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EXPERIMENTAL AND CLINICAL ASPECTS 
OF THE BIOSYNTHESIS OF ANDROGENIC STEROIDS

By

f  M. JULESZ

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

Two  im p o r ta n t  m ilestones in  th e  h is to ry  o f  endocrinology re la te  to  th e  
fu n c tio n  of th e  testic les. B e r t h o l d  d iscovered  th e  endocrine n a tu re  o f  te s t ic ­
u la r  fu n c tio n  m ore  th a n  one h u n d re d  y ea rs  ago a n d  th e  firs t use o f an d ro g e n s  
for th e ra p e u tic  purposes is lin k e d  w ith  th e  n am e  o f B r o w n -Se q u a r d .

S udden  upsw ings in sc ien tific  re sea rch  a re  alw ays connected  w ith  th e  
d ev e lo p m en t o f new  m ethods. T h e  new  prog ress in  b iochem istry  w o u ld  h a v e  
been inconceivab le  w ith o u t th e  c h ro m a to g ra p h ic  p rocedures an d  iso to p e  te c h ­
niques. I t  is by  th e se  m ethods t h a t  we h av e  gained  insigh t in to  th e  successive  
phases o f ste ro id  m etabo lism  a n d  th a t  iso la tion , id en tif ic a tio n  of th e  in d iv id u a l 
p ro d u c ts  an d  th e ir  m easu rem en t in  te rm s o f n an o g ram s have becom e p o ssib le .

T h e  th ree -g o n ad  th eo ry  fo rm u la te d  b y  th e  p re se n t a u th o r  a few  y e a rs  
ago expresses th e  fac t th a t  each o f  th e  th ree  endocrine  glands has a ll en zy m e  
system s invo lved  in  stero id  genesis a t  its  co m m an d , in  o th e r w ords, t h a t  th e re  
is no sh a rp  fu n c tio n a l d em arca tio n  be tw een  th e se  organs.

F ir s t  of all i t  h as  to  be m ad e  clear w h a t we u n d e rs ta n d  b io log ically  an d  
chem ically  by  th e  te rm  androgens. F ro m  th e  bio logical p o in t o f view , an d ro g e n s  
are  sub stan ces s tim u la tin g  th e  g ro w th  of th e  m ale  rep ro d u c tiv e  o rgans ( B a r ­
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2 M. J  UL ESZ

d i n  a n d  Ma h o u d e a u , 1970). As regards th e i r  chem ical s tru c tu re , th e  a n d ro ­
gens a re  C19-stero ids. T h e  b isexual fu n c tio n  o f  L H  is reflected  b y  th e  close 
re la tio n sh ip  betw een  th e  s tru c tu re s  of th e  s te ro id  horm ones of th e  yellow  bo d y  
a n d  th o se  of th e  in te r s t i t ia l  cells of th e  te s tic le s . The s tru c tu ra l fo rm ulas 
o f th e  g o n ad a l h o rm o n es , i. e., the  tw o s te ro id s  o f  th e  fem ale gonads, 17/?-oes- 
t r a d io la n d  p ro g este ro n e , a n d  the  te s ticu la r  s te ro id  te s to ste ro n e , a re  p re sen ted  
in  F ig . 2 . I t  can be seen th a t  progesterone is m o re  closely re la ted  to  te s to s te ro n e  
th a n  to  th e  o th e r fem ale  horm one. B o th  p ro g este ro n e  and  te s to s te ro n e  are 
su b je c t to  L H -co n tro l, th e re fo re  it is n o t su rp r is in g  th a t  p ro geste rone  has a 
v iriliz in g  effect. P ro g e s te ro n e  adm in istered  d u r in g  p regnancy  p roduces v iriliz a ­
tio n  o f  a fem ale fo e tu s .

Fig- 2

I t  is no lo n g er fe lt b y  th e  p resen t a u th o r  th a t  th e  endocrine  h ie ra rc h y  
is lim ite d  to  th e  th re e  c e n tra l system s w h ere  h is earlie r th eo ry  has con fined  it .  
I n  h is p resen t v iew , i t  ex tends fa r b e y o n d  th e se  system s, u p w a rd  to  th e  
c o r te x  o f th e  p sy ch o asso c ia tiv e  sphere a n d  dow n w ard  to  th e  to ta l i ty  o f ta rg e t  
o rg an s , tissues a n d  cells, in  b rief to  th e  p e r ip h e ry  (Fig. 3). A closer s tu d y  of
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BIO SY N TH ESIS OK A ND RO GENIC STER O ID S 3

th e  p e rip h e ry  is, th e re fo re , no t only o f th e o re tic a l b u t also of c lin ical im p o r­
tan ce . T he co n cep t also im plica tes th a t  all en d o crin e  syndrom es, ir re sp e c tiv e  
o f th e ir  origin, in v a ria b ly  m an ifest them selves a t  th e  periphery . T h is m ak es  it 
o u r o b jec tiv e  to  follow u p  th e  various h o rm o n es form ed in th e  in d iv id u a l 
endocrine  g lands all a long  th e ir  p a th w ay s  dow n to  th e  ta rg e t o rg an s, as fa r 
as th e  ce llu lar a n d  su b ce llu la r e lem ents a n d  to  lo c a te  th e  ind iv idual cell s t ru c ­
tu r e s — m icrosom es, m ito ch o n d ria , cell m e m b ra n e , nucleus — w hich m a y  co n ­
s t i tu te  th e  site  o f ac tio n  of th e  given h o rm o n e . T h e  question  w h e th e r  th e re  
ex ist a n y  specific and rogenoph ile  recep to rs also belongs to  th is  line o f  s tu d v -

T he m ain  sources o f and rogens are th e  te s tic le s , th e  ovaries, th e  a d re n a l 
co rtex  an d  th e  p lacen ta . T here  has been som e u n c e rta in ty  co n cern in g  th e  
q u estio n  w h e th e r th e  b io syn thesis  o f and ro g en s is confined to  th e  la s t-n a m e d  
o rgans. On th e  ev idence o f our stud ies ( J u l e s z  e t  a l., 1971) th e  h u m a n  skin 
is p ro v id ed  by  all enzym e system s requ ired  fo r and rogen  synthesis. A s reg a rd s  
th e  s ite  of p ro d u c tio n , we h av e  tw o sources o f in fo rm a tio n . E s tim a tio n  o f  a n ­
d rogens in  th e  r  spec tive  organs prov ide re liab le  ev idence. S tudies o f  th e  o th e r  
ty p e  are  based  on th e  ho rm one  co n cen tra tio n  in th e  p lasm a of efflu en t v en o u s  
blood o f th e  o rgan . I f  i t  exceeds th a t  of p e rip h e ra l b lood, the  re sp ec tiv e  en d o ­
crine o rgan  is p resu m ab ly  th e  site  o f p ro d u c tio n  o f  th e  androgen  in q u e s tio n .

T h e  p a th w a y  o f tra n s p o r t  is th e  b lood p la sm a . T ran sfo rm atio n  o f  a n d ro ­
gens begins as soon as th e y  e n te r  th e  blood s tre a m , th ough  a t  th is p h a se  i t  is 
p re v a le n tly  a b in d in g  to  th e  p lasm a p ro te in s  r a th e r  th a n  a rad ica l t r a n s fo r ­
m atio n  th a t  ta k e s  p lace ( W e s t f a h l , 1970). T h e  essen tia l fac to r here is th e  re ­
v e rs ib ility  o f b ind in g . E a rlie r , b ind ing  to  p ro te in s  w as regarded  as p a r t  o f  th e  
tra n s p o r t  fu n c tio n . T h e  p re se n t view  is th a t  th e  b in d in g  of stero ids to  p ro te in s  
serves fo r th e  biological in a c tiv a tio n  of th e  h o rm o n es. Release o f th e  b o n d s  
m akes th e  re a c tiv a te d  h o rm o n e  availab le  a t  th e  n ecessary  site  a t th e  re q u ire d  
tim e . T h e  b lood p lasm a is th u s  considered a re se rv o ir  o f active s te ro id s  a n d  
o f o th e r  horm ones.

B in d in g  to  p ro te in  w eigh t also prov ides a p ro te c tiv e  ba rrie r to  th e  h o r ­
m one a g a in s t chem ical o r en zy m atic  dam age.

T h e  q u estio n  w hich  now  arises concerns th e  o th e r  end  of th e  p a th .  W h a t  
h ap p en s in  th e  ta rg e t  o rg an s?  O ur know ledge concern ing  th is  p o in t is s till 
u n c e rta in . W e do n o t know  w h e th e r it  is th e  h o rm o n e  w hich passes th e  n u c le a r  
m em b ran e  an d  occupies th e  p lace o f th e  re c e p to r  a f te r  its release fro m  th e  
ca rrie r-p ro te in , or w h e th e r i t  is ra th e r  th e  c a rr ie r-p ro te in  w hich form s lin k s  w ith  
th e  re c e p to r-s tru c tu re s . C erta in  new facts m ay , how ever, fu rn ish  som e clues 
to  th e  u n d e rs ta n d in g  o f th e  p rob lem . I t  has b een  fo und , for in s tan ce , t h a t  
te s to s te ro n e  ad m in is te red  in  v ivo to  no rm al r a ts  s ig n ifican tly  s tim u la te s  lip id  
b io syn thesis  in  th e  m ito ch o n d ria  of th e  accessory  sex u a l glands (D o e g , 1969). 
O th e r a u th o rs  (Tw e t e r  a n d  U n h j e m , 1969) n o te d  a selective u p tak e  o f  a n d ro ­
gens in a m acrom olecu lar frac tio n  of th e  s u p e rn a ta n t  o f u ltra c e n tr ifu g e d
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4 M. JULESZ

h o m o g en isa te s  o f sem in a l vesicles of ra ts  t r e a te d  w ith  [1,2-3H ] te s to s te ro n e . 
T h is  f ra c tio n  is re g a rd e d  as an  a n d ro g en -recep to r. In  o th e r e x p e rim e n ts  in  
w h ic h  labelled  te s to s te ro n e  w as a d m in is te red  to  ca s tra te d  ra ts , 5 5 %  o f th e  
t o t a l  ra d io a c tiv ity  o f  th e  p ro s ta te  was d e m o n s tra b le  in th e  p ro s ta tic  nuclei 
a n d  o n ly  30%  in  th e  su p e rn a ta n t. T he f in d in g  th a t  th e  11/3-hydroxylase- 
s y s te m  ta k e s  effect a t  th e  in n e r m ito ch o n d ria l m em b ran e  su b frac tio n  o f  th e  r a t  
a d re n a l  ( D odge  e t ah , 1970) shows th a t  lo c a liz a tio n  has indeed re a c h e d  a h igh  
d eg ree  o f  accuracy .

NORMAL NORMAL
PRODUCTION CLEARANCE

Fig. 4

T esto ste ro n e  as w ell as p recurso rs o f  m in o r androgenic  a c t iv i ty  pass 
f ro m  th e  ad ren a l c o r te x , th e  testic les a n d  th e  ovaries in to  th e  b lo o d  s tream . 
C o n v ersio n  of th e  p reh o rm o n es  to  ac tiv e  an d ro g en s  m ay occur in  ad d itio n  
to  th e se  endocrine g lan d s  also in  th e  ta rg e t-o rg a n s . A p u re ly  s ta t ic  in te r ­
p re ta t io n  w ould he in a d e q u a te  to  acco u n t fo r th e  heigh t of th e  p la sm a  te s to ­
s te ro n e  level w hich is d e te rm in ed , a p a r t  f ro m  th e  e x te n t of p ro d u c tio n , also 
b y  th e  am o u n t o f an d ro g e n s  e x trac ted  fro m  th e  blood an d  u tilized  o r in a c ti­
v a te d  th e re a f te r , in  o th e r  w ords, by  th e  n o rm a li ty  o f  clearance. T his is il lu s tra te d  
b y  F ig . 4. F rom  th e se  considera tions i t  fo llow s th a t  th e  p ro d u c tio n  ra te  is 
m e a su ra b le  by  m etab o lic  c learance tec h n iq u e s  on th e  grounds o f th e  eq u a tio n ,

P R  =  M CR X T ,

w h ere  P R  rep resen ts  th e  p rodu c tio n  r a te ,  T  th e  p lasm a te s to s te ro n e  con­
c e n tra t io n  an d  M CR th e  m etabo lic  c lea ran ce  ra te ,  b y  w hich we u n d e rs ta n d  
t h a t  p lasm a vo lum e w h ich  is irrev ers ib ly  c lea red  of th e  given s te ro id  in  th e  
u n i t  o f tim e (T a it , 1963).

In  view  of th e se  fa c ts  i t  is u n d e rs ta n d a b le  w hy the  p lasm a te s to s te ro n e  
lev e l rem ains n o rm a l in  num erous v irilized  fem ales. This can  o n ly  occur a t  
th e  co st o f an  in c rea sed  ra te  of te s to s te ro n e  m etabo lism  (S o u t h r e n  e t  ah ,
1969).

T he p a r t  p lay ed  b y  th e  b ind ing  of s te ro id s  to  p ro teins in th e ir  m e tab o lism  
a n d  in a c tiv a tio n  h as  b een  referred  to  e a r lie r . T esto ste rone  b in d in g  /1-globulin 
is id e n tic a l w ith  th e  o es trad io l b ind ing  /З-g lo b u lin  (St e e n a  e t ah , 1968). I t  is, 
m o reo v er, know n t h a t  te s to s te ro n e  can  b e  d isp laced  from  th e  /З-g lo b u lin  by
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BIO SY N TH ESIS O F A N D K OG EN IC STER O ID S 5

oestrad io l. In  o th e r  w ords, th e re  is a c o m p e titiv e  an tag o n ism  b e tw een  th e  tw o 
su b stan ces. In c id e n ta lly , and ro g en s m ay  a t ta c h  to  o th e r p la sm a  p ro te in s  
in c lu d in g  a lbum in .

D iscovery  o f th e  co n ju g a tio n  m ech an ism s h as  helped  to  g a in  a closer 
in s ig h t in to  th e  m e tab o lism  of s te ro id  ho rm o n es (S mith  and  W il l i a m s , 1970).

T h e  fac t th a t  s te ro id  su lp h a tes  are  sy n th e tiz e d  in  ac tive  end o crin e  tissue , 
is a t  va rian ce  w ith  earlie r theo ries an d  lends s u p p o r t to  th e  h y p o th es is  th a t  
th e  s te ro id  su lp h a te s  p la y  a specific m e tab o lic  ro le. In  fac t, th e  su lp h a te  es te rs  
form ed in th e  p resence  o f su lphok inase  need  n o t sp lit off th e  su lp h a te  g roup  
before  being m e tab o lized  w ith  co n siderab le  in te n s ity .

Fig. 5

T h e specific enzym es p lay  a p r im a ry  p a r t  in  th e  biogenesis o f  stero id s  
inc lu d in g  and rogens. T hough  the  m e tab o lite s  fo rm ed  in  th e  course o f in c u b a tio n  
p e rm it th e ir  in d irec t id en tif ic a tio n , i t  m u s t be so u g h t to  b ring  d ire c t p ro o f 
of th e ir  a c tiv ity  b y  h istochem ical m e th o d s. T h e  im p o rtan ce  of th is  is show n 
b y  th e  follow ing o b se rv a tio n . I t  h as  been possib le  to  show  th e  p resen ce  o f  
d eh y d  ro ep ian d ro s te ro n e  soon a fte r  em b ark in g  u p o n  s tu d ies  of th e  b io sy n th es is  
o f th e  androgens o f  h u m a n  skin , a n d  a t  th e  sam e tim e  we were th e  f irs t  to  
d e m o n s tra te  /J5-3 /?-hydroxystero id  d eh y d ro g en ase  a c tiv ity  in h u m a n  sk in  
b y  h istochem ical m e th o d s  ( J ulesz  a n d  H o r v á t h , 1963) (F ig . 5). I f  th is  fin d in g  
w as to  prove tru e , th e n  and rost-4 -ene-3 ,17 -d ione  w as am ong th e  s te ro id s  re ­
vealed  b y  ch ro m a to g ra p h y  b u t  n o t y e t  id en tified  a t  th a t  tim e. T h is  p ro v ed  
to  be th e  case, in d eed , on th e  ev idence of la te r  s tu d ie s .

A d a  Medica Academiae Scientiarum Hungaricae 29, 1972



6 M. JU LESZ

T h e  sequence o f  a n d ro g e n  b iosyn thesis  is fa ir ly  well know n. T h e  q u es tio n  
w ill n o t  be  discussed h e re  in  closer de ta il; F ig . 6 m erely  serves to  reca ll th e  
p ro c e ss .

DEHYDROEPIANDROSTERONE DESOXYCORTICOSTERONE 17O.-HYDR0XY- URINARY

CORTICOSTERONE 17Œ-HYDR0XY-11-DES0XY- ANDROST-h-ENE-3,17-DIONE
(glyco- and mineralo- - corticosterone 

- corticosteroid) (mineralocorticosteroid)
18-

' 1 . . .
11&- 
*  ▲

о ch2-oh
c=o '"I CH2-OH

a l d o s t e r o n e  h y d r o c o r t i s o n e  e s t r o n
( m i n e r a l o c o r t i c o -  (g l u c o c o r t i c o s t e r o id ) ( o e s t r o g e n ) 

-STEROID)

t e s t o s t e r o n e
( a n d r o g e n )

oh

ho
ESTRA D IOL-1713

(OESTROGEN)

-H = HYDROXYLASE -HSD = HYDROXY STEROID
DEHYDROGENASE

*  = METOPIRON a = a m p h e n o n b

Fig. 6. B iosynthesis of adrenocortical steroids
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BIO SY N TH ESIS  OF ANDROGENIC STER O ID S 7

I t  is on th e  hasis o f F ig . 7 th a t  I have  a d a p te d  th e  c u r re n t h aem odynam ic  
te rm s  b ack w ard  an d  fo rw ard  failu re  to  th e  p re se n t su b je c t. C e rta in  enzym es 
a re  ind ispensab le  for a successive, u n in te r ru p te d  sequence o f  s te ro id  b iosyn­
th es is  in  th e  d irec tion  o f g lucocortico id  sy n thesis . C ongen ita l e rro rs o f  m e tab ­
olism  o r th e  presence o f  ce rta in  stero id  analogues a re  liab le  to  b lock  these 
enzym es. As a re su lt, th e  p ro d u c tio n  of cortiso l is in h ib ited  (fo rw ard  failure), 
th e  con tro l of ACTH is lack ing , th e  secretion  o f a d re n a l s te ro id s  is enhanced  
u p  to  th e  site o f  b lockade, an d  th e  tra n s fo rm a tio n  o f th e  s te ro id  in to  the  
successive stage  is in h ib ite d . C onsequen tly , b locked stero id s  an d  th e ir  m e tab ­
o lites accu m u la te  in th e  u rin e : b ack w ard  failu re .

U R I N A R Y
M E T A B O L I T E S

I. A5- 3 ö - K ^ I a &xjJ “

II. 21-CH3-a>T7î u>ufui/>
PR EGN A NETRIOL. 
PREGNANEDIOL

III. 11 -  CbtACyXAJXÆ\tL&>Ot*Aj>uib
TtlKOuhAjdÂydjeAox*̂cö/Üi--COOlt/LOW«/
TtbtAKqtlALecLiA O T U ^c o \X ib  ob

' • 11 -
TtÍAM̂yÍAUyUj\ÍÍĵ ttnjyTbO

Fig. 7. Enzym e defects in  congenital adrenocortical hyperplasia

In te re s tin g  facts h av e  com e to  ligh t in recen t y ears  ( R e d d y  a n d  S t r e e t o , 
1968). A CTH  increases th e  in tra c e llu la r  a m o u n t o f  cyclic adenosine-3 ’,5’- 
m o n o p h o sp h a te  (H a y n e s , J r .  1958). This has been found  to  be d u e  to  an 
in ten s if ica tio n  of ad en y lcy c lase-ac tiv ity . 3’,5’-A M P p e n e tra te s  th e  m em branes 
o f a d re n a l cells, s tim u la te s  ste ro id  genesis an d , in som e w ay , also th e  syn thesis  
o f  p ro te in s . The resu lts  o f  o th e r  stud ies seem  to  su p p o rt th e  h y p o th es is  th a t  
cyclic  adenosine-3 ’,5’-m o n o p h o sp h a te  is a c tu a lly  th e  in tra c e llu la r  m ed ia to r 
o f  A C TH  ( F a r e s e  et a l., 1969).

O f th e  new su b stan ces  o f high biological a c tiv ity  it  is in th e  f irs t  place 
th e  p ro s tag lan d in s  w hich offer p rom ising  avenues o f s tu d y . G ynaecological 
research  w orkers are  well a c q u a in ted  w ith  th e  in -v itro  effect o f  p ro s tag lan d in  
in p rogeste rone  syn th esis  an d  on ste ro id  genesis in  genera l (S p e r o f f  and 
R a m w e l l , 1970). PG F., closely resem bles L H  in its  effec t, o n ly  L H  ac ts  on
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th e  in te r s t i t ia l  cells in  a d d it io n  to  th e  yellow  b o d y . I t  m ig h t, th e re fo re , be 
re w a rd in g  to  ex tend  th e  lines o f  research  to  th e  b io sy n th es is  o f androgens.

S ince  we h ad  becom e a c q u a in te d  w ith  th e  an d ro g en s , te s to s te ro n e  was 
g e n e ra lly  believed to  possess th e  g rea test an d ro g en ic  a c t iv i ty  o f a ll these  
s u b s ta n c e s  and  th a t  its  re d u c tio n  p ro d u c ts  fo rm ed  in  th e  course of its  m e ta b ­
o lism  w ere  of sligh te r b io lo g ica l a c tiv ity . T h is, how ever, is n o t th e  case. 
I n  r e c e n t  years, severa l a n d ro g e n  m etabo lites h a v e  been  id en tified  w hich 
p ro v e d  superio r to  te s to s te ro n e  in  th e ir  and rogen ic  a c tiv ity . D ih y d ro s te ro n e  
(1 7 /? -h y d ro x y -5 a-an d ro stan e-3 -o n e) is regarded  as th e  in tra c e llu la r  effector 
o f  te s to s te ro n e  (B r u c h o v s k y  a n d  W il so n , 1968; Ma i n w a r i n g , 1969; B a s h i - 
r e l a h i  a n d  V i l l e e , 1970). A ndrosten ed io l (3/?,17/9-dihydroxyandrost-5-ene) 
is a lso  a n  androgen  m ore  a c tiv e  th a n  te s to s te ro n e .

T h e  clinical a sp ec ts  o f  an d ro g en  m etab o lism  w ill be d e a lt w ith  here  
q u ite  b rie fly . The a d re n o c o rtic a l enzym opath ies a re  h e re d ita ry  erro rs of 
m e ta b o lism  due to  p a r t ic u la r  enzym e defects a cco u n tin g  fo r th e  fa ilu re  of 
th e  a d re n a l  cortex  to  fo rm  s te ro id s  of n o rm al p a t te rn  or in  th e  necessary  
a m o u n ts .  This conste lla tio n  is p re ju d ic ia l to  th e  n o rm a l feed -b ack  m echan ism , 
in  co nsequence , an  excessive  p ro d u c tio n  of an d ro g en s  a n d  co n seq u en tly  
a  v ir i l iz a tio n  of th e  fem ale  en su es. (F em in iza tion  o f m ales is less com m on.)

T h e  syndrom e in  its  s im p le  form , is con fined  to  v ir iliz a tio n , due  to  an  
in c a p a c i ty  of form ing C21-h y d ro x y la te d  ste ro ids. T h e  com ple te  fa ilu re  of C21- 
h y d ro x y la t io n  is asso c ia ted  w ith  a salt-losing co n d itio n , p ro d u c tio n  of 11- 
d e o x y s te ro id s  being likew ise a b se n t. An a ty p ica l fo rm  is m ark ed  by  a defic ien t 
/ l5-3 /? -hydroxystero id  d eh y d ro g en ase  a c tiv ity  a n d , as a re su lt, b y  a fa ilu re  
o f  Zl4-3-ko tostcro id  p ro d u c tio n .

O ne of the  ty p es  o f  co n g en ita l ad ren a l h y p e rp la s ia  is ch a rac te rized  
b y  a r te r ia l  h y p erten sio n , a t t r ib u ta b le  to  an  excessive p ro d u c tio n  of 11-deoxy- 
s te ro id s  (DOC or an  a b n o rm a l m inera locortico id ) as a re su lt o f a congen ita l 
11/3-hydroxylase defect.

A  p a rticu la r  form  o f co n g en ita l ad ren o co rtica l h y p e rp la s ia  is ch a rac ­
te r iz e d  b y  febrile periods (G o n z a l e s  and  Ga r d n e r , 1956; K a p p a s  e t a l., 1957; 
S e g a l o f f  e t al., 1957) w h ich  h av e  been co n n ec ted  w ith  a n  excessive p ro ­
d u c t io n  o f e tiocholanolone (Co h n  e t al., 1961).

T h e  id en tifica tio n  o f en zy m e defects allow ed to  m ak e  p ro p e r use o f glyco- 
c o r tic o id s  for th e ir  m a n a g e m e n t (W i l k in s , 1950) a n d  helped  to  develop new  
d ia g n o s tic  procedures in c lu d in g  th e  e stim a tio n  o f th e  tro p h o rm o n e  reserves.

T h e  significance o f e n zy m e  inh ib ito rs has in c reasin g ly  b een  recognized. 
N u m e ro u s  substances w h ich  w ould  no t have  b een  ex p ec ted  to  in te rfe re  w ith  
s te ro id  genesis, possess a n  a c tiv i ty  of th is  k in d  on th e  ev idence o f recen t 
s tu d ie s . F o r in stance , th e  h y p o lipaem iz ing  c lo fib ra te  (ch lo ro p h en o x y iso b u ty r- 
a te )  h a s  been found  to  b lo c k  th e  11/1-hydroxylation  o f ste ro id s  (McI nto sh  
e t a l.,  1970).
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In  1950, W il k in s  re p o rte d  th e  case o f a person  w ho, d e sp ite  being 
in  possession of te s tic le s , h ad  a fem inine ap p e a ra n ce  w ith  th e  absence  of body 
hairs an d  p roved  co m ple te ly  re s is ta n t to  th e  v iriliz ing  effect o f long-term  
m assive-dose te s to s te ro n e  an d  m e th y lte s to s te ro n e  t re a tm e n t. F ro m  th is  the  
a u th o r  concluded  th a t  th e  responsib le  fa c to r  was a gene tica lly  d e te rm in ed  
te s to ste ro n e-u n resp o n siv en css  o f th e  ta rg e t o rgans ra th e r  th a n  an  in ad eq u acy  
o f te s to s te ro n e  p ro d u c tio n . I t  has th e n  b een  confirm ed  b y  o th e r  au th o rs  
th a t  in te s tic u la r  fem in iza tio n  th e  p lasm a te s to s te ro n e  level is n o rm a l. S till, 
th e  p a tie n t  fails to  resp o n d  to  lon g -te rm  a d m in is tra tio n  of a n d ro g en s . I t  has 
been  d e m o n s tra te d  b y  B r u c h o v s k y  an d  W il so n  (1968) th a t  te s to s te ro n e  
rem ains in ac tiv e  unless co n v e rted  b y  th e  re sp ec tiv e  tissues to  5 a -d ihydro - 
te s to s te ro n e . T hese find ings w ould  seem to  in d ica te  th a t  th e  cause  o f th e  re­
sistance  to  te s to s te ro n e  in  te s tic u la r  fem in iza tio n  lies in  a g en e tica lly  d e te r­
m ined  in ad eq u acy  of th e  cell sy stem  responsib le  for th e  conversion  o f te s to ­
s te ro n e  to  d ih y d ro te s to s te ro n e  ( N orthcutt  e t  a l., 1969). A ccord ing  to  o th e r 
a u th o rs , in te s tic u la r  fem in iza tio n  th e  5 x -red u c tio n  of te s to s te ro n e  b y  th e  skin 
is a t  fa u lt (Ma u v a i s -J arv is  e t a l., 1969a, 1969b).

As to  our ow n ex p erim en ts  th e y  h av e  been  cen tred  on th e  issue o f  h irs u t­
ism . T h is is decided in th e  sk in  an d  in its  accessory  s tru c tu re s . T h e  fem ale 
develops h irsu tism  if  th e  and rogen -oestrogen  p ro p o rtio n  in  th e  e n v iro n m en t 
o f th e  h a ir  follicles sh ifts  to  th e  p ro f it o f and rogens. In  rou g h ly  4 0 %  of our 
h irsu te  fem ale p a tie n ts , none o f th e  p o te n tia lly  invo lved  en d o crin e  organs 
d isp lay ed  an y  a b n o rm a lity . T he syndrom e is te rm e d , on these  g ro u n d s , idio­
p a th ic  h irsu tism . T h is suggested  th e  possib ility  th a t  th e  sk in  itse lf  m igh t be 
a site  o f androgen  fo rm atio n . W e indeed  succeeded  in d e m o n s tra tin g  th e  p res­
ence of and rogens in th e  sk in  an ti su b seq u en tly  to  find  o u t a v a r ie ty  o f  stero ids 
in large am o u n ts , p a r t ly  as su lp h a te  e s te r co n ju g a tes , in  th e  sw ea t o f  apocrine 
g lands. W e also found  th e  w ate r-so lu b le  su lp h a te  esters  to  im b ib e  th e  hair 
an d  to  be e x tra c ta b le  from  th e re  by  sim ple soak ing  tech n iq u es . V ia in  v itro  
in c u b a tio n  stu d ies , we h av e  b een  able to  show  w ith  th e  a id  of th e  reverse  
rad io iso to p e  d ilu tio n  m eth o d  th a t  in  th e  p resence  o f sk in  11 to  15 m e tab o lite s  
a n d  te s to s te ro n e  a re  fo rm ed  from  th e  labe lled  ste ro id  su b s tra te s  s tu d ied . 
I t  is a p o in t o f in te re s t th a t  s te ro id s  of po o r an d ro g en ic ity  are  tra n sfo rm e d  
in to  te s to s te ro n e  o f p o te n t and rogen ic  a c tiv ity . F ro m  th e  in c u b a tio n  s tud ies 
it also em erged th a t  fem ale or m ale  skins h av e  id en tica l enzym e system s 
a t  th e ir  c o m m an d .T h e  d ifference seem s to  be th e re fo re  m erely  q u a n ti ta t iv e . 
In  one o f ou r cases, even th e  sk in  of an  ag o n ad  com plete ly  h a irless m ale  of 
th e  k a ry o ty p e  X Y , w as capab le  o f te s to s te ro n e  sy n thesis .

O n th e  ev idence of th ese  s tu d ies  we feel ju s tif ie d  in  a t t r ib u t in g  id io­
p a th ic  h irsu tism , in a p ro p o rtio n  o f cases, to  an  en z y m o p a th y  o f th e  skin. 
H ere , th e  use of a n tia n d ro g e n s  (cy p ro te ro n e  a c e ta te )  seem s to  offer d efin ite  
th e ra p e u tic  possib ilities in th e  fu tu re , th e  in h ib ito ry  effect of th e  d ru g  hav in g
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been  fo u n d  to  affect tho se  t is su e s  w hich co n ta in  a n d ro s ten ed io n e  in s u b s ta n ­
tia l  a m o u n ts  (W h a l e n  e t a l.,  1969). I t  has fu r th e rm o re  been d e m o n s tra te d  
t h a t  a n tia n d ro g e n s  in h ib it th e  D H A , A and  T  in d u ced  g row th  o f th e  p ro s ta te  
a n d  th e  sem inal vesicles in  c a s tra te d  ra ts  (W a l s h  an d  G it t e s , 1970).

I n  conclusion, i t  is seen t h a t  in  the  re sea rch  te a m  fo rm ed  for th e  p u rp o se  
o f  s te ro id  stud ies, th e  c lin ic ian  h as  to  becom e fam ilia r  w ith  s te ro id  ch em is try  
a n d  th e  b iochem ist w ith  th e  clinical aspec ts  o f  endocrino logy . H ow ever, 
f u r th e r  in v estiga tions in to  s te ro id  chem istry  can  no longer d ispense w ith  
p ro te in  a n d  enzym e c h e m is try , th u s  exem plify ing  th e  old t r u th  th a t  th e re  
is n o  su c h  th in g  as s ta n d s til l  in  science.
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EXPERIMENTAL AND CLINICAL ASPECTS 
OF OESTROGEN METABOLISM
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F . E . S zontágh

DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, UNIVERSITY OF MEDICAL SCIENCES, SZEGED,
HUNGARY

1. H istory

O f all stero ids th e  oestrogens have  b een  know n for th e  lo n g est tim e  and  
s tu d ie d  th e  m ost closely. T h e  re lev an t l i te ra tu re  is too  ex tensive  to  be  sum m ed 
up  in th e  fram ew ork  o f a b r ie f  re p o rt. E v e ry  acco u n t o f th is  k ind  is, therefo re , 
necessarily  sub jec tiv e , re flec tin g  th e  in d iv id u a l sphere  o f in te re s t o f  its  au th o r.

Allen
Doisy j D em onstration in ovaries 1923

Aschheim
Zondek j D em onstration in  pregnancy urine 1927

Doisy
B ntenandt Isolation 1929

1929

Marrian Separation 1930

Bntenandt S tructure 1931

Fig. 1
In  1923, A lle n  an d  D o isy  show ed th a t  o v arian  e x tra c ts  in d u ce  the 

a p p e a ra n ce  of an u c lear cells, or ra th e r , o f c lo ts  (“ Schollenzellen” ) in  th e  vag inal 
sm ear o f c a s tra te d  ro d e n ts , a p a tte rn  id en tica l w ith  th a t  o f n a tu r a l  oestrus 
(F ig . 1). A few years la te r , A sc h h e im  an d  Z o n d e k  (1927) re p ro d u ced  th is  effect 
w ith  p re g n a n ts ’ u rine  from  w hich D o isy  e t al. (1929) an d , in d e p e n d e n tly , 
B u t e n a n d t  (1929) succeeded  in iso la ting  oestrogens. S h o rtly  th e re a f te r  (1930) 
o es trad io l and  oestriol w ere iso la ted  by  Ma r r i a n , likewise from  p re g n a n ts ’ 
u rine  a n d  th e  s tru c tu ra l fo rm ulas o f th e  su b stan ces  were c la rified  b y  B ut e - 
n a n d t  an d  H i l d e b r a n d  in 1931.

1.1. Oestrogens o f  the hum an body

M ore th a n  20 oestrogens a re  know n w hich occur in b o d y  flu id s  and 
tissues an d  are  e x tra c ta b le  from  th e m . T h e  th re e  m ost im p o r ta n t su b stan ces 
o f th is  k in d  are  17-beta-oestradiol, th e  m o st p o te n t oestrogen , oestrone and 
oestriol. T he  la s t-n am ed  p ro d u c t is th e  le a s t p o te n t o f all b u t  occu rs in the 
la rg es t a m o u n ts  in urine  (F ig . 2).
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T w o o ther d e riv a tiv e s , 1 7 -epioestriol an d  15-alpha-oestetrol, th e  s tru c tu ra l 
fo rm u la s  of w hich are  a lso  p re se n te d  here w ill b e  d e a lt w ith  in  closer d e ta il 
la te r  (F ig . 3). The o th e r o e s tro g en s  so fa r id en tified  a n d  assum ed to  be o f lesser 
s ig n ifican ce , will be m ere ly  l is te d  here (Fig. 4).

Fig. 2

OH

Fig. 3

16-Epioestriol
16,17-Epioestriol
16 a-H ydroxyoestrone
16 /?-Hydroxyoestrone
15 a-H ydroxyoestradiol
16-Ketooestrone
16-Keto-17 ^-oestradiol
2-M ethoxyoestrone
2-M ethoxyoestradiol
2-M ethoxyoestriol
18-H ydroxyoestrone
11 /3-Hydroxy-17 /^-oestradiol
E quilen in
E q u i l in
6-Dehydro-oestrone
Lum ioestrone

Fig. 4
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2. C hem ical p roperties o f the  oestrogens

T he oestrogens are co m p o u n d s  w ith  a s te ran e  nucleus o f 18 ca rb o n  atom s. 
T h ey  dissolve read ily  in o rg an ic  so lven ts a n d  in  fa ts  and  belong  to  th e  steroids 
w hich  are  p a r tic u la rly  re s is ta n t  to  chem ical an d  physica l fa c to rs . T h is is due 
to  th e  a ro m a tic  n a tu re  of rin g  A  w hich  w ith  its  th ree  double b o n d s  ty p if ie s  the  
ten d e n c y  to  a t ta in  th e  low est energy  level w hich confers m a x im u m  stab ility  
to  cyclic com pounds of th is  k in d . T h ey  owe th e ir  re a c tiv ity  to  th e  phenolic 
O H  g roup  a t  position  3.

T he essen tia l chem ical c h a ra c te rs  o f th e  th ree  m a in  oestro g en s have 
long been estab lished . T h e y  a re  e ssen tia l fo r th e  iso la tion  a n d  estim atio n  
o f th ese  su b stan ces (Fig. 5).

m.p. °C (a)l> pks
CH3OH max - mi

Oestradiol ......... 178 +  81° Di —

Oestrone ........... 260 +  163° Di 9.36 280 (2300)
Oestriol ............. 280 +  68° A1 9.11 —

Di =  dioxane 
A1 alcohol

Fig. 5. Chemical properties of oestrogens

2.1. N om encla ture o f  the oestrogens

T he oestrogens are ca lled  fo llicu lar horm ones (fo lliculin), o n  th e  basis 
o f th e ir  site  o f  p rod u c tio n , o estro g en s on th e  basis of th e ir  a c t iv i ty  a n d  phenol 
ste ro id s  on th e  basis of th e  h y d ro x y l g roup  a t  position  3 o f th e  a rom atic  
rin g  A. T he c y c lo p e n ta n e-p h e n a n th re n e  rin g  system  w ith  18 C a to m s  is the 
oestrane-nucleus. The p re fix  “ e p i”  in d ica te s  a ß  in s tead  o f th e  Д-p o sitio n , i. e., 
a reverse  con figu ra tion  w ith  re sp ec t to  th e  given position  (F ig . 6).

According to 
According to 
According to

occurrence
effect
a rom atic  (A/3 OH)

follicular horm one 
oestrogen 
phenol steroid

Oestrane-nucleus: a cyclopentano-phenanthrene nucleus of 18 C-atoms w ith  a inethyl
group a t C-13

E P I - ß  instead of /?, i.e., a reversed configuration

Fig. 6
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14 F. E . SZONTÁGH

3. O ccurrence o f  oestrogène in  th e  h u m a n  body

T h e  follicular p ro d u c tio n  o f oestrogens h a s  b een  ascribed  b y  m a n y  
a u th o rs  to  b o th  th e  th e c a  cells an d  the g ran u lo sa  ep ith e liu m . M cK a y  a n d  
R o b i n s o n  (1947), D i c z f a l u s y  an d  La u r it z e n  (1961) a n d  o thers, how ever, 
h av e  b e e n  able to  show t h a t  th e  sole site of o estro g en  p ro d u c tio n  w ith in  th e  
fo llicle is th e  theca, even in th e  case of g ranulosa-cell tu m o u rs  (M cK a y  e t a l., 
1945), th o u g h  the  p resence  o f  granulosa-cells a lso  seem s to  be invo lved  in  
som e m a n n e r  (Fig. 7).

Theca folliculi (granulosa cells) 
S erto li cells (Leydig-cells) 
A drenal cortex 
Chorion (syncytium)

Fig. 7
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P ro d u c tio n  o f oestrogen  in th e  te s tic le s  is confined, u n d e r n o rm al con­
d itio n s , to  th e  Sertoli-cells (M a d d o c k  an d  N e l s o n , 1951; N e l s o n , 1951); 
in ab n o rm a l cond itions, L eyd ig ’s cells m ay  also p a r tic ip a te  in oestrogen- 
p ro d u c tio n  ( B e r t h r o n g  e t a l., 1949).

O estrogens are  secre ted  by  th e  ad ren a l c o rtex , too , b u t n o t to  an  e x te n t 
o f a n y  significance, a t  least n o t u n d e r  no rm al cond itions, in th e  absence  o f 
en zy m o p a th ies .

T he p rincipal s ite  o f oestrogen  p ro d u c tio n  is th e  p lacen ta , m ore  prec ise ly  
th e  superfic ia l ep ithe lia l lay er o f th e  chorion , th e  sy n cy tiu m .

T he ste ro id -fo rm ing  c a p ac ity  o f th e  p lacen ta  is excessive, since, b y  th e  
end  o f  p reg n an cy , secre tion  o f oestrone  a n d  oestrad io l a tta in s  100 tim es, an d  
th a t  o f oestrio l 1000 tim es, th e  norm al va lu es  w ith  a daily  p ro g este ro n e  se­
c re tio n  a m o u n tin g  to  100 m g (F ig . 8).

4. B iosynthesis an d  m etabo lism  o f oestrogens

T h e  th ree  m ain  oestrogens are  in te rc o n v e rtib le , th o u g h  on ly  w ith in  
c e r ta in  lim its  (F ig . 9). As illu s tra te d  by th e  d iag ram , if  b io sy n th esis  h as  a d ­
v an ced  to  th e  stag e  of oestrone , th is  can  he tran sfo rm ed  in to  o es trad io l, or 
converse ly , an d  b o th  can  be co n v erted  in to  oestrio l. On th e  o th e r  h a n d , rev ersa l 
or oestrio l in to  o estrad io l o r oestrone  is n o t possib le. I t  is p ro b a b ly  fo r th is  
v e ry  reason  th a t  oestrio l accoun ts for th e  la rg es t p a r t  o f th e  oestrogens ex c re ted  
w ith  u rin e .

Oestrone 17 /?'( Kstradiol

Oestriol

Fig. 9

A ccording to  p re sen t know ledge, oestrogens a re  b u ilt up  from  co m pounds 
o f low er C -num ber b y  en zy m atic  a c tiv ity , th e  source o f energy  being  p ro v id ed  
by  A T P  (F ig . 10).

T h e  m ag n itu d e , d irec tion  an d  ra te  o f local oestrogen  p ro d u c tio n  depends 
on th e  genetica lly  d e te rm in ed  p a t te rn  o f  th e  enzym es of th e  endocrine  o rgans 
su b je c t to  neu ro -endocrine  con tro l. H ow ever, th e  in d iv idua l s tru c tu re s  in ­
vo lved  in  oestrogen p ro d u c tio n  h av e  p a r tic u la r  enzym e system s, fo r in stan ce ,
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th e  g o n ad s  co n ta in  la rg e  am o u n ts  o f 3 -b e ta -h y d ro x y -d eh y d ro g en ase  an d  
11-b e ta -h y d ro x y la se .

T h e  oestrogen  co n ste lla tio n  p rev a ilin g  d u rin g  p reg n an cy  invo lves th e  
p a r t ic ip a tio n  of th e  fo e tu s , a lth o u g h  th e  p rocesses ta k in g  p lace in  th e  fo e ta l

Fig. 10

Enzyme system Placenta Foetus

3/?-ol-Dehydrogenase ............................ high low

A rom atiza tion ......................................... high low

S u lp h a ta se ................................................ high low

S u lphok inase ............................................ low high

ll/?-H ydroxylase ................................... 9 high

16a-Hydroxylase ................................... low high

17a-Hydroxylase ................................... low high

21-Hydroxylase ..................................... ? high

17,20-D esm olase..................................... low high

Steroid synthesis from a c e ta te ........... low high

Fig. 11. Enzym e activities in  p lacen ta  and foetus

o rg a n ism  are  d iffe ren t from  th o se  of th e  p la c e n ta , th e  presence o f enzym es 
b e in g  re s tr ic te d  to  in d iv id u a l sites o f th e  fo e ta l b o d y  (F ig . 11).

T h e  n o rm al succession of en zy m e-d irec ted  s te ro id  p ro d u c tio n  requ ires 
a n  o rg an ic  in te g ra tio n  of th e  enzym e sy stem s w ith in  th e  m ito ch o n d ria  a n d  
a n  a d e q u a te  in d u c tio n  o f  th e  reac tio n s b y  th e  tro p h o rm o n es . I f  th ese  p re ­
re q u is ite s  a re  sa tis fied , th e  b io syn th esis  o f oestrogens proceeds as follows:
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O ESTR O G E N  METABOLISM 17

A ce ta te  is co n v erted  th ro u g h  cholestero l to  pregneno lone a n d  p ro g e s te r ­
one (F ig . 12). T h e  su b seq u en t s tag es  com prise  th e  17-hydroxy  d e r iv a tiv e s  
o f th e se  com pounds an d  D H A  o r an d ro s ten ed io n e , respective ly , each  fo rm ed  
b y  th e  agency  o f th e  a p p ro p ria te  enzym es (F ig . 13). F in a lly , 17-beta  o e s trad io l 
a n d  oestrone a re  fo rm ed  as a re s u lt  o f a ro m a tiz a tio n  involv ing  th e  a c t iv i ty

CHjCOOH 
Acetic acid (acetate)

©

J
^  Cji steroid synthesis

CH,
I

с  ()

17 <x-livdroxvlase

CH3

c = o

Y 17 a-hydroxylase

Fig. 12

o f 17-heta-o l dehydrogenase  (F ig . 14). D im e th y la tio n  is rap id , as co n firm ed  
b y  M e y e r  (1955) w ho o b ta in ed  oestro n e  in  good y ie ld  from  a n d ro s t-4 -en e  
3 ,17-d ione of 19 C -atom s in th e  p resence  o f p la c e n ta  or of corpus lu te u m . 
O estrone  is still m ore  read ily  fo rm ed  from  1 9 -h y d ro x y -an d ro sten ed io n e  u n d e r  
th e  a c tio n  of h u m a n  p lacen ta .

P la c e n ta  p erfu sed  w ith  lab e lled  a c e ta te  has b een  found to  fo rm  o estro - 
gens (L evitz  e t a l., 1955). C onversion  of te s to s te ro n e  to  oestrogens w as n o te d
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18 F. E. SZONTÄGH

u n d e r  s im ila r co n d itions b y  B a g g e t t  et al. (1956). T he profound in v o lv em en t 
o f  c h o le s te ro l in oestro l and  oestrad io l sy n th e s is  was confirm ed b y  W e r b i n  
e t  a l. (1957). H av ing  a d m in is te red  38 m g 3 -u C -cholestero l (87.4 /tC in 6 days) 
to  a p re g n a n t w om an , th e y  n o ted  th e  ex c re tio n  o f labelled oestro n e . C onver­
sion  o f  p ro g este ro n e  to  o estro n e  has also been  p ro v ed  by exp erim en ta l evidence.

®
Pregnenolone Progesterone

HO

17 c*-hydroxylase

17 <* - hydroxy pregnenolone

I

( ’.2 i -----steroid synthesis

17 cx-liydrowlase

17 cx-hydroxy progesterone

C :i---- >"Ci9 s tero id  synthesis

О О

Fig. 13

In  th is  m anner, all essen tia l steps of o es tro l-o es trad io l sy n th esis  h av e  been 
v e r if ie d  ex p e rim en ta lly . I t  m u st be a d d e d  th a t ,  as em erged from  su b seq u en t 
in v e s tig a tio n s , th is  p a th w a y  of syn thesis  ap p lie s  to  th e  fo e to p la c e n ta l sy stem  
o n ly  w ith  ce rta in  m o d ifica tions.
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O H о

F  ír . 14

4 .1 . Conjugation o f  oestrogens

T h e oestrogens o f  po o r w ater so lu b ility  a re  con jugated  (S zegő  an d  
W olcott , 1954) a f te r  th e ir  b ind ing  to  p ro te in s  so as to  be su itab le  fo r  ex ­
c re tion .

T he w ater-so lub le  com pounds are  su lp h a te  or g lucuronate  e s te rs  b u t  
double  co n ju g a tio n s a re  also  possible. T he re a c tio n  occurs generally , th o u g h  
no t necessarily , a t  p o sitio n  5 or 16. This is ex em p lified  by the  s t ru c tu re s  of 
o estrad io l g lucu ron ide  an d  o f oestrone su lp h a te  show n in Fig. 15. T h e  s tu d ie s  
o f  G o ebelsm anis  and  J a f f e  (1971) have  th ro w n  new  ligh t on the  c o n ju g a tio n  
o f  oestrio l. W om en in th e  second th ird  of p re g n a n c y  were su b jec ted  to  3H- 
oestrio l a n d  u C -oestriol-16 glucuronide in fusion  o v e r 6 hours. The m e ta b o lite s  
ex c re ted  in the u rin e  w ere iso la ted , iden tified  a n d  m easured  (Fig. 16). N in e ty  
p er c en t o f  th e  t r i t ia te d  com pound  and  98 p e r c e n t o f th e  l4C -com pound w ere 
recovered  from  th e  4 8 -h o u r u rin e . O nly c o n ju g a te d  stero ids were d e m o n s tra b le
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in  th e  u r in e , p re v a le n tly  b o u n d  to  g lucu ron ide  a t  positions 16 an d  3, w hereas 
th e  s u lp h a te  an d  m ixed  con ju g a tio n s w ere o f  m in o r  significance in  th e  case 
o f  u r in a r y  oestrio l.

OH

H - C ----------

COO Na*

Oestriol glucuronide

О

Oestrone sulfate 
Fig. 15

Derivative
Formed from 

3H-oestriol, 
per cent

Formed from 
4-uC-oestriol-
16-glucuron ide, 

per cent

Oestriol- 16-glucuronide ........ 63 ^  72

Oestriol-3-glucuronide .......... 29 ~ 2 5

Oestriol-3-sulphate-l 6-
glucuronide ............................ ~ 5 — 3

O estrio l-3 -su lphate ................... ~ 3 negligible

Oestriol-17-glucuronide ........ — —

F ig. 16. Conjugation of oestriol after perfusion w ith  3H-oestriol and 4-14C-oestriol-16
glucuronide

4.2 . Steroid syn thesis ude novo”  in  the foetoplacental system

H orm o n e  m e tab o lism  o f th e  fo e to p la c e n ta l u n it has been  m o s t closely 
s tu d ie d  b y  D ic z f a l u s y  (1969).

T h e  infusion a p p a ra tu s  co n stru c ted  b y  L e r n e r  and D ic z f a l u s y  (1968) 
is su ita b le  for th e  p erfu sio n  o f the  su rg ica lly  d e liv e red  foetus to g e th e r  w ith  th e
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p lacen ta , allow ing th u s  a s e p a ra te  collection  o f m e tab o lite s  of th e  in te rv illo u s 
m a te rn a l an d  th o se  o f th e  fo e ta l c ircu la tion . B y  m ean s of th is  sy s tem  T e l e g d y  
e t al. (1970a, 1970b, 1970c) h a v e  estab lished  th e  follow ing fac ts  concern ing  
th e  de novo sy n th esis  from  lab e lled  a c e ta te .

In  th e  second tr im e s te r  o f  p reg n an cy , th e  p lacen ta  is u n ab le  to  t r a n s ­
form  a c e ta te  in to  cho lestero l b u t  it  does h a v e  th e  cap ac ity  o f sy n th e tiz in g  
p la c e n ta l squalcne  an d  lan o ste ro l. T his, h o w ev er, is n o t co n v erted  to  choles­
te ro l. In  c o n tra s t, th e  fo e ta l liv e r, ad rena ls  a n d  tes tic le s  are cap ab le  o f sy n ­
th e tiz in g  cholestero l from  lab e lled  ace ta te .

pregnenolone(3 /S-hydroxy-pregn-5-ene-20-one) 

progesterone (pregn-4-ene-3,30-dione)

20 a- and /?-dihydroprogesterone (20 a and 20 /3-hydroxy-pregn-4-ene-3-one)

17 a-hydroxy-pregnenolone (3 ß , 17 a-dihydroxy-pregn-5-ene-20-one) 

dehydroepiandrosterone (3 /9-hydroxy-androst-5-ene-17-one)

17 /?-oestradiol (oestra-l,3,5(10)-triene-3,17 /?-diol)

Fig. 17

P erfusion  o f th e  p la c e n ta  w ith  3H -7 a-ch o leste ro l an d  14C -ace ta te  y ie lded  
th e  labelled  ste ro id s  lis ted  in  F ig . 17. W ith  th e  excep tion  o f p regneno lone 
an d  p rogeste rone , a ll s te ro id s  w ere found  in  sm a ll am o u n ts  in  th e  perfusion  
flu id . 14C -steroids w ere a b se n t, as a sign th a t  no  m e tab o lite  of th is  ty p e  h ad  
fo rm ed  from  a c e ta te . F o e tu ses  from  th e  second  tr im e s te r  o f p reg n an cy  w ere 
found  to  sy n th e tize  p re v a le n tly  p regnenolone a n d  d e h y d ro ep ian d ro s te ro n e  
( th e  tw o  p ro d u c ts  acco u n tin g  fo r 95%  o f th e  to ta l  p ro d u c tio n ), 14C a n d  3H  
a to m s being eq u a lly  re p re se n te d  in th e  co m p o u n d s . T he foetal o rgan ism  is 
th u s  capab le  o f de novo  sy n th es is  from  a c e ta te , th e  p ro d u c ts  of w hich  process 
co n ta in  oestrogen  p recu rso rs. T h e  p lacen ta  fo rm s o estrad io l w hich  is read ily  
co n v e rted  to  oestrone , w hile fo r th e  p ro d u c tio n  o f  oestrio l foe ta l fac to rs  too  
a re  necessary .

4.3 . The p a rt p la yed  by dehydroepiandrosterone  
sulphate in  oestrogen biosynthesis

F rom  th e  ev idence o u tlin e d  above an d  from  th e  stud ies of R y a n  (1959) 
i t  em erges th a t  th e  p lacen ta  co n v e rts  p rim arily  th e  C-19 stero ids to  oestrogens 
w ith  a su b s ta n tia l y ield  a n d  a t  a h igh ra te .

O f all C-19 d e riv a tiv e s  i t  is d eh y d ro ep ian d ro s te ro n e , a s te ro id  p re ­
v a le n tly  o f fo e ta l orig in , w hich  c o n stitu te s  th e  m o s t im p o rta n t source . Since 
th e  ra te  o f fo e ta l d eh y d ro ep ian d ro s te ro n e  su lp h a te  excre tion  is n o t  k now n , 
re liab le  ca lcu la tions concern ing  th e  y ield  c a n n o t be  m ade.
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W e  (M ir h o m  a n d  S z o n t á g h , 1971) h av e  succeeded  in  show ing  th a t  
e a rly  p la c e n ta l  tissue form s 7 -o x y g en a ted  d e riv a tiv e s  from  (4-14C )-dehydro - 
e p ia n d ro s te ro n e  in v itro  in  th e  follow ing o rd e r: 7-oxo-D H A  >  7 x -h y d ro x y - 
D H A  >  7/1-hydroxy-D H A . F ig . 18 illu s tra te s  th e  process of one o f th e  assays 
a n d  F ig . 19 its ev a lu a tio n .

In te re s tin g  fac ts  h a v e  em erged  from  o u r ex p erim en ts  in w h ich  early  
tr o p h o b la s t  tissue w as in c u b a te d  w ith  (4-14C) D H A  for various p e rio d s . A t 
th e  e n d  o f  th e  ex p erim en t w e w ere able to  iso la te  D H A , an d ro s ten ed io n e , 
te s to s te ro n e  and  a n d ro s te ro n e  in  a rad io ch em ically  pu re  s ta te . A t 5 m in u te s

10 20 30 50 50
Tube No.

Fig. 18
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Steroid Carrier Chemical Derivative TLC Н/ S. A. Total ° /n  dpm
identified ,"P reaction system value dpm 1 / i M dpm

incorp./g incorp./g

7-keto-
DHA 108.3 — 7-keto-DHA Lisboa “ E ” 0.52 30.640

— 7-keto-DHA “ E ” 0.60 25.783

Acetylation 7-ket-DH A- “ 1 a” 0.41 15.668
acetate 5.497 0.35

Hydrolysis 7-keto-DHA Lisboa “ E ” 0.52 15.033
7/7-0 H-

DHA 67.2 — 7/7-OH-DHA Lisboa “ E ” 0.48
7/7-OH-DHA “ E ” 0.46 15.425

3.072 0.20
Acetylation 7/7-011-1) 11 A- “ 1 a” 0.49 14.052

diacetate
Hydrolysis 7/7-OH-DHA Lisboa “ E” 0.50 13.779

7a-OII-
DHA 84.0 7a-OII-DHA Lisboa “ E ” 0.44

7a-OH-DHA “ E ” 0.33 14.491
2.776 0.18

Acetylation 7a-OH-DH A- ‘•1 a” 0.49 9.940
diacetate

Hydrolysis 7a-OH-DHA Lisboa “ E ” 0.43 10.180

Fig. F>. Isolation of 7-keto-DHA, 7 /i-О H-1)IIA and 7 a-O H-DH A  a lte r incubation  of 
placental tissue homogenate obtained from 15-year-old woman w ith 1,559,000 DPM [4-14C]-

DHA for 5 m inutes

4 5 % , a t  10 m inu tes 7 1 % , and  a t 30 m in u tes  99%  o f th e  D H  A w as co m ple te ly  
m etab o lized . A ndrostened ione  was form ed a t  a h ig h er ra te  (peak  a t  5 m inu tes) 
and  in 6.5 tim es la rg e r a m o u n ts  th a n  te s to s te ro n e  (peak  a t  10 m in u te s ) , h u t 
was also u tilized  m ore rap id ly . T his ind ica tes th a t  an d ro sten ed io n e  is a m ore 
p re v a le n t in te rm e d ia ry  p ro d u c t in th e  b io sy n th esis  o f oestrone an d  oestrad io l 
th a n  is te s to s te ro n e  (F ig . 20).

W e were th e  firs t to  d e m o n s tra te  th e  presence o f З а -red u c in g  enzym es 
in th e  p lacen ta  and  were ab le  to  iso late  sm all am o u n ts  of a n d ro s te ro n e  w hich 
basica lly  follows th e  p a th w a y  of te s to s te ro n e . I ts  fo rm atio n  m ay  he ascribed  
to  th e  in ac tiv a tio n  of tho se  sm all an d ro g en  q u a n titie s  w hich h a v e  escaped 
a ro m a tiz a tio n .

On th e  o th e r h a n d , from  th e  s tu d y  by  L e h m a n n  e t al. (1971) it  also 
em erges th a t  p lacen ta l b io syn th esis  su b s ta n tia lly  changes its en zy m a tic  
p a t te rn  in th e  course of p reg n an cy . In c u b a tio n  w ith 4 -u C D H A  o f p lacen ta l 
m icrosom al frac tions o b ta in e d  in th e  m id -te rm  an d  te rm in a l s tag es  o f  p reg ­
n an cy  show ed th a t  th e  m a tu re  p lacen ta  w as capab le  o f m e tab o liz in g  th e  p re ­
cu rso rs in to  oestrogens fo u r tim es as rap id ly  as did th e  m id -te rm  p lacen ta . 
I t  w as fu rth e rm o re  d e m o n s tra te d  th a t  conversion  of D H A  in to  oestrogens 
b y  th e  p lacen ta  of d iab e tic  or to x aem ic  w om en, was fa r less in te n s iv e  th a n  
b y  th e  p lacen ta  o f h e a lth y  w om en. T here  is a d e fin ite  re la tio n sh ip  betw een
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100,00-f 
I I

F ig . 20 O — O DHA, •  — •  A ndrostenedione, Д — Д  T estosterone, ■ — ■ A ndrosterone

p la c e n ta l  incom petence o f  th is  k ind  and  th e  in a d e q u a te  a c tiv ity  o f  A4—A5- 
iso m erase , 3 -b e ta -h y d ro x y s te ro id  dehydrogenase , as w ell as o f th e  a ro m a tiz in g  
e n z y m e  system .

4.4. Oestetrol

I n  1965, H a g e n  e t  a l. iso la te d  a new o es tro g en  m e tab o lite  from  th e  u rine  
o f  n ew b o rn s . The su b s ta n c e , nam ed  o es te tro l w as sy n th e tiz e d  b y  F is h m a n  
a n d  G u z ik  in 1967. G u r p i d e  c t al. (1966) also  id en tified  th e  su b stan ce  b y  
m e a n s  o f  in trav en o u s o r in tra -a m n io n ic  in jec tio n s  o f  labelled  oestrad io l (1966).

S tu d ies  of th e  m e ta b o lism  of 16ac-hydroxy-C-19 stero ids rev ea led  in  
th e  u r in e  a labelled s te ro id  w h ich  was of g re a te r  p o la r ity  th a n  oestrio l an d  
on  th e  g rounds of its  ch em ica l ch a ra c te r  could be  id en tif ied  likew ise as oeste tro l. 
Y o u n g l a i  and  S o l o m o n  (1968) stud ied  th e  in  vivo  m e tab o lite s  o f n e u tra l  
s te ro id s  an d  found t h a t  th e s e  substances a re  m e tab o lized  in to  15sc-hydroxy- 
o e s tro g en s , a process in  w h ic h  th e  foetal liv e r  is closely invo lved .

T h e  in trica te  o e s tro g e n  m etabolism  o f th e  fo e to p la c e n ta l u n it  req u ires  
h ig h ly  e labo ra te  m e th o d s  o f  inv estig a tio n  (F ig . 21). T he possib ilities a re  il­
lu s t r a te d  by  th e  m odel, w h e re  \ MF rep resen ts th e  r a te  o f passage o f th e  su b ­
s ta n c e  from  m other to  fo e tu s ;  VFM, the  p assag e  from  foetus to  m o th e r; Q,
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th e  u p ta k e  o f  th e  su b stan ce  b y  th e  m a te rn a l a n d  foeta l c ircu la tio n ; a n d  VF 
a n d VM, th e  f in a l o u tp u t of th e  su b stan ce . I t  m u s t be no ted  th a t  e .g ., V FM 
rep resen ts  all th e  p a th w a y s  th ro u g h  w hich a g iven  substance  m ay  p ass  from  
th e  foetus to  its  m o th e r, an d  QF, th e  fig u re  o f  de novo passage o f  a given 
su bstance  in to  th e  foeta l c ircu la tio n , th u s  from  o th e r  sources th a n  th e  m a te rn a l 
c ircu la tion . F o r  in s tan ce , in  th e  case of o estrio l, QF obviously re p re se n ts  th e  
a m o u n t o f ho rm o n e  passing  from  th e  p la c e n ta  in to  th e  foetal c ircu la tio n .

Fig. 21

G u r p i d e  a n d  v a n  de W i e l e  (1968) in fu sed  th e  3H  and  14C -labelled  
form s o f th e  sam e su b stan ce  s im u ltan eo u sly  in to  th e  m a te rn a l a n d  th e  foeta l 
c ircu la tion . In  (F ig . 22). P  rep resen ts  th e  r a te  o f  infusion an d  a th e  specific  
a c tiv ity , T he re su lts  o b ta in ed  a f te r  in je c tio n  o f  th e  tw o ty p es o f  labe lled  
17/J-oestradiol show ed th a t  th e  p ro d u c tio n  o f  o este tro l (E 4) w as con fined  
to  th e  fo e ta l o rgan ism  (F ig . 23).

Foetal circulation Maternal circulation

31 I ........................

" C ........................

Endogenous . . . .

P 3H 1 \ T  „ЗИ * F T  Vm f  a M

V m f  a ) i c  

Qf  +  V m f

=  (V F M +  V F )a 3FH 

=  (V f m  +  V  F)a F*C 

=  V pM  +  v F

V f m  a 3FH =  (V m f  +  V M)a M 

P mC+  V h m  a lF4C =  (V M F +  V M)afó c  

Q m  +  V p M =  V m f  +  V m

Fig. 22

Specific activity (cpm///g) Rates of secretion 
and metabolism of E2

(mg/doy)
Precursors of urinary E3

Metabolite ■H U C

e 2 123 30 Q f  <  1.8 E 2 in foetal circulation <  5%

e 4 660 negligible Q m >  3.5 E 2 in m aternal circulation =  10%

E 3 36 2.8 V f m  <  °-'7 O ther sources >  85%

Vm f  =  0

Fig. 23
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5. M ode o f  action  of th e  oestrogens

T h e  m etabolic  a sp ec ts  o f  th e  p ro d u c tio n  a n d  excretion  o f oestro g en s 
a re  s t i l l  f a r  from  co m p le te ly  u n d ersto o d . T h is  is p rim arily  due to  m e th o d o ­
log ical d ifficu lties.

In v e s tig a tio n  of th e  v a rio u s  m etabo lic  processes th ro u g h  w hich  th e  
spec ific  a c t iv i ty  of oestro g en s tak es  effect, poses still g rèa te r d ifficu ltie s . 
W ith in  th e  lim its of th is  re p o r t  only  a b r ie f  reference  can be m ad e  to  th e  
p re s e n t  lines of in v es tig a tio n  concerned  w ith  th is  p roblem  w hich a rc  d ire c te d  
a t  th e  ta r g e t  cell, dow n to  its  subce llu la r s tru c tu re s , and  re ly  on  v a rio u s  
e la b o ra te  m ethods such  as tissue  c u ltu re , u ltra c e n tr ifu g a l an a ly s is , rad io - 
c y to g ra p h y , cy to ch em istry , c y to p h o to m e try , m ic ro flu o ro m etry , e tc .

I t  is know n th a t  w hile th e  pep tides a c t on  th e  cellular su rface , th e  site  
o f a c t io n  o f th e  stero ids is in trace llu la r.

T h e  f irs t essen tia l q u e s tio n  concerns th e  recep to r, the  m ost a p p ro p r ia te  
d e f in it io n  o f w hich has been  given b y  B a u l i e u  e t  al. (1971). In  a gen era l sense, 
th is  is a m olecu lar u n it w h ich  com prizes a re c e p to r  and an  effec to r s ite , the  
tw o  b e in g  linked by  a co u p ling  m echanism . T h e  f irs t  phase of s te ro id  a c tiv ity  
ta k e s  e ffec t a t the  re c e p to r  site  th ro u g h  w h ich  th e  horm one im p a r ts  its  in ­
fo rm a tio n  to  th e  cell. H o w ev er, a tta c h m e n t o f  th e  horm one to  th e  re c e p to r  
need  n o t  re su lt in a h o rm o n a l effect. T he c r ite r ia  o f  the  recep to r a re  horm one- 
sp e c if ic ity , tissue-spec ific ity , h igh a ffin ity  a n d  sa tu ra b ility .

W h a t  happens to  th e  oestrogen  m olecule w hile im p artin g  its in fo rm a tio n  
to  th e  re c e p to r?  T his is th e  o th e r e ssen tia l q u e s tio n . In  rad io iso to p e  s tu d ies  
w ith  :iH -o es trad io l, th e  m olecule rem ained  ch em ica lly  u n affec ted , w hile  th e  
te n  t im e s  less p o te n t o e s tro n e  m olecule w as co n v erted  to  o estrad io l w ith in  
th e  r e c e p to r  cell d u ring  th e  p rodu c tio n  o f  its  effect.

R a d io a u to g ra p h ic  s tu d ie s  an d  cell f ra c tio n a tio n  have m ade i t  possib le 
to  lo c a te  th e  :lH -oestrad io l re ta in e d  in e n d o m e tr ia l recep to r cells to  th e  nucleus. 
I t  h a s  b een  d e m o n s tra te d  b y  S ep h ad ex -ch ro m ato g rap h y  th a t  th e  h o rm o n e  
a t ta c h e s  to  a cytosole m acrom olecu le  (St u m p f  a n d  R oth , 1966; J e n s e n  e t al., 
1967 : T a l w a r  et al., 1964), th e  sed im en ta tio n  coeffic ien t of w hich has been  e s ta b ­
lished  b y  T oft and  G o r s k i  (1966). M oreover, B a u l i e u  e t al. h av e  co n firm ed  
its  h ig h  a ff in ity  to  th e  oestrogen-m olecule  an d  its  sa tu ra b ility  w ith  o estrad io l.

T h ese  have been m ere ly  a few il lu s tra tiv e  d a ta  chosen from  th e  g rea t 
w e a lth  o f  exp erim en ta l fa c ts  w hich still leav e  us w ith  a g rea t m an y  u n an sw ered  
q u e s tio n s . I t  is no t k n o w n  for in stan ce , w h a t happens a t th e  e ffec to r site 
o f  th e  recep to r a p p a ra tu s  d u rin g  th e  p ro d u c tio n  of th e  h o rm o n a l effect. 
T h e  a d v a n c e s  in en d o crin o lo g y  since th e  d iscoveries of A l l e n  an d  D oisy  
to  th e  p re se n t day  are non  th e  less im m ense, an d  fu rth e r progress will d o u b t­
le ss ly  a d d  increasing ev id en ce  to  our kno w led g e  of oestrogens. H o w ev e r, the  
c l in ic ia n ’s u ltim a te  a im  is a c tio n . To h im , know ledge is only a m ean s to  th is

yield JMtdica yicademiae Scienliarum Hungaricae 29, 1972



OESTHOGEN METABOLISM 27

end . W h a t he seeks hy  s tu d y in g  th e  v a rio u s p rocesses an d  the  w ays an d  m eans 
o f in fluencing  th em  is th e  b en efit o f th e  p a tie n t.
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RECENT ADVANCES 
IN MINERALOCORTICOID RESEARCH

B y

E . G l á z

SECOND DEPARTMENT OF MEDICINE, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST, HUNGARY

A m ong th e  ad ren o co rtica l horm ones co n ta in in g  21 ca rb o n  a to m s, 
a ldosterone  w h ich  owes its n am e  to  th e  p resen ce  of an aldehyde g ro u p  a t  
position  18, is re g a rd ed  to d a y  as th e  m ost im p o r ta n t  m in era lo co rtico id  h o r­
m one. In  fa c t, a ldoste rone  is e ssen tia l in  th e  m a in te n a n c e  of flu id  a n d  e le c tro ­
ly te  balance , i. e., for hom eostasis  an d  i t  is closely  involved  in  th e  ae tio lo g y  
o f various c lin ica l syndrom es.

The site  o f  a ldosterone  p ro d u c tio n  is th e  zona glom erulosa o f th e  a d re n a l 
co rtex , w hereas th e  o th e r tw o zones, th e  zona fasc icu la ta  and  zona re tic u la r is , 
form  no a ld o ste ro n e  u n d er n o rm a l co n d itio n s. S te ro id  p ro d u c tio n  o f  th e  in ­
d iv idua l zones is de te rm in ed  b y  th e ir  d iffe ren t enzym e co n ten ts. S ince o f  th e  
th re e  zones i t  is only  the  zona g lom erulosa w h ich  possesses 1 8 -h y d ro x y lase , 
an  enzym e e sse n tia l to  th e  b io sy n th es is  o f a ld o s te ro n e , th e  p ro d u c tio n  o f  th is  
m in era loco rtico id  is obviously  confined  to  th is  a rea .

T he sch em a tic  rep re se n ta tio n  o f a s te ro id  secre tin g  cell rep ro d u c e d  from  
th e  m o n o g rap h  o f  Ch r i s t e n s e n  an d  G i l l i m  (1969) is seen in F ig . 1. T h e  18- 
hyd roxy lase  en zy m e-sy stem  is localized  to  th e  m ito ch o n d ria , a t  th e  s ite  o f  a ld o ­
ste rone  p ro d u c tio n . The sign ificance an d  sp ec ific ity  of th e  1 8 -h y d ro x y lase  
enzym e in a ld o ste ro n e  b iosyn thesis  is co n v in c in g ly  illu s tra te d  by  o b se rv a tio n  
to  its  defic iency , as in th e  case o f selective h y p o a ld o ste ro n ism  ( U l i c k  e t  a l.,
1964), w here a ld o ste ro n e  p ro d u c tio n  is p ra c tic a lly  a b se n t. In  o ther cases, e. g., 
in  C onn’s sy n d ro m e , th e  su rg ica lly  rem oved  ad en o m a  shows an  in c rea sed  18- 
h y d ro x y lase  a c t iv i ty .  In  these  cases th e  m icroscop ic  appearance  o f th e  aldo- 
s te ronom a w as rem in iscen t o f th e  zona fa sc ic u la ta , in d ica ting  t h a t  u n d e r  
ab n o rm a l co n d itio n s  n o t only th e  zona g lom eru losa  b u t  also the o th e r  zones 
o f th e  ad ren a l c o r te x  are  fo rm ing  a ld o ste ro n e , p ro b a b ly  as a re su lt o f  e n z y m ­
a tic  a lte ra tio n s  o f  th e  tu m o u r tissue .

D aily  a ld o ste ro n e  secre tion  ranges from  50 to  250 fig  in n o rm a l in d i­
v id u a ls . In  co m p ariso n  w ith  th e  da ily  secre tion  o f  o th e r  co rtico ste ro id s  w h ich  
a t ta in s  severa l m g , th is  q u a n ti ty , how ever, is n o t  negligible in co n seq u en ce  
o f h igh bio logical a c tiv ity  of a ld o ste ro n e , w h ich  is em phasized  by  th e  f a c t  t h a t  
only  50 to  60 p e r  cen t of its to ta l  a m o u n t is b o u n d  to  p lasm a p ro te in s (S i e g e n -
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t h a l e r  e t  al. 1964), m a in ly  to  album in  as o p p o sed  to  the  90 per c en t fo r th e  
g ly co co rtico id s . A c tu a lly , i t  is th e  free h o rm o n e  co n cen tra tio n  w h ich  d e te r ­
m in es th e  biologically  a c tiv e  horm one level.

T h o u g h  a ld o ste ro n e  h as  w ell-defined g lycocortico id  p ro p ertie s , its  m ain  
a c t iv i ty  concerns th e  m e tab o lism  of m in e ra ls , p a rtic u la rly  of sod ium  an d  
p o ta s s iu m , th is  a c tiv ity  fo rm s th e  sub jec t o f  th e  p resen t s tu d y  in  v iew  o f its 
p r im e  im p o rtan ce  in h u m a n  patho logy .

plasma cholesterol

cortisol, 
corticosterone, 
{aldosterone

acetate or other 
substrates

progesteronej!
androgens.
estrogens

Fig. 1. Schem atic rep resen tation  of a steroid-secreting cell. From Ch r is t e n s e n  and  G il l im
(1969)

F ig . 2 d e m o n s tra te s  th e  m in era lo co rtico id  effects o f a ld o ste ro n e  and  
o f  th e  o th e r  co rtico ste ro id s  as com pared  w ith  DOC. A lthough  th e  v a rio u s  
m e th o d s  y ield  d iffe ren t indexes expressing  th e  ra tio  of a c tiv ity  o f th e  given 
h o rm o n e  to  th a t  of D O C, it  s tan d s b ey o n d  d o u b t th a t  the  sodium  re ta in in g  
c a p a c i ty  of a ldosterone  is a p p ro x im a te ly  25 to  50 tim es th a t  o f DOC. R esearch  
c o n c e rn e d  w ith  m in era lo co rtico id  ho rm ones h as  revealed  in te re s tin g  fac ts  
in  r e c e n t  years. I t  has b een  d e m o n s tra te d  t h a t  DOC, reg ard ed  ea rlie r essen­
t ia l ly  as an in te rm e d ia ry  p ro d u c t of c o rtico s te ro n e  and  a ld o ste ro n e  b io sy n ­
th e s is , is secreted  in excessive  am o u n ts  in  pa th o lo g ica l cond itions o f th e  a d ­
re n a l c o rtex  associa ted  w ith  certa in  enzym e defects , as well as in th e  case 
o f  A C T H -secre ting  tu m o u rs  and  th a t ,  s im ila rly  to  a ldosterone , its  h y p e rsec re ­
t io n  m a y  give rise to  a r te r ia l h y p e rten s io n  a n d  to  grave h y p o p o ta ssaem ia  
( B i g l i e r i  et al., 1966, 1968; N o l t e n  et a l., 1968; B r o w n  and  S t r o t t , 1971). 
R e c e n tly , B r o w n  an d  S t r o t t  (1971) h av e  deve loped  a h igh ly  sen s itiv e  p ro ­
c e d u re  based  on c o m p e titiv e  p ro te in  b in d in g , su itab le  for th e  e s tim a tio n  
o f  D O C co n cen tra tio n s in th e  blood of n o rm a l ind iv idua ls. T he fig u res  th u s
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Survival of 
adrenui- 

eetomized 
dog

Soil ill in retention 
in adrenaleetomized

Potassium excretion 
in adrenaleetomi/.ed

“ 'Ja/«’ К
ratio in 
adrenal­

eetoniized 
rat

Threshold of sensi­
tivity in Ussing’s 

toad bladder 
preparationrat dog rat dog

DOC ...............  100 100 100 l o o  l o o 100 100
Aldosterone . . . 2500 2500 3900 500 2900 10 000 2000
11-dehydro-

corticosterone 14 10.3 10 7
Corticosterone . 14 0.5 15 14 weak
Compound S . . 3.0 1.5 8

Cortisol ...........  7 0.03 24 i 4 10 weak
C o rtiso n e ......... 2.5 0.01 14 1 2.1 2.5 no effect
18-OH-DOC . . 6 8** 6 8 weak
18-OH-cortico-
stem  ne ......... substantially

milder effect
than w ith aldo-
sterone

* D ata arc referred to the effect of DOC (= 100).
** B ir m in g h a m  et al. (1965, 1968) have found the sodium  retaining activ ity  of 18-OH- 

D OCA(!) considerably greater, i.e., 25 to 50% of th a t of DOC.

F ig . 2. Comparison of the mineralocorticoid effects of some corticosteroids (after W o l f f , 
1959; K a g a w a  and P a p p o , 1962; G a u n t  and C h a r t , 1962; S h a r p  and L e a f , 1964).* From

Gláz and Vecsei (1971)

o b ta in e d  (5 to  10 ng/100 m l) la rge ly  co rrespond  to  th e  norm al p lasm a co n ­
c e n tra tio n  o f a ld o ste ro n e . I t  has m oreover been  d e m o n s tra te d  th a t  th e  m i­
n era loco rtico id  a c tiv ity  o f  18-hydroxy-D O C , re g a rd e d  earlie r as neglig ib le, 
a m o u n ts  to  25 to  60%  of th a t  of DOC ( B i r m i n g h a m  c t al., 1968; P o r t e r  
and  K i m s e y , 1971). M e l b y  e t al. (1967) show ed 18-O H -D O C  to be a p ro d u c t 
o f th e  h u m an  ad ren a l c o rte x  b y  iden tify ing  th e  com p o u n d  in th e  b lood  of 
th e  ad re n a l vein  o b ta in ed  by  percu tan eo u s c a th e te r iz a tio n  from  a p a tie n t  
w ith  m inera loco rtico id  h y p e rten s io n . The f in d in g s  o f M e l b y  e t al. (1971) 
h av e  revealed  th a t  th e  secre tio n  o f 18-OH-DOC in h e a lth y  ind iv iduals is n o t 
fa r below  th a t  of a ld o ste ro n e  an d  of DOC, its  n o rm a l ran g e  being betw een  50 
a n d  120 pg/24 h rs, th o u g h  K ü c h e l  (1971) gives a v a lu e  of a p p ro x im a te ly  
200 /ig/24 hrs. T he b io sy n th esis  of 18-OH-DOC is assu m ed  b y  M e l b y  et al. 
(1971) to  ta k e  place in th e  zona fascicu lata  o f  th e  a d re n a l co rtex  accord ing  
to  th e  schem e p resen ted  in F ig . 3, w here the  p a th w a y  o f a ld oste rone  b io sy n th e ­
sis can  also be seen. T he zona fasc icu la ta  m ay well be th e  s ite  also of a process 
invo lv ing  no 1 7 -a lp h a -h y d ro x y la tio n  which w ould ac c o u n t for th e  b io sy n th esis  
o f th is  s te ro id . As illu s tra te d  by  Fig. 4, it is a ssu m ed  th a t ,  sim ilarly  to  th e  
re la tio n sh ip  o f 18-O H -B  to  a ldoste rone , 18-O H -D O C  m ay  well rep re sen t 
a p recu rso r o f a p o te n tia l m ineralocortico id  w hich  is m ore p o te n t th a n  a ld o ­
s te ro n e . T he p recu rso r w as te rm ed  11 -deoxy-a ldosterone  (Fig. 4).
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Zona gl о mer ülő sa
Angiotensin
A C T H , K +  .

C h o le s te ro l------------ > P rogesterone —► DOC — Corticosterone —► 18-OH-B —► Aldosterone

Zona fasciculata
17a-0H -P reg  -*■ 17a-O H-Prog —► 11-Deoxycortisol —► Cortisol

ACTH
C holesterol ------------ > Pregnenolone -> Progesterone —► DOC 18-0H -D 0C

Fig. 3. P a thw ays of aldosterone and 18-0H -D 0C  biosynthesis. F rom  M e l b y  e t al. (1971)

GLOMERULQSA

га Г20Н о СН2ОН
но

18-O H -B  

FASCICULATA
CHjOH0^.

Н г(Г vc - oh

ALDOSTERONE

0 CH20H 
HC C-0

H3c

18-0H-D0C

1 8 -0 L -  
DEHYDROGENASE

-OEOXYALDOSTERONE

Fig. 4. Chemical structure of aldosterone, 18-OH-B and 18-OH-DOC and of 11-deoxyaldo-
sterone. From  M e l b y  e t al. (1971)

O n these  g rounds, as fa r  as th e  m inera loco rtico ids o f th e  h u m a n  or­
g a n ism  a re  concerned, we h a v e  to  ta k e  in to  acco u n t, in  a d d itio n  to  a ld o ste ro n e , 
th e  p ro d u c tio n  an d  m in e ra l effects o f DO C an d  o f 18-O H -D O C .

T h e  site  of ac tio n  o f th e  m in era lo co rtico id  horm ones is b e s t u n d e rs to o d  
on  th e  basis  o f its  e ffect on one o f its  e ffec to r organs, th e  re n a l tu b u le . B y  its 
a c t io n  on  th e  d is ta l tu b u le s , a ld o ste ro n e  increases th e  re a b so rp tio n  o f N a + 
a n d  Cl -  an d  s tim u la te s  th e  ex c re tio n  o f  K  + , H + an d  N H 4 ions. H ow ever, 
w e a re  s till ig n o ran t o f how  a ld o ste ro n e  ac ts ; in o th e r w ords, h o w  its  m in­
e ra lo c o rtico id  m echan ism  w orks. T he ex is ten ce  of a special m inera loco rtico id  
re c e p to r  or recep to rs, in  th e  effec to r o rg an  is an  old p ro b lem . Som e ligh t 
h a s  b e e n  th ro w n  on th e  q u es tio n  b y  th e  s tud ies of F a n e s t i l  a n d  E d e l - 
m a n  (1966) who id en tif ied  3H -d -a ld o ste ro n e  in  th e  su b ce llu la r fra c tio n  of 
th e  tu b u la r  cells a f te r  in je c tio n  of th e  lab e lled  substance  in to  ad ren a lec to m ized  
r a t s .  S h a r p  and  L e a f  (1965) an d  la te r  E d e l m a n  (1968) d e m o n s tra te d  th a t  
a ld o s te ro n e  enhanced  N a -u p ta k e  b y  in creasin g  p ro te in  sy n th es is  th ro u g h  
th e  D N A -d ep en d en t R N A , as seen in  F ig . 5 rep roduced  from  th e  s tu d y  of 
E d e l m a n  e t al. (1964). I t  h as  also been  show n th a t  ac tin o m y c in  D a n d  puro- 
m y c in , b o th  R N A -b lock ing  su b stan ces , th u s  also in h ib ito ry  to  p ro te in  syn ­
th e s is , b lock  th e  effect o f  a ld o ste ro n e  on N a -tra n sp o rt a t  th e  level o f th e  cell
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F ig . 5 . Theoretical pathway of the mechanism of action of aldosterone. From E delman
et al. (1964)

Fig. 6. Schematic representation of the factors involved in the regulation of aldosterone 
secretion. From  V e n n in g  and S o l o m o n  (1964)
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m e m b ra n e . Though th e  in v o lv e m e n t of a ld o ste ro n e  in  ce rta in  o x id a tiv e  p ro ­
cesses h a s  been confirm ed b y  L o s e r t  et al. (1967), th e  successive step s  o f 
th is  p ro c e ss  are no t y e t k n o w n . T h e  th eo ry  re p re se n te d  b y  E d e l m a n ’s d ia ­
g ra m  (F ig . 5) also rests  on in co m p le te  evidence.

T h e  ex tra ren a l m in e ra lo co rtico id  a c tiv ity  o f a ld o ste ro n e , th o u g h  lik e ­
w ise o f  g re a t significance, is o u ts id e  the  scope o f  th e  p re sen t paper.

T h e  organism  a d ju s ts  th e  a ldosterone  level to  its  co n tin u o u sly  chang ing  
d e m a n d s  th ro u g h  a h ig h ly  in tr ic a te  reg id a to ry  m ech an ism  even u n d e r p h y s io ­
lo g ica l cond itio n s, and  s till m o re  so in ab n o rm a l s ta te s  (G l á z , 1970). As 
i t  e m e rg e s  from  th e  d ia g ra m  in  F ig . 6, rep ro d u ced  fro m  th e  m o n o g rap h  of 
V e n n i n g  an d  S o l o m o n  (1964), th o u g h  th is  m ech an ism  involves n u m ero u s 
fa c to rs  su ch  as th e  changes in  th e  c ircu la ting  b lood  v o lu m e , sh ifts  in p o tassiu m  
a n d  so d iu m  balance, A C T H , th e  re n in -an g io ten s in  sy s tem , th e  cen tra l nervous 
s y s te m , none of th em  in i ts e lf  is responsible fo r th e  reg u la tio n  of m inera lo -

ACTH

A ceta te
I

Cholesterol

I
Pregnenolone

Progesterone
i

DOC
1.

C orticosterone

18-O H-cortico- 
sterone

A ldosterone

B artter 
(1965); 

Lommer and 
Wolff (1965); 

Müller (1966); 
Yudaev and 

Dronjinina 
(1967)

Angiotensin II

Lommer and 
W olff (1965

Müller (1966)

Marusic
and
Mulrow 
(1967) 

Vecsei 
e t al. 
(1966)

Vecsei et 
al. (1966)

Vecsei 
et al. 
(1966)

B artter
(1965,
1968)

Gláz and 
Sugár 
(1965)

Fig. 7. Schem atic pathw ay of aldosterone biosynthesis and th e  sites of action of the essential 
factors involved in th is  process. From  G lá z  and V e c s e i  (1971)

c o r tic o id  horm ones (F ig . 6). T h e  schem e in F ig . 7 rep resen ts  th e  p a th w a y  
o f  a ld o s te ro n e  b iosy n th esis  (G láz  and  V e c s e i , 1971).  T he sites o f a c tio n  o f 
so m e  o f th e  reg u la to ry  fa c to rs  fo r th e  b io sy n th esis  o f co rticostero ids a re  also 
p re s e n te d  in  Fig. 7.

I t  is no t possible to  d e a l w ith  all th ese  fa c to rs  w ith in  th e  scope o f th e  
p r e s e n t  re p o rt, therefo re  we h a v e  to  confine ou rse lves h ere  to  a few exam ples o f 
th e  r e n in —angiotensin  sy s te m  a n d  A C TH -effects fo r th e  illu s tra tio n  o f th e  h igh ly
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co m p lica ted  m echanism  o f m in era loco rtico id  ho rm one  reg u la tio n . T h e  d iag ram  
in F ig . 8, rep ro d u ced  from  th e  s tu d y  o f St o l l e r m a n  (1969), re p re se n ts  th e  
feed b ack  m echanism  asse rtin g  itse lf  in th e  ren in—ang io tensin—a ld o s te ro n e  
system  u n d e r physio logical co n d itio n s. H ow ever, it is no t only th e  e ffec tive  
blood vo lum e, an d  th e  p ressu re  p rev a ilin g  in th e  renal a r te ry , w hich re g id a te s  
th e  secre tion  o f renin b y  th e  JG A , b u t  also th e  in tra re n a l, i.e., in t r a tu b u ­
la r, co n cen tra tio n  of sod ium  a t  th e  level of th e  m acu la  densa (acco rd in g  to  
th e  th e o ry  o f T h u r a u ), fu rth e rm o re  th e  sy m p a th e tic  nervous sy s tem  an d  
th e  p o tassiu m  co n cen tra tio n  in th e  b lood  of th e  renal a r te ry , to  n am e  o n ly  
som e of th e  m ost essen tia l fac to rs. T h e  p a r t  p lay ed  b y  th e  ren in—a n g io ten s in  
system  — has been su b s ta n tia te d  by  am ple  clin ical observ a tio n s a n d  e x p e ri­
m e n ta l ev idence . T here are  none th e  less ce rta in  po in ts  w hich req u ire  som e 
co m m en ts , f irs t of all th e  m echan ism  and  specific ity  o f th e  an g io ten sin  effect 
as reg a rd s  th e  s tim u la tio n  of a ld o ste ro n e  p ro d u c tio n . A ngio tensin  I I ,  j u s t  as 
A C TH , aff ects th e  early  phase  o f s te ro id  b io sy n th esis  by  s tim u la tin g  th e  
conversion  o f cholesterol in to  p regneno lone, as illu s tra te d  in th e  d ia g ra m .

— ►  Intra-arterial 
Pressure

Effective
Blood

Volume

*
\
\

\
\

Sodium
Reabsorption | ^

I__

Fig. 8. Schem atic representation  of the feedback m echanism  of the renin—angiotensin—aldo­
sterone—system . From  Sto llerm a n  (1969)

D esp ite  th is  s im ila rity , th e re  are  som e differences in  th e  m echan ism  o f a c tio n  
o f th e  tw o horm ones, as, on th e  ev idence  of th e  s tu d ies  o f K a p l a n  (1965), 
an g io ten sin , in c o n tra s t w ith  A C T H , does n o t au g m en t th e  p h o sp h o ry la se  
a c t iv i ty  o f th e  ad ren a l co rtex . F u rth e rm o re , th e  effects o f A CTH  a n d  o f 
cyclic-3’,5’-A M P on co rtico ste ro id  b iosy n th esis  are  n o t ad d itiv e , w h ereas  
A C TH  an d  ang io te  n s in l l  as well an g io tensin  I I  an d  cyclic-3’,5’-A M P do p o ­
te n tia te  each  o th e r’s effects. S im ilarly  to  A C TH , an g io ten sin  I I  ad m in is te re d  
in p resso r doses s tim u la te s , in a d d itio n  to  th e  b io syn th esis  o f a ld o s te ro n e , 
th a t  o f  co rtiso l an d  co rticosterone , w hereas th e  a c tiv ity  o f its  subp resso r doses
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is confined  to  a ld o ste ro n e  b iosyn thesis in m a n  ( R a y y is  an d  H o r t o n , 1971). 
H o w ev er, in  ce rta in  a n im a l species th e  co m p o u n d  has no s tim u la tin g  effect 
on  a ldosterone  b io sy n th e s is  unless a d m in is te re d  in  pressor doses, as it  has 
b e e n  confirm ed b y  o u r ea rlie r  experim en ts in  th e  r a t  (G l á z  an d  S u g á r . 1962) 
(F ig . 9). I t  is a c h a ra c te r is tic  fea tu re  o f  an g io te n s in  a c tiv ity  t h a t  its  a ld o ­
s te ro n e -s tim u la tin g  e ffec t is p o te n tia te d  b y  so d ium  dep le tion .O n  th e  o th e r  h an d , 
A C T H  p rim arily  s tim u la te s  th e  secretion  o f  cortiso l and of co rticoste rone , 
th o u g h  th e re  is ev idence  t h a t  in  opposition  to  th e  earlie r view  i t  considerab ly  
en h an ces  th e  p ro d u c tio n  o f a ldosterone . D issim ila r as th e  tw o  horm ones 
a re  in  th e ir  m ech an ism s o f  action , th e re  is n one  th e  less a close re la tio n sh ip  
b e tw e e n  th em , a t  le a s t  as fa r as th e  h u m a n  organ ism  is concerned . O n th e  
ev id en ce  of th e  re c e n t s tu d ies  of R a y y i s  a n d  H o r t o n  (1971), b lock ing  of 
endogenous A CTH  b y  d ex am eth aso n e  re su lts  in  a sign ifican t suppression  
o f  th e  angio tensin  I I - in d u c e d  e levation  o f th e  p lasm a a ld oste rone  level even 
i f  p resso r doses o f a n g io te n s in  I I  have b e e n  u sed , as a sign th a t  p ro d u c tio n  
o f  m ax im um  a n g io te n s in  I ]  effect req u ire s  a no rm al p ro d u c tio n  o f cortico- 
t r o p h in  b y  th e  p i tu i ta r y  g land .

A ngiotensin II m icrogram

Fig. 9. Stim ulating ac tiv ity  of increasing doses of angiotensin I I  on aldosterone biosynthesis 
in  th e  ra t. From G l á z  and  S u g á r  (1962)

The lon g -te rm  use o f  ang io tensin  I I  co n fro n ts  us w ith  p a r tic u la r  p ro b ­
lem s in respect o f  a ld o ste ro n e  p ro d u c tio n . W hile in m an  an d  in  th e  dog 
i ts  s tim u la tin g  a c t iv i ty  rem ains u n a ffe c ted  even  for long periods ( L a r a g h  
e t  ah , 1964;, U r q u h a r t  e t  ah , 1963), in  sheep  ( B l a ir - W e s t  e t ah , 1962) an d  in  
r a ts  (C a d e  and  P e r e n i c h , 1965) it d isa p p e a rs  w ith in  a few ho u rs . C onversely , 
in  h u m an s it  is A C T H  w hich loses its  s tim u la tin g  a c tiv ity  on a ld o ste ro n e  
p ro d u c tio n  w hen u sed  o v er longer p e rio d s , p ro b a b ly  because , as suggested  
b y  N e w t o n  an d  L a r a g h  (1968), th e  A C T H -in d u ced  h y p ersec re tio n  o f cortiso l 
a n d  cortisone p ro d u ces  a d is tin c t m in era lo co rtico id  effect, i.e ., sod ium  re te n tio n ,

Acla Mediça Academiae Scientiarum  Hungaricae 29, 1972



R ECEN T ADVANCES IN  M 1NERALOCOHTICOID RESEA RCH 3 7

w hich  b y  a feedback  m echan ism  leads to  a su ppression  o f  a ld o ste ro n e  secre tion . 
T h e  red u c tio n  in  th e  secre tio n  o f a ldosterone  a t ta in e d  b y  th e  use o f  exogenous 
g lycocortico ids in c lin ical cases ( N e w t o n  an d  L a r a g h , 1968) seem s to  f i t  in 
w ith  th is  in te rp re ta tio n . T h e  resu lts  of r a t  e x p e rim e n ts  — b y  e x a m in in g  the  
co rtico ste ro id  b io sy n th esis  in  th e  presence o f H :1-p regneno lone (G l á z  e t al., 
1971) — are in co n fo rm ity  w ith  these  find ings: in s tead  of th e  A C T H -induced  
c h a ra c te ris tic  red u c tio n  in  a ldosterone  specific a c t iv i ty  in d ica tiv e  o f  an  en­
h an ced  p ro d u c tio n  of no n -lab e lled  a ldosterone  (F ig . 10), an  increase in  specific 
a c t iv i ty  o f a ld o ste ro n e , as a sign of re d u c tio n  in its  ab so lu te  a m o u n t, was 
n o te d  in case of lo n g -te rm  use o f d ex am eth aso n e  in  ra ts  a im ed a t  th e  su p p re s­
sion o f endogenous A C TH  secre tion  (F ig. 11).

Specific activity

])PM/mg in per cent
of the controls

Aldosterone Corticost erone Aldosterone Corticosterone

C o n tro l............................ 364.83 374.65 100 100
ACTH1“ *' (Synac-

then) ............................ 126.72 98.57 60.88 71.66
ACTH1"*8 (Humac-

thid) .......................... 104.05 101.72 68.97 -  69.46

Fig. 10. Effect of synthetic ACTH on aldosterone biosynthesis by the ra t  ad renal, in the 
presence of :lH-pregnenolone. From  Gláz e t al. (1971)

T he co rre la tions be tw een  ang io tensin  I I  a n d  aid sterone level a lso  pose 
in te re s tin g  p rob lem s. In  th e  s tu d ies  of F r a s e r  e t  a l. (1965), d u ring  th e  in tr a ­
ven o u s infusion of an g io ten sin  l i t h e  a ldosterone  level w as increased . A f te r  th e  in ­
fusion th e  level o f a ld o ste ro n e  re tu rn e d  to  its in itia l va lu e  in  30 m in, i.i acco rd an ce  
w ith  th e  biological ha lf-life  of a ldoste rone . T h is o b se rv a tio n  w ould  seem  to  he 
suggestive  of a close co rre la tio n  betw een  th e  tw o  fa c to rs , th e  re c e n t s tu d ies  
b y  B l a i r - W e s t  e t al. (1971), how ever, in d ica te  t h a t  th e  said  e ffec t to o  is 
closely  connected  w ith  th e  sod ium  balance  p rev a ilin g  in th e  b o d y , these  
a u th o rs  hav in g  been ab le  to  red u ce  th e  increased  a ld o ste ro n e  level in  sodium - 
d e p le te d  sheep b y  th e  a d m in is tra tio n  o f sod ium  in a s tag e  w hen th e  p lasm a  
an g io ten s in  I I  level w as till  h igh . A d issocia tion  b e tw een  th e  levels o f  a ld o ­
s te ro n e  a n d  ren in  an d  of a ld o ste ro n e  an d  an g io ten sin  I I ,  has been  co n firm ed  
b y  clinical stud ies of o th e r  a u th o rs  as well (S l a t e r  e t a l., 1969; Ch i n n  e t ah, 
1969; V e y r a t  e t ah , 1967). D esp ite  th is  ev idence , w ith  th e  ex cep tio n  o f  p a r­
tic u la r  s itu a tio n s , th e re  a re  in tim a te  co rre la tio n s b e tw een  th e  a c t iv i ty  o f  th e  
re n in —an g io tensin  sy stem  a n d  th e  p ro d u c tio n  o f a ld o ste ro n e .

A tte n tio n  m u st be d ire c te d  to  th e  changes e ffec ted  b y  th e  a b o v e  dis­
cussed  reg u la to ry  fac to rs  in  th e  secretion  of DOC w hich also has an  im p o r ta n t
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 ̂ Q  Control a n im a ls /100 mg adrenal weight
2 Q  Control animals / animal
3 □  Dexamethasone treated animals /100 mg adrenal weight
4. □  Dexamethasone treated animals /animal

Fig. 11. Effect of dexam ethasone trea tm en t on aldosterone and corticosterone biosynthesis 
by the ra t adrenal in  th e  presence of :*H-pregnenolone (Glaz e t al.)

m in era lo co rtico id  effect. O n th e  evidence o f th e  s tud ies of B r o w n  an d  S t r o t t  
(1 9 7 1 ), a low -sodium  d ie t , in  th e  sam e m a n n e r as an g io tensin  I I  in fused  over 
o n e  h o u r  in pressor doses, fa ils to  increase th e  p lasm a DOC level in  m an . 
In  o p p o sitio n  to  th is , th e  in fusion  of A CTH  as well as th e  en h an ced  ACTH 
se c re tio n  in the  ectop ic  A C T H  syndrom e in d u ced  a sign ifican t rise in  th e  p lasm a 
D O C  level. These d a ta  f i t  in  w ith  earlier o b se rv a tio n s  of th e  increased  p ro d u c­
t io n  o f  DOC in co n g en ita l ad ren o co rtica l h y p e rp la s ia  in  1 1 -b e ta , or in 17- 
h y d ro x y la se  enzym e d e fec ts  ( G o l d s m it h  e t a l., 1967; B i g l i e r i  e t a l., 1968), or 
in  a d ren o co rtica l c a rc in o m a  inducing  C ushing’s syn d ro m e (C r a n e  a n d  H a r r i s ,
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1966). F ro m  th ese  facts it c learly  em erges th a t ,  while A CTH  p lays a d e fin ite  
p a r t  in th e  p ro duc tion  of DOC h y p e rsec re tio n , ang io tensin  II lacks a n y  s tim ­
u la tin g  a c tiv ity  of th is  k in d . T h is is con sis ten t w ith  clinical o b se rv a tio n s  
re la tiv e  to  syndrom es associa ted  w ith  secondary  h y p e ra ld o ste ro n ism  w here 
in sp ite  of th e  a c tiv ity  of th e  re n in -a n g io te n s in -a ld o s te ro n e  system  is sig n if­
ic a n tly  en h an ced , the  DOC level is unchanged  ( B r o w n  an d  S t r o t t , 1971).

T h e  release of 18-O H -D O C , th e  th ird  stero id  o f m in era lo co rtico id  a c t i­
v ity , has closely been s tu d ied  in h u m an  pa th o lo g y  b y  M e l b y  e t a l. (1971) 
a n d  K ü c h e l  (1971). In  th e  s tu d ies  o f M e l b y  e t a l., th e  18-O H -D O C  level, 
while rem ain in g  unaffec ted  by  an g io ten sin  11 as well as b y  a high sod ium  
in ta k e , d e fin ite ly  increased in response  to  ACTH a d m in is tra tio n , a n d  th e  
p o te n tia tin g  effect of sodium  d ep le tio n  on th e  secretion  of 18-O H -D O C  was 
show n by  K ü c h e l .

T hese fac ts  clearly  in d ica te  th a t ,  to g e th e r  w ith  th e  ren in -an g io ten s in  
sy stem , A CTH  secretion  p lays a decisive p a r t  in th e  reg u la tion  o f a ld o ste ro n e  
an d  o f o th e r  m inera locortico ids.

Hypertensive conditions
Essential hypertension 
M alignant hypertension 
Renovascular hypertension 
Acute renal disease
R obertson’s syndrom e (renal haem angiopericytom a) 
Pheochrom ocytom a 
Coarctation of the aorta 

Conditions associated with oedema 
Nephrotic syndrom e 
Congestive heart failure 
Portal cirrhosis accom panied by ascites 
Idiopathic oedema 

M iscellaneous conditions 
Pregnancy 
Diabetes insipidus
B artte r’s syndrom e (.JGA-hyperplasia)
Pseudo-B artter’s syndrome

(excessive use of cathartics, diuretics)
Anorexia nervosa 
K, Na losing renal disease 
Pyloric stenosis 
Acute blood loss

Fig. 12. Conditions associated with increased renin angiotensin activ ity  and w ith high aldo­
sterone level

W e shall now  a tte m p t to  discuss th e  p rac tica l s ign ificance o f th e  re n in -  
an g io ten s in —aldosterone  system  in som e clinical syndrom es. A c tu a lly , th e  
increased  a c tiv ity  of th e  ren in—an g io ten s in  system  show s a p a ra lle lism  w ith  
th e  e lev a tio n  o f th e  a ld o ste ro n e  level in v a rious p a tho log ica l co n d itio n s  and  
clinical syndrom es associated  w ith  h y p o n a tra e m ia , h y p o v o laem ia , h y p e r­
ten s io n  or oedem a (Fig. 12).
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H ypotensive conditions
Selective hypoaldosteronism  

idiopathic
congenital (18-hydroxylase and 18-dehydroxylase deficiency)
iatrogenic (th e rap eu tic  use of heparin and  heparinoids: block of 18-hydroxylase) 

Diffuse adrenocortical failure 
Addison’s disease 
A drenalectom y (b ila tera l)

Fig. 13. Conditions associated  w ith  increased ren in -ang io tensin  ac tiv ity  and reduced aldo­
sterone level

F ig . 13 lists th e  sy n d ro m es or co n d itio n s, w here th e  fall in  th e  level o f 
a ld o s te ro n e  or of o th e r  m inera locortico ids is acco m p an ied  b y  an  excessive 
a c t iv i ty  of the  re n in —an g io ten s in  system  (ab sen ce  of feedback  effect). T hese 
in c lu d e  b ila te ra l a d re n a le c to m y , A ddison’s d isease , hypoald o ste ro n ism  or 
h y p o m in era lo co rtic ism . R e c e n t observa tions h a v e  m ade us m ore fam ilia r w ith  
th e  s ta te s  of h y p o a ld o s te ro n ism . A new  ty p e  o f  h y p o a ld o ste ro n ism  has been  
d esc rib ed  by  B i g l i e r i  e t a l. (1966), b y  S t o c k i g t  e t  al. (1971) an d  b y  P e r e z  e t 
a l. (1971). In  th e  p re sen ce  o f th e  ty p ic a l signs o f h y p o a ld o ste ro n ism , th ey  
fo u n d  a su rp rising ly  low  p lasm a ren in  a c t iv i ty  in s te a d  of th e  h igh values 
to  be  expected  on th e  b as is  o f  earlier experience. E v e n  th e  level of ang io tensin  I, 
as d e te rm in ed  b y  rad io -im m u n o assay , was e x tre m e ly  low  an d  failed to  resp o n d  
to  th e  conven tiona l re n in -s tim u la tin g  fac to rs , i. e., s a lt-d e p riv a tio n , d iu re tic s , 
e re c t p o stu re , e tc . T h e  n o rm aliza tio n  o f h y p e rp o ta ssa e m ia  b y  m eans of su b ­
s t i tu t io n  th e ra p y  o f  h y p o a ld o ste ro n ism  also le f t th e  ren in —ang io tensin  values 
u n a ffe c ted . I t  w as a ssu m e d  on these g ro u n d s  th a t  th e  h y p o a ld o ste ro n ism  
c o n seq u en t upon a n  a t ro p h y  of the  zona g lom eru losa  w as due to  an  im p a ired  
p ro d u c tio n  of ren in .

H ow ever, in  sy n d ro m e s  accom pan ied  b y  excessive p ro d u c tio n  of a ld o ­
s te ro n e  or of o th e r  m in era lo co rtico id  h o rm o n es (F ig . 14) th e  a c tiv ity  o f tin; 
re n in —angio tensin  sy s te m  is gravely  a ffec ted  a n d  its  response to  th e  usual 
s t im u la tio n  is poor o r a b s e n t (feedback e ffec t as e. g ., in  C onn’s syndrom e). 
R e c e n t stud ies h av e  o ffe red  closer in sigh t in to  m a n y  aspects  of C onn’s sy n ­
d ro m e , b u t the  p re s e n t  discussion will be con fin ed  to  its  problem s re la tiv e  
to  th e  m orphology  o f th e  ad renals. As i t  is seen in  F ig . 15 (c lassification  o f

Hypertensive conditions
P rim ary  aldosteronism  (adrenocortical adenom a)
Pseudo-prim ary aldosteronism

congenital aldosteron ism  (adrenocortical hyperp lasia)
aldosteronism of adult-age onset (micro- and  m acronodular hyperplasia of adrenal 

cortex)
dexam ethasone-responsive type 

T ertia ry  aldosteronism  associated with renal disease 
Cushing’s syndrome
A drenogenital syndrom e (11-, 17-hydroxylase deficiency)*

* Increased aldosterone levels are uncom m on in adrenogenital syndrome of this type .

Fig. 14. Conditions associated  w ith  a reduced renin-angiotensin activ ity  and increased aldo­
sterone level
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D hom  an d  St ä d t l e r , 1968), an  “ a ld o ste ro n o m a”  o f th e  ad ren a l c o rtex  is no t 
th e  on ly  possible cause o f p r im a ry  h y p era ld o ste ro n ism ; m ic ro n o d u la r h y p e r­
p lasia , even diffuse h y p e rp la s ia  of th e  ad ren a l co rtex  m ay  also be responsib le  
fo r it  (F ig . 15). F rom  our m a te r ia l (F ig . 16, 17, 18) a case o f so lita ry  adenom a 
a n d  one o f m icro n o d u lar h y p e rp la s ia  as th e  p rim a ry  cause o f  h y p e ra ld o ­
ste ron ism  is p resen ted  (D r. É . K o n y á r, and  D r. J .  M ohácsi, of th e  Second 
In s t i tu te  o f P a th o lo g y  U n iv ., B u d ap est) . I t  m u st he n o ted  th a t  in th e se  cases, 
in a d d itio n  to  th e  p ro d u c tio n  o f  a ld o ste ro n e  also th a t  o f cortiso l w as excessively  
h igh . T his w as, how ever, o n ly  to  he ex p ec ted  in v iew o f th e  m icroscopic 
s tru c tu re  o f ad en o m a, re m in isc e n t of th e  zona fasc icu la ta  r a th e r  th a n  o f th e  
zona glom erulosa.

(! )  Adenoma of the cortex:
(a) solitary
(b) m ultiple, unilateral or b ilateral
(c) solitary, associated w ith m icronodular hyperplasia of the rem aining cortex
(d) m ultiple w ith micronodular hyperplasia

(2) B ilateral micronodular hyperplasia of the cortex:
(а) congenital hyperaldosteronism
(б) hyperaldosteronism  of the aged

(3) Adrenal carcinoma
(4) Adrenocortical hypoplasia (ab erran t aldosteronom a)
(5) A drenal cortex w ithout morphological abnorm ality

Fig. 15. A drenal m orphology in p r im a ry  a ldosteron ism . F ro m  D iiom  a n d  St ä d t l e r  (1968)

/
F ig . 16. Gross appearance of an adrenocortical adenoma causing Conn’s syndrome (Gláz

et al.)

T h e poor, u n resp o n siv e , ren in  a c tiv ity  in lIn* presence of* high o r even 
n o rm al a ldosterone  levels n o t o n ly  confirm s th e  d iagnosis o f th e  classical
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F ig . 17. Microscopic appearance  of the adrenocortical adenom a shown in Fig. 16

F ig . 18. Microscopic appearance  of nodular adrenocortical hyperplasia causing Conn’s
syndrom e (G láz e t  al.)
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C onn 's syndrom e, b u t also allow s to  recognize de fin ite  cases o f o lig o sy m p to ­
m atic  endocrine h y p erten s io n  due to  ad ren o co rtica l h y p erp lasia  th u s  offering 
a p rocedure  for th e  screening  o f essen tia l h y p e rten s io n . On th e  ev idence  of 
o u r o b serv a tio n s (G lá z  e t a l., 1970 ,1971) (F ig . 19) th e  h y p e rten s io n  as a sign of 
o lig o sy m p to m atic  ad ren o co rtica l disease w as p roved  in a co n sid erab le  n u m b er 
of cases. C orrect d iagnosis m akes it possible to  in tro d u ce  an  ae tio log ic  th e ra p y .

E s tim a tio n  o f p lasm a a ld o ste ro n e  a n d  p lasm a ren in  a c t iv i ty  u n d er 
b asa l cond itions an d  a f te r  sa lt w ith d raw a l an d  a d m in is tra tio n  o f  d iu re tics 
allow s to  diagnose th e  endocrine  ty p e  of h y p e rten s io n  a t a s tag e  w here  o th e r

Number of patien ts exam ined: 169 ° ()
Essential hypertension ........................................  9 5.3
Progressive hypertension .................................... 6 3.5
Forme fruste Cushing’s disease ......................  76 45.0
Cushing’s syndrom e ............................................. 8 4.7
Oligosym ptom atic adrenocortical hypertension 61 36.1
Conn’s syndrom e .................................................  9 5.3
(surgical ev id e n c e ).................................................  (4)

Fig. 19. Patien ts w ith endocrine hypertension due to oligosym ptom atic adrenocortical hyper- 
function in a clinical series investigated for the aetiology of hypertension. F inal diagnosis 

in hypertension patients of suspected adrenocortical origin (G láz et al., 1970, 1971).

signs o f ad ren o co rtica l disease a re  still a b se n t. As Fig. 20 show s, in p a tie n ts  
w ith  essen tia l h y p erten s io n  th e  p lasm a a ld o ste ro n e  level in c reased  n ea rly  
b y  170 per cen t and  the  p lasm a renin  level b y  64 per cen t in re sp o n se  to  the 
u su a l s tim u li. T he difference is re m ark ab le  since th e  e levation  in th e  group 
o f  endocrine  h y p erten sio n  w as o f th e  o rd e r o f 20 to  25 per cen t o n ly . T he re­
sponse to  s tim u la tio n  of ren in  and  a ld o ste ro n e  in endocrine h y p e rte n s io n  
is o f th e  sam e p a tte rn  as in C onn’s sy n d ro m e  (F ig . 20).

In  th e  l i te ra tu re  o f recen t years  we find  references to  cases o f h y p e rte n s io n  
reg a rd ed  as “ e ssen tia l”  h y p e rte n s io n  d esp ite  th e  unresponsiveness o f ren in  a c tiv i­
ty ,  on th e  g rounds th a t  surg ical ex p lo ra tio n  o f th e  ad ren a ls  for su sp ec ted  C onn’s 
sy n d ro m e  h ad  revealed  no ad en o m a ( K a p l a n , 1967; L e d i n g h a m  e t a l., 1967; 
F is h m a n  et a l., 1968; L a r a g h  e t a l., 1970). T h is w ould seem to  c a s t d o u b t 
on th e  d iagnostic  va lu e  of th e  un responsiveness of th e  ren in  sy s te m , a t  least 
u n d e r ce rta in  cond itions. I t  shou ld , how ever, be bo rne  in m ind  t h a t ,  while 
on th e  one h an d , a p a r t  from  a so lita ry  ad en o m a, a m icro n o d u lar h y p e rp la s ia  
of th e  ad ren a l co rtex , accessible only  to  m icroscopical diagnosis, m a y  also be 
in v o lv ed  in th e  ae tio logy  of C onn’s sy n d ro m e, on th e  o th e r h an d  an  excessive 
u p ta k e  o f sodium  — v ery  com m on in h y p e rte n s iv e  su b jec ts  as well as of 
p o tassiu m  m ay  suppress ren in  a c tiv ity  in tru e  h y p erten siv e  d isease (V e y r a t  
e ta l . ,  1967). New ligh t has been th ro w n  on th e  p rob lem  by W o o d s  e t  a l. (1969), 
w ho w ere ab le to  reduce th e  blood p ressu re  in su b jec ts  w ith  “ e sse n tia l”  h y p e r­
tension  w ith  suppressed  ren in  a c tiv ity  b y  th e  th e ra p e u tic  use o f  am in o ­
g lu té th im id e , a su b stan ce  in h ib itin g  th e  b io syn thesis  of s te ro ids, th u s  also of 
a ld o ste ro n e . S p irono lac tone , a d ru g  o f a n tia ld o s te ro n e -ac tiv ity , w as also used
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PLASMA RENIN ACTIVITY

ng/100ml lg 

10000-

Essential hypertension . n=10
Otigosymptomatic 

adrenocortical
hypertension............... n=16

—  —  Connus syndrome.............n=11
——■— Conn’s syndrome

after surgery.............. n= 2

:í » t

Fig. 20. Plasm a renin ac tiv ity  and  plasma aldosterone concentration  in hypertension of
various causes (Gláz e t al.)

w ith  b e n e fit by  C r a n e  a n d  H a r r is  (1970) in  h y p e rte n s iv e  p a tie n ts  o f a s im ila r 
ty p e . T hese  observ a tio n s a lso  em phasize th e  d iag n o stic  an d  aetio log ic  sign if­
ican ce  o f  suppressed re n in  a c tiv ity  in h y p e rte n s iv e  p a tie n ts .

