d  and  used it  w ith  success 
for th e  se p a ra tio n  a n d  id e n tif ic a tio n  o f u r in a ry  a ldoste rone  [6 ].

R ecen tly , severa l k in d s of flo risil (“ S e rv a ” , W est G erm an y ; “ F lu k a ” , 
S w itze rlan d ; “ N y m co ” , U . S. A.) h av e  a p p e a re d  on th e  m a rk e t. I t  seem ed 
in te re s tin g  to  in v e s tig a te  th e  b eh av io u r o f th e  d iffe ren t florisil p re p a ra tio n s  
a g a in s t co rtiso l an d  cortisone . W e h av e  th e re fo re  s tu d ied  th e  p ro p e rtie s  o f  th e  
flo risil “ S e rv a ” , d e te rm in in g  firs t o f all how  th e  d iffe ren t stero ids (p reg n an ed io l, 
a llo p reg n an ed io l, an d ro s te ro n e , e tio cho lano lone , iso an d ro ste ro n e , d eh y d ro iso - 
a n d ro s te ro n e ) are  ad so rb ed  o n to , an d  how  th e y  can  be rem oved  fro m , th e
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c o lu m n . T hen  we h a v e  in v e s tig a te d  w h e th e r  th e  “ S erv a”  florisil len d s  i tse lf  
fo r  th e  sep a ra tio n  fro m  o th e r  stero ids o f c o rtiso l and  cortisone. F in a lly , a 
m e th o d  h as  been d ev e lo p ed  fo r th e  re g e n e ra tio n  o f th e  used flo risils  a n d  for 
th e  p re se rv a tio n  of th e  a c t iv i ty  of a c tiv a te d  a d so rb e n ts .

Experim ental procedure

M aterials and in stru m en ts

1. W ashing  tu b e  fo r  p u r if ic a tio n  of f lo ris il. T h is  is  a  glass tu b e , 10 m m  in  in te rn a l  
d ia m e te r  a n d  10 cm  long , w ith  a  t a p  a t  one end , a n d  a  g lass  v esse l of 25 m m  in te rn a l  d iam e te r  
a n d  a b o u t  50 m l in  c a p a c ity  a t  th e  o th e r. Do n o t  g re a se  th e  ta p  !

2. F lo ris il c h ro m a to g ra p h y  tu b e , m ade  of J e n a  g la s s , w ith  an  in te rn a l d ia m e te r  o f 
6 m m , a n d  a len g th  of 16 cm . T h e re  is a g lass ta p  a t  o n e  e n d  an d  a glass v esse l ( in te rn a l  d ia 
m e te r  20 m m , cap ac ity  a b o u t  50 m l) a t  th e  o th e r . D o n o t  grease th e  ta p  !

3. G lass wool. T h is is  b o iled  in  2 n  H N 0 3, th e n  in  2 n  HC1 before  use , t r a n s fe r re d  to  
a  g la s s  f i l te r  and  w ashed  w ith  d is tilled  w a te r  u n t i l  a c id -free , as de te rm in ed  b y  te s tin g  w ith  
l i th m u s  p a p e r . T h en  i t  is  d r ie d  in  a n  exsiccator a t  120° C fo r 4 to  5 hours.

4 . A b so lu te  e th a n o l. T o th e  com m ercial 96 p e r  c e n t  e th a n o l add  3 to  400 g o f h e a te d  
c o p p e r  su lp h a te , allow  i t  to  s ta n d  24 ho u rs , sh ak in g  i t  se v e ra l tim es. N e x t d a y  f i l te r  an d  
d is t i l l  u n d e r  rec tify in g  a t ta c h m e n t .  To one l itre  o f  d is t i l le d  a lcohol ad d  1 g o f  m -p h en y len e - 
d ia m in e  2 HC1, shak ing  se v e ra l t im e s . D istill u n d e r  re c t ify in g  a tta c h m e n t a n d  d is til l  th e  
a lc o h o l so p u rified  ag a in , o v e r calc ium  oxide.

5. C hloroform . D is till  o v e r p o tassiu m  c a rb o n a te  a t  2 to  4-day in te rv a ls .
6. 25 pe r cen t e th a n o lic  chloroform .
7. F lo risils : 1. “ S e rv a ”  f lo r is il 100 m esh, H e id e lb e rg , W est G erm any.
2. “ F lu k a ”  f lo ris il 60 — 100 m esh, F lu k a  A . G ., S w itzerlan d .
3. “ N ym co”  flo ris il 60/100 m esh , F lo rid in  Co., U SA .
P u rifica tio n  o f  adsorbents. F il l  a sm all a m o u n t o f  g lass wool in to  w ash in g  tu b e ,  th e n  

a d d  5 g o f  com m ercial flo ris il. W ash  d ry  colum n tw ice  w ith  15 m l ab so lu te  e th a n o l. D ry  th e  
e th a n o l ic  f lo ris il to g e th e r  w ith  th e  w ash ing  tu b e  in  a n  e x s icc a to r fo r 6 to  8 h o u rs  a t  60° to  
80° C, th e n  collect th e  d ried , f lo u r-lik e  flo ris il in  a  C h in a  d ish . T hen  d ry  th e  a b o u t  100 to  
200 g o f  f lo ris il in  a n  e x s icc a to r a t  120° C fo r 48 h o u rs ,  to  rem ove trac e s  o f  a lcohol.

A ctiva tio n  o f adsorbents. T h e  100 to  200 g a m o u n t o f  f lo ris il th u s  p re tre a te d  is h e a te d  
in  a  fu rn a c e  a t  600° C i  10° C. I f  th e  app lied  te m p e ra tu re  is h ig h er th a n  600° C, th e  f lo ris il 
is  so  h ig h ly  a c tiv a te d  th a t  th e  1 7 -h y d ro x y co rtico s te ro id s c an n o t be e lu ted  fro m  i t .

Regeneration o f  adsorbents. T h e  1.5 g flo ris il co lu m n , e lu te d  w ith  25 p e r c e n t e th an o l- 
c h lo ro fo rm  in  th e  course o f  th e  t e s t ,  is n o t d isc a rd e d , b u t  w ash ed  a f te r  use tw ice  w ith  5 m l 
a b s o lu te  e th a n o l, th e n  i t  is  d r ied  to g e th e r  w ith  th e  c h ro m a to g ra p h y  tu b e  fo r 6 to  8 ho u rs  
a t  60° to  80° C in  an  e x s icc a to r. T h e  dried  flo ris il is  c o lle c ted , th e n  i t  is d ried  in  a  C hina d ish  
fo r  48 h o u rs  a t  120° C in  a n  e x s icc a to r. The flo ris il th u s  re g e n e ra te d  is re a c tiv a te d  as a lre ad y  
d e sc r ib e d .

P repara tion  o f  adsorbent colum n. A sm all a m o u n t o f  glass co tto n  is f ille d  in to  th e  
c h ro m a to g ra p h y  tu b e , th e n  5 m l ch loroform  is p ip e t te d  in to  i t .  In  th is  ch lo ro fo rm  are  su s 
p e n d e d  th e  d iffe ren t flo ris il p re p a ra tio n s  in  1.5 g a m o u n ts , a n d  a re  allowed to  se ttle  ex clusively  
b y  g r a v i ty .  T he excess ch lo ro fo rm  is  allow ed to  flow  o u t  th ro u g h  th e  ta p  u n til  i ts  lev e l reach es  
th e  su rfa c e  of th e  f lo ris il co lu m n . T h e  ta p  is th e n  tu rn e d  o ff; th e  colum n w ill a t ta in  th e  desired  
d e n s i ty .

P u rif ic a tio n  an d  a c t iv a t io n  w ere th e  sam e w ith  e v e ry  one of th e  th ree  k in d s  o f  flo ris il.

Procedure

D ete rm in ed  a m o u n ts  o f  th e  e thano lic  so lu tio n  of th e  stero ids to  be te s te d  
w ere  m easu red  in  n o rm a l-g ro u n d  flasks, th e n  w ere  ev ap o ra ted  d ry  in  v acuo  
a t  35° C. To rem ove tra c e s  o f  alcohol, th e  s te ro id s  were w ashed  tw ice  w ith
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5 m l ch loroform  in  vacuo  a t  35° C. T he s te ro id s  th u s  p re tre a ted  w ere  ap p lied  
w ith  th re e  tim es 5 m l ch lo ro fo rm  to  1.5 g, a b o u t 9 to  10 cm high, flo risil co lu m n s, 
la y e r  p rep a red  in  ad v an ce . A fte r  th e  ch lo ro fo rm  h a d  d rip p ed  dow n th e  a d so rb e n t 
w as w ashed  th ro u g h  tw ice w ith  1 0  m l ch lo ro fo rm , th e n  th e  a d so rb ed  s te ro id s  
w ere e lu te d  w ith  25 m l o f 25 p er cen t e th an o lic  ch loroform . In  o rd e r to  ch eck  
th e  a d so rp tiv e  pow er of th e  flo risil, th e  15 m l ch lo ro fo rm  used fo r th e  a p p li
c a tio n  of stero ids, th e  2 0  m l ch lo ro fo rm ic w ash in g  flu id  th a t  had  p assed  th ro u g h  
th e  a d so rb e n t co lum n an d  th e  25 m l e lu tin g  f lu id  w ere collected in  d iffe re n t 
fla sk s . In  ev ery  in s tan ce  we m ade a b la n k  te s t  to o , b y  tre a tin g  a 1.5 g flo ris il 
co lu m n  in  th e  sam e w ay.

T h e  so lu tions th u s  o b ta in e d  w ere e v a p o ra te d  d ry  in  vacuo  a t  35° C an d  
th e  a m o u n t of th e  e lu ted  s te ro id s  w as d e te rm in e d  by  th e  co rresp o n d in g  co lo u r 
re a c tio n .

F o r  th e  q u a n ti ta t iv e  d e te rm in a tio n  of co rtiso l an d  cortisone, th e  P o r t e r - 
S il b e r  co lour reac tio n  [7] w as u sed , w ith  an  O p tic a  M ilano sp e c tro p h o to m e te r  
ty p e  CF 4, a t  390, 410 a n d  430 m /и, in  1 cm  q u a r tz  cu v e tte s , on th e  b as is  o f 
A l l e n ’s co rrec tion  e q u a tio n  [8],

E ,
E 390 +  - ^ 4 3 0

2

P reg n an ed io l an d  a llo p reg n an ed io l w ere d e te rm in ed  q u a n t i ta t iv e ly  by  
th e  co lou r reac tio n  of K o b e r . To th e  e v a p o ra te d  co n ten ts  o f th e  f la s k  5 ml 
o f c o n c e n tra ted  su lp h u ric  ac id  w as ad d ed , th e n  th e  lem on-yellow  c o lo u r t h a t  
h a d  deve loped  in  30 m in u te s  w as p h o to m e tr iz e d  in  th e  sp e c tro p h o to m e te r  a t 
400, 425  a n d  450 т/л, in  1 cm  q u a r tz  cu v e tte s . T h e  correction  e q u a tio n  o f  A llen

E X =  E.,2-0 -
+  £ 4 5 0  

2

w as em ployed  in  c o m p u tin g  th e  re su lts .
T h e  17-ketostero ids w ere d e te rm in ed  acco rd ing  to  H o l t r o f f  an d  

K och [9], b y  th e  Z im m erm an n  re a c tio n , in  a H a v em an n  p h o to m e te r , u sin g
0.5 cm  c u v e tte s  an d  th e  yellow ish-g reen  co lou r f ilte r .

R esults

F irs t , th e  b eh av io u r o f co rtiso l an d  co rtiso n e  has been s tu d ie d  on  flo ris il 
co lum ns o f d iffe ren t m ake. 50, 100 an d  150//g  a m o u n ts  o f cortisol a n d  co rtiso n e  
in  ch lo ro fo rm ic so lu tio n  w ere ap p lied  to  1.5 g flo ris il colum ns p u rif ie d  in  th e  
sam e w ay  an d  a c tiv a te d  u n d e r  th e  sam e co n d itio n s , th e n  elu tion  fro m  th e  co
lu m n s w as exam ined . T he d a ta  in  T ab le  I  re v e a l th a t  th e  to ta l  a m o u n ts  of
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Table I

B eh a v io u r o f  cortisol a n d  cortisone on 1.5 g flo r is il  adsorbent columns o f  d iffe ren t make

A dsorbents tested F lorisil Serva F lorisil F luka Florisil N ym co

Steroid applied p.g

Cortisol Cortisone Cortisol Cortisone Cortisol } Cortisone

50 100 150 50 100 150 50 100 150 50 100 150
1

50 100 150 50 100 150

S te ro id  found  
in  f lu id  passed 
th ro u g h  adsor
b e n t  colum n, |Ug 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S te rio d  found  in 
w ash in g  flu id ,
<“ g ....................... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

46 85 133
S te ro id  found  in 

e lu a te , ц g . . . . 36 77 112 35 71 109 47 94 140 38 75 113 50 99 146

T o ta l ste ro id  
reco v ered , /ig  . 36 77 112 35 71 109 47 94 140 38 75 113 50 99 146 46 85 133

P e rcen tag e  
reco v e ry  . . . . 72 77 75 70 71 73 94 94 93 76 75 75 100 99 97 92 85 89

co rtiso l an d  co rtisone  h a d  been  adsorbed  to  e v e ry  one of th e  th re e  d iffe ren t 
f lo ris il colum ns a n d  w ere  n o t e lu ted  fro m  th e m  even a fte r w ash in g  w ith  
ch lo ro fo rm . B y  m ean s o f th e  e lu ting  so lv e n t, 72 to  77 per cen t o f  cortiso l 
a n d  70 to  73 p er c en t o f  co rtisone could be reco v e red  from  florisil “ S e rv a ” . 
T h e  co rresp o n d in g  v a lu e s  fo r th e  flo risil “ F lu k a ”  were 93 to  94 p e r cen t of 
c o rtiso l an d  75 to  76 p e r  c en t of co rtisone , fo r  flo ris il “ N ym co” , 97 to  100 
p e r  c en t of co rtiso l a n d  85 to  92 per cen t o f  co rtiso n e .

N e x t, we s tu d ie d  h o w  th e  d iffe ren t s te ro id s  are  adsorbed  to , a n d  can 
be e lu te d  from  flo ris il “ S e rv a ” 1.5 g co lu m n s. T h e  beh av io u r of p reg n an ed io l 
a n d  a llo p reg n an ed io l w as exam ined  f irs t. T h e  d a ta  in  T able I I  in d ic a te  th a t  
m o st o f th e  ch lo ro fo rm ic  so lu tions of p re g n a n e d io l an d  a llop regnaned io l pass 
th ro u g h  th e  co lum n to g e th e r  w ith  th e  so lv e n t, a n d  are com plete ly  rem oved  
fro m  th e  ad so rb en t la y e r  on w ashing w ith  ch lo ro fo rm , an d  can be reco v ered  
w ith o u t loss, w ith in  th e  lim its  of e rro r o f th e  m e th o d  of d e te rm in a tio n .

T o s tu d y  th e  b e h a v io u r  of a few im p o r ta n t  17-ketostero ids, an d ro s te ro n e , 
e tio ch o lan o lo n e , iso a n d ro s te ro n e  and  d eh y d ro iso an d ro s te ro n e  w ere  ap p lied  
to  “ S e rv a ”  flo risil co lu m n s. The resu lts  a re  sh o w n  in  T ab le  I I I .  T h e  to ta l  
a m o u n ts  of a n d ro s te ro n e  an d  e tiocho lano lone  passed  th ro u g h  th e  florisil 
c o lu m n  w ith o u t b eco m in g  adsorbed , iso a n d ro s te ro n e  and  d e h y d ro iso an d ro 
s te ro n e  could be e lu te d  q u a n tita tiv e ly  fro m  th e  flo risil layer.
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T a b le  I I

B ehaviour o f  pregnanediol and allopregnanediol on 1.5 g  Serva f lo r is i l  co lum n

Steroid tested Pregnanediol A llopregnanediol

Dose applied , f i g ...................................... 180 370 400 600

S tero id  found  in  fluid passed  th ro u g h  
ad so rb en t colum n, fig  ................... 162 320 380 550

S tero id  found  in w ashing flu id , f ig . . . . 20 50 60 60

S tero id  found  in  e luate, f i g ................... 0 0 0 0

T o ta l ste ro id  recovered, fig  ................. 182 370 440 610

P ercen tag e  recovery  ............................... 101 100 110 102

T a b le  I I I

B ehaviour o f  androsterone, etiocholanolone> isoandrosterone and dehydroisoandrosterone on 1.5 g
Serva f lo r is il  colum n

Steroid tested Androsterone Etiocholanolone Isoandrosterone Dehydroiso
androsterone

Dose app lied , p g ............................... 200 400 205 411 200 400 200 400

S te ro id  found  in  flu id  passed
th ro u g h  ad so rben t colum n, p g 220 395 200 415 167 370 170 355

S tero id  found  in  w ashing f lu id , p g 0 0 0 0 25 20 22 25

S tero id  found  in  e lua te , p g ............ 0 0 0 0 0 0 0 0

T o ta l ste ro id  recovered , p g  .......... 220 395 200 415 192 390 192 380

P ercen tag e  recovery ........................ 110 99 97 101 96 97 96 95

S u b seq u en tly , we ex am in ed  th e  re c o v e ry  ra te s  of 50, 100 a n d  150 pg  
o f co rtiso l, in  th e  presence  o f 2 0 0 /ig of a n d ro s te ro n e , iso a n d ro s te ro n e , d e h y d ro 
iso an d ro s te ro n e  an d  400 / tg o f  a llo p reg n an ed io l. A ccording to  th e  d a ta  in  T ab le  
IY , th e  q u a n titie s  of co rtiso l could  be d e te rm in e d  w ith  a ± 6  p e r  c e n t erro r 
in  th e  presence of th e se  ste ro id s .

F in a lly , we co n tro lled  th e  ac tiv itie s  o f th e  d ifferen t flo ris il p re p a ra tio n s , 
re g e n e ra te d  an d  s to re d  as described , w ith  co rtiso l. The d a ta  o f T a b le  Y  reveal 
t h a t  th e  e x tin c tio n  va lu es  (m easu red  sp e c tro p h o to m e tric a lly  b y  th e  P o rte r-S il
b e r co lou r reac tio n  an d  co rrec ted  acco rd in g  to  A llen) of th e  50, 1 0 0 a n d l5 0  pg  
a m o u n ts  o f cortiso l ap p lied  to , th e n  e lu te d  fro m , th e  d iffe ren t flo ris ils  show ed 
no ch an g e  in  8  w eeks.

4 Acta Medico XIX/3.
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T a b le  IV

R eco very  o f  cortisol fro m  1 .5  g  Serva florisil colum ns, in  the presence o f d ifferen t steroids

Steroids app lied Steroids, f i g Steroids, f i g Steroids, f i g

Allopregnanediol ....................................... 400 400 400
A ndrosterone .............................................. 200 200 200
Isoandrosterone ......................................... 200 200 200
D ehydro isoandrosterone ........................ 200 200 200
C ortisol ......................................................... 50 100 150

C ortisol recovered .................................... 47 103 155

Percen tage  recovery o f c o r tiso l ......... 94 103 103

T a b le  V

Control o f activity  o f  d iffe re n t makes o f flo r is il w ith  cortisol over several weeks

Adsorbents tested ! Florisil Serva | F lorisil F luka j Florisil Nymco

Cortisol applied, f i g 50 100 150 50 100 150 50 100 150

C o rre c te d  E  values of cortisol
o n  fre sh ly  activated  florisil 0 .037 0.080 0.116 0.049 0.097 0.145 0.052 0.103 0.155

O n e  w eek  la te r  ....................... 0 .037 0.080 0.117 0.049 0.100 0.143 0.053 0.104 0.155
T w o  w eeks l a t e r ....................... 0 .037 0.082 0.115 0.048 0.097 0.142 0.050 0.101 0.158
F o u r  w eeks l a t e r ..................... 0 .037 0.080 0.112 0.050 0.098 0.147 0.054 0.104 0.156
S ix  w eeks la te r ....................... 0 .038 0.080 0.115 0.049 0.097 0.144 0.051 0.102 0.154

E ig h t  w eeks la te r ................... 0 .037 0.081 0.114 0.048 0.098 0.143 0.050 0.103 0.154

Discussion

A ccord ing  to  th e  r e s u l ts  o b ta in ed , cortiso l a n d  co rtiso n e  app lied  in  ch lo ro 
fo rm  to  th e  colum ns, w ere  q u a n tita tiv e ly  a d so rb e d  to  ev e ry  one o f th e  th re e  
d if fe re n t  k inds of f lo ris il a n d  could be re c o v e red  q u a n ti ta t iv e ly  b y  e lu tio n  
w i th  e th an o lic  ch lo ro fo rm . T h e  significant d iffe ren ces in  recovery  ra te  p o in t 
to  s ig n if ic a n t differences in  q u a l i ty  and  a c tiv ity  b e tw e e n  th e  Serva, F lu k a  an d  
N y m c o  florisils, p u rified  b y  th e  sam e m eth o d  a n d  a c tiv a te d  u n d e r id e n tic a l 
c o n d itio n s .

A ccord ing  to  f u r th e r  s tu d ie s  of th e  re c o v e ry  o f  stero ids, m ost o f th e  
a m o u n ts  of p regnaned io l a n d  a llopregnaned io l p a ssed  th ro u g h  th e  S erv a  
c o lu m n  to g e th e r w ith  th e  s o lv e n t  (chloroform ) a n d  co u ld  com plete ly  be rem o v ed  
f ro m  th e  adsorben t b y  f u r th e r  w ashing w ith  ch lo ro fo rm , th e n  recovered  w ith 
o u t  lo ss , w ith in  th e  lim its  o f  e rro r , as in d ica ted  b y  th e  co lour reaction . S im ilar 
r e s u l ts  w ere ob ta ined  fo r  a n d ro s te ro n e , e tio ch o lan o lo n e , iso an d ro ste ro n e  an d
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d eh y d ro iso an d ro s te ro n e . T hese  re su lts , as w ell as th e  d a ta  in  T ab le  IY  suggest 
t h a t  i t  m igh t be possib le to  use S erva florisil fo r th e  d e te rm in a tio n  o f  17-hy- 
d ro x y co rtico s te ro id s  in  b io logical m ateria ls .

M any  m eth o d s h a v e  b een  described fo r th e  sep a ra tio n  of co rtiso l an d  
co rtiso n e  from  o th e r s te ro id s  an d  foreign ch rom ogens of b io logical m a te ria ls  
(u rin e , blood). T a l b o t  c t al. [10] shook o v er th e  1 7 -h y d ro x y co rtico ste ro id s  
fro m  benzene to  th e  aq u eo u s  phase , th e n  e x tra c te d  th e m  w ith  ch lo ro 
fo rm . S t a u d i n g e r  a n d  S c h m e i s s e r  [11] e x tra c te d  th e  s te ro id s  from  
p e tro le th e r  w ith  70 p e r  cen t m eth an o l. T h is  m eth o d  becam e w id e ly  
em p lo y ed . H ow ever, n e ith e r  o f these  p ro ced u re s  p roved  re a lly  a d e 
q u a te , p a r tly  because consid erab le  am o u n ts  o f  foreign  chrom ogens w ere 
e x tra c te d  to g e th e r w ith  th e  co rtico ste ro id s , a n d  p a r t ly  because th e re  re su lte d  
a considerab le  loss o f m a te r ia l. T he m e th o d  b ased  on dialysis dev e lo p ed  
b y  B o n g io v a n n i  et al. [12], as well as th e  m ag n esiu m  silicate C elite c h ro m a 
to g ra p h y  of N e l s o n  a n d  S a m u e l s  [1] tr ie d  to  e lim in a te  th e  said  sources of 
e rro r. N e l s o n  an d  S a m u e l s  [1] w ere th e  f ir s t  to  use flo risil for th e  iso la tio n  
o f 1 7 -h y d ro x y co rtico ste ro id s  fro m  blood. S u b se q u e n tly , G l e n n  an d  N e l s o n  [2] 
ap p lied  i t  w ith  success fo r th e  d e te rm in a tio n  o f u n in a ry  1 7 -h y d ro x y co rtico 
s te ro id s , th e n  S a n d b e r g  e t al. [13] for th e  s im u ltan eo u s  d e te rm in a tio n  of 
17 -ketostero ids an d  1 7 -h y d ro x y co rtico ste ro id s  e lim in a ted  in  th e  u rin e  in  
g lucu ro n id e  es te r lin k ag es. S ince th e n  flo risil h a s  b een  ex ten siv e ly  u sed  fo r th e  
p a r ti t io n in g  o f s te ro id s  in  b io logical m a te ria ls  [6 , 14, 15, 16, 17]. T h e  flo risil 
a d so rb e n ts  app lied  in  th o se  s tu d ies  w ere d iffe ren t fro m  tho se  used  b y  us. T he 
a u th o rs  c ited  w ashed  w ith  2  p e r cen t m e th an o l-ch lo ro fo rm  th e  co rtico ste ro id s  
ap p lied  w ith  ch lo ro fo rm  on th e  florisil co lum n , th e n  e lu ted  th e m  w ith  25 per 
c en t m e th an o l-ch lo ro fo rm . In  our ex p e rim en ts  o n  w ash ing  w ith  2 p e r cen t 
m e th an o l-ch lo ro fo rm  th e  to ta l  am o u n t of co rtiso l an d  cortisone  w as e lu ted  
fro m  ev ery  one of th e  th re e  flo risil ad so rb e n ts  u se d  b y  us.

T he resu lts  seem  to  p ro v e  th a t  flo risil S e rv a  is su itab le  for th e  se p a ra tio n  
o f co rtiso l an d  co rtiso n e  fro m  o th e r ste ro ids. I n  possession of th is  m e th o d  we 
m a y  e lim in a te  such  p ro ced u re s  o f p a r ti t io n in g  fro m  th e  b lood  a n d  u r in a ry  
1 7 -h y d ro x y co rtico ste ro id  a n d  a ldosterone  a ssay s , as m ade th e  m e th o d s  
co m p lica ted  an d  o ften  u n re liab le .

In  th e  lig h t o f th e  above  resu lts , flo risil c h ro m a to g ra p h y  m ay  offer som e 
fu r th e r  possib ilities. C ortisone  an d  cortiso l b e in g  h ea t-sen s itiv e  co m p o u n d s, 
th e ir  lib e ra tio n  b y  ac id  h y d ro ly sis  w ould  n o t p ro d u ce  th e  d esired  re su lts , 
w hile m ost o f th e  1 7 -k e to ste ro id s  are p re se n t besid e  g lucuron ide  e s te r  linkage  
in  th e  fo rm  of su lp h a te  e s te r , a n d  th ere fo re  th is  m e th o d  w ould req u ire  en z y m a tic  
h y d ro ly s is  w ith  a co m b in a tio n  of su lp h a ta se  a n d  b e ta -g lu cu ro n id ase .

O ur s tud ies co n cern in g  th e  reg en e ra tio n  o f flo risils  an d  th e  p re se rv a tio n  
o f th e ir  a c tiv ity  h av e  show n  th a t  used  flo risils  c a n  be reg en e ra ted  re p e a te d ly  
a n d , i f  s to red  as specified , th e y  show  no loss o f  a c t iv i ty  in  8  w eeks.

4 *
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17 ,2 1 -D IH Y D R O X Y -2 0 -K E T O S T E R O ID  C O N T E N T  O F  T H E  H U M A N  U R IN E
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(R ece iv ed  J a n u a ry  18, 1963)

A ra p id  a n d  re liab le  p ro ced u re  fo r th e  d e te rm in a tio n  of to ta l  17 -h y d ro x y - 
co rticostero id  c o n te n t o f  h u m a n  u rin e , su itab le  fo r  c lin ica l w o rk  has b een  w o rk ed  o u t. 
In s te a d  of sp e c tro p h o to m e try , e s tim a tio n  w as c a rr ied  o u t b y  sim ple p h o to m e try . T he 
m eth o d  described  is th o u g h t  to  h e  su itab le  fo r  th e  co n tro l o f  ad ren o c o rtic a l a c t iv ity  
in  c lin ical p ra c tic e . N o rm a l v a lu es: fo r fem ales ag ed  18 to  50 y ears , 1.5 to  6 .0  m g/24 
h o u rs , fo r m ales aged  18 to  60, 2.0 to  8.0 m g/24 h o u rs .

A ccording to  p re se n t know ledge, th e  on ly  source  o f 17 ,21-d ihydroxy-20- 
k e to s te ro id s , or b y  a n o th e r  te rm  1 7 -h y d ro x y co rtico ste ro id s , is th e  a d re n a l 
c o rte x , an d  for th is  rea so n  th e  d e te rm in a tio n  o f u r in a ry  k e to s te ro id s  supp lies 
v a lu a b le  in fo rm a tio n  as to  ad ren o co rtica l a c t iv i ty  [1, 2]. S evera l m e th o d s  h av e  
b een  described  fo r th e  chem ical d e te rm in a tio n  o f 1 7 ,2 1 -d ihydroxy-20 -ke to - 
s te ro id s  [3, 4, 5, 6 ] .  O w ing to  its  s im p lic ity  a n d  se n s itiv ity , P o r t e r  an d  
S i l b e r ’s colour re a c tio n  [4] is th e  one m ost o ften  em p lo y ed  in  c lin ical 
p rac tice . W ith  th is  re a c tio n  all th e  co rtico ste ro id s  possessing a d ih y d ro x y - 
ace to n e  side chain  on th e  s te ra n e  s tru c tu re  fo rm  h y d razo n e , w h ich  gives a 
g reenish-yellow  co lour w ith  th e  su lp h u ric  a c id -p h en y lh y d raz in e  re a g e n t. B y 
m eans o f  th e  re a c tio n  co rtiso n e , co rtiso l, 1 1 -d eo x y co rtiso l, 6 -b e ta -h y d ro x y -  
co rtiso l [7, 8 , 9, 10], as w ell as th e  di- an d  te t r a h y d ra te d  s te ro id  d e r iv a 
tiv e s  can  be d e te rm in ed  to g e th e r  in  th e  u rin e  [1 1 ].

M aking use o f th e  P o r te r —Silber co lour re a c tio n , m an y  m e th o d s  have  
been developed  for th e  a s sa y  o f u r in a ry  1 7 -h y d ro x y co rtico ste rio d s. I n  c lin ical 
p ra c tic e  th e  m eth o d s o f R e d d y  e t al. [12, 13], G l e n n  an d  N e l s o n  [14], 
S i l b e r  an d  P o r t e r  [15] a re  w idely  used.

R e d d y  e t al. [12, 13] e x tra c t  th e  free an d  c o n ju g a te d  1 7 -h y d ro x y co rtico 
s te ro id s  w ith  n -b u ta n o l fro m  u rin e  acid ified  to  p H  =  1, an d  assay  i t  in  th a t  
e x tra c t  b y  a m od ifica tio n  o f th e  P o r te r—Silber co lou r reac tio n . A lth o u g h  th e  
m e th o d  is sim ple an d  fa s t , i t  is no t specific  enough . M oreover, n -b u ta n o l 
co n ta in s  co n tam in a tio n s  g iv ing  false reac tio n s  [13] an d  a w hole series of 
co m pounds of n o n -s te ro id  ty p e  [16, 17] m ake th e  re lia b ility  o f th e  p ro ced u re  
so m ew h at questio n ab le . F o r  th is  reason  R a f t o p o u l o  e t al. [18], as w ell as 
K o r n é l  [17] an d  H e b b e l y n k  [19], have  tr ie d  to  im p ro v e  th e  sp ec ific ity  of 
th e  m ethod .
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A t p resen t, th e  m e th o d  o f G l e n n  a n d  N e l s o n  [14] is th e  m o st w idely  
a c c e p te d  one. T hese a u th o rs  p u r ify  th e  e x tra c t  o b ta in e d  b y  e n zy m a tic  hy d ro ly sis  
o f  u r in e  on florisil co lu m n , f i r s t  used  b y  N e l s o n  a n d  S a m u e l s  [20], th e n  ap p ly  
th e  P o r te r —Silber co lou r re a c tio n  an d  d e te rm in e  th e  1 7 -h y d ro x y co rtico ste ro id s  
b y  a p p ly in g  A l l e n ’s c o rre c tio n  [21]. T h e ir  p ro ced u re  is specific , sensitive  
a n d  re liab le , b u t to o  tim e-co n su m in g  for use in  c lin ica l seria l s tu d ies .

I n  a p rev ious re p o r t  [23] we have d e a lt w ith  th e  b eh av io u r o f d iffe ren t 
s te ro id s  on “ S erva”  flo ris il co lu m n , d ifferen t in  i ts  p ro p e rtie s  fro m  th e  florisils 
u se d  in  earlier w orks. O n th e  basis  of th e  re su lts  o b ta in e d  we h av e  u n d e r ta k e n , 
b y  m o dify ing  th e  m e th o d  o f G l e n n  an d  N e l s o n  [14], to  develop  a sim ple 
sp ec if ic  an d  re liab le  p ro c e d u re  su itab le  fo r se ria l e s tim a tio n s . W e h av e  in  
a d d i t io n  applied , in s te a d  o f  sp e c tro p h o to m e try , m easu rem en t in  a H a v e m a n n  
ty p e  p h o to m e te r , in  a n  e ffo r t to  m ake th e  m e th o d  s till easier to  c a r ry  o u t.

I n  th e  p resen t re p o r t  w e shall describe th e  m e th o d  w orked  o u t b y  us and  
i t s  ap p lic a tio n  for c lin ica l u ses.

E xperim en ta l

M aterials and solu tions

1. C hloroform . D is tille d  o v e r  K 2C 0 3 a t  2 o r 3 -d ay  in te rv a ls .
2 . 0.5 m ol a ce ta te  b u ffe r , p H  =  4.5.
3. Penicillin  so lu tio n . 500,000 U of c rysta llin e  p en ic illin  d issolved in  10 m l physio log ic  

s a l in e . S to red  in  re fr ig e ra to r.
4. B eta-g lu cu ro n id ase  p re p a re d  from  th e  g a s tr ic  ju ic e  o f H elix  pom atia  a n d  assay ed  

fo r  a c t iv i ty  by  a m o d ifica tio n  o f  T a lalay’s m eth o d  [24]. In  th e  course  o f u rin e  h y d ro ly sis , 
1000 U /m l enzym e c o n c e n tra tio n  is  th e  one m ost fa v o u ra b le . T he enzym e p re p a ra tio n  can  be 
s to r e d  fo r  a  long tim e  u n d e r  d eep -freeze.

5. A bsolute e th a n o l [23].
6. 1 n N aO H  so lu tio n  (a n a ly tic a l  q u a lity ).
7. 0.1 n  N aO H  so lu tio n  (a n a ly tic a l q u a lity ).
8. N a 2S 0 4 d ry , a n a ly t ic a l  q u a lity .
9. “ Serva” flo ris il, 100 m e sh  (Serva, H e id e lb erg , W est G erm an y ). T he m eth o d s  of 

p u r if ic a t io n , a c tiv a tio n , u se  a n d  reg en e ra tio n  w ere th e  sam e as desc rib ed  in  th e  p rev io u s 
r e p o r t  [23].

10. Glass wool [23].
11. 25 pe r cen t e th a n o lic  chloroform .
12. P h en y lh y d raz in e , re c ry s ta ll is e d  th ree  tim e s  fro m  ab so lu te  e th an o l-H C l, th e n  d ried  

o v e r  CaCI2 an d  sto red  in  a  d a rk  p lace  in  a d a rk  b o ttle .
13. D ilu ted  su lp h u ric  a c id  so lu tio n , a n a ly tic a l q u a lity . To 190 m l o f d is tilled  w a te r  

a re  a d d e d  310 m l o f c o n c e n tra te d  H 2S 0 4, u n d e r c o n s ta n t  cooling.
14. P h e n y lh y d raz in e -su lp h a te  reag en t. 65 m l o f p h e n y lh y d ra z in e . HC1 a re  d isso lved  

in  100 m l o f d ilu te  su lp h u ric  a c id . I t  m ay  be s to red  fo r tw o  w eeks in  a  re fr ig e ra to r .
15. 10 m g per 100 m l a b so lu te  e thano lic  so lu tio n  of co rtiso l (O rg an o n  O ss, N e th e r

la n d s ) .  T o be k e p t in  th e  re fr ig e ra to r .
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Procedure

E xtraction  o f  total 17,21-dihydroxy-20-ketosteroids

To 20 ml a liq u o t po rtio n s o f  24 -hour co llec ted  u rine  ad d  7 m l p H  =  4.5 
a c e ta te  buffer. C on tro l p H  w ith  in d ic a to r  p a p e r . H e a t c o n te n t o f  f la s k  to  
a b o u t 45° C in  an  a b o u t 50° C w a te r  b a th ,  th e n  ad d  25,000 U (0.5 m l) p en ic illin  
so lu tio n  an d  20,000 U (0.2 m l) b e ta -g lu c u ro n id ase  and  in c u b a te  a t  43° 
fo r 18 to  2 0  h o u rs  in  an  in c u b a to r .

Cool th e  in c u b a te d  u rin e  to  ro o m  te m p e ra tu re  w ith  ta p  w a te r , th e n  
sh ak e  ou t in  a 100 ml se p a ra to ry  fu n n e l th re e  tim es w ith  15 m l ch lo ro fo rm  
each , ta k in g  care  th a t  th e  ch lo ro fo rm  se p a ra te  well from  th e  u r in e . C ollect 
e x tra c t  in  a 1 0 0  m l g ro u n d -s to p p e re d  cen trifu g e  tu b e , th e n  c e n tr ifu g e  fo r 
5 m in u tes  a t 300 to  500 r. p. m .

S uck  off a n d  d iscard  th e  u r in e  co llec ted  in  th e  u p p er p h ase . A d d  5 ml 
o f cold  1 n  N aO H  so lu tion  to  th e  ch lo ro fo rm ic  p h ase , shake v ig o ro u sly , th e n  
cen trifu g e  for 5 m in u tes . T he u p p e r  a lka line  p h ase  is sucked  off a n d  d isc a rd e d , 
as before. R ep ea t th is  p rocedure  w ith  5 m l cold  0.1 n N aO H  so lu tio n  a n d  5 m l 
co ld  d istilled  w a te r , as above.

To th e  ch loroform ic e x tra c t ,  w h ich  m ay  e v e n tu a lly  co n ta in  also  a n  em u l
sion  lay e r 2 to  4 m m  th ick , a d d  3 g d ry  N a 2 S 0 4, shake  v igo rously , th e n  allow  
i t  to  s ta n d  fo r 10 m inu tes. I f  th e  N a 2 S 0 4  h as  n o t abso rbed  all of th e  w a te r , 
a d d  fu r th e r  1  to  2  g of it.

F ilte r  th e  d e h y d ra te d  ch lo ro fo rm ic  e x tra c t  th ro u g h  c o tto n  in to  a f la sk . 
W ash  ou t th e  N a ,S 0 4  w ith  5 m l p u re  ch lo ro fo rm , shak ing  v ig o ro u sly , th e n  
f i l te r  an d  ad d  th e  f i l tra te  to  th e  c o n te n ts  o f  th e  flask .

P urifica tio n  o f  urine extract on f lo r is i l  colum n

A pply  th e  d e h y d ra te d  ch lo ro fo rm ic  f i l t r a te  (ab o u t 50 m l) to  a p re v io u s ly  
p re p a re d  1.5 g “ S e rv a ”  florisil co lu m n  [23], a c tiv a te d  as described . A f te r  th e  
ch lo ro fo rm ic e x tra c t  has passed  th ro u g h  th e  co lum n (a t a r a te  o f  a b o u t 
1 d ro p /m in u te ), r in se  th e  f la sk  th re e  tim es w ith  15 m l pu re  ch lo ro fo rm , an d  
w ash  th ro u g h  th e  flo risil co lum n w ith  th is  so lu tio n . E lu te  th e  1 7 ,2 1 -d ih y d ro x y - 
2 0 -k e to ste ro id s  ad so rb ed  on to  th e  flo risil w ith  25 m l 25 p e r c en t e th a n o l-  
ch lo ro fo rm  in to  a 100 m l n o rm a l-g ro u n d  f la sk . E v a p o ra te  th e  e lu a te  u n d e r  
35° C in  v acu u m . In  th e  b la n k  te s t  a p p ly  50 m l pu re  ch loroform  to  a n o th e r
1.5 g flo risil co lum n , th e n  p ro ceed  as described  above.

D eterm ination o f  the total u rin a ry  17,2 l-d ihydroxy-20-ketosteroids 
by the Porter— Silber colour reaction

D issolve th e  d ry  residue in  4 m l ab so lu te  e th an o l, h a lve  i t ,  th e n  a p p ly  
th e  P o r te r —S ilber colour re a c tio n  as follows.
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a )  2  m l e th a n o lic  e x tra c t  -J-5 m l p h e n y lh y d ra z in e  su lp h a te  re a g e n t
b) 2 ml e th a n o lic  e x tra c t  + 5  m l d ilu te  H 2 S 0 4

c j  2  ml a b so lu te  e th a n o l + 5  m l p h e n y lh y d ra z in e  su lp h a te  re a g e n t 
P lace each s o lu tio n  in to  a 60° C ( ^ 1 °  C) w a te r  b a th  for 20 m in u tes . 

S u b seq u en tly , cool th e  greenish-yellow  so lu tio n s  w ith  cold w a te r , th e n  
s u b je c t  th em  to  p h o to m e try .

Photom etry with the spectrophotometer type  C. F . 4, Optica M ilano

P h o to m e tric  m e a su re m e n t is c a rried  o u t a t  390, 410 an d  430 mp ,  in  
1 cm  q u a rtz  cu v e tte s . A t th e  above w a v e len g th s , u sin g  so lu tion  c) ,  th e  sp e c tro 
p h o to m e te r  is set to  0 , t h e n  th e  e x tin c tio n  v a lu e s  of so lu tions a )  a n d  b) are 
re a d . A t th e  w ave le n g th s  th e  E a —  E b w ill be  th e  ex tin c tio n  co rresp o n d in g  
to  th e  1 7 ,2 1 -d ihydroxy-20 -ke toste ro ids. T h ese  v a lu es  are  su b s ti tu te d  in to  th e  
c o rre c tio n  eq u a tio n  o f  A l l e n  [2 1 ],

ТГ _ J7  E 390 +  E 430
-'Aorr. — -^110

a n d  th e  co rrec ted  e x t in c t io n  values th u s  o b ta in e d  a re  re a d  from  th e  c a lib ra tio n  
c u rv e  p lo tte d  in  th e  sa m e  w ay  b y  m easu rin g  a  kn o w n  q u a n ti ty  o f  h y d ro 
co rtiso n e . This w ay  w e g e t th e  17 ,21 -d ihy d ro x y -2 0 -k e to ste ro id s  c o n ta in e d  in  
1 0  m l urine  (before m a k in g  th e  colour re a c tio n  th e  e th an o lic  e x tra c t  w as 
h a lv e d ) , expressed in  co rtiso l. The cortiso l v a lu e s  are co m p u ted  fo r 24 -hour 
u r in e  vo lum e an d  th e  f in a l  resu lt is g iven  in  te rm s  o f m g/24 hours.

P hotom etry with H a v e m a n n  photometer

P h o to m e try  w as c a rr ie d  ou t w ith  B. G. 12 m au v e  f ilte r  an d  0.5 cm  cu 
v e t te s .  W ith  so lu tio n  c th e  p h o to m e te r  is se t to  th e  100 scale, th e n  are e s tim a te d  
so lu tio n s  a and  b. T h e  m easu red  S a —  S b p o r t io n  o f th e  scale is re a d  fro m  th e  
c a lib ra tio n  curve p lo t te d  w ith  cortisol. T h is g ives th e  am o u n t of 17 -hydroxy- 
co rtico ste ro id s  in  10 m l u r in e , expressed  in  co rtiso l. T he resu lt th u s  o b ta in ed  
is co m p u ted  for 2 4 -h o u r u rin e  o u tp u t a n d  is g iven  in  te rm s of m g/24 hours 
co rtiso l.

P lo tting  the cortisol ca libra tion  curve

O f th e  10 m g p e r  100 m l abso lu te  e th a n o lic  so lu tio n  of cortiso l 0 .5 , 1.0,
1.5 a n d  2.0 ml (50, 100, 150 and  200 pg) a re  p ip e tte d  in to  n o rm al-g ro u n d  
f la sk s , th e n  th e  c o n te n t o f  ev e ry  flask  is e v a p o ra te d  d ry  u n d er 35° C in  v acu u m . 
T h e  d ry  cortisol sam p les  a re  applied  in  50 m l ch lo ro fo rm  to  th e  p rev io u sly  p re 
p a re d  1.5 g flo risil co lu m n s. A fter th e  c h lo ro fo rm  has d rip p ed  dow n , th e  
a d so rb e n t colum ns a re  w ash ed  th ree  tim e s  w ith  15 m l chloroform  each , th e n
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Spectrophotom eter C. F. 4. Optica M ilano H avem ann pho tom ete r

Cortisol, /Ag
Extinction, corrected (Ecorr. )

D evia tion ,
Scale reading

D eviation,

w ithout florisil w ith  florisil
pe r cen t

w ithou t florisil w ith florisil
per cen t

50 0.052 0.038 73 110 82 74

100 0.104 0.079 76 219 163 74

150 0.155 0.112 72 326 238 73
200 0.207 0.155 75 429 322 75

C ortiso l c a lib ra tio n  cu rves, p lo tted  w ith  a n d  w ith o u t florisil t r e a tm e n t,  e s t im a te d  by 
m ean s o f  th e  O p tica  M ilano sp e c tro p h o to m e try  a n d  th e  H av em an n  p h o to m e try

1 .
■ ĉorr. ^410

E 4 9 0 +  JS|3q 
2

w ith o u t flo ris il, 2 . ------------a f te r  flo ris il; b) P h o to m ete r H a v e m a n n  C olour
f ilte r  B. G. 12. 0.5 cm  cu v ette  1. ----------  w ith o u t  florisil, 2 . ------------ a f te r  flo ris il

th e  co rtiso l is e lu ted  w ith  25 ml 25 p e r  c e n t e thano l-ch lo ro fo rm . T h e  e lu a tes  
a re  e v a p o ra te d  u n d e r  35° C in  v a c u u m , th e  d ry  residue is d isso lv ed  in  2  ml 
a b so lu te  e th an o l a n d  su b jec ted  to  th e  P o r te r —S ilber colour re a c tio n . A  b la n k  
te s t ,  to o  is m ade. T h e  greenish-yellow  so lu tio n s  th u s  o b ta in ed  a re  su b je c te d  
to  p h o to m e try  in  th e  sp e c tro p h o to m e te r  a n d  H av em an n  p h o to m e te r , as 
d e sc rib e d  above.

I t  is ad v isab le  to  con tro l th e  c a lib ra tio n  curves a fte r  ev e ry  f lo ris il a c ti
v a tio n .

E x a m in a tio n s  carried out ivith the m ethod

I n  th e  f irs t  p a r t  o f our m e th o d o lo g ica l in v estig a tio n s, th e  a b so rp tio n  
sp e c tru m  of th e  co lou red  m ate ria l re su ltin g  from  sub jec tin g  c o rtiso l to  th e
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P o r te r —Silber re a c tio n  w as e s tim a ted  a t 330 to  490 m /t, in  th e  s p e c tro p h o to 
m e te r . A fter h a v in g  d e te rm in e d  th e  m a x im u m  ab so rp tio n  (410 т/л), we 
se le c te d  th e  colour f i l te r  B . G. 12 ( tra n sm itta n c e  b e tw een  410 an d  430 т /г ) ,  
b e s t su ite d  for w o rk  w ith  th e  H av em an n  p h o to m e te r . T hen  we p lo tte d  th e  
c o rtiso l c a lib ra tio n  c u rv e s  o b ta in ed  w ith o u t f lo ris ilic  p u rif ic a tio n  a n d  a f te r  
p u r if ic a tio n  on th e  flo ris il co lum n (Fig. 1). D ep en d in g  on th e  d u ra tio n  o f 
a c t iv a tio n  of th e  a d s o rb e n t an d  th e  te m p e ra tu re , 72 to  76 per cen t o f co rtiso l 
co u ld  be recovered  f ro m  th e  colum n. E x p erien ce  h a s  show n th a t  th e  te c h n iq u e  
to  be  ad o p ted  is to  a c t iv a te  1 0 0  to  2 0 0  g a m o u n ts  o f flo risil a t a t im e  a n d  to  
p lo t new  ca lib ra tio n  c u rv e s  w ith  every  new  p o r tio n  of florisil, as well as to  
s to re  th e  florisil as a lre a d y  described  [23].

T o  d e te rm in e  th e  o p tim a l enzym e c o n c e n tra tio n , increasing  a m o u n ts  
o f  b e ta -g lu cu ro n id ase  w ere  added  to  20 m l a liq u o ts  of 24-hour u rin es  fro m

F ig . 2 . R elease o f u r in a ry  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to s te ro id s b y  increasing  am o u n ts  o f b e ta -  
g lu cu ro n id ase , a fte r  in c u b a tio n  a t  43°C fo r 20 hours, as d e te rm in e d  b y  th e  m eth o d  d esc rib ed ,

a n d  expressed  as m g/24  h o u rs

d iffe re n t p a tie n ts  a f te r  th e  p re p a ra tio n  a lre a d y  described . A fter in c u b a tio n  
a t  43° C for 20 h o u rs , th e  u r in a ry  h y d ro ly sa te s  w ere  te s te d  for to ta l  1 7 -h y d ro x y - 
c o rtico s te ro id  c o n te n t. A ccord ing  to  our re su lts , 15 to  20 th o u sa n d  u n its  o f  
b e ta -g lu cu ro n id ase  a re  n eed ed  to  lib e ra te  a ll th e  17 ,21 -d ihydroxy-20 -keto - 
s te ro id  co n ta ined  in  20 m l sam ples of u rin e  (F ig . 2).

N ex t, we co m p ared  th e  resu lts  for to ta l  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to ste ro id s  
in  th e  sam e u rine  o b ta in e d  b y  sp e c tro p h o to m e try  a n d  b y  m easu rem en t in  th e  
H a v e m a n n  p h o to m e te r . T h e  d a ta  in  T ab le  I  re v e a l th a t  p u rif ic a tio n  w ith  
f lo ris il enhances th e  sp e c if ic ity  of th e  m e th o d  to  su c h  an  ex ten t th a t  th e re  is 
no  s u b s ta n tia l  d iffe rence  b e tw een  the  sp e c tro p h o to m e tr ic  and  th e  p h o to m e tr ic  
re su lts .

T o  s tu d y  th e  a c c u ra c y  of th e  p ro ced u re , p a ra lle l te s ts  have  b een  done 
w ith  u rin es  from  d iffe re n t in d iv id u a ls . A cco rd in g  to  th e  resu lts  p re se n te d  in  
T a b le  I I ,  th e  e rro r  o f  1 7 -h y d ro x y co rtico ste ro id s  d e te rm in a tio n  w as ± 1 3 .6  
p e r c e n t w ith  sp e c tro p h o to m e try , and  ±  12.3 p e r  c en t w ith  p h o to m e try .
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Table I

C om parison o f  the results obtained fo r  the Porter— Silber chromogens contained in  the sam e urine  
extract, estim ated by m eans o f  the C. F . 4 . O ptica M ila n o  spectrophotometer and the H avem a n n

photometer

Agr,
years

T otal 17,21-dihydroxy-20- 
ketosteroids, mg/24 hours

D eviation,
No. Name

Spectrophotom eter 
O ptica Milano

Photometer,
Havem ann

per cen t

l T . G ................... 63 0.65 0.75 — 15.4
2 M rs. P . I. 33 2.12 2.12 0.0

3 M rs. E . F . 28 2.75 3.16 — 14.9

4 M rs. T . F. 30 3.15 2.94 —  6.7

5 Mrs. G. P. 57 4.54 3.97 — 12.5

6 M. A. 16 5.04 4.90 +  2.8

7 Mrs. P . M. 31 8.43 8.10 +  3.9

8 M rs. E . F . 28 10.50 10.20 +  2.9

9 H . S. 37 13.50 12.40 +  8.1

10 Mrs. L. A. 26 17.80 18.00 —  1.1

11 Mrs. L . A. 26 21.20 20.90 —  1.4

Table I I

Parallel tests fo r  17,21-dihydroxy-20-ketosteroids in  d ifferen t urines, by spectrophotom etry and
photom etry

Spectrophotom eter Photom eter

No. Name

T otal 17,21-dihydroxy- 
20-ketosteroids, mg/24 

hours D eviation, 
pe r cent No. Name

Total 17,21 -dihydroxy-20- 
ketosteroids, mg/24 hours D eviation, 

per cent

A В A В

l B. E . 3.85 4.31 — 12.0 l E . I. 2.50 2.50 0.0

2 C. F. 6.66 6.66 0.0 2 C. M. 2.97 2.86 +  3.7

3 Cs. I. 12.92 11.82 +  9.3 3 В. E . 4.94 5.52 — 11.6

4 L. J . 2.21 2.21 0.0 4 C. F . 7.20 6.93 +  3.7

5 .1. K. 1.46 1.46 0.0 5 K . L. 8.55 8.55 0.0

6 F. B. 3.81 3.30 +  13.4 6 S. É . 2.22 2.69 — 21.0

7 N . J . 2.02 2.30 -  13.9 7 B. M. 1.24 1.43 — 15.3

8 K . M. 2.02 2.23 — 10.4 8 L. J . 3.06 2.99 +  2.3

9 L. I. 3.20 3.42 —  6.9 9 Cs. I. 10.41 10.23 +  1.7

10 K . M. 3.26 3.48 -  6.7 10 F . B. 3.29 3.29 0.0

F or c lin ica l ev a lu a tio n , u r in e  sam ples fro m  20 norm al fem ale a n d  20 n o r
m al m ale p a tie n ts  w ere te s ted  fo r  to ta l  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to ste ro id  c o n te n t. 
T h e  re su lt fo r to ta l  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to ste ro id  o u tp u t w as 1.5 to  6.0
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m g/24  hours in  th e  case o f  no rm al fem ales 18 to  50 years of age, a n d  from  
2.0 to  8 . 0  m g/24 h o u rs  in  th e  case of n o rm a l m ales. These no rm al v a lu es  are 
c o m p arab le  to  th o se  re p o r te d  in  recen t y e a rs  as h av in g  been o b ta in e d  b y  
d iffe re n t m ethods (T ab le  I I I ) .

Table I I I

N orm al u rin a ry  17,21-dihydroxy-20-ketosteroid values reported by various authors

Males I Females
Authors N um ber 

of cases Range Mean
Number 
of cases Range Mean

R e d d y  e t al. [12] 1952 .......... 15 2.90 to 12.00 5.80 15 1.10 to  8.60 3.80

S an d b erg  e t  al. [26] 1953. . . . 49 3.30 to 9.30 5.30 8 2.10 to  5.80 4.20

R iv o ire  e t  al. [27] 1955 .......... 15 5.00 to 7.20 6.15 14 4.80 to  6.80 5.82

M arks e t  al. [28] 1957 ............ 42 2.50 to  6.40 4.40 — — —

K o rn é l 117] 1959 ...................... 10 5.50 to 12.0 8.50 10 3.80 to  9.40 6.40

F a re d in  [23] 1963 ................... 20 2.00 to  8.00 4.13 20 1.50 to  6.00 3.90

T o d e te rm in e  h o w  th e  m eth o d  lends i ts e lf  fo r  use in  clin ical w o rk , we 
s tu d ie d  th e  d a ily  to ta l  1 7 -liy d ro x y co rtico ste ro id  o u tp u t  by  d iffe ren t p a tie n ts , 
b efo re  an d  a fte r  t r e a tm e n t  w ith  A CTH . T h e  re su lts  w ere in  h a rm o n y  w ith  
th e  c lin ica l p ic tu re , a n d  1 7 -h y d ro x y co rtico s te ro id  o u tp u t increased  fo llow ing 
A C T H  tre a tm e n t (T ab le  IV ).

D iscussion

I f  carried  o u t as specified , th e  m e th o d  d esc rib ed  has been fo u n d  su itab le  
fo r se ria l e s tim a tio n s . O ne tra in e d  a ss is ta n t can  m ake 15 to  20 te s ts  in  tw o  
d a y s , i f  p ro p er e q u ip m e n t is availab le .

W e shou ld  call a t te n t io n  to  some p o in ts  im p o r ta n t  for p ro p er e v a lu a tio n .
A ccord ing  to  d a ta  in  th e  l i te ra tu re , t o ta l  1 7 -h y d ro x y co rtico ste ro id  

o u tp u t  depends on th e  vo lum e of urine  e x c re te d . E xperience  has show n  th a t  
w ith  a d iuresis b e tw e e n  400 and  2000 nd , th e  1 7 -h y d ro x y co rtico ste ro id  v a lu e  
is p ra c tic a lly  c o n s ta n t. U rin e  can he co llec ted  a t  room  te m p e ra tu re , w ith o u t 
th e  u se  of p re se rv a tiv e s , b u t  th e  sam ples m u s t be  te s te d  w ith in  48 ho u rs . 
C lin ical ev a lu a tio n  sh o u ld  be based  on v a lu e s  o b ta in e d  on tw o or th re e  co n 
se c u tiv e  days.

