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OPTIMUM AND TOLERATED INTAKE OF FLUORINE
By

K .  T ó t h

D EPARTM ENT OF DEN TISTRY  AND O RA L SURG ERY , U N IV E R S IT Y  MEDICAL SCHOOL, SZEG ED , 

(R ece iv ed  F e b ru a ry  22, 1974)

O p tim u m  and to le ra te d  in ta k e  of fluo rine  h as been stu d ied  on th e  b asis o f 
bod y  w eigh t, caloric and f lu id  re q u ire m e n t o f  su b jec ts  belonging to  d iffe re n t age 
groups. T he m ain  F-source is con su m in g  d rin k in g  w a te r , an d  th is  n o rm ally  co n ta in s 
1 m g F /l. T h u s, th a t  am o u n t o f  F  should be considered  o p tim al w hich is ingested  
w ith  d rin k in g  w a te r  co n ta in ing  1 m g  F/l. The o p tim u m  per kg of body w e ig h t is 0.045 
m g in in fan ts . I t  decreases w ith  age, in a d u lts  i t  a m o u n ts  to  h a lf  th e  o p tim u m  for 
in fan ts  on a mg/1 basis. T he to le ra te d  and  th e  ch ro n ic  to le ra te d  tox ic  a m o u n ts  hav e  
been e s tim a te d  for th e  d iffe ren t age groups.

Some y ea rs  ago we h av e  s tu d ied  th e  o p tim a l * F -in tak e  b y  ch ild ren  
1 — 15 years  o f age [38]. R e c e n tly , A u e r m a n n  [6] has pub lished  d a ta  on  th e  
F -ingestion  b y  ch ildren  and a d u lts .

D e te rm in a tio n  of op tim u m  F -in ta k e  shou ld  occur per kg of b o d y  w eigh t. 
N am ely , if n o t th e  flu o rid a tio n  o f  th e  d rin k in g  w a te r  b u t  some o th e r  m e th o d  
(e.g. F -en rich ed  dom estic sa lt) is a d o p ted  fo r th e  p rev en tio n  of d e n ta l  caries, 
th e n  th e  know ledge of the  o p tim u m  F -in tak e  per kg  of body  w eigh t is a key  
issue.

In v e s tig a tio n s  in to  th e  re la tio n sh ip  b e tw een  th e  F -c o n c e n tra tio n  of 
d rin k in g  w a te r  and  den ta l ca ries [1, 2, 12, 26, 35] have confirm ed th e  view  
th a t ,  th o u g h  F  does n o t h ap p en  to  be an essen tia l tra c e  e lem en t, its  ingestio n  
is necessary  for p ro tec tin g  th e  te e th .  This ju s tif ie s  to  use th e  te rm  o p tim u m  
in ta k e .

Methods

I t  is possib le to  calculate th e  o p tim u m  and  th e  to le ra te d  F -in tak e  per kg o f body  
w eight. In  th is  c alcu la tio n , m ean b o d y  w eigh t o f th e  su b jec ts  belonging to  d iffe re n t age 
groups and  th e ir  caloric req u ire m e n t sh o u ld  be ta k e n  in to  co n sid era tio n  [11, 31, 34, 37]. 
One ml o f flu id  is req u ired  for th e  u til iz a tio n  of each in g ested  calorie 111 |. O nly  p a r t  o f the  
flu id  re q u ire m e n t is covered by d r in k in g  w a ter. My ca lcu la tio n s  rely  on the  a ssu m p tio n  th a t  
40%  of th e  flu id  req u irem en t m ay  d e riv e  from  d rin k in g  w a te r  co n ta in ing  1 mg F /l .  T his 
h y po thesis is in good agreem ent w ith  th e  view of McClure  [25]. In  a d d itio n  to  d rin k in g  
w ater, th e  F -c o n te n t o f food should  also  be reckoned  w ith . In  the  pub lica tio n  of McClure  
1 g of th e  d ry  su b s tan ce  of th e  average  m ix ed  d ie t supp lies 4.5 calories (see in [25]). T h e  a m o u n t 
o f fluo rine  in g ested  in food seem s also  to  be su rro u n d e d  w ith  considerab le  u n c e r ta in ty . 
B ecause of obvious u n certa in tie s  su rro u n d in g  th e  q u a n ti ty  an d  q u a lity  o f v a r io u s  foods, 
four levels o f fluorine  in foods hav e  b een  selected by  McCl u r e , as falling w ith in  th e  range

*F  fluo rine
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2 TÓTH, к .

F  concentration 
in dry

substance  of food, 
mg

0.10

0.20

0.50

1.00

0.027

0.053

0.133

0.265

Table I

D aily F -intake fr o m  foods related to kg o f  body weight,

Age, years

Tkg Tkg

0.003

0.0015

0.006

0.003

0.017

0.008

0.033

0.016

0.0045"

0.012H

0.024H

0.036

0.071

0.178

0.360

0.002

0.001

0.005

0.003

0.014

0.007

0.027

0.015

0.0080"1

0 . 0 1 0 4

0.021H

F
mg - 

0.14 - 

0.12 -  

0.10 -  

0 08 -  

0.0 6 -  

0.04 -  

0 .0 2 -

4  Dato of Simpson and Tuba 

4  Dato of Ziegler 

•  Optimal need 
o -o  Tolerable dose

Chronic fluorosis dose

4.0.100 0101

0.150
X

40.122\

< 1
— I--------------- 1---------------- 1---------------1-------------- 1—

1-3 4-6 7-9 10-12 13-15

Age in years 
F = Fluorine

Adults
60 70 75

i

F ig . 1 R ela tionsh ip  b e tw een  d a ily  op tim um  and  to le ra te d  F -in tak e  pe r kg o f b o d y  weight
and age
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OPTIMUM INTAKE OF FLUORINE 3

calculated according to McClure  [25]

F  concentration 
in dry

substance of food, 
mg

Age, years

7 - 9 10 12

T Tkg T Tkg

0.002 0.002
0.10 0.045 0.056

0.001 0.001

0.005 0.004
0.20 0.089 0.111

0.002 0.0035 + 0.002 0.003 +

0.014 0.011
0.50 0.223 0.278

0.006 0.009 * 0.005 0.008 +

0.028 0.022
1.00 0.450 0.560

a p t  to  be p re sen t in the  m ixed d ry  su b s tan ce  of th e  average  diet. A ccordingly , 1000 g d ry  
su b s tan ce  m ay  con ta in  0.1, 0.2, 0.5 an d  1.0 m g F  [25). I t  is on these d a ta  th a t  th e  p re sen t 
ca lcu la tio n s hav e  been based.

In  th e  p resen t pap er I p ropose  to  d iscuss th e  o p tim u m  F -in tak e  of in fa n ts  u n d e r 1 
y ear and  th a t  of ad u lts, fu rth e rm o re , th e  to le ra te d  F -in ta k e  in d ifferen t age groups.

Results
F-in take  o f  infants

A ccording to  Z i e g l e r  [43], a 0 .2 -  0.27 mg/1 F -co n ten t  o f  h u m a n  milk 
shou ld  be considered physiological. This p o in t  of view is a c cep tab le .  O th e r  
au th o rs  rep o r ted  on a range  of <  0.1 0.2 mg/1 [7, 9, 16, 23], w hile  S i m p 
s o n  and  T u b a  [32] found  even  0.49 mg/1, p rov ided  the  d r in k in g  w a te r  
co n su m ed  by  th e  m o th e r  co n ta in ed  1 mg F/l. On the  basis o f  Z i e g l e r ’s 
d a ta ,  th e  o p t im u m  F - in ta k e  of a 3 kg new born  in fan t,  r e c k o n in g  w ith  
500 ml m o th e r ’s milk a n d  0.135 m g F  c o n te n t ,  will be 0.045 m g /k g  of 
b o d y  weight.

In  an  earlier paper  [38] we have  re p o r te d  on F - in take  from  d rink ing  
w a te r  in childhood. Fig. 1 shows th e  resu lts  regrouped  so as to  co m p ly  with 
th e  age g roup  classification b y  M cCl u r e  [25].

In take  f r o m  food  (Table I)

As i t  clearly appears  from Table  I, if  the  food is poor in  F , m ean  
ingestion  per  kg body  w eigh t  is negligibly low. In  th is  case, d r in k in g  w a te r  
is th e  on ly  source of F - in ta k e .

1 * A d a  M e d ic o  A c a d e m ia e  S c ie n tia r u m  H u n g a r ic a e  3 2 , 1 9 7 5

T  to ta l daily F -in tak e , ing
Tkg =  F -in tak e  in m g re la ted  to  kg bo d y  w eigh t given by McClure for th e  age group 

corrected m ean  re la ted  to  body  w eight
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I f  th e  food c o n su m e d  is rich in F , th e n  o n e -th ird  or h a lf  of th e  in ta k e  
m a y  derive from  food . (T he body  w eights g iven  b y  M cCl u r e  [25] fo r th e  
v a r io u s  age groups a re  as follow s: 1 3  y e a rs : 8 — 16 kg ; 4 — 6 y e a rs : 13 — 24 
k g ; 7 — 9 years: 16 — 35 k g ; 10—12 y ea rs : 25 — 54 kg . The m ean  caloric  re 
q u ire m e n ts  are: 1200, 1600, 2000 and  2500, re sp ec tiv e ly .)

F -in ta k e  o f adults

In  th e  lack o f re lia b le  d a ta  for b o d y  w e ig h ts  i t  is d ifficu lt to  re la te  
th e  d a ily  F -in tak e  b y  a d u lts  to  th e ir  b o d y  w e ig h t.

In g estio n  fro m  d rin k in g  water

T h e problem  m a y  be  app roached  in  tw o  d iffe ren t w ays:
a) s ta rtin g  from  th e  caloric re q u ire m e n ts  e s tab lish ed  for th e  various 

o c c u p a tio n s  [11, 34, 37, 3 8 ]; or
b) supposing v a rio u s  m ean  body w eights a n d  s ta r t in g  from  th e ir  ex trem e  

ca lo rie  u p tak e .
C alcu lations b a se d  on  the  caloric re q u ire m e n t for v a rious occu

p a tio n s  have been re p o r te d  earlie r [38]. O n th is  basis  to ta l  da ily  fluo ride  
in ta k e  am oun ts to  1.00 w ith  2500 calories a n d  to  2.16 m g w ith  5400 calories. 
I n  th e  m a jo rity  of p ro fess io n s , F -in tak e  f lu c tu a te s  b e tw een  1.00 and  2.00 mg, 
so i t  does no t exceed th e  in ta k e  of 7 — 15 y e a rs  old ch ildren . An in ta k e  of 
2 .16  m g F  occurs o n ly  w ith  subjects engaged  in  h a rd  physical w ork  (5400 
ca lo ries).

A d u lts  m ay be c lassified  in to  3 g ro u p s on th e  basis o f th e ir  
m e a n  b o d y  w eight b e in g  60 , 70 or 75 kg , re sp e c tiv e ly . T ak ing  in to  consid 
e ra t io n  th e  tw o e x tre m e  calo rie  u p tak e  v a lu es  (2500 an d  5400, re sp ec tiv e ly , 
T a b le  I I ) ,  and reck o n in g  w ith  1.00 to  2.16 m g to ta l  daily  F - in ta k e , the

Table II

F -in take o f adults fro m  d rin k in g  water containing 1 mg FJl, related to kg o f  body weight

Calories T
Tkg

60 70 75

2500 1.00 0.016 0.014 0.013

5400 2.16 0.036 0.030 0.028

Corrected m ean 0.026 0.022 0.020

T  =  to ta l daily  F - in ta k e  in mg
T k g  =  F -in tak e  in  m g  re la te d  to kg  of b o d y  w e ig h t
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follow ing co rrec ted  va lu es  are  o b ta in ed : fo r 60 kg , 0.026 m g; fo r 70 kg, 
0.022 m g; fo r 75 kg, 0.020 m g fluo ride .

W ith  th e  increase o f b o d y  w eigh t, F - in ta k e  p er kg of b o d y  w e ig h t 
decreases. T hese d a ta  show  th a t  F -in tak e  from  d rin k in g  w a te r is lo w er for 
ad u lts  th a n  fo r ch ild ren .

In take  fro m  foods

Tw o a lte rn a tiv e s  have  been  reckoned  w ith :
a) 1000 g d ry  su b s ta n c e  of th e  food c o n ta in s  0.20 mg F  (D F ), or
b) 0.50 m g F  (D F ).

O n a low -F d ie t (T able I I I ,  D F  0.2 m g):

a) In  th e  case of a m an  of 60 kg body  w e ig h t consum ing 2500 ca lo ries, 
fluo ride  in ta k e  per kg o f b o d y  w eight will he 0.00185 mg, i. c. in s ig n if ic a n t. 
This va lu e  h a rd ly  changes w ith  increase in b o d y  w eight.

b) In  case of a m an  o f 60 k g  body  w e ig h t consum ing 5400 ca lo ries, 
in tak e  p e r kg  of b o d y  w e ig h t will be 0.004 m g, also negligibly low . T h is 
a m o u n t w ill s ligh tly  decrease  w ith  any  increase  in  bo d y  w eight.

O n a low -F  d ie t, m ean  fluoride  ingestion  p e r  kg of bo d y  w e ig h t m ay  
he e s tim a te d  a t 0.002 m g. A ccord ingly , in d e p e n d e n tly  of th e  calorie u p ta k e , 
the  excess in ta k e  o f f lu o rid e  is even less th a n  in  childhood.

On a F -rich  d ie t (T able  I I I ,  D F  0.5m g):

a) In  th e  case o f a m a n  of 60 kg body  w e ig h t consum ing 2500 ca lo ries, 
fluo ride  in ta k e  per kg  o f b o d y  w eigh t will be 0.004 m g, a negligibly low  v a lu e  
w hich does n o t change w ith  an y  increase in  b o d y  w eight.

Table III

F -intake fro m  food in  adults

Mean body 
w eight,

ч
Calories

DF 0.2 mg DF 0.5 mg

T Ig x T k g i

60 0.111 0.001 0.278 0.004
2500

70 0.111 0.001 0.278 0.004

60 0.240 0.004 0.600 0.010
5400

70 0.240 0.003 0.600 0.008

T  =  to ta l daily  F -in tak e , mg
kgx  =  F -in tak e  pe r kg  of body w eight, mg
D F  =  F -co n ten t in 1000 g d ry  substance
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b ) In  th e  case of a m a n  of 60 kg b o d y  w e ig h t consum ing 5400 calories, 
f lu o r id e  in ta k e  per kg o f b o d y  w eight w ill be 0.01 mg. This v a lu e  decreases 
w ith  th e  increase in  b o d y  w eigh t. A cco rd ing ly , an  im p o rta n t F -ingestion  
is o b ta in e d  only w ith  th e  h ig h es t calorie co n su m p tio n  of a su b je c t o f 60 kg 
m e a n  b o d y  w eight.

O n a F -rich  d ie t, th e  co rrec ted  m ean  in ta k e  per kg of b o d y  w eight 
m a y  b e  es tim a ted  a t  0.007 0.006 mg. A lth o u g h  th is  value is h ig h e r th a n
th e  one  c ited  in th e  p rev io u s  section , it  is s till low er th a n  th e  ch ild h o o d  value .

A s suggested  b y  th e  d a ta  in  Tables I I  a n d  I I I  d rink ing  w a te r  appears 
to  b e  th e  m ain  source o f f lu o rid e  for a d u lts , to o . E ven  w ith  a F -r ic h  d ie t, a 
n o ta b le  excess in tak e  occu rs only w ith  a b o d y  w eight of 60 kg  a n d  a con
s u m p tio n  of 5400 calories.

T olera ted  F-intake

C alcu la tion  of th e  low est am o u n t o f  flu o rid e  inducing  th e  slig h test 
c h ro n ic  lesion, th e  so-ca lled  “ m o ttled  e n a m e l,”  m ay  be done b y  various 
m e th o d s .

D a ta  relating to children under 1 year

A s p o in ted  o u t b y  Z i e g l e k  [43], if in fa n ts  are nourished  b y  d ilu ted  
m ilk  o r  b y  d ry  food an d  th e  co n cen tra tio n  o f  fluo ride  in th e  d r in k in g  w ater 
is 1.0  o r  1.5 mg/1, in g estio n  o f fluoride p e r kg  o f body  w eight w ill increase. 
T h e  c u s to m  of feeding in fa n ts  w ith  d ry  foods d ilu te d  w ith  w a te r is becom ing 
m o re  a n d  m ore ex ten siv e . A ccording to  Z i e g l e r , if pow dered  m ilk  d ilu ted  
w ith  w a te r  conta in ing  1.5 m g  fluoride  is fed , th e  in tak e  per kg  of b o d y  w eight 
o f  a 6 k g  in fan t m ay  in c rease  to  0.271 m g. T h is  ca lcu la tion  assum es a daily  
c o n s u m p tio n  of 1000 m l o f flu id  b y  a 6 k g  in fa n t. This dose is be liev ed  to  
be  to le r a te d  only because  overdosage la s ts  fo r  a sh o rt tim e an d  th e  in fa n t’s 
b o n e s  h av e  a p ecu liar a b ili ty  for a c c u m u la tin g  fluoride . E r i c s s o n  and  
R i b e l i u s  [10] did n o t f in d  an y  s ig n ifican t degree of “ m o ttle d  en am el” 
w h e n  feed ing  d ilu ted  w ith  w a te r  w ith  a f lu o rid e  co n cen tra tio n  o f  5.5 mg/1.

A ccord ing  to  T a n k  a n d  St o r v ic k  [36], th e  daily  flu id  co n su m p tio n  
o f  in f a n ts  am ounts a t m o s t to  870 ml b e tw e e n  1 and  5 m o n ths o f  age. F rom  
th e  6 tl i  m o n th  onw ard  f lu id  consum ption  d ecreases . The caloric re q u ire m e n t 
o f  a 6 k g  in fan t is 600, t h a t  o f a 9 kg in fa n t , 800 calories da ily  [11]. These 
c a lo rie s  req u ire  th e  sam e a m o u n t of w a te r . W h en  using pow dered  m ilk  or 
d ry  fo o d  p rep a ra tio n s  a n d , fo r d ilu tion , w a te r  w ith  a fluoride  leve l o f 1.5 
mg/1, th e  to ta l daily  f lu o rid e  in tak e  from  d rin k in g  w a te r of a 6 kg  in fan t 
a m o u n ts  to  0.90 mg, t h a t  o f  a 8 kg in fan t to  1.2 m g. The kg p er b o d y  w eight
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value  is th e  sam e for th e  6 and  th e  8 kg in fan t: 0.15 mg. T o g e th e r  w ith  the 
fluo ride  p re sen t in pow dered m ilk , th e  v a lu e  increases to  0.16 m g /kg .

U n d er th e  age of 1 y ea r, in g es tio n  of 0.15 mg of f lu o rid e  m ig h t be 
considered  th e  th resh o ld  of th e  h a rm fu l zone.

M c C l u r e  [25] re la ted  th e  h ig h est fluoride in tak e  to  th e  low est 
b o d y  w eigh t. I t  appears, how ever, u n lik e ly  th a t  ch ildren  shou ld  p e rm a n e n tly  
consum e foods w ith  1.0 mg F  p e r 1000 g d ry  su b stance . I t  is m ore  lik e ly  th a t  
th e y  are consum ing  th e  vo lum e o f d rin k in g  w a te r rep o rted  b y  M c C l u r e . 

C alcu la ting  w ith  th e  low est b o d y  w eig h t and  th e  h ighest in g es tio n , th e  daily  
F -in ta k e  from  d rink ing  w a te r w ould  be 0.070 0.047 m g p e r k g  o f body
w eight (Table IV).

Table IV

Extreme values fo r  F -intake from  drink ing  water o f  1 mg F/l concentration and fr o m  fo o d  deatrel
to the lowest body weight

F -concen tra tion  in foods is 0.5 mg per 1000 g d ry  substance, calculated  acco rd in g  to
McClure [25]

Age group, 
year

Body weight ,
kg

F-intake, mg per kg of body weight

from
to ta l

drinking w ater food

1 -  3 8 0.070 0.017 0.087

4 - 6 13 0.057 0.014 0.071

7 9 16 0.058 0.014 0.072

10 12 25 0.047 0 .0 1 1 0.057

Table V

D aily mean F -intake o f  children from  d rin k in g  water o f  1.5 mg F /l concentration, related to kg o f
m ean body weight

Age group, 
year kgx Fkgx T

1 -  3 12.26 0.053 0.650

4 -  6 19.39 0.051 0.989

7 -  9 26.79 0.048 1.286

10 12 35.57 0.048 1.707

1 3 - 1 5 48.51 0.044 2.134

kgx m ean kg o f body w eight
Fkgx daily  F -in tak e , mg, per kg of body weight
T  to ta l da ily  F -in tak e , m g, per m ean body w e ig h t
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T ak in g  in to  a c c o u n t th e  F -in take  fro m  d rin k in g  w a te r co n ta in in g  
1.5 m g  F/I, th e  d a ta  su m m a riz e d  in T able Y are  o b ta in e d . These values are 
n a tu r a l ly  lower th a n  th o se  show n in th e  p re v io u s  p a rag rap h .

E xcess intake from  food

A ccording to  W a l d b o t t  [40], the F -c o n te n t  o f  foods is h igh ly  v a ry in g . 
Ch o l a k  [12] su m m arized  in  a tab le  th e  d a ta  p u b lish ed  in th e  U SA  foT 
th e  F -c o n te n t in cooked  fo o d ; from  th is i t  a p p e a rs  th a t  if  th e  co n cen tra tio n  
o f f lu o rid e  in d rink ing  w a te r  is h igh, it  will be h ig h  in  th e  foods, too . A ccording 
to  S a n  F i l i p p o  and  B a t t i s t o n e  [30], th e  d a ily  F -c o n te n t of conven tional 
A m e ric a n  dishes is 0.8 0 .9  m g, if  p rep a red  w ith  w a te r  con ta in ing  1 m g
F /l. C ooking w ith  d r in k in g  w a te r  of 1 m g F /l co rresponds to  an  excess 
in ta k e  o f 0.5 m g/day  as a g a in s t  cooking w ith  flu o rid e -p o o r w ate r. The p re se n t 
s u rv e y  supports  Ch o l a k ’s o p in io n  [12] in  t h a t  m o s t o f th e  fluoride c o n te n t 
o f foo d s originates from  th e  fluoride-rich  d r in k in g  w a te r  used for cooking. 
A cco rd in g ly , th is is a c tu a l ly  no excess in ta k e . A cco rd ing  to  som e au th o rs , 
th e  m ean  F -co n ten t o f  d ish es  daily  consum ed th ro u g h o u t th e  USA  ranges 
f ro m  0.2 to  0.3 mg [12, 24 , 2 6 ], while o thers m e n tio n  0.3 to  0.4 m g [29]; 0.5 mg 
[19] is exceeded on ly  e x c e p tio n a lly  [13]. C o n seq u en tly , th e  daily  excess 
in ta k e  derives no t o n ly  f ro m  drinking w a te r  b u t  also from  food. H ow ever, 
o n ly  45 to  93%  of th e  f lu o rid e  ingested w ith  fo o d  is absorbed  [8, 33]. So, 
w h e n  considering th e  t o ta l  d a ily  excess in ta k e  f ro m  food, it  is m ore rea lis tic  
to  e s tim a te  the  m ean F -c o n te n t  of the daily  d ie t a t  0.5 m g. H ence, if  ch ild ren

Table VI

E xtrem e values fo r  F-intake fr o m  d rin k in g  water o f 1.5 mg F /l concentration and fro m  food  related
to the lowest body weight

F-concentration  in foods is 0 .5  m g per 1000 g d ry  su b s ta n c e , calcu la ted  according to
McClure [25]

Age groups, 
years

B ody w eight, 
k g

F-intake, mg per kg  of body weight

from
total

drinking water food

1 -  3 8 0.105 0.017 0.122
4 — 6 13 0.086 0.014 0.100
7 -  9 16 0.087 0.014 0.101

1 0 -1 2 25 0.071 0.011 0.082

F o r extrem e F -in tak e  d e riv in g  from  food, see T ab le  I.
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consum e w a te r  o f 1.5 m g F/I c o n c e n tra tio n  an d  th e  d ry  su b stan ce  o f  th e ir  
food  con ta in s 0.5 m g F  per 1000 g, th e n , in  th e  ex trem e  cases a ssu m ed  b y  
M c C l u r e , th e  in ta k e  per kg o f b o d y  w eight (T able Y I) m ay  ran g e  from
0.122 to  0.082 m g. This is an  a c c e p tab le  h y p o th es is  su p p o rted  also b y  th e  
d a ta  for w a te r co n sum ption  [14, 38].

In  th e  fo rm er case, th e  to ta l  da ily  in ta k e  (d rin k in g  w a te r  -(- food) 
w ould  am oun t to  2.050 mg for th e  age group  o f 10 12 years. A cco rd ing
to  G a l a g a n  e t al. [14], in ex trem e  cases th e  to ta l  da ily  in tak e  from  d rin k in g  
w a te r  m ay am o u n t to  2.623 m g a t  th e  age o f 9 10 years. A cco rd ing ly , th e
to le ra te d  q u a n ti ty  of fluoride p e r  kg  of b o d y  w eigh t (from  w a te r  -[- food) 
in  ch ildhood , seem s to  be su p p o rte d . The m ore so, since th e  o p tim u m  q u a n 
t i ty  is given for th e  pop u la tio n  as a w hole, w hile th e  to le ra ted  a m o u n t for 
e x tre m e  cases on ly  [27]. F o r th is  re a so n , th e  values based  on ca lcu la tio n s  an d  
show n in T able V, can be re g a rd e d  as safely to le ra te d  in childhood.

F -in ta ke  o f  adults

As d e te rm in ed  on th e  basis o f  th e ir  caloric req u irem en t, fluo ride  in ta k e  
b y  ad u lts  from  d rin k in g  w a te r c o n ta in in g  1 m g F /l ranges from  1.00 to  2.16 
m g. I f  th e  w a te r co n ta in s 1.5 m g F /l, th e n  th e  in ta k e  will be 1.5 m g w ith  
th e  co n sum ption  o f 2500 calories, a n d  3.24 m g w ith  5400 calories.

On th e  basis  o f th e  caloric re q u ire m e n t, in  th e  ex trem e  case (60 kg, 
5400 calories), th e  daily  F -in tak e  w ould  be 0.054 m g p e r kg of b o d y  w eig h t. 
F - in ta k e  decreases w ith  th e  in c rease  o f b o d y  w eigh t. The co rrec ted  m eans 
are  0.039 mg, 0.033 mg and 0.031 m g for 60, 70 and  75 kg b o d y  w eig h t, 
re sp ec tiv e ly  (T ab le  V II).

Table VII

D aily  mean F-intake o f  adults from  drinking  water o f  1.5 mg/l concentration o f  flu o rid e , related to
kg o f  body weight

Mean body 
weight,

kg

2500 calories 5400 calories
Fkgx*

Fkgx T Fkgx T

60 0.025 0.054 0.039

70 0.021 1.500 0.046 3.240 0.033
75 0.020 0.043 0.031

0.022** 0.047** 0.034**

F kgx  =  daily  F -in tak e , mg per kg  o f body w eight 
T  =  to ta l daily  F -in take , mg
* =  co rrected

=  corrected  m ean re la ted  to  68.3 kg b. w.
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F -in ta ke  from  d rin k in g  water during work in  hot environm ent

T h e increased  f lu id  req u irem en t d u rin g  w ork  in  h o t e n v iro n m e n t is 
re d u c e d  on consum ing  p ro tec tiv e  food an d  d rin k s . R e s o f s z k y  a n d  T a r j á n  

[28] show ed  th a t  b y  th e  consum ption  of s a lte d  b iscu its  th e  da ily  re q u ire m e n t 
o f 7600 m l d rin k in g  w a te r  is reduced  to  3500 m l. E ven  in th is  case, how ever, 
th e  d a ily  F -in tak e  fro m  d rin k in g  w a te r of 1 m g  F /l c o n cen tra tio n  is 3.50 m g. 
I f  th e  d rink ing  w a te r  c o n ta in s  1.5 m g F /l, th e  to ta l  da ily  F - in ta k e  w ill be 
5.25 m g. This m u st be ta k e n  in to  c o n s id e ra tio n  w hen ca lcu la tin g  th e  am o u n t 
o f f lu o rid e  the  in ta k e  o f  w hich m igh t cause  fluorosis. In  such  cases, a p a r t 
f ro m  m inor seasonal f lu c tu a tio n s , th e  in ta k e  m ay  be h igh for long  years. 
F o r  som e weeks or m o n th s , the  h u m an  o rg an ism  to le ra te s  40 60 m g daily ,
as p ro v e d  b y  th e  a t te m p ts  to  cure o steo p o ro sis  [8, 12, 33].

F -in take fro m  d r in k in g  water ( supposing  a da ily  consum ption o f  3500 m l)  
a n d  fro m  food (F ig . 2 )  during  work in hot environm ent.

a) W ith  2500 ca lo ries  and 0.5 mg F  p e r 1000 g d ry  su b stan ce  of food, 
th e  to ta l  daily  in ta k e  w ill he

aa) 3.500 -|- 0 .278 m g =  3.788 m g, if  th e  w a te r co n ta in s  1 m g F /l;
ah) 5.250 0 .278 m g =  5.528 m g, if  th e  w a te r co n ta in s 1.5 m g F /l;
ac) the  in g estio n  re la te d  to  60 70 75 kg  of body  w eigh t w ill he w ith

w a te r  con ta in ing  1.0 m g  F /l: 0.062, 0.054 a n d  0.050 m g, re sp ec tiv e ly , and
w ith  w a te r  co n ta in in g  1.5 mg F/l: 0.092, 0.078 an d  0.073 m g, re sp ec tiv e ly .

Fkgx Fkgx

0.100- 0.100-

0.090-
„0.092

\
N

0.090-

\
0.080- \ *0.078 0.080-

0.070- 2 500 CAL
N  0.073

0.070-

0.062
0.060-

^0.054
0.060-

0.050- 0.050 0.050-

-1 ----------------- 1----------1
60 70 75

body weight kg

0.097

\
\ 40.083

4 «  0.078
5 400 CAL.

----------1-------------------- 1----------Г
60 70 75

body weight kg

о---- о 1.0 mg F/l
у---- X 1.5 mg F/l
Fkgx = Fluorine intake concerning 

to body weight kg

F ig . 2 D aily  F -in tak e  fro m  d rin k in g  w a ter an d  fo o d  d u rin g  w ork in h o t e n v iro n m en t, as
re la ted  to  kg of b o d y  w e igh t
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T h e co rrec ted  m ean  of th ese  v a lu es  re la te d  to  kg of ho d y  w e ig h t is 
0.068 m g.

b) W ith  5400 calories and  0.5 m g F  p e r 1000 g d ry  su b stan ce  o f  food, 
th e  to ta l  daily  in ta k e  will he

h a) 3500 -f- 0.600 4100 m g, if  th e  w a te r  contains 1 mg F /l;
hb ) 5250 -f- cca. 0.600 = 5850 m g, if th e  w a te r contains 1.5 m g F /l;
he) th u s , th e  ingestion  of flu o rid e  as re la te d  to  60, 70 an d  75 kg  of

ho d y  w eight w ill he a t  1.0 mg F /l c o n c e n tra tio n  in w ater: 0.068, 0.058 and  
0.054 m g, re sp ec tiv e ly , and w ith  w a te r  o f  1.5 m g F/l co n c e n tra tio n  0.097, 
0.083 an d  0.078 m g, respective ly , w ith  a co rrec ted  m ean of 0.073 m g per 
kg of bo d y  w eigh t.

P ro v id ed  w a te r  consum ption  an d  ca lo rie  u p tak e  are c o n s ta n t , th e  
in ta k e  o f fluoride  p e r  kg of body w eigh t sh o u ld  decrease w ith  any  increase  in h o d y  
w eig h t. The to ta l  d a ily  F -in take  w ould  in c rease  on ly  if  b o th  w a te r co n su m p tio n  
an d  calorie u p ta k e  or e ith er o f th e m  w o u ld  increase.

T herefo re , in th e  light of th e  12 possib le  v a ria tio n s  of d rin k in g  w a te r  
an d  calorie co n su m p tio n  during  w ork  in  h o t en v ironm en t th e  to le ra te d  
in ta k e  can he e s tim a te d  a t 0.070 m g p e r k g  of hody  w eight fo r a d u lts .

Conclusion

U n d er th e  age o f one y e a r th e  F -c o n te n t of hum an  m ilk  sh o u ld  be 
considered  physio log ica l, and th u s  th e  o p tim u m  F -in take  per k g  o f h o d y  
w e ig h t is 0.045 m g [43].

M ean daily  F -in ta k e  from  d rin k in g  w a te r  per kg of body  w e ig h t [38] 
in  ch ildhood  is show n in Fig. 1 (o p tim u m  m ean).

In  ad u lts , th e  op tim um  m eans a re , fo r 60 kg , 0.026 m g; for 70 kg , 0.022 
m g; an d  for 75 k g , 0.020 mg.

O u r  c a lc u la t io n s  for th e  age  g r o u p  o f  1 12 yea rs  s u p p o r t  t h e  d a t a
o f  M c C l u r e  [25].

As show n in Fig. 1, in  ch ildhood  an d  adolescence th e  o p tim u m  
F - in ta k e  per kg  o f  ho d y  w eight will in c rease  only  if  the food c o n ta in s  a t 
le a s t 0.5 mg F  p e r  1000 g dry  su b stan ce . In  th is  case th e  m eans w ould  increase  
b y  th e  values show n  in Table I.

Food as a source  of fluoride p lay s a neglig ib le role in ch ildhood . T h is 
ap p ea rs  p a r tic u la r ly  well from  T ab le  F I .

In  ad u lt age, p rov ided  th e  food is p o o r in  F , the  kg p er b o d y  w eig h t 
v a lu es  for F  in g ested  by  food are g en e ra lly  negligibly low, in d e p e n d e n tly  
o f th e  calorie u p ta k e . E ven if th e  food is r ic h  in  F , th e  in tak e  p er kg  o f b o d y  
w e ig h t increases on ly  if  the  calorie u p ta k e  increases. H ow ever, ev en  in
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e x tre m e  cases, i t  fa ils  to  reach  1/3 of th e  in ta k e  from  drink ing  w a te r  (T ab les 
I I  an d  I I I ) .

A ccord ing  to  M c C l u r e  [26], M a r t i n  [24] an d  to  analyses o f th e  F- 
c o n te n t in  foods, in  reg ions w here th e  c o n c e n tra tio n  of F  in  d r in k in g  
w a te r  is 1 mg/1, 1000 g d ry  su b stan ce  o f  food  does n o t co n ta in  m ore  th a n  
0.5 m g of flu o rid e . T h is am o u n t does n o t in c lu d e  th e  F -co n ten t o f d r in k 
in g  w a te r . T he im p o r ta n t  role of d rin k in g  w a te r  as a source of f lu o rid e  is 
su p p o rte d  by  th e  u r in a ry  F  level [8, 12, 26, 33], too . All th is  seem s to  
c o n firm  th a t  d rin k in g  w a te r  is th e  m ain  F -so u rce  of th e  h u m an  o rg an ism . 
A ccord ing ly , t h a t  flu o rid e  in ta k e  p er kg  o f  b o d y  w eigh t should be co n sid e red  
th e  o p tim u m  w hich  is ingested  w ith  d rin k in g  w a te r  con ta in ing  1 m g F/l. 
In  th is  case, th e  in ta k e  p er kg of body  w e ig h t does n o t exceed th e  to le ra te d  
level even  if  1000 g d ry  su b stan ce  of food  c o n ta in s  m ore th a n  0.5 m g  of 
flu o rid e .

T he o p tim u m  in ta k e  decreases w ith  a d v a n c in g  age. The m ean  flu o rid e  
re q u ire m e n t c a n n o t be dete rm in ed  b y  a single v a lu e  [3, 4, 5, 11, 15, 17, 18, 
20, 21, 22, 39, 41, 42] since i t  varies acco rd in g  to  age and  b o d y  w eig h t. 
M inim um  an d  m ax im u m  values should  th e re fo re  be given acco rd in g  to  
b o d y  w eigh t an d  age.

T he m ean  d a ily  in ta k e  of fluoride  p e r  kg  of body  w eight does n o t 
im p ly  th a t  each  single m em ber of th e  p o p u la tio n  would consum e th e  
o p tim u m  q u a n t i ty  o f  d rin k in g  w a te r ev e ry  d a y , n e ith e r  th a t  th e y  consum e 
food  su p p ly in g  th e  physio log ically  req u ired  calories.

E x tre m e  cases should  also be ta k e n  in to  considera tion  w hen  
ca lcu la tin g  th e  to le ra te d  am o u n t of flu o rid e .

a) I f  on ly  th e  excess deriv ing  from  d r in k in g  w a te r of 1.5 m g F /l co n 
c e n tra tio n  is co n sid e red  (Tables V an d  V II) , i t  can  be regarded  as th e  sa fe ly  tol
erated lim it. In  th is  case, m o ttled  enam el occurs ra re ly  and  to  a slig h t degree .

b) I f  th e  v a lu e s  exceed  those  th e n  th e  dangerous zone is e n te re d  
(T able V I). I f  such  o r even  h igher doses are in g e s te d  for several years, ev e n tu a lly  
fo r a life tim e, m o ttle d  enam el will be m e t w ith  m ore often  and  in  a g ra v e r  
degree in  ch ild ren , a n d  o th e r  sym ptom s of ch ro n ic  fluorosis will ap p ea r in  a d u lts . 
F ig . 1 show s th e  v a lu es  fo r op tim um  an d  to le ra te d  in tak e  of f lu o rid e .

P re v e n tio n  o f  d e n ta l caries is a t im e ly  p rob lem  of c u rre n t p ro p h y 
la c tic  e ffo rts . D e te rm in a tio n  of th e  dosage t h a t  shou ld  s tan d  e x p e rt c ritic ism  
gains p a r tic u la r  im p o rta n c e  if  th e  d rin k in g  w a te r  is poor in F  an d  som e 
o th e r  su b stan ce , e .g . dom estic  sa lt has to  be chosen  as vehicle. In  th is  case 
th e  o p tim u m  flu o rid e  in ta k e  per kg of b o d y  w eigh t, th e  m ean  a m o u n t of 
th e  vehicle to  be consum ed  per kg  of b o d y  w e ig h t, and  the  flu o rid e  in ta k e  
to le ra te d  w ith o u t a n y  risk  should all be ta k e n  in to  consideration .
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HEPATITIS В ANTIGEN-POSITIVE AND HEPATITIS В 

ANTIGEN-NEGATIVE CHRONIC ACTIVE HEPATITIS
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(R eceived  S eptem ber 26, 1974)

The clinical, b iochem ical and  im m unological d a ta  o f 24 h e p a titis  В a n tig en 
positive  and  24 h e p a ti tis  В an tig en -n eg a tiv e  p a tie n ts  hav e  been com pared . In  В 
an tigen -positive  h e p a titis ,  being  m ostly  th e  disease o f m ales, an  acu te  onset was 
freq u e n t and p erce ivab le  c irrhosis a t  the  tim e of diagnosis n o t freq u e n t. In  В antigen- 
negative  chronic ac tiv e  h e p a titis , in add ition  to  th e  p red o m in an ce  of fem ales, a 
“ p rim ary  chron ic”  p rocess , c irrhosis, e levated  E S R , im m u n o cy to p en ia , e lev ated  alkaline 
ph o sp h a tase  an d  IgG  levels were m ore freq u en t.

As regards th e  p o s itiv ity  of hum oral and cellu la r a u to im m u n e  reac tions and  
th e  im p a irm en t o f n o rm al cellu lar im m une a c tiv ity , no essen tia l d ifferences were 
found  betw een th e  tw o fo rm s of th e  disease.

I t  is concluded  t h a t  th o u g h  th e  tw o clin ical co n d itions rep re sen t diseases 
d ifferen t in aetio logy  an d  m an ifes tin g  w ith  certa in  clinical a n d  b iochem ical differences 
the  role of im m unolog ical fac to rs  m ay equally  be im p o r ta n t  in th e ir  pathogenesis.

In  th e  course o f th e  la s t decade, chronic active (aggressive) hepatitis 
ap p ears  as po lyaetio log ica l d isease, re su lting  from  th e  specific reac tions of 
th e  h o s t organism  an d  th e  liv er. A t least th ree  ae tio log ica lly  d iffe ren t clinical 
fo rm s of th e  disease can  be d iffe ren tia ted , viz. th e  so-called  classical chronic 
ac tiv e  h e p a titis  or “ au to im m u n e  h e p a titis”  of un k n o w n  aetio logy  [11, 12]; 
th e  ch ron ic  active liv e r d isease involv ing  A u stra lia  or H e p a titis  B -an tigen  
(H B A g )-p o sitiv ity  [5, 17]; an d  a d rug -induced  chronic  ac tiv e  h e p a titis  [16]. 
C onflic ting  views are m e t w ith  in th e  l i te ra tu re  concern ing  th ese  conelitions. 
M any au th o rs  are em p h asiz in g  th e  differences betw een  H B A g-positive  and  
H B A g-negative  ch ron ic  ac tiv e  h e p a titis , opposing  th e re b y  th e  v ira l aetio logy  
to  an  au to im m une  p a th o g en esis  [1, 3, 9, 20, 22], w hile o th e rs  assum e some 
p a th o g en e tica l re la tio n sh ip  b e tw een  HB v irus in fec tion  an d  th e  au to im m u n e  
re a c tio n  in chronic ac tiv e  h e p a titis  [4, 15, 18].

In  th e  p a s t 5 y ea rs  we h ad  a n u m b er of p a tie n ts  w ith  chronic ac tive  
h e p a tit is , in p a r t H B A g -p o sitiv e , in p a r t H B A g-nega tive  cases. The m ajo rity  
w ere tre a te d  for severa l y ea rs . I t  seem ed in te re s tin g  to  ana lyze  th is  p a tie n t 
m a te r ia l for com paring  th e  clin ical, b iochem ical an d  im m unolog ica l fea tu res  
of th e  tw o form s of th e  d isease , and  to  s tu d y  th e  d ifferences re su ltin g  from  
th e  v a rio u s  aetio logies an d  th e  assum ed com m on p a th o m ech an ism .
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Clinical data

T h e  m ate ria l consisted  of 48 p a tie n ts  w ith  chronic ac tiv e  h e p a titis .
T h e  diagnosis was b ased  o n  th e  liv e r b iopsy  show ing aggressive h e p a titis  [2] an d  on 

a sy s te m  o f criteria  developed b y  ou rse lves [13]. H B A g-positive  ch ro n ic  a c tiv e  h e p a titis  
w as d iag n o sed  in  24 cases. In  16 cases H B A g w as d e m o n s tra ted  b y  re p ea te d  coun terflow  
e le c tro p h o re s is , in 8 cases b y  ra d io im m u n o a ssay . These m eth o d s fa iled  to  d e m o n s tra te  H B  
a n tig e n  in  th e  serum  of p a tie n ts  w i th  H B A g -n eg a tiv e  chron ic  a c tiv e  h e p a titis .  T he d a ta  of 
24 su c h  p a tie n ts  were processed .

T h e  sex  and  age d is tr ib u tio n  o f th e  p a tie n ts  a n d  th e  duration  o f th e  disease are show n 
in  T a b le  I. The f irs t perce ivab le  d ifference , in  ag reem en t w ith  d a ta  in  th e  l ite ra tu re , was 
th e  p red o m in an ce  of fem ales in  H B A g -n eg a tiv e  h e p a titis  w hile th e  a n tig en -p o s itiv e  form  
p re d o m in a te d  in  m ales. T here  w as no  d ifference in  re sp ec t o f age a n d  b o th  fo rm s were 
in f r e q u e n t  u n d e r 30 years o f age. O n  th e  average, one an d  a h a lf  y ea rs  e lapsed  fro m  the  
a p p e a ra n c e  of the  sy m p to m s to  th e  diagnosis. T h is period  w as so m ew h at sh o rte r  in th e  
a n tig e n -p o s itiv e  th a n  in  th e  n e g a tiv e  fo rm  of th e  disease.

T able  I

Sex and age distribution o f  the pa tien t material and duration o f  the disease

HBAg-positive HBAg-negative
(24 patients) (24 patients)

Fem ales 10 18
M ales 14 6

N u m b er of pa tien ts
u n d e r 30 years 4 4

A verage age a t th e  tim e
o f diagnosis, years 44.5 45.6

D u ra tio n  of the disease (m ean ), y ears 
from  the  appearance of sy m p to m s to  
diagnosis 1.3 1.7
from  the  diagnosis to  M ay, 1974 2.7 3.7

T he clinical sym ptom s  a re  show n  in  Table I I .  W hile in  th e  H B A g -p o sitiv e  group  d a ta  
su g g e s tin g  v irus h ep a titis  in  th e  h is to ry  of 2/3 of th e  p a tie n ts  and  th e  acute o n se t o f  th e  disease 
in a lm o s t th e  sam e n u m b er o f cases m ig h t su p p o rt th e  v ira l ae tio logy , cases w ith  an  acu te  
o n se t  o ccu rred  also in th e  a n tig e n -negative g roup. The incidence of th e  p rim a ry  chronic form  
w ith  a n  insidious onset w as also h ig h er in  th e  la t te r  group . System ic  sym ptom s  o ccu rred  in 
b o th  g ro u p s in ab o u t 2/3 o f th e  cases, m o st o ften  a r th ro p a th ie s , d iab e tes , p leu ritis , acne, 
a m e n o rrh o ea . No apprec iab le  d ifferen ce  in  th e  incidence of spleen  en la rg em en t could  be 
o b se rv ed . On the  o th e r h a n d , d e fin itiv e  cirrhotic processes w ere s tr ik in g ly  m ore freq u e n t 
in  th e  H B A g -negative form .

Haematology. A n E S R  h ig h er th a n  20 m m /h o u r, an aem ia  below  3.5 
m illio n  and  leukopen ia  b e lo w  4000 were m ore f re q u e n t in  th e  H B A g-negative  
g ro u p . T here was no d iffe rence  b e tw een  th e  tw o groups in  re sp ec t of im m uno- 
lo g ica lly  induced th ro m b o p e n ia  (F ig . 1).

Biochemical param eters. R esu lts  o f liver fu n c tio n  te s ts  are  show n 
in  F ig . 2. W hile th e re  w as no difference betw een  th e  tw o  clin ical form s of 
th e  disease in  resp ec t o f S eB i, GOT, B S P  an d  T h y m o l tu rb id ity ,  e levated
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Table II

Clinical data

HBAg-pos. 
(24 patients)

IIBAg-neg. 
(24 patients)

D a ta  suggestive of v irus h e p a titi ts  
in  h isto ry 16! l i

O nset of disease acu te
insidious

14!
10

1 0
14!

System ic sym ptom s and 
associated clinical p ic tu res 15 16

A rth ro p a th y 6 5
P leu ritis 2 2
A m enorrhoea 2 2
A cne 3 1
D iabetes 3 4

F requency  of P u rp u ra — 1
various R a y n a u d ’s syndrom e 1 —

sym ptom s H ist. refr. achl.
h y p o th y ro id ism  -f- } 
u lcerative  colitis

— 1

R e tin itis
M em branous

1 —

nep h ritis 1 —

Spleen enlargem ent 13 16

f beginning tran s itio n  h istologically
C irrhosis { 12 16

1 defin ite  (laparoscopy , histo logy) 9 15

a lk a lin e  p h o sp h a tase  t i t re  w ere m ore fre q u e n t in  th e  an tig en -n eg a tiv e  g roup , 
th is  b e ing  to  a ce rta in  e x te n t  in  ag reem en t w ith  th e  increased  n u m b e r  of 
c irrhosis  in  th e  sam e g roup . ( In  th e  H B A g-nega tive  from  th e  m ean  a lk a lin e  
p h o sp h a ta se  t i tre  w as 126 +  21 I .U .;  in  th e  positive group , 6 5 + 6  I .U .; 
th e  d ifference w as sign ifican t s ta tis t ic a lly :  p -+ 0.01.)

G am m a globulin  level exceed ing  2.0 g p er 100 m l o ccu rred  in  a b o u t 
2/3 o f th e  p a tie n ts  in  b o th  g roups. As a g a in s t a m ean  level of 2.20 g p e r  100 m l 
in th e  H B A g-positive cases, th e  level w as 2.57 g per 100 ml in th e  H B A g- 
n eg a tiv e  g roup ; th e  d ifference w as n o t sig n ifican t. Serum  a lb u m in  leve l an d  
p ro th ro m b in  a c tiv ity  d id  n o t d iffer in  th e  tw o  groups.

As to  im m unoglobulins , th e  values are expressed  in p e rcen tag e  o f th e  
n o rm a l m ean  (F ig. 3). In  th e  H B A g-positive  g roup  th e  m ean  IgG  lev e l was 
146% , in  th e  an tig en -n eg a tiv e  fo rm  180%  o f th e  no rm al m ean  (p -  0.1). 
N o ap p rec iab le  difference w as fo u n d  in  Ig A .  A n e lev a tio n  o f th e  I g M  t i t r e  
(143% ) w as found  in th e  an tig en -p o sitiv e  g roup , th o u g h  th e  d ifference a g a in s t
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m m /hr million /mm 1 000 /mm 1 000 / mm

E5R erythrocyte leukocyte thrombocyte

(£) immunocytopenia (cytopenia +  autoantibody)
(Numbers in parentheses show the number of patients giving pathological values.)

F ig . 1. H aem ato log ica l d a ta

th e  an tig en -n eg a tiv e  g ro u p  (121% ) was n o t s ig n if ic a n t. I t  was s trik in g  th a t  
in  sev e ra l cases th e  IgM  leve l failed to  reach  th e  n o rm al m ean  in  b o th  th e  
an tig en -p o sitiv e  an d  th e  n eg a tiv e  form .

R esu lts  of hum ora l autoim m une reactions are  show n in Fig. 4. Serum  
c o m p lem en t a c tiv ity  w as ap p rec iab ly  red u ced  [ to ta l  haem o ly tic  com plem en t 
a c t iv i ty  below' 20 U a n d /o r  B eta jC  globulin  (C3) level below  100 m g p er 100 ml 
in  th e  serum , b y  H y la n d  im m u n o p la te , a cco rd in g  to  M ancini] in  b o th  
g ro u p s , in about h a lf  o f th e  cases. Of th e  autoantibodies, rh eu m a fac to r (R h . f.) 
p o s i t iv i ty  w'as o ften  fo u n d  in  b o th  form s o f th e  d isease, in  ab o u t 2/3 of th e  
cases , an d  an tin u c le a r  fa c to r  (A N F) could  be  also d em o n stra ted  in  m any  
p a t ie n ts ,  even in th e  a n tig en -p o sitiv e  group . L E  fa c to r  p o s itiv ity  w as found  
in 6 an tigen -positive  cases , confirm ing th e  re a li ty  of th e  positive  A N F- 
re a c tio n s . A n tim ito ch o n d ria l an tibod ies (A M IT) as well as an tibod ies d irec ted  
a g a in s t th e  sm ooth  m uscle  (SMA) could  ra re ly  be d em o n stra ted  b y  th e  
im m unofluo rescence  te c h n iq u e  in th e  a n tig e n -p o s itiv e  group . As reg a rd s
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SM A , th e  difference b e tw e e n  th e  tw o fo rm s o f th e  disease w as less exp lic it. 
T h e re  w as no difference b e tw een  th e  tw o  g roups in  th e  incidence o f  an tibod ies 
r e a c t in g  w ith  hepa tic  su b c e llu la r  frac tio n s (nucleus, m ito ch o n d ria , m icrosom es, 
so lu b le  pro tein) d e m o n s tra te d  by  th e  m icrocom plem en t f ix a tio n  reac tio n .

R esu lts  for cellular im m u n ity  are su m m arized  in  F ig . 5. I t  show s the  
f r e q u e n t  occurrence in  b o th  groups of an  im p a ired  n o rm al ce llu la r im m une 
r e a c t iv i ty ,  as confirm ed b y  P H A -s tim u la te d  ly m p h o b la s t tra n s fo rm a tio n  and 
b a c te r ia l  cutaneous te s ts . I n  v itro  te s ts  o f th e  cellu lar au to im m u n e  response, 
ly m p h o b la s t  tra n s fo rm a tio n  and  the  in h ib itio n  of leukocy te  m ig ra tio n  gave 
p o s it iv e  reactions in  th e  m a jo r  p a r t  o f th e  p a tie n ts , w ith  one o r th e  o ther 
fo rm  o f th e  disease, p ro v in g  th e  ex is ten ce  o f cellu lar im m une re a c tiv i ty  to  
t is s u e  an tig en  (h e p a to ce llu la r  m ito ch o n d riu m  an d /o r soluble p ro te in ) .

Course o f  disease , m ortality

P a tie n ts  who w ere in  need of s te ro id  th e ra p y  and  p a tie n ts  w ho were 
in  n e e d  of aza th iop rine  th e ra p y  com bined  w ith  stero ids, occu rred  in  a sim ilar 
r a t io  in  b o th  groups (T ab le  I I I ) .

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



IM MUNOLOGICAL FIN D IN C S IN CHRONIC A CTIV E H EPA T ITIS 2 1

Table III

E volu tion  o f  the pathological process

HBAg-pos. 
(24 patients)

HBAg-neg. 
(24 patients)

T herapy
prednisolone 13 14

prednisolone -f a za th io p rin e i l 10

lasting  remission 18 15
Course of disease deterio ra tion 2 3

died 4 6

The course of th e  d isease was sim ilar, th o u g h  th e  prognosis seem ed 
som ew hat less fav o u rab le  in  th e  an tig en -n eg a tiv e  fo rm , considering  th a t  
m an ifest c irrhosis w as m ore  freq u en t in  th is  g ro u p  a t  th e  tim e of d iagnosis,
i.e. a t  th e  beg inn ing  of tr e a tm e n t.  Of th e  10 p a tie n ts  who died , 9 h a d  a

Fig. 4. Incidence  of p a th o lo g ica l au to im m u n e  serological re ac tio n s  (th e  solid p a r ts  o f th e  
colum ns re p re sen t th e  n u m b er o f p a tie n ts  giving p a th o lo g ica l reac tions). Com pl. a c t. de 
crease — to ta l  co m plem en t a c t iv ity  less th a n  20 U an d /o r C3 leve l below  100 m g in serum ; R h . 
f. =  rh eu m a-fac to r p o sitiv ity  (W aale  — R ose, L atex ); A N F  =  a n tin u c le a r fac to r; A M IT =  
an tim ito ch o n d ria l an tib o d y ; SMA =  a n tib o d y  to sm oo th  m uscle ; A IC F  =  au to im m u n e  com 
p lem en t fixation  (w ith  hom ologous h e p a tic  nuclear, m ito c h o n d ria l, m icrosom al an d  su p e rn a 

ta n t  fraction)
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in vitro PHA- late cutaneous 
stimulation reactions 

(lymphoblast tr.) (cut. te s t)

total number of patients

number of patients giving 
pathological reactions

reduced lymphoblast 
transformation. PHA- 
stimulation
frequency of reduced 
late cutaneous reactions 
(to  8 bact. allergens)

increased blast tr. 
to liver-mitoch. antigen

inhibition of leukocyte 
migration 

<0.8 index

HBAg - positive -i
[• patients 

HBAg - negative J

"Normal" lymphocyte functions "Autoimmune" reactions
( impairment )

F ig . 5. C ellu lar im m une re ac tio n s  ( th e  solid p a r ts  o f th e  colum ns re p re sen t th e  n u m b er of 
p a tie n ts  g iv ing  p a th o lo g ica l reactions}

c ir rh o t ic  process. In  th e  H B A g -p o sitiv e  g roup  one p a tie n t d ied  o f  h e p a to 
c e llu la r  carcinom a, a n o th e r  o f n e p h ritis  due to  H B A g -an tib o d y  im m une 
c o m p le x .

Discussion

O u r observations are  in  som e resp ec ts  in  keeping  w ith  th o se  d a ta  in 
th e  l i te r a tu r e  th a t  are em p h asiz in g  th e  c o n tra s t  betw een  th e  H B A g -n eg a tiv e  
c la ssica l chronic active h e p a tit is  and  th e  H B A g-positive ch ron ic  ac tiv e  liver 
d ise a se . T he predom inance o f  fem ales, th e  p rim a ry  chronic fo rm  o f th e  disease 
w ith  a n  insidious onset a n d  th e  h ig h er incidence of m an ifest c irrh o sis  in  the  
e a r ly  perio d  were c h a ra c te r is tic  o f th e  an tig en -n eg a tiv e  p a tie n ts  in  our 
m a te r ia l .  On the o th e r h a n d , th e  H B A g-positive  p a tie n ts  w ere m o s tly  m ales 
a n d  som e sym ptom s su g g estiv e  o f v iru s  h e p a titis  and  th e  a c u te  o n se t of 
th e  d isease  occurred in  th e  h is to ry  of th e  m a jo rity . No ag e-d ep en d en t 
d iffe re n c es  were observed .

In c reased  E S R , a n a e m ia , an d  leu k o p en ia  occurred  m ore  f re q u e n tly  in the 
H B A g -n eg a tiv e  th a n  in  th e  an tig en -p o sitiv e  group . As to  th e  liv e r  fu n c tio n  
te s t s ,  th e  only difference b e tw e e n  th e  tw o clin ical form s was in  th e  freq u en cy  
o f  a n  e lev a ted  alkaline p h o sp h a ta se  level. A lthough  th e  an tig en -n eg a tiv e
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group  show ed h igher gam m a globulin  an d  Ig G  t i tre s , th e  difference w as no t 
sig n ifican t.

A p a r t from  th e  occurrence of AM IT w h ich  could  be found m ore f re q u e n tly  
in th e  H B A g -n eg a tiv e  p a tie n ts , th e  tw o g ro u p s  p roved  to  be p ra c tic a lly  s im i
la r concern ing  as th e  im m unosero logical in d ex es  as th e  cellular im m u n e  re a c 
tio n s. A N F  an d  o th e r an tibod ies as well as th e  dim inished ly m p h o c y te  re 
sponse to  P H A  s tim u la tio n , and  positive ce ll-m ed ia ted  reactions to  liv e r  m ito 
ch o n d ria l an tig en  —  occured w ith  sim ilar f req u en cy  in  b o th  groups.

T he 5 -year follow -up period does n o t ju s t ify  defin ite  conclusions co n 
cern in g  th e  prognosis. T he h igher incidence o f  m an ifest cirrhosis in th e  H B A g- 
n eg a tiv e  fo rm  d e te rio ra te s  th e  chances o f  th e ra p e u tic  a tte m p ts  a n d  also 
th e  p rognosis . D i e t r i c h s o n  e t al. [3] co n sid e r th e  classical a u to im m u n e  
h e p a tit is  as a disease of worse p rognosis th a n  H B A g-positive ch ro n ic  
ac tive  h e p a titis . On th e  o th e r h an d , H B A g -p o sitiv e  chronic liv e r  d isease 
m ig h t be considered  a precancerous co n d itio n  [17], since it  o ften  in v o lv es  
a h e p a to c e llu la r  c a rc in o m a.

T he clinical an d  im m unological fin d in g s  rep o rted  also c o n firm  th a t  
H B A g -p o sitiv ity  p resen ts  an  aetio logical basis  in chronic ac tiv e  h e p a tit is  
an d  t h a t  th e  co n cep t o f H B A g-positive ch ro n ic  ac tive  liver disease re p re se n ts  
a w ell-defined  syndrom e. A t th e  sam e tim e , ou r clinical find ings suggest 
th a t  n o t on ly  h e te ro im m u n e  b u t a u to im m u n e  m echanism s m ig h t a lso  p lay  
som e p a th o g e n e tic  ro le. W r ig h t  [22], V i s c h e r  [20], as well as B u l k l e y  
e t al. [1] a lread y  suggested  th a t  p a tie n ts  w ith  chronic active h e p a tit is  shou ld  
be c lassified  in to  serologically  hom ogeneous g roups owing to  th e  f a c t  th a t  
H B A g an d  au to a n tib o d ie s  c ircu la ting  in th e  serum  exclude each  o th e r  in 
th is  d isease . D ie t r ic h s o in  e t al. [3] also em p h asized  th e  im p o rtan ce  o f  th is  
c la ss ifica tio n . O ur fin d in g s do no t p e rm it to  con firm  th is  view ; we h av e  failed  
to  f in d  H B A g an d  au to an tib o d ie s  to  be rec ip ro ca lly  exclusive an d  o b serv ed  
s im ila r p ic tu re s  in  re la tio n  to  th e  ce llu la r im m une s ta tu s  fo r b o th  th e  
an tig en -p o sitiv e  an d  an tigen -nega tive  fo rm s. A ccordingly, it seem s im 
p ro b ab le  th a t  au to im m u n e  fac to rs shou ld  in te rv en e  only in th e  c lassical 
ch ron ic  ac tiv e  h e p a titis  o f unknow n ae tio lo g y , while В v iral h e p a ti t is  of 
know n  aetio logy  w ould  be th e  consequence  m erely  of a p e rs is tin g  v iru s 
in fec tio n , w ith o u t an y  im m unological e v e n t. A ll those  who em p h asized  the  
a u to a n tib o d y -p o s itiv ity  and  opposed th is  in  th e  presence of H B A g, co n sid er 
a u to im m u n ity  an d  v ira l infection  to  re p re se n t tw o  sep ara te  ae tio log ica l fac to rs  
rec ip ro cally  exclud ing  each  o th e r in ch ro n ic  ac tiv e  h ep a titis .

S c h u m a c h e r  [18] em phasized  th a t  v ira l in fection  and a u to im m u n ity  
do n o t exclude  each  o th e r  in th e  p a th o g en esis  of chronic h e p a ti t is .  Since 
th a t  tim e  D u d l e y  e t  al. [4] as well as P o p p e r  and  M ac k a y  [15] h a v e  also 
assum ed  th a t  H B A g-positive chronic ac tiv e  h ep a titis  deve lops as a 
re su lt o f th e  coexistence o f v ira l in fection  an d  a pa tho log ica l im m une resp o n se .
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A cco rd in g  to  D u d l e y  e t al. [4], th e  fu n c tio n a l d is tu rb an ce  of T -ly m p h o cy te s  
m ig h t be responsib le  fo r th e  d ev e lopm en t o f  H B A g-positive ch ron ic  ac tiv e  
liv e r  d isease , th e  d am age o f h ep a tic  cells b e in g  due to  p a tho log ica l ce llu la r 
a u to ag g re ss io n . P o p p e r  a n d  Ma c k a y  [15] consider the  im m une re a c tio n  
d ire c te d  ag a in s t th e  h o st p ro te in s  in c o rp o ra te d  b y  the  В v iru s an d  re leased  
on its  d ecom position  as th e  basis of th e  au to im m u n e  process, su b se q u e n t 
to  in fe c tio n  w ith  th e  В v iru s .

O bviously , th e  H B A g-positive  ch ro n ic  ac tiv e  h ep a titis  is a d isease 
ae tio lo g ica lly  d iffe ren t from  th e  classical au to im m u n e  h ep a titis . P a th o lo g ic a l 
im m u n e  reac tio n s  m ay , how ever, p lay  a fu n d a m e n ta l  Tole in  th e  d e v e lo p m en t 
o f b o th  ty p e s  o f th e  d isease . In  e v a lu a tin g  th e  clinical and  im m u n o lo g ica l 
d iffe ren ces, one shou ld  reck o n  w ith  th e  e ffec t th e  В v irus itse lf  m ig h t e x e r t  
on th e  im m une  sy s tem . T h e  observa tion  b y  S z a l a y  et al. [19] on th e  low  
a n tim eas le s  t i t r e  in  H B A g-positive  liver d isease  is of in te re s t in  th is  re sp e c t. 
O n th e  o th e r  h an d , th e  id ea  has also been su g g e s te d  th a t  au to im m une  h e p a ti t is  
o f u n k n o w n  ae tio logy  m ig h t ev en tu a lly  be d u e  to  some u n id en tif ied  v iru s  
or t h a t  endocrine  fa c to rs  in te rfe re  w ith  i ts  deve lopm en t in  g e n e tic a lly  
p red isp o se d  persons. T he H L -A  in v es tig a tio n s  (freq u en t H L -A  1, 8 a n tig e n  !) 
o f M a c k a y  an d  M o r r is  [10], fam ily  o ccu rren ces [8, 21] and  im m u n o lo g ica l 
a b e rra tio n s  found  in  th e  sym ptom -free  re la tiv e s  of the  p a tie n ts  [6, 7] all 
u n d e rlin e  th e  im p o rtan ce  o f  genetic  fa c to rs . T h e  predom inance o f fem ales 
in  th is  form  of th e  d isease m ay  suggest sex -b o u n d  genetic p red isp o sitio n  
a n d  th e  ro le o f c e r ta in  endocrine  fac to rs.

A t all ev en ts , v ira l in fec tio n  and  a u to im m u n e  reac tio n  m ig h t be  n o t 
re c ip ro c a lly  exclusive b u t  jo in tly  ac ting  fa c to rs  in  chronic active h e p a ti t is .  
T h is is o f im p o rtan ce  from  th e  th e ra p e u tic a l a sp e c t, since i t  ju s tif ie s  th e  use 
o f im m u n o su p p ress iv e  d ru g s b o th  in  H B A g -n eg a tiv e  and  H B A g -p o sitiv e  
ch ro n ic  ac tiv e  (aggressive) h e p a titis . D u d l e y  e t  al. [5] recom m ended  s te ro id s  
in  H B A g -p o sitiv e  ch ron ic  ac tiv e  liver d isease . T h ey  did n o t exp ress th e ir  
v iew  co n cern in g  th e  use o f  cy to s ta tic s . In  th e  lig h t of th e  above c o n s id e r
a tio n s , we are a d m in is te rin g  [14] s te ro id s  com bined  w ith  low doses of 
a z a th io p rin e  in  all H B A g-positive  ch ro n ic  ac tiv e  (aggressive) h e p a ti t is  
cases t h a t  fa il to  re a c t  w ith  su ffic ien t im p ro v e m e n t to  th e ra p y  w ith  s te ro id s  
on ly .

*

T h e  b iochem ical te s ts  (liver fu n c tio n  te s ts , p a p e r  electrophoresis) w ere p e rfo rm e d  
in th e  D e p a r tm e n t o f  C linical C h em istry  of Pécs U n iv e rs ity  M edical School and  in  th e  C en tra l 
L a b o ra to ry  o f B a ran y a  C oun ty  H o sp ita l. H e p a titis  В a n tig e n  rad io im m unoassay  w as c a rr ied  
o u t b y  D r. J .  E s z t e r g á l y o s  a n d  D r. K inga K a r l i n g e r  a t  th e  R adiology D e p a r tm e n t of 
Sem m elw eis U n iv e rsity  M edical School, B u d ap est. W e e x p re ss  our th an k s for th e  p e rfo rm a n ce  
o f th e  ab ove  tes ts .

F o r  th e  im m une serological reac tio n s th a n k s  a re  d u e  to  Miss E . G r a d w o h l .
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EFFECT OF METHANDROSTENOLONE ON SERUM 
TRIGLYCERIDE AND CHOLESTEROL LEVELS IN 

DIABETIC PATIENTS
By

L. R o m ic s , M. B r e t á n , Á gnes  Sz ig e t i  and M ária  V a r s á n y i -N a gy

T H IR D  DEPARTM ENT OF M ED IC IN E , SEMMELWEIS U N IV E R SIT Y  M EDICAL SCHOOL, BUDAPEST

(R eceived O ctober 17, 1974)

E ig h teen  a d u lt  d iab e tic  p a tie n ts  were t r e a te d  w ith  m ethandrosteno lone  in 
daily  doses o f 15 m g fo r 3 weeks. Serum  trig ly cerid e  and  cholestero l levels an d  lip o 
p ro te in  lipase a c t iv ity  were de term ined  before a n d  a f te r  t r e a tm e n t. In  p a tie n ts  w ith  
in tense  h y p e rtr ig ly ce rid aem ia , trig lyceride c o n ce n tra tio n  decreased and , w ith  th e  e x 
cep tion  of a single p a tie n t,  lipopro te in  lipase a c t iv ity  re tu rn e d  to  norm al. C holesterol 
co n cen tra tio n  d id  n o t  change ch aracteris tica lly .

T he ste ro id  ho rm ones ex ertin g  v a rio u s b io logical ac tiv ities p lay  an  
im p o r ta n t role in  re g u la tin g  th e  blood lip id  level. As confirm ed by  e x a m 
in a tio n s of norm o- an d  hyperlipaem ic  su b jec ts , o estrogens decrease cho lestero l 
[15, 18] b u t  increase trig ly ce rid e  [12] c o n c e n tra tio n s ; androgens low er th e  
b lood trig lyceride  c o n c e n tra tio n  [23] h u t ind u ce  h y p erch o leste rin aem ia  [20]. 
G lycoco itico ids m ay  give rise to  hyp< rtr ig ly c e r id a em ia  [2].

In  recen t y ea rs , severa l team s have in v e s tig a te d  th e  effects o f an ab o lic  
ste ro id s  on th e  b lood  lip ide levels in su b jec ts  w ith  v a rio u s ty p es of h y p er- 
lip o p ro te in aem ia  [8, 13, 21]. W e are, how ever, n o t aw are  o f any  re p o rt on 
ex am in a tio n s  perfo rm ed  in  p a tie n ts  w ith  d ia b e tic  h y p erlip o p ro te in aem ia .

A nabolic ste ro id s  arc well know n to  im p ro v e  c a rb o h y d ra te  to le ran ce  
an d  reduce th e  in su lin  d em an d  of d iabetic  p a tie n ts  [14, 28] and  also to  cause  
an  im p ro v em en t of d iab e tic  re tin o p a th y  [5, 29 ]. T he share  of lipides in th e  
d ev e lo p m en t of v a sc u la r  com plications c a n n o t be co n te s ted  e ith er. In  th e  
lig h t of th is  know ledge, i t  seem ed in te restin g  to  s tu d y  th e  effect of m e th a n 
d rosteno lone  (N erobo l, R ich te r, B udapest) on  d iab e tic  h y p e rlip o p ro te in 
aem ia .

M aterial and m ethods

E ig h teen  d iab e tic  p a tie n ts  were involved in th e  s tu d y ;  5 could he kep t in b a lan ce  
by  d ie ta ry  m eans, 10 w ere tre a te d  w ith  oral a n tid iab e tic s , a n d  3 w ith  16 to  20 U of in su lin . 
All p a tie n ts  were a d u lts , w ith  no pred isposition  to k e to s is , d isp lay ing  h y p ertrig ly ce rid aem ia  
a n d  norm o- or h y p e rch o les te rin aem ia . T heir d a ta  are su m m arized  in T able  1.

A t adm ission , th e  d iab e tes  was u n d e r con tro l a n d  tr e a tm e n t  was n o t m odified d u rin g  
th e  o b se rv a tio n  period . T he p a tie n ts  were a d m itte d  w ith  locom oto r com plain ts, d iab e tic  
n e u ro p a th y , h ea rt fa ilu re  o r o b lite ra tiv e  a rteriosclerosis. T h ey  h a d  no disease in te rfe rin g  
w ith  lipide m etabo lism  (nephrosis, hy p o th y ro id ism , re ce n t m y o ca rd ia l in farc tion , etc.).
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Table I

D ata o f  pa tien ts involved in  the study

No. Initials
Age,
years Sex

Body weight 
index A ntidiabetic tre a tm en t

l M .S . 63 m ale 1.10 oral (50 m g b u ty lb ig u an id in e )

2 M .L . 56 fem ale 1.28 oral (1.5 g carb u tam id e)

3 H .T . 54 m ale 1.07 insulin (20 U)

4 K . J . 59 fem ale 0.92 diet

5 B . P . 6 6 fem ale 1.12 insulin  (16 U)

6 B. D. 63 fem ale 0.94 oral (1 g to lb u tam id e )

7 D . B. 52 fem ale 1.04 oral (1 g carb u tam id e)

8 F . A. 61 fem ale 0.87 diet

9 K . A. 59 fem ale 1.20 oral (10 mg g lybenclam ide)

10 M. Gy. 62 m ale 1.06 oral (10 mg g lybenclam ide)

11 F . A. 52 m ale 1.09 insulin (20 U)

12 S. J . 63 f e m a l e 0.97 diet

13 P . Gy. 64 m ale 1.30 diet

14 L. A. 60 fem ale 1.01 oral (1.5-g c a rb u tam id e)

15 B. Gy. 46 fem ale 1.03 oral (1 g to lb u tam id e  100 mg 

bu ty lb iguan id ine)

16 R . A. 62 fem ale 1.03 diet

17 H . J . 58 fem ale 0.99 oral (150 mg b u ty lb ig u an id in e )

18 J . F . 50 m ale 1.17 oral (100 m g b u ty lb ig u an id in e )

B o d y  w eight index  =
b o d y  w eigh t 

b o d y  h e ig h t — 100

A fte r  adm ission, th e  b lo o d  trig ly cerid e  a n d  cholestero l levels w ere d e te rm in e d  in 
sa m p le s  o b ta in e d  on an  e m p ty  s to m ach . L ip o p ro te in s  were sep a ra ted  b y  agarose-ge l e lectro 
p h o re s is . A ll these  te s ts  w ere re p e a te d  a  few  d a y s  la te r. P rov ided  th e  tw o  re su lts  show ed 
no  a p p re c ia b le  differences, on th e  follow ing d a y  100 U /kg b.w . o f h e p a rin  w as in je c te d  in 
t r a v e n o u s ly  a n d  lip o p ro te in  lipase  a c t iv ity  (L P L ) w as de term ined . A fte rw ard s  th e  p a tie n ts  
w ere  g iv en  5 m g of m eth an d ro s ten o lo n e  3 tim e s  d a ily  for 21 consecutive d ay s. S u b seq u e n tly  
th e  te s ts  w ere rep ea ted . T h ro u g h o u t th e  su rv e y  p e rio d  th e  p a tie n ts  h ad  a  specific  d ie t, th e ir  
b o d y  w e ig h t was reco rded  befo re  an d  a f te r  th e  m eth an d ro sten o lo n e  t r e a tm e n t  a n d  th e ir 
d ia b e te s  w as k e p t u n d e r con tro l.

T rig ly cerid e  w as d e te rm in e d  acco rd in g  to  G r a f n e t t e r  [11], ch o leste ro l according 
to  R a p p a p o r t  and  E i c h h o r n  [19] a n d  L P L  acco rd in g  to  B o b e r g  [3]. A garose-gel e lectro 
p h o re s is  o f lipopro te ins w as p e rfo rm ed  acco rd in g  to  N o b l e  [17] as m odified  b y  us.

R esults

1. In  p a tie n ts  N os. 1 to  9, w hose h y p ertr ig ly ce rid aem ia  ra n g e d  from  
200 to  500 mg/100 m l, no  co n s is ten t changes were observed . T rig lyceride  
c o n c e n tra tio n s  exceeding 500 m g/100 ml (p a tien ts  Nos 10 — 18) decreased
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Tg
m g/100 ml

2 4 0 0 -  

2 000 -  

1 600 -  

1200 -

800

400 8 8 8 8 8 2 2 8 8 2 2 1
1 П

о Before treatment 
•  After treatment

Ser No. of case = 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
rhnnoé* in •/ ^24-1 4 3 -1 3 *7 -А2Ч7>5-15-28 -4 4  -4 6  -4 8  -5 7Change in /. -33 _37 _51

F ig . 1. Serum  trig ly cerid e  (Tg) level before and  a f te r  m e th an d ro sten o lo n e  t r e a tm e n t

Table II

Effect o f  methandrostenolone on serum triglyceride level in  patients with triglyceridaemia  
(2 0 0 — 500 m g/100 m l) and w ith high hypertriglyceridaem ia (> 5 0 0  mg/100 m l)

Blood triglyceride level

200 500 mg/100 ml 
n =  9

> 500  mg/100 ml 
il =  9

before after before after

trea tm en t treatm en t

X

S .D .

t

P

368

78

0

no t

344

72

67

significant

1211

636

2.

< 0

590

250

72

05

con sid erab ly  in  each  case (F ig . 1); th e  change w as s ign ifican t m a th e m a tic a lly  
(T able I I ) .  In  th ese  cases, th e  in tensive  s ta in in g  o f p re -b e ta -lip o p ro te in s  
becam e less in ten siv e , th e  chylom icron  a c c u m u la tio n  found  in  3 p a tie n ts  
d isap p eared  a fte r  m e th an d ro s ten o lo n e  t r e a tm e n t  (F ig . 2).

2. In  cholestero l co n cen tra tio n  no u n a m b ig u o u s  change w as fo u n d
e ith e r  in  th e  p a tie n ts  w ith  a norm al cho leste ro l level (<^ 300 m g/100 ml) 
(Nos 1, 2, 4, 5, 7, 10, 11) or in  those w ith  h y p erch o leste rin aem ia  ( >  300 
m g/100 ml) (p a tie n ts  N os 3, 6, 8, 9, 10 18) (T ab le  I I I ) .  In  th ree  p a tie n ts
w ith  h ig h  h y p e rch o le s te rin aem ia  (Nos 16, 17, 18), the  level su b s ta n tia lly  
d ecreased  in tw o  an d  in c reased  in one case (F ig . 3).

3. In  h a lf  of th e  cases (Nos 1 5, 8, 9, 11, 13) L P L  a c tiv ity  w as n o r
m al ( > 7 0  pm ol/l/m in) (F ig . 4). In  p a tie n ts  w ith  decreased  L P L  a c tiv i ty  
(<C 70 pm ol/l/m in) (N os 6, 7, 10, 12, 14 18) m e th an d ro s ten o lo n e  in d u ced  a
sig n ifican t increase in  a c t iv i ty  (Table IV ). I n  5 o u t of 6 cases (N os 6,
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Ser. No 
of case NEROBOL 1

16

У
Tg 1 840

before
Ch 985 , *
Tg 950

after
Ch 660 , 1

17

Tg 2 150
before

Ch 560 , 1 ■
Tg 1 050

after
Ch 640 , 1

x mg /100 ml

F ig . 2. Serum  trig lyceride  (Tg) a n d  cholestero l (Ch) levels a n d  e lectropherogram s fo r p a tie n ts  
N os 16 a n d  17 before an d  a f te r  m e th an d ro s ten o lo n e  tre a tm e n t.  ( |  in d ica tes  th e  chy lo

m icron  s tr ip )

Table III

E ffect o f  methandrostenolone on serum cholesterol level in  patients with normocholesterinaemia  
(< 3 0 0  mg/100 m l)  and hypercholesterinaemia (> 3 0 0  mg/100 m l)

Blood cholesterol level

< 3 0 0  mg/100 ml 
n  =  7

> 300 mg/100 ml 
n =  11

before after before after

trea tm en t treatm en t

X 266 291 477 388

S .D . 22 46 230 133

t 1.44 1.11

P n o t significant not significant

Cholesterol 
mg/100 ml

1000- 

800 -  

6 0 0 -  

400 - 

200 -
• I 8 8 8 5 8 * 2 8 8 e « 2 8

о Before treatment 
•  After treatment

Ser. No. of case . 1 2 3 4 5 6 7 8 9 Ю 11 12 13 1415 16 17 18
Change in •/. 0*55*3 *9 *3*23-10-16-16*2 ‘12 0-33-17 *3-33*14-60

F ig . 3. Serum  ch o lestero l level before a n d  a f te r  m e th an d ro sten o lo n e  t r e a tm e n t
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Tabic IV

Effect o f  methandrostenolone on normal (> 7 0  /im ol/l/m in j and low (< 7 0  fim ol/l/m in)
L P L  activity

LPL activity

> 7 0  /ymol/l/min 
11 — 9

< 7 0  y/mol/l/min 
n =  9

before ufter before after

trea tm en t treatm en t

X 104 i l l 44 84

S. D. 22 26 17 19

t 0.59 4.7

P not significant < 0 .0 1

pm ol/l /min 
Glycerol 

160 -, f

20 -

1
о Before treatm ent 
•  After treatm ent

Ser No. of case: 

Change in ”/.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
♦18*4-8-17*3*123 -3 *100 *23 *104 *228 *4

*48 *26 * 2 *33 *128 *375

Fig. 4. L ip o p ro te in  lip ase  a c tiv ity  before an d  a f te r  m eth an d ro sten o lo n e  t r e a tm e n t

14 18) a high degree of h y p e rtrig ly ce rid aem ia  ( >  800 m g/100m l). in  th ree
cases (Nos 16, 17, 18) m ark ed  h y p erch o leste rin aem ia  ( >  500 |m g/100 ml) 
as well as chy lo m icro n aem ia  were associa ted  w ith  th e  low enzym e a c tiv ity . 
E x c e p t in  a single p a t ie n t ,  red u ced  enzym e a c tiv i ty  was re s to re d  to  no rm al 
b y  m eth an d ro s ten o lo n e  (F ig . 4).

4. In  all cases w here patho log ica l L P L  a c tiv ity  re tu rn e d  to  no rm al 
u p o n  th e  effect o f m e th an d ro s ten o lo n e , tr ig ly ce rid e  c o n c e n tra tio n  also 
decreased . No co rre la tio n  could, how ever, he d em o n stra ted  b e tw e e n  th e  
increase  in  L P L  a c tiv i ty  and  th e  decrease of th e  trig lyceride  level (r =  0.29).

5. D uring  m e th an d ro s ten o lo n e  tre a tm e n t, b o d y  w eight, fa s tin g  b lo o d  sugar 
va lu e  an d  sugar e x c re tio n  did n o t change s ig n ifican tly .
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Discussion

T he p a th o m ech an ism  o f d iabetic  h y p e rlip o p ro te in aem ia  is n o t  clear 
[1, 16, 22, 25, 26, 27, 30].

T he underly in g  cau se  o f liyp e rch o leste rin aem ia , o ften  asso c ia ted  w ith  
d ia b e te s , is no t know n  e ith e r . F o u r fac to rs are  kn o w n  to  in fluence  th e  b lood  
tr ig ly c e rid e  level in  th e  d ia b e tic  p a tie n t: th e  b lo o d  sugar level, n o n -este rified  
f a t t y  acids, th e  in su lin  le v e l an d  the L P L  en zy m e sy stem . T hey  m ig h t m odify  
th e  trig lyceride  level also  in d ep en d en tly  of one a n o th e r, b u t  th e  tr ig ly ce rid e  
c o n c e n tra tio n  depends o n  th e ir  com bined e ffec t, being  in  th e  f in a l analysis 
th e  re s u lta n t  of tr ig ly c e r id e  synthesis an d  o f  i ts  d isap p earan ce  from  th e  
c irc u la tio n .

O n th e  basis o f t r a n s p o r t  k inetic  s tu d ie s , N i k k i l ä  and  K e k k i  [16] 
d iv id e d  d iabetic  h y p e rtr ig ly ce rid aem ia  in to  sev e ra l groups. O u r p a tie n t  
m a te r ia l  was ra th e r  h o m ogeneous. W ith  th e  e x c e p tio n  of 3 p a tie n ts , i t  consisted  
o f  su b je c ts  whose d ia b e te s  could  be co n tro lled  b y  d ie ta ry  m eans o r b y  o ra l 
a n tid ia b e tic s  since 3 to  8 y e a rs . A ccording to  th e  g rouping  by  N i k k i l ä  an d  
K e k k i  [16], h y p e rtr ig ly c e rid ae m ia  in th e se  cases m ust have been  a con
seq u en ce  of o v e rp ro d u c tio n  in  the  liver w ith  a red u ced  im p o rtan ce  o f th e  
L P L  system .

In  9 of our p a t ie n ts ,  L P L  ac tiv ity  w as n o rm a l and  in  9 i t  w as low . 
I n  5 cases, the  e lev a tio n  o f  th e  trig lyceride leve l a n d  th e  p re -b e ta -lip o p ro te in  
a c c u m u la tio n , and  in  f u r th e r  3 cases th e  ch y lo m icro n aem ia  w ere asso c ia ted  
w ith  low  L P L  a c tiv ity . W ith  th e  exception  o f a sing le  case, m e th an d ro s ten o lo n e  
t r e a tm e n t  norm alized  L P L  a c tiv ity  and  cau sed  th e  trig lyceride  c o n c e n tra tio n  
to  decrease w ith  a m o d if ic a tio n  of the  e le c tro p h o re tic  p a tte rn : chy lom icrons 
d isa p p e a re d  and  th e  s ta in in g  of p re -b e ta -lip o p ro te in s  becam e less in ten se . 
W h e n  in te rp re tin g  th e se  a lte ra tio n s , it  is o n ly  log ical to  assum e t h a t  m e th 
an d ro s ten o lo n e  m u s t som ehow  stim ula te  th e  a c t iv i ty  of th e  e n zy m a tic  
p ro cess  (increased en zy m e p ro d u c tio n  an d  re le a se , slow in a c tiv a tio n )  as a 
r e s u l t  o f w hich th e  tr ig ly c e r id e  level decreases a n d  chy lom icronaem ia  d is
a p p e a rs . This suggests t h a t  th e  enzym atic  a c t iv i ty  s tim u la ted  b y  m e th a n 
d ro s ten o lo n e  affects th e  m o s t advan tageous s u b s tra te ,  th e  chy lom icrons of 
ex o g en o u s origin in  th e  f i r s t  place and less th e  p re -b e ta -lip o p ro te in s .

O n th e  o th e r h a n d , no correlation  cou ld  be d em o n stra ted  b e tw een  
th e  increase  in L P L  a c t iv i ty  an d  the decrease in  th e  b lood trig ly ce rid e  level. 
T h is  seem s to  suggest t h a t  th e  reduced  L P L  a c t iv i ty  w as only  p a r t ly  re sp o n 
sib le  fo r th e  considerab le  h y p e rtrig ly ce rid aem ia .

In  o th e r cases, w h e n  enzym e ac tiv ity  w as n o rm a l in  v itro , L P L  seem ed 
to  be  insuffic ien t fo r th e  com p le te  sp littin g  o f  p re -b e ta -lip o p ro te in s , an d  th is  
is w h y  no correlation  cou ld  be  detec ted  be tw een  L P L  a c tiv ity  and  tr ig ly ce rid e  
c o n c e n tra tio n . In  th e se  cases i t  is an o v e rp ro d u c tio n  th a t  p lays a decisive
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role in  th e  h y p e rtr ig ly ce rid aem ia , a p h en o m en o n  n o t in fluenced  b y  m e th a n -  
d rosteno lone .

S t o n e  [24] a rriv ed  a t  sim ilar re su lts . W ith  d a ily  doses of 10 15 m g
m eth an d ro sten o lo n e  he succeeded in low ering  th e  h igh  (703 4700 ing /100  ml)
trig ly ce rid e  level, b u t  neg lec ted  to  s tu d y  th e  a c t iv i ty  of LPL .

S a c h s  an d  W o l f m a n  [21] an d  G l u e c k  [9] investiga ted  th e  a c tio n  
of ox an d ro lo n e  in p a tie n ts  w ith  d iffe ren t ty p e s  o f h y p erlip o p ro te in aem ia . 
In  th e  m a jo rity  of ty p e  I I I ,  IV  and V h y p e rlip o p ro te in a em ia , the  tr ig ly c e rid e  
level decreased  an d  L P L  a c tiv ity  increased  in  a lm o s t every  case. In  ty p e  I 
h y p e rlip o p ro te in aem ia  exogenous h y p e rtr ig ly ce rid aem ia  oxandro lone  fa iled  
to  decrease th e  b lood  trig lyceride  level [6].

S im ilarly , G l u e c k  e t al. [7, 8, 10] fo u n d  a considerable d ec rea se  of 
th e  tiig ly c e rid e  level and  an  increase in L P L  a c tiv i ty  a fte r t r e a tm e n t  w ith  
p ro g estag en  n o re th in d ro n e -a ce ta te . This s te ro id , th o u g h  having  a d iffe re n t 
bio logical ac tio n , resem bles oxandro lone  s tru c tu ra l ly . A ccordingly, in re d u c in g  
th e  tr ig ly ce rid e  c o n c e n tra tio n , m ore im p o rtan ce  h as  to  be a t tr ib u te d  to  th e  
chem ical s tru c tu re  th a n  to  biological a c tiv ity .

D a ta  concern ing  th e  cholesterol c o n c e n tra tio n  are no t u n eq u iv o ca l. 
A ccord ing  to  o u r re su lts , o f 3 p a tie n ts  w ith  m a rk e d  h y p e rch o les te rin aem ia , 
cholestero l c o n c e n tra tio n  decreased  in  2 an d  in c reased  in 1 p a tie n t. I n  th e  
o th e r  cases, in d e p e n d e n tly  o f th e  cholestero l lev e l, th e  changes w ere  n o t 
co n sis ten t. O th e r a u th o rs  [4, 13, 24] also fo u n d  an  increase in c h o le s te ro l 
level a f te r  m e th an d ro s ten o lo n e  tre a tm e n t w hile oxandro lone  [9] d id  n o t 
seem  to  affect th e  b lood cholestero l level.

I t  m ig h t be in fe rred  from  th e  above d a ta  t h a t  in  th e  case o f a c o n s id 
erab le  h y p e rtr ig ly ce rid aem ia , especially  if  a sso c ia ted  w ith  ch y lo m icro n - 
aem ia , m e th an d ro s ten o lo n e  m igh t e x e rt a fa v o u ra b le  effect on th e  b lo o d  
trig ly ce rid e  level, p ro b a b ly  b y  norm aliz ing  th e  re d u ced  L P L  a c tiv ity . T he 
changes in cho leste ro l c o n cen tra tio n  are n o t c h a ra c te r is tic . H ow ever, u n d e r  
th e  effect o f m e th an d ro s ten o lo n e , trig ly cerid e  a n d  cho lestero l c o n c e n tra tio n s  
failed  to  reach  th e  physio log ical value.
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CLINICAL AND MORPHOLOGICAL STUDIES IN 
STREPTOZOTOCIN DIABETIC PREGNANT RATS
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AND D EPA RTM EN T OF PATHOLOGY OF T H E  NATIONAL IN ST ITU TE OF PHYSICAL EDUCATION

AND SPO RTS, BU DA PEST,

(R eceived  O c to b er 28, 1974)

D iabetes was induced  in p re g n an t ra ts  by  ad m in is tra tio n  of s tre p to z o to c in  
an d  th e  changes o f th e  fe to -p lacen ta l u n it  were in v estig a ted . D ead  fe tuses were 
found  in 12%  of th e  u n tre a te d  d iab e tic  an im als . In com parison to th e  co n tro ls , th e  
fe ta l w eigh ts were s ign ifican tly  sm alle r an d  p lacen ta l w eights g re a te r  in d iab e tic  
an im als . T he changes were clearly  ch arac te rized  b y  the  ra tio  fe ta l p lac en ta l w eight. 
E dem a an d  cystic  degeneration  were ch a ra c te ris tic  o f insu lin  tre a te d  d iab e tic  p lacen 
ta s  while fib rosis and ischem ia were ohscrved  m ain ly  in u n tre a te d  an im als . In su lin  
tre a tm e n t re su lted  in hem orrhages an d  necrosis in th e  p lacen ta  of n o rm al p re g n an t 
ra ts ;  th e  change is ascribed  to h y pog lycaein ia .

S trep to zo to c in  p roduced  by Streptom yces achromogenes e x e r ts  an  in h ib 
ito ry  ac tio n  on tu m o u r g row th  by b lock ing  th e  DNA sy n th es is ; th e  effect 
is m e d ia ted  b y  its n itro so u rea  g roup  [13, 19, 27].

S trep to zo to c in  reduces th e  N A D /N A D I! c o n te n t of th e  p an c reas . T his 
is follow ed by  b e ta  cell necrosis an d  d iab e tes  [23, 25, 26, 32]. T h e  changes 
cou ld  be p re v e n te d  by  th e  a d m in is tra tio n  o f n ico tin am id e  [8, 29]. T h e  selective 
d e s tru c tio n  o f b e ta  cells is accom pan ied  b y  a th ree-phase  b lo o d -su g ar re 
sponse a fte r in jec tio n  of th e  agen t [28, 34]. T he o th e r cells o f th e  pan creas  
are le f t u n ch an g ed  [14, 15].

In th e  p re se n t in v estig a tio n s we have s tu d ied  the b iochem ical and 
m orpho log ica l changes of th e  fe to -p lacen ta l u n it  in s trep to zo to c in  d iab e tic  
p re g n a n t ra ts .

M ateria l and  m ethods

One h u n d red  and  th ir ty -s ix  fem ale R -A m ste rd am  ra ts , w eighing ISO 200 g, were 
k e p t u n d e r iden tica l conditions. A fter m a tin g  p reg n an cy  was proven  by th e  p resence of a 
sp e rm ato zo a  in vag in a l sm ears s ta in ed  w ith  1%  m eth y len e  blue.

D iab etes  was induced  by th e  in tra v en o u s  in jec tio n  of 65 m g/kg s tre p to z o to c in  fresh ly  
d isso lved  in 0.4 m l c itra te  buffer p H  4.5 (L o t 9681 CGS —118FI U 9889 U p jo h n ).

T he blood su g ar level was e s tim a te d  by th e  o -to lu id ine  m ethod in sam p les o b ta in e d  
from  th e  ta il vein  on th e  10th day  and a f te r  d e ca p ita tio n  of th e  ra ts  on th e  las t d a y  of 
g e s ta tio n . The ra ts  were kep t in m etab o lic  cages an d  urine  excretion  was m easu red  daily . 
B ody  w eight was checked a t  6-day  in te rv a ls .

F ro m  th e  5 th  day  of p regnancy  I IU  N P H  an d  l IU  Z n-insulin  w ere given su b 
cu tan eo u s ly  and  th e  in itial dose was m odified  acco rd ing  to  th e  blood sugar level. R oth  d iab e tic  
an d  co n tro l ra ts  were killed in d iffe ren t s tages o f g esta tio n .

A t full te rm  p regnancy  th e  ra ts  were sacrificed  by d ecap ita tio n , on th e  21st d a y , th e  
u te ru s  was rem oved  an d  th e  fe tuses and  p lacen ta s  were weighed on to rsio n  ba lance . For 
h isto log ical e x am in a tio n  fetuses and  p lacen ta s  were fix ed  in 4%  form alin  a n d  s ta in e d  w ith 
h aem ato x y lin -eo sin , M allory, M ason’s trich ro m e an d  S ch iff-Hale stains.
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Results

T h e 136 p re g n a n t an im als were ran g ed  in  4 groups. The f irs t  group 
of 22 r a ts  served  as con tro l (CR). T he second g roup  (37 ra ts) received  s trep to - 
zo to c in  w ith o u t in su lin  th e ra p y  (SD R ). T he th ird ,  d iabe tic , g roup  (43 ra ts )  
w as t r e a te d  w ith  in su lin  (S D R I). The fo u r th  g roup  (27 ra ts )  received  only  
in su lin  (IR ).

T ab le  I  show s th a t  d a ily  u rine  p ro d u c tio n  increased  and w eigh t gain  
m a rk e d ly  decreased  in  s trep to zo to c in  d iab e tic  an im als . In  c o n tra s t, su b s ti
tu t io n  th e ra p y  p re v e n te d  th e  loss of b o d y  w eigh t and  urine p ro d u c tio n  was 
also red u ced .

Table I

Groups
N um ber 
o f ra ts

Blood sugar 
level, mg per 100 ml

U rine, 
ml (24 hr)

W eight gain,
g

CR 22 75 +  5 5.8 ± 1 .3 4 3 +  7

79+ 2 1

SDR 37 326 +  119 52.5 ± 2 3 2 0 +  9

34 +  14

8h =  246 +  57

SD R I 43 12h -- 221 +  89 15.9 ± 4 .8 24+ 11

16h =  85 +  30 52+ 11

8h =  117 +  17

IR 27 12h =  16 +  22 7.67 +  2.45 3 2 +  4

16h =  45 +  16 83 +  34

N in ty -th re e  p e r cen t o f th e  d iab e tic  an im a ls  tre a te d  w ith  in su lin  bore 
to  te rm . E ig h ty - th re e  p e r c e n t of th e  d iab e tic  r a ts  w ith o u t insulin  t r e a tm e n t 
su rv iv e d  u n til  th e  d a y  of sacrifice . D ead  fe tu ses  w ere found  in  12%  of 
p re g n a n ts  in th e  S D R I g roup  while in 21 %  of th e  SD R  group.

T ab le  II  shows th e  n u m b e r and  w eigh t o f fe tu ses , as well as th e  p lacen ta l 
w e ig h ts . The n u m b er of liv ing  fe tuses p er m o th e r  w as s ign ifican tly  red u ced  
(p <+ 0.5) in  all d iab e tic  groups. In su lin  a d m in is tra tio n  p a r tly  p rev en ted  
fe ta l d e a th  in  th e  d iab e tic  m o th ers  and  p ro d u ced  m orphological changes 
in  th e  p la c e n ta  of n o n -d iab e tic  ra ts . The n u m b e r  of liv ing fe tuses w as less 
in  th e  I R  group th a n  in  th e  CR group.

F e ta l  w eight in  th e  d iab e tic  groups w as s ig n ifican tly  sm aller and  th e  
w e ig h t o f  th e  p la c e n ta  g rea te r  th a n  in th e  co n tro ls . The changes m en tio n ed  
ab o v e  w ere also exp ressed  w hen  th e  ra tio  fe ta l/p la c e n ta l  w eight was considered .

T h e  h isto log ical fin d in g s o b ta in ed  in  th e  d iab e tic  ra ts  was com pared  
w ith  th o se  of in ta c t ones sacrificed  on th e  sam e d a y  of g esta tion . I t  w as found
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T able  II

Groups N um ber of fetuses F eta l weight Placental weight R atio  F /P

CR 10.7 +  2,3 3.7 +  0.3 0.6 +  0.1 6.16

SD R 6 .0 + 2 .0 * 2.9 +  0.2** 0.9 +  0.03*** 3.22

S D R I 8.3 +  3.3 3..5 +  0.3 0.7 +  0 .I* 5.0
IR 10.3 +  2.5 4.2 +  0.6 0.6 +  0.1 7.0

* j) <  0.5
* p <  0.01
* p <  0.001

Fig. 1. H y a lin e  d eg eneration  of th e  w all o f p lac en ta l in te rv illous spaces on th e  2 1 st d a y  of 
g e sta tio n  in  insu lin  tre a te d  s trep to zo to c in  d iabe tic  ra ts

th a t  d ec id u a l cells show ed c h a ra c te ris tic  changes on the  10 th  d a y  o f  g e s ta tio n  
in d iab e tic  ra ts . Besides an  increased  m ito tic  ac tiv ity , m an y  cells show ed 
fra g m e n ta tio n  and  d eg en era tio n . In  d iab e tic  anim als w hich su rv iv e d  15 to  
18 day s th e  p lacen ta  d isp layed  ed em a, hy p erem ia  and  ischem ic p a tte rn s .

A t th e  end of th e  g esta tio n  beside th e  ch a rac te ris tic  h y p e re m ia  o f  the  
m a te rn a l b lood  spaces, ischem ia of th e  fe ta l ones was to  be fo u n d . T h e  w all 
of th ese  fe ta l blood spaces show ed s tr ik in g  edem a. In  som e cases h y a lin - 
iza tio n  and  fib rosis o f various degree could also he observed  (F igs 1, 2). In  
c o n tra s t  to  th e  loose, sponge-like s tru c tu re  o f th e  con tro l p lacen ta s , in  d iab e tic s  
th e  in te rv illo u s spaces were m ark ed ly  red u ced . The ed em ato u s a n d  cystic
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Fig. 3. T he p lacen ta  o f in su lin - tre a ted  no rm al p reg n an t r a t .  N o te  th e  ex tensive  acu te  h em 
orrhages

d eg en era tio n  was c h a ra c te r is tic  o f th e  insulin  tr e a te d  d iab e tic  p lacen tas , 
while fib rosis and  p ro fo u n d  ischem ia  could he ra th e r  observed  in  u n tre a te d  
d iab e tic  ra ts . In su lin  t r e a tm e n t  o f norm al p re g n a n t ra ts  re su lted  in  h em o r
rh ag es and  necrosis of th e  p lacen ta s  (Fig. 3).

Discussion

C onception  and  th e  m a in ten an ce  of g e s ta tio n  are  p re v e n te d  by  th e  
d iab e tic  s ta te  induced  b y  a lloxan  or p a n c re a te c to m y  even  u n d e r  insulin  
su b s ti tu tio n  th e ra p y  in ra ts  [9, 24 ] .  H u l t q u is t  o b serv ed  only  one successful 
p reg n an cy  in tw e n ty  a lloxan  d iab e tic  ra ts  [22] a n d  in a p rev ious s tu d y  we 
found  on ly  9 in 100 a lloxan  d iab e tic  ra ts  w ith  h is to lo g ica lly  p roved  p reg n an cy  
[31]. S im ilarly , p an c rea tec to m ized  ra ts  ra re ly  becom e p re g n a n t. F o g l i a  e t 
al. [9] have observed  im p a ired  estru s cycles a n d  p ro longed  d ies tru s  in 
p an c rea tec to m ized  ra ts  w ith  h igh b lood-sugar level. In  th e  p re se n t s tu d y  
s tre p to z o to c in  was used  for inducing  d iabetes in  p re g n a n t ra ts . O ur d a ta  
su p p o rt th e  o b serv a tio n s o f o th e r  investig a to rs  in th a t  s tre p to z o to c in  is 
su ita b le  for inducing  d iab e te s  in p reg n an t ra ts  [11, 12, 30].

T he histo logical e v a lu a tio n  of fe to -p lacen ta l changes was categorized  
b y  H öhmann  [20, 21]. H is m orphological scale h av in g  been based  p rim arily  
on h u m an  p regnancies, we have  d isregarded  it  in th e  p re sen t d escrip tion  
o f th e  changes observed .
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I t  is well know n t h a t  th e  w eigh t of th e  p la c e n ta  is co n sid e rab ly  g rea te r 
t h a n  n o rm a l in d iab e tes  a n d  th e  increase is in te rp re te d  as a co m p en sa to ry  
re a c t io n  [35]. O ther a u th o rs  suggested  th a t  an  en la rg ed  p la c e n ta l  u n it  m ay 
be  co nsidered  as a sign  o f  im m a tu r ity  an d  of a lack  of th e  d iffe ren tia tio n  
[3, 4 , 16, 17, 18].

S evera l au tho rs h a v e  described  h em o rrh ag es and  ischem ic zones in 
th e  h u m a n  p lacen ta  [3, 4 , 7 ] . H y p erem ia  an d  edem a have  also b e e n  observed 
[7 ]. I n  our m ateria l th e  d isap p ea ran ce  of in te rv illo u s spaces re sem b led  the  
c h a n g e s  found in h u m a n  d ia b e tic  p reg n an cy  [1, 2, 5, 6]. The th ic k e n in g  of 
th e  b a s a l  m em brane o f th e  tro p h o b la s t  and  th e  p ro life ra tio n  of th e  en do the lia l 
cells o f  fe ta l capillaries a lso  co n tr ib u te  to  th e  p la c e n ta l in crease  and  the 
d e c re a se  of blood flow . S im ila r  o b se rva tions w ere m ade in  h u m a n  m ateria l 
b y  W l D M A Y E R  [33].

T h e  m orphological ch an g es  are accom pan ied  b y  b iochem ical a lte ra tio n s . 
B lo o d  flow  is redviced in  b o th  toxem ic  and  d iab e tic  p lacen ta s  [10]. R e ta r 
d a t io n  o f p lacen ta l m a tu ra t io n  is com m on in d iab e tes  and  R h  in c o m p a tib ility , 
p e rh a p s  on an im m uno log ica l basis as suggested  b y  B u r s t e i n  [3, 4 ] .  I t  seems, 
h o w e v e r , unlikely t h a t  th e  dam ag e  in d u ced  b y  s trep to zo to c in  sh o u ld  be due 
to  a n tib o d y  p ro d u c tio n  [3, 4 ] .

In su lin  a d m in is tra tio n  to  in ta c t  p re g n a n t ra ts  in d u ced  hem orrhage 
a n d  a b ru p tio  of th e  p la c e n ta s . T h ey  m ay  be ascribed  to  th e  hypoxem ia  
a sso c ia te d  w ith  h y p o g ly cem ia  an d , as its consequence, an  in c reased  ca techo l
a m in e  p roduction  m ay  h a v e  c o n tr ib u te d  to  th e  ischem ic reac tio n s .
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EFFECTS OF LYMPHOCYTOTOXINS OF SYSTEMIC 
LUPUS ERYTHEMATOSUS (SLE) SERA 

ON T AND В LYMPHOCYTES
By

P. G e r g e l y , G y . S z e g e d i , G. S za b ó , В. F e k e t e  and G y . P e t r á n y i

SECOND D EPA RTM EN T OF M ED ICIN E. SEM M ELW EIS U N IV E R SIT Y  M EDICAL SCHOOL. BU D A PEST.
AND FIR ST D EPA RTM EN T OF M ED ICINE, U N IV ERSITY  M EDICAL SCHOOL, D EBRECEN

(R eceived  D ecem ber 13, 1974)

SL E  ly m p h o c y to to x in s  can be d e m o n s tra ted  on th e  lym phocy tes by  im m u n o 
fluorescence. C om plem ent a d d itio n  lyses the  cells covered  w ith  LCT. The p ro p o rtio n  
of 13 an d  T cells as d e te rm in ed  by surface im m u n o g lo b u lin s and  sp o n tan eo u s ro se tte  
fo rm atio n  of ly m p h o cy tes  from  h e a lth y  donors rem ain s unchanged  a f te r  LCT an d  
co m p lem en t t re a tm e n t. T he p ro p o rtio n  of В an d  T cells of SL E  ly m p h o c y tes  w as 
a lte re d  a fte r cell lysis. T he В cells seemed to  be re la tiv e ly  re sis tan t, and  th e  T  cells 
m ore  suscep tib le , to  au to logous LCT. T hus th e  re la tiv e  decrease in  th e  n u m b e r  of 
T  cells in active  SL E  m ay be th e  consequence o f surface  bound LCT w ith  its  e ffects 
on th e  c ircu la ting  T  cells.

In  ac tive  SL E  an d  o th e r  au to im m u n e  d iseases we have fo u n d  a sign if
ican t increase  in th e  p ro p o rtio n  of В ly m p h o cy tes  [3, 4 ]; s im ilar f in d in g s 
were re p o rte d  b y  M e s s n e r  e t al. [ 7 ] .  This re la tiv e  increase  was c la im ed  to  be 
due to  a decrease in th e  abso lu te  n u m b er o f c ircu la tin g  T ly m p h o cy te s . 
The cause of th e  T c< 11 dep le tion  is n o t e n tire ly  know n, b u t a specific  
accu m u la tio n  of T cells as effec to r cells in ta rg e t  tissues m ay be assu m ed  to  
be responsib le  for it. N everth e less , one c a n n o t leave ou t of co n sid e ra tio n  
th a t  an tib o d ies  b o u n d  to  ly m p h o cy te  su rface  m ay  produce m islead in g  
resu lts . A n tibod ies d irec ted  ag a in st ly m p h o cy tes  (ly m p h o cy to to x in s , LCT) 
can be d e m o n s tra te d  in  th e  m a jo r ity  of S L E  cases d u ring  the  ac tiv e  phase  
of th e  diesease [2, 8, 9, 11] b y  com plem en t m ed ia ted  lysis of a llogeneic  
ly m p h o cy te s . M ost ly m p h o cy te s  of p a tie n ts  w ith  ac tive  SLE u n d e rg o  lysis 
a f te r  ad d itio n  of exogenous com plem en t [10]. W e have found th a t  LCT is 
d irec ted  ag a in st T cells, too , an d  such co a ted  T  c; 11s will be  c o u n te d  as В 
cells b y  im m unofluorescence  [5, 13]. I f  LCT has a re la tive  sp ec if ic ity  to  
T ly m p h o cy te s  [6, 12], L C T -covered au to logous T lym phocy tes o f  SL E  
p a tie n ts  will undergo  lysis, w hereas В cells will do so in a lesser degree. 
This T  cell specific ity  m ay  ex p la in  th e  d ep le tio n  o f T ly m p h o cy tes . B eside 
in v e s tig a tin g  these  fac to rs  in th e  increase of su rface  im m unoglobu lin  b ea rin g  
(SIg) cell s in S L E , wc in te n d e d  to  s tu d y  th e  b in d in g  and  effect o f  LCT on 
th e  tw o  ty p es  of ly m p h o cy tes .
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M aterial an d  m eth o d

N in e teen  p a tie n ts  w ith  a c tiv e  SL E  and 16 n o rm a l sub jects were in v es tig a te d .
L y m p h o cy tes  were se p a ra te d  from  h e p a rin iz e d  v enous blood b y  F ic o ll—Triosil 

g ra d ie n t  [1].
S urface  im m unog lobu lins w ere de tected  b y  d ire c t im m unofluorescence [4].
R o se tte  te s t:  107 sheep e ry th ro c y te s  (SR B C ) w ere ad d ed  to  10G ly m p h o cy tes  in  0.2 ml 

m e d iu m  199 co n ta in in g  20%  c a lf  serum . A fter c en tr ifu g a tio n  a t  room  te m p e ra tu re  for 10 
m in , th e  sam ples were in c u b a te d  in  ice b a th  for a t  le a s t  60 m in. The pe lle t w as th e n  resu s
p e n d e d  b y  gentle  shak ing . A t le a s t 200 cells w ere c o u n te d  to  calcu la te  th e  p e rcen tag e  of 
ro s e t te  fo rm ing  cells (E -R F C ), (3 S R B C /lym phocy te).

T h e  m eth o d  of LCT tr e a tm e n t  was re p o rte d  e a r lie r  [5].
C om plem ent m ed ia ted  ly sis: fresh ly  d raw n  r a b b i t  serum  was used  as a source of 

co m p le m e n t. 1 m l o f ra b b it  se ru m  w as added  to  1 m l o f SL E  lym hocy tes (106 cells/m l) or 
n o rm a l ly m p h o cy tes  w ith  or w ith o u t LCT p re tre a tm e n t .  A fte r in cu b a tio n  a t  ro o m  tem p e r
a tu re  fo r  60 m in , th e  cells w ere carefu lly  w ashed , a n d  f lu o rescen t sta in in g  a n d  ro se tte  te s t  
w ere  pe rfo rm ed . T he ly m p h o cy tes  w ere counted  b e fo re  a n d  a fte r  lysis in  a h aem o cy to m ete r.

P re tre a tm e n t o f th e  ly m p h o c y tes  w ith  a n ti  H L -A  sera: M onospecific a n d  p o ly v a le n t 
a n ti  H L -A  sera o b ta in e d  from  th e  T ransfusion  C en tre , D ebrecen, were in a c tiv a te d  a t  56°C 
b efo re  use . 1 m l of serum  was ad d ed  to  1 ml of 106 ly m p h o c y te s  and th e  cells w ere in cu b a ted  
a t  ro o m  te m p e ra tu re  fo r 60 m in . A fter carefu l w ash in g , sera con ta in ing  LCT w ere added. 
T h e  sam p le s were left to  s ta n d  a t  room  tem p e ra tu re  fo r 60 m in  (see above). Surface  im m u n o 
g lo b u lin s  an d  E -R F C  were d e te rm in ed  before an d  a f te r  ad d itio n  of a n ti H L -A  serum .

R esults

A d d itio n  of ra b b it  com plem en t to  S L E  ly m p h o cy tes  caused  a d ra m a tic  
loss o f  cells a f te r  60 m in in cu b a tio n  (T able  I ) :  39 88%  (m ean , 59 .3% ) of
cells u n d e rw e n t lysis. B efore lysis th e  p ro p o r tio n  of T and  В cells w as 2 : 1 ,  
w hile  th is  ra tio  w as 1 : 1.4 a fte r  lysis.

Table I

E ffect o f  complement on the lymphocytes o f  S L E  pa tien ts with high L C T  titres

P a tie n t num ber
E-RFCi, 
per cent

SIj^ cells, 
per cent

E -R F C ,
per cen t

SI„2 cells, 
per cent

Decrease of 
lym phocyte number, 

per cent
before tre a tm en t a fte r  treatm ent

l 68 33 18 73 46

2 38 46 12 78 46

3 68 23 60 33 88

4 48 45 40 56 39

5 72 34 48 50 70

6 82 27 36 52 49

7 79 23 69 34 68

8 67 32 33 58 69

M ean  ±  SEM 65.2 ±  4.9 32.8 ±  2.7 39.2 ±  5.7 54.2 ±  5.7 59.3 ±  3.7

E -R F C , -  E -R F C 2: 26 .0%  p <  0.01 
S I g2—SIg ,: 21.4%  " p c O .O l
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A fte r  tre a tm e n t o f allogeneic h e a lth y  co n tro l ly m p h o cy te s  w ith  LCT, 
th e  b in d in g  of LCT can be v isua lized  by  in d irec t im m unofluo rescence. The 
ly m p h o cy tes  of 12 o u t o f 16 donors d isp lay ed  b in d in g  of LCT on th e ir  surface. 
T he m ean  p ro p o rtio n  o f S Ig  cells o f all donors increased  from  2 6 .0%  to  
53 .3%  a f te r  LCT tre a tm e n t. T he ap p earan ce  o f fluorescence a f te r  LCT 
tr e a tm e n t  was seen to  be m assive an d  un iform  or rim like  (T able I I ) .

T able  II

Effect o f  L C T  on norm al lymphocytes ( M ean :z S E M )

E-RFC,,
per cent

SI„, rolls, 
per cent

E -R F C ,,
per cent

SI», cells, 
per cent

before treatment after tieatment

LCT, 73.1 t  9.0 26.0 ±  6.8 81.2 ±  11.0 62.3 ±  10.9
LCT, 73.1 t  9.0 26.0 ±  6.8 69.0 ±  7.6 58.4 ±  8.7
LCT., 73.1 t  9.0 26.0 ±  6.8 75.1 ±  5.4 39.4 ±  6.9

A verage of resu lts ob ta ined  w ith  
th e  th ree  sources o f LCT 7 5 .1 ±  7.8 53.2 ±  8.8

E -R F C , — E -R F C ,: n o t significant 
S l ^ - S I g , :  27.2%  p c O .O l

A llogenic ly m p h o cy tes  u n d e rw e n t lysis to  th e  sam e e x te n t  a f te r  LCT 
tre a tm e n t in the  p resence of co m p lem en t (Table I I I ) .  T he decrease in the  
n u m b e r of ly m p h o cy tes  w as s im ila r to  th a t  found  in  S L E  ly m p h o cy tes . 
T he p ro p o rtio n  of T  an d  В cells (i. e. E -R F C  an d  S Ig  cells) d id  n o t change 
a f te r  co m p lem en t m e d ia ted  cy to ly sis . The LCT of th ree  d iffe ren t sources 
a lte re d  th e  p ro p o rtio n  o f T an d  В cells m ore or less in  th e  sam e m anner. 
O ne of th e m  caused  a re la tiv e  decrease, th e  tw o  o th e rs  a re la tiv e  increase 
in  th e  p ro p o rtio n  of E -R F C , b u t  th e se  d ifferences were n o t s ig n ifican t.

T able  I I I

Effect o f  L C T  and complement on T  and В  cells o f  healthy donors ( M ean  ; S E M )

E-RFC,
per cent

SIg cells, 
per cent

E-RFC,
per cent

SIg cells, 
per cent

Decrease in the 
num ber of lym-

before trea tm en t after trea tm en t
phocytes, 
per, cent

LCT, 73.1 ±  9.0 26.0 ±  6.8 67.7 ±  6.8 33.0 ±  3.2 54.4 ±  4.4
LCT, 73.1 +  9.0; 26.0 ±  6.8 74.0 4 9.9 20.5 5.9 58.0 1 5.2
LCT, 73.1 ±  9.0 26.0 -L 6.8 80.0 ±  11.3 20.0 ±  11.2 63.2 ±  6.3

A verage of results 
ob ta in ed  w ith  the 
th ree  sources of LCT 73.9 t  11.0 24.5 ±  9.0

1/Î-Hcc1Л
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A n ti H L-A  serum  d id  n o t  in h ib it th e  b in d in g  o f LCT to  th e  ly m p h o 
c y te s  w hen  m o novalen t se ra  w ere used (T able IV ). A fte r p o ly v a len t a n ti 
H L -A  serum  p re tre a tm e n t th e  ly m p h o cy tes  w ere so h eav ily  co a ted  w ith  
im m u n o g lo b u lin s  th a t  no fu r th e r  increase could  be ex p ec ted . P re tre a tm e n t 
w ith  m onovalen t an ti H L -A  seru m  did  n o t decrease  th e  n u m b e r o f E -R F C , 
b u t  a sligh t decrease w as o b se rv ed  a fte r p re tre a tm e n t w ith  p o ly v a len t a n ti 
H L -A  serum . On co a tin g  th e  cells w ith  p o ly v a le n t a n ti  H L -A  serum  and  
L C T , a more p ronounced  decrease  in th e  n u m b e r of E -R F C  was seen.

D iscussion

T he presence of LCT in  se ru m  [2, 8, 9, 11] an d  on th e  surface of ly m p h o 
c y te s  [5, 10] suggests t h a t  S Ig  cells in active S L E  are  n o t only  В cells, b u t 
o th e r  (T) cells w hich are c o v e red  w ith LCT in s te a d  of im m u nog lobu lin  recep 
to r s .  E xogenous co m p lem en t ad d ed  to  ly m p h o cy te s  of ac tive  SL E  p a tien ts  
w ith  h igh  LCT titre s  cau ses  a d ram a tic  decrease in th e  n u m b e r of ly m p h o 
c y te s  [10]. The ly m p h o c y te s  th o u g h  covered on ly  w ith  sm all am o u n ts  of 
L C T  are  lysed in  th is  w ay . A b o u t one h a lf  of th e  ly m p h o cy te s  of SL E  p a tie n ts

Table IV

E ffe c t o f  anti H L A  serum pretreatm ent on the binding o f  L C T  to allogeneic lymphocytes and on 
rosette fo rm a tio n  (M ean  +  S E M , n: 16)

Pretreatm ent

E-RFC,
p e r  cent

SIg cells, 
per cent

E-RFC,
per cent

SIg cells, 
per cent

before LCT addition after LCT addition

0 73.1 +  9.0 2 6 .0 +  6.8 7 4 .0 +  7.7 48.1 +  11.2
M onospecific  an ti H-LA

se ru m 68.0 +  7.2 33.2 +  10.4 7 5 .0 +  8.8 52.5 +  10.4
P o ly v a le n t  an ti H-LA

se ru m 58.0 +  9.1 82.5 +  17.3 45.1 +  10.1 84.1 +  15.3

w ith  LCT will be lysed  a f te r  add itio n  of co m p lem en t, i. e. ab o u t one h a lf 
o f  th e m  carries LCT. C o m p lem en t d ep en d en t c y to to x ic ity  te s t  seem s to  be 
m o re  sensitive th a n  im m u n o flu o rescen ce , a t  leas t in  cases w ith  autologous 
ly m p h o c y te s , as 4 5 .5%  o f th e  lym p h o cy tes  o f ac tiv e  SL E  p a tie n ts  can  be 
la b e lle d  b y  im m u n o flu o rescen ce . Most of these  S Ig  cells are В cells, re ta in in g  
im m uno g lo b u lin s  on th e i r  su rface  a fte r  t ry p s in  t r e a tm e n t  [5]. The o th e r 
S Ig  cells m ay be of T cell o rig in  absorb ing  LCT from  th e  sera. T his find ing  
d o es n o t rule ou t t in 1 p o ss ib ility  th a t  В cells to o  b in d  LCT.

A n ti-h u m an  im m u n o g lo b u lin  t re a tm e n t [5] an d  a n ti H L -A  serum  
t r e a tm e n t  do n o t in h ib it  th e  b ind ing  of LC T on allogeneic ly m phocy tes.
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T his su p p o rts  th e  hypo th esis  th a t  1) T cells to o  can  b ind  LCT; 2) if  LCT b in d s 
to  В cells, the  b ind ing  sites are n o t id en tica l w ith  the im m u n o g lo b u lin  
recep to rs  [5]; 3) LCT are n o t d irec ted  a g a in s t H L -A  antigens [6], th o u g h  
w ith  m assive covering  th e  H L -A  an tig en  sites m ay  ste rica lly  h in d e r  th e  
LCT recep to rs  and  in h ib it th e  b in d in g  o f LCT to  lym phocy tes. W e h av e , 
how ever, found  th a t  th e  LCT ti tre s  decrease a f te r  add itio n  to  ly m p h o c y te s  
h eav ily  covered w ith  p o ly v a len t a n ti H L -A  sera . This la tte r  fa c t su p p o rts  
th e  v iew  th a t  th ese  tw o recep to rs  are n o t id en tica l.

A considerab le  percen tag e  of T  cells o f S L E  p a tie n ts  w ith  h igh LCT 
ti tre s  m u s t be covered  w ith  LCT. A so m ew h at h ig h er percen tage  o f covered  
T cells can  be observed  a fte r  high t i t re  LCT tre a tm e n t of allogeneic co n tro l 
ly m p h o cy tes . T his raises th e  questio n  w h e th e r LCT binds ex c lusive ly  to  T 
ly m p h o cy te s , or to  b o th  cell ty p e s . A fte r LCT and  com plem ent t r e a tm e n t  
of ly m p h o cy te s  of h e a lth y  donors, 58 .6%  o f th e  cells are lysed . T he ra tio  
of E -R F C  and Sla: cells rem ains u n a lte re d  a fte r  th e  considerable decrease. 
In  fa c t, som e differences am ong th e  effects o f  LCT o b ta in ed  from  th re e  ac tiv e  
SL E  p a tie n ts  could  be observed , b u t  th ese  d ifferences were n o t s ig n if ican t. 
T h. ;se ex p e rim en ts  c learly  d e m o n s tra te  th a t  LCT are n o t d irected  on ly  a g a in s t 
T  cells, b u t  ag a in st an tigens w hich  are com m on in b o th  typ es of ly m p h o c y te s .

T h e  above m en tio n ed  s ta te m e n ts  d id  n o t p rove  valid  in cases o f S L E  
ly m p h o cy tes . On th e  a d d itio n  of co m p lem en t, m ost cells u n d e rw e n t lysis. 
T he p ro p o rtio n  of T and  В cells changed  a f te r  t re a tm e n t, th e  p e rc e n ta g e  
o f S lg  cells increased , w hile th e  p ercen tag e  of E -R FC  decreased . T hese 
changes ran  paralle l and  w ere h ighly  s ig n ifican t. Two possible e x p la n a 
tions of th e  phenom enon  are suggested , viz. LCT are d irec ted  a g a in s t 
au to logous T cells; or, else, LCT are n o t d irec ted  against T  cells, b u t  
ag a in s t В and  T cells, and th e  T  ly m p h o cy te s  of SLE p a tie n ts  are  
m ore suscep tib le  to  th e  com plem en t m e d ia ted  cy to tox ic  reac tio n . Since 
no d ifference could be d e m o n s tra te d  in th e  ac tio n  of LCT on th e  tw o ty p e s  
of ly m p h o cy te s  w ith  con tro l cells, th e  fo rm er h y po thesis  does n o t seem  to  
hold . N everth e less , a re la tiv e  T  cell sp ec ific ity  o f LCT was found  b y  L ie s  
e t al. [6] and  W e r n e t  e t al. [12], and  s im ila r find ings were o b ta in e d  in  o u r 
la b o ra to ry .

I t  m ay  be concluded  th a t  th is  a lte ra tio n  of B anel T cells is m islead in g  
since th e  increase of В cells is an  increase o f o th e r  (non-B) S lg  cells an d  th e  
tlecrease in th e  n u m b er of E -R F C  m ay  be a consequence of the  in h ib itio n  of 
ro se tte  fo rm a tio n  b y  LCT. I f  th is  ob jec tio n  is co rrec t, th e  p ro p o rtio n  o f T 
and  В cells does n o t change a f te r  lysis. T h is ob jec tio n  does no t seem  to  be 
va lid . T hese fac to rs  m ay acco u n t for th e  re su lts  o b ta in ed  w ith  E -R F C  an d  
S lg  cells before com plem en t ad d itio n , b u t  n o t a f te r  cell lysis. L y m p h o c y te s  
coa ted  wi th  L( IT w ill undergo  lysis and  th e  n u m b e r of E -R FC  an d  S lg  cells 
re p re se n ts  th e  n u m b e r of T and  В cells.
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In  ac tive  S L E , a considerab le  a m o u n t o f S Ig  cells does n o t belong  
to  В ly m p h o c y te s , b u t  th e y  are T  cells c o a te d  w ith  LCT. D esp ite  th is  th e  
p ro p o r tio n  of В cells in  au to im m u n e  d iseases in  th e  active p h ase  is h ig h er 
th a n  in  con tro ls . T  cells o f SLE p a tie n ts  are  m ore sensitive th a n  В cells to  
a u to lo g o u s  LCT. A uto logous com plem ent does n o t cause such  a su d d en  
d ec rease  in  th e  n u m b e r o f T cells as does hetero logous com plem en t, n e v e r
th e le ss , th e  n u m b e r of c ircu la tin g  ly m p h o cy te s  te n d s  to  decrease in  e x a c e r
b a tio n . T he decrease  in th e  n u m b er of ly m p h o c y te s  runs p a ra lle l w ith  th e  
c o m p lem en t level [2], an d  th e  co n sum ption  o f com plem en t and  th e  d e s tru c tio n  
o f ly m p h o c y te s  a re  p ro b a b ly  of com m on o rig in . I t  was c laim ed  t h a t  th e  
n u m b e r  of c ircu la tin g  T cells decreases in  th e  ex ace rb a tio n  of S L E  [3, 4, 7]. 
T h o u g h  o th e r fa c to rs  m ay  p lay  an  im p o r ta n t  role in  th is  p h en o m en o n , it 
does seem  like ly  t h a t  S L E  ly m p h o cy to to x in s  m ay  decrease th e  n u m b e r of 
c irc u la tin g  T  cells causing  th e re b y  an im p a ire d  im m une re a c tiv ity .
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SERUM ß1A/C-GLOBULIN LEVEL IN EARLY 
MYOCARDIAL INFARCTION

B y

G. F ü s t , M arg it S u r j á n , P . B r a u n  and S. V á r k o n y i

NATIONAL IN ST ITU TE OF H Y G IEN E, AND 13TII D IST R IC T HOSPITA L, BUDAPEST,

(R eceived  D ecem ber 18, 1974)

Serial t i t r a t io n  of th e  th ird  co m p o n en t o f co m p lem en t ( /î^ /c -g lo b u lin )  w as 
perfo rm ed  in  170 serum  sam ples o f 39 p a tie n ts  in  th e  e a r ly  period  of acu te  m y o ca rd ia l 
in farc tio n . D uring  th e  f i r s t  24 hours th e re  w as a  rise  in  m ean  c o n cen tra tio n  v a lu es. 
D uring  th e  n e x t 24 ho u rs  th e y  rem ain ed  u n ch an g ed , in  severe cases th e  m ean  v a lu e s  
even  decreased . S u b seq u e n tly  th e  levels co n tin u ed  to  increase.

In  27 cases a sh a rp  fa ll of th e  level exceed ing  th e  lim it o f norm al changes w as 
observed . I t  is suggested  th a t  du rin g  th e  ea rly  p e rio d  o f  acu te  m yocard ia l in fa rc tio n  
th e  sérum  c o n ce n tra tio n  o f /SlA /C-globulin is u n d e r  th e  in fluence of tw o o p p o site  
processes, one in ducing  a decrease, th e  o th e r a n  in crease  o f th e  level.

R ecen t s tu d ies  [4, 11] have show n th a t  d u rin g  a c tiv a tio n  of th e  co m p le 
m en t system  b io log ically  ac tiv e  frag m en ts  becom e re leased  from  th e  la te  
ac tin g  co m p lem en t co m p o n en ts  C3 an d  C5. V arious su b stan ces  such as a n tig e n — 
a n tib o d y  com plexes, h e a t-a g g reg a te d  h u m a n  gam m a-g lobu lin , d iffe re n t 
enzym es, can  a c tiv a te  th e  la te  ac tin g  co m p o n en ts . T h e  ac tiv a tio n  m ay  occu r 
th ro u g h  th e  classical p a th w a y , beg inn ing  w ith  th e  a c tiv a tio n  of C l, a n d  th e  
a lte rn a tiv e  p a th w a y , b y p ass in g  th e  early  a c tin g  com plem en t co m p o n en ts  
an d  s ta r tin g  w ith  th e  a c tiv a tio n  of C3 th ro u g h  a sy s tem  w hich is in d e p e n d e n t 
o f th e  co m p lem en t co m p o n en ts  [6]. In  ad d itio n , p ro te o ly tic  enzym es re le a se d  
from  dam aged  tissues can  d ire c tly  sp lit C3 an d  C5 in to  fragm en ts. T he 
bio logical an d  p a th o lo g ica l s ign ificance of th e se  fra g m e n ts  is unclear. F ra g 
m en ts w ith  ch em o tac tic  a c t iv i ty  have been  d e m o n s tra te d  in  dam aged  tissu es  
of p a tie n ts  w ith  chronic  in f la m m a to ry  d iseases [12], b u t  th e  p resence  of 
an  a n a p h y la to x in  in h ib ito r  in th e  n o rm al h u m a n  se ru m  [3] m akes d iff ic u lt 
to  d e te c t th e  a n a p h y la to x in  a c tiv ity  o f these  fra g m e n ts  a t  th e  site o f th e ir  
re lease or in th e  b lood. O n th e  o th e r  h an d , re c e n t ex p e rim en ts  have in d ic a te d  
th a t  th e  h aem o d y n am ic  a lte ra tio n s  in d u ced  b y  th e  an ap h y la to x in s  are  th e  
m ost im p o r ta n t p a th o lo g ica l consequences of th e  a c tiv a tio n  of th e  co m p lem en t 
system  [5].

A c tiv a tio n  an d  su b se q u e n t co n su m p tio n  o f th e  la te  ac ting  co m p o n en ts  
could  be p ro v ed  in d irec tly , since a sh a rp  decrease  could  be d e m o n s tra te d  
in th e ir  se rum  levels. S eria l t i t r a t io n  o f C3 an d /o r C5 can  supp ly  in d ire c t 
ev idence on th e  release o f th e  b io logically  ac tiv e  frag m en ts  and allow s to  
s tu d y  th e  co rre la tio n  b e tw een  th is  reac tio n  an d  th e  clinical p ic tu re  o f th e  
disease.
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In  th e  p re sen t w ork  we re p o rt on se ria l m easu rem en ts o f th e  serum  
c o n c e n tra tio n  of th e  th ird  co m p o n en t o f com p lem en t (/?1A/C-g lobu lin ) carried  
o u t  d u rin g  th e  f irs t days o f acu te  m y o ca rd ia l in farc tion . O ur m a in  purpose 
w as to  d e te c t signs of co m p lem en t a c tiv a tio n  in the  acu te  p h ase  of the  
d isease  w hen h aem o d y n am ic  d isorders o f  b o th  cen tra l and  p e rip h e ra l origin 
f re q u e n tly  occur, an d  to  s tu d y  th e  c o rre la tio n  betw een  th e  e x te n t  o f com ple
m e n t ac tiv a tio n  and  th e  sev e rity  of th e  d isease.

M ateria ls and  m ethods

P a tien ts .

T h e  co n ce n tra tio n  of ß } д /c-g lobulin  w as m easu red  in 170 serum  sam ples of 39 
p a tie n ts  w ith  acu te  m y o ca rd ia l in farc tio n . B lood sam ples were ta k e n  d u rin g  th e  early  
p e rio d  o f th e  disease (1, 2, 4, 7 and 14 d ay s a f te r  adm ission). Of th e  39 p a tie n ts ,  12 h ad  
a sev e re , 27 a m o d era te ly  severe  or m ild d isease. P a tie n ts  suffering tra n s m u ra l  in farc tio n  
w ith  h igh  fever, e lev a ted  E S R , leucocytosis a n d  som e of them  w ith  p e r ic a rd itis  com pli
c a te d  w ith  d y srh y th m ia s , m en acin g  shock, an d  h e a r t  fa ilu re  were considered  severe . In  th e  
m ild  cases none of th e  above sy m p to m s or signs w ere  p resen t. Beside in itia l p reco rd ia l pa in , 
E C G  a lte ra tio n s  regressing  ra p id ly  p o in ted  to  a n  a tta c k . In  th e  m o d era te ly  severe cases 
t r a n s it io n a l  d isorders o f card iac  rh y th m , or sy m p to m s of h e a rt failure w ere o b served .

E stim a tio n  o f  the serum ß y ̂ /ç -globulin  concentration

Serum  /3lA/c-globulin  co n ce n tra tio n  w as ex am in ed  by th e  sim ple ra d ia l  im m u n o 
d iffu sio n  m eth o d  of Ma nc ini e t al. [9] as m odified  by K ohler and  Mü ller -E berhard  [8].

S ta tistica l evaluation o f  the results

Since th e  s ta n d a rd  d e v ia tio n  of ß ,д /ç-g lo b u lin  co n cen tra tio n  va lues in  p a tie n ts  w ith  
m y o c a rd ia l  in farc tio n  was e x tre m e ly  h igh  as co m p ared  to  the  con tro ls, th e  re su lts  could  
n o t  be  e v a lu a te d  e ith e r by  th e  t te s t  or by  an a ly sis  o f variance. T herefore th e  n o n -p a ra m e tr ic  
M a n n -W h itn e y  and  W ilcoxon te s ts  were used.

R esults

N o rm a l values o f  serum  ß lA/C-globulin concentration and its norm al changes

T h e no rm al va lu es  o f serum  ß 1A,c - g lobu lin  co n cen tra tio n  as d e te rm in ed  
b y  th e  ex am in a tio n  o f 75 h e a lth y  persons a m o u n te d  to  184.5 +  41 .8  m g/100 ml. 
C o n seq u en tly , v a lues b e tw een  100 and  270 m g/100 ml were consid ered  no rm al, 
v a lu e s  above an d  below  th ese  lim its  w ere reg a rd ed  as pa th o lo g ica l.

T h e re a fte r  th e  se ru m  /?1A/C-g lobu lin  co n cen tra tio n  w as m easu red  in 
5 sam p les  of 5 h e a lth y  persons ta k e n  a t  2 — 7 day  in te rv a ls . T he m ean  + 3
S .D . o f th e  daily  changes was ta k e n  as th e  lim it of no rm al v a lu es . I t  was 
fo u n d  th a t  u n d er n o rm a l cond itions th e  co n cen tra tio n  changed  + 1 9  m g/100 
m l a t  m ost and  d a ily  changes in  p a tie n ts  exceeding th is  v a lu e  w ere consid
e re d  a s ign ifican t increase  or decrease.
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Fig. 1. S ta tis tic a l d is tr ib u tio n  of serum  /JlA/^-globulin  v a lues in h e a lth y  p e rso n s a n d  in 
p a tie n ts  w ith  e a rly  m y o card ia l in fa rc tio n

Sta tistica l d istribution  o f  ß 1A,c-globulin serum  concentration values in  healthy 
persons and in early m yocardial in farction

F ig u re  1 shows th e  d is tr ib u tio n  of /31A/C-globulin  c o n c e n tra tio n s  in 
th e  sera  o f 75 h ea lth y  persons an d  of 39 p a tie n ts  ta k e n  a few  h ours a fte r 
adm ission  to  h o sp ita l. T he n u m b e r of squares ind ica tes  th e  n u m b e r of cases 
for th e  v a rious co n c e n tra tio n  ran g es w ith  20 m g/100 ml d ifference each. 
As can be seen, d is tr ib u tio n  o f th e  co n cen tra tio n  values for th e  contro ls 
ap p ro ach ed  th e  no rm al s ta tis t ic a l  d is tr ib u tio n . In  th e  firs t se ru m  sam ples 
of th e  p a tie n ts , ex trem e  v alues w ere, how ever, f re q u e n t and  th e  co n c e n tra tio n  
p a tte rn s  s tro n g ly  d ev ia ted  from  th e  n o rm al d is tr ib u tio n .

Serum  ß lAjC-globulin concentration in  early m yocardial infarction

T he m ean  an d  s ta n d a rd  d ev ia tio n  (S .D .) of serum  /?1A/C-globulin  
c o n c e n tra tio n  of p a tie n ts  ex am in ed  in th e  f irs t tw o weeks of th e  disease 
are  show n in T able I. D urin g  th e  f irs t 24 hours a fte r  adm ission , m ean  con-
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Table I

S eru m  ß^/Q -globulin  concentration in  the f ir s t  two weeks o f  m yocardial infarction in  39 patients

Days afte r  
adm ission

Serum concentration of /Sj^/c-globulin 
(mg/100 ml)

mean ±  S.D.

0 187.6 87.7
l 226.7* 111.0
2 225.2 122.6
4 254.4* 92.3
6 269.8 67.4

9 293.2 126.2

15 278.6 119.3

* S ignificant increase o f se ru m  /JlA/Q-globulin c o n cen tra tio n , p <  0.05

c e n tr a t io n  increased s ig n if ic a n tly . S u b seq u en tly , th e re  was no change betw een  
24 a n d  48 hours, th e n  b e tw e e n  48 and 96 h o u rs  a sign ifican t increase was 
o b se rv e d  and  th is in c rease  co n tin u ed  u n til  th e  9 th  d ay . T h e re a fte r  th e  
m e a n  co n cen tra tio n  d e c rea sed  slowly.

I n  T able I I  th e  m e a n  an  d S.D. of ß 1A/C -g lobu lin  co n cen tra tio n s  in  
th e  se ru m  of p a tie n ts  w ith  severe (G roup 2) an d  m o d e ra te ly  severe or m ild  
d isease  (G roup 1) are show n  sep a ra te ly . A fte r adm ission , m ean  co n cen tra tio n  
w as s ig n ifican tly  h ig h er in  th e  severe cases th a n  in  G roup 1. T h e re a fte r  a 
h ig h ly  s ign ifican t increase  w as observed in  b o th  groups. B etw een  24 and  
48 h o u rs  in  Group 1 th e  c o n c e n tra tio n  in creased  o n ly  m o d e ra te ly  an d  in  th e  
sev e re  cases (G roup 2) i t  ev e n  decreased . B e tw een  48 an d  96 hours a sign ifican t 
in c re a se  w as no ted  in  G ro u p  2 an d  m ean c o n c e n tra tio n  in  th is  g roup  reach ed  
th e  e x tre m e ly  high v a lu e  o f  300 m g/100 m l. In  G roup  1 only  a slow, n o n 
s ig n if ic a n t increase w as o b se rv ed , therefo re  96 hou rs  a fte r  adm ission  th e  
d iffe ren ce  in  the  serum  c o n c e n tra tio n  betw een  G ro u p s 1 and  2 again  becam e 
h ig h ly  sign ifican t.

Table II

S eru m  ß 1fli/Q-globulin in p a tien ts during  the early period o f  m ild , moderately severe or severe
myocardial infarction

Serum  concentration of /^ д /Q-globulin (mg/100 ml), mean -f- S. D.

S everity  o f disease No. of 
patients 0 24 48 96

hours after adm ission

M ild or m o d er
a te ly  severe 27 173.2 ± 8 2 .3 211.2 ±  82.3 215.5 ±  94.5 229.4 ±  78.6

Severe 12 2 1 9 .9 * ± 9 9 .3 267.2*±128.7 2 4 7 .0± 140 .7 299 .6*±116 .3

* Significant difference b e tw een  the  two groups, p <  0.05

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



lA/C-CLOBULIN LEVEL IN MYOCARDIAL INFARCTION 53

S ig n ifica n t decrease o f  serum ß 1A/cc-globulin  concentration in  the early p eriod  
o f  m ycoardial in farction

A  sign ifican t decrease of m o re  th a n  19 m g/100 ml da ily  o c c u rre d  in 
th e  serum  co n c e n tra tio n  of /?1A,c-g lo b u Iin  d u rin g  the  f irs t 24 h ours in  6, 
b e tw een  24 and  48 h ours in 12, b e tw e e n  48 an d  96 hours in 9 cases, a lto g e th e r  
in  27 cases. In  6 p a tie n ts  it was n o te d  in  tw o  o f th e  periods ex am in ed .

D iscussion an d  conclusions

In  acu te  s tre ss  s itua tions su c h  as acu te  m yocard ia l in fa rc tio n , th e  
se ru m  c o n cen tra tio n  of some p ro te in s  (h ap to g lo b in , a lp h a -1-a n titry p s in , 
o rosom uco id  as well as /31A/C-globulin) m a y  change [1, 2].  A g o s t in i  c t al. [1] 
su g g ested  th a t  th e  response  of /?1A/C-g lo b u lin  w as an  expression  of a p h e n o m 
enon  w hich  was d iffe ren t from  th a t  o f  th e  o th e r  p ro te in s. H il l  an d  W a r d  [7]  
s tu d ie d  th e  occu rrence  of an en zy m e th a t  c leaves th e  th ird  co m p o n e n t of 
co m p lem en t (C3) in to  leuco tactic  f ra g m e n ts  in  m yocard ia l in fa rc ts  o f  ra ts . 
A fte r  surgical c o ro n a ry  a rte ry  lig a tio n  leu co tac tic  a c tiv ity  w as e x tra c te d  
from  th e  in fa rc te d  r a t  m yocard ium . T h e  le u c o ta c tic  a tiv ity  has been  id e n tif ie d  
as c leavage p ro d u c t o f r a t  C3, a n d  i t  w as suggested  th a t  C3 p lay s a non- 
im m unolog ica l ro le in  th e  m ed ia tio n  o f th e  acu te  in fla m m a to ry  resp o n se  
in nonspecific  tissu e  in ju ry .

M ore re c e n tly  P in c k a r d  c t a l. [10] have  show n th a t  th e  su b c e llu la r  
frag m en ts  (m ito ch o n d riu m  and  m icrosom e m em branes) re leased  fro m  th e  
in fa rc te d  h u m an  m yocard ium  can d ire c tly  a c tiv a te  the  f irs t co m p o n e n t of 
h u m a n  com plem en t (C l), and  su g g ested  th e  p o ssib ility  of a fu r th e r  a c tiv a tio n  
o f th e  co m p lem en t system .

In  the  p re se n t stud ies we p e rfo rm e d  seria l t i tra tio n s  of /?1A/C-g lo b u lin  
(C3) in  sera  of p a tie n ts  during th e  e a r ly  p e rio d  o f acu te  m yocard ia l in fa rc tio n . 
I t  w as found  th a t  d u rin g  the  f irs t d a y s  o f th e  disease th e  /31Д/С leve l w as 
u n d e r  th e  in fluence  o f  tw o opp o site ly  a c tin g  fac to rs , one causing  a dec rease , 
an d  th e  o th e r an  increase . This h y p o th e s is  w as based  on th e  fo llow ing  
o b se rv a tio n s .

In  th e  sera o f m yocard ia l in fa rc tio n  p a tie n ts , a few hours a fte r  ad m issio n  
v e ry  h igh  and  v e ry  low /31A/c-g lobu lin  c o n cen tra tio n s  w ere fre q u e n t.

T h e  level b eg an  to  rise d u rin g  th e  f irs t  24 hours, rem ain ed  u n c h a n g e d  
b e tw een  24 and  48 hours and c o n tin u e d  to  rise  th e re a f te r .

In  severe cases, betw een 24 a n d  48 h o u rs  the  serum  /?1A/C-g lo b u lin  
c o n c e n tra tio n  even  decreased , h u t a f te r  48 h ours a highly  s ign ifican t in crease  
w as ag a in  m easu red .