T h e  th e rap eu tic  re su lts  o b ta in ed  in  ou r h y p e rte n s iv e  m a te ria l a re  con­
s is te n t  w ith  th e  o b se rv a tio n s  o f  th e  above m e n tio n e d  au th o rs . F ig . 21 p re se n ts  
th e  v a lu es  for five p a t ie n ts  w ith  o lig o sy m p to m atic  endocrine h y p e rten s io n  
w h ere  th e  p lasm a a ld o s te ro n e  an d  ren in  level p ro v ed  less responsive  th a n  
in  th e  cases of essen tia l h y p e rte n s io n . A fter unsuccessfu l rau w o lfia  an d  m eth y l- 
d o p a  tre a tm e n t, sp iro n o lac to n e  induced  a co n sid e rab le  fall of b lood p ressu re . 
C o m b in a tio n  of th is  t r e a tm e n t  w ith  a m in o g lu té th im id e  resu lted  in  a fu r th e r
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Fig. 21. E ffect of am inoglutéthim ide in patien ts of oligosym ptom atic adrenocortical hyper­
tension (Gláz e t al.)

decline o f a r te r ia l p ressu re  p a ra lle l w ith  a sig n ifican t red u c tio n  in  a ld o ste ro n e  
sec re tio n . I t  is know n from  v ario u s  s tud ies inc lud ing  those of F is h m a n  e t al. 
(1967) an d  o f our o b serv a tio n s th a t  am in o g lu té th im id e  is one of th e  m o st po ­
te n t  in h ib ito rs  of a ld oste rone  b io sy n th esis . F ig . 22 d em o n stra te s  th e  ste ro id  
b io sy n th es is  b y  the  r a t  a d re n a l u n d e r  chronic am in o g lu té th im id e  tre a tm e n t .  
I t  c an  he seen th a t  th e  conversion  o f labelled  p regnenolone, a p re c u rso r  of 
a ld o ste ro n e , as well as th e  ab so lu te  a ld o ste ro n e  p ro d u c tio n , w ere sig n ifi­
c a n tly  red u ced  as com pared  to  th e  con tro ls . T h is red u c tio n  d id  n o t a ffec t 
co rtico s te ro n e  p rod u c tio n .

F ig . 23 sum s up  th e  p a th o lo g ica l con d itio n s and  clin ical sy n d ro m es 
a sso c ia ted  w ith  a suppression  o f ren in —an g io ten sin  a c tiv ity  an d  also  o f  aldo-
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ELIPTEN
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Fig. 22. E ffect of am inoglutéth im ide on the aldosterone and  corticosterone biosynthesis in
ra t  adrenal cortex (Gláz e t al.)

s te ro n e  secretion  in consequence  of an  o v e rp ro d u c tio n  of m inera loco rtico ids, 
b u t  n o t  o f a ldosterone . As a re su lt, th e  levels o f re n in —angio tensin  I I  an d  also 
o f a ld o ste ro n e  are low .

T h e  evidence fu rn ish e d  by  th e  recen t s tu d ie s  o f M e l b y  et al. (1971) is 
h ig h ly  re le v a n t to  th is  issue , these  au th o rs  h a v in g  found  an  ab n o rm a lly  h igh  
u r in a ry  excre tion  o f 1 8 -O H -te trah y d ro -D O C  in th e  presence of low or no rm al
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Hypertensive conditions 
Biglieri’s syndrome

(17-hydroxylase defect: hypersecretion of 11-desoxycorticosterone and cortico­
sterone)

Congenital adrenocortical hyperplasia
(11-beta-hydroxylase defect: hypersecretion of 11-desoxycortisol and 11-desoxy­

corticosterone)
Pseudo-Conn-syndrom e (excessive use of glycyrrhizic acid)
Renal tubu lar cell defect 
Liddle’s syndrome 

Other conditions
N ephrectom y (bilateral)
Parkinson’s disease

Fig. 23. Conditions associated w ith a reduced renin-angiotensin activ ity  and low aldosterone
level

a ld o ste ro n e  an d  D O C -plasm a levels in p a tie n ts  w ith  suppressed  re n in  a c tiv ity . 
A h igh secretion  ra te  o f 18-O H -D O C was d e m o n s tra te d  b y  K ü c h e l  (1971) 
in p a tie n ts  o f th e  sam e ty p e . In  view  of th e  m o d e ra te  m inera loco rtico id  a c tiv ity  
o f  th e  su b stan ce  in  q u es tio n  fu r th e r  o b se rv a tio n s  are  needed fo r b ring ing  
th ese  find ings in h a rm o n y  w ith  th e  aetio logy  o f  h y p e rten s iv e  d isease accom ­
p an ied  b y  reduced  ren in  an d  a ld o ste ro n e  levels.

R E FE R E N C E S

B ig l ie r i , E. G., H e r r o n , M. A. and B r u st , N .: J . clin. Invest. 45, 1946 (1966).
B ig l ie r i , E. G., Sla to n , P. E ., S c h a r u b el a n , M. and K r o n f ie l d , S. Y.: Amer. J . Med.. 

45, 170 (1968).
B ir m in g h a m , M. K ., MacDoNALD, M. L. an d  R o c h e fo r t , J . G. In : F u n c tio n s  o f  th e  A drenal 

C ortex. E d .: M cK erns, K . W . A p p le to n -C en tu ry -C ro fts , New Y ork  1968, Vol. 2, p. 647. 
B l a ir -W e s t , J ., Co g h la n , J . P ., D e n t o n , D. A., Go d in g , J . R ., Mu n r o e , J . A ., P e t e r s o n .

R. E. and W in t o u r , M.: J . clin. Invest. 41, 1606 (1962).
B l a ir -W e s t , J .,  Ca in , M. D., Ca t t , K. J . ,  Co g h la n , J . P ., D e n t o n , D. A., F u n d e r , J . W., 

S co gg in s , В. A. and W r ig h t , R. D.: Acta endocr. (K bh.) 55, 229 (1971).
B r o w n , R. D. and St r o t t , C. A.: J . clin. Endocr. 32, 744 (1971).
Ca d e , R . and P e r e n ic h , T.: Amer. J . Physiol. 208, 1026 (1965).
Ch in n , R. H . B ro w n , J .  G., F r a se r , R., L e v e r , A. F. and R o b er tso n , J .  I. S.: Proc. 4th 

In t. Congr. N ephrology, Stockholm 1969, P. 432.
Ch r is t e n s e n , A. K. and G il l im , S. W.: In: The Gonads. Ed.: K. W. McKerns. Appleton- 

Century-Crofts, New York 1969, 416.
Cr a n e , M. G. and H a r r is , J . J .:  J . clin. Endocr. 26, 1135 (1966).
Cr a n e , M. C. and H a r r is , J . J .:  Amer. J . med. Sei. 260, 311 (1970).
D hom , G. and St ä d t l e r , F.: Virchows Arch. path . A nat. 345, 176 (1968).
E d el m a n , I. S., B ogoroch , R. and P o r t e r , G. A.: Trans. Ass. Amer. Phycns. 27, 307 (1964). 
E d e l m a n , I. S. In: Function of the Adrenal Cortex. E d .: Me Kerns, K. W. Appleton- 

C entury-Crofts, New Y ork 1968 Vol. 2, p. 79.
F a n e s t il , D. D. and E d el m a n , I. S.: Proc. nat. Acad. Sei. (W ash.) 56, 872 (1966). 
F is h m a n , L. M., L id d l e , G. W., I sla n d , D. P., F’l e is c h e r , N. and K ü c h e l , O.: J . clin. 

Endocr. 27, 481 (1967).
F ish m a n , L. M., K ü c h e l , O., L id d l e , G. W., M ic h e l a k is , A. M., Go rd o n , R. D. and Ch ic k , 

W. T.: J . Amer. med. Ass., 205, 497 (1968).
F r a s e r , R ., J a m es , V. H . T., B r o w n , J .  J . ,  I saac, P., L e v e r , A. F. and  R o b e r t s o n , J .  I. S.: 

Lancet 2, 989 (1965).
Glaz, E. and Su g á r , К .: J .  Endocr. 24, 299 (1962).
Gl Áz , E.: Az O rvostudom ány ak tuális  problémái. Ed. Fischer, A. Medicina, B udapest 1970/1, 

P . 93.

Acta Medica Academiae Scientiarum Hungaricae 29, 1®72



4 8 E. GI.Ä7,

Gl á z , E ., D eb r e c zen i, L ., F o d o r , É ., K is s , R ., K o c sis , F ., Mo rvá i, V., P é t e r i , M. and 
V a jd a , L.: K orányi T ársaság  Nagygyűlése, A kadém iai Kiadó, B udapest 1970.

G lá z , E . and Ve c s e i, P.: A ldosterone. Akadémiai K iadó, B udapest 1971.
G l á z , E ., K iss , R., Mo r v á i, V., P é t e r i , M. and Su g á r , K .: Polypeptide H orm ones. Ed.: 

G óth, E., Fövenyi, J .  A kadém iai Kiadó, B udapest 1971. P. 91.
G o l d s m it h , О., Solomon , D. H . and  H orto n , R.: Nerv E ngl. J . Med., 277, 673 (1967). 
K a p l a n , N. H.: J. clin. In v es t. 44, 2029 (1965).
K a p l a n , N. M.: Ann. in te rn . M ed., 66, 1079 (1967).
K ü c h e l , O.: Circulât. Res. Suppl. 2, 28 — 29, 150 (1971).
L a r a g h , J .  H., Ca n n o n , P . J . and  Am es , R. P .: Canad. m ed. Ass. J ., 90, 248 (1964). 
L a r a g h , J .  H ., Se a l e y , J . E ., N e w t o n , M. A. and L e d in g h a m , J . G. G.: Proc. 4 th  In t.

Congr. Nephrology, S tockholm  1969, K arger, Basel 1970, P. 45.
L e d in g h a m , J . G. G.. B u l l , M. B. and L arag h , J . H .: C irculât. Res., Suppl. 2. 20 21, 177

(1967).
L o s e r t , W ., S it t , R., Se n f t , G. von  B erg m an n , K. and  Sch ultz , G.: N aunyn-Schm iede- 

berg ’s Arch. exp. P a th . Pharm ak . 257, 309 (1967).
M e l b y , J .  C., Spa r k , R. F ., D a l e , S. L ., E g da h l . R. II. and K a h n , P . C.: New Engl. J . Med., 

2 77 , 1050 (1967).
M e l b y , j .  C.. S id n e y . L .. D a l e , M. S. and W il s o n , T. E .: Circulât. Res. Suppl. 2, 28 29.

143 (1971).
N e w t o n , M. A. and L a r a g h , J .  H .: J . clin. Endocr. 28, 1006 (1968).
N o l t e n , W ., Ve c s e i, P., K o h l e r , M., P u r ie s z , I. and W o l f f , H . P .: Verh. dtsch . Ges. inn. 

Med. 74, 1218 (1968).
P e r e z , G., S ie g e l , L., and Sc h r e in e r , G. E .: Clin. Res., 19, 543 (1971).
P o r t e r , G. A. and K im s e y , J .:  Clin. Res. 19, 196 (1971).
R a y y is . S. S. and H o rto n . R .: .1. clin. Endocr. 32. 539 (1971).
S ie g e n t iia l e r . W.. Ma n n , M., G f e l l e r , J . and Ga n z o n i, A.: Schweiz, med. W schr. 94, 685 

(1964).
S h a r p , G. W . G. and L e a f , A.: J .  hiol. Chem. 240, 4816 (1965).
S l a t e r , J .  D. H., T u f f l e y , R. E ., W illia m s , E. S., B r e s f o r d , C. H ., S ö n k s e n , P. H., 

E d w a r d s , R. H. T ., E k in s , R. P. and McL a u g h l in , M.: Clin. Sei. 37, 327 (1969). 
St o c k ig t . J .  R., Co llin s , R. D .. S ch a m bela n , M., B r u s t , N. and B ig l ie r i. E. G.: Clin. Res. 

19, 174 (1971).
S t o l l e r m a n , G. H.: A dvances in  In te rna l Medicine. Y ear Book Publishers, New Y ork 1969 

P . 15.
U l ic k , S., Ga u t ie r , E., V e t t e r , K . K., Ma r k e llo , J . R ., Y a f f e , S. and L o w e , C. U .: J . 

clin. Endocr. 24, 669 (1964).
U r q u h a r t , J .,  Da vis , J . O. and  H ig g in s , J . T.: Amer. J . Physiol. 205, 1241 (1963). 
Ve n n in g , E. H . and So lom on , S .: In : Major Problems in  Neuroendocrinology. E d. B ajusz E., 

Jasm in , G. Karger, B asel 1964. P. 230.
Ve y r a t , R ., B r u n n er , H . R ., Gr a n d sc h a m p , A., and Mü l l e r , A. F.: A cta endocr. (K bh.) 

Suppl. 119, 86 (1967).
W o o d s , J .  W ., L id d l e , G. W ., S t a n t , E. G., Mic h e l a k is , A. M. and  B r il l , A. B .: Arch, 

in tern . Med. 123, 366 (1969).

A cta  JMedica Academiae Scientiaruni Hungaricae 29, 1972



Acta Medica Academiae Scientiarum Hungaricae, Tomus 29 (1 —2), pp. 49—59 (1972)

ROLE OF GLUCOCORTICOIDS 
IN CONTROLLING PITUITARY-ADRENAL FUNCTION

By

E .  E n d r ő c z i

CENTRAL RESEARCH DIVISION, POSTGRADUATE MEDICAL SCHOOL, BUDAPEST, HUNGARY

T he con tro l of p itu ita ry -a d re n a l fu n c tio n  b y  p lasm a co rtico ste ro id  c o n ­
c e n tra tio n  has been  recogn ized  years ago an d  w id e ly  discussed in th e  l ig h t  of 
th e  recen t in v es tig a tio n s  (see review s by  H a r r i s , 1955; G u i l l e m i n , e t a l., 1958; 
L is s á k  and  E n d r ő c z i , 1965; Y a t e s , 1967, e tc .) . A n  im p o rtan ce  of th e  free  as 
opposed  to  th e  b o u n d  co rtico ste ro id  in th e  n e g a tiv e  feedback s ig n a liz a tio n  
has been  suggested  b y  n u m ero u s  au th o rs  (see rev iew  b y  F o r t i e r , 1966). T h u s , 
th e  co rtico ste ro id s  are  d is tr ib u te d  in th re e  c o m p a rtm e n ts  of th e  p la sm a ; 
th e  free, th e  a lb u m in -b o u n d  an d  th e  tra n sc o r tin -b o u n d  fractions. A n e q u i­
librium  o f th e  th re e  c o m p a rtm e n ts  as th e  fu n c tio n  of d issociation  c o n s ta n ts  
was e s tim a ted  b y  S l a u n w h i t e  and  S a n d b e r g  (1959), an d  the  p ro te in -b o u n d  
frac tio n  was found  to  be in a c tiv e  in te s tin g  co rtico s te ro id  a c tiv ity . O n th e  o th e r  
h an d , it  w as found  th a t  th e  th y ro id  and  o v arian  h o rm o n es exert a s ig n if ic a n t 
in fluence on th e  p lasm a tra n sc o r tin  level and  in d u ce  a sh ift of the free f ra c tio n  
w hich is follow ed by  an  excess ac tiv a tio n  of p i tu i ta ry  ACTH secre tion  (see 
review  b y  F o r t i e r  e t a l., 1970). O bviously , if  som eone s tud ies th e  role o f p la sm a  
co rtico ste ro id  co n c e n tra tio n  as a co n tro lle r o f p itu ita ry -a d re n a l fu n c tio n , he 
m u st be aw are  of th e  d y n am ics  o f th e  e q u ilib riu m  betw een  free a n d  b o u n d  
c o m p a rtm e n ts  o f  th e  p la sm a  co rticostero ids. M oreover, th e  factors in v o lv e d  
in th e  con tro l o f th e  tra n sc o r tin  level show  a m a rk e d  species d ifference, a n d  
o b se rv a tio n s from  an im al ex p e rim en ta tio n s  a re  n o t necessarily  v a lid  fo r 
h u m an s.

T im e p a tte rn s  of p itu ita ry  ACTH 
and  ad ren a l co rticosterone  p ro duc tion  in  the  rat

An increase in  th e  p la sm a  co rticosterone  c o n c e n tra tio n  on A C T H  a d ­
m in is tra tio n  or on an  increase  of endogenous A C T H  p ro d u c tio n  in re sp o n se  
to  various stresso rs has been  observed  in m an y  la b o ra to r ie s . The tim e  p a t te r n  
ot th e  tw o v a riab le s  h as  b een  also assum ed a lth o u g h  a m in u te -b y -m in u te  
com parison  is lack in g  in th e  re le v a n t lite ra tu re . B y  using  th e  c o n d itio n ed  
tea r as a c o n s ta n t s tim u lu s  we have stu d ied  th e  changes of p lasm a A C T H
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a n d  co rtico s te ro n e  c o n c e n tra tio n  in th e  r a t .  C ond itioned  fear w as estab lish ed  
in  a b o x  a n d  th e  an im als w ere given, th ro u g h  a n  electrified grid  se rv in g  as th e  
f lo o r  o f  th e  bo x , 10 e lec trica l shocks in  10 consecu tive  days. N o escap e  was 
a llo w e d  an d  th e  s itu a tio n  i tse lf  m ean t th e  co n d itio n a l fear s tim u lu s . On th e  
1 1 th  d a y  th e  ra ts  w ere p laced  in th e  box  a n d  k illed  in d ifferen t in te rv a ls  for 
d e te rm in a tio n  o f th e  p la sm a  ACTH and  co rtico s te ro n e  levels. P la sm a  ACTH 
e s tim a t io n  was p erfo rm ed  accord ing  to  th e  u ltram ic ro  tech n iq u e  o f  S a y e r s  
e t  a l. (1970) and  co rtico s te ro n e  was d e te rm in e d  fluo rom etrica lly  b y  th e  m eth o d  
o f  G u i l l e m i n  e t al. (1958).

min

F ig. 1. E ffect of conditioned fear on plasma A CTIl and  corticosterone concentration  in the 
ra t . E ach  bar corresponds to  th e  mean and s tan d a rd  error of six animals killed in different 

in tervals after exposure to  th e  te s t situation

T h e  p lasm a A C TH  co n cen tra tio n  sh o w ed  a rise w ith in  4 to  5 m in u tes  
fo llo w in g  exposure o f th e  an im als to  th e  co n d itio n ed  fear s i tu a tio n  h u t  th is 
in c re a se  w as follow ed b y  a tra n s ie n t d ec rea se  in  a m inim um  o f 12 to  14 m i­
n u te s  a n d  a su b seq u en t increase  in th e  f u r th e r  observation  p erio d . I n  c o n tra s t, 
p la s m a  co rtico ste ro n e  show ed an  in crease  som ew hat la te r  an d  reach ed  th e  
m a x im u m  level a f te r  12 to  15 m inu tes (F ig . 1). These o b se rv a tio n s  led  us to  
a s su m e  th a t  an  in te rm it te n t  increase o f  p i tu i ta r y  ACTH secre tio n  u n d e r  the  
in f lu e n c e  of a c o n s ta n t s tim u lu s p a tte rn  c a n n o t be a ttr ib u te d  to  th e  change 
o f  th e  p lasm a  co rtico s te ro n e  level as a su p p o se d  contro ller a n d  a f lu c tu a tio n
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o f  th e  A CTH  release re flec ts  som e changes o f  th e  c e n tra l nerv ous e x c ita to ry  
s ta te s  invo lved  in th e  a c tiv a tio n  of co rtico tro p in  p ro d u c in g  elem ents. A re p e ­
t i t io n  o f  th e  in v es tig a tio n  in ra ts  w ith  ch ro n ica lly  im p lan ted  e lec trodes 
rev ea led  th a t  a release o f p i tu i ta ry  A CTH  occurs in 10 to  12-m inu te  p e riods 
an d  is u su a lly  preceded  b y  an  E E G  arousal reac tio n  (F ig . 2). A f lu c tu a tio n  
o f th e  a ro u sa l s ta te  o f ra ts  in  a s itu a tio n  w ith  c o n s ta n t s tim u lu s p a t te r n  or 
in th e  absence of m o tiv a tio n  s tim u li has been described  in  e lec trophysio log ica l 
s tu d ies  (see review  b y  L is s a k  an d  E n d r Őc z i , 1965). T he p resen t d a ta  c lea rly  
d e m o n s tra te d  a co rre la tio n  be tw een  th e  onset of E E G  a ro u sa l an d  p i tu i ta r y

ACTH (jU %

Fig. 2. Correlation betw een E E G  arousal and the fluctuation  of plasm a ACTH level by  ra ts  
in a conditioned fear situation. E ach  bar shows the m ean and standard  error of 5 to  8 ra ts  

killed in different in tervals after beginning the E EG  recording

A CTH  release in th e  co n d itio n ed  fear s itu a tio n . H ow ever, th e re  w ere no  d a ta  
a b o u t th e  f lu c tu a tio n  o f A C TH  secretion  in a n o n -m o tiv a te d  s ta te  w hen  a 
perio d ica l sh ift o f  th e  a le r t  an d  n o n-a le rt s ta te s  is s till observab le  in  th e  
electrocorG eograph ic  records.

A d iffe ren t tim e p a t te rn  in th e  secretion  o f p i tu i ta ry  A CTH  an d  a d re n a l 
co rtico ste ro n e  has been o b serv ed  w hen ra ts  w ere exposed  to  10 e lec trica l 
shocks w ith in  1 m in u te  an d  th e  an im als were k illed  in th e  8 th  or 2 0 th  m in u te
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fo r  d e te rm in a tio n  o f th e  p la sm a  ACTH a n d  co rtico ste ro n e  levels. I t  w as found  
t h a t  th e  daily  re p e titio n  o f  shocks re su lted  in  a decrease o f  th e  A C T H  level, 
a l th o u g h  th e  rise o f p la sm a  co rticoste rone  co n c e n tra tio n  d id  n o t change 
d u r in g  th e  o b se rv a tio n  p e rio d  (Fig. 3).
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F ig . 3 . Effect on p itu ita ry -ad ren a l function of repetition  of 10 electrical shocks on con­
secu tive  days. Ten shocks w ere given daily and th e  anim als were killed in the 8 th  and 20th 

m inutes for determ ination  of the plasma ACTH and corticosterone concentration

C orticosterone b in d in g  property  o f th e  ce n tra l nervous s tru c tu re s , 
co rtico ste ro n e  ad ju s ted  b ehav iou r

C hem osensitiv ity  o f  th e  cen tra l n e rv o u s  s tru c tu re s  fo r co rticoste ro ids 
in  te rm  of th e  con tro l o f  p itu ita ry  A C TH  secre tion  has been  recognized  by  
im p la n ta t io n  ( E n d r ő c z i , 1969), d e a ffe ren ta tio n  ( H a l á sz  e t a l., 1962) 
a n d  e lec trophysio log ica l s tu d ies  ( F e l d m a n  e t a l., 1961; E n d r ő c z i , 1969). 
T h e  u se  of io n to p h o re tic  d éx am éth aso n e  p h o sp h a te  ap p lica tio n  in to  th e  cells 
o f  th e  h y p o th a lam u s a n d  th a la m ic  nucle i rev ea led  th a t  th e  m a jo r ity  of cells 
re sp o n d e d  b y  a d ec rea sed  firing  ra te  ( R u f  a n d  St e i n e r , 1967). M oreover, 
b o th  e lec trophysio log ica l an d  b eh av io u ra l ex p erim en ts  rev ea led  th a t  th e  
b ra in s te m  and  h y p o th a la m ic  connections a re  sensitive  to  h y d ro co rtiso n e  and  
b o th  fac ilita to ry  a n d  in h ib ito ry  in fluences h a v e  been  re p o rte d  (see review  
b y  E n d r ő c z i , 1969; D cW i e d  and  W e i j n e n , 1970).

T he use of lab e lled  co rticosterone  c lea rly  d e m o n s tra te d  th a t  th e  h ip p o ­
c a m p a l cells can a c c u m u la te  m uch g re a te r  a m o u n ts  o f th is  s te ro id  th a n  do 
o th e r  p a r ts  of th e  b ra in  (M cE w e n  e t a l., 1969). I t  w as also fo u n d  th a t  th e  
co rtico s te ro n e  u p ta k e  o f an  ad ren a lec to m ized  r a t  c an n o t be sup p ressed  by
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th e  p rev io u s a d m in is tra tio n  o f  h y d ro co rtiso n e  o r d ex am eth aso n e  w hich  s te ­
roids a re  n o t species-specific for th e  r a t .  A se lec tive  accum ulation  o f  th e  sep ta l-  
h ip p o cam p a l u n it m erits  co n sid e ra tio n s in  th e  lig h t o f th e  f in d in g s  th a t  
b o th  ro s tra l  sep ta l lesions d e s tro y in g  th e  fo rn ix  an d  h ip p o cam p ec to m y  led 
to  fa ilu re  o f th e  o rg an iza tio n  o f c o r tic o s te ro n e -a d ju s te d  b eh av io u r. M oreover, 
it  seem s th a t  th e  h ip p o cam p u s is a specific re c e p to r  s tru c tu re  n o t  o n ly  for 
co rtico ste ro n e  b u t  also for tr iio d o th y ro n in e  an d  in a lesser e x te n t fo r o es trad io l 
( D u p o n t  et a l., 1970, 1971).

I'ig. 4. 3H -corticosterone up take by th e  different p a rts  of r a t  brain 24 hours a fte r  ad renal­
ectom y and 60 m inutes following in travenous injection of the steroid. All da ta  are expressed

on the basis of the DNA conten t

R a ts  w ith  ro s tra l sep ta l lesions or h ip p o cam p ec to m y  w ere k e p t  u n d e r 
23 -hour w a te r  d e p riv a tio n  for 5 d ay s an d  w a te r  w as p rov ided  o n ly  in  th e  
ex p e rim en ta l box . On th e  6 th  d a y  d rin k in g  a t te m p ts  were asso c ia ted  w ith  
e lec trical shocks for 20 m in u tes . T h is passive  av o idance  learn ing  show ed  an  
ex p o n en tia l c h a ra c te r  an d  the lea rn in g  ra te  cou ld  be expressed b y  a p lo t of 
th e  logs o f consecu tive in te r tr ia l  in te rv a ls  on th e  sequence of tr ia ls  (F igs 4 
and  5). In tra v e n o u s  in jec tio n  o f  200 /Lg/100 g co rticosterone  one h o u r  p rio r  
to  th e  ex p e rim en ta l session p ro d u ced  a s ig n if ican t increase o f th e  le a rn in g  
ra te  in  th e  ad ren a lec to m ized  ra t .  T h is fa c ilita to ry  influence could be p re v e n te d  
b y  h ip p o cam p a l a b la tio n  or ro s tra l sep ta l lesion  (F ig . 6). On th e  o th e r  h a n d , 
d ex am e th aso n e  rem ain ed  effective a f te r  h ip p o cam p ec to m y .

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



5 4 E. ENDHÖCZI

TRIALS

Fig. 5. E ffect on the learning ra te  in adrenalectom ized ra ts  of 200 /tg/100 g corticosterone 
given in travenously  one hour prio r to the experim ental session, x  =  physiological saline,

•  corticosterone adm in istra tion

3 4 5 6
TRIALS

Fig. 6. E ffect of 400 //g/' 100 g corticosterone on learning ra te  of sham -operated and  septal 
lesioned anim als. The figure indicates a lack of the response following sep tal lesion
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T he e x p lo ra to ry  a c tiv ity  o f b o th  h ippocam pectom ized  a n d  ro s tra l 
sep ta l lesioned ra ts  Avas h igher th a n  th a t  o f th e  sh am -o p era ted  c o n tro ls . C or­
tico ste ro n e  re su lted  in a suppression  o f th e  e x p lo ra tio n , when in je c te d  in  an 
a m o u n t of 400 /tg/100 g su b cu tan eo u sly  3 h o u rs  p rio r to  th e  e x p lo ra to ry  te s t  
in sh am -o p e ra ted  h u t  ad renalectom ized  ra ts . In  c o n tra s t , th e  ra ts  Avith se p ta l 
lesion show ed a m ark ed  resistance  to  th e  su p p ressiv e  effect of c o rtic o s te ro n e  
on th e  ex p lo ra tio n , a lth o u g h  d ex am eth aso n e  re su lted  in a decrease o f  th e  ex ­
p lo ra to ry  scores o f  b o th  groups (F ig. 7). In  vieAV of th e  increased  res is tan ce  
to  co rtico ste ro n e  of sep ta l-h ip p o cam p al lesioned ra ts , w hich could he o b se rv ed

i/iLdcc
оо(Л
ÍL
X
ш

SALINE 400 gg  / 100 g  500 p g / 100 g
3 hours 3 ho u rs

Fig. 7. Effect of corticosterone and dexam ethasone on the exploratory activ ity  of sham - 
operated and septal lesioned rats (black columns). E xp lo ra to ry  activity was te s ted  in a 
12-cell maze; scoring was made on the basis of the crossings of gates during a 10-m inute

observation period

in b o th  th e  ex p lo ra tio n  an d  th e  passive av o id an ce  cond ition ing , Ave m ay  
assum e th a t  th e  n a tu ra l  g lucocorticostero id  as co rticosterone  ex e rts  a n  in- 
fluence on th e  b ra in  an d  behav iou r re la tio n sh ip  th ro u g h  the  s e p ta l-h ip p o ­
cam p al u n it.

A p rim a ry  in v o lv em en t of th e  se p ta l-h ip p o cam p a l u n it in th e  c o rtic o ­
s te ro n e -a d ju s te d  b e h av io u r is su p p o rted  by  th e  fin d in g  th a t  co rtic o s te ro n e  
a d m in is tra tio n  p ro d u ced  a suppression  o f th e  h ippocam pal th e ta  r h y th m ,
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w h i c h  is in  a c c o rd a n c e  w i t h  t h e  su p p re s s io n  o f  e x p l o r a to r y  a c t i v i t y  ( E n d r ő c z i  
a n d  N y a k a s , 1971).

T h e  above f in d in g s led  us to  assum e t h a t  co rticoste rone  ex e rts  a n  effect 
on th e  b ra in  th ro u g h  th e  specific b ind ing  s ite s  o f  the  h ippocam pus a n d  o th e r 
g lu co co rtico id s  like h y d ro co rtiso n e  or d e x a m e th a so n e  produce changes th ro u g h  
n o n -sp ec ific  recep to rs  o f  th e  h y p o th a lam u s a n d  th e  b ra in  stem . T h is v iew  is 
s u p p o r te d  b y  th e  elec trophysio log ica l fin d in g  in  th a t  h ex am eth aso n e  io n to ­
p h o re s is  d id  n o t in d u ce  changes in th e  f ir in g  r a te  of h ippocam pal cells h u t  
m a rk e d ly  changed  th e  u n i t  a c tiv ity  in b ro a d  areas of th e  h y p o th a la m u s  
( R u f  a n d  St e i n e r , 1967; see review  b y  E n d r ő c z i , 1971). On th e  o th e r  h a n d , 
h y d ro c o rtiso n e  or d e x am e th aso n e  a d m in is tra tio n  resu lts in b e h a v io u ra l 
c h a n g e s  v e ry  sim ilar a n d  fre q u e n tly  m ore p o w erfu l th a n  co rtico ste ro n e . T h is, 
h o w e v e r , does n o t m ean  th a t  species-specific an d  non-specific s te ro id s  are  
a c t in g  a t  th e  sam e n eu ro a n a to m ic a l su b s tra te .

In te ra c tio n s  betw een th e  p itu ita ry -a d re n a l 
and  th e  p itu ita ry -th y ro id  a n d  g o n ad a l functions

E n d o crin e  co n tro l o f th e  p itu ita ry  A C T H  release in th e  sense o f  a closed 
loop  feed b ack  reg u la tio n  (Y a t e s , 1967) d ep e n d s  p rim arily  on th e  p la sm a  
co rtic o s te ro n e  c o n c e n tra tio n . O th er end o crin e  fac to rs  exert an  e ffec t th ro u g h  
th e  ch an g es of th e  co rtico ste ro id -b in d in g  c a p a c ity  o f the  p lasm a c o m p a r tm e n t 
o r b y  changes of th e  c o rtic o tro p in  releasing  fa c to r  ac ting  on th e  h y p o th a la m u s  
o r th e  A C TH  release d ire c tly  a t  th e  p i tu i ta ry  level.

R ecen tly , we h a v e  been  in te re s ted  in  s tu d y in g  th e  in v o lv e m e n t of 
p i tu i ta ry - th y ro id  fu n c tio n  in  th e  o es trad io l-in d u ced  ac tiv a tio n  o f th e  p i tu i ta ry -  
a d re n a l  ax is. T he c o m p e n sa to ry  h y p e rtro p h y  o f th e  adrenals follow ing th y ro id ­
e c to m y  is m ark ed ly  su p p ressed , an d  th e  ro le  o f  th y ro id  horm ones in  th e  m a in ­
te n a n c e  o f no rm al p itu ita ry -a d re n a l fu n c tio n  is supp o rted  b y  n u m ero u s o b ­
s e rv a tio n s  (see rev iew  b y  F o r t ie r , 1966). M oreover, it  w as also assu m ed  
t h a t  th e  o estrad io l-in d u ced  ad ren a l h y p e r tro p h y  is m ed ia ted  th ro u g h  an  
in c re a se d  T S H  secre tio n  ( F o rtier  e t a l., 19 7 0 ) .  Such a re g u la to ry  p rocess 
seem s, how ever, o p e ra tin g  only un d er l im ite d  physio logical co n d itio n s.

Im p la n ta tio n  o f  4.5 /rg oestrad io l in to  th e  m edian em inence p ro d u ced  
a s ig n if ic a n t c o m p en sa to ry  ad ren a l h y p e r tro p h y  in th y ro id ec to m ized  ra ts  
(F ig . 8). T h y ro id ec to m y  w as perform ed 3 to  4 w eeks prior to  s te ro id  im p la n ­
ta t io n ;  one group received  cholesterol im p la n ts  an d  o ther g roups o estrad io l 
p lu s  1 jUg triio d o th y ro n in e  daily  for 12 d ay s . T h e  com pensato ry  h y p e r tro p h y  
w as exp ressed  as p e r c en t o f  th e  in itia l w e t w e ig h t. These o b se rv a tio n s  clearly  
d e m o n s tra te d  th a t  o e s tra d io l increases A C T H  secretion  in  th e  absence  o f  a 
c o n c o m ita n t increase o f  p itu ita ry - th y ro id  secre tio n .
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Fig. 8. Effect of oestradiol im p lan ta tio n  on the com pensatory hypertrophy  of adrenals in 
thyroidectom ized rats. Cholesterol im plan ta tion  was perform ed in the Tx (thyroidectom ized 
group), and daily 1 /;g triiodothyronine was given in the second and th ird  groups. The fourth 
group received oestradiol im plan ts w ithou t substitu tion  th erapy . E ach colum n shows the 

mean and  standard  error of 6 anim als

D iscussion

R ecen t d a ta  on th e  c o n tro l o f p itu ita ry -a d re n a l fu n c tio n  h av e  rev ea led  
th a t  a sh o rt- te rm  control b y  th e  changes of p lasm a co rtico ste ro n e  c o n c e n tra tio n  
as p o s tu la te d  b y  th e  “ closed loop feedback th e o ry ”  o f Y a t e s  (1967) or its  
m od ifica tio n  b y  several a u th o rs  is n o t consisten t w ith  num erous e x p e rim e n ta l 
find ings. T h u s , a rise o f th e  p lasm a  co rticoste rone  c o n cen tra tio n  fa iled  to  
induce  a suppression  o f p i tu i ta r y  ACTH release in  response  to  e ith e r  n e rv o u s 
or hum ora l stressors, an d  a n  in h ib itio n  has been o b serv ed  a fte r  3 to  16 hou rs  
w hen  co rticosterone  o u tp u t h a d  re tu rn e d  to  th e  re s tin g  level (S m e l i k , 1963). 
T h is tim e  lag  o f th e  in h ib itio n  m a y  be a ttr ib u te d  to  th o se  changes w h ich  occur 
a t  th e  c e n tra l nervous level d u rin g  th e  course o f a feed b ack  ac tion  o f  c o rtic o ­
s te ro n e  an d  th e  in h ib ition  seem s to  be of n erv o u s o rig in . The p a r tic ip a tio n  
o f th e  sep ta l-h ip p o cam p al u n i t  in  contro lling  b o th  th e  sensory  in p u t o f th e  
h y p o th a la m u s  and  p itu i ta ry  A C T H  secretion is k n o w n  from  ea rlie r s tu d ies  
(see review s by  L is s á k  a n d  E n d r ő c z i , 1965; E n d r ő c z i , 1969, 1970; an d  
E n d r ő c z i  an d  N y a k a s , 1971). A selective accu m u la tio n  o f co rtico ste ro n e  b y  
th e  h ip p o cam p a l cells is also sug g estin g  an im p o r ta n t  role o f th e  s e p ta l-h ip p o ­
cam p a l u n it  in  the  o rg a n iz a tio n  o f th e  co rtico s te ro n e -ad ju s ted  b e h a v io u ra l 
reac tio n s an d  in  th e  con tro l o f  d a ily  v a ria tio n s o f th e  p itu ita ry -a d re n a l a c t iv i ty  
u n d e r th e  synchron izing  in flu en ce  o f  ligh t and d a rk  periods. B y all m ean s , we 
m u st be aw are  th a t  these  conclusions derived  from  stud ies w ith  species-
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sp ec if ic  g lucocorticostero id  su c h  as co rtico ste ro n e , an d  th e  use o f o th e r  gluco- 
c o rtic o s te ro id s  does n o t ex c lu d e  th e ir  effect on th e  endocrine an d  beh av io u ra l 
p ro cesse s  th rough o th e r  re c e p to r  s tru c tu re s  o f  th e  h y p o th a la m u s  an d  b ra in ­
s te m . M oreover, th ere  is no  d o u b t th a t  th e  h ip p o cam p u s  is one o f th e  s tru c tu re s  
w h ic h  s to re s  the  g re a te s t a m o u n t of co rtico ste ro n e  b u t  o th e r p a r ts  o f  th e  brain  
a lso  c o n ta in  cells w ith  a s im ila r  p ro p erty .
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MORPHOLOGICAL BASIS 
OF THE HYPOTHALAMIC CONTROL 

OF STEROID PRODUCTION
B. F l e r k ó

INSTITUTE OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, PÉCS, HUNGARY

S ynthesis  an d  re lease  o f  horm onal s te ro id s  a re  con tro lled  b y  ad reno- 
c o rtico tro p h ic  and  g o n ad o tro p h ic  horm ones. O ne o f  th e  m ost im p o r ta n t 
fac to rs  in  th e  re g u la tio n  o f secretion  of these  p i tu i ta r y  horm ones is th e  feed­
b ack  ac tio n  of h o rm o n a l ste ro id s . E x p e rim e n ta l d a ta  accu m u la ted  in  th e  la s t 
tw o  decades su p p o rt th e  a ssu m p tio n  th a t  th e  feed b ack  ac tio n  of g o n ad a l and 
a d ren o co rtica l s tero ids is m ed ia ted , a t least p a r t ly ,  th ro u g h  m u ltip le  n eu rona l 
e lem en ts  s itu a te d  in  v a rio u s  p a r ts  of the  b ra in , e spec ia lly  in th e  h y p o th a la m u s . 
T h is  is te rm ed  now  as in d ire c t or n eu ro -h o rm o n a l feedback .

D a ta  concern ing  th e  con tro l of th e  p ro d u c tio n  o f  ad ren o co rtica l s tero ids 
w ill be p resen ted  d u rin g  th is  m eeting  in th e  S ym posium  on th e  R eg u la tio n  
o f  A C T H  secretion . T h ere fo re , I lim it m y p re se n ta tio n  to  th e  role o f  h y p o th a ­
lam ic  s tru c tu re s  in  th e  co n tro l o f p itu ita ry -g o n a d a l fu n c tio n  b y  feed b ack  of 
g o n ad a l stero ids.

I t  was as ea rly  as 1932 th a t  H o h l w e g  a n d  J u n k m a n n  (1932) suggested  
th a t  th e  ovarian  h o rm o n es m ig h t influence g o n ad o tro p h ic  fu n c tio n s th ro u g h  
a h y p o th e tic a l “ sexual c e n tre ”  located  som ew here in  th e  b ra in . I t  w as dem ­
o n s tra te d  la te r  b y  S a w y e r  e t al. (1949) a n d  b y  E v e r e t t  a n d  S a w y e r  
(1949) th a t  th e  effects o f  oestrogen  and  p rogeste rone  in  enhanc ing  th e  sp o n ta n e ­
ous release of lu te in iz in g  ho rm o n e  (LH ) could be e lim in a ted  b y  n eu ra l b locking  
a g e n ts . T his c learly  show ed th e  n eu ra l c h a ra c te r  o f  th e  “ po sitiv e” (s tim u la tin g ) 
feed b ack  action  of o v a ria n  ste ro id s  on th e  secre tio n  o f g o n ad o tro p h ic  horm ones. 
T h e  f irs t  ex p erim en ta l ev idence  of th e  ex is ten ce  o f a “ n eg a tiv e”  (in h ib iting ) 
n eu ro h o rm o n a l feed b ack  in  th e  contro l o f g o n a d o tro p h in  secre tion  has come 
from  o u r lab o ra to ry .

In  1954, ou r a t te n tio n  w as especially a t t r a c te d  b y  th e  effect o f an  a n ­
te r io r  h y p o th a lam ic  lesion  resu ltin g  in p e rs is te n t v ag in a l co rn ifica tio n  and  
po ly fo llicu la r ovaries in  th e  r a t  ( F l e r k ó , 1954). H il l a r p  (1949) a n d  G r e e r  
(1953) w ho a t  th a t  t im e  confirm ed  th e  effect o f  th e  a n te rio r  h y p o th a la m ic  
lesion resu ltin g  in p o ly fo llicu la r ovaries f irs t describ ed  by  D e y  (1941), w ere 
o f  th e  sam e opin ion  as D e y  (1941) in th a t  th is  effect m igh t p rim a rily  re flec t 
a defic iency  in L H  sec re tio n , while th e  fo llic le -s tim u la tin g  ho rm o n e  (F SH )-
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o e s tro g e n  com ponen t o f  th e  p itu ita ry -o v a r ia n  in te rp la y  w as p re su m a b ly  
sp a re d . I t  w as suggested  t h a t  a d ischarge o f  L H  insu ffic ien t fo r o v u la tio n  
sh o u ld  be  ascribed  to  th e  d e s tru c tio n  of an  L H -m ob iliz ing  cen tre  localized  in 
th e  a n te r io r  h y p o th a lam u s. E sp ec ia lly  on th e  basis  of th e  p ioneer ex p e rim en ts  
o f M a r k e e , E v e r e t t  a n d  S a w y e r  (1952), w h ich  have  c learly  show n th e  
e x is te n c e  o f  a neural L H -re leas in g  m echan ism  som ew here in  th e  h y p o th a la m u s , 
we c o u ld  agree w ith  th is  e x p la n a tio n . K eeping  in  m in d , how ever, th e  p rin c ip a l 
in te rp la y  o f  gonado troph ic  a n d  o v arian  h o rm o n es, we realized  th e  d ifficu lty  
in a c c e p tin g  th is  ex p la n a tio n  b ased  m erely  on th e  d es tru c tio n  o f a h y p o ­
th a la m ic  L H -releasing  m ech an ism . The p rin c ip a l inconsistency  o f  th e  ex ­
p la n a tio n  arises from  a n e g le c t o f  th e  w ell-know n fac t th a t  th e  sec re tio n  of 
F S H  w a s  also  inh ib ited  by  th e  co n tin u o u s ac tio n  o f  oestrogens on th e  p i tu i ta ry . 
S im u lta n e o u s ly  w ith  th e  p resen ce  o f th e  c lear-cu t signs of co n tin u o u s oestrogen  
se c re tio n  (en larged  p itu i ta ry , c y s tica lly  d ila ted  en d o m e tria l g lan d s, p e rs is te n t 
v a g in a l co rn ifica tion , e tc .) , th e  ovaries of ra ts  w ith  a n te rio r  h y p o th a la m ic  
lesion c o n ta in  norm ally  g row ing  follicles in d ic a tin g  a no rm al re lease  o f F S H . 
D e y ’s  (1941) and  H i l l a r p ’s (1949) ex p lan a tio n  fo r th e  a n te rio r  h y p o th a la m ic  
lesion e ffec t failed to  an sw er th e  question  w h y  th e  co n tin u o u s oestrogen  
a c tio n , p re se n t in these  lesioned  an im als, shou ld  n o t in h ib it th e  secre tio n  of 
F S H ?  I n  o rd e r to  e lim in a te  th is  co n trad ic tio n  лее assum ed  a n e rv o u s  m ech a­
n ism  in  th e  p reo p tic -an te rio r h y p o th a la m ic  a rea  ind ispensab le  for th e  in h ib ito ry  
a c tio n  o f  physiological a m o u n ts  o f  oestrogens u p o n  F S H  secre tio n . W e and  
o th e rs  w ere  able to  s u b s ta n tia te  th is  a ssu m p tio n  in a series o f e x p e rim e n ts  
in  th e  la te  fifties.

T h e  in h ib ito ry  effect o f oestrogen  (1 /tg /d ay ) on th e  c a s tra tio n -in d u c ed  
rise in  F S H  o u tp u t could c o n sid e rab ly  be d im in ished  h y  e lec tro ly tic  lesions 
p laced  in  th e  an te rio r h y p o th a la m u s  of ju v en ile  r a ts ,  as revealed  in p arab io sis  
e x p e r im e n ts  ( F l e r k Ó , 1956, 1957a). — O varies o f ju v en ile  r a ts  g iven  1 fig 
o f o e s tro g e n  daily  and  b e a rin g  a n te r io r  h y p o th a la m ic  lesions c o n ta in e d  a la rger 
n u m b e r  o f  corpora lu tea  th a n  d id  ovaries o f o e s tro g en -trea ted  ra ts  w ith o u t 
a n te r io r  h y p o th a lam ic  lesion. T h e  poor lu te in iz a tio n  or its  co m p le te  absence 
in o v a r ie s  o f o estro g en -trea ted  in ta c t  ju v en ile  ra ts  have  been  ex p la in ed  hy 
lack  o f  F S H . These ovaries c o n ta in e d  a sm alle r n u m b er (if an y ) o f  follicles 
c a p a b le  o f  being lu tein ized  th a n  d id  ovaries o f ra ts  w ith  a n te r io r  h y p o th a la m ic  
lesion  ( F l e r i c o , 1957b). — O estro g en  released from  sm all frag m en ts  o f  o v arian  
tissu e  a u to tra n s p la n te d  in to  th e  an te rio r  h y p o th a la m u s  in h ib ite d  F S H  se­
c re tio n . S im ila r ovarian  im p la n ts  in  th e  ad en o h y p o p h y sis  and  in th e  p o ste rio r  
h y p o th a la m u s  failed to  p ro d u c e  th is  effect ( F l e r k o  an d  S z e n t a g o t h a i , 

1957). — T estosterone  (500 f ig  p e r day) fa iled  to  cause in tra sp le n ic  ovaries 
to  in v o lu te  in spayed  a d u lt  r a ts  w ith  a n te rio r  h y p o th a la m ic  lesions, a lth o u g h  
it d id  in co n tro l an im als w ith  in tra sp len ic  g ra fts  b u t  w ith o u t h y p o th a la m ic  
lesions ( F l e r k ó  and  I l l e i , 1957). In  H o h l w e g  and  D a u m e ’s (1959) ex-
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p e rim e n t, oestrogen w hen in jec ted  in to  th e  a n te r io r  h y p o th a la m u s  o f ra ts , 
h ad  an  a n tig o n ad o tro p h ic  effect 125 tim es m ore  in ten siv e  th a n  if a d m in is te red  
su b cu tan eo u sly . — U n in h ib ited  F S H -o estro g en  secretion  fo llow ing a n te rio r 
h y p o th a lam ic  lesions b ro u g h t a b o u t an increase in p itu ita ry  w eigh t resem bling  
to  cytological changes s im ila r to  those observed  a fte r  oestrad io l t r e a tm e n t 
( F lerkó  and  B á r d o s , 1960). T he nuclei o f nerve  cells in th e  p reo p tic - 
a n te r io r  h y p o th a lam ic  a rea  show ed a co n sis ten t decrease in size w hen  th e  blood 
sexual ste ro id  level w as increased  or decreased  ( F l e r k ó , 1962).

O n th e  basis o f th e  ab o v e  ex p erim en ta l re su lts  we ( F lerkó  a n d  Sz e n t - 
Ág o t h a i , 1957) assum ed  th a t  th e re  are  o estrogen -sensitive  neu rons in  th e  p re ­
o p tic  a n te rio r-h y p o th a lam ic  a rea , th ro u g h  w hich F S H  release is in h ib ited  
b y  a s ligh t (physiologic) e lev a tio n  of th e  o estrogen  level in th e  b lood . On the  
o th e r  h an d , th e  absence o f co m p en sa to ry  o v a rian  h y p e r tro p h y  follow ing 
h em isp ay in g  o f an im als  w ith  a n te rio r  h y p o th a la m ic  lesion ( D ’A n g e l o  and  
K rav at z , 1960; F l er k ó  an d  B á r d o s , 1961a) su p p o rte d  th e  idea th a t  a n te r io r  
h y p o th a la m ic  o estrogen -sensitive  neurons p lay  a role also in th e  m echan ism  
b y  w hich th e  decrease in th e  blood oestrogen level enhances F S H  release.

T h e  p o s tu la te  th a t  oestrogen -sensitive  n eu ro n s are  p re sen t in  th e  p re ­
o p tic -a n te rio r  h y p o th a la m ic  a rea  was la te r  su p p o rte d  by  th e  e x p e rim e n ta l 
re su lts  o f L it t l e jo h n  and  d e  G root (1963), F e n d l e r  and  E n dr őc zi  (1965 — 
1966), K öves  an d  H alász  (1969) as well as by  th e  find ings th a t  in d iv idua l 
n eu ro n s in th is  p a r t  o f th e  b ra in  accu m u la te  oestrogen  (M i c h a e l , 1962; 
A t t r a m a d a l , 1964; S t u m p f , 1968), and  th e  a n te r io r  h y p o th a la m u s , inc lud ing  
th e  p reo p tic  a rea , ta k e s  up and  re ta in s  oestrad io l in th e  sam e w ay as do the  
p e rip h e ra l o estro g en -reac tiv e  tissues ( E i s e n f e l d  an d  A x e l r o d , 1965; K ato 
an d  V i l l e e , 1967; F l er kó  e t a l., 1969). C oncern ing  p ro g este ro n e , R alph  
a n d  F raps  (1959, 1960) an d  B arr aclo uch  an d  Y rar razaval  (1961) were 
th e  f irs t to  show th a t  th e  a n te rio r  an d  v e n tra l  h y p o th a la m u s  in th e  hen, 
an d  th e  m edial p reo p tic  area  in th e  ra t ,  a re  specific  sites a t  w h ich  th is  
h o rm o n a l stero id  ac ts  in th e  sense o f a “ p o s itiv e”  feedback  fa c ilita tin g  
o v u la tio n .

In  a b rillian t series o f ex p erim en ts  (see H a l á s z , 1968, 1969), H alász  
e t al. h av e  show n th a t  th e  m ed ia l-basa l p a r t  of th e  r a t  h y p o th a la m u s , te rm e d  
“ h y p o p h y sio tro p h ic  a re a ”  (H T A ) by  Halász  e t al. (1962), co n ta in s  th e  n eu ­
ro n s w hich p roduce  th e  h y p o th a la m ic  releasing  a n d  inh ib itin g  fa c to rs , am ong  
th o se  th e  fo llic le -stim u la ting  an d  lu te in iz ing  ho rm one-re leasing  fa c to rs  (F R F  
an d  L R F ). A ccording to  S z e n t á g o t h a i’s (1962, 1964) in v e s tig a tio n s , these  
neu rons bu ild  up , a t  least p a r t ly , th e  tra c tu s  tu b e ro in fu n d ib u la ris  or h y p o ­
th a la m ic  p arv ice llu la r n eu ro sec re to ry  system . T he fib res o f th is  sy s tem  origi­
n a te  m ain ly  from  th e  sm all cells o f th e  a rc u a te  nucleus and  o f th e  supra- 
ch ia sm a tic  region o f th e  h y p o th a lam u s. T h ey  e n te r  th e  p i tu i ta ry  s ta lk  and  
te rm in a te  on or in th e  im m ed ia te  ne ighbourhood  o f th e  cap illa ry  loops em erg ing
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fro m  th e  h y p o th a la m o -h y p o p h y se a l p o rta l sy stem  a n d  p e n e tra tin g  th e  m ed ian  
em in en ce .

D epression of th e  a c t iv i ty  of the  L R F -p ro d u c in g  neurons o f th e  H T  A 
h y  co n tin u o u s  oestrogen a c tio n  ap p eared  to  be an  im p o r ta n t fa c to r  in  evoking 
th e  a n o v u la to ry  co n d itio n  follow ing a n te r io r  h y p o th a la m ic  lesion. W hen  
th e  co n tin u o u s  n eg a tiv e  o estro g en  feedback  on th e  L R F -p ro d u c in g  neurons 
w as g re a tly  reduced or e lim in a te d , these n eu ro n s s tim u la te d  again  th e  a n te rio r  
p i tu i t a r y  to  release L H  su ffic ien t for lu te in iza tio n . In  th is  w ay, we h av e  suc­
ceed ed  in  inducing fo rm a tio n  o f corpora lu te a  in  th e  fo rm erly  po ly fo llicu lar 
o v a rie s  o f ra ts  m ade a n o v u la to ry  h y  an te rio r h y p o th a la m ic  lesions ( F l er k ó  and 
B á r d o s , 1961b). I t  seem ed  th e re fo re  reasonab le  to  assum e th a t  th e  F R F -  and 
L R F -p ro d u c in g  neurons o f th e  H T A  are also in flu en ced  d irec tly  b y  th e  gonadal 
h o rm o n e s  in the  sense o f a n e g a tiv e  n eu ro -h o rm o n al feedback . T his assu m p tio n  
w as su p p o rte d  by  th e  e x p e rim e n ta l resu lts o f L i s k  (1960, 1962, 1963), D a v i d ­
s o n  a n d  S aw y e r  (1961a, 1 9 6 1 b ), A rai (1962; 1963), I fft  (1962), McCa n n  (1962), 
K a n e m a t s u  and  Saw y e r  (1963a, 1963b; 1964), K o b a y a s h i  e t al. (1963), H il­
l i a r d  e t  al. (1964), R a m ir e z  e t al. (1964), D a v i d  e t  al. (1965), D a v i d s o n  and  
S m it h  (1966), K o b a y a s h i  e t  al. (1966), K o b a y a s h i  an d  F a r n e r  (1966), 
P i a c s e k  an d  Me ites  (1966) a n d  P asteels  (1970). All these  ex p e rim en ta l re ­
su lts  in d ica ted  the  p resence  o f  oestrogen an d  te s to s te ro n e  sensitive  neurons 
in  th e  m edial-basal p a r t  o f  th e  h y p o th a lam u s. F u r th e r  su p p o rt fo r th is  as­
s u m p tio n  cam e from  th e  f in d in g s  th a t  a considerab le  n u m b er o f n eu ro n s in 
th e  m ed ia l-b asa l p a r t  o f th e  h y p o th a lam u s , especia lly  in  the  a rc u a te  nucleus, 
a c c u m u la te  oestrad io l (S t u m p f , 1968), an d  th is  p a r t  o f th e  b ra in  showrs a 
p a t t e r n  of u p tak e  and re te n tio n  of tr i t ia te d  o es trad io l w hich is s im ila r to  th e  
p a t t e r n  found in th e  u te ru s  an d  an te rio r p i tu i ta ry ,  i.c., in th e  p e rip h e ra l 
o e s tro g en -reac tiv e  tissu es  ( F l er kó  et ah , 1969).

I t  m ay be assum ed  w ith  considerable c e r ta in ty  th a t  th e  s e n s itiv ity  or 
re sp o n siv en ess  to  o estrogen  o f th e  neurons in  th e  p re o p tic -a n te rio r  h y p o ­
th a la m ic  area is no t id e n tic a l w ith  th a t  of th e  n eu ro n s  in  th e  H T A ,i .e . , in  th e  
m e d ia l-b a sa l p a r t of th e  h y p o th a la m u s . O v arian  co m p en sa to ry  h y p e r tro p h y  
w as b lo ck ed  in an im als w ith  a fro n ta l cu t b eh in d  th e  a n te rio r  h y p o th a la m ic  
a re a , b u t  th is d e a ffe re n ta tio n  did no t in te rfe re  w ith  th e  p i tu i ta ry  response 
to  c a s tra t io n  (K öves  a n d  H a l á sz , 1969). S im ila r observ a tio n s h av e  been 
r e p o r te d  in anim als w ith  co m p le te  d ea ffe ren ta tio n  of th e  H T A ; o v arian  com ­
p e n s a to ry  h y p e rtro p h y  d id  n o t  occur in th ese  r a ts ,  b u t  a t  th e  sam e tim e  
p i tu i t a r y  L H  co n ten t in c rea sed  an d  ca s tra tio n  cells developed  in  th e  a n te rio r  
p i t u i t a r y  a fte r b ila te ra l o v a riec to m y  (H alász  a n d  G o r s k i , 1967). These 
f in d in g s  suggest th a t  th e  n e u ro n s  in the  p re o p tic -a n te r io r  h y p o th a lam ic  area 
a re  m o re  sensitive to  ch an g es in  th e  Mood o estrogen  level th a n  are  th e  ele­
m e n ts  o f th e  H T A -p itu ita ry  com plex. This m a y  acco u n t for th e  fa c t th a t  
H T A  b y  itse lf is n o t ab le  to  m a in ta in  th e  cyclic secre tion  o f g o n ad o tro p h ic
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horm ones (ton ic  m echanism  o f tro p h ic  h o rm o n e  secretion). To do  th is , th e  
ton ic  m echan ism , i.e., th e  F R F  an d  L R F -p ro d u c in g  neurons in th e  H T  A, needs 
a ffe ren t im pulses from  th e  m ore sensitive  s te ro id -re c ep to r neurons o f  th e  p re ­
o p tic -a n te r io r  h y p o th a lam ic  area (cycle m ech an ism  o f g o n a d o tro p h in  secre­
tio n ). A ccording to  th e  v a ry in g  oestrogen  level in  th e  blood th e  s te ro id  re ­
c ep to r n eu rons m o d u la te  (i.e., enhance  or in h ib it)  th e  tonic a c t iv i ty  o f th e  
F R F -  an d  L R F -p ro d u c in g  neu rons an d , in th is  w ay , secure th e  cyclic  release 
o f F S H  a n d  L H . I f  th e  sen s itiv ity  or re sp onsiveness o f th e  neurons o f  th e  cycle 
m echan ism  is g rea tly  reduced  like in th e  m ale  ( P etrusz  and  F l e r k ó , 1965) 
or in th e  and rogen -ste rilized  fem ale ra ts  ( P e t r u s z  and  N a g y , 1967), — th e  
to n ic  m echan ism  by itse lf  can m ain ta in  o n ly  th e  non-cyclic, to n ic  release 
of F S H  an d  L H , ch a ra c te ris tic  of th e  m ale p a t te rn  of gon ad o tro p h in  sec re tio n .

In  an  a t te m p t  to  c larify  th e  m ech an ism  b y  which p e rin a ta l an d ro g en  
ac tio n  re su lts  in reduced responsiveness, a n d  hence  in d im in ished  fu n c tio n a l 
c a p a c ity  of th e  h y p o th a lam ic  oestro g en -sen sitiv e  neurons, a p re lim in a ry  
ex p e rim en t ( F lerkó  an d  Me s s , 1968) has rev ea led  th a t  the  o estrad io l-b in d in g  
c a p ac ity  o f  th e  p i tu i ta ry  an d  th e  u te ru s  o f and rogen -sterilized  ra ts  w as sig- 
n if ic an tly  reduced  as co m p ared  to  con tro ls w ith o u t early  p o s tn a ta l an d ro g en  
tre a tm e n t. T his raised th e  possib ility  th a t  p e r in a ta l  androgen  a c tio n  m ig h t 
d is tu rb  th e  syn thesis  of th e  o estro g en -recep to r p ro te in s  and in th is  w ay  in te r ­
feres w ith  th e  oestrad io l u p ta k e  an d /o r re te n tio n  by  th e  p i tu i ta ry  a n d  the  
u te ru s . J e n s e n  e t al. (1967), K ing  (1967) a n d  o thers have  su g g e s te d  th a t  
u p ta k e  an d  re ten tio n  o f o estrad io l occurs a t  re c e p to r sites th a t  a re  specific 
for oestrogens. T he specific ity  of ac tio n  of o e s tra d io l on th e  o estro g en -resp o n ­
sive tissues has been ex p la ined  by  th e  a b ili ty  o f  th e se  tissues to  ta k e  u p  an d  
re ta in  o estrad io l in an u n c o n v e rte d  form  fo r a few hours. Since th e  e x p e ri­
m en ta l re su lts , m en tioned  before, in d ica ted  th a t  th e  a n te rio r and  m id d le  h y p o ­
th a la m u s  co n ta in  oestrogen -sensitive  n eu ro n s , one m igh t p o s tu la te  t h a t  th e  
p e r in a ta l and rogen  ac tion  m ig h t d am age th e  specific trap p in g  m ech an ism  
in th ese  n eu ro n s. If  so, th e  o estrad io l-b in d in g  c a p a c ity  of the h y p o th a la m ic  
areas c o n ta in in g  oestrogen -sensitive  n eu rons sh o u ld  be reduced in th e  a n d ro ­
gen-sterilized  ra t .  W e have  succeeded in show ing  th is  in 1968 ( F l e r k ó  e t a l., 
1969; F l e r k ó , 1970) an d  sim ilar o b se rv a tio n s  w ere rep o rted  by  o th e r  a u th o rs  
(McG u ir e  and  L i s k , 1969; T u o h im a a  e t a l., 1969; V értes  and  K i n g , 1969; 
McE w e n  an d  P f a f f , 1970). G r e e n  e t al. (1969) also found th a t  30 m in u te s  
a fte r  an  in jec tio n  of 6,7-:!H -oestradiol-17/3, som e hy p o th a lam ic  p a r ts  o f  th e  
bra in  a n d  p itu ita r ie s  o f spayed  ra ts  re ta in e d  m ore  rad io ac tiv ity  th a n  did 
sim ilar tissu es  in ca s tra te d  m ales or sp ay ed , n e o n a ta lly  androgenized  fem ales.

In th e  f irs t ex p erim en t of G r e e n  e t al. (1969), how ever, th e  m ales and  
n e o n a ta lly  androgen ized  fem ales w ere h eav ie r  th a n  th e  contro l fem ale  ra ts . 
To e s tim a te  th e  role o f b o d y  w eigh t in th e  u p ta k e  of oestrad io l, a second  
ex p erim en t was perfo rm ed , using  m ale and  fem ale  ra ts  of equal g ro u p  body
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w e ig h t b u t  o f d ifferen t age . B o th  sets o f a n im a ls  were sexually  m a tu re . In  
th is  seco n d  experim en t, G r e e n  e t al. (1969) d id  n o t find  any  d ifference  b e ­
tw e e n  th e  sexes in th e  b in d in g  o f oestrad io l b y  a n y  tissue, and  co n c lu d ed  th a t  
th e  e ffe c t observed  by  us m ig h t reflec t w eight d ifferences ra th e r  th a n  a b lockage 
o f  o e s tro g e n  recep to r sites b y  n eo n a ta l a n d ro g en iza tio n  as we h av e  suggested .

W e h av e  there fo re  re p e a te d  our o rig inal ex p erim en t, using  c o n tro l an d  
a n d ro g e n -s te rilize d  fem ales o f  ap p ro x im a te ly  e q u a l group body  w e ig h t since 
th e  c o n tro l and  an d ro g en ized  ra ts  used in  o u r  ea rlie r ex perim en ts w ere of 
e q u a l age  h u t d ifferen t in  b o d y  w eight. S im ila rly  to  our p rev ious fin d in g s 
on c o n tro l an d  and rogen ized  ra ts  o f equal age b u t  d ifferen t bo d y  w e ig h t, th e  
o e s tra d io l-b in d in g  c a p a c ity  o f th e  neura l (a n te r io r  and  m iddle h y p o th a la m u s)  
a n d  o f  th e  non -neu ra l (u te ru s)  ta rg e t tissu es  w as sign ifican tly  re d u c e d  in 
an d ro g en -s te rilized  ra ts  as co m p ared  to  co n tro ls  o f  ap p ro x im ate ly  e q u a l bo d y  
w e ig h t ( F lerkó  e t a l., 1971).

T h e  find ing  th a t  and rogen -ste rilized  ra ts  h a d  sign ifican tly  low er a n te r io r  
a n d  m id d le  h y p o th a lam ic  ra d io a c tiv ity  levels th a n  th e  con tro ls  w ith o u t 
n e o n a ta l  androgen  ac tio n , su p p o rts  our h y p o th e s is  th a t  p e rin a ta l an d ro g en  
a c tio n  m ig h t in terfere  w ith  th e  norm al sy n th e tic  process of o e s tro g en -recep to r 
p ro te in s  an d , hence, w ith  n o rm a l u p ta k e  a n d /o r  re te n tio n  of o estrad io l b y  th e  
h y p o th a la m ic  o estrogen -sensitive  neurons. I n  th is  w ay, th e  n e u ro n s  o f  th e  
h y p o th a la m ic  cycle m ech an ism  becom e d esen sitized  and  fu n c tio n a lly  in ac tiv e  
in  m e d ia t in g  positive an d  n e g a tiv e  oestrogen  feed b ack  on th e  a n te r io r  p i tu i ta ry  
cells p ro d u c in g  g o n ad o tro p h ic  horm ones. T h u s , th e  reduction  o f o e s trad io l 
b in d in g  a n d  th e  c o n seq u en tia l loss of n eu ro h o rm o n a l oestrogen  feed b ack , 
in d u c e d  b y  p e rin a ta l an d ro g e n  ac tion , m ig h t a c c o u n t for th e  non-cyclic  p a t te rn  
o f  g o n a d o tro p h in  secre tion  a n d  for the  p resence  o f  an o v u la to ry  s te r il i ty  in  th e  
a n d ro g en -s te rilized  ra t.

Conclusion

T h e  m ale or fem ale p a t te rn  of g o n a d o tro p h in  an d  g o n ad a l s te ro id  
s e c re tio n  is de te rm ined  b y  d ifferen t h y p o th a la m ic  m echanism s.

T h e  con tinuous, m ale  ty p e  horm one se c re tio n  is m ain ta in ed  b y  th e  “ to n ic  
m e c h a n is m ” com posed o f th e  tu b e ro -in fu n d ib u la r  neurons in th e  h y p o p h y sio - 
t ro p h ic  a rea  of th e  m ed ia l-b asa l h y p o th a la m u s , w hich produce  a n d  release 
th e  fo llic le -stim u la ting - a n d  lu te in izing  ho rm one-re leasing  fac to rs  ( F R F  an d  
L R F )  in to  th e  h y p o th a lam o -h y p o p h y sia l p o r ta l  c ircu lation .

T o  secure th e  fem ale ty p e  cyclic re lease  o f  gonado troph ic  a n d  o v a rian  
s te ro id  horm ones, th e  to n ic  m echanism  n eed s a ffe ren t im pulses o rig in a tin g  
f ro m  th e  stero id  recep to r n eu ro n s in th e  p re o p tic -a n te r io r  h y p o th a la m ic  area  
(“ cy c le  m echan ism ” ). A n u m b e r  of e x p e rim e n ta l d a ta  ind ica te  th a t  th e  s te ro id  
se n s it iv e  neurons o f th e  cycle  m echanism  a re  in s tru m e n ta l in th e  n e u ro h o r­
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m onal ovarian  s te ro id  feed b ack  w hich m o d u la te s  (i.e., enhances or in h ib its )  
th e  a c tiv ity  of th e  F R F  a n d  L R F  p roducing  n eu ro n s  an d , in th is  w ay , m a in ­
ta in s  th e  cyclic g o n a d o tro p h in  release.

Y azaki  (1959, 1960), H arris  and  L e v i n e  (1962, 1965), Go r s k i  a n d  
W a g n e r  (1965) h av e  show n th a t  th e  n o n -cy c lic ity  o f  gonado troph ic  fu n c tio n  
in th e  a d u lt  m ale r a t  is e s tab lished  only a ro u n d  th e  th ird  d ay  a fte r  b ir th ,  a n d  
th e  presence of te s te s  in th e  firs t few days o f  p o s tn a ta l  life d e te rm in es th e  
m ale specific ity  of th e  h y p o th a lam u s . T hese e x p e rim e n ta l resu lts  su g g est 
th a t  th e  h y p o th a la m u s  o f th e  new born ra t  o f e ith e r  sex  has th e  in h eren t a b ili ty  
to  m a in ta in  a cyclic re lease of g o n ad o tro p h in s . I t  is only in th e  f irs t  fewr 
p o s tn a ta l days th a t  n o rm a l m ale ra ts  un d er th e  in flu en ce  of te s tic u la r  a n d ro ­
gens, or fem ale ra ts  th a t  a re  given te s to s te ro n e , lose th e  ab ility  to  re lease  
g o n ad o tro p h in s  in a cyclic m an n er an d , th e re b y , to  cause ovu la tion .

T he find ing  th a t  and rogen -ste rilized  ra ts  g iven  tr i t ia te d  o estrad io l h a d  
sig n ifican tly  loiver h y p o th a la m ic  ra d io a c tiv ity  levels th a n  contro ls w ith o u t 
p e rin a ta l te s to s te ro n e - tre a tm e n t, su p p o rts  o u r h y p o th es is  th a t  a p e r in a ta l  
and rogen  action  m ig h t in te rfe re  w ith  a n o rm al d ev e lo p m en t of o estro g en - 
recep to r p ro te in s  a n d , hence , w ith  no rm al u p ta k e  a n d /o r  re ten tio n  of o e s tra d io l 
by  th e  h y p o th a lam ic  oestrogen -sensitive  n e u ro n s  o f  th e  cycle m ech an ism . 
In  th is  w ay , th ese  n eu ro n s m igh t becom e d esen sitized  and  fu n c tio n a lly  in ­
ac tiv e  in m ed ia tin g  p o sitiv e  and  nega tive  o estro g en  feedback  on th e  a n te r io r  
p itu ita ry  cells p ro d u c in g  gonad o tro p h ic  h o rm o n es. I f  so, th e  re d u c tio n  o f  
oestrad io l b ind ing  an d  th e  consequen tia l loss o f n eu ro h o rm o n a l ste ro id  feed ­
back  induced  b y  p e r in a ta l  and rogen  ac tion , m ig h t acco u n t for th e  non -cy c lic  
p a tte rn  o f  g o n ad o tro p h ic  a n d  gonadal stero id  h o rm o n e  secretion  in th e  m ale  
an d  and rogen ized  fem ale r a t .
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[ t is generally  accep ted  th a t  a n te rio r  p i tu i ta ry  fu nc tion  is co n tro lled  
b y  th e  ce n tra l nervous sy s tem , f irs t  of all by  th e  h y p o th a la m u s , a n d  th a t  
th e  m echan ism  of th is  a c tio n  is n eu ro h u m o ra l, i.e., som e su b stan ces (ca lled  
re leasing  an d  in h ib itin g  fac to rs) are  released b y  th e  nerv e  endings in  th e  
su p erfic ia l zone of th e  m ed ian  em inence  and  p itu i ta ry  s ta lk , w hich su b stan ces  
are  th e n  carried  by the  p o rta l c ircu la tio n  to  th e  a n te r io r  lobe cells.

T his view  contains tw o  m ain  assu m p tio n s, viz. (1) th e  h y p o th a la m u s  
p roduces substances w hich a c t on th e  an te rio r  lobe, and  (2) these  are  co n v ey ed  
by  th e  p o rta l blood to  th e  ad en o h y p o p h y sis . T he d a ta  ava ilab le  s u p p o r t 
b o th  assu m p tio n s.

Ad 1. W ith  regard  to  p i tu i ta ry  A CTH  secre tion  it has been  d e m o n s tra te d  
b y  S a f f r a n  and  S chally  [27] an d  by  G u il l e m in  an d  R o s e n b e r g  [9] t h a t  
h y p o th a la m ic  e x tra c ts  cause a re lease  o f p i tu i ta ry  A C TH . T he ac tiv e  su b s ta n c e  
h as  been  called C ortico troph ic  R eleasing  F a c to r  (C R F ). F u r th e r  s tu d ie s  
co n firm ed  th e  m en tioned  observ a tio n  and , in a d d itio n , th e y  suggested  th a t  
h y p o th a la m ic  e x tra c ts  no t on ly  in fluence  the release of A C TH , b u t  p ro b a b ly  
a c t on its  syn thesis , too . T h is la t te r  view  is su p p o rte d  b y  U e m u r a ’s [33]  
fin d in g  show ing  th a t  p itu ita ry  A C T H  co n ten t increases sig n ifican tly  if  h y p o ­
th a la m ic  e x tra c t is given to  th e  m ed ium  in vitro. T he fu n c tio n a l s ign ificance  
o f C R F  is underlined  by  th e  d a ta  th a t  th ere  is a s im ila r d iu rn a l v a r ia tio n  
in  h y p o th a la m ic  C R F a c tiv ity  as in p itu ita ry  A C TH  secre tion  and  th a t  th e  
d a ily  p eak  o f C R F  a c tiv ity  occurs th ree  hours earlie r th a n  th e  p lasm a c o rtic o ­
s te ro n e  p e a k  [2, 15]. T he chem ical s tru c tu re  of C R F  and  th e  m ech an ism  
o f its  a c tio n  on th e  an te rio r  lobe are  no t know n.

Ad 2. I t  has been re p o rte d  b y  P orter  [23] th a t  th e  b lood  co llec ted  
from  th e  p ro x im al p a r t  o f th e  tra n se c te d  p itu i ta ry  s ta lk  ex h ib its  C R F  a c tiv i ty .  
C R F  a c tiv ity  has no t y e t been d e m o n s tra te d  in th e  p e rip h era l p lasm a o f in ta c t  
an im als . I t  was found  only u n d e r  special exp erim en ta l cond itions such  as a f te r  
h y p o p h y sec to m y , when p re su m a b ly  th e  releasing  fac to rs  are  re leased  in  a 
la rg e r  a m o u n t [1, 3, 29]. I t  is v e ry  like ly  th a t  C R F  is p re se n t in th e  p e rip h e ra l 
b lood  of in ta c t  an im als, b u t in such  a sm all a m o u n t th a t  it c an n o t be d e te c te d  
b y  th e  c u rre n t m ethods.
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T here  is no d ire c t in fo rm atio n  co n cern in g  th e  site  o f C R F  p ro d u c tio n . 
T h e  d a ta  availab le  su g g est th a t  th is  fu n c tio n  is re s tr ic te d  to  th e  m edial basal 
h y p o th a la m u s . T he fo llow ing  observations s u p p o r t th is  idea.

(i) B y im p lan tin g  a n te r io r  p i tu i ta ry  tissu e  in to  v a rio u s b ra in  regions 
o r u n d e r  the  k id n ey  cap su le  of h y p o p h y sec to m ized  ra ts  we [12] fo u n d  th a t  
A C T H  secretion  of th e  g ra f te d  an te rio r lobe is s ig n ifican tly  b e tte r  m a in ta in ed  
if  th e  p itu ita ry  is lo c a te d  in  th e  m edial b a sa l h y p o th a la m u s  th a n  if  it is o u t­
side th is  region, e ith e r  in o th e r p a rts  o f  th e  h y p o th a la m u s , in ex trah y p o - 
th a la m ic  regions or u n d e r  th e  k idney  cap su le . W e called th e  m edial basa l 
h y p o th a la m u s  th e  h y p o p h y s io tro p h ic  a rea  (H T A ) [11]. T h is area includes 
th e  v e n tra l  p a r t o f th e  p e riv e n tr ic u la r  nu c leu s, th e  m ed ia l p a r t  o f th e  re tro ­
c h ia sm a tic  region a n d  th e  a rcu a te  nucleus.

(ii) C R F a c tiv i ty  w as found only in  e x tra c ts  from  th e  m ed ian  em inence 
reg io n , i.e ., from  H T A  [34].

(iii) The n eu ro n s in  th e  HTA send th e ir  axons to  th e  m ed ian  em inence, 
fo rm in g  th e  tu b e ro -in fu n d ib u la r  tr a c t  [32].

(iv) N erve cells o u ts id e  the  m edial b a sa l h y p o th a la m u s  have no axon  
te rm in a ls  in th e  su p e rfic ia l zone of th e  m e d ia n  em inence [25].

H T A  appears to  be  ab le  to  syn thesize  a n d  release C R F  in th e  absence 
o f  n e u ra l a fferen ts. T h is  is ind ica ted  by  th e  o b se rv a tio n  th a t  follow ing neura l 
iso la tio n  of the  area  p i tu i ta r y  basal A CTH  secre tion  is u n ch an g ed  [7, 17, 35] 
o r, acco rd ing  to  o th e r  a u th o rs  [10, 13, 14], even  enhanced  (T able I). (An ex­
tre m e ly  sm all a m o u n t o f A CTH  is secreted  if  th e  a n te rio r  lobe is d isconnected  
fro m  th e  h y p o th a la m u s .)  T h is suggests t h a t  p re su m a b ly  th e  H T A  is p rim arily  
re sp o n sib le  for th e  m a in te n a n c e  of p i tu i ta ry  A CTH  fun c tio n .

H  owever, th e  d iu rn a l ACTH rh y th m , ex is tin g  in in ta c t  an im als, fails 
a f te r  th e  in te rru p tio n  o f  th e  n eu ra l connec tio n s o f th e  m edial basal h y p o th a la ­
m u s [13, 14, 22]. W e [13, 14] found th a t  u n d e r  such c ircum stances p itu ita ry  
A C T H  co n ten t an d  p la sm a  corticosterone  levels are  h igh in th e  m orn ing  as 
w ell as in the  a fte rn o o n  (T able  I). This f in d in g  show s c learly  th a t  th e  H TA  
b y  its e lf  is no t c ap a b le  o f  contro lling  n o rm a l A CTH  a c tiv ity , h u t requires 
a f fe re n t im pulses. A cco rd in g  to our fin d in g s [13, 14] th e  a ffe ren ts critical 
fo r  th e  d iu rnal A C T H  rh y th m  reach th e  H T A  from  th e  a n te rio r  d irec tion ; 
in te r ru p tio n  of th e  a n te r io r  connections o f th e  a rea , leav ing  in ta c t all th e  o th e r 
p a th w a y s  (fron ta l c u t)  b locks this rh y th m , w hereas th e  severance of the  b i­
la te ra l ,  superior a n d  p o s te r io r  connections (incom ple te  d e a ffe ren ta tio n ) does 
n o t  in te rfe re  w ith  th is  fu n c tio n  (Table 1). C oncern ing  th e  n eu ra l s tru c tu re s  
b e in g  involved in th e  d iu rn a l ACTH rh y th m , in te res tin g  o b se rv a tio n s were 
p u b lish e d  by  Mo b e r g  e t al. [20]. T hese a u th o rs  found  th a t  tra n se c tio n  of 
th e  fo rn ix  above th e  3 rd  v en tric le  inh ib its  th e  d iu rn a l changes in r a t  p itu ita ry  
A C T H  ac tiv ity . S im ila r find ings were o b ta in e d  earlie r by  Ma so n  [18] in m on­
k ey s . F u r th e r  s tu d ies  a re  req u ired  to  c larify  th e  origin of th e  critical a ffe ren ts.
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Table I

A C TH  content o f pituitary and corticosterone content o f  peripheral plasma and o f adrenal gland 
o f rats decapitated four weeks after sham operation or partial or total deafferentation o f  the hypo-

physiotrophic area [13, 14]

Group
Pituitary ACTH content

mU/ant. pit. nilJ/mg Hilt. pit.

Sham operation a.in. 5 131 13.3 (10.8 15.1)'
p.m. 5 74 7.1 (5.8 10.1)

Complete a.in. 2 191 26.8 (19.0 30.9)
deafferentation p.m. 2 165 24.2 (20.1 28.7)

Incomplete a. in. 1 125 13.3 (8.1 -1 5 .0 )
deafferentation p.m. 5 54 7.0 (3 .2 -1 0 .2 )

Frontal cut a. in. 1 174 20.4 (1 5.6 -2 4 .1 )
p .m . 4 170 21.1 (1 5 .3 -2 6 .7 )

No. of 
animals

Corticostcrone content

Group a  t i r e  i t a l  ó la iu l periph. plasma 
ug/100 mljiig/udr. ug/g adr.

Sham operation a. in. 15 0.13 +  0.0111 5.1 + 0.4 7.5 4 0.6

p. in. 14 0.65 +  0.01 26.6 • 2.7' 25.6 +  2.6'
Complete a.m. 7 0.55 +  0.02 21.0 + 5.1 36.0 ±  5.1

dcafferentiation j i . in . 5 0.69 +  0.17 31.2 + 5.0'1 38.6 4; 5.4J

Incomplete a.in. 6 0.18 t  0.06 11.2 + 4.7 6.7 4  0.9
deafferentation p.m. 8 0.42 +  0.08 24.4 + 5.1' 14.2 1.3'

Frontal cut a.in. 8 0.19 +  0.08 10.1 + 4.0 15.6 3.4

p. in. 7 0.14 +  0.05 9.5 f 3.6d 11.0 4  2.4'1

a: 95%  confidence limits
b: mean and standard error of mean
c: p <  0.01 vs a.m. value
d: difference between a.m. and p.m. value is not significant

Corticosterone content of adrenal gland and peripheral plasma and ACTH content of p itu ita ry  
were m easured in the same animals bu t p itu ita ry  ACTH levels were not determ ined in all ra ts

R eg ard in g  th e  neural s tru c tu re s  invo lved  in th e  reg u la tio n  o f ACTH 
secre tion  b u t loca ted  o u tside  th e  H T A , in  th e  f irs t |>lace th e  lim bic  sy s tem  
an d  m esencepha lon  have  to  be ta k e n  in to  acco u n t. Som e of these  s t ru c tu re s  
p ro b a b ly  ex e rt m ain ly  a s tim u la to ry , while o th ers  an in h ib ito ry  in flu en ce . 
T he am y g d a la  com plex an d  som e ill-defined  m esencephalic regions (v e n tra l  
te g m e n tu m ) a p p ea r to  have  a s tim u la to ry  effect; e lectrical s tim u la tio n  o f those 
regions induces ACTIf release [4, 19, 24, 30, 31]. In  c o n tra s t, s t im u la tio n  o f
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th e  h ip p o cam p u s, s e p tu m  an d  m esencephalic  d o rsa l teg m en tu m  resu lts  in  a 
d ec rease  o f th e  b lood  co rtico ste ro id  level in  dogs, ca ts  and  m onkeys [5, 19, 
21, 26 , 30] and  d e s tru c tio n  o f these  s tru c tu re s  causes an  opposite  effect [4, 16] 
su g g estin g  th a t  th ese  s tru c tu re s  are  m ain ly  in h ib ito ry . A ccording to  E n d r o c z i  
a n d  L i s s Ák  [5] th e  a n te r io r  and  la te ra l h y p o th a la m u s  also in h ib it A C TH  
sec re tio n .

T ak in g  in to  a c c o u n t th a t  neura l s tru c tu re s  ou tside  th e  H T A h av e  no 
n e rv e  endings in th e  m e d ia n  em inence, i t  is close a t  h a n d  to  assum e th a t  th e  
m e n tio n e d  e lem ents do n o t ac t d irec tly  on th e  a n te r io r  lobe, b u t  m ig h t e x e rt 
th e ir  in fluence  v ia  th e  H T  A, by  m o d u la tin g  th e  syn thesis  an d /o r re lease of 
C R F . T h is  m eans th a t  tw o  levels ex ist in  th e  n e u ra l co n tro l of p i tu i ta ry  A CTH  
sec re tio n .

T h e  firs t level is th e  H TA . This region p ro d u ces  C R F  and  ap p ears  to  be 
re sp o n sib le  by  itse lf  fo r th e  m a in ten an ce  o f b a sa l ACTH secre tion , excep t 
th e  d iu rn a l A C TH  rh y th m .

Tin- second c o n tro l level is rep re sen ted  b y  th e  neu ra l s tru c tu re s  o u ts id e  
th e  H T A . T his level co n tro ls  th e  d iu rn a l r h y th m  o f p itu i ta ry  A CTH  a c tiv ity , 
a m o n g  o thers.

I t  is no t c lear w h a t so rt o f sy n ap tic  t r a n s m itte r s  m ed ia te  th e  im pulses 
w ith in  th e  v a rio u s s tru c tu re s  inside th e  second  co n tro l level and  from  th e  se­
cond  level to  th e  f irs t  one, b u t  it seems like ly  th a t  ace ty lcho line , n o rad ren a lin e , 
se ro to n in  an d  p re su m a b ly  o th e r substances a re  also involved  in these  ev en ts . 
E n d r o c z i  et al. [6] h a v e  show n th a t  in jec tio n  o f a cholinergic su b stan ce  
(eserine , ca rb am in o y lch o lin e) in to  the  se p tu m , p reo p tic  region, v e n tra l la te ra l  
h y p o th a la m ic  area  or in to  th e  m esencephalic d o rsa l teg m en tu m  in h ib its  A CTH  
sec re tio n , w hereas th e  sam e substances in je c te d  in to  th e  v e n tra l te g m e n tu m  
o f th e  m esencephalon  h a v e  an opposite  effec t. S ero to n in  given in to  th e  p re ­
o p tic  a rea , th e  a n te r io r , m id - or poste rio r h y p o th a la m u s  causes an  increase  in 
p i tu i ta r y  ACTH sec re tio n . In te re s tin g  o b se rv a tio n s  were m ade by  S c a p a g n i n i  
e t a l. [28]. T hey  fo u n d  th a t  th e  d iu rn a l v a r ia tio n s  in 5 -h y d ro x y trip ta m in e  
c o n te n t  of th e  am y g d a la  an d  th e  h ip p o cam p u s a n d  th e  p lasm a co rtico ste ro n e  
levels  go para lle l in tim e , b o th  values are  th e  low est a t 8 a .m . and  th e  h ig h es t 
a t  8 p .m . I f  5 -h y d ro x y tr ip ta m in e  syn th esis  w as b locked  b y  p -ch lo ropheny l- 
a la n in e , th e  m orn ing  level of p lasm a co rtico s te ro n e  w as h igher and  th e  a f te r ­
noon va lu e  low er, th u s  th e  d iu rn a l v a r ia tio n s  d isap p eared . p -C hlo ropheny l- 
a la n in e  caused a t  th e  sam e tim e a 50 to  6 3 %  decrease  in  the  5 -h y d ro x y try p t-  
am in e  co n ten t of th e  am y g d a la  an d  th e  h ip p o cam p u s . B ased on these  find ings 
S c a p a g n i n i  et al. a ssu m ed  th a t  sero ton inerg ic  n e u ro n s  p lay  an  im p o r ta n t role 
in th e  con tro l of th e  d iu rn a l ACTH rh y th m .

In  su m m ary , th e re  are  tw o levels in th e  n eu ra l con tro l of p i tu i ta ry  
A C T H  secretion . O ne level is in th e  m ed ia l b a sa l h y p o th a lam u s (th e  hypo- 
p h y s io tro p h ic  a rea , H T A ). This region p ro d u ces  th e  co rtico troph ic  re leasing
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fa c to r  (C R F) an d  is p ro b a b ly  responsib le b y  itse lf  for th e  m a in ten an ce  of 
basal ACTH secre tion . T he o th e r level is in th e  neu ra l s tru c tu re s  lo ca ted  o u t­
side th e  HT A, such as th e  lim bic system , m esencephalon , e tc . Som e o f these* 
regions p resu m ab ly  s tim u la te , o thers in h ib it A CTH  a c tiv ity . T h is level con tro ls  
th e  d iu rn a l ACTH rh y th m  am ong o thers. I t  p ro b ab ly  does n o t a ffec t d irec tly  
A CTH  secretion , b u t  m ig h t a c t th rough  th e  H T A by  m o d u la tin g  th e  sy n th esis  
a n d  release of C R F .

R E FE R E N C E S

1. B r o d is h , A., L o n g , C. N.. H .: ACTH releasing hypothalam ic neurohum or in peripheral
blood. Endocrinology 71, 298 306 (1962).

2. D a v id -N el so n , M. A., B r o d is h . A.: Evidence for a diurnal rhy thm  of corticotrophin
releasing factor (CRF) in the hypothalam us. Endocrinology 85, 861 866 (1969).

3. E ik -N e s . K. B., B r iz z e e , K. R.: Some aspects of corticotrophin secretion in the tra ined
dog. 1. The presence of a corticotrophin releasing factor in the blood stream  of dogs 
shortly after hypophysectom y. Acta endocr. (K bh.) 29, 219 — 223 (1958).

4. E n drő czi, Е., L is sá k , K.: The role of the mesencephalon, diencephalon and arehicortex
in the activation  and inhibition of the p itu itary-adrenocortical system. Acta physiol. 
Acad. Sei. hung. 17, 39 -55 (1960).

5. E n d rő czi, Е., L is sá k , К .: Effect of hypothalam ic and brain stem structures stim ulation
on pitu itary-adrenocortical function. Acta physiol. Acad. Sei. hung. 24, 67 -77 (1963).

6. E n drő czi. E., S c h r e ib e r g , G., L issá k . К .: The role of central nervous activating  and
inhibitory structu res in the control of p itu itary-adrenocortical function. E ffects of 
intracerebral cholinergic and adrenergic stim ulation . Acta physiol. Acad. Sei. hung. 
24, 211 221 (1963).

7. F el d m a n , S., Co n f o r t i. N., Ch o w er s , L , D a v id s o n , M.: P itu itary -ad renal ac tiv a­
tion in ra ts  w ith medial basal hypothalam ic islands. A cta endocr. (K bh.) 63, 405 — 414 
(1970).

8. G r e e r , M. A., R o c k ie , C.: Inhibition by pen tobarb ita l of ether induced ACTH secretion
in the rat. Endocrinology 83, 1247— 1253 (1968).

9. G u il l e m in , R ., R o s e n b e r g . B .: Humoral hypothalam ic control of an terior p itu itary :
A study with com bined tissue cultures. Endocrinology 57, 599 607 (1955).

10. H alász, В., P u p p . L.: Hormone secretion of the anterior p itu itary  gland after physical
in terrup tion  of all nervous pathw ays to the hypophysiotrophic area. Endocrinology 77, 
5 5 3 -5 6 2  (1965).

11. H alász, В., P u p p , L ., U h l a r ik , S.: H ypophysiotrophic area in the hypothalam us. J .
Endocr. 25, 147 154 (1962).

12. H alász. В., P u p p . L., U h l a r ik . S.. T ima L.: F u rth e r studies on the horm one secretion
of the anterior p itu ita ry  transp lan ted  into the  hypophysiotrophic area of the ra t 
hypothalam us. Endocrinology 77, 343 355 (1965).

13. H a lá sz , В., Sl u s h e r . M., Go r sk i. R. A.: A drenocorticotrophic horm one secretion in
ra ts  after partia l or to ta l deafferentation of th e  medial basal hypothalam us. Neuro- 
endocrinology 2, 4 3 -  55 (1967).

14. H a lá sz . В., V e r n ik o s -D a n e l l is , .1., Go r s k i. R. A.: P itu itary  ACTH conten t in rats
after partial or to ta l in terrup tion  of neural afferen ts to the medial basal hypothalam us. 
Endocrinology 81, 921 924 (1967).

15. H ir o s h ig e , T.. Sa k a k u r a . M., I t o ii. S.: D iurnal variation  of corticotropin-releasing
activ ity  in the ra t hypothalam us. Endocr. jap . 16, 465- 467 (1969).

16. K n ig g e . К. M.: A drenocortical response to  stress in ra ts  w ith lesions in hippocam pus and
amygdala. Proc. Soc. exp. Biol. ( N. Ï .) 108. 18 21 (1961).

17. Ma k a ra , G. B., St a r k . E .. P a lk ov its . M.: A fferent pathw ays of stressful stim uli:
corticotrophin release after hypothalam ic deafferentation . J . Endocr. 47, 411 — 416 
(1970).

18. Ma so n . J .: The central nervous system regulation of ACTH secretion. In: Jasper, 11. J .,
Proctor. L. E ., K nighton, R. S., Noshay. W. C., Costello, R .T . (eds): R eticular F orm a­
tion of the Brain. L ittle , Brown. & Co., B oston. Pp. 645 662. 1958.

19. Ma so n , J. W .: Plasm a 17-hydroxycorticosteroid levels during electrical stim ula tion  of
the amygdaloid com plex in conscious m onkeys. Amer. J . Physiol. 196, 44 -48 (1959).

A clu  M edico  A cadem iae Scicntiarum  H ungaricae 29 , 1972



7 6 в .  h a l á s z

20. M o b e r g , G. P ., S cA P A G N im , U ., d e  G root J., Ga n o n g , W. F .: E f f e c t  o f  s e c t i o n i n g
th e  fornix on diurnal flu c tua tion  in plasm a corticosterone levels in the ra t. N euroendo­
crinology 7, 11 — 15 (1971).

21. O k in a k a . S.: Die Regulation der H ypophysen-N ebennierenfunktion durch das Lim bic-
system  und den M ittelh irnanteil der Form atio reticularis. Acta neuroveg. (W ien) 23, 
15 — 20 (1962).

22. P a l k a , Y ., Co y er , D., Cr it c iil o w , V.: Effects of isolation of medial basal hypo thalam us
on p itu itary-adrenal and p itu ita ry -ovarian  functions. Neuroendocrinology 5, 333 — 349 
(1969).

23. P o r t e r , J . C.: H ypophysiotrophic horm ones in po rta l vessel blood. In  Meites, J .  (ed):
H ypophysiotrophic H orm ones of the H ypothalam us: Assay and Chemistry. Proceedings 
o f th e  W orkshop Conference, Tucson, Arizona, 1969. W illiams & W ilkins, B altim ore. 
P p . 282 — 293, 1970.

24. R e d g a t e , E. S.: ACTH re lease  ev o k ed  by e lectrica l s tim u la tio n  of b ra in  stem  a n d  lim b ic
system  sites in the cat: The absence of ACTH release upon infundibular area stim ulation . 
Endocrinology 86, 8 0 6 -8 2 3  (1970).

25. R é t h e l y i , M., H alász, В.: Origin of the nerve endings in the surface zone of the m ed ian
em inence of the ra t hypothalam us. Exp. B rain Res. 11, 145 —158 (1970).

26. R u b in , R ., Ma n d el l , A., Cr a n d a l l , P .: C o rtico ste ro id  responses to  lim bic  s tim u la tio n
in  m an. Localization of stim ulus sites. Science 153, 767 — 768 (1966).

27. Sa f f r a n , M., Schally , A. V.: Release of corticotrophin  by anterior p itu ita ry  tissue
in  vitro. Canad. J . Biochem. Physiol. 33, 408 —415 (1955).

28. S c a p a g n in i, U., Mo berg , G. P ., Va n  L o on , G. R ., de Gro ot , J .,  Ga n o n g , W. F.:
R ela tion  of 5 -hydroxytrip tam ine content to th e  diurnal variation  in  plasm a cortico­
sterone  in the ra t. Neuroendocrinology, 7, 90 — 96 (1971.).

29. S c h a p ir o , S., Ma rm orston , J . ,  S o b e l , H .: P itu ita ry  stim ulating substance in b ra in
blood of hypophysectom ized ra t  following electric shock “ stress” . Proc. Soc. exp. 
Biol. (N. Y.') 91, 3 8 2 -3 8 6  (1956).

30. S l u s h e r , M. A., H y d e , J . E .: Inh ib ition  of adrenal corticosteroid release by brain stem  •
stim u la tion  in cats. E ndocrinology 68, 773 — 782 (1961).

31. S l u s h e r , M. A., H y d e , J .  E .: E ffect of diencephalic and m idbrain stim ulation on ACTH
levels in  unrestrained cats. Am er. J . Physiol. 210, 103—108 (1966).

32. SzEN T Á G O T H A i, J.: The parvicellu lar neurosecretory system. In  Bargm ann, W ., Schade,
J .  P . (eds.): Progress in B rain  Research. Elsevier Publishing Company, A m sterdam , 
5, 1 3 5 -1 4 6 , 1964.

33. U e m u r a , T.: Studies on the biosynthesis and release of ACTH. Endocr. jap . 15, 130 131
(1968).

34. V e r n ik o s -D a n e llis , J .:  E stim a tio n  of corticotropin releasing activ ity  of ra t  h y p o tha la ­
m us and neurohypophysis before and after stress. Endocrinology, 75, 514 — 520 (1964).

35. V o l o s c h in , L., J o se ph , S. A., K n ig g e , K. M.: Endocrine function in male ra ts  following
com plete and partial isolations o f the hypo thalam o-p itu ita ry  unit. Neuroendocrinology 
3, 3 8 7 -3 9 7  (1968).

A d a  R I e d i c a  A c a d e m i a e  S c i e n t i a r u m  I l u n g a r i c a e  2 9 ,  1 9 7 2



Acta Medien Academiae Scientiarum Hungaricae, Tomas 29 (1 2), pp. 77—88 (1972)

REGULATION OF ACTH SECRETION 
IN STRESSFUL CONDITIONS

T H E  N A TU R E O F A FFE R E N T  PATHW AYS INVOLVED 

IN  STRESS-IND UCED  ACTH SECR ETIO N

E . Stark

INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

E v e r since it has been  generally  recognized th a t  a w ide v a r ie ty  o f s tre ss­
ful s tim u li increase A C T H -glucocortico id  secre tion , m uch  a t te n tio n  has been 
d ev o ted  to  clarify ing th e  n a tu re  of th e  m echanism (s) b y  w hich th e se  stim uli 
b rin g  a b o u t rap id  A C TH  secretion . O ver th e  p a s t tw o  decades, tw o  theories 
h a v e  been advanced  to  acco u n t for th e  secre tion  of A C TH  in d u ced  b y  acu te  
s tre ss : one em phasizes co rtico id  feedback  or a u to re g u la tio n , th e  o ther 
reg u la tio n  by th e  cen tra l n erv o u s system . D E  G root a n d  H arr is  (1950) were 
th e  firs t to  p roduce d irec t ev idence of th e  im p o r ta n t role o f th e  h y p o th a la m u s  
in increasing  stress-in d u ced  A CTH  secretion . T o d a v  th e  view  is favoured  
th a t  A CTH  p ro d u c tio n  is reg u la ted  by  th e  co rtic o tro p h in  re leasing  fac to r 
(C R F ) an d  th a t  th is  su b s ta n c e  is released in th e  h y p o p h y seo tro p h ic  area of 
th e  m edial hasal h y p o th a la m u s  (M BH ). L ittle  is, how ever, kn o w n  o f th e  a f­
fe ren t p a th w ay s th ro u g h  w hich th e  various s tre sso r ag en ts  are  s te reo ty p ica lly  
lead in g  to  enhanced  A C T H  secretion .

In  th is  re p o rt, th e  te rm  “ afferen t p a th w a y s  o f th e  s tress re a c tio n ”  is 
m e a n t to  deno te  all th e  in fo rm a tio n -tra n sm ittin g  m echan ism s w hich by 
a c tiv a tin g  th e  h y p o th a la m o -h y p o p h y se a l u n it lead  to  ACTH re lease . Such 
m echan ism s are: nerve  im pu lses, one or m ore h u m o ra l m ed ia to rs  th a t  have 
en te re d  th e  system ic c ircu la tio n , and  an y  c irc u la to ry , m etab o lic , an d  o ther 
a lte ra tio n s  w hich a c tiv a te  th e  h y p o th a lam o -h y p o p h y sea l u n it d ire c tly  or 
in d irec tly , one inducing  th e  o th e r.

F ortier  (1951) c lassified  the  stressfu l s tim u li in to  tw o g roups. Those 
th a t  enhance ACTH secre tio n , even in an im als w ith  th e ir  h y p o p h y sis  g rafted  
in to  th e  an te rio r ch a m b e r o f an  eye, he d esig n a ted  as “ sy s tem ic”  because 
he th o u g h t th a t  u n d e r such  cond itions th e  stress  a c ts  d irec tly  on th e  h y p o ­
physis  by  w ay o f th e  sy stem ic  c ircu la tion . T h e  s tressfu l s tim u li effective 
on ly  if th e  h y pophysis  is n o t severed from  th e  h y p o th a la m u s , i.e ., t h a t  exert 
th e ir  effect by w ay o f th e  CNS, he d en o m in a ted  “ n e u ro tro p h ic ” .

M i a l h e -Vo lo ss  (1958), S m e l i k  (1959. I960), d e  W i e d  (1968) a n d  o th e r  
a u t h o r s  found  t h a t  a f t e r  m u t i l a t i v e  in te r fe re n c e s  w i th  t h e  h y p o t h a l a m u s  or 
t h e  h y p o p h y s is  — s u c h  a s  e le c t ro ly t ic  le s ion ing  o f  t h e  h y p o t h a l a m u s  or
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n e u r o h y p o physectom y — som e stressors are  ineffec tive  w hereas o th ers  are  
e ffe c tiv e .

T h e  te n ta tiv e  d iv ision  o f  stresses in to  “ n e u ra l’’ an d  “ sy stem ic”  groups 
b y  F o r t i e r  (1951) w as n o t a c c e p ted  un an im o u sly  (see F o r t ier  1966); p a r tly , 
b e c a u se  in  earlier e x p e rim e n ts  in ad eq u a te  c rite r ia  (ascorbic acid dep le tion , 
ly m p h o p e n ia )  had  been  u sed  to  d em o n stra te  A C T H  release, an d  p a r tly , b e ­
cau se  n o  allow ance h a d  b e e n  m ade for th e  p o ss ib ility  th a t  in  s tress C R F  
m ig h t e n te r  th e  tr a n s p la n te d  h y pophysis  from  th e  m ed ian  em inence  via  th e  
s y s te m ic  circu lation , as A n d e r s o n  (1966), B r o d is h  (1964a), a n d , recen tly , 
S i r e t t  a n d  K e n d a l l  (1969) h a v e  ju s tly  h y p o te th iz e d .

on the s .c . 2,5mg/100g s.c. 0,1 IU/100gs.c. 1mg/100gs£. 25pg/100g i p.
15th day

14 - day 
OfiV. NaCI
14 - day 
3 I.U ACTH

Fig. 1. H ypophyseal-adrenocortical response to different stressors 24 hours after the last
of daily  ACTH injections

In v e s tig a tio n s  of o u r o w n , in  w hich th e  p la sm a  co rtico ste ro n e  level was 
u se d  as th e  in d ica to r o f A C T H  secretion , su g g ested  th a t  d iffe ren t s tresso r 
a g e n ts  increase  th e  secre tio n  via  d ifferen t a ffe re n t p a th w a y s .

I f  r a ts  were exposed  to  th e  sam e stress d a ily  fo r tw o  w eeks an d  th e  effect 
o f  i t  on  th e  p lasm a co rtic o s te ro n e  level was ex am in ed  a f te r  th e  la s t exposure , 
som e s tre sso rs  failed to  ra ise  th e  corticosterone  level, or ra ised  i t  s ig n ifican tly  
less t h a n  a fte r  th e  f irs t s tre s s , w hereas o th e r s tresso rs  increased  th e  p lasm a 
c o rtic o s te ro n e  level on th e  la s t  like on th e  f irs t  d a y . A possib le in te rp re ta tio n  
o f th e s e  observations seem ed  to  be th a t  w hereas th e  a ffe ren t p a th w a y s  of 
c e r ta in  stresso rs a d a p t th e m se lv e s , those o f o th e rs  do n o t; th is  m eans, th a t  
th e  s tre s so rs  exert th e ir  e ffec ts  via  d ifferen t p a th w a y s  (S t a r k  e t a l., 1968a).

R e su lts  which m a y  be  in te rp re te d  s im ila rly  h av e  been  o b ta in e d  in  ex ­
p e r im e n ts  in  which th e  e ffec t o f  a few stresso rs h a d  been s tu d ie d  follow ing 
t r e a tm e n t  w ith  ACTH for tw o  w eeks (Stark  e t a l., 1968b). F ig . 1 show s th a t

Acta Medica Acadcmiae Scientiarum H ungaricac 29, 1972



ACTH SECRETIO N  IN  STR ESSFU L CO ND ITIO N S 7 9

on th e  d ay  following th e  la s t  ACTH in jec tion  th e  re s tin g  p lasm a co rtico ste ro n e  
w as a t  th e  contro l level, a n d  an in jection  of en d o to x in  increased it to  th e  sam e 
level as in th e  con tro ls . O n th e  o th e r h an d , th e  effect o f h istam ine , or o f  a sm all 
dose o f fo rm aldehyde , e tc ., in jec ted  on th a t  d a y  caused  no A CTH  secretion . 
An ex p lan a tio n  o f th e  p h en o m en o n  m ight be t h a t  th e  last dose o f a pro longed  
A C TH  tre a tm e n t raises th e  p lasm a co rtico ste ro n e  level m ore th a n  does a single 
dose (St a r k  et ah, 1963). I t  is th is  h igher level w hich  th e n  m ay in h ib it ACTH 
secre tion  24 hs la te r  (feed b ack  action), w hen  th e  co rticoste rone  c o n c e n tra tio n  
is again  norm al.

□  phys. saline 0,25ml/100g 
formaldehyde

ы  17.0,25ml/100g s c.
E3 endotoxin 25pg/100g i.p.
□  histamine 1mg/100g i p

Fig. 2. Inhibitory  effect of dexam ethasone on ACTH release induced by different stimul- 
blood w ithdraw n 1 hour after form aldehyde, 3 hours after endotoxin, 30 min a fter histam in

Stud ies rep o rted  b y  Y a t e s  (1967) gave rise  to  th e  q u es tio n  w h e th e r 
en d o to x in  m ay  ex cep tio n a lly  ex ert its effect v ia  co rtico id -in sen sitiv e  p a th ­
w ays. F ig . 2 shows th a t  th e  effect of en d o to x in  follow ing d ex am e th aso n e  is 
in h ib ite d , w hich m eans t h a t  th e  endo tox in  a c ts  v ia  co rtico id -sen sitiv e  p a th ­
w ays; fu rth e r , th a t  in d ex am e th a so n e -tre a te d  an im als  s tresso r in h ib itio n  n e ith e r 
begins nor ends a t id e n tic a l po in ts  o f tim e.

I f  it is assum ed th a t  th e  feedback  a c tio n  o f  co rticoste rone  is ex e rted  
ex c lusive ly  a t  th e  h y p o th a lam o -h y p o p h y sea l level, w h a t is th e  ex p la n a tio n  
o f th e  observation  th a t  c e rta in  stressors re lease A C T H  a t  a tim e  w hen  o thers 
do n o t?

As we see it, th e  feed b ack  action  o f th e  h ig h  p lasm a c o rtis te ro n e  level 
is ex e rted  n o t only  a t  th e  h y p o th a lam o -h y p o p h y sea l level b u t  o p e ra te s  on 
a ffe ren t p a th w ay s  th ro u g h  w hich stressfu l s tim u li reach  th e  h y p o th a lam o - 
h y p o p h y sea l system . I t  is there fo re  conceivab le  th a t  a ffe ren t p a th w a y s  for 
en d o to x in  are av a ilab le  to  stressfu l s tim uli a t  a tim e  w hen tho se  fo r o th e r 
s tresso rs are  no t. O n th is  basis it is safe to  c la im  th a t  some s tre sso rs  reach  
th e  h y p o th a lam o -h y p o p h y sea l u n it by p a th w a y s  d iffe ren t from  th o se  o f o th e r 
s tresso rs.
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W e have assum ed t h a t  stress-induced  a c u te  A CTH  release re su lts  from  
in c re a se d  C R F  release a n d  t h a t  th e  C R F -p ro d u c in g  cells a re  in  th e  M B H . 
T h e o re tic a lly , the  p a th w a y s  w h ich  m ediate  th e  s tre sso r effects to  th is  area  
m a y  be  d iv ided in to  a n e u ra l and  non-neu ra l g roup .

I n  th e  following, we sh a ll designate  as “ n e u ra l” all th e  s tresso rs  w hich 
ro ach  th e  M BH by  n eu ra l p a th w a y s , and  as “ h u m o ra l”  all tho se  a f te r  w hose 
a p p lic a t io n  the  in fo rm atio n  t h a t  enhances A C T H  secretion  reaches th e  C R F- 
p ro d u c in g  cells by n o n -n eu ra l p a th w ay s  such as th e  b lood, C SF, a n d /o r  ly m p h  
c irc u la tio n .

O n  th e  basis of such co n sid e ra tio n s, we h av e  s tu d ied  th e  A C T H -increasing  
e ffec t o f  a num ber o f s tre sso rs  a fte r  bo th  p a r t ia l  an d  to ta l  d e a ffe ren ta tio n  
o f  th e  M B H .

S u rg e ry  was p e rfo rm ed  b y  th e  m eth o d  o f  H alász  an d  P u p p  (1965), 
a n d  th e  increase in s tre ss -in d u c e d  ACTH secre tion  w as observed  7 or 8 days 
a f te r  i t ,  a n d  successful su rg e ry  w as checked on seria l sections (Ma k a r a  e t al., 
1969a).

In  an im als w ith  a n te ro la te ra l  d e a ffe ren ta tio n  of the  M B H , noise an d  
v ib ra t io n ,  surgical s tress , a n d  a sm all dose o f fo rm ald eh y d e  failed to  in fluence  
th e  p la sm a  corticosterone lev e l, b u t h istam ine  a n d  capsaicin  p ro d u ced  a sign if­
ic a n t ly  low er one th a n  in  th e  contro l, w hereas en d o to x in  en h an ced  A CTH  
se c re tio n  like in th e  co n tro ls  (F ig . 3). A drenal se n s itiv ity  to  A C TH  rem ain ed  
u n c h a n g e d .

T h ese  exp erim en ta l f in d in g s  were in te rp re te d  as m ean ing  t h a t  ce rta in  
s tre s s o rs  increase C R F  p ro d u c tio n  by trav e llin g  to  th e  M BH  along  an te rio r , 
l a te r a l ,  and  dorsal p a th w a y s , i. e. b y  neu ra l ones. No rise in A C TH  secretion  
e n su e d  because a fte r  in te rse c tio n  of th e  p a th w a y s  the  s tim u lu s  could  no t 
re a c h  th e  M BH. One or th e  o th e r  of these p a th w a y s  is involved  in  th e  ac tion  
o f su c h  stressors as h is ta m in e  a n d  capsaicin , as is show n by  th e  fa c t th a t  w ith  
th e  p a th w a y s  in te rsec ted  th e  efficacy  of th ese  s tresso rs is co n sid e rab ly  w eak ­
e n e d . T h e  residual efficacy  o f  capsaic in  and  h is ta m in e  is m ed ia ted  b y  th e  p os­
te r io r  p a th w a y s  loft in ta c t ,  since th e y  are in effec tiv e  in th e  sam e doses a fte r  
to ta l  d ea ffe ren ta tio n . E n d o to x in  proved to  be  as efficaceous in  th e  deaffor- 
e n ta te d  as in the  sh a m -o p e ra te d  an im als: it  ex e rte d  its  effect via  th e  p o ste rio r 
o r a h u m o ra l p a th w ay .

I n  a separate ex p e r im e n ta l series w e s tu d ie d  th e  A C T H -releasing  effect  
o f  d iffer en t stressors a fter  to ta l  d eafferen tation  o f  th e  M B H  (Ma k a r a  e t  a l., 
1 9 7 0 a ).

B o th  a fte r p a rtia l a n d  a f te r  to ta l d e a ffe ren ta tio n  (Figs 3 an d  4) th e  
r e s t in g  p lasm a co rtico s te ro n e  level was s im ila r to  th a t  in th e  co n tro ls . T his 
ag ree s  w ith  d a ta  rep o rted  b y  Y oloschin  e t a l. (1968), F e l d m a n  e t al. (1970), 
b u t  c o n flic ts  w ith tho se  p u b lish e d  by H alász  e t al. (1967), P a l k a  e t al. (1969) 
a n d  D u n n  and  Cr it c h l o w  (1969a, 1969b), w ho observed  s ig n ifican tly  in-
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plasma corticosterone
(pg/100 ml)

10 20 30 40 50 60 70

Fig. 3. E ffect of stressful stim uli in ra ts  w ith antero lateral deafferentation of th e  MBH 
The doses indicated  were injected for 100 g weight

creased  corticosterone  levels a f te r  to ta l d ea ffe ren ta tio n  o f th e  m ed ia l basal 
h y p o th a la m u s . As can be seen in  Fig. 4 , s tresso rs ineffec tive  a f te r  a n te ro ­
la te ra l d ea ffe ren ta tio n  w ere in effec tiv e  also in to ta lly  d e a ffe ren ta te d  an im als . 
E . coli en d o to x in , a large dose o f  fo rm aldehyde , an d  insu lin  raised  th e  p lasm a  
co rtico ste ro n e  to  th e  sam e level as in sh am -o p era ted  an im als (Ma k a r a  e t a l., 
1970a). I t  can n o t be claim ed t h a t  neura l a ffe ren ts  w ould h av e  no p a r t  a t  all 
in th e  ac tio n  of these  s tresso rs, fo r it  m ay  he th a t  in th e  in ta c t  an im al ACTH 
secre tion  is increased by  the co m b in ed  ac tion  o f h u m o ra l an d  neura l a ffe ren ts . 
I t is, how ever, safe to  s ta te  t h a t  to  th e  n eu ra l a ffe ren ts  no decisive role can 
be assigned  in th is  reac tio n .

O ur resu lts  an d  d a ta  in  th e  li te ra tu re  m ake it  obv ious th a t  th e  s tressfu l 
s tim u li w hich equally  increase A C T H  secretion  in th e  no rm al an im al, a re  n o t 
eq u a lly  effective a fte r  d iv ision  o f  th e  nerves en te rin g  th e  M B H . Som e are  
w holly  ineffective, these  are  th e  n eu ra l s tresso rs, w hile o th ers  a re  w holly  
effec tive, these  are  th e  h u m o ra l stressors. T hese d a ta  a p p e a r to  a ss is t in  
ch a rac te riz in g  th e  affe ren t p a th w a y s  th ro u g h  w hich th e  stresso rs release C R F .

In  connection  w ith  th e  s tu d ie s  described  so fa r, v a rio u s  questions p re sen t 
th em selves, som e of w hich I will a t te m p t here  to  answ er in th e  lig h t o f ou r 
ex p erim en ts .
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plasm a corticosterone 
( pg / Ю0 ml )

10 20 30 40 50 60 70

F ig . 4. Effect of stressful stim uli in ra ts w ith com plete deafferentation  of the MBH

(i) Do th e  s tre sso rs , w hich m u st h a v e  in ta c t  n eu ra l p a th w a y s  to  th e  
M B H , to  exert th e ir  e ffec t, — tra v e l a long  n e u ra l p a th w a y s  a t  th e  p e rip h e ry ?