I n  th e  course o f  en z y m a tic  h y d ro ly sis , th e  re a c tio n  of th e  u rin e  m u s t be 
b e tw e e n  p H  4.5 a n d  5.2. I t  is adv isab le  to  k eep  th e  enzym e c o n c e n tra tio n  
a t  th e  specified  v a lu e . I f  th e se  are n o t a d h e red  to ,  th e  re su lts  m ay be u n re liab le .

S p ec ific ity  o f th e  p ro ced u re  is en su red  b y  w ash in g  th e  u r in a ry  e x tra c t  
w ith  a lk a li (n N aO H ) a n d  b y  p u rifica tio n  w ith  flo risil. I f  th e  u r in a ry  e x tra c t
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Table IV

U rinary 17,21-dihydroxy-20-ketosteroids o u tp u t by d ifferent subjects

Name Sex Age, Diagnosis

Total 17,21-dihydroxy-20- 
ketosteroid outpu t, mg/24 hours

years
1st day 2nd day 3rd day

N. J . m ale 53 N orm al 6.88 7.44 _
H . S. m ale 55 N orm al 6.70 7.14 7.30

J .  S. m ale 20 N orm al 3.32 3.51 3.16
F. I. m ale 28 N orm al 2.58 2.40 2.67
M. F . m ale 52 N orm al 3.84 4.12 —
L. K . fem ale 37 N orm al 2.40 2.37 2.75
Cs. I. fem ale 23 N orm al 3.92 4.36 3.96
V. M. fem ale 27 N orm al 5.00 4.26 4.42
B. M. fem ale 44 N orm al 1.60 1.78 1.62
M. G. fem ale 40 N orm al 5.70 5.89 5.40
T. G. m ale 36 H y p o p itu it. 0.48 0.59 0.56
M. M. m ale 40 H y p o p itu it. 0.60 1.16 1.16
Sz. I. m ale 13 H y p o p itu it. 0.28 0.84 0.52

T. E . fem ale 42 M oderate h y p o p itu it. 1.21 1.60 —
F. J . fem ale 40 H y p ad ren ia 1.14 1.70 1.26
B. K . fem ale 16 H ypadren ia 0 0 0
L. A. fem ale 40 C ushing’s syndrom e 22.40 19.08 18.50

M. S. fem ale 42 Cushing’s disease 8.10 7.29 7.01

B. Gy. fem ale 36 Cushing’s disease 17.42 19.98 19.55

J .  L. fem ale 34 Cushing’s disease 15.99 13.74 14.08

P. M. fem ale 30 C ushing’s disease 10.30 8.33 10.50

H . E . fem ale 32 N orm al, before tre a tm e n t 2.20 1.80 2.63

H . E . fem ale 32 20 U  ACTH daily , fo r  th re e  d ay s 3.45 18.04 48.48

P. G. fem ale 34 N orm al, before tre a tm e n t 3.36 3.73 —
P. G. fem ale 34 20 U  ACTH daily , fo r th re e  d ay s 9.20 24.40 70.60

Js p u rif ied  in a d e q u a te ly , false P o r te r—S ilb e r re a c tio n s  m ay  be o b ta in e d  a f te r  
t r e a tm e n t w ith  io d in e , K J ,  c h lo ra lh y d ra te  o r p a ra ld e h y d e  [16]. L ikew ise, i f  p re 
sen t in  th e  u rin e , 1 -asco rb ic  acid, sugar [17] a n d  la c tic  acid m ay  in te r fe re  w ith  
th e  P o r te r —Silber re a c tio n . These su b stan ces  a re  rem oved  e ith e r  b y  a lk a lin e  
w ash ing , or b y  th e  su b se q u e n t p u rific a tio n  on  th e  flo risil colum n. In  th e  course 
of w ash ing  w ith  a lk a li, ca re  should  he ta k e n  t h a t  th e  w ashing  flu id s  be p ro p e r ly  
cooled , so as to  av o id  losses re su ltin g  f ro m  th e  w a te r-so lu b ility  o f  th e  17- 
h y d ro x y c o rtic o s te ro id s . T h e  foreign s te ro id s  s ti l l  p re se n t in  th e  u r in a ry  e x t r a c t  
a f te r  w ash ing  w ith  b a se  [23] are rem oved  b y  p u r if ic a tio n  w ith  flo ris il. P u r i
f ic a tio n  w ith  flo risil e n ta ils  a loss o f 24 to  28 p e r  cen t, due to  n o n -e lu tio n  from
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th e  f lo r is il  co lum n. T his is w h y  i t  is im p o r ta n t  to  observe th e  specified  d u ra tio n  
o f  f lo r is il  a c tiv a tio n  an d  th e  specified  te m p e ra tu re .  W ith  th e  in c rease  o f  te m 
p e r a tu r e  th e  a d so rp tiv e  p ow er of flo risil s ig n if ic a n tly  increases [23]. F o r  th is  
r e a s o n  i t  is ad v isab le  to  p lo t new  c a lib ra tio n  cu rv es  a fte r  every  f lo ris il a c t iv a 
t io n . I f  th e  spec ifica tions a re  ad h ered  to , th e  m e th o d , as in d ic a te d  b y  th e  
r e s u l ts  in  T ab le  I ,  is re a so n a b ly  specific  fo r th e  u r in a ry  1 7 -h y d ro x y co rtico - 
s te ro id s . H ow ever, ou r p ro ced u re  w ith  sp e c tro p h o to m e tr ic  m e a su re m e n t is 
m o re  re liab le .

T h e  1 7 ,2 1 -d ih y d ro x y -2 0 -k e to ste ro id s  o u tp u t  values d e te rm in e d  b y  th e  
P o r te r  — S ilber co lour re a c tio n  are  g iven in  te rm s  o f cortiso l u n its , th is  b e in g  
th e  h o rm o n e  p ro d u ced  in  la rg es t a m o u n ts  b y  th e  no rm al h u m a n  a d re n a l 
c o r te x . I t  is, how ever, k n o w n  th a t  n o t ev e ry  m e m b e r of th e  u r in a ry  1 7 -h y d ro x y - 
c o r tic o s te ro id s  re a c ts  w ith  p h en y lh y d ra z in e  su lp h a te  w ith  th e  sam e  co lo u r 
in te n s i ty .  T he m ost in ten se  co lour re a c tio n  is g iv en  b y  cortisone; th e  in te n s i ty  
d ec re a ses  w ith  co rtiso l, te tra h y d ro c o r tiso n e  a n d  te tra h y d ro c o rtiso l, in  th a t  
o rd e r  [1, 15]. T h u s, th e  q u a n t i ty  of 17,2 1 -d ih y d ro x y -2 0 -k e to ste ro id s  d e te rm in e d  
b y  th e  P o r te r— Silber re a c tio n  m eans n o t th e  a c tu a lly  secre ted  a m o u n t, b u t  
th e  q u a n t i ty  of 1 7 -h y d ro x y co rtico s te ro id s  r e la te d  to  th e  colour in te n s i ty  of 
c o r tiso l. H ence th e  te rm  “ P o r te r —Silber ch ro m o g en s” , o ften  used in  th e  l i te r a 
tu r e .  B eside  th e  b io log ica lly  ac tive  1 7 -h y d ro x y co rtico ste ro id s  o c c u rr in g  in  
m in u te  q u a n titie s  in  u rin e , we d e te rm in e  a lso  th e  esterified  a n d  h y d ra te d  
s te ro id s . T he p ro ced u re  does no t allow  to  d e te rm in e  th e  stero ids one b y  one, 
b u t ,  as p ro v ed  b y  d a ta  in  th e  l i te ra tu re  [1 , 2 ] a n d  our own resu lts , i t  is su ita b le  
fo r  th e  com bined  d e te rm in a tio n  of th e  1 7 -h y d ro x y co rtico s te ro id s  p ro d u c e d  
b y  th e  a d re n a l co rtex .
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IN N E R E  A BTEILU N G  (CH EFA RZT: D R. M. POLICZER) D ES BALASSA K RA N K EN H A U SE S 
U ND PSYCHIATRISCHE K L IN IK  (D IR E K T O R : PR O F . D R. J . N YIRÖ ) D E R  M ED IZIN ISCH EN  U N IV ER SITÄ T,

BU DA PEST

(E in g eg an g en  am  1. F e b ru a r  1963)

A n h an d  v o n  46 H y p e rth y re o se fä llen  u n d  45 a n  v e g e ta tiv e r  D y s to n ie  le id en d en  
K ra n k e n  w urde  h in s ich tlic h  B ete iligung  des N e rv en sy stem s, P a th o g en ese  u n d  k lin i
scher E rsch ein u n g sfo rm  d ie  A n w en d b a rk e it de r E E G - u n d  d e r n e u ro p sy ch ia tr isc h e n  
U n te rsu ch u n g sv erfa h ren  a n a ly s ie rt.

D ie U n te rsu ch u n g e n  fü h r te n  zu fo lg en d en  R e su lta te n :
1. Die Z ah l de r E E G -A n o m alien  i s t  he i H y p e rth y re o se  höh er, a ls  b e i v e g e ta tiv e r  

D y sto n ie , gew isse E E G -E rsch e in u n g en  gew innen  sogar in  s ta rk  s ig n if ik a n te r  W eise 
a n  Ü bergew ich t.

2. D ie Z ah l d e r p sych isch en  N oxen  em o tio n alen  C h a rak ters  e rh ö h te  sich  in  
de r h y p e rth y re o tisc h e n  G ru p p e  ebenfa lls  s ig n ifik an t.

3. Im  V e rlau f d e r E E G -K u rv en  bzw . in  den psych o so m atisch en  A n g a b e n  spielen 
w eder die Schw ere d e r H y p e rth y re o se , noch  die G esta ltu n g  de r E rg eb n isse  d e r d u rch 
g e fü h rte n  S c h ild d rü sen fu n k tio n sp rü fu n g en  eine w esen tliche  R olle . A u ch  d e n  G ru n d 
u m sa tz -W e rten  ü b e r  + 2 5 %  fä ll t  d ab e i keine  B ed eu tu n g  zu. W elchen  E in f lu ß  der 
T y p  bzw . die k lin ische  E rsch ein u n g sfo rm  der H y p e rth y re o se  a u f  d ie U n te rsu c h u n g s
ergebnisse  a u sü b t, k o n n te  info lge de r Z u sam m en setzu n g  des M a teria ls  n ic h t  g e k lä rt 
w erden .

Die m it e rfo rd e rlich er K rit ik  b e w erte te n  E rgebn isse  der E E G - bzw . n eu ro 
p sy ch ia trisch en  U n te rsu ch u n g sv erfa h ren  k ö n n en  bei de r D iffe re n tia ld ia g n o stik  des 
» h y p erth y reo tisch en  Syndrom s« H ilfe le is ten .

D er zw ischen H y p e rth y re o se  u n d  F u n k tio n ss tö ru n g e n  des N erv en 
sy stem s b esteh en d e  Z u sam m en h an g  is t seit lan g em  b e k a n n t [16]. D ie e rsten  
B eschre iber des K ra n k h e itsb ild e s , s p ä te r  ab e r auch  andere  V erfasse r w aren  
a u f  G ru n d  der zah lre ich en  S y m p to m e, die o ffen b ar Folgen  d e r g es tö rten  
N e rv en fu n k tio n  s ind  —  d er M einung, d aß  d er P ro zeß , d. h. die B asedow sche 
K ra n k h e it  eine E rk ra n k u n g  des N erv en sy stem s is t [4, 5, 10, 15]. A n  Stelle 
d ieser sog. neu rogenen  H y p o th ese  t r a t  s p ä te r  die von  M o e b iu s  au fg este llte  
„ th y re o g e n e ”  T heorie . O bw ohl auch  die sp ä te re n  B eo b ach tu n g en  u n d  U n te r
such u n g en  a u f  die W ich tig k e it des N erv en sy stem s h inw iesen , v e r lo r  diese 
gew isserm aßen  an  B ed eu tu n g , u n d  es en tw ick e lte  sich aus den  b e id en  T heorien  
—  näm lich  der n eu ro g en en  u n d  th y reo g en en  —  eine neue A u ffassu n g . E s gilt 
h e u te  b e re its  als a n e rk a n n t, d aß  diese zw ei R eg u la tio n sm ech an ism en  —  der 
neurogene u n d  d e r h o rm o n a le  —  als e inheitliches S y stem  a u f  die L ebensprozesse  
bzw . v eg e ta tiv e  E rsch e in u n g en  fu n k tio n e ll e in w irk en ; das h ö h ere  R eg u la tio n s
z e n tru m  dieses S y stem s is t  das u n te r  d er L e itu n g  des K o rte x  s te h e n d e  H y p o 
th a la m u s-H y p o p h y se n g e b ie t.

5 Acta Medica X IX /3 .
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In  der E n ts te h u n g  d e r , du rch  die H y p e rfu n k tio n  der S ch ildd rüse  h e r
v o rg e ru fe n e n  H y p e rth y re o se  bzw . B asedow schen  K ra n k h e it  k a n n  die W irk u n g  
des N ervensystem s a u f  v e rsch ied en e  W eisen, d . h . d u rc h  versch iedenen  M echa
n ism e n  zu r G eltung  k o m m e n .

D er patho lo g isch en  F u n k tio n  des h ö h e re n  N erv en sy stem s (K o rte x , 
H y p o th a la m u s)  —  die e n tw e d e r  die A d en o h y p o p h y se  oder u n m itte lb a r  die 
S c h ild d rü se  b e tr iff t —  fä l l t  im  E rk ran k u n g sp ro z e ß  u nzw eife lhaft eine w esen t
lich e  R olle zu [8, 28, 29, 3 2 ]. D ie B edeu tung  d e r G ro ß h irn rin d e  b e s tä tig e n  d er 
a u f  W irk u n g  von in te n s iv e m , u n gew ohn ten  p sy ch isch em  T ra u m a  e n ts te h e n d e  
»S chreckbasedow « , fe rn e r  d ie  E x p erim en te  v o n  E i c k h o f f , der an  H asen  m it 
s ta r k e n  D auerreizen  e in en  schw eren  B a s e d o w  h e rv o rru fe n  k o n n te  [7]. D iese 
A u ffa ssu n g  w urde au c h  v o n  B a n s i  u n d  M ita rb . [1] u n te r s tü tz t .  D ie in  o rg an i
sc h e n  zerebralen  P ro zessen  (E n cep h a litis , СО-V erg iftu n g , S trom sch lag , H irn 
t r a u m e n )  au ftre te n d en  h y p e rth y re o id a le n  E rk ra n k u n g e n  sp rech en  fü r  die 
R o lle  des D iencephalons in  d e r  E n ts te h u n g  d e r B asedow schen  K ra n k h e it  [34].

A u f G rund des zw isch en  H y p erth y reo se  u n d  N e rv en fu n k tio n ss tö ru n g en  
b e s te h e n d e n  engen Z u sam m en h an g es  k o n n te  an g en o m m en  w erden , d aß  die 
E E G - bzw . die au sfü h rlich en  n eu ro p sy ch ia tr isch en  U n te rsu c h u n g e n  zu r K lä ru n g  
e in ig e r  F rag en  —  w ie U rs p ru n g  u n d  P a th o g en ese  d e r H y p e rth y re o se , fe rn e r 
F o rm , T y p , Schw ere, e v e n tu e ll  Prognose der K ra n k h e it  —  b e itrag en  w ü rd en . 
D a  w ir  in  der L ite ra tu r  k e in e  d iesbezüglichen, e in  g rößeres M ateria l b e a rb e ite n 
d e n  M itte ilungen  fa n d e n , w a r  unsere  Z ie lse tzu n g  die e rw äh n ten  F ra g e n  in  
u n se re m  K ran k en g u t zu  an a ly s ie ren .

Ü b e r die G es ta ltu n g  d e r  E E G -K u rv en  b e i H y p e rth y re o se  bzw . B asedow 
sc h e n  K ra n k h e it sind  in  d e r  L ite ra tu r  m ehrere  A n g ab en  zu fin d en .

F rü h e r  w aren  die F o rs c h e r  d er M einung, d a ß  d as  E E G -K en n ze ich en  der 
H y p e r th y re o se  die d iffu se  B esch leun igung  d e r G ru n d tä tig k e it  is t, die dem  
b io e le k tr isc h e n  Zeichen d e r  S to ffw echse le rhöhung  e n ts p r ic h t [12, 2 6 ] .T h i e b a u t  
u n d  M ita rb . [30, 31] fo rsc h e n  se it 1948 die e lek tro en zcp h a lo g rap h isch en  D iffe
re n z ie ru n g sm ö g lich k e iten  d e r  p rim ären , th y re o g e n e n  F o rm  der H y p e rth y re o se  
v o m  sek u n d ären , d ien cep h a lisch en , h y p o p h y sä re n  T y p . E s e rgab  sich, d aß  
f ü r  p r im ä re  H y p e rth y re o se  ra sch e , n iedrige a lp h a -A k tiv itä t  m it zah lre ich en  
sc h n e lle n  W ellen k o m p o n en ten  (30 Z/sec) c h a ra k te r is tis c h  is t, w ä h re n d  die 
se k u n d ä re  H y p e rth y reo se  d u rc h  langsam e W ellen serien  m it b ila te ra le n , 
h a u p tsä c h lic h  aber f ro n to te m p o ra le n  hohen  A m p litu d e n  —  a n n e h m b a r su b 
k o r t ik a le n  U rsprungs —  g ek en n ze ich n e t is t;  u n te r  U m stä n d e n  sind  au ß e rd em  
p a ro x y sm a le  M odu la tion  d e r  a lpha-W ellen , sow ie a u sg ep räg te  H y p e rv en tila -  
tio n sw d rk u n g  n achzuw eisen . V a g u e  u n d  M ita rb . [33] b e to n en  die H ä u fig k e it 
d e r  h o h e n  bogenförm igen  b e ta -T ä tig k e it, die sie a ls die E E G -M an ifesta lio n  
d e r  n eu ro tisch en  P e rsö n lic h k e it b e tra c h te n . В е с к а  u n d  M ita rb . [2] k o n n te n  
b e i H y p e r th y re o tik e rn , b e i d en e n  die E pilepsie  m it S icherheit auszusch ließen  
w a r , un i- bzw. b ite m p o ra le  S p itz en en tlad u n g en  b e o b a c h te n . D as E rsch e in en
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des th e ta - R y th m u s  is t  la u t  MiLCU u n d  M ita rb . [18] v o n  B ed eu tu n g  u n d  w e is t 
a u f  v eg e ta tiv e  G le ich g ew ich tsstö rung . N euestens w ird  d e r ir r ita tiv e  E E G -T y p  
—  d er m it d er V e rm e h ru n g  d er S ch ild d rü sen h o rm o n e  v e rb u n d en  is t — , v o n  
dem  a u f  T S H -Ü b ersch u ß  w eisenden  g eh em m ten  E E G -T y p  ab g eso n d ert [20].

D ie b esch rieb en en  U n te rsu ch u n g en  w u rd e n  im  allgem einen an  gering - 
zah ligem  M ateria l v o rg en o m m en  u n d  e rgaben  z iem lich  abw eichende E rg eb n isse .

D ie neuro log ische U n te rsu c h u n g  h y p e r th y re o tis c h e r  K ran k en  b e s c h rä n k t 
sich  m eistens a u f  d ie k lin ische  R eg is trie ru n g  v e g e ta tiv e r  Reize. A n h a n d  
ev en tu e lle r o rg an isch e r V e rän d eru n g en  k ö n n e n  ein ige ä tio p a th o g c n e tisc h e  
oder ledig lich  p a th o p la s tisc h e  F a k to re n  (e n tz ü n d lic h e , tra u m a tisc h e , to x isc h e  
oder v ask u lä re  N erv en sy stem p ro zesse) nachgew iesen  w erden . W o l f s h a u t  u n d  
M ita rb . [19] sowie M il c u  u n d  M itarb . [19] b e sc h rie b e n  bei H y p e r th y re o tik e rn  
einige a u f  die B e te ilig u n g  d er S triopa llidum - u n d  D ien zep h a lo n zen tren  w e i
sende e x tra p y ra m id a le  S y m p to m e (p o stu ra le  R eflex e , K ata lep sie , G e s ic h ts 
s te ifh e it) .

A u f G ru n d  d e r sich  m it d er a ltb e k a n n te n  R olle  d er em otionellen  F a k to 
re n  befassenden  F o rsc h u n g e n  w ird  an g en o m m en , d a ß  in  der A uslösung  d e r 
H y p e rth y reo se  d e r in d iv id u e lle n  p sy ch o d y n am isch en  S tru k tu r  der P e rsö n lic h 
k e it eine w esen tlichere  B e d e u tu n g  zu k o m m t, a ls d en  das In d iv id u u m  b e la s te n 
den  S tress-W irk u n g en  [6 , 11, 13].

Kraiikeninaterial

Die U n te rsu c h u n g e n  w u rd en  bei 46 H y p e r th y re o tik e rn  u n d  b e i 45 an  
v e g e ta tiv e n  R e g u la tio n ss tö ru n g e n  le idenden  K ra n k e n  (insgesam t 91 F ä lle ) 
d u rch g e fü h rt. In  die e rs te  G ruppe  w urden  d ie ty p isc h e n , m itte lsch w eren  u n d  
schw eren  H y p e rfu n k tio n sfä lle  gere ih t, bei d en e n  d ie  D iagnose a u f  G ru n d  des 
k lin ischen  B ildes, d e r  o b je k tiv e n  U n te rsu ch u n g en  u n d  d er F u n k tio n sp rü fu n g e n  
u nzw eife lhaft H y p e r th y re o se  w ar. K rite r ie n  d e r  v e g e ta tiv e n  R e g u la tio n s 
s tö ru n g en  w aren : 1 . S y m p to m e  u n d  B eschw erden  ohne  nachw eisbare  o rg an isch e  
V erän d eru n g en ; 2. B eschw erden  bzw . S y m p to m e  neu rogenen  C h a ra k te rs ;
3. au ch  in  a n d e ren  G eb ie ten  nachw eisbare  z e n tra le  R e g u la tio n ss tö ru n g en  bzw . 
v eg e ta tiv e  F u n k tio n s s tö ru n g . E in  b e d e u te n d e r  T eil d e r v eg e ta tiv en  R e g u la 
tio n ss tö ru n g e n  e n ts p ra c h  d e r sog. sy m p a th isc h e n  H y p e rto n ie  [3], die h ä u f ig  
das k lin ische B ild  e in e r  le ich ten  bzw . m itte lsc h w e re n  H y p e rth y reo se  v o r 
tä u s c h t , die D iagnose  d e r H y p e rth y reo se  a b e r  a u f  G rund  der o b je k tiv e n  
B efunde n ich t g e s te llt w erd en  k an n .

D ie U n te rsu c h u n g  d e r an  v eg e ta tiv en  R eg u la tio n ss tö ru n g en  le id e n d e n  
K ra n k e n g ru p p e  so llte  z u r  K lä ru n g  fo lgender F ra g e n  b e itrag en :

1. Soll d e r zw ischen  n eu ro p sy ch ia tr isch en  F a k to re n  u n d  E E G -V erän d e- 
ru n g en  b es teh en d e  Z u sam m en h an g  als » spezifisch«  b e tra c h te t  w erd en , o d er
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k o m m e n  diese E rsch e in u n g en  auch  be i N e rv e n sy s te m fu n k tio n ss tö ru n g e n  an d e 
r e n  U rsp ru n g s  v o r?

2. B es teh t eine M öglichkeit, d aß  s ic h  aus einem  Teil d e r  v e g e ta tiv e n  
R e g u la tio n ss tö ru n g e n  m it d e r Z e it, a u f  E in w irk u n g  v e rsch ied en er F a k to re n , 
d u rc h  d ie  e inzelnen  S ta d ie n  des P rä b a se d o w s ty p ische  H y p e r th y re o se  bzw. 
B ased o w sch e  K ra n k h e it en tw ic k e lt?  [23].
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^4ЬЬ. 1 b . N o rm a le r a lp h a -R h y th m u s  b e i H y p e rth y reo se  1. s. (I.). 
S chneller b e ta -R h y th m u s  1. d. (II.)

M ethodik

A u ß e r  den  ü b lichen  U n te rsu ch u n g en  w u rd e n  in  säm tlich en  F ä llen  fo lg en d e  S ch ild 
d rü se n fu n k tio n sp rü fu n g e n  d u rc h g e fü h rt: J 131-S p e ich e ru n g sk u rv e  der S ch ild d rü se , P la sm a te s t , 
P la s m a a k t iv i tä t  nach  2, 48 S tu n d e n , H a rn a k t iv i tä t  in  3 F ra k tio n e n  (0 — 8, 8 — 24 u n d  24 — 48 
S tu n d e n ) ,  Jo d g e h a lt  des Serum eiw eißes, G ru n d u m sa tz  (KROGHsche M ethod ik  bzw . D iaphero - 
m e te r ) ,  S e ru m -C h o leste rin -G eh a lt. Die M ethod ik  d e r  U n te rsu ch u n g en  w u rd e  in  e in e r v o r
a n g e h e n d e n  M itte ilung  b e re its  b ek an n tg eg eb en  [25].
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A b b .  2 .  P a ro x y sm al m o d u lie rte r a lp h a -R h y th m u s  bei H y p e rth y reo se  ( I I I .)
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ЛЬЬ. 4. P a roxysm ale  D y srh y th m ie  su b k o rtik a le n  T y p s  bei H y p e rth y re o se  (V .)
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I n  säm tlichen  F ä lle n  w u rd e  ein sog. v e g e ta t iv e r  F rag eb o g en  au sg efü llt, b e s tim m te  
a n a m n e s tis c h e  A ngaben  k q n t r o l l ie r t  u n d  die v e ro rd n e te n  U n te rsu ch u n g e n  d u rc h g e fü h rt  [22]. 
H in s ic h tl ic h  der so m a tisch en  A n am n ese  w u rd en  fo lg en d e n  S ta n d p u n k te n  b e so n d e re  A u f
m e rk s a m k e it  gew idm et: e v e n tu e lle  E n zep h alitis  o d er M en in g itis  (som . 1.), E p ilepsie  (som . 2.), 
K o m m o tio n  (som . 3.), schw ere  a s th en is ie re n d e  E rk ra n k u n g e n , p h y sich e  E rsch ö p fu n g  (so m . 4.). 
D ie  b e i  d e r  E n ts te h u n g  d e r  H y p e rth y re o se  ev en tu e ll b e s te h e n d e  k ritisch e  en d o k rin e  P eriode  
(E n tb in d u n g ,  K lim ax) (so m . 5 .) sow ie sich  zu r H y p e r th y re o se  gesellende k o rtik o v isz e ra le  
E r k ra n k u n g e n  (H y p e rto n ie , U lk u s ,  usw .) (som . 6.) w u rd e n  ebenfa lls  b e rü ck sich tig t.

D as  bei den  K ra n k e n  vo rg en o m m en e  » p sy ch ia trisch e  In terv iew «  t ru g  z u r  K lä ru n g  
fo lg e n d e r  F rag en  bei: B e s te h u n g  u n d  F orm  einer e v e n tu e ll  n e u ro tisc h en  G ru n d p e rsö n lich k e it 
(p s y c h .  1.), im  K in d e sa lte r  e r l i t te n e  em otionelle  B e la s tu n g e n  (p sy ch . 2.), e in m alig e  in te n 
s iv e  Schockw irkung  (p sy ch . 3 .) , an h a lten d e  p sy ch isch e  S p an n u n g  bzw . h ä u fig e  k le ine  
P s y c h o tra u m e n  (psych . 4 .), a u ß e rd e m  w urde au ch  d ie  T a ts a c h e  eines neuen  g e is tig en  A rb e its 
k re is e s  b e rü ck sic h tig t (p sy c h . 5 .).

D ie  E E G -A u fn ah m en  w u rd e n  m it einem  KAYSERschen, 8 K a n a l-T in te n sc h re ib e ra p p a ra t 
v e r f e r t ig t :  H y p e rv en tilla tio n s-  u n d  in te rm ittie re n d e  L ic h tre izb e la s tu n g e n  w u rd e n  in  s ä m t
l ic h e n  F ä lle n  v o rgenom m en . D a  d a s  Ziel vo rlieg en d er A rb e it  te ils  au ch  die N ach u n te rsu c h u n g  
d e r  b is la n g  m itg e te ilten  L ite ra tu ra n g a b e n  w ar, w u rd e  b e i  d e r  G ru p p ie ru n g  de r E E G -B efu n d e  
d ie  n e u e re , 1961 fe s tg e s te ll te  N o m e n k la tu r  n ich t a n g e w e n d e t. D ie E E G -A u fn ah m en  w u rd en  
in  5 G ru p p e n  gereih t:

I .  N orm aler a lp h a -R h y th m u s  (bis 9 —11 Z /sec).
I I .  B esch leunig te  G ru n d tä t ig k e i t  (a lpha- u n d  b e ta -R h y th m u s :  12 u n d  13 Z /sec)

I I I .  P aro x y sm ale r m o d u lie r te r  bzw. h y p e rsy n c h ro n e r  a lp h a -R h y th m u s .
IY . D iffuse D y s ry th m ie  (F re q u en z -L ab ilitä t u n d  e v en tu e lle  tem p o ra le  S p itze n  in 

begriffen).
V . P aroxysm ale  D y s rh y th m ie  su b k o rtik a len  T y p s  (A b b . 1).

D ie  s ta tis tisch e  B e w e rtu n g  d e r  E rgebn isse  w u rd e  m it  d e m  x  Q u ad ra t-V erfah ren  d u rc h 
g e fü h r t .

Ergebnisse

T a b . 1. v e ra n sc h a u lic h t A lte r, G eschlecht u n d  B eschäftigung  d e r P a t ie n 
te n .

D ie den K ra n k h e its g ru p p e n  en tsp rech en d e  V erte ilu n g  der E E G -B efu n d e  
is t  in  T a b . I I .  d a rg e s te llt.

D ie  an g e fü h rten  A n g a b e n  fü h ren  zu  fo lg en d en  F es ts te llu n g en :

T a b e l le  I

H yperthyreose
\  egetative 

Regulationsstörung

Geschlechts- M änner l i 15
Verteilung F ra u e n 35 30

Lebensalter 46,7 J a h re  
(20— 72 J a h re )

39,4 Jah re  
(12— 67 Jah re)

B erufsverte ilung In te lle k 
tuellen

15 22

Physische
A rb e ite r 25 20

G em ischt 6 3
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Tabelle II

EEG-Gruppen

K rankheitsgruppen I. и . I I I . IV. V.

H y p erthy reose  (46 Fälle) 4 8 7 7 20

V egeta tive  R eg u la tio n sstö ru n 
gen (45 Fälle) 21 4 6 6 8

1. M ilde  oder ausdrückliche E E G -A n o m a lie n  (G ruppe I I — I I I — IV —V):

B ei H y p e rth y re o se  in  42 v o n  46 F ä lle n  (91% ), bei v e g e ta tiv e n  R e g u la 
tio n ss tö ru n g e n  in  24 v o n  45 F ä llen  (5 3 % ). D ie  D ifferenz is t s ta r k  s ig n if ik a n t 
(p  <  0 , 1 % ).

2. F ü r  H yperthyreose charakteristisch betrachtete E E G -A n o m a lien  (G ru p p e  
I I — I I I — V):

B ei H y p e rth y re o se  in  35 v o n  46 F ä lle n  (76% ), hei v e g e ta tiv e n  R e g u la 
tio n ss tö ru n g e n  in  18 von  45 F ä llen  (4 0 % ). D ie D ifferenz is t s ta r k  s ig n if ik a n t
( p  <  0,1%).

3. Verhältnis der norm alen und  schweren E E G -A nom alien  :

B ei H y p e rth y re o se  (G ruppe I —Y) in  4 v o n  20 Fällen , b e i v e g e ta t iv e n  
R e g u la tio n ss tö ru n g en  in  8  von  21 F ä llen . D ie  D ifferenz is t s ta r k  s ig n if ik a n t
( p  <  0,1% ).

4. A ls  Zeichen der p rim ä ren  Sch ilddrüsenerkrankung betrachtete EE G - 
A n o m a lien  (G ruppe  I I ) :

B ei H y p e rth y re o se  in  8  v o n  46 F ä lle n , be i v eg e ta tiv en  R e g u la tio n s 
s tö ru n g e n  in  4 v o n  45 F ä llen .

D er sekundären H yperthyreose zugeschriebene subkortikale E E G -Z e ich en  :
B ei H y p e rth y re o se  in  27 v o n  46 F ä lle n , be i v eg e ta tiv en  R e g u la tio n s 

s tö ru n g e n  in  14 v o n  45 F ä llen .
A us T ab . I I I  is t die V erte ilu n g  d er so m a tisc h e n  und  p sy ch isch en  F a k to re n  

in  53 H y p e rth y reo se - u n d  38 v e g e ta tiv e n  R eg u la tio n ss tö ru n g sfä llen  e rs ic h tlic h  
(B eze ich n u n g en  s. M ethod ik ).

A u f  G ru n d  d er D a te n  der T ab e lle  I I I  s ind  folgende Z u sa m m e n h ä n g e  
fe s tz u s te lle n :

1. D ie sum m ierten  som. 1., 2 ., 3. F aktoren  kom m en bei H y p e r th y re o se  
in  53 F ä lle n  6 m al, bei v e g e ta tiv e n  R eg u la tio n ss tö ru n g en  in  38 F ä lle n  l im a i  
v o r. B e i v e g e ta tiv e n  R e g u la tio n ss tö ru n g e n  is t  also —  im  G eg en sa tz  zu  den 
H y p e rth y re o se -F ä llen  —  das Ü b ergew ich t d e r  das N ervensystem  u n m it te lb a r  
b e tre ffe n d en  N oxen  zu  b eo b ach ten .
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Tabelle Ш

Psychosom atische Faktoren

K rankheitsgruppen Somatische F ak to ren Psychische F ak to ren

1 . 2. 3. 4. 5. 6. 1 . 2. 3. 4. 5.

H y p erth y reo se  (53 F ä l l e ) ...................... 2 4 17 i6 7 16 4 28 23 2

V e g e ta tiv e  R eg u la tio n sstö ru n g en  
(38 Fälle) ............................................. 3 6 2 13 10 5 10 6 17 5 1

D ieselben F a k to re n  in der V. E E G -G ru p p e

H y p e rth y reo se  (21 F ä l l e ) ...................... 1 1 9 5 1 8 2 12 13 1

V e g e ta tiv e  R egu la tio n sstö ru n g en  
(7 Fä lle ) ................................................ 4 2 3 1 2 2 2 1

2. A m  v e rh ä ltn ism ä ß ig  h äu fig sten  k o m m e n  die som atischen  F a k to re n  
d e r G ru p p e  4 u n d  5 v o r , ih re  V erteilung  is t  je d o c h  d e r Zahl der F ä lle  p ro p o r 
t io n a l:

B ei H y p e rth y re o se  in  33 von 53 F ä lle n , b e i v eg e ta tiv en  R eg u la tio n s-  
s tö ru n g e n  in  23 v o n  38 F ä llen .

3. Obw ohl d ie  P ro z e n tz a h l der n e u ro tis c h e n  P ersön lichkeit (p sy ch . 
G ru p p e  1) u n te r  d en  p sy ch isch en  F a k to re n  re c h t  h o c h  is t, kann  bei d en  2 G ru p 
p e n  eine p ro p o rtio n a le  V e rte ilu n g  fe s tg es te llt w e rd e n :

B ei H y p e rth y re o se  in  16 von 53 F ä lle n , b e i v eg e ta tiv en  R e g u la tio n s 
s tö ru n g e n  in  10 v o n  38 F ä lle n .

4. V orkom m en d e r  psych ischen  F a k to re n  d e r  G ruppe  3 und  4 (e in m alig e  
in te n s iv e  S ch ockw irkung  u n d  dauernde e m o tio n a le  S pannung):

B ei H y p e rth y re o se  in  51 von  53 F ä lle n , b e i v eg e ta tiv en  R e g u la tio n s 
s tö ru n g e n  in  22 v o n  38 F ä lle n . Die D ifferenz i s t  s ta r k  signifikant (p  0 ,1 % ).

5. W ird  die V e r te ilu n g  der gesam ten  so m a tisc h e n  und  p sych ischen  F a k 
to r e n  in  beiden  k lin isc h e n  G ruppen  g ep rü ft, so e rg ib t sich, daß w ä h re n d  diese 
b e i v e g e ta tiv e n  R eg u la tio n ss tö ru n g e n  je  5 0 %  b e tr ä g t  (39— 39), k o m m en  b e i 
d e n  H y p e r th y re o se -K ra n k e n  die p sych ischen  E in w irk u n g e n  zw eim al h ä u fig e r  
v o r  a ls die so m atisch en  N o x en  (43— 73).

6 . D er u n te re  T eil d e r  T ab . I I I  v e ra n s c h a u lic h t die A ngaben d e r  oben  
a n g e fü h r te n  Z u sam m en h än g e  h insich tlich  d e r  schw ereren  E E G -A n o m alien  
(G ru p p e  V). Die V e rte ilu n g  säm tlicher sc h ä d ig e n d e r  F ak to ren  (so m atisch e  +  
p sy ch isch e) g e s ta lte t s ich  in  den e inzelnen  G ru p p e n  der Zahl d e r  F ä lle  
p ro p o r tio n a l (53 : 21 b zw . 17 : 7). W äh ren d  je d o c h  d ie  sum m ierten  so m a tisc h e n  
F a k to re n  der G ru p p en  1, 2 , u n d  3 bei d en  v e g e ta t iv e n  R e g u la tio n ss tö ru n g en  
a n  Ü bergew ich t g ew in n en  (2 : 4), e n tsp ric h t d ie  V erte ilu n g  der F a k to re n  d e r 
G ru p p e  4 und  5 d e r Z a h l d e r  Fälle  (14 : 5).
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D ie su m m ierten  p sy ch isch en  F a k to re n  d e r  G ruppe 1, 3 u n d  4 k am en :
bei H y p e rth y reo se  in  33 v o n  53 F ä lle n , bei v eg e ta tiv en  R e g u la tio n s 

s tö ru n g e n  in  5 von  38 F ä lle n  v o r. D ie D ifferenz  is t s ig n ifik an t (p  zw ischen 
1  u n d  2 % ).

7. D as gem einsam e V ork o m m en  v o n  3 oder m ehreren  F a k to re n  hei 
d em se lb en  P a tie n t:

B ei H y p e rth y reo se  in  20 von  53 F ä lle n , bei v eg e ta tiv en  R e g u la tio n s 
s tö ru n g e n  in  11 von  38 F ä llen . D ie D ifferenz is t  n ich t s ig n if ik an t (p  30% ).

A u f G rund  d er E rg eb n isse  d er E E G - u n d  n e u ro p sy ch ia tr isch cn  U n te r
su ch u n g en  k an n  zu sam m en fassen d  fe s tg e s te llt  w erden , d aß  —  ob w o h l hei 
v e g e ta tiv e n  R eg u la tio n ss tö ru n g en  als su b je k tiv e  und  o b je k tiv e  S y m p to m e  
d e r R e g u la tio n ss tö ru n g  eine g rößere A n zah l v o n  neu ro tischen  E rsc h e in u n g e n  
u n d  E E G -A nom alien  zu  e rw a rte n  w a r —  zw ischen  den beiden  G ru p p e n  sich 
m eisten s en tgeg en g ese tz te , s ta rk  s ig n if ik a n te  U ntersch iede  m a n ife s tie r te n . 
I n  d e r h y p e rth y re o tisc h e n  G ru p p e  w ar n ic h t n u r  die Zahl s ä m tlic h e r  E E G - 
A n o m alien  höher, als in  d e r G ruppe  d er v e g e ta tiv e n  R e g u la tio n ss tö ru n g e n , 
so n d e rn  auch  die fü r  H y p e rth y re o se  c h a ra k te ris tisch  b e t r a c h te te  E E G - 
E rsch e in u n g en  gew annen  in  s ta rk  s ig n if ik a n te r  W eise an  Ü b e rg e w ic h t.

W äh ren d  in  der G ru p p e  m it v e g e ta tiv e n  R e g u la tio n ss tö ru n g e n  die 
so m a tisch en  u n d  p sy ch ischen  sch äd ig en d en  F a k to re n  im  g le ichen  V erh ä ltn is  
v o rk a m e n , w ar in  d er H y p e rth y re o se -G ru p p e  (u n d  zw ar am  a u sd rü c k lic h s te n  
in  d e r m it schw eren su b k o rtik a le n  E E G -A n o m alien  v e rlau fen d en  G ru p p e  V) 
d as  s ig n ifik an te  Ü bergew ich t der p sy ch isch en  N oxen em o tio n a len  C h a rak te rs  
zu  b eo b ach ten . In  d er B ew ertu n g  d e r E rg eb n isse  m uß u n b e d in g t in  B e tra c h t 
gezogen w erden , d aß  die be i d er h y p e rth y re o tisc h e n  G ruppe b e o b a c h te te n  
E E G -n eu ro p sy ch isch en  A bw eichungen  n ic h t m it gesunden , ü b e r  no rm ale  
R e g u la tio n  verfügenden  P erso n en  ve rg lich en  w u rd en , sondern  m it  d e n  E rg e b 
n issen  d er an  v e g e ta tiv e r  R e g u la tio n ss tö ru n g  le idenden  P a tie n te n . M it H ilfe 
d iese r M ethod ik  k ö n n en  die bei H y p e rth y re o se  gefundenen  V e rä n d e ru n g en  
m it d en  von  der H y p e rth y re o se  u n a b h ä n g ig e n , d u rch  v ersch ied en en  M echan is
m en  e n ts ta n d e n e n  N erv en sy s te m fu n k tio n ss tö ru n g e n  v e rsch ied en er Ä tio logie 
v e rg lich en  bzw . gesondert b e w e rte t w erden .

T ab . IV  v e ra n sc h a u lich t, w elcher d e r in  d er e rsten  s e n k re c h te n  S pa lte  
a n g e fü h rte n  F a k to re n  in  d e r G e s ta ltu n g  d e r  E E G - bzw . n eu ro p sy ch isch en  
U n te rsu ch u n g se rg eb n isse  die H a u p tro lle  sp ie lt. D as M aterial w u rd e  fo lgenden  
G e s ich tsp u n k ten  e n tsp re c h e n d  e in g e te ilt:

1. Schw ere d er H y p e rth y re o se  a u f  G ru n d  o b jek tiv er U n te rsu c h u n g s 
ergebn isse  (6 , 5, 4, 3 p o sitiv e  R e su lta te  von  d en  d u rch g efü h rten  6  B e s tim m u n 
gen).

2 . G ru n d u m sa tzw erte  ü b e r -j-25% .
3. H y p e rth y reo se -T y p en :

a)  d ienzephalische, h y p o p h y sä re , p rim ä re  H y p e rth y re o se
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T abelle  IV

EEG-Befunde

der H yperthyreose
Gesamtzahl I. II. I II . IV. V.

6 +  5 ................................................ 19 2 4 3 2 8

е й  CO
4  +  3  ................................................ 16 2 3 1 2 8

2  0 G ru n d u m sa tz  >  +  25% 33 4 6 6 3 14

M
«  _QCL, О

il
P lasm ap ro te in i'o d  i >  7,5

Р  8 % .......................................... 29 3 7 2 4 13
fi

«  о
к* *£> J 131-A u fnahm e >  31% 35 3 7 7 3 15

*35 с  
о  fi 

Рн РЧ J 131-S peicherung  > 5 6 % 32 2 7 6 3 14

P la sm a te s t > 1 , 0 31 4 3 6 5 13

Se-C holesterin  >  140 mg% 15 2 2 3 8

СО

S
D if f u s a .................................... 39 3 6 5 6 19

ч
N o d o s a .................................... 5 2 2 1

E x o p h th a lm u s ................... 3 8 4 8 3 6 17

K ein E x o p h th a lm u s  . . . . 7 4 3

D ienzephalischer .............. 29 3 4 5 5 12

Т
ур H y p o p h y s ä r e r ..................... 14 1 4 1 1 7

P rim äre r ............................... 4 1 1

b) Fälle  m it b zw . ohne E x o p h th a lm u s
c)  d iffuse S tru m a  bzw . K n o ten k ro p f.

A us T ab . IY  is t  e rs ic h tlic h , daß  die E E G - b zw . neu rop sy ch isch en  V er
ä n d e ru n g e n  m it k e in em  d e r  in  der e rsten  s e n k re c h te n  Säule a n g e fü h rten  A n g a 
b e n  p a ra lle l verlau fen . E s  k a n n  v ielm ehr fe s tg e s te ll t  w erden , daß  die g ew onne
n e n  R e su lta te  ü b e re in s tim m e n d  sind : Die m e is te n  F ä lle  gehören -— u n d  dies 
g ilt fü r  säm tliche  E in te i lu n g e n  —• in  die E E G -V  b zw . in  die a u f  H y p e rth y re o se  
c h a ra k te ris tisc h e n  I I — I I I — Y -G ruppen . Im  G e g e n sa tz  zu den  H y p o th e se n  
m e h re re r  V erfasser w e rd e n  a u f  G rund  der R e s u l ta te  säm tlich er S ch ild d rü sen 
fu n k tio n sp rü fu n g e n  u n d  d e r  E rh ö h u n g  des G ru n d u m sa tz e s  ähn liche  E rg e b 
n isse  e rh a lte n . D ie b e so n d e re  Rolle des G ru n d u m sa tz e s  w ird  selbst v o n  d er 
E E G -V erte ilu n g  u n se re r  12 F ä lle  (aus dem  M a te r ia l  m it v eg e ta tiv en  R e g u la 
tio n ss tö ru n g e n ) , d e re n  G ru n d u m sa tz w e rte  ü b e r  -(-25%  w aren, n ic h t u n te r 
s tü t z t :  I n  der G ruppe  I ,  sech s , in  den G ru p p en  I I — I I I —V, je  zwei. I n  d ieser
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Somatische Faktoren I Psychische F aktoren

Gesamtzahl l . 2. 3. 4. 5. 6. G esam tzahl 1. 2. 3. 4. 5.

15 2 3 6 3 1 21 4 2 9 6

19 l 10 6 2 26 6 9 8 3

30 2 2 15 7 4 49 12 4 18 13 2

30 1 3 14 9 3 34 6 1 15 10 2

26 2 4 8 10 2 44 10 3 18 11 2

24 2 4 6 10 2 41 10 2 17 10 2

28 2 3 9 9 5 40 9 3 16 9 3

2 3 3 5 1 21 6 2 5 8

31 2 3 13 9 4 50 12 2 18 16 2

6 1 3 2 9 2 1 5 1

32 2 3 13 10 4 49 10 3 20 13 3

7 1 4 1 1 12 4 4 4

23 2 4 9 4 4 38 7 1 15 13 2

16 7 8 1 21 7 2 8 3 1

4 1 3 6 1 1 3 1

H in sich t k ö n n en  au ch  zw ischen  den  G ru p p en  d e r  schw eren  (5 bzw . 6  p o s itiv e  
E rg eb n isse  von  6  F u n k tio n sp rü fu n g e n ) u n d  w en ig e r schw eren  (3 bzw . 4 p o sitiv e  
R e su lta te  v o n  6  B estim m u n g en ) H y p e rth y re o se -F ä lle n  keine U n te rsch ied e  
b e o b a c h te t w erden .

D ie E rgeb n isse  d e r b e id en  H y p e rth y re o se -G ru p p e n  —  d. h . d e r b e id en  
H y p e rth y re o se -T y p en  (e inerse its  d ien zep h a lisch e  H y p e rth y re o se , m it  E x o 
p h th a lm u s  v e rb u n d e n e  F ä lle  u n d  diffuse S tru m a fä lle , an d erse its  F ä lle  ohne 
E x o p h th a lm u s , bzw . K n o te n s tru m e n ) —  k o n n te n  infolge der geringen  Z ah l 
d er in  G ru p p e  I I  e in g ere ih ten  F älle  n ic h t v e rg lic h e n  w erden . In  d e r  S p a lte  
E E G -У b e fin d e n  sich  v e rh ä ltn ism ä ß ig  w en ig  F ä lle  aus d er le tz te n  G ru p p e ; 
zw ischen  dem  d ien zep h a lisch en  u n d  h y p o p h y sä re n  T y p  sind  keine A bw ei
chu n g en  zu  b e o b a c h te n . A u f G ru n d  des E E G -B efu n d es  k ö n n en  also  h in 
s ich tlich  des T y p s d er H y p e rth y re o se  k e in e  A n h a ltsp u n k te  gew onnen  
w erden .
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D ie U n te rsu c h u n g  d e r  n eu ro p h y sisch en  E rsch e in u n g en  fü h r t  zu  äh n lich en  
E rg e b n is se n : U n te r  d en  so m atisch en  A n g a b e n  b e fin d en  sich  d ie  m eis ten  
F ä lle  in  säm tlich en  G ru p p e n  in  den  S äu len  4 u n d  5, w ä h re n d  u n te r  den 
p sy c h isc h e n  F a k to re n  die M ehrzah l d er F ä lle  in  die 1., 3. u n d  4. S äu le  g eh ö rt.

B esp rech u n g

B ei der B e w e rtu n g  d e r F älle  m u ß  d e r  zw ischen N e rv e n sy s te m  u n d  
S c h ild d rü se n fu n k tio n  b e s te h e n d e  enge u n d  m an n ig fa ltig e  Z u sa m m e n h a n g  in  
B e tr a c h t  gezogen w erd en . D ie F u n k tio n e n  d e r be id en  S ystem e k ö n n en  e in an d e r 
u n te r  no rm alen  V e rh ä ltn isse n , ab e r au ch  b e i R eg u la tio n ss tö ru n g en  b ee in flu ß en  
(S te ig e ru n g , V erm in d eru n g ) oder ab er es k a n n  sich  zw ischen ih n e n  eine K o m 
p e n s a tio n  bzw. G eg en reg u la tio n  en tw ick e ln .

D ie zw ischen N e rv e n sy s te m  u n d  S ch ild d rü sen fu n k tio n  b e s te h e n d e  enge 
V e rb in d u n g  bzw. W ech se lw irk u n g  k a n n  b e k a n n tlic h  d u rch  versch ied en e  M echa
n ism e n  zu r G eltung  k o m m en . B ei den  H y p e rth y reo se -T y p en  z. B ., b e i denen 
d ie  p r im ä re  E rsch e in u n g  a n n e h m b a r die S te ig e ru n g  d er S ch ild d rü sen fu n k tio n  
is t  (a lso  n ich t k o rtik a le n  o d e r d ien zep h a lisch en  U rsp ru n g s, wie z. B . T h y re o id i
t is ) ,  k a n n  die F u n k tio n s s tö ru n g  des N e rv en sy s tem s  —  die s e k u n d ä r , infolge 
T h y ro x in  bzw. S ch ild d rü sen h o rm o n w irk u n g  e n ts te h t  —  ebenfalls h ä u fig  n a c h 
g ew iesen  w erden. D er A n g riffsp u n k t des T h y ro x in s  is t au ß e r dem  p e rip h e ren  
GewTebe b e k an n tlich  das N e rv en sy stem , in  e rs te r  R eihe das Z e n tra ln e rv e n 
s y s te m . D ie S ch ildd rüse  k a n n  dem zufo lge d u rc h  gesteigerte  T h y ro x in - bzw . 
H o rm o n au ssch e id u n g  die R e iz b a rk e it des v e g e ta tiv e n  N erv en sy stem s e rh ö h en  
[9, 14, 17, 27].

E s  is t aber eb en fa lls  b e k a n n t, d a ß  b e i gew issen F o rm en  v e g e ta tiv e r  
R e iz s tö ru n g e n  [» sy m p a th isch e  H y p e rto n ie «  (3)] n ach  gew isser Z e it eine 
g e s te ig e r te  S ch ild d rü sen fu n k tio n  Z u stan d ek o m m en  k an n  [22].

Im  sog. F eedback -M echan ism us d er S ch ilddrüse-— die ein u n te r  z e n tra le r  
L e itu n g  stehendes, p e rip h e re s  end o k rin es  O rg an  is t —  k o m m t a u ß e r  dem  
h o rm o n a le n  E in flu ß  w ah rsch e in lich  a u c h  die neurogene V e rm ittlu n g  zur 
G e ltu n g . Die v e rä n d e rte  F u n k tio n  des Z e n tru m s  k a n n  ab er w ieder die S ch ild 
d rü s e n fu n k tio n  b ee in flu ssen .

D u rch  Z e rs tö ru n g  des H ab en u la -G eb ie te s  k o n n te  M e s s  [16] die infolge 
d e r  V e rän d e ru n g  des S ch ild d rü sen h o rm o n sp ieg e ls  des B lu tes  in  d e r  TSH - 
A u ssch e id u n g  z u s ta n d e k o m m e n d e n  R e a k tio n e n  hem m en.

I n  den  v e rsch ied en en  k lin ischen  F ä lle n  s ind  also au ß e r d e r g e s tö rte n  
F u n k t io n  der v e g e ta tiv e n  R eg u la tio n  u n d  d e r  S ch ildd rüse  au ch  S tö ru n g e n  der 
h o rm o n a le n  R e g u la tio n  u n d  des N e rv en sy stem s v o rzu fin d en . D a  zw ischen 
d ie se n  F u n k tio n ss tö ru n g e n  ein enger u n d  m an n ig fa ltig e r Z u sam m en h an g  
b e s te h t ,  können  sie e in a n d e r  in  b e d e u te n d e m  M aße beein flussen : D ie v e g e ta tiv e
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R eg u la tio n ss tö ru n g  k a n n  die S ch ild d rü sen h y p e rfu n k tio n  h e rv o rru fen  bzw . 
s te ig e rn , die S ch ild d rü sen h o rm o n e  dagegen  k ö n n e n  d u rch  E rh ö h u n g  d er 
R e izb a rk e it des N e rv en sy s tem s  zur V ersch lim m eru n g  d er v e g e ta tiv e n  R e g u la 
tio n ss tö ru n g  b e itra g e n  u n d  u n te r  U m stä n d e n  a u c h  die a u f  die S ch ild d rü se  
au sg eü b te  schäd igende W irk u n g  des Prozesses s te ig e rn . A u f diese W eise e n t 
s te h t  ein  C irculus v itio su s  bzw . ein  k lin isches B ild , in  dem  es k au m  fe s tzu s te llen  
is t , w elche F u n k tio n s s tö ru n g  —  die en d o k rin e  o d er die des N erv en sy stem s —  
die p rim äre  w ar. In  b e id en  F ä llen  k o m m t a b e r  d ie  e rw äh n te  W echse lw irkung  
z u r G eltung .

Ob die a n a ly s ie r te n  P rozesse bzw . die k o m p liz ie rten , u n te r  B e te ilig u n g  
b e id e r S ystem e e n ts ta n d e n e n  k lin ischen  B ild e r  p r im ä r  d u rch  die S ch ild d rü se  
h erv o rg eru fen  w u rd en , oder ob sie infolge d e r g e s tö r te n  N erv en sy s tem fu n k tio n  
z u s tan d ek am en , k o n n te n  w ir —  in  A n b e tra c h t d ieser m an n ig fa ltig en  F u n k 
tio n ss tö ru n g en  —  m it d en  an g ew an d ten  U n te rsu c h u n g sv e rfah re n  (E E G , 
n eu ro p sy ch ia trisch e  M ethoden) n ich t e in d e u tig  fe s ts te llen . Diese V e rh ä ltn isse  
—  die m it unseren  E rg eb n issen  ü b e re in s tim m en  —  u n te rs tü tz e n  die H y p o 
th e se , la u t  der im  E n ts te h e n  bzw . in  der P a th o g e n e se  gew isser H y p e rth y reo se - 
G ru p p en  der v e g e ta tiv e n  R eg u la tio n ss tö ru n g  als In itia lm ech an ism u s eine 
w esen tliche  Rolle zu k o m m en  k an n . D iese, zu  B eg in n  h a u p tsäch lich  N e rv e n 
sy s te m fu n k tio n ss tö ru n g  ü b t  u n te r  E in w irk u n g  gew isser V erhältn isse  a u c h  a u f 
die Sch ilddrüse  einen  p a th o lo g isch en  E in flu ß  au s, w orauf, die S ch ildd rüse  a n 
fän g lich  k au m  b e m e rk b a r , s p ä te r  aber im m er a u sd rü c k lic h e r h y p e rfu n k tio n ie r t:  
D u rch  die v ersch ied en en  S tad ien  des P räb ased o w s k a n n  sich a u f diese W eise 
das ty p isch e  B ild  d e r H y p e rth y re o se  e n tw ick e ln  [23].
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T he acid -so lub le  r ib o se , lip id -p h o sp h o ru s , p ro te in  and  n u c le ic  a c id  co n te n ts  
o f th e  c ry s ta llin e  len s h a v e  b een  s tu d ied . T h e  d is tr ib u tio n  of r ib o n u c le ic  ac id  in  th e  
fresh  lens has been fo u n d  to  d iffe r fro m  t h a t  in  th e  frozen  lens. T h e  h e te ro g e n e ity  of 
th e  ribo n u cle ic  acid  o f th e  p a rtic le -free  cy to p la sm  has been s tu d ie d  o n  E C T E O L A  
co lu m n . T he p ro p e rtie s  o f  th e  fra c tio n s  e lu te d  a t  low  N aC l c o n c e n tra t io n  h a v e  been 
c h a ra c te ris e d  on th e  b asis  o f  UV a n a ly s is , d ia ly s is , g e l-f iltra tio n  a n d  e n z y m a tic  d iges
tio n . T h e  rib onucle ic  ac id  o f  th e  len s , p re p a re d  w ith  ph en o l, has a  c o m p o n e n t o f  low 
m o lecu la r w e ig h t, t h a t  can  b e  e lu te d  from  th e  E C T E O L A  colum n w ith  0.2 M N aC l, it 
show s a n  UV sp ec tru m  sim ila r  to  t h a t  o f nuc le ic  acids, a n d  c o n ta in s  r ib o se  and 
p h o sp h o ru s . T he b io log ical a c t iv i ty  o f th is  f ra c tio n  is  u nc lear.