T h e  increase o f  th e  level, s im ila r ly  as w ith  the  o th e r acu te  p h ase  
p ro te in s , was p ro b a b ly  due to  the  e n h a n c e d  p ro te in  syn thesis b ro u g h t a b o u t
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b y  p ro d u c ts  of th e  d am ag ed  tissue . T he decrease  a fte r acu te  m y o card ia l 
in fa rc tio n  m ay  h a v e  been  due to  an  a c tiv a tio n  of th e  com plem ent sy s tem  
a n d  th e  cleavage o f  C3 in to  rap id ly  ca tab o lized  frag m en ts . T his was su p p o rte d  
b y  th e  sh a rp  d ecrease  exceeding  th e  lim it o f  th e  n o rm al changes (m ean  3 
S .D .) observed  in  27 cases.

A c tiv a tio n  o f  th e  com plem en t sy s tem  cou ld  ta k e  p lace e ith e r  v ia  th e  
classica l or th e  a lte rn a tiv e  p a th w ay s or d ire c tly , th ro u g h  th e  effect o f C3- 
c leav ing  p ro te o ly tic  enzym es lib e ra ted  from  th e  in fa rc ted  m yocard ium .

F u r th e r  s tu d ie s  are  needed  to  c larify  th e  e x a c t m echan ism  of co m p lem en t 
a c tiv a tio n  o bserved  in  th e  early  period  of m y o c a rd ia l in fa rc tio n  an d  to  assess 
th e  possible role o f b io logically  active fra g m e n ts  c leaved from  th e  a c tiv a te d  
la te  ac tin g  co m p lem en t com ponen ts in  th e  p a th o m e c h a n ism  of h aem o d y n am ic  
d iso rders of p e rip h e ra l origin.
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As we re p o rte d  earlier u n ila te ra l ren al a r te ry  lig a tio n  is followed by a p e rm a n e n t 
h y p e rten sio n  th a t  is accom panied  by  m ark ed  changes in renal function  a n d  in  w a te r  
com ponen ts. In  o rd e r to see when these  c h a ra c te ris tic  changes tak e  p lace we s ta r te d  
o u r ob se rv atio n s im m ed ia te ly  a fte r  ren a l a r te ry  occlusion and finished th em  a t  the  
3 rd  week. R a ts  w ere p u t in to  m etabo lic  cages a n d  several 24-hr urine sam p le s were 
co llected  to  serve as con tro l va lues. T hen  th e  left ren a l a rte ry  was lig a ted  an d  in  the  
follow ing 3 w eeks obse rv a tio n s were co n tin u ed  using also a p a ra lle l co n tro l 
g roup . The e x p erim en ts  ended  w ith  th e  d e te rm in a tio n  of m ean a r te r ia l  p ressu re . 
We found th a t  a lread y  w ith in  24 hrs follow ing u n ila te ra l renal a rte ry  lig a tio n  th e re  
a re  m arked  a lte ra tio n s  in ren al fu n c tio n a l p a ra m e te rs  th a t  becom e even m ore 
s ig n ifican t w ith  th e  passing of tim e. T hese changes a re  p robab ly  due to  a p ro m p tly  
develop ing  h y p e rfu n c tio n  and h y p e rtro p h y  of th e  c o n tra la te ra l k idney.

T o ta l liga tion  of one a r te ry  in th e  r a t ,  w ith  th e  opposite k id n ey  u n m a n 
ip u la te d , resu lts  in  p e rm a n e n t h y p erten s io n  [10]. T hree to  6 w eeks a f te r  th e  
in te rv e n tio n  a s ig n ifican t e lev a tio n  o f b lood  pressure  was d e m o n s tra b le . 
T o ta l liga tion  of th e  ren a l a r te ry  p rov ides a ra p id  and sim ple p ro ced u re  
fo r th e  p ro d u c tio n  of chronic  h y p e rten s io n . I t  avoids th e  in c a lc u la b ility  of 
b lood  flow  in h e re n t in th e  p rocedure  described  b y  G o l d b l a t t  e t al. [16.] 
w hich  consists in c lam ping , i. e. n arro w in g , o f th e  renal a r te ry  a n d  has 
been  w idely  used earlie r.

T h e  crucial p rob lem  of ex p e rim en ta l re n a l hyperten sio n , re g a rd le ss  of 
th e  p ro ced u re  se rv ing  for its  p ro d u c tio n , c en tre s  on th e  func tion  o f th e  u n 
o p e ra te d , h y p e rtro p h ic , k idney . O b se rv a tio n s concerning th is  issue are 
scarce  an d  genera lly  do n o t ex ten d  b ey o n d  a few  days, a t th e  u tm o s t  a few  
w eeks. M oreover, th e  resu lts  of in te rv e n tio n s  for th e  p ro d u c tio n  of h y p e r
te n s io n  w ere n o t un ifo rm . M a l t  [21],  D i c k e r  an d  S h i r l e y  [7], H a y s l e t t , 
e t  al. [18],  B r u n n e r  e t al. [4], s tu d y in g  th e  h y p e rtro p h y  o f re s id u a l 
re n a l tissu e  a f te r  p a r tia l  n e p h rec to m y , fo u n d  a s ign ifican t h y p e rfu n c tio n  of 
th e se  ren a l p o rtio n s. On th e  ev idence of th e  ex p erim en ts  b y  K a z d a  e t  al. 
[20] a red u c tio n  of th e  renal tissue  was fo llow ed b y  an e lev a tio n  o f b lood  
p re ssu re , card iac h y p e r tro p h y  an d  sh ifts  in th e  flu id  e lec tro ly te  b a la n c e . In  
h y p e rte n s io n  in d u ced  by  narro w in g  of th e  ren a l a r te ry , O c h w a d t  and  
K r a m e r  [23] as well as B r u n n e r  [2] found  f irs t  a red u c tio n , su b se q u e n tly  
an  increase , o f so d ium  and  w a te r  ex c re tio n  b y  the  u n o p e ra te d  k id n ey ,
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d e p e n d in g  on th e  d u ra tio n  of h y p erten s io n . I n  th e  lig h t of m ic ro p u n c tu re  
s tu d ie s , St u m p e  e t  a l. [2 5 -2 7 ]  a ttr ib u te  th is  p h enom enon  to  an  en h an ced  
m e d u lla ry  b lood flow . G i r n d t  and  O c h w a d t  [15], D a v id  e t  al. [6], on 
th e  ev idence  of 86R b -u p ta k e  stud ies, fo u n d  a 4 0 %  increase in  b lood  flow  
o f th e  un m a n ip u la te d  k id n e y  4 weeks a f te r  n a rro w in g  of one re n a l a r te ry , 
w h ile  in u lin  c learance  w as un affec ted  in  b o th  k id n ey s. G ross  e t  al. [17] 
s tu d ie d  th e  increased  so d iu m  and  w a te r tu rn o v e r  from  th e  aspec ts  o f re n a l 
r e n in  p ro d u c tio n  in  r a ts  w ith  h y p erten s io n  in d u c e d  b y  narrow ing  th e  ren a l 
a r te ry .

I n  earlier s tu d ie s  we have found  m o d ifica tio n s  in  certa in  re n a l p a ra m 
e te rs  to g e th e r  w ith  ty p ic a l h y p erten siv e  v a sc u la r  lesions of th e  non- 
m a n ip u la te d  h y p e rtro p h ic  k id n ey  16 and  30 w eeks a fte r th e  in d u c tio n  of 
h y p e rte n s io n  by  lig a tio n  o f one ren a l a r te ry , in  a m orphological an d  fu n c tio n a l 
s te a d y  s ta te . J e p e g n a m a n  e t  al. [19], h a v in g  p ro d u ced  an  endocrine  k id n ey  
acco rd in g  to  Se l y e  [24]  b y  u n ila te ra l lig a tio n  o f  th e  renal a r te ry  a n d  o f th e  
u r e te r ,  found  a h y p e r tro p h y  of th e  u n o p e ra te d  k id n e y , increase in  G F R  and  
R B F  cu lm in a tin g  on th e  7 th  p o sto p e ra tiv e  d a y . This was fo llow ed b y  a 
m a rk e d  im p a irm e n t o f re n a l func tion  p a ra lle l w ith  th e  d ev e lo p m en t of 
nep h ro sc le ro sis .

T h e  aim  of th e  p re se n t s tu d y  was to  in v e s tig a te  in  th e  r a t  th e  fu n c tio n a l 
c h a n g e s  of th e  u n o p e ra te d  k id n ey  b y  reco rd in g  th e  renal p a ra m e te rs  d u rin g  
th e  f i r s t  th ree  w eeks a f te r  ligation  of th e  le f t re n a l a rte ry .

M ateria l and  m eth o d s

F em ale  W is ta r  r a ts  o f o u r  own b reed , of 202 g m ea n  w eight were used . T h ey  w ere 
k e p t  in  l ig h t betw een  8 a n d  18 a n d  in  d a rk  from  18 to  8 o ’clock. The an im als w ere k e p t  on 
s y n th e tic  food w ith  a N a  c o n c e n tra tio n  of 150 m E q  p e r  kg  an d  h ad  ta p  w a te r to  d rin k . The 
d a ily  fo o d  in ta k e  pe r a n im a l w as ap p ro x im ate ly  18 g a n d  t h a t  of w a ter, a p p ro x im a te ly  20 ml.

Intervention . U n d e r  e th e r  anaesthesia , th e  le f t  re n a l  region was exposed  th ro u g h  a 
m id lin e  incision, th e  le f t re n a l a r te ry  was iso la ted  a n d  lig a te d  and  th e  w ound  w as closed. 
E x c e p t  fo r ligation , th e  sh a m -o p e ra te d  anim als w ere h a n d le d  in  th e  sam e m an n er.

E xperim en ta l p ro ced u re

B efore th e  a c tu a l ex p erim en ts  th e  an im a ls  w ere p laced in  in d iv id u a l 
m e ta b o lic  cages. A fte r  h a b itu a tio n  for 3 d ay s  a n d  collection of p re lim in a ry  
d a ta  fo r an o th e r 3 d ay s  th e  ren a l a r te ry  w as lig a ted . F rom  th e  1st to  th e  
2 2 n d  p o sto p e ra tiv e  d a y , food  and  w a te r w as allow ed ad  lib itu m , food  and  
w a te r  in ta k e  and  u r in a ry  o u tp u t were m e a su re d  daily . On th e  22nd  day , 
u n d e r  in tra p e rito n e a l p e n to b a rb ita l  a n aes th es ia , b lood  pressure w as m easu red  
w ith  a m ercu ry  m a n o m e te r  tied  in to  th e  c a ro tid  o f  one side, b lood  w as w ith 
d ra w n  for te s ts  an d  b o th  k idneys were re m o v e d  and  weighed.
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Table I

Parameters o f  renal fu n c tio n  in rats after ligation o f  the left renal artery

P aram eters c
D ay of study

1 2 3 4 5 6 7 12 13 17 18 22 22nd day

N um ber o f anim als 7 7 7 7 7 7 7 7 7 7 7
W eight of anim als, g 196 +  7 — - 200 +  5 - - 196 +  3 202 +  5 190 +  5 199 +  7 ^creat
n  (for u rin a ry  param ete rs) 20 7 7 7 7 7 7 36 35 27 m g/100 ml
W ate r in take , m l/day 2 0 .0 + 1 .8 18.2 +  2.3 18.1 +  2.9 20.2 +  1.6 20.0 +  1.8 21.2 +  2.0 22.3 +  2.5 2 0 .2 + 1 .2 21.5 +  1.1 22.3 +  1.4 0.60 +  0.04

U rine, m l/day 3.9 +  0.3 3.2 +  0.2 3 .4 + 0 .7 3.1 +  0.7 3.5 +  0.9 3.8 +  0.6 3.8 +  0.6 4.0 +  0.4 4.2 +  0.4 5.3 +  0.8 P Na, mEq/1
U rin e /w ater in take , p e r cen t 2 0 .2 + 1 .3 19.8 +  3.2 15.3 +  3.0 15.2 +  2.4 17.3 +  3.6 17.8 +  2.6 19.1 +  3.4 19.7 +  1.3 18.8 +  1.3 21.3 +  2.0 1 5 0 + 1
V /d /m in/100 g body w eight 1.42 +  0.10 1.20 +  0.12 1.27 +  0.32 1.16 +  0.33 1.27 +  0.30 1.34 +  0.20 1.36 +  0.27 1.42 +  0.11 1.46 +  0.10 1.41 +  0.30

U creat nig/100 ml 125 +  8 146 +  9 148 +  15 184 +  37 166+ 25 140+ 40 134 +  27 128 +  7 136 +  8 1 2 6 + 1 4 P K, mEq/1

Ucreat V , I1 g /ml 171 +  12 171 +  9 167 +  20 1 6 3 + 1 8 178 +  23 142+ 14 151 +  11 160 +  8 167 +  8 172+11 4.2 +  0.1

Ccreat. 285 +  22 285 +  16 278 +  34 271 +  30 2 8 0 + 3 9 237 +  24 253 +  19 266 +  13 2 7 8 + 1 3 292 +  17

F ilte red  N a, /Æ q/m in 42.5 +  3.2 42.8 +  2.4 41.7 +  5.1 40.7 +  4.6 42.1 +  5.8 35.6 +  3.6 38.0 +  2.8 40.0 +  1.9 41.7 +  1.9 43.9 +  2.6 B lood pressure, m m H g

u Na, /íE q /i 189 +  26 207 +  42 184 +  37 228 +  69 222 +  73 223 +  52 221 +  29 217 +  14 2 2 3 + 1 8 238 +  22 123 +  9

U Na • V , [iE q/m in 0.258 +  0.02 0.233 +  0.03 0.208 +  0.05 0.200 +  0.05 0.225 +  0.05 0.238 +  0.03 0.270 +  0.04 0.273 +  0.02 0.300 +  0.03 0.322 +  0.05

T R F Na, pe r cent 0.6 +  0.04 0.6 +  0.1 0.5 +  0.1 0.6 +  0.1 0.7 +  0.1 0.7 +  0.1 0 .7 + 0 .1 0.7 +  0.03 0.7 +  0.04 0.7 +  0.1 W eight of left k id n e y ,

F ilte red  K , /tE q /m in 1.2 +  0.1 1.2 +  0.1 1.2 +  0.1 1.1 +  0.1 1.2 +  0.2 1.0 +  0.1 1.1 +  0.1 1.1 +  0.1 1.2 +  0.1 1.1 +  0.1 m g

u K, / ‘E q /1 207 +  11 260 +  29 259 +  41 275 +  70 247 +  52 203 +  41 248 +  57 232 +  12 2 6 2 + 1 7 259 +  28 774 +  28

U K • V , //E q /m in 0.287 +  0.02 0.302 +  0.03 0.288 +  0.05 0.239 +  0.04 0.231 +  0.04 0.231 +  0.04 0.267 +  0.04 0.313 +  0.02 0.326 +  0.02 0.307 +  0.03 W eight of r ig h t k id n e y ,

T R F K, p e rc e n t 25.5 +  1.7 25.4 +  2.3 24.9 +  2.9 21.2 +  2.1 20.8 +  2.7 2 3 .4 + 3 .3 25.6 +  3.6 27.1 +  1.2 27.8 +  1.1 29.2 +  2.2 mg

790 +  26



Parameters o f  renal fu n c tio n  in  rats after ligation o f  the left renal artery with the opposite kidney unm anipulated

Table II

D ay  of study
Parameters c 1 2 3 4 5 6 7-12 13-17 18-22

N u m b e r of an im als 12 12 12 12 12 12 12 12 12 12

W eig h t o f an im als , g 202 +  6 J- _ — 176 +  4 - 188 + 3 190 + 4 188 + 5 191 + 3
n (for u r in a ry  p a ram e te rs) 36 12 12 12 12 12 12 63 60 51

W a te r  in tak e , m l/d a y 20.2 +  1.4 2 0 .3 + 1 .9 21.4 +  2.9 25.2 + 3.5 26.0 +  4.3 26.2 +  3.0 28.0 +  3.0 28.3 +  1.l d 2 7 .4 + 1 .3C 27.0 + 1.l d

U rin e , m l/day 4.4 +  0.4 1 0 .3 + 2 .3 ° 7.1 +  2.8 8.4 + 3.1 10.3 +  4.0 13.1 + 3.7 14.7 + 3.7° 1 1 .7 ± 1 .0 d 1 0 .9 ± 0 .9 d 10.5 + 0.7d

U rin e /w a te r  in ta k e , p e r cent 21.2 +  1.9 5 7 .8 ± 7 .8 C 28.4 + 6.4 29.9 + 4.6 2 8 .4 + 5 .2 4 6 .1 ± 6 .6 C 4 3 .9 ± 5 .8 C 3 9 .8 ± 2 .0 d 3 7 .0 + 1 .6 d 3 7 .5 ± 1 .6 d

V  /Л/min/lOO g b o d y  w eight 1.50 +  0.20 4.26 +  0 .80c 2 .2 7 + 1 .1 2 3 .1 9 + 1 .3 1 3.73 +  1.54 4.97 + 1.50 5 .4 3 ± 1 .4 6 c 4 .3 6 ± 0 .4 0 d 4.02 + 0 .37d 3.90 + 0.31''

u creab m g/100 m l 114 +  5 5 5 ± l l d 1 0 9 + 1 6 123 +  31 1 0 4 + 2 1 61 + 7° 6 7 ± 1 1 й 6 9 ± 5 d 7 2 ± 4 d 6 7 ± 3 d

Ucreat-V* /fg/m l 172 +  9 173+ 13 162 +  15 187 +  20 191 + 17 211 + 176 2 4 6+ 29° 2 1 2 ± 6 d 2 2 4 ± 6 d 225 ± 6 d

Ccreat. /il/min 273 +  15 279 + 21 261 +  24 306 + 29 309 +  26 3 4 1 ± 2 7 ft 3 8 3 + 4 3 “ 3 3 9 ± l l d 359 + 9 ' 362 + 10d

F ilte re d  N a, jtíE q/m in 40.2 +  2.2 4 1 .9 + 3 .3 39.2 +  3.4 47.1 + 3.9 46.3 + 3.9 51.1 + 4 .I й 57.4 + 6.5° 5 0 .9 ± 1 .6 d 5 3 .9 ± 1 .4 d 54.3 + 1.5d

u Na, /iEq/1 179 +  10 51 +  9 ' 4 2 ± 1 5 d 1 0 4 ± 1 9 d 1 1 0 + 1 8 115 + 14° 1 3 1 ± 1 9 ft 1 2 8 ± 7 d 1 4 5 ± 6 d 1 4 7 ± 7 C

U[Ma ' V , /tE q /m in 0.272 +  0.02 0 .18 6 + 0 .0 4 0.043 +  0 .01d 0.116 +  0.06 0.237 +  0.02° О.ЗОв + О.О^ 0.407 + 0.03d 0.448 + 0.02d 0.502 +  0.02d 0.520 +  0.02d

T R Fj^a, p e r cen t 0.7 +  0.03 0 .4 + 0 .0 5 0 .1 ± 0 .0 4 d 0.4 +  0.1 0.5 +  0.1 0.8 + 0.04 0.9 + 0.1 0 .8 + 0 .04й 0 .9 ± 0 .0 4 c i .o+ o.os"
F ilte re d  K , ,iiEq/m in 1.1 +  0 .1 1.1 + 0.1 1.0 +  0.1 1.1 +  0.1 1.2 +  0.1 1.3 + 0.1 1.5 +  0.2 1 .3 ± 0 .0 4 c 1.3 + 0.05° 1.3 + 0.05°

U K, flEq/1 1 9 1 + 9 4 6 ± 9 d 1 3 1 ± 2 3 c 158 +  30 133 + 20° 9 9 ± 1 4 d 103+11° 1 2 9 ± 9 d 1 4 4 + 7 ' 144 +  7d

U K • Y , ,«Eq/m in 0.280 +  0.02 0.139 +  0 .02d 0.160 +  0 .0 + 0.264 +  0.03 0.254 +  0.02 0.336 + 0.01“ 0.365 + 0.03 0.412 + 0.02 0 .4 7 4 + 0 .02d 0.493 + 0.02d

T R F ^ ,  pe r c en t 24.3 +  1.9 13.8 + 1.8 17.3 +  1.9 22.1 + 2.3 2 2 .4 + 1 .7 26.3 + 1.8 26.4 + 2.4 3 1 .5 + 1 .1 34.5 + 0.9d 35.9 + 1.2°

22nd day

12

P creat> m g/100 m l 
0.62 +  0.04

P Na- m Eq/1 
150 +  2

P K, m E q /l 

3.8 +  0 .l d

Blood p ressu re , m m H g

165 +  6C

W eight o f left k id n ey , 

mg

3 1 8 ± 9 d

W eight o f r ig h t k idney , 

mg

9 4 8 ± 2 0 d

S y m bols: a =  p  <  0.05 
b =  p  c  0.02 
c =  p <c 0.01 
d =  p <  0.001
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Control group . Seven fem ale  r a t s  of 196 g m e a n  b o d y  w eight an d  of 
th e  same age as th o se  of th e  t e s t  g roup , were used  as controls. A g roup  o f 6 
anim als was a lw ays s tud ied  p a ra l le l  w ith  3, and a second  group of 6 an im als  
paralle l  w ith  4 contro ls , so as t o  avoid  possible d ifferences due to  e n v iro n 
m en ta l  factors.

Chemical a n a lysis . The 2 4 -h o u r  pooled urines  a n d  th e  blood sam ples  
w ith d raw n  at th e  en d  of the  e x p e r im e n t  were s tu d ied  for N a and  К  concen
t r a t io n  w ith  a Zeiss f la m e -p h o to m e te r ,  and for c rea t in in e  concen tra t io n  by  
th e  m e th o d  of B á l i n t  and V is y  [1].

Statistical evaluation. The re su l ts  ob ta ined  in  th e  te s t  g roup  were 
com pared  w ith  th o se  in the  c o n tro ls  by  S tu d e n t ’s tw o-sam ple  t-te s t .  The 
d en o ta t ions  used  a re :  a =  p <7 0 .05 ;  b =  p <C 0.02; c =  p <( 0.01; d p 

' 0.001. The d a t a  collected be fo re  th e  in te rv e n t io n  allowed to  assess th e  
eligibility of th e  an im als  for th e  experim en ts  a n d  were in ag reem en t  w ith  
t h e  values o b ta in e d  in the  c o n tro l  group a t  eve ry  p o in t  of t im e. F o r  th e  
eva lu a t io n  of th e  resu lts  o b ta in e d  during  the  p o s to p e ra t iv e  days, th e  d a ta  
o f  the  sh am -o p e ra ted  animals w ere  also used.

Results

Table  I sum s up  the  values  (m ean  +  SE) of th e  control group, Tab le  I I  
those  of the  an im als  w ith  l iga ted  re n a l  a r te ry .  C o lum n C shows th e  figures 
o b ta in e d  during  th e  p re l im ina ry  per io d  of 3 X 24 hou rs .  These in it ia l  va lues  
were in close a g re e m e n t  for b o th  g roups . The resu lts  re la t ive  to  th e  f i rs t  six 
p os topera t ive  d ay s  have  been  s e t  o u t  for each successive d ay  sep a ra te ly ,  
th e  la te r  results b y  5 - to  6- d a y  pe r iods  (7th to  12th, 13tli  to  17th , 18th  to  22nd 
days). The last  co lum n  in b o th  ta b le s  rep resen ts  b lood  pressures, p la sm a  
concen tra t ions  a n d  renal w eights  found  on th e  22nd  day . The ho rizon ta l  
rows of figures show  th e  s tud ied  a n d  derived p a ra m e te rs .  The m a th e m a t ic a l  
dev ia t ions  set o u t  in Table I I  r e fe r  to  the  co rrespond ing  values of Tab le  I. 
Some p a ram e te rs  have  been r e p re se n te d  se p a ra te ly  on a 24-hour basis for 
th e  en tire  period o f  s tu d y  (Fig. 1).

1. B ody w eigh t  rem ained  p ra c t ic a l ly  u n ch an g ed  th ro u g h o u t .
2. Daily  w a te r  in take  was signif ican tly  increased  in the  o p e ra te d  

anim als  th ro u g h o u t  t in 1 entire p e r io d  of s tudy . F ro m  th e  4 th  pos to p era t iv e  
d a y  onw ard  it h a d  stabilized a t  leve ls  30 to  4 0 %  h ig h e r  th a n  the  initial,  t h e  
values found b e tw een  the  7 th  a n d  22nd days were signif ican tly  increased.

3. D aily  u r in a r y  o u tp u t  sh o w ed  a sharp  rise in th e  o p era ted  an im als  
as early  as the  1st p os topera t ive  d a y  an d  rem ained  s ign if ican tly  h igher t h a n  
in th e  control g roup  th ro u g h o u t .

4. The ra t io  u r in a ry  o u tp u t /w a te r  in take  u n d e r  contro l conditions 
corresponded  to  2 0 % .  After u n i la te ra l  ligation of th e  ren a l  a r te ry ,  u r in a ry

A da Medico Academiae Scientirrum 1 lungaricae 32, 1975



5 8 Á. FE K E T E  e t al.

F ig .  1. R enal p a ram ete rs  d u rin g  21 days a fte r lig a tio n  of ren al a r te ry  in  ra ts .  C ontrols w ith
tw o  k i d n e y s --------- . A n im als w ith  liga ted  le ft re n a l a r te ry  an d  u n m a n ip u la te d  opposite

k id n ey  О ------ О . E ac h  d o t  rep resen ts th e  m ean  of 7 d a ta  de riv ed  from  7 ra ts

o u t p u t  increased w ith  t h e  w a te r  in tak e  th ro u g h o u t  th e  s tu d y .  An ab ru p t  
rise  to  a p p ro x im a te ly  6 0 %  occurred  on th e  1st pos to p era t iv e  d a y .  T hen  the  
f ig u re  fell to  a p p ro x im a te ly  4 0 %  b y  th e  en d  of th e  3rd po s to p e ra t iv e  d ay  and 
r e m a in e d  at th is  level for th e  re s t  of th e  s tu d y .  The difference w as significant.

5. U rina ry  c rea t in in e  excre tion  (Ucreat • V ^g/ml) increased  significantly  
p a ra l le l  with a s ign if ican t  decrease in u r in a ry  creatin ine concen tra t io n  in 
th e  opera ted  an im als  f ro m  the  5 th  p o s to p e ra t iv e  d ay  on w ard .  An increase 
in  endogenous c rea t in in e  clearance ca lcu la ted  on th e  basis o f  th e  p lasm a 
c rea t in in e  level on th e  22 n d  d a y  w as d em o n s trab le  as ear ly  as th e  3rd p o s t
o p e ra t iv e  day, th e  increase  hav ing  a t ta in e d  th e  level of significance by  the  
5 th  pos topera tive  day .

6 . U rinary  N a  ex c re t io n  (U Na • У  p E q /m in )  showed a sign if ican t fall in 
t h e  opera ted  an im als ,  to g e th e r  w ith  a re d u c t io n  in food in ta k e  to  a m in im um , 
d u r in g  the  first p o s to p e ra t iv e  days. B y  th e  4 th  pos to p era t iv e  d a y  i t  reached 
th e  control level and  re m a in e d  s ign if ican tly  h igher t h a n  in th e  controls for 
t h e  re s t  of the  s tu d y .  N a  excre tion  exp ressed  in per cen t  o f  fil te red  load
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( tu b u la r  re jec tion  frac tion  T R F )  was increased from  the  5 th  p o s to p e ra t iv e  
d ay  onw ard , th e  increase a t ta in in g  th e  level of s ignificance b y  th e  7 th  day . 
T here  was no difference b e tw een  th e  two groups in th e  p lasm a N a  level 
(150 mEq/1). The sham -opera ted  an im als  too showed a red u c t io n  in N a  ex c re t ion  
and  food in tak e  during  th e  f irs t  pos to p era t iv e  d a y s ;  th e  su b seq u en t  f igures  
agreed , however, w ith  th e  con tro l  values.

7. U r in a ry  К  excretion  (U K • V /lEq/m in) was s ign if ican tly  re d u c e d  in 
the  o p e ra ted  animals during  th e  f i r s t  tw o po s to p e ra t iv e  days, to  a t t a in  s u b 
sequen tly  th e  control value an d  to  rem ain  at s ign if ican tly  increased  levels 
from  th e  5 th  pos topera t ive  d ay  on w ard .  К  excre t ion , expressed in p e r  cen t  
of th e  fil te red  К  load (T R F K), show ed  a sign if ican t increase from  th e  7 th  
po s to p e ra t iv e  d ay  onw ard . The b lood  К  level on th e  22nd  d ay  was 3.8 mEq/1. 
C om pared  w ith  the  control values , th is  corresponded  to  a significant re d u c t io n .  
The sh am -o p e ra ted  anim als show ed a similar red u c t io n  in К  excre t ion  d u r ing  
th e  f i rs t  p os topera t ive  days as d id  the  o p e ra ted  ones b u t  the  va lues  s u b 
seq u en t ly  had  s tabilized at contro l levels.

8 . Blood pressure. Л m a rk e d  and  m a th e m a t ic a l ly  significant increase 
in b lood pressure  to  165 +  6 m m  H g  was found  on th e  22nd day , as opposed  
to  th e  123 +  9 m m  H g  level in th e  controls as well as in th e  sh a m -o p e ra te d  
group.

9. The left  k idney  with l iga ted  a r te ry ,  com pared  w ith  the  contro l k id n ey ,  
show ed a significant reduc tion  in w eigh t ,  ex h ib it ing  areas  of a t ro p h y ,  necrosis 
and  gross hyperaem ia .

10. The u n m a n ip u la te d  r ight k idney ,  com pared  w ith  th e  con tro l  k idney ,  
showed a significant increase in w e igh t  b y  a p p ro x im a te ly  2 0 % , in sp ite  of 
th e  u n c h a n g e d  body  weight.

Discussion

Loss of renal p a re n c h y m a  is k n o w n  to resu lt  in h y p e r t ro p h y  a n d  h y p e r 
fu n c t io n  of th e  rem ain ing  renal tissue . According to  M a lt  (21], h y p e r 
t r o p h y  enables th e  k idney  to  p e r fo rm  88%  of th e  fu n c t io n  of b o th  k idneys .  
D i c k e r  and  S h i r l e y  |7] n o te d  a 7 to  28%  increase  in inulin  c learance  
2 weeks a f te r  u n ila te ra l  n e p h re c to m y ,  and a 3 0 %  increase in G F R  a n d  a 
co rrespond ing  increase in Na reab so rp t io n  by  in d iv id u a l  nep h ro n s  was 
d e m o n s t ra te d  by  H a y s l e t t  e t  al. [18]. B r u n n e r  e t  al. [4] found  a 4 0 %  
increase in w a te r  in take  and  u r in a r y  o u tp u t  from th e  10th  p o s to p e ra t iv e  
d a y  onw ard , paralle l  w ith  an  increase  in G F R  a t ta in in g  nearly  th e  figures  
en su red  b y  th e  func tion  of b o th  k idneys .

S tu d y  of the  function of th e  u n m a n ip u la te d  k id n ey  after  l iga t ion  of 
th e  renal a r te ry  reveals s tr ik ing  changes  in Na and  flu id  m e tabo lism . In
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a n im a ls  having b een  m a d e  hypertensive  b y  constr ic t ion  of one rena l  a r te ry ,  
M ÖHRING et al. [22] a n d  G ross  et al. [17] observed  sa l t  loss, reduction  
in  p la s m a  volume a n d  e n h a n c e d  p lasm a  r e n in  a c t iv i ty  in  th e  cases w ith  
b lo o d  pressures over 180 m m  Hg. In  ra ts  w i th  no salt  loss a n d  lower blood 
p re s su re s  a positive co r re la t io n  be tw een  w a te r  in ta k e  a n d  b lood  pressure 
w a s  found . According to  D a u d a  e t  al. [5] h igh  blood  p ressure  levels are 
a s so c ia ted  with inc rea sed  am o u n ts  of e x t ra c ta b le  ren in  from  b o th  kidneys, 
a n d  w ith  nephrosclerosis  developing in th e  u n o p e ra te d  k id n ey .  Ingestion  
o f  physiological saline w as  found  to  p re v e n t  th e  p ro d u c t io n  of hypertens ion  
o r  t o  reduce the  p re v io u s ly  high blood p ressu re .  K a z d a  e t  al. [20] found 
t h a t  a high Na d ie t  r e s u l t s  rap id ly  in h y p e r te n s io n  and  card iac  h y p e r t ro p h y  
w h e re a s  a Na-free d ie t  depressed  the  t u r n o v e r  of  fluids a n d  p re v e n te d  the 
h y p e r ten s io n .

The m ic ro p u n c tu re  studies  by  St u m p e  e t  al. [25 27] revealed  no
c h a n g e  in the fu n c t io n  o f  superficial n e p h ro n s  in h ypertens ive  r a t s  whereas 
t h e  r a te  of reab so rp t io n  a n d  tran s i t  t im e  in  H e n le ’s loops were reduced. 
I n  t h e  ju x ta m e d u l la ry  n e p h ro n s  G F R  inc reased  to  double th e  norm al,  T /F  
in u l in  remaining u n c h a n g e d .  The increased  f low  in th e  ju x ta m e d u l la ry  
n e p h r o n s  m ay a c co u n t  to  some ex ten t  for th e  increase in N a  and  w a te r  
e x c re t io n .  G ir n d t  a n d  O c h w a d t  [15], on th e  grounds of  8(iR b  up tak e ,  
f o u n d  a 40 to 50%  in c re a se  in m edulla ry  f low  w ith o u t  a n y  change  in cortical 
b lo o d  flow in th e  u n o p e r a t e d  kidney. T h e  m ed u lla ry  osm otic  g rad ien t  of 
t h e  uno p era ted  k id n e y ,  com pared  w ith  t h a t  of th e  ischaem ic  k id n ey ,  was 
r e d u c e d  while its N a  g r a d ie n t  was s lightly  increased . In  chronic  hypertens ion , 
t h e  au to regu la tion  o f  m e d u l la ry  blood f low  ceases and  th e  increased  Na 
e x c re t io n  may be due  to  a n  increase in m e d u l la ry  flow. D a v i d  e t  al. [16] 
in v e s t ig a te d  the  b lood  f lo w  of the  u n m a n ip u la te d  k idney  on th re e  different 
e x p e r im e n ta l  models se rv in g  for the  p ro d u c t io n  of hyper ten s io n .  I n  h y p e r 
t e n s io n  induced b y  co n s t r ic t io n  of one ren a l  a r te ry ,  where th e  abnorm alit ies  
o f  t h e  operated k id n e y  a re  of m edium  sev e r i ty ,  m ed u lla ry  f low  m easured  
o n  t h e  basis of 8f,R b  u p t a k e  increased para l le l  w ith  b lood p ressu re .  In  our 
m o d e l  based on co m p le te  ligation of one re n a l  a r te ry  re su l t in g  in renal 
in fa rc t io n ,  an increase in  m edu lla ry  blood f low  ensued  in th e  course of the  
f i r s t  4 weeks; th is  w as followed b y  a m a rk e d  decrease, a n d  a t  th e  end of 
a n o t h e r  six weeks th e  m e d u l la ry  flow was still  below the  con tro l  va lue , while 
b lo o d  pressure p e rs is ted  a t  high levels.

I n  the studies b y  J e p e g n a m a n  e t  al. [19] th e  m ito t ic  in d e x  of the  
u n o p e r a te d  k idney  sh o w ed  peak  values 48 hou rs  w ith in  th e  p ro duc tion  of 
a u n i la te ra l  “ endocrine  k id n e y ” . The g lo m eru la r  in d ex  of th e  ischaemic 
k id n e y  was increased  in  c o n tra s t  to  t h a t  o f  th e  u n o p e ra te d  k id n e y  which 
w a s  reduced  in c o m p a r iso n  w ith  the  con tro ls .  A fter  a t r a n s i to r y  increase 
in  pa ren ch y m a l  s u b s t r a te  a n d  its h y p e rfunc tion ,  nephrosclerosis  a n d  functional
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im p a irm e n t  ensued. B r u n n e r  e t  al. [3] could p re v e n t  th e  h y p e r te n s io n  
ind u ced  b y  un i la te ra l  constr ic tion  o f  th e  renal a r te ry  b y  apply ing  an g io ten s in  
I I  b locking substance . These re su l ts  lend  fu r th e r  su p p o r t  to  th e  p a th o g e n e t ic  
role of th e  re n in -a n g io te n s in  sy s te m .

In  the  s tud ies  of the  p re se n t  a u th o rs  [ F e k e t e  e t  al., 1 1 ,1 2 ,1 3 ]  l iga t ion  
o f  th e  left renal a r te ry  was fo llow ed by  th e  p ro d u c t io n  of las t ing  h y p e r 
tens ion . H y p e r t ro p h y  of th e  u n o p e r a te d  k idney  was found  to  ensue  w ith in  
10 to  14 days a f te r  th e  in te rv e n t io n .  In  the  su b seq u en t  30 weeks th e  re la t io n  
b e tw een  th e  w eigh t  of the  u n o p e ra te d  k idney  an d  b o d y  w eight re m a in e d  
s tab le ,  and  th is  was also tru e  for th e  w eigh t  o f ischaemic, i. e. a troph ic ,  k id n ey .  
T h e  u n o pera ted  k idney  d isplayed p o ly u r ia ,  a re d u c t io n  in the  osm otic  q u o t ie n t  
u r ine /p lasm a  and  increased G F R , t h e  la t te r  referred  to  g renal w eight,  being 
a p p ro x im a te ly  4 0 %  above th e  c o n tro l  value for tw o k idneys. E x c re t io n  of  N a  
a n d  К  increased in th e  presence of  u n c h a n g e d  p lasm a N a con cen tra t io n s  an d  
o f  hypopo tassaem ia .  There was a r e d u c t io n  of th e  in t ra v a sc u la r  space  [8 , 9] 
w i th o u t  any  change in to ta l  vo lum e o f  w a te r  an d  w ith  no increase in a ldos te rone  
secre tion  [14]. T he  microscopic fe a tu re s  of  th e  u n o p e ra te d  k idney  were m a rk e d  
in  th e  m a jo r i ty  of cases by  v ascu la r  lesions rem in iscen t  of mild ben ign  h y p e r 
tens ion ,  f ibrinoid  necrosis typ ica l  o f  m a lig n an t  h y p e r ten s io n  being confined  
to  a few anim als.

The p resen t  observations in d ic a te  t h a t  liga tion  of th e  rena l  a r t e r y  
p roduces  changes w ith in  the  f irs t  24 hours, m ain ly  in the  fluid ba lance . The 
m ore  th a n  twofold increase in u r in a r y  o u tp u t  is followed b y  an increase  in 
w a te r  in take . The devia tions from  th e  controls  becom e more and  more m a rk e d .  
T h e  u n o p e ra ted ,  h yper troph ic ,  k id n e y  increases its  func tion , its  f i l t r a t io n  
c a p a c i ty  being s ign if ican tly  above  th e  control va lues  p rov ided  b y  th e  tw o  
k id n ey s .  Correspondingly , th e  a m o u n t  of fil te red  N a  increases, a n d  so does 
N a  excre tion , w h e th e r  expressed in  abso lu te  values  or in per c e n t  o f  th e  
f i l te red  load. This is va l id  for the  f i l t r a t io n  and  exc re t ion  of К  as well, w ith  
th e  difference t h a t  th e  p lasm a К  c o n c e n tra t io n  decreases.

Thus, it  seems ju s t if ied  to  r e g a rd  the  h y p e r t ro p h y  of the  u n o p e ra te d  
k id n e y  as the  fac to r  responsible  for  th e  m a in tenance  of  no rm a l  b lood p ressu re  
a n d  for th e  com pensa tion  of th e  f u n c t io n  of th e  ischaem ic  k idney  a f te r  th e  
in te rv en t io n .  This is p ro b ab ly  th e  re a so n  w hy  in th e  p re sen t  s tu d y  th e  b lood  
p ressure  e levation  in the  f irs t  14 d a y s  a f te r  th e  in te rv e n t io n  was con fined  
to  occasional cases. B y  v ir tu e  of i t s  com pensa ting  cap ac i ty ,  th e  u n o p e ra te d  
k id n e y  m a in ta in s  th e  equ ilib rium  o f  t u b u la r  N a re a b so rp t io n  for a few days  
as a resu lt  of en h an ced  f i l t ra t ion .

R en in  p ro d u c t io n  b y  th e  isch aem ic  k id n ey  m a y  be rega rded  as th e  
essen tia l  fac tor  shap ing  th e  acu te  p h a se  of hypertens ion .  E xposu re  o f  th e  
u n o p e ra te d  k idney  to  high blood  p ressures  resu lts  in an increase in  its 
m ed u lla ry  blood flow w ith  a t e n d e n c y  to  Na loss an d  an increase in  u r in a ry
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o u tp u t .  This is fo llow ed b y  a p e rm a n e n t  co n trac t io n  of th e  in trav ascu la r  
c o m p a r tm e n t  an d  b y  a r te r io la r  dam age. I n  th e  absence of a n y  co n com itan t  
increase  in a ldosterone secretion , [14] no co m p e n sa to ry  m echan ism  of th is  k ind  
is in  operation. T h e  increased  fluid u p ta k e  is th e  resu lt  o f  increased  fluid 
loss. The frequency  a n d  seve r i ty  of a r te r io la r  lesions are re la ted  to  th e  e x te n t  
a n d  dura t ion  of h y p e r te n s io n .  All these  fac to rs  de te rm ine  th e  pathologic  
course  of events lead in g  to  the  p roduc tion  of  chronic  h y p e r tens ion  by  affecting 
th e  electrolyte b a la n c e  a n d  volume re g u la t io n ,  the  abnorm ali t ie s  of which 
b e lo n g  to  the  ty p ic a l  fea tu re s  of this s tage .

R E F E R E N C E S

1. B álint , P., V is y , M .: A c ta  physiol. Acad. Sei. h u n g . 28, 265 (1965).
2. B r u n n er , H .: N au n y n -S ch m ied eb e rg s Arch. ex p . P a th .  P h a rm ack . 267, 278 (1970).
3. B run n er , H ., K r ish m a n , J .  C., Sealey , J .  E ., Laragh , J . H .: Science 174, 1344 (1971).
4. B run n er , H ., K u sc h in s k y , G., Münchow , О ., P e ter s , G.: N aunyn-S chm iedebergs

Arch. exp. P a th .P h a rm a c .  240, 112 (I960).
5. D a u d a , G., Möh ring , J ., H ofbauer , K. G., H om sy , E ., Miksche , TL, Orth , H ., Gross,

F.: Clin. Sei. 45, 251 (1973).
6. D a vid , M., D r u g a r in , D ., Deutsch , G.: K re is lau fv e rän d e ru n g en  de r k o n tra la te ra le n

Niere bei re n o -v a sc u lä re r  H yperton ie . A b s tr . C ongress o f U rology an d  N ephrology, 
B udapest 1974.

7. D icker , S. E ., Sh ir l e y , D . G.: J. Physiol. (L o n d .) 219, 507 (1971).
8. F ek ete , Á., Mézes , P ., T óth, L.: K ísérletes O rv o s tu d o m á n y  25, 400 (1973a).
9. F ek ete , A., Mézes , P ., Tóth , I,.: A cta Med. A cad . Sei. H ung . 30, 185 (1973b).

10. F ek ete , Á., T a r já n , É .: K ísérletes O rv o s tu d o m á n y  25, 385 (1973a).
11. F ekete , Á., Ta r já n , É .:  A c ta  Med. Acad. Sei. H u n g . 39, 177 (1973b).
12. F ekete , A., Ta r já n , É .,  K onyár , E.: K ísé rle tes  O rv o s tu d o m án y  26, 273 (1974a).
13. F ek ete , Á., Ta r já n , É .,  K onyár , É .: A cta m ed . A cad . Sei. hung . 31, 59 (1974b).
14. F ekete , A., Sp ä t , A .: E x p erim en ta l R enal H y p e rten sio n . M. D. T hesis, B u d a p es t 1974.
15. Girndt , J., Ochw adt , B .: Pflügers Arch. Ges. P h y sio l. 313, 30 (1969).
16. Goldblatt, H ., K a h n , J .  R ., Hanzal, R . F .: J .  ex p . Med. 69, 649 (1939).
17. Gross, F., D a u d a , Gy ., K azda , S., K yncl , J . ,  Möhring , J . ,  Orth , H .: C irculât. R es.

Suppl. 31, 173 (1972).
18. H ayslett, J . P ., K a sh g a r ia n , M., E pstein , F . H .: Fed . Proc. 26, 375 (1967).
19. J epegnaman , Y ., K u p p u , K . Y., Pa dm a n a bh a n , N .: T he effect of endocrine  k id n ey  on

com pensatory  re n a l h y p e rp la s ia  in ra ts . A b s tr . X X V I. In t .  C ongress o f Physio logy , 
New-Delhi 1974.

20. K azda, S., D a u d a , Gy ., Lamprecht, F ., Mik sc h e , L., N a um an n , H . J . ,  Orth, H.
Schaffert, G., Gross, F .: N au nyn-S chm iedebergs A rch. exp . P a th . P h a rm ac . 270, 
R 69 (1971).

21. Malt, R. A.: New E n g l. J. Med. 280, 1446 (1969).
22. Möhring, J., N a u m a n n , H . J .,  Möhring, В ., P h il ippi, A., Gross, F .: E u ro p . J .  clin.

In vest. 1, 384 (1971).
23. Ochwadt, B ., K r a m er , Р .:  Pflügers Arch. ges. P hy sio l. 312, R  84 (1969).
24. S ely e , H.: N a tu re  158, 131 (1946).
25. Stumpe, I. O., L ow itz, H . D ., Ochwadt, B .: P flü g e rs  A rch. ges. Physio l. 304, 336 (1968).
26. Stum pe, I. 0 . ,  L ow itz, H . D., Ochwadt, B .: P flü g ers Arch. ges. Physio l. 307, R 63

(1969a).
27. Stumpe, I. 0 . ,  L ow itz, H . D ., Ochwadt, B .: P flü g e rs  A rch. ges. Physio l. 313, 43 (1969b).
28. T arján , E. F e k e t e , A .: I n t .  Urol. N ephrol. 7, 149 (1975).

D r. Ágnes F e k e t e  
B eatr ice  K iss  
E d i t  S pitza r

H-1088 B u d a p e s t ,  P u sk in  9.

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



Acta Medica Academiae Scientiarum Hungaricae, Tomus 32 (1 ) , pp. 63 73 (1975)

HAEMODYNAMIC CHANGES ASSOCIATED WITH 
CCC-INDUCED ACUTE LIVER INJURY

B y

I. S Z L A M K A ,  P. S Á I N D O H ,  .1. H A M A H  and Л. G. B. K o V A C H

F IR S T  D EPARTM ENT OF M EDICINE AND E X P E R IM E N T A L  RESEA RCH  LABORATORY, SEM M ELW EIS 
UNIVERSITY M ED ICA L SCHOOL, BUDAPEST

(R eceived  F e b ru a ry  3, 1975)

M inor doses o f CCh have b een  fo u n d  to produce acu te  h aem o d y n am ic  ch an g es 
w hich p ro m o te  e lim ination  of th e  po iso n  from  th e  body. M ajor doses ab so rb ed  in to  
th e  blood are  follow ed by  a t ra n s ito ry  fa ll of perfusion  pressu re  resu ltin g  in a d e fic ien t 
o x ygenation  of th e  tissues. The re leased  m echanism s o f a d ju s tm e n t re su lt in  g en era l 
h aem odynam ic  changes d irected  a t  th e  m ain ten an ce  of b lood flow  in th e  v i ta l  o rg an s, 
p rim arily  in th e  b ra in . A ccu m u la tio n  of CCI, is a sso c ia ted  w ith  p ro longed  h a em o 
dynam ic  a lte ra tio n s : th e  card iac  o u tp u t  and tissue flow  decreases while p e r ip h e ra l 
resistance increases. The red u ctio n  in  blood flow was m o st m ark ed  in th e  liver. T he 
tran s ito ry  an d  prolonged h a em o d y n am ic  changes re su lt in  an  im p a irm e n t o f  h e p a to 
cellular n u tr it io n  and o x y g en atio n , th u s  p re c ip ita tin g  th e  in ju ry  caused  by  th e  CClj 
accu m u la ted  in th e  liver cells.

The effect of CCI, on the  c ircu la t io n  of th e  liver has ex ten s iv e ly  been  
s tu d ie d .  G l y n n  and  H im s w o r t h  [5] noted  a su b s ta n t ia l  r e d u c t io n  in 
in t ra lo b u la r  c ircu la tion  after CCl,-posioning. D a n i e l  e t  al. [3] fo u n d  no 
change  in porta l  blood flow. An in crease  in hepa tic  b lood flow was r e p o r te d  
by  S t o n e r  [11]. The ex p la n a t io n  of  these  c o n tra d ic to ry  results  lies in 
th e  fac t  t h a t  th e  m easurem ents  w ere  m ade a t  d if fe ren t  po in ts  of t im e  a f te r  
CCI, a d m in is t ra t io n  and  most of th e  d a ta  were o b ta in ed  a t  the  s tage  of  liver 
in ju ry  when th e  poison had a l re a d y  been e l im ina ted  from  th e  c ircu la t ion .

A ccording to  recen t research , accu m u la t io n  in th e  liver of CCI, beg ins  
as soon as it  has  en te red  the  blood s t r e a m  and a t  th is  t im e  cellular changes  
m a rk in g  the  inc ip ien t  stage of l iver  in ju ry  becom e d em ons trab le .  Th is  has 
p ro m p te d  us to  s tu d y  the  re la t io n sh ip s  be tw een  sys tem ic  and  h e p a t ic  c i rcu 
la t io n  parallel w ith  the abso rp tion  o f  CCI, in to  th e  b lood  s tream . To th ro w  
l igh t  on the  p a r t  p layed by  the  c ircu la t io n  in th e  CCI,- induced liver in ju ry ,  
th e  cha rac te r is t ic  haem odynam ic  p a ra m e te rs  an d  tissue blood flow have  
been  studied .

Material and method

Dogs of e ith e r  sex weighing be tw een  14 'a n d  18 kg and  fed a m ixed d ie t w ere used  
in th e  ex p erim en t. T h e  experim ents w ere m ad e  u n d e r ehloralose anaesth es ia  (0.1 g pe r kg; 
th e  dose was re p ea te d , if necessary). T hree  series were se t up. In  th e  f irs t , th e  h a em o d y n am ic  
p a ram e te rs  were reg is te red . In th e  second, blood flow in th e  liver, k id n ey  and  ad ipose  tissu e , 
in th e  th ird  series, m uscle blood flow w as s tu d ied . E ach  group  included  10 an im als .
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Systolic, d ias to lic  a n d  m ean  a rte ria l p re ssu re s  w ere reco rd ed  on  an  e igh t-channel 
G alileo  po lygraph b y  m e a n s  o f  a S ta th a m -tra n sd u c e r  th ro u g h  a p o ly e th y len e  c a th e te r  tied  
in to  th e  rig h t b ra ch ia l a r te ry .  For th e  s tu d y  o f c e n tra l  venous p re ssu re , a po ly e th y len e  
c a th e te r  was passed  v ia  th e  e x te rn a l ju g u la r v e in  in to  th e  r ig h t a tr iu m . T he pressures were 
m ea su re d  by  m eans o f  a  S ta th a m  head-piece.

For the  re g is tra tio n  o f re sp ira to ry  ra te  a  th e rm is to r-re c o rd e r  p laced  in to  th e  trac h ea l 
c a n n u la  was used.

E E G -tracings w ere  d e r iv e d  from  th e  f ro n to -o c c ip ita l regions on  b o th  sides w ith  th e  
a id  o f  bone electrodes.

The ECG w as re g is te re d  from  th e  forelegs in  s ta n d a rd  lead  I b y  m ean s of needle- 
e lectro d es.

Cardiac o u tp u t a n d  i ts  frac tio n s for th e  a n te r io r  reg ion  (head  a n d  forelim bs), sp lanchn ic  
re g io n , and posterio r re g io n  (p e lv is-h in d lim b s) w ere  s tu d ie d  b y  a m od ified  th erm o d ilu tio n  
p ro c ed u re  [7]. T o ta l p e r ip h e ra l  resistance and  re g io n a l re sistan ces fo r th e  above regions were 
c o m p u te d  from  m ean  a r te r ia l  p ressure  m easu red  in  th e  b ra ch ia l a r te ry  a n d  from  th e  card iac  
o u tp u t  o r its frac tio n  fo r  th e  in d iv id u a l region, a cco rd in g  to  th e  fo rm u la

R  =»
m ean a rte ria l p re ssu re  (m m  Hg) 

blood flow  (m l)

0 2-sa tu ratio n  in  a r te r ia l  and venous b lood  i. e. th e  a rte rio -v en o u s 0 2-difference, w as 
m ea su re d  w ith an E le m a  — S chönander o x y m ete r in  b lo o d  sam ples ta k e n  from  th e  c a ro tid  
a n d , v ia  the  ju g u la r v e in ,  fro m  the  rig h t a tr iu m . T h e  lia e m a to c rit w as e s tim a te d  in a r te r ia l  
b lo o d  sam ples c en trifu g e d  in  m ic ro h aem ato crit tu b e s .

Blood flow c h an g es  o f  liv e r and k idney  w ere  m easu red  w ith  a f lu v o g rap h  (H a rtm a n  
a n d  B rau n  A.G., F r a n k f u r t  a. M.) [6]. T h rough  a  r ig h t  su b co sta l incision a c a th e te r  was a d 
v a n c e d  as far as 5 m m  fro m  th e  liver surface to  e s tim a te  p e rip h e ra l h e p a tic  flow . A c a th e te r  
w as passed  th rough  th e  sam e  incision in to  th e  re n a l co rtex . T h en  th e  orig inal position  of 
th e  abdom inal o rgans w as re s to red , th e  c a th e te rs  w ere f ix ed  ou tside  th e  ab d o m in a l w all, an d  
th e  w ound was closed w ith  clips.

F o r the  s tu d y  o f  ad ip o se  tissue blood flow  a p o rtio n  of su b cu tan eo u s  adipose tissue  
w as iso lated  by th e  m e th o d  o f  R osell [10] w i th o u t  in te rferen ce  w ith  blood su p p ly  an d  
in n e rv a tio n . The b lood  flo w in g  th rough  th e  tis su e  w as m easu red  b y  a d ro p -co u n te r v ia  a 
p la s tic  cannula tied  in to  th e  v e in  of th e  adipose tissu e .

Muscle blood f lo w  w as also m easured  b y  d ro p -co u n tin g  on a p re p a ra tio n  iso la ted  
in  v iv o  from  the  g rac ilis  m u sc le  according to  R e n k in  a n d  R osell [9].

In  the  se lf-co n tro l ex p erim e n ts  th e  su b s ta n c es  u n d e r  s tu d y  w ere in jec ted  in to  th e  
le f t  saphenous vein. T h e  CC14 was dissolved 10 : 1 in  a  20%  lip id  em ulsion  (L ipofundin , 
B rau n-M elsungen). As a  c o n tro l, te s t  doses o f 0.6 m l pe r kg of L ip o fu n d in  w ere g iven  in  
a ll experim en ts. T h en  th e  e ffe c t o f 0.06 ml per kg  o f CC14 in fused  w ith in  10 m in  w as exam ined . 
S u b seq u en tly , the  h a e m o d y n a m ic  effect of CC14 in je c te d  w ith in  3 m in  in  doses o f 0.04, 0.06 
a n d  0.08 m l per kg a t  20 to  30 m in  in te rv a ls  w as s tu d ied ; th e  figures o b ta in ed  p rio r to  
in je c tio n  served as c o n tro l. F o r  ev a luation  o f in d iv id u a l in jec tions, th e  figu res o b ta in ed  
d u rin g  and a t 2, 5 a n d  10 m in  after, and p rio r to  th e  n e x t  in jec tio n  w ere considered. F o r 
e v a lu a tio n  of the  in fu s io n s , th e  pre-infusion f ig u res  w ere com pared  w ith  th o se  fo u n d  in th e  
2 n d , 5 th  and 10th m in u te s  d u rin g  th e  infusion.

The results w ere e v a lu a te d  by  S tu d e n t’s i- te s t .  F o r  th e  assessm en t o f th e  m onophasic  
a n d  b iphasic  responses o f  tis su e  blood flow, th e  e x tre m e  va lues o b ta in e d  in th e  course o f 
th e  experim ents w ere c o n s id e re d  [4].

In  the  p re sen t e x p e r im e n ts  th e  sam e dog w as in jec ted  successively  w ith  increasing  
doses o f CCI,. The re sp o n se  to  th e  previous in je c tio n  h a d  to  subside , i. e. b lood  pressu re  h ad  
to  becom e stabilized  b e fo re  th e  following dose w as ad m in iste red . T h is sy s tem  allow ed to  
d isce rn  tw o d ifferen t e ffec ts . T h e  acu te  effect su b s id e d  w ith in  a few  m in u te s . T he responses 
fa llin g  in to  th is ph ase  w ere  co rre la ted  w ith  th e  v a lu e s  fo u n d  before a d m in is tra tio n  of th e  
re sp ec tiv e  dose. H o w ev er, as th e  doses were in c reased , p rogressive  changes in th e  in d iv id u a l 
p a ra m e te rs  had  becom e m a n ife s t  and  were re fle c te d  in  th e  co n tro l figu res before ad m in is
t r a t io n  of the  successive CCl4-doses. C orrelated  w ith  th e  co n tro l figures fo u n d  before th e  
s t a r t  o f the  ex p erim en t th e se  values had  to  be in te rp re te d  as p e rm a n e n t haem o d y n am ic  
ch an g es connected w ith  th e  progression  of CC14 po ison ing .
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Results

1. CCI ̂ in d u c e d  cardiorespiratory changes

P u lse  rate

A t the  5 th  m inu te  of in fusion  of 0.06 ml per  kg CCf, an increase  in  th e  
pulse  ra te  by  more th a n  2 0 %  (p <  0.05) was fount! (Fig. 1A). D u r in g  in 
jec t ion  of 0.04 ml per kg CCI4 th e  pulse ra te  increased  by  3 0 %  (p <4 0.02).

P U L 5 E  R A T E CA R D IA C  O U T P U T
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material

0,6 ml/kg lipofundtn 0 ,6-1 .  
0,06 ml/kg ССЦ infusion g,5 
0,0Aml/kg CCU injection

à -----д 0,06 ml/kg CCI4 injection A
*-----* 0,08 ml/kg ССЦ injection 0,2-

0,1
0J 4

2’ 5’ 10

Fig. 1. C ard io resp ira to ry  responses to  th e  in tra v en o u s  ad m in is tra tio n  of CCI,

R espiratory rate

A t th e  2nd m inu te  of  infusion  of 0.06 ml per  kg of CCI,,, t h e re  w as an 
increase in the  re sp ira to ry  r a te  by  more th a n  30%  (p <4 0.05) (F ig .  IB). 
D u r in g  in jec tion  of 0.08 ml p e r  kg  of  CCI, an increase in r e sp i ra to ry  ra te  by  
6 0 %  (p ■< 0.05) was found . A t  2 m in af te r  th is  in jection  the  r e s p i r a to ry  ra te  
was still increased by 4 5 %  (p <  0.05) b u t  showed a successive decline to 
th e  control value a t  5 and  10 m in  af te r  in jection .
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ECG

D u rin g  in jec t ion  o f  0.04 ml per kg as well as of 0.06 ml per  kg  and 
0.08 m l per  kg CC14, fu r th e rm o re  a t  2 and 5 m in  a f te r  th e  in jections a depressed 
ST a n d  a biphasic T  w ere  dem onstrable .

Stroke volume

D uring  in jec tion  o f  0.04 ml per kg CCI,, a reduc tion  in s troke  volume 
b y  2 5 %  (p <  0.05) (F ig .  1C); during th e  in je c t io n  of 0.06 ml per  kg  CCI,, 
a r e d u c t io n  by  2 0 %  (p <  0.05) and during  th e  in jec tion  of 0.08 ml per kg 
CC14, a reduc tion  b y  2 5 %  (p <C 0.05) was fo u n d .  A red u c t io n  in  s troke  volume 
b y  2 0 %  (p <  0.05) w as  n o te d  a t  2 min, an  increase  b y  30%  (p <  0.05) a t 
5 m in  a f te r  in jection  (F ig . 1C). The s troke v o lu m es  m easured  before a d m in 
i s t r a t io n  of the successive doses, as com pared  w i th  th e  in itia l values, showed 
a progressive decline. A  reduc tion  b y  a p p ro x im a te ly  20%  (p <  0.05) was 
d em o n s trab le  in th e  second  p a r t  of the  e x p e r im en ts .

C ardiac output

F ive  min a f te r  in je c t io n  of 0.08 ml p e r  k g  CC14, an increase in  cardiac 
o u t p u t  b y  25%  (p <[ 0.05) was found (Fig. ID ) .  The values found  before 
a d m in is t ra t io n  of t h e  successive doses show ed  a progressive decline as com 
p a re d  w ith  the in i t ia l  va lues .  The reduc tion  a m o u n te d  to  30%  (p <  0.05) 
in  th e  second p a r t  o f  t h e  experim ent.

Cardiac output frac tion  fo r  head and forelim bs

This  fraction  sh o w e d  a 30%  re d u c t io n  (p 0.05) in th e  2nd  m inu te  
of  infusion of 0.06 ml p e r  kg  CC14. Two m in  a f te r  th e  in jection  of  0.04 ml 
p e r  k g  CCI4 an increase  b y  3 0 %  (p < 0  .05) w as  fo u n d  (Fig. I E ) .  D u r in g  the  
in jec t io n  of 0.08 ml p e r  k g  of CC14, there  w as  likewise an increase b y  30%  
(p <C 0.05); 5 min l a t e r  th e  increase a m o u n te d  to  80%  (p <[ 0.02) an d  10 
m in  a f te r  the  in jec t ion  to  3 0 %  (p <  0.05).

Com pared w ith  th e  in itia l control v a lu e s ,  th e  figures found  before 
ad m in is t ra t io n  of t h e  successive CC14 doses show ed  a 30%  fall (p <  0.05) 
pa ra l le l  w ith  the  in c rea s in g  severity  of CC14 poisoning.

S p lanchn ic  fraction

A t the 2nd m in  o f  in fusion  of 0.06 ml p e r  kg  CCI, the  splanchnic  frac t ion  
inc rea sed  by  30%  (p -  0 .05), the  increase p e rs is te d  in the  5 th  m in (Fig. IF ) .  
Tw o m in  after th e  in je c t io n  of 0.08 ml per  k g  o f  CC14, an increase b y  35% , 
a t  5 m in  an increase b y  2 0 %  was found (p <  0.05). The control va lues  before 
th e  successive CC14 doses reflec ted  30%  fall (p <  0.05).
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Pelvic and hindleg fraction

CCI, in jec ted  in a dose o f  0.08 ml per kg  p ro d u c e d  a p ro m p t r e d u c t io n  
(Fig. 1G) b y  m ore  th a n  20%  (p <( 0.05). The f igures  found  before a d m in i s t r a 
t io n  of the  successive CCI, doses, in com parison  w i th  th e  control va lues  fo u n d  
a t  th e  ou tse t ,  suggested  t h a t  w ith  th e  increasing  seve r i ty  of the  po ison ing  
the re  is a 2 0 %  decrease in th is  frac tion .

2. General haem odynam ic responses to CCIt 

M ean arterial pressure

D uring  in jec t ion  of 0.04 ml per  kg CC14 a 2 5 %  fall (p <[ 0.02) was 
found , the  decreased  level being still dem o n s trab le  a t  2 m in (Fig. 2A).

D uring  in jec t ion  of 0.06 ml p e r  kg CClj a red u c t io n  in m ean  a r te r ia l  
pressure  by  3 5 %  (p <  0 .01) was d em ons trab le .  T he  fall in m ean  a r te r ia l  
pressure  d u r ing  in jec tion  of 0.08 per  kg CC1,4 a m o u n te d  to  50%  (p <[ 0.001),
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a re d u c t io n  by  35%  (p <  0.001) being still  p re se n t  a t  2 min, a n d  a reduc tion  
b y  3 0 %  (p <[ 0.01) a t  5 m in  a f te r  th e  in jec t ion .

C entra l venous pressure

F iv e  min a f te r  th e  in jec t ion  of 0.04 m l p e r  kg CC14, a 3 0 %  inc rease  (p
<  0 .05) and  10 m in  a f te r  in jec tion  an  inc rease  b y  35%  occurred  (p <  0.05) 
(F ig .  2B). D uring  in je c t io n  of 0.08 ml p e r  k g  CC14 the  increase  a m o u n te d  
to  4 5 %  (p <  0.05), a t  2 m in  to  70%  (p <  0.01), a t  5 min to  6 0 %  (p •< 0.01) 
a n d  a t  10 min to  5 6 %  (p <C 0.01).

T o ta l periphera l resistance

T w o min a f te r  in jec t io n  of 0.04 ml p e r  k g  CC14 a red u c t io n  (F ig . 2C) by 
3 0 %  (p <[ 0.05) an d  d u r in g  ad m in is t ra t io n  o f  0.06 ml per kg of  CC14 a re d u c t io n  
b y  4 0 %  ensued. The decrease  a m o u n te d  to  3 5 %  (p <  0.02) a t  2 m in  an d  to 
3 0 %  (p <C 0.05) a t  5 m in . D u r in g  in jec t ion  of  0.08 ml per kg CCI,, th e  p e r ip h era l  
r e s is ta n c e  fell to  5 0 %  of its  original v a lu e  (p <  0 .01), a r e d u c t io n  b y  30%  
(p <  0 .05) was found  at 2 min, and b y  4 0 %  (p <  0.05) a t  5 min. T h e  values 
fo u n d  before in jec tion  o f  th e  successive CC14 doses, as c o m p a re d  w i th  the 
in i t ia l  contro l values, re f lec ted  an increase b y  30%  (p '  0.05).

R esis ta n ce  o f the head and  forelim bs

A n  increase b y  3 0 %  (p 0 .05) in  t h e  2nd m inute ,  a n d  one o f  4 0 %
(p 0.05) in th e  5 th  m in u te  of infusion of 0.06 ml per kg  CCI w as observed  
(F ig .  2D ). D uring th e  in jec t io n  of 0.04 m l p e r  kg CC14 a r e d u c t io n  b y  30%  
(p <C 0.05), 2 m in a f te r  in jec t ion  a r e d u c t io n  b y  35%  (p <[ 0.05) w as  found. 
D u r in g  in jection  of 0.06 m l per  kg CCI,, re s is tance  decreased b y  4 5 %  (p
<  0 .02),  and  a red u c t io n  b y  35%  (p <  0.05) w as still dem o n s trab le  a t  5 min. 
A p r o m p t  reeuction b y  60 %  (P <  o .01) w as caused  by  0.08 ml p e r  k g  CC14, 
a n d  4 0 %  decrease (p <  0.05) a t  2 min, a n d  one of 45%  (p <  0 .05) a t  5 min.

R esis ta n ce  o f the sp lanchnic  region

D u rin g  injection of  0.06 ml per kg CC14, resis tance  of th is  reg ion  decreased 
b y  a p p ro x im a te ly  30%  (p <C 0.05) (Fig. 2E ) ,  persisting  a t  2 m in  as well. 
D u r in g  th e  in jec tion  of  0.08 ml per  kg  CC14 resistance decreased  b y  45% 
(p <  0.01). In  com parison  w ith  th e  in i t ia l  con tro l  values, th e  v a lu es  found 
b e fo re  in jec tion  of th e  successive CCI, doses revea led  an increase in  splanchnic  
r e s is ta n c e  b y  30 to  40%  (p C o .05) p ara l le l  w ith  the increasing sev e r i ty  of 
th e  po isoning.

R esistance  of the pelvic region and the hindlegs

D u rin g  in jec tion  o f  0.04 ml per  k g  CC14, resistance of  th is  region 
d e c re a se d  by  25%  (p <  0.05), and  a t  2 m in  a reduc tion  b y  3 0 %  (p «< 0.05)
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was found (Fig. 2 F ) .  During in jec t io n  of  0.06 ml p e r  kg  CCI, a re d u c t io n  
b y  30% , 2 m in a f te r  injection a r e d u c t io n  b y  4 0 %  (p <7 0.05), a t  5 m in  a 
red u c t io n  by 3 5 %  (p <7 0.05) and  a t  10 min a r e d u c t io n  b y  30%  (p <7 0.05) 
was dem onstrab le .  D uring  the  in jec t io n  of  0.08 ml p e r  kg  CC14 there  was a 
reduc tion  by 4 0 %  (p <7 0.01), and  2 m in  la te r  a r e d u c t io n  by  35%  (p <7 0.02) 
in comparison w i th  th e  control va lues .

Arterio-venous 0 2 difference
The initial a r terio -venous 0 2 difference of  22 .4 %  increased s ign if ican tly  

to w a rd  the end o f  th e  experim ent (Fig. 2G): before  th e  in jection  of 0.08 ml 
p e r  kg of CC14 i t  was 38.7%  (p <7 0.001), a n d  4 4 .6 %  (p <7 0.01) a f te r  th e  
injection.

E E G
The E E G  show ed  a reduc tion  in fa s t  w ave  a c t iv i ty ,  an increase in th e  

n u m b e r  of slow w aves  and m odif ica t ions  in a m p l i tu d e .  A d m in is tra t ion  of  
CC14 resulting  in a fall of systemic b lood  p ressure  to  70 m m  H g was a cco m 
pan ied  by  a d ec reased  fast-wave f req u en cy ,  an  increased  slow-wave f re q u e n c y  
an d  an increase in  am p li tu d e .  W ith  th e  fu r th e r  fall in sy s tem ic  blood peressure  
th e  am plitudes d ec reased .  At b lood p ressure  levels of 30 to  40 mm H g electr ic  
ac t iv i ty  ceased b u t  on norm aliza t ion  of b lood  p re ssu re  the  norm al E E G  
p a t t e r n  was re s to re d .  The changes in blood pressure  h a d  invar iab ly  p receded  
th e  E E G  changes. CCI, doses which left the  b lood  p ressu re  unaffected  caused  
no  perceptib le  E E G  changes.

3. EJfect of CCI4 on tissue blood flo w
M uscle flo w

During in je c t io n  of 0.04 ml p e r  kg of  CC14, m uscle  flow decreased b y  
2 5 %  (p <7 0.05) (F ig .  ЗА); 2 m in  a f te r  th e  in jec t ion  an increase b y  2 0 %  
(p <7 0.05) was fo u n d .  During th e  in jec t io n  o f  0.06 ml p e r  kg a 50%  decrease  
(p <  0 .001), a t  2 m in  and 5 m in  a 4 5 %  (p <7 0.02) was noted . In je c t io n  
of  0.08 ml per kg  CCI, caused a 3 5 %  decrease  (p <7 0.05), 2 min la ter a 3 5 %  
increase (p <7 0.05). Comparison of th e  values  o b ta in e d  before a d m in is t ra t io n  
o f  th e  successive CC14 doses with th e  in it ia l  con tro l  va lu es  shows a re d u c t io n  
in blood flow b y  3 0 %  (p <  0.05).

Resistance o f  m uscle tissue

At the 10th  a n d  12th m inu tes  o f  infusion th e re  was a 30%  red u c t io n  
(p <  0.02) (Fig. 3B).

During th e  in jec t io n  of 0.04 ml p e r  kg of  CCI,, an d  2 m in  la ter a red u c t io n  
b y  50%  (p <7 0.02) was found. T h e  va lues  d u r in g  a n d  2 m in after 0.06 ml 
p e r  kg am o u n ted  to  70%  (p <7 0.001). 2 m in  a f te r  0.08 ml per kg a fall to  
2 5 %  of the  o rig inal value (p <7 0.001) was found .
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BLOOD FLOW RESISTANCE

t adm. 
of

material

rx----- X 0,6 ml/kg lipofundin
•  -• 0,06 mltkg CCl<, infusion
“------° 0,04 ml/kg ССЦ injection
* -* 0,06 ml/kg ССЦ injection

l*— * 0,08 ml/kg CCl4 injection

Fig. 3. E ffec t o f CC14 on b lo o d  flow  in  d ifferent regions

Blood flo w  of adipose tissue

Five  m in a f te r  in jection  of  0.04 m l p e r  kg CC14 a r e d u c t io n  b y  4 0 %  
(p <7 0.001) was fo u n d  (Fig. 3C). In je c t io n  of  0.08 ml per kg o f  CCI, p ro d u ced  
a b ip h as ic  response. In  th e  f irs t  phase  th e re  was an increase b y  4 0 %  (p <7 0.01) 
r e a c h in g  th e  p eak  d u r ing  in jec tion  a n d  before the  2nd m in. I n  th e  second 
p h ase ,  a decrease b y  3 0 %  (p <  0.001) a t  2 and  5 m in occurred .

Resistance o f adipose tissue

D uring  th e  in jec t ion  of 0.04 ml p e r  kg  of CC14 the  re s is tance  decreased  
b y  4 0 %  (p <( 0.01) while a t  5 and  10 m in  an increase by  3 5 %  (p <  0.01) 
w as  found  (Fig. 3D). D uring  th e  in je c t io n  of  0.08 ml per kg  of  CC14 th e re  was 
a fall b y  70%  (p <  0.001), a t  5 a n d  10 m in  an  increase b y  2 5 %  (p <( 0.02).
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R enal blood flo w

The values for R B F  were referred  to  those  for 100% tissue flow cons id 
ered as norm al. A t  th e  10 th  m in o f  infusion of 0.06 m l per  kg CCI, a r e d u c t io n  
by 2 0 %  (p <  0.05) was fo u n d  (Fig. 3E). In jec t io n  of  0.04 ml per kg o f  CCI, 
caused  a reduc tion  b y  3 0 %  (p <[ 0.01) w hich  still pers is ted  at 2 m in. A fall 
b y  4 0 %  was no ted  (p <  0.01) af te r  0.06 ml pe r  kg  o f  CCI,, during th e  in jec t ion . 
A d m in is tra t io n  of 0.08 ml per  kg of CCI, resu lted  in a fall by  30%  (p <  0.001), 
th e  g rea te s t  reduc tion  being  found  during  or 2 m in  a f te r  the  in jec tion . The 
va lues  found before th e  successive in jections, as com pared  w ith  th e  in it ia l  
contro l values, re f lec ted  a progressive decline of  blood flow. P r io r  to  the  
ad m in is t ra t io n  of 0.08 ml pe r  kg  of CCI,,, th e  f low  was 25%  less th a n  th e  
reference value (p 0 .001).

Liver flo w
A t the  10th  m in u te  of infusion of 0.06 ml p e r  kg of CC14, an d  12 m in 

a f te rw ards ,  a re d u c t io n  b y  2 5 %  (p <[ 0.001) w as found  (Fig. 3F). T h e  in 
jec tion  of 0.04 ml p e r  kg of CCI, p roduced  a fall b y  20%  (p <  0.001) 
cu lm ina ting  during  ad m in is t ra t io n  in some cases, 2 m in af te rw ards  in  some 
o thers .  A reduc tion  b y  2 0 %  (p <( 0.01) was d em o n s trab le  2 m in a f te r  th e  
jec t io n  of 0.06 ml p e r  kg. A t 2 min a f te r  th e  in jec t ion  of 0.08 ml pe r  kg 
of CC14 there  was a r e d u c t io n  b y  20%  (p <[ 0.01). The ind iv idua l  figures  
found  before in jection  of th e  successive CCI, doses, in add it ion  to  th e  acu te  
effect, reflec ted  a progressive decline in the  course of th e  ex per im en t.  L iver  
flow prior  to  a d m in is t r a t io n  o f  0.08 ml per  kg CC14 was 4 0 %  less (p <" 0.001) 
t h a n  th e  initial con tro l  va lue .

Discussion

In  the  f irs t  m in u te s  af te r  th e  in trav en o u s  a d m in is t ra t io n  of CC14 th e  
resis tance  of adipose a n d  muscle tissues form ing th e  b u lk  of  the  bo d y  decreased  
while card iac  o u tp u t  was unaffec ted . Thus, th e  fall  in b lood pressure was due 
to  a decrease in res is tance  consequen t upon  v aso d i la ta t io n .  The re d u c t io n  
in t issue blood f low  as well as th e  hypoxic  signs in  the  ECG and  E E G  m u s t  
be a t t r ib u te d  to  th e  fall in perfusion pressure . T he  tox ic  effect o f  CC14 th u s  
resu lts  in a b reak d o w n  of th e  h aem odynam ic  equ il ib r ium . At the  sam e t im e ,  
as suggested  b y  th e  va lues  for th e  organ frac t ions  of cardiac o u tp u t ,  th e  
m echan ism s for h a e m o d y n a m ic  a d ju s tm e n t  becom e active. Small doses of 
CClj th u s  b r ing  a b o u t  h a em o d y n am ic  m odif ica t ions  which p ro m o te  the  
e lim ination  of th e  poison from the  body. On th e  o the r  hand , the  h a e m o 
d y n am ic  a lte ra t ions  p ro d u ced  by  massive doses are  a im ed  a t  the  m a in te n a n c e  
of cerebral blood flow.

Acta Medica Acadcmiae Scient ia rum Hungaricae 32, 1975



72 I. SZLAMKA et al.

W ith  increasing s e v e r i ty  of CC14 po isoning  th e  ind iv idua l  p a ra m e te rs  
u n d e r g o  progressive changes .  There  is a fall  in  card iac  o u tp u t  a n d  an  increase 
in  p e r ip h e ra l  res is tance . T h is  resu lts  in an  im p a irm e n t  of m uscle , ren a l  and  
l iv e r  flow . The re d u c t io n  in  arte r io -venous  0 2 difference is also a sign of 
r e d u c e d  blood flow r e su l t in g  in an  en h an ced  e x tra c t io n  of 0 2 b y  th e  poorly  
s u p p l ie d  tissues.

Massive doses of  CC14 have  been  fo u n d  to  produce a successive increase 
in  c e n t r a l  venous p re ssu re ,  an obse rv a t io n  w hich  seems to  h ave  patho logic  
im p l ic a t io n s ,  since in  t h e  l igh t  of recen t  ev idence  the  p ressure  p reva il ing  in 
t h e  V. cava  is reg a rd ed  as th e  essentia l f a c to r  of venous ou tf lo w  from  the  
l iv e r  [1 ].

T he  foregoing d a t a  allow to  assess th e  re la tionsh ips  b e tw e e n  system ic 
a n d  h e p a t ic  blood flow. L iv e r  blood flow is con tro lled  by  th e  m esen te r ic  flow 
t h a t  on  its pa r t  is con tro l led  b y  th e  sys tem ic  circu la tion  [1, 6 ]. U nder  
t h e  p re se n t  ex p e r im en ta l  cond itions th e  p ro longed  h a e m o d y n a m ic  changes 
a c c o m p a n y in g  the  a c c u m u la t io n  of CC14 were fu r th e r  affected  b y  th e  acute  
t o x ic  effect of the  in d iv id u a l  doses. As a re su l t  of the  changes in  systemic 
c i rc u la t io n ,  it  is th e  liver  w h ich  suffers th e  ear l ies t  and th e  m o s t  excessive 
r e d u c t io n  in blood f low  of all the  organs or t issues s tud ied .

Blood circu la tion  is k n o w n  to  in fluence  in add it ion  to  its fu n c t io n  also 
th e  morphogenesis  o f  th e  liver. I t s  pa tho log ica l  significance is i l lu s tra ted  
b y  t h e  fac t t h a t  liver degen e ra t io n  or h y p e r t ro p h y  can be in d u ced  by  blood 
f lo w  m odifications [2]. I t  w ould seem  therefo re  obvious to  assume 
t h a t  changes in l iver  f low  as observed  in th e  p resen t  s tu d y  m a y  play  
a d e f in i te  p a r t  in th e  p a th o m e c h a n ism  of CCl4-induced  in ju ry .  T h e  h aem o 
d y n a m ic  alterations acco m p an y in g  th e  accu m u la t io n  of CC14 in th e  liver 
p o i n t  to  an im p a irm en t  o f  hepa toce llu la r  n u t r i t io n  and of 0 2 su p p ly .  These 
a l t e r a t io n s  become m a n ife s t  in  th e  stage w h e n  th e  CCl4-induced in ju ry  begins 
to  t a k e  effect. These h a e m o d y n a m ic  changes  m a y  th u s  be re g a rd e d  as p rec ip 
i t a t i n g  factors of th e  in ju r y  induced  b y  th e  CC14 invad ing  th e  l iver  cells.
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TREATMENT OF DIABETES INSIPIDUS WITH 
1-DEAMINO-8-D-ARGININE VASOPRESSIN

By

L. C z a k ó , G. M e z e i  and F. A. L á s z l ó

FIR ST  D EPARTM ENT OF M ED IC IN E AND CENTRAL PHARMACY, U N IV ERSITY  MEDICAL SCHOOL,
SZEGED

(R eceived  F e b ru a ry  24, 1975)

The effect on w a te r  m etabolism  o f l-d eam in o -8 -D -arg in in e  vaso p ressin  an d  
ly sine  vasopressin  h av e  been  s tu d ied  an d  com pared  in 20 vasopressin -sensitive  a n d  
2 A D II-re s is ta n t d iab e tes  in sip idus p a tie n ts . In  ev ery  case o f A D H -sensitive  d iab e tes  
in sip idus, d iuresis d ecreased  a n d  th e  u rin a ry  o sm o la lity  increased  m ore m ark e d ly  
an d  for a longer tim e  w ith  th e  fo rm er th a n  w ith  th e  la t te r  drug. B o th  d ru g s were 
ineffective  in p a tie n ts  w ith  A D H -res is tan t d iab e tes  insip idus. A d m in is tra tio n  of 
l-deam in o -8 -D -arg in in e  vasopressin  did n o t cause a n y  side effect.

I t  is concluded  th a t  l-d eam ino-8 -D -arg in ine  v asopressin  can  successfu lly  be 
em ployed  in th e  tr e a tm e n t  of A D H -sensitive  d iab e tes  insip idus.
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P oste r io r  p i tu i t a r y  e x t ra c ts  have been  used for th e  t r e a tm e n t  o f  A D H - 
sensitive d iabetes  insip idus since 1913 [11, 20]. The active c o n s t i tu e n t  of 
th e se  e x t ra c ts ,  8 -arginine vasopressin , was iso lated  a n d  synthes ized  in 1954 
b y  DU V i g n e a u d  e t  al. [21]. The po lypep tide  is decom posed  by  th e  digestive 
ju ices so t h a t  it m u s t  he ad m in is te red  p a ren te ra l ly .  P re p a ra t io n s  are availab le  
in in jec tab le  form an d  as snuffing powder. Most cases are, however, accom 
pan ied  b y  pe rs is ten t  rh in i t is ,  infection af te r  in jec tion  of th e  oil, and  
su b cu tan eo u s  g ran u lo m a ;  headache  and  abdom ina l  com pla in ts  occur  fre 
q u e n t ly .  These c ircum stances  compelled research  w orkers  to  syn thes ize  new 
com pounds , with longer las t in g  an tid iu re t ic  effect and  less vasopressor a c t iv 
i ty .  In  recen t  years  m a n y  vasopressin  analogues have  been p re p a re d ,  the

CH2“CO-Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg-Gly-NH2
Z I

ch2- s — -------------- -s—
1 -deamino - 8- D-arginine - vasopressin 

( D D A V P )
Fig. 1. S tru c tu re  o f sy n th e tized  l-d eam in o -8 -D -arg in in e  vasopressine
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bio log ical effects of w hich  differ in n u m ero u s  respects  from  those  of the  
n a t u r a l  hormone. In  1966, Z a o r a l  and S o r m  [23] syn thes ized  1-deamino- 
-8 -D -arg in ine  vasopressin  (D D A Y P , Fig. 1). E xperience  to  d a te  indicates 
t h a t  th e  an tid iu re t ic  effect o f  th is  com pound  is more m ark ed ,  while its v a so 
p re s so r  ac t iv i ty  w eak er  t h a n  of the  original vasopressin  [19, 24]. In  the  
p r e s e n t  inves tiga tion  we h av e  s tud ied  th e  effect of D D A V P on w a te r  m e ta b 
olism , and  com pared  it  w i th  lysine vasopress in  (LYP) in d iab e tes  insipidus 
p a t ie n ts .

M ateria ls  and  m ethods

T h e  ex am inations w ere pe rfo rm ed  on 12 fem ale  an d  8 m ale v asopressin -sensitive  
d ia b e te s  insip idus p a tie n ts , aged  be tw een  18 and  55 y ea rs , and  on tw o  A D H -res is tan t 
d ia b e te s  insip idus p a tie n ts . T h e ir  re le v an t d a ta  a re  g iven  in Table I. T he diagnosis was 
e s ta b lish e d  on th e  basis o f th e  m eth o d s  em ployed in  th e  endocrine  w ard , te s ts  described  
p re v io u s ly  [8, 9, 14, 15]. T he p a tie n ts  were free from  a n y  d e tec tab le  h e a r t  or liv e r disease.

T h e  p a tie n ts  received  a lig h t, m ixed  d ie t, and  p rio r to  th e  a d m in is tra tio n  o f th e  drugs 
h a d  n o t  been  su b jected  to  v a so p ressin  tre a tm e n t. On th e  d ay  of th e  e x am in a tio n  20 m l of 
f lu id  p e r kg  body w eigh t w as a d m in is te re d  du ring  h a lf  an  hour, in o rd e r to  a tta in  th e  
n e ce ssa ry  diuresis, and  th e n  u rin e  w as collected d u rin g  one hour. T his fo rm ed  th e  con tro l 
p e rio d . N e x t th e  p a tie n ts  rece iv ed  D D A Y P in trav en o u s ly , in tra m u sc u la rly , an d  as snuffing  
p o w d e r, in  doses of 2 /^g, 4 /^g a n d  20 //g, respec tive ly . W a te r  in tak e  was n o t re s tr ic te d  du rin g  
th e  e x a m in a tio n  period , b u t  th e  a m o u n t of flu id  co n su m ed  was a t  lea s t as m u ch  as th e  
a m o u n t  o f u rine  ex cre ted . A fte r  d ru g  tre a tm e n t, u r in a ry  o u tp u t  was m easu red  h o u rly  for 
6 h o u rs , th e n  every  2 h ours, a n d  a t  4 -hour in te rv a ls  in  th e  course of th e  n ig h t. Specific w eight 
a n d  o sm o la lity  of every  u rin e  f ra c tio n  were d e te rm in ed . T he ex am in a tio n s  w ere con tinued  
u n t i l  th e  specific w eigh t o f tw o  u rin e  frac tio n s a tta in e d  th e  in itia l value . T he re su lts  ob ta in ed  
w ere  com p ared  w ith  those  fo u n d  a f te r  th e  a d m in is tra tio n  of an  equal a m o u n t o f LV P. A fter 
th e  cessa tio n  of an tid iu res is , an  in te rv a l  o f one d ay  w as o bserved  before th e  n e x t  t re a tm e n t. 
B lo o d  p ressu re  and h e a r t  r a te  w ere checked  on a n u m b er o f occasions d u rin g  th e  exp erim en t. 
O sm o la lity  of the  in d iv id u a l u rin e  frac tio n s  was d e te rm in e d  w ith  a K n au er osm om eter.

T h e  following p re p a ra tio n s  w ere em ployed. 1. D D A Y P (D esurin , F e rrin g ). T he drug  
w a s  a d m in is te red  in tra n a sa lly  b y  m ean s of a special p la s tic  tu b e  supp lied  w ith  th e  p re p a ra tio n . 
2. S y n th e tic  LYP (Sandoz).

T h e  resu lts  w ere e v a lu a te d  w ith  S tu d e n t’s i- te s t.

Results

T h e  Tables show th e  diuresis and  u r in a ry  osm ola lity  m easu red  before 
t h e  t r e a tm e n t  and  a t  th e  m a x im u m  of th e  d ru g  effect, and  th e  d u ra t io n  of 
t h e  effec t,  i. e. th e  t im e  e lapsed  from drug  a d m in is t ra t io n  to  th e  re tu rn  to  
t h e  in i t ia l  values of u r in a ry  a m o u n t  and  osm olality .

T able  I I  shows th e  effects of in tra v e n o u s ly  adm in is te red  D D A V P 
a n d  L V P .

U n d e r  the effect of D D A V P , diuresis decreased  and u r in a ry  osm olality  
in c re a se d  more m a rk e d ly  t h a n  a f te r  the  ap p l ica t ion  of LVP. T he  m ain  differ
ence  was in the  d u ra t io n  of  th e  effect: in m ost cases D D A V P ac ted  for near ly  
24 h o u rs ,  whereas th e  e ffec t o f  LVP ceased a f te r  a few hours.

A similar change in d iuresis  was observed  a f te r  th e  in t ra m u sc u la r  a d m in 
i s t r a t io n  of DDAVP.

T ab le  I I I  lists th e  changes  b ro u g h t  a b o u t  b y  th e  p rep a ra t io n s  em ployed
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Table I

Data o f  the patients

Dura- P retreat-

AetiologyNo. Name years Sex disease, volume Previous th e rap y
years (1/24 hrs)

A D H -sensitive  di;ibetes insip idus

l Sz. J . 36 F Id io p a th ic 33 8 -  9 P iton -sn u ff
2 K . M. 45 F Id io p a th ic 42 4 -  6 P iton -sn u ff
3 H . L. 40 M Skull in ju ry 6 2 0 - 2 5 P iton -sn u ff

P itre s s in -ta n n a te ,
carbam azep ine  (ch lo r
p ropam ide n o t  to le r
ated)

4 M. J . 55 M Skull in ju ry 23 6 - 8 P iton-snuff,
carbam azep ine

5 H . I \ 42 F Id io p a th ic 12 4 -  6 P itre s s in -ta n n a te ,
ch loro th iazide

6 N. F. 54 F In fec tious fever 5 8 - 1 0
7 II. J . 43 M Skull in ju ry 15 6 -  8 C arbam azepine,

P itre s s in -ta n n a te ,
8 Z. J . 44 M Skull in ju ry 17 1 2 - 1 4 P iton -snuff 

(no t to le ra te d )
9 S. M. 33 F In fec tio u s fever 18 8 - 10 P itress in -ta n n a te

(P ito n -snuff, clofih- 
ra te , ch lo rp ro p am id e , 
carbam azep ine  n o t 
to le ra ted )

10 P . J . 20 M Skull in ju ry 17 1 2 - 1 4 C lofibrate, P ito n -sn u ff
11 Sz. F. 25 F A fte r chrornophohic

adenom a surgery 4 1 2 - 1 4 P ito n -sn u ff
12 L. I. 27 F Id io p a th ic 3 6 -  8 C hloroth iazide,

sp ironolactone
13 P. M. 33 F Skull in ju ry 10 8 - 1 0 P ito n -sn u ff

c lofibrate
14 N. Gy. 28 M E n cep h alitis 10 8 - 1 0 V asopressin-snuff,

P itre s s in -ta n n a te ,
15 I. I. 18 M Sclerotic  cranio-

phary n g io m a 4 6 -  8 P iton -snuff
16 F. M. 38 F In fec tious fever 3 6 -  8 C hlorpropam ide,

P itre s s in -ta n n a te ,
17 B. s . 36 M H a n d  — Schüller — P ito n -sn u ff

C hristians-disease 16 1 3 - 1 5 C arbam azepine
18 s . v . 43 F Id io p a th ic 4 8 - 1 0 C arbam azepine,

P itre s s in -ta n n a te
19 k .  1. 46 F Id io p a th ic 20 6 -  8 C arbam azepine
20 M. Л. 34 F Id io p a th ic 1 6 -  8

A D H -res is tan t d iabe tes insip idus
21 F. L. 15 M Id io p a th ic 14 3 -  4 C hlorothiazide,

sp ironolactone
22 Л. I. 34 M Id io p a th ic 30 10 15 C hlorothiazide,

sp ironolactone
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Table II

Intravenous administration  i n  ADH-sensitive diabetes insipidus

Patient
number

DDAVP LVP

Before treatment Duiing treatment Before treatment During treatment

Diuresis,
ml/min

Urinary
osmolality,
mosm/1

Min. diuresis, 
ml/min

Max. urinary 
osmolality, 

mosm/1

Duration
of

effect, hrs
Diuresis,
ml/min

Urinary
osmolality,

mosm/1
Min. diuresis, 

ml/min
Max. urinary 

osmolality, 
mosm/1

Duration of 
effect, hrs

l . 8.3 169.9 0.3 749.4 24 6.3 74.5 0.6 445.2 3
2. 9.1 131.9 0.5 681.0 34 11.6 138.5 0.5 550.7 4
3. 10.3 141.3 1.3 740.7 18 8.5 159.6 1.0 537.5 5
4. 13.6 176.4 0.3 694.2 32 8.3 155.5 0.5 385.8 6
5. 11.0 124.6 0.6 729.4 14 12.3 129.9 0.6 542.0 4
6. 10.6 77.1 0.6 729.6 24 10.8 124.9 0.6 601.0 4
7. 13.1 155.8 0.8 923.3 18 9.3 124.6 6.0 267.9 3
8. 7.0 171.2 1.3 687.2 34 15.6 83.2 3.3 210.0 3
9. 13.1 137.1 0.6 810.2 22 9.3 109.3 1.5 573.4 4

10. 16.1 160.5 0.6 549.0 12 15.5 80.2 1.6 436.6 3
11. 13.3 143.3 0.3 824.4 28 17.3 95.7 2.0 410.5 5
12. 8.0 128.9 0.5 644.8 12 10.6 96.7 0.3 566.4 5
13. ! 1.8 133.7 0.1 765.1 24 7.5 131.6 0.3 517.3 6
14. 11.8 130.7 0.3 774.7 24 11.5 124.7 1.3 270.8 3
15 10.5 103.7 1.3 522.7 18 6.5 101.9 1.3 227.8 5
16. 9.6 152.5 0.3 860.7 28 9.5 122.9 0.8 446.8 3
17. 7.6 122.0 1.3 779.9 24 10.6 95.4 2.3 427.0 3
18. 8.0 121.1 0.3 1042.1 28 10.0 173.8 0.3 352.9 3
19. 4.3 130.2 0.8 702.8 22 8.1 134.4 2.0 361.4 4
20. 11.0 135.9 0.3 657.6 18 12.8 150.7 1.3 411.7 5

Mean 10.4 137.4 0.6 743.4 22.9 10.6 120.4 1.4 427.1 4.0

±  SEM ± 0 .6 3 ± 5 .4 0 ± 0 .0 9 ± 2 7 .0 6 ± 1 .5 1 ± 0 .6 8 ± 6 .3 8 ± 0 .3 0 ± 2 7 .3 0 ± 0 .2 2

p* < 0 .001 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1
(t = 15.26) (t = 21.96) (t = 12.24) (t = 10.93)

p** < 0 .0 5 < 0 .0 0 1 < 0 .0 0 1
(t =  2.45 (t =  8.22) (t =  12.34)

p* single-sam ple (-test com pared to  value  “ before t re a tm e n t”
p** double-sam ple t-te st based  on com parison of th e  effects o f th e  tw o drugs
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Table III

Nasal administration in ADH-sensitive diabetes insipidus

DDAVP LVP

P atien t
Before trea tm en t During trea tm en t Before trea tm en t During trea tm en t

num ber
Diuresis, 
m l/m in

U rinary
osmolality,

mosm/1

Min. diuresis, 
m l/min

Max. urinary  
osmolality, 
mosm/1

D uration of 
effect, hrs

Diuresis,
ml/min

U rinary
osmolality,

mosm/1

Min. diuresis, 
ml/min

Max. urinary 
osmolality, 

mosm/1

D uration of 
effect, hrs

l . 10.8 125.6 2.0 611.7 10 10.3 168.5 3.2 245.7 4
2. 6.6 105.9 2.3 446.5 10 12.0 111.1 4.3 104.6 2
4. 7.0 144.5 1.3 509.5 12 9.0 124.9 0.6 375.1 4
5. 12.0 137.6 3.3 501.0 8 13.5 113.9 3.3 679.7 5
6. 3.3 120.7 1.3 615.2 8 7.1 82.5 0.8 432.8 2
9. 14.1 119.7 3.6 423.8 10 11.6 136.9 4.0 327.3 4

10. 9.1 115.9 2.0 420.1 8 10.5 118.9 4.6 222.9 2
11. 11.8 139.5 0.6 807.9 18 14.8 172.2 2.0 488.1 5
15. 9.5 92.8 0.3 634.4 18 7.5 98.4 0.6 272.7 3
16. 8.3 142.4 0.3 1132.8 18 11.6 132.9 1.3 488.9 4
17. 5.6 97.1 0.8 533.8 6 8.3 127.7 3.6 291.1 3
19. 7.0 99.1 1.3 461.3 8 8.8 152.1 2.0 282.4 3
20. 13.1 120.2 1.0 510.7 10 14.8 109.3 0.5 421.0 4

Mean
9.1 120.1 1.5 583.3 11.1 10.7 126.9 2.4 356.3 3.5

±  SEM ± 0 .9 2 ± 4 .8 9 ± 0 .3 0 ± 5 4 .4 4 ± 1 .1 6 ± 0 .7 5 ± 7 .5 2 ± 0 .4 4 ± 4 2 .5 6 ± 0 .3 4

P* < 0 .001 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1
(t =  7.80) (< =  6.62) (f =  9.64) (i =  5.30)

P * ‘ > 0 .05 <  0.05 < 0 .0 5
(t =  1.54) (i =  2.61)

00c-tII

p* single-sam ple i-te st com pared to  value “ before t re a tm e n t”
p** double-sam ple i-te st based  on com parison of th e  effects o f the  two drugs
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ADH-resis tant

Table ГУ

Diuresis, m l/m in

P a tie n t
num ber Before

A fter DDAVP adm inistration A fter LVP adm inistrationBefore
trea tm en t

1 hr. 2 hrs 3 hrs
trea tm en t

1 hr. 2 hrs 3 hrs

In trav en o u s

21 9.2 6.2 7.6 9.4 11.6 9.8 10.6
22 13.3 9.0 12.0 13.6 15.8 14.0 16.0

21 9.2 7.2 8.0 9.0 10.1 9.0 10.4
22 12.3 10.6 11.1 14.0 12.6 11.2 12.4

P M. 33 years £ Dg: Diabetes insipidus
(ADH - sensitive )

12.1
15.8

N asal

13.1

13.2

Fig. 2. The effec t o f in trav en o u s ly  a d m in is te re d  DDAVP, L V P on  d iu resis

in  t h e  fo rm  of nasal so lu t ion  in 13 p a t ie n ts .  In  this form, D D A V P  h a d  a less 
m a r k e d  and  shorte r  an t id iu re t ic  a c t iv i ty  t h a n  b y  the  in t ra v e n o u s  rou te .  
T h e  changes  induced  b y  L V P were, how ever ,  also m odera te .

F ig u re  2 shows th e  effect of in t ra v e n o u s ly  adm in is te red  D D A V P  and 
L V P  on diuresis and  u r in a ry  osmolality . U n d e r  the  effect of D D A V P , diuresis
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diabetes . insipidus

U rinary osmolality, mosm/l

P a tien t
num ber Before

A fter DDAVP administra* ion
Before

After LVP adm instration

trea tm en t
1 hr. 2 hrs 3 hrs

trea tm en t
1 hr 1 2 h i . 3 Ins

ad m in is tra tio n

21 118.5 166.5 128.1 105.5 110.0 146.4 128.1 114.3
22 138.1 188.6 160.8 111.1 125.0 161.3 135.1 117.0

ad m in is tra tio n

21 117.6 172.5 134.2 123.6 110.0 153.4 133.3 121.4

22 127.4 166.5 146.7 115.4 127.8 156.6 150.0 135.1

M. А, ЗА years <j> Dg Diabetes insipidus 
( ADH - sensitive )

Fig. 3. T he effect o f n asa lly  a p p lica ted  D D A V P , LVP on d iuresis

decreased  s ign if ican tly  d u r in g  th e  first hou r ,  to  a t ta in  the  m in im u m  b y  the  
second  hour,  and to  pers is t  a t  th is  low level for a b o u t  22 hours. S u b se q u e n t ly ,  
it  g ra d u a l ly  rose and  th e  effect was over b y  28 30 hours. U r in a r y  os
m o la l i ty  also increased b u t  more slowly; p e a k  va lues  were a t ta in e d  a t  6 and  
10 hou rs .  A fte r  th e  in t ra v e n o u s  in jec tion  of L V P, diuresis fell be low  1 ml per
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m in u te  b y  the  end of th e  second  hour, b u t  a f te r  8 hou rs  it  has a lready  regained  
th e  in i t ia l  value. T he  increase  in u r in a ry  o sm o la l i ty  was similar.

F igu re  3 d e m o n s t ra te s  the  changes c a u se d  b y  D D A V P a n d  L V P  on 
n a s a l  applica tion . T he  decrease  of an tid iu res is  w as less m arked  a n d  sh o r te r  
t h a n  on  in trav en o u s  a d m in is t r a t io n  and  th e  d u ra t io n  of the  effect was more 
t h a n  tw ice  of t h a t  o b se rv e d  a f te r  LVP.

T h e  values for th e  A D H -re s is ta n t  d iab e te s  insip idus cases are g iven in 
T ab le  IV . B o th  d rugs  led on ly  to  small changes  in  diuresis and  in  u r in a ry  
o sm o la l i ty ,  and these  changes  were ra p id ly  no rm alized .

Discussion

F o r  the  t r e a t m e n t  o f  A D H -sensit ive  d iabe tes  insipidus pos te r io r  
p i t u i t a r y  ex trac ts  h av e  b een  used e i the r  in th e  fo rm  of snuffing po w d er  or 
as an  in jec tab le  p re p a ra t io n  in oil w ith  a long -las t ing  action [11, 20]. The 
e ffec t o f  th e  nasal p o w d er  is o f  short  d u ra t io n ,  a n d  if adm in is te red  over  a long 
p e r io d  i t  gives rise to  ch ron ic  rhinitis. The in jec tab le  p rep a ra t io n  enhances  
th e  to n ic i ty  of the  in te s t in e s  and  of th e  b la d d e r ,  inducing  a b d o m in a l  pa in ,  
t e n e s m u s ,  and  a t  t im es  d ia r rh o ea .  A t th e  site  o f  a d m in is t ra t io n  s u b c u ta n e o u s  
n o d u le s ,  g ranulom as a n d  abscesses are f r e q u e n t .

T h e  p re p a ra t io n  of  sy n th e t ic  d e r iv a t iv e s  (arginine vasopress in  and  
lysine  vasopressin) m e a n t  an  advance  in t h e  t r e a tm e n t  of A D H -sens it ive  
d ia b e te s  insipidus. T hese  drugs  cause fewer side-effects , and allergic reac tions  
are  r a r e  af te r  th e ir  use  [6 , 13, 16]. The d u ra t io n  of  th e ir  effects, is, how ever,  
sh o r t ,  3 — 4 doses m u s t  be given daily, a n d  in  sp ite  of th is  the  p o ly u r ia  and  
p o ly d ip s ia  ra re ly  d isa p p e a r ,  and  in 25%  of th e  cases th e  drugs are n o t  effec
t iv e  [19].

A n u m b e r  of o ra l ly  adm in is te rab le  d rugs  h ave  recen tly  been d iscovered, 
w h ich  e x e r t  a vasopress in - like  effect, a n d  m o d e ra te  the  po lyuria  o f  A D H - 
sen s i t iv e  d iabetes in s ip idus  p a t ie n ts  [3, 5, 7, 12]. Because of th e i r  m a n y  
u n d e s i ra b le  side-effects (h y p o p o tassaem ia  in th e  case of d iure tics , hypo- 
g ly c a e m ia  on th e  a d m in is t r a t io n  of ch lo rp ro p am id e)  the ir  ap p lica t ion  is 
l im i te d .  In  an a t t e m p t  to  solve these p ro b lem s ,  research  has b een  aim ed 
a t  syn thes iz ing  v aso p re ss in  derivatives  w h ich  h av e  no appreciab le  side- 
e ffec ts ,  th e  a d m in is t r a t io n  of  which is n o t  u n p le a s a n t  for the  p a t i e n t ,  and  
th e i r  effects are m ore p r o t r a c te d  th a n  t h a t  o f  th e  p rep a ra t io n s  h i th e r to  used.

I n  1966 Z a o r a l  a n d  S orm  syn thes ized  a new  vasopressin  analogue, 
l - d e a m in o - 8-D -arg in ine  vasopress in  [23]. T h is  differs from th e  n a tu ra l  
h o rm o n e  in t h a t  th e  am ino  group is missing f ro m  th e  N -te rm ina l hem icystine ,  
a n d  th e  hem icystine  is su b s t i tu te d  b y  /З-m ercap to p ro p io n ic  acid. I n  the  
p lace  of  L-argininc a t  pos i t ion  8, the  molecule con ta in s  D-arginine. A ccord ing
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to  Z a o r a l  e t  al. [24] the  longer d u ra t io n  of ac t ion  and the  more p ro n o u n c e d  
an t id iu re t ic  effect are exp la ined  b y  th e  absence  of the  free am ino  g roup , 
since th u s  th e  molecule is more r e s is ta n t  to  am inopep tidase  in th e  t issues .  
This  a ssum ption  was su p p o r ted  b y  E d w a r d s  e t  al. [10]. T hey  show ed  th a t ,  
co m p ared  to  arginine vasopressin , 125I-labelled  D D A Y P is much m ore  r e s is ta n t  
to  ad v an ced  p reg n an cy  serum . The D -arg in ine  a t  position 8 m ay  be re spons ib le  
for th e  lower pressor ac t iv i ty  [24].  These fu n c t io n a l  changes e x p la in  w hy , 
in c o n t ra s t  to  th e  an t id iu rc t ic  p ressor q u o t ie n t  of ab o u t  1 for n a tu r a l  
a rg in ine  and  lysine vasopressin , small doses of D D A Y P increased th is  va lue  
to  79, while in th e  case of la rger doses i t  rose to  2500 4500 [19].

D D A Y P w as t e s t e d  b y  VÁv r a  e t  al. [19 ];  t h e i r  good r e su l t s  w e r e  c o n 
f i r m e d  b y  o th e r  a u t h o r s  [2, 4, 10, 17, 22 ] .

In our p re se n t  inves t iga t ion  it w as found th a t  after  a d m in is t r a t io n  
of D D A V P  and  L V P  th e  dinre sis decreases s ignificantly  while u r in a r y  os
m o la l i ty  increases, th e  m ag n itu d e  of these  changes being nearly  id en t ica l  w ith  
th e  tw o  drugs. T he  peak  of the  effect ap p ea rs  w ith in  one h o u r  a f te r  i n t r a 
v en o u s  and  in t ra m u sc u la r  in jec t ion , a n d  so m ew h a t  la ter  in the  case o f  nasa l 
app lica t ion . T here  is, however, a considerab le  difference be tw een  th e  two 
d rugs  in the  d u ra t io n  of th e  effect. W i th  all th ree  rou tes  of ap p l ic a t io n  the  
effect of D D A V P lasts  a b o u t  th ree  t im es as m u ch  as t h a t  of LVP. I n  a d d i t io n ,  
following th e  in jec t ion  of LVP, m o s t  p a t ie n ts  com plained  of h ead ach e  la s t in g  
for a few m inu tes ,  nausea ,  ver t igo , an d  ta c h y c a rd ia ,  while no side-effects 
were re p o r te d  a f te r  D D A V P, or a n y  change was observed in pulse ra te  o r  b lood 
p ressu re .  Since D D A V P  rare ly  affects th e  w o rk  of sm ooth  m uscles, i t  has 
no u te ro to n ic  effect, and  can th u s  be em ployed  during p reg n an cy  [18].

In  our A D H -re s is ta n t  d iabetes  ins ip idus  pa t ien ts ,  b o th  d rugs  p ro v ed  
ineffective.

As a consequence of th e  m a rk e d  a n t id iu re t ic  effect of D D A V P, inc reased  
a t t e n t io n  m u s t  be paid  to  the  d an g er  of  w a te r  in tox ica tion  [4, 17]. Th is  is 
eas i ly  avoided  if  th e  t r e a tm e n t  is beg u n  w ith  small doses.

The abso rp tion  ra tio  from tb c  nasal m ucosa  is e s t im a ted  at 10 2 0 %  [2].
T h u s ,  th e  effective daily  m a in ten an ce  dose of  th e  nasal so lution is 10 —20 pg. 
In  th is  case, if in tra n a sa l  app lica t ion  is n o t  possible (cold, or rh in i t is  o f  o th e r  
origin), the  p o lyu r ia  of A D H -sensit ive  d iab e tes  insipidus ind iv idua ls  can  be 
n o rm alized  b y  one in jec tion  daily  (2 4 pg).

As to  p ro longed  t r e a tm e n t ,  A n d e r s s o n  and  A r n e r  [1] a n d  A r o n s o n  
c t  al. [4] r e p o r te d  on p a t ie n ts  who had used  D D A V P  nasal so lu tion for severa l 
m o n th s  w ith o u t  an y  general or local side-effect.

*

W e are in d eb te d  to  D r. J .  M u l d e r , sc ien tific  m an ag er of Ferring  A. B ., M alm ö , for 
sup p lies  o f D D A V P.
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RECENSIO

L u p u s  E rythem atosus. A  Review  o f the C urrent S ta tus o f  D iscoid and  
System ic L u p u s  Erythem atosus and  their Variants

E d ite d  b y  E d m u n d  L. D u b o i s , U n iv e rsity  o f S ou thern  C alifo rn ia  Press, Los Angeles, C alifornia. 
Second ed ition . 1974.

Since th e  in tro d u c tio n  of th e  LE-cell te s t 16 y ea rs  ago, system ic lupus e ry th e m a to su s  
has changed  from  a c lin ical ra rity  to  a d isorder freq u en tly  en co u n tered  by th e  p h ysic ian  w ho is 
aw are  o f its m u ltisy stem ic  p ic tu re . The condition  has re ce n tly  becom e th e  su b jec t o f ex ten siv e  
in v estig a tio n s w hich o v erlap  th e  fields o f m edicine, d e rm a to lo g y , pa tho logy  and im m unology .

Since th e  co m ple tion  of th e  f irs t ed ition  of th is  w orld -reknow n m onograph  in 1965, 
th ere  h av e  been s ig n ifican t adv an ces in know ledge of lu p u s  e ry th em a to su s  and  its  v a r ia n ts . 
L ite ra lly  th o u san d s of p a p ers  hav e  app eared  during  th e  p a s t  n ine  years.

The m onograph  a t  issue d iscusses th e  advances in th e  en tire  field, including th e  recen t 
th eo ries  of au to im m u n ity  and  th e ir  re la tio n  to system ic  lu p u s e ry th e m a to su s , its  possib le 
v ira l aetio logy, th e  ex p e rim e n ta l p ro d u c tio n  of the  disease  a n d  its re la tionsh ip  to  o th e r closely 
allied  diseases such as rh e u m a to id  a r th r itis .

T he ed ito r an d  th e  c o n tr ib u to rs  have  revised  th e  f irs t  ed itio n  by  add ing  su p p le m e n ts  to 
m o st ch ap te rs  and 1500 new , m ostly  A m erican , references. A lth o u g h  th e  b ib liog raphy  is e x te n 
sive, only the  m ost s ig n ifican t p a p ers  are  quo ted . T he sec tio n s on th e  k idney  and  a u to im m u n e  
asp ec ts  have been co m ple te ly  re w ritten . Two new c h a p te rs  hav e  been added  covering  th e  
ex ten siv e  lite ra tu re  on th e  New Z ealand  m ouse m odel a n d  coagu lation  defects and  a useful 
in fo rm a tio n a l p a m p h le t fo r p a tie n ts  h as been ap p en d ed . A com ple te ly  new index  h as been 
p rep ared . T hus, th e  p re se n t book covers all th e  c lin ical, p a tho log ica l, and im m unolog ical 
know ledge concern ing  lu p u s e ry th e m a to su s .

L upus e ry th e m a to su s  is a sy n d ro m e whose m an ife s ta tio n s  range  from  a localized skin 
lesion  to a d es tru c tiv e  sy s tem ic  d iso rder w ith o u t any  c u ta n eo u s  sym ptom s. Y et, d e sp ite  th is 
v a r ia b ility  in th e  c lin ical p ic tu re , all th e  form s of th e  c o n d itio n  have com m on c h arac te ris tic s . 
I t  is no longer possible to  reg ard  discoid  lupus e ry th e m a to su s  as an  iso lated  skin d iso rd er since 
a closer analysis has rev ea led  th e  freq u en cy  of in v o lv em en t o f d ifferen t organ sy s tem s in th e  
cond ition . Because of th e  m ark ed  overlap p in g  of b o th  fo rm s, the  en tire  spec trum  of lu p u s  e ry 
th em a to su s  is included  in th e  m onograph .

The concep t o f system ic  lupus e ry th em a to su s  as a n  au to im m u n e  disease w as d iscussed  
in th e  f irs t ed ition  of th is  m o nograph  w ith  an  a d m itte d ly  in com plete  u n d e rs tan d in g  o f th e  
c rite ria  for labelling  a disease  as au to im m u n e . This co n cep t la te r  received a su p p o rt, th o u g h  no t 
an  u n d isp u tab le  proof, from  th e  sp ecu la tion  th a t  the  p h en o m en o n  involved a p ro life ra tio n  of 
fo rb id d en  clones: se lf-d estru c tiv e  cells w ith  p rop erties  cap a b le  o f overcom ing th e  n o rm al im 
m unological response o f th e  body . T his c h ap te r  has been re w ritte n  com plete ly  and  now  includes 
the T  and В cell concep t.

T he cu rren t co n cep ts  concern ing  the  pa thogenesis o f system ic lupus e ry th e m a to su s  
include au to im m u n ity , h y p e rsen s itiv ity , and infection. It is possib le th a t  a viral in fec tio n  w hich  
a c tiv a te s  im m unologic ab n o rm a litie s  m ay operate  in th is  sequence to produce th e  disease. 
T he prev iously  unrecogn ized  in tra ce llu la r  s tru c tu re  w ith  a resem blance  to p a ram y x o v iru ses  was
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re p o r te d  in  1968, th ree  y ears  a f te r  th e  p u b lica tio n  o f th e  f irs t  edition. These tu b u la r  s tru c tu re s  
h a v e  rece iv ed  increasing a tte n tio n  owing to  th e ir  e v e n tu a l aetiologic role. C hronic v ira l infec
t io n  m ig h t  be responsible fo r th e  dev elo p m en t o f a u to -a n tib o d ie s  and  th e  a p p ea ran c e  in  the  
se ru m  o f an ti-D N A  an tib o d ies . T h e  clinical sy m p to m s of system ic  lupus e ry th e m a to su s  and  the  
t is su e  d am ag e , especially e v id e n t in  th e  b asem en t m em b ran e  of the  k id n ey  from  d ep o sitio n  of 
e le c tro n -d e n se  substances co n ta in in g  im m unog lobu lins of th e  IgG  and IgM  classes, as well as 
c o m p le m e n t as it is show n in  th e  c h a p te r  on th e  p a th o lo g y  of th e  k id n ey  in  S L E , re w ritte n  by 
P o lia k  a n d  P iran i, m ay be th e  re su lt  of v ira l in fection .

T h e  ed ito r, Dr. E d m u n d  D ubo is cu rre n tly  A ssocia te  Clinical P rofessor o f M edicine a t  the  
U n iv e rs i ty  of S ou thern  C alifo rn ia  School o f M edicine a n d  D irector o f th e  C ollagen Disease 
C lin ic , L os Angeles C ounty  G enera l H o sp ita l, is a  w orld -rek n o w n  specia list in th e  resea rch  of 
sy s te m ic  lu p u s e ry th em a to su s. F o r  th e  p a s t tw e n ty -fo u r  y ears  he has been  s tu d y in g  th e  co n d i
t io n  a n d  i ts  v a rian ts , and  h as p u b lish ed  m ore th a n  100 p a p ers  on th e  su b jec t.

T h e  m onograph  has b een  w ritte n  in  co llab o ra tio n  w ith  o u ts tan d in g  c o n tr ib u to rs  from  
a v r io u s  fie lds who have done  re sea rch  in th e  su b je c ts  a b o u t w hich th e y  h av e  w ritte n . This 
g iv es th e  read er th e  b en efit o f th e ir  in te rp re ta tio n  of th e  ex tensive  lite ra tu re  in th e  lig h t of 
th e i r  p e rso n a l experience. T h is ex ce llen t book w ith  i ts  o u ts tan d in g  sec tion  on  p a th o lo g y  of 
lu p u s  e ry th e m a to su s , th e  d e ta iled  d escrip tion  of th e  L E  cell techn iques, th e  ex ce llen t q u a lity  of 
c o lo u r  a n d  b lack  and w hite  i llu s tra tio n s  will be o f g re a t va lue  to  clinicians and re sea rc h  w orkers 
in te re s te d  in  au to im m une diseases.

P rof. K .  K i r á l y
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WOULD NEUROLOGY CONGRESS IN AMSTERDAM

T he W orld F e d e ra tio n  of N euro logy  will ho ld  its  11th Congress from  
11 to  16 S ep tem ber, 1977, a t  th e  In te rn a tio n a l  C ongress C entre R A I in  
A m ste rd am . The o rg an iza tio n  has been  e n tru s te d  to  th e  N etherlands S oc ie ty  
of N eurology.

M ain them es o f th e  Congress a re  N e u ro m u scu la r  d isorders, N eu ro im 
m unology , D istu rb an ces o f consciousness and  co g n itio n  an d  G eographic fa c 
to rs  in neurology. In te rn a tio n a lly  acknow ledged  sch o la rs  from  all c o n tin e n ts  
will p resen t p e r tin e n t co n trib u tio n s  in  th ese  fie ld s . M oreover, some 900 free 
p ap ers  from  neu ro log ists  an d  o th e r w ell-know n sc ien tific  researchers w ill be 
read . In  add itio n  new  sc ien tific  film s on n eu ro log ica l top ics will be show n. 
D u rin g  th e  Congress, w hich is ex p ec ted  to  be a t te n d e d  by  ap p ro x im a te ly  
2500 neuro logists, sc ien tific , p h a rm aceu tic , te c h n ic a l an d  book ex h ib itio n s 
will be held in the  sam e bu ild ing .

P res id en t of th e  Congress is D r. W . A. d en  H a r to g  Jag e r, P ro fessor o f 
N euro logy  a t th e  S ta te  U n iv e rsity  o f Leiden.

T he previous C ongress of th e  W orld  F e d e ra tio n  o f N eurology to o k  p lace  
in  1973 in  B arcelona , S pa in , and  a t t r a c te d  som e 2350 p a rtic ip an ts .

F u r th e r  in fo rm a tio n  will g ladly  be given by  th e  sec re ta ria t, c/o H o llan d  
O rgan iz ing  C entre, 16 L ange V o orhou t, T he H a g u e , th e  N etherlands.
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T ropenkrankheiten
G RU N D LA G EN  U N D  K L IN IK

Von D r. m ed . W E R N E R  G R A N Z , A m bulanz fü r  T ro p en m ed iz in  u n d  

P arasito log ie  d e r  M edizinischen K lin ik  des B ereiches M edizin  d e r  K arl-  
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M ikrobiologie, E n to m o lo g ie  u n d  E p id em io lo g ie  m u ß ten  a u f  d as  N o tw en d ig s te  

b e sc h rä n k t w erden , u m  den  R a h m e n  des B uches n ich t zu  sp ren g en . Bei d er 

s tilis tisch en  G e s ta ltu n g  w urde b eso n d e re r  W e rt au f e in p räg sam e  M erksätze  

g e leg t, die es d em  m it d e r M aterie  n ic h t  v e r tra u te n  L eser e rm ög lichen , das 
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z u b a u e n . D er T e x t w ird  d u rch  S trich ze ich n u n g en  und  fa rb ig e  A b b ild u n g en  

e rg ä n z t.
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H. Jelűnek F. Tóth

Functional Pathology of the 
Endometrium and Cervical Biopsy 
Specimens

This book deals with the diagnosis of specimens of curetted material, 
representing one of the most important diagnostic materials in gynaecol
ogy. The benign and malignant degenerations as well as the changes 
caused by inflammation, pregnancy and hormonal activity are presented 
by light and electron-microscopic illustrations. The authors report on the 
effects of contraceptives on the endometrium, and furnish important 
data for pathological abortions as well as discussing their causes. On the 
basis of their investigations they provide an account of the endometrial 
changes in the menopause and analyse the interrelationships between the 
endocrine glands.

In English • Approx. 380 pages • 176 black and white, and 15 colour 
illustrations - 17 X 25cm-Cloth - ISBN 963 05 0687 4
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Immunological Aspects of Allergy 
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Volume 3: Clinical Aspects of Autoimmune Diseases 
Volume 4: Clinical Aspects of Immune Pathology

Edited by Ö. Rajka and S. Korossy

V olum e 3 contains chapters on frequent autoim m une diseases such as systemic 
lupus erythem atosus, derm atom yositis, progressive systemic sclerosis, rheum a
to id  arthritis and a num ber o f  skin diseases as well as chapters on less common 
diseases like Sjörgen’s syndrom e, lung p u rp u ra  and problems o f infertility. Current 
therapeu tic  possibilities are described in connection with all these diseases.
V olum e 4 is devoted to  some basic principles o f immune pathology. The topics 
discussed include im m une haem atology, b lood  group antigens, their role in disease 
and  the problems arising in transfusion therapy , further im m une deficiency states 
parap ro te in s and paraproteinaem ias. O rgan transplantation  is dealt w ith in a separate 
chapter.

In  E nglish  ■ 17 x  25 cm ■ Cloth
V o l. 3 :  260 pages ■ 4 1 fig u re s  ■ 42 tables ■ IS B N  963 05 0664 5 
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Средняя оптимальная и сносная потребность в фторе в пересчете на кг веса
тела
к. тот

На основе веса тела и потребности в калориях и ж идкости людей различных возраст
ных групп автор проводил исчисления в целях определения оптимального и сносного  
количества вводимого фтора в пересчете на кг веса тела. Он установил, что в случае по
требления питьевой воды, рассматриваемой физиологической, с содержанием 1 мг фтора 
на литр, важнейшим источником фтора для человеческого организма является питьевая 
вода. Поэтому как физиологически оптимальное и необходимое количество мож но считать 
количество фтора, которое человек в пересчете на кг веса тела — получает с питьевой 
водой с содержанием 1 мг фтора на литр. В грудном возрасте оптимальная потребность в 
фторе составляет - в пересчете на кг веса тела — 0 ,045 мг. Эта потребность уменьш ается из 
года в год, и у возрослы х она составляет только половину потребности, наблюдаемой в 
грудном возрасте. Автор определил размер »dosis tolerata« и различных возрастных групп.

Клинические и иммунологические наблюдения при гепатит-В-антиген- 
положительном и гепатит-В-антиген-отрицательном хроническом активном

гепатите
А. ПАР. Г. БАЙТАМ, К. ВАРНА, А. ГОГЛ, А. ПАТАКФАЛЬВИ, М. БАЛАНС, Ж . МИСЛАИ

и М. ФИГЛЕР

Авторы сравнивали клинические, биохимические и иммунологические данные 24 
больных с гепатит-В-отрицательным хроническим активным гепатитом, в целях выявления 
отклонений, вытекающих из этиологических различий, или перекрытий, указывающих на 
предположительный иммунпатогенез.
Е При гепатит-В-антиген-положительном патологическом процессе, являющемся  
скорее заболеванием мужчин, более часто встречалось острое начало заболевания, и реж е  
наблюдался цирроз печени, определяемый уж е при постановке диагноза.

При гепатит-В-антиген-отрицательном хроническом гепатите неизвестной этио
логии, наряду с преобладанием заболевания у ж енщ ин, более часто наблюдались» первич
ные хронические« процессы, цирроз, повышение оседания, иммунцитопения, повышение 
величины щелочной фосфатазы и уровня IgG.

Относительно положительности гуморальных и клеточных иммунных реакций, а 
такж е с точки зрения пораж ения нормальной иммунной активности м еж ду двумя патоло
гическими процессами нс было значительной разницы.

Авторы делаю т вывод, что несмотря на то, что эти два патологических процесса 
представляют собой этиологически различные заболевания, и что это проявляется в опре
деленных клинических и биохимических отклонениях, в патогенезе обоих процессов  
следует считаться с ролью иммунологических факторов.



Эффект метандростенолона на уровень триглицеридов и холестерина в
сыворотке

Л. РОМИЧ, М. БРЕ ТА Н , А. СИГЕТИ и М. ВАРШАНИ-НАДЬ

У  18 больных диабетом взрослы х было проведено лечение метандростенолоном в 
течение 3 недель суточными дозами Кб мг. Д о и после применения терапии в сыворотке 
больны х была определена концентрация триглцеридов и холестерина, такж е как и актив
ность липопротеин-липазы. В случае значительной триглицеридемии уровень тригли
церидов понизился, причем в тех ж е  наблюдениях (за исключением одного случая) произо
ш ла такж е нормализация активности липопротеин-липазы. Содержание холестерина не 
показало характерного изменения.

Клиническое и морфологическое изучение беременных крыс с 
стрептозотоциновым диабетом

я . САЛАИ и М. ГААЛ

Авторы вызвали у  беременных крыс стрептозотоциновый диабет и изучали, наряду с 
характерны ми для сахарной болезни биохимическими параметрами, морфологические 
изм енения, наблюдаемые в фето-плацентарной единице. У  12% животных со стрептозото
циновым диабетом, лечившихся инсулином, были найдены мертвые плоды. У  диабети
ческих животных, не получивш их инсулин, частота гибели плодов была 21% -ной. У  бере
менны х животных с диабетом, — по сравнению с контрольными животными - вес плодов 
был достоверно меньшим, а вес плаценты — достоверно большим. Эти величины отраж а
лись так ж е в величине коэффициента плод/плацента. Д л я  плаценты диабетических ж и 
вотны х, получивших инсулин, были характерны отеки и кистозное перерож дение. В пла
центе животных, не получивш их лечения, были найдены главным образом фиброз и 
иш емия. В плаценте беременных животных, получивших только инсулин, удалось вы
явить геморррагии и некрозы. Развитие этих изменений авторы объясняют выраженной  
гипогликемией животных.

Действие лимфоцитотоксинов сыворотки больных системной красной 
волчанкой на лимфоциты Т и В

П. ГЕРГЕЙ, Д. СЕГЕД И, Г. САБО, Б .  Ф ЕК ЕТ Е, Д. ПЕТРАНИ

Лимфоцитотоксины сыворотки больных системной красной волчанкой, связанные к 
поверхности лимфоцитов, м ож но выявить иммунофлюоресцентным методом исследова
ния. П од  влиянием комплемента наступает лизис клеток. Соотношение клеток В и Т лим
фоцитов здоровых лиц (при определении поверхностным иммунглобулином или самопро
извольным образованием розетки) не показывает изменения под влиянием лимфоцитотокси
нов и комплемента. В противоположность этому у  больных системной красной волчанкой  
после лизиса, вызванного комплементом, соотношение лимфоцитов В и Т изменяется: 
клетки В относительно резистентны, а клетки Т  чувствительны к автологичным лимфо- 
цитотоксинам. Следовательно, наблюдаемое при активной системной красной волчанке 
уменьш ение абсолютного числа клеток Т может быть результатом такж е лизиса, про
исходящ его под влиянием лимфоцитотоксинов, связанных с поверхностью лимфоцитов.

Изменения 0/31А с-глобулина в сыворотке в ранней фазе инфаркта миокарда
Д. ФЮШТ, М. Л . Ш УРЬЯН, П. БРА У Н  и Ш. ВАРКОНИ

Авторы проводили серийное измерение сывороточной концентрации третьего  
фактора комплемента (0/31А/с-глобулина) в 170 образцах сыворотки 35 больных, находя
щ ихся в ранней фазе острого инфаркта миокарда. В течение превых суток средняя величи



на концентрации повысилась. В ходе вторых суток повышение приостановилось, а в 
более тяжелы х случаях наблюдалось д а ж е  понижение средних величин. После этого про
долж алось повышение средней концентрации.

В 27 ндивидуальных случаях авторы наблюдали внезапное, достоверное пониж е
ние концентраций, превышающее предельные величины нормальных изменений концен
трации. Эти наблюдения указывают на то, что в ранней фазе инфаркта миокарда на сыво
роточную концентрацию 0/3, д /(-глобулина оказывают влияние два процесса, действующ их  
в противоположных направлениях: один из них понижает, а другой повышает концентра
цию. Авторы обсуж даю т возможные механизмы действия этих двух регуляторны х про
цессов.

Функция почек после одностороннего лигирования почечной артерии у крысы
А. ФЕК ЕТЕ, Б. КИШШ и Э. ШПИТЦАР

Полное лигирование оной почечной артерии крысы вызывает перманентное повы
шение давления. Отдельныедпараметры почечной функции показывают изменения с тен
денцией повышения у ж е  в пределах первых суток после вмешательства: в частности 
повышается количество мо чи, прием воды, клубочковая фильтрация, такж е как и коли 
чество фильтрированного и выделенного натрия и калия. Эти изменения указывают на 
повышение функции, то есть на компенсаторную гипертрофию неоперированной почки.

Изменения кровообращения в процессе развития острого поражения печени, 
вызванного четыреххлористым углеродом

И. СЛАМКА, П. ШАНДОР, Й. ХАМАР, А. Г. Б. КОВАЧ

После попадания небольшого количества CCI , в кровоток наблюдаются острые из
менения кровообращения, способствующие элиминации яда. При попадании более значи
тельного количества яда в сосудистое русл о вследствие уменьшения перфузионного давле
ния возникает временная тканевая ишемия. В результате адаптации кровообращ ения  
возникают изменения общей гемодинамики, направленные на поддерж ку кровотока в 
ж изненноважны х органах, прежде всего в мозгу. П араллельно накоплению гепатоксина 
наблюдаются прочные изменения кровообращ ения: минутный объем и тканевой кровоток  
понижаю тся, а периферическое сопротивление увеличивается. Наибольшее уменьшение 
наблюдается в кровотоке печени. Порочные и временные изменения циркуляция вызывают 
ухудш ение условий питания и снабж ения кислородом печеночных клеток. Вследствие 
этого создаются обстоятельства, повышающие вредное действие яда, накопившегося  
в печени.

Лечение несахарного мочеизнурения препаратом 1-деамино-8-0-аргинин-
-вазопрессин

Л. ЦАКО, Г. МЕЗЕИ и Ф. ЛАСЛО

У 20 чувствительных к вазопрессину и у двух резистентных к АДГ-больны х несахар
ным мочеизнурением авторы изучали и сравнивали действие у у А В П  (1-деам ино-8-0-арги- 
нин-вазопрессин) и Л В П  (лизин-вазопрессин) на водный обмен. Было установлено, что 
ууА В П  вызывает у всех больных несахарны м мочеизнурением, чувствительных и АуГ, 
более выраженное и более длительное сниж ением минутного диуреза и повышение осмоляр- 
ности мочи, чем Л В П . У  больных, резистентных к АуГ оба средства оказались безэффек- 
тивными. В связи с применением ууА В П  не было побочных явлений.

На основе полученны х результатов препарат ууА В Г  успеш но применим для лечения 
больных несахарным мочеизнурением, чувствительных к АуГ.
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ENDOSCOPIC ASSESSMENT OF GASTRIC POLYPS
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(R eceived  A ugust 26, 1974)

T he re su lts  o f fibre gastro sco p y  in 100 p a tie n ts  w ith  gastric  polyp are  re p o rte d . 
The po lyps w ere rem oved in 38 p a tien ts . All cases w ere followed up . No m a lig n a n t 
tran s fo rm a tio n  of th e  polyp was d em onstrab le  in a n y  of th e  cases. The po lypous g ro w th  
p roved  to  be early  gastric  carc inom a in tw o cases, neurogenic  sarcom a in one case. 
The polyp w as associated  w ith  g astric  carc inom a in 11 cases, w ith  gastric  sa rco m a  in 
one case, a n d  w ith  tu m o u rs  o f o th e r digestive o rg an s in  five cases.

I t  h as been  concluded t h a t  1. diagnosis a n d  c o rre c t assessm ent of g a s tr ic  po lyps 
re s t on th e  ev idence of endoscopy . 2. In  th e  m a jo r i ty  o f cases polypoid lesions o f th e  
stom ach  are  e ith e r benign or m alig n an t from  th e  v e ry  o u tse t. E ndoscopy co up led  w ith  
b iopsy  d irec ted  a t  th e  rep re se n ta tiv e  sites of th e  p o ly p  p e rm its  d iffe ren tia tio n  be tw een  
benign and  m alig n an t cases w ith  a fa ir degree o f acc u rac y . 3. R em oval of po ly p s shou ld  
be selective. 4. A ssociation  of g astric  polyps w ith  g a s tr ic  carc inom a is far m ore fre q u e n t 
th a n  m a lig n an t tran s fo rm a tio n  of th e  polyp. 5. E n d o sco p ic  follow-up o f p o ly p s is 
im p erativ e  even  in po lypectom ized  cases. 6. D e tec tio n  of a gastric  polyp n ecess ita te s  
a search fo r tu m o u rs  o f o th er organs.

G astric  p o ly p  w as f irs t described  by  A m a t u s  L u s it a n u s  in  1557 [13]. 
H e i n z  d e tec ted  th e  f irs t  case b y  rad io g rap h y  in  1911 [8 ]. T he f irs t gastro sco p ic  
d em o n stra tio n  o f  th e  a b n o rm a lity  is linked  w ith  th e  nam e  of S c h i n d l e r  [25]. 
T h e  incidence o f  gastric  po lyps a m o u n ted  to  0 .4 3 %  in  th e  p ost m o rtem  m a te 
ria l of Ma r s h a k  an d  F e l d m a n  [14], to  1.5 to  2 %  in  th e  gastroscopy  m a te r ia l 
o f S c h i n d l e r  [26] an d  to  2 .84%  in  th e  fib re  g a s tro sco p y  m ateria l o f H a y a s h i  
an d  T a k a h a s h i  [7] an d  to  3 .1%  in  th a t  of R ö s c h  e t al. [23].

O f our 2652 f ib re  gastroscopic  stud ies 100 h a d  rev ea led  gastric  po lyps. T h is 
h igh  incidence, 3 .94% , m ay  be a t tr ib u te d  to  th e  selec ted  gastro en te ro lo g ic  
cases being re fe rred  to  our endoscopic service

A g astric  po ly p  alw ays raises th e  susp icion  o f  m alignancy . T h e  p re se n t 
s tu d y  w as concerned  w ith  th e  follow ing p o in ts .

1. M alig n an t tra n sfo rm a tio n  of benign po ly p s.
2. P r im a ry  carcinom as in  th e  early  stage  o f  dev e lo p m en t im ita tin g  ben ign  

polyps.
3. A ssocia tion  of benign po lyps w ith  g a s tr ic  carc inom a.
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P a tien ts  and  m eth o d

A  to ta l  of 100 p a tie n ts  w ith  g astric  po lyp  w as s tu d ied . The m ale -to -fem ale  ra tio  was 
39 : 61. Age ranged be tw een  30 an d  84 years, av erag e  age being 61 years.

T h e  endoscopic s tu d ies  w ere  carried  o u t w ith  M achida FG S-A an d  O ly m p u s G IF -D  
ty p e  f ib re  gastroscopes, th e  m a jo r i ty  u n d e r a m b u la to ry  conditions. G astric  ra d io g ra p h y  per
fo rm e d  before  the  f irs t g a s tro sc o p y  in  every  case h a d  p roved  negative  in  one th ird  o f the 
p a t ie n ts .  F ig . 1 shows a sessile p o ly p  w hich  h a d  e lu d ed  d e tec tio n  b y  ra d io g ra p h y  in  a 70 year 
o ld  fe m a le  p a tie n t. In  th e  cases o f  m u ltip le  po lyps th o se  d e tec ted  b y  ra d io g ra p h y  w ere gener
a lly  sm a lle r  in num ber. In  a 67 y e a r  old fem ale p a t ie n t  th e  polyposis w as also rev ea led  by 
g a s tro sc o p y  (Fig. 2).

ê

• * È
.*•

F ig . 1. P repyloric  p o ly p  o f sessile ty p e . R a d io g ra p h y  of stom ach: n e g a tiv e

F ig . 2 . X -ra y s  revealed so lita ry  po lyp  in  th e  a n tra l  reg ion ; th e  m ultip le  c h a ra c te r  o f the  
p o ly p  w a s  identified  by  fib re  g a stro sco p y . R ig h t: v iew  o f th e  polyp from  a sh o rte r , le ft: from

a longer d is tan ce

I n  37 cases the  f ir s t  g a s tro sco p y  was fo llow ed b y  surgery , th e  o th e r  63 w ere sub 
se q u e n tly  checked regu larly  b y  fu r th e r  fib re  endoscop ic  stud ies. This la t te r  ru le  o f co nduct 
w as a d o p te d  in the  case o f  so l i ta ry  po lyps m easu rin g  less th a n  15 m m  in  d ia m e te r  o r if  the  
p o ly p s  w ere  well-defined b u t  m u ltip le . T he f irs t re p e a t-s tu d y  was done 3 to  6 m o n th s  afte r 
th e  o rig in a l gastroscopy, th e  su b seq u e n t ones in te rv a ls  o f one year. D uring  th e  period  of 
o b s e rv a tio n  w hich ran g ed  fro m  one  to  seven y ears, 2 to  8 endoscopic s tu d ies w ere perfo rm ed . 
T h e  o b se rv a tio n  period av era g ed  34 m onths.
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R esults

The fib re  gastroscop ic  s tu d ies  resu lted  in  th e  d e tec tio n  of 69 so lita ry  an d  
31 m u ltip le  lesions.

No m a lig n a n t tra n s fo rm a tio n  of a ben ign  po ly p  w as d em o n strab le  in  
a n y  of th e  cases.

In  th e  17 cases w here su rg e ry  h ad  been  p e rfo rm ed  for benign po lyps, 
m icroscopic s tu d y  o f th e  surg ical specim en fa iled  to  rev ea l an y  sign of m alig 
n a n t  tra n sfo rm a tio n .

In  p a tie n t G. J . ,  a 63 y ea r old fem ale , th e  po lyp  o f u n ev en  surface  h ad  th e  endoscopic 
ap p earan ce  of a n eo p la s tic  po lyp  of th e  N a k a m u r a  I I I  ty p e  (F ig . 3) m ak ing  surgical th e ra p y  
necessary . This po ly p  to o  p roved  benign.

F ig . 3. A n tra l p o ly p , N a k am u ra  ty p e  I I I ,  w ith  u n ev en  su rface . R ig h t: view  from  a sh o rte r ,
left: fro m  a longer d is tan ce

In  th ree  cases th e  so lita ry  po lyp  w as a m a lig n a n t g row th . I t  was ea rly  
carc inom a w ith  no ev idence of n o n -m a lig n an t p o ly p o id  tissu e  in  tw o cases, an d  
a p rim ary  neu rogen ic  carc inom a in  th e  th ird  case.

In  12 cases th e  benign po lyp  w as fo u n d  in  asso c ia tio n  w ith  a m a lig n an t 
tu m o u r. O f these  cases, e igh t so lita ry  and  th ree  m u ltip le  po lyps w ere associa ted  
w ith  gastric  ca rc in o m a, one so lita ry  polyp w ith  a g astric  sarcom a. In  th re e  o f 
th e se  cases th e  p o ly p  h ad  been d iagnosed  som e y e a rs  ea rlie r, one p a tie n t h av in g  
h ad  po ly p ec to m y  5 y ears , th e  o th e r  8 years before . In  b o th  cases th e  po lyp  w as 
ad  enom atous.

In  five cases benign  so lita ry  gastric  po ly p s w ere found  in  associa tion  
w ith  m alig n an t tu m o u rs  of o th e r  d igestive o rgans, i.e. w ith  rec ta l carc inom a in 
th ree  cases, w ith  p an c re a tic  ca rc inom a in one, a n d  w ith  liver carcinom a in one 
case.
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I n  all of th e  62 cases u n d e r  c o n tro l, th e  po lyp  rem ain ed  u n c h a n g e d  d u ring  
th e  e n tire  follow -up period . R e p e a te d  b iopsies fa iled  to  rev ea l a n y  sign o f m alig 
n a n t  tra n sfo rm a tio n .

T h e  65 y ear old fem ale p a tie n t  Sz. J .  h a d  b een  u n d e r our o b se rv a tio n  fo r five  years 
fo r a  su b p e d u n c u la r  ty p e  po lyp . T he tu m o u r  d id  n o t  increase  in  size d u rin g  th e  e n tire  period  
o f o b se rv a tio n , nor d id  re p e a te d  b iopsies re v ea l a n y  sign  of a m a lig n an t t r a n s fo rm a tio n  (F ig . 4). 
T h e  sam e w as th e  case in  p a tie n t  V. I .,  a  69 y e a r  old fem ale w ith  a su b p e d u n c u la r  po lyp  
(F ig . 5).

F ig . 4. S u b p ed u n cu la r po lyp  w ith o u t a n y  change  du rin g  five  y ears fo llow -up. R ig h t:  view  
fro m  a sh o rte r , le f t:  fro m  a longer d istance

F ig . 5. P ed u n cu la r  po lyp  in  th e  course o f  successive biopsies. R ig h t: f i r s t  b io p sy . L eft: 
second b iopsy . D u rin g  fo u r y ea rs  th e  po ly p  h as rem ain ed  u n c h an g e d

In  one of th e  p a tie n ts  th e  po ly p  b eg an  to  grow  in th e  th ird  y e a r  o f obser
v a t io n  a n d  m ade su rg e ry  necessary . H is to lo g y  revealed  an  a d en o m a to u s  po lyp  
w ith  no  sign of m a lig n an t d eg en era tio n .
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D iscussion

1. M alignan t transform ation o f  a benign p o lyp . T his q u es tio n  has been  w idely 
d iscussed  in  th e  li te ra tu re . St e w a r t  [28], P e a r l  an d  B r u n  [20], S t a t e  e t ah 
[27], K a d e  [9], E d w a r d s  an d  B r o w n  [3], E k l ö f  [4] give figu res b e tw een  8 to  
54%  fo r th e  m a lig n an t d eg en era tio n  o f gastric  po lyps, in  o p p o sitio n  to  o thers, 
e.g. P l a c iit a  an d  S p e e r  [2 1 ] ,St o u t  [29, 30], e tc . who nev er o b served  m a lig n an t 
d eg en era tio n  of g astric  po lyps, or to  P a u l  an d  L o g a n  [19], B a v i t c h  [22], 
N i e m e t z  an d  W h a r t o n  [17] w ho d e fin ite ly  deny  th is  possib ility . K u r o k a w a  
e t al. [11] fo u n d  m a lig n a n t tra n s fo rm a tio n  o f ad en o m ato u s po lyps in  6 .5%  of 
early  g astric  carc inom a. A gain , accord ing  to  K a w a i  [10], m a lig n a n t degenera
tio n  o f benign  g astric  po lyps lacks an y  proof.

N a k a m u r a  [16] d raw s a sh a rp  line betw een  n o n -n eo p lastic  (I , I I )  an d  neo
p las tic  ( I I I )  ty p es  o f po lyp  an d  e stab lish ed  c rite ria  of m a lig n a n t degen era tio n . 
T he n eo p lastic  po lyp  (T ype I I I )  is recogn izab le  b y  its  gross ap p e a ra n ce  and  by 
its  m icroscopic fea tu re s . I t  is f la t ,  of flow erbed  appearence , sessile, covered  w ith  
h y p e rch ro m a tic , a ty p ic a l cells rem in iscen t m icroscopically  o f in te s t in a l  ep ith e 
lium . T h e  c rite ria  of m a lig n an t d eg en era tio n  are  as follows 1. B en ig n  an d  m alig
n a n t areas m u st be p re se n t to g e th e r  in th e  sam e polyp . 2. T h e  ben ign  p a r t  m ust 
he su ffic ien tly  large  fo r hav in g  fo rm ed  th e  p rim a ry  p recan cero u s  tissue.
3. E ith e r  a c learly  recognizable  in te rs ti t ia l  o r subm ucous in f i l t ra t io n  m u st be 
p re se n t or in th e  absence of an y  in f iltra tio n  th e  a ty p ic  ce llu la r s tru c tu re  m ust 
he of a degree to  m ake th e  d iagnosis of cancer u n q u estio n ab le .