Y ou will rem em b er th a t  a sm all (2.5 m g/100 g) close of fo rm aldehyde 
fa ile d  to  increase A C T H  sec re tio n  a fte r b o th  p a r tia l and  to ta l  d ea ffe ren ta tio n  
o f  th e  M BH. W hen in je c te d  in to  a d e n e rv a te d  h ind lim b, th is  sm all dose of 
fo rm a ld eh y d e  p ro d u ced  n o  rise  in ACTH secre tio n . N or d id  it  ra ise  it in an im als 
w ith  th e ir  sp inal co rd  sev ered  (Makara  e t a l., 1969b), w hich in d ica tes  th a t  th e  
a f fe re n t  p a th w ay  of a sm a ll dose of fo rm ald eh y d e  is neu ra l, n o t on ly  cen tra lly  
b u t  also  periphera lly . T h e  p erip h era l a ffe re n t p a th w a y  of su rg ica l stress like­
w ise p roved  to  be n e u ra l (Ma k ara  e t a l., 1970b).

(ii) Since B r o d is h  (1964b) p erfo rm ed  his in v es tig a tio n s  o f surgical 
s tre s s , th e  view has f re q u e n tly  been exp ressed  th a t  th e  stress  reac tio n  runs 
a tw o -p h ase  course. T h e re fo re , we have s tu d ied  th e  questio n  w h e th e r a stresso r 
w h ich  has proved in e ffec tiv e  a ce rta in  tim e  a f te r  d e a ffe ren ta tio n  o f th e  M B II, 
m a y  n o t increase A C T H  secre tion  a t  som e la te r  p o in t o f tim e .

Surgical stress fa iled  to  raise th e  co rtico ste ro n e  level in an te ro la te ra lly  
d e a ffe re n ta te d  an im als  in  th e  firs t hour, b u t  ra ised  it s ig n ifican tly  tw o hours
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la te r  (St a r k  e t a l., 1970a) (F ig . 5). This is in keep ing  w ith  o b se rv a tio n s  m ade 
by  B r o d i s h  (1964b) in an im als  w ith  a lesioned h y p o th a la m u s . O n re p e a tin g  
th e  ex p erim en t using fo rm ald eh y d e  we found th a t  a sm all dose o f  it  failed  
to  enhance  ACTH secretion  30, 60, or 120 m in u te s  a f te r  its a d m in is tra tio n  
(F ig . 6). T his shows th a t  b o th  a f te r  surgical s tress an d  a fte r  a sm all dose of 
fo rm ald eh y d e  th e  in fo rm atio n  w hich s tim u la te s  ra p id  C R F  release is m e d ia te d  
to  th e  M B H  b y  nervous p a th w a y s , h u t in th e  case o f surg ical stress th e  d e lay ed

Fig. 5. Effect of surgical stress a t various points of tim e in ra ts  w ith an tcro-la teral deaf-
ferentation  of the MBH

0,25 ml /100 g 1"/. (ormaim

Fig. ti. E ffect of formaldehyde a t various points of tim e after injection in ra ts  w ith an te ro ­
la teral deafferentation of the MBH
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p h a s e  comes ab o u t via  a n o th e r  p a th w ay  th a n  in  th e  rap id  phase . A ccord ingly , 
th e  tw o-phase  course is n o t  a ch a rac te ris tic  fe a tu re  of every  s tre sso r agen t.

(iii) A ccording to  som e au th o rs , s tre sso rs  app lied  a f te r  c e r ta in  in te r ­
fe ren ces  — such as h y p o th a la m ic  lesioning, co rtico s te ro id  b lo ck ad e , e tc ., 
d e p e n d  for th e ir  e ffec ts  n o t  on differences b e tw een  th e ir  a ffe ren t p a th w a y s  
h u t  on th e ir  in te n s ity . T h e  question  is as to  w h e th e r  or n o t a change in in ­
te n s i ty  brings a b o u t a ch an g e  of th e  a ffe re n t p a th w a y  th ro u g h  w hich  these  
s tre s so rs  exert th e ir  e ffec t. W e d e te rm in ed  th e  p lasm a co rtico ste ro n e  level 
a f te r  increasing th e  a m o u n t of th e  s tre sso r a g e n t app lied  (fo rm ald eh y d e  or 
h is ta m in e ) , a p ro ced u re  w h ich  can he re g a rd e d  as eq u iv a len t to  increasing  
th e  in te n s ity  (Ma n g i l i  e t  a l., 1966).

jjg/100 ml

control 2,5mg 25 mg 2,5 mg 25 mg
formaldehyde form aldehyde
innervated limb denervated limb

Fig. 7. Effect of d ifferent doses of formaldehyde in jec ted  into innervated  or denervated
hind limb

In  sh am -o p era ted  ra ts , d ifferen t doses of fo rm ald eh y d e  p ro d u ced  
id e n tic a l co rticoste rone  levels . Y et, w hen d iffe ren t doses w ere in jec ted  in to  
r a t s  w ith  a d e n e rv a te d  lim b  or a to ta lly  d e n e rv a te d  M B H , only  large  doses 
ra is e d  th e  co rtico ste ro n e  level, and th e  in c reases  d iffered in s ig n ifican tly  from  
th o s e  in the  contro l a n im a ls  (Fig. 7). T h is p e rm its  th e  conclusion th a t  if  we 
in c re a se  th e  in te n s ity  o f  a stressor, th e  a f fe re n t p a th w ay (s) th ro u g h  w hich 
i t  increases A CTH  se c re tio n , undergoes a ch an g e .

(iv) A large dose o f  fo rm aldehyde , e n d o to x in  an d  h is tam in e  each  w ere 
e ffec tiv e  a fte r to ta l  d e a ffe ren ta tio n  of th e  M B H . T he questio n  is, d id  these  
s tre sso rs  increase C R F  sec re tio n  only, or a re  th e y  capab le  o f increasing  ACTH 
sec re tio n  b y  b y p ass in g  th e  M B H ?

T he answ er to  th is  q u es tio n  was e x p e c te d  from  ex p erim en ts  on an im als 
d e p riv e d  of the  M B H .
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A 4 mm w ide s tr ip  o f  th e  p a r t  of th e  h y p o th a la m u s  b e tw een  th e  op tic  
ch iasm a an d  th e  m am m illa ry  b o d y , to g e th e r w ith  th e  b ra in  tissu e  overly in g  
th a t  p a r t ,  was rem o v ed  th ro u g h  a glass tu b e  b y  suc tion  (F ig. 8).

N e ith e r a sm all dose o f fo rm ald eh y d e  n o r surg ical stress ra ised  th e  
p la sm a  level o f co rtico ste ro n e . A large dose o f fo rm ald eh y d e , as well as e n d o ­
to x in  raised  it s ig n ifican tly , th o u g h  in a lesser degree th a n  in th e  n o rm a l 
an im a l, p ro b ab ly  fo r th e  lack  of h y p o th a la m ic  m ed ia tio n , or because  o f  th e  
in fa rc t in th e  ad en o h y p o p h y sis  (S tark  e t a l., 1970b). D ex am eth aso n e  even  
in  a dose of 50 /rg/100 g p re v e n te d  these  tw o s tresso rs from  in c reasin g  th e  
secre tion  of AC.TH (F igs 9, 10).

Fig. 8. Coronal section th rough  the brain  of a ra t 24 hours after rem oval of the MBH
(haem alum -eosin stain, 20 X )

A gain st th e  su ggestion  th a t  th e  e n d o to x in  m ig h t fu r th e r  d e te r io ra te  
th e  c ircu la tio n  o f th e  iso la ted  h y p o p h y sis  an d  allow  th e  A CTH  to  flow  o u t 
from  th e  ischaem ic tissu e , argues th e  fin d in g  th a t  d ex am eth aso n e  p re v e n ts  
th e  e n d o to x in  from  s tim u la tin g  A C TH  secre tio n , th e  sam e as it  does in  th e  
n o rm a l an im al.

As m easured  by  f lu o ro m e try , d ex am e th aso n e  p re v e n te d  th e  en d o to x in  
from  inducing  A C T H  secre tio n , b u t  failed  to  red u ce  th e  re s tin g  level. As 
m easu red  b y  th e  m ore  sensitive  m eth o d  o f M u r p h y  (1967), b ased  on  co m p e­
t i t iv e  p ro te in  b in d in g , th e  re s tin g  level, too , w as fo u n d  to  be red u ced . T hese  
ex p erim en ts  ap p ea red  to  show  th a t  som e s tre sso rs  are capab le  of en h an c in g
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pg/100 ml

fluorornetry

i  SE 
( ) n

ççmpetitive 
protein binding 
technique

Lp<0,05J  1----------p<0,01
I------------- p<0,01------------

0,9°/» NaCl formaldehyde 0,9°/o NaCl formaldehyde 
25mg/100g 25mg/100g

0,9°/o NaCl dexam ethasone
250pg/100g

Fig. 9. Effects of form aldehyde and dexam ethasone (250 //g/100 g) in ra ts  w ith  p itu ita ry
island

pg/100 ml

Í S E
( ) n

I H i  competitive 
I—.. . .JÍ protein binding 

technique

L p <0,05 -< I---------p<0,01
I-----------p<0,01-------------

0,9е/. NaCl endotoxin 0,9°/o NaCl endotoxin 
25рдЛ00д 25pg/100g

0,9°/. NaCl dexam ethasone
50 pg/100 g

Fig. 10. Effects of endotoxin and  dexam ethasone (50 //g/100 g) in ra ts  w ith p itu ita ry  island

A C T H  secretion  w ith o u t m ed ia tio n  th ro u g h  th e  m edial area  o f th e  h y p o ­
th a la m u s  or the  m ed ian  em inence , and  th a t  th is  is in h ib ited  by  d ex am e th aso n e .

Tw o po in ts arise  in re la tio n  to  en d o to x in  an d  a la rge  dose o f  fo rm ald e ­
h y d e :  (1) th ey  release s to re d  C R F  or A C T H  from  th e  n e u ro h y p o p h y sis ; (2) 
th e y  possess th e  a b ility  to  s tim u la te  A C TH  secre tion  w ith o u t C R F  m ed ia tio n .

F o u r  weeks a f te r  tra n se c tio n  of th e  hypophysea l s ta lk  we rem oved  
th e  M B H ; 24 hours la te r  we found  th a t  e n d o to x in  considerab ly  en h an ced  th e  
se c re tio n  of ACTH (M a r t o n  e t a l., in  p ress). T h is ten d s  to  show  th a t ,  as a
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source o f C R F or A C TH , th e  n eu ro h y p o p h y sis  is un lik e ly  to  h av e  a share  
in th e  increased  A CTH  secretion  observed  a fte r  rem oval of th e  M B H  (F ig . 11).

These d a ta  raise th e  possib ility  th a t  th e  h u m o ra l s tresso rs  h a v e  th e  
a b ility  to  s tim u la te  ACTH secre tion  w ith o u t m ed ia tio n  th ro u g h  th e  C R F, 
p e rh a p s  b y  ac ting  d irec tly  on th e  ad en o h ypophysis . A n d o  e t al. (1964) failed 
in  increasing  A CTH  secretion  w ith  en d o to x in  in v itro . T h u s , th e  hum oral 
s tresso rs m ay increase A CTH  secre tion  th ro u g h  som e m ed ia to r(s) th a t  reach 
th e  h y pophysis  by  w ay o f th e  sy stem ic  c ircu la tion .

T he above resu lts  h av e  allow ed to  d istingu ish  th e  stresso rs  a c tin g  via 
n eu ra l from  those  ac tin g  via  h u m o ra l p a th w ay s .

p g /100 ml

MBH ablation

Fig. 11. Effects of endotoxin in ra ts after MBH ablation, stalk transection , and sta lk  tr a n ­
section followed by MBH ablation

Conclusions

1) D irec t ev idence has been p resen ted  to  show  th a t  c e r ta in  ty p e s  of 
s tre sso r agen ts s tim u la te  C R F-A C T H  release via  neurons to  th e  M B H  (neural), 
w hereas o thers are  effective even  a fte r  tran sec tio n  of these  n eu ro n s (h um ora l).

2) S tressors w hich for th e ir  effect depend  on in ta c t n eu ro n s to  th e  M BH 
also tra v e l along neural p a th w a y s  a t  th e  p eriphery .

3) Som e stressors increase A CTH  release in tw o p h ases: a ra p id  phase 
via a neura l p a th w a y  and  a de lay ed  p h ase  by  a h um ora l one. T h e  tw o  phases 
a re  no t ch a rac te ris tic  of ev ery  s tress reaction .

4) I f  wc a lte r  th e  in te n s ity  o f a stresso r ag en t, th e  a ffe ren t p a th w a y  
b y  w hich it leads to  increased  a c tiv ity  o f the  h y p o th a lam o -h y p o p h y sea l sys­
te m , m ay  a lte r  w ith  it.
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5) C ertain  s tre sso r a g e n ts  increase A C TH  release in th e  absence of th e  
h y p o th a la m u s . D e x a m é th a so n e  inh ib its  th is  increase .

6) E nhanced  A C T H  re lease  induced b y  e n d o to x in  can  be observed  in 
a n im a ls  deprived  of th e  h y p o th a la m u s , even if  th e  h y p o p h y sea l s ta lk  has been 
tr a n s e c te d  weeks earlie r. I n  th is  case th e  n eu ro h y p o p h y sis  does n o t com e in to  
c o n s id e ra tio n  as a source o f  C R F  or ACTH.
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I t  is generally  accep ted  th a t  ad ren o co rtica l horm ones e x e rt a negative  
feed b ack  ac tion  on th e  secretion  o f  A CTH  from  th e  a n te rio r  p i tu i ta ry .  H ow ­
ever, th e  role of such ac tion  in th e  reg u la tio n  o f th e  p itu ita ry -a d re n a l sy stem  
is n o t c lear a t  all. In  fac t, a t  p re se n t it  ap p ears  to  he m ore d ifficu lt to  conceive 
a m odel o f th e  system  th a n  som e tim e  ago. T h ere  have been sev era l theories 
concern ing  th e  co n tro l o f th e  sy s tem  w hich p roposed  a d o m in a n t ro le  for the  
co rtico id  feedback , h u t it ap p ea red  th a t  th e y  w ere n o t en tire ly  c o rre c t. W hen 
we w ould  t ry  to  se p a ra te  fac ts  from  fic tion , w h a t is th e  ev idence fo r th e  ex is t­
ence o f a feedback  a c tio n ?  A tru e  n eg a tiv e  feedback  w ould ex is t if  tw o con­
d itions are  fu lfilled:

1. a decrease in co rtico ste ro id  b lood levels should  p ro v o k e  an  increase 
in A C TH  secretion ;

2. an  increase in co rtico ste ro id  levels shou ld  in h ib it A C T H  release.
In  th e  early  days it  seem ed th a t  b o th  suppositions w ere v a lid , for it

h ad  been  d em o n stra ted  b o th  ex p e rim en ta lly  an d  clin ically  th a t  re m o v a l o f th e  
ad ren a l g lands re su lted  in  an  increased  p ro d u c tio n  of A CTH , an d  converse ly , 
a d m in is tra tio n  o f cortico id  horm ones blocks A CTH  secretion .

C onsequen tly , a feedback  th e o ry  on th e  co n tro l o f A CTH  sec re tio n  was 
p roposed  (S a y e r s  an d  S a y e r s , 1947). I t  im plied  a balance sy s tem  betw een  
th e  p itu i ta ry  an d  th e  ad ren a l c o rte x : a s tressfu l s itu a tio n  w ould  increase 
th e  need for cortico ids; due to  th e  increased  u tiliz a tio n  in  th e  p e rip h e ra l tissues 
th e  b lood  levels w ould  fall; th is  w ould  p re sen t a stim u lus fo r th e  p i tu i ta ry  
to  secrete  m ore A C T H ; co n seq u en tly , cortico ids w ould  be p ro d u ced  in  g rea te r 
am o u n ts  an d  blood levels w ould increase , th e re b y  g rad u a lly  in h ib itin g  ACTH 
release. T h is inverse re la tio n sh ip  b e tw een  A CTH  an d  cortico id  levels was 
supposed  to  be th e  only  con tro llin g  system ; th e  on ly  decisive fa c to r  was th e  
feedback  b y  th e  p e rip h era l co rtico id  levels on th e  A C T H -produc ing  cells 
in  th e  p itu ita ry . T his sim ple th e o ry  failed , how ever, a t  one in co rrec t a ssu m p ­
tio n , i.e ., th a t  s tress w ould cause an  in itia l fa ll in  cortico id  levels. As soon as 
d irec t m easu rem en ts  o f p lasm a co rtico id  tite rs  could  be p erfo rm ed , it ap p ea red  
th a t  such  an  in itia l fall does n o t ta k e  place.
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D u rin g  the fifties i t  b e c a m e  increasingly  c lea r th a t  th e  cen tra l nervous 
s y s te m  dom inated  th e  fu n c tio n  o f the p i tu i ta ry - ta rg e t  organ  system s and  
t h a t  th e  controlling c e n te r  w as to  he sough t in  th e  h y p o th a la m u s . In  1961 
Y a t e s  in troduced  a m o d e rn  version o f S ay e rs’ feedback  con tro l th eo ry  
( Y a t e s  e t ah , 1961). H e a rg u e d  th a t  a h y p o th a la m ic  con tro lling  device w ould 
h a v e  a ce rta in  se t-p o in t, a n d  th a t  th e  corticoid  levels in th e  blood w ould feed 
b a c k  in fo rm atio n  to  th is  c o n tro lle r  as to  th e  degree  o f a c tiv ity  of th e  sy stem . 
In  te rm s  of a cen tral h e a tin g  sy stem : th e  v a r ia tio n s  in room  te m p e ra tu re  are 
re c o rd e d  by a th e rm o s ta t  w h ich  com pares th e  a c tu a l te m p e ra tu re  w ith  th e  
d e s ire d  tem p era tu re  ( th e  se t-p o in t) , and  w hich sw itches on an d  o ff th e  h e a te r  
s y s te m . In  such a sy s tem  th e  h e a te r  can be a c t iv a te d  b y  tw o m eans: f irs t, 
a d e c re a se  in room te m p e ra tu re ,  and  second, a h ig h e r se t-p o in t o f th e  th e rm o ­
s ta t .  T h is  theo ry  p ro p o sed  t h a t  stressfu l s t im u la tio n  o f th e  system  w ould 
in  f a c t  cause a reset o f th e  se t-p o in t a t a h ig h er level, th u s  inducing  n o t an 
a c tu a l  b u t a v irtu a l d ec rea se  in corticoid levels.

T h is  a ttra c tiv e  th e o ry  again  failed on e x p e rim e n ta l d a ta . I t  im plied  
t h a t  th e  system  w ould n o t b e  a c tiv a ted  if th e  co rtico id  levels w ould be raised  
a r t if ic ia l ly  as to  m eet th e  new  requ ired  se t-p o in t. H ow ever, we could  show  
t h a t  a n  infusion of c o r tic o s te ro n e  in th e  r a t ,  ra is in g  th e  blood levels to  the  
h e ig h t  o f  th a t reached  b y  a s tre ss  stim ulus, does n o t b lock  th e  A CTH  release 
d u e  to  th a t  stim ulus. O n ly  i f  m uch higher levels w ere induced , a g rad u a l in­
h ib it io n  of the  stress re sp o n se  was observed (S m e l i k , 1963a).

M oreover, such an  in h ib itio n  by p h arm aco log ica l doses o f cortico ids 
is o n ly  estab lished  a t  th e  tim e  w hen th e  in d u ced  blood  levels h av e  a lready  
r e tu r n e d  to  norm al (S m e l i k , 1963b). This m ean s th a t  inh ib itio n  does no t 
fo llow  closely the  b lood  leve ls , b u t th a t  a co n sid erab le  delay  occurs. This 
p e r io d  o f  delay is n o t c o n s ta n t ,  b u t d ep en d en t on p a ram e te rs  w hich  are  no t 
k n o w n  precisely. I f  one co m p ares  inh ib itio n  a f te r  su b cu tan eo u s in jec tion  
w ith  corticosterone  w ith  t h a t  a f te r  in tra p e rito n e a l in jec tio n , it  ap p ea rs  th a t  
th e  t im e  lag is m ore re d u c e d  th a n  could be a c c o u n te d  for b y  th e  difference 
in  r a te  o f appearance in  th e  b lood . I t  also seem s t h a t  th e  degree of in h ib itio n  
m a y  n o t  be p ro p o rtio n a l to  th e  abso lu te  level o f co rtico ids in th e  b lood , b u t 
p e rh a p s  to  the  tim e in te g ra l  o f concen tra tio n .

Q u a n tita tiv e  d a ta  a re  too  scarce to  d raw  an y  conclusion, b u t  these  
e x a m p le s  show th a t  c e r ta in  re la tio n sh ip  betw een  dose, ro u te  o f a d m in is tra tio n , 
a n d  th e  charac teristics o f  in h ib itio n  exist.

So far we m ay  co n c lu d e  th a t  for inh ib ition  of th e  system  th e  ad ren a l 
fe e d b a c k  has a slow a c tio n  a n d  a low cap ac ity . I t  does n o t necessarily  follow 
th a t  th e  sam e is tru e  fo r activation  of the  sy s tem . V ery  little  is know n ab o u t 
th e  e ffec t of ex p erim en ta l decrease of th e  co rtico id  b lood levels. B r o d is h  and  
L o n g  (1956) have show n long  ago w ith  a c ro ss-c ircu la tion  tech n iq u e  th a t  
u n i la te ra l  or b ila te ra l a d re n a le c to m y  causes A C T H  h y p ersecre tio n , b u t  only

A d a  Mcdica Academiae Scientiarum  Hungaricae 29, 1972



FEED BA CK  ACTIONS OK ADRENOCORTICAL HORM ONES ü l

a f te r  several days. S u rp ris in g ly , th e y  observed a fall in A CTH  secre tion  a fte r 
6 o r 12 hours, and  possib ly  an  in itia l rise, w hich w ith  th e  in d ire c t m easure­
m en ts  o f t h a t  tim e is d ifficu lt to  eva lu a te . M ore re c e n tly , how ever, B o n u s  and 
E n d r o c z i  (1964) deviced  a te c h n iq u e  in dogs b y  w hich  th e y  w ere ab le  to  m ake 
a te m p o ra ry  sh u n t be tw een  th e  ad renal vein  an d  th e  liver. T h ey  found  th a t  
s h o r t  periods of sh u n tin g  d id  cause a rise in cortico id  p ro d u c tio n  w ith in  ab o u t 
h a l f  an hou r. A lthough  th e se  ex p erim en ts  w ere done in severely  s tressed  dogs, 
th e y  m ay  ind ica te  th a t  th e  reac tio n  tim e  is in th e  sam e o rd er as is th e  case 
w ith  inh ib ition .

As a p re lim inary  conclusion  one m ay say  th a t  th e  feedback  system  
p ro b a b ly  has a ra th e r  lore capacity, w hich m eans th a t  on ly  ex trem e  v a ria tio n s  
in  b lood  levels m ay  m od ify  p itu ita ry -a d re n a l a c tiv ity , and  a sluggish action, 
w h ich  im plies th a t  it  c a n n o t acco u n t for th e  ra p id  a c tiv a tio n  d u rin g  stress. 
I t  seem s likely th a t  in re s tin g  cond itions th e  a d ju s tm e n t to  a ce rta in  basal 
level o f a c tiv ity  is m ain ly  p erfo rm ed  b y  the  p e rip h e ra l co rtico id  levels. T here 
a re  ind ica tions th a t  th e  sy s tem  in s tead y  s ta te  is m uch  m ore sen sitive  for feed­
b a c k  con tro l. F o r in stan ce  th e  d iu rn a l rh y th m  in a c t iv i ty  is easily  suppressed  
w ith  sm all am o u n ts  o f co rtico ids. D uring  stress , how ever, th e  con tro lling  
c e n te r  is a c tiv a te d  hy  in p u ts , w hich are  in d ep en d en t o f  th e  ex is tin g  corticoid  
levels. O ne m ight say th a t  a stressfu l s tim u lus overrides th e  s tab iliz in g  in ­
fluence  of corticoid  feed b ack , or even th a t  s tress as a p a th o lo g ica l cond ition  
m a y  d is tu rb  th e  n eu ro -endocrine  regulations.

W hen pharmacological doses o f cortico ids are  ad m in is te re d , th e  system  
can  be b locked, even u n d e r  s tress conditions.

F ro m  several s tu d ies  it  can  be concluded  th a t  th e re  m u st be a q u a n ti­
ta t iv e  re la tionsh ip  be tw een  th e  in te n s ity  of th e  nox ious s tim u lu s a n d  th e  level 
o f  co rtica l horm ones. T h e  m ore severe th e  stress, th e  m ore co rtico ids m u st be 
g iven  to  p rev en t th e  s tre ss  response. W h eth er or n o t ce rta in  s tress stim uli 
a re  suppressib le , or “ co rtico id -sen sitiv e” , can  on ly  be answ ered  if  dose- 
response  curves have  been m ade. M uch of th e  confusion  in th e  l i te ra tu re  is 
due  to  conclusions d raw n  from  ex perim en ts in w hich  only  one dose, or one 
s tim u lu s  s tren g th  was g iven , or m easu rem en ts w ere done a t  only  one tim e 
in te rv a l, etc.

T hese aspects also p la y  an  im p o rta n t role in th e  discussions a ro u n d  the 
q u e s tio n  of the  site o f  action  o f corticoid  in h ib itio n . T here  has been m uch 
c o n tro v e rsy  in th e  l i te ra tu re  w h e th e r th e  feedback  ac tio n  is on th e  p itu ita ry  
o r on th e  h y p o th a lam u s. T h e  relevance of th is  p ro b lem  can  be illu s tra ted  
b y  th e  following d ilem m a: if one w an ts to  assay  h y p o th a la m ic  e x tra c ts  for 
th e ir  C R F -ac tiv ity , one shou ld  do th is  in an im als in w hich th e  endogenous 
p ro d u c tio n  of C R F  is b locked . A n u m b er of people h av e  been using  corticoid- 
b locked  an im als, h ap p ily  conv inced  th a t  th e y  had  p ro d u ced  a h y p o th a lam ic  
b lo ck ad e . H ow ever, if th e  e x tra c t  was no t ac tiv e , th e y  were faced  w ith  the
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e m b a rra s s in g  choice b e tw een  tw o  possib ilities: e ith e r  th e  b lock  w as a t  th e  
p i tu i t a r y  level (co n tra ry  to  th e  c u rre n t view ), or (even w orse) th e  e x tra c t 
d id  n o t  co n ta in  C R F -a c tiv ity .

T h eo re tica lly , since th e  a v a ila b le  evidence in d ic a te s  th a t  th e  con tro lling  
c e n te r  o f  th e  p itu ita ry -a d re n a l ax is  is s itu a te d  in  th e  h y p o th a la m u s , th e  m ost 
o b v io u s  id ea  is th a t  th e  in fo rm a tio n  is conveyed  b y  co rtico id s  to  th is  s tru c ­
tu re . W h e n  the  tech n iq u e  o f  loca l im p la n ta tio n  o f c ry s ta llin e  s te ro id s  in  th e  
c e n tr a l  nervous system  cam e  in to  use, th e  re su lts  w ere in  co m p le te  ag reem en t 
w ith  th is  view . The gen era l ex p e rien ce  was th a t  th e  b a sa l h y p o th a la m u s  w as 
th e  m o s t  effective im p la n ta t io n  s ite , and th a t  im p la n ts  in  th e  a n te r io r  lobe 
o f  t h e  p i tu i ta ry  were in e ffec tiv e .

T h e  sam e was t ru e  w h en  m icro-infusions o f co rtico id  so lu tions were 
e m p lo y e d : again b lockade o f  th e  stress response could  only  be o b ta in ed  by  
in fu s io n s  w ith in  the  cen tra l n e rv o u s  system , an d  p itu i ta ry  in fusions w ere re ­
p o r te d  to  be ineffective.

T h is  general ag reem en t a t  t h a t  tim e w as on ly  d is tu rb e d  b y  a few rep o rts  
w h ic h  d id  show th a t  co rtico id s  can  a c t on th e  p i tu i ta ry  itse lf  ( D e  W i e d , 1964; 
K e n d a l l  an d  A l l e n , 1968; A r i m u r a  et a l., 1969). A lth o u g h  in  th ese  cases 
th e  p o w e rfu l sy n the tic  s te ro id  d ex am eth aso n e  h a d  been  em ployed , i t  w as clear 
t h a t  a t  le a s t  in  certa in  c o n d itio n s  ad ren o co rtica l s tero id s  are cap ab le  of blocking 
th e  p i tu i t a r y  d irectly . M oreover, i t  h ad  been p o in te d  o u t b y  B o g d a n o v e  
(1963) t h a t  im p lan ta tio n  in  th e  h y p o th a la m u s  m ig h t be a m ore effective m ean  
o f re a c h in g  th e  a n te rio r lobe  cells th a n  local im p la n ta tio n  in  th e  a n te r io r  lobe 
i tse lf , because  th e  p o r ta l  v esse l sy stem  v e ry  e ffec tive ly  tra n s p o r ts  m a te ria l 
f ro m  th e  m edian  em inence re g io n  to  th e  p i tu ita ry .

T h e  problem  has b een  re -in v e s tig a te d  re c e n tly  b y  severa l g roups. T he 
g ro u p  o f  Y a t e s , who h a d  e a r lie r  rep o rted  th a t  m ic ro -in jec tions of 1 fig of 
d e x a m e th a so n e  in to  one side o f  th e  a n te rio r lobe d id  n o t cause a b lockade, 
n o w  fo u n d  th a t  the  in jec tio n  o f  1 fig  in to  e ith e r side o f th e  p i tu i ta ry  d id  p rev en t 
th e  s tre s s  response a n d  also  th e  response to  a C R F -p re p a ra tio n . M oreover, 
th e  sa m e  dose of 2 fig  o f d ex am e th a so n e , w hen in jec ted  in to  th e  sep ta l region, 
a lso  p re v e n te d  the  re sponse  to  C R F , in d ica tin g  th a t  sp read  of th e  d ex a­
m e th a s o n e  to  the  p i tu i ta ry  h a d  occurred  ( R u s s e l l  e t  ah , 1969).

A  sim ilar ap p ro ach  in  dogs w as followed b y  S t a r k  e t al. (1968), who 
co u ld  n o t  find  an in h ib itio n  o f  th e  ad renal co rtico id  p ro d u c tio n  up  to  th ree  
h o u rs  a f te r  th e  infusion o f 200 fig  o f d ex am eth aso n e  d irec tly  in to  th e  p i tu ita ry .

I n  co n tra s t, th e  g ro u p  o f  Y a t e s  q u ite  re c e n tly  re p o rte d  th a t  in dogs, 
th e  sy s tem ic  in jection  o f 4 m g  o f d ex am eth aso n e  p re v e n te d  th e  a d re n a l re ­
sp o n se  to  a C R F -p rep a ra tio n  in je c te d  in to  th e  p itu i ta ry .

T h e  blockade w as a p p a re n t  2 6 hours a f te r  d ex am e th aso n e  a d m in ­
i s t r a t io n ,  b u t  had  d isa p p e a re d  a f te r  15 — 24 h o u rs . A t t h a t  tim e , how ever, 
th e  re sp o n se  to  h istam ine  w as s till com pletely  in h ib ite d , so th a t  th e  conclusions
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w ould have  been en tire ly  d iffe ren t if  only th e  2 4 -h o u r o b serv a tio n s w ere m ade. 
T h ey  concluded  th a t  a p p a re n tly  th e  effectiveness o f th e  in h ib itio n  depends 
on th e  s tre n g th  o f th e  A C T H -release stim u lus (G o n z a l e z - L u q u e  e t al., 1970).

I t  m u st be clear from  th ese  stud ies th a t  m assive  doses of d éx am éth aso n e  
are  capab le  o f ren d erin g  th e  p i tu i ta ry  re fra c to ry  ag a in s t th e  s tim u la tio n  by 
C R F . W h e th e r n a tu ra l s te ro id s  like cortisol an d  co rtico ste ro n e  w ould have  
a sim ilar ac tio n , rem ain s to  be seen. I t  is to  be ex p ec ted  th a t  th e  dosage of 
these  m uch  w eaker in h ib ito rs  m u st be eno rm ous. In view  o f th e  possible 
sp read  of im p la n te d  solid  m a te ria l, we have s tu d ie d  th e  effect o f d ex am eth a- 
sone im p lan ts  in th e  h y p o th a la m u s  on th e  response  to  C R F . I t  ap p e a re d  th a t  
10 h ours a fte r  im p la n ta tio n  s tro n g  A C T H -releasing  ag en ts  like vasopressin  
are  com ple te ly  b locked , w hereas th e  effect o f  a C R F -p re p a ra tio n  is no t im-

Cort. -

Fig. I

p a ire d . D uring  th e  fo llow ing days, how ever, th e re  is a g rad u a l decrease in 
responsiveness of b o th  th e  p i tu i ta ry  and  th e  ad ren a l co rtex , p resu m ab ly  
because  o f th e  n o n -a c tiv ity  o f  th e  system , in th e  absence  o f th e  h y p o th a lam ic  
d rive  (S m e l i k , 1969).

T he question  o f a h y p o th a la m ic  or a h y p o p h y sea l site  o f feed b ack  ac tion  
can  also be considered  from  th e  v iew poin t o f  sy stem s analysis . I f  we w ould 
accep t th e  idea th a t  th e  sy stem  becom es less sen sitive  p ro p o rtio n a l to  th e  
m a g n itu d e  of th e  stress signal, it can he argued  th a t  th is  can on ly  be  exp la ined  
if b o th  h y p o th a lam ic  c en te rs  an d  th e  an te rio r  p i tu i ta ry  are  sen sitive  for feed­
b ack  signals, b u t  a t  a d iffe ren t level of sen s itiv ity .

T h eo re tica l co n sid e ra tio n s  w ould show  th a t  a dual re la tio n sh ip  m ust 
ex is t u ltim a te ly  betw een  th e  p ro d u c tio n  o f C R F  a n d  th e  p ro d u c tio n  o f cor- 
tico id s . On th e  one h a n d , a co rre la tio n  will be p re se n t be tw een  th e  am o u n t 
o f C R F  released and  th e  o u tp u t  o f th e  ad ren a l c o rtex . T his re la tio n  will have 
th e  c h a ra c te r  o f a dose-response  curve  (F ig. 1). O n th e  o th e r h a n d , since th e

Ac la Medien Acadcmiae Scientiarum Hungaricae 29 .7972



lJ 4 P. G. SM ELIK

o u tp u t  o f  th e  system  is fed b a c k  to  th e  in p u t, an  inverse re la tio n sh ip  ex ists 
b e tw e e n  th e  level of co rtico id s  an d  th e  am o u n t o f C R F  released , in  th is  sense 
t h a t  a n  increase in co rtico id  p ro d u c tio n  will in h ib it C R F  release (F ig . 2). 
T h is  fe e d b a c k  can occur a t  d iffe re n t levels, d ep en d en t of th e  m a g n itu d e  of 
“ s tr e s s ”  signals arriv ing  a t  th e  sy s tem . Since b o th  c h a rac te ris tic s  o f  th e  system  
a re  o p e ra tin g  s im u ltan eo u sly , th e y  should  be com bined , w hich re su lts  in a 
s ta b le  o p e ra tin g  poin t for e ach  level of a c tiv ity  o f th e  system  (F ig . 3). I t  can

eas ily  b e  seen th a t  a t  a n y  a c t iv i ty  level o f the  sy stem  (induced  b y  “ stress 
s ig n a ls  w h ich  are in d e p e n d e n t o f  th e  level of c ircu la tin g  cortico ids), th is  a c tiv ity  
is m a in ta in e d  a t th a t  level a u to m a tic a lly , since every  d ev ia tio n  from  th is  
o p e ra t in g  p o in t will be c o rre c ted  for.

S u ch  a system  w ould be  eq u a lly  sensitive a t  all o p e ra tio n a l levels for 
th e  c o rtic o id  feedback, ir re sp e c tiv e  o f th e  site  o f feedback  ac tio n , be it e ither
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p itu ita ry  or h y p o th a la m ic . T his is n o t th e  case, how ever, as a rg u ed  befo re ; 
a t  high a c tiv ity  levels (du ring  stress) th e  se n s itiv ity  is m uch low er.

T his can be ex p la in ed , if we p ropose  t h a t  no t only th e  h y p o th a la m u s , 
h u t also th e  a n te r io r  p i tu i ta ry  is capab le  o f  m o n ito ring  cortico id  levels. T his 
would m ean  th a t  th e  sen s itiv ity  of th e  A C T H -producing  cells fo r C R F  can  be 
m o d u la ted  by  co rtico ids (F ig. 4). In c o rp o ra tio n  o f such c h a ra c te r is tic s  into 
th e  o u tp u t- in p u t re la tio n sh ip  of th e  system  re su lts  in a stab le  o p e ra tin g  region

(ra th e r  th a n  a p o in t) , w hich m eans th a t  w ith in  th is  region th e  a c t iv i ty  o f  the  
system  is insensitive  for m inor d ev ia tio n s (F ig . 5). Such an  a r ra n g e m e n t, in 
w hich th e  co rtico ids p rim arily  ac t on a h y p o th a la m ic  cen ter, b u t  a re  cap ab le  
o f m odify ing  p itu i ta ry  sen s itiv ity  as w ell, w ould  th en  account for th e  decreased  
sen s itiv ity  o f th e  sy stem  for corticoid  feed b ack  during  stress.

In  an a t te m p t  to  sum m arize it can  be  said  th a t  m any co n flic tin g  resu lts
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s till e x is t ,  b u t  th a t  th ese  o f te n  can be red u ced  to  d ifferences in tim in g , dosage 
o r  te c h n iq u e . D uring  th e  la s t  years m ore a t te n t io n  has been p a id  to  such  
v a r ia b le s , and  perhaps th e  fo llow ing p ic tu re  m a y  em erge  from  th e  notv a v a il­
a b le  d a ta .

In  b asa l cond itions, th e  p itu ita ry -a d re n o c o rtic a l system  is u n d e r  p e r­
m a n e n t co n tro l of a h y p o th a la m ic  cen ter, w h ich  ex e rts  a tonic in flu en ce  on 
th e  p i tu i ta r y .  D iurnal v a r ia tio n s  are  due to  rh y th m ic  v a ria tio n s in th e  a c t iv i ty  
o f  th e  con tro lling  cen tre .

I n  th is  s ta te  th e  sy s te m  is ra th e r  sen s itiv e  fo r f lu c tu a tio n s in th e  level 
o f  a d re n o c o rtica l horm ones, w hich ac t as a s ta b iliz e r  th ro u g h  th e ir  feed b ack  
a c tio n  on th is cen ter.

M inor d istu rbances o f  th e  system  can  be suppressed  ra th e r  ea s ily  b y  
c o rtic o id s , b u t  the  a m o u n t o f  corticoids n eed ed  fo r in h ib ition  increases w ith  
th e  s t r e n g th  of the  s tim u lu s . T he blocking dose o f  corticoids exceeds b y  fa r 
th e  m a x im a l physiological levels, in d ica tin g  t h a t  th e  feedback c a p a c ity  of 
th e  s y s te m  is ra th e r  sm all. M oreover, th e  feed b ack  ac tion  has a slow o n se t: 
th e re  is a delay  period o f  a t  le a s t 30 m in u tes .T h e  s ite  o f action  of th e  co rtico id  
fe e d b a c k  is th e  con tro lling  s tru c tu re  in th e  h y p o th a la m u s , p resu m ab ly  lo c a te d  
in th e  cell bodies of th e  C R F  n eu rons. These n eu ro n s  are  capable of su m m a tin g  
e x c i ta to r y  and  in h ib ito ry  s tim u li, w hich can  be e ith e r  neural or h u m o ra l, 
an d  a f te r  sum m ation  th e y  w ill send a re leasing  s igna l o f an  exactly  d e te rm in ed  
in te n s i ty  to  th e  an te rio r p i tu i ta ry .  The p i tu i ta r y  its e lf  is sensitive for a m o d ­
u la t in g  ac tio n  of co rtico id s , b u t  th e  local co n c e n tra tio n  m ust reach  v e ry  
h ig h  v a lu e s  in order to  b lo c k  th e  release o f A C T H  com pletely . I t  is u n lik e ly  
t h a t  su c h  conditions can  e v e r  be ob ta ined  physio log ica lly . H ow ever, in  cases 
o f  t r e a tm e n t  w ith  h igh  doses o f corticoids su ch  as dexam ethasone th e  p o ssi­
b i l i ty  o f  a blockade on th e  p i tu i ta ry  level sh o u ld  be  ta k e n  in to  c o n sid e ra tio n .
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REGULATION OF ACTH SECRETION 
AND ITS CLINICAL ASPECTS
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R eg u la tio n  of ACTH secre tion  is being ex tensive ly  s tu d ied  a n d  a con­
s id erab le  w ealth  of evidence has been accu m u la tin g  on th e  su b je c t o v e r th e  
y e a rs . On th e  o th e r h an d , th e  q u estio n  is s till fa r from  being c la rified  in  all 
its  a sp ec ts . I t is doub tlessly  th e  clinical s tu d y  o f th e  su b jec t w h ich  poses 
th e  g re a te s t d ifficulties. T h e  m ost co n v en tio n a l line of ap p ro ach  to  th e  u n d e r­
s ta n d in g  o f functional d iso rders of th e  A C T H -adrenocortica l sy s tem  in m an 
has been  th e  exp erim en ta l s tu d y  of th e  p rob lem s since th e  re su lts  o f  an im al 
e x p e rim e n ts  are n o t app licab le , a t  least no t d irec tly , to  clinical en d o crin o lo g y . 
O ne of th e  essential task s  o f clinical o b se rv a tio n s , therefo re , is to  m ak e  use 
o f th e  ex p e rim en ta l facts w ith  re g ird  to  hom eostasis in m an. U n fo r tu n a te ly , 
h o w ever, th e  h y p o th a lam u s, w hich p lays th e  cen tra l role, is n o t accessib le  
to  d ire c t s tu d y , owing to  th e  loca tio n  of th e  m idb ra in  ( R e i c h l i n , 1967). 
In fo rm a tio n  to  be d raw n from  p o st-m o rtem  m a te ria l is confined  to  th e  te r ­
m in a l s tag e  of th e  disease. As reg a rd s s tud ies in v ivo , here th e  c o m p e n sa to ry  
m ech an ism s ten d  to  m ask th e  p rim a ry  process, an d  m oreover th e  co m p le x ity  
o f n eu ra l o rg an iza tio n  m akes p ro p e r in te rp re ta tio n  d ifficu lt.

R efore th e  six ties, it  was on ly  in an  in d irec t m anner, i.e ., b y  th e  s tu d y  
of ad ren o co rtica l function , th a t  an  assessm en t o f A C T H -secretion  w as p os­
sib le. D irec t es tim atio n  o f A C TH  w as ex p ec ted  to  offer a closer in s ig h t in to  
th e  p ro b lem s involved. L i d d l e  e t al. (1962) e lab o ra ted  a sensitive  b io assay . 
T h is is in  fac t a m odified p ro ced u re  of L ip s c o m b  an d  N e l s o n ’s m eth o d  
(1959), consisting  in th e  m easu rem en t of the  co rticosterone  c o n c e n tra tio n  in 
ad ren a l ven o u s blood 7 to  10 m in  a f te r  a d m in is tra tio n  of s ta n d a rd  A C TH  
an d  o f th e  b lo o d -ex trac t to  ra ts  w hich  had been  h y pophysec tom ized  48  hou rs  
before . T h e  m eth o d , therefo re , is basica lly  a “ th re e  p o in t a ssay .” T h e  re su lts  
th u s  o b ta in e d  were pub lished  in 1962 b y  th e  a u th o rs . T he g rap h  re p re se n tin g  
th e ir  fin d in g s is show n in F ig . 1, from  w hich it can  be seen th a t  th e  low est 
A C TH  co n cen tra tio n s  have been found  in h y p o p itu ita r ism . T h e  v a lu e s  for 
h e a lth y  su b jec ts  com prise four d iffe ren t p a tte rn s :  th e  low est c o n c e n tra tio n s  
are  found  a f te r  dex am eth aso n e-su p p ressio n , th e  con cen tra tio n s in th e  m o rn ­
ing an d  in th e  a fte rnoon  are  d iffe ren t, acco rd ing  to  th e  d iu rn a l r h y th m , and
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Fig. 1. Plasma ACTH level in  various disorders of th e  adrenal cortex (after I.mDf.к e t al.,
1962)

th e r e  is finally  a m o b iliz a tio n  of horm one in  re sp o n se  to  stress. In  co ngen ita l 
ad ren o co rtica l h y p e rp la s ia  w hich resu lts  fro m  an  inadequacy  o f cortiso l 
p ro d u c tio n  in co n seq u en ce  o f  an  enzym e d e fe c t, A C TH  secretion  is obv iously  
in c rea sed . N orm al A C T H  levels have been  fo u n d  in  A ddison’s d isease sub ­
je c te d  to  ad eq u a te  s u b s t i tu t io n  th e rap y  a n d  in  u n tre a te d  C ushing’s sy n d ro m e . 
A b n o rm a lly  high A C T H  con cen tra tio n s h a v e  b een  n o ted  in  A C T H -producing  
non-endocrine  tu m o u rs , in  u n tre a te d  A dd iso n ’s d isease, in C ushing’s syndrom e 
a f te r  b ila te ra l a d re n a le c to m y  an d  su b seq u en t su b s ti tu t io n  th e ra p y . E x tre m e ly  
h ig h  values occur in  N e lso n ’s syndrom e c a u se d  b y  a p itu ita ry  ad en o m a , as 
w ell as in th e  case o f  a fu n c tiona l im p a irm e n t o f th e  ad renals asso c ia ted  
w ith  extensive h y p e rp ig m e n ta tio n .

T he bioassays fo r  A C T H , though  h a v in g  p ro v ed  h ighly  in fo rm a tiv e , are 
to o  tim e- and la b o u r-c o n su m in g  for general u se . In  1959, F is h m a n , M cG a r r y  
a n d  B e c k  pub lished  an  im m unoassay  a n d  in  1964 Y a l o w  c t  al. described  
a  p ro ced u re  for th e  rad io im m u n o assay  o f A C T H  w hich  has since been  ad o p ted  
a ll o v e r th e  w orld. T h is  p ro ced u re  helped to  co n firm  th e  resu lts  o b ta in e d  by  
th e  c u rre n t b ioassays ( th e  norm al range o f  th e  b lood  levels of c ircu la tin g  
A C T H  being 0.3 — 0.6 m U /100  ml p lasm a) a n d  c o n tr ib u te d  to  th e  accu racy  
o f  th e  m easu rem en ts e v e n  in  conditions a sso c ia te d  w ith  low A C T H  levels. 
G ra d u a lly , how ever, i t  h a s  been realized t h a t  th e re  is often  a d isc rep an cy  
b e tw e e n  the  re su lts  o f  b io assay s  and  th o se  o f  im m u n o assay s. In  th is  co n tex t 
w e h a v e  to  refer to  th e  s tu d y  by  I m u r a  e t  a l. (1965) in  w hich i t  is p o in ted  
o u t  th a t  the  C -te rm in a l p o rtio n  of th e  A C T H  m olecule is responsib le  for its  
im m u n e  ac tiv ity  a n d  its  N -te rm in a l p o rtio n  fo r  its  biological a c tiv ity . O n these
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gro u n d s, th e  re su lts  o f rad io im m u n o assay  a re  only  considered fu lly  re liab le  
if  co n firm ed  b y  tho se  o f th e  b ioassay .

A d o p tio n  o f d irec t assays for A C T H , w hile hav ing  helped  to  gain  a 
closer in s ig h t in to  th e  m echan ism  of A CTH  re g u la tio n , has b ro u g h t to  ligh t 
m an y  in te re s tin g  an d  som etim es con flic ting  fac ts . I t  is no t possib le  to  deal 
here w ith  all th e  re lev an t questions of m a jo r in te re s t , and  there fo re  d iscussion  
will be confined  to  ce rta in  p a th o g en e tic  a sp ec ts  of p itu ita ry -a d re n o c o rtic a l 
h y p e rfu n c tio n , i.e ., o f C ushing’s sy n d ro m e, w h ich  we in tend  to  i l lu s tr a te  by  
a few  clin ical observ a tio n s.

NORMAL CUSHING'S ECTOPIC ADRENAL
TUMOUR

CORTISOL

URINARY 17- HYDROCORTICOSTEROIDS тд/2А^

Fig. 2. P itu itary-adrenocortical function in various types of hyperadrenocorticism  (after
L ip s e t t  e t al., 1964)

A nglo-A m erican  lite ra tu re  refers to  all ab n o rm alitie s  c h a ra c te r iz e d  by  
a h y p e rsec re tio n  of cortiso l as C ushing’s sy n d ro m e . L i d d l e  (1960) d iv id es  th e  
sy n d ro m e  in to  tw o m ajo r g roups, accord ing  to  w h e th e r or n o t th e  a d m in is tr a ­
tio n  o f  d ex am eth aso n e  in daily  doses o f 8 m g  resu lts  in the su p p re ss io n  of 
co rtico id  secre tion . L i p s e t t  e t al. (1964) fo u n d  it  conven ien t to  d iv id e  th e  
n o n -suppressib le  C ush ing-syndrom e in to  tw o  ty p e s  (F ig . 2), th e  f i r s t  b e ing  
due to  non -endocrine  A C T H -producing  tu m o u rs  (“ ectopic  A C T H -sy n d ro m e” ) 
an d  th e  second, to  ad ren a l tu m o u rs  c h a rac te rized  b y  a h y p e rse c re tio n  of 
co rtiso l.

T h e  f irs t p o in t to  be d iscussed here  concerns th e  p a th o g en esis  o f th e  
h y p o th a la m o -p itu ita ry  ty p e  of C ushing’s sy n d ro m e . F o r m ore th a n  th i r ty  
y ears  C ush ing’s syndrom e has been  a t t r ib u te d  to  th e  excessive a m o u n ts  o f 
A CTH  secre ted  b y  th e  p i tu i ta ry  g land , a c la im  based  on th e  o b se rv a tio n  
th a t  w hile th e  syndrom e could  be induced  e x p e rim en ta lly  by  exogenous A C T H , 
h y p o p h y sec to m y  was follow ed b y  a regression  o f  th e  sym ptom s ( R a y , 1960). 
I t  w as all th e  m ore su rp rising , th e re fo re , to  fin d  norm al A C T H -levels in 
C ushing’s syn d ro m e (L i d d l e  e t a l., 1962), th o u g h  increased A C T H -levels 
were also n o ted  ( L in n  e t a l., 1967). N o tw ith s ta n d in g  th is , th e re  is g enera l 
ag reem en t th a t  in  C ushing’s syndrom e due to  p itu ita ry  ad en o m a , A C TH  
secre tion  is increased . L i d d l e  (1962) even reg a rd s  th is  ty p e  as a p a r t ic u la r  
sy n d ro m e, re fe rrin g  to  it  as N elson’s sy n d ro m e  ( N e l s o n  et al., 1960). A gain ,
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N e l s o n  po in ted  o u t in a n o th e r  paper (1966) t h a t  th e  course of C ush ing ’s 
sy n d ro m e  com prizes th re e  p h ases , i.e.:

(1) norm al A C T H -levels lack ing  an y  d iu rn a l rh y th m , in  c o n tra s t to  th e  
in c re a se d  serum  cortiso l level;

(2) increased A C T H  a n d  cortisol levels (p a r tic u la r ly  a fte r  p a r t ia l  a d re ­
n a le c to m y );

(3) ex trem e h y p e rse c re tio n  of A CTH  (a f te r  b ila te ra l a d re n a le c to m y ; 
p ig m e n ta tio n ; poor su p p re ss ib ility  of A C TH  sec re tio n , th e  p rim a ry  p rocess 
o f te n  b e in g  a p i tu i ta ry  tu m o u r) .

I t  needs a p ro p e r  ex p la n a tio n  to  reco n c ile  C ushing’s sy n d ro m e  w ith  
n o rm a l A CTH  levels, in  o th e r  w ords, to  a c c o u n t fo r th e  factors k eep in g  th em  
in  th e  n o rm al range. O f th e  possible in te rp re ta t io n s , a feedback  m echan ism  
w o u ld  seem  to  be th e  m o st p ro b ab le  e x p la n a tio n , assum ing  th a t  th e  increased  
c o rtiso l level ex e rted  a supp ressiv e  effect on A C T H  p rod u c tio n . O n th e  o th e r 
h a n d , th e  ad rena l c o rte x  h a s  been assum ed to  be  of increased se n s itiv ity  in  
th is  c o n d itio n , th o u g h  J a m e s  e t al. (1968) w ere u n a b le  to  confirm  th is , excep t 
fo r a m in o rity  of th e ir  cases. T he o bserva tion  o f  L i d d l e  et al. (1962) deserves 
in te r e s t ,  th e  au th o rs  h a v in g  n o ted  increased A C T H  levels in C ushing’s syn d ro m e 
a f te r  b ila te ra l a d re n a le c to m y  in the  case o f  co rtiso l su b s titu tio n  w ith  daily  
doses o f  10 m g, in  c o n tra s t  to  A ddison’s d isease  w here th e  A C TH  level re ­
m a in e d  no rm al d esp ite  a s im ila r su b s titu tio n . C u sh in g ’s syndrom e w ould  th u s  
seem  to  be associated  w ith  a n  abnorm ally  a c tiv e  d riv in g  m echanism  a n d  th e re ­
fo re  th e  no rm aliza tio n  o f th e  ACTH level wovdd requ ire  a con sid erab ly  en ­
h a n c e d  secretion  o f co rtiso l w hich w ould in d u c e  a re a d ju s tm e n t to  a new  
e q u ilib r iu m . As rep o rted  b y  J a m e s  et al. (1968) C ush ing ’s syndrom e is m ark ed  
b y  a p o o r responsiveness o f  th e  ad ren a l c o r te x  to  pyrogens a n d  to  dexa- 
m e th a so n e  and  by  a n  ab sen ce  of th e  n o rm a l d iu rn a l rh y th m  of th e  p lasm a  
c o rtiso l level, w hile A C T H , A D H  and m e ty ra p o n e  elicit norm al or en h an ced  
re sp o n se s . On th ese  g ro u n d s , C ushing’s sy n d ro m e  is believed to  be due to  
a d is tu rb e d  h y p o th a la m ic  o r cerebral re g u la tio n , ra th e r  th a n  to  a p rim a ry  
fa ilu re  o f the  p i tu i ta ry  g la n d  as h ad  been assu m ed  by  C u s h in g  (1932). R a y y is  
a n d  B e t h u n e  (1969) h a v e  offered  a closer d e f in itio n  of the  aetio log ic fac to rs . 
H a v in g  found th e  a d m in is tra tio n  of d e x a m e th a so n e  to  resu lt in a p o o r, an d  
t h a t  o f  h y d roco rtisone  in  a norm al su p p re ss io n , th e y  a t t r ib u te  C ush ing ’s 
sy n d ro m e  to  some d y s fu n c tio n  of the  fee d b a c k  recep to rs.

H yperco rtic ism  cau sed  b v  non-endocrine  tu m o u rs  co n stitu te s  a special 
ty p e  o f  ab n o rm a lity  a sso c ia ted  w ith  A CTH  h y p e rsec re tio n . T he sy n d ro m e has 
lo n g  been  know n. T h e  f ir s t  case of th is  k in d , w here a p u lm o n a ry  tu m o u r 
w as responsib le  for C u sh in g ’s syndrom e, w as described  by  B r o w n  in  1928. 
S ince  th a t  tim e a p p ro x im a te ly  240 cases h a v e  b een  rep o rted , ch iefly  in  con­
n e c tio n  w ith  tu m o u rs  o f th e  bronchi, less o fte n  w ith  those of th e  th y m u s  or 
th e  p an creas . H ow ever, th e  m anner of p ro d u c tio n  o f th e  endocrine d is tu rb a n c e
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rem ain ed  obscure u n til it  w as d e m o n s tra te d  b y  m odern  p ro ced u re s  th a t  
c e rta in  tu m o u rs  are  capab le  o f secre ting  sub stan ces of h o rm o n a l a c t iv i ty  
in c lu d in g  A CTH . I t  is on these  g rou n d s th a t  L i d d l e  (1963) ap p lied  th e  te rm  
“ ectopic  A C T H -syndrom e”  to  h y p erco rtic ism  o f th is  origin, w hich c o n s titu te s  
one of th e  p a ran eo p las tic  end o crin e  sy n d ro m es. T he fac t th a t  th e  tu m o u rs  
are  A C T H -producing , has been confirm ed  by  v a rious p rocedures. A s ig n if ican t 
A CTH  a c tiv ity  has been d e m o n s tra te d  in th e  p rim ary  tu m o u r as w ell as in  
its d eposits  b y  m eans o f im m u n o flu o rescen t as well as b y  ch em ica l p ro ­
cedures ( E n g e l  and  K a h a n a , 1963; G o l d b e r g  an d  M cN e i l , 1967; Y a r e t t  
e t  a l., 1964; L i d d l e  et a l., 1963; M a r k s  e t a l., 1963; M e a d o r  e t  a l . ,  1962; 
P f o h l  a n d  D o e , 1963; P f o t e n h a u e r  an d  K r a c h t , 1967). F ig . 2 g ives an  
illu s tra tio n  of th e  changed  p itu ita ry -a d re n o c o r tic a l re la tio n sh ip s: th e  b lood  
A CTH  level a tta in s  ex trem e v a lu es , th e  a d re n a l co rtex  becom es h y p e r tro p h ic , 
th e  se rum  cortiso l level is a b n o rm a lly  h igh , an d  th e  am o u n t of A C T H  de­
m o n s trab le  in th e  p itu ita ry  is d im in ished . A case of ex trem e ra r i ty ,  one of 
th y ro id  carc inom a accom pan ied  b y  h y p erco rtic ism  (S z i j j  e t a l., 1969) w ill be 
recalled  here  in o rd er to  i l lu s tra te  th e  ty p ic a l course of ev en ts  in sy n d ro m es  
o f th is  k ind .

T he p a tie n t was a 39 y ea rs  old m ale. In  F e b ru a ry , 1967, he re p o r te d  
to  h av e  gained  in w eight su d d en ly  in th e  la s t five  m on ths. A t th e  sam e  tim e  
his face h ad  becom e ro u n d , red d ish  an d  he h a d  n o ted  a b row nish  c o lo ra tio n  
o f  th e  sk in . H e was p u t  on th e  w a itin g  lis t fo r adm ission  w hich w as d u e  four 
w eeks la te r . W hile w aiting  for adm ission , he s ta r te d  losing w eigh t (a n d  su r­
p ris in g ly  lost 6 to  8 kg), an d  developed  sh o rtn ess  of b re a th , cy an o sis  an d  
d ia rrh o e a . On adm ission , o b e s ity  confined  to  th e  tru n k , signs o f  ca rd iac  
fa ilu re  an d  p ig m en ta tio n  of th e  sk in  w ere fo u n d . T he th y ro id  w as m o d e ra te ly  
en la rg ed , th e  liv er exceeded its  n o rm a l size b y  6 to  7 cm an d  w as o f  u n ev en  
su rface . T h ere  w ere no s triae  on th e  sk in . B lood pressure  was 175/120 m m H g .

Table I

N . A ., 39, male
Diagnosis: Ectopic ACTH-syndrome

Laboratory find ings:
U rine: specific gravity  1004, concentration  te s t 1011,

glycosuria, proteinuria 
Sedim entation  ra te : 29 to 35 m m /hr

mg/100
Blood sugar: 126 mg/100 ml. O ral glucose tolerance test: fasting level 166
Serum Na: 155.5 inEq/1 30' 230
Serum K: 3.1 mEq/1 60' 286

120' 280
180' 218

ml

Hormone excretion 
to ta l 17-ketosteroids (mg/24 hrs) 
17a-hydroxycorticosteroids 

(mg/24 hrs)
serum  hydrocortisone (//g/100 ml)

U ntrea ted  After ACTH adm in is tra tion
1 8 .1 -  32.5 1 3 .4 -  17.6
9.1— 21.3 10.6— 10.8

80 — 120 86 — 114
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T h e  essential la b o ra to ry  findings are  su m m a riz e d  in T able I .  T h e re  was 
a h ig h  E S R , a b lood  s u g a r  to lerance cu rv e  o f  th e  d iabe tic  ty p e  a n d  a low 
sc ru m  po tassium  lev e l. T h e  conspicuously  h ig h  k e to s te ro id  an d  co rtico id  
e x c re tio n  was no t ra ise d  fu r th e r  by  ACTH a d m in is tra tio n . T he serum  h y d ro ­
c o rtiso n e  level w as e x tre m e ly  high and  also  re m a in e d  u n affec ted  b y  A C TH .

Closer in v e s tig a tio n s  (m ety rapone, d e x a m e th a so n e  suppression) were 
m a d e  im possible b y  th e  r a p id  dow nhill course o f  th e  process. T he p a t ie n t  died  
o f  c irc u la to ry  fa ilu re  th r e e  weeks a fte r a d m iss io n . T he assum ed diagnosis o f 
ec to p ic  ACTH sy n d ro m e  w as confirm ed a t  p o s t-m o rte m  w hich rev ea led  a 
p r im a ry  tu m o u r o f th e  th y ro id  w ith  th e  m icro sco p ica l fea tu res  of a m ed u lla ry  
ca rc in o m a  (Fig. 3), c o n ta in in g  sparse in te rc e llu la r  eosinophilic am y lo id  d e ­
p o s its  (F ig . 4). T h e re  w e re  m étastasés in  th e  liv er, lungs, reg ional lym ph  
n o d es  an d  dorsal v e r te b ra e .  T he adrenals w ere  en la rg ed , show ing h y p e rp la s ia  
p a r t ic u la r ly  of th e  fa sc ic u la te  zone (F ig. 5). T h e  hypo p h y sis  co n ta in ed  large 
C rooke-cells w ith  h y a lin iz e d , vacu o la ted  c y to p la sm s  ty p ic a l of C ush ing ’s 
sy n d ro m e  (Fig. 6).

T h is case m akes i t  t im e ly  to  refer b r ie fly  to  th e  question  of w h a t enables 
th e  m a lig n an t cell to  fo rm  ACTH. In  th e  v iew  o f W il l ia m s  (1966a, b) th e  
so lid  or m edu llary  c a rc in o m a  w ith  signs o f  am y lo id  degenera tion , as in  th e  
p re s e n t  case, arises in  th e  parafo llicu lar o r C-cells o f th e  th y ro id , reg a rd ed  
b y  P e a r s e  (1968) as p a r t  o f  th e  A PU D  (am in e  an d  p recu rso r u p ta k e  and  
d eca rb o x y la tio n ) cell sy s te m . The cells o f  th is  sy s tem  are capab le  o f u p ta k e  
a n d  d eca rb o x y la tio n  o f  v a rio u s  am ines a n d  o th e r  p recurso rs, a n d  o f th e  
p ro d u c tio n  of n u m ero u s  b io logically  ac tiv e  su b s ta n c e s  including  b ra d y k in in , 
se ro to n in  and  A C T H . O n  th e  grounds o f  th e  h y p o th esis  p u t fo rw ard  b y  
L i p s e t t  e t al. (1964) a n d  b y  K racht  (1968) th e  cells o f tu m o u rs  o rig in a tin g  
in  th e  A PU D  sy stem  m ig h t be assum ed to  c o n ta in  an  “ A C T H -gene”  in  th e  
d o rm a n t s ta te , p re v e n te d  from  a c tiv ity  u n d e r  n o rm a l cond itions b y  v a rio u s 
in tra c e llu la r  rep resso r sy s tem s. Cellular d e d iffe re n tia tio n  in  th e  course  of 
m a lig n a n t tra n s fo rm a tio n  suspends th e  in h ib ito ry  effects and  b rings a new  
m essen g er RN A  in to  ex is ten ce . The in fo rm a tio n  o rig inally  co n ta in ed  in  th e  
D N A  m olecule is c a rr ie d  in to  effect, th e  cell s ta r t s  to  form  a p ep tid e  o f  A C TH  
a c t iv i ty  which it  does n o t  produce u n d e r  n o rm a l conditions an d  w hich 
s tim u la te s  th e  sec re tio n  o f  ad renocortica l s te ro id s , th u s  lead ing  to  hyper- 
co rtic ism .

T he n ex t ty p e  o f  h y p erad ren o co rtic ism  is th a t  o f horm one-p roducing  
a d re n a l  tum ours. T h is  g ro u p  also deserves som e com m ents, i t  being  p a r t ic u ­
la r ly  su ited  for th e  s tu d y  o f th e  clinical in v o lv e m e n ts  o f th e  n eg a tiv e  feed­
b a c k  m echanism . H e re , th e  p a tte rn  o f re g u la tio n  is basically  as follow s. 
A d ren o co rtica l h y p e rse c re tio n  results in  a d im in ish ed  secretion  of th e  cortico- 
t ro p h in  releasing h o rm o n e , and  therefore  in  a red u ced  A CTH  c o n te n t o f th e  
p i tu i ta r y  and in a low  b lo o d  ACTH level. A tro p h y  an d  h v p o fu n c tio n  of th e
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. 4. Thyroid carcinoma with granules of amyloid and calcium deposits. Il f E  staining.
X 170

-icla \ l fd ic a  A cadem ia« Scientiarum  H ung a rica t 2 9 , 1972

Fig. 3. Histological appearance of thyroid carcinoma with multiple scattered foci of calcifica­
tion. H -f E staining. X 45
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Fig. 6. Crooke-cells in the adenohypophysis.  H  +  E  staining. X1120

Fig. 5. Adrenocortical hyperplasia. II -f- E  staining. X72
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c o n tra la te ra l  ad ren a l g lan d  ensue. T he sequels of suppression  do n o t, how ever, 
b ecom e m anifest before  rem o v a l o f the  tu m o u r. R ea liza tio n  of th e  sign ificance 
o f th is  fac t da tes 30 or 40 years  hack , since, u n til  th e  fifties, th e  m a jo rity  
o f p a tie n ts  w ith  C ush ing’s sy n d ro m e  died  soon a f te r  e x tirp a tio n  of th e  ad ren a l 
tu m o u r  of one side. T h ese  o b se rv a tio n s raise v a rio u s issues. T he q u es tio n  of 
p r im e  im p o rtan ce  is to  k n o w  w hich  ty p es of ad ren a l tu m o u r  a re  m o s t liable 
to  h aza rd s  of th is  k in d . T h is m ig h t be answ ered  b y  p re sen tin g  th re e  case 
re c o rd s , each being il lu s tra tiv e  of a p a r tic u la r  ab n o rm a l p a tte rn  p ro d u ced  by 
th e  in d iv id u a l ty p e  o f  a d re n a l tu m o u r. O nly  th e  f irs t  case will he rep o rted  
in  d e ta il.

Fig. 7. Cushing’s syndrome. Active striae on the skin of abdom en, bu ttocks and  chest

T he p a tie n t w as a 27 y ea rs  old fem ale. T he p re sen tin g  sy m p to m s were 
a ra p id  gain in w eigh t, h irsu tism , am enorrhoea  for fiv e  y ea rs , a n d  h y p e r­
ten s io n . P hysical e x a m in a tio n  revealed  ac tiv e  s triae  invo lv ing  th e  sk in  o f th e  
ab d o m en  and  of th e  b u tto c k s  (F ig . 7). T he m ost im p o r ta n t la b o ra to ry  find ings 
in c lu d ed  a blood su g ar to le ran ce  curve  o f th e  d iab e to id  ty p e  a n d  a serum  
p o tass iu m  level as low  as 3.3 m Eq/1. T he h o rm onal co n ste lla tio n  is show n in 
T ab le  I I .  E x cre tio n  o f 17-ketO steroids and  cortico ids was m o d e ra te ly  increased  
an d  u n affec ted  by  d e x am é th aso n e  regard less of th e  doses, w hile b e ing  enh an ced  
to  a ce rta in  degree by  A C T H  (in all p ro b a b ility  as a re su lt o f s t im u la tio n  of 
th e  c o n tra la te ra l ad ren a l co rtex ). T he p lasm a h y d ro co rtiso n e  level w as h igh, 
lack ed  an y  d iu rn a l rh y th m , rem ain ed  un affec ted  b y  d éx am é th aso n e  and  rose
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Table II

К . I., 27, female
Diagnosis: A drenal tum our on left side. Cushing’s syndrome

Hermoni excretion, 
mg/24 hrs

After administration of

2 mg 8 mg 
i  déxaméthasone dexamethasone ACTH

. 14.8—21.7 15.3 18.0 22.7—26.9 24.9—31.6
17a-hydrocorticosteroids.................... . 10 .0-10 .8 11.6- 12.3 1 5 .9 -20 .3 21.7—27.8

Plasma hydrocortisone, ftg/100 nil

R h y th m

hr
8 26.2 After adm inistration After adm inistration of

14 27.0 of 1 mg dexam ethasone ACTH (2 /,g/kg)
20 27.6 28.2 fasting value: 29.6

2 26.2 hours
8 28.8 1 36.8

2 31.4 
4 27.2

b u t  s lig h tly  in response to  A C T H . X -rays com b in ed  w ith  p e riren a l in su ffla ­
t io n  rev ea led  an a d re n a l a d e n o n n  on th e  le ft s ide. T h is w as rem oved  a t  th e  
1 st D e p a r tm e n t of S u rg e ry . I t s  gross ap p earan ce  w as th a t  o f a yellow  tu m o u r 
m e a su r in g  3 5 x 4 0  m m  (F ig . 8). M icroscopically i t  w as id en tified  as an  ad ren a l 
a d e n o m a  w ith  s tru c tu re  s im ila r  to  th a t  of th e  re tic u la r  zone (F ig . 9). C ortisone 
w as ad m in is te red  d u rin g  th e  f irs t ten  p o s to p e ra tiv e  d ay s , an d  w as th e n  
d isc o n tin u e d  and  th e  fu n c tio n  o f th e  A C T H -adrenocortica l sy stem  was s tu d ied . 
T h e  re le v a n t d a ta  h av e  b een  sum m arized  in T a b le  I I I  w hich  clearly  show s

Fig. 8. A drenal adenom a giving rise to Cushing’s syndrom e
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Fig. 9. Adrenocortical adenom a rem iniscent in its s truc tu re  to the reticular zone. H  )- E
staining. X 35

Table III
K. I., 27, fem ale

Diagnosis: S tate after left adrenalectom y for adrenal tum our

Hormone excretion, 
mg/24 hrs

Total 17-ketosteroids ...................
17a-hvdrocorticosteroids...............

Serum hydrocortisone, //g/100 ini 
R hythm

hour
8 5.6

14 8.8
2« 5.6

2 4.0
8 5.6

After administration of

Metyrapone ACTII

6.2 7.8 6.6 8.2 7.8 8.8
2.0 3.1 1.3 1.5 5.8 8.5

After iadministration of
ADH ACTH

fasting: 5.4 4.8
1 hours: 4.6 7.8
2 hours: 5.0 7.8
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t h a t  c o rtic o id  an d  k e to s te ro id  excre tion  w as a t  th e  low er lim it of th e  n o rm a l 
ra n g e , u n resp o n siv e  to  m e ty ra p o n c  and  re sp o n d in g  h u t m od era te ly  ev en  to  
A C T H . T h e  p lasm a h y d ro c o rtiso n e  level w as re d u c e d , lacked a d iu rn a l rh y th m  
an d  fa i le d  to  respond  to  in tra m u sc u la r  A D H . In tra v e n o u s  a d m in is tra tio n  o f  
2 /Lg/kg A C T H  re su lted  in  a m in im al rise o f th e  co rtiso l level. The resp o n siv e -

Fig. 10. A drenogenital syndrom e. H irsutism , seborrlioeic m anifestations affecting the  skin
of the chest

ness o f  th e  residua l ad re n a l c o rte x  was th u s  im p a ire d  and , m oreover, a p ro p e r  
a s se s sm e n t o f A CTH  c a p a c ity  w ould have re q u ire d  d irect m easu rem en ts  of 
A C T H . T h e  te s ts  re p e a te d  th re e  m onths la te r  g av e  sim ilar resu lts.

T h e  second p a tie n t w as a 17 years old fem a le . T he p resen ting  sy m p to m s  
w ere  h irsu tism , am en o rrh o ea '(F ig . 10), a b e a rd ed  face , and  seborrhoea (F ig . 11). 
T h e  e sse n tia l d a ta  of h o rm o n e  excre tion  a re  sh o w n  in T able IV . T h e re  w as 
an  u n c o m m o n ly  h igh  k e to s te ro id  excretion  w h ich  failed to  respond  to  dexa-
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Fig. 11. Face of a female p a tien t w ith adrenogenital syndrome. D istinct beard , folliculitis

Table IV

B. AT., 17, female
Diagnosis: Adrenogenital syndrome

Hormone, excretion, 
mg/24 hrs

After administration of

2 mg
dexamethasone

8 mg
dexamethasone ACTH

Total 17-ketosteroids ...................... . . 197.В 310.2 350.0 413.1 324.5 415.8 293.0 350.0
17a-hvdrocorticosteroids.................. . . 5.0 6.0 0.8 2.7 1.7 1.9 23.7 47.8
P reg n an ed io l....................................... . . 3.7 5.9 7 .0 -  7.8 12.0 13.0 9.2 10.5
Pregnanetriol ..................................... . . 0.7 1.1 0.3 0.7 1.6 1.9 3.2 3.3

Plasma-hydrocortisone, //g /100 ml
Rhythm  After adm inistration of

hour

8 23.6
14 16.8 1 mg dexamethasone ACTH (2 //g/kg)
20 14.4 10.2 fasting: 14.0

2 7.4 hours
8 19.5 1 22.8

2 19.6
4 12.0
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m e th a s o n e  and  to  A C TH . O n  th e  o ther h an d , co rtico id  excre tion  rem ain ed  
n o rm a l;  it  was suppressed  b y  dexam ethasone a n d  en h an ced  b y  A C T H . T he 
p la s m a  hydroco rtisone  leve l w as norm al, in  re sp e c t to  b o th  d iu rn a l rh y th m  
a n d  responsiveness to  d e x a m e th a so n e  and  A C T H . T h e  tu m o u r w eighing 
206 g occup ied  the  u p p e r  p o le  o f  th e  righ t k id n e y  (F ig . 12). I t  w as iden tified  
as a n  ad re n a l adenom a co m p o sed  of cells s im ila r to  tho se  of th e  re tic u la r  
zo n e  a t  sites w ith a ty p ic a l cells and s tru c tu re , in te rsp e rsed  w ith  h a e m o r­
rh a g e s  (F ig . 13). A fter re m o v a l o f  th e  tu m o u r b a sa l h o rm o n e  secretion , A CTH  
re se rv e s  an d  ad ren o co rtica l responsiveness to  A C T H  w ere com pletely  n o rm al.

Fig. 12. A drenocortical tu m o u r responsible for adrenogenital syndrome

I n  th e  th ird  p a t ie n t  w ith  ty p ica l Conn’s sy n d ro m e , A CTH  an d  glyeo- 
c o r tic o id  functions w ere n o rm a l p reo p era tiv e ly  as w ell as a f te r  rem o v a l o f 
th e  tu m o u r ,  which p ro v ed  to  be  an  adrenal ad e n o m a , yellow  in colour, 15 m m  
in d ia m e te r  (Fig. 14), co m p o sed  o f cells co rresp o n d in g  to  those  of th e  fasc icu­
la te  zo n e  (Fig. 15). T he f in d in g s  in  the  second a n d  th ird  cases obv iously  d is­
p e n se d  w ith  the need fo r th e  ad m in is tra tio n  o f  co rtiso n e  or A CTH .

T h o u g h  the  cases p re s e n te d  are sm all in  n u m b e r, th e y  will h a v e  su f­
f ic ie n t ly  illu s tra ted  th e  fa c t  t h a t  in  the  reg id a tio n  o f  A C T H  secre tion  in  m an , 
i t  is o n ly  cortisol or c o r tiso n e , th a t  is th e  1 7 -h y d ro x y co rtico s te ro id s , w hich 
p la y  a sign ifican t p a r t . A fa ll in  th e  plasm a free co rtiso l level elicits an  increase 
in  A C T H  secretion, w h e reas  its  e levation  h as  a n  in h ib ito ry  effect on th e  
m o b iliz a tio n  of A CTH . I t  is th is  so-called se rv o -m ech an ism  w hich accoun ts 
fo r  th e  s ta b ility  of c irc u la tin g  p lasm a cortisol w ith in  ce rta in  lim its  in  stress-
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Fig. 13. A drenocortical adenom a constituted by cells rem iniscent of those of th e  reticu lar 
zone. In places, atyp ical cells and structu re . H -f- E  staining, x287

Fig. 14. Adrenal adenom a 15 mm in diam eter, giving rise to Conn’s syndrom e

free cond itions. T h e  d iag ram  rep resen ting  th e se  re la tio n sh ip s  (F ig. 16) show s 
th a t  A C TH , b y  s tim u la tin g  ad renocortica l fu n c tio n , enhances th e  p ro d u c tio n  
of co rtiso l, 17 -ketostero ids, oestrogens an d  o f  p rogeste rone , an d  even  o f 
a ld o ste ro n e . On th e  o th e r  h a n d , of all five co m p o n en ts  it is on ly  co rtiso l 
w hich has an y  s ig n ifican t re tro g rad e  effect on  A C TH  p ro duc tion  v ia  th e  
h y p o th a la m u s . I t  is assum ed  th a t  im pulses o rig in a tin g  in  the cereb ra l c o rtex  
an d  in  o th e r  areas of th e  b ra in  a c t on ACTH o u tp u t  th ro u g h  these p a th w a y s  
( W i l l i a m s , 1968).
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Fig. 15. Adrenocortical adenom a rem iniscent in its s truc tu re  to th a t of the fasciculate zone.
H +  E  staining, x 7 0

l----------CORTISOL

17 - KETÖSTEROIDS 
OESTROGEN 

PROGESTERONE

ALDOSTERONE

Fig. 16. Feedback regulation of A C T H -activity  (after W i l l i a m s , 1968)
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A prob lem  o f im p o rtan ce  is th e  re s to ra tio n  o f  A C T H -adrenocortica l 
fu n c tio n . W e h av e  to  re fe r  here  to  th e  n o te w o rth y  o b serv a tio n s of G r ä b e r  
e t al. (1965) w ho s tu d ie d  th e  p lasm a cortiso l a n d  A C TH  levels over long 
periods sim u ltan eo u sly  in su b je c ts  w ith  C ushing’s sy n d ro m e  and  w ith  ad ren a l 
tu m o u rs  h av in g  been su b je c te d  to  long -term , m assiv e  cortisone t r e a tm e n t 
(F ig . 17). T he d o ts on th e  d iag ram  represen t n o rm a l va lues, th e  crosses th o se  
o f th e  sub jec ts  h av in g  b een  u n d e r  long-term  su p p ressio n . I t  is seen th a t  th e  
p reo p e ra tiv e  A CTH  level w as reduced , and  th a t  o f  cortiso l increased . O ne 
m o n th  a fte r  w ith d raw al b o th  p a ram e te rs  were su b n o rm a l; su b seq u en tly  th e re
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w as a g ra d u a l rise in  th e  A C TH  level, follow ed by  th a t  of th e  co rtiso l a fte r 
5 to  9 m o n th s , an d  full n o rm a liza tio n  req u ired  9 m onths.

T h e  resu lts  of th is  fu n d a m e n ta l o b se rv a tio n  confirm  th e  essen tia l fact 
t h a t  n o t  only does th e  ad ren o co rtica l responsiveness suffer d u rin g  a long­
te rm  su ppression  b u t  th e  p i tu i ta ry  also req u ires  a ce rta in  (by  no m eans short) 
p e r io d  to  be able to  co m p en sa te  th e  red u ced  cortiso l level b y  an  increased  
A C T H  o u tp u t . As reg a rd s th e  level a t  w h ich  th e  in h ib ition  o f A C T H  secretion  
o p e ra te s , no certa in  answ er can  be g iven . T he secretion  o f C R H  m a y  he 
b lo c k e d , o r th e  A C T H -producing  cells w h ich  h av e  rem ained  in a c tiv e  fo r long 
m a y  h a v e  becom e u n resp o n siv e  to  th e  re leasing  horm one. F u r th e r  stud ies 
sh o u ld  p ro v id e  a de fin ite  answ er. T h e  clin ical consequences to  be d raw n  are 
t h a t  i t  w ould  be a m is tak e  to  leave th e  p a t ie n t  to  his fa te  a f te r  a few day s’ 
co u rse  o f  A CTH  in th e  b e lie f th a t  th e  ad ren a ls  have  been d riv e n  in to  action 
a n d  t h a t  norm al co n d itions h av e  been res to red . N o th in g  cou ld  be m ore 
e rro n e o u s . M ajor stress-effects an d  in te rc u rre n t diseases m a y  he fa ta l  even 
m a n y  m o n th s  la te r. T h e  c u rre n t p ra c tic e  to d a y  is to  keep th e  p a tie n ts  on 
m in im u m  su b s titu tio n  doses o f co rtiso l (10 to  15 mg daily) w hich  h av e  been 
re d u c e d  to  these levels g ra d u a lly  (in  th e  course of four w eeks). C are m ust 
be  t a k e n  to  ad m in is te r th e  w hole dose in th e  m orning  so as to  le t its  effect 
p a ss  o ff  before th e  n o c tu rn a l period  o f  reg en era tio n . I t  is also im p o r ta n t to  
k n o w  t h a t  in te rc u rre n t diseases call for m u ltip lied  m ain ten an ce  doses. An 8 
to  10 d a y s ’ course o f A CTH  can  on ly  help  to  resto re  th e  fu n c tio n  of the 
p itu ita ry -a d re n o c o r tic a l sy stem .

In  conclusion, we h av e  to  re fe r to  th e  possible persp ec tiv es  o f th e  s tu d y  
o f A C T H  regu la tion . T here  seem  to  be tw o  m ain  lines o f a p p ro a c h  to  the  
su b je c t .  M uch m ay be ex p ec ted  fro m  th e  progress in h u m a n  ncuro-endo- 
c rin o lo g y , as regards th e  d ev e lo p m en t of tech n ica l facilities, a g re a te r  accu racy  
in  th e  localiza tion  of h y p o th a la m ic  tu m o u rs  or of o th e r lesions, a n d  a closer 
in s ig h t in to  th e  a ffe ren ta tio n  of th e  h y p o th a la m ic  as well as o f  o th e r  cerebral 
reg io n s . W h a t seem s to  be decisive, how ever, is th e  progress o f endocrine 
b io ch em ica l m ethods, f ir s t  o f  all as reg a rd s  th e  clarification  o f th e  s tru c tu re  
o f  C R H  an d , sim ilarly  to  T R H , th e  sy n th es is  of th e  co rtico tro p h in -re leasin g  
h o rm o n e  and  th e  e lab o ra tio n  o f assays fo r i ts ’ es tim atio n . A ro u tin e  use of 
d ire c t A C T H  estim a tio n  w ould  also be h ig h ly  desirable. In  a d d itio n , m any  
p ro b le m s involved in A C TH  reg u la tio n  rem ain  to  be c la rified  b y  fu tu re  
re se a rc h .
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MODERN TRENDS IN STEROID ANALYSIS
INTRODUCTION

By

I.  F a r e d i n

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZECED. HUNGARY

T he H u n g a rian  S oc ie ty  of E ndocrino logy  an d  M etabolism  h a s  answ ered  
a long-fe lt need of H u n g a ria n  stero id  sc ien tis ts  b y  includ ing  in to  th e  program  
of th e  V th  H u n g a rian  E n d o crin e  Congress a sym posium  on “ M o d ern  trends 
in s te ro id  an a ly sis .”

W e have  all been  w itness to  th e  ra p id  progress in s te ro id  research , 
m ost o f w hich is due to  p ro ced u res  developed  d u rin g  th e  la s t d ecad e .

T he now  classical p ro ced u res  of co lu m n -ch ro m a to g rap h y  a n d  paper- 
ch ro m a to g ra p h y  h av e  m ad e  a sign ifican t c o n tr ib u tio n  to  th e  p o ssib ilitie s  of 
th e  specific  d e te rm in a tio n  o f  an y  stero id  in bio logical su b stan ces  con ta in in g  
o th e r ste ro id s  an d  im p u ritie s . T hese sep a ra tio n  m ethods h a v e  re c e n tly  been 
succeeded  b y  th in -la y e r ch ro m a to g rap h ic  m e th o d s , w hich owe th e i r  p o p u la rity  
to  th e  ra p id ity  w ith  w hich  th e y  can be ca rried  o u t.

E ffic ien t flu o ro m etric  m eth o d s now  allow  th e  q u a n ti ta t iv e  d e te rm in a ­
tio n  o f v e ry  sm all a m o u n ts  o f an y  s te ro id .

T h e  g as-ch ro in a to g rap h ic  m ethods lend  them selves well n o t  o n ly  to  the 
se p a ra tio n  o f sm all a m o u n ts  o f stero ids h u t  also  to  m ic ro -q u a n tita tiv e  d e te r­
m in a tio n s  an d  to  s te ro id  id en tifica tio n .

T h e  in tro d u c tio n  o f  3H  an d  14C labelled  stero ids has p ro v id e d  alm ost 
lim itless possib ilities in s te ro id  analysis a n d  in  th e  in  vitro a n d  in  vivo  s tu d y  
of s te ro id  m etabo lism . T h e  u p -to -d a te  ra d io a c tiv e  m ethods a re  th e  resu lts 
o f a long an d  considerab le  dev e lo p m en t. T h e  tra c e r  tech n iq u es, su ch  as isotope- 
d ilu tio n  p rocedures, p ro te in -b in d in g  an d  rad io -im m u n o assay s, m a rk e d  signif­
ic a n t s tages in  th is  d ev e lo p m en t. T h e ir ap p lica tio n  m akes i t  possib le  to 
d e te rm in e  ste ro id  ho rm ones a t  subm icrogram  levels. The use o f  rad io ac tiv e  
ste ro id s  p e rm its  n o t on ly  th e  d e te rm in a tio n  o f  horm one levels in  biological 
su b stan ces , b u t  also th e  follow ing of horm one p ro d u c tio n  a n d  th e  dynam ics 
of ho rm o n e  or stero id  m e tab o lism  in th e  o rgan ism .

A lth o u g h  stero id  re sea rch  in H u n g a ry  faces som e d ifficu ltie s , in  m any 
H u n g a ria n  lab o ra to rie s  ad v a n c e d  w ork is in  p rogress, an d  th e  r e s u lts  o f  these 
new  m eth o d s will be re p o rte d  a t  th is  sym posium .
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PAPER CHROMATOGRAPHIC ANALYSIS 
OF CORTICOSTEROIDS

By

A. K e m é n y

NATIONAL INSTITUTE Ol RHEUMATOLOGY AM) PHYSICOTHEKAPY. BUDAPEST, HUNGARY

P a p e r c h ro m a to g ra p h y  including th a t  o f  stero ids is reg a rd ed  to d a y  as 
a classical sep a ra tio n  p rocedure , th o u g h  in c e r ta in  respects it is d o u b tlessly  
less ad v an tag eo u s  th a n  e ith e r  th in -lay e r o r gas c h ro m a to g rap h y . If , how ever, 
the  g roup  reactions o f  th e  stero ids e x tra c te d  from  blood or u rin e  h av e  to  be 
com pleted  by fu r th e r  p u rific a tio n  or iso la tion  o f th e  in d iv idua l frac tio n s , for 
th e  purpose of p re p u rif ic a tio n  of labelled  s te ro id s  or for iso tope  d ilu tion  
p rocedures, p a p e r c h ro m a to g ra p h y  m ay  he ind ispensab le . T h o u g h  th e  p ro ­
cedure is tim e-co n su m in g  and  requires ex p erien ce , it is o f h igh effic iency , as 
show n by the  w ide ran g e  of co rticoste ro ids m en tio n ed  in re c e n t lite ra tu re . 
O f th e  various p ossib ilities  of ap p lica tio n  o f  th e  m ethod , we on ly  refer to  
func tiona l-g roup  an a ly sis  and  to  som e d o u b le  isotope d ilu tio n  tech n iq u es 
com bined  w ith p a p e r  c h ro m a to g rap h y .

D iscussion o f th e  general m ethods o r o f th e  p e r tin e n t th eo re tica l ques­
tions are  ou tside th e  scope of th is p ap e r, th e  on ly  aim  of w hich is to  p o in t 
ou t som e p rac tica l issues.

T he p rocedures c u rre n tly  used a t  o u r la b o ra to ry  are  as follow s.

I . Separation o f  corticoids by paper chromatography
a )  sep a ra tio n  from  in terfering  su b stan ces
b)  sep a ra tio n  from  each o ther.

I I .  Identification o f  corticoids
a )  by co m b in a tio n  of ch ro m ato g rap h ic  system s
b) a fte r tra n s fo rm a tio n  of the  s te ro id  m olecule an d  c o m b in a tio n  of 

re p e a te d  iden tify ing  runs.

E x tra c tio n  from  plasm a, urine or in c u b a te d  tissues is n o t stero id - 
specific, regardless o f  th e  so lvent used, ow ing to  th e  presence of la rg e  am o u n ts  
of lip ids and  o f ch rom ogens in the  e x tra c ts . T h e ir  e lim ination  in th e  case 
of p rev ious p u rif ic a tio n  a lm ost in v a riab ly  req u ires  ad d itio n a l p a p e r  ch ro ­
m a to g rap h y . Som e o f these  procedures used  a re  as follows. T h e re  is, f irs t 
of all th e  c ru d e -e x trac t pu rifica tion  of p la sm a  an d  o f in cu b a ted  tissu es . In th e
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b e n z e n e -co n ta in in g  system s in  w hich  th e  su b stan ces  a re  ru n , p a r tic u la r ly  in 
th e  B u s h  А -system , th e  im p u ritie s  m ig ra te  w ith  th e  m oving  ph ase  w hereas 
th e  c o rtic o id s , w ith  th e  ex cep tio n  o f  co rtico ste ro n e , rem ain  a t  th e  s ta r t in g  
p o in t  ( W e i s z  and  G l á z , 1960).

T h e  s itu a tio n  is d iffe re n t w hen  u r in a ry  c o n tam in a tio n s  h a v e  to  he 
e lim in a te d . In  th e  case o f a ld o s te ro n e  estim a tio n  or o f e x tra c tio n  o f  m e ta b ­
o lite s  o f  o th e r  cortico ids re q u ir in g  large u rin e  sam ples, ch rom ogens are  
p re s e n t  in  such  large a m o u n ts  as to  in te rfe re  w ith  th e  fu r th e r  s tep s  o f th e  
p ro c e d u re , regardless o f th e  ty p e  o f  p u rific a tio n  p rio r to  p ap er c h a ro m a to - 
g ra p h y . I n  th is  case th e  e x tra c ts  a re  ru n  in w a te r, as described  by  L om jvier  an d  
W o l f f  (1964) w hich enables th e  in te rfe rin g  su b stan ces  to  rem ain  a t  th e  s ta r t in g

R U N I.

F RO N T ------ ►

START------ ►

RUN II.

FRONT ------►

START ------►

Fig. 1. Schem e of one of the pu rifica tion  procedures of the crude ex trac t for the estim ation  
of u r in a ry  aldosterone. B oth ascending chrom atographies have been perform ed in  distilled

w ater

p o in t  a n d  th e  corticoids to  m o v e  from  th e  a rea  o f th e  c o n ta m in a n ts . F o r  
q u a n t i ta t iv e  separa tion  of th e  co rtico id  frac tio n s i t  is im p o rta n t to  a p p ly  th e  
e x t r a c t  to  as large an  a rea  as possib le. A scending  ch ro m a to g rap h y  in  w a te r , 
r e p e a te d  tw ice , allows th e  s te ro id s  to  m ove w ith  th e  fro n t w herefrom  th e y  
a re  e lu te d  an d  su b seq u en tly  s e p a ra te d  b y  fu r th e r  c h ro m a to g ra p h y  (F ig . 1).

F o r  th e  iso lation  from  th e  u rin e  o f d e riv a tiv e s  m ore po lar th a n  te t r a -  
h y d ro c o r tiso l and  te tra h y d ro c o r tiso n e  (e.g ., 6/3-O H -cortisol, 2 0 -d ih y d ro co rti- 
sol), re m o v a l of the  c o n ta m in a n ts  is possible b y  ru n n in g  th e  e x tra c ts  e .g ., in 
a B u s h  B -5 system  for 24 h o u rs . T h is e lim ina tes th e  chrom ogens w hile  th e  
f ra c tio n s  o f s trong  p o la r ity  m o v e  b u t  slig h tly  from  th e  s ta r tin g  p o in t w h ere ­
from  th e y  are  elu ted .

A s to  th e  procedures su ita b le  for th e  se p a ra tio n  o f corticoids a n d  th e ir  
m e ta b o lite s , in  th e  follow ing th e  essen tia l p ro ced u res  em ployed  b y  us w ill be 
p r e s e n te d  to g e th e r w ith  som e ty p ic a l ch ro m ato g ram s.

Steroids

Interfering
substonces
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The fina l ch ro m ato g ram  o f u rin a ry  a ld o ste ro n e  in a system  o f b u ty l 
a c e ta te —w ater—e th y la c e ta te —fo rm am id e  a f te r  im p reg n a tio n  w ith  30%  ace to n e  
is p resen ted  in F ig . 2. The co n d itio n  of a c h ro m a to g ra p h y  of th is  k in d  is a 
p rev ious rem o v al from  th e  u r in a ry  e x tra c t b y  m eans o f com bined  so lv en ts  
o f  th e  frac tio n s o f  a p o la rity  s tro n g e r or w eak er th a n  th a t  of a ld o ste ro n e . 
T h e  aim  of each  successive se p a ra tio n  is to  fin d  a system  by  w hich th e  in te r ­
fering  frac tion  w h ich  m ay have been  left h ack  a f te r  p rev ious sep ara tio n s  can 
he rem oved, le av in g  exclusively  th e  d e riv a tiv e  to  be iso lated  on th e  p a p e r . 
I t  is often  n ecessary  to  isolate s te ro id  analogues such  as predniso lone. S e p a ra ­
tio n  from  co rtiso l poses up  d ifficu lty . As we know , predniso lone is o f s im ila r 
p o la rity  as th e  te tra h y d ro d e r iv a tiv e s  of cortiso l an d  cortisone. T heir co m p le te

Fig. 2. Detection in situ  of the final chrom atogram  of u rin ary  aldosterone determ ination  
after developm ent w ith  ТВ. R egistration was made w ith  a “ V ericord” electronic densitom eter

sep ara tio n  is o f im p o rtan ce  for in s tan ce  if  th e  secre tion  ra te  of co rtiso l h as  
to  be estim a ted  in  p a tie n ts  on s te ro id  th e ra p y . In  m o st of the  c u rre n t c h ro ­
m ato g rap h ic  sy s tem s  th e  te tra h y d ro d e r iv a tiv e s  w hich  form  th e  ta rg e t-c o m ­
p ounds in secre tion  ra te  d e te rm in a tio n s , a re  n o t com ple te ly  separab le  from  
predn iso lone an d  fo rm , as an  in a c tiv e  frac tio n , a source o f e rro r in th e  cou rse  
o f  successive m easu rem en ts . F o r th e ir  e lim in a tio n , f ir s t  th e  c o n ta m in a n ts  a re  
ru n  in a s tro n g ly  p o la r system  a n d  e lu ted  to g e th e r  w ith  T H F , T H E , allo- 
T H F . S u b seq u en tly  th e  frac tio n  is a c e ty la ted  a n d  th e  ace ta tes  th u s  fo rm ed  
a re  run  again . T h e  m o n o ace ta te  o f p redn iso lone  th u s  separa tes from  th e
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d ia c e ta te s  an d  can now  be sep a ra ted  an d  a f te r  Т В -developm ent be e lu te d  or 
sc a n n e d  on p ap er ( B u s h , 1961).

R e c e n t and  m o st re liab le  p ro ced u res  fo r th e  ev a lu a tio n  o f c h ro m a to g ­
ra m s  a re  based  on th e  d e tec tio n  b y  d e n s ito m e try  or scanning  in  s itu  w ith o u t 
re q u ir in g  an  elu tion  o f th e  ta rg e t com p o u n d s.

F ig . 3 shows th e  ev a lu a tio n  of a c h ro m a to g ram  w ith  an  electron ic  
d e n s ito m e te r  of th e  “ V erico rd ”  ty p e , eq u ip p ed  w ith  an  in te g ra to r  fo r th e  
q u a n tif ic a tio n  of th e  p eak s w hich can be re a d  d irec tly  from  th e  reco rd .

Fig. 3. R egistration of a staYidard cortisol curve (5— 15 — 21 fig) after developm ent w ith 
ТВ, w ith a “ Vericord” electronic densitom eter

F ig . 4 shows a rad io ch ro m a to g ram  m ad e  w ith  a P ack ard  c h ro m a to g ram  
sc a n n e r . T he sam ple w as a tissue  e x tra c t  in c u b a te d  w ith  t r i t ia te d  cortiso l. 
C a tab o lized  2 0 -d ihydroco rtiso l can  be lo c a te d  a t  th e  sites co rresp o n d in g  to  
th e  s ta n d a rd .

F ro m  th e  v a rio u s p h ysica l and  ch em ica l id en tifica tio n  p ro ced u res  th e re  
a re  tw o  chem ical ch ro m a to g rap h ic  te c h n iq u e s  w hich are p a r tic u la r ly  re liab le  
fo r th e  m easu rem en t o f one or tw o R f-v a lu es  if  run  ag a in s t re fe rence  su b ­
s ta n c e s , an d  th ey  can  be in teg ra ted  w ith  o th e r , ro u tin e ly  used  p rocedures. 
O f th e  m icrochem ical g roup  reactions fo r  id en tifica tio n  pu rposes it  is th e  
a c e ty la t io n  of th e  p r im a ry  or secondary  O H -groups w hich we are  ro u tin e ly  
a p p ly in g  in view  o f its  s im p lic ity . T h o u g h  th e  reaction  is n o t q u a n ti ta t iv e ,
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Fig. 4. Synovial m em brane ex trac t incubated with 1 2 :lH cortisol and run in a benzene-
m ethanol : w ater : acetate-system  (1 : I : 1 : 0.1). The radioactive peaks are a t the sites 
corresponding to 20/1-OH-F, cortisol and cortisone standards. E valuation  w ith a P ackard

Tricarb chrom atogram  scanner

it is com m only  used  for id en tif ic a tio n  purposes. I f  fo r in stan ce  of th e  u r in a ry  
s te ro id s  excre ted  in a free s ta te , 6/3-OH-cortisol, 20/1-0 H -cortiso l an d  cortiso l 
a re  to  be sep a ra ted , a c e ty la tio n  and  subsequen t ru n n in g  in th e  Bush 3 sy stem  
p e rm its  th e ir  sep a ra tio n  w ith o u t any  d ifficu lty .

O ne of th e  usual p ro ced u res  for th e  id e n tif ic a tio n  of C -21-steroids is 
based  on th e  ox ida tio n  of th e  d ih y d ro x y -ace to n e  or of th e  glycerol side chain  
w ith  su b seq u en t rep e a te d  c h ro m a to g ra p h y  o f th e  17 -ke toste ro ids th u s  fo rm ed . 
F o r th e  id en tific a tio n  of free 2 0 -d ih y d ro -d e riv a tiv es , th e  period ic  acid re a c ­
tio n  is used . T h e ir o x id a tio n  p ro d u c ts  afe  s im ila r to  those  o b ta in ed  w ith  
N aBiO.j, 20/J-O H -cortisone g iv ing  ad ren o ste ro n e  an d  20/1-OH cortiso l 11/1- 
h y d ro x y a n d ro s te ro n c  w hich read ily  sep ara te  in a R o m an o ff system  an d  can  
be d e tec ted  bv  th e  Z im m erm an n -reac tio n .
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FLUOROMETRIC ESTIMATION OF STEROIDS

By

Sz. SZEBERÉNYI

CHEMICAL WORKS OE GEDEON RICIITER LTD., BUDAPEST, HUNGARY

T he steroids do n o t g ive any  useful fluorescence  unless th e  p H  is m an ip u ­
la te d : th en  th ey  can  he m ade to  fluoresce b y  tre a tm e n t w ith  s tro n g  acids. 
T h is phenom enon , kn o w n  since 1929, has been a d a p te d  fo r th e  q u a n tita tiv e  
f lu o ro p h o to m etrie  e s tim a tio n  o f various ho rm onal stero ids e x tra c te d  from  
biological sam ples. T he fluorogen ic  reactions o f s te ro id s  in s tro n g  acid m edia 
a re  w idely  used for q u a n ti ta t iv e  analysis an d  s tru c tu re  e lu c id a tio n . T he acid 
reag en t con ta ins su lp h u ric  acid , phosphoric  ac id , perch lo ric  ac id  or h y d ro ­
chloric acid to g e th e r w ith  e th an o l, m e th an o l, ace tic  ac id , p h tlia lic  acid 
a n h y d rid e .

E ach  steroid  gives rise  to  several fluo resc in g  species, th e  re la tiv e  in ­
ten s itie s  v a ry in g  w ith  th e  ty p e  and co n c e n tra tio n  o f acid , te m p e ra tu re  and  
o th e r factors.

T he developm ent o f th e  fluorescen t s tru c tu re  is p ro b a b ly  an  a t  least 
th ree -s tag e -reac tio n  p a t te rn .  R eversib le p ro to n a tio n  a t  th e  / l4-C -3-ketone or 
o f  th e  C -3-hydroxyl a t  th e  a ro m atic  А -ring  is th e  firs t s tep . In  th e  second 
one th e  p ro to n a ted  s te ro id  is assum ed to  form  in te rm o lecu la r association  
com plexes a t reac tiv e  s u b s titu e n t sites o f o th e r  ste ro id  m olecules. F ina lly , 
th e  p o s tu la te d  com plexes are  th o u g h t to  b re a k  dow n irrev e rs ib ly  to  yield 
severa l fluorogens. T h e  flu o rescen t p ro d u c ts  a re  p resu m ab ly  trien o n es  [1]. 
L it t le  is, how ever, k n o w n  a b o u t the  m echan ism  o f fo rm atio n  an d  th e  chem ical 
s tru c tu re  of fluo rescen t p ro d u c ts  and it is d ifficu lt to  find  co rre la tio n s betw een  
th e  chem ical s tru c tu re  an d  fluorogenic fea tu re s  (ab so rp tio n  and  em ission
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m a x im a , in te n s ity  of fluo rescence) o f stero ids. F o r ex am p le , in  su lp h u ric  acid / 
e th a n o l  reag en t the  .d4-3 -k e to - a n d  11-h y d ro x y  s tru c tu re  is n ecessary  to  
o b ta in  th e  ch arac teris tic  f a s t  fluo rescence  of co rtico ste ro id s . A second double 
b o n d  in  rin g  A or h a lo g én a tio n  in position  9 abolishes th is  fas t re a c tio n . The 
n e g a tiv e  resu lts  o b ta in ed  w ith  ll/? -h y d ro x y an d ro st-4 -en e-3 ,1 7 -d io n e  suggest 
th e  p re se n c e  of a side-chain . In  th is  side-chain  th e  17 -hydroxy  g roup  and  
th e  2 0 -k e to  group are n o t e s se n tia l b u t  th e  absence o f th e  2 1 -h y d ro x y  group 
c au ses  a n  im p o rta n t decrease o f th e  fa st fluorescence. F luorescence is reduced  
b y  th e  in tro d u c tio n  of an  1 1 -ke to  or 16-hydroxy  g roup .

B y  tre a tm e n t w ith  s tro n g  su lphuric  ac id , co rtico ste ro id s  possessing 
1 1 -h y d ro x y  group yield f lu o re sc e n t deriv a tiv es . T h e ir  c h a rac te ris tic s  are  470 
to  475  n m  ex cita tion  an d  520 to  530 nm  fluorescence. T he basic  p ro ced u re  
fo r th e  d e te rm in a tio n  o f c o rtico s te ro id s  in p lasm a  is an  e x tra c tio n  of th e  
p la sm a  w ith  d ich lo ro m cth an e , ch lo ro fo rm , e th y l a c e ta te , carbon  te tra c h lo r id e  
o r a m ix tu re  of these so lv e n ts , an d  re -ex trac tio n  o f th e  stero ids from  th e  
o rg a n ic  so lv en t in to  th e  su lp h u ric  ac id /e th an o l m ix tu re , follow ed b y  e s tim a­
tio n  o f  th e  fluorescence of th e  ac id  phase . Since th e  m eth o d s o f assay  have  
b e e n  w o rk e d  ou t em pirica lly , m a n y  sligh t v a ria tio n s  are  found  in  th e  lite ra ­
tu r e ;  se v e ra l au tho rs om it som e s tep s  for th e  sake  of sim p lic ity  or ad d  steps 
to  im p ro v e  specificity  and  s e n s it iv ity :  e.g., w ashing  of p lasm a w ith  iso-octane 
or p e tro le u m  ether to  rem o v e  n e u tra l lip ids, s te ro ls: w ashing  of th e  p lasm a 
w ith  a lk a li  to  fix  acid m a te r ia ls , n o ta b ly  oestrogens, w hich h av e  a phenolic 
h y d r o x y  g roup  in th e  A -ring .

A n  im p o rta n t p rob lem  concern ing  th e  flu o ro m c tric  assay  of ste ro id s  is 
t h a t  o f  non-specific fluo rescence  an d  quench ing . S evera l su b stan ces in te rfe re  
w ith  th e  rap id  developm ent o f  th e  su lphuric  ac id /e th an o l fluorescence, e.g., 
su rfa c e  ac tiv e  agents such  as T rito n . T races o f chrom ic acid  are  s tro n g  
q u e n c h e rs . Certain su b stan ces  aspecifically  increase th e  early  fluorescence 
c h a ra c te r is t ic  of the  /14-3 -k e to -l 1 -h y d ro x y ste ro id s . Such is th e  case for tobacco  
sm o k e , p h en o lp h th a le in , a n d  s till un k n o w n  p ro d u c ts  w hich develop  in sto red  
u r in e . F o r tu n a te ly  th is  asp ec ific  fluorescence can often  be d e te c te d  b y  th e  
y e llo w  co lo ra tio n  of th e  f in a l su lp h u ric  ac id /e th an o l m ix tu re . C holestero l and  
c h o le s te ro l esters show a s lig h t fluorescence b u t ow ing to  th e ir  c o n c e n tra tio n  
in  b lo o d , th e y  represen t th e  m a jo r  in te rfe rin g  fluo rogen  in th e  d e te rm in a tio n  
o f p la s m a  corticostero ids [2]. F lack  and  S tockham  [3] p re sen ted  a m eth o d  
to  e lim in a te  the  in te rfe rin g  e ffec t o f cholesterol m a th e m a tic a lly ; it  consists of 
re a d in g  th e  fluorescence o v e r th e  520—540 nm  ran g e . Specific ity  w as g rea tly  
im p ro v e d  b y  the  in tro d u c tio n  o f a co rrec tion  based  on th e  d iffe ren t d eve lop ­
m e n t o f  fluorescence w ith  tim e  o f specific (co rticoste ro id ) an d  non-specific  
f lu o ro g e n s  in  the  su lphuric  a c id /e th a n o l reag en t [4]. R o d en t ovaries secrete 
2 0 « -h y d ro x y p reg n -4 -en -3 -o n e . T h is ste ro id  in te rfe res  w ith  th e  f lu o ro m e tric  
a s sa y  o f  corticosterone; th is  in te rfe ren ce  m ay  be e lim in a ted  b y  w ash ing  w ith
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p e tro leu m  e th e r  [5]. W e r k  e t al. [6] and K e n d a l l  e t al. [7] show ed  th a t  th e  
benzy l alcohol p re se rv a tiv e  com m only found in  com m ercial h ep a rin  so lu tio n s 
also in te rfe res  w ith  th e  flu o ro m etric  te ch n iq u e . In  p a rtia lly  c lo tted  b lo o d  the  
degree or in te rfe rence  w ith  benzyl alcohol is g re a te r . T he n a tu re  o f th e  in te r ­
fering  su b stan ce  in “ im p u re”  d ich lo ro m e th an e  which reacts w ith  benzy l 
alcohol is unknow n . T h e  em ission sp ec tru m  o f th e  in terfering  f lu o ro g e n  is 
id en tica l to  th a t  of cortiso l.

R ep lacem en t o f e th an o l for acid d ilu en ts  resu lts  in an increase  o f  fluo ­
rescence em ission; an  im proved  reag en t consists  o f su lphuric acid , a c e tic  acid 
and fo rm ic  acid in th e  vo lum e ra tio  3 : 1 : 1  in w hich th e  d e v e lo p m e n t of 
fluorescence tak es  1 hr. 11-D eoxycortiso l, co rtico ste ro n e , cortisol a n d  21-deoxy- 
cortiso l p roduce  fluorescence in th e  sam e in te n s ity  range, th e re fo re  th is  
re a g e n t is app licab le  a f te r  ch ro m ato g rap h ic  sep a ra tio n  only [8].

S im u ltan eo u s d e te rm in a tio n  o f co rtiso l an d  co rticoste rone  becom es 
possib le a f te r  sep a ra tio n  by  c h ro m a to g ra p h y  [9, 10] or by so lven t p a r t i t io n ­
ing [11]. T he se p a ra te d  frac tions are  th e n  m easu red  flu o ro m e trica lly . O th e r 
m e th o d s m ake use o f th e  d iffe ren t f lu o rescen t p ro p erties  of th e  tw o  s te ro id s  
to  d e te rm in e  cortisol an d  co rticoste rone  w ith o u t ac tu a lly  s e p a ra tin g  th e m . 
Since th e  fluorescence o f cortiso l develops m ore qu ick ly  th an  th a t  o f  co rtico ­
ste ro n e , th e y  can he reso lved  by read in g  a t  tw o  d ifferen t tim es, f ir s t  w hen 
only  cortiso l is giv ing th e  fluorescence an d  la te r  w hen co rtico ste ro n e  is also 
c o n tr ib u tin g  to  it. Ma t s u m a r a  et. al. [12] deve loped  a m ethod  w hich d if fe re n ti­
a te s  co rtiso l and  co rtico ste ro n e  on th e  basis o f th e  d iffe ren t re la tiv e  flu o rescen ce  
of th e se  stero ids in d iffe ren t s tren g th s  o f ac id  [13]. Cl a r k  and  R u b i n  [14] 
described  a new flu o ro m etric  m ethod  for co rtiso l assay ; it has th e  sp ec ific ity  
an d  re lia b ility  o f len g th ie r  ch ro m a to g rap h ic  p rocedures. I t  uses a m e ta ­
p e rio d a te  o x id a tio n  of co rtico ste ro n e  and  cortiso l to  th e ir  co rresp o n d in g  17x- 
carb o x y lic  acids (4 -and rostene-17*-carhoxy lic  acid  l l/í- tl-3 -o n e  a n d  11,117a- 
d io l-3-one). O nly th e  cortiso l d e riv a tiv e  is flu o rescen t (475 -► 530 nm ) in 
su lp h u ric  acid.

A n u m b e r o f stero ids show a red  (m ax . 540 nm ) fluo rescence  a fte r  
h e a tin g  (85 °C) for 12 m in  in 70%  H 2S 0 4/e th a n o l and  then  d ilu tin g  w ith  
ab so lu te  e th an o l. T he ra tio  of g reen/red  fluorescence  is c o n s tan t a n d  c h a ra c ­
te ris tic  o f each ste ro id  [15]. E e c h a u t e  e t al. [16, 17] rep o rted  a sen sitiv e  
(from  0.005 //g), well rep roduc ib le  and  re la tiv e ly  specific reac tio n  in d u c in g  
red  fluo rescence  for te s to s te ro n e  (17-a an d  17-ß  ep im er) and  an d ro s te n e d io n e . 
T he s te ro id s  are h ea ted  in 65%  H 2SO ,/e th an o l reag en t a t  85 °C fo r 10 m in. 
A fte r cooling, e th an o l is ad d ed ; th e  fluorescence a t  615 nm , w ith  a c tiv a tio n  
light o f  598 nm  is m easu red . T he m eth o d  allow s d e te rm in a tio n  o f te s to s te ro n e  
c o n cen tra tio n s  as found n o rm ally  in m ale h u m a n  p lasm a.

T h e  p resence o f an oxygen fu n c tio n  on C - l l  is usually  considered  neces­
sa ry  for th e  fluorescence o f co rticoste ro ids in  acid/alcohol m ed ia . 11\ th e
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m e th o d  o f  Mu e h l b a e c h e r , Z)4-3 -k e to -1 7 -h y d ro x y ste ro id s  lack ing  a n  oxygen  
fu n c tio n  on C - ll  can  be m easu red  flu o ro m e trica lly  a t  525 nm , w ith  e x c ita tio n  
a t  465  n m , a fte r h e a tin g  in  15 M su lphuric  ac id  o r  9 M perchloric ac id  a t  60 °C 
fo r 2 h o u rs  and ad d in g  m e th a n o l [18].

T o u c h s t o n e  an d  M u r a w e c  [19] d esc rib ed  a fluo rom etric  p ro ced u re  for 
th e  m e a su re m e n t of p ro g este ro n e  in p lasm a. T h e  sam ple  is tre a te d  w ith  2 N 
m e th a n o lic  po tassium  h y d ro x id e  and d isso lved  in  88%  su lphuric  ac id . T he 
flu o re sc e n c e  of th e  H 2S 0 4 so lu tio n  in th e  g reen  reg ion  is th e n  d e te rm in ed . 
P ro g e s te ro n e  exh ib its  som e fluorescence w h en  d isso lved  in  su lp h u ric  acid ; 
p re v io u s  tre a tm e n t w ith  a lk a li causes a h u n d re d -fo ld  increase in  th e  in te n ­
s i ty  o f  fluorescence. A sen sitiv e  assay fo r th e  q u a n tita tiv e  e s tim a tio n  of 
p ro g e s te ro n e  was d ev e lo p ed  b y  H e a p  [20]. T h e  m e th o d  consists o f e x tra c tio n  
o f  p ro g este ro n e  b y  e th e r  fro m  alkalin ized  p la sm a , p ap er ch ro m a to g rap h ic  
is o la t io n , conversion on  20/5-hydroxystero id  d eh y d ro g en ase , c h ro m a to g rap h ic  
p u r if ic a t io n  and  flu o ro m e tric  e s tim ation  o f  th e  20/?-hydroxypregn-4-en-3-one 
in  H 2S 0 4/e th an o l m ix tu re . W ood  [21] ad d s th e  su lphuric  acid to  th e  p ro ­
g e s te ro n e  in m ethano lic  p o ta ss iu m  h y d rox ide  m ed iu m  a fte r oxygen an d  h e a t­
ing . T h e  quenching effect o f  high co n c e n tra tio n s  o f  inorganic a lk a li on th e  
f lu o re sc e n c e  of p ro g este ro n e  d isappears w hen  th e  solu tion  is d ilu te d  w ith  
m e th a n o l .  O xygen m u s t ta k e  p a r t  in th e  re a c tio n  o r ca ta ly se  it ;  it also increases 
th e  fluo rescence  in te n s ity .