B o th  m o rpho log ica lly  an d  fu n c tio n a lly , th e  cry sta llin e  len s  o ccup ies a 
spec ia l p o s itio n  am ong th e  o rg an s o f h ig h e r an im als (v e r te b ra te s , m am m als). 
I n  th e  course of on togenesis  i t  soon develops from  th e  e c to d e rm , a n d  w ith  
th e  d ev e lo p m en t of its  capsu le  i t  becom es iso la ted  early . I t  is a n  a v ascu la r  
o rg an , h as  no in n e rv a tio n  a n d  i ts  on ly  c o n ta c t w ith  th e  o rg a n ism  th ro u g h  
th e  capsu le  is h u m o ra l. A cco rd ing  to  th e  p re se n t view , th e  lens s e rv e s  on ly  
to  p ro v id e  fo r an  a d e q u a te  r e f ra c to ry  m ed iu m  [1 ], ensured  b y  th e  t r a n s fo rm a 
tio n  of e p ith e lia l cells in to  specia l le n tic u la r  fib res  an d  b y  th e  sy n th e s is  of 
specia l p ro te in s . As co m p ared  to  th e  m ass o f lens, th a t  fu n c tio n  is fu lf illed  by 
a sm all q u a n t i ty  of ep ith e lia l cells lo ca ted  su b cap su la rly  a t  th e  a n te r io r  pole, 
in  one la y e r  an d  in  th e  e q u a to r ia l a rea . U n d e r physio logical c o n d itio n s  these  
cells d iv ide  a t  d iffe ren t ra te s  [2 ], th u s , th e y  c a n n o t be co n sid ered  to  be of th e  
sam e ty p e . T he cells o f th e  e q u a to r ia l a rea  g rad u a lly  develop  in to  le n tic u la r  
f ib re s . In fo rm a tio n  re la tiv e  to  th is  p rocess has been o b ta in e d  c h ie fly  by  
h is to lo g ica l m ethods [33], th e  acco m p an y in g  b iochem ical p ro cesses  are  u n 
k n o w n , a n d  i t  is u n reso lv ed  w h e th e r  a f te r  th e  loss of th e  nucleus a n d  p e rs is ten ce  
o f  th e  m em b ran e  th ese  fib re s  h av e  som e k in d  o f m etabo lic  a c t iv i ty .  M orpho log
ica lly , an d  p re su m ab ly  also b io ch em ica lly , th e se  fib res  differ f ro m  o n e  a n o th e r, 
b ecau se  in  th e  course o f on togenesis  th e  fib re s  w hich dev e lo p ed  e a r lie r  sh ift 
to w a rd  th e  in side  of th e  lens. T h is is how  th e  nucleus of th e  len s  develops, 
w h ich  c o n ta in s  em b ry o n ic  p ro te in s  n o t occu rrin g  anyw here  else [3, 4 ].

T he a b b rev ia tio n s  u sed  in  th is  p a p e r  a re : R N A  =  ribonucle ic  ac id , R N A - P =  rib o 
nu c le ic  ac id p h o sp h o ru s , D N A  = d e so x y rib o n u c le ic  acid , D N A -P =  d e so x y rib o n u c le ic  acid 
p h o sp h o ru s , PCÄ =  p erch lo ric  acid .
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B y  m eans of f r a c t io n a t io n  procedures (c h ro m a to g ra p h y , im m une e le c tro 
p h o re s is )  th e  p ro te in  c o n te n t  o f th e  lens cou ld  b e  se p a ra te d  in to  m ore an d  
m o re  com ponents. F o r  e x a m p le , from  th e  r a b b i t ’s lens fiv e  com ponen ts w ere 
is o la te d  b y  continuous flo w  e lec trophoresis  b y  W o o d  e t al. [5], and  from  th e  lens 
o f  th e  h u m an  n ew born  F r a n c o i s  and  R a b a e y  [6]  se p a ra te d  13 co m p o n en ts  
b y  a g a r  e lectrophoresis. P a p a c o n s t a n t i n o u  e t a l. [7] broke u p  th e  a lpha- 
c ry s ta ll in e  p repared  f ro m  th e  nuclear an d  c o rtic a l f ib re s  of th e  bov ine  lens 
in to  fu r th e r  four f ra c tio n s  b y  D E A E -cellu lose c h ro m a to g ra p h y  an d  c h a ra c 
te r is e d  th e m  by  im m u n e c h e m ic a l m ethods. Y e t, i t  seem s th a t ,  as co m p ared  
w i th  o th e r  organs, th e  len s  c o n ta in s  few q u a li ta t iv e ly  d iffe ren t p ro te in  ty p e s . 
I t  is  p a r tic u la rly  re m a rk a b le  th a t ,  a lth o u g h  th e  a n tig e n ic  com ponen ts o f th e  
le n s  in c rease  in  n u m b e r in  t h e  course of p h y lo g en esis , on ly  sligh t d ifferences 
e x is t  in  th e  an tigen ic  p a t t e r n s  o f closely re la te d  species [8 ].

T h e  role in  p ro te in  sy n th e s is  of nucleic ac id s  h a s  been  am ply  p ro v ed . 
I n  v iew  of those o u tlin e d  a b o v e , th e  lens seem s to  be a su itab le  o b jec t for 
s tu d ie s  on th e  sy n th es is  o f  specific  p ro te in s  a n d  nuc le ic  acids, an d  on  th e  
b io c h e m ic a l m echan ism  a n d  con tro l of cell d iv is io n . I t  is nam ely  k now n , on 
th e  one  h an d , th a t  a f te r  e x p o su re  to  noxious e ffec ts  (m echan ical t ra u m a , UV, 
a n d  ion is in g  rad ia tio n s)  t h e  lens m ust re g e n e ra te  w ith o u t ex te rn a l ce llu la r 
h e lp , since th e  capsu le d o es  n o t  perm it th e  e n t r y  o f  cells; on th e  o th e r h a n d , 
th e  d iv is io n  of e p ith e lia l cells is a l ig h t-d e p e n d e n t p rocedure , th e  m ito tic  
in d e x  bein g  higher in  th e  d a r k ,  th a n  in  lig h t [2]. T h e  l a t te r  o bserva tion  suggests 
th e  ex is ten ce  in  th e  len s  o f  a  lig h t-reac tiv e  m e c h a n ism  reg u la tin g  nucleic acid  
s y n th e s is , th a t  m ay e x e r t  i t s  e ffect no t on ly  on th e  lens, b u t  Im m orally  on  th e  
o rg a n ism  as a w hole, a n d  th u s ,  to g e th e r w ith  n e rv o u s  pe rcep tio n  o f lig h t 
b e g in n in g  in  the r e t in a ,  t h e  lens, too , m ay  ta k e  p a r t  th ro u g h  a h u m o ra l 
m e c h a n ism  in th e  genesis a n d  con tro l of th e  d iu rn a l  a n d  n o c tu rn a l b io rh y th m  
o f  th e  organism . T he e x is te n c e  of a lig h t-d e p e n d e n t reg u la tin g  m echan ism , 
u n u s u a l  w ith  m am m alian  ce lls , seem s to  be c o rro b o ra te d  b y  th e  recen t ev idence 
p u b lis h e d  by  Cr e m e l - B a r t e l s  [9] th a t  th e  p te r id in e s  iso la ted  from  th e  lens 
sh o w e d  differences in  s p e c tru m  an d  o ther p ro p e r tie s  b efo re  an d  a fte r  exposu re  
to  su n sh in e .

In fo rm atio n  c o n c e rn in g  th e  nucleic ac id  m e ta b o lism  of th e  lens, a n d  in  
p a r t ic u la r  th e  sy n th esis  o f  n u c le ic  acids an d  sp ec ific  p ro te in s , m ay  shed  som e 
l ig h t  on  th e  m echan ism  o f  c a ta r a c t  d ev e lo p m en t. T h is is w hy  we h av e  u n d e r 
t a k e n  to  s tu d y  th e  n u c le ic  ac id  m etabo lism  o f th e  lens.

I n  a previous p a p e r  [1 0 ] we published  d a ta  as to  th e  q u a n tita tiv e  re la tio n s  
o f  so m e biochem ical c o m p o n e n ts  of th e  lens, a n d  gave an  acco u n t o f th e  
h e te ro g e n e ity  of th e  R N A  p re p a re d  from  th e  len s  b y  pheno l m eth o d  a n d  of 
th e  changes in  th e  c h ro m a to g ra p h ic  p a tte rn  u p o n  ribo n u c léase  d igestion .

I n  th e  p resen t p a p e r  w e  sh a ll rep o rt, on th e  b as is  o f a considerab le n u m b e r 
o f  d a ta ,  on the  re la tiv e  c o n c e n tra tio n s  of som e b io ch em ica l com ponen ts b u ild in g
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up  th e  lens, w ith  special reference  to  nucleic acids, as w ell as on som e p ro p e rtie s  
of th e  R N A  fo u n d  in  th e  su p e rn a ta n t  fra c tio n  (S -frac tion ) o b ta in ed  b y  c e n tr i
fu g a tio n  o f th e  lens h o m o g en a te  a t 105 0 0 0  g.

M ethods

E xperim en ta l object

T h e  lenses w ere o b ta in e d  from  in b red  ra b b its ,  3 to  4 m o n th s  o ld , 
d e ca p ita tio n .

Biochem ical analysis

im m e d ia te ly  a f te r

T h e  lenses w ere p laced  in to  conical cen trifu g e  tu b es  a n d  hom ogenized in  d is tilled  
w a te r  a t  -f- 4°C w ith  a g lass ro d . F ro m  th e  ho m o g en a te  th e  nucle ic  acids w ere iso la te d  b y  th e  
S ch m id t —T h an n h a u se r m eth o d  m odified  fo r m icro-w ork  [11, 12]. T he ribose  c o n te n ts  o f  th e  
acid  so lub le  and  R N A  frac tio n s  w ere d e te rm in ed  b y  th e  o rc in  colour re a c tio n [ 13], u sin g  a 
10 //g /m l rib o se  so lu tio n  as th e  s ta n d a rd . T he q u a n ti ty  o f R N A -P  w as co m p u ted  fro m  th e  
ribose  c o n te n ts  o f th e  R N A  fra c tio n , on  th e  b asis  o f th e  ev idence  th a t  in  th e  R N A  p re p are d  
from  th e  lens w ith  p h eno l th e  ra tio  o f o rc in -reac tin g  ribose  an d  p h o sp h o ru s  w as 2.4. P h o sp h o ru s  
w as d e te rm in ed  by  th e  m eth o d  of G r i s w o l d  et al. [14]. P ro te in  w as d e te rm in ed  b y  th e  m eth o d  
of L o w r y  et al. [15], u sin g  b o v ine  serum  a lb u m in  as s ta n d a rd .  D N A  w as d e te rm in e d  on th e  
basis o f th e  indole co lour re a c tio n  [16], u sing  c a lf  th y m u s  D N A  p re p are d  acco rd in g  to  K a y , 
S i m m o n d s  and  D o u n c e  [17] as s ta n d a rd . DN A  could  n o t  be d e te rm in e d  b y  th e  in d o le  co lour 
re ac tio n  fro m  th e  a lk a lin e  so lu tio n  of th e  R N A -freed  p re c ip ita te  o b ta in e d  w ith  th e  S ch m id t — 
T h a n n h a u se r  m eth o d , p a r tly  because  a very  in ten se  p in k  co lou r re su lted  in  th e  course  o f 
develop ing  th e  indo le  co lour re ac tio n , th a t  w as v e ry  d iff ic u lt to  rem ove even b y  th e  u su a l 
sh a k in g -o u t w ith  ch lo ro fo rm  an d  th ere fo re  no rep ro d u c ib le  re su lts  w ere o b ta in e d , p a r t ly  
b ecause  th is  w ay  we o b ta in e d  im p ro b a b ly  low  D N A  v a lu es. F o r  th is  reason  we e x tra c te d  
p rev io u s ly  th e  DN A  w ith  1 n  PCA a t  100°C fo r  45 m in u te s  fro m  th e  frac tio n  re m a in in g  a f te r  
th e  re m o v a l o f R N A -n u cleo tid es an d  co n ta in in g  p ro te in  a n d  D N A . In  th is  case , to o , th e  
aspecific  co lour m en tio n ed  ab o v e  m ade i ts  ap p ea ran ce , b u t  i t  cou ld  be e lim in a ted  b y  sh ak in g  
o u t fo u r tim es  w ith  ch lo ro fo rm . T he re su lts  th u s  o b ta in e d  w ere w ell rep ro d u c ib le . As to  th e  
d is tu rb in g  aspecific  co lour, i t  shou ld  be p o in ted  o u t th a t  a m ore  in ten se  colour re su lte d  w hen  
th e  S -frac tio n  of th e  lens h o m o g en a te  w as an alysed  as d escribed  above th a n  th e  one o b ta in e d  
in  th e  p re c ip ita te ; i t  is supposed  th a t  th e  indole  re ac tio n  h a d  b een  in te rfe re d  w ith  b y  p ro te in , 
c a rb o h y d ra te  o r som e o th e r  su b s tan ces co n ta in ed  m ain ly  in  th e  S -fraction .

T h e  h e te ro g en e ity  o f R N A  w as s tu d ied  in  R N A  p re p a re d  b y  K i r b y ’s phenol m e th o d  [18] 
on E C T E O L A  cellulose co lum n (0.41 m eq/g , SE R V A ) b y  step w ise  e lu tio n , d e sc rib e d  in  
d e ta i l  e lsew here  [10].

Gel f i l t r a tio n  was done b y  m eans of S ep h ad ex  G — 25, M edium  (P h a rm a c ia , U p p sa la , 
Sw eden).

F o r  rib o n u cléase  d ig es tio n , ca lf p an creas r ib o n u cléase  (609 u n its /m g ) [34] w as u sed . 
T he ex p e rim e n ta l co n d itio n s a re  described  in th e  c h a p te r  on  R esu lts .

T h e  le n tic u la r  ho m o g en a te  w as fra c tio n a te d  in  a Spinco L p re p a ra tiv e  u l tra  c en tr ifu g e . 
A sp e c tro p h o to m e te r  o f  th e  U n icam  S P  500 ty p e  w as used  fo r th e  p h o to m e tric  m e a su re m e n ts .

R esults

T h e  resu lts  for th e  nucleic  acid  c o n te n t as w ell as for th e  ac id -so lub le  
ribose , lip id -P  an d  p ro te in  c o n ten ts  d e te rm in ed  fro m  th e  d iffe ren t f rac tio n s  
o b ta in e d  by  th e  S ch m id t-T h a n n h a u se r m e th o d , a re  show n in T ab le  I .

O n th e  basis of th e  re su lts  in  T ab le  I , re la tin g  th e  single co m p o n en ts  to  
D N A -P , i t  can  be seen th a t  th e  value fo r th e  R N A -P /D N A -P  ra tio  is a ro u n d  
6 ; th e  ra tio  for p ro te in /D N A -P , 2 • 104; th a t  for lip id -P /D N A -P , a ro u n d  5;

6  A cta Medica X IX /3.
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Table I

Acid-soluble ribose, l ip id -P , p ro te in , R N A - P  and  D N A - P  contents o f  the rabbit lens

W eight Acid-soluble
ribose

M g

Lipid-P P ro te in RNA-P DNA-P RNA-P
g Mg fig, 10 » Mg Mg DNA-P

M e a n  ..................... 0.3912 330 24.4 100 30.3 5.19 6.60

S. D .* ..................... 0.0348 66 2.97 4.6 2.98 0.99 1.39
V alu es m in. and 

a n d  m ax.

N u m b e r of estim a-

0.3314—
0.4385

171— 416 16.2— 
30.8

81— 142 24.7—
36.7

3.09—
7.28

4.71 — 
8.90

t i o n s ....................... 25 35 31 25 57 32 32

a n d  th a t  for ac id -so lub le  rib o se /D N A -P , a ro u n d  64. As co m p ared  w ith  o th e r 
m a m m a lia n  organs [19], in  th e  lens th e  R N A -P /D N A -P  an d  th e  p ro te in /D N A -P  
r a t io s  are v e ry  h ig h , w hile  th e  lip id -P /D N A -P  an d  th e  ac id -so lub le  rib o se / 
/D N A -P  ra tio s  are  low  [20]. T he u n u su a l h ig h  v a lu e  fo r th e  p ro te in /D N A -P  
r a t io  is of course, since a sm all p a r t  of th e  lens is m ade u p  b y  cells, w hile th e  
r e s t  is com posed o f p ro te in  fib res  h av in g  no nucle i. W e h av e  n o t a t te m p te d  to  
a n a ly se  th e  lip id  c o n te n t a n d  co m position  o f th e  lens. T he v a lu e  fo r lip id -P  
re la te s  to  th e  p h o sp h o ru s  c o n te n t o f th e  lip id  f ra c tio n . T h is supp lies in fo rm a tio n  
m e re ly  as to  th e  q u a n t i ty  o f P -c o n ta in in g  lip id s , b u t p a r t  o f i t  m ig h t n o t 
o r ig in a te  from  lip id s.

B ecause of th e  u n u su a lly  h igh  R N A /D N A  ra tio  we s tu d ie d  th e  ra tio  
o f  so lub le  R N A  a n d  R N A  b o u n d  to  su b c e llu la r  p a rtic le s , fu r th e rm o re  th e  
sp e c ia l ch a ra c te r  o f  th e  le n tic u la r  R N A .

T herefore  10 lenses iso la te d  im m e d ia te ly  a fte r  d e c a p ita tio n , as w ell as 
10 o th e r  lenses s to re d  a t  — 15° C for a few  d ay s , w ere hom ogen ized  in  0.25 M 
su c ro se  so lu tion  in  a P o tte r -E lv e h je m  glass h o m o g en iza to r a t  2000 r . p . m . 
fo r  5 m inu tes, th e n  c e n tr ifu g e d  ín  Spinco  I  p re p a ra tiv e  u ltra c e n tr ifu g e  for 
90 m in u te s  a t 35 000 r. p . m . (40 ro to r). T he su p e rn a ta n ts  an d  th e  p re c ip ita te s  
th u s  o b ta in ed  w ere a n a ly se d  b y  th e  m e th o d  d escribed . T he re su lts  are p re sen ted  
in  T a b le  I I .

T ab le  I I  show s th e  v a lu e s  fo r th e  lip id -P , p ro te in  an d  R N A -P  c o n ten ts  
o f  th e  su p e rn a ta n ts  o b ta in e d  a f te r  exposu re  o f  th e  h o m o g en a te  to  105 000 g 
(S -frac tio n ) and  th e  p re c ip ita te s  iso la ted  from  fresh  an d  frozen  lenses, as w ell 
a s  (in  paren th esis) th e  p e rc e n ta g e  d is tr ib u tio n  re la te d  to  th e  to ta l  a m o u n ts  of 
th e  single com ponen ts o f th e  in itia l h o m o g en a te . T h e  ex p e rim en ts  w ere re p e a te d  
se v e ra l tim es, and  a lth o u g h  th e  d ifferences in in it ia l  to ta l  a m o u n t co rresponded  
to  th e  d a ta  in  T ab le  I , th e  v a lu es  concern ing  p e rcen tag e  d is tr ib u tio n  p ro v ed  
to  be  rep ro d u c ib le  w ith in  th e  lim its  of e rro r.
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T ab le  II

L ip id -P , protein and R N A - P  contents o f  the precipitate and supernatant fra c tio n  obtained 
after centrifugation  the lens homogenate at 105 000 g

Lens
Lipid-P

Mg
Protein

Mg
R N A -P

Mg

P re c ip i ta te ........................

F resh  .................................

S u p e rn a tan t ...................

2 2 4 .0

( 8 9 )

2 9 .1

( И )

2 9 0 .0  

(2 5 )

8 2 0 .0  
(7 5 )

1 5 6 .6

( 5 9 )

1 0 8 .0
( 4 1 )

P re c ip i ta te ........................ 2 2 4 .0 1 1 3 .0 7 2 .3

R efrigerated  ................... ( 8 9 ) (1 4 ) ( 2 6 )

S u p e rn a ta n t ................... 3 0 .0 7 0 7 .0 2 0 6 .8

( 1 1 ) (8 6 ) ( 7 4 )

In  paren theses: p e rcen tag e  d is tr ib u tio n  re la ted  to  to ta l a m o u n t o f single com ponents

T he d a ta  in  T ab le  I I  rev ea l t h a t  in  th e  fresh  lens th e  S -fra c tio n  con ta ins 
11 p e r cen t of th e  lip id -P , 75 p e r c en t of th e  p ro te in  an d  41 p e r  c en t of th e  
R N A . A fte r  sto rage  in  th e  fro zen  s ta te ,  th e  p ercen tag e  ra tio  o f  lip id -P  is u n 
ch an g ed , th a t  of p ro te in  in c reases  to  8 6  p e r cen t, an d  th a t  o f  R N A  to  74 per 
c e n t, in  th e  su p e rn a ta n t. T hese  d a ta  in d ica te  th a t  a b o u t h a lf  o f  th e  len ticu la r 
R N A  is “ soluble R N A ” , an d  th a t  on freezing  an d  th a w in g  th e  len s  an  even 
g re a te r  percen tag e  of th e  to ta l  R N A  passes over in to  th e  S -fra c tio n .

In  a prev ious re p o r t  [10] w e h a v e  described  th e  h e te ro g e n e ity  on the  
E c te o la  colum n of th e  R N A  iso la te d  w ith  phenol from  th e  w ho le  lens stored  
in  th e  frozen  s ta te , a n d  th e  c h ro m a to g ra p h ic  changes fo llow ing  d ig estio n  of 
th e  R N A  w ith  rib o n u c léase . T he a m o u n ts  of th e  frac tio n s  e lu te d  w ith  so lu tions 
o f low  N aC l co n c e n tra tio n  w ere co n siderab le  an d  a fte r  r ib o n u c léa se  tre a tm e n t 
th e  frac tio n s  w hich  befo re  w ere e lu ta b le  only  w ith  a lka line  e lu e n ts  becam e 
possib le  to  e lu te  w ith  N aC l. O n th e  basis  of th e  re su lts  p re se n te d  in  T ab le  I I  
we h a v e  tr ie d  to  assess th e  c h ro m a to g ra p h ic  difference of th e  R N A  fo u n d  in 
th e  S -frac tio n  o f th e  fre sh  lens f ro m  th a t  of th e  R N A  p re p a re d  from  the  
w hole lens, fu r th e rm o re  to  o b ta in  m ore  d e ta iled  in fo rm a tio n  as to  th e  p ro 
p e rtie s  o f th e  single frac tio n s .

T h e  ch ro m a to g ram  o f th e  R N A  o b ta in ed  a fte r  pheno l t r e a tm e n t  of th e  
S -frac tio n  of fresh  lenses hom og en ised  in  0.25 M sucrose is sh o w n  in  Fig. 1.

F ig . 1  show s th a t  a b o u t 60 p e r  cen t o f th e  R N A  p re p a re d  b y  phenol 
can  be e lu ted  from  th e  co lum n  w ith  so lu tions of d iffe ren t N aC l c o n c e n tra tio n , 
a n d  a fu r th e r  40 p er cen t w ith  a lk a lin e  so lu tions of d iffe ren t c o n cen tra tio n s . 
As co m p ared  w ith  th e  c h ro m a to g ra m  of th e  R N A  p re p a re d  fro m  fro zen  whole 
lenses [1 0 ], th e re  is  no q u a li ta t iv e  an d  v e ry  l i ttle  q u a n t i ta t iv e  difference, 
in a sm u c h  as here  th e  re la tiv e  c o n c e n tra tio n s  of th e  frac tio n s  e lu te d  w ith  a lk a 

6*
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lin e  e lu e n ts  are low er. I n  R N A  p rep ara tio n s o b ta in e d  b y  th e  sam e m ethod  
f ro m  o th e r  m am m alian  ce lls  [2 1 , 2 2 ] we h av e  n o t fo u n d  such  re m a rk a b ly  
g re a t  q u a n titie s  of f ra c tio n s  e lu ta b le  a t low N aC l c o n c e n tra tio n . T he question  
e m e rg e d  also on th e  b as is  o f  th e  experim en ts w ith  rib o n u c léase  [1 0 ], as to  
w h e th e r  these were d e g ra d a t io n  p roducts of R N A  p ro d u c e d  u p o n  th e  effect 
o f endogenous rib o n u c léa se , o r com ponents e x is tin g  in  th e  lens in  vivo, to o , 
t h a t  c a n  be p repared  to g e th e r  w ith  RNA. To f in d  th e  so lu tio n  to  th is  question , 
w e h a v e  carried  o u t in v e s t ig a tio n s  to  c h a ra c te r ise  th e  iso la ted  frac tio n s.

F ig . 1. T h e  he terogeneity  o f R N A  c o n ta in ed  by the  s u p e rn a ta n t  f ra c tio n  of lens hom ogenate , 
a f te r  c en trifu g a tio n  a t 105 000 g ; o n  E c teo la  colum n, b y  s te p w ise  e lu tion . T he le tte rs  m ean  
th e  d if fe re n t eluents, as fo llow s: A : p h o sp h a te  buffer, 0.Ó1 M, p H  6.85; B , C, D : 0.2, 0.6, 1.0 
M N a C l in  phosphate  b u ffer, r e sp e c tiv e ly ;  E , F , G: 0.1, 0 .2, 0.6 N  N H ,O H  in  above p h o sp h a te  

solution c o n ta in in g  1.0 M NaCl, re sp ec tiv e ly ; H : 1.0 N  N aO H  
T h e  n u m b e rs  above th e  co lu m n s sh o w  th e  values of E 2m,/E 281, ra tio .  W ith  each  e lu en t, 5 m l 

f ra c t io n s  w ere  e lu ted , to a to ta l  o f  25 m l

T h e  frac tion  e lu ta b le  w ith  0 . 2  M NaCl w as d ia ly se d , rech ro m a to g rap h ed  
a n d  f in a lly  digested w ith  rib o n u c léase . The f ra c t io n  w as d ia lysed  overn igh t 
a g a in s t  a phosphate  b u ffe r  a t  -)-4 0  C. The frac tio n  p ro v e d  to  be non-d ia lysab le . 
E v e n  a f te r  dialysis a g a in s t 2 M NaCl for 20 h o u rs  m ere ly  25 per cen t were 
d ia ly s e d  out. In  th e  co u rse  o f  re c h ro m a to g rap h y  a f te r  d ialysis th e  frac tio n  
m e n tio n e d  was to  be e lu te d  a g a in  w ith  0.2 M N aC l so lu tio n . T re a tm e n t w ith  
r ib o n u c lé a se  did no t a l te r  t h e  rech ro m ato g rap h ic  a p p e a ra n c e  of th is  iso la ted  
f r a c t io n . T rea tm en t w ith  e th a n o l conta in ing  p o ta s s iu m -a c e ta te , com m only
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used  fo r th e  p re c ip ita tio n  of R N A , caused  o n ly  15 per cen t o f th e  iso la te d  
fra c tio n  to  p re c ip ita te . O n g round  o f all th e se  f in d in g s  we have c o n c lu d ed  th a t  
we w ere dea lin g  w ith  an  o ligonucleo tide o f  re la tiv e ly  low m olecu la r w e ig h t. 
T herefo re  we su b je c te d  th e  iso la ted  f ra c tio n  to  gel f iltra tio n , in  o rd e r  to  d e te r 
m ine th e  a p p ro x im a te  m olecular w eigh t. T h e  m a te ria l applied  to  S e p h a d e x  
G-25 w as fo u n d  to  possess ju s t  one co m p o n e n t, one of low m o lecu la r w eig h t 
co rresp o n d in g  to  th e  spec ifica tion  o f th e  gel f i l te r  used, n o ta b ly  o n e  low er 
th a n  4500 in  m o lecu la r w eigh t. W e w a n te d  to  confirm  th is  fac t a lso  b y  gel- 
f i l t r a t in g  th e  to ta l  R N A  p re p a ra tio n  on S e p h a d e x  G-25.

E260

Fig. 2 . Gel f i lt ra tio n  of R N A  prep ared  from  th e  s u p e rn a ta n t  of lens hom ogenate  a f te r  c e n tr i
fu g a tio n  a t  105 000 g, on S e p h a d ex  G-25 colum n

F ig . 2 rev ea ls  th a t  on th e  basis of O. D . a t  260 mц  ab o u t 65 p e r  cen t 
of th e  m a te r ia l ap p lied  to  th e  S ephadex  G-25 co lum n proved  to  b e  h ig h e r 
th a n  a p p ro x im a te ly  4500 an d  35 p er c en t w as low er th a n  4500 M. W . T he 
p e rc e n tu a l a m o u n t o f th e  la t te r  co m p o n en t in  th e  R N A  p re p a ra tio n  w as th e  
sam e as th a t  o f th e  f ra c tio n  e lu ted  from  th e  E c te o la  w ith  0.2 M N aC l so lu tio n . 
T he E 2 g0 /E 2 8 0  r a t io  o f th is  low m olecular w e ig h t fra c tio n  is 2.8, ll.S jttg  o f  ribose  
co rresp o n d in g  to  1 E 2e0, as opposed to  th e  o th e r  nucleic acid fra c tio n s  w h ich  
show  va lu es  o f  2.0  a n d  a b o u t 9.9, re sp e c tiv e ly .

In  th e  n e x t  s te p  we re c h ro m a to g rap h e d  th e  frac tio n  e lu te d  f ro m  th e  
E c teo la  co lum n w ith  0.6 M NaCl. O f th a t ,  69 p e r cen t was e lu ted  a g a in  w ith  
0.6 M N aCl, w hile 35 p er cen t w ith  0.2 M N aC l. Closely sim ilar r e s u lts  w ere 
o b ta in e d  a f te r  g e l-f iltra tin g  th e  iso la ted  0.6 M N aC l frac tion  on S e p h a d e x  G-25 
(F ig . 3).

F ig . 3 rev ea ls  t h a t  a f te r  g e l-f iltra tio n  o f th e  frac tion  e lu ted  f ro m  th e  
E c teo la  w ith  0.6 M N aC l, we o b ta in  a f ra c tio n  h ig h e r th a n  4500 a n d  one  low er 
th a n  4500 in  m o lecu la r w eight. In  th e  case  o f  b o th  frac tions th e  E 2 6 0 /E .2 8 0
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r a t io  show ed  values c h a ra c te r is tic  of n u c le ic  ac id s . The re c h ro m a to g rap h e d  
0 .6  M N aC l frac tio n  w as d ig es ted  w ith  r ib o n u c lé a se  (for 15 m inu tes a t  37° C, 
in  0 .01  M, p H  6.85 p h o s p h a te  buffer m ed iu m , w ith  0.78 jUg/ml en zy m e); a f te r  
r e c h ro m a to g ra p h y , 55 p e r c en t of it  could  b e  e lu te d  w ith  th e  0.6 M N aC l e lu 
e n t .  A s show n in  th e  p re v io u s  p ap er [10], th e  f ra c t io n  e lu ted  b y  0.6 M N aC l is 
d e te c ta b le  even a f te r  t r e a t in g  th e  len ticu la r R N A  w ith  ribonucléase fo r 3 h o u rs . 
I n  a d d it io n , if  d ig es tio n  w as  con tinued  fo r 24 h o u rs , or i f  in s te a d  o f R N A  
th e  le n tic u la r  h o m o g en a te  w as d igested  a n d  R N A  p repared  a f te r  th is  w as 
c h ro m a to g ra p h e d , besid e  th e  frac tio n  e lu te d  w ith  th e  0.2 M NaCl e lu e n t also 
t h a t  e lu te d  b y  0.6 M N aC l w as d e tec tab le . T h u s , th is  frac tio n  p ro v e d  to  be 
r e la t iv e ly  re s is ta n t to  rib o n u c léa se . This h a s  a lso  b e e n  proved  by  th e  fo llow ing  
e x p e r im e n t.

F ig . 3. Gel f i ltra tio n  on S e p h a d e x  G-25 colum n o f th e  le n tic u la r  R N A  frac tio n  e lu te d  fro m  
E c te o la  co lum n w ith  0.6 M N aC l so lu tion

T h e  R N A  p re p a ra tio n  iso la ted  from  th e  S -fra c tio n  of th e  h o m o g en a te  was 
a p p lie d  to  an  E c teo la  c o lu m n , th e n  e lu ted  d ire c t ly  w ith  1 M N aC l. T h e re b y  
th e  f ra c tio n s  e lu tab le  w ith  NaCl were s e p a ra te d  from  those e lu ta b le  w ith  
a lk a lin e  e lu en ts ; th e  l a t t e r  rem ained  on th e  co lu m n . T hen  th e  co lu m n  w as 
w a s h e d  w ith  p h o sp h a te  b u ffe r  to  free i t  f ro m  sa lts , 2 0  ^g /m l of rib o n u c léa se  
d is so lv e d  in  buffer w as a llow ed  to  flow  th ro u g h  i t  fo r 90 m inu tes a t  a r a te  of 
1 m l/m in , th e n  it  w as w ash ed  w ith  d is tilled  w a te r . Subsequen t e lu tio n  w as 
b e g u n  ag a in  w ith  b u ffe r , b y  th e  stepw ise te c h n iq u e . The c h ro m a to g ra m  
th u s  o b ta in e d  is show n  in  F ig . 4.

F ig . 4 reveals t h a t  th e  nucleic acid f ra c t io n s  w hich h ad  rem a in ed  on  th e  
c o lu m n  a f te r  e lu tio n  w ith  1 M NaCl (b ro k en  lin e )  tu rn e d  in to  frac tio n s  e lu te d  
w i th  0 .2  and  0.6 M N aC l (con tinuous line) in  response to  t r e a tm e n t  w ith  
r ib o n u c lé a se . I t  is a lso  v is ib le  th a t  th e  E 2 6 0 / E 2 S 0  ra tio  for th e  f ra c tio n s  th u s  
o b ta in e d  co rresponded  to  t h a t  for th e  in i t ia l  n u c le ic  acids. This su g g ests  th a t
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th e  f ra c tio n  o rig inally  p re se n t in  th e  R N A  p re p a ra tio n  an d  e lu ted  w ith  0.2 M 
N aCl is n o t th e  sam e f ra c tio n  as th a t  e lu te d  w ith  0.2 M, arising  a f te r  th e  
b reak d o w n  of nucleic ac ids.

D iscussion

As co m p ared  to  i ts  m ass, th e  lens c o n ta in s  few  cells. B y th e  S c h m id t — 
T h a n n h a u se r  m eth o d  a d a p te d  to  m icro -w ork  th e  R N A  an d  D N A  c o n te n ts  
of a single lens could  be d e te rm in ed .

£?gp

Fig. 4. C onversion  of th e  le n tic u la r  R N A  frac tio n s e lu ta b le  by  a lka line  e lu en ts  (b ro k en  line) 
to  frac tio n s  e lu ted  by  e lu en ts  o f low  NaCl co n ce n tra tio n  (so lid  line), in  response to  r ib o n u cléase  
tre a tm e n t,  on E c teo la  colum n. T he le tte rs  m ean th e  sam e as in  F ig. 1. E x p e rim en ta l co n d itio n s

see in  te x t

T he D N A -P  c o n te n t o f th e  lens has b een  fo u n d  to  be 5.2 fig. D a i s l e y  [23] 
d e te rm in e d  b y  a s im ila r m e th o d  th e  D N A  c o n te n t  of ch ick  em bryo  lenses. I t  is 
know n  th a t  w ith in  th e  sam e species th e  d iffe re n t ty p e s  of som atic  cells c o n ta in  
th e  sam e am o u n ts  o f D N A . In  th e  d iffe ren t ty p e s  o f in f la m m a to ry  cells o f th e  
r a b b it  th e  average  D N A -P  co n te n t was fo u n d  to  be 0 .6 fig  [21, 24]. F ro m  th is  
i t  m a y  be concluded  th a t  th e  D N A -P  c o n te n t o f  th e  lens is e q u iv a le n t to  th a t  
o f a b o u t 6  • 1 0 ° to  8  • 1 0 6 n u c lea r cells.

W e found  th a t  one lens con ta ined  30.3 fig  o f  R N A -P . This a m o u n t agrees 
well w ith  th o se  re p o rte d  b y  o th e r au th o rs  [25, 26, 27]. T he v alue  re p o r te d  by
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v a n  H e y n i n g e n  e t al. [28] is low er, b u t  th e se  au th o rs  e x tra c te d  th e  R N A  
b y  p h e n o l-m e th o d . I t  is k n o w n , how ever, t h a t  a lth o u g h  phenol m ak es m o st of 
th e  R N A  w ater-so lub le , th e re  s till rem ain s a p o rtio n  no t re leased  b y  th e  u su a l 
p h e n o lic  tr e a tm e n t,  i. e. i t  rem a in s  in  th e  p h en o lic  phase. T he a m o u n t o f  th e  
l a t t e r  v a r ie s  from  tissu e  to  tissu e . T he lens, to o , con ta in s an  R N A  fra c tio n  
n o t  re le a sa b le  b y  pheno l, a n d  th u s  th e  a m o u n t of R N A  d e te rm in ed  b y  th is  
w a y  c a n n o t  be considered  to  be th e  to ta l  R N A  co n ta in ed  in  th e  lens.

A s co m p ared  w ith  o th e r  m am m alian  o rg an s , th e  lens show ed e x tre m e ly  
h ig h  R N A -P /D N A -P  v a lu e s  an d  in  th e  S -frac tio n  h igh  R N A  c o n te n t. 
T h is  m a y  be due to  sev era l fac to rs . I t  is p o ssib le , on th e  one h a n d , th a t  
u n lik e  th e  o th e r o rgans, th e  lens co n ta in s  re a lly  m uch m ore R N A  th a n  
D N A , a n d , on th e  o th e r , th e  lens m a y  c h a ra c te r is tic a lly  c o n ta in  su b 
s ta n c e s  w h ich  are  e x tra c ta b le  to g e th e r  w ith  R N A  an d  im ita te  th e  b e h a v io u r , 
c o lo u r  re a c tio n s  an d  o p tica l p ro p e rtie s  of R N A . T h e  f irs t p o ssib ility  is su p p o rte d  
b y  th e  ev idence  re p o rte d  b y  Ma n d e l  e t al. [29], accord ing  to  w h ich  R N A  is 
d e m o n s tra b le  in  th e  lens ev en  in  such  areas la c k in g  cellu lar s tru c tu re s . T his 
m a y  b e  ex p la in ed  b y  th e  fa c t  th a t  th e  f ib ro u s  m a tte r  of th e  lens a rises  from  
th e  e p ith e lia l  cells a t a c e r ta in  stage  of th e ir  d ev e lo p m en t. In  th e  course  o f  th is  
th e y  lo se  th e ir  nuclei, i.e. D N A  co n te n t, b u t  a p ro p o rtio n  of R N A  m a y  re m a in  
in  th e  f ib re s , or even th e  sy n th e s is  of R N A  m a y  con tinue  a fte r  th e  ce llu la r 
s t r u c tu r e  has d isap p eared . T h is m ay  be one o f  th e  ex p lan a tio n s  also fo r th e  
h ig h  “ so lu b le ” R N A  c o n te n t o f  th e  lens. W e h a v e  show n th a t  in  fresh  lenses th e  
t o ta l  R N A /so lub le  R N A  ra tio  is a b o u t 2.4, w h e reas  in  th e  case o f lenses s to re d  in  
th e  f ro z e n  s ta te  th is  v a lu e  is a ro u n d  1.3. T h u s , in  th e  course of s to r in g  in  th e  
fro z e n  s ta te  th e  a m o u n t o f  “ so lub le”  R N A  is s ig n ifican tly  in c reased . T his 
m a y  b e  ex p la in ed  p a r tly  b y  a dam age to  su b c e llu la r  partic les  su ffe red  d u rin g  
fre e z in g , a n d  p a r tly  b y  an  e ffec t o f endogenous ribonuc léase  p rio r to  freez ing  
a n d  o n  th a w in g , or b y  a co m b in a tio n  o f th e  tw o . B u t, P ir ié  [30] fo u n d  th e  
r ib o n u c lé a se  a c tiv ity  o f th e  lens to  be low er th a n  th a t  o f th e  liv e r. D isc h e  
e t a l. [31] found  no d ifference  in  th e  re la tiv e  co n cen tra tio n s  of th e  R N A  f ra c 
tio n s  o f  r a t  lenses d u rin g  freez in g  an d  s to rin g . H ow ever, th e  a u th o rs  q u o ted  
b e fo re  f ra c tio n a tio n  hom ogen ized  th e  lenses e ith e r  w ith  d is tilled  w a te r  or 
w ith  h y p o to n ic  so lu tion . U n d e r  such co n d itio n s  th e  values o b ta in e d  fo r th e  
to ta l  R N A /so lub le  R N A  ra t io  shou ld  be v iew ed  w ith  critic ism . W e th in k  th a t  
th e  t o ta l  R N A /soluble R N A  ra tio  can  be in flu e n c e d  a rtific ia lly , so fo r in s ta n c e  
b y  f re e z in g  an d  by  th e  choice o f  th e  h o m o g en iza tio n  m edium . W e h a v e  fo u n d  
a lo w e r ra t io  w hen  iso ton ic  N aC l so lu tio n  w as u sed  fo r h o m o g en iza tio n  th a n  
in  th e  case  o f using sucrose fo r  th is  p u rp o se  (u n p u b lish ed  d a ta ) . A lth o u g h  we 
co u ld  d e m o n s tra te  no s ig n if ic a n t d ifferences in  th e  to ta l  R N A  c o n te n t o f th e  
lens a n d  in  th e  h e te ro g en e ity  o f th e  R N A  o b ta in e d  from  th e  S -frac tio n  on th e  
E c te o la  co lum n  a fte r  s to rag e  in  th e  frozen  s ta te ,  we still th in k  i t  ad v isab le  
to  u se  f re sh  lenses to  s tu d y  th e  in tra c e llu la r  d is tr ib u tio n a n d m e ta b o lis m o fR N A .
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W e have m en tio n ed  th e  p resence o f  su b stan ces im ita tin g  th e  R N A  
c h a ra c te rs , as th e  second possib ility  o f e x p la in in g  th e  conspicuously  h ig h  R N A / 
/D N A  ra tio  of th e  lens. C oncerning th is  we h a v e  show n th a t  th e  R N A  p re p a ra 
tio n s  o b ta in e d  fro m  th e  S -fractions of fre sh  a n d  frozen lenses a like  c o n ta in e d  
re m a rk a b ly  g rea t a m o u n t of such “ R N A ” s, w h ich  could be e lu te d  w ith  so lu 
tio n s  o f low  N aCl co n cen tra tio n . W e h a d  v e ry  s tro n g  doub ts  as to  th e  nucleic  
acid  n a tu re  o f th e se  frac tio n s. W e h a v e  th e re fo re  sub jec ted  th e se  fra c tio n s  
to  re c h ro m a to g ra p h y , gel f i ltra tio n  a n d  r ib o n u c léase  digestion .

T h e  fra c tio n  e lu ted  w ith  0.2 M N aC l could  be re c h ro m a to g ra p h e d  on 
E c teo la  co lum n. I t s  a p p ro x im a te  m o lecu la r w eig h t on S ephadex  G -25 p ro v ed  
to  be low er th a n  4500, an d  i t  w as n o t d ig es ted  b y  ribonucléase.

O f th e  fra c tio n  e lu ted  w ith  0.6 M N aC l, 65 p er cen t could be re c h ro m a to 
g rap h ed  w ith  0.6 M N aC l, an d  35 per cen t w as e lu te d  w ith  0.2 M N aC l. A s im ila r 
p e rcen tag e  ra tio  w as o b ta in ed  on gel f i l t r a t io n . A fte r digestion w ith  rib o n u c lé a se , 
55 p er cen t of th e  0.6 M NaCl frac tio n  cou ld  be  e lu ted  again  from  th e  co lum n 
w ith  0.6 M NaCl. T h u s , while th e  0.2 M N aC l frac tio n  was ab so lu te ly  re s is ta n t 
to  ribonuc léase  d ig estio n , 55 per cen t o f th e  0.6 M NaCl frac tio n  p ro v e d  to  
be re la tiv e ly  re s is ta n t. T he la t te r  fra c tio n  co u ld  be d em o n stra ted  a f te r  2 4 -hour 
d ig estio n  of th e  R N A  an d  of th e  lens h o m o g e n a te . B o th  frac tions w ere  po sitiv e  
fo r ribose  b y  th e  o rc in  te s t ,  th e  E 260/E 2g0 r a t io  h a d  a value of 2.8 o f  th e  0.2 M 
N aCl fra c tio n , an d  th a t  a ro u n d  2.0 of th e  0 .6  M NaCl frac tion .

O n th e  basis o f ou r re su lts  we do n o t con sid er th e  frac tio n  e lu te d  w ith
0 . 2 M N aC l, w hich  is co p rec ip ita ted  w ith  R N A  by  e th an o l, to  be  nucleic  
ac id . T herefo re  we view  th e  d a ta  found  b y  us an d  o th e r au th o rs  fo r th e  R N A  
c o n te n t o f th e  lens an d  for th e  R N A /D N A  ra tio  w ith  critic ism .

T he frac tio n  e lu te d  w ith  0.2 M N aC l sh o u ld  be sub jec ted  to  m o re  d e ta iled  
an a ly sis  and  its  fu n c tio n , too , aw aits  e lu c id a tio n . R ecen tly , Cr e m e r - B ar - 
t el s  [9] has iso la ted  from  th e  lens p te r id in e s  hav ing  UV a b s o rp tio n ; th e ir  
E.,80/E 2g0 ra tio  w as h ig h er th a n  2.0, th e y  c o n ta in e d  ribose a n d  p h o sp h o ru s , 
a n d  in c o rp o ra te d  32P . T h ey  show ed s tro n g  fluorescence and  lig h t-s e n s it iv ity ,
1. e. on exposu re  to  lig h t a change re su lte d  in  th e  spec trum  a ro u n d  400 m fi 
a n d  b y  p a p e r c h ro m a to g ra p h y  th e  f lu o re sc e n t spo t and  th e  32P  a c t iv i ty  w ere 
s e p a ra te d . On p a p e r  ch ro m a to g rap h y  (u n p u b lish e d  d a ta ) we, to o , fo u n d  th e  
0.2 M N aCl fra c tio n  to  be flu o rescen t a n d  even  a fte r acidic h y d ro ly s is  we 
could  n o t d e te c t in  i t  th e  various bases in  su ch  re la tiv e  c o n c e n tra tio n s  as in 
th e  R N A -h y d ro ly sa te .

T hese d a ta  m ake i t  m ost likely  t h a t  th e  frac tio n  we p re p a re d  to g e th e r  
w ith  R N A  an d  e lu te d  from  th e  co lum n w ith  0.2 M NaCl is id e n tic a l w ith  th e  
su b s ta n c e  iso la ted  b y  Cr e m e r -B a r t e l s , or a t  leas t w ith  one o f i ts  co m p o 
n en ts . V a n  H e y n i n g e n  [32] found  a lp h a -c ry s ta llin e  to  be c o n ta m in a te d  
w ith  a nuc leo tid e-lik e  sub stan ce , w hich  co u ld  be sep ara ted  from  th e  p ro te in  
b y  g e l-f iltra tio n  on S ephadex  G— 25. I t  seem s th ere fo re  th a t  th e  len s  c o n ta in s
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som e n u c leo tid e -lik e  co m p o u n d s, c o -p re c ip ita tin g  read ily  w ith  p ro te in s  an d  
r ib o n u c le ic  ac ids alike. I t s  fu n c tio n  in  vivo  is s till  unclear. H o w ev er, th e  
p o s s ib il i ty  t h a t  i t  is a ligh t-S ensitive  p te r id in e , a n d , fu rth e rm o re , t h a t  th e  
p te r id in e  d e riv a tiv e s , folic ac id , for in s ta n c e , a re  know n to  tak e  p a r t  in  th e  
sy n th e s is  o f  p u rin e  an d  p y rim id in e  bases, as w ell as th e  evidence p u t  fo rw a rd  
b y  v o n  S a l l m a n n  e t al. [2],  t h a t  th e  in te n s i ty  o f  len ticu la r D N A  sy n th e s is  
is l ig h t-d e p e n d e n t, ind u ce  one to  suspect t h a t  th is  com pound h as  som e 
c o n n ex io n  w ith  nucleic  acid  syn th esis  a n d  w ith  th e  d iu rn a l changes o f  th e  
m ito tic  in d e x  in  th e  lens.

In v e s tig a tio n s  are in  p rog ress re la tiv e  to  th e  biological a c tiv ity  o f  th e  
0.2 M f ra c tio n , as w ell as to  th e  ro le p layed  b y  th e  0 .6  M frac tio n  in  th e  sy n th e s is  
of th e  p ro te in s  an d  o ligopep tides of th e  lens.
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A C T A  M E D I C A
ТОМ XIX — ВЫП. 3

Р Е З Ю М Е

ОПЫТ ИССЛЕДОВАНИЯ ЛИМФАДЕНОГРАММЫ БОЛЬНЫХ СО ЗЛОКАЧЕСТ
ВЕННЫМИ ОПУХОЛЯМИ

М. СЕГВАРИ и А. ИХРАЧКА

Статья содержит наблюдения авторов в связи с исследованием лимфаденограммы 
двух больных со злокачественными опухолями. Авторы обращают внимание на значение 
лимфаденографии в диагностике и при выборе соответствующего метода лечения.

ИССЛЕДОВАНИЕ МЕХАНИЗМА УЛЫДЕРОГЕННОГО ДЕЙСТВИЯ
БУТ АЗОЛ И ДИН А

Л. ЧАЛАИ и Э. ТОТ

Авторы экспериментально выявили, что при даче различных доз бутазолидина 
можно дифференцировать действие этого препарата на надпочечники и на желудок. При 
ежедневной даче 100 мг/кг бутазолидина повреждения желудка наступают раньше, чем 
повышение кортикостероносинтетизирующей активности надпочечников Активацию 
надпочечников удалось выявить только дозами в 200 мг/кг бутазолидина. Эти наблю
дения говорят за то, что в развитии действия бутазолидина на желудок решающую роль, 
играет не изменение функции надпочечников а другой фактор.

После этого авторы исследовали эффект бутазолидина на повышение секреции соля
нокислого гистамина. Они доказали, что после дачи 150 мг/кг бутазолидина в течение 
10 дней секреция солянокислого гистамина повышается. Подобный эффект можно выявить 
только в начале дачи (на 5. день) большей дозы (220 мг/кг) бутазолидина. На 10. день 
животные, получившие бутазолидин, выделяют одинаковое количество соляной кислоты, 
как и контрольные животные. Прекращение повышения секреции соляной кислоты к 
концу дачи бутазолидина объясняется отчасти токсическим действием этого препарата 
а с другой стороны оно связано с отеком слизистой оболочки.

Хлорорит, снижающий секрецию соляной кислоты, не уменьшает ульцерогенное 
действие бутазолидина.

НОВЫЙ МЕТОД ДЛЯ ВЫЯВЛЕНИЯ ПРОИЗВОДСТВА ЭНТЕРОТОКСИНОВ
СТАФИЛОКОККАМИ

И. НИКОДЕМУС, Л. КАНИЖАИ и Э. ШЕЛЛЕИ

В связи с семейным пищевым отравлением, вызванным Staphylococcus aureus, 
авторы применяли новый метод для выявления производства энтеротоксина микробами, 
выращенными из пищевых проб. Они кормили взрослых собак культурой исследуемого



штамма. Подопытные после 4—5 часов латентного периода реагировали на дачу болезне
творного агента частым выделением жидкого кала и менее выраженными общими симп
томами. В отличие от симптомов заболевания у людей, рвота появлялась у собак только 
изредка. Симптомы продолжались 7—9 часов, причем болезнетворный агент в кале живот
ных можно было выявить в течение 8—12 часов в большом количестве, а в течение даль
нейших 12 часов — в меньшем количестве. Рвотные массы также содержали Staphylo
coccus aureus. Стафилококками, не являющимися болезнетворными, при подобных экспе
риментальных условиях не удавалось вызвать заболевания животных.

Авторы придерживаются того мнения, что описанный ими метод пригоден для 
выявления стафилококкового энтеротоксина, хотя он не равноценен пробе Дольмана.

КАРИОЗО-ИНТЕНСИВНОСТЬ У ВЗРОСЛОГО НАСЕЛЕНИЯ ВЕНГРИИ И
ЕЕ СРАВНЕНИЕ С АНАЛОГИЧНЫМИ ДАННЫМИ ЧЕХОСЛОВАКИИ,

США и ИТАЛИИ

п .  БРУ СТ

Автор приводит данные о кариозо-интенсивносги почти 13 000 человек в возрасте 
выше 14 лет, без выбора, по пятилетним возрастным группам, а также по полам. В отно
шении всех обследований частота кариоза равна 96,8%, кариозо-интенсивность— 11,4, 
DMF-индекс, при среднем возрасте 40,8. Регистрация зубов мудрости повышает DMF- 
индекс в общем на 2,03.

Устанавливается, что кривая кариоза — почти прямая линия, и что кариоз у жен
щин во всех возрастных группах выше, чем у мужчин. Среди компонентов DMF-индекса 
перевес имеет кривая отсутствия зубов.

Сравниваются данные кариоза, собранные в других областях страны, с данными 
из окрестности города Бая, и устанавливается, что имеющиеся до сих пор данные — за 
исключением более высоких показателей, полученных в г. Сегед — в сущности анало
гичны с данными г. Бая.

Ввиду того, что согласно результатам исслевдований, связь между возрастом и 
DMF-индексом проявляется в виде прямой линии, арифметрическое среднее DMF-индек- 
сов различных возрастных групп представляет собой величину, характерную для сред
него возраста. Поэтому результаты исследований, охватывающих несколько возрастных 
групп, также можно начертить возле кривой кариозо-индексов, собранных автором.

После этого сравнивается кривая кариоза взрослого населения других 3 государств 
с венгерскими данныими. Устанавливается, что кривые кариоза в США и Чехословакии 
проходят весьма близко друг к другу, выше венгерской кривой, в то время как итальян
ская кривая проходит ниже. Бросается в глаза приблизительно параллельный ход кри
вых. Из этого следует, что интенсивность поражения кариозом определенной группы 
населения уже в 15-летнем возрасте представляет собой характерную для страны вели
чину. Если искать причину отклонений между интенсивностью кариоза у населения рас
смотренных четырех стран, то она заключается лишь отчасти в различии питания: а 
именно, в потреблении сахара. Прочие факторы питания предоставляют противоречивые 
данные о величине кривых кариоза. Антикариогенное действие так наз. предохранитель
ной пищи не видно из сопоставления. Общепринятую параллельность между степенью 
индустриализации, потреблением сахара и интенсивностью кариеза можно установить и 
из данной статьи.

ДЕЙСТБИЕ МАГНИЯ НА АЛИМЕНТАРНЫЕ ИНФАРКТОИДНЫЕ ИЗМЕ
НЕНИЯ СЕРДЦА

Я. РИГО, Д .  ШИМОН, Ч. Х ЕД Ь В А РИ  и Й. ШОШ

При кардиопатогенной диете, дополненной магнием, авторы не наблюдали инфарк- 
тоидных изменений сердечной мышцы и снижения содержания калия и магния в сердеч
ной мышце. Магний предотвращал и изменения содержания электролитов, наступающие 
при кардиопатогенной диете в сыворотке крови.



Содержание калия в перфузионной жидкости подвешенного по Штраубу выжи
нающего сердца лягушки по истечении 15 минут достоверно меньше, если в питательной 
жидкости повышать содержание магния в 5 раз по сравнению с нормой.

На основании опытов, проведенных при помощи изотопа К42, у животных, полу
чавших богатую магнием диету, содержание К12 в сердечной мышце через 3 часа после 
ннутриивенного введения изотопа было на 20% выше, чем у контрольных животных.

ИССЛЕДОВАНИЕ СТЕРОИДОВ НА СТОЛБЕ С ФЛОРИСИЛОВЫМ 
АДСОРБЕНТОМ

1. Поведение различных стероидов на столбе <Серва>-флорисила

И. Ф АРЕД ИН

Автор проводил исследование стероидов с флорисилами <Серва», <Флука» и <>Нимко» 
обладающими адсорбционным свойством, отличающимся от общеизвестных в литературе 
флорисилов. В опытах с кортизолом и кортизоном было установлено, что в условиях 
одинаковой очистки и одинаковой активации, между активностью флорисилов <Серва», 
<Флука» и (Нимко» наблюдается значительное различие.