O n th e  g rounds of th ese  c rite ria  no m a lig n a n t d eg en era tio n  o f th e  polyps 
w as d em o n strab le  in  an y  o f our su rg ical cases.

W ith  th e  ex cep tio n  o f a single case, no change of th e  g astric  po lyps was 
found  in  an y  o f th e  p a tie n ts  u n d e r o b se rv a tio n  d u rin g  th e  e n tire  period  of 
fo llow -up. R ep ea ted  b iop sy  revea led  no a ty p ic  tissue . G row th  o f th e  polyp 
n o ted  in  one case m ade p o ly p ec to m y  n ecessary  b u t th e  excised  tissu e  proved  
ben ign . D esp ite  th e  sm all n u m b er o f cases an d  th e  sh o rt period  o f o b se rv a tio n  
th e  p re se n t m a te ria l m akes a h igh incidence o f m alig n an t tra n s fo rm a tio n  m ost 
u n like ly . T his is co n sis ten t w ith  severa l observ a tio n s. U e o n o  e t al. [32] fol
low ed u p  288 p a tie n ts  w ith  gastric  po lyps. D u rin g  th e  8 y ea rs  o b se rv a tio n  
period  on ly  fiv e  po lyps increased  d e fin ite ly  an d  th ree  p ro b a b ly  in  size, m alig
n a n t  d eg en era tio n  w as, how ever, confined  to  tw o cases. In  th e  142 p a tie n ts  of 
F u k u t o m i  [5] no m a lig n a n t tra n sfo rm a tio n  w as n o ted  d u rin g  a fo llow -up period 
of 6 y ears .

2. E a rly  p r im a ry  cancer assum ing  the features o f  a p o lyp . K a w a i  [10] stu d y in g  
early  cancers o f th e  s to m ach  em phasized  th a t  p rim arily  m a lig n a n t tu m o u rs  
m ay  show  a po lypous g ro w th  from  th e  v e ry  o u tse t. In  tw o o f o u r cases, tu m o u rs  
o f th is  ty p e  indeed  p ro v ed  to  be p rim arily  m a lig n an t, m icroscopic s tu d y  hav ing  
failed  to  d e m o n s tra te  th e  presence of an y  ben ign  po lypous tissue .
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D iffe ren tia tio n  b e tw e e n  ben ig n  and  m a lig n a n t po ly p s is of p rim e im p o r
ta n c e  a n d  i t  is m ade possib le  b y  m odern  endoscopic  in v es tig a tio n . E arlie r, 
in  acco rdance  w ith  H a y  [6 ], th e  size o f th e  po ly p  w as reg a rd ed  as 
d ec is iv e . P olyps m easu rin g  m ore  th a n  20 m m  in  d ia m e te r  w ere considered  
m a lig n a n t. T h a t th is  g e n e ra liz a tio n  is u n ju s tif ie d  em erges also from  o u r own 
o b se rv a tio n s .

Y a m a d a  [33] c lassified  th e  so lita ry  po lyps b y  th e ir  endoscopic  ap p earan ce  
in to  I .  p ro tru siv e , I I .  sessile , I I I .  su b p ed u n cu la r an d  IV . p ed u n cu la r ty p es . 
T h is  c la ssifica tion  rests  on th e  assessm ent o f th e  base  o f th e  po lyp . T he p rim a ry  
c a rc in o m a  often  m im icks sessile or su b p ed u n cu la r  po ly p s. A ccord ing  to  
F u k u t o m i  [5] th e  size u n d e r  w h ich  th e  po lyps are  b en ig n  an d  over w hich  th e y  
a rc  o f te n  m alignan t a re  15 m m  fo r th e  sessile, 10 m m  for th e  su b p en d u n cu la r  
a n d  20 m m  for th e  p e d u n c u la r  ty p e . O th er d is tin c tiv e  fea tu re s  o f m alignancy  
to  w h ic h  close a tte n tio n  m u s t  be given are th e  sh ap e , th e  su rface  of th e  polyp  
a n d  i ts  possible g row th  in  a n y  d irec tion . T he gross ap p ea ran ce  of th e  po lyp  
a n d  th e  m icroscopic fe a tu re s  o f  th e  b iopsy  m a te r ia l from  th e  re p re se n ta tiv e  sites 
a ffo rd  a h igh  d iagnostic  a c c u ra c y  b u t  if  th e  po lyp  is la rg e  even  m u ltip le  biopsies 
f ro m  d iffe ren t sites fa il to  re p re s e n t  th e  en tire  tu m o u r . T herefo re  large po lyps 
re q u ire  surgical rem o v al o r endoscopic  p o ly p ec to m y . T s u n e o k a  an d  U c h id a  
[31] w ere  th e  f irs t  to  r e p o r t  on endoscopic p o ly p ec to m y  b y  m eans o f w ire 
lo o p s. C l a s s e n  and  D e m l i n g  [2] an d  O t t e n j a n n  [18] re fin e d  th e  m e th o d  b y  
th e  u se  o f d ia th e rm y . As em p h a s iz e d  b y  R ö sc h  [24 ] ,  th o u g h  th e  p ro ced u re  has 
g a in e d  w orld-w ide a c c e p tan c e , assessm ent of its  th e ra p e u tic  an d  p rognostic  
v a lu e  w ill require  m ore fo llo w -u p  studies.

3. Association o f  benign gastric p o lyps w ith  cancer. L a w r e n c e  [12], 
Y a r n i s  e t  al. [34], M o n a c o  e t  al. [15] and  E k l ö f  e t  al. [4] re fer in  th e ir  p u b 
lic a tio n s  to  th e  jo in t  o ccu rren ce  of gastric  po ly p  an d  g astric  carc inom a. 
In  th e  case rep o rted  b y  B e n k ő  and  Má r t o n  [1] in  1952 a gastric  polyp  
w as fo u n d  in  association  w ith  an  early  g astric  ca rc in o m a from  w hich  it  
w as se p a ra te d  b y  an  a rea  o f  n o rm a l gastric  m ucosa . N a k a m u r a  [16] found  
n o n -n e o p la s tic  gastric  p o ly p s  associa ted  w ith  e a r ly  g astric  carc inom a in  22 
o u t o f  95 cases.

I n  th e  p resen t m a te r ia l  n o n -m alig n an t po ly p s w ere fo u n d  in  association  
w ith  ca n c e r of o th e r g a s tric  a rea s  in  12 cases. E a r lie r  p o ly p ec to m y  p erfo rm ed  
in  tw o  cases h ad  been o f no  p re v e n tiv e  value.

I n  f iv e  of our cases th e  g a s tr ic  polyps w ere asso c ia ted  w ith  cancer of o th e r 
d ig e s tiv e  organs. E k l ö f  e t a l. [4] review ing 122 cases o f g a s tric  an d  duodenal 
p o ly p s , n o te d  cancer in  o th e r  o rgans in  20 cases. I n  15 cases th e  po lyps were 
fo u n d  to  co-exist w ith  th e  c an ce r. I n  five  cases i t  w as, converse ly , th e  diagnosis 
o f  th e  g a s tric  polyp w hich  p ro m p te d  a search  for tu m o u rs  o f o th e r  organs and  
led  to  th e  detec tion  of can ce r o f  th e  pancreas in  tw o  cases, o f  th e  large  in te s tin e  
in  tw o  cases and  of th e  lu n g  in  one case.
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Sum m ing-up;
1. D iagnosis a n d  correc t a ssessm en t o f g a s tr ic  po lyps re s t on endoscopic 

evidence.
2. M alignant tra n s fo rm a tio n  o f  benign  po lyps is less com m on th a n  i t  has 

been  assum ed. I t  is m a in ly  in  case o f po lyps of N a k a m u r a ’s ty p e  I I I  th a t  th is  
possib ility  m ust he ta k e n  in to  acco u n t.

3. A ssociation  o f gastric  p o ly p  w ith  g a s tric  ca rc in o m a occurs w ith  in 
creased  frequency . P o ly p ec to m y  affo rds, how ever, no p ro te c tio n  from  gastric  
carc inom a.

4. D etec tion  o f a gastric  po ly p  calls fo r a sea rch  for m a lig n an t tu m o u rs  of 
o th e r  organs.

T herapeu tic  conclusions

E ndoscop ic  o b se rv a tio n s m ak e  a se lective ap p ro ach  to  th e  rem oval of 
g a s tric  polyps desirab le . Surgical o r endoscopic rem o v a l is in d ica ted  in  th e  case 
o f po lyps larger th a n  15 m m , or o f  m u ltip le  po ly p s c lu ste rin g  too  closely to 
g e th e r to  he p ro p e rly  v isualized , fu rth e rm o re  o f po ly p s o f  N a k a m u r a ’s ty p e  
I I I  a n d  of b leeding po lyps. In  o th e r  cases rem o v a l o f th e  po lyp  is u nnecessary  
h u t  i ts  presence req u ire s  lifelong endoscopic fo llow -up . T h is is also valid  for 
po lypectom ized  p a tie n ts .
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I t  has been  s tu d ied  w h e th er h y pocalcaem ia  increased  th e  m o r ta l ity  ra te  of 
experim en ta l a cu te  p a n c re a titis  in th e  r a t ,  an d  w h e th e r lip ids in jec ted  in to  th e  p an creas 
u n d erw en t p e ro x id a tio n , dam aging  th e re b y  th e  g land . Pro longed  h y p o calcaem ia  was 
induced  by  b ila te ra l p a ra th y ro id e c to m y  an d  in ten sif ied  by  a calc ium -defic ien t d iet. 
P a ra th y ro id ec to m y  sign ifican tly  decreased  also a r te r ia l  blood pressure.

T hree  ho u rs  a f te r  th e ir in tra d u c ta l  in jec tio n , b o th  0.2 ml sunflow er oil an d  5 mg 
try p sin  s ig n ifican tly  decreased  a rte ria l b lood p ressu re  in th e  n o n -p a ra th y ro id ec to m ized  
an im als an d  so d id  5 m g try p s in  in th e  p a ra th y ro id e c to m ize d  ones; su n flo w er oil 
decreased th e  b lood  calcium  level below  5 m g/100 m l in p a ra th y ro id e c to m ize d  ra ts  
fed a calcium -deficien t diet. No differences were fo u n d  in th e  m o rta lity  ra te s  o f non- 
p a ra th y ro id ec to m ized  norm ocalcaem ic ra ts  and  p a ra th y ro id e c to m ize d  hy p o calcaem ic  
ones, or in th e  e x te n t  an d  g ra v ity  of p an crea tic  in ju ry  and  in the  e x te n t  o f f a t  tissue 
necrosis a t  3 an d  24 hours a fte r  th e  in tra d u c ta l  in jec tio n  of 0.2 ml sun flow er oil or 
5 m g try p sin .

Sunflow er oil, oleic acid a n d  linoleic acid in je c te d  by  re tro g rad e  w ay  in to  th e  
p an creas in 0.2 ml vo lum e each in d u ced  ex tensive  d am age to  th e  ac in ar p a re n c h y m a , 
while liqu id  p a ra ffin  fa iled  to do so. A m ong these  ag en ts , only linoleic acid  increased , 
as a sign of lip id  p e ro x id a tio n , m alo n a ld eh y d e  co n ce n tra tio n  in the  p a n c re a tic  tissue. 
L inoleic acid in je c te d  in to  th e  su b m ax illa ry  sa liv a ry  g lan d  in 0.1 m l vo lu m e induced  
ex tensive  tissue  dam age, while sunflow er oil, oleic acid  failed  to do so.

T he p lasm a calcium  level is w ell-know n to  decrease  during  acu te  n ecro tic  
p a n c re a titis . F o r long, th e  decrease has been ex p la in ed  by ca lc ium -soap  fo r
m atio n  w ith  th e  f a t ty  acids re leased  b y  th e  n ec ro tized  adipose tissu es  [7, 15]. 
A ccord ing  to  a m ore recen t idea, th e  decrease w ould  be due to  a h o rm o n a l effect, 
th e  increased  ca lc ito n in  secretion  induced  b y  g lucagon  h y p e rp ro d u c tio n  in  
acu te  p an c re a titis . U pon  th e  effect o f ca lc ito n in , ca lcium  is d ep o sited  in  th e  
bones an d  p lasm a calcium  level decreases [12, 14]. T h e  h y po thesis  on th e  g lu ca 
gon-induced  hypoca lcaem ia  is n o t th o ro u g h ly  fo u n d ed  as how could  th e  p lasm a  
calcium  level be decreased  by  glucagon if  th is  is k n o w n  to  d isap p ear o r to  fall 
to  a low level d u rin g  acu te  necro tic  p a n c re a titis  [9]. O th e r recen t d a ta  suggest 
th a t  a re la tive  in su ffic ien cy  of p a ra th y ro id  h o rm o n e  secretion  is th e  fac to r  
responsib le  for th e  h ypocalcaem ia  [3]. T h is view  h as also been re fu ted  as h y p o 
calcaem ia was found  to  occur in sp ite  of increased  p a ra th y ro id  h o rm o n e  levels 
in acu te  p a n c re a titis  in  pigs [10].

W h a tev e r th e  cause of th e  decrease o f th e  serum  calcium  leve l va lu es  
low er th a n  7 m g/100 m l p lasm a are  a sign o f fa ta l o u tco m e [4, 8 ].

T he fa t ty  acids re leased  d u rin g  lip ase-in d u ced  lipolysis m ig h t a g g ra v a te
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th e  d am ag e  to  th e  a c in a r p a re n c h y m a  by  re n d e rin g  th e  m ilieu acid  a n d  p ro d u c 
in g  th u s  focal in tra a c in a r  necrosis [1, 13, 17], o r, ev en tu a lly , b y  perox id iz ing  
th e  re leased  u n s a tu ra te d  f a t ty  acids [16].

In  th e  p resen t e x p e rim e n ts  we h av e  s tu d ie d
1 . w hether, a f te r  in d u c tio n  o f acu te  p a n c re a tit is , ra ts  re n d e re d  hypocal- 

caem ic  b y  b ila te ra l p a ra th y ro id e c to m y  w ould  show  a h igher m o r ta l i ty  ra te  
th a n  n o n -p a ra th y ro id ec to m ized  no rm ocalcaem ic  ra ts ;  and

2 . w heth er in tra d u c ta l ly  in jec ted  u n s a tu ra te d  fa t ty  acids p e ro x id ized  in  
th e  p an c rea tic  tissu e  a n d  a g g ra v a te d  th e  p a re n c h y m a l in ju ry .

Material and m ethods

In b red  m ale C FE  ra ts  w eigh ing  250 to 300 g w ere u sed . T he an im als w ere a n aesth e tized  
b y  in tra p e rito n e a l in jec tio n  of 4 m g/100 g b.w . o f p e n to b a rb ita l.

1. To stu d y  th e  e ffec t o f hypocalcaem ia  on th e  m o r ta lity  ra te  o f a cu te  p a n c re a titis , 
th e  an im a ls  were d iv ided  in to  tw o  groups. One group  w as su b jec ted  to b ila te ra l  p a ra th y ro id 
e c to m y , th e  o ther serv ed  as co n tro l. B ila tera l p a ra th y ro id e c to m y  was p e rfo rm ed  w ith  th e  
u tm o s t  sparing  of th e  th y ro id . Som e ra ts , b o th  from  th e  n o n -p a ra th y ro id ec to m ized  an d  p a ra- 
th y ro id e c to m iz e d  group , w ere  fed  a s ta n d a rd  la b o ra to ry  d ie t, th e  o thers rece iv ed  a special, 
ca lc iu m -d efic ien t diet. S ix d a y s  la te r  all th e  an im als w ere  d ep rived  of food b u t  w ere allow ed 
d is til le d  w ater ad lib itum . O n th e  follow ing d ay , b lood  p ressu re  was m easu red  b y  a m ercu ry  
m a n o m e te r  in th e  ab d o m in a l a o r ta  b o th  of some n o n -p a ra th y ro id e c to m ize d  a n d  p a ra th y ro id -  
e c to m iz ed  ra ts , k ep t on d iffe re n t d iets. All these  a n im a ls  were bled  in to  h ep arin ized  tu b es 
a n d  th e  tu b es were k e p t on  ice.

0.2 m l of sunflow er oil o r 5 m g try p sin  (R ich te r, B u d a p es t)  dissolved in  0.2 m l ph y sio 
lo g ica l saline were in jec ted  th ro u g h  th e  com m on bile d u c t  in to  th e  p ancreas to  induce  p a n 
c re a ti t is  [6]; the  p o rtio n  o f th e  com m on bile d u c t a t  th e  h ep atic  h ilus w as com pressed 
d u r in g  th e  in jec tio n  to  p re v e n t  th e  a g en t to g e t in  th e  liver. M o rta lity  r a te  o f  th e  an im als 
w as d e te rm in ed  3 and  24 h o u rs  la te r , in th e  su rv iv in g  an im a ls  blood pressu re  w as m easu red  
a n d  th e n  th ey  were b led  as ab o v e . T he e x te n t o f f a t t y  necrosis in th e ir  ab d o m in a l c av ity  
w as e s tim a te d . B lood p lasm a  calc iu m  level was d e te rm in e d  b y  flam e p h o to m e try  using  V ersa- 
to l (W ern e r-L am b ert Co., M orris P la ins, USA) as s ta n d a rd .

2. To in v estig a te  th e  e ffe c t o f lip id  p e ro x id a tio n , sunflow er oil, linoleic acid , oleic acid 
o r l iq u id  paraffin  in 0.2 m l v o lu m e  each  was in je c te d  in to  th e  m ain  d u c t o f th e  p an creas of 
in ta c t  r a ts  as described b e fo re . S unflow er oil, linoleic acid , oleic acid in 0.1 m l vo lum e each 
w as in je c te d  also in to  th e  su b m a x illa ry  sa liv a ry  g lan d  o f  som e in ta c t and  a n ae s th e tize d  ra ts , 
b y  re tro g ra d e  w ay, to  co m p are  th e  tissue  dam age p ro d u c ed  in  o th er glands th a n  th e  p an creas. 
S h o r t-c h a in  aldehydes like  m a lo n a ld eh y d e , are p ro d u c ed  p rim arily  by  th e  a u to o x id a tio n  of 
u n s a tu ra te d  fa tty  acids. T h ey  w ere  d e term ined  b y  th io b a rb itu r ic  acid re a g e n t b o th  in th e  
in je c te d  lip ids and, 3 h o u rs  a f te r  th e ir  in jec tion , in  th e  p an creas [19]. T h eir re ac tio n  w ith  
th io b a rb itu r ic  acid gives a  y e llo w  colour and  its  d e n s ity  w as de term ined  a t  530 m/ii w av e
le n g th  in  a Spectrom om  T y p e  360 sp ec tro p h o to m eter.

T he m alonaldehyde  c o n c e n tra tio n  in  th e  lip ids w as ded u cted  from  m alo n a ld eh y d e  
c o n c e n tra tio n  found in  p a n c re a t ic  tissue.

Specim ens of p a n c re a tic  an d  su b m ax illa ry  sa liv a ry  g land  tissue w ere fix ed  in 6%  
fo rm ald eh y d e , em bedded  in to  p a ra ff in , s ta in ed  w ith  h aem ato x y lin -eo sin  a n d  su b jec ted  to 
h is to lo g ic a l s tudy . B lood p re ssu re , p lasm a calcium  v a lu es an d  m alo naldehyde  co n cen tra tio n s  
w ere  ev a lu a te d  a fte r  an a ly sis  o f  v a rian ce  by  D u n n e t t ’s te s t.

Results

T he ca lc iu m -d efic ien t d ie t d id  n o t a ffec t e ith e r  blood p ressu re  or th e  
p la sm a  calcium  level. I n  th e  ra ts  su b jec ted  to  b ila te ra l  p a ra th y ro id e c to m y  and  
k e p t  on a s ta n d a rd  d ie t, m ean  blood p ressu re  w as sig n ifican tly  red u ced  from
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112.1 i  1-22 m m  H g to  89.17 ±  3.14 m m  H g and  so w as th e  m ean  p lasm a 
calcium  level, from  8.99 ±  0.23 m g/100 ml to  6.16 ±  0.22 m g/100 ml (Figs 
1 2 ) .

1. T hree  hours a fte r  i ts  in tr a d u c ta l  in jec tion , sun flow er oil decreased  
blood p ressu re  in  th e  n o n -p a ra th y ro id e c to m iz e d  ra ts  from  116 ±  4 .84 m m  H g

I I Non- parathyroidectonnized rats kept 
' on standard laboratory diet

Non-parathyroidectomized rats 
on calcium -  deficient diet

kept

Щ  Bilaterally parathyroidectonnized rats 
“ “  kept on standard laboratory diet

Bilaterally parathyroidectomized 
kept on calcium -deficien t diet

rats

( ) Number of rats

F ig. 1. A rteria l b lood pressure  (m ean  +  S .E .) o f n o n -p a ra th y ro id ec to m ized  a n d  b ila te ra lly  
p a ra th y ro id e c to m ize d  ra ts  k e p t on d ifferen t d ie ts

E(Л
-§. 1QJ

$  5.

оо

p <  001

09) ( 6) (5)M

□ Non parathyroidectomized rats kept 
on standard laboratory diet

1Ш1] Non parathyroidectomized rats kept 
on calcium -deficien t diet

Ш  Bilaterally parathyroidectomized rats 
kept on standard laboratory diet

^  Bilaterally parathyoidectomized rats 
kept on calcium - deficient diet

( ) Number1 of rats

Fig. 2. B lood p lasm a  calcium  level (m ea n  -f- S .E .) o f n o n -p a ra th y ro id ec to m ized  an d  b ila te r 
ally  p a ra th y ro id e c to m ize d  ra ts  k e p t on d iffe ren t d iets

to  98 i  3.03 m m  H g, h u t d id  n o t  fu r th e r  decrease th e  d im in ished  b lood  p res
su re  o f p a ra th y ro id ec to m ized  r a ts  k e p t on a s ta n d a rd  or a ca lc iu m -d efic ien t 
d ie t. S unflow er oil decreased  th e  p lasm a calcium  level s ig n if ican tly  in  the  
p a ra th y ro id ec to m ized  ra ts  k e p t  on a calc ium -defic ien t d ie t, from  6.36 i  0.39 
m g/100 m l to  4.4 ^  0.36 m g/100 m l, h u t  d id  no t in fluence  th e  p la sm a  calcium
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"j Non parathyroidectomized rats 
before intraductal sunflower 
oil injection

p<0.01
I— i— l------------- :

e
оо

p <0.01 p < 0 .0 5
1 1— I

Non parathyroidectomized rats 
3 hours after intraductal sun
flower oil injection

£
E
. 100-

5 0 -

10- (9 09ü  _ (8) (5)y/\

510-

Я 5 -

(5) 09 Кб: (8) I

[ЛТП] Bilaterally parathyroidectomized 
™  rats before intraductal sun

flower oil injection

Д  Bilaterally parathyroidectomized 
“  rats 3 hours after intraductal 

sunflower oil injection

Bilaterally parathyroidectomized 
rats kept on calcium-deficient 
diet before intraductal su n 
flower oil injection

Bilaterally parathyroidectomized 
rats kept on calcium-deficient 
3 hours after intraductal sun
flower oil injection

( ) Number of rats

F ig . 3. A rteria l blood p re ssu re  (m ea n  -f- S .E .) and  b lood  p lasm a  calcium  level o f n o n-para- 
th y ro id ec to m ized  and  b i la te ra lly  p a ra th y ro id ec to m ized  r a t s  k e p t  on  d ifferen t diets before 

and 3 hours a f te r  th e  in tra d u c ta l  in jec tio n  o f 0.2 m l sunflow er oil

£
8

I— I Non parathyroidectomized rats 
'— ' before intraductal 5 mg trypsin 

injection

I Non parathyroidectomized 
3 hours after intraductal 
trypsin injection

rats 
5 mg

Bilaterally parathyroidectomized 
rats before intraductal 5 mg 
trypsin injection

Bilaterally parathyroidectomized 
rats 3 hours after intraductal 
5 mg trypsin injection

( ) Number of rats

F ig . 4. A rteria l blood p re ssu re  (m ea n  -)- S .E .) and  b lood  p la sm a  calcium  level o f n o n-para- 
th y ro id ec to m ized  and b i la te ra lly  p a ra th y ro id ec to m ized  r a ts  befo re  an d  a fte r  th e  in tra d u c ta l

in jec tio n  of 5 m g try p s in

le v e l o f n o n -p a ra th y ro id e c to m iz e d  ra ts  or th e  low ered  p lasm a calcium  level 
o f  b ila te ra lly  p a ra th y ro id e c to m iz e d  ra ts  k e p t on a s ta n d a rd  la b o ra to ry  d ie t 
(F ig . 3). In  co n trast, 24 h o u rs  la te r  sunflow er oil fa iled  to  ind u ce  an y  change in 
th e  b lood  pressure or th e  p la sm a  calcium  level o f n o n -p a ra th y ro id ec to m ized  or 
o f  th e  p a ra th y ro id e c to m ize d  ra ts .

T hree hours a f te r  i ts  in tra d u c ta l  in jec tio n , 5 m g try p s in  sig n ifican tly  
d ec rea sed  m ean b lood  p re ssu re  bo th  in th e  n o n -p a ra th y ro id e c to m iz e d  ra ts  
( fro m  110.71 i  3.05 m m  H g  to  92 i  5.24 m m  H g) a n d  th e  p a ra th y ro id ec -
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to m ized  ones (from  91.25 ±  3.89 m m  H g to  75.42 i  5.20 m m  H g) (p " 0 .01) 
a n d  th e  p lasm a calcium  level in  th e  b ila te ra lly  p a ra th y ro id e c to m ize d  ra ts  
(F ig . 4).

N o sig n ifican t d ifference in  th e  3 an d  24 hours m o rta li ty  ra te s  w as fo u n d  
in  th e  n o n -p a ra th y ro id ec to m ized  o r p a ra th y ro id e c to m ize d  an im als w ith  s u n 
flo w er o il-induced  or try p s in -e lic ited  p a n c re a titis  (T able I).

Table I

M ortality rate o f  rats 3 or 24 hours after the intraductal ( i .d .)  injection  
o f  0.2 ml sunflow er oil or 5 mg trypsin

H ours after the  i.d. 
injection of sunflower 
oil or 5 mg trypsin

Non-parathyroidectomized 
pancreatitic ra ts

Bilaterally parathyroidectom ized 
pancreatitic rats

0.2 mi sunflower oil 5 mg trypsin 0.2 ml sunflower oil i.d. 5 mg trypsin  i. d.

to tal
number dead

to ta l
num ber dead

to ta l
num ber dead

to tal
num ber dead

3 hours 15 0 15 3 9 l 15 3

24 hours 19 5 55 40 13 6 54 30

N o difference could be d e te c te d  in  th e  tissue  d am age o f th e  p an c reas  an d  
th e  e x te n t  o f f a t ty  necrosis in  th e  ab d o m in a l c a v ity  of th e  n o n -p a ra th y ro id e c 
to m ized  or p a ra th y ro id ec to m ized  su rv iv in g  p a n c re a titic  an im als. D u rin g  
b leed in g  from  th e ir  ab d o m in a l a o r ta , ch a ra c te ris tic  te ta n ic  seizure developed  
in  th e  p a ra th y ro id e c to m ize d  ra ts .

2. M alonaldehyde c o n c e n tra tio n  w as found  to  have  s ig n if ican tly  increased  
in  th e  pan creas  on ly  a fte r  linoleic acid  in jec tio n  (T able I I )  w hich  caused  th e  
m o st ex ten siv e  tissue  d am age as co m p ared  to  th e  effect o f  o th e r  lip ids (F ig . 5). 
O f th e  th re e  in jec ted  lip ids, on ly  linoleic acid elic ited  necrosis in  th e  su b m ax il-  
la ry  sa liv a ry  g land  (Figs 6 , 7).

Tabic II

M alonaldehyde concentration due to fa tty  acid peroxidation  
in the pancreatic tissues o f  rats 3 hours after the intraductal 

injection o f  various lipids

In traductally  injected 
lipids in 0.2 ml volume

Malonaldehyde concen
tration (picomol/g of wet 

pancreatic tissues)

Linoleic acid 1108.2 0 ±  147.89* (5)

Oleic acid 143 .60±  90.53 (5)

Sunflow er oil 8 5 .2 0 ±  53.15 (5)

P ara ffin 260 .6 0 ±  159.62 (5)

* S ignificantly  d ifferen t (p  <  0.01) from  each group; ( ) n u m b er of anim als
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F ig . 5. E x te n d ed  necrosis o f exocrine  p an crea tic  tissu es 3 h o u rs  a f te r  th e  in tra d u c ta l  in jec tion
of 0.2 m l linoleic acid  (H .E ., x ! 2 0 )

F ig . 6. E x te n d ed  necrosis o f  su b rn ax illa ry  sa liv a ry  g lan d  3 h o u rs  a fte r  th e  re tro g rad e  in jec 
tio n  of 0.1 m l linoleic acid  (H .E ., X l2 0 )
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Fig. 7. R e tro g rad e  in jec tion  of 0.1 m l oleic acid d ila ted  acin i b u t  did not induce necrosis 

in th e  su b m ax illa ry  sa livary  g lan d  (H .E ., X 120)

D iscussion

A p ro longed  an d  sig n ifican t decrease o f b lood  p ressu re  and  of th e  p lasm a 
calcium  level was induced  b y  b ila te ra l p a ra th y ro id e c to m y . The fo rm er effect 
was re m a rk a b le  since o th e r a u th o rs  succeeded in  in d uc ing  a blood p ressu re  
fall b y  p a ra th o rm o n e  in dogs an d  ra b b its  [2]. T h e  ph en o m en o n  requ ires fu r th e r  
in v es tig a tio n .

T h e  fa c t th a t  in th e  p a ra th y ro id e c to m ize d  ra ts  p lasm a calcium  level 
low er th a n  7 m g/100 ml did n o t affect th e  m o r ta l i ty  ra te  o f acu te  p a n c re a titis  
or th e  e x te n t o f fa t  tissue necrosis m eans t h a t  th e  low  calcium  level fo u n d  in 
grave acu te  p a n c re a titis  is a consequence ra th e r  th a n  th e  cause of th e  fa ta l 
disease, in o th e r  w ords a consequence of th e  in ju ry  c a rry in g  an u n fav o u rab le  
prognosis.

W e fo u n d  no differences in  th e  g ra v ity  an d  e x te n t o f p an crea tic  in ju ry  
betw een  n o n -p a ra th y ro id ec to m ized  and p a ra th y ro id e c to m ize d  ra ts . O th e rs  
found  no decrease in  p an c re a tic  enzym e ex c re tio n  of p a ra th y ro id ec to m ized  
ra ts  [5]. N ecrosis o f th e  g lan d  w ith  ex ten siv e  f a t ty  necrosis is c h a ra c te ris tic  
of su n flo w er o il-induced  p a n c re a titis , w hile b leed ings p a ren ch y m al and  fa t  
tissue necrosis occur in  try p s in -in d u ced  a c u te  p a n c re a titis . I t  w as, th e re fo re , 
rem ark ab le  th a t  only  in  th e  p a ra th y ro id e c to m ize d  an im als fed a ca lc iu m -d efi
c ien t d ie t d id  th e  calcium  level decrease co n sid e rab ly , from  6.36 m g/100 m l
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to  4 .4  m g/100 m l in  3 h ou rs a f te r  th e  re tro g ra d e  in jec tion  o f su n flo w er oil. 
T h e se  fin d in g s  u n d o u b ted ly  su g g est th a t  in  th e  p a ra th y ro id e c to m ize d  an im al 
k e p t  on  a s ta n d a rd  d ie t, som e easily  m obilizab le  calcium  ensures th e  co n stan cy  
o f  th e  b lo o d  calcium  level, th o u g h  a t  a low er th a n  no rm al v a lu e  even  i f  ca lcium  
is d e p o s ite d  in  g rea t am o u n ts  in  th e  tissues. S uch  a store  m ig h t be c o n s titu te d  
b y  th e  in g es ted  calcium  an d  b y  th e  ca lc ium  c o n te n t o f e x tra c e llu la r  flu id . In  
th e  p a ra th y ro id e c to m ize d  an im als  k e p t  on a ca lc ium -defic ien t d ie t, th e  m ark ed  
d ec re a se  in  th e  blood calcium  level fo llow ing sunflow er oil in jec tio n  cou ld  have  
b een  d u e  to  calcium  so ap -fo rm atio n  an d  a la ck  of in te s tin a l an d  e x tra c e llu la r  
c a lc iu m  sto res. A ccordingly , in  g rav e  acu te  h u m a n  p a n c re a titis  th e  decrease  in  
th e  p la sm a  calcium  level m ig h t be  also asc rib ed  to  calcium  soap  fo rm a tio n  
re s u lt in g  from  fa t  tissue necrosis a n d  from  th e  decreased  ab so rp tio n  o f ca lcium  
fro m  th e  g u t. T he in te s tin a l co m p lica tions fre q u e n tly  occurring  in  a c u te  p a n 
c re a t i t is  such  as th e  in te s tin a l p a ra ly s is , th e  h aem o rrh ag ic  lesions o f th e  in te s t i 
n a l m u co sa  due to  shock, th e  a r re s t  o f je ju n a l  villous a c tiv ity  [11] m ig h t 
d is tu rb  ca lcium  abso rp tio n  fro m  th e  in te s tin e s . T he view  th a t  h y p o ca lcaem ia  
m a y  be  due  to  calciton in  h y p e rsec re tio n  [12, 14] or re la tiv e  in su ffic ien cy  of 
p a r a th y r o id  horm one secre tion  [10] in  a c u te  p a n c re a titis  is q u es tio n ed  b y  a 
m o s t re c e n t p u b lica tion  [18]. A ccord ing  to  i t ,  th e  hypocalcaem ia  in  acu te  p a n 
c re a ti t is  is p ro b ab ly  no t cau sed  b y  ab n o rm a litie s  of g lucagon-, ca lc iton in -, 
p a r a th y ro id  horm one secre tion . I t  is sugg ested  th a t  h y poca lcaem ia  in  acu te  
p a n c re a t i t is  w ould be due to  ca lc ium  se q u e s tra tio n  in areas of f a t ty  necrosis 
a n d  possib le  defect of bone m etab o lism  [18].

I t  cou ld  be d e m o n s tra te d  th a t  linoleic ac id  in jec ted  in to  th e  g land  u n d e r
w e n t p e ro x id a tio n  in  th e  p an c reas . T he process m ight ag g ra v a te  th e  tissu e  
in ju r y  p ro b a b ly  owing to  th e  lysis o f m ito ch o n d ria  in  th e  ac in a r cells an d  to  th e  
re lea se  o f  lysosom al enzym es [16]. F o llow ing  th e  in jec tio n  o f linoleic acid , its  
p e ro x id a tio n  or its  tox ic  e ffec t m ig h t be responsib le  for in d u c in g  necrosis in 
th e  su b m a x illa ry  sa livary  g lands.

A cknow ledgem ent

W e  a r e  i n d e b t e d  t o  M r .  A. S c h ä f e r  a n d  M r .  A. S e r e g i  f o r  a s s i s t a n c e  i n  t h e  d e t e r m i 
n a t i o n  o f  p a n c r e a t i c  m a l o n a l d e h y d e  c o n c e n t r a t i o n s .

R E F E R E N C E S

1. B á c s y ,  E ., N a g y , Z., P a p p , M .: In tra -a c in a r  lipo lysis, an  early  sign of in tr a v i ta l  p a n c re a tic
au to d ig e s tio n . A cta  m ed. A cad . Sex. hung . 27, 3 3 1 —335 (1970).

2. C h a r b o n , G. A., B r ü m m e r , F ., R e n e m a n , R . S.: D iu re tic  and  v ascu la r ac tio n  of p a ra 
th y ro id  e x tra c ts  in  an im als an d  m an . A rch . in t. P h a rm aco d y n . 171, 1 — 11 (1968).

3. C o n d o n ,  J .  R ., I v e s ,  D ., K n i g h t , M., D a y , I .:  T h e  aetio logy of h y p o calcaem ia  in  acu te
p a n c re a titis .  B rit. J .  Surg . 62, 115 — 118 (1975).

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



EFFECT OF HYPOCALCAEMIA ON ACUTE PANCREATITIS 103

4. Geok as , M. C., v a n  La nckner , J .  L ., K a d ell , B. M .: A cute  p an crea titis . A n n . n te rn .
M ed. 76, 1 0 5 - 1 1 7  (1972).

5. H e id b r e d e r , E ., K a ppe l , W ., H e id l a n d , A .: E x o k rin e  P an k reasfu n k tio n  bei ch ro n i
scher H ypocalcäm ie. U n te rsu ch u n g en  an  p a ra th y ro id e k to m ie r te n  R a tte n . R es. E x p . 
M ed. 165, 9 3 - 9 9  (1975).

6. H e in k e l , K .: D ie R a tte  als V e rsu ch stie r in  d e r experim en tellen  P a n k re asd ia g n o s tik .
K lin . W schr. 31, 815 (1953).

7. H ess , O.: E x p erim en te lles  zur P an k reas-  u n d  F e ttg ew ebsnekrose . M ünch, m ed . W schr.
52, 6 4 4 - 6 4 6  (1905).

8. I m r ie , C. W ., W h y t e , A. S.: A p ro sp ec tiv e  s tu d y  of acu te  p an crea titis . B r i t .  J .  Surg.
62, 490—494 (1975).

9. K nig ht , M. J ., Con d o n , J .  R ., Da y , J .  L .: Possib le  ro le  o f glucagon in  p a th o g e n es is  of
acu te  p a n c re a titis . L an cet 2, 1097— 1099 (1972).

10. N orberg , H. P ., D e R oos, J . ,  Ka pla n , E . L .: In c re a se d  p a ra th y ro id  h o rm o n e  secre tion
an d  hyp o calcaem ia  in  ex p erim en ta l p a n c re a t i tis ,  n ecessity  for an  in ta c t  th y ro id  g land . 
S u rgery  77, 7 7 3 - 778 (1975).

11. P. N ém eth , É ., I hász , M., F olly, G., P a p p , M.: The action of secretin, trypsin  and his
tam in e  on  th e  m o tility  of canine in te s tin a l v illi. A m er. J .  G astroen tero l. 60 , 607— 615 
(1973).

12. P a lo y an , E ., P alo y an , D ., H arper , P . V .: T h e  ro le o f  glucagon h y p e rsec re tio n  in  th e
re la tio n sh ip  of p a n c re a titis  and h y p e rp a ra th y ro id ism . Surgery  62, 167— 173 (1967).

13. P a p p , M., N agy , Z., F odor, I .:  U l tra s tru c tu re  o f p a n c re a tic  acinar p a re n c h y m a  in  acu te
e x p erim en ta l p a n c re a titis  o f th e  p igeon . A c ta  m ed . A cad. Sei. hung . 19, 377 — 388 
(1971).

14. P icklem an , J .  R ., E r n s t , K ., B row n , S ., P a lo y a n , E .: G lucagon-induced h y p o ca lcaem ia :
e ffec t of th e  th y ro id  g land. Surg. F o ru m  20, 85 — 87 (1969).

15. Siiie b e r , W .: W h y  hypocalcaem ia  in  p a n c re a t i t is ?  A m er. J. Surg. 120, 685 — 686 (1970).
16. Ta ppe l , A. L .: L ip id  p e ro x id a tio n  d am ag e  to  cell com p o n en ts . Fed. Proc. 32, 1870— 1874

(1973).
17. W a n k e , M., N agel , W ., W illig, F .: F o rm e n  d e r experim entellen  P a n k re a tit is  p a th o -

a n a to m isch  gesehen. F ra n k fu rt. Z. P a th .  75, 207— 221 (1966).
18. W e ir , G. C., Le sse r , P . B ., D rop, L. J . ,  F isc h er , J .  E ., W arshaw , A. L .: T h e  h y p o 

calcaem ia of a cu te  p a n crea titis . A n n . in te rn . M ed. 83, 185 —189 (1975).
19. W il b u r , K . M., B er nh eim , F ., Shapiro , O. W .: T h e  th io b a rb itu ric  acid re a g e n t  as a te s t

fo r th e  o x id a tio n  o f u n sa tu ra te d  f a t t y  acids b y  v a rio u s agents. A rch. B iochem . 24,
305 — 313 (1949).

D r. S. F e h é r ,
G. F o l l y ,
J .  E d it H o r v á t h ,
D r. M. P a p p

D r. I. F o d o r , H -1027 B u d a p e s t F ra n k e l 17/19

H -1450 B u d a p e s t P .O .B . 67.

2 A da  Medico Acadcmiae Scientiarum Hungaricae 32, 1975





Acta Mcdica Âcademiae Scienliarum Hungaricae , Tomus 32 (2 ) , pp . 105— 116 (1975)
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CFY m ale ra ts  an aesth e tized  w ith  p e n to b a rb ita l  were used in d iffe ren t g roups 
fo r in ducing  acu te  p a n c re a titis  b y  th e  re tro g ra d e  in jec tio n  e ith e r of 1 m g e lastase , 
5 m g try p s in , 4 m g lyso lecith in , 10 m g N a -tau ro c h o la te  in 0.2 m l vo lum e or o f 0.3 m . 
sun flow er oil. In  each  group lap a ra to m ized  an im als served  for con tro l. T he an im als 
w ith  p a n c re a titis  w ere tre a te d  e ith e r w ith  15 ^ig/b.w .kg/hour glucagon or w ith  p h y sio 
log ical saline fo r 72 hours.

T w en ty -fo u r an d  72 hours a fte r  in d u cin g  p a n c re a titis  g lucagon d id  n o t in fluence  
th e  s ig n ifican t fall in  blood p ressure  e lic ited  b y  th e  in tra d u c ta l  in jec tio n  o f t ry p s in  
o r e lastase  or in th e  p lasm a calcium  level in  p a n c re a titis  induced  b y  try p s in  o r su n 
flo w er oil. N e ith e r d id  glucagon affec t th e  s ig n ifican t increase o f p lasm a lip ase  a c tiv ity  
in  p a n c re a titis  in d u ced  by  try p s in  or tau ro c h o la te . I t  also failed to  reduce  th e  24-hour 
m o r ta l ity  ra te  an d  th e  ex tension  of f a t  tis su e  necrosis in th e  ab d o m in a l c a v ity  o f 
p a n c re a titic  an im als. In  c o n tra s t, g lucagon t re a tm e n t  s ign ifican tly  red u ced  th e  a m o u n t 
o f ab d o m in a l e x u d a te  associated  w ith  bile sa lt  in duced  p a n c re a titis  an d , p ro b a b ly  
due  to  its  p a n c re a tic  blood flow  increasing  e ffec t, seem ed to  m o d era te  th e  degree of 
tis su e  dam age e lic ited  in th e  p an creas b y  d e te rg en ts  such as tau ro ch o la te  or ly so lec ith in .

G lucagon  has been  show n to  reduce  th e  in co rp o ra tio n  of lab e lled  D L - 
leucine in to  p an c rea tic  p ro te in s  [14], to  d im in ish  b o th  th e  vo lum e an d  th e  e n 
zym e c o n c e n tra tio n  o f p an c rea tic  ju ice  [6 , 17], to  increase card iac  o u tp u t  [18] 
an d  su p e rio r  m esen teric  a r te ry  blood flow  [18, 22, 29, 35]. I t  e lev a tes  to ta l  
liv er b lood  flow  even in  h aem orrhag ic  shock  [4, 19], reduces a r te r ia l  b lood  
p ressu re  b y  d im in ish ing  p e riphera l v a sc u la r  res is tan ce  [18, 22, 291 an d  in 
creases th e  b lood sugar level. In  n o n -fa ta l a cu te  p a n c re a titis  in  dogs h y p erg lu ca - 
gonaem ia  has been  d e m o n s tra te d  [25]. I t  h a s  been  suggested  th a t  h y p erg lu ca - 
gonaem ia  m ig h t d e lay  th e  d eve lopm en t o f acu te  p a n c re a titis  [16]. R ep o rts  
co llected  u n til  1975 concern ing  a b o u t 130 p a tie n ts  suffering  from  a c u te  p a n 
c re a titis  a n d  tre a te d  w ith  glucagon, also seem ed to  in d ica te  th e  ben efic ia l effect 
of th is  th e ra p y  [1, 5, 7, 8 , 13, 15, 17, 21, 30, 31, 32, 36, 39].

F o u r  research  team s have in v e s tig a te d  th e  efficacy  of g lucagon  t r e a t 
m e n t on th e  ou tcom e o f ex p erim en ta l a c u te  p a n c re a titis  [3, 20, 28, 37) an d  
p u b lish e d  th e ir  re su lts  in  1974. One o f th e  p ap e rs  show ed th a t  g lucagon  th e r 
a p y  re d u ced  th e  m o rta lity  ra te  of acu te  p a n c re a titis  in  th e  pig [37], a n o th e r  
show ed g lucagon  p re tre a tm e n t to  d im in ish  th e  vo lum e of ab d o m in a l e x u d a te  
in  co rn  o il-induced  p a n c re a titis  in ra ts  [20]. T h e  o th e r tw o research  te a m s could
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n o t  d e m o n s tra te  a n y  fav o u rab le  effect o f g lucagon  th e ra p y  on th e  o u tco m e of 
e x p e r im e n ta l a c u te  p a n c re a tit is  [3, 28].

T h is  h as  p ro m p te d  us to  s tu d y  w h e th e r g lucagon  t r e a tm e n t h ad  an y  fa v o u r
a b le  e ffec t on a c u te  e x p e rim e n ta l p a n c re a tit is  in d u ced  b y  d iffe ren t ag en ts  in  
r a ts  [9, 10].

M ateria ls an d  m ethods

Several h u n d re d s  o f  C FY  w h ite  m ale ra ts  a n ae s th e tize d  in tra p e rito n ea lly  w ith  p e n to 
b a r b i ta l  (4 m g/100 g b .w .) were u sed  th ro u g h o u t th e  s tu d y , a rran g ed  in  th e  follow ing g roups.

1. T he effec tiveness o f g lucagon  (N ovo, P a ris )  w as te s te d  in  r a ts  o f 150 — 200 g b.w . 
G lu cag o n  w as in je c te d  in  g rad u a lly  increasing  doses in to  th e  fem ora l v e in  o f a n ae sth e tize d  
in ta c t  ra ts ,  a llo tte d  to  d iffe ren t ex p erim en ta l g ro ups. O ne r a t  w as used  for te s tin g  one dose. 
S a lin e - in je c te d  ra ts  se rv ed  as con tro l.

I n  one group , changes in  liver b lood flow  w ere reco rd ed  b y  a  h e a te d  th erm o co u p le  in 
se r te d  in to  th e  o rg an  [27]. In  a n o th e r group  a r te r ia l  b lo o d  pressu re  in  th e  ab d o m in a l a o r ta  
w as m ea su re d  b y  a m erc u ry  m an o m e te r im m ed ia te ly  a f te r  th e  in jec tion . In  a th ir d  g roup  
th e  p la sm a  glucose level w as d e te rm in ed  h y  th e  o rth o to lu id in e  m eth o d  in ra ts  fa s te d  for 
24 h o u rs , 10 m in u te s  a f te r  th e  in je c tio n  of glucagon.

2. R a ts  w eighing 250 — 300 g w ere la p a ra to m iz e d  a n d  d iv id ed  in to  th ree  g roups.
O ne o f th e m  se rv ed  as lap a ra to m iz e d  co n tro l. In  th e  ra ts  o f th e  o th e r tw o groups a cu te

p a n c re a t i t i s  w as e lic ited  b y  th e  re tro g ra d e  in jec tio n  e ith e r  o f 1 m g e lastase  (C albiochem , San 
D iego), 5 m g try p s in  (R ich te r, B u d a p es t) , 0.3 m l sun flow er oil, 4 m g lyso lec ith in  (C albiochem , 
S a n  D iego) or 10 m g sod ium  tau ro c h o la te . E ac h  a g e n t w as in je c te d  in  0.2 m l vo lum e of p h y s io 
lo g ica l sa line  [12].

T h e  o n ly  lap a ra to m iz e d  g ro u p  w as le ft u n tre a te d .  T he p a n c re a titic  ra ts , irresp ec tiv e  
o f th e  in d u cin g  a g en t, w ere tre a te d  w ith  g lucagon  or w ith  physio log ical saline.

G lucagon  w as ad m in is te red  in  doses of 15 ^g /k g  b .w ./h o u r; in  th e  f irs t  h o u r a f te r  in d u c 
ing  p a n c re a t i t is  b o th  in tra v en o u s ly  a n d  in tra p e rito n e a lly ; in  th e  f ir s t  24 hours ev ery  5 h o u r 
a n d  on  d ay s 2 a n d  3 i t  w as g iven  tw ice  in tra p e rito n e lly . T he con tro ls were in je c te d  w ith  
p h y sio lo g ica l saline. B o th  g lucagon  a n d  physio log ical sa line  w ere in jec ted  in  0.3 m l vo lum e.

T h ree , 24 an d  72 h o u rs , re sp ec tiv e ly , a f te r  th e  in d u c tio n  of acu te  p a n c re a titis , a r te r ia l  
b lo o d  p ressu re  w as m easu red  in  th e  ab d o m in a l a o r ta  a n d  th e  an im als w ere b led  th ro u g h  th e  
a o r ta  in to  te s t  tu b es  w ith  h ep arin . L ipase  a c t iv ity  in  a r te r ia l  p lasm a or in  th e  ab d o m in a l 
e x u d a te  w as d e te rm in e d  b y  using  sunflow er oil as su b s tra te  [37, 38]. Calcium  c o n ce n tra tio n  
w as e s tim a te d  b y  flam e  p h o to m e try . M o rta lity  ra te  w as d e te rm in ed  24 hours a f te r  in d u c tio n  
o f  p a n c re a t i tis .  T he g ra v ity  a n d  ex ten sio n  of ab d o m in a l lesions due to  acu te  p a n c re a titis  
w ere  assessed  in th e  an im als  su rv iv in g  72 hours. T h e  p an creas  from  such  an im als w as fix ed  
in  6 %  fo rm ol and  sec tions were p re p are d  fo r s tu d y in g  th e  h isto log ical dam age. T he h is to lo g ist 
w as n o t  in fo rm ed  a b o u t th e  tr e a tm e n t  o f th e  an im als.

T h e  effec t o f v a rio u s  g lucagon  doses on b lood  p ressu re  and  p lasm a glucose leve l in  
in ta c t  an im als  as ag a in s t those  in  th e  co n tro ls, follow ing analysis of v a rian ce , w as e v a lu a te d  
b y  D u n n e t t ’s te s t.  N e x t, th e  va lues fo r th e  g lucagon  o r saline p a n c re a titis  w ere co m p ared  
w ith  th o se  fo r th e  lap a ro to m ize d  an im als; th e  re sp ec tiv e  v a lues for th e  tw o p a n c re a titic  
g ro u p s  t r e a te d  in  d iffe re n t w ays w ere also co m pared  a f te r  analysis of v a rian ce , b y  th e  D unn- 
te s t .  T h e  effec t o f th e  tre a tm e n ts  on th e  m o rta lity  ra te  o f p a n c re a titic  an im als w as e v a lu a te d  
b y  th e  te s t. T he vo lum es of ab d o m in a l e x u d a te  in  th e  d iffe ren t groups w ere co m p ared  
b y  S tu d e n t’s i-test.

R esults

1. G lucagon p ro v ed  to  be effective in  th e  p re lim in a ry  ex p erim en ts . I t  
in c re a se d  liv er b lood  flow  (F ig . 1), s ig n ifican tly  red u ced  blood p ressu re  (F ig . 2) 
a n d  e lev a ted  th e  p lasm a  glucose level in  r a ts  fa s te d  fo r 24 hours (F ig . 3).

2. As co m p ared  to  th e  va lu es  o b ta in e d  in  th e  lap a ra to m ized  g ro u p s, 
p a n c re a ti t is  in d u ced  b y  try p s in  or e lastase  cau sed  a sign ifican t fall o f b lood
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Fig. 1. T he effect o f g lucagon  on h ep atic  ( to ta l  liv e r) b lood  flow  in a re p re se n ta tiv e 'e x p e rim e n t

PHYS, 2.5/ig 5.0>ig KUO/ig 20.0/ig DOSE OF
SAL. RAT RAT RAT RAT GLUCAGON

F ig . 2. T he effec t o f g lucagon  on a r te r ia l  b lood  p ressure . D ose-effect re la tio n sh ip

p ressu re  a t  3, 24 an d  72 hours, re sp ec tiv e ly . T ry p s in , or sunflow er oil p a n c re a 
ti t is  s ig n ifican tly  red u ced  th e  p lasm a  ca lc ium  co n cen tra tio n  an d  ly so lec ith in  
p a n c re a titis  d im in ished  i t  72 hours a fte r  its  o n se t. In  try p s in , sun flow er oil an d  
sod ium  ta u ro c h o la te  p a n c re a titis  lipase  a c t iv i ty  increased  s ig n if ic a n tly  in  
p lasm a  an d  ab d o m in a l ex u d a te  a t  3 an d  24 h o u rs , respective ly , a f te r  in d u c 
tio n  (Taille I ,  F ig . 4).
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W h e n  c o m p a r in g  th e  v a lu e s  fo r  th e  g lu c a g o n - tr e a te d  w ith  th o s e  fo r  th e  
s a l in e - t r e a te d  g ro u p s , a  s ig n if ic a n t d iffe ren ce  w a s  fo u n d  o n ly  in  th e  p la s m a  c a l
c iu m  le v e l in  so d iu m  ta u ro c h o la te  p a n c r e a t i t i s ,  24  h o u rs  a f te r  i t s  in d u c t io n .
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Table I

Effect o) glucagon treatment on arterial blood pressure, p lasm a calcium and lipase concentration, 24 and 72 hours after induction o f  pancreatitis

I D. INJ. 
4 + TREAT-

HOURS aFTER4 ^ ^  
ID INJ. N .

LA FARO 
TOMY
ONLY

ELASTASE 
1 mg LAFAFC-

TOMY
ONLY

TRYPSIN : 
5 mg

II
I SUNFLOWER 

OIL: 0.3 ml LAFAFKO
TOMY
ONLY

LYSOLECITHIN: 
4 mg LAFARO-

TOMY
ONLY

SOD. TAUROCHOL 
X) mg

+
PHYS.
SAL ff +

PHYS.
SAL.

PHYS
SAL. m

“1“
PHYS
SAL. / öQn z

+
PHYS
SAL.

2 h

H

0

U

R

S

ARTERIAL BLOOO 
PRESSURE 

mm Hg

113.5* 
- 2.8 

(7)

11CL0 
- 3.4 

(6)

105.0 
i  2.4 

(10) § 100.0 
- 3.2 

(13)

104.4 
t 3.8 

(8)
Щ'Ay).

101.8 
1 4.2

(8)
y y / -

99.2
5 20

(7 )

'уШ  
2 У

Z Í * X

103.7 
i  2.4 

(12)
PLASMA 

CALCIUM . 
mg / 100 ml

8.7
1 0.1 

(7 ) Щ
9.1

1 0.1 
(6)

8.7
!  0.1 

(10) Щ

80*  
t 0.1 

(13)

Ю4 
í  Ü2 

(8) i 8.0*
!  0.5

(7 )

77/,
Y /\

82  
!  Ü2 

(7 )
Щ ’ 7.7 

:  0.2 
(12)

PLASMA 
LIFASE : 

IU /  Ю00 ml

1633 
i  16,6

(7 ) 1 1215 
î  1Ü0

(6)

64.5 
Î 20.1 

(10) ж
8384*

1133.7 
(13)

76.2 
Í 230  

(8)
Щ#/134.0* 

t 24.0
(7) Zz-

56.4 
i 15.7 

(7) i 2810* 
î  56.5 

(12)

ABD. EXSUD. 
LIPASE :

IU /  1000 ml i - i 16833.3 
41531.0 

(12)
Ш
/ / / .

1772.2 
1487.1

(8 ) ш
- * Д / л  7

/ Ж /

15068 
Í 452.3

(6)

ABD EXSUD.: 
ml /A y ШV / у /// / / у  /  /  / / / Ш /

Ь 4.0 
Í  05  

(6)

72

H

0

U

R

S

ARTERIAL BLOOD 
PRESSURE 

mm Hg

104.5 
i 2.1

do) i 936* 
4 2.7 

(11)

105.8 
♦ 4.1 

(6)

^ 9 Й /

Щ
88.3* 

Í  5-4
(6)

1080 
i  2.4 

(10)

Ж
/ЛХ,
VYÍ2)/

106.7 
Î 2.4 

(23)

106.0 
1 2.6

(10)

/  1 0 $ z
/А У .Ж

1018 
4 3.7 

(8)

106.0 
* 26  

(10) m
11Ü0 

t  2.3 
(15)

PLASMA 
CALCIUM : 

mg / 100 ml

73
1 0.1 

(10) ж
8.0 

Í 0.1 
(11)

9.6
!  аз

(6)
V' ву
v y y

8.5* 
4 0.1

(6)

9.3
4 0.1 

(10) m
8.7 * 

4 0.1
(25)

90
4 0.1 

do) т
8.8

4 0.1
(8)

9.0
4 0.1 

(10)

fw
/ > 0 . 1 // Ж /

8.8
4 0.1 

(15)
PLASMA 
LIPASE : 

IU /  1000 ml

85.4 4 12.5 
(10)

/ р в у

ZM y ,

115.5 
* 20.3 

(11)

523  
!  8.9

(6)

/ 1 3 9 5 /
у ж
/ЩА

118.0 
1 31.1 

(6)

162.8 
Í 28.6 

(10)

/yC xi-

Щ
96.2 4 14.4 

(25)

104.8 4 11.1 
(10)

/ д а / /

Ш
81.1 4 34.0 
(8)

104.8 4 11.1 
(10)

Ж/Ж
100.5 

4 26.2 
(15)

• p < 0  05 —  p<0.05 t MEAN í  S.E I D. = INTRADUCTAL ( )  NUMBER OF RATS
FROM THE
„LAFAROTOMY"-
GROUP
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Table II

M orta lity  rate o f  acute pancreatitis 24 after its induction

P ancreatitis
induced by;

Treatment

Physiol, saline

Total Died УУУ/'уЩ'у
E lastase 20 3 Ж
Trypsin 75 56 УУУ/У У /
Sunflower oil 35 1 y y y ш
Lysolecithin 12 4 ш
Sodium taurocholate 34 7 Ш / / / /

Table III

E xten s io n  o f abdominal f a t  tissu e  necrosis in  surviving rats 72 hs after induction o f  acute pancreatitis

Total
Abdominal fat tissue necrosis

Absent Focal Islet- like Confluent

Physiol.
saline

/z\/ /  /
уУУ/

Physiol.
saline

/ у /  /
/9 r /

Physiol.
saline

4 4 4 / /

Ш
Physiol.
saline Ш

Physiol.
saline / # - /

E lastase 11
Ш

11
уy y y
v v v V //,

Trypsin 6 /У У / ' / / / , 1 УУу, 2 У У / 3 y //e
Sunflower oil 25 w , '///< 2 23

Lysolecithin 6 УУУ, - У /У / 2 y /y 6 /У У г
Sodium taurocholate 15 Ш - Ш ш 6 y y . 9 У У /
Total 65 г /к л 11 1 Va A 12 Р Ж 41 V y //

Table IV

H istological damage o f  p ancrea tic  acinar parenchyma 72 hs after induction  o f  acute pancreatitis

^ ~^ ^ --JH isto log ica l
^ ^ ~ -^ _ d a m a g e Necrosis

Inflammation 
( leukocytic )

Haemorrhage Fibrosis

Pancreatitis
induced by

Physiol.
sa line Щ

Physiol.
saline

Physiol.
saline '/$ /<

Physiol. 
saline ш

1 mg of Elastase — 'УУУ/ 4 - 4 4 /УУ/) 4 - //У /
5 mg of Trypsin 4 4 W — 4 4 УУУ г 4 4 W 7 .
0.2 ml of Sunflower oil 4 4

ж
-4b Ж — ш , 4 - /у У /.

0.4 mg of Lysolecithin 4 4 У У / -4 4 4 - УтУ'/ 4 4 ж
10 mg of Sodium taurocholate 4H - 'M 44 /W \ ХУУУ 4 4 У7 У /

DAMAGE Absent Focal Islet-like Confluent Complete

— 4 - 4 4 4+4 4 4 □  In favour of 
glucagon 
treatment

Acta Medico Academiae Scientiarum Hungaricae 32, 1975



GLUCAGON TREATMENT OF ACUTE PANCREATITIS 111

G lucagon tre a tm e n t dec reased  th e  vo lum e of ab d o m in a l e x u d a te , associ
a te d  w ith  ta u ro c h o la te  p a n c re a tit is , 24 hou rs  a fte r  its  b eg in n in g  (T ab le  I).

G lucagon failed to  reduce  th e  24 -hour m o rta lity  ra te  in  a c u te  p a n c re a 
ti t is  elicited  by  th e  d iffe ren t a g e n ts  (T able I I )  or to  cause im p ro v e m e n t o f th e  
incidence  an d  ex tension  o f a b d o m in a l fa t  tissu e  necrosis (T able  I I I ) .

G lucagon failed  to  in fluence  e ith e r  th e  g ra v ity  or th e  ex ten s io n  o f p a n 
c rea tic  tissue  dam age elicited  b y  try p s in , e lastase  or sun flow er oil, as observed  
a t  72 hours a f te r  in d u c tio n  (F igs 5, 6), b u t  decreased  th e  e x te n t  o f  h a e m o r
rhages evoked  b y  try p s in . In  p a n c re a tit ic  ra ts  su rv iv in g  72 h o u rs  g lucagon 
seem ed to  m o d era te  th e  e x te n t o f  p a n c re a tic  necroses in d u ced  b y  ta u ro c h o la te  
or lyso lecith in  (T able IV , F igs 7— 10).

D iscussion

In  ou r ex perim en ts g lucagon  t r e a tm e n t failed to  in fluence  th e  m o rta lity  
ra te  in ex p erim en ta l acu te  p a n c re a tit is , irre sp ec tiv e  of th e  e lic iting  ag en t, in 
ag reem en t w ith  d a ta  o b ta in ed  b y  o th e r  research  team s [3, 20, 28]. N e ith e r  did 
g lucagon tre a tm e n t in fluence  th e  fa ll of p lasm a calcium  c o n c e n tra tio n  n o r th e  
rise  of lipase a c tiv ity  e lic ited  b y  th e  p a n c re a titis  itse lf. In  e x p e rim e n ta l p a n 
c re a ti t is  R o s i e t al. [28] did n o t  f in d  g lucagon to  reduce  th e  e le v a te d  serum  
am y lase  c o n cen tra tio n . In  c o n tra s t ,  L a n k is c h  e t al. [20] o b serv ed  a fall of 
se rum  am ylase and  lipase c o n c e n tra tio n s  u p o n  th e  effect o f g lucagon  p re tr e a t
m en t (200 //g /kg  b .w ./hour). S uch  h igh  doses reduced  th e  vo lum e o f ab d o m in a l 
e x u d a te  in corn  o il-induced  p a n c re a tit is  [20]. In  ou r ex p erim en ts , g lucagon  w as 
app lied  in a dose of 15 pg /kg  b .w ./h o u r, an  am o u n t app lied  also b y  R . E . Co n 
d o n  e t al. [3] an d  sligh tly  h ig h er th a n  th e  dose used in  acu te  h u m a n  p a n c re a titis  
b y  J .  R . Co n d o n  e t al. [2].

In  our ex p erim en ts, in  ta u ro c h o la te  p a n c re a titis  g lucagon  red u ced  th e  
vo lum e of ab d o m in a l ex u d a te  a n d  m o d e ra ted  th e  p an c re a tic  in ju ry  elic ited  
b y  th e  bile sa lt or lyso lec ith in . In  p a n c re a titis  induced  in dogs by  th e  r e tro 
g rade  in jec tio n  o f bile and  try p s in , R . E . Co n d o n  e t al. [3] could  n o t  in fluence  
th e  h isto log ical dam age of th e  o rg an  by 15 to  30 /(g /kg /h r g lucagon  in  th e  f irs t 
8 hours.

To exp la in  th e  tw o b en efic ia l effects of glucagon t r e a tm e n t o u r a ssu m p 
tio n  is as follows. In  p ro p o rtio n  to  its  dose (1— 8 /ig /kg b .w .) g lucagon  increases 
p an c rea tic  b lood  flow  in th e  dog  [26]; th is  effect m ay  red u ce  a b d o m in a l 
ex u d a te  fo rm atio n  in  acu te  p a n c re a tit is  an d  m o d era te  th e  d irec t d am ag e  to  th e  
p an c rea tic  vessels elicited by  d e te rg e n ts  [23]. On th e  o th e r h a n d , g lucagon  doses 
h ig h er th a n  8 /ig /kg h.w . red u ce  b lood  p ressu re  [26] an d  so c o u n te ra c t th e  p a n 
crea tic  blood flow  increasing  effec t. O th e r a u th o rs  observed  s im ila r p h en o m en a : 
in  acu te  p a n c re a titis  th e y  fo u n d  th a tg lu c a g o n  increased  b lood  flow  in  th em esen - 
te r ic  su p erio r a r te ry  only a t  th e  o n se t o f th e  disease; in  th e  b eg in n in g , th e  blood
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F ig. 5. H isto log ical p ic tu re  o f  sunflow er o il-induced a n d  g lu cag o n -trea ted  p a n c re a titis  
72 h o u rs  a f te r  induction . T h e  p a n c re a tic  tissue is a lm o st co m p le te ly  n ecro tized  w ith  spo rad ic  

acini an d  in te n s iv e  leukocytic  in f il t ra t io n  ( H - E  X 120)

F ig. 6. T h e  sam e as F ig. 5, in  a n im a l t re a te d  w ith  p hysio log ica l saline. P an c rea tic  in ju ry  
as show n in Fig. 5, w ith  p ro te in -ric h  oedem a in  th e  in te rs tice s  (H -E  X 120)
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F ig . 7. H istological p ic tu re  of lyso lec ith in -induced  an d  g lu cag o n -trea ted  p a n c re a titis  72 hours 
a f te r  in d u ction . Several lobules are p a r tia lly  necro tized , the  s tru c tu re  of o th e rs  is in ta c t.  

M oderate leu k o cy tic  in filtra tio n  in  in te rs tice s  a n d  necrotic  a rea  (H -E  X 120)

Fig. 8. The sam e as F ig . 7, w ith the  an im al t re a te d  w ith  physiological saline. Several lobules 
are com plete ly  n ecro tized , h u t  lobules w ith  u n c h an g e d  s tru c tu re  are also seen. M oderate  

leu k o cy tic  in filtra tio n  in necro tic  a rea  (H -E  X l2 0 )
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F ig . 9. H isto logical p ic tu re  of so d iu m -tau ro ch o la te -in d u ced  an d  g lu cagon-trea ted  p a n c re a titis  
72 ho u rs  a fte r in d u c tio n . Several lobules are p a r tia l ly  necro tized , th e  s tru c tu re  o f m an y  
lobules is unch an g ed . M o derate  leukocy tic  in f iltra tio n  in  th e  in te rstices and th e  n ec ro tic  a rea

(H -E  X 120)

F ig . 10. The sam e as F ig . 9, w ith  th e  an im al t re a te d  w ith  physio logical saline. Several lobules 
a re  com ple te ly  n ecro tized , b u t  lobules w ith  u n ch an g ed  s tru c tu re  are also seen. P ro te in -rich  
o edem a a n d  m o d era te  leu k o cy tic  in filtra tio n  in th e  in te rs tice s . M oderate leukocytic  in f il tra tio n

in  th e  necro tic  a rea  (H —E  X 120)
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p ressu re  fa ll associated  w ith  p a n c re a titis  c a n n o t y e t  suspend  th e  v a so d ila tin g  
effect o f g lucagon [28]. T h e  ea rly  an d  la s tin g  b lood  pressure fall fo u n d  b y  us in  
try p s in -in d u c e d  acu te  p a n c re a titis , b ey o n d  m o d e ra tin g  or suspend ing  th e  b e n e 
fic ia l v a so d ila tin g  effect o f g lucagon, m ay  a g g ra v a te  pan crea tic  tissu e  d am ag e  
in  se [24]. A ccord ingly , th e  v a so d ila tin g  effect o f  glucagon m ay  b e  e ffec tive  
in  bile  s a lt or ly so lec ith in -in d u ced  p a n c re a tit is , because  th ey  are  n o t  a c c o m p a 
n ied  b y  a decrease in  b lood  p ressu re . I t  sh o u ld  be ta k e n  in to  acco u n t t h a t  g lu 
cagon m ig h t reduce  th e  vo lum e of ab d o m in a l e x u d a te  also b y  in c rea s in g  p o r ta l  
venous b lood  flow , effective also in  shock  [4]; th u s , th e  rise o f p o r ta l  ven o u s 
b lood  flow  m ig h t p ro m o te  th e  tr a n s p o r t  o f  a b d o m in a l exuda te .

G lucagon  t r e a tm e n t  m ig h t red u ce  p a n c re a tic  tissue d am ag e  d u e  to  
d e te rg e n ts  also b y  e lev a tin g  th e  b lood  glucose level and  in c reas in g  th e re b y  
in su lin  secre tion  [28] secondarily . T h e  ben efic ia l effect of glucose a n d  in su lin  
in  a c u te  p a n c re a titis  has been  d iscussed  ea rlie r [33, 34]. E ven  th e  p a in -re liev in g  
effect o f g lucagon in  a c u te  p a n c re a titis  m ig h t be ascribed  to  its  in su lin  m o b iliz 
ing  e ffec t; i t  has, n am ely , been  assum ed  t h a t  a t  th e  onset insu lin  re d u c e s  th e  
in f la m m a to ry  ten sio n  o f th e  p e rito n eu m  [11]. T h is in d irec t effect o f  g lucagon , 
how ever, depends on th e  degree of th e  d am ag e  o f pan crea tic  isle ts a n d  on th e  
d ep le tio n  o f glycogen sto res.

In  o u r ex p erim en ts  g lucagon red u ced  th e  ex ten sio n  of p a n c re a tic  necrosis 
only  in  d e te rg en t- in d u ced  acu te  p a n c re a tit is  an d  failed  to  in fluence  i t  e ith e r  in  
try p s in  o r sunflow er oil p a n c re a titis ; fu r th e r  ex p erim en ts  are re q u ire d  to  e lu 
c id a te  th is  p rob lem .

S im ila rly , ca re fu lly  p ro jec ted  e x am in a tio n s  o f a hom ogeneous p a t ie n t  
m a te ria l w ith  su itab le  co n tro l g roups xvill o n ly  decide th e  efficacy  o f  g lucagon  
t re a tm e n t an d  w h e th e r i t  has an y  specific  effec t. T h is la t te r  seem s q u e s tio n a b le  
for th e  la c k  of g lucagon recep to rs  in  th e  a c in a r cells of th e  p an c reas  [1]. T he 
e fficacy  o f  glucagon th e ra p y  m ay  depend  r a th e r  on th e  v aso d ila tin g  e ffec t of 
th e  h o rm o n e  in  th e  sp lan ch n ic  a rea  w here  g lucagon recep to rs h a v e  been  
d e m o n s tra te d  [19/a ] . T he effect also d ep en d s on how  far g lucagon is ab le  to  
s ta r t  seco n d ary  reac tio n s  m itig a tin g  th e  p a n c re a tic  in ju ry  and  th e  o u tco m e  of 
th e  d isease.
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FAILURE OF PENTAGASTRIN TO POTENTIATE THE 
EFFECT OF HISTAMINE

I. K i s f a l v i

H UN G A RIA N  STATE RAILW AYS H O SPITA L, BU DA PEST 

(R eceived  A ugust 29, 1974)

The g astric  sec re to ry  response to  p e n ta g a s tr in  an d  h is tam in e  ad m in iste red  
jo in tly  in m ax im u m  doses b y  th e  su b cu tan eo u s ro u te  a n d  in in tra v en o u s  in fusion , an d  
in  lower doses in  in fusion  has been com pared  to  th e  response  to  each of th e  tw o drugs 
ad m in iste red  by  itself. No p o te n tia tin g  ac tio n  w as obse rv ed , som e ad d itiv e  a c tio n  was 
fo u n d  on in fusion  of th e  d rugs an d  even th is  ac tio n  w as confined  to  th e  low est dose- 
levels.

T he aim  of th e  p re se n t s tu d y  was to  com pare  th e  gastric  secre tion  u n d e r 
th e  effect o f p e n ta g a s tr in  an d  h is tam in e  a d m in is te red  b y  th em selves or in  
com bina tion .

M ateria l and m ethod

T w en ty -e ig h t m ale p a tie n ts , 26 w ith  u lcer an d  2 h e a lth y  con tro ls were in c lu d ed  in th e  
s tu d y . T he m ax im um  doses o f th e  d rugs for su b cu tan eo u s in jec tio n  an d  in tra v e n o u s  infusion  
were 6 /tg/kg an d  6 /ig /kg /hour, re sp ec tive ly , for p e n ta g a s tr in , an d  40 ;tg/kg a n d  40 //g kg hour 
resp ec tiv e ly , for h is tam in e , th e  la t te r  h av in g  been a d m in is te re d  u n d e r an tih is tam in e  p ro tec 
tio n  b y  m eans of 40 m g ch lo ro p y ram in e  hyd ro ch lo rid e  in je c te d  in tra m u sc u la rly . D etails  of 
th e  g a s tr ic  secre to ry  te s ts  h av e  been  described earlier [8, 9, 10]. In  case o f su b c u tan e o u s  tes ts  
th e  va lues for g astric  a c id ity  were expressed  on th e  basis o f th e  f irs t  60 m in u te  re su lt, acco rd 
ing  to  C a r d  an d  M a r k s  [2] in te rm s of m E q /h o u r. In fu sio n s w ere m ade by  m eans of an  in fusion  
p u m p , th e  infusion  tim e  being  2 hours. T he average 15 m in  v a lu es for g astric  a c id ity , expressed  
in  m E q/15  m in , were ca lcu la ted  from  th e  fo u r successive h ig h es t v a lues n ea re st to  th e  p la teau .

Results

T he figures p re sen ted  in  T ab le  I an d  T ab le  I I  re flec t no sig n ifican t d if
ference betw een  th e  sec re to ry  responses to  com bined  or sep a ra te  a d m in is tra tio n  
o f p e n ta g a s tr in  an d  h is tam in e  in  m ax im u m  su b cu tan eo u s  an d  in tra v e n o u s  
doses.

T ab le  I I I  sum s up  th e  average  values (m E q/15  m in) evoked  in  e igh t 
p a tie n ts  by  h is tam in e  a n d /o r p e n ta g a s tr in  in fu sed  in  low er doses to g e th e r  and  
sep a ra te ly . T he sec re to ry  response  to  th e  com b in ed  infusion  of th e  tw o  drugs 
failed  to  exceed th o se  evoked  b y  tw ice these  doses o f p e n ta g a s tr in  alone in  an y  
o f th e  cases. T hus, a p o te n tia tin g  ac tion  of su h m a x im a l doses o f th e  tw o  drugs, 
m ee ting  th e  f irs t  c rité riu m  la id  dow n by  G i l l e s p i e  an d  G r o s s m a n  [5] w as n o t 
d em o n strab le .
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Table I

Gastric acidity o f  duodenal ulcer patients ( m Eq/hour)  follow ing separate 
and combined subcutaneous adm inistra tion  o f  pentagastrin  

a n d  histam ine in  m a xim um  doses

Patient
Pentagastrin

A

H istam ine

В

P entagastrin  -j- His
tam ine 

C

K . Zs. 31.20 28.99 32.34
D . J . 34.36 28.03 32.78
G. J . 26.98 27.35 27.12
Sz. s. 34.13 27.15 28.20
T . J . 28.85 29.75 31.40
A. F . 29.85 30.35 32.20
J .  A. 29.68 30.25 32.56
D . J . 34.34 37.26 36.97
G. S. 34.44 32.61 36.30
D . K. 37.78 35.18 38.30

A verage 32.16 30.75 32.81
± S D

Significance

± 3 .3 4

b e tw een  A —В 0 
be tw een  A —C 0 
b e tw een  В —C 0

± 3 .3 0 ± 3 .5 8

D iscussion

C om bined  a d m in is tra tio n  o f  tw o drugs invo lves th e  possib ilities o f a d d itio n , 
su m m a tio n , p o te n tia tio n  a n d  an tag o n ism  [4, 6, 15].

G il l e s p ie  a n d  G r o s s m a n  [5] g ive  tw o  a l te r n a t iv e  d e f in i t io n s  fo r  th e  
p o t e n t i a t in g  a c tio n  o f  tw o  d ru g s  on  g a s tr ic  se c re tio n .

T h e  response evoked  b y  th e  co m b in a tio n  m u s t exceed
1. e ith er th e  re sponse  ev o k ed  b y  tw ice th e  dose of e ith e r  d ru g
2. or th e  m ax im u m  resp o n se  to  e ith e r  d ru g  ad m in is te red  b y  itse lf.
I n  1972 D in b a r  an d  G r o s s m a n  [3] in tro d u c e d  a th ird  d e fin itio n  of p o te n 

t ia t io n ,  viz.
3. T he response to  th e  com bined  a d m in is tra tio n  of th e  tw o  d rugs m u st 

ex ceed  sign ifican tly  th e  m a x im u m  response to  e ith e r  drug.
I n  th e  lite ra tu re  on g a s tr ic  secre tion  one o r th e  o th e r of th e se  c rite ria  

se rv e  as a basis for th e  d e m o n s tra tio n  o f a p o te n tia tin g  ac tion . W e h av e  relied  
on  G il l e s p ie  and  G r o s s m a n ’s second c rité r iu m  [5] in  th e  case o f m ax im u m  
doses, a n d  on th e  f irs t  c r ité r iu m  in th e  case of low er doses.
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Table II

Gastric acidity in duodenal ulcer patients (15  m in average o f  fo u r  
successive highest 15 m in  values, expressed in  mEq 15 m in ) follow ing  

separate and combined intravenous in fusion  o f pentagastrin  
and histam ine in  m axim um  doses

P atien t
Pentagastrin

A

Histamine

H

P entagastrin  J- H is
tam ine

C

V. M. 12.09 10.62 11.27

Sz. .1. 11.02 9.75 11.12

Sz. K . 13.80 12.20 12.35

H . A. 13.20 13.00 14.00

V. L. 14.17 13.62 13.37

M. F. 9.07 9.88 10.00

K . I . 8.76 9.80 10.20

в . K . 10.40 9.60 11.22

I . .1. 10.70 11.20 12.20

M . s . 11.00 10.70 12.60

A verage 1 1.42 11.03 11.83

± S D

Significance

± 1 .8 6

betw een A -  В 0 

betw een A — C 0  

betw een В - C  0

± 1 .4 3 ± 1 .3 1

E v id en ce  in  th e  p e rta in in g  li te ra tu re  is conflic ting  in  re sp ec t to  m an . 
K o i n t u r e k  and  O l s k y  [11] found  com b in ed  infusions of 40 /tg /k g /h o u r h is
ta m in e  d ip h o sp h a te  an d  1.5 /ig /k g /h o u r p e n ta g a s tr in  to  ex h ib it a p o te n tia t in g  
ac tio n , p a r tic u la r ly  in  p a tie n ts  w ith  d u o d en a l ulcer. In  c o n tra s t, som e o th e r  
a u th o rs  in c lud ing  M a k h l o u f  e t al. [12, 14] and  B r o o k s  e t al. [1] fa iled  to  
d e m o n s tra te  an y  p o te n tia tio n  o f g a s tr in  I I  an d  h istam ine  in  m an .

O n th e  o th e r h an d , som e o th e r a u th o rs  found  th a t  h is tam in e  a n d  g a s tr in , 
an d  h is tam in e  an d  p e n ta g a s tr in  w ere p o te n tia tin g  each o th e r a t  c e r ta in  dose 
levels in  dogs. This m ay  p o in t to  species differences in th is  re sp ec t. J o h n s o n  

an d  G r o s s m a n  [ 7 ]  found  th e  response  evoked  b y  th e  com bined a d m in is tra tio n  
o f  0.04 m g/kg  h is tam in e  d ih y d ro ch lo rid e  and  0.2 g /kg /hour g a s tr in  in  dogs 
w ith  g a s tr ic  f is tu la  to  be fa r in  excess o f th e  m ax im um  response to  h is ta m in e  
e s tim a te d  on th e  basis of ca lcu la tio n s by  M a k h l o u f  e t al. [13]. B r o o k s  e t  al.
[1] to o  n o te d  a p o te n tia tin g  ac tion  o f com b in ed  h is ta m in e -p e n ta g a s tr in  in fu 
sions in  dogs w ith  gastric  fis tu la .

A ccord ing  to  B r o o k s  e t al. [1] th e  p o te n tia tin g  ac tion  of h is ta m in e  on 
p e n ta g a s tr in  has no t been te s te d  in  m an  on th e  hasis of G i l l e s p i e  a n d  G r o s s -
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Table I I I

Average 15 m in  values fo r  gastric acidity (m E q/15 m in )  in  patients and control subjects 
following separate a n d  combined in fusions o f  pentagastrin  and histamine

Dose /zg/kg/hour

P en ta g as trin H istam ine Pentagastrin  -(- H istam ine

Subjects 1 0.75 1 0.375 0.188 0 094
1.5 1 0.75 0.375 0.188 0.094 10.0 j 5.0 2.5 1.25 0.625

1 5.0 , 2.5 1.25 0.625

Gastric acidity m E q/15 min

l . 10.80 7.32 5.54 4.58 8.76
:

5.48 2.64 2.18 9.42 7.11 5.45

2. 10.48 7.28 6.82 4.78 8.22 5.40 2.78 2.24 9.24 7.14 6.78

3.

co n tro l 6.22 3.72 2.52 1.54 4.72 3.12 1.98 1.18 4.66 3.38 2.22

4. 5.75 2.65 1.70 3.92 1.92 1.12 3.62 2.52

5. 11.06 7.82 5.80 3.86 6.62 3.22 1.88 7.52 5.55

6.

co n tro l 7.40 4.42 3.40 2.14 3.88 2.20 1.28 4.02 2.84

7. 10.62 9.24 6.90 4.25 7.88 4.12 2.56 9.02 6.66

8. 10.75 9.44 6.80 4.62 6.92 3.02 2.22 9.06 6.72

m a n ’s f irs t  c rité rium  [5]. T o  th e  best of our know ledge  no re p o rt has been  p u b 
lish ed  since th a t  tim e  on  th e  effect o f the co m b in ed  in fu sio n  of th e  tw o sec re to ry  
a g e n ts  given in  su b m a x im a l doses. This is th e  rea so n  w h y  we have ex am in ed  
th is  question .

I n  th e  p resen t s tu d y  th e  com bined a d m in is tra tio n  of p e n ta g a s tr in  an d  
h is ta m in e  in  m ax im um  su b cu tan eo u s  and  in tra v e n o u s  doses as well as in  low er 
in tra v e n o u s  ones fa iled  to  sa tis fy  G i l l e s p i e  an d  G r o s s m a n ’s p e rta in in g  c r ite 
r ia  [5]. Som e ad d itiv e  e ffec t was observed in  th e  case o f com bined  in fusions a t  
th e  low est dose-levels.

I f  p e n ta g a s tr in  o r h is ta m in e  is a d m in is te re d  sep ara te ly  in  m ax im u m  
doses to  hum ans, a c t iv a tio n  of all recep to r sites w ill ensue in due tim e , r e s u lt
in g  in  an  exhaustion  o f th e  availab le  sites fo r fu r th e r  recep to r-d ru g  co m b in a 
tio n s . T herefore, th e  m a x im u m  secreto ry  resp o n se  evoked  in  th is  m an n e r c a n 
n o t  be  increased  even  b y  som e synergystic  d ru g .
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PERNICIOUS ANAEMIA: ITS PATHOGENESIS IN 
THE LIGHT OF THE BENEFICIAL EFFECT OF 

DUODENAL INTRINSIC FACTOR

By

M. II ó r á n y i  and  E rzséb e t H . S a r f y

W ITH  TH E  TECHN ICA L ASSISTANCE OF CSILLA ANDII ÉN Y1 
X IX . D ISTRICT H OSPITA L AND NATIONAL MEDICAL IN ST ITU TE FOR PHYSICAL EDUCATION

AND SPORTS, BUDAPEST

(R eceived  F e b ru a ry  17, 1975)

O ral ingestion  of p ow dered  duodenal m ucosa  w ith  sm all doses o f v ita m in  B 12 
p ro v ed  effic ien t in four cases o f u n tre a te d  p e rn ic ious an aem ia . The e ry th ro p o ie tic  as 
well as th e  o th e r  responses w ere sim ilar as those  e lic ited  b y  a n y  reliable an ti-p ern ic io u s 
d rug . I t  has th u s  been confirm ed  th a t  the  g row th  fa c to r  d e m o n s tra ted  earlier in  h u m an  
d u o d en al ju ice  b y  m eans of E . coli m u ta n t co rresponds in fa c t to  th e  in trin s ic  facto r. 
I t  is suggested  th a t  besides th e  deficiency of g a s tr ic  in tr in s ic  facto r th e  d u o d en al 
in trin s ic  fac to r and  th e  im m u n e  m echanism s n eu tra liz in g  i t  are also in vo lved  in the  
pa thogenesis . I t  has been  show n th a t  th e  aqueous e x tra c ts  o f hog sto m ach  a n d  d u o 
d enum  d iffer in a d d itio n  to  th e ir  grow th fac to r a n d  n itro g en  co n ten ts, also in  ain ino- 
acid  com position .

In  earlie r s tud ies h u m a n  duodenal ju ice  w as show n to  co n ta in  a fac to r  
co rresp o n d in g  in  m an y  resp ec ts  to  th e  in trin s ic  fa c to r  (I. F .). I ts  p resence has 
been show n in cases of pern ic ious anaem ia  to o  [1]. In  th is co n d itio n  th e  
a m o u n t o f th e  su b stan ce  m a y  be d im in ished  b u t  i t  soon norm alizes u n d e r  th e  
effect o f v ita m in  B 12 [2]. T h is v itam in  was show n to  possess som e a d d itio n a l 
haem o p o ie tic  a c tiv ity  of e x tra m e d u lla ry  n a tu re  [3, 4, 5].

In  search  fo r ev idence con firm ing  th e  v a lu e  o f th e  E. coli m u ta n t  g ro w th  
te s t  we h av e  rep e a te d  th e  classical Castle assays w ith  th e  E. coli m u ta n t  and  
we fo u n d  th a t  in  pern ic ious anaem ia  p a tie n ts  to g e th e r  w ith  th e  fa ilu re  o f th e  
g astric  m ucosa to  p roduce  I. F . a f te r  m ea t in g estio n , th e  E. coli m u ta n t g ro w th  
fa c to r  w as lack ing  in  th e  g as tric  co n ten ts [6].

C linical s tud ies b ased  on th e  e ry th ro p o ie tic  response  in  u n tre a te d  p e rn i
cious an aem ia  fu rn ish ed  p ro o f of the  ex istence o f  th e  duodena l I . F . C erta in  
an tip e rn ic io u s  p re p a ra tio n s  c o n ta in  in ad d itio n  to  sm all am o u n ts  of v ita m in  
B i2 g as tric  I. F . o b ta in ed  from  th e  pyloric reg ion  o f th e  hog sto m ach . In  o u r 
s tu d ie s  we used a co rrespond ing  lyophilized  e x tra c t  o f th e  hog duodena l m ucosa. 
In  ad d itio n , th e  p re p a ra tio n  co n ta in ed  a sm all a m o u n t o f v itam in  B 12.
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M aterial an d  m ethods

A n e x tra c t was p re p a re d  w ith  physio logical saline from  pow dered hog d u o d en a l m ucosa 
a n d  th is  e x tra c t was u sed  fo r th e  d em o n s tra tio n  of th e  du o d en al I .F . a c tiv ity . T h is te s t  based 
o n  th e  g row th  of th e  E . coli m u ta n t  s tra in  in d ic a te d  th e  presence o f g ro w th  fa c to r in th e  
p o rc in e  duodenal e x tra c t  in  a m o u n ts  fa r in  excess o f th o se  fo u n d  in  p ow dered  g a s tr ic  m ucosa. 
T h e  re su lts  ob tained  w ith  h u m a n  duo d en al an d  g a s tr ic  ju ice  were c o n sis ten t w ith  these  f in d 
ing s. T h e  m ateria l serv ing  fo r th e  ex p erim en ts w as pow d ered  hog gastric  a n d  d u o d en a l m ucosa. 
I t  w as n o t surprising to  f in d  g ro w th  fac to r even  in  th e  absence of in cu b a tio n  w ith  m ea t, since 
in  *Jhis case it is th e  m ucosa  w h ich  assum es th e  fu n c tio n  of m ea t, i.e. o f th e  e x tr in s ic  factor.

R esults

T h e  su b s ta n tia l d ifference found  b e tw een  th e  am o u n ts  of d u o d en a l and  
g a s tr ic  in trin sic  fac to rs  (F ig . 1.) p ro m p te d  a closer ex am in a tio n  o f th e  aqueous 
e x t r a c ts  o rig inating  fro m  th e  tw o sites.

F irs t , the  aqueous e x tra c ts  o f pow d ered  stom ach  an d  d u o d e n u m  were 
s tu d ie d  for n itrogen  c o n te n ts . P ow dered  d u o d en u m  w as found  to  c o n ta in  6.4

F ig . 1. S tim u la tin g  effec t o f sa line  e x tra c t  o f p o w d ered  hog gastric  a n d  d u o d en a l m ucosa 
on  g ro w th  of E . coli m u ta n t  s tra in  in co rp o ra ted  in to  cu ltu re  m edium . T h e  g ro w th  rin g  in  the  
m id d le  o f  th e  p late  re p re se n ts  th e  effec t o f 0.05 m l 0.03 /ig/m l v ita m in  B 12 serv ing  as reference 
su b s ta n c e . The larger g ro w th  r in g  rep resen ts  th e  e ffec t o f duodenal, th e  sm alle r an d  paler 
g ro w th  r in g  th a t  of th e  g a s tr ic  e x tra c t.  T he tw o o th e r  wells co n ta in  h u m a n  g a s tr ic  an d  duo

denal ju ic e  a lone. T hese h av e  no  effect on  grow th

m g, pow dered  s to m ach  3.7 m g N per 100 g. T h u s  in  accordance  w ith  its  h igher 
c o n te n t  of g row th fa c to r  th e  duo d en u m  w as found to  co n ta in  tw ice  as m uch 
n itro g e n  th a n  th e  s to m ach . T h en  th e  am in o -ac id  com position  o f  th e  tw o  e x tra c ts  
w as ex am in ed  by  th in - la y e r  ch ro m a to g ra p h y , using  a M erck m ic ro c ry s ta l cel
lu lo se  p la te . These s tu d ie s  show ed th a t  th e  am ino-acid  c o n c e n tra tio n  in th e  
d u o d e n a l ex tra c t w as h ig h e r th a n  in  th e  g as tric  e x tra c t. I n  th e  in te re s t  of 
b e t te r  co m p arab ility , th e  pow dered  d u o d en u m  is rep re sen ted  in  F ig . 2 in  
tw o fo ld  d ilu tion . E v e n  so, th e  duodenal e x tra c t  w as m ore c o n c e n tra te d  and , 
in  a d d itio n  to  q u a n ti ta t iv e  difference, in  q u a lita tiv e  com position  to o  i t  w as
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Fig. 2. T h in -layer ch ro m a to g ram s of aqueous e x tra c ts  o f pow dered  hog duo d en u m  and  
sto m ach . The e x tra c t o f pow d ered  d uodenum  (lower) is d ilu te d  tw ofold . T he ch ro m a to g ram  

of th e  duodenal e x tra c t  show s an  a d d itio n a l b an d  b e tw een  g lu tam ic  acid an d  a lan ine

Days

Fig. 3. R eticu locy te  an d  e ry th ro c y te  coun ts in four p e rn ic ious an aem ia  p a tie n ts  tre a te d  
orally  w ith 50 m g pow dered  hog d u o d en u m /d ay  a n d  5 //g v ita m in  B I2/d ay

d ifferen t from  th e  g astric  e x tra c t in  th a t  th e  c h ro m a to g ram  rev ea led  th e  p re s 
ence o f an  ad d itio n a l co m p o n en t betw een  a lan in e  an d  g lu tam ic  acid . I d e n t i 
f ica tio n  of th is  co m p o n en t and  its  b iochem ical s tu d y  is in  progress.

S u b seq u en tly  we h av e  te s te d  th e  pow dered  d u o d en u m  for its  clin ical e ffi
c iency in  four p a tie n ts  w ith  u n tre a te d  pern icious an aem ia .
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A ll th e  four p a tie n ts  h a d  m ac ro cy tic  an aem ia , h is tam in  fa s t  an ac id ity , leucopen ia  and 
a m eg a lo b la s tic  bone-m arrow . A s a t re a tm e n t, 50 m g pow dered  d u o d en al m u co sa  w ith  5 pg 
v i ta m in  B 12 added was g iven  t .i .d .

T h e  e ry th ro p o ie tic  re sp o n se  w as assessed on th e  g ro u n d  o f th e  re ticu lo 
c y te  a n d  e ry th ro cy te  c o u n ts  (F ig . 3). As F ig . 3 show s, a ty p ic a l re ticu lo cy te  
c ris is  occurred  in ev e ry  case, an d  th e  increase  in  e ry th ro c y te  c o u n t w as also 
o f  th e  u su a l e x te n t. T h e  re tic u lo c y te  response w as m ost m ark ed  in  case I I  
w h e re  th e  in itia l c o u n t h a d  b een  v e ry  low. In  th e  sam e p a tie n t  th e  ea rlie r high 
te m p e ra tu re s  w hich h a d  p ro v e d  re s is ta n t to  v a rio u s an tib io tic s , com plete ly  
c e a se d  paralle l w ith  th e  h aem o p o ie tic  response. D u odena l I . F . th u s  proved  
e q u iv a le n t  to  in jec tab le  v i ta m in  B ]2. E v en  th e  desire for m ea t re tu rn e d  in all 
fo u r  cases w ith in  a few  d a y s , a sign of fav o u rab le  response to  w h ich  we had  
d ra w n  a tte n tio n  earlier.

D iscussion

T h e  p resen t re su lts  a llow  som e conclusions concern ing  th e  pa thogenesis  
o f  p ern ic io u s anaem ia . D u o d en a l I . F . seem s to  p lay  an  im p o r ta n t  p a r t  by 
ta k in g  over the  role o f g a s tr ic  I .  F . T herefo re , th e  anaem ia  rep re sen ts  no sim ple 
g a s tr ic  I . F .-defic iency  sy n d ro m e  h u t  also invo lves th e  role of d u o d en a l I. F . 
a n d  a n  im m une m ech an ism  b lo ck ing  th e  a c tiv ity  of th e  fa c to r  [7]. D uodenal
1. F . p re su m ab ly  s tim u la te s  th e  fo rm atio n  o f a n tib o d y  an d  it is s till p re se n t a t 
a t im e  w hen  th e  g astric  ch an g es  are  no longer co m p a tib le  w ith  I. F . p ro d u c tio n . 
T h is  w ou ld  seem to  a c c o u n t fo r th e  occurrence of sp o n tan eo u s  rem issions. 
R e d u c tio n  or suppression  o f a n tib o d y  p ro d u c tio n , m ay  lead to  clin ical im p ro v e
m e n t  since duodenal I . F . is s till p re se n t an d  m ay  allow  th e  u ti l iz a tio n  of 
e x tr in s ic  fac to r as a re su lt  o f  w hich  clin ical rem ission  m ay  ensue. T herefo re , 
e v e ry  fa c to r  likely to  p ro d u c e  a suppression  o f a n tib o d y  p ro d u c tio n  e.g. in te r 
c u r r e n t  diseases, febrile  p rocesses, av itam in o sis , to x ic  effects o f d ru g s, co rtico 
s te ro id s , etc ., m ay re su lt in  rem ission , even in  com plete  cure. I t  is well w ith in  
th e  possib ilities  th a t  th e se  fa c to rs  in te rfe re  w ith  a n tib o d y  p ro d u c tio n  or su p 
p re ss  i t  a lto g e th er a t  a ce llu la r  level. O ur o b se rv a tio n  th a t  v ita m in  B l2 is able 
to  p ro m o te  th e  p ro d u c tio n  o f  I . F . seem s to  acco u n t fo r the  lo n g -te rm  rem is
s io n s o r p e rm an en t cures o f  pern ic ious anaem ia .
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BIOTRANSFORMATION OF [4-14C]4-ANDROSTENE- 
3,17-DIONE BY HEALTHY HUMAN SKIN I N  V I T R O

I .  F a R E D IN  an d  I .  TÓ TH

F IR ST  DEPARTM ENT OF M E D IC IN E , U N IV ERSITY  M EDICAL SCHOOL, SZEGED 

(R ece iv ed  A pril 14, 1975)

T he m etabo lism  of [4-14C ]4-androstene-3 ,17 -d ione  w as in v es tig a ted  in  vitro  w ith  
h e a lth y  fem ale and  m ale ab d o m in a l skin slices. W ith  a rev erse  isotope d ilu tio n  m eth o d  
th e  follow ing an d rogen ica lly  a c tiv e  m etabo lites w ere iso la ted  and  id en tif ie d : 5a-an- 
d rostane-3 ,17-d ione , a n d ro ste ro n e , ep ian d ro stero n e , tes to s te ro n e  a n d  5 a-d ihydro - 
te s to s te ro n e . The q u a n tita tiv e  re la tio n s of the  m eta b o lite s  p roduced  rev ea led  t h a t  th e  
m ain  d irec tio n  of th e  m etab o lism  of 4 -androstene-3 ,17 -d ione  in th e  h e a lth y  fem ale 
and  m ale ab d o m in a l sk in  seg m en ts  is th e  5 a -red u c tio n  of th e  zl4~ 5 double  b o n d . The 
o th e r s ig n ifican t p a th w ay  is to w a rd s  the  b io sy n th es is  o f te s to s te ro n e  a n d  5a -d ih y d ro - 
te s to s te ro n e . T he im p o rtan ce  o f th e  androgenic  s te ro id s  fo rm ed in th e  course  o f the  
b io tran sfo rm atio n  of 4 -androstene-3 ,17 -d ione  in h u m a n  sk in  is discussed.

4-androstene-3 ,17 -d ione  is know n to  be of c e n tra l im p o rtan ce  in  th e  b io 
syn thesis  o f and rogen ica lly  ac tiv e  stero ids [1, 2, 3]. A n d ro ste ro n e  is sy n th e tiz e d  
from  th is  w eak ly  androgen ic  s te ro id  v ia th e  in te rm e d ia te  5 a-an d ro stan e-3 ,1 7 - 
dione, an d  te s to s te ro n e  is p ro d u c e d  by  th e  o th e r  ro u te . These b io sy n th e tic  
p a th w ay s  h av e  been co n firm ed  in  h u m an  skin b y  th e  ex am in a tio n s o f  G om ez  
an d  H s ia  [4], an d  b y  our ow n ea rlie r w ork [5]. W ith  th e  aim  of le a rn in g  m ore 
ab o u t th e  m ore im p o r ta n t p a th w a y s  of b io sy n th esis  o f  th e  and rogen ic  s te ro id s  
form ed locally  in  th e  h u m an  sk in , and  th e  role a n d  sign ificance in  th is  o f 4- 
and rostene-3 ,17-d ione, we h av e  carried  ou t in c u b a tio n  stud ies w ith  a b d o m in a l 
sk in  slices from  a h e a lth y  w o m an  and  a h e a lth y  m an . T he m ore im p o r ta n t  
m etab o lites  p roduced  w ere in v e s tig a te d  in  d e ta il, th e ir  q u a n tita tiv e  re la tio n s  
w ere de te rm in ed , an d  hence th e  m ain  ro u tes  of b io tra n sfo rm a tio n  o f  4-an- 
drostene-3 ,17-d ione in  h e a lth y  h u m an  skin w ere estab lish ed .

M ateria ls ami m ethods

T he m ate ria ls  a n d  so lu tions u sed  in th e  e x am in a tio n s  w ere of an a ly tic a l p u r i ty . The 
organic so lven ts w ere su b jected  to  p re lim in a ry  p u rific a tio n , follow ed by  d is tilla tio n  [6].

Steroids. [4-14C ]4-androstene-3 ,17-d ione ( |4 -14C ]4-enedione) (spec. ac t. =  56.6 mCi per 
m m ol); w as pu rch ased  from  th e  R ad iochem ica l C entre, A m ersham , E n g lan d , befo re  use it 
was purified  on a silica gel G th in  lay e r in System  1 [6 |.

A u th en tic , non -rad io ac tiv e  5 a -an drostane-3 ,17 -d ione  (5a-aned ione), 4 -an d ro sten e - 
3,17-dione (4-enedione), a n d ro ste ro n e  (A), ep ian d ro stero n e  (E A ), tes to s te ro n e  (T ) a n d  5a- 
d ih y d ro te sto ste ro n e  (D H T ) were p u rif ied  before use in th in - la y e r  ch ro m a to g rap h ic  system s 
correspond ing  to  th e ir  p o laritie s [6].

T he cofac tors used  in th e  ex p erim e n ts  were p ro d u c ts  o f Sigm a Chem ical Co., S t. Louis, 
Mo., USA.
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S k in  samples. A b d o m in a l sk in  sam ples w ere o b ta in e d  du ring  a p p en d e c to m y  from  
a  h e a l th y  w om an of 26 y e a rs  a n d  a m an  of 28 y ears. T h e  com plete sk in  sam ples, co n ta in in g  
b o th  th e  derm is and e p id e rm is , w ere purified  from  th e  a n tise p tic  and  th e  accessory  fa tty  
t is su e s , a n d  cu t in to  1 — 2 m m  slices w ith  scissors. T h e  slices were in cu b a te d  w ith in  30 m in 
o f th e  operation .

Incubation . 0.5 g each  o f th e  fem ale and m ale ab d o m in a l sk in  slices w as in cu b a ted  w ith 
1 ,023 ,500  dpm  (0.461 /(Ci) [4-14C ]4-enedione (spec. a c t .  =  56.6 m C i/m m ol) in  5 m l K re b s -  
R in g e r  p h o sp h a te  200 m g p e r 100 m l glucose (K R P G ) m ed iu m , a t  p H  7.3, a t  37°C, for 5 hours 
in  a ir .  In c u b a tio n  was ca rried  o u t  in  th e  presence of A T P , N A D  and  N A D P  a t  a co n cen tra tio n  
o f  10“ 3 M. Prio r to th e  in c u b a tio n , [4-14C]4-enedione w as d issolved in  0.2 m l p ro p y len e  glycol. 
W ith  th e  aim  of in h ib itin g  b a c te r ia l  co n tam in a tio n , c ry s ta llin e  penicillin  (1000 IU /m l) and 
s tre p to m y c in  su lphate  (100 /(g /m l) w ere added to  th e  in c u b a tio n  m edium . A t th e  end of th e  
in c u b a t io n  th e  reaction  w as s to p p e d  b y  the  ad d itio n  o f 1 m l m eth an o l, a n d  th e  m ix tu re  was 
s to re d  a t  —15°C.

Extraction. A fter 5 -h o u r in cu b a tio n , know n  a m o u n ts  o f n o n -rad io ac tiv e  4-enedione, 
5 a -an e d io n e , A, T, EA  a n d  D H T  w ere added  as ca rrie rs  to  ev ery  in cu b a te . T he m ed ium  was 
p o u re d  o ff th e  skin slices in to  a  50 m l stoppered  tu b e  (T ube  1).

T h e  skin slices w ere r in se d  w ith  1 X 5 ml K R P G  m ed iu m , and  th e n  1 X 5 m l 2 N  N H 4OH  
s o lu tio n , an d  th e  w ashings w ere  ad d ed  to  the  c o n te n ts  o f  T u b e  1. These th e  sk in  slices were 
e x tr a c te d  w ith  4 X 5 m l m e th a n o l, w hich was co llec ted  in  a s toppered  tu b e  (T ube 2) and 
e v a p o ra te d  to  dryness in  v a c u u m  below  45“C.

T h e  incubation  m ed iu m  ( th e  co n ten ts of T u b e  1) w as ad ded  to  th e  d ry  residue  of the  
m e th a n o lic  ex trac ts  in  T u b e  2, a n d  m ade up  to  a f in a l  vo lum e of 20 m l. T h e  so lu tio n  was 
h a lf - s a tu ra te d  w ith 8 g c ry s ta ll in e  am m onium  su lp h a te , an d  e x tra c te d  w ith  4 X 20 m l e th y l 
a c e ta te .  T he com bined e th y l  a c e ta te  ex trac ts  w ere e v a p o ra te d  to  d ryness in  v acu u m  below 
45°C . T h e  d ry  residue w as d isso lv e d  in  10 m l o f a 1 : 1 benzene — m eth a n o l m ix tu re , and 
ra d io a c t iv i ty  was d e term ined  in  a liq u o ts , using a P a c k a rd  T ri Carb L iqu id  S c in tilla tio n  S p ec tro m 
e te r  (M odel 3375), w ith  e lim in a tio n  of th e  quench  e ffec t.

Chromatography o f  the metabolites on F lorisil co lum n. T he e th y l a c e ta te  e x tra c t ,  con
ta in in g  th e  free m etabo lites a n d  th e  su lp h a te  este rs  fo rm ed , was ch ro m a to g rap h ed  on a 1.5 g 
N y m c o  F lo risil (60/100 m esh) c o lu m n  (F lorid in  Co., U SA ). I n  th is  w ay  th e  free s te ro id  frac tio n  
(fr. 1) w as separa ted  fro m  th e  su lp h a te  ester s te ro id s (fr. 2, Table I  [7]).

Separation o f the free  metabolites on an A l . f i ., colum n. T he free s te ro id s w ere ch ro m a
to g ra p h e d  on a 4 g Aljjog c o lu m n  (B rockm ann  I I I /IY  a c t iv ity )  w ith  benzene co n ta in in g  s te p 
w ise  in creas in g  co n cen tra tio n s o f  e th an o l. The fo llow ing so lven ts were used  fo r th e  e luates: 
N os 0  — 3 :  4 x 1 0  ml ben zen e; N o s 4  — 8: 5 x 2 0  m l b en zen e; Nos 9 — 18 :  1 0 x 2 0  m l 0 . 0 5 %  
e th a n o lic  benzene; Nos 19 — 2 9 :  1 1 x 2 0  m l 0 . 1 %  e th a n o lic  benzene; N os 30  — 3 4 :  5 x 2 0  m l 
0 . 2 5 %  e th an o lic  benzene; N os 3 5  — 4 1 :  7 X 2 0  m l 0 . 5 0 %  e th an o lic  benzene; N os 42  — 49 :  
8 X 2 0  m l 1 . 0 %  e thanolic  b e n z e n e ; Nos 50 — 5 5 :  6 x 2 0  m l 2 . 0 %  e th an o lic  benzene; No. 
5 6  : 2 0  m l 4 %  ethanolic  b e n ze n e ; N o. 57 :  20 m l ab so lu te  e th an o l; No. 5 8 :  20  m l m eth an o l. 
A liq u o ts  o f th e  resu lting  58  e lu a te s  w ere tak en  to  d e te rm in e  th e ir  ra d io a c tiv ity , a n d  th e n  th e  
to ta l  ra d io a c tiv ity  ca lcu la ted  fo r  th e  ind iv idual e lu a tes  w as p lo tte d  on a  co -o rd in a te  system  
a g a in s t  th e  serial num bers o f th e  e lu a tes . In  th e  ra d io c h ro m a to g ram  th u s  o b ta in e d  th e  ra d io 
a c t iv e  s te ro id s dissolving c o rre sp o n d in g  to  th e ir  p o la ritie s  a re  collected  in  peak s I —Y II 
(F ig . 1 [6]).

Iden tifica tion  o f  the m etabolites form ed. The ra d io a c tiv e  m etab o lites  fo rm ed  w ere id en ti
f ied  w ith  a  reverse iso tope d i lu t io n  m eth o d  from  p e ak s  I — I I I  of th e  rad io ch ro m a to g ram s. 
T h e  in d iv id u a l m etabolites a n d  th e i r  deriva tives w ere p u rif ie d  in  various th in - la y e r  ch ro m a
to g ra p h ic  system s (tic , Table I I )  u n t il  th e  values fo r th e ir  specific a c tiv ity  (dpm //ig ) in  tw o 
c o n se c u tiv e  ch rom atograph ic  s te p s  agreed  w ith in  i i> % .  T h e  am oun ts o f m e ta b o lite s  form ed 
w ere  c a lcu la te d  for th e  sk in  tis su e  exam ined. The tra n s fo rm a tio n  re ferred  to  th e  su b s tra te  
w as ex p ressed  in  picom oles (p m o l)  a n d  percen tage u n its .

E stim ation  o f non-radioactive steroids. T he a m o u n ts  o f 17 -ketostero ids sa tu ra te d  in  
th e  A  r in g  were de term ined  b y  th e  Z im m erm ann  co lou r re ac tio n . The d a ta  o b ta in e d  spectro- 
p h o to m e tr ic a l ly  a t 450, 510 a n d  570 n m  were co rrec ted  accord ing  to  A l l e n  [6] .

T he steroids w ith 3-keto-4-ene structures (4-enedione, T) were subjected to spectro
p h o to m etry  at 225, 240 and 255 nm , and the results corrected according to A llen  [6].

M icrochemical reactions o f  the steroids. A ce ty la tio n  of th e  m etab o lites , hydro ly sis  of 
th e  s te ro id  acetates, and  o x id a tio n  an d  red uction  of th e  ste ro id s were p e rfo rm ed  according 
to  p ro c e d u re s  described e a r lie r  [6].

T h e  2 ,4 -d in itro p h en y lh y d raz in e  (D N P) colour re a c tio n  w as successfully  ap p lied  for th e  
id e n tif ic a t io n  of DH T. To th e  d r y  D H T  residue, 0.1 m l 2 %  D Y P  in e th y l a c e ta te  w as added  
a n d  e v a p o ra te d  to d ryness b e low  40°C. To th is d ry  re s id u e  1 m l 0 .03%  tr ic h lo ro ac e tic  acid
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in benzene was ad ded  an d  th e  m ix tu re  le ft to  s ta n d  a t  37°C for 30 m in. I t  was th e n  e v a p o ra te d  
to  d ry n ess in v acu u m . B lanks were p re p a re d  in a s im ilar m anner on all occasions.

I t  was necessary  to  rem ove the  excess D N P  from  th e  5 a -d ih y d ro tes to s te ro n e-2 ,4 -d i- 
n itro p h en y  lh y d razone  (D H T -D N P H ) fo rm ed . A ccord ing ly , ru n n in g  was carried  o u t  o n  silica 
gel G th in -la y er ( 5 x 2 0  cm ) in  a ch lo ro fo rm -d io x an  (95 : 5) system , sim u ltan eo u s ly  w ith  th e  
b lan k . T he yellow sp o t of th e  D H T -D N P H  se p a ra te d  well from  th e  excess D N P . T h e  D H T- 
D N P H  sp o t and  th e  corresponding  area on  th e  b lan k  ru n  were scraped off and  e x tra c te d  w ith  
3 x 2  ml chloroform , an d  th e  e x tra c ts  e v a p o ra te d  to  d ry n ess in vacuum .

T he d ry  residues were dissolved in  4 m l ch loroform  and th e  ra d io a c tiv ity  w as d e te r 
m ined  in 0.1 ml a liq u o ts . The residual so lu tio n  was su b jec ted  to  sp e c tro p h o to m e try  ag a in s t 
th e  b lan k  a t  335, 370 a n d  405 nm . T he e x tin c tio n , co rrec ted  according to  A l l e n , w as read  
o ff a ca lib ra tio n  cu rv e  p repared  in a s im ila r w ay  w ith  th e  ad d itio n  of know n a m o u n ts  (5,10. 
20. 30 fig) of 1)1 IT.

R esu lts

T he resu lts  o f  th e  in cu b a tio n  e x p e rim e n ts  w ith  th e  fem ale an d  m ale  a b d o m 
in a l skin segm ents are  listed  in  T a b le  I ; 96.5 and  99.7%  o f th e  ra d io a c tiv e  
m a te r ia l was recovered  a fte r e x tra c tio n . T he re su lts  of F lorisil co lum n c h ro m a 
to g ra p h y  disclosed th a t  th e  m a jo r ity  o f th e  ra d io a c tiv ity  (98.5 a n d  9 5 .2 % ) 
w as co n ta ined  in th e  free stero ids.

T h in -lay e r ch ro m ato g rap h ic  id e n tif ic a tio n  [8] was m ade w ith  th e  sev era l 
th o u sa n d  dpm  ra d io a c tiv ity  e x h ib ite d  in th e  su lp h a te  ester frac tio n , b u t  su l
p h a te  e s te r m e tab o lite s  could n o t be d e tec ted  in th is  frac tion .

T a b le  I

D istribution o f  the radioactivities recovered fro m  incubate o f sk in  slices 
and [4-u C]4-androstene-3,17-dione after extraction. Florisil and alum ina colum n

chromatography

Skin samples
[4-i<C]4-enedione

Recovery of the 
radioactivity after 

extraction

Recovery of the radio
activity after Florisil 

column chromatography

Recovery of radio
activity of free 

steroids after alumina 
column chromatog-substrate,

dpm Steroid 1 Free »wroids raphy

dpm per cent
pliâtes dpm 
dpm per cent dpm per cent

1. N orm al 
female 
26 years 
0.5 g skin

1,023,500 987,340 96.5 1.742 972.940 98.5 947,725 97.4

2. N orm al 
male 
28 years 
0.5 g skin

1,023,500 1,020,711 99.7 5,667 972.024 95.2 898,800 92.5

T he resu lts  o b ta in ed  a fte r A1.,03 co lum n  ch ro m a to g rap h y  of th e  free s te 
ro ids are  i l lu s tra te d  in Fig. 1. M any  ra d io a c tiv e  stero ids of d iffe ren t p o la ritie s  
have form ed from  th e  [4-14C] 4 -en ed io n e  in c u b a te d  w ith  th e  fem ale (c u rv e  A) 
an d  m ale (cu rve  B) abdom inal sk in  slices. C urve C shows th e  p o sitio n s  and
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F ig . 1. D istrib u tio n  of ra d io a c tiv ity  of th e  free m e ta b o lite s  in th e  e luate  of th e  a lu m in a  
c o lu m n . Nos I —V II. re p re se n t  frac tio n s of ra d io a c tiv e  s te ro id s  w ith  increasing  p o la rity . 
C urve  A : norm al fem ale a b d o m in a l sk in ; Curve B : n o rm a l m ale abdom inal sk in ; C urve C: 
re fe ren ce  stero ids: 1. 5 a -an d ro stane-3 ,17 -d ione  2. 4 -an d ro sten e-3 ,1 7 -d io n e  3. E p ia n d ro ste ro n e  

4. 5 a -d ih y d ro te s to s te ro n e  5. A n d ro s te ro n e  6. T estosterone

seq u en ce  of ru n n in g -o ff  o f  th e  au th en tic  s te ro id s  ch ro m ato g rap h ed  on th e  
A120 .j colum n.

In  th e  course o f  in c u b a tio n , the  m a jo r ity  o f  th e  to ta l  ra d io a c tiv ity  co n 
s is ted  o f th e  r a d io a c tiv ity  o f  th e  I — I I I  f ra c tio n s  (F igu re  1). A ccord ing ly , 
th e se  frac tio n s w ere in v e s tig a te d  in  deta il. T h e  fo llow ing free stero ids w ere 
iso la te d  and  id en tified : 5 a -an d ro stan e -3 ,1 7 -d io n e  (p eak  I), 4 -androstene-3 ,17- 
d io n e  (p eak  I I ) , 5 a -d ih y d ro te s to s te ro n e  (p eak  II) ,  ep ian d ro ste ro n e  (p eak  I I ) ,  
an d ro s te ro n e  (peak  I I I )  a n d  te s to ste ro n e  (p eak  III) .  T he course of th e  iso la tio n  
a n d  id en tif ic a tio n  o f th e se  stero ids is given in  T a b le  I I I .

I t  is clear from  F ig . 1 th a t ,  in  a d d itio n  to  th e  stero ids id en tified , m a n y
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Table II

Solvent systems employed fo r  isolation and identification o f  C^-steroids

Tic system s fo r  alum ina plates:

В n-hexane — e th y l ace ta te  g lacial ace tic  acid abso lu te  e thanol (210 : 30 : 2 : 1, v /v /v /v ) 
Do n-hexane — e th y l ace ta te  glacial acetic  acid —absolu te  e th an o l (140 : 100 : 0.5 : 2.
v /v /v /v ) (3 5 x 5  cm p late )

Tic system s fo r  silica gel G plates:

l a  cyclohexane e th y l aceta te  
lh  d ich lorom ethane — eth y l ace ta te

2 benzene—eth y l ace ta te
2a = benzene e th y l ace ta te  — glacial acetic  a 

so lu te ethanol
3 =  chloroform  -m eth an o l 

3a = chloroform  -m eth an o l
6 =  chloroform  — dioxan

(60 : 40, v /v )
( 4 : 1 ,  v/v)
(3 : 2, v /v)

— ab-
(160 : 40 : 2 : 2, v /v /v /v )
(98 : 2, v /v )
(97 : 3, v /v ) (28 X 5 cm p la te ) 
(95 : 5, v /v )

o th e r , m ore p o la r m e tab o lite s  w ere also form ed (peaks IV —V II) . S ince th e  
co rresp o n d in g  a u th e n tic  s te ro id s  w ere n o t availab le , th e se  m e tab o lite s  w ere 
n o t s tu d ied  in deta il.

Ó iscussion

G o m e z  and  H s i a  [4j drew  a tte n tio n  to  th e  fac t th a t  sk in  slices fro m  th e  
in g u in a l region of h ea lth y  m en in ten s iv e ly  m etabo lize  [4 -,4C ]4-enedione u n d e r  
co n d itio n s  in vitro. T heir re su lts  w ere con firm ed  by  o u r earlie r s tu d ies  w ith  
[4-14C ]4-enedione an d  ab d o m in a l sk in  slices from  h e a lth y  w om en an d  o th e rs  
w ith  h irsu tism  [5]. F a z e k a s  an d  L a n t h i e r  [9] have re c e n tly  d e m o n s tra te d  
th e  b io tran sfo rm a tio n  in vitro  o f 4 -an d ro sten e -3 ,1 7 -d io n e in  h u m an  h a ir  fo llic les. 
T hese  in v estig a tio n s [5, 9] in d ic a te  th a t  th e  b io tran sfo rm a tio n  o f 4 -an d ro s ten e - 
d ione  proceeds in  tw o d irec tio n s; in  one p a th w a y  an d ro ste ro n e  is sy n th es ized  
via  th e  in te rm e d ia te  5 a -an d ro stan e-3 ,1 7 -d io n e , an d  in  th e  o th e r, te s to s te ro n e  is 
sy n th e tiz e d  d irec tly .

O ur p resen t ex am in a tio n s  w ith  h e a lth y  fem ale and  m ale ab d o m in a l sk in  
slices h av e  clarified  fu r th e r  d e ta ils  o f th e  b io tran sfo rm a tio n  of 4 -an d ro s ten e - 
3 ,17-d ione in  vitro. In  ag reem en t w ith  th e  earlier re su lts , a s ig n ifican t a m o u n t 
o f 5a-aned ione  w as sy n th e tized  by  one ro u te  from  4-enedione u n d e r  th e  a c tio n  
o f Zl4-5 a-red u c tase  (Zl4-5a-R ). In  th e  case of th e  m ale ab d o m in a l sk in , 9 .1 6 %  
(93,795 dpm , 746.46 pm ol) o f th e  ra d io a c tiv ity  was in c o rp o ra te d  in to  5a- 
an d ro stan e -3 ,1 7 -d io n e; th e  co rresp o n d in g  value in  th e  fem ale cases w as 4 .2 2 %  
(43,202 dpm , 343.82 pm ol). F ro m  th is  in te rm e d ia te , how ever, n o t on ly  a n d ro s 
te ro n e  (m ale sk in : 577.47 pm ol, 7 .0 9 % ; fem ale skin : 680.07 pm ol, 8 .3 5 % ), 
b u t  also ep ian d ro ste ro n e  (m ale sk in : 80.38 pm ol, 0 .98% ; fem ale sk in : 837.33 
p m ol, 10.28% ) w as form ed, w ith  sig n ifican t ra d io a c tiv ity . T hese re su lts  in d i-
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Table I I I

Androgenic steroids isolated and identified from  the in vitro incubate o f normal fem ale and male abdominal sk in  slices and [4-u C]4-androstene-3,17-dione

Steioid identified
Carrier

/Щ
Chemical
reaction

Derivative TLC
system

Rj
value

Female skin

Conversion 
0.5 g skin/5 h 

to ta l dpm
dPm/^g pmol 

per cent

S.A.
dpm/^g

Vfale skin

Conversion 
0.5 g skin/ 5 h 

to ta l dpm  
pmol 

per cent

5a-ane-dione 250* Free steroid lb 0.63 168.30 43,202 548.24 93,795
253** A cety lation Free stero id la 0.54 173.75 343.82 367.96 746.46

— Free stero id в 0.64 171.87 4.22 373.50 9.16

4-ene-dione0 256.5* _ Free steroid D„ 0.56 2,502 ___ 3.178 ___

198.5** A cety lation Free steroid la 0.33 2,194 570,328 3.426 686,016
— Free stero id 3 0.73 2,253 4.539 3,376 5,460

R eduction T estosterone 3 0.53 — 55.72 3,536 67.03

D H T _ Free steroid D , 0.48 ___ _ _ ___

280 — Free steroid 3a 0.37 — — — 1,876
1/3 D N F D H T -D N P H 6 0.64 — — 6.50 14.93
1/3 O xidation 5a-anedione la 0.53 — — 6.91 0.18

EA 333.7* ___ Free steroid 0.38 370.95 ___ 66.52 —

269.2** — Free steroid 3a 0.43 316.02 — 37.47 —

1/2 A cetylation EA-Ac. la 0.72 301.64 105,212 37.40 10,100
H ydrolysis Free stero id 3 0.55 300.79 837.33 37.56 80.38
1/2 O xidation 5a-anedione la 0.53 329.80 10.28 37.54 0.98

A 262.5* A cety lation A-Ac. la 0.73 310.50 — 299.82 —

244.5** H ydrolysis Free stero id 3 0.58 307.57 85,452 290.95 72,560
— Free steroid 2 0.54 317.78 680.07 294.63 577.47

O xidation 5a-anedione la 0.53 333.33 8.35 298.92 7.09

T 243.7* A cetylation T-Ac. la 0.55 67.66 58.71 —

188.5** — T-Ac. lb 0.60 62.12 15,353 57.32 9,316
H ydrolysis Free stero id 2a 0.52 63.25 122.19 50.70 74.14
O xidation 4-enedione 3 0.71 62.76 1.50 48.14 0.91

° [4-14C]4-androstene-3,17-dione su n stra te  
* am oun t of carrier added to  female skin 

** am o u n t o f carrier added  to  m ale skin
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5a-androstane-3,17-dione 5«-dihydrotestosterone

Epiandrosterone Andros terone

— HSO -  hydroxysteroid 
dehydrogenase

— R reductase

F ig. 2. Possib le ro u te s  o f m etabo lism  of [4-14C ]4-androstene-3 ,17-d ione by n o rm al fem ale 
a n d  m ale ab d o m in a l sk in  slices in  vitro

ca te  th a t  3 /J-hydro x y ste ro id  dehydrogenase  (3/9-HSD) a c tiv ity  m u st he re c k 
oned w ith  in  a d d itio n  to  З а -h y d ro x y ste ro id  d eh y d ro g en ase  (З а -H SD ) a c tiv ity . 
T he a c tiv ity  o f 3/J-H SD  is p a rtic u la rly  s ig n if ican t in  th e  fem ale skin . I t  can  
be concluded  from  th e  h igh rad io ac tiv itie s  o f  these  th re e  m e tab o lite s  th a t  th e
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m a in  d irec tio n  of th e  m e tab o lism  in  v itro  o f 4 -and rostene-3 ,17 -d ione  in  n o rm al 
h u m a n  sk in  is th e  5 a -red u c tio n  o f th e  /I4-5 double  bond  (F ig . 2). / l4-5/3-reduc- 
ta s e  a c t iv i ty  could n o t be d e te c te d  in h e a lth y  h u m an  skin .

I n  th e  course of th e  5 -h o u r in c u b a tio n  o f th e  fem ale an d  m ale ab d o m in a l 
sk in  slices w ith  [4-14C ]4-enedione, te s to s te ro n e  w as fo rm ed  w ith  considerab le  
r a d io a c t iv i ty  (m ale sk in : 74 .14 pm ol, 0 .91% ; fem ale sk in : 122.19 pm ol, 1 .50% ), 
w h ic h  p ro v ed  th e  p resence in  h u m a n  sk in  of 17/?-hydroxystero id  d eh y d ro g e 
n a se  (17/S-HSD). A lth o u g h  m u ch  less te s to s te ro n e  w as fo rm ed  th a n  an d ro s- 
te ro n e  o r ep iand roste rone , th e  s tro n g  and rogen ic  a c tiv ity  o f te s to s te ro n e  m eans 
t h a t  p a r tic u la r  im p o rtan ce  m o st be a t t r ib u te d  to  th is  phen o m en o n . 5a- 
d ih y d ro te s to s te ro n e  was id e n tif ie d  in th e  in c u b a te  of th e  m ale ab d o m in a l sk in  
slices (14.93 pm ol, 0 .18% ). T hese e x am in a tio n s  prove th a t  th e  o th e r m ain  
d ire c tio n  o f th e  m etabo lism  o f [4-14C ]4-enedione in  h e a lth y  h u m a n  sk in  is via  
th e  fo rm a tio n  of te s to s te ro n e  an d  d ih y d ro te s to s te ro n e .

A lth o u g h  a n d ro s te ro n e , ep ian d ro s te ro n e  and  te s to s te ro n e  w ere fo rm ed  
w ith  considerab le  ra d io a c tiv itie s  in  th e  in c u b a te s  of b o th  th e  fem ale a n d  m ale 
a b d o m in a l sk in  slices, th e  fo rm a tio n  of w ate r-so lu b le  s te ro id  su lp h a te  esters  
co u ld  n o t  be confirm ed.

T h e  p resen t resu lts  th u s  p ro v e  th a t  h e a lth y  fem ale and  m ale ab d o m in a l 
sk in  sy n th esizes  th e  an d ro g cn ica lly  in ten siv e ly  ac tiv e  te s to s te ro n e , 5 a-d ih y d ro - 
te s to s te ro n e , an d ro ste ro n e  an d  ep ian d ro s te ro n e  from  th e  an d ro g cn ica lly  
s lig h tly  ac tiv e  4 -and rostene-3 ,17 -d ione . T h is is a fu r th e r  p ro o f th a t  n o t  only  
th e  a d re n a l co rtex , gonads a n d  liv er, b u t also th e  p e rip h e ry  inc lud ing  th e  skin , 
is c a p a b le  of local syn thesis  o f  s te ro id s  w ith  high and rogen ic  a c tiv ity .

I n  view  of th e  re su lts , th e  q u es tio n  arose of th e  sign ificance o f th e  
b io tra n s fo rm a tio n  of 4 -an d ro sten e -3 ,1 7 -d io n e  in  h u m an  skin . I t  is know n  th a t  
b es id es  th e  adrenal co rtex , th e  te s tis , o v a ry  an d  liver also ta k e  p a r t  in  th e  
b io sy n th e s is  of 4-enedione [2, 10, 11, 12]. T hese g lands p ro d u ce  1.4— 3.4 m g 
4 -en ed io n e  daily  [11], an d  i t  can  be fo u n d  in  app rec iab le  c o n c e n tra tio n  in  
p e r ip h e ra l b lood, too  (m ale: 99 ng/100 m l; fem ale: 180 ng/100 ml 113]). A cco rd 
in g  to  o u r p resen t concep t, th e  in d iv id u a lly  ch a ra c te ris tic  androgen ic  s te ro id  
e c o n o m y  of th e  h u m an  sk in , an d  its  com position  and  a m o u n t, are co n tro lled  
jo in t ly  b y  th e  and rogcn ica lly  ac tiv e  stero ids fo rm ed  locally  in  th e  skin  and  p a ss 
in g  in to  th e  skin via  th e  b lo o d  s tre a m  [6]. O ur earlie r in v es tig a tio n s  show ed 
th a t  th e  sw ea t g lands of th e  sk in  secre te  w ate r-so lu b le  d eh y d ro ep ian d ro s te ro n e  
s u lp h a te  an d  an d ro ste ro n e  su lp h a te  [14, 15]. 4 -and rostene-3 ,17 -d ione , 5a- 
an d ro s tan e -3 ,1 7 -d io n e , d eh y d ro e p ia n d ro s te ro n e  and  an d ro s te ro n e  can  be 
d e te c te d  in  th e  lipoid film  la y e r  covering  th e  ax illa ry  and  pub ic  h a irs  [6]. 
T he s tu d ie s  of S t r a u s s  a n d  P o e m  [16, 17] in d ica te  th a t  te s to s te ro n e , 4-an- 
d ro sten e-3 ,1 7 -d io n e  and  D H A  s tim u la te  th e  serum  p ro d u c tio n  of th e  sebaceous 
g la n d s . A ccording to  S h u s t e r  and  B o t t o m s  [18], th e  to ta l  collagen c o n te n t of 
h u m a n  sk in  is h igher in m ales th a n  in  fem ales. T h e  d ifference is a t t r ib u te d  to
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the  effect o f th e  androgens, fo r exogenous an d ro g en s cause th e  co llagen  c o n te n t 
o f th e  sk in  to  increase [19]. In  h irsu tism , w here  a hyperan d ro g en ism  o f  th e  sk in  
has been assum ed  [6], recen t in v e s tig a tio n s  show  th a t  there  is an  in c re a se  n o t 
only  in  th e  to ta l  collagen c o n te n t o f th e  sk in  [20], b u t also in sw eat a n d  se ru m  
ex cre tio n  [21]. T he 5 a -d ih y d ro te s to s te ro n e , te s to s te ro n e , a n d ro s te ro n e  an d  
ep ian d ro s te ro n e  form ed in th e  sk in  in  th e  course o f th e  b io tra n s fo rm a tio n  of 
4 -and rostene-3 ,17 -d ione  seem  to  p lay  a role in  b ring ing  ab o u t th e  changes 
d e tec ted  in  th e  functions of h u m a n  sk in  an d  its  accessory g lands.

T he a u th o rs  wish to  th a n k  P ro fesso r W . K l y n e  a n d  D r. D. N. K i r k  (L o n d o n ) fo r re fe r
ence ste ro ids. W e are in d eb ted  to D r. I .  C s e r n a y  fo r m ak in g  th e  P ack ard  L iqu id  S c in tilla tio n  
S p ec tro m ete r availab le  for ra d io a c tiv ity  m easu rem en ts .
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THE METABOLISM OF [4-14C]5-ANDROSTENE- 
3/5,17/?-DIOL BY NORMAL HUMAN SKIN I N  V I T R O

I .  F a RED IN  a n d  I .  TÓ TH

FIR ST  D EPA R T M E N T OF M ED ICINE, U N IV ER SITY  MEDICAL SCHOOL, SZEGED 

(R eceived April 18, 1975)

H e a lth y  fem ale and  m ale abdom inal sk in  slices were in cu b a ted  w ith  [4-14C]5- 
androstene-3/?,17/?-diol. W ith  a reverse iso tope  d ilu tio n  m ethod th e  follow ing m e ta b 
o lites were iso la ted  and  iden tified : 5 a -an d rostane-3 ,17 -d ione , 4 -an d ro stene-3 ,17 -d ione, 
5 a -d ih y d ro tes to s te ro n e , d e h y d ro ep ian d ro s te ro n e , andro stero n e , te s to s te ro n e , 7-keto- 
5-androstene-3/?,17/?-diol, 7 a -h y d ro x y d eh y d ro ep ian d ro ste ro n e , 5-androstene-3/?,7ß,17ß- 
tr io l, 5-androstene-3/? ,7a ,17ß-trio l, d eh y d ro ep ian d ro s te ro n e  su lp h a te  and  5 -an d ro sten e - 
3 /?,l7/?-diol-3-sulphate. T he am o u n ts  o f th e  m e ta b o lite s  form ed show ed th a t  [4-14C]5- 
androstene-3/?,17/?-diol was m etabolized  in d iffe re n t w ays by  h e a lth y  fem ale  a n d  m ale 
ab d o m in a l sk in  slices. In  fem ale sk in  th e  m ain  d irec tio n  of m etab o lism  lead s to  the 
fo rm atio n  of androgen ic  stero ids, while in m ale  sk in  th e  m ain  b io sy n th e tic  ro u te  is 
th e  C7-ox id a tio n  o f th e  su b s tra te . The fac t t h a t  5-androstene-3/?,17/?-diol is tra n s fo rm e d  
to  a considerab le  e x te n t  to  tes toste rone  a n d  5 a -d ih y d ro tes to s te ro n e  p ro v es t h a t  in 
h u m an  skin  5-androstene-3/?,17/?-diol is a b e tte r  p recu rso r of th e  an d rogen ic  ste ro id s 
th a n  d eh y d ro ep ian d ro s te ro n e  or 4 -androstene-3 ,17 -d ione.

In earlie r in v es tig a tio n s  it has been show n th a t  under co n d itions in  vitro 
h u m an  sk in  slices are  able to  sy n th e tiz e  and rogen ica lly  in ten se ly  ac tiv e  
s te ro id s  from  d e h y d ro ep ian d ro s te ro n e  (D H A ) a n d  4 -an d rostene-3 ,17 -d ione  (4- 
enedione) [1— 5]. Tw o possible ro u tes  w ere rev ea led  for the  fo rm atio n  o f  te s to s 
te ro n e  d u rin g  th e  m e tab o lism  o f [4-14C] D H A . O ne ro u te  would lead  via  th e  
in te rm e d ia te  4-ened ione , and  th e  o th e r via  th e  in te rm ed ia te  5 -an d ro s ten e - 
3/?,17/?-diol (5-enediol), to  tin 4 fo rm ation  o f  th e  s tro n g  androgens te s to s te ro n e  
(T) and  5 a -d ih y d ro te s to s te ro n e  (D H T ). I t  has n o t been clarified  w hich o f  these  
tw o ro u te s  is th e  m ore im p o r ta n t in h u m an  sk in  [6]. 5-enediol is a m o d e ra te ly  
and rogen ic  ste ro id  [7, 8], and  th u s  its  e x tra g la n d u la r  b io tra n sfo rm a tio n  in 
h u m a n  sk in  m ay  be o f g rea t im portance . A cco rd ing ly , we have id e n tif ie d  th e  
m e tab o lite s  fo rm ed  in  tin 4 course of in cu b a tio n  o f [4- 14C] 5-androstene-3/3,17/?- 
diol w ith  h e a lth y  fem ale  an d  m ale ab d o m in a l sk in  slices, to  exam ine th e  q u a n 
t i ta t iv e  re la tio n s o f th ese  m etab o lites , and  hence  to  estab lish  th e  m ain  p a th w a y s  
of th e ir  m etabo lism .

Materials and m ethods

Steroids. T he [4-14C ]5-enediol used for in cu b a tio n  w as p repared  from  [4-14C ]D H A  (spec, 
a c t. =  52.0 m C i/m m ol, R adiochem ica l C entre, A m ersh am , E ng land) by  re d u c tio n  w ith  
sodium  b o ro h y d rid e . T he 5-enediol form ed was p u rified  f irs t  on an A120 3 colum n (B ro c k m a n n  
I ÍI /IV  a c tiv ity ) , and th e n  on silica gel G th in -lay er [6].
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T h e  au th e n tic , n o n -rad io a c tiv e  5-androstene-3/?,17ß-diol (5-enediol), 5 -an d ro sten e- 
3/?,17/?-diol-3-sulphate (5-enediol-3-S ), d éh y d ro ép ian d ro s té ro n e  (D H A ), d é h y d ro ép ian d ro s
té ro n e  s u lp h a te  (D H A -S), 7 a -h y d ro x y d e h y d ro e p ia n d ro ste ro n e  (7a-O H -D H A ), 5 a -an d ro s ta n e -  
3 ,1 7 -d io n e  (5a-aned ione), 4 -androstene-3 ,17 -d ione  (4 -ened ione), an d rosterone  (A), te s to s te ro n e  
(T ), 5 a -d ih y d ro tes to s te ro n e  (D H T ), 7-keto-5-androstene-3/?,17jd-diol (7-k-5-enediol), 5-an- 
drostene-3/?,7a,17/?-triol (7 a -5 -enetrio l) and  5-androstene-3/5,7/?,17/?-triol(7/?-5-enetriol) em p lo y ed  
fo r iso la tio n  an d  id en tific a tio n  p u rp o ses were p u rif ied  befo re  use, in  th in -la y er c h ro m a 
to g ra p h ic  system s co rresponding  to  th e ir  po larities [6].

T h e  cofactors used  in  th e  e x p erim en ts  were p ro d u c ts  o f th e  Sigm a C hem ical Co., S t. 
L o u is , M o., USA.

S k in  samples. T he ab d o m in a l sk in  o f a 26-year-o ld  h e a lth y  w om an and  a 45-year-o ld  
h e a l th y  m a n  was ob ta in ed  d u rin g  ap p endectom y. T h e  com ple te  sk in  sam ples, c o n ta in in g  
b o th  th e  derm is and  ep iderm is, w ere  purified  from  th e  a n tise p tic  and  th e  accessory  f a t ty  
t is su e s , a n d  c u t in to  1 —2 m m  slices w ith  scissors. T he sk in  slices were in cu b a ted  w ith in  30 m in  
of th e  o p e ra tio n .

Incuba tion . 1 g each  of th e  fem ale  and  m ale a b d o m in a le  sk in  slices was in cu b a te d  w ith  
2 ,206,845 d p m  (0.99 //Ci) or 2 ,226,000 dpm  (1.00 //Ci) [4-l4C ]5-enediol (spec. a c t. =  52.0 mCi 
p e r m m o l) in  10 ml K reb s-R in g er p h o sp h a te  200 m g p e r 100 m l glucose (K R P G ) m ed iu m , 
a t  37°C , a t  p H  7.3, for 5 ho u rs  in  a ir . In c u b a tio n  was c a rr ied  o u t in  th e  presence of A T P , N A D  
a n d  N A D P  a t  a co n cen tra tio n  o f 10 M. Prior to  in c u b a tio n , th e  [4-14C ]5-enediol w as d is
so lv ed  in  0.2 ml p ropylene glycol. W ith  th e  aim  of in h ib itin g  b ac teria l co n tam in a tio n , c ry s ta l
line  p e n ic illin  (1000 IU /m l) an d  s tre p to m y c in  su lp h a te  (100 //g/m l) were added  to  th e  in c u b a 
t io n  m e d iu m . A t th e  end of th e  in cu b a tio n  1 ml m e th a n o l was added  to  stop  th e  re a c tio n , 
a n d  th e  in c u b a te  was s to red  a t  — 15°C.

E xtrac tion  o f  the incubate. A fte r  th e  5-hour in c u b a tio n , know n am oun ts o f non-rad io - 
a c t iv e  5 -ened io l, 5-enediol-3-S, D H A , D H A -S, 7 a -O H -D H A , 5a-*enedione, 4 -ened ione, A, T, 
D H T , 7-k-enedio l, 7a-5-enetrio l a n d  7/?-5-enetriol w ere  a d d ed  as carriers to  ev ery  in cu b a te . 
T h e  sk in  slices and  m edium  w ere th e n  e x trac ted  as d e sc rib ed  p rev iously  [5]. R a d io a c tiv ity  
o f th e  e x tr a c t  was m easu red  w ith  a P ack ard  T ri C arb  L iq u id  S c in tilla tion  S p e c tro m e te r 
(M odel 3375).

Separa tion  o f free steroids a n d  sulphate ester steroids. T he com bined e x tra c t  o f th e  sk in  
slices a n d  th e  m edium  was c h ro m a to g ra p h e d  on a 1.5 g N y m co  Florisil (60/100 m esh) co lum n 
(F lo r id in  Co., USA), and  th e  free s te ro id s (fraction  1) w ere se p a ra ted  from  th e  su lp h a te  e s te r  
s te ro id s  (frac tio n  2, T able  I [9]).

Separa tion  o f  free  steroids. T h e  free stero ids w ere ch ro m a to g rap h ed  on a 4 g A120 3 
ç o lu m n  (B ro ck m an n  I I I /IV  a c t iv i ty )  w ith  benzene co n ta in in g  stepw ise increasing  c o n c e n tra 
t io n s  o f  e th a n o l. The follow ing so lv e n ts  were used for th e  v a rio u s  e lua tes: Nos 0 — 8 :  9 X 20  m l 
b e n ezen e ; Nos 9 —18: 1 0 x 2 0  m l 0 . 0 5 %  e thanolic  b en zen e; Nos 19 — 29 :  1 1 x 2 0  m l 0 . 1 %  
e th a n o lic  benzene; Nos 30 — 3 4 :  5 x 2 0  ml 0 . 2 5 %  e th a n o lic  benzene; Nos 35 — 4 4 :  1 0 X 2 0  m l 
0 . 5 %  e th a n o lic  benzene; Nos 4 5  — 62 :  1 8 x 2 0  m l 1 . 0 %  e th an o lic  benzene; N os 63  — 7 2 :  
1 0 x 2 0  m l 2 %  e thanolic  benzene. A s can be seen in  F ig . 1,  th is  m eth o d  led to  th e  se p a ra tio n  
o f p e a k s  I —'VII.

Id en tifica tio n  o f  the metabolites form ed. The ra d io a c tiv e  m etabo lites form ed w ere id e n t i 
fied  w ith  a reverse  isotope d ilu tio n  m eth o d  from  th e  p e ak s  I —V II of th e  free m e ta b o lite s  
a n d  fro m  th e  su lp h a te  este r f ra c tio n  (frac tion  2). T he in d iv id u a l m etabo lites an d  th e ir  d e r iv a 
tiv e s  w ere  purified  in va rio u s th in - la y e r  ch ro m a to g rap h ic  (tic ) system s (Table I I )  u n t i l  th e  
v a lu e s  fo r th e ir  specific a c t iv it ie s  (dpm ///g) in two co n secu tiv e  ch rom atograph ic  s tep s agreed  
w ith in  i 5 % .  T he am o u n ts  o f th e  in d iv idual m e ta b o lite s  fo rm ed were given for th e  w e igh t 
o f sk in  tis su e  exam ined , and  th e  tran sfo rm a tio n  re fe rre d  to  th e  su b s tra te  was exp ressed  in 
p ico m o les  (pm ol) and p e rcen tag e  u n its .

E stim a tio n  o f non-radio active steroids. The a m o u n ts  o f 17-ketosteroids s a tu ra te d  in  th e  
A r in g  w ere d e term ined  by  th e  Z im m erm ann  re ac tio n . T he values o b ta ined  sp ec tro p h o to - 
m e tr ic a lly  a t  450, 510 an d  570 n m  were corrected  acco rd in g  to  A l l e n  [6].