T h e  aldosterone m o lecu le  possesses an  1 1 -h y d ro x y  group and a zl4-3 -keto  
g ro u p  h u t  in so lu tion  a ld o s te ro n e  is in eq u ilib r iu m  w ith  its h em i-ace ta l fo rm . 
In  su lp h u ric  acid th e  eq u ilib riu m  will sh ift to  th e  aldehyde form  a n d  e x h ib it 
f lu o re sc e n c e . The e x c ita tio n  and  em ission w a v e le n g th  of a ld oste rone  is 460 
a n d  505 nm , re sp ec tiv e ly , in  36 N H 2S 0 4 a f te r  h ea tin g  [22]. T h e  re c e n tly  
d e sc r ib e d  m ethod  of G ö d i c k e  and  G e r i k e  [23] depends on th e  o x id a tio n  of 
a ld o s te ro n e  using perio d ic  acid  and c o n d e n sa tio n  of the  re su ltin g  fo rm a l­
d e h y d e  w ith  acety l a c e to n e  and  am m onia to  th e  strong ly  flu o rescen t 3,5- 
d ia c e ty l- l ,4 -d ih y d ro lu tid in e  a t  60 °C. T he o x id a tio n  of a ldosterone  ta k e s  one 
h o u r . D estru c tio n  o f th e  ox ida tio n  m ed ium  is necessary  to  o b ta in  a low 
b la n k  v a lu e : it is eq u a l to  a fluorescence in te n s i ty  of less th a n  0.2 fig a ld o ­
s te ro n e . T he m axim um  o f ex c ita tio n  is a t 412 n m , th a t  of em ission, 498 nm . 
T h e  se n s itiv ity  is ro u g h ly  eq u a l to  th a t  o f co rtiso l o r corticosterone  d e te rm i­
n a t io n  b y  the  su lp h u ric  ac id /e th an o l flu o rescen ce  m ethod .

C h a y e n  e t al. [24] describ ed  a f lu o ro m e tric  procedure  for co rtico s te ro id  
a n d  o estrogen  assay . I ts  p rin c ip le  differs from  th a t  of the  above m en tio n ed  
m e th o d s . ED TN  (l-e th o x y -4 -(d ic h lo ro -s -tr ia z in y l)n a p h th a le n c ) is a s tro n g ly  
f lu o re s c e n t  com pound; i t  p roduces flu o rescen t com plexes w ith  th e  pheno lic  
h y d r o x y  groups o f o es tro g en s  and w ith  th e  a lip h a tic  h yd roxy ls o f o th e r  
s te ro id s  in  alkaline m ed iu m  a t  45 °C. T hese flu o re sc e n t s te ro id -E D T N  com ­
p le x e s  a re  e x trac ted  w ith  d ich lo ro m eth an e , s e p a ra te d  on K ieselgel-G  lay e r
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and  in d ica ted  in  U V -light. A fte r e lu tion  w ith  e th an o l, th e  flu o rescen ce  is 
m easu red  a t 352 nm  ex c ita tio n  a n d  419 nm  em ission  w aveleng th . T h e  con­
cen tra tio n -flu o rescen ce  in te n s ity  cu rve  is l in e a r  in th e  0 .1 —25 /tg ra n g e . T he 
m eth o d  is v e ry  sensitive  for oestrogens.

EDTN

F o r th e  fu r th e r  progress o f th e  f lu o ro m e tr ic  analysis o f s te ro id s , a 
deeper know ledge on th e  fo rm atio n  and  n a tu re  o f  fluorogens will he n ecessa ry .

R E FE R E N C E S

1. SciiADÉE, Vi ., R iegelm an , S., J ohnson, L. F .: S tero ids 17, 595 (1971).
2. St e n l a k e , J . B., D a v id so n , A. G., W ill ia m s , W. D „ D o w n ie , W. W.: J .  E ndocr. 46,

209 (1970).
3. F’lack, J ., Stockham , M.: Anal. Biochem. 27, 47 (1969).
4. Stahl, F ., D örner , G.: A cta Endocr. (K bh.) 51, 15 (1966).
5. Callard, G. V., Callard, I. P.. L ethem , J . H .: P roc. Soc. Exp. Biol. (N. Y .) 118, 745

(1965).
6. W er k , E. E .. J r .,  T heiss , K. E ., Cho i,Y . K ., Ma r n e l l , II. T.: J . clin. E ndocr. 27, 1350

(1967).
7. K endall, J .  W ., E gans, M. L., Stott, A. K .: J .  clin. Endocr. 28, 1373 (1968).
8. E dw ards, R . W. H .: J . Endocr. 26, iii (1963).
9. Stolecke, H .: H orm one Metab. Res. 2, 298 (1970).

10. Bondy , P. K „ U pto n , G. V.: Proc. Soc. exp. Biol. (N. Y .) 94, 585 (1957).
11. Ma r t in , M., Ma r t in , A.: J .  clin. E n d o cr. 28, 1371 (1968).
12. Matsum a ha , M ., K u rosa w a , A ., Og aw a , Y.: S tero ids 9, 537 (1967).
13. Stew a rt , C. P ., Albert-R echt, F ., Osma, L. M.: Clin. chim . Acta 6, 696 (1961).
14. Clark , B. R ., R u b in , R. T.: Anal. Biochem. 29, 31 (1969).
15. Orti, E., N eu w ir t h , J ., Scharonn, J .:  Anal. B iochem . 32, 381 (1969).
16. E e c h a u t e , W ., D e m e e s t e r , G., L e u s e n , I.: S teroids 16, 277 (1970).
17. E echaute, W ., D em eester , G., Le u sen , I.: Clin. chim . A cta 32, 297 (1971).
18. Muehlbaecher , C. A., Smith, E. K .: Steroids 16, 277 (1971).
19. T ouchstone, J .  C.. M u ra w ec . T.: Anal. Chem. 32, 822 (1960).
20. H ea p , R. B.: J . Endocr. 30, 293 (1964).
21. Wood, W. A.: Steroids 11, 347 (1968).
22. Bru in w els, J . ,  van N o rdv ijk , J .: N ature (Lond.) 193, 1260 (1962).
23. Gö d ic k e , W., Ge r ik e , U.: Steroids 17, 59 (1971).
24. Chayen , R ., Gould , S., H a hell, A., Stead , C. V.: A nal. Biochem. 39, 533 (1971).

A c t a  M e d i c a  A c a d e m i a ?  S c i e n t i a r u m  H u n g a r i a n ?  2 0 .  1 0 7 2





Acta Medica Academiae Scienliarum Hungaricae, Tomus 29 (1 —2), pp. 131 — 135 (1972)

ESTIMATION OF H AND UC LABELLED STEROIDS 
BY THE LIQUID SCINTILLATION TECHNIQUE

By

L. CsERNAY

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

T h e use o f :!H  an d  14C labelling  m ark s  a considerab le  progress in  th e  
q u a lita tiv e  an d  q u a n ti ta t iv e  s tu d ies  o f s te ro id s . B o th  trace rs  em it lo w -en erg y ,
i.e ., “ so f t” b e ta  ra d ia tio n , th ere fo re  th e ir  m ea su re m e n t requires excessive  
se n s itiv ity . T he liqu id  sc in tilla tio n  tech n iq u e  is su p erio r to  th e  p ro c e d u re s  
h ith e r to  em ployed  in re sp ec t o f  p rac tica lly  ev e ry  p a ra m e te r  (efficiency , b a c k ­
g round , e tc .), p re p a ra tio n  o f th e  sam ple is easy  an d  th e  e q u ip m e n t len d s 
itse lf  to  seria l e s tim a tio n s . T he d ifficu lties in v o lv ed  b y  th e  m e a su re m e n t o f 
soft ra d ia tio n  h av e  th u s  been  p rac tica lly  overcom e. T he liquid  sc in ti l la tio n  
tech n iq u es  can he tra c e d  back  to  th e  o b se rv a tio n s  o f R a y n o l d  an d  K a l l m a n  
(1950) w ho d e m o n s tra te d  th a t  ce rta in  organic co m p o u n d s dissolved in  o rg an ic  
so lven ts sc in tilla te  on exposu re  to  ionizing ra d ia tio n  (F ig . 1).

T h e  m echan ism  o f flu id  sc in tilla tio n  com prizes th ree  phases.
1. T he ra d io a c tiv e  p a rtic le s  excite  th e  m olecules o f  th e  so lven t.
2. T h e  exc ited  m olecules o f th e  so lv en t tra n s m it  th e ir  energy  su cces­

sively  from  one m olecule to  th e  o th e r and  to  th e  sc in tilla to r m olecules. T h e  
ex c ited  sc in tilla to r  m olecules p roduce  fluo rescence  a n d  em it ligh t.

3. T h e  f lu o rescen t lig h t e ith e r  a t ta in s  th e  p h o to sen sitiv e  c a th o d e  o f  th e  
d e te c to r  or is ab so rb ed  in  i t  in  th e  presence o f  “ seco n d ary  sc in tilla to r”  m o le ­
cules a n d  is re e m itte d  a t  som e o th e r w av e len g th  befo re  a tta in in g  th e  m e a su r­
ing d e tec to r .

T h e  p ro p e rtie s  o f  th e  so lven t are  essen tia l. T oluol is co nsidered  th e  
o p tim u m  so lven t in  ev e ry  resp ec t, in  p a r tic u la r , as regards its  c o u n tin g  
efficiency , its  fav o u rab le  so lv en t p ro p ertie s , its  h ig h  tra n sp a re n c e  in  th e  ra n g e  
o f  th e  sc in tilla to r  sp ec tru m , its  low freezing p o in t, an d  th e  easiness o f  its  
p u rific a tio n .

T h e  m ost ex ten s iv e ly  u sed  p rim ary  sc in tilla to r  is 2 ,5 -d ip h en y lo x azo l, 
P P O . S ince th e  sp ec tru m  o f lum inescen t ra d ia tio n  o f  th e  p rim ary  s c in tilla to rs  
does n o t co rrespond  to  th e  m ax im um  ran g e  o f  sen s itiv ity  of th e  p h o to ­
sensitive  p h o to c a th o d e , we h av e  to  use a w av e len g th  sh ifte r, called se c o n d a ry  
sc in tilla to r , so as to  sh if t th e  spec tru m  to  th e  desired  range. T he su b s ta n c e  
com m only  used  for th is  p u rp o se  is d im e th y l P O P O P .
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Photomult ip l ie r

Fig. 1

T h e  steroids a f te r  a d e q u a te  e x tra c tio n  g en era lly  dissolve w ell in  to luo l. 
A q u e o u s  m edia su ch  as p lasm a , serum , u r in e  or exclusively  w a te r-so lu b le  
s te ro id  su lphates, pose  som e d ifficu lty . T o lu o l form s no aq u eo u s so lu tio n , 
th e re fo re  sim ple m ix in g  is no t p ra c tic a b le . S o lv en t-sc in tilla to r m ix tu re s  
s u ita b le  for th e  m e a su re m e n t of th e  a q u eo u s  phase  are too  n u m ero u s  to  he 
k e p t  in  evidence. B ra y ’s so lu tion  m ade u p  o f  d ioxane and  n a p h th a le n e , or a 
m ix tu re  of to luol a n d  T rito n -X -1 0 0  d e te rg e n t (2 : 1) are g en era lly  used  for 
th is  p u rpose . T he e ffic iency  of th e  in d iv id u a l m ix tu re  is exp ressed  b y  th e  
p ro d u c t  of its h y g ro sco p ic ity  and  of its  c o u n tin g  efficiency. T he g re a te r  th is  
v a lu e ,  th e  m ore su ite d  th e  m ix tu re  for th e  m ea su re m e n t of sam ples o f aqueous 
m e d ia . In  th e  la s t tw o  y e a rs  we have b een  u s in g  for m easu rem en t in  aqueous 
p h a s e  a m ix tu re  o f to lu o l an d  T rito n  X -100  d e te rg en t.

O ne of th e  g re a te s t  problem s o f l iq u id  sc in tilla tion  c o u n tin g  is the 
“ q u e n c h in g  ac tion”  w h ich  te rm  is app lied  to  a ll fac to rs  th a t  a ffect th e  efficiency 
o f  f lu id  scin tilla tion . W e h av e  to  deal w ith  th re e  ty p es of q u en ch in g .

1. C oncen tra tion  q u ench ing  or se lf-q u en ch in g  in w hich th e  p h en o m en o n
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is b ro u g h t a b o u t by  th e  s c in tilla to r  m olecule itse lf . T h is effect increases "with 
th e  c o n cen tra tio n  o f th e  sc in tilla to r  an d  th e  te m p e ra tu re  of th e  so lu tio n .

2. E x te rn a l quen ch in g . M any  substances in h ib it  th e  tra n sfe r  o f en erg y  
to  th e  sc in tilla to r. T he en e rg y  o f  th e  excited  so lv en t m olecule is tra n sfo rm e d
in to  h ea t an d  is lo st, b y  th is  fa c t, 

Som e com pounds in v o lv ed  in

D ilu ters
Alcohols
O lefins
E th e rs
S a tu ra te d  h y d ro ca rb o n s  
F  an d  Cl a lkanes

to  m easu rem en t, 
liquid sc in tilla tio n :

Q uenchers 
K etones
A rom atic  Cl a n d  B r com pounds 
A m ines
T h io p h en e  d e riv a tiv e s

The d ilu te rs  reduce th e  c o u n tin g  efficiency to  a s ligh t degree, th e  q u e n c h ­
ers have  a s tro n g  effect o f  th is  k ind .

3. C olour e x tin c tio n . L u m in escen t ra d ia tio n  is reduced  by  c e r ta in  s u b ­
s tan ces  w hich abso rb  w ith in  th e  range of th e  ra d ia tio n  w aveleng th . S u b ­
stances o f th is  k in d , ch rom ogens, produce a q u en ch in g  effect as a re su lt of 
a b so rp tio n .

T he q u en ch in g  effect m akes a checking  o f  th e  co u n ting  effic iency  
obv iously  ind ispensab le . S ince p rac tica lly  ev e ry  sam p le  is quenched  to  som e 
degree, th e  co u n tin g  effic iency  n ev e r a tta in s  100 p e r  cen t. T here are  v a rio u s  
m e th o d s for th e  a sc e r ta in m en t an d  con tinuous ch eck in g  of coun ting  effic iency .

S ta n d a rd iz a tio n  p ro ced u res:

In te rn a l s ta n d a rd  m e th o d
E x tra p o la tio n  m e th o d
C olorim etry
In te g ra l co u n tin g  m e th o d
C hannel ra tio  m ethod
E x te rn a l s ta n d a rd  m e th o d .

One o f th e  m ost re liab le  procedures is based  on th e  p rincip le  of in te rn a l 
s ta n d a rd . To th e  m easu red  sam p le  an  a c tiv ity  o f  kn o w n  m ag n itu d e  is ad d e d  
a n d  m easu rem en t is re p e a te d . T h e  c h an n e l-ra tio  m e th o d  has also gain ed  
general a ccep tan ce . T he q u en ch in g  effect n o t o n ly  reduces th e  co u n t r a te  b u t  
also sh ifts th e  sp ec tra  to  a low er energy level. I f  th e  sam ple is m easu red  on 
tw o su itab le  channe ls, th e  c o u n tin g  efficiency can  be in fe rred  from  th e  chan g es 
in th e  p ro p o rtio n  o f th e  c o u n tin g  ra tes  reco rded  from  th e  tw o chan n e ls . T h e  
e x te rn a l s ta n d a rd  p ro ced u re  is regarded  to d a y  as th e  sim plest a n d  m o st 
m odern  te c h n iq u e . H ere to o  it  is th e  ra tio  o f th e  c o u n t ra te s  reco rded  from  
th e  tw o ch anne ls w hich defines th e  efficiency w ith  th e  aid  of a c a lib ra tio n  
cu rve . F o r th is  pu rpose  one o r tw o  ex te rn a l g a m m a -e m ittin g  iso topes, u su a lly

Acta Mediea Леи demine Scienliurum Hungnricae 29, 1972



1 3 4 L. CSERNAY

r a d iu m  o r am ericium , a re  em ployed . T h e  g am m a-rad ia tio n  p e n e tra te s  in to  
th e  sa m p le  and  gen era tes  co m p to n  e lec trons w hich  p roduce a sc in tilla tio n  o f 
th e  sa m e  k ind  as b e ta - ra d ia tio n . T he m o d e rn  devices are  a ll eq u ip p e d  w ith  
e x te rn a l  s tan d ard s .

T h e  a rran g em en t o f th e  m easu ring  cell an d  of th e  p h o to m u ltip lie rs  
p ro v id e  fo r a “ v o lu m e-in d ep en d en t” m e a su re m e n t w hich is due  to  th e  fac t 
t h a t  b e tw e e n  5 and 20 m l th e  changes in  th e  vo lum e of th e  sam p le  leave  th e  
c o u n tin g  efficiency p ra c tic a lly  u n affec ted . T h is m akes it  c o n v e n ie n t to  use 
sa m p le s  less th a n  10 m l in  vo lum e.

Amplification : 100 p e r  c en t  Amplification-.  9 p e r c e n t

D ou b le  labelled sam p les  are  in c reasin g ly  used  in re c e n t y e a rs  fo r th e  
e s t im a tio n  of stero ids. F o r  in stan ce  th e  3H  a n d  th e  14C form s o f  th e  sam e 
s u b s ta n c e  sim u ltaneously  in d ic a te  th e  e x tra c tio n  losses a n d  th e  su b stan ce  
i tse lf . T h e  m odern m u ltic h a n n e l e q u ip m en ts  p rov ide  for th e  s im u ltan eo u s
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m e a su re m e n t o f :iH and  UC in  th e  sam e sam p le  (F ig. 2). A se lec tio n  o f the  
degree o f am plifica tion  a n d  o f  th e  u p p e r a n d  low er level o f  th e  d iffe ren tia l 
d isc rim in a to r  allows th e  '’H  to  p roduce  h u t a m in im um  increase in  th e  c o u n t­
ing  ra te  o f  th e  14C -channel a n d , th e  14C, to  p ro d u ce  an  increase o f  a defin ite  
ra tio  in  th e  coun ting  ra te  o f  th e  channel se lec ted  for th e  m e a su re m e n t o f :,H. 
T h e  n e t 3H  a n d  14C counts a re  co m p u ted  b y  su b s titu tin g  th e  o v e rla p  q u o tien ts  
in to  an eq u a tio n  of tw o u n k n o w n  q u a n titie s . As th e  th ird  fa c to r , we have 
to  know  th e  quenching e ffec t because o f th e  in fluence o f its  v a r ia tio n s  on 
th e  m a g n itu d e  of the  overlap -co effic ien ts  (F ig . 3). In  th e  case  o f  double 
labelling  th e  coun ting  effic iency  is obv iously  in fe rio r to  th a t  a t ta in e d  b y  th e  
use of a single label, h u t th is  sh o rt-co m in g  is o ffset by  n u m ero u s a d v a n ta g e s . 
T he ted io u s  calcu lations in v o lv e d  b y  doub le  labelling  is e lim in a te d  to d a y  b y  
th e  use o f da ta -p rocessing  sy s te m s . F o r  th e  ca lcu la tio n  of n e t c o u n ts  o f  double 
labelled  sam ples лее also u se  co m p u te r  p ro g ram s.
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COMPETITIVE PROTEIN BINDING ASSAY 
OF CORTICOSTERONE

By

A. S p ä t

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST, HUNGARY

T he m ethod  p u b lished  by  M u r p h y  in  1967 in w hich th e  p rin c ip le  of 
co m p e titiv e  p ro te in -b in d in g  assay  w as ap p lied  fo r v a rious stero ids h as  o p en ed  
new  asp ec ts  in th e  analysis  o f s te ro id  h o rm o n es. T he basic steps o f  th e  p ro ­
ced u re  are  as follows. T ritia te d  s te ro id  is ad d e d  to  a specific s te ro id -b in d in g  
p ro te in , e.g., to  tra n sc o rtin . T he p ro te in  b in d s  th e  m a jo rity  of th e  t r i t ia te d  
s te ro id . I f  cold s te ro id  is now ad d e d  to  th e  sy s te m , i t  d isplaces th e  t r i t i a te d  
h o rm o n e  from  th e  p ro te in  recep to r, th e  a m o u n t o f displaced h o rm o n e  being  
re la te d  to  th a t  of th e  cold ho rm one. T he a m o u n t o f  cold horm one a d d e d  to  
th e  system  can now  be d e te rm in ed  b y  e s tim a tin g  th e  residual p ro te in -b o u n d  
frac tio n  w ith  th e  aid  o f a ca lib ra tio n  cu rve . T h is  sim ple p ro ced u re  m a y  be 
regarded  as e q u iv a len t in sen s itiv ity  to  th e  d o u b le  iso tope d ilu tion  te c h n iq u e s .

T he m eth o d  has recen tly  been  ap p lied  b y  S c h u l s t e r  et al. (1970) for th e  
assay  o f  co rtico ste ro n e  (B ) ,  and  b y  M a y e s  e t  a l. (1970) and B a y a r d  e t al. 
(1970) for th a t  of a ldoste rone . O u r a im  has b een  to  a d a p t  these tw o p ro ced u re s  
to  th e  assay  of b o th  horm ones in  ra t  p la sm a  or in the  in cu b a tio n  m ed ium  
id ad ren a ls . T his req u ires  p re lim in a ry  se p a ra tio n  o f th e  co rtico s te ro id s . 
A d eq u a te  sep ara tio n  has th e  a d d itio n a l a d v a n ta g e  o f increasing th e  sp ec ific ity  
o f  th e  assay .

T he p rocedure  is basically  as follows: 1000 1500 cpm  o f 3H  В is ad d e d
to  th e  sam ple p rio r  to  e x trac tio n  in  o rd e r to  check analy tica l losses. T h e  
p lasm a sam ples to  be exam ined  a re  o f a v o lu m e  con ta in in g  10 to  100 ng  B. 
E x tra c tio n  is ca rried  o u t w ith  3 x 5  vol m e th y le n e  chloride. A t th e  first 
e x tra c tio n  th e  sam ple  is a lka lin ized , an d  th e  a lka li is rem oved from  th e  
co llec ted  organic p h ase  b y  w ash ing  f irs t  w ith  ace tic  acid , su b se q u e n tly  w ith  
d is tilled  w a te r. N a .,S 0 4 is used for d ry in g . In  th e  case of larger p lasm a  vo lu m es 
th e  n o n p o la r  lip ids are  rem oved b y  p a r ti t io n in g  betw een  70%  m e th a n o l an d  
to lu en e-h ex an e  1 : 9. T h e  stero ids a re  se p a ra te d  b y  th in -la y e r c h ro m a to g ra p h y , 
using  a 0.3 m m  th ic k  Kieselgel G lay e r to  w hich  0 .5%  L e u c h tp ig m e n t has 
been  ad d ed . The p la tes  are  a c tiv a te d  a t  110 °C fo r 40 m inu tes. T he d ry  resid u e  
is ap p lied  w ith  m e th y len e  chloride—m e th a n o l 1 : 1 ,  an d  ru n  by th e  sandw ich  
te c h n iq u e . T he so lv en t is a m ix tu re  of ch lo ro fo rm  —acetone — ac e tic  acid
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100 : 40  : 2 .5 . T his sy s tem  re liab ly  sep a ra te s  n a tu r a l  and  sy n th e tic  s te ro id s  
w h ich  m a y  possib ly  in te rfe re  w ith  one a n o th e r . In  order to  d e te rm in e  the  
ru n n in g  d is tan ces , s ta n d a rd s  a re  ru n  p a ra lle lly  w h ich  are de tec ted  in  U V -ligh t 
a t  254 jitm. T he spo t co rresp o n d in g  to  c o rtico s te ro n e  is e lu ted , e v a p o ra te d  
a n d  red isso lv ed  in 1 m l m e th y len e  ch lo rid e— m e th a n o l. A 0.3 a liq u o t o f  th e  
e lu a te  is used for reco v e ry -s tu d ies , and  tw o  o th e r  sim ilar a liq u o ts  se rv e  for 
th e  a s sa y .

F o r  th e  assay , a b in d in g  so lu tion  is u sed  w h ich  con ta in s 2 to  4 /rCi :iH  В 
a n d  2 m l m ouse serum  p e r  100 m l. P a ra lle l a ssay s  are p erfo rm ed  w ith  th e  
sam p le s  as well as w ith  th e  s ta n d a rd s . T h e  e x tra c ts  of th e  sam ples a n d  th e  
s ta n d a rd s  are tra n sfe rre d  to  s to p p ered  c e n tr ifu g e  tu b es , and  e v a p o ra te d  to  
d ry n e s s . O ne m l of th e  b in d in g  solution  is a d d e d  to  each tu b e , in c u b a te d  a t  
38 °C fo r  5 m in u tes  p e rm ittin g  eq u ilib ra tio n  b e tw een  p ro te in , lab e lled  an d  
cold  B . F o r  th e  se p a ra tio n  o f  p ro te in -b o u n d  В from  th e  free one, 43 m g of 
p r e t r e a te d  F lorisil, cap ab le  o f  adsorb ing  free B , is a d d ed  to  th e  m ix tu re . Since, 
h o w e v e r , th e  p ro te in  w^ould ra p id ly  release th e  b o u n d  stero id , th e  sy s tem  is 
p re v io u s ly  cooled to  4 °C a t  w hich  te m p e ra tu re  th e  p ro te in -s te ro id  com plex  
d isso c ia te s  fa r  m ore slow ly. A fte r  vigorous sh a k in g  for 120 sec th e  tu b e s  are 
le ft in th e  ice b a th  for 5 m in u te s  during  w hich  tim e  th e  F lorisil se ttle s . Now 
th e  sa m p le s  are d ecan ted  a n d  betw een  th e  1 0 th  a n d  20th  m in u te , 0.5 m l of 
th e  d e c a n te d  sam ples is p ip e tte d  over to  th e  sc in tilla tio n  cock ta il, th e  ra d io ­
a c t iv i ty  o f w hich is m easu red  by  a liqu id  sc in tilla tio n  sp ec tro m e te r . T he 
c a lib ra t io n  curve is c o n s tru c te d  by  p lo ttin g  th e  p ercen tage  of p ro te in -b o u n d  
:iH  В  a g a in s t th e  s ta n d a rd  В added . C a lcu la tio n  o f p ro te in -b o u n d  В invo lves 
c o rre c tio n  for th e  ineffic iency  of F lorisil to  a d so rb  B, as e s tim a ted  b y  th e  
use o f  “ p ro te in -free”  so lu tio n . This has th e  sam e  com position  as th e  b in d in g  
so lu tio n  w ith  th e  ex cep tio n  o f  serum . Tw o p ro te in -free  tub es are  su b je c te d  
to  th e  e n tire  p rocedure , f in a lly  th e  degree o f F lo risil-ad so rp tio n  is d e te rm in e d  
b y  m e a su rin g  th e  a c t iv i ty  o f  th e  tr i t ia te d  s u p e rn a ta n t . In  a d d itio n  to  th is  
c o rre c tio n , considera tion  is g iven  to  the fa c t t h a t  :!H  — В has been a d d e d  to  
th e  sa m p le s  a t th e  s ta r t  o f th e  assay  in  o rd e r to  check th e  recovery .

F ig . 1 show s th e  n o n -co rrec ted  an d  th e  co rrec ted  ca lib ra tio n  cu rves. 
T h e  v a lu e s  read  from  th e  ca lib ra tio n  curve  a re  co rrec ted  for reco v ery  o f  th e  
sa m p le  a n d  th e  b lan k . A v erag e  recovery  a f te r  ch ro m ato g rap h y  w as 5 2 %  in 
48 cases .

T o  te s t  th e  accu racy  o f th e  m ethod , a k n o w n  am o u n t o f В w as a d d ed  
to  0.5 m l physio logical saline a n d  th e  analysis  w as carried  ou t (F ig . 2). B e tw een  
10 a n d  100 ng th e re  w as a lin ear co rre la tio n  be tw een  th e  ad d ed  a n d  th e  
m e a su re d  am o u n ts , th e  co rre la tio n  coefficien t b e in g  0.990 and  m ean  reco v ery  
92 .6  ±  13 .6% .

T h e  precision o f th e  p rocedure  w as c o m p u te d  on th e  basis o f  p a ra lle l 
m e a su re m e n ts  of know n a m o u n ts  of B. B e tw een  10 and  100 ng th e  v a r ia tio n
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c o e ffic ien t o f th e  d u p lica te s  w as 10.7% . A n a lte rn a tiv e  m ethod  fo r check ing  
th e  p rec is io n  was to  p e rfo rm  repeated  m e a su re m e n ts  from p lasm a poo ls of 
d if fe re n t В -co n ten ts  (F ig . 3). T he v a ria tio n  co e ffic ien t was 12.9%  fo r th e  f irs t, 
3 .8 %  fo r  th e  second pool, w hereas for th e  th i r d  pool tw o m e a su re m e n ts  
y ie ld e d  id en tica l va lues. T h e  co n cen tra tio n  o f  В in  th e  th ree  pools v a r ie d  in 
a ra n g e  o f m ore th a n  tw o  o rders of m a g n itu d e .

W a te r-b lan k  was 1.92 ^  2.08 ng in  12 cases and  was u n re la te d  to  th e  
v o lu m e  o f th e  sam ple in  th e  0.5 to  5 m l ra n g e .

T h e  sen s itiv ity  o f th e  m ethod , i.e ., th e  sm allest am o u n t s ig n if ic a n tly  
d if fe re n t from  zero (a f te r  co rrec tion  for th e  b la n k ), was c a lcu la ted  to  be 
a b o u t  2.4  ng.

In  o rd er to  increase specific ity  m ouse se ru m  was used as a so u rce  of 
t r a n s c o r t in ,  since it  b in d s co rticoste rone  w ith  g re a t  specificity . T he r a t  sam ples 
c o n ta in  no cortiso l a n d  cortisone . D ex a in e th a so n e , frequen tly  u sed  fo r th e  
p re tr e a tm e n t  of la b o ra to ry  an im als as well as p rogesterone  being  p re s e n t in 
sm a ll a m o u n ts , are  s e p a ra te d  by  th in - la y e r  ch ro m a to g rap h y .

T h e  n o rm al va lues y ie ld ed  by  th e  p re se n t m ethod  correspond  to  tho se  
r e p o r te d  in  th e  lite ra tu re .

T h e  resu lts  o b ta in ed  b y  th e  p ro ced u re  a re  largely  due, in a d d itio n  to  
th e  p u r if ic a tio n  o f th e  iso to p e , to  th e  in te n se  pu rifica tion  of th e  o rgan ic  
so lv e n ts  o f  a n a ly tic a l g rad e . T he in tro d u c tio n  o f  th e  rad io im m u n o assay  of 
a ld o s te ro n e  is in  p rogress.

W e are indebted to Dr. T. Garzó (In stitu te  of M edical Chemistry, U niversity  Medical 
School, B udapest) for critical com m ents and valuable aid  in the liquid scintillation m easure­
m en ts, to  Mr. B. K anyár and  Miss Ju d ith  Szutrély (Section  of Computer Technique, U niver­
sity  M edical School, B udapest), for preparation of th e  com puter program and th e ir  aid in 
the  calculations; to Drs S turcz and  T. Harza (In s ti tu te  of Physiology, U niversity  Medical 
School, B udapest) and to  Dr. Zs. Acs (Institu te  of E x perim en ta l Medicine, H ungarian  A cadem y 
of Sciences), for their valuable advices.
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SEPARATION AND IDENTIFICATION 
OF FREE AND ESTERIFIED 17-KETOSTEROIDS

By

I. T ó t h  and Г. F a r e d i n

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

I t  has long been  know n th a t  in h u m a n  u rin e  the  17 -k e to ste ro id s  occur 
p re d o m in a n tly  in  th e  form  of 1 7 -k e to ste ro id  su lp h a te s  (17-Ks-S) a n d  17-keto- 
s te ro id  g lucuron ides (17-K s-G ). D éh y d ro ép ian d ro s té ro n e  (DMA) a n d  an d ro - 
s te ro n e  (A) in p e rip h e ra l blood a re  also fo u n d  in  th e  m ain in th e  fo rm  of 
su lp h a te  esters. M oreover, th e  te s tic le s , ovaries an d  ad renal c o rtex  h a v e  also 
been  show n in re c e n t years to  be cap ab le  o f sy n thesiz ing  17-Ks-S in  ad d itio n  
to  free 17 -ketostero ids. This has d ire c te d  a t te n tio n  to  the  b io ch em ica l an d  
physio log ica l role o f 17-Ks este rs . T h e  p re se n t re p o rt deals w ith  th e  p ro ­
cedures developed  in  our lab o ra to rie s  for th e  s tu d y  of 17-Ks e ste rs  in  h u m an  
b lo o d  an d  sw eat.

In  earlier re p o rts  ( F a r e d i n  a n d  T ó t h , 1964a, 1964b; 1965; F a r e d i n ,
1965) we p o in ted  o u t th e  a d v a n ta g e s  o f th e  sep a ra tio n  of s te ro id  g ro u p s of 
d iffe ren t p o la ritie s , in p a r tic u la r  p reg n an ed io ls , p regnanetrio ls  an d  17-hydro- 
co rtico ste ro id s , on a “ N ym co”  flo ris il co lum n. Since th e  free 1 7 -k e to ste ro id s  
a n d  th e ir  su lp h a te  an d  g lucu ron ide  este rs  h a v e  sign ifican tly  d iffe re n t p o la ­
r itie s , we h av e  a tte m p te d  th e ir  s e p a ra tio n  on a “ N ym co” florisil co lu m n .

T he schem e o f th e  p rocedure  is p re sen ted  in  Fig. 1.

Free

ÍÜ 40 -Ito
301
20-
10

17-Ks. 17-Ks-S. 17-Ks-G.

number of 
eluates

Fig. 1. Separation of free and esterified 17-ketosteroids on a 1.5 g “ Nymco” -florisil colum n. 
Free 17-Ks =  dehydroepiandrosterone, androsterone. 17-Ks-S =  dehydroepiandrosterone 
su lphate , androsterone sulphate. 17-Ks-G =  dehydroepiandrosterone glucuronide, andro­

sterone glucuronide, etiocholanolone glucuronide
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“ N ym co”  flo risil (1 .5  g) was su spended  in  24 m l benzene in  a co lum n . 
T h e  17-ketostero id  m ix tu re  was dissolved in  1 m l m eth an o l and tra n s fe r re d  
to  th e  colum n. T he s o lu tio n  was elu ted  d ro p w ise  from  th e  co lum n, a n d  th e  
e n tire  procedure w as re p e a te d  w ith  a fu r th e r  24 m l benzene and  1 m l m e th an o l. 
T h e  tw o  25 m l e lu a tes  w e re  com bined: th is  w as fra c tio n  0. The co lu m n  w as 
n e x t  w ashed  w ith  3 x 2 0  m l 4 %  m ethano l in  b en zen e , to  give frac tio n s  1 —3. 
F ra c tio n  0 co n ta in ed  a ll th e  free 17 -ke to ste ro id s .

T h e  colum n w as su b se q u e n tly  e lu ted  w ith  5 X 20 m l 20%  m e th a n o l in  
b e n z e n e ; these frac tio n s  c o n ta in e d  th e  17-K s-S . I n  o rd e r to  o b ta in  th e  17-K s-G , 
th e  co lum n was e lu te d  w ith  4 x 2 0  ml 75 %  m e th a n o l in  benzene.

As can he seen fro m  F ig . 1, th is  c h ro m a to g ra p h ic  procedure is su itab le  
fo r  th e  separa tion  o f  1 7 -k e to ste ro id s  in to  free , 17-K s-S  and  17-K s-G  groups. 
H o w ev e r, the  1 7 -k e to s te ro id s  occurring in  b io log ica l fluids (b lood , u rine , 
sw ea t)  a re  accom pan ied  b y  large am ounts o f fo re ig n  chrom ogens, a n d  w ith o u t 
a d d itio n a l p u rifica tion  th e y  a re  still no t su ita b le  fo r q u a n tita tiv e  d e te rm in a tio n .

T h e  sep ara tio n  o f  17 -ketostero ids in to  free , 17-K s-S an d  17-K s-G  f r ic ­
tio n s  b y  th in -lay e r c h ro m a to g ra p h y  is b ased  on  th e  p rocedure describ ed  by  
S a r f a t y  an d  L i p s e t t  (1966). As T able  I  show s, w hen c h ro m a to g ra p h y  was 
p e rfo rm ed  on a 0.25 m m  th in - la y e r  of silica-gel-G  or A120 3-G as a d so rb e n ts  
in  so lv en t system  I  (a b so lu te  e thano l — e th y la c e ta te  — N H 4O H , 5 : 5 : 1 ,  
v /v /v ) , b o th  a d so rb en ts  p ro v e d  su itab le  fo r  th e  sep a ra tio n  of th e  frac tio n s  
re fe rre d  to  above. T h e  17-K s-G  rem ained  a t  th e  s ta r t in g  po in t, th e  1 7 -K s-S  
w ere  a t  th e  m iddle a n d  th e  free 17-Ks ra n  n e a r  th e  fro n t. Since th e  17-K s-G

Table I

Separation o f free and esterified 17-ketosteroids by thin-layer chromatography

Al.O. G Silica-gel-G

Steroids
Solvent system I Solvent system I Solvent system II

Running 
distance 
in cm R/

Running 
distance 
in cm R/

Running 
distance 
in cm R/

D ehydroepiandrosterone........................... 16.8 0.96 14.8 0.85 — —

A ndrosterone .............................................. 16.8 0.96 15.2 0.89 — —
Etiocholanolone .......................................... 16.8 0.96 14.9 0.86 —

D ehydroepiandrosterone s u lp h a te ......... 9.8 0.56 9.7 0.56 15.0 0.86
A ndrosterone sulphate .............................. 9.7 0.56 9.8 0.56 15.5 0.89
D ehydroepiandrosterone g lucuronide . . 0.0 0.00 0.7 0.04 7.5 0.43
A ndrosterone g lucuronide......................... 0.0 0.00 0.9 0.05 8.6 0.49
Etiocholanolone glucuronide .................. 0.0 0.00 0.7 0.04 8.1 0.46

System  I (Sa r fa ty  and L i p s e t t , 1966): abs. ethanol : e thy l acetate : NH4OH, 5 : 5 : 1  (v/v/v) 
System  II : methanol : e thy l ace ta te  : NH4OH, 50 : 50 : 18 (v/v/v)
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d id  n o t  m ove, th is  so lv en t system  w as u n su ita b le  for th e ir  a n a ly tic a l s tu d y . 
T h e  use of so lven t system  I I  (m e th an o l — e th y l a c e ta te  N H 4O H , 50 : 50 : 
18, v /v /v ) on a silica-gel-G  th in - la y e r  caused  th e  17-K s-G  frac tio n  to o  to  ru n  
a n d  hence to  be read ily  sep arab le  from  th e  17-K s-S.

W ith  these  th in - la y e r  ch ro m a to g rap h ic  p rocedures, th e re fo re , it  is 
possib le  to  iso late  th e  1 7 -k e toste ro ids as th e  17-K s-S an d  17-K s-G  es te r 
f rac tio n s  and  also in  th e  free form .

T he a p p licab ility  of these  p ro ced u res  for q u a n ti ta t iv e  pu rposes depends 
on  th e  ex ten t o f recovery  o f th e  free stero id s  an d  th e ir  s tro n g ly  p o la r  17-K s 
e s te rs  from  th e  a d so rb e n t. T he resu lts  o f ou r s tud ies on th is  q u e s tio n  are 
show n  in T ables 11 an d  I I I .  I t  can  be seen th a t  95 to  96%  o f th e  a u th e n tic  
free 17-K s, 89%  o f th e  D IIA -S  an  60 %  o f th e  D H A -G  were reco v ered  from  
th e  “ N ym co”  florisil co lum n.

Table II

Recovery o f free and esterified 17-ketosteroids from  a 1.5 g “Nymco” flo risil column

Steroids Number 
of tests

Recovery

Limits, 
per cent

Mean, 
per cent

D ehydroepiandrosterone................................... 4 92 99 96
Androsterone ....................................................... 6 91—99 96

6 92—99 95
[7a—3H ]-dehydroepiandrosterone sulphate . 10 8 2 -9 8 89
Androsterone sulphate ..................................... 8 6 8 -8 4 78
D ehydroepiandrosterone g lu cu ro n id e ........... 4 5 4 -6 8 60

Table III

Recovery o f free and esterified 17-ketosteroids from  silica-gel-G and .1 I f  )■,-(> thin-layers

Silica-gel-G Al.Oa-G

Steroids Num­
ber of 
tests

Limits, 
per cent

Mean,
per
cent

Num­
ber of 
tests

Limits, 
per cent

Mean,
per
cent

D ehydroepiandrosterone................................. 4 77—82 80.0 7 71—81 76.0
Androsterone .................................................... 4 71—78 74.0 4 71 — 77 72.0
Etiocholanolone ................................................ 4 8 0 -8 3 81.0 4 5 9 -6 5 62.0
D ehydroepiandrosterone s u lp h a te ............... 4 70—78 72.5 4 6 5 -7 6 68.5
[7a— 3H ]-dehydroepiandrosterone sulphate — — 7 65—77 70.0
Androsterone sulphate ................................... 4 7 7 -8 0 79.0 4 7 1 -8 1 77.0
Androsterone g lucu ron ide ............................... 4 6 2 -7 5 69.7 — - —
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R ecovery  o f 17-K s-S  e x tra c ta b le  w ith  m e th a n o l from  silica-gel-G  an d  
from  A120 3-G th in - la y e rs  v a ried  betw een  68.5 a n d  79%  w hile th a t  of A — G 
fro m  silica-gel-G  w as on  average  69 .7% . T h u s , o u r ch ro m ato g rap h ic  p ro ­
ced u re s  are  su itab le  n o t  on ly  for q u a lita tiv e  b u t  also for q u a n tita tiv e  s tu d ies .

O n ly  a few m e th o d s  can  be found  in  th e  l i te ra tu re  for th e  sep a ra tio n  
an d  q u a n ti ta t iv e  s tu d y  of free an d  este rified  17 -ketostero ids. B ush  (1961) 
d e sc rib ed  p ap e r-ch ro m ato g rap liic , an d  B a u l i e u  a n d  E miliozzi (1961) co lum n- 
c h ro m a to g ra p h ic  te c h n iq u e s . T hese m eth o d s  a re  e ith e r  tim e-co n su m in g  or 
re q u ire  large so lv en t q u a n titie s . T he p ro ced u re  o f Sa r f a t y  an d  L i p s e t t  
(1966) a d a p te d  to  th in - la y e r  c h ro m a to g ra p h y  m e a n t su b s ta n tia l p rogress, b u t  
i t  h as  th e  sh o rtcom ing  of be ing  u n su itab le  fo r th e  s tu d y  o f s te ro id  su lp h a te  
un less th is  is p re sen t in  la rg e  am o u n ts . T h e  new  procedures re p o rte d  in  th e  
p re se n t p ap er allow  th e  sim u ltan eo u s s tu d y  o f o n ly  a few p g  o f free an d  
e s te r if ie d  k e to ste ro id s  an d  w ith  th e ir  re la tiv e  sim p lic ity , m ay  be o f use in 
th e  an a ly s is  of s te ro id s .
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GAS CHROMATOGRAPHY OF OESTROGENS 
IN BIOLOGICAL FLUIDS
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T he f irs t p rac tica l p ro ced u re  for gas ch ro m a to g rap h ic  m easu rem en t of 
oestrogens in u rin e  was re p o rte d  b y  W o t i z  an d  M a r t i n  [48] in 1961. This 
m ark s th e  origin of gas ch ro m a to g rap h ic  analy sis  o f horm ones in b o d y  flu ids. 
Since th a t  tim e  th e re  have  been  num erous m od ifica tions of th e  o rig inal p ro ­
cedure.

Clinical o r b iochem ical re sea rch  is p rim arily  concerned  w ith  th e  horm one 
c o n te n t of biological flu ids, a n d  accord ing ly  th e  gas c h ro m a to g rap h ic  p ro ­
cedures will be d iscussed here  from  th is  a sp ec t.

O estrogens are  com pounds w ith  a s te ran c  nucleus o f 18 ca rb o n  a tom s, 
p a r tic u la rly  re s is ta n t to  chem ica l and  physica l fac to rs. T hey  a re  form ed 
read ily  and  in fa irly  large a m o u n ts  from  th e ir  p recu rso rs , p ro b a b ly  ow ing to  
th e  fa c t th a t  th e  th ree  u n s a tu ra te d  bonds in ring  A ensure th e  a tta in m e n t 
o f th e  m in im um  energy  level. T h e  oestrogens owe th e ir  re a c tiv ity  to  th e  p h e­
nolic O H -group  at position  3. T h e ir  h y d ro x y -g ro u p s confer a p o la r c h a ra c te r  
on th e  oestrogens w hich has to  be ta k e n  in to  acco u n t in gas ch ro m a to g ra p h y  
p rocedures.

O estrone, o estrad io l, oestrio l an d  o este tro l h av e  th e  g re a te s t p rac tica l 
im p o rtan ce  am ong  th e  n u m ero u s oestrogens w hich  a re  know n to  occur in 
th e  organism , an d  therefo re  m o st rep o rts  on th e  gas c h ro m a to g ra p h y  of 
oestrones concern  these  four h o rm ones.

Fig. 1 show s som e of th e  m o st im p o rta n t oestrogens (F ig. 1). A ccording 
to  G l e i s p a c i i  [14], an y  gas ch ro m a to g ra p h  is su itab le  for th e ir  e s tim a tio n , 
if  it is easy to  h an d le , can be eq u ip p ed  w ith  a glass co lum n, can  o p e ra te  a t 
high te m p e ra tu re s  an d  if  it is p ro v id ed  w ith  a flam e  ion iza tion  or an  electron- 
c a p tu re  de tec to r. F o r an  e x a c t q u a n tita tiv e  e v a lu a tio n , an  in te g ra to r  is 
ind ispensab le .

T hough th e  use o f glass co lum ns has been  genera lly  a d o p te d  for th e  
e stim a tio n  of oestrogens, c e r ta in  w orkers, e .g ., R o s e n t h a l  an d  Y a s e n  [40], 
an d  W o t i z  and  C h a t t o r a j  [49], m ake use of steel co lum ns. T hese  allow  a 
good sep ara tio n  in our own ex perience  too . G lass co lum ns h av e  o th e r  a d ­
v a n ta g e s : owing to  th e ir  p o ly fu n c tio n a l g roups, th e  oestrogens are  liable
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to  irre v e rs ib le  ad so rp tio n  on th e  colum n su rface . A t high te m p e ra tu re s  th is 
m a y  a t t a in  a far g rea te r  in te n s i ty  w ith  steel co lum ns th a n  w ith  glass co lum ns. 
O n th e  o th e r  han d , c o n n e c tio n  of th e  glass co lum n is fa r m ore cum bersom e 
th a n  t h a t  of a steel co lum n  since use has to  be m ad e  of h e a t-p ro o f  silicone- 
r u b b e r  sealing  rings o r o f  te f lo n  sealing  m a te ria l, w hich are  su b je c t to  de­
fo rm a tio n  and  can be used  o n ly  once.

17-Epioestriol

17 3-Oestradiol

Oestron

Fig. 1. Some essential oestrogens

Supp o r t  m edium :  T h e  c u rre n tly  used m edia  for gas c h ro m a to g ra p h y  ot 
o e s tro g e n s  include D ia to p o r t  S, D ia to m it CQ a n d  S upelcoport 80 to  100, 
p o ss ib ly  120 m esh.

Solvents:  P o la r o r n o n -p o la r  so lven ts are  eq u a lly  su itab le . T o u c h s t o n e  

[46] u sed  a m ixed so lv en t w ith  sa tis fa c to ry  resu lts .
T h e  substances c u r re n t ly  app lied  in gas c h ro m a to g ra p h y  o f oestrogens 

in c lu d e :
k e to n e-se lec tiv e  Q F  1 tr iflu o ro -p ro p y l-m eth y l-s ilico n e-p o ly m er;
n o n -p o la r  SE  30 d im ethy l-silicone  p o ly m er;
p o la r  N GS p o ly m er;

X E  60 cy an om ethy l-silicone ;
L  45 m ethy l-silicone  p o lym er;
Z co -p o ly m er consisting  of e th y len e  glycol, succin ic  acid 

m e th y l siloxane m onom er;
F  60 m e th y l p -ch lo ropheny l siloxane m onom er;
OV 17-pheny l-m ethy l-silicone  po lym er.

A d a  Medica Academiac Scientiarum  Hungaricae 29, 1972



GAS c h r o m a t o g r a p h y  o f  o e s t k o g e n s  i n  b i o l o g i c a l  f l u i d s 1 4 7

As regards cap illa ry  co lum ns th e  only  re p o rt k n o w n  to  us is th a t  of 
G r o e n e n d i j k  [16].

Detector. F lam e io n iza tio n  (H ,)  and  L o v e lo c k ’s [31] e le c tro n -cap tu re  
d e tec to rs  are  used. T hose o f  th e  la t te r  ty p e  o p era te  w ith  3H , 63Ni, R a  or <JHSr 
iso tope  sources. T he flam e ion iza tion  d e tec to r has a se n s itiv ity  o f 0.2 [ig/100 
ml p lasm a , th e  e le c tro n -ca p tu re  d e tec to r one of 0.00005 to  0.05 /ig/100 m l 
p lasm a. T he la t te r  device allow s oestrogens to  be e s tim a te d  even  in th e  
absence  of p reg n an cy  w hen  th e ir  c o n cen tra tio n  is v e ry  low.

Conversion to derivatives. T h e  fac t th a t  th e  p o ly fu n c tio n a l g roups o f  th e  
oestrogens m ay cause a f irm  an d  irreversib le  a d so rp tio n  o f  these  su b stan ces  
on th e  ac tiv e  surface o f  th e  co lum n, requ ires th e  p re p a ra tio n  o f re la tiv e ly  
n o n -p o la r p ro d u c ts  w hich n o t on ly  in h ib it th is  effect b u t  also p ro m o te  s e p a ra ­
tio n . D eriva tives of th is  n a tu re  are  read ily  fo rm ed  a n d  h av e  co n sid e rab ly  
low er m elting  and boiling p o in ts  th a n  those o f th e  oestrogens, a n d  th u s  h ig h er 
v o la tilitie s . This is a g rea t a d v a n ta g e , since th e  th e rm o la b ility  of th ese  com ­
p o u n d s has been one o f th e  m a jo r  problem s of gas c h ro m a to g ra p h y . T h e ir 
conversion  to  de riv a tiv es  is th e re fo re  a step  o f th e  u tm o s t im p o rtan ce , th o u g h  
acco rd in g  to  Sa n g h v i  e t al. [41] free oestrio l can be e s tim a te d  q u ite  as well 
as its  a c e ta te , an d  T o u c h s t o n e  [46] and  K ro m a n  a n d  B e n d e r  [28] p e r­
fo rm ed  gas c h ro m a to g ra p h y  in th e  presence of Q F  1 a n d  o f F  50, w ith o u t 
fo rm in g  d e riva tives.

T he deriv a tiv es  fo rm ed  for th e  purpose o f gas c h ro m a to g ra p h y  fall in to  
tw o  m ain  groups.

F o r flam e ion iza tion  d e tec tio n , th e  ace ta tes  [48] o r tr im e th y ls ily l e th e rs , 
or tr if lu o ra c e ta te s  [32, 34] o f th e  oestrogens arc  g en era lly  used. In  ro u tin e  
w ork , how ever, p reference  is g iven  to  de riv a tiv es  o f th e  f irs t ty p e , a c e ta te s  
being  less sensitive to  h u m id ity  an d  to  acids th a n  a re  tr im e th y ls ily l e th e rs , 
b u t th e  la t te r  are easier to  sep a ra te .

F o r e lec tro n -cap tu re  d e tec tio n  th e  oestrogens h a v e  to  be co n v e rted  to  
d e riv a tiv e s  w hich are  cap ab le  o f increasing  th e  e le c tro n -ad so rp tiv e  c a p a c ity  
o f th ese  p ro d u c ts . T he h a lo g en a ted  oestrogen d e riv a tiv e s  such  as 

m on o ch lo race ta tes  [11] 
h ex ad ecaflu o ro n an o n a tes  [23] 
tr if lu o ra c e ta te s  [17, 18] 
h e p ta f lu o ro b u ty ra te s  [19, 50]
p en ta flu o ro p h en y lh y d razo n es  [3] are  b est su ited  for th is  p u rp o se . Som e 

o f th e se  de riv a tiv es  are  p re sen ted  in Fig. 2.
F o r e ith e r  ty p e  o f d e tec tio n  m ixed d e riv a tiv e s  m a y  be used , p ro v id ed  

th e  com pound  has been co n v e rte d  p rev iously  to  3 m e th y l e th e r . T h is is a d ­
v an tag eo u s  for th e  s ta b ili ty  o f th e  p ro d u c t as n o ted  d u rin g  p re lim in a ry  
p u rif ic a tio n  and  p h a se -su b s titu tio n  (F ig. 3).
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17 (3 - O e s t r a d i o l  3 , 1 7 -  m o n o c h l o r a c e t a t e

F -ç -(CF2)2-
F

CH3 p-Ç -(C F 2)2-C -F

1 7 0 - O e s t r a d i o l  3 ,1 7 -  h e p t a f  I и о  го b u ty  r a te

H-C-(CF2)7- C - 0« с / IlF О
1 7 ß - 0 e s t r a d i o l  3 ,1 7 -  

h e x a d e c a f i u o r o p e l a r g o n a t e
Fig. 2. H alogenated derivatives of oestradiol

F

17 ß Oestradiol 3-m ethyl ether 17 3 Oestradiol 3-methyl ether 
17 a ceta te  17 hexadecafluoropelargoncjte

Fig. 3. 3-m ethoxy-oestradiol derivatives

Oestriol and o es tro g en s  h a v e  been e s t im a te d  in urine o f  pregnants or 
d u r in g  m enstruation  b y  W o t i z  and C h a t t o r a j  [49], E b e r l e i n  [10], A d l e r - 

c r e u t z  and L u u k k a i n e n  [1, 2 ] ,  T o u c h s t o n e  [44], M e n i n i  [36],  S c h i n d l e r  

e t  al. [42], T o u c h s t o n e  et  al. [47],  K n o r r  et  al. [23],  R o s e n t h a l  a n d Y a s e e n  

[ 4 0 ] ,  S a n g h v i  et al. [41 ] ,  F o s t e r  and H o c h h o l z e r  [13], C a g n a z z o  et al. [7], 
C h u n  et al. [9];

in blood serum  or p la sm a  b y  T o u c h s t o n e  and Mu r a v e c  [45], P a n i - 
c u c c i  and T a po ne co  [3 9 ] ,  A ttal  and E i k - N es [4],  K roman  et  al. [26, 
2 7 ] ,  W otiz and Ch a t t o r a j  e t  al.  [49], Me a d  e t  al.  [35], K u s h i n s k y  et  al. [29];

in am niotic  f lu id  b y  S c h in d l e r  e t  al.  [42],  B iggs e t  al.  [6]. H o nda  
e t  al. [20];

in hum an or a n im a l t is su es  b y  E i k - N es  e t  al. [11],  M cK e r n s  and  N or- 
s t r a n d  [22], T ak ács  e t  al.  [43];

in bile b y  L u u k k a i n e n  and A d l e r c r e u t z  [33];
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in so lu tions in oil b y  Moretti  et  al. [3 8 ] ,  together  with  p regn an ed io l  
an d  p regnanolone b y  B a y n t o n  and Ca m p b e l l  [5].

P ro ced u res  for oestro l es tim a tio n  h a v e  been  described b y  L e e  and  
W o o d  [30], and  for o th e r  d e riv a tiv es  b y  n u m ero u s  w orkers in c lu d in g  W o t i z  

an d  C h a t t o r a t  [49], K n u p p e n  e t al. [24], M o n t a l u o  and  W h e e l e r  [37], 
M c G r e g o r  e t al. [15].

A d irec t gas c h ro m a to g rap h ic  o estrogen  assay  in biological flu id s  is 
n o t possib le because of th e  c o n tam in a tio n s . F o r  th is  reason before  gas ch ro ­
m a to g ra p h y  hydro lysis an d  ex trac tio n  o f th e  oestrogen  co n ju g a tes  m u s t be 
follow ed b y  colum n, gel o r th in -la y e r ch ro m a to g rap h ic  sep a ra tio n  p rio r  to 
conversion  to  d e riv a tiv e s ; it  has been a t te m p te d  to  sim plify th e se  e lab o ra te  
p ro ced u res  as fa r as possib le [8, 13] so as to  m ak e  th em  su itab le  for ro u tin e  use.

T he sam ples are  u su a lly  app lied  in th e  fo rm  of so lu tions in  organic 
so lven ts. C a g n a z z o  et al. [7], K r o m a n  e t a l. [25], H o n d a  an d  K u s h i n s k y  

[21] described  a p rocedure  in  w hich th e  sam p les  are  used in  so lid  fo rm ; we 
found  th is  m eth o d  too  cum bersom e, p a r tic u la r ly  as regards th e  e q u ip m e n t.

T h e  essen tia l fea tu re s  o f th e  p rocedure  a re  p resen ted  in T ab les  I  to  I I I .

Table I

Gas chromatographic estimation o f oestradiol in  pregnancy urine by the procedure 
o f  A d l e r c r e u t z  and L u u k k a in e n  [2J

1 Gel filtra tion  of the urine on Sephadex G 25;
2 H ydrolysis of the conjugated oestrogens w ith ^-glucuronidase and phenol su lphatase;
3 E th e r extraction  after addition  of Brown’s carbonate  buffer pH =  10.5;
4 N aOH  ex traction  of e ther solution;
5 Boric acid trea tm en t and m éthylation  of the alkaline ex trac t;
6 E x trac tion  of the m ethylated  oestrogens w ith benzene, and washing of th e  benzene 

fraction  w ith w ater;
7 Conversion of the m ethylated  oestrogens to  trim ethylsily l ethers and evapo ra tion  to 

dryness;
8 Gas chrom atography on Gas-Chrom-P (100 to  140 m esh) w ith SE 30 as solvent, a t  227 °C 

in a 3 m glass column, w ith  a flame ionization detec to r, in argon as carrier gas (Fig. 4).

Table II

Gas chromatographic estimation o f oeslriol and oestetrol according 
to L e e  and W o o d  [30]

1 H ydrochloric acid hydrolysis of the urine;
2 A ddition of Brown’s carbonate buffer pH  =  10.5* th en  extraction w ith e th e r;
3 N aOH  extraction  of e ther solution;
4 A djustm ent of the alkaline aqueous ex trac t to  pH  =  9.5 and re-extraction  w ith  ether;
5 E vapora tion  of ether ex trac t to dryness and production  of trim ethylsilyl e th e r of the 

d ry  residue;
6 E vapora tion  of the silylating m ixture, dissolution, addition  of cholesterol for use as 

in ternal standard ;
7 Gas chrom atography on D iatom ite CQ (100 to  120 m esh) w ith a solvent o f 3%  SE 30 

and 3%  QF 1, in a 2.5 m  glass column, w ith a flam e ionization detec tor, w ith  N 2 as 
carrier gas, a t 208°C (Fig. 5).
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Time (min)
Fig. 4. 1) O estroiie, 2) 17/?-oestradiol, 3) Oestriol

Attenuation 20x1Q2-*.-

Fig. 5. 1) C holestane, 2) Oestriol, 3) Cholesterol, 4) Oestetrol
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Table III

Gas chromatographic estimation o f oestrone and oestradiol with an electron-capture detector,
according to K nork  et al. [23]

1 E nzym atic hydrolysis and introduction of labelled steroid in order to  check procedural
losses:

2 A djustm ent of pH and ex traction  w ith e ther;
3 E vaporation of ether;
4 P artition  of the dry residue between NaOH and toluene;
5 R e-extraction of the alkaline aqueous fraction at pH  9.5 w ith ether; w ashing, drying;
6 Thin-layer chrom atographic separation of oestrone and oestradiol;
7 M éthylation of the com pounds;
8 Borohydride reduction of oestrone-3-m ethyl e ther to  oestradiol;
9 Thin-layer chrom atography for purification of the m ethyl ethers;

10 Conversion to 17-hexadecafluoronanonate, purification by th in-layer chrom atography;
11 Giis chrom atography on D iatoport S (60 to 80 mesh); QF 1 as solvent, in a 3 m glass 

column a t 215°C, w ith a ü;iNi electron-capture detector in N 2 carrier gas (Fig. 6)
Fig. 7 shows the chrom atogram  of acety lated  standard  oestrone, oestradiol and  oestriol, 
obtained with a JE O L  810 gas chrom atograph, on Gas-Chrom P 100 to 120 m esh as support 
m edium , 2%  SE 30 as solvent a t a column tem perature  of 260°C, w ith a flam e ionization 
detec tor in N 2 as carrier gas

Fig. 6. 1) 3-methoxy- 17-hexadecafluoronanonate (the hatched peak is th a t of episterone 
used as in ternal standard), 2) Oestrone, 3) O estradiol

E v a lu a tio n  was p erfo rm ed  using  th e  p eak  h e igh t o f th e  c u rv e , o f  th e  area 
u n d e r it, and  th e  in te rn a l s ta n d a rd .

T h e  a d v an tag es  o f  gas c h ro m a to g ra p h y  in th e  e s tim a tio n  o f  oestrogens 
in c lude  its high reso lu tio n  c a p ac ity , th e  ra p id ity  o f sep a ra tio n , a n d  th e  pos­
s ib ility  o f d irec t q u a n ta t io n ;  its  h igh sen s itiv ity  allows th e  e s tim a tio n  of 
h o rm o n e  levels w ith  a d e q u a te  accu racy  an d  selectiveness even  w ith in  ranges 
w here  th e  colour reac tio n s or flu o rescen t techn iques no longer give reliable 
re su lts .
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Fig. 7. 1) O estrone, 2) Oestradiol, 3) Oestriol
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GAS CHROMATOGRAPHIC METHODS 
FOR THE SEPARATION, STRUCTURE ANALYSIS 

AND QUANTITATIVE DETERMINATION 
OF C19-STEROIDS

By

T . F e h é r

FIRST DEPARTMENT OF MEDICINE, SEMMELWEIS MEDICAL UNIVERSITY BUDAPEST, HUNGARY

G as ch ro m a to g rap h y  is one o f th e  m o st sensitive  and  e ffec tive  m eth o d s 
for th e  sep a ra tio n  and  q u a n ti ta t iv e  d e te rm in a tio n  of stero id  h o rm o n es , th e ir  
m e ta b o lite s  an d  of sy n th e tic  ho rm one p re p a ra tio n s . In the  p re sen t p a p e r  the  
gas ch ro m ato g rap h ic  m eth o d s ap p lied  for th e  sep ara tio n  an d  q u a n t i ta t iv e  
e s tim a tio n  of C19-stero ids (an d ro g en s, th e ir  m etab o lites  and  s y n th e tic  a n a ­
logues) in biological m a te ria ls  an d  som e aspec ts  o f s tru c tu re  an a ly s is  b y  gas 
c h ro m a to g ra p h y  will he rep o rted .

A PY F -U N IC A M  Series 104 a n a ly tic a l gas ch ro m a to g rap h  w ith  f lam e  
io n isa tio n  d e te c to r  and  glass co lum ns w ith  SE -30 (non-selective) a n d Q F -1  (selec­
tiv e ) s ta tio n a ry  phase were u sed . C olum n te m p e ra tu re  was 222 °C, d e te c to r  
te m p e ra tu re  260 °C, th e  c a rr ie r  gas w as n itro g en .

Determ ination o f testosterone in urine

E s tim a tio n  o f 17 -ketostero ids has little  value for th e  e v a lu a tio n  of 
n o rm al an d  patho log ic  an d ro g en  m etab o lism . D e te rm in a tio n  o f  te s to s te ro n e  
in u rin e  has becom e one of th e  m ost re liab le  m eth o d s in la b o ra to ry  d iag n o stics . 
T h e  flow shee t of our m e th o d  o f u r in a ry  te s to s te ro n e  e s tim a tio n  is show n in 
F ig . 1. F o r th e  s im u ltaneous d e te rm in a tio n  o f  te s to ste ro n e  a n d  in d iv id u a l 
1 7 -k e to ste ro id s , p ap er, th in - la y e r  an d  gas ch ro m a to g rap h y  w ere em ployed . 
T h e  u rin e  specim en w as hy d ro lized  en zy m atica lly  or w ith  HC1 u n d e r  m ild 
co n d itio n s  e x trac ted  w'ith benzene, an d  th e  e x tra c t  was pu rified  a n d  c h ro m a ­
to g ra p h e d  on paper. One h a lf  o f th e  p a p e r s tr ip  w as de tec ted  w ith  m -d in itro - 
b en zen e /K O H  reag en t, th e  te s to s te ro n e-zo n e  o f th e  undeveloped  h a lf  s tr ip  
e lu te d , a c e ty la ted , th e  te s to s te ro n e -a ce ta te  was sub jec ted  to  th in - la y e r  ch ro ­
m a to g ra p h y , an d  th e  e lu a te  to  gas c h ro m a to g ra p h y  on a SE-30 co lu m n .

T h e  following c rite ria  ensu red  th e  re lia b ility  an d  precision  o f  m e th o d :
i) T he loss d u ring  th e  p ro ced u re  w as co rrec ted  by  using  [4 -14C] te s to ­

s te ro n e  as a trace r.
ii) M obility  o f te s to s te ro n e  an d  its  sep a ra tio n  from  e p ite s to s te ro n e  

w ere d e te rm in ed  by  n o rte s to s te ro n e  and  m eth y lte s to s te ro n e  as m a rk e r  ste ro id s .
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PC -----»- TLC --------------------------- »- QC

50ml----------- te— 40ml----- » -2 0 m l-----------------------» - 2  ml

Fig. 1. Flow sheet of u rinary  testosterone and individual 17-ketosteroid determ ination  (H O E 
11-OH-etiocholanolone, HOA 11-OH-androsterone, O E 11-keto-etiocholanolone, D EA  dé­
hydroépiandrostérone, E  etiocholanolone, A androsterone, N T nortestosterone, MT m ethyl- 
tes tosterone, ET epitestosterone, T testosterone, OAcD oestrone-acetate-dinitrophenyl- 
hydrazone, TAc testosterone-acetate , PDAc pregnadienolone-acetate, mDB m -dinitrobenzene)

iii) M obility  of te s to s te ro n e -a c e ta te  w as ch eck ed  b y  th e  s te ro id -m ark e r, 
o e s tro n e  a c e ta te -d in itro p h en y lh y d razo n e .

iv) T he a m o u n t o f te s to s te ro n e  w as d e te rm in e d  b y  using  p reg n an - 
d ien o lo n e-ace ta te  as in te rn a l  s ta n d a rd  b ased  on  p eak -h e ig h t m easu rem en ts . 
T h e  reco rd e r response fo r b o th  stero ids w as id e n tic a l. T he g rea t se n s itiv ity  
o f th e  m e th o d  allow ed to  e s tim a te  te s to s te ro n e  in  an  e x tra c t co rrespond ing  
to  2 m l m ale or 4 to  8 m l fem ale urine ( in itia l v o lu m e, 50 ml) [1].

D eterm ination o f dehydroepiandrosterone sulphate 
and androsterone sidphate in  plasma

A gas c h ro m a to g ra p h ic  m odifica tion  o f o u r p rocedure  [2] fo r th e  de­
te rm in a tio n  of th e  su lp h a te  e s te r o f d eh y d ro ep ian d ro s te ro n e  an d  an d ro s te ro n e  
in  h u m a n  p lasm a by  tw o fo ld  th in -lay e r c h ro m a to g ra p h ic  sep ara tio n  an d  su b ­
se q u e n t gas c h ro m a to g ra p h y  is show n in F ig . 2. Follow ing th e  a d d itio n  of 
[7<x:iH ] d e h y d ro ep ian d ro s te ro n e  su lpha te  (o r th e  p a re n t  free s te ro id  trace r)  
to  3 — 5 m l p lasm a, i t  w as dep ro te in ized  a n d  so lvo lyzed  a t  p H  1.0, th e n  th e  
e th y l  a c e ta te  e x tra c t p u r if ie d , ev ap o ra ted  a n d  th e  residue  p a r titio n e d  betw een  
n -h e x a n e  an d  e th an o l. T h e  ev ap o ra ted  e x tra c t  co n ta in in g  th e  free d e h y d ro ­
e p ia n d ro s te ro n e  an d  a n d ro s te ro n e  was c h ro m a to g ra p h ed  on silicagel G lay e r 
b y  b en zen e—ethano l (96 : 4 ), an d  th e  zone c o n ta in in g  b o th  stero ids a c e ty la te d  
a n d  re c h ro m a to g rap h e d  in  a system  of n -h e x a n e -e th y l a c e ta te  (85 : 15). 
M o b ility  of th e  ste ro id s  w as checked b y  m a rk e r  s te ro id -p a irs . T he zone con­
ta in in g  th e  ace ta tes  w as e lu te d  and  to  the  e lu a te  1.0 ц g d ih y d ro te s to s te ro n e
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TIC, TLCi ----------------------------- -■ GC
SG/B96 E4 
Cortisone-

1,0(il

5ml ----------------*------------- ---------------------- 0,5ml

Fig. 2. Flow sheet of dehydroepiandrosterone sulphate and androsterone su lpha te  deter­
m ination in plasma (CD cortisone-dinitrophenylhydrazone, PD  pregnenolone-dinitrophenyl- 
hydrazone, PK D  17-O H -progesterone-capronate-dinitrophenylhydrazone, mOD metlm xy- 
oestrone-dinitrophenylhydrazone, ЛАс androsterone-acetate, DÁc dehydroepiandrosterone- 

acetate, DTAc dihydrotestosterone-acetate)

a c e ta te  as in te rn a l s ta n d a rd  w as ad d ed . R a d io a c tiv ity  was m easu red  in a 1/10 
vo lum e o f  th e  e x tra c t an d  a n o th e r  1/10 a liq u o t in d ioxan  su b je c te d  to  gas 
ch ro m a to g ra p h y .

T h e  m eth o d , sim ilarly  to  th e  p reced ing  one, was co n tro lled  w ith  a 
m ark e r sy s tem  an d  by  using  doub le  in te rn a l s ta n d a rd s  in each sam p le . The 
p ro ced u re  ap p ears  to  he su itab le  fo r e s tim a tin g  s te ro id  values in 5 m l p lasm a 
o f ch ild ren  and  in less o f ad u lts .

D eterm ination  o f m ethand icnone  in  h u m an  urine

T h e  m etabo lism  o f ce rta in  horm one analogues is slow, and  co n sid erab le  
a m o u n ts  o f som e sy n th e tic  ho rm ones are  ex c re ted  w ith  the  urine  w ith o u t any  
change in th e ir  s tru c tu re . T hese ch a rac te ris tic s  allow  a d irect gas c h ro m a to g ­
ra p h y  o f u r in a ry  e x tra c ts  w ith o u t p re lim in a ry  p u rifica tio n  b y  p a p e r  or 
th in - la y e r  ch ro m a to g rap h y , if  th e  com pound  can  he ch ro m a to g rap h ed  d irec tly  
w ith o u t d e riv a tiv e  fo rm atio n . An exam ple  of th is  is the d e te rm in a tio n  of 
m et h an d ien o n e  (1 7 a-m eth y l-17 /? -hydroxy-androsta -l,4 -d ien -3 -one) (F ig . 3). 
T he m e th o d  is su itab le  for s tu d y in g  th e  m etabo lism  o f stero id  d ru g s  an d  for 
th e  co n tro l of sports  s tim u la n ts .

To a 5 to  10 ml a liq u o t o f u rine , 1.0 fi g e th y n y l-n o rte s to s te ro n e  as 
in te rn a l s ta n d a rd  for th e  co rrec tion  of losses an d  dete rm in in g  re te n tio n  
p ro p e rtie s  o f  the  d rug  as also for q u a n tita tio n  is ad d ed . A fter e th e r  e x tra c tio n , 
th e  e x tra c t  was purified  f irs t w ith  a lk a li th e n  w ith  w a te r, dried  o v e r N a 2S 0 1 
an d  e v a p o ra te d . A d io x an  a liq u o t o f th e  residue  w as gas ch ro m a to g rap h ed  
as in d ic a te d  in Fig. 3.

PLASMA
j5000cpmDS-H3
Deproteinisation
SolvolüSis: 

pH1 , NaCl 
ethyl acetate 
Purification-. 

NaOH.HoO 
Na2S0̂

Partid onation 
n-hexane 
ethano!

Evaporation
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GC
3 V. SE-30, 222/260 °C 

60ml N2 , FID

5 -1 0 ml ------------------------------- ► 0 ,2 -1 ,0  ml

Fig. 3. F low sheet of the u rinary  identification and q u an tita tiv e  determ ination of m ethan-
dienone in urine (M m ethandienone)

C orre la tion  betw een chem ica l s tru c tu re  a n d  re ten tion  b eh av io u r

A lth o u g h  gas-liqu id  ch ro m a to g rap h y  is a se p a ra tio n  m eth o d , it  m ay  he 
a p p lie d  on s tru c tu re  an a ly sis  o r fo ra  rap id  id e n tif ic a tio n  of stero ids. C h a ra c te r­
istic  c h a n g e s  in re te n tio n  p ro p e rtie s  observed  fo llow ing  an in tro d u c tio n  in to  
or a ch em ica l a lte ra tio n  o f a functional g ro u p  on , th e  m olecule h a v e  su b ­
s ta n t ia te d  th is  ty p e  o f an a ly s is . F o r th e  c h a ra c te r iz a tio n  of re te n tio n  p ro p e rtie s
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F ig. 4. d S N r, dSN  , dR ^ j, and  dR jn„  values for functional groups of androstanes 
(N om enclature  of steroids is given according to B u s h , I. E .: The C hrom atography of Steroids

Pergam on Press, London 1961)
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i) th e  s te ro id -n u m b er (SN) d e te rm in ed  accord ing  to  a c a lib ra tio n  m ade 
w ith  5% -cholestane and  5 a -an d ro s tan e  s ta n d a rd s ;

ii) th e  group re te n tio n  fac to r  ( / IR M) ca lcu la ted  from  changes in log- 
values of th e  re la tiv e  re te n tio n  tim e ; an d

iii) th e  g ro u p -n u m b er (/ISN ) concep t in tro d u c e d  by us [3] as th e  changes 
in s te ro id -n u m b er values follow ing th e  chem ical a lte ra tio n  o f  fu n c tio n a l 
g roups, w ere used.

F ig . 4 show s th e  p a ra m e te rs  o f s tru c tu re -c h ro m a to g ra p h y  re la tio n sh ip s  
d e te rm in ed  on SE-30 and  QF-1 co lum ns b y  th e  analysis of a n d ro g en ic  h o r­
m ones, th e ir  m e tab o lite s  an d  sy n th e tic  Clfl-s te ro ids.

As it can be seen from  Fig. 4 , changes in th e  re ten tio n  b e h a v io u r  are 
c h a ra c te ris tic  of th e  fu n c tiona l g roups o f m olecule  u n d er s tu d y  an d  on th e  
s ta tio n a ry  phase chosen for m easu rem en ts . D a ta  o b ta ined  b y  th is  ty p e  of 
analy sis  m ay  be in fo rm ativ e  in th e  id e n tif ic a tio n  of steroids.
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A CRITICAL APPRAISAL OF THE METHODOLOGY 
OF DEHYDROEPIANDROSTERONE 

AND DEHYDROEPIANDROSTERONE 
SULPHATE DYNAMICS

By

T . F e h é r

1IHST DEPARTMENT OF MEDICINE, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST, HUNGARY

T he secre tion  or da ily  p ro d u c tio n  o f  d é h y d ro ép ian d ro s té ro n e  (D) 
d eh y d ro ep ian d ro s te ro n e  su lp h a te  (DS), or a n y  s te ro id  horm one can  he  de­
te rm in ed  hy  th e  in jec tion  or in fusion  of th e  lab e lled  horm one in tr a c e r  a m o u n t 
and  e s tim a tio n  o f th e  specific a c tiv ity  (SA) o f  its  un iq u e  m e tab o lite  in  u rin e , 
or of th e  iso tope  co n cen tra tio n  o f th e  tra c e r  in  b lo o d , on the  basis o f  th e  iso tope  
d ilu tion  p rin c ip le  (SR R /S A .t).

A ccord ing  to  the  general m odel o f s te ro id  d ynam ics, a ch em ica l com ­
p a rtm e n t is defined  as a p a r t ic u la r  ho rm one  ( tra c e r)  d is tr ib u te d  in  a single 
ana to m ica l space. Two d iffe ren t horm ones d is tr ib u te d  in the  sam e sp ace , or 
one ho rm one  in tw o an a to m ic a l spaces, re p re se n t tw o c o m p artm en ts .

T he f irs t  a tte m p ts  a t  d e te rm in in g  th e  sec re tio n  ra te  of D b y  th e  ad ren a l 
(gonad) as a o n e -co m p artm en t model co n sis ted  o f  in jec ting  tr a c e r  D and  
m easu ring  th e  SA of DS in u rine  (F ig . 1) [1].

D+D“ ■* , 09

Fig. 1. P a thw ays of dehydroepiandrosterone and dehydroepiandrosterone su lphate  m etab ­
olism (AD androstenedione, DG dehydroepiandrosterone glucuronoside, EG etiocholanolone 
glucuronoside, ES etiocholanolone sulphate, AG androsterone glucuronoside, AS androsterone

sulphate)

I t  has b e e n  po in ted  o u t la te r  th a t  fo llow ing th e  in jection  of th e  t r a c e r  D, 
th e  low est SA value was o b ta in e d  for DS an d  th e  h ighest one fo r D G  of th e  
SA values o f  th e  know n D m e tab o lite s  (E G , E S , AG, AS, DG a n d  D S ; for 
a b b re v ia tio n s , see Fig. 1). M eanw hile, o th e r  re p o r ts  revealed  th e  p ro d u c tio n  
by  th e  ad ren a ls  of no t on ly  D b u t  also o f  DS a n d  th e  existence o f  a d irec t 
“ su lp h a te -p a th w a y ”  in lh e ir  m etabo lism  [3]. I t  becam e a p p a re n t  th a t
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u r in a ry  D S  o rig inated  n o t o n ly  from  D b u t a lso  from  the  g lan d u la r D S , an d  
th e  tw o  stero ids are  p e rip h e ra lly  in te rc o n v e rtib le  (D ^  D S), w h ich  could  
a c c o u n t fo r  th e  low SAds in  u rin e . Since ux-inary D G  could n o t be p ro d u c e d  
fro m  D S  w ith o u t p rio r conv ersio n  to  D , D G  ca n  be considered a  u n iq u e  
m e ta b o l i te  o f D, an d  DS o f th e  g landu lar D S [4].

A  m a th e m a tic a l m odel o f a tw o -c o m p a rtm e n ta l analysis ta k in g  in to  
a c c o u n t th e se  considera tions has been w o rk ed  o u t b y  G u r p i d e  e t al. [5]. 
T h e ir  a p p ro a c h  ap p eared  to  be  su itab le  for th e  ca lcu la tio n  of k in e tic  p a ra m ­
e te rs  fo llow ing  th e  s im u ltan eo u s  in jec tion  o f  th e  tw o  tracers  w ith  d iffe ren t 
la b e l ( [4 -14C]D and  [7«3H ]D S ) a n d  su b seq u en t d e te rm in a tio n  o f th e  c u m u la ­
tiv e  sp ec if ic  a c tiv ity  o f D G  a n d  DS in u rin e  (F ig . 2) [5].
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Fig. 2. T he  tw o-com partm ent m odel of dehydroepiandrosterone and dehydroepiandrosterone 
su lphate  dynam ics (“urinary  m ethod” )

I n  v iew  of th e  p e r ip h e ra l in te rco n v ersio n  o f  D and  D S, th e  g la n d u la r  
s e c re tio n  o f  D (SR D) is n o t  e q u a l w ith  th e  to ta l  d a ily  p ro d u c tio n  o f D  (P R D) 
i t  m u s t  b e  a lower v a lu e  (S R D P R D), an d  th is  is also th e  case fo r D S . T he 
r a te  o f  in te rco n v ersio n  is ch a rac te rized  b y  a tra n s fe r  fac to r q, f ro m  w hich  
th e  m g /d ie  values for th e  conversion  ra te s  r D_ DS a n d  tds_d are  c a lc u la ted . 
T h e  m a th e m a tic a l m odel allow s a d e te rm in a tio n  o f ra tes  of th e  irrev e rs ib le  
m e ta b o lis m , td and  ro s , as w ell as o f th e  r a te s  o f p ro duc tion  of th e  tw o  h o r­
m o n e s , P R d and  P R d s . T h is  “ u rin a ry  m e th o d ”  h a s  been app lied  b y  M a c D o ­
n a l d  e t  a l. for d e te rm in a tio n  of th e  p a ra m e te rs  o f  D and  DS d y n a m ic s  in 
tw o  c o n tro l  sub jec ts a n d  tw o  p a tie n ts  w ith  d is tu rb an ces  in h o rm o n e  m e ta b ­
o lism  [6].

T h e  ch arac teris tic s  o f  s te ro id  ho rm one d y n am ics can be s tu d ie d  b y  
e s t im a t in g  th e  changes in  th e  rad ioac tive  c o n c e n tra tio n  of h o rm o n e  u n d e r  
c o n s id e ra tio n  a fte r a single in jec tio n  or in fu sio n  o f  th e  tracer(s) [7]. T h e  m ost 
im p o r ta n t  p a ram e te r in  th is  “ blood m e th o d ”  is th e  m etabolic c lea ran ce  ra te  
(M C R ) defin ed  m ost g en era lly  as th a t  th e o re tic a l vo lum e of p lasm a fro m  w hich
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th e  s te ro id  ho rm o n e  (its  ra d io a c tiv ity )  is co m p le te ly  an d  irreversib ly  rem o v ed  
in  u n it tim e. E v e n  fo r  a single horm one th e  s itu a tio n  is considered  a tw o- 
c o m p a rtm e n t m odel (F ig . 3 for D). A ccording to  th is  a ssum ption , th e  h o rm o n e  
is d is tr ib u te d  in tw o  an a to m ic a l spaces, viz. a n  in n e r pool (Vj) w hich in c lu d es  
p lasm a, liver an d  e x tra c e llu la r  vo lum es, an d  a n  o u te r  pool (V 2) w h ich  re p re ­
sen ts  th e  o th e r tissu es . T h ere  is evidence t h a t  m etabo lism  occurs m a in ly  in  
liver, th ere fo re , th e  r a te  c o n s ta n t for D in th e  o u te r  pool rD>, can  be n eg lec ted . 
H orm one secre tion  is im ita te d  by  th e  a d m in is tra tio n  of th e  tr a c e r  (R D). 
Follow ing  its single in jec tio n , MCR is ca lc u la ted  b y  p lo ttin g  th e  d isa p p e a ra n ce  
curv e o f rad io ac tiv e  c o n cen tra tio n  in p lasm a. T h e  slope of th e  cu rv e  is d e te r ­
m ined  b y  th e  b io logical half-live of th e  h o rm o n e , a n d  MCR is re la te d  to  th e  
in te g ra te d  area u n d e r  th e  cu rve. In  th e  case o f  a c o n s ta n t in fusion , an  eq u i-

PR Q= MCRq .C q
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Fig. 3. The tw o-com partm ent model of dehydroepiandrosterone dynamics (“ blood m ethod” )

lib riu m  cu rve  is o b ta in e d  an d  here  th e  MCR is reg a rd ed  as a q u o tie n t o f  th e  
rad io a c tiv e  co n c e n tra tio n  o f th e  tra c e r  a d m in is te re d  an d  of th e  s te ro id  iso la te d  
from  blood. In  s te a d y -s ta te , th e  blood P R D is e q u a l to  MCR m u ltip lie d  b y  
th e  n o n -rad io ac tiv e  s te ro id  co n cen tra tio n  (P R D =  M C R ;J • CD). I f  th e  a d re n a l 
secre tion  of a p e rip h e ra lly  in te rco n v e rtib le  h o rm o n e -p a ir  is considered , a f te r  
s im u ltan eo u s a d m in is tra tio n  o f th e  UC an d  3H  tra c e r-p a ir  an d  th e  d e te rm in a ­
tio n  o f th e ir  in te rco n v e rs io n  ra te  allow  a c a lc u la tio n  o f the  g la n d u la r  S R D 
from  P R d .

T he u r in a ry  a n d  b lood  ap p ro ach  o f D a n d  DS dynam ics b o th  seem  to  
h av e  ce rta in  a d v a n ta g e s  an d  d isad v an tag es. T hese  are  m ethodo log ica l in  
th e ir  n a tu re  or o rig in a te  from  th e  chances or lim its  o f th e  m a th em a tica l m o d el.

B ased  upon  a c ritic a l review  o f th e  p e r ta in in g  lite ra tu re  an d  o u r ow n 
experience  w ith  th e  u r in a ry  an d  blood a p p ro a c h  ap p lied  s im u ltan eo u sly  in  
h e a lth y  a n d  obese su b je c ts , som e aspec ts  o f  D an d  DS dynam ics w ill b e  
d iscussed.
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F o r  m ethodo log ical (s te ro id -an a ly tica l)  reasons, th e  u rin a ry  m e th o d  is 
th e  o n e  m ore ad v an ta g e o u s .

i) D eh y d ro ep ian d ro s te ro n e  su lp h a te  a n d  g lucuronoside can be d e te rm in e d  
in  u r in e  w ith  a m ore sim p le  te ch n iq u e  an d  m ore  re liab ly  th a n  DS or especia lly  
th e  u n c o n ju g a te d  D in p la sm a , th e  la t te r  in  th e  range below 1 /(g/100 ml.

ii) T he u rin a ry  m e th o d  n ecessita tes a sing le  in jec tion  of th e  tra c e rs  and  
a 3 -d a y  pool of u rine . I n  c o n tra s t , th e  b lood  m e th o d , in view  o f th e  s ig n ifican t 
d iffe ren ces in th e  b io log ica l ha lf-tim e o f D  a n d  DS requires a t  le a s t  four 
b lo o d  sam plings a t  d iffe ren t in te rv a ls  a f te r  th e  iso tope a d m in is tra tio n . In  th e  
case  o f  co n stan t in fusion , th e  techn ica l sch ed u le  is m ore com plex a n d  m eans 
a n  in c rea sed  s tra in  fo r th e  p a tie n t.

iii) W ith  th e  p la sm a  m ethod , erro rs in  m ethodo logy  and  c o n s tru c tio n  
m a y  re su lt  in  a g re a te r  d is to rtio n  of th e  p a ra m e te rs  th a n  w ith  th e  u r in a ry  
a p p ro a c h . In  ad d itio n , it  is from  a sh o r t w ork ing-period  th a t  one h as  to  
e x tra p o la te  on th e  d a ily  ba lance  (d iu rn a l rh y th m , periodic secre tion  o f  h o r­
m o n e s , e tc .).

T h e  tw o m e th o d s  rep re sen t th e  d y n a m ic s  of horm one m e tab o lism  in 
d if fe re n t w ays. B o th  a re  in  ce rta in  re sp ec ts  a rb itra ry , and  d isreg a rd  som e 
k n o w n  ch arac te ris tic s  o f  m etabo lism . F ro m  th is  p o in t of v iew , th e  b lood 
m e th o d  seems to  be a b e t te r  ap p ro ach  o f  th e  occurrences in  v ivo .

i) As a decisive c rité r iu m  of th e  u r in a ry  m ethod , the  specific  u r in a ry  
m e ta b o lite  (i.c., D G) m u s t o rig in a te  ex c lu s iv e ly  from  th e  p lasm a s te ro id  pool 
in  w h ich  th e  in jec ted  tr a c e r  (i.e., 4 -l4C D ) is d is tr ib u te d , an d  m u s t n o t be 
sy n th e s iz e d  in th e  o u te r  an a to m ica l c o m p a r tm e n t of th e  sam e h o rm o n e  or 
f ro m  a n o th e r  ho rm one  p ro d u ced  in th e  in n e r  co m p a rtm e n t. T his su p p o sitio n  
is n o t  en tire ly  valid  fo r th e  D-D S pair. I t  has been  assum ed th a t  D p ro d u ced  
fro m  DS in the  liv e r is p a r t ly  tra n sfo rm e d  to  and rostened ione  or D G  and  
ir re v e rs ib ly  m etab o lized  before  its  m ix in g  w ith  th e  D pool. C o n seq u en tly , 
D G  is p a r tly  th e  m e ta b o lite  of DS, an d  th e  v a lid ity  o f the  “ specific  u r in a ry  
m e ta b o li te ” concep t is n o t en tire ly  an sw ered .

ii) A reliable c o n tro l o f th e  tw o m e th o d s  has h a rd ly  been p e rfo rm ed  in 
cases  w ith  d is tu rb an ces  in horm one m e tab o lism  and  in no t m ore th a n  a few 
n o rm a l sub jec ts . L o r a s  a n d  M ig e o n  [8] h a v e  fo u n d  iden tica l SADG a n d  SAos 
v a lu e s  in th e  urine  o f p a tie n ts  w ith  v iriliz in g  ad ren a l tu m o u r, an d  from  th e  
e q u a tio n  of G u r p io e  e t a l. [5] th is  w ould  re su lt  in a S R ds of zero. In  c o n tra s t 
to  th is  conclusion, a d re n a l venous b lood  an a ly s is  revealed  a secre tio n  of DS. 
O u r ex perim en ts on  n o rm a l sub jec ts  [9] a n d  obese p a tie n ts  [10] show ed a 
n o rm a l u rin a ry  P R DS a n d  an  increased  b lo o d  P R o s in  th e  la t te r  p a tie n ts . 
T h is  observ a tio n  sp eak s fo r an  increased  h e p a tic  ex trac tio n  o f th e  ho rm one  
in  o b es ity . The f in d in g , a lth o u g h  it  d raw s a t te n tio n  to  l im ita tio n s  o f th e  
u r in a ry  m ethod , in d ic a te s  an  a b e rra tio n  o f  liv e r function  in  o b e s ity  h a rd ly  
d e te c ta b le  by  o th e r  m e th o d s .
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iii) T h e  b lood  m e th o d  is based  on th e  M CR. The re s tr ic tio n  o f  its  de­
te rm in a tio n  is a s te a d y -s ta te . T his, how ever, is n o t valid  in ev e ry  s itu a tio n . 
F o r in s tan ce , several s tero ids such as DS, do n o t read ily  reach  an  eq u ilib riu m  
d u rin g  in fusion  or a f te r  in jec tio n  o f  th e  lab e lled  stero id , or a ch an g e  in  the  
secre tion  ra te  d u rin g  its  m easu rem en t is n o t  be s tr ic tly  follow ed b y  sim ilar 
changes in th e  p lasm a co n cen tra tio n  o f th e  s te ro id . R ecen t re p o r ts  have 
rev ea led  a period ica l D secre tion  b y  th e  a d ren a ls  [11].

A s  a conclusion of th e  critica l co n sid e ra tio n s  discussed h ere  we refer 
to  H o r t o n  an d  T a it  [12]: “ A t th e  p re se n t tim e  it appears t h a t  th e  blood 
a p p ro ach  gives rise to  m ore accu ra te  e s tim a te s  o f secretion  ra te s  a n d  m ore 
m ean ing fu l p ro d u c tio n  ra te s . H ow ever, th e  ap p lica tio n  of b o th  m e th o d s , if 
possib le, will give th e  m ax im u m  a m o u n t o f  in fo rm a tio n .”
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DETERMINATION OF TESTOSTERONE 
IN SERUM ON THE BASIS 

OF A PROTEIN-BINDING METHOD
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J .  J u l e s z , I .  T ó t h  and I .  F a r e d in
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In  th e  ea rly  six ties, a new  m ic ro an a ly tica l p ro ced u re  based  on sa tu ra t io n  
analysis was e lab o ra ted  fo r th e  d e te rm in a tio n  o f  th y ro x in  ( E k i n s , 1960), 
insu lin  (Y a l o w  an d  B e r s o n , 1960) an d  of v a rio u s  s te ro id  horm ones (M u r p h y  
e t ab , 1963) (F ig . 1).

T he ho rm one  to  be e s tim a te d  form s a co m p lex  w ith  a p ro te in  as a re su lt 
o f specific b ind in g . T he b in d in g  p ro te in  m u s t be  ad d ed  in  a c o n c e n tra tio n  
w hich allow s its  s a tu ra tio n  to  its  fu ll b in d in g  c a p a c ity  b y  th e  h o rm o n e . T his 
gives a p ro te in -b o u n d  an d  a free ho rm one fra c tio n . T he p ro te in  c o n c e n tra tio n  
being c o n s ta n t, i t  is th e  q u a n ti ty  o f  th e  h o rm o n e  in  q u estio n  w hich d e te rm in es  
th e  ra tio  of th e  p ro te in -b o u n d  to  free frac tio n . F o r  th e  estim a tio n  o f th is  ra tio , 
rad io ac tiv e  h o rm o n e , id en tica l w ith  th e  cold  h o rm o n e  in  every  re sp e c t, in ­
clud ing  d is tr ib u tio n  o f its  p ro te in -b o u n d  to  free  frac tio n , is ad d e d  to  th e  
system  in a know n  a m o u n t. In  th is  m an n e r, as th e  cold horm one is ad d e d  
to  th e  system  in  increasing  a m o u n ts , i t  d isplaces th e  p ro te in -b o u n d  ra d io a c tiv e  
horm one from  its  com plex b in d in g  to  th e  p ro f it o f  th e  free frac tio n . T h e  p ro ­
p o rtio n  o f th e  tw o  frac tio n s can  be d e te rm in ed  b y  m easu rin g  e ith er th e  p ro te in -  
b ound  o r th e  free frac tio n  o f th e  rad io ac tiv e  h o rm o n e . A ca lib ra tio n  cu rv e  
from  w hich th e  u nknow n  ho rm one  c o n c e n tra tio n  o f  th e  assayed  sam ple  c a n  be 
read , is c o n s tru c te d  b y  p lo ttin g  th e  p ro p o rtio n  o f  p ro te in -b o u n d  to  free 
frac tions a t  k n o w n  co n cen tra tio n s  o f  th e  h o rm o n e  u n d e r  te s t.

In  ou r In s t i tu te  we h av e  been  engaged in  s tu d y in g  th e  clin ical a sp ec ts  
o f  and rogen  m etab o lism  fo r m a n y  years. S eru m  te s to s te ro n e  e s tim a tio n  is 
p e r tin e n t to  th e  line of s tu d y . S a tu ra tio n  an a ly s is  m akes i t  possible to  d e te r ­
m ine free te s to s te ro n e  in  th e  b lood , i t  h av in g  b een  d e m o n s tra te d  b y  M e r c ie r  
(1966) th a t  besides a nonspecific  a n d  w eak b in d in g  to  a lbum in , th e re  ex is ts  
a stro n g , specific b ind ing  of te s to s te ro n e  to  a b e ta  g lobu lin  frac tio n  th e  b in d in g  
cap ac ity  o f  w hich  increases d u rin g  p reg n an cy  a n d  in  response to  o estro g en  
th e ra p y  ( P e a r l m a n  e t a l., 1967). F ig . 2 show s th e  design o f our p ro ced u re .

F rom  m ale serum  1 m l, from  fem ale se ru m  4 m l arc  used. A p p ro x im a te ly  
10,000 dpm  tr i t ia te d  te s to s te ro n e  (Ao) is ad d e d  to  th e  serum  so as to  tra c e  
th e  te s to s te ro n e  losses invo lved  b y  th e  e x tra c tio n  a n d  th e  p u rif ic a tio n  p ro ­
cedures.
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Fig. 1. Principle of sa tu ra tion  analysis

serum cf : 1 ml' 
Ç :4ml

+ (1ß,2ß-3H)T, appr 10.000 dpm
extraction with 15 ml methylene chloride twice A o

crude 
extra ct

thin-layer chromatography on silica-gel - Q, twice: 
solvents:1.,n-hexane ethyl acetate -glacial acetic acid- 

absolute ethanol (16:75:5:2)
2.; benzene-absolute ethanol (00:10)

purified
e x t r á d

chromatography on florisil column
10 percent methanol in benzene, 10 ml

testosterone
extract

-radioactivity in 1/5 aliquots
(measurement of loss)

protein-binding reaction:
+ 2 ml measuring serum -(1ß,2ß-3H)T, approx.6.500dpm/0,5ml=B 
incubation on wafer bath at 45°C 
+ 80 mg florisil

supernatant = protein-bound testosterone

0.5ml+10mLTriton-x-100—toluene solution Radioactivity

bound T% - £ - x 1 0 0  A+B

Reading of T % from the calibration curve gives the amount of 
testosterone in ng. The values are corrected for extraction losses 
and expressed in ng/100ml.

Fig. 2. E stim ation  of testosterone. Schem atic representation
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A fte r a lk a liza tio n  th e  serum  is e x tra c te d  tw ice  w ith  15 m l m e th y le n e  
ch loride, w ashed  w ith  d is tilled  w ate r, an d  th e  e x t r a c t  is ev ap o ra ted  in  v acu o  
to  d ryness a t  40 °C. T he c ru d e  e x tra c t th u s o b ta in e d  is ch ro m ato g rap h ed  tw ice  
successively  on silica-gel-G  th in -la y e r for th e  se p a ra tio n  of te s to s te ro n e  fro m  
o th e r stero ids an d  from  in te rfe rin g  lip ids. B y  th e  f ir s t  ch ro m ato g rap h ic  p ro ­
cedure th e  te s to s te ro n e  is se p a ra te d  from  th e  n o n p o la r  17-ketostero ids in  a 
so lven t system  o f n -h e x a n e —e th y l a c e ta te —glacia l ace tic  acid — ab so lu te  e th a ­
nol, 16 : 75 : 5 : 2. B y th e  second p rocedure , te s to s te ro n e  is se p a ra te d  from  
th e  m ore p o la r 1 7 -b e ta -h y d ro x y -C 19-stero ids, th e  and rostaned io ls  a n d  th e  
an d rostened io ls  in  a b en zen e  abso lu te  e th an o l, 90 : 10 system .

A fte r each  c h ro m a to g ra p h y  th e  te s to s te ro n e -sp o t is located  w ith  th e  
aid  of a P a c k a rd  R ad io ch ro m a to g ram  S can n er a n d  each  tim e te s to s te ro n e  is 
e lu ted  from  th e  lay e r w ith  m eth an o l. T he e x t r a c t  th u s  purified  is c h ro m a to ­
g raphed  on a N ym co flo ris il colum n of 1.0 g in  o rd e r to  pu rify  i t  from  th e  
co n tam in a tio n s  due to  th e  silica-gel-G  th in - la y e r  a d so rb e n t. T he e lu a te  (10 ml 
10%  m eth an o l in benzene) is ev ap o ra ted  in v a c u o  a t  40 °C to  d ry n ess , d is­
solved in 1 ml m e th an o l a n d  th e  a c tiv ity  of th e  re s id u a l :lH -te s to s te ro n c  (A) 
is m easured  in a liq u o ts  o f  0.1 — 0.1 m l. In  th is  m a n n e r  th e  te s to s te ro n e  losses 
in h e ren t in  th e  p rocedures o f  pu rifica tion  a n d  iso la tio n  are checked. T h e  re- 
m ain in  g 0.8 m l of th e  e lu a te  is again  e v a p o ra te d  in  vacuo  to  d ryness a n d  in 
th e  sam ple  th e  te s to s te ro n e  is e s tim a ted  on th e  b as is  o f its p ro te in  b in d in g .

Serum  of th e  th ird  tr im e s te r  of p reg n an cy  a t  200 fold d ilu tio n  se rv ed  
as m easu ring  p ro te in . In  o u r  experience, a t  te s to s te ro n e  levels in  th e  ra n g e  o f
0.5 to  6.0 ng th is  p ro te in  d ilu tio n  gives c a lib ra tio n  curves of th e  re q u ire d  
steepness. T hough  h ig h e r d ilu tions allow  e s tim a tio n s  of h igher s e n s it iv ity  
if  th e  co n cen tra tio n  of te s to s te ro n e  is low, th e y  g ive f la t  and  less sen s itiv e  
curves a t  h ig h er te s to s te ro n e  co n cen tra tio n s. T o  th e  d ilu ted  p reg n an cy  se ru m  
tr i t ia te d  te s to s te ro n e  is a d d e d  an d  its  ra d io a c tiv ity  is checked on each  occasion  
(in 0.5 m l a p p ro x im a te ly  6,500 dpm  =  B).

T he m easu ring  serum  th u s  p rep ared  is a d d e d  to  th e  e x tra c t and  in c u b a te d  
in  a w a te r  b a th  a t  45 °C fo r 10 m inu tes d u rin g  w hich  tim e  an  e q u ilib riu m  
betw een  th e  free and  th e  p ro te in -b o u n d  te s to s te ro n e  frac tions is e s ta b lish e d .

F o r th e  sep a ra tio n  o f  free te s to s te ro n e , 80 m g  florisil is ad d e d  to  th e  
so lu tion , sh ak en  for tw o  m in u te s , allow ed to  s ta n d  fo r 6 m inu tes a n d  c e n tr i­
fuged. F ro m  th e  s u p e rn a ta n t  w hich con ta in s ex c lu s iv e ly  p ro te in -b o u n d  te s to ­
s te rone , 0.5 m l in  a so lu tio n  o f  10 m l T rito n -X -1 0 0  to lu o l is m easu red  fo r  its  
ra d io a c tiv ity  (C) using  a P a c k a rd  T ri C arb S p e c tro m e te r . F rom  th e  re su lts  
th e  p e rcen tag e  o f ra d io a c tiv e  te s to ste ro n e  le f t  b o u n d  to  p ro te in  a f te r  in ­
c u b a tio n  w ith  th e  cold te s to s te ro n e  sam ple o f  u n k n o w n  q u a n tity  is c a lc u la te d  
via th e  fo rm ula

b o u n d  T  p e r cen t
C

(A + B )
X 100
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A  =  ra d io a c tiv ity  in  th e  system  a fte r  e x tra c tio n  and  p u rif ic a tio n  
В =  ra d io a c tiv ity  o f  th e  m easuring  se ru m
C =  ra d io a c tiv ity  o f th e  p ro te in -b o u n d  te s to s te ro n e  frac tio n

T h e  p ercen tage  v a lu e  of th e  T  re a d  from  th e  ca lib ra tio n  cu rv e  gives 
th e  a m o u n t of te s to s te ro n e  in ng . T his is co rrec ted  for th e  e x tra c tio n  losses 
a n d  re fe rred  to  100 m l se rum .

E a c h  serum  sam ple  is m easu red  a g a in s t b lan k s w hich a re  t r e a te d  in 
e x a c tly  th e  sam e m a n n e r as th e  sam ples a n d  th e  values are s u b tra c te d  from  
th e  re su lts .

(F ig . 3) T he c a lib ra tio n  cu rv e  is c o n s tru c te d  on th e  basis  o f  p ara lle l 
m e a su re m e n ts  w ith  a cold  te s to s te ro n e  series o f  0.5 —1.0—2 .0 —4.0  — 6.0 ng. 
T h e se  s ta n d a rd  te s to s te ro n e  am o u n ts  are  in c u b a te d  w ith  th e  m e a su rin g  serum  
in  th e  sam e m an n er as th e  a c tu a l sam ples. E a c h  serial m easu rem en t req u ires  
a f re sh  ca lib ra tio n  cu rv e .

O n  th e  evidence o f th e se  m easu rem en ts  perfo rm ed  in  a r e la tiv e ly  sm all 
n u m b e r  o f  cases, th e  se ru m  te s to s te ro n e  lev e l ranges betw een  350 a n d  410 
n g /1 0 0  m l in  no rm al m ales a n d  betw een  40 a n d  50 ng/100 m l in  n o rm a l fem ales.
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THE HORMONE SECRETION RATE, 
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E . G l á z
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T he m ost re liab le  m an n e r o f  e s tim a tin g  ho rm one  p ro d u c tio n  b y  endocrine 
o rg an s, th u s  also by  th e  ad ren a ls , is th e  e s tim a tio n  o f the  horm one in  th e  venous 
b lood  o f th e  h o rm o n e-p ro d u c in g  o rgan . Since in th e  hum an  b e ing , a p a r t  from  
ex cep tio n a l occasions, th e re  is no p o ss ib ility  o f de te rm in in g  th e  horm ones 
d ire c tly  in th e  b lood  o f th e  ad ren a l vein , s tu d ie s  o f th is  k ind h av e  b een  largely 
co n fined  to  th e  la b o ra to ry  an im al u n til th e  in tro d u c tio n  of th e  ingenious 
secre tion  ra te  p rocedures for th e  stero id  ho rm ones based on th e  id ea  o f th e  
b io logical d ilu tio n  o f labelled  s te ro id s  ( P e t e r s o n , 1959).

T h e secretion  ra te  s tud ies b y  m eans o f ste ro id s  labelled  w itli :*H or "C  
are  based  on th e  follow ing p rinc ip le . A labelled  s te ro id  of h igh iso to p e  a c tiv ity  
is in tro d u ced  in to  th e  b o d y  in  m in u te  a b so lu te  am o u n ts  an d  left to  m ix w ith 
th e  b o d y  flu ids. W ith in  a ce rta in  tim e  it  becom es d is tr ib u te d  o v e r the fluid 
c o m p a rtm e n ts  in th e  sam e m a n n e r as th e  endogenous h o rm o n es. A ctually , 
th e  horm one, w h e th e r endogenous or iso tope-labe lled , is in d isc rim in a te ly  
m e tab o lized  an d  ex cre ted  by  th e  o rgan ism . I f  a f te r  com plete  m ix in g , a sam ple 
is ta k e n  from  blood or u rine  a n d  a f te r  specific  iso la tion , its h o rm o n e  co n ten t 
is d e te rm in ed , in o th e r  w ords th e  specific a c tiv ity  o f th e  iso la te d  horm one 
(i.e ., th e  ra tio  o f ra d io a c tiv ity  to  th e  ab so lu te  am o u n t o f h o rm o n e  in //g) 
is e s tim a te d , th e  secre tion  ra te  o f th e  given ho rm one  can be co m p u ted  w ith 
reference  to  th e  specific a c tiv ity  o f th e  s te ro id  orig inally  in tro d u c e d  in the  
o rgan ism . A fall in specific a c tiv ity , th e  d ilu tio n  of th e  original specific  a c tiv ity  
o f  th e  s te ro id , is d irec tly  re la ted  to  th e  endogenous horm one c o n te n t  o f the 
o rgan ism . D e te rm in a tio n  of th e  changes in specific  a c tiv ity  from  th e  horm one 
or from  th e  m e tab o lite  o f th e  ex am in ed  h o rm o n e  m ust give b as ica lly  the  
sam e re su lt, w ith  th e  u n d e rs ta n d in g  th a t  th e  horm one or its  m e tab o lite s  
selected  for th is  pu rpose  can h av e  no o th e r possib le  source in  th e  b o d y  th a n  
th e  in v es tig a ted  ste ro id  for th is  s tu d y . F o r in s tan ce , th e  u r in a ry  17-keto- 
stero id s  are  u n su ited  for th e  m easu rem en t o f th e  secretion  ra te , b ecau se  th e y  
h av e  m u ltip le  sources in th e  o rgan ism . On th e  o th e r  h an d , th e re  a re  num erous 
ste ro id s  o f  exclusive origin an d , b y  th is  fac t, su itab le  for sec re tio n -ra te  stud ies. 
T hese include de lta -5 -p reg n en e-3 -b e ta -2 0 -a lp h a-d io l for p regneno lone ; te tra -
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h y d ro -D O C  for d eso x y co rtico s te ro n e ; te tra h y d ro c o rtico s te ro n c  fo r co rtico ­
s te ro n e ;  te tra h y d ro c o rtiso l a n d  te tra h y d ro c o rtiso n e  fo r co rtiso l; on ly  
te s to s te ro n e  for te s to s te ro n e ; d eh y d ro ep ian d ro s te ro n e  fo r d ch y d ro ep ian d ro - 
s te ro n e ; p reg n an e trio l fo r 1 7 -a lp h a -h y d ro x y p ro g es te ro n e ; 18-oxo-glucuronide- 
a n d  te tra h y d ro -a ld o s te ro n e  fo r  a ldo ste ro n e , etc.

C a lcu la tio n  of th e  se c re tio n  ra te  is a sim ple ta s k . T he dose of th e  in je c te d  
s te ro id  b e in g  know n, i t  c a n  be  derived  from  th e  eq u a tio n  in  F ig . 1 w here  
/] r e p re s e n ts  th e  specific a c t iv i ty  o f  the  stero id  a d m in is te red , a its  a m o u n t, 
( th is  is , how ever, genera lly  a negligible q u a n t i ty ,  since for sec re tio n -ra te  
m e a su re m e n ts  horm ones o n ly  o f  re la tiv e ly  h igh  specific  a c tiv ity , i. e., of

where: h  =  specific ac tiv ity  of the steroid  adm inistered 
l0 =  specific ac tiv ity  of the steroid  in the urine 
a — am o u n t ef steroid adm inistered 
c — co rrec tion  factor

Fig. 1. F o rm ula  for the calculation  of steroid production estim ated  from the secretion ra te

m in im u m  absolu te  a m o u n t a re  su itab le). ln re p re se n ts  th e  specific a c t iv i ty  
o f  th e  iso la ted  horm one, i. e ., th e  m etab o lite  o f  th e  stero id  in  u rin e ; c is 
th e  co rrec tio n  facto r, since th e  procedure  can  on ly  be used if  th e  ra d io ­
a c t iv i ty  o f  th e  ad m in is te red  s te ro id  is excreted  in  its  to ta l i ty  du ring  th e  period  
o f  u r in e  collection, i. e., if  th e  organism  has a t ta in e d  a s tead y  s ta te . I n  th is  
ca se , a ll  m etabo lites fo rm e d  fro m  th e  a d m in is te red  labelled  s te ro id  m u s t be 
re c o v e re d  from  the  2 4 -h o u r u r in e  w hich equals th e  a m o u n t of ho rm one  b e ing  
fo rm e d  in  th e  organism  in  24 h o u rs , th u s  co rresp o n d in g  to  an  e q u ilib riu m  
b e tw e e n  p roduction  a n d  e lim in a tio n .

c =  U/D
U  =  rad io ac tiv ity  e x c re te d  during  co llec tion
D  =  rad io ac tiv ity  o f  th e  ad m in is te red  s te ro id

A  possible d ifference in  m olecu lar w eigh t b e tw een  th e  a d m in is te re d  
s te ro id  a n d  th e  iso la ted  s te ro id  m e tab o lite  req u ires  a fu r th e r  co rrec tio n  fa c to r  
fo r  th e  f in a l calcu lation  o f th e  secre tion  ra te . T h u s , d e layed  ste ro id  ex c re tio n  
in  co n seq u en ce  of ren a l im p a irm e n t on th e  one h a n d , a n d  in accu ra te  co llection  
o f  u r in e ,  on th e  o th e r, m a k e  th e  co rrection  fa c to r  ind ispensab le . In a c c u ra te  
a d m in is tra t io n  of th e  la b e lled  s te ro id  or its  in co m p le te  a b so rp tio n  a f te r  o ra l 
a d m in is tra t io n  as well as o th e r  special problem s w ill be d ea lt w ith  la te r  in  th is  
s tu d y  in  th e  con tex t o f th e  a ld o ste ro n e  secre tion  ra te .
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Determ ination o f aldosterone secretion rate

T he secre tion  ra te  of a ld o ste ro n e  is e s tim a ted  on th e  sam e p rin c ip le  as 
th a t  o f o th e r s te ro ids, by  th e  in tra v e n o u s  a d m in is tra tio n  o f a few /лС o f  ‘I l-la - 
belled  a ld oste rone  of a high specific  a c tiv ity . Since th e  t r i t ia te d  a ld o ste ro n e  is 
m etabo lized  an d  excre ted  b y  th e  organism  in 24 to  48 hours in th e  sam e 
m an n e r as endogenous a ld o ste ro n e , secre tion  can be ca lcu la ted  from  th e  fall 
in th e  specific a c tiv ity , i. e ., from  th e  d ilu tio n  of free a ld o ste ro n e  o r  o f its 
18-oxoglucuronide- or te tra -h y d ro -fra c tio n  iso la ted  from  th e  u rin e .

Fig. 2 a d a p te d  from  th e  s tu d y  of K l i m a n  (1963), sets o u t th e  genera j 
p rincip les o f th e  d e te rm in a tio n  o f  a ldoste rone  secre tion  ra te .

Principal considerations fo r the measurement o f aldosterone secretion rate in man
I. Injected dose of radioactive aldosterone:

1. High p u rity , “ D”  isomer.
2. High specific activity.
3. Known am ount.
4. Know'll specific activ ity , when calculation is based on specific ac tiv ity  d ilution.

II. Mixing and metabolism:
1. Tracer dose m ust be small in relation  to  miscible pool.
2. No loss of radioactiv ity  from  th e  steroid.
3. Complete metabolism during tim e in terval studied.
4. Complete excretion of specific m etabolite.

I I I . M etabolite isolation:
1. M etabolite derived only from aldosterone.
2. Specific identification.
3. A dequate purification.
4. A ccurate measurem ent.
5. Correction for tracer dose, when indicated.

Fig. 2. Principles of aldosterone secretion assay ( K l im a n , 1963)

I . T he iso tope-labelled  a ld o ste ro n e  used  for th is  p u rp o se  m u s t meet, 
th e  follow ing req u irem en ts: i t  m u s t be d-isom er in  o rd e r to  be b io log ically  
ac tiv e , to  be m etabo lized  in  th e  sam e m an n e r as endogenous a ld o ste ro n e . 
I t  m u s t be o f m ax im um  p u r ity , i. e ., its  rad io -p u rity  m u s t be in th e  n e ig h b o u r­
hood o f 99% . I t  m u st be of h igh  specific a c tiv ity  so as to  m ake th e  ab so lu te  
q u a n t i ty  to  be ad m in is te red  neg lig ib le .

I I .  As a p recau tio n a ry  m easu re  in  re sp ec t o f d is tr ib u tio n  a n d  m e ta b - 
o liza tion  of a ld o ste ro n e , th e  h o rm o n e  m u st be o f e x a c tly  know n m in u te  a m o u n t 
a n d  h ig h  specific a c tiv ity . In  o rd e r to  ensure com ple te  m ix ing  o f th e  ra d io ­
ac tiv e  a ldo ste ro n e , its  ab so lu te  a m o u n t in  re la tio n  to  th e  a ld o ste ro n e  c o n te n t 
o f  th e  ex trace llu la r  c o m p a r tm e n t m u st be neglig ib ly  sm all. F u r th e rm o re , 
th e  labelling  m u s t be stab le  in o rd e r to  p re v e n t a n y  a lte ra tio n  in 3I I  c o n te n t 
o f th e  a d m in is te red  a ldoste rone  d u rin g  its m e tab o liza tio n  an d  ex c re tio n . In  
a d d itio n  to  com ple te  m e tab o liza tio n , th e  excre tion  o f th e  m e ta b o lite  u n d e r 
s tu d y  m u st also be com plete . In  c o n tra s t  to  th e  rap id ly  fo rm ed  18-oxo-glucu- 
ro n id e  m e tab o lite , th e  te tra h y d ro -m e ta b o lite  p roduced  re la tiv e ly  slow ly an d  
req u ires  a 4 8 -h o u r collection o f  u rin e .
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I I I .  A p re req u is ite  o f  th e  iso lation  o f th e  m e tab o lite  is t h a t  th e  m e ta b ­
o lite  to  be iso lated  m u s t h a v e  aldosterone  as its  on ly  possible source. Specific 
id e n tif ic a tio n , a d e q u a te  p u rif ic a tio n  to  th e  co n s ta n c y  of :iH /l4C an d  reliab le 
m e a su re m e n t of specific  a c t iv i ty  arc fu r th e r  req u irem en ts  o f im p o rtan ce .