Согласно результатам дальнейших исследований по обратному получению стерои
дов, прегнандиол, аллопрегнандиол, андростерон, этиохоланолон, изоандростерон и 
дегидроизоандростерон при исследовании в хлороформном растворе в <Серва»-флорисиле 
не абсорбируются, легко вымываются из него и их можно количественно получить обратно.

Результаты, по-видимому, подтверждают, что <Серва»-флорисил пригоден для от
деления кортизола от кортизона, а также от 17-кетостероидов из биологических веществ.

При помощи метода, описываемого автором для регенерирования и активирования 
флорисилов, израсходованные флорисилы можно повторно регенерировать и хранить в 
течение нескольких недель при сохранении их активности.

ИССЛЕДОВАНИЕ СТЕРОИДОВ НА СТОЛБЕ ФЛОРИСИЛОВОГО АДСОРБЕНТА

II. Упрощенный .метод для определения общего содержания 17-, 21-дигидрокси-20
кетостероидов в человеческой моче

и. ФАРЕДИН

Автор описывает пригодный для клинических серийных исследований, быстрый 
и точный метод для определения общего содержания 17-гидроксикортикостероидов в 
человеческой моче. Чтобы способствовать распространению метода, вместо спектрофото
метрического измерения автор попытался применить определение при помощи простого 
фотометра Хавеманна. Описанный метод, по его мнению, пригоден для проверки функции 
коры надпочечников в клинической практике. Величины в норме: у женщин в возрасте 
18—50 лет: 1,5—6,0 мг/24 ч. — у мужчин в возрасте 18—60 лет: 2,0—8,0 мг/24 ч.

ЭЛЕКТРОЭНЦЕФАЛОГРАФИЧЕСКОЕ И ПСИХОНЕВРОЛОГИЧЕСКОЕ 
ОБСЛЕДОВАНИЕ БОЛЬНЫХ ГИПЕРТИРЕОЗОМ

М. ПОЛИЦЕР, Е. МУССОНГ-КОВАЧ, Э. БАЖО и М. МАРТОН

Авторы на своем материале, состоящем из 46 случаев гипертиреоза и 45 случаев 
вегетативной дистонии, изучали ценность и используемость ЭЭГ и психоневрологических 
методов для характеристики неврологических отношений, патогенеза и клинических 
форм гипертиреоза.

Подчеркивается, что вследствие тесной связи между щитовидной железой и функ
цией нервной системы, при оценке результатов следует поступать с большой осторож
ностью. Выявленные при гипертиреозе отклонения сравниваются с группой больных,



страдающих расстройством вегетативной регуляции, а не со случаями здоровой, нормаль
ной нервной регуляции (как это принято в литературе). Таким образом, эти изменения 
можно оценивать обособленно от изменений, не связанных с гипертиреозом, а вызванных 
функциональными расстройствами нервной системы различноы этиологии, возникающими 
в результате различных механизмов. При исследовании материала авторы установили, 
что

1. При гипертиреозе число аномалий ЭЭГ больше, чем при вегетативной дистонии, 
а определенные явления ЭЭГ даже в пределах этих аномалий имеют значительный пе- 
рев с.

2. Перевес психических нарушений эмоционального характера также значителен 
в гипертиреотической группе.

3. Поведение данных ЭЭГ или психосоматических явлений нельзя связать ни тяже
стью гипертиреоза, ни с решающей ролью результатов одного из функциональных проб 
щитовидной железы. С этой точки зрения нельзя придавать особое значение и величина 
основного обмена, превышающей -f-25%. Роль типа и клинической формы гипертиреоза 
в отношении результатов исследований — ввиду состава материала — не удалось выявить.

Критическое применение ЭЭГ и психоневрологических методов в целях дифферен
циальной диагностики «гипертиреозного синдрома» может предоставить нам данные для 
правильной оценки клинической картины.

ИЗУЧЕНИЕ СОДЕРЖАНИЯ НУКЛЕИНОВОЙ КИСЛОТЫ В ХРУСТАЛИКЕ И 
НЕКОТОРЫХ ОСОБЕННОСТЕЙ «РАСТВОРИМОЙ РИБОНУКЛЕИНОВОЙ

КИСЛОТЫ»

Г. Й. К Е Т Е Л Е Ш , Ф. АНТОНИ и М. РАДНОТ

Изучалось содержание растворимых в кислоте рибозы, липоидного фосфора, бел
ков и нуклеиновой кислоты в хрусталике. В распределении рибонуклеиновой кислоты 
наблюдается разница между свежими и замороженными хрусталиками. Гетерогенность 
содержания рибонуклеиновой кислоты в очищенной от частиц цитоплазмы изучалась на 
столбе ESTEOLA. Свойства фракций, извлекаемых при низкой концентрации хлористого 
натрия, определялись при помощи анализа ультрафиолетового спектра, диализа, фильт
рации геля и энзиматического переваривания. Рибонуклеиновая кислота хрусталика 
препарированная фенолом, можно извлекать из столба ESTEOLA хлористым натрием 
в концентрации 0,2 М. Ее ультрафиолетовый спектр подобен спектру нуклеиновых кислог 
и она содержит рибозу и фосфор. Роль биологической активности этой фракции еще не 
выяснена.
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EFFECT OF NORADRENALINE 
ON CEREBRAL CIRCULATION AND METABOLISM 

IN ISCHAEMIC SHOCK

B y

G y . S z a b ó

(w ith  th e  te c h n ica l assistance  o f M rs. L . B e rtó k  an d  Miss Á. P ra u se )

IN ST IT U T E  O F TRAUM ATOLOGY, B U D A P E S T  (D IR E C T O R : GY. SZÁNTÓ)

(R eceived  M ay 10, 1962)

In  th e  dog w ith  e x p erim en ta l isch aem ic  shock , m ain ten an ce  o f b lo o d  p ressu re  
b y  th e  infusion o f n o rad ren a lin e  e x e rts  no  effec t on  su rv iva l. T he rising  b lo o d  pressu re  
is  accom panied  b y  a n  increase  of ce re b ra l b lo o d  flow  an d  oxygen c o n su m p tio n , b u t  
since cereb rovascu lar resistance  is in c reased  b y  n o rad ren a lin e , th e re  is no  l in e a r re la 
tio n sh ip  be tw een  th e  rises in  blood p re ssu re  a n d  b lo o d  flow.

I n  tra u m a tic  shock , its  un ique  h y p e rte n s iv e  p roperties a p p e a r to  ren d e r 
1 -n o rad ren a lin e  em in en tly  su itab le  fo r e lev a tin g  a dangerously  low  b lo o d  p re s 
su re  a n d  th e reb y  m a in ta in in g  th e  c ircu la tio n  in  th e  v ita l organs. T h e  h y p e r te n 
sive  e ffec t of n o rad ren a lin e  is due to  an  increase  in  periphera l re s is tan ce  w hile 
c a rd ia c  o u tp u t rem ain s p rac tica lly  u n ch an g ed . I n  o th e r w ords, th e  rise  in  b lood  
p re ssu re  is of no a d v a n ta g e  unless th e  increase  in  resistance , th e  v a sc u la r  sp asm , 
re m a in s  periphera l, a n d  b y  n o t ex ten d in g  to  th e  v ita l organs, p o s itiv e ly  im 
p ro v es  th e  blood su p p ly  to  them , p re v e n ts  th e  developm ent o f  irrev e rs ib le  
lesions, an d  th u s assists  th e  organism  in  re liev ing  an d  surv iv ing  th e  shock .

E a rlie r stud ies h av e  show n th a t  in  ex p e rim en ta l h aem orrhag ic  [1, 6 ] an d  
isch aem ic  [33] shock n o rad ren a lin e  d ila te s  r a th e r  th a n  constric ts  th e  co ro n a ry  
a r te r ie s  so th a t  a ris in g  blood p ressu re  considerab ly  increases th e  co ro n a ry  
c irc u la tio n  and  th e  co ro n ary  frac tio n  o f  ca rd iac  o u tp u t. E v en  so, n o ra d re n a lin e  
h as  b een  found n o t to  p ro long  su rv iv a l [ 6 ,8 ] ;  on ly  F ozzard  an d  G i l m o r e  [5]  
c la im ed  to  have m ad e  observations to  th e  c o n tra ry . A ccordingly , th o u g h  i t  
a ffec ts  card iac c ircu la tio n  fav o u rab ly , th e  d ru g  is unab le  to  p re v e n t d e a th . This 
b e in g  th e  s itu a tio n , i t  seem ed prom ising  to  s tu d y  th e  effect o f n o ra d re n a lin e  on 
c e re b ra l c ircu la tion  a n d  m etabo lism .

F r a n k  e t al. [6] found  th a t  in  e x p e rim e n ta l haem o rrh ag ic  shock  n o r
a d re n a lin e  p rom oted  ce reb ra l b lood flow (ob serv ed  th ro u g h  th e  s a g it ta l  sinus), 
b u t  w as  w ith o u t influence on ce reb ro v ascu la r resistance . H ow ever, from  blood  
flow alone it  is n o t possib le  to  conclude  to  th e  d ru g ’s effect on th e  m e tab o lic  
d is tu rb a n c e s  associa ted  w ith  shock. I n  a d d itio n , i t  seem ed n ecessa ry  to  te s t  
n o rad ren a lin e  in  som e form s o f shock  o th e r  th a n  haem orrhag ic.

1*
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Material and m ethods

In  dogs of b o th  sexes, w eig h in g  15 to  20 kg, u n d e r  ch lo ra lose  an aesthesia  (0.10 g pe r kg) 
isch aem ic  shock was in d u ce d  b y  c ircu la r com pression  of b o th  h in d  legs in th e  reg io n  of th e  
g ro in , b y  m eans of a to u rn iq u e t  ap p lied  fo r 4 hours.

In  view  of th e  d iff icu ltie s  com m only  e n co u n te red  in  m easu rin g  ab so lu te  c e reb ra l b lood  
flo w  in  an im al ex p erim en ts , we c o n te n ted  ourselves w ith  o b ta in in g  co m p ara tiv e  v a lu es b y  
o b se rv in g  blood flow in th e  c a ro tid  a rte ry . To m easu re  c e reb ra l blood flow , KovÂCH e t al. [17] 
l ig a te d  th e  v e rteb ra l a r te ry  a n d  con n ec ted  a ro ta m e te r  in to  b o th  c a ro tid  a rte rie s . As th is  
p ro c ed u re  is no t free fro m  th e  lim ita tio n  com m on to  a ll m e th o d s  involving th e  m ea su re m e n t 
o f c a ro tid  flow  — n am ely , t h a t  w h a t  th e y  m easure  is n o t  th e  cereb ral b u t th e  cep h a lic  b lood 
flo w , in c lud ing  m uscles, sk in , e tc . — we refra ined  fro m  lig a tin g  th e  v e rte b ra l a r te ry  an d  so 
a v o id e d  u p se ttin g  th e  e q u ilib r iu m  of cerebral c irc u la tio n  a n d  exposing our an im a ls  to  th e  
t r a u m a  of previous su rg ery . T h e  effec t o f n o rad ren a lin e  on  m uscle, skin, etc. b lood flow  w as 
s tu d ie d  w ith  a bubble  f lo w m ete r conn ec ted  to  one of th e  b ra c h ia l  a rte ries. The fem o ra l a r te ry  
w as u n su ita b le  for th is  p u rp o se  since  th e  h ind  legs o f  th e  an im a ls  h ad  been ren d ered  ischaem ic .

C ephalic c ircu la tio n  w as m easu red  by  m eans of a  f lo w m ete r connected  to  th e  c a ro tid . 
A r te r ia l  pressure  in  th e  c a ro tid  w as m easured  by  m ean s o f a  m ercu ry  m an o m ete r. C erebral 
v en o u s  b lood  flow' w as e s t im a te d  b y  a c a th e te r  in tro d u c e d  cep h a lad  in the  ju g u la r  ve in . In  
a r te r ia l  an d  venous b lood  w e d e te rm in e d  th e  h a e m a to c r it  v a lu e ; to ta l  serum  p ro te in , using  
P h il l ip s  an d  Van  Sl y k e ’s m e th o d ; oxygen and  h aem o g lo b in  co n ten ts , w ith  th e  a id  o f an  
A tla s - ty p e  h aem ato m ete r; th e  lev e l o f glucose, w ith  th e  m e th o d  of D urham  e t al. [3] slig h tly  
m o d ified  by  us [31]; a n d  th e  a m o u n t of p y ruv ic  acid , a cco rd in g  to  F r ied m a n n  an d  H a u g e n  [7].

W h en  blood p ressu re  d ro p p e d  to  60 m m  H g a n  in fu sio n  of no rad ren a lin e  w as s ta r te d ,  
i ts  r a te  w as ad ju s ted  to  m a in ta in  blood pressure b e tw een  100 and  120 m m  Hg.

O bservations w ere m ad e  a n d  th e  d a ta  analyzed  on  fiv e  occasions during  th e  ex p erim e n t, 
v iz . (1) a t  th e  end of th e  4 -h o u r ischaem ia , before rem o v in g  th e  to u rn iq u e t (c o n tro l); (2) 15 
m in u te s  a fte r  its  rem o v a l; (3) w h en  blood pressure h a d  fa llen  to  60 m m  H g; (4) a f te r  th e  f irs t  
15 m in u te s  o f n o rad renaline  in fu s io n ; (5) a fte r th e  in fu sio n , w hen  blood pressure  h a d  becom e 
c o n s ta n t .  In  T ables II  a n d  I I I  th e  re su lts  are sum m arized  acco rd in g ly , and  th e  co lum ns in  th e m  
n u m b e re d  1 th ro u g h  5.

Results

In  earlier ex p e rim en ts  [32] i t  was show n th a t  th e  su rv ival of ischaem ic  
sh o c k  w as no t p ro longed  b y  n o rad renaline  in fu sed  d u rin g  th e  period  o f  h y p o 
te n s io n  a t  an a rte ria l p re ssu re  of 60 m m  H g. In  th e  p resen t ex perim en ts n o r
a d re n a lin e  was in fused  u n t i l  d ea th  h ad  ensued . F o r  th e  m ain ten an ce  o f blood 
p re ssu re  increasing doses w ere  usually  req u ired ; ta c h y p h y la x is  aga in st n o ra d re 
n a lin e  appeared , s im ila rly  as in  haem orrhag ic  shock  [6 ]. H aem o co n cen tra tio n  
a n d  a fa ll in  blood p ressu re  occurred  15 to  30 m in u te s  a fte r  rem oval o f th e  to u r 
n iq u e t  (Table I).

Cerebral circulation. M ean  blood p ressu re , w h ich  was 137 m m  H g  before 
th e  rem oval of th e  to u rn iq u e t ,  d ropped  to  89 m m  H g in 15 m inu tes a f te r  its  
re m o v a l. A decrease fro m  58 .6  to  46.8 m l/m in  o f th e  ca ro tid  flow  w as observed  
d u r in g  th e  sam e tim e . I t s  changes varied  p a ra lle l w ith  those in  blood p ressu re ; 
i t  w as 28.5 m l/m in w hen  th e  la t te r  dropped  to  60 m m  H g  (Table I I ) .C o rre sp o n d 
in g ly , in  th e  p resen t e x p e rim e n ts  no significant changes were no ted  in  p e rip h era l 
re s is ta n c e ; a slight fa ll f ro m  2.76 to  2.44 w as reg is te red  a fte r rem o v in g  th e  
to u rn iq u e t .  Owing to  th e  w ide  sca tte rin g  th is  w as n o t sign ifican t s ta tis tic a lly . 
O n  th e  o ther han d , w hen  b lood  pressure fell to  60 m m  H g, caro tid  re s is tan ce  
in c re a se d  to  2.93 on th e  av e rag e , b u t th is d ifference was no t sign ifican t, e ith e r.
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Table 1

H a e m a t o c r i t  r e a d i n g , t o t a l  s e r u m  p r o t e i n s ,  
a n d  s u r v i v a l  a f t e r  4 - h o u r  i s c h a e m i a  o f  t h e  l i m b s

D uring
ischaemia

A fter
release

A fter 
1 hr

After 
2 hrs

At
death

H a e m a t. x 45.0 58.2 60.1 57.4 60.7

C ontr. s .d . 11.7 6.4 8.1 7.3 8 .6

n 10 P ro t .  X 6.74 7.70 8.05 7.51 7.56

s .d . 1 .2 0 1.18 1 .22 1.05 1 .2 0

H a em a t. x 47.8 54.8 61.6 61.4 59.0

N oradr. s .d . 10.3 6.5 7.8 6.9 6.9

n 10 P ro t. X 7.09 7.77 8.32 7.80 7.89

s .d . 0.57 0.43 0.78 0.90 1.33

S u r v i v a l
C ontr. X 4h 07 '

s.d. 3.55 t  =  0.836
N o ra d r. X 2 h 54 ' p >  40%

s.d. 1.53

In  th e  f irs t 15 m in u te s  th e  n o rad ren a lin e  in fusion  induced  a rise in  b lo o d  p re s 
su re  to  113.7m m  H g, accom panied b y  an  increase  in  caro tid  flow to  39.3 m l/m in . 
As, how ever, th e  rise  in  caro tid  flow  w as n o t p ro p o rtio n a l to  th a t  in  b lo o d  p re s 
su re , c a ro tid  re s is tan ce  increased s ig n if ic a n tly , to  4.23. W ith  th e  n o ra d re n a lin e  
in fu sio n  com pleted , b lood pressure im m e d ia te ly  d ropped  to  and  becam e  s ta b le  
a t  a low er th a n  th e  pre-infusion level (43.2 m m  H g). C arotid flow  a n d  r e s is t 
ance decreased ap p ro x im ate ly  to  th e  p re -in fu sio n  levels.

Cerebral m etabolism . O xygen co n su m p tio n  show ed no change a f te r  rem o v a l 
o f th e  to u rn iq u e t, obviously b ecau se  th e  a rte riovenous (caro tid  a r te ry  — 
ju g u la r  vein) oxygen  difference in c rea sed  w ith  th e  decreasing ca ro tid  flow . T he 
effect of th e  co n tin u ed  decrease in  b lo o d  p ressu re  and  caro tid  flow  co u ld  no 
longer be balanced  b y  an  increasing r a te  o f  oxygen  consum ption; c o n se q u e n tly , 
w hen  a rte ria l p ressu re  fell to  60 m m  H g, ce reb ra l oxygen c o n su m p tio n  w as 
fo u n d  to  have d im in ished  sign ifican tly  w hile th e  arteriovenous 0 2 d ifference  
rose to  1 2 .4 v o l.% . U pon  the  ac tion  o f  n o rad ren a lin e , oxygen u tiliz a tio n  b y  th e  
b ra in  was found to  h av e  re tu rn ed  to  a lm o st th e  con tro l value.

C onsum ption  o f  glucose essen tia lly  pa ra lle led  th a t  o f oxygen. E a c h  o f  th e  
th ree  pre-infusion  analyses showed t h a t  1.3 m l o f glucose were ta k e n  u p  b y  th e  
b ra in  for every  m l o f oxygen co n su m ed . A fte r 15 m inu tes of n o ra d re n a lin e  
in fu s io n  th is  re la tio n  changed s lig h tly  because  th e  ra te  of glucose u p ta k e  e x ceed 
ed th a t  o f oxygen consum ption ; 1.65 m g o f glucose were u tilized  b y  th e  b ra in  
fo r every  ml of oxygen . W ith  the  in fu sio n  co m ple ted , the  ra te  of glucose u p ta k e
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Table I I

1
2 3 4 5

B lood  press, m m  H g X 137.0 89.1 59.6» 113.7 43.2

n  =  15 s.d. 28.9 9.4 7.9 18.6 15.1

C a re t, flow  m l/m in. X 58.6 46.8 28.5» 39.3! 28.3

n  =  15 s.d . 27.7 2 1 .0 17.0 23.9 28.3

C aro t. resist. (P R E ) X 2.76 2.44 2.93 4.23* 3.03

n  =  15 s.d . 1 .10 1.73 2 .00 3.41 2.09

A — V O , diff. v o l.% X 7.77 10.60 12.41* 9.60 ! 11.83!

n  =  14 s.d . 3.45 4.49 2.02 2.57 3.53

U tiliz . o f 0 2 m l/m in . X 4.78 4.94 3.64* 4.41 ! 3.82

n  =  14 s.d . 2.18 2.59 2.75 3.45 3.74

U tiliz . o f glue, m g/m in . X 6.25 6.35 4.45 7.39! 5.27

n  =  13 s.d . 5.54 4.74 4.00 5.81 5.56

U tiliz . o f py ruv . m g /m in . X 0.29 0.33 0.08»* 0 .1 0 ** 0.07**

/ s.d . 0.27 0 .2 2 0.07 0 .1 2 0.07

* =  sign ifican t d ifference  from  contro l v a lu e  a t  th e  1 to  5 per cen t leve l
** =  sign ifican t d ifference  from  contro l v a lu e  a t  th e  0 .1  per cen t level

! =  sign ifican t d ifference  from  preceding p e rio d  a t  th e  1 to  5 per cen t leve l

decreased , and  th e  b ra in  again  u tilized  a b o u t as m u ch  (1.38 mg) glucose p e r m l 
o f  oxygen as befo re  th e  in fusion .

In  m ost o f o u r  ex p erim en ts  th e  b ra in  w as observed  to  ta k e  u p  p y ru v ic  
ac id , as the  p y ru v ic  ac id  co n ten t was lo w er in  th e  ju g u la r  vein  th a n  in  th e  
c a ro tid  a rte ry . T h e  ca lcu la ted  ra te  o f p y ru v ic  acid d isappearance  in  th e  
c o n tro l period, a n d  a f te r  th e  rem oval o f  th e  to u rn iq u e t, was 0.3 m g /m in  on 
th e  average. W h en  b lo o d  pressure fell to  60 m m  H g, and cerebral oxygen  an d  
glucose u tiliza tio n  d im in ish ed , th e  ra te  d ro p p e d  to  0.08 m g/m in. T h e  in fusion  
o f  no rad rena line  le f t  i t  essen tia lly  u n a lte re d  n o tw ith s tan d in g  th e  co n c u rre n t 
su b s ta n tia l increase  in  glucose u tiliza tio n . D u rin g  b o th  th e  h y p o ten siv e  s ta te  
a n d  th e  su b seq u en t 15 m in u tes  of n o rad ren a lin e  in fusion  in  the  course o f w hich  
b lo o d  pressure w as n o rm a l, a loss of p y ru v ic  ac id  w as observed in  3 o f  th e  13 
cases, th e  p y ru v a te  co n cen tra tio n  h av in g  b een  h igher in  th e  venous th a n  in  
th e  a rte ria l b lood.

Lim b circulation. R em oval of the  to u rn iq u e t  caused  an im m ed ia te  re d u c 
tio n  o f abou t 50 p e r  c e n t in  th e  a rte ria l b lo o d  flow  of th e  forelegs, an d  an  in 
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crease in  resistance . T h e  con tin u ed  fall in  b lood  p ressu re  was p a ra lle led  b y  a fall 
in  lim b  c ircu la tion . A lth o u g h  i t  b ro u g h t b lood  pressure  back  to  n o rm a l, n o r
ad ren a lin e  d id  n o t influence lim b c ircu la tio n ; th e  periphera l re s is tan ce , acco rd 
ing ly , increased  to  a b o u t double th e  co n tro l va lu e . This show ed t h a t  th e  v es
sels o f th e  lim bs h a d  re ta in e d  th e ir  re a c tiv i ty  to  no radrenaline. T h e  d a ta  p re 
sen ted  in  T ab le  I I I  a re  rea lly  no  a d e q u a te  exp ression  of th e  tru e  co n d itio n s , for 
in  sev e ra l ex p erim en ts  n o rad ren a lin e  w as fo u n d  to  have co m p le te ly  a r re s te d  
th e  c ircu la tio n  in  th e  a rte ries an d  th e  b u b b le  flow m eter. As th is  w o u ld  h av e  
m e a n t th e  ta k in g  in to  acco u n t o f a lim itless increase  in  resistance , th e  re su lts  
o f th e se  ex p erim en ts  h a d  to  be d isreg a rd ed  in  ca lcu la tin g  m ean  re s is ta n c e  an d  
blood  flow . C o n seq u en tly ,in T ab le  I l l t h e  va lu es  fo r blood flow  are  h ig h e r, an d  
th o se  fo r  resistance , low er, th a n  w ere th e  co rrespond ing  ac tu a l v a lu es .

T abic  II I

B lood  f lo w  a n d  resistance in  brachia l artery

1 2 3 4 5

B lood flow m l/m in . X 9.4 4.9** 3.5** 4.0** 1 .6 **

n  =  12 s.d. 3.05 3.45 2 .0 0 4.29 1.95

R esist. (P R E ) X 14.06 18.2 16.1 28.5* 26.8

* =  significant d ifference from  co n tro l v a lu e  (p <  5% ) 
** =  significant d ifference from  con tro l v a lu e  (p <  0 .1% )

D iscussion

O n th e  ev idence of ou r re su lts , w hile cap ab le  o f m ain ta in in g  b lo o d  p re s 
su re  in  ex p erim en ta l ischaem ic shock, n o rad ren a lin e  is w ith o u t in flu e n c e  on 
su rv iv a l tim e . S im ilar observa tions h av e  b een  m ade by  o th e r w o rk ers  [6 , 8 ] in  
h aem o rrh ag ic  shock; only  F ozzard an d  Gilmore [5] claim  to  h a v e  ach iev ed  
a s ig n if ic a n t p ro lo n g a tio n  o f su rv iv a l tim e  b y  adm in istering  n o ra d re n a lin e  
a f te r  th e  re tran sfu s io n  of th e  w ith d raw n  b lood . T h e  changes o b se rv ed  b y  us in  
b lood  p ressu re , h a e m a to c rit, an d  serum  p ro te in  v alue  were on th e  w hole in  
a g reem en t w ith  th o se  rep o rted  in  th e  l i te ra tu re  as o b ta ined  w ith  s im ila r  m e th o d s  
[19, 30, e tc .].

I n  o u r ex perim en ts cerebral b lood  flow  decreased  p rac tica lly  p a ra lle l w ith  
b lood  p ressu re . U n til q u ite  recen tly  i t  w as g enera lly  believed th a t  th e  ce reb ra l 
vessels w ere u n ab le  to  con tro l b lood  flow  b y  vasom otion  and  t h a t  th e  la t te r  
passively  follow ed th e  changes in  a rte ria l p ressu re  [11, 34]. I t  h as  now  b een  
fo u n d  b y  N o e i .l  [21, 22] th a t  cerebral b lood  flow  followed p ressu re  w ith in  th e
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n o rm a l lim its only, a n d  t h a t  a f te r  a ce rta in  c r itic a lly  low  lim it (70 to  90 m m  H g) 
h a s  b een  reached , o x ygen  deficiency caused d ila ta t io n  of th e  cereb ral vessels. 
I n  m a n , on th e  o th e r h a n d , a m odera te  fall in  ca rd ia c  o u tp u t and  blood  p ressu re  
h a s  b een  shown to  a ffec t ce reb ra l c ircu la tio n  s lig h tly  or no t a t all [2, 9, 10, 15, 
25 , 27]. Cerebral b lo o d  flow  has been found  to  decrease  only w hen a r te r ia l p re s 
su re  fell b y  as m uch  as 50 p e r  cen t, and even  th e n  i t  decreased a t  a c o m p a ra 
t iv e ly  low  ra te , in d ic a tin g  a decrease in  ce reb ro v ascu la r resistance  [4, 27]. 
A decrease  in  v a scu la r  re s is tan ce  has also b een  o b serv ed  in  dogs w ith  h a e m o r
rh a g ic  shock [6 ]. H ow ever, K ovach  et al. [17] n o te d  passing  cerebral v a so d d a ta -  
t io n  a f te r  re tran sfu sio n  o n ly ; w ith o u t re tra n sfu s io n  blood flow  th ro u g h  th e  dog 
b ra in  changed  p ara lle l to  b lo o d  pressure. In  e x p e rim e n ta l ischaem ic shock  th e  
sam e  au th o rs  [26,16] o b serv ed  v a so d ila ta tio n  in  th e  b ra in  2  to  1 0  m in u te s  a fte r  
re m o v in g  th e  to u rn iq u e t;  su b seq u en tly  ce reb ra l resistance  rem ained  a t  th e  
c o n tro l level. A ccord ing ly , u n lik e  in  m an , in  th e  dog, hypo tension  caused  b y  
sh o ck  is n o t accom pan ied  b y  a d ila ta tio n  of th e  ce reb ra l blood vessels. W e have  
o b se rv ed  no decrease in  re s is tan ce  even a t  levels below  70 m m  H g. T h is m ay  
h a v e  been  due to  th e  h aem o co n cen tra tio n , w h ich  is know n to increase th e  v is 
c o s ity  o f blood and  also v a sc u la r  resistance in  th e  b ra in  [2 0 , 2 2 ].

C erebral oxygen  c o n su m p tio n  only dec reased  a t  very  low blood p ressu re  
leve ls . In  m ild shock , th e  decrease in b lood flow  w as balanced  b y  an  increase  
in  ce reb ra l a rte rio v en o u s 0 2  difference. T hese fin d in g s  agree well w ith  earlie r 
o b se rv a tio n s  [4, 15, 23, 24, 27, e tc .].

T here  was a c e r ta in  parallelism  be tw een  cereb ra l glucose u p ta k e  an d  
o x y g en  consum ption . W ith  th e  exception  o f one case, a fte r 15 m inu tes o f n o r
a d re n a lin e  infusion 1.3 m g  o f glucose were ta k e n  u p  for 1 ml of oxygen , e x a c tly  
th e  a m o u n t w hich acco rd in g  to  theo re tica l ca lcu la tio n s and  earlie r e x p e ri
m e n ts  is necessary fo r g lucose ox idation  [12]. I n  m a n , cerebral glucose u p ta k e  
a m o u n ts  to  1 . 6  m g p e r 1 m l o f oxygen; th e  slig h t d ifference is believed to  be due 
to  th e  conversion of g lucose in to  pyruvic  an d  la c tic  ac id  [14, 18]. T he d ifference 
in  ce reb ra l glucose co n su m p tio n  betw een m an  a n d  dog m igh t be th e  e x p la n a 
t io n  fo r th e  fac t th a t  w h ereas  th e  hum an  b ra in  is know n to  lose p y ru v ic  acid  
[13, 14], in  the  dog th e re  w as a no tab le  u p ta k e  o f  p y ru v a te . P y ru v a te  w as lo st 
o n ly  d u rin g  ex trem e h y p o ten sio n .

N orad rena line  re s to re d  to  norm al th e  b lo o d  p re s s u it  in  our ex p erim en ts  
a n d  increased caro tid  flow  sign ifican tly , th o u g h  n o t in  p roportion  to  p ressu re . 
C ereb ro v ascu lar re s is tan ce  increased  accord ingly . I n  norm al hum ans, b y  ra ising  
th e  b lo o d  pressure n o ra d re n a lin e  tends to  red u ce  cereb ral blood flow , in  o th e r  
w o rd s , i t  increases c e reb ro v ascu la r resistance. F r a n k  e t al. [6] observed  in  th e  
dog  w ith  haem orrhag ic  sh o ck  th a t  n o rad rena line , a p a r t  from  m a in ta in in g  b lood  
p re ssu re , b ro u g h t a b o u t an  increase of blood flow  in  th e  sag itta l sinus. In  con
t r a s t  w ith  o ther w orkers, th e  quo ted  au th o rs  o b serv ed  a m arked cerebral v aso 
d ila ta t io n  during  th e  p e rio d  o f hypotension .
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Cerebral oxygen  co n sum ption  increased  w ith  th e  increase in  b lood  flow 
to  n early  th e  co n tro l values. G lucose u p ta k e  increased  s im u ltan eo u sly  an d  con
siderab ly , w hile p y ru v a te  u p ta k e  d id  n o t increase . In  shock, th is  p h enom enon  
m ig h t he due to  th e  blockage p o s tu la te d  to  ex ist betw een  th e  g ly co ly tic  and 
trica rb o x y lic -ac id  cycles [28, 29], re su ltin g  in  an  accum ula tion  o f e x tra c e llu la r  
la c ta te  and  p y ru v a te . D espite  im p ro v in g  c ircu la tio n  an d  ce reb ra l oxygen 
su p p ly , n o rad ren a lin e  is th o u g h t to  h av e  no in fluence  on th a t  a ccu m u la tio n .

A fter th e  end  o f n o rad ren a lin e  in fusion , blood pressure a b ru p t ly  d ropped  
below  the  p re -in fusion  level, an d  ce reb ra l blood flow an d  oxygen  c o n su m p 
tio n  decreased. T he an im als w ere in  th e  s ta te  o f severe shock, a n d  m ost of 
th em  died in 30 to  60 m inutes.

The changes in  lim b c ircu la tio n  an d  resistance  were of th e  sam e  d irec tion  
as th o se  in  cerebral circu lation . T h is m akes i t  clear th a t  th e  b lood  flo w  changes 
in  th e  m uscles an d  sk in  of th e  head  could  n e ith e r  obscure no r d is to r t th e  p h en o m 
ena caused by changes in  cerebral c ircu la tio n .

The conclusion w hich seem s to  follow  from  th e  p resen t e x p e r im e n ts  is 
th a t  no rad ren a lin e  m ain ta in s  b lood p ressu re  and  increases cereb ra l b lo o d  flow , 
b u t no t lineally ; in  o th e r w ords, cephalic  v ascu la r resistance  in c reases . T here  
are  signs in d ica tin g  th a t  n o tw ith s ta n d in g  its  p rom oting  oxygen  co n su m p tio n  
an d  glucose u p ta k e  b y  th e  b ra in , n o rad ren a lin e  p ro b ab ly  fails to  c o u n te ra c t 
th e  d is tu rb an ces o f cerebral m e tab o lism  d u rin g  shock.
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STUDIES ON ADAPTIVE ENZYME SYNTHESIS

I. G E N E R A L  IN T R O D U C T O R Y  R E M A R K S , A N D  M E T H O D S

By

S. D á n , L .  A n t a l , G y . S z e g e d i  and A .  G y ö r f f y

F IR S T  D E P A R T M E N T  OF M E D IC IN E  (D IR E C T O R : P R O F . B. F O R N E T ) A N D  SECOND D E P A R T M E N T  
O F M ED IC IN E (D IR EC TO R : P R O F . GY. P E T R Ä N Y I), U N IV E R S IT Y  M EDICAL SCHOOL, D E B R E C E N

(R ece iv ed  S ep tem b er 22, 1962)

C arbon te trac h lo rid e  w as fo u n d  to  reduce th e  try p to p h a n -p y rro la se  c o n te n t  in 
th e  liver of th e  r a t ,  a n d  to  im p a ir  th e  a d ap tiv e  sy n th esis  o f th is  enzym e.

An in d irec t, b loodless, m e th o d  has been e la b o ra te d  fo r s tu d y in g  en zy m ic  a d a p 
ta t io n  in  th e  r a t  by  th e  a p p lic a tio n  o f tw o consecu tive  t ry p to p h a n  loads. T h e  in d u c tiv e  
f ir s t  dose increases th e  a m o u n t o f  t ry p to p h a n  py rro lase  in  th e  liver, w h e reu p o n  th e  
second raises th e  p ro d u c tio n  a n d  u r in a ry  ex cre tio n  of k y n u ren in e  an d  a n th ra n ilic -a c id  
d e riv a tiv es.

D ouble t ry p to p h a n  lo ad s ad m in iste red  in  co m b in a tio n  w ith  h is tid in e  a n d  c o rti
sone, respec tive ly , h av e  co n firm ed  th ese  findings.

A t th e  daw n of th e  h is to ry  o f ad ap tiv e  enzym e syn thesis , o ften  te rm e d  
en zy m ic  a d a p ta tio n , we fin d  th e  w ork  o f W o r t m a n n  [57]. H e w as th e  f i r s t  to  
rea lize  th a t  am ylase is p ro d u ced  b y  ce rta in  b ac te ria l s tra in s  only  w h en  th e y  
h a v e  been  grow ing in  th e  p resence  o f s ta rch  in  th e  cu ltu re  m ed ium , a n d  th a t  in  
m ed ia  n o t con ta in in g  s ta rc h  th e y  g rad u a lly  lose th e ir  a b ility  to  sy n th es ize  th a t  
enzym e. This m eans th a t  c e r ta in  b ac te ria l s tra in s  are  capab le  of a lte r in g  th e ir  
e n zy m a tic  com position , th a t  is, o f a d ap tin g  i t  to  a lte ra tio n s  in  th e  q u a lity  of 
th e  food availab le  to  th e m . R ecen t au th o rs  suggest th e  te rm  enzym e in d u c tio n  
[ R i c h t e r i c h , 50] for th e  p henom enon .

A d ap tiv e  enzym e sy n th es is  has for long been  know n to  occur in  v e r te 
b ra te s . In  th e  dog, th e  ap p ea ran ce  o f  m uch lac tase  w as d em o n stra ted  in  th e  p a n 
creas a f te r  o ra lly  ad m in is te red  lac to se , and  o f in v e rta se  in  th e  b lood  p lasm a  
fo llow ing  in jec tio n  of sucrose [ W e i n l a n d , 5 5 ] . No am ylase could  be show n  to  
be  p re se n t in  th e  saliva o f th e  dog unless i t  h a d  been fed  c a rb o h y d ra te s  [ N e i l - 
s o n  an d  T e r r y , 43 ] .  Old an d  re c e n t observations alike p rov ide  ev id en ce  th a t  
th e  sa liv a  of hum ans liv ing  on food  rich  in  ca rb o h y d ra tes  co n ta in s  tw o  o r th ree  
tim es  as m uch am ylase as th a t  o f  people liv ing  on a h ig h -p ro te in  d ie t po o r in  
c a rb o h y d ra te s  [Sim o n , 51; S q u i r e s , 52].

B acterio log ists beg an  to  s tu d y  ad a p tiv e  enzym e syn th esis  s y s te m a t i 
ca lly  as early  as th e  ’30s an d  soon realized  its  p rac tica l im p o rtan ce  (resis tan ce  
to  an tib io tic s). P e rta in in g  resea rch  in  v e rte b ra te s  is less ad v an ced . T h e  ea rly  
w ork  on i t  was assessed in  a m o n o g rap h  by  K n o x , A u e r b a c h  an d  L i n  [30]. 
T h e ir  co n sis ten tly  g rouped  d a ta  convincingly  d e m o n s tra te  th e  im p o r ta n t  p a r t
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p la y e d  by  enzym ic a d a p ta t io n  in the q u a n ti ta t iv e  and  q u a lita tiv e  changes of 
in tra c e llu la r  and e x tra c e llu la r  enzym es due  to  th e  effect o f v a rious endogenous 
a n d  exogenous fac to rs , su c h  as developm ent, sex , neu ro h o rm o n al regu la tio n , 
th e  rem oval of endocrine  g lands, the  a d m in is tra tio n  of horm ones, th e  q u a lity  
o f  food , etc. As one o f th e  m an ifesta tions (read ily  d e te rm in ed  w ith  biochem ical 
m e th o d s) of the  o rg a n ism ’s broad  ad ap tiv e  c a p a c ity , a d a p tiv e  enzym e sy n 
th e s is  is obviously an  e sse n tia l link  in the  ch a in  o f  m echan ism s con tro lling  m e ta 
b o lic  and energy p rocesses.

Investiga tions in to  th e  v e rte b ra tes ’ a b ility  to  syn thesize  a d a p tiv e  enzym es 
a re  beginning to  u n fo ld  them selves u n d er th e  pressure  o f c u rre n t p h a rm a 
co d y n am ic  problem s, b u t  th e  need of inv es tig a tio n s  in to  th e  re la te d  p a th o p h y 
sio log ica l and clin ical q u es tio n s  does n o t y e t  seem  to  m ake itse lf  w idely  felt. 
W e  ourselves have b eco m e aw are  of it  in  th e  course of earlie r s tud ies concerned 
w i th  am ino acid m e ta b o lism  in  p a tien ts  w ith  liv e r  disease. Those s tud ies re su lt
e d  in  th e  conclusion th a t  th e  causes of d iso rd ers  of am ino acid  m etabo lism  in 
h e p a t ic  disease shou ld  be  looked  for in  th e  d ifference  betw een  th e  n o rm al and 
th e  d iseased liver’s b io ch em ica l adap tiv e  c a p a c ity ; in  o th e r w ords, th e  ab ility  
to  syn thesize  a d a p tiv e  en zy m es [Dán, 11, 12]. T his conclusion was th e  stim ulus 
fo r  th e  p resen t s tu d y  o f  changes in ad ap tiv e  enzym e syn thesis  u n d e r p a th o lo g 
ic a l  conditions, an d  th e i r  m etabolic consequences, on th e  one h an d , and  of 
p o ssib le  ways and  m e a n s  to  utilize our p e r ta in in g  know ledge fo r d iagnostic  
p u rp o ses , o n  the  o th e r  h a n d . A num ber o f q u estio n s arose. In  w h a t w ay  do 
d iseases  influence th e  a b il i ty  of the  organism  a n d  of in d iv id u a l o rgans to  syn 
th e s iz e  adap tive en zy m es?  D o pathologic co n d itio n s  im p a ir  th e  m echan ism  of 
a d a p t iv e  enzym e sy n th e s is ?  Do disorders o f a d a p tiv e  enzym e syn thesis  (its 
ab sen ce , insufficien t o r excessive degree) a ffec t th e  changes assoc ia ted  w ith  
p a th o lo g ica l processes?

A n investiga tion  in to  th e  adap tive  changes o f try p to p h a n  py rro lase  (TPO) 
se e m e d  to  be a rew ard in g  in it ia l  step  of th e  ex p e rim en ts , and  th is  on m ore th a n  
o n e  accoun t. F irs t, th e  a d a p tiv e  synthesis o f T P O  is a rap id  process, easy to  
in d u c e , and read ily  re p ro d u c ib le ; the  fac to rs  govern ing  its  tim e  course [34], 
sp e c if ic ity , and re la tio n s  to  th e  n eu rohorm onal sy stem  [28], are  know n. These 
fa c ts  would estab lish  a b a s is  on w hich to  e v a lu a te  d a ta  o b ta in ed  in patho log ica l 
c o n d itio n s . Secondly, th e  p a r t  played by an im p a ire d  ab ility  of a d a p tiv e  enzym e 
sy n th e s is  in the  d iso rd e rs  o f  try p to p h a n  m e tab o lism , w hich  are observab le  in  
v a r io u s  diseases, s till a w a it  c larification . T h ird ly , up  to  th e  p resen t th e  m ethod  
o f  s tu d y in g  the  a d a p tiv e  chan g es in an im als, in v o lv ed  d irec t d e te rm in a tio n  of 
th e  T P O  con ten t in  liv e r  hom ogenates. W e h a v e  now  e lab o ra ted  a sim ple, in d i
r e c t ,  bloodless m e th o d ; i t  is based on th e  e ffec t o f a double try p to p h a n  load 
on th e  q u a n tity  an d  q u a l i ty  o f try p to p h a n  m e ta b o lite s  ex c re ted  w ith  th e  u rine. 
A  p ro ced u re  of th is  ty p e  m ig h t m ake i t  possib le  to  s tu d y  a d a p tiv e  enzym e 
sy n th e s is  for its  use fo r  d iag n o stic  purposes.
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In  th e  p resen t re p o rt we propose to  deal in  d e ta il w ith the  in d ire c t m e
th o d  re ferred  to  above. N evertheless, i t  seem s n ecessary  b rie fly  to  d iscuss f irs t 
one o f our earlie r m odel ex p erim en ts  [1 2 ] concern ing  th e  d is tu rb a n c e s  of 
a d a p tiv e  enzym e sy n th es is , w hich had  been ca rried  ou t w ith  a d ire c t (liver 
hom ogenate) m e th o d .

Adaptive synthesis o f tryptophan pyrrolase 
in acute experim ental hepatic disease

T P O  occurs in  la rg e  am o u n ts  in  th e  liver. I t s  func tion  — th e  o x id a tiv e  
sp littin g  of th e  indo le  ring  in try p to p h a n  —• w as f irs t  observed  b y  K o t a k e , 
I t a g a k i  and  N a k a y a m a  [33], an d  s tu d ie d  in  d e ta il b y  B r a u n s t e i n  [5] and  
K n o x  [29]. The te c h n iq u e  for s tu d y in g  th e  a d a p tiv e  changes of T P O  in  an im al 
ex p erim en ts  was developed  by  K n o x  e t al. [31]. In tra p e rito n e a lly , o ra lly , or 
su b cu tan eo u sly  ad m in is te red  d l- try p to p h a n  w as fo u n d  to  increase to  a m an i
fo ld  th e  T PO  c o n te n t o f th e  liver o f th e  ra b b it , th e  r a t ,  an d  the gu inea  p ig . E x p e 
rim e n ts  w ith  labelled  am ino  acids [18] and  w ith  e th io n in e , w hich in h ib its  a d a p 
tiv e  T P O  syn thesis , p roduced  ev idence of an  increased  enzym e sy n th es is , and  
no rise in  enzym e a c tiv i ty  [49, 35].

E xp erim en ta l

M ale ra ts  w eighing  betw een  180 an d  230 g, w ere used. A cu te  liv e r  d am age 
was p roduced  w ith  ca rb o n  te tra c h lo rid e ; th re e  doses o f 0 . 2  ml per 1 0 0  g body  
w eigh t w ere ad m in is te red  a t  tw o -d ay  in te rv a ls . T h e  p rescrip tions of K n o x  [31] 
w ere followed in  perfo rm in g  th e  enzym e in d u c tio n  experim en ts.

T he ex p erim en ta l anim als w ere in jec ted  in tra p e rito n e a lly  w ith  0.3 g of 
sterilized  d l- try p to p h a n e  suspended  in  3 m l o f physio logical sa line ; th e  co n 
tro ls  received 0.3 m l o f  sodium  chlo ride , b y  th e  sam e rou te . F ive  h o u rs  la te r , 
all th e  anim als w ere d ecap ita ted  a n d  e x san g u in a ted , th e  livers p ro m p tly  re 
m oved , an d  precisely  w eighed p o rtio n s o f each  hom ogenized  a t  0 to  4° C, w ith  
q u a r tz  sand  or pow dered  glass a n d  1.18 p e r c en t p o tassium  ch lo ride  1  : 1 0 . 
Follow ing cen trifu g a tio n  for h a lf  a m in u te , th e  h om ogenates w ere u sed  im m e
d ia te ly . T he in c u b a tio n  m ix tu re  co n ta in ed  2 m l o f hom ogenate , 0.5 m l o f 0.2 M  
p h o sp h a te  buffer a d ju s te d  to  p H  7, an d  0.3 m l o f 0.03 M  1 - try p to p h a n . The 
reac tio n s were ru n  in  open  flasks in  a w a te r  b a th  a t  38° C w ith  c o n s ta n t shak in g  
for one hour. D ep ro te in iza tio n  w as ca rried  o u t w ith  2 m l of 5 p e r c en t zinc 
a c e ta te  an d  2 ml o f 0.18 n N aO H . In  th e  co rresp o n d in g  b lanks, t r y p to p h a n  was 
added  a t  th e  end o f  th e  in cu b a tio n  p erio d , im m ed ia te ly  before d ep ro te in iza tio n . 
A fte r s tan d in g  for h a lf  an  hour, th e  re a c tio n  m ix tu re s  were f ilte re d , an d  th e  
k y n u ren in e  in th e  f i l t r a te s  was e s tim a te d  in 10 m m  lay er th ick n ess , in  a B eck 
m an  sp ec tro p h o to m e te r , a t  360 m/<. 0.1 M  k y n u ren in e /m l =  0.440 e x tin c tio n  
value.
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F o r th e  sake o f  b r e v i ty ,  in  th e  following th e  ad jec tiv e s  “ sp o n ta n e o u s”  an d  
“ in d u c e d ”  will be u sed  to  d en o te , and  d is tin g u ish  b etw een , an im al g ro u p s n o t  
t r e a te d  and  tre a te d  w ith  t r y p to p h a n , resp ec tiv e ly .

Results

T hese are show n in  F ig . 1, w hich il lu s tra te s  th e  follow ing:

I .  Group o f norm al a n im a ls  ( A )

T he results o b ta in e d  co n firm  th e  laws g o v ern in g  ad a p tiv e  enzym e sy n th e  
sis as estab lished  b y  K n o x .

F ig . 1. Spon taneous a n d  in d u c e d  T P O  co n ten ts o f th e  liv e r  o f in ta c t  r a ts  a n d  r a ts  t r e a te d  
w ith  c a rb o n  te trach lo rid e . E n z y m e  a c tiv ity  expressed  in  /tm oles o f k y n u ren in e  p e r  g o f  liv e r 
p e r  h o u r .  Column A: g ro u p  o f i n ta c t  an im als; co lum ns В — F : g ro u p s of CC14 t r e a te d  an im als . 
T im e  o f  in d uction : 1 d a y  a f te r  th e  la s t d ay  of CC14 t r e a tm e n t  for group B ; tw o  d a y s  a f te r  
i t  fo r  C; four for D; sev en  fo r  E ;  an d  te n  for F . S y m b o ls: •  =  sp o n tan eo u s T P O  c o n te n t;  
О =  T P O  co n ten t in d u ced  w ith  t r y p to p h a n ;  -(- =  w ith  co m b in ed  try p to p h a n  a n d  co rtiso n e ;

□ =  w ith  h is tid in e

a)  The TPO  c o n te n t  o f  th e  liver w as fo u n d  to  be su b s ta n tia lly  g rea te r  
in  th e  try p to p h a n - tre a te d  th a n  in  th e  u n tre a te d  an im als . The d ifference in  h e 
p a t ic  T P O  co n ten t b e tw e e n  th e  spon taneous a n d  induced  groups expresses th e  
d eg ree  o f ad ap tiv e  en zy m e sy n th es is . T hough th e re  w ere in d iv id u a l d ifferences 
w ith in  th e  groups, th e  d ifference  betw een th e  sp o n tan eo u s  and  in d u ced  values 
w as sign ifican t.

b)  Com bined a d m in is tra tio n  of co rtiso n e  an d  try p to p h a n  increased  
a d a p t iv e  enzym e sy n th e s is .

c)  H istid ine t r e a tm e n t  induced  the  a d a p tiv e  syn thesis  of T P O .
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I I .  Groups o f  CCI4  treated anim als (  В  to F )

a)  D uring th e  f irs t  48 hours o f CC14  tre a tm e n t (g roups В an d  C), th e  sp o n 
ta n e o u s  T PO  level w as low in  th e  liv e r o f all th e  an im als, a n d  no a d a p tiv e  en 
zym e syn thesis could be in d u ced  w ith  try p to p h a n .

b)  B eginning w ith  th e  fo u rth  d ay  o f tre a tm e n t (g roup  D ), m ark ed  in d i
v id u a l differences w ere d isp lay ed  by  b o th  th e  sp o n tan eo u s  an d  th e  induced  
an im al groups; th o u g h  considerab le  in d u c tio n  w as observ ed , th e re  w ere an im als 
w ith  T P O  levels s im ila r to  th o se  in  groups A an d  B.

c)  S till m ore m ark ed  w ere th e  in d iv id u a l d ifferences w ith in  th e  groups 
on th e  seven th  an d  te n th  d ay  (groups E  and  F).

d )  To th e  com bined  a d m in is tra tio n  o f co rtisone  an d  t ry p to p h a n , th e  
an im al w ere found  to  re a c t w ith  considerable a d a p tiv e  enzym e syn thesis  in  
th o se  groups in w hich try p to p h a n e  alone was of no (g roup  C) or o f on ly  sligh t 
e ffec t (group E).

T he wide d ifferences observed , even u n d er id en tica l ex p e rim en ta l condi
tio n s , in  th e  CC14  tre a te d  an im als w ere obviously  due  to  d ifferences from  one 
an im al to  th e  o th e r in  th e  n a tu re  an d  e x te n t o f th e  p a re n c h y m a l an d  b iochem 
ica l d am ag e .

W e have no know ledge o f th e  changes w hich  a d a p tiv e  enzym e sy n th es is  
undergoes in  th e  successive phases o f recovery , an d  o f w h e th e r  reco v e ry  can  be 
in flu en ced  pharm aco log ically . I t  is possible to  s tu d y  th e se  p o in ts  b y  m eans of 
th e  liver hom ogenate  m e th o d  in  large an im al g roups, b u t  to  o b ta in  close 
knowdedge of th e  n a tu re  o f th e  biochem ical dam age, i t  ap p ea rs  desirab le  r e p e a t
ed ly  to  s tu d y  a d a p tiv e  enzym e syn thesis  in  th e  sam e an im als  in  each  o f th e  
consecu tive  phases. A p ro ced u re  of th is  ty p e  m ig h t be th e  basis  o f s tu d ies  of th e  
a d a p tiv e  enzym e sy n th esis  for d iagnostic  purposes.

Adaptive synthesis o f tryptophan pyrrolase follow ing  
two successive tryptophan loads

T he ad u lt o rgan ism  needs daily  7 m g p er kg b o d y  w e ig h t o f try p to p h a n . 
In  th e  norm al o rgan ism , m ost o f i t  is used for p ro te in  sy n th es is , 1 p er cen t for 
th e  p ro d u c tio n  o f se ro to n in , an d  1 to  2 p er cen t fo r t h a t  o f  n ico tin ic  acid . The 
p ro p o rtio n  of try p to p h a n  used  up  by  in te s tin a l b a c te r ia  is n o t know n w ith  
c e r ta in ty . TPO  has a ro le to  p lay  in  th e  f irs t s tep  of try p to p h a n -n ic o tin ic  ac id  
m e tab o lism  (Fig. 2).

Clinical o b serv a tio n s an d  an im al ex perim en ts su p p ly  ev idence th a t  
try p to p h a n -n ic o tin ic  ac id  m e tab o lite s  m ay  be p resen t in  th e  u rin e  o f no rm al 
in d iv id u a ls  [3, 7, 9, 16, 17, 19]. T h e ir q u a n tity  an d  q u a lity  can  be in fluenced  by  
th e  ad m in is tra tio n  an d  dep le tio n  o f В v itam in s [6 , 7, 10, 15], la rg e  doses of 
try p to p h a n  [21, 22, 23, 24, 25, 39, 45], an d  th e  q u a lity  o f  th e  food in g ested ; in
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F ig . 2 . O u tlin e  of try p to p h a n -n ic o tin ic  acid  m etabo lism  ( M a r v e r , H . S.: J .  L ab . clin. Med.
58. 425 [1961])

a d d it io n , th e y  m ay be d e fic ien t or excessive in  a m o u n t in  a v a r ie ty  o f diseases 
[1, 4 , 8 , 10, 14, 19, 36, 42, 45 , 46 , 47, 48, 53, 54]. D a ta  o f th is  k in d  are  suggestive  
o f  a  d is tu rb an ce  of th e  try p to p h a n -n ic o tin ic  acid  m e tab o lism , b u t  do no t 
y ie ld  in fo rm atio n  ab o u t th e  v e ry  s tep  of a d a p tiv e  enzym e sy n th es is  responsible 
fo r  th e  developm ent of th e  m e tab o lic  defect.

A  double try p to p h a n  lo a d  seem ed to  be a p rom ising  m e th o d  for in v es ti
g a tin g  th is  open q u es tio n . T h e re  xvere obvious reasons to  suggest th a t  if  the
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f ir s t  dose o f try p to p h a n  in d u ced  a d a p tiv e  sy n th es is  o f T P O , th e  second  w ould 
p ro d u ce  th e  m ore u r in a ry  k y n u ren in e  an d  o th e r m e tab o lite s , th e  m ore  effective 
th e  in d u c tio n  h ad  been .

M ethods

R a ts  o f ab o u t th e  sam e age, w eighing betw een 180 a n d  230 g, were fa s te d  fo r 16 h o u rs  
b u t  w ere allow ed to d rin k  w a te r . F o r th e  tim e of th e  e x p e rim e n t each  an im a l w as k e p t  in 
a  w ide funnel, bu ilt in to  a  su p p o r t  an d  covered w ith  w ire n e ttin g , or in  a fu n n e l-sh ap e d  glass 
vessel, w ith  th e  tube  a t  its  p o in t in se rted  in to  a flask  p u t  u n d e r  i t  to  collect th e  u rin e .

B y a stom ach  tu b e , 7 m l o f a try p to p h a n  so lu tion , p re p a re d  as d escribed  below , w ere 
in tro d u c ed  a t  0 hour; a t  2 h o u rs  th is  was follow ed by  6  m l o f ta p  w a te r; a t  4 h o u rs , b y  a 
second  dose of try p to p h a n ; a n d  a t  6  hours b y  fu r th e r  6 m l o f ta p  w a ter. U rine  sp ec im en s were 
co llected  a t  2-hour in te rv a ls , a n d  d en o ted  I, I I , I I I  an d  IV , resp ec tiv e ly . A t th e  e n d  of each  
co llection  period  th e  a n im a l w as lif ted  a little , b u t  n o t ta k e n  o u t of th e  fu n n e l o r vessel, and  
th e  sk in  over th e  abd o m en  w as g e n tly  p inched  to  cause th e  b lad d e r to  e m p ty . N o r w as th e  
an im a l lifted  beyond th e  b rim  of th e  funnel or vessel, w hile th e  tu b e  was in tro d u c e d  in to  th e  
s to m ach , for experience show ed  th a t  i t  freq u en tly  passed  u rin e  du rin g  th ese  m an o e u v ers . 
C ollected u n d e r these co n d itio n s , frac tio n  I v aried  in  a m o u n t fro m  1 to 3 m l; f ra c tio n s  II 
a n d  I I I  each from  2 to  6  m l, a n d  frac tio n  IV from  3 to  5 m l, of u rine. C onfinem en t to  fun n e l 
or vessel, in tro d u c in g  th e  s to m a c h  tu b e , an d  th e  t ry p to p h a n , w ere well to le ra te d  b y  th e  
an im als .