S te ro id s con ta in ing  3-ke to-4-ene  or 7-keto-5-ene s tru c tu re s  (4-enedione, T , 7 -k-5-enediol) 
w ere  su b je c ted  to  sp e c tro p h o to m e try  a t  225, 240 a n d  255 nm , an d  th e  resu lts w ere co rrec ted  
a cc o rd in g  to  A l l e n  [6].

5-enediol, its acetate and sulphate ester, and 7a-5-enetriol, 7/?-5-enetriol and their 
a ceta te s , were determ ined according to the Allen correction, after spectrophotom etry at 380, 
410 and 440 nm with the sulphuric acid colour reaction .

M icrochem ical reactions o f  the steroids. A ce ty la tio n  o f th e  m etabo lites ex am in ed , h y d ro 
ly s is  o f th e  stero id  a ce ta tes , a n d  o x id a tio n  and re d u c tio n  of th e  stero ids were p e rfo rm ed  as 
d e sc rib e d  earlie r [6].

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



METABOLISM OF [4-“ C]5-ANDROSTENE-3BETA, 17BETA-DIOL BY SKIN 141

Solvolysis o f th e  s te ro id  su lp h a tes  was carried  o u t  according to  T r e i b e r  [10, 11]. 
T he 2 .4 -d in itro p h en y lhy d raz in e  (D N P ) colour re ac tio n  was successfully a p p lie d  for 

th e  id en tif ic a tio n  of 5a-d ih y d ro tes to s te ro n e . T he d e ta ils  are  given in an  ea rlie r p a p e r  [5].

Results

T he num erica l re su lts  are lis ted  in  T ab le  I .  T h e  d a ta  show th a t  94 .4  an d  
103 .7%  of th e  rad io a c tiv e  m a te ria l w as reco v ered  a fte r the  e x tra c tio n . T he 
F lo risil co lum n ch ro m ato g rap h ic  re su lts  show ed  th a t  su lphate  e s te r  s te ro id s  
w ere fo rm ed  in  a d d itio n  to  th e  free s te ro id s , b u t  th e  m a jo rity  of th e  r a d io a c tiv 
i ty  w as co n ta in ed  in  th e  free stero ids.

Table I

Distribution o f  the radioactivity recovered fro m  incubate o f skin slices 
and [4-u C]5-androstene-3ß,17ß-diol after extraction , Florisil and alum ina  

column chromatography

Skin samples

N orm al fem ale a) 
26 y ears 
1 g sk in  each  b)

N orm al m ale a) 
45 y ears  
1 g sk in  each b)

(4-"C]5- Recovery о radio-
Recovery o f radioactivity  on 

colum n chrom atography
•lorisil R ecovery  of 

rad io ac tiv ity  of 
free steroids on 
alum ina column 
chrom atography

androstene-
3/?,17/?-diol

ac tiv ity  alter 
extraction S teroid sulphates Free steroids

substrate
per
cent

dpm
dpm per cent

dpm per
cen t dpm

dpm
per

cent

2,206.845 2,080,440 94.3 51,555 2.5 1,997,200 96.0 1,806,375 90,4

2,206,845 2,144,932 97.2 60,840 2.8 2,065,880 96.3 1,602,785 77.6

2,226,000 2,276.360 102.3 124,574 5.5 2,095,320 92.0 2,039,355 97.3

2,226,000 2,307,792 103.7 128,625 5.6 1.994,000 86.4 1,986,525 99.6

T h e resu lts  o b ta in ed  a fte r  A1.,03 co lu m n  ch ro m ato g rap h y  o f th e  free 
s te ro id s  are  illu s tra te d  in  F ig .1. C urve A is a rad io ch ro m ato g ram  o f p u re  [4- 
14C ]5-enediol, w ith o u t in cu b a tio n . C urve В is a ch rom atog ram  o b ta in e d  a fte r  
a 5 -h o u r in c u b a tio n  of [4-14C ]5-enediol s u b s tra te , and  skin slices in a c tiv a te d  
b y  10 m in. for boiling . B esides th e  su b s tra te , a new  peak  w ith  low  ra d io a c t iv 
i ty  ap p ea red ; id en tif ic a tio n  te s ts  p roved  th is  to  he D IIA . T h u s, D H A  h ad  
fo rm ed  as an  a r te fa c t d u rin g  th e  5 -hour in c u b a tio n  of the  [4-14C ]5-enedio l. 
T h e  seven  peaks on ra d io ch ro m a to g ram s C a n d  D show ed th a t  n u m ero u s  ra d io 
ac tiv e  stero ids w ere sy n th e tiz e d  w hen [4-14C ]5-enediol was in c u b a te d  w ith  
m ale  an d  fem ale ab d o m in a l skin slices. C urve  E  p resen ts th e  p o sitio n s  an d  
sequence  o f ru n n in g -o ff o f th e  a u th e n tic  s te ro id s  used  from  th e  A l20 :i co lum n .

T he follow ing androgen ic  stero ids a n d  also 7-oxidized d e r iv a tiv e s  w ere 
iso la ted  an d  id en tified  from  peaks I —V II o f  th e  rad io ch ro m ato g ram s o f th e  
fem ale  an d  m ale ab d o m in a l sk in  slices: 5oc-androstane-3,17-dione (p e a k  I), 
4 -and rostene-3 ,17 -d ione  (peak  I I ) ,  5 a -d ih y d ro te s to s te ro n e  (peak I I ) ,  d eh y d ro -
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F ig . 1. D is tr ib u tio n  o f ra d io a c tiv ity  of th e  free m e ta b o lite s  in  th e  e luate  o f th e  a lu m in a  
c o lu m n . I4os I —V II. re p re se n t  frac tions o f ra d io a c tiv e  s te ro id  w ith  increasing  p o la rity . 
C urve  A: [4-14C ]5 --androstene  .'S/i,17/l-diol su b s tra te ; C urve B : boiled fem ale ab d o m in a l sk in ; 
C urve C: norm al m ale a b d o m in a l skin; Curve D: n o rm a l fem ale  abdom inal sk in ; C urve E :  
re fe ren ce  steroids: 1. 5 a -an d rostane-3 ,17 -d ione . 2. 4 -androstene-3 ,17 -d ione. 3. D é h y d ro ép ia n 
d ro sté ro n e . 4. 5 a -d ih y d ro tes to s te ro n e . 5. A n d ro ste ro n e . 6. T estoste rone. 7. 5-androstene-3/S ,- 
17/3-diol. 8. 7-keto-5-androstene-3|0,17/?-diol. 9. 7 a -O H -D H A . 10. 5-androstene-3/S,7/S,17/3-diol.

11. 5-androstene-3/?,7a,17/?-triol

ep ian d ro s te ro n e  (p e a k  I I ) ,  and roste rone  (p e a k  I I I ) ,  testo ste rone  (p e a k  I I I ) ,  
5-androstene-3/5,17/?-diol (p eak  IV), 7-keto-5-androstene-3/3,17/?-diol (p e a k  V), 
7 a -h y d ro x y d e h y d ro e p ian d ro s te ro n e  (peak  V I) , 5-androstene-3/?,7/3,17/3-triol 
(p e a k  V I) and 5-androstene-3/?,7a,17/3-trio l (p e a k  V II) . The in d iv id u a l s tep s  in  
th e  iso la tio n  and  id e n tif ic a tio n  of these  s te ro id s  a re  given in Tables I I I  a n d  IV .
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Table II

Solvent systems employed fo r  isolation and identification o f  free  and sulphate ester

Tic systems fo r  alum ina plates:

B: n-hexaiie  — e th y l ace ta te  gacial acetic  a c id — abso lu te  e thanol
(210 : 30 : 2 : 1, v /v /v /v )

I ) 0: n -hexane — e th y l ace ta te  —glacial ace tic  acid —absolute e thanol
(140 : 100 : 0.5 : 2, v /v /v /v )
(35 X 5 cm p la te )

I: abso lu te  e th an o l — eth y l ace ta te  —c o n cen tra ted  N il ,O H
( 5 : 5 : 1 ,  v /v /v )

Tic systems fo r  silica gel G plates:

la :  cyclohexane — e th y l acetate (60 : 40, v /v)
lb :  d ich lo rom ethane  — eth y l aceta te  ( 4 : 1 ,  v/v)

2: benzene —eth y l ace ta te  (3 : 2, v/v)
2a: benzene — e th y l ace ta te  —glacial acetic  acid — absolute e thanol

(160 : 40 : 2 : 2, v /v /v /v )
3: chloroform  —m ethano l (98 : 2, v/v)

3a: chloroform  —m ethano l (97 : 3, v /v ) (2 8 x 5  cm p la te )
L isboa E: n-hexane — e th y l ace ta te  — glacial acetic  acid absolu te e thano l

(13.5 : 72 : 10 : 4.5, v /v /v /v )
4: chloroform  — acetone (3 : 2, v/v)
5: chloroform  — acetone (3 : 5, v/v)
6: chloroform  — dioxan  (95 : 5, v /v)
I :  abso lu te  e th an o l e th y l ace ta te  — concenera ted  N H ,O H

( 5 : 5 : 1 ,  v /v /v )

In  ad d itio n  to  th e  free m e tab o lite s , su lp h a te  este r s tero ids w ith  low  ra d io 
a c tiv i ty  w ere also produced  d u rin g  in cu b a tio n . T ab le  V show s th e  cou rse  of 
iso la tio n  an d  id en tifica tio n  of d e h y d ro ep ian d ro s te ro n e  su lp h a te  a n d  5-an- 
drostene-3/?,17/?-dio l-3-sulphate from  th e  su lp h a te  ester frac tio n .

D iscussion

T he tra n sfo rm a tio n  in  v itro  o f  5-androstene-3/3,17/3-diol to  te s to s te ro n e  
has been  o b serv ed  in  the  h u m an  ad re n a l an d  p lacen ta  [12], an d  in h o m o g en a tes  
o f th e  o v a ry  an d  te s tis  [14, 15]. O ur re su lts  have  con firm ed  th a t  [4 -l4C]5- 
enedio l w as in ten se ly  m etabo lized  by  b o th  fem ale and  m ale a b d o m in a l sk in  
slices. T he fem ale abdom inal sk in  slices co n v erted  63.24 and  66 .28%  o f th e  
s u b s tra te  to  m e tab o lite s ; in th e  case o f th e  m ale skin slices th e  con v ersio n  w as 
51.72 and  53 .57% . In  ag reem en t w ith  o u r earlie r re su lts  [3, 5], a m ore in ten s iv e  
s te ro id  m etab o lism  was observed  w ith  th e  fem ale skin. D eta iled  an a ly s is  o f  th e  
m e ta b o lite s  revealed  th a t  th e  s u b s tra te  gave rise p re d o m in a n tly  to  free 
ste ro id s , w ith  su b s ta n tia lly  less su lp h a te  e s te r stero ids. T he b io sy n th e tic  p a th 
w ays assum ed  for these m e tab o lite s  are show n in Fig. 2.

O ur re su lts  ind ica te  th a t  te s to s te ro n e  can be form ed d irec tly  from  [4- 
14C ]5-enediol u n d e r the  ac tion  o f / l5-3/3-hydroxysteroid  d eh y d ro g en ase  (/Is-
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Table III

Androgenic steroids isolated and identified from  the incubate o f normal female

Steroid identified Carrier Chemical reaction D erivative TLC system Rf value

F ree  ste ro id lb 0.63
5-ene-dione 236 A cety lation F ree  ste ro id la 0.53

— F ree  ste ro id в 0.63

— F ree  stero id D„ 0.70

4-ene-dione 280.5
A cety lation F ree  ste ro id la 0.31

— F ree  ste ro id 3 0.72

R eduction T estosterone 3 0.53

— F ree  stero id d 2 0.58

— F ree  ste ro id 1 0.50

D H T 305.2 — F ree  stero id d 2 0.52

D N F D H T -D N F H 6 0.64

O xidation 5-ane-dione la 0.54

— F ree  ste ro id d 2 0.51

D H A 217.5 A cety lation D H A -A c. la 0.72

H ydrolysis D H A 2 0.56

A cety lation A-Ac. la 0.73

H ydrolysis F ree  ste ro id 3 0.59

A 340 — F ree  ste ro id 2 0.55

A cety lation A-Ac. lb 0.72

H ydrolysis F ree  ste ro id 2 0.45

A cety lation T-A c. la 0.55
___ T-A c. lb 0.59

T 213.7
H ydrolysis F re e  ste ro id 2a 0.51

O xidation 4-ene-dione 3a 0.76

— F ree  ste ro id 4 0.58

5-ene-diol 280.8
A cety lation 5-ene-dioldiA c. la 0.78

H ydrolysis F ree  ste ro id 3 0.42

— F ree  ste ro id 4 0.59
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and  male abdominal sk in  slices and [4-liC]5-androstene-3ß,17ß-diol

Femal skin Male skin

A В A В

Con version/1.0 g 
S.A. skin/5 hr 

dpm ///g Total dpm pniol 
per cent

S.A.
dpm///g

Coi version/1.0 g 
skin/5 hr 

Total dpm pmol 
per cent

S.A.
d p m  1/xg

Conversion/1.0 g 
skin/5 hr 

T otal dpm pmol 
per cent

S.A.
dpm///g

Conversion/1.0 g 
skin/5 h r 

T o ta l dpm  pmol 
per cent

139.03 13,289 155.10 15,277 175.20 7,901 131.81 5,746

53.09 1 1 5 .il 62.08 132.34 32.70 68.44 23.46 49.77

50.90 0.60 57.46 0.69 34.26 0.35 25.24 0.26

219.22 66.178 270.57 71,801 96.21 14,729 57.32 13.430

207.60 573.27 225.18 621.98 49.23 127.59 58.64 116.34

196.08 3.00 220.36 3.25 53.96 0.66 49.27 0.60

193.20 202.00 51.06 46.50

-
14,573 13,520

46.30 126.24 43.12 117.11

49.20 0.66 45.48 0.61

322.08 76,330 358.79 75,124 518.73 109,237 448.37 103,784

295.32 661.21 304.20 650.76 484.85 946.27 479.99 899.03

304.76 3.46 286.40 3.40 519.63 4.91 474.36 4.66

49.68 51.99 28.11 17.11
40.44 13,929 45.23 15,315 27.51 7,079 17.07 5,437

42.87 120.66 45.88 132.84 21.42 61.32 16.13 47.09

43.12 0.63 48.79 0.69 20.23 0.32 15.86 0.24

2.009 2,252 385.11 387.14

2,361 631,503 2,096 550,962 369.89 90,402 416.66 90,314

2,546 4,470 2,188 4,473 413.03 783.1 1 415.87 782.34

2,379 28.61 2,108 24.97 433.04 4.06 429.37 4.06

3,325 3,239 5,649 5,477
3.216 811,231 3,101 744,120 4,659 1,074,619 4,769 1,033,623

2,901 7,027.29 2,695 6,445.95 4,762 9,308.89 4,455 8,953.77

2,878 36.76 2,606 33.72 4,574 48.28 4,525 46.43
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Table IV

C7-oxidized steroids isolated and identified from  the incubate o f normal female

Steroid identified
Carrier

/*g Chemical reaction D erivative
TLC

system
R ,

value

264* — Free s te ro id 5 0.62
A cety la tio n 7-k-5-ene-diol-diA c. lb 0.66

7-k-5-ene-diol 176** — 7-k-5-ene-diol-diA c. la 0.50
H ydro lysis F ree  s te ro id 5 0.60

Free ste ro id L -E 0.56

158.5* A cety la tio n 7a-O H -D H A -diA c. la 0.45

7a-O H -D H A 140** H ydro lysis F ree  s te ro id 5 0.49

- F ree  s te ro id L-E 0.44

250* A cety la tio n 7/5-triol-triA c. la 0.60

7/5-5-ene-triol — 7/S-triol-triA c. lb 0.70
304** H ydro lysis Free  s te ro id 5 0.55

- Free  s te ro id L -E 0.52

244* A cety la tion 7a-trio l-triA c . la 0.60

7a-5-ene-trio l — 7 a-trio l-triA c . lb 0.69

295.2** H ydro lysis Free  s te ro id 5 0.46

- Free  s te ro id L-E 0.45

* am o u n t of carrie r ad d ed  to  female skin; 

** am o u n t of carrie r ad d ed  to  male skin

3/5-HSD). A p a r tic u la r ly  in ten s iv e  tra n s fo rm a tio n  w as observed in th e  course 
o f in c u b a tio n  w ith  th e  fem ale  abdom inal sk in  slices (fem ale: 28 .61% , 24 .9 7 % ; 
m a le : 4 .06% , 4 .0 6 % ), from  w hich it  m ay  be conc luded  th a t  /F-3/1-H SD  is 
su b s ta n tia lly  m ore a c tiv e  in  fem ale th a n  in  m ale  abdo m in a l skin (T able  I I I ) .

N o sign ifican t d iffe rence  was found  b e tw een  fem ale and  m ale sk in  in  th e  
a c t iv i ty  of 17 /3 -hydroxystero id  dehydrogenase  (17/9-HSD), w hich ca ta ly zes  th e  
fo rm a tio n  of D H A  (fem ale : 3 .46% , 3 .40% ; m a le :  4 .9 1 % , 4 .66% ). A ce rta in  
a m o u n t of D B A  (2 .2 2 % ) w as form ed from  th e  su b s ta te  even on in c u b a tio n  
w ith  boiled  skin (F ig . 1, c u rv e  B), and th u s  co n sid e rab le  p a r t  of th e  D H A  id en 
tif ie d  from  the  in c u b a te s  o f  th e  fem ale and  m ale  ab d o m in a l skin slices is to  be 
re g a rd e d  as an a r te fa c t.

T h e  b iosy n th esis  o f 4 -an d rostene-3 ,17 -d ione  from  [4-14C ]5-enediol can
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and male abdominal sk in  slices and [4-liC]5-androstene-3ß,17ß-diol

Female skin Malt skin

A В A В

S.A.
dpm ///g

Conversion/1.0 g 
skin/5 hr 

Total dpm  pmol 
per cent

S.A.
dpm//tg

Conversion/1 0 g 
skin/5 h r 

Total dpm  pmol 
per cent

S A.
dpm/'/zg

Conversion/1 0 g 
skin/5 hr 

Total dpm pmol 
per cent

S.A.
dpm///g

C onversion/1.0 g 
skin,.5 hr 

T o ta l dpm  pmol 
per cent

154.00 198.08 290.97 288.50

138.22 159.36 193.04 204.00

134.17 36,519 170.00 37,308 208.73 32,868 181.15 29,665

135.90 316.3 142.41 323.2 189.00 284.70 173.00 256.9

140.77 1.65 140.24 1.69 184.50 1.48 164.10 1.33

81.40 12,220 90.43 14,019 132.89 18,702 141.92 19.215

74.32 105.85 85.27 121.44 133.98 162.00 139.70 166.45

79.89 0.55 91.64 0.63 133.20 0.84 134.80 0.86

63.69 74.07 97.90 86.17

10.147 — 11.290 94.10 20,842 91.96 22.393

39.52 87.90 45.95 97.80 67.32 180.5 72.73 194.0

41.66 0.46 44.38 0.51 69.80 0.94 74.60 1.00

986 1,010 1,467 1,259

920 155,672 972 175,275 1,380 316,643 1,180 286,692

617 1,348 692 1,518 1.083 2,743 960 2,483

659 7.05 743 7.94 1.062 14.22 982 12.88

ta k e  place in  tw o w ays. One ro u te  lead s to  4 -an d ro sten d io n e  via  th e  m e ta b o 
lism  o f te s to s te ro n e , b u t  i t  can  also  fo rm  from  D H A . O ur re su lts  su g g es t th a t  
th e  conversion  o f 4 -and rostene-3 ,17 -d ione  fo rm ed  in th e  in cu b a te s  o f  fem ale 
and  m ale ab d o m in a l skin slices (fem ale : 3 .0 0 % , 3 .25% ; m ale: 0 .6 6 % , 0 .60% ) 
is p ro p o rtio n a l to  th e  am oun t of te s to s te ro n e  (fem ale: 28 .61% , 2 4 .9 7 % ; m ale: 
4 .0 6 % , 4 .06% ), w hich  suggests th a t  u n d e r  th e  exp erim en ta l co n d itions d esc rib ed  
th e  b io sy n th e tic  p a th w a y  leads to  4 -and rostene-3 ,17 -d ione  via  te s to s te ro n e . 
I t  follows th a t  m ore 4 -and ro sten e-3 ,1 7 -d io n e  w as iden tified  from  th e  la rg e r 
a m o u n t of te s to s te ro n e  form ed in  th e  5 -h o u r in c u b a te  of the  fem ale  sk in  th a n  
in  th e  case o f th e  m ale sk in  (T ab le  I I I ) .

T he te s to s te ro n e  form ed w as, how ever, n o t only m etabo lized  to  4 -an d ro s- 
tene-3 ,17 -d ione; 5oc-dihydrotestosterone to o  w as produced  from  it  b y  th e  ac tion  
o f Zl4-5 a-red u c tase  (/l4-5a-R ). S ince th is  conversion  was v e ry  lim ite d , D H T  
(0 .6 6 % , 0 .61% ) could he id en tified  o n ly  in  th e  incubate  of th e  fem ale  sk in  
slices (T able I I I ) .
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Table V

Steroid sulphates isolated and identified from  the incubate o f normal female

TLC R fSteroid identified Chemical reaction D erivative system value

S te ro id 294* — S tero id  su lp h a te s S-G-I 0.56
su lphates 230.2** - S tero id  su lp h a te s A-G-I 0.56

Solvolysis Free  D H A 3 0.56
_ Free D H 4 D 0.63

D H A -S
A cety la tion D H A -A c la 0.72

H ydro lysis Free  D H A 2 0.57

Solvolysis Free  s te ro id 3 0.41

5-ene-diol-3-S — Free s te ro id 4 0.59

— 5-ene-diol-diA c. la 0.78

* am m ount o f “ co ld”  D H A -S  (as carrier) ad d ed  to  fem ale and m ale skin
** am ount of “ co ld”  5-enediol-3-S (as carrier) ad d ed  to  fem ale and m ale sk in

5 a-an d ro stan e -3 ,1 7 -d io n e  (fem ale: 0 .6 0 % , 0 .6 9 % ; m ale: 0 .35% , 0 .26% ) 
w as  sim ilarly  fo rm ed  f ro m  4-and rostene-3 ,17 -d ione  on th e  action  of zl4-5a-R . 
A n d ro ste ro n e  w as p ro d u c e d  from  th is  b y  th e  p a r tic ip a tio n  of 3 a-h y d ro x y - 
s te ro id  dehydrogenase  (З а -H SD ) (fem ale: 0 .6 3 % , 0 .6 9 % ; m ale: 0 .32% , 0 .24% ). 
T h e  resu lts  show t h a t  th e  la t te r  steroids w ere o b ta in e d  w ith  higher ra d io a c tiv 
itie s  in  th e  in c u b a te  o f  th e  fem ale th a n  of th e  m a le  sk in  (Table I I I ) .

O f th e  C7-o x id ized  deriv a tiv es , 5-androstene-3/3,7oc,17/S-triol w as fo rm ed  
in  th e  g rea test a m o u n t (fem ale skin : 7 .0 5 % , 7 .9 4 % ; m ale skin : 14 .22% , 
12 .88% ). I t  was d e m o n s tra te d  earlier th a t  h u m a n  abdo m in a l skin co n ta in s  an  
in te n s iv e  7 a-h y d ro x y lase  (7a-H ) ac tiv ity  [3, 16]. T h e  p resen t experim en ts h av e  
c o n firm ed  th is, as th e  m a le  skin  gave rise  to  a lm o s t tw ice as m uch 7oc-5-enetriol 
(T ab le  I I I ) .

5-androstene-3/3,7/3,17/3-triol was fo rm ed  w ith  essen tia lly  less ra d io a c tiv ity  
in  th e  incubates o f b o th  th e  fem ale (0 .46% , 0 .5 1 % ) and  m ale (0 .94% , 1 .00% ) 
a b d o m in a l skin, b u t  he re , to o , m ore was tra n s fo rm e d  b y  th e  m ale skin. A cco rd 
in g  to  p resen t k n ow ledge , th e  b iosynthesis o f 7/5-5-enetriol can  proceed b y  tw o 
p a th w a y s : i t  can be p ro d u c e d  d irectly  from  th e  su b s tra te , p roving  th e  a c tiv ity  
o f  7/S-hydroxylase in  h u m a n  skin, b u t i t  m a y  also  be form ed via  th e  in te r 
m e d ia te  7-k-5-enediol u n d e r  th e  effect o f 7 -h y d ro x y s te ro id  dehydrogenase  
(T ab le  IV).
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and male abdominal skin slices and [4-u C]5-androstene-3ß,17ß-diol

Fenial skin Male skin

A В A В

S.A.
dpm//tg

Conversion/1.0 g 
skin/5 lir 

T otal <lpm pinol 
per cent

S.A.
dpin/ztg

Conversion/1.0 g 
skin/5 hr 

T otal (Ipni pinol
per cent

S.A.
dpm//ig

Conversion/1.0 g 
skin/5 hr 

T otal dpm pinol 
per cent

S.A.
dpm/^g

Conversion/10 g 
skin/5 hr 

T o tal dpm  pinol 
per cen t

— - — - : —

— 59.88 46.80

23.20 3,593 26.80 4,784 47.49 7,553 27.85 7,224

14.10 31.12 18.70 41.44 26.50 65.43 24.53 62.58

15.40 0.16 20.58 0.22 24.88 0.34 24.62 0.32

126.57 30.896 155.41 40.625 484.10 115,267 581.38 127,534

116.02 267.64 152.20 451.91 535.52 998.50 569.84 1.104.76

122.11 1.40 160.90 1.84 502.92 5.18 579.13 5.72

7-keto-5-androstene-3/5,17/3-diol (3 /5 ,17/S-dihydroxy-5-androstene-7-one) 
w as fo rm ed  w ith  th e  sam e ra d io a c tiv i ty  in  th e  5 -hour in cu b a tes  o f  b o th  th e  
fem ale  an d  th e  m ale skin (fem ale : 1 .65% , 1 .69% ; m ale: 1 .48% . 1 .33% ). A ccord 
ing to  p re se n t know ledge, th e  fo rm a tio n  of th is  m e tab o lite  can be conceived  via  
th e  o x id a tio n  o f 7a-5 -enetrio l (7a-U S D ) or 7/1-5-enetriol (Iß-  USD).

T h e  b iosyn thesis o f th e  C7-oxid ized  ste ro id s  lias n o t been c la rified . In  
e x p e rim e n ts  w ith  a h o m o g en a te  o f  r a t  liv er an d  D H A , H a m p l  a n d  S t a r k a  

[17] describ ed  th e  in te rco n v e rs io n  o f v a rio u s  C7-oxidized ste ro id s . J o h a n s 

s o n  118] in c u b a te d  cho lestero l, p regneno lone  an d  D H A  w ith  a r a t  liv e r m icro- 
som e frac tio n , an d  d e m o n s tra te d  th a t  th e  p ro d u c tio n  of the  7 a -h y d ro x y  d e r iv 
a tiv e  w as several tim es h ig h er th a n  th a t  o f th e  7 /i-hvdroxy  d e riv a tiv e . W ith  
re g a rd  to  these  ex am in a tio n s , th e  p e rcen tag e  conversions o b ta in ed  fo r th e  th re e  
C7-ox id ized  deriv a tiv es  id e n tif ie d  in  our ex p erim en ts  m ay also be th e  re su lt  of 
a f in a l equ ilib rium .

In  ad d itio n  to  th e  above C7-oxid ized  d e riv a tiv es , 7 a -0 H -D H A  w as also 
id e n tif ie d  (fem ale: 0 .55% , 0 .6 3 % ; m ale: 0.84, 0 .8 6 % % ). T his m e ta b o lite  w as 
fo rm ed  u n d e r  th e  effect o f 7 a-H  from  th e  D H A  produced  d u rin g  in c u b a tio n  
(T ab le  IV).

T h e  sign ificance of th e  C7-oxid izing  enzym e system s in h u m a n  sk in  is n o t 
c lear. I t  m ay  be assum ed  th a t  th e  C7-oxid izing  enzym e system s p la y  a re g u la 
to ry  ro le in  th e  b io tra n sfo rm a tio n  o f  th e  w eak  androgen ic  stero ids in  th e  skin . 
T hese ac tiv e  enzym e system s seem  to  co n v e rt a sign ifican t p ro p o rtio n  o f th e  
s u b s tra te  to  in ac tiv e  m e tab o lite s  in  th e  sk in , rem ov ing  a large p a r t  o f  th e
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s u b s tra te  and  th u s  d ecreasin g  th e  p recu rso r o f th e  androgen ica lly  in ten se ly  
a c tiv e  stero ids (F ig . 2).

In  th e  course o f  in c u b a tio n  w ith  fem ale a n d  m ale skin  slices o f [4-14C]5- 
ened io l, th e  fo rm a tio n  o f 5-androstene-3/5,17/3-diol-3-sulphate to o  w as con
f irm e d , w hich p ro v ed  th e  a c tiv ity  o f zl5-3 /3 -hydroxystero id  su lphok inase  (A 5-3ß- 
H S S ) in  h u m an  sk in . A p a r tic u la r ly  in ten s iv e  tra n s fo rm a tio n  was observed  in 
th e  case of th e  m ale  sk in  (5 .18% , 5 .72% ), con v ersio n  h av in g  been m u ch  less 
in  th e  fem ale skin (1 .4 0 % , 1 .84% ). B esides th is  w a te r-so lub le  ste ro id  su lp h a te , 
D H A -S  too  was id e n tif ie d , w ith  essen tia lly  low er ra d io a c tiv ity  (fem ale: 0 .16% , 
0 .2 2 % ; m ale: 0 .3 4 % , 0 .3 2 % ), th is  being fo rm ed  on th e  action  o f Zl5-3/3-HSS 
fro m  D H A  p ro d u ced  in  th e  course of in c u b a tio n  (T able  V).

T h e  presence o f /F-3/9-H SS in  h u m an  sk in  w as d em o n stra ted  earlie r on 
in c u b a tio n  w ith  [4-14C ]D H A  [3, 11, 19]. W e cou ld  n o t confirm  th e  fo rm a tio n  of 
th e  w a te r-so lub le  su lp h a te  esters of a n d ro s te ro n e  an d  ep iand roste rone  d u ring  
th e  in c u b a tio n  of [4-14C ]4 -androstene-3 ,17-d ione  [20], no r th a t  o f th e  large 
a m o u n t of te s to s te ro n e  id en tif ied  in th e  p re se n t experim en ts. O ur re su lts  
a p p e a r  to  su p p o rt th e  a ssu m p tio n  th a t  o n ly  Zl5-3/J-HSS a c tiv ity  need  be reck 
o n ed  w ith  in th e  h u m a n  sk in  (Table V).

Id e n tif ic a tio n  o f  th e  m e tabo lites fo rm ed  in  th e  course of in c u b a tio n  of 
[4-14C ]5-enediol w ith  fem ale  and m ale sk in  allow ed a closer in sig h t in to  th e  
en zy m es fu n c tio n in g  in  th e  skin. F rom  th e  a m o u n ts  of m etab o lites  form ed 
in fo rm a tio n  could be o b ta in e d  as to  th e  a c tiv ité s  o f  th e  enzym es d e tec ted , and  
on th e  m ain  m etab o lic  p a th w a y s  of th e  s u b s tra te  5-enediol. F rom  a com parison  
o f  th e  conversion  p e rcen tag es  of th e  an d ro g en ica lly  ac tive , C7-oxid ized  and  
s u lp h a te  este r m e ta b o lite s  form ed in  th e  in c u b a te s  of th e  fem ale an d  m ale 
a b d o m in a l skin slices, a s ig n ifican t d ifference w as observed  betw een  fem ale 
a n d  m ale  skin . T h u s , 31 .85%  of th e  [4-14C ]5-enedio l w as co n v erted  to  an 
d rogen ic  stero ids b y  th e  fem ale abdom inal sk in , w hile th e  co rrespond ing  b io 
tra n s fo rm a tio n  in  th e  m ale  case w as on ly  5 .2 7 % . A t th e  sam e tim e  th e  C7- 
o x id ized  stero ids w ere  sy n th esized  to  a g re a te r  e x te n t  in  th e  m ale th a n  in  th e  
fem ale  skin  (15 .92%  an d  9 .6 5 % , resp ec tiv e ly ). S u lpho  co n juga tion  o f 5-enediol 
w as also m ore com m on in th e  m ale (5 .45% ) th a n  in  th e  fem ale (1 .62% ) skin . 
T hese  re su lts  in d ica te  t h a t  5-androstene-3/l,17/?-dio l is m etabolized  in  d iffe ren t 
w ay s in  fem ale an d  m ale  ab d o m in a l skin. In  th e  fem ale  sk in , th e  m ain  d irec tion  
in  th e  m etabo lism  o f 5-enedio l leads to th e  fo rm a tio n  of androgen ic  stero id s; 
th e  second  p a th w a y  is th e  b iosyn thesis o f  th e  C7-oxidized d e riv a tiv es , w hile 
th e  su lp h o  co n ju g a tio n  is th e  th ird  b io sy n th e tic  ro u te . In  m ale sk in  th e  C7- 
o x id a tio n  of th e  s u b s tra te  is th e  m ain  d irec tio n  o f m etab o lism ; th is  is follow ed 
b y  th e  fo rm atio n  o f th e  w ater-so lub le  su lp h a te  e s te r, and  th e  n ea rly  id en tica l 
fo rm a tio n  of th e  an d ro g en ic  steroids.

5-androstene-3/?,17/?-diol c ircu lates in  p e rip h e ra l b lood in free fo rm  [21, 
22, 23] and in th e  fo rm  o f m ono and  d isu lp h a te  es te rs  [24, 25]. I ts  free form
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has a m o d era te  an d ro g en ic  a c tiv ity , ab o u t 9 — 17%  o f th a t  o f te s to s te ro n e  [7, 
8], w hile its  p la sm a  c o n c e n tra tio n  is 109.9 ng/100 m l in  m ales and 61.6 ng/100 
m l in  fem ales [21]. T h e  o rig in  o f 5-androstene-3/?,17/?-diol c ircu la ting  in  p e r ip h 
eral blood has n o t been  e lu c id a ted . In  m ales th e  te s tis  an d  the  ad ren a l c o r
te x  [21], and  in fem ales th e  ad rena l co rtex  a n d  th e  o v a ry  [26, 27] are  re sp o n 
sible for th e  p lasm a  level. In ad d itio n , recen t d a ta  in d ica te  th a t  a s ig n ifican t 
p a r t  of 5-androstene-3/9,17/?-diol in p e rip h era l b lood  o rig in a tes  from  th e  p e r ip h 
era l in te rco n v ersio n  o f th e  c ircu la tin g  D H A  [8, 26]. T hese d a ta  prove t h a t  an 
ap p reciab le  a m o u n t of free 5-androstene-3/8,17/3-diol is p resen t in th e  b lood; 
on passing  in to  th e  sk in , i t  is easily tran sfo rm ed  to  ste ro id s  o f high an d ro g en ic  
a c tiv ity .

T he fa c t th a t  5-androstene-3/3,17/3-diol is tra n sfo rm e d  to  a considerab le  
e x te n t  to  th e  in ten se ly  androgen ic  te s to s te ro n e , 5oc-dihydrotestosterone an d  
an d ro s te ro n e  p roves th a t  in  h u m an  skin 5-androstene-3/i,17/?-diol is a b e t te r  
p recu rso r of th e  an d ro g en ic  stero ids th a n  d éh y d ro ép ian d ro s té ro n e  or 4 -an - 
drostene-3 ,17-d ione . A lso, 5-androstene-3/?,17/?-diol, in  view  of its  in te n s iv e  
tra n sfo rm a tio n  in  fem ales, has a role in in d u c in g  h irsu tism  and  o th e r signs of 
v irilism .
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SEASONAL VARIATIONS IN PLASMA CORTICOID
LEVEL
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P lasm a 11 -h y d ro x y co rtico id s have  been d e te rm in ed  in  25 no rm al young  males 
in w in ter and  in  th e  h o t h u m id  su m m er days in Cairo. A seasonal v a r ia tio n  could be 
de tected  w ith  h igher p lasm a  levels in th e  sum m er.

D iu rn a l v a ria tio n s  are  know n  to  occur in th e  p lasm a level o f 11-h y d ro x y 
cortico ids [1]. T he level is u su a lly  h ig h est a t  6 a.rn. an d  low est a t  m id n ig h t 
[4].

O th e r fac to rs  also a ffec t th e  level; am ong these , exposu re  to  s tre ss  seems 
to  he th e  m ost im p o r ta n t [2].

In  E g y p t, people are  exposed  in  th e  su m m er m o n th s  to  h u m id  w ea ther 
w ith  te m p e ra tu re s  u p  to  44°C. T h is en v iro n m en ta l stress m ay  cause  a seasonal 
change in  th e  p lasm a 11-h y d ro x y co rtico id  level in  ad d itio n  to  i ts  d iu rn a l 
v a ria tio n . T he aim  of th e  p re se n t s tu d y  was to  c larify  w h e th e r th is  seasonal 
v a r ia tio n  ac tu a lly  ex isted .

Material and methods

T w enty -five  m ale su b jec ts  ran g in g  in  age from  20 to  25 years liv in g  in  C airo an d  found 
free from  an y  disease hav e  been invo lved  in  th e  s tu d y . F ive blood sam ples were ta k e n  from  
each  su b je c t in th e  w in ter a t  te m p e ra tu re s  o f 7 to  9 C an d  five sam ples in  th e  sum m er a t 
te m p e ra tu re s  of 40 to 44°C. Sam pling  w as a lw ays done a t  noon to  avo id  d ifferences due to 
d iu rn a l v a ria tio n s .

1 1-hydroxycortico ids w ere d e te rm in e d  b y  th e  m ethod  of M a t t i n g l y  [ 3 ] .  The 
average  of w in ter resu lts  an d  th e  av erag e  of sum m er resu lts  have  been  ca lcu la ted  for each 
case.

Results and discussion

In  w in te r th e  average  1 1 -h y d ro x y co rtico id  level w as 14.23 ^  1.74 ftg/100 
m l, for th e  25 sub jec ts  s ig n if ican tly  (P  -A 0.01) low er th a n  th e  av e rag e  ob ta in ed  
in  th e  sum m er (18.71 i  4.98 /tg /100 ml).

T he m ethod  used is n o t sen sitiv e  to  m in u te  am o u n ts  o f a ld o ste ro n e  p res
en t in  p lasm a. T he resu lts  a c tu a lly  rep re sen t cortiso l. T h e  n o rm al level range 
from  12 to  20 fig p er 100 ml p lasm a. T h u s , th e  level was e lev a ted  in  th e  sum m er.
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T h e  influence of w e a th e r  on 17-ketostero id  secre tio n  w as show n b y  Z i m 

m e r m a n n  [6]. A ldoste ro n e  w as detec ted  in  in c reased  q u a n titie s  in  urine  
fo llow ing  prolonged e x p o su re  to  h e a t [5].

A ll th is  po in ts to  an  in c re a se d  adrenal a c tiv ity  fo llow ing exposure to  h ea t 
w h ic h  p ro b ab ly  ac ts as a s tre s s fu l stim ulus en h an c in g  th e  release of cortico- 
tro p h in .
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(R eceived  Ju ly  1, 1975)

In  17 ou t of 176 cases of early  syphilis (se ropositive  syphilis I; sy p h ilis  I I )  liver 
fu n c tio n  tes ts  y ielded a positive  resu lt. In  these  p a tie n ts  a sign ifican t increase  in  th e  
serum  IgG , IgM an d  C oeruloplasm in levels an d  a decrease  in th e  tra n s fe rr in  leve l was 
found . The co n cen tra tio n s o f a -2-m acroglobulin  a n d  of /?-l-C-globulin w ere p ra c tic a lly  
u n effec ted . L iver b iopsy  rev ea led  h ep a titis  of v a ria b le  sev erity  in 13 p a tie n ts  w ith  
focal necroses or a p ro life ra tiv e  process e ffec ting  th e  walls o f th e  c en tra l v e ins, th e  
a rte rio les and th e  b ran ch es o f th e  p o rta l vein. In  7 cases th e  presence of T rep o n em a  
in th e  liver was d e m o n s tra ted .

Ja u n d ic e  as an  uncom m on com plica tion  o f  syphilis has been k n o w n  for 
som e fou r h u n d red  y ea rs  [13]. W hile th e  liver changes (fibrosis, g u m m a ta , 
h e p a r  lo b a tu m ) associated  w ith  la te  an d  co n g en ita l syphilis were w idely  s tu d ie d , 
th o se  ap p earin g  in ea rly  syph ilis have received  less a tte n tio n  [1, 3, 10, 14].

O u r observ a tio n s h av e  p o in ted  to  a fu n c tio n a l im p a irm en t o f  th e  liv er 
in  a n u m b e r of u n tre a te d  cases of recen t and  secondary  syphilis an d  to  th e ir  
im p ro v em en t or n o rm aliza tio n  in response to  an tisy p h ilitic  th e ra p y . T hese 
o b se rv a tio n s  have p ro m p te d  us to  s tu d y  th e  serum  im m unoglobu lins a n d  g lyco
p ro te in s  and  th e  m orphological fea tu res  o f th e  liv er in syph ilitic  p a tie n ts  w ith  
p o sitiv e  liver func tion  te sts .

Patients and methods

In 1974. 176 p a tie n ts  w ith  fresh ly  d e tec ted  u n tre a te d  syphilis were a d m itte d  to  the  
d e rm ato -veneoro log ica l u n it of K álla i E v a  H osp ita l. T h eir age ranged  from  20 to 68 (m ean  44) 
years. In  17 of these p a tie n ts  liver fu n c tio n  tes ts  w ere suggestive  of h ep atic  in ju ry .  P a tie n ts  
h av in g  h a d  previous a n tisy p h ilitic  t r e a tm e n t  as well as th e  reg u la r consum ers o f  a lcoholic  
d rin k s w ere excluded from  th e  s tu d y .

T he diagnosis of syph ilis  w as based on serological reac tio n s (V D R L , K o lm er) a n d  on 
th e  d em o n s tra tio n  of T rep o n em a p a llid u m  from  th e  local lesion. T he in te rv a l b e tw een  th e  
in fec tion  an d  the  in v estig a tio n s ran g ed  from  6 to 17 w eeks. L iver function  s tu d ie s  in vo lved  
tes ts  for serum  b ilirub in , SGOT, SG PT , BSP, th y m o l tu rb id i ty ,  gold sol, a lkaline  p h o sp h a ta se . 
Serum  p ro te in  and  g lobulin  co n cen tra tio n s  were m easu red , and th e  e lec tro p h o re tic  p a t te rn  
o f se ru m  p ro te in s was s tu d ied . IgG , IgA , IgM,  a-2 -m acrog lobu lin , C oeruloplasm in, ß-1-C- 
g lobu lin  an d  tran sfe rrin  w ere e s tim a te d  by th e  rad ia l im m unod iffusion  tech n iq u e  of M a n c i n i  
e t al. [5 j. T he values for 25 h e a lth y  su b je c t served as co n tro l. A n tin u clear fac to r w as s tu d ied  
by  th e  H y lan d -la tex  an tin u c leo p ro te in  te s t,  I !B sAg by th e  m icrocom plem ent f ix a tio n  te s t. 
All these lab o ra to ry  in v estig a tio n s were perform ed on  th e  d ay  before biopsy. L iv e r b iopsy  
w as m ade w ith  M enghini’s needle. A n tib io tic  th e ra p y  wi t h  30 ML penicillin  w as s ta r te d  on 
th e  day  a f te r  biopsy and  co n tin u ed  for tw o m onths. T h ree  to 7 days a fte r  co m ple tion  of t r e a t-
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m e n t  all lab o ra to ry  assay s as w ell as liver biopsy w ere re p ea te d . In  tw o cases rep ea t-b io p sy  
h a d  to  be dispensed w ith  o w ing  to  re la tive  c o n tra in d ic a tio n s .

T he biopsy sp ec im en s w ere  sta ined  w ith h a em a to x y lin -e o s in , M allory’s tr ic h ro m e  dye, 
v a n  G ieson’s, G om ori’s s ilv e r im p reg n atio n  an d  P ru ss ian -b lu e , J o b b a ’s re ac tio n  for bile 
p ig m e n t, PA S-reaction . T h e  W a rth in  — S ta rry  s ta in in g  p ro ced u re  for T rep o n em a pallidum  
w as a lso  applied in a ll cases [15].

F o r  m ath e m a tic a l a n a ly s is  th e  tw o-sam ple t - te s t  w as used.

Results

T h e essential c lin ica l a n d  lab o ra to ry  d a ta  a re  seen in  T ab le  I . N o sign if
ic a n t  difference has b e e n  fo u n d  in respect o f  sex  an d  age. H is to ry  rev ea led  no 
in d ic a tio n  of ea rlie r liv e r  disease. The liv e r w as en la rged  in  all, th e  sp leen  in 
fo u r  p a tie n ts . T he re su lts  o f  ro u tin e  te s ts  e sp ec ia lly  of th e  colloid la b ili ty  te s ts  
w e re  ind ica tiv e  of liv e r  in ju ry . In  some cases B S P  re te n tio n  an d  th e  values 
fo r  p ro th ro m b in  w ere  also  abnorm al. A N F  w as dem o n strab le  in  one o f the  
cases , H B sA g -p o sitiv ity  in  none.

Table I

Essential clin ical and  laboratory data o f  17 pa tien ts  with early syphilis

Males 11
Fem ales 6
U nder 40 y e a rs  6
Over 40 y e a rs  11
In terv a l b e tw een  tim e  of infection an d  b iopsy  less

th an  6 w eeks 2
Between 6 a n d  17 w eeks 15
R elevant d a ta  in  h is to ry
H epatitis  0
Alcohol 1 (occasionally)
O ther a n te ce d e n ts  (cholangitis, drugs) 0
E n largem en t o f liv e r  17
E n largem en t o f sp leen  4

L ab o ra to ry  f in d in g s

Y D R L po sitiv e  17
Kolm er p o sitiv e  17
Serum b iliru b in  o v er 1 mg per 100 m l 4
SGOT over 40 U  5
SGPT over 40 U  5
T hym ol tu r b id i ty  o v er 4 U 14
Gold sol o v er 1 U  14
Alkaline p h o sp h a ta se  over 10 U 2
BSP re te n tio n  o v er 5%  4
Serum a lb u m in  u n d e r  3.6 g per 100 m l 3

Im m unological fin d in g s

IgG over 1800 m g p e r 100 ml 5
IgA over 400 m g p e r  100 ml 3
IgM over 140 m g p e r 100 ml 8
a 2-m acroglobulin  o v e r 300 mg per 100 m l 4
Coeruloplasm in o v er 40 mg per 100 m l 13
/М -C-globulin o v er 120 mg per 100 m l 3
T ransferrin  u n d e r  200 mg per 100 m l 5
A N F p o sitive  1
H B sAg po sitiv e  0
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As regards th e  serum -im m u n o g lo b u lin s , th e  IgG  and IgM  leve ls  w ere 
s ig n ifican tly  h ig h er th a n  in  th e  co n tro ls . T h e  changes in th e  IgA -levels  w ere 
n o n -sig n ifican t (F ig . 1.). C oeru loplasm in  d isp lay ed  sign ifican tly  in c rea sed , 
tra n s fe rr in  s ig n ifican tly  d im in ished  c o n c e n tra tio n s . The changes in  a -2- 
m acrog lobu lin  and  /?-l-C -globulin  w ere too  s lig h t fo r ev a lu a tio n  (F ig . 2.).

A fte r th e  co m p le tio n  of tr e a tm e n t  th e  f in d in g s  including th o se  o f  th e  
im m unolog ical assay s show ed a successive n o rm a lisa tio n , and  tw o  m o n th s  
la te r  th e  values w ere w ith in  th e  n o rm a l ran g e , w ith  th e  ex cep tio n  o f  tw o 
p a tie n ts  in w hom  th e  liv er fu n c tio n  te s ts  as well th e  im m unoglobu lin  c o n cen 
tra t io n s  rem ain ed  ab n o rm al.

I g G  I g A  I gM

F ig . 1. Serum  im m u n o g lo b u lin  levels in sy p h ilitic  h e p a titis .  H e p a titis  syph ilitica  =  S y p h ilitic
h e p a titis

Coer u l op l a s mi n a 2 - macrog l obu l i n П, - C-  globul in Transferr in 

mg/100 ml

T  Control Е Э  H e p a t i t i s  s y p h i l i t i c a

F ig. 2. Serum  g ly co p ro te in  levels in sy p h ilitic  h e p a titis .  H e p a titis  syph ilitica  = S y p h ilitic
h e p a titis
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.Fig. 3. F o c a l lo b u la r necrosis in liver w ith  a m ark ed  in f la m m a to ry  reaction . H e am a to x y lin
eosin sta in ing , X 240

F ig . 4 . S y p h ilitic  h e p a titis . T he c en tra l vein is su rro u n d e d  b y  lym phop lasm acellu lar in f il tra  
tio n . H aem atoxy lin -eosin  s ta in in g , X 400
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T h e  m icroscopic ap pearance  of  th e  l iver  w as characteris tic . A n  in ta c t  
liver p a re n c h y m a  w as found  in 2 ou t  of 15 b iopsied  cases. In  th e  re m a in in g  
13 cases, th e  changes were o f  two types .  T h e  f i r s t  ty p e  was c h a rac te r ized  b y  
focal lob u la r  necrosis, th e  second by  a p ro life ra t ive  process effecting th e  walls 
of th e  cen tra l  veins, th e  arterioles and  the  b ra n c h e s  of  the  porta l ve in .  I n f l a m 
m a to ry  changes of t h e  cen tra l  veins and  v ascu la r  fibrosis were f r e q u e n t  (Figs 
3, 4). In  7 cases was Treponem a  observed, in  ad d i t io n  to  the  areas o f  nec ro tic  
in f lam m atio n ,  in th e  w alls of the  sinusoids, in th e  liver cells, and in th e  h e p a to 
cellular in ters tices  (Fig. 5).

Fig.  5. Detai l  of liver b iopsy  specimen of a p a t ie n t  w i th  ear ly  syphilis. Treponema p a l l idum  
in a necrotic  area. W a r t h in — S ta r r y  s ta in ing ,  X 1000

A fter  an tib io t ic  t r e a tm e n t  the  biopsy spec im ens  revealed signs o f  healing  
by  co llagenizat ion o f  th e  sinusoids and  th e  hepa toce llu la r  in te rs t ices  ex cep t  
in two p a t ie n ts  in whose th e  microscopic p ic tu re  rem in iscen t of ch ron ic  aggres
sive h e p a t i t i s  had pers is ted . None of the  cases was positive for T rep o n em a  a f te r  
t r e a tm e n t .

Discussion

T h e  l i te ra tu re  ava ilab le  offers lit t le  ev idence  of the  cause o f  t h e  liver 
in ju ry  in ear ly  syphilis .  T h e  lesion was a ssu m ed  b y  W a r t h i n  [12] to  he due 
d irec tly  to  th e  effect of Treponem a pall idum .  H a h n  [2] found in th e  l i t e r a tu re
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p u b lis h e d  before 1943 e ig h t cases only, to  w h ich  he added  an o b se rv a tio n  of 
h is  o w n ; he in c rim in a ted  a rsp h en am in e  t r e a tm e n t  th a t  had  been p e rfo rm ed  in  
8 o f  th e  9 cases. L e o n a r d  [4] as well as R a j a m  a n d  R a n g ia c h  [8] p o in te d  to  
th e  ae tio log ic  role o f T reponem a  b u t fa iled  to  p ro v e  th e ir  claim . O b se rv a tio n s  
a  ca se  in  w hich c e n tro lo b u la r  cholestasis a n d  in f il tra tio n  by  eosinoph ils and  
m o n o n u c le a rs  w as p re d o m in a n t. M cCr a k e n  e t al. [6] described  a case of 
s e c o n d a ry  syphilis acco m p an ied  by  h e p a tit is  a n d  nephrosis sy n d ro m e . L e e  
e t  a l. [3] likewise o b se rv ed  th e  jo in t occurence o f  h ep a tic  lesion a n d  n e p h ritis  
in  sy p h ilis . T hough h a v in g  found s tru c tu re s  o f  trep o n em a-lik e  a p p e a ra n c e  in 
th e  l iv e r  th e y  failed  to  d o c u m e n t th is  fin d in g . S uccessfu l tran sm issio n  o f Trepo-  
n e m a  p a l l id u m  in to  r a b b i t  testic les  b y  m eans o f  liv e r  tissue of sy p h ilis-in fec ted  
in d iv id u a ls  was ach ieved  b y  T u r n e r  e t al. [11].

L iv e r disease in  sy p h ilis  m ay have also o th e r  causes. I t  m ay  be  a sim ple 
co in c id en ce  or due to  th e  h ep a to to x ic  effect o f  c e r ta in  drugs. T h is is p a r t ic 
u la r ly  v a lid  for tho se  u sed  in  an tisy p h ilitic  t r e a tm e n t  in  th e  p ast. I t  m a y  be also 
c a u s e d  b y  h ep a titis  v iru s  tr a n s m itte d  b y  in je c tio n s . Or it  m ay be  th e  conse
q u e n c e  of th e  H e rx h e im er-reac tio n  evoked  b y  an tisy p h ilitic  th e ra p y . T he 
im p o r ta n c e  of v iral h e p a ti t is  is illu s tra te d  b y  th e  high p rop o rtio n  o f H I3sAg- 
p o s i t iv i ty  d e m o n s tra te d  b y  P a p a e v a n g e o l u  e t al. [7] in p ro s titu te s  w ith  earlier 
s y p h il i t ic  infection .

T h e  changes in  th e  im m unog lobu lin  an d  g lycopro te in  levels rev e a le d  by  
th e  p re s e n t s tu d y  co rre sp o n d  to  those a sso c ia ted  w ith  h ep a titis , p a r t ic u la r ly  
in  r e s p e c t of IgG  an d  IgM . T he abnorm al im m un o g lo b u lin  levels m a y  re su lt 
f ro m  th e  hum oral im m u n e  response, th e  in c rea se  in  C oeruloplasm in m a y  b ear 
a d ire c t  re la tio n sh ip  to  th e  degree of m esen ch y m al reaction  tak in g  p lace  in  the  
l iv e r . O n th e  o th e r h a n d , th e  decrease in th e  tra n s fe r r in  co n cen tra tio n  m a y  be 
d u e  to  h ep a to ce llu la r d a m a g e  caused by  th e  tre p o n e m a l infection .

T h e  cases p u b lish ed  a n d  our own o b se rv a tio n s  clearly  show  t h a t  early  
sy p h ilis  is associated  in  a n u m b e r of cases w ith  ty p ic a l  h ep a titis . In  th e se  cases 
i t  is reco m m en d ed  to  p re sc rib e , in add itio n  to  a n tisy p h ilitic  th e ra p y , re s t  and  
a n  a p p ro p r ia te  d iet. T h is is th e  m ore n ecessary  as sy ph ilitic  h e p a titis , s im ila rly  
as v ira l  h e p a titis  seem s to  be able to  trig g e r an  au to im m u n e  h e p a titis  in  in d i
v id u a l  cases.
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CRITICAL FLIC K ER  F R E Q U E N C Y  SERIES E FFEC T  
IN EPILEPTIC A N D  IN NEUROTIC PATIENTS

I I .  D IF F E R E N C E  IN  T H E  V A R IA T IO N  R A N G E  R A T IO S O F C O N T IN U O U S  
ANI )  IN T E R M IT T E N T  C F F  S E R IE S

Ry

J .  S z á k , M .  Á k o s  and K .  Á k o s

NATIONAL IN ST ITU TE OF M EDICAL E X P E R T S , D EPA RTM EN T OF AVIATION M ED IC IN E , 
RESEA RCH  G ROU P ON PSY CHOCHRONOGRAPHY, BUDAPEST

(R eceived  S ep tem b er 26, 1974)

In  a p rev ious s tu d y  (1970) a low ering of th e  C F F S E  (C ritical F lick er F re q u e n cy  
Series E ffec t) level from  m o rn in g  to  noon w as show n. In  a group of 18 n e u ro tic  su b 
je c ts  17 — 34 years o f age, an  o p p o site  lea rn in g  effec t in th e  C F F S E  leve l v a r ia tio n , 
increasing  from  th e  f irs t day  o f e x am in a tio n s  to  th e  th ird  one and  in a g ro u p  o f 17 ep i
lep tic  sub jec ts  o f sim ilar age a decrease  o f th e  sam e was observed. T he re c e n t s tu d y  
h as  co rro b o ra ted  th e  find ings in  195 n eu ro tic  a n d  73 epileptic  p a tie n ts  o f th e  sam e age 
groups w ith  th e  follow ing ad d itio n s . The “ n e g a tiv e”  learn ing  effect o f th e  ep ilep tics 
p ro v ed  to  he m ore in ten siv e  in fem ales th a n  in m ales. T he co n tra s t in b o th  p o sitiv e  and 
n eg ativ e  learn ing  effects be tw een  n eu ro tic  an d  ep ilep tic  males o f 17 - 3 4  age w as m ost 
a cc en tu a te d  in  th e  fo renoon. D ev ia tio n s in  th e  v a ria tio n  range ra tio s  o f  c o n tin u o u s  
an d  in te rm it te n t  C FF  series b e tw een  th e  tw o groups occurred in each  age g ro u p . The 
average  v a ria tio n  of th is  ra tio  in  855 su b jec ts  w ith  neurosis, ep ilepsy  a n d  som e o th e r 
diseases seem s to  p o in t to  th e  o ccu rren ce  of sy s te m atic  differences in th e  p a th o p h y s io 
logical fu n c tio n  of th e  b ra in , ch an g in g  from  o rgan ic  cerebral lesions th ro u g h  neurosis 
to  o rgan  neuroses.

In  a prev ious s tu d y  [1] a low ering  o f th e  level of C ritical F lic k e r F re 
q u en cy  Scries E ffec t (C F F S E ) w as show n to  occur from  m orn ing  to  noon  in  
sy s te m a tic  p sycho ch ro n o g rap h ic  (PCG ) ex am in a tio n s . A t th e  sam e tim e , an 
o p p o site  lea rn in g  effect was o b serv ed  in a g roup  o f neuro tics an d  one o f ep i
lep tic s  17— 34 years  of age. T h e  lea rn in g  effect w as positive as show n b y  th e  
in crease  o f th e  C F F  level from  th e  f irs t  to  th e  th ird  day  of e x am in a tio n s  in th e  
n eu ro tic s , and  n eg a tiv e  as show n by  a decrease in  th e  C FF  level in  th e  ep ilep 
tics. O th e r possib ilities  to  d iffe re n tia te  b e tw een  th e  tw o groups b y  m ean s of 
th e  C F F S E  were m en tioned  to  ex is t. W e th e r  th e  d em o n stra ted  d ifferences 
w ere specific  of th e  diseases rem a in ed  open to  d iscussion, ju s t  like th e  q u es tio n  
o f th e  cereb ra l or v isu a l-recep to r orig in  of th e  C F F S E .

Since th en , th e  cerebral o rig in  of C F F S E  has been show n e x p e rim e n ta lly
[2]. In  th e  p resen t s tu d y  a new  p o ssib ility  o f co m p ara tiv e  C F F S E  an a ly s is  is 
d iscussed  w hich allows to  show  a co n s is ten t difference betw een  n e u ro tic s  and  
ep ilep tic s  of each age group , a n d  th e  sp ec ific ity  o f th is difference is c leared  as 
well and  th e  prev ious find ings h a v e  been checked  b y  add itio n a l m easu rem en ts .
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M ethods

T h e  technique  o f PC G  ex am in a tio n  has b een  d esc rib ed  prev iously  [3]. T he 50 C FF  
d a ta  series were reco rded  co n tin u o u sly  (c series) a n d  a second  50 d a ta  series in te rm it te n tly  
w ith  fo u r  30 sec in te rv a ls  (i series). The tw o series d iv id e d  b y  an  a b o u t 10 m in  in te rv a l were 
re g is te re d  th ree  tim es fro m  m o rn in g  to noon daily  on  th re e  consecu tive  days, all in  a ll 9 c and  
9 i se ries per person. T he m easu rem en ts  were ag a in  done  a t  0.1 c/s accuracy , a w ireless tu n 
in g  in d ic a to r  tube  as th e  l ig h t source, a t  40 cm v isu a l d is tan c e  and  21.0 c/s in itia l freq u en cy . 
T h e  eq u ip m e n t w as, h o w ev er, d iffe ren t and th e re fo re  th e  d a ta  were processed  in  sep a ra te  
g ro u p s  b y  th e  d iffen t devices.

R esults

T ab le  I  com pares th e  n u m b er of su b je c ts  te s te d  in  th e  prev ious an d  th e  
p re s e n t  s tu d y .

Table I

N um ber o f  neurotic and epileptic subjects o f  17 — 34

N eurotic Epileptic

1970 s tu d y 18 17
P re se n t s tu d y 195 73

R esu lts  of th e  1970 s tu d y  were d e m o n s tra ted  as th e  m ean  level v a ria tio n  of C F F S E  
b y  en v elo p e  curves o f th e  50 d a ta  sequences. F ro m  e ach  series th e  h ighest an d  low est C FF  
d a ta  w ere  selected from  th e  f ir s t ,  second, e tc ., five d a ta ,  a n d  so te n  m axim a an d  te n  m in im a 
w ere  o b ta in e d : Sc1_10 a n d  T c j _ 10 fo r th e  c series, a n d  Si, _ 10 an d  T i ,_ ]0 for th e  i series. The 
te n  m a x im a  and  ten  m in im a  g av e  th e  po in ts o f tw o  en v elo p e  curves for each series in  a co
o rd in a te  system . The tw o  m ean  envelope curves fo r a g ro u p  w ere sep ara te ly  co m p u ted  from  
tw e n ty  m ean  values.

T о check th e  fo rm er re su lts  a sim ple m e th o d  o f d a ta  processing w as app lied  
in  w a n t  o f co m p u ter. T h e  m e a n  of ten  Tc v a lu es  o f  each  c series (T c ), an d  th e n  
th e  m ean  of these m ean s fo r th e  group was c a lc u la ted . In  th is  w ay th e  low ering  
o f  th e  C F F S E  level from  m o rn in g  to  noon cou ld  be co rro b o ra ted  on th e  basis 
o f 900 C F F  d a ta  for each  su b je c t. The oppo site  le a rn in g  effect in th e  tw o  p a 
t ie n t  g roups, as show n b y  th e  v a ria tio n  o f th e  C F F  level from  th e  f ir s t  to  th e  
th i r d  d a y  is i llu s tra te d  in  F ig . 1. The Tc d ifferences (3— 1 day) were p o sitiv e  in  
th e  n eu ro tic  and n e g a tiv e  in  th e  ep ilep tic  fem ales w ith o u t excep tion , and  in  
th re e  o f th e  five d iffe ren t g roups of ep ilep tic  m ales. T h u s, th e  resu lts  o b ta in ed  
in  th e  forenoon and  il lu s tra te d  in Fig. 1 su p p o r te d  th e  fo rm er d a ta .

F ig . 2 and  3 b ased  o n  th e  v a ria tio n  ran g es  o f C F F S E . T he v a r ia tio n  
ra n g e  is th e  c/s d ifference  b e tw een  the  h ig h e s t an d  low est C FF  d a ta  o f th e  
sam e  series, and  c h a ra c te riz e s  th e  fatigue cau sed  b y  th e  m onotonous re p e titio n  
o f  C F F  m easu rem en ts in  th e  c series, and  also th e  reg en e ra tiv e  in fluence  o f th e  
fo u r  30 sec in te rv a ls  in  th e  i series. The v a r ia tio n  ra n g e  of th e  c series is te rm e d  
B .  t h a t  o f th e  i series is te rm e d  E , and th e ir  ra tio  m u ltip lied  by 100, L  (L

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



CRITICAL FLICKER FREQUENCIES IN PATIENTS 1 6 5

F ig. 1. V a ria tio n  of th e  Tc  av erages o f 207 m ale (cj) a n d  155 fem ale  ($) neuro tics (N ) a n d  87 
m ale  and  55 fem ale ep ilep tics (E ), d iv id ed  in th ree  age g ro u p s an d  by  th e  devices used  (1 —5). 
Forenoon  ex am in atio n s , n: n u m b er o f su b jec ts  ( 1 an d  — 3: th e  n u m b er o f series lo st fro m  th e
n u m b er sequences in th e  g roup . T he reg u la r nu m b er o f series p e r person  am o u n ts  to  18.) T h e  
v e rtic a l ax is in d ica tes  th e  3 — 1 d a y  difference. The m ean  v a lu e s  for th e  sam e devices a re  co n 
n e c ted , w hile th e  u n co n n ec ted  p o in ts  rep resen t m ea su re m e n ts  in a single p a tie n t  g ro u p

100 E /В ) .  T he  in fluence  o f age on L  in seven a d u lt  age groups [4] an d  in  tw o  
ch ild ren  age groups [5] has been published . F ig . 2 i l lu s tra te s  th e  m eans o f L  in  
d iffe ren t p a tie n t g roups fo r 582 m ales and 273 fem ales, and  Fig. 3 in  th re e  
age g roups of 724 m ales. (T he n u m b er of fem ales d id  n o t suffice to  su p p ly  
re p re se n ta tiv e  m eans if  d iv id ed  by age.) The m ean s o f L  in  th e  d iffe ren t d isease 
g roups are  sy s tem a tized  in a s te reo ty p e  o rder. T h e  d ifferences were n o t on ly  
co n s is ten t betw een  th e  m ean s of neuro tics an d  ep ilep tic s  b u t  th e y  also d is
p lay ed  a co m p ara tiv e ly  s ta b le  dev ia tions b y  d iseases b o th  for sexes a n d  fo r 
th e  th re e  m ale age groups.

D iscussion

T he sy s tem a tic  o rd e r o f L  average d ifferences in  groups of ce rta in  d isease  
ty p e s  can be ch a ra c te riz e d  as follows. T ak ing  th e  m ean  L  of neu ro tics as th e  
basis o f reference system  o f L  m eans, th e  av e rag e  L  o f  ep ilep tics will be found
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F ig . 2 . A verage  L  in  d iffe ren t disease g roups. M ales dashed , fem ales fu ll line . A verage L  
o f  n e u ro tic  groups in b o th  sexes gives a h o rizo n ta l re ference  line for th e  o th er. D iseases acco rd 
in g  to  code num bers: 1: pso riasis; 2: neurosis; 3: ep ilepsy ; 4: p ep tic  u lcer; 5: h y p e rten sio n ,

n: n u m b er o f su b jec ts

lo w er, j u s t  like th a t  o f th e  p a tie n ts  w ith  m u ltip le  sclerosis and  ce re b ra l sclerosis, 
i.e . w ith  diseases w ith  o rgan ic  lesions of th e  b ra in . On th e  o th e r h a n d , h igher 
th a n  th e  L  of neu ro tics  a re  th e  L  average  o f  p ep tic  ulcer an d  ch ro n ic  g a s tr itis  
p a t i e n t  g roups, tho se  o f o rgan  neuroses.

T h e  te rm  neurosis is used  here  as a c lin ica l concept em b rac in g  d iffe ren t 
d o m in a tin g  sy m p to m s, in  th e  b ack g ro u n d  o f w hich n e ith e r o rg an ic  cereb ral 
le s io n s , n o r dam ages localized  to  som e o rg an  can  be d etec ted . B y  th e  s y s te m a ti
z a t io n  o f L  in PCG, th e  neuroses w ere fo u n d  in te rp o sed  betw een  fo r th e  groups 
o f  d iseases  w ith  organic lesions of th e  b ra in  a n d  those  of so-called o rg an  n eu ro 
ses. I t  w as in te re s tin g  to  follow  th e  change o f L  m eans in  h y p e rte n s iv e  p a tie n ts  
o f  th r e e  age groups (F ig . 3); i t  coincides w ith  th e  L  of young  n e u ro tic s , th en
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III

\  /
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F ig . 3. L  averages in  ce rta in  disease ty p e s  o f th ree  age groups, m ales only. I: 17 — 34 years 
o f  age; I I :  35 — 49 y ears; I I I :  above 50 years. D isease ty p es  acco rd ing  to code num bers 
1: psoriasis; 2: neurosis; 3: epilepsy; 4: p ep tic  ulcer; 5: h y p e rte n s io n ; 8: d iab e tes  m ellitu s; 
12: m u ltip le  sclerosis; 36: chronic g a s tr it is ,  n: n u m b er o f su b jec ts . A verage L  o f n eu ro tic  

g ro u p s gives a h o rizo n ta l reference l ine fo r th e  o th ers

in d ic a te s  th e  c/s va lues in h u n d re d th s , w ith  the  n e x t in teg e r g iven. Diseases acco rd ing  to 
code num bers: 1: psoriasis; 2: neurosis; 3: ep ilepsy ; 4: p ep tic  u lcer; 5: h y p e rten sio n ; 8: d iab e tes  

m ellitus; 12: m u ltip le  sclerosis; 36: chronic g a s tr itis , n : n u m b er of sub jec ts
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Fig.  6.  M ean  Te  of 207 n e u ro tic  m ales  (<J) an d  155 fem ales (9) from  th e  f irs t  to  th e  th ird  d ay  of PCG 
e x a m in a t io n  (3 — 1 day  in  d c/s i.e . d ifference of tw o c/s n u m bers) in  th e  m o rn in g , forenoon 
a n d  n o o n  (from  left to  r ig h t) ,  b y  th e  devices used (1 — 5), n: n u m b er o f su b je c ts  in  th e  groups
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Fig. 7. Sam e as F ig . 6 b u t  in 87 m ale an d  55 fem ale  ep ilep tics

decreased  w ith  age in  th e  d irec tio n  of organic ce reb ra l lesions. I t  w ould  be p lau 
sible to  re la te  th is ch an g e  to  th e  increasing  incidence  of ce reb ra l v ascu la r 
d am ag e  in  long-term  h y p e rte n s io n  w ith  o lder p a tie n ts .

T h e  sy stem a tiza tio n  o f L  stresses th e  im p o rta n c e  of c e r ta in  biological 
c r ite r ia  in  th e  d ev e lo p m en t o f C F F S E  (pub lish ed  in  H u n g a ria n  b y  A k o s  and  
Á k o s ) as age, sex, da ily  an d  an n u a l b io rh y th m  w hose in fluence  shou ld  be 
ta k e n  in to  considera tion  in  th e  d iffe ren tia tio n  o f  diseases. T he level o f  C F F S E , 
th e  v a ria tio n  of w hich h as  been  s tud ied  by  Tc  co m p u ta tio n , is co n sis ten tly  
a lte red  b y  a c ircad ian  rh y th m  w hose p a r t  from  m o rn in g  to  noon  could  only 
be show n, till now. F igs 4 an d  5 illu s tra te  in  d iffe ren t disease g roups of 621 
m ales an d  164 fem ales o f  17— 34 years of age th e  g en era lity  o f  th e  law  g overn 
ing th e  C F F S E  level in  th e  sense of a Tc m ean  decrease from  m o rn in g  to  noon. 
T h e  lea rn in g  effect fa iled  to  show  th e  sam e s tr ic t  conco rdance. E x cep tio n s 
w ere th e  daily  m eans fo r fem ale  ep ilep tics.

T h e  opposed v a r ia tio n  o f th e  daily  m ean  in m ale  and  fem ale  ep ilep tics 
in d ica tes  a possib ility  o f a sex  d ifference in  ep ilepsy .
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T h e  negative  lea rn in g  e ffec t of ep ilep tics ap p ea rs  in  o p p o sitio n  to  n eu 
ro t ic s  a lso  in m ales, if  th e  m e a n  o f forenoon e x am in a tio n s  are  on ly  com pared , 
a n d  o n ly  those  of th e  s u b je c ts  17— 34 years o f age. T h is re su lt w as, how ever, 
a t t a in e d  w ith  th ree  o f th e  f iv e  d iffe ren t devices u sed  (F ig . 1). V a ria tio n  o f th e  
C F F S E  level from  m o rn in g  to  noon  is illu s tra te d  se p a ra te ly  for 207 m ale and  
155 fem a le  neuro tics an d  87 m ale  and  55 fem ale ep ilep tics in  F igs 6 an d  7. In  
th e  17— 34 years age g roup  th e  h ighest po sitiv e  incidences in  n eu ro tic s  were 
a s so c ia te d  w ith  the  h ig h est n e g a tiv e  incidences in  ep ilep tics d u rin g  th e  forenoon 
p e r io d . T h is  was th e  reaso n  fo r  selecting  th a t  perio d  to  d e m o n s tra te  th e  oppo
s ite  le a rn in g  effect in  th e  tw o  p a t ie n t  groups. O therw ise  th e ir  com p ariso n  w ould 
h a v e  b e e n  in te rfe red  w ith  b y  th e  circad ian  d ifferences, by  th e  d ifferences in 
th e  d ev ices  as well as by  th e  ca lcu la tio n  w ith  th e  coarser Tc m eans in s te a d  of 
th e  t e n  T c x_ 10 values. A s fo r  th e  sex d ifferences in  ep ilep tics, th e  n eg a tiv e  
le a rn in g  effect of fem ales o f  17— 34 years of age could  be observed  in  each  period  
o f  th e  d a y  and  w ith  each d ev ice , th e  only an d  c e r ta in ly  u n re liab le  ex cep tion  
b e in g  tw o  subjects of a dev ice  g roup  in th e  m orn in g  period , w hile th e  n e g a tiv 
i ty  o f  le a rn in g  did no t in v o lv e  all m ales of th e  device groups in  th e  forenoon 
p e r io d .

T h e  diagnostic  use o f PC G  m ay  thus have  new  persp ec tiv es . T he biological 
c r i te r ia  in fluencing  th e  C F F S E , such as sex, age, c ircad ian  an d  a n n u a l b io 
r h y th m s ,  learning, e tc . h a v e , how ever, to  be considered  w hen  differences 
b e tw e e n  ce rta in  diseases a re  e v a lu a te d . To ach ieve th is , num ero u s cases have 
to  b e  co llec ted  and  p rocessed , a n d  s ta n d a rd  devices m u s t be used . In  th is  w ay  
th e  c h a ra c te r is tic s  of th e  C F F S E  co rre la ted  to  th e  selected  disease groups 
w ill b e  a c c e n tu a te d  and  th e  fa c to rs  in d ep en d en t o f th e m  w ill cancel one a n o th e r. 
I f  a n u m b e r  of in d ep en d en t ch a ra c te ris tic s  re la te d  to  som e special d isease will 
be k n o w n , PCG m igh t be u se fu l in  d ifferen tia l d iagnosis.

T h e  observed sy s te m a tic  o rd e r of disease g roups will p e rh ap s  allow  to  
a t t a i n  an  insigh t in th e  c e re b ra l background  o f c e r ta in  d iseases in fluencing  
b io lo g ic a l c rite ria  of PCG . T h e  L  d ifference b e tw een  n eu ro tic s  an d  ep ilep tics 
in d ic a te s  pathophysio log ica l m an ifes ta tio n s  w hich  m ay  h av e  th e ra p e u tic a l 
co n seq u en ces.
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STUDY ON THE INSULIN-BINDING CAPACITY 
OF BLOOD SERUM BY A CELLULOSE ADSORPTION

METHOD

É va B a r a n y i , G y. T amás  J r . ,  and J .  B o j t a

FIIÎST DEPARTMENT OF MEDICINE, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R ece iv ed  F e b ru a ry  24, 1975)

The cellulose a d so rp tio n  m eth o d  was used for th e  q u a n tita tiv e  s tu d y  o f th e  
in su lin -b ind ing  cap ac ity  o f blood serum . The resu lts  su p p o rt th e  view th a t  th e  a n t i 
bodies to  insu lin  are o f exogenous orig in  and th a t  m ay  be responsib le fo r in su lin  
resistance  in in d iv idua l cases. W hile th e  insulin  re q u ire m e n t o f p a tie n ts  was fo u n d  to 
be re la te d  to  the serum  a n tib o d y  level, th e  la t te r  was u n affec ted  by  th e  d u ra tio n  of 
insu lin  tre a tm e n t even th o u g h  th e  n u m b er of cases e x h ib itin g  no rm al va lues decreased  
w ith  th e  len g th  of t re a tm e n t.

It w as B a n t i n g  w ho, in  1938, f irs t p o in ted  to  th e  presence o f  “ in su lin  
n eu tra liz in g  fa c to rs” in th e  b lood  sera of in su lin - tre a te d  p a tie n ts  [3]. L a te r  
s tu d ie s  these  years show ed th a t  th ese  fac to rs  were a c tu a lly  a n ti- in su lin  a n t i 
bodies to  be found  in  sera  o f m a n y  in su lin -tre a te d  p a tie n ts  [6, 7]. A t p re se n t, 
th e  clin ical sign ificance of th e se  an tib o d ies  is no longer qu estio n ed , i t  be ing  
g en era lly  know n th a t  th e ir  p resence  in d iabetics m ay  cause in su lin -res is tan ce  
[7, 8, 10, 12, 14], and  th e re  is also ev idence connec ting  th em  w ith  th e  p ro d u c 
tio n  of d iab e tic  com plica tions a n d  o f th e  ••im m unecoinplex disease”  [5, 18, 25].

F ro m  th e  various p ro ced u re s  serv ing  for th e  s tu d y  of a n ti- in su lin  a n t i 
bodies — e.g. ch ro m ato e lec tro p h o resis  [6], e th an o l p rec ip ita tio n  [16], gel f il
t r a t io n  [9, 26], h a e m a g g lu tin a tio n  [2, 24]. im m unoelec trophoresis  [22], e tc . 
th e  cellulose ad so rp tio n  m e th o d  described  by  K e r p  e t al. [ 1 3 ]  was se lec ted  
fo r th e  p re se n t s tu d y , as a p ro ced u re  p a rtic u la rly  su ited  for clin ical p u rp o ses  
ow ing to  its  accu racy  an d  its  s im ple tech n iq u e . A p a rt from  p ro v id in g  q u a n t i ta 
tiv e  d a ta  th e  m ethod  offers in fo rm a tio n  on th e  b in d in g  co n d itions b e tw een  
in su lin  an d  a n tib o d y  as also on th e  co n cen tra tio n s  a t  th e  in su lin -b in d in g  sites.

T h e  p re sen t p ap e r re p o rts  on a s tu d y  p erfo rm ed  w ith  th e  m e th o d  in  one 
h u n d re d  d iab e tic  p a tie n ts .

Method and material

T he m eth o d  is based  on  th e  a d so rp tio n  of insu lin  by  cellulose. On ad d itio n  o f in su lin  
a n d  cellulose to  blood serum  c o n ta in in g  in su lin -b ind ing  an tib o d ies , th e  cellulose e n te rs  in to  
c o m p e titio n  w ith  th e  insu lin  an tib o d ies  for th e  b in d in g  of insu lin . W hile p a r t  o f  th e  in su lin  
is b o u n d  by th e  an tibod ies o f th e  se ru m , th e  u n b o u n d  p a r t  is adso rb ed  to th e  cellu lose. A n ti
b o d y -b o u n d  and  free insulin  can  th u s  be read ily  sep a ra ted . F o r th e  m easu rem en t o f q u a n ti 
ta t iv e  re la tio n sh ip s 125I-insu lin  is used .
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The m ate ria ls  u sed  w ere  MN-100 pow ered cellulose (M acherey-N agel), lyophilized  
h u m a n  album in (a lb u m in  9 8 %  and  2%  g am m ag lo b u lin , MW  65.000, H U M A N , B u d ap est;
0 .0 4  m  phosphate  b u ffe r  p H  8.0; pow dered in su lin , 1 m g =  25 U (R ich te r, B u d ap es t); 125I- 
in s u lin ,  specific a c tiv ity  50 [ i d  p e r  ^g  (R adiochem ical C en tre , A m ersham ). T he serum  sam ples 
w ere  obtained from  d ia b e tic  su b jec ts  and from  c o n tro ls  w ith  a no rm al c a rb o h y d ra te  m e ta b 
o lism . The in sn lin -d e p e n d en t d iabetics received c ry s ta llin e  insu lin  on  th e  day  before  the  
s tu d y .  Blood sam ples w ere  w ith d raw n  after an  o v e rn ig h t fa st, a t  lea s t 12 hours a f te r  th e  
la s t  dose of insulin , a n d  w ere s to red  in a deep-freezer u n t i l  processing.

Fig. 1. A m ounts o f  cellu lose-bound insu lin  a t  d iffe re n t a lb u m in  co n cen tra tio n s

T he prim ary  s te p  of th e  procedure  is th e  p re p a ra tio n  of th e  a d so rp tio n  system  th e  
so lid  phase  of which c o n ta in s  100 m g cellulose and  th e  liq u id  phase, in  a to ta l  vo lum e of 1 m l, 
1000 fjJJ insulin (12.5 [iXJ o f i t  being  125I-insulin), 0 .2 5 %  h u m an  a lb u m in , p h o sp h a te  buffer, 
a n d  50, 100 and 200 /Л se ru m , respectively . A fte r sh a k in g  for 5 m in , in cu b a tio n  a t  4°C for 
12 h o u rs  and cen trifu g a tio n  a t  3000 r.p .m . ( Ja n e tz k y  K 70 cen trifuge), 0.50 m l o f th e  su p er
n a t a n t  is sucked off a n d  th e  a c t iv i ty  of the  se p a ra ted  su b s tan ces  is m easu red  in a w ell-type 
sc in tilla tio n  detecto r w ith  a n  energy-selective  c o u n te r  (N K  108 GAMMA). Since th e  an tib o d y - 
b o u n d  insulin is c o n ta in ed  in th e  to ta l  volum e of 1 m l o f th e  liqu id  phase  w hile being  m easured  
in  0.5 m l of the su p e rn a ta n t,  i t  is tw ice the  figure th u s  o b ta in e d  w hich gives th e  a c tu a l value 
fo r  in su lin  found in th e  su p e rn a ta n t.  For th e  c a lcu la tio n  of cellu lose-adsorbed in su lin , the  
sa m e  value is d ed u cted  fro m  th a t  m easured in th e  ce llu lose-con ta in ing  sam ple.

The insu lin -b ind ing  c a p a c ity  is defined as th e  a m o u n t of insu lin  b o u n d  b y  100 [A serum . 
T h is  value  is expressed  in  te rm s  of /iU  of insu lin  p e r  100 [Л serum . In  th e  sy s tem  serving 
fo r  th e  cellulose ad so rp tio n  a ssa y  th e  an tib o d y -b o u n d  in su lin  is co n ta in ed  in  th e  su p e rn a ta n t. 
T h e  insu lin  found in th e  s u p e rn a ta n t  consists o f th re e  co m p onen ts, free in su lin , album in- 
b o u n d  insulin  and a n tib o d y -b o u n d  insulin . In  th e  p re se n t  s tu d y  0 .25%  h u m an  a lb u m in  was 
in c lu d e d  in the  ad so rp tio n  sy s te m  as th is was fo u n d  [13] to  p re v en t ad so rp tio n  of insu lin  
o n  to  th e  wall of th e  c o n ta in e r . O n th e  o ther h a n d , a lb u m in  also b inds som e in su lin , therefore  
th is  non-specifically  b o u n d  in su lin  has to be m easu red  in  each  assay. F o r  th is  purpose  a su it
a b le  ran g e  of d ilu tions is p re p a re d  from  the  a lb u m in  a n d  th e  d is tr ib u tio n  of insu lin  betw een 
cellu lose  and a lbum in  is e x am in ed  a t  d ifferen t c o n c e n tra tio n s  of th e  la t te r .  In  Fig. 1 th e  
a m o u n t  of cellulose-bound in su lin  are p lo tted  a g a in s t th e  co n cen tra tio n s of a lb u m in  (F ig. 1). 
E x tra p o la t io n  of th e  g ra p h  to  0 %  a lbum in c o n ce n tra tio n  gives th e  a m o u n t of in su lin  p resen t 
in  th e  album in-free m ed iu m , i.e . o f th e  “ free”  in su lin , n o t  b o u n d  to  th e  cellulose. A t an  a lb u 
m in  concen tra tion  of 0 .2 5 %  th e  cellulose binds s till  less insu lin : th e  d ifference corresponds 
to  th e  album in-bound  in su lin .

In su lin -b ind ing  c a p a c ity  can be d e te rm in e d  by  g rap h ica l rep re sen ta tio n  
(F ig - 2) and by  c o m p u ta tio n . In  Fig. 2, X  re p re se n ts  th e  va lu es  p er 100 ^1 
se ru m  in an in su lin - re s is ta n t d iabetic  p a tie n t. T h e  am o u n ts  o f in su lin  m easured
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in  th e  su p e rn a ta n t  a re  rep resen ted  on th e  abscissa . A  rep resen ts  th e  in su lin 
b ind ing  cap ac ity  fo r th e  0 % , В  t h a t  for th e  0 .25%  so lu tion  of se ru m -free  
a lbum in . E s tim a tio n  o f in d iv id u a l p a ra m e te rs  is done accord ing  to  F ig . 1. 
B y  connec ting  p o in ts  A  an d  В  w ith  th e  origo , th e  am o u n ts  of free a n d  of 
a lb u m in -b o u n d  in su lin  in an y  unknow n serum  can  be read . D eduction  o f th e

>JU ( s upe r na t an t  insul in)

Fig. 2. M easu rem en t o f insu lin-binding c a p a c ity  (for deta ils see tex t)

valu es  o f free and  o f a lb u m in -b o u n d  insu lin  from  tho se  m easured  in th e  su p e r
n a ta n t  gives th e  a m o u n t of a n tib o d y -b o u n d  insu lin .

C o m p u ta tio n  o f an tib o d y -b o u n d  in su lin  is based  on th e  follow ing re la 
tio n sh ips:

(an tib o d y -in su lin ) ( to ta l  insu lin ) — (cellu lose-insu lin ) — (free insulin) — (a lbum in  insu lin )
1 .

In  eq u atio n  I . ,  th e  v a lu e  for to ta l insulin  is g iv en , cellu lose-insulin  can be m easu red  
d irec tly , a lb u m in -in su lin  a n d  free insu lin  can be d e te rm in e d  on th e  basis of F ig . 2.

(free insu lin ) ctg* a lp h a  (cellu lose-insulin) II .

(free insu lin ) -J- (a lb u m in  insu lin ) ctg  be ta  (cellu lose-insu lin ) I I I ,

A fte r th e  s u b s ti tu tio n s :

(an tib o d y -in su lin ) ( to ta l  insu lin ) — (ctg b e ta  -(- 1) (cellu lose-insulin) IV .

In  th is  w ay, th e  q u a n ti ty  o f an tib o d y -b o u n d  in su lin  can  be de term ined  an d  th e  figure  
o b ta in ed  expresses th e  in su lin -b ind ing  cap ac ity  of serum .

U n d e r in su lin -b in d in g  titre we u n d e rs tan d  t h a t  a m o u n t of serum  expressed  in ml w hich 
b in d s h a lf  th e  insu lin  i.e. 500 /Ш , added  to th e  sy s tem . I t  is m easured  by th e  e s tim a tio n  
of th e  in su lin -b ind ing  of d iffe ren t am o u n ts o f se ru m , g en era lly  o f 50, 100 an d  200 /Л. The 
in su lin -b in d in g  of th e  in d iv id u a l serum -sam ples (//1) is p lo tte d  on a g raph . The in su lin -b in d in g  
t i t r e  can be read  from  th e  lines jo in in g  th e  p o in ts  (F ig . 3). I f  th e  line runs p ra c tica lly  h o ri
zo n ta lly , th e  t i t r e  is u n ifo rm ly  above 1000 /Л.

R eproducibility. In  o rd e r to check th e  rep ro d u c ib ility  o f th e  m eth o d , p a ra l le l  e x a m in a 
tio n s w ere carried  o u t w ith  sam ples of th e  sam e serum  sim u ltan eo u s ly  an d  a t  d iffe ren t tim es. 
On th e  g rounds of 62 e s tim a tio n s  o f 31 sam ples m ade sim u ltan eo u s ly  th e  coefficient o f v a r ia 
tio n  was 17.1% . P ara lle l s tu d ies  perform ed a t d iffe ren t tim es yielded a coefficient o f v a r ia tio n  
o f 27 .6%  for the  sera o f low er b in d in g  cap acity , a n d  one of 15.8%  for those  of h igher b in d in g  
cap ac ity .

ctg*  =  co ta n g en t
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P atien ts . In  th e  p e rio d  1971 to  1973, th e  se ra  o f 102 p a tie n ts  were s tu d ied  fo r in su lin  
b in d in g  cap ac ity . The p a tie n ts  w ere d iv ided  in to  th e  follow ing groups.

1. H e a lth y  sub jects w ith  a  n o rm al c a rb o h y d ra te  m etabo lism  (15 cases);
2. D iab etic  p a tie n ts  on d ie ta ry  t re a tm e n t  o r on  o ra l an tid iab e tic s  (7 cases).
T hese  sub jects h a d  n ev er received  insulin .
3. P a tie n ts  tre a te d  w ith  less th a n  120 U in su lin  d a ily  (74 cases);
4. In su lin -res is tan t p a tie n ts  on m ore th a n  120 U  in su lin  da ily  (6 cases).

Fig. 3. M easu rem en t of in su lin -b in d in g  titre s

® achrestic diabetes

Fig. 4. T he in su lin -b in d in g  t i t r e s  in  th e  d iffe ren t groups of s tu d y

R esults

In su lin -b in d in g  titre

T h e  insu lin -b ind ing  t i t r e  found  in  th e  in d iv id u a l groups a re  show n in 
F ig . 4 . In  th e  con tro ls , i t  w as above 1000 (Л in  every  case. In  th e  insu lin - 
t r e a t e d  n o n -re s is tan t g roup  i t  w as m o stly  low er; in  m ore th a n  50 %  o f these
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p a tie n ts  th e  t i t r e  in d ic a te d  a con sid erab ly  h ig h er b in d in g -cap ac ity  th a n  in  
th e  con tro ls. T he ti t re s  in  th e  in su lin -re s is tan t cases w ere u n d e r 100/Л, w ith  
th e  excep tion  o f  an  ach re s tic  case.

In su lin -b in d in g  capacity  w as s tu d ied  in 102 p a tie n ts  (58 m ales and  
44 fem ales) ran g in g  in  age from  17 to  82 years. R esu lts  are  show n in T ab le  I .

T a b le  I

Groups N um ber
of cases

Insulin-binding capacity  
/iU /100 /Л Insulin-binding ti tre

e'
Mean 95%  fiducial lim it

Controls (w ith 
o u t previous

N orm al 15 29.54 19.77 44.13 > 10 0 0

insulin  t r e a t 
m en t) D iabetic 7 29.18 14.39 55.15 > 1000

N on re s is tan t 74 99.30 82.94 118.96 99 — 1000

Insu lin -trea ted
d iabetics

R esis tan t 6 341.8 100.6 1161.3
w ith  th e  ex 

cep tion  of one 
case*

< 1 0 0

* achrestic  d iabe tes

T he in su lin -b in d in g  c a p ac ity  a t  95 %  fid u c ia l lim its  w as betw een  14 a n d  
55 /tU per 100 p \  in  th o se  p a tie n ts  w ho h ad  n ev e r received  in su lin  as well as 
in th e  no rm al co n tro ls . In  th e  in su lin -tre a te d , n o n -re s is ta n t p a tie n ts  i t  av erag ed  
100 /(U per 100 p \. In  th e  in su lin -re s is tan t g roup  th e  in su lin -b in d in g  c a p a c ity  
w as excessively h igh  in m ost cases. Since th e  d iab e tic s  w ho h ad  never h a d  
in su lin  before d id  n o t d iffer from  th e  n o n -d iab e tic  su b jec ts  in  th e ir  in su lin 
b in d in g  c a p ac ity  (l.,0 -- 0 .142; P  >> 0.08) th e y  to o  w ere reg a rd ed  as co n tro ls . 
On th e  o th e r h a n d , th e  tw o-sam ple  t- te s t rev ea led  a s ig n ifican t d ifference 
b e tw een  con tro ls a n d  in su lin - tre a te d  p a tie n ts  ( t„ , =  6.65; P  <  0.001) as well 
as betw een  th e  n o n -re s is ta n t an d  th e  in su lin -re s is ta n t p a tie n ts  (t-„ =  3.62; 
P  <  0.001).

R ela tionsh ip  between insulin-requirem ent and  in su lin -b in d in g  capacity

N ex t, th e  re la tio n sh ip  betw een  th e  da ily  in su lin -re q u ire m e n t and  th e  
se ru m -in su lin -an tib o d y  levels w as s tu d ied . T he in su lin -b in d in g  c a p ac ity  o f th e  
in su lin -tre a te d  p a tie n ts  w as exam ined  in  five  g roups se t up on th e  basis of 
insu lin  req u irem en t. In  7 cases th e  req u irem en t could  n o t be e stab lish ed  so 
th a t  th ese  p a tie n ts  h ad  to  he excluded  from  e v a lu a tio n  (F ig . 5). M ean in su lin 
b in d in g  cap ac ity  o f  th e  p a tie n ts  req u irin g  high doses w as s ig n ifican tly  h ig h er 
th a n  of those req u ir in g  sm all doses. S ta tis tic a l e v a lu a tio n  b y  analysis o f v a rian ce  
revealed  a s ig n ifican t d ifference (F (468) =  4.87; P  <  0.01) betw een  th e  g roups 
belonging  to  d iffe ren t dose levels (T able  II).
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R ela tionsh ip  between duration  o f  treatm ent and in su lin -b in d in g  capacity

S ta tis tic a l analysis re v e a le d  no co rre la tio n  betw een  th e  le n g th  o f t r e a t 
m e n t a n d  th e  in su lin -b in d in g  c a p a c ity  (r =  0.1767); (P  >  0.05). F ig . 6 shows 
th e  f ig u re s  ob ta ined  in  th e  d iffe ren t g roups based  on th e  d u ra tio n  of tr e a tm e n t. 
T h e  p a tie n ts  w ith  a n o rm a l in su lin -b in d in g  c a p a c ity  w ere t re a te d  se p a ra te ly

ms. dose per day

F ig .  5.  C orrelations b e tw e en  in su lin  d oses and in su lin -b in d in g  c a p a c ity

Table II

Insulin-treated groups 
Insulin: U per day t P

< 4 0 8 0 - 1 2 0 t 20 =  2 .47 < 5 %

< 4 0 > 1 2 0 г18 =  3 .08 < 1 %

4 0 - 5 9 8 0 - 1 2 0 *38 =  2-57 "  °  /о

4 0 - 5 9 > 1 2 0 *36 =  3 .61 < i %

6 0 - 7 9 > 1 2 0 l„ =  2 .69 < 5 %

in  ea c h  group. The u p p e r lim it o f th e  n o rm al range was considered  to  he 55 //U 
p e r  100 p 1, in ag reem en t w ith  th e  95 %  u p p e r lim it for th e  d iab e tic s  w ho had  
n e v e r  been on insu lin . T h e  p ro p o rtio n  o f n o rm al cases in th e  in d iv id u a l groups 
w as  5 5 %  if  the leng th  o f  in su lin  tr e a tm e n t w as less th a n  one y e a r, 26%  if 
i t  w as betw een  one and  f iv e  y ea rs , an d  16%  if  it  exceeded  fiv e  years.
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F ig .  6.  C orrelations b etw een  d u ration  o f  tr e a tm e n t and insu lin -b ind in g  c a p a c ity

D iscussion

T h e  cellulose ad so rp tio n  m eth o d  described  by  K e r p  has heen ex ten s iv e ly  
used in  v a rio u s  spheres of research  as well as o f  clinical m edicine [4, 13, 14, 
15, 21]. T h e  p resen t re p o rt describes th e  p ro ced u re  and  illu s tra te s  its  use in 
a fie ld  co n n ec ted  w ith  clinical m edicine.

P ro d u c tio n  of an tib o d ies  to  insu lin  is e lic ited  by exogenous in su lin . T h is 
is co n sis ten t w ith  th e  fin d in g  th a t  th e  in su lin -b in d in g  cap ac ity  o f  d iab e tic  
su b je c ts  w ho have  never received  in su lin  is s im ila r as in  norm al c o n tro ls . In  
acco rd an ce  w ith  th e  fac t th a t  a n u m b e r o f in su lin -tre a te d  p a tie n ts  develops 
a n ti- in su lin  an tib o d ies , th e  m ean  in su lin -b in d in g  cap ac ity  is c o n sid e rab ly  
h igher in  in su lin -tre a te d  p a tie n ts  th a n  in  n o rm a l sub jects. T he p resen ce  of 
an tib o d ie s  m ay  be responsib le  fo r in su lin -res is tan ce  of im m unolog ica l origin 
[7, 8, 10, 14]. In  five  of our in su lin -re s is ta n t cases th e  b ind ing  c a p a c ity  w as 
s ig n if ican tly  h igher th a n  in th e  groups w ith  insu lin-doses u n d er 120 U . One 
o f th e  re s is ta n t p a tie n ts  had  a poor in su lin -b in d in g  cap ac ity , a f in d in g  sug 
gestive  o f  ach restic  d iab e tes  [17]. T his w as la te r  confirm ed b y  a s tu d y  o f  th e  
24N a tim e -c o n s ta n t of m uscle tissue  [27] th e  re su lts  o f w hich w ere conclusive  
o f a red u ced  p erm eab ility .
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O n th e  ev idence  o f o u r o b se rv a tio n s, K e h p ’s cellulose m e th o d  seem s 
w ell su ite d  for p ra c tic a l pu rposes. The f ig u re s  fo r b ind ing  c a p ac ity  fo u n d  in  
th e  d iffe re n t g roups co rresponded  in o rder o f m a g n itu d e  to  those  re p o rte d  in 
th e  o rig in a l d esc rip tio n  [13].

E s tim a tio n  o f th e  in su lin -b in d in g  t i t r e  o ffers su ffic ien t c lin ical in fo rm a 
tio n  in  m o st cases. Low  ti tre s  y ie lded  by  th is  s e m i-q u a n tita tiv e  m e th o d  in d ic a te  
in c re a se d  se ru m -a n tib o d y  levels, w hile in  n o rm a l su b jec ts  th e  t i t re s  a re  in v a r i
a b ly  o v e r 1000 /il. T h e  low est titre s  w ere fo u n d  in  th e  in su lin -re s is ta n t cases 
w ith  a h igh  in su lin -b in d in g  cap ac ity .

T h e  q u estio n  w h e th e r  and  to  w h a t e x te n t  are  th e  in su lin -an tib o d ie s  
re sp o n s ib le  for th e  h igh  in su lin -req u irem en t o f  d iab e tics  has been m u ch  d is
cu ssed  b u t  op in ions are  s till d iv ided. Som e a u th o rs  found  a close co rre la tio n  
b e tw e e n  th e  dose o f  in su lin  an d  th e  serum  a n tib o d y  level [1, 14, 19, 20, 29], 
w h ile  o th e rs  [23, 28] fo u n d  none a t  all. In  th e  p resen t s tu d y  a s ig n ifican t 
d iffe ren ce  in  in su lin -b in d in g  c a p ac ity  was d e m o n s tra b le  betw een  th e  d iffe ren t 
g ro u p s  w ith  w idely  d iffe ren t in su lin  re q u ire m e n ts . T his, how ever, b y  no m eans 
im p lic a te s  th a t  h ig h e r in su lin  req u irem en ts  a re  in v a ria b ly  due to  h ig h er a n t i 
b o d y  levels. T here  a re  v a rio u s  o th e r fac to rs a ffec tin g  th e  insu lin  d em an d , an d  
th e  in c rea se  in  th e  se ru m  a n tib o d y  evei m ay  be th e  effect ra th e r  th a n  th e  cause 
of th e  h igh  re q u irem en t [1].

A n o th e r  e lem en t o f th e  an tigen ic  e ffec t o f  insu lin  is th e  tim e  fac to r . 
I t  is a n  open  q u es tio n  w h e th e r  th e  a n tib o d y  lev e l is affected  b y  th e  d u ra tio n  
o f in su lin  t re a tm e n t [19]. T h e  p resen t s tu d y  h as  fa iled  to  d e m o n s tra te  an y  
close re la tio n sh ip  o f  th is  k in d . In  fac t, th e  h ig h  a n tib o d y  level seem ed  to  be 
u n re la te d  to  th e  le n g th  of tre a tm e n t, and  som e in su lin -re s is tan t p a tie n ts  h ad  
re c e iv e d  insu lin  fo r th re e  m o n th s  only. T h e  ab sen ce  of any  close re la tio n sh ip  
b e tw e e n  in su lin -res is tan ce  a n d  d u ra tio n  o f t r e a tm e n t  does, how ever, n o t  ru le  
o u t  th e  p o ssib ility  t h a t  th e  p ro d u c tio n  of in su lin  an tib o d ies  m igh t be in flu en ced  
b y  lo n g -te rm  in su lin  t r e a tm e n t. G rouping  o f th e  p a tien ts  by  th e  d u ra tio n  
o f in s u lin  tre a tm e n t rev ea led  th a t  th e  longer th e  d u ra tio n  of tre a tm e n t ,  th e  
less th e  p o ssib ility  fo r th e  in su lin -b in d in g  c a p a c ity  to  rem ain  w ith in  th e  no rm al 
ra n g e .
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RECENSIONES

M . B a t t e z z a t i , I. D o n i n i : “The L ym p h a tic  System ”

Picéin  M edical B ooks, P ad u a  and L ondon  496 pages (1972).

As exposed in th e  p re face , th e  a u th o rs  aim ed a t p re sen tin g  an  u p -to -d a te  and  c o m p re 
hensive  review  of th e  d ev e lo p m en t, an a to m y , physio logy  a n d  p a th o p h y sio lo g y  of ly m p h  c ir
cu la tio n  and  to  discuss th e n  in  th e  lig h t o f lym phograph ie  e x am in a tio n s . All these ap p ro ach es  
were based on th e ir  ow n re su lts . T he a u th o rs  fully  succeeded  in realiz ing  th e ir  in te n tio n s . 
By th e  c ritica l use o f  old an d  new  d a ta , they  p roduced  a w ell-a rran g ed , h ighly illu s tra tiv e  
m o n ograph , m ost useful in  e v e ry d a y  clinical p ractice  a n d  in te re s tin g  for researchers. T h is is 
n o t su rp rising , considering  th a t  th ey  were in a positio n  to  se lect th e  m ost in s tru c tiv e  an d  
illu s tra tiv e  p h o to g rap h s  from  th e ir  ow n lym phograph ie  d o c u m e n ta tio n  of 1,200 p a tie n ts . 
F ro m  the  asp ec t of d iffe ren tia l d iagnosis, the  critica l e v a lu a tio n  of lym phograph ie  p ic tu res  
is especially  va lu ab le .

The volum e com prises 496 pages and  is d iv ided in to  10 c h ap te rs . The various c h a p te rs  
d iscuss th e  h isto ry  o f th e  ly m p h  sy s te m , its d ev elo p m en t, a n a to m y  and  physio logy. Som e 
ch ap te rs  deal w ith  th e  m eth o d s o f clinical ex am in atio n , th e  s tru c tu re , h isto logy  and  p a th o lo g y  
of ly m p h  vessels. A se p a ra te  c h a p te r  is devoted  to th e  p a th o lo g y  o f ly m p h  nodes a n d  th e  
ly m p h a tic  system  in th e  v a rio u s  o rg an s is review ed in d e ta il. T he c h ap te r  discussing in t r a 
ly m p h a tic  t r e a tm e n t re p re se n ts  a new  concept.

C larified p rob lem s are  d e a lt  w ith  in an  e x p ert w ay , an d  open p rob lem s are ra ised  in a 
clea»-cut an d  insp iring  w ay. I t  w ould have been  in s tru c tiv e  h ad  th e  a u th o rs  pu b lish ed  th e  
incidence o f com plica tions o f ly m p h o g rap h y . Sources considered  as classic and u p -to -d a te  
p u b lica tio n s are eq u ally  fo u n d  am ong th e  references. I t  is re g re tta b le  th a t  a lth o u g h  th e  a u th o rs  
qu o te  the  w orks of H u n g a rian  ly m pho log ists, th ey  m ain ly  re fe r to w orks published or re p o rte d  
in H u n g a rian  and  n o t in an y  o f th e  w orld  languages. T he ty p o g ra p h ic a l execu tion  of th e  m ono
g rap h  m eets the h ig h es t re q u ire m e n ts .

M. P a p p

Advences in  G astrointestinal Endoscopy

Proceed ings o f the 2nd W orld C ongress o f G astro in te s tin a l E ndoscopy , held in R om e an d  
C openhagen, Ju ly  1970. E d ite d  by G. M arcozzi and  M . Crespi. P iccin M edical Books, P a d u a  

an d  L ondon , 929 pages, Lit. 30,000.

T his book co n ta in s  173 p a p e rs  given a t the  2nd W orld  C ongress o f G a s tro in te s tin a l E n d o 
scopy. T he C ongress w as held  in tw o p a r ts , the  f irs t in R om e an d  th e  second in C openhagen; 
the tw o p ro g ram m es hav e  co m p le ted  each  o ther.

T he read er f ir s t  o f all fin d s som e surveys of th e  h is to ry  of g a s tro in te s tin a l end o sco p y  
and  ideas o f th e  fu tu re  o f endoscopy  o f the  digestive tr a c t .  A ccord ing  to  these review s, g a s tro 

7 Ada Medico Acaderniae Scientiarum Hungaricae 32, 1975



184 RECENSIONES

in te s t in a l  endoscopy shou ld  no longer be considered  a  co m p lem en ta ry  or accesso ry  p rocedure . 
I t  h a s  g row n in to  a d isc ip line  w h ich  is now co m p arab le  to  X -ra y  diagnosis.

T h e  papers deal w ith  clin ical experience  in  endoscopy  and  e v a lu a tio n  o f endoscopic 
te c h n iq u e s  in  com parison  w ith  o th e r  m eth o d s o f in v es tig a tio n . The lim its  b e tw een  n o rm a l and 
p a th o lo g ic a l in endoscopic b iopsies are d iscussed . M ain ly  Jap an ese  a u th o rs  d e m o n s tra te d  new 
d e v e lo p m e n ts  in in s tru m e n ta tio n  an d  new  endoscopic  m ethods. O th er p a p ers  d iscuss th e  c y to l
o g y  o f  th e  digestive system . In te re s t in g  re p o rts  deal w ith  th e  im p o rtan ce  of en d o sco p y  in th e  
d ia g n o s is  o f haem orrhages, em ergencies an d  th e  sequelae  o f g a s tr tic  su rg ery  as well as th e  value 
o f  en d o sco p ic  p rocedures in e a r ly  d iagnosis o f g a s tro in te s tin a l t r a c t  can cer a n d  p recan cero u s 
c o n d itio n s .

T h e  second p a r t  o f th e  C ongress ra n  a longside  th e  W orld Congress o f G astro en te ro lo g y  
h e ld  in  C openhagen. In  th is  p a r t  th e  re p o rts  d eal w ith  oesophagoscopy, g a s tro ca m e ra , g a s tro 
sc o p y  a s  well as gastro b io p sy , d o u d enoscopy , co lonoscopy  an d  perito n eo sco p y .

T h e  reader can f in d  in th e  boo k  m an y  im p o r ta n t  ach ievem en ts in  th e  d e v e lo p m en t of 
g a s tro in te s t in a l  endoscopy , p re sen te d  b y  lead ing  sp ec ia lis ts  from  all o v er th e  w orld . W o rth y  of 
sp e c ia l  m en tio n  are th e  n u m ero u s  illu s tra tio n s , endoscop ic  p ic tu res , sch em a tic  fig u res , ra d i
o g ra p h s  an d  easily u n d e rs tan d a b le  d iag ram m es. T h e  conclusions are em p h asized  in  b rief, well- 
-d o c u m e n te d  rep o rts  a n d  even  th e  essen tia l re fe ren ces are given.

T h e  book m ay  be reco m m en d ed  no t o n ly  to  endoscopic spec ia lis ts b u t  also to  every  
c lin ic ia n , rad io log ist an d  p a th o lo g is t in te re s ted  in g astroen tero logy .

A. P á r

I. S z á m : Chronic cor pulm onale

A k a d é m ia i K iadó B u d ap es t, a n d  F. K . S c h a tta u e r  V erlag S tu t tg a r t— New Y o rk  (1975);
149 pages (In  G erm an).

B ased  on his ow n a b u n d a n t  experience , th e  a u th o r  sum m arizes th e  p re se n t know ledge 
c o n ce rn in g  pu lm o n ary  h e a r t  d isease. T he aim  o f th e  book  is to discuss from  th e  c lin ica l p o in t of 
v iew  th e  d ifferen t lung  d iseases re su ltin g  in ch ro n ic  cor pu lm onale. T h eo re tica l con sid era tio n s 
a n d  e x p e rim e n ta l d a ta  a re  also in c lu d ed  to g e th e r  w ith  th e ra p eu tic  possib ilities m a in ly  based 
on  th e  a u th o r ’s ow n c o n tr ib u tio n s  to  th e  field .

M ore th a n  400 references a re  c ited  in c lu d in g  th e  m ost u p -to -d a te  l i te ra tu re .
T h e  increasing  n u m b er o f  c a rd io -p u lm o n a ry  d iseases gives p a r tic u la r  im p o rta n ce  to  th is 

m o n o g ra p h  for all those  tre a tin g  p a tie n ts  w ith  p u lm o n a ry  h e a rt disease.

К  K Á L L A Y , M. D.

Chromosome V ariations in  H u m a n  Evolution  

S ym posia  o f th e  S ocie ty  for th e  S tu d y  o f H u m an  B iology, V olum e 14.

E d ito r: A . J . Boyce. T ay lo r and  F ran c is  L td ., London, (1975) 131 pages.

T h is  book co n ta in s th o se  to p ic s  o f ch rom osom e research , w hich d ea l w ith  th e  evo lu tion  
o f  th e  h u m a n  chrom osom es, w ith  th e  e n v iro n m en ta l cond itions resu ltin g  in  chrom osom e dam age 
a n d  w i th  th e  effect o f  these  ch an g es on la te r  g en era tio n s . The aim  of th e  bo o k  is to  su m  up  the  
r e c e n t  re su lts  achieved m o stly  b y  th e  use o f new  cy to g en etic  m eth o d s, such  as b a n d in g  and
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h y b rid iz a tio n . The f irs t  c h a p te r  w ritte n  by  M. B o r r o w  describes the  significance o f  th e  new 
b an d in g  m eth o d s in th e  resea rch  of chrom osom e ev o lu tio n  an d  chrom osom e s ta b ili ty . T w o p a 
pers deal w ith  th e  ev o lu tion  of h u m an  chrom osom es. In  th e  f irs t  one D e  G r o u c h y  a n d  his te a m  
gives a su rv e y  of chrom osom e in v es tig a tio n s  on sev era l an im als , especially on ch im p an zees 
and  gorillas. In  th e  second, th e  sim ilarities and  d ifferences o f th e  satellite  D N S o f  m an  and  
p rim a tes  described  by  K. W. J o n e s  and  I. F . P u r d o m . W . F . B o d m e r  d e m o n s tra te s  th e  lin k 
ages due to  chrom osom e re a rra n g em en ts  and  th e ir  f ix a tio n  in th e  genome during  h u m a n  ev o lu 
tion . T h en  II. J . E v a n s  gives a  sh o rt su rv ey  of th e  e n v iro n m en ta l m u tagenic  in flu en ces  of 
ir ra d ia tio n , chem icals and  v iruses th a t  induce ch ro m osom e aberra tions. E .  A l d e r m a n  an d  
M. R . C r e a s y  describe th e  p o st-co n cep tio n a l a n te n a ta l  se lection , especially t h a t  c au sed  by  
ch rom osom e ab erra tio n s . T he la s t  ch ap te r , by  S. G. R a t c l i f f e , deals w ith  th e  freq u e n c y  of 
chrom osom e a b e rra tio n s  in  th e  new born  p o p u la tio n  an d  th e  lon g itu d in a l o b se rv a tio n  o f severa l 
p a ram e te rs  in ch ild ren  w ith  gonosom al a b e rra tio n . A t th e  end  of each ch ap ter is a n  u p - to -d a te  
list o f th e  m o st im p o r ta n t  references som e of w hich h av e  been  published  in the  sam e y e a r  as the  
book. T he c o n te n ts  o f th e  book are  easily  u n d e rsto o d  ev en  by  those  no t tra in ed  in c y to g e n e tic s . 
T he g lossary  a t  th e  end of th e  book, w hich gives a sh o r t  e x p lan a tio n  of m ost g e n e tic  te rm s, 
m akes re ad in g  even easier. T h is book is a b rie f an d  concise collection of recen t d a ta  in som e 
fields o f cy to g en etic  and  ev o lu tio n ary  research .

D r . D. S c h u l e r
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A CTA  M ED IC A

ТОМ. 3 2 -В Ы П .  2 

РЕЗЮ М Е

О Ц Е Н К А  ПОЛИПОВ Ж Е Л У Д К А  Н А  О СНОВАНИИ И Х  ЭНДОКСОПИЧЕСКОГО
И С С Л Е Д О В А Н И Я  

Д. РУМИ, и. ш о л ь т

Авторы изучили при помощи гастрофидероскопа 100 больных с полипами ж елудка. 
38 больных было оперированно. Авторы в равной степени контролировали опериро
ванных и неоперированных больных. Злокачественного перерож дения полипа они ни в 
одном случае не наблюдали. Два случая оказались первичным ранним раком, один случай 
— нейрогенной саркомой. В 11 случаях полип был сопряж ен раком ж елудк а, в одном 
случае — саркомой ж ел удк а и в пяти случаях — прочими раковыми заболеваниями пи
щеварительных органов.

Выводы: 1./ Постановка диагноза полипов ж ел удк а и их точная оценка является  
задачей эндоскопии. 2 ./ Полипоидные пораж ения ж елудк а в большинстве случаев явля
ются доброкачественными, или, редко, злокачественными. Сопряженным биопсией эндо
скопическим исследованием с довольно большой степенью надеж ности мож но дифферен
цировать доброкачественные и злокачественные случаи. 3 ./ И збирательное удаление поли
пов желательное. 4 ./ Сопряжение полипа и рака ж елудка встречается значительно чаще, 
чем качественное преобразование полипа. 5 ./ Эндоскопическая диспансеризация больных с 
полипом ж елудка необходима и в случаях, в которых проведена полипектомия. б./П осле  
распознавания полипа ж елудка н уж н о  искать такж е и раковое заболевание других  
органов.

ДЕЙ СТВИ Е ГИ П О К А ЛЬЦ И ЕМ И И , П ЕРО К СИ ДАЦ И И  Л И П И Д О В  НА  
Э К С П Е РИ М ЕН ТА Л ЬН Ы Й  ОСТРЫ Й П А Н К РЕ А Т И Т

Ш. Ф Е Х Е Р , И. ФОДОР, Г. Ф ОЛЛИ, ЕДИТ ХОРВА ТХ, М. ПАПП

Авторы исследовали на крысах, повышает ли гипокальциемия смертность при экс
периментальном остром панкреатите, далее происходит ли пероксидация введенных 
ретроградно в подж елудочную  ж ел езу  липидов и усугубляю т ли они таким образом пора
ж ен ие железы. Прочную и выраженную гипокальциемию (ниж е 7 мг/100 мл) авторы вы
звали двусторонней экстирпацией около щитовидных ж ел ез и они пытались усилить гипо
кальциемию бедной кальцием диетой. Экстирпация околощитовидных ж ел ез достоверно 
пониж ала артериальное кровяное давление. Через 3 часа после впрыскивания в проток 
как 0 ,2  мл. подсолнечного масла, так и 5 мг трипсина достоверно пониж али кровяное давле
ние животных, которым не была проведена экстирпация околощитовидных ж елез. Под
солнечное масло пониж ало содерж ание кальция в крови ниж е уровня 5 мг/100 мл на 
крысах, у которых была проведена экстирпация околощитовидных ж елез, содержавш ихся  
на бедной кальцием диете. Авторы не нашли разницы в отношении смертности нормокаль- 
циемических крыс, которым не была проведена экстирпация околощитовидных ж елез, ни 
гипокальциемических крыс (содерж ание кальция ниж е 7 мг/100 мл), которым эта операция 
была проведена. Они не нашли такж е и разницы в отношении пораж ения поджелудочной  
ж елезы , степени распространения некроза жировой ткани в брюшной полости после вну- 
грипроточного введения 0 ,2  мл. подсолнечного масла или 5 мг трипсина через 3 и 24 часа. 
В механизме гипокальциемии, сопутствующей острому панкреатиту, авторы придают зна
чение в первую очередь образованию кальциевого мыла, сопутствующего некрозу жировой  
ткани, так и наруш ению  всасывания кальция из кишки.



Введенны е ретроградным путем в поджелудочную  ж ел езу  подсолнечное масло, 
м асляная кислота, линолевая кислота, в количестве 0 ,2  мл вызывало острый панкретатит, 
в то врем я как жидкий парафин не привел к этому эффекту. И з указанны х веществ в ткани 
п одж елудочн ой  железы только линолевая кислота повышала, как признак аутоокисления, 
концентрацию  малональдегида и казалось, что таким образом способствовало распростра
нению пораж ения ж елезистой ткани. Линолевая кислота, введенная ретроградно в под
челюстные ж елезы , вызвала некроз в слюнных ж елезах, в то время как подсолнечное масло 
и м асляная  кислота некроза не вызывали.

О Л Е Ч Е Н И И  ГЛЮ КАГОНОМ ЭК С П Е РИ М Е Н Т А Л Ь Н О  В Ы ЗВ А Н Н О Г О  ОСТРОГО
П А Н К РЕ А Т И Т А

М. П А П П , М. РИБЕТ, И. Ф ОДОР, Е. П. НЕМЕТ, Ш. Ф ЕХ Е Р, Е. Й. ХОРВАТХ, Г. ФОЛЛИ

Авторы  вызывали у  кры с-самцах штамма CF.y, усыпленных пентобарбиталом, острый 
панкреаттит ретроградным введением в поджелудочную  ж ел езу  1 мг эластазы, растворен
ной в 0 ,2  мл физиологического растняра поваренной соли, далее 5 мг трипсина, 4  мг лизо- 
лецитина, 10 мг таврохолата натрия или 0,3 мг подсолнечного масла. Контрольной группой  
каж дой  и з вышеуказанных групп служ и ли  животные, которым была проведена лапаро
томия. Панкреатитическим животны м авторы давали глюкагоц (15 мкг/кг веса тела/час) или 
физиологический раствор поваренной соли. Введенный через 24  или 72 часа после возник
новения острого панкреатита глю кагон не повлиял на пониж ение кровяного давления  
при вызванном трипсином или эластазой панкретатите, ни на значительное содерж ание каль
ция в плазм е крови при панкреатите, вызванном трипсином или подсолнечным маслом. 
Глюкагон не повлиял при вызванном трипсином или таврохолатом натрия панкреатите, 
на достоверное повышение содерж ан ия липазы в плазме крови; не пониж ал смертность 
панкреатитических животных и не повлиял на степень распространения некроза ж ировой  
ткани в брюш ной полости. Д ача глю кагона уменьшала количества эксудата в брюшной 
полости при панкреатите, вызванном солью желчной кислоты и — вероятно вследствие 
повышающего перфузию подж елудочной ж елезы  действия — очевидно пониж ал тканевое 
пор аж ен ие поджелудочной ж елезы  при панкреатите, вызванном детергентами (солью  
ж елчны х кислот или лизолецитином).

В Ы З В А Н Н А Я  СОВМЕСТНОЙ Д А Ч Е Й  П ЕН ТАГАСТРИ Н А И П Е РЕ М И Н А  С Е К РЕ Ц И Я
Ж Е Л У Д О Ч Н О ГО  СОКА

И. КИШ ФАЛЬВИ

А втор сравнивал секрецию ж елудочного сока под влиянием максимальных инфу
зионны х и подкожных доз пентагастрина и перемина, а такж е при совместной даче суб
максимальны х доз этих двух веществ с секрецией ж елудочного сока при отдельном введе
нии выш еуказанных двух стимуляторов секреции.

В х о д е  своих исследований введенные в максимальных подкожны х объемах и влива
ниях максимальные и субмаксимальные дозы пентагастрина и перемина, не показывали 
потенциирования и при комбинации субмаксимальных вливаний пентагастрина и пере
мина только в случае малейших д о з мож но было выявить аддитивное действие.

Н О В Ы Е  Д А Н Н Ы Е  К П А Т О Г Е Н Е ЗУ  П Е РН И Ц И О ЗН О Й  АН ЕМ И И  В С В Я ЗИ  С
УСПЕШ НЫМ

Л Е Ч Е Н И Е М  Б О Л Е ЗН И  Д У О Д Е Н А Л Ь Н Ы М  В Н У Т РЕ Н Н И М  ФАКТОРОМ

М. ХОРАНИ, Э. X. Ш АРФИ, техн. сотр. Й А Н Д РЕН И

П ероральная дача слизистой оболочки двенадцатиперстной кишки с малыми дозами 
витамина В 12 оказалась успеш ной в случае четырех раннее не лечившихся больных перни
циозной анемией. Это действие с точки зрения эритропоэза и других точек зрения соответ
ствовало том у, что можно ож идать от хорошего антиперницйозного препарата. Этим



подтвердилось, что выявленный при помощи теста coli m utans фактор роста в чело
веческом дуоденальном соке, действительно соответствует внутреннему фактору. Авторы 
излагают в связи с этим свои новые представления о патогенезе пернициозной анемии, в 
центре которых стоит дуоденальный внутренний фактор, выявляемый такж е и у  больных 
пернициозной анемией. Таким образом пернициозная анемия не мож ет считаться просто 
синдромом недостатка в ж елудочном соке внутренного фактора, но и в нем участвует 
такж е и дуоденальный внутренний фактор, который нейтрализуется известными иммуно
логическими процессами. Авторы выявили еще, что м еж ду  водной вы тяжкой порошка 
слизистой оболочки свиного ж ел удк а и двенадцатиперстной кишки в бактериологическом  
тесте, в содержании азота и в составе аминокислот тож е имеется разница.

БИОТРАНСФ ОРМ АЦИЯ [ 4 - 14С] 4-А Н Д РО С Т Е Н -3,17-Д И О Н А  В Н ОРМ АЛЬНОЙ  
Ч ЕЛ О ВЕЧ ЕСК О Й  К РО В И  IN VITRO

И. Ф АРЕДИН и И. ТОТ

Метаболизм [4 — '•*] 4-андроетен-3,17-диона был изучен in vitro в к усках брюшной 
кож и здоровых муж чин и женщин. Методом обратной дилюции изотопов были изолирова
ны и идентифицированы следующие метаболиты с андрогенной активностью: 5а-андростан- 
3,17-дион, андростерон, эпиандростерон, тестостерон и 5а-дигидротестостерон. Коли
чественные условия изолированных метаболитов указали на то, что в кусках брюшной 
кож и здоровых ж енщ ин и муж чин главным направлением метаболизма является 5 а- 
окисленне двойной связи 14 5. Д ругой важный путь ведет к биосинтезу тестостерона и
5а-дигидротестостерона. О бсуж дается значение андрогенны х стероидов, образую щ ихся в 
человеческой к о ж е в процессе биотрансформации 4-андростен-3,17-диона.

М ЕТАБОЛИЗМ  [4 ■ .С] 5-Д Н Д Р О С Т Е 11-3/7, 17/3-ДИОЛА В Н О РМ А Л Ь Н О Й
Ч ЕЛ О ВЕЧ ЕСК О Й  К О Ж Е IN VITRO

И. Ф АРЕДИН и И. ТОТ

Куски брюшной кожи здоровы х мужчин и ж енщ ин были инкубированы в [4 — ИС] 
5-андростен-З/З, 17/3-диоле. Методом обратного разбавления изотопов были изолированы и 
идентифицированы следующие метаболиты: 5а-андростан-3,17 дион, 4-андр остен-3 ,17- 
дион, 5а-дигидротестостерон, дегидроэпиандростерон, андростерон, тестостерон, 7-кето-5- 
андростен-З/З-17/3-диол, 7а-гидроксидегидроэпиандростерон, 5-андростен-З/З, 7/3-17/3-триол, 
5-андростен-За, 7/3, 17/3-триол, дегидроэпиандростерон сульфат и 5-андростен-З/З, 17/3- 
диол-3-сульфат. При количественном определении метаболитов в кусках брюшной кож и  
здоровых мужчин и женщин в метаболизме [4 14С] 5-андростен-З/З, 17/3-диола наблюда
лись различия. В ж енской кож е главное направление метаболизма приводит к образованию  
андрогенных стероидов, тогда как в кож е мужчин главный путь биосинтеза ведет к окисле
нию С. субстрата. Тот факт, что 5-андростен-З/З, 17/3-диол в значительном количестве пре
образовывается в тестостерон и 5а-дигидротестостерон, доказывает, что в человеческой ко
ж е  5-андростен-З/З, 17/3-диол является лучшим предварительным соединением андроген
ных стероидов, чем дегидроэпиандростерон или 4-андростен-3,17-дион.

О С Е ЗО Н Н Ы Х  К О Л Е Б А Н И Я Х  С О Д Е РЖ А Н И Я  К О РТ И К О И ДО В  В П ЛАЗМ Е

М. Т. А Б Д Е Л  АЗИЦ, А. А. РАМАДАН

Авторы определяли в К аире содерж ание П -гидроксикортикостероида в плазме 
25 молодых м уж чин зимой, а так ж е в теплый, влажный летний период. Летом содер
ж ание П -гидроксикортикостероида было выше, чем зимой.



С И Ф И Л И ТИ Ч ЕС К И Й  ГЕП АТ И Т. К Л И Н И Ч Е С К И Е , И М М УНОЛОГИЧЕСКИЕ И 
М ОРФ ОЛО ГИ ЧЕСКИ Е И ССЛ ЕДО ВАН И Я

Й. Ф Е Х Е Р , Т. ШОМОДИ, М. ТИММ ЕР, Л . ЙОЖА

В  176 случаях раннего сифилиса (сероположительны й сифилис I и сифилис II) 
авторы в 17 случаях наблюдали в биохимических пробах отклонения, характерны е для  
п ор аж ен и я  печени. Они наш ли,что у  этих больных концентрация ИгГ и ИгМ, а такж е  
содерж ан и е церулоплазмина в сыворотке значительно повышается, а концентрация транс- 
феррина — понижается. С одерж ание альфа-2-макроглобулина и бета-1-С-глобулина не 
изм енялось в оцениваеной мере. В печеночной ткани (13 случаев), полученной в ходе  
биоптического исследования, гистологическая картина показывала гепатит больш ей или 
меньш ей степени, который отчасти носил очаговый некротизирующий характер, — в 
печеночны х дольках -  , отчасти ж е  пролиферативный характер в стенках центральных вен, 
артериол и ветвей воротной вены. В печеночной ткани в 7 случаях могло быть выявлено 
наличие бледной трепонемы.

И С С Л Е Д О В А Н И Е  СПОСОБНОСТИ СЫ ВОРОТКИ С В Я ЗЫ В А Т Ь ИНСУЛИН МЕТОДОМ
А Д С О РБ Ц И И  Ц Е Л Л Ю Л Е ЗО Й

Е. Б А РА Н И , Д . ТАМАШ мл., Ю. БОЙТА

А вторы  сообщают о применении метода, пригодного для количественного определе
ния способности сыворотки связывать инсулин. Результаты исследования подтверждают то 
мнение, что противоинсулиновые антитела имеют экзогенное происхождение, а такж е что 
резистентность по отношению к инсулину в отдельных случаях вызывается противоин- 
сулиновы ми антителами. Они смогли в определенной мере выявить связь м еж ду  потреб
ностью больны х в инсулине и содерж анием  антител в их сыворотке. М еж ду давностью  
лечения инсулином и количеством антител авторы не нашли связи, но они установили, 
что увеличением  продолжительности лечения число случаев, дающих нормальные вели
чины, уменьш ается.
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Seven years ago, in  Y olum e 25 of A c ta  M edica, we c o n g ra tu la te d  P ro 
fessor I s tv á n  R u szn y ák , ed ito r-in -ch ie f o f th e  Jo u rn a l  on th e  occasion  o f his 
8 0 th  b ir th d a y . Now, we h av e  th e  sad  d u ty  to  im p a r t  to  th e  R e a d e r t h a t  his 
career, so rich  in  c rea tiv e  w ork  a n d  resu lts , cam e to  a d e fin itiv e  s to p  fo r good. 
11 e w as th e  ed ito r-in -ch ie f o f o u r Jo u rn a l since 1959. As a p h y s ic ian  he was 
ac tiv e  fo r m ore th a n  h a lf  a c e n tu ry , as a u n iv e rs ity  professor fo r m ore  th a n  
30 y ears . H e lec tu red  on a n d  ta u g h t  in te rn a l m ed icine earlie r a t  th e  U n iv e rs ity  
o f Szeged, la te r  a t  th e  U n iv e rs ity  o f B u d a p e s t. H e w as m em ber o f th e  H u n g a r
ian  A cadem y  of Sciences since 1946 and  its  P re s id e n t from  1949 to  1970.

H e was a m an w ho to o k  in te re s t  in  m a n y  fie lds o f science. As a p up il 
and  fo llow er of S ándor K o rán y i, he ach ieved  fu n d a m e n ta l re su lts  in  in v e s ti
g a tin g  th e  renal diseases an d  th e  physio log ica l im p o rtan ce  o f p ro te in s . Also, 
he d ev o ted  n o tab le  w ork  to  get b e tte r  a c q u a in te d  w ith  th e  effec ts  o f  v i ta 
m ines. T h e  resu lts  o f his researches on th e  m echan ism  of oed em a fo rm a
tio n  are  w idely  know n. T hese in v es tig a tio n s  fo rm ed  th e  basis o f  ex ten siv e  
researches lead ing  to  th e  m ore u p -to -d a te  an d  b e t te r  u n d e rs ta n d in g  —  and  
e.g. in  th e  fie ld  o f oedem a fo rm a tio n  fu n d a m e n ta l know ledge —  o f th e  p h y 
siological and  p a th o p h y sio lo g ica l im p o rtan ce  o f  th e  ly m p h  sy s tem . H e p u b 
lished  a n d  sum m arized  th e se  re su lts  in  a m o n o g rap h y , ed ited  in  sev era l la n 
guages, in  co -opera tion  w ith  his p u p ils . I t  is no  ex ag g era tio n  to  say  th a t  th is  
w ork  o f his rep resen ted  th e  s ta r t in g  im pulse in  th e  renaissance  o f  in v es tig a tio n s  
on the  ly m p h  system  all over th e  w orld . As an  acknow ledgem en t o f h is c rea tiv e , 
in s tru c tiv e , o rganizing  a c tiv i ty  a n d  sc ien tific  re su lts , a n u m b e r o f  foreign 
A cadem ies of Sciences an d  S c ien tific  A ssociations elected  h im  th e ir  h o n o ra ry  
m em ber. H igh  s ta te  o rd ers , co n ferred  on h im  b o th  in  his own an d  in  foreign  
co u n trie s  are  th e  signs o f h is c a ree r so rich  in  c rea tio n . H e p a r tic ip a te d  in  th e  
fo rm a tio n  o f g en era tions o f  ph y sic ian s, a lw ays in s tru c tin g  th e m  t h a t  he lp ing  
ill people  should  be th e ir  m ain  d u ty .

H e alw ays asp ired  to  successfu lly  develop  in  h is pup ils —  m a n y  o f w hom  
are  now  lead ing  m em bers o f s a n ita ry  m a tte rs  an d  m edico-biological research  
in  H u n g a ry  — th e  responsiveness to  new  ideas, th e  p rogressive w ay  o f th in k -
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in g , th e  h u m an is t a t t i tu d e  as w ell as th e  in te re s t fo r th e  various m an ife s ta tio n s  
o f  h u m a n  cu ltu re . W hile  d o in g  so, he alw ays m ad e  a p o in t of n o t rep ressing  
th e i r  ow n p e rsona lity  a n d  th e i r  ch a rac te ris tic  w a y  o f th in k in g .

B esides being an  im p o r ta n t  scholar an d  e d u c a to r , I s tv á n  R u sz n y á k  was 
an  e m in e n t physician , to o . H is  greatness as a p h y sic ian  did n o t show  on ly  in 
h is a lm o s t  unpara lle led  k n o w led g e  in  each b ra n c h  of in te rn a l m ed ic ine  h u t 
a lso  th e re in  th a t  he a lw ays h e a le d  and  t re a te d  th e  p a tie n t  h im se lf an d  n o t his 
illn e ss . T h e  p a tien ts  fe lt t h a t  P rofessor R u sz n y á k  id en tified  h im se lf w ith  
a ll t h e i r  troub les and  w as p re p a re d  to  help  th e m  b y  all his know ledge.

A fte r  W orld W ar I I ,  h e  p lay ed  a decisive ro le  in  th e  reo rg an iza tio n  of 
th e  H u n g a r ia n  A cadem y o f Sciences and  in  th e  c re a tio n  o f its  new  a tm o sp h e re , 
b e a r in g  in  m ind th a t  sc ience  h as  alw ays to  se rv e  th e  b en efit o f so c ie ty . He 
w as o f  th e  opinion th a t  sc ience  should  be dev e lo p ed  to  serve th e  in te re s ts  o f 
s o c ie ty . In  th e  course o f  c re a tin g  u p -to -d a te  m ed ic in e  in  H u n g ary , he in it ia te d  
th e  fo u n d a tio n  of th e  I n s t i tu te  o f E x p erim en ta l M edicine of w hich he becam e 
th e  d ire c to r  for long y e a rs .

W e cherish th e  m e m o ry  o f th e  em in en t p h y sic ian , of th e  sc ie n tis t so 
r ic h  in  orig inal ideas, o f  th e  u n fa lte rin g  h u m a n is t ed u ca to r  an d  sch o la r re 
sp o n s iv e  to  ideas, o f I s tv á n  R u szn y ák , fo rm er e d ito r-in -ch ie f o f o u r Jo u rn a l.
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T he in te rn is ts  w hom  I m e t d u rin g  m y long career could be d iv id ed  in to  
th re e  groups. M ost in te rn is ts  a re  in te re s te d  in  th e  p a tie n t on ly . F ew er are 
th o se  w ho are  m ore in te re s te d  in  th e  illness th a n  in  th e  p a tie n t. O ne m eets 
th e  m ost ra re ly  such an in te rn is t  w ho is concerned  b o th  w ith  th e  p a t ie n t  and  
th e  illness. T here  is also a fo u r th  group , w ith  ra th e r  few re p re se n ta tiv e s  —  and  
I s tv á n  R u szn y ák  belonged to  th is  g ro u p — th e  in te rn is t who, besides th e  p a tie n t  
an d  th e  illness, is in te re s te d  in  science as a w hole, keep ing  in  s ig h t th e  rem ote  
horizon  o f n a tu ra l sciences an d  co n sid e rin g  w h e th e r research  lead s to  som e 
re su lt th a t  w ould help th e  b e t te r  u n d e rs ta n d in g  and  p ro m o te  th e  m ed ica tio n  
o f d iseases. R uszn y ák  w as one o f  th o s e  s in g u la r in d iv idua ls w ho b o th  knew  
an d  fe lt th a t  exclusively  th e  re su lts  o f  basic  research  m ig h t lead  to  a n y  im p o r
t a n t  p rogress in  th e  fie ld  o f  p ra c tic e .

My friendsh ip  an d  c o -o p e ra tio n  w ith  R u szn y ák  h ad  ren d e red  th e  years 
I  sp e n t in Szeged w h a t th e y  rea lly  w ere. H e w as keen ly  in te re s te d  in  m y  w ork 
an d  his in te re s t rep re sen ted  an  im p e tu s  fo r m e. H e tr ie d  to  c o rre la te  all m y 
re su lts  w ith  th e  problem s o f in te rn a l m edicine. W e discussed ev ery  new  d iscov
ery  from  w herever it  cam e. T h is close re la tio n sh ip  re su lted  in  a v a lu ab le  
co -o p era tio n : we d iscovered  jo in tly  th e  bio logical effect an d  m ed ica l im p o r
ta n c e  o f th e  flavones.

R u szn y ák  was a tru e  a n d  loyal friend . I  alw ays re g re t te d  t h a t  th e  even ts 
h a d  se p a ra te d  us. I t  was a t r e a t  to  be in  h is co m p an y . H is e ru d itio n  w idely 
exceeded  th e  lim its  o f his p ro fession . H e w as in te re s te d  in  all c u ltu ra l  a n d  a r t is 
tic  p rob lem s an d  was eq u a lly  fam ilia r w ith  m usic, l i te ra tu re  a n d  c u ltu ra l 
m a tte rs . H e was one of th e  m o st in te re s tin g  an d  a t tra c t iv e  co m p an io n s o f m y 
long career. In  sp ite  o f th e  m ore th a n  a g e n e ra tio n ’s tim e  e lapsed  since our 
se p a ra tio n  I am  still m issing  him .

D r. A. Sz e n t - G y ö r g y i

WOODS HOLE, MASSACHUSETTS 
02543 USA
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RENAL HAEMODYNAMICS IN DOGS WITH 
DEHYDRATION AZOTAEMIA

P é t e r  B á l i n t , K a ta lin  L á s z l ó , É v a  Szőcs and  É v a  T a r j á n

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  29 O c tober, 1975)

In tra re n a l p ressu re  g ra d ie n ts  an d  g lo m eru lar dynam ics have been  in v es tig a te d  
in dogs w ith  severe d e h y d ra tio n  e lic ited  by  p y lo ric  ligation .

1. Because of th e  p ro p o rtio n a te  decrease  in  a rte ria l pressure a n d  re n a l blood 
flow , calcu la ted  to ta l  re n a l v a scu la r re sis tan ce  was fo und  u n a lte red  as c o m p a red  w ith  
n o rm o h y d ra ted  co n tro ls. T he sligh t changes in  series connected  in tra re n a l re sis tan ces 
w ere no t significant.

2. N et h y d ro s ta tic  p ressu re  across th e  g lo m eru lar m em brane, i.e. g lo m eru lar 
c ap illa ry  m inus p ro x im al tu b u la r  p ressure  w as s lig h tly  dim inished. T he p ro n o u n ced  
fa ll in effective f i ltra tio n  p ressu re  was due to  th e  considerab le  increase in collo id  osm otic  
p ressu re  of th e  p lasm a p ro te ins.

3. R educed a r te r ia l  p ressu re  due to c lam p in g  of th e  ao rta  did n o t d im in ish  v a s
cu la r resistance. T h u s, th e  a u to re g u la to ry  c a p a c ity  of renal c ircu la tio n  seem s to  be 
lo st in  d eh y d ra ted  an im als .

4. No co rre la tio n  w as fo u n d  betw een  p lasm a  N P N  values on th e  one  h a n d  and  
R B F  an d  G F R  on th e  o th e r. A zo taem ia  seem ed to  be due to  re te n tio n  a n d  en h an ced  
red iffusion  of urea  and  increased  k a tab o lism  o f tissu e  proteins.

5. R educed u rin e  flow  caused  by d e h y d ra tio n  w as resto red  by  isosm otic  saline 
o r h y p erosm otic  m an n ito l infusions. B o th  a g en ts  a c t by  decreasing in tra re n a l v a sc u la r  
re sis tan ce  and  by d im in ish ing  th e  increased  colloid osm otic  pressure.

D e h y d ra tio n  azo taem ia  induced  b y  lig a tu re  of th e  py lorus can  he re g a rd 
ed as an  ex p erim en ta l m odel o f p re ren a l o r e x tra re n a l acu te  re n a l  fa ilu re . 
In  th e  system ic  c ircu la tio n  a s ligh t d rop  in  a r te r ia l pressure w ith  d isp ro p o r
tio n a te ly  reduced  ca rd iac  o u tp u t  occurs, i.e . to ta l  periphera l re s is ta n c e  is 
in creased . R enal blood flow  as d e te rm in ed  b y  m easu rin g  renal venous e ff lu en t 
d ire c tly  is m od era te ly  d im in ished , w hereas g lo m eru la r f i ltra tio n  d ro p s to  a 
frac tio n  o f its  no rm al v a lu e  ( B á l i n t  e t al. [5, 2, 3 ]; G öm ör i  e t al. [18]).

G lom eru lar f i l t ra t io n  ra te  (G F R ) is d e fin ed  b y  th e  equation

G F R  =  к  (G C P— Р Т Р — C O Pm) =  к  • E F P  (1)

w here G C P an d  P T P  an d  E F P  s ta n d  for g lo m eru la r cap illa ry , p ro x im al tu b u la r  
and  e ffec tive  f i ltra tio n  p ressu re , re sp ec tiv e ly ; C O Pm signifies m ean  colloid 
osm otic  (oncotic) p ressu re  o f  p lasm a p ro te in s  w ith in  th e  g lom erular cap illa rie s ; 
к is th e  g lom eru lar f i l tra tio n  coeffic ien t an d  rep resen ts  th e  p ro d u c t o f th e  
effec tive  h y d rau lic  p e rm e a b ility  o f th e  c a p illa ry  w all (P) an d  th e  c a p illa ry  
su rface a rea  (S).
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I t  follows from  E q . (1) th a t  d im in u tio n  o f G F R  can resu lt from  decreased  
к  a n d /o r  E F P . In  th e  fo rm er case b o th  h y d ra u lic  p e rm eab ility  an d  f ilte r in g  
su rface  area  have  to  he ta k e n  in to  c o n sid e ra tio n . D ecrease in  G CP an d /o r 
in c rea se  in  P T P  an d /o r C O Pm lead  to  d im in ish ed  effective f iltra tio n  p ressu re  
(E F P ) . A drop  in  g lo m eru la r cap illa ry  p re ssu re  w ith  essen tia lly  u n a lte re d  
to ta l  v a sc u la r  re s is tan ce  can  be th e  consequence  o f enhanced p reg lo m eru la r 
(a ffe ren t)  res is tan ce  co n n ec ted  w ith  a co rresp o n d in g  decrease in  p o stg lo m eru la r 
(e ffe ren t +  venu lar) re s is tan ce . H aem o co n cen tra tio n , i.e. increased  p lasm a 
p ro te in  level is a well kn o w n -sy m p to m  o f d e h y d ra tio n  w hich m u s t red u ce  
e ffec tiv e  f i l tra tio n  p ressu re .

In  a prev ious p a p e r  ( B á l i n t  e t al. [7]) we p u b lished  resu lts  concern ing  
in t r a r e n a l  p ressu re  g rad ien ts  an d  series co n n ec ted  vascu lar re sistances in  the  
d e h y d ra te d  dog. In  v iew  o f recen t d ev e lo p m en ts  in  our own m ethodo logy  
( B á l i n t  e t al. [9]) an d  o f m ic ro p u n c tu re  e x p e rim e n ts  perform ed in  th e  can ine  
k id n e y  ( K n o x  e t al. [24]) som e reca lcu la tion  a n d  com pletion of th e  e x p e ri
m e n ts  seem ed  in d isp en sab le . T his all th e  m ore as th e  causal role o f  a ffe ren t 
c o n s tr ic tio n  and  effe ren t d ila ta tio n  in  th e  p a th o g en esis  of acu te  ren a l fa ilu re  
as f i r s t  p u t  fo rw ard  b y  S e v i t t  [28] and  F i n c k h  [14] has been s tre ssed  again  
in  re c e n t ex p erim en ta l and  clinical papers (e.g. R e u b i  e t al. [27 ];  B á l i n t  et al. 
[8, 6 ]; e tc .).