F ig . 3 gives a s c h e m a tic  rep re sen ta tio n  o f  th e  d e te rm in a tio n  of th e  aldo-
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Fig. 3.

SECRETION RATE 
( д д  of A l d o s t e r o n e  p r o d u c e d  

d u r i n g  t i m e  o f  U r in e  Collec tion  
u s u a l l y  2 h - h o u r s )

TRACER DOSE (Trit ium CPM)

SPECIFIC ACTIVITY OF METABOLITE 
(T r i t iu m  С РМ /дд)
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s te ro n e  secre tion  ra te  from  te tra h y d ro -a ld o s te ro n e  b y  th e  m eth o d  o f Co p e  (1964) 
a n d  o f th e  ca lcu la tions. F ig . 4 p re sen ts  th e  p ro ced u re  of a ld o ste ro n e  secre tion  
assay  b y  m ak ing  use o f th e  free a n d  th e  18-oxo-g lucuronide fra c tio n s  o f  a ld o ­
s te ro n e  ( F odor  an d  G láz 1971), a n d  F ig . 5 show s th e  values th u s  o b ta in e d . R e­
p lacem en t o f 14C labelled  an h y d ro u s  ace tic  ac id  b y  “ cold”  a n h y d ro u s  a ce tic  acid

ч а ш и *

micro Chen reaction m e a s u r e m e n t  of 
H3- C 1£*-activities

Fig. 4. Parallel estim ation of aldosterone secretion ra te  and of aldosterone excretion rate» 
according to  F odor  and Gt.Áz (1971)

Aldosterone excretion on the evidence of 180 assays 
Normal range: 13.0 (6—20) /<g/24 hrs 
Conn’s syndrom e: 45 120 //g/24 hrs
A drenalectom y: 2 3 /tg/24 hrs

Aldosterone secretion rate on the evidence of 180 assays 
Normal range: 120 (60 — 200) /<g/24 hrs 
Conn’s syndrom e: 300—1200 //g/24 hrs 
A drenalectom y: 20 30 /tg/24 hrs
Recovery from 500 //g d-aldosterone in jected : 471 //g

Fig. 5. A ldosterone values obtained by the secretion-rate and excre tion -ra te  m ethods
(G lâz e t al.)

12 Acta Medica Academiae Scientiarum Hungaricae 29, 1972



1 7 8 E. G LÁZ

g re a tly  sim plifies th e  p ro c e d u re  and  m akes i t  less expensive . Fig. 6 show s th e  n o r­
m a l va lu es  for a ld o ste ro n e  secre tion  ra te  o b ta in e d  b y  vario u s w orkers inc lud ing  
o u rse lv es , on th e  g ro u n d s  o f  th e  estim atio n  o f  th e  te tra h y d ro a ld o s te ro n e  an d  
o f  th e  18-oxo-conjugate  m e ta b o lite  (Fig. 6). T h e re  is no sign ifican t d ifference 
b e tw e e n  th e  resu lts  o f  th e  tw o  procedures. W h ile  th e  d e te rm in a tio n  o f t e t r a ­
h y d ro a ld o ste ro n e  c o n fro n ts  us w ith  p rob lem s o f th e  specificity  o f iso la tio n , 
in  th e  case of th e  1 8 -o x o -co n ju g a te  we h av e  to  cope w ith  difficulties in v o lv ed  
b y  th e  sm aller a m o u n ts  a n d  hy  th e  in s ta b ili ty  o f th e  com pound. In  b o th  
cases  i t  is essen tia l t h a t  th e  to ta l ra d io a c tiv ity  ex c re ted  during  th e  perio d  
o f  u rin e  collection sh o u ld  be m easured . In a c c u ra te  collection of u rin e  or 
im p a ire d  renal fu n c tio n  g re a tly  a lte r th e  re su lts . D elayed  u rin a ry  ex c re tio n  
o f  :,H  in th e  case o f im p a ire d  renal function  is b e s t d em o n stra ted  by th e  g rap h

E stim ation  of specific radio­
ac tiv ity  from  18-oxo- 
glucuronide, /ig/24 hrs
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Fig. 6. Aldosterone secretion values on the basis of 18-oxoglucuronide and te trahyd roa ldo ­
sterone  isolation, as observed by  different authors in norm al subjects (from Gláz and V e c s e i ,

1971)

A cta  Medica Academiae Scientiarum  H ungáriáié 29, 1972



T H E  HORM ONE SECRETIO N  H A TE, M ETHODS OF ASSAY 1 7 9

from  th e  s tu d y  o f  Cope  (1964) re p ro d u c e d  in F ig . 7. T he c o rrec tio n  fac to r  
p ro p o sed  b y  th is  a u th o r  is c a lcu la ted  on th e  basis  o f th e  ra d io a c tiv i ty  of 
u rin e  ex c re ted  in  th e  second an d  f irs t  24 h o u rs  a f te r  th e  in jec tio n  o f ^ - a l d o ­
s te ro n e . In  ou r s tu d ies  th e  co rrec tion  fa c to r  was carefu lly  reg is te red  in  ev ery  
case  an d  has been ta k e n  in to  co n sid e ra tio n  in  th e  ca lcu la tions o f a ll o u r va lues.

Fig. 7. U rinary excretion of 3H in the case of im paired renal function. Incom plete u rinary  
excretion of tritium  from labelled aldosterone m etabolites (from Co p e , 1964)

In  view  of th e  fa c t th a t  the  p lasm a  a ld o ste ro n e  co n c e n tra tio n  c o n s titu te s  
th e  m o st reliab le in d ic a to r  of th e  o rg an ism ’s a ld o ste ro n e  su p p ly , m ore  p recisely  
o f  th e  level o f biologically  ac tiv e  a ld o ste ro n e , th e  e s tim a tio n  o f  th e  a ld o ­
s te ro n e  secre tion  ra te s  an d  also o f a ld o ste ro n e  ex cre tion , m u st he re g a rd e d  as 
in a d e q u a te  (F ig . 8). T he resu lts  o f o u r s tu d ies  in  a to ta l o f 180 su b je c ts  p re ­
sen ted  in  th e  g rap h  conclusively  d e m o n s tra te  th a t  the  ex c re tio n  a n d  secre­
tio n  ra te s  of a ldo ste ro n e , th o u g h  p ro v id in g  su ffic ien t in fo rm a tio n  in  th e  
m a jo r ity  of cases concern ing  th e  s ta te  o f a ld o ste ro n e  supp ly  o f th e  b o d y , are 
in su ffic ien t in  a n u m b er o f cases. O n co n fro n tin g  th e  p lasm a  a ld o ste ro n e  
c o n cen tra tio n s  w ith  th e  v alues fo r a ld o ste ro n e  secretion  ra te  a n d  ex c re tio n  
in  th e  sam e in d iv id u a ls , we fin d  a d isc rep an cy  in  ce rta in  cases. T h is  is a t t r ib u t ­
ab le  to  th e  fac t th a t  th e  secre tion  an d  m e tah o liza tio n  o f a ld o ste ro n e  a re  n o t 
n ecessarily  o f th e  sam e ra te . As th e  g ra p h  c learly  d em o n s tra te s , d e sp ite  an  
increased  a ld o ste ro n e  secre tion  th e  p lasm a  a ld oste rone  level m a y  rem ain  
n o rm al as a re su lt o f increased  m e ta h o liz a tio n , on th e  o th e r h a n d , ev en  in 
th e  case of a n o rm a l a ld oste rone  sec re tio n , an  im p aired  m e ta h o liz a tio n  m ay  
re su lt  in  increased  p lasm a a ld o ste ro n e  levels, th a t  is, in an  en h an ced  a ld o ste ro n e  
a c tiv ity .

F ro m  th e  d a ta  p resen ted  it  c lea rly  em erges th a t  th e  e s tim a tio n  o f  th e  
a ld o ste ro n e  secre tion  ra te  p e rm its  a fa r  m ore  reliab le  assessm ent o f th e  s ta te  
o f  a ld o ste ro n e  su p p ly  o f th e  b o d y  th a n  does th e  estim a tio n  o f a ld o ste ro n e
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F ig . 8 . Aldosterone excretion and secretion rates plotted against plasma aldosterone values 
under various conditions of aldosterone production (Glâz et al.)

Aldosterone antiserum titre:

F ig . 9 . Aldosterone antiserum titre in five different rabbits (Glâz et al.)
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ex cre tio n . N o tw ith s ta n d in g  th is , seria l d e te rm in a tio n  o f th e  p lasm a  a ld o ­
s te ro n e  level seem s to  offer th e  on ly  p ro m ising  av en u e  fo r fu tu re  re sea rch  
concern ing  a ld o ste ro n e , w h e th e r in  an im al ex p e rim en ts  or in  clin ical s tu d ie s . 
T h is  w ould p e rm it to  rep lace th e  co stly , ted io u s  doub le-iso tope  tech n iq u es  b y  
rad io im m u n o assay .

As regards th e  rad io im m u n o assay  in  genera l, inc lud ing  tho se  o f  a ld o ­
s te ro n e , we are s till a t  th e  beg inn ing , b u t th e  re su lts  th u s  fa r o b ta in e d  seem  
encourag ing . As show n in Fig. 9, we h av e  been  ab le  to  p rep a re  a n tia ld o s te ro n e  
im m u n e  serum  in  th e  ra b b it, u s in g  a ldostero n e-2 1 -b is-h em isu cc in a te  bov ine  
se ru m  a lbum in  (B SA )-com plex  p ro d u ced  b y  V e c s e i  a n d  P e n ic e  (u n p u b lish ed  
d a ta )  for th e  im m u n iza tio n  w hich  w as ca rried  o u t b y  th e  p rocedure  o f  L a d a  
(unpu b lish ed  d a ta ) . T hou g h  th e  t i t r e  o f ou r a ld o ste ro n e  an tise ru m  th u s  o b ­
ta in e d  is fa r in excess o f th a t  req u ired  by  th e  p ro ced u re , we h av e  s till a long 
w ay  to  go to  m ak e  th e  m ethod  app licab le  fo r serial d e te rm in a tio n  of th e  
p la sm a  a ld oste rone  level.
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STEROID HORMONE DETERMINATION 
ON THE BASIS OF RADIO-IMMUNOASSAY
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BUDAPEST, HUNGARY

R ad io im m u n o assay  allow s a reliab le d e te rm in a tio n  of v e ry  sm all 
q u a n titie s  of v a rio u s  su b stan ces , in  th e  f irs t  p lace  o f  p ro te in s , in  te rm s of 
p icogram s or n a n o g ra m s. T his is o f  in va luab le  a d v a n ta g e  in  th e  case o f e s tim a ­
tions in  biological flu id s. A ccu racy  an d  re p ro d u c ib ility  belong to  th e  ch ie f 
m erits  o f th e  m e th o d .

B asically , ev e ry  su b stan ce  o f  im m unogenic  p ro p e rtie s , in  o th e r  w ords, 
a g a in s t w hich a n tib o d y  can be  ra ised  in an  a p p ro p r ia te  species, lends itse lf  
to  q u a n tita tiv e  rad io im m u n o assay . This p rim a rily  app lies to  p ro te in s . T he 
m e th o d  was o rig ina lly  developed  for th e  a ssay  o f  insu lin  by  Y a l o w  an d  
B e r s o n  [1], la te r  its  p rincip le  w as ad a p te d  b y  th e  sam e au th o rs  as well as 
by  o th e r  w orkers to  all su b stan ces  capab le  o f  fo rm in g  a specific b in d in g  
w ith  som e o th e r  su b stan ce  w ith in  an  im m unolog ica l o r non im m unolog ica l 
sy stem .

T he p rincip le  o f im m u n o assay  is p resen ted  in F ig . 1.

Labelled antigen -f- Specific antibody 
Agx Ab
(F) +

Ag

Labelled antigen—antibody  complex 
Agx -  Ab 

(В)
nonlabelled antigen
in a known standard  solution or in
an unknow n sam ple to  be measured

Ag—Ab 
nonlabelled 
antigen-antibody 
complex

Fig. 1

T he p rinc ip le  o f  rad io im m u n o assay  is also v a lid  fo r n o n im m u n e  sy stem s; 
th is  is th e  co m p e titiv e  rad io assay .

T h e  resu lts  o f  rad io im m u n o assay s tu rn  on th e  issue o f fin d in g  an  
a p p ro p ria te  p ro ced u re  for th e  se p a ra tio n  o f th e  free  tra c e r  from  t h a t  b o u n d  
to  th e  a n tib o d y .

T h e  w ide d iv e rs ity  of possib ilities  of se p a ra tio n  allow s to  select th e  m o st 
co n v en ien t p ro ced u re . One o f th e  m ost c u rre n tly  u sed  tech n iq u es  is t h a t  o f
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im m u n o lo g ica l double a n tib o d y  p re c ip ita tio n . In  view  of its  s im p lic ity  an d  
its  r a p id i ty ,  i t  is th e  p la s tic -c o a ted  a n tib o d y  tu b e  p ro ced u re  described  by  
C a t t  a n d  T r e g e a r  [2] w h ich  seem s th e  m o st p rom ising . R e c e n tly , th e  p o ly ­
m erised  an tise ru m  p ro ced u re  has b een  a d o p te d  fo r th e  a ssay  o f  horm ones 
w ith  a s te ran e  nucleus.

E s tim a tio n  of oestrone  an d  oestrad io l

T h e  p rocedure  owes i ts  ex istence  to  th e  possib ility  o f b in d in g  stero id  
h o rm o n e s  to  p ro te in s  in  w h ich  s ta te  th e y  ind u ce  th e  fo rm a tio n  o f  a n tib o d y  
sp ec ific  o f  th e  ste ro id  h a p te n . L i e b e r m a n  e t al. [3], G o o d f r i e n d  a n d  S e h o n

[4] h a v e  developed ra d io im m u n o assay s  fo r th e  e stim a tio n  o f p rog este ro n e , 
te s to s te ro n e , oestrone a n d  o f  o th e r  h o rm ones, u sing  bov ine  se ru m  a lbum in  
(B S A ) as carrie r p ro te in .

T h e  im m unizing  a n tig e n  w as a 17 /J-oestrad io l-hem isuccinate-B S A  com ­
p le x , th e  an tise ru m  w as ra ise d  in  sheep. T he an tise ru m  c ro ss-reacts  w ith  
o e s tro n e , there fo re  oestrone  a n d  o es trad io l can  be d e te rm in ed  se p a ra te ly  w ith  
th e  a id  o f a su itab le  se p a ra tio n  te c h n iq u e .

T h e  ad v an tag e  o f th e  m e th o d  is its  h igh  sen s itiv ity . I t  m easu res  th e  
s te ro id s  in  sam ples as sm all as 1 to  2 m l an d  also lends itse lf  to  seria l te s ts  
in  m a n , un like o th e r p ro ced u res  req u irin g  large am o u n ts  o f p la sm a , such  as 
gas c h ro m a to g ra p h y  [5, 6] o r th e  doub le  iso tope  d e riv a tio n  te c h n iq u e  [7, 8].

T h e  p lasm a oestrogens m ay  be  se p a ra te d  from  e th e r  e x tra c ts  on Sepha- 
d e x  L H -2 0  b y  co lum n c h ro m a to g ra p h y , fo r w hich  M i k h a i l  e t al. [9] use th e  
p o ly m e riz e d  an tib o d y -co llo id  described  b y  A v r a m e a s  a n d  T e r n y n c k  [10]. 
T r i t ia te d  oestrad io l a n d  oestrio l m a y  serve as trace rs .

A ccord ing  to  A b r a h a m  [11] o estrad io l c an  be e s tim a te d  d ire c tly  in 
fo llic u la r  flu id  w ith o u t re q u ir in g  p rev io u s p u rifica tio n .

T h e  d irec t m e th o d s g ive, how ever, no re liab le  re su lts  in  e s tim a tio n s 
in  p la sm a .

M i d g l e y  e t al. [12] im m u n ized  ra b b its  w ith  13 d iffe ren t stero id -B S A  
co m p lex es, o f w hich only  9 p ro v ed  im m unogen ic : oestrad io l-3 -B S A , proges- 
te ro n e-3 -B S A , p rogesterone-20 -B S A , p ro g e s te ro n e -ll-B S A , p regnano lone-3- 
B S A . T h e  following fo u r p re p a ra tio n s  fa iled  to  p ro d u ce  im m u n e  response: 
a ldoste rone-21 -B S A , co rticoste rone-21 -B S A , cortisone-21-B SA  a n d  desoxy- 
co rticoste rone-21 -B S A . E a c h  p ro te in  m olecule o f th ese  p re p a ra tio n s  con­
ta in e d  on ly  10 or less s te ro id  m olecules. S ince E r l a n g e r  a n d  B e i s e r  

[13, 14] w ere able to  p ro d u ce  im m u n iz a tio n  even w ith  th e se  fo u r p re p a ra tio n s , 
th e  e x p la n a tio n  can  on ly  b e  t h a t  each  B SA  m olecule m u s t c o n ta in  a t  least 
20 o r  m ore  stero id  m olecules.
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The V 1̂ 1 H u n g a ria n  E n d o c rin e  C ongress was held in Szeged , 

S zep tem b er 1— 4, 1971.

T h is  vo lum e com bines the  le c tu re s  d e liv e red  in th e  p le n a ry  sessions 
o f  th e  Congress. I t  fu r th e r  c o n ta in s  th e  lec tu res  given a t  th e  S y m p o siu m  
on  th e  reg u la tio n  o f ACTH secre tio n  a n d  m o d ern  tren d s  in s te ro id  analy sis
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ANNOUNCEMENT OF AN IAEA SYMPOSIUM

T itle : R a d io im m u n o assay  a n d  R ela ted  P ro c e d u re s  in  Clinical M edicine a n d  
R esearch

D a te : 10— 14 S ep te m b e r, 1973 

L o c a tio n : Is ta n b u l, T u rk e y

O rg an ize rs : In te rn a tio n a l  A tom ic E n erg y  A g en cy ,
K ä rn tn e r  R in g  11— 13, A-1010 V ien n a , A u s tr ia

S c ien tific  S ecre ta ries : D r. E . J .  G arcia an d  D r. E . H . B clchcr 
M edical A p p lic a tio n s  Section

T h e  p ro g ram m e o f th is  Sym posium , th e  second  to  be o rgan ized  b y  th e  
In te rn a t io n a l  A tom ic  E n e rg y  A gency in  th e  s u b je c t  fie ld , will cover all a sp ec ts  
o f rad io im m u n o a ssa y  a n d  re la te d  procedures a n d  th e ir  app lica tions. P a r t ic u la r  
a t te n t io n  w ill be  g iv en  to  th e  in  vitro d e te rm in a tio n  o f substances o f c lin ica l 
in te re s t  such  as h o rm o n es , v itam in s  and  d ru g s . Sections of th e  p ro g ram m e  
w ill b e  d ev o ted  to  re c e n tly  developed  te c h n iq u e s  fo r  th e  detec tio n  o f  tu m o u r , 
v ira l  a n d  b a c te r ia l a n tig e n s , an d  to  assays em p lo y in g  labelled  an tib o d ies  a n d  
n a tu ra l ly  occurring  specific  recep to rs.

F u r th e r  in fo rm a tio n , p a rtic ip a tio n  fo rm s  a n d  form s for subm ission  of 
a p a p e r  in ten d ed  fo r  p re se n ta tio n  a t  th e  S y m p o siu m  will be o b ta in ab le  from  
n a tio n a l  a u th o ritie s  fo r  a to m ic  energy m a tte rs . A b s tra c ts  of such p ap e rs  m u s t 
be  s u b m itte d  to  th e  In te rn a tio n a l  A to m ic  E n e rg y  A gency th ro u g h  th e se  
a u th o ritie s .



SYMPOSIUM ANNOUNCEMENT

T itle : New  D evelopm en ts in  R ad io p h a rm a c eu tica ls  and L abelled  C o m pounds.

D a te : 26— 30 M arch 1973

L o ca tio n : C openhagen , D en m ark

O rg an izes: In te rn a tio n a l A tom ic E n e rg y  A gency
K ä rn tn e r r in g  I I ,  P .О. B ox 590 А -1011 V ienna, A u stria  
in co llab o ra tio n  w ith  th e  W o rld  H e a lth  O rgan ization  
CH-1211 G eneva 27, S w itzerlan d

S c ien tific  S ecre ta ries : D r. S. R o th c liild  a n d  D r. E . G arcia

T h e  Sym posium  will p rim arily  be co n cern ed  w ith  th e  chem ical a n d  p h a r­
m a c e u tic a l a sp ec ts  of rad io p h a rm a ce u tic a ls . A m ajo r o b jec tiv e  w ill be to  
su m m arize  by  m eans o f in v ited  p a p e rs  som e of th e  recen t d e v e lo p m e n ts  in 
th e  a rea s  lis ted  below , to  be follow ed by c o n tr ib u tio n s  on new  w o rk . T opics 
to  be co v ered  include nuclide g en e ra to rs , k its  for p rep arin g  ra d io p h a rm a - 
ccu tica ls  from  sh o rt-liv ed  nuclides, a c c e le ra to r  p ro d u c tio n  o f m ed ica lly  useful 
nu c lid es , sy n th es is  o f rad io p h a rm aceu tica ls  a n d  labelled  com pounds fro m  s h o r t­
lived nuclides, labelled com pounds fo r in vitro c lin ical te sts , and  s ta b le  iso topes 
in m edicine.

A p anel will discuss various a sp ec ts  o f  reg u la to ry  and  p h a rm a c e u tic a l 
re sp o n sib ilitie s  fo r rad io p h a rm aceu tica ls , a f te r  w hich discussion w ill be  in v ite d  
fro m  th e  floor. A n o th e r pan e l will a t te m p t  to  p ro jec t th e  d ire c tio n s  w hich  
n u c le a r  m ed ic ine  is likely  to  ta k e  in  th e  fu tu re , and  th e  d em an d s t h a t  th is  
w ould  p lace  on th e  deve lopm en t o f new  rad io p h a rm aceu tica ls .

P a r tic ip a tio n  in  th e  S y m posium , w h e th e r  or n o t a p a p e r  is p re se n te d , 
m u s t be th ro u g h  n o m in a tio n  b y  th e  G o v e rn m en t of a M em ber S ta te  o f th e
I.A .E .A . o r Vi .H .O . E ach  p a r tic ip a n t shou ld  com plete  a P a r t ic ip a tio n  F o rm , 
a n d  a F o rm  for S ubm issio n  of a P a p e r  if  a p a p e r  is to  be su b m itte d , an d  send  
it ( th em ) to  th e  c o m p e te n t official a u th o r i ty  for transm ission  to  th e  A gency. 
T h e  F o rm  fo r Subm ission  o f a P a p e r  shou ld  be received by th e  A gency  befo re  
16 O c to b e r 1972. F u r th e r  in fo rm atio n  an d  fo rm s m ay  be ob ta in ed  fro m  n a tio n a l 
a u th o r it ie s  fo r a to m ic  energy  m a tte rs .



INTERNATIONAL CONGRESS ON ‘ IMMUNOLOGY 
IN OBSTETRICS AND GYNAECOLOGY”

P a d u a ,  I ta ly  —  7— 9 J u n e , 1973

A n  In te rn a tio n a l  C ongress on “ Im m u n o lo g y  in  O b ste trics an d  G y n a e ­
co lo g y ”  w ill be a rran g ed  a t  P a d u a , I ta ly , on 7 th ro u g h  9 Ju n e , 1973, u n d e r  
th e  ausp ices  of C .I.O .M .S .

T h is  Congress in te n d s  to  d irec t a sp o tlig h t to  th e  re la tio n  ex is tin g  b e ­
tw e e n  im m unology  an d  o b s te tr ic s , and  a good n u m b e r o f o u ts ta n d in g  I ta l ia n  
a n d  fo re ig n  sc ien tists  gave a lre a d y  th e ir  a g reem en t sen d in g  rep o rts  an d  re c ip ro ­
ca l co rresp o n d en ce  re le v a n t to  th e  them es to  b e  t r e a te d .

T h e  Congress will la s t th re e  days w ith  tw o  sessions p er d ay . The fo llow ing  
ite m s  w ill he d iscussed:

1 st session : m ale s te r il i ty  o n  th e  basis o f im m u n o lo g y  

2 n d  session : fem ale s te r il i ty  on th e  basis o f im m u n o lo g y  

3 rd  session : im m unology  o f th e  concep tion  p ro d u c t  

4 th  session : tra n s p la c e n ta ry  passage  of th e  a n tic o rp se  

5 th  session : an tico rp se  a n tih o rm o n e  

6 th  session : im m unology  o f gynaecological tu m o u rs

F o r  fu r th e r  in fo rm a tio n  an d  su b sc rip tio n  p lease  address y o u rse lf  to  
P ro fe sso r N icola C a rre tti , O b s te tr ic s  and  G ynaeco lo g y  Clinic of the  U n iv e rs ity  
in  P a d u a , Via G iu stin ian i no . 3, P a d u a  35100, I ta ly .



URBANIZATION AND HUMAN 
HEALTH
by T. BAKÁCS

The basic biological problems of urbanization  are trea ted  in this book, such as the direct 
factors responsible for the disruption of balance in ecology witnessed today, how far the in­
creasingly artificial u rban  environm ent and chem icalization are responsible for this disbalance, 
and fu rther the measures necessary to prevent un tow ard  longterm  reactions. The m ost im ­
p o rtan t urbanization hazards, as well as the complex health  injuries connected w ith the 
u rban  environm ent are analysed. The au th o r also tries to  find  a solution to these urgent prob­
lems.
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ENDOSKOPISCHE BIOPSIE
(E in R undtischgespräch) 

herausgegeben von I. W1TTMAN

Im  K am pf gegen den Krebs des V erdauungstraktes erlangen in den letzten  10 Jah ren  die 
Endoskopie und die sich daran anschließende gezielte Biopsie hervorragende B edeutung, 
da die frühzeitige Krebsdiagnose in e rs ter Linie durch die endoskopische Biopsie erm öglicht 
wird. In dieser A rbeit werden die neuesten Methoden und M öglichkeiten der gezielten Biopsie 
im  Anschuß an die endoskopische U ntersuchung des Ö sophagus, Magens, D ünndarm s, D ick­
darm s, M astdarm s und der Leber d isku tiert. Die lichtm ikroskopische U ntersuchung des biop- 
tischen M aterials und die M öglichkeiten der nativen und elektronenm ikroskopischen U n te r­
suchung werden behandelt sowie die histocheinischen V erfahren und neuen M ethoden der 
histologischen Technik dargestellt.

In  deutscher Sprache • 164 Seiten • Ganzleinen
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SUBCLINICAL FORMS OF MYOCARDIAL INFARCTION

B y

I.  K e n e d i , J u l i a  D é v a i  and F.  G o n d a

HUNGARIAN ARMY MEDICAL CORPS 

(Received Ju ly  26, 1971)

E arlier m yocardial infarction was ascertained on the basis of the M innesota 
Code in  36 patien ts in  whose history there was no typical heart a ttack .

The post-infarction  ECG p a tte rn  m ay be produced in the following ways. 
1) T rue, silent painless infarction; 2) transito ry  re tro ste rna l pain of anginal charac te r; 
3) acute cardiac syndrom e in the absence of pa in  (circulatory failure, v en tricu la r 
tachycard ia); 4) presence of some other disease m asking the signs of acu te  m yo­
cardial infarction.

In  the present series, the syndrome term ed  subclinical infarction was p revalen t 
beyond the age of 55 years, and infarctions of th e  posterior wall were more frequent 
th an  those of the anterior wall.

The  form s o f  m y o card ia l in fa rc tion  m a rk e d  b y  th e  absence o f  a n  a c u te  
ty p ic a l sy n d ro m e, to  w hich th e  collective te rm  “ subclin ica l in fa rc tio n ”  m ay  
be ap p lied , a re  o f m a jo r p rac tica l sign ificance a n d  ever since th e  b eg in n in g s  
of epidem iologic  s tu d ie s  o f co ro n ary  disease th e y  h av e  been given m u c h  a t t e n ­
tio n  in  l i te ra tu re  ( G o r d o n  e t al. 1959, L i n d b e r g  e t al. 1960, K a n n e l  

e t a l. 1970). T he p rob lem  has been  view ed fro m  tw o d ifferen t ang les o f  a p ­
p ro ach , accord ing  to  its  clin ical an d  p a th o lo g ica l asp ec ts . M yocardial in fa rc tio n  
d e te c te d  a t  a u to p sy  is o u tside  th e  su b jec t o f  th e  p re sen t s tu d y .

T h e  form s o f m y o card ia l in fa rc tio n  to  b e  discussed here pose  m a jo r 
d iag n o stic  p rob lem s. T he scar form ed a t  th e  s ite  o f in fa rc tion  in te rfe re s  w ith  
th e  m u sc u la r  p e rfo rm an ce  o f  th e  h e a r t an d  becom es an  inexplicab le h a n d ic a p  
to  th e  p a tie n t ,  th u s  im posing  a search  fo r its  cause  by  every  possib le m eans.

Material and m ethod

The 36 subjects forming the present series have been under our care as in p a tien ts  and 
followed up after discharge, or referred to our EC G -laboratory, since 1966. All had  residual 
signs of m yocardial infarction  according to the criteria  o f the Minnesota code, confirm ed on 
discharge or during follow-up or as an accidental ECG finding. In  order to determ ine th e  exact 
location and ex ten t of earlier infarction and to record th e  motions of the cardiac contour, 
all p a tien ts  were subm itted  to  a complex schedule of investigation  including a 15-lead ECG, 
a PCG derived from  the apex and the base in four frequency bands, an apex cardiogram  
(ACG) recorded from  9 sites betw een the sternal bo rder and the midclavicular lines in  the 
th ird , fourth  and fifth  in tercostal spaces, and an X -ray  kym ogram  in five or six positions. 
The abnorm al circum scribed m ovem ents revealed by  th e  ACG were verified in  tw o ways, 
viz. b y  re tu rn ing  from o ther areas to the abnorm al site in the course of the sam e s tu d y , and 
by a  com parison w ith  la te r recordings.

1 Acta Medica Academiae Scientiarum Hungaricae 29, 1972
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R esults

T h ir ty -s ix  p a tie n ts , 13 %  of th e  270 p o s tin fa rc tio n  cases su b m itte d  to  
th e  co m p lex  schedule o f  in v estig a tio n s re fe rre d  to  above, w ere fo u n d  to  have 
e x p e rie n c e d  m y ocard ia l in fa rc tio n  in th e  p a s t  in  th e  absence o f a classical 
a c u te  co ro n a ry  a tta c k . I t  is deem ed c o n v e n ie n t to  divide th e  cases o f  sub- 
c lin ic a l in fa rc tion  in to  th e  follow ing four ty p e s .

1) T ru e  silent m yocardia l in farc tion . D e tec tio n  o f its  re s id u a l ECG- 
s ig n s  w as exclusively  th e  re su lt o f ro u tin e  clin ica l investiga tion , ev en  close 
q u e s tio n in g  hav in g  fa iled  to  reveal any  in d ic a tio n  o f earlier ca rd iac  episodes. 
T h e  12-lead  ECG belongs to  our p re o p e ra tiv e  ro u tin e  in  all p a t ie n ts  over 
45 y e a r s  o f age before  m a jo r  surgery  in c lu d in g  urological or tra u m a to lo g ic a l 
in te rv e n tio n s , and  re c e n tly  also before m in o r  su rgery .

O n  th e  evidence o f  th e  ECG, th e  lo c a tio n  o f  “ silen t”  in fa rc tio n  w as th e  
a n te r io r  w all in 5 a n d  th e  p o s te rio r  w all o r  th e  p o ste ro -la te ra l reg io n  in  8 of 
th e  13 cases. F lu o ro sco p y  rev ea led  ca rd iac  en la rg em en t an d /o r p e rica rd ia l 
a d h e s io n s  in  four cases a n d  circum scribed  a n e u ry sm a l bu lg ing  in  one case. 
T h e  A C G  show ed p a ra d o x ic a l pu lsa tio n  a t  som e circum scribed  seg m en t of 
th e  c a rd ia c  con tou r in  3 cases. The essen tia ls  o f  a n  illu s tra tiv e  case a re  given 
in  th e  follow ing.

T h e  p a tie n t w as a 65-year-o ld  fem ale. P u lm o n a ry  screening p e rfo rm ed  
in  1970  revealed  a so lita ry  ro u n d  shadow  su g g estiv e  o f b ron ch ia l ca rc in o m a 
in  t h e  le f t  low er fie ld . T h o ra c o to m y  w as p e rfo rm ed  on these  g ro u n d s  in  a 
u n i t  fo r  p u lm o n a ry  su rg e ry . O n exposure, a  c a rd ia c  aneurysm  a c c o u n tin g  for 
th e  r o u n d  so lita ry  lesion w as found . T he p a t ie n t  was referred  fo r resec tio n  
o f  t h e  a n e u ry sm  to  th e  F i r s t  Clinic o f S u rg e ry  o f  th e  P o s tg ra d u a te  M edical 
S ch o o l. T h e  p a tie n t d en ied  ever hav ing  ex p erien ced  re tro s te rn a l p a in  or 
a n y  sy m p to m  o f h e a r t  fa ilu re  in  th e  p as t b u t  h a d  been hosp ita lized  fo r  h e a r t  
d iso rd e rs  fiv e  years ea rlie r. T h e  X -ray  k y m o g ram  (F ig . 1A) show ed a m a rk e d ly  
e n la rg e d  h e a r t , its  base  sh ow ed  a bulging h em isp h ero id  an eu ry sm  w ith  ca l­
c if ied  b o rd e rs . I n te rp re ta t io n  o f th e  a b n o rm a l pu lsa tions was n o t possib le  
o w in g  to  th e  presence o f b ro a d  p leu ro -p e ricard ia l adhesions p a r tly  o f  su rg ica l 
o r ig in . T h e  presence o f  a Q a n d  o f an in v e r te d  T  in s ta n d a rd  lead  I  a n d  in 
aV L  a n d  o f  a QS in V 1_ 4 as well as in  th e  N e h b -J - le a d  was ty p ic a l o f  a n  old 
in fa rc t io n  scar invo lv ing  th e  apex . ACG re v e a le d  paradox ica l p u lsa tio n s  
a t  t h e  a p e x  (locations 0 a n d  2) w ith  n o rm a l m o vem en ts of th e  co n to u rs  a t  
th e  b a se  (F ig . IB ).

I n  one o f th e  cases o f  s ile n t in farc tion , a consecu tive  ECG series rev ea led  
a n  e x te n s io n  o f th e  c ica tr ic ia l area  of th e  a n te r io r  w all in  th e  absence  o f  a n y  
p a in  ( la te n t  progression).

2) E C G -record ings ta k e n  a fte r a short attack o f  effort a n g ina  in  19 
cases  re v e a le d , qu ite  su rp ris in g ly , signs o f  a n  a c u te  m yocard ia l in fa rc tio n

A c ta  M edica Academiae Scientiarum  Hungaricae 29, 1972
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Fig. IB .  ECG typical of an  infarction scar on the an terio r wall (QS in V t _ 4). ACG shows 
paradoxical pulsations a t  th e  apex (locations 0 and 2)

1* A cta  \Icd ica  Academiae Scientiarum Hungaricae 29 , 1972

Fig. 1A. A neurysm  with calcified borders a t  th e  base of the heart
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a f te r  th e  f irs t  a t ta c k  in 8 cases an d  of an  o ld  in fa rc tio n  a fte r recu rren t t ra n s ie n t  
p a in  in  11 cases. A p o ste rio r  w all p a tte rn  w as fo u n d  in 12 an d  a n  a n te r io r  
w all p a t te r n  in  7 cases. T h e  ACG show ed in  s ix  cases parad o x ica l p u lsa tio n s  
a t  som e w ell-defined  a rea . T here was X -ra y  ev id en ce  of an  an eu ry sm  in  th e  
fo rm  o f a c ircum scribed  bu lge  in  one case, o f  c a rd iac  en largem ent a n d /o r  o f 
p e rica rd ica l adhesio n s in  5 cases. The fo llow ing  case was illu s tra tiv e .

Fig. 2. ECG and  VCG: infarction scar of th e  posterio r wall. ACG: the upper m edial 
con tour and the la teral wall show abnorm al movements

T h e p a tie n t  w as a 41-year-o ld  m ale h a v in g  experienced re c u rre n t t r a n ­
s ie n t an g in a l sy m p to m s w hile  serving a p riso n  sen tence . The ECG  p erfo rm ed  
a f te r  his re lease show ed a Q in  s ta n d a rd  lead s I I ,  I I I ,  aV F an d  N eh b -D , as 
w ell as on  th e  у -ax is o f  YCG as a sign o f  a n  o ld  posterio r in fa rc tio n  scar. 
ACG rev ea led  a sem ip a rad o x ica l p u lsa tio n  in  th e  u p p e r  m edial p a r t  ( lo ca tio n  9) 
a n d  ja g g e d  c o n to u rs  la te ra lly  a t  loca tio n  7 (F ig . 2).

3) A cute cardiac sym ptom s  in th e  ab sen ce  of pain . G rave  d y sp n o ea , 
a c u te  le f t h e a r t  fa ilu re  ( F r ie d b e r g  1950, P a p p  1952, J o c h w e d s  1969), v e n tr ic ­
u la r  ta c h y c a rd ia , g rave  a rrh y th m ia  (E v a n s —S u t t o n  1956) a re  suggestiv e  
o f  a c u te  m y o ca rd ia l in fa rc tio n . Pain less m y o c a rd ia l in farc tion  has b een  fo u n d  
responsib le  fo r a c u te  c ircu la to ry  failure in  tw o  o f o u r p a tie n ts , show n b y  th e  
fo llow ing case reco rd .

A cta  Medica Academiae Scientiarum Hungaricae 29, 1972
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Fig. ЗА . ECG: infarction scar of the an terio r wall (see tex t.); ACG: the base 
of the hea rt exhibits sem iparadoxicai pulsations

Fig. 3B . X -ray  kym ogram : extensive paradoxical 
pulsation a t  the apical region and th e  posterior wall

Acta Medica Academiae Scientiarum Hungaricae 29, 1972
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T h e  p a tie n t, a 46 -year-o ld  m ale, h i th e r to  in  good hea lth , h a d  dev e lo p ed  
a c u te  p u lm o n a ry  oedem a d u rin g  h ea v y  p h y s ic a l exercise in th e  ab sen ce  of 
a n y  re tro s te rn a l p a in  n o t on ly  a t  th e  tim e  o f  th e  a tta c k  b u t  also  d u rin g  a 
s u b se q u e n t o b se rv a tio n  in  a local h o sp ita l fo r  21 d ay s. A la te r  EC G  p e rfo rm ed  
a t  o u r  u n it  (F ig . ЗА) show ed a deep b ro ad  Q in  aV L  an d  a Q a p p e a rin g  d u rin g  
v e n tr ic u la r  p re m a tu re  b e a ts  in  V 4_ 4, th u s  in d ic a tin g  an  an te ro sep ta l in fa rc tio n . 
A CG  rev ea led  a sem ip arad o x ica l p u lsa tio n  a t  th e  base (locations 6, 7 a n d  8) 
w h ile  rem ain in g  n o rm a l a t  th e  apex  a n d  th e  su p ra a p ic a l segm en t ( lo c a tio n  5). 
X - r a y  k y m o g rap h y : th e  h e a r t  was v e r tic a l; th e  a rea  of in fa rc tio n  in v o lv in g  
th e  a p e x  an d  th e  d o rsa l surface rev ea led  i ts e lf  b y  a p a rad o x ica l p u lsa tio n  
w h ich  w as b ro u g h t o u t v e ry  sh a rp ly  w ith  th e  a id  o f th e  oblique g rid  em p lo y ed  
fo r  th e  p rocedure  (F ig . 3B ).

4) T he signs o f a c u te  m yocard ia l in fa rc tio n  m ay  be m asked by the p res­
ence o f  some other disease  such as a c u te  ce reb ro v ascu la r acc id en ts  (G o u l d -  
Ca w l e y  1958, M e l ic h a r  e t al. 1963), p o s to p e ra tiv e  com plications (M a s t e r  
e t  a l. 1938), psychoses (L ie b e r m a n  1955, M a r c h a n d  1955), d iab e tes  (M a r b l e  
1955, A g a r  1962, B r a d l e y - S c h o n f e l d  1962), cholelithiasis, e tc . T h is  is 
th e  g roup  w hich  acco u n ts  fo r th e  m a jo rity  o f  cases w here m yo card ia l in fa rc tio n  
e lu d es d iagnosis a n d  rem ain s u n d e tec ted  d u r in g  lifetim e. I t  is th u s  u n d e r s ta n d ­
a b le  t h a t  we h ad  no  m ore  th a n  tw o cases fa llin g  in to  th is ca teg o ry , th e  signs 
o f  a c u te  m y o card ia l in fa rc tio n  hav ing  been  m a sk e d  in b o th  b y  th o s e  o f  ga ll­
s to n e s . One o f th e  cases is rep o rted  here  in  b rie f.

T h e  p a tie n t  w as a 66-year-o ld  fem ale, w ith  a h is to ry  of c h o lecy stec to m y  
fo r  ga llstones. She w as a d m itte d  for p a in  in  th e  r ig h t upper a b d o m in a l reg ion  
a n d  tra n s ie n t ja u n d ic e . C ho lang iog raphy  re v e a le d  a calculus 12 m m  in  d ia ­
m e te r  over th e  V a te r ’s am p u lla . She h a d  n e v e r  h ad  an y  re tro s te rn a l pa in . 
E C G  show ed a Q in  s ta n d a rd  leads I I  a n d  I I I  a n d  a deep Q in a V F  a n d  in  
N eh b -D  as a sign o f  a p o s te rio r  w all scar. A CG : (F ig . 4) sm all-am p litu d e  m o v e­
m e n ts  o f se rra ted  c h a ra c te r  a t  th e  base a n d  th e  apex . X -ray  k y m o g ra m  re ­
v e a le d  a dorsa l s ilh o u e tte  w ith  a jag g ed  o u tlin e  as a sign o f s lig h t m u s­
c u la r  d y sfu n c tio n .

Cor pu lm onale  w ith  grave acu te  h e a r t  fa ilu re  also involves d iag n o stic  
d ifficu ltie s , in asm u ch  as th e  clockwise r o ta t io n  o f th e  h ea rt m a y  p ro d u c e  a 
QS in V 4_ 4. O n th e  o th e r  h an d , acu te  re s p ira to ry  failure m ay  be asso c ia ted  
w ith  re tro s te rn a l opp ression  an d  even  w ith  an g in a l pain . This E C G -p a tte rn  
w as fo u n d  in  one o f o u r p a tie n ts  a t  ad m issio n , a few days la te r  a n  ex ten s io n  
o f  th e  QS as fa r  as V6 w as, how'ever, d e m o n s tra b le .

F ro m  th e  g lobal analy sis  o f th e  fo u r g roups of subclin ical m y o ca rd ia l 
in fa rc tio n  u n d e r  d iscussion  i t  em erges t h a t  in  28 p a tien ts  th e  low est age lim it 
w as 55 years  a n d  on ly  8 p a tie n ts  belonged  to  y o u n g er age g ro u p s. A s reg a rd s 
th e  s ite  o f in fa rc tio n , p o s te rio r  w all in fa rc tio n s  o f  th e  left v en tric le  (22 cases) 
show ed  a ce rta in  p rev a len ce  over a n te r io r  w all in farctions (14 cases).
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Fig. 4. ECG: infarction scar of the  posterior wall (see tex t); ACG: abnorm al 
pulsation a t the base of the heart and a t the apex

D iscussion

C lassification  o f subclin ical m y o card ia l in fa rc tio n  on th e  ab o v e  d iscussed  
g rounds is ju s tif ie d  b y  th e  fac t t h a t  each o f  th e  in d iv id u a l su b g ro u p s  has a 
sign ificance o f its  ow n a n d  re q u ire s  a d iffe ren t d iagnostic  a p p ro ach .

T he p reva lence  o f tru e  s ile n t m y o card ia l in fa rc tio n  is co n v in c in g ly  
il lu s tra te d  b y  th e  resu lts  o f a p ro sp ec tiv e  s tu d y  b y  K a n n e l  e t  a l. (1970) 
ex ten d in g  o v er 14 years in w h ich  50%  o f unrecognized  in fa rc tio n s  were 
m a rk e d  by  a to ta l  absence o f ch e s t p a in . T h is is co n sis ten t w ith  th e  o b se rv a ­
tio n s  o f th e  p re sen t a u th o rs  ( K e n e d i  e t a l. 1964) accord ing  to  w h ich  7 o u t 
o f 8 p a tie n ts , p a r t ly  w ith  d iagnosed , p a r tly  w ith  und iagnosed  ea rlie r in fa rc ts , 
d ied  e ith e r  d u rin g  o p e ra tio n  or p o s to p e ra tiv e ly  as a re su lt o f  re in fa rc tio n .

EC G -screening in  th e  age-g roups being a t  risk  is ad v o ca ted  b y  vario u s 
a u th o rs  (F a g in  an d  Ch a p n ik  1950, L in d b e r g  e t al. 1960, M e l ic h a r  1966). 
O w ing to  lack  o f  a d e q u a te  te c h n ic a l facilities inc lud ing  eq u ip m en t a n d  staff, 
i t  is n o t possib le for th e  tim e  b e in g  to  se t a m ass screening c a m p a ig n  in to  
o p e ra tio n  w hich w ould involve th e  re sp ec tiv e  age-groups o f th e  g en era l p o p u ­
la tio n . I t  is, how ever, essen tia l to  m ak e  a 12-lead ACG, a ro u tin e  te s t  in  every  
p a t ie n t  over 55 years  who com es to  be hosp ita lized  fo r an y  reaso n , in  th e  
f ir s t  p lace fo r su rgery  u n d e r in tra tra c h e a l  an aes th es ia .
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D iagnosis o f m y o c a rd ia l in farc tion  a sso c ia te d  w ith  effo rt an g in a  is 
less d ifficu lt. Close in v e s tig a tio n  a fte r each a n g in a l a t ta c k  is, how ever, im p e ra ­
t iv e  so as to  id en tify  a n d , i f  possible, to  m in im ize  th e  p re c ip ita tin g  fac to rs  
(h y p e rten s iv e  d isease, d ia b e te s , cho lestero laem ia, adverse  cond itions o f  life, 
m e n ta l  stress, e tc .). In c re a se  in  th e  frequency  o f  an g in a l a tta c k s  or th e  a p p e a r­
a n c e  o f  chest p a in  a t  r e s t  also call for in v e s tig a tio n s  o f th e  sam e e x te n t.

T h e  fac t th a t  a c u te  m y o card ia l in fa rc tio n  is a com m on cause o f acu te  
le f t  h e a r t  failure m a rk e d  b y  sudden  a tta c k s  o f  d y p n o ea  has been  d u ly  e m p h a ­
sized  in  th e  l i te ra tu re  in  th e  la s t tw o decades ( E v a n s  — S u t t o n  1956, F r ie d - 
b e r g  1950, P a p p  1952, J o c h w e d s  1969). T h is  confirm s th e  necessity  for 
co n secu tiv e  E C G -record ings in  case of p a in less a c u te  card iac  syndrom es so 
as to  confirm  or to  ru le  o u t  th e  presence o f  m y o c a rd ia l in fa rc tio n .

A cu te  m y o card ia l in fa rc tio n  poses th e  g re a te s t d iagnostic  d ifficu lty  
w h e n  m asked  b y  th e  s to rm y  signs of som e a c u te  disease. T he m o st com m on 
c o n d itio n s  of th is  k in d  h a v e  been review ed b y  G o u l d - C a w l e y  (1958) and  
M e l ic h a r  e t al. (1963). I t  is obvious th a t  m y o c a rd ia l in fa rc tio n  eludes d e tec ­
t io n  in  unconscious p a t ie n ts  w ith  ce reb ro v ascu la r acc iden ts or in  p sycho tics 
w h o  m a y  n o t co m p la in  o f  p a in  (Ma r c h a n d  1955, L ie b e r m a n  1955). I t  is 
m o re  d ifficu lt to  a c c o u n t fo r  th e  observation  t h a t  an g ina l p a in  m ay  be slight 
o r  a b s e n t in d iabe tes (M a r b l e  1955, A g a r  1962, B r a d l e y  1962). A cu te  m yo­
c a rd ia l  in farc tion  belo n g s to  th e  m ost co m m o n  p o s to p e ra tiv e  com plica tions 
o f  m a jo r  surgery ; r e t ro s te rn a l  p a in , fever, fa ll in  b lood  p ressure , signs o f tissue 
n ec ro sis  m ay, how ever, a lso  have  o ther causes. T h e  ECG b rings conclusive 
ev id en ce  if  th e  p o ss ib ility  o f  acu te  m y o ca rd ia l in fa rc tio n  is bo rne  in  m ind  
(M a s t e r  et al. 1938).

M yocardial in fa rc tio n  associa ted  w ith  som e g rav e  p rim a ry  disease involves 
g re a t  d iagnostic  d ifficu ltie s . T he p a tie n t g en e ra lly  dies of th e  p rim a ry  disease. 
U n less  he survives th e  a c u te  phase , th e  in fa rc tio n  u su a lly  rem ains u n d e te c te d  
u n t i l  necropsy.

E vidence  of th e  p re se n t p o s tin fa rc tio n  s tu d y  includ ing  ECG, PCG, 
A CG  a n d  X -ray  k y m o g ra p h y  (D évai 1963) a n d  o u r su b seq u en t o b se rva tions 
a re  co n sis ten t w ith  th e  d a ta  o f num erous a u th o rs  from  w hich i t  em erges th a t  
th e  ou tcom e of su b c lin ica l m yocard ia l in fa rc tio n  m ark ed  b y  a m islead ing  
p a u c i ty  of sy m p to m s is in  no w ay m ore fa v o u ra b le  th a n  in  th e  case of a 
su d d e n  typ ica l o n se t.
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PHOSPHOLIPID COMPOSITION OF BLOOD IN 
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The level and  composition of phospholipids in the plasm a and  blood cells of 
multiple sclerotics as well as contro l pa tien ts were investigated b y  colum n and thin- 
layer chrom atography.

N either th e  to ta l nor the individual phospholipid content of the blood showed 
any  significant difference.

I t  could, how ever, be observed th a t  the level of individual phospholipids 
oscillated in  the  plasm a and in th e  blood cells of both  control and  MS patien ts, and 
the resulting oscillations m ay be greater in the  case of MS. This finding m ay explain 
the fact th a t  some authors have reported  contrad ictory  d a ta  concerning the phospho­
lipids in the blood of MS patients.

R egard ing  th e  special d am ag e  o f m yelin  th e  s tu d y  o f  lip id  m etabo lism  
in  m u ltip le  sclerosis (MS) rep re sen ts  one o f th e  m ost im p o r ta n t  ta sk s  in the  
re sea rch  of th e  m ech an ism  of d em y e lin a tio n . H ow ever, ow ing to  th e  hum an  
c h a ra c te r  of th e  d isease , th e  o n ly  p o ss ib ility  fo r ga in ing  in fo rm a tio n  on the  
d is tu rb an ces  o f lip id  m etabo lism  is b y  in v e s tig a tin g  th e  b lo o d  o r cerebro­
sp in a l flu id .

In  re la tion  to  lip id  m etab o lism  we h a v e  exam ined  th e  chan g es o f the  
to ta l  lip ids, lip id -P  a n d  cho lestero l in  b lood  a f te r  load ing  th e  p a tie n ts  orally  
o r in trav en o u sly  w ith  d iffe ren t lip id s  ( H ú s z a k  an d  H e in e r , 1966). No signif­
ic a n t differences cou ld  be observed .

Concerning th e  p lasm a  p h o sp h o lip id s in  MS, c o n tra d ic to ry  ex p erim en ta l 
d a ta  h av e  been p u b lish e d . A n e le v a te d  to ta l  p h ospho lip id  level w as described 
b y  D o b in  and  S w it z e r  (1954), P e r s s o n  (1958), F r e e m a n  a n d  S ie g e l  (1959); 
a low er level w as fo u n d  b y  R e r n s o h n  a n d  N a m a ju s k a  (1955), Ch ia v a c c i 
a n d  S p e r r y  (1952) a n d  S e r c l  e t  a l. (1961); w hile no a lte ra tio n  w as found 
b y  F og  (1951), J o n e s  e t  al. (1954), P lu m  (1959), G e r s t l  e t a l. (1965), C u m in g s  
e t al. (1965), M o n t f o o r t  e t al. (1966), T ic h y  e t al. (1969), A n d r e o l i  and 
Ca z zu llo  (1969).

In  order to  th ro w  ligh t u p o n  th e  c o n tra d ic tio n s  in  l i te ra ry  d a ta , we 
h av e  investig a ted  th e  to ta l  and  in d iv id u a l phospho lip id  p a t te rn  o f  th e  blood.

M ateria l an d  m ethods
The exam inations were perform ed on 20 to 40-year-old male and fem ale patien ts suf­

fering from m ultiple sclerosis. N eurotic p a tien ts  were used as controls. The patien ts were
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k ep t on  a standard  diet. F rom  o x a la ted  blood samples serum  and  blood cells were separated  
by  cen trifugation . Lipids were e x tra c te d  by 20 volumes of ch loroform -m ethanol (2 : 1 v /v), and 
filte red  quan tita tive ly  th rough  fa t-free  filte r paper. The f iltra te  was evaporated  a t 40°C u n ­
der v acu u m  in a ro tary  evapora to r. L ipids were redissolved in  25 m l of chloroform —m ethanol 
( 2 : 1 )  an d  washed w ith 5 m l of 0.1 n  KC1 to remove non-lipid water-soluble substances. 
A fter separa tion  of the two phases, th e  lower one was w ithdraw n and  evaporated. The residue 
was dissolved in 1—2 ml of chloroform  and repeatedly evapora ted , un til the  lipid ex trac t 
had  becom e transparen tly  clear. L ip ids were separated in to  four fractions as described by 
W e b st e r  (1960) and D omonkos an d  H e in e r  (1968) on an  alum inium  oxide column 1 cm in 
d iam ete r (aluminium oxide s tandard ized  according to B rockm ann, Merck). Lipids were 
e lu ted  successively w ith 20 m l of chloroform  (Fraction 1), 30 m l chloroform —m ethanol (1 : 1) 
(F rac tio n  2), 15 ml of chloroform —m ethano l—w ater ( 7 : 7 : 1 )  (F raction  3), and w ith  30 ml 
of chloroform —ethanol—w ater ( 2 : 5 : 2 )  (Fraction 4). F rac tion  1 involves neu tra l lipids, 
F ra c tio n  2 th e  choline phosphatides (lecithin, sphingomyelin and lysolecithin), F raction  3 
invo lved  th e  non-phospholipids (cerebrosides, sulphatides) and  F raction  4 the o ther phos­
ph a tid es  (ethanolam ine, serine, inosito l phosphatides and th e  corresponding lyso dérivâtes). 
F rac tio n s  1 and 3 were discarded. F rac tion  2 was evaporated  to  dryness under vacuum  by 
a ro ta ry  evaporator. F raction  4 w as m ixed w ith an equal volum e of chloroform, the  m ixture 
was sh ak en , the lower phase w as w ithdraw n  and the upper one discarded. The lower phase 
con ta in ing  th e  lipids was ev ap o ra ted  to  dryness. From  p a r t  of the phospholipid fractions 
the  to ta l  lipid-P  content was determ ined  according to  F i Sk e  and  Subbarow  (1925). From 
an o th e r p a r t  of these fractions th e  individual phospholipids were separated by thin-layer 
ch rom atog raphy  (Kieselgel & n ach  S tah l, Merck). Solvent system s for choline phosphatides 
were ch loroform —methanol — w ate r (65 : 25 : 4), for cephalin  phosphatide chloroform — m eth ­
anol : concen trated  N H 3 (65 : 25 : 4 v /v). To a tta in  b e tte r  separation  of the cephalin phos­
p h a tid es , th e  procedure was rep ea ted  w ith  the same solvent system . The separated  lipids were 
v isualized  b y  iodine. Spots were q u an tita tive ly  collected and  phosphorus was determ ined 
by  th e  B a r tle tt  method as m odified b y  D omonkos and H e in e r  (1968) in the following way: 
a lip id  sam ple containing a m ax im um  0.2 pg  atom  P was ashed w ith 1.2 ml 10 n IL  SO,: 
2 d rops o f 30%  H 20 2 were added  an d  ashing was continued for 1 h r a t  160 °C. Then 2.7 ml 
of d is tilled  w ater, 0.8 ml of 5%  am m onium  m olybdate and 0.2 m l of Fiske and Subbarow ’s 
reag en t w ere added. I t  was k ep t in a  w ater ba th  a t 100 C° fo r 7 min and the extinction  was 
read  a t  800 m p  in a spectrophotom eter. F a tty  aldehyde w as estim ated by  the m ethod of 
W a r n er  and L ands (1961).

R esults

R e su lts  concerning th e  leve l of lipid p h o sp h o ru s  in  th e  p lasm a an d  
b lo o d  cells o f m ultip le  sc le ro tic s  a n d  contro ls a re  d e m o n s tra te d  in  T ab le  I . 
T h e  a m o u n t of choline a n d  c e p h a lin  p h o sp h a tid es  se p a ra te d  on an  a lum in ium  
o x id e  co lu m n  did n o t show  a n y  s ign ifican t d iffe rence  e ith e r  in  p lasm a or 
b lo o d  cells.

Table I

L ip id  phosphorus in plasma and blood cells o f control and multiple sclerotic patients . 
(fig atoms/100 m l o f  plasma and blood cells in  100 ml o f blood)

Choline phosphatides Cephalin phosphatides

control MS control MS

Plasm a 
B lood cells

253 +  32 (11) 
222 +  17 (13)

253+32 (12) 
212 +  20 (13)

11.3 +  6.6 (13) 
135 +  16 (14)

10.5 +  5.2 (10) 
142 +  16 (14)

The values are means +  S. D.
Figures in brackets give num ber of cases.
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In  T able I I  th e  f a t ty  a ld eh y d e  co n te n t o f choline an d  cep h a lin  phospha- 
tid e s  in th e  p lasm a a n d  b lood  cells o f th e  sam e p a tie n ts  is d e m o n s tra te d . 
T h ere  w ere no s ig n ifican t d ifferences betw een  th em .

Table II

Fatty uldehyde in plasma and blood cells o f control and multiple sclerotic patients (p  moles/100 ml 
o f plasma and blood cells in  100 ml o f blood)

Choline phosphatides Cephalin phosphatides

control MS control MS

Plasma 
Blood cells

1.62 +  0.74 (11) 
0.56 +  0.25 (10)

1.68 +  0.82 (12) 
0.63 +  0.24 (10)

2.46 +  0.77 (13) 
28.7 +  6.4 (13)

2.45 +  0.96 (10) 
25.8 +  5.5 (13)

The values are means +  S. D.
Figures in brackets give num ber of cases.

Table III
Individual phosphalides in plasma and blood cells o f control and multiple sclerotic patients 

(fig atoms/100 ml o f plasma and blood cells in  100 ml o f blood)

Plasma Blood cells

control MS control MS

Lysolecithin 24.0 +  5.9 23.4 +  5.7 7.8 +  2.2 8.6 +  2.0

(8) (11) (И ) (11)

Sphingomyelin 51.9 +  7.7 57.0 +  12.1 91.5 +  12.9 92.5 +  10.2
(10) (П ) (12) (12)

Lecithin 166.8 +  22.8 166.3 +  7.8 104.3 +  15.8 114.3 +  16.1
(10) (10) (14) (14)

Phosphatidyl-serine 0.76 +  0.58 0.56 +  3.25 7.67 +  1.05 8.45 +  3.38
(12) (10) (6) (6)

Phosphatidyl-inositol 3.09 +  1.65 3.01 +  1.11 4.56+1.39 5.65 +  1.25

(11) (11) (13) (13)

Lysophosphatidyl-ethanolamine 1.22 +  0.82 1.06 +  0.52 5.05 +  2.32 6.21 +  1.27
(13) (13) (9) (9)

Phosphatidyl-ethanolamine 4.7 +  1.9 4.3 +  1.5 92.9 +  10.5 86.1 +  5.0

(11) (11) (12) (12)

The values are means +  S. D.
Figures in brackets give num ber of cases.
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T a b le  I I I  d e m o n s tra te s  t h a t  in v estiga tion  o f  th e  in d iv id u a l phospho lip id  
f ra c t io n s  by  th e  th in - la y e r  silicagel m ethod  re v e a le d  th a t  in  th e  a m o u n t of 
th e  ly so lec ith in , sp h in g o m y elin , lecith in , p h o sp h a tid y l-se rin e , p h o sp h a tid y l­
in o s ito l , ly so p h o sp h a tid y l-e th an o lam in e  and  p h o sp h a tid y l-e th a n o la m in e  th e re  
w ere  n o  significant d iffe ren ces betw een  th e  MS a n d  co n tro l g roup , e ith e r  in 
b lo o d  cells or in p lasm a. T h e re  w ere, how ever, consid erab le  in d iv id u a l v a r ia ­
tio n s  in  th e  am oun t o f  d if fe re n t fractions.

D iscussion

I n  conclusion we m a y  s ta te , as some o th e r  a u th o rs  h av e  done [F og 
(1951), J ones et a l. (1954), P lum  (1959), M o n t fo o r t  e t a l. (1966), G er stl  
e t  a l. (1965), Cum ing s e t a l. (1965), T ichy  e t al. (1969), A n d r e o l i a n d  Cazzullo  
(1969)] th a t  th ere  a re  no  s ig n ifican t d ifferences in  th e  c o n te n t o f to ta l  or 
in d iv id u a l  phospholip ids o f  th e  p lasm a, or t h a t  o f  th e  b lood  cells. T he to ta l  
a n d  th e  individual p h o sp h o lip id  co n ten t o f th e  p lasm a show ed rem ark ab le  
v a r ia t io n s  in th e  co n tro ls , to o ; these in d iv id u a l v a ria tio n s  w ere, how ever, 
m o re  p ronounced  in M S.

T hese  g rea ter o sc illa tio n s  of th e  in d iv id u a l a n d  to ta l  p h ospho lip id  con­
t e n t  o f  th e  p lasm a in MS m a y  be  th e  consequence o f th e  h o m eo sta tic  dysrégu ­
la t io n . T he c o n tra d ic to ry  d a ta  ob tained  b y  som e o th e r a u th o rs  m ay  be 
e x p la in e d  b y  these fa c ts .
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1. This study  included 23 children infected  w ith S. haematobium and 15 w ith 
S. mansoni com plicated w ith hepato-splenom egaly, and 15 controls.

2. There was a significant reduction  in  album in in both types of schistosom iasis 
either due to  nu tritional factor (in S. haematobium) or to im paired album in synthesis

ф as a resu lt of liver damage (in S. mansoni).
3. The hypo-album inaem ia was accom panied by a significant increase in gam m a­

globulin w hich was caused by th e  rem arkable  elevation of IgG. B oth to ta l gam m a 
globulin and IgG component were significantly  higher in  cases w ith in testina l sch isto ­
somiasis com plicated w ith hepato-splenom egaly than  in urinary schistosomiasis. This 
is a ttr ib u ted  to  a higher activ ity  in  reticuloendothelial cells in S. mansoni infection.

4. Care should be taken  no t to  overlook th e  nu tritional factors since these m ay 
p artly  be responsible for some reduction  in th e  album in value and in a com pensatory  
increase in  gam m a globulin.

5. E levation  in IgG fraction was detec ted  as early as six months a fte r bilharzial 
infection.

In tro d u c tio n

T h ere  a re  m a n y  rep o rts  on th e  p la sm a  p ro te in  ab n o rm alitie s  in  b o th  
hu m an s an d  e x p e rim e n ta l an im als w ith  sch is to so m ias is  (A r r u  an d  P a r r ic ia t u , 
1961, R a m ir ez  e t a l. 1961, K a g a n  a n d  G o o d c h il d , 1961, S hamm a  a n d  A zzo,
1966). M ost a u th o rs  agree in  t h a t  th e se  a b n o rm a litie s  are  p rin c ip a lly  re p re ­
sen ted  b y  an  increase  in  to ta l  p la sm a  p ro te in  a n d  gam m a globulin acco m p an ied  
b y  a loss o f a lb u m in . T he increase o f th e  g lo b u lin  level occurs in  th e  b e t a -  
gam m a region ( D e W itt  an d  W a r r e n , 1959, F io r il l o , 1966).

K a g a n  an d  G o o dch ild  (1961) s tu d ie d  th e  sera o f  61 p a tie n ts  w ith  
chronic S . m anson i in fection  and  rep orted  t h a t  th e  circum oval p rec ip ita tio n  
te s t  w as m ore m ark ed ly  p o sitiv e  in  cases  w ith  s ig n ifica n tly  h igher gam m a  
glob ulin  fra ctio n .

O u ch te rlo n y  double d iffusion te s t  (S i l v a  D a  an d  F e r r i  1965) d isclosed  
one p rec ip itin  line in 11 of 29 sera from  p a t ie n ts  w ith  h ep a to -in te s tin a l fo rm  
an d  from  1 —4 lines in 29 o f 37 sera  from  th o s e  w ith  hepato -sp len ic  fo rm  of 
b ilh a rz ia l in fec tion . T hey  also p ro v ed  th a t  one o f  these  p rec ip itin  lines w as IgG .

S ephadex  c h ro m a to g ra p h y  a n d  u ltra c e n tr ifu g a l stud ies show ed th a t  
th e  frac tio n  o f  serum  p ro te in  th a t  gave a p o s itiv e  circum oval p rec ip itin  te s t ,  
w as gam m a g lobulin  w ith  a sed im en ta tio n  co efficen t of 6.6 S an d  a m o lecu la r 
w eigh t o f 200,000 (T oro-Goyco , 1964).
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F io hillo  (1966) re p o r te d  th a t  th e  o b se rv ed  abnorm alities o f  se ru m  
p ro te in s  in  th e  b e ta -g a m m a  a rea  w ere th e  re su lts  o f th e  increased  leve l of 
g a m m a  M m acrog lobu lin  o f  h u m a n s  in fec ted  w ith  S . m ansoni. T hese re su lts  
w ere  fu r th e r  su p p o rted  b y  D e l  R e y  Ca l e r o  e t  al. (1968) w ho m e n tio n e d  
t h a t  th e  im m u n o -flu o rescen t reac tio n  w as g iv en  on ly  b y  a frac tio n  o f  se ru m  
p ro te in s  o f b ilharz ia l p a tie n ts  w hich co n ta in ed  IgM  an tibod ies. H ow ever, th e  
l a t t e r  re su lt  w as n o t in  acco rd an ce  w ith  th o se  o f  K ura ta  and  N o d a  (1966) 
w h o  re p o r te d  th a t  IgG  in c reased  g rea tly  a n d  IgM  o n ly  slightly . T hey  p re se n te d  
e v id e n c e  strong ly  sugg estiv e  o f th e  p resence  o f  a u to im m u n ity  in  r a b b its  
in fe c te d  w ith  S . ja p o n icu m .

O n th e  o th e r h a n d , im m u n o -e lec tro p h o re tic  experim en ts y ie ld ed  ev i­
d en ces  o f  th e  presence o f  specific  c ircu la tin g  an tig en s  in  la b o ra to ry  an im a ls  
in fe c te d  w ith  S . m anson i. T h is an tig en  w as o f  p a ras itic  origin a n d  n o t  o f 
h o s t  o rig in  (B e r g g r e n  a n d  W e l l e r , 1967).

T h e  equivocal in fo rm a tio n  c ited  above  h as  p ro m p ted  us to  s tu d y  th e  level 
o f  th e  th re e  m ain  classes o f  im m unog lobu lin s in  children  w ith  sch is to so m al 
in fe c tio n .

M aterial and m ethods

Clinical investigation
T hirty -eigh t children w ith  bilharzial infection were adm itted  to T an ta  U n iversity  

H o sp ita l. F ifteen non-bilharzial apparen tly  healthy  children of m atched age were u sed  as 
th e  co n tro l group. All children w ere aged from 5 to  12 years. The bilharzial group h a d  the 
in fec tion  for a period ranging from  about 6 m onths to  3 years. All children including the 
co n tro l group were subjected to  a complete and tho rough  clinical investigation in  add ition  to 
la b o ra to ry  tests.

D iagnosis was based on clinical exam ination and  th e  presence of schistosom a ova in 
u rin e  o r faeces. The h isto ry  of previous bilharzial infection  was recorded. P atien ts w ho re­
ceived anti-bilharzial drug w ithin th e  last three m onths before exam ination were excluded from 
th e  s tu d y .

O f the  bilharzial pa tien ts , 15 had S. mansoni infection which led to  hepato-spleno- 
m egaly  while the rem aining 23 p a tien ts  had  S. haematobium.

Laboratory examinations
All cases were subjected to  microscopic exam ination  of urine and faeces for th e  detec­

tio n  o f ova, in  addition to  th e  following labora to ry  tests .
1. Blood counts and  sedim entation  rate.
2. T otal serum proteins w ere estim ated colorim etrically by the b iuret m ethod . Dif­

fe ren tia l serum  protein fractions were determ ined electrophoretically by  the conventional 
m e th o d  using barbitone buffer p H  8.6, 0.05 M (B r ie r e  and  M u l l  1964).

3. Liver function tes ts  according to  the facilities available included thym ol tu rb id ity , 
zinc su lpha te  tu rb id ity , serum  b ilirubin , icterus index  and  serum proteins.

4. S tandard  im m unoglobulins: hum an serum  gam m a A and gamma M were obtained  
from  H y land  Laboratories, California, U.S.A., gam m a G was prepared and adm inistered  to 
ra b b its  in  an emulsified form  afte r m ixing w ith com plete Freund ad juvant according to 
H a s e  an d  M a h i n  (1965) w ith  a slight m odification. B ooster doses were usually given if the 
an tib o d y  ti tre  was no t high.

5. E stim ation of im m unoglobulins. Im m unoglobulins were determined by  th e  rad ial 
d iffusion  technique ( F a h e y  and  M c K e l v e y ,  1965). A graph  (concentration against precip i­
ta t io n  ring  diam eter) was constructed  on semilog paper using a series of dilutions of appro ­
p ria te  concentration for each p late . The protein concentration  in a tes t sample was th en  deter­
m ined  by  comparing its ring d iam eter to  the g raph  obtained  from the reference p ro te in  of 
know n concentration.
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Results

1. U rinary  bilharziasis

T ab les  I  an d  I I  show  no s ign ifican t change in  e ith e r  th e  to ta l  p ro te in , 
or th e  g am m a, b e ta  an d  IgA  serum  p ro te in  fra c tio n s . H ow ever, th e  average

Table I
Serum protein fractions in controls and children with schistosomiasis

Group
Total 

protein 
g/100 ml

Serum protein fractions, in g/100 ml

Albumin x-globulin /3-globulin y-globulin

1. Control
Range 6.30—7.98 2 .64 -4 .44 0.67— 1.67 0.61—1.19 0.75—2.56
Mean 7.22 3.56 1.01 1.02 1.63
S. D. 0.52 0.48 0.27 0.16 0.46

2. Urinary bilharziasis
Range 6.38—8.15 2 .58 -4 .22 0.35— 1.54 0.64—1.42 1.35—3.42
Mean 7.29 3.11 1.04 0.96 2.18
S. D. 0.54 0.56 0.30 0.17 0.56

3. Intestinal bilharziasis
Range 6.96—8.92 2 .44 -4 .14 0.35— 1.43 0.84—1.34 1.6—4.29
Mean 7.96 3.00 0.90 1.08 2.98
S. D. 0.62 0.54 0.28 0.17 0.85

Table II
Immunoglobin components in  controls and children with schistosomiasis

Group IgG (mg/100 ml) IgA (mg/100 ml) IgM (mg/100 ml)

1. Control
Range 927—1556 300—385 1 19-146
Mean 1276 352 133
S. D. 197 30.50 6.82

2. Urinary bilharziasis
Range 1255-2994 282—375 9 0 -1 4 2
Mean 1818 337 121
S. D. 523 24.15 13.15

3. Intestinal bilharziasis
Range 1365-4179 268—402 122—141
Mean 2734 335 133
S. D. 724 31.86 5.57
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fo r  a lb u m in  (3.11 i  0 .56  g/100 ml) w as s ig n ifican tly  red u ced  ( t =  2.65) 
a s  co m p ared  to  th a t  o f  c o n tro ls  (3.56 0.48 g/100 m l).

E lec trophore tic  a n a ly s is  disclosed th a t  th e  to ta l  gam m a g lobu lin  frac­
t io n  (2.18 i  0.56 g/100 m l) w as s ig n ifican tly  increased  ( t =  3.24) versu s  th e  
c o n tro l values (1.63 i  0 .46  g/100 m l) a n d  th a t  th is  e lev a tio n  w as m ain ly  due 
to  th e  increase (1818 i  523 m g/100 ml) in  IgG  co m p o n en t (t =  4 .41). H ow ever, 
r a d ia l  diffusion te s ts  sh o w ed  a sig n ifican t red u c tio n  in  th e  IgM  com ponen t 
a s  in d ica ted  in T ab le  I I  ( t  =  3.62).

Table III
Blood counts and liver function  tests in controls and children with schistosomiasis

Ф
Control 

Mean + S. D.
Urinary bilharziasis 

Mean + S. D.
Intestinal bilharziasis 

with hepatosplenomegaly 
Mean ± S. D.

1. Blood 82 ±  2.00 69 ±  7.21 56 ±  6.5
H b  per cent 4,155,000 ±  13,963 3.607,500 ±  1,681 3,015,500 ±432.100
RBC 5,960 ±  1,246 6,590 ±  400 5,425 ±201
W BC 1st h ou r: 7.3 ±  1.7 11.95 ±  8.33 32.70±3.92
E S R 2nd hour: 15.7 ±  2.8 24.15 ±  5.57 36.40±5.60

2. Liver function  
tes ts:
T hym ol turbid ity 2.30 ±  0.20 2.75 ±  0.15 8.20 ±  3.34
Zinc sulphate 4.40 di 1.04 5.65 ±  0.95 15.25 ±  5.60

tu rb id ity
Serum  bilirubin 0.35 ±  0.11 0.47 ±  0.10 0.59 ±  0.29

mg/100 ml
Ic te ru s index 3.30 ±  0.81 3.90 ±  1.06 6.25 ±  1.40

L iver fu nc tion  te s t  d id  n o t  rev ea l an y  sign ifican t change . T he E S R  
w as  sligh tly  h igher th a n  in  th e  con tro l g roup  (T able  I I I ) .  B lood co u n ts  showed 
a n a e m ia  in the  ch ild ren  w ith  u r in a ry  b ilharz iasis . T h e ir H b  a n d  e ry th ro c y te  
c o u n t w as usually  d ec reased  w hen  com pared  to  th e  co n tro l level (T able  I I I ) .

2 . In testin a l bilharziasis w ith  hepatosplenomegaly

No sign ifican t ch an g es in  serum  to ta l  p ro te in , a lp h a , b e ta ,  IgA  and  
Ig M  w ere detec ted  (T ab le s  I ,  I I ) .  A s ig n ifican t red u c tio n  o ccu rred  in the  
a lb u m in  fraction  (3.00 ^  0.54 g/100 m l), ( t =  3.04). T he d ifference betw een 
in te s t in a l  and  u r in a ry  sch istosom iasis for a lb u m in  w as n o t  sign ifican t 
( t  = 0 .6 1 ) .

E lectrophoresis sh o w ed  a sig n ifican t increase in  gam m a g lo bu lin  (2.98 ^  
0 .85  g/100 ml). T he gel d iffusion  te s t  in d ica ted  th a t  th e  s ig n ifican t rise in 
g a m m a  globulin w as th e  re su lt  o f  a m ark ed  e lev a tio n  o f IgG  (2734 ^  724 m / 
100 m l), as com pared  to  th e  con tro l va lu e  o f 1276 ^  197 m /100 m l (t =  7.51).
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T he o th e r im m unog lobu lin  classes s tu d ied  (Ig A  an d  IgM ) d id  n o t show  
a n y  s ign ifican t change in  ch ildren  w ith  S . m anson i in fec tion .

In  th is  group clin ica l an d  la b o ra to ry  te s ts  show ed  a severe im p a irm e n t 
o f liv e r function  (T ab le  I I I ) .

T he m ean  h aem og lob in  level w as low even  in  th e  con tro ls  (82% ), m a rk ­
ed ly  reduced  to  69%  in S . haem atobium  an d  d ecreased  to  56%  in h é p a to ­
splénom égalie cases.

T he IgG  v a lu e  w as s ig n ifican tly  m ore in c reased  in  in te s tin a l sch isto so ­
m iasis w ith  h ep a to sp len o m eg aly  th a n  in u r in a ry  schistosom iasis ( t  = 4 .2 2 ) .  
T his w as th e  cause o f  th e  m ore significant, increase  in  gam m a g lobulin  in  th e  
in te s tin a l cases th a n  in  u r in a ry  b ilharz iasis  (t =  3.26).

D iscussion

T here  are  m a n y  re p o rts  on th e  p lasm a p ro te in  p a tte rn  in  b ilharz ia l 
p a tie n ts  (R a g h e b , 1956, I sm ail  a n d  S idicy , 1962, a n d  S a b o u r  a n d  Sa l ib , 
1966). H ow ever, equ ivocal in fo rm atio n  an d  on ly  few  d a ta  h av e  been  reco rded  
concern ing  th e  role o f  im m unog lobu lin s in  sch isto som iasis  (F io r il lo , 1966, 
T oro-G oyco , 1964, a n d  D e W itt  a n d  W a r r e n , 1959).

T he sign ifican t re d u c tio n  in a lb u m in  (T ab le  I )  in  ch ild ren  w ith  u r in a ry  
b ilharz iasis  m ay  be a t t r ib u te d  to  n u tr i t io n a l fa c to rs  o r to  an  im p aired  a lb u m in  
sy n th es is . This is in ag reem en t w ith  th e  p rev ious f in d in g  o f H a n n in o  (1954) 
w ho s ta te d  th a t  th e  p o o re r  th e  food in  p ro te in , th e  low er th e  serum  alb u m in  
a n d  th e  h igher th e  in crease  in  gam m a globulin .

T he rem ark ab le  e lev a tio n  in gam m a g lobu lin  in  u r in a ry  b ilharz iasis m ay  
h av e  been  due to  n u tr i t io n a l  fac to rs  (H a n n in o , 1954) an d  to  p a ras itic  in fec tion  
lead in g  to  a h y p e ra c tiv ity  o f th e  re ticu lo en d o th e lia l sy stem  (R a m irez  e t al. 
1961 a n d  Gh anem  e t  a l. 1970). Im m u n o -ch em ica l q u a n tita tio n  show ed 
th a t  th is  e levation  in  g am m a g lobulin  was due  m a in ly  to  th e  increased  level 
o f  th e  IgG  com ponen t. T h is o b se rv a tio n  confirm s th e  re su lts  of T oro-G oyco 
(1964).

T h e  red u c tio n  in  th e  a lb u m in  frac tio n  in  S . m anson i in fection  w as m ore 
considerab le  th a n  in  S . haem atobium  in fec tion  a n d  th o u g h  it  was n o t sign ifi­
c a n t a t  th e  5%  level, y e t  one te n d s  to  a t t r ib u te  th is  g rea te r  red u c tio n  to  a 
severer degree of im p a ire d  sy n th esis . This m a y  b e  due  to  liver d am ag e  as 
co n firm ed  by  th e  po sitiv e  liv e r fu n c tio n  te s ts  (T ab le  I I I ) .  These find ings agree 
w ith  th o se  o f G h a n e m  e t al. 1970.

T h e  average gam m a-g lobu lin  level in  hép a to sp lén o m ég alie  cases w as 
s ig n ifican tly  h igher th a n  th a t  in cases w ith  u r in a ry  b ilh a rz iasis  an d  th e  increase 
w as due  to  m arked  e lev a tio n  o f th e  IgG  co m p o n en t. T h is increase in  IgG  m ay  
be ascribed  to  th e  increased  re ticu lo en d o th e lia l a c tiv ity  (A n d r a d e  an d  
A n d r a d e , 1966) in th e  sy n th esis  o f IgG  since th e  o th e r  tw o im m unoglobu lin
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c lasses  (IgA  an d  IgM ) s tu d ie d  show ed no such  increase. T h is s u p p o r ts  th e  
e a r l ie r  fin d in g  o f T oro-G o yco  (1964). H ow ever, th is  is n o t in  a g re e m e n t w ith  
th e  f in d in g  of F io rillo  (1966) w ho re p o rte d  а д  e lev a tio n  in  th e  b e ta -g a m m a  
re g io n  an d  a ttr ib u te d  th is  to  th e  increase o f th e  IgM  co m p o n en t.

T h e  h ighly  in creased  g am m a g lobulin  level in  S . m anson i w as th e  cause 
o f  th e  increased E S R  a n d  zinc su lp h a te  tu rb id i ty  (T able  I I I ) ,  in  ag reem en t 
w ith  th e  o bserva tion  o f  I sm a il  a n d  S id k y  (1962).

I t  should be s tre ssed  th a t  ch ild ren  in  th e  con tro l g roup  h a d  re la tiv e ly  
h ig h  gam m a globulin  levels . T h e  sam e fin d in g  w as rep o rted  b y  G h a n e m  e t  al. 
(1970). S t a in e r  (1953) a lso  m en tio n ed  th a t  A frican  s tu d e n ts  h a v e  m o re  gam m a 
g lo b u lin  level th a n  E u ro p e a n s  liv ing  in A frica . H e concluded  t h a t  th e  poorer 
th e  fo o d  in  p ro te in  th e  lo w er th e  serum  a lb u m in  a n d  th e  h ig h e r th e  gam m a 
g lo b u lin . On th is  a s su m p tio n  n u tr i t io n a l fac to rs  (H a n n in o , 1954) shou ld  
n o t  b e  overlooked. I t  is su g g ested  th a t  in  o u r s tu d y , n u tr i t io n a l  defic iency  
m a y  h a v e  been a t  a  su b c lin ica l level as ev idenced  b y  th e  h aem o g lo b in  v alue  
w h ic h  w as only 82%  in th e  co n tro l g roup  (T able  I I I ) .  I t  w as fu r th e r  reduced  
to  6 9 %  in cases w ith  u r in a ry  sch istosom iasis a n d  to  56 %  in  c h ild re n  w ith  
in te s t in a l  schistosom iasis asso c ia ted  w ith  h ep a to sp lenom egaly .

I t  has to  be a d d ed  t h a t  a ll th e  p re sen t cases including  th e  co n tro ls  were 
o f  lo w  socio-econom ic classes a n d  o th e r ty p e s  o f  subclin ical defic iency .
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ESTIMATION OF IMMUNOREACTIVE INSULIN IN 
SERUM, HEPARINIZED AND EDTA-PLASMA
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(Received O ctober 14, 1971)

Parallel estim ations of im m unoreactive insulin (IR I) in serum , heparin ized 
and EDTA -plasm a of identical hum an blood sam ples were undertaken. I t  w as found 
th a t  neither heparin  (12.5 and 50 IU /m l blood) nor EDTA (5 mg/ml blood) applied 
for the prevention of clotting, produced any  significant change in th e  IR I-p lasm a 
values, com pared w ith  those of sera derived from  the respective sam ples. O n these 
grounds EDTA- or heparin-plasm a a t  th e  concentrations referred to  above, as well 
as blood serum , are equally suited for m easurem ents of IR I. Since, how ever, th e  im ­
m unoassays involve a certain, though  insignificant difference betw een th e  serum - 
plasm a values, it  is advisable to  prepare th e  blood samples serving for th e  sam e series 
of im m unoassay under identical conditions.

High concentrations of heparin in buffer exceeding those used for th e  p rep a ra ­
tion  of plasm a (500 IU) yielded higher values for IR I. The levels of IR I m easured  in 
plasm a in the presence of relatively high concentrations of EDTA (25 m g/m l blood) 
were found significantly lower. On th e  o ther hand , recovery of insulin from  album in- 
containing buffer was not affected by EDTA.

I t  is suggested th a t while heparin  interferes w ith  the interaction betw een insulin 
and insulin-binding antibody, a reaction  w hich does no t involve the presence of plasm a, 
EDTA  prom otes th is antigen-antibody reaction  by  the agency of some fac to r of the 
plasm a.

Im m u n o assay  o f  insulin , a m e th o d  describ ed  b y  Y alow  an d  B e r s o n  [9] 
a n d  fu r th e r  developed  b y  H ales a n d  R a n d l e  [3] w as carried  o u t b y  th e  o rig ­
in a l a u th o rs  in  hep arin ized  p la sm a . A s th e  p rocedure  has been  g en era lly  
a d o p te d , th e  e s tim a te s  w ere done b y  th e  v a rio u s  a u th o rs  in blood se ru m  [1, 2, 6] 
o r E D T A -p lasm a [6.] T h is is one o f  th e  fac to rs  acco u n tin g  for th e  d ifferences 
fo u n d  b y  th e  v a rio u s research  te a m s a t  th e  level o f im m u n o reac tiv e  in su lin  
( IR I )  before as well as a fte r  lo ad ing .

H e n d e r s o n  [4] observed th a t  th e  c o n c e n tra tio n  of IR I  in  h e p a rin iz e d  
p la sm a  w as h igher th a n  th a t  in th e  sam e  se ru m , m oreover, th a t  th e  a d d itio n  
o f  h e p a rin  to  serum  ra ised  th e  orig inal c o n c e n tra tio n  o f IR I . An IR I  c o n c e n tra ­
tio n  o f  40 pU /m l w ould  give a m ean d ifference  o f 13 pU /m l and  a c o n c e n tra tio n  
over 40 /iU /m l a d ifference of a p p ro x im a te ly  20 /лU /m l if  th e  p lasm a co n cen ­
tra t io n s  o f th e  sam e blood sam ples w ere m easu red . In  co n tra s t, S o e l d n e r  
a n d  S l o n e  [8] fo u n d  a fall in th e  a m o u n t o f  I R I  as th e  c o n c e n tra tio n  of 
h e p a rin  w as increased .

S h e l d o n  an d  T a y l o r  [7] ex a m in ed  th e  in flu en ce  o f  E D T A  on  th e  I R I  
le v e l an d  foun d  th a t  a d d ition  o f E D T A  to  th e  seru m  prior to  a ssa y  d ecreased

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



212 I . BALÁZSI and M. S T Ü T Z E L

th e  a p p a re n t c o n c e n tra tio n  o f IR I , th o u g h  n o t  to  th e  degree o f s ign ificance  
U p o n  add itio n  o f 25 a n d  50 /xU/ml insu lin  to  h u m a n  serum , E D T A  fa iled  to  
a ffec t th e  re sp ec tiv e  in su lin  co n cen tra tio n . I t  h a s  been suggested  b y  th e se  
a u th o rs  th a t  E D T A  m ig h t produce th is e ffec t b y  in te rfe rin g  w ith  th e  co m p le­
m e n t.

In  view  o f th e  in co n sis ten cy  of th e se  d a ta ,  i t  was deem ed o f  in te re s t  
to  exam ine  w h e th e r m easu rem en ts  of I R I  in  se ru m , heparin ized  a n d  E D T A - 
p la sm a  of th e  sam e b lo o d  sam ple show  a n y  s u b s ta n tia l  difference.

M aterial and  m e th o d

H eparin: 5000 IU /m l (Chemical Works Gedeon R ich te r L td ., Budapest).
EDTA: disodium  diam ine-ethan-tetraacetate , ana ly tica l grade, Reanal, B udapest. 
H um an insulin: W ellcom e Research L aboratories, Beckenham , England, Control No.

K . 9228.
The blood sam ples of 2 m l were obtained from  inpa tien ts  of the D epartm ent.
IR I was estim ated  by  the  double-antibody assay of H ales and R an dle  [3]. The 

com plete k it of reac tan ts  for the  assay was supplied by  the  Radiochemical Centre, Amer- 
sham , England. The orig inal procedure was modified inasm uch  as for the separation  of the 
p rec ip ita te  centrifugation  was used instead of filtra tio n  and  the precipitate was m easured 
for 125I-insulin ac tiv ity  in  te s t tubes.

The results ob ta ined  in  th e  individual groups w ere com pared by S tudent’s tw o sam ple
t tes t.

R esults

In  th e  f irs t  p a r t  o f  th e  s tu d y , I R I  w as e s tim a te d  in  60 sam ples o f  h u m a n  
b lo o d  sera p a ra lle l w ith  p lasm a of th e  sam e  b lo o d  contain ing  12.5 IU  o r 50 
IU  h e p a rin  p er m l. T h e  h ep a rin  co n cen tra tio n s  re fe rred  to  in th is , as w ell as 
in  th e  su b seq u en t, p a r t  o f  th e  s tu d y  are  u n d e rs to o d  in  te rm s o f m l o f  w hole 
b lo o d  sam ple. T h is  is a lso  valid  for th e  E D T A  co n cen tra tions. T h e  p re se n t 
m a te r ia l  w as d iv id e d  in to  th ree  groups a c c o rd in g  to  th e  c o n c e n tra tio n  o f 
I R I .  T h is was p ro m p te d  b y  earlier fin d in g s o f  H e n d e r s o n  [4 ], as w ell as b y  
th e  fa c t th a t  th e  d o u b le  a n tib o d y  im m u n o assay s give th e  m ost re liab le  v a lu es  
a t  co n cen tra tio n s r a n g in g  below 40 /iU /m l, fa ir ly  accu ra te  va lues a t  levels 
o f  41 to  80 pU /m l, w h e reas  over th e  level o f  81 /lU /m l th e  resu lts a re  no  lo n g er 
re liab le . This is re f le c te d  b y  th e  considerab le  s c a tte r  o f th e  figu res seen in  
T ab le  I .

T hese s tu d ies  fa iled  to  reveal a n y  s ig n if ic a n t difference b e tw een  th e  
I R I  values e s tim a te d  in  serum  and  in  12.5 IU /m l or 50 IU /m l h ep a rin ized  
p la sm a  a t  an y  o f  th e  co n cen tra tio n  levels re fe rre d  to  above.

In  o rder to  e lim in a te  th e  presence o f  p la sm a  p ro teins, in  th e  fu r th e r  
cou rse  of th e  s tu d y  40 , 79 an d  116 /A J/m l h u m a n  insulin  was m easu red  in to  
th e  b u ffe r used fo r  th e  im m unoassay  of I R I  in  th e  presence o f 12.5, 50, 100 
a n d  500 IU /m l h e p a r in , respectively  (T ab le  I I ) .
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Table I

Simultaneous concentrations o f I R I  in  /nU/ml (x  -f- s) found in blood serum , 
and heparinized plasma in 60 patients.

Data grouped on the basis o f three concentration ranges o f I R I

Insulin
concentration Serum

Heparin concentration of 
blood samples

12.5 IU/ml 50 IU/ml

<  40 /iU /m l 

n  =  16

2 4 .2 + 7 .7
1

25.1 +  9.1 26.1 +  12.4
_______ 1 1 1 1

p  <  0.7 p  <  0.8
1 1 1

1 p  <  0.7

41 - 8 0  (iU/m \ 

u  =  22

5 6 .3 + 1 2 .2
1

59.7 +  16.6
1 1

55.9 +  10.3
1

1 ! 
p <  0.4 p <  0.4

1 ! I I
1 p  <  0.9

>  81 jitU/ml

n =  22

130.2 +  39.9
1

1 4 2 .8 + 5 0 .6
1 1

140 .5 + 4 2 .2
1

p <  0.3 p  <  0.8
1 1 1

p  <  0.4

W ith  insu lin  a t  co n c e n tra tio n s  o f  40 jiiU/ml, i t  was only  w ith  500 IU /m l 
o f  h ep a rin  th a t  s ig n ifican tly  h igher I R I  values w ere found  as c o m p ared  w ith  
th e  h ep a rin  level o f 12.5 IU /m l. W ith  in su lin  co n cen tra tio n s o f  79 /tU /m l, 
to o , s ig n ifican tly  h ig h er I R I  va lu es  w ere fo u n d  in  th e  presence o f  500 IU /m l 
h e p a rin . T his sign ifican t difference w as also dem o n strab le  in  co m p ariso n  w ith  
a ll low er h ep a rin  co n cen tra tio n s  s tu d ie d . In  th is  g roup  th e  I R I  v a lu es  were 
s ig n ifican tly  h ig h er in  th e  presence o f 100 IU /m l hep arin , to o , as co m p ared  
w ith  tho se  found  in  th e  presence o f 12.5 IU /m l h ep arin . W ith  in su lin  con­
c e n tra tio n s  o f 116 juU/ml, th e  I R I  values fo u n d  in  th e  presence o f  500 IU /in l 
h e p a rin  w ere s ig n ifican tly  h ig h e r as co m p ared  to  all sam ples w ith  h ep a rin  
a t  low er co n cen tra tio n s .

In  th e  fu r th e r  course o f  th e  s tu d y  i t  w as ex am in ed  w h e th e r th e  figures 
o f  I R I  w ere a ffec ted  in  a n y  w ay  b y  E D T A  used  fo r th e  p rev en tio n  o f  c lo ttin g . 
T h e  va lu es  o f im m u n o assay ab le  in su lin  in  se rum , 50 IU /m l h ep arin ized  p lasm a 
a n d  5 m g/m l an d  25 m g/m l E D T A -p lasm a o f th e  sam e venous sam p les  ta k e n  
2 to  3 hours a f te r  th e  f irs t m orn in g  m eal w ere com pared  (T able I I I ) .

A  red u c tio n  in  th e  I R I  c o n c e n tra tio n  w as dem o n strab le  in  th e  25 m g/m l 
p lasm a  sam ples, a d ifference w hich  w as fo u n d  sig n ifican t in  co m p ariso n  w ith  
th e  I R I  levels o f b lood  sera  an d  o f 50 IU /m l hep arin ized  p la sm a . In  o rder
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Table II
40, 79 and 116 pU /m l human insulin, estimated in  the presence o f various 

concentrations o f heparin. Heparin concentrations refer to the solutions o f human insulin  
I R I  values given in pU /m l ( x  s)

Insulin concentration
Heparin concentration

12.5 IU/ml 50 IU/ml 100 IU/ml 500 IU/ml

40 /RJ/ml

n  =  12 n =  12
p <  0.2

П =  16 n =  12

1

P <

1 p <  0.2
1

p <  0.9
1

0.1
1

0.1
1

p <
1

41 .0+ 3.8  1 43 .1+ 3 .8
1

1 1 
42.9+3.9 1 44.7 +  2.9

1
p <  0.01

1

79 /iU /m l

n  =  12
P <

n =  13
0.5 p <:

u  =  13 
0.05

n =  13 

100.4+7.0
1 1 1 1 

83 .0+ 6.6  I 85.0 +  6.2 90.4+9.3
1 II

1

p <  0.02 1 p <  0.001
1 1

p <  0.001
________________ 1

p <  0.001
1

116 jtU /m l

n  =  12 n =  12
p <  0.6

n  =  14 n =  12

143.8 +  15.8
1

1 1 
p <  0.7 p <  0.4

1
123.3 +  10.7

1

11
125.5+18.5

1

1
121.5 +  9.1

p <  0.001
1

I p <  0.01 1

p <  0.001
1

to  f in d  o u t  w h e th e r E D T A  in h ib itio n  tak es  e ffec t th ro u g h  th e  p lasm a p ro te in s , 
w e e x a m in e d  th e  reco v e ry  o f  40 an d  80 juU/ml in su lin  from  buffer a t  E D T A  
c o n c e n tra tio n s  of 1, 5 a n d  25 m g/m l (T able IV ). N one of th e  co n cen tra tio n s  
s tu d ie d  w ere found  to  a ffec t th e  recovery  o f in su lin  from  th e  b u ffe r so lu tion .

Discussion

F o r  th e  e s tim a tio n  o f I R I ,  b lood  se ru m , h ep arin ized  or E D T A -p lasm a 
h as  h i th e r to  been em p lo y ed . T he differences in  n o rm al IR I  in  th e  fa stin g  
s ta te  as  well as a f te r  glucose to le rance  te s ts  m ig h t be connected  w ith  th e
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Table III

Simultaneous concentrations o f I R I  measured in  serum, 50 1U heparinized 
plasma, 5 and 25 mg/ml EDTA-plasm a o f identical blood samples 

obtained from  clinical patients (pU /m l, л i; s, n  -- 15 in each group)

Serum
Heparinized plasma

50 IU/ml
EDTA-plasma

5 mg/ml 25 mg/ml

p < 0.4

0.1
1 1

p <  0.4 p <  0.1 p <

1
41.2 +  16.1

1

45.2+10.3  I 37.0 +  16.3 I 27.9 +  13.2
1 T

p <  0.001
1

I
p <  0.01

Table IV

Recovery o f 40 and 80 (xU/ml insulin from  its solutions in buffer 
at ED TA  concentrations o f 1, 5 and 25 mg/ml, respectively 

(fiU /ml, X  +  s, n =  20 in each group).
There is no significant difference within the groups

Insulin EDTA concentration

1 mg/ml 5 mg/ml 25 mg/ml

40 fiV/ml  
80 p V /m l

40.3 +  3.9 
79.2 +  3.4

40.4 +  4.2 
79.1 +  3.4

40.2 +  2.9 
80.0 +  3.5

p ro ced u re  its e lf  or w ith  th e  v e ry  p ro p erties  o f  th e  m a te ria l (serum  o r p lasm a) 
su b jec ted  to  th e  process.

F o r th e  in te rp re ta tio n  o f  th e  h ig h er v a lu es  o f im m u n o assay ab le  insu lin  
in  blood p lasm a  as com pared  w ith  tho se  in  se ru m , H e n d e r s o n  [4] alleged  the  
p o ss ib ility  o f “ tra p p in g ”  o f a p ro p o rtio n  o f th e  insu lin  during  th e  conversion  
o f  fib rinogen  to  fib rin . A com parison  o f th e  serum -p lasm a va lu es  o b ta in ed  
in  th e  p re se n t s tu d y  failed to  su p p o rt th is  po ssib ility . I t  seem ed m ore  p ro b ab le  
th a t  h e p a rin , as a m olecule o f  n eg a tiv e  ch arg e , in h ib its  th e  b in d in g  o f  insu lin  
to  in su lin -an tib o d y  w hich w ould  resu lt in a sh if t to  h igher va lues in h e re n t in 
th e  p ro ced u re  itself. H ow ever, in  th e  l i te ra tu re  on h ep arin  we h a v e  fo u n d  no 
in d ica tio n  o f a possible in h ib ito ry  effect o f th e  substance  on th e  an tig en - 
a n tib o d y  reac tio n .

F ro m  th e  find ing  th a t  h ep a rin  a t  m in o r co n cen tra tio n s (12.5 IU /m l, 
50 IU /m l) fa iled  to  affect th e  I R I  level e ith e r  in  p lasm a or in th e  b u ffe r  so lu tion  
to  an y  s ig n ifican t e x te n t, i t  m a y  be in fe rred  th a t  th e  effect o f h e p a rin  is unre-
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la te d  to  th e  p lasm a p ro te in s . O n th e  ev idence o f  th e  p resen t s tu d y , h ep a rin  
gives n o  false p o sitive  I R I  v a lu es  unless p re s e n t  a t  excessive c o n cen tra tio n s  
■which a re  n o t used  fo r th e  p re p a ra tio n  of h e p a r in iz e d  p lasm a. T he in te rp re ta ­
tio n  t h a t  in  th e  course o f I R I  b ioassay , h e p a rin  a c ts  b y  in te rfe rin g  w ith  th e  
b in d in g  o f  insu lin  to  in su lin -a n tib o d y  fin d s s u p p o r t  in  th e  p re sen t d a ta ,  to o .

I n  th e  s tu d y  o f H e n d e r s o n  [4 ], a d d itio n  o f  E D T A  to  p lasm a  re su lted  
in  s lig h tly  low er I R I  v a lu es . I n  th e  p resen t s tu d y , low er values a t ta in in g  th e  
level o f  sign ificance w ere co n fined  to  E D T A  co n cen tra tio n s o f 25 m g/m l. 
E D T A  b e in g  a p o te n t ch e la tin g  ag en t, m a y  a c t  b y  s tab iliz ing  th e  b in d in g  
b e tw e e n  in su lin  an d  in su lin -a n tib o d y , w hich  w o u ld  sh ift th e  re su lts  o f  th e  
m e a su re m e n ts  to  low er v a lu es . Since, how ever, in  case o f b u ffe r so lu tio n s,
i.e. in  th e  absence o f  p la sm a  p ro te in s , E D T A  fa iled  to  a ffec t th e  I R I  b io ­
a ssa y  e v e n  a t  co n cen tra tio n s  o f  25 m g/m l, we te n d  to  subscribe to  th e  in te rp re ­
ta t io n  o ffered  by  S h e l d o n  a n d  T a y l o r  [7 ]. O n th e  evidence o f o u r re su lts  
we f in d  i t  m ore likely  th a t  red u c tio n  o f th e  I R I  va lu es  by  E D T A  ta k e s  effect 
in d ire c tly  th ro u g h  som e p lasm a  fac to r r a th e r  th a n  b y  a d irec t in h ib itio n  of 
th e  re a c tio n  betw een  in su lin  a n d  in su lin -b in d in g  an tib o d y .

T o  th e  question  “ S erum  insu lin  or p la sm a  in su lin ? ”  ra ised  b y  H e n d e r ­
s o n  [4] th e  resu lts  o f  th e  p re se n t s tu d y  p ro v id e  th e  following answ er: h ep arin - 
p la sm a  (m ax im u m  c o n c e n tra tio n  50 IU /m l b lood), o r E D T A -p lasm a (m ax im u m  
c o n c e n tra t io n  5 m g/m l b lood) a re  eq ua lly  su ite d  fo r th e  b ioassay  o f  I R I ,  
w ith  th e  u n d e rs ta n d in g  th a t  E D T A -p lasm a y ie ld s  sligh tly  low er, hep arin ized  
p la sm a  s lig h tly  h ig h er v a lu es  th a n  does b lood  se ru m . These d ifferences have , 
h o w e v e r, n o t  p ro v ed  s ig n if ican t. H ep arin  c o n c e n tra tio n s  of b lood  p lasm a  over 
50 IU /m l give s ig n ifican tly  h ig h er, E D T A  co n cen tra tio n s  over 5 m g/m l sig­
n if ic a n tly  low er, I R I  va lu es  th a n  in  re a lity

R E FE R E N C E S

1. B a g d a d é , J .  D., R ierm an , E . L ., P orte, D., J r .: J .  clin. Invest. 46, 1549 (1967).
2. Cr o c k f o r d , P. M., H a r b e c k , R. J .,  W ill ia m s , R. H .: L ancet 1. 65 (1966).
3. H a l e s , C. N ., R a n d l e , P. J .:  L ancet 1, 790 (1963).
4. H e n d e r so n , J .  R.: L ancet 2, 545 (1970).
5. N ik k il ä , E . A., Mie t t in e n , T. A ., Vese n n e , M. R ., P elk on en  Л.: Lancet 2, 508 (1965).
6. R u d n ic k , P. A., T a y l o r , K. W .: R rit. med. J . 1, 1225 (1965).
7. S h e l d o n , J . ,  T a y lo r , K. W .: J .  Endocr. 33, 157 (1965).
8. So e l d n e r , J . S., Sl o n e , D.: D iabetes 14, 771 (1965).
9. Y a l o w , R. S., B e r s o n , S. A.: J .  clin. Invest. 39, 1157 (1960).

D r. Im re  R alÁzsi 1 Sem m elw eis O rv o stu d o m án y i E g y e tem  I I I .  B e lk lin ika , 
D r. M ária  S tützel  J 1081 B u d a p e s t, Mező Im re  ú t  17, H u n g a ry

Acta M edica  Academiae Scientiarum  H ungaricae 29, 1972



Acta Medica Academiae Scientiarum Hunguricae, Tomus 29 (3-4), pp. 217—229 (1972)

EFFECT OF CLOFIBRATE ON AORTIC GLYCOSAMINO- 
GLYCANS AND PROTEINS AND ON SERUM LIPID 
LEVELS IN EXPERIMENTAL ATHEROSCLEROSIS
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M a g d o l n a  B i h a r i -V a r g a , J .  F e h é r , M á r i a  V a r s á n y i  and S. G e r ő

THIRD DEPARTMENT OF MEDICINE, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received December 20, 1971)

The effect of clofibrate has been studied in  cholesterol-fed rabbits.
1. A very highly significant reduction of th e  serum  lipid level could be e stab ­

lished after 2 weeks of clofibrate treatm ent.
2. In  the ao rta  of cholesterol-fed rabb its  a slight increase of glycosam inoglycan 

concentration and in tensive lipid deposition w as found by  histological, histochem ical 
and electronm icroscopical methods. By therm al analysis the presence of aortic  glycos- 
am inoglycan-serum  beta-lipoprotein complexes and  th e  accum ulation of “ abnorm al” 
crosslinks w ithin the  fibrillar tissue-proteins could be dem onstrated in the in tim a of 
the animals.

3. As a resu lt of clofibrate trea tm en t a significantly increased glycosam ino­
glycan content was found in the aorta of rab b its  w ith  experim ental atherosclerosis. 
A t the same tim e a decrease could be established in  th e  am ount of aortic glycosamino- 
g lycan-beta-lipoprotein complexes. The anti-atherogenic action of clofibrate influenced 
the pathologically changed protein structure as well: th e  cholesterol induced a lte ra ­
tions proved to  be p a rtly  reversible.

C lofib rate  is kn o w n  to  h av e  a blood lip id  low ering  effect (in ch o leste ro l- 
sclerosis e.g. [1—4]) b u t  few  d a ta  are  availab le  on  its  possible action  on th e  tissu e  
level. In  th e  p re se n t in v es tig a tio n  th e  effect o f  c lo fib ra te  has been s tu d ie d  
on th e  cho leste ro l-induced  gross, m icroscopical a n d  biochem ical a lte ra tio n s  
ta k in g  p lace in th e  a rte r ie s  of rab b its .

M aterial and  m eth o d s

Rabbit serum and tissue

Effect o f clofibrate on cholesterol feeding. In  10 m ale rabb its  aged about 10 m o n th s, 
experim ental atherosclerosis was produced by feeding 2 g of cholesterol daily for 18 weeks. 
The anim als received 50 m g/kg body weight of c lofibrate (Miscleron, Chinoin, B udapest) 
orally three tim es weekly, s ta rting  12 weeks after feeding the  high cholesterol d iet and  con­
tinuing for 6 weeks (group I).

Control experiments. Five rabbits were fed on a cholesterol rich diet, b u t did no t receive 
clofibrate (group II ) , 15 rab b its  of the same age were k ep t on stock diet; 10 anim als were 
given clofibrate for 6 weeks as described above (group I I I ) ,  5 served as controls w ithou t any  
trea tm en t (group IV).

Collection o f samples. Blood was drawn from th e  ear vein of all the anim als a t  th e  be­
ginning of clofibrate adm inistra tion  and 2 and 6 weeks thereafter.

A rterial specimens from  the rabbits were collected im m ediately after killing the 
animals.
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Table I

M ean serum lipid values fo r  cholesterol-fed rabbits before and

Duration 
of exp. 
(weeks)

Triglyceride Total cholesterol Ester

mg per 100 ml change 
per cent Pi mg per 100 ml change 

per cent P< mg per 100 ml

0 408.0 +  70.3 494.0 +  227.8 313.0 +  94.5
2 211.0 +  60.1 — 48.4 <  0.001 226.0 +  138.5 — 54.4 <  0.01 123.3 +  83.6
6 166.4+35.8 — 59.2 <  0.001 115.0 +  47.5 — 76.7 <  0.001 92.6 +  43.4

* Mean +  S. D.

Chemical analysis

The lipids were ex trac ted  from  the sera w ith  chloroform -m ethanol 2 : 1 (v/v) according 
to  th e  m ethod of F olch  [5]. T o ta l cholesterol, ester cholesterol and free cholesterol were 
d e te rm in ed  by  the m ethod of S c h ö n h e im e r  and S p e r r y  [6]. The ex trac t for phospholipids 
w as ashed and the phosphorus determ ined b y  the  m ethod of F is k e  and S u b b a r o w  [7]. 
T riglyceride was determ ined b y  the  m ethod of V a n  H a n d e l  and Z il v e r sm it  [8].

Thermal analysis

F o r the determ ination of glycosaminoglycan (GAG) concentration in aortic  tissue [9], as 
w ell as for the characterization of the stability  of stru c tu ra l proteins [10] a therm oanaly tical 
m e th o d , derivatography [11], was used. In tim a sam ples, cu t into small pieces w ith  a scalpel, 
w ere p repared  for analysis by drying for 3 hrs in 50%  satu ra ted  air w ith constan t flowr rate. 
P a ra lle l sam ples were delipidated by extraction  in 25%  ether in ethanol for 2 days, followed 
b y  50%  chloroform in m ethanol for 2 days, both  a t  room  tem perature, and then  dried. Lipids, 
bo u n d  to  the fibrillar protein-m oiety of the m ateria l, were extracted w ith  chloroform — 
m e th a n o l—hydrochloric acid (2 : 1 : 0.03).

Therm oanalytical studies were carried o u t using a Paulik—Paulik—E rdey  MOM deri- 
v a to g rap h . The instrum ent m easured and recorded sim ultaneously the w eight change (TG 
curve), ra te  of weight change (DTG curve), and en tha lpy  change (DTA curve) as a function 
of tem p era tu re . The samples were weighed (approxim ately  100 mg) into a p la tin u m  crucible. 
T he h ea ting  ra te  was 10°/min. u p  to 900 °C.

Statistical analysis was perform ed using S tu d en t’s t test.

Histological and histochemical investigations

A general exam ination was made of in ternal organs to exclude any disease o ther than 
th a t  induced  by the experim ent. Detailed exam ination  of the heart, kidneys, ao rta  and the 
g re a t arteries was carried out. A fter cutting  the ao rta  on its whole surface the per cent of 
sclerotic alterations was estim ated. The m aterial for histological and histochem ical exam ina­
tio n  w as rem oved from the arcus, thoracal, and abdom inal p art of the aorta. The sam ples were 
fixed  in  10%  neutral formol and em bedded in paraffin . Sections 6 // thick were cu t. The fol­
low ing staining methods were used: haem atoxylin-eosin, van  Gieson, alcian blue, H ale-periodic 
acid  Schiff reaction (Hale-PAS), trichrom  staining. For dem onstrating the elastic elem ents, 
orcein reaction  was used pa rtly  w ithout oxidation, p a rtly  after potassium m onopersulphate 
(K H S 0 5) — OxoneR — p re trea tm en t, as described by  R a n n ie  [12].

Electronmicroscopical studies

A ortic samples were fixed in 1% buffered osm ium  tetroxide, pH  7.2. U ltra th in  sections 
em bedded  in Durcupan were cu t a t  0.1 p , stained w ith  6%  uranyl acetate and lead  c itra te , 
and  observed with a Tesla BS 242 E type electronmicroscope.
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during clofibrate treatment and their statistical evaluation

cholesterol Free cholesterol Phospholipid

change 
per cent p< mg per 100 ml change 

per cent Pi mg per 100 ml change 
per cent p<

211.0 +  81.9 240.6 +  74.9
— 60.8 <  0.001 102.8 +  81.0 — 51.4 <  0.001 146.6+ 7.6 — 39.0 <  0.001

— 70.5 <  0.001 22.5 +  10.6 — 83.5 <  0 .001 143.5 +  20.8 — 40.5 <  0.001

600 L

12 U 18
duration of cholesterol feeding (week j

Fig. 1. Average concentration of serum  lipids in  clofib ra te-treated  cholesterol-fed rabb its. 
G =  triglyceride; C =  to ta l cholesterol; E =  ester cholesterol; F =  free cholesterol;

P  =  phospholipid

R esults

Sera

F ig . 1 an d  T ab le  I  show  th e  effect o f c lo f ib ra te  tre a tm e n t on th e  av erag e  
serum  lip id  c o n cen tra tio n  in cho leste ro l-fed  ra b b its . A fter 2 w eeks o f  re p e a te d  
a d m in is tra tio n  o f th e  d rug , a m a th e m a tic a lly  v e ry  highly  s ig n if ic a n t decrease 
in  th e  c o n c e n tra tio n  o f all th e  in v e s tig a te d  se ru m  lip id  frac tions w as observed . 
C o n tin u ed  t r e a tm e n t re su lted  in  a fu r th e r , so m ew h at less ex p ressed , b u t  still 
v e ry  h ig h ly  sig n ifican t decrease o f  th e  lip id  level.
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I n  group I I  (cho lestero l-fed  ra b b its  w ith o u t  c lofib ra te  tr e a tm e n t)  a 
s l ig h t b u t  n o t s ig n if ic a n t fu rth e r  increase  o f  lip id  co n ten t cou ld  be 
d e m o n s tra te d .

I n  con tro l ra b b its  on  s to ck  d iet, c lo f ib ra te  a d m in is tra tio n  d id  n o t  in f lu ­
en ce  th e  serum  lip id  com p o sitio n .

A ortic specim ens

R esu lts  o f  therm al a n a lysis . In  F ig . 2 ty p ic a l  th e rm o a n a ly tic a l cu rves 
o b ta in e d  fo r r a b b it  a o r ta s  a re  presen ted .

T h e  f irs t p rocess, in d ic a te d  by  th e  D T G  cu rv es was th e  d e p a r tu re  of 
th e  w a te r  co n ten t o f th e  a ir-d ried  sam ple b e tw e e n  20° and  180°C, re su ltin g  
in  a  1 1 .0 % , 10.0%  a n d  8 .0 %  w eight loss in  th e  ao rta  sam ples o f  c o n tro l, 
ch o leste ro l-fed  an d  cho leste ro l-fed  -)- c lo f ib ra te - tre a te d  rab b its , re sp ec tiv e ly , 
as c a lc u la te d  from  th e  T G  curves. T he p ro cess  w as en d o th erm al (n eg a tiv e  
D T A  p e a k ). T he sam ples w ere  th e rm o stab le  u p  to  200°C.