T he urine  frac tio n  w ere m ad e  up  to  30 ml w ith  d is tilled  w a ter. T he m e ta b o lite  d e te r 
m in a tio n s  were carried  o u t  a t  th e  en d  of th e  8 -hour ex p erim e n t. P re p a ra tio n s  fo r c h ro m a to 
g ra p h y  were begun th e  fo llow ing d a y ; m eanw hile th e  u rin e  w as s to red  in  th e  re fr ig e ra to r .

T he try p to p h a n  so lu tio n  w as p re p are d  on th e  d ay  of th e  ex p erim e n t; 7 m l o f  i t  co n ta in ed  
th e  single dose of t ry p to p h a n . W h en , for in stance, four ra ts  w ere to  be given each  tw o  successive 
doses o f 400 //M try p to p h a n , th e n  4000 /гМ try p to p h a n  w ere m easured  a n d  d isso lved  by  
dropw ise  ad d itio n  of 1 to  1.3 m l o f 5 per cen t sodium  h y d ro x id e . T his a lk a lin e  so lu tio n  was 
d ilu te d  w ith  ta p  w ater to  a b o u t 50 m l, an d  th e  p H  a d ju s te d  to  betw een  7 a n d  7.5 w ith  5 per 
cen t hydroch lo ric  acid, a n d  m ad e  u p  to  a final volum e of 56 m l w ith  ta p  w a te r .

F o r pap er c h ro m a to g ra p h y  th e  u rine  specim ens were p re p a re d  according to  H a r t m a n n ’s 
desc rip tio n . Sch leicher—Schiill f i l te r  p ap er No. 2043b w as used . T he so lv en t sy s tem s were 
iso p ropano l : am m onia : w a te r  (200 : 10 : 20) and b u tan o l : w a te r  : ace tic  acid  (120 : 150 : 30). 
T he ch ro m ato g ram s w ere d ev elo p ed  w ith  p a ra-d im e th y lam in o -b en za ld eh y d e  (D B A ) in  10 
pe r c en t hydroch loric  acid , d ilu te d  1 : 4 w ith  acetone im m e d ia te ly  before d ev e lo p m en t. All 
ch ro m a to g ram s were also s tu d ie d  u n d e r u ltra -v io le t lig h t.

K y n u ren in e  and  th e  m eta b o lite s  reac tin g  w ith  D B A  w ere d e te rm in ed  w ith  th e  s lig h tly  
m od ified  m eth o d  of O t a n i , N i s h i n o  an d  I m a i  [44], re sp ec tiv e ly  W iss a n d  H a t z  [56]. The 
u n d e rly in g  principle is t h a t  w ith  D B A  m an y  try p to p h a n  m eta b o lite s  fo rm  co loured  com p o u n d s. 
T he ru sse t colour co rrespond ing  to  k y n u ren in e  can  be e x tra c te d  w ith  b u tan o l. T h e  in te n s ity  
o f th e  v io le t colour of th e  re m a in in g  aqueous so lu tion  d ep en d s  on  th e  a m o u n t o f o th e r  m e ta 
bo lites reac tin g  w ith  D B A . T h is  a m o u n t is expressed  as th e  n u m b er o f fi m oles o f a n th ra n ilic  
acid  correspond ing  to th e  co lour in te n s ity  p roduced  by  all th e  com pounds re ac tin g  w ith  DBA . 
In  th e  F igures and  T ables th is  is d en o ted  by  A s.

T he follow ing reag en ts  w ere used :
(a) Two g of D BA  d isso lved  in 30 per cen t hyd ro ch lo ric  acid  an d  m ade u p  w ith  d istilled  

w a te r  to  100  ml.
(b) F resh ly  p rep ared  3 p e r  c en t hydrogen  perox ide.
(c) T en per cen t tr ic h lo ro -a c e tic  acid.
T hree  ml of d ilu ted  u rin e  a n d  3 ml o f trich lo ro -ace tic  acid  were m ixed b y  sh ak in g  in 

tu b es , allow ed to s tan d  fo r 5 m in u te s , an d  cen trifuged . O f th e  c lear liqu id , 4 m l a m o u n ts  w ere 
m easu red  in to  glass vessels o r th in  8 to  10 ml cen trifuge  tu b e s . A fter ad d itio n  of 0.3 m l o f 
D B A  an d  0.15 ml of H 20 2 th e  vessels o r tu b es were closed w ith  a ru b b e r  s to p p e r, tu rn e d  upside  
dow n a few tim es to  a tta in  in tim a te  m ixing, and p laced  in  a th e rm o s ta t  a t  37°C fo r 15 hours. 
D u rin g  th is  tim e a brow n co lour grow ing g rad u ally  d a rk e r  w as developing.

T he coloured so lu tio n  w as sh ak en  for 2 m inu tes w ith  3 m l o f d istilled  b u ta n o l, and  
c en trifu g ed . U sing a P a s te u r  p ip e tte , th e  b u tano lic  phase  w as d raw n  off by  su c tio n , a n d  th e  
e x tra c tio n  rep ea ted  w ith  a n o th e r  3 m l of bu tan o l. T he tw o b u ta n o lic  e x tra c ts  w ere th e n  pooled. 
On a few  occasions b o th  th e  a q u eo u s  an d  th e  b u tano lic  e x tra c ts  h ad  tu rn ed  tu rb id ,  b u t  c e n tr i
fu g a tio n  for a m inute  or tw o c leared  th em  suffic ien tly  for p h o to m e try . In  c u v e tte s  o f 10 and

2  A cta Medica XIX/4.
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5 m m  th e  bu tanolic  an d  a q u e o u s  so lu tions, re spec tive ly , w ere  re a d  in  a S tu fe n p h o to m e te r w ith  
S 56 f i l te r  against a b lan k . T h is  w as prepared  b y  a d d in g  th e  reag en ts  to  4 m l o f 5 pe r cen t 
tr ic h lo ro -a c e tic  acid and , a f te r  s ta n d in g  a t  37 °C fo r 15 h o u rs , e x tra c tio n  w ith  b u ta n o l.

T h e  am o u n t of k y n u re n in e  fo rm ed  was c a lcu la ted  acco rd in g  to  O ta n i’s fo rm u la  (k y n u - 
re n in e  m g /m l =  0 .370(E x t. — 0 .059).0 .5 . The a m o u n t o f a n th ra n ilic  acid  co rresp o n d in g  to  th e  
e x tin c t io n  of th e  aqueous so lu tio n  w as read  off th e  e x tin c tio n  cu rve. An aqu eo u s s to c k  so lu tion  
w a s  p re p a re d  con tain ing  300 y  o f  a n th ran ilic  acid  p e r 2 m l. O f th is , 0.1, 0 .2, 0.3, 0.4, 0.5, 
0 .6 , 0 . 8  a n d  1.0  ml am o u n ts  w e re  m easu red  in to  te s t  tu b e s  a n d  m ade up  to  2  m l w ith  d istilled  
w a te r .  Follow ing the  a d d itio n  o f  2 m l o f trich lo ro -acetic  acid  a n d  th e  colour re ag e n ts , th e  m ix 
tu r e  w a s  p laced in  th e  th e r m o s ta t  fo r 15 hours. P h o to m e try  w ith  an  S 56 f i l te r  follow ed in  
a  5 m m  cu v ette . In  th is  m a n n e r ,  0.01 E x t. =  1.38 y  o f  a n th ra n ilic  acid  p e r 2 m l.

T ak in g  in to  acco u n t O ta n i’s fo rm ula , th e  d a ta  y ie ld e d  b y  th e  e x tin c tio n  cu rv es, as also 
th e  fa c ts  t h a t  every  u rine  f r a c t io n  w as d ilu ted  to  30 m l a n d  t h a t  th e  d e te rm in a tio n s  w ere m ade 
f ro m  2  m l am ounts of t h a t  d i lu tio n , th e  k y n u ren in e  a n d  a n th ra n ilic  acid  c o n te n ts  o f th e  
in d iv id u a l  fractions can  be  c a lc u la te d  according to  th e  fo rm u la s , 

f iM  kynurenine/30 m l =  33.3 (E x t. — 0.059), 
f iM  an th ran ilic  acid /30  m l =  E x t. =  E x t. 15.0.

R esu lts  and d iscussion

F igs 3 and  4 in fo rm  a b o u t th e  excre tion  o f  m e tab o lite s  in  th e  in d iv id u a l 
u r in e  frac tions.

T h e  one-d irectional ch ro m ato g ram  w as s tu d ie d  also u n d e r u ltra v io le t 
l ig h t .  F rac tio n  I I I  w as consp icuous for th e  in te n se  fluorescence o f k y n u ren in e  
(R f :  0 .55 , ligh t blue) a n d  3 -o x y an th ran ilic  ac id  (R f: 0. 90, b lu ish -v io le t).

A lthough  only th e  s ix  com pounds n a m e d  in  th e  legend to  F igs 3 an d  4 
c o u ld  b e  iden tified  w ith  c e r ta in ty , th e  c h ro m a to g ra m s ap p ea r to  p e rm it th e  
fo llo w in g  sta tem en ts .

1. U rinary  k y n u re n in e  excretion  a f te r  th e  second t r y p to p h a n  load 
( f ra c t io n  I I I )  considerab ly  exceeds th a t  a f te r  th e  f i r s t  load  (frac tio n  I).

2 . The o ther co m p o u n d s  reacting  w ith  D B A  are  likew ise p re se n t in  su b 
s ta n t ia l ly  higher a m o u n ts  in  frac tion  I I I  th a n  in  e ith e r  frac tio n  I  o r I I .  T his 
in d ic a te s  th a t  upon th e  e ffe c t of th e  f irs t t r y p to p h a n  load  n o t o n ly  T P O  b u t 
a lso  o th e r  enzym es o f th e  try p to p h a n -n ic o tin ic  ac id  m u ltienzym e sy s tem  h av e  
a d a p te d  them selves (s im u lta n e o u s  ad ap tiv e  en zy m e syn thesis?).

3. Only fu tu re  in v e s tig a tio n s  can decide w h e th e r  th e  excess m e tab o lite  
e x c re tio n  observed in  f r a c t io n  I I I  was a c tu a lly  re la te d  to  enzym e sy n th esis  
in d u c e d  b y  the  f irs t t r y p to p h a n  dose or w h e th e r  i t  rep resen ted  th e  su m  to ta l ,  
m a n ife s tin g  itse lf in  f r a c t io n  I I I ,  of th e  u r in a ry  m e tab o lite  excre tio n s caused  
b y  th e  jo in t effect o f th e  f i r s t  an d  second try p to p h a n  loads.

Q u an tita tiv e  d e te rm in a tio n  of th e  u r in a ry  k y n u ren in e  an d  o th e r  m e ta 
b o lite s  reacting  w ith  D B A , w ill answ er th is  q u es tio n .

In  six groups, fo u r a n im a ls  a t  a tim e w ere su b jec ted  to  double  try p to p h a n  
lo a d s . F igs 5 to  10 p re s e n t th e  results o b ta in e d  in  th e  in d iv id u a l g roups. T h e  
a r a b ic  num erals on th e  h o riz o n ta l axis in d ic a te  th e  tim e  course o f  th e  e x p e ri
m e n t .  A rrows below th e  d iag ram s ind icate  th e  tim es  a t  w hich try p to p h a n , t a p  
w a te r ,  cortisone, or h is tid in e , w as adm in iste red . W h ite  colum ns in  th e  d iag ram s 
in d ic a te  u rinary  k y n u re n in e  excretion , an d  d a rk  colum ns u r in a ry  an th ra n ilic
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F igs. 3 and  4. O n e-d im ensional (bu tan o lic ) c h ro m a to g ra m  o f frac tio n s I ,  I I I ,  I I I ,  a n d  IV , 
a n d  tw o-d im ensional c h ro m a to g ram  o f frac tio n  I I I ,  show ing  o n ly  th e  spots th a t  h av e  becom e 
sh a rp ly  ou tlined  d u rin g  develo p m en t. B ased  on  th e  co lou r a n d  th e  R f  value  o f th e  in d iv id u a l 
sp o ts :  1 =  a n th ra n ilic  acid  (yellow ); 2 =  h y d ro x y a n th ra n ilic  acid  (ligh t-b row n); 3 =  ace ty l-  
t ry p to p h a n ?  (b lu ish -v io le t); 4 =  carb am id e  (yellow ); 5 =  try p to p h a n  (green); 6 =  k y n u re -

n ine  (o range-red)

acid  excre tion  in  th e  in d iv idua l frac tio n s, ex p ressed  in  //m oles. A t th e  b o tto m  
o f  th e  d iagram s, th e  k y n u ren in e , resp ec tiv e ly  th e  an th ra n ilic  acid, c o n ten ts  a re  
show n  in //m oles se p a ra te ly  for frac tio n s I  — I I  a n d  I I I  -f- IV .

T he d iag ram s show  th a t  th e  re su lts  h a v e  co n firm ed  th e  ch ro m a to g rap h ic  
f in d in g  th a t  u r in a ry  m etab o lite  excre tion  a f te r  th e  second t ry p to p h a n  lo a d  
in v a ria b ly  an d  co n sid e rab ly  exceeds th a t  fo llow ing  th e  f irs t  load . T he v a lu es  
fo r  I I I  -f- IV  are  a ll h ig h er th a n  th o se  for I  -f-II. T h e  experim en ts described  in  
th e  follow ing, su p p ly  evidence in  fav o u r o f  a re la tio n sh ip  betw een  th is  excess 
a n d  ad ap tiv e  en zy m e syn thesis.

The f irs t tw o  d iag ram s in  F igs 5, 7, a n d  10, an d  th e  f irs t  one in  F ig . 9, 
i l lu s tra te  ex p erim en ts  in  w hich th e  an im als rece iv ed  on ly  a single dose o f  t r y p 
to p h a n  (a t zero h o u r)  followed b y  ta p  w a te r  a t  2, 4 an d  6  hours. In  th ese  ex p e 
rim en ts  frac tions I I I  an d  IV  w ere found  to  c o n ta in  l i t t le  kynu ren in e  a n d  an-

2*
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F ig . 5. D oub le  try p to p h a n  lo ad , each  w ith  500 fiM. o f  1 - try p to p h a n . T ry : t r y p to p h a n ;  As: 
a m o u n t  o f  an th ran ilic -ac id  d e r iv a tiv e s  expressed  as / /M of an th ra n ilic  acid ; W  =  ta p  w a te r; 

I  : tim e  o f a d m in is tra tio n  o f w a te r  or am ino acid
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Fig. 6. D ouble t r y p to p h a n  load, each  w ith  700 /<M of 1 - try p to p h a n

th ra n i l ic  acid, p a rtic u la r ly  i f  v iew ed in  re la tio n  to  th e  sam e frac tio n s  in  expe
r im e n ts  w ith  a double try p to p h a n  load . M ethodologically , th is  is an  im p o r ta n t  
p o in t ,  fo r  in  double-load ex p erim en ts  i t  p e rm its  th e  k y n u ren in e  an d  a n th ra n ilic  
a c id  c o n te n ts  of frac tio n s I I I  an d  IY  to  he  re g a rd e d  as o rig in a tin g  a lm o s t en 
t i r e ly  fro m  th e  second try p to p h a n  dose. A ccord ing ly , i t  seems ju s tif ie d  to  assum e 
th e  k y n u re n in e  an d  a n th ra n ilic  acid  c o n te n ts  o f frac tions I I I  an d  IV , w h ich  
fo llow  th e  second dose o f try p to p h a n , to  be  d irec tly  re la ted  to  th e  induced  
e n z y m e  co n ten t.
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Fig. 8. Com bined t ry p to p h a n  an d  h is tid in e  tre a tm e n t.  F i r s t  g roup  of colum ns show s d a ta  
o f double  try p to p h a n  load  w ith  1500/гМ. In  th e  o th e r tw o  ex p erim e n ts  try p to p h a n  w as a d m in 
is te red  on ly  once, a t  4 h o u rs , p receded  b y  ta p  w a te r (second  group  o f co lum ns), re sp ec tiv e ly

b y  h is tid in e  ( th ird  g roup  o f  co lum ns)

In  th e  ex p erim en t illu s tra te d  in  th e  3rd  d ia g ra m  of Fig. 8  th e  an im a l w as 
g iven h is tid in e  in s tead  o f try p to p h a n  a t  zero h o u r, an d  only one dose o f t r y p to 
p h an , a t  4 hours. N e ith e r  k y n u ren in e  nor a n th ra n ilic  acid could be show n to  be 
p re sen t in  frac tions I  an d  I I ,  y e t  in  frac tions I I I  a n d  IV  b o th  w ere p re se n t in  
a b o u t th e  sam e am o u n ts  as a fte r  a double t r y p to p h a n  load.

In  th e  ex perim en ts illu s tra te d  in  th e  3rd  a n d  4 th  d iagram s o f b o th  F ig . 9 
an d  F ig . 10 th e  an im als w ere given a t  zero h o u r, s im u ltan eo u sly  w ith  o ra l try p -
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F ig . 10. Com bined co rtiso n e  a n d  double  t ry p to p h a n  lo ad , w ith  1000 o f d l- try p to p h a n

to p h a n ,  3 mg of in tra p e r ito n e a l hyd ro co rtiso n e . T h e  resu lts  o b ta in ed  show  th a t  
in  th e s e  anim als th e  k y n u re n in e  an d  a n th ra n ilic  ac id  co n ten ts  o f f ra c tio n s  I I I  
a n d  IY  g rea tly  exceeded th o se  in  th e  an im als n o t t r e a te d  w ith  co rtiso n e ; fu r th e r , 
t h a t  th e  an th ran ilic  ac id  : k y n u ren in e  ra tio  w as su b s ta n tia lly  h ig h er in  th e  fo r
m e r  th a n  in  th e  la t te r .

T h e  sim ilarity  a p p a re n t  be tw een  th e  d a ta  in  F igs. 8  an d  10 a n d  those  
o b ta in e d  in th e  liver h o m o g en a te  ex p erim en ts , m akes i t  seem  obv ious t h a t  a 
re la t io n  exists be tw een  th e  changes observed  in  th e  kynu ren in e  an d  a n th ra n ilic
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acid  co n ten ts  o f frac tio n s  I I I  and  IY , an d  th e  a b ili ty  of h istid ine  to  in d u ce  
a d a p tiv e  syn th esis  o f T P O , resp ec tiv e ly  th e  a b il i ty  o f cortisone to  in te n s ify  
a d a p tiv e  enzym e syn th esis .

In  liv er h o m o g en a te  ex p erim en ts , a d a p tiv e  enzym e synthesis can  be  m e a 
su red  b y  an d  expressed  as th e  difference in  th e  re n a l T P O  co n ten t b e tw een  th e  
spon tan eo u s an d  in d u ced  groups. A n o th e r q u e s tio n  is as to  w h e th e r th e re  
ex ists som e q u a n ti ta t iv e  re la tio n sh ip  be tw een  u r in a ry  kynuren ine  a n d  a n th ra -  
nilic acid  excre tion  on th e  one hand , a n d  a d a p tiv e  enzym e synthesis on th e  o th e r . 
S tud ies o f th e  a d a p tiv e  syn thesis  of T P O  [34, 35] h av e  show n th a t  i t  s ta r ts  in  
th e  liv er w ith in  th e  f ir s t  h o u r follow ing th e  a d m in is tra tio n  of th e  in d u c in g  
t ry p to p h a n  an d , in creasin g  evenly  w ith  tim e , i t  reaches its  peak  b e tw een  th e  
5 th  an d  8 th  hou r. T h is know ledge e n title s  to  th e  su p p osition  th a t  th e  s p o n ta 
neous T P O  c o n te n t o f th e  liver is m ost p ro b a b ly  re la te d  to  th e  u r in a ry  k y n u re 
n ine an d  an th ra n ilic  ac id  excretion  in  fra c tio n  I ,  a n d  th e  induced  T P O  c o n te n t 
to  th e  excre tion  in  fra c tio n  I I I .  This v iew  is fa v o u re d  b y  our fin d in g  t h a t  th e  
k y n u ren in e  an d  a n th ra n ilic  acid c o n te n t o f f ra c tio n  I I I  is alw ays a m an ifo ld  o f 
th a t  o f frac tio n  I ,  th o u g h , as th e  d a ta  in  o u r fig u re s  show, n o t in d e p e n d e n tly  
o f th e  a m o u n t o f try p to p h a n  ad m in is te red . I t  is o f  in te re s t in  th is  co n n ec tio n  to  
n o te  th e  changes in  th e  ra tio  of an th ra n ilic  ac id  to  ky n u ren in e , p a r tic u la r ly  its  
increase in  th e  ex p erim en ts  w ith  co rtisone . T h is  increase  p resu m ab ly  b e a rs  a 
re la tio n  n o t only  to  th e  ad a p tiv e  increase  of T P O , b u t  also to  th a t  o f  th e  o th e r  
m em bers o f th e  try p to p h a n -n ic o tin ic  ac id  en zy m e system .

T he ta sk s  we se t ourselves in th is  s tu d y  w ere  to  e labo ra te  a m e th o d  fo r 
use in double try p to p h a n  load  exp erim en ts , to  e s ta b lish  th e  ad eq u a te  a m o u n t of 
try p to p h a n  to  be ad m in is te red , an d  th e  b e s t p ro ced u re  for th e  co llec tion  of 
urine  specim ens; in  ad d itio n , to  select th e  m e th o d  o f  kynuren ine  and  a n th ra n ilic  
acid d e te rm in a tio n  m o st su itab le  for ro u tin e  w o rk . T he resu lts  of our in v e s tig a 
tions ap p e a r to  con firm  th a t  th e  doub le-load  m e th o d  is su itab le  fo r a ssay in g  
ad ap tiv e  enzym e sy n th esis , since th e  f ir s t  dose o f  try p to p h a n  induces a d a p tiv e  
syn thesis  o f T P O , i. e. increases th e  T P O  c o n te n t o f th e  liver, w h ereu p o n  th e  
second dose gives rise  to  an  e lev a ted  p ro d u c tio n  a n d , accordingly , an  e le v a te d  
u r in a ry  ex cre tion , o f  try p to p h a n  m e tab o lite s .

I t  rem ains fo r su b se q u e n t ex p erim en ts  to  su p p ly  answ ers to  tw o  m ore 
questions.

a )  In  w h a t m a n n e r  are th e  a d a p tiv e  chan g es o f th e  try p to p h a n -n ic o tin ic  
acid  m e tab o lite s  in flu en ced  u n d er n o rm a l a n d  path o lo g ic  cond itions, b y  th e  
q u a lity  o f food, th e  o rg an ism ’s try p to p h a n  b a la n c e , an d  b y  endocrinologie a n d  
pharm aco log ic  effec ts?

b) In  w h a t m easu re  can  th e  p rin c ip le  u n d e rly in g  th e  double t r y p to p h a n  
load  m e th o d  be e x ten d ed  fo r use in  assay in g  th e  ad ap tiv e  syn thesis  o f  o th e r  
enzym es?
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STUDIES OF THE URINARY STEROIDS 
IN HIRSUTISM AND VIRILISM
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M. J u l e s z , I . F a r e d i n , I .  T ó t h , M a r g i t  A . D á v id  and К .  K o v á c s

w ith  th e  tech n ica l assistance  of I. S z a b ad i, I .  S im or, I. Szabadni 

F IR S T  D EPA R T M E N T O F M ED IC IN E , U N IV E R S IT Y  M ED ICAL SCHOOL, SZEG ED

(R eceived  J a n u a ry  21, 1963)

On th e  basis o f th e  clinical ap p earan ce  a n d  d iagnostic  ex am in atio n s 49 p a tie n ts  
w ith  h irsu tism  were c lassified  in to  four g ro u p s  a n d  in  these  th e  u r in a ry  e x c re tio n  of 
n e u tra l  to ta l  1 7 -k e tos tero ids , 17-ketostero id  fra c tio n s  (be ta -1 7 -k eto ste ro id s , a n d ro ste -  
rone , e tiocholanolone, ll-o x y g e n a te d -1 7 -k e to s te ro id s ) , to ta l  17 -hyd ro x y co rtico s te ro id s, 
p reg n an ed io l an d  o estro g en  frac tions (o estro n e , oestrad io l-17  b e ta , o estrio l) h a s  been 
s tu d ied .

A ccording to  th e  re su lts  o b ta ined , s te ro id  a ssay s m ake it  possible to  d iffe re n tia te  
th e  h irsu tism s  of ad ren o co rtica l origin from  th e  o th e r  ty p es , b u t allow no fu r th e r  d iffe r
e n tia tio n . E tio ch o lan o lo n e  excretion  in  th e se  p a tie n ts  was increased , a n d  t h a t  of 
o estro n e  a n d  oestrad io l, decreased . These f in d in g s  h a v e  been discussed in  th e  l ig h t of 
re ce n t d a ta  in  th e  l i te ra tu re  an d  it  is su g g ested  t h a t  an  a lte ra tio n  in  th e  re a c tiv i ty  
o f p e rip h e ra l tissues a n d  cells m ay  p lay  a ro le  in  th e  pa thogenesis of h irsu tism .

H irsu tism  rep resen ts  a  serious em o tio n a l p ro b lem  for th e  p a t ie n t  a n d  a 
d ifficu lt d iagnosis w ith  m a n y  d isa p p o in tm e n ts  fo r th e  endocrino log ist. T he 
d isa p p o in tm e n ts  are due  to  th e  fac t t h a t  th e  basic  cause of th e  co n d itio n  
m ostly  rem a in s  u n d e tec ted .

S evera l form s of h irsu tism  have been d esc rib ed . The scarce ev id en ce  a v a il
able in  re sp e c t o f ae tio logy  does n o t ju s t i f y  f in e  d istinc tions. Som e a u th o rs  
only s e p a ra te  h irsu tism  fro m  virilism  ( B i s h o p , 1954; D o r f m a n  e t  a l. 1956). 
H irsu tism  is u n d ersto o d  to  m ean  an  excessive g ro w th  of hairs an d  e v e n tu a lly  
w ith  b a ld n ess  o f th e  m ascu lin e  ty p e , w ith o u t sy m p to m s o f d e fem in isa tio n . 
V irilism , on th e  o th e r h a n d , m eans a co n d itio n  w here sym ptom s o f d e fem in i
sa tion  a re  assoc ia ted  to  th o se  of m ascu lin isa tio n . D efem inisation  m e a n s  am e
n o rrh o ea , d im in u tio n  of lib id o , a tro p h y  o f th e  b rea s ts , d isap p earan ce  o f  th e  
fem in in e -ty p e  of fa t  d is tr ib u tio n . M ascu lin isa tion  consists of th e  d e v e lo p m e n t of 
m u scu la r c o n s titu tio n , in c rease  in  th e  size o f  c lito ris , h irsu tism , seb o rrh o ea , 
acnes, deepen ing  of voice a n d  th e  tu rn in g  o f  sex u a l in te re s t in  th e  d ire c tio n  of 
fem ales ( B r o o k s b a n k , 1961). In  sim plified  fo rm : v irilism  =  h irsu tism  -j- a m e
n o rrh o ea  ( J u l e s z , 1957). H ow ever, even th is  sim ple  d iffe ren tia tio n  c a n n o t be 
applied  to  ev e ry  case as in  th e  so-called “ sim p le  h irsu tism ” there  are  o f te n  oligo- 
or am en o rrh o ea  an d  acnes, i. e. changes in d ic a tiv e  o f endocrine d is tu rb a n c e s .

H irsu tism  accom pan ies m any  endocrino log ica l en tities an d  c e r ta in  non- 
endocrine cond itions as w ell. In  som e cases g en e tica l factors also p la y  a role 
(Sh e r e s h e v s k y  e t al., 1949; B i s s e l , 1951; G r e e n b l a t t , 1953). T h e  com m on
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c a u se  is considered to  b e  an  o v e rp ro d u c tio n  o f  androgenic s te ro id s , e ith e r  
a b s o lu te  or in  re la tio n  to  oestrogen  p ro d u c tio n . H ow ever, excessive a m o u n ts  
o f  an d ro g e n s  m ay be  c irc u la tin g  in  m ales w ith  sparse  beard  g ro w th  ( H a m i l 
t o n , 1958).

T h e  androgenic s te ro id s  an d  th e ir  m e ta b o lite s  are e s tim a ted  m o s tly  in  
u r in e  a n d  less often  in  b lo o d , fo rg e ttin g  t h a t  th e  s ite  of h irsu tism  is th e  sk in , 
o r m o re  ex ac tly  th e  h a ir  follicles. T here is am p le  evidence to  p ro v e  t h a t  th e  
sk in  is  r ich  in  cholestero l a n d  som e d a ta  su g g est th a t  i t  has a ro le in  s te ro id  
m e ta b o lis m  (Mo o b e  e t a l., 1952; I d l e r  e t a l., 1952; M i l l e r  et al., 1954, H o lló  
e t  a l.,  1959).

T h e  sim plest te s t  b y  m ean s o f w hich a t te m p ts  have  been m ade to  c lassify  
th e  ty p e s  of h irsu tism  is th e  d e te rm in a tio n  o f  th e  u rin a ry  n e u tra l  17-keto - 
s te ro id s . A lthough  th e re  seem s to  be som e re la tio n sh ip  betw een  1 7 -k e to s te ro id  
e x c re t io n  and  the  m easu re  o f  h irsu tism , th is  is n o t  th e  rule ( F e r r i m a n  e t  al., 
1957 ; B r o o k s b a n k , 1961), as in  sim ple h irsu tism  th e  to ta l am o u n t o f n e u tra l  
1 7 -k e to s te ro id s  is n o t in c re a se d  s ig n ifican tly , o r m a y  even be a b n o rm a lly  low  
( B i s s e l  e t al., 1945).

M ore in fo rm atio n  w as ex p ec ted  from  s tu d ie s  concerned w ith  th e  fra c tio n s  
o f  17 -ke to ste ro id s . S a l t e r  e t  al. (1946) w ere am o n g  th e  f irs t  to  s tu d y  th e  u r i
n a r y  3 a lp h a  and  3 b e ta -h y d ro x y -1 7 -k e to s te ro id  frac tio n s, and  fo u n d  th e m  to  
be  n o rm a l in cases of s im p le  h irsu tism , w hile la te r  Sa c c h i  et al. (1954), G a l 
l a g h e r  e t  al. (1958), as w ell as H e r r m a n n  e t al. (1960), how ever, fo u n d  a sig
n i f ic a n t  increase in  c e r ta in  k e to s te ro id  fra c tio n s . A ccordingly, in  m o s t o f  th e  
cases  o f  sim ple h irsu tism  o f  u nknow n  ae tio logy  th e re  occur such d is tu rb a n c e s  
o f  an d ro g en ic  stero id  m e tab o lism , as are fo u n d  in  th e  cases of a d re n o c o rtica l 
h y p e rp la s ia  or tu m o u rs .

C e rta in  diseases o f  th e  ovaries (m icrocystic  degeneration , v irilis in g  t u 
m o u rs )  are  accom panied  b y  h irsu tism  or v irilism . T h e  m ain  p roblem  o f decisive 
s ig n if ic a n c e  in  p rescrib ing  tr e a tm e n t is to  d iffe re n tia te  adrenal v irilism  from  
o v a r ia n  virilism . I f  h irsu tism  can n o t be tra c e d  b a c k  to  ad renocortica l o r o v a ria n  
d is tu rb a n c e s , th e  co n d itio n  is u su a lly  te rm e d  id io p a th ic .

E s tim a tio n  of th e  17 -k e to ste ro id , g lycoco rtico id , oestrogenic a n d  gesta - 
gen ic  frac tio n s  associa ted  w ith  s tim u la tiv e  a n d  in h ib ito ry  in te rv e n tio n s  m ak e  
i t  o f te n  possible to  d if fe re n tia te  ad ren o co rtica l v irilism  from  o v a rian  v irilism , 
a n d  re p re se n t a g rea t s te p  fo rw ard  in  ou r know ledge of ad ren o co rtica l an d  
o th e r  s te ro id  m etabo lism . F ro m  th e  v a s t l i te ra tu re  le t  us only refer to  th e  in v e s 
t ig a t io n s  of P e r l o f f  e t a l. (1957), Ma s u d a  (1957), Ga l l a g h e r  e t al. (1958), 
N a b a r r o  e t al. (1958), P e r l o f f  e t al. (1958), J a y l e  e t al. (1959), H e r r m a n n  
e t  a l. (1960), Ch a r v a t  e t al. (1961), Cs il l a g  e t  al. (1962) and  Ch a r v a t  et 
a l. (1962).

H ow ev er im p o r ta n t h a d  been th e  d a ta  su p p lied  b y  th e  analysis o f u r in a ry  
s te ro id s ,  i t  had  no t d isclosed  a single fu n d a m e n ta l cau sa tiv e  fac to r o f  h irsu tism ,
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n o r ru led  o u t th e  role o f som e unknow n androgens. I f  we ignore en d o crin e  h ie r
a rch y , we shall n ev er be ab le  to  u n d e rs ta n d  th e  essence o f h irsu tism  a n d  v ir i
lism . In  th a t  h ie ra rch y , th e  ce n tra l nervous sy s tem  reigns. I t  suffices to  m en 
tio n  th e  cases of h irsu tism  released  b y  encep h a litis , or th e  case o f B u s h  e t  al.
(1959), in  w hich a love a ffa ir  h ad  elicited th e  co n d itio n . T he n e x t c e n tre  is th e  
aden o h y p o p h y sis , w h ich  in flu en ces th ro u g h  A C T H  an d  th e  d iffe ren t g o n ad o 
tro p in s  th e  various zones o f  th e  ad ren a l co rtex  a n d  th e  cells o f th e  o v a ry  p ro 
d u c in g  d iffe ren t s te ro id s , in c lu d in g  androgens. T h e  stero ids o f th e se  reac tin g  
g lan d s a c t on th e  p e rip h e ra l tissues an d  cells. A ccord ing  to  ou r w o rk in g  h y p o 
th esis , th e  u ltim a te , decisive s ite  o f th e  effect is in  th e  enzym e sy s tem s o f these  
cells, in  th e  enzym e sy stem s o f th e  ha ir follicles in  th e  case o f h irsu tism . T he 
re a liz a tio n  of th e  an d ro g en ic  effect depends on th e  re a c tiv ity  o f th e se  cells to  
d iffe ren t stim uli. O n th e  basis o f th eo re tica l consid era tio n s h irsu tism  w ill d ev e l
op in  a w om an a t th e  “ ce llu la r leve l” , w hen to o  m u ch  and rogen  e n te rs  th e  h a ir 
follicles from  th e  b lood , or w hen  th e  cells o f th e  h a ir  follicles com bine  m ore 
f irm ly  w ith , or are m ore sen s itiv e  to , androgens, o r b reak  dow n oestro g en s a t  a 
fa s te r  ra te , th a n  u n d e r  n o rm a l cond itions. S tud ies o f  th e se  co n sid e ra tio n s will 
c e rta in ly  b rin g  us n ea re r  to  a n  u n d e rs ta n d in g  of th e  so-called id io p a th ic  h irsu t-  
ism s a n d  m ake i t  possib le  to  e lucidate  th e  S e a b rig h t-b a n ta m  sy n d ro m e-lik e  
fo rm s. In  o rder to  be ab le  to  c a rry  o u t such in v es tig a tio n s  an d  to  e v a lu a te  th e m , 
we h a d  to  collect ev idence  in  ou r cases of h irsu tism . T hese w ill be described  
below .

Experimental

M ethods

T he m ateria l to be d iscussed  consisted  of 49 p a tie n ts  w ith  h irsu tism . T h ey  w ere d iv ided  
in to  th e  following groups.

(i) A drenocortical orig in
a )  of the  C ushing ty p e  (9 p a tien ts ), 
bj of the  ad ren o g e n ita l ty p e  (14 p a tien ts ) .

(ii) O varian  orig in  (10 p a tie n ts ) .
(iii) Id io p ath ic  (16 p a tie n ts ) .
T he c lassification  w as b ased  on th e  following.
1. D a ta  m en tioned  in  th e  h is to ry , w ith  special re ference to  h a ir g ro w th  a n d  o th e r  skin 

m an ifes ta tio n s  (seborrhoea, acne), m en s tru a tio n , s te rility , lib ido .
2. P hysical ex am in a tio n , w ith  a tte n tio n  d ev o ted  to  th e  a m o u n t an d  m ascu lin e  d is tr i

b u tio n  of h a ir, or m ascu lin e-ty p e  baldness; fresh , wide or m a n y  purp le  s triae , g ird le  o b esity , 
m oon-face, an d  a sh ift o f c o n s titu tio n  to w ard  th e  m ascu lin e; b lood pressure , b o d y  w e igh t as 
re la te d  to  heigh t.

3. O f th e  resu lts  o f la b o ra to ry  te s ts  exclusively  th e  d ex tro se  to le ran ce  cu rv es were 
ta k e n  in to  consideration .

4. A drenal rad io g rap h s m ade  a f te r  p resacral air in su ffla tio n  (in a lm o st e v e ry  case) 
an d  rad io log ical signs o f osteoporosis.

5. Gynaecological op in ion  re la tiv e  to  the  size of th e  c lito ris  an d  o varies. In  p a tie n ts  
w ith  m en s tru a l d isorders v ag in a l cy to logy  was s tu d ied  in th e  p rem en stru a l p e rio d , to  d e te r
m ine th e  ch arac te r  of th e  d is tu rb an c e .

R ely ing  upon th e  above ev idence we included in to  g ro u p  (i) a (C ushing ty p e  h irsu tism  
of ad ren o co rtica l origin) th o se  p a tie n ts , whose h irsu tism  w as n e ith e r coarse n o r ex ten siv e , 
w ho h a d  girdle obesity , fresh , b ro a d  or num erous striae , h y p e rten sio n , d iab e tes , or e v en tu a lly
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a p r o t r a c te d  d iabeto id  b lood  su g a r  cu rve. R adiological ev id en ce  of osteoporosis a n d  u n ila te ra l 
o r  b i la te ra l  adrenal e n la rg e m e n t confirm ed  th e  d iagnosis . P a t ie n ts  w ith  C ush ing’s disease 
( p i tu i t a r y  basophilism ) or C u sh in g ’s syndrom e were e q u a lly  re p re se n ted  in  th is  g roup .

I n  group (i)b (h irsu tism  o f  ad ren o co rtica l orig in  a n d  o f th e  a d ren o g en ita l ty p e )  belonged 
th e  p a t ie n ts  who were n o t  ob ese  b u t  of m uscu lar c o n s titu tio n , w ith  coarse, m ascu lin e  h ir su t
ism , w i th  o r w ithou t m ascu lin e  b a ld n ess , oily sk in  w ith  acnes b u t  no s triae , a  deep  voice, 
h y p e r tro p h ic  clitoris, no o s te o p o ro s is . In  some cases one o f th e  ad ren a ls  was en la rg ed . M ost, 
b u t  n o t  necessarily  all, o f th e  a b o v e  crite ria  were p re se n t in  ev ery  p a tie n t  c lassified  in  th is  
g ro u p .

(ii) To the  o v arian  g ro u p  w ere  classified those  p a tie n ts  w ith  h irsu tism , in  w hom  g y n ae
co lo g ic a l ex am ination  d e te c te d  e n la rg em e n t of one o v a ry  o r b o th  ovaries. T he v a g in a l cy to logy , 
i f  c y c lic , dev ia ted  from  th e  n o rm a l  p a tte rn , fo r ex am p le  i t  show ed p ro life ra tio n  d u rin g  th e  
p re m e n s tru a l  period. M ost p a t i e n ts  suffered  from  se c o n d ary  am en o rrh o ea , none  o f th em  had  
c h ild re n  a n d  in  every  one o f  th e m  th e re  was m icrocystic  d eg en e ra tio n  or a  cy s t o f th e  ovary .

(iii) Cases lack ing  a ll o f  th e  above  crite ria  w ere c lassified  as id io p a th ic .
T h e  classification w as b a s e d  exclusively  on th e  e n u m e ra te d  c rite ria , n o t  ta k in g  in to  

c o n s id e ra tio n  th e  u r in a ry  s te ro id s .
T h e  urine  was te s te d  fo r  s te ro id s  in  th e  follow ing w ay .
N e u tra l  to ta l 1 7 -k e to s te ro id s  (17-ks) were d e te rm in e d  on  th ree  con secu tiv e  days, b y  

th e  m e th o d  of H o l t o r f f  a n d  K o c h  (1940), as m o d ified  b y  F a r e d i n  e t al. (1956), a n d  th e  
m e a n  o f th e  results was c a lc u la te d .

U rin a ry  17-ks w as f r a c t io n a te d  b y  ch ro m a to g ra p h y  on  a lu m in iu m  h y d ro x id e  according 
to  D i n g e m a n s e  e t al. (1946, 1952), b y  th e  m eth o d  o f F a r e d i n  e t al. (1957, 1958), com bining 
th e  p ro c ed u re  of R o b i n s o n  a n d  G o u l d e n  (1949) a n d  th e  so lv en t sy s tem  of P o n d  (1951). 
F r o m  th e  ch rom atogram  d isso lv e d  o ff th e  a lu m in iu m  h y d ro x id e  th e  follow ing 17-ks frac tio n s 
c a n  b e  sep a ra ted  from  p eak s I  to  V III  d istingu ished  acco rd in g  to  D i n g e m a n s e :

T h e  beta-17-ks f ra c t io n  (be ta -1 7 -k s-fr.) , w hich  c o n ta in s  p rin c ip a lly  iso a n d ro ste ro n e , 
d e h y d ro iso an d ro ste ro n e , iso a n d ro s te n e -6  (b e ta )-o l-1 7 -o n , a r tifa c ts  of th ese  s te ro id s , m ain ly  
3 -ch lo ro d eh y d ro iso an d ro s te ro n e  a n d  d e lta 3,5-an d ro s tan ed io n e -1 7 -o n  (p eak s I  I I  -j- H I).

T h e  androsterone  f r a c t io n  (А -fr) is com posed m a in ly  o f an d ro stero n e  a n d  e v en tu a lly  
o f  d e l t a 9-androstene-3  (a lp h a )-o l-1 7 -o n , arising fro m  1 1 -h y d ro x y an d ro s te ro n e  on  bo iling  w ith  
HC1 (p e a k  IV).

T h e  etiocholanolone f r a c t io n  (E -fr.) is com posed  m a in ly  o f e tiocho lano lone  an d  an  
a r te f a c t ,  d e lta 9-etiocholene-3 (a lp h a )-o l-1 7 -o n , fo rm ed  fro m  1 1 -h y d ro x yetiocho lano lone . T he 
f r a c t io n s  o f androsterone  a n d  e tio ch o lan o lo n e  to g e th e r fo rm  th e  a lp h a! 17-ks frac tio n .

T h e  ll-o x y g e n a te d -1 7 -k e to s te ro id  frac tio n  (11-oxyg .-17-ks fr.)  co n ta in s 11-hydroxy- 
a n d ro s te rö n e , 1 1 -h y d ro x y etio ch o lan o lo n e , as well as 1 1 -k e to an d ro ste ro n e  a n d  11-ke toe tiocho- 
la n o lo n e  (peaks VI and  V II). T h is  f ra c tio n  corresponds to  th e  one called  in  th e  l i te ra tu re  a lp h a 2- 
1 7 -k s f rac tio n .

I n  th e  17-ks-fr. assay s w e u se d  th a t  one of th e  th re e  u rin e  sam ples, w h ich  show ed th e  
1 7 -k s  v a lu e s  n earest to th e  m e a n . T h e  resu lts  for th e  single  17-ks frac tio n s a re  g iv en  in  te rm s 
o f  a n d ro s te ro n e  m g/24 hrs.

T h e  to ta l  1 7 -h y d ro x y co rtico s te ro id s  (17-OH-CS) e x c re te d  in  u rine  (P o rte r-S ilb e r c h ro 
m o g en s )  w ere de term ined  on  th e  b a s is  o f th e  P o rte r-S ilb e r co lou r reac tio n  (1950), b y  th e  m eth o d  
o f  G l e n n  and  N e l s o n  (1953), a s  sim plified  b y  F a r e d i n  e t  al. (1962). E m p lo y in g  A l l e n ’s 
c o r re c tio n  (1950), we d e te rm in e d  th e  u r in a ry  co rtiso n e , co rtiso l, 11 -desoxycortiso l, 6 -be ta- 
h y d ro x y c o rtiso l,  as well as th e  di- a n d  te tra h y d ra te d  d e r iv a tiv e s  o f these  s te ro id s  to g e th e r. 
T h e  r e s u l ts  are expressed as c o r tiso l m g/24 hrs., c a lcu la tin g  th e  m ean  of th e  v a lu es o b ta in ed  
o n  th r e e  consecutive days.

P regnanedio l e x cre tio n  w a s  s tu d ie d  on  th e  basis  o f th e  m eth o d  d escribed  b y  S o m m e r - 
v i l e e  e t  a l. (1948), on th ree  c o n se c u tiv e  days. T he re su lts  o b ta in e d  were av erag ed , a n d  p re g n a 
n e d io l  ex cre tio n  was ju d g e d  (n o rm a l, p a tho log ica lly  in c re a sed  or decreased) w ith  re g a rd  to  
th e  m e n s tru a tio n  cycle.

O f th e  oestrogen f ra c t io n s ,  o estro n e , o e strad io l-1 7 -b e ta  and  oestrio l ex c re tio n  w as s tu 
d ie d  b y  th e  m ethod  of В b o w n  (1955), as m odified by  B r o w n  e t al. (1957). W e d e te rm in e d  th e  m ean  
o f  th e  re su lts  ob tained  on tw o  co n se cu tiv e  days a n d  ju d g e d  th e  m easu re  o f oestro g en  excre tion  
(n o rm a l ,  low ) w ith  reg ard  to  th e  m en s tru a l cycle.

T h e  stero id  assays d e sc rib e d  w ere m ade in  24 -h o u r u rin e  sam ples co llec ted  w ith o u t 
p re s e rv a t iv e  and sto red  in  a  coo l p lace .
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Results

T ota l 17-ketosteroid

T he resu lts  are  p resen ted  in  Table I .  I f  w e ana lyze  th e  to ta l  17-ks va lu es  
acco rd ing  to  th e  n u m b e r of p a tie n ts  in  th e  single groups show ing ex cre tio n  
ra te s  exceed ing  th e  no rm al, i t  w ill be  seen t h a t  in  th e  C ushing-type g ro u p  th is  
occu rred  in  3 o f 9 cases, in  th e  a d re n o g e n ita l g roup  in  11 of 14 cases, in  th e  
o v arian  g roup  in  2  o f 1 0  cases, an d  in  th e  id io p a th ic  group  in  2  of th e  16 p a tie n ts .

Table I

U rinary excretion o f  neutral total 17-ketosteroids in  hirsutism

Age, N um ber
N um ber 

of patien ts
17-ks m g/24 hrs

years of patien ts  
tested

w ith  increased 
excretion* range mean 

mg/24 hrs

(i)a C ush ing-type (ad ren o co r
tic a l origin) ........................ 18— 36 9 3 8.7 to  27.7 14.8

(i)6 A drenog en ita l-ty p e  (ad re 
nocortica l o r ig in ) .............. 8—47 14 и 9.3 to  27.7 19.3

(ii) O v arian  a e t io lo g y .............. 18— 35 10 2 8.2 to  20.8 14.0

(iii) Id io p a th ic  h irsu t is m ......... 18— 41 16 2 8.4 to  15.6 11.7

(iv) N orm al fem ales ................... 17— 50 33 — 5.0 to  15.0 8.9

* 17-ks excretion  exceeding 15.0 m g in  24 h o u rs .

C om parison  o f  th e  resu lts  w ith  th o se  o b ta in e d  in  a group o f  33 n o rm a l 
fem ales rev ea led  th a t  in  h irsu tism  m ean  17-ks ex cre tio n  was in v a r ia b ly  h igh , 
m ost m ark ed ly  so in  h irsu tism  o f th e  a d re n o g e n ita l ty p e .

11-ketosteroid frac tions

T he re su lts  of th e  b e ta -1 7 -k e to s te ro id  fra c tio n  assays are show n  in  Table 
I I .  P a th o lo g ica lly  increased  ex c re tio n  o f  th is  fra c tio n  could be d e m o n s tra te d  
in  one of th e  6  p a tie n ts  w ith  C ush in g -ty p e  h irsu tism  an d  in  8  o f th e  11 ad reno - 
g e n ita l- ty p e  cases. E x cre tio n  exceeded  th e  u p p e r  lim it o f norm al in  one  p a tie n t  
o f th e  5 o v a rian , a n d  in  5 of th e  13 id io p a th ic , cases.

C om parison  w ith  resu lts  o b ta in e d  in  n o rm a l fem ales show ed t h a t  b e ta -  
17-ks fr. ex c re tio n  could  be co n sid ered  p a th o lo g ica l in  th e  a d re n o g e n ita l 
g roup  only .

T h e  d a ta  fo r th e  an d ro ste ro n e  fra c tio n  a re  p re sen ted  in  Table I I I .  In c re a se d  
ex cre tio n  o ccu rred  in  2 o f th e  6  C u sh in g -ty p e  p a tie n ts , in  6  o f th e  11 w ith  
a d ren o g en ita l h irsu tism , in  2 o f th e  5 o v a ria n  cases an d  in  2 o f th e  13 id io p a 
th ic  ones.



316 M. JULESZ et al.

Table I I

U r i n a r y  e x c r e t i o n  o f  b e t a - 1 7 - k e t o s t e r o i d  i n  h i r s u t i s m

Age,
years

Number 
of patients 

tested

Cases w ith  
pathological 
excretion*

24-hour excretion, 
mg, range

Mean
mg/24 hrs.

( i)a  C ush ing-type  (ad renocor
t ic a l  aetiology) ................. 18— 36 6 l 1.96 to  5.35 3.74

(i)6 A d ren o g en ita l-ty p e  (a d re 
n o c o rtica l aetiology) . . . . 8— 47 и 8 1.93 to  9.86 6.82

(ii)  O v a rian  e tio lo g y ................. 27— 35 5 1 3.03 to  5.10 4.20

(iii) Id io p a th ic  h irsu tism  . . . . 18— 41 13 5 2.40 to  5.86 4.49

(iv) N o rm a l fem ales ................. 18— 48 10 — 1.80 to  4.90 3.44

* N u m b er of p a tie n ts  ex cre tin g  m ore th a n  4.90 m g  o f beta-17-ks in  24 hours.

Table I I I

U r i n a r y  e x c r e t i o n  o f  a n d r o s t e r o n e  i n  h i r s u t i s m

Age,
years

Number 
of patients 

tested

Pathological
excretion*

24-hour excretion, 
mg, range

Mean
mg/24 hrs.

(i) a  C ush ing-type  (ad renocor
t ic a l  aetiology) ................. 18— 36 6 2 1.32 to  7.02 3.53

(i)6 A drenog en ita l-ty p e  (a d re 
n o c o rtica l aetiology) . . . . 8— 47 и 6 1.93 to 9.46 4.43

(ii) O v a rian  a e tio lo g y ............... 27— 35 5 2 2.98 to  5.42 3.99

(iii) Id io p a th ic  h irsu tism  . . . . 18— 41 13 2 1.42 to  5.29 2.75

(iv ) N o rm a l fem ales ................. 18— 48 10 — 1.30 to 4.00 2.43

* N u m b er o f p a tie n ts  ex cre tin g  m ore th a n  4.00 m g o f  androsterone  in  24 h o u rs .

T h e  m ean  va lu e  d iffe red  sign ifican tly  fro m  th e  one o b ta ined  in  th e  g roup  
o f n o rm a l w om en ex c lu siv e ly  in  th e  ad re n o g e n ita l group, a lth o u g h  ex c re tio n  
w as h ig h e r  th a n  n o rm a l in  ev e ry  group o f h irsu tism .

T h e  resu lts  of th e  etiocho lano lone assays a re  show n in Table I V .  In c re a se d  
e x c re tio n  was found  in  5 o f  th e  6  C u sh ing -type , 10 of the  11 ad re n o g e n ita l 
a n d  in  4 of th e  5 o v a rian  p a tie n ts . In  th e  id io p a th ic  group th e  d ifference was 
less m a rk e d , because o n ly  5 o f  th e  13 p a tie n ts  sh ow ed  an  increased o u tp u t .

C om parison  w ith  n o rm a l values rev ea led  a s ta tis tic a lly  s ig n if ican t in 
c rease  o f  e tiocho lano lone ex c re tio n  in  every  h ir s u tis m  group.

T h e  resu lts  of th e  ll-o x y g e n a te d -1 7 -k e to s te ro id  assays are  show n  in 
Table V . In creased  u r in a ry  ex cre tio n  was d e m o n s tra te d  in  3 of th e  6  C ushing  
p a t ie n ts ,  in  5 of th e  11 ad ren o g en ita l, 1 of th e  5 o v a ria n  and  2 of th e  13 id io p a 
th ic  cases.
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Table IV

U r i n a r y  e x c r e t i o n  o f  e t i o c h o l a n o l o n e  i n  h i r s u t i s m

Age,
years

Number 
of patients 

tested

Pathological
excretion*

24-hour exretion, 
mg, range

Mean
mg/24 hrs.

(i)a  C ush ing-type (adrenocor
tica l ae tio logy) ................ 18— 36 6 5 2.75 to  7.20 5.51

(i)b A drenog en ita l-ty p e  (ad re
nocortica l aetio logy) . . . . 8— 47 и 10 2.99 to  8.10 6.07

(ii) O varian  a e t io lo g y .............. 27— 35 5 4 2.99 to 5.42 4.60
(iii) Id io p ath ic  h irsu tism  . . . . 18— 41 13 5 2.94 to  6.55 4.40
(iv) N orm al fem ales ................ 18— 48 10 — 1.50 to  4.30 2.98

* N um ber o f p a tien ts  ex cre tin g  m ore th an  4.30 m g o f etiocholanolone in  24 ho u rs .

Table V

U r i n a r y  e x c r e t i o n  o f  t h e  l l - o x y g e n a t e d - 1 7 - k e t o s l e r o i d  f r a c t i o n  i n  h i r s u t i s m

Age,
years

Number 
of patients 

tested

Pathological
excre tion*

24-hour excretion, 
mg, range

Mean
mg/24 hrs.

(i)o C ush ing-type (adrenocor
tica l ae tio logy) ................ 18— 36 6 3 1.35 to  3.93 2.46

(i)b  A d ren o gen ita l-type  (ad re 
nocortical aetio logy) . . . . 8— 47 и 5 0.81 to  4.63 2.18

(ii) O varian  a e t io lo g y .............. 27— 35 5 1 1.00 to  2.35 1.51
(iii) Id io p ath ic  p a t i e n t s ........... 18— 41 13 2 0.54 to  2.39 1.24
(iv) N orm al fem ales ................ 18— 48 10 0.40 to  1.80 0.96

* N u m b er o f p a tie n ts  ex cre tin g  m ore th a n  1.80 m g  of th e  ll-o x y g e n a te d -1 7 -k e to s te ro id  
frac tio n  in  24 h o u rs .

E x c re tio n  w as h ighest in  th e  C ushing-type a n d  ad ren o g en ita l-ty p e  g ro u p s. 
I t  w as in creased  in  th e  o v a rian  an d  id io p a th ic  g roups, too , w ith  th e  sm a lle s t 
difference in  th e  id iopa th ic  g roup .

Total 17-hydroxy corticosteroid

The re su lts  ob ta ined  fo r 1 7 -h y d ro x y co rtico ste ro id s , or 17 ,21 -d ihydroxy- 
20 -ke to ste ro id s , a re  to  be fo u n d  in  Table V I .  In c re a se d  was th e  ex c re tio n  in  6  

o f th e  8  C ush ing -type  p a tie n ts , 5 of th e  12 ad ren o g en ita l, 1 of th e  7 o v a 
rian  and  2 o f th e  14 id io p a th ic  cases.

C om parison  w ith  no rm al sub jec ts  show ed th e  h ighest increase in  th e  
ad ren o co rtica l g ro u p ; th e  h ig h est values were fo u n d  in  th e  C ushing-type g ro u p .

3 A cta Medica X IX /4 .
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Table VI
U r i n a r y  t o t a l  1 7 - h y d r o x y c o r t i c o s t e r o i d  e x c r e t i o n  i n  h i r s u t i s m

Age,
years

N um ber 
of patien ts 

tested

Pathological
excretion*

24-hour excretion, 
mg, range

Mean
mg/24 hrs.