In  th e  p resen t s tu d y  we aim ed a t th e  e lu c id a tio n  of in tra re n a l c ircu la tio n  
an d  p re ssu re  g rad ien ts  in d eh y d ra tio n  a z o ta e m ia  w ith  special reference  to 
g lo m e ru la r  dynam ics. In  a d d itio n  to  th e  u su a l ren a l fu n c tio n a l p a ra m e te rs , 
th e  a u to re g u la to ry  b e h a v io u r o f th e  renal vessels in  d eh y d ra tio n  has also been 
s tu d ie d : a r te ria l h y p o ten sio n  was b ro u g h t a b o u t b y  co nstric tion  o f th e  a o rta .

T h e  beneficial effect o f  b o th  isosm otic sa line  an d  hyperosm otic  m an n ito l 
in fu s io n s  in  oliguric acu te  ren a l failure is g en e ra lly  recognized. T he fu r th e r  
a im  o f th e  ex p erim en ts  w as to  clarify  th e  m ech an ism  by  w hich th e se  ag en ts  
re s to re  u rin e  flow : in  p a r t  o f th e  ex p erim en ts  th e  d eh y d ra ted  an im als  were 
“ t r e a te d ”  w ith  saline, in  p a r t  w ith  h y p e ro sm o tic  m ann ito l; p a ra m e te rs  of 
ren a l fu n c tio n  were d e te rm in ed  b o th  before a n d  a f te r  th e  infusion o f th e  co r
re sp o n d in g  so lu tions.

Methods

O b serv a tio n s  were m ade  on  38 m ongrel dogs o f b o th  sexes. T hree days p rio r to  th e  acu te  
e x p e r im e n t th e  py lo rus o f th e  dogs was liga ted  in  in tra v e n o u s  p e n to b a rb ita l a n ae s th es ia  (0.03 
g /k g)-

Surg ica l and experim ental procedures. U n d er p e n to b a rb ita l  an aesthesia  th e  le ft k id n ey  
w as a p p ro a c h e d  by  lap a ro to m y  a n d  th e  ren al vein  c o n n ec te d  by  m eans of a p o ly e th y len e  tu b e  
w ith  th e  e x te rn a l ju g u la r  ve in . A  T -ex tension  of th e  tu b e  p e rm itte d  the  d irec t m easu rem en t 
o f  re n a l  b lood  flow  (R B F ) a n d  th e  collection of re n a l v en o u s blood sam ples. In  som e e x p eri
m e n ts  a n  a d ju s ta b le  c lam p  w as p laced  on th e  a o rta  ab o v e  th e  orig in  of the  ren al a rte rie s . S u it
ab le  p e r ip h e ra l a rte rie s  an d  ve ins w ere can n u la ted  fo r th e  m easu rem en t o f a r te r ia l  b lood  p res
sure  (A P ; m ercu ry  m an o m e te r), b lood  sam pling  a n d  in fu s io n  of inu lin  and P A H . C oagu la tion  
o f b lo o d  w as p rev en ted  by  in tra v e n o u s  h ep arin  (a b o u t 3 m g/kg). U rine  was co llected  b y  m eans 
o f a u re te r  c a th e te r .
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A c a th e te r  5 Ch was in se rted  th ro u g h  a side a rm  o f th e  tu b e  connected  w ith  th e  ren a l 
vein a n d  pushed  forw ard  in to  th e  k idney  u n til it h a d  w edged  in one of the  in tra re n a l veins. 
B y connecting  th e  c a th e te r  w ith  an  e lec tro m an o m ete r (E le m a — S chönander) deep v en o u s 
p ressure  (D V P; so-called w edged p ressu re) was m easu red . R e n a l venous p ressure  (R V P ) was 
m easu red  by connecting  a T -ex ten sio n  of th e  po ly e th y len e  tu b e  w ith  a glass tu b e  filled  w ith  
saline.

S u itab le  c o n ce n tra tio n s  o f p lasm a  inu lin  and  P A H  w ere ensu red  by th e  u sua l p rim in g  
doses an d  m ain ten an ce  in fusions, re spec tive ly . In u lin  and  P A II  co n te n ts  o f b o th  a r te r ia l  and 
ren a l venous p lasm a, N P N  a n d  c rea tin in e  and  p ro te in  c o n ce n tra tio n s  in a r te r ia l  p lasm a were 
d e te rm in ed  by m eth o d s used  in ou r lab o ra to ry  [15, 29, 13, 11, 23]. R B F  w as e s tim a te d  by 
m easu ring  ren al venous e fflu en t. All flow d a ta  (R B F , G V R , V) w ere expressed  in m l/m in/100 g 
k idney .

E ach  ex p erim en t w as b egun  w ith a basic period . U rin e  was collected  for 10— 15 m in. 
D uring  th is  period tw o a r te r ia l  an d  renal venous sam ples w ere o b ta in ed  and  R B F  w as d e te r 
m ined . P ressu re  v a lues (A P , D V P, R V P) were read  re p ea te d ly .

In  11 ex p erim en ts  th e  above  p rocedure  was follow ed by  stepw ise  re d u c tio n  of fem oral 
( ren a l) a rte ria l p ressu re  b y  a d ju s tm e n t o f the  ao rtic  c lam p  to  80 an d  to  50 m m  H g. These 
pressu re  levels were k e p t c o n s ta n t  for 10— 15 m in a n d  th e  ab o v e-m en tio n ed  p a ram e te rs  de
te rm in ed .

In  26 ex p erim en ts  th e  basic  period  was follow ed by  load ing  w ith  m an n ito l; th is  was 
effected  by  the  in tra v en o u s  in fusion  of a p rim ing  dose (8 m l/kg ) and  of a m a in ten an ce  infusion 
(0.08 m l/kg /m in) of 20%  m a n n ito l dissolved in w ater. In  th e  11 ex p erim en ts  m en tio n ed  in the  
p reced ing  p a rag ra p h  th e  ao rtic  c lam p was released prio r to  m an n ito l-load ing . A fter a b o u t 15 
m in all proceedings of th e  basic  phase  were rep ea ted .

In  10 ex p erim en ts  th e  basic  period  was follow ed by  th e  in tra v en o u s  in fusion  of 50 m l/kg 
isosino tic  saline. In these  ex p erim e n ts  no m ain ten an ce  in fu sio n  was given. A fte r  ab o u t 20 to 
30 m in  all p rocedures o f th e  basic phase  were rep ea ted .

In  a nu m b er of ex p erim e n ts  th e  period  w ith  free u rin e  flow was follow ed by  u re te ra l 
occlusion  (so-called sto p  flow  period). As th e  resu lts  o f th ese  su p p lem en ts  did n o t y ield  any 
m erito rio u s in fo rm a tio n , th e y  will n o t be considered  in th e  discussions.

Calculations. R en al v a sc u la r  re sistances were ca lcu la te d  by th e  fo rm ula

K A P - R V P  R A P — GCP GCP D V P D V P — RV F
R B F  =  “  R B F  _  “  R B F  +  '  R B F  ’

w here R A P  and GCP an d  D V P an d  R V P s tan d  for ren al a r te r ia l  an d  g lo m eru lar cap illa ry  and 
deep venous and ren al v en o u s pressures, respec tive ly . T he left side o f E q. (2) co rresp o n d s to  
to ta l ren a l vascu la r re sis tan ce  (T R R ), th e  firs t, second a n d  th ird  te rm s on th e  r ig h t side s tan d  
for a ffe ren t (A R ), e ffe ren t (E R )  an d  v en u la r (VR) re s is tan ces , re spec tive ly . In tra re n a l  re 
s istance  ( IR R ) equals A R  -j- E R , w hereas p o stg lo m eru lar re sis tan ce  co rresponds to  E R  -j- V R . 
All resistances were ca lcu la ted  in R -u n its : m m  H g/m l/sec/kg  k idney .

I t  follows from  E q. (1) th a t

GCP -  P T P  +  C O Pm +  G F R /k  (3)

I t  w as assum ed th a t  (i) ren a l a r te r ia l  pressure  (R A P ) eq u a ls  system ic  a r te ria l p ressu re  (A P); 
(ii) p rox im al tu b u la r  p ressu re  (P T P ) equals deep venous pressu re  (D V P); (iii) m ean  colloid 
osm otic  p ressu re  o f p lasm a  p ro te in s  in th e  g lom eru lar cap illa rie s (C O Pm) a m o u n ts  to  th e  a r i th 
m etica l m ean of COP in a ffe ren t an d  e fferen t a rte rio la r  p lasm a ; b o th  a re  ca lcu la ted  from  p lasm a 
p ro te in  c o n ce n tra tio n s  by  th e  L a n d is— Pappenheim er e q u a tio n  [25]; p ro te in  c o n te n t o f the  
e ffe ren t p lasm a is c a lcu la ted  by  tak in g  f iltra tio n  frac tio n  (F F  =  Ejn) in to  co n sid era tio n . For 
d e ta ils , ou r p rev ious p ap er shou ld  be consu lted  (B álint  e t al. [9]).

G lom eru lar f i ltra tio n  ra te  (G F R  clearance of in u lin ) was calcu la ted  b y  th e  fo rm ula

G F R  R B F
100 H t

100
-  E if (4)

where H t and  Ejn an d  V s ta n d  for h a em a to c rit and  e x tra c tio n  ra tio  o f inu lin  a n d  urine  o u tp u t  
per m in , respectively .

I t  was fu r th e r  assum ed  t h a t  к  3 m l/m in /m m  H g/100 g k id n ey , i.e. 1 m m  H g effective  
f i ltra tio n  pressure  y ields 3 ml g lo m eru lar f iltra te  per 100 g k idney .
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T o fac ilita te  com parison  o f  re n a l  fu n c tio n a l p a ra m e te rs  o f d e h y d ra te d  dogs w ith  those  
w h o se  k id n e y  m ass has been  re d u c e d  b y  p a r tia l  n e p h rec to m y  or b ra n c h -a r te ry  lig a tio n , in 
so m e in s ta n c e s  R B F  and  G F R  a n d  V v a lu es were c a lcu la ted  fo r 1 m 2 bod y  su rface . In  these  
c a lc u la tio n s  M eeh’s fo rm ula  fo r d o g s w as used : BS =  0.107 B W !n , w here BS s ta n d s  fo r body 
su rfa c e  in  m 2 and BW  for b o d y  w e ig h t in  kg.

S ta tis t ic a l  eva lu a tio n  (S tu d e n t’s (- te s t; regression  e q u a tio n s) h a s  been  accom plished  
as d e sc rib e d  by  Cavalli— Sforza  [12].

Results

R e n a l fu n c tio n  in  dehydration  azotaemia. M eans (^ S E M )  as c o n tra s te d  
to  n o rm o h y d ra te d  con tro ls  a re  p re sen ted  in  T ab le  I  (colum ns 1 a n d  2). B ecause

Table I

Parameters o f  renal fu n c tio n  in  severe dehydration  
* ± sx

Controls
(norm ohydrated)

(i)
D ehydrated

(2)

D ehydrated
+

isotonic saline
(3)

D ehydrated

hyperosm otic
m annitol

(b

n 34 38 10 26

N P N  mg/100 ml 2 6 ± 2 111 ± 7 + + + 1 2 6 ± 1 3 - 1 0 5 ± 8 -

P creat mg/100 ml 1 .0 ± 0 .1 2 .3 ± 0 .2 +  + + 2 . 6 ± 0 . 3 - 2 . 2 ± 0 . 2 -
A P  m m  H g 1 2 9 ± 2 9 7 ± 3 +  + + 1 0 3 ± 4 " 87 ± 3 “
GCP m m  Hg 6 4 ± 1 5 5 ± 1 + + + 5 2 ± 3 - 5 9 ± 3 -
D Y P  m m  Hg 22 ± 1 2 0 ± 1 + 2 8 ± 2 + + + 2 8 ± 2 + + +
COPm m m  Hg 20 ± 1 32 ± 1 H' + + 1 6 ± 1 +  + + 2 5 ± 1 +  + +

R V P  m m  Hg 6 ± 1 6 ± 1 - 8 ± 1 - 6 ± 1 -
R B F  ml/min 428 ± 1 8 3 1 7 ± 1 9 + + + 5 6 1 ± 3 6 +  + + 4 1 0 ± 3 2 +  + +
H t  per cent 3 7 ± 1 5 1 ± 1 + + + 4 2 ± l +  + + 4 1 ± 2 +  + +

G F R  m l/m in 65 ± 2 1 4 ± 2 +  + + 2 3 ± 4 + 1 8 ± 3 -

E in • 100 25 ± 1 9 ± 1 + + + 7 ± 1 - 7 ± 1 -

E P A H  ' 1 0 ° 7 8 ± 2 5 4 ± 4 +  + + 4 3 ± 4 - 5 4 ± 5 -
V m l/m in 1 .6 3 ± 0 .2 2 0 .1 4 ± 0 .0 3 +  + + 1 .4 8 ± 0 .2 8 + + + 1 .3 3 ± 0 .2 5 + + +
T R R 1 .8 0 ± 0 .0 5 1 .9 6 ± 0 .J 3 ~ 1 .08±0 .12+  + + 1 .3 4 ± 0 .1 1 +  + +
IR R 1 .5 6 ± 0 .0 5 1 .6 5 ± 0 .1 2 - 0 .85±0 .09+  + + 1 .0 2 ± 0 .0 9 + + +
A R 0.94 ± 0 . 0 4 0 .8 8 ± 0 .0 7 " 0 .5 9 ± 0 .0 9 + + 0.47 ± 0 . 0 6 + + +
E R 0.61 ± 0 . 0 3 0 .77±0 .06+ 0 .2 6 ±0 .0 2 +  + + 0.51 ± 0 .0 5 +  + +
VR 0 .2 4 ± 0 .0 2 0.31 ±0 .02+ 0.23 ± 0 .0 3 " 0 . 3 6 ± 0 .0 3 -

C olum n (1): controls from  B álint  e t  al. (1975)
U p p e r  ind ices in Columns (2) to  (4) s ta n d  for degree of significance:

+ + + : p  <  0.001; + + : p  <  0.01; + : p  <  0.05; p  >  0.05
C olum n (2): significance of d ifference ag a in s t contro ls (S tu d e n t’s u n paired  (-test)
C olum ns (3) and (4): significance o f  d ifference against corresponding values of co lum n (2) (S tu 

d e n t’s paired (-test)
B e tw ee n  colum ns (3) and (4) d ifference is sign ifican t for COPm (p  <  0.001) and  E R  (p <  0.01) 

a n d  A P , R B F , Y R  (p  <  0.05).
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o f th e  p ro p o rtio n a te  decrease in  a r te r ia l  p ressu re  an d  R B F , ca lcu la ted  to ta l  
v a scu la r  resistance w as essen tia lly  u n a lte re d . T he p ro n o u n ced  d rop  in  G F R  
an d  Ejtl was conspicuous an d  had  to  be  reg a rd ed  as th e  u lt im a te  cause  o f  oli
guria . T he slight changes in series co nnec ted  in tra re n a l res is tan ces  d id  n o t 
acco u n t for th e  decreased  f i l tra tio n ; th u s , in tra re n a l v aso m o to r d is tu rb an ces  
c a n n o t p lay  a p rim a ry  role in th e  pa thogenesis  o f d e h y d ra tio n  azo taem ia .

P a ram e te rs  o f g lo m eru la r d y n am ics  are p re sen ted  in  T ab le  I I  (co lum ns 1 
an d  2). T here was som e decrease o f  g lo m eru la r c ap illa ry  p ressu re  (G CP) in  th e  
d e h y d ra te d  series w hich , a ffe ren t re s is tan ce  being  u n a lte re d , can  be reg a rd ed  
as a consequence o f decreased  a r te r ia l  p ressu re . N e t h y d ro s ta tic  p ressu re  
across th e  g lom eru lar cap illa ry  w all (ZIP =  G C P— P T P ) w as so m ew h at d im in 
ish ed : 35 m m  H g in  th e  d e h y d ra te d  series as c o n tra s te d  to  42 m m  H g in  th e  
n o rm o h y d ra te d  one. T he g rea t d ifference  in  effective f i l tra tio n  p ressu re  (E F P ) 
ensued  from  th e  increased  colloid o sm otic  p ressu re  (COP) due to  th e  increased  
co n cen tra tio n  of p lasm a p ro te in s.

Table II

Parameters o f  glomerular dynamics j n severe dehydration

Controls
(norm ohydrated)

(h
Dehydrated

(2)

D ehydrated 

isotonic saline
(3)

D ehydrated

hyperosm otic
m annitol

(•>)

G F R  m l/m in 65 14 23 18

E in • 100 =  F F  • 100 25 9 7 7

GCP mm Hg 64 55 52 59

Р Т Р  I)V P m m  Hg 22 20 28 28

IP GCP P T P 42 35 24 31

m m  Hg

P ro taff g/100 ml 4.9 7.4 4.8 6.5

C O Paff m m  Hg 15.2 28.0 14.6 23.0

E FPyff m m  Hg 26.8 7.0 9.4 8.0

Protm  g/100 ml 5.7 7.8 4.9 6.8

C O Pm m m  Hg 18.9 30.3 15.3 24.3

E F P m m m  Hg 23.1 4.7 8.7 6.7

P ro teff g/100 ml 6.5 8.1 5.1 7.0

C O Peff m m  Hg 22.7 32.6 15.9 25.6

E F P eff m m  Hg 19.3 2.4 8.1 5.4

C alculated d a ta  are  based on the  av erag es p resen ted  in T able  I. 
P ro t p ro te in  co n te n t in system ic a r te r ia l  p lasm a.
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In  the  norm al can in e  k id n ey  th ere  is a f i l tra tio n  p ressu re  d isequ ilib rium  
[24] a long  th e  whole le n g th  o f th e  g lom eru lar cap illa ries, i.e. h y d ro s ta tic  p res
su re  (/IP ) exceeds CO P b y  a b o u t 19 m m  H g  even a t  th e  efferen t end. On the  
o th e r  h an d , in th e  d e h y d ra te d  dog th e  d ifference betw een  n e t h y d ro s ta tic  
p re ssu re  and  colloid o sm o tic  pressure, i.e. effec tive  f iltra tio n  p ressure , is sm all 
a t  th e  afferen t end an d  becom es in sig n ifican t a t  th e  effe ren t end : E F P ajf and 
E F P eff am o u n t to  a b o u t 7 a n d  2 m m  H g, re sp ec tiv e ly . In  o th e r  w ords, in  th e  
k id n e y  of th e  d e h y d ra te d  dog  f iltra tio n  p ressu re  equ ilib riu m  c a n n o t be ex
c lu d e d  a t  th e  efferent en d  o f  th e  g lom eru lar tu f t .

Autoregulation o f  renal circulation in  the dehydrated dog. I t  has been 
s tre s se d  above th a t  th e re  is l i t t le  difference in  to ta l  v a scu la r  re s is tan ce  betw een  
th e  d e h y d ra te d  and  th e  n o rm o h y d ra te d  can ine  k id n ey  (T able I). In  th e  norm o- 
h y d ra te d  dog R B F  an d  G F R  a tta in  ab o u t th e  sam e averages a t  a r te r ia l p res
su re s  above 80 to  90 m m  H g  an d  rem ain  u n a lte re d  i f  a r te r ia l p ressu re  is reduced  
e.g . from  140 to  80 m m  H g  b y  clam ping th e  a o r ta  above th e  orig in  o f th e  renal 
a r te r ie s . This phenom enon  is u sually  d esig n a ted  as a u to re g u la tio n  o f th e  renal 
c irc u la tio n ; the  a u to re g u la tio n  resu lts from  decreased  v ascu la r resistance 
b ro u g h t ab o u t by red u ced  perfusion  (a rte ria l)  p ressu re .

F ig . 1. E ffec t of reduced  a r te r ia l  p ressu re  on G F R  a n d  R B F  and  in tra re n a l re sis tan ces in no r
m o h y d ra te d  (single c o n to u re d  co lu m n s) and d e h y d ra te d  (doub le  co n to u red  co lum ns) dogs. 
I n  th e  low er th ird  of th e  figu re  w h ite , s trip ed  and b lack  p a r ts  o f th e  colum ns s ta n d  for afferen t, 

e ffe re n t a n d  v en u la r re sis tan ces , re sp ec tiv e ly
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In  Fig. 1, m eans of series co n n ec ted  in tra re n a l resistances, R B F , an d  
G F R  of n o rm o h y d ra te d  and d e h y d ra te d  dogs are  p resen ted  while a r te r ia l  
p ressu re  was red u ced  by aortic  c lam p in g . D a ta  o f n o rm o h y d ra ted  dogs w ere 
ta k e n  from  o u r prev ious paper [10]. A t th e  co rrespond ing  pressure levels R B F  
an d  G FR  w ere s ign ifican tly  low er, an d  series co nnec ted  resistances h ig h e r  in 
th e  d eh y d ra ted  th a n  in th e  n o rm o h y d ra te d  dogs. W hereas in th e  n o rm o h y 
d ra ted  dog th e  d im inu tion  of to ta l  an d  affe ren t resistances a t reduced  a r te r ia l  
p ressu re  w as obv ious, th e  opposite  ten d en cy  in  th e  d eh y d ra ted  ones is u n a m - 
bigous. In  o th e r  w ords, au to re g u la tio n  of ren a l c ircu la tion  was su sp e n d e d  in  
th e  k idney  of th e  d eh y d ra ted  dog.

0 20 40 60 80 100 120 140160 180 200 220 240 
NPN m g /100 ml

Fig. 2. R e la tio n  o f P Creat t °  N P N . Single d a ta  m ark ed  by  crosses; regression e q u a tio n  p re sen te d  
by  con tinuous line . B roken  line; c o n tro ls  in w hich v iab le  k id n ey  m ass has been re d u ce d  by

b ra n c h -a r te ry  lig a tio n

Characterization o f azotaemia. Tw o p a ra m e te rs  of azo taem ia, i.e . n o n 
p ro te in  n itro g en  (NPN) and  p la sm a  c rea tin in e  co n cen tra tion  (PCreat) w ere 
m easured . T h e ir re la tion  is p re sen ted  in Fig. 2. As contro ls served  dogs th e  
v iab le  k id n ey  m ass of w hich h ad  been reduced  by  b ra n c h -a rte ry  lig a tio n  [4] 
(broken  line in  F ig . 2); regression eq u a tio n : Pcreat — 1.44 +  0.0266 (^ 0 .0 0 3 5 )  
NPN. In  th e  d e h y d ra te d  series th e  regression  line w as less steep : PCreat =  0.38-)- 
-I- 0.017 ( i0 .0 0 2 9 )  NPN, i.e. a zo taem ia  was m ore severe if  ju d g e d  b y  th e  
NPN th a n  by  th e  Pcreat level.

R ela tio n  o f  N P N  to  R B F  an d  G F R  is p re sen ted  in Figs 3 an d  4. C on
tinu o u s lines as d raw n by th e  eye based  on observ a tio n s follow ing b ra n c h - 
a r te ry  liga tion  (B Á L IN T  et al. [4]) served  as co n tro ls ; renal p a ra m e te rs  w ere 
ca lcu la ted  fo r 1 m 2 BS. The lack  o f co rre la tio n  betw een  N PN  an d  R B F  as 
de te rm ined  b y  m easuring ren a l venous e ff lu en t ( t n p n , r b f  =  — 0.12) was 
stressed in p rev io u s papers. T he to ta l  lack  of a co rre la tion  betw een  N P N  an d  
G F R  ( i'n p n , GFR =  — 0.18) w as, how ever, su rp ris in g . A sim ilar lack  o f  a co rre 
la tio n  was n o te d  betw een Pcreat an d  G F R  values.

E ffect o f  m annito l and saline in fu sions. B o th  agen ts suspended th e  lead in g  
sym ptom  o f d eh y d ra tio n  azo taem ia  b y  re s to rin g  urine  flow to  th e  co n tro l
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F ig . 3. N P N  mg per 100 m l vs. R B F  m l/m in/m 2 B S. L a rg e  crosssed do t s tan d s fo r n o rm al con
tro ls .  L ine: Controls in  w h ic h  v iab le  kidney m ass h a s  b e e n  reduced  by b ra n c h -a r te ry  lig a tio n

F ig . 4. N P N  mg per 100 m l vs. G F R  m l/m in/m 2 B S. F o r  o th e r  sym bols see legend  o f Fig. 3

v a lu e . R enal fu n c tio n  p a ra m e te rs  changed  in  th e  sam e d irection , a lth o u g h  to  
d iffe re n t ex ten ts . T h e re  w as no s ign ifican t ch an g e  in  a rte ria l p re ssu re ; R B F  
w as  enhanced  due to  th e  decrease in  re n a l v a sc u la r  resistance (F ig . 1). The 
f in d in g  th a t  b o th  R B F  a n d  G FR  were in c re a se d  p ro p o rtio n a te ly  b y  bo th  
a g e n ts , i.e. to  a b o u t 1 7 0 %  b y  saline an d  1 2 9 %  b y  m ann ito l, sugg ested  p ro 
p o r tio n a te  d im in u tio n  in  p re - and  p o stg lo m eru la r resistances. T heir schem atic  
i l lu s tra tio n  in F ig . 5 sh o u ld  help to  e lu c id a te  th is  p o in t.

Changes in  g lo m e ru la r  dynam ics a re  p re se n te d  in  T able I I  (co lum ns 3 
a n d  4). There was n o  s ig n ifican t change in  G C P; prox im al tu b u la r  p ressu re  
w as , how ever, s ig n if ic a n tly  increased by  b o th  a g e n ts . C onsequently , n e t  h y d ro 
s ta t ic  pressure (/IP ) d im in ish ed  as co m p ared  to  th e  d eh y d ra ted  s ta te . T he
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D+M D+S

F ig . 5. S c h e m a tic  p re sen ta tio n  of average  R B F , G F R  an d  series connected  in tra re n a l  re s is t
ances in n o rm o - a n d  d e h y d ra ted  dogs a n d  in  d e h y d ra te d  dogs re h y d ra te d  by  m a n n ito l o r saline.

F or sym bols see legend  o f Fig. 1

a p p a re n t  co n trad ic tio n , i.e. increase  in  G F R  desp ite  o f decreased h y d ro s ta t ic  
d riv in g  force can be exp la ined  b y  ta k in g  in to  considera tion  th e  ch an g es in 
colloid o sm otic  pressu re. P lasm a p ro te in  c o n te n t w as sign ifican tly  d ecreased  
by b o th  a g en ts ; in th is  re sp ec t, saline w as m ore effective th a n  m a n n ito l. 
E ffec tiv e  f i l tra tio n  pressure  (E F P ) w as en h an ced  an d  th e  d iseq u ilib riu m  of 
f i l t ra t io n  p ressu re  had  been re s to red  even a t  th e  efferen t end of th e  g lo m eru la r 
cap illa ries.

D iscussion

In  a p rev ious s tu d y  o f ren a l fu n c tio n  in  d eh y d ra tio n  azo taem ia  [7] we 
cam e to  th e  sam e conclusions as in  th e  p re sen t p ap er. O ur views on th e  p a th o 
genesis o f  th e  syndrom e h ad , how ever, to  he rev ised , because th e  classic co n cep t 
on g lo m eru la r dynam ics in th e  n o rm a l can ine k id n e y  have  changed  rad ica lly  
due to  f in d in g s  by  m ic ro p u n c tu re  ex p erim en ts  perfo rm ed  in th e  dog . T hus, 
m ost p a rad o x ica lly , th e  d a ta  for d e h y d ra te d  an im als (Table I) a re  id e n tic a l 
w ith  th o se  pub lished  p rev iously  [7] b u t  those  concern ing  th e  n o rm o h y d ra te d  
co n tro ls  h a d  to  be a lte red . As our re su lts  concern ing  in tra re n a l h aem o d y n am ics  
in n o rm o h y d ra te d  dogs have  been  p u b lish ed  in  d e ta il [9, 10], th e  fo llow ing  
su m m a ry  w ill be re s tric ted  to  th e  m ain  p o in ts .

1. P rev io u s calcu la tions w ere based  on an  o bserva tion  of G e r t z  e t al. 
[16] w ho fo u n d  in th e  r a t ,  th a t  below  th e  a u to re g u la to ry  range a r te r ia l  and
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g lo m eru la r c ap illa ry  p ressu res are p ra c tic a lly  id e n tic a l and  th e  p ressu re  drop  
a lo n g  th e  a ffe ren t a r te rio le s  is negligible. O u r o th e r  assum ption  was th a t  u re 
te ra l  occlusion does n o t in fluence g lo m eru la r cap illa ry  pressure p reex is tin g  
u n d e r  free flow  c o n d itio n s . C alculations y ie ld ed  a g lom erular f iltra tio n  coeffi
c ie n t (k 1) an d  a g lo m eru la r cap illa ry  p re ssu re  (GCP ~  80 m m  H g) well in 
acco rd an ce  w ith  th e  classic concepts on g lo m eru la r dynam ics, b ased  on c ir
c u m s ta n tia l ev idence .

M icropunctu re  ex perim en ts perfo rm ed  in  th e  r a t  (e.g. A n d r e u c c i  
e t a l. [1]) and  in  th e  dog (e.g. K n o x  et al. [2 4 ] )  rev ea led  th a t  b o th  assum p tio n s 
a re  u n ten ab le . G lo m eru la r cap illa ry  p re ssu re  in  th e  dog averages a b o u t 63 
m m  H g, y ield ing  a g lom eru la r f iltra tio n  coeffic ien t of к ^ 3 .  T ak in g  in to  
a c c o u n t the  rise in  g lo m eru la r colloid o sm otic  p ressu re  ow ing to  con tinuous 
f i l t r a t io n  we h av e  com e to  th e  sam e conclusion  b y  com paring  th e  a p p ro p ria te  
p a ra m e te rs  u n d e r free  flow  and  stop  flow  co n d itio n s  [9].

2. Colloid o sm o tic  p ressu re  is n o t in  a sim ple  linear b u t ra th e r  in  an 
ex p o n e n tia l re la tio n  to  p lasm a pro te in  c o n c e n tra tio n  (L a n d is  an d  P a p p e n 
h e i m e r  [25]). C a lcu la tio n s revealed  m uch h ig h e r COP values th a n  su p p o sed  
p rev io u sly  a t th e  a ffe re n t an d  efferent end  o f  th e  g lom eru lar cap illa ries.

3. O ur a ssu m p tio n  th a t  P T P  D Y P  h a s  been  s tren g th en ed  b y  m icro 
p u n c tu re  and does n o t  req u ire  fu rth e r d iscussion .

A fter these p re lim in a ry  rem ark s th e  fo llow ing  functional o rg an isa tio n  of 
th e  k id n ey  in th e  sev ere ly  d eh y d ra ted  dog is suggested . D ecrease in  a rte ria l 
p re ssu re  is a sy m p to m  o f d e te rio ra ted  sy s te m ic  c ircu la tion . D im in u tio n  of 
re n a l b lood flow  is s tr ic t ly  p ro p o rtio n a l to  t h a t  o f  a r te ria l p ressu re , i.e. th e re  
is no  change in  to ta l  re n a l vascu la r re s is tan ce . T ak in g  in to  con sid era tio n  th e  
p o ssib le  ex p e rim en ta l e rro rs , th e  sm all changes in  series connected  resistances 
c a n n o t be regarded  as sign ifican t b io logically . A u to reg u la tio n  o f ren a l c ircu la 
tio n  is lacking in  sev ere  d eh y d ra tio n , in o th e r  w ords th e  decrease in  a r te ria l 
p re ssu re  does n o t d im in ish  afferen t resistance  w h ich  w ould be th e  case in  nor- 
m o h y d ra te d  dogs.

T he sharp  d ro p  in  g lom eru lar f i l tra tio n  ra te  is n o t due to  enhanced  
a ffe re n t resistance as supposed  previously , b u t  to  th e  p ronounced  increase in 
th e  colloid osm otic  p ressu re  of p lasm a p ro te in s . W hereas n e t h y d ro s ta tic  
p re ssu re  difference is decreased  only to  a b o u t  8 3 %  o f th e  norm al, m ean  colloid 
o sm o tic  pressure a m o u n ts  to  ab o u t 160% , w ith  a co rresponding  drop  in  effec
tiv e  f iltra tio n  p re ssu re  a long  th e  whole g lo m eru la r  cap illa ry  tu f t .

G lom eru lar c a p illa ry  pressure (GCP) is c a lc u la ted  b y  E q . (3) assum ing  
t h a t  к  3. U n til p ro v e n  to  th e  c o n tra ry  we h a v e  no reason  to  assum e th a t  
th e  g lom eru lar f i l t r a t io n  coefficien t (к ) w as a ffec ted  by  d eh y d ra tio n . A t th e  
e ffe ren t end of th e  g lo m eru la r  capillaries, c a lc u la te d  effective f i ltra tio n  p ressu re  
d ro p p e d  to  such an  e x te n t  th a t  f iltra tio n  p re ssu re  equ ilib rium  c a n n o t he 
ex c lu d ed . I f  th is  w ere th e  case, a d im inu tion  o f th e  cap illa ry  surface a rea  and
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changes in  th e  g lom eru lar f i l t ra t io n  coeffic ien t shou ld  be ta k e n  in to  con sid er
a tio n . C onsidering, how ever, th e  low  G F R  in th e  d eh y d ra te d  dog, som e change 
in  к w ould  cause to o  l i ttle  d ifference in th e  ca lc u la ted  value o f G CP (see E q .3 )  
to  en d an g er our above conclusions.

B ecause o f th e  en h an cem en t o f p ro x im al tu b u la r  pressure (P T P  ~  DY P) 
w ith  p rac tica lly  no change in g lo m eru la r cap illa ry  pressure, b o th  saline and  
m an n ito l infusions cause a decrease  in  n e t h y d ro s ta tic  p ressure. T h e  increase  
in  G F R  elicited  by  saline (p <  0.05) or m a n n ito l (NS) ensues fro m  decreased  
colloid osm otic p ressu re , lead ing  to  som e en h an cem en t of effec tive  f i l tra tio n  
p ressu re  (E F P ). T he assum ed  f il t ra t io n  p ressu re  equ ilib rium  a t  th e  e ffe ren t 
end o f th e  capillaries in  th e  d e h y d ra te d  dog is abolished  and  th e  d iseq u ilib riu m  
ch a ra c te ris tic  o f th e  n o rm o h y d ra te d  can ine k id n ey  is resto red .

C onsidering th e  acu te  b enefic ia l effects o f b o th  “ re h y d ra tin g ”  ag en ts  
in  d eh y d ra tio n  azo taem ia , no fa r-fe tch ed  conclusions concern ing  th e ir  th e r a 
p eu tic  efficacy  can be  d raw n  from  our ex p erim en ts . S a lt an d  w a te r  losses 
h av e  to  be re sto red  b y  saline so lu tions; m a n n ito l augm ents u rin e  flow  b u t 
enhances th e  sa lt loss b y  its  o sm otic  effect. Iso sm otic  hy p erv o laem ia , i.e. saline 
in fusion , while decreasing  to ta l  v a sc u la r  re s is tan ce  fa r below  c o n tro l va lues, 
re s to res  to  no rm al th e  p e rcen tile  d is tr ib u tio n  o f pre- an d  p o stg lo m eru la r  
res is tan ces . On th e  o th e r h an d , h y p ero sm o tic  m an n ito l in fusions likew ise 
decrease to ta l  v ascu la r re s is tan ce  b u t  th e  p e rc e n tu a l p a rtic ip a tio n  o f  pre- an d  
p o stg lo m eru la r res is tan ces  a re  low er an d  h ig h er, respective ly , as c o m p ared  to  
b o th  con tro ls  and  d e h y d ra te d  an im als.

F in a lly , th e  lack  o f  a co rre la tio n  betw een  N P N  and  G F R  needs to  be 
exp la in ed . I t  is genera lly  b elieved  th a t  th e  u ltim a te  cause o f d e h y d ra tio n  
azo taem ia  is th e  p ronounced  red u c tio n  o f f i l tra tio n  ra te  [7, 19, 20, 21, 22]. 
F ig . 4 show s th a t  ad d itio n a l fac to rs  have  a g re a te r  role in  th is  th a n  i t  w as 
assum ed  prev iously . I f  th is  w ere n o t  th e  case an  average  G F R  o f 18 m l/m in /m 2 
BS could  ensure N P N  levels on ly  s lig h tly  above no rm al (see co n tin u o u s  line 
in  F ig . 4). In  ad d itio n  to  re te n tio n  due to  th e  decreased G F R , th e  fo llow ing 
m echan ism s are to  be  considered .

In  d e h y d ra tio n  azo taem ia  N P N  is a fa ir ly  good in d ica to r o f p lasm a  u rea  
levels. In  d eh y d ra tio n , u rea  c lea ran ce  is m ore m ark ed ly  decreased  th a n  inu lin  
c learan ce , suggesting  an  increased  red iffu sion  o f  u rea  [26, 17]. A fu r th e r  fac to r 
responsib le  for th e  d e h y d ra tio n  azo taem ia  is an  increased  b reak d o w n  o f tissue  
p ro te in , th e  sign ificance o f w hich  has been  em phasized  p rev io u sly  [20, 2]. 
E n h a n c e d  p lasm a  N P N  levels he lp  to  m a in ta in  n itrogen  eq u ilib riu m  in sp ite  
o f th e  reduced  f i l t r a t io n  ra te .
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IN T E N SIV E  CARE IN M YOCARDIAL INFARCTIO N:  
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On th e  b asis o f  840 cases o f  a cu te  m y o c a r d ia l in farction  an a c c o u n t  is  g iv en  on  
th e  a c t iv ity  o f  a co ro n a ry -ca re-u n it organ ized  in  a reg ion al hospita l. T h e te c h n ic a l  p rob 
lem s in v o lv ed  and th e  procedures ap p lied  are d isc u sse d . T he co m p lica tio n s o f  th e  early  
p h a se , in  p articu lar  d y srh y th m ia s , th eir  p r e v e n tio n  and trea tm en t are d e a lt  w ith  in  
d e ta il. W hile  th e  m o r ta lity  due to  e lectr ic  fa ilu re  w a s sign ifican tly  red u ced  b y  ap p ro p ri
a te  m easures th e  m o r ta lity  resu ltin g  from  m u scu la r  in su ffic ien cy  could n o t  b e  im p ro v ed  
b y  in te n s iv e  care.

T he dem and  for in ten siv e  care o f th e  c ritic a lly  ill has been  in c re a s in g  
in  th e  la s t decade. Special u n its  p rov ided  w ith  th e  necessary e q u ip m e n t cou ld  
insure  a low er m o rta li ty  th a n  th e  general w a rd s  lack ing  facilities o f  th is  k in d . 
As fa r as th e  n o n -su rg ica l diseases are  co n cern ed , th is  p a r tic u la r ly  app lies 
to  acu te  m yo card ia l in fa rc tio n  w here ea rly  d iag n o sis  and em ergency  m easu res  
are  v ita l. This req u ires  a specially  tra in e d  m ed ica l and  nu rsing  s ta f f  as well 
e q u ip m e n t su itab le  fo r life-sav ing  in te rv e n tio n s .

Technical questions

Our c o ro n a ry -ca re -u n it, the  first o f  its k in d  in  H u n g a ry , w as opened in  a u tu m n , 1966, 
after  a prep aratory  period  o f  on e year  [2]. I t  s ta r ted  w ith  4 beds but, a fter  h a v in g  b een  e n 
larged  to  60 m 2 in 1967, w ith  an  add ition a l 20 m 2 se r v ic e  area, it a cco m o d a tes n o w  5 regu lar  
beds and on e spare bed . T h is  ca p a c ity  a p p ro x im a tes th e  in tern ation a l s ta n d a r d s , b o th  in re
la tio n  to  th e  230 n o n -su rg ica l b ed s o f  the  h o sp ita l an d  to  th e  ap p rox im ate ly  160 0 0 0  p o p u la tio n  
o f th e  reg ion , a tten d e d  b y  58 m ed ica l practition ers. T h e  sp ec ia l beds su ited  for ca rd ia c  m assage  
are d isp o sed  on an  o p e n -sy ste m -b a sis . T he s ister ’s d e sk  p rov id ed  w ith  a c en tra l m o n ito r  is in 
th e  m id d le  o f  th e  w ard. E a ch  bed is p rovid ed  w ith  a cen tra l o xygen  su p p ly , h u m id ifie r  and  
pressure co n tro l. O ne o f  th e  b ed s is e q u ip p ed  for th e  u se  o f  N 20 .  In  ad d ition  to  th e  m ain  line  
there is a con cea led  lig h t-cu rr en t co n n e c tio n  b e tw e e n  e a ch  bed-side m onitor a n d  th e  cen tra l  
m on itor . T he rails for th e  p a r tit io n s  are eq u ip p ed  w ith  sm all ad ju stab le  r e flec to rs  T h e  m a n o 
m eters an d  in fu sion  e q u ip m e n ts  can be fa sten ed  to  th e  su p p ortin g  pillars. A ir d e s in fe c t io n  is 
p rov id ed  b y  U V -lam p s su sp en d ed  from  th e  ce ilin g . C om m u n ica tion  betw een  p a t ie n ts  an d  re
la t iv e s  is m a in ta in ed  b y  te le p h o n e . T he sou nd  o f  th e  a larm  bell is heard o ver  th e  e n tire  d e 
p artm en t.

T he nu rsin g  s ta f f  w as tra in ed  for c o n tin u o u s e le c tr o sc o p ic  m onitoring, r ec o rd in g s  being  
con fin ed  to  E C G -changes o f  m ajor im portance. In tra ca rd ia l EGG is being app lied  in m a n y  cases  
u sin g  th e  procedure o f  K i l l i p  and K i m b a l l  [9] m o d ified  b y  U r t i i a l e r  a n d  H a l t e r  |1 9 | .  
A  p la stic  ca n n u la  is in tro d u ced  p ercu ta n eo u sly  in to  th e  su b c la v ia n  vein , a d v a n ced  10 to  15 cm , 
and a sa lt-b r id ge  is form ed  b y  in jectio n  o f  h y p er to n ic  sa lin e . A fter p lacem ent o f  th e  stan d ard  
ECG a m eta l rod in serted  in to  the  free end o f  th e  c a n n u la  is connected  w ith  W ilso n ’s c h e st  
lead . W hile  record in g  th e  EC G  the tip  o f  th e  c a th e te r  is  m o v ed  until the in tr a c a v ita r y  ECG- 
p a ttern  ap p ears on th e  screen . T he site  o f  the c a th e te r  is  ch eck ed  by m eans o f  a p o r ta b le  X -ray  
ap p aratu s.
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P e r c u ta n e o u s  c a n n u la tio n  o f  th e  su b c la v ia n  v e in  is  a p p lie d  also for tr a n sv e n o u s  em er
g e n c y  p a c in g  in  case  o f  tr a n sito r y  c o n d u ctio n  d is tu rb a n c es  [5 ] . P acin g  is ap p lied  b e s id e s  AV - 
b lo ck  in  ca se  o f  e x tre m e  b ra d y ca rd ia , sinu s arrest a n d  sinoau ricu lar  b lock. B o th  u n ip o la r  
an d  b ip o la r  e lec tro d es  are u sed , th e se  b ein g  c o n n e c te d  to  a n  R -in h ib itory  (d e m a n d )-p a c e -  
m ak er . C en tra l v e n o u s pressu re  is record ed  sy s te m a t ic a lly .

O th e r  p ieces o f  e q u ip m e n t are a m icro-Á strup  b lo o d  g a s analyzer, a m o to r -d r iv e n  a sp i
ra tor , B ird -m a rk  8 resp ira tor , l)C -d efib r illa tor , e le c tr o m a n o m e ter s , e lectric  th e r m o m e te r ,  
S w a n - G a n z  c a th e te r s , an o sm o m eter , an  e th y le n o x y d  ste r iliz e r , eq u ip m en t for su rg ic a l p rep a 
r a t io n  o f  v e in s , in tu b a tio n , e tc . T h e  lab oratory  is p r im a r ily  in ten d ed  for b lood  g a s a n a ly s is ,  
o x y m e tr y  a n d  b lood  c o a g u la tio n  stu d ies .

O bservation  an d  c a re

In  order to  a v o id  d ia g n o stic  errors, th e  p a t ie n ts  w ere  k e p t under o b ser v a tio n  a t  th e  
u n it  fo r  a m in im u m  o f  72 h ou rs a n d  sta y e d  there  as lo n g  as necessary . In  sy m p to m e-fr ee  p a 
t ie n ts  a c t iv it ie s  w ere co n fin ed  to  co n tin u o u s m o n ito r in g  a n d  routine in v e stig a tio n s . I f  there  
w as a n y  p r e m o n ito ry  s ig n  o f  p o ssib le  c o m p lica tio n s (d y sr h y th m ia , fall o f  b lood  p ressu re , re 
cu r re n t p a in , s ig n s o f  le ft  v e n tr ic u la r  fa ilu re) we h a d  to  b e  in  read in ess for a c tiv e  m e a su r es  and  
to  p r o v id e  f ir s t  o f  all th e  p rereq u is ite s  o f  co n tin u o u s in v a s iv e  ob servation  and th e r a p y . T h is  
w as c a rr ie d  o u t  b y  c a n n u la tio n  o f  th e  su b cla v ia n  v e in ;  th is  is  a m ultipurpose p roced u re  a llo w 
in g  b lo o d  sa m p lin g  as o fte n  as n ecessa ry  (b lood  su gar, b lo o d  urea n itrogen , e le c tr o ly te s , e tc .)  
c o n t in u o u s  m e a su rem en t o f  cen tra l v en o u s pressure b y  c o n n e c te d  m anom eter, and c o n tin u o u s  
a d m in is tr a t io n  o f  h ep arin , a n tia r rh y th m ic  and a n ti-sh o c k  d ru g s e tc ., m oreover for in tr a c a v 
ita r y  E C G -reco rd in g  an d  for  th e  in se r tio n  o f  a tr a n sv e n o u s  p a c in g  catheter . W e m e a su r ed , if  
n e c e s sa r y  th e  0 2 sa tu ra tio n  o f  arter ia l and v en o u s b lo o d  (H e il ig e  oxym eter) and th e  p a ra m eters  
o f  a c id -b a se  eq u ilib riu m . In  p a t ie n ts  in  sh ock  th e  b o d y  tem p era tu re  w as m ea su red  r ec ta lly  
w ith  a n  e le c tr ic  th erm o m eter . I f  n ecessa ry  an in d w ellin g  c a th e te r  w as inserted to  o b se r v e  renal 
fu n c t io n  a n d  to  ch eck  th e  e ffic ie n c y  o f  th era p eu tic  m e a su r es . O xygen  w as g iv e n  th r o u g h  a 
n a sa l c a th e te r  a t  th e  r a te  o f 2 to  4 1/min.

G eneral lines o f th e ra p y

H e p a r in  is no longer ad m in is te red  ro u tin e ly , i t  being reserved  fo r  p a r t ic 
u la r  s i tu a tio n s . D ig ita lisa tio n  is confined to  i ts  s t r ic t  ind ications. I t  w as so u g h t 
to  a t t a in  re lie f o f p a in  b y  th e  a d m in is tra tio n  o f  s y n th e tic  m orphine d e r iv a tiv e s  
w ith  no  re s p ira to ry  d ep re ssan t effect. T hese w ere com bined, for th e  p o te n t ia 
tio n  o f  th e i r  a c tiv ity , w ith  m ino r tra n q u illiz e rs  o r neuro lep tic  a g e n ts  o f no 
a d v e rs e  re a c tio n  on th e  h aem odynam ic  s ta tu s .  A rrh y th m ias  w ere  co n tro led  
w ith  lid o ca in e , p ro ca in am id e , A jm alin , h y d a n to in -d e r iv a tiv e s  an d  b e ta - re c e p 
to r  b lo c k in g  agen ts these  being  given in  c o m b in a tio n  or a lte rn a te ly  acco rd in g  
to  in d iv id u a l needs. F o r th e  p rev en tio n  o f  a r rh y th m ia s , S o d i - P a l l a r e s ’s - 

so lu tio n  (40 m E q  p o ta ss iu m , 20 U A lt- in su lin  in  500 m l 20%  d ex tro se ) 
w as u se d . C on tro l of A V -block w as a tte m p te d  f i r s t  w ith  atrop ine , iso p rén a lin e  
an d  p red n iso lo n . O nly  if  th is  m ed ication  fa iled  o r  in  em ergency s itu a tio n s  d id  
we a p p ly  D C -shock in  p aro x y sm s, and  e le c tro s tim u la tio n  in АУ-block. I n  case 
of im p e n d in g  shock d ih y d ro erg o to x in e  was u se d  a n d  d e p re sso r-tre a tm e n t w as 
g iven  p re fe ren ce . In  h e a r t  fa ilu re , in p a r t ic u la r  le f t  ven tricu la r fa ilu re  furo- 
sem ide  w as app lied  i.v . B efore d iu retics o f th is  k in d  had  he com e av a ilab le  
m a n n ito l w as given i.v . F o r th e  m a in ten an ce  o f  ac id —base equ ilib riu m  T R IS - 
b u ffe r  a n d  b ic a rb o n a te  so lu tions were u sed . L ow  m olecular w eigh t d e x tra n  
se rv ed  fo r  th e  con tro l o f hypovo lem ia . Close a t te n t io n  was given to  th e  co r
re c tio n  o f  possible d iso rders o f  f lu id -e le c tro ly te  m etabolism .
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P atien ts

T he d iagnostic  c r ite r ia  for m yocard ia l in fa rc tio n  were those  la id  dow n 
b y  W H O  [20]. T he clin ica l cond ition  was assessed  on th e  basis o f i ts  sever- 
i ty  [3]. I t  was qua lified  as m ild  if  th e  c ircu la tio n  rem ain ed  u n a ffec ted  b y  th e  
acu te  ev en ts  or no rm alized  as a re su lt of analgesia . I t  was qualified  as grave 
in  case o f p e rs is ten t p a in  w ith  signs of ca rd iac  fa ilu re  and /o r of p reshock . 
V asoconstric tive  signs w ere a t tr ib u te d  to  p resh o ck  even in th e  ab sen ce  of 
a n y  s ign ifican t fall in b lo o d  pressure. C ardiogenic shock  was d iagnosed  if  a 
sy sto lic  pressure p e rs is tin g  below  85 m m H g w as assoc ia ted  w ith  o lig u ria  and  
confusion [21].

T he ty p e  of a r rh y th m ia  m ig h t also serve as a basis o f c la ssifica tion . The 
v a rio u s  d y srh y th m ias  com bine , how ever, in  m a n y  cases or occur in  close 
succession, therefo re  th e ir  d iffe ren tia tio n  is n o t a lw ays possible. W e are  p r i
m arily  concerned here  w ith  tho se  w hich en d an g er life e ith e r  d irec tly  as a re su lt 
o f th e  e lec trophysio logical or haem odynam ic  consequences (e.g. v e n tr ic u la r  
ta c h y c a rd ia )  or in d ire c tly  b y  giving rise to  som e life -th rea ten in g  co n d itio n  
(e.g. ex trem e b ra d y c a rd ia , p rogressive A V -block). In  case of m a lig n a n t or 
m a jo r a rrh y th m ia s  [17] o f  th is  k ind a p a tie n t  be longs to  th e  co ro n ary -care - 
u n it , regardless w h e th e r th e  p resu m p tiv e  d iagnosis of m yocard ia l in fa rc tio n  
has conclusively  been p ro v ed . T he d a ta  co llected  over th e  firs t y ea rs  are  n o t 
hom ogeneous enough for processing. In  fac t, o u r genera l lines o f t r e a tm e n t  
h av e  changed  in th e  lig h t o f  th e  lite ra tu re  an d  o f  o u r own o b se rv a tio n s . The 
p rac tice  of in tensive  care  is in  con tinuous p ro g ress  w ith  the  a p p e a ra n ce  of 
new  drugs and  tech n ica l fac ilities . We shall th e re fo re  only  deal w ith  p a tie n ts  
tre a te d  since fu n c tio n in g  o f  th e  u n it had a t ta in e d  som e degree o f  s ta b ili ty . 
T h is rep resen ts  1768 p a tie n ts  a d m itte d  betw een  1st J a n u a ry  1969, a n d  30th  
J u n e  1975. A cute m y o card ia l in fa rc tion  was co n firm ed  in 840, i.e. 4 7 .5 % , of 
th ese  72%  were m ales [m ean  age 59 years] a n d  28 %  fem ales [m ean  age 65 
y ea rs] . As to  risk  fac to rs  5 5%  w ere sm okers; h y p e rte n s iv e  disease fig u re d  in 
2 5 % , d iabe tes in 12% . J o in t  occurrence of h y p e rte n s iv e  disease an d  d iab e te s  
w as found  in 157 of th e  840 cases (18.7% ).

T he p a tien ts  w ere g ro u p ed  according to  th e  sev e rity  as well as to  th e  
site  o f in fa rc tion . 415 cases w ere qualified  as m ild , 287 as severe. C ardiogenic 
shock  w as observed in 138 cases. 36 ou t o f 191 p a tie n ts  (18.8% ) w ith  a n te r io r  
w all in fa rc tion , and  65 o u t o f  412 p a tien ts  (15 .8% ) w ith  posterio r w all in fa rc 
tio n , d ied . In  237 cases th e  sites were com bined  an d  th ere  w ere 83 d e a th s  
(35% ). T hus, th e  sev e rity  o f  th e  clinical co n d itio n  an d  th e  d ea th  f ig u res  are 
a ffec ted , in  ad d itio n  to  th e  e x te n t of th e  lesion , also b y  its  site . T h e  above 
figures are  co nsisten t w ith  th o se  found in th e  l i te ra tu re  [7].

In  th e  following we shall discuss som e special aspects  of in ten s iv e  co ro 
n a ry  care in  th e  lig h t o f o u r observations.

Acta Medica Acudemiae Scientiaruw Hungaricae 32, 1975



210 BRAUN, P. et al.

Sedation

In  view  of th e  u n d e s ira b le  side-effects o f  th e  co n ven tiona l sed a tiv e s  we 
h a v e  g iven  preference to  th e  neuro lep tic  a g e n ts , in  p a r tic u la r  to  dehydro- 
b e n z p e rid o l. I t  p o te n tia te s  th e  analgesic e ffec t o f  th e  m orph ine  d e riv a tiv e s , 
th u s  c o n tr ib u tin g  to  th e  re lie f  o f  pain , i t  ac ts  as a depressor of re flex  ir r i ta b ili ty , 
to  th e  b e n e fit of c irc u la to ry  s ta b ility  and , b y  v ir tu e  of its  a d re n o ly tic  p ro p 
e r t ie s , i t  coun te rac ts  th e  ad v e rse  effect of endogenous ca techo lam ines released 
in  la rg e  q u an tities  in  m y o c a rd ia l in fa rc tion . D eh y d ro b en zp erid o l wras given 
to  210  p a tie n ts  w ith  a n g in a l p a in  and  v e g e ta tiv e  h y p e ra c tiv ity , g en era lly  in 
d oses o f  5 mg ad m in is te red  in tra m u sc u la r ly  o r as a slow in tra v e n o u s  d rip  in 
500 m l in  6 hours. T he 5 m g  allow ed to  reduce  th e  doses of an a lg e tic s  b y  50%  
w h ile  doub ling  the  d u ra tio n  o f  th e ir  effect. T he c a p a c ity  of th e  d ru g  to  resolve 
p e r ip h e ra l  vaso co n stric tio n  is here  of p a r tic u la r  va lue . C en tra l v en o u s, occa
s io n a lly  arte ria l, 0 2-p re ssu re  changed in  co n fo rm ity  w ith  clin ical im 
p ro v e m e n t.

S eda tion  is a p r im a ry  req u irem en t in  th e  acute psychosyndrom e  asso
c ia te d  w ith  m yocard ial in fa rc tio n  in a p p ro x im a te ly  10%  o f th e  cases. The 
sy n d ro m e  appeared  u su a lly  w ith in  the  f irs t th re e  days. I ts  onse t w as m arked  
b y  restlessness, h a llu c in a tio n s , an d  50%  o f th e  p a tie n ts  w ere a ffec ted  w ith  
d e lir iu m . I t  is still u n c lea r  w h e th e r  h y poxaem ia  o f  th e  bra in  or e n v iro n m e n ta l 
f a c to rs  (in tensive care sy n d ro m e) have a la rg e r share  in p ro d u c tio n  of the  
sy n d ro m e . We have u sed  h e re  diazepam e in  10 m g doses w ith  b e n e fit, a d m in 
is te r in g  it, in view o f th e  exp losive  onset o f th e  syndrom e, by  th e  in tra v e n o u s  
r o u te .  W ith o u t d iazepam e w e lo st 11 o u t o f 18 p a tie n ts  w ith  th e  p sy ch o sy n 
d ro m e  as against 6 o u t o f  16 d iazep am e-trea ted  p a tie n ts  (there  w as p rac tica lly  
no  d iffe ren ce  betw een th e  g ro u p s in  respect o f  age, sex and  g rade  o f severity ).

Com plications in  th e  acu te  phase a n d  th e ir  m an ag em en t 
(w ith  th e  exception  of card iogen ic  shock)

D ysrhythm ias

O u r m ateria l of 840 p a tie n ts  w ith  m y o card ia l in fa rc tio n  p re se n te d  a wide 
d iv e r s i ty  of disorders of im p u lses  p roduction  a n d  co n d u ctio n . T h ey  w ere d iv ided  
in to  th re e  groups q u a lif ie d  as “ m ild” , “ m o d e ra te ly  severe”  a n d  “ severe” 
(T a b le  I). T heir inc idence  corresponded  to  th e  figures given in  lite ra tu re  
[4, 131. C ontinuous m o n ito r in g  revealed  v a r io u s  ab n orm alities o f  im pulses 
p ro d u c tio n  and co n d u c tio n , o ften  in co m b in a tio n , w ith  an inc idence  o f 90%  
on  th e  f irs t  days. On th e  o th e r  han d , th ere  w ere no dea th s  in th e  g ro u p s q u a li
f ie d  as  “ m ild” and “ m o d e ra te ly  severe” . T he “ sev ere”  ab n o rm alities  o f rh y th m  
g e n e ra lly  ensued in a s ta te  o f  cardiogenic sh o ck  w ith  acidosis and  re sp ira to ry  
fa i lu re  an d  h ad  for th is  re a so n  a very  high m o rta lity .
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Table I

D is tu r b a n c e s  in  im p u ls e  p r o d u c t io n  a n d  c o n d u c tio n

N um ber 
o f cases Deaths

I .  m ild :

1. su praven tricu lar  E S 38 0

2. sinu s ta ch y ca rd ia 45 0

3. atria l f ib r illa tio n 35 0

I I .  m o d e r a te ly  s e v e r e :

1. sinu s bradycard ia 20 0

2. 1st degree A V -b lock 70 0

3. sick  sinus 2 0

I I I .  severe:

1. ven tr icu lar  E S  (runs) 158 0

2. 2nd degree A V -b lock 52 0

3. com p lete  A V -b lock 83 16

4. le ft bu n d le-b ran ch  block 79 0

5. ven tr icu lar  ta ch y ca rd ia 21 11

6. ventr icu lar  fib r illa tio n 89 35

7. a systo le 38 15

Table II

E ffe c ts  o f  a n t ia r r h y th m ic  d ru g s  i n  acu te  m y o c a r d ia l  in fa r c t io n

A ntiarrhythm ic drug N um ber of
cases Successful Unsuccessful

L id o c a in e
2 m g/m in  in drip in fusion . 50— 100 

m g bolus (5 m in)

464 404 60

P in d o lo l
1 m g in 500 ml drip in fusion  (6 hours)

115 102 13

P r o c a in a m id e
200— 300 m g in tram u scu larly  or 

in traven ous bolus (5 m in)

18 16 2

A jm a l in e
50 m g in traven ou sly  (5 m in)

16 11 5

L id o c a in e  as above  -f- a tr o p in e  
1 m g in 500 ml drip in fusion

23 14 9
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O ur observations w ith  a n tia rrh y th m ic  d rugs are sum m ed  up  in  T ab le  I I .  
I n  th e  f irs t  five y ears  lid o ca in e  infusions w ere ad m in is te red  ro u tin e ly  in  every  
case  so as to  a v e r t th e  p ro d u c tio n  or recu rren ce  of v e n tr ic u la r  fib rilla tio n  in  
ca se  o f  v en tricu la r p re m a tu re  bea ts . L idocaine w as found  to  n o rm alize  card iac  
r h y th m  in 85%  of th e  cases w ith o u t an y  adverse  effect on th e  c ircu la tion . 
U n less  large doses w ere in fu sed  too  rap id ly , no side-effects w ere n o te d . Since, 
h o w ever, lidocaine is a sh o rt-a c tin g  su b stan ce , its  possible side effects subside 
ra p id ly . I t  m ay be also g iven  p rev en tiv e ly  in  case o f card iac  c a th e te r isa tio n  [8]. 
T h o u g h  th e  a d m in is tra tio n  o f  p rocainam ide w as p ro m p ted  b y  b as ica lly  th e  
sa m e  considera tions, i t  w as m o stly  reserved  fo r cases in  w hich  lid o ca in e  fa iled  
o r h a d  to  be rep laced  b y  o ra l m ed ication . I t  has been fo u n d  to  re s to re  no rm al 
s in u s  rh y th m  in severa l cases o f v en tr icu la r  ta c h y c a rd ia  o f n o d a l orig in . N ex t 
in  freq u en cy  to  th a t  o f lid o ca in e  was th e  use o f p indolo l. I ts  a n tia n g in a l an d  
a n tia r rh y th m ic  p ro p e rtie s  a re  of p a r tic u la r  b e n e fit in  v e n tr ic u la r  a rrh y th m ia  
a sso c ia te d  w ith c o n s ta n tly  recu rrin g  anginal p a in . T he drug  w as g iven  o rally  
in  doses of 120 to  140 m g d a ily  also to  paced  p a tie n ts  in case o f  p re m a tu re  
v e n tr ic u la r  beats . O ur ex p erien ce  w ith  p h e n y to in  in  th e  acu te  phase  is lim ited , 
th is  d ru g  hav ing  been u se d  m ain ly  in case o f d ig ita lis  in to x ic a tio n  a n d  for th e  
p re v e n tio n  of v e n tr ic u la r  a r rh y th m ia  as an  in tra v e n o u s  bo lus or, a f te r  lido- 
e a in e -p re tre a tm e n t, o ra lly .

T h e  a n tia rrh y th m ic  a g e n t a jm aline a t  f ir s t  im pressed  us fav o u rab ly  
o w in g  to  its  suppressive  e ffec t on ectopic im pulses an d  to  its  e fficacy  in  su p ra 
v e n tr ic u la r  and v e n tr ic u la r  ta ch y ca rd ias . S ince, how ever, i t  w as found  to  
p ro d u c e  asysto le in  som e in s tan ces , we no lo n g er use i t  in  d y srh y th m ia s  com pli
c a t in g  acu te  m y o card ia l in fa rc tio n . W e h a v e  te n ta tiv e ly  used  bretylium  
lo sy la te  in  a few cases, p a r t ic u la r ly  in  ab n o rm a l im pulses arising  in  th e  v e n tr i
c les . D esp ite  the  in tra m u sc u la r  ap p lica tion  o f doses as h igh as 300 m g in in d i
v id u a l cases, no adverse  effec ts  w ere n o ted . W e are unab le  to  assess th e  value 
o f  th is  d rug  in view  o f th e  sm all n u m b er o f cases in w hich i t  has been  used. 
L id o ca in e  was app lied  in  co m b in a tio n  w ith  atropine  in  severa l in stan ces . I t  
p ro v e d  successful in  50 %  o f th e  cases in  w hich  m yo card ia l in fa rc tio n  was 
acco m p an ied  by b ra d y c a rd ia  an d  by  p re m a tu re  v e n tr ic u la r  b ea ts . In  th e  o th e r 
5 0 %  a rtif ic ia l pacing  h a d  to  be in s titu te d . O bviously , th e  side-effects of a tro 
p in e  a re  never left o u t o f considera tion .

P o larising  so lu tio n  w as used for re s to ra tio n  of th e  loss o f in tra c e llu la r  
p o ta s s iu m  orig inally  reco m m en d ed  by  L a b o r i t  [11] and  notv s tro n g ly  p ro 
p o sed  b y  S o d i - P a l l a r e s  [15]. T he cell th u s  re s to re d  m igh t cease to  g enera te  
e c to p ic  im pulses. A ttr a c t iv e  th o u g h  th is  th e o ry  seem s, i t  has fo u n d  m an y  
o p p o n e n ts  [16]. S o d i - P a l l a r e s  a ttr ib u te s  th e  d isag reem en t to  th e  lack  of 
a d a p t in g  th e  com position  o f  th e  po tassium -g lucose-insu lin  so lu tio n  to  th e  p re 
v a ilin g  serum  p o tassiu m  lev e l. W hen, how ever, we increased  th e  dose o f insu lin  
w e h a d  to  reduce i t  a g a in  because of h ypog lycaem ic  in c id en ts . W e have,
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how ever, con tin u ed  to  use th e  so lu tion  ro u tin e ly , n o t only because we s u b 
scribe to  an y  a t te m p t th a t  holds o u t som e p ro m ise  for the  re s to ra tio n  o f  th e  
m y o card iu m  h u t also because the  c o n tin u o u s  in fusion  serves as a p o te n tia l  
veh icle  fo r th e  in tro d u c tio n  of more a c tiv e  a g e n ts .

H ea rt fa ilu re

H e a r t  fa ilu re , in  p a r tic u la r  left v e n tr ic u la r  fa ilu re , is com m on a f te r  a c u te  
m y o ca rd ia l in fa rc tio n . I t s  incidence is e s tim a te d  a t  50%  or more b u t  th e  fig u re , 
o b v iously , varies acco rd ing  to  the  c r ite r ia  ap p lie d . I f  the d e fin itio n  o f le ft 
v e n tr ic u la r  failu re is con fined  to  p u lm o n a ry  o ed em a, th e  incidence is 5 to  10% . 
Tf i t  also covers th e  congestive rales h e a rd  o v e r th e  basis, it  is as h ig h  as 80 
to  9 0 % . M oreover, h e a r t  failure is h a rd ly  ev e r th e  only  com plication  o f m y o 
card ia l in farc tion . I t  genera lly  jo in s o th e r  com plica tions, e.g. a b n o rm a litie s  
o f v e n tr ic u la r  rh y th m . Since early  t r e a tm e n t  m a y  decide th e  o u tco m e o f th e  
process, i t  is a tte m p te d  upon  th e  f irs t rad io lo g ic  signs of pu lm onary  co n g estio n , 
even in  th e  absence o f an y  sub jec tive  sy m p to m  o f h e a r t  failure. W e c o n c e n tra te  
on th e  use o f d iu re tics. In  view  of th e  a rrh y th m o g e n ic  effect o f d ig ita lis  g ly co 
sides —  to  w hich o u r own o b se rva tions also  b e a r  testim ony  —  th e ir  use is 
con fined , in  add itio n  to  pu lm o n ary  co n g estio n , to  a tr ia l  f ib rilla tio n  w ith  v e n tr i 
cu la r ta c h y c a rd ia  or p e rs is te n t h e a r t fa ilu re  un resp o n siv e  to  d iu re tic s , 0 2 an d  
b ed -re s t. P a r tic u la r  cau tio n  is w a rra n te d  in  azo taem ia  associated  w ith  h e a r t  
fa ilu re . As to  th e  sa lu re tic  agents in  use, we h a v e  given preference to  furo- 
sem ide on accoun t o f  its  rap id  and re liab le  d iu re tic  action , its doses h av in g  
been  a d a p te d  to  th e  in d iv id u a l s itu a tio n . F o r  in s tan ce  in card iac a s th m a  we 
h ad  occasionally  to  increase the  doses f iv e -te n fo ld . Close a tte n tio n  w as p a id  
to  signs o f d eh y d ra tio n  or h y p o p o tassaem ia  so as to  he able to  ta k e  im m e d ia te  
m easu res for th e ir  co rrec tio n . A m inophy lline , th o u g h  less active as a d iu re tic , 
is also cu rren tly  used  because of its b ro n c h o d ila tin g  action.

A rtific ia l pac in g

W e have to  re fe r here  to  tran sv e n o u s  em ergency  pacing w h ich  h as  been 
in  use a t  our u n it since 1971. As p o in te d  o u t in  one of our earlier p u b lic a tio n s  
[6] “ bed -sid e” tra n sv e n o u s  pacing h as  fu n d a m e n ta lly  changed th e  o u tco m e  of 
m y o card ia l in fa rc tio n  com plicated  w ith  d y s rh y th m ia . I t  was em p lo y ed  in  18 
cases fo r an  average o f  four days o v er a p e rio d  o f  five  years. On th e  ev idence  
o f co n tin u o u s m o n ito rin g , acu te  m y o ca rd ia l in fa rc tio n , p a rticu la rly  i f  i t  a ffec ts  
th e  p o s te rio r  w all, h as  been found to  g ive rise  to  AV-block in 50%  o f  th e  cases. 
T h o u g h  AV-block o f th is  origin is p re v a le n tly  reversib le  it  m ay n o n e  th e  less 
p rogress and  p roduce  life -th rea ten in g  asy s to lic  periods. In  the  p re se n t m a te r ia l
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fa ilu re  o r tr a n s ito ry  success of pacing w as co n fin ed  to  11.8%  o f th e  cases, 
i t  b e in g  a t tr ib u ta b le  to  th e  ex tensive lesion a n d  to  the  accom pany ing  c a rd io 
gen ic  shock  in 75%  (T able  I I I ) .  In  13 of th e  118 cases a p e rm an en t p a c e m a k e r  
w as ap p lied  a t  a la te r  s tag e . T he site  o f in fa rc tio n  was an terio r in  9, p o s te r io r  
in  2 a n d  com bined  in  2 o f th ese  cases.

Table III

A r tific ia l pacing in  acute m yocardial infarction

Indication Successful Unsuccessful

co m p lete  A V -b lock 52 6

2nd degree A V -b lock 25 0

a sy sto le 6 4

bu n d le-b ran ch  b lock 13 0

b rad yarr liy th m ia 22 0

T otal 118 10

R esuscitation

In  som e o f th e  cases a rtific ia l p ac in g  w as preceded by re su sc ita tio n . 
D u r in g  th e  period  u n d e r  rev iew  re su sc ita tio n  w as a tte m p te d  in  132 cases. I t  
w as successfu l in 73 cases (55 ,3% ), unsuccessfu l in  59 (44,7% ). R e su sc ita tio n  
h a d  b een  u n d e rta k e n  in  59 of th e  184 fa ta l  cases.

Mortality

B reakdow n  o f th e  fa ta l  cases for th e  tim e s  elapsed betw een  ad m issio n  
a n d  d e a th  give th e  fo llow ing  figures: 120 p a tie n ts  (65% ) died w ith in  th e  f ir s t  
24 h o u rs , and  88 o f th e se  d ea th s  ensued w ith in  th e  f irs t hours. 21 p a tie n ts  
(1 1 % ) d ied  betw een  th e  2 4 th  and  72nd h o u r, 40 p a tie n ts  (23% ) d ied  th e re a f te r . 
T h e  m a jo r ity  of ea rly  d e a th s  was due to  ca rd io g en ic  shock p resen t on  ad m is
sion , to  ca rd iac  ru p tu re  or to  pu lm onary  em bo lism . The causes o f d e a th  h av e  
been  su m m arized  in  T ab le  IV . Though th e  s tr ik in g  reduction  in m o r ta l i ty  p ro 
v ides am p le  ju s tif ic a tio n  fo r the  e s tab lish m en t co ro n ary -care -u n its , th is  p o in t 
m e rits  c loser ex am in a tio n . In  fac t, th e  d e a th  fig u res  of co ro n ary -care -u n its  
fu n c tio n in g  u n d e r s im ila r cond itions v a ry  b e tw een  12.2 and 33.9% . T h e  w ide 
d iffe ren ce  has severa l causes, f irs t of all th e  c ircum stances of ad m ission  an d  
th e  se lec tio n  of p a tie n ts . T here  are for in s ta n c e  u n its  refusing ad m issio n  to  
p a t ie n ts  over 70 y ea rs  o f age or to  those in  card iogen ic  shock. B eing  s tro n g ly  
o p p o sed  to  th is  k in d  o f  se lec tion , we set no age lim it to  our adm issions, a n d  as 
re g a rd s  card iogenic  shock , its  presence m a y  ev en  sim plify the  p ro c e d u re  of
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Table IV

Causes o f  death

Cause of death
Number of

cases

1. card iogenic shock 64

2. prim ary ventricu lar fib r illa tio n 35

3. a sy sto le  +  shock 17

4. prim ary asysto le 15

5. ventr icu lar  rupture 16

6. com plete  A Y -block 16

7. ven tr icu lar  tach ycard ia 11

8. p u lm on ary em bolism 7

T o ta l 181

adm ission , since p a tie n ts  being  in  a co n d itio n  o f th is  sev erity  arc  b ro u g h t by  
th e  em ergency  am bu lance  d irec tly  to  th e  u n it  regard less o f th e  reg io n a l 
ad m issio n  schem e. O ur policy  has found  th e  su p p o rt o f th e  general d e p a r tm e n ts  
co -o p era tin g  w ith  our u n it. T here  is, how ever, a n o th e r fac to r a ffec tin g  th e  
d ea th -fig u re s , nam ely  th e  tim e  b e tw een  th e  on se t o f th e  a tta c k  an d  adm issio n . 
A sh o rte r  in te rv a l carries a m ore fav o u rab le  prognosis. T h a t th is  fa c to r  g re a tly  
d ep en d s on th e  co -operation  of th e  reg ional m ed ical p rac titio n e rs , m ay  be co n 
f irm e d  b y  ou r own experience. In  fa c t, as soon as we s ta r te d  o u r e d u c a tio n a l 
co m p aig n , th e  n u m b er o f em ergency  adm issions referred  to  us as re c e n t cases 
rose a b ru p tly . 60%  of d ea th s  from  m y o ca rd ia l in fa rc tio n  ensues w ith in  th e  
f i r s t  2 h o u rs , 8 5 %  w ith in  th e  f irs t  24 h ours [10]. A ccording to  o u r fig u res , 
65 ,15%  o f th e  d e a th s  a t  o u r u n it ensued  w ith in  th e  f irs t hours an d  th e  m a jo rity  
w ith in  th e  v e ry  f irs t hours a fte r  ad m issio n .

O ccasion a l sh ortage o f  in ten siv e -ca re  b e d s m a y  co n fro n t th e  p h y sic ia n  o n  d u ty  w ith  
in su rm o u n ta b le  d ifficu ltie s . I f  for in sta n ce  th e  co ro n a ry -ca re-u n it has no free b ed , th e  p a tie n t  
is e ith er  a d m itte d  to  th e  general w ard or has to  w a it u n til a bed is being  m ad e free for him  in  
som e w a y  or an oth er . If, on  th e  o th er  h an d , th ere  is o n ly  one free bed and tw o  p a t ie n ts  w ith  
a c u te  m y o ca rd ia l in farction  hap p en  to  arrive, th e  d ec is io n  m a y  be v ery  d ifficu lt. I f  on e o f  th e  
p a tie n ts  b e lo n g s to  a you n ger  age group and h as a rrh y th m ia , and th e  other is an  e ld er ly  p a t ie n t  
w ith  a d v a n ce d  coron ary  sclerosis and heart fa ilu re , th e n  th e  p riority  goes to  th e  f ir s t . A lte r 
n a t iv e s  o f  th is  k in d  are o b v io u sly  n o t re flec ted  in th e  s ta t is t ic a l figures.

T h ere  are st ill o th er  factors to  be con sid ered . T h e general lin es o f  in te n s iv e  coron ary  
care h a v e  ch a n g ed  co n sid era b ly  over  th e  y e a r s  and th e  u n its  h a v e  been k eep in g  a b rea st w ith  
th ese  tr en d s. T h is is p articu lar ly  true for th e  in d ic a tio n s  o f  anti arrh ythm ic  drugs an d  o f  a r tific ia l 
p acin g . F or in sta n ce , th e  coron ary  care u n it  o f  T o ro n to  G eneral H osp ita l reg iste re d  th e  m o st  
str ik in g  fa ll in  its d ea th  figu res in th e  8 th  y e a r  o f  its  e x is ten ce  w hen th e  use o f  a n tia r rh y th m ic  
drugs h a d  treb led  its  figures o f  earlier years [1 9 ]. I t  w ou ld  be desirable to  com pare th e  d e a th  
figu res o f  a coron ary  group trea ted  a t  an  in te n s iv e -ca r e -u n it  w ith  those  o f  a s im ila r  group  
tr ea te d  a t  a gen era l w ard . T h is is a c tu a lly  w h a t R O C K W E L L  [14] d id . H e fou n d  a d e a th -r a te  o f  
20 .7%  o f  15 800 cases o f  a cu te  m yocard ia l in fa rctio n  at a coronary care u n it, as a g a in st  27 .7%  
o f  38 6 06  cases o f  a general w ard. T he figu res d er iv ed  from  our d ata  are 21 .9%  as a g a in st  30%
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to  3 4 % . O ur figures fo r th e  g en era l w ard  d a te , ho w ev er, b ack  10 or even  15 y ea rs  w hen  th e  
lines o f th e ra p y  w ere d iffe re n t fro m  those  of th e  p re se n t d ay . In  th e  m ean tim e  th e  genera l 
p rin c ip les  o f in ten siv e  c o ro n ary  care hav e  sp read  to  th e  g en era l w ards too , m uch  to  th e  b e n efit 
o f th e  surv iva ls [1 8 1.

A ltho u g h  th e  c o ro n a ry  care u n its  h av e  a w ide range  o f facilities a t  th e ir  
co m m an d , th e ir  m o st p ro m in en t a c tiv ity  is re su sc ita tio n  in  case o f ca rd iac  
a r re s t .  In  o rd er to  b e  successful, th is  in te rv e n tio n  m u s t be ca rried  o u t in  tim e  
a n d  h an d led  w ith  th e  n ecessa ry  skill a n d  ex p erien ce . C oronary  care u n its  a re  
o b v io u sly  b e tte r  su ite d  fo r these  ta sk s . B u t th e n , as p o in ted  o u t b y  L o w n  [ 1 2 ] ,  

th is  s itu a tio n  n eed  n o t  a rise  a t  all since m a jo r  a rrh y th m ia s  can be a v e rte d  b y  
im m e d ia te  m easures a g a in s t m inor a r rh y th m ia s . T ho u g h  th e  op tim ism  o f th is  
a u th o r  is n o t u n iv e rsa lly  sh a red , i t  is c e rta in  t h a t  e a rly  recogn ition  an d  co n tro l 
o f  com plica tions o f  th is  k in d  are  of v ita l  im p o rta n c e . I t  has also been  bo rne  
o u t  b y  ou r o b se rv a tio n s  th a t  a n tia r rh y th m ic  d ru g s  an d  e le c tro th e ra p y  now  
o fte n  allow to  n o rm alize  th e  d is tu rb an ces o f h e a r t  rh y th m . On th e  o th e r  h an d  
m o r ta l i ty  of m u scu la r insuffic iency  h as  re m a in e d  u n affec ted  b y  in ten siv e  
c o ro n a ry  care.
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T he response of T S H  to  T R H  is o ften  a b n o rm a l in  p a tie n ts  w ith  e u th y ro id  e n d o 
crin e  o p h th a lm o p a th y  and , on th e  ev idence of th e  p re sen t observations, fa lls  in to  d if fe r 
e n t p a tte rn s . The close re la tio n sh ip  be tw een  th e  eu th y ro id  and th e  h y p e r th y ro id  ty p es  
o f endocrine  o p h th a lm o p a th y  an d  th e  p o ss ib ility  of th e  tw o form s re p re se n tin g  in  re a l
i ty  successive phases o f th e  sam e process a re  p o in te d  ou t. D em o n stra tio n  o f LA T S in 
th e  serum , s lig h tly  increased  se ru m -triio d o th y ro n in e-lev e ls , failure of n o rm a l response  
to  T R H  an d  an  ab n o rm al triio d o th y ro n in e -su p p re ss io n  te s t  in e u th y ro id  o p h th a lm o 
p a th y  m ay  hera ld  th e  m an ifes ta tio n  of h y p e rth y ro id ism  a t  some la te r  tim e .

T h e  firs t descrip tion  o f endocrine o p h th a lm o p a th y  (FO ) o ccu rrin g  in 
e u th y ro id  su b jec ts  w as given b y  R u n d l e  an d  W i l s o n  [11]. W e r n e r  [14] an d  
H a l l  e t al. [7] s tu d ied  th e  acco m p an y in g  ab n o rm alitie s  of th y ro id  fu n c tio n  
an d  te rm e d  th e  syndrom e “ o p h th a lm ic  fo rm  o f G raves’ disease” . In  earlie r 
s tu d ie s  we have  exam ined  th e  fu n c tio n  o f  th e  th y ro id  gland in E O  a n d  th e  
in v o lv e m e n t o f LATS an d  o f au to im m u n e  th y ro id itis  in th e  p a th o m ech an ism  
o f th e  sy n d ro m e  [4]. F u n c tio n a l ab n o rm alitie s  o f th e  p i tu ita ry - th y ro id  sy stem  
h av e  b een  d e m o n s tra te d  in a n u m b e r o f p a tie n ts  w ith  EO on th e  ev id en ce  of 
a b n o rm a l responses to  th e  T 3-suppression  te s t  an d  m ore recen tly  to  th e  T R H - 
te s t  [1, 2, 9, 10].

T h e  aim  o f th e  p resen t s tu d y  w as to  c la rify  th e  fac to rs acco u n tin g  fo r th e  
d iffe ren t p a tte rn s  of response to  T R H  in E O , to  estab lish  th e  re la tio n sh ip  
b e tw een  th is  response  an d  th e  re su lts  o f th e  triio d o th y ro n in e -su p p re ss io n  te s t , 
an d  to  follow  u p  th e  clinical course o f th e  p a tie n ts  w ith  d ifferen t re sp o n ses  to  
T R H  o v er an  o b se rv a tio n  period o f  tw o years.

M ateria l an d  M ethods

F iftee n  p a tie n ts  w ith  EO w ere stu d ied . T he d iagnosis of EO was based  on  W e rn e r’s 
c rite ria  a n d  on th e  reco m m en d a tio n s issued by th e  A m erican  T hyro id  Society [15]. A ccord ing  
to  th is  c lass ifica tio n  ex o p h th a lm o s su itin g  th e  c r ite ria  o f g ro u p s 2 to  6 is qua lified  as p ro g re s 
sive. W e h av e  a d o p te d  th is  c lassifica tion  schem e w ith  th e  on ly  difference th a t  p a t ie n ts  w ith  
H e rte l-v a lu e s  over 20/100 m m  were assigned to  th e  g ro u p  o f d is tin c t ex o p h th a lm o s.

F o r  th e  m easu rem en t of to ta l  se ru m -th y ro x in e  (T ,), Thiopac-4  (A m ersham ); fo r th a t  
o f tr iio d o th y ro n in e , th e  R ia-M at T  .,-kit (B y k -M allin k ro d t) w as used. The c o m p lem en t f ix a tio n  
te s t  fo r th e  d em o n s tra tio n  of an tib o d ies  ag a in s t th e  m icrosom al frac tion  of th y ro id a l ep ith e lia l 
cells a n d  B o y d en ’s passive  h a em ag g lu tin a tio n  te s t  fo r th e  d em o n stra tio n  of th y ro g lo b u lin -  
an tib o d ies  (TRC) w ere carried  o u t by  th e  p rocedure  o f  T a k ó  a n d  B á n o s  [13]. F o r  th e  s tu d y  of
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th e  se rum -T S H -level a rad io im m u n o -assay  described  b y  u s [5] w as used. T he serum -L A T S- 
leve l w as e s tim a te d  b y  th e  m odified  M cK E N ziE -technique [3].

F o r  th e  T R H -lo ad in g  te s t  a n  in trav en o u s  dose  o f  400 fig  (H O EC H ST  A. G.) w as used . 
S am p les ta k e n  a t  20, 60 a n d  120 m in u tes  a fte r  T R H  w ere a ssay ed  for T SH .

F o r  th e  triio d o th y ro n in e -su p p re ss io n  te s t ,  80 fig  tr iio d o th y ro n in e  (L io th y ro n in , G. 
R ic h te r  Co., B u d a p es t)  w ere ad m in iste red  daily  fo r 6 d a y s . T he resu lt was considered  no rm al 
if  th e  rad io io d in e  u p ta k e  b y  th e  th y ro id  was a t  le a s t  4 0 %  less a fte r th a n  before  th e  te s t.

F o r  th e  d iagnosis o f e u th y ro id  E O , th e  se ru m  P B J ,  th y ro x in e  and  cholestero l-levels 
as w ell as th e  H a m o lsk y -te s t an d  E T R  h a d  to  be n o rm a l in  ad d itio n  to  th e  clinical ev idence  of 
eu th y ro id ism .

R esults

T ab le  I sum s u p  th e  re su lts  for th e  e u th y ro id  p a tie n ts  w ith  E O  classified  
in to  fo u r  groups. T hese  w ere: (A) N orm al re su lts  o f  b o th  T R H -lo a d in g  a n d  o f 
T 3-su p pression  te s t ,  n o rm a l serum -T 3-levels. (B) P o o r T S H -resp o n se  to  T R H , 
v a r ia b le  resu lts  o f th e  T 3-suppression  te s t, n o rm a l serum -T 3 levels. (C) E n h an ced  
T S H -resp o n se  to  T R H , v a r ia b le  re su lts  o f  th e  T 3-suppression te s t ,  n o rm al

Table 1

Results o f  studies in  endocrine ophthalm opathy

Group
Serial 

number of 
patients

T, T3
Hamolsky-

test Cholesterol CF TRC LATS

l. 6.8 1.4 12.9 198 neg 1 : 25 neg

2. 10.3 1.9 14.6 210 1 : 6 neg neg
A 3. 9.5 1.7 11.2 226 neg neg neg

4. 10.2 1.4 13.1 177 neg 1 : 250 pos

5. 8.7 1.1 13.8 203 1 : 3 1 : 25 neg

В 6. 7.2 1.8 14.7 221 neg 1 : 250 neg

7. 9.3 1.5 15.3 236 neg neg pos

C 8. 10.1 1.6 11.7 238 1 : 24 1 : 25,000 pos

9. 7.6 1.2 12.3 217 1 : 6 1 : 250 neg

10. 9.7 2.6 15.1 220 1 : 6 1 : 250 pos
11. 9.1 2.3 13.6 216 neg neg pos

D 12. 10.2 2.5 14.1 198 neg neg neg
13. 8.3 2.2 12.7 225 1 : 6 1 : 25 neg
14. 7.6 2.2 13.8 231 neg neg neg

15. 7.2 2.4 11.7 227 1 : 12 1 : 250 pos

P a ra m e te rs  under s tu d y  (norm al values):
S e T  , =  4 .0 —13.0 ^g/100 ml 
Se T 3 =  0.8— 2.0 ng /m l 
H am o lsk y -test =  10.0— 18%
Se cholesterol 170— 250 m g per 100 ml
CF =  an tim icrosom al an tib o d y , positive j>  1 : 6
T R C  =  a n tith y ro g lo b u lin  an tibody , positive >  1 : 2.500
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serum  T 3-levels. (D) D esp ite  th e  e u th y ro id  s ta te ,  poor response to  T R H , fa ilu re  
of exogeneous T 3 to  suppress rad io iod ine  u p ta k e  b y  th e  th y ro id , se ru m -T 3 
levels slig h tly  over the  n o rm al values.

T ab le  I I  show s th e  re la tio n sh ip s  b e tw een  m axim um  serum -T S H -response  
to  T R H -lo ad in g , th e  re su lt o f th e  tr iio d o th y ro n in e -su p p ress io n  te s t  an d  th e  
serum -T 3-levels in  EO.

Table II

Relationships between m axim um  serum -TSH -response to T R H , suppressibility o f  the thyroid by 
triiodothyronine and serum-triiodothyronine-level in  euthyroid endocrine ophthalm opathy

Group
Serial 

number of 
patients

M aximum increase 
in response to  TR H  

// U/ml
T 3-suppression

test
Se. T 3 
(ng/mi)

l. 16.0 S uppressib le 1.4
2# 9.3 Suppressib le 1.9

A 3. 9.5 Suppressib le 1.7

4. 12.7 S uppressib le 1.4

5. 8.6 S uppressib le 1.1

В 6. 1.8 S uppressib le 1.8

7. 1.2 N ot suppressible 1.5

C 8. 38.0 N o t suppressible 1.6

9. 32.0 Suppressib le 1.2

10 . 0 N ot suppressible 2.6

11. 1.3 N ot suppressible 2.3

It 12. 1.5 N ot suppressible 2.5

13. 1.8 N ot suppressible 2.2

14. 0 N ot suppressible 2 .2

15. 1.4 N o t suppressible 2.4

T ab le  I I I  shows th e  clin ical fea tu re s , th e  sev e rity  of o p h th a lm o p a th y  and  
the  se ru m -T 3— T ,-levels in  th e  course o f a fo llow -up  period of 16 to  24 m o n th s 
a fte r th e  f ir s t  s tu d y . Two of th e  15 p a tie n ts  h a d  no rep ea t-s tu d ies . P a t ie n t  N o. 7 
in g roup  В who h ad  been un responsive  to  T R H  and  had  d e m o n s tra b le  
LATS in th e  serum  a t th e  tim e  of th e  f irs t  s tu d y , fu rth erm o re  p a t ie n t  No. 10 
in group  D who, in add itio n  to  th e  ab n o rm a litie s  typ ica l of group D h a d  LATS 
in his serum  a t th e  o u tse t, fin a lly  p a tie n t N o. 12 who h ad  also belo n g ed  to  
group D in every  respec t, w ere fo u n d  h y p e rth y ro id  when p re se n tin g  for 
follow -up. O n th e  o th e r h an d , in p a tie n t N o. 8 who had been assigned  to  
group C on th e  g round o f enh an ced  response  to  T R H , h y p o th y ro id ism  was 
a sce rta in ed  in th e  course of follow -up. In  th is  p a tie n t the  te s t fo r th y ro id -  
au to a n tib o d ie s  as well as for LATS had  been po sitiv e  a t  the  o u tse t.
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Table I I I

Results o f  fo llow -up  16 to 24 months after the f i r s t  investigation

Group
Serial 

num ber of 
patients

T. Ta Clinical p ic tu re
O phthalm opathy: 

Change in 
Hertel-value (mm)

l . 6.7 1.2 E u th y ro id +  2
2. 9.3 1.6 E u th y ro id unchanged

A 3. 9.7 1.3 E u th y ro id + i

4.

5.

10.8 1.4 E u th y ro id — 3

в 6. 8.6 1.5 E u th y ro id — 4

7. 14.5 3.6 H y p e rth y ro id __2

c 8. 3.5 0.8 H y p o th y ro id unchanged

9. 9.7 1.3 E u th y ro id + i

10. 16.7 5.3 H y p e rth y ro id + 1

11. 9.5 1.6 E u th y ro id — 2

12. 18.1 4.8 H y p e rth y ro id + 5

D 13. 7.2 2.3 E u th y ro id — 3

14. 10.3 2.0 E u th y ro id unchanged

15. — — —

D iscussion

E u th y ro id  EO is k n o w n  to  be associa ted  in  m a n y  cases w ith  an ab n o rm a l 
T S H -re sp o n se  to  T R H . T h e  resu lts  of th e  T R H - te s t  allowed to  c lassify  th e  
p a t ie n ts  in to  four groups.

T h e  p a tien ts  w ith  a n o rm a l T S H -response  to  T R H  and  w ith  n o rm a l 
th y r o id  fu n c tio n  te s ts  w ere assigned  to  Group I .  T h e  p a tie n ts  fo rm ing  Group I I .  
e x h ib ite d  scarcely an y  T S H -responses to  T R H , a lth o u g h  th e  serum  T 3-levels 
w ere  fo u n d  norm al. Cl i f t o n - B l ig h  et al. [2] re p o rte d  sim ilar o b se rv a tio n s , 
a t t r ib u t in g  th is p a tte rn  o f  response to  an  in d iv id u a l h y p e rsen sitiv ity  o f th e  
n e g a tiv e  feed-back m ech an ism  to  th e  c irc u la tin g  th y ro id  horm ones a t  th e  
p i tu i t a r y  level as a re su lt o f  w hich even n o rm a l se ru m -T 3-levels m igh t be in h ib 
i to r y  to  th e  release o f T S H  in response to  T R H . In  su p p o rt o f th e ir  claim  
th e y  a lleged  th a t  th e  se ru in -T S H  levels w ere low er in th e  T R H -u n resp o n siv e  
th a n  in  th e  T R H -resp o n siv e  cases despite  n o rm a l serum -Т ,- and T 3-levels in 
b o th  g roups.

T h e  p a tie n ts  e x h ib itin g  abnorm ally  in c reased  seruin-T SH -levels in  re 
sp o n se  to  T R H  w ere assigned  to  Group I I I .  S im ila r  cases have been described  
b y  C h o p r a  et al. [1] an d  b y  F r a n c o  e t al. [ 6 ] .  O ne o f our p a tie n ts  w as found
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e u th y ro id  on th e  firs t  exam in a t io n  and  th e  resu lts  o f  th e  thyro id  s tud ies  in c lu d 
ing T.j were also ind ica t ive  of  eu thyro id ism . His se rum  conta ined , how ever, 
LATS as well as an tibod ies  to  thyrog lobu lin  a n d  to  th e  microsomal f rac t io n  
o f  thy ro id a l  epithelial cells, m oreover exogenous T 3 failed to  suppress  radio- 
iodine u p ta k e  by  th e  th y ro id .  In  the  course of  follow-up over 18 m o n th s  he 
d isp layed , however, signs of  h y po thy ro id ism . Since the re  was no in d ica t ion  
o f  G rav es’ disease in his h is to ry  it  was to  be a ssu m ed  th a t  the  e u th y ro id  fo rm  
o f  G rav es’ disease accom panied  by  EO h a d  been  joined b y  H a s h i m o t o ’s 
th y ro id i t is ,  or r a th e r  t h a t  th e  two processes h a d  been  developing jo in t ly .  
As in d ica ted  b y  th e  enhanced  TSH -response  to  T R H ,  hy p o th y ro id ism  m a y  have  
been p resen t  in a “ subclin ica l” form a t  th e  t im e  o f  t h e  f irs t  exam in a t io n  and  
i t  has g radua lly  assum ed  th e  features  of  m an ife s t  hypo thy ro id ism  in la te r  
course.

F ina lly ,  Group I V .  is form ed b y  those  cases o f  eu thyro id  EO in w hich  
th e re  was scarcely a n y  rise, i f  any , o f  s e ru m -T S H  in response to  T R H  and 
rad io iod ine  u p ta k e  b y  th e  th y ro id  was n o t  suppressib le  by  exogenous T ;j. 
D esp ite  clinical eu th y ro id ism  ind ica ted  b y  th e  no rm a l  P R J -  and  T 4-levels, 
th e  T.j-levels were slightly  increased. Similar obse rva tions  have been re p o r te d  
b y  O r m s t o n  e t  al. [10]. T he  m echanism  o f  feed -back  control is know n  for its  
high sen s i t iv i ty  to  an y  change in th e  se rum -T 3 level [12]. I t  is in all l ikelihood 
th e  m in im al increase in th e  serum -T 3 level which  accoun ts  in these  cases for 
th e  absence  o f  a T S H -response  to  T R H .

T he  cases of  G roup  IV. m ay  he classified as subclinical h y p e r th y ro id ism  
w hich  is closely re la ted  to  th e  syndrom e o f  tr i iodo thyron ine- tox icos is .  W hile, 
how ever,  th is  synd rom e  is m arked  by  clinical signs o f  h y p e r th y ro id ism , the  
p a t ie n ts  w ith  “ subclin ica l”  h y p e r th y ro id ism  are a c tu a l ly  eu th y ro id  a n d  the  
serum -Tj-level is b u t  s ligh tly  increased. As i t  is know n, in m an y  cases o f  G ra v e s ’ 
disease th e  full-blown sy n d ro m e  m anifes ts  i tse lf  successively and th e  in itia l 
s tage  m a y  be confined to  an  overp roduc tion  of  T 3 [8]. There m igh t  be some 
ju s t i f ic a t io n  in regard ing  th e  p a t ien ts  fo rm ing  th e  group of “ subc lin ica l” 
h y p e r th y ro id ism  as “ p re h y p e r th y ro id ” , since some of th e m  did ac tua lly  d eve l
op m an ifes t  h y p e r th y ro id ism  in th e  course o f  follow-up. This m akes  a case 
for con tinuous  obse rva tion  of  pa t ien ts  w ith  “ subclin ica l”  hy p e r th y ro id ism .

A bn o rm al  resu lts  o f  th e  T 3-suppression-test  go often  [10], b u t  n o t  neces
sarily  [1, 2], h an d  in h a n d  w ith  abnorm al responses to  the  T R H - te s t .  T h is  is 
also t r u e  for th e  p re se n t  observations.  The response  to  T R H  and  th e  T 3-sup- 
p ress ion-tes t  do n o t  seem to reflect in v a r iab ly  th e  sam e function. H ow ever ,  
in  th e  case of ab n o rm a l  re su lts  of e ither  te s t ,  th e  possib ili ty  of la te r  m a n ife s ta 
t io n  o f  h y p e r th y ro id ism  w a r ra n ts  a co n tinuous  obse rva tion  of th e  p a t ie n t .

T h e  p resen t obse rv a t io n s  also b ea r  te s t im o n y  to  th e  frequency  o f a b n o r 
m al responses to  T R H  in eu th y ro id  EO. T he  d iffe ren t  p a t te rn s  of  response  
m a y  reflec t d ifferent ty p e s  of  the  syndrom e b u t ,  in view of the  close re la t io n 
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sh ip s  b e tw e e n  the  various form s o f  EO [4] th e y  m ay  well express  d ifferent 
s ta g e s  o f  t h e  same process. T h is  w ould  be co n s is ten t  w ith  our o b se rv a t io n  th a t  
som e  o f  th e  pa tien ts  w ith  a b n o rm a l  responses to  T R H  did in  fa c t  develop 
h y p e r th y ro id is m  a t  some la te r  t im e. On th e  g ro u n d  of the  presen t observa tions ,  
d e m o n s t r a t io n  of LATS in th e  se rum , a s ligh tly  increased se ru m -T 3-level, 
fa i lu re  o f  norm al responsiveness  to  T R H  a n d  an  abnorm al re su lt  o f  th e  T 3-sup- 
p re ss io n  te s t  in case of e u th y ro id  E O , m a y  well represent p re m o n i to ry  signs 
o f  G r a v e s ’ disease a c c o m p a n ie d  by  h y p e r th y ro id is m .  On th e  o th e r  h a n d ,  an 
e n h a n c e d  responsiveness to  T R H  in th e  p resence  of d em ons trab le  th y ro id  
a u to im m u n e  antibodies in th e  se rum  m a y  p red ic t  the  m an ife s ta t io n  of  hy- 
p o th v ro id ism .
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Selective  co ro n aro g rap h y , left v e n tricu la r  c in ean g io g rap h y  were p e rfo rm ed  th ree  
to  six m o n th s  a f te r  acu te  m y o card ia l in farc tio n  in  45 p a tie n ts . S im u ltan eo u sly , s tro k e  
volum e (SV), endd iasto lic  (E D Y ) and endsysto lic  vo lum e (ESV), e jection  frac tio n  (E F ) 
and left v e n tr ic u la r  end d iasto lic  pressure (L V E D P ) were de te rm in ed . L V E D P  was 
m easured  a t  re s t  and  a fte r s ta tic  (h andgrip ) exercise.

A ccord ing  to  the  ty p e  o f th e  LV a b n o rm a lity  p a tie n ts  were d iv ided  in th ree  
groups: 1. w ith o u t LV a b n o rm a lity  (5 p a tie n ts )  2. asy n erg y  (15 p ts)  and  3. an eu ry sm  
(25 pts). T h e  d a ta  were receiw ed sep a ra te ly  in p a tie n ts  w here ab n o rm alitie s  of LV were 
associated  w ith  ang ina pectoris.

The degree  of coronary  o b stru c tio n  an d  th e  ty p e  of LV a b n o rm a lity  d id  no t 
disclose an y  co rre la tion . L V E D P  a t  re st was in n o rm al lim its  in p a tie n ts  in g roup  1 and  
2, elevated  in p a tie n ts  w ith  an eu ry sm . (L V E D P : 15, 15 and  25 m m H g resp .) A fter h a n d 
grip exercise L V E D P  increased  in each  group : 21. 22, 32 m m  Hg. SV: decreased  sig
n ificantly  in LV aneurysm  (53 m l/b ea t). ED V  w as 50 ml in p a tie n ts  w ith  asy n erg y  and  
118 ml in th o se  w ith  an eurysm . ESV was in n o rm al lim its  w hen asynergy  w as p re sen t, 
35 ml in p a tie n ts  w ith o u t a b n o rm a lity  an d  118 m l in LV aneu ry sm . E F  was 0.66 and  
0.65 in g ro u p  1 and  2, in g roup  3 (aneurysm ) th is  va lue  w as 0.49 (sig n ifican tly  lower). 
The e x te n t o f  sho rten in g  of th e  lo n g itu d in a l an d  tran sv e rse  d iam ete rs  w ere s ig n ifican tly  
dim inished in each group.

W hen ang in a  was asso c ia ted  w ith LV asy n e rg y  a h igher SV was observed , when 
angina was asso c ia ted  w ith an eu ry sm , SV an d  E E  were decreased .

T he conclusion  from  th ese  d a ta  can  be d ro w n  th a t  th e  com prom ised LV a f te r  
prior AM I w orks w ith  a d iffe ren t m echanism , acco rd in g  th e  ty p e  (and  degree) o f a b 
norm ality .

The d e te rm in a t io n  of th e  presence, sev e r i ty  and  po ten tia l  revers ib i l i ty  
o f  localized abnorm ali t ie s  o f  le f t  v en tr icu la r  co n trac t io n  in p a t ie n ts ,  who 
u n d e rv en t  acu te  m yocardial in fa rc t ion  is becom ing  increasing ly  im p o r ta n t .  
Asyncrgic segm ents  developing a f te r  m yocard ia l  in fa rc t ion  m ay  be dysk ine tic ,  
akinetic  or hypok in e t ic  [5]. T h e  m ost  severe a b n o rm a l i ty  is, however, v e n t r ic 
u la r  aneurysm , developing 6 w eeks to  3 m o n th s  a f te r  acu te  m yocard ia l  in fa rc 
tion . The presence of  asynergic segm ents  or a left v en tr icu la r  a n e u ry sm  can 
s ign ificantly  c o n tr ib u te  to the  red u c t io n  in th e  fu n c t io n  of  an a lready  c o m p ro 
mized left ven tr ic le .  D y sry th m ias ,  in t ra c ta b le  left  v en tr icu la r  failure an d /o r  
angina  pectoris a re  th e  m ost im p o r ta n t  com plica tions  occurring w hen  left 
v en tr icu la r  func tion  is d e te r io ra ted  because of  a synergy  or aneurysm .

For gain ing  more re levan t  in fo rm ation  on th e  pa tho logy  of left ven tr ic -  
cu la r  asynergy a n d  aneurysm , developing a f te r  a prev ious m yocard ia l in fa rc 
tion haem o d y n am ic  and  angiographic  d a ta  of 45 p a t ie n ts  have  been collected  
an d  evaluated  in  ou r  labo ra to ry .
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M aterials and m ethods

P a t ie n ts  were selected from  th e  “ m y o card iu m  in farc tio n  reg is te r”  s tu d y  (W H O ) [12]. 
In t r a c ta b le  le ft v en tricu la r fa ilu re , a r rh y th m ia s  a n d /o r ang ina  were th e  m o st im p o r ta n t  in 
d ic a tio n s  fo r th e  h aem odynam ic  a n d  a n g io g rap h ic  s tu d y . 45 p a tie n ts  were included  in  th e  s tu d y .

R e tro g ra d e  left h e a r t  c a th e te r iz a tio n  w as p e rfo rm ed  via th e  fem oral a r te ry . L eft v e n tr i
c u la r  (L V ) pressu re  was m easu red  b y  a flu id -filled  c a th e te r  system , S ta th a m  P23 dB  t r a n s 
d u c e r, a n d  th e  curves were reg is te red  u sin g  an  E lem a M ingograph  m u ltisc rip to r. R eg is tra tio n s  
w ere c a r r ie d  o u t a t  re s t and  d u rin g  h a n d g rip  exercise (2 m inu tes w ith  75%  of m ax im al v o 
lu n ta r y  c o n tra c tio n )  [3, 7]. S u b seq u e n tly  LY c inean g io g rap h y  and  selective  co ro n ary  a r te r io 
g ra p h y  w ere  perform ed by th e  Ju d k in s  m eth o d . W ith  th e  use o f th e  v en tricu lo g ra m  LV longi
tu d in a l  a n d  tran sv e rsa l d iam e te rs  w ere  m easu red  a n d  endd iasto lic  (E D V ) an d  en d systo lic  
(E S V ) v o lu m es were ca lcu la ted  acco rd in g  to  th e  fo rm ula :

V =  к  • L • M2

w ere V  =  vo lu m e in ml, L  =  lo n g itu d in a l d iam e te r  in  cm , M =  tran sv e rsa l d ia m e te r  in  cm 
a n d  к  =  c o n s tan t.

E je c t io n  .fraction  (E F ) w as c a lcu la te d  acco rd ing  to  fo rm ula

E D V — ESV 
E F =  ------ E D V

A cco rd in g  to  th e  a b n o rm a lity  in  th e  c o n tra c tio n  of LV th e  p a tie n ts  w ere d iv id ed  in  
th re e  m a in  groups 1. w ith o u t a b n o rm a lity , 2. asy n erg y  of LV, 3. an eu ry sm  of LV.

Results

T h e  resu lts  of th e  s tu d y  a re  su m m ar ized  in Table  I.
Selective coronary angiography  revea led  more th a n  4 0 %  stenosis  in 43 

o u t  o f  45 p a t ie n ts .  One co ro n ary  b ra n c h  was involved  in 24 cases, tw o  b ranches  
in  12 cases, and  th ree  in 7 cases, respectively .

Table I

No sv
ml/bea t

LYEDP
R

mm Hg 
E

EDV
ml/m2

ESV
ml/m2 EF

I. W ith o u t  LV 5 77 15 21 79 35 0.66

a b n o rm a lity

I I .  LV  a sy n erg y 15 83 15 22 50 20 0.65

1. a n g in a 11 91 15 24 56 19 0.66

2. no ang in a 4 60 14 20 49 20 0.64

I I I .  LV  an eu ry sm 25 53 25 32 181 119 0.42

1. a n g in a 18 55 25 34 - — 0.36

2. no ang in a 7 61 24 30 — — 0.62
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A lthough all p a t ie n ts  u n d e rw e n t  a “ p ro v e d ”  ac u te  m yocard ia l  in farc tion  
in two cases no c o ro n a ry  o b s tru c t io n  or a stenosis o f  more th a n  4 0 %  could 
h ave  been de tec ted .

Stroke volume (m l/beat)  has been  found in th e  n o rm a l  range  in  th e  groups 
1 and 2 (77 and 83 ml, respectively).

In  group 2 th e  m ean  values o f  SV in p a t ie n ts  w ith  ang ina  pectoris  dif
fered, however, from  those in p a t ie n ts  w ith o u t  ang ina  (91 ml, versus 60 ml).

Left ventricular enddiastolic pressure  (L V E D P ) was be tw een  norm al 
limits  in group 1 and  2 a t  rest (15 m m  Hg). A fter  h a n d g r ip  te s t ,  however, this 
v a lue  increased (21, a n d  22 m m  H g  respectively). T h e  va lue  of L Y E D P  after  
han d g r ip  exercise was th e  same in b o th  subgroups:  in  p a t ie n ts  w ith  or w ith o u t  
angina . In  group 3 (aneurysm ) th e  L Y E D P  was e leva ted  a lready  a t  res t  and  
a fu r th e r  increase was observed d u r ing  han d g r ip  exercise te s t  (25 m m  Hg, 
a t  re s t  and  32 m m  H g  during  exercise). A lth o u g h  L V E D P  was e leva ted  in 
g roup  3 a t  rest a lready ,  the  ra te  o f  increase was th e  sam e in all th ree  groups.

T he  value of  th e  ejection fra c tio n  was 0.49 in  p a t ie n ts  w ith  LV aneu ry sm ; 
s ignificantly  lower th a n  th a t  of th e  controls  (0.70). F o r  p a t ie n ts  w ith  no v e n t r i 
cu la r  wall a b n o rm a li ty ,  and for th o se  o f  LV asynergy  th e  m ean  va lues  of ejec
tion  frac tion  were n o t  s ignif ican tly  lower th a n  those  in th e  controls  (0.66, 
a n d  0.65 respectively).

E jec tion  f rac t io n  was s ign if ican tly  lower in p a t ie n ts  w ith  an eu ry sm  and  
ang ina  (0.36) t h a n  in  those  w ith  an eu ry sm  alone (0.62). T he  values  of  ejection 
frac t ion  for p a t ie n ts  w ith  asynergy  were the  sam e, w h e th e r  ang ina  was or was 
n o t  p re sen t  (0.66, an d  0.64 respectively).

L mm A L M mm JM Coronary obst.

s <1 % * d %
0 1

branch
— 3

66 72 13 41 60 32 2 2 — 1

70 81 14 31 45 30 10 4 1

— — — — — — 7

3

4

1

91 102 10 62 73 18 12 8 5

— 8 6 4

— — — 4 2 1

SV: stroke volum e, L V D E P: left v en tricu la r  end-d iasto lic  p ressure, R : a t  re s t, E : a fte r 
exercise, EDV: end-d iasto lic  volum e, ESV : end-systo lic  volum e, E F : ejection  frac tio n , L: longi
tu d in a l d iam eter, M: tran sv ersa l d iam eter, /1: ra te  of changes, s: systole, d : diasto le.
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Enddiastolic (E D  VJ and  endsystolic ( E S V )  volume  was significantly  
h ig h e r  in  patien ts  w i th  le f t  v e n t r ic u la r  an eu ry sm  (group 3), 181, 118 m l/m 2 
re sp .  w hile  in group 1 th e  E S V  enlarged (35 m l/m 2) a n d  in  g roup  2 th e  ED V  
d im in ish e d  (50 m l/m 2). E D V  a n d  ESV for p a t ie n ts  w ith  no ev idence  of angina  
p e c to r is  were no t d iffe ren t  from  those  of p a t ie n ts  w ith  angina.

The longitudinal diam eter ( L )  was sho rte r  in  group 1 and  2, d u r in g  diastole 
as well as during systo le  (72 m m  an d  81 m m  respec tive ly ,  versus 108 m m  in 
c o n tro ls ) .  A lthough L w as n o rm a l  in  pa t ien ts  w i th  left v e n t r ic u la r  aneu rysm  
(g ro u p  3) the  ra te  o f  excu rs ion  was lower in each g roup  (13% , 13.5%  and 
1 0 .5 %  respectively, con tro l  va lues  beeing as h igh as 22% ).

The transversal diam eter ( M )  leng thened  in group 3 (aneu rysm ) during  
b o t h  in  diastole and  systo le . The M was 67 m m  in n o rm a l  con tro ls  during  
d ia s to le ,  and  39 m m  d u r in g  systole. In  p a t ien ts  w ith  a n e u ry s m  M was 73 m m  
in d ias to le ,  and 39 m m  in systo le  (p <  0.001).

T h e  ra te  of sh o r ten in g  of th e  transversa l  d iam e te r  (M) was found  to  he 
less in  each group th a n  in  th e  controls. The ra te  o f  sho r ten ing  was 4 3 %  of the 
t r a n s v e r s a l  d iam eter  in  th e  contro ls , m easu red  during  diastole . I n  group 1, 
h o w e v e r ,  this was 32% , in  g roup  2 (LV asynergy) 3 0 % , and  th e  low est ra te  
w as  m easu red  in p a t ie n ts  w i th  an eu ry sm  (group 3) being  18%  only.

T h e  ra te  of sh o r ten in g  of th e  transversa l  d iam e te r  was found  lower in 
p a t i e n t s  b y  whom LV a sy n e rg y  was com plica ted  w ith  ang ina  pectoris  (21% ), 
in  c o n t r a s t  to  pa t ien ts  w i th  LV asynergy  h u t  w ith o u t  ang ina  (32% ).

D iscussion

In  a series of p a t i e n t s  w ith  a p rior acu te  m yocard ia l in fa rc tion , cine
a n g io g ra p h y ,  selective co ro n a ro g rap h y  was perfo rm ed  an d  haem o d y n am ic  
d a t a  were registered.

O bstruc tion  of m ore  t h a n  5 0 %  of one or m ore vessels o f  th e  coronary  
w as  d ocum en ted  in 43 o u t  o f  45 pa tien ts .  No ab n o rm a l i ty  of  th e  left v e n t r ic 
u la r  m o v em en t  was d e te c te d  in 5 cases and  in 2 out of 5 p a t ie n ts  no coronary  
s ten o s is  was observed. In  th e se  2 pa t ien ts ,  w here  left v e n t r ic u la r  ab n o rm a li ty  
as well as coronary o b s t ru c t io n  was absen t,  the  only sign of a com prom ised 
m y o c a rd iu m ,  developing in 3 to  6 m o n th  a f te r  m yocard ia l  in fa rc t ion  was an 
in c rea se  of LV E D P a f te r  h a n d g r ip  test.

This finding suggests  t h a t  o the r  m echanism s, besides th e  m orpho log
ica l m a y  p lay  p a r t  in th e  im p a i rm e n t  of th e  left v en tr icu la r  function .

T h e  most im p o r ta n t  obse rva tion  th a t  a f te r  han d g r ip  exercise tes t  
L V E D P  increased in all cases while it was norm al a t  res t  excep t  in p a t ien ts  
w i th  aneurysm , when th e  L V E D P  was e levated  a t  res t  a lready .
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I t  is generally accep ted  t h a t  L V E D P  increases in left h e a r t  fa ilu re , or 
when th e  distensib ility  o f  th e  left ven tr ic le  is d e te r io ra ted  [8].

Left  ven tr icu la r  fa ilure  was exc luded  by  a th o ro u g h  clinical ex a m in a t io n  
an d  b y  th e  f inding t h a t  SV index  rem ain ed  no rm al,  excep t  in p a t ie n ts  w ith  
aneu rysm . Decreased SV index, how ever, in left v e n t r ic u la r  a n e u ry sm  does 
n o t  m ean  definitely left v en tr icu la r  failure. The increase  of  the  L V E D P  af te r  
han d g r ip  exercise te s t  can  he in te rp re ted  as ev idence of  the  im p a irm e n t  o f  the  
left v en tr icu la r  d istensib ility .

E jec t ion  fraction  is a useful m ea su re m e n t  of  ven tr icu la r  p u m p  failure 
since i t  re la tes  ven tr icu la r  s troke  vo lum e to  endd iasto lic  volume. I t  is superio r  
to  left v en tr icu la r  endd iasto lic  p ressure  which m a y  he in fluenced  b y  bo th  
v e n tr ic u la r  volume a n d  com pliance, a n d  to  card iac  o u tp u t  which is — in 
itse lf  —  a function of  u n re la te d  v ar iab les  (venous r e tu rn ,  aortic  im pedance ,  
h e a r t  r a te  and  stroke volum e).

E ach  segment of th e  ven tr ic le  m oves in v a rd  to  eject a p p ro x im a te ly  
tw o - th ird s  of its enclosed vo lum e; th is  accoun ts  for a no rm al e jection  frac tion  
of  a p p ro x im a te ly  0.70. If  a portion  of  th e  ven tr ic le  is, however, non -co n trac t i le  
an d /o r  non-com plian t  th e n  th e  e jection frac t ion  is reduced , in p ro p o r t io n  to  the  
area of  th e  ventricle so affected , as i t  has  been d e m o n s t ra te d  b y  P a r m e l e y  

et al. [10]. They  concluded  th a t  th e  d im in u t io n  of  th e  ejection f rac t io n  is a 
sensitive index  of asynergy .

E jec tion  frac tion  was d im inished in p a t ie n ts  of g roup 1 a n d  2 (0.66 
and 0.67 respectively), b u t  th is  was no t  s ignif ican t. H ow ever,  in p a t ie n ts  w ith  
left v en tr icu la r  an eu ry sm  the  value o f  th e  e jection  frac t ion  was s ign if ican tly  
lower (0.49) th a n  th a t  of th e  norm al con tro ls  (0.70).

T he  alm ost norm al e jection frac t io n  in p a t ie n ts  o f  g roup  1 a n d  2 can  be 
in te rp re te d  th a t  1. no left ven tr icu la r  fa ilure  was p re se n t  and  2. th e  asynerg ic  
area  was less th a n  17%  of th e  left ven tr ic le  [5]. In  p a t ie n ts  w ith  left v e n t r ic 
ular  aneurysm  the  non -con trac t i le  p o r t ion  of th e  left ventr ic le  shows p a r a 
doxic systolic  expansion. H ence e jection  frac tion  is reduced , in re la t ion  to  the  
com pliance  of the  an eu ry sm a l  segm ent, because  a p a r t  o f  th e  fo rw ard  s troke  
vo lum e is lost in e x p an d in g  the  an eu ry sm , th u s  reduc ing  ejection  frac t ion .

A lthough  the m ean  values of e jection  frac t ion  were no t s ign if ican tly  
d iffe ren t  betw een  group 1 and  2, th e  va lues  concern ing  endsysto lic  a n d  e n d 
diastolic  volum e for p a t ie n ts  in g roup  1 differed s ign if ican tly  from  th o se  of 
p a t ie n ts  w ith  left v en tr icu la r  asynergy  (group 2). In  p a t ie n ts  w ith  left v e n t r ic 
u la r  asynergy  (group 2) enddiasto lic  vo lum e was s ign if ican tly  sm alle r  th a n  
in p a t ie n ts  where v e n tr ic u la r  wall ab n o rm a l i ty  has  no t  been d e te c te d  while 
endsysto lic  volume was norm al.  In c o n t ra s t  th e  endsysto lic  volum e was h igher 
and th e  enddiastolic  vo lum e  was n o rm al in p a t ie n ts  in group 1, i.e. w hen  no 
evidence of  left v en tr icu la r  ab n o rm a l i ty  was d e m o n s tra te d .  T h u s  p a t ie n ts  
w ith  left  ven tr icu la r  a synergy  differed s ign if ican tly  from  those p a t ie n ts  w ith
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n o  le f t  ven tr icu lar  a b n o r m a l i ty  in their  va lues  o f  endsystolic  and  enddiasto lic  
v o lu m e .  Both endsysto lic  a n d  enddiastolic  vo lu m e  were ab n o rm a lly  large in 
p a t i e n t s  with left v e n t r i c u la r  aneurysm.

In  cases where n o  ab n o rm a l i ty  of  left v e n t r ic u la r  fu n c t io n  b y  c in ean 
g io g ra p h y  could be d e te c te d  th e  increase o f  L Y E D P  af te r  h a n d g r ip  te s t  and  
th e  abnorm ally  large E S V  in d ica te  the  im p a i rm e n t  o f  left v e n t r ic u la r  function. 
F r o m  these da ta  th e  log ica l conclusion w hich  can  be d raw n  is t h a t  th e  left 
v e n t r ic le  works w ith  a h ig h e r  volume an d  th e  F ra n k -S ta r l in g  m echan ism  b e 
co m es  effective.

H a r r is o n  [5] e m p h a s i s e d  th e  i m p o r t a n c e  o f  a b n o r m a l  r e g io n a l  m y o 
c a r d i a l  p e r fo rm a n c e  a n d  u s e d  t h e  t e r m  a s y n e r g y  t o  in d ic a te  u n c o  o r d in a t e d  v e n 
t r i c u l a r  c o n t ra c t io n .

A close and l in ea r  co rre la t ion  has been  found  be tw een  re la t ive  size of 
a n  asynerg ic  segm ent a n d  ejection  frac tion  in  dogs after  in fa rc t ion  [11] as 
w ell  as in patien ts  [6]. C orre la tion  has been  fo u n d  be tw een  th e  size of th e  
a b n o r m a l  segment a n d  th e  L V E D P  and  L V E D V  respectively  [5].

I n  patien ts  w i th  le f t  ven tr icu la r  a sy n e rg y  increase of  L Y E D P  af te r  
h a n d g r ip  test  denotes th e  dete r io ra t ion  of  le f t  v en tr icu la r  func tion . E jec t ion  
f r a c t io n  was also lower, enddiasto lic  vo lum e w as s ign if ican tly  less t h a n  th a t  
o f  n o rm a l  controls, w h ile  t h e  endsystolic v o lu m e  was norm al.  T hese  find ings 
s u p p o r t  the  view t h a t  t h e  im p a irm en t  o f  left v en tr icu la r  func tion  is caused 
b y  a disorder of left v e n t r i c u la r  d is tensib ility  i.e. b y  left v e n t r ic u la r  diastolic 
s t i f fness  [4, 5, 6, 7].

Chronic v e n tr ic u la r  an eu ry sm  is a r e la t iv e ly  com m on la te  com plica tion  
o f  m yo ca rd ia l  in fa rc t ion  occu rr ing  in 4 to  38 p e r  cen t  of rep o r ted  a u to p sy  series 
o f  p a t ie n ts  with p rev io u s  m yocard ia l in fa rc t io n  [1]. V en tr icu la r  aneu rysm  
m a y  adversely  affect v e n t r i c u la r  function p ro d u c in g  serious v en tr icu la r  a r r h y th 
m ias  or  in trac tab le  le f t  v e n t r ic u la r  failure. T h e  increase of  v e n t r ic u la r  size 
m a y  p roduce an inc rease  in  wall stress a n d  oxygen  consum ption  according 
to  t h e  Laplace re la tion .

L eft  ven tr icu la r  h aem o d y n a m ic  and  c ineangiographic  m easu rem en ts  for 
p a t i e n t s  with left v e n t r i c u la r  aneurysm  rev ea led  t h a t  s troke  vo lum e  as well 
as e jec t ion  fraction w ere  a b n o rm a l ly  low, endsysto lic ,  and endd iasto lic  vo lum e 
w ere  significantly  la rger ,  a n d  enddiastolic  p ressu re  was e levated  a lready  a t  
r e s t .  I t  can be assum ed  t h a t  th e  b ackground  of th e  severe de te r io ra t io n  of 
le f t  v en tr icu la r  func tion  in  an eu ry sm  is t h a t  a p o r t io n  of th e  v en tr ic le  is non- 
c o n tra c t i le ,  and in a d d i t io n ,  th is  portion exer ts  paradox ica l  systolic  expansion
i.e. a p a r t  of the  left v e n t r ic le  is s tiff and left v e n t r ic u la r  overload develops [8].

T h e  mean va lues  o f  h aem odynam ic  m e asu rem en ts  for p a t ie n ts  w ith  
a s y n e rg y  and angina  d iffe red  in stroke v o lu m e , enddiasto lic  vo lum e and  
en d sy s to l ic  volume f ro m  th o se  of pa t ien ts  w i th  asynergy  b u t  w i th o u t  angina. 
S t ro k e  volume was s ig n if ican t ly  higher in p a t i e n t s  w ith  angina , enddiasto lic
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volum e showed b u t  a s light increase, while endsystolic  vo lum e revea led  a 
slight decrease. F rom  these  d a ta  th e  assum ption  t h a t  th e  h e a r t  o f  p a t ie n ts  
w ith  asynergy  and  angina  works w ith  a h igher volum e, seems ju s t if ied .

I t  seems th a t  a no rm al con trac t i le  p a t te rn  was un u su a l  in p resence  of 
a p rio r  myocardial in fa rc t ion . One has to  bear in m ind , how ever, t h a t  the  
p a t ie n ts  represen t selected group and  therefore  th is  conclusion is n o t  ju s t i f ied .  
N evertheless , the  s ta te m e n t  can  be allowed th a t  th e  m a jo r i ty  of p a t ie n ts  w ith  
a p rio r  m yocardial in fa rc tion , who have  com pla in ts  suffer from  a s ign if ican t 
im p a irm e n t  in left v e n t r ic u la r  function . The m echan ism  of th e  d is tu rb an ce  
of left ven tr icu la r  func tion  is, however, different according to  th e  ty p e  o f  the  
ahn  o rm ality .

T he  supposition  seems es tab lished  th a t  m ore a p p ro p r ia te  know ledge 
concerning th e  m echanism s and  degree of  th e  im p a irm e n t  o f  left v e n t r ic u la r  
func tion  af te r  acute  m y ocard ia l  in fa rc t ion  offers a more ra t io n a l  possib ili ty  
for a meaningful th e ra p y  as well [6, 9].
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R e ce iv ed  O ctober 7, 1975

174 p a tie n ts  su ffer in g  from  variou s a u to im m u n e  renal d iseases h a v e  been  fo l
low ed  up for periods o f  one to  four years. R ep ea ted  a ssessm en t o f  c lin ica l and im m u 
nolog ica l a c t iv ity  is in d isp en sa b le  for th erap y , p ro g n o sis  and reh ab ilita tion .

D eterm in a tio n  o f  m icroscop ic  h aem atu ria  b y  th e  A d dis cou n t proved  to  be th e  
b est in d ica tio n  o f  c lin ica l a c t iv ity . Im m u n olog ica l a c t iv ity  w as assessed  b y  th e  C H 50, 
C3 and im m u n o co n g lu tin in e  te sts , th e  titer  o f  th e  an ti-g lom eru lar  basal m em b ran e  
an tib od ies and th e  in h ib it io n  o f  leu co cy te  m ig ra tio n . D ep en d in g  up on th e  n atu re  and  
sta g e  o f  the  d isease  on e or m ore p o s itiv e  te s ts  in d ic a te d  a c t iv ity  o f  the  p a th o lo g ica l 
process.

C on seq u en tly , th e  sim u lta n eo u s ap p lica tion  o f  severa l m eth od s is recom m en d ed  
for a ssessm en t o f  im m u n o lo g ica l a c t iv ity  in a u to im m u n e  renal d iseases.

The general lines o f  lo n g - te rm  care are in d e p e n d e n t  of th e  ty p e  o f  n e p h ro 
p a th y .  There are none th e  less cer ta in  points  to  be k ep t  in m ind  in case of 
a u to im m u n e  renal disease w here  a close s tu d y  of th e  clinical and im m unological 
ac t iv i ty  is o f  u tm o s t  th e ra p e u t ic  an d  prognostic  re levance  and also p red ic t ive  
of  the  chances of reh ab i l i ta t io n .

A u to im m une  renal disease includes th e  following conditions.
1. chronic g lom eru lonephrit is ,
2. G oodpastu re ’s syndrom e,
3. n e p h ro p a th y  collagen disease,
4. id iopath ic  n ep h ro t ic  syndrom e.
T he  presen t m a te r ia l  inc luded  121 p a t ie n ts  w ith  renal disease o f  s t r ic t ly  

au to im m u n e  cha rac te r .  In a wider sense, it a m o u n te d  to  174 cases if th e  p a t ie n ts  
with acu te  g lom eru lonephrit is  o f  p ro trac ted  course  and  those w ith  su b acu te  
nephri t is  of rapid progression are also ineluded.

I t  is obvious t h a t  ce r ta in  forms of a u to im m u n e  renal disease, e.g. the  
G oodpastu re-syndrom c, po ly a r te r i t is  nodosa, W e g e n e r ’s g ranu lom atos is ,  su b 
acu te  g lom eru lonephrit is  h a rd ly  ever provide cases for long-term  care  owing 
to  the  rap id  fa ta l  o u tco m e  of th e  process.
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Practice of long-term  care

T h e  cardinal fa c to r  o f  long-term  care  in chronic renal d isease is an ou t
p a t i e n t  clinic p rov ided  w i th  all necessary  d iagnostic  facilities. I t  belongs to  
t h e  p rac t is in g  physic ian  to  so r t  o u t  the  cases an d  to  recognize u n e x p e c te d  su d 
d e n  changes. The p a t ie n ts  have , however, to  be a d m it te d  to  th e  nephro logy  
w a r d  a t  least once a y e a r  for  closer analysis  o f  th e  process.

A  prin ted  from w as u se d  b y  our N ep h ro lo g y  C lin ic, on w h ich  b esid e  th e  h is to r y , the  
p h y s ic a l  s ta tu s , including th e  o c u la r  fu n d u s fo llo w in g  la b o ra to ry  d a ta  w ere reco rd ed  (T ab le  I). 
T h e  t e s t s  and in v estig a tio n s  s e le c te d  for th is  pu rp ose are to  p rovide  in fo rm a tio n  o n  th e  clin ical 
a n d  im m u n o lo g ica l a c t iv ity  o f  th e  process and on  ren al fu n ctio n .

Table I

Laboratory investigations

E SR
ASO
Serum N a
Serum К
Serum Cl
Serum cholestero l
Blood sugar
Serum to ta l protein
Paper e lectrop h oresis
B U N
Serum creatin ine
4 hr endogenous crea tin in e  clearance

U rine
Sp ec, g rav ity  
р И
P rotein  
E sb ach  te st  
D on n é te st  for pus 
Sugar
A d d is count 

R B C  
W BC
Casts

B acter ia l count 
A ntib iogram
Stern h eim er—M albin cells

H aem oglobin  
H aem atocrit 
Cell counts 

L eukocytes 
N eutrophils  
P latelets

P latelet A D P  a g g reg a tio n  
Platelet factor  3 a v a ila b ility

Electrocardiogram  
B allistocardiogram  
X -ray of stom ach

C apillary resistance  
T ourniq uet te st  
Coagulogram  
E u glob u lin  lysis tim e  
T hrom boelastogram  
L E -cell phenom enon

N asa l swab  
P h aryn geal sw ab

T h e  m ost reliable in d ex  o f  a c t iv ity  is m icroh aem atu r ia  e stim a ted  b y  th e  A d d is count. 
T h e  p r o c e s s  is considered c lin ic a lly  a c tiv e  as long as th e  A d d is cou n t exceed s 10 m illion . P ro
te in u r ia  is  less in form ative , i t s  d ec re a se  being  n o t n ecessa rily  a sign o f  c lin ica l im p ro v em en t. 
E x c r e t io n  over  3 g daily  d oes, h o w e v e r , reflec t an a c t iv ity  characteristic  o f  th e  n e p h ro tic  sy n 
d r o m e . T h e  in form ative v a lu e  o f  h y p er te n s io n  as a sign  o f  a c t iv ity  is lim ited  b y  th e  occurrence  
o f  d u a l syn d rom es, for in sta n ce  o f  g lom eru lon ep h ritis in  a sso cia tio n  w ith  c en tra l (essen tia l)  
h y p e r te n s io n . The red b lood  ce ll se d im e n ta tio n  ra te  is a h ig h ly  in form ative  in d e x  o f  a c tiv ity .

E ff ic ie n c y  of the  k id n e y  is  assessed  b y  e s tim a tio n  o f  th e  glom erular f i ltr a t io n  rate. 
In u lin  c lea ra n ce  is the m o st r e lia b le  procedure o f  th is  k in d  b u t it  requires .clin ica l fac ilities. 
E n d o g e n o u s  creatin ine c lea ra n ce  is sa tisfa c to ry  for r o u tin e  purposes w ith  th e  u n d ersta n d in g  
th a t  i t  is  carried out under id e n t ic a l  con d ition s . A c tu a lly , in  our exp erien ce , th e  sa m e  p a tien t  
g e n e r a lly  sh ow s a low er c re a tin in e  clearan ce w h en  seen  as on  o u tp a tie n t th a n  h e  d oes in  the  
c o u r se  o f  hosp ita liza tion . T h is  is  p r o b a b ly  because  m a n y  p a tie n ts  h ave to  m ak e  a fa ir ly  long
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jo u rn e y  to  be seen a t  th e  clinic an d  fail to  observe b ed  re s t . S im ilar o b se rv atio n s h a v e  b een  
re p o rte d  by  F i s c h e r  an d  V a r g a  [ 3 ] .

Close a tte n tio n  is be ing  g iven  to  blood co ag u la tio n , since its disorders belong  to  th e  
essen tia l fe a tu res  o f im m une n ep h ro p a th ie s . In v e s tig a tio n  of th e  h e a rt includes E C G  a n d  
b a llis to ca rd io g rap h ic  stu d ies . In  case o f m assive co rtico s te ro id  th e ra p y , X -ray  e x a m in a tio n  
o f th e  s to m ach  is perfo rm ed  a t  th re e  week in te rv a ls .

T his follow -up schem e has been  applied  to  ev ery  case o f renal disease, reg ard less  o f its  
ty p e . H ow ever, in ren a l disease  w ith  au to im m u n e  fe a tu re s  ad d itio n a l p rocedures h a v e  been 
a d o p te d  for th e  analysis o f th e  im m unolog ical b ack g ro u n d . T hese  are as follows.

1. M easurement of serum  com plem ent according to Lange [16]; normal range, 1 to
3 U.

2 .  M easu rem en t o f th e  th ird  co m ponen t of co m p le m e n t according to  M a n c i n i  [ 2 1 ] ;  
n o rm al ran g e  1 0 0 ; t2 2 m g  p er 100 ml.

3. S tu d y  of im m u n o co n g lu tin in  according to  C o o m b s  and  C o o m b s  [2].
4. M easurem en t o f  th e  an ti-g lo m eru la r b a se m e n t m em brane a n tib o d y  t i t r e s  by  

co m p lem en t fix a tio n . I t  is on ly  from  d ilu tions of 1 : 16 o n w ard  th a t  th e  sera can  be  considered  
positive .

5 .  L eukocy te  m ig ra tio n  te s t  according to S o b o b g  a n d  B e n d i x e n  [27], w ith  h u m a n  glo
m eru la r  b asem en t m em b ran e  an tig e n  p rep ared  by  th e  m e th o d  of K r a k o w e r  an d  G r e e n s p o n  
[13] an d  of R o c k l i n  [26]

D iagnosis of im m unological activity

Serum  com plem ent, i.e. total haemolytic com plem ent activity  (C H 50). I t  was 
G u n n  [ 7 ]  who f i rs t  recognized th e  fall in se ru m  com plem en t level ac c o m p a n y in g  
acu te  g lom eru lonephrit is ,  an  observation  c o n f irm ed  since by  n u m ero u s  au th o rs .  
Chronic g lom eru lonephrit is  is generally  assoc ia ted  w ith  a norm al se ru m  com ple 
m e n t  level. There  are, how ever, cases in w h ich  th e  level decreases while the  
process rem ains clin ically  ac t ive :  pers is ten t h y p ocom plem en taem ic  g lom eru lo 
nephri t is  [4, 8, 9, 10, 11, 14, 22, 23, 30]. O f t h e  collagen n ep h ro p a th ie s  it is 
p a r t ic u la r ly  lup u s  nep h r i t is  o f  which a low se ru m  com plem ent level is ty p ic a l  
[16, 28]. The oed em ato u s  s tage  of th e  n e p h ro t ic  syndrom e is often  assoc ia ted  
w ith  low com plem en t levels [ 14, 15, 28] a n d  i ts  varia t ions  reflect th e  clinical 
course.

T hough  we h ave  failed to  confirm  th e  existence of a close re la t io n sh ip  
of  th e  clinical course a n d  th e  serum  co m p le m e n t  level [8 ,9 ,  11] we c e r ta in ly  
reg a rd  p e rs is ten tly  low com plem en t values as an  unfavourab le  p rognostic  sign.

The th ird  com ponent o f  complement (C 3 , ßyC-globulin). T here  are  n ine 
th u s  fa r  iden tif ied  co m ponen ts  of the  c o m p lem en t;  among th e m  C3 has  been 
fo u n d  to  be th e  m ost in fo rm ative  [5, 6, 12, 25, 29].

In the  p resen t  m a te r ia l ,  w ith  the  ex cep tion  o f  the  cases of lup u s  n e p h ro 
p a th y ,  th e  var ia t ions  o f  th e  se rum  to ta l  c o m p lem en t  level did no t  in v a r ia b ly  go 
para lle l  w ith  th e  va lue  for C3 (Fig. 1).

T he  left lower q u a r te r  o f  Fig. 1 rep re sen ts  th e  cases in which th e  values  
for b o th  C.H5() and  C3 were reduced , its left u p p e r  q u a r te r  those in w hich  only 
C3 was low, th e  left u p p e r  q u a r te r  those w ith  no rm a l  CH50 and  C3 va lues ,  and  
th e  r ig h t  lower q u a r te r  those exceptional cases in which only th e  C H 50 level 
was low.
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L u p u s  n e p h ro p a th y  w as  inva r iab ly  assoc ia ted  w ith  a decreased v a lu e  for 
b o t h  C H 50 and C3. In  a n u m b e r  of p a t ie n ts  w i th  chronic g lom eru lonephrit is  
o n ly  C3 was reduced. S im ila r  results h a v e  been  obta ined  in th e  nep h ro t ic  
s y n d ro m e .

I n  our experience C3 is a more sensitive in d ica to r  of ac t iv i ty  t h a n  C H sn 
b u t  t h e  reverse m ay  also occu r  in exceptional cases.

A decline of C3 in t h e  course of in te r m i t t e n t  haemodialysis is n o t  neces
s a r i ly  a sign of im m unolog ica l  ac t iv i ty .  As i t  c an  be seen in Fig. 2, C3 d im in 
ish e d  d u r ing  haem odia lysis  and  re tu rn ed  to  no rm a l  values th e rea f te r .  This 
m ig h t  be  a t t r ib u te d  to  a loss of am inoacids  in terfering  w ith  c o m p lem en t  
s y n th e s i s .
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°  Chronic glomerulonephritis 
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Fig. 1. R ela tionsh ip  b e tw een  C H 50 and  C3 in  au to im m u n e  renal disease
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Fig. 2. D ecline  o f C3 in th e  course  o f haem odialysis
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Im m unocong lu tin in . Im m u n o c o n g lu t in in  is an an t ib o d y  to  the  concealed  
an t ig en -d e te rm in an ts  o f  C3 an d  C4. I t s  level increases if  it  reacts  w i th  im m u n e  
complexes. Increased  levels h ave  been found  in sera of  p a t ie n ts  w i th  acu te  
nep h r i t is  [2, 24]. Im m u n o co n g lu t in in  is no t  dem onstrab le  before th e  decrease 
o f  th e  com plem ent level b u t  it has been  d em o n s tra ted  even when th e  com ple
m e n t  has  ceased to  decline [24].

T h e  var ia tions  in C3 were com pared  w ith  those of  im m u n o co n g lu t in in  
in  35 cases of im m une  rena l  disease. In  50 %  of the  cases no p a ra l le l ism  was 
found  b e tw een  the  two va lues  a l th o u g h  bo th  proved  to  be sensitive ind ices  of 
im m unolog ica l  ac tiv ity .

Therapy

ASO titre U 

CH5 0 u 
C3 m g/100 ml 
Haematuria 60

Addis count/million/ 
40

Proteinuria g /24 hr 3 
2

Prednisolone mg daily
,60, 50 , 40 30 20

L70________ 60 84 70
1170 165 1.65 1.41
193 88 82 94 90

13 November 
1972

10_
120
125

90

° Anti-GBM 
g antibody titre

log
2
4 _

8 October
1973

Fig. 3. R e la tio n sh ip  of an ti-g lo m e ru la r  b a sem en t m em brane  (C M B )-antibody t i t r e  a n d  clinical 
course. R en al b io p sy : p ro life ra tive  g lom eru lonephritis

A nti-g lom erular basement membrane antibodies. There  are som e d a t a  of 
an ti-g lom eru la r  basem ent m e m b ra n e  antibodies  being d em o n s trab le  in the  
sera of  p a t ie n ts  w ith  various ty p e s  of  n e p h ro p a th y  [1, 17, 18, 19].

In  th e  presen t m a te r ia l  some re la tionsh ip  was observed be tw een  th e  a n t i 
b a se m e n t  m em b ran e  a n t ib o d y  t i t re s  and  th e  clinical course. This  is obvious 
from  Fig. 3. The p a t ien t  w as  a 18 y e a r  old male  w ith  prolifera tive  g lo m eru lo 
nephri t is .  All signs of clinical a c t iv i ty  were presen t and  the  a n t i -b a s e m e n t  
m e m b ra n e  an t ib o d y  t i t re s  were high. Predniso lone th e ra p y  resu lted  in  regres
sion of  th e  sy m ptom s and  in n o rm aliza t ion  of  th e  an t ib o d y  t i t re .  10 m o n th s  
la te r  p ro te inu ria  was m in im al  and  th e  an t ib o d y  t i t re  h ad  rem ain ed  n o rm a l .

T here  are, however, som e l im ita tions  of  th e  m ethod : c i rcu la t in g  a n t i 
basem en t  m em brane  a n t ib o d y  was dem onstrab le  in no more th a n  12 o u t  of 
66 cases of  au to im m une  rena l  disease, and  an tibod y -p o s i t iv i ty  was con f ined
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to  7 o u t  of 25 cases o f  c h ro n ic  g lom eru lonephrit is .  The possible exp lana tions  
o f  t h e  failure are t h a t  t h e  sensitivity  of th e  m e th o d  m ay  no t  be a d eq u a te  
or  t h e  an ti-basem ent m e m b r a n e  an tibody m a y  n o t  be th e  m ed ia to r  o f  chronic  
g lom eru lonephrit is  in  t h e  m a jo r i ty  of cases.

Cell-mediated im m u n e  response.

Sporadic d a ta  su g g e s t  th a t ,  in add it ion  to  hum o ra l  im m u n ity ,  cellular 
i m m u n i t y  m ay also b e  in v o lv ed  in the  p a th o g en es is  of im m unogen ic  renal 
d isea se  [18, 20, 26]. O n  t h e  evidence of our se r ia l  experim en ts ,  th e  m ig ra t ion  
in d e x ,  w ith  antigen d e r iv e d  from  glomerular b a s e m e n t  m em brane ,  m a y  serve 
as  an  indicator of t h e  im m u n e  processes t a k in g  place a t  th e  cellular level.

Therapy

Migration index

CH50U 
C3 mg/100ml | 100

Haematuria 100 
Addis count/million/ 

60

, Azathioprine 250 mg daily
Prednisolone mg daily

,5 0  , A0 ,3 0  ,20

I U 5 1.36 1.16
102 98 102 104

1.27 1.46 1.63 1.93
88 90 106 112

Ml  I < 1

hM lJllliU lli ЛЛ§ШйштЧ~Лшт.£)шЛ

10 May 20 
1973

30 10 August 20 30 10 September 30 5 October

F ig . 4. R ela tionsh ip  of le u k o c y te  m ig ra tion  index (M I) a n d  c lin ical course. R en al b iopsy : p ro 
liferative g lo m e ru lo n ep h ritis . The h a tch ed  a re a  re p re se n ts  th e  norm al range

(Fig. 4) The p a t i e n t  w as  a 39 year old m a le  w ith  clinically ac tive  pro lif
e r a t i v e  g lom eru lonephrit is .  W hile  the m ig ra t ion  in d ex  was positive, no h u m o r 
al an t i -b asem en t  m e m b r a n e  an tibody  was d e m o n s t ra b le .  In  response to  60 mg 
predn iso lone  daily, h a e m a t u r i a  subsided, t h e  m ig ra t ion  index  r e tu rn e d  to  
n o r m a l  values and th e  b io p sy  also showed signs o f  im p ro v em en t .

Inhib ition  of m ig ra t io n  by  the basem en t m em b ra n e -an t ig e n  was ob ta ined  
q u i t e  unexpected ly  in  as m a n y  as 6 cases in a t o t a l  o f  7 p a t ien ts  w ith  id iopa th ic  
n e p h ro t ic  syndrome.