B e tw een  200° a n d  300°C, as rep o rted  p re v io u s ly  [13], th e rm a l deco m ­
p o s itio n  o f s tru c tu ra l G A G -s to o k  place, c h a ra c te r iz e d  by  well d efin ed  p eak s 
on  th e  D T G  curves. ( In  th e  h e a lth y  ra b b it  a o r ta  in tim a  a t  240°C, as d em o n ­
s t r a te d  in  F ig . 2a.) T h e  c leav ag e  of chem ical b o n d s  in  GAG co m p o n en ts  w as 
a lw a y s  accom pan ied  b y  a w e ig h t change o f th e  sam p le . The p e rc e n tu a l w eig h t 
lo ss, c a lc u la ted  from  th e  T G  curves, w as p ro p o r tio n a l to  th e  c o n c e n tra tio n  
o f  th e  co rrespond ing  G A G  in  th e  in v es tig a ted  tis s u e  [9]. I t  was re p o r te d  p re ­
v io u s ly  [14] th a t  w hen  G A G -s are  bound  in  th e  fo rm  o f b e ta -lip o p ro te in  (b e ta - 
L P ) co m p lex , th e  240°C m a x im u m  is n o t o b se rv a b le  on th e  D T G  c u rv es . In  
th e  a r te r ie s  o f ra b b its  w ith  cho lestero l in d u ced  a therosc le rosis  a p a r t  o f  in tim a i 
G A G -s h a d  p re su m ab ly  b eco m e bound  to  lip o p ro te in s  during  th e  a th e ro g en ic  
p ro c e ss ; th e  sign ifican t d ec rease  of the  c h a ra c te r is tic  peak  on th e  D T G  cu rv e  
(F ig . 2b ) w as possib ly  d u e  to  th is  phenom enon . T h e  d im inu tion  o f th e  m a x i­
m u m  (i.e . th e  fo rm a tio n  o f  th e  G A G -beta-L P  c o n ta in in g  lesion) w as d e fin ite ly  
sm a lle r  in  th e  a o r ta  o f  cho lestero l-fed  +  c lo f ib ra te - tre a te d  an im als (F ig . 2c). 
L ip id s  b o u n d  to  s t ru c tu ra l  GAG-s could be e x tr a c te d  w ith  organic so lv en ts .

D ecom position  o f  th e  GA G -s was co m p le te  a t  290°C an d  a n e x t  th e rm a l 
p ro cess  s ta r te d , th e  d eco m p o sitio n  of th e  s t r u c tu r a l  p ro te ins. T h is w as fo u n d  
to  ta k e  p lace  in  tw o successive  te m p e ra tu re  in te rv a ls . T he firs t p rocess reach ed  
its  m a x im u m  ra te  a t  a b o u t 300°C and  re su lted  in  th e  p a r tia l  cleavage o f  p e p tid e  
b o n d s  [1 5 ] an d  in  th e  fo rm a tio n  of p ep tid e  s u b u n its  of low m olecu la r w e ig h t 
a n d  o f  v a rio u s  p y rro l- ty p e  com pounds. T he (v e ry  exo therm ) deco m p o sitio n  
o f  th e s e  new ly fo rm ed  co m p o u n d s took  p lace  b e tw een  450° a n d  800°C. I t  
c o u ld  b e  p roved  in  a series o f  experim en ts t h a t  th e  th e rm o s ta b ility  o f  th e  
sa m p le  w ith in  th is  te m p e ra tu re  in te rva l is c o rre la te d  w ith  th e  a m o u n t o f 
c o v a le n t crosslinks in v o lv ed  in  th e  fo rm atio n  o f  th e  original p ro te in  m ole-
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Fig. 2. Therm al decomposition curves of rabb it aortas: a) healthy  in tim ai tissue; b) intim a 
of cholesterol-fed rabb it; c) in tim a of clofibrate-treated cholesterol-fed anim al
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cu les  [1 0 ]. On the  D T G  cu rv es  o f a d u lt  h e a lth y  ra b b it  a o r ta  2 m a x im a  cou ld  be 
d is tin g u ish e d  in  th is  in te rv a l, a t  540° a n d  a t  620°C (F ig . 2a). P ro te in s  in 
th e  a o r ta  o f cholestero l-fed  ra b b its  w ere o f h ig h e r th e rm o s ta b ility , D T G  peak- 
v a lu e s  w ere sh ifted  to  580° an d  620°C (F ig . 2b). As a re su lt o f  c lo fib ra te  
t r e a tm e n t  th is ch o leste ro l-in d u ced  increase  o f  th e rm o s ta b ility  w as p a r tly  
re v e rs ib le :  on th e  D T G  cu rv es  o f th e  a o r ta  o f  th is  group o f an im als  a ll th e  th ree  
D T G  p eak s  (540°, 580°, 620°C) w ere d e te c ta b le  (F ig . 2c). A cco rd in g  to  our 
a s s u m p tio n , th e  p a th o lo g ica l increase  o f p ro te in  s ta b ility  m ig h t be  p a r tly  
d u e  to  a deposition  o f  som e lip id ' co m pounds in to  th e  ao rtic  f ib r il la r  p ro te in  
m o lecu le s . This h y p o th e s is  w as su p p o rte d  b y  th e  re su lt o f a n  ex p e rim en t 
in  v itro  : th e  in tim ai tissu e  o b ta in e d  from  cholestero l-fed  ra b b its  w as tre a te d  
w ith  a n  acid  organic so lv en t kn o w n  to  e x tr a c t  p ro te in -b o u n d  lip id s . T herm o- 
a n a ly t ic a l  curves o f th e se  sam ples re sem b led  tho se  o f th e  h e a l th y  ao rta s .

C alcu lations p e rfo rm ed  on th e  basis  o f  th e  TG  curves p e rm itte d  q u a n ­
t i t a t i v e  ev a lu a tio n  o f  th e  re su lts  o f th e  ab o v e  described  th e rm o a n a ly tic a l 
s tu d ie s .

Table II

Glycosaminoglycan content o f  rabbit aorta

Group
GAG concentration

Mean ±  S. D.

Control 1.9 0.44
Cholesterol-fed 2.1 0.49
Cholesterol-fed -+- clofibrate-treated 3.6 0.54

T a b le  I I  con ta in s th e  av e rag e  c o n c e n tra tio n  of ao rtic  G A G -s, c a lcu la ted  
fro m  th e  decom position  cu rv es  o f d e lip id a te d  a o rta s . In  th e  in tim a  o f choles­
te ro l- fe d  ra b b its  a s lig h t b u t  n o t  s ig n ifican t increase  could  be o b se rv ed . Clo­
f ib r a te  tre a tm e n t o f ch o leste ro l-fed  ra b b its  re su lted  in  a fu r th e r , s ig n ifican t 
in c re a se  (p <[ 0.01) o f th e  a o rtic  GAG c o n te n t.

Table III

Percentual distribution o f  protein subunits

Group
Characteristic DTG peak

540°C 580°C 620°C

Control 70.0 _ 30.0
Cholesterol-fed — 72.0 28.0
Cholesterol-fed +  clofibrate-treated 39.7 32.4 27.9
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T he a m o u n t o f th e  com ponen ts decom posed  betw een  450° a n d  800°C 
ch arac te ris tic  fo r th e  s ta b ility  o f  s tru c tu ra l p ro te in s  could  also be c a lcu la ted  on 
th e  basis o f th e  T G  curves. T he av erag e  d is tr ib u tio n  o f th e  m a te ria l w ith in  
th is  te m p e ra tu re  in te rv a l is su m m arized  in T ab le  I I I .

In  th e  a o r ta  o f  ra b b its  w ith o u t cho lestero l feed ing , c lo fib ra te  t r e a tm e n t  
d id  no t induce  a n y  a lte ra tio n .

Histological and  histochem ical fin d in g s

Gross alterations. D a ta  illu s tra tin g  th e  g rad e  o f sclerotic  changes are 
p re sen ted  in  T ab le  IV .

T he a o rta  o f  th e  ra b b its  fed  w ith  c h o le s te ro l show ed severe sc lero tic  
a lte ra tio n s . T he m o s t rem ark ab le  changes co v erin g  a lm o st th e  w hole su rface  
w ere observed  a t  th e  ao rtic  a rc h  in  all cases. T h e  a lte ra tio n s  a t  th e  th o ra c ic  
p a r t  of th e  a o r ta  w ere so m ew hat less e x ten s iv e  b u t  s till rem ark ab le . T h e  
degree o f sclerosis w as slig h test a t  th e  a b d o m in a l p a r t  o f th e  a o rta . A t th e  
origin o f th e  in te rc o s ta l, rena l, a n d  m esen teric  a rte r ie s , th e  dam aged  e n d o th e ­
lium  w as covered  in  som e p laces b y  th ro m b o tic  changes. T he grade o f sclerosis 
w as only  in  one case less th a n  4 5 %  o f th e  w hole  ao rtic  surface.

Tabic IV

Sclerotic alterations on the intimai surface o f rabbit aortas

Group Саве No. Proportion of area 
involved, per cent

I. Cholesterol-fed -j- clofibrate-
trea ted i 5

2 20

3 60
4 5

5 45
6 60

7 5

8 5

9 5

II. Cholesterol-fed 1 75
2 80

3 60

4 45

5 25
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I n  th e  c lo fib ra te -tre a te d  cho lestero l-fed  g roup  i t  w as consp icuous th a t  
o n ly  in  th re e  cases o u t o f  n ine  th e  sc le ro tic  a lte ra tio n s  covered  m o re  th a n  
4 5 %  o f  th e  ao rtic  surface. T h e  sclprotic  ch an g es in  th is  group w ere a g a in  m ost 
m a rk e d  a t  th e  arch , th e  th o ra c ic  p a r t  show ed  a m o d era te  sclerosis w hile  in 
th e  a b d o m in a l p a r t  on ly  s lig h t a lte ra tio n s  could  be observed.

T h e  ao rta s  in groups N o . I l l a n d  IV  d id  n o t show  a n y  h is to lo g ica l a l te r ­
a tio n .

M icroscopy

I n  cholestero l-fed  ra b b its  th e  a o rtic  in tim a  was th ick en ed  in  th e  w hole 
su rfa c e  o f  th e  arch , in  a considerab le  p a r t  o f  th e  th o ra c a l a o r ta  a n d  in  a sm all 
p a r t  o f  th e  abdom inal a o r ta . T h e  in tim a i th ick en in g  was p ro d u ced  b y  foam  
cells a r ra n g e d  in  8 —10 row s (F ig . 3). T h e  e lastic  m em brane  w as b ro k e n  up , 
in  so m e p laces dup lica ted . N ear th e  e lastic  m em b ran e  a ce llu lar p ro life ra tio n  
co u ld  b e  observed  (fib rob last-like  cells, in  som e places cellu lar e lem en ts  sim ilar 
to  s m o o th  m uscle cells). A t th e  basis o f th e se  a lte ra tio n s  an  increase  o f  GAG-s 
c o u ld  b e  seen. T he s ta in in g  re a c tio n  w as especially  rem ark ab le  on th e  basis 
o f  th e  less severe a lte ra tio n s . H a le -p o s itiv ity  w as ex ten d ed  to  th e  in n e r  p a r t  
o f  th e  m ed ia . O rcein s ta in in g  show ed th e  in crease  o f th e  a m o u n t o f  th e  e lastic  
f ib re s  o n  th e  basis o f th e  sc lero tic  changes. T h e  n u m b er o f th e  fib re s  s ta in ed  
w ith  o rce in  following o x id a tio n  w as even  g rea te r . In  th e  m ed ia  u n d e r  th e

Fig. 3. A therom atous lesion from  cholesterol-fed rab b it aorta. The in tim ai foam  cells are 
arranged in  8— 10 rows. (H aem atoxylin-eosin, X96)
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severe sclero tic  a lte ra tio n s  th e re  w ere in  som e p laces necroses, w ith  a m ark ed  
cellu lar re a c tio n , in  o th e r p laces  sm all scars a n d  an  increase  o f collagen fib res  
w ere observed .

In  g ro u p  N o. I  th e  a o r ta  (excep t 3 cases) show ed  on ly  sligh t h isto log ical 
a lte ra tio n s . T he in tim a i th ick en in g s  consisted  also  here  o f  foam y cells s i tu a te d  
in  n o t m ore th a n  3 —4 ro w s. A t th e  basis of th e  changes n ea r th e  m ed ia  th e  
a m o u n t o f th e  m esen ch y m al cells was in c reased . T h e  e lastic  m em b ran e  w as 
crum bled  a n d  d u p lica ted . T h e  s ta in in g  reac tio n  fo r G A G -s was m ore ex p ressed  
th a n  in th e  cholestero l-fed  g ro u p  n o t tre a te d  w ith  c lo fib ra te . In  th e  m ore severe 
cases a sca r tissue  w ith  in c rea sed  am o u n t o f co llagen  cou ld  be observed .

Electronm icroscopical observations

T he en d o th e lia l cells in  g roups N o. I l l  a n d  IV  w ere 3 —4 p  th ic k  a n d  
revea led  m a n y  m icrovilli, m arg in a l folds, p in o c y to tic  vesicles, vacu o les , 
lysosom es, endoplasm ic re tic u lu m , m icrofibrils, in te rce llu la r ju n c tio n a l co m ­
p lex  an d  in te rce llu la r c o n ta c t lay er.

In  th e  ra b b its  fed on  cho leste ro l (group N o . I I )  th e  in tim a i fo am y  cells 
co n ta in ed  a large q u a n ti ty  o f  lip id  d is tr ib u ted  in  vesicles ap p ro x im a te ly  1 p  in  
d iam ete r. M ost o f th e  in tra c e llu la r  lip id  p a rtic le s  w ere su rro u n d ed  b y  a l im it­
ing  m em b ran e  (F ig . 4a). W ith in  these  cells fo u r  m orpho log ic  form s o f  lip id  
inclusions cou ld  be id e n tif ie d : ring , solid, re tic u la te d  an d  lysosom ic fo rm s. 
In  th e  su b en d o th e lia l lay e r in  ad d itio n  to  th e  fo am y  cells a m ark ed  a c c u m u ­
la tio n  o f p la sm a  elem ents a n d  in f iltra tio n  o f m esen ch y m al cells (f ib ro b la s ts , 
sm o o th  m uscle  cells) w as fo u n d ; in freq u en tly  m o n o n u c lea r cells, p ro b a b ly  
ly m p h o cy tes  a n d  m o nocy tes also  occurred . T h e  f ib r illa r  elem ents, occupy ing  
the  in te rce llu la r  space, w ere re a d ily  classified in to  sev era l ty p es . M ost a b u n ­
d a n t  w as co llagen , easily  reco g n ized  b y  its  c h a ra c te r is tic  band ing . T he a m o u n t 
o f  collagen w as v e ry  re m a rk a b le  (F ig. 4b). B u n d les  o f  fib rin  were u s u a lly  
p re sen t in  sm all am o u n ts  m ix ed  w ith  o th e r e lem en ts , p rinc ipa lly  co llagen . 
Som e areas w ere occasionally  occupied  b y  a fin e  f ib r illa r  m a te ria l, o ften  b le n d ­
ing th e  b a se m e n t m em b ran e  a ro u n d  th e  sm o o th  m uscle  cells. E lastic  tissu e  
could  also he recognized. E x tra c e llu la r  lip id  cou ld  be id en tified  in th e  fo rm  of 
sm all, irreg u la rly  shaped , d eep ly  osm iophilic p a r tic le s  rough ly  o u tlin ed  b y  
clear a reas , p resu m ab ly  re p re se n tin g  spaces fro m  w here lipid has b een  re ­
m oved  b y  th e  techn iques in v o lv ed  in tissue  p re p a ra tio n .

In  th e  a o r ta  of ra b b its  t r e a te d  w ith  cho leste ro l a n d  c lo fib ra te  (g roup  N o.
I)  th e  en d o th e lia l cells show ed  a sligh tly  m ark ed  d ila ta tio n  of th e  ro u g h ly  s u r ­
faced  endop lasm ic  re ticu lu m , m o d era te  increase o f  m icrov illi an d  vacuo les. T h e  
n u m b er o f  fo am y  cells w as sig n ifican tly  less th a n  in  group  N o. I I .  T h e  lip id  
inclusions in  th ese  cells co u ld  be observed  only  in  a m in o r q u a n tity . F ib ro b la s t 
w as th e  m o st ch a ra c te ris tic  cell ty p e  in  th is  g ro u p . T hese cells h ad  s lig h tly
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Fig. 4. E lectron micrographs of in tim ai sections from  cholesterol-fed rabb it ao rta , a) Portions 
o f foam  cells w ith association of collagen (C) fibres. The ring of osmiophilic m ateria l w ith 
a vacuo la ted  centre surrounded by  a m em brane is th e  type of lipid (L) occurring m ost fre­
q u en tly  ( X 14,580). b) An acellular area. Two types of intercellular m ateria l can  be recog­
nized. The collagen fibrils appear in  cross section (CC) and  in longitudinal section (LC) beside 
th e  elastic  fibres (EF). The sm all vacuoles represen t ex tracellu lar lipid (L) m ateria l. ( X 19,200)
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Fig. 5. E lectron m icrograph of a section of in tim ai tissue obtained from the a o r ta  o f a rabbit 
trea ted  w ith cholesterol +  clofibrate. P ortion  of typ ica l fibroblast w ith a s lig h tly  dilated 

endoplasmic reticulum . The arrows show th e  m icrofibrillar m aterial. ( x  14,580)

d e la te d  endoplasm ic re ticu lu m  a n d  th e y  co n ta in ed  a fine m ic ro f ib r illa r  m a te ­
r ia l n e a r  th e  nucleus (F ig . 5). I n  som e a re a s  sm o o th  muscle cells w ere  observed . 
I n  th e  in te rce llu la r space sligh t a c c u m u la tio n  o f lipid d ro p le ts  a n d  p lasm a 
co m p o n en ts  o ccu rred , fu rth e rm o re  th e  p resence  o f sm all a m o u n ts  o f  collagen 
a n d  e lastic  tissu e  could  be d e m o n s tra te d .

D iscussion

T h e  re p o rts  on th e  serum  lip id  lo w erin g  effect of o ra lly  a d m in is te re d  
c lo fib ra te  could be confirm ed  in  ch o les te ro l-fed  rab b its .

F u rth e rm o re , som e in fo rm a tio n  w as gained  concerning th e  in fluence  
o f  c lo fib ra te  on th e  a r te r ia l lip id  d ep o sits  a n d  on th e  s tru c tu ra l c h a n g e s  tak in g  
p lace  in  th e  in tim a i tissu e  d u rin g  th e  a th e ro g en ic  process.

In  ou r ex p erim en ts , resu lts  o f  th e rm a l  analysis  showed a s l ig h t  increase 
in  th e  GAG c o n te n t o f  th e  a o rta s  in  cho leste ro l-fed  rab b its . T h e se  find ings 
cou ld  also be d e m o n s tra te d  b y  h is to c h e m ic a l m ethods a n d  w ere  in  good 
a g reem en t w ith  lite ra ry  d a ta  [16 —18]. L ip id  accum ula tion , o b se rv e d  m acro- 
scop ically  an d  m icroscopically  as w ell as e lec tronm icroscop ica lly  m ig h t p a r tly  
b e  due  to  th e  fo rm a tio n  of com plexes b e tw een  th e  ao rtic  G A G -s a n d  serum  
b e ta -lip o p ro te in s . T h is concept seem s to  be  con firm ed  by th e  th e rm o a n a ly tic a l 
d e m o n s tra tio n  o f  G A G -beta-L P  co m p lex es in  th e  a th e ro sc le ro tic  a o r ta . A
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f u r th e r  a lte ra tio n  o f s ig n if ic a n c e  took place in  th e  f ib r il la r  p ro te in  co m p o n en ts  
o f  th e  in tim a i tissue o f  cho lestero l-fed  an im a ls : th e  q u a n tity  o f  e lastic  a n d  
c o lla g e n  fibres increased  (as  d em o n stra ted  b y  th e  o rce in -s ta in ed  h is to ch em ica l 
a n d  b y  th e  e lec tro n m ic ro sco p ica l sections, re sp e c tiv e ly ) . W ith in  th e  co llagen  
a n d  e lastic  fibrils an  a c c u m u la tio n  of in te rm o le c u la r  crosslinks could be e s ta b ­
l ish e d  b y  th e  th e rm o a n a ly tic a l  investiga tions. T h e  ap p ea ran ce  of “ a b n o rm a l”  
c ro ss lin k s  ch arac terized  b y  th e  580°C DTG p e a k  c o u ld  be d istingu ished  fro m  
th e  c o v a le n t crosslinks k n o w n  to  be form ed in  th e  cou rse  of th e  physio log ica l 
a g e in g  process. This d iffe re n c e  a t  th e  m o lecu lar le v e l be tw een  senescence a n d  
a th e ro g e n e s is  was p re v io u s ly  assum ed by  o th e r  a u th o r s  [1 9 —20]. T he th e rm o - 
a n a ly tic a l ly  d e m o n s tra te d  e ffe c t of the in  vitro  e x tra c t io n  of th e  in tim a  w ith  
a n  a c id  organic so lv en t seem s to  support th e  h y p o th e s is  th a t  b o u n d  lip id s  
a s so c ia te d  w ith th e  co llag en  f ib re s  m ight be re sp o n s ib le  for th e  above d iscu ssed  
in c re a se  of the  s tru c tu ra l  s ta b i l i ty  of the la t te r  [19 — 21]. The para lle lism  o b ­
s e rv e d  betw een  the  in c re a se  o f  GAG c o n c e n tra tio n  a n d  o f th e  in te n s ity  o f p ro ­
te in  f ib r il  fo rm ation , s u p p o r ts  th e  idea of th e  a lle g e d  corre la tion  be tw een  G A G  
a n d  collagen syn thesis  [2 2 ] .

Follow ing c lo fib ra te  a d m in is tra tio n  a s ig n if ic a n tly  increased GAG co n ­
t e n t  w as found in th e  r a b b i t  ao rta , p robab ly  as p a r t  o f a repa ir m ech an ism . 
A t  th e  sam e tim e a d e c re a se  could be e s ta b lish e d  in  th e  am o u n t o f GA G - 
b e ta - L P  com plexes. T h e  an ti-a th e ro g en ic  a c tio n  o f  c lo fib ra te  in flu en ced  th e  
p a th o lo g ic a lly  changed  p ro te in  s truc tu re  as w e ll: th e  cho lestero l-induced  
a l te ra t io n s  proved  to  b e  p a r t ly  reversible-
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WASTING DISEASE AND TETANY FOLLOWING 
NEONATAL PINEALECTOMY

By

G. Cs a b a , I . R a d o s  and E d i t  W o h l m u t h

DEPARTMENT OF BIOLOGY, SEMMELWEIS UNIVERSITY OF MEDICINE, BUDAPEST

(Received December 23, 1971)

The physiological param eters of developm ent and the microscopic appearance 
of thym us, thy ro id , parathyro ids, u ltim obranchial body and bursa of Fabric ius have 
been studied in chicks (Gallus domesticus) a fte r  pinealectom y perform ed on th e  first 
day after hatching. A rrested  developm ent and  excessive shedding of the p lum age were 
found as a sign of w asting  disease resulting from  atrophy  of the thym us and  bursa. 
T etany  ensued in  50%  of the chicks and proved  fa ta l to  35%  in th e  absence of any 
abnorm ality  of th e  parathyro ids. The possible m echanism  of the phenom enon and  th e  role 
of the pineal body in  th e  regulation of th e  glands of entoderm al origin are discussed.

T he re la tio n sh ip  b e tw een  th e  p in ea l b o d y  an d  th e  o th e r  endocrine  
o rg an s has been  a su b je c t o f m uch d eb a te . T h e  a c tiv i ty  of th e  p in ea l h o rm o n e , 
m e la to n in , in  h ig h er an im als  is u n c e rta in , a n d  ev en  in  am ph ib ia  i t  is con fined  
to  th e  p ig m en t cells. T herefo re , in  sp ite  o f  b e in g  p rov ided  w ith  connec tions 
to  th e  c e n tra l n e rv o u s sy s tem , th e  cen tra l re g u la to ry  role of th e  p in e a l b o d y  is 
s till u n c lea r [1, 20]. T h e  significance o f  th e  p in e a l b o d y  an d  th e  e ffec t o f 
p in ea lec to m y  on th e  endocrine  organs o f  e n to d e rm a l origin ( th y ro id , p a ra ­
th y ro id s , th y m u s , is le ts  o f L angerhans) h a v e  b e e n  bo rne  o u t b y  re c e n t re sea rch  
[1, 13, 20] in c lu d in g  th e  s tud ies o f th e  p re s e n t  a u th o rs  [6, 8, 9, 10, 11, 14] 
w hich  h av e  fu rn ish ed  in  vitro  ev idence o f  a feed b ack  m echan ism  [11]. All 
th ese  allow  to  re g a rd  th e  p inea l body  as a re g u la to r  o f all th o se  end o crin e  
g lands w hich  are  o u ts id e  th e  con tro l o f th e  p i tu i ta ry ,  th e  m ore so as th ese  
g lan d s fo rm  a p a r t ic u la r  group in  th e  em b ry o lo g ica l respec t, in a sm u c h  as 
th e y  a re  of ecto- or e n to d e rm a l origin an d  th e ir  ho rm ones are  n o t o f  th e  s te ro id  
ty p e . T he th y ro id  m ig h t be regarded  as th e  o n ly  excep tion  since i t  seem s to  
h a v e  been  “ re in te g ra te d ”  in to  th e  p i tu i ta ry  sy s te m  th ro u g h  th e  T S H , th o u g h  
being  su b jec t to  th e  co n tro l of th e  p ineal b o d y  [6, 8, 13].

W hile  in  m am m als  th e  b ranch iogen ic  o rg an s  m ig ra te  to  d iffe re n t sites 
o f  th e  b o d y  d u rin g  d ev e lo p m en t, in  b ird s  th e y  line u p  w ith in  th e  reg io n  of 
the  neck  [7, 19]. M oreover, th e  u ltim o b ra n c h ia l b o d y  develop ing  from  th e  
f if th  g ill-pouch  is o f  easie r access in  b irds ow ing  to  its  sep a ra te  site , in  c o n tra s t  
to  its  s itu a tio n  in m am m als  w here i t  fuses w ith  th e  th y ro id  or w ith  th e  th y m u s , 
th u s  in te rfe rin g  w ith  th e  in te rp re ta tio n  o f  s tu d ie s  concerned w ith  th e  en d o ­
crine  organs o rig in a tin g  from  these  s tru c tu re s  [3 , 17, 18, 19]. T h is m ak es  b ird s 
p a r tic u la r ly  su itab le  fo r s tud ies on th e  re la tio n sh ip s  betw een  th e  p in e a l bo d y
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a n d  th e  b ranch iogen ic  en d o crin e  o rgans. I t  is ex p ec ted  to  o b ta in  a c lea re r 
in s ig h t in to  these  re la tio n sh ip s  b y  p erfo rm in g  p in ea lec to m y  in th e  e a r ly  n eo ­
n a ta l  p e r io d  an d  to  reg is te r its  effects a t  som e la te r  tim e , so as to  g a in  in fo r­
m a tio n  o n  th e  d ev e lo p m en t o f  th e  organs w h ich  h av e  n o t y e t  re a c h e d  fu ll 
m a tu r i ty  a t  th e  tim e  o f th e  in te rv e n tio n .

M aterial and m ethods
T w en ty  tes t and ten sham -operated  Leghorn chicks have  been studied. The te s t  subjects 

were o p e ra ted  upon in ether anaesthesia under stereom icroscopic control w ithin 48 hours of 
h a tch in g . T hrough  an incision of th e  deplum ed skin a fte r excision of the m arginal portions 
of th e  p a rie ta l and occipital hones th e  pineal body w as rem oved together w ith  its  stem . For 
haem ostasis fib rin  foam was used, b u t no in tracran ial pack  was left after the operation . S ur­
gical le th a li ty  was 15 to 20%. E xcep t for the p inealectom y, the sham -operation w as iden­
tica l in  all respects.

T he chicks were kep t under observation and  th e  surviving 13 pinealectom ized and 
10 co n tro l birds were killed by  exsanguination betw een six weeks and eight m onths. The 
b ranch iogenous organs, adrenals, ovaries and bursa of Fabricius were processed for h is to ­
logical s tu d y . The organs were fixed in  Bouin’s fluid, em bedded in paraffin, cut a t  four levels, 
s ta ined  w ith  haem atoxylin-eosin, iron-alum  alcianblue safranin, Giemsa’s sta in , Gom ori’s 
aldehyde-fuchsin  and PAS, respectively.

E fficiency of the in terven tion  of invo luntary  surgical injuries was checked after 
sacrificed  in tracran ia l inspection. The in tervention  proved  successful and the gross appearance 
of th e  b ra in  was found norm al in  all cases.

Results

S ev en  o f th e  20 p in ea lec to m ized  an im a ls  d ied  w ith  te ta n ic  se izu res six 
w eeks to  six  m o n th s a f te r  th e  in te rv e n tio n . T h re e  fu r th e r  te s t  a n im a ls  also 
d e v e lo p e d  te ta n y  (F ig. 1).

Fig. 1. T e ta n y  in a chick six weeks after pinealectom y. T ypical te tan ic  a ttitude , sparse plum age

T h e  an im als  w hich d ied  sp o n tan eo u sly  in  th e  end , failed to  grow  n o rm a lly  
a n d  e x h ib ite d  a tro p h y . In  th e  p in ea lec to m ized  an im als , p a r tic u la r ly  in  th o se
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Fig. 2. T etanic chick. On th e  inner side of the wing th e  feathers are th in ly  sca tte red , most 
of the quill-feathers of the ta il have fallen out

Fig. 3. O vary of excessive size w ith m arked furrow ing of its surface in a p inealectom ized
anim al

w hich d ied  sp o n tan eo u sly , excessive sh ed d in g  o f  fea th e rs  w ith  n a k e d  p a tc h e s  
in th e  p lu m ag e  w as n o te d . Shedd ing  s ta r te d  a t  th e  in n er surface o f  th e  w ings 
an d  on th e  ad jo in in g  su rface  o f th e  b o d y , in v o lv in g  th e  quill fe a th e rs  in  g rave  
cases (F ig . 2).

In  one of th e  b ird s  th e  o v ary  a t ta in e d  m a n y  tim es its n o rm a l size an d  
differed  also in th e  gross ap p earan ce  o f its  su rface  from  th e  o v arie s  o f  th e  
o th e r  an im als  (F igs 3, 4).

D ev e lo p m en t of th e  con tro ls w as e n tire ly  n o rm a l, w ith  no sign o f  te ta n y  
an d  no ab n o rm a l sh ed d in g  o f fea th e rs .

In  th e  p in ea lec to m ized  an im als th e  th y m u s  w as a tro p h ic . I ts  m e d u lla ry  
su b stan ce  w as b ro ad en ed  a t  th e  expense o f  th e  c o rte x . T here was an  excessive ,
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Fig. 4. O vary  of control anim al o f th e  same age

Fig. 5. Thym us of control anim al. Note the broadened  cortical area and the sharp  cortico-
m edullary  boundary. H  -(- E , X 100

Fig. 6. T hym us of pinealectom ized animal. N arrow ing of the cortical area, its  boundary  is
no longer distinct. H  E , x  100

in  som e cases n e a rly  to ta l ,  dep le tion  o f  ly m p h o id  elem ents. T h e  m e d u lla ry  
su b s ta n c e  h a d  lo st its  n o rm a l p a tte rn , th e re  w ere  num erous e p ith e lia l s tru c ­
tu r e s  s im ila r to  H a ssa l’s corpuscles an d  cy s ts  o f  sm aller size (F igs 5, 6, 7, 8).

A cta  Medica Academiae Scientiarum  Hungaricae 29, 1972



W A STIN G  D ISE A SE AND TETA NY 235

T h e  ep ith e liu m  of th e  th y ro id  w as fo u n d  ta lle r  an d  th e  colloid o f  th e  
ac in i sp a rse r th a n  in th e  co n tro ls . T he ep ith e liu m  was o ften  o f a s tra tif ie d  
a p p e a ra n ce  a n d  th e  in te rac in ic  co n n ec tiv e  tissu e  w as sc a n ty  (F ig . 9).

T h e  p a ra th y ro id s , a p a r t  from  ap p ea rin g  la rg e r th a n  in th e  co n tro ls , 
d isp lay ed  no a b n o rm a lity .

Fig. 7. Thym us of pinealectom ized anim al. Broadening of the m edullary substance, depletion 
of lym phoid elements, d isrup tion  of the architecture. H  +  E , XlOO 

Fig. 8. Thym us of pinealectom ized anim al. H assal’s corpuscles consisting of a few cells and
cysts in th e  m edulla. H  +  E , X 200

In  th e  p in ea lec tom ized  an im a ls  th e  u ltim o b ra n c h ia l b o d y  c o n ta in e d  
n u m ero u s  cy sts , in  m any  cases w ith  p a ra th y ro id  e lem ents (F igs 10, 11). H is to - 
chem ical p ro ced u res  failed  to  rev ea l a n y  s ig n ifican t cy to log ical d ifference  
from  th e  co n tro ls .

T h  b u rsa  o f F ab ric iu s  w as a tro p h ie d , its  ly m p h o id  p o p u la tio n  w as co n ­
s id e rab ly  red u ced , its  fo llicu lar s tru c tu re  w as b ro k en  up (F ig . 12).
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Fig. 9. Thyroid of pinealectom ized animal. Tall epithelia l cells, forming tw o layers a t  sites.
Diminished colloid. H  +  E , X 200

Fig. 10. U ltim obranchial body of pinealectom ized anim al. Cyst lined w ith colum nar ep ithe­
lium , filled w ith PAS-positive m ateria l. PAS, xlOO 

Fig. 11. U ltim obranchial body of pinealectom ized anim al. D istended cysts lined w ith f la t­
tened  epithelial cells. H  +  E , X 100
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Fig. 12. Bursa of Fabricius of a pinealectomized anim al. The follicular structure is unrecogniz­
able, the lym phoid cell population has dim inished. H +  E, X 200 

Fig. 13. O vary of contro l anim al. Large num ber of developing follicles. H  +  E , X 100 
big . 14. O vary of pinealectom ized animal. No follicle de tec tab le ; hyperplasia of connective

tissue. H +  E , X 100
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O n  su b jec tiv e  a sse ssm en t, th e  o v a ria n  follicles seem ed to  be less n u m e r­
ous in  th e  p inealec tom ized  an im als  th a n  in  th e  con tro ls. In  th e  sing le  in ­
s ta n c e  w h ere  th e  o v a ry  h a d  a t ta in e d  an  excessive  size, no in ta c t  fo llicle w as 
fo u n d  a n d  th e  en tire  o v a ry  w as occupied  b y  f ib ro u s  tissue  (Figs 13, 14).

T h e  sh am -o p era ted  an im als  revea led  no  a b n o rm a lity  as c o m p a re d  w ith  
th e  n o rm a l contro ls.

Discussion

F ro m  th e  resu lts  i t  c lea rly  em erges t h a t  som e o f th e  fu n c tio n a l a l te ra ­
tio n s  c o n se q u e n t u p o n  e a r ly  p in ea lec to m y  m a y  be  connected  w ith  th e  m o rp h o ­
lo g ica l changes in  th e  o rg an s , som e o th ers  a re  s till u n acco u n ted  fo r.

R e ta rd e d  g row th  a n d  sh ed d in g  o f fe a th e rs  in  th e  p in ea lec to m ized  b ird s  
c o rre sp o n d  to  th e  w astin g  sy n d ro m e  in d u ced  in  m ice an d  in o th e r  m am m als  
b y  th y m e c to m y  in th e  n e o n a ta l  perio d  [15]. T h e  histo logical p ic tu re  o f  th e  
th y m u s  a n d  o f th e  b u rsa  o f F a b ric iu s  w ere in  fa c t  conclusive of an  in a d e q u a c y  
o f  th e s e  tw o  organs e ssen tia l to  th e  a c h ie v e m en t o f im m u n o co m p éten ce . In  
e a r lie r  ex p e rim en ts  we h a v e  show n in  a d u lt  r a ts  t h a t  w hile p in e a le c to m y  h ad  
a n  a d v e rs e  effect on im m u n e  responsiveness, th e  p ineal bo d y  h as  a p o s itiv e  
in f lu e n c e  on th e  th y m u s  [8 ] . T h is m akes i t  u n d e rs ta n d a b le  t h a t  n e o n a ta l 

■spinealectom y resu lts  in  an  a tro p h y  o f th e  th y m u s  an d  consequen tly  in  w astin g  
d ise a se . A n  in te res tin g  p o in t is connected  w ith  th e  fac t th a t  a v ia n  im m u n ity  
co m p rise s  tw o in d e p e n d e n t im m u n e  sy s tem s, one d ep en d en t on th e  b u rsa  an d  
a n o th e r  d ep en d en t on  th e  th y m u s  [2]. Y e t , p in ea lec to m y  w as fo llow ed  b y  
a t r o p h y  o f  b o th  sy stem s w h ich  w ould  seem  to  suggest th a t  th e  p re sen ce  of 
th e  p in e a l  b o d y  is e ssen tia l to  th e  fu ll d ev e lo p m e n t of b o th  o rg an s . I n  th e  
p r e s e n t  s tu d y  n o t a ll o f  th e  signs o f th e  w a s tin g  syndrom e h a v e  a p p e a re d  
a n d  d e a th  w as n o t due  to  th e  w astin g  in  a n y  o f  th e  cases. T his w as p ro b a b ly  
d u e  to  th e  fa c t th a t  p in e a le c to m y  w as p e rfo rm e d  as la te  as 24 to  48 h ours 
a f te r  h a tc h in g . T he ch ick  reach es a fa irly  a d v a n c e d  stage of m a tu r i ty  w ith  
s ig n s o f  im m u n e  resp onsiveness b y  th e  tim e  o f h a tch in g  [12], a n d  th e re fo re  
i t  seem s lik e ly  th a t  in  th is  species fo r th e  in tro d u c tio n  of th e  fu ll-b low n  w as tin g  
sy n d ro m e  p in ea lec to m y  sh o u ld  be done d u rin g  em b ry o n a l life.

J u d g e d  b y  th e  m orp h o lo g ica l fea tu re s , th e  th y ro id  response seem s to  be 
o f  th e  sam e  ty p e  as in  m am m als . In  fac t, i t  h a s  been  possible to  d e m o n s tra te  
in  r a t s  t h a t  iodine u p ta k e  b y  th e  th y ro id , w hile  b e ing  inh ib ited  by  th e  h o rm o n e  
o f  th e  p in e a l body , is e n h an ced  b y  p in e a le c to m y  [6, 13]. T his is c o n s is te n t 
w ith  th e  p re se n t find ings o f  a ta l l  ac in a r  e p ith e liu m  an d  o f sparse  co llo id .

T h e  m ost s trik in g  co m p lica tio n  o f p re v a le n tly  fa ta l ou tcom e w as te ta n y ;  
5 0 %  o f  th e  p inealec tom ized  an im als  dev e lo p ed  su ch  seizures w hich  w ere  le th a l 
in  3 3 % . I t  is th ere fo re  safe to  assum e th a t  th e  o th e r 17%  w ould  also  have  
su c c u m b e d  to  te ta n y  h a d  th e y  n o t been  sac rificed  before. I t  has b een  p o in te d
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o u t ea rlie r [5] th a t  th e  p in e a l bo d y  seem s to  be  involved  in  c a lc iu m  m e ta b ­
olism  a n d  t h a t  it  has a p o s itiv e  in fluence  on th e  fu nc tion  o f  th e  p a ra th y ­
ro ids [14]. Y e t, th e  p re se n t h isto log ica l f in d in g s  failed to  a c c o u n t fo r  th e  p ro ­
d u c tio n  o f te ta n y . In  fa c t, th e  p a ra th y ro id s  o f  th e  p in ea lec to m ized  an im als 
te n d e d  to  be  larger th a n  th o se  o f th e  co n tro ls  w ith o u t rev ea lin g  a n y  s tru c ­
tu ra l  a b n o rm a lity . T his w o u ld  seem  to  su g g est th a t  th e  u ltim o b ra n c h ia l body  
or o th e r  b ranch igenous s tru c tu re s  [15] h a v e  undergone a C-cell tra n s fo rm a ­
tio n  w hich  w ould  be re sp o n sib le  for th e  fa ll in  th e  blood Ca lev e l. T h is , how ­
ever, aw a its  ex p erim en ta l p ro o f, as th is  t im e  th e  C cells have  n o t b e e n  stu d ied . 
A t a n y  r a te ,  th e  ten d e n c y  o f  th e  u ltim o b ra n c h ia l body  to  c y s tic  tra n s fo rm a ­
tio n  m ig h t b e  regarded  as a sign of e n h an ced  endocrine a c t iv i ty .  T h e  possi­
b ility  t h a t  in  chicks th e  th y m u s  m ig h t s im ila rly  be involved  in  Ca m etab o lism  
as i t  is a c tu a lly  in  ra ts  [7] w o u ld  p ro v id e  a new  angle of a p p ro ach  to  th e  p ro b ­
lem , th e  m ore  so as th y m ic  a tro p h y  w as d e m o n s tra b le  in  th e  p re se n t s tu d y , too. 
A d iffe ren t line of ap p ro a c h , th o u g h  o f d iff ic u lt access to  cy to lo g ic a l s tu d y , 
w ould  be  to  seek th e  p r im a ry  fa c to r  o f  te ta n y  in  an  im paired  fu n c tio n  o f  the  
p a ra th y ro id s . In  sum , c la r if ic a tio n  o f  th e se  p rob lem s calls fo r f u r th e r  stud ies.

T h e  re la tio n sh ip  b e tw e e n  p in ea l b o d y  a n d  th e  gonads h as  b e e n  a  m ajo r 
su b jec t o f  research . T h o u g h  i t  is o u ts id e  th e  scope of th e  p re se n t s tu d y , we 
h av e  to  ca ll a tte n tio n  to  th e  fa c t th a t  th e  o v a ry  of ex trem e size n o te d  in  one 
case c o n ta in e d  no no rm al fo llicles, a fin d in g  w hich  does n o t s u p p o r t  th e  obser­
v a tio n  t h a t  a  tu m o u r or d e s tru c tio n s  o f  th e  p in ea l body  resu lts  in  p recocious 
p u b e r ty . In c id en ta lly , th e  fa c t th a t  th e  fin d in g  w as confined to  a  so le an im al 
ra ises th e  p o ssib ility  o f an  a c c id e n ta l in ju ry  to  som e region o f th e  b r a in  during  
th e  in te rv e n tio n .

T h e  p re se n t resu lts m a y  be  sum m ed  u p  as being c o n firm a to ry  o f  a  reg u ­
la to ry  in flu en ce  of th e  p in e a l bo d y  on th e  endocrine organs o f  e n to d e rm a l 
orig in , th u s  su p p o rtin g  o u r e a rlie r  v iew  [9 ]. A closer insigh t in to  th e  m echan ism  
req u ires  fu r th e r  stud ies.
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CEREBRAL HAEMODYNAMICS AND METABOLISM IN 
ISCHAEMIC DISTURBANCES OF CEREBRAL 

CIRCULATION
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C ertain param eters of cerebral haem odynam ics (cerebral blood flow , cerebral 
vascular resistance, perfusion pressure of the b rain) and cerebral m etabolism  (oxygen 
consum ption, glucose up take , carbon dioxide o u tp u t, respiratory q uo tien t, glucose- 
oxygen ratio ) were studied in 30 patien ts w ith  ischaemic disturbances of cerebral 
circulation. Cerebral blood flow was m easured by  a radioisotope venous d ilu tion  m eth ­
od, resp ira to ry  gases by a m icrogasom etric technique. A decrease was observed in 
th e  hem ispheral blood flow (268.76 ml/m in), oxygen consumption (35.10 m l/m in) and 
glucose up take  (28.90 mg/min), carbon dioxide o u tp u t (18.72 m l/m in), resp irato ry  
quo tien t (0.58) and glucose-oxygen ra tio  (0.89) o f the hemisphere affected by  the 
pathologic process. Cerebral perfusion pressure was elevated (106.33 m m  Hg). 
The correlations betw een the param eters of cerebral haemodynamics an d  cerebral 
m etabolism  were analyzed. The correlation coefficients were com pared w ith  those 
calculated  on the basis of da ta  obtained w ith  th e  m I-iodoantipyrine m ethod  of R e i n - 
m u t h  e t al. in norm al subjects and in an analogous group of patients. D isturbances 
were observed in the haem odynam ic-m etabolic correlations in p a tien ts  except for 
th e  close relation  between cerebral blood flow and  oxygen consum ption by  the brain. 
New haem odynam ic-m etabolic in terrelations were found in cerebral ischaem ia which 
elucidated some pathogenetic mechanism s and m ay thus contribute to a m ore ra tional 
therapeu tic  approach in disturbances of cerebral circulation.

I n  th e  re c e n t decade num erous s tu d ie s  h a v e  been  carried  o u t  on th e  
to ta l  a n d  reg io n a l ce reb ra l haem o d y n am ics [1 — 3]. Few  papers h av e , h ow ever, 
been  d e v o te d  to  th e  co rre la tio n s b e tw een  d is tu rb a n c e s  of cereb ral h a e m o d y ­
n am ics a n d  ce reb ra l m etabo lism . R educed  o x y g en  an d  glucose co n su m p tio n  
b y  th e  b ra in  h as  been  e stab lish ed  in  th e  ischaem ic  cerebral lesions [4, 5]. 
E x p e rim e n ta l s tu d ies  disclosed m etabo lic  d is tu rb a n c e s  in  t h i  ischaem ic  focus 
m an ife s tin g  i tse lf  b y  a red u ced  oxygen ten s io n , p H  an d  e lec tro ly te  ch an g es [6 ]. 
On th e  o th e r  h a n d , M e y e r  e t al. [5 ]  d id  n o t  fin d  su b s ta n tia l d ep en d en ce  
b e tw een  som e h aem o d y n am ic  an d  m etab o lic  p a ram e te rs .

T h e  sc a rc ity  o f th e  d a ta  an d  th e  lack  o f  fu ll concordance b e tw een  th e m  
req u ire  fu r th e r  in v es tig a tio n s  in to  th e  co rre la tio n s  betw een  ce reb ra l h aem o ­
d y n am ics a n d  m etab o lism  in a v a r ie ty  o f physio log ica l an d  p a th o lo g ica l co n ­
d itio n s. T h e  a im  o f th e  p re sen t s tu d y  w as a n  analysis  o f some e sse n tia l p a ­
ra m e te rs  o f ce reb ra l haem o d y n am ics a n d  m e tab o lism  an d  th e ir  c o rre la tio n  in 
p a tie n ts  w ith  ce reb ra l ischaem ic d is tu rb a n c e s .
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Material and m ethods
Blood flow in th e  hem isphere affected b y  a pathologic process was estim ated  b y  th e  

radioisotope venous dilution technique developed b y  S o l t i  e t al. [7 ], as modified b y  S h il l in g - 
f o r d  e t al. [8 ]. 131I was used as indicator. E stim ation  w as accomplished according to  the 
fo rm ula

CBF (m l/min) =  I, — l |

w here I; =  infusion flow in m l/m in, C j  =  isotope solution infusion and C v  =  isotope recovered 
from  venous blood.

Mean arteria l pressure w as m easured by a bloodless m ethod, followed by  estim ation 
of cerebral vascular resistance. W e measured th e  venous pressure in the upper bu lb  of the 
in te rn a l jugular vein and determ ined the perfusion pressure of the brain as a difference be­
tw een  m ean arteria l pressure and  jugular pressure. W ith  a microgasometric technique we 
estim a ted  th e  oxygen and carbon dioxide con ten t in  a rte ria l and cerebral venous blood 
sam ples and  then  calculated the oxygen consum ption and  carbon dioxide ou tpu t of th e  hem i­
sphere and  its  respirato ry  quo tien t. Using a reductom etric  technique in the same blood sam ­
ples we determ ined the glucose concentration in mg per 100 ml and calculated th e  glucose 
u p ta k e  and glucose-oxygen ra tio . The analyzed haem odynam ic and metabolic param eters are 
p resen ted  in Table I.

Table I
Haemodynamic and metabolic parameters

I .  Haemodynamic parameters
1. H em ispheral cerebral blood flow ml/min
2. Cerebral vascu lar resistance dyne/sec/cm-5
3. Perfusion pressure of brain mm Hg

I I .  Metabolic paramesers
1. Oxygen consum ption of hem isphere ml/min
2. Carbon dioxide o u tp u t by  hem isphere ml/min
3. Glucose u p tak e  by hem isphere mg/min
4. R esp ira to ry  quo tien t of hem isphere
5. G lucose-oxygen ratio  of hem isphere

The studies were undertaken  in 30 patien ts (10 w om en and 20 men) from  44 to  87 
years  o f age w ith cerebral ischaem ic disturbances, caused by  atherosclerosis and  a rte ria l 
hypertension . The m ain clinical param eters in th e  p a tien ts  studied are presented in Table I I .

S tatistical da ta  processing was performed by estim ating  the rectilinear correlation  
coefficients for all possible pair combinations (21 in all) o f the studied param eters. W e used 
th e  d a ta  of R e in m u t h  e t al. [9— 10] for cerebral haem odynam ics and metabolism  ob ta ined  
w ith  th e  131I-iodoantipyrine m ethod in an analogous group of patients and in norm al indi­
v iduals, and calculated th e  sam e correlation coefficients. The significance of the differences 
w as analyzed betw een the correlation coefficients in th e  group of patients studied (r t ) and 
th e  coefficients in pa tien ts (r2) and  in norm al individuals (r3) studied by the iodoantipyrine 
technique.

Results

M ean v a lu es , s ta n d a rd  d ev ia tion , s ta n d a rd  e rro r and  re lia b ility  in te rv a l 
o f  th e  ind ices s tu d ie d  in  o u r  p a tie n ts  are  g iven  in  T ab le  I I I .

As seen from  T ab le  I I I ,  h em isphera l b lo o d  flow , oxygen a n d  glucose 
c o n su m p tio n , ca rb o n  d iox ide  e lim ination , re s p ira to ry  q u o tien t a n d  g lucose— 
o x y g e n  ra tio  w ere red u ced , w hereas perfu sio n  p re ssu re  was ra ised . M oreover, 
th e  s ta n d a rd  d ev ia tio n  is s ign ifican t w hich  is suggestive  o f b ro ad  in d iv id u a l 
v a r ia t io n s  in  th e  ex am in ed  group .
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Table II
Basic clinical parameters

No. of patients

Females 10
Males 20
Age, years 44 87 (63.3)
A  etiology
Cerebral atherosclerosis 7
A rterial hypertension w ith  cerebral

atherosclerosis 23
Type o f  impaired cerebral circulation
Chronic failure 8
T ransien t ischaemic d is tu rbance 3
N on-obstructive cerebral in farction 17
O bstructive cerebral in fa rc tion 2
Degree o f  brain lesion
Mild 9
M oderate 8
Severe 13

Table III
Statistical data

Parameters n X S Ж S X X ± tS X

Hem ispheral cerebral blood flow 30 268.76 80.80 14.75 2 3 8 .5 9 - 298.93
Perfusion pressure 30 106.33 11.93 2.18 101.87 — 110.79
Oxygen consumption 23 35.10 17.05 3.55 27.74 — 42.47
Glucose uptake 22 28.90 22.22 4.74 19.05 — 38.76
Carbon-dioxide ou tpu t 23 18.72 9.50 1.98 14.61 — 22.83
R espiratory  quotient 23 0.58 0.27 0.06 0.46 — 0.70
Glucose-oxygen ratio 21 0.89 0.65 0.14 0.60— 1.18

In  T able IV  we p resen t th e  sig n ifican ce  o f  th e  d ifferences b e tw e e n  th e  
m ean  values o f th e  p a ra m e te rs  a n a ly z e d  in  o u r p a tie n ts  (xj )  a n d  th e  d a ta  
o b ta in e d  in p a tie n ts  (x 2) an d  in  n o rm a l ( x 3) in d iv id u a ls  w ith  th e  io d o a n tip y -  
r in e  m eth o d .

O bviously , m ean  h em isphera l b lo o d  flow , perfusion  p ressu re  a n d  glucose 
u p ta k e  values in  th e  s tu d ied  g roup  o f  p a tie n ts  d id  n o t differ from  th o s e  o b ­
ta in e d  w ith  th e  io d o an tip y rin e  m e th o d  in  o th e r  p a tie n ts , b u t  e sse n tia lly  
d iffe r from  th e  v a lu es  o b ta in ed  in  n o rm a l in d iv id u a ls . T herefo re, th e  h a e m o ­
d y n am ics  an d  m etab o lic  p a ra m e te rs  s tu d ie d  in  p a tie n ts  w ith  ce reb ra l in fa rc ­
tio n  show ed e ssen tia lly  low er values in  co m p ariso n  w ith  no rm al in d iv id u a ls , w ith  
th e  ex cep tio n  o f  p e rfusion  p ressu re , fo r  w h ich  th e  re la tio n s w ere o p p o s ite .
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Table IV
Statistical data

Mean values Significance of differences between

Parameters and x2 x1 and x3 x2 and x3
xi X2 X3

t P t P t P

H em ispheral
cerebral blood flow 268.76 256.07 486.29 0.51 0.610 15.20 0.000 7.98 0.000

Perfusion pressure 106.33 109.68 83.39 0.52 0.603 4.59 0.000 5.61 0.000
Oxygen consumption 
Carbon dioxide

35.10 15.57 29.64 4.89 0.000 2.76 0.006 0.74 0.459

o u tp u t 18.72 12.68 29.12 2.23 0.027 6.10 0.000 9.44 0.000
Glucose uptake 
R espiratory

28.90 22.06 47.07 1.26 0.207 6.95 0.000 9.20 0.000

quotien t
Glucose-oxygen

0.58 0.81 0.96 3.85 0.000 6.29 0.000 2.34 0.029

ratio 0.89 1.49 1.50 2.88 0.04 5.26 0.000 0.08 0.986
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Fig. 1. Correlation coefficients o f the basic haem odynam ic—metabolic interrelations in  norm al 
sub jects and in patien ts w ith  cerebral ischaemia according to  d a ta  of the iodoantipyrine m ethod 

(r3 and r 2) and according to  the radioisotope venous dilution technique (r,)

M oreover, these  d iffe ren ces w ere estab lish ed  b y  usin g  th e  rad io iso to p e  venous 
d ilu tio n  tech n iq u e  a n d  th e  iod o an tip y rin e  m e th o d .

T h e  connections b e tw een  the  h aem o d y n am ic  an d  m etabo lic  p a ra m e te rs  
a n a ly z e d  in n o rm al s u b je c ts  an d  in th e  p a t ie n ts  a re  p resen ted  in  F ig . 1.

A cta  Medica Academiae Scientiarum  Hungaricae 29, 1972



C E R E B R A L  H A E M O D Y N A M I C S  A N D  M E T A B O L IS M 2 4 5

In  n o rm a l in d iv id u a ls , p o sitiv e  co rre la tio n s  were o b ta in e d  b e tw een  
ce reb ra l b lood  flow  an d  oxygen  c o n su m p tio n , betw een  oxygen  c o n su m p tio n  
an d  p e rfu sio n  p ressu re , b e tw een  ca rb o n  d io x id e  o u tp u t an d  re s p ira to ry  q u o ­
t ie n t , a n d  be tw een  glucose u p ta k e  an d  glucose oxygen  ra tio . A n e g a tiv e  co rre ­
la tio n  w as p re se n t be tw een  oxygen  c o n su m p tio n  and  glucose—o x y g en  ra tio . 
T here  w as no sign ifican t re la tio n  be tw een  ce reb ra l blood flow  a n d  ca rb o n  
d iox ide  o u tp u t  a n d  betw een  oxygen  co n su m p tio n  an d  carbon  d io x id e  o u tp u t .

0 2 c o n su m p t io n  ml/min

Fig. 2. R elationship between blood flow and oxygen consum ption of cerebral hem isphere
affected by the pathologic process

In  ischaem ic  d is tu rb an ces  o f  ce reb ra l c ircu la tio n , a p ositive  c o rre la tio n  
a p p e a re d  to  ex is t be tw een  ce reb ra l b lood  flow  a n d  oxygen c o n su m p tio n , b e ­
tw een  o x y g en  co n su m p tio n  an d  ca rb o n  d iox ide  o u tp u t, and  b e tw een  g lucose 
u p ta k e  a n d  glucose—oxygen ra tio . In  c o n tra s t  to  th e  group of no rm al in d iv id u a ls  
th e re  w as no  su b s ta n tia l con n ec tio n  b e tw een  oxygen  co n sum ption  a n d  p e r ­
fusion  p ressu re , betw een  oxygen  co n su m p tio n  a n d  g lucose-oxygen  ra t io , a n d  
be tw een  ca rb o n  d iox ide o u tp u t  a n d  re s p ira to ry  q u o tien t.

I n  F igs 2 a n d  3 we p re sen t th e  co rre la tio n s  betw een cereb ral b lo o d  Полу 
an d  o x y g en  co n su m p tio n  an d  b e tw een  ce reb ra l b lood  flow an d  c a rb o n  d io x id e  
o u tp u t  in  th e  p a tie n ts , as e s tab lish ed  b y  th e  rad io iso tope  v en o u s d ilu tio n  
te c h n iq u e .

I n  p a tie n ts  w ith  ce reb ra l ischaem ic  d is tu rb an ce  som e re la tio n sh ip s  
were o b se rv ed  betw een  h aem o d y n am ic  a n d  m etabo lic  p a ra m e te rs  (ce reb ra l 
b lood flow  a n d  carb o n  dioxide o u tp u t)  a n d  b e tw een  some m etab o lic  p a ra m e ­
te rs  (o x y g en  co n sum ption  a n d  ca rb o n  d iox ide  o u tp u t)  w hich cou ld  n o t  be 
observed  in  th e  exam ined  no rm al in d iv id u a ls . C onversely, in  th e  p a t ie n ts  луе
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F ig. 3. Relationship betw een  blood flow and carbon dioxide o u tp u t of cerebral hem isphere
affected by the pathologic process

d id  n o t observe som e re la tio n sh ip s  found  in  n o rm a l ind iv iduals (oxygen  con­
su m p tio n  an d  p e rfu s io n  p ressu re ; oxygen co n su m p tio n  an d  g lu co se -o x y g en  
r a t io ;  carbon  d io x id e  o u tp u t  and  re sp ira to ry  q u o tie n t) . In  cerebral ischaem ia  
th e re  persisted  o n ly  th e  close re la tio n sh ip  b e tw e e n  cerebral b lood  flow  an d  
o x y g e n  c o n su m p tio n  e x is tin g  in n o rm al in d iv id u a ls  as well.

D iscussion

O ur stud ies sh o w ed  a sign ifican t re d u c tio n  o f  b lood  flow, o f  o x y g en  a n d  
glucose co n su m p tio n , c a rb o n  dioxide o u tp u t  a n d  o f th e  re sp ira to ry  q u o tie n t 
a n d  g lu co se -o x y g en  r a t io  in  th e  cereb ral h e m isp h e re  affected  b y  th e  p a th o ­
logic process. A s im ila r  re d u c tio n  of blood flo w , o f  oxygen c o n su m p tio n  an d  
c a rb o h y d ra te  m e ta b o lism  in  ischaem ic d is tu rb a n c e s  o f cerebral c ircu la tio n  has 
b e e n  observed  b y  o th e r  a u th o rs  as well [5 ].

T he e lev a ted  p e rfu s io n  pressure in  c e re b ra l ischaem ia m ay  be  re g a rd e d  
b o th  as a m a n ife s ta tio n  o f  th e  basic p a th o lo g ic  p rocess an d  as a co m p en sa tio n  
o f  th e  increasing  c e re b ra l v a scu la r re s is tan ce , th e  red u ced  oxygen c o n su m p tio n  
a n d  deranged  c e re b ra l m etabo lism . T hese  o b se rv a tio n s  co rre la te  w ell w ith  
th e  ex p erim en ta l, p a th o m o rp h o lo g ic  a n d  c lin ica l evidence co n cern in g  th e  
ro le  o f cerebral isch aem ia  in  a rte ria l h y p e rte n s io n  [11]. O bviously, a n y  low ering  
o f  th is  “ co m p e n sa tin g ”  a r te r ia l h y p e r te n s io n  is in exped ien t. T h e  lim ited  
fa c il i ty  of th e  p a th o lo g ic  v ascu la r process fo r  a p e rs is te n t increase in  ce reb ra l 
b lo o d  flow  in b ra in  isch aem ia  w arran ts  th e  u se  o f  th e ra p e u tic  a g e n ts  d ire c tly  
a ffec tin g  th e  im p a ire d  ce reb ra l m etabo lism . T h e  com plex  th e ra p e u tic  a p p ro a c h
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w ith  im p ro v em en t o f ce re b ra l h aem o d y n am ics  a n d  m etabolism  f in d s  i ts  th e o ­
re tic a l g rou n d s in th e  s im u ltan eo u s  d e ra n g e m e n t in  cerebral isch aem ia .

O u r s tud ies show ed t h a t  in  ce reb ra l isch aem ic  d is tu rb an ces  a  n u m b e r 
o f h a e m o d y n a m ic -m e ta b o lic  re la tio n sh ip s  o b se rv ed  in norm al in d iv id u a ls  are  
d is tu rb e d . T h e  p ositive  co rre la tio n s  a re  lo st b e tw e e n  cerebral o x ygen  co n su m p ­
tio n  a n d  perfusion  p ressu re , a n d  b e tw een  c a rb o n  dioxide o u tp u t  f ro m  th e  
b ra in  a n d  its  re sp ira to ry  q u o tie n t . T h is fa c t suggests  th a t  so lely  b y  ra is in g  
th e  p e rfu s io n  p ressu re  o f  th e  b ra in  its  o x y g en  consum ption  on c e re b ra l is­
ch aem ia  c an n o t be c o m p en sa ted . O n th e  o th e r  h a n d , absence o f a c o rre la tio n  
b e tw een  ca rb o n  dioxide o u tp u t  an d  th e  re s p ira to ry  q u o tien t in  th e  b ra in  
su g g e s tso th a t cereb ral m e tab o lism  is d is tu rb e d  a n d  th e  energy  re q u ire m e n ts  
o f th is  rg a n  are  p ro b a b ly  m e t b y  o th e r  su b s tra te s  as well. T h e  e ssen tia l 
d ifferences betw een  th e  c o rre la tio n  coeffic ien ts  fo r oxygen c o n su m p tio n  an d  
carb o n  d iox ide  o u tp u t a n d  th e  glucose u p ta k e  a n d  g lu co se -o x y g en  ra t io  for 
p a tie n ts  w ith  ischaem ic d is tu rb a n c e s  o f  c e re b ra l c ircu la tion  a n d  fo r  n o rm a l 
in d iv id u a ls  fav o u r th e  a s su m p tio n  th a t  th e re  ex is t q u a lita tiv e  m e ta b o lic  
d ifferences in  cereb ra l isch aem ia  a n d , also , t h a t  i t  is possible fo r  d iso rd e rs  
o f g lucose m etab o lism  to  be  co m p en sa ted  b y  th e  b reakdow n o f o th e r  s u b ­
s tra te s . T h is is su b s ta n tia te d  b y  th e  s tu d ies  o f G o t t s t e in  e t al. [12 ]  su g g estin g  
in  severe atherosclerosis th e  p o ss ib ility  for an  a c tiv e  invo lvem en t in  ce reb ra l 
m e tab o lism  o f som e am ino  ac ids a n d  lip o p ro te in s .

T h e  on ly  p reserv ed  c o rre la tio n  in  ce reb ra l ischaem ia is th e  one  b e tw e e n  
ce reb ra l b lood  flow  an d  ce reb ra l oxygen  co n su m p tio n . This fac t is in d ic a tiv e  
o f th e  exped ience  of a d d itio n a l b lood  o x y g e n a tio n  in  cases o f excessive  re d u c ­
tio n  o f ce reb ra l b lood  flow , in c lu d in g  th e  use o f  h y p erb a ric  o x y g en  th e ra p y .

T hese h a e m o d y n a m ic -m e ta b o lic  in te r re la tio n s  m ay  c o n tr ib u te  to  a m ore  
co m p le te  p a th o g en e tic  a n a ly s is  a n d  w e ll-g ro u n d ed  tre a tm e n t o f  ce re b ra l 
ischaem ia.
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SIDE EFFECTS OF CHRONIC MEPHENYTOIN 
TREATMENT IN THE RAT

By

Gy . S z e g e d i  and G. K rasznai

FIRST DEPARTMENT OF MEDICINE AND INSTITUTE OF PATHOLOGY, 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received Jan u ary  5, 1972)

R ats subjected to  chronic m ephenytoin trea tm en t have been studied for im- 
munoserological and  morphological changes. V arious immunological abnorm alities in ­
cluding antinucleoprotein and  antigam m aglobulin antibodies appeared in the  course 
of trea tm en t and parallel w ith its duration  increased their ra te  of incidence. H yper- 
proteinaem ia and hypergam m aglobulinaem ia were also dem onstrable. A fter prolonged 
adm inistration of th e  drug the lym ph nodes of th e  anim als exhibited various m i­
croscopic changes. Among these, a b lastom atoid  proliferation of plasm ocytes and 
pleom orphic cells was rem arkable, w ithout neoplastic proliferation. The possible m ech­
anisms underlying th e  induction of autoim m une disease by hydantoin  p reparations is 
discussed. I t  is suggested th a t the morphological changes, a ttribu ted  to a d irec t effect 
of the drug, accounted for the serological abnorm alities.

A n tiep ilep tic  m ed ica tio n  involves v a rio u s  h aza rd s . D rugs o f th is  k in d  
m ay  p re c ip ita te  th e  p ro d u c tio n  of sy stem ic  lu p u s  e ry th e m a to su s  (S L E ), 
a ffec t th e  b lood-fo rm ing  system  (m egalob lastic  an aem ia , leukopen ia , a g ra n u lo ­
cy tosis , p a n m y e lo p a th y )  or give rise to  h y p e rse n s it iv ity  reac tio n s o f allerg ic 
n a tu re . A nim al ex p e rim en ts  an d  h u m an  o b se rv a tio n s  ra ised  th e  p o ss ib ility  
o f b lastom ogen ic  p ro p e rtie s  of h y d an to in  d e riv a tiv e s  (Gams e t al. [9], H y m a n  
an d  S omers  [12], J u h á sz  e t al. [13]). T h o u g h  secondary  effects a re  fa ir ly  
com m on in su b jec ts  u n d e r  chronic  a n tie p ile p tic  tre a tm e n t, th e  effec ts o f 
h y d a n to in  d e riv a tiv e s  in  th e  la b o ra to ry  an im a l h av e  received  li ttle  a t t e n ­
tio n  [14, 16, 17].

T he aim  o f th e  p re se n t s tu d y  was to  a sc e r ta in  w h e th e r an d  how  o ften  
chronic  m ep h en y to in  a d m in is tra tio n  to  ra ts  cau sed  im m unological a b n o rm a li­
ties, an d  to  ex am in e  th e  ly m p h  nodes fo r m orpho log ica l changes.

Material and m ethods

Albino W istar ra ts  of either sex were used in  the experim ents. Three groups, each 
of 20 anim als (10 males, 10 females) were set up against contro l groups formed by the same 
num ber of anim als receiving 1 ml tap  w ater through a tube . M ephenytoin was adm inistered 
through a gastric tube in doses of 20 mg/kg body w eight daily, for a period of four weeks to 
the first, for 20 weeks to  th e  second, and for 44 weeks to  the th ird  group. From  the  anim als 
of the th ird  group blood was w ithdraw n during trea tm en t a t the end of 28 weeks (the values 
thus obtained being referred to  as Group I I I)  and the studies were repeated a t the  end of 
44 weeks (the values being referred to  as Group IV). The anim als of all groups were sacri­
ficed to  exsanguination by heart puncture. The studies included blood counts (W BC, RBC,
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p la te le ts , reticulocytes, haem oglobin, differential counts), fem oral bone-m arrow sm ear, serum  
to ta l  p ro te in s , paper electrophoresis, L E -study  (using heparin  as anticoagulant and  gelatin 
for sed im en ta tion ), rheum atoid fac to r by  the W aaler-R ose tes t, antinucleoprotein-antibody 
using B o y d e n ’s passive haem agglutination  procedure [4] in  the m odification of Ga jd u s e k  
[8]. M icroscopic study included th e  following organs: lym ph nodes, liver, hilus, kidney, 
th y m u s , h e a rt , gut. The lym ph nodes of each region (cervical, axillary, pulm onary ileocoecal, 
re tro p e rito n ea l)  were studied separately . One anim al of Group I and three anim als of Group 
I I I  d ied  during  treatm ent. There w as no death  in  Group II .

Results

D u rin g  chronic m e p h e n y to in  tre a tm e n t ,  th e  b o d y  w eight o f th e  an im als  
sh o w e d  a n  increase. T h e  w e ig h t curves o f  th e  te s t  an im als w ere s im ila r  to  
th o s e  o f  th e  contro ls all th ro u g h o u t (T able  I) . F o u r  w eeks t r e a tm e n t  le f t th e  
b lo o d  c o u n ts  p rac tica lly  u n a ffe c te d  (T able  I I ) .  T h e  d iffe ren tia l c o u n t rev ea led

Table I

Duration of
Body weight, g

Spleen weight, 
mg

Spleen- 
weight/body- 
weigth index

g/100 g
Treated groups treatment

(weeks) before
treatment

after
treatment

G roup I n  =  19 4 230 +  24 248 +  22 1100 +  200 0.44

C ontrols n =  19 220 +  22 240 +  26 950 +  150 0.39

G roup I I n =  20 20 220+8 270 +  34 1200 +  240 0.44

C ontrols n =  20 225 +  20 275 +  38 1050 +  180 0.38

G roup I I I n  =  19 28 240 +  24 342 +  38
C ontrols n =  20 230 +  22 330 +  36

G roup IV n =  18 44 240 +  24 370+44 1700 +  350 0.46

C ontrols n =  18 230 +  22 368 +  42 1200 +  200 0.32

Table II

Treated groups
Duration of 
treatment 

(weeks)
RBC Hg g per 

100 ml WBC Platelet
count

Reticulocyte 
count 

per cent

G roup I n  =  19 4 7.5 16 11,140 430,000 l

C ontrols 7.48 16.2 10,870 390,000 l

G roup I I n =  20 20 7.2 15.6 10,300 400,000 1.2

C ontrols 7.3 15.8 11,600 440,000 1.1

G roup I I I n =  19 28 6.8 15.1 9,800 460,000 1.4

C ontrols 7.3 16 12,100 480,000 1.2

G roup 1У n =  18 44 6.4 13.8 9,000 420,000 3

C ontrols n  =  18 7.1 15.8 11,600 450,000 1.3
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an  increase  in  th e  p ro p o rtio n  of ly m p h o cy te s , a n d  th e  bone m arrow  a m o d e ra te  
increase  in  th a t  o f p lasm a cells. T re a tm e n t fo r 20 weeks resu lted  in  m o d e ra te  
ly m p h o cy to sis  w ith  no evidence o f  an aem ia , leukopen ia  or th ro m b o p e n ia . 
T he bone m arro w  ex h ib ited  a 6 to  7 %  increase  in  th e  p lasm a cell p o p u la tio n , 
as a g a in s t 1%  in th e  con tro ls . T he M : E ra tio  w as iden tica l in th e  te s t  an im a ls  
an d  in  th e  co n tro ls . A t th e  end o f  28 w eeks th e re  was a m o d e ra te  fa ll in 
RBC a n d  W BC as w ell as in haem og lob in , w ith  th e  p la te le t an d  re tic u lo c y te  
co u n ts  rem ain in g  unch an g ed . T h e  d iffe ren tia l co u n ts  revealed  a re la tiv e  
ly m p h o cy to sis . In  th is  g roup  th e  bone m arro w  w as exam ined  a fte r  th e  co m p le ­
tio n  o f t r e a tm e n t on ly . A t th e  end  o f 44 w eeks th e re  was a red u c tio n  in  R B C  
an d  haem og lob in  v a lu es , an  increase in  th e  re tic u lo c y te  coun t, no c h a n g e  in 
th e  p la te le t  c o u n t; leukopen ia  w as s lig h tly  m ore  d is tin c t, w ith  th e  sam e 
degree o f  re la tiv e  ly m phocy tosis  as p rev io u sly . T h e  bone m arrow  re v e a le d  a 
fu r th e r  increase to  9 to  10%  in th e  n u m b e r o f  p lasm a  cells, as a g a in s t 1 %  in 
th e  con tro ls . T h e  re ticu lu m  cell p o p u la tio n  h a d  also  increased, th e  M : E  ra tio  
was p ra c tic a lly  u n affec ted .

A fte r  fo u r w eeks tre a tm e n t w ith  m e p h e n y to in  th e re  was a n  in c rea se  
in th e  to ta l  serum  p ro te in s  re su ltin g  from  an  in crease  in th e  gam m a g lo b u lin  
level (T able  I I I ) .  A fte r  20, 28 an d  44 w eeks tr e a tm e n t ,  th e  to ta l se ru m  p ro te in

Table III

Treatment Se. total protein Albumin a-globulin /1-globulin y-globulin
g/100 ml g/100 ml g/100 ml g/100 ml g/100 ml

4 weeks (I) n =  19 7.5 +  0.29 2.57 +  0.13 1.40 +  0.12 1.42 +  0.12 2 .11+ 0 .27
Controls n =  19 7.5 +  0.5 2.50 +  0.22 1.34 +  0.12 1.47 +  0.11 1.69 +  0.21

P 0.1% P 5% P 5% P 5% P 0.1%

20 weeks (II) n =  20 8.1 +  0.70 2.51 +  0.31 1.54 +  0.17 1.62+0.19 2.43 +  0.30
Controls n =  20 7.2+0.46 2.45 +  0.17 1.30 +  0.23 1.58 +  0.17 1.87 +  0.30

P 0.1% n  WP °  /0 P 0.1% P 5% P 0.1%

28 weeks (III) II = 19 8.59 +  0.75 2.61 +  0.20 1.61+0.14 1.60 +  0.32 2.77 +  0.49
Controls n =  20 7.1+0.22 2.27 +  0.18 1.55 +  0.07 1.55 +  0.12 1.73 +  0.23

P 0.1% P 0.1% P 5% n W , P ° /0 p 0.1%

44 weeks (IV) n =  18 8.8 +  0.6 2.67 +  0.35 1.57 +  0.15 1.52 +  0.22 3.04 +  0.57
Controls n =  18 7.2 +  0.32 2.45 +  0.20 1.58 +  0.13 1.58 +  0.17 1.59 +  0.31

P 0.1% n WP ° /о P 5% n w  P ° /0 P 0 .1%

Comparison of the values of the treated  groups:
Se. to ta l protein Group 1 и P <  1 y-globulin I : II P <  1

Group I HI p <  0.1 I : III p <  1
Group 1 IV p <  0.1 I : IV p <  0.1
Group h III p <  2 II  : III p <  5
Group и IV p <  0.1 II  : IV p <  0.1
Group i n IV p <  5 I I I  : IV p <  5
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a n d  g a m m a  g lobulin  levels increased  fu r th e r . T h is  increase p a ra lle l w ith  th e  
d u r a t io n  o f t r e a tm e n t w as fo u n d  sign ifican t s ta tis t ic a lly , w ith  th e  e x c e p tio n  
o f  th e  28 a n d  44 w eek  v a lu e s  co rre la ted  to  e a c h  o th e r. The sam e w as v a lid  
fo r  t h e  increase  in  th e  g am m a  globulin level. I t s  r ise  w as of po lyclonal c h a ra c te r , 
n o  M -co m p o n en t w as d em o n strab le . T he sera  o f  som e anim als w ith  a n  u n c o m ­
m o n ly  h ig h  gam m a g lo b u lin  level w ere su b je c te d  to  im m unoelec trophoresis  
w h ic h  rev ea led  no p a ra p ro te in ae m ia .

L E -cells  w ere a b se n t fro m  th e  sera o f  a ll a n im a ls . The n u m b er o f  an im als  
r e v e a lin g  a n tin u c le o p ro te in  an tibod ies in c re a se d  para lle l w ith  th e  d u ra tio n  
o f  t r e a tm e n t  (one a n im a l a t  th e  end of 4 , fo u r  an im als  a t  th e  end  o f  20, fiv e  
a n im a ls  a t  th e  end  o f 28, a n d  nine an im als a t  th e  end  of 44 w eeks). N o a n ti-

ТаЫе IV

Duration of treatment LE-cell positive Antinuclear factor 
positive Rose-test positive

4 weeks n =  19 — l 2

Controls n =  19 . — — —

20 weeks n =  20 — 4 6

Controls n =  20 — — —

28 weeks n =  19 — 5 8

Controls n =  20 — — —

44 weeks n =  18 — 9 13

Controls n =  18 — — —

n u c le o p ro te in  a n tib o d ie s  w ere  d em o n strab le  in  an y  of th e  co n tro l g roups. 
I n  th e  4  w eek g roup  th e re  w ere tw o, in  th e  20 w eek  group six , in  th e  28 w eek 
g ro u p  e ig h t, in th e  44 w eek  g roup  13 an im als  w ith  R F -p o sitiv e  sera, as opposed  
to  th e  con tro ls  w here  a ll th e  sera w ere R F -n e g a tiv e . The resu lts  a re  show n 
in  T a b le  IV .

T h e  ly m p h  nodes w ere  enlarged in  a ll th e  f iv e  regions s tu d ied . T h e  sp leen  
in c re a se d  its  w eigh t p a ra lle l w ith  th e  d u ra tio n  o f  tre a tm e n t. T h is w as c learly  
re f le c te d  in  th e  sp leen -w e igh t/body-w eigh t in d e x .

T h e  s tru c tu re  o f  th e  ly m p h  nodes w as  a ffec ted  in som e a re a s . T h ese  
c h a n g e s  could be g ro u p ed  as follows.

1) Fo llicu lar h y p e rp la s ia . E n la rg ed , h y p e rc e llu la r  follicles w ith  b ro a d  
g e rm in a l cen tre , p re v a le n t in  a m in o rity  o f  ly m p h  nodes, th e  m a jo r i ty  be in g  
free  fro m  an y  of th e se  fe a tu re s  (Fig. 1).

2) L y m p h o -re ticu lo ce llu la r h y p e rp la s ia . A p p earan ce  o f poo rly  d e m a rc a t­
ed  fo ca l a ccu m u la tio n s o f  lym pho id  cells a n d  o f re ticu lu m  cells w ith  pa le  
c y to p la sm  in th e  co rtic a l reg ion , ex ten d in g  a t  s ite s  to  th e  m edu lla  o r m erg ing  
w dth  u n sh a rp ly  d e m a rc a te d  follicles (F ig . 2).
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Fig. 1. Follicular hyperplasia. H .E ., x l5 0

Fig. 2. Lym phoreticular hyperplasia. H . E ., x200
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3) S inus c a ta rrh . C e llu la r reac tio n , p re v a le n tly  w ith  d e tach ed  e n d o th e l 
ce lls , p la sm a  cells, ly m p h o id  cells, sparse ly m p h o c y te s , involv ing  th e  m arg in a l 
a n d  in te rm e d ia ry  p o rtio n s  o f  th e  sinus sy s tem  (F ig . 3).

4 ) M arked v a sc u la r iz a tio n  of th e  c o rtic a l a n d  m edu lla ry  a rea s .
5) P e rily m p h ad en itis  w ith  diffuse a n d  p e riv a scu la r  ly m p h o id  cell in ­

f i l t r a t io n  of th e  capsule a n d  th e  p e ricap su la r co n n ec tiv e  tissue.

Fig. 3. Sinus catarrh . H . E ., X300

6) C onfluent p la sm a c e llu la r  foci in  th e  m ed u lla ry  area  in te rsp e rse d  
w ith  num erous R ussel’s b o d ies . T he p rocess invo lves all ly m p h  n o des, e ith e r  
r e s p e c tin g  th e  bo rderlines o f  th e  m ed u lla ry  tra b e c u le s  or assum ing  a b la s to m a- 
to id  ap p earan ce  in th e  fo rm  o f large co n flu e n t cell-rich  areas e x te n d in g  to  th e  
c a p s u la r  region (Figs 4 , 5).

7) B lastom ato id  foci o f  p leom orph ic  cells in  th e  m edu lla , d iffe re n t from  
th e  a b o v e  changes. T h e  p o o rly  d e m arca ted  ce ll-rich  foci are  m ad e  u p  o f ly m ­
p h o id  cells, re ticu lum  cells w ith  large n u c le i a n d  p lasm a cells w ith  n u m ero u s  
d iv id in g  form s, sp o rad ic  eosinophils a n d  n e u tro p h ils . The m a jo r ity  o f  cells 
e x h ib i t  m orphologic c h a ra c te rs  sim ilar to  th o se  of im m u n o b lasts . T h e  foci 
o f  b la s to m a to id  a p p e a ra n ce  a re  rem in iscen t o f  th o se  described in  d ru g -in d u ced  
h u m a n  ly m p h ad en o p a th ie s  [15, 23] (F igs 6, 7).

T h e  changes o f th e  la s t  tw o  typ es w ere fo u n d  to  affect ch iefly  th e  m esen ­
te r ic  a n d  th e  iliocoecal ly m p h  nodes, b la s to m a to id  p lasm ace llu la r p ro liféra-
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Fig. 4. Plasmocellular accum ulations in the m edullary substance. H. E ., X 250

Fig. 5. Plasmocellular foci in the m edullary substance H. E ., x350
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Fig. 6. B lastom ato id  proliferation of p leom orphic cells. H. E., x350

Fig. 7. B lasto m ato id  proliferation of p leom orphic cells. H. E ., x350
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tio n  being  n o te d  in  15%  a n d  b la s to m a to id  p leom orph ic  cell p ro life ra tio n  in 
5 %  o f th e  cases. Thus, fo llicu la r an d  ly m p h o -re ticu lo ce llu la r h y p e rp la s ia  
acco m p an ied  b y  an  in f la m m a to ry  reac tio n  re p re se n t th e  s lig h test deg ree  of 
th e  d ru g -in d u ced  effects u n d e r  s tu d y . T he freq u en cy  o f  b la s to m a to id  changes 
increases w ith , w hile th e  s e v e r i ty  of th e  o th e r  changes was u n re la te d  to , th e  
d u ra tio n  o f  tre a tm e n t. No t r u e  n eo p lastic  tra n s fo rm a tio n  was d e m o n s tra b le  
in  a n y  o f  th e  cases, and  th e  ty p ic a l  m icroscopic  fea tu re s  described  in  d rug  
a lle rgy  [15] w ere also a b se n t. T h e  o th e r  o rg an s  exam ined  rev ea led  no m i­
croscopic changes.

D iscussion

T he effec ts o f chronic a d m in is tra tio n  o f  a n tie p ile p tic  drugs in la b o ra to ry  
an im als  h a v e  received l i t t le  a t te n tio n . H y d a n to in -in d u c e d  ly m p h o re tic u la r  
p ro life ra tio n  in  ca ts  has b een  describ ed  by  K a s l a r is  [14]. P ro d u c tio n  o f  ly m ­
pho id  tu m o u rs  an d  of leu k aem ia  in  m ice a f te r  th e  chronic use o f  p h e n y to in  
has been  o b serv ed  by  J u h á s z  e t  al. [13]. In  o u r  ea rlie r s tud ies a d m in is tra tio n  
o f m e p h e n y to in  to  ra ts  an d  g u in ea  pigs for 10 w eeks p roduced  no L E -p h en o m - 
enon [17].

T he p re se n t s tu d y  re v e a le d  d e fin ite  im m uno log ica l ab n o rm a litie s  an d  
these  w ere re la te d  to  the d u ra tio n  o f tre a tm e n t .  H ow ever, no L E -p h en o m en o n  
h ad  developed  even  on 44 w eeks t re a tm e n t. O n th e  o th e r  h an d , a n tin u c leo p ro - 
te in  a n tib o d y  w as d em o n strab le  w ith  increasin g  freq u en cy  w ith  th e  d u ra tio n  
o f  tre a tm e n t .  W hereas a t  th e  e n d  o f fou r w eeks its  presence w as co n fin ed  to  
a sole an im al, a t  th e  end o f 20 w eeks, 20%  a n d  a t  th e  end  of 44 w eeks, 50 %  
o f th e  g roup  h a d  an tin u c leo p ro te in  a n tib o d y  in  th e  serum .

A n tig a m m a g lo b u lin -a n tib o d y  w as fo u n d  in  a s till la rger p ro p o rtio n , th e  
re spec tive  fig u res  being 30 %  a t  th e  end  o f 20 w eeks, 42 %  a t  th e  en d  o f  28 
w eeks, a n d  72 %  a t  th e  end  o f  44 w eeks. O n th e  o th e r  h an d , th e  se ru m  o f th e  
con tro ls rev ea led  neither an tiriu c leo p ro te in , n o r  an tig am m ag lo b u lin  a n tib o d y .

A naem ia  developing p a ra lle l w ith  th e  le n g th  o f tre a tm e n t w as m o d e ra te  
an d  w as asso c ia ted  w ith  s lig h t re ticu lo cy to s is  b y  th e  end  of 44 w eeks, p o in tin g  
to  th e  p o ss ib ility  of haem olysis. L eukopen ia  w as likew ise of m in o r d eg ree; 
th e  in itia l a b so lu te  ly m p h o cy to sis  in th e  d iffe ren tia l co u n t w as g ra d u a lly  
rep laced  b y  re la tiv e  ly m p h o cy to sis  d u rin g  th e  2 8 th  to  4 4 th  w eeks.

P a ra lle l w ith  the  p lasm a  re ticu lu m -cell a n d  im m u n o b last p ro life ra tio n  
in  th e  bone m arro w  and th e  ly m p h  nodes, se ru m  to ta l  p ro te in  w as g ra d u a lly  
rising , th e  e lev a tio n  as co m p ared  w ith  th e  co n tro ls  as also w ith in  th e  te s t  
g roups, w ith  th e  exception  o f  th e  28- an d  44-w eek  values, p roved  s ta tis t ic a lly  
s ig n ifican t. T h e  serum  to ta l  p ro te in  an d  g am m a globulin  levels w ere still 
in c reas in g  b ey o n d  th e  28 th  w eek  o f  t re a tm e n t, how ever a t  a slow er r a te .
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H y p e rp ro te in a em ia  a n d  h y p erg am m ag lo b u lin aem ia  are  ty p ic a l o f  th e  
a n im a l s tra in s , w ith  a u to im m u n e  disease in c lu d in g  th e  N ZB  m o u se -s tra in , 
a n d  o f  th e  A leu tian  m in k  disease [3, 11]. I n  a d d itio n  to  these  fe a tu re s , a n t i ­
n u c le a r  a n tib o d y , L E -ce ll a n d  C oom b s-p o sitiv ity  are  fa irly  com m on in  N ZB - 
m ice . T h is is also t ru e  fo r  a n tig a m m a g lo b u lin -a n tib o d y  in  th e  A leu tian  m ink  
d isease  [11].

In  our earlie r s tu d ie s , a n tin u c lea r  a n t ib o d y  w as induced  in  2 7 %  an d  
a n tig a m m a g lo b u lin  a n t ib o d y  (R ose-test) in  2 0 %  o f guinea-pigs b y  th e  a d m in ­
is t r a t io n  o f h y d ra la z in e  [1 8 ] .  Ca n n a t  a n d  S e l i g m a n n  [6]  p ro d u ced  a n t i ­
n u c le a r  a n tib o d y  in  B A L B /c  an d  C57Bl/6 m o u se  s tra in s  b y  th e  a d m in is tra tio n  
o f  ison iaz id  and  h y d ra la z in e  [6].

H u m a n  su b jec ts  u s in g  these  drugs m a y  also  possess v a rio u s  a n tib o d ie s . 
Ca n n a t  an d  Se l i g m a n n  [7 ]  d etec ted  a n tin u c le a r  fac to rs  in  2 0 %  of tu b e rcu lo u s  
p a t ie n ts  being on m a in te n a n c e  tre a tm e n t w ith  isoniazid , as a g a in s t 4 %  in 
u n tr e a te d  sub jec ts . S era  o f h y p erten s iv e  su b je c ts  ta k in g  h y d ra la z in e  also 
e x h ib it  an tin u c lea r  fa c to rs , o ften  even in  th e  ab sen ce  of h y d ra laz in e -p ro v o k ed  
S — E  [2, 21] . H y p erg am m ag lo b u lin aem ia , in c rea sed  im m u n o co n g lu tin in  ti tre s , 
a n tig am m ag lo b u lin  a n d  a n tin u c le a r  a n tib o d ie s  h a v e  been found  b y  u s  in  a 
la rg e  p ro p o rtio n  o f p a t ie n ts  ta k in g  a n tie p ile p tic  d ru g s, p a rtic u la r ly  h y d a n to in  
d e r iv a tiv e s  [24].

W h a t is th e  po ssib le  m echanism  a c c o u n tin g  fo r th e  p ro d u c tio n  o f  a u to ­
a n tib o d ie s  b y  th e se  d ru g s?

As fa r as th e  h y d a n to in  deriv a tiv es  a re  concerned , th e re  is no  ev idence 
to  su g g est th a t  p re p a ra t io n s  of th is  k in d  m ig h t give rise to  m o d ifica tio n s  o f 
a n tig e n ic ity .

N o signs o f a to x ic  in ju ry  of a n y  o f  th e  p a re n c h y m a to u s  o rg an s h av e  
b e e n  n o te d  in th e  cou rse  o f  long-term  s tu d ie s , n o r  do observ a tio n s in  ep ilep tic  
su b je c ts  p o in t to  a n y  su c h  effect o f th ese  d ru g s .

T he m echan ism  responsib le  for th e  p ro d u c tio n  of a u to im m u n e  disease 
b y  th e se  drugs a d m its  o f  tw o  possible in te rp re ta tio n s .

1) The d ru g  m a y  a c t  as an  an tig en  o r a h a p te n  an d  elicit a n tib o d y  fo r­
m a tio n , th u s  p ro d u c in g  a specific d ru g -h y p e rse n s itiv ity  w hich, b y  a m ech an ism  
s till  p o o rly  u n d e rs to o d , re su lts  in  th e  m a n ife s ta tio n  o f au to im m u n e  disease.

O n th e  g rounds o f  c lin ical o b se rv a tio n s w e h av e  com e to  th e  conclusion , 
a lso  sh a red  by  P e t r á n y i  [22], th a t  th e  p ro d u c tio n  o f SL E  as a re su lt o f  h y d a n ­
to in  tre a tm e n t is sca rce ly  ev er associa ted  w ith  h y p e rse n s itiv ity  re a c tio n s  [25].

2) The o th e r th e o ry  connects th e  m a n ife s ta tio n  of a u to im m u n e  disease 
w ith  ce rta in  p o te n tia l  p h a rm aco log ica l p ro p e rtie s  of th e  drugs in  q u es tio n . 
W e believe, in  ac c o rd a n ce  w ith  P e t r á n y i  [ 2 2 ] ,  th a t  these  drugs a ffec t th e  
im m u n e  system  d ire c tly  a n d  cause th e re  m o rpho log ica l changes w h ich  th e n  
a re  responsib le  fo r th e  v a rio u s  im m uno log ica l ab n o rm alitie s . I f  th e  p a tie n t  
is su scep tib le  to  lu p u s  [1 ] , h y d a n to in -d e r iv a tiv e s  are  a p t  to  p ro v o k e  th e  SL E
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ph en o m en o n  [25]. O n th e  o th e r h an d , in th e  ab sen ce  of such a su sc e p tib ility , 
th e  d rugs in  qu estio n , th o u g h  involving th e  p ro d u c tio n  of various im m u n o lo g ­
ical ab n o rm alitie s , w ill n e v e r  lead  to  an  a c tu a l  S L E  [24].

In  th e  ly m p h  n o d es  o f  epileptic  su b je c ts  w e h av e  d e m o n s tra te d  c e r ta in  
m orpho log ica l changes w h ich  m igh t have  b e e n  co nnec ted  w ith  th e  lo n g -te rm  
use o f h y d a n to in  d e r iv a tiv e s  [26]. The e ssen tia l m icroscopic fea tu res  o f  lym p h o - 
n o d u la r  en la rg em en t in d u c e d  in th e  la b o ra to ry  an im a l include ly m p h o re ticu lo - 
ce llu lar, p la sm ace llu la r a n d  im m unob last p ro life ra tio n , a t  sites of b la s to m a to id  
focal c h a ra c te r . No re a l n eop lastic  fea tu res  w ere  dem onstrab le  in  a n y  o f  th e  
cases. Signs of an  a lle rg ic  h y d an to in  ly m p h a d e n o p a th y , such as necrosis, 
th ro m b o tic  m ic ro a n g io p a th y , eosinophile cell in f il tra tio n , were likew ise a b se n t.

T h e  m icroscopic chan g es of th e  ly m p h  n o d es  re su lt from  a d ire c t p h a rm a ­
cod y n am ic  ac tio n  o f th e  d ru g  ra th e r  th a n  from  a d rug -in d u ced  allerg ic re a c tio n .

K r ü g e r  [16] n o te d  a re ticu lo -p la sm ace llu la r p ro lifera tion  in th e  ly m p h  
nodes o f m ice a fte r  th e  a d m in is tra tio n  o f p h e n y to in  in  m edium  a n d  m assive  
doses, a n d  a t t r ib u te d  th e  changes p a r tly  to  a d ire c t ac tion  of th e  d ru g  an d  
p a r t ly  to  a h y p e rse n s itiv ity -re a c tio n . T he fa c t  t h a t  m epheny to in  a t ta in s  h igh 
c o n cen tra tio n s  in th e  ly m p h  nodes, in d ic a te s  th e  p ro b ab ility  o f  a d irec t 
p h a rm aco d y n am ic  m ech an ism  (Sz e g e d i  a n d  K a r s a y  [27]).
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R ats fed a s tan d a rd  d iet supplem ented w ith  e thy l laurate  were found  to  develop 
diffuse m yocardial changes meeting the criteria  of myocarditis. The severity  of the 
microscopic lesions has been correlated w ith th a t  of the ECG abnorm alities. The con­
clusions derived from  242 ECG-studies are presented.

M yocard itis c o n s titu te s  a sad ly  n eg lec ted  fie ld  of p a th o lo g ic a l an d  
clin ical stud ies. T h o u g h  th e re  is no lack  in  p a p e rs  calling  a t te n t io n  to  th e  
h ig h  frequency  o f  th e  co n d itio n , th e  d iff ic u lty  o f  its  d e tec tio n  s till leaves a 
w ide scope for d iag n o stic  a n d  th e ra p e u tic  s tu d ie s  [2, 9, 12, 14, 2 4 ]. D espite  
n u m ero u s a t te m p ts  a t  c lassifica tion  on m o rp ho log ica l, aetio log ica l o r  clinical 
g rounds [1, 3, 7, 10, 13, 15, 16, 20, 22, 25, 29, 31], no ag reem en t has been 
reach ed  as regards its  te rm in o lo g y . Som e a u th o rs  confine th e  d e fin itio n  of 
p r im a ry  m y o card itis  to  processes of u n k n o w n  ae tio logy  w hile q u a lify in g  all 
o th e r  diseases o f th e  m y o ca rd iu m  as seco n d a ry . O th e rs  consider m y o card itis  
to  be p rim ary  if  i t  is l im ite d  to  th e  m y o card iu m , w ith o u t in v o lv in g  e ith e r  th e  
en d o card iu m  or th e  p e ric a rd iu m , a c lass ifica tio n  com prising  id io p a th ic  m yo­
c a rd itis , i.e. o f u n k n o w n  aetio logy , a n d  p o s tin fec tiv e  m y o c a rd itis  w ith  its 
su b ty p es . O ther c la ss ifica tio n s have  been b ased  on  th e  p a th o lo g y  o f  m y o ca rd i­
tis , ta k in g  its  m o rp ho log ica l, in stead  o f i ts  c lin ica l, ty p es  in to  consider­
a tio n  [3, 22, 27].

W h i t e h e a d  [37] d iv ides m y ocard itis  in to  a c u te , su b acu te  a n d  chronic 
ty p e s  accord ing  to  th e  clin ica l course. T h e  m icroscopic  p a t te rn  o f  th e  acu te  
ty p e  is m arked  b y  in te r s t i t ia l  oedem a, in f la m m a to ry  in f iltra tio n  a n d  secondary  
d am ag e  to  th e  m uscle  f ib re s . T he chronic ty p e  is ch a rac te rized  b y  a diffuse 
fib rosis lacking in f la m m a to ry  e lem ents. T h e  su b a c u te  form  c o n s titu te s  a 
bo rd erlin e  betw een  th e  tw o  o th e r ty p es . H o w ev er, th e  th ree  ty p e s  seem  to 
co rrespond  to  th re e  s ta g e s  o f th e  sam e p rocess.

T he wide ran g e  o f  ex p erim en ta l p ro ced u re  fo r th e  p ro d u c tio n  o f  m yo­
c a rd itis  in  th e  la b o ra to ry  an im al includes lesion ing  o f th e  m y o c a rd iu m , a p p li­
ca tio n  of b ac te ria , o r o f  b a c te ria l en d o to x in , p ro d u c tio n  o f se ru m  sickness 
o r o f  au to im m u n ity , a d m in is tra tio n  of s te ro id s , e lec tro ly tes , feed ing  o f  trig lyc-
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e r id e  c o n ta in in g  d iets, e tc . T h ese  procedures g en e ra lly  re su lted  in focal lesions 
o f  th e  h e a r t  m uscle w ith  a c e llu la r  reac tion  fo llow ed b y  p ro life ra tiv e  changes.

K e s t e n  et al. [c it. 26] w e re  th e  firs t to  in d u ce  fa ta l  m y o card itis  in  la b o ra ­
to r y  a n im a ls  b y  th e  a d m in is tra t io n  of sy n th e tic  tr ig ly ce rid e s  (1945), r a ts  fed  a 
d ie t  c o n ta in in g  30 to  4 0 %  e th y l  la u ra te  h av in g  b een  found  to  develop  lesions 
s im ila r  to  those  o bserved  in  h u m a n  m y o card itis . A b n o rm alities  o f  th is  ty p e  
w o u ld  a p p e a r  in  th ree -w eek -o ld , ju s t  w eaned  r a ts  in  1 to  3 w eeks, to  end 
f a ta l ly  in  2 to  7 days. A d m in is tra tio n  of cho line , b e ta in e  o r o f  m eth io n in e  
w as fo u n d  to  p rev en t th e  in ju ry  th e  sev e rity  o f  w hich  w as re la te d  to  th e  
a m o u n t  o f  e th y l la u ra te  c o n ta in e d  in  th e  d ie t.

T h e  p resen t s tu d y  h a s  b een  aim ed a t  th e  p ro d u c tio n  o f m y o ca rd ia l 
le s io n s  w h ich  m ight be re g a rd e d  as a m odel o f m y o ca rd itis  in  m a n . I t  w as 
s o u g h t to  gain  in fo rm atio n  o n  th e  s ta te  of th e  m y o c a rd iu m  in th e  cou rse  o f th e  
p ro c e ss  b y  ECG stud ies w h ic h  w ere to  p ro v id e  a n  answ er to  th e  q u estio n s 
w h e th e r  th e re  are c o n s is te n t E C G  changes c h a ra c te r is tic  of th e  g iven  s tag e  an d  
w 'h e th e r th e re  is an y  re la tio n sh ip  betw een  th e  E C G  ab n o rm alitie s  a n d  th e  
o u tc o m e  o f th e  process.

M a te ria l and m ethods

Three-week-old W istar ra ts  o f e ither sex were stud ied  in six groups, m aking up  a to ta l 
o f 90 an im als . Each group (I to  V I) included five controls and  10 tes t anim als, th e  la t te r  re ­
ceiv ing 33 to  36% ethyl lau ra te  adm ixed  to standard ra t  food. W ater was allowed ad  libitum . 
The an im als  of groups I I  and IV , hav ing  died two days a fte r beginning the diet (probably  as 
a re su lt o f the direct toxic effect o f th e  fa tty  acid ester) are disregarded in th is report. In  
g roups I  an d  Y I, the first signs of disease appeared during th e  th ird  week of diet, d ea th  ensuing 
in  8 to  21 days. In  groups I I I  an d  Y, the first m anifestations were noted after 7 to  9 days 
of d ie t an d  all animals died in  2 to  4 days. The first signs were a  changed behaviour, ruffled 
fu r, sluggish  motions, indifference to  external stim uli. These were followed by  irregular, 
rap id , gasping respiration. The fin a l stage was m arked b y  unsteady , staggering m ovem ents, 
aversion  to  food, apathy, dea th  ensuing in  a few hours a fte r th e  appearance of these signs. 
In  th e  anim als of group V I, upon  th e  m anifestation of th e  firs t signs of disease th e  d iet was 
rep laced  b y  standard ra t food; th is  resu lted  in a more p ro trac ted  course of the process w ithout 
av e rtin g  its  fa ta l outcome.

A utopsy  failed to  reveal a n y  change in the gross appearance either of th e  h ea rt or of 
th e  o th e r  organs. The heart was fixed  in  4%  neutral form alin solution, em bedded in  paraffin , 
cu t in to  3 to  4 /I thick serial sections and  stained w ith haem atoxylin-eosin, Azan and  F a rk a s -  
M allory’s dye. In  each group, th e  liver and striated m uscles of one anim al were processed 
for m icroscopic study.

In  all tes t groups ECG -recordings were made prior to  th e  s ta rt of d iet (six-channel 
H ellige-apparatus, paper speed of 50 and 100 mm/sec) [36] under ether anaesthesia. The 
record ings included standard  and  un ipo lar limb leads and  th ree chest leads, the positions 
of th e  chest electrodes being th e  le f t and right paras te rna l and the anterior axillary  lines. 
P a r t ly  these  basal recordings, p a r t ly  the recordings of th e  controls receiving norm al food 
served as reference for com parative purposes. As soon as th e  first signs of disease had  ap ­
peared , ECG  recordings were m ade daily  a t identical tim es.

R esu lts  and  d iscussion

T h e  no rm al va rie tie s  o f  th e  r a t  ECG [17] se rv ed  as a basis o f e v a lu a tio n . 
C h an g es in  h e a r t ra te  in  th e m se lv e s  were n o t co n sid e red  ab n o rm al, th e  an im als

A cta  M edica Academiae Scientiarum  H ungaricae 29, 1972



M ODEL M YOCARDITIS IN  T H E  RAT 2 6 3

h av in g  been u n d e r  an aes th es ia . T h e  v a r ia tio n s  in  v o ltage  were also  a t t r ib u te d  
to  an aes th es ia , deep  an aes th es ia  being  o fte n  asso c ia ted  w ith  low  vo ltag e . 
O n th e  o th e r h a n d , a p e rs is te n t low  v o ltage  or th e  progressive decline o f  vo ltag e  
w as regarded  as d e fin ite ly  ab n o rm a l. T h e  inc idence  of nodal rh y th m  was 
th e  sam e in  th e  con tro ls  as in  th e  te s t  a n im a ls . No o th e r d is tu rb a n c e s  of 
rh y th m  or co n d u c tio n  were seen in  th e  h e a lth y  an im als. M odifications o f th e  
ST -segm ent w ere considered  n o rm a l unless th e y  a tta in e d  double  th e  o rig inal 
h e ig h t an d  th is  p e rs is ted  or in c reased  in  th e  fu r th e r  course.

A to ta l  o f 242 record ings w as o b ta in ed  from  30 an im als o f  4 series (10 
an im als h av in g  d ied  in  th e  course  o f th e  e x p e rim e n t); 109 of th e se  w ere con­
sidered  ab n o rm a l on th e  basis o u tlin ed  a b o v e . T h e ir m ain  fe a tu re s  a re  set 
o u t in  T ab le  I .

Table I

Group
Number
of ECG 
record­

ings

Extra-
systole

Other 
types of 
arrhyth­

mia

Low
voltage

Pro­
longed

pQ-
interval

AV-
block

Intra­
ventric­

ular
con­

duction
distur­
bances

ST
elevated

Total 
number 
of ab­
normal

ECG

I 56 2 2 4 ___ 3 2 5 18
i n 16 — — 2 — — — 8 10
V 22 1 1 3 — — — 8 13
VI 148 5 2 18 12 21 3 7 68

242 8 5 27 12 24 5 28 109

The m ost m a rk e d  changes w ere n o te d  in  G roups У  an d  V I. W hile  in 
G roup  Y a m ark ed  ST e lev a tio n  w as p re v a le n t, in  G roup V I d iso rders of 
rh y th m  an d  co n d u c tio n  w ere m ore  com m on.

In  th e  an im als  o f G roup I  m ean  su rv iv a l w as 8 days a fte r  m a n ife s ta tio n  
o f th e  f irs t signs. T he E C G -changes n o ted  in  th is  g roup  were s c a n ty : e x tr a ­
systo les from  m u ltip le  foci (F ig . 1) in  2, o th e r  d is tu rb an ces  of rh y th m  (F ig . 2) 
in  2, low v o ltag e  in  4, AV-block in 3, in tra v e n tr ic u la r  b lock in 2, a n d  m ark ed  
ST -elevation  in  5 o u t of 56 cases. In  th e  an im a ls  o f  series I I I  an d  Y, a f te r  th e  
m an ifesta tio n s o f th e  signs, o f ex trem e  se v e rity  a ll th ro u g h o u t, su rv iv a l was 
2 to  4 days. T he m o st conspicuous E C G -ab n o rm a lity  was a gross S T -e leva tion  
in th e se  groups (F ig . 3). In  th e  an im als o f G ro u p  V I, th e  p ro tra c te d  course 
o f th e  disease allow ed to  m ake as m an y  as 148 record ings 5 of w hich  revea led  
ex trasy s to les  from  m u ltip le  foci, 18 (o b ta in ed  from  4 anim als) p rog ressive  low 
vo ltag e , u su a lly  a p re m o n ito ry  sign  o f d e a th . In  th is  g roup  co n d u c tio n  d is tu r-
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F ig. 1. Extrasystolee from m ultiple foci (anim al 1/5). Paper speed, 100 mm /sec

Fig. 2. D isturbances in im pulse production (anim al 1/2). Paper speed, 100 mm/sec
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b an ces o f v a riab le  sev e rity  w ere p re v a le n t, th e  m ild fo rm s b e in g  m ark ed  by  
a de lay ed  co n duction  an d  th o se  o f  m a jo r  sev e rity  b y  a 2 : 1, 3 : 1 o r com plete 
A Y -block or b y  in tra v e n tr ic u la r  co n d u c tio n  d is tu rb an ces . In  one an im al, all 
th e  tra c in g s  reco rded  on 17 successive days revealed  an  A Y -block  (F ig . 4).

Fig. 3. Left side: ECG before the experim ent. R ight side: ECG on 10th day  of diet; 
gross ST-elevation (anim al V /l). Paper speed, 50 mm /sec

j  1

i l l .4 r -4 - ~H j T L. Т Г -—■("ft-
CL . T !? -J i— !-■ ! 1 7

t ~ f-
Щ J — -— и------«

I M l '  I .
Fig. 4. The upper strip  shows a 2 : 1, th e  lower, a complete auriculoventricular block 

in the same anim al (VI/2). Paper speed, 100 mm/sec

V e n tric u la r  f lu t te r  (F ig . 5) a n d  f ib rilla tio n  w ere n o ted  im m e d ia te ly  before 
d e a th .

H isto logy  revealed  m y o ca rd ia l changes o f a co n sis ten t p a t te r n  b u t of 
v a ria b le  sev erity . T he m y o card iu m  o f b o th  ven tric les w as e q u a lly  invo lved , 
th e  lesions w ere, how ever, in v a ria b ly  confined  to  th e  m y o ca rd ia l a rea  w ith o u t 
a ffec tin g  th e  en d o card iu m , th e  p e ric a rd iu m  or th e  coronaries. T h e  h isto log ical 
fin d in g  w as in acco rdance  w ith  W h i t e h e a d ’s defin ition  o f  “ a c u te  iso la ted  
m y o c a rd itis”  [37] an d  inc luded  th e  follow ing fea tu res:
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Fig. 5. V entricular flu tte r and  electric  alternant (anim al V I/3). P aper speed, 100 mm/sec

1) in te rs titia l o ed em a ;
2) grossly d ila ted , g ia n t  cap illaries in  th e  m y o ca rd iu m ;
3) focal or diffuse in te r s t i t ia l  in filtra tio n  o f  in f la m m a to ry  c h a ra c te r , 

p re v a le n t ly  w ith  ly m p h o c y te s , h istiocy tes a n d  f ib ro b la s ts ;
4) oedem a of m uscle  f ib re s  and  p a ren ch y m a l d eg en era tio n ;
5) necrosis o f m uscle  f ib re s , appearance  o f  m yo g en ic  g ian t cells. 
G rad ing  of th e  h is to lo g ic a l abnorm alities w as b ased  on th e  c rite ria

w h ic h  h a d  been a d o p te d  fo r  th e  assessm ent o f  m o rp h o lo g ica l ab n o rm alities  
in  h u m a n  m ateria l, crosses -)- to  +  +  4" re p re se n tin g  th e  successive grades o f 
s e v e r i ty  (Table I I ) .

Table 11

Group Duration of 
disease, days

Interstitial
oedema

Capillary
dilatation,
congestion

Inflammatory
infiltration

Oedema of 
muscle fibres

Necrosis of 
muscle fibres

I 8 -1 2 +  +  + + + + +  +  + + +  +
h i 2— 4 +  +  + +  + + + + +

V 2 -  4 +  +  + +  + + + + +

VI 8 -2 1 +  +  + + + + +  +  + + +  +  -Г
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F ro m  T ab le  I I  it  em erges t h a t  in te r s t i t ia l  oedem a was o f s im ila r  sev e rity  
in  th e  an im als su rv iv in g  2 to  4 o r 8 to  21 d a y s , a find ing  c o n s is te n t w ith  the  
o b se rv a tio n s  of E p p i n g e r  [8] w hich  seem  to  in d ic a te  th a t  th e  p r im a ry  process 
is th e  p ro d u c tio n  o f  an  in te rs ti t ia l  serous e x u d a te , followed b y  th e  a p p e a ra n c e  
of in f la m m a to ry  cells. I t  is a re le v a n t fa c t t h a t  m igration  o f in f la m m a to ry  
cells goes h a n d  in  h an d  w ith  t h a t  o f  a la rg e  pop u la tio n  of f ib ro b la s ts  and  
h is tio cy te s  p ro v id in g  th e  e lem ents fo r co n secu tiv e  in te rs titia l f ib ro sis .

In te r s t i t ia l  oedem a affects m y o c a rd ia l b lo o d  supply . T he isch aem ia  th u s  
p ro d u ced  is accom pan ied  b y  a d i la ta t io n  o f  th e  m yocard ial c a p illa ry  bed , 
assu m in g  th e  ap p ea ran ce  of “ g ia n t c a p illa r ie s”  regarded  b y  B o i k a n  [4 ]  as 
p a th o g n o m o n ic  o f iso lated  m y o c a rd itis .

In f la m m a to ry  in filtra tio n  is slow er in its  p roduction , as re f le c te d  by  
g roups 1 an d  V I (F ig . 6).

T h e  changes invo lv ing  th e  in te r s t i t ia l  tis su e  resu lt in gross m y o fib rilla r ,
i.e. p a re n c h y m a to u s , dam age w ith  d iffuse o ed em a (d isappearance  o f  s tr ia tio n ) , 
g ra n u la r  d is in teg ra tio n , n u c lea r p y cn o sis  a n d  lysis, fo rm ation  o f  tra n sv e rse  
h y a lin e  fib rous bun d les  an d  f in a lly  se g m e n ta l necrosis. T he d e s tru c tio n  o f 
m y o ca rd ia l fib res goes h an d  in h a n d  w ith  th e  ap p earan ce  of m y o g en ic  g ia n t 
cells. T hese  changes, th o u g h  b e ing  o f se c o n d a ry  n a tu re , are n o n e  th e  less 
of v i ta l  sign ificance. T he h ea rts  o f  th e  an im als  o f  group V I rev ea led  ex ten s iv e , 
p a r t ly  co n flu en t a reas  of necrosis (F igs 7, 8, 9). T h e  n a tu re  o f th e  m o rpho log ica l 
ab n o rm a litie s  c learly  accoun ts fo r th e  p rev a len ce  o f  th e  conduction  d is tu rb a n c e s  
in  th is  g roup .

T h e  ab n o rm a litie s  described  in  th e  fo rego ing  were p resen t in  a ll an im a ls  
o f th e  te s t  g roups, differing  on ly  in  e x te n t  a n d  in  th e  prevalence o f th e  in d iv id ­
u a l fe a tu re s , in  accordance  w ith  th e  d u ra tio n  o f  th e  disease.

N o m icroscopic ab n o rm alitie s  w ere d e m o n s tra b le  in th e  s t r ia te d  m uscles 
a n d  in  th e  liver.

M odifica tion  o f th e  d ie t re su lte d  in  a m ore  p ro tra c te d  course o f  th e  process 
w ith  a slig h tly  a t te n u a te d  sy m p to m a to lo g y , w ith o u t, how ever, a ffe c tin g  th e  
fa ta l ou tco m e . O n th e  o th e r h a n d , th e  su rv iv a l th u s  a tta in ed  w as lo n g  en o u g h  
fo r th e  p ro d u c tio n  o f  m icroscopic chan g es m a rk in g  th e  la te r  stages, i.e . in f la m ­
m a to ry  in f iltra tio n  an d  d eg en era tiv e  m y o fib r illa r  lesion. These f in d in g s  ag ree 
well w ith  th e  h igh  incidence o f d iverse  EC O  ab n o rm alitie s , in p a r t ic u la r  w ith  
th e  p rev a len ce  o f co nduc tion  d is tu rb a n c e s  [23].

O u r fu r th e r  o b jec tives in c lu d e  th e  p ro d u c tio n  of m y o ca rd itis  in  full- 
grow n ra ts  to o  b y  m eans of th e  p re se n t d ie t com bined  w ith  p h y sica l exercise  
w hich w ould  allow  to  s tu d y  th e  p rocess as w ell as its th e ra p e u tic  a sp e c ts  
in  th e  a d u lt  an im al.
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Fig. 6. Inflam m atory  cells in oedematous in te rs titia l tissue. Myocardial hypoxia: 
nuclear swelling, m yofibrillar oedema and d isin tegration . (H. E., x240)

Fig. 7. Swelling of m yocardial fibres, m yofibrillar disintegration; perivascular 
inflammatory in filtra tio n  w ith myogenic g ian t cell (arrow). (H. E., X 380)
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Fig. 8. Typical histology o f acute isolated m yocarditis. A :  G iant capillary; B :  medium-sized 
in tram ural coronary branch  w ith perivascular in filtra tion ; C: groups of necrotized m yocardial 

fibres w ith homogeneously staining dark cytoplam s. (Farkas—Mallory, x9 6 )

Fig. 9. Extensive m yofibrillar necrosis. H om ogenization of eosinophilic cytoplasm , nuclear 
pycnosis. Delicate connective tissue fibres in oedem atous in terstitial tissue. (H . E ., X 240)
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ULTRASONIC PROVOCATION OF LOCAL 
SHWARTZMAN-RE ACTION

By

S. T ó t h , T .  S z i l á g y i , G. K á r o l y i  and G. L é v a i

INSTITUTE OF PATHOPHYSIOLOGY, INSTITUTE OF BIOPHYSICS, AND INSTITUTE OF ANATOMY, 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN

(Received February  3, 1972)

A throm bohaem orrhagic skin reaction w ith  necrosis was induced in rabbits 
b y  exposure to u ltrasound  (2 W /cm2 for 10 m in) of a skin area to  w hich a pre­
paratory  in traderm al injection of E . coli 0111 endotoxin had  been applied. The kinetic 
pa tte rn  as well as th e  gross appearance and the microscopic features of th e  reaction 
were similar to  those of the Shw artzm an-reaction produced by in traderm al and sub­
sequent intravenous adm inistration of endotoxin.