(i)a  C ush ing-type (ad renocor
t ic a l  aetiology) ................. 18— 36 8 6 2.98 to  18.98 9.90

(i)6 A d renogen ita l-type  (a d re 
n o co rtica l aetiology) . . . . 8— 40 12 5 2.51 to  10.01 5.53

(ii) O v a ria n  a e tio lo g y ............... 18— 33 7 1 2.99 to  7.93 4.35

(iii) Id io p a th ic  h irsu tism  . . . . 18— 41 14 2 1.25 to  7.68 4.08

(iv )  N o rm a l fem ales ................. 18— 50 20 — 1.50 to  6.00 3.90

* N um ber of p a tie n ts  ex cre tin g  m ore th a n  6.0 m g of to ta l  17 -O H -corticostero ids in 
24 h o u rs .

Pregnanediol

T h e resu lts are  show n in Table V I I .  T a k in g  in to  considera tion  th e  period  
o f  m e n s tru a tio n , p a th o lo g ica lly  increased , n o rm a l and  pa tho log ica lly  decreased  
e x c re tio n  ra tes  w ere d is tin g u ish ed . T hus, e x c re tio n  was increased  in  2 , and  
n o rm a l in  5, of th e  C u sh in g -ty p e  7 p a tie n ts . O f th e  12 ad ren o g en ita l p a tie n ts  6  

sh o w e d  increased , 4 n o rm a l and  2 low e x c re tio n . In  th e  o v arian  g ro u p  one 
p a t i e n t  show ed a p a th o lo g ic a l increase a n d  six  a pa tho log ica l decrease. A m ong 
th e  14 id iopa th ic  cases n o rm a l excre tion  w as fo u n d  in 11 and  a p a th o lo g ica lly  
d e c re a se d  value in  3 cases; th ese  resu lts w ere closest to  those o b ta in e d  in  n o r
m a l su b jec ts .

As th e  resu lts  in d ic a te , p regnaned io l e x c re tio n  was nearest to  n o rm a l in 
th e  id io p a th ic  group , a n d  fa r th e s t  from  i t  in  th e  ovarian  group. In  m o s t cases 
p re g n a n e d io l excre tion  w as pa tho log ica lly  low . T h e  d is trib u tio n  w as m o s t v a 
r ia b le  in  th e  ad ren o g en ita l g roup , in  w hich  50 p e r  cen t of th e  p a tie n ts  show ed 
in c re a se d  excretion .

Table VII
U r i n a r y  p r e g n a n e d i o l  e x c r e t i o n  i n  h i r s u t i s m

Age,
years

Number 
of patients 

tested

N um ber of patients showing 
h igh, low, normal pregna

nediol excretion

Range 
mg/24 hrs.

( i)a  C ush ing-type (ad ren o 
c o rtica l aetiology) . . 18— 36 7 2 5 2.33— 6.09

(i)6 A drenogen ital-type  
(adrenocortical aetio-
• ° g y )  .............................. 8— 47 12 6 2 4 1.33— 74.3

(ii) O v a rian  aetiology . . . 18— 33 7 l 6 — 1.12— 7.87

(iii) Id io p a th ic  h irsu tism  . 18— 41 14 — 3 11 1.10— 5.55

(iv ) N o rm a l females . . . . 18— 45 20 — — 20 1.40— 6.00
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Oestrogen frac tions

These are show n  in  Table V I I I .  O estrogens w ere assayed  in  24 -hour u rin e  
sam ples collected on  tw o  consecutive days. T h e  m ean  values fo r oestrone , 
oestrad io l-17 -beta  a n d  oestrio l w ere d es ig n a ted  low  or no rm al, w ith  reg ard  to  
th e  m en stru a l cycle. T h e  resu lts  a re  p re sen ted  in  Table V I I I .

O estrone e x c re tio n  was low in 3 of th e  4 C ush ing -type  p a tie n ts . O f th e  
7 ad renogen ita l p a t ie n ts  4 showed low , and  3 n o rm a l, excre tion . T he one p a tie n t

Table VIII
E x c r e t i o n  o f  o e s t r o g e n  f r a c t i o n s  i n  h i r s u t i s m

N um ber
of

cases
Name Agf.

years

O estrone
excretion

M5/M
hrs

Evaluation

O estra
diol-17 

beta 
excre
tion 

Mg/24
hrs

Evaluation

Oestriol
excre

tion
/'g/2A

hrs

Evaluation

(i)a  Cushing- l** A. I. 35 0.6 low 1.7 low 37.8 norm al

ty p e  (adre- 2* B. Gy. 36 3.1 norm al 1.7 norm al 8.4 norm al

nocortical 3** P . M. 30 2.0 low 2.2 norm al 23.6 norm al

aetiology) 4** F . E . 18 1.6 low 2.7 norm al 10.6 norm al

Mean: 1.8 M ean: 2.1 M ean: 20.1

(i)6 Adrenogen- 1** K . Zs. 21 0.4 low 0.0 low 20.5 norm al

,ita l- ty p c 2* M. A. 15 0.7 low 0.7 low 2.0 low

(adreno- 3** P . V. 23 2.0 low 1.6 low 20.9 norm al

cortical 4* B . É . 20 1.9 norm al 2.4 norm al 7.4 norm al

aetiology) 5** K . M. 20 2.8 n orm al 0.0 low 7.8 norm al

6** P . E . 22 2.0 low 1.9 norm al 7.6 norm al
7* . P . A. 31 3.0 n orm al 3.7 norm al 28.5 norm al

Mean: 1.8 M ean: 1.5 M ean: 13.5

(ii) O varian  
group 1* A. Gy. 29 1.9 low 1.7 low 15.5 norm al

(iii) Id iopath ic 1* B. M. 23 2.8 n orm al 1.8 norm al 3.0 low

group 2* Cs. E . 18 0.6 low 0.0 low 3.5 low

3** Cs. I. 18 2.0 low 1.8 norm al 14.9 norm al

4* H . M. 24 1.2 low 0.5 low 24.9 norm al

5* T . Gy. 41 5.3 n orm al 2.9 norm al 27.7 norm al

6 “ B . E . 40 1.9 low 1.6 low 19.8 norm al

7» R . M. 21 2.8 n orm al 1.9 norm al 18.8 norm al

Mean: 2.4 M ean: 1.5 M ean: 16.1

* Tests m ade d u rin g  f ir s t  h a lf o f m en s tru a l cycle.
** Tests m ade d u rin g  second h a lf  o f m en stru a l cycle.

3*
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w ith  h irsu tism  of o v arian  o rig in  show ed low  excre tion . O f th e  7 p a tie n ts  in  th e  
id io p a th ic  group excre tion  w as n o rm a l in  3 an d  low  in  4.

E x c re tio n  of o e s trad io l-1 7 -b e ta  frac tio n  w as as follows. C u sh ing -type  
g ro u p , 3 norm al, 1 p a th o lo g ica lly  low , ad ren o g en ita l g roup , 4 p a th o lo g ica lly  
low , 3  n o rm a l; one p a tie n t  w ith  o v a rian  h irsu tism , low, id io p a th ic  h irsu tism  
g ro u p , 4 no rm al an d  3 p a th o lo g ica lly  low.

E x c re tio n  of oestrio l w as n o rm a l in  all four C ush ing-type  p a tie n ts , in  6  

of th e  7 ad ren o g en ita l p a tie n ts , in  th e  one o v arian  p a tie n t an d  in  5 o f  th e  7 
p a t ie n ts  in  th e  id iopa th ic  g roup .

A  com parison  of th e  o estro g en  ex cre tio n  v alues w ith  tho se  o b ta in e d  in  
n o rm a l fem ales of ab o u t th e  sam e age ( Table I X )  revealed  th a t  in  h irsu tism  
less o e s tro n e  is excre ted , w ith  o estrad io l-1 7 -b e ta  a ro u n d  th e  low er lim it of 
n o rm a l a n d  a norm al ex c re tio n  o f oestrio l.

Table IX

U r i n a r y  e x c r e t i o n  o f  o e s t r o g e n  f r a c t i o n s  i n  n o r m a l  f e m a l e s

N orm al females
Number 
of cases

Oestrogen excretion 
/xg/24 hrs

Oestradiol-17-beta 
excretion, jU.g/24 hrs

Oestriol excretion 
/xg/24 hrs

range mean range mean range mean

D u rin g  f i r s t  h a lf of 
m e n s tru a l cycle 8 1.80— 6.60 3.37 1.20—  9.30 3.18 4.20— 25.20 10.79

D u rin g  second ha lf 
o f  m e n s tru a l cycle 8 2.10— 6.30 3.60 1.80— 13.20 3.47 4.50— 44.02 20.03

Discussion

O u r aim  in stu d y in g  u r in a ry  stero ids w as to  d e te rm in e  w h e th e r a c h a ra c 
te r is t ic  excre tion  of som e s te ro id  could  be d e m o n s tra te d  in  th e  g roups o f  h ir s u t
ism  se t up  on th e  basis o f th e  clinical p ic tu re  an d  o th e r d iagnostic  e x a m in a 
tio n s . I n  o th e r  w ords, w h e th e r s te ro id  assays w ould, an d  how  re liab ly , fac ilita te  
d ia g n o s tic  d istinc tion .

T h e  excretion  of n e u tra l  17 -ke toste ro ids w as s tu d ied  in  d e ta il, because 
th e y  in c o rp o ra te  m an y  s te ro id s  o f and rogen ic  ac tion . The resu lts  show ed higher 
e x c re tio n  values in every  g ro u p  o f h irsu tism  th a n  in  th e  group of n o rm a l w om en. 
U r in a ry  17-ketostero id  ex c re tio n  show ed th e  g rea te s t d ev ia tio n  in  th e  ad re n o 
g e n ita l  g roup , y e t pa tho lo g ica l increases of 17-ketostero id  excre tion  w ere found , 
th o u g h  less often  in th e  o th e r g roups as well. N orm al 17-ketostero id  v a lu es , too , 
o c c u rre d  in  every  group, in  th e  la rg es t n u m b er in  th e  id io p a th ic  g roup .

S im ila r resu lts  have  b een  o b ta in e d  fo r th e  u r in a ry  excre tion  o f b e ta -17 - 
k e to s te ro id  and  an d ro s te ro n e  frac tio n s . T he m ean  values w ere h ig h e r in  every  
g ro u p  o f h irsu tism  th a n  in  th e  n o rm al g roup ; th e  h ighest ex cre tio n  ra te s  oc
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c u rre d  in  th e  ad ren o g en ita l group. E tio ch o lan o lo n e  excre tion  w as n o t c h a ra c te r 
is tic  o f  an y  of th e  g ro u p s; increased a m o u n ts  w ere ex c re ted  in  every  g ro u p . T he 
va lu es  fo r 1 1 -oxygena ted  17-ketostero id  d iverged  from  th e  n o rm al m ean  p a r 
tic u la r ly  in  h irsu tism  o f ad renocortica l orig in , a lth o u g h  th e  o v a rian  a n d  id io 
p a th ic  form s, to o , show ed increased  ex cre tio n  ra te s . N orm al va lu es  fo r th is  
f ra c tio n , how ever, o ccu rred  in every g roup , m o st o ften  in  th e  o v a rian  a n d  id io 
p a th ic  groups.

T he resu lts  fo r  1 7 -h y d ro x y co rtico ste ro id , w hich  supp ly  in fo rm a tio n  
m a in ly  on th e  ex c re tio n  of h y d ro co rtiso n e , co rtiso n e  and  th e ir  di- a n d  te tra -  
h y d ra te d  d e riv a tiv es , d iverged  m ost m ark ed ly  from  th e  no rm al m ean  in  th e  
g ro u p  o f p a tie n ts  w ith  h irsu tism  o f ad ren o co rtica l origin, especially  in  th e  
C ush ing -type  fo rm . E x c e p t for one or tw o  cases, ex c re tio n  w as n o rm a l in  th e  
o v a ria n  and  id io p a th ic  groups. These re su lts  m erit a tte n tio n , because in  posses
sion o f th e  evidence su p p lied  by  th e m  an d  th e  re su lt for to ta l  1 7 -k e to ste ro id  
ex c re tio n  it  is possib le to  conclude to  th e  ad ren o co rtica l origin of a g iven  case 
o f h irsu tism .

P regnaned io l w as assayed  by  th e  less specific  Som m erville  m e th o d . As it  
h a s  been  show n b y  L o r a i n e  (1958) a n d  B h o o k s b a n k  (1961), th is  m e th o d  d e te r 
m ines in  th e  u rine  p reg n an ed io l to g e th e r  w ith  p reg n an e trio l. In  th e  a d ren o g en i
ta l  sy n d ro m e  th e  u r in a ry  excretion  o f  p re g n a n e tr io l is p a th o log ica lly  increased  
( F i n k e l s t e i n , 1959; H i l l , 1960; C o x , 1960) an d  th e re fo re  th e  h igh  p re g n a n e 
dio l ex cre tio n  found  in  m o st o f our a d re n o g e n ita l-ty p e  p a tie n ts  m ay  be  ascribed  
to  a d is tu rb in g  a c tio n  o f p reg n an e trio l. O therw ise , in  th is  group b o th  n o rm al 
an d  path o lo g ica lly  low  excre tion  va lu es  w ere o b ta in e d . T he sam e ap p lies  to  th e  
o th e r  groups of h irsu tism , and  th e re fo re  th e  assay  in  question  does n o t  allow  
th e ir  d iffe ren tia tio n .

In  th e  p a th o g en esis  of h irsu tism  m a n y  a u th o rs  a t t r ib u te  s ign ificance  to  
th e  excre tion  of o estrogens (G i l b e r t - D r e y f u s  e t a l., 1951; A u d i t , 1952 a an d  
b). T he cases of h irsu tism  w ith  n o rm al or n ea r-n o rm a l and rogen  ex c re tio n  are  
b ro u g h t in to  co rre la tio n  w ith  a d im in ish ed  ex cre tio n  of oestrogens (re la tiv e  
hyp eran d ro g en ism ). T h e  stud ies concern ing  oestrogen  excre tion  in  h irsu tism  
y ie ld ed  li ttle  ev idence , ow ing to  th e  la ck  o f a su ita b ly  specific m e th o d . W e used  
th e  m e th o d  of B r o w n  (1955) m odified  b y  B r o w n  e t  a l., (1957), th is  b e in g  th e  
one genera lly  ac c e p ted  in  th e  lite ra tu re . A lth o u g h  o u r d a ta  do n o t a llow  fin a l 
conclusions, th e y  n ev erth e less  show ed th a t  in  h irsu tism  th e  u r in a ry  ex c re tio n  
o f oestrone  and  oestrad io l-17  be ta  is low er th a n  n o rm al. O estrio l ex c re tio n  w as, 
how ever, norm al in  e v e ry  group of h irsu tism . A lth o u g h  th e y  m ay  be  usefu l in  
s tu d ies  concerned w ith  th e  pa thogenesis  o f h irsu tism , o u r d a ta  concern ing  
oestrogen  excre tion  d id  n o t m ake i t  possib le  to  d iffe ren tia te  b e tw een  th e  d iffe r
e n t ty p e s  of h irsu tism .

T hus, te s ts  o f u r in a ry  stero id  ex c re tio n  a re  a he lp  in  th e  se p a ra tio n  of 
h irsu tism  due to  ad ren o co rtica l d is tu rb an ces  from  th o se  due to  o th e r  changes,
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b u t  m ak e  no re liab le  d is tin c tio n  possible. M ore can  be expected  from  ste ro id  
a s sa y s  coupled w ith  s tim u la tio n  an d  in h ib itio n , as in d ica ted  b y  th e  recen t 
in v e s tig a tio n s  of Cs i l l a g  e t al. (1962) and  Ch a r v a t  e t al. (1962).

A ltho u g h  our re su lts  h av e  revea led  no new  possib ility  of an  im p ro v ed  
d iffe re n tia l d iagnosis, th e y  allow  som e in s ig h t in to  th e  d is tu rb an ces  o f ste ro id  
m e tab o lism  acco m p an y in g  h irsu tism . T he b e h a v io u r o f th e  etiocho lano lone, 
o e s tro n e  and  oestrad io l-17  b e ta  frac tions m erits  p a r tic u la r  a tte n tio n . In  ev e ry  
g ro u p  o f h irsu tism  th e  u r in a ry  excre tion  o f e tiocho lano lone was p a th o lo g ica lly  
in c re a se d , and  th a t  o f  o estro n e  an d  oestrad io l-17  b e ta  decreased. W hence th is  
ex cessiv e  e tiocholanolone p ro d u c tio n  in  h irsu tism ?  A ccording to  p re se n t k n o w 
led g e , th e  p recurso rs o f e tiocho lano lone, d eh y d ro iso an d ro s te ro n e , d e lta 4 -an- 
d ro s te n d io n e  and  te s to s te ro n e  m ay  be p ro d u ced  b y  th e  ad renal c o rtex  an d  th e  
o v a ry  (Ma s o n  an d  K e p l e r , 1945; M a h e s h  a n d  G r e e n b l a t t , 19‘61, 1962; 
G o l d z i e h e r  and  A x e l r o d , 1962). These a u th o rs  h av e  show n th a t ,  in  ce rta in  
d iseases of th e  o v ary , s te ro id  dev ia tes b io sy n th esis  from  th e  n o rm a l an d  ta k e s  
p lace  via  17 a lp h a -h y d ro x y -d e lta 5 -p regnenolone, from  d eh y d ro iso an d ro ste ro n e  
to  d e lta 4 -and ro sten d io n e . T hese  resu lts  h av e  b een  confirm ed  by  A x e l r o d  and  
G o l d z i e h e r  (1962) w ho in c u b a te d  o v arian  tis su e  m ade w ith  p rogesterone-4 - 
C14, d e lta 5 -pregnenolone-4-C 1 4  an d  te s to s te ro n e-4 -C 1 4  an d  found  th e  a c tiv ity  o f 
th e  o v a ria n  a ro m atiz in g , 1 7 -h y d ro x y la tin g  an d  3 b e ta -o l-d eh y d ro g en ase  en 
zy m es to  dim inish  s ig n if ican tly . T his d e fic ien t enzym ic a c tiv ity  is responsib le  
fo r  th e  decreased ex c re tio n  of oestrogen  an d  th e  increased  ex cre tio n  of 
d e h y d ro -iso an d ro s te ro n e , a n d ro s te ro n e , e tiocho lano lone an d  te s to s te ro n e . 
T h e  re su lts  of D o r f m a n  (1963) are in  h a rm o n y  w ith  these  d a ta . A ccord
in g  to  D o r f m a n , in  fem ales  suffering  from  h y p eran d ro g en ism , a n d  even in  
id io p a th ic  h irsu tism , th e  b lo o d  te s to s te ro n e  level is increased  even  w hen  u r i
n a ry  to ta l  17 -ketostero id  ex c re tio n  is n o rm al. T h e  increased p ro d u c tio n  of 
te s to s te ro n e  w ould be  re sponsib le  for th e  p rin c ip a l clinical m an ife s ta tio n s  of 
h y p eran d ro g en ism . A lth o u g h  we m ade no te s to s te ro n e  stud ies, in  v iew  of th e  
f a c t  t h a t  according to  Ca l l o w  (1939) and  B i r k e  a n d  P l a n t in  (1954) a n d ro s te 
ro n e  a n d  etiocho lano lone a re  th e  ch ief m e tab o lite s  of te s to s te ro n e , ou r re su lts  
te n d  to  su p p o rt th o se  o b ta in e d  in  th e  above in v es tig a tio n s . On th e  basis of 
o u r  re su lts  and in th e  lig h t o f  d a ta  rep o rted  in  th e  l i te ra tu re  we su rm ise  th a t ,  
a lth o u g h  n o t specifically , th e  increased  ex cre tio n  o f etiocholanolone belongs to  
th e  essence of h irsu tism .

O n th e  basis o f  th e  a fo re -m en tioned  in v es tig a tio n s  o f A x e l r o d  an d  
G o l d z i e h e r  (1962), we asc rib e  th e  low  u rin a ry  oestro n e  and  oestrad io l-1 7 -b e ta  
e x c re tio n  to  a d im in ished  a c tiv i ty  of th e  o v a rian  a ro m atiz in g  enzym es.

T h e  ex tensive s tu d ie s  o f s te ro id  m e tab o lism  in  p a tie n ts  w ith  h irsu tism  
h a v e  revealed  various d is tu rb a n c e s , b u t th e ir  p a th o g en e tic  sign ificance is n o t 
c lea r . Som e u nknow n  an d ro g en  or an  a lte red  re a c tiv ity  of p e rip h e ra l tissues 
o r  cells m ay  perhaps also h a v e  a role. S tudies o f th e  problem  are ren d e red  d iff i
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cu lt b y  th e  fac t th a t  v e ry  l i t t le  is know n  a b o u t th e  b io ch em istry , physio logy  
an d  path o lo g y  o f th e  h a ir  follicle. N o t even th a t  is know n  w h e th e r h a ir  g ro w th  
is in fluenced  b y  th e  androgen ic  s te ro id s . In v es tig a tio n s  in to  th is  p ro b lem  m ay 
y ie ld  in te res tin g  d a ta  concern ing  th e  d ev e lopm en t o f h irsu tism . S uch  in v e s ti
g a tions are  in  progress.
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(E in g eg an g en  am  3. A pril 1963)

1. Die bei d u rc h  A rte rie n k o n s tr ik tio n  b ed in g ten  E rk ra n k u n g e n  d e r u n te re n  
E x tre m itä t  üb liche in tra a r te r ie lle  v aso d ila to risch e  B eh an d lu n g  w u rd e  z u r  M essung 
de r au f die g la tte  M u sk u la tu r au sg eü b ten  W irk u n g  von sp asm o ly tisch en  M itte ln  ange
w en d et u n d  die M ethode  als k lin ik o p h arm ak o lo g isch er T est em pfohlen .

2. M it dem  T es t w urde  eine verg le ichende  U n te rsu ch u n g  de r W irk u n g  v o n  P a p a 
v e rin , E th a v e rin  u n d  eines neu en  D eriv a tes , des D ih y d ro e th a v e rin s  d u rc h g e fü h rt.

3. D ih y d ro e th a v e rin  ü b e r tra f  P a p a v e rin  u n d  E th a v e rin  an  W irk sam k e it u n d  
erm öglich te  bei a b d o m in a len  K räm p fen  eine E in sp aru n g  an  B e tä u b u n g sm itte ln .

D er W irkungsg rad  v e rsch iedener S p asm o ly tik a  lä ß t sich  n u r  m it H ilfe 
pharm akolog isch-b io log ischer U n te rsu ch u n g en  e x a k t m essen. E s is t  a llgem ein  
b e k a n n t, daß  die k lin ischen  M essungen in  F ä llen  von  »M agenkräm pfe« , »G allen
ko liken« , »N ierenkoliken«  usw . zufolge der au ß ero rd en tlich  g roßen  M ann ig fa l
t ig k e it  auch  bei ein u n d  dem selben  In d iv id u u m  unzuverlässig  sin d . B esonders 
schw ierig  g es ta lte t sich die genaue, ob jek tiv e  M essung zw eier p h arm ak o lo g isch  
re la tiv  n ah es teh en d er M itte l a u f  G rund  von  A n gaben  der P a tie n te n . D ie k lin i
sche W ertb es tim m u n g , die das eine oder an d ere  M itte l in  o ffenkund ig  v e rä n d e r 
lich en  u n d  versch iedenen  Z u s tän d en  an w en d e t u n d  als R e su lta t  das U rte il u n d  
A ngaben  von  P a tie n te n  w e r te t, k a n n  sich au ch  im  Falle e iner g ro ß e n  A nzahl 
v o n  U n te rsu ch u n g en  n u r  a u f  gewisse M eßw erte von  b e sc h rä n k te r  B ed e u tu n g , 
w ie » g u t, m äßig, nu ll«  u n d  » p ro m p t, langsam « bzw. » an h a lten d , schnell, v e r 
gänglich«  stü tzen .

Zwecks A ussch altu n g  de r S u b je k tiv itä t  der K ra n k en  w ird  die B lin d -M eth o d e  v e r
w e n d e t; u m  auch  einer S e lb s ttä u sc h u n g  des b eh an d e ln d en  A rz tes v o rzu b eu g en , b e d ie n en  w ir 
u n s  de r a ls am  m eisten  v e rläß lich  a n e rk a n n te n  D oppelb lind-M ethode. Diese M eth o d e  b ew ah rt 
sich  ab er n u r  d o rt, wo w ir su b je k tiv e  E ffek te  m essen u n d  die zu u n te rsu ch e n d en  P a ra m e te r  
m it o b jek tiv en  M eßw erten  n ic h t zu  e rm itte ln  sind. D ie fü r  U n te rsu ch u n g en  de r S p a sm o ly tik a  
an g ew a n d te  D oppelb lind -M ethode  w eist au ch  e tliche  solche V o rau sse tzu n g en  a u f , d ie k a u m  
zu  e rfü llen  sind  u n d  m angels d e rer irr tü m lic h e  R e su lta te  en ts te h en  können .

W ir w aren  b e m ü h t, ein k lin isches M eßverfah ren  a u sz u a rb e iten , das den 
spasm o ly tisch en  E ffek t m itte ls  M eßzahlen c h a ra k te ris ie r t. U n se re r A n sich t 
n a c h  is t  fü r  diesen Zw eck die n ach  in tra a r te r ie lle r  In je k tio n  zu s ta n d e k o m m e n d e  
G efäßerw eite rung  am  b esten  geeignet. A u f diese A rt k ö n n en  die E rw ä rm u n g  
d e r H a u t, G rad und  A u sd eh n u n g  d er H y p eräm ie , even tue ll die M enge des d u rc h 
s trö m e n d e n  B lu tes m itte ls  P le th y sm o g rap h ie  u n d  O szillom etrie  bzw . Oszillo-
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g ra p h ie  gem essen w erden . Z u r  P rü fu n g  der M ethode  w urde  in  den  g eg en w ärti
g en  U n te rsu ch u n g en  die W irk u n g  eines n euen  S p asm o ly tik u m s, das D ihy- 
d ro e th a v e r in , m it der von  E th a v e r in  bzw. P a p a v e rin  verg lichen .

M ethodik

D ie  in traa rte rie lle  V erab fo lgung  p e rip h e r w irk en d e r sp asm oly tischen  
M itte l  is t ein k lin isches R o u tin e v e rfa h ren  ( K u s c h i n s k y ) bei O b s tru k tio n s 
e rk ra n k u n g e n  der A rte rie n  d e r  u n te ren  E x tre m itä t  (A therosclerosis o b lite ran s, 
E n d a r te r i t i s  ob lite rans). D ie  In je k tio n  w ird  m it e iner d ü n n en  N adel in  der 
In g u in a lb e u g e  u n te r  dem  P o u p a rtsc h e n  B an d , in  die A rt. fem oralis gegeben.

E s  han d e lte  sich u m  P a tie n te n , bei w elchen  die A nw endung  in tra a r te r ie l 
le r  V a so d ila ta to ren  w egen  d e r  fo rtg e sch ritten en  a rte rie llen  O b s tru k tio n  b e 
g rü n d e t  w ar; der O sz illa tio n sw ert w ar s ta rk  h e ra b g e se tz t, an  den Z ehen t r a t e n  
t ro p h is c h e  S törungen  in  E rsch e in u n g , und  neb en  e in er ausgesprochenen  C la u 
d ic a tio  in te rm itten s  t r a te n  b e re its  im  R u h e z u s ta n d  P a ra s th e s ie n  auf. In  e inem  
so lc h e n  Z ustand  fü h r t  die F ö rd e ru n g  der Z irk u la tio n  zu r B esserung. Die kolla- 
te r a le n  A rterio len  s ind  je d o c h  in  der Zone d e r G e fäß o b iite ra tio n  m eistens 
sp a s tis c h . Von der S telle  d e r  G efäßverengerung  a b w ä r ts  is t d er F u ß  k ü h le r u n d  
b la sse r . Die W irkung  eines a u f  die k leinen  A rte rien  e rw eite rnd  w irkenden  
M itte l is t durch  den G rad  d e r  H yperäm ie , d u rc h  die A usdehnung  derse lben , 
sow ie  d u rch  den A nstieg  d e r  H a u tte m p e ra tu r  g u t m eß b a r. Z um al die E rk ra n 
k u n g  d e r A rterien  b e id e r u n te re n  E x tre m itä te n  t ro tz  gew isser S ym m etrie  n ich t 
v o lls tä n d ig  iden tisch  is t , w u rd e n  die in tra a r te r ic lle n  In je k tio n e n , im  In te resse  
d e r  g en au en  V erg le ich b ark e it an  derselben Seite , je d e n  zw eiten  T ag  v e ra b re ich t.

W ir reg is trie rten  m itte ls  eines e lek trisch en  H a u tth e rm o m e te rs  U m fang  
u n d  G rad  der H y p eräm ie  b zw . deren  ze itlichen  V e rla u f  sowie den  V erlau f der 
E rw ä rm u n g . Die O sz illom etrie  w urde sy s tem a tisch  d u rch g e fü h rt.

D ie M essung des G rad es d e r  G efäßerw eiterung  e rfo lg te  in  e inem  Z im m er von  ca 18 °C 
s tä n d ig e r  T em p era tu r. E s  is t  zw eck m äß ig  ab zu w arten , b is  die T e m p e ra tu r  der u n b e d ec k te n  
E x t r e m i t ä t  das tiefste  s tä n d ig e  N iv e a u  erre icht. S ta rk e  L ic h tq u e lle n  (z. B. beim  P h o to g ra p h ie 
r e n  v e rw en d e te  s ta rke  R e fle k to re n )  s tö ren  das M essen d e r H a u tte m p e ra tu r .  V o rangehenden  
p h arm ak o lo g isch en  U n te rsu c h u n g e n  gem äß (Is se k u t z , D á v id  u n d  Gy a rm a ti, K ovách  u n d  
M e n y h á r t ) soll die sp a sm o ly tisc h e  W irkung  von  D ih y d ro e th a v e rin  die von  E th a v e r in  bzw. 
P a p a v e r in *  in einem  V e rh ä ltn is  2 — 3 : 1 übertre ffen .

D ih y d ro e th av erin  I n je k t io n  (»No-Spa« Chinoin A m pulle  á  2 m l) e n th ä lt  40 m g 6 ,7 ,3 ’,4- 
T e tra a e th o x y -l-b e n z a l- l ,2 ,3 ,4 - te tra h y d ro iso c h in o lin c h lo r id , eine b laß  grün lich-gelbe, n ich t 
h y g ro sk o p isch e , in W asser g u t  lösliche  Substanz.

Ergebnisse

D ie verg leichenden  U n te rsu ch u n g en , die in  d e r beschriebenen  W eise an 
in sg e sa m t 10 K ran k en  d u rc h g e fü h rt w u rd en , e rg ab en  folgende E rgebn isse . 
B e i iden tischen  e inm aligen  D osen von 80 m g w ar die v asod ila to rische  W irkung

* D as D ih y d ro e th a v erin  w u rd e  von der F a b rik  ch em isch -p h a rm azeu tisch er P ro d u k te  
C h in o in , B udapest, zur V e rfü g u n g  gestellt.



METHODE ZUR VERGLEICHUNG DER WIRKUNG VON SPASMOLYTIKA 3 2 7

von D ih y d ro e th av e rin  am  au sd rü ck lich sten , d ie  v o n  P apaverin  u n d  E th a v e r in  
w esen tlich  schw ächer. D ie d er W irkung v o n  80 m g  D ih y d ro e th av erin  e n ts p re 
chende G efäßerw eite rung  w a r n u r m itte ls  ca  200 m g  P ap av erin  bzw. E th a v e r in  
zu e rre ichen ; som it erw ies sich  im  in tra a r tc r ie lle n  T e s t D ih y d ro e th av e rin  2 % - 
m al w irk sam er als E th a v e r in  u n d  P a p a v e rin . D ies en tsp rich t a n n ä h e rn d  d em  
in v o ran g eh en d en  p harm ako log ischen  V ersu ch en  gew onnenen W irk sa m k e its 
v e rh ä ltn is  u n d  bew eist e inerse its , daß  D ih y d ro e th a v e r in  auch am  M enschen

w irk sam er ist als E th a v e rin  bzw. P ap av e rin , a n d e rse its  beg ründet es d ie  F e s t 
ste llung , d aß  der in tra a r te r ie lle  T est zur M essung  d e r  W irkung, der u n m it te lb a r  
a u f  die g la tte  M u sk u la tu r w irkenden  S p a sm o ly tik a  u n d  F estste llung  d e r  re la 
tiv en  D o sisverhä ltn isse  derse lben  geeignet is t . D ie  re la tiv e  W irk sa m k e it d er 
g ep rü ften  S p asm o ly tik a  is t in  Abb. 1 s c h e m a tisc h  darg este llt.

D er beschriebene in tra a r te r ie lle  T es t b e s i tz t  n och  einen b e d e u te n d e n  V o r
teil g egenüber den  pharm akolog ischen  (U te ru sh o rn , D arm schlinge usw .) M e
th o d en , u . zw. daß  a u f d iesem  Wege die o b je k tiv e n  u n d  su b jek tiven  h u m a n e n  
N ebenw irkungen  re la tiv  gefahrlos u n te rsu c h t w e rd e n  können. Die in  d ie  A rte r ie  
zu g efü h rte  S u b stan z  g e lan g t vom  U n te rsch en k e l m it B lu t v erm eng t in  s ta rk  
v e rd ü n n te m  Z u stan d e  in  die k ritischen  O rg an e  (H e rz , Lungen, N e rv e n sy s te m ) 
und  is t dem zufolge auch  zu r v o rangehenden  U n te rsu c h u n g  der N e b e n w irk u n 
gen d e r in trav en ö sen  A n w endung  geeignet.

N ach  in tra a r te r ie lle n  G aben  von 80 m g  D ih y d ro e th av e rin , die e in e  e n t 
sp rechende v aso d ila to risch e  W irkung  s ic h e rte n , w a ren  keinerlei N e b e n w irk u n 
gen zu b eo b a c h te n ; d er B lu td ru c k  zeig te b is zu m  vollen V erlauf d e r  G e fä ß 
erw eite ru n g  u n d  auch  d a n a c h  keine n en n e n sw e rte  A bw eichung. Die i n t r a a r t e 
rielle D osis von  80 m g D ih y d ro e th a v e rin  fü h r te  b e i den K ranken  im  a llg e m e i
nen zu keinen  besonderen  U n an n eh m lich k e iten . D em gegenüber b e sc h w e rte n  
sich die K ra n k e n  % —2 M in u ten  nach d e r in tra a r te r ie lle n  In jek tio n  v o n  200 
mg P a p a v e rin , die zu id en tisch e r G e fäß e rw eite ru n g  fü h rte , oft ü b e r W ä r m e 
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g e fü h l, e igenartiges A llgem einbefinden , S ch w in d e l, H erzklopfen, w obei g e 
w öhn lich  w ährend  1 — 3 M in u ten  auch geringe B lu td ru ck sen k u n g  u n d  T a c h y p n o e  
zu  b e o b a c h te n  w ar. D em n ach  dü rfte  D ih y d ro e th a v e rin  auch bei in tra v e n ö s e r  
A n w e n d u n g  eine g ü nstigere  W irkung  e n tfa lte n , als P apaverin .

O b zw ar die Dosis von  80 m g D ih y d ro e th av erin  zu m  Zwecke der in tra a r te r ie lle n  G e fäß e r
w e ite ru n g  im  allgem einen v o lla u f en tsp rich t, w urde  in  zw ei Fällen  bei k o rp u le n te n  K ra n k e n , 
be i d e n e n  die G efäßerw eite rung  des A usm aßes d e r  H a u te r rö tu n g  gem äß g e rin g e r w a r, als 
g ew ö h n lich , nachfo lgend  eine M enge von 120 mg a n g e w e n d e t, die ohne N e b en w irk u n g e n  zu 
v ö llig e r R ö tu n g  der E x tre m itä te n  fü h rte .

B ei in tra a r te r ie lle r  V e rab re ich u n g  von D osen zu  80 m g ergab sich bei D ih y d ro e th a v e r in  
n ic h t  n u r  eine s tä rk ere , so n d e rn  auch  eine län g e r a n h a lte n d e  W irkung als be i P a p a v e r in ,  
w as a u s  th e ra p eu tisc h em  G e s ich tsp u n k te  ebenfalls a ls e in  V orte il zu bew erten  sei. D iese  a n h a l
te n d e  W irk u n g  lä ß t sich n a tu rg e m ä ß  au f zwei U rsac h en  zurückzuführen . Die e in e  e rg ib t  sich 
au s  d e m  U m stan d e , daß  eine s tä rk e re  G e fäß erw eite ru n g  län g e r an h ält; die zw eite , d a ß  sich  
d ie  W irk u n g  infolge der »besseren  Bindung« des M itte ls  m eh r  in  die Länge z ie h t. D er i n t r a 
a r te r ie lle  T es t is t jedoch  zu r E n tsch e id u n g  dieser F ra g e  n ic h t  geeignet.

D ie e rm itte lte n  W irk u n g en  w aren n a tü r l ic h  je  nach der K o n s ti tu t io n  d e r 
K ra n k e n  u n d  dem  S chw ereg rad  ihres Z u s ta n d e s  ziem lich versch ieden ; d ie  re la 
t iv e n  W irk sam k e itse rg eb n isse  w aren jed o ch  im  großen  und  ganzen  id e n tis c h .

N ach d em  die Dosis bzw . W irkungsd ifferenz a n  H a n d  des in traarte rie llen  T e s te s  v e r lä ß 
lich  g e k lä r t  w ar, h ab en  w ir un s d a s  Ziel gesetzt, in  e r s te r  R eihe  die V erw en d b ark e it des n eu en  
M itte ls  a u f  G rund  der N ebenw irkungslosigkeit n ach  in tra v e n ö s e r  V erabreichung n a ch z u w e isen . 
O b z w a r in tra a r te r ie ll  sogar h ö h e re  Dosen von D ih y d ro e th a v e r in  im G egensatz z u  P a p a v e r in  
zu  k e in e n  N ebenw irkungen  fü h r te n ,  w urden bei d e r  in tra v e n ö se n  A nw endung v o re rs t  g e r in 
g ere  D o sen  e rp ro b t; so w u rd en  K ran k en  m it C h o lelith iase  bei m ilderen sp astisch en  S ch m erzen  
v o re rs t  D osen  von 40 mg gegeben . D a bei 5 K ran k en  d iese  re la tiv  geringen D osen o h n e  N e b en 
w irk u n g  zu r gänzlichen B eh eb u n g  der Spasm en u n d  S e n k u n g  des B lu tdruckes f ü h r te n ,  w u rd e n  
in  F ä lle n  v o n  schw eren K ra m p fa n fä lle n  Dosen v o n  80 m g angew andt. Die G e sch w in d ig k e it 
d e r  in tra v e n ö se n  E in sp ritz u n g  soll ziem lich lan g sam  g eschehen : 2 —4 m g/Sek., d e m n a c h  bei 
D o sen  zu  80 m g: 20 — 40 Sek. N u r einm al b e o b a c h te te n  w ir  eine größere aber sch n e ll v o rü b e r 
g e h en d e  B lu td ru ck sen k u n g  m it Schw indelgefühl bei e in e r  hypo ton ischen  P a tie n tin  m it  S k le ro 
d e rm ie . M an  sollte also bei H y p o ten sio n  au f die in tra v e n ö s e  Z ufuhr verz ich ten  bzw . sie so llte  
n u r  la n g s a m  u n d  m it V o rs ich t au sg e fü h rt w erden. D ie S te inan fälle  gehen gew ö h n lich  m it so 
h e f tig e n  Schm erzen  e inher, d a ß  d ie in travenöse  B e h a n d lu n g  zum  Zwecke p ro m p te r  S c h m erz 
l in d e ru n g  b e g rü n d e t ist. A uch  b e i in trav en ö ser A n w en d u n g  w ar die in tensivere  sp a sm o ly tisc h e  
W irk u n g  v o n  D ih y d ro e th av erin , bei iden tischen  D o sen  a llgem ein  feststellbar. D ie sp a sm o ly ti
sche W irk u n g  t r a t  in n erh a lb  1 — 2 M inuten  ein, ih re  D a u e r  w ar jedoch d u rch  d ie k ra m p fa u s -  
lö se n d e n  F a k to re n  bed in g t.

So z. B. w aren  40 m g in  e in em  Falle von ch o le lith ias isch e n  K räm pfen  von g u te r  W irk u n g , 
d e r K ra m p f  w urde aufgehoben , do ch  t r a t  er e rn eu t so h e f tig  auf. daß w eitere 80 m g v e ra b re ic h t  
w e rd en  m u ß te n . Die S pasm en  lö s te n  sich ba ld , jed o c h  n u r  a u f  die D auer von  e tw a  e in e r  h a lb e n  
S tu n d e . B ei W iederho lung  de r D osis w urde der K r a m p f  w ieder nu r eine h a lb e  S tu n d e  lan g  
g e s t il l t ,  so daß  w iederho lt P e th id in  und M o rp h iu m -A tro p in  angew endet w u rd e . N a ch d e m  
d e r  K ra n k e  d a ra u f  n ich t re a g ie r te , w urde zur O p e ra tio n  gegriffen  und ein in d en  C ho led o ch u s 
g e k le m m te r  S te in  vo rg efu n d en . N a tü rlich  is t a u ch  d ie  energischeste S p asm olyse  n u r  ein  
sy m p to m a tis c h e r  E ingriff, de r d ie  K ran k h eit, die d ie  K rä m p fe  auslöst, n ich t h e ilt . Z u  w e lch er 
Z e it d ie  K räm p fe  nach  de r Spasm olyse  w iederkehren , h ä n g t  in  e rster Reihe von  d e n  F a k to re n  
ab , d ie  d ie K räm pfe  auslösen  u n d  viel weniger v o n  d e n  spasm oly tischen  M itte ln . T ro tz d e m  
s in d  d ie le tz te ren , als p a th o g e n e tisc h e  schm erzstillende  M itte l zu b e trach ten , die d u rc h  L ö su n g  
d e r K rä m p fe  w irken u n d  h iebe i die S ym ptom e v o n  e v en tu e llen  K o m p lik a tio n en  n ic h t  v e r 
b e rg en . D aß  D ih y d ro e th av erin  n ic h t nur in tra m u sk u lä r ,  su b k u tan , aber au ch  in tr a v e n ö s  in 
w irk sa m e n  D osen an g ew en d e t w erden  kan n , is t  bei m it  schweren, ab d o m in a le n  K ra m p f 
a n fä lle n  e in hergehenden  E rk ra n k u n g e n  als ein w e se n tlich e r  V orteil an zu erkennen . G le ichze itig  
l ä ß t  sich  die W irkung  m it in tra m u sk u lä re r , bzw. s u b k u ta n e r  V erabreichung, o d e r m it  a n d e re n  
in tr a v e n ö s  n ich t an w en d b a ren  S p asm oly tika  k o m b in ie re n . D as M ittel w urde in tr a v e n ö s  in 
m eh r  a ls 30 Fällen  von  cho le lith iasischen  K rä m p fe n  m it  g u te r  W irkung a n g ew e n d e t, w obei
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B e tä u b u n g sm itte l e n th a lte n d e  A rzn eik o m b in a tio n en  v e rm ied en  w erden k o n n ten . In  8 F ä llen  
von  n e p h ro lith ia s isch en  K rä m p fe n  w u rd e  das M itte l ebenfalls e rp ro b t; in  e in em  F a lle  
versch w an d en  d ie  K räm p fe  in  w enigen M in u ten , o h n e  W iederho lung  d e rse lb e n ; in  den  
an d eren  F ä llen  h ie lt die S chm erzlosigkeit n u r  1%  — 2 S tu n d e n  an , w onach sich d ie K rä m p fe  
w iederho lten  u n d  w eitere  In jek tio n en  b e n ö tig t w u rd e n  (w ä h ren d  dessen kam en  k e in e  a n d eren  
M ed ikam en te  zu r A nw endung).

E s sei no ch  de r Fall von F ra u  G. I. a n g e fü h rt, a n  d e ren  F inger, du rch  z iem lich  schw eres 
R ay n au d sch cs S y n d ro m  b ed in g t, tro p h isch e  S tö ru n g e n  a u f tr a te n  u n d  sich am  le tz te n  P h a la n x  
des II . re c h te n  F ingers ein  G angrän  en tw ic k e lte ; es w u rd e  schon die A m p u ta tio n  g e p la n t, 
da  die K ra n k e  infolge der n u r  a u f  M o rp h in -A tro p in  re ag ie re n d en  Schm erzen seit 2 3 W ochen
n ich t e inm al sch lafen  k o n n te . M it R ü ck sich t d a ra u f , d a ß  die A rte rien  der ob eren  E x tr e m itä t  
fü r  eine sy s tem atisch e  in tra a r te r ie lle  B eh an d lu n g  n ic h t g ee ignet sind, w urde D ih y d ro e th a v e rin  
in tra v en ö s  v e rab re ic h t, w odurch  sich das R a y n au d sch e  S y n d ro m  w esentlich  m ild e rte . H ien ach  
w urde eine sy s tem atisch e  B eh an d lu n g  m it D ih y d ro e th a v e rin  vorgenom m en, w o ra u f  sich  die 
Schm erzen  schnell lin d e rten , das M orphin  k o n n te  v e rm ied en  w erden , P a tie n tin  k o n n te  ohne 
H y p n o tik a  sch lafen  u n d  das G angrän  b eg an n  zu he ilen . Im  w eite ren  V erlau f w u rd e  d a s  M itte l 
in tra m u sk u lä r , d a n n  su b k u ta n , sodann  p e ro ra l a n g ew e n d e t; das G angrän  he ilte .
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F u r t h ’s tran sp la n tab le  m ouse m as to c y to m a  h a s  been tran sferred  to  a lb in o  m ice 
of o u r own b reed . T he m orphological p ro p erties  o f th e  tu m o u r th u s  induced  h av e  been 
s tu d ied  by  lig h t an d  e lectron  m icroscopy, h is to lo g ica l ex am in atio n s have  b een  m ad e  
to  d e tec t e v e n tu a l m etastas is  fo rm atio n , an d  th e  tu m o u rs , as well as various o rg a n s  of 
th e  tu m o ro u s  m ice have  been  assay ed  by  a b io log ical m eth o d  for h istam in e  c o n te n t. 
The follow ing re su lts  have  been ob ta in ed .

1. T h e  F u r t h  m asto cy to m a  grew  in 10 to  15 pe r cen t of th e  in ta c t a d u lt ,  an d  
20 to  40 p e r c en t o f p rev iously  X -ra y -irra d ia te d  m ice.

2. As d e te rm in ed  in 8 cases, th e  m a s to c y to m a s  con ta in ed  from  120.0 /zg/g to 
1114.0 yUg/g h is tam in e . In  general, th e  h is tam in e  c o n c e n tra tio n  was lower in  w ell-d ev el
oped, old tu m o u rs , th a n  in young  ones w eighing less th a n  1 g. H istam ine c o n ce n tra tio n  
was h igher in  th e  (in filtra ted ) sk in  a ro u n d  th e  tu m o u r  th a n  in th e  skin a rea s d is ta n t  
from  th e  tu m o u r.

3. T h e  organs of tu m o ro u s m ice show ed no in creased  h istam ine  c o n ce n tra tio n . 
T his is in te rp re te d  as in d ica tin g  an  absence o f m e ta s ta s is  fo rm ation , in  acco rd an ce  
w ith  th e  re su lts  o f th e  h isto logical stud ies.

4. E v e ry  organ  of a L A F 1 m ouse tes ted  w as v e ry  rich  in  h istam ine (in  a g ree m e n t 
w ith  th e  h isto log ical evidence of m as t cell in f il t r a t io n ) ,  p a rticu la rly  th e  liv e r, w hich  
con ta ined  1600 fig/g.

5. T h e  h igh  h istam ine  c o n cen tra tio n s  fo u n d  in  th e  liver of the  L A F, m ouse an d  
in th e  y oung  tu m o u rs  of th e  ow n m ice are a sc rib e d  to  fav o u rab le  conditions fo r h is ta 
m ine p ro d u c tio n  in  b o th  cases.

The d iscovery  m ade b y  R i l e y  an d  W e s t  t h a t  m o s t o f th e  h is ta m in e  in  
tissu es  is s to red  b y  th e  tissue m a s t cells an d  t h a t  th e  fac to rs lib e ra tin g  h is ta 
m ine cause a t  th e  sam e tim e  th e  d isru p tio n  o f m a s t  cells, has show n a new  d ire c 
tio n  for h is tam in e  research  and  s tim u la te d  th e  s tu d y  of th e  function  a n d  b io 
logical role of th e  m a s t cell. Ow ing to  th e ir  a p p e a ra n c e  an d  m etach ro m atic  s ta in 
ing , th e  m ast cells of E hrlich  (1877) w ere fo r decades favoured o b jec ts  in  
m orphological re sea rch , h u t th e ir  physio log ica l s ign ificance rem ained  la rg e ly  
unknow n . In  1938, M ichels  m en tio n ed  a b o u t 25 h y p o th eses  p u t fo rw ard  in  th e  
l i te ra tu re  to  ex p la in  th e  fu n c tio n  o f m ast cells; n one  o f th em  was, h o w ever, 
m ore sa tis fa c to ry  th a n  th e  one suggested  b y  E h r l i c h . The f irs t s ig n if ic a n t 
ad v an ce  in  th is  f ie ld  w as th e  s ta te m e n t m ade b y  J o r p e s , H olmgren  a n d  W i- 
L A N D E R  (1937) t h a t  th e  m e tach ro m a tic  su b s ta n c e  o f  th e  m ast cell was id e n tic a l 
w ith  h ep arin . Som e 15 years la te r  i t  was d isco v ered  th a t  th e  m ast cells s to re  
h is tam ine , th e  sign ificance of w hich fa c t w as in c re a se d  by  th e  recogn ition  th a t  
th e  m ast cells becam e d eg ran u la ted  n o t on ly  in  re sp o n se  to  th e  w idest v a r ie ty
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o f  p h y s ic a l or chem ical effects, g iv ing  o ff to  th e  env ironm en t th e  su b stan ces  
s to re d  in  th e ir  cy to p lasm  o r in  th e  g ran u les , b u t  th e  sam e h a p p e n s  w ith  th e  
s e n s itiz e d  m ast cells, to o , in  response to  th e  hom ologous an tig en , b o th  in  vivo 
a n d  in  vitro. Now am ple  e x p e rim e n ta l ev id en ce  is availab le to  p ro v e  th e  cell
d a m a g in g  effect of v a rious p h y sica l an d  ch em ica l fac to rs, as well as o f  th e  ho m o 
lo g o u s an tig en  (on th e  sensitized  m ast cells).

C orrespond ing ly , in  m a s t cell re sea rch  a t te n tio n  is now  fo cussed  on  th e  
p ro b le m  o f th e  d isru p tiv e  a c tio n  o f  v a rio u s  fa c to rs , on th e  s to rag e  a n d  release 
o f  c e r ta in  substances an d  w h e th e r  th e  m a s t cells produce or m erely  s to re  these 
su b s ta n c e s .

P re se n t know ledge in  th is  fie ld  has b een  reached  slowly, in  sp ite  o f  th e  
f a c t  t h a t  a su rvey  of th e  l i te ra tu re  of th e  p a s t  decades reveals m a n y  o b se rv a 
tio n s , m o st of them  clin ica l, th a t  f i t  in to  th e  p a t te rn  of our p re sen t v iew s. T hus 
fo r  e x a m p le  i t  was d e m o n s tra te d  b y  N e t t l e s h i p  (1896), who w as th e  f i r s t  to  
d e sc rib e  u r tic a ria  p ig m en to sa , th a t  in  t h a t  d isease th e  cu taneous lesions u n 
d e rg o  sw elling in  response to  m ech an ica l s tim u la tio n  (the in ta c t  sk in  o f  th e  
p a t i e n t  is also inclined  to  u r tic a r ia  fa c titia )  a n d  th e  a d ja c e n t sk in  show s e ry 
th e m a . U n n a  (1896) show ed b y  s ta in in g  w ith  alkaline m eth y len e  b lu e  and  
sa f ra n in e  th a t  in  u r tic a r ia  p ig m en to sa  th e  cells occurring  in  heap s a n d  h av in g  
f in e ly  g ra n u la te d  cy to p la sm , described  a lre a d y  b y  T hin  (1877), w ere  a c tu a lly  
m a s t  cells, an d  th e  foci o f u r tic a r ia  p ig m en to sa  coxdd be considered  to  b e  m as
to c y to m a s . T he reactions of th e se  foci to  m ech an ica l stim ula tion , o b se rv ed  b y  th e  
en d  o f  th e  p a s t cen tu ry  ( N e t t l e s h i p , T h i n , U n n a ) were iden tica l w ith  th e  trip le  
re sp o n se  of L e w i s . B ä u m e r  stu d ied  m ech an ica lly  stim u la ted  foci o f u r t ic a r ia  p ig 
m e n to sa  an d  areas of his ow n sk in  exposed  to  n e tt le  stings on 4 co n secu tiv e  days 
o b se rv e d  th a t  some of th e  m ast cells h a d  d is in teg ra ted , d e g ra n u la te d , f irs t 
o f  all in  th e  m arg in a l a reas  o f th e  excised  specim ens (m echanical e ffe c t? ); the  
g ra n u le s  th a t  h ad  le ft th e  cells w ere d isp ersed  n o t only near th e  cells, b u t  also 
som e o f th e  cells o rig in a tin g  from  p ro life ra tin g  a d v e n titia l cells c o n ta in e d  m eta- 
c h ro m a tic a lly  sta in in g  m a s t cell g ranu les. I t  h as  been observed re p e a te d ly  in 
o e d e m a to u s , i.e. m ech an ica lly  s tim u la te d , foci t h a t  th e  m ast cells h a d  d is in te 
g ra te d  an d  th e ir  m e ta c h ro m a tic  g ranu les a n d  th e ir  rem n an ts  h a d  sc a tte re d  
( B ä u m e r , R a a b , K r e i b ic h , L e h n e r ). U e h n e r  (1926) in  a case o f u r tic a r ia  
p ig m e n to sa  found large n u m b ers  o f m a s t cells w hich had  lost th e ir  specific  
g ra n u le s ; th e  residues h ad  m assed  m ain ly  a t  th e  m arg in  or a t  one po le  o f  the  
cells, a n d  fine  granules w ere visib le ex tra c e llu la rly . These find ings m u s t have 
o r ig in a te d  from  m echan ically  s tim u la te d  foci, a t  least th is  is in d ic a te d  b y  th e  
h is to lo g ica lly  d em o n stra ted  oedem a. T ö rö k  (1928) ascribed th e  o ed em ato u s 
sw elling  caused b y  a m echan ica l s tim u la tio n  o f  u r tic a ria  p igm en tosa  foci to  th e  
a c tio n  o f  in flam m ato ry  ag en ts  re leased  from  th e  tissues and ex p la in ed  th e  d im i
n u t io n  o f local u r tic a ria  b y  c laim ing  th a t  th e  v ascu la r ir r i ta n ts  a re  n o t  p ro 
d u ced  in  such am oun ts as w ould  suffice to  p ro d u c e  u rtica ria l sw elling. A s ea rly
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as 1899, B r o n g e r s m a  a ttr ib u te d  u r tic a r ia l sw elling  to  “ to x ic”  su b stan ces , o rig 
in a tin g  from  su ch  d eg en era ted  m a s t cells w h ich  h ad  lost th e ir  g ran u les . 
D al e  (1929) a t t r ib u te d  to  local h is tam in e  re lease  th e  reactions so re a d ily  e lic it- 
ab le  b y  m ech an ica l s tim u la tio n  of th e  foci o f  u r tic a r ia  p igm entosa .

T he above d a ta , rep re sen tin g  in te re s tin g  advances in  th e  h is to ry  o f  ou r 
know ledge o f m a s t cells, can  be f i t te d  in to  th e  p a t te rn  of our p re se n t v iew s, y e t 
in  fa c t no d irec t conclusions h av e  been d raw n  from  th em . T he m o stly  c lin ical 
o b serv a tio n s h av e  h a rd ly  been  m ade use o f in  th e  research  aim ed a t  th e  e lu c id a 
tio n  o f m a s t cell fu n c tio n . E v e n  th e  genera l w eakness so com m on in  u r tic a r ia  
p ig m en tosa  a ro u sed  no susp icion  th a t  h is ta m in e  m a y  be responsib le  fo r i t ,  even 
a fte r  th e  b io logical h is tam in e  reac tio n s an d  h is ta m in e  shock h ad  becom e k now n . 
A fte r th e  d iscovery  m ade b y  R i l e y  an d  W e s t  th is  possib ility  seem s to  be 
n a tu ra l  an d  fo r exam ple  B loom e t al. (1958) sp eak  ab o u t re c u rre n t h is ta m in e  
shocks in  th e  case o f a child  w ith  u r tic a r ia  p ig m en to sa .