I t  is concluded f ro m  th e  present o b se rv a t io n s  t h a t  assessm ent of the  
im m unological a c t iv i ty  re q u ire s  the c o n c u r re n t  use of different procedures .
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The values for to ta l  R B F  m easured  w ith  ,33X e a n d 8eR b  m ethods a re  n e a rly  equal 
to  th a t  m easu red  s im u ltan eo u s ly  w ith  an e lec tro m ag n e tic  flow m eter. A h ig h  degree  of 
co rre la tio n  was found  b e tw een  th e  v a lues e s tim a te d  by  th e  three  m eth o d s. N o sig n ifican t 
co rre la tio n  was, how ever, fo u n d  in  th e  perfusion  of th e  ind iv idual k id n ey  reg io n s (cor
tex , o u te r  and  inner m ed u lla ) m easu red  w ith  133X e  w ash-out a n d 86Rl> u p ta k e  tec h n iq u es .

Thu in tra ren a l  d is t r ib u t io n  of  the  n u t r i t iv e  blood flow of t h e  k id n e y  is 
o f  considerable  in te res t  in var ious  ex p er im en ta l  and clinical c o n d i t io n s .  The 
m o s t  va luab le  m ethods for its es t im a tion  in  experim enta l  a n im a ls  are  the  
8GR b -u p ta k e  and  the ra d io a c t iv e  in e r t  gas (85K r,  133Xe) w ash -o u t  tech n iq u es  
[2, 6, 7]. B o th  m ethods  h a v e  th e ir  ad v an tag es  and  d isadvan tages ,  accord ing ly , 
i t  would be useful if th e y  cou ld  be em ployed in te rchangeab ly . T h e  f low  rates  
ob ta ined  by  th e  two m e th o d s  for th e  in d iv idua l  functional regions o f  th e  k idney  
seem to differ considerab ly . On th e  o the r  h a n d ,  th e  es tim ated  to ta l  r e n a l  blood 
flows are a b o u t  the  s a m e  as th e  values o b ta in ed  with  direct m e th o d s .

In  th e  p resen t  in v e s t ig a t io n s  b o th  techn iques  were applied  in  th e  same 
anim als  an d  th e  e s t im a ted  flow ra te s  were com pared  with the  v a lu e s  ob ta ined  
w ith  an e lec tro m ag n e t ic  f low m ete r .

M ateria l  and m ethods

In  th e  ex p erim en ts  9 m ongrel dogs of 23.7 ± 3 .8  kg body weight o f b o th  sexes w ere used 
u n d e r p e n to b a rb ita l  (in itial dose 30 m g/kg) an aesth es ia . In  p e n to b a rb ita l a n a e s th e s ia  card iac  
o u tp u t  and  b lood pressure are  u su a lly  high . In  th e  p re se n t experim ents m ean  c a rd ia c  o u tp u t  
w as 152.5 15.7 m l/m in /kg  an d  m ean  a r te ria l p ressu re  138 ± 5 .2  mm Hg. In  som e an im a ls  a
m o d era te  decrease  in a rte ria l p re ssu re  w ith  a m arked  d ro p  of renal blood flow o c cu rre d  during  
th e  m an ip u la tio n s. A d v an tag e  w as ta k e n  of th is occu rren ce  to  ex ten d  the ran g e  o f flowr m easu re 
m en ts. A ,33X e-w ash-ou t cu rv e  w as reco rded  a t  th e  low perfusion  ra te  an d  a r te r ia l  pressure 
a n d  renal blood flow were th e n  co n seq u en tly  raised  to  th e  in itia l level by d e x tr a n  (6 % )  infu
sion. The k id n ey s were a p p ro ach ed  tran sp e rito n e a lly . E lectro m ag n e tic  flow p ro b es  (N y co tro n , 
D ram en, N orw ay) were p laced  on  one or b o th  ren a l a rte rie s . The zero p o in t o f  th e  flow m eter 
w as con tro lled  a t  th e  beg inn ing  an d  a t  th e  end of th e  ex p erim en t by co m p ress in g  th e  a rte ry  
d is ta lly  to  th e  probe. A sm all bore  fluo ro carb o n  c a th e te r  was in troduced  th ro u g h  th e  fem oral 
in to  the  re n a l a rte ry  (usually  th e  le ft one). 133Xe (a b o u t 50 //Ci) dissolved in 0.1 0.5 ml phys
iological sa line  was in jec ted  ra p id ly  th ro u g h  the  c a th e te r  in to  the  renal a r te ry .  A co llim ated  
sc in tilla tio n  d e te c to r was p laced  e x te rn a lly  a t  a d is tan ce  of 8 cm from th e  k id n ey . T h e  whole 
o rg an  was w ith in  th e  visual field o f th e  d e tec to r. T he d e te c to r  was connected  to  a  lin e a r  ra te- 
m e te r  and  a c tiv ity  was reg is te red  w ith  a d irec t w ritin g  recorder.
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In  each  an im al 2 to  4 133X e-w ash -o u t curves w ere  o b ta in e d . Im m ed ia te ly  a f te r  regis
t r a t io n  o f th e  las t curve th e  a n im a ls  received 50 f i d  86R b  Cl b y  ra p id  in jec tion  in to  th e  ex te rn a l 
ju g u la r  ve in . Blood sam ples f ro m  th e  fem oral a rte ry  w ere  co llec ted  a t  2 sec in te rv a ls  fo r  40 sec. 
E x a c tly  1 m in  a fte r th e  in je c tio n  o f  th e  in d ica to r b o th  k id n e y s  w ere clam ped a n d  rem oved . 
T h e  m e th o d s  of ra d io a c tiv ity  m ea su re m e n ts  in  blood a n d  tis su e  sam ples as well as th e  eq u a tio n s  
fo r  c a rd ia c  o u tp u t and  re n a l b lo o d  flow  calcu la tion  w ere  r e p o rte d  p rev iously  [1]. T h e  133Xe- 
d e ca y  cu rv es were p lo tte d  a s  a  fu n c tio n  of tim e on sem ilo g a rith m ic  g rap h  pap er. T h e  d a ta  
w ere  an a ly ze d  according to  T h o r b u r n  et al. [7]. T h e  seco n d  slope of th e  m u ltiex p o n en tia l 
d ecay  c u rv e  was su b tra c ted  fro m  th e  f irs t, and th is d iffe ren ce  as well as th a t  of th e  2nd a n d  3rd, 
a n d  3 rd  a n d  4 th  slopes w ere r e p lo t te d .  From  th e  4 r e s u l ta n t  slopes cortical, o u te r  a n d  inner 
m e d u lla ry  as well as p e r ire n a l f a t  tis su e  blood flows w ere o b ta in e d  as follows.

„  0.693 • Я
Fm i/m in/g- T y2 [sec] X 60,

w h ere  Я fo r th e  renal tis su e  w as c a lcu la ted  from  th e  h a e m a to c r it  [2] w ith  th e  e q u a tio n :

1.69Я =  0.70 1.05 +  0.013 ■ Htc

F o r  fa t  tissue th e  c a lc u la tio n s  were m ade w ith  a  p a r t i t io n  coefficient of 9.80. 
In te rsec tio n  of th e  r e p lo t te d  re su lta n t curves w ith  th e  abscissa (K % ) is eq u a l to  th e  

p e r  c e n t o f to ta l  a c tiv ity  e lim in a te d  a t  the  correspond ing  r a te ,  i.e. to  the  per cen t o f  th e  to ta l  
a c t iv i ty  p re se n t in th e  c o m p a r tm e n t.  T o tal renal b lo d  flo w  (R B F )  was calcu la ted  as follow s:

RBF rhioog-») =  F i X K % ,  +  F 2x K % 2 +  F 3 X K % 3 +  F j X K % 4(ml- min

F in a lly , frac tion  [F % ]  o f th e  R B F  perfusing th e  in d iv id u a l regions of th e  re n a l p a re n 
c h y m a  w as calcu la ted  w ith  th e  follow ing equation ;

_  F  X 100 
/0 ^  R B F

R B F  was also c a lc u la te d  fro m  the  f irs t slope o f th e  133X e-decay  cu rve  as suggested  
b y  L a d e f o g e d  et al. [2, 3] a n d  th e  results were c o m p a red  w ith  th e  values o b ta in e d  b y  th e  
su m m a tio n  m ethod  d escribed  in  th e  previous p a rag ra p h .

T h e  d a ta  reported  are  a v e ra g e s  ± S E M . S tu d e n t’s i - te s t  w as applied  for s ta tis t ic a l  an a l
ysis.

Results

I n  9 dogs R B F  c a lc u la te d  from 29 133X e -w a s h -o u t  curves a m o u n te d  to  
5.01 rb 0.2 m l.g -1 .m in - 1 , th e  same value c a lc u la te d  from  the  f irs t  slope of  the 
cu rves  [2, 3] to 4.23 b: 0 .27 m l .g -1 m in -1 (p <7 0.01) and  th a t  o b ta in ed  w ith  
t h e  f lo w m e te r  to 4.97 ±  0.22 m l.g -1 m in -1  (T ab le  I) (Fig. 1).

R B F  was m e a su re d  b y  86R b-up take  in  9 dogs. F o r  the  k idneys  where  
th e  133X e-w ash -ou t  t e c h n iq u e  and the  f lo w m ete r  were also applied , a va lue  
o f  4.45 ±  0.4 m l.g -1 m i n -1  w as  obtained. I m m e d ia te ly  before th e  80R b  a d m in 
i s t r a t i o n  R B F  m easu red  w i th  133Xe was 4.99 rb 0.39 m l .g -1 m in -1 , a n d  with 
th e  f lo w m ete r ,  5.20 ±  0 .40 m l .g -1 m in -1 . T h e  d ifference 133X e — FM was n o t  
s ig n if ican t  (p >  0.05); t h e  differences s6R b — 133X e  a n d  8f,R b — FM were b o th  
s ig n if ican t  (p <7 0.05). T h e  r a t i o  of flow 8f,R b /f low  133X e  was 0.89. A sign if ican t 
c o r re la t io n  was found b e tw e e n  R B F  values m e a s u re d  w i th  133X e  a n d  f low m ete r  
(133X e — FM  r =  0.86 : p <7 0 .01 ; flow 133X e  f i r s t  s lope—FM r =  0.89 : p <7
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Table I

N utritive  renal blood flo w  measured w ith the 133X e wash-out technique. 
( Average o f  29 measurements in  9 dogs)

F K % F%

cortex 7.08 ± 0 .3 4 57.0 ± 2 .1 81.5 ± 1 .8

o u ter m edulla 2.35 ± 0 .1 4 29.5 ± 1 .9 16.9 ± 1 .6

inner m edulla 0.35 ± 0 .0 3 7.7 ± 0 .6 0.7 ± 0 .1

perirenal fa t 0 .4 6 ± 0 .0 2 5.8 ± 0 .9 0 .9 ± 0 .2

R B F 5.01 ± 0 .2 2 100 100

R B F+ 4 .2 3 ± 0 .2 7

FM  R B F 4.97 ± 0 .2 2

F : blood flow ml • g -1 , m in -1 ; K % : per cen t o f label present in the ind iv idual c o m p a rt
m en t; F % : per cent o f to ta l  R B F ; FM R B F : renal blood flow m easured with flo w m eter.

+  T o ta l n u tr itiv e  renal blood flow calculated  from  th e  firs t slope of the in d ic a to r  decay
curve.

Fig. 1. 133Xe decay  cu rv e  a f te r  in jection  of the  in d ic a to r  in to  th e  renal a rte ry . T h e  c u rv e  has 
been p lo tte d  on sem ilo g arith m ic  graph paper. F ro m  e ach  ind iv idual co m ponen t c u rv e s  the  
sub seq u en t curve was su b tra c te d  graphically  an d  th e  d ifference  was rep lo tted  on  th e  g ra p h  
p ap er. C: c o m p a rtm e n ts  rep re sen ted  by th e  in d iv id u a l slopes o f the  com posits c u rv e : 1 : co rte x , 
2: o u te r  m edulla , 3: in n er m edulla , 4: perirenal fa t; F : flow  m l • g -1 ; K %  per cen t o f  o rig ina l 

a c tiv ity  p re sen t in the  c o m p a rtm e n t; F %  : p e r cen t of to ta l R B F

0.01) an d  also be tw een  8fiRh and FM (r = 0.93: p 0.01) (Fig. 2). N o sig
n if ican t  corre la tion  was, however, found b e tw e e n  the  regional R B F  m easu red  
by  133X e  and by  86R b :  cortex  r 0.52 (p >  0.05); ou te r  m edulla : r  - 0.46 
(p 0.05) in n e r  m edu lla :  r =  0.17. Cortical b lood  flow measured w i th  133X e  
was s ign if ican tly  h igher  th a n  th a t  by 8ßR b  u p ta k e .  T he  flow values fo r  th e  o u te r  
m edulla  o b ta in e d  b y  th e  tw o  methods were  c o m p arab le  and flow in t h e  in n e r  
m edulla  m easu red  w ith  86R b exceeded a b o u t  fo u r  times the  one c a lc u la te d  
from  th e  133X e curves (Table  II). The 133X e -c u rv e s  showed th a t  8 1 .5 %  o f  the
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Table II

N u tr itiv e  renal blood f lo w  (m l ■ g -1 m in -1 ) calculated fr o m  86R b  uptake and  133X e w ash-out

“eRb 133Xe

cortex 5.28 ± 0 .6 2 7 .52±0.43
outer m edulla 2 .8 4 ± 0 .3 6 2.60±0.15
inner m edulla I .2 6 ± 0 .2 2 0 .42±0.07
perirenal fa t 0 .50±0 .10

R B F 4 .4 5 ± 0 .4 3 4.99±0.39
FM -R B F 5 .2 0 ± 0 .4 3

R B F : to ta l n u tr itiv e  re n a l blood flow; FM— R B F : re n a l blood flow m easured  w ith  electro  
m a g n e tic  flow m eter.

FM

Rb

F ig . 2. C orre la tion  be tw een  re n a l blood flow [ml • g 1. ■ m in  ]] m easured w ith  e le c tro m ag  
ne tic  flo w m eter [FM ], l33Xe w ash -o u t a n d  86R b  u p tak e  techniques
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R B F  w en t to  th e  cor tex , 16 .9%  to  th e  ou te r ,  0 .7 %  to  th e  inner m ed u lla  a n d  
9 %  to  perirenal fa t .  T he  c o m p a r tm e n t  co rrespond ing  to  th e  cortex re p re se n te d  
57%  of the  renal tissue, K %  values for th e  m e d u lla ry  layers  and for p e r i ren a l  
tissue were 29 .5% , 7 .7%  and  5 .8% , respectively .

Discussion

In  spite  o f  a s ign if ican t correla tion  of  th e  to ta l  R B F  values m e a su re d  
w ith  t h e 8CR b  and  133X e  m ethods , th e re  was a d ifference in the  in tra ren a l  d is t r i 
bu tio n  of flow and  the re  was no significant co rre la t io n  between th e  va lues  
o b ta ined  by th e  two m ethods . This questions th e  re liab il i ty  of the  tw o  te c h 
niques for th e  m easu rem en t  of in t ra re n a l  flow d is t r ib u t io n .

B o th  m ethods  are based  on th e  a ssu m p tio n  t h a t  th e  ind ica tor  is d i s t r i 
b u te d  alm ost im m ed ia te ly  in the  rena l  tissue a n d  t h a t  the ir  up take  a n d  release 
are flow lim ited . The diffusion p ropert ies  a n d  th e  m echanism  of u p ta k e  by 
thr; t issue cells o f  the  two substances  arc d iffe ren t  b u t  if the d iscrepancies  in 
in tra ren a l  d is t r ib u t io n  are due to  th is  fac tor ,  th e n  a system atic  e r ro r ,  no t 
abolish ing  th e  corre la tion  be tw een  th e  values  o b ta in e d  with th e  tw o  te c h 
niques, should  he expec ted . I t  is there fo re  a ssu m ed , t h a t  the  d ivergences are 
explained by  some specific factors in h e ren t  in t h e  tw o techniques.

In  the  86R b m e th o d ,  well-defined p a r ts  o f  th e  renal tissue are  excised. 
In th e  133X e  techn ique  th e  m onoexponen tia l  c o m p o n e n ts  of the  com pos ite  
decay-curve  are iden tif ied  w ith  th e  in d ica to r  e l im ina tion  from the  in d iv id u a l  
regions of th e  k idney. T he  four slopes o f  th e  c u rv e  usua lly  differ con s id e rab ly  
and it  is assum ed t h a t  th e y  represen t  f iac t ions  o f  th e  renal tissue w ith  d if fe ren t  
perfusion ra tes ,  i.e. co r tex , ou te r  an d  inner  m edu lla ,  and perirenal f a t  [7]. 
S tud ies  m ade w ith  rad ioac tive  m icrospheres h a v e ,  however, shown t h a t  t issue 
perfusion ra te s  o f  ind iv idua l  zones of  th e  co r tex  differ s ignificantly, t h e  flow 
being  lowest in th e  inn e rm o st  zone [4]. D iv is ion  of th e  cortex in 4 zones is 
o f  course a rb i t ra ry ,  and  th e  difference in th e  perfus ion  of  ad jacent th in  layers  
of th e  cortical t issue m u s t  be small. A ccord ingly , th e  first ,  seemingly m o n o 
exponen tia l  com ponen t o f  th e  133X e  decay c u rv e  is a c tua lly  a r e s u l ta n t  o f  an 
infin ite  n u m b e r  of c o m ponen ts  w ith  gradua l  t r a n s i t io n s  between high a n d  low 
flow ra tes . The co m ponen ts  of th e  133X e curve  a re  n o t  representing d iffe ren t  
ana tom ica l  p a r ts  o f  th e  k idney , h u t  only  tissue regions w ith  similar f low  ra te s  
or w ith o u t  a b r u p t  differences in th e  perfusion o f  th e  ad jacen t  zones.

In  the  p resen t  s tu d y  35 to  7 4 %  (m ean  5 7 % )  of th e  initial a c t iv i ty  was 
cleared from  the  c o m p a r tm e n t  rep resen ted  b y  th e  f i rs t  slope of the  13:iX e  curve  
(“ co r te x ” ), and  13 to  4 2 %  (m ean 29 .5% ) f ro m  th e  second c o m p a r tm e n t  
(“ o u te r  m edu lla” ). T he  range  is, how ever,  wide a n d  even in the sam e an im al  
a small decline of perfusion pressure and /o r  o f  to ta l  R B F  during the  e x p e r im e n t
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m a y  le a d  to  a considerable  change in th e  c o n tr ib u t io n  of th e  in d iv id u a l  m o n o 
e x p o n e n t i a l  com ponen ts ,  w ith o u t  a m a jo r  change  in to ta l  R B F  e s t im a ted  
f ro m  th e  same curves. I t  m a y  be assum ed t h a t  th e  perfusion of  t h e  in n e rm o s t  
c o r t ic a l  layers  is reduced  b y  some change in  in t ra re n a l  vascu la r  re s is tan ce  [5] 
a n d ,  consequen tly ,  t h a t  th e  f irs t  m o n o ex p o n en t ia l  com ponen t o f  th e  curve, 
w h ic h  is usually  iden tif ied  w i th  cortical b lo o d  flow, m ay n o t  c o n ta in  th e  p a r t  
r e p re s e n t in g  the  w ash-ou t  o f  the  in d ica to r  f rom  the  inner co r tex .  T he  f irs t  
c o m p o n e n t  of the  curve  th e n  represen ts  o n ly  f low  in the o u te r  co r t ica l  zones, 
p e r fu s io n  of th e  inne r  zone being  re p re sen ted  in  th e  second c o m p o n e n t  which 
is u s u a l ly  a t t r ib u te d  to  th e  ou te r  m edulla .  Accordingly, cortical b lood  flow 
m e a s u r e d  w ith  86R b can  be equa l  to  or lower o r  in some cases even h ig h er  th a n  
th e  v a lu e  ob ta ined  from  th e  f u s t  slope of t h e  133X e  curve. S im ila rly ,  th e  p e r 
fu s io n  ra te s  for the  o u te r  m edu lla  m easu red  b y  th e  two m ethods  c a n  be iden 
t ic a l  b u t  m ay  also differ considerab ly . U n d e r  such  circum stances no corre la tion  
can  b e  expec ted  be tw een  th e  va lues  o b ta in e d  w ith  the two tech n iq u es .

T h e  above assu m p tio n  m u s t  be c o r ro b o ra te d  by fu r th e r  e x p e r im e n ta l  
o b se rv a t io n s  including m e a su re m e n ts  of th e  in traco r t ica l  d is t r ib u t io n  of  blood 
f low .
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Gene d u p lica tio n  is one of th e  basic processes un d erly in g  ev o lu tio n ary  ch anges. 
T he у-chains of h u m an  foeta l haem oglobin  is coded  by m ultip le  s tru c tu ra l genes. T he 
(5-chains o f H b  A 2 can  be regarded  as a d u p lic a tio n  o f th e  /?-locus. We h av e  p re sen te d  
th e  f irs t ev idence for the  presence of tw o m a jo r а -ch a in  loci in m an. The a -g en e  a p p ea rs  
to  have  d u p lica ted  recen tly , since a p a r t  o f th e  single poin t m u ta tio n s c h a ra c te riz in g  
H b  J -B u d a  and  H b G -P est, the  tw o a-gene p ro d u c ts  seem to he id en tica l. S en sitiv e  
im m unochem ica l m easu rem en t tech n iq u es m ay  rev ea l s tru c tu ra l differences w h ich  m ig h t 
escape d e tec tio n  by chem ical m ethods based o n  d ifferences in charge an d /o r c h ro m a to 
g rap h ic  b eh av io u r.

A n ti-a -ch a in  sera recognizing th e  single am in o  acid su b s titu tio n  in a J -B u d a  
could be ra ised  in ra b b its . The a n ti-a -c h a in  sera  w ere found  to  be more p o w erfu l tools 
for d e tec tin g  differences in  th e  p rim a ry  s tru c tu re  o f th e  chain th an  the  im m u n e  sera 
ra ised  ag a in st th e  w hole te tram e r. N one of th e  im m u n e  sera could reliably d if fe re n tia te  
H b  G -P est from  H b A,.

The re la tiv e  s tre n g th  of com plem en t f ix a tio n  o f th e  а -chains from  h aem o g lo b in  
Aj F and  A 2 was com p ared  by h y b rid iz in g  th ese  h u m an  haem oglobins w ith  can in e- 
haem oglobin  an d  m easu ring  the  q u a n ti ta t iv e  co m p lem en t fix a tio n  of th e  d iffe re n t 
h y b rid s  w ith  a n t i - l ib  A, and a n t i - a ^ 1 ra b b it  im m u n e  sera. No an tigen ic  d ifference  
am ong th e  а -chains from  haem oglobins A ,, A 2 a n d  F  could  be detected  by th is  m e th o d  
e ith e r w ith  an ti-A , or w ith  anti- aA ' sera. T hese  re su lts  do no t exclude th e  p o ss ib ility  
o f con fo rm atio n a l differences betw een  th e  а -ch a in s in n a tiv e  H b  A and H b F .

T he an tig en ic  a c tiv ity  of th e  а -chains o f  H b  A from  norm al su b jec ts  (a  !) and  
of th e  а -chains o f H b  A from  a double  h e te ro zy g o te  for a.J-B uda and a G -P e s t (a Ml*) 
were com pared  by th e  com plem ent f ix a tio n  tec h n iq u e . D efinite d ifferences co u ld  be 
d e tec ted  in th e  re la tiv e  s tren g th  of c o m p lem en t f ix a tio n  by a'"*1 and a"4 '* w ith  a n ti-a '4 '* 
serum .

F in a l decision as to  w hether а -chain  d u p lic a tio n  is a un iversal p h en o m e n o n  or 
w h e th er it is re s tr ic ted  to  only a p a r t  o f m an k in d  c a n n o t he draw n u n til th e  p resence  
of a silen t a -th a la ssaem ia  gene is no t excluded  in som e d eb a ted  cases by re liab le  ch em ica l 
m eth o d s. M easurem ent o f a-globin genes in H b  II disease  w ith  cDNA e n ric h ed  in a- 
globin sequences p rov ided  d irect ev idence th a t  a non-th a lassaem ic  sub ject h a s  to  have  
a t  least four a -g lob in  genes per d ip lo id  cell.

Gene dup lica t ion  resulting  in th e  p ro d u c t io n  of identical p ro te in s  by 
more th a n  one gene locus is one of th e  basic processes  underly ing e v o lu t io n a ry  
changes [36]. M u ta tions  in the  d u p lica ted  sec tion  o f  DNA in the ch rom osom e 
can more rap id ly  be accep ted  because one of  th e  p ro te in  copies can  sti l l  p e r 
forin the original function .

T he  s tu d y  of haem oglobin  lias been m o st  rew ard in g  in defining s t r u c tu r a l  
genes an d  in de tec t in g  th e  evolution of  a p ro te in  fam ily . In  the course o f  evo-

* Iso la ted  а -chains o f H b  A from  a double  h e te ro zy g o te  for H b  J-B u d a  and  H b  G -P es )
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lu t io n ,  several globins h av e  arisen to perfo rm  th e  single function of  reversib le  
o x y g e n  t ran sp o r t  in th e  sam e organism w i th  increasing re f in em en t  in  effi
c ien cy ,  control and  a d a p ta b i l i ty .  An increase in  th e  am ount of genetic  m a te r ia l  
b y  gene  duplication  is a p re requis ite  of th is  evo lu tion . Separa tion  of  th e  d u p l i 
c a t e d  genes has m ad e  possible the  e v o lu t io n  of  independen t gene con tro l  
m e c h a n ism s  ad ju s t in g  th e  oxygen ca rry ing  sy s te m  to the  needs o f  va r ious  
o rg a n s  and  to  the  chan g in g  env ironm en ta l  s i tua t ions  during v a r io u s  stages 
in  dev e lo p m en t  of th e  ind iv idual.

T h e  different h igh ly  similar globins u n d o u b te d ly  orig inate  f ro m  th e  
r e d u p l ic a te d  progeny  of a single ancestra l gene. The three d is t inc t  s tages in 
h u m a n  developm ent are characterized  b y  d iffe ren t  types of haem og lob in , 
e a c h  composed of tw o  pa irs  o f  non-identical po ly p ep t id e  chains. T he  em bryon ic  
h aem og lob ins :  H b  Gower 1 ( | 2e2), H b G ow er 2 ( a 2e2) and H b P o r t la n d  ( ^ 2? 2 ) 
a re  be ing  replaced in ap p ro x im a te ly  the  e ig h th  week of ges ta tion  b y  foetal 
h a em o g lo b in  ( a 2y 2), while ad u l t  haem oglobins H b  A (a2/l2) and H b  A„ (a.,0,) 
a re  t h e  resp ira to ry  p ro te in s  of ex trau te r in e  life. All these haem oglobins con
t a in  а -chains, since th e  f-cha in  of h u m a n  em bryon ic  haem oglobin  can  be 
re g a rd e d  as a p r im it ive  a -cha in  [26].

F o r  the t im e  being  th e re  are no ava i lab le  d a ta  suggesting th e  presence 
o f  non-alle lic  genes for h u m a n  ß- and ^-chains. T h e  locus controlling th e  s y n th e 
sis o f  Ô-chains can, how ever ,  he  regarded as a dup lica t ion  of the  /1-locus lead ing  
to  t h e  fo rm ation  o f  th e  m in o r  adult  c o m p o n e n t  H b  A 2 (a 2ô2). S c h r o e d e r  e t  al. 
[48] p resen ted  evidence fo r  m ultip le  s t r u c tu r a l  genes coding th e  у -chain  of 
h u m a n  foeta lem ogalobhin .

T he  possibility o f  m ore  th a n  one а -cha in  locus was pos tu la ted  b y  K o l e r  

a n d  R i g a s  in 1961 [29] to  explain  the  in h e r i ta n c e  of a - tha lassaem ia  ( th e  v e r 
t ic a l  t ransm ission  o f  H b  H ) in some families a n d  was definitely sugges ted  by  
L e h m a n n  et al. in 1968 [30]. T hey  have p o in te d  to  the  fact t h a t  th e  o v e rw h e lm 
in g  m a jo r i ty  of ab n o rm a l  а -chain m u ta n t s  com prise  b u t  2 0 —2 5 %  o f  the  
t o t a l  haem oglobin , which  is consistent w ith  t h e  existence of two а -cha in  loci 
e a c h  o f  which c o n tr ib u te  equal am oun ts  to  th e  to ta l  synthesis o f  a-cha ins .  
W e  h a v e  sum m arized  th e  d a ta  on th e  p re v a le n c e  of multiple а -chain  loci in 
m a n y  anim al species [19] an d  p resen ted  th e  f i r s t  evidence for th e  presence  
o f  a t  least  two s t ru c tu ra l  а -chain loci in m a n  [5, 6, 19, 20]. O ur  re su l ts  are 
b a s e d  on the  s tu d y  o f  a H u n g a r ian  fam ily  in  which each of th re e  b ro th e rs  
possesses  in addition  to  H b  A two d is t inc t  a n d  independen t a -cba in  v a r ia n ts :  
H b  J - B u d a  (a61 [E 10] L ys  —>■ Asn) and  H b  G -P es t  (a74 [E F  3] Asp —*■ Asn). 
A p a r t  from the  s u b s t i tu t io n  of  these single a m in o  acid residues in th e  ab n o rm a l  
а -cha ins ,  the  com position  and  p robab ly  th e  sequences of amino acid  residues 
o f  t h e  four gene p ro d u c ts  from  two а -chain  loci are identical, a t  leas t  in th is  
H u n g a r ia n  family.

Much a t te n t io n  has been  focussed on th i s  problem  in the  la s t  yea rs  and
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based  on our d a ta  dup lica t ion  of  th e  h u m a n  а -chain gene has been w ide ly  
accepted  |8. 9. 11, 13, 15, 16, 18, 21, 24. 27, 28. 31, 35, 38, 45, 47, 49, 52, 53]. 
The absence of H b  A in hom ozygotes  for a - J  T ongar ik i  [1, 3] favours th e  p re s 
ence of one а -chain locus in som e islands of th e  Pacific .

Differences in th e  re la t ive  q u an ti t ie s  of differing «-chains h ave  been  
observed in goats  and  deer [23]. Tbe gene p ro d u c t  o f  th e  second «-chain  locus 
in m an m ay  be a m inor v a r ia n t  [4, 33, 37]. U n charged  differences, especially  
those  of m inor com ponen ts ,  m a y  escape detec t ion . This is par t icu la r ly  t ru e  
for subst i tu t io n s  which do n o t  cause m ark ed  changes in the  c h ro m a to g rap h ic  
behav iou r  of th e  t ry p t ic  pep tides .  W ith  th is  in m ind  we have  a t te m p te d  to  
f ind  new w ays for th e  in v es t iga t ion  of « -chain  he te rogene ity ,  assum ing  t h a t  
sensitive im m unochem ica l  m ea su re m e n t  tech n iq u es  m ay  reveal s t ru c tu ra l  
differences w hich  m ig h t  escape de tec t ion  by chem ical m ethods  based on d iffe r
ences in charge  an d /o r  c h ro m a to g ra p h ic  behav iou r .

Tin- presen t paper  will r e p o r t  on some p re l im in a ry  d a ta  of a screening 
projec t for « -chain  h e te rogene ity  a n d  discuss th e  p re se n t  s ta te  of th e  d e b a te  
as to  w h e th e r  «-chain  d u p lica t ion  is a un iversa l phenom enon  or is th e re  a 
var iab il i ty  in th e  n u m b e r  of  14b « -chain  loci am o n g  differen t hum an  p o p u 
lations.

M aterials and methods

H aem oglobin  A 2, F , G -P est an d  J -B u d a  w ere iso la ted  by  ion exchange c h ro m a to g 
ra p h y  [12, 22]. C hain iso lation  was c a rried  o u t accord ing  to  B u c c i  and  F b o n t i c e l l i  [7]. T he 
iso lated  p ro d u c ts  m ig ra ted  as single zones u p o n  e lectrophoresis in  s ta rch  gel co n ta in in g  T ris- 
E D T A -boric  acid b u ffer pH  8.6.

H y b rid iza tio n  of h u m an  an d  can in e  haem oglobins was carried  ou t by  th e  m eth o d  of 
I t a n o  and R o b i n s o n  [25] and  the  h y b rid s  were se p a ra ted  by  s ta rc h  b lock-electrophoresis w ith  
0.05 M -veronal b u ffer a t  p H  8.6. P ro te in  c o n cen tra tio n s  o f  th e  haem oglobins and th e  iso la ted  
chains were m easu red  sp e c tro p h o to m e tric a lly , assum ing  a va lue  of F.^ — 8.4 for th e  co -d e
riv a tiv es a t  A — 540 nm  in all cases.

Im m u n e  sera  w ere ra ised  in r a b b its  by  th e  m eth o d  described  by R e i c h l i n  e t al. [41], 
an d  purified  acco rd ing  to  N o b l e  et a l. [ 3 4 ] .  Specificity  o f th e  an tib o d ies  were te s te d  by  ra d ia l  
im m unod iffusion  tech n iq u e  [39]. T he sm allest an tig en  co n ce n tra tio n  re ac tin g  w ith  u n d ilu te d  
an tise ra  was 12 fi/m l  fo r th e  a n ti-a  c h a in  sera an d  100 /ig /m l for th e  anti-A ! an tise ra . C om ple
m en t fix a tio n  w as carried  o u t acco rd ing  to  M a y e r  e t al. [32].

Results

Specific an t ise ra  could be raised aga ins t  haem oglobins A,, A 2 a n d  
ag a ins t  isolated «-chains.

The re la tive  s t ren g th  o f  co m p lem en t  f ix a t io n  by  H b  A t, H b A 2 a n d  
H b  F  with  an ti-A , se rum  is show n in T ab le  I.

We have com pared  th e  re la t iv e  s t ren g th  of  com plem en t f ixa t io n  o f  th e  
«-chains from haem oglobins A t , F  and  A„ by h y b r id iz ing  these  h u m an  haem o-

* A j designates th e  chem ically  p u rified  H b A.
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Table I

R e la t iv e  S tre n g th  o f  C o m p le m e n t Fixation b y  H a em o g lo b in s 4 ,  - 4 2 a n d  F  w ith
a n t i  -  A* s e r u m

Haemoglobin Polypeptide chains Complement fixation at maximum  
a s per cent of A , reaction

Ai Oi2 P>2 100

Az oiz Ó2 85

F ir2 64

g lo b in s  w ith  canine haem oglob in  an d  m easu r in g  th e  q u a n t i ta t iv e  com plem en t 
f i x a t io n  by  the  d ifferen t h y b r id s  w ith  a n t i -H b  A x and  a n t i -« Al sera. No a n t i 
gen ic  differences am ong  th e  «-chains f ro m  haem oglobins A 15 A 2 a n d  F  could 
b e  d e te c te d  by  th is  m e th o d  ne i th e r  w ith  a n t i -A 1 nor w ith  a n t i -« Al sera  (Figs 1 
a n d  2).
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F ig . 1. F ix a tio n  of co m p lem en t b y  a.Al Д,сап, 
а Д 2 ßcan an d  a F ßcan h y b rid s  w ith  a n ti-H b  

A. serum  d ilu te d  1 to  8

F ig . 2. F ix a tio n  of co m p lem en t b y  a Al H/5Jan, 
a.A2 ß5an and  a .f ß^an h y b rid s  w ith  a n ti-  

a Al serum  d ilu ted  1 to  18

W e could raise a n t i -«  chain  sera recogniz ing th e  single am ino  acid su b 
s t i t u t i o n  in a J - B u d a  and  found  t h a t  a n t i - a -c h a in  sera are m ore  pow erfu l tools 
fo r  de tec t ing  differences in  th e  p r im a ry  s t ru c tu re  of th e  chain  th a n  an t i -H b  A t 
s e ra .  None of th e  sera could  re l iab ly  d if fe ren tia te  H b  G -P es t  from  H b  A t 
(T ab le  II) .

Assum ing t h a t  th e  а -chains of H b  A of norm al sub jec ts  are  m ore  h e te ro 
genem  as com pared  to  t h e  «-chains of H b  A from a doub le-he te rozygo te  for 
a J - B u d a  and «G -P est  («" ) th e  im m u n o c h e m ic a l  reactions of th e  tw o  «-chains 
o f  th e se  different origins («Al and  a A1 ) were com pared  b y  th e  com p lem en t  
f i x a t io n  technique w ith  im m u n e  sera ra ised  aga ins t  th e  iso la ted  « Al and  acA1 - 
c h a in s ,  respectively. T he  an ti-« ' sera cou ld  n o t  d e tec t  an y  difference betw een  
t h e  n a t iv e  H b Aj and  H b  A* molecules (Fig. 3).
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T ab le  II

R e la t iv e  S tren g th  o f  C o m p le m e n t F ixation  b y  H a em o g lo b in s A , , С - P e s t  a n d  J-Buda  
w ith  a n t i - A ,  a n d  a n ti  -  ocA' s e r a

Haemoglobin Polypeptide chains Complement fixation as 
per cent of Hb A, 
reaction with

Probability difference

anti -  A< 
serum

anti-cxAl
serum

an ti-A 1
serum

anti -  a A< 
serum

A <*2 P>2 100 100

G - Pest осг/  74 A sp -» A sn /ß 2 94 87 p >  0.4 p > 0 .0 5

J -  Buda с4г / 61 L y s-» A sn /ß 2 87 76 p < 0.05 p < 0 .0 1

13 
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t> — D Hb A, *
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w

6.25 125 25
pg  ANTIGEN
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Fig. 3. F ix a tio n  of co m p lem en t by H b  A x a n d  H bA ,*  w ith  a n ti-a  1 serum  d ilu ted  1 to  18
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Fig. 5. F ix a tio n  o f co m plem en t by  H b  a A' and  
H b a A‘* w ith  a n ti -a Al serum  d ilu te d  1 to  18
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N o signif icant d ifference be tw een  th e  « Al a n d  « Al chains could  be d e te c t 
ed b y  th e  a n t i -« Al se ru m  (Figs 4 and 5), while def in ite  difference was found 
b e tw e e n  th e  re la tive s t r e n g th  o f  com plem ent f ix a t io n  by  « Al a n d  « A‘ w ith  
a n t i - « Al serum (Figs 6 an d  7).

7 -

3.12 6.25 12.5 25 50
yug ANTIGEN

F ig . 6. F ix a tio n  of com plem en t b y  a 41 an d  
a 4 '*  w ith  anti-ot41* serum  d ilu te d  1 to  15
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Q 15 
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5 ,o
9
8
7
6

oCA' V
-7 3 3 x +21.68 

0f A1 y =
-7 89x+21.37

il Ú 1.7 
LOG /ig ANTIGEN

Fig. 7. F ix a tio n  o f com p lem en t b y  a 4 ‘ and  a 4 '* 
w ith  a n ti-a 4 ** serum  d ilu te d  1 to  15

Discussion

G o o d m a n  and  C a m p b e l l  [17] have show n  t h a t  h u m a n  H b  A, and  H b  S 
co u ld  be  distinguished b y  th e i r  q u a n t i ta t iv e  prec ip i t in  reactions w ith  specific 
a n t i - s e ra  raised in ch ickens. T h e  most de ta iled  s tud ies  of th e  correlations 
b e tw e e n  single am ino  acid m u ta t io n s  and  changes in th e  an tigen ic  s t ru c tu re  
o f  haem oglob in  were ca rr ied  ou t by  R e i c h l i n  e t  al. [41—43] a n d  R e i c h l i n  

[44]. T h e y  have fo u n d  t h a t  7 ou t  of 18 te s ted  haem og lob in  m u ta n t s  can be 
d is t in g u ish ed  from H b  A t b y  q u a n t i ta t iv e  co m plem en t f ixa t io n  te s ts  w ith  r a b 
b i t  a n t i -A , sera. The p o in t -m u ta t io n s  cha rac te r iz ing  th e  v a r ia n ts  antigen ica lly  
d is t ingu ishab le  from  H b  A x were found to  occur in those  regions of th e  po ly 
p e p t id e  chains where th e  p r im a ry  sequence of h u m a n  and  r a b b i t  haem oglobin  
d iffe r  from  each o ther ,  w hile  p o in t -m u ta t io n s  occurring  in regions where th e  
r a b b i t  an d  hum an  haem og lob in  po lypep tide  chains  are iden tica l  could no t be 
d is t ingu ished .  I t  is o f  in te re s t  t h a t  the  su b s t i tu t io n  in « J -B u d a  «61 (E 10) 
L ys  —+ Asn is located  in such  a region of p r im a ry  s t ru c tu re  id e n t i ty  between 
th e  haem oglobins of  th e  tw o  species. In  spite  o f  th is ,  we did  no t  f ind  «61 
“ im m unolog ica lly  s i len t’* a n d  could de tec t th e  su b s t i tu t io n  «61 Lys —+ Asn 
w i th  o u r  an ti  « sera.

R e i c h l i n  et al. [43] have  also described t h a t  th e  reac tion  of th e  anti-«  
s e ru m  w ith  free «-chains is th e  sam e as w ith  «-chains  in n a t iv e  h u m a n  haem o
g lob ins  A, and A 2, how ever ,  w hen  the  /З-chains of th e  te t r a m e r  are replaced

A d a  Medica Academiae Scientiarum Hungaricae 32, 1975



DUPLICATION OF THE HAEMOCLOBIN ALFA-GENE 251

b y  /З-chains of a n o th e r  species in hybrids ,  or b y  у -chains in foetal  haem oglobin , 
th e  s t ren g th  of th e  reac tion  of  th e  an ti-a -se rum  is reduced  in a specific  way. 
This fac t m ay po in t  to  some y e t  u n know n  differences in th e  s t r u c tu r e  of  the 
«-chains which com bine  w ith  /3- and  у-chains, respectively.

T h e  p r im a ry  s t ru c tu re  of  th e  h u m a n  «-chains of H h  F  a n d  H b  A., had 
been inves t iga ted  re p e a te d ly  and  were found  to  he identical w ith  t h a t  o f  the 
« -chain  of H h  A r  D a ta  are , however, lack ing  as to  w he the r  b o th  hu m an  
« -chain  loci are ac t ive  th ro u g h o u t  th e  life cycle, and  if  bo th  a re  expressed, 
w h e th e r  the ir  p ro d u c ts  are iden tica l a n d  syn the tized  in the  sam e  q u a n t i ty  
in all stages of d eve lopm en t.  Minor com ponen ts  with uncharged  differences, 
f i r s t  of all those  w hich  do n o t  cause m a rk e d  changes in the  ch ro m a to g rap h ic  
b eh av io u r  of pep tides ,  m a y  rem ain  u n d e tec ted  by  f ingerpr in t  ana lys is  or pep
t id e  ch ro m a to g rap h y ,  b u t  m a y  be revealed  b y  th e ir  differing an tigen ic  ac tiv ity .

The weak p o in t  in R eich lin ’s deduc tion  is th e  fact t h a t  he h a d  com pared  
th e  antigenic  ac t iv i ty  of  free h u m a n  а -chains («Al chains) w ith  th o se  o f  « Al 
chains com bined w ith  h u m a n  ß -, à- and  у-chains and  th a t  of th e  h y b r id s  of 
h u m a n  «-chains w ith  heterologous (canine) /З-chains (ct2 lß ^ n)-

To exclude th is  source of failure we h ave  com pared  th e  an t ig en ic  ac t iv 
ity  o f  th e  «-chains from haem oglobins A ,, F  an d  A.,, by  h y b r id iz in g  these 
h u m a n  haem oglobins w ith  canine haem oglobin . No difference could  be found 
in th e  re la tive  s t r e n g th  of  com plem en t f ix a t io n  of th e  above h y b r id s  e ither 
w ith  a n t i -A j  or w ith  an ti-«  1 sera. This argues against differences in th e  p ri
m a ry  s t ru c tu re  of th e  а -chains of  haem o g lo b in s  A 15 A 2 and  F. I t  is, however, 
well know n th a t  on ly  a port ion  of  th e  a n tigen ic  de te rm in an ts  a re  re la te d  to 
sequen tia l  d e te rm in a n ts  a n d  the  rest  is la rg e ly  d ep en d en t  on th e  co n fo rm ation  
of th e  p ro te in  an tigen . As a consequence, th e  difference fo u n d  b y  R e i c h l i n  

[43] in antigenic a c t iv i ty  b e tw een  th e  « Al-chains in com bina tion  w i th  h u m an  
ß- and  у-chains, m a y  reside in co n fo rm ationa l  differences b e tw een  th e  « 
chains in H b  A, and  H b  F.

Analysis of « -cha in  geno types  in h u m a n s  is ham pered  b y  th e  fac t  t h a t  
few popu la t ions  are kn o w n  w ith  « -cha in  v a r ia n ts  a t  sufficiently  h igh  f req u en 
cies to  be tes ted  for t r u e  genetic  po lym orph ism . The «-chain  structvire  is more 
“ c o n se rv a t iv e”  and  has  fewer v a r ia n ts  t h a n  /3, and  no «-chain  de le tion  v a r ia n ts  
are know n. In  add it ion ,  « -chains have  a sign if ican t excess of u n v a r ie d  positions 
over expec ta t ion , while /З-chains have  n o t  [14].

T h e  most obvious com plica tion  in th e  genetic s tu d y  of « -gene d u p lica t ion  
in h u m a n  popu la tions  is th e  fac t  t h a t  the  gene p ro d u c ts  of th e  tw o  «-loci seem 
to  be identical in s t ru c tu re ,  a t  least  in our H u n g a r ian  fam ily  [6] a n d  in the 
f ive  u n re la ted  p a t ie n ts  w ith  «-chain  m u ta n ts  o r ig inating  from d if fe ren t  par ts  
of th e  w orld  (F rance , M art in ique ,  Mali, T ch ad ,  M auritan ia) , a n d  in  th e  six 
“ n o rm a l” а -chains s tu d ie d  b y  C o h e n - S o l a l  [ 1 0 ]  using a sequencer  w hich  is 
ab le  to  d e tec t  an am ino  acid su b s t i tu t io n  a t  a ra t io  of 2 : 1.
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O u r  prelim inary  s tu d ie s  presented  in th is  p a p e r  po in t  to  differences in 
t h e  an tigen ic  ac t iv i ty  o f  « "^ -ch a in s  from norm al in d iv idua ls  and  the  ex'41*-chains 
f ro m  th e  normal H b  А г o f  a double  he te rozygo te  for a J - B u d a  and  aG -P es t .  
T h e s e  p re lim inary  re su lts  dese rve  fu rther in v es t ig a t io n .

A lthough  the  re la t iv e  a m o u n ts  of Hb A, « J - B u d a ,  and «G -Pest show t h a t  
t h e  fo u r  а -chain alleles a re  e q u a l ly  active, i t  c a n n o t  be excluded th a t  in o th e r  
in d iv id u a ls  differences in  t h e  relative q u a n t i t i e s  o f  а -chains m a y  occur. 
D if fe ren ces  in the  re la t iv e  q u a n t i t ie s  of differing а -chains have  been observed  
b y  H u i s m a n  [ 2 3 ]  as a r e s u l t  o f  varia tion  in  t h e  p ro d u c t io n  ra t io  of d ifferent 
a lle les  a t  the  Hhq locus (in  g o a ts  and deer), as well as due to  th e  fac t t h a t  th e  
Н Ь ц  «-locus m ay be o p e ra t iv e  on one, b o th  or n e i th e r  of th e  homologous 
ch ro m o so m es  (in deer).

T h e  presence of  tw o  o r  m ore «-chain loci a p p ea rs  to  be com m on to all 
p r im a te s  including m a n .  T h e  f i rs t  evidence fo r  th e  presence of tw o  m a jo r  
а -c h a in  loci in m an is o u r  H u n g a r ia n  family. T w o «-cha in  loci have  also b een  
r e p o r t e d  in different p o p u la t io n s  [4, 33, 37]. In  th e se  families th e  second «-locus 
co d e s  for minor c o m p o n e n ts  (а -chain te rm in a t io n  m u ta n ts ) .

T h e  absence of  H b  A in  homozygotes for « - J  T o n g a r i k i  [1, 3, 46], an d  
s o m e  «-chain  v a r ian ts  o c c u r r in g  in proportions n e a re r  to  50%  th a n  2 5 %  could 
f a v o u r  th e  presence o f  one « -chain  locus in M elanesians and  in some o th e r  
r e s t r i c t e d  groups of  m a n k in d .  There is, how ever ,  increasing evidence [31] 
o f  t h e  « - thalassaem ia  gene affec ting  one of th e  tw o  « -chain  loci being re sp o n 
s ib le  for  the higher t h a n  2 5 %  proportion of  th e  above-m entioned  « -chain  
v a r i a n t s .  The same m a y  h o ld  t ru e  for the  hom o zy g o tes  of « - J  Tongarik i.  T he  
p re se n c e  of a silent « - th a la s sa e m ia  gene is n o t  ex c luded  in th e  recen tly  p u b 
l i s h e d  [40] subjects w i th  4 4 %  « -H b -A n an th a ra j .

Q u an t i ta t iv e  d isp a r i t ie s  were found am o n g  th e  haemoglobins of  M acaca 
fa sc icu la r is  ( =  irus) b y  B a r n i c o t  et al. [2], a n d  th e  conclusion was d raw n  
t h a t  l inked  «-chain genes a re  n o t  equally a c t iv e  in  th e  p roduc tion  of  th e ir  
r e s p e c t iv e  chains. B ased  on th is  assum ption a n d  on th e  fac t t h a t  th e  loci on 
e a c h  o f  the  two hom ologous chromosomes are  responsib le  for the  p ro d u c t io n  
o f  5 0 %  of the  to ta l  a m o u n t  o f  th e  «-chain, a gene tic  model was c o n s tru c ted  
b y  N u t e  [35] and used  to  exp la in  the  different re la t iv e  proportions  of some of 
t h e  «-cha in  va r ian ts  in  d if fe ren t  families or even  w ith in  the  sam e fam ily. 
A c c o rd in g  to N u te ’s m odel ,  tw o  «-chain genes, w h en  linked, govern th e  s y n 
th e s i s  o f  the same a m o u n t  o f  « -chain  as does a single gene on the  homologous 
ch rom osom e. V a riab il i ty  in  th e  num ber of H b  «-loci am ong Negroes was 
su g g e s te d  by R u c i c n a g e l  a n d  W i n t e r  [45] to  ex p la in  the  ap p a re n t  b im o d a l i ty  
in t h e  proportion of  H b  G in different he te ro zy g o te s  and  by  T r a b u c h e t  

e t  al. [51] to explain t h e  b im o d a l i ty  in the  p ro p o r t io n  of H b  J  Mexico in  7 
A lg e r ia n  families.

A final decision as to  w hether  the  « -cha in  dup lica tion  is a un iversa l
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phenom enon  or w h e th e r  the re  is a va r iab i l i ty  in  th e  n u m b er  o f  H b  a-loci 
am ong  d ifferent h u m a n  popu la t ions  canno t be reached  before the  p re se n c e  of  
a silent a - th a lassaem ia  gene has been excluded  b y  reliable chemical m e th o d s .  
The m ode of in h e r i tance  of  a-tha lassaem ias  can  be  exp la ined  b e t te r  on  t h e  basis 
of th e  two а -chain loci, still th e  d eba te  on one v e rsu s  tw o а -chain loci c o n t in u e d  
un ti l  m ethods  have  been developed to  m easure  a -g lob in  genes with c o m p le m e n 
ta ry  DINA (cDNA) enriched  in a-globin sequences. O t t o l e n g h i  et al. [ 3 8 1 and 
T a y l o r  et al. [50] showed th a t  th e  defect in h y d ro p s  foetabs r e su l ts  from 
com plete  or p a r t ia l  deletions affecting all a -g lob in  s t ru c tu ra l  genes. K an  
et al. [27] concluded  in a recen t paper  t h a t  t h e  inves t iga ted  p a t i e n t  w ith  
H b  H  disease h a d  a q u a r te r  of th e  norm al n u m b e r  of  in ta c t  a-globin s t r u c tu r a l  
genes. This provides d irec t evidence th a t  a n o n -tha lassaem ic  p e rso n  h as  to  
have  a t  least four a -g lob in  genes per diploid cell.
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R a ts  d ep riv ed  of a d ren a l and  gonadal sex horm ones are  m ore sen sitiv e  th an  
n o rm al ra ts  to  th e  h y p erca lcaem ic  (osteo ly tic) effect o f p a ra th o rm o n e  a n d  to x ic  doses 
o f  v itam in  D ;i. I t  is suggested  th a t  sex horm one deficiency and  th e  co n secu tiv e  de
crease o f ca lc ito n in  se n sitiv ity  in  postm en o p au sa l osteoporosis m akes th e  p a tie n ts  u n 
p ro tec ted  ag a in st fa c to rs  ind u cin g  increased  bone re so rp tio n , and  th is  lead s over the 
y ears to osteoporosis.

O ur a t te n t io n  has  been  called to  th e  p rob lem  of p o s tm en o p au sa l  osteo
porosis  by  R u sznyák ,  th e n  d irec to r  o f  our D e p a r tm e n t .  E v e r  since i t  has been 
one of  th e  subjects  s tu d ie d  b y  our endocrinology work ing  group. In  th e  course 
of  th e  p as t  fif teen  yea rs ,  we have  es tab lished  t h a t  th e  am o u n t  o f  androgens 
(or androgen  m etabo li tes)  in urine  [1, 2] and  o f  es terified  d é h y d ro é p ia n d ro s té 
rone  in plasm a [3] o f  p a t ie n ts  w ith  p o s tm en o p au sa l  osteoporosis decreased 
s ign if ican tly  as c o m p a re d  to  t h a t  o f  age -m atched  ind iv iduals  w i th o u t  osteo
porosis . The question  to  be answ ered was, w h e th e r  the  decreased  androgen 
(and rogen  m e tabo li te )  c o n te n t  of biological f lu ids  h a d  an  etiological role in 
th e  disease.

Calcitonin th e  physio log ica l role of  which in m a n  is still d e b a ted  is 
k n o w n  to have a d im in ished  effect in c a s t ra te d  ra ts  [4, 5]. O ur own inves t i
ga tions  [6, 7, 8] n o t  on ly  confirm ed  t h a t  th e  lack  of  gonadal an d ro g en s  induced  
res is tance  to  ca lc iton in , b u t  we have  shown t h a t  w ith  a d eq u a te  cortisone  and 
sa l t  subs t i tu t io n ,  r e m o v a l  o f  th e  r a t  ad rena l,  i.e. th e  lack of  ad ren a l  sexual 
ho rm ones , leads to  re s is tan ce  to  calcitonin. A p a r t ic u la r ly  p ro n o u n ced  decrease 
in  th e  sensitiv ity  to  ca lc i ton in  was observed w hen  b o th  th e  ad ren a l  and  the  
gonada l  sex horm ones were lack ing  [9]. Using ou r  calcium load te s t  [8, 10] 
for m easuring  ca lc i ton in  sens i t iv i ty ,  we could p ro v e  even in p a t ie n ts  suffering 
from  postm enopausa l  osteoporosis  t h a t  th e  res is tance  to  ca lc iton in  was due 
to  th e  decreased an d ro g e n  co n te n t  in th e  biological fluids. H ence th e  possi
b i l i ty  arose t h a t  re s is tance  to  calcitonin  due to  and rogen  (or an d ro g en  m e ta 
bolite) deficiency m a y  h ave  a significance in th e  deve lopm en t o f  po s tm en o 
pau sa l  osteoporosis. I t  w as assum ed  t h a t  in sub jec ts  w ith  calc iton in  resistance 
all th e  factors causing  increased  hone resorp tion  w ould be increasing ly  effec-
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t iv e .  T h e se  factors are a low ca lc ium  in take , stress effects, h o rm ona l  changes 
r e le v a n t  in tem p era tu re  re g u la t io n ,  re la tive in a c t iv i ty ,  etc. O ver th e  years 
t h e i r  consequence  m ay  be a decrease  of bone t issue  a n d  osteoporosis develops.

T h e  hypercalcaem ic e ffec t of p a ra th y ro id  h o rm one  and  toxic-dose v i t a 
m in  D 3 m ain ly  depends on th e i r  osteolytic  ac tion . W e h ave  therefo re  s tud ied  
th e  hyperca lcaem ic  effect o f  p a ra th y ro id  ho rm one  an d  toxic-dose v i ta m in  D ;t 
in  i n t a c t  and  sex h o rm one  d e f ic ien t  rats .

M aterial and methods

S ex  horm one defic iency  w as cau sed  in ra ts  b y  s im u ltan eo u s  c a s tra tio n  a n d  b ila te ra l 
a d re n a le c to m y  under su perfic ia l h e x o b a rb ita l  anaesth es ia , as described  p rev io u sly  [7, 8, 10]. 
T o r e s to re  m ineral m etab o lism  a n d  to  su p p lem en t g lucocortico ids, th e  an im als w ere in jec ted  
d u r in g  th e  whole experim en t su b c u tan e o u s ly  w ith 250 /tg/100 g body w eight o f co rtiso n e  ace
ta te  in  sa lin e  suspension tw ice  d a ily  till d ecap ita tio n . In  th e  early  p o sto p e ra tiv e  p eriod , a 
d o u b le  dose  of cortisone w as u sed . T h e  an im als received  in s te a d  of w a te r physio log ica l saline 
to  d r in k .

T h e  in v estiga tions w ith  p a ra th y ro id  horm one w ere c a rried  o u t on  m ale a lb ino  ra ts  of 
th e  L A T I C FY  stra in  w eighing 90— 100 g. 26 sex horm one d e fic ien t an d  23 ag e-m atch ed -p a ir- 
fed  i n ta c t  an im als were used . A dose  of 1 U SP U /100 g b o d y  w eigh t p a ra th y ro id  horm one 
(P a ra -T h o r-M o n e , Lilly) w as in je c te d  subcu tan eo u sly , w hich  d id  n o t influence th e  serum  cal
c iu m  le v e l o f norm al ra ts  [12], a t  8 p . m ., 9 days a fte r o p e ra tio n . On th e  follow ing d a y  ( th e  10th 
p o s to p e ra t iv e  day), a t  8 a. m . th e  r a t s  w ere d e cap ita ted  a n d  th e  serum  calcium  level w as de
te rm in e d  in th e  trea te d  a n d  in 10 in ta c t  u n trea te d  an im als . T he ra ts  were fa s tin g  18 hours 
p re v io u s ly , b u t  isotonic sa line  w as allow ed ad lib itum .

V ita m in  D 3 load w as g iv en  o ra lly . In  th e  f irs t  e x p e rim e n t, 100 m g v ita m in  D 3 w as m ixed 
to  e a c h  k g  of pow dered L A T I chow . A  la rg e r th a n  co n sum ab le  a m o u n t o f th e  food was pu lped  
w ith  w a te r ,  and  allowed to  th e  a n im a ls  ad  lib itum . In  th e  second  ex p erim en t, 50 m g of v ita m in  
D 3 w as m ixed  to  the  sam e a m o u n t o f  chow.

F ro m  th e  4 th  p o s to p e ra tiv e  d ay , b o th  th e  sex h o rm o n e  defic ien t an d  th e  in ta c t  ra ts  
re ce iv e d  th e  v itam in  D 3 en rich ed  food . In  th is  ex p erim en t, m ale  a lb ino  ra ts  w ith  90 to  120 g 
b o d y  w e ig h t (Sm all A nim al B re ed in g  S ta tio n , Gödöllő) w ere used . In  th e  f irs t  series, 29 sex 
h o rm o n e  defic ien t and 20 n o rm a l, in  th e  second, 28 sex h o rm o n e  defic ien t an d  16 no rm al ra ts  
w ere fe d  th e  d iet. In  b o th  series th e  r a ts  w ere sacrificed b y  d e c a p ita tio n  a fte r  3 d ay s o f v ita m in  
D 3 t r e a tm e n t  and th e  serum  c a lc iu m  level was de te rm in ed . T h e  n u m b er of d ead  an im als was 
re g is te re d  in  each ex p erim en ts.

T h e  serum  calcium  level w as d e te rm in ed  accord ing  to  R ay Sarkar an d  Ch a i h a n  [13]. 
R e su lts  w ere evaluated  s ta tis t ic a lly  b y  th e  t or th e  x2-tes t.

Results

T h e  ind iv idual se rum  ca lc ium  levels m easu red  12 hours a f te r  p a ra th y ro id  
h o rm o n e  t r e a tm e n t  are  su m m a r iz e d  in Table  I.

M ean values and  re su l t  o f  th e  s ta tis t ica l analysis  are shown in T able  II .
I t  is seen th a t  th e  s e ru m  calcium level o f  in ta c t  u n t re a te d  a n d  in ta c t  

p a r a th o r m o n e  tre a te d  ra ts  w as  com parab le  while in th e  sex ho rm one  deficient 
a n im a ls  i t  was s ign if ican tly  h igher. The difference be tw een  th e  groups was 
even  m ore  striking if  th e  f re q u e n c y  of the lower a n d  higher calcium levels was 
c o m p a re d .  Under th e  effect o f  p a ra th y ro id  h o rm one  (Table I) 12 hours  after  
i ts  in jec t io n ,  in the  n o rm a l  g roup  16 animals h a d  a serum  calcium  level from
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Table I

Effec to f  parathormone on serum calcium level in  norm al and sex hormone defic ien t rats

Serum calcium 
level in normal 

rats

Serum calcium level in 
PTH treated norm al ra ts

Serum calcium level in 
PTH  treated  rats with 

sex hormone deficiency

9.50 9.90 9.80

9.95 9.95 11.40

9.95 9.95 10.50

9.80 9.95 11.70

9.75 10.35 11.35

10.00 9.80 10.10

9.10 9.95 12.10

10.25 9.85 10.80

9.70 10.50 11.20

9.60 10.10 10.50

9.75 10.10

10.10 10.70

9.60 9.75

10.20 11.40

10.00 10.50

9.60 9.90

9.65 10.70

9.55 10.80

9.35 10.10

9.90 9.30

9.30 1.080

9.50 11.35

10.10 10.10

10.70

11.35

10.75

Table II

Statistical evaluation o f  data sum m arized  in Table I

Normal
N orm al - f  PTH  

trea ted
Sex hormone 

deficient + PTH  
treated  rats

n 10 23 26

X 9.8 9.9 10.7

fid . lim its 9.5— 10.0 9 .7— 10.0 10.4— 11.0

D ifference: x 0.8

fid . lim its 0.5 - 1 .1
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9.0 to  9.9 mg/100 ml, 7 one be tw een  10 a n d  10.9 mg/100 ml, and 11 m g/100  ml 
w as n o t  a t ta in e d  by  any .

A m o n g  th e  sex h o rm o n e  deficient an im als  in jec ted  with th e  sam e  dose 
o f  p a r a th y r o id  h o rm one  4 h a d  a serum ca lc ium  level under 10 m g/100 ml; 
14 sh ow ed  values b e tw een  10 and  10.9 mg/100 m l,  while 8 anim als h a d  f ra n k  
h y p e rc a lc ae m ia  w ith  a level h igher th an  11 m g/100 ml. W he the r  these  va lues  
w ere  d iv id ed  in tw o groups  a t  th e  10.0 m g (high b u t  still physiological), or a t  
th e  11.0 mg (hypercalcaem ic) level, or in to  3 g roups ,  th e  difference b e tw e e n  
w h a te v e r  tw o groups was h igh ly  signif icant (p  <7 0.001) as p ro v ed  b y  th e  
x2- te s t .

T h e  v i tam in  D 3 load  w as poorly to le ra ted .  I n  th e  experim ent w ith  h igher  
v i t a m in  D.j doses 20 sex h o rm one  deficient r a t s  d ied  on the  3rd d ay  while th e re  
w as no  loss am ong  th e  controls . In  th e  e x p e r im e n t  w ith  lower v i t a m in  D g 
doses 9 sex ho rm one  defic ien t and one con tro l  an im als  died. These d a ta  l ike
wise p o in t  to  th e  fa c t  t h a t  th e re  is a s ign if ican t  difference b e tw een  th e  two 
g ro u p s  of  animals in  th e i r  r e ac t iv i ty  to  v i ta m in  D 3. The average es t im a te s  an d  
th e  ca lcu la ted  p a ra m e te rs  for th e  serum  ca lc iu m  level of su rv iv ing  an im als  
are  reco rd ed  in T ab le  I I I .  According to  th e  f iduc ia l  limits the  t- te s t  show ed 
a  s ta t i s t ic a l ly  s ign if ican t difference be tw een  th e  groups in bo th  series.

Table I I I

Effect o f  v ita m in  D 3 on the serum calcium level o f  normal and sex 
hormone deficient rats

I. Series 11. Series

Normal + D3 Sex hormone 
deficient + D3 Normal 4- D3 Sex hormone 

deficient +  D3

n

X

f id u c ia l lim its

20

14.8

14.3— 15.3

9

16.2

15.2— 17.2

19

13.5

13.1— 13.9

15

14.9

14.0— 15.8

D ifference  ; x  

f id u c ia l lim its 0.4

1.4

—2.4

1.4

0.5— 2.3

Discussion

O n th e  basis o f  th e  observed  changes in th e  se rum  calcium co n c e n tra t io n  
in  sex  ho rm one  defic ien t ,  a n d  th u s  ca lcitonin  re s i s ta n t  ra ts ,  p a ra th y ro id  h o r 
m o n e  a n d  v i tam in  D 3 in a to x ic  dose caused a s ig n if ican tly  g rea te r  bone  re so rp 
t io n  t h a n  in in ta c t  con tro ls .  L i c h t w i t z  e t  al. [13] showed in tr igu ing ly  by  an 
e r ro n eo u s  supposit ion , t h a t  v i tam in  D 3 a d m in is t r a t io n  resulted in m ore  pro-
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no u n ccd  calciuria in p a t ie n ts  w ith  osteoporosis  th a n  in hea l th y  in d iv idua ls .  
These d a ta  su p p o r t  our hypothesis  t h a t  sex  h o rm o n e  deficiency a n d  th u s  th e  
resis tance  to  ca lc iton in  m ay  be of  a p a th o g e n e t ic  significance in p o s tm e n o 
pau sa l  or o the r  k inds  of p r im ary  osteoporosis . T h e  continuous r e d u c t io n  of 
bone t issue mass m a y  be explained b y  th e  lack  of  p ro tec t ion  aga ins t  os teo ly tic  
fac tors .  Inv es t ig a t io n s  based  on th e  p re sen t  a n im a l  experim ents  are  in  progress 
in osteoporotic  p a t ie n ts .
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B oth  th e  a d v a n ta g e s  an d  dangers o f fallacies in th e  q u a n ti ta t iv e  a p p ro a c h  are 
d iscussed , hav ing  L ap lace ’s . . le bon sens ré d u it  au  calcul . . for m o tto . T he general 
ru les  are briefly  p re sen ted . S tressed  is th e  p re req u is ite  of p rio r th o ro u g h  q u a lita tiv e  
s tu d y  of th e  top ic  a t  s ta k e . T h e  m edical and  m a th e m a tic a l w ays of th in k in g  a re  c o n tra s t
ed, stressed  is th e  lead in g  role o f th e  form er. T he reb o u n d  effect of th e  q u a n ti ta t iv e  
s tu d y  on the  q u a lita tiv e  a sp ec ts  is trea te d , w ith  special regard  to  m ed ical term in o lo g y . 
T he necessity  to d is tin g u ish  physiological va lues an d  p o p u la tio n  d a ta  is em phasized . 
Som e fu r th e r  a spects a re  b rie fly  m en tioned . T he illu s tra tiv e  exam ples a re  from  diverse 
te rra in s  of M edicine. T h e  lead in g  role o f th e  w ell-tra in ed  and d isc ip lined  m ed ica l co rtex  
is stressed  th ro u g h o u t.

I t  is com m onplace to  regard  num erica l  d a ta  indispensable  in  Medicine. 
B o th  th e  research pro tocols  a n d  th e  case h istories serve am ple  i l lu s tra t io n s  
o f  it. U nfo r tu n a te ly ,  th e ir  l im ita t ions  and th e  prerequis ites  of th e i r  a d e q u a c y  
are  of ten  lost of sight. L a p l a c e ’s dictum  [15]: “ . .  .le bon sens réduit au  c a lc u l. . .” 
does serve the  golden ru le . V iz., in  M edicine the medical com m onsense lias to 
select and to conclude on w hat has to be reduced to numbers and o f  w hat aspects, 
and  M athem atics do serve the num erical techniques. F u r th e r ,  so u n d  m edical 
e x p e r t i tu d e  is required  for  th e  fina l inference a n d  to  reveal th e  d an g ers  of 
fallacies and pit-falls. P i c k e r i n g ’s grave w arn ing  [16] lias to  he ho rn  in mind 
in cessan tly :  “ To rely on d a t a ,  th e  n a tu re  of  w hich  one does no t  u n d e rs ta n d ,  
is th e  f i r s t  step in losing in te l lec tua l  h o n e s ty .” I t  holds b o th  for m ed ica lm en  
ig n o ra n t  o f  the  m a th e m a t ic a l  m e thods  applied  a n d  for m a th e m a t ic ia n s  igno
r a n t  o f  th e  medical im p o r ta n c e  an d  details  o f  th e  problem  a t  s tak e .

U nfo r tu n a te ly ,  th is  m u tu a l  u n d e rs tan d in g  proves insuffic ien t,  n o t  a t  all 
ra re ly .  Such short-com ings serve th e  roots  for misuses a n d  abuses  o f  in te r 
d isc ip l inary  studies and  m e th o d s .  B r a d f o r d  H i l l ’s requisite  [ 2 ]  “ . .  .s ta tistic ians  
qua lified  in  M edicine or, i f  not so qualified, at least well soaked in  it . . i l lus
t r a t e s  th e  weight of th is  ind ispensable  m u tu a l  unders tand ing .

Allusions on th e  a d v a n ta g e s  o f  num erica l d a ta  and  q u a n t i t a t iv e  rules 
m a y  he  cited  for long as well as w arnings. T h e  m ost d rastic  o f  th e  l a t t e r  k ind  
is D i s r a e l i ’s : “ There a re  lies, d am n ed  lies and  s ta t is t ic s .”
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General Rules

Inference a ided b y  n u m e r ic a l  da ta  is h a n d ic a p p e d  due to  th e  pe rp lex i ty  
o f  p r o -s and contras-s. T h e  deve lopm ent of  Sciences —  f ir s t  o f  all t h a t  o f  M edi
c ine  —  m ay  help to  A r ia d n e ’s th read . The s tu d y  o f  p h enom ena ,  processes, etc. 
s h o u ld  copy the evo lu tion  o f  th e  Sciences, j u s t  as o n to g en y  copies phytogeny .

P i c k e r i n g  in his H a r v i a n  Oration [ 1 7 ]  sk e tch es  th e  steps as follow:
“ 1. The re levan t  f a c ts  a re  collected.
2. The facts are  c lass if ied  into series or sequences.
3. A short fo rm u la ,  o r  hypothesis, is so u g h t  which will enab le  th e  

s e q u e n c e  to  be descr ibed  in  a simpler, m ore  com prehensive  and  conven ien t  
m a n n e r .

4. Experim ents  a re  des igned  to te s t  th e  h y p o th es is .  To a scientis t  there  
is n o  absolute  t r u th ;  t r u t h  is a relative te rm .  A h y p o th es is  becomes th e  more 
p r o b a b ly  true  the  m ore  o f te n  is s tands u p  to  e x p e r im e n t  and  m ore rigorous 
t h e s e  experim ents are.

Science begins b y  b e in g  descriptive —  t h a t  is to  say , ph en o m en a  ten d  
to  b e  classified b y  k ind .  I t  proceeds by beco m in g  q u a n t i ta t iv e  —  t h a t  is to  
s a y ,  b y  classifying p h e n o m e n a  in such a w a y  t h a t  num erica l va lues  can  be 
a ss ig n e d  to  them . F o r  i t  becom es daily m ore  e v id e n t  t h a t  th e  fu n d a m e n ta l  
la w s  o f  na tu re  are q u a n t i t a t i v e  and s ta t is t ica l ,  a n d  t h a t  th e  g rea tes t  strides 
a re  m a d e  when nu m erica l  re la tionships are  u n c o v e re d .”

T he  au tho r  c a n n o t  re f ra in  m ention ing  th e  viv id  reminiscence of  the 
le c tu re s  in Physiology b y  G. F a r k a s . He ske tch ed  the  deve lopm ent of  Sciences 
e sse n t ia l ly  the same, a l r e a d y  before 1930. H o w ev e r ,  F a rk as  com m enced  w ith :  
“ T h e  idea being p u t  f o r w a r d .”

I f  follows from  th e  afo re-m en tioned :  thorough qualitative knowledge o f  
the topic at stake being indispensable prerequisite o f  the quantitative approach.

I t  is com m onplace  in  Chem istry, th e  q u a l i ta t iv e  analysis m u s t  precede 
t h e  q u a n t i ta t iv e  one. S pec if ied  to  Medicine, po la ro m e tr ic  sacch aro m etry  of 
u r in e  is legitimate h a v in g  (or  a t  least leaving) no  o th e r  optically  ac tive  su b 
s t a n c e  b u t  dextrose.

Though  com m onplace , th e  thorough  q u a l i t a t iv e  knowledge is n o t  ra re ly  
sk ip p e d .

M edicine and m a th e m a t ic s

W h a t  holds for t h e  qua li ta t ive  aspec ts ,  holds for the  m a th e m a tic a l  
t e c h n iq u e s ,  too. A im ing  co r rec t  inference, th e  p re requ is i tes ,  th e  l im ita tions ,  
etc. o f  th e  m a th em a tica l  m e th o d s  applied, f u r th e r ,  u n d e rs ta n d in g  th e  m a th e 
m a t i c a l  w ay of th in k in g ,  a re  similarly ind ispensab le .
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H ere  a grave  w arn ing  has to  be u t te re d :  medical problem s could not be 
and should not be approached but by medical w ay o f  th inking .

B o th  in research and  prac tice ,  th e  aid of  o thers, specialists o f  o th e r  
b ran ch es  of Medicine, can n o t  be spared . T he  sam e holds for o th e r  b ran ch es  of 
Sciences. The aid  of  physicists ,  chem ists , m a th em a tic ian s ,  econom ists , etc. 
c a n n o t  he d ispensed, ca n n o t  he neglected . Nonetheless, the ir  a ss is tance  is 
needed  to promote, solving medical problem s, to a tta in  the medical a im s. T h e ir  
ass is tance  is of use b y  th e ir  de facto  aids o therw ise  “ sterile”  or m a y  be even  
h a rm fu l ly  m isleading [e.g., 6].

M edical and m athem atical w ays o f  th ink ing , however, do d iffer fo r  all the 
m ain  aspects. V iz.,

Medicine { Mathematics

No sharp-edged  categories (typ ical of all th e  Biolo
gical Sciences)

c lear-cu t defin itions

P ro m o tin g  and  h indering  conditions only sufficient and necessary co n d i
tions

C oncen tra tisa tio n  via a b s trac tio n ab strac tio n
Final aim  of app lication  and  in d iv idualisa tion  via  

generalization
generalization

T h e  list could be c o n t in u e d  for long, however, i t  a lready  suffices to  p ro v e  
th e  g re a t  differences in all th e  m a in  aspects . A lbeit,  th e  two have to  be u n i te d  
in th e  q u a n t i ta t iv e  app roach  of m edical p roblem s, l.e . : the appropria te rvay 
to a p p ly  M athem atics in  M edicine has to be sought, fo u n d  and practised: v iz ., 
the quantita tive w ay o f  th in k in g  in M edicine. F or  th is  end th e  know ledge  of 
the m athem atical approach is highly needed though it should never be copied.

F i n n e y  in his “ N um bers  and  D a t a ”  [3]  ta ck led  th is  p roblem  in deta i l ,  
he com m enced  w ith :

“ T h e  s ta te m e n t ,  still f req u en t ly  m ade , t h a t  s ta t is t ics  is b ran ch  of 
m a th e m a t ic s  is no m ore  t ru e  th a n  i t  would be a sim ilar claim in re spec t  of 
eng ineer ing .”

H e proceeded la ter:
“ Before a def in i t ive  s ta t is t ic a l  analysis  of d a ta  is u n d e r tak en ,  th e  s t a 

t is t ic ian  (or a sc ien tis t  concerned to  in te rp re t  his own results) should  sa t is fy  
h im se lf  un d er  th ree  heads:

(i) Are the  d a ta  w ha t  th e y  p u rp o r t  to  be?
(ii) Is th e  m e th o d  of analysis  ap p ro p r ia te  to  th e  n a tu re  o f  th e  d a ta  

and  to  th e  question  asked?
(iii) Do th e  s ta t is t ica l  cha rac te r is t ic s  o f  th e  d a ta  come close enough  to 

th e  theo re t ica l  req u irem en ts  im plic it  in th e  model on which th e  m e th o d  is 
based  ?
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F i n n e y ’s s ta te m e n ts  are convincing ly  sus ta in ing :  th e  a im  —  in our 
case —  should he th e  q u a n t i ta t iv e  m edical w ay  o f  th ink ing , in th e  L ap lac ian  
sense.

A r m i t a g e  [ 1 ]  m en tio n s  . .research w orker  in q u a n t i ta t iv e  m e d i
cine . . .”

O f the  sa rcas t ic  rem ark s  on copying a n d  forcing m a th e m a tic a l  w ay  of 
th in k in g  on the  o th e r  Sciences, the  pseudo-sc ien tif ic  te rm s “ n eo p y th ag o r ian  
n u m e ro lo g y ” or i ts  G e rm a n  tw in -b ro th e r ,  “ Z ah leng lauber”  (n u m b er  devou t)  
cou ld  be  m entioned . F u r th e r ,  “ o rn a m e n ta t io n  o f  papers  w ith  te s ts  of s ignif
ic a n c e ” . U n fo r tu n a te ly ,  such superfluous significance tes ts  are  n o t  ra re ly  
in te n d e d  to  d iscourage  th e  referee, hoping  his ignorance  of  s ta tis t ics .  The m ost 
sa rc a s t ic  rem ark  on such  superfluous, m eticu lous  endeavours  was m ade  b y  
R t j s z n y Á K  [19], s t a t in g :  cows should n ev e r  be w eigh ted  on an a ly tica l  ba lance .

Q u an ti ta t ive  results refin ing  th e  qualita tive  aspects

A pproach ing  th e  prob lem  th e  o the r  w a y  ro u n d ,  no t  on ly  th e  qu a l i ta t iv e  
k n o w ledge  is a p re re q u is i te  of th e  q u a n t i t a t iv e  analysis . N o t ra re ly ,  th e  q u a n 
t i t a t i v e  analysis  revea ls  th e  m eagerness of  ou r  qua l i ta t iv e  know ledge, the  
looseness  in our te rm in o lo g y .  E .g ., th e  u n i t  a p p ro p r ia te  for th e  aims has  to  
be  searched , found  a n d  applied ; fu r th e r ,  a p p ro p r ia te  categories have  to  be 
es tab lished .

Collection a n d  ana lys is  of num erica l  d a ta  revea led  th e  p rob lem  w he the r  
f re sh -w e igh t  or d ry -w e ig h t  or ash-weight is th e  a d e q u a te  one in  a given s tu d y .  
T h e  sam e holds for d iu rn a l  changes b iasing  s t a tu re  d a ta ,  especially  in young  
a d u l t s ,  e.g. u n iv e rs i ty  freshm en, recru its .  These  and  alike have  been know n 
fo r  long.

D uring  th e  l a t e s t  decades have  th e  m e a su re m e n ta l  and  f requency  d a ta  
re v e a le d  the  insuffic iency  of th e  te rm  “ p r e m a tu r e ” : “ p re te rm ” an d  “ small- 
f o r - d a te ”  have to  be  d is tinguished. Or, in s te a d  of “ m o rb id i ty ” , th e  te rm s  
“ in c id en ce” and “ p re v a le n c e ” . Or more re c e n t ly  th e  W H O  has recom m ended  
to  a p p ly  the  te rm  “ r isk  c r i te r ion”  for all th e  signs and  sy m p to m a ta  m onito r ing  
h ig h e r  risk and th e  t e r m  “ risk fa c to r” to  be reserved  for those hav in g  aetiolog- 
ical an d /o r  p a th o m e c h a n ica l  roles.

R u s z n y a k  [20] h a s  o f ten  s t r e s se d  o n e  o f  t h e  m a in  a d v a n ta g e s  o f  t h e  
q u a n t i t a t i v e  a p p r o a c h  b e in g  its  co m p e l l in g  t h e  r e s e a r c h e rs  to  b e  m o re  r ig o ro u s :  
n o t  o n ly  in  t h e i r  m e a s u r e m e n t s ,  even  in  t h e i r  log ica l  c a te g o rie s ,  d i s t in c t io n s  
etc., to o .

In  general: q u a n t i t a t iv e  app roach  forces us to ameliorate medical term i 
nology, nomenclature incessantly, e.g., t h e  con tinuous  deve lopm en t of  the  
In te rn a t io n a l  C lassification  of Diseases [5]. U n fo r tu n a te ly ,  it  is still far  from
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th e  r igh teously  requ is i ted  logical c lassification. F or  the  presen t ,  i t  is partia lly  
etiological, p a r t ia l ly  to p ica l  and  for th e  bu lk , e rroneously  m o n o cau sa l .  Bio
m etric ians  have to  ta k e  th e i r  shares to  p ro m o te  the  am elio ra t ion  o f  medical 
no m en c la tu re ,  te rm ino logy  and  sem antics  [e.g., 7].

P o p u la t ion  da ta  and physiological values

E ffo r ts  to wipe o u t  th e  h igh ly  m isleading te rm  “ n o rm a l”  h a v e  yielded 
b u t  l i t t le  success yet.

I t  w as nearly  30 y ears  ago: H . W . S m i t h , th e  nephro logis t ,  w as  sa rcas t i
cally  m ock ing  on th e  te rm  no rm a l  as th e  t i t le  of his p ap e r  in d ica ted  i t :  “ P la ton  
and C lem entine”  [23]. P i c k e r i n g  vigorously  p ro tes ted  ag a in s t  th e  abusive 
te rm  norm otensions [e.g., 19]. T he  a u th o r  h im self  has jo ined  th e  struggle 
[e.g., 8, 9, 10] u n fo r tu n a te ly ,  w ith  négligeable resu lt .

The term norm al has to be discarded as two not at all identical notions are 
amalgam eted in it, v iz ., p o p u la tion  data and physiological values.

T he physiological ran g e  is w h a t  is considered desirable to  f i t  life functions 
th e  best.  Though  these physiological lim its  are more or less specu la t iv e ,  none- 
th e  less, susta ined  by  experience. E .g ., serum  Fe-level u n d e r  80— 80 fig  signals 
d is tu rb a n c e  of the iron m e tabo lism : it m ay  cause im p a irm e n t  in tb e  haemo- 
poietic  functions and  in  th e  iro n -d ep en d en t  enzym e activ ities . I t  m a y  be either 
for th e  p re sen t  a lready  or m ay  be for the  fu tu re  only, i.e., risk fac to r .  O bviously  
as th e re  are no c lear-cut l im its  in Biology, all these  limits have  to  be considered 
t r a n s i to ry  zones. E .g ., 37c for body  te m p e ra tu re ,  4 million for B B C , 100 m g%  
for b lood-sugar, etc.

Theore tically , th e  physiological s ta te  is defined by  th e  s t a b i l i ty  of  its 
equil ib r ium , in co n tra s t  to  th e  pa tho logical one b y  its lab il i ty  [13]. Obviously, 
it is n o t  a t  all difficult to  lower th e  te m p e ra tu re  from 40 to  37, c o m p a re d  to 
h ib e rn a t io n .  U n fo r tu n a te ly ,  this theo re t ica l ly  correc t c r i te r ion  is h a rd  to 
estab lish  in  practice.

In  co n tra s t  to  th e  physiological values being theore tica l,  t h e  p o p u la t io n  
d a ta  are  empirical: those  de facto  registered . Averages e s t im a ted  in th e  p o p u 
la t ion  u n d e r  s tu d y  serve to o  crude and irreliable in fo rm ation . T h e  d is t r ib u t io n  
o f  th e  d a ta  has to be ta k e n  in  regard , too; e.g., th e  centiles.

P ed ia tr ic  te x t  books p resen t  the  corporeal d a ta  of  ch ild ren , accord ing  
to  age and  sex, in such alike forms. In  cases of  well es tab lished  physio log ica l 
lim its, th e  popu la t ion  d a t a  are p resen ted  th e  best according to  t h e m ;  e.g., 
w h a t  f rac t io n  has dangereously  low values, w h a t  has subphysio log ica l,  etc.

W here  people are s ta rv in g  or ju s t  undernourished , th e  p o p u la t io n  d a ta  of 
bo d y  w eigh t and  he igh t  a re  too  low, aphysiological: high r isk  for a m u l t i tu d e  of 
liseases. In  con tras t ,  in  th e  developed countries  —  u n fo r tu n a te ly  including
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H u n g a r y  — the  p o p u la t io n  d a t a  of weight are to o  high, aphysiological: high 
r i s k  for  another m u l t i tu d e  o f  diseases. The po li te  t e r m  m a y  be “ luxo ry  con
s u m p t io n ” , however, th e  d ras t ic  Germ an t e r m  “ U herf i i t te rungsperiode” 
(p e r io d  of  over-foddering) seem s more u p - to - th e -p o in t .

I f  an aphysiological v a lu e  is registered on an  ind iv idua l ,  searched are 
t h e  m ean s  to  rever t  i t  to  t h e  physiological s ta te  or a t  least  to  mimic i t ,  e.g., 
to o th -g a p s  and den tu re .

Erroneously , we a re  n o t  in frequently  inc l ined  to  consider signs often 
m e t ,  fo r  harmless —  or a t  le a s t  n a t u r a l —- a n d  call th e m  “ n o rm a l” : soo thed  is 
t h e  conscience. O bviously , i t  m a y  be: no th ing  cou ld  be done. However, w ith  
t h e  advance  of Medicine, th e se  “ noth ings”  m a y  p ro v e  fallacious. T ake  the  
case  o f  the  in tracard iac  c o n d u c t io n  dis turbances. T h e y  m igh t  be erroneously  
co n s id e red  “ norm al”  a t  age  o f  —  say —  70, j u s t  b ecau se  often m et.  In s tead  
o f  “ n o th in g ” , medical a d v a n c e  resulted in p a c e -m ak er .

I n  epidemiological researches  the  p o p u la t io n  d a ta  reveal th e  general 
t e n d e n c y  w hether th e  p o p u la t io n  and/or the p ro p o s i t i  m a y  be regarded  h ea l th y  
or  a t  r isk ,  with regard  to  t h e  s tu d ied  aspect. F u r th e r ,  s tu d y in g  the  risk criteria  
t h e  p o p u la t io n  da ta  h a v e  to  b e  ta k e n  into con s id e ra t io n .  W h a t  proves aphysio ,  
logical in  the bulk of th e  p ro p o s i t i ,  should n o t  be  t a k e n  as direct p roo f  of its  
b e in g  r isk  criterion for th e  specific disease, w i th o u t  fu r th e r  scru tiny .

B o th  the  physio log ica l va lues  and th e  p o p u la t io n  d a ta  serve guides on 
w h a t  to  do, however, th e  a c t io n s  to  be taken  m a y  h ig h ly  differ. The am biguous 
t e r m  “ n o rm al” , being a hodge-podge  hinders to  f in d  th e  correct actions to  
b e  ta k e n .

Miscellanea

T o  evade the  d a n g e rs  o f  over-vo lum inosity , a few fu r th e r  a spec ts  will 
be  b u t  briefly  t rea ted .

Base o f com parison, controls. The d a ta  of  t h e  id en t ic  p o p u la t io n  an d  of 
t h e  id en t ic  period would  f i t  th e  best; often f u r th e r  specifications m a y  prove 
ind ispensab le ,  e.g., b y  age a n d /o r  sex. U n fo r tu n a te ly ,  for th e  bu lk  of th e  blood 
c o n s t i tu e n ts  these d a ta  a re  b a d ly  missed, as m e n tio n e d ,  e.g., by  W i l k i n s o n  
[26]. T h e  routine clinical l a b o ra to ry  data  are on ly  v e ry  exceptionally  a p t  su b 
s t i tu te s .  In  the rapeu tica l  t r ia ls  the  s tan d ard  t r e a t m e n t  is th e  only one e th ica lly  
p e rm iss ib le  control, i.e ., t h e  one considered th e  b e s t  up-to-now. O b s t in a te  
in s is te n c e  —- w ith o u t  r e g a rd  to  c ircum stances —  on placebo and  doub le
b l in d in g  has to be c o n d a m n e d .  Sarcastic te c h n ic a l  t e rm :  p lacebom an ia  !

Com parability. G re a t  discrepancies ex is t  b e tw een  the  results  of diverse 
lab o ra to r ie s ,  e.g., for cho leste ro l.  I t  happens, th e  w elcom ed  advances in  m ethod-  
o logy  causing such d iff icu lt ies ,  e.g., enzym atic  m e th o d  in s tead  of  th e  Hage- 
d o rn -J e n s e n .  The progress in  th e  IH D  studies has  ren d e red  some of th e  ca rd iac

Acta Medica Academiae Scienliarum Hungaricae 32, 1975



QUANTITATIVE ASPECTS IN RESEARCH 267

i tems of th e  8 th  Revision of the  In te rn a t io n a l  N om encla ture  n o t  m a tc h in gо
those of th e  7 th  one. In  long-range studies  th e  gain  in expert i tude  m a y  resu lt  
in changes v i t ia t in g  com parab il i ty .  S t e w a r t  a n d  A c h e s o n  [24] m e n t io n e d  
such in the  O xford  S tu d y  o f Child D ev e lo p m en t  though  it  was p la n n e d  w ith  
u tm o s t  care. Well p lan n ed  preliminaries p ro v e  h igh ly  effective lessen ing  such 
dangers | J u v a n c z  11].

Circumstances. The ap t i tu d e  o f  c ircum stances  are no t rarely lo s t  o f  s ight. 
E .g ., i t  is m ore feasible to  te s t  diagnostic p rocedures  on clear-cut cases th o u g h  
aid is needed in dub ious  cases. Or — as R u s z n y a k  often w arned  us [21] — 
obductional d a ta ,  th o u g h  being th e  m ost re liab le  ones, serve in fo rm a t io n  only  
on the  graves t cases: th e y  never allow s tra ig h t- fo rw ard  general in ference. 
Or on high a l t i tu d e  6 millió R15C do n o t  signal po lycy thacm ia  a n d  4 signals 
anaem ia  in exsiccosis.

R eliab ility  o f  the data. D. J .  F i n n e y  [4] in his presidentia l ad d re ss  a t  the  
R oyal S ta t is t ica l  Society  t rea ted  th e  “ d i r ty  d a t a ”  in detail. He s t re s sed  how 
difficult it is to  e x t ra c t  th e  true  in fo rm ation  co n ta ined  in them  a n d  to  evade  
ex trac t in g  false ones. A nd  “ . . .if  s ta t is t ic ian s  refuse, others will a t t e m p t  
inference” . K e s z t y ű s  [14] mocked a t  th e  “ p seu d o q u an t i ta t iv e  m e th o d s ” ; 
e.g.. W RC in th e  m icroscopic field com pared  to  A ddis-count.  The p o p u la r  s logans, 
such as “ th e  n u m b e rs  never  tell you lies”  or “ th e  law of the large n u m b e r s ” , 
serve no excuse of  sloven work.

Objectivity. T he  aim  to  lessen sub jec t ive  errors  should never  r e s u l t  in 
ove res t im ation  o f  d a ta  seemingly objective. On th e  one hand, no t  a few  d a ta  
are considered “ o b jec t iv e”  ju s t  because be ing  num erica l  or being reg is te red  
by  some chemical o r  e lectronical device —  th o u g h  th e y  m ay be far f ro m  being  
re levant.

On th e  o th e r  h an d ,  th e  inev itab ly  su b jec t iv e  cortical a c t iv i ty  is in d is 
pensable  to  no tice  unforeseen new fea tu res  w hich  “ m ay  suggest p ro f i ta b le  
associations to  look for”  [T r u e l o v e , 25]. R u s z n y a k  [e.g., 22] o f ten  s tre ssed  
how incorrec t it  h a d  been th e  neglect of th e  anam nesis  and physical e x a m in a 
tion because of X - r a y  and  lab o ra to ry  d a ta .  I t  is obvious, efforts to eradicate  
all tvhat is subjective, would result in banning to th in k .

The m eri ts  a n d  l im ita tions  of  th e  high-speed computers. C o m p u te rs  are 
excellent in ex ecu ting  mechanisib le  opera tions .  T h e y  perform th e m  w i th  such 
a speed and  e x a c t i tu d e  w h a t  hu m an  cortex  cou ld  never  a t ta in .  H o w ev e r ,  the 
well-trained hum an  cortex is the only one tool o f  logical inference. C o n seq u en t ly ,  
let the  com pu te rs  spare  th e  cortex  from  th e  ted io u s ,  mechanisible r o u t in e  b u t  
never t r y  to  s u b s t i tu te  y o u r  cortex  b y  a m o ro n ’s. F u r th e r ,  s ta t is t ica l  ana lys is  
aims to  reduce th e  n u m b e r  o f  d a ta  to  be a p p ra ised ,  e.g., th e  mean. R e d u c t io n  
enables b e t te r  overs igh t  for th e  cortex . U n fo r tu n a te ly ,  in case of e r ro n eo u s ly  
reques ted  d u m p in g  of o u t -p u t ,  the  a d v a n ta g e  is lost.

S ign ifica n t. T h e  idol o f  the  goddes S ign if ican tia  was righteously  a d o red
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h a l f -a -c e n tu ry  ago, b y  now  she  has been re le g a te d  to  th ird  class of im p o r ta n c e  
[e.g., J UVANCZ 12]. M athem atica l significance  m ean s  no more: i t  w ou ld  be 
h a rd  to  expla in  th e  p h en o m en o n  registered b e in g  due to  chance f lu c tu a t io n  
on ly ;  t h o u g h  “ im p ro b ab le” , b u t  not “ im poss ib le” . M edical significance  m eans :  
th e  p h en o m en o n  seems to  h av e  medical im p o r ta n c e ,  e.g., s ign if ican t  bac- 
t e r u r i a .  T h e  la t te r  is o f  p r im a ry  in terest .  F u r t h e r ,  fid u c ia l lim its  serve m ore  
in fo rm a t io n  th a n  tes ts  o f  significance. The m e th o d s  to a t ta in  economic e f f i 
ciency o f  experim entation  are  n o t  widely k n o w n  a n d  seldom utilised , th o u g h  
t h e y  a re  indispensable  to  m a k e  best use o f  t h e  availabilities the  researches 
h a v e ,  o r  could a t ta in .

A s p e n u l t im a te  r e m a rk ,  the  au th o r  begs t h e  Gentle R eader  to  excuse 
his w a y  of p resen ta t ion .  To render the  p a p e r  com prehensive  a n d  read ab le ,  
a g en e ra l  oversight of th e  m a in  items and a b r ie f  l is t of o ther  im p o r ta n t  ones 
seem ed  th e  best choice. To a t t a in  it, some b as ic  s ta te m e n ts  and  fac ts  h a d  to  
be p re s e n te d  w ith  th e  a u t h o r ’s hum ble  c o n t r ib u t io n  embedded.

T o  finish w ith , fo r  quantita tive approach the golden rule holds : develop your  
grey cortex and let it gu ide y o u .
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A 0 .2%  so lu tio n  of 2-th iourea  a d m in is te re d  du rin g  the  th ird  or th e  second  and 
th ird  w eeks of p reg n an cy  increased  th e  w e igh t o f  th e  th y ro id  of 20-day o ld  fe tu ses  and  
n ew b o rn  ra ts , and  decreased  th e  p ro te in  b o u n d  iod ine  co n ten t in th e ir  th y ro id  a n d  se
ru m . S im ilar changes were observed in  th o se  w ean lin g  ra ts  whose m o th e r  h a d  been 
g iven  a 0 .2%  so lu tion  of th io u rea  during  th e  p e rio d  of lac ta tio n . B o th  th e  in tra u te r in e  
changes and  those  o ccurring  du ring  la c ta tio n  p ro v e d  reversible. The fin d in g s  p o in t to 
th e  poss ib ility  of cong en ita l or in fan tile  th y ro id  in ju ry  caused by th io u re a  d e riv a tiv e s  
ta k e n  up from  th e  en v iro n m en t.

A lth o u g h  2 - th iou rea  a n d  i ts  d e r iv a t iv e s  are  considered n a tu r a l  consti
tu e n ts  o f  several p lan ts ,  th e i r  q u a n t i ty  in t h e  env ironm en t has m a in ly  been 
increased  b y  m a n ’s in d u s tr ia l  and  ag r icu l tu ra l  activ it ies . 2 - th iourea  is used in 
th e  dye , paper ,  p h a rm aceu t ica l ,  p h o to g rap h ic  a n d  plastics industr ies ,  a n d  also 
in a g r ic u l tu re  as a fungicide. E th y len e  th io u re a  is also frequent in  t h e  en v iro n 
m en t;  i ts  use has been ex ten d ed  to  the  p h a rm a c e u t ic a l  industry ,  r u b b e r  pro
cessing a n d  plastics m a n u fa c tu r in g ,  a n d  occurs  in  agricultural p ro d u c ts  as 
a m e ta b o l i te  o f  th e  fungicide e thy len e -b isd i th io ca rb am ates .

2 - th io u rea  and  its de r iva tives  affect h u m a n  health . Their effect on the  
th y ro id  is w idely  know n [3, 15], the ir  tu m o r ig e n ic  effect has been  observed  
on e x p e r im e n ta l  an im als  [5, 7— 9, 12, 13], a n d  th e ir  ability  to  cross th e  p la 
cen ta  a n d  cause m a lfo rm atio n s  has also b een  observed  [10].

In  view of these  d a ta ,  we in tended  to  in v e s t ig a te  w hether th e  2 - th io u rea  
t r a n s fe r re d  th ro u g h  th e  p lacen ta  or the  m a m m a r y  gland caused a n y  ch an g e  in 
th e  iodine m e tab o l ism  o f  th e  offspring a n d ,  i f  so, are the changes reversib le  
or i r reve rs ib le?  In  o th e r  words, th iou rea  d e r iv a t iv e s  tak en  up from  th e  en v i
ro n m e n t  cause congenita l  th y ro id  in jury .
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M aterial and  m e th o d s

T h e  e x p erim en ts  were m ade on L ati : C FY  ra ts .  F o r  m ating , a m ale an d  tw o  fem ales 
were p laced  in a com m on p o ly e th y len e  cage. F e c u n d a tio n  was controlled by th e  d e m o n s tra 
tio n  o f th e  sperm  plug, an d  th e  m others, iso lated  fro m  th a t  tim e  on, were d iv id e d  in to  tw o-
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g ro u p s. T h o se  in  th e  f irs t  g ro u p  w ere given ta p w a te r  to  d r in k  du ring  the  periods o f p re g n a n c y  
an d  la c ta t io n ,  w hereas th e  ra ts  in th e  second group w ere g iv en  a  0.2%  solu tion  of th io u re a  ad 
l ib itu m  a t  d e fin ite  phases o f p reg n an cy  and  lac ta tio n . W ith  th e  experim ents co m p le te d , b o th  
th e  m o th e rs  an d  th e ir  o ffsp ring  (20-day-o ld  fe tuses ex c ised  tran sab d o m in ally , n e w b o rn  ra ts , 
r a ts  o f  3 a n d  8 weeks o f age) w ere w eighed, th e re  th y ro id  w as rem oved and , w here  possib le , 
b lood w a s  sam p led  from  th e  a o rta . T he rem oved  th y ro id s  w ere  hom ogenized, fro m  th e  hom o- 
g e n iz a te s  p ro te in  was d e te rm in e d  accord ing  to  L ow ry  e t al. [6] and from  th is  th e  ab so lu te  
w e ig h t o f  th e  th y ro id  was e s tim a te d . Iod ine in  th e  h o m o g en iza te  and serum  w as d e te rm in e d  
by  th e  m e th o d  of Szabó e t al. [11].

Results

F i r s t ,  th e  y o u n g  ra ts  o f  m others  t h a t  h a d  been given t a p w a t e r  were 
e x a m in e d .  R esu lts  are  show n in Fig. 1, where  co lum ns “ A” ind ica te  t h e  d a ta  
for 19— 2 1-day  old fe tuses, colum ns “ B”  th o se  fo r  new born  ra ts  no t  o ld e r  t h a n  
24 h o u rs ,  colum n “ C”  show th e  d a ta  for 3 w eek  old and columns “ D ”  show  
th o se  fo r  6— 8 week-old ra ts .

I t  w as found t h a t  re la t ive  th y ro id  weigh t  ( th y ro id  weight per b o d y  w eigh t)  
dec reases  g radua lly  w ith  age, while the  th y ro id  p ro te in  bound iodine (T P B I)  
c o n te n t  increases. T he  increase  during  th e  24 h o u rs  following de l iv e ry ,  and  
its f u r t h e r  fivefold increase during  the  th re e  w eeks of lactation  were consp i
cuous . S e ru m  p ro te in  h o u n d  iodine (SePB I)  cou ld  no t  be e s t im a te d  in  th e  
fe tu se s  a n d  new born  ra t s ,  b u t  i t  was r e m a rk a b le  t h a t  its value in  w ean lings  
was m u c h  h igher th a n  in  m a tu re  ra ts ,  h igher t h a n  t h a t  we have so far  o b se rv ed  
in a n y  o f  our num erous  experim en ts  (Fig. 1).

S u b se q u e n t ly  we co m p ared  the  d a ta  for  t h e  females t h a t  h a d  h a d  tap -  
w a te r  w i th  those for th e  fem ales t h a t  h a d  h a d  0 .2 %  solution of t h io u r e a  in 
e i th e r  th e  f irs t ,  the  second or th e  th ird ,  or th e  second and the  th i rd  w eeks of 
p re g n a n c y .  A group was g iven th iourea  th ro u g h  th e  whole course of p re g n a n c y ,  
b u t  th i s  p roved  too tox ic  for th e  fetuses. B o d y -w e ig h t  of the  m others  t h a t  h ad  
h a d  2 - th io u rea  for one w eek  was the  sam e as o f  th e  controls, on ly  in  those  
t h a t  h a d  h ad  th iou rea  for tw o  weeks did th e  th y r o id  weigh more. In  th e  m o th e rs  
t h a t  h a d  received 2 - th io u rea  in the  second a n d  th ird  weeks of  p re g n a n c y ,  
T P B I  d ro p p e d  to  1/10 of th e  control,  an d  S e P B I  con ten t  to 1/3 of th e  n o rm a l  
v a lu e  (F ig . 2).

N e x t ,  we com pared  th e  d a ta  for th e  fe tu se s  w ith  the  control v a lu es .  The 
o ffsp r in g  of  females t h a t  h a d  been given 2 - th io u re a  solution d u r ing  t h e  f i rs t  
a n d  th e  second weeks of  p reg n an cy  co rresp o n d ed  with  those of th e  females 
t h a t  h a d  h a d  ta p w a te r .  In  th e  las t  tw o g roups ,  however, the  re la t iv e  w eigh t  
o f  t h e  ty ro id  was s ign if ican tly  increased a n d  t h e  T P B I  was low. T h is  p roves 
t h a t  2 - th io u rea  h ad  passed  across th e  p lacen ta .  T h e  fact th a t  in th e  m o th e rs  
t h a t  h a d  had  2 - th iourea  on ly  during  th e  second  week of p regnancy ,  severa l 
fe tu se s  h a d  been absorbed , an d  in one ce reb ra l  and  abdom inal h e rn ia s  were 
fo u n d ,  su p p o r ts  the  view t h a t  p lacen ta l  t ra n s fe r  begins to function in  t h e  second 
w eek  o f  p regnancy . T he  fac t t h a t  in spite o f  all th is ,  normal values w ere  found ,
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Fig. 1. B ody  w eigh t in g; re la tiv e  th y ro id  w eight in m g/100 g b. w.; T B P I c o n te n t in ^/g/100 m g; 
S eP B I c o n te n t  in //g per 100 m l of L ati:C F Y  ra ts . C olum n “ A” d a ta  for 19 21 d ay -o ld  22
fe tuses; co lu m n  “ B ” d a ta  for 20 new born ra ts  no t o ld er th a n  24 hours; colum n “ C”  an d  “ 1)” 
in d ica te : d a ta  for 16 3 week old suckling ra ts  and  18 6 8 week old ra ts , re sp ec tiv e ly . T he lines

in te rsec tin g  the  colum ns connect th e  low est and  th e  h ighest survey d a ta

К I. II. Ill II.-Hi.
mg / 100 g

/jg / 100 ml

Fig. 2. B ody  weight in g: re la tiv e  th y ro id  weight in m g/100 g b. w.; T P B I co n te n ts  in //g /100 m g; 
S eP B I level in fig per 100 ml o f L ati:C F Y  m o th e rs , th a t  had  tap -w ate r  an d  0 ,2 %  2 -th io 
urea  so lu tio n  on th e  2 0 th  day  of p regnancy . C olum ns “ K ” in d ica te  the values fo r 8 m o th ers  
th a t  w ere g iven  ta p -w a te r , co lum ns “ I ” those for 6 m o th e rs  th a t  had  0.2%  2 -th io u re a  so lu tion  
in th e  f ir s t  w eek of p regnancy , colum n II an d  I I I  th o se  for 6 m others th a t  had  th io u re a  in 
b o th  th e  second  and  the  th ird  week of p regnancy . T h e  lines in te rsecting  th e  co lu m n s co n n ec t

the low est and  th e  h ig h est d a ta
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II. Hll.

/ i g /ЮО mg

F ig . 3. D a ta  for 19— 21 d ay -o ld  fe tuses from  L a ti:C F Y  m o th e rs  th a t  were g iven ta p -w a te r  
a n d  0 .2 %  2-th iourea  so lu tio n , resp ec tiv e ly . C olum ns “ K ”  in d ica te  the  values for fe tu ses of 22 
m o th e rs  t h a t  h ad  ta p -w a te r , co lum ns “ I ”  those for th e  fe tu se s  o f 18 m others t h a t  h a d  2 -th io 
u re a  in  th e  f irs t week of p re g n an c y , colum ns “ I I ”  a n d  “ I I I ”  th o se  for 14 and  16 m o th e rs  th a t  
h a d  2 - th io u re a  in  th e  second  a n d  in  th e  th ird  w eek o f p re g n an c y , respec tive ly , a n d  colum ns 
“ I I  +  I I I ”  those for 24 m o th e rs  t h a t  had  0.2%  2 -th io u re a  so lu tion  in th e  second an d  th ird  
w eek s o f  p regnancy . T he lines in te rsec tin g  the  co lum ns co n n ec t th e  low est and  th e  h ig h est

survey d a ta

/ ig  / 100 mg

F ig . 4 . D a ta  for new born  r a ts  n o t o lder th an  24 h o u rs , fro m  L ati:C F Y  m others t h a t  h a d  ta p -  
w ater, or 0 .2%  2 -th io u rea  solution. F o r in d ic a tio n s , see cap tion  to  F ig. 3
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9 m g /1 0 0  g

/ ag / 100 mg

Fig. 5. D a ta  for suck ling  ra ts  from  L a ti:C F Y  m others, t h a t  h ad  tap -w a te r  (K  16 ra ts ) ,  or
0 .2%  2 -th iou rea  so lu tion  (T 24 ra ts ) . T he lines in te rse c tin g  th e  colum ns co n n ec t th e  lowest

a n d  th e  h ighest survey  d a ta

A B C

/ j g /ЮО ml

Fig. 6. R evers ib ility  o f early  th y ro id  in juries. C olum ns “ A”  in d ica te  th e  d a ta  fo r 18 8-week 
old L ati:C F Y  ra ts  th a t  had  us c o n ta c t w ith  2 -th iourea. C olum ns “ B” are for 8-w eek-old  L ati: 
CFY ra ts , whose m o th e r had had 0 .2 %  2-th iourea  so lu tio n  in the  second and  th ird  w eeks of 
p regnancy  and d u rin g  th e  whole period  of la c ta tio n . A fte r  w eaning, the o ffsp ring  too  had  2- 
th io u rea  for five w eeks. The 14 a n im a ls  o f colum n “ C”  received  a sim ilar t r e a tm e n t,  excep t 
th a t  th ey  were g iven  tap -w a te r  for 5 w eeks a fte r w eaning . T he lines in te rsec tin g  th e  colum ns 

connect th e  low est and the  h ig h est su rv ey  d a ta
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is a p ro o f  of e ither re g e n e ra t io n ,  or of t h a t  in  t h e  second week o f  p reg n an cy  
th e  h y p o p h y sea l- th y ro id  sy s te m  of the  fe tu s  is n o t  ye t  capab le  o f  reaction  
(F ig . 3).

T he  one-day old n e w b o rn  ra ts  disclosed sim ilar  y e t  more d is t in c t  differ
ences  (Fig. 4).

In  the  n ex t  series o f  experim ents ,  th e  m o th e rs  t h a t  h ad  been  given tap -  
w a t e r  all along th e  p re g n a n c y ,  were d iv ided  in to  two groups. O ne g roup  h ad  
t a p - w a te r  all along th e  p re g n a n c y  and th e  la c ta t io n  period, w hereas  th e  o ther 
h a d  ta p -w a te r  during  p re g n a n c y  and 0.2 per  c e n t  th io u rea  so lu tion  ad  l ib i tum  
for th r e e  weeks d u r ing  la c ta t io n .  The y oung  in th e  la t te r  group show ed a slower 
d ev e lo p m en t ,  the ir  r e la t iv e  thyro id  w eigh t  w as considerably  h igher,  the ir  
T P B 1  and SePBI va lues  w ere  considerably low er th a n  those for th e  controls. 
T h is  experim ent p ro v e d  b e y o n d  doub t t h a t  th e  th iourea  had been  released 
in to  th e  milk and  h a d  c au sed  a h y p o fu nc tion ing  goitre in th e  y o u n g  (Fig. 5).

This observa tion  led  us to  exam ine th e  reversib ili ty  of  th e  process. 
To th e  f irst group “ A ’’ ta p - w a te r  was given d u r in g  th e  whole course  of  p reg
n a n c y  an d  lac ta t ion , a n d  th e  young h ad  ta p - w a te r  to  d r ink  for 4— 5 weeks 
a f t e r  weaning. The fem ales  of  th e  second g roup  “ B ” had 2 - th iou rea  solution 
in  t h e  second and  th e  t h i r d  weeks of p re g n a n c y  and  during  whole  lac ta t io n  
pe r io d  and  the y oung  w ere  also given 2 - th io u rea  solution for 4— 5 weeks fol
lo w ing  weaning. The th i r d  g roup  “ C  had 2 - th io u rea  solution during  p reg n an cy  
a n d  l ac ta t io n ,  b u t  th e  y o u n g  were given t a p -w a te r  for 4— 5 weeks a f te r  weaning. 
T h e  experim en t showed c lear ly  th a t  d rink ing  t a p -w a te r  for 4— 5 weeks sufficed 
to  r e s to re  the  norm al th y r o id  function in th e  y o u n g  ra ts  (Fig. 6).

Discussion

I t  has been show n, t h a t  2-th iourea a d m in is te re d  in the second a n d  th ird  
w eeks of  p regnancy, is t r a n s fe r re d  th ro u g h  th e  p lacen ta  and a f te r  delivery  
t h r o u g h  the  m a m m a ry  g lan d .  This supported  th e  resu lts  of S h e p a r d  [10],  who 
e x a m in e d  the  m e tabo lism  o f  :i°S-thiourea in  t h e  th y ro id  of a fe tus ,  a n d  also 
th e  f ind ings  of K h e r a  [4] w h o  showed th e  te ra to g e n ic  effect of e th y len e  th io 
u re a  in  r a ts  and ra b b i ts .  T h e re  is experim enta l  evidence th a t  in regions w ith  
e n d e m ic  goitre cow’s m ilk  con ta in  goitrogenous substances ta k e n  f rom  the  
fo d d e r  [1, 2, 14]. T h u s ,  th e  answ er to the  q u es t io n  w hether  2 - th io u rea  t r a n s 
fe r red  th rough  the  p la c e n ta  or th e  m a m m a ry  g lan d  will cause a n y  change  in 
io d in e  m etabolism  of th e  o ffspring  is decidedly a ff irm ative .  2 - th iou rea  solution 
a d m in is te re d  during  th e  second  and  the th i rd  w eek  of the  p regnancy  a n d  during  
l a c t a t i o n  increases th e  re la t iv e  weight of th e  th y ro id  and  decreases th e  T P B I  
a n d  S e P B I  levels. T h e  ex p e r im e n ts  of course failed to  answer th e  question  
w h e th e r  it  is the increased  T S H  production  of t h e  fe ta l  or t h a t  of th e  m a te rn a l
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p i tu i t a r y  t h a t  is responsible for th e  th y ro id  en la rgem ent induced  b y  2 - th io u rea .  
T h e  answ er  to  the  revers ib i l i ty  of th e  effect is s imilarly unce r ta in .  O u r  experi
m e n ts  h ave  shown th a t  re p la c e m en t  of  2 - th iourea  solution by t a p - w a te r  results  
in a decrease of thyro id  w e igh t  a n d  an increase  of the  T P B I  and  S e P B I  values 
which would  po in t the  t r a n s i to ry  c h a ra c te r  of the process. The tu m o rig en ic  
effect o f  2-th iourea  and its d e r iv a t iv e s ,  m u s t  however serve as a w arn ing :  
th y ro id  injuries in young age m a y  n o t  a lw ays  be reversible and  d e la y e d  effects 
m ay  ensue.
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EFFECTS OF AMMONIA INTOXICATION AND 
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G lu tam a te  dehydrogenase  (G D H ) an d  g lu ta m in a se  a c tiv ity  in th e  r a t  b ra in  wa« 
a lte re d  by  chronic am m onia  in to x ica tio n , su b a c u te  liver in ju ry  induced b y  CCI, o r d- 
ga lac to sam in e , and  th e  com b in a tio n  of th em . G D H  a c tiv ity  was found to  in c rease  co n 
sid e rab ly  in  am m onia  in to x ica tio n  w ith o u t liver d am ag e , p ro b ab ly  as a re su lt o f enzym e 
in d u c tio n . G D H  a c tiv ity  fa iled  to  increase, while g lu tam in ase  was ap p rec iab ly  e lev a ted , 
w hen  am m onia  in to x ica tio n  was assoc iated  w ith  h e p a tic  in ju ry . Toxicological s tu d ies  
hav e  in d ica ted  th a t  these  changes in b ra in  enzym e levels m ay  be involved in  th e  m e
chan ism  o f am m onia  n eu ro to x ic ity .

I t  is well-known t h a t  am m onia  which occurs  physiologially in b o d y  fluids 
a t  low concen tra t ions ,  is neu ro tox ic  a t  h igh c o n cen tra t io n s  [4, 5, 6, 12, 14, 16]. 
I t  has  also been shown t h a t  am m onia  is an  essen tia l ,  though  not th e  ex c lu s iv e  
fac to r  o f  chronic  hepa tic  e n c e p h a lo p a th y  [12, 16]. T he  biochemical m ech an ism  
of th is  n eu ro tox ic  effect is obscure. Beside th e  abso lu te  concen tra tion  p ro b a b ly  
th e  d u ra t io n  of abnorm ally  high levels is also im p o r ta n t  in the  m an ife s ta t io n ,  
t y p e  an d  graveness of  neurological sy m p to m s  [16].

A ccord ing  to  earlier evidence [2] th e re  is a close re la tion  b e tw e e n  th e  
in ta c t  func tion  o f  th e  nervous sys tem  a n d  t h a t  o f  the  liver.

The s tud ies  b y  K r e b s  [9], W e i l - M a l h e r b e  [17], W a e l s c h  [15] h ave  
c larified  m a n y  aspects  of cerebral am m o n ia  m etabo lism . The in t ra c e l lu la r  
excess am m o n ia ,  w h e th e r  form ed locally or  re su l t in g  from increased  in f lu x ,  
is c o n v e r te d  b y  g lu tam ate -d eh y d ro g en ase  (G D H ), and  by  g lu ta m in e -sy n th e ta se  
to  n o n - to x ic  g lu tam ine . The physiological role of  g lu tam inase , which com es for 
in r e la t iv e ly  high concen tra t ion  in th e  cen tra l  ne rvous  system , is n o t  so well 
u n d e rs to o d .  P ro b ab ly  it  releases am m onia  f rom  g lu tam ine  when th e  i n t r a 
ce llu lar  a m m o n ia  decreases [18, 19].

S tu d ie s  of  th e  above enzym es involved  in am m onia  m e tabo lism  u n d e r  
p a tho log ic  conditions especially in h y p e ra m m o n ia e m ia  have been  sc a n ty  
[3, 8, 10]. In  th e  p resen t  s tu d y  we exam ine  th e  effect o f  acute  a n d  chronic  
am m o n ia  in tox ica t ion  and t h a t  o f  acu te  and  s u b a c u te  liver in ju ry  on th e  a c t iv 
i ty  o f  cerebra l G D H  an d  g lu tam inase  ac t iv i t ie s  in th e  r a t  and c o rre la te  th e i r  
e v en tu a l  changes w ith  th e  neurological s ta te  o f  th e  animals.
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M ateria l and  m e th o d s

W is ta r  ra ts  w eighing 171 ± 1 5  g k e p t on n o rm al d ie t  w ere used. A cute  am m o n ia  in to x i
ca tion  w as p roduced  by th e  in tra p e rito n e a l a d m in is tra tio n  o f 7.8 m m ol/kg a m m o n iu m  a c e ta te . 
A f te r  15 m in  th e  an im als were d e c a p ita te d  and th e  c o n c e n tra tio n  of free am m onia  (as am m onia  
n i tro g e n )  an d  th e  a c tiv ity  o f G D H  an d  g lu tam inase  o f b ra in  tissue  was m easu red  im m ed ia te ly .

A fu r th e r  group of sim ila rly  tre a te d  an im als rece iv ed  2.0 m l/kg CCI, in tra p e rito n e a lly  
36 h r  b e fo re  decap ita tio n .

C hronic am m onia in tox ica tion  was p roduced  by  fo u r  daily  in tra p e rito n ea l in je c tio n s  of 
2.6 m m o l/k g  am m onium  a c e ta te . T he tre a tm e n t w as c o n tin u e d  for 14 days an d  a f te r  i t  th e  
r a t s  w ere  d e ca p ita te d  an d  th e  m en tio n ed  p a ram ete rs  w ere  e s tim a te d  as above. A n o th e r  group  
o f s im ila r ly  tre a te d  an im als rece iv ed  0.5 m l/kg CC14 d a ily  o r 200 m g/kg d -g a lac to sam in e  four 
t im e s  d u r in g  th e  tw o  w eek p eriod , to  produce a m o d e ra te ly  severe su b acu te  liver in ju ry .

T h e  con tro ls received  eq u im o lar q u a n tity  o f so d iu m  a ce ta te , com bined in o th e r  groups 
w ith  C CI, o r galactosam ine.

T h e  p lasm a am m onia  level w as m easured  b y  o u r  p ro ced u re  described ea rlie r [7]. T his 
is a  d i re c t  co lorim etric  m eth o d  b a se d  on th e  B e rth e lo t re ac tio n . Free b ra in  am m o n ia -N  was 
e s t im a te d  by  an  ion-exchange co lo rim etric  tech n iq u e  [1] m odified  by us. F o r th e  la t te r  p roce
d u re  im m e d ia te ly  a fte r  d e c a p ita tio n  a weighed a liq u o t o f b ra in  tissue w as frozen  in liq u id  n i
tro g e n , hom ogenized w ith  5%  tric h lo rac e tic  acid a n d  cen trifu g ed  a t 0°C. T he am m o n ia  was 
m e a su re d  in  1.0 ml o f th e  su p e rn a ta n t.

Brain G D H  activity was measured by a modified procedure of Olson and A n f i n s e n [ 11] 
and expressed in ^mol N A D H /g  wet brain/min.

G lu tam in ase  a c tiv ity  w as d e te rm in ed  by th e  p ro c ed u re  of W eil-Ma lh er be  [18] and  
e x p re sse d  in ^m ol am m onia/g  w e t bra in /60  m in.

T h e  an im als w ere o b se rv ed  closely for n eu ro lo g ica l sym ptom s. T heir liv e r a n d  b ra in  
w as e x a m in e d  h isto logically . T h e  livers of CC14 or g a lac to sam in e  tre a te d  an im als show ed h is
to lo g ic a l signs of m o d era te  o r severe  liver in ju ry . T h e  c o n tro ls  and those  an im als  w hich  re 
c e iv ed  o n ly  am m onia  show ed no h isto log ical a lte ra tio n s  in  th e ir  liver. T he b ra in  tis su e  of th e  
a n im a ls  w as grossly norm al.

T h e  d a ta  were an a ly zed  s ta tis t ic a lly  w ith  th e  S tu d e n t  i-te st.

Results

T a b le  I shows th e  effect o f  acute am m onia  po ison ing  and /o r  o f  a c u te  liver 
i n j u r y  on  th e  bra in  an d  p la sm a  am m onia  c o n c e n tra t io n s  (Table I). I t  is seen 
t h a t  15 m in  af te r  a d m in is t r a t io n  o f  7.8 m m o l/k g  a m m o n iu m  a c e ta te  b o th  
p la s m a  a n d  bra in  am m o n ia  is e levated  s ign if ican tly .  CCI4 p re t r e a tm e n t  doesn’t  
in f lu e n c e  th e  results  b o th  in  am m onia  in to x ic a te d  and  control an im als .

Table I

In flu e n c e  o f  acute am m onia intoxication and/or o f  acute CCI ̂ -intoxication on the am m onia  concen
tra tion  in  rat brain and p lasm a  
(N : 20 anim als in each  group)

G roup T reatm ent
Plasm a N H 4 —N 

(xmol/ml
Brain N H , - N  ^umol/g 

wet weight

l . Control — 0.046 ± 0 .0 0 4 0 .2 8 4 ± 0 .0 3 2

2. N H ,A c* 0.255 ± 0 .0 3 6 2.32 ± 0 .1 3 4

3. Control CCI,** 0.049 ± 0 .0 0 5 0.307 ± 0 .0 4 7

4. N H  ,Ac* C C I/* 0.272 ± 0 .0 3 9 2.51 ± 0 .1 4 5

* 7.8 m m ol/kg am m onium  in trap erito n ea lly  15 m in  before decap ita tion . 
** 2.0 m l/kg CCI, 36 h r before  decap ita tion .
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Brain  GDH a n d  g lu tam inase  ac t iv i ty  found  u n d e r  s im ila r  experim en ta l  
cond it ions  are p re sen ted  in Table  I I .  As it  can  be seen in acu te  am m onia

Table II

In flu en ce  o f  acute am m onia intoxication and/or o f  acute CCI, intoxication on the GDH and g lulam in-
ase activities in  rat brain

(N : 20 anim als in  each group)

Group T reatm ent
GDH /m iol N ADH/g

tissue/m in
Glutaminase 

N H 3/g tissue/hour

1 . Control — 2.85 ± 0 .1 8 332 ± 2 5

2. N H 4— A c * — 3 .1 7 °± 0 .2 0 282“ ± 2 4

3. Control CC14** 2.71 ± 0 .1 9 328 ± 2 7

4. N H — Ac* CCI,** 3.05 ± 0 .1 8 316 ± 2 3

* 7.8 mmol/kg am m onium  aceta te  15 m in  before d ecap ita tio n . 
** 2.0 inl/kg CCI, 36 h r before decap ita tion .

0 p  <  0.02 vs th e  con tro ls.

in to x ica t io n  G D H  a c t iv i ty  in the  b ra in  increased  sign if ican tly  (p <C 0.02). 
T h is  also applies to  th e  G D H  ac t iv i ty  o f  CCI ,-poisoned anim als, though  to 
a lesser degree. In  com parison  with  contro ls  th e  b ra in  g lu tam inase  a c t iv i ty  
decreased  in a m m o n iu m  ace ta te  poisoning (p <T 0.02) while i t  was u n a ffec t
ed in  the  CCl4- tre a te d  anim als. Cerebral g lu tam in ase  ac t iv i ty  of the  an im als  
w ith  combined poisoning  was less th a n  of  th e  con tro ls  b u t  difference did no t 
a t t a in  s ta tis tical significance.

Chronic a m m onia  intoxication and  subacute necrosis o f  the liver

The doses of a m m o n ia  and CCI , which h a d  been  used  a f te r  p re l im ina ry  
t r ia ls  were high e n o u g h  to  keep the  blood a m m o n ia  concen tra t ions  e leva ted  
d u r in g  the  best p a r t  o f  th e  day, b u t  no t  so h igh as to  cause a m o r ta l i ty  of more 
t h a n  5 %  during th e  tw o  weeks period of  o bse rva tion .

G D H  activity o f  brain tissue. The b ra in  G D H  a c t iv i ty  in chronic am m onia  
in to x ica t io n  and CCI,, poisoning for tw o  weeks are rep resen ted  in Fig. 1. 
C o n tra ry  to  acu te  a m m o n ia  in tox ica t ion  p ro t ra c te d  ad m in is t ra t io n  of a m 
m o n ia  resulted in a sign if ican t increase in G D H -a c t iv i ty  (p <C 0.001). On 
th e  o th e r  hand, in  t h e  CC l,- trea ted  an im als  G D H  ac i t iv i ty  fell below th e  
c o n tro l  values (p <[ 0.001) as com pared  to  th e  controls .

S imultaneous pro longed  ad m in is t ra t io n  o f  am m o n ia  caused no increase 
o f  G D H  activ ity  in th e  CCl4-trea ted  an im als:  th e re  was no significant difference 
in th e  values of th e  tw o  groups w ith  chronic  poisoning.
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Influence of ammonia -  intoxication a n d /o r  of 
chronic liver injury /CCI4 /  on GDH activity in 

rat brain
GDH

activity

NH3  intox. CCI4  CCI4 +N H 3 

F ig . 1

G lutam inase activ ity  o f  brain tissue

T h e  effect of chronic a m m o n ia  in tox ica t ion  and /o r  o f  su b a c u te  necrosis 
o f  t h e  liver  dem onstrab le  a t  th e  end of th e  two week o bse rva tion  per iod  is 
sh o w n  in Fig. 2. While a c u te  am m o n ia  in tox ica t ion  was accom pan ied  b y  a 
s ig n i f ic a n t  decrease in b ra in  g lu tam inase  ac t iv i ty  af te r  p rolonged am m o n ia  
t r e a t m e n t ,  the  decrease was o f  lesser degree, a t  the  borderline  o f  s ignificance.

N o significant changes were dem onstrab le  in th e  values  for th e  CClt- 
t r e a t e d  animals either. On th e  o th e r  h an d ,  com bined CCI , and  a m m o n ia  t r e a t 
m e n t  caused  a significant increase  in b ra in  g lu tam inase  ac t iv i ty  (p < / 0.001).

In  order to f ind  ou t  w h e th e r  g lu tam inase  ac t iv i ty  h a d  risen g rad u a l ly  
f ro m  th e  very  outse t or a b r u p t ly  in  some la te r  phase  of  t r e a tm e n t ,  fu r th e rm o re  
in  o rd e r  to  examine th e  co rre la t io n  b e tw een  b ra in  g lu tam inase  a c t iv i ty  and  
b r a in  am m onia  level we h a v e  e s t im a ted  these  p a ram e te rs  every  th i rd  day . 
R e s u l t s  are represen ted  in  Fig. 3 and  i t  is seen t h a t  during  the  f i r s t  six days 
t h e r e  was no notab le  change  e i the r  in b ra in  g lu tam in ase -ac t iv i ty  or in th e  
a m m o n ia  level. A paralle l a n d  s te a d y  rise of  b o th  values was d em o n s trab le  
f ro m  th e  9 th  day onward.

N ervous system

T h e  animals t r e a te d  w i th  a m m o n iu m  ace ta te  or CC14 alone d isp layed  
so m e  degree  of p ros tra t ion  or  weekness, b u t  no d is t inc t  sign o f  e n cep h a lo p a th y .  
M o r ta l i ty  by  th e  end of second  week did  no t  exceed 5 % . On th e  o th e r  h an d ,
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glutaminase
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the  animals receiv ing  com bined t r e a tm e n t  w i th  am m o n iu m  sa lt  a n d  CCI 4 
show ed a sign if ican t de te r io ra t ion  o f  th e ir  neurological s ta te  from  9tli d a y  
on w ard .  The con d i t io n  was m arked  by  poor a c t iv i ty ,  progressing in m os t  a n i 
m als to  somnolence, in  some to com a. T he  m an ifes ta t io n s  were rem in iscen t  of 
th e  sym ptom s o f  r a t s  w ith  Eck’s f is tu la  [20]. M o rta l i ty  increased to  4 5 %  by
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Influence of chronic СОд and ammonia intoxication on 
glutam inase activity in rat brain, on the severity of 

encephalopathy and on mortality

h

Grade of III. 
severity of II. 

encephalopathy I.
3 6 9 12 15 days

V)
-C

"a<u
a

F ig . 4

t h e  e n d  of t h e  ob se rv a t io n  period. As Fig. 4 shows, there  was a para lle lism  
b e tw e e n  the  severity  o f  m an ife s ta t io n s  and  th e  increase in b ra in  g lu tam in ase  
a c t iv i ty .

I n  order to  f ind  o u t  w h e th e r  th e  observed  changes were due  to  some 
spec if ic  effect of CCI , t h e  ex p e r im en ts  were rep roduced  in a g roup o f  an im als  
w i th  200 mg/kg d -ga lac to sam ine  as a n o th e r  h ep a to to x ic  agent. T able  I I I  c learly  
show s t h a t  the  changes in  G D H  and  g lu tam in ase  ac t iv i ty  as well as in  t h e  b ra in  
a m m o n ia  level were s im ila r  in  th e  ga lac tosam ine  t r e a te d  and  th e  CCl4- tre a te d  
g ro u p  (Table I I I ) .

Table III

G D H  a n d  glutaminase activity in  rat brain in  chronic am m onia  intoxication and/or in  subacute liver 
in ju ry  induced by CCI , or d-galactosamine 

(N : 20 anim als in each  group)

G roup Treatm ent
GDH /^moI/NADH/g 

tissue/m in
G lutaminase /Ltmol N H 3/g 

tissue/hour

l . N H -  Ac“ СС14Ь 2.15 ± 0 .1 7 4 5 4 ± 2 9

2. N H 4—Ac" ga lac to sam in e0 2 .2 6 ± 0 .1 8  n. s. 4 3 6 ^ 2 8  n. s.

a 2.6 mmol/kg am m onium  a c e ta te  four tim es daily  for 14 days. 
b 0.5 m l/kg CCI,/d ay  in trap erito n ea lly .
c 200 m g/kg d -ga lactosam ine  in trap erito n ea lly  a t  in te rv a ls  of 3 days.
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Discussion

The resu lts in d ica te  th a t  chronic, an d  in  a lesser degree also acu te  am m o 
n ia  in to x ica tio n  affects th e  G D H  and  g lu tam in ase  ac tiv itie s  o f th e  r a t  b ra in . 
In  th e  an im als tre a te d  w ith  am m onium  a c e ta te  for tw o w eeks, b ra in  G D H  
a c tiv ity  increased  s ig n ifican tly  paralle l w ith  a decrease in  g lu tam in ase  a c tiv ity  
w hich  was of lesser degree b u t  still sign ifican t. As rep o rted  in  an  earlier s tu d y  
[8], th e  a c tiv ity  o f g lu tam in e  sy n th e ta se , th e  th ird  enzym e essen tia l to  the  
cerebral m etab o lism  of am m onia , was h a rd ly  a ffec ted .

I t  was show n fu r th e r  th a t  su b acu te  liver in ju ry  (elic ited  e ith e r  by  CC14 
or b y  g alac tosam ine) com bined  w ith  chronic am m onia  in to x ic a tio n  affected  
th e  a c tiv ity  of th e  enzym es in q uestion . G D H  a c tiv ity  even decreased  below  
th e  con tro l va lue . On th e  o th e r h an d , g lu tam in ase  a c tiv ity  in  th e  sam e g roup  
show ed a s te a d y  rise f ro m  th e  9 th  day  onw ard .

The increase in ce reb ra l G D H  a c tiv ity  in  th e  an im als tre a te d  w ith  am m o
n iu m  ace ta te  alone is a t t r ib u te d  to  th e  in d u c tiv e  effect of th e  increased  and  
su s ta in ed  in flu x  o f am m onia . T his is su p p o rte d  by th e  observ a tio n  th a t  in 
acu te  am m onia in to x ic a tio n  th e re  was no s ig n if ican t increase in G D H  a c tiv ity . 
To our know ledge, G D H  in d u c tio n  has n o t been  exam ined  in cerebral tissue . 
A cco rd in g  to  Se y a m a  e t al. [13] r a t  k idney  G D H  is inducib le  b y  acidosis. 
As a re su lt o f G D H  in d u c tio n  th e  increased  in flu x  of am m onia  in chronic 
am m o n ia  in to x ica tio n  can  be easily  disposed as g lu ta m a te  an d  la t te r  by  g lu ta 
m ine sy n th e ta se  to  g lu tam in e . T he increase o f b ra in  g lu tam in e  co n cen tra tio n  
has been show n b y  our earlie r investig a tio n s [8] an d  by  o th e r au th o rs .

I t  is m uch m ore in te re s tin g , th a t  su b acu te  liv er in ju ry  in h ib its  th is  
increase o f  G D H  a c tiv ity . In  fac t we have found  low er G D H  values u n d er 
th e se  co n d itions as in  th e  con tro ls, w hich h av e  n o t received  am m onia. I t  is 
possible, th o u g h  ex p e rim en ta lly  n o t p roven , th a t  th is  in h ib itio n  of G D H  a c tiv 
i ty  has a role in  th e  observed  e levation  of b ra in  am m onia  in th e  la t te r  phase 
of o u r experim en ts.

The sig n ifican t e lev a tio n  o f b ra in  g lu tam in ase  also m ay  be a fac to r for 
th is  phenom enon an d  for th e  observed  neuro log ica l sym ptom s.

I n  a c u te  a m m o n ia  in to x ic a t io n  b r a in  g lu t a m in a s e  dec reases ,  p r e s u m a b ly  
as r e s u l t  o f  m e ta b o l ic  fe e d -b a c k .  N o r d m a n n  e t  al. [10] h a v e  n o te d  a n  in c re a se  
o f  l iv e r  g lu ta m in a s e  in  a m m o n ia  in to x ic a t io n .  A c c o rd in g  to  t h e i r  f in d in g s ,  
th i s  in c re ase  is u n r e l a t e d  to  t h e  e le v a t io n  o f  t h e  a m m o n ia  leve l  a n d  to  c h a n g e s  
o f  t h e  live r  g lu ta m in e  c o n c e n t ra t io n .

I t  has been d e m o n s tra te d  b y  W e i l -M a l h e r b e  [18] th a t  g lu tam in ase  
a c tiv ity  of th e  b ra in  is g re a tly  enhanced  b y  v a rio u s  organic acids, p a rtic u la ry  
b y  trica rb o x y lic  acids. T h is is also valid  for ribo fIav ine-5 ’-p h o sp h a te . A c tiv a 
to rs  of th is k ind m ay  well accum ula te  in  th e  b ra in  as a re su lt o f liver in ju ry .

Increase o f b ra in  g lu tam in ase  a c tiv ity  m ig h t have  an  adverse  effect on
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a m m o n ia  m etabolism  in  th e  b ra in , since i t  releases am m onia  from  th e  non -to x ic  
en d  p ro d u c t  g lu tam ine. O u r o b se rv a tio n , th a t  para lle l w ith  th e  increase  in 
g lu ta m in a s e  ac tiv ity  th e  free  am m o n ia  co n cen tra tio n  of th e  b ra in  also rises, 
to g e th e r  w ith  conspicuos in c rea se  in  th e  sev erity  o f th e  neuro log ica l signs in d i
c a te s  t h a t  th e  a ltered  a c tiv i ty  o f  th is  enzym e m igh t have  a role in  th e  p ro d u c 
tio n  o f  neurological m an ife s ta tio n s  in  chronic  am m onia  in to x ica tio n .

O u r resu lts  are c o n s is te n t w ith  th e  earlie r o b serv a tio n s by  G e i g e r  [12] 
w ho  g a v e  electrophysio logical ev idence in  su p p o rt of th e  close re la tio n sh ip  
b e tw e e n  in ta c t  liver fu n c tio n  an d  fu n c tio n a l c a p ac ity  o f th e  c e n tra l  nervous 
s y s te m .

H y p e rsen siv ity  of th e  c e n tra l  nervous system  to  n e u ro to x in s  is also 
b e lie v e d  b y  some au th o rs  to  be  in v o lv ed  in  th e  p a th o m ech an ism  o f h ep a tic  
e n c e p h a lo p a th y  [16] an d  th e re  c a n n o t be excluded  th e  p o ssib ility , t h a t  “ h y p e r
s e n s i t iv i ty ”  is som ehow co n n ec ted  w ith  th e  d e te rio ra tio n  of liver fu n c tio n .

T h e  above o b serv a tio n s allow  th e  suggestion  th a t  fu r th e r  s tu d y  of th e  
e n z y m a tic  processes o f th e  b ra in  am m o n ia  m etabo lism  an d  th a t  o f  liv e r-b ra in  
re la tio n sh ip s  m ight re su lt in  a b e t te r  u n d e rs ta n d in g  o f th e  role o f am m onia  
a n d  o f  o th e r  supposedly  “ sen z itiz in g ”  fac to rs  in th e  p a thogenesis  o f chronic  
h e p a t ic  encepha lopathy .
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PATHOGENETISCHE FAKTOREN BEI 
VIRUSKRANKHEITEN DES 
ZENTRALNERVENSYSTEMS

S t .  K Ö R N Y E Y

E ingegangen  den 28. O k to b e r  1975

Die e n tzü n d lich e  R eak tio n  im H irn s ta m m  k en n ze ich n e t sowohl E n te ro - als auch 
A rb o v iru sk ra n k h e iten . D abei v e rle ih t den e inzelnen  K ra n k h e iten  die E rk ra n k u n g  be
s tim m te r  n e u ro n a le r  E lem en te  und  die P ro z e ß au sb re itu n g  au f sonstige A b sch n itte  des 
Z en tra lo rg an s den  in d iv id u e llen  C h arak ter. E in  T eil der n ich t e lek tiv en  N ekrosen  ist 
als anox ische  K o m p lik a tio n  zu  deu ten . E ine h ä m a to g en e  In fek tio n  des Z en tra lo rg an s 
k o m m t in  e rs te r  L in ie bei den  K ra n k h e iten  in  F rag e , die du rch  V ek to ren  ü b e rtra g e n  
w erden . N eurale  A u sb re itu n g  is t tro tz  der V iräm ie  zu  erw ägen, besonders bei d en  E n te - 
ro v iru sk ra n k h e ite n . Im m unolog isches G eschehen ä u ß e r t  sich bei den  a k u te n  neuro- 
tro p en  V iru se rk ran k u n g e n  im frü hze itigen  E rsc h e in en  von  P lasm azellen  u n d  im  gele
g en tlich en  V orkom m en  perivenöser M ikrogliasäum e. Bei m assiven In fek tio n en  m it 
cy to p a th o g en e n  V iren k a n n  die en tzünd liche  R e a k tio n  fehlen, besonders im  unre ifen  
Z en tra lo rg an . Von in ten siv en  Im m u n v o rg än g en  z eu g t das V orherrschen  von  P la sm a 
zellen bei gew issen — n ic h t n u r v iru sb ed in g ten  — E n cep h alitid en , bei d enen  B ezie
hungen  zu frü h e r  ü h e rs tan d e n en  In fek tio n en  gegeben  sind. F ü r  solche P rozesse w ird 
die B ezeichnung  “ im m unbio log isch  bed ing te  S p ä te rk ra n k u n g en ”  vo rgesch lagen .

T he possible im m uno log ica l significance o f th e  d ifferen t k inds o f cells p a r tic ip a t
ing in th e  in f la m m a to ry  reac tio n  in cereb rosp inal in fec tions is to  be considered . P re s
ence o f p lasm a cells a n d  occasional perivenous m icrog lia l seam s in early  s tag es o f th e  
n e u ro tro p ic  v iru s d iseases m u st be regarded  as im m uno log ica l m an ifes ta tio n s . T he b ra in 
stem  nuclei are  sites o f p red ilec tio n  bo th  in en te ro - a n d  in arbov irus diseases. T he aetio - 
logically  d iffe ren t n eu ro tro p ic  v iru s diseases o b ta in  th e ir  in d iv idua l c h a ra c te r  from  the  
in v o lv em en t o f c e r ta in  neurones. N eural p a th w a y s  are  to  be tak en  in to  co n sid era tio n  
m ain ly  fo r th e  p ro p a g a tio n  of en terov iruses, b u t  m ay  have  a p a r t also in th e  p ro p a g a 
tio n  o f a rbo v iru ses. W ith  m assive invasion  by  h ig h ly  cy to p a th o g en ic  v iruses in flam 
m ato ry  reac tio n  m ay  fa il to  a p p ea r in the im m a tu re  n ervous tissue. Som e en cep h alitid es, 
o f b o th  v ira l an d  n o n -v ira l aetio logy, in w hich  th e  p revalence  of p lasm a  cells in th e  
in f iltra tio n s  b ears  ev idence  of an in tense  im m u n e  process, m ay  be in te rp re te d  as im- 
niunologically  d e te rm in ed  la te  diseases.

Die F o r ts c h r i t te  d e r Im m u n p ath o lo g ie  e rlau b en  es, den e in ze ln en  Zell
a r te n . die an  d e r e n tzü n d lich en  R eak tion  b e te ilig t sind , versch iedene biologische 
A ufgaben  zu zu sch re ib en . D en gew öhnlichen E n tzü n d u n g se lem en ten  gesellt 
sich im  Z en tra ln e rv en sy s tem  m it ih re r M ak ro p h ag en tä tig k e it die M ikroglia 
h inzu .

Bei ein igen sog. n eu ro tro p e n  V iru sk ra n k h e ite n  (k o n s ta n t hei d er P o lio 
m yelitis , w ah rsch e in lich  au ch  bei der Z eckenencephalitis) tre te n  in d e r F rü h 
phase polym orphkern ige Leukocyten  ins N ervengew ebe und in die L iq u o rräu m e  
aus. Bei d iesen  K ra n k h e ite n  feh lt — von k o m p lik a to risch en , z. B. anox ischen  
N ekrosen  [16] abgesehen  — der w ahllose G ew eh su n te rg an g , der die b ak te rie llen  
Prozesse k en n ze ich n e t, u n d  die G ran u lo cy ten  en tsp rech en  ih re r  phag ischen  
A ufgabe d a d u rc h , d aß  sie an der N euronophag ie  d e r e lek tiv  zu g ru n d e  gehenden
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N e rv e n z e llen  A nteil n eh m en . D ie A nnahm e [42], die Im m u n re a k tio n  sei die 
e in z ig e  U rsache  der in f il t ra t iv e n  V erän d eru n g en , lä ß t  au ß er ach t, d aß  m a n  den 
G ra n u lo c y te n  keine u n m itte lb a re  im m unologische B ed eu tu n g  beim essen kan n .