Local provocation  of the Shw artzm an-phenom enon is a ttribu ted  to  th e  complex 
effect of u ltrasound  in  which local damage to  the  tissues and to  the leukocytes on 
the one hand and circulatory changes on the o ther, possibly also activation  of blood 
coagulation factors, seem to  be involved.

A local S h w artzm an -rec tio n  (L SR ) is in d u ced  b y  th e  in tra d e rm a l 
in jec tio n  of en d o to x in  to  ra b b it, for th e  p h ase  o f p re p a ra tio n  a n d , 24 hours 
la te r , an  in jec tion  o f  en d o to x in  in to  th e  c ircu la tio n , fo r th e  p h ase  o f  p ro v o ca­
tio n . I n  th e  follow ing 4  to  6 hours a ty p ic a l c u ta n e o u s  lesion, m ark ed  b y  cap il­
la ry  a n d  sm all-vessel th ro m b o sis , e x tra v a sa tio n  o f  e ry th ro c y te s  a n d  necrosis 
m ak es its  ap p earan ce  [13]. T he fa c t th a t  the  p h ase  o f in tra d e rm a l p re p a ra tio n  
is se p a ra te d  from  th a t  o f  in trav en o u s  p ro v o ca tio n  by  an  in te rv a l o f  24 hours, 
p e rm its  to  s tu d y  th e  co n d itio n s an d  th e  p ro d u c tio n  o f th e  tw o p h ases  in d ep en ­
d e n tly  from  each o th e r. W e have lea rn ed  in  th is  m a n n e r th a t ,  a p a r t  from  endo­
to x in , num erous o th e r  ag en ts  of a le u k o ta c tic  p ro p e r ty  in  vivo  len d  th em selves 
to  th e  p re p a ra tio n  o f  L S R  [17]. T h is is also t ru e  for th e  p ro v o c a tio n  o f th e  
a c tu a l  reac tion , as a g a r  [11], s ta rc h  [4], tissu e  e x tra c ts  [1], kao lin , g lycogen [15] 
an d  o th e r  m acrom olecu lar su b stan ces a d m in is te red  b y  th e  in tra v e n o u s  ro u te  
h av e  been  found  to  p ro v o k e  th e  L S R  on th e  e n d o to x in -p re p a red  sk in  area 
in  th e  sam e m an n e r as does in tra v e n o u s  en d o to x in .

O n the  o th e r h a n d , a local a d m in is tra tio n  o f en d o to x in  to  th e  p rep a red  
sk in  a rea  induces no ty p ic a l L SR  [10].

In  view  o f th is  fa c t i t  was su rp ris in g  to  n o te  a ty p ic a l L S R  in  some 
cases w here th e  co n v en tio n a lly  p rep a red  sk in  a rea  h a d  been a ffec ted  m ech an i­
ca lly  a t  th e  o p tim u m  p o in t o f tim e  for p ro v o ca tio n . T his o b se rv a tio n  had  
p ro m p te d  us to  a p p ly  u ltra so u n d  ir ra d ia tio n  to  th e  p rep a red  sk in  a rea  for 
th e  p ro v o ca tio n  o f L S R , a p rocedure  en ab lin g  a fa r  m ore a c c u ra te  a d ju s tm e n t
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o f  th e  doses th a n  does m e c h a n ic a l in ju ry . T h e  p io n eer s tud ies b y  P o h l m a n  

e t  a l. [8] have revea led  th e  effects o f u ltra so u n d  on th e  tissu es , a n d  these  
o b se rv a tio n s  have been  co n firm ed  by  ex ten siv e  o b se rv a tio n s [2].

M a te ria l and  m ethods

E ighteen rabbits of e ither sex weighing 2000 +  200 g were used. They were k ep t under 
s ta n d a rd  conditions and on a s tan d a rd  diet supplem ented w ith vegetables, w ater being pro­
v ided ad  libitum . Endotoxin w as prepared from the E. coli O lll - s tra in  by the procedure of 
B o iv in  routinely used a t our in s titu te . The stock solution was made up to  contain  D L 50 
referred  to  rabbits (summer m onths) in 2 ml. The skin of the animals was depilated on the 
day  before the experiment. For th e  preparation of the reaction , 0.2 ml of an  eightfold dilu­
tion  o f th e  stock solution was applied intraderm ally to  tw o different areas of the skin of the 
back . Tw enty-four hours la ter, one of the areas thus prepared together w ith the o ther area 
to  w hich  no preparatory in jection  had  been applied, were irradiated  w ith  u ltrasound , by 
m eans o f a generator calibrated  according to Tarnoczy [14]. W ith  a working frequency of 
800 k H z  of the instrum ent, u ltrasound  was applied w ith an in tensity  of 2 W /cm2 for 10 min. 
To elim inate  the therm al effect, a water-filled rubber bag was placed betw een th e  head- 
piece an d  th e  skin. Reactions w ere read  a t 6 and 24 hours, a t the same tim e tissue specimens 
were ta k e n  for microscopic s tudy . The m aterial was fixed in Susa’s solution, em bedded, the 
sec tions were stained w ith haem atoxylin-eosin and exam ined under the light microscope.

R esults

A  few  m inu tes a f te r  ir ra d ia tio n , th e  p re p a re d  a reas exposed  to  u ltra so u n d  
e x h ib i te d  a m arked  h y p e ra e m ia  as com pared  w ith  th e  p rep a red  areas to  w hich 
no  u ltr a s o u n d  h ad  been  a p p lie d . O ccasional p e tech iae  w ere also seen. I n  th e  
a b se n c e  o f  previous p re p a ra t io n  th e  changes n o te d  a fte r  ir ra d ia tio n  were 
c o n f in e d  to  hy p eraem ia . O n  th e  o th e r h an d , six  h ou rs a f te r  ir ra d ia tio n , th e  
a re a s  w h ich  had  been  p re p a re d  an d  irra d ia te d  w ere  a ffec ted  in  14 o u t o f 18 
r a b b i t s  b y  a lesion re m in isc e n t o fL S R . T w e n ty -fo u r  hou rs  la te r  th e  reac tio n  
h a d  re a c h e d  its peak . T h e  p re p a re d  areas w h ich  h ad  n o t b een  exposed  to  
u l t r a s o u n d  exh ib ited  on ly  h y p e ra e m ia  and  sw elling . W ith o u t p rev io u s p re p a ­
r a t io n ,  th e  u ltra so u n d  in d u c e d  p e tech iae  in  th e  f i r s t  24 h ours a f te r  ex p o su re  in  
fo u r  in s tan ces .

T h e  m icroscopical f in d in g s  are  show n in F ig . 1. W ith o u t p re p a ra tio n , 
6 h o u rs  a f te r  irrad ia tio n  th e  a rea  o f  exposure to  u ltra so u n d , in  p a r t ic u la r  th e  
f ib ro u s , v a scu la r lay e r p o o r in  cells, s itu a te d  b e tw een  th e  ep iderm is a n d  th e  
c u ta n e o u s  m uscles, i.e. th e  p a r t  m ost closely in v o lv ed  in  th e  L S R , ex h ib ited  
a c o n d e n sa tio n  of fib ro u s e lem en ts  and  a d i la ta tio n  of th e  sm all vessels w ith  
c o n g e s tio n  (Fig. 1).

I n  th e  case of p re p a ra t io n  w ith o u t p ro v o c a tio n , th e  a reas  exposed  to  
u l t r a s o u n d  disp layed  a consp icu o u s leukocy tic  in f il tra tio n ; th e  f ib ro u s  s tru c ­
tu r e  w as , how ever, p re se rv e d  (F ig . 2).

I n  th e  case of p re p a ra t io n  an d  su b se q u e n t u ltra so n ic  p ro v o c a tio n  an  
in te n s iv e  L SR  was seen a t  6 h o u rs , s till m ore so a t  24 hours (F ig . 3).

E p id e rm a l necrosis a n d  c ru s t fo rm atio n  w ere  m ore m ark ed  th a n  a f te r  
th e  co n v e n tio n a l p ro v o c a tio n  p rocedures. T h is m u s t  h av e  been  th e  re su lt of
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Fig. 1. R abbit skin 6 hours after u ltrasonic irradiation. Insignificant epiderm al 
lesion, condensation of connective tissue fibres. Vascular d ila ta tion , congestion.

Haem atoxylin-eosin, x210

Fig. 2. R abbit skin 24 hours after intraderm al injection of endotoxin. 
Leukocytic in filtra tion ; preserved fibrous structure. H aem atoxylin-eosin, X 540
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F ig . 3. E ndotoxin-prepared and  irrad ia ted  rabbit skin 24 hours a fter u ltrasonic irradiation. 
Epiderm al necrosis and  c ru s t form ation, grave connective tissue necrosis. 

H aem atoxylin-eosin, x210

a d ir e c t  u ltrason ic  d a m a g e  to  th e  tissues a n d  w o u ld  seem  to  in d ica te  th e  
d ire c tio n  of u ltra so u n d  e ffe c t. T h e  changes seen  in  th e  deeper lay ers  w ere 
id e n tic a l  w ith  th e  u su a l f e a tu re s  of L SR . T h e  co n n ec tiv e  tissu e  fib res  w ere 
d a m a g e d  (Fig. 4), a n d  th e re  w as an  ex tensive  e x tra v a s a tio n  o f e ry th ro c y te s  
(F ig . 5).

D iscussion

T h e  aim  of th e  p r e p a ra to ry  phase o f L S R  is b a s ica lly  th e  p ro d u c tio n  o f 
a leu co cy tic  in filtra tio n  o f  th e  sk in ; th is  change is th e n  asso c ia ted  w ith  various 
h is to ch em ica l changes [1 3 ]. O n th e  o ther h a n d , th e  “ fin a l com m on p a th w a y ”  
re p re s e n te d  b y  th e  p ro v o c a tio n  phase is m ark ed  b y  th e  release o f leukocy tic  
ly so so m a l enzym es in c lu d in g  p ro teases  [7, 13]. G old sa lts  ap p lied  locally  in  
th is  p h a se  are able to  su p p re ss  th e  L SR , p ro b a b ly  b y  in a c tiv a tin g  th e  release 
o f  S H -enzym es b y  th e  le u k o c y te s  [12].

C oagulation  fa c to rs  a re  closely invo lved  in  th e  th ro m b o h aem o rrh ag ic  
re a c tio n . W hile H a l p e r n  e t  a l. [5] in h ib ited  th e  d e v e lo p m en t o f L S R  b y  hepa-
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Fig. 4. Endotoxin-prepared rabb it skin 6 hours a fter ultrasonic irradiation. T he fibrous 
structure  is gravely affected (see Fig. 2). H aem atoxylin-eosin, X 540

Fig. 5. E ndotoxin-prepared rabb it skin 6 hours after ultrasonic irradiation. L arge num bers 
of ery throcy tes among degenerated fib rocytes and leukocytes. H aem atoxylin-eosin, x 840

rin , th e  p re sen t a u th o rs  no ted  an  in te n s if ic a tio n  o f th e  reac tio n  b y  re p tila se , 
a p re p a ra tio n  o f th ro m b in -lik e  a c t iv i ty  [16].

In  th e  lig h t o f these  facts i t  is re m a rk a b le  th a t  th e  e n d o to x in -p re p a red  
sk in  sh o u ld  req u ire  only  a local ex p o su re  to  u ltra so u n d  for th e  p ro d u c tio n  
o f L S R  a n d  th a t  th e  reac tio n  th u s  p ro d u c e d  d iffers n e ith e r  in its  g ross ap p ea r-
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ance  n o r  in  its  m icroscopie  fe a tu re s  from  th e  L S R  in d u ced  in th e  co n v en tio n a l 
fa sh io n , b y  m eans o f  in tra v e n o u s  en d o to x in . M inor dam age to  th e  tissu es  
m a rk e d  b y  d ila ta tio n  a n d  s ta s is  o f th e  cap illaries a n d  sm all vessels, w as p ro d u ced  
b y  ex p o su re  to  u l tra s o u n d  even  w ith o u t p re p a ra t io n , b u t  th is  p ro ced u re  
n e v e r  in d u ced  a ty p ic a l  L S R . O n th e  o th e r h a n d , w ith  previous p re p a ra tio n  
o f  th e  sk in , u ltra so n ic  p ro v o c a tio n  was fo llow ed  b y  a ty p ica l L S R  w hich  
a p p e a re d  6 h ou rs a f te r  ex p o su re  an d  a tta in e d  its  p e a k  a t  24 hours.

T h e re  h av e  b een  v a rio u s , fo r th e  g re a te s t  p a r t  unsuccessful, a t te m p ts  
a t  th e  p re p a ra tio n  a n d  p ro v o c a tio n  of L S R  b y  m e a n s  o f physica l fac to rs  [9 ]. 
I n  th e  p re se n t s tu d y  a ty p ic a l  reac tio n  has b een  p ro d u c e d  b y  local u ltra so n ic  
ir ra d ia t io n . T his seem s to  be due  to  th e  com plex  e ffec t o f u ltra so u n d . E n h a n c e d  
a c t iv i ty  o f th e  ly so so m al enzym es in th e  c e llu la r  e lem ents of th e  e x u d a te  
p ro d u c e d  b y  u ltra so n ic  ir ra d ia tio n  has been co n firm ed  b y  histo log ical ev idence  
[6 ]. T h e  enzym es, p a r t ic u la r ly  p ro teases, re lea sed  from  th e  leukocy tes m ay  
w ell p la y  a decisive p a r t  in  th e  p ro d u c tio n  o f n ecrosis .

A s i t  has been  seen , in  th e  absence o f p re p a ra t io n  u ltra so n ic  ir ra d ia tio n  
is fo llow ed b y  c a p illa ry  d ila ta tio n  an d  s ta s is  w ith in  th e  area  o f ex p o su re  
w h ich  c learly  p o in ts  to  a fu n c tio n a l im p a irm e n t o f  m icroc ircu lation  as well. 
O ne o f  th e  s im p lest p ro ced u re s  for th e  d is in te g ra tio n  of p la te le ts  in  vitro  
is th e i r  u ltra so n ic  ir ra d ia t io n  [3 ]. This m ay  w ell h a p p e n  in  vivo to o , c ap illa ry  
d i la ta t io n  an d  congestion  p ro v id in g  im p o r ta n t a d d itio n a l c lo t-form ing  fac to rs .

T h o u g h  i t  has been  so u g h t to  a t te n u a te  th e  th e rm a l effect o f th e  u l t r a ­
so u n d  b y  cooling th e  sk in , th e  possible p ro v o c a tiv e  role of a th e rm a l fa c to r  
in  th e  p ro d u c tio n  o f  th e  re a c tio n  can n o t be ru le d  o u t.

I n  sum , we a t t r ib u te  th e  u ltra so n ic  p ro v o c a tio n  o f  LSR  in th e  en d o to x in - 
p re p a re d  ra b b it  sk in  to  th e  com plex  effect o f  th is  ra d ia tio n  w hich com bines 
th e  e ssen tia l fac to rs  o f th e  reac tio n , i.e. loca l in ju ry  to  th e  tissues, d am ag e  
to  th e  leu k o cy tes  acco m p an ied  b y  a re lease o f  lysosom al enzym es, rnicro- 
c irc u la to ry  d is tu rb an ces , a n d  an  ac tiv a tio n  o f b lo o d  coagu la tion  fac to rs .

A cknow ledgem ent

W e are indebted  to  Mr. A. VÉGH for skilful techn ica l assistance.

R E FE R E N C E S

1. A n t o po l , W., G l ic k , D.: Proc. Soc. exp. Biol. (N. Y .) 38, 346 (1938).
2. F a r k a s , К ., I r á n y i, J .:  A z ultrahang . Medicina, B udapest 1965.
3. F o n io , A.: A cta haem at. (Basel) 22, 226 (1963).
4. F r e u n d , J ., H o sm er , E. P .: J . Immunol. 29, 279 (1935).
5. H a l p e r n , B., M il it e z , P ., L a g r u e , G., F r a y , A., M o r a r d , J . C.: N ature (Lond.) 205,

257 (1965).
6. K e l l e r , M., T a n k a , D.: O R F I É vk ö n y v , B udapest 1971, p. 330.

A cta  Medica Academiae Scientiarum  Hungaricae 29, 1972



SHW ARTZM AN-REACTION 2 7 7

7. K o váts , T. G.: E ndotox in  susceptibility and  endotoxin  hypersensitivity . S tud ia  med.
Szeged, 1967.

8. P o h lm a n , R ., R ic h t e r , R ., P arow , E.: D tsch. m ed. W schr. 65, 251 (1939).
9. Se l y e , H .: Throm bohaem orrhagic Phenom ena. Thom as, Springfield 1966, p. 119.

10. Sh w a r tzm a n , G.: Proc. Soc. exp. Biol. (N. Y . )  25, 560 (1927 — 28).
11. S ic k l e s , G. M.: J .  Im m unol. 20, 169 (1931).
12. Sz il á g y i, T., Tóth, S., Mu sz b e k , L., L é v a i, G., L aczkó , J .: Acta microbiol. Acad. Sei.

hung. 15, 331 (1968).
13. T a ic h m a n , N. S.: In flam m ation, im m unity  and  hypersensitivity . (E d. M ovat, H.)

H arper and Row, New Y ork 1971, p. 480.
14. T a rn ó czy , T .: M agy. fiz. F ir. 2, 159 (1954).
15. T h om a s , L., St e t s o n , C. A.: J . exp. Med. 89, 461 (1949).
16. T ó t h , S., K a ssa y , L., B arzó , E.. Sz il á g y i, T .: A cta  microbiol. Acad. Sei. hung. 14,

371 (1967).
17. T ó th , S., Mu sz b e k , L., Szil á g y i, T., L aczkó , J .:  E xperien tia  (Basel) 25, 1085 (1969).

D r. S án d o r T ó t h  j D ebrecen i O rv o s tu d o m á n y i E g y e tem  K ó ré le tta n i 
D r. T ib o r S z i l á g y i  J In té z e te , 4012 D ebrecen , H u n g a ry

D r. G éza K á r o l y i  D ebrecen i O rv o s tu d o m á n y i E gye tem  B iofiz ikai 
In té z e te , 4012 D ebrecen , H u n g a ry

D r. G éza L é v a i  D ebrecen i O rv o s tu d o m á n y i E g y e tem  A n a tó m ia i
In té z e te , 4012 D ebrecen , H u n g a ry

Acla Mediea AcatUmiae Scientiarum Hungaricae 29, 1972





Acta Medica Academiae Scientiarum Hungaricae, Tomus 29 (3 —4), pp. 279 — 284 (1972)

PROTECTIVE EFFECT OF 
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R abbit-IgG  raised  against B A LB /c-m ouse-skin epithelium has been found to 
prolong the survival of BALB/c-mouse-skin grafts  in  CBA-mice. A nti-skin-epithelium  
IgG  and antithym ocyte-IgG  have m an y  fea tu res in common. I t  is suggested th a t 
the protective effect of anti-skin-epithelium  rabb it-IgG  involves three m u tu a lly  related  
factors, i.e. 1) an tithym ocy te  effect; 2) p ro tec tive  coating of the surface; 3) antibody- 
suppression affecting th e  macrophages.

T h e p rin c ip a l sa feg u ard  for th e  su rv iv a l  o f g rafts  is th e  id e n t i ty  of 
h is to c o m p a tib ility  a n tig e n s . The fa c t t h a t ,  w ith  th e  exception  o f m o n o zy g o tic  
tw in s , th e re  ex ists v ir tu a lly  no com ple te  id e n t i ty  o f  h is to c o m p a tib ility  a n tig e n s , 
gives a p rim e  im p o rta n c e  to  all p re v e n tiv e  o r  c u ra tiv e  p rocedures p ro m o tin g  
th e  su rv iv a l of a llogeneic  organs o r tis su e s  in  th e  rec ip ien t, a n d  p ro m p ts  
ex ten s iv e  research  w o rk  in  order to  ex p lo re  new  possibilities in  a d d it io n  to  
th e  co n v en tio n a l im m unosu p p ressiv e  th e r a p y  m a k in g  use of s te ro id s , c y to s ta t ic  
ag en ts  a n d  a n tily m p h o c y te  globulin .

O ne o f th e  p ro ced u re s  for th e  p ro lo n g a tio n  o f  g ra ft su rv iv a l is a t r e a t ­
m en t o f th e  re c ip ie n t w ith  he te ro logous im m unog lobu lin s d ire c te d  a t  th e  
d o n o r’s an tig en s [3, 7, 9, 25]. The d a ta  co n ce rn in g  th is  question  a re , h o w ev er, 
co n flic tin g , th e re  b e in g  no general a g re e m e n t on th e  possible m ech an ism  ac ­
c o u n tin g  fo r th e  effect [2 , 5, 6, 9, 12, 15, 17, 19, 21].

In  th e  p re sen t s tu d y  i t  has been  e x a m in e d  w h e th e r im m une se ru m  ra ised  
a g a in s t donor a n tig en s  h as  an y  g ra f t-p ro te c tiv e  effect an d  if  so, w h a t  m e c h a ­
n ism  is responsib le  fo r  i t .  The e x p e rim e n ta l m odel selected for th is  p u rp o se  
w as sk in  g ra ftin g  b e tw een  H 2-in co m p a tib le  m o u se-stra in s.

Material and m ethods

Production o f anti-skin-epithclium and antithymocyte-antisera : The tail-skin of BALB/c- 
mice was trea ted  w ith trypsin  a t 37 °C for 60 m in. The epiderm al layer was detached , minced, 
aspirated  several times th rough  a fine-bore cannula , w ashed thrice in  Parker’s cu ltu re  medium . 
The in tac t epithelial cells were resuspended in R inger’s solution. Two male rab b its  weighing 
2000 g each were im m unized by an in travenous in jection  of 5 X107 epithel cells, and the 
procedure was repeated 14 days later. On th e  seven th  day  after the second in jec tion  the 
anim als were killed by exsanguination.

The antigen for antilym phocyte-globulin was derived from thym ocytes o f tw o week- 
old BALB/c-mice. The thym us was minced, suspended in Parker’s medium, and  asp irated
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several tim es through a fine-bore cannula. After th ree  w ashings, the thym ocytes w ere resus­
pended  in  R inger’s solution. Two rabb its  were im m unized, each w ith 5 X 10 thym ocytes ad ­
m in istered  intravenously  on tw o occasions a t an in te rv a l o f 14 days, and the anim als were 
bled 7 days after the second injection. The sera were in ac tiv a ted  a t 56 °C for 30 m in and 
exhausted  w ith  BALB/c m ouse-erythrocytes. The IgG -fraction  was separated by  anion-ex­
change DEAE-cellulose colum n chrom atography [6]. P u r i ty  of the fractions was checked 
by im m unoelectrophoresis. The protein  fractions of pu re  IgG  content were lyophilized. 
For th e  te s ts  in  vitro, freshly prepared  IgG solutions of 10 m g/ml concentration were used.

Lymphocylotoxicity in  vitro. The anti-m ouse-epithelium  and antithym us rabb it-IgG  
were stud ied  for lym phocytotoxicity  by the m ethod of T eb a s a k i et al. [22].

Lymphocyte agglutination in  vitro. The lym phocyte agglutination titres of anti-m ouse- 
skin epithelium  and an tithym us rab b it IgG fractions were estim ated by the m ethod  of 
A ba za  and  W o o d b u ff  [1].

Opsonization. Mouse peritoneal m acrophage cu ltu res were raised in tissue culture 
cham bers. Mouse thym ocytes, incubated  w ith anti-m ouse-skin-epithelium  and an tithym us 
rab b it-Ig G , in the presence of com plem ent, were added  to macrophage m onolayers. The 
opsonized thym ocytes adhered to  th e  macrophages. The t i tre  of opsonization was tak en  as 
th e  d ilu tion  giving a m inim um  lym phocyte-m acrophage ra tio  of 5 : 1 [10].

D istribution o f anti-skin-epithelium and antithym us rabbit-IgG in the mouse organism. 
Two per cen t solutions were prepared  from the two kinds of specific IgG and from  IgG  derived 
from  a serum  pool of u n trea ted  (control) rabbits. The solutions were labelled w ith  125I  by  an 
e lec tro ly tic  procedure. Labelling proved of 70% efficiency. The unbound 125I was adsorbed 
on a c tiv a ted  palladium  powder. Labelling was checked on th e  following basis. 1) A fter electro­
phore tic  m igration, the ac tiv ity  of the preparation on co n tac t radioautography was confined 
to  th e  precip ita tion  band  corresponding to  IgG, as a sign th a t  the procedure h ad  left the 
p ro te in  unaffected  and th a t  no iodine containing by-p roducts had formed. 2) Freedom  of 
th e  p rep a ra tio n  from free iodine was confirmed in a b ioassay; no concentration of 125I by  the 
th y ro id  of th e  tes t anim als was noted . The mice were g iven intraperitoneally 2 mg of 5 /(Ci 
12T-IgG  (anti-m ouse-epithelium  and  antithym us rab b it-Ig G  and normal rabb it IgG). R adio­
ac tiv ity  was m easured in skin, thym us, muscles, blood, k idney  and brain, 5, 15 and  30 days 
a fte r adm in is tra tion  of the isotope, using a model NK-108 G am m a (Budapest) energy-selective 
coun te r [13].

Antibodies. P recip itation  b y  the antiepithelium  and  antithym us rabb it-IgG  w ith 
th e  ind iv idua l mouse organ ex trac ts  was identified by th e  procedure of Ou c h t e b l o n y  [18].

S k in  homograft survival. Skin from the ear of BALB/c-m ice was grafted into skin win­
dows p repared  on the back of CBA-mice. The w ound w as covered with a gauze p ad  soaked 
in  m inera l oil and provided w ith  a plaster of Paris dressing which was rem oved on th e  8 th  
day  a fte r grafting.

The firs t group (n =  26) received IgG from  u n tre a te d  (control) rabbits, th e  second 
group (n =  26) anti-m ouse-skin-epithelium  rabbit-IgG , and  the th ird  group (n =  24), an ti­
m ouse-thym us rabbit-IgG , tw o days before tran sp lan ta tio n , intraperitoneally, in 2 mg doses. 
For sta tis tica l analysis of the resu lts , the t test was used .

R esults

L ym phocyto toxic ity  in  vitro. B o th  a n ti-m o u se -ep ith e liu m  ra b b it- Ig G  a n d  
a n ti-m o u se -th y m o c y te  r a b b it- Ig G  p roved  c y to to x ic  to  B A L B /c-m ouse th y m o ­
c y te s ;  th e  t i t r e  o f th e  fo rm e r a tta in e d  1 : 40 0 0 ; w hile th a t  o f th e  la t te r ,  
1 : 25 000 , as a g a in s t 1 ; 128 o f  th e  con tro l r a b b i t  sera.

L ym phocyte  agglu tina tion  in  vitro. T h y m o c y te s  of B A L B /c-m ice w ere 
a g g lu tin a te d  b y  an ti-m o u se-ep ith e liu m  Ig G  to  a t i t r e  of 1 : 250, a n d  b y  
a n ti th y m o c y te  ra b b it- Ig G , to  1 : 18 000, as a g a in s t 1 : 64 of Ig G  o f th e  
c o n tro l ra b b i t  sera.

O psonization . T h e  opso n iza tio n  t i t r e  (B A L B /c  m ouse th y m o c y te s )  o f 
a n ti-e p ith e liu m  ra b b it- Ig G  w as 1 : 6000; t h a t  o f  a n tith y m o c y te  r a b b it- Ig G , 
1 : 30 000, as a g a in s t 1 : 256 o f th e  IgG  o f u n t r e a te d  rab b its . T he v a lu e s  fo r
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ly m p h o c y to to x ic ity , ly m p h o c y te -a g g lu tin a tio n  an d  o p son iza tion  o f  a n t i ­
m ouse-sk in  an d  a n tith y m u s  ra b b it- Ig G  h a v e  been sum m ed u p  in  T ab le  I .

Table I

In-vitro titres o f anti-mouse-skin-epithelium rabbit-IgG and anti-mouse-thymocyte rabbit-IgG

Lymphocytotoxicity
titre
1

Lymphocyte 
agglutionation titre 

1

Opsonization titre 

1

Anti-mouse-skin-epithelium rabbit-IgG 4,000 250 6,000
A nti-mouse-thym ocyte rabbit-IgG 25,000 18,000 30,000
IgG-pool of un treated  rabbits 128 64 256

T he ra d ia l double im m u n e  diffusion  p re c ip ita tio n  p rocedure  y ie ld ed  th e  
follow ing resu lts . T he an ti-e p ith e liu m  ra b b it- Ig G  gave th e  m o s t m ark ed  
p re c ip ita tio n  b an d  w ith  th e  sk in  e x tra c t ,  b u t  w as found  to  p re c ip ita te  liver, 
k id n ey , m usc le , an d  b ra in  e x tra c ts , too , th o u g h  fa in tly . A n tith y m o c y te  ra b b it-  
IgG  gave p re c ip ita tio n  b a n d s , in  a d d itio n  w ith  th e  th y m u s e x tra c ts , a lso  w ith  
th o se  o f liv e r , sk in  an d  k id n ey .

D istribu tion  o f  an ti-m ouse-ep ithelium  rabbit-IgG in the m u rin e  organism  
is p re se n te d  in F ig . 1. I t  can  be seen th a t  th e  h ig h es t IgG  a c tiv ity  w as b o u n d  
b y  th e  sk in , th y m u s an d  k id n ey .

D istribu tion  o f  anti-m ouse-thym ocyte rabbit-IgG  is p resen ted  in  F ig . 2. 
H ere to o , th e  m ax im um  a c tiv itie s  w ere fo u n d  in  skin , th y m u s  a n d  k id n ey .

D is tr ib u tio n  of n o rm al (u n tre a te d )  r a b b it- Ig G  was in c o n fo rm ity  w ith  
d a ta  in th e  l i te ra tu re  [11, 23].

Fig. 1. D istribution  of labelled anti-m ouse-epithelium -IgG  in the m urine organism
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F ig. 2. D istribution of labelled anti-m ouse-thym ocyte-IgG  in the murine organism

S u rv iv a l o f  sk in  gra fts. In  th e  C B A -B A L B /c tra n sp la n ta tio n  sy s te m  o f 
H 2-locus in c o m p a tib ility , su rv iv a l of sk in -g ra fts  w as 11.7 +: 1.3 d ay s  w ith o u t 
t r e a tm e n t ,  an d  w as found  p ra c tic a lly  id e n tic a l in  th e  case o f IgG  tr e a tm e n t  
o f u n t r e a te d  ra b b its  (12.1 1.4 days). O n th e  o th e r  h an d , it  e x te n d e d  to
15.6 + ; 1.1 days in  th e  m ice tre a te d  w ith  an ti-m o u se-ep ith e liu m  ra b b it- Ig G , 
a n d  to  16.8 +; 1.9 days in  th o se  tre a te d  w ith  an ti-m o u se -th y m o cy te  ra b b it-  
Ig G . T h e  resu lts  w ere s ig n if ican t s ta tis tic a lly  (p <[ 0.05) (T able I I ) .

Table II

S k in  graft survival in mice treated with anti-mouse-skin-epithelium rabbit-IgG and anti-mouse-
thymocyte rabbit-IgG

Mice treated with

Untreated mice IgG-pool of 
untreated rabbits

Anti-mouse-skin- 
epithelium rabbit-

IgG

Anti-mouse-
thymocyte
rabbit-IgG

Skin g ra f t survival, 11.7 +  1.3 (SE) 12.1 +  1.4 15.4 +  1.1 16.8 +  1.6

days n =  45 n  =  26 n =  26 n  =  26

Discussion

B o th  a n ti-m o u se -ep ith e liu m  as well as a n tith y m o c y te  ra b b it- Ig G  w ere 
fo u n d  to  p ro long  th e  su rv iv a l o f skin g ra fts .

A n ti-m o u se-ep ith e liu m  ra b b it- Ig G  b o u n d  b y  sk in , th y m u s a n d  k id n e y  
sh o w ed  h ig h  a c tiv ity . T h is w ould  seem to  su g g est t h a t  a coating  o f th e  a n tig e n  
d e te rm in a n ts  b y  th e  specific  an tib o d ies  m ig h t a lso  be involved  in  th e  g ra ft-
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p ro te c tiv e  effect o f  an ti-m o u se-ep ith e liu m  ra b b it- Ig G . I t  is assum ed  th a t  
xenogeneic  ra b b it  im m u n o g lo b u lin  is co a tin g  th e  allogeneic m u rin e  ep ith e lia l 
cells, th u s  b a rrin g  th e  access o f th e  re c ip ie n t’s im m u n o cy tes  to  th e  allogeneic 
m u rin e  tissue . To g a in  access to  it, th e  re c ip ie n t’s cells w ould h av e  to  b re a k  
dow n f irs t th e  o u te r  w all o f  th e  fo rtif ic a tio n , i.e . th e  xenogeneic im m u n o g lo b ­
u lin  coating  w hich  c e r ta in ly  im p lica tes a d e lay  in  th e  g ra f t’s re jec tio n . E v en  
a longer g ra ft su rv iv a l m igh t be ex p ec ted  on th e o re tic a l g rounds b y  using  
allogeneic mice in s te a d  o f  ra b b its  for a n tib o d y  p ro d u c tio n , considering  th e  
fa c t th a t  ra b b it- Ig G  fo rm ing  c o n ta c t w ith  sk in -ep ith e liu m  an tig en s e lic its a 
s tro n g e r im m une resp o n se  th a n  does th e  Ig G  deriv ed  from  allogeneic m ice. 
U p ta k e  of large a m o u n ts  o f an ti-m o u se-sk in  ra b b it- Ig G  by  th e  th y m u s , too , 
suggests th a t  th e re  a re  id en tica l an tigen  d e te rm in a n ts  on th e  su rface  o f sk in - 
ep ith e lia l cells a n d  o f  th y m o c y te s . This m ay  be  th e  o th e r  basis o f th e  p ro te c tiv e  
effect of sera d eriv ed  from  n o n lym pho id  tissues. T h e  h igh  a c tiv ity  o f th e  k id n ey s 
m ig h t be due to  th e  la rg e  n u m b er of tu b u la r  ep ith e lia l cells [24].

T hus, it follow s from  th e  above th a t  th e  im m unog lobu lin s of tw o k inds 
o f  specific ity  h av e  v a rio u s  fea tu res  in  co m m o n , viz.

1) b o th  are  p r im a r ily  b o u n d  by  sk in , th y m u s  a n d  k idney ;
2) th e y  are  ly m p h o c y to to x ic  even a t  h ig h  d ilu tio n s ;
3) th e y  p ro d u ce  o p son iza tion  o f ly m p h o c y te s  even a t  h igh  d ilu tio n s ;
4) th e y  fo rm  p re c ip ita tio n  bands w ith  v a rio u s  an tig en s.
T his raises th e  p o ss ib ility  th a t  th e  an ti-m o u se -ep ith e liu m  ra b b it- Ig G  

has also an  a n tith y m o c y te  (g lo b u lin )-ac tiv ity  in  a d d itio n  to  its  g ra ft-co a tin g  
c a p a c ity . I f  th is  is so, i t  also holds tru e  fo r th e  reverse , th a t  is, th e  g ra ft-  
p ro te c tiv e  effect o f  a n tily m p h o c y te  g lobulin  m u s t invo lve  a p ro te c tiv e , c o a t­
ing  surface m echan ism , to o . T his is suggested  also  b y  th e  re su lts  o f ou r ea rlie r 
s tu d ies  accord ing  to  w h ich  th e  p ro d u c tio n  o f  a n tily m p h o c y te  sera is acco m ­
p an ied  b y  th e  a p p e a ra n c e  of various h ig h - ti tre  an ti-au to g en ic  an tib o d ies  in 
th e  sera [4, 8, 14].

In  ad d itio n  to  th e  a n tith y m o c y te -  an d  to  th e  p ro te c tiv e , su rface-co a tin g  
effects involved  in  th e  g ra ft-p ro te c tiv e  a c t iv i ty  o f  an ti-m o u se-ep ith e liu m  r a b ­
b it-Ig G , th e  passive  a n tib o d y  suppression a sse rtin g  itse lf  w ith in  th e  m acro p h ag e  
cell sy stem  also seem s to  p rov ide  an  essen tia l fa c to r  o f th is  m echan ism  [20]. 
T h e  inconsistency  o f  d a ta  concern ing  th e  in  vivo  im m unosuppressive  effect 
o f specific an tib o d ies  m a y  be a t tr ib u te d  to  1) d ifficu lties  in find ing  su itab le  
ex p e rim en ta l m odels fo r th e  com plex effects in q u es tio n ; 2) v a r ia b ili ty  of 
th e  re su lts  acco rd ing  to  species; 3) su b s ta n tia l d ifferences in th e  a n tig e n ic ity  
o f o rg an  an d  tissu e  e x tra c ts  serv ing  as sources fo r th e  a n tise ra ; 4) d ifferences 
in  th e  im m u nosuppression  p ro v id ed  by  an tib o d ie s  o f h igh  a v id ity  as opposed  
to  th  ose o f poor a v id ity  [20].

S ta n d a rd iz a tio n  c o n s titu te s  th e  m ost im p o r ta n t  ta s k  in th e  p ro d u c tio n  of 
an tib o d ie s  o f su p p ressiv e  a c tiv ity  d irec ted  a t  th e  su rface-an tig en s o f g ra fts ,
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a n d  i t  calls for th e  e la b o ra tio n  o f a te s t-sy s te m  p ro v id in g  answ ers to  th e  
fo llo w in g  questions:

1) w hich an tig en  (or a n tig e n s)  shou ld  he u sed , in  w h a t a m o u n ts  a n d  on 
h o w  m a n y  occasions ?

2) w hich stage  o f im m u n e  response is o p tim a l for th e  h a rv e s t o f a n t i ­
b o d ie s  b e in g  bound  w ith  m a x im u m  a v id ity  o n to  th e  surface o f  th e  a llo g ra ft ?

3) u n d e r w hich co n d itio n s  are  th e  specific  an tib o d ies  a p t  to  b lo ck  th e  
m a c ro p h a g e s  an d  th y m o c y te s ?

T h e  p resen t s tu d y  h a s  fa iled  to  p ro v id e  a com plete  an sw er to  th ese  
q u e s tio n s . F u r th e r  p ro ced u re s  fo r th e  p ro d u c tio n  o f re liab le  im m u n o su p p re s­
sive  se ra  based  on th e ir  specific  a n tib o d y  c o n te n t h av e  y e t to  be developed . 
S e ra  o f  th is  n a tu re  w ould  h a v e  th e  a d v a n ta g e  over nonspecific  im m u n o su p p re s­
s iv e  m easu res  to  confer a c e r ta in  specific  p ro te c tiv e  effect on th e  a llo g ra ft.
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IN-VITRO SENSITIVITY TO CYTOSTATICS 
IN CHRONIC MYELOID LEUKAEMIA

By

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

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(Received February  10, 1972)

Peripheral leukocyte cultures obtained from  patien ts w ith chronic myeloid 
leukaem ia were examined for sensitivity to  various cytostatic  agents. A dm inistra tion  
of th e  drugs which had been found efficient in vitro, b rought about a clinical rem ission 
in  7 ou t of 8 cases.

C h em o th e rap y  of m a lig n an t d iseases offers c e r ta in  possibilities o f  choice. 
T h o u g h , w ith  th e  ex cep tion  o f 1-asparaginase th e  cy to s ta tic  d rugs a re  o f 
l i t t le  se le c tiv ity , th e ir  clin ical effects d iffer in  m a n y  respects. T here  m a y  be  
a p r im a ry  resis tan ce  to  a p a r tic u la r  d ru g , or a se c o n d a ry  resistance m a y  d ev e lo p  
d u rin g  th e  t re a tm e n t, an  e v e n tu a lity  w hich  s till a d d s  to  th e  lim ita tio n s  o f  th e  
h a p h a z a rd  use o f these  p ro d u c ts .

T h e  id ea  o f a p red ic tiv e  assessm en t o f c y to s ta tic  sensitiv ity  in  vitro  is 
b y  no m ean s  new ; v a rious a t te m p ts  h av e  been  m ad e  w ith  cu ltu re s  o f  so lid  
tu m o u rs  as w ell as of p e rip h era l leukocy tes in  ch ro n ic  m yeloid leukaem ia  [1 , 14], 
ch ron ic  ly m p h o id  leukaem ia  [19, 30 — 33] an d  a c u te  leukaem ia [5, 6, 14, 18]. 
A ssessm en t o f  th e  cy to to x ic  effect in  vitro  is fa r  from  sim ple a n d  t h a t  
it  is f r a u g h t w ith  a w ide m arg in  o f u n c e r ta in ty  is re flec ted  b y  th e  g re a t v a r ie ty  
o f p ro ced u re s  w hich h av e  been  devised  for th is  p u rp o se , e.g. glycolysis, in h ib i­
tio n  o f  p ro te in  sy n thesis , u p ta k e  of labe lled  p recu rso rs , m ethylene b lu e  re d u c ­
tio n , u p ta k e  o f su p ra v ita l s ta in s , cy to m o rp h o lo g y , e tc . These p ro ced u res  h a v e  
been  rev iew ed  in  d e ta il b y  I s s e k u t z  [15].

O th e r  lines o f s tu d y , such as in -vivo  te s t in g  o f hum an  tu m o u rs  t r a n s ­
p la n te d  to  an im als [13, 35] h av e  been a t te m p te d  w ith  little  success.

E v id en ce  o f in-vitro  te s ts  has been  found  to  co rre la te  well w ith  th e  c lin ­
ical re su lts  in  th e  m a jo rity  o f cases [1, 6, 7, 9, 2 0 ]. O n th e  o ther h an d , c e r ta in  
a u th o rs  [10, 36] fin d  such  resu lts  o f l i t t le  use fo r clinical purposes, n o t  o n ly  
because  th e y  p rov ide  no in fo rm atio n  on th e  sy s tem ic  effect of th e  d ru g , b u t  
also b ecau se  th e  tu m o u r m ay  change its  o rig in a l c h a ra c te r  in  th e  co u rse  o f  
t r e a tm e n t ,  a claim  w hich finds no su p p o rt in  re c e n t lite ra tu re  [29].

Chronic m yeloid leukaem ia  (CML) cells a re  easy  to  o b ta in  an d  len d  th e m ­
selves to  in-vitro  te s tin g  o f an tileu k aem ic  d ru g s. T h e  need for c y to to x ic i ty  
te s ts  o f  th is  k in d  arises in  view  o f th e  f re q u e n tly  assu rin g  resistance to  som e
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d ru g  in  th e  course o f  lo n g -te rm  tre a tm e n t, w h ich  w ould th u s re su lt in  an  early  
re c u rre n ce  or in  a fa ilu re  of a tta in in g  a rem issio n . Insistence  on fu r th e r  use 
o f  a d ru g  to  w hich  th e  p a t ie n t  has becom e re s is ta n t  w ould obv io u sly  do m ore 
h a rm  th a n  good. T h o u g h  th e  very  n a tu re  o f  th e  disease m akes i t  easy  to  assess 
th e  degree o f resp o n siv en ess , or, converse ly , o f  resistance , to  th e  g iven  d ru g  
a f te r  each sh o rt- te rm  course of in te rm itte n t  t r e a tm e n t  [12], i t  w ou ld  s till be 
p re fe ra b le  to  av o id  th e  u se  of drugs w h ich  h a v e  m erely  tox ic  effec ts w ith o u t 
en su rin g  an y  b e n e fit.

S en sitiv ity  te s ts  in  vitro have b een  c a rr ie d  o u t before p re sc rib in g  th e  
t r e a tm e n t ,  on p e r ip h e ra l leukocyte  c u ltu re s  o b ta in e d  from  8 CM L p a tie n ts  
d u r in g  periods o f re lap se  (W BC be tw een  34,000 and  220,000) a n d  from  8
n o rm a l con tro ls .

aois-sL-

M aterial an d  m eth o d s

The following m ethod, adapted from th e  lite ra tu re  [4, 8, 11, 16, 19, 21, 23 — 26] 
was used.

H eparinized (100 I.U .) blood drawn under sterile conditions was allowed to  sediment 
a t  37 °C for 45 m in, and , a fter removing the su p ern a tan t, it was centrifuged a t 500 r.p.m . 
for 15 min. Then the su p ern a tan t was discarded, the  cells were resuspended in TC 199 medium 
and  again centrifuged. This washing piocedure was repeated , finally the cells were resuspended 
in  TC 199 w ith 10% calf serum ; the medium contained  in addition 200 I.U . per m l of peni­
cillin and 100 jug per m l of streptom ycin and was m ade up to  a concentration of one million 
cells per ml. 1.5 ml sam ples of the cell suspension were pipetted into siliconized penicillin 
vials of 10 ml and th e  cytostatics were added in th e  corresponding dilutions. The vials 
were tigh tly  closed w ith  ru bber stoppers and incubated  a t  37 °C for 48 hours. The drugs under 
s tu d y  were hydroxyurea (Biogal), d ibrom om annitol, m annom ustin (Chinoin), Z itostopR =  
te tram esylm annito l (EG YT), R-74 (GyKI), m e th o trex a te  (Lederle), CérubidineR =  rubido- 
m ycine (Specia), and busu lfan  (Burroughs W ellcome); they  were diluted in accordance w ith 
th e  usual hum an doses. The dilutions were calcu lated  according to H ir sc h a u t  e t al. [14], 
using tenfold values of the  serum concentrations.

After incubation , th e  cells were brought toge ther w ith  a 1% trypan  blue solution and 
th e  viable (i.e. unstained) cells were counted in  a counting chamber (Biirker). Toxicity  was

calculated  on the basis of th e  index 100 )• w here A represents the num ber of viable

cells per ml in the tre a te d  (drug-containing) vials, and  В the surviving cells per m l in the 
con tro l (drug free) vials.

R esu lts

R esu lts  are  su m m arized  in T ab le  I .  T h o u g h  we m u st e v a lu a te  every  
f in d in g  u n d er th e  in d iv id u a l clinical a sp ec ts  o f  th e  case, y e t som e o f th e  fea tu re s  
em erg ing  from  th e  o b serv a tio n s show a s tr ik in g  consistency. 1) T h e  to x ic ity  
p a t te r n  was d iffe ren t in  each case. 2) N o n e  o f  th e  drugs u n d e r s tu d y  p roved  
e q u a lly  cy to to x ic  in  ev e ry  case. 3) T h e  d ru g s  qualified  as m y e lo tro p ic  w ere 
fo u n d  cy to to x ic  in  th e  m a jo rity  of th e  cases o f  CML, in  c o n tra s t to  th e  n o rm al 
c o n tro ls  w here th e y  w ere n o t cy to to x ic .

C o n fro n ta tio n  o f in-vitro  ev idence w ith  th e  clinical re su lts  seem s still 
m o re  in fo rm ativ e . T h e  resu lts  of s e n s itiv ity  te s ts  were n o t y e t  k n o w n  a t  th e  
s t a r t  o f c y to s ta tic  t r e a tm e n t  (Z ito stop , M yelobrom ol, H y d ro x y u re a ) , an d  it
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Table I
Drug sensitivity o f peripheral leukocytes o f patients with chronic myeloid leukaemia on the basis 
o f the cytotoxicity-index (c: complete, I :  incomplete remission, 0 :  on remission; H U : hydroxyurea,

Z: Zitostop. D B M : dibromomannitol)
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Eg ïO Ö _ e °  5  S2
1 ?  
л о
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§ О •» “  o

OhCS11
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.2
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1 # 14.5 14.5 16.2 20.9 31.2 DBM c
2. 17.0 17.0 38.1 40.7 DBM c
3. 24.8 19.2 43.5 34.1 DBM c
4. 32.0 20.0 53.5 31.7 HU +  Z c

s
CJ 5. 16.0 17.0 26.2 12.0 32.9 14.0 7.0 24.0 Z c

6. 27.0 12.0 10.0 14.5 15.2 14.0 12.2 HU +  Z c
7. 30.1 11.5 20.7 13.2 18.2 10.2 20.2 HU +  Z 0
8. 28.0 16.6 10.5 14.0 15.0 HU +  Z I

1. 12.1 2.1 6.9 5.5 27.2 18.3
2. 7.9 10.1 8.9 3.9 21.2 20.4
3. 0.5 3.9 15.5 5.2 39.6 17.0

оM 4. 3.9 0.0 16.0 29.0 29.0 27.5
Йо 5. 0.5 3.9 5.9 17.5 4.3 42.0 25.0

6. 8.0 9.0 15.0 22.0 22.0 31.0 45.7
7. 12.0 17.0 7.9 10.5 17.3
8. 2.3 10.5 12.0 17.0 43.7

w as o n ly  in re tro sp e c t th a t  th e  ou tcom e of th e ra p y  w as checked w ith  in -v itro  
se n s itiv ity . T he resu lts  o f  th e  te s ts  w ere d is reg a rd ed  u n til we could co n v in ce  
ourselves o f th e ir  p ra c tic a l va lu e . S h o rt-te rm  m assive-dose ty p e  o f t r e a tm e n t  
w as ap p lied  all th ro u g h o u t. A c tua lly , in 7 o u t o f  8 cases s tud ied  th e  d ru g  o f 
em pirical choice p roved  effic ien t in  vitro a n d  th e  course of t r e a tm e n t w as 
follow ed b y  rem ission  o f tw o  m on th s d u ra tio n . I n  one case w here th e  p rocess 
h ad  reach ed  th e  s tag e  o f b last-ce ll crisis, th e  com bined  a d m in is tra tio n  o f  
Z ito stop  -|- h y d ro x y u re a , th o u g h  hav in g  p ro v ed  a d e q u a te ly  c y to s ta tic  in  v itro , 
was u n ab le  to  induce  a fu ll rem ission, and  th e  p a t ie n t  died soon th e re a f te r .

D iscussion

T h e  re su lts  o f in -vitro  sen s itiv ity  te s t  c o rre la te  well w ith  th o se  o f 
sh o rt- te rm  m assive-dose th e ra p y  w ith  a sole e x c e p tio n . Still, it seem s u n lik e ­
ly  th a t  th e  co rre la tio n  w ill p rove nearly  as  good in  cases of m a in te n a n c e  
th e ra p y  b y  th e  use o f sm alle r doses. I t  is well k n o w n  th a t  drugs of a d e q u a te
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c y to to x ic  p ro p erties  fa il to  ind u ce  a c lin ical rem ission  in every  case [6 ] . The 
p re d ic t iv e  v alue  of in -v itro  te s ts  is co n fined  to  th e  ac tu a l c y to to x ic  e ffec t of 
t h e  d ru g  in  question  le a v in g  us in  ig n o ran ce  a b o u t th e  diverse fa c to rs  o f  re­
m iss io n  o r resistance .

T h e  question  how  fa r  th e  p e rip h e ra l leu k o cy te s  in  CML re p re s e n t  the  
m a lig n a n t  cell p o p u la tio n  h a s  also t o  he ra ise d . I n  v iew  o f th e  d iffe re n t c u l tu r ­
in g  p ossib ilities  o f n o rm a l a n d  leukaem ic  cell popu la tio n s [25] i t  is safe  to  
a s s u m e  th a t  th e  p e rip h e ra l cells are  p re v a le n tly  o f leukaem ic n a tu re .  I t  is, 
h o w e v e r , qu ite  a d iffe ren t qu estio n , how  f a r  th is  p o p u la tio n  co rre sp o n d s  in 
r e s p e c t  o f  sen s itiv ity  to  c y to s ta tic s  to  th e  leu k aem ic  stem  cells w h ich  a re  th e  
c a r r ie r s  o f m alignancy , a n d , b y  th is  fa c t, a lso  th e  a c tu a l ta rg e ts  o f  c y to s ta tic  
th e r a p y .  I t  is m ost u n lik e ly  t h a t  a to ta l  d e s tru c tio n  of th e  en tire  leuk aem o g en ic  
ce ll p o p u la tio n  in  CML sh o u ld  be possib le  ev e n  b y  in tensive  c h e m o th e ra p y . 
T h e  re a so n  for th is  m u s t b e  soug h t p a r t ly  in  th e  differences in  s e n s it iv ity  of 
th e  in d iv id u a l m a lig n an t cells, p a r tly  in  a  m e tab o lic  d iss im ila rity  re su ltin g  
f ro m  th e  d iv e rs ity  o f  d ev e lo p m en ta l s tag es  in  th e  leukaem ic cell p o p u la tio n  
[3 , 2 2 , 28, 34]. This a m p ly  accoun ts for o u r  d o u b ts  w heth er a n d  how  fa r  th e  
s e n s i t iv i ty  o f th e  p e r ip h e ra l leukaem ic cells ch a rac te rizes  th a t  o f th e  to ta l i ty  
o f  th e  m a lig n an t cell p o p u la tio n . D esp ite  th e se  th e o re tic a l o b jec tions, p u b lish ed  
e v id e n c e  [1] inc lud ing  o u r  ow n o b se rv a tio n s  o ffer encouraging  lines o f  o rien ­
ta t i o n .

T h e  tech n iq u es o f  in -v itro  p ro ced u res  a re  s till u n ce rta in . A s m en tio n ed  
in  th e  in tro d u c to ry  p a r t ,  fo r  th e  m e a su re m e n t o f th e  cy to to x ic  e ffec t v a rio u s 
m e th o d s  h av e  been used . T h o u g h  su p ra v ita l  s ta in in g  allows to  s e p a ra te  v iab le  
f ro m  no n v iab le  cells, i t  fa ils  to  d e tec t th e  irrev e rs ib le  processes w h ich  m ig h t 
h a v e  ta k e n  place w ith in  th e  a p p a re n tly  v ia b le  cell an d  resu lt la te r , in  th e  phase 
o f  ce ll div ision , in  cell d e a th  due to  c y to to x ic  effect.

F u r th e r  ta sk s  in c lu d e  a closer a d ju s tm e n t  o f th e  tim e o f in c u b a tio n  and  
o f  th e  d ru g  co n cen tra tio n s  ap p lied . W hile , on  th e  one h an d , th e  p ra c tic a b ili ty  

-o f th e  te s ts  is lim ited  b y  th e  len g th  of tim e  re q u ire d , on the o th e r, th e ir  re liab il­
i t y ,  in  o th e r  w ords th e ir  p red ic tiv e  v a lu e , is a ffec ted  b y  u n d u ly  sh o r t exposu re  
t o  th e  c y to s ta tic  a g en t, th o u g h  som e a u th o rs  h av e  found  a good co rre la tio n  
e v e n  in  th e  case o f sh o rt exposures [2, 6, 9, 17, 27]. Since c o n c e n tra tio n  and  
d u r a t io n  o f effect d e fin ite ly  belong to  th e  fa c to rs  deciding th e  e ffic ien cy  of a 
g iv e n  c y to s ta tic  d ru g , w e h av e  used  c o n c e n tra tio n s  ten fo ld  th e  a v e ra g e  blood 
le v e ls  a tta in e d  in  m an .

I t  has been so u g h t to  sim plify  th e  p ro c e d u re  as fa r  as possib le  so as to  
m a k e  i t  p rac ticab le  fo r c lin ica l use, d e sp ite  its  lim ita tio n s w hich  h a v e  to  be 
t a k e n  in to  consid era tio n  in  th e  in te re s t o f  a  p ro p e r ev a lu a tio n  o f  th e  re su lts . 
H o w e v e r , th e  a c tu a l u sefu lness an d  p re d ic tiv e  value of in -vitro  se n s itiv ity  
t e s t s  h a v e  y e t to  be e s tab lish ed  b y  c o rre la tin g  th e ir  resu lts  w ith  fu r th e r  clinical 
o b se rv a tio n s .
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HISTOLOGY OF GASTRIC MUCOSA AND ITS 
SECRETORY ACTIVITY IN MAN
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The histological picture of the fundic m ucosa obtained by blind b iopsy has 
been compared w ith the HC1 secretory capacity  o f  the same stomach. HC1 production  
after histam ine injection was noticeably greater in subjects with normal m ucosa th an  
in  patien ts w ith different forms of gastritis. In  th e  la t te r  the production of HC1 de­
creased parallelly w ith th e  severity of gastritis.

The thickness of the active parenchym al layer reflects the degree of th e  m or­
phological and functional damage of the m ucosa m ore characteristically th a n  do the 
values of the full thickness of the mucosa. The decrease in the number of active paren ­
chym al cells follows the severity of the m orphological lesions. Among the glandular 
constituents, the chief cells seem to be relatively m ost sensitive to progressive gastritis.

T h e  re la tio n  be tw een  th e  h isto log ical s t ru c tu re  and  the  ac id  se c re to ry  
c a p a c ity  of th e  g astric  m ucosa has been th e  su b je c t o f several s tu d ies  [1 — 6]. 
T he p re se n t p a p e r is an  a t te m p t  to  c o n tr ib u te  a few  new  d a ta  to  th e  p ro b lem .

M ateria l and m eth o d s

The investigations were m ade in 144 male and 120 fem ale clinical patients selected at 
random . A spiration of the gastric juice was done according to  the original m ethod of L a m -  

b l i n g  [7]; 0.5 mg histam ine dihydrochloride was used to  stim ulate acid secretion. The secre­
to ry  groups were distinguished according to the degree of free acidity. In the anacid group 
there was no free HC1, in subacid patients free acid ity  was < 4 0  meq/1, in norm acid p a tien ts  
it was 40—90, and in hyperacid patien ts > 90  meq/1. M axim um  acid output per hou r was 
calculated according to  the m ethod of B a r o n  [8], i.e. th e  am oun t of the two successive largest 
15 m inute ou tpu ts was m ultiplied by two and the am oun t of acid expressed in m eq/h.

B iopsy was made w ith a W ood type instrum ent on th e  morning after the gastric  ana l­
ysis. A t each biopsy two or three pieces of mucosa were tak en  from the fundus. Specim ens 
from the  an trum  were no t evaluated.

The bioptic m aterial was fixed in formalin and a fter em bedding in paraffin sta ined  w ith 
haem atoxylin-eosin, and w ith Zim m erm ann’s differential dye.

R esults

1. Relation  between the secretory and  the morphological groups

T h e  su b jec ts  w ith  n o rm al m ucosa w ere p re d o m in a n tly  h y p e ra c id  or 
n o rm ac id , a sm all p e rcen tag e  of su b jec ts  w ere  su b ac id ; no an ac id  p e rso n s 
w ere fo u n d  in  th is  g roup . In  superfic ia l g a s tr i t is  th e  ra tio  of subacid  su b je c ts
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(atrophy)
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Fig. 1. R elation betw een morphological p ic tu re  and acidity values

w as g re a te r  an d  th e re  w ere  a few an ac id  p e rso n s as w ell. I n  p re a tro p h ic  
g a s tr i t is  sub- and  a n a c id ity  c o n s titu te d  th e  m a jo r ity , while a tro p h ic  g a s tr itis  
w as  m o s tly  associa ted  w ith  an ac id ity ; s u b a c id ity  could be d e m o n s tra te d  in  a 
s m a lle r  p ercen tag e ; n o rm a c id ity  was fo u n d  in  a few  cases b u t  th e re  w as n o t 
a  s in g le  h y p erac id  su b jec t in  th is  la s t g roup  (F ig . 1).

2. A c id  o u tp u t in  the various morphological groups

C alcu la ted  m ax im u m  HC1 o u tp u t (m eq /h ) was com pared  in  su b je c ts  
w ith  n o rm a l m ucosa, in  p a tie n ts  w ith  su p e rfic ia l, and  p re a tro p h ic  g a s tr itis . 
C ases o f  a tro p h ic  g a s tr itis  w ere  n o t e v a lu a te d  fro m  th is  p o in t of v iew , because  
a la rg e  p a r t  of these  w ere ach lo rh y d ric  a n d  so h a d  no acid o u tp u t . A ccord ing  
to  T a b le  I ,  HC1 o u tp u t  w as g rea te r in  su b je c ts  w ith  norm al m ucosa  th a n  in

Table I

Calculated maximum free HCl output, meq/h

I.
Normal mucosa 

n =  88

II.
Superficial 

gastritis 
n =  71

III.
Preatrophic

gastritis
n =  38

Mean 14.054 9.153 1.878
2 0 th  percentile 5.260 1.515 0.351
Median 11.885 6.400 0.924
80th percentile 21.872 15.520 5.150

p <  0.01 p <  0.01
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p a tie n ts  w ith  su p erfic ia l g a s tr itis ; th e  d ifference  w as sig n ifican t s ta tis tic a lly . 
HC1 o u tp u t in  th e  g roup  w ith  p re a tro p h ic  g a s tr itis  w as s ig n ifican tly  reduced  
as com pared  w ith  th e  tw o  o th e r groups.

3. Thickness o f  the mucosa

T he th ick n ess  o f th e  m ucosa w as d e te rm in e d  in  149 specim ens; i t  ran g ed  
from  0.556 to  1.207 m m . T he th ick n ess  o f  th e  ac tiv e  p a re n c h y m a , i.e. th e  g lan­
d u la r p a r t  from  th e  base  of th e  g lands to  th e  foveola w as ex am in ed  in  152 
cases. T he re su lts  o f th ese  ex am in a tio n s  a re  show n in T ab les  I I  a n d  I I I .

Table II

Whole mucosal thickness, mm

Normal
mucosa

n =  62

Super­
ficial 
gas­
tritis 

n =  38

Pre­
atrophic
gastritis

n =  26

Atrophic
gastritis

n =  23

Hyper­
acidity

n =  63

Norm-
acidity

n =  36

Sub­
acidity

n =  22

An-
acidity

n =  27

0.858 0.850 0.779 0.671 Mean 0.867 0.815 0.782 0.706

0.755 0.726 0.626 0.593 20th percentile 0.763 0.697 0.675 0.598

0.849 0.853 0.741 0.669 Median 0.874 0.785 0.761 0.680

0.959 0.947 0.979 0.765 80th percentile 0.970 0.917 0.941 0.786

p >  0.1 p >  0.1 p <  0.01 p <  0.05 p >  0.1 p >  0.1

Table II I

Active parenchymal thickness, mm

Normal
mucosa

Super­
ficial

gastritis

Pre­
atrophic
gastritis

Atrophic
gastritis

Hyper­
acidity

Norm-
acidity

Sub­
acidity

An-
acidity

n =  63 n =  39 n =  27 n =  23 n =  63 n =  39 n =  22 n =  23

0.623 0.517 0.327 0.151 Mean 0.590 0.542 0.337 0.213

0.550 0.416 0.262 0.057 20th percentile 0.416 0.409 0.203 0.103

0.609 0.490 0.320 0.148 Median 0.593 0.557 0.313 0.215

0.714 0.628 0.428 0.241 80tli percentile 0.700 0.655 0.457 0.291

p <  0.01 p <  0.01 p <  0.01 p >  0.1 p <  0.01 p >  0.1

T he th ickness o f  th e  ac tiv e  g la n d u la r  la y e r  re flec ted  b o th  th e  m orphological 
changes an d  th e  fu n c tio n a l c a p a c ity  o f th e  m ucosa m ore c h a ra c te ris tic a lly  th a n  
did th e  th ick n ess  o f th e  w hole m ucosa .
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4. D istribution o f  the active parenchym atous cells

T h e  q u a n tita tiv e  d a ta  o f  th e  com position  o f g lan d u la r  cells o f 152 su b ­
je c ts  a re  sum m arized  in T ab le  IV  acco rd ing  to  th e  m orpho log ica l p ic tu re  a n d

Table IV

D istribution o f active parenchymal cells in  the various morphological and secretory groups,
cell count ( sq. mm)

Normal
mucosa

Super­
ficial

gastritis

Pre­
atrophic
gastritis

Atrophic
gastritis

Hyper­
acidity

Norm-
acidity

Sub­
acidity

An-
acidity

n =  63 n =  39 n =  27 n =  23 n =  65 n =  37 n =  22 n =  28

1799.7 1449.8 775.6 515.1 M ean 1721.5 1531.5 792.5 623.3
1562 1234.4 480 75.2 20th  percentiles 1398 1244 425.6 188.4
1816 1432 788 354 M edian 1747 1590 741 538
2020.8 1691.2 1066 736 80th  percentiles 2005 1783 1244 846.4

p <  0.01 p <  0.01 p <  0.01 p <  0.05 p <  0.01 p >  0.1

th e  s e c re to ry  groups. T he a c tiv e  p a ren ch y m a l cell co u n t decreased  p a ra lle lly  
w ith  th e  m orpho log ical an d  fu n c tio n a l m ucosal dam age . U nlike  th e  s ig n ifican t 
d iffe re n c es  in  m orphology, th e  fu n c tio n a l d ifference be tw een  th e  h y p e ra c id  
a n d  n o rm a c id  groups was s lig h t. O n th e  o th e r h a n d , th e  values for th e  su h ­
a n d  a n a c id  groups did n o t d iffe r  essen tia lly  from  each  o th e r.

Table V

D istribution o f the parietal cells in  the various morphological and secretory groups,
cell count ( sq. mm)

Normal
mucosa

Super­
ficial

gastritis

Pre­
atrophic
gastritis

Atrophic
gastritis

Hyper­
acidity

Norm-
acidity

Sub­
acidity

An-
acidity

n =  63 n =  39 n =  27 n =  23 n =  65 n =  37 n =  22 n =  28

391.3 340.3 179.0 32.3 Mean 389.2 333.7 144.8 97.7
298 275.2 93.2 0 20 th  percentile 286 262 42 0
394 324 182 0 M edian 397 328 106 65
476.8 425.6 231.2 66.8 80th  percentile 474 428 265.6 194

p <  0.05 p <  0.01 p <  0.01 p <  0.01 p <  0.01 p >  0.1

In  T ab le s  V and  V I th e  ch an g es  in  th e  n u m b e r of p a r ie ta l an d  ch ie f cells 
re s p e c tiv e ly  are  show n in a s im ila r  a rra n g e m en t. T hese ty p e s  o f cell ch an g ed  
in  th e  sam e  d irec tion  as th o se  m e n tio n e d  above . T he g lan d u la r  m ucous cells 
o c c u rre d  in  th e  g rea test n u m b e r  in  th e  a tro p h ic  g roup , w hile th e ir  ra tio  w as 
lo w est in  th e  norm al m ucosa.
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Fig. 2. Cellular composition of the active parenchym a in percentage in the various morpho­
logical groups

F in a lly , th e  p e rc e n tu a l cell com position  o f th e  a c tiv e  p a ren ch y m a  is 
show n in F ig . 2. W ith in  th e  g rad u a l decrease o f th e  a c tiv e  parenchym al 
cells th e  p ro p o rtio n  o f p a r ie ta l cells w as p rac tica lly  c o n s ta n t in  ind iv iduals 
w ith  norm al m ucosa, superfic ia l g a s tr itis , or p rea tro p h ic  g a s tr i t is . A gain, the 
g rad u a l decrease o f  th e  ra tio  o f  ch ie f cells w as co m p en sa ted  b y  th e  increase 
o f th e  m ucoid elem ents.

Tabic VI

Distribution o f chief cells in the various morphological and secretory groups, cell count (sq. mm)

Normal
mucosa

Super­
ficial

gastritis

Pre­
atrophic
gastritis

Atrophic
gastritis

Hyper­
acidity

Norm-
acidity

Sub­
acidity

An-
acidity

n =  63 n =  39 n =  27 n =  23 n =  65 n =  37 n =  22 n =  28

1132.6 769.5 251.1 37.8 Mean 1044.6 847.7 303.8 126.6
923.2 568 94.4 0 20th percentile 782 606 58 0

1110 770 202 0 Median 1034 905 124 50
1303.2 1026.4 403.6 64.4 80th percentile 1266 1110 618.4 220.8

p  <  0.01 p  <  0.01 p  <  0.01 p  <  0 .01  p  <  0 .01  p  >  0.1

D iscussion

T he in v estig a tio n s d e m o n s tra te d  a w ell-evaluable  re la tio n  betw een 
th e  m orphological changes an d  th e  in te n s ity  o f acid sec re tio n . T h e  re latively  
fre q u e n t occurrence o f h y p e rac id  in d iv id u a ls  in  th e  m a te r ia l w as explained 
b y  th e  fac t th a t  m a n y  p a tie n ts  w ith  d u o d en a l u lcer w ere ex am in ed : the ir 
m ucosa could m o stly  be classed in  th e  n o rm al group or th e  g ro u p  w ith  super-
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fic ia l g a s tr i t is .  Acid o u tp u t in  p a t ie n ts  w ith  su p erfic ia l g a s tr itis  w as less th a n  
in  th o s e  w ith  norm al m u co sa . A ccording to  Ch e l i  [ 1 0 ] ,  p ro life ra tio n  o f th e  
p e r ig la n d u la r  connective tis s u e  is freq u en t in  su p e rfic ia l g a s tr itis ; on th is  basis 
he  su g g e s te d  th a t  th e  b lood  s u p p ly  of the  g lands is d is tu rb e d ; th is  w ould  be 
th e  c a u se  o f th e  slight fu n c tio n a l d istu rbance .

T h e  d a ta  differing from  th e  g ro u p  ch arac teris tic s  u n d e rlin e  th e  im p o rtan ce  
o f ta k in g  b iopsy  m ate ria l f ro m  a t  least tw o or th re e  p laces of th e  fu n d u s 
s im u lta n e o u s ly . T hus th e  p r o b a b i l i ty  of ob ta in in g  a fa lse  p ic tu re  o f th e  w hole 
o f th e  fu n d u s  owing to  p a tc h y  changes will be re d u c e d . Since th e  m ucosa of 
th e  a n t r u m  w as no t ex am in ed , th e  question  arose w h e th e r  an  iso la ted  a n tra l  
g a s tr i t is  m a y  — th ro u g h  d e c re a se d  gastrin  p ro d u c tio n  — influence  th e  ac id  
o u tp u t .  O t t e n j a n n  e t a l. [1 1 ] o b served  a red u ced  sec re tio n  in  th e ir  cases 
o f a n t r a l  a tro p h y  even in  th e  p resen ce  of in ta c t fu n d ic  g lands.

T h e  d a ta  of th e  full th ic k n e s s  of the  m ucosa p re s e n t no tru e  p ic tu re  of 
its  fu n c tio n a l  capacity  b ecau se  in  a tro p h y  th e  g ro w th  o f  th e  foveola lay e r [12] 
as w ell a s  p ro life ra tio n  o f th e  g ro u n d  substance m a y  co m p en sa te  th e  d isap p ea r­
an ce  o f  th e  ac tive  p a re n c h y m a . O n th e  o th e r h a n d , ch an g es in  th e  th ick n ess  
o f th e  a c tiv e  p arenchym a go p a ra lle l  w ith  th e  in te n s i ty  o f  th e  m orphological 
lesions in flu en c in g  th e  fu n c tio n .

T h e  m ucosal dam age r u n s  para lle l w ith  th e  decrease  of th e  n u m b er 
o f g la n d u la r  cells p er u n it  o f  su rfa c e  area. W ith in  th is , how ever, th e  n u m b er 
o f c h ie f  cells decreases m ore t h a n  t h a t  of th e  p a r ie ta l cells, fo r while in p re a tro p h ­
ic g a s tr i t is  th e  n u m b er o f p a r ie ta l  cells is red u ced  to  its  h a lf  as com pared  
■with th e  n o rm al m ucosa, less t h a n  one fifth  of th e  c h ie f  cells are  to  be found  
h e re . T h is  fa c t m ust be m e n tio n e d  p a rticu la rly  b ecau se  so fa r  th e  decrease o f 
th e  p a r ie ta l  cells has been  c o n s id e re d  the  m ost sen s itiv e  in d ic a to r  o f m ucosal 
d a m a g e . I n  our s tu d y  i t  a p p e a rs  t h a t  the  chief cells su ffe r m ore in  th e  course 
o f m u c o sa l dam age th a n  th e  p a r ie ta l  cells. W ith o u t  sim u ltan eo u s pepsin  
d e te rm in a tio n s , how ever, i t  c a n n o t  be proved  t h a t  th is  m orphological p h e ­
n o m e n o n  is accom panied  b y  a  s im ila r  functional c h an g e  an d  so th e  ra tio  of 
a c id -p e p s in  p roduction  also c h a n g e s . A gain, th e  s tu d y  supp lied  no d a ta  as 
to  w h e th e r  th e  rem ain ing  p a r ie ta l  an d  chief cells c o n tin u e  to  be in ta c t  fu n c­
tio n a lly .
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CLINICAL AND HISTOPATHOLOGICAL STUDIES 
IN HUMAN RENAL DISEASE

I I I . T H E  PR O B LEM  OF H AEM A TU RIA  AND FOCAL G L O M E R U L O N E PH R IT IS
IN  T H E  ADULT

By

I .  V a r g a , E d i t  B e r e g i  a n d  B .  K e n é z

SECOND DEPARTMENT OF MEDICINE, AND RESEARCH DEPARTMENT OF GERONTOLOGY, 
SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived March 1, 1972)

Clinical and histopathological d a ta  of 41 adu lt subjects allowed the following 
conclusions concerning the diagnostic value of haem aturia and the clinical signifi­
cance of focal glom erulonephritis.

1. R ecurren t gross haem atu ria  connected w ith catarrhal infections of the u p p er 
respirato ry  tra c t or with physical stress or perm anent m icrohaem aturia is rare ly  
a sign of focal nephritis in adu lts ; the sym ptom  is mostly due to diffuse glom erulo­
nephritis. The symptoms of glom erulonephritis of a focal p a tte rn  are no t consistent, 
therefore th e  condition eludes clinical detection. Focal nephritis is a histological def­
inition.

2. Sim ilarly to diffuse glom erulonephritis, focal nephritis is an in flam m ato ry  
reaction associated with an im m unopathologie process. The im munoglobulin deposits 
on the glom erular basement m em brane are too extensive to be com patible w ith  a focal 
reaction inflam m atory  in natu re . In  con trast w ith  streptococcal infection, th e  étio­
logie role of which has no t been  su b stan tia ted , v iral or other bacterial factors m ay 
be involved in the pathogenesis o f the process.

3. Focal glom erulonephritis rep resen ts a relatively benign type  of glom erulo­
nephritis. I t  generally takes a chronic course in adults where its acute recurrence m ay 
affect renal function to the degree of uraem ia. I t  is assumed to indicate th e  in itial 
stage of glom erulonephritis in  individual cases, this requires further evidence though. 
In  addition  to  the necessity for antiinfective m easures and the avoidance of physical 
strain , im m unosuppression is a  p o ten tia l therapeutic  factor.
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H a e m a tu r ia  is regarded  as th e  le ad in g  sign o f focal n ep h ritis . T h is  ty p e  
o f n ep h ritis  is m ark ed  by  ep isodes o f gross h a e m a tu ria  in  co n n ec tio n  w ith  
som e in fec tive  process, u su a lly  o f  th e  u p p e r  a irw ays. P ro te in u ria  is s lig h t, 
oedem a an d  h y p erten sio n  a re  a b s e n t. S ince B a e h r ’s d esc rip tio n  o f  th e  
sy n d ro m e  (1926) i t  has been g en e ra lly  looked  up o n  as a well defin ed  c lin ica l 
e n t i ty  o f m ild  clin ical course, w h ich  sp o n tan eo u sly  recovers p a ra lle l w ith  th e  
cure  o f  th e  p r im a ry  infective p ro cess . S till, i t  h a d  a lread y  been em p h asized  b y  
V o l h a r d  a n d  F a h r  (1914) t h a t  th e  process is su b jec t to  recu rren ces , th a t  
o ften  it  is c lin ica lly  in d is tin g u ish ab le  from  diffuse g lo m eru lonephritis  a n d  th a t  
ch ron ic  form s a re  fa irly  com m on. A ccord ing  to  th ese  au th o rs , th e  m orpho log ic  
g lo m eru la r ab n o rm alitie s  d iffer in  degree ra th e r  th a n  in  k ind , d ep en d in g  on 
th e  e x te n t o f th e  areas affec ted  b y  th e  to x in  of th e  responsible a g en t.

B efore th e  com m on use o f  re n a l b io p sy  th e re  was obv iously  l i t t le  possi­
b il i ty  to  form  a c lear view on th e  p a th o lo g ica l an d  clinical s ign ificance o f  focal 
g lo m eru lo n ep h ritis . T oday  c e r ta in  b asic  q u estio n s bearing  on th e  p a th o g en esis
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a n d  on th e  d iag n o stic  v a lu e  o f th e  clin ical m a n ife s ta tio n s  as well as on th e  
th e ra p e u tic  asp ec ts  o f  th e  syndrom e, a re  seen  in  a new  lig h t.

In  our ren a l m a te r ia l  com prising  289 b io p sy  cases, th e  clinical a n d  h is to - 
p a th o lo g ica l d a ta  o f  41 su b jec ts  have  been  fo u n d  illu s tra tiv e  of th e  p ro b lem s 
to  be discussed.

D iagnostic  value o f h a e m a tu r ia

T h e  p re v a le n t cau se  o f h aem a tu ria  is som e a b n o rm a lity  o f th e  u r in a ry  
t r a c t  or h aem o rrh ag ic  d ia th es is , an d  it  can  be  c la rified  in  th e  m a jo rity  o f cases 
b y  co n v en tiona l d ia g n o s tic  procedures in c lu d in g  clin ical, la b o ra to ry , ra d io ­
log ical and  u ro log ica l ex am in a tio n s . I t  is, h o w ev er, by  no m eans u n co m m o n  
t h a t  a ll these f in d in g s  re m a in  negative. T h is ap p lie s  in  th e  f irs t p lace to  a p a r ­
t ic u la r  form  m ark ed  b y  re c u rre n t episodes o f  gross h aem a tu ria . D u rin g  th e  
a p p a re n tly  sy m p to m -free  in te rv a ls  th e re  is o n ly  m icroscopic h a e m a tu ria  or 
n o n e  a t  all. P ro te in u r ia , i f  p resen t, is s lig h t, a n d  no  oedem a ap p ears . R en a l 
fu n c tio n  and  b lood  p re ssu re  are un affec ted . P ro g n o stic  an d  th e ra p e u tic  co n ­
s id e ra tio n s  m ake i t  no  lo n g er w a rra n te d  to  le av e  i t  a t  th e  diagnosis o r a t  th e  
susp ic ion  of focal n e p h r it is  or of acu te  d iffuse n e p h ritis  in cases o f th is  ty p e  
w ith o u t th e  ev id en ce  o f  b iopsy . U n s u b s ta n tia te d  con jec tu res o f th is  k in d  
w o u ld  be nearly  as m ean ing less as to  q u a lify  th e  h a e m a tu ria  as “ e ssen tia l” , 
“ b en ig n ” , or “ id io p a th ic ” , labels a tta c h e d  a ll to o  often  to  h a e m a tu ria  o f u n ­
id en tif ied  origin.

In  30 ou t o f th e  41 cases form ing th e  basis  o f  th e  p re sen t s tu d y  th e re  h a d  
b een  re c u rre n t ep isodes o f  gross h a e m a tu r ia  in  th e  p a s t. Since 14 o f th e se  
su b je c ts  h ad  also o th e r  signs ind ica tiv e  o f  d iffuse  g lom eru lonephritis  (h eav y  
p ro te in u ria , oedem a o r h y p erten sio n ) c loser an a ly s is  will be confined  to  th e  
o th e r  16 p a tie n ts . F ro m  th e  h is to ry  of th e se  su b je c ts  i t  em erges th a t  in  v iew  
o f  th e  recu rren t ep isodes o f  h aem a tu ria  th e ir  a tte n d in g  physic ians h a d  co n sid ­
e red  th e  p o ssib ility  o f  focal g lo m eru lo n ep h ritis , in  7 instances a f te r  th e  u ro ­
log ica l ex am in a tio n s h a d  p roved  n eg a tiv e . Close fo llow -up during  th e  “ sy m p ­
to m -fre e ”  periods h a d  rev ea led  p e rm a n e n t m icroscop ic  h a e m a tu ria  a n d  s lig h t 
p ro te in u ria , n o t b e y o n d  th e  degree of fa in t opalescence w ith  su lphosalicy lic  
ac id , in  all b u t  tw o  cases, th e  daily  p ro te in  ex c re tio n  m easured  on th e  basis 
o f  th e  b iu re t re a c tio n  v a ry in g  betw een  100 a n d  300 g an d  being u su a lly  re la te d  
to  th e  e x te n t o f h a e m a tu r ia . R enal fu n c tio n  w as unaffec ted , h y p e rte n s io n  
a n d  oedem a w ere a b s e n t . T he m ale-to -fem ale  ra tio  was 13 : 3. M ean age w as 
24.3 y ears , th e  lim its  b e in g  14 an d  59 y ea rs , re sp ec tiv e ly .

H a e m a tu ria  e i th e r  ap p eared  s im u ltan eo u sly  w ith  ce rta in  signs ty p ic a l 
o f  focal g lo m eru lo n ep h ritis  or followed close u p o n  th em . T he h is to ry  rev ea led  
th e  following fa c to rs , in  all p ro b a b ility  in  d ire c t causal re la tio n sh ip  w ith  
th e  h ae m a tu ria .
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1. C a ta rrh a l p rocesses o f th e  u p p e r a irw ay s , 
to n sillec to m y

2. P h y sica l s tress
3. A bdom ina l sy m p to m s (colics, g a s tro e n te r itis )
4 . 1, 2, or 3, a t  v a rio u s  tim es in  th e  sam e case
5. No id en tifiab le  fac to r

7
4
2
2
1

cases
9 9

9 9

99

case

O n th e  g ro u n d  o f ea rlie r know ledge a ll th e se  seem ed to  s u p p o r t  th e  
d iagnosis o f focal g lom eru lo n ep h ritis . H ow ever, c o n tra ry  to  ex p e c ta tio n s , th e  
h isto log ica l fin d in g  rev ea led  a diffuse, im m u n oh isto log ica lly  ac tiv e , g lom eru lo ­
n ep h ritis  in  th e  m a jo r ity  o f cases. T he h is to lo g ica l find ings w ere as follow s.

1. M em braneous g lom eru lonephritis
2. M em braneous g lom eru lonephritis  com b in ed  w ith  

p y e lo n ep h ritis
3. F ocal g lo m eru lonephritis
4 . P y e lo n ep h ritis
5. N e p h ro a n g io p a th y

10 cases

3 „
1 case 
1 „
1 „

C ystoscopy  p e rfo rm ed  a t  th e  tim e  o f gross h a e m a tu ria  m ay  be o f  p rim e 
d iagnostic  im p o rta n c e  b y  revealing  som e u n ila te ra l  urological p rocess as th e  
source o f h a e m a tu r ia , b u t  i t  m ay  be also  m islead in g , as il lu s tra te d  b y  one 
of o u r cases w here d iffuse g lo m eru lo n ep h ritis  h a d  been a sc e rta in ed  on th e  
g ro u n d  o f b io p sy  six  m o n th s  earlier. On th e  ev idence  of cysto scopy  p erfo rm ed  
a t  th e  tim e  o f gross h a e m a tu ria , h aem o rrh ag ic  ac tio n s w ere co n fin ed  to  one 
side, b u t  no a c tu a l u ro log ical a b n o rm a lity  acco u n tin g  for th em  w as d em o n ­
s trab le . T he p a tie n t  d ied  w ith  u raem ia  th re e  m o n th s  la te r  an d  a u to p s y  also 
failed  to  revea l a n y  u ro logical a b n o rm a lity  w h ich  m igh t h av e  g iven  rise  to  
h a e m a tu ria . T h is o b se rv a tio n  su p p o rts  th e  v iew  o f J o e k e s  (1962) th a t ,  d esp ite  
its  u n ila te ra l cystoscop ic  ap p earan ce , h a e m a tu r ia  m ay  well be due to  b ila te ra l 
ren a l d isease.

T ho u g h  diffuse g lom eru lonephritis  m a y  be  responsib le fo r re c u rre n t 
h a e m a tu ria  in  ch ild ren , to o  ( G l a s g o w  e t a l. 1970., A r n e i l  e t al. 1969), a t  
th is  tim e  o f life i t  is in  fa c t a focal g lo m eru lo n ep h ritis  w hich acco u n ts  fo r th e  
m a jo rity  of cases ( B o d i a n  e t al. 1965, S i n g e r  e t al. 1968, F e r r i s  e t al.
1967). O n th e  o th e r  h a n d , focal g lo m eru lo n ep h ritis  is ra re ly  th e  p r im a ry  cause 
of h a e m a tu ria  in  a d u lts . This em erges from  th e  l ite ra tu re  ( J o e k e s  1962, 
L i t t l e  e t al. 1967, N a t u s c h  et al. 1969, H a m b u r g e r  1968) as w ell as from  
our ow n o b se rv a tio n s. In  th e  m a jo rity  of cases, th e  responsib le fa c to r  is diffuse 
g lo m eru lonephritis  o r in te rs titia l n ep h ritis , p o ssib ly  also som e ren o v a sc u la r  
ab n o rm a lity . T he clin ical p a tte rn  defined  b y  B a e h r  (1926) as “ th e  ben ign  
form  o f acu te  h aem o rrh ag ic  n ep h ritis”  th u s  h a rd ly  ever co rresponds in  a d u lts
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to  th e  patho log ica l fe a tu re s  o f  focal n e p h ritis  described  b y  V o l h a r d  an d  
F a h r  (1914).

I n  num erous cases o f  m o n o sy m p to m a tic  m icroscopic h a e m a tu r ia  th e  
o n ly  u r in a ry  ab n o rm a lity  is th e  presence o f a  few  e ry th ro cy te s  p e r  v isu a l 
f ie ld  w ith o u t an y  in d ic a tio n  o f  in fection  or n ep h rito g en ic  in ju ry  in  th e  h is to ry . 
C ases o f  th is  ty p e  also in v o lv e  th e  necessity  fo r  re n a l b iopsy , should  th e  u ro lo g i­
c a l a n d  haem ato log ica l in v e s tig a tio n s  p rove  n e g a tiv e . A p p lica tion  o f th e  earlie r 
t e r m  “ essen tia l”  to  th is  k in d  of h a e m a tu ria  is no  longer ju s tif ie d . I n  fac t, 
b io p s y  perfo rm ed  in  six  o f  o u r  cases o f th is  ty p e  revea led  a d iffuse ac tiv e  
g lo m e ru lo n e p h ritis  in  tw o , a n d  focal n e p h ritis  in  one p a tie n t, a n o rm a l h is to ­
lo g ic a l fin d in g  being c o n fin ed  to  th ree  o f th e se  su b jec ts . A ccord ing  to  H a m ­

b u r g e r ,  to d a y  th e  d iagnosis  o f  “ essen tia l”  h a e m a tu r ia  scarcely  ev er (a p p ro x i­
m a te ly  in  2% ) can be u p h e ld  a f te r  b iopsy . B u t  even  a nega tive  b io p sy  fin d in g  
d o e s  n o t  exclude th e  p o ss ib ility  o f  a la te r  m a n ife s ta tio n  of o rgan ic  d isease, 
p a ra l le l  w ith  th e  p rogress o f  th e  p rim a ry  p rocess (tubercu losis, m a lig n an cy , 
e tc .) .

M oreover, it  has to  b e  b o rn e  in  m ind  th a t  th e  d iagnostic  v a lu e  o f  needle 
b io p s y  is g rea tly  lim ited  b y  th e  v e ry  n a tu re  o f  focal n ep h ritis . T h is m akes 
i t  n e c e s sa ry  to  keep th e  p a t ie n t  u n d er close o b se rv a tio n  an d  to  env isage  a 
f u r t h e r  b iopsy  a t  som e la te r  d a te .

Clinical sign ificance o f  focal nephritis

T h e  te rm  was f ir s t  u se d  b y  L ö h l e i n  (1910) for g lom eru lar lesions of 
e m b o lic  n a tu re  associa ted  w ith  su b acu te  b a c te r ia l  endo card itis . T h e  sam e te rm  
w a s  a p p lie d  by  V o l h a r d  a n d  F a h r  to  n o n -d iffu se  g lom eru lonephritis  a p p e a r­
in g  a f te r  infections o f th e  u p p e r  re sp ira to ry  t r a c t  in  th e  absence o f en d o ca rd itis . 
A c c o rd in g  to  th e ir  d e sc rip tio n , th e  g lom eruli in v o lv ed  b y  th e  ty p ic a l lesion,
i.e . e n d o th e lia l p ro life ra tio n , sw elling of th e  g lo m eru la r cap illa ry  w alls, a c c u m u ­
la t io n  o f  leukocy tes, f ib r in  d eposits , g re a tly  v a ry  in  nu m b er. O ccasionally , 
th e r e  a re  scarcely m ore t h a n  one or tw o a ffec ted  g lom eruli. W e owe th e  d e fin i­
t io n  o f  “ segm ental g lo m eru litis”  to  V e r n i e r  e t a l. (1958), a te rm  re fe rr in g  to  
th e  p re sen ce  of affec ted  as w ell as u n a ffec ted  loops w ith in  th e  sam e tu f t  in ­
v o lv e d  b y  th e  process.

C hanges of focal or seg m en ta l n a tu re  a re  com m on in sy stem ic  lupus 
e ry th e m a to s u s  (Mu e h r c k e  e t  al. 1957), in  W eg en er’s g ran u lo m ato sis  (G o d - 
m a n  e t  a l. 1954), in  G o o d p a s tu re ’s sy n d ro m e  ( R u s b y  an d  W i l s o n  1960), 
in  Schoen le in -H enocli p u rp u ra  (V e r n i e r  e t a l. 1961) an d  in su b acu te  b a c te r ia l 
e n d o c a rd it is  (B a e h r  1912). T h e  essen tia l fe a tu re  d istingu ish ing  focal n ep h ritis , 
a s  u n d e rs to o d  by  V o l h a r d  a n d  F a h r , from  th e  cond itions re fe rred  to  above 
is th e  absence of necrosis o f  th e  g lom eru lar loops, in  opposition  to  th e  o th e r 
fo rm s  w here  lesions o f th is  k in d  are  o ften  ty p ic a l. In  th e  p re sen t m a te r ia l,
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biopsy  p erfo rm ed  in  th re e  su b jec ts  w ith  focal g lo m eru lonephritis  rev ea led  
necro tiz in g  g lom eru litis . In  tw o  o f th ese  cases clin ical ev idence w as also 
conclusive of S L E .

In  th e  follow ing fo u r cases th e  m icroscopic  ap p ea ran ce  o f th e  k id n ey s 
w as co n sis ten t in  a ll re sp ec ts  w ith  th e  c lassical descrip tio n  o f  focal g lo m eru lo ­
n e p h ritis :

No. Sex A g e Clinical manifestation I mmunohistological 
findings

l . Female 24 M onosymptomatic haem aturia N ot available
2. Female 31 M onosymptomatic proteinuria Fibrin

3. Female 27 Nephrotic syndrome IgG, С/ fibrin
4. Female 14 H aem aturia, proteinuria IgG, IgA, C' fibrin ; 19 months 

later negative

In  th is  sm all series, each  p a tie n t rep re sen ts  a d iffe ren t clinical sy n d ro m e . I t  
is in  th e  y o u n g est o f  th e se  p a tie n ts  (Case 4) w h ere  w e found th e  closest co rre ­
spondence  w ith  th e  clin ical fea tu re s  reg a rd ed  as ty p ic a l o f focal g lo m eru lo ­
n ep h ritis , there fo re  th is  case seem s to  i l lu s tra te  b e s t th e  prob lem s in v o lved  
b y  th e  process u n d e r  s tu d y .

T he p a tie n t, a 14-year-old  g irl, h ad  ex p erien ced  a sud d en  ep isode of 
gross h a e m a tu ria  six m o n th s  before adm issio n , on  th e  second d ay  o f  a n  acu te  
febrile  cond itio n  asc rib ed  to  a cold, an d  w as fo u n d  to  have  an  increased  b lood  
p ressu re . She w as re fe rred  to  a p a e d ia tr ic  u n it  w h ere , on th e  basis o f a decreased  
G F R , m o d era te  azo taem ia  an d  increased  b lo o d  p ressu re , th e  h a e m a tu r ia  w as 
a t t r ib u te d  to  an  a c u te  recu rren ce  o f  ch ron ic  g lo m eru lonephritis . T h o u g h  th e  
u rin e  h a d  becom e c lea r an d  blood p ressu re  n o rm a l b y  th e  tim e  o f h e r d isch arg e , 
m ic ro liaem atu ria  a n d  p ro te in u ria  w ere s till p re se n t. In  th e  course o f th e  
follow ing six m o n th s  tw o  episodes o f gross h a e m a tu r ia  h ad  ensued , on b o th  
occasions a fte r  p h y sica l s tra in  (excursion).

A t adm ission  in  N ovem ber 1969, b lo o d  p ressu re  w as b e tw een  175/95 
an d  120/75 m m H g , B S R  26 m m /h , b lood  c o u n ts  w ere norm al. T he u rin e  w as 
s te rile , specific g ra v ity  1022, p ro te in u ria  1.09 g/24 h r , th e  sed im en t w as p ack ed  
w ith  e ry th ro c y te s  a n d  co n ta in ed  8 to  10 leu k o c y te s  as well as g ra n u la r  an d  
m ixed  (leukocy te  -f- e ry th ro c y te )  casts  p e r v isu a l field . C reatin ine  c learan ce  
w as 95 m l/m in ; serum  to ta l  p ro te in , 6.8 g p e r  100 m l. E lec tro p h o re tic  p a t te rn :  
a lb u m in  69 .5% , a lp h a ! g lobulin  4 .8 % , a lp h a 2 g lobulin  8 .8 % , b e ta  g lobulin  
10 .1% , gam m a g lobulin  6 .8% . A ST : 140 U . S eru m  com plem ent t i t r e s  n o rm al. 
T h e  eyeground  vessels h a d  a spastic  ap p e a ra n ce . In  th e  renal b iopsy  specim en  
17 glom eruli w ere su itab le  for s tu d y . Six o f  th e se  w ere en larged  a n d  rich  in
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cells . T h e  o th e r glom eruli w ere  m ed ium -sized  a n d  poor in  cells. I n  th e  en la rg ed  
g lo m e ru li th e  p ro life ra tio n  o f  en d o th e lia l a n d  ep ith e lia l cells a re  p re se n t. 
T h e  lu m e n  of one o f th e  g lo m e ru la r  loops w ere filled  b y  an  eosinophilic  ho m o ­
g en e o u s  m ate ria l. T he b a se m e n t m em b ran e  o f  th e se  glom eruli show ed  focal 
th ic k e n in g , w here in c rea sed  am o u n ts  o f P A S -p o sitiv e  and  o f a rg en to p h ile  
m a te r ia l  is visible (F ig . 1). T h e  o th e r g lom eru li rev ea led  no a b n o rm a lity . In  
so m e  B o w m an ’s cap su la r sp aces  we found hom ogeneous m ate ria l. T h e  tu b u la r

P ig. 1. T he glomerular basem en t m em brane shows focal thickening w ith m arked argento- 
philia (Jo n es’s m ethenam ine silver staining)

e p ith e lia l  cells showed a fin e  g ra n u la tio n , th e  lu m en  con ta ined  sc a tte re d  e ry th ro ­
c y te s  a n d  g ran u la r m a te r ia l . T h e  in te rs ti t ia l  tis su e  was scan ty  a n d  c o n ta in e d  
a few  ly m p h o cy tes  an d  le u k o c y te s . Im m u n o flu o rescen ce  in v es tig a tio n  rev ea led  
th e  p re sen ce  of IgG  (F ig . 2) as well as o f IgA , n o t only  in  th e  g lom eru li w ith  
lig h t-m ic ro sco p ic  changes h u t  also in th o se  o f n o rm a l ligh t-m icroscop ic  a p p e a r ­
a n c e . F ib r in  deposits w ere fo u n d  in  a few g lo m eru la r loops (F ig. 3), IgM  was 
n o t  d em o n strab le . F o ca l th ic k e n in g  o f th e  g lo m eru la r b a sem en t m e m b ra n e  
w as  d em o n strab le  b y  e lec tro n m icro sco p ic  in v e s tig a tio n , deposits o f e lec tron - 
d e n se  p re c ip ita te  w ere id e n tif ia b le  on th e  en d o th e lia l site  of th e  th ic k e n e d  
b a s e m e n t  m em brane a n d  occasio n a l fusion o f th e  foo t processes of th e  ep ith e lia l 
cells w as  n o ted  (F ig. 4). H is to lo g ica l d iagnosis w as focal g lo m eru lo n ep h ritis .

T o nsillec tom y  w as p e rfo rm ed  th ree  w eeks a f te r  adm ission. O n th e  f irs t 
p o s to p e ra t iv e  day  gross h a e m a tu r ia  ap p ea red  in  association  w ith  ab d o m in a l 
co lics, d ia rrh o ea , fever a n d  o liguria . H a e m a tu r ia  subsided  p a ra lle l w ith  an  
in c re a se  in  u rin a ry  o u tp u t  b y  th e  end o f th e  th i rd  d ay . On th e  10 th  d a y , B U N
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Fig. 2. On the glom erular basem ent m em brane in spots large am ount of gamm a globulin 
(Section incubated w ith an ti-hum an gamm a globulin conjugated  to fluorescein-isothiocyanate)

Fig. 3. Spots of fibrin  on the glom erular basem ent m em brane. A t sites, in tralum inal fibrin  
throm bi (Section incubated  w ith anti-hum an fibrin conjugated  to  fluorescein-isothiocyanate)

was none th e  less 116 m g p er 100 ml; G F R , 17.1 m l/m in ; specific g ra v ity  of 
u rin e , 1011; B S R , 100 m m /h ; RBC, 3,2 m illion ; H b , 8.5 g p er 100 m l; W B C , 
9000. B lood p ressu re  rem ain ed  in th e  n e ig h b o u rh o o d  o f 155/95 m m H g. T o n sil­
lec to m y  h ad  been  p erfo rm ed  u n d er te tra c y c lin e  p ro tec tio n , w hich w as c o n tin ­
ued  for tw o days a n d  follow ed by  the  a d m in is tra tio n  o f penicillin , s tre p to m y -
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Fig. 4. The electronmicroscopic p ictu re  shows th a t  the basem ent m em brane (B m ) of the 
g lom eru lar loops is thickened in some places, and has norm al thickness in some o th er places. 
W e found  subendothelial (E nd) deposits of electron-dense precipitate ( - .  —) on th e  b road­
ened basem en t membrane. The fusion of the foot process of the epithelial cells is conspicuous. 

(H it a c h i H U -10  electron m icroscope, x  32,245)

c in  a n d  iodoch lo roxych ino line . O w ing to  p e rs is te n t d ia rrh o ea  a n d  slightly- 
in c re a se d  te m p era tu res  th e  p a t ie n t  w as s ta r te d  on ch lo ram phen ico l on  th e  
1 0 th  d a y ;  th is  was ch an g ed  to  e ry th ro m y c in  on th e  21st d ay . T h is  re su lte d  
f in a lly  in  a full co n tro l o f th e  en te ro co litis . F aeca l cu ltu res d u rin g  a n tib io tic  
t r e a tm e n t  were n eg a tiv e  fo r  Salm onellae, sh igellae an d  s tap h y lo co cc i. T he 
s igns o f  azo taem ia  subsid ed  in  th re e  w eeks a f te r  th e  n o rm aliza tio n  o f  d iu resis , 
G F R  g ra d u a lly  increased . W h en  th e  p a t ie n t  w as d ischarged  e ig h t w eeks a f te r  
to n s ille c to m y , G F R  w as 70 m l/m in ; m ax im u m  specific g ra v ity  o f u r in e , 1017; 
p ro te in u r ia , 0.83 g/24 h r, th e  sed im en t c o n ta in e d  20 to  30 e ry th ro c y te s  p e r  
h ig h  p o w er field; R BC w as 3.7 m illion; H b , 10.6 g p er 100 m l; W B C , 5200.
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A fte r d ischarge she con tinued  on  e ry th ro m y c in  for a n o th e r  th re e  m o n th s . 
T h is w as com bined  la te r  w ith  im m u n o su p p ressiv e  th e ra p y , a z a th io p rin e  being 
given in  doses o f 2 m g /k g  body  w eig h t d a ily  a n d  predn iso lone, 30 m g daily . 
A fte r  six  w eeks im m u n o su p p ressiv e  th e ra p y  she again  ex p erien ced  gross 
h a e m a tu r ia  co n seq u en t u p o n  an  in fe c tio n  o f  th e  u p p er a irw ay s. H ow ever, 
th e  ep isode subsided  in  24 hours w ith o u t a ffec tin g  th e  general co n d itio n  or 
ren a l fu n c tio n , an d  d u rin g  an o th e r y e a r  o f  a n tib io tic  an d  im m u n o su p p ressiv e  
t r e a tm e n t  th e  p a tie n t  rem ain ed  sy m p to m -free .

She w as re a d m itte d  for follow -up s tu d ie s  in Ju n e , 1971. D a ily  p ro te in  
ex c re tio n  w as 275 m g, th e  u rin a ry  se d im e n t co n ta in ed  10 to  12 e ry th ro c y te s  
p er h igh-pow er fie ld . R en a l biopsy rev e a le d  a t  th is  tim e  no focal p ro life ra tio n  
or b a sem en t m em b ran e  th icken ing . T h e  focal h y a lin e  changes in  a few  g lom e­
ru la r  loops and  th e  l i t t le  am o u n t o f f ib rin  dep o sits  were reg a rd ed  as signs of 
ea rlie r focal g lo m eru lonephritis . IgG  a n d  IgM  w ere ab sen t. E lec tro n m ic ro - 
scop ically  no th ick en in g  o f th e  b asem en t m em b ran e  was d em o n strab le  a n d  the  
ep ith e lia l cells as w ell as the  foot p rocesses seem ed u n affec ted . H ow ever, 
th e  m esang ia l m a tr ix  show ed sc a tte re d  a re a s  o f focal w idening  (F ig . 5).

F o r  th e  la s t six  m o n th s  w hich  h a v e  e lapsed  since th e  second  b iop sy  
th e  p a tie n t  rem ain ed  w ell. M ic ro h aem atu ria  a n d  sligh t p ro te in u ria  a re  p re sen t 
as befo re . H e r b lood  p ressu re  is n o rm al.

T h is case c learly  exem plifies th e  clin ica l an d  p a tho log ica l fe a tu re s  of 
focal g lo m eru lo n ep h ritis . W e have, h o w ev er, to  regard  th is  p rocess as one 
o f d e fin ite ly  chronic n a tu re  th e  acu te  recu rren ces  o f w hich h av e  b een  p re c ip i­
ta te d  b y  in fections o f th e  u p p e r a irw ay s, p h y sica l stress, su rg ical in te rv e n tio n , 
an d  en te ro co litis . T h e  presence of im m u n o g lo b u lin s  in th e  g lom eru li suggest 
th a t  in  th e  p a th o g en esis  o f focal g lo m eru lo n ep h ritis  im m uno log ica l fa c to rs  
h av e  a role. I t  w as rem ark ab le  t h a t  im m unog lobu lin s w ere d e m o n s tra b le  
d iffusely  an d  in la rg e r am o u n ts  th a n  i t  m ig h t h av e  been ex p ec ted  on  th e  basis 
o f th e  focal h isto log ica l reac tio n . M oreover, s im ila rly  in  cases N os 2 a n d  3, 
th e re  w ere su b s ta n tia l f ib rin  deposits in  th e  g lom eru lar loops to o  a n d  th e y  
p e rs is ted  a f te r  th e  d isap p earan ce  o f  im m u n o g lo b u lin s . T h o u g h  th e  p r im a ry  
in ju ry  is obviously  n o t id en tifiab le , th e  fa c t  t h a t  episodes o f  gross h a e m a tu r ia  
o ccu rred  u n d e r a n tib io tic  p ro tec tio n  m ak es  i t  im probab le  th a t  s trep to co cca l 
in fec tion  should  h av e  been  th e  re sp o n sib le  fa c to r , m oreover d u rin g  these  
recu rren ces w hich w en t para lle l w ith  im p a ire d  ren a l fu n c tio n  th e  A S T -titre s  
w ere n o t increased .

A t th e  tim e  o f th e  second b iopsy , th e  clin ical signs w ere tho se  o f  a ch ron ic  
process. T he h isto log ica l changes m a rk in g  th is  cond ition  w ere con fined , a p a r t  
from  th e  presence o f f ib r in , to  signs o f  a p rev io u s focal in fla m m a tio n , w ith o u t 
an y  ev idence of im m unolog ica l a c t iv i ty  in  th e  g lom eruli. A lth o u g h , in  view  
of th e  focal c h a ra c te r  o f  th e  process, a llow ance  m u st be m ade fo r th e  l im ita ­
tio n s o f  needle b iop sy  ow ing to  th e  sm alln ess  o f  th e  specim ens, a n  a c tu a l
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F ig. 5. Electronm icroscopical p ic tu re  after repeated biopsy. The glomerular basem ent m em ­
b ran e  (B m ) is th in , the epithel cells (E p) as well as th e ir foot processes (Fp) are of norm al 
s tru c tu re . In  some places th e  q u a n ti ty  of mesangial m a trix  (Mm) is increased. (H it a c h i

HU-10 electron microscope, X  14,000)

re g re ss io n  o f th e  process as a re su lt  o f lon g -te rm  a n tib io tic  an d  im m u n o su p p re s­
sive  t r e a tm e n t  is none th e  less well w ith in  th e  possib ilities . I t  m u st h o w ev er 
h e  e m p h a s iz e d  th a t  th e re  c a n  be  no questio n  o f  a t ru e  cure, n e ith e r  h ere  n o r 
in  th e  th re e  o ther cases fo llow ed  up  for m ore th a n  20 m o n th s.

I n  th e  overw helm ing  m a jo r ity  of cases, th e  cause of th e  h a e m a tu r ic  
n e p h r i t i s  syndrom e is n o t a focal g lo m eru lo n ep h ritis . As concerns th e  cases 
o f  h is to lo g ic a lly  confirm ed fo ca l g lo m eru lo n ep h ritis , th e  clinical d a ta  in d ic a te  
t h a t ,  in  th e  absence o f h a e m a tu r ia , p ro te in u ria  m a y  be th e  only sign o f  th e  
c o n d it io n , as it  has been  n o te d  b y  M u t h  e t a l. (1965) to o . T h a t focal n e p h ritis  
m a y  re s u l t  in  a n ep h ro tic  sy n d ro m e  (W e s t  e t a l. 1968) an d  th a t  i t  m a y  be
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asso c ia ted  w ith  h y p e rte n s io n , oedem a, n itro g e n  re te n tio n  and  a re d u c tio n  in 
G F R  ( W i l s o n  1967), a re  observa tions to  w h ich  we m ust subscribe . T h u s , 
focal g lo m eru lo n ep h ritis  is m erely  a p a th o lo g ic a l defin ition  im p lic a tin g  no 
special clin ical sy n d ro m e  in  a d u lt age. All t h a t  c a n  be said ab o u t i ts  c lin ica l 
fea tu re s  is th a t  it  genera lly  te n d s  to  be oligo o r m o n o sy m p to m atic  in  its  m a n i­
fe s ta tio n s  ( A r n e i l  e t a l. 1969, H a m b u r g e r  e t  a l. 1968).

B efore th e  a d v e n t o f  ren a l b iopsy, ev idence  in  respect of the  s ign ificance  
o f th e  syn d ro m e w as s c a n ty  an d  confusing ( B a e h r  1926, P a y n e  an d  I l l i n g ­

w o r t h  1940). W e owe th e  m ost illu m in a tin g  fa c ts  on th e  sy n d ro m e, ev e r 
since V o l h a r d  an d  F a h r  (1914), to  B a t e s  a n d  J e n n i n g s  (1957) w ho o b se rv ed  
am ong  m arin e rs  s ta tio n e d  in  an  iso lated  basis a n  o u tb re a k  of focal n e p h r it is , 
d esp ite  th e  p re v e n tiv e  use o f penicillin . H a e m a tu r ia  h ad  been p reced ed  b y  
p h a ry n g itis , th e  la te n t  p e rio d  betw een  in fec tio n  a n d  h aem atu ria  h a v in g  b een  
as sh o rt as 24 h o u rs  in  m o st cases. S trep to co cca l in fec tion  could be ru le d  o u t 
on th e  g round  o f seria l th ro a t  cu ltu res an d  o f  se ru m  an tib o d y  s tu d ie s . T h e  
clin ical signs an d  sy m p to m s were co n sis ten t w ith  tho se  of v ira l in fe c tio n . 
R en a l b iop sy  rev ea led  focal g lom eru lonephritis  in  a n u m b er of cases, i t  show ed  
no s tru c tu ra l  a b n o rm a lity  in  som e o thers. R o ss  (1960) p resen ted  b io p sy  e v i­
dence in  su p p o rt o f th e  re la tiv e ly  favourab le  o u tc o m e  o f th e  process, a n y  p ro g ress  
h av in g  been  a b se n t on  th e  ev idence of fo llow -up s tu d ie s  ex tend ing  over sev e ra l 
y ea rs . S i n g e r  e t  al. (1968) d em o n stra ted  b y  electronm icroscop ica l m e th o d  
e lec tron -dense  deposits  on th e  b asem en t m e m b ra n e  o f g lom erular cap illa rie s  
w hich , on lig h t m icroscopic  in v estig a tio n , w ere se g m e n ta l glom erulitis. B o d i a n  

e t a l. (1965) id en tif ied  b y  im m unofluorescence  m e th o d  im m unog lobu lin  d e ­
p o sits  in diffuse a rra n g e m e n t in th e  g lom eruli; im m unoglobu lins w ere d e m o n ­
s tra b le  in  fa r m ore g lom eru li th a n  it  m igh t h a v e  b een  expected  on g ro u n d s  o f 
c o n v en tio n a l lig h t m icroscopic  sta in in g  p ro ced u re s . T hese au tho rs to o  be lieve  
th a t  w hile th e  in f la m m a to ry  reac tio n  is focal o r segm en ta l in c h a ra c te r , th e  
im m unolog ical ab n o rm a litie s  in focal n ep h ritis  a ffe c t th e  to ta l of the  g lo m eru li. 
T h e ir o b se rv a tio n  th a t  th e  presence of d e m o n s tra b le  im m unog lobu lin s is 
co n fined  to  th e  ea rly  s tages an d  th a t  th e y  a re  no  longer d e tec tab le  a f te r  
tw o  y ea rs  d u ra tio n  o f th e  process is also o f  in te re s t .  V o l h a r d  a n d  F a h r  

suggested  th a t  th e  h isto log ica l ap p earan ce  o f  fo ca l g lom eru lonephritis  m a y  
re p re se n t a diffuse g lo m eru lonephritis  in its  in i t ia l  s tage  as well as in  som e 
p h ase  o f  its  reso lu tio n . A lth o u g h , as a re su lt o f  th e  sim ultaneous p resen ce  o f  
n o rm a l an d  s till d iseased  g lom eruli, th e  re so lu tio n  in  diffuse g lo m eru lo n ep h ritis  
m ay  assum e a focal p a t te rn  ( P o l l a k  et al. 1958), here , in resolving d iffuse  
g lo m eru lo n ep h ritis , in  c o n tra s t  w ith  focal g lo m eru lo n ep h ritis , p ro life ra tio n  
o f th e  m esang ia l cells p e rs is ts  for m on ths ( H e p t i n s t a l l  and  J o e k e s  1959). 
T he b eg inn ing  o f d iffuse g lom eru lonephritis  m a y , how ever, be d e f in ite ly  
m ark ed  b y  a fo ca l-segm en ta l p a tte rn , p ro b a b ly  in  cases of insid ious o n se t 
( S i n g e r  e t al. 1968).
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T h e  l i te ra tu re  on th e  pa th o g en esis  o f  g lo m eru lonephritis  a lleges a  w ide 
ra n g e  o f  fac to rs  be ing  a p t  to  give rise to  th e  process; th e  m ost co m m o n  are 
s tre p to c o c c i, b asem en t m em b ran e  an d  n u c le a r  frac tions, m a la ria , syph ilis , 
h e te ro lo g o u s  sera, d rugs. I t  has n o t b een  possib le  th u s  fa r to  d e m o n s tra te  
a n y  in v o lv e m e n t o f s trep to co cca l a n tig en s  in  th e  im m une re a c tio n s  asso­
c ia te d  w ith  focal n ep h ritis  ( B a t e s  an d  J e n n i n g s  1957), on th e  o th e r  h a n d , 
v iru se s  o r b ac te ria  seem  to  p la y  a p a r t ,  p a r t ic u la r ly  tubercu losis , as  i t  d id  in 
th e  case  o f  V o l h a r d  an d  F a h r  an d  b y  w h ich  these  au th o rs  i l lu s tr a te d  th e  
p a th o g e n e s is  of focal n e p h ritis  (1914). T h e  o b se rv a tio n  th a t  la b o ra to ry  an im als  
d ev e lo p  focal g lom erulitis  w ith  p ro te in u ria  as a re su lt of rep ea ted  in tra m u sc u la r  
in je c tio n s  o f n o n b ac te ria l su b stan ces g iv in g  rise  to  local tis su e  reac tio n s  
( M a n a l i g o d  e t al. 1969) a lso  deserves in te r e s t  since it  seems to  su g g e s t th a t  
v a r io u s  su b stan ces re leased  from  e x tra re n a l in fla m m a to ry  tissu es  m a y  also 
be  in v o lv e d  in th e  m echan ism  resp o n sib le  fo r g lom erular in f la m m a to ry  
p ro cesse s  o f focal c h a ra c te r .

T h e  process offers a m ore  fa v o u ra b le  o u tlo o k  th a n  does s tre p to c o c c a l 
n e p h r i t is ,  ow ing to  b e tte r  p ro sp ec ts  o f sp o n ta n e o u s  recovery . C hro n ic  form s 
a re , h o w ev e r, fa irly  com m on an d  for th e  tim e  b e in g  we are u n ab le  to  fo rm  any  
d e f in i te  v iew  a b o u t th e ir  f in a l ou tcom e since th e  co n trac ted  k id n ey s o f  p a tie n ts  
d ie d  o f  u raem ia  are  no lo n g er su itab le  fo r  d iffe ren tia tio n . A t a n y  ra te ,  as 
th e  o b se rv a tio n s  in d ica te , th e  process is slow  in  its  progress, even  th o u g h  the  
p o ss ib il i ty  o f recurrences h a s  a lw ays to  b e  ta k e n  in to  a c c o u n t, n o t  only 
b e c a u se  o f th e ir  life - th re a ten in g  sign ificance  b u t  also because o f  a fu r th e r  
im p a irm e n t o f ren a l fu n c tio n .