R i l e y  an d  W e st  could  app roach  th e  re la tio n  betw een  m a s t cells an d  
tissu e  h is tam in e  from  a new  an d  m ore d irec t ang le  w hen  MacI n t o sh  a n d  P a - 
t o n  (1949) h a d  show n th a t  a w ide v a r ie ty  o f  o rgan ic  bases h av e  specific  h is ta 
m ine lib e ra to r  a c tiv ity ;  w hen  in jec ted  in to  th e  organism , th e y  give rise  to  
ty p ic a l h is tam in e  reac tio n , so fo r exam ple  on  in trav en o u s  in jec tio n  th e y  p ro 
duce  in  th e  dog sy m p to m s resem bling  tho se  o f  an ap h y lac tic  or p e p to n e  shock . 
R i l e y  an d  W e st  h av e  show n th a t  th e  basic  am ines pep tone  an d  d -tu b o c u ra -  
rine  cause v acu o lisa tio n , d eg ran u la tio n  a n d  d is in teg ra tio n  o f th e  m a s t cells. 
T h e  loca tio n  w ith in  th e  m a s t cell of th e  l ib e ra to r  has been s tu d ied  b y  using  
s tilb am id in e , or 2 -h y d ro x y stilb am id in e , f lu o re sc e n t h istam ine  lib e ra to rs  read ily  
observab le  u n d e r  UY lig h t, an d  i t  has b e e n  found  th a t  p rio r to  th e  d is
ru p tio n  of cells th e  lib e ra to r  is b o u n d  to  th e  g ranu les. In  su b seq u en t w orks 
R i l e y  an d  W e s t  d e m o n s tra te d  th e  close c o rre la tio n  betw een  th e  m a s t cell 
an d  th e  h is ta m in e  co n ten ts  o f tissues b y  s tu d y in g  a v e ry  w ide v a r ie ty  o f in ta c t  
an d  diseased tissu es .

These d a ta , to g e th e r  w ith  som e m ore re c e n t ones, am ply  suffice to  p ro v e  
th a t  m a s t cells a c tu a lly  sto re  h is tam in e . T h is w as fu r th e r  confirm ed b y  show ing  
th a t  o th e r  fac to rs  know n to  release h is ta m in e  also dam age th e  m a s t cells: 
d is tilled  w a te r  (F a w c e t t , 1954, 1955); freezing  (Craps  1959); X -ra y  ir ra d ia tio n  
(Sm it h , 1953 a n d  1954; B renic, 1958); p o ly m y x in -B  ( B u s h b y  an d  G r e e n , 
1955); phospho lipase-A  ( H ö g berg  an d  U v n ä s , 1957); he tero logous p ro te in  
( E d e r  an d  S c h a u e r , 1961); A scaris 1. e x tr a c t  ( H ögberg  an d  U v n ä s , 1958); 
r a t  spleen e x tra c t  (A r c h e r , 1959); and , acco rd in g  to  our own in v e s tig a tio n s , 
h y p o to n ic  s a lt so lu tions an d  d istilled  w a te r  (1944, 1962), h e a t (1944, 1962), 
colchicine an d  n itro g en  m u sta rd  (1954), X -ra y  ir ra d ia tio n  (1953), UV ir ra d ia 
tio n  (1948, 1962), an d  hetero logous serum  (1962).

M oreover, i t  has been p ro v ed  for sev e ra l species of an im als t h a t  in  th e  
course o f an a p h y la c tic  or a n ap h y lac to id  re a c tio n s  th e  m ast cells su ffe r m orpho-

4 A cta Mcdica X IX /4.
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lo g ica l an d  fu n c tio n a l ch an g es, depend ing  in  m easu re  on th e  grade an d  c h a ra c 
te r  o f  sensitisa tio n , on th e  a m o u n t of th e  an tig e n , i ts  p u r ity  an d  m ode o f  a d m in 
is t r a t io n  (Jaques, 1941; Stuart , 1952; Мота, 1953; Мота an d  D ia s  da  
S il v a , 1958, 1960; Мота, 1956, 1959; Мота a n d  V ugman, 1956; H um ph rey  
a n d  Мота, 1959; W e g e l iu s , 1955; H ögberg a n d  U v n ä s , 1958; U v n ä s  an d  
T h o n , 1959; H igginbotham , 1959; K eller , 1957; K eller  an d  Schwarz- 
Sp e c k , 1961; K eller  a n d  B eeger , 1961; T o k u d a , 1961; Salvato , 1961; 
Gró f , 1962).

B eside th e  re la tiv e ly  m onotonous m orp h o lo g ica l changes in  th e  m a s t 
cells (en la rgem en t, v acu o lisa tio n , loosening o f  cell bo rders, p a r tia l or to ta l  d e 
g ra n u la tio n , and  u ltim a te ly  to ta l  d isru p tio n ) th e y  undergo  a w ide ra n g e  of 
fu n c tio n a l changes. O f th e se , a few are on ly  k n o w n , and  th e ir  consequences 
c a n n o t  be re s tr ic ted  to  th e  ea rly  v a scu la r a n d  tissu e  reac tio n s caused  b y  th e  
re le a se d  h istam ine  or e v e n tu a lly  b y  h e p a rin  a n d  se ro ton in . T he la te  a n d  th u s  
f a r  l i t t le  s tud ied  co n n ec tiv e  tissu e  reac tions seem  to  be ju s t  as s ig n ifican t. T he 
c o m p le x ity  of th e  fu n c tio n  o f  m a s t cells is in d ic a te d  also b y  th e  fa c t t h a t  th e y  
c o n ta in  a p a r t from  h e p a rin  an d  h is tam in e  a v a r ie ty  o f o th e r su b s ta n c e s , such 
as se ro to n in  (B enditt  e t a l., 1955); SBS (Slow H e a d in g  Substance) (B rock- 
l e h u r st , 1960; Ch ak ravarty , 1960; U v n ä s  a n d  T hon , 1961); v a rio u s  k in d s  
o f  lip id s  (B heingold , 1948; Schauer an d  E d e r , 1961; H orváth, 1959, 1960), 
a n d  enzym es (Lagunoff a n d  B en d itt , 1959; E der  an d  Schauer , 1960; Mon
t a g n a , 1956; B r aun -F alco, 1959).

A ccord ing  to  A sb o e -H a n se n , A staldi a n d  V elican th e  m a s t cells ta k e  
p a r t  in  th e  p ro d u c tio n  o f h y a lu ro n ic  acid a n d , accord ing  to  Sy lv én , in  t h a t  of 
th e  m e ta c h ro m a tic  g ro u n d  su b stan ce  of g ra n u la tio n  tissue . R iley  (1959) has 
c la im ed  th a t  th e  m a s t cells o r th e ir  m e tab o lite s  in flu en ce  th e  fu n c tio n  o f  f ib ro 
b la s ts , th e  fo rm atio n  (neogenesis, a b so rp tio n ) o f connective tissu e  fib res . 
H igginbotham  e t al. h a v e  show n th a t  th e  re leased  m a s t cell granules a re  soon 
p h a g o c y te d  b y  f ib ro b la s ts  (m icellophagosis) w here  th e y  are d e m o n s tra b le  fo r 
a t im e  b y  th e ir  m e ta c h ro m a tic  sta in in g  (“ q u a s i-m a s t cells” ).

I n  th e  ligh t o f th e  ab o v e  i t  is clear t h a t  in  d e rm ato logy  th e  d a ta  co n cern 
in g  th e  physio logical ro le o f m a s t cells are s ig n if ic a n t fo r exp lain ing  th e  m e c h a 
n ism  o f norm ergic a n d  a llerg ic  in flam m atio n , in  ad d itio n  to  th e  w ell-know n 
b e n ig n  an d  m a lig n an t neop lasm s associa ted  w ith  a p a tho log ica l increase  in  th e  
n u m b e r  o f m ast cells. I t  is th e re fo re  only n a tu ra l  t h a t  a t  th e  1960 D erm a to lo g 
ica l Congress in  H a m b u rg  th e  p rob lem  o f m a s t cell research  w as ta k e n  up  
am o n g  th e  m ain  su b jec ts  w ith  th e  co o p era tio n  o f clin icians and  resea rch  w o rk 
ers co n cern ed  w ith  v a rio u s  asp ec ts  of th e  p ro b lem .

O ne of th e  p rin c ip a l co n d itions of m a s t cell re sea rch  is th a t  m a s t cells be 
a v a ila b le  in  su ffic ien t q u a n titie s  an d  possib ly  free  from  o th e r cells. T h e re  are 
th r e e  m ethods to  ach ieve  th is .

1. Iso la tion  o f m a s t cells from  m ixed-cell abd o m in a l w ashings r ic h  in
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m a s t cells (ra t) (P a d a w e e -G o r d o n , 1955; G l ic h , 1956; A r c h e r , 1959; K e l 
l e r , 1961; U v n ä s  an d  T h o n , 1959).

2. S urv iv ing  p e rito n eu m . T h is  is easy  to  o b ta in  an d  has th e  a d v a n ta g e  of 
en su rin g  for a tim e  ap p ro x im a te ly  physio logical co n d itions, a t  le a s t for the  
p u rp o ses  of acu te  exp erim en ts .

3. Use of m asto cy to m as, especia lly  tra n sp la n ta b le  m ouse m asto cy to m a , 
w h ich  m ay  be considered  to  he p ra c tic a lly  pure m ast cell cu ltu re s .

E xp erim en ta l

In  our s tud ies we have  m ade use  of all th ree  possib ilities . In  th e  p resen t 
p a p e r  we shall re p o rt on th e  serial passag e  in  albino m ice o f F u r t h ’s t ra n s p la n t
ab le  m asto cy to m a  a n d  th e  m orpho log ica l p ro p ertie s  o f th e  tu m o u rs  th u s  
o b ta in e d , as well as th e  h is tam in e  c o n te n ts  of th e  tu m o u rs  a n d  v a rio u s  organs 
(sk in , b ra in , lung, in te s tin e , liver, sp leen , k idney) of th e  tu m o ro u s  an im als. In  
one case we d e te rm in ed  th e  h is ta m in e  co n ten ts  in a L A F 1 m ouse m asto cy to m a  
a n d  som e organs.

M ethods

a) Serial passage o f  transplantable m astocytom a in the albino mouse. T h e m a sto cy to m a  
d escr ib ed  b y  F u rth  et al. arose in  L A F , m ice  an d  in  such  m ice th e  tu m o u r  ta k e s  in  ab ou t 100 
per ce n t  o f  th e  cases. A ccord in g  to  our o b se r v a tio n s  in  a sm all n u m b er o f  L A F j m ice , th e  in tra 
m u scu la r ly  in ocu la ted  tu m o u r  show s rap id  lo ca l grow th  and  p rod u ces le u k a e m ia -lik e  in filtra 
t io n s  in  sp leen  and liv er . W e h a v e  b een  p a ssa g in g  th e  tum ou r b y  in tr a m u sc u la r  in je c tio n  in  
our ow n  breed  o f  a lb ino m ice  sin ce  1961. P rior  to  in o cu la tio n  th e  m ice  are e x p o se d  to  2 0 0 —400 r 
to ta l  b o d y  irrad iation . In  our an im als th e  tu m o u r  sh ow ed  e x c lu s iv e ly  lo c a l g ro w th . W e h ave  
m a d e also  in tr a v en o u s an d  in tr a p e r ito n ea l in o cu la tio n s  and  a lso  in  n ew b o rn  a n im als. For 
p a ssa g in g  in tram u scu lar  tu m o u rs w ere u se d , e x c ised  under a se p tic  c o n d itio n s , h om ogen ised  
a t 0 .2 — 0 .4  g /m l 0 .9 per c e n t  N aC l t issu e  co n cen tra tio n , th e n  in je c te d  b y  m ea n s o f  a N o . 12 
R eco rd  can n u la  in  a m o u n ts  o f  from  0.1 to  0 .4  m l/an im al.

b) Histologic and electron microscopic studies. For stu d ies  u n d er th e  l ig h t  m icroscope  
th e  tu m o u rs w ere f ix e d  in  form alin , e m b e d d e d  in  p araffin  and sta in e d  w ith  h a em a to x y lin -  
e o s in , p eriod ic  acid -Sch iff, to lu id in e  b lue a n d  Go m o ri’s silver im p r eg n a tio n . A lso  stu d ied  were  
sp ec im en s o f  liver , sp leen , k id n e y , lu n g , h e a r t  an d  sk in . For e lec tro n  m icro sco p ic  s tu d y , sp e
c im en s 1 to  2 m m  in  d ia m e ter  w ere e x c ised  fro m  th e  tum ou rs w ith in  1 m in u te  a fter  k illin g  the  
a n im a l, f ix e d  in  1 per c e n t , p H  7.2 b u ffered , iso to n ic  osm iu m  te tr o x id e , th e n  d eh y d ra te d  and  
em b ed d e d  in  m eth a cr y la te . T h e sectio n s w ere  c u t  b y  m ean s o f  an L K B -U ltr o to m  u ltram icro
to m e  an d  stu d ied  in  a Z e iss-E L M I-D 2 e le c tr o n  m icroscop e, on  m icrogrid s c o v ere d  w ith  form - 
v a r  m em b ran e.

c) H istam ine assay  w a s m ade a cco rd in g  to  B arsoum  and Ga d d u m  a n d  Co d e , on su rv iv 
in g  g u in ea  p ig  ileu m , d e term in in g  th e  to ta l  h ista m in e  c o n ten t o f  th e  tu m o u r s , as w ell as th a t  
o f  v a r io u s  organs (bra in , lu n g , sm all an d  larg e  in te s t in e , liv er , sp lee n , k id n e y  an d  sk in , the  
la t te r  ta k e n  from  th e  p r o x im ity  o f  th e  tu m o u r  an d  from  th e  ch est) . T h e  a n im a ls  w ere k illed  
in  th e  2nd  or 3rd w eek  fo llo w in g  in o c u la tio n s . T h e tum ou r, or th e  organ  to  b e  s tu d ie d , w as  
e x c is e d , w eigh ed , h om o g en ised , trea ted  w ith  10 per cen t tr ich lo ro a cetic  a c id  to  e x tr a c t  h is ta 
m in e , an d  a fter  severa l h ou rs o f  e x tr a c t io n  th e  ex tr a c t  o b ta in ed  w a s a n a ly se d  as sp ec ified .

R esults

1. Passage o f F u r th ’s tr a n s p la n ta b le  m asto cy to m a  b y  in tra m u sc u la r  
in o c u la tio n  was successful in  10 to  15 p e r cen t o f a d u lt, n o n - ir ra d ia te d  m ice, 
a n d  in  20 to  40 p e r cen t o f an im als ir ra d ia te d  p rio r to  in o c u la tio n  (F ig . 1).

4*
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T h e  tu m o u r  killed th e  a n im a ls  a f te r  2 to  4 weeks o f g ro w th . G row th  w as local, 
p a r t ly  in v asive . Som etim es th e  tu m o u r becam e u lc e ra te d , b u t  secondary  d epo
s its  w ere  never form ed. In tra v e n o u s  and  in tra p e r ito n e a l in o cu la tio n s p roduced  
n o  tu m o ro u s  grow th in  a d u l t  m ice, while in n ew b o rn  m ice a g row th  m ostly

F ig . 1. M astocytom a g ro w in g  in tra m u scu la r ly  in  le ft  th ig h  (a lb in o  m o u se , ow n  breed)

F ig . 2 . M astocytom a g r o w in g  in tram u scu lar ly . H a e m a to x y lin -e o s in , ab ou t X 400
m agnification

a p p e a re d  following in tra p e r i to n e a l  inocu la tion , b u t  th e se  m ice succum bed 
w ith in  a sho rt tim e w h en  th e  tu m o u r was still sm all.

U nder the lig h t m icro sco p e , the  rich ly  ce llu la r tu m o u r  tissue show ed 
s l ig h t  po lym orphism  a n d  m a n y  m itoses (F ig . 2 ) .  A t sites th e  tu m o u r cells 
w e re  e longated , resem b lin g  fib ro b la s ts . In  th e  c y to p la sm  fin e  m e tach ro m atic  
a n d  period ic  acid-Schiff p o s itiv e  g ranu la tion  could  be seen. In  th e  o th e r organs 
o f  th e  tum orous an im als  no  m astocy tom a in f il tra tio n s  could  be d e tec ted .
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2. E lec tro n  m icroscopic  exam ination  show ed v a ria b le  num bers o f m a rk 
ed ly  osm iophilic g ran u les , su rrounded  a t  sites b y  a d is tin c t m em b ran e  
( F i g .  3 ) .

3. T he resu lts  o f h is ta m in e  assay are p re se n te d  in  Table I  an d  Table I I .  
a) In  Table I  is show n th e  h istam ine c o n te n t in  th e  tu m o u r, th e  skin

over i t  an d  th e  p re su m a b ly  in ta c t  skin ta k e n  from  th e  chest. T he cases are 
lis ted  in  th e  order o f tu m o u r  w eight.

F ig . 3. E lectron  m icroscop ic ap p earan ce o f  m a stocy tom a ( f ix a t io n  w ith  osm iu m , em b ed d in g
in m eth acry late)

S igns:
m: m itochondrium  
n: nucleus 
g : granules 
er: ergastop lasm
double arrow : d o u b le  n u c lea r  m em brane  
arrow : granule m em b ran e  
p : P a lad e’s gran u les
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b ) Table I I  show s th e  h is tam in e  c o n te n t o f th e  o rgans o f  tu m orous 
m ice , in  th e  order spec ified  in  Table I .

c) In  one case w e d e te rm in e d  th e  h is tam in e  co n ten t in  th e  m asto cy to m a  
a n d  som e organs of a L A F X m ouse (Table I I I ) .

Table I

H istam in e conten t o f  the tum our an d  sk in  o f  m astocytom atous m ice  
(H is ta m in e  dichloride /tg /g  fresh  tissu e)

Case No.

Tumour Skin

weight H content
over the tumour from the chest

weight H content weight H content

I. 2 .64 1114.0 0.32 187.0 0.18 18.0

i l 2.10 286.0 — — 0.29 7.0 •

h i . 2.02 120.0 — — 0.31 20.0

IV . 1.85 540.0 0.16 156.0 0.12 14.6

V . 1.08 460 .0 0.22 15.0 0.10 15.0

V I. 0 .86 930.0 0.40 500.0 0.19 10.0

V II. 0.81 870.0 0.20 6.0 0.28 7.0

V III. 0 .78 1000.0 0.10 70.0 0.22 25.0

Table II

H ista m in e  con ten t o f  the organs o f  m astocytom atous m ice  
(H is ta m in e  dichloride f ig /g  fresh  tissu e)

Mouse No. Brain Lung Small
intestine

Large
intestine Liver Spleen Kidney

I. 0.35 5.7 13.3 4 .0 3.6 2.5 5.0

i l 0.5 2 .0 12.2 2.3 - 4 .5 0.25

IV . 0 .45 5.5 2.3 2.1 1.0 2.0 3.5

V . 0 .12 3 .0 7.0 6.3 2.5 1.8 2.2

V I. . 0 .30 — 12.0 3.7 1.6 — 3.0

V II . 0 .30 6 .0 11.8 7.5 2.6 — 2.5

V III . — — 6.0 5.5 3.8 6 .3 7.3

N o te: Mouse N o . III  w a s n o t  tested  for h ista m in e  co n ten t o f  th e  organs.

Table I I I

H istam in e conten t o f  m astocytom a an d  som e organs o f  an L A F l m ouse  
(H is ta m in e  dichloride /tg /g  fresh  tissu e)

Tissue tested Tumour Lung Heart Kidney Liver

H  content 500 .0 120.0 50.0 40.0 1600.0
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D iscussion

1. W e h av e  succeeded in  p a ssag in g  F u r th ’s tra n sp la n ta b le  m a s to c y to m a  
in a lb ino  mice o f o u r own breed . T h e  freq u en cy  o f th e  tak es  rem ain ed  beh in d  
th e  alm ost 100 p e r  cen t observed  in  th e  LAFj^ m ouse, b u t  w as su ffic ie n t for 
o b ta in in g  a d e q u a te  q u an tities  o f  m a s t cells for fu r th e r  in v e s tig a tio n s . T he 
tu m o u rs  grew loca lly , no seco n d ary  d ep o sits  w ere form ed, no in f i l t ra t io n s  in 
liv er an d  spleen developed, in d ic a tin g  a low er su scep tib ility  to  m a s to c y to m a  
o f o u r mice th a n  th a t  o f L A FX m ice. T h e  lig h t an d  electron  m icroscopic  a p p e a r 
ance o f th e  tu m o u r  m ast cells re sem b led  th o se  of norm al, loose co n n ec tiv e  
tissu e , a lth o u g h  th e  num ber o f m e ta c h ro m a tic a lly  s ta in ing  g ran u les  w as less 
in  th e  fo rm er th a n  in  th e  la tte r . T h e  cause o f th is  is unknow n , a n d  fu r th e r  
in v estig a tio n s are  requ ired  to  e lu c id a te  an  ev en tu a l co rre la tio n  o f  g ran u le  
c o n te n ts  w ith  th e  low er su scep tib ility  to  m asto cy to m a .

2. The h is ta m in e  con ten t o f  th e  m asto cy to m as induced  b y  in o cu la tio n  
w as h igh , s im ilar to  o th e r types o f  m a s to c y to m a , in  accordance w ith  th e  view  
p u t  fo rw ard  b y  R iley  and W e st . C onsiderab le  differences in  h is ta m in e  con
c e n tra tio n  w ere fo u n d  betw een th e  single tu m o u rs . The h ighest v a lu e  (1114.0 
/vg/g) w as a b o u t ten fo ld  the  low est one (120.0 fXg/g). H isto logy  rev ea led  no 
such  s tru c tu ra l d ifferences or sh if ts  in  th e  re la tiv e  p ercen tage  o f  m a s t cells 
an d  o th e r  tissue elem ents as could  h a v e  ex p la in ed  th e  differences in  h is tam in e  
c o n te n t. The an im als  were of a p p ro x im a te ly  th e  sam e age an d  w ere fed  an  
id en tica l d iet.

H ow ever, m ore  re levan t ev idence  is o b ta in ed  by  com paring  th e  age and  
d ev e lo p m en t of th e  tum ours w ith  th e  h is ta m in e  co n ten t. T he d a ta  in  Table 1 
m ak e  i t  clear n am e ly  th a t  th e  re la tiv e  h is ta m in e  co n ten t o f th e  b ig g er, m ore 
developed , tu m o u rs  w eighing a b o u t 2 g w as less th a n  th a t  o f y o u n g er, sm aller 
tu m o u rs . The re la tiv e  h istam ine  c o n c e n tra tio n  in  th e  2.02 g tu m o u r  o f case 
I I I  w as 120.0 /ig /g , w ith  th e  a b so lu te  a m o u n t o f  sto red  h is tam in e  as low  as 
240 fxg. In  c o n tra s t, in  the  sm allest tu m o u r , one w eighing 0.78 g (case V III ) , 
th e  re la tiv e  h is ta m in e  co n cen tra tio n  w as 1000.0 [xg/g, an d  th e  a b so lu te  h is ta 
m ine co n te n t 780 /ug. A lthough th e  h ig h e s t re la tiv e  and  ab so lu te  h is ta m in e  
c o n te n ts  were fo u n d  in  th e  b iggest tu m o u r , an d  th is  is a t  v a rian ce  w ith  w h a t 
we h a v e  ju s t  been e labo ra ting , th e  com b in ed  ev a lu a tio n  of th e  e ig h t tu m o u rs  
an a ly sed  ind ica tes  t h a t  the  b igger, m ore  developed  tu m o u rs  can  s to re  (p ro 
duce?) h is tam in e  less efficiently  th a n  th e  y o u n g er, m ore ac tive ly  grow ing  ones. 
I t  is d ifficu lt to  ex p la in  th is  p h en o m en o n , because we found no  s u b s ta n tia l  
d ifferences in  tissue  s tru c tu re , in  th e  p ro p o rtio n  o f tissue  elem ents o f th e  tu m o u r. 
Since, how ever, i t  is exclusively in  th e  m a s t cells th a t  h is ta m in e  is being 
s to red  or p roduced , th e  difference in  h is ta m in e  c o n te n t show n b y  th e  tu m o u rs  
can  be ascribed  exclusively  to  chan g es in  th e  a b ility  of m ast cells to  p ro d u ce  
o r s to re  h is tam in e . T h is change in  m a s to c y tic  a c tiv ity  can h a rd ly  be co m p ared
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w ith  th e  physio logical ch an g e  of ju s t  th e  o p p o site  d irec tion , in  th e  course o f 
w h ich  th e  m ast cell a n d  h is tam in e  co n te n t o f  th e  sam e organ  change w ith  
age ; in  th e  organs o f  fo e ta l o r very  young m a m m a ls  th e  m a s t cell an d  h is ta 
m ine  co n ten ts  are  less th a n  in  th e  sam e o rg an s o f  th e  a d u lt an im als (R il e y , 
1959). W e p refer to  a sc rib e  th e  phenom enon  to  th e  w ell-know n differences 
in  a c t iv i ty  betw een  th e  p e rip h e ra l an d  c e n tra l p a r ts  o f th e  tu m o u r (connec ted  
w ith  th e  m etab o lism  o f th e  neoplasm ), a n d , co rrespond ing ly , i t  m ig h t be  
su g g ested  th a t  th e  m a s t  cells of th e  yo u n g , g row ing  tu m o u r p ro d u ce  m ore  
h is ta m in e . This p o ss ib ility  seem s to  f i t  well in to  th e  p a t te rn  of recen t in fo rm a 
tio n  concern ing  h is ta m in e  p ro d u c tio n  b y  m a s t cells. B y using C14-labelled  
h is tid in e , Schayer show ed  th a t  in  th e  p e r ito n e a l m a s t cells of th e  r a t ,  or in  
th e  b lo o d  p la te le ts  o f  th e  ra b b i t  un d er th e  e ffec t o f  h is tid in e-d ecarb o x y lase  
h is ta m in e  is fo rm ed  fro m  h is tid in e . This h is ta m in e  is s ta b ly  linked  a t  th e  s ite  
o f i ts  fo rm ation . L a te r  (1961, 1962), th e  sam e a u th o r  has show n th a t  in  th e  
cells th e  enzym e is p re s e n t in  “ inducib le”  fo rm  a n d  in  response to  a m b ie n t 
e ffec ts  its  a c tiv ity  ch an g es so th a t  th e  p ro d u c tio n  of h istam ine  req u ired  fo r 
th e  re g u la tio n  of loca l b lo o d  supp ly  is a lw ays en su red .

O therw ise, th e re  is scarce in fo im atio n  co n cern in g  th e  h is tam in e  c o n te n t 
o f  th e  m ouse m a s to c y to m a . Sjoerdsma e t  a l. (1957) found  in  D u n n -P o tte r  
tu m o u r  470 to  560 /иg/g , F urth  e t al. (1957) in  F u r th  tu m o u r 0.85 to  4.2 m g/g , 
an d  Cass e t al. (1958) in  lyophylised  m a s to c y to m a  m a te ria l 1700 //g/g, o f 
h is ta m in e .

3. In  th e  m a jo r i ty  o f cases th e  skin spec im ens ta k e n  from  th e  tu m o ro u s  
a re a  w ere rich  in  h is ta m in e . In  one case (N o. V I) th e  co n ten t was o f th e  sam e 
o rd e r o f  m ag n itu d e  as in  th e  tu m o u r. T his te n d s  to  in d ica te  th a t  th e  tu m o u r  
h as  a lread y  in f i l t ra te d  th e  skin , and  th e  sk in  c o n ta in e d  large m asses of m a s t 
cells. I n  th e  skin su rro u n d in g  th e  tu m o u r th e  re la tiv e  p ro p o rtio n  o f m a s t cells 
to  th e  sk in ’s own e lem en ts  w as m uch low er th a n  in  th e  tu m o u r itse lf. T he h igh  
h is ta m in e  co n ten t o f  th e  sk in  m igh t be d u e  to  a  re la tiv e ly  h igher a c tiv ity , 
to  a h ig h er h is tam in e  p ro d u c tio n  of th e  m a s t cells, ju s t  like in  th e  case of y o u n g  
tu m o u rs . (This m ean s th a t ,  in  accordance w ith  th e  hypo thesis  o f Schayer , 
he re , to o , an  in c rea sed  h is tid in e -d eca rb o x y lase  a c tiv ity  m ay  be  inv o lv ed , 
b u t  th is  assu m p tio n  n ecessarily  m eans t h a t  in  fu r th e r  w ork  th e  v a rio u s areas 
o f m asto cy to m as sh o u ld  be  te s te d  for h is tid in e -h is ta m in e  co n ten t an d  for 
h is tid in e -d eca rb o x y lase  a c tiv ity .)

4 . In  th e  sk in  o f  th e  chest th e  h is tam in e  c o n te n t  w as a t  th e  physio log ical 
level. T he values o b ta in e d  b y  us, even th e  h ig h e s t one (case V III : 25.0 /<g/g), 
w ere m uch  lower th a n  th e  40 //g/g value d e te rm in e d  b y  P erry  in  five  an im als. 
T h e  h is tam in e  c o n te n t w as never high in  th e  o th e r  organs of tu m o ro u s  m ice. 
F o r  th e  tim e being  i t  is im possib le to  co m p are  o u r re su lts  w ith  physio log ica l 
d a ta ,  as these  are  la c k in g  in  th e  l i te ra tu re ; we h a v e  m ade no such d e te rm in a 
tio n s , e ith er. T he v a lu e s  o b ta in ed  were closely s im ila r  to  th e  physio logical ones



HISTAMINE CONTENT OF TRANSPLANTABLE MASTOCYTOMA 341

described  in  th e  l i te ra tu re  an d  found also b y  us in  th e  r a t ,  b o th  as re g a rd s  
th e  o rd e r of m ag n itu d e  o f  th e  h istam ine  level a n d  th e  re la tiv e  h is ta m in e  con
c e n tra tio n s  in  th e  o rgans. As th e  h is tam in e  v a lu es  found  in  th e  o rg an s o f  ou r 
m a s to cy to m a to u s  m ice can  be regarded  as physio logical, i t  seem s lik e ly  th a t  
on th e  basis o f th e  h is ta m in e  c o n ten t, in  o u r tu m o ro u s  anim als th e  m a s t  cell 
c o n te n t o f th e  organs has n o t increased , i.e. in  o u r m ouse s tra in  th e  t r a n s 
p la n ta b le  m a s to cy to m a  grew  exclusively lo ca lly  a n d  form ed seco n d ary  d ep o 
sits  in  none of th e  o rgans. T hus, our m ice a re  less suscep tib le  to  m a s to c y to m a  
th a n  are  th e  L A F j m ice.

F ig . 4 . L iv er  o f  a m a sto c y to m a to u s  L A F , m ouse. H a e m a to x y lin -e o s in , a b ou t X 4 0 0 . M asses  
o f  m a sto c y to m a to u s  in filtra tio n s  are v is ib le  in  th e  h ep atic  s in u so id s

5. In  c o n tra s t w ith  th is , every  organ  o f th e  orig inal L A F j m ouse  (T ab le  
I I I )  co n ta in ed  m ore h is tam in e  th a n  th e  o rg an s o f our m ice, an d  in  th e  liv e r 
excessively  h igh  am o u n ts  w ere found . T hese d a ta  com ply  fully  w ith  th e  o b se r
v a tio n  th a t  in  L A F j m ice th e  in tra m u sc u la r ly  in o cu la ted  tu m o u r  n o t  only  
show s ra p id  local g ro w th , b u t  also form s leukaem ia-like  secondary  d ep o sits  
in  th e  o rgans. P a ra lle l w ith  th e  increase in  th e  n u m b er of m a s t cells caused  
b y  m e ta s ta s is  fo rm a tio n , th e  h istam ine  c o n te n t increased  m anifo ld . T h e  1600 
/tg /g  h is tam in e  c o n te n t found  in  th e  liv er w as m uch  h igher th a n  t h a t  in  th e  
tu m o u r  itse lf. A lth o u g h  th e re  was a m assive m a s t cell in f iltra tio n  in  th e  liv e r 
( F i g .  4 ) ,  th e  excessively  h igh  h is tam in e  c o n te n t m ay  also be c o rre la ted  w ith  
th e  m etab o lism  o f th a t  o rgan . In  th e  liv er n am e ly  th e  p recond itions o f  excessive 
h is ta m in e  fo rm atio n  (h istid ine , h is tid in e -d eca rb o x y lase  ac tiv ity ) a re  b e t te r  
th a n  in  th e  m a s to cy to m a  itself.

I n  connex ion  w ith  th e  cap ac ity  o f m asto cy to m as to  p ro d u ce  h is ta m in e  
le t  us m en tio n  th a t  Lin d ell  e t al. (1959) s tu d ie d  w ith  C14-L -h is tid in e  th e  
h is ta m in e  p ro d u c in g  c a p a c ity  o f a m asto cy to m a  lo ca ted  in  th e  dog’s ab d o m in a l
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s k in , an d  found th a t  in  th e  cen tra l p a r t  o f th e  tu m o u r  ex trem ely  r ich  in  m a s t 
ce lls  h is tam in e  p ro d u c tio n  w as 4 to  4.5 tim es  g re a te r  th a n  in  th e  su b cu tan eo u s  
t is s u e  a d jacen t to  th e  tu m o u r . F rom  th e ir  re p o r t  i t  canno t be es tab lish ed  
w h e th e r  th e  sub cu tis  w as in ta c t  or in f il tra te d  w ith  m ast cells.
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THE EFFECT OF NORADRENALINE ON CARDIAC 
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(R eceived  M ay 10, 1963)

In  dogs w ith  isch aem ic  shock cardiac  o u tp u t  w as found  to decrease  a p p ro x i
m a te ly  p a ra lle l w ith  b lood  pressure. C oronary b lo o d  flo w  decreased to  a lesse r e x te n t .  
C oronary  re sis tan ce  show ed no sign ifican t a lte ra t io n .

In fusion  o f n o ra d re n a lin e  resto red  a r te r ia l  p re ssu re , w ith o u t a sig n ifican t in c rease  
in  card iac  o u tp u t;  th e  rise  in  pressure  w as d u e  to  a n  increase  in  p e rip h e ra l re s is tan c e . 
C oronary  re sis tan ce  decreased  ra th e r  th a n  in c re ased . A ccordingly , co ro n ary  b lo o d  flow  
rose  above co n tro l v a lu es, an d  th e  co ronary  f ra c t io n  of th e  cardiac o u tp u t  in c re a sed  
su b s ta n tia lly .

T ra u m a tic  shock  is charac terized  b y  h eam o d y n am ic  changes, o f  w hich  
th e  m o st im p o r ta n t a re  a s ig n ifican t decrease in  card iac  o u tp u t a n d  a r te r ia l  
blood pressure, w ith  c o n seq u en t im p a irm en t o f  th e  blood supply  to  th e  v i ta l  
o rgans.

I t  w as a lm o st h a lf  a cen tu ry  ago t h a t  co ro n a ry  c ircu la tion  h as  b een  
e s tab lish ed  to  d ep en d  on a r te ria l p ressure [26, 28]. This dependence h a s  since 
been co n firm ed  b y  a h o s t o f au th o rs  [6 , 20, 21, 23]. C ongruently , c o ro n a ry  
c ircu la tio n  has been  d e m o n s tra te d  to  decrease  also  in  haem orrhag ic  h y p o te n 
sion [3, 7, 12, 29, 30], y e t  H a c k e l  and  G o o d a l e  [19] found no e ssen tia l 
change in  card iac  b lood  flow  because o f a c o n c u rre n t decrease in  c o ro n a ry  
resis tan ce .

C oronary  c ircu la tio n  has been show n to  decrease in  tra u m a tic  sh ock . 
This decrease, how ever, is n o t p ro p o rtio n a l to  th e  fa ll in  blood p ressu re , w h ich  
fa c t in d ica te s  d ila ta tio n  o f th e  co ronary  vesse ls  [39]. Sa r n o f f  e t a l. [30],  
on th e  o th e r h a n d , o b serv ed  in  th e  la te  s tag es  o f  tra u m a tic  shock a m a rk e d  
decrease in  co ro n ary  flo w ; how ever, an  e le v a tio n  of th e  perfusion  p re ssu re  
d e fin ite ly  im p ro v ed  th e  b lood  supply .

Som e of th e  tre a tm e n ts  cu rren tly  em p lo y ed  serve th e  im m ed ia te  e n d  of 
ra is in g  blood p ressu re  to  im prove blood su p p ly  to  th e  v ita l organs. A lth o u g h  
in  th e  lig h t o f re c e n t ex p erim en ta l find ings th e  use of pressor su b s ta n c e s  fo r 
th is  p u rp o se  seem s so m ew h at questio n ab le , c lin ica l s tud ies [e.g., 27] h av e  
show n th a t  unless th e  cause  o f shock can be re m o v e d  a t  once, early  re s to ra t io n  
to  n o rm a l of b lood p ressu re  by  pressor t r e a tm e n t  is favourab le . Som e a u th o rs  
[19, 24] claim  th a t  n o rad ren a lin e  exerts  a fa v o u ra b le  ac tion  in  h ae m o rrh a g ic  
shock , even if  ad m in is te re d  in  add ition  to  a d e q u a te  blood tran sfu s io n s . T h is
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a c t io n  m ay  perh ap s be  q uestioned  in h ae m o rrh a g ic  shock, b u t  in  clinical 
l i te r a tu r e  th ere  is a g re e m e n t in th a t  n o ra d re n a lin e  is em inen tly  su ita b le  for 
th e  c o n tro l of o ther ty p e s  o f  shock, p rim arily  t h a t  due to  coronary  occlusion  [37].

S tu d ied  in  a v a r ie ty  o f  p rep ara tio n s (f ib r illa tin g  h ea rt, h e a r t- lu n g  p re p a 
r a t io n ,  h e a r t  perfused  in  s itu ) , b o th  a d ren a lin e  a n d  n o rad renaline  w ere  found 
d e f in i te ly  to  increase c o ro n a ry  flow  [6 , 8 , 9, 10, 17, 22, 26], to  im p ro v e  ca rd iac  
f lo w  in  ex p erim en ta l co ro n a ry  occlusion [35], an d  to  p rom ote  m y o ca rd ia l 
o x y g e n a tio n  [31]. T h ere  a re , how ever, no  re lia b le  d a ta  as to  th e  ch an g es in 
b lo o d  flow  th ro u g h  th e  v i ta l  organs, in c lu d in g  th e  h ea rt, w hen som e p resso r 
a g e n t  is ad m in is te red  fo r  re s to rin g  b lood  p re ssu re  during  shock. Ca t c h p o l e  
e t  a l. [3] an d  F r a n k  e t a l. [13] found  t h a t  n o rad ren a lin e  g rea tly  in te n s if ie d  
c o ro n a ry  flow  d u rin g  haem o rrh ag ic  h y p o te n s io n , b u t th e  q u es tio n  is still 
o p e n  as to  w h a t e x te n t th e  values o b ta in e d  in  th is  p a rticu la r sh o ck  p a t te rn  
a p p ly  to  th e  various fo rm s o f shock. T he p e rfu s io n  of the  v ita l o rg an s  w ith  
re s p e c t  to  th e  efficacy  o f  pressor t r e a tm e n t  being  a p p a ren tly  im p e ra tiv e , 
w e d ec id ed  to  s tu d y  i t  in  exp erim en ta l isch aem ic  shock.

P resso r agents ra ise  b lood  p ressure  b y  in d u c in g  periphera l v a so c o n s tr ic 
t io n  w h ereb y  th e y  in c rea se  c ircu la to ry  re s is ta n c e  and  th e  w ork o f  th e  h e a r t . 
O n  th is  g round  i t  seem s possib le  th a t  re la tiv e  m y o card ia l ischaem ia  is a g g ra 
v a te d  desp ite  an acc e le ra te d  coronary  flow . O n th is  account we th o u g h t  it 
n e c e s sa ry  to  s tu d y  sy s tem ic  c ircu lation  an d  ca rd iac  w ork, an d  to  co m p are  
th e i r  changes w ith th o se  in  card iac flow.

Material and m ethods

I n  te n  m ongrel dogs o f 15 to  20 kg  bo d y  w e ig h t ischaem ic  shock was in d u c e d  u n d e r  
c h lo ra lo se  anaesth es ia  (0.10 g /k g  ad m in istered  in tra v e n o u s ly )  by  app ly ing  a  to u r n iq u e t  on 
th e  tw o  h in d  legs for 4 h o u rs . I n  p revious e x p e rim e n ts  [33, 34] th e  m eth o d  w as c e r ta in  to  
c au se  f a ta l  shock. To m easu re  co ro n ary  c ircu la tio n  a ro ta m e te r  ty p e  flo w m eter w as in se r te d  
th r o u g h  a  po ly th en e  c an n u la  in to  th e  descending b ra n c h  o f  th e  left coronary  a r te ry ,  a n d  th e  
s y s te m  w as perfused  fro m  th e  ip s ila te ra l caro tid  a r te ry .  T h is  tim e  we d ep arted  fro m  o u r  earlie r 
m e th o d  [36] in  th a t  a f te r  c o n n ec tio n  of th e  f lo w m ete r we closed th e  th o ra x  a n d  e lim in a ted  
th e  p n e u m o th o ra x  so t h a t  th e  a n im a ls  could b re a th e  sp o n tan eo u s ly . Cardiac o u tp u t  w as e s ti
m a te d  b y  th e  d irec t F ick  m e th o d . M ixed venous b lo o d  w as o b ta in e d  th ro u g h  a c a th e te r  in se r te d  
in to  th e  r ig h t  a tr iu m , an d  a r te r ia l  blood from  th e  c a ro tid  a r te ry . In  th e  caro tid  a lso  w as m eas
u re d  th e  a r te r ia l  p ressu re , b y  m eans of a  m e rc u ry  m an o m e te r. F rom  th e  d a ta  o b ta in e d  
w ere  c a lc u la te d  th e  to ta l  p e r ip h e ra l resistance (T P R ), th e  co ro n ary  resistance (C R ), th e  w ork  
o f  th e  le f t  h e a r t  (CL), th e  c o ro n a ry  frac tio n  o f c a rd ia c  o u tp u t  (C/), and  th e  c a rd ia c  0 2 
s u p p ly  (A O ,), b y  m eans of th e  fo rm ulas,

M  X 1332
T P R  = -------у ------

(dyn. sec. cm- s)

w h e re  M  =  m ean a rte ria l p re ssu re , and  V  =  c a rd iac  o u tp u t;

CR
(dyn. sec. cm 5)

M X  1332 
Vc 
60

w h e re  Vc =  b lood flow th ro u g h  th e  left co ronary  a r te r y ,  m l/m in ;
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CL
(kg/m in.)

M X  V X 13.2
1000

w here  th e  k in e tic  fa c to r is neg lec ted ; an d

Cf  =  V c /V  X 100

w here  i t  m u st be ta k e n  in to  c o n sid e ra tio n  th a t  on ly  th e  a m o u n t o f b lood  flow ing  th ro u g h  
a single co ro n ary  b ran ch , an d  n o t th ro u g h  th e  en tire  v a scu la r  system  of th e  h e a r t ,  w as m easu red . 
F ro m  th is  i t  follows t h a t  th e  co ro n ary  frac tio n  th u s  co m p u ted  p e rm its  o f  re la tiv e  e v a lu a tio n  
on ly .

C ard iac  oxygen su p p ly  w as c a lcu la te d  fro m  th e  p ro d u c t o f c o ro n ary  flow  and  
a r te r ia l  0 2 c o n ten t.

F o r  tech n ica l reasons, th e  f i r s t  ana ly sis  w as m ade  a t  th e  en d  of th e  4 -h o u r ischaem ia  
o f th e  h in d  legs, before rem ov ing  th e  to u rn iq u e ts . A lth o u g h  th e  h aem o d y n am ic  v a lu e s  d e te r
m in ed  on  th is  occasion v a ried  w ith in  n o rm a l lim its , th e y  rep re sen t h u t  re la tiv e  co n tro l va lues, 
w h ich  can  on ly  be re la te d  to  th e  changes obse rv ed  su b seq u en tly . A fter rem o v in g  th e  to u rn iq u e ts  
we w ere w a itin g  fo r th e  b lood p ressu re  to  d ro p  to  a b o u t h a lf  th e  in itia l v a lue , o r to  a p p ro x im a te ly  
60 m m H g , an d  th en  s ta r te d  an  in tra v e n o u s  d rop  in fusion  of n o rad renaline . T h e  r a te  o f in fusion  
w as so reg u la ted  as to  ach ieve s ta b iliz a tio n  of blood p ressu re  a t  th e  co n tro l leve l reg is te red  
im m e d ia te ly  before th e  rem o v a l o f th e  to u rn iq u e t. In  m o st cases th is  re q u ire d  a d m in is tra tio n  
o f larg e  n o rad ren a lin e  doses, u p  to  10 y /k g /m in . In fu sio n  w as usua lly  s to p p ed  w h en  th e  an im al 
h a d  rece iv ed  a to ta l  o f 5 m g o f n o rad ren a lin e . R eg is tra tio n s  were m ade  on fo u r occasions 
d u rin g  th e  ex p erim en t, (1) im m e d ia te ly  before rem ov ing  th e  to u rn iq u e t;  (2) w h en  blood 
p re ssu re  fell to  ab o u t 60 m m H g, before  n o rad ren a lin e  in fusion  was s ta r te d ;  (3) d u rin g  n o r
a d ren a lin e  in fusion ; (4) as soon a f te r  co m p le ted  in fusion  as blood pressu re  h a d  s ta b ilize d  a t  
a  low  level.

Results

As m en tio n ed  above, we h av e  no values th a t  could he re g a rd e d  as 
“ n o rm a l”  in  th e  s tr ic t  sense o f  th e  te rm , b u t  th e  m ean  a r te r ia l p ressu re  of 
th e  an im als was no rm al a t  th e  end  of th e  ischaem ic period  (123 m m H g), 
an d  so w as th e  card iac  o u tp u t . D esp ite  a slig h t ta ch y ca rd ia  (an  av e rag e  pulse 
r a te  o f  131, som ew hat h igh fo r an im als w eighing  15 to  20 kg), no essen tia l 
h aem o d y n am ic  changes w ere n o te d . N or d id  th e  v alue  for c o ro n a ry  flow  
(39.5 m l/m in) d iffer from  th a t  o b ta in e d  in  o th e r  ex perim en ts ca rried  o u t w ith  
s im ila r m ethods [35, 36].

D u rin g  th e  h y p o ten siv e  period  follow ing rem oval o f th e  to u rn iq u e t 
(av e rag e  a rte ria l p ressu re  a b o u t 61 m m H g ), th e re  occurred  a m a rk e d  decrease 
in  ca rd iac  o u tp u t, a m o u n tin g  to  a b o u t 50 p e r cen t; to ta l  p e rip h e ra l re s is tan ce  
rem a in e d  unch an g ed . A ccord ing ly , th e  w ork  o f th e  h e a r t d im in ish ed  to  ab o u t 
a q u a r te r  o f w h a t i t  h ad  been  befo re , w hereas on th e  average c o ro n a ry  c ircu la 
tio n  decreased  b y  n o t m ore th a n  37 p e r cen t. C oronary  resis tan ce  show ed no 
s ig n if ic a n t change.

U pon  th e  ac tion  of n o rad ren a lin e , b lood  pressure rose to  th e  con tro l 
level an d  card iac  o u tp u t rem a in ed  u n ch an g ed . This m eans t h a t  th e  rise  in 
a r te r ia l  p ressu re  was due to  an  increase  in  p e rip h era l resistance . T h is, how ever, 
d id  n o t ex ten d  to  th e  co ro n ary  vessels, for co ro n ary  flow  increased  to  tw o  and  
a h a lf  tim es th e  p re-infusion  v a lu e . T he cause o f th is  w as f irs t  o f all a rise  in
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Table 1

H a e m o d y n a m i c  e f f e c t s  o f  n o r a d r e n a l i n e  i n  i s c h a e m i c  s h o c k

1 2 3 4

B lood  press. m m H g X 123.1 61.3 123.3 45.3

n  =  10 s.d. 21.6 10.9 18.8 17.4

H e a r t  ra te X 131.5 137.1 120.1 124.7

n  =  8 s.d. 1 6 .4 18.5 22.3 45.7

C ard , o u tp u t  1/min. X 2.59 1.25++ 1.19 + 1.44

n  =  8 s.d. 0.93 0.47 0.49 1.05

P e r ip h . resist, dyn. sec. cm .~ 5*103 X 4.2 4.7 9.8 3.8

n  =  8 s.d. 1.3 2.8 5.2 2.2

C ard iac  w ork  kg/m in. X 4.57 1.04+4 1.94++I 0.831 !~++

n  =  8 s.d. 2.41 0.34 0.80 0.51

C oron. blood flow m l/m in X 39.5 23.7 64.1 + ! 17.1 1

n  =  10 s.d. 20.8 20.5 44.1 16.0

C oron. re sist, dyn. sec. cm _5 -105 X 3.1 3.5 2.5 ! 2.8

n  =  10 s.d. 2.5 3.2 2.3 2.2

C oron. frac tion  Vc/Y X 100 X 1.47 1.38 4 .7 7 r - 1.40

n  =  8 s.d. 0.86 1.17 2.03 0.53

+: significant d ifference • fro m  contro l value  a t  th e  1%  to  5%  level 
: significant d ifference fro m  th e  contro l va lue  a t  th e  0 .1%  level 

significant d ifference to  th e  preceding period  a t  th e  1%  to  5%  level

1 : Control period (before  rem oval of to u rn iq u e t)
2: Before n o rad renaline  in fusion  
3: D uring no rad ren a lin e  infusion  
4: A fter no rad renaline  in fusion

th e  perfusion  p ressu re , b u t  th e re  was also a d ecrease  in  co ronary  resis tan ce . 
T h e  co ronary  frac tio n  o f  th e  card iac  o u tp u t in c rea sed  su b s ta n tia lly : w hereas 
in  th e  contro l period  it  w as 1.5 p er cen t in  th e  s tu d ie d  co ronary  b ra n c h , a f te r  
n o ra d re n a lin e  i t  in c rea sed  m ore  th a n  th ree  a n d  a h a lf  tim es, to  4.8. O w ing 
to  th e  increase in p e r ip h e ra l resistance  th e  w o rk  o f th e  h e a r t increased  to  
a lm o s t double of w h a t i t  h a d  been d u ring  th e  h y p o ten siv e  period, b u t  even 
so i t  fa iled  to  reach  h a lf  i ts  v a lu e  reg istered  in  th e  co n tro l period  a t an  id en tica l
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pressure . As no m ajo r ch an g es occurred  in  a r te r ia l oxygen  s a tu ra tio n , m yo
card ia l o x ygen  supp ly  w as ro u g h ly  para lle l w ith  co ro n ary  flow .

Im m e d ia te ly  a fte r  te rm in a tio n  o f th e  n o rad ren a lin e  in fusion  th e  blood 
p ressu re  fell s te ep ly , to  s tab iliz e  m ostly  a t  a low er th a n  th e  p re -n o rad ren a lin e  
level. T h e  cause of th e  s teep  fall was a decrease in  p e rip h era l re s is tan ce , or, 
in  o th e r  w ords, th e  cessa tio n  o f v aso co n stric tio n . C oronary  flow  decreased 
to g e th e r  w ith  a rte ria l p ressu re , as in  co ronary  resis tan ce  no sig n ifican t change 
occurred  a t  th a t  p o in t o f  tim e .

1 2 3 4 ____ Г777;

777>

i CR
4 7 2 3 4mu ’ w tzza 'rrrT\///su m

F ig. 1. E ffec t o f noradrenaline  in  ischaem ic  shock

P  =  pulse ra te  
T  =  a r te r ia l  p ressu re  (m m H g )
V =  changes in  ca rd iac  o u tp u t  (con tro l period  =  100% )

T P R  =  changes in to ta l  p e rip h e ra l resistance  
CR =  changes in co ro n ary  resistance  
Vc =  percen tag e  changes in  co ro n ary  blood flow 
CL =  p e rcen tag e  changes in  w o rk  of h e a r t 
A 0 2=  changes in oxygen  su p p ly  to  co ro n ary  a r te ry

Discussion

In  ou r experim en ts  c h a rac te ris tic  haem o d y n am ic  changes h av e  been 
observed  in  th e  early  s tag e  o f  ischaem ic shock. T h ir ty  to  60 m in u tes  a f te r  th e  
rem oval o f th e  to u rn iq u e t a r te r ia l  p ressu re  fell s te ep ly  to  ab o u t 60 m m H g, 
a p p ro x im a te ly  h a lf  th e  in itia l v a lue . The cause o f  th e  fall w as a decrease in 
ca rd iac  o u tp u t. T o ta l p e rip h e ra l resistance  rem ain ed  unchanged .

5  A cta Medica X IX /4.
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F orm erly , p e rip h e ra l v aso co n stric tio n  h a d  been  considered  a decisive 
fa c to r  in  th e  shock m ech an ism  [12, 14, e tc .]. H ow ever, in  co n d itions o f shock 
v a so c o n s tr ic tio n  could  be  d e m o n s tra te d  in  a few  organs only, a n d  stud ies of 
t o t a l  v a scu la r re s is tan ce  fa iled  to  y ield  u n ifo rm  resu lts . T his th e n  induced  
W i g g e r s  and  M i d d l e t o n  [41]  to  d istingu ish  fo u r d iffe ren t ty p es  o f p e rip h era l 
re s is ta n c e  changes. T h e  chan g es in  p e rip h era l re s is tan ce  are , how ever, n o t 
c h a ra c te r is tic , and  th e re  is u su a lly  no considerab le  increase in  res is tan ce . E v en  
in  t ra u m a tic  shock such  a n  increase  occurs on ly  in  th e  la te  s tag e  [38].

In  our ex p erim en ts  c o ro n a ry  c ircu la tion  decreased  p a ra lle l w ith  blood 
p re s su re . This p o in ts  to  th e  absence of a co m p en sa tin g  m echan ism  w hich, 
a t  th e  expense of all th e  o th e r  o rgans, w ould  ensu re  a p re fe ren tia l ca rd iac  flow , 
a n d  th e re  was no s ig n if ic a n t change in  th e  co ro n ary  frac tio n  o f ca rd iac  o u tp u t. 
I t  seem s p robab le , h o w ev e r, th a t  desp ite  th e  decreased  flow  ca rd iac  b lood 
su p p ly  rem ained  a d e q u a te  as th e  supp ly  decreased  b y  37 p e r c e n t w hen  th e  
w o rk  perfo rm ed  b y  th e  h e a r t  fell to  ab o u t one q u a r te r  o f w h a t i t  h ad  been 
b e fo re .

T h e  stim ulus p ro d u c in g  co ronary  d ila ta tio n  is in  all p ro b a b ility  n o t 
a d ecrease  in  b lood flo w  o r in  a rte ria l oxygen  ten s io n , b u t  th e  m yocard ia l 
o x y g e n  req u irem en t [6 , 11, 38]. T he la t te r  depends of course on th e  w ork 
p e rfo rm e d  b y  th e  h e a r t ;  m o reo v er, on w h e th e r th e  a lte ra tio n  in  t h a t  w ork  is 
d u e  to  a change in  re s is ta n c e  or in  card iac o u tp u t  [2]. N o co ro n ary  d ila ta tio n  
is th u s  observable in  th e  e a r ly  s tag e  of ischaem ic shock , p ro b a b ly  because th e  
b lo o d  flow  is su ffic ien t to  su p p ly  th e  oxygen req u ired  for th e  d im in ished  w ork 
th e  h e a r t  now has to  p e rfo rm . In  la te r  stages, a t  a low  blood  p ressu re , severe 
m y o c a rd ia l hypoxia  m u s t a rise , im pairing  th e  a c tio n  of th e  h e a r t  [18].

U nder th e  effect o f n o ra d re n a lin e , b lood  p ressu re  w as re s to re d  p rac tica lly  
co m p le te ly . For th is , an  in c rea se  o f p e rip h era l re s is tan ce  w as solely responsib le , 
s in ce  no  change w as n o te d  in  card iac  o u tp u t. A t th e  sam e tim e , th e re  was no 
in c re a se  in  co ronary  re s is tan ce .

I t  is still a d e b a te d  p o in t  w h e th e r n o rad ren a lin e  increases co ro n ary  c ir
c u la tio n  passively , m e re ly  b y  ra ising  p e rfu s io n  p ressu re  an d  v ia  a v ag a l 
d ep re ss io n  of th e  h e a r t  r a te ,  or w h e th e r i t  a c tiv e ly  d ila tes th e  co ro n ary  vessels, 
as  h a d  been p o s tu la te d  b y  S m i t h  e t al. [32] an d  observed  in  vitro b y  D e n i s o n  
e t  a l. [4]. This issue c a n n o t be  solved on th e  basis  o f our p re se n t resu lts  h u t ,  
co n sid e red  from  th e  p ra c tic a l  side, th is  is o f seco n d ary  im p o rtan ce . T he essen
t ia l  p o in t is th a t  d u rin g  n o rad ren a lin e  in fusion  th e  w ork  p erfo rm ed  b y  th e  
h e a r t  w as less th a n  h a lf  o f  w h a t i t  h ad  been  in  th e  co n tro l p e rio d , an d  th a t  
c o ro n a ry  blood flow  a n d  th e  oxygen  su p p ly  to  th e  h e a r t  exceeded  con tro l 
v a lu e s . According to  G o l l w i t z e r -Me i e r  a n d  K r o e t z  [16], in  ju d g in g  
w h e th e r  or no t co ro n ary  c ircu la tio n  m eets th e  req u irem en ts  one shou ld  n o t 
b e  g u id ed  b y  th e  re la tio n sh ip  o f w ork  to  b lood  flow  b u t  of oxygen  consum p
t io n  a n d  cardiac w ork . E v e n  i f  one accep ted  th is  concep tion , i t  w ou ld  still seem
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im p ro b ab le  th a t  in  cond itions of shock n o rad ren a lin e  should  im p a ir  oxygen  
su p p ly  as i t  im proves th e  flow  w ith o u t a p a ra lle l rise o f  ca rd iac  w o rk .