D ie  B eteiligung p o ly m o rp h k e rn ig e r L eu k o cy ten  is t jedoch  n ic h t ein a ll
g e m e in e r  Zug aller N e u ro v iru sk ra n k h e iten . D ie experim en te lle  P rü fu n g  z. B. 
d e r  B o rn a sc h e n  K ra n k h e it d e r  T ie rpa tho log ie  [28] m a c h t es u n w ah rsch e in lich , 
d a ß  d e m  ly m p h o -m o n o cy tä ren  ein po lym o rp h k ern ig es  S tad ium  v o rausg inge , 
so d a ß  h ie r  die im m u n re a k tiv e  E n ts te h u n g  d er In f i l t ra te  zu erw ägen  is t. Bei 
d e r  P o liom yelitis  e rsche inen  e inkern ige Zellen b e re its  im  g ran u lo cy tä ren  
S ta d iu m . Die allgem eine B e a k tio n  der ly m p h o id en  O rgane, die der E rk ra n k u n g  
des N erv en sy stem s v o ra u sg e h t, s te h t m it dem  frühzeitigen  E rsch e in en  von  
P la sm a z e lle n  in den I n f i l t r a te n  —  im  E x p e rim e n t 1— 3 Tage n ach  E in se tzen  
d e r  L ä h m u n g  [27] —  u n d  v o n  Im m u n g lo b u lin en  [36] bei der P o liom yelitis  
im  E in k la n g .

G ranu locy ten  ersch e in en  auch  bei d er experim en te llen  P o liom yelitis  
k a u m , w enn  die Im p fu n g  m it einem  schw ach v iru len ten  S tam m  gesch ieh t 
[3, 3 6 ]. H ierbei en tgehen  d ie  N ervenzellen  dem  U n te rg an g , obgleich sich  das 

V iru s  im  Z entralorgan  v e rm e h r t. Es w urde d a rau s  geschlossen, d aß  als Folge 
d e r  V iru sv erm eh ru n g  a lle in  die L y m p h o cy ten -M ak ro p h ag en reak tio n  en ts te h e , 
w ä h re n d  die G ran u lo cy ten au ss treu u n g  d u rch  den  U n terg an g  der N ervenzellen  
h e rv o rg e ru fe n  w erde [36]. A b er auch  F rü h in f i l t ra te  der L ep to m en in x , die 
g e m ä ß  dem  lich tm ik ro sk o p isch en  B ild  von  N erv en ze llv erän d eru n g en  u n a b 
h ä n g ig  sind , bestehen  “ zu  einem  w esen tlichen  Teil aus po ly m o rp h k ern ig en  
L e u k o c y z e n ”  [14]. E in  Z u sam m en h an g  m it d er A nw esenheit von V irus bzw. 
A n tig e n  erschein t inso fern  m öglich , als so litä re  “ F luoreszenz in  n ic h t-n e u ro n a 
le n  Z e llen  in  a typ ischen  B ere ich en  z. B. im  occ ip ita len  oder fro n ta le n  C o rtex ” 
g eseh en  w urde [36]. D aß  d ie  G egenw art von  G ranu locy ten  s te ts  m it einer 
P a re n c h y m sc h ä d ig u n g  v e rb u n d e n  w äre, is t  jed o ch  keinesw egs bew iesen.

S te h t  die ze llpa thogene W irk u n g  bei den  “ n e u ro tro p e n ”  V iru sk ra n k h e ite n  
im  V o rd e rg ru n d , so m uß  m a n  doch an n eh m en , d aß  in  die P ro zeß g esta ltu n g  
Im m u n v o rg ä n g e  eingreifen , die k re isenden  A n tik ö rp e rn  zuzu sch re ib en  sind. 
E in  B eisp ie l h ierfür b ie ten  d ie  m ikrogliösen S äum e bei der P o liom y elitis  [23], 
d ie  m a n  als A usdruck e iner A n tig e n -A n tik ö rp e r-R e ak tio n  deu ten  k a n n . J a ,  die 
A n s ic h t w urde g eäu ß ert, d a ß  d er U n te rg a n g  von  N ervenzellen  n u r zu geringe
re m  T e il der d irek ten  d e le tä re n W irk u n g  d er in trace llu lä ren  V iru sv erm eh ru n g  
z u z u sc h re ib en  sei; w esen tlich  sei die S chäd igung  infolge der R eak tio n  zw ischen 
d en  au s  dem  B lu t s ta m m e n d e n  A n tik ö rp e rn  u n d  den  in trace llu lä ren  an tig én én  
V iru se iw e iß k ö rp ern  [39].

D a r f  m an und w iew eit aus lieh tm ik ro sk o p isch en  V erän d eru n g en  der 
N e rv e n z e llen  auf eine V iru san sied lu n g  sch ließen? B ezüglich der T ig ro ly se  [26] 
l ie fe r te  d ie  E lek tro n en m ik ro sk o p ie  den B e itrag , d aß  beim  Affen n ach  Im p fu n g  
m it  w en ig  v iru len tem  P o lio v iru s  die R ibosom e u n d  A ggregate des E n d o p la sm a-

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



VIRUSKRANKHEITEN DES ZENTRALNERVENSYSTEMS 291

netzes, die die T igroidschollen  b ild en , sich a n d e rs  v e rh a lten , als bei d e r e in 
fachen re tro g ra d e n  V eränderung . V iru sp a rtik e ln  w aren  n ich t e rk en n b a r, d a g e 
gen ließ die g ro ß e  A nzahl k le in e r P a rtik e ln  a u f  e inen  besch leun ig ten  E iw eiß- 
und  R ib o n u k le in säu rean b au  sch ließen . N ach  Im p fu n g  m it h o ch v iru len tem  
Virus w urden  in  e rk ran k ten  m o to risch en  N ervenze llen  V irusaggregate  g e fu n 
den [3].

W enn d e r B egriff der N eu ro tro p ie  um  1950 an  P o p u la r itä t e in g e b ü ß t 
h a t, w ar das n ic h t zu le tz t d er E n td eck u n g  zuzu sch re ib en , daß die Z ü c h tu n g  
“ n eu ro tro p e r”  V iren  in K u ltu re n  v ersch iedener, au ch  n ich tek to d e rm a le r Zellen  
möglich is t. D as V erhalten  d er V iren  im  lebenden O rganism us m ach t es je d o c h  
notw endig, d en  B egriff au frech t zu  e rh a lten . M an d ü rfte  ihn  bei d er z. Z t. 
allerdings n o ch  geringen Z ahl von  Bew eisen d a h in  fassen, daß  N e u ro tro p ie  
die V erm ehrung  des V irus in N ervenzellen  u n d  zugleich ihre E rk ra n k u n g  
b ed eu te t. E in e  tiefergehende D efin itio n  d ü rf te n  w ir allerdings von d er B e rü c k 
sichtigung d e r M em b ran v erh ä ltn isse  und  so n stig e r F a k to re n  e rw arten , d ie  den 
E in tr i t t  des V irus in die Zelle u n d  seine V erm eh ru n g  in  ih r bestim m en .

Gegen d en  N eu ro tro p ieb eg riff  w urde fe rn e r  eingew endet, d aß  v e r
schiedenste V iren  u n te r  gew issen, h au p tsäch lich  experim en te llen  B ed ingungen  
das Z en tra ln e rv en sy s tem  b efa llen  können . B ei d ieser, m an d ü rfte  sagen , s e k u n 
dären N eu ro tro p ie  k ann  sich d as  V irus auch  in  N ervenzellen  v e rm eh ren , wie 
es aus dem  V orhandensein  flu o resz ie ren d er A n tik ö rp e r folgt. A n so lchen  
N ervenzellen lassen  sich m it d en  tra d itio n e lle n  M ethoden keine k ra n k h a f te n  
V eränderungen  erkennen  [10]. Beim  M enschen b esch rän k t sich be i diesen 
E rk ran k u n g en  zum  m indesten  die k lin ische M an ifesta tio n  m eistens, w en n 
gleich n ich t s te ts , a u f  die M eningen.

Die E rk ra n k u n g  der N ervenzellen  an gew issen P räd ilek tio n sste llen  v e r
le ih t den e inze lnen  n eu ro tro p en  V iru sk ran k h e iten  d en  ind iv iduellen  C h a ra k te r  
[13, 15], so d e r  U n terg an g  v o n  N ervenzellen  m otorischen  T yps d e r P olio
m yelitis. D ieser elektive U ntergang gewisser Nervenzellenarten  —  spezielle 
N euro trop ie  Pettes —  v e ra n la ß te  m ich, von  e in e r N eu rocy to trop ie  zu  reden . 
Bei der Z eckenencephalitis  u n d  einigen K ra n k h e ite n  der T ie rp a th o lo g ie  
(louping ill, T eschener K ra n k h e it)  ä u ß e rt sie sich in der E rk ra n k u n g  der 
P u rk in jezellen . G ew öhnlich le id e t der Z e llb e s tan d  der F o rm atio  re tic u la ris  
[17]. Die b ev o rzu g te  E rk ra n k u n g  des H irn s ta m m s  c h a ra k te ris ie rt sow ohl 
E n te re - als au c h  A rb o k ran k h e iten , die P o lio m y e litis  ebenso wie d ie Z eck en 
encephalitis (A bb . 1) [33].

Im  G egensatz  zu r P o liom yelitis  fallen  bei der E ncep h a litis  ja p o n ic a  
N ervenzellen gruppenw eise d e r N ekrose an h e im  [35]; dabei können  alle A rten  
von N ervenzellen  W irte  sein. M an d a rf  h ie rau s sch ließen , daß  die W irtze llen  
n ich t u n b e d in g t ab ste rb en  m üssen .

Die K o n zep tio n  der N eu ro tro p ie  lä ß t  sich  m it einer A u sb re itu n g  des 
Virus in den  N erv en b ah n en  v e re in b a ren . Die L eh re  der neura len  V irusw ande-
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ru n g , fü r  deren  B ezeichnung  sich am  b e s te n  d e r von Levaditi v o rg esch lag en e  
T e rm in u s  “ N europ robasie”  e ig n e t, w urde se it den  1930er Ja h re n  in  zah lre ichen  
A rb e ite n  experim en te ll ü b e rp rü f t . A llerd ings k a n n  m an einw enden, d a ß  solche 
E x p e r im e n te  künstliche  V erh ä ltn isse  schaffen , v o r  allem  bei dem  am  h ä u fig 
s te n  v erw en d e ten  V irus des H erpes sim plex .

D ie E rfah ru n g , d aß  bei rü c k e n m a rk s d u rc h tre n n te n  T ieren  nach  in tra c e re b ra le r  Polio
im p fu n g  d e r Prozeß bei de r D u rc h tre n n u n g ss te lle  h a ltm a c h t  [11], e rgänzen  E x p e rim en te , 
in  d e n e n  w ir Affen nach R ü c k e n m a rk sd u rc h tre n n u n g  m it d em  ungarischen  P o lio m y e litiss tam m  
“ C so p a k ”  in  einen N. isch iad icus g e im p ft u n d  30 bzw . 15 T age  d an ach  g e tö te t h a b en . E rw ä h n t 
se ien  d ie  B efunde  von 2 T ieren . B ei beiden  fan d  sich  s ta rk e r  A usfall m o to risch er Z ellen und 
a u ß e r  d e n  In f iltra te n  eine A s tro cy ten w u ch e ru n g  c a u d a l de r D u rch tren n u n g . O ra l d a v o n  be
g e g n e te n  w ir n u r leich ten  I n f i l t r a te n ,  beim  e rsten  T ie r  (95— 2) im dorsom edialen  T eil des einen 
V o rd e rh o rn s  des H a lsm ark s , be im  an d eren  (97— 1) im  m esencephalen  T rig em in u sk ern , w äh
re n d  a lle  so nstigen  P rä d ile k tio n ss te llen  frei von  V e rä n d e ru n g e n  w aren (Abb. 2— 5).

D ie  B efunde sind in so fe rn  m it V orsich t zu w e rte n , a ls w ir h insich tlich  d e r V o lls tän d ig 
k e it  d e r  R ü c k e n m a rk sd u rc h tre n n u n g  m it S icherhe it n u r  soviel aussagen k ö n n en , d a ß  die auf
s te ig e n d e  D egenera tion  ausg ieb ig  w ar. Die geringfüg ige E rk ra n k u n g  iso lie rter o ra le r  G ebiete 
lä ß t  s ich  im m erh in  du rch  eine geringe  R e s tk o n tin u itä t  n eu ro n a le r E lem en te  b esse r e rk lä ren  
als d u rc h  eine v iräm ische S tre u u n g , da m an  bei d ieser eine V erschon the it de r so n s tig e n  P rä 
d ile k tio n s s te lle n  kaum  e rw arte n  k a n n .

B e ac h te n sw ert e rsch e in t m ir  fe rner der B efu n d  eines Affen (97— 4), bei dem  sich die 
V e rä n d e ru n g e n  au f säm tliche  P rä d ile k tio n ss te llen  a u sd e h n en . D er Prozeß h a t  je d o c h  im  H als
m a rk  d e n  C h arak ter jü n g ere n  D a tu m s  als im  L e n d e n m a rk  (Abb. 6— 8). D ie S eg m en te  oral 
de r U n te rb re c h u n g  w urd en  o ffen b a r  m ehrere T age s p ä te r  ergriffen  als die d is ta l  d a v o n  gele
g en en . Z u r  E rk lä ru n g  k o m m t in  d iesem  Falle  noch  m eh r eine restliche V e rb in d u n g  zw ischen 
d e n  S tü m p fe n  in  Frage. D a a b e r diese n u r sehr w enig  u m fan g re ich  sein k o n n te  u n d  d as  V irus 
m ög lich erw eise  auch  von den  d ire k te n  W egen a b g e len k t w u rd e , b rau ch te  es fü r  die W an d e ru n g  
in  d ie  o ra le re n  A b sch n itte  län g ere  Z eit. D aß es w ä h ren d  de r fü r die o ralen  S eg m en te  so v e r
lä n g e r te n  L aten zze it an  V iru lenz  e in g e b ü ß t h ä tte , e rsc h e in t un s im  H inb lick  a u f  d ie In te n s i tä t  
des P ro z e sse s  im  H alsm ark  w enig  w ahrschein lich . Im m e rh in  m uß m an  diese M ö glichkeit e r
w äg en , d a  in  E x p erim en ten  m it a tte n u ie r te m  P o lio v iru s die — allerd ings viel w en ig er in te n 
s iv en  —  In f i l t r a te  sp ä ter a u f tr e te n  als bei V erw en d u n g  v iru le n te r  S täm m e [36]. V erzögerte

Abb. 1. S ch a f; ge im p ft in tra cereb ra l (E x p e r im e n t v o n  D r. F orn osi, S ta a tl. H y g ie n isc h e s  In 
s t i tu t .  B u d a p e s t)  m it dem  V irus der  Z eck en en cep h a litis  (un garischer  Stam m  K E m ,) . Zwdschen- 
h irn ; h o r izo n ta le  S ch n ittfü h ru n g  d u rch  die G anglia  h a b en u la e  und M am illarkörper. Im  S eh 
h ü g e l s ta r k e  G efäß- und d iffu se  G ew eb sin filtra tb ild u n g , d iese  m it stellenw 'eiser V e rd ich tu n g . —

F  o r m a lin — C elloidin— T  o lu id in b la u
Abb. 2. A ffe  9 7 — 1; g e im p ft m it  P o lio m y e lit is  in  d en  N . isch ia d icu s 7 T age n a ch  R ü ck en m a rk s
d u r c h tr e n n u n g , g e tö te t  15 T age  n a c h  der Im p fu n g . —  L endenm ark . A usfall groß er V order
h o r n z e lle n , besonders a u f der Im p fse ite ;  die erh a lten  g e b lieb en en  sind  z. T. s c h a tte n h a ft .  D if
fu se  G lia v erm eh ru n g  bd s., b e so n d e rs  im  V orderhorn; v o r n e h m lic h  A stro cy ten , ab er  a u ch  S tä b 
c h e n z e lle n . W ucherung des G efä ß en d o th e ls , nur g a n z  w en ig e  In filtra tze llen  in  der W and . 
V o r d e rw u r ze ln  —- w ohl in fo lge  ih rer  D u rch tren n u n g  —  g rö ß ten te ils  d egen eriert, m it  sta rk  er

w eiterten  G efä ß en , —  A lk o h o l— C ello id in  —T olu id inb lau  
Abb. 3. D erse lb e  A ffe w ie in  A b b . 2.  — M it dem  in  Abb. 1 w ied ergegeb en en  b en a ch b a rter  
S c h n it t .  M akrogliöse U m k la m m e ru n g  einer großen V ord erh orn ze lle . Starke A str o c y te n w u c h e 

ru n g ; auch S tä b ch en ze lle n . —  A lk o h o l— C e llo id in — T olu id inb lau  —  384 X 
Abb. 4. D ie se lb e  V orderh orn zelle  w ie  in  Abb. 3 bei g le ic h e r  V ergrößerung in  an d erer  E b en e;

K ern , K ern k örp erch en  erkennbar. Z e llsc h a tte n , G liaum k lam m erung  
Abb. 5. D erse lb e  A ffe w ie in  Abb. 2— 4. —  C6. K leiner d iffu ser , h au p tsäch lich  aus g esc h r u m p fte n  
K e r n e n  b esteh en d er  G liaherd a u f  d er  e in en  S e ite , am  m ed ia len  R and des V ord erh orn s. Son st  

n ich ts P a th o lo g isc h e s . —  A lk o h o l— C ello id in — T olu id inb lau  
Abb. 6. A ffe  9 7 — 4; geim p ft m it P o lio m y e lit is  in den  N . isch ia d icu s 7 Tage n ach  R ü ck en m a rk s
d u r c h tr e n n u n g , g e tö te t 15 T age  n a c h  der Im p fu n g . —  L 4. V orderhorn , zen traler T e il. F a s t  alle 
N e r v e n z e lle n  feh len . G efäß w änd e k a u m  in filtr iert. L e u k o c y te n  außerhalb der G efäß e h ö c h sten s  
v e r e in z e lt .  D ic h te  G liaverm eh ru n g, w ah rsch ein lich  K ö rn ch en ze lle n  und M akroglia . —  A lk o

h o l— C ello id in — T o lu id in b la u  —  60 X
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W a n d e ru n g  oder/und  V iru len z än d e ru n g  d ü rften  dem  ev en tu e llen  sch ubfö rm igen  V e rlau f der 
P o lio m y e litis  beim  M enschen  eb enso  g u t  zu G runde liegen wie die h äm a to g en e  A u sb re itu n g , 
d ie  z u r  E rk lä ru n g  d ieser V erlau fsfo rm  herangezogen  w urde  [12].

E in e  E rw e ite ru n g  d e r U n tersuch u n g sm ö g lich k e iten  w ar um so  m ehr 
e rw ü n sc h t, als die A n n ah m e n eu ra le r A u sb re itu n g  in  den 1950er J a h re n  du rch  
d en  N achw eis e iner k o n s ta n te n  v iräm ischen  P h ase  sow ohl bei den  E n te ro - 
als a u c h  bei den A rb o v ire n k ra n k h e iten  in  den H in te rg ru n d  g e d rä n g t w urde. 
N e u e s te  U n tersuchungen  zeigen jed o ch  e in d eu tig  die M öglichkeit e iner “ V irus
w a n d e ru n g ”  im  A ch sen zy lin d er sowohl zellw ärts als auch  ze llab w ärts . N ach  
in tra d e rm a le r  Im p fu n g  des H erpesv irus erw eist sich das R ü c k e n m a rk  von 
S au g m äu sen  bere its  am  2. T age als in fek tiö s, frü h er als der zu le iten d e  
N e rv  [18]. Dies is t  m it e in e r P assage  d u rch  v e rm itte ln d e  Zellen —  in  diesem  
F a lle  d u rch  die L em m o cy ten  — schw er v e re in b ar. V irusähn liche  P a r tik e l sind 
z w a r in  Schw annschen Z ellen , ab e r auch im  A chsenzy linder, d. i. in tra n e u ro n a l, 
n ach w e isb a r. Diese E x p e rim e n te  e rh ä rte n  zugleich e in d rucksvo ll die a lte  
E r fa h ru n g  über die A b h än g ig k e it der P ro zeß lo k a lisa tio n  d avon , w elcher N erv  
als G leitsch iene d ien t. N ach  in tra d e rm a le r  Im p fu n g  e rk ran k en  die Zellen der 
S p ina lgang lien , n ach  in tra m u sk u lä re r  die V orderhornzellen . In tra n u k le ä re  aci- 
d o p h ile  E inschlüsse u n d  V iru ste ilch en  f in d en  sich ebenfalls von  d er Im p fste lle  
a b h ä n g ig  in  S p inalg an g lien - oder in  V orderho rnzellen .

D ie Viräm ie  k o m m t fü r  die V iru ss treu u n g  in  e rs te r L inie bei den  K ra n k 
h e i te n  in  Frage, die d u rc h  V ek to ren  v e rb re ite t  w erden. A llerd ings w erden  
n a c h  Z eckenstich  n ic h t n u r  die E n cep h a litis , sondern  auch e igenartige  E rk ra n 
k u n g e n  m it M en in g itis  u n d  S ym ptom en  seitens je n e r  S egm ente b e o b a c h te t,

Abb.  7. D erselbe Affe wie in  Abb. 6. —  C6. V o rderhorn . V on den g roßen  m o to risch en  Zellen 
e in ige  d e r v en tro la te ra len  G ru p p e  (n u r z. Teil im  B ild) u n d  die do rso la te ra le  G ru p p e  e rh a lte n  
g e b lie b en  u n d  bloß m äß ig  v e rä n d e r t.  Z ahlreiche Z ellsch a tten , bzw. V erflüssigung . S ta rk e  
M ik ro g lia reak tio n , ab er a u ch  P o ly m o rp h k ern ig e . —  A lkohol— C elloidin—T o lu id in b la u  —  60 X 
Abb. 8. T eilaufnahm e au s Abb. 7. V en tro la te ra le  Z ellg ruppe. Zwei leu k o cy tä re  N eu ro n o p h a- 
g ien , re c h ts  von einer e rh a lte n  g eb liebenen  großen  Zelle. P o ly m o rp h k ern ig e  in s N ervengew ebe

v e rs tre u t. —  360 X
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in  deren  In n e rv a tio n sg eb ie t der S tich  erfo lg t w ar [30]. M an d ü rfte  d a ra n  denken , 
d aß  in diesen F ä llen  die N erven  als A usbre itungsw eg  d ien ten .

H au p tsäch lich  k o m m t ab e r a u ß e r  der h äm ato g en en  S tre u u n g  des V irus 
die neu ra le  bei den  E n te ro v iru sk ra n k h e ite n  in F rag e . Bei der Poliom yelitis  
des M enschen k a n n  das Z e n tra lo rg an  zum  m in d esten  u n te r  gew issen B ed in 
gungen  a u f  dem  N ervenw ege e rre ic h t w erden, w ofür die h u lh ä ren  F älle  nach  
T onsillek tom ie u n d  die L äh m u n g  je n e r  E x tre m itä t ,  in  die m it lebend igem  V irus 
geim pft w urde, als B eispiele d ienen  können  [25]. D er exp erim en te lle  N achw eis 
d er M öglichkeit n e u ra le r  V e rb re itu n g  e rlau b t fe rn er die A n n ah m e, d a ß , w enn 
einm al neuronale E lem en te  vom  V irus e rre ich t w orden  sind , die w eitere  
A u sb re itu n g  in n erh a lb  des N ervengew ebes erfolgen k an n .

A uch bei den V iru se rk ran k u n g en , bei denen  die spezielle N eu ro tro p ie  
— C yto trop ie  zu bestim m ten  N erv en ze lla rten  —  feh lt, u n d  die eine ausgedehnte 

Totalnekrose des Nervengewebes c h a ra k te ris ie r t, k a n n  eine G ese tzm äß ig k e it in 
der P rozeß loka lisa tion  obw alten . B eispiele h ie rfü r sind  die H erp esen cep h a litis  
bzw . nek ro tisierende E n cep h a litis  van  Bogaerts [529]. F ü r  das V erstän d n is  
d er h ierbei vo rkom m enden  d iffusen  G ew ebsnekrose w urde  die anox isch -vasale  
S chäd igung  erw ogen (s. S. 289), ferner die A b h än g ig k e it von  venösen 
K re islau fstö rungen  [24]. Diese F a k to re n  e rk lä ren  jed o ch  n u r  T eilbefunde. 
M an m uß  eine d ire k te  c y to p a th o g èn e  V irusw irkung  fü r  en tsch e id en d  h a lten , 
die gegenüber N ervenzellen  u n d /o d e r G liaelem enten  b e s te h t. In  d iesem  Sinne 
lä ß t sich  auch das V orhan d en se in  v o n  E insch lu ß k ö rp erch en  v e rw erten .

U ntersch iede in  der P ro z e ß s tru k tu r  und  -lo ka lisa tion  zw ischen den e in 
zelnen V iru sk ran k h e iten  zeugen v o n  un te rsch ied lich en  G raden  d e r N euro 
tro p ie  u n d  können v ersch iedene G rü n d e  haben . So k ö n n te n  sie davon  ab h än g en , 
ob die p rim ären  W irtze llen  im  Z en tra lo rg an  die n eu ro n a len  oder an d ere  E le
m en te  sind. E in sch lu ß k ö rp e rch en  k ö n n en  in  E pendym zellen  sowie in  A stro- 
cy ten , und  A ntigen  im  Z ellp lasm a von  N erven- u n d  G liazellen  n ach  in tr a 
ce reb ra le r Im p fu n g  d er M aus m it H erpes sim plex  gefunden  w erden  [18]. 
In  K le in h irn e x p la n ta ten  w urden  in  M akrogliakernen  die E n tw ick lu n g  von 
E in sch lu ß k ö rp erch en , das E rsch e in en  von A ntigen  u n d  die A nsied lung  von  
P a r tik e ln  des vor ein igen Ja h re n  e n td eck ten  H erp esv iru s  des H u n d es n a c h 
gew iesen, bevor N ervenzellen  V erän d eru n g en  e r litte n  [9]. F ü r  die D iagnose 
der H erpesencepha litis  des M enschen is t der even tue lle  e lek tro n en m ik ro sk o p i
sche N achw eis von V iruste ilchen  im  K ern  und  im  Z ellp lasm a von  N ervenzellen , 
A stro- und  O ligodendrocyten  en tsch e id en d  [2].

E in e  w ahllose ze lltö ten d e  W irk u n g  des V irus sch e in t v o r a llem  im 
unentw ickelten O rganism us  zu r G e ltu n g  zu kom m en, u . zw. ohne en tzü n d lich e  
R e a k tio n , wie E x p e rim e n te  m it d em  Sem liki F orest-V irus an  der Saugm aus 
zeigen [21]. Bei d e r m enschlichen  H erp esen cep h a litis  des Säuglings begegnete  
m an  allerd ings [19] ly m p h o cy tä ren  In f il tra te n .

In  der P a thogenese  der n e u ra le n  K o m p lik a tio n en  e x tra n e u ra le r  V irus-
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k ra n k h e ite n , der p a ra in fe k tiö se n  und  p o stv acc in a len  E ncep h a lo m y e litis  —  h i
s to lo g isch  dem yelisierende perivenöse en tzü n d lich e  Prozesse m it m ikrogliösen 
I n f i l t r a te n  — , sind e inm al eine d irek te  A usw irkung  des V irus, zum  anderen  
im m u n p a th o lo g isch e  V org än g e  zu erw ägen.

In  p o s tv acc in a l-p ara in fek tiö sen  F ällen  is t es n u r  ausnahm sw eise  gelun
g en , den  E rreger der G ru n d k ra n k h e it bzw. des Im p fsto ffes  au fzu fin d en . D aß 
d ie  E in v erle ib u n g  eines E rre g e rs  n ich t n o tw en d ig  is t, um  eine para in fek tiö s- 
p o s tv a c c in a le  E n c e p h a lo m y e litis  zu erzeugen, bew eisen die experim en te lle  
a lle rg isch e  E n cep h a lo m y e litis  sowie in der m ensch lichen  P a th o lo g ie  die T a t
sa c h e , daß  der se ro g en e tisch en  E ncep h a litis  d er s tru k tu re ll  gleiche Prozeß 
u n te r l ie g t  [6], u n d  sch ließ lich  das V orkom m en der perivenösen  E ncep h a litis  
n a c h  L yssasch u tz im p fu n g  m it g e tö te tem  V irus [8] sowie n ach  C ellu lar
th e ra p ie  [32].

A us der m itu n te r  ungew ö h n lich  s ta rk en  B ete iligung  der g rau en  S ubstanz  
b e i In fek tions- bzw . V acc in a tio n sk o in p lik a tio n en  sowie aus dem  N achw eis 
v o n  K ern - und P lasm ae in sch lü ssen  in  F ä llen  v o n  M asern, R ö te ln  u n d  G rippe 
in  N erv en - und G liazellen [ A d a m s ; 3 1 ,  3 4 ]  sch ließen  einige A u to ren  a u f eine 
d ire k te  V irusw irkung, b e d in g t du rch  die fa k u lta tiv e  F äh ig k e it, z e n tra ln e r
v ö ses  Gewebe zu befa llen . A u f so lcheF älle  will S e i t e l b e r g e r  [ 3 1 ]  das A d jek tiv  
“ p a ra in fe k tiö s” b e sc h rä n k e n , w äh ren d  er fü r  die perivenös-dem yelisierende 
E n c e p h a litis  das a llgem ein  syno n y m  geb rau ch te  A d jek tiv  “ p o s tin fek tiö s”  v e r
w e n d e t.

W enn w ir som it e inem  E rreg er keine en tsch e id en d e  B ed eu tu n g  in der 
P a th o g e n e se  der p a ra in fek tiö s-p o stv acc in a len  E n cep h a lo m y e litid en  zum es
se n  k ö n n en , so d ü rfte  die G egenw art eines V irus die E n ts te h u n g  des Prozesses 
d e n n o c h  begünstigen  o d er diesen m odifizieren .

Im m u n p a th o lo g isch e  V orgänge b ek u n d en  die s ta rk  plasm azelligen  ch ro 
n isc h e n  E n cep h a litid en . V e rtre te n  sind diese z. B. d u rch  die als su b ak u t 
b e z e ic h n e te  progressive bzw . sklerosierende P an en cep h a litis  [34, 37] u n d  die 
p ro g ress iv e  P ara ly se . P lasm aze llen  sind auch  bei der m u ltip len  Sklerose seit 
la n g e m  b ekann t. D ie im m u n p a th o lo g isch e  B e trach tu n g sw eise  w ird  du rch  den 
N ach w eis  e rhöh te r T ite rn  von  M asern an tik ö rp e rn  bei der P an en cep h a litis  
u n d  —  was allerd ings h in s ic h tlic h  seiner B e d e u tu n g  noch  u m s tr i t te n  ist —- 
b e i d e r m ultip len  S k lerose , fe rn e r durch  die Ü b e rtra g u n g  der progressiven 
P an en cep h a litis  im  T ie re x p e rim en t und sch ließ lich  d u rch  V irusbefunde bei 
d ie se r  K ran k h e it ( S e v e r , N o r r b y  u . M itarb ., 20, 34) u n te rs tü tz t .

D ie Frage, w iew eit v o n  frü h e r ü h e rs ta n d e n e n  In fek tio n en  bzw . Im m u n 
v o rg ä n g e n  zu rückgeb liebene  S ubstanzen  fü r die E n ts te h u n g  oder G esta ltung  
v o n  K ran k h e itsp ro zessen  von  B ed eu tu n g  sind , v e ra n la ß te  die P räg u n g  des 
B eg riffs  “ slow, la te n t  a n d  te m p e ra te  v iru s” -K ra n k h e ite n  [7, 38, 41]. D aß  eine 
so lch e  K ran k h e itsg ru p p e  zu  um grenzen  is t, w urde  in  der T ierpatho log ie  
e rk a n n t .  Es w urde d a ra u f  hingew iesen, daß  die en tzü n d lich e  R eak tio n  bei
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ch a rak te ris tisch en  V e r tre te rn  der G ruppe, der S crap ie  u n d  N erz -E n zep h a lo 
p a th ie , feh lt, bei der eben fa lls  h ierher gehörigen V isna jed o ch  sehr au sg esp ro 
chen  is t. G leichfalls feh lt sie hei der K u ru  u n d  d er a u f  A n th ro p o id en  ü b e r
tra g b a re n  C reu tzfe ld t— Ja k o h sc h e n  K ra n k h e it des M enschen. H isto log ische  
K ennzeichen  dieser K ra n k h e ite n  sind N ervenzellenausfa ll, H y p e rp la s ie -H y p e r
tro p h ie  der M akroglia und  S ta tu s  spongiosus. Spezifische Im m u n k ö rp e r su ch te  
m an  u n te r  den T ie rk ra n k h e iten  b isher bei S crap ie  u n d  der ü b e r tra g b a re n  
N erz -E n cep h a lo p a th ie , jed o ch  ohne Erfolg. In  d er m enschlichen  P a th o lo g ie  
erre ichen  hei der in diese G ruppe  e ingereih ten  su h a k u te n  p rogressiven  P an - 
encep h a litis  sowohl die E n tzü n d u n g sze ich en  als auch  die Im m u n re a k tio n e n  
einen hohen  G rad, und  m eh re re  A utoren  b e rich ten  ü b e r L y m p h o c y te n in f iltra te  
hei der ebenfalls h ie rh e r gew iesenen p rogressiven  m u ltifo k a len  E n c é p h a lo 
p a th ie  [24, 41]. Bei d er C reu tz fe ld t— Jak o h sch en  K ra n k h e it w u rd en  “ v iru s 
ähn liche  P a r tik e l” g efu n d en  [4, 22].

Die lange L a ten zzeit d er L yssa beim  M enschen erw eck te  den G ed an k en , 
au ch  diese K ran k h e it in B eziehung  zu den v e rsp ä te te n  In fek tio n en  zu  se tzen  
[41]. Im  L ich te  der n eu eren  E rfah ru n g en  d ü rfte  m an  fe rn e r die schon u rsp rü n g 
lich b ev o rzu g te  E rk lä ru n g  d e r Spätfo lgen der v . E conom oschen  E n c e p h a litis , 
d. i. d u rch  F o rtex is ten z  eines E rregers, w ieder in  E rw äg u n g  z iehen  [40].

D ie K ran k h e iten  d ieser G ruppe, hei denen  an d er en tzü n d lich en  R eak tio n  
P lasm azellen  einen s ta rk e n  A nte il nehm en, ru f t  a b e r das a lte  B eisp iel von 
S p ä tm a n ife s ta tio n  in E rin n e ru n g : die progressive P a ra ly se . In  das G eb iet 
der “ verzögerten  In fe k tio n e n ”  d ü rfte  m an auch  n ich t-v iru sh ed in g te  Prozesse 
einheziehen  und allgem ein  von im m unbiologisch bedingten S pä terkrankungen  
sp rechen .
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IN S U LIN  RESISTANCE

I. M a g y a r

FIRST DEPARTMENT OF MEDICINE, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

R eceived: O c to b er 28, 1975

The possib le causes of in su lin  re sis tan ce , in  p a rticu la r  th e  p ro d u c tio n  o f in su lin - 
an tibodies, a b n o rm a l facto rs in te rfe r in g  w ith  th e  effect of insu lin  on p e r ip h e ra l tissues 
and  the  Som ogyi effect, are d iscussed .

A ccu m u latio n  of insulin  a n tib o d ie s  w ith  fo rm atio n  of in su lin -a n tib o d y  com 
plexes is p o in te d  o u t as th e  p re v a le n t cause of in su lin  resistance in  a d v a n c e d  age. In 
trav en o u s in su lin  tre a tm e n t w ith  m assiv e  doses ensu red  a beneficial effect.

A chrestic  d iab e tes  associated  w ith  p e rip h e ra l resistance is re g ard e d  as th e  cause 
of insulin  re sis tan ce  in juven ile  p a t ie n ts  possessing  no m ajo r a m o u n ts  o f a n tib o d y . 
Muscle tissue o b ta in ed  from  these  p a tie n ts  show ed an  insulin re s is ta n t im p a irm e n t of 
glucose co n su m p tio n  and  of N a - tra n sp o r t .  T h is is consisten t w ith  th e  p e r ip h e ra l p a th o - 
m echanism  u n d e rly in g  th is co n d ition .

A feedback  m echanism  e lic ited  b y  la te n t  hypoglycaem ia m ay  be th e  cau se  of 
spurious insu lin  resistance.

In  1958, we have  rep o rted  on in su lin -resistance  in  a la rg e  d ia b e tic  
m a te r ia l  [10] observed  a t  th is D e p a r tm e n t, th e n  u n d er th e  d ire c tio n  o f  P r o 
fesso r R u s z n y á k .

In su lin -resis tan ce  is generally  d e fin ed  as a failure to  ach ive s ta b iliz a tio n  
o f  d iab e te s  by d e te rm in e d  doses o f  in su lin , accord ing  to  M a r t i n  [19] b y  d a ily  
200 U. As we h a v e  p o in ted  ou t e a r lie r  [10], we see no ju s tif ic a tio n  in  lin k in g  
u p  th e  d e fin ition  o f  in su lin -resistance  w ith  th e  insulin-dose, n o t o n ly  because  
e v e ry  d iabetic  p a t ie n t  requiring  m o re  in su lin  th a n  he w ould a f te r  p a n c re a te c 
to m y , m ay he re g a rd e d  as in su lin -re s is ta n t h u t  also because w h a t is m e a n t 
b y  ab so lu te  in su lin -res is tan ce  has n e v e r  com e u n d er our o b se rv a tio n : a c tu a lly , 
ev en  in our g ra v e s t  case we w ere ab le  to  overcom e th e  re s is tan ce  b y  a dose 
o f  16 000 U [11].

In  our v iew , insu lin  res is tan ce  m eans th a t  th e  b lood-sugar leve l rem ain s 
u n a ffe c ted  by reaso n ab le  p a re n te ra l dose of in su lin  [16].

A d m in is tra tio n  of 0.1 U p er kg  b o d y  w eigh t c rysta lline  in su lin  to  n o rm a l 
su b je c ts  p roduces a fall o f b lood -sugar to  40 %  o f its  original level w ith in  30 m in. 
I f  th e  fall is o f a lesser degree, i t  m u s t  be a t tr ib u te d  to  in su lin -re s is ta n c e  in  
d ia b e tic  and n o n -d iab e tic  sub jec ts  a like . O ur cu rren t p rac tice  is to  t e s t  th e  
b lood-sugar levels a t  determ ined  in te rv a ls  for 2 h r a fte r in tra v e n o u s  a d m in 
is tra tio n  of 20 to  24 U insulin. I f  no fall is d em o n strab le , th e  p a t i e n t  is 
re g a rd e d  as in su lin -resis tan t.
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A t th e  tim e of o u r  ea rlie r observations re fe rre d  to  above, we h av e  p o in t
ed to  th e  role of h u m o ra l an tibod ies as to  one o f  th e  possible causes of insu lin  
re s is ta n c e  besides a b so rp tio n  disoorders, a c t iv i ty  o f an tiin su la r horm ones, 
som e fac to rs  of acu te  in su lin -resis tan ce  (com a, in fec tio n , fever, etc.), m etabo lic  
d is tu rb a n c e s  (h y p e rlip id acm ia , h y p o n a traem ia ), e tc .

Since th e  tim e  o f th e se  studies th e  n u m b e r  o f in su lin -resis tan t cases has 
g re a tly  increased  in  H u n g a ry . A t p resen t, th e  freq u en cy  of in su lin -res is tan t 
d ia b e te s  seems to  be h ig h e r  in  H u ngary  th a n  in  th e  W est and  N o rth -E u ro p ean  
co u n trie s  or in th e  U SA . T h is has d irec ted  o u r s tu d ie s  to  th e  im m unological 
a sp ec ts  of in su lin -res is tan ce  [16, 17].

Tw o factors m ig h t acco u n t for th e  in crease . F irs t , ever since its d iscovery , 
in su lin  has been o b ta in e d  in  th is co u n try  fro m  m ixed , i.e. ovine, bov ine  and  
p o rc in e  pan crea tic  tis su e . Second, z in c -p ro tam in e  in su lin , w hich has ju s t ly  
fa llen  in to  disuse in  m a n y  o th e r countries, is s till ex ten siv e ly  used in  H u n g a ry , 
a lth o u g h  its  p ro tra c te d  ac tio n  results from  a p ro te in  com plex w hich gives it  
an  an tigen ic  c h a ra c te r  a n d  th u s  g enera tes th e  p rodu c tio n  of in su lin  a n t i 
b o d ies.

S tud ies have also  b een  devoted  to  th e  Som ogyi-effect w hich has received  
l i t t le  a tte n tio n  in sp ite  o f  its  being a com m on cause  of a p p a re n t insu lin  resis
ta n c e .

F ina lly , in th e  in su lin  re s is tan t cases w here  no an tibod ies were dem on
s tra b le  we have s tu d ie d  th e  insulin  re s is tan ce  o f tissues, a problem  th u s  fa r  
n eg lec ted  in d iab e to lo g y .

1.

T he blood o f in su lin - tre a te d  d iabe tic  o r n o n -d iab e tic  subjects co n ta in s  
d em o n strab le  in su lin -a n tib o d ie s  [3, 5, 20] w hose a n ti-in su lin  action  is re la ted  
to  th e ir  q u a n tity , in su lin -b in d in g  cap ac ity  a n d  to  v a rio u s o th e r fac to rs.

T a m á s  et al. [25, 27, 29] em ployed Sephadex  G [7], po lyacry lam ide-gel e lectrophoresis 
[15], sacch a ro se -d en sity -g rad ie n t c en trifu g a tio n  [28], p assiv e  h aem ag g lu tin a tio n , cellulose- 
a d so rp tio n , D E A E -S ep h ad ex , fo r th e  s tu d y  of th ese  a n tib o d ie s  and  th e ir  com plexes form ed 
w ith  in su lin . F o r th e  basic  e x p e rim e n ts  sera of in su lin -im m u n iz ed  guinea-pigs were used . T he 
in su lin -a n tib o d y  com plex  d e m o n s tra b le  in large a m o u n ts  w as fo u n d  grossly heterogenous and  
o f a  la rg e r m olecule th a n  th e  7 S globulins [30]. T he se ra  o f in su lin -trea ted  d iabe tic  su b jec ts  
re v ea le d  a sim ilar h e te ro g e n e ity  [8, 30]. In  th e  course o f 200 gel f i ltra tio n  studies on S ephadex  
G -co lum ns, ra d io a c tiv ity  o f th e  com plex occurred  in  p e ak  A, p eak  В and  betw een  th e  tw o 
p eak s a like (Figs 1, 2, 3).

T he q u a n tita tiv e  p ro ced u res  developed b y  o u r te a m  for th e  m easu rem en t 
o f  in su lin -b in d in g  a n tib o d ie s  and th e ir  com plexes have  failed to  rev ea l an y  
re la tio n sh ip  of th e  an tib o d y -lev e ls  of in su lin - tre a te d  d iab e tic  p a tien ts  an d  th e  
d u ra tio n  of d iabe tes o r th e  length  of in s u lin - tre a tm e n t. On the o th e r  h an d , 
a n d  th is  is in co n sis ten t w ith  published  o b se rv a tio n s  [4, 6], th e  a n tib o d y  levels 
seem  to  increase p a ra lle l w ith  advancing  ag e .T h e re  is also a re la tionsh ip  betw een
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th e  a n tib o d y  levels an d  th e  age a t  th e  onset o f  d iab e te s . F u rth e rm o re , th e  a n t i 
b o d y  levels were h ig h e r in  th o se  p a tie n ts  w ho h a d  been  on oral a n tid ia b e tic s  
p r io r  to  insulin  t r e a tm e n t .  T hough in te rm it te n t  ad m in is tra tio n  o f in su lin  
a lo n e  is su ffic ien t to  p ro m o te  th e  p ro d u c tio n  o f a n tib o d y  even in th e  absence 
o f  a n y  ad d itio n a l fa c to r , th e  possib ility  t h a t  th e  norm al m olecular insu lin  
s t r u c tu r e  m ight be a ffec ted  b y  th e  su lfan y lu rea  com pounds and  th a t  im m u n o - 
lo g ica lly  active , an tib o d y -fo rm in g  p ro insu lin  m ig h t gain  access to  th e  c ircu la 
tio n , also  m erits to  be  s tu d ie d . The p rev a len ce  o f p a tie n ts  to  ad v an ced  age 
am o n g  tho se  tak in g  o ra l an tid iab e tic s  w ould  th u s  acco u n t for th e  ag e -re la ted  
in c re a se  in  th e  an tib o d y -lev e l. In  our m a te ria l, in su lin  resistance due to  increase  
in  a n tib o d y  was d e fin ite ly  m ore com m on in o ld e r th a n  in younger in d iv id u a ls . 
N o close re la tionsh ip  w as d em onstrab le  b e tw een  in su lin -req u irem en t an d  th e  
a n tib o d y -le v e l. In  th e  cases of insulin  re s is ta n c e  resu ltin g  from  in c reased  
a m o u n ts  of an tib o d y , th e  d a ily  insulin  re q u ire m e n t w as n o t higher th a n  60 to  
80 U ; on th e  o ther h a n d , in  th e  insulin  re s is ta n t  cases w ith  h ig h er in su lin  
re q u ire m e n t, insulin  re s is ta n c e  was usually  d u e  to  som e o th e r cause. B u t even 
w h en  th e  increase in th e  am o u n ts  of a n tib o d y  causes no ac tu a l insulin  re s is tan ce , 
it  does affect the  in su lin -req u irem en t. As d e m o n s tra te d  in vivo, th e  in su lin 
b in d in g  an tibodies c irc u la te  for the  g re a te s t  p a r t  in  th e  form  of th e ir  com 
p lexes [18].

W e have only ro u g h  estim ates  co ncern ing  th e  incidence of in su lin  resis
ta n c e . A ccording to  D i t s c h u n e i t  an d  F e d e r l i n  [3], 3%  of th e  d iab e tic s  
re q u ire  m ore th a n  100 U in su lin  daily . This p ro p o rtio n  is higher in our m a te ria l, 
w h ic h , how ever, is a se lec ted  one, being com posed  m ain ly  of p a tie n ts  w ith  
a h ig h  in su lin -req u irem en t, therefo re  our fig u res  are inconclusive. F a n k h a u s e r  

e s t im a te s  a t  20%  th e  cases in w hich th e  a n tib o d y  level is high en o u g h  to  
a ffe c t th e  insulin re q u ire m e n t [4]. This is a serious p rob lem  and m ay  even  grow  
in  im p o rta n c e  u n til m on o co m p o n en t insu lin  o f  m in im al or no a n tig en ic ity  [22], 
can  be  m ade availab le  to  ev e ry  in su lin -d ep en d en t d iab e tic  p a tie n t.

I t  has to  be b o rn e  in  m ind w hen d ea lin g  w ith  insulin  re s is ta n t  cases 
t h a t  th e  half-life of in su lin -a n tib o d y  being a p p ro x im a te ly  six weeks, a n tib o d y - 
in d u c e d  insulin  re s is ta n c e  is no t expected  to  d isap p ea r w ith  the  e lim in a tio n  
o f  th e  an tigen ic  effec t, i.e. im m ed ia te ly  a f te r  w ith d raw a l of th e  responsib le  
in su lin  a n d  its  re p la c e m en t b y  some o ther in su lin . I t  is none th e  less ad v isab le  
to  s t a r t  th e  p a tie n t on m onospecies insulin  [14] in  th e  form  of p u rified  porcine 
in su lin  (in  H u ngary  “ A c tra p id ” and “ S em ilen te”  issued  by Novo), or on m ono- 
c o m p o n e n t (MC) in su lin , as soon as the  o th e r in su lin  is w ithdraw n. P a ra d o x ic a l 
as i t  seem s, s te ro id - tre a tm e n t m ay he successful, p a rticu la rly  if  in su lin  resis
ta n c e  is associated  w ith  a lle rgy  to  insulin . T h o u g h  th e  steroids affect d iab e te s  
a d v e rse ly , th ey  ac t as suppressors of a n tib o d y -in d u c e d  insulin  re s is tan ce . 
W e h a v e  ob ta ined  th e  b e s t resu lts  w ith doses as la rg e  as 1 to  3 U per kg  body- 
w e ig h t as often as n ecessa ry , in  association  w ith  stero ids.
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W e have  no ex p lan a tio n  fo r th e  th e ra p e u tic  effect o f th e  s te ro id s  a n d  of 
th e  large in trav en o u s  insulin-doses in in su lin  resistance . Since th e  s te ro id s  
fail to  affect th e  a n tib o d y  level (F ig . 4.) th e y  m ay  possib ly  ac t by  p ro m o tin g  
th e  d issociation  of th e  a n tig en -an tib o d y -co m p lex . In  our experience, d isco n 
tin u a tio n  o f th e  h igh-dose insu lin  t re a tm e n t a n d  its  rep lacem en t b y  som e o th e r  
insu lin  h ad  no adverse  effect on th e  im proved  c a rb o h y d ra te  to le rance . N o b e n e 
f i t  was o b ta in ed  from  im m unosuppressive  t r e a tm e n t  in any  of th e  cases.

II.

E n d o crin e  d is tru h an ces m ay  give rise  to  a func tiona l in a d e q u a c y  as 
a re su lt o f p e rip h e ra l resistance , d esp ite  q u a lita tiv e  an d  q u a n tita tiv e  ad e q u a c y  
of th e  ho rm one in question . R en a l d iab e tes  in sip idus and  p seu d o h y p o p a ra - 
th y reo id ism  are illu s tra tiv e  o f th is p a tte rn . T h e  theories for th e  e x p la n a tio n  
of in su lin  re s is tan ce  have  given little  a t te n tio n  to  th e  possible in v o lv e m e n t of 
p e rip h era l tissues. In  fac t, we h av e  failed to  d e m o n s tra te  in su lin -b in d in g  a n t i 
bodies in th e  sera  of 5 ou t of 19 in su lin -re s is ta n t p a tie n ts  [32]. T hese cases fall 
in to  th e  p a tte rn  o f achrestic  d iab e tes  [12]. As we have shown, glucose u ti l iz a 
tio n  by  th e  m uscle tissue  in ach restic  d iab e tes  is im p aired  and  fails to  increase  
in  response to  insu lin  added  to  th e  in c u b a tio n  m edium . The sera of th e  p a tie n ts  
co n ta in  insu lin  in abundance . In c u b a tio n  o f  th e ir  m uscle tissue  in  glucose 
so lu tion  or in serum , or in the p a t ie n t’s ow n seru m  failed  to  no rm alize  glucose 
u tiliz a tio n  [13]. W e have  no t follow ed up th e  possib ility  of ce llu la r im m u n ity .

Tamás e t al. [26], stu d y in g  th e  24N a tim e c o n s ta n t o f surv iv ing  m uscle tis su e  o f n o n 
d iab e tic  sub jec ts , found  insu lin  to enh an ce  th e  release o f 24N a by  m uscle tissue. T h e  : l .Na tim e 
c o n s ta n t of su rv iv in g  m uscle tissue w as ex am ined  w ith o u t in su lin -s tim u la tio n  in  11 d iab e tic
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s u b je c ts  a n d  in  n o rm al con tro ls. T he m uscle of th e  d iab e tic s  released  s ign ifican tly  less N a th a n  
t h a t  o f  th e  con tro ls. In c u b a tio n  in  a m edium  c o n ta in in g  4 U  per ml of in su lin  w as fo u n d  to  
e n h a n c e  N a-release  b u t  to  a lesser degree th a n  in  th e  con tro ls . In  fact, th e  in su lin -s tim u la ted  
t im e  c o n s ta n t  of th e  d iab e tic  m uscle did n o t exceed th e  tim e  co n stan t of n o n -s tim u la te d  n o rm al 
m u sc le . T he tim e  c o n s ta n t o f 24N a-release  from  a  m uscle  specim en of a d iab e tic  p a tie n t  w ith  
c o n firm ed  in su lin  resis tan ce  was 1.31 an d  a tta in e d  1.46 o n ly  in  response to  4 TJ/ml in su lin , th is  
in c re ase  b e in g  of no m a th e m a tic a l significance. T h e  m ea n  va lues for d iabe tic  m uscle  w ere 1.44 
u n d e r  b a sa l con d itio n s, 1.64 in response  to  in su lin  s tim u la tio n ; th e  va lues fo r n o n -d iab e tic  
m u sc le  w ere 1.77 a n d  2.33 respec tive ly .

T h e t r a n s p o r t  o f glucose being  closely lin k ed  to  the  process o f  ion  t r a n s 
p o r t ,  th e  re su lts  o f earlier s tu d ies  concerned  w ith  glucose u tiliz a tio n , in  acco rd 
ance  w ith  th o se  of T a m á s  e t al. p o in t to  th e  ro le o f  peripheral tis su es . W h e th e r 
th e  p a th o m e c h a n ism  in questio n  invo lves a cell-born  im m u n ity  w ith  cell- 
b o u n d  an tib o d ies  or ra th e r  ab n o rm al, p o ssib ly  q u a n tita tiv e , m o d ifica tio n s of 
th e  cell recep to rs  as a re su lt of h e re d ita ry  or acq u ired  fac to rs, h as  to  be eluci
d a te d  b y  fu r th e r  stud ies.

III.

S o m o g y i  [24] has called  a tte n tio n  to  posthypog lycaem ic  h y p e rg ly caem ia , 
in  o th e r  w ords to  th e  adverse  effect of hyp o g ly caem ia  on c a rb o h y d ra te  to le r 
an ce , as being  one o f th e  com m on causes o f a p p a re n t insulin  re s is tan ce  and  
o f  d ia b e tic  lab ility  [1]. T he Som ogyi-effect o b serv ed  in  th e  course o f  lo n g -te rm  
in su lin  tre a tm e n t consists in  hypog lycaem ic  episodes w hich rem a in  u n re c 
o g n ized  or are  m is in te rp re te d  in  view  o f a ty p ic a l sym ptom s (e.g. head ach e, 
fa in tn e ss )  and  w hich give rise to  a g lucose-m obilizing feedback -m echan ism  
(a d re n a lin e , co rticoste ro ids, etc.) re su ltin g  in  hyperg lycaem ia  an d  g lycosuria . 
U n less th e  p o ssib ility  of th is  m echanism  is bo rn e  in m ind, th e  u n e x p e c te d  
ex cessiv e  hy p erg ly caem ia  an d  g lycosuria  w ill give cause to  a fu r th e r  increase 
o f  th e  in su lin  dose w hich th e n  generates s till m ore  pow erful feedback  m ech a
n ism s . R ed u c tio n  o f th e  insu lin-doses re su lts , paradox ica lly , in a depression  
o f  h y p e rg ly caem ia  an d  of g lycosuria. T he d e te rio ra tio n  of d iab e tes  follow ing 
u p o n  th e  increase of th e  insu lin-doses in  a sc rib ed  to  insulin  re s is tan ce  in  all 
to o  m a n y  cases. A 24 h b lood  sugar curve or if  th is  is no t feasible, ex am in a tio n  
o f  f ra c tio n a l u r in a ry  specim ens, will c larify  th e  s itu a tio n  (Figs 5, 6). E pisodes 
o f  h y p e rg ly caem ia  an d  m assive g lycosuria , o ften  o f regular p e rio d ic ity , should  
a ro u se  susp icion  w hich is th e n  con firm ed  b y  th e  find ing  of low blood  sugar 
lev e ls  w ith  l i ttle  or no su g ar in  th e  u rin e  fo r th e  last few hours befo re  the  
d e m o n s tra tio n  of m assive glycosuria. T h e  s itu a tio n  calls for a d ju s tm e n t of 
th e  in su lin  dosage an d  of th e  d ie t so as to  avo id  an  undesirab le  fa ll o f th e  blood 
su g a r  va lues. A d ju s tm e n t o f th e  insu lin  doses is generally  sy n o n y m o u s w ith  
th e i r  red u c tio n  since single doses of m ore th a n  40 to  50 U are  scarce ly  ever 
re q u ire d . W e have  to  stress th is  fac t because , in  our experience, th e  m a jo rity  
o f  in su lin -d e p e n d e n t d iabe tics receive m uch  m ore insulin th a n  th e y  need.
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In  serial sections from  the  oedem atous skin o f h ind  lim b of ra ts  the  ly m p h  vessel 
w alls were stud ied  for s tru c tu re s  ac tive  in propelling th e  ly m p h . To d ila te  the  ly m p h a tic s  
ly m p h  form ation  an d  t r a n s p o r t  were increased by d ex tra n -o ed e m a . A special type  of 
sack-like  s tru c tu re  lined  a lm o st exclusively  by en d o th e lia l cells was observed a t the  
p o stcap illa ry  segm en t b e tw een  th e  lym ph  cap illaries a n d  ly m p h  vessels p ro p er. The 
ly m p h  flow from  th e  cap illa rie s  in to  these  p o stcap illa ry  sack-like sinuses is re g u la ted  
by valves. The p o stc ap illa ry  sacks jo ined  th e  lym ph  vessels p ro p er th e  m edia o f w hich 
was b u ilt up of a m uscle cell sh e a th . In  these a r te ry - ty p e  ly m p h  vessels p ro p er the  lu 
m en was found to  be v a ry in g  in d iam e te r; some vessels seem ed to have p rac tica lly  no 
lum en  while o th e r seg m en ts  were open. U nder th e  e lec tro n  m icroscope th in , a c tin -ty p e  
an d  th ick , m yosin -type  m y o filam en ts  were seen in th e  m uscle cells of ly m p h a tic  p o s t
cap illaries and lym ph  vessels p roper. The ly m p h  is a cc u m u la te d  in th e  p o stcap illa ry  
sack-like  sinuses an d  from  th e re  is tran sp o rte d  to w ard s th e  cen tre  by the  co n tra c tio n s  
of a r te ry - ty p e  ly m p h  vessels. T h u s, these s tru c tu re s  m ay  fu n c tio n  as “ ly m p h  h e a r ts” 
in th e  oedem atous sk in .

In tlic  skin anil th e  su b cu tan eo u s tissues, th re e  d iffe ren t p o rtio n s of 
th e  ly m p h a tic s  m ay be d is tin g u ish ed  b y  th e  s tru c tu re  of th e  w all: ly m p h  
capilla ries lined by  a sing le , co n tin u o u s layer o f en d o th e lia l cells; ly m p h a tic  
p o stcap illa ries , located  in  th e  deeper corium , re in fo rced  b y  connective  tissue 
an d  sc a n ty  sm ooth m uscle  fib res; f ina lly , th e  ly m p h  vessels p roper, loca ted  
in th e  su b cu tan eo u s c o n n ec tiv e  tissue , su rro u n d ed  b y  a th ree -lay ered  wall 
[29, 30]. A ccording to  a n o th e r  a u th o r, th e  ly m p h a tic  p lexus fo rm ed  by 
th e  ly m p h  capillaries is co n n ec ted  to  th e  ly m p h a tic  co llecting  duc ts  b y  sh o rt 
p reco llec ting  ducts [27]. —  T he w all is b u ilt u p  o f  in tim a , m edia an d  a d 
v e n tit ia  [1, 4, 11, 12, 14, 29, 30, 34, 35]. Some a u th o rs  d istingu ished  in  d iffe r
en t species lym p h atics  a b o u n d in g  in  m uscle cells, m o d e ra te ly  or w eakly  m uscl
ed vessels and  vessels p o o r in  m uscle cells [1, 32, 36]. A rte ry -lik e  ly m p h  
vessels rich in m uscle cells an d  ly m p h  vessels poor in m uscle cells could 
he d isting u ish ed  w ith in  th e  sam e an im al [1]. In  th e  ly m p h  channels o f th e  
h a t  th re e  divisions cou ld  be d istingu ished  from  th e  p e rip h ery  to w a rd  th e  
cen tre : th e  cap illary  s tru c tu re s , th in  expanded  sinuses, rep resen tin g  a ty p e  of 
lym ph  h e a r t  an d  large, t ra n s p o r t in g  vessels [45].

T h e  lym ph  vessels rich  in m uscle cells a re  cap ab le  of c o n trac tio n  an d  
d ila ta tio n  [13, 30] an d  b y  rh y th m ic  co n trac tio n s  th e y  m ay  propel th e  ly m p h

* Professor R u s z n y á k  h a il in itia te d  th is s tu d y .
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to w a rd s  th e  cen tre  [13, 26, 30, 38]. This rh y th m ic  co n trac tio n  o f th e  ly m p h a tic s  
h a s  b een  d em o n stra ted  fo r th e  b a t  [45], r a t  [8, 9, 33, 44], gu inea-p ig  [8, 9, 17, 
2 2 — 24, 33, 38], sheep, dog [2]. an d  for th e  h u m an  ly m p h a tic s  an d  tho racic  
d u c t  [7, 16, 20, 39, 40]. In  som e o th e r species (ca t, m ouse, ra b b it)  [5, 9, 15, 
33 , 38] no co n trac tio n s could  be observed  or th e ir  m ov em en t h as  been  ques
tio n e d .

L igh t- and e lec tron  m icroscopic o b se rv a tio n s  d o cu m en ted  in  th e  p resen t 
p a p e r  also in d ica te  th e  c o n tra c tio n -d ila ta tio n  a b ility  o f th e  c u tan eo u s  lym ph
v esse ls .

M ateria l an d  m ethods

T h ir ty  m ale C F E  alb ino  r a ts ,  w eighing 250— 300 g, were used . O edem a w as induced  in 
20 a n im a ls  by an  in tra p e rito n e a l in jec tio n  of 6%  d e x tra n  so lu tion  (B D H , G rade Л  200 000- 
275 000 M. w., 2 m l/100 g b. w .). O edem a of th e  sn o u t a n d  th e  paw s developed  w ith in  one hour 
[42, 43 ]. T en  ra ts  served  for co n tro l. Specim ens fo r m orpholog ical ex am in a tio n  w ere ob ta in ed  
fro m  th e  dorsal an d /o r th e  p la n ta r  sk in  o f  th e  paw  a t  90 m in , 3 an d  4 h o u rs  re sp ., a f te r  th e  in 
je c t io n  o f d ex tran . To p rep are  specim ens for e lectron  m icroscopic s tu d ies  in  som e anim als, 
a n a e s th e tiz e d  in tra p e rito n ea lly  w ith  p e n to b a rb ita l  (4 m g/100 g b. w .), th e  h in d  lim b  was p e r
fu se d  w ith  4 %  g lu ta ra ld eh y d e  a t  b o d y  te m p e ra tu re  th ro u g h  th e  ab d o m in a l a o r ta . T he p H  of 
th e  f ix a t iv e  was a d ju s te d  by  p h o sp h a te  b u ffer to  be tw een  7.2 and  7.4. In  th e  re m a in in g  anim als, 
t is su e  specim ens were ta k e n  from  th e  sk in  of th e  in ta c t  or oedem atous h in d  lim bs an d  fixed 
w ith  b u ffe red  g lu ta ra ld eh y d e  a t  room  te m p e ra tu re  b y  im m ersion  tech n iq u e .

T h e  fixed  oed em ato u s sk in  an d  su b cu tan eo u s  tissu es were cu t in to  1 to  2 cu  m m  pieces 
u n d e r  a  d issecting  m icroscope. T he m ain  blood vessels an d  nerve fib res w ere easily  discernib le 
in  th e  tra n s p a re n t  oed em ato u s tis su es  b o th  before an d  a f te r  osm ium  f ix a tio n . T he b locks were 
c a re fu lly  o rien ted  u n d e r th e  d issec tin g  m icroscope and  em bed d ed  in  A ra ld ite . T h is p e rm itte d  
c u t t in g  th e  m ain  vessels tra n sv e rsa lly  o r lo n g itu d in a lly  in  serial sections fo r l ig h t m icroscopy. 
T h e  in te rv a ls  betw een th e  successive sec tions were cu t a t  d istances of 5 f im  in  th e  lon g itu d in a l 
a n d  o f  5 to  50 f im  in  th e  tra n sv e rsa l d irec tio n . S em i-th in  sections were s ta in e d  w ith  to lu id ine  
b lu e  a n d  exam ined  by  lig h t m icroscopy . To re co n s tru c t th e  ly m p h a tic s  in  th e ir  course, th e  
se ria l sec tions were p ro jec ted  on  a re c tan g u la r  co -o rd in a te  system  by  m eans of a Y isopan  a p 
p a r a tu s  (R eichert). T he p rofiles o f th e  ly m p h a tic s  w ere ske tched  and  copied  on  t ra n s p a re n t  
p la s tic  sh ee ts . The shee ts th e n  w ere a rra n g e d  serially  in  a  box and  th e  course  o f  th e  ly m p h a tic  
w as re c o n s tru c te d  in  space. T he sk in  specim ens from  th e  h ind  lim b were p re p a re d  for electron  
m ic ro sco p ic  in v estig a tio n  as d escribed  p rev iously  [42, 43].

T h e  term inology  an d  d e fin itio n  o f P f l e g e r  et al. [29, 30] were a ccep ted  in  th is  s tu d y  
fo r d is tin g u ish in g  th e  successive p o rtio n s  o f th e  cu tan eo u s  ly m p h a tics .

R esults

y m p h a tic  p o s tcap illa rie s  arc lo ca ted  in th e  coriu in  o f th e  r a t  paw  
sk in . T h ey  are form ed b y  th e  confluence  of tw o  or m ore ly m p h  cap illa ries, 
re s u lt in g  in  a large d ia m e te r  in  th is  p o rtio n  o f  th e  cu tan eo u s ly m p h  system . 
In  th e  oedem atous sk in  th e  ly m p h a tic  cap illaries an d  p o stcap illa rie s  are 
filled  u p  w ith  lym ph  and  d is ten d ed  so th a t  th e y  are easier to  follow  in  serial 
se c tio n s  th a n  th e  sem i-co llapsed  ly m p h  chan n e ls  of n o n -o ed em ato u s no rm al 
sk in . In  th e  лга11 o f th e  d is ta l ly m p h a tic  p ostcap illa ries few  an d  d ispersed 
m u sc le  cells are only seen. P ro x im a lly , th e  m uscle cells becom e m ore  num erous 
an d  in te rla c e d  w ith  one a n o th e r , fo rm ing  a single, con tinuous m uscle sheath
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a ro u n d  th e  endo thelia l lay e r. Owing to  the  p resence  o f  valves and th e  p e r io d 
ical confluence of th e  ly m p h  capillaries segm ents m a y  be d istinguished  in  th e  
course of p o stcap illa ries. T h ere  are m ore m uscle cells in  th e  m iddle p o rtio n  o f 
such segm ents th a n  in th e  v ic in ity  of the  valves a n d /o r  confluences w ith  th e  
ly m p h  capillaries (F igs 1— 6). T he lym phatic  p o stcap illa rie s , w ith a few a n d  
dispersed  m uscle cells in  th e ir  wall, are o ften  w id er th a n  those possessing  
a con tinuous m uscle sh e a th . T he sta in ing  p ro p e r ty  o f  th e  lym ph  varies in  th e  
successive segm ents o f th e  ly m p h a tic  p o stcap illa rie s . I t  s ta ins deeply  w ith  
to lu id in e  blue in  ce rta in  segm ents while it  h a rd ly  s ta in s  in  th e  successive seg
m en t (F ig . 4).

Text Fig. 1. R eco n s tru c ted  s tru c tu re  o f lym ph capillaries fo rm in g  a postcap illa ry  sack c o n n e c t
ed w ith  a ly m p h  vessel p ro p er. A rrow s ind ica te  the  d irec tio n  o f ly m p h  flow. M icrographs o f th e  

re co n s tru c te d  specim en are seen on Plate I I .  F igs  7— 14

E v en  m ore p ro x im a lly , in  th e  subcutis a n d  th e  aponeurosis, th e  m u sc le  
lay e r a round  th e  en d o th e lia l sh ea th  becomes m u ltila y e re d  and  a th ree -lay e red  
ly m p h  vessel p ro p er, w ith  an  in tim a , m edia a n d  a d v e n titia  is developed . 
Special ty p es of confluence  could be observed a long  th e se  lym ph  vessels p ro p e r. 
Several co n flu en t ly m p h  cap illa ries form  a single, la rg e , p o stcap illa ry  sack -like  
sinus w hich, in  tu rn ,  jo in s  la te ra lly  th e  opened w all o f th e  lym phatic  vessels 
p ro p e r (F igs 7— 16 an d  t e x t  F ig . 1).

V alves are seen a t  th e  en tran ce  points o f  th e  ly m p h  capillaries in to  th e  
ly m p h a tic  postcap illa rie s , h u t  no rm ally  th e re  w as no tru e  va lv u la r s tru c tu re  
a t  th e  sites w here th e  ly m p h a tic  postcap illaries jo in  th e  lym ph  vessels p ro p e r. 
T he la tte rs  v a ry  in  d ia m e te r  to  such an e x te n t t h a t  som e of the  a r te ry - lik e  
lym ph  vessels o r som e o f th e ir  segm ents seem  to  be  com pletely  c o n tra c te d . 
C onsequen tly , th e ir  lum en  v ir tu a lly  d isappears, w hile o th e r lym ph  vessels 
show  w idenings w ith  clearly  visible con ten t.
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Plate I

Figs 1 6. Serial sections ru n n in g  lo n g itu d in a lly  a lo n g  jo in in g  lym p h a tic  p o stcap illa rie s  in the
o e d e m a to u s  skin of th e  h in d  lim b  paw . In te rv a ls  b e tw ee n  serial consecutiv e sec tio n s a re  10 /mi.  
F igs  1. a n d  2. Clearly show  th e  in n er en d o th e lia l a n d  th e  o u ter d iscon tinuous m uscle  layer of 
th e  p o stc ap illa ry  wall. Figs 3— 6. N ear th e  co n fluence  (arrow ) th e  sm o o th  m uscle  cells are 
sp a rse r  th a n  in  the  m iddle p a r t  o f th e  p o stcap illa ry  seg m en ts (double arrow ). N o te  th e  d ifferen t 

sta in in g  p rop erties  o f th e  ly m p h  in co n secu tiv e  postcap illa ry  segm en ts. X 225
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Plate I I

Figs 7— 14. Serial sections tran sv ersa lly  crossing  tw o ly m p h a tic  vessels (L v  l a n d  Lv 2) hav ing  
d iffe re n t p o stcap illa ry  (pc) confluences. O ed em ato u s paw  skin . Fig. 7. The p o s tc ap illa ry  sack 
and  L v  1 seem  to  he sep a ra ted . L v 2 is co n stric ted . Figs 8 , 9. The p o stc ap illa ry  sack  form s

la te ra l ju n c tio n  w ith  L v  1.
Figs 10 14. T he lum en of L v 1 d im in ishes step  by  s te p , while th e  lum en o f L v  2 op en s and
th e  ly m p h  vessel shows tran s itio n  in to  ly m p h a tic  p o stcap illa ry  and  cap illa ry  (L c, Fig. 14). 
In te rv a ls  b e tw een  d o cum en ted  serial co n secu tiv e  sec tions are 5, 5, 10. 15, 20, 20, 10 /ап . X  350 
Figs 15 , 16. Tw o sections w ith an  in te rv a l o f 20 /an  from  a serially  sectioned  ly m p h a tic  p o st

cap illa ry  sack (pc) an d  ly m p h  vessel (L v) confluence. X 225

9
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Plate I I I

Fig. 17. L ow  power e lectron  m ic ro g rap h  of a ly m p h a tic  p o stc ap illa ry  wall. N ote th e  double 
layer consisting  o f a n  endo the lia l (e) a n d  m uscle  cell (m). X 5600 

Fig. 18. D e ta il of Fig. 17. C ollagen (c) and  elastic (el) fib res  a re  p re sen t betw een  th e  lay ers of 
en d o the lia l ( to p )  an d  m uscle cells (b o tto m ). X 15 000 

Fig. 19. E lec tro n  m icrograph  of ly m p h a tic  p o stcap illa ry  m uscle  cell processes fo und  in  no rm al 
h in d  lim b  paw  skin. N ote th e  th in  an d  th ic k  filam en ts  (a rrow s) in  th e  sarcoplasm . M itochon

dria  (mi) an d  b a se m e n t m em brane (b in) a re  in d ica ted . X 33 000
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P late I V
F ig . 20. O bliqually  sec tio n ed  sm ooth  m uscle cell fro m  a ly m p h a tic  vessel fo u n d  in  o ed em atous 

skin. R eg u la r  spacing of th ic k  f i la m e n ts  is seen (circle) X 33 000 
F ig . 21. L y m p h a tic  p o stc ap illa ry  wall. C ollagen (c), e la stic  fibre (el), and  a n c h o rin g  filam en ts 
(f) a re  seen be tw een  th e  en d o the lia l cell ( to p )  an d  th e  m uscle cell (b o tto m ). T h e  basem en t 
m em b ran e  (bm ) along th e  sarcolem m a is seen . D ense bodies (arrow s) in th e  c o n tra c ti le  filam en ts  

o f th e  muscle cell a re  in d ica ted . The sa rco lem m a ex h ib its  scalloped o u tlin e . X 22 000

The endothelia l  sh ea th  of th e  ly m p h a t ic  postcapillaries a n d  l y m p h  vessels 
p ro p e r  appears  sim ilar  in s t ru c tu re  to  th e  ly m p h  capillary wall [3, 21, 28, 37, 
42, 43]. However, in th e  ly m p h a t ic  pos tcap illaries  and ly m p h  vessels  p roper 
t h e  subendo thelia l  elastic  fibres were  m ore  num erous  th an  in th e  ly m p h  capil
l a r y  wall (Figs 17 and  18).

The muscle cells in the  ly m p h a t ic s  a re  polygonal in shape. T h e  cell body 
a n d  th e  long, ram if ied  cell processes are  su r ro u n d ed  by  a b a se m e n t  m em b ran e .  
Collagen and elastic f ib res  and som e an ch o r in g  filam ents [21] lo c a te d  in the 
subendo the lia l  layer  establish  in te rco n n ec t io n s  between th e  b a s e m e n t  m em 
b ra n e  of the  muscle cells and  the  o u te r  su rface  of the  endothelia l cells (Fig. 21). 
In  b o th  the  norm al a n d  the  oed em ato u s  sk in ,  th e  smooth m uscle  cells o f  the 
ly m p h a t ic  vessels exh ib i t  th in , a c t in - ty p e  a n d  thick, m yo s in - ty p e  f i lam en ts
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th r o u g h o u t  the sa rcoplasm  (F ig . l9 ) .T h e th in  f i l a m e n ts  m easure  5 to 7 nm  a n d  th e  
th ic k  f i lam en ts  10 to  15 n m  in diameter. A t  som e sites, the  cross-sectioned 
m y o s in - ty p e  f i lam ents  show  regu lar  spacing (Fig. 20). Dense bodies in th e  f i la 
m e n to u s  contractile  m a te r ia l  corresponding to  t h e  Z band  of c ross-s tr ia ted  
m usc le  f ibres are f r e q u e n t ly  seen. Such dense reg ions are almost regu la r ly  
sp aced  in  some cell p rocesses ,  the  sarcolem m a o f  w h ich  exhibits a scalloped 
o u t l in e  (Fig. 21).

Discussion

O n th e  basis o f  serial sections, in the  o e d e m a to u s  r a t  skin a special ty p e  
o f  con jo in ing  ly m p h a t ic  s t ru c tu re  could be r e c o n s t ru c te d .  I t  is fo rm ed  by  
jo in in g  ly m p h  capillaries, ly m p h a t ic  p o s tc a p i l la ry  sacks with walls poor  in 
m uscle  cells and by  l y m p h  vessels proper rich  in  m uscle  cells.

L y m p h  flow from  th e  ly m p h  capillaries in to  th e  postcapillary  sack-like  
s inuses is regu la ted  b y  v a lv e s .  In  some areas, t h e  f low  of lym ph from  th ese  
p o s tc a p i l la ry  sacks in to  th e  ly m p h  vessels p ro p e r  is also regulated b y  valves .  
T h e  d iffe ren t  d iam eters  o f  ly m p h  vessels p ro p e r  r ich  in  muscle cells a n d  th e  
a p p a r e n t  d isappearance  o f  t h e  lum en at som e  s ites  suggest the  c o n tra c t io n  
a b i l i ty  of  th e  vessels. B y  th i s  m echanism , the  ly m p h  vessels propel th e  ly m p h  
from  th e  postcap illary  sack s ,  as from some rese rvo ir ,  tow ards  the  cen tre .  The 
c o n tra c t i le  segments in  t h e  ly m p h  vessels, su r ro u n d e d  by  muscle cells and  
con f ined  between two c o n se c u t iv e  pairs of va lv es  were  term ed  “ M ikro lym ph- 
l ie rzen”  [31] or “ ly m p h a n g io n ”  [22, 23]. C o n tra c t io n s  of these segm ents ,  
s im ila r  in function to  th e  “ ly m p h  h e a r t” are e lic i ted  b y  an extension of th e  
vessel, b y  increasing th e  p re s su re  in the  vessel e.g. d u e  to  forced lym ph  fo rm a 
t ion . b y  te m p e ra tu re  a n d  biological agents such  as catecholam ines, h is tam in e ,  
p i tu i t r in  [9, 22— 24, 33, 38, 42] etc. In  dogs o b s t ru c t io n  of the m esenteric  
a r te r io le s  could be o b se rved  during ca techo lam ine-induced  vasoconstr ic t ion  
[41] a n d  some vasoac tive  a g e n ts  like h is tam ine , re leased  during the  d e g ra n u 
la t ion  o f  m as t  cells in d e x tra n - in d u c ed  oedema, m a y  h ave  the  same effect [23]. 
A c t in g  in  a similar m a n n e r  as described before, th e  ly m p h a t ic  pos tcap il la ry  
sack  —  ly m p h  vessel j u n c t io n  m a y  act as a ly m p h  h e a r t  in  the oedem atous skin.

T h e  presence of th ic k  (m yosin-type) f i la m e n ts  in th e  smooth muscle cells 
of th e  lym pha tic s  m a y  be r e la te d  with the c o n t ra c t io n  process and m ig h t  be 
a sign of  th e  s tre tch ing  of t h e  vessel w alls [6, 10, 18, 19]. — Such th ic k  m y o 
f i la m e n ts  could he d e m o n s t r a te d  in the p u lm o n a ry  vessels and ly m p h a t ic s  of 
th e  r a b b i t ,  in the  m esen te r ic  vessels of the  gu inea-p ig ,  in the muscle cells of 
th e  h u m a n  u terus  [6, 20/a]. I t  is not clear w h e th e r  th e  lym ph vessel walls 
are in n e rv a te d  by th e  a d v e n t i t i a l  neural plexus [36] or w hether  the ir  c o n t r a c 
t ions  a re  of myogenic orig in  a n d  the  exc item ent sp read s  from one muscle cell 
to  th e  o th e r  [25].

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



STRUCTURE OF CUTANEOUS LYMPHATICS 3 1 9

In  th e  oedem atous skin o f  th e  r a t ,  th e  ju n c t io n  of  th e  ly m p h a t ic  p o s t 
cap il la ry  sack w ith  the  m uscu la r  ly m p h  vessel agrees in ly m p h  t r a n s p o r t  fu n c 
tion  w ith  th e  con trac t ing  ly m p h a t ic  ne tw o rk  in the wing of the  h a t  [45], w ith  
th e  ly m p h  h e a r t  in the  frog, th e  “ segm enta l  sm ooth  muscle s t r u c tu r e ”  in  th e  
m esen te ric  ly m p h  vessels o f  th e  guinea-pig  [17]: th e  au tonom ic  fu n c t io n a l  
e lem ent o f  th e  lym phang ia l se g m e n t  called “ L y m p h a n g io n ”  [22— 24] or w ith  
th e  “ M ikro lym phherzen”  [31 ].
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ASSOCIATION OF OBLITERATIVE EXTRACRANIAL 
VASCULAR DISEASE WITH CAROTID SINUS 
HYPERAESTHESIA: A POSSIBLE MECHANISM 

OF TRANSITORY CEREBRAL ISCHAEMIA

F .  S o l t i

D EPA RTM EN T OF VASCULAR SURG ERY , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BU D A PEST

R eceived: O c to b er 25, 1975

In  ex ten siv e  s tu d ies  o f cerebral c irc u la tio n  i t  has  been show n th a t  o b lite ra tiv e  
e x tra c ra n ia l  v a scu la r  disease is asso c ia ted  w ith  a p a r tic u la r  reg u la to ry  p a t t e rn  o f ce
reb ra l c ircu la tio n . In  stenosis of th e  v e r te b ra l  a r te ry ,  o f th e  in te rn a l c a ro tid  o r  in  the  
su b c lav ian  s tea l sy n d ro m e, cerebral b lood  flow  a n d  0 2 co n sum ption  are a d e q u a te  u n d e r 
re s tin g  co n d itions an d  it is essen tia lly  th e  h ig h  c ereb ro v ascu lar resistance  w h ich  p o in ts 
to  som e d e ran g em en t. T he haem o d y n am ic  re se rv es  o f  th e  b ra in  being re s tr ic te d , a  su d 
den fall in h e a r t  ra te  m ay  produce a s ig n ific a n t d ecrease  in th e  cerebral b lood flow  and 
th u s  b ring  a b o u t tra n s ito ry  cerebral isch aem ic  episodes. T w en ty  p a tie n ts  w ere s tu d ied  
in w hom  th e  p ro d u c tio n  of tran s ito ry  cereb ra l a t ta c k s  was a ttr ib u ta b le  to  th e  co ex is t
ence of o b lite ra tiv e  ex tra c ra n ia l v a scu la r  d isease  an d  caro tid  sinus h y p e rse n s itiv ity . 
E lic ita tio n  o f th e  c a ro tid  sinus reflex  re su lte d  in  th e  p ro d u c tio n  of tra n s ito ry  cereb ra l 
ischaem ic spells to g e th e r w ith  a fall in  ce reb ra l b lood  flow  in  a ll cases. I t  is suggested  
th a t  th e  tra n s ito ry  cereb ra l a tta ck s  a re  due  in  p a r t  o f  th e  cases to  a coex istence  o f ob 
lite ra tiv e  e x tra c ra n ia l  v ascu la r disease a n d  c a ro tid  sin u s syncope. The m a jo r ity  o f such 
p a tie n ts  becom e sy m ptom -free  if b ra d y c a rd ia  o r s in o au ricu lar or av  b lock  due  to  the  
c a ro tid  sinus h y p e rsen s itiv ity  can be p re v e n te d  b y  a tro p in e  th e ra p y  o r p acem ak e r- 
im p la n ta tio n .

O blite ra t ive  disease of  the  e x t ra c ra n ia l  a r teries  ( in ternal ca ro t id ,  v e r 
teb ra l  a r te ry ,  lower end of subclav ian  a r te ry )  is com m on in p a t ie n ts  liable to 
t r a n s i to ry  cerebral ischaem ic a t tack s  (TCIA). On th e  o the r  hand ,  o b l i te ra t iv e  
e x trac ran ia l  va scu la r  disease (OEVD) m a y  occu r  in  th e  absence o f  a n y  s y m p 
to m  re la ted  to  cerebral circulation. I t  is also kn o w n  th a t  t r a n s i to ry  episodes 
of dizziness a n d  fa in t ing  m ay  o r ig inate  in  a h y persens i t iv i ty  o f  th e  ca ro t id  
sinus (CSH). These facts  po in ted  to th e  poss ib i l i ty  t h a t  in some p a t ie n ts  a fall 
in h e a r t  ra te  w i th  disorders of the  cerebra l b lood  flow (CBF) m ight be invo lved  
in  th e  p ro d u c t io n  o f  TCIA. In  the  recen t  w o rk  i t  was therefore  s tu d ie d  how 
O EV D  affec ted  th e  regu la tion  of cerebra l  c ircu la t ion ,  how a su d d en  fall of 
h e a r t  ra te  affected  th e  blood supp ly  to  th e  b ra in ,  and  w he the r  th e re  could 
accoun t for the  p ro duc tion  of TCIA.

Acta Medica Acaderniae Scientiarum Hungaricae , Tom us 32 ( 3 —4),  pp. 321—328 (1975)

Patients and m ethods

T w en ty  p a tie n ts  suffering  from  T C IA  w ith  c o e x is te n t O EVD and  CSH w ere su b jec ted  
to s tu d ies o f cereb ral c ircu la tio n  and  of ca rd iac  a r rh y th m ia .  D iagnosis o f T C IA  w as b ased  on 
serial an g io g rap h y  o f th e  ao rtic  a rch , neurological e x a m in a tio n  and  analysis o f c a rd iac  a r rh y th 
m ia. T he c a ro tid  sinus re flex  w as elicited b y  m assage o f th e  region of th e  c a ro tid  sin u s nerve
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on  b o th  s id es, parallel w ith  c o n tin u o u s  re g is tra tio n  of EC G . S tim u la tio n  w as re p e a te d  a fte r  
th e  in tra v e n o u s  a d m in is tra tio n  o f 0.5 m g a tro p in e . F o r  a closer analysis of a r rh y th m ia s  and 
c o n d u c tio n  d istu rbances due to  C SH  th e  r ig h t a tr iu m  a n d  th e  r ig h t ven tricle  w ere su b je c ted  
to  b r ie f  e lec tric  s tim u la tion , by  te c h n iq u e s  described p rev io u s ly  [22]. The m ain  c lin ica l fe a tu res  
o f th e  p a t ie n ts  are p resen ted  in  T ab le  I.

Table I

Number of cases 2o 16 males 
4 females

Age 59.1 (45 to  68) years
C lin ical m anifestations o f T C IA Passing  dizziness 18

Syncope 7
E p ilep tic  seizures 4
T ran s ito ry  b lurred  vision 4
T ran s ito ry  paresis 2

A ssocia ted  obliterative S u b c lav ian  steal syndrom e 10
ex tracran ia l disease

V erteb ra l a rte ria l stenosis 5
In te rn a l caro tid  stenosis 5

A rrh y th m ia , conduction S in o au ricu lar block 12
distu rbances evoked by s tim u la - 2 : 1 a tr io v en tricu la r  block 6
la tio n  of carotid sinus Sinus a rre s t 2

A s i t  can  be seen, th e  fe a tu re s  o f b o th  O EV D  a n d  CSH were p resen t in a ll o f th e  cases. 
A ty p ic a l  ang iogram  and ECG  in o n e  of th e  cases is show n in  Fig. 1.

T w elv e  pa tien ts of th is  g ro u p  were su b jec ted  to  h aem odynam ic  s tu d ies  o f cereb ra l 
c irc u la t io n . A dditional s tu d ies  o f  ce reb ra l c ircu la tio n  w ere carried  o u t in a n o th e r  28 p a tie n ts , 
to o , w h o  h a d  OEVD only w ith  no ev idence  of CSH. S u b c lav ia n  steal syndrom e w as p re se n t in 
17, s te n o s is  o f th e  v e rteb ra l a r te ry  in 11, stenosis o f  th e  in te rn a l caro tid  in 10 o f th ese  cases.

F ig . 1. A ng iogram  of aortic  a rch . O cclusion  of in n o m in a te  a r te ry  near its orig in : su b c lav ian  
s te a l  sy n d ro m e  on the rig h t side. T h e  ECG (righ t side, b o tto m ) shows an in te rm it te n t  a v  b lock  

d u rin g  c a ro tid  sinus s tim u la tio n  ( | — f)
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The th ree  m ain  ty p e s  o f o b lite ra tiv e  e x tra c ra n ia l v a sc u la r  disease w ith  th e  ty p ic a l s ites 
o f vascu la r lesion are  seen in  Fig. 2. For th e  m easu rem en t o f  cereb ral blood flow, o u r iso to p e- 
d ilu tio n  tech n iq u e  [21] w as used . C ardiac o u tp u t was d e te rm in e d  on th e  basis of th e  d y e -d ilu 
tio n  princip le using  E v an s -b lu e  (50 mg in trav en o u s ly ). 0 2 c o n te n t of th e  b lood-sam ples (fe 
m oral a r te ry , in te rn a l ju g u la r  ve in ) was m easured  w ith  a K ip p  ox im eter.

The p a ram e te rs  o f C B F  e s tim a te d  in th e  p re sen t m a te ria l  were com pared w ith  th o se  of 
46 age-m atched  (m id d le -ag ed ) su b jec ts  w ith  norm al C B F .

(T)= Stenosis of vertebral artery  

© =  Occlusion of subclavian artery , 

subclavian steal

(3 )=  Stenosis of internal carotid

Fig. 2. 1 =  S tenosis o f v e r te b ra l a r te ry ; 2 =  O cclusion o f su b c lav ian  a rte ry  (su b c lav ian  stea l 
sy n d ro m e); 3 S tenosis o f in te rn a l  caro tid

Results

Changes in  cerebral circulation associated with O E V D

The essentia l d a ta  reflec ting  th e  changes in  cerebra l circulation associa ted  
w ith  OEYD h av e  been  su m m ed  up in Fig. 3. T h e  changes in CBF a n d  cerebral
O., consum ption  (CMO.X) accom panying  v e r te b ra l  a r te r ia l  stenosis, su b c lav ian  
steal synd rom e  a n d  in te rn a l  ca ro tid  stenosis were  expressed per cen ts  o f  th e  
no rm al values (Fig. 3).

As th e  d ia g ra m  shows, the  m ost m ark ed  fall in  C B F and  the  lowest f igures  
for C M O X  were fo u n d  in  stenosis (obliteration) o f  th e  in te rna l  carotid . I t  s eem 
ed charac ter is t ic  o f  O E V D  th a t  th e  dev ia t ions  o f  CBF and  C M 02C from  th e  
n o rm al are n o t  excessive as the  m ax im u m  fall a m o u n te d  to  13% . Cerebra l 
b lood supp ly  and  oxyg en a t io n  are th u s  a d e q u a te  un d e r  basal cond it ions .
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ссии

О  = Stenosis of vertebral artery 

@ • Subclavian steal 

§  = Stenosis of internal carotid

F ig . 3. □ =  Stenosis o f v e r te b ra l a r te ry ; g  =  S u b c lav ia n  steal sy n d ro m e; Ш = Stenosis
of in te rn a l c a ro tid

R egulation o f  cerebral circulation in  O E V D  associated w ith  C S H

B asa l  regula tion  of  t h e  cerebral c ircu la t io n  in OEYD assoc ia ted  w ith  
C S H  is rep resen ted  in Fig. 4. T he  d iag ram  com pares  the  figures of  m e a n  a r te r ia l  
b lo o d  p ressure  (B Pm ), C B F , cerebral v a sc u la r  resistance (CVR) a n d  o f  the  
c e re b ra l  frac tion  of  card iac  o u tp u t  (CBOF) found  in our cases w ith  th e  no rm a l  
v a lu e s  for  these p a ra m e te rs  (Fig. 4).

F ig . 4
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I t  can be seen th a t  C B F a n d  CBO F show ed a m inor  b u t  s ta t i s t ic a l ly  
s ign if ican t reduc tion ,  toge ther  w i th  a considerab le  increase in cereb ra l  v a s c u 
la r  resistance. T h e  increase in  a r te r ia l  blood pressure  was also s ign if ican t  
in O EV D  associa ted  with CSH. F o r  a closer s tu d y  of th e  reg u la t io n  o f  CBF 
we re p ea ted  th e  haem odynam ic  s tud ies  paralle l  w ith  eliciting th e  ca ro t id  sinus 
ref lex  by sinus n e rv e  s t im ula t ion . The  reflex  was accom panied  b y  T C IA  in all 
of th e  seven cases; results are shown in Fig. 5.

The changes associated w ith  th e  ca ro tid  syncope are rep re sen ted  as per  
cen t  o f  the  in i t ia l  valves. As Fig. 5 shows, desp ite  a s ignificant fall in B P m  
an d  a decrease in CVR, CBF none  th e  less d im in ished  parallel w ith  th e  a cco m 
p a n y in g  b rad y ca rd ia .

F ig .  5

Therapeutic aspects o f  T C IA  in  O E V D  associated w ith  C S H

According to  th e  presen t resu lts ,  i t  is th e  coexistence of O EY D  w i th  CSH 
w hich  m ust be he ld  responsible for th e  p ro d u c t io n  of TCIA, a t  leas t  in  a ce r ta in  
p roport ion  of th e  cases. This im p lica tes  t h a t  we have only to  deal w ith  one of 
th e  two factors for  th e  control or p rev en t io n  o f  TCIA . F reedom  from  s y m p to m s  
has in  fact been  a t ta in ed  in th e  m a jo r i ty  o f  ou r  cases b y  successful m a n a g e 
m e n t  of CSH, includ ing  p rev en t io n  of  th e  accom pany ing  asysto le  or  ex trem e  
b rad y ca rd ia .  In  th ree  cases re co n s tru c t iv e  v ascu la r  surgery  for O E Y D  was 
req u ired  for a full control o f  th e  sy m p to m s,  in  an o the r  two cases i t  w as the  
jo in t  effect o f  su rgery  and a t ro p in e  t r e a tm e n t  which proved  successful. W hile 
in 12 cases m a in tenance  th e r a p y  w ith  a tro p in e  was sufficient for th e  p re v e n 
t io n  of the  m anifesta tions of  C SH , in th ree  cases this t r e a tm e n t  fa iled  and  
a d e m a n d - ty p e  p acem aker  h a d  to  be im p lan ted .  The results  o f  th e r a p y  have 
been  sum m ed u p  in Table II .
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Table II

R esults o f  therapy in O EVD  associated w ith C SH  
(T im e of observation  3 to  24 m o n th s)

Total 20 cases

T rea tm en t:

M ain tenance th e ra p y  w ith  a trop ine 10 cases
P acem aker im p la n ta tio n 3 cases

R eco n s tru c tiv e  v ascu la r surgical p ro ced u re 3 cases

A trop ine -j- reco n stru c tiv e  vascu lar su rg ery 2 cases
R esults o f th e ra p y :

Sym ptom  free 16 cases
Im proved 4 cases

U nchanged 0  cases
Died 0  cases

Discussion

T h e  results o f  th e  p re se n t  s tudy  in d ica te  t h a t  O EY D  is associated  with 
a ch a rac te r is t ic  reg u la t io n  o f  th e  cerebral c i rcu la t ion .  In  th e  subclav ian  steal 
s y n d ro m e ,  as well as in  stenosis of the  v e r te b ra l  or o f  th e  in te rn a l  ca ro tid  
a r t e r y  C BF, th o u g h  b e in g  slightly  reduced , seems to  rem ain  ad e q u a te ,  as 
o p p o se d  to  cases w ith  m u lt ip le  occlusion o f  t h e  e x trac ran ia l  arteries or w ith  
e x te n s iv e  cerebrovascu la r  sclerosis where th e  C B F  is low even u n d e r  resting  
cond it ions .  The h a e m o d y n a m ic  reserves of  t h e  b ra in  are, however, g rea t ly  
re d u c e d  in O E \  D. a n d  i t  needs  only an a b r u p t  fall  in  blood pressure or a sudden 
c i rc u la to ry  im p a irm e n t  to  b r in g  abou t a fa i lu re  o f  cerebral blood supp ly . In  
O E V D  associated w i th  C S H , th e  cerebral c i rcu la t ion  shows a charac ter is t ic  
p a t t e r n  of response. B ra d y c a rd ia  or t r a n s i to r y  av  block elicited in  these  
p a t i e n t s  b y  s t im u la t io n  o f  th e  carotid  sinus re su l ts  in  a considerable im p a ir 
m e n t  o f  cerebral b lood  su p p ly .  The im p ac t  o f  b ra d y c a rd ia  and  of th e  fall in 
b lood  pressure  on C B F , w h ich  has d im inished f rom  th e  onset, is too  g rea t  to  
be co u n te rb a lan ced  b y  th e  s im ultaneous decrease  in  CVR. I t  deserves notice 
t h a t  in  th e  presen t cases p rovoca tion  of th e  sinus reflex  generally w en t  h a n d  
in h a n d  w ith  TCIA (dizziness, fainting, etc.) t o g e th e r  w ith  a decrease in  CBF.

I t  is therefore  a s su m e d  th a t  one of th e  m echan ism s accoun ting  for an 
occasiona l sudden fa ilu re  o f  CBS, in o ther  w ords ,  fo r  th e  p roduc tion  of  TCIA, 
is c o n s t i tu te d  b y  th e  assoc ia tion  of OEVD w i th  CSH. I t  m ust ,  howrever, be 
e x a m in e d  how this a s su m p t io n  would agree w i th  o th e r  clinical or ex per im en ta l  
ev idence . In  fact, O E V D  (stenosis of v e r te b ra l  a r te ry ,  subclavian  s tea l  sy n 
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drom e, stenosis o f  in te rn a l  ca ro tid )  need  n o t  cause any  sign or s y m p to m  
[3, 12, 29]. M any p a t ie n ts  w ith  ang iograp liica lly  confirmed considerab le  
ex tra c ran ia l  vascu la r  stenosis are free from  a n y  T C IA  [4, 15, 23]. O E V D  is 
th u s  com patib le  w ith  an ad eq u a te  cerebra l b lood  supp ly  and  even t r a n s i to r y  
cerebral a t ta c k s  due to  its im p a irm e n t  m a y  rem a in  absent.

In  case of CSH, caro tid  sinus s t im u la t io n  resu lts  in t ra n s i to ry  excessive 
b ra d y c a rd ia ,  s ino-auricu lar  block, s inus a r re s t  or av  block, usually  w i th  a fall 
in blood pressure . In  spite  of th is  CSH  need  n o t  p roduce TCIA or a n y  o th e r  
sy m p to m ,  especially in  young ind iv idua ls  [8, 16, 20, 22, 25, 27]. A p a r t ic u la r  
ty p e  of CSH, qualif ied  as “ cerebra l” , is m a rk e d  b y  the  con tras t  b e tw een  th e  
in te n s i ty  of the  cerebra l m an ifes ta t ions  (vertigo , nausea, fa in ting , b lu r re d  
vision) and  the  m o d e ra te  fall in h e a r t  ra te  a n d  blood pressure ensu ing  in r e 
sponse to  caro tid  sinus s tim ula t ion  [6, 7, 25, 28]. T h e  possibility of  som e p re 
ex is ten t  disorder o f  cerebral c ircu la t ion  in th e  cerebral ty p e  of CSH is su g 
gested  by7 the  p resen t  findings. Thus , CSH in i tse lf  does no t necessarily  p roduce  
TCIA  desp ite  th e  b rad y ca rd ia  an d  th e  fall in b lood  pressure.

T h u s ,  we feel ju s t i f ied  in re g a rd in g  th e  coexistence of OEVD a n d  CSH 
as one of  th e  possible causes of T C IA . This associa tion  of the  two cond it ions  
rep resen ts  a well-defined clinical sy n d ro m e  w hich  confronts  us w ith  th e  qu es t io n  
of  th e ra p y .  T heore tically ,  there  are  th re e  possible angles of th e ra p e u t ic  a p 
p roach . F irs t ,  m a n a g e m e n t  of CSH in o rd e r  to  p re v e n t  its m an ifes ta tion . Second, 
re c o n s tru c t iv e  surgical in te rven tion  for O E V D . T h ird ,  joint ap p l ica t ion  o f  th e  
tw o fac tors .  In  our experience successful m a n a g e m e n t  of CSH is genera l ly  
suffic ien t for th e  contro l of th e  s y m p to m s  (see T ab le  II) .  In  cases o f  m in o r  
sever i ty ,  m a in ten an ce  th e ra p y  w ith  a t ro p in e  ensures sa t is fac to ry  re su lts  
[5, 19, 22, 24]. CSH w ith  episodes o f  in te r m i t t e n t  av  block or s inus a r re s t  
calls for pacem aker  im p la n ta t io n  (1, 2, 9, 10, 11. 13, 14, 17, 18, 22, 26].

To conclude

1. OEVD is associated  w ith  a ty p ica l  p a t t e r n  of cerebral b lo o d  flow; 
th o u g h  u n d e r  re s t ing  conditions o x y g e n a t io n  o f  th e  b ra in  is a d e q u a te ,  its  
reserves are poor w hich  m akes th e  b lood su p p ly  to  th e  brain  liable to  fa ilure;

2. th e  coexistence of OEVD a n d  CSH accoun ts  for the  p ro d u c t io n  of 
T C IA  in a certa in , p resum ab ly  fa ir ly  large, p ro p o r t io n  of the  cases;

3. there  is a s ign if ican t fall in CB F. to g e th e r  with a decrease in cerebro- 
vascu la r  resistance during  TCIA;

4. in the  case of  coexistent O E V D  and  CSH, in order to  achieve f reedom  
from  sym ptom s i t  is generally suffic ien t to  p re v e n t  the accom pany ing  b r a d y 
card ia  (sinus block, av  block) by  a p p ro p r ia te  measures.
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ROLE OF PR O STA G L A N D IN  E 2 IN THE  
STIMULATORY EFFECT OF ACTH ON OVARIAN

BLOOD FL O W
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I t  h as been s tu d ied  in dogs a n a e s th e tiz e d  w itli ch lo ra lose-u re thane  w h e th e r  
P ro s ta g lan d in  E 2 (P G E 2) m igh t ac t as a m e d ia to r  o f  th e  stim u la to ry  e ffe c t of 
ACTH on o v a rian  b lood  flow.

W ith o u t an y  d am ag e  to the  o v a ria n  vessels, a h e a te d  therm ocouple  w as in se r te d  
in to  th e  s trom a of th e  ovaries and  local b lood flow  w as reco rded  continuously . S im ila rly  
to  A CTH , P G E 2 (100 ng /kg /m in) infused in to  th e  o v a r ia n  b u rsa  increased local b lood  
flow.

T he ovaries w ere iso lated  in  situ  a n d  p e rfu sed  by  a peris ta ltic  pu m p  fro m  th e  
fem ora l a r te ry . S y n th e tic  ACTH or P G E 2 w as in fu sed  in to  th e  ovarian  a r te ry  fo r  15 
m in an d  perfusion  p ressu re  was m easured . B o th  A C TH  (12.5— 25.0— 50.0 100.0 n g /k g /
/m in ) and  P G E 2 (3.12 6.25— 12.50— 25.00 n g /k g /m in ) reduced  perfusion  p re ssu re ,
caused  v a so d ila ta tio n . T h ere  was a s ig n ifican t lin e a r  co rre la tio n  betw een th e  d eg ree  of 
v a so d ila ta tio n  and  th e  logarithm  of th e  doses. I f  th e  doses of th e  two ag en ts  a re  e x 
pressed  in term s of m ois, th e  effect of b o th  ag en ts  can  be characterized  by a co m m o n  
eq u atio n . F if ty  — 200 //g /kg  in d o m eth ac in  in h ib ite d  th e  effect o f ACTH b u t in c reased  
th e  effect o f P G E 2.

I t  is suggested  th a t  in dogs A C TH  e x e rts  its  o v a ria n  blood flow s t im u la to ry  
effect by  re leasing  P G E 2 or some sim ilar agen t(s).

Sim ultaneously  to  increasing ad rena l  b lood  flow, ACTH injected  by  th e  
venous  ro u te  s t im u la te s  ovarian  b lood f low  in b o th  anaesthetized  a n d  non- 
an aes th e t ized  dogs. —  Since the  phen o m en o n  can  be elicited in th e  a d re n a l -  
ectom ized dog too, i t  is one of the e x t ra a d re n a l  effects  of ACTH [21, 22]. H y p o -  
p h y sec to m y  does n o t  in te rfe re  with i t ,  n o r  is i t  p re v e n te d  by  the  /9-blocker 
p ropanolo l or b y  th e  an tih is tam in ic  d ru g  d ip h e n h y d ra m in e  [24].

The p ros tag lan d in  (PG) com pounds are  w ell-know n to act as v a so d i la to rs  
[1, 5, 18]. In  the  iso la ted  adipose tissue of  r a b b i t s ,  s im ultaneously  to  l ipolysis, 
A CTH induces h y p e ra e m ia  and it  has been  a ssu m e d  th a t  this h y p e ra e m ia  is 
due to  P G E ,  released b y  ACTH [2, 3].

In  th e  p resen t  experim en ts  it  has been  s tu d ie d  w hether  P G E 2 m ig h t  ac t 
as a func tiona l  m ed ia to r  o f  the  s t im u la t io n  b y  A C TH  of ovarian b lood  flow.

Methods

T w en ty -e ig h t a n o es tro u s  m ongrel dogs w eigh ing  10 to  20 kg were used. T he a n im a ls  
were an ae sth e tize d  w ith  ch lo ra lose-u re thane , a n d  th e ir  o v a rie s  were exposed by  m e d ia n  la- 
p a ra to m y . One group  (a) served  for recording local blood flow  in th e  ovarian  s tro m a , th e  o th e r  
(b) for reco rd ing  v ascu la r re sistan ce  in the  ovaries.
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a) M easurem ent o f  local blood flo w . F o r th e  c o n tin u o u s  recording of local b lood  flow , 
a f lex ib le , H E N S E L -ty p e  [6 ]  therm ocouple  w as in tro d u c e d , parallel to  th e  lo n g itu d in a l axis, 
in to  th e  s tro m a  of b o th  o varies in  9 dogs. B lood f lo w  changes were given as a  p e rce n ta g e  of 
th e  re s tin g  v a lue  (100% ) a n d  of th e  value o b ta in e d  a f te r  d ea th  of th e  an im als  (0 % ). B lood 
p re ssu re  w as m easu red  in th e  fem ora l a rte ry  b y  S ta th a m ’s pressure tran sd u ce r.

A s PG E., is know n  to  a c t on th e  system ic  c irc u la tio n , the  drug  h ad  to  be a d m in is te re d  
lo ca lly . S ince i t  could n o t be in jec ted  in to  th e  o v a r ia n  a r te ry  w ithou t n a rro w in g  th e  lu m en , 
b o th  P G E 2 and in  som e cases also ACTH, were in fu sed  on to  the  ovarian  su rface  in  a vo lum e 
o f 0 .05 m l/m in  for 15 m in  th ro u g h  a th in  can n u la  im p la n te d  in to  th e  o v a ria n  b u rsa .

b ) M easurem ent o f  vascular resistance. In  19 an im a ls  th e  ovaries were iso la te d  fro m  th e  
su rro u n d in g  fa t  tissue an d  u te rin e  ho rn  in  situ . T h e  o v a ria n  a rte ry  and  v e in  w ere c a n n u la te d  
on  b o th  sides. T h rough  th e  left fem oral a r te ry , b y  m ea n s  of a double-tube  p e r is ta ltic  p u m p , 
b o th  o v a r ia n  arte rie s  were p e rfused  w ith  a c o n s ta n t v o lu m e of blood a t  a r a te  o f 3 to  5 m l/m in , 
d e p e n d in g  on th e  w eigh t o f th e  anim al. Close to  i ts  con n ec tio n  w ith  th e  o v a ria n  a r te ry ,  th e  
c a n n u la  h a d  tw o side a rm s , one for recording th e  p e rfu s io n  pressure by  S ta th a m  tra n s d u c e r  
a n d  th e  o th e r  for a d m in is te rin g  by  an  infusion  p u m p  th e  substances to  be te s te d  in  vo lu m es 
of 0.1 m l/m in  or even less for 10 and  15 m in , re sp ec tiv e ly . Blood from  th e  tw o  o v a r ia n  ve ins 
w as led  in to  th e  r ig h t ju g u la r  ve in . D uring  in fu sio n s th is  flow was in te rru p te d  to  p re v e n t  th e  
in fu se d  su b stan ces from  re tu rn in g  in to  th e  sy s te m ic  c ircu la tion . B lood c o ag u la tio n  w as in 
h ib ite d  b y  heparin .

Substances used:
A C T H . sy n th e tic  ß  1— 24 ACTH, S y n a c th e n  (C iba), P G E 2* (U p jo h n ), in d o m e th a c in  

(C h in o in ), hep arin  (R ich te r).

Results

a) Local blood flo w  in  the stroma

R a p id  in jection  o f  A C T H  or its  in fus ion  over 15 min in to  th e  o v a r ia n  
b u r s a  increased  local b lood  flow in th e  o v a r ia n  s trom a (Fig. 1). S im ila r ly ,  
P G E 2 adm in is te red  in to  th e  ovar ian  b u rsa  e n h a n c e d  blood flow, w i th o u t  a p p r e 
c ia b ly  affecting blood pressure  (Fig. 2).

F ig . 1. E ffec t o f ra p id  in tra v e n o u s  ACTH in je c tio n  a n d  of its infusion  in to  th e  o v a ria n  
b u r s a  [i. b .]  on local b lood  flow  in  the  o v a rian  s tro m a  (A) and on system ic a r te r ia l  p re ssu re  

(B ). T im e: V ertical d iv ision  on  curve “ A”  re p re se n ts  2 m in , curve “ B ” is sy n c h ro n o u s

* P G E , was k in d ly  su p p lied  by  Dr. J .  E . P ik e , U p jo h n  Co., K alam azoo, M ich. U . S. A
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FÍH. 2. E ffec t o f  P G E , a d m in is te re d  in to  left o v a rian  b u rsa  (i. b .) and of ACTH in to  r ig h t o v a 
rian  b u rsa  on blood flow in th e  o v a ria n  s trom a (A) a n d  on  system ic  a rte ria l p ressure  (B ). T im e: 

V ertica l division on cu rv e  “ A” rep resen ts 2 m in , cu rv e  “ B ” is synchronous

b )  V ascular resistance in  the ovaries 

In fus ion  of ACTH over  15 min red u ced  perfusion pressure a n d  caused  
t a sod ila ta t ion  in the  ovaries  (Fig. 3). In fus ion  of P G E 2 for 15 m in  h a d  a 
similar effect (Fig. 4). T h e  decrease of perfusion  pressure  tvas linearly  d e p e n d 
en t  on th e  logar i thm  of th e  ACTH doses (12 .5— 25.0— 50.— 1.0 n g /k g /m in )  
as well as on th e  P G E 2 doses (3.12— 6.25— 1 2 .5 0 —25.00 ng/kg/m in) ( l inear 
corre la tion  coefficient in b o th  cases: p 0.05). T he  effect of the  su b s ta n c e s  
was ch a rac te r ized  by  th e  sum  of changes in th e  mean perfusion p ressu re  
( 1mm Hg) during  the  15 m in  of infusion (F ig . 5 /A). I f  the  doses a re  exp ressed

Perfusion pressure

ACTH M «=
LJ25 n g /k g  bw./r

Fie. 3. E ffec t o f ACTH on p e rfu s io n  pressure in th e  in  s itu  iso lated  ovary . 70 m in  e lap sed  be
tw een the  a d m in is tra tio n s  o f th e  f irs t an d  second doses
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3.12 ng/kg b.w./min 6.25 ng/kg b.w/  min
l-U l l l............................................................................................. ........... I
2  min

Perfusion pressure

Fig. 4. E ffect o f P G E , o n  perfusion  p re ssu re  in  th e  in  situ  iso lated  o v a ry

Д mm Hg а,

2 3 4  5 6  10 20 30 40 50 80 ng/kg b.w./min

1 Ю 20 40 80 p mol/kg b.w./min

F ig . 5. L in e a r co rre lation  b e tw ee n  th e  logarithm s o f A C T H  and  P G E 2 doses a n d  th e  fa ll of 
p e rfu s io n  pressure: (a) doses ex p ressed  in ng /k g /m in ; (b ) doses expressed in p m o l/k g /m in . 

(Zlmm H g =  sum  o f ch an g es in th e  m ean  p e rfu s io n  pressure during  in fu sio n )

in  m o la r  term s, the  tw o  regression lines are s im ila r  (p > 0 . 1 )  i.e. in eq u im o la r  
doses  b o th  substances e x e r t  th e  same effect (F ig . 5/B).

In t ra a r te r ia l  infusion  o f  100 pg/kg in d o m e th a c in  over 10 m in  raised  
th e  pe rfu s io n  pressure a n d  inh ib ited  the  effect o f  ACTH (Fig. 6). 50.0— 100.0
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ACTH PGE2
25 ng/kg b.w./min 6.25 ng/kg b.w./min

I | | . l  I  Г ___ ____________________________________ ________________ I I 1 1 1 I

2  min

Fig. 6. E ffect of ACTH a n d  P G E 2 on perfusion  p ressure  before and  a f te r  in d o m e th ac in . The 
b o tto m  p a r t  of th e  F igu re  is th e  c o n tin u a tio n  of the  u p p e r p a r t. T im e d iffe ren ce  12 m in

Д mm Hg

4 0 0 -  

3 0 0 -  

200 -  

100-  

0 -  
- 100-  

- 200-

p < 0 0 5
I

_____ (16) 7  ,

INDOMETHACIN 
(50-200/ ig /k g  bw.)

-3 0 0 -

- 4 0 0 -

- 5 0 0 -

ACTH PGE2
(25.00 n g /k g  b.w./min) (6.25 ng/kg b.w./m in) 

BEFORE AFTER BEFORE AFTER 
INDOMETHACIN INDOMETHACIN

(16) (16) (7 )

_ J _ i (9 )

p <  005
Г

p <  0.05

( ) Number of dogs

F ig. 7. E ffect o f in d o m e th ac in  on restin g  perfusion  p ressure  and  on p e rfu s io n  p ressure  fall 
induced  by ACTH and  PG E... (1 m m  H g =  sum  of changes in m ean p e rfusion  p re ssu re  during

infusion)

a n d  200.0 pg/kg doses of  indom ethac in  increased m ean perfus ion  pressure 
(p <  0.01), b u t  no dose-effect re la tionsh ip  could he d e m o n s t ra te d  in th is  range 
(linear corre la tion  coefficient, p >  0.05). All th e  th ree  doses of  indom ethac in  
in h ib ited  the  effect o f  25.0 ng/kg/m in ACTH (p <[ 0.05), while t h e y  no t  only 
failed to  inh ib i t  th e  ac t ion  of P G E 2 b u t  increased i t  (p 0 .05) (Fig. 7). 
No dose-effect re la t ionsh ip  seemed to exist e i ther  in ACTH in h ib i t io n  or P G E 2 
p o ten t ia t io n  (linear co rre la tion  coefficient in both  cases p > -0 .0 1 ) .
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Discussion

A C T H  and PGE„ e x e r t  a similar effect on v a s c u la r  resistance an d  local 
b lo o d  f low  in the ovaries. T h e  effect of ACTH is in h ib i te d  by  indom ethac in  
w hile  t h a t  of P G E 2 is in c re a se d  by  it. This shou ld  be a t t r ib u te d  to th e  fact 
t h a t  ind o m eth ac in  inh ib its  t h e  synthesis  of endogenous  raises perfusion p res
sure  a n d  th u s  enhances th e  e f fec t  o f  exogenous P G E , .  Since ind o m eth ac in  speci
f ic a l ly  in h ib i ts  PG synthesis  [9, 23] i t  m ight be a s su m e d  th a t  ACTH exerts  its 
effect b y  synthesis and /o r  re lea se  P G E ,  (and p e rh a p s  o th e r  PG-like s u b s ta n c 
es) in  th e  ovaries. R e la ted  to  m o la r  quantities , th e  a c t iv i ty  of the  tw o agents 
does n o t  differ s ta tis t ica lly ; o ne  ACTH molecule seem s to  release one P G E 2 
m olecu le .  In  the course o f  s teroidogenesis , P G E 2 m ig h t  form when th e  chole
s te ro l  s idechain  is cleaving [22]. As shown in our ea r l ie r  experim ents ,  in  HCG- 
s t im u la t e d  ovaries of th e  dog  [25] and  mouse [26], ow ing  p re su m ab ly  to  th e  P G  
re le a se d ,  ACTH st im u la tes  oes trogen  secretion. O u r  a ssum ption  is in good 
a g re e m e n t  with the d a ta  s u p p o r t in g  the m edia to r  role of  P G E 2 in h yperaem ia  
a c c o m p a n y in g  lipolysis in d u c e d  b y  ACTH [2, 3]. S im ila rly ,  an im p o r ta n t  role 
is a t t r i b u t e d  to PG in th e  d ev e lo p m en t  of the  r e a c t iv e  or func tional h y p e r 
a e m ia  in  th e  skeletal m usc les  [8, 10]. P G E 2 is a n  im p o r ta n t  fac to r  also in 
m a in t a in in g  the  au to re g u la t io n  o f  renal blood f low  [4, 7, 15]. P G E  p ro b ab ly  
ac ts  o n  th e  smooth m usc les  in  th e  vessel wall b y  chang ing  th e  m em b ran e  
t r a n s p o r t  o f  the  Ca-ion [3] o r  b y  changing the  N a + a n d  K + active A TP-ase in 
th e  m e m b ra n e  [11].

V ascu la r  resistance o f  t h e  ovaries began to  rise im m ed ia te ly  a f te r  in d o 
m e th a c in  adm inis tra tion . T h is  shou ld  be so in te rp re te d  t h a t  P G E ,  or th e  similar 
v a s o a c t iv e  agents inh ib ited  b y  indom ethac in  and  p ro d u c e d  in appreciab le  a m o 
u n ts  in  t h e  ovaries [14, 29] p a r t i c ip a te  in m a in ta in in g  th e  resting  v ascu la r  tone. 
I t  is o b v io u s  th a t  if A C T H  s t im u la te s  PGE., syn thes is  in th e  ovaries, th en  any  
ch a n g e  in  the  ACTH level m u s t  involve an a l te r a t io n  of PGE., synthesis . 
A c c o rd in g ly ,  in the  species w h e re  ACTH s t im u la tes  ov a r ian  blood flow, thus 
in  t h e  dog , cat [21, 22], t h e  golden ham ster  [27] a n d  th e  guinea-pig  [24], 
A C T H  m ig h t  play a role in  t h e  regulation  of o v a r ia n  vascu la r  tone . PG  has a 
co n s id e ra b le  influence on o v a r i a n  hormone secre tion  [12, 13, 16. 17] an d  m ight 
ac t  as  a regula ting  fac to r  in  t h e  process of o v u la t io n  [19, 20, 28, 29]. Con
s id e r in g  th e  cited da ta ,  and  since  ACTH has been  found  to  influence P G E , 
s y n th e s i s ,  i t  can be a ssu m ed  t h a t  ACTH m ight g a in  im p o r tan ce  in ova r ian  
fu n c t io n ,  especially in s tress  cond it ions .
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T ran sp o rt o f labe lled  p ro te in  from  th e  ab d o m in a l cav ity  by th e  th o rac ic  d u c t 
an d  by th e  r ig h t ly m p h  tru n k  was in v es tig a ted  in dogs w ith  ascites due to  in fe rio r cava  
ve in  co n stric tio n  an d  in con tro l an im als. T he g re a te r  p a r t  o f peritonea l f lu id  p ro te in  
is tran sp o rte d  in b o th  ascites and  u n d e r no rm al co n d itio n s by the  ly m p h a tic s  o f the  
r ig h t side. T he excess p ro te in  filte red  from  th e  liv e r sinuso ids in venous s ta s is  is t r a n s 
po rted  by th e  th o rac ic  d u c t. In  th is co nd ition  large  a m o u n ts  of fluid a cc u m u la te  in  th e  
ly m p h a tic s  in consequence  of a re la tiv e  o b stacle  to  ou tflow  a t th e  v en o -ly m p h a tic  ju n c 
tion . T horacic  d u c t d ra in ag e  in  ex p erim en ta l asc ites  leads to  large flu id  a n d  p ro te in  
losses and  co n seq u en tly  to  a red u ctio n  of in ferio r cav a l pressure  and of c a p illa ry  f i l t r a 
tio n  in th e  liver. T he in te rv en tio n  reduces asc ites fo rm atio n  b u t does no t in flu en ce  th e  
ly m p h a tic  ab so rp tio n  and  tra n s p o r t  of p e rito n ea l flu id . C onsequently , it is in d ica ted  
only as a te m p o ra ry  m easure , a p re lim in ary  to  p o rto ca v a l sh u n t o p e ra tio n , to  reduce  
th e  increased sinuso ida l and  p o rta l p ressures. A cerv ica l lym pho-venous an as to m o sis  
reduces tho rac ic  d u c t p ressu re  by  e lim in a tin g  th e  o b stacle  to  lym ph flow. A ccord ing ly , 
th e  in te rv en tio n  fa c ilita te s  th e  re tu rn  of excess ly m p h  in to  the  blood s tre a m , a n d  re
duces fluid and  p ro te in  leakage in to  the  a b d o m in a l cav ity  from  the  liver.

T horac ic  d u c t  d ra inage  or the  con s tru c t io n  o f  a ly m p h a to -v en o u s  sh u n t  
has been  ad v o ca ted  as t r e a tm e n t  for ascites in p a t ien ts  with c irrhosis  [6, 7, 
9, 30]. T he  p roposition  has been based  on th e  obse rv a t io n  th a t  th e  h igh  h e p a t ic  
s inusoidal pressure  in th e  ob s tru c ted  h ep a t ic  venous outflow sy s te m  leads 
to  an increase in h e p a t ic  lym ph  fo rm ation . I t  was p o s tu la ted  [7] t h a t  in p re s 
ence of g rea t ly  increased  ly m p h  p roduc tion  th e  thorac ic  duc t  venous ju n c t io n  
c o n s t i tu te s  a re la tive  o b s tru c t io n  to  ly m p h  flow. Accordingly, asc ites  w ould  
d isap p ear  if  a free ou tf low  were allowed to  th e  ly m p h .

Two p a r t ly  conflic ting  criticisms were a d v a n c e d  aga ins t  th e  ly m p h a to -  
venous sh u n t  opera t ion .

1. T he  lack of  an  an a tom ica l  or fu n c t io n a l  obstac le  lim iting  free ly m p h  
flow a t  the  ven o - ly m p h a t ic  ju n c t io n  [17, 32].

2. D ecom pression b y  itse lf  fails to  in f luence  the  ascites. A regression  of 
fluid accum ula tion  is achieved b y  thoracic  d u c t  d ra inage  only if th e  lo s t  f lu id  
is n o t  replaced [10, 24].

In  th e  pas t  y ears  a n u m b e r  of favorab le  re p o r ts  has appeared  on th e  value  
of th e  ly m p h a to -v en o u s  sh u n t  in p a t ien ts  w ith  severe cirrhosis a n d  ascites 
[1, 20, 25, 26, 33], b u t  on th e  whole the  in te rv e n t io n  has no t  f irm ly  es tab lished  
theore t ica l  basis.
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O ne of the  reasons for th e  difficulties in in te rp re ta t io n  of  th e  ex p e r i
m e n ta l  resu lts  is t h a t  no c lear-cu t d is t inc t ion  is m a d e  between the  m echan ism s 
of a sc i te s  form ation  a n d  resolution. The v o lu m e  of fluid in th e  ab d o m in a l  
c a v i t y  ac tu a l ly  rep resen ts  a ba lance  be tw een  th e  various processes concerned  
in i t s  f o rm a tio n  and  reab so rp t io n  [14, 27]. W h e n  sinusoidal pressure is increased , 
f lu id  is f i l te red  in to  th e  l iver  p a ren ch y m a  [15]. Since cirrhosis causes an  e leva
t io n  o f  h epa tic  sinusoidal p ressure  [11], th e  l iv e r  is an im p o r ta n t  source of 
a sc i te s  f lu id . P a r t  of th e  f i l te red  fluid leaves th e  liver by w ay  o f  th e  ly m p h  
vesse ls .  These vessels are enlarged in c irrhosis  and  hepatic  ly m p h  flow  is 
in c re a se d  [4, 8, 18]. T he  rem a in d e r  of th e  f i l t r a t e  passes in to  th e  peritonea l 
c a v i ty  [14, 18, 21, 31]. R eab so rp t io n  of th e  escaped  fluid p ro b ab ly  occurs by 
w a y  o f  th e  lym pha tic s  [18, 22].

T h e  ly m p h  p roduced  in  th e  liver is a lm o s t  exclusively t r a n s p o r te d  b y  th e  
th o r a c ic  d u c t  [29], b u t  th e  m a jo r  p a r t  of th e  p ro te in  absorbed from  th e  pe r i 
t o n e a l  c a v i ty  is collected b y  th e  r igh t ly m p h  d u c t  and o the r  ly m p h  vessels 
j o in in g  th e  great veins of th e  r ight side in th e  lower cervical region [5, 27]. 
A lb u m in  from the  ascites f lu id  appears in th o ra c ic  duct lym ph , b u t  i t  c o n t r ib 
u te s  to  i ts  a lbum in  c o n te n t  far less th a n  p la sm a  does [2]. I t  is there fo re  
q u e s t io n a b le  w h e th e r  th e  thorac ic  duc t  is as im p o r ta n t  for th e  re m o v a l  of 
a sc i t ic  f lu id  as it  has been cla im ed in the  p as t .

I n  th e  p resen t  s tu d y ,  fo r  the  b e t te r  u n d e rs ta n d in g  of th e  m e c h a n ism  of 
a sc i te s  fo rm ation  an d  of th e  role of th e  ly m p h a t ic  system  in th is  process, th e  
in f lu e n c e  o f  ex te rna l  ly m p h  dra inage  on ascites fo rm ation  and  on th e  t r a n s p o r t  
o f  p ro te in  from the  a b d o m in a l  cav ity  has been  in v es t iga ted  in dogs w ith  ascites 
p r o d u c e d  by posts inuso idal venous congestion.

M ateria l and  m e th o d s

M o n g re l  dogs  w ere  a n a e s t h e t i z e d  w i th  p e n t o b a r b i t a l  [ in i t ia l  dose 30 m g /k g ] .  T h e  t h o 
r a c i c  d u c t  a n d  th e  r i g h t  l y m p h  d u c t  w e re  d i s s e c te d  o n  t h e  t w o  sides o f  t h e  n e c k .  F l u o r o c a r b o n  
t u b e s  o f  a p p r o p r i a t e  size w e re  i n t r o d u c e d  in to  b o t h  v e s s e l s  a n d  th e  l y m p h  w a s  a l lo w e d  to  f lo w  
b y  g r a v i t y .  T h e  a n im a l s  w e re  s u b d i v i d e d  in  3 g ro u p s .

Gr o up  I.  C on tro ls .  I n  11 n o r m a l  dogs  o f  1 5 . 9 ± 0 . 7  k g  a v e ra g e  b o d y  w e ig h t  5 /iCi 131I- 
l a b e l l e d  h u m a n  a l b u m i n  in  10 rn l /k g  b o d y  w e ig h t  o f  d o g  p l a s m a  d i lu te d  1 : 1 w i t h  p h y s io lo g ic a l  
s a l in e  w a s  in j e c t e d  in to  t h e  a b d o m i n a l  c a v i ty .  L y m p h  w a s  co l lec ted  f r o m  b o t h  c a n n u l a t e d  
l y m p h a t i c s  for  6 h o u rs .  I t  w a s  n o t  r e in fu s e d  a n d  t h e  l o s t  f l u id  w a s  n o t  r e p la c e d .  B lo o d  s a m p le s  
w e r e  w i t h d r a w n  a t  h o u r ly  i n t e r v a l s .

Gr o up  I I .  D ogs  w i t h  i n t e r r u p t i o n  o f  t h e  l y m p h a t o - v e n o u s  c o n n e c t io n s  o n  t h e  r i g h t  side 
o f  t h e  n e c k .  I n  9 a n im a l s  t h e  s a m e  p ro to c o l  w as  a d o p t e d  as  in  t h e  p r e v io u s ^ g ro u p  e x c e p t  t h a t  
t h e  r i g h t  d u c t  w a s  n o t  c a n n u l a t e d  b u t  t h e  g r e a t  v e in s  o n  t h e  b a s e  o f  t h e  n e c k  [ s u b c l a v i a n  a n d  
i n n o m i n a t e ]  w ere  d i s s e c te d  f ree  a n d  all l y m p h a t o - v e n o u s  c o n n e c t io n s  in  t h i s  r e g io n  w e re  o c 
c l u d e d  b y  b u l k  l ig a t io n  o f  t h e  s u r r o u n d i n g  t issues .

Gr oup  I I I .  A sc i tes .  I n  10 d o g s  w i th  a n  a v e r a g e  b o d y  w e ig h t  o f  15.1 ± 1 . 1  k g ,  a s c i te s  
w a s  i n d u c e d  b y  s u p r a d i a p h r a g m a t i c  c o n s t r i c t io n  o f  t h e  i n fe r io r  c a v a  v e in .  T h e  m e t h o d  h a s  
b e e n  d e s c r i b e d  in d e ta i l  [30].  A s c i te s  d e v e lo p e d  in e v e r y  a n i m a l  b e tw e e n  t h e  5 t h  a n d  9 t h  d a y .  
T h e  e x p e r i m e n t s  w ere  p e r f o r m e d  in  t h e  p re sen c e  o f  m a s s i v e  a sc i tes  b e tw e e n  t h e  6 t h  a n d  11 th  
d a y s  a f t e r  c a v a l  c o n s t r i c t i o n .  T h e  a m o u n t  a b d o m i n a l  f l u i d  w as  e s t im a t e d  f r o m  t h e  w e ig h t  
g a i n  o f  t h e  a n im a ls .  I n  t h i s  g r o u p  la b e l le d  a l b u m i n  d i l u t e d  w i th  1 ml o f  h o m o lo g o u s  p l a s m a
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w as  in j e c t e d  in to  t h e  a s c i te s  f lu id .  T o  e n s u re  r a p i d  m i x i n g  o f  t h e  label ,  t h e  p o s i t i o n  o f  t h e  a n im a l  
w as  c h a n g e d  se vera l  t im e s  a n d  th e  a b d o m e n  w a s  m a s s a g e d .  L y m p h  a n d  p l a s m a  s a m p le s  were 
c o l le c te d  a s  in t h e  p r e v io u s  g r o u p s .  A b d o m i n a l  in fe r io r  c a v a  v e n o u s  p r e s s u re  w a s  m e a s u re d  
i n t e r m i t t e n t l y  w i th  a S t a t h a m  s t r a i n  g a u g e  t h r o u g h  a c a t h e t e r  i n t r o d u c e d  i n t o  t h e  fem ora l  
v e in  a n d  a d v a n c e d  in to  t h e  a b d o m i n a l  c a v i ty .

I n  a l l  3 g ro u p s  t h e  r e m o v a l  o f  r a d i o a c t i v e  p r o t e in  f ro m  th e  a b d o m i n a l  c a v i t y  w a s  m e a 
s u r e d  e x t e r n a l l y  w i th  a l e a d - s h i e ld e d  c o l l im a te d  N a l  s c in t i l la t io n  d e t e c t o r .  I t  w a s  p l a c e d  im 
m e d i a t e l y  a f te r  t h e  i so to p e  i n j e c t i o n  on  t h e  m id l in e  o v e r  t h e  lower a b d o m e n  a t  a d i s t a n c e  of 
8 c m  f r o m  t h e  sk in .  T h e  v i s u a l  f ie ld  o f  t h e  d e t e c t o r  w as  20 c m  in d i a m e t e r .  T h e  d e t e c t o r  was 
c o n n e c t e d  w i th  a l in e a r  r a t e i n e t e r  a n d  th e  a c t i v i t i e s  w ere r e c o rd e d  w i t h  a d i r e c t  w r i t i n g  com- 
p e n s o g r a p h .  R e a d in g s  w e re  e x p r e s s e d  a s  p e r  c e n t  o f  t h e  in i t ia l  a c t i v i t y  m e a s u r e d  w i th in  5 
m i n u t e s  a f t e r  t h e  i n je c t io n .  A c t i v i t y  in l y m p h  a n d  p l a s m a  s a m p le s  w a s  m e a s u r e d  in a well- 
t y p e  s c in t i l l a t io n  c o u n te r .  P l a s m a  v o l u m e  w as  m e a s u r e d  a t  t h e  b e g in n in g  a n d  a t  t h e  e n d  of 
t h e  e x p e r i m e n t  w i th  t h e  d y e - d i l u t i o n  m e t h o d .  T h e  v a lu e s  for  th e  i n t e r v e n i n g  p e r i o d s  w ere  ca l
c u l a t e d  f ro m  th e  c h a n g e s  i n  v e n o u s  h a e m a t o c r i t .  T h e  a m o u n t  o f  la b e l l e d  a l b u m i n  e n te r in g  
in to  t h e  c i r c u la t io n  w a s  c a l c u l a t e d  f ro m  p l a s m a  v o lu m e  a n d  p ro te in  b o u n d  a c t i v i t y  [ c o u n t /m l /  
/ m i n ] .  T o t a l  t r a n s p o r t  b y  t h e  t h o r a c i c  d u c t  a n d  t h e  r i g h t  l y m p h  t r u n k  w a s  c a l c u l a t e d  f r o m  the  
v o l u m e  o f  co l lec ted  l y m p h  a n d  t h e  a c t i v i t y  in t h e  l y m p h  sa m ple s .  T o ta l  p r o t e i n  c o n c e n t r a t i o n  
w a s  e s t i m a t e d  w i th  t h e  b i u r e t  m e t h o d  [19].

T h e  re su l t s  a re  r e p o r t e d  a s  a v e r a g e s  w i th  i  s t a n d a r d  e r ro r  o f  t h e  m e a n .  S ta t i s t i c a l  
a n a l y s e s  wer-'! m a d e  w i t h  S t u d e n t ’s i - te s t .

A t the  t im e  of th e  ex per im en ts  all an im als  with inferior c a v a  v e in  con
s tr ic t io n  had m assive ascites. T he ir  abdom ina l  circum ference h a d  increased 
from  49.2 ^  2.2 cm to  67.6 i  3.6 cm a n d  the ir  average w eig h t  gain was 
1470 (500— 3000) g. T he  f lu id  h ad  accu m u la ted  alm ost exc lus ive ly  in the

ascites was e s t im a ted  a t  a b o u t  90 ml/kg. T he  initial thoracic  d u c t  ly m p h  flow’

Results

V
m l/m in /  kg

0.10

2 3 U 5 6  hr

Fig.  7. L y m p h  f low in th o r a c i c  d u c t  a n d  r i g h t  l y m p h a t i c  t r u n k  a f t e r  c a n n u l a t i o n  o f  b o t h  ves
sels. S o l id  lines: a n im a l s  w i th  a s c i t e s  d u e  to  i n fe r io r  c a v a  v e in  c o n s t r i c t i o n .  B r o k e n  lines:  Con

t ro l  a n im a l s
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Table I

h r Body wt,
4

Lym ph loss 
ml/6h

P  vol. 
ml

H aem atocrit 
per cent

Peritoneal 
fluid 

vol., ml

C o n t r o l  I 1 1 5 .9 ± 0 .7 2 5 3 ± 5 6 761 ± 4 2 4 4 .0 ± 1 .5 160 ± 8

0  =  11 6 701 ± 3 8 4 8 . 2 ± 2 . 0

C o n t r o l  I I 1 1 4 .9 ± 0 .5 211 ± 3 5 738  ± 3 5 4 3 .9 ± 1 .9 150 ±  5

n  =  9 6 655 ± 5 2 4 9 .3 ± 2 .3

I n f .  c a v a  v e in  co n s t r ic t io n 1 15.1 ± 0 .9 559 ± 6 0 850 ± 8 1 3 6 .6 ± 7 .8 1470

n -  10 6 649  ± 4 8 5 0 .7 ± 9 .0

h r

P ro tein  g per 100 ml

Plasma
Thoracic

duct
lym ph

Right
duct

lym ph

Peritoneal
fluid

C o n t r o l  I l 6 .2 3 ± 0 .5 3 4 . 5 4 ± 0 . 4 2 3.62 ± 0 .4 1 3 . 3 5 ± 0 . 3 2

n  11 6 5.15 ± 0 .5 5 4.02 ± 0 . 4 3 3 .5 8 ± 0 .4 2

C o n t r o l  I I l 6.62 ± 0 .6 1 4.63 ± 0 . 5 1 — 3 .2 3 ± 0 . 2 5

n  9 6 6 .3 0 ± 0 .5 9 4.05 ± 0 . 5 5 —

I n f .  c a v a  v e in

c o n s t r i c t i o n l 5 .4 4 ± 0 .7 0 3.80 ± 0 . 4 2 3.20 ± 5 1 3.49 ± 0 . 6 6

n  =  10 6 5 .4 0 ± 0 .6 5 3.80 ± 0 . 3 6 3.18 ± 0 .4 8

w as h ig h ,  exceeding m ore t h a n  six times the  flow r a t e  observed  in th e  contro l 
g ro u p s ,  b u t  it decreased c o n t in u o u s ly  during th o ra c ic  d uc t  drainage an d  in 
t h e  l a s t  (6 th  hour) collection  pe r io d  it was th e  sam e  as in th e  control anim als. 
I n  t h e  controls  (group I) t h e  f lo w  increased a n d  a t  th e  end  of the  ex per im en t 
i t  w as  a b o u t  double th e  b a se  line flow (Fig. 1). T h e re  was a similar increase 
in r ig h t  lym ph  duct flow a n d  a t  the  end of th e  e x p e r im e n t  the  flow ra te  in 
a sc i t ic  a n d  control an im als  w a s  again about th e  sam e. In  the animals w ith  
a sc i te s ,  flow in the r ig h t  d u c t  did not change d u r in g  th e  experim ent. D ue to  
t h e  considerab le  fluid loss b y  th e  lym ph (559 ml or 37.5 ml/kg), p lasm a vo lum e 
in t h e  ascitic  dogs, which w as  expanded  before th e  ly m p h  drainage, decreased 
c o n s id e ra b ly  (by 13.3 m l/kg),  rem aining, how ever,  in  th e  lower norm al range  
(T a b le  I). There was also a d ro p  in the inferior v e n a  cav a  pressure (from 17 
to  10 m m H g )  and a s ig n i f ic a n t  decrease of a r te r ia l  b lood  pressure (p < 0 . 0 1 ) .  
I n  t h e  tw o  control g roups t h e  f lu id  loss was a b o u t  15 m l/kg and an  average  
4— 5 m l/k g  decrease in  c irc u la t in g  plasma v o lu m e  was observed (Table I).
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hr

Pressure mm Hg Fluids ml/kg

ART I VC Lym ph loss P  vol.
Peritoneal

fluid

C o n t ro l  I 1 127 ± 7 7 15.9 ± 3 . 4  47.8 ± 2 . 6 10

n =  1 1 6 1 1 8 ± 8 6 44.1 ± 2 . 1

C o n t ro l  I I 1 127 1 6 — 14.2 ± 3 . 7  4 7 . 6 ± 2 . 2 10

n =  9 6 1 2 3 ± 9 4 2 . 3 ± 3 . 3

I n C  c a v a  vein

c o n s t r i c t i o n l 11 4 ± 3 17 ± 0 . 9 3 7 . 5 ± 4 . 0  5 6 . 3 ± 5 . 4 97

n 10 о 9 4 ± 3 10 ± 0 . 5 4 3 . 0 ± 3 . 2

E ffe c t  o f  6 h r  t h o ra c ic  d u c t  d r a in a g e  in  dogs  w i th  a sc i tes  a n d  in con t ro ls  
G ro u p  I: w i th  c a n n u la t e d  t h o r a c i c  a n d  r ig h t  l y m p h  d u c t s
G ro u p  II :  w i th  c a n n u l a t e d  t h o ra c ic  d u c t  a n d  l ig a te d  ly m p h a t i c s  on r ig h t  side .
P  p lasm a 
A R T  -  a r te r ia l  
I VC =  inf. V . cav a l

A bsorp tion  of  labelled p ro te in  from th e  abdom ina l  cav ity ,  as m e a su re d  
b y  ex te rn a l  counting , had  a T 1/., of 6.33 h r  in the  norm al an im als  (g ro u p  I) 
a n d  9.12 hr  in th e  an im als  w ith  liga ted  r ig h t  d uc t  (group I I )  (p <  0.05). 
In  th e  ascitic anim als, a b so rp t io n  of  th e  labelled protein  was con s id e rab ly  
de layed  (T 1/., =  40.5 hr). T he  ly m p h a t ic  t r a n s p o r t  ra tes  were in acco rdance  
w i th  th is  observa tion  (Figs 2 —4). The thorac ic  d uc t  t ra n sp o r te d  in  th e  f irs t  
con tro l  group 7 %  and  th e  r ig h t  d u c t  15 .6%  of th e  in troduced  p r o te in ,  and

Q

F i g .  2.  R e c o v e ry  f ro m  p l a s m a  a n d  l y m p h  o f  I3lI - a l b u m i n  in je c te d  in to  t h e  a b d o m i n a l  c a v i ty  
o f  n o r m a l  dogs.  T .  D . :  t h o r a c i c  d u c t  l y m p h ;  R .  D.:  r i g h t  l y m p h  d u c t  l y m p h ;  P . :  b l o o d  p l a s m a
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F i g .  3.  R e c o v e ry  f ro m  p l a s m a  a n d  l y m p h  o f  l a b e l l e d  a l b u m i n  in j e c te d  in to  t h e  a b d o m i n a l  
c a v i t y  o f  a n im a l s  w i t h  t h e i r  l y m p h  vessels  l i g a t e d  a t  t h e  r i g h t  side o f  t h e  n e c k

Q

Fi g.  4.  R e c o v e ry  f ro m  p l a s m a  a n d  l y m p h  o f  l a b e l l e d  a l b u m i n  in je c te d  in to  t h e  a b d o m i n a l  
c a v i ty  o f  d o g s  w i t h  a sc i tes  d u e  to  in f e r io r  c a v a  v e in  c o n s t r i c t io n

1 1 .8 %  (uncorrected  for secondary  loss) was fo u n d  in p lasm a, giving a to ta l  
r e c o v e ry  of 34.4% of th e  in jec ted  dose or 69 .9 %  o f  th e  am o u n t  absorbed . This 
w as a good ag reem en t  b e tw e e n  loss and reco v e ry  for this type  o f  abso rp tion  
s tu d y .  The 30%  difference w as due to  the  se c o n d a ry  escape of labelled a lb u m in  
f ro m  th e  circulation, a ccu m u la t io n  in ly m p h  nodes and  vessels a n d  to  the  
c u m u la t iv e  errors o f  th e  m e th o d s  of in v es t iga t ion  (Table II).

Tabic II

T  1/2 К  • hour- '
Loss of 

dose 
per cent

Recovery 
of dose 

per cent

Recovery 
per cent

C ontro l  I 6 .33  ± 0 . 4 2 0.109 49.8 34.4 69.9

C ontro l  I I 9 .12  ± 0 . 7 3 0.076 37.7 13.9 36.9

Ascites 4 0 .5 3  ± 2 . 1 3 0.017 9.8 4.4 45.2

L o ss  o f  ra d io a c t iv i t y  f r o m  t h e  per i to n ea l  c a v i t y  a n d  t o t a l  recover ies  in c i r c u la t in g  p l a s m a  
a n d  l y m p h  6 h rs  a f te r  t h e  i n j e c t i o n  o f  r ad io ac t iv e  p r o t e in  i n to  t h e  p e r i to n e a l  c a v i ty .
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In  th e  second contro l g roup  (anim als w ith  liga ted  r igh t  ly m p h  duct),  
thorac ic  d u c t  t ra n sp o r t  a m o u n te d  to 5 .8%  (p 0.05) a n d  recovery  from  blood 
plasm a to  6 .1%  (p C 0.05). T o ta l  cum u la t iv e  recovery  from  p lasm a  and  lym ph  
was 13 .9%  i.e. only 37%  of th e  a m o u n t  of  labelled a lbum in  lost from the  a b d o m 
inal cav i ty .  I t  has been conc luded  th a t  in such acu te  ex p e r im en ts  a s u b s ta n 
tial f rac t ion  of the  absorbed  pro te in  is t ra p p e d  in th e  occluded lym pha tic s .

T h e  r igh t  duct is th e  m ost im p o r ta n t  p a th w a y  of p ro te in  a b so rp t io n  and  
t r a n s p o r t  from the ab dom ina l  cav ity .  Total t r a n s p o r t  by  th e  ly m p h  vessels 
of th e  r ig h t  side was ca lcu la ted  by add ing  to  the  a m o u n t  o f  labelled a lbum in  
t r a n s p o r te d  b y  th e  r igh t ly m p h  d u c t  in the  f irs t  group th e  decrease of recovery  
from p la sm a  caused by  th e  l iga tion  o f  all lym p h a to -v en o u s  connec tions  of  the  
r igh t side. Accordingly, these  vessels carried 21 .3%  of th e  p ro te in  in tro d u ced ,  
i.e. m ore th a n  3 times th e  a m o u n t  t r a n sp o r te d  by  th e  th o rac ic  duc t .