In  th e  no rm al an im al n o rad ren a lin e  d e fin ite ly  im proves ca rd iac  oxygen 
su p p ly  since i t  decreases oxygen  d e sa tu ra tio n  o f th e  co ronary  sinus b lo o d  [25] 
a n d  increases oxygen ten sio n  in  th e  m y o card iu m  [31].

T he,conclusion  to  be d raw n  from  th ese  considerations is t h a t  in  ex p eri
m e n ta l ischaem ic sh o jk  n o rad ren a lin e , b y  increasing  p erip h era l re s is tan ce , 
b rings a b o u t a re d is tr ib u tio n  o f ca rd iac  o u tp u t , w hich in  tu rn  in c reases  coro
n a ry  b lood  flow  and  au g m en ts  th e  co ro n ary  frac tio n  of th e  c a rd ia c  o u tp u t.
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Bei e inem  m it h äm o ly tisch em  Ik te ru s  v e rb u n d en e n  L E D -F a ll w urde  C hrom oso
m en u n te rsu ch u n g  vorgenom m en. Z ah len m äß ig e  A bw eichungen  k o n n ten  n ic h t  fe s t
g este llt w erd en , bei 18 der 50 u n te rsu c h te n  Z ellen ließ en  sich jedoch  k o n se q u e n t w ie d e r
ho lende M onosom ie (G ruppe 12) bzw . T risom ie (G ru p p e  22) erkennen . D ie H y p o th e se  
des E n ts te h u n g sm e ch a n ism u s w ird  e rö rte r t.

D ie v e rg an g en en  J a h re  b ra c h te n  a u f  dem  G ebiete der m en sch lich en  
C h ro m o so m en u n tersu ch u n g  b ed eu ten d e  E rgebn isse . D urch  diese z u v e r lä ß 
liche, v e rh ä ltn ism ä ß ig  einfache zy to g en e tisch e  M ethodik  ist es den  K lin ik e rn  
m öglich  gew orden , eine A nzah l von m it C hrom osom enanom alie  v e rb u n d e n e n  
K ra n k h e itsb ild e r  au fzu k lä ren . O bw ohl die zw ischen  K ran k h e itsb ild  u n d  C hro- 
m o so m e n a b n o rm a litä t besteh en d en  k au sa len  Z usam m enhänge n ic h t in  a ller 
H in s ic h t g e k lä rt sind , w erden  die w e ite ren  sy stem atisch en  U n te rsu c h u n g e n  
v o rau ssich tlich  zu r e ingehenden  K lä ru n g  des P a th o m ech an ism u s e inze lner 
K ra n k h e itsg ru p p e n  b e itrag en .

Bisher wurden Chrom osom enanom alien von  verschiedenen Verfassern  
bei folgenden Erkrankungen beschrieben: DoW Nsche Krankheit [1, 2 ], K l i n e - 
FELTERsches Syndrom  [3, 4 ], TuRNERsches-Syndrom [5, 6 ], »Super-female«- 
Syndrom  [7], HuRLERsches-Syndrom [8 ], MARFANsches-Syndrom [9], S t u r g e - 
WEBERsches-Syndrom [10], Leukäm ie [11, 12], WALDENSTRÖMsche Makro- 
globulinäm ie [13, 14], E ntw icklungsanom alien [15, 16], Lym phogranulom a
tose [17, 18], H äm ophylie [19], m aligne G eschw ülste [20], nach R ön tgen 
bestrahlung [21].

D ie m eisten  k lin ischen  C hrom so m en u n tersu ch u n g en  w u rd en  bei v e r 
sch iedenen  in te rsex u e llen  Z u stän d en  bzw . bei den  E rk ran k u n g en  des h äm o - 
po e tisch en  S ystem s d u rch g efü h rt. U nsere  Z ie lse tzu n g  w ar, außer d en  e rw ä h n 
te n  P rozessen  au ch  die so g en an n ten  ko llag én én  E rk ran k u n g en  e iner zy to log i- 
schen  U n te rsu c h u n g  zu u n te rw erfen . U nseres W issens w urden  C hro m o so m en 
u n te rsu c h u n g e n  hei d ieser K ra n k h e itsg ru p p e  n u r  in  F ällen  von  R h e u m a to id -  
A r th r itis  vo rgenom m en. W äh ren d  Castor  [22] in  aus synov ia len  S ch le im 
h au tze llen  v e rfe r tig te n  K u ltu re n  ziem lich  hochgrad ige  A n eu p lo d itä t b e o b a c h 
te n  k o n n te n , fa n d  B a r t fe l d  [23] in  den  K u ltu re n  von  peripherem  B lu t  k e in e r
lei C h ro in o so m en ab n o rm alitä t.
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U nseres E ra c h te n s  is t  die w eitere e in g eh en d e  U n tersu ch u n g  d e r K olla- 
g en e rk ran k u n g en  — tro tz  dieser, im  w esen tlich en  negativen  E rg eb n isse  — 
b e re c h tig t u n d  in te re s s a n t , zum al da d iese K ra n k h e ite n  in  e rs te r  R e ihe  bei 
F ra u e n  V orkom m en u n d  häu fig  auch fa m iliä re n  C harak ters sind . F ü r  die 
A k tu a l i tä t  der E x p e r im e n te  sp rich t au ß e rd e m  au c h  die BüRNETsche T heorie  
(»clonal-selection«) [24], d . h . die K lä ru n g  d e r F ra g e  ob die a n n e h m b a r gene
tis c h  frem d e  Z e llp o p u la tio n , die der »graft v e rsu s  host« -R eak tio n  e n tsp rech en d  
d ie  e rw äh n ten  K ra n k h e itsb ild e r  v e ru rsa c h t, m it  d en  zur V erfügung s teh en d en  
zy to g en e tisch en  M eth o d en  d iagnostiz iert w e rd en  k an n .

I n  vo rliegender A rb e it wollen w ir d ie  a n läß lich  der C h ro m o so m en u n ter
su c h u n g  eines sich  im  B ilde von  h ä m o ly tisc h e m  Ik te ru s  m an ifes tie ren d en  
L u p u s  e ry th em a to su s-F a lle s  gew onnenen E rg eb n isse  bekann tgeben .

F  a lld ars te llu n g

F ra u  I. K . D ie 5 1 jäh rig e  P a tie n tin  s te h t se it 1961 u n te r  k lin ischer K o n tro lle . B eim  
K ra n k h e itsb e g in n  lag en  be i d e r P a tie n tin  H ä m o g lo b in u rie  u n d  au f h äm o ly tisch en  Ik te ru s  
w e isende  S ym ptom e vo r. W esen tlichere  L a b o ra to riu m sb e fu n d e : B lu tsen k u n g  n a c h  W ester- 
g reen : 66 m m /St. E ry th ro z y te n z a h l:  2 000 000, L e u k o z y te n z ah l: 3100, H ä m a to k rit:  12, S e ru m 
b iliru b in : 1,8 m g % , D iazo : v e rzö g ert. C oom bs-T est: p o s itiv . R esistenz der E ry th ro z y te n :  
H äm o ly se  in  säm tlich en  R ö h rch en . H a rn : a u sd rü ck lich e  H äm oglobinurie. L E -P h än o m en : 
w ie d erh o lt positiv . H a u te ry th e m  von L upus-T yp . S te ro id - u n d  C hlorochin-T herapie b e w irk te n  
a u ffa lle n d  rasche B esserung , u n d  obw ohl e in igem ale  n o ch  vorübergehende  sp ärlich e  H ä m o 
g lo b in u rien  v o rk am en , i s t  die P a tie n tin  seit e inem  J a h r  p ra k tisc h  beschw erdenfrei.

M ethodik

D ie C hrom o so m en u n te rsu ch u n g en  w urden  m it d e r  HüNGERFOBDschen M ethode  [25] 
d u rc h g e fü h rt . D as d u rc h  S te rn u m p u n k tio n  gew onnene K n o c h en m a rk  w urde in  e in e r P a rk e r  
199 u n d  H om ologserum  e n th a lte n d e n  N ährlösung  su sp e n d ie r t  u n d  in  den T h e rm o s ta t  gelegt. 
N a ch  20 S tu n d en  w u rd e  d e r K u ltu r  3 у/ m l Colchicin h in zu g e fü g t u n d  noch w eite re  2 S tu n d e n  
h in d u rc h  in k u b ie rt. D ie m it  h y p o to n isch e r Lösung b e h a n d e lte n  u n d  fix ie rten  P rä p a ra te  w u rd en  
m it E ssigsäu re-O rce in  g e fä rb t u n d  die geeigneten  C hrom osom engruppen  m it lOOOfacher 
V e rg rö ß eru n g  p h o to g rap h ie r t.

B ew ertung

D ie a u sg esch n itten en  und  paarw eise  g eo rd n e ten  C hrom osom en w u rd en  
d em  ÜENVER-System [26] en tsp rechend  g ru p p ie r t . A usgew ertet w u rd e n  50 
im  S ta d iu m  der M etap h ase  befind lichen  Z ellen . B ei 18 m ito tischen  Zellen  ließen  
sich  d ie  a u f  der A b b ild u n g  d argeste llten , fo lg e rich tig  w iederholenden  V erä n d e 
ru n g e n  erkennen .

D as Id io g ram m  v e ran sch au lich t, d aß  zah len m äß ig e  V erän d eru n g en  n ic h t 
v o rlieg en , in  sä m tlich en  d e r bew erte ten , im  S ta d iu m  der M etaphase  b e f in d 
lich en  Zellen sind 46 C hrom osom en zu b e o b a c h te n . A nläßlich  d er D e n v e r - 
G ru p p ie ru n g  e rg ib t s ich  jed o ch , d aß  von  d en  zu  G ru p p e  22 gehörenden  k le inen  
a k ro zen trisch en  C hrom osom en  a n s ta t t  — w ie norm alerw eise  — 2, 3 v o rz u 
f in d e n  sind  u n d  g le ichze itig  das eine m itte lg ro ß e  subm ediane C hrom osom  
(a n n e h m b a r das N o. 1 2 ) u n p aa rig  is t.
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Besprechung

D ie E n ts te h u n g  der b esch riebenen  C hrom osom enanom alie  d ü rf te  fo l
gen d erm aß en  verlau fen . Bei d er S tam m zelle  d er Z e llpopu la tion  p a th o lo g isch en  
K a ry o ty p s , bei einem  der m itte lg ro ß e n  subm ed ianen  C hrom osom en  erfolgte 
a u f  W irk u n g  irgendeines sch äd ig en d en  F a k to rs  F ra g m e n tie ru n g  in  d er N ähe 
des Z en trom ers. D er das Z en tro m er e n th a lte n d e  kürzere  C hrom osom ensatz  
w urde  w ährend  der fo lgenden  T eilungen  w eiter rep ro d u z ie rt, w ä h re n d  der 
an d ere , kein  Z en tro m er e n th a lte n d e  C hrom osom ensatz  au sg esch ied en  w urde. 
A u f G ru n d  dieser H y p o th ese  k a n n  das la u t  des ÜENVER-Systems in  G ruppe  22 
gehörende, k leine ak ro zen trisch e  C hrom osom  als der k ü rze re  C hrom osom en
sa tz  des feh lenden  m itte lg ro ß en  su b m ed ian en  Chrom osom s b e t r a c h te t  w erden.

A us diesem  einen F a ll w ollen w ir n a tü rlic h  keine a llg em ein en  Schlüsse 
ziehen . E s is t n ich t ausgeschlossen, d aß  d er b eo b ach te ten  A nom alie  ledig lich  in 
d er A uslösung der H äm olyse  eine Rolle zu k o m m t, obw ohl bei häm o ly tisch em  
Ik te ru s  b isher keine C hrom osom enanom alien  gefunden w u rd e n  [27]. U nsere 
im  G ang befind lichen , bei L E D -K ra n k e n  vorgenom m enen  C h ro m o so m en u n 
te rsu ch u n g en  sollen zu r K lä ru n g  d er F rag e  b e itrag en , ob es s ich  h ierbei um  
eine sy stem atisch  v o rk o m m en d e , a u f  L u p u s e ry th em a to su s  c h a ra k te ris tisch e  
A b n o rm a litä t, oder um  eine n u r  zufällig  vo rkom m ende in d iv id u e lle  C hrom oso
m enanom alie  h an d e lt.
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Albino ra ts  — fed on  a no rm al an d  on a card io pathogen ic  d ie t — w ere tre a te d  
w ith  6 m g of v ita m in  E . As a re su lt, th e  decrease  o f th e  tran sam in ase  (G O T) a c t iv ity  
o f th e  h e a r t m uscle p ro v ed  to  be slig h te r in  th ese  ra ts  th a n  in those  k e p t  on  th e  sam e 
d ie t  and  n o t t re a te d  w ith  v ita m in  E . D u rin g  th e  ex p erim en t, w hich  la s te d  30 d ays, 
fro m  18 anim als fed th e  card io p ath o g en ic  d ie t  9 died  w ith  in fa rc to id  c a rd io p a th y , 
w hile o f the  15 an im als k e p t on  th e  sam e d ie t a n d  sub jected  to  v ita m in  E  tre a tm e n t,  
o n ly  3 died. In  th e  o th e r  ex am in ed  p a ram e te rs , no  sign ifican t d ifferences w ere d e te c te d  
b e tw een  th e  tw o g roups. H ow ever, b lood p ressu re , h istological f in d in g s , p h o sp h a ta se  
a c tiv ity , cholesterol v a lu es w ere n ea re r to  n o rm al in  th e  v ita m in  E  t r e a te d  an im als 
th a n  in th e  o thers . V itam in  E  seem ed to  p ro d u ce  a certa in  p ro tec tiv e  e ffec t, b u t  th is  
ap p ea red  to  be p a r tia l  a n d  slight.

In  recen t years, m an y  p ap ers  h av e  d ea lt w ith  th e  effect o f v i ta m in  E  in  
arteriosc lerosis  as well as in  m y o card ia l in fa rc tio n . As to  th e  re su lts , som e 
a u th o rs , for exam ple D o m i n g u e z  [1], re p o rte d  on a fav o u rab le  p ro te c tiv e  
effec t, w hereas o thers [2] observed  m o d era te  re su lts . These c o n tra d ic tio n s  
m ig h t p e rh ap s find  th e ir  ex p la n a tio n  in  th e  d iffe ren t exp erim en ta l co n d itio n s. 
O u r in v estig a tio n s concern ing  th e  effect o f v ita m in  E  were th e re fo re  p e rfo rm ed  
u n d e r  w ell-know n s ta n d a rd  cond itio n s, in  an im als fed on th e  S — 65 c a rd io p a 
th o g en ic  d ie t o f Sós. T he effect o f th e  d ie t has been d iscussed  p rev io u sly  
[3, 4, 5].

E xp erim en ta l

In  th e  ex p erim en ts m ale a lb ino  (W is ta r  s tra in )  ra ts ,  w ith  a s ta rtin g  w eigh t o f 100 —120 g, 
w ere used . T he anim als were d iv id ed  in to  fo u r g roups. Seven an im als were fed  a se m i-sy n th e tic  
n o rm al d ie t, and  six received in  a d d itio n  6 m g of v ita m in  E  (0.2 ml v ita m in  E , R ic h te r , B u d a 
p est). T h e  th ird  group co n ta in in g  18 an im als , was k e p t  on th e  S-65 card io p a th o g e n ic  d iet. 
T h e  fo u r th  group (15 an im als) rece ived  th e  sam e card io p ath o g en ic  d ie t, a n d  su b c u tan e o u s ly  
6 m g of v ita m in  E  in  oil. T he d ie t o f all th e  an im als am o u n te d  to 10 g da ily . W a te r  w as n o t 
re s tr ic te d . D uring  four w eeks b o d y  w eigh t an d  blood pressu re  were m easu red  re g u la r ly . T he 
tim e  of acc id en ta l d ea th  w as reg is te red . On th e  29th d a y  of th e  tre a tm e n t th e  an im a ls  w ere 
sacrificed  by  d ecap ita tion .

T o ta l cholesterol as well as e ste rific a ted  cho lestero l in  serum  were d e te rm in e d  b y  th e  
L ieb erm an  reac tion . T he h e a r ts  w ere s tu d ied  h isto log ically , and  a fte r h o m o g en iza tio n  e x am 
in ed  fo r acid  and a lkaline  p h o sp h a tase  by  B o d a n sk y ’s m eth o d  as m odified  b y  P r a t t  [ 6 ] ,  
a n d  fo r g lu tam ic-oxaloace tic  tran sam in ase  (GOT) a c t iv ity  by  the  m od ified  m e th o d  of 
D u b a c h  [7]. F rom  th e  a o rta  sam ples w eighing a b o u t 10 m g were tak e n , a n d  d isso lved  in  
su lp h u ric  acid  d ilu ted  1 : 1, in  th e  p resence of I I20  an d  CuSO,. In  fu r th e r  d ilu tio n s  th e  Ca 
c o n te n t wras de term ined  by  flam e  p h o to m e try .
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R esults

T h e  resu lts are  su m m a riz e d  in  th e  fo llow ing  ta b le .

Table

Normal N orm al -f- V it. E. S-65 S-65 +  V it. E.

N u m b e r  o f anim als a t  th e  b eg in n in g  

N u m b e r o f died anim als

N u m b e r  of anim als su b jec ted  to  
ch em ica l investigations

C hanges in body w eight, p e r  c en t 

B lood  pressure m ax im um , m m  H g

7

0

7

+  25 

123 ±  6

6

0

6

+  38 

127 ±  8

18

9

9

—  5 

166 ±  17

15

3

12

—  4 

154 ±  4

T o ta l  cholesterol in serum , m g p e r  
100 m l 129 ±  39 89 ±  29 281 ±  80 246 ±  84

C ho leste ro l ester in serum  in  p e rc e n t
age o f to ta l cholesterol 43 ±  17 41 ±  15 76 ±  18 56 ±  19

A cid  phosphatase  c o n te n t o f  h e a r t  
m usc le  jMg P/g h e a rt m u sc le /h o u r 67 ±  16 59 ±  13 53 ±  19 61 ±  22

A lk a lin e  phosphatase  c o n te n t o f  h e a r t  
m usc le  ug P /g  h e a rt m u sc le /h o u r 267 ±  30 323 ±  58 275 ±  64 294 ±  69

G lu tam ic-oxaloacetic  tra n sa m in a se  
c o n te n t of h eart m uscle m g p y ru v ic  
a c id /m g  h eart m uscle /hour 408 ±  19 381 ±  39 316 ±  32 361 ±  47

Ca c o n te n t o f ao rta , p e r  c en t 0.58 ±  0.16 0.61 ±  0.15 0.69 ± 0 .1 9 0.67 ±  0.14

A ccording to  th e  s ta t is t ic a l  ev a lu a tio n  w ith  S tu d e n t’s t  te s t, th e  d ifference 
b e tw e e n  th e  S-65 a n d  S-65 -f- E  v itam in  g roup  w as sig n ifican t concern ing  este- 
r i f ic a te d  cholesterol ( p < 0 .0 2 )  an d  GOT a c tiv i ty  (p < 0 .0 5 ) . R egard ing  th e  o th e r 
d a ta  o f these groups, th e  d ifference was n o t  s ig n if ican t.

H isto logy  o f th e  a o r ta  showed no d ifference  be tw een  th e  tw o  groups. 
T h e re  was a c h a ra c te r is tic  unevenness o f th e  e la stic  fib res, w ith  occasional 
e las to ly sis . In  th e  S-65 g ro u p  th e  h ea rt o f one an im a l o u t of th e  n ine  w as h is to 
lo g ica lly  in ta c t (none o f  th e  an im als w hich d ied  a f te r  th e  2 0 th  day  h a d a r t  in ta c t  
h e a r t ) ,  w hereas in  th e  S-65 +  v itam in  E  g roup  th e  h e a r t  of four o u t o f 12 w as 
in ta c t .  The changes w ere  as described p rev io u sly  [3]; as to  th e  g ra v ity  o f th e  
le s io n s , th ere  was h a rd ly  a n y  difference b e tw een  th e  tw o  groups.

D iscussion

T he m ain ca rd io p a th o g e n ic  factors o f th e  S-65 d ie t are  its  richness in  N a, 
Cl, a n d  Ca, p o v e rty  in  К  an d  Mg, large a m o u n ts  o f v ita m in  D , cholic acid  
s a lts ,  cholesterol, p e rc h lo ra te . U nder th e  co n d itio n s  app lied , th is  d ie t p ro d u ced  
m y o ca rd iac  necroses in  a b o u t 30 days. In  th e  an im als dead sp o n tan eo u sly
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b e tw e e n  th e  20 th  and  2 9 th  day s of th e  ex p erim en t, sim ilar changes cou ld  be 
o b se rv ed . T he low n u m b er of d ead  an im als in  th e  v itam in  E - tre a te d  g ro u p  was 
s tr ik in g  an d  perh ap s n o t acc id en ta l, a lth o u g h  owing to  th e  sm all n u m b e r  of 
an im a ls  no conclusions could  be d raw n .

T he an im als tre a te d  w ith  v ita m in  E  w ere som ew hat n e a re r  to  no rm al 
(w ith  re sp ec t to  blood p ressu re , serum  to ta l  cho lestero l, ao rtic  ca lc ium , m y o c a r
d ia l h isto logy) th a n  th e  g roup  w hich  w as offered  only th e  S-65 d ie t. T h e  d iffe r
ences w ere, how ever, s ligh t an d  n o t s ig n if ican t s ta tis tic a lly .

T he p ro tec tiv e  effect o f v ita m in e  E  m an ifes ted  itse lf in  th e  G O T a c tiv ity  
o f  th e  hom ogenized h e a r t  m uscle, w hereas in  th e  group k e p t on th e  S-65 d ie t, 
th e  m o st dam aged  an im als, show ing a t  th e  sam e tim e  th e  low est G O T a c tiv ity , 
cou ld  n o t be exam ined  as th e y  d ied  before tim e .

T h e  increase of th e  ra tio  se ru m  cho lestero l ester per to ta l  ch o les te ro l is a 
s tr ik in g  effect of th e  S-65 d ie t, th e  m echan ism  o f w hich is u n k n o w n . I t  m ig h t 
p e rh ap s  be exp lained  w ith  th e  d im in ished  re ticu lo en d o th e lia l fu n c tio n  or a 
d is tu rb a n c e  of th e  ly m p h  c ircu la tio n . U n d e r th e  effect of v ita m in  E  th e  ra tio  
w as s ig n ifican tly  decreased. T he v ita m in  E  c o n te n t of th e  c a rd io p a th o g en ic  
d ie t S-65 is som ew hat low er th a n  th e  no rm al re q u irem en t, b u t  th is  p re su m a b ly  
w as n o t a pathogen ic  fa c to r  in  an  ex p e rim en t la s tin g  29 days, i t  b e in g  know n 
th a t  in  ra ts  several m o n th s are  n eeded  fo r sy m p to m s to  arise on a v i ta m in  E 
de fic ien t d ie t. H ow ever, th e  p e rch lo ra te  an d  iro n  co n ten t of th e  S-65 d ie t p ro b 
a b ly  enhances th e  u tiliz a tio n  o f v ita m in  E .

O ur experim en ts h av e  failed  to  fu rn ish  a d efin ite  answ er to  th e  questio n  
w h e th e r large doses o f v ita m in  E  h a d  a p ro te c tiv e  effect in  case o f c a rd io 
p a th o g en ic  d ie t. O ur re su lts  seem  to  suggest t h a t  a ce rta in  p ro te c tiv e  e ffec t is 
p ro d u ced ; th is , how ever, is only  p a r tia l , an d  p resu m ab ly  sligh t.
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EFFECTS OF HYALURONIDASE 
AND ANTIDIURETIC HORMONE ON FLOW 

AND COMPOSITION OF THE RENAL LYMPH

By

M. P a p p  and K a t a l in  S zala y

D E P A R T M E N T  OF PA T H O PH Y SIO L O G Y , R E S E A R C H  IN S T IT U T E  OF E X P E R IM E N T A L  M E D IC IN E  
(D IR EC TO R : P R O F . I. RU SZN Y Á K ), H U N G A R IA N  ACADEM Y OF SCIENCES, B U D A P E S T

(R ece iv ed  M ay 31, 1963)

H ya lu ro n id ase  in  a dose o f 600 У . R . in je c te d  in to  th e  renal a r te ry  b ro u g h t a b o u t 
a sign ifican t fall in  d iuresis a n d  ly m p h  p ro te in  co n ce n tra tio n , an d  A D H  a  s ig n ific a n t 
rise in ly m p h  c o n ten t. In  co n tro l an im als  t r e a te d  sim ilarly  w ith  p h y sio lo g ica l sa line  
no such effects were observed.

In  renal physio logy  a w ea lth  o f know ledge h as  been acqu ired , y e t  w e know  
h u t little  of th e  re la tio n sh ip  b e tw een  renal fu n c tio n  and  renal ly m p h  c irc u la 
tio n . Still, i t  m ay  be rew ard ing  to  s tu d y  th is  re la tio n sh ip  on a t  le a s t  tw o  
acco u n ts . F irs t, i t  is still so m ew hat d ifficu lt to  in te rp re t th e  physio log ica l sig
n ifican ce  of th e  ren a l ly m p h a tic s . Secondly , in v es tig a tio n s  in to  th e  co m p o sitio n  
o f th e  ly m p h  m ay  allow  som e in s ig h t in to  th e  d ynam ics of th e  ren a l in te rs tic e s . 
T h e  p a r t  p layed  b y  th e  a n tid iu re tic  ho rm one  (A D H ) in  th e  reg u la tio n  o f  u r in a ry  
o sm otic  co n cen tra tio n  is com m on know ledge. G in e t z in s ic y  [1] o b se rv ed  th a t  
a f te r  A D H  ad m in is tra tio n  s tru c tu re s  rem in iscen t o f ly m p h  capillaries a p p e a re d  
in  th e  region of th e  collecting  tu b u le s . T hey  assigned  to  these s tru c tu re s  a ro le 
in  th e  tra n sp o rt o f w a te r w hich u p o n  th e  ac tion  o f A D H  en ters th e  in te r s t i t ia l  
sp ace  from  th e  co llecting  tu b u les . In  th e ir  op in ion , w hich has been  q u es tio n ed  
in  th e  lite ra tu re , i t  is b y  releasing  h y a lu ro n id ase  th a t  A D H  renders p e rm eab le  
to  w a te r  th e  m em b ran e  sep a ra tin g  th e  tu b u le  lu m en  from  th e  in te rs t i t ia l  tissu e . 
T he recen t e lec tron  m icroscopic s tu d ie s  b y  A m o n  an d  G a y e r  [2] h a v e  show n 
h y a lu ro n id ase  to  be capab le  of cau sin g  s tru c tu ra l changes in  th e  g lo m e ru la r  
m em b ran e .

In  th e  ex perim en ts to  be d iscussed  renal ly m p h  flow  and  co m p o sitio n  w ere 
s tu d ie d  u n d e r th e  effect o f h y a lu ro n id ase  an d  A D H , substances w h ich  u n d e r 
a d e q u a te  c ircum stances are causing  a c o n cen tra tio n  of u rine.

M ethods

Dogs of e ith e r sex, w eighing b e tw een  12 an d  20 kg , w ere an aesth e tized  w ith  0 .03 g /kg  
b o d y  w eigh t of p e n to b a rb ita l. U rine w as co llected  th ro u g h  a po lye th y len e  c a n n u la  b o u n d  
in to  th e  left u re te r , a n d  ly m p h  th ro u g h  a can n u la  in tro d u c ed  in to  a h ila r ly m p h a tic  o f th e  
left k id n ey . All th e  o th e r  v isible ly m p h  vessels were lig a ted . One group of th e  e x p e rim e n ta l 
a n im a ls  was infused in tra v en o u s ly  w ith  5 p e r cen t d ex tro se , to  m ain ta in  a d e q u a te  d iu resis . 
Fo llow ing  an  in itial period  of u rine  and  ly m p h  collection , 600 V. R . of h y a lu ro n id ase  (H y a so n ,
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O rg a n o n )  or 5 to  10 I. U . o f v a so p ress in  (T onephin , H o e c h s t o r P ito n , O rganon) w ere in je c te d  
in to  th e  le ft renal a r te ry , d e p e n d in g  on th e  ty p e  of th e  e x p e rim e n t. C ontrol an im als  received  
a d e q u a te  am o u n ts of p h y sio lo g ica l saline. A fter th e  a b o v e  tr e a tm e n t  a n o th e r p e rio d  of ly m p h  
a n d  u r in e  collection w as s ta r te d .  T he collection pe rio d s v a r ie d  in  d u ra tio n  be tw een  45 an d  90 
m in u te s , depending  u p o n  th e  r a te  o f flow. Blood p re ssu re  w as m easu red  in  th e  fem o ra l a r te ry . 
T o p re v e n t  blood c lo ttin g , th e  an im als  were given in tra v e n o u s ly  0.05 m l/kg  of h e p arin , and  
p o w d e red  h ep arin  w as a d d e d  to  th e  blood and ly m p h  sam p le s. T o ta l p ro te in  was d e te rm in ed  
w ith  th e  b iu re t m ethod , se ru m  a n d  p ro te in  frac tions b y  e lec tro p h o resis , Na+ an d  К  c o n ce n tra 
t io n s  b y  flam e p h o to m e try , a n d  osm otic co n ce n tra tio n  b y  freezing  p o in t depression  using  
B e c k m a n n ’s th e rm o m ete r.

R esults and  d iscussion

I . The h y a lu ro n id a se  effect was s tu d ie d  in  9 d ex tro se -h y d ra ted  an d  4 n o r
m a l dogs. Fig. 1 show s t h a t  600 У. R . o f th e  en zy m e reduced  th e  average  ly m p h  
p ro te in  co n ten t from  2.93 g to  2.26 g p er 100 m l ( p < 5 % )  an d  m in u te  d iuresis 
f ro m  0.44 m l to  0.18 m l ( p < l % ) ;  i t  fu r th e r  show s th a t  th e  А/G  q u o tie n t w as

Fig. 1. E ffec t of h y a lu ro n id a se  on  th e  flow  and  p ro te in  c o n te n t o f ren a l ly m p h  (13 an im als)

th ro u g h o u t h igher fo r  th e  ly m p h  th a n  for th e  p la sm a , being 2.0 an d  1.3, respec
t iv e ly  (p < 5 % ) . As i l lu s tr a te d  in Fig. 2, th e  h y a lu ro n id ase  h ad  no ap p rec iab le  
e ffec t on th e  Na^ a n d  К  1 co n ten ts  and  th e  o sm o tic  co n cen tra tio n  of th e  ly m p h . 
I t  is necessary  to  m e n tio n  here th a t  in  th is  e x p e rim e n ta l group th e  N a con
te n t  d u rin g  the  in itia l p e rio d  was s ig n ifican tly  h ig h er in th e  lym ph  th a n  in  th e  
b lo o d  p lasm a ( p < l % ) .

T he outcom e o f th e se  experim en ts in d ic a te  th a t  lym ph  flow , osm otic 
c o n cen tra tio n  an d  th e  А /G  q u o tien t o f ly m p h  rem ain ed  unchanged  a f te r  h y a 
lu ro n id ase  a d m in is tra tio n . S urprisingly , th e  enzym e — and  p e rh ap s  its  
a d m in is tra tio n  itse lf  — w as found to  h a v e  re d u c e d  th e  ly m p h  p ro te in  con
te n t .  O n th e  o th e r h a n d , a com parison o f th e  decrease  in  ly m p h  p ro te in  concen-
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О  before h у  as on 

V7A after Ay oson
^  mean 1 ^

F ig . 2. E ffec t of h y a lu ro n id ase  on th e  o sm o la rity  o f  re n a l lym ph and u r in e  (13 an im a ls )

} 1\s.c.
I I before AOH 

У77Л a fter  AOH

F ig . 3. E ffec t o f A D H  on th e  flow  and  p ro te in  c o n te n t  o f ren al lym ph  (20 a n im a ls )

t r a t io n  a fte r  h y a lu ro n id ase  w ith  th a t  a f te r  physio logical saline re v e a le d  no  
s ig n if ic a n t difference b e tw een  th e  tw o g ro u p s (p > 2 0 % ) . A ccord ing ly  H y a so n  
m a y  a c t d iffe ren tly  on cap illa ry  p e rm e a b ility  in  th e  k idney , th a n  in  o th e r
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reg io n s o f th e  o rg an ism , w here on th e  ev id en ce  o f d a ta  in  th e  l i te ra tu re  
[3, 4, 5], it  increases c a p illa ry  p e rm eab ility , enhances th e  ly m p h  flo w  in 
th e  th o rac ic  d u c t, th e  liv e r , th e  neck, an d  th e  g astro in te s tin a l t r a c t  [4]; it  
also raises th e  g lo bu lin  c o n te n t o f the  ly m p h , w ith o u t influencing th e  to ta l  
p ro te in  [4, 5].

C D  before ADH
> mean T «?•£•Ÿ//A after ADH J

F ig. 4. E ffec t o f  A D H  on th e  osm olarity  o f  re n a l  ly m p h  and u rine  (20 a n im a ls )

A ccording to  A m o n  a n d  Ga y e r  [2], ch ro n ic  h y a lu ron idase  a d m in is tra tio n  
in c reases  th e  p e rm e a b ility  o f th e  basem ent m e m b ra n e . In  our acu te  ex p e rim e n ts , 
h ow ever, h y a lu ro n id ase  d id  no t significantly  in flu e n c e  the  p erm eab ility  o f  ren a l 
b lo o d  capillaries, p e rh a p s  ow ing to  th e  enzym e’s r a p id  decom position b y  th e  k id 
n ey . T he cause o f th e  decrease  in th e  p ro te in  c o n te n t  o f renal lym ph is u n k n o w n .

I I .  A D H  w as s tu d ie d  for its  effect u p o n  re n a l lym ph  com position  in  6  

d e x tro se -h y d ra ted  a n d  14 n o rm al dogs. F ig . 3 show s th a t  A D H  did  n o t s ig n if
ic a n t ly  decrease e ith e r  ly m p h  flow  or d iu resis . I n  th e  in itia l period  th e  A/G 
q u o tie n t was s ig n if ic a n tly  h igher in the  ly m p h  (1.86) th a n  in th e  p lasm a  (1.32) 
( p < l % ) .  Fig. 4 i l lu s tra te s  th e  sign ifican t in c rea se  in  th e  lym ph  К  c o n te n t 
fro m  5.06 m E q  to  5.42 m E q  ( p ^ l % ) ,  upon  th e  a c tio n  of A D H , w hich, h o w ev er 
cau sed  no change in  th e  p lasm a К  level.

I n  th e  d e x tro se -h y d ra te d  anim als A D H  re d u ced  m inu te  d iu resis from  
0.71 m l to  0.53 m l, w hile  th e  average ra te  w as le f t u n ch an g ed  in th e  n o n -h y d ra t-  
ed  an im als. In  th e  d e x tro se -h y d ra ted  an im als  th e  N a 1 co n cen tra tio n  d u rin g
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th e  in itia l co llection  period  w as h ig h er in  th e  ly m p h  (146.5 m E q) th a n  in  th e  
p la sm a  (142.2 m E q ); th e  difference w as s ig n if ican t s ta tis t ic a lly  (p < 5 % ) .

P hysiological sa line  in jec ted  in to  th e  ren a l a r te ry  of th e  6  con tro l an im als  
fa iled  to  change th e  ly m p h ’s p ro te in  co n ten t an d  К  ‘ co n cen tra tio n  (F igs 5, 6 ).

F i g -  5. E ffect o f p h y sio log ica l saline on th e  flow  an d  p ro te in  c o n te n t  o f ren a l lym ph  (6 an im a ls )

I I before phi/s. sol 1
n-m > mean I  S.E.
Ï//A after phys. sa/ J

Fig. 6. E ffect o f physio log ica l saline on th e  o sm olarity  o f re n a l ly m p h  and  urine (6 a n im a ls )

6  A cta Medica X IX /4.
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I n  conclusion, A D H  p ro d u ced  no ch an g e  in  e ith er th e  flow  or th e  osm otic 
c o n c e n tra tio n  of ly m p h , in d e p e n d e n tly  o f  w h e th e r diuresis d ec reased  or re 
m a in e d  unchanged . O n th e  o th e r h a n d , i t  increased  th e  ly m p h ’s K + level, 
re g a rd le ss  of th e  h o rm o n e’s effect on th e  r a te  o f diuresis.

T h e  effect o f A D H  to  enhance  u r in a ry  К  1 excre tion  has b een  described  
e a r l ie r  b y  Sa r t o r iu s  e t al [6 ], B e r l i n e r  [7], B e r l i n e r  e t al. [8 ], a n d  B ro o k s  
e t a l. [9], A n s l o w  e t al [11]. T he effect d ep en d s on the  К c o n te n t o f  th e  cells 
o f  th e  d is ta l tu b u le  ( B e r l i n e r , 7) an d  th e  degree  o f cellu lar h y d ra tio n  (M u d g e  
e t  a l.,  10). O ur fin d in g s a p p e a r  to  show  th a t  u n d e r  th e  effect o f A D H  th e re  is 
a n  in c rea sed  loss o f К  n o t on ly  to w ard s  th e  tu b u la r  lum en b u t  a lso  in to  th e  
in te r s t i t i a l  space o f th e  k id n ey .
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THE EFFECT OF BLOOD CORTICOID LEVELS 
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(R eceived  A u g u st 22, 1963)

The q u estio n  h a s  been  s tu d ied  w h e th e r  or n o t co rtico s tero n e  sec re tio n  caused 
b y  non-specific  s tre ss  is suppressed  b y  a h ig h  blood corticoid  level in  th e  r a t .

I t  was fo u n d  th a t  w hereas p h arm aco log ica l doses of co rtico id s su p p re ssed  the  
re lease  of ACTH in  th e  n on-stressed  an im als , th e y  d id  no t in h ib it  A C T H -release  due 
to  fo rm alin : th is  in  sp ite  of th e  fa c t t h a t  th e  exogenous horm on leve ls considerab ly  
exceeded  th e  co rtico s te ro n e  co n cen tra tio n  follow ing stress.

I t  w ould a p p e a r  th a t  th e  m echan ism  of th e  neg ativ e  feed -back  c a n n o t be  invoked 
as th e  sole e x p la n a tio n  fo r th e  A C T H -release due  to  stress.

In  earlie r s tu d ies  o f  th e  m echan ism  o f th e  stage  of re s is ta n c e  e lic ited  by  
non-specific  stim u li, i t  w as show n th a t  24 hou rs  a fte r  th e  la s t in je c tio n  of p ro 
longed A C TH  tre a tm e n t ,  fo rm a lin  as a non-specific  stress p ro d u ced  no  rise in  
th e  co rticoste rone  level o f th e  p e rip h e ra l b lood , a lthough  th is  level w as norm al 
or below  norm al, an d  th e  ad rena ls resp o n d ed  w ith  increased  h o rm o n e  p ro d u c 
tio n  to  A C TH  b o th  in  v iv o  an d  in  v itro  [1, 2].

T h e  suggestion  o f  Sa y e r s  an d  Sa y e r s  [3 ,4 ]  th a t  th e  secre tio n  o f  A CTH  is 
reg u la te d  b y  changes in  th e  b lood  co rtico id  level is now w idely  a d o p te d  b u t 
n o t unchallenged , th o u g h  a n u m b er o f a u th o rs  h ad  p re sen ted  ex p e rim en ta l 
ev idence th a t  p re tre a tm e n t w ith  co rtico ids in h ib ite d  s tre ss-in d u ced  ascorbic 
acid  d ep le tio n  [5, 6 , 7, 8 , 9, 10] an d  e lev a tio n  o f th e  co rtico ste ro n e  level of th e  
p erip h era l blood [1 1 , 1 2 ].

O u r own fin d in g s re fe rred  to  above [1, 2], an d  som e o b se rv a tio n s  o f o ther 
w orkers [1 3 ,1 4 ,1 5 ] w h ich  i t  is n o t possible to  in te rp re t by  th e  n e g a tiv e  feed
b ack  m echanism , p ro m p te d  us to  u n d e rta k e  d irec t corticoid  m easu rem en ts  to  
see if  in  th e  presence o f a h igh  p e rip h era l h o r m one level, p ro d u ced  b y  exogenous 
cortico ids, stress w ould  e lic it increased  ad ren a l a c tiv ity .

M ateria l and  m ethods

W is ta r-s tra iu  ra ts  o f b o th  sexes, m a in ta in ed  on  a s ta n d a rd  d ie t an d  w eigh ing  betw een  
180 an d  220 g, were fa s ted  fo r 24 ho u rs  before th e  beg inn ing  of th e  e x p e rim e n ts , w ith  w ater 
av ailab le  ad  lib.

T he stressfu l s tim u lu s  w as a single su b c u tan e o u s  in jec tio n  of 0.5 m l o f 3 %  form alin . 
C ontro l an im als  were g iven  physio log ical saline in  th e  sam e volum e. T he a n im a ls  w ere decapi-
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Table I

Changes in  the corticosterone level o f  the peripheral blood after fo rm a lin  in  fem a le  rats pretreated with hydrocortisone and prednisolone

Experimental variables in pretreatm ent
In  hours 
preceding 

stress

A t tim e of ap

exogenous corticoid 
[Лg/100 ml

plication of stress

corticosterone 
jizg/100 ml

One hour after 
application of stress 

corticosterone 
|Ug/100 ml

0.5 m l of phys. saline s.c ........................................................ l — 20.9 ± 3 . 9  (6)* 93.8 ±  5.0 (11)

0.5 m l o f phys. saline s.c ........................................................ 4 — 24.6 ± 4 . 7  (6) 89.5 ± 5 . 8  (6)

20 m g/100 g hydrocortisone s.c ............................................ 15 — 11.8 ± 4 . 1  (6) 82.3 ± 3 . 4  (6)

10 m g/100 g hydrocortisone s.c ............................................ 4 — 17.3 ± 3 . 1  (6) 92.0 ± 7 . 3  (6)

6 m g/100 g hydrocortisone i .p ............................................ 4 29.7 ±  1 .8 (6 ) 5.9 ± 0 . 8  (6) 50.0 ±  6.8 (6)

6 m g/100 g hydrocortisone i .p ............................................ 1 545.7 ±  40.0 (6) 0.8 ±  0.4 (11) 48.1 ±  3.4 (11)

8 m g/100 g prednisolone i .p ................................................. 1 486.3 ±  37.9 (6) 2.7 ± 0 . 7  (6) 70.2 ± 3 . 8  (6)

number of determinations

Table II

Changes in  the corticosterone level o f  the peripheral blood after fo rm a lin  in  male rats pretreated w ith hydrocortisone

Corticosterone gg/lOO ml H ydrocortisone fxg/100 ml

a t tim e of application of stress one hour after a iplication of stress

a t tim e of application 
of stress*

one hour a fte r  application 
of stress

in  saline trea ted  ra ts
in  hydrocortisone 

treated  rats in  saline trea ted  rats
in hydrocortisone 

treated  rats

10.0 ±  1.1 (11)** 1.0 ±  0.5 (10) 31.8 ±  2.7 (11) 13.7 ±  1.7 (11) 174.3 ±  21.9 (9) 72.0 ±  9.8 (11)

* one hour after i.p. injection of 6 mg/100 g body weight 
** number of determinations
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ta te d  one h o u r  a f te r  th e  ap p lica tio n  of th e  stress . P re c e d in g  i t ,  hydrocortisone,*  p red n iso lo n e* *  
and physio log ica l sa line , re spec tive ly , w as g iven  in  doses, a n d  un d er con d itio n s, a s  d e ta ile d  
in T ab les  1 a n d  2.

To a rriv e  a t  th e  a c tu a l c o n cen tra tio n s  o f th e  exogenous corticoids in  th e  p e r ip h e ra l 
blood a t  th e  tim e  th e  stress  w as applied , c o n c e n tra tio n  d e te rm in a tio n s  were m ad e  in  a d d itio n a l 
g roups o f ra ts  1 an d  4 ho u rs  a f te r  th e  a d m in is tra tio n  o f  th e  corticoids. C o rtico ste ro n e  a n d  exo
genous co rtico id  levels in  th e  blood were a lw ays m ea su re d  sim ultaneously  one h o u r  a f te r  fo r
m alin  y  p a p e r  c h ro m a to g ra p h y , using th e  m e th o d  desc rib ed  in earlier w ork  [2].

R esults and  co m m en ts

T ab le  I  sum m arizes th e  re su lts  o b ta in e d  in  th e  fem ale ra ts . T h e  ap p lied  
doses o f co rtico ids (w ith  th e  excep tion  o f th e  10 m g dose of h y d ro c o rtiso n e  s. c.) 
s ig n ifican tly  red u ced  th e  co rticosterone  leve l o f  th e  peripheral b lood  in  re la tio n  
to  th e  con tro ls . T he h igh  c o n cen tra tio n  in  th e  b lood  o f h y d ro co rtiso n e  o r  p re d 
nisolone failed  to  in h ib it th e  fo rm a lin -in d u ced  rise  in th e  co rtico s te ro n e  level 
in  th e  no n -stressed  an im als, b u t i t  w as less th a n  in  th e  n o n -p re tre a ted  a n im a ls .

T ab le  I I  p re sen ts  th e  sligh tly  d iffe re n t re su lts  ob tained  in  th e  m a le  ra ts . 
Like in  th e  fem ale ra ts , h y d roco rtisone  su b s ta n tia l ly  reduced th e  b lo o d  c o r ti
costerone level in  th e  non-stressed  a n im a ls , an d  although  th e  rise  p ro d u c e d  
by  fo rm alin  in  th e  co rticosterone  c o n c e n tra tio n  o f  th e  anim als w as fro m  1.0 m g 
to  13.7 m g/100 m l (p < 0 .0 1 ) , i t  re m a in e d  below  th a t  caused b y  fo rm a lin  in  
an im als n o t  p re tre a te d  w ith  corticoids.

O ur re su lts  a p p e a r  to  show th a t  ph arm aco lo g ica l doses o f  ex o g en o u s 
cortico ids suppress th e  release of A C TH  in  th e  con tro l an im als, b u t  do  n o t 
in h ib it A C TH  m ob iliza tion  caused b y  n o n -sp ec ific  stress.

Our findings and the probable causes o f  differences from th ose  o f  Y ates 
et al. will be discussed in detail in a future publication.

A ck n ow ledgem en t

T he a u th o rs  w ish to  th a n k  Mr. B éla H a j tm a n  fo r p rep arin g  th e  s ta tis t ic a l  an aly ses.

* * *
N ote  added in  proof. R ecen t e x p erim en ta l d a ta  o f H o d g e s  and J o n e s  ( J .  P hysio l. 

167, 30, (1963) an d  Sm e l i k  (A cta  endocr. (K b h .)  44 , 36 (1963)) are in c e r ta in  re sp e c ts  in 
ag reem en t w ith  our find ings.
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ACTA M E D IC A

ТОМ XIX -  ВЫП. 4

Р Е З Ю М Е

ДЕЙСТВИЕ НОРАДРЕНАЛИНА НА КРОВООБРАЩЕНИЕ В ГОЛОВНОМ МОЗГУ 
И НА ОБМЕН ВЕЩЕСТВ ПРИ ИШЕМИЧЕСКОМ ШОКЕ

Д. САБО

У собак при экспериментальном ишемическом шоке нормализация кровяного 
давления вливанием 1-норадреналина не изменяет выживаемость животных. При повы
шении кровяного давления ускоряется также кровообращение в головном мозгу и расход 
кислорода, однако, норадреналин повышает сосудистое сопротивление в головном мозгу, 
и поэтому между повышением кровяного давления и ускорением кровообращения нет 
линейной связи.

ИССЛЕДОВАНИЕ АДАПТИВНОГО СИНТЕЗА ЭНЗИМОВ

Ш. ДАН, Л. АНТАЛ, ДЬ. СЕГЕДИ и А. ДЬЁРФФИ

У крыс, отравленных четыреххлористым углеродом снижается содержание триптс- 
фанпирролазы в печени и нарушается ее адаптивный синтез.

Для бескровного исследования энзимной адаптации авторы на крысах разработали 
способ двойной нагрузки триптофаном. При действии индуцирующей первой дозы трипто
фана повышается содержание триптофанпирролазы в печени. После дачи второй дозы 
триптофана производные кинуренина и антраниловой кислоты синтезируются в большом 
количестве и выделяются с мочой.

Исследования двойной нагрузки триптофаном, комбинированные с гистидином и 
кортизоном, также подтверждают вышесказанное.

ИССЛЕДОВАНИЕ СТЕРОИДОВ МОЧИ ПРИ ГИРСУТИЗМЕ И ВИРИЛИЗМЕ

М. ЮЛЕС, И. ФАРЕДИН, И. ТОТ, А. ДАВИД, К, КОВАЧ

Авторы на основании патологической картины и прочих диагностических (рентге
новское, гинекологическое и т. д. обследования) исследований распределили 49 больных 
страдавших гирсутизмом, на четыре группы и исследовали у них выделение с мочой ней
тральных общих — 17 — стероидов, 17-кетостероидных фракций ( ( i -17-кетостерондов, 
андростерона, этиохоланолона, 11-оксигенизированных-17-кетостероидов) фракций общих 
17-гидроксикортикостероидов, прегнандиола и эстрогена (эстрон, эстрадиол-17-/3, эстроол).

Согласно полученным результатам, при помощи этих методов исследования можно 
дифференцировать только больных с гирсутизмом, исходящим из коры надпочечников, 
от больных с гирсутизмом прочего происхождения, и эти лабораторные исследования не 
позволяют дальнейшее, более точное дифференцирование. Авторы установили, далее, 
что при гирсутизме выделяется патологически повышенное количество этиохоланолона 
и выделение эстрона и эстрадиола уменьшается. В статье на основании новейших литера
турных данных обсуждаются причины патологического выделения этих стероидов. 
В связи с патогенезом гирсутизма выдвигается вопрос о значении измененной реактивности 
периферических тканей, и клеток.



СРАВНИТЕЛЬНОЕ КЛИНИЧЕСКОЕ ИЗМЕРЕНИЕ ДЕЙСТВИЯ ПРОТИВОСУ
ДОРОЖНЫХ СРЕДСТВ

(Данные к клинической фармакологии Но—Спа)

Г. ПЕТРАНЬИ и Г. СЕГЕДИ

1. Обычное внутриартериальное сосудорасширяющее лечение болезней, сопровож
дающихся сужением артерий нижних конечностей, применимо для измерения действия 
противоспазматических средств, действующих на гладкие мышцы, и его можно рекомен
довать в качестве клинико-фармакологического теста.

2. При помощи этого теста проводилось сравнительное исследование перпарина, 
папаверина и нового производного, дигидроперпарина.

3. Дигидроперпарин (Но—Спа, Хиноин,) оказался в два раза более эффективным 
других указанных средств, причем он в достаточно эффективных дозах не имеет побочных 
действий, и следовательно предоставляет возможность для сбережения наркотических 
средств.

СОДЕРЖАНИЕ ГИСТАМИНА В ПЕРЕСАЖИВАЕМОЙ ТУЧНОКЛЕТОЧНОЙ
ОПУХОЛИ

П. ГРОФ и Г. КЕЛЕНЬИ

Авторы пытались произвести пересадку перевиваемой мышечной мастоцитомы 
Ф у р т а  на мышечный штамм собственного разведения. Морфологические свойства выз
ванных опухолей исследовались под световым и электронным микроскопами. Авторы про
веряли образование метастазов гистологическим методом исследования и определили 
биологическим методом содержание гистамина в опухолях и в органах опухолевых мы
шей. Полученные результаты следующие:

1. Трансплантация мастоцитомы Ф у р т а  у взрослых здоровых мышей собственного 
разведения в 10—15% привела к образованию опухоли; у предварительно облученных 
рентгеновыми лучами животных опухоли возникли в 20—24% случаев.

2. Содержание гистамина в мастоцитомах (8 случаев) было очень высокое (120,0— 
1114,0/«г/г). В молодых, менее развитых опухолях (ниже 1 г) концентрация гистаминабыла 
в общем выще, чем в более развитых старших опухолях. В коже окружности опухоли 
содержание гистамина также было повышено (спаяки) по сравнению с отдаленной от 
опухоли кожей.

3. В о р г а н а х  опухолевых мышей содержание гистамина не было повышено ни в 
одном случае, что говорит против наличия метастазов и соответствует результатам гисто
логических исследований.

4. В противоположность этому содержание гистамина всех исследованных орга
нов мышей LAFj было очень высокое (в соответствии с этим с гистологически доказан
ными тучноклеточными инфильтратами), в частности в печени: 1600 /«г/г.

5. Авторы дают одинаковое объяснение сравнительно более высокому содержанию 
гистамина в молодых опухолях мышей собственного разведения и в печени мышей ГАГ7, : 
в обоих случаях более благоприятны условия для повышенного образования гистамина.

ДЕЙСТВИЕ НОРАДРЕНАЛИНА НА КРОВОСНАБЖЕНИЕ И РАБОТУ СЕРДЦА
ПРИ ИШЕМИЧЕСКОМ ШОКЕ

Д. САБО и Ж. МАДЬЯР

У собак при ишемическом шоке минутный объем, в сущности, снижается парал
лельно кровяному давлению. Коронарная циркуляция также замедляется, хотя в не
сколько меньшей мере. Коронарное сопротивление не показывает достоверных изменений.

После вливания норадреналина артериальное давление нормализовалось, однако, 
минутный объем не повысился достоверно. Причиной повышения кровяного давления 
было усиление периферического сопротивления. Коронарное же сопротивление не по
высилось, а скорее снизилось. В соответствии с этим коронарная циркуляция повысилась 
выше контрольных величин и коронарная фракция минутного объема также сильно воз
росла.



АНОМАЛИЯ ХРОМОСОМ ПРИ ГЕМОЛИТИЧЕСКОЙ ЖЕЛТУХЕ, СОПРОВОЖ
ДАЮЩЕЙ РАССЕЯННУЮ КРАСНУЮ ВОЛЧАНКУ

ш. НАДЬ

Сообщаются результаты исследования хромосом больного, страдающего гемолити
ческой желтухой, сопровождающей рассеянную красную волчанку. Разница в числе 
хромосом не обнаружена, однако, у 18 из 50 исследованных клеток наблюдалась после
довательно повторяющаяся 12-ая моносомия или 22-ая трисомия. Излагается предпо
ложительный механизм возникновения этой аномалии хромосом.

ДЕЙСТВИЕ ВИТАМИНА Е НА КРЫС, СОДЕРЖАВШИХСЯ НА КАРДИО-
ПАТОГЕННОЙ ДИЕТЕ

Д. ШИМОН, Г. ХАРМОШ, Й. РИГО, Т. ГАТИ, Т. КЕМЕНЬ и Й. ШОШ

Авторы давали большие дозы (6 мг в день) витамина Е крыса м-а л ь б и н оса м, содер
жавшимся при нормальной и при кардиопатогенной диетах. Под влиянием дачи витамина 
Е снижение активности трансаминазы сердечной мышцы было меньше чем у другой 
группы, получившей ту же самую диету. В течение 30 дней опыта 9 из 18 животных, 
содержавшихся при кардиопатогенной диете, погибли, вследствие инфарктоидной кар
диопатии, в то время как из 15 животных, получивших кроме той же самой диеты также 
витамин Е погибло только 3. Между другими исследованными параметрами подопытных 
двух групп авторам не удалось выявить значительной разницы, хотя величины живот
ных, получивших также витамин Е во всех случаях более подходили к норме(кровяное 
давление, гистологические данные, фосфатазная активность, холестерол).

Авторы придерживаются того мнения, что витамин Е при примененных ими экспе
риментальных обстоятельствах оказал определенное защитное действие, хотя это дей
ствие было только частичное и сравнительно незначительное.

ДЕЙСТВИЕ ГИАЛУРОНИДАЗЫ И АНТИДИУРЕТИЧЕСКОГО ГОРМОНА 
НА ПОЧЕЧНОЕ ЛИМФООБРАЩЕНИЕ И ЛИМФООБРАЗОВАНИЕ

М. ПАПП и К. САЛАИ

Впрыскивание 600 VRE (единицу понижен» вязкости) гиазона в почечную арте
рию вызвало значительное снижение диуреза и концентрации протеина в лимфе, а впры
скивание АДГ обуславливало значительное повышение содержания К в лимфе. У конт
рольных животных, получивших физиологический раствор соли подобных эффектов не 
наблюдалось.

ДЕЙСТВИЕ КОНЦЕНТРАЦИИ КОРТИКОСТЕРОНОВ В КРОВИ 
НА МОБИЛИЗАЦИЮ АКТГ, ВБ13ВАННУЮ СТРЕССОМ

Е. ШТАРК И Й. ФАХЕТ

Авторы экспериментально изучали вопрос о том, препятствует ли у крыс высокий 
уровень кортикоидов крови мобилизации АКТГ, вызванной стрессом.

Установлено, что кортикоиды при даче фармакологических доз у животных без 
стресса почти полностью задерживают выделение АКТГ, но они не препятствуют его 
мобилизации в состоянии стресса.

Механизм выделения АКТГ, вызванного стрессом, по всей видимости, нельзя 
объяснить исключительно только принципом отрицательного feed back.
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