In  th e  animals w ith  ascites th e  r igh t du c t  t r a n s p o r te d  in 6 h rs  1.66; 
the th o rac ic  duct,  1 .23% ; and  1 .54%  was found in th e  p lasm a. T h u s ,  to ta l  
recovery  o f  th e  in jected  a lb u m in  was 4 .43% , correspond ing  to  4 5 %  o f  th e  loss 
m easured  by  ex te rna l  counting .

Discussion

In  liver cirrhosis thorac ic  d u c t  lym ph  flow is increased  and  th e  excess 
ly m p h  is formed in th e  liver [23, 35]. In  th e  ca t liver, w hen  th e  ly m p h a t ic s  
were tied the  ra te  of f i l t ra t io n  (0.060 0.003 m l .m in - 1 .m m  H g - 1 .100 g -1 )
was d irec t ly  proportiona l to  th e  hepa tic  venous p ressure  [15]. In  th e  presen t 
s tu d y  a 10 mm Hg drop in inferior cava  vein pressure was followed b y  a 0.121 
m l .m in -1 .kg body  weight 1 decrease in ly m p h  flow. This  corresponds to  a 
change of 0.042 ml.m in -1 .m m  H g  4100 g 1 (liver weight). T he  d rop  in thoracic  
lym ph  flow  is obviously  a consequence  of the  decreased f i l t ra t io n  in th e  liver.

An a t t e m p t  was m ade  to  e s t im a te  th e  c o n tr ib u t io n  of  th e  ab dom ina l  
effusion to  the  pro te in  t r a n s p o r te d  b y  thoracic  duc t  a n d  r igh t  ly m p h  t ru n k  
lym ph . F ro m  the  p ro te in  con cen tra t io n s  in the  ly m p h  sam ples  a n d  ascitic 
fluid, ly m p h  flow ra te  a n d  th e  lym p h a t ic  t r a n sp o r t  f rac t ion  of the  labelled 
a lbum in  (in the  6 th  h o u r  a f te r  its  in troduc tion  in to  th e  ab dom ina l  cav ity), 
it  was ca lcu la ted  th a t  only  5 .7 %  of the  pro te in  t r a n s p o r te d  by  th e  thoracic  
duc t ,  and  4 9 %  of the pro te in  t r a n s p o r te d  by the  r igh t  ly m p h  t r u n k  had  origi
n a ted  f rom  the  ascitic fluid (Table  I I I ) .  The values o b ta in e d  in n o rm al dogs 
a f te r  th e  in trap e r i to n ea l  in jec tion  of  10 inl/kg d i lu ted  blood p lasm a were com 
parab le  (4 .1%  and  45% ). In p a t ie n ts  w ith  porta l  h y p e r ten s io n  and  ascites it 
was e s t im a te d  th a t  ascitic fluid co n tr ib u ted  7 to  2 6 %  of th e  a lbum in  o f the 
thorac ic  d u c t  lym ph  [2]. T h e  lower v alues for the  tho rac ic  d u c t  ly m p h  in th e  
p resen t  s tu d y  were due to  th e  fac t t h a t  a t  tilt' t im e chosen for the  es t im a tion  
of t r a n s p o r t  (6th hour) c o n cen tra t io n  of  the  labelled p ro te in  in the  ly m p h  was
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Table i l l

P rotein
Perito

neal
fluid

protein
g

L ym ph flow 
m l/hr

Label recovery 
per cent

to ta l
tran s
po rt
g/hr

perito 
neal

origin
g.,hr

Per cent

C aval
c o n str ic -

T horacic d u c t 43.3 ± 5 .5 0.248 +  0.026 2.078 0.118 5.7 47.8

t io n R igh t ly m p h a t
ic tru n k

1 1 .0 ± 2 .7 0.364 +  0.117 0.352 0.174 49

C o n tro ls T horacic d u c t  
R igh t ly m p h a t

ic t ru n k

41.4 +  11.3 
8.8 +  2.5

1.31 +  0.35 
2.74 +  0.59

1.660
0.315

0.068
0.142

4.1
45

5.2

P ro te in  tran sp o rt from  th e  abdom inal cav ity  6 hours a fte r  c an n u la tio n  of th e  lym ph 
t r u n k s  and  in traperitonea l in je c tio n  of labelled pro te in .

sti l l  r is ing and h ad  n o t  y e t  reached  th e  m a x im u m  (Fig. 5). I n  h u m a n  studies 
p e a k  thoracic  duc t  c o n c e n tra t io n  was reached  in a b o u t  24 h o u rs  b u t  th e  m ax i
m u m  rise occurred in th e  f i r s t  6 hr. Comparing th e  slopes of  a c t iv i ty  curves in 
t h e  tw o  studies, th e  v a lu es  in  th e  presen t s tu d y  were p ro b a b ly  n o t  u n d e re s t i 
m a t e d  by  more th a n  3 0 % . T h e  r ig h t  duc t  ly m p h a t ic  a c t iv i ty  cu rve  shows t h a t  
fo r  th is  vessel our 6 th  h o u r  e s t im a te  was n e a r  to  th e  rea l va lue . Accordingly, 
in  b o t h  norm al an im als  a n d  anim als w ith  e leva ted  h e p a t ic  venous pressure

count, ml"1 • min"1

10 ^J-

F ig . 5. Increase  of a c tiv ity  in p la sm a  and  lym ph  a fte r  th e  in jec tio n  of 131I-a lb u m in  in to  the  
a b d o m in a l c av ity  of an im als w ith  ascites
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less t h a n  10% of th e  p ro te in  t ra n sp o r te d  hy th e  th o rac ic  duc t ,  b u t  m ore th a n  
50 to  6 0 %  of t h a t  t r a n s p o r te d  the  r igh t duc t  ly m p h ,  orig inates  from  the  fluid 
p re sen t  in the  ab d o m in a l  cav ity .  (N ote  also th e  s im ila r i ty  of p ro te in  co n c e n tra 
t ions in peritoneal f lu id  and r igh t  d uc t  lym ph .)  It was also shown t h a t  bo th  
in n o rm a l  animals, a n d  in an im als  w ith  ascites th e  m ain  rou te  of  p ro te in  
rem o v a l  from the  ab d o m in a l  cav i ty  is the  r igh t  d u c t  an d  some o ther ,  smaller 
ly m p h  vessels jo in ing th e  g rea t  veins in the lower r ig h t  cervical region. The flow 
r a te  in th e  righ t d u c t  o f  th e  ascitic animals is in d e p e n d e n t  from  changes of 
inferior cava venous pressure .  A fter  the  in jection  o f  a p ro te in  con ta in ing  solu
tion  in to  the ab dom ina l  ca v i ty  of  norm al dogs th e  flow  ra te  in th e  r ig h t  du c t  
increases a lmost e x a c t ly  to  th e  value  observed in  an im als  w ith  ascites. The 
obvious conclusion is t h a t  th e  flow ra te ,  i.e. th e  t r a n s p o r t in g  c ap ac i ty  of  the  
r ig h t  d u c t  (and p ro b a b ly  also of  th e  ad jo in ing  sm aller  lym ph channels) is 
l im ited  and this m a y  rep re sen t  a serious l im i ta t io n  to  the  reabso rp tion  of 
ascites.

F ro m  the  va lues  p re sen ted  i t  can he ca lcu la ted  th a t ,  th e  pro te in  concen
t ra t io n s  of the  tw o f lu id s  being  ab o u t  equal, th e  daily  t r a n s p o r t  of ascites 
f lu id  h y  the  right ly m p h  d u c t  lym ph  am oun ts  to  a b o u t  1.2 ml/kg, in d ep en d 
e n t ly  of  the  vo lum e o f  ascites and  the  ra te  o f  i ts  fo rm ation . To th is  figure 
a b o u t  85%  should be  ad d e d  for t r a n sp o r t  h y  o th e r  ly m p h  vessels and  by  the  
th o rac ic  duct,  giving a to ta l  ly m p h a t ic  t r a n s p o r t  o f  2.2 ml/kg. This m eans 
t h a t  in an adu lt  m a le  c irrho tic  p a t ie n t  th e  m a x im u m  daily  ra te  of ascites 
re a b so rp t io n  w-ould a m o u n t  to  a b o u t  155 ml. In  c irrho tic  p a t ie n ts  an ad eq u a te  
dose o f  diuretic  m ay ,  how ever,  p roduce a u r in a ry  f lu id  loss o f  2 to  3 litres or 
m ore  in 24 hours, so th e re  m u s t  be some o th e r  m echan ism  of ascites m obiliza
t io n .  D iuretics p roduce  an  increase in lym ph flow in n o rm al dogs [12] and  also 
in c ir rho tic  pa t ien ts  w i th  c a n n u la te d  thoracic  d u c t .  This, however, c a n n o t  he 
th e  whole answer, because  a more th a n  tw en ty fo ld  increase in ly m p h  t r a n s p o r t  
is impossible. A m ass ive  d iu re tic  response decreases th e  c ircu la ting  volum e 
a n d  increases the  onco tic  pressure  of p lasm a, i.e. th e  factors p rom oting  fluid 
reab so rp t io n  from th e  in te rs t i t ia l  spaces. In  ascites the re  is a rap id  w a te r  
exchange  between p la sm a  and  peritoneal f lu id ,  a m o u n t in g  in 1 hou r  to  40 
to  6 0 %  of the  vo lum e  o f  th e  abdom ina l fluid [18]. Calculated  from the  slope 
of  th e  rise of labelled a lb u m in  concen tra tion  in b lood  plasm a, th e  ra te  of access 
in to  th e  circulation o f  th e  per itonea l fluid p ro te in  was 0.233 i  0 .48%  per hour 
in the  animals with ascites. The slope was s teeper  in no rm al anim als  and the  
ca lcu la ted  protein  ex change  ra t io  per hour was 2 .0 2 %  of th e  a m o u n t  presen t 
in th e  abdom ina l c a v i ty .  T he  small cervical ly m p h a t ic s  on th e  r igh t  side had 
n o t  been occluded in th e se  experim ents .  After  th e i r  ligation in norm al dogs the  
ra t io  decreased to  1.09 ±  0 .32%  p er  hour. B u t  th e  m ain  po in t  is t h a t  the  daily  
p ro te in  transfe r  ca lcu la ted  in abso lu te  te rm s  was a b o u t  th e  sam e in th e  two 
groups of  animals: 2.61 g for the  ascitic dogs an d  2.15 g for the  controls  (the
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th o r a c ic  a n d  r ight ducts  h a d  been  can n u la te d  in b o th  groups b u t  th e  concom i
t a n t  ce rv ica l  lym phatics  on th e  r ig h t  side h a d  n o t  been ligated). I t  m a y  th e re 
fo re  b e  assum ed  th a t  the  ex ch an g e  of p ro te in  be tw een  peritoneal f lu id  a n d  plasm a 
is g o v e rn e d  mainly by  th e  co n c e n tra t io n  g rad ien t  be tw een  these f lu ids ,  which 
w as s im ila r  in the  tw o ty p e s  of  experim ent.  T he  exchange be ing  obviously  
a d if fu s io n  process, and  p ro te in  concen tra t io n  being  higher in p la sm a  th a n  in 
a sc i te s ,  a n e t  transfer o f  p ro te in  from  th e  per i tonea l  c av i ty  in to  th e  b lood capil
la r ie s  w o u ld  hard ly  be possib le  b y  th is  m echanism . Accordingly, w hen  the re  is 
a r a p id  reabsorp tion  of ascites , a pro te in-free  so lution is absorbed  in to  th e  peri
t o n e a l  blood capillaries. T h is  leads to  an increase in p ro te in  c o n cen tra t io n  in 
th e  r e m a in in g  peritoneal f lu id  a n d  m a y  be one o f  th e  reasons for th e  develop
m e n t  o f  resistance to  d iu re t ics  a n d  for  th e  ra p id  re fo rm atio n  of  ascites.

A n  increase of p ressure  in  th e  in n o m in a te  vein , even if  a c u te  congestion 
occu rs  in  th e  inferior cava  ve in ,  decreases th e  f low  in th e  tho rac ic  d u c t ,  hu t  
n o t  necessarily ' below th e  or ig ina l  control level [13, 34]. In  dogs w i th  inferior 
c a v a  v e in  constric tion th e  p ressu re  g rad ien t  was 6.9 m m  H g  b e tw een  th e  cer
v ica l  th o ra c ic  duct and  th e  in n o m in a te  vein [30]. In  dogs w ith  th e i r  lym ph  
flow  inc reased  by constr ic t ive  per icard itis  or p lasm apheres is ,  an inverse  expo
n e n t i a l  correla tion  was found  be tw een  flow and  pressure  a t  th e  end  of th e  th o 
rac ic  d u c t  [28]. F rom  th e  o b se rv a t io n s  m ade  in those  s tud ies  i t  c an  be calcu
la te d  t h a t  th e  pressure g ra d ie n t  observed  a f te r  caval constr ic t ion  w ould  reduce 
th e  th o ra c ic  duct flow by  n e a r ly  5 0 % . In the p re sen t  s tu d y ,  im m e d ia te ly  after 
c a n n u la t io n  of the  thoracic  d u c t ,  ly m p h  flow fell ra p id ly .  In  th e  f i rs t  30 m inutes  
i t  a m o u n te d  to 2.58 m l .m in -1  a n d  d ropped  in t h e  n e x t  ha lf  h o u r  to  1.91 
m l . m i n -1 , a decrease of  0.67 ml. In  t h e  following 5 hours  th e  average  reduc tion  
o f  f lo w  w as 0.115 i  0.005 m l .m in -1  every  30 m inu tes .  Accord ingly , im m ed i
a te ly  a f t e r  th e  ins t i tu t ion  o f  free ly m p h  flow th e  f lu id  t h a t  had  accu m u la ted  
in  consequence  of th e  re la t iv e  obstac le  was e l im ina ted  from th e  ly m p h a t ic  
s y s te m .  No similar p h en o m en o n  was observed a f te r  can n u la t io n  o f  th e  right 
d u c t .  T h is  means th a t  e i th e r  th e re  was no t r a p p e d  f lu id  in the  sy s te m  of the 
r ig h t  ly m p h  duct or t h a t  th e  f low  l im ita t io n  was n o t  due to  some obstac le  a t  
th e  ly m p h a to -v e n o u s  ju n c t io n .  B o th  possibilities exclude a correc t ion  of the 
h y p o th e t i c a l  lim itation  of f low  b y  d ra inage or a s h u n t  opera t ion .

O n  th e  other hand , th o ra c ic  d u c t  d ra inage reduces h e p a t ic  venous  p res
su re ,  p r o b a b ly  by affecting th e  c ircu la t ing  p lasm a  volum e. T he  sub seq u en t  
r e d u c t io n  of sinusoidal p re ssu re  leads in th e  liver to  decreased f i l t r a t io n  and 
a r e d u c e d  escape of f i l t ra te  in to  th e  peritonea l cav ity . L y m p h a t ic  abso rp tion  
o f  t h e  asc ites  is ha rd ly  affec ted . T h e  interv en tion  m a y  be in d ica ted  as a te m 
p o r a r y  m easure  to  decrease asc ites  fo rm ation  or to  lower sinusoidal a n d  porta l  
p r e s s u re  as a prelim inary  to  a portocav al sh u n t  opera t ion  [3, 36].

T h o rac ic  d u c t - in n o m in a te  vein anastom osis  decreases ly m p h  pressure 
in  t h e  cerv ical pa r t  of th e  d u c t  in dogs w ith  chronic congestion in  th e  inferior
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cav a  vein and  effectively reduces ascites fo rm a tio n  in pa t ien ts  w ith  liver 
cirrhosis [30, 26]. E lim ina tion  of th e  obstac le  a t th e  ju n c t io n  ev id en t ly  p ro 
m otes  th e  flow in th e  thorac ic  d u c t  and  con seq u en t ly  the  t r a n s p o r t  o f  f lu id  
f i l te red  from th e  liver sinusoids. This again reduces th e  spillage o f  f i l t r a te  in to  
th e  per i tonea l  cav ity .  The decrease o f  fluid and especially of p ro te in  leakage 
in to  th e  abdom ina l  c av i ty  m a y  p ro m o te  th e  abso rp tion  o f  ascites b y  th e  per i
tonea l  blood capillaries.

A decrease of  fluid f i l t ra t ion ,  i.e. a red u c t io n  of hepa tic  and  p o r ta l  
venous  pressure , would  be difficult to  expla in  by  th is  m echanism . L y m p h a to -  
venous  anastom osis does n o t  reduce c ircu la ting  p lasm a volum e as d ra inage  of 
th e  thorac ic  duc t  does. T here  are no conv incing  pressure m e asu rem en ts  in 
successfully ope ra ted  c irrhotic  p a t ien ts .  In  dogs w ith  inferior cava  vein con
str ic t ion , af te r  the  c rea tion  of a ly m p h a to -v en o u s  sh u n t  the  decrease in venous 
pressure  was no t significant and  occurred in less t h a n  50%  of th e  an im als  [30]. 
A ccordingly , a reduc tion  of f i l t ra t io n  pressure  in th e  liver and , as i t  was shown 
in th e  p resen t  s tu d y ,  a p rom otion  of th e  ly m p h a t ic  t r a n sp o r t  o f  peritonea l 
fluid d< les no t  p lay  a p ro m in e n t  p a r t  in th e  favourab le  effect of th e  ly m p h a to -  
venous  sh u n t  opera tion . The m ain  fac to r  is th e  fac ili ta tion  of rem o v a l  o f  the 
excess capillary  f i l t ra te  form ed in th e  liver.
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IMPORTANCE OF HAEMODYNAMIC, METABOLIC 
AND EL ЕСТ КОСА RDI OG RAPH IC ALTE RATIONS 
IN THE DETECTION OF CORONARY FAILURE

by
L. Sz e k e r e s , V era Cs ík  and E va U d v a r y

INSTITUTE OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL, SZEGED

H aem o d y n am ic , m etabo lic  a n d  ECO a lte ra tio n s  due to  a “ c r it ic a l”  sten o sis  of 
th e  le ft a n te r io r  descending co ro n ary  a r te ry  (L A D ) w ith  and  w ith o u t a d d itio n a l w ork 
load  in d u ced  by pacing and th e  ch an g es due to  a to ta l  obstru c tio n  of th e  a r te ry  have  
been in v es tig a te d  in an ae sth e tize d  o p e n -th o ra x  dogs.

D irect EGG record ing  was done  from  th e  ep icard ia l surface of th e  a rea  perfused  
by th e  c o n stric ted  coronary  a r te ry ;  blood sam ples w ere collected from  th e  sam e area  
for e s tim a tio n  of m etabo lites. I t  w as show n th a t  ischaem ic b iochem ical ch an g es (de
crease  o f m y ocard ia l la c ta te  u p ta k e  an d  of th e  ra tio  m yocard ia l 0 2 su p p ly /m y o c a rd ia l 
О 2 d e m a n d ) can be de tected  a long  w ith  a re d u c tio n  of flow in th e  c o n s tr ic te d  a r te ry  
long  before th e  ap p earence  of ischaem ic  ST -segm ent e levation  in th e  e p ic a rd ia l ECG. 
T h is change can be evoked by an  ad d itio n a l w ork  load  induced  by p ac in g  b u t  even  a t  
th e  s tage  of m an ifest ischaem ia, left v e n tr ic u la r  end-d iasto lic  p re ssu re  (L V E D P ) is 
u n a ffe c te d . It increases only a f te r  com ple te  o b s tru c tio n  of th e  LAD. A cco rd in g ly , is
ch aem ic  m etab o lic  changes in th e  a rea  w ith  re s tr ic te d  blood supply  seem  to  be th e  m ost 
sen sitiv e  in d ic a to r o f an incip ien t co ro n ary  in su ffic iency . ECG and p a r tic u la r ly  L V E D P  
changes a re  of lim ited  v a lue , since th ey  only a p p ea r  if the  ischaem ic d am ag e  an d /o r 
th e  ischaem ic area is suffic ien tly  large .

T h e tra n s ie n t fa ilu re  of th e  co ro n ary  c ircu la tio n  to  m eet th e  in creased  
m etab o lic  d em an d  of th e  m y card iu m  resu lts  in an  anginal a tta c k  c h a ra c te r iz e d  
by ty p ic a l an g ina l pain  and co n co m itan t h aem o d y n am ic , m etabolic an d  e lec tro 
ca rd io g rap h ic  a lte ra tio n s . T heir ap p earen ce  is n o t consisten t and  th e re fo re  th e  
absence o f one or a n o th e r of these  a lte ra tio n s  is n o t sufficient fo r exclud ing  
an im b alan ce  betw een  m yocard ia l O., su p p ly  and  O., req u irem en t. A ccord ing ly , 
slight a n d  early  stages of co ro n ary  fa ilu re  c a n n o t be detected  w ith  c e r ta in ty . 
T he seem ing  inconsistence  of th e  said  a lte ra tio n s  is due to  lack o f  su ffic ien tly  
sensitive  m e th o d s. E ven  th e  m ost so p h is tic a te d  a rran g em en t o f  e x te rn a l 
leads m ay  fail to  d isp lay  an ischaem ic ECG p a tte rn  if  the  ischaem ic  a rea  is 
no t ex ten siv e . The sam e applies to  th e  d e te rm in a tio n  of m e ta b o lite s  from  
co ro n ary  sinus blood. S im ilarly  pa tho log ica l haem odynam ic  chan g es a p p ea r 
only if  th e  ischaem ic area show ing poor seg m en ta l co n trac tio n  is su ffic ien tly  large.

T he q u es tio n  arises w hich o f th e se  a lte ra tio n s  rep resen ts th e  f ir s t  sign of 
co ro n ary  insuffic iency ,a llow ing  to  d e te c t th e  fa ilu re  in its earliest, m ild e s t stage . 
A n o th e r q u es tio n  is th e  re la tio n  o f th e  changes to  th e  patho log ica l p rocess.

Tn o rd e r to  e lucidate  th ese  p rob lem s, h aem o d y n am ic , m e tab o lic  an d  ECG 
a lte ra tio n s  due  to  p a r tia l stenosis of th e  left an te r io r  descending c o ro n a ry  a r te ry  
w ith  an d  w ith o u t ad d itio n a l w o rk lo ad  induced  by  pacing  fu rth e rm o re  th e  changes 
due to  a to ta l  o b s tru c tio n  of th e  a r te ry  have been s tu d ied  in a n a e s th e tiz e d  dogs.
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In  view  of th e  ab ove-m en tioned  sh o rtco m in g s of th e  clinical m ethods, 
in  th e  p re se n t ex p erim en ts  m ore sensitive p ro ced u re s  were app lied  allow ing 
d ire c t EC G  reg is tra tio n  fro m  th e  ep icard ia l su rface  o f th e  area p erfu sed  b y  
th e  c o n s tr ic te d  co ro n ary  a r te ry  as well as co llec tion  o f blood sam ples fro m  the 
v e in  o f  th e  sam e area.

Methods

D e te rm in a tio n s  w ere ca rried  ou t in th e  e x p e rim e n ta l ang in a  pectoris m odel described  
p re v io u s ly  [8]. I ts  p rincip le  is as follows.

M ongrel dogs w eigh ing  fro m  12 to  20 kg w ere a n a e s th e tiz e d  w ith  p e n to b a rb ita l  sodium  
(30 m g /k g ) an d  v e n tila ted  w ith  ro o m  a ir w ith  in te rm it te n t  po sitiv e  pressure. S ystem ic  blood 
p re ssu re  w as recorded in th e  le ft fem ora l a rte ry . A fte r th o ra c o to m y  in  th e  left f i f th  in te rco s ta l 
sp ace , th e  h e a r t  was su p p o rte d  b y  a p ericard ia l c rad le , a n d  th e  descending b ra n ch  o f th e  left 
a n te r io r  co ro n ary  (LA D ) w as d issec ted  free. I t  was th e n  c an n u la te d  and con n ec ted  w ith  th e  
le f t fe m o ra l a rte ry  by  a p o ly e th y len e  tub e .

Monopolar T 
epicardial [15 mV 

lead

Bipolar T
epicardial [15 mV

lead

ECG III. [ 1 mV

OCCLUSION
CONTROL 30"

F ig . 1. D ifference in se n s it iv ity  be tw een  ep icard ia l a n d  s ta n d a rd  lim b leads. T o ta l occlusion 
o f  L A D  fo r  1 m inute  causes 8 mV ST -segm ent e lev a tio n  in  th e  m onopolar ep icard ia l lead , R- 

w av e  inversion  in  th e  b ip o la r  lead , b u t in ECG  lead  I I I  th e  changes are sligh t

C o ro n ary  blood flow  in  th e  perfused  LAD w as c o n tin u o u sly  m easured  b y  m ean s of a 
N y c o tro n  376 ty p e  e le c tro m ag n e tic  flow -m eter, p lac in g  th e  flow  probe on th e  left fem oral 
a r te ry ,  a n d  recorded to g e th e r  w ith  th e  o th e r p a ram ete rs  on  a H eilige m u ltisc rip to r for e s tim a 
tio n  o f th e  e lectrophysio log ical changes.

T w o  or 3 silver e lec tro d es w ere p laced a t  d is tan ces o f  5 m m  on a ru b b e r b a n d  fix ed  over 
th e  isch aem ic  area. The m o s t sensitive  electrode w as used  fo r evaluation . As seen in F ig . 1, 
m o n o p o la r  ep icard ia l reco rd in g  is a fa r m ore sensitive  m e th o d  th a n  record ing  by  th e  u sua l 
lim b  lead s. T herefore on ly  changes above +  2 mV S T -segm en t e lev atio n  were considered  p a th o 
logical.

T o de term ine  m etab o lic  a lte ra tio n s  in th e  a rea  su p p lied  b y  the  co n stric ted  L A D , 0 2 
s a tu ra t io n  a n d  lac ta te  c o n te n t  o f th e  e ffluen t venous b lo o d  w as estim a ted  from  sam ples col
lec ted  b y  m eans of a c a th e te r  passed  th ro u g h  th e  c o ro n a ry  sinus and th e  g re a t ca rd iac  vein  
in to  one  o f th e  an te rio r veins. A rte ria l 0 2 sa tu ra tio n  a n d  la c ta te  co n ten t were m easu red  from  
tim e  to  tim e  in the  fem ora l a r te ry . F rom  these  d a ta  la c ta te  u p ta k e  [10] and 0 2 co n su m p tio n  
w ere c a lc u la te d  from  th e  h aem o g lo b in  co n te n t of b lood , m ea su re d  p h o to m etrica lly  as cyano- 
b aem o g lo b in  by  the  m eth o d  o f V a n  K ämpen  and  Zijlstra  [9].

T h e  n e x t step was to  red u ce  th e  coronary  blood flow  b y  m eans of a screw -clam p to  such 
a c r it ic a l  degree [6] a t  w hich  re lease  of a sho rt com ple te  occlusion  of th e  co ro n ary  a r te ry  was
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n o t a n y  m ore follow ed by a reac tiv e  h y p e raem ic  response, i.e. to  th e  lim it of m ax im u m  h y p o x ic  
d ila ta tio n .

Before an d  a f te r  estab lish ing  c r it ic a l  stenosis ad d itio n a l w ork  load  was im posed  o n  th e  
h e a r t  b y  u sin g  a tr ia l  pacing a t  an  in creased  ra te  (basic ra te  -f- 70/m in).

Since 0 2 co n sum ption  alone is n o t a re liab le  index  o f th e  m etabolic  s ta te  o f th e  m y o 
c a rd iu m , as a dependab le  in d ica to r th e  ra tio  o f m y o card ia l 0 2 u p tak e  to  m y o ca rd ia l 0 2 r e 
q u irem en t w as used ; w ith  a d eq u a te  o x y g e n a tio n  th is  ra tio  is 1.0 or above.

I f  О 2 co n su m p tio n  of th e  paced  h e a r t  before co ro n ary  co n stric tio n  is re g a rd e d  as th e  
m easu re  o f m y o card ia l 0 2 req u irem en t on  lo ad in g  and  if 0 2 co n su m p tio n  of th e  sim ila rly  p aced  
h e a r t  a f te r  c o n stric tio n  is regarded  as th e  m easu re  of a c tu a l 0 2 supp ly , th e ir  ra tio  se rv es  as an  
in d ex  of О 2 s u p p ly /0 2 req u irem en t.

In  a n o th e r  series o f experim en ts  d P m a x /d t  was m easu red  by  m eans of a p o ly e th y len e  
c a th e te r  passed  v ia th e  left caro tid  in to  th e  left v en tric le . T he c a th e te r  was co n n ec te d  w ith  
a n o th e r  p ressu re  tran sd u ce r  and  e le c tro m an o m e te r se t a t  h igh  sen sitiv ity  to  reco rd  th e  left 
v e n tr ic u la r  en d -d iasto lic  pressure (L V E D P ).

In  fu r th e r  ex p erim en ts lig a tio n  a n d  com plete  occlusion  of th e  LA D  was p e rfo rm e d  
for 20— 60 m in u tes .

S tu d e n t’s i- te s t was used for s ta tis t ic a l  analysis of th e  d a ta .

R esults

T he in fluence  of ca n n u la tio n  an d  “ c r itic a l”  stenosis of th e  L A D  on 
h aem o d y n am ic , biochem ical an d  e lec trophysio log ica l p a ram e te rs  is sh o w n  in 
T ab le  I . N o sign ifican t change o ccu rred  in  a rte ria l blood p ressure  and  h e a r t  r a te .

D im in u tio n  of c o n tra c tility  an d  th e  red u c tio n  o f L V E D P  w ere  n o t 
s ig n ifican t, b u t th ere  was a s ta tis t ic a lly  sign ifican t decrease o f flow  th ro u g h  
th e  s ten o sed  LAD w ith  a s im ila rly  considerab le  decrease of m yocard ia l la c ta te  
u p ta k e . A t th e  sam e tim e no s ig n if ic a n t change w as observed  in th e  e p ic a rd ia l 
ST -segm ent.

Tabic I

E ffe c t  o f  c a n n u la t io n  a n d  c o n s tr ic tio n  o f  th e  L A D  o n  v a r io u s  c a r d io v a sc u la r  p a r a m e te r s  i n  th e
a n a e s th e tiz e d  dog

Param eters и Control value
Cannulation 

and ’’critical” 
LAD stenosis

Percent
change

P

B lood pressure 13 1 0 4 .5 ± 5 .0 94.8 z 6 .0 9.2
(m m  Hg) 

H e a r t  ra te 13 177.0 ± 6 .0 171 6 .0 — 3.3
d P m a x /d t 

(m m  Hg/sec) 8 5811 ± 8 4 6 4290 ± 7 2 4 —26.1
L V E D P  (m m  Ilg) 5 3 .2 ± 0 .2 2 .0  ± 0 . 2 — 37.5
C oronary  blood flow (descend

ing a rte ry , m l/m in) 12 9 4 .7 ± 8 .0 46.8 7.0 — 50.5 * * *
C oronary  blood flow (circum 

flex  a rte ry  m l/m in) 9 7 5 .6 ± 5 .0 71.1 8 .0 — 5.9
S Г-segm ent 

(mV) 13 1.7 ± 0 .5 2 .0 0 .6 ± 1 7 .6
L ac ta te  u p tak e  

(/íM /m in/100 g) 10 8 1 .4 ± 7 .6 15.0 1.2 81.5 * * *

*** p  < 0 .0 0 5
In  th e  o th e r  cases th e  difference w as n o t sign ifican t.
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F ig .  2 . E ffec t of pacing  on  0 2 con su m p tio n  and  on th e  ra tio  m y ocard ia l 0 2 s u p p ly /0 2 req u ire , 
m e n t in  th e  area perfused  b y  L A D , before and  a f te r  i t s  c o n str ic tio n , in th e  a n ae sth e tize d  open .

chest dog

Table II

E ff e c t  o f  r ig h t a tr ia l  p a c i n g  o n  v a r io u s  c a r d io v a s c u la r  p a r a m e te r s  i n  the  a n a e s th e tiz e d  dog

.

Changes in th e  5 th  m inute 
o f  pacing

Param eters n

Normal h ea rt
Cannulation 

and “ critical” 
LAD stenosis

Percent
change P

B lood  pressure 
(m m  H g) 13 9 9 .2 ± 6 .5 8 9 .3 ± 6 .6 9.9 *

d P m a x /d t  
(m m  Hg/sec) 8 10336±952 8051 ± 1 1 7 3 — 22.1 **

L V E D P  
(m m  Hg) 5 3 .0 ± 1 .1 2 .2 ± 0 .7 — 26.6

C oronary  blood flow (descend
ing  a r te ry , m l/m in)

C o ronary  blood flow (c ircum - 12 1 3 3 .5± 12 .0 37.1 ± 5 .0 — 72.2 ***
flex  a rte ry , m l/m in) 

ST -segm ent 9 9 1 .9 ± 6 .0 9 0 .9 ± 9 .0 — 1.1
(mV) 13 1.5 ± 0 .5 8 .0 ± 1 .2 +  433.3 * * *

L a c ta te  u p tak e  
/гМ/min/lOOg) 10 8 3 .2 ± 2 1 .4 — 2 .3 ± 1 4 .6 — 97.2 ***

*  =  p  <  0.05
**  =  p  <  0 .0 1

* * *  =  p  <  0.005
I n  th e  o th er cases th e  d ifference was n o t s ig n ifican t.
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R esu lts  concern ing  th e  influence o f  p ac in g -in d u ced  ad d itio n a l w o rk  load  on 
th e  sam e  p a ram e te rs  b efo re  and a fte r c r itic a l s tenosis  of th e  LAD are  su m m arized  
in  T ab le  I I .  C onstric tion  of the  LAD in d u c e d  a slig h t fall in a rte ria l b lood  pres- 
su ere  an d  a m uch m ore  expressed re d u c tio n  o f c o n trac tility . B o th  changes 
w ere sign ifican t s ta tis tic a lly . A fte r LA D  co n stric tio n  freq u en cy  load ing  
in s te a d  of increasing  L V E D P  caused  its  s lig h t, non -sign ifican t d im in u tio n .

C ircum flex  c o ro n a ry  flow w as u n c h a n g e d  b u t flow in th e  c o n s tr ic te d  
L A D  as well as la c ta te  u p tak e  d im in ish ed  even  m ore in  th e  p a ced  h e a r t. 
C o m b in a tio n  of c ritic a l LAD co n str ic tio n  w ith  pacing  evoked a h ig h ly  sign if
ic a n t  elevation  o f  th e  ST-segm ent, as a lre a d y  described  b y  us e a r lie r  [8].

F igu re  2 show s th e  effect of p ac in g  on m yocard ia l 0 2 c o n su m p tio n  an d  on 
th e  ra t io  0 2 su p p ly  to  0 2 req u irem en t in  th e  a rea  perfused b y  th e  L A D , befo re  
a n d  a f te r  co n stric tio n  o f th e  la tte r . P a c in g  increased  m yocard ia l 0 2 u p ta k e  
b u t  le f t th e  ra tio  m y o card ia l 0 2 s u p p ly /0 2 d em an d  unchanged . C o n s tr ic tio n  
o f  L A D  caused a considerab le  re d u c tio n  o f  b o th  m yocard ial 0 „  u p ta k e  and  
o f  th e  0 2 su p p ly /req u irem en t ra tio . A fu r th e r  decline of b o th  p a ra m e te rs  w as 
p ro d u c e d  by  pacing .

CORONARY OCCLUSION

LVEDP

o n
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dPmax /  dt

X  4000-
E
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F ig . 3. E f f e c t  of  t o t a l  c o r o n a r y  occlus ion  o n  b lo o d  p r e s s u r e ,  h e a r t  r a t e ,  d P m a x / d t  a n d  L V E D P  
in  t h e  a n a e s t h e t i z e d  o p e n - c h e s t  dog
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I n  F ig . 3 effect o f a com plete  occlusion of th e  LA D  on some h a e m o d y n a m 
ic p a ra m e te rs  is show n. B esides a m ark ed  fa ll in  b lo o d  pressure and  in  c o n tra c 
t i l i ty  o b se rv ed  in  th e  paced  h e a r ts  w ith  c ritic a l L A D  stenosis, th e re  o ccu rred  
a co n sid e rab le  e lev a tio n  of th e  L Y E D P  n o t a p p e a rin g  in  h earts  w ith  p a r t ia l  
c o ro n a ry  o b stru c tio n .

Discussion

I n  th e  p re sen t s tu d y , b y  d irec t m e a su re m e n t o f changes in  th e  a rea  
a ffec ted  b y  co ro n ary  stenosis we could show  t h a t  biochem ical a lte ra tio n s  
in d ic a tiv e  o f m y o card ia l ischaem ia  o f th e  area  su p p lie d  b y  th e  c lam ped  co ro 
n a ry  a r te r y  ap p ea r a long  w ith  th e  d im in u tio n  o f  flo w  to  th e  sam e area  befo re  
an e le v a tio n  of th e  ST segm en t w ould have a p p e a re d . A ccordingly, th e  absence  
of isch aem ic  ECG a lte ra tio n s  does n o t exclude an  in c ip ien t co ro n ary  in su ff i
c iency  a n d  th e  p resence of m yo card ia l ischaem ia . T h is is the  m ore in te re s tin g  
since as ju d g e d  from  th e  h e ig h t of deflec tions in  m V , ep icard ial re g is tra tio n  is 
a m e th o d  a b o u t a h u n d red  tim es as sensitive as th e  use of conven tional e x te rn a l 
leads. T h e  h y p o th esis  th a t  ST-changes occur o n ly  w ith  severe ischaem ic m y o 
ca rd ia l d am ag e  an d  th a t  b iochem ical changes p reced e  th e  ECG ch an g es in  
th e  co u rse  of develop ing  co ro n ary  insuffic iency  is su p p o rted  by  th e  re su lts  
of B r a c h f e l d  and  S c h e u e r  [2]. These a u th o rs  found  th a t  S T -a lte ra tio n s 
o ccu rred  s im u ltan eo u sly  w ith  or a fte r  th e  ap p ea ren ce  o f coronary  sinus excess 
la c ta te  in  a n aes th e tized  c a n n u la te d  open ch est dogs a fte r  decreasing th e  p e r 
fusion ra te  u n til a tr ia l  p ressu re  h ad  increased . T h e ir  failure to  show  in  m ore 
th a n  4 0 %  o f th e  cases th e  tem p o ra l difference b e tw een  th e  ap p earan ce  o f  b io 
chem ical an d  e lec trophysio logical a lte ra tio n s  w as in  all likelihood due to  th e ir  
m e th o d  o f using  co ro n ary  sinus blood for d e te c tin g  th e  biochem ical changes. 
This is fa r  less sensitive  p rocedure  th a n  e s t im a tio n  from  the  venous b lood  o f 
th e  isch aem ic  area  app lied  in  our ex p erim en ts .

A lth o u g h  no a t te m p t  w as m ad e  to  c o rre la te  th e  biochem ical changes to  
th e  size o f  th e  ischaem ic area an d  to  th e  sev e rity  o f  th e  in ju ry , it is c lear from  
T ab le  I  t h a t  w hen no ischaem ic ECG changes ap p e a re d  th e  in ju ry  w as n o t 
su ffic ien t to  cause a s ig n ifican t d e te rio ra tio n  o f th e  haem odynam ic  p a ra m e te rs .

T h e  ex p erim en ts  also show ed th a t  d e te rm in a tio n  of m y o card ia l 0 ., 
u p ta k e  b y  itse lf  is of lim ited  value  for th e  a ssessm en t of m yocard ial m e ta b 
olism . In  th e  absence of co ro n ary  stenosis  th e  a d d itio n a l w ork load in d u ced  
b y  p a c in g  increased  m y o card ia l 0 2 u p ta k e  (see F ig . 3) b u t co ronary  flow  too  
in c reased  (see T ab le  I I )  and  th e  ra tio  m y o card ia l 0 2 s u p p ly /0 2 d em an d  did  
n o t c h an g e . S im ilarly , no change occurred  in  m y o ca rd ia l la c ta te  u p ta k e  on 
in c reas in g  th e  w ork  load . T he 0 2 supp ly  can  cope w ith  th e  increased  d em an d  
due m a in ly  to  th e  la rg e  co ro n ary  reserve c a p a c ity  w hich can co m p en sa te  th e  
in c reased  m etabo lic  re q u irem en t b y  increased  flow . T his reserve is v e ry  m uch  
red u ced  u n d e r  th e  cond itions o f c ritica l LA D  stenosis .
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T h e a rte r io la r  bed perfused  by  th e  t ig h te n e d  co ronary  is in  th e  s ta te  
o f m ax im u m  hypo x ic  d ila ta tio n  as show n b y  th e  lack  of hyperaem ic  response . 
A n increase  o f flow  in th is  a rea  is possible on ly  if  perfusion  p ressu re  a n d /o r  
co lla te ra l flow  is enhanced . In  th e  p resence o f stenosis th e  flow  is even  red u ced  
by  freq u en cy  load ing , due p ro b ab ly  to  th e  r a te  d ep en d en t sh o rten in g  o f  th e  
d iasto le .

M yocard ia l 0 2 u p ta k e  o f th e  poo rly  p e rfu sed  a rea  is s im ila rly  red u ced  
an d , in  c o n tra s t  to  th e  n o n -co n stric ted  con tro ls , pacing  decreases i t  a lo n g  w ith  
a fu r th e r  red u c tio n  of tin* m yo card ia l la c ta te  u p ta k e  and  of th e  ra tio  O , 
supply/O ., req u irem en t.

F low  in th e  circum flex  co ro n ary  a r te ry  w as n o t affected  by  c ritic a l LA D  
stenosis  or by  an ad d itio n a l w ork load . T h is m eans th a t  no c o m p e n sa to ry  
or re flex  changes are  likely  to  occur in th e  b lood  flow  to  th e  no n -isch aem ic  
m y o card ia l areas in  such a tra n s ito ry  m o d era te  co ro n ary  in su ffic iency  as re 
p resen ted  by  th e  exp erim en ta l ang in a  pec to ris  m odel.

T h e  role and  im p o rtan ce  of h aem o d y n am ic  changes, especia lly  tho se  
affec tin g  L Y E D P , in  th e  m echan ism  and  d iagnosis o f  angina p ec to ris  deserve 
special in te re s t. I t  was revealed  b y  card iac  c a th e te r iza tio n  th a t  th e  h a e m o 
d y n am ic  response to  exercise-induced  as well as spon taneous an g in a  p ec to ris  
m an ifests  itse lf  in  a brisk  b u t tra n s ie n t e lev a tio n  o f L V E D P . D epressed  v e n tr ic 
u la r fu n c tio n  curves (re la ting  le ft v e n tr ic u la r  s tro k e  w ork to  L Y E D P ) fo u n d  
in  p a tie n ts  w ith  angina pecto ris  [7] w ere in te rp re te d  as a m a n ife s ta tio n  of 
tra n s ie n t  le ft v e n tr ic u la r  fa ilu re  seco n d ary  to  m yo card ia l ischaem ia . T hese 
fin d in g s m ay  also he exp la ined  b y  a change in  com pliance [4] or a de lay ed  
re la x a tio n  of such  ven tric les. G á b o r  e t al. [ 5 ]  h av e  show n th a t  in an g in a l p a tie n ts  
exercise g rea tly  m odified  th e  r a te  a n d  e x te n t o f excursions of the le f t p o s te rio r  
v e n tr ic u la r  w all to g e th e r w ith  increasing  th e  c ircu la tin g  blood vo lu m e . H ow 
ever, no co n sis ten t haem o d y n am ic  p a tte rn  ch a rac te rizes  all ang in a l episodes 
even w hen th e  sam e stress is ap p lied  [3]. In  a d d itio n , p a tien ts  re sp o n d in g  
w ith  a considerab le  increase  in  L V E D P  a n d  systo lic  pressure to  exercise- 
in d u ced  ang ina  pectoris fa iled  to  show  sim ila r changes in  p ac in g -in d u ced  
an g in a  a lth o u g h  th e  a lte ra tio n s  in  reg ional b lood  flow  and  m y o ca rd ia l 0 2 
d em an d  w ere s im ila r in b o th  in s tan ces  [1].

T hese d a ta  as well as ou r own fin d in g s concern ing  th e  lack  o f an  increase  
in  L V E D P  a t a tim e  w hen  m ark ed  b iochem ical an d  e lectrophysio log ical changes 
p o in tin g  to  m y o card ia l ischaem ia a re  a lread y  p re sen t, seem to  c o n tra d ic t  th e  
close co rre la tio n  betw een th e  m echanism  o f ang in a  pectoris and  th e  increase  
in L V E D P  as an  in d ica to r o f h e a r t fa ilu re  or o f reduced  com pliance.

On th e  o th e r h an d , th e  resu lts  lend  su p p o rt to  th e  opinion th a t  th e  d e te 
r io ra tio n  o f ca rd iac  dynam ics depends on th e  size o f th e  ischaem ic m y o ca rd ia l 
in ju ry , since com plete  o b stru c tio n  o f th e  co ro n ary  a r te ry  depressed  th e  con
tr a c t i l i ty  of th e  ischaem ic area  to  such  an  e x te n t th a t  it  could n o t be  c o u n te r 
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b a la n c e d  b y  th e  c o n tra c tile  force of th e  u n a ffe c ted  left v en tr icu la r  m y ocard ium  
a n d  a m ark ed  in c rease  in  L Y E D P  occurred .

O n th e  s t r e n g th  of th e  above d a ta  th e  conclusion can he d raw n  th a t  
h y p o x ic  m etab o lic  changes o f th e  a rea  p e rfu se d  b y  th e  stenosed  co ro n ary  
a r te ry  seem  to  be th e  m o st sensitive in d ic a to r  o f  an  inc ip ien t co ro n ary  failu re . 
E C G  a lte ra tio n s  ev en  i f  recorded  from  th e  ischaem ic  area a n d  p a r tic u la r ly  
ch an g es in  L V E D P  a re  of lim ited  d iagnostic  v a lu e , since th e y  on ly  a p p e a r  if  
th e  ischaem ic  a rea  is large.
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SCLERODERM A-LUNG A N D  SC LER O D ER M A -H EA R T
by

L. U r a i

F O U R T H  D EPA R T M E N T OF M ED ICIN E, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, B U D A PEST

R e ce iv e d : N ovem b er, 1975

. . one of the m ost te rrib le  of all hum an ills. Like 
T ithonus, to “ w ither” slowly, and like him to  be “ beaten 
down and m arred and w asted”  u n til one is literally  
a m um m y, encased in an evershrinking, slowly con
tracting  skin of steel, is a fate no t p ic tu red  in  any 
tragedy, ancient or m odern” . (Osier, 1898.)

E arly  d e tec tio n  o f  v iscera l ch a n g es in d iffu se  gen era lized  sc lerod erm a, i.e . pro
gressiv e  sy s te m ic  sclerosis (P S S ), is o f  prim ary im p o r ta n ce  in  th e  a sse ssm e n t o f  th e  
p rogression  and o u tcom e o f  th e  d isease .

1. Sp irom etrie  stu d ies an d  te s ts  o f the  m ech a n ic  fa cto rs o f  b rea th in g  h a v e  been  
u n d erta k en  in  61 cases o f  P SS  for th e  a n a ly sis  o f  resp ira tory  im p a irm en t in  th e  “ sclero- 
d erm a -lu n g ”  regarded as th e  m o st freq u en t sy s te m ic  m a n ife s ta tio n  o f  th e  d isea se . I t  
h as been  sh ow n  th a t th e  fu n ctio n a l im pairm en t w as n o t due so le ly  to  th e  p u lm o n a ry  
f ib r o sis . E x p a n s io n  o f  th e  lu n g  is restr ic ted  by in d u ration  o f  the  sk in  ov er  th e  c h e s t  and  
b y  a tro p h y  o f  th e  ch est m u scu la tu re . O f th e  param eters stu d ied , P imax h a s p ro v ed  
a se n s itiv e  in d ex  o f  th e  p u lm o n a ry  fa cto r , i.e . th e  loss o f  resp ira to ry  su rface  or o f  its  
e la s tic ity , in  o p p osition  to VC w h ich  represents th e  to ta lity  o f  p u lm o n a ry  an d  ex tra -  
p u lm on ary  factors.

2. T h e p a th ogen esis o f  p u lm o n a ry  h yp erten sio n  in  P S S  is co n tro v ers ia l, an d  has 
rece iv ed  litt le  a tten tio n  in  the  lite ra tu re . It has been  sh ow n  b y  h a em o d y n a m ic  stu d ies  
b y  m ean s o f  r igh t heart c a th e te r iz a tio n  in 52 cases o f  sc leroderm a th a t  th e  pressures  
p rev a ilin g  in th e  pu lm on ary  c ircu la tio n  are in creased  on ly  m o d e r a te ly , n o t to  an  e x te n t  
to  be resp onsib le  for th e  sy m p to m s . I t  is su ggested  th a t th e  p u lm o n a ry  fa c to r  a c c o u n t
in g  for p u lm on ary  h y p erten sio n  in  P S S  is the sc leroderm a a ffec tio n  o f  th e  m ajor p u l
m onary  v esse ls  rather th a n  a h y p o x ia  co n se cu tiv e  to  a lveo lar  d a m a g e . T h ese  p u lm on ary  
v a sc u la r  m a n ifesta tio n s o f  sc lerod erm a are sim ilar in ty p e  to  th o se  in  R a y n a u d ’s sy n 
drom e.

3. T he possib le role in p u lm o n a ry  h yp erten sio n  o f h y p o x ia  d u e to  a lv eo la r  d am 
age is a t varian ce  w ith  th e  fa c t  th a t  th e  sc lerod erm atou s ch a n g es o f  th e  lu n g  are never  
d iffu se . P u lm on ary  scan n in g  rev ea led  poorly  perfused  areas o f  u n ev en  d istr ib u tio n  over  
the  lu n g  in  28 ou t o f  40 cases o f  P SS .

4. T he “ sc lerod erm a-h eart”  is a w ell-k now n  p a ttern . T he process rem a in s , h o w 
ev er , u su a lly  u n d etec ted  u n til its  a d v a n ced  stage . In  an a tte m p t a t  its  early  d e te c t io n , 
74 p a tie n ts  w ith  PSS w ere su b jec ted  to  ap ex  card iograp h y. T he proced u re, o ffered  u se 
ful ev id en ce  for the a ssessm en t o f  th e  progression  o f  the  process, p a rticu la r ly  as to  the  
r ig id ity  o f  the  chest.

5. E chocard iograph y rev ea led  heart ch an ges in 85%  o f  33 p a tie n ts  w ith  P S S , 
e v e n  in  the ab sen ce o f  an y  sy m p to m  in d ica tiv e  o f  h eart d isease . Im p a irm en t o f  co n 
tr a c t ility  d em onstrab le  by ech o card iograp h y  is re la ted  to  th e  se v e r ity  o f  th e  process  
and  th u s  o f  p rogn ostic  im p o rta n ce , th o u g h  being u n rela ted  to  th e  d u ra tio n  o f  th e  d is
ease . T h is n o n -in v a siv e  procedure th u s p rovides ear ly  in fo rm a tio n  on  th e  s ta te  o f  th e  
h eart in P SS .

Scleroderm a or progressive  system ic  sclerosis (PSS) [30a] lias been  
k n o w n  for cen tu ries b u t it  is a fa irly  uncom m on disease. F o r a long tim e  in te re s t 
w as cen tred  on its  cu taneous m an ife s ta tio n s . T h is is a c tu a lly  th e  m o st con
sp icuous fe a tu re  in d ica tin g  th e  d iagnosis. I t  was only in  th e  course o f th e  la s t
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th re e  decades th a t  i ts  v isce ra l m an ifesta tions w hich decide th e  course and  o u t
com e o f the  process h a v e  becom e th e  su b jec t o f  research .

PSS is a p o ly sy stem ic  process w hich m a y  affec t, in  ad d itio n  to  th e  skin, 
a n y  o f th e  organs (e.g . lu n g  or h ea rt) o r all o f  th e m , e ith e r  in  succession or 
sim u ltan eo u sly .

I . The scleroderm a lung

I t  is nearly  h u n d re d  years  since F i n l a y  gave th e  f ir s t  descrip tion  of 
a p a r tic u la r  “ specific lu n g  disease”  asso c ia ted  w ith  th e  cu tan eo u s  m an ife s ta 
tio n s  o f PSS and  p o in te d  to  th e  connexion be tw een  th e  tw o  seem ingly  u n re la ted  
p rocesses. The p u lm o n a ry  process is reg a rd ed  as th e  m ost com m on visceral 
m an ife s ta tio n  of th e  d isease .

D espite th e  a b u n d a n c e  of studies p u b lish ed  y ear b y  y e a r  on th e  sub jec t, 
th e  v a rious aspects o f  th e  disease, in p a r tic u la r  its  pa th o g en esis , tim e  re la 
tio n sh ip s , m orphological a n d  clinical rad io log ica l fea tu re s  an d  th e ir  in te rre la 
tio n s , still confront us w ith  m any  problem s.

E arlie r clinical s tu d ie s  including  o u r ow n o b serv a tio n s c learly  showed 
t h a t  n e ith e r  th e  h is to ry , n o r  th e  physical signs a re  conclusive  o f th e  presence 
o r absence of p u lm o n a ry  lesion  and  of th e  e x te n t  and  d u ra tio n  of th e  process. 
W ith o u t special r e s p ira to ry  function  te s ts  an d  o f rad io log ical an d  haem o d y 
n a m ic  stud ies we a re  u n a b le  to  assess th e  p u lm o n a ry  in v o lv em en t. As a resu lt 
o f  ea rlie r studies ca rr ied  o u t  in co llabo ra tion  w ith  P . K e s z l e r  in  1 9 6 1  [ 4 2 ] .  

w e h a v e  poin ted  o u t t h a t  abnorm alities o f  th e  re sp ira to ry  fu n c tio n  ind ica te  
th e  presence of p u lm o n a ry  scleroderm a in  a  stag e  o f th e  process w hen the  
c lin ica l and  rad io log ical signs are still u n in fo rm a tiv e . T ho u g h  th e  d iagnostic  
p ro ced u res  now allow  to  recognize changes suggestive  o f p u lm o n a ry  fibrosis 
in  a n  increasing n u m b e r  o f  cases, th e y  leav e  us w ith  th e  p rob lem  to  w hat 
e x te n t  pu lm onary  a n d  e x tra p u lm o n a ry  fac to rs  c o n tr ib u te  to  th e  m orpholog
ica l fea tu res  of p u lm o n a ry  fib rosis.

O ur studies p u rsu e d  in  co llabo ra tion  w ith  I . H u t á s  e t al. [37] w ere con
c e rn e d  w ith  the  q u e s tio n s  w h e th e r sp iro m e try  an d  th e  te s ts  o f m echanical 
fa c to rs  in  b rea th in g  a re  s u ite d  for th e  d iffe re n tia tio n  o f p u lm o n a ry  from  ex tra- 
p u lm o n a ry  factors o f th e  fu n c tio n a l im p a irm e n t, fu rth e rm o re  w h e th e r the  
p a ra m e te rs  of sp iro m e try  a n d  of re sp ira to ry  m echan ism  ch arac te riz in g  the 
ty p e  o f  v en tila to ry  im p a irm e n t resu lting  from  p u lm o n a ry  fac to rs alone, as in 
a lv e o la r  fibrosis ( H a m m a n — R i c h  sy ndrom e), are  co n sis ten t w ith  those  of 
v e n ti la to ry  im p a irm e n t a sso c ia ted  w ith  P SS .

W e h ave stu d ied  61 p a t ie n t s  w ith  con firm ed  P S S . S p iro m e try  w as perform ed  b y  th e  
o p e n -c ir c u it  tech n iqu e. T h e  in tr a th o ra c ic  gas v o lu m e  (ÍG Y ) corresp on d in g  to  th e  fu n ction a l 
re s id u a l cap a c ity  and a irw a y  f lo w  resistan ce (R ) w ere  m easu red  w ith  a F e n y v e s - G u t h  sp iro
m e te r  (P u lm ostar) under r e s t in g  con d ition s b y  th e  m e th o d  o f  U l m e r . T h e p red ic ted  va lu es  
w ere  rea d  from  th e K e l l e r — A m r e i n — H e r z o g  ch a rts . C om p lian ce and  e la s tic  reco il force
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Table I
--------a-------------------------

« Pressure syst./diast.m m  J Ig T otal pulmonary Pulm onary
vascular

Initials
No Sex Age Right atrium Right ventricle Pulm onary artery P ulm onary  capillary bed dyne • sei • cm-5 resistance 

dyne • sec • cm 6
Associated disease

D ys
pnoe Cough Sputum

Cya
nosis ECG-abnormalities Crural VC

YC-
almorm.

per
cent

Tiffcneu
index

per
cent

Resist. 
cm /I i ..O /

Com
pliance
1 / cm /
/Н 20

^ m a x  
cm/H 20

TC

Fv-r l 1) /VC

Rest Exercise Rest Exercise R est Exercise Rest Exercise R est cise R est cise

17 22 9 9
1. K. P . F 47 6/0 8/0 37/0 40/0 24/10 33/8 12/6 12/6 — + — — + — 2.2 41 77 4 .73 - — 3.1

18 24 9 8
2. G. Л. F 31 6.7/4 6/4 33/0 31/0 27/8 31/10 10/6 11/5 222 220 120 120 — — — — — — 2.5 32 80 1.95 0.25 3.7

15 18 8 8
3. M. I,. F 31 8/3 8/3 16/0 25/3 16/10 25/10 m ean  p m ean p — + — — + V — — 1.6 -  54 79 177 — 4.8

11 15
4. H . L. F 60 5/2 5/2 24/1 22/0 13/8 22/8 10/4 8/6 158 80 L iver  cirrhosis + — — V j-p  ST depression + 3.5 +  16 79 2 .93 0.22 22 6.9

17 22 8 11
5. M. F . F 47 10/0 28/8 32/4 28/8 32/12 12/4 16/6 240 133 S L E ; abd om in al tum our — — — — — — 2.7 -  16 68 3.7 0.15 — 4.1

20 24 8 9
6. S. L. F 39 7/2 30/0 30/10 33/14 10/6 12/6 — — — — — — — 3.2 — 14 49 2 .2 4 0.10 4.4

34 18 P rev io u s recom m issurotom y.
7. F. I. F 44 8/2 58/0 50/16 24/12 799 364 P o stth ro m b o tic  syndrom e + — — + v 3-r, lieg . T 1.6 — 56 86 9.8 0.11 43 2.3

18 1 19 13 15
8. Sz. M. F 37 8/4 25/4 25/10 25/12 m ean  p m ean p S L E + — — -j- M arked le ft  d ev ia tio n — 0.55 - 8 3 40 2.28 0.08 — 3.8

17 16 8.5 10
9. L. .1. F 36 9/4 22/5 20/8 24/10 20/12 13/5 14/6 161 75 — + — — + — — 3.0 — 21 80 2 .96 0.126 24 5.4

3 5 / 0 - 44/17 19 34 10.5 10.5 A S H  (prim ary card io in yo-
10. Sz. M. F 42 15/6 17/4 12 27/11 44/25 15/6 15/6 p a th y ) + — — + — — 1.8 -5 0 59 13.9 0.09 25 4.0

6 .4 /4 .3 19 20 9 14.2 H ista m in e-fa st  achlorhydria
11. W . II. F 55 23/2 23/14 25/14 12/6 m ean p + — + S u p ra v en tr icu la r  ES 2.7 36 78 2 .67 0.10 28 3.9

14 19 4.5 17.3
12. M. .1. F 49 7 .6 /2 .7 30/2 23/5 25/11 9/0 25/10 215 75 — + — — + 2.2 28 93 2.09 0.10 37 3.7

15 16 9.5
13. II. L. F 57 10/8 29.4 23/7 25/8 13/6 — — — — — — 2.1 —  40 86 4 .9 8 0.11 25 3.9

21 23 13.5 16.5
14. S. E . F 46 15/6 36/5 36/5 30/13 32/13 20/7 22/11 376 145 — + — — + — 3.6 — 43 2.6 0.26 15 4.9

17 26 9.5 13
15. k .  .1. F 52 14/3 16/5 25/8 39/2 25/10 41/11 13/6 16/10 — + — — — — — 3.2 — 7 79 2.6 0.28 17.5 5.9

18 20 12 16
16. K . E . F 50 5/0 40/0 44/0 29/6 30/10 m ean  p m ean p 460 153 — + — — — — 2.9 13 85 2.3 0.25 16 4.8

16 20 5 6 S L E ; P ostth rom b otic  syndrom e
17. II. D . F 42 6/2 26/0 30/0 26/8 30/10 8/2 8/4 393 213 — — — — U n ifo ca l v en tr icu lar  ES _J_ 2.7 — 32 69 2.7 — — 4.4

18 21 10 9.7 M u ltifoca l v en tr icu la r  E S . V entricu lar
18. N. D . F 45 10/3 25/3 25/11 32/12 12/8 m ean p 220 105 — + — + + fib r illa tio n — 2.7 — 16 93 4 .4 0.12 — 4.2

15 14 8.5 8.5
S L E

S u p ra v en tr icu la r  p a roxysm al tach y-
19. Cs. .1. F 58 7/3 20/3 20/10 20/6 12/5 12/5 + — + + cardia — 2.3 — 20 81 3.17 — 9.5 4.1

50 23
20. M. F. F 50 9/2 77/6 67/33 30/16 — + — — + F la t T  in lead  11 1.5 49 93 4 .16 0.09 — 4.2

15 20 7.5 10
21. M. S. F 52 10/4 22/4 22/8 30/15 10/5 11/9 — — — — — — _ 1.6 — 45 78 2 .76 0.1 16 2.8

18 18 10 10
22. F. I. F 52 5/2 20/0 21/16 21/16 11/9 11/9 — + + + + D eep  S in  V 5_ 6 — 2.3 26 45 3.17 0.09 21 4.2

16 8.5
23. T. F. F 46 6/3 23/3 23/8 1 1/6 580 235 E p ilep sy — — — — 3.3 10 88 2 .69 0.20 15 4.9

18 12
24. S. .1. F 64 10/6 38/7 28/9 16/8 210 74 S L E . H yp erten sion + — — ST -d cp ression ; neg-pos T  in V 5_ e + 1.7 50 77 5.97 0.09 18 3.9

26 29 14 16
25. P. M. F 64 6/2 50/2 38/18 40/20 18/10 22/10 373 186 H yp erten sion + — — — — 2.7 —  1 85 1.86 0.20 8 4.9

17 7.5
26. Л. .1. F 34 7/3 27/0 27/8 11/4 412 228 — + — — — + 2.8 22 89 2 .06 0.18 20 5.4

19 20 9.5
27. F. G. F 26 12/4 31/4 33/4 23/10 32/8 13/6 — — — — — — 3.1 14 92 3 .46 0.15 — 5.2

22 22 11
28. Sz. I. F 51 12/2 32/8 3 2 /1 1 33/11 15/7 500 210 — — — — — — 2.1 — 29 77 3.88 0.06 17 3.8

22 26 8.5
29. Л. Gy. F 45 6/2 35/2 33/10 33/10 33/19 12/5 — + - — — In co m p lete  r igh t bundle-branch  block 1.2 — 66 92 4 .7 4 — — 2.2

24 24 9 9
Chronic h ep atitis

— — — — R igh t b u n d le-b ran ch  block -f- left
30. K . K . M 51 8/3 38/0 38/0 36/12 37/10 12/6 12/6 an terior h em ib lock — 3.9 17 83 2 .4 4 0.16 26 6.9

31 33 15 16
31. G. E. M 40 13/7 44/8 44/8 44/18 44/22 m ea n  p m ean p 940 480 — — + + — — — 3.0 -3 9 40 8.08 — 7.9

28 32 18
32. P. .1. F 59 14/7 43/6 38/18 48/18 m ean  p H yp erten sion + — — + V 4_ 5 ST depression 1.9 — 17 84 1.0 0.07 5.5

32 30 18 In co m p lete  r ig h t b u ndle-branch  block
33. li. 1. F 52 14.4/8 46/14 52/29 44/20 41/20 22/15 — + + + + left a n terior  hem iblock 0.86 — 71 70 1.93 0 .054 — 5.4

19 13
34. Sz. Л. F 42 8/5 28/38 28/11 14/10 360 220 — + — — — 2.6 17 76 4.37 0.07 20 4.9

20 22 9.5 12
35. P .k . F 29 8/5.5 34/3 27/13 29/14 1 1/9 14/10 261 130 I — — — — — — 2.8 19 91 2 .3 4 — — 4.5

27 38 10 17.5
36. Sz. !.. F 53 8/4 38/4 38/16 50/26 15/5 23/12 544 665 343 555 — — — — — V 4_ 5 iso e le c tr ic 1.7 41 76 2.42 — — 3.0
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were d e te rm in ed  by m ean s of an oesophageal ballon in se rted  in to  th e  lower th ird  o f th e  oeso
p h ag u s by  a c a th e te r  3 m m  in d iam ete r. T he halion was in f la te d  w ith  0.5 m l o f a ir. F o r th e  
m easu rem en t o f e lastic  recoil p ressure  th e  p rocedure o f B ates e t al. 18 ] was used.

E lastic  recoil force i.e. th a t  force w hich resists e x p an s io n  of th e  lung and  w hich  th e  
th o rac ic  m u scu la tu re  h a s  to overcom e for filling th e  lung  w ith  a ir w as d e term ined  by  m ea su re 
m en t o f tran sp u lm o n a ry  p ressu re  u n d e r d ifferen t degrees o f lu n g  in fla tio n . P roceed ing  from  
m ax im um  in fla tio n  do w n w ard  by  degrees, we ob ta in ed  th e  e la stic  recoil force. T ran sp u lm o n a ry  
p ressu re  m easu red  a t  m ax im u m  in sp ira tio n  (P imax) p ro v ed  a sen sitiv e  index of th e  force  of 
th e  re sp ira to ry  m u scu la tu re  for in fla tio n  of th e  lung  to  fu ll v ita l  c ap ac ity  (VC).

In  34 o f th e  61 p a tie n ts  sp iro m etry  re v e a le d  a re s tric tiv e  v e n tila to ry  
im p a irm en t. In  15 o f th ese  cases VC was re d u ced  to  less th a n  50%  o f its  
p red ic ted  va lue . T h e  sp iro m etric  p a ram e te rs , in th e  f ir s t  place VC, re fle c t n o t 
only  th e  lu n g  vo lum e b u t  also th e  m o to r fu n c tio n  o f  th e  tho racic  m u scu la tu re . 
The VC is a ffec ted  b o th  by  fib rosis o f th e  p u lm o n a ry  p a ren ch y m a an d  by  an y  
res tr ic tio n  o f  ch est m ovem ents.

In c reased  e lastic  re sis tan ce  i.e. p u lm o n a ry  rig id ity  is a sso c ia ted  w ith  a h igh T iffenau- 
in d ex  (FE V j)- O f th e  p a ra m e te rs  o f b o d y  p le th y sm o g rap h y , re s is tan ce  reflects th e  p a te n c y  of 
a irw ay s; in  o b s tru c tiv e  v e n tila to ry  im p a irm en t its va lue  is in creased . O b stru c tiv e  fe a tu re s  are 
n o t ty p ic a l of th e  v e n tila to ry  d efec t assoc ia ted  w ith  p u lm o n a ry  PS S , as in th e  m a jo rity  o f  th e  
p re sen t cases th e  T iffen au -in d ex  (F E V j) d id  no t p o in t to  o b s tru c tio n , th e  index was below  70%  
in  fo u r cases a lto g e th e r. A slig h t increase  in resistance  (R ) w as m ore freq u en t (4 to  5); th is  is 
how ever no t u n com m on in fibrosis.

C om pliance is an  in d ic a to r o f th e  e lastic ity  of th e  p u lm o n a ry  paren ch y m a. I ts  fib rosis 
causes a re d u c tio n  of com pliance w hereas th e  s ta te  of th e  th o ra c ic  cage does no t affec t it.

In  b o th  a lv eo lar fibrosis an d  in  PSS, VC declines p a ra lle l w ith  lung com pliance d esp ite  
th e  fa c t th a t  in th e  H a m m a n — R ich syndrom e th e  re s tr ic tiv e  process in confined to  th e  p u l
m o n ary  p a ren c h y m a . In  PSS, fac to rs  a ffecting  th e  th o rac ic  cage also c o n strib u te  to  th e  re 
d u c tio n  in VC. Still a re d u c tio n  of Cstat sim ilar to  th a t  d e m o n s tra b le  in alveo lar fibrosis w as no t 
enco u n tered  in an y  of ou r cases o f PSS. T he low est v a lu e  in PS S  was 0.05 l/IE O , as ag a in s t
0.016 to 0.02 1/H 20  in fibrosis. E la s tic  recoil pressure o ffers m ore  reliable in fo rm atio n  on  th e  
e la s tic ity  o f th e  lung . T h e  figures m easu red  a t  th e  h e igh t o f in sp ira tio n  — P imax — are Pa r t icu- 
la rly  in fo rm ativ e . C o m p ara tiv e  ana ly sis  o f the  figures o f P imax in PSS and  in fibrosis show ed 
th a t ,  th e  sp iro m etric  p a ram e te rs  being  sim ilar in b o th  g ro u p s, P imax in fibrosis ran g ed  be tw een  
60 and  70 wrhereas in PSS it scarcely  a tta in e d  40 cm H 20 .  T h ere fo re , it is no t only th e  sclerosis 
w hich lim its in sp ira to ry  exp an sio n  b u t  also th e  w asting  of re sp ira to ry  m uscles and , co n se 
q u en tly , th e ir  fa ilu re  to  expend  th e  necessary  energy for a d e q u a te  expansion . T his is c o n sis ten t 
w ith  th e  fin d in g  th a t  m ax im u m  in sp ira to ry  pressure, in c o m p ariso n  w ith  its value  in p u lm o 
n ary  fibrosis, w as in creased  on ly  m od era te ly .

O f th e  p a ra m e te rs  s tu d ied  Pimax seem ed to  be  sen sitiv e  enough for in d ic 
a tin g  th e  loss o f re sp ira to ry  su rface  and  the  im p a irm e n t of e la s tic ity . W hereas 
its  va lu e  is c h a ra c te r is tic  o f th e  p arenchym al fa c to r  responsib le  for th e  im p a ir 
m en t of th e  b re a th in g  m echan ism . The value fo r VC gives th e  sum  o f in tra -  
and  e x tra p u lm o n a ry  fac to rs . T h u s by  c o rre la tin g  VC to  P imax it  is possib le 
to  d iffe ren tia te  b e tw een  e x tra p u lm o n a ry  and  in tra p u lm o n a ry  fac to rs in case 
o f an  ex tensive  loss o f v e n tila to ry  surface. T he re tra c tio n  coefficient, a c tu a lly  
th e  ra tio  o f  P imax to  to ta l lung  cap ac ity , has been  fo rm u la ted  by M a c l e n  on 
th ese  grounds. T h is is th e  m ost sensitive index  o f  th e  e la s tic ity  of lung  tissu e . 
W hile in em p h y sem a its  v a lue  ranges betw een  2 a n d  3, in  in te rs titia l fib rosis 
it  a t ta in s  9 to  10. In  th e  p re se n t m a te ria l only  5 o u t o f  26 p a tie n ts  d isp lay ed  
values h ig h er th a n  8, in  th e  o th e r  cases th e  v a lu e  was only s ligh tly  ab o v e  
no rm al desp ite  th e  gross red u c tio n  in to ta l lung  c a p ac ity .
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Table II

Parameters o f  Pulm onary

R igh t atrial 
pressure mm Hg

Exercise

R igh t ventricular 
pressure mm Hg

Exercise

P ulm onary  artery 
pressure mm Hg

Exercise

before after before after before after

N u m b e r  o f cases 36 6 36 16 36 30

M ean  p ressure 8.85/
3.47

10/3 35.9/
3.78

35.2/
5.2

29.76/
11.76

32.12/
13

M a x .— m in . values 

I n t r a c a v i ta r y  m ean pressure

( 1 5 - 5 )
(8— 06)

(58— 16)
(14— 0)

(50— 13)
( 1 8 - 7 )

19.58

(50— 20)
( 2 2 - 6 )

21.9

In  PSS th e  chest m u sc u la tu re  seem s to  lie unab le  to  c o n tra c t w ith  a force 
s im ila r  as in p u lm o n ary  fib ro s is  and  th u s  to  overcom e th e  in c re a se d  resistance  
o f  lu n g  tissue.

F o r  the  p u lm o n a ry  h y p e rten s io n  in  PSS  tw o fac to rs seem  to  be re 
sp o n sib le .

F ir s t  the  hypo x ia  re su ltin g  from  ex ten s iv e  fib rosis o f th e  lu n g  a n d  second 
th e  in v o lv em en t in PSS  o f th e  p u lm o n a ry  v ascu la r system .

C onsidering th a t  th e  m o st com m on s ite  of th e  v iscera l m an ife s ta tio n s  
o f  P S S  is the  lung th e  q u e s tio n  o f p u lm o n a ry  h y p e rten s io n  has n o t been  given 
d u e  a t te n t io n  in l i te ra tu re . In c lu d in g  th e  m o n o g rap h  of S a c k n e r  [64] an d  the 
r e p o r t  o f  T r e l l  and  L i n d s t r ö m  [70] we fo u n d  on ly  24 re p o rts  on a to ta l  of 
50 cases  in  which th e  p re sen ce  of p u lm o n a ry  h y p erten s io n  w as co n firm ed  by  
c a rd ia c  ca th e te riza tio n . I t  is in  fa c t scarce ly  possible in  PSS to  e s tab lish  the  
d ia g n o s is  of p u lm o n ary  h y p e rte n s io n  an d  o f  associa ted  chronic  co r pu lm onale  
on  c lin ica l grounds a lo n e , since  o th e r sy stem ic  m an ifesta tio n s o f th e  process 
u n r e la te d  to  its p u lm o n a ry  in v o lv em en t m a y  be sim ilar in  a p p e a ra n ce . This 
h a s  p ro m p te d  us to  s tu d y  th e  haem o d y n am ic  p a ram ete rs  in  c o n n ec tio n  w ith  
p u lm o n a ry  function  te s ts  in  P SS . These s tu d ie s  carried  o u t b y  m ean s o f rig h t 
h e a r t  ca th e te riza tio n  in  co llab o ra tio n  w ith  M. I s t v a n f f y  an d  P . F a r k a s  were 
d o n e  on  52 pa tien ts .

T h e  m ean values fo r  th e  haem o d y n am ic  p a ram e te rs  of p u lm o n a ry  c ircu 
la t io n  fo u n d  in th e  p re se n t cases, co m p ared  w ith  those g en era lly  accep ted  as 
n o rm a l  in  th e  lite ra tu re , w ere as follows.

R ig h t a trium  
R ig h t  ventricle 
P u lm o n ary  a rte ry  
P u lm o n ary  cap illary

9.1 / 3.6 m m  H g  (6.3) 
37.9/ 2.2 m m  H g 
33.3/11.5 m m  H g  (22.4) 
14.3/7 m m  H g  (10.6)
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circulation in P S S

Pulm onarv capillary 
pressure mm Hg

Exercise
Total pulm onary 

resistance 
dync/sec/cm-5

P ulm onary  vascular 
resistance 

dyne/sec/cm  _ 5

before after

N um ber o f cases 36 18 19 19

M ean pressure 13.75/
6.78

14.6/
7.6

390.4 187.8

M ax.— m in. values (22— 10) 
( 1 6 - 4 )

(23—8)
( 1 2 - 4 )

(480 -7 4 )

In tra c a v ita ry  m ean  pressure 10.3 15.5

T h u s th e re  was a m odera te  in crease  in  p u lm o n ary  pressure  b u t  b y  no 
m eans o f  such  a degree as to  be th e  ex c lusive  cause of th e  sy m p to m s.

C orrec t assessm en t of p u lm o n a ry  p ressu re  is n o t possible w ith o u t th e  
ev idence o f  p u lm o n a ry  function  te s ts . W e could  su b jec t 32 p a tie n ts  to  h e a r t 
c a th e te r iz a tio n  in  association  w ith  p u lm o n a ry  fu nc tion  te s ts . T he re su lts  are 
p re sen ted  in  T ab le  I. B icycle e rg o m e try  w ith  a load  of 50 W  fo r 3 m in  w as 
also done in  30 p a tie n ts  in w hom  th is  w as co m p a tib le  w ith  th e  m o rp h o lo g ica l 
an d  fu n c tio n a l cond itions (Table I I ) .

B lood gas s tud ies revealed  no gross ab n o rm a litie s  of diffusion th e  h y p o x ia  
was m o d era te .

T h u s  as in d ica ted  especially  b y  th e  p ressu re-re la tionsh ips p u lm o n a ry  
h y p e rten s io n  in  PSS is due p rim arily  to  th e  in v o lv em en t of th e  m a jo r  p u lm o 
n a ry  vessels in  th e  process. These changes belong to  th e  v ascu la r m a n ife s ta 
tions o f th e  d isease as does R a y n a u d ’s sy n d ro m e . T h a t hypox ia  re su ltin g  from  
a lveo la r d am ag e  has no p rim ary  role in  th e  h y p erten s io n  is show n b y  th e  fa c t 
t h a t  th e  p u lm o n a ry  change is n o t d iffuse b u t  ten d s to  he co n fin ed  to  th e  
p e rip h e ry . T he p u lm o n ary  p a ren ch y m a  o f th e  unaffec ted  ap ical a n d  c e n tra l 
areas m a y  he su ffic ien t to  m ake up  to  som e e x te n t for th e  re sp ira to ry  d efect 
re su ltin g  from  th e  in v o lv em en t o f th e  p e rip h e ry . This is in line w ith  th e  con
clusion re fe rred  to  earlier th a t  v e n tila to ry  re s tr ic tio n  due to  r ig id ity  o f th e  
chest p lay s a la rg e r p a r t  in th e  re sp ira to ry  defect associated  w ith  P S S  th a n  
does th e  im p a irm e n t o f diffusion b y  th e  a lv eo la r th ick en in g  co n secu tiv e  to  
p u lm o n a ry  fib rosis.

I n  o r d e r  t o  d e m o n s t r a te  t h a t  in  PSS  t h e  p u lm o n a r y  c h a n g e  is n e v e r  
d if fu se  w e h a v e  s tu d i e d  in  c o l la b o r a t io n  w i t h  M. E r d é l y i  J r .  t h e  d e g re e  o f  
p e r fu s io n  b y  m e a n s  o f  p u lm o n a r y  s c a n n in g  in  40 cases o f  PSS.
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In  th ese  p a tie n ts  ch est X -ray s  w ere m ad e  from  tw o view s, w ith  a fo cu s 
d is tan ces  o f 2 m e tre s , fu rth e rm o re  c o m p a ra tiv e  film s of th e  h an d s  a n d  o f 
th e  oesophagus from  tw o  view s. A fter b lo ck in g  th y ro id  J -u p ta k e  h y  K J  
p re tre a tm e n t  250 ц  C l 131J — MAA was a d m in is te re d  in trav en o u sly . T h e  te s t  
re v e a le d  ty p ic a l changes in  26 cases, o eso p h ag ea l abnorm alities in  28 cases 
sk e le ta l ab n o rm a litie s  o f th e  h an d s in  20 cases. P u lm o n a ry  scann ing  rev ea led  
p e rfu s io n  ab n o rm a litie s  in  28 o f th e  40 cases th e se  w ere as follows.

1. D im in ished  p e rfu s io n  o f r ig h t up p er lobe: fO cases.
2. D im in ished  p e rfusion  of left up p er lobe: 3 cases.
3. D im in ished  pe rfu s io n  of b o th  upper lobes: 3 cases.
4. D im in ished  p e rfusion  o f r ig h t m iddle a n d  low er lobes: 2 cases.
5. D im in ished  pe rfu s io n  of b o th  lower an d  r ig h t m idd le  lobes: 2 cases.
6. R a d io a c tiv ity  p re v a le n tly  over th e  c e n tra l  a re a s :  6 cases.
7. M arked ly  d im in ish ed  p e rfusion  of th e  e n tire  r ig h t  lung : 4 cases.
8. M arked ly  d im in ish ed  perfusion  of th e  en tire  le ft lung : 2 cases.

Som e of th e se  changes occurred  in  co m b in a tio n  therefo re  th e ir  to ta l  
n u m b e r  exceeds t h a t  of th e  p a tie n ts . (N o rm ally  d is tr ib u tio n  of p e rfusion  5 5 %  
for th e  r ig h t, 4 5 %  fo r th e  left lung) (Figs l a —b , 2 a— b).

P u lm o n a ry  scan n in g  is th u s  su ited  fo r th e  d em o n stra tio n  of a re la tiv e  
im p a irm e n t o f reg io n a l perfusion  and allow s to  e s tim a te  the  e x te n t o f fib ro sis  
a ffec tin g  p u lm o n a ry  perfusion  in PSS.

Fig. l /а. N orm al ap p earance  of d ia p h ra g m , lu ng , h e a r t and ao rta
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F ig. 1/b. T h e  lungs are norm ally  perfused . D is tr ib u tio n  of ra d io ac tiv ity : r ig h t side  5 5 % ; left
side 45%

Fig. 2/a. N orm al d iap h ra g m a tic  co n tours . D iffuse b ila te ra l  linear and p a tc h y  d en sitie s  in the  
r ig h t m iddle an d  lower lobes. E n la rg em e n t o f h e a r t  to  th e  left. W idening o f  a o r ta
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F ig . 2/b. M axim um  a c tiv ity  o v er th e  cen tra l areas. A c tiv ity  over th e  pe rip h eral zones is of
lesser in ten sity

II . The scleroderm a h e a r t

I t  is n o t only  th e  in v o lv em en t of th e  lu n g  b u t  also th a t  of o th e r  o rg an s, 
in  p a r t ic u la r  of th e  h e a r t, w hich  decides th e  o u tco m e  of PSS. In  m an y  a case 
th e  f a ta l  ou tcom e w as due to  h e a r t  failure. T h o u g h  from  the  s tu d y  b y  W e i s s  

e t al. [78], “ scleroderm a h e a r t  d isease” has becom e w idely know n, no special 
fe a tu re s  have  com e to  lig h t w hich m ight be d iag n o stic .

I n  som e cases ECG  a b n o rm a litie s  m ay  be p re sen t in  th e  absence of any clinical sy m p to m  
or ra d io lo g ica l evidence. In  som e o th e rs  in v o lv em en t o f th e  h e a r t  is revealed  only a t  n ecro p sy  
th e re  h a v in g  been no clin ical, rad io log ica l or E C G -in d ica tio n s o f any  card iac  a b n o rm a lity  
d u rin g  life. I t  is u su a lly  in  th e  ad v an c ed  stage of th e  d isease, w hen  cu taneous an d  o th e r  m a n i
fe s ta t io n s  h av e  long b een  p re sen t, th a t  th e  card iac  sy m p to m s m ake their ap p ea ran ce . T h is , 
h o w ev er, b y  no m eans im plies t h a t  th e  m orphological ch an g es responsib le  have n o t b een  p re s 
e n t  earlie r.

Since the observations of La ng ley  et al. [46] systo lic  retraction in the apex cardiogram  
has been  regarded as an index of le ft ventricular insu fficiency. Morpurgo et al. [52] described  
a kineto-cardiographic pattern i.e. a paradoxical systo lic  m otion  in 8 o f their 14 patients, con
sidering it a sign of cardiac dyssynergy connected w ith  im paired ventricular con tractility .

In  c o l la b o ra t io n  w i th  I . P o r u b s z k y  we h a v e  s tu d i e d  th e  p o ss ib i l i t ie s  o f  
a n  e a r l y  d e te c t io n  o f  t h e  s c le r o d e r m a -h e a r t .

T h e  ap ex -card io g ram  w as reg is te red  in 74 p a tie n ts  w ith  PSS (67 fem ales, 7 m ales). T he 
2nd  s ta n d a rd  lead  of th e  ECG, th e  f ir s t  d e riv a tiv e  o f th e  ap ex -ca rd io g ram  and th e  p h o n o card io - 
g ra m  (m id -freq u en cy  ran g e , left 4 th  in te rco sta l space) w ere reg is te red  synchronously . P a tie n ts  
w ith  ev id en ce  of asso c ia ted  h e a r t  disease u n re la ted  to  P S S  (e.g . m itra l disease) w ere ex c lu d ed  
fro m  th e  s tu d y . T he a p ex -card io g ram s of six p a tie n ts  w ere n o t  su ited  for ev a lu a tio n  ow ing to  
r ig id i ty  o f th e  chest, th u s  only 66 p a tie n ts  were a n a ly zed . R e p ea t-s tu d ie s  were p e rfo rm ed  a t  
som e la te r  tim e  on one occasion  in  14 cases, on tw o occasions in  tw o cases, on th re e  occasions 
in one case.
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In  60 o f our 66 p a tie n ts  w ith  confirm ed  PSS th e  ap ex -ca rd io g ram  rev ea led  
a systo lic  re tra c tio n  re la ted  in  degree to  th e  sev erity  of th e  o th e r m a n ife s ta tio n s . 
In  cases in  w hich th e  reco rd in g s w ere rep ea ted  a t  in te rv a ls  th e  r e tr a c t io n  
becam e m ore m arked  w ith  th e  ad v an ce  of th e  disease (T able I I I ;  F ig s  3— 9,

Table III

Correlation of systolic re trac tio n  in  the apex cardiogram to the clinical severity of PSS

Severity o f PSS

Incipient Minor Medium M ajor

No systolic re tra c tio n I 4 i _
R etrac tio n  in d is tin c t 2 3 3 2

1 3 3 —

+ + 3 4 6 4

+ + + 2 3 8 13

A bnorm al “ a” _ 1 4 2

F la t diastolic w ave 2 4 2 8

N um ber of cases 19 17 21 19

a — b — c). On th e  o ther h a n d , th e re  w as no re la tio n sh ip  betw een  th e  p resence  
o f  a systo lic  re trac tio n  an d  th e  ECG  abno rm alities . In  th e  p re sen t cases, th e  
sy sto lic  in te rv a ls , d e te rm in ed  on th e  basis o f th e  a p ex -ca rd io g ram  a n d  o f  its  
f i r s t  d e riv a tiv e , were found  n o rm a l. T herefore, th e  re tra c tio n  m u st be  a t t r ib 
u te d  to  th e  rig id ity  o f th e  ch es t r a th e r  th a n  to  ca rd iac  fac to rs . T h e  sm all 
“ a ” -w ave o f th e  diasto lic  p h ase  in d ica tes  an im p aired  le ft a tr ia l fu n c tio n  an d  
th e  f la t  d iasto lic  slope a de fec tiv e  left v en tr icu la r  filling . These signs w ere, 
h ow ever, u n re la te d  to  th e  clin ical sev e rity  of th e  cond itio n  and  w ere co n fined  
to  a m in o rity  of th e  p a tie n ts . T h e  p a tte rn  of th e  ap ex -card io g ram  is th u s  n o t 
d iag n o stic  o f sc le ro d erm a-h eart.

S till th e  apex  ca rd io g rap h y  m ay  offer in fo rm a tio n  on th e  p ro g ress  of 
th e  process, p a rticu la rly  as concern  its  m an ifesta tio n  due to  th e  ch est r ig id ity . 
B u t th e n , i t  is crucial to  be ab le  to  assess th e  clinical co n d ition  an d  th e  course 
o f  th e  process so as to  recognize th e  presence o f ca rd iac  ab n o rm alitie s  as ea rly  
as possib le. I t  is m ost likely  t h a t  th e  system ic lesions p ro d u ced  b y  th e  disease 
in v o lv e  th e  h e a r t fa r ea rlie r th a n  in d ica ted  b y  an y  clin ical sy m p to m  o r ECG- 
ab n o rm a lity .

E chocard iograph ie  s tu d ies  were perform ed in  co llab o ra tio n  w ith  M. L e n g y e l  

[73] in  33 p a tie n ts  w ith  P SS , using  an  echocard iog raph  E ko line-20  w ith  a
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F ig . 3. In c ip ien t PSS w ith  p ra c tic a lly  norm al ap ex  ca rd io g ram  p a tte rn .  P o in t E is follow ed by  
a m in u te  no tch  ind ica tive  o f re tra c tio n

F ig . 4 — 5. PSS of m ed iu m  se v e rity . N orm al “ a”  a n d  d iasto lic  w ave, th e  systo lic  wave
shows a sharp  re tr a c t io n
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F ig. 6. PSS  of m ajo r sev erity . Sm all “ a ” , d iasto lic  w ave nearly  norm al, systo lic  w ave show s a
sharp  re tra c tio n

Fig. 7—8. PSS of m ajo r severity . S harp , d is tin c t re tra c tio n . F la t  d iasto lic , sm all “ a” -w ave
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a,

Fig. 9. Y early  fo llow -up stu d ies of th e  sam e p a tie n t 
F ig . 91a. A p a r t  from  a sm all, n o tc h e d  re tra c tio n  follow ing p o in t E , th e  a p ex  c ard io g ram  is

norm al
F ig . 9/b. P o in t  E  is follow ed b y  a  m a rk e d  systo lic  re tra c tio n ; th e  “ a ” -w ave an d  th e  d iasto lic

p h ase  a re  norm al

F ig . 9jc. Sm all “ a” , very  m ark e d , sh a rp  systo lic  re tra c tio n . F la tte n e d  d iasto lic  sec tion
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2.25 m H z frequency  tra n sd u c e r . T he tra n sd u c e r  was p laced  on  th e  chest 
p a ra s te rn a lly  in  th e  th ird  or fo u rth  left in te rc o s ta l space w ith  th e  p a t ie n t  ly ing 
su p ine . A Po laro id  p ic tu re  o f th e  M -m ode scan  was recorded. In  o rd e r  to  gain 
in s ig h t in to  th e  dynam ics o f sc le ro d e rm a-h ea rt we exam ined th e  d u ra tio n  of 
th e  disease, th e  E C G -abnorm alities and  th e  functional é ch o ca rd io g rap h ie  
p a tte rn .

T he m otions of th e  a n te r io r  m itra l  lea fle t a n d  o f th e  left v e tricu la r p o s te r io r  w all were 
reco rd ed  on a 3-channel H eilige d irec t reco rd e r b y  m ean s of a tim e-analogue g a te . W e m easured  
th e  end-d iasto lic  d iam ete r (D d) o f th e  le ft v en tric le  a t  th e  tim e of th e  p eak  R  d e fle c tio n  in  the 
EC G , th e  end-d iasto lic  d iam e te r  (D s) w hich  re p re se n ts  th e  sho rtest d istance  be tw  een  th e  endo
c a rd ia l echoes o f th e  an te rio r  an d  th e  p o ste rio r  w all. E nd-systo lic  sh o rten in g  o f  th e  end-d ias- 
to lic  d iam e te r  ( ID % ), i.e. th e  lin ea r e jec tio n  frac tio n , was de term ined  to  c h a ra c te riz e  the  
c o n tra c tile  function . The c ircu m feren tia l f ib re  sh o rten in g  velocity  (CFS) a t  th e  leve l o f the 
m easu red  d iam ete rs  was o b ta in e d  in c ircum ference/sec  by  div id ing  z1D% b y  th e  f ib re  sh o rten 
ing  tim e  of th e  posterio r w all. E n d -d iasto lic  th ick n ess (W D ) of the  in te rv e n tr ic u la r  sep tum  
(IV S) a n d  of th e  p osterio r w all w as m easu red  a t  th e  R -p eak . E nd-d iasto lic  d ia m e te r  o f th e  rig h t 
v en tric le  (RV) was also m easu red  a t  th e  R -p eak . A ll these  m easu rem en ts w ere m ad e  a t  the  
level o f th e  m itra l va lve , in  th e  s ta n d a rd  ech o -card io g rap h ic  beam  d irec tio n . F ro m  th e  left 
v e n tr ic u la r  p osterio r wall m o tio n  cu rve  th e  systo lic  ex cursion  (SE), m ax im um  sy s to lic  velocity  
(MSV) a n d  m ax im um  diasto lic  v e loc ity  (MDV) w ere de riv ed . F o r assessm en t o f  th e  d iasto lic  
fu n c tio n  of th e  left v en tric le , th e  E F -slo p e , i.e. th e  e a rly  diasto lic  closing r a te  (D C R ), a n d  the  
en d -d iasto lic  closure tim e (AC) w ere m easu red  on th e  m o tio n  curve of th e  a n te r io r  m itra l  leaflet 
an d  th e  PQ -AC tim e was co m p u ted . T he v a lu es fo u n d  in 24 norm al sub jects w ere  in  fu ll agree
m en t w ith  th e  s ta n d a rd  v a lu es given in th e  l ite ra tu re .

O f th e  33 p a tie n ts  s tu d ied , 30 w ere fem ale a n d  3 m ale, aged be tw een  24 a n d  66 years 
(av erag e  age, 48 years). ECG  ab n o rm a litie s  w ere p re se n t in 14 cases, i.e. b u n d le  b ra n c h  block 
in  4, e x tra sy s to le  in 7, ab n o rm a l ST-T in  3 cases, p a ro x y sm al su p ra v e n tr ic u la r  ta c h y ca rd ia  
in  one case and  one p a tie n t h a d  been  re su sc ita te d  from  a  s ta te  of v en tricu la r  f ib r il la tio n .

In  one p a tie n t le ft v e n tr ic u la r  en d -d iasto lic  d iam eter exceeded  th e  upper 
lim it o f  th e  norm al, in  fiv e  cases th e  va lu es  w ere below th e  n o rm a l range. 
As reg a rd s th e  systolic fu n c tio n  o f th e  left v en tric le , th e  linear e je c tio n  frac tio n  
w as ab n o rm al in four cases, c ircu m feren tia l f ib re  sho rten ing  v e lo c ity  (CFS) 
in  a n o th e r  tw o cases (F ig . 16a— b). In  fo u r cases w here th e se  in d ice s  could 
n o t be o b ta in ed  because o f  p a rad o x ica l se p ta l m otion , th e  re la tiv e  am p litu d e  
o f  th e  m itra l valve m o tio n  was considered ; i t  was below th e  lo w er norm al 
lim it (0.45) in one case on ly . S ep ta l m o tion  w as paradox ical in fo u r , ak in e tic  
in  th re e  cases, sep ta l a sy n erg y  th u s  to ta llin g  seven  cases (Figs 12, 14). Systolic 
ex cu rsion  (SE) of th e  le f t v e n tr ic u la r  p o s te rio r  wall was w ith in  n o rm a l lim its 
b u t  in  seven  cases i t  fell in to  th e  low er ran g e  o f norm al values (5 to  6 m m ). 
MSV failed  to  a tta in  th e  low er lim it o f n o rm a l in five cases a n d  w as in  the  
low er range o f th e  n o rm al va lues (35 to  40 m m /sec) in a n o th e r f iv e . M DV was 
ab n o rm a lly  low in tw o cases an d  close to  th e  low er lim it o f th e  n o rm a l range 
(35 to  40 inm /sec) in a n o th e r  tw o. E n d -d ia s to lic  th ickness of th e  p o s te r io r  wall 
was in  excess o f th e  n o rm al va lues, as a sign o f  concentric  h y p e r tro p h y , in  four 
cases (F ig . 12), and  asy m m etric  sep ta l h y p e rtro p h y  (ASH) w as d e m o n s tra b le  
in  n ine  cases (Fig. 11). E n d -d ias to lic  d ia m e te r  o f th e  r ig h t v e n tr ic le  was 
increased  in  11 cases (F ig . 16). E a rly  d iasto lic  closing ra te  (D C R ) o f  th e  an te-
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F ig . 10. D iasto lic  fu n c tio n  o f  le f t  ven tric le . R e la tio n sh ip  b e tw e e n  th e  early  d iasto lic  closing 
r a te  (D C R ) and  th e  en d -d ia s to lic  c losu re  tim e (PQ-AC) in  P S S . O ver th e  h o rizo n tal line  th e re  
a re  th e  n o rm al PQ-AC v a lu e s , o n  th e  r ig h t side o f th e  v e r tic a l  line  th e  norm al D C R -values, 
o n  th e  h o rizo n ta l line th o se  cases in  w hich PQ-AC cou ld  n o t  be  ob ta in ed . A n orm al d iasto lic  
fu n c tio n  w as th u s confined to  6 cases: 1 =  m inor se v e rity ;  2 =  m edium  severity ; 3 =  m ajo r

severity

F ig . 11. A sym m etric  se p ta l h y p e r tro p h y . Septal th ic k n e ss  1.9 cm , end-diasto lic  p o ste rio r  wal
thickness 9 m m

r io r  m itra l  leaflet w as b e lo w  norm al in 16 cases; in  one of these th e  m o tio n  
o f  th e  posterio r lea fle t in d ic a te d  m itra l s ten o sis , con firm ed  by  p h o n o card io 
g ra p h y  (F ig. 15).

T hickening  of th e  m i t r a l  valve was d e m o n s tra b le  in one case (F ig . 12), 
o f  th e  ao rtic  valve in  a n o th e r  case (Fig. 13) an d  o f  th e  m itra l ring  in a fu r th e r  
case (F ig . 15). We w ere a b le  to  determ ine th e  PQ -AC-tim e  in 24 o f th e  33
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Fig. 12. T h ickened , rigid m itra l v a lv e . The echoes o f b o th  lea fle ts  are th ick . E x cu rs io n  of the  
a n te rio r  leafle t a m o u n ts  to  12 m m . N arrow ing  w ith  co n cen tric  th ick en in g  of left v e n tric le .

S ep ta l akinesis

Fig. 13. T h ickened  ao rtic  valve . R e s tr ic ted  opening of cusps. T hey  give n u m ero u s p a ralle
echoes in the  d iasto le

p a tie n ts , in 15 o f  these  it  w as sh o rte r  th a n  0.06" (F ig . 10). ín  som e cases 
th e  presence o f  p erica rd ia l th ick en in g  clearly  em erged  from  th e  find ings 
(F ig . 14).

T he p a tie n ts  were classified  in to  th ree  g roups accord ing  to  th e  sev e rity  
o f  PSS g raded  on th e  basis of its  progression, th e  visceral m an ife s ta tio n s  and  
th e  su b jec tiv e  sy m p to m s. T hese groups w ere ana lyzed  for éch o card iog raph ie  
ab n o rm alitie s . T he average  age of the  p a tie n ts  w as p ra c tic a lly  th e  sam e in

Acta Medica Academiae Scientiarum Hungaricae 32, 1975



372 U R A I ,  L .

F ig . 14. C onsiderable th ic k en in g  o f p e rica rd iu m  a t  th e  p o ste rio r  w all. S ep ta l a sy m m e tric  h y p e r
t ro p h y  and  akinesia

F ig . 15. T h icken ing  of m itra l r in g . T h e  a n te rio r lea fle t is th in  w ith  n o rm al ex cursions (20 m m ), 
diastolic closing r a te  (D C R ) is con sid erab ly  red u ced  (24 m m /sec)

th e  th r e e  groups, w hile th e  d u ra tio n  of d isease a n d  th e  EC G  ab n o rm alitie s  
w ere  d iffe ren t.

L e f t  v en tricu la r h y p e r tro p h y  (inc lud ing  A SH ) an d  red u ced  P Q — AC 
tim e  show ed a sim ilar fre q u e n c y  in  th e  th re e  groups. Im p a irm e n t o f  systolic 
fu n c tio n  (/1D% , CFS, re la tiv e  m itra l am p litu d e), a sy n erg y  an d  r ig h t v e n tr ic u 
la r  d i la ta t io n  were re la te d  in  frequency  to  th e  clin ical sev erity  of th e  disease. 
T h e  freq u en cy  of D C R -ab n o rm alitie s  was s im ila r in  th e  groups o f m ed iu m  and  
m a jo r  sev erity  b u t s lig h te r in  th e  group o f m ino r sev erity  (T able IV ).
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b;

Fig. 16. L eft ven tric le  o f norm al wideness and im p a ired  co n tra c tile  function , a) A u g u st, 1973: 
n a rro w  left, d ila ted  r ig h t ven tric le , norm al wall th ick n ess. M itral valve m otion  p o in ts  to  p a 
p illa ry  m uscle d y sfu n c tio n . Sep tal asynergy . P o s te r io r  w all m otion  shows a h ig h  degree  of 
p o ste x tra sy s to lic  p o ten tia tio n , b) A p r il , 1974: No ex tra sy s to les . P ro tra c ted  p o s te r io r  wall

m otion  w ith  sm all ex cursions

Abbreviations in F ig. 1 0 - 1 6

RV rig h t v en tric le ; IVS in te rv en tr icu la r  se p tu m ; AM L =  an te rio r m itra l  le a f le t;
PM L  =  p o ste rio r  m itra l lea fle t; PW  p osterio r w all; M R m itra l ring; P p e r ic a rd iu m ; 
AoA W  =  a n te rio r  wall o f th e  aortic  ro o t; A oP W  p o s te rio r  wall of aortic  ro o t; AoV ao rtic  
valve
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Table IV

Echocardiographie abnorm alities in  P S S

Severity  
o f  PSS

Number 
o f cases

A verage
age,

years

A verage 
du ra tion  
o f disease 

years

Abnor
mal
ECG

Echocardiographie abnorm alities

ASH

Con
centric
h y p er
tro p h y

Systolic
function
im pair

ed

A bnor
mal
DCR

Abnormal
PQ-AC

Septal
asynergy

R ight
ven tric

u lar
dila

ta tion

M ajor 9 54 16 6 2 l 4 6 5 (6) 4 5

M edium 15 49 13 7 5 l 3 9 6 (1 0 ) 2 5

M inor 9 41 6 1 2 2 0 1 4 (8) 1 1

T o ta l 33 14 9 4 7 16 15 (24) 7 11

I n  b rack e ts : n u m b er o f cases studied.

Table V

Echocardiographie abnorm alities in  P S S

ECG N um ber
o f cases ASH

Concentric
hypertrophy

Systolic
function
im paired

A bnor
m al

D CR

Abnormal
P Q -A C

Septal
asynergy

R igh t
ven tricu lar
d ilata tion

N o rm a l ECG 19 2 3 3 9 7 (1 4 ) 2 6

A b n o rm al ECG 14 7 l 4 7 CO о 5 5

T o ta l 33 9 4 7 16 15 (24) 7 11

In  b rack e ts : n u m b e r  o f cases studied.

T he co rre la tio n s o f th e  échocard iograph ie  fe a tu re s  to  the  E C G -abnorm al- 
itie s , w ere confined  to  A S H  and  asynergy . T hese  p a tte rn s  were m ore f re q u e n t 
in  th e  g roup  w ith  ab n o rm a l E C G -features (T ab le  V). None of th e  éch o card io 
g rap h ie  signs show ed a n y  co nsisten t re la tio n sh ip  w ith  th e  d u ra tio n  o f d isease 
(T ab le  V I). The ech o card io g ram  was n o rm al in  f iv e  cases only.

I t  w as s tr ik in g  to  f in d  échocard iog raph ie  abnorm alities in  28 p a tie n ts  
o f th e  33. On th e  o th e r  h a n d , in th e  case o f a n o rm a l echocard iogram  th e  ECG 
w as also in v a ria b ly  n o rm al.

T he sc le ro d e rm a-h ea rt is rem in iscen t in  its  m orphological an d  fu n c tio n a l 
c h a ra c te rs  of th e  “ sm all s t if f  h e a r t”  in isch aem ic  h ea rt disease. I t  is m ark ed  
b y  an  early  d e te rio ra tio n  o f d iastolic fu n c tio n  a n d  b y  an im p a irm en t o f  co n 
tr a c t i l i ty  in th e  p resence  o f  a norm al le ft v e n tr ic u la r  end-diasto lic  d iam e te r .
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Table VI

Echocardiographie abnorm alities in  P S S

Echoeardiog raph ic abnorm alities

D uration of 
disease

N um ber 
o f cases

ASH
Concentric
hypertrophy

Systolic
function
im paired

A bnor
mal

DCK

Abnormal
P Q -A C

Septal
asynergy

R igh t
ven tricu lar
d ila ta tion

< 5  years и 2 2 l 4 5 ( 9) 2 3

5— 15 years 13 4 1 3 5 8 (1 1 ) 2 5

> 1 5  years 9 3 1 3 7 2 (4) 3 3

T o ta l 33 9 4 7 16 15 (24) 7 11

In  b rack e ts : n u m b er o f cases stud ied .

The fin d in g  o f an  asy m m etric  sep ta l h y p e r tro p h y  is suggestive  o f  a 
p rim ary  ca rd io m y o p a th y . T he changes d e m o n s tra b le  by  ech o card io g rap h y  
m an ifest them selves d e fin ite ly  earlie r th a n  th o se  accessible to  e le c tro c a rd io 
g rap h y . T he im p a irm e n t o f co n trac tile  fu n c tio n  is re la ted  in degree to  th e  
sev erity  o f th e  process an d  m ay  th u s  be  re g a rd e d  as a grave p rogn o stic  sign 
w ith o u t, how ever, be ing  connected  w ith  th e  d u ra tio n  of the  disease.

D em o n stra tio n  o f  th e  in vo lvem en t in  P S S  o f th e  organs, in  p a r t ic u la r  
of the  h e a r t an d  lung , is essen tia l in th e  p rognosis  o f PSS. E ch o ca rd io g rap h y  
de tec ts  ab n o rm alitie s  in d ica tiv e  of th e  ex is ten ce  an d  progress o f th e  sc le ro 
derm a h e a r t a t  a tim e  w hen sy m ptom s a re  s till lack in g , th u s  fu rn ish in g  im p o r
ta n t  ind ica tio n s on th e  clin ical course and  o u tlo o k  o f th e  process.
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РЕЗЮ М Е

ПАМ ЯТИ  ПРОФЕССОРА И Ш Т В А Н А  Р У С Н Я К А

ВОСПОМ ИНАНИЯ О ПРОФЕССОРЕ И Ш ТВАНЕ Р У С Н Я К Е

А. СЕНТ-ДЬЁРДИ

П О Ч Е Ч Н А Я  ГЕМ О ДИ НАМ И КА У  СОБАК С Д Е Г И Д РА Т А Ц И О Н Н О Й  АЗОТЕМ ИЕЙ

П. Б А Л И Н Т, К. ЛАСЛО. Е. СЁЧ, Е. ТАРЯН

Авторы исследовали на собаках при дегидратационной азотемии, вызванной перевяз
кой привратника, внутрипочечный перепад давления и клубочковую динам ику.

1. Артериальное давление и перфузия крови через почки пониж аю тся пропорцио
нально; расчитанное сосудистое сопротивление таким образом не отличается от нормо
гидрированных контрольных животных. Изменение включенных в ряд сопротивлений не 
является достоверным.

2. Чистое гидростатическое давление, проявляющееся через клубочкувую  перепон
ку, то есть разница м еж ду клубочковокапиллярным и проксимальным канальцевым давле
нием только мало пониж енное. Значительное понижение эффективного фильтрационного 
давления является результатом повышения коллоидно-осмотического давления.

3. Понижение артериального давления сжимением аорты не приводит к понижению  
сосудистого сопротивления; авторегуляция почечных сосудов у дегидрированны х живот
ных не мож ет быть выявлена.

4. Нет корреляции м еж ду  остаточным азотом в плазме и количеством протекающей 
крови и клубокковой фильтрацией. Азотемия явлется следствием задерж к и  мочевины, по
вышенной обратной диффузии мочевины и значительного расщепления тканевых белков.

5. П ониженное в ходе дегидратации выделение мочи мож ет быть восстановлено в 
равной мере введением изоосмотического раствора поваренной соли и вливанием гипе
росмотического раствора маннита. Оба раствора понижают сосудистое сопротивление 
и повышенное коллоидноосмотическое давление.

И Н Т Е Н С И В Н А Я  Т Е РА П И Я  И Н Ф А РК ТА М И О К А РД А

П. БРАУН , А. ГЕДЕОН, Ш. ВАРКОНИ

Авторы сообщают в связи с наблюдением за 840 больными с инфарктом миокарда, на 
основании наблюдении в интенсивном разделе терапевтического отделения одной из 
районных больниц. Они излагаю т технические проблемы, а такж е применявшиеся ими 
методы интенсивного надзора и терапии. Авторы подробно рассматриваю т осложнения 
начальной стадии, особенно расстройства ритма и их устранение. В согласии и литера
турными данными они констатируют, что в то время, как значительная часть электрических 
расстройств вслед за инфарктом миокарда мож ет быть успешно лечена и этим вытекающая 
из них смертность м ож ет быть значительно сниж ена, смертность от мышечной недоста
точности и в отделениях интенсивной терапии неизменно высокая.



З Н А Ч Е Н И Е  И ССЛЕДО ВАН И Й  СИСТЕМЫ ГИ П О Ф И З-Щ И Т О В И Д Н А Я  Ж Е Л Е З А  
В Е В Т И РЕ О ЗН О Й  Э Н Д О К РИ Н Н О Й  О Ф ТАЛЬМ ОПАТИИ

Я. ФЁЛЬДЕШ

У  части больных, страдаю щ их евтореозной эндокринной офтальмопатией, реакция  
T SH , наступаю щ ей на TR K  м ож ет  быть патологической. Авторы при этой болезни описы
вают несколько типов результатов, полученных нагрузкой T h H . Они указывают на тесную  
связь м е ж д у  евтиреозной и гипертиреозной офтальмопатиями и на возможности перехода  
м е ж д у  ним и. На основании наблю дений, они предполагаю т, что LATS, выявляемый в 
крови больны х евтиреозной эндок рин ной  офтальмопатией, немного повышенное содерж а
ние трийодтиронина в сыворотке или патологический результат пробы T R H  и супрессия  
трийодтирозина может быть предвестником  позже развиваю щ егося гипертиреоза.

РАССТРОЙСТВО Ф У Н К Ц И И  Л Е В О ГО  Ж Е Л У Д О Ч К А  ПОСЛЕ И Н Ф А РК Т А
М ИОКАРДА

Д. ГАБОР, Т. РОМОДА, М. КЕЛТАИ, Ш. ЧОБАЙ

Авторы  провели у  45 больны х ч ер ез 3—6 месацев после острого миокарда избиратель
ную  коронариографию и цинеангиограф ию  левого ж елудочка. Одновременно они определя
ли систолический объем, объем в к он ц е диастолы, объем в конце систолы, эекционную  
фракцию  и давление в левом ж ел у д о ч к е  в конце диастолы. Они определяли такж е давле
ние в левом  желудочке в конце диастолы  в состоянии покоя и после статической нагрузки.

П о типу отклонения левого ж ел удоч к а от нормы авторы разделили больных на три  
группы : 1., у  которых не было отклонения левого ж елудочка от нормы (5 больных), 2 ., слу
чаи асинергии  (15 больных), 3 ., сл уч аи  аневризмы (25 больны х). Авторы классифицировали  
данные отдельно, когда аномалия л евого  желудочка сопровож далась грудной жабой.

М еж д у  закупоркой венечного сосуда и аномалией левого ж елудочка не было кор
реляции. Давление в левом ж ел у д о ч к е  в конце диастолы при состоянии покоя и у  больных 
1-ой и 2 -ой  групп на ходилось в пр едел ах  нормы. У  больных с аневризмой оно было повы
шено (15, 15 и 25 мм рт. ст.). П осле статической нагрузки давление в левом ж елудочке в 
конце диастолы  у больных всех гр уп п  увеличилось: 21, 22  и 32  мм рт. ст. Систолический 
объем при аневризме левого ж ел у д о ч к а  достоверно ум еньш ился (43 мл/сокращ ение). 
Объем в конце диастолы составлял 50  мл у  больных, у  которы х имелась асинергия  
и 118 м л у  больных с аневризм ой. Объем в конце систолы  находился в пределах  
нормы при асинергии, составлял 35 м л  у  больных, у которы х аномалий не было и 118 мл 
при аневризм е левого ж елудочка. Эекционная фракция составляла у  больных Гой и 2-ой  
групп 0 ,6 6  и 0,65, у  больных 3-ей группы  (аневризма) — эта величина была 0,49, т. е. досто
верно н и ж е. Степень укорочения продольного и поперечного диаметров была у  больных 
всех гр уп п  достоверно меньшая. К огда  к асинергии левого ж елудочка присоединялась  
трудная ж а б а , наблюдался больш ий систолический объем и когда она присоединялась к 
аневризм е, систолический объем и эекционная фракция были меньшими.

И з приведенных данных авторы сделали вывод, что левый ж елудочек, пораженный в 
результате предшествовавшего острого инфаркта работает соответственно типу и степени 
аном алии различными механизмами.

ДИ С П А Н С Е РИ ЗА Ц И Я  АВТО И М М У Н Н Ы Х П О Ч Е Ч Н Ы Х  Б О Л Ь Н Ы Х . 
О П Р Е Д Е Л Е Н И Е  К Л И Н И Ч Е С К О Й  И ИММ УНОЛОГИЧЕСКОЙ АКТИ ВН ОСТИ

А. ХАМОРИ, Л. ГОФМ АН, Т. ШЮЛЕ, Л. НЕМЕТ, И. СИЛАРД

А вторы  наблюдали на п р отя ж ен и и  от одного года до четы рех лет за 74 больными, 
страдавш ими различными автоиммунными почечными болезням и. Наблюдение за  клини
ческой и иммунологической активностью  является в равной м ере важ ной с точки зрения  
терапии, прогноза и реабилитации.



Из клинических симптомов активности наиболее пригодным является определение 
микроскопической гематурии по Аддису. Иммунологическую активность опредляли на 
основании СН50, СЗ, иммуноконглютника, титра антител противклубо чкобой базальной 
перепонки и исследованием торможения миграции лейкоцитов. В зависимости от харак
тера и от фазы болезни один или несколько положительны х лабораторны х тестов указывали 
на активность процесса.

Вывод: для реш ения иммунологической активности автоиммунных почечных бо
лезней рекомендуется одновременное применение нескольких методов.

И ССЛЕДО ВАН И Е Р А С П Р Е Д Е Л Е Н И Я  ВН У ТРИ П О ЧОЧН О ГО  К РО ВО ТО К А  
М ЕТОДАМ И ВЫ М Ы ВАНИ Я Х е 133 И ПРИЕМ А Rb™

Л. Х АРШ ИН Г, Е. ПОШ, Л. РОШИВАЛЛ, Г. САБО

Полный почечный нутритивный кровоток, определяемый методами Х е 133 и Rb86, 
почти тождествен с перф узией, одновременно измеряемой электромагнитным реометром. 
М еж ж у величинами R B F , определяемыми этими тремя методами, наблю далась тождествен
ная корреляция. Однако, нет достоверной корреляции м еж ду нутритивными перфузиями 
в отдельных областях почек (кора, наружный и внутренний мозговой слой), измеряемые 
методами Х Ь133 и R b86. Различия объясняются определенными особенностями методов вы
мывания инертных газов.

А Л Ь Ф А -Г Е Н Н Ы Е  Д У П Л И К А Ц И И  ГЕМ О ГЛ О БИН А

Ж. Р. ХОЛЛАН, Д А Н  ХУУ ЛАНХ, Ё. Ф Ё Л Ь Д И , М. ХОРАНИ, Ю. Г. С Е Л Е Н И

Дупликация гена является одним из основных процессов развития. Цепи гамма 
человеческого фетального гемоглобина кодируются рядом структурны х генов. Дельта
цепь гемоглобина А 2 м ож но считать дупликацией места бета. На человеке у  одной венгер
ской семьи впервые удалось выявить наличие у ж е  раннее предполагаемого места двух  
главных цепей альфа. Вероятно, что удвоение гена альфа сравнительно новое, потому что 
за  исключением одной единственной точечной мутации, характеризую щ ей гемоглобин-Й- 
Б уда и Г-Пешт прдукт дв ух  альфа-генов каж ется тождественным. При помощи чувстви
тельных иммунохимических методов исследования м ож но выявить такж е и такие структур
ные различия, которые на основании заряда и хроматографического поведения могут 
ускользнуть от внимания исследователей.

Иммунизацией кроликов удалось создать такую  сы воротку,обращ енную  против 
альфа-цепи, которая выявляет замещение одной единственной аминокислоты в гемогло
бине Й -Буда. Обращенные против альфа-цепи сыворотки являются значительно болеек 
эффективными средствами для выявления различий, сущ ествующ их в первичной струк
туре цепи, чем сыворотки, обращенные против полного тетрамера. Д р угим и иммунными 
сыворотками также нельзя было дифференцерировать гемоглобин Г-П еш тот гем оглобинаА ,.

Сравнительную силу способности связывать комплемент цепей альфа гемоглобинов 
A ,, F и А , мы сравнивали таким образом, что гибридизировали эти человеческие гемогло
бины с гемоглобином собаки и определяли количественную фиксацию комплемента, возник
ш их таким образом гибридов, анти гемоглобин-А! и анти-альфа Aj иммунной кроличьей 
сывороткой. Ни одной иммунной сывороткой не удалось выявить разницы в антигенности 
м еж ду  альфа-цепями гемоглобинов А,, А2 и F. Эти результаты не исключают возможных 
стереометрических различий м еж ду  гамма-цепями гемоглобино в А и F.

Мы сравнивали антигенную  активность альфа-цепей гемоглобина А нормальных 
лиц при помощи метода фиксации комплемента с таковой альфа-цепи (альфа А ,) двойного 
гетерозиготного гемоглобина альфа-Г-Пешт и альфа-Й -Буда Санти-альфаА, сывороткой 
была получена выраженная разница м еж ду относительной способностью  связывать 
комплемент альфа-А, и альфаА ,.

Вопрос о том, является ли дупликация альфа-цепи универсальной или ж е  она огра
ничена только на определенную  популяцию, мож но окончательно решить только тогда, 
если в некоторых еще спорных случаях можно будет надежными химическими методами



доказать или исключить наличие гена альфа-талассемии. Обогащенная альфа-глобино- 
выми секвенциями сД Н К  альф а-генов лиц, страдающих Н -гемоглобиновой болезнью, 
доказало, что не страдающее талассем ией лицо долж но на диплоидную  клетку иметь по 
крайней м ере четыре альфа-глобиновы х гена.

Д Е Й С Т В И Е  ПАРАТГОРМОНА И БО Л Ь Ш И Х  Д О З ВИ ТА М И Н А  D 3 НА С О Д Е РЖ А Н И Е  
К А Л Ь Ц И Я  В СЫ ВОРОТКЕ К Р Ы С  В СЛУЧАЕ О Д Н О В РЕ М Е Н Н О ГО  Д Е Ф И Ц И Т А  
ГО РМ О Н О В  ПОЛОВЫ Х Ж Е Л Е З  И П О Л О ВЫ Х ГОРМ ОНОВ Н АДП О Ч ЕЧ Н И К О ВО ГО  

П РО И С Х О Ж Д Е Н И Я . Э К С П Е РИ М Е Н Т А Л Ь Н Ы Е  Д А Н Н Ы Е  К П А Т О ГЕ Н Е ЗУ  
ОСТЕОПОРОЗА П О С Л Е  Н АСТУП Л ЕН ИЯ М ЕН О П АУ ЗЫ

И. Х О Л Л О , М. БОРОШ, К. СТЕЦЕК, Й. СЮЧ

А вторы  констатировали, что в случае недостатка надпочечникоквых и гонадных 
половы х гормонов, подопытные крысы менее защищенные от остеолитического и гипер- 
кальцием ического действия паратгорм она и отравления витамином D, чем нормальные 
крысы. Н а основании проведенных авторами исследований, они предполагают, что в деле 
возникновения остеопороза после менопаузы , отсутствие половых гормонов или — по 
данным п р еж н и х  исследований — вытекающая из этого резистентность по отношению к 
кал ьцитонину, делает больных бол ее  беззащитными по отнош ению к факторам, действую 
щим в стор он у костной резорбции и это обстоятельство со временем приводит к остео
порозу.

Н Е К О Т О РЫ Е  К О Л И Ч Е С Т В Е Н Н Ы Е  У С ТА Н О ВК И  М ЕДИЦ И Н СКОЙ  
И ССЛ ЕДО ВАТЕЛ ЬС К О Й  РА БО ТЫ

И. ЮВАНЦ

А втор излагает в своей р аботе важнейшие преимущ ества количественного образа 
мы ш ления и указывает такж е и на опасности наиболее часто допускаемых ошибок. В ка
честве мотто фигурируют слова Л яп л аса: « . . .  .веденный к цифрам разум.» После излож е
ния основны х принципов автор останавливается на том, что без тщательного количествен
ного зн а н и я  исследуемого явления никогда нельзя приступить к  количестенному анализу. 
Он противопоставляет врачебный обр аз мышления математическому и подчеркивает, что 
м едицинские проблемы мож но правильно решить только медицинским подходом. В ка
честве результата количественного анализа и количественные предполож ения становятся  
более точными. Необходимо дел ать  разницу м еж ду физиологическими величинами и 
данны ми популяции. Далее автор только вкратце останавливается на других сущ ествен
ных устан овках. Он иллюстрирует свое мнения различными примерами из области меди
цины, подчеркивая ведущую роль дисциплинированного врачебного мышления.

В Л И Я Н И Е  ДАЧИ 2-Т И О М О Ч Е В И Н Ы  НА Щ И ТО ВИ ДН У Ю  Ж Е Л Е З У  И 
Н А  С О Д Е Р Ж А Н И Е  С В Я ЗА Н Н О Г О  С БЕЛКАМ И С Ы ВО РО ТКИ  Й ОДА У  ПОТОМ КОВ

Л .  К ЕРТА И , И. РЕМЕНАР

0,2% -ы й раствор 2-тиомочевины, даваемый во время 3. и 2 —3 недели беременности  
повы шал вес щитовидной ж ел езы  20-дневны х плодов и новорож денны х и пониж ал со
д ер ж а н и е  йода в щитовидной ж е л е зе  и содержание связанного с белками сыворотки йода. 
П одобны е изменения наблюдались на тех  свежеотлученных молодых крысах, где мать во 
время лактации получала 0,2% -ы й раствор 2-тиомочевины. К ак внутриутробны е так и 
лактационны е изменения оказались обратимыми. На основании проведенных опытов 
им еется возможность того, что увеличение производных тиомочевины в окруж аю щ ей среде 
вызывали врожденные пораж ения щитовидной ж елезы  или таковые в грудном возрасте.



Д Е Й С Т В И Е  ЭКС П ЕРИ М ЕН ТА ЛЬН О Й  ХРО НИ ЧЕСКО Й  АМ М ИАЧНОЙ
ИНТО КСИ КАЦ ИИ , ПОДОСТРОГО П О РА Ж Е Н И Я  НА АК ТИ ВН О С ТЬ  

ГЛ Ю ТА М А Т-Д ЕГИ ДРО ГЕН А ЗЫ  МОЗГА У КРЫС

Й. КИШ ФАЛУД И

П од влиянием хронической аммиачной интоксикации и (или) подострого поражения  
печени (четырехлористым углеродом или д-галактозамином) наблюдается изменение 
активности глютамат-дегидрогеназы (ГДГ) и глютаминазы в мозге крыс.

При одной только аммиачной интоксикации активность ГДГ — предполож ительно в 
результате ферментативной индукции — значительно повышается.

В случае одновременного тяжелого пораж ения печени повышение активности ГДГ  
не наступает, но при этом наблюдается повышение активности глютаминазы.

Токсикологические наблюдения указы вают на то, что изменения указанны х фер
ментов играют роль в патомеханизме невротоксичности аммиака.

ЭТИО ЛО ГИ ЧЕСКИ Е Ф АКТО РЫ  ПРИ В И Р У С Н Ы Х  Б О Л Е ЗН Я Х  Ц Е Н Т РА Л Ь Н О Й
Н Е РВН О Й  СИСТЕМЫ

И. К Ё Р Н Ь Е И

Ствол мозга является при болезнях, вызываемых энтеро- и арбовирусами преди- 
лекционным местом воспалительной реакции. Заболевание определенны х нейронных 
систем и распространение процесса на остальные части центральной нервной системы 
придает отдельным относящимся сюда балезням индивидуальный характер. Часть неизбира
тельных некрозов следует рассматривать как аноксическое осложение. И нвазия цент
ральной нервной системы из кровотока в первую  очередь имеет место при болезнях, 
переносимых векторами. Однако, вопреки виремии, нуж но подумать та к ж е и о распро
странении по нервным стволам, особенно при вызываемых энтеровирусами болезнях. 
Раннее появление плазматических клеток и иногда обнаруживаемую перивенозную  ин
фильтрацию микроглии следует оценивать как(ранний иммунологический процесс при 
острых невротропных болезнях. Если цитопатогенные вирусы массивно инфицируют 
центральную нервную систему, воспалительная реакция может отсутствовать, особенно 
при развивающейся нервной системе. Об интенсивных иммунологических процессах  
свидетельствует сильная плазмоклеточная и микроглиозная реакция при некоторых 
энцефалитах, вызываемых не только вирусами, при которых предыдущие инфекции играют 
этиологическую  роль. Д ля  таких процессов м ож но применять обозначение «иммунобиоло
гические предполагаемого отдаленного заболевания».

И ССЛ ЕДО ВАН И Я РЕЗИ СТЕН ТНО СТИ  ПО ОТНОШ ЕНИЮ  К И Н С У Л И Н У

И. М А Д Я Р

И з возможных причин резистентности по отношению к инсулину в своей работе 
автор рассматривает противоинсулиновые антитела, периферическое и тканевое нару
шение действия инсулина и эффект Шомоди.

В большинстве случаев резистентности к инсулину в пожилом возрасте, основой 
является накапливание антител и возникновения комплексов инсулин-антитело. В своей 
клинике автор исследовал качество, количество, комплексы антител, их связывание и в 
случаях вызванной антителами резистентности он добился результатов внутривенным  
введением крупных доз инсулина.

И з молодых больных, резистентных по отнош ению к инсулину в случае которых не 
удалось выявить большое количество антител, основывается на периферической резис
тентности. Это ахрестические диабетики. Роль периферии доказывается уменьшением  
потребления сахара и транспорта натрия в изолированной мышечной ткани и это уменьше
ние не поддается воздействию инсулина.

П ротиворегуляция вслед за скрытой гипологиемией может быть каж ущ ейся при
чиной резистентности но отношению к инсулину.



О СП О СО БН О Й  К ТРА Н С П О РТ У  ЛИМФЫ С Т Р У К Т У Р Е  ЛИМ Ф АТИЧЕСКИХ
СОСУДОВ КОЖ И

М. ПАПГ1, С. ВИРАГ, Д. У Н Г В А Р И

Н а серийны х срезах отечной кож и задних конечностей крыс авторы исследовали  
под оптическим  и в электронном микроскопе структуру стенки лимфатических сосудов с 
целью вы явления таких структур, которые в состоянии активно способствовать перемещ е
нию лимфы. Расширения лимфатических сосудов были получены таким образом, что при  
помощи декстрана у животных был вызван отек и этим способствовали в коже образованию  
и тр ан сп орту лимфы.

А вторы  выявили специальные мешкообразные структуры , почти исключительно 
отграниченны е эндотелиальными клетками. Эти структуры  были выявлены на отрезках  
м еж ду  капиллярам и и лимфатическими сосудами, на посткапиллярны х отрезках. Лимфоток  
из к ап и л я ров  в эти посткапиллярные мешкообразные синусы  регулировался клапанами. 
П осткапиллярны е мешковидные синусы анастомозируют с лимфатическими сосудами. 
В стенке лимфатических сосудов средняя оболочка образуется слоем мышечных клеток. 
Д иам етр просвета этих лимфатических сосудов артериального типа был различный; в 
некоторы х м естах просвет практически исчез, а в други х он оставался открытым. В элек
тронном  микроскопе наблюдались тонкие актинового типа и толстые миозинового типа 
миофиламенты, в мышечных клетках посткапиллярного отрезка лимфатической системы  
и в таковы х лимфатических сосудов.

Л им ф а накапливается в посткапиллярных мешковидных синусах и оттуда сокращ е
ние артериального типа лимфатических сосудов продвигает ее в направление сердца. Эти 
структуры  таким образом действую т как «лимфатические сердца» в отечной коже.

Н О В Ы Й  М ЕХ А Н И ЗМ  В Р Е М Е Н Н О Й  ИШЕМИИ М ОЗГА: П РИ С О ЕДИ Н ЕН И Е  
Г И П Е Р Е С Т Е ЗИ И  КАРО ТИ ДН О ГО  СИНУСА К О БЛ И ТЕРАТИ ВН О М У  СОСУДИСТОМУ

ЗА Б О Л Е В А Н И Ю  ГО ЛО ВЫ

Ф. шольти
В х о д е  большого числа исследований мозгового кровообращ ения автор наблю дал  

своеборазную  регуляцию мозгового кровообращ ения при облитеративных артериальны х  
забол ев ан и я х головы (О Е В Д). П ри стенозе внутренней сонней артерии и позвоночной ар
терии, при „Subclavian steal syn drom e” мозговой кровоток и прием кислорода  
удовлетворительны е, патологическое состояние мозгового кровообращ ения скорее показы
вает только высокое сосудистое сопротивление в мозгу. Р езерв мозгового кровообращ ения, 
однако, небольш ой и при внезапном понижении частоты сердечных сокращений мозговой  
кровоток значительно уменьш ается и появляются преходящ ие мозговые ишемические 
симптомы (ТС1А). В своем больничном материале автор наблю дал 20 таких случаев, когда  
при возникновении TCIA наблюдалось совместное наличие О Е В Д  и гиверестезии каротид
ного синуса  (CSH). При вызывании рефлекса каротидного синуса во всех случаях появил
ся TCIA, м озговая перфузия одновременно с этим уменьш алась. По данным исследования  
автора за  возникновение TCIA в значительной части случаев ответственным было одно
временное наличие О ЕВД и CSH. У  значительной части таких больных жалобы исчезают, 
если дачей  атропина или имплантацией кардиостимулятора предотвращать сопровож 
дающее гиперестезию  каротидного синуса брадикардию и возникновение синоаурикуляр- 
ной или атрио-вентрикулярной блокады.

РО Л Ь П РО С Т А ГЛ А Н ДИ Н А  Е 2 В СТИМУЛИРУЮ Щ ЕМ К РО ВО О Б РА Щ ЕН И Е  
В Я И Ч Н И К А Х  ДЕЙ СТВИ И  А К Т Г

Э. ШТАРК, Б. ВАРГА

А вторы  исследовали на наркотизированых хлоралозой-уретаном собаках, м ож ет ли  
П ГЕ2 быть медиатором в деле повышающего кровоток в яичниках ненадпочечникого 
АК ТГ.



Авторы поместили, не затрагивая при этом яичник, отапливаемый термоэлемент в 
строму яичника и непрерывно регистрировали изменения местного кровотока. Вводив 
П Г Е 2 (100 нг/кг/мин) в яичниковую  сумку, они наблюдали, что это, наподобие АК ТГ, по
вышает местный кровоток в строе яичника.

Яичники были изолированы «in situ» и перистальтическим насосом была осуществле
на перфузия из бедренной артерии. В яичниковую артерию 15-минутным вливанием вводи
лись синтетический АК ТГ и П ГЕ 2 и измерялось перфузионное давление. Авторы устано
вили, что АКТГ (12,5 — 2 5 ,0 — 100,0 нг/кг/мин) и ПГЕ„ (3 ,12—6 ,2 5 — 12,5—25,00  нг/кг/мин) 
в равной мере понижают перф узионное давление и вызывают расш ирение сосудов. Линей
ная связь м еж ду стененью расш ирения сосудов и логарифмом доз достоверная. Если 
выразить дозы указанных д в у х  веществ в молярных количествах, то формули, показываю
щие связь м еж ду дозой и действием не отличаются, действие этих двух веществ м ож ет быть 
вы ражено общей формулой. 5 0 —200  мкг/кг индометацина ингибируют действие АКТГ, а 
действие П ГЕ, после дачи индометацина еще более вы раженное.

Авторы* предполагают, что у  собак стимулирующее кровоток в яичниках действие 
А К Т Г проявляет через П Г Е 2 путем освобож дения подобных простагландинов.

ЛИМ Ф АТИЧЕСКОЕ Д Р Е Н И Р О В А Н И Е  БРЮ Ш НОЙ ПОЛОСТИ П РИ  
ЭКСП ЕРИ М ЕН ТАЛЬН О М  АСЦИ ТЕ

Д. САБО, Ж . МАДЯР, П. Ш Е РЕН И

При асците, вызванном суж ением  нижней полойвены, а такж е на контрольный  
животны х авторы исследовали транспорт белка через грудной проток и через правых лим
фатический проток из брюш ной полости. Большая часть белка в перитонеальной жидкости  
перевозится как при асците так и у  интактных собак главным образом через лимфатический 
ствол, проходящий на правой стороне шеи. При венном застое большое количество белков, 
фильтранное из синусоидов печени, перевозится грудным протоком. В этом состоянии из-за 
относительного препятствия оттоку в лимфатических сосудах имеет место застой большого 
количества жидкости. При экспериментальном асците дренирование грудного протока 
приводит к большой потере ж идкости  и белков и этим пониж ается давление в ниж ней полой 
вене и капилярная фильтрация в печени. Это вмешательство уменьшает образование 
асцита, но не влияет на абсорбцию  и на транспорт перитонеальной ж идкости. Поэтому 
это вмешательство носит только временный характер и является только подготовкой к 
налож ению  порто-кавального шунта. Оно может рекомендоваться для пониж ения повы
ш енного синусоидного и портального давления. Шейный лимфо-венозный анастомоз пони
ж а ет  давление в грудном протоке, потому что прекращ ает препятствие на пути лимфо- 
тока. Это вмешательство облегчает возвращение образовавшейся в больном количестве 
лимфе в циркулирующ ую кровь без потери и уменьшает выход белков и ж идкости с по
верхности печени, предотвращ ая этим образование асцита.

ЗН А Ч Е Н И Е  ГЕМ О ДИ Н А М И Ч ЕСК И Х, М ЕТА БО Л И Ч ЕС К И Х  И 
Э Л Е К Т РО К А РД И О ГРА Ф И Ч Е С К И Х  О ТКЛ О Н ЕН И Й  В Д Е Л Е  РА С П О ЗН А В А Н И Я  

К О РО Н А РН О Й  НЕДОСТАТОЧНОСТИ

Л. СЕКЕРЕШ , В. ЧИК, Е. УДВАРИ

Авторы исследовали на наркотизированных собаках с открытой грудной клеткой 
гемодинамические, метаболические и электрокардиографические отклонения, возникшие в 
результате «критического» стеноза нисходящ ей ветви левой коронарной артерии (LAD).

ЭКГ отведенная с эпикардиольной поверхности области снабж ения суж енного  
венечного сосуда и биохимический анализ проб крови, взятых с этой ж е  области, оказались 
очень чувствительными методами. П ри их помощи авторы выявили, что иш емические био
химические изменения пониж ение соотношения приема лактата миокардом и соотно
ш ение предложения кислорода и потребности миокарда в нем наблюдается до появления 
ишемического повышения отрезка ST под действием только перфузии LAD. Изменение ЭКГ 
наблюдается только при рабочей нагрузке, но даж е при этом состоянии явной ишемии



авторы  не наблюдали повышения диастолического давления в левом ж елудочке. П ослед
нее появилось только после пол ной закупорки L A D . Таким образом наиболее чувстви
тельны м признаком начинающ ейся коронарной недостаточности является ишемическое 
м етаболическое изменение в обл асти  уменьшения кровотока и это изменение ЭКГ и осо
бенно L V E D P  наблюдается только тогда, если ишемическое пораж ение довольно распро
странено.

«С К Л Е РО Д Е РМ И Ч Е С К И Е  Л Е Г К И Е Е » И «С К Л ЕРО ДЕРМ И Ч ЕС К О Е СЕРДЦ Е»

Л. УРАИ

Р аннее распознание диф ф узной генерализованной склеродермии, внутренних ор
ганны х изменений прогрессивного системного склероза (ПСС) имеют решающее значение с 
точки зр ен и я  исхода и прогрессирования болезни.

1. Анализируя на 61 больном  склеродермией компоненты пораж ения дыхания, при 
забол ев ан и и  легких, являющ имся наиболее частым из висцеральных проявлений болезни, 
при пом ощ и спирометрических исследований и механических исследований дыхания мож но  
констатировать, что за пониж ение, возникшее при ПСС только отчасти ответственно руб
цовое преобразование легких. Расш ирение легких значительно затрудняется такими 
экстра пульмональными факторами как негибкость внеш него покрова, атрофия мышц. 
Чувствительны м показателем и з установленных параметров является первичное пониж е
ние ды хательной поверхности л егк и х  и уменьшение эластичности легких. В противопо
л о ж н о ст ь  этому понижение ды хательной емкости дает суммацию легочных и внелегоч- 
ных факторов.

2 . В литературе из-за небольш о числа исследований — по 1—2 случая на каж дого  
автора — весьма спорной темой является вопрос легочной гипертонии. По гемодинами
ческим параметрам 52 больных склеродермией, у которых проведено катетеризация пра
вого сердц а, величины давления в малом кругу оказались лишь умеренно повышенными, 
но не в такой мере, чтобы они м огли быть должным образом оценены как причина ж алоб или 
клини ческих симптомов.

У словия давления позволяю т делать тот вывод, что легочная гипертония, возникшая 
в склеродермических легких, — в противоположность к предполагаемой патогенетической 
роли, возникающей в связи с альвеолярны м поражением гипоксии — в первую очередь яв
ляется  последствием таких склеродермических изменений таких более крупны х легочных 
сосудов , которые являются такими ж е  сосудистыми частичными явлениями основной болез
ни, каким  сопутствующим симптомом может быть синдром Рено.

3. Против предполагаемой патогенетической роли гипоксии, возникшей в связи с 
альвеолярны м  поражением говорит то, что склеродермические легочные процессы никогда 
не являю тся диффузными. Д л я  демонстрации этого перфузионные отклонения у 40  боль
ны х ПСС, исследованные легочной сцинтиграфией, в 28  случаях подтвердили сравнитель
ное пон иж ение региональной перф узии различной локализации.

4 . Понятие «склеродермического сердца» общ еизвестное. Клиническое подтверждение 
обы чно возможно только в поздней, далеко зашедшей стадии. У  74 больных ПСС-ис, при 
пом ощ и верхушечной кардиографии была проведена попытка раннего выявления патоло
гически изменившейся функции «склеродермического сердца». М ожно констатировать, что 
верхуш еч ная  кардиография, как  м етод, не является подходящ ей для ранн его выявления 
склеродермического изменения сердца, но характерные данные могут быть хорош о ис
пользованы  для оценки прогрессирования болезни и не в последнюю очередь ригидности 
гр у дн о й  клетки, имеющей столь больш ое значение.

5 . В противоположность этом у, эхокардиография, впервые применявш аяся в лите
ратур е по склеродермии, из 33 больны х ПСС-пс в 85%  случаев и при полном отсутствии 
субъективны х симптомов, подтвердила изменившееся патологическое состояние сердца. 
Р асстройство функции, наблю давш ееся на основании эхокардиографической картины, 
яв л я ется  прогностическим признаком , параллельным с тяж естью  болезни без того, чтобы 
сущ ествовала связь с продолж ительностью  сущ ествования болезни. Эхокардиография  
я в л я ется  таким неинвазивным м етодом , который пригоден для наиболее раннего выявления 
функциональны х изменений, отраж аю щ их патологические процессы склеродермического 
сердца.
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Acta biologica et medico germ anica

Zeitschrift für funktionelle Biowissenschaften

H erausgegeben von R. BAUMANN/H. DUTZ/A. G R A FFI/F. JU N G /
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Je  H eft 192 Seiten — m it Abb. 16,7 x 24 cm jährlich erscheinen 
12 Hefte, je H eft 35,— M (Sonderpreis fü r die DDR 24, M) 
Bestell-Nr. 1053

Die Zeitschrift »Acta biologica et medica g erm an ica« , im Jahre 1958 g eg rün 
det, befindet sich nun im 18. Ja h r  ihres B estehens. D er schnellen E n tw icklung  
der Erkenntnisse und Methodologien verschiedener biologischer W isse n sc h a fts 
zweige sowie der Spezialisierung disziplinärer u n d  der Herausbildung neuer in 
terdisziplinärer Forschungsgebiete wurde im  Laufe der Jahre durch eine O ri
entierung der Zeitschrift au f ausgewählte G ebiete der funktionellen B io
wissenschaften entsprochen. Jedoch wurde das ursprüngliche Anliegen der 
Zeitschrift, der Verbindung der biologischen Grundlagenforschung m it d e r ex 
perim entellen Medizin zwischen theoretischen In s titu te n  und m edizinischen 
K lin ik en  zu dienen, beibehalten. Die Z eitschrift publiziert daher O rig inalar
beiten  aus folgenden Fachgebieten: M olekular- und  Zellbiologie, Biochem ie, 
Physiologie und Pathophysiologie, Pharm akologie und Immunologie. N eben 
ausführlichen Arbeiten werden kurze O riginalarbeiten — auch im O ffset
druck  -  , die bei der Drucklegung zeitlich bevorzugt werden, veröffentlicht. 
Die Publikation  von Ü bersichtsarbeiten zu ak tuellen  biologischen und  m edi
zinischen Problem en sowie von Arbeiten theoretischen Inhalts, die neue 
G esichtspunkte enthalten , ist möglich. Die »Acta biologica et m edica ger
manica« steh t A utoren aus aller W elt zur P ub likation  zur Verfügung; A rbei
ten  werden in deutscher, russischer und englischer Sprache veröffentlicht.

Ih re  B estellungen  r ich ten  Sie b it te  an  eine B u ch h an d lu n g  für frem d sp rach ig e  
L ite ra tu r  oder an  den  P o stze itu n g sv ertrieb .
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Biom etrische Zeitschrift

Zeitschrift für mathematische Methoden in den Biowissenschaften

H erausgegeben  am Z en tra lin stitu t für M athem atik  u n d  M echanik  d e r  A k a 
d e m ie  d e r  W issen sch aften  d e r D D R  von E R N A  W EB ER

Je  Heft 64 Seiten — m it Abb. — 1 6 ,7 x 2 4  cm — jährlich erscheinen 
8 Hefte, je H eft 20 ,— M (Sonderpreis fü r die DDR 16,50, M) 
Bestell-Nr. 1060

D ie Biometrische Z eitschrift setzt sich zum Ziel, Beiträge zur m athem atischen 
D urchdringung der biologischen W issenschaften zu  veröffentlichen. E s w erden 
A rbeiten  aufgenommen, die entweder neue theoretische Aspekte der M athe
m a tik  bei der Anwendung in den biologischen W issenschaften im  w eitesten  
S inne (Biologie, Medizin, L and- und Forstw issenschaften) erkennen lassen oder 
die die Anwendung bek an n ter m athem atischer und  statistischer V erfahren 
a u f  neue Anwendungsgebiete darstellen.

H ierbei handelt es sich um  Methoden der m athem atischen S tatistik  und  V er
fa h re n  der m athem atisch-kybernetischen M odellierung biologischer System e 
u n te r  Berücksichtigung d er elektronischen D atenverarbeitung.

D ab ei finden vorwiegend fogende Gebiete Berücksichtigung: P aram etrische 
u n d  nichtparam etrische M ethoden der S ta tis tik , wie Regressions-, K orre la
tio n s -  und Varianzanalyse, Faktorenanalyse, D iskrim inanzanalyse und  K lassi
fikationsverfahren, Versuchsplanung, S tochastische Prozesse, Zeitreihen. 
F e rn e r  werden Problem e d er biologischen System analyse behandelt (algorith
m ische Modelle zur S im ulation, Anwendung der A utom atentheorie, Spieltheorie 
G raphentheorie u. ä.).

Ih re  B estellungen  r ic h te n  Sie b it te  an  e ine  B u ch h an d lu n g  fü r frem d sp rach ig e  
L ite ra tu r  oder a n  d en  P o stze itu n g sv ertrieb .
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