E lim in a tio n  of th e  n e p h rito g en ic  fa c to r  w ou ld  am o u n t to  c au sa l th e ra p y , 
p ro v id e d  th e  role o f th e  m icroo rgan ism  accessib le  to  a n tib io tic  tr e a tm e n t  
co u ld  b e  a sce rta in ed  b ey o n d  d o u b t. T he p ro b a b il i ty  th a t  th is ty p e  o f  n e p h ritis  
b e lo n g s  to  th e  im m u n o p a th o lo g ica l re a c tio n s , s till adds to  th e  th e ra p e u tic  
d iff ic u ltie s , because i t  m ean s th a t  th e  v e ry  f i r s t  episode seen a n d  co rrec tly  
in te rp re te d  b y  th e  p h y sic ian  is a c tu a lly  a n  a c u te  flare-up  of a l a t e n t  process 
w h ic h  h as  been  in ex istence  before. C a ta r rh a l  in fections of th e  u p p e r  re sp ira ­
to r y  t r a c t ,  en te ra l in fec tio n s, p h ysica l s tre ss , m a y  p rec ip ita te  a c u te  recu rren ces  
a n d  im p o se  th e  need  fo r e ra d ic a tio n  o f foci, lon g -te rm  a n tib io tic  tr e a tm e n t ,  
a v o id a n c e  o f p hysica l o v e rs tra in . Im m u n o su p p ress io n  has i ts  th e o re tic a l 
ju s t i f ic a t io n , b u t  our o b se rv a tio n  in  a single case w here it  has b een  u sed  w ith  
b e n e f i t  is no a d e q u a te  basis  fo r th e  a sse ssm en t o f  its value.
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IV. IM MUNOLOGICAL STUDY O F T H E  DUODENAL JU IC E

By

M . H ORAN YI, and ERZSÉB ET H . SÁRFY 
w ith the technical collaboration of J . A n d r é n y i

X IX th  DISTRICT HOSPITAL, AND NATIONAL MEDICAL INSTITUTE OF PHYSICAL EDUCATION AND
SPORT, BUDAPEST

(Received March 15, 1972)

Im m unoassays have been perform ed for the identification of a substance 
detected in duodenal juice and  found sim ilar to  the intrinsic factor. A c tiv ity  o f this 
duodenal factor was inhibited  by serum  from  pernicious anaemia p a tien ts , owing to 
the presence of antibody to  in trinsic factor. These findings support the earlie r claim 
th a t the duodenal factor is closely related  to  the intrinsic factor.

A su b stan ce  sim ilar to  C astle ’s in tr in s ic  fa c to r  (IF ) has been d e m o n s tra te d  
b ac te rio lo g ica lly  in  th e  d u o d en a l ju ice  o f  p a tie n ts  w ith  pern ic ious a n aem ia  
(PA ) [1]. In  som e cases of u n tre a te d  p ern ic io u s anaem ia  th e  fa c to r  w a s  found  
in  red u ced  am o u n ts , b u t  a d m in is tra tio n  o f  v ita m in  B 12 resto red  i ts  n o rm a l 
level [2 ]. R e liab ility  of th e  p ro ced u re  w as co n tro lled  by  th e  r e p ro d u c tio n  of 
C astle ’s clin ical assays w ith  id en tica l re su lts  [3].

D e tec tio n  o f in trin s ic  fa c to r  or o f a su b s ta n c e  closely re la te d  to  i t  in 
th e  duo d en a l ju ice  o f p e rn ic ious an aem ia  p a tie n ts  was found  o f su ff ic ie n t 
im p o rtan ce  to  call for fu r th e r  s tu d ies . R esea rch  of pernicious a n a e m ia  in 
re c e n t years  has been  cen te rin g  on its  im m unolog ica l aspects. T h is  tre n d  
p ro v ed  fru itfu l in  clinical re sp ec ts  to o  a n d  seem ed to  offer a p ro m is in g  angle 
o f ap  p roach  to  th e  p re se n t s tu d y .

T he presence  o f a n tib o d y  (ab) to  in tr in s ic  fac to r in  th e  se ru m , g astric  
ju ice  an d  saliva o f m ost p a tie n ts  w ith  P A  h as  been  borne o u t b y  a m p le  e x p e ri­
m e n ta l evidence [4 — 8]. A n tib o d ies  o f o th e r  k in d , irre lev an t to  th e  su b je c t 
o f th e  p re sen t s tu d y  [9— 14] h av e  also b e e n  id en tified . A n tib o d ies  to  I F  of 
tw o  ty p es , i.e. b locking  a n d  p re c ip ita tin g  an tib o d ies , have been d e m o n s tr a t ­
ed in  th e  serum  b y  d iffe ren t p ro ced u res . T h ese  revealed  th a t  th e  a n tib o d ie s  
in h ib ite d  ab so rp tio n  to  a n d  b in d in g  o f  lab e lled  v itam in  B 12 e le c tro p h o re tic  
m ig ra tio n , im m u n o e lec tro p h o re tic  b in d in g  a n d  im m unodiffusion . L y m p h o c y te  
tra n s fo rm a tio n , luorescein  f ix a tio n  a n d  R B C -ag g lu tin a tio n  te s ts  a re  also 
su ite d  for th e ir  d e m o n s tra tio n  [15 —17]. I t  is a p o in t of in te res t t h a t  a b so rp ­
tio n  o f  B 12 in pern icious an aem ia  is in h ib ite d  even  w hen no a n t ib o d y  is de­
m o n s tra b le  [18, 19]. T he id e n tif ia b le  g a s tr ic  an tibod ies are p a r t ly  d ire c te d  
a t  th e  cy to p lasm  o f th e  p a r ie ta l  cells, p a r t ly  a t  th e  m icrosom al a n tig e n s . 
T h eo re tica lly , th ese  an tib o d ie s  should  be o f  p a th o g en e tic  s ign ificance . T h e ir
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fo rm a tio n  seems to  b e  co nnec ted  w ith  th e  p re sen ce  in th e  gastric  m ucosa  
o f  im m u n o co m p e ten t e le m e n ts  (plasm a cells, ly m p h o cy te s ) , th o u g h  th e re  are  
v iew s [20, 21] t h a t  th e y  o rig ina te  from  th e  b lo o d . W hile th e  a n tib o d ie s  o f 
se ru m  are  of Ig G -c h a ra c te r , those  of th e  g a s tr ic  ju ic e  belong to  th e  IgA -im - 
m unog lobu lin s an d  h a v e  b een  located  b y  e lec tro p h o res is  to  th e  IgG  fra c tio n .

Im m u n o assay s  b e lo n g  to  th e  m ost s e n s itiv e  p rocedures for th e  d e te c tio n  
a n d  id e n tific a tio n  e v e n  o f  vanish ingly  sm all a m o u n ts  of p ro te in s . F o r  th e  
id e n tif ic a tio n  of th e  E .  coli m u ta n t  fac to r fo u n d  in  th e  duodenal ju ice , se ru m  of 
p a t ie n ts  w ith  p e rn ic io u s  an aem ia , or m ore c o rre c tly , th e  a n tib o d y  to  in tr in s ic  
f a c to r  con ta ined  in  i t ,  w as  used  and  th is , in  t u r n ,  w as checked b y  th e  g ro w th  
a n d  in h ib itio n  o f a n  E .  coli m u ta n t s tra in .

Material and m ethods

The factors of serum  and  duodenal juice under s tu d y  are unstable, therefore th e  m ea­
surem ents were perform ed e ith e r on the day of sam pling or w ithin 3 days. The sam ples were 
k e p t in a refrigerator a t 4 °C u n til processing; deep-freezing was avoided. The norm al serum - 
antibodies of com plem ent dependent activity have an  in h ib ito ry  effect on the grow th of the 
E . coli m u tan t tes t s tra in , therefore the sera were p rev iously  inactivated in a w ater b a th  
a t  56 °C for 30 min. This in ac tiv a tio n  procedure did n o t affec t the activity of the com plem ent- 
independent im m unoglobulins of higher therm ostability  [24]. For the collection and p reserva­
tion  of duodenal juice, paraffin-coated  test-tubes w ere used in view of the adsorp tion  of 
in trinsic  factor to glass [25]. The duodenal juice was filte red  through sterile gauze in order 
to  free it  from mucus. P a rtic u la r care was given to  co rrec t duodenal drainage, reaction  of 
th e  contents being checked repeatedly  by Congo red  p ap e r and the position of th e  tu b e , if 
necessary, by fluoroscopy. The inactivated serum was b ro u g h t together w ith equal am ounts 
of duodenal juice and th e  m ix tu re  was kept a t 37°C fo r 30 min. Generally, 1 m l am ounts 
o f each were used b u t sm aller quantities are also su ffic ien t since the actual m easurem ent 
requ ires 0.05 ml only. T he subsequent steps of the p rocedure were identical w ith those de­
scribed earlier and the m ix tu re  was kept with chopped m eat a t 37°C for 3 hours.

T est and control sera w ere measured for the ir a c tiv ity  side by side on the sam e plate  
on w hich vitam in B 12 w as also placed for reference purposes. All parallel plates yielded iden­
tica l results. Here, too, th e  am o u n t of the growth fac to r th u s  formed was judged on th e  basis 
of th e  growth rings of th e  E . coli m utan t strain. Serum  w as obtained from 25, and duodenal 
ju ice from  5 patients w ith  pernicious anaemia. Three of these subjects were u n trea ted  or in 
relapse, the others were in  rem ission. The tabulated  d a ta  belong to 21 patients of th e  series. 
In  four cases the findings w ere unsuited for evaluation because of coexisting diabetes, ethy lism  
or hyperthyroidism . All m easurem ents were perform ed against controls consisting of serum  
or duodenal juice of sub jec ts w ithou t any evidence of haem opoietic or digestive abnorm alities. 
The sera of nine pernicious anaem ia patients were su b m itted  to repeated studies a t in tervals 
o f a few days, on the average of one week, w ith th e  sam e results.

Results

R esu lts  are  sh o w n  in  T ab le  I and F ig . 1. I t  can  be seen th a t  th e  p e rn i­
c ious anaem ia  sera  g a v e  sm aller grow th r in g s  a ll th ro u g h o u t; from  th is  it  
h a s  b een  concluded  t h a t  pernicious an aem ia  se ru m , in c o n tra s t to  n o rm a l 
se ru m , con ta ins an  in h ib ito ry  factor. D u o d en a l ju ice  o b ta ined  from  fiv e  p a ­
t ie n ts  w ith  pern ic ious a n aem ia  was used fo r p a ra lle l  assays. The re su lts  are  
sh o w n  in th e  co lu m n  a t  th e  righ t side o f T a b le  I .  H ere too , th e  in h ib ito ry  
e ffec t is d is tin c t a n d  in  som e of the  cases v e ry  m ark ed . On th e  ev id en ce  of 
S tu d e n t’s t te s t th e  r e s u lts  have proved  s ig n if ic a n t. N either th e  u n tr e a te d
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Table I
Inhibitory effect o f E . coli mutant growth factor formed in a mixture 

o f duodenal juice and meat

Effect of an incubated mixture of meat 
duodenal juice from

and

normal subjects patients with pernicious anaemia
Serial

number on the growth of E .  c o l i  mutant strain (area of growth ring in sq. mm) 
serum from

normal subjects PA patients normal subjects PA patients

added to the mixture prior to assay

l . 63 18 — —
2. 54 16 — —

3. 54 32 — —

4. 72 29 — —

5. 50 18 — —

6. 39 16 63 50
7. 54 39 39 16
8. 50 29 39 18
9. 50 25 39 25

10. 50 39 50 25
11. 58 39 — —

12. 58 35 — —

13. 58 35 — —

14. 46 32 — —

15. 46 32 — —

16. 63 50 — —

17. 50 32 — —

18. 54 39 — —

19. 54 18 — —

20. 54 39 — —

21. 54 18 — —

mean 54 30 46 27
SD ± 7 +  9.7 ± 1 0 .6 ±13.6

t 9.2 2.44

P 0.05% 5°4

cases n o r tho se  in  re lap se  or in rem ission h a v e  b een  listed  sep a ra te ly , b ecau se  
th is  fa c to r  d id  n o t a ffec t th e  re su lt. In  th e  l ig h t o f these  facts i t  seem s o f 
in te re s t to  recall th e  o b se rv a tio n  [26] th a t  cases o f  pernicious anaem ia  show ed  
th e  sam e degree o f responsiveness to  and  th e  sam e  abso rp tio n  of v i ta m in  B 12, 
regard less w h e th e r or n o t a n tib o d y  to  in tr in s ic  fa c to r  was d e m o n s tra b le  in
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F ig . 1. In  th e  middle of th e  p la te  the  effect of v itam in  B l2 used as reference substance can  be 
seen on  th e  growth of the E . coli m u tan t strain  incorpora ted  in the culture m edium . The 
la rg est o f the  four grow th rings represents the effect o f norm al serum, and each of th e  three 
o th e rs  th a t  of serum of d ifferent pernicious anaem ia p a tien ts , added to the incubated  m ix tu re

of m eat and duodenal ju ice

t h a t  p a r t ic u la r  case. W ith  th e  exception  o f  th e  f iv e  p a tien ts  re fe rred  to  ab o v e , 
a ll c ases  w ere o u tp a tie n ts  on  m ain tenance  th e r a p y  prescribed in  th e  la s t  tw o  
y e a rs .

D iscussion

T h e  p resen t s tu d y  h a s  been focused on  th e  assum ption  t h a t  i f  th e  E.  
coli m u ta n t  g row th  fa c to r  d e tec ted  in d u o d e n a l ju ice  is o f s im ilar n a tu r e  as 
th e  in tr in s ic  fac to r, th e n  i t  m ust be n ec e ssa rily  inh ib ited  b y  th e  se ru m  of 
p a t ie n ts  w ith  pern icious an aem ia , owing to  th e  p resence of a n tib o d y  to  in t r in ­
sic fa c to r . B y  th e  d e m o n s tra tio n  o f an  in h ib i to ry  effect o f th is  k in d  new  ev i­
d en ce  h as  been fu rn ish ed  in  su p p o rt o f th e  c la im  th a t  th e  E . coli m u ta n t  
g ro w th  fac to r  id en tified  in  duodenal ju ice  co rre sp o n d s  in fac t to  th e  in tr in s ic  
f a c to r . T h e  h igh se n s it iv ity  an d  sp ec ific ity  o f  th e  im m une re a c tio n s  m akes 
th e m  p a rtic u la r ly  su ite d  fo r  objective a sse ssm e n t. M oreover, th e  described  
f in d in g s  seem  to  acco u n t fo r  th e  seem ing c o n tra d ic tio n  th a t  d u o d en a l in tr in s ic  
f a c to r  m a y  be p re sen t in  sp ite  of pern icious a n a e m ia . O bviously, th is  in tr in s ic  
f a c to r  is liab le  to  in a c tiv a tio n  by  th e  a n tib o d y  d e m o n s tra te d  a t  th e  sam e  tim e .

T h e  above re su lts  p e rm it to  a t t r ib u te  a n  im p o rta n t ro le to  in tr in s ic  
fa c to r-a n tib o d y  in  th e  pa thogenesis  of p e rn ic io u s  anaem ia. I t  is assu m ed  
t h a t  w h en  th e  p ro d u c tio n  o f  gastric  in tr in s ic  fa c to r  has ceased, as re f le c te d  b y
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th e  a tro p h y  o f th e  g a s tr ic  m ucosa w hich  is in  fa c t in sep arab le  fro m  pernicious 
an aem ia , th e  p resen ce  o f an tib o d y  a sse rts  itse lf  b y  a b lo ck in g  m echanism  
d irec ted  a t  th e  d u o d e n a l in trin sic  fac to r . T h e  presence o f th e  g a s tr ic  an d  of 
th e  p o s tu la te d  d u o d e n a l in trin sic  fa c to r  im plies th a t  th e  u t i l iz a t io n  of th e  
ex tr in s ic  fac to r in v o lv es  a m echanism  o f tw o  phases. In  th e  l ig h t  o f these 
fac ts  we no lo n g er feel ju s tif ie d  in re d u c in g  th e  p a th o g en esis  o f  pernicious 
an aem ia  to  a d efic iency  o f  gastric  in trin s ic  fa c to r . An a d d itio n a l ro le  involved 
in  th e  b reak d o w n  o f th e  equ ilib rium  m u s t be a t tr ib u te d  to  a  sup p ressio n  of 
d u o d en a l in trin s ic  fa c to r  re su ltin g  from  th e  p ro d u c tio n  of an  in h ib ito ry  facto r. 
T h e  in tr icacy  o f  th e  m echan ism  is s till en h an ced  by  th e  fa c t  t h a t  th e  defi­
c iency  in  v ita m in  B 12 a n d  p ro b ab ly  also  in  o th e r  v ita m in s  a sso c ia te d  w ith  
th e  process m ay  be  in h ib ito ry  or even su p p ressiv e  to  th e  fo rm a tio n  of a n ti­
b o d y  [27], th u s  re su ltin g  in  a delay  or in  a te m p o ra ry  s ta n d s til l  o f  th e  p rog­
ress o f  anaem ia . T h is  w o u ld  acco u n t fo r th e  occurrence o f sp o n ta n e o u s  rem is­
sions rep o rted  ch ie fly  in  earlier lite ra tu re .
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LONG-TERM STUDY OF SOME PARAMETERS OF 
THE POST-ISCHAEMIC KIDNEY

By

I . T a r a b a ,* Á g n e s  F e k e t e  and L . M o l n á r

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 
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Creatinine and P A H  extraction  have been stud ied  tw o hours after renal isch­
aemia in dogs. While a g radual im provem ent was dem onstrab le  in the group where 
ischaemia had  been induced under general anaesthesia, a progressive deterioration  
was found in the o ther group where the same in te rven tion  had been perform ed in 
conscious dogs. The differences are a ttribu ted  to  a shifting of in trarenal blood flow.

C onstric tion  o f th e  re n a l a r te ry  for tw o h o u rs  o r  longer a fte r  u n ila te ra l 
n e p h re c to m y  in dogs h as  been  found  to  re su lt in  a co n d itio n  sim ilar to  h u m a n  
a c u te  ren a l fa ilu re  ( H a m i l t o n  e t al. 1948, P h i l l i p s  e t al. 1948, S e l k u r t , 
1945, B á l i n t  e t a l. 1960). T h e  cond ition  m a rk e d  b y  azo taem ia  an d  o liguria  
is fa ta l in th e  m a jo rity  o f  th e  la b o ra to ry  an im a ls . W h en  renal ischaem ia w as 
in d u ced  in  u n a n a e s th e tiz ed  dogs (T a r a b a  e t a l. 1966) o r u n d er superfic ia l 
a n aes th es ia  ( B á l i n t  e t a l. 1964b), th e  an im als  d ied  w ith  acu te  ren a l fa ilu re  
in  a few days. If, how ever, fo r th e  induc tio n  o f isch aem ia  o f th e  sam e d u ra tio n  
th e  sam e tech n iq u e  w as ap p lie d  u n d e r deep g en e ra l an aes th es ia , azo taem ia  
w as only  tra n s ito ry , re n a l fa ilu re  d id  no t develop  a n d  th e  an im als su rv iv ed  th e  
in te rv e n tio n  ( B á l i n t  e t a l. 1964b). P a r tic ip a tio n  o f  th e  ce n tra l nervous sy s ­
te m  in th e  co n d ition  w as su p posed , an d  we h a v e  p ro d u c e d  evidence in  su p ­
p o r t  o f th is  claim  th a t ,  b y  d en e rv a tio n  o f th e  k id n e y  ( F e k e t e  e t al. 1965, 
F e k e t e  an d  T a r a b a , 1965) o r b y  su itab le  d ru g s  ( T a r a b a , 1965) we cou ld  
p re v e n t th e  fa ta l  ren a l fa ilu re .

Since th e  d u ra tio n  o f  th e  ren a l ischaem ia is p ra c tic a lly  th e  sam e in  a ll 
m odel ex p erim en ts  o f  th is  k in d , th e  grade of s e v e r ity  o f  ren a l failure, in  o th e r  
w ords, su rv iv a l o f th e  an im als  a f te r  tra n s ito ry  l ig a tio n  o f th e  ren a l a r te ry ,  
seem s to  depend  on fa c to rs  connected  w ith  th e  im m e d ia te  p o s t- tra u m a tic  
period . As show n b y  th e  re su lts  o f ou r acu te  e x p e rim e n ts  p erfo rm ed  on succes­
sive days o f th e  cruc ia l p ostischaem ic  period  ( B á l i n t  e t al. 1964a), in  th e  
dogs w here th e  in te rv e n tio n  h a d  been carried  o u t  u n d e r  an aesth esia , d iu resis  
se t in  an d  th e  N P N  levels rose s ligh tly  or n o t a t  a ll, in  th e  u n a n a e s th e tiz ed
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dogs o lig u ria  an d  azo taem ia  en su ed . T h o u g h  R B F  decreased  in  b o th  groups, 
a  c o m p le te  ren a l ischaem ia  w as n o t  o b serv ed .

I n  th e  p resen t series o f  e x p e rim e n ts , a con tinuous s tu d y  o f  th e  post- 
isc h a e m ic  period  has been  u n d e r ta k e n  u n d e r  long-term  co n d itio n  in  an im als 
w ith  im p la n te d  c a th e te rs , so as to  be  ab le  to  follow th e  p o stisch aem ic  changes 
in  th e  p a ra m e te rs  o f  ren a l fu n c tio n  o v e r pro longed  periods.

M aterial and m ethods

A dult dogs of bo th  sex weighing 12 to  20 kg were studied. The ca the ters for blood sam­
pling  w ere inserted in th e  prelim inary  stage of th e  operation under aseptic conditions. One 
c a th e te r  was placed into the  r igh t carotid  artery . The other catheter was in troduced  into the 
ju g u la r vein, passed through th e  h eart, d irected  in to  the left renal vein and  su tu red  w ith a 
n o n tráu m a tic  needle to th e  wall of th e  vena cava from  the mid-line approach . A  plastic 
th re a d  was placed round the left renal artery , pulled into a plastic tube  3 mm in diam eter 
w hich  w as brought ou t to the surface and  fixed to  the anim al’s flank , th en  th e  abdom inal 
w ound  w as closed. By pulling th e  p lastic  th read  tig h t, the renal a rte ry  can be compressed 
b y  th e  tu b e  and blood flow will be arrested  (Ta r a b a  e t al. 1966). F orty -e igh t hours after the 
p re lim inary  operation the position of th e  ca th e te r in th e  renal vein was checked by  fluoros­
copy. T hen , first by prelim inary doses, subsequently  by  continuous in travenous infusion, 
ad eq u a te  plasm a creatinine and PA H  levels were m aintained. Control values were obtained 
b y  w ithd raw al of two or three arteria l and  venous blood samples a t  five-m inute  intervals 
fo r s tudy ing  creatinine and PA H  ex traction  and  0 2 values. The anim als were divided into 
tw o groups. One group was anaesthetized  w ith  0.1 g/kg of chloralose a fter sam pling for the 
con tro l values, im m ediately before th e  in ju ry , w hereas the o ther group was left w ithout any 
anaesthesia . Then renal ischaem ia was induced b y  pulling the th read  tig h tly  a round  the renal 
a r te ry , and  the sta te  was m ain tained  in b o th  groups for two hours.

A fter the lapse of two hours, the loop around  the renal artery  was loosened from the 
ou ts ide  and  removed. D uring the  postischaem ic phase blood samples were ob ta ined  a t  30 min 
in te rv a ls , on a to ta l of six occasions. (The anim als of th e  anaesthetized group w ere still under 
deep anaesthesia during these m anipulations.) T hen  the animals were re tu rned  in to  the ir cages 
an d  w ere allowed food and w ater ad lib itum . Subsequently, blood sam ples were obtained 
th ro u g h  th e  catheters in  bo th  groups in  th e  w aking sta te , a t 1, 2, 3 and 4 days following the 
in te rv en tio n .

F o r the estim ation of plasm a creatin ine th e  m ethod of P o p p e r , M e n d e l  and  Ma y e r  
as m odified by  B á lin t  and V is y  (1965), for th a t  of PA H , the m ethod of F in k e l s t e in  was 
used. О 2 was measured in  the blood sam ples w ith  an A tlas oxym eter. S ta tis tica l evaluation 
w as based  on F is h e r ’s tables.

R esults

T h e  resu lts  o b ta in e d  in  th e  u n a n a e s th e tiz e d  g roup  (six  dogs) a re  rep re ­
s e n te d  in  F igs 1 a n d  2. N o rm a l v a lu es  fo r  endogenous c re a tin in e  a n d  P A H  
e x tr a c t io n  w ere p lo tte d  a t  0 m in . A t 1, 2, an d  3 hours a f te r  re lea se  of th e  
c o n s tr ic tio n , E Cr a n d  E PAH h a d  fa llen  to  frac tio n s o f th e ir  o rig in a l v a lu e  and  
d e c lin e d  s till fu r th e r  in  th e  course  o f  th e  follow ing days. T h e  reg ress io n  coeffi­
c ie n t  fo r  b o th  Ecr an d  Е рд н  w as n e g a tiv e , th e  reg ression  lin e  being 
Y  =  0.026 —(0.00028 ±  0 .0001)x  fo r E Cr, a n d  Y  =  0 .0 4 2 -(0 .0 0 0 7 8  ±  0 .0003)x 
fo r  E p AH.

T h e  five  an im als o f th e  a n a e s th e tiz e d  g roup  h ad  been  in  deep  an aes th es ia  
n o t  o n ly  du ring  co n str ic tio n  o f th e  re n a l a r te ry  b u t also in th e  f i r s t  h o u rs  a fte r  
re le a se . In  th is  g roup  to o , E Cr fell to  low  values (Figs 3 a n d  4 ), b u t  during

A cta  Medica Academiae Scientiarum  Hungaricae 29, 1972



POSTISCH AEM IC K ID N EY 321

Fig. 1. E Cr before and after renal ischaem ia, in term s of hours and days, in  the 
thetized group. Each line rep resen ts th e  data  of an individual anim al

Fig. 2. Е рдн  before and after renal ischaem ia, in term s of hours and days, in the 
thetized  group. Each line represents th e  da ta  of an individual anim al

unanaes-

unanaes-

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



322 I. TARABA et al.

Fig. 3. E Cr before and a fter renal ischaemia, in term s of hours and  days, in the anaesthetized 
group. E ach line represents the data  of an ind iv idual animal

e p a h

Fig. 4. Е рдн  before and after renal ischaemia, in term s of hours and days, in the anaesthetized  
group. E ach  line represents the da ta  of an individual animal
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th e  successive day s a slow  increase was n o te d  a n d  th e  regression coeffic ien t 
w as p ositive  [Y = 0 .0 4 8  +  (0.00087 ±  0 .0003)x ]. T hese dogs d isp lay ed  a 
considerab le  red u c tio n  a lso  in Ердрь b u t  a s ig n ifican t im p ro v em en t was 
d em o n strab le  in th e  p o stisch aem ic  period [Y  =  0.08 -)- (0.0021 ^  0 .00061)x].

T h e  v alues for re n a l arte rio -v en o u s 0 2 d ifference in th e  tw o g ro u p s  are 
show n in F ig . 5. W hile  as com pared  w ith  th e  co n tro ls , th e  0 2 d ifference  in ­
creased  d u rin g  th e  p o stisch aem ic  period  in  th e  u n a n a e s th e tiz ed  g ro u p , it

•— • w
o— o a

0 -1------ 1---1---1---1----------1---1--- 1---1--------
0h 1h 2h 3h 1 2 3 U day

Fig. 5. R enal arterio-venous 0 2 difference before production  of renal ischaemia (0h) and  d u r­
ing the postischaem ic period, in term s of hours and days. W  =  W akened (unanaesthetized),

A =  A naesthetized

rem ain ed  p rac tica lly  u n a ffe c ted  in th e  a n a e s th e tiz e d  group . T he d ifferences 
betw een  th e  in d iv id u a l v a lu es  for th e  tw o g roups w ere considerab le , b u t  n o t 
in v a ria b ly  s ign ifican t a t  all p o in ts  of tim e .

D iscussion

T h e  p re se n t s tu d y  ex ten d in g  over sev e ra l day s allow ed to  a sc e r ta in  
de fin ite  d ifferences in  th e  tim e-re la tio n sh ip s  o f  in d iv id u a l p a ra m e te rs  o f  ren a l 
fu n c tio n , acco rd ing  to  w h e th e r  th e  dogs h ad  b een  in  conscious s ta te  o r u n d e r  
an aes th es ia  a t  th e  tim e  o f  th e  ren a l ischaem ia . E c r an d  Е рдн  fell in  b o th  
g roups to  excessively  low  va lues. H ow ever, on  th e  f irs t  d ay  a f te r  th e  in te r ­
v en tio n  th e re  w as a lre a d y  a d is tin c t d ifference b e tw een  th e  tw o g ro u p s a n d  
su b se q u e n tly  th e  a n a e s th e tiz e d  one show ed a c o n tin u o u s  im p ro v em en t o f  th e  
e x tra c tio n s , a tta in in g  a s ig n ifican t level b y  th e  fo u r th  d ay . In  th e  u n a n a e s th e ­
tized  g roup  th e re  w as no am elio ra tio n  of th e se  fu n c tio n s.

T h e  low e x tra c tio n  v a lu es  found  in th e  postisch aem ic  period  seem  to  
h av e  been  due to  a re d u c tio n  in R B F . T he re d u c e d  e x tra c tio n  in th e  u n a n ­
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a e s th e t iz e d  group is su g g estiv e  of im p a ired  g lo m eru la r an d  tu b u la r  fu n c tio n s, 
as a  r e s u l t  o f  th e  reduced  R B F , as i t  has been  d e m o n s tra te d  earlie r. T h e  g rad u a l 
in c re a se  in  G F R  as w ell as in  Е р д н  in  th e  a n a e s th e tiz e d  g roup  m a y  be  con­
n e c te d  w ith  an  increase in  R B F .

T h e  ren a l a r te rio -v en o u s  0 2 d ifference in  th e  u n a n a e s th e tiz e d  g roup  
e x c e e d e d  th a t  found  in  th e  a n a e s th e tiz ed  g ro u p . I t  has been  d e m o n s tra te d  
b y  B á l i n t  e t al. (1964a) t h a t  th e  co rre la tio n s  b e tw een  f i l t ra t io n  a n d  0 2 
c o n s u m p tio n  are lin ea r in  th e  po st-isch aem ic  s ta te , too . 0 2 u tiliz a tio n  b y  th e  
k id n e y  is  ensured  b y  R B F  a n d  A V D o2. T h e  la rg e r  AVD q2 in  th e  u n a n a e s th e ­
t iz e d  g ro u p  seem to  su g g est th a t  th e  k id n e y  increases its  0 2 u ti l iz a tio n  in 
o rd e r  to  co u n te rac t th e  p o stisch aem ic  re d u c tio n  in  R B F .

T h e  p resen t as w ell as o u r ea rlie r re su lts  suggest th a t  th e  d ifference  in 
R B F  b e tw e e n  th e  tw o  g ro u p s  w as due to  neu rogen ic  fac to rs . T h e  ex istence  
o f  co n n e c tio n s  betw een  th e  c e n tra l n erv o u s sy s tem  a n d  renal b lo o d  su p p ly  
h a s  b e e n  borne ou t b y  am p le  e x p e rim e n ta l ev idence . T he in ju ry  re su ltin g  in 
r e n a l  isch aem ia  is follow ed b y  a sh iftin g  o f th e  in tra re n a l b lood  su p p ly . E x p e r i­
m e n ta l  p ro o f  of a re a d ju s tm e n t o f  th is  k in d  u n d e r  vario u s co n d itio n s  has 
b e e n  p ro d u c e d  b y  severa l a u th o rs  ( G ö m ö r i  a n d  N a g y  1961, S h a l d o n  e t  al. 
1963 , PiLKiNGTON e t a l .  1965, C a r r i è r e  e t a l. 1966, G ö m ö r i  e t a l. 1968, 
P o m e r a n z  e t al. 1968, B á l i n t  e t a l. 1969, e tc .) . T h e  fu n c tio n in g  re n a l p a re n ­
c h y m a  is bypassed  b y  th e  c irc u la tio n  for som e le n g th  o f tim e . T h is neurogen ic  
e ffe c t h a s  been  show n to  be suppressib le  b y  su rg ica l or ph arm aco lo g ica l d en e r­
v a t io n  ( F e k e t e  an d  T a r a b a  1965, T a r a b a  1965).

F ro m  th e  p re sen t s tu d y  i t  em erges t h a t  im p ro v em en t o f  c rea tin in e -  
a n d  Р А Н -ex trac tio n  in  th e  a n a e s th e tiz ed  an im a ls  w hile being  in c o n te s ta b le , 
is b y  n o  m eans com plete . I n  o u r ea rlie r s tu d ie s  w here th e  te s ts  h a d  b een  p e r­
fo rm e d  tw o  weeks a f te r  isch aem iza tio n , r e s t i tu t io n  o f  ren a l fu n c tio n  h ad  
r e a c h e d  a fa r  m ore a d v a n c e d  s tag e . F u ll n o rm a liza tio n  req u ires , h o w ever, a 
lo n g e r  tim e  ex ten d in g  sev e ra l w eeks or ev en  m o n th s.
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INHIBITION OF IMMUNOSPECIFIC ROSETTE 
FORMATION FOR THE STUDY OF TWO 

PREDNISOLONE DERIVATIVES

B y

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

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(Received March 27, 1972)

M ethyl-piperazinyl prednisolone and prednisolone succinate have been com­
pared for their im m unosuppressive effect by m eans of the rosette inhibition  test. 
The procedure based on the inhibition in vivo of immunospecific rosette form ation has 
been found more suitable for th is purpose th an  in  vitro inhibition. R osette form ation 
was inhibited more intensively by massive doses of prednisolone succinate th an  by 
its derivative. W ith  reduced doses, the difference betw een the two com pounds tended 
to diminish.

T h erap eu tic  o b se rv a tio n s  w ith  tw o  ste ro id s , p red n iso lone  su cc in a te  
(D i-A dresone-F  a q u o su m , O rganon , Oss, N e th e rlan d s)  (PS  in  th e  follow ing) 
a n d  d eo x y -m eth y l-p ip e raz in y l p redn iso lone  (D eperso lone, R ic h te r , B u d ap est)  
(M P P  in th e  follow ing ) h a v e  m ade us to  assum e th a t  th e  effect o f th e  tw o 
com pounds on th e  a c u te  sy m p to m s o f au to im m u n e  disease or on th e  a s th m a tic  
s ta te  involved  a d iffe ren t d y n am ism . In  o rd e r to  s u b s ta n tia te  th is  im pression , 
we h ad  to  find  a m odel su ita b le  for th e  d isc rim in a tio n  o f tw o s te ro id s  o f  the  
sam e ac tiv e  groups, d iffe rin g  on ly  in th e ir  side chains. T he p ro ced u re  based  
on th e  in h ib ition  o f im m unospecific  ro se tte  fo rm a tio n  seem ed su ita b le  for 
th is  purpose .

Im m unospecific  ro se tte  fo rm atio n  is b a s ica lly  th e  fo llow ing process: 
ly m p h o n o d u la r, sp len ic  o r p e rip h e ra l ly m p h o id  cells o f som e la b o ra to ry  
an im al im m unized  w ith  xenogeneic  or allogeneic cells ad h ere  in vitro  to  the  
an tig en ic  cells b y  c lu s te rin g  in to  ro se tte s . U n d e r su itab le  e x p e rim e n ta l con­
d itio n s, th e  ro se tte -fo rm in g  ly m p h o cy tes  are  p re v a le n tly  th y m u s-d e p e n d e n t, 
an tigen -sen sitiv e  ly m p h o c y te s , in o th e r w ords th e y  a re  carrie rs  o f ce ll-m ed ia ted  
im m u n ity  [1—4] an d  th u s  su ited  for its  s tu d y .

T he n um ber o f ro se tte -fo rm in g  cells is decreased  b y  im m u n o su p p ressiv e  
ag en ts , b y  a d m in is tra tio n  o f  th ese  drugs in  vivo or b y  ad d in g  th e m  to  ly m p h o ­
cy te  suspensions in  vitro [4 ]. T he in h ib itio n  is re la te d  to  th e  a llo g ra ft-p ro tec tiv e  
c a p a c ity  o f th e  ag en ts  in  q u es tio n  [5], th e re fo re  th e  b ioassay  in  vitro m ay  be 
used  as a m odel o f th e  effec ts  in  vivo. T he ro se tte  m odel is o f a d e q u a te  sensi­
t iv i ty  an d  lends itse lf  to  th e  co m p ara tiv e  s tu d y  o f c y to s ta tic  d ru g s, s tero ids 
an d  an tily m p h o cy te  g lobu lins w hich are  s im ila r in  th e ir  range  o f a c t iv i ty  h u t 
d issim ilar in th e ir  s tru c tu re  an d  p o ten cy  [5, 6].

Acta Medica Academiae Scientiarum Hungaricae 29, 1972



3 2 8 В . F E K E T E  e t  a l .

M aterial and m ethods

Two months old A kr-m ice w ere injected in traperitoneally  w ith 2.2 X 10s sheep ery th ro ­
cy tes . F o r  the inhibition of the  rosette-form ing cells in  vivo, identical doses o f PS and of 
M P P , i.e . 5, 1 and 0.25 mg per m ouse were adm inistered in traperitoneally  on a single occasion 
on th e  d ay  of im munization. T ak ing  in to  account the population  dynam ics of the rosette  form- 
ing [4 ] , th ey  were counted on th e  9 th  day. After sacrifice of th e  mice, cell suspensions were 
p rep a red  from  their spleen in  P a rk e r’s 199 medium. The cells were washed tw ice, the cell 
co u n ts  w ere adjusted to 25 X 106/m l. The same volume of washed sheep erythrocyte suspension 
a t  a concentration  of 108/m l was adm ixed  to  the splenocytes. The following steps were centri­
fu g a tio n  (500 r.p.m .) for 10 m in, resuspension and counting. The num ber of rosette-form ing 
cells p e r  thousand lym phocytes w as counted; results are given in term s of per thousand  and 
in  ab so lu te  figures.

Inh ib ition  o f rosette form ation in  vitro

F ro m  the spleen of mice w hich had been im m unized b u t no t d rug-treated , a cell- 
suspension  was prepared on th e  9 th  day  to  which iden tical dilutions of PS and M PP were 
added . A fter incubation a t 37 °C fo r 60 min, sheep red  cells were added to th e  splenocytes. 
T he fu r th e r  steps of the procedure were identical w ith  those of the previous test.

Results

R o se tte  inh ib itio n  b y  th e  tw o  stero ids in  m ice in  vivo is show n in  F ig . 1. 
T h e  f irs t full co lum n  re p re se n ts  th e  sp o n ta n e o u s  ro se tte  p ro p o rtio n  in 

n o rm a l,  u n tre a te d  m ice, th e  second full co lu m n  th a t  o f im m unospecific

3x107
rosette / splenocy tes

4,6x10
rosette/splenocytesl

1,6 X 10’7
rosette/splenocytes 1,4x 107

rosette/splenocytes

normal
controls

1x immunized
untreated
controls

3,3X10' 4  rosette/
rosette/Splenocytes v/,

V/

8,6x106 
I ro se tte /

I splenocytes

_ËL_

I
7,1x10e

jrosette/splenocytes
I

4x10°
J

splenocytes

5 mg 1mg 0,25mg 
Diadresone F-aquosum- 

g r o u p s

5 mg 1 mg 0,25mg 
Depersolone 

g r o u p s

F ig . 1. Inh ib ito ry  effect of M P P  and  of PS on im m unospecific rosette  form ation in

ro s e t te  fo rm atio n . T he h a tc h e d  colum ns re p re se n t th e  ro se tte  fo rm a tio n  by  
sp le n o c y te s  of mice t r e a te d  w ith  iden tica l doses o f  PS an d  M P P . I t  can  be 
seen  t h a t  th e  original n u m b e r  o f 3.3 X Ю7 im m u n e  ro se tte -fo rm in g  ly m p h o ­
c y te s  w as decreased to  8.6 X 105 ( 2 .6% ) b y  5 m g doses of PS  a n d  to  4 X 10f> 
(1 2 % ) b y  th e  sam e doses o f  M P P . In  1 m g doses, MS red u ced  th e  orig inal 
n u m b e r  o f ro se tte -fo rm ing  cells to  3.3 X 10° (10% ) an d  M P P  to  7.1 X 10° 
(2 1 .5 % ). W ith  0.25 m g doses a reduction  to  1.6 X 107 (a p p ro x im a te ly  50% ) 
a n d  o f  1.4 X 107 (42 .5% ) re sp ec tiv e ly , w as observ ed .
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cytotoxic effect of 
Depcrsolone

|jg / ml

Fig. 2. Inhibitory  effect of M PP and of PS on im munospecific rosette form ation in vitro

T he resu lts  o f  in  vitro in h ib itio n  o f im m unospecific  ro se tte  fo rm a tio n  
are  p re sen ted  in  F ig . 2.

R o se tte  fo rm a tio n  b y  sp lenocytes o f  u n tre a te d  m ice w ith  sheep  red  
b lood  cells a m o u n te d  to  8 0 % . I t  can be seen th a t

(1) fu ll in h ib itio n  o f th e  im m u n o -ro se tte  m odel h as  been  ach iev ed  by  
1500 fig/ml  o f M P P  an d  b y  2000 /tg/m l o f MS;

(2) in  th e  ran g e  o f 50 to  250 /tg/m l of M P P , a n d  in th a t  o f 100 to  250 /tg/m l 
o f P S , th e  ro se tte  in h ib ito ry  efficacy d id  n o t  change s ig n ifican tly ;

(3) a t  h ig h er co n cen tra tio n s  (1 to  2 m g/m l) M P P  ex e rte d  a  d irec t 
ly m p h o cy to to x ic  effec t, in  opposition  to  PS w hich  ex h ib ited  no effect o f th is  
k in d  a t  s im ilar co n cen tra tio n s .

D iscussion

B o th  M P P  a n d  PS  w ere found  to  in h ib it  ro se tte  fo rm a tio n  in  vivo as 
well as in  vitro.

U pon  a d m in is tra tio n  to  im m unized  m ice, m assive doses o f  PS  p roved  
m ore suppressive  to  ro se tte  fo rm atio n  th a n  d id  s im ila r doses o f  M P P . This 
d ifference dw indles, how ever, p ara lle l w ith  th e  red u c tio n  o f th e  doses. A t dose 
levels o f 0.25 m g, th e  in h ib ito ry  effect o f th e  tw o  d rugs is p ra c tic a lly  th e  sam e.

T he g rap h s re p re se n tin g  th e  ro se tte - in h ib itin g  effect o f P S  a n d  o f  M P P  
are  o f  th e  sam e sh ap e . H ow ever, as i t  can  be  seen in  F ig . 2, th e  in h ib ito ry  
effect o f M P P  in  vitro w as m ore in tensive  th a n  th a t  o f MS, its  g ra p h  show ing 
a sh if t to  th e  le ft as co m p ared  w ith  P S . E v a lu a tio n  o f  th e  in h ib ito ry  effect 
in  vitro is b lu rre d  b y  th e  d irec t ly m p h o cy to to x ic  a c tiv ity  o f M P P .
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In h ib itio n  of ro se tte  fo rm a tio n  in  vivo th u s  seem ed m ore su ita b le  for 
th e  c o m p a ra tiv e  e v a lu a tio n  o f  th e  im m u n o su p p ressiv e  p ro p ertie s  o f M P P  an d  
o f  P S  th a n  th e ir  in h ib itio n  in  vitro. C linical o b se rv a tio n s  co ncern ing  th e  
a d v a n ta g e s  of PS over M P P  in  re sp ec t o f th e  p o te n c y  an d  ra p id ity  o f th e ir  
im m u n o su p p re ss iv e  effect a re  co n sis ten t w ith  th e  p re se n t re su lts  o b ta in e d  
a t  h ig h  dose levels. F o r  in s ta n c e , th e  ro se tte -su p p re ss iv e  a c t iv i ty  o f  5 m g 
d oses o f  PS is five tim es as in te n s iv e  as th a t  o f M P P .
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IRON METABOLISM AND STORAGE IN GILBERT’S 
DISEASE, AND IN ROTOR’S AND DUBIN-JOHNSON’S

SYNDROMES

By

T . B u r g e r , A. Gógl , T . J á v o r  a n d  A. P a t a k f a l v i

FIRST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(Received May 14, 1972)

Iron kinetics have been studied in 3 p a tien ts  w ith D ubin-Johnson’s syndrom e, in 
2 w ith  R otor’s syndrom e, and in 7 w ith G ilbert’s disease. The following abnorm alities 
were found.

(1) Of the 12 patien ts w ith  functional bilirubinaem ia 4 were anaem ic, and 
1 of the 4 suffered from iron deficiency anaem ia.

(2) The disappearance of radioiron from  plasm a was accelerated in 3 patien ts 
and norm al in the others.

(3) In  7 patien ts iron tu rnover in the plasm a was increased, and  in  the  others 
it  was normal.

(4) U tilization of radioiron in the ery th rocy tes was considerably decreased in 
4 patients, and m oderately decreased in 6 pa tien ts .

(5) E rythrocy te  survival was norm al in all bu t one of the p a tien ts  studied.
(6) M easurement of rad ioactiv ity  in  vivo revealed an increased storage of iron 

in the liver.

T h eo re tica lly , ja u n d ic e  is spoken  o f w hen  th e  blood level o f  b iliru b in  
is e lev a ted . This m ay  be due to  a n y  o f fo u r  d ifferen t causes: (1) in creased  
d ep o sitio n  of bile p ig m en t in  th e  liv e r cells; (2) d is tu rb an ce  o f b il iru b in  u p ta k e  
a n d  tr a n s p o r t  in th e  liv e r cells; (3) fa u lty  b iliru b in  co n juga tion  b y  th e  h e p a tic  
m icrosom es; an d  (4), im p a ired  ex c re tio n  o f  b ilirub in  in to  th e  c a n a lic u li or 
m ech an ica l o b s tru c tio n  of th e  bile  d u c ts  [12].

S ince its  d escrip tion  b y  G ilb e rt a b o u t s ix  decades ago, a fa m ilia l  form  
o f ja u n d ic e  has been k n o w n  in  w hich  th e re  a re  no com plain ts  o r h aem o ly sis  
a n d  fo r w hich  a d is tu rb an ce  o f b iliru b in  m e tab o lism  is responsib le . F ro m  th e  
ab o v e  aetio log ic  schem a, th e  d is tu rb a n c e  o f  in trace llu la r t r a n s p o r t  is im p li­
c a te d  in  G ilb e rt’s d isease, en zy m a tic  in su ffic ien cy  of b ilirub in  c o n ju g a tio n  in 
th e  C rig ler—N a jja r  sy n d ro m e , a n d  a d is tu rb e d  excretion  o f  b il iru b in  in to  
th e  bile  canalicu li in  th e  D u b in —Jo h n so n  a n d  R o to r  syndrom es [3, 4 , 8 , 10, 11]. 
A rev iew  o f th e  d iffe ren tia l d iagnosis o f fu n c tio n a l h y p e rb iliru b in a e m ia s  in 
a d u lts  is given in T ab le  I . A lth o u g h  each  ty p e  o f  fu n c tiona l h y p e rb iliru b in a e m ia  
o rig in a tes  from  th e  d y sfu n c tio n  o f  a d iffe ren t phase  of b iliru b in  m e ta b o lism , 
all ty p e s  have  ce rta in  c h a ra c te ris tic s  in co m m o n , which can  be fo u n d  in  th e  
b iliru b in aem ias  due to  a d is tu rb a n c e  o f tr a n s p o r t ,  to  e n zy m o p a th y , o r im p a ired  
e x c re tio n . Such com m on fea tu re s  a re  th e  u su a lly  congen ita l origin o f th e  d isease,
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Table I

Differential diagnosis o f  Gilbert's disease, Rotor's and Dubin—Johnson's syndrome

Gilbert’s disease Rotor's syndrome Dubin-Johnson’s 
syndrome

Beginning Before puberty Before p uberty Before 25 years
H epatom egaly In frequen t — 50% of cases

Serum  bilirubin U nder 3 m g per 
100 m l indirect

A bout 5 m g per 
100 ml indirect 50%

About 5 mg per 100 ml 
dominantly direct

Bromsulphaleine N orm al Pathological retention Increasing retention  
after 45 min.

H istology Fine gold-brown 
pigm ent

N orm al liver tissue Rough brow n pigm ent

its  fam ilia l ch a ra c te r , i ts  ju v e n ile  onset a n d  b e n ig n  course. Only th e  C rig ler— 
N a j ja r  syndrom e is a n  e x c e p tio n , because in  m o s t  cases its  ou tcom e is fa ta l.

T h e  liver being  th e  la rg e s t iron d ep o t in  th e  h e a lth y  h u m an , its  ro le in  
iro n  m etabo lism  is o f  g re a t  im portance . U n d e r  pa tho lo g ica l co n d itions, iron  
s to ra g e  m ay  be in c rea sed  a n d  cause d am ag e  to  th e  liv e r cells, b u t  in creased  
s to r in g  of iron  m ay  also  b e  observed  as a c o n c o m ita n t phenom enon in  diseases 
o f  th e  liv er. As we do n o t  k now  of an y  s tu d y  o f  iro n  k inetics in h y p e rb iliru -  
b in a e m ia , it  seem ed w a r ra n te d  to  carry  o u t e x a m in a tio n s  in p a tie n ts  su ffering  
fro m  th e  above d esc rib ed  conditions.

M ateria l and  m e th o d s

The m aterial com prised 3 patients w ith D ubin—Johnson ’s syndrome, 2 w ith  R o to r’s 
syndrom e, and 7 w ith G ilbert’s disease. In  addition  to  rou tine  laboratory exam inations, a 
histological study of the liver w as also made for d iagnostic  purposes. E xam inations of iron 
k inetics was carried ou t b y  a m odification [2] of H u f f  and  H enessy’s method [9].

R esults

F o u r  p a tie n ts  w ith  fu n c tio n a l h y p e rb iliru b in a e m ia  could be  reg a rd ed  
as an aem ic  on th e  b as is  o f  th e ir  h a e m a to c rit v a lu e s . Two of th em  d isp lay ed  
D u b in - J o h n s o n ’s sy n d ro m e , and tw o G ilb e r t’s d isease. In  3 p a tie n ts  th e  
fa s tin g  serum  iron  a n d  th e  haem oglobin  lev e l w ere m od era te ly  d ecreased , 
th e  m ean  e ry th ro c y te  d ia m e te r  was in d ic a tiv e  o f  m icrocytosis. A n in c reased  
se ru m  iron  level (256 fig  p e r  100 ml) w as fo u n d  in  one case (K . Sz.) A  low 
se ru m  iron  level w as re c o rd e d  in  5 p a tie n ts  (M . K ., L . S., F . A ., I .  B . and  
K . Sz.). A cceleration  o f  th e  d isappearance  o f  ra d io iro n  w as observed in  th ree  
p a t ie n ts  w ho h ad  low  se ru m  iron  levels (L . S ., F . A. and  K . Sz.). T h e  o th e r 
im p o r ta n t  p a ra m e te r  o f  iro n  kinetics, p la sm a  iro n  tu rn o v e r , was h ig h e r th a n  
n o rm a l in  m ore th a n  h a lf  o f  th e  p a tie n ts . T h e re  w as a considerab le increase
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m ain ly  in  th e  an aem ic  p a tie n ts , o f w hom  F . Sz. shou ld  be m e n tio n e d  firs t, 
since in  th is  p a t ie n t  th e  p a th o lo g ica lly  increased  serum  iro n  v a lu e  (256 /ig 
p e r 100 m l) w as asso c ia ted  b y  a con sid erab ly  increased  iron  tu rn o v e r  (Table 
I I  an d  F ig . 1). In c o rp o ra tio n  o f rad io iro n  in to  red  b lood cells is p resen ted  
g rap h ica lly  in F ig . 2. I t  can  be seen th a t  th e  ra te  o f in c o rp o ra tio n  followed 
for 12 d ays was below  th e  em pirica l lim its  o b ta in ed  in  su b je c ts  w ith  norm al 
haem atopo iesis  (F ig . 2). O n ly  sm all d ifferences could  be fo u n d  betw een  the 
th e  g roups of fu n c tio n a l h y p e rb iliru b in aem ia ; on th is  basis , a p a r t  from  the  
u n ifo rm ly  decreased  ra te  o f in co rp o ra tio n , i t  w as th e  g roup  o f p a tie n ts  w ith  
G ilb e r t’s disease t h a t  w as n e a re s t to  n o rm a l cond itions.

Table II

Name 
age, sex

Haema-
tocrit Se iron 

per 100 ml
Plasma iron 

clearance PIT* mg/24h
Utiliza­

tion
5®Fe

max/day

Conju­
gated

Uncon­
jugated

Type of disease
per cent Tl/2 min. Se. bilirubin

M. K. 22 
M

34 80 90 0.88 65/8 4.4 1.4 D ubin-
Johnson’s
syndrome

J. P. 21 
M

43 100 100 1.00 71.5/8 2.4 1.4 Dubin—
Johnson’s
syndrome

L. S. 32 
F

30 80 25 3.20 30/12 3.0 1.2 D ubin-
Johnson’s
syndrome

M. B. 31 
M

45 110 120 0.90 30/8 4.2 0.2 R otor’s
syndrome

I. K. 14 
M

42 130 80 1.62 85/8 slight 0.8 R otor’s
syndrome

D. V. 38 
M

45 130 90 1.44 55/12 slight 3.6 Gilbert’s
disease

L. Sz. 41 
M

46 100 120 0.83 69/8 — 2.3 G ilbert’s
disease

F. A. 25 
M

43 70 45 1.55 70/8 0.4 1.3 G ilbert’s
disease

I. B. 25 
M

46 79 70 1.00 73/12 0.5 1.2 G ilbert’s
disease

K. Sz. 20 
M

36 60 30 2.00 86/8 0.7 1.3 G ilbert’s
disease

F. Sz. 26 
M

42 256 80 3.20 34/12 0.5 2.0 G ilbert’s
disease

Sz. F. 28 
M

34 110 65 1.65 39/12 slight 4.6 G ilbert’s
disease

Normal
value

* P]

4 1 -4 5  

asma ire

8 5 -1 2 5  

m turnove

7 0 -1 2 0 0.45--0.75 7 8 -9 8 0.1 0.9
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Fig. 1. D istribution clearance an d  tu rnover of plasma iron in relation  to norm al values 
(hatched areas indicate the limits of norm al values)

•  OUBIN -JOHNSON 

О ROTOR

□  GILBERT-MEULENGRACHT

Fig. 2. Incorporation of 59Fe (rad io iron) into erythrocytes in  th ree types of functional bili-
rubinaem ia

T h e  p a tien ts  show ed e q u a lly  strik ing  d ifferences in  organ  surface a c t iv ­
i ty .  I n  re la tio n  to  th e  c o n tro ls  in  Fig. 3 the  m o s t s tr ik in g  d is tu rb a n c e  w as 
fo u n d  in  D u b in -J o h n s o n ’s a n d  R o to r’s sy n d ro m e , w hile in  th e  p a tie n ts  
w ith  G ilb e r t’s disease th e  d iffe ren ces  from  n o rm a l w ere m ore m o dest.

T h e  d istu rbance  m a n ife s te d  itse lf m ain ly  w ith  a changed  iro n  sto rage  
b y  th e  liv er. In  re la tio n  to  th e  no rm al cases, th e  liv e r  w as th e  d o m in a n tly
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ac tiv e  o rgan , an d  its  a c t iv i ty  d id  n o t decrease co n sid e rab ly  d u rin g  th e  12 
d ay s o f  ex am in a tio n . E v e n  in  com parison  w ith  th e  sacrum , consid ered  th e  
re p re se n ta tiv e  o f hone m arro w , h ep a tic  a c t iv i ty  w as do m in a tin g , a n d  iro n  
tu rn o v e r  in  th e  bone m arro w  decreased. T h e  d iffe ren ce  appeared  also  in  th e  
d ecreased  u tiliz a tio n  o f  rad io iro n  (F ig . 2).

D iscussion

R ad io iro n  b o u n d  to  tra n s fe rr in  seem ed to  d isa p p e a r rap id ly  a n d  co m ­
p le te ly  from  p lasm a. U n d e r no rm al cond itions m o s t o f i t  m igrates in to  th e  b o n e  
m arrow  an d , rep re sen tin g  th e  labile  iron pool th e re , g rad u a lly  tak es  p a r t  in  
th e  fo rm a tio n  o f haem og lob in . T ran sfe rrin  m olecu les ca rry  one or tw o  iro n

THOUSAND THOUSAND

Fig. 3. R adioactiv ity  over liver, spleen and sacrum in norm al controls and in p a tien ts  w ith  
D ubin-Johnson’s, R otor’s and Gilbert-M eulengracht syndrom es. (The values ind icated  on 

the ordinate represent counts per min)

a to m s; th e  n o rm al iron  sa tu ra tio n  o f tra n sfe rr in  a m o u n ts  to  30% . T h e  a f f in i ty  
o f e ry th ro n s  an d  o f h e p a tic  cells to  tran sfe rrin  c a rry in g  tw o iron  atom s is a lm o s t 
id en tica l [6]. J u s t  like bone m arrow , th e  liv er a lso  ta k e s  up  a ce rta in  a m o u n t 
o f iron  in  th e  form  o f fe rr itin , b u t  th e  liver gives i t  o ff rap id ly  p a r tly  th ro u g h  
th e  c ircu la tio n  a n d  p a r t ly  th ro u g h  a ly m p h a tic  s h u n t. T he fe rritin  iro n  fo u n d  
in th e  liv e r also form s p a r t  o f th e  lab ile  pool a n d  ta k e s  p a r t  in h aem ato p o iesis .
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F e r r i t in  is a p ro te in  com p o u n d  w ith  a m o lecu la r w eight o f 460 ,000  M in 
w h ic h  th e re  are  fe rr ih y d ro x id e  b u n d les  a n d  2 0 —23%  iro n  in  c ry sta llin  
fo rm . I t  is colourless, a n d  so fine ly  d isp e rsed  in  th e  tissues t h a t  i t  c a n n o t be 
d e m o n s tra te d  w ith  th e  l ig h t m icroscope, o n ly  b y  a special m e th o d  b y  e lectron  
m icro sco p e  [1]. T h e  s te ric  d is tr ib u tio n  a n d  iro n  co n ten t o f  h aem o sid e rin  is 
la rg e r ,  its  d e m o n s tra tio n  is possible w ith  th e  tra d itio n a l s ta in in g  m ethods 
a n d  a lso  w ith  th e  l ig h t m icroscope.

I n  fu n c tio n a l b iliru b in aem ias  th e  u p ta k e  o f iron  b y  th e  b o n e  m arrow  
d e c re a sed  an d  its  u p ta k e  b y  th e  liv er in c re a se d . I t  m ay  be a ssu m ed  t h a t  one 
o f  th e  causes o f th is  is t h a t  th e  liv er s to re s  m ore  fe rritin  th a n  u n d e r  no rm al 
c o n d itio n s . T he in c rea sed  fe rritin  s to ra g e  m an ifests  itse lf  in  a n  increased  
ra d io a c tiv i ty . In  th e  course  o f th e  h is to lo g ica l s tu d y  th e  sections p re p a re d  by  
th e  u su a l m ethods a n d  s tu d ie d  u n d e r th e  l ig h t  m icroscope fa iled  to  show  an 
in c re a se d  sto rage  o f iron . T h is c o n tra d ic tio n  c a n  only be reso lved  b y  assum ing  
t h a t  th e  iron  w hich  h a d  show n in creased  a c tiv i ty  was c o n ta in e d  in  fe rritin , 
w h ic h , as has been  sa id , c a n n o t be d e m o n s tra te d  by  usu a l m e th o d s . T h e  p a r tic ­
u la r  n a tu re  of th is  d is tu rb a n c e  of s to rag e , w h ich  occurs in all th re e  fu n c tio n a l 
h y p e rb iliru b in a e m ia s  u n d e r  co n sid e ra tio n , h a s  no t been c la rified . I t  m ay, 
h o w e v e r , be s ta te d  th a t ,  ju s t  like th e  d is tu rb a n c e  o f b ilirub in  m e tab o lism , th a t  
o f  i ro n  m etabo lism  does n o t cause a sev e re  change in  h aem a to p o ie s is , since 
th e  clin ical p ic tu re  is n o t  associa ted  w ith  g ra v e  anaem ia. In  o n ly  one o f the  
fo u r  p a tie n ts  w ith  a n a e m ia  (K . Sz.) d id  w e f in d  ch arac teris tics  p o in tin g  to  the  
ae tio lo g ica l role o f  iro n  defic iency , n a m e ly  a sh o rten ed  p lasm a iro n  clearance , 
in c re a se d  iro n -b in d in g  c a p a c ity  an d  n o rm a l iro n  u tiliza tio n  b y  th e  e ry th ro c y te s . 
W e  h a v e  failed  to  c la rify  th e  origin o f a n a e m ia  in th e  o th e r th re e  p a tie n ts  
(L . S ., F . Sz. an d  M. K .) d u ring  th e  tim e  o f  ex am in a tio n  an d  th e y  d id  no t 
r e p o r t  for re e x a m in a tio n .

T h e  d is tu rb a n c e  m an ifes ted  itse lf  f i r s t  o f  all in a p ro tra c te d  iron  u ti­
l iz a tio n . T here  w as a d isc rep an cy  b e tw een  n o rm a l iron  tu rn o v e r , o b se rv ed  in 
a b o u t  h a lf  of th e  p a tie n ts ,  an d  th e  d ec rea sed  iro n  u tiliza tio n .

I n  several h aem a to lo g ica l co n d itio n s  th e  above change is d u e  to  an 
in c re a se  in  ineffec tive  ery th ro p o iesis . T h is c a n  h a rd ly  be th e  case in  fu n c tio n a l 
h y p e rb iliru b in a e m ia , h u t  is in co n n ec tio n  w ith  th e  increased  iro n  s to rage  
in  th e  liver. T he sam e phenom enon  m u st b e  reck o n ed  w ith , a lth o u g h  to  a lesser 
e x te n t ,  in  th e  sp leen .

L ite ra tu re  c o n ta in s  several d a ta  on  in c reased  deposition  o f  iro n  in the  
l iv e r . F aw w az  e t a l. [5 ] d e m o n s tra te d  a n  increased  dep o sitio n  o f  iron  in 
c ir rh o s is , w hich th e y  ascrib ed  to  an  in c re a se d  iron  ab so rp tio n  a n d  to  a de­
c re a se d  iro n -b in d in g  c a p a c ity  o f th e  se ru m . A nother a s su m p tio n  o f the  
ab o v e -m e n tio n e d  a u th o rs  exp la ins th e  in c re a se d  sto rage of iron  b y  th e  c irrho tic  
l iv e r  as a re su lt o f  a b n o rm a l iron  b in d in g  b y  tra n sfe rr in . In  o th e r  p a th o lo g ica l 
c o n d itio n s  (haem o ly tic  anaem ia , ap la s tic  a n a e m ia , h aem o ch ro m ato s is , etc .),
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in  th e  presence  of an  in creased  fa s tin g  serum  iron  level, a n d  in  th e  case of 
decreased  free iro n -b ind ing  c a p a c ity , an  increased  iron  b in d in g  b y  th e  liver 
is m e t w ith . E s tim a tio n  o f th e  c a p a c ity  to  h in d  free iron  ca rried  o u t  in  some 
o f th e  p a tie n ts  (M. K ., 6 3 % ; M. B ., 51 % ; F . Sz., 5 8 % ; n o rm al, 7 0 % ), show ed 
a s lig h t decrease.

F r ie d m a n  e t a l. [7 ]  o b serv ed  q u a n tita t iv e  and  q u a lita t iv e  ch anges  
o f  a lp h a-2 -g lob u lin s, p o in tin g  to  th e  p ossib le  role o f  th e  e le v a te d  Coerulo­
p lasm in  le v e l in increased  d ep o sitio n  o f  iron. All th ese  m a y  ca u se  a d ep o­
sition  o f  iron , and a p ro tracted  an d  in som e cases d ecreased  iron  u tiliza tio n  
in th e  fu n ction a l h yp erb iliru b in aem ia . A furth er p o ss ib ility  w o u ld  be th a t  
a ffin ity  to  transferrin  o f  h e p a tic  cells is ch an ged  in fu n ctio n a l b ilirub in- 
aem ia .

T he splenic surface a c t iv i ty  o f  th e  p a tie n ts  su ffering  from  D u b in —J o h n ­
son ’s or R o to r’s syndrom e also  in d ic a te d  a s lig h tly  increased  e ry th ro c y te  
se q u e s tra tio n , w hich, h ow ever, w as n o t observed  in  each  case. I n  one p a tie n t  
w ith  D u b in -Jo h n so n ’s sy n d ro m e  (I . P .) th is  w as q u ite  m a rk e d  a n d  on  th e  
12th  d ay  th e  am o u n t o f u tiliz ed  rad io iro n  decreased  in  p ara lle l w ith  th e  increase 
in  a c tiv ity  over th e  sp leen . T h is  fin d in g  w as in  ag reem en t w ith  th e  find ings 
of a sligh t sh o rten in g  o f th e  e ry th ro c y te  life-span . In  our ow n m a te r ia l , p la t ­
e le t su rv iv a l w as d e te rm in ed  w ith  51Cr in  som e cases; how ever, a p a th o lo g ica l 
v a lu e  w as o b ta in ed  in th e  single p a tie n t  m en tio n ed  above (T 1/2 =  21 days).

C larifica tion  o f th e  an o m alies  observed  in iron  k ine tics  a w a its  fu r th e r  
s tu d ies . T h u s, th e  con d itio n s o f  iron  ab so rp tio n , an d  th e  d e fin itio n  o f the  
w hole iron  pool of th e  b o d y  a n d  th e  k ind  o f p ro te in  b in d ing  o f th e  iro n  w hich 
form s th is  pool m u st he c la rified .
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I t  has been observed th a t  a protein-deficient diet results in general disturbances 
of dental developm ent, as reflected  by a slower ra te  of growth of the tee th , a lterations 
in  their chemical structure and a loss of resistance to acids. The findings indicate th a t 
inadequate d ietary  protein in take  during the period of dental developm ent affects 
the resistance of the teeth.

T h o u g h  th e  im p o rtan ce  o f  p ro te in s  to  th e  whole organ ism  in c lu d in g  th e  
in d iv id u a l o rgans and  tissues h a s  long  been  know n, th e  in fluence  o f p ro te in  
in ta k e  on th e  developm ent a n d  s t ru c tu re  o f th e  te e th  an d  on th e ir  re s is tan ce  
to  decay  h as  received  little  a t te n t io n . T h e  significance o f p ro te in  in ta k e  as 
well as of m inera ls  as regards d e n ta l  d ev e lo p m en t, calcification  a n d  resis tan ce  
o f  bones h as  been  fully  b o rn e  o u t  b y  m a n y  experim en ts [5, 7 ]. T h o u g h  th e  
s tru c tu re  o f  th e  bone tissu e  d iffers  in  m a n y  respects  from  th a t  o f  th e  h a rd  
d e n ta l  m a te ria l, i t  is none th e  less e v id e n t th a t  d ie ta ry  p ro te in  in ta k e  p lay s  an  
e ssen tia l p a r t  in th e  d ev e lo p m en t o f  th e  te e th .

Stein  and Ziskin  [6] described alterations involving the odontoblast 
layer and the root surface o f  the m olars and the dentinal surface surrounding  
the pulp o f the incisors, in addition  to  other oral changes in albino rats kept 
on a protein-free but otherwise adequate diet for 3 to 4 w eeks. Shaw  [3] fed 
fem ale albino rats on a protein  deficien t diet during gestation  and lactation  
and noted a delay in the eruption o f th e  third molar of the orogeny, m oreover  
the dental cusps had an unusual shape and there was an increase in the inci­
dence of caries.

In  th e  lig h t o f these o b se rv a tio n s  we h av e  s tud ied  th e  e ffec t o f  d ie ta ry  
p ro te in  in ta k e  on th e  incisors o f  a lb in o  ra ts .

M a te ria l an d  m ethods

A to ta l of 120 female albino ra ts  of our own breed was studied. The anim als were kept 
on a sem i-synthetic diet (Sós [4]) the protein  conten t was: a) low-protein d ie t (3%  casein), 
b) high-protein diet (30% casein), c) norm al-protein diet (18% casein).

The anim als of the first series were divided into three groups, each fed a different 
type  of diet. Before beginning the d iet and subsequently a t 14-day in tervals, th e  left lower 
incisor was cu t off 1 to 2 mm from  the gum . The distance between the edge of the in tact
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to o th  and the cut surface of th e  am putated  too th  was m easured every 1 to 3 days un til the 
to o th  had atta ined  its fo rm er size. The ra te  of grow th was reflected by the decrease of th is 
difference.

The second series included three groups, viz. 1) low -protein diet (30 animals); 2) high- 
p ro tein  diet (20 anim als); 3) norm al-protein diet (10 anim als). A fter six weeks diet the first 
(low-protein) group was d iv ided into three subgroups and  the diets were modified according to 
the following schedule: th e  anim als of group la  rem ained on the low-protein diet, those of 
group lb  were fed th e  h igh-pro tein , and those of group lc , the norm al-protein diet. Group 2 
(high-protein diet) was d iv ided  in to  two subgroups, group 2a being given the low-protein, and 
group 2b the norm al-protein  diet. The animals of group 3 continued on the norm al-protein 
d ie t (Table I).

Table I

A nim al groups and dietary schedules

At the start of experiments After the sixth week

1. Low protein la . Low protein
lb . H igh protein
lc. N orm al protein

2. H igh protein 2a. Low protein
2b. N orm al protein

3. N orm al protein 3. N orm al protein

The th ird  series com prised two groups. The firs t (20 anim als) were fed the low-protein, 
and  th e  second (10 anim als), th e  norm al-protein diet. The left lower incisors were am putated , 
as indicated  earlier, a t tw o-w eek intervals. In  50% of the anim als of each group the rem oved 
d en ta l fragm ents were cleaned, washed in distilled w ater, dried a t 90 °C for 24 hours and 
stud ied  for nitrogen and phosphate  contents. In  the o ther 50%  th e  dental tissue was subjected 
to  a sim ilar trea tm en t and  tes ted  for calcium contents and  resistance to  acids.

D ental nitrogen w as estim ated  b y  the  m icro-K jeldahl m ethod. Anorganic phosphates 
were determ ined in specim ens destroyed and ex trac ted  w ith  an organic solvent. The proce­
dure was adapted b y  Z e l l e s  [9 ] to  estim ations in biological m aterial.

The resistance of th e  h a rd  dental tissues to  acids was estim ated on the basis of the 
am oun t of calcium brough t in to  solution by  2%  hydrochloric acid in  24 hours. The den tal 
fragm ents were placed in th e  d ilu ted  acid and 1 ml sam ples were tak en  a t 24 hours. The concen­
tra tio n  of the solution was th en  adjusted  w ith concentrated  hydrochloric acid to  10% and 
left to  stand  for seven days th u s  allowing the entire calcium  con ten t to  be brought into solu­
tion  (T e r s ic  and T e r s ic  [ 8 ] )  w hich was estim ated by  com plexom etry ( E r d e y  [1 ], S c h w a r ­
z e n b a c h  [2 ]).

R esults

T h e  gain  in b o d y  w e ig h t and  th e  g ro w th  o f  incisors have been found  
to  decrease u n d er th e  in flu en ce  of th e  p ro te in  d e fic ien t d ie t. T he h ig h -p ro te in  
d ie t h a d  a p p a re n tly  no  in flu en ce  on these  p a ra m e te rs  (F ig . 1). N o rm aliza tio n  
o f  th e  p ro te in  in ta k e  o r i ts  increase b eyond  n o rm a l levels w as found  to  accel­
e ra te  th e  ra te  o f b o d y  w e ig h t gain an d  of th e  g ro w th  o f th e  incisors in  th e  
an im a ls  w hich earlie r h a d  been  fed th e  lo w -p ro te in  d ie t. T he ra te  of g ro w th
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gr mm

low - protein

control

high - protein

1 5 0 -

0 2 A 0 2 4 week

A В

Fig 1. Body w eight (A) and weekly ra te  of dental grow th (B) under the influence of d iets of
different protein conten ts

— • ---- • — •—  low-protein
------------------------ control
—  X— X— X— h igh-pro te in

A В
Fig. 2. Body w eight (A) and three-daily ra te  of dental g row th  (B) under the influence of vary  

ing diets of different p ro tein  conten ts

was re s to re d  m ore  ra p id ly  b y  th e  h ig h -p ro te in  th a n  by  th e  n o rm a l-p ro te in  
d ie t. C hange-over from  th e  h ig h -p ro te in  to  th e  low -p ro te in  d iet w as soon  
follow ed b y  a loss o f bo d y  w eigh t an d  in fo u r w eeks g row th  of th e  inc iso rs  
was also slow ing dow n. C hange-over from  th e  h ig h -p ro te in  to  th e  n o rm a l-  
p ro te in  d ie t d id  n o t seem  to  h av e  a n y  d is tin c t in flu en ce  on th e  processes u n d e r  
s tu d y  (F ig . 2).
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T h e  h a rd  tissu es  o f  th e  incisors show ed  in  response to  th e  lo w -p ro te in  
d ie t  a loss of n itro g en  a n d  calcium  (F igs 3, 4) an d  an  increase in  p h o sp h o ru s  
(F ig . 5). As a re su lt o f  ca lc ium  d ep le tio n  a n d  phosphorus r e te n tio n , a sh ift 
in  th e  c a lc iu m -p h o sp h o ru s  ra tio  from  2 : 0 .97  to  2 :1 .26  w as n o te d . T h e  resis­
ta n c e  to  acid  o f th e  h a rd  d en ta l tissues d im in ish ed . T he a m o u n t o f  calcium

A c ta  M edica  Academ iae S c ie n tia ru m  H ungaricae 29 , 1972
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Fig. 6. Acid resistance of the  incisors (am ount of Ca in mg brought into solution by 2%  HC1
in 24 hours)

p e r g d en ta l tissu e  d isso lved  b y  2%  h y d ro ch lo ric  ac id  in  24 hours in creased  to  
270 m g a t  six w eeks as a g a in s t 140 m g in th e  co n tro ls  (F ig. 6).

T he changes in  d e n ta l grow th , chem ical com position  an d  res is tan ce  to  
th e  so lven t ac tio n  o f  ac id s  becam e m an ifest in  fo u r weeks an d  w ere fo u n d  to  
increase d u rin g  th e  fo llow ing  tw o weeks.
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N Ca P Dentat Body
growth weight

Loss of res is tance  
to the solvent 
action of acids

F ig. 7. Changes in the p aram eters studied, in per cents (Reference value, 100% )

Discussion

A s a resu lt o f th e  lo w -p ro te in  d ie t, d ev e lo p m en t in  th e  an im a ls  gave 
w a y  to  a loss o f w eigh t in  one o r  tw o  w eeks. Som e tw o  or th re e  w eeks la te r  th e  
r a te  o f  g ro w th  of th e  inc iso rs a lso  slow ed dow n. T h e  h ig h -p ro te in  d ie t in  itse lf  
h a d  n o  influence  on th e  g ro w th  o f th e  inc iso rs. H ow ever, i t  helps th e  re s to ­
r a t io n  o f  bo d y  w eight a n d  th e  g ro w th  o f  th e  incisors m ore ra p id ly  th a n  d id  
th e  n o rm a l p ro te in  d ie t.

I n  th e  anim als fed  a p ro te in -d e fic ien t d ie t th e  chem ical s tru c tu re  o f  th e  
h a r d  d e n ta l  substance  u n d e rw e n t p ro fo u n d  a lte ra tio n s  w hich becam e  m e a su r­
ab le  fo u r  weeks a fte r  th e  s t a r t  o f  th e  d ie t w h en  th e  ra te  of d e n ta l g ro w th  also 
sh o w e d  a sharp  decline. T h e  changes in  th e  p a ra m e te rs  u n d e r s tu d y  w ere  o f 
o p p o s ite  d irection . W hile  th e  d e n ta l  su b s ta n c e  lo s t calcium , i t  re ta in e d  p h o s­
p h o ru s . As a resu lt, th e  C a /P -ra tio  sh ifted  to  th e  a d v a n ta g e  o f p h o sp h o ru s  
a n d  th e  d e n ta l su b stan ce  b ecam e  less r e s is ta n t to  acids.

T h e  adverse in flu en ce  o f  p ro te in  lack  on th e  te e th  was m ore  close ly  re ­
f le c te d  b y  th e  loss o f re s is ta n c e  o f d e n ta l tis su e  to  th e  so lven t ac tio n  o f  acids 
th a n  b y  th e  changes n o te d  in  th e  o th e r p a ra m e te rs  (F ig . 7).
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RENAL VENOUS PLASMA RENIN ACTIVITY AFTER 
UNILATERAL SPLANCHNICOTOMY IN DOGS WITH 

INDUCED HYPERTENSION
By

Á g n e s  F e k e t e , Á .  F a z e k a s , I .  F o r g á c s  a n d  K a t a l i n  G a á l

INSTITUTE OF PHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(Received Ju n e  2, 1972)

D evelopm ent and persistence of arteria l hypertension have been observed in 
dogs a fter complete ligation of one renal artery , w hether the opposite k idney  h ad  been 
left innervated  or denervated by  splanchnicotom y. In  the early phase of hypertension , 
renin ac tiv ity  in the renal venous blood of the ischaemic kidney was high, in  con trast 
to the denervated  kidney where it rem ained in the range of the control values. A gradual 
increase in renin activity  occurred in the la te r stage of hypertension a fter rem oval of 
the ischaem ic kidney. The results are indicative of a role of the renin-angiotensin system 
in the stabilization of hypertension.

In  ea rlie r  stud ies it  has been  fo u n d  th a t  ligation  o f one re n a l a r te ry  in 
dogs is fo llow ed w ith in  a few d ay s  b y  a r te r ia l  h y p ertension  an d  la te r  b y  its  
s ta b iliz a tio n  in  th e  presence o f  th e  o th e r , u n m an ip u la ted , k id n e y  ( F e k e t e  

1970). T h is in d u ced  h y p e rten s iv e  s ta te  m a y  he regarded  m orp h o lo g ica lly  
a n d  c lin ica lly  as an  ex p e rim en ta l m odel o f  h u m a n  ren o v ascu la r h y p e r te n s io n  
( F e k e t e  1970, F e k e t e  e t al. 1970). B o th  th e  ischaem ic an d  th e  n o n o p e ra te d  
k id n ey  rev ea led  an  enhanced  ven o u s re n in  a c tiv ity , an d  rem oval o f  th e  isch ­
aem ic k id n e y  fa iled  to  norm alize th e  re n in  a c t iv i ty  in th e  venous b lo o d  o f  th e  
u n o p e ra te d  k id n e y  ( F e k e t e  e t a l. 1971). I n  v iew  o f th e  in v o lv e m e n t o f  th e  
sy m p a th e tic  sy s tem  in th e  co n tro l o f  re n in  secre tion , th e  m odel w as re p ro d u c e d  
in  th e  p re se n t s tu d y  b y  com bin ing  i t  w ith  sp lan ch n ico to m y  of th e  u n o p e ra te d  
k id n ey  w ith  th e  purpose o f its  d e n e rv a tio n . T he aim  o f th e  e x p e rim e n ts  was 
to  th ro w  lig h t on th e  m echanism  a n d  s ta b iliz a tio n  of renovascu la r h y p e rte n s io n .

Material and m ethods

A to ta l of 20 adu lt mongrel dogs of e ither sex was used. The operation was perform ed 
under pen tobarb ita l anaesthesia. From midline approach the right renal arte ry  w as ligated 
close to  its origin, and the m ajor splanchnic nerve supplying the left kidney was surgically 
divided. A rterial pressure was m easured percutaneously in the femoral artery  w ith  a m ercury 
m anom eter preoperatively and a t regular in tervals postoperatively in conscious s ta te  of the 
anim als which had  been used to  the m anipulation . Blood samples for de term ination  of the 
renin ac tiv ity  were obtained preoperatively (day 0) and postoperatively a t determ ined  in ter­
vals from  bo th  renal veins and from peripheral a rteria l blood. The procedure was as follows. 
Between the 20th and 70th days of hypertension, pentobarbital anaesthesià was induced, 
blood samples were draw n from the fem oral arte ry  by needle puncture, subsequently  the 
abdom inal cav ity  was opened under aseptic conditions, blood samples were tak en  from  the 
vein of the ischaem ic kidney which was then  rem oved and weighed. Then the vein  of the
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denervated  kidney was also punctu red  for blood sam ples, care being taken th a t all venous 
blood sam ples should be s tr ic tly  of renal origin. A fter these m anipulations the abdom inal 
w ound was closed.

In  the further course of th e  study, blood pressure was m easured a t 20-day intervals. 
R en in  ac tiv ity  was repeated ly  estim ated  in the venou3 blood of the denervated kidney as well 
as in peripheral arteria l blood. A t some later stage of hypertension  the animals were sacri­
ficed and a t the same tim e th e  denervated kidney w as also rem oved.

P lasm a renin ac tiv ity  w as estim ated by the m ethod  of K a n ek o  e t al. (1967) w ith  
slight m odifications. The procedure has been described in  deta il earlier (F e k e t e  e t al. 1971).

Results

1) A rteria l blood pressure  (Fig. 1). C o m p ared  w ith  th e  con tro l v a lu e  o f 
130 ±  2 m m  H g, an a p p ro x im a te ly  30 to  40 m m  H g  increase was d e m o n s tra ­
b le  in  th e  f irs t 10 d a y s  a f te r  ligation  o f o n e  re n a l a r te ry . B lood p ressu re  
w as s ig n ifican tly  in c re a se d  a ll th ro u g h o u t th e  e x p e rim e n ta l period  (p <7 0.02

Fig. 1. A rterial blood pressure in  dogs before ligation o f th e  r igh t renal a rte ry  (K) and  after 
p roduction  of renal ischaem ia, in  the presence of a den erv a ted  left kidney. Removal of the 

ischaemic k idney  betw een the 20th and 7 0 th  days of hypertension

a n d  <C 0.01, re sp ec tiv e ly ). R em oval of th e  isch aem ic  k id n ey  betw een  th e  2 0 th  
a n d  7 0 th  day  h ad  no  in flu en ce  on h igh b lo o d  p ressu re .

2) R en in  activ ity , a) V alues for ren in  a c t iv i ty  in  ren a l venous an d  p e r ip h ­
e ra l a r te r ia l blood a re  su m m arized  in T ab le  I ( ï  £  S . E . M.). The f irs t  co lu m n  
re p re se n ts  th e  d a ta  fo r  th e  norm otensive c o n tro ls , th e  o th e r co lum ns show  
th o se  fo r th e  h y p e r te n s iv e  an im als. The p la sm a  so d ium  level e s tim a ted  s im u l­
ta n e o u s ly  is also sh ow n .
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Table I

Renin activity in the normotensive state and in hypertension induced by unilateral ligation o f the renal artery (x  +  S .E .M .). Renin activity in 
venous blood o f the ischaemic and o f the denervated kidney, and peripheral arterial blood, ng/ml plasm a; plasma sodium concentration, mEq/l

Time of assay
(d‘y)

Normotensive Hypertensive

renal venous 
blood

peripheral
arterial
blood

ischaemic 
renal venous 

blood

peripheral
arterial
blood

denervated re„alvenou» 
renal venous blood 

blood

peripheral
arterial
blood

renal
venous blood

peripheral
arterial
blood

renal
venous blood

peripheral
arterial
blood

0 47.7 ±7.2  

n = 

* =  1

35.2±6.2 

= 15 
53±1

2 0 -7 0 85.5±11.4 31.3±4.0 
n =  12 

x  — 152±1

41.6±4.5

7 1 -1 6 0 78.0 ±11.1
n =

л =  1

40.1 ± 6 .9
= 15 
18 ± 2

161-300 74.9±9.1 
n = 

*  =  1

34.7 ±5.1 
= 12 

52 ±  2

30 1 -5 4 0 84.9 ±8.9  

n =

X =

36.7 ± 4 .2  

= 12 

52 ±  1
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b ) T h e  renin a c t iv i ty  r a t io  (R A R : th e  re n in  a c t iv i ty  o f  th e  ren a l venous 
b lo o d  d iv id ed  by  th e  re n in  a c t iv i ty  of th e  p e r ip h e ra l b lood) in  th e  n o rm o ten - 
s iv e  s ta te  and  in th e  successiv e  stages of e x p e rim e n ta l h y p e rten s io n  is p re sen ted  
in  F ig . 2. The R A R  v a lu e s  o f  th e  ischaem ic k id n e y  (co lum n 2) as co m p ared  
w i th  th e  no rm otensive  c o n tro ls  (colum n 1) w as s ig n if ican tly  in creased . On

day after  ligation of right renal artery

F ig. 2. Renin activity ra tio  (x  +  S.E.M.) in the norm otensive s ta te  (column 1) and in the 
successive stages of hypertension  after unilateral ligation  of renal a rte ry  in the ischaemic 
k id n ey  (column 2), in the opposite  unm anipulated k idney (colum ns 3, 5, 7, 9), in the opposite 
d en e rv a ted  kidney (columns 4, 6, 8, 10). The ischaemic k idney was rem oved betw een the 
2 0 th  and  70th days of the hypertensive  state. All m ean R A R -values differ significantly from

those of columns 1 and  4

th e  c o n tra ry , th e  R A R  v a lu e s  o f th e  sp lan ch n ico to m ized  k id n e y  d e te rm in ed  
s im u lta n e o u s ly  (co lum n 4) w as in  th e  c o n tro l ra n g e . A fte r rem o v a l o f th e  
isch aem ic  k idney  re p e a te d  m easu rem en ts  o f re n in  a c t iv i ty  in  b lood  sam ples 
o b ta in e d  from  th e  d e n e rv a te d  k idney  rev ea led  a s ig n ifican t increase  in  th e  
R A R  values betw een  th e  2 0 th  an d  70th  d ay s, w h e th e r  re fe rred  to  th e  con tro ls  
o r  to  th e  form er va lu es  fo r  th e  sam e k id n ey  (co lum ns 6, 8 an d  10).

c) T he R A R  v a lu e s  o f  th e  u n m a n ip u la te d  in n e rv a te d  k id n ey  is show n 
in  F ig . 2 (colum ns 3, 5, 7 a n d  9), on th e  sam e b as is  as above . T hese d a ta  h av e  
b e e n  pub lished  earlie r ( F e k e t e  e t al. 1971) b u t  a re  p re se n te d  here  for co m p ar­
a t iv e  purposes.
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Table II

Renin activity ratio (x  +  S.E .M .) in the normotensive state and in the successive stages o f induced hypertension

Time of assay 
(day)

Normo­
tensive
controls

(i)

Hypertensive

ischaemic

(2)

unmanipulated unmanipulated unmanipulated unmanipulated

innervated
(3)

denervated innervated
(5)

denervated ' innervated
(6) (7)

denervated
(8)

innervated
(9)

denervated
(10)

0 1.48±0.13 
n =  15

2 0 -7 0 □ c ± d  

2.68 ±0.45 

n =  19

□ c + c  
3.53 ±0.97 

n =  6

1.38±0.08 

n =  12

7 1 -1 6 0 □  С + С

3.13±0.52 
n =  16

□ b + b  
2.34±0.32 

n =  15

161-300 □ a + a  

2.83+0.6a 
n =  11

□  C ± C

2.36 ±0.29 
n =  12

3 01 -540 □ d + d
2.84±0.37 

n =  6

□ c + d  
2.50±0.28 

n =  12

□ significance in comparison w ith the controls
+  significance in comparison w ith the denervated kidney (column 4) 
a: p <  0.05 
b: p <  0.02 
c: p <  0.01 
d: p <  0.001
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d) A ll d a ta  re la tiv e  to  R A R  (m ean v a lu e s  w ith  s ta n d a rd  d ev ia tio n s , 
r e s u lts  o f s ta tis t ic a l  e v a lu a tio n  based  on th e  t te s t )  have been su m m arized  in 
T a b le  I I .  T he R A R  v a lu es  for th e  n o rm o ten s iv e  contro ls are show n to g e th e r  
w ith  th o se  for th e  g ro u p s w ith  ischaem ic k id n e y  in  th e  presence o f in n e rv a te d  
a n d  d e n e rv a te d  o p p o site  k id n ey , re sp ec tiv e ly , to g e th e r  w ith  th e  d is tin c tiv e  
d iffe rences.

3) K id n ey  weight, a ) T he w eight o f  th e  ischaem ic  k id n ey  rem o v ed  20 
to  70 day s a fte r  lig a tio n  o f  th e  ren a l a r te r y  decreased  to  38%  o f th e  o ri­
g in a l, as a sign o f  a t ro p h y  (T able I I I ,  co lu m n  6). C alculation  o f th e  n o rm a l 
re n a l w e ig h t w as b a se d  on  th e  eq u a tio n  y  =  12 +; 4.33 body  w e ig h t, w here  
y  re p re se n ts  to ta l  k id n e y  w eigh t, i.e. th e  w e ig h t o f  b o th  k idneys o f  a dog  o f a 
g iv en  b o d y  w eigh t ( B á l i n t  1969).

Table III
Renal weight in  hypertension induced by unilateral ligation o f renal artery

Number
of

animals

(0

Body weight,
kg

(2)

Weight of 
ischaemic 
kidney in 
g removed 

between 
20—70 days

(3)

Weight of 
unmanipu­

lated kidney 
g

(4)

Weight 
calculated 
for one 

kidney of 
normal 
animal

(S)

3/5

(6)

4/5

V)

U nilateral renal artery  
ligation, other kidney 
unm anipulated 14 17.2 +  0.7 14.6 +  1.3 42.7 +  1.8 43.3+1.4 3 4 + 3 9 9 +  8

U nilateral renal artery 
ligation, other kidney 
splanchnicotomized 17 13.8+1.1 13.7+1.9 37.8 +  2.6 36.0+2.4 3 8 + 4 105+  7

Norm otensive controls 
after unilateral 
nephrectom y 20 14.6+0.6 36.5 +  1.3 50 .2+ 1 .8 37.6+1.4 9 7 + 3 138 +  13

b) T he o p p o site , d e n e rv a te d  b u t  o th e rw ise  u n m an ip u la te d , k id n e y  
re m o v e d  a f te r  100 to  400 days of h y p e rte n s io n  w as found m acro sco p ica lly  as 
n o rm a l an d  its  w e ig h t ag reed  w ith  th e  p re d ic te d  value ca lcu la ted  fro m  th e  
to ta l  k id n e y  w e ig h t o f n o rm a l an im als (T ab le  I I I ,  colum n 7). I n  c o n tra s t ,  
u n ila te ra l  n e p h re c to m y  in  no rm al dogs re s u lte d  in  a m arked  h y p e r tro p h y  of 
th e  o th e r  k id n ey  in  20 d ay s.

Discussion

T h e  m ech an ism  responsib le  for th e  d ev e lo p m en t an d  p e rs is te n c e  of 
re n a l h y p e rte n s io n  h as  b een  w idely  d iscussed  in  th e  lite ra tu re  b u t  no  c o n v in c ­
in g  e x p la n a tio n  h as  been  offered. P age (1936), H o u ssa y  an d  B r a u n -M e n e n - 
d e z  (1942), H aas  a n d  G o ld bl at t  (1959), P ic k e r i n g  (1945, 1968), F l o y e r  
(1957), F r a n k  (1963), G e n e s t  e t al. (1964), M cP h a u l  et al. (1964), B o r k o w s k y
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e t al. (1965), H a y d u k  e t al. (1970) found  a h ig h  ren in  a c tiv ity  in  th e  venous 
b lood , or in  th e  u rin e  o f th e  ischaem ic k id n ey  o f  la b o ra to ry  an im als a n d  A n i c h i n i  
an d  G ross  (1965) re g a rd  it  as a p rim a ry  cau sa l fa c to r  of th e  increase  in  p e r ip h ­
eral res is tan ce . O th e r  au th o rs  in c lu d in g  M cD o n a l d  et al. (1970) a n d  F u n d e r  
e t al. (1970) d isc la im  an y  p a r tic ip a tio n  o f  ren in -an g io ten s in  sy s tem  in  th e  
p ro d u c tio n  o f re n a l h y p erten s io n .

T here  is s till less ex p erim en ta l ev idence  to  su p p o rt th e  v a rio u s  th eo ries  
offered for th e  e x p la n a tio n  of th e  m ech an ism  responsib le  for th e  m a in te n a n c e  
o f p e rm a n e n t h y p e rten s io n . As G o l d b l a t t  (1937, 1958), S k eg g s  a n d  K a h n  
(1958), H u b e r  (1960), H e lm er  (1964), Ma s s o n  e t al. (1962, 1964), S c o r n ik  
an d  P a l l a d i n i  (1964) believe, th e re  is a s lig h t b u t  con tinuous p ro d u c tio n  of 
ren in  in  th e  ischaem ic  k idney , an d  th e  in crease  in  v a scu la r re s is tan ce  p ro d u ced  
b y  ren in -an g io ten s in  is responsib le  fo r th e  s ta b iliz a tio n  of th e  h y p e rte n s io n ; 
no sim u ltan eo u s en h an ced  re n in -a c tiv ity  h a v in g  been  found in  th e  u n a ffec ted  
k id n ey . T his in te rp re ta tio n  agreed  w ith  th e  re su lts  o f K o le t s k y  e t a l. (1965) 
an d  o f B e r m a n  (1971) w ho could induce  an  a c u te  h y p erten siv e  s ta te  associ­
a te d  w ith  v a sc u la r  changes, a co n d itio n  in d is tin g u ish ab le  from  e x p e rim e n ta l 
ren a l h y p e rten s io n .

In  ou r ea rlie r s tud ies in dogs ( F e k e t e  e t  al. 1971), a f te r  u n ila te ra l lig a ­
tio n  o f th e  ren a l a r te ry  an  increased  ren in  a c t iv i ty  w as found  in  th e  ven o u s 
b lood o f th e  ischaem ic  k idney  an d , a f te r  its  rem o v a l, in  th a t  o f th e  u n m a n i­
p u la te d  k id n ey , o v er long periods o f o b se rv a tio n . I t  seem ed obv ious to  co n ­
n ec t th e  m a in ten an ce  o f  th e  h y p e rten s io n  w ith  th e  p ro d u c tio n  o f  re n in  b y  
th e  in ta c t  k id n e y  itse lf, m ark ed  b y  p ro fo u n d  changes of th e  v a sc u la r  w alls. 
S tud ies show ing th a t  a n tire n in  t r e a tm e n t in  dogs a n d  m onkeys w as follow ed 
b y  a red u c tio n  in  b lood  p ressu re  a re  also c o n s is te n t w ith  th e  ro le o f  re n in  
in  th e  m a in ten an ce  o f p e rm a n e n t h y p e rte n s io n  (G oldblatt  1958, H e l m e r  
1958, W a k e r l i n  1958, D e o d h a r  e t al. 1964, F r a n k  1963).

McCu b b i n  a n d  P age (1963) reconcile  th e  “ h u m o ra l”  a n d  “ n e u ra l”  
theories b y  assign ing  to  ren in , m ore  a c c u ra te ly  to  ang io tensin , m ere ly  an  
ad d itio n a l s tim u la tin g  influence on th e  sy m p a th e tic  system . P r it c h a r d  
e t al. (1964) a t tr ib u te d  th e  increase in  th e  to n e  o f  th e  v a tc u la r  sm o o th  m u sc u ­
la tu re  to  a n eu ro p resso r m echan ism  elic ited  b y  th e  h um ora l fa c to r . T he 
resu lts  b y  G u y t o n  a n d  Colem an  (1969), F u n d e r  e t al. (1970), M cD o n a l d  
e t al. (1970) are  a t  v a rian ce  w ith  in te rm e d ia te  theo ries ou tlin ed  ab o v e , th e  
au th o rs  h av in g  b een  ab le  to  induce  a G o ld b la tt  ty p e  h y p erten sio n  in  ra b b its  
im m unized  a g a in s t an g io te n s in -II , an  o b se rv a tio n  w hich seem s to  d isp ro v e  
th e  ex istence  of a n y  re la tio n sh ip  be tw een  b lood  p ressu re  an d  th e  ren in  a c t iv i ty  
in  ren a l venous b lood , th u s  connec ting  th e  m a in te n a n c e  of p e rm a n e n t h y p e r ­
ten s io n  w ith  e x tra re n a l fac to rs in s tead  o f a re n a l m echanism .

T he c u rre n t th eo ries  a t t r ib u te  th e  re lease  o f  ren in , besides th e  well- 
es tab lish ed  in tra re n a l m echanism s, p r im a rily  to  sy m p a th e tic  in n e rv a tio n
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(G e n e s t  1971), as co n firm ed  b y  u ltram ic ro sco p ic  stud ies o f th e  JG S  ( B a ­
r a j a s  1964) as well as b y  h is to ch em ica l im m unofluo rescence  s tud ies ( W a g e r - 
m a r k  e t  al. 1968, G om ba  e t  a l. 1969), fu r th e rm o re  b y  ex p erim en ta l ev idence  
sh o w in g  th a t  d en e rv a tio n  o f  th e  k id n ey  h a d  a depressive effect on  ren in  
s e c re tio n  (Ta q u in i  e t a l. 1964, H o l l a n d e r  e t a l. 1964, T o b ia n  e t a l. 1965, 
U e d a  e t  al. 1967) a n d  t h a t  ganglion ( B u n a g  e t  a l. 1966) an d  a lp h a  re ­
c e p to r  b locking  ag en ts  ( F orgács  e t al. 1972, B ir b a r i  1971) in h ib it  th e  
re le a se  o f  ren in , w hereas sy m p a th e tic  s tim u la tio n  or infusion of ca tech o lam in e  
a re  e n h an c in g  its  sec re tio n  (Va n d e r  1965, G o r d o n  e t al. 1967, N i i j i m a  
1971, R i e u  e t al. 1971). T h e  ro le of th e  re n a l n e rv es , as fa r as th e  JG A  is 
c o n c e rn e d , m ay well be t h a t  o f a signalling  m ech an ism  ren d erin g  th e  ren a l 
v a s c u la tu re  abnorm ally  sen s itiv e  to  changes in  p ressu re  and  vo lum e (T o b ia n  
1967).

T h e  aim  of th e  p re s e n t s tu d y  has b een  to  o b ta in  convincing  p ro o f  of 
th e  ad ren e rg ic  con tro l o f re n in  secretion  in  e x p e rim e n ta l h y p erten s io n . U n d e r 
th e s e  a sp ec ts  the  ra tio  re n a l  ve in  ren in  to  p e rip h e ra l a rte ria l re n in  o f  th e  
d e n e rv a te d  k idney  w as co m p ared  w ith  th e  sam e values for th e  u n o p e ra te d , 
in n e rv a te d  kidneys o f  h y p e rte n s iv e  dogs ( F e k e t e  e t al. 1971). No in creased  
se c re tio n  o f pressor ag en ts  b y  th e  u n o p e ra te d  k id n e y  su b jec ted  to  sp lanchn ico - 
to m y  sim u ltaneously  w ith  th e  p ro d u c tio n  o f ischaem ia  of th e  o th e r  k id n ey  
w as  d em o n strab le , w hereas in  th e  case o f a p re se rv e d  sy m p a th e tic  n e rv e  su p p ly  
i ts  p re sso r  a c tiv ity  w as s ig n ifican tly  in c reased . T he effect o f  d e n e rv a tio n  
m a y  b e  e ith er a d irec t m ech an ism  re su ltin g  from  th e  cessation  o f th e  d irec t 
e f fe re n t  effect on th e  J G A , or an  in d ire c t m echan ism  owing to  a n  in te r ­
r u p t io n  o f th e  connection  b e tw een  th e  sy m p a th e tic  p a th w ay s  an d  th e  a ffe re n t 
a r te r io le ,  th e  d ila ta tio n  o f  w hich  is u n fa v o u ra b le  to  th e  release o f  p resso r 
a g e n ts  (T o bia n  1964). I t  is m oreover possib le  t h a t  th e  d e n e rv a te d  tissu e  
fa ils  to  sto re  ca tech o lam in es ( H o l l a n d e r  e t a l. 1964) or to  re lease  ren in .

T h ese  in te rp re ta tio n s  a re , how ever, n o t  v a lid  in  th e  ad v a n c e d  stages 
o f  h y p e rte n s io n . A fo llow -up  over longer p e rio d s rev ea led  th a t  th e  h y p e r te n ­
s io n  rem ain s u n affec ted  a f te r  rem oval o f th e  ischaem ic  k idney  a n d  th e  b lood  
sa m p le s  o b ta ined  a t  re g u la r  in te rv a ls  show ed a g rad u a l rise in  R A R  as com ­
p a r e d  w ith  th e  n o rm o te n s iv e  con tro l v a lu es  as w ell as w ith  th e  low  figures 
e x h ib ite d  b y  th e  sam e a n im a l during  th e  e a r ly  s tag e  of h y p e rte n s io n . T he 
R A R  a n d  th e  w eight o f th e  d en e rv a ted  k id n ey s  no longer differ fro m  tho se  
o f  in n e rv a te d  k idneys.

A ccording to  G r i m s o n  (1949), re g e n e ra tio n  o f nerve fib res is a fa irly  
r a p id  process. T herefo re , a second sp lan ch n ico to m y  m ay  again  in d u ce  a h y p o ­
te n s iv e  response. T h e  su rg ic a l d iv id ing  o f th e  m a jo r  sp lanchnic  n e rv e , th o u g h  
b e in g  a generally  a d o p te d  p ro ced u re , is c e r ta in ly  in a d eq u a te  for ra d ic a l d en e r­
v a t io n .  In  th e  case u n d e r  s tu d y , h y p e ra c tiv ity  o f  th e  residual fib res  m a y  h av e  
r e a c t iv a te d  renin  sec re tio n  w hich  th e n  re su lte d  in  a fu rth e r  c o n s tr ic tio n  of
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th e  vessels a n d  a fu r th e r  re lease  o f ren in . M oreover, in  v iew  of th e  excessive 
re a c tiv ity  o f d en e rv a ted  tis su e , th e  loss o f n e rv e  su p p ly  m ay  well lead  to  an 
u n d u e  responsiveness to  ca tech o lam in es of th e  JG A  an d  of th e  v ascu la r 
s tru c tu re s .
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DIE KREATININAUSSCHEIDUNG BEI FRAUEN 
WÄHREND DER FASTENKUR

Yon

W .-H . P e t e r s , V . G r o sse r  und A . K n a p p

FORSCHUNGSSTELLE FÜR M EDIZINISCHE ERNÄHRUNGSLEHRE AN DER HAUTKLINIK 
DER ERNST-MORITZ-ARNDT-UNIVERSITÄT GREIFSWALD (D.D.R.)

(E ingegangen am 5. Ju li, 1972)

U rinary  Creatinine excretion  has been studied  in 24 fasting adipose female 
patien ts. The 24-hour excretion  of creatinine as well as the creatinine coefficient de­
creased during fasting. The resu lts are in terpreted  as due to an influence of food on 
creatinine excretion. If u rin a ry  creatinine is used as a standard  param eter of other 
excreted m etabolic substances, the changes caused by  fasting should be tak en  into 
consideration.

E in le itu n g

In  d er D iskussion ü b er d ie  V a r ia b ilitä t d e r K rea tin in au ssch e id u n g  n im m t 
die F rag e  d e r B eeinflussung  d u rc h  die N a h ru n g szu fu h r g rößeren  R a u m  ein. 
N euere A rb e iten  (Ü bersich t b e i [13]) s te lle n d e s  k lassische K o n z e p t v o n  der 
K o n stan z  d e r K rea tin in au ssch e id u n g  [8, 18, 22, 23] in  F rag e , w obei dieses 
P ro b lem  a u c h  das In te resse  des E rn äh ru n g sw issen sch aftle rs  f in d e t  [33]. 
Die u n v e rä n d e r te  K rea tin in au ssch e id u n g  w äh ren d  einer F a s te n k u r  d ie n t als 
K o n tro llp a ra m e te r , inw iew eit w äh ren d  des F a s te n s  n u r F e ttg e w e b e  u n te r  
S chonung  des P ro te in b e s ta n d e s  des K örp ers  e ingeschm olzen w ird  [2 4 ]. A l l e y n e  
e t al. [2] b en u tz e n  einen K re a tin in -K ö rp e rh ö h e -In d e x  (c. h . i.), u m  b e i u n te r ­
e rn ä h rte n  K in d e rn  das D efiz it a n  M uskelm asse einfach  u n d  schnell c h a ra k ­
te ris ie ren  zu  k ö n n en . E in  fü r  d ie  P rax is  b ra u c h b a re s  N om ogram m  w u rd e  von  
M e n d e z  u n d  B u s k i r k  [26] p u b liz ie r t. W ir h ab en  bei d er B ea rb e itu n g  k lin ik se ig e ­
n er N o rm alw erte  fü r  die K re a tin in a u ssc h e id u n g  bei K in d e rn  u n d  E rw ach sen en  
[30] dem  P ro b lem  der in d iv id u e llen  V a ria b ili tä t  d ieser A ussche idungsg röße  
besondere  A u fm erksam keit g ew id m e t u n d z u r  B ra u c h b a rk e it des K re a tin in s  
als S tan d ard is ie ru n g sg rö ß e  S te llu n g  genom m en [31].

Ü b er die K rea tin in au ssch e id u n g  bei F e ttsü c h tig e n  f in d e t m a n  k e in es­
wegs e in h e itlich e  A ngaben (Ü b e rs ic h t bei [38]). In  d e r vorliegenden  A rb e it soll 
ü b e r die K re a tin in a u ssc h e id u n g  bei w eiblichen ad ipösen  P a tie n te n  w äh ren d  
e in er F a s te n k u r  b e rich te t w e rd en , w obei w ir a u f tre te n d e  V e rä n d e ru n g en  im 
Z u sa m m e n h a n g  m it dem  N a h ru n g se n tz u g  b e tra c h te n  wollen.

M ethodik und U ntersuchungsgut

W ir bestim m ten die K reatininausscheidung im  24-Stunden-U rin nach der M ethode 
des DAB 7 [14] bei obesen P a tien ten  im Verlaufe eines mehrwöchigen Saftfastens. Z ur Aus-
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Tabelle I
Übersicht über die Patientengruppe

Nr. Name Alter n
Dauer

des
Fastens

Aufnahme­
gewicht

kg

Broca-
Index

Entlassungs­
gewicht

kg

Gewichts­
abnahme

kg

Gewichts­
abnahme 
pro Tag 
kg/Tag

l E. V. 27 2 25 87,5 1,37 78,5 9,0 0,36

2 E. A. 65 3 32 111,0 1,68 104,2 6,8 0,21
3 E. B. 47 3 32 98,5 1,76 84,9 13,6 0,43
4 R. F. 49 3 32 101,3 1,51 89,9 11,4 0,36

5 E. G. 39 3 35 91,4 1,83 82,2 9,2 0,26
6 M. S. 33 3 32 83,8 1,44 74,5 9,3 0,29
7 B. P. 56 2 26 86,5 1,29 81,0 5,5 0,21

8 K. R. 18 3 36 86,0 1,30 75,2 9,8 0,27

9 I. L. 42 3 22 90,1 1,24 83,2 6,9 0,31

10 E. M. 26 3 30 83,8 1,21 73,6 10,2 0,34

11 R. E. 17 3 31 75,6 1,24 66,0 9,6 0,31
12 S. H. 19 3 29 74,0 1,21 67,2 6,8 0,23

13 I. P. 39 2 30 84,1 1,40 78,8 '  5,3 0,18

14 H. K. 41 3 27 85,6 1,36 78,0 7,6 0,28

15 G. H. 44 3 27 91,8 1,35 86,0 5,8 0,22

16 B. T. 38 2 20 110,0 1,41 101,5 8,5 0,43

17 K. Z. 42 3 32 108,5 1,62 97,6 10,9 0,34

18 T. P . 49 3 32 84,4 1,36 75,9 8,5 0,27

19 G. B. 48 3 29 91,0 1,36 82,5 8,5 0,29

20 E. B. 44 2 25 80,5 1,46 74,4 6,1 0,24

21 F. E. 46 3 32 84,0 1,50 78,9 5,1 0,16

22 C. M. 32 2 19 77,2 1,15 70,8 6,4 0,34

23 O. M. 35 3 22 68,2 1,12 65,0 3,2 0,15

24 A. S. 55 3 51 101,0 1,74 91,8 9,2 0,18

W ertung gelangten 24 w eibliche Patienten, die im Ja h re  1970 stationär behandelt wurden. 
T abelle I gibt eine Ü bersich t ü b e r die Patientengruppe. E s handelt sich um  P a tien ten  m it 
essentieller Fettsuch t [38]. M etabolische Störungen sowie andere K rankheiten konnten  durch 
ein umfangreiches R outine-U ntersuchungsprogram m  ausgeschlossen werden. D as A lter der 
S tichprobe betrug 40 Ja h re  (Z entralw ert 41,5 J.). A ufnahm e- und Entlassungsgew icht sowie 
Gewichtsabnahm e sind der Tabelle I zu entnehm en. D urchschnittlich w urden Gewichts­
abnahm en  von 8,1 +  2,1 kg (V K  =  26%) erzielt, wobei unsere täglichen D urchschnittsw erte 
von  0,28 +  0,08 kg (VK =  29% ) un ter den bei N ull-D iät zu erreichenden täglichen Gewichts­
abnahm en lagen [15, 19]. W ir füh rten  die K reatin inbestim m ung 1 — 2 Tage vor Fastenbeginn, 
in  der Fastenm itte (10.— 16. T ag) und am Fastenende (19. —30. Tag) durch. Als Vergleichs­
gruppe wurden 14 F rauen  aus vorangehenden U ntersuchungen ausgewählt, deren einfacher 
B roca-Index nicht über 1,10 lag.

Die statistischen M aßzahlen  berechneten wir nach  dem  bei R ic h t e r ic h  [36] angege­
benen  Verfahren. Das R echenzentrum  der E rnst-M oritz-A rndt-U niversität Greifswald hatte  
die Korrelations- und Regressionsanalysen übernom m en.*

* Herrn Dipl.-M ath. H . Poser sei für die A usführung der Berechnungen an  dieser 
S telle gedankt.
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E rgebn isse

In  T abelle  I I  sind  die in u n se ren  U n te rsu ch u n g en  e rm itte lte n  W erte  fü r 
die K re a tin in au ssch e id u n g  angegeben . T ro tz  h öherer A lte rszu sam m en se tzu n g  
d e r A dipösen  b e tru g  die als N o rm a lw e rt an zu seh en d e  K re a tin in a u ssc h e id u n g  
bei s ta tio n ä re r  A u fn ah m e 1,30 +  0,24 g u n d  lieg t d am it s ig n if ik a n t ü b e r  den 
W erten  d er V erg le ichsgruppe. D ie g rö ß ere  V a rian z  der N o rm a lg ru p p e  erw eist

Tabelle II

Kreatininausscheidung und -koeffizient bei adipösen Frauen gegenüber Normalpersonen

Kreatininaus­
scheidung 

mg/24 Std.

Kreatinin­
koeffizient

mg/kg

Körpergewicht
kg

X  +  s

Vergleichsgruppe n = - 14 s x

VK

1033 +  393 

105

3 8 %

18,9 +  6,1 

1,6 

32 %

54,4  +  8,4 

2,2

1 5 %

X  +  s

Fastenpatienten n =  23 s -

V K

1302 +  241 

50

1 9 %

14,8 +  3,4 

0,7 

23 %

88 ,9  +  11,3 

2,3 

1 3 %

Irrtum sw ahrscheinlichkeit P  ^  2 % P  <i 2 % P  ^  0 ,1 %

sich im  S treu u n g sv erg le ich  (F -T est) als s ig n if ik a n t (P  =  5% ). D e r K re a tin in ­
k o effiz ien t d er F e ttsü c h tig e n  is t m it  14,8 +; 3,2 m g/kg s ig n if ik an t v e rm in d e rt.

W äh ren d  d e r F a s te n k u r  (S a ftfa s te n ) s in k t die K re a tin in a u ssc h e id u n g  
ab  (P  =  1% , A bb . 1). D er K o rre la tio n sk o ffiz ien t b e trä g t r — — 0,387 , w obei 
die dazugehörige  R egressionsgerade  d u rc h  d ie  F u n k tio n

y =  1321 -  11,2 X

bech rieb en  w ird .
D as abw eichende  V erh a lten  ein iger P ro b a n d e n  k an n  d u rch  U rin v e rlu s te  

b e d in g t sein. D a  d e r  Sam m elfeh ler im  G e sa m tm a te ria l zu fa llsm äß ig  v e r te ilt  
is t, w u rd en  k eine  E inze lw erte  e lim in ie rt.

D er K rea tin in k o e ffiz ien t (A bb. 2) f ä l l t  in  g leichsinniger W eise wie die 
G esam tau ssch e id u n g  ab . Die b e re c h n e te n  s ta tis tisch en  P rü fg rö ß e n  ü b e r­
sch re iten  h ie r je d o c h  n ich t das g e fo rd e rte  S ig n ifikanzn iveau  fü r  ein  P  =  5% .
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Bestimmungstag

Abb. 1 . K reatininausscheidung (m g/24-Std.) bei obesen F rauen  während einer F astenku r 
y  =  1321 -  11,2*; s =  ± 2 5 0  (r =  -  0,387)

Bestim m ungstag

Abb. 2. K r^atininkoeffizient (mg/kg Körp.-Gew.) bei obesen F rauen  während der F a s ten k u r 
y  =  15,1 — 0,08*; s =  ± 3 ,2  (r =  — 0,235)
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D iskussion

D ie H öhe d er K rea tin in au ssch e id u n g  w ird  du rch  den K ö rp e rb e s ta n d  
an  M uskelm asse b e s tim m t. Iso to p en v ersu ch e  a n  R a tte n  u n d  beim  M enschen 
e rgaben , d a ß  tä g lic h  e tw a 1 ,6%  — 2 %  des zu  95%  in der M u sk u la tu r  lo k a li­
sierten  K re a tin b e s ta n d e s  des O rgan ism us als K re a tin in  ren a l e lim in ie rt w er­
den [6, 21]. U n te rsu ch u n g en  ü b e r die n o rm a le  K re a tin in au ssch e id u n g  bei 
K in d ern  u n d  E rw ach sen en  w idersp iegeln  d e ren  a lte rsp ara lle len  V e r la u f  zu r 
E n tw ick lu n g  u n d  R ü ck b ild u n g  d er M uskelm asse [1, 12, 30, 39, 4 1 ]. M it 12 
J a h re n  t r i t t  ein  s ig n ifik an te r G esch lech tsu n te rsch ied  a u f  [12]. B ei A dipösen  
ist die K re a tin in au ssch e id u n g  im  2 4 -S td .-H a rn  v e rm eh rt. A n d e re rse its  ist 
die a u f  d as  K ö rp erg ew ich t bezogene A usscheidungsm enge (K re a tin in k o e ffi­
zien t) g egenüber N orm algew ich tigen  d e u tlic h  v e rm in d e rt (T ab I I ) .  A u fg ru n d  
des h ö h eren  K ö rp e rfe tta n te ils  is t d er n ied rigere  K rea tin in k o effiz ien t d e r  A d ip ö ­
sen e rk lä rb a r  [8a , 18, 37].

Die U n te rsu c h u n g  d er K re a tin in a u ssc h e id u n g  w äh ren d  des F a s te n s  
erfo lg te v o r  a llem  deshalb , um  A ufschlüsse ü b e r  n ah ru n g sb ed in g te  V e rä n d e ­
rungen  d ieser A usscheidungsgröße zu  e rh a lte n . In  einem  v o ra n g e h e n d e n  V er­
gleich fan d e n  w ir bei 11 K in d e rn  u n te r  2 4 -s tü n d ig e r N ah ru n g sk a ren z  keine 
u n te rsch ied lich en  W erte  zu  einer V erg le ichsg ruppe  [30]. In  der L i te r a tu r  w ird  
der E in f lu ß  d e r N a h ru n g  a u f  die K re a tin in a u ssc h e id u n g  n ich t e in h e itlich  b e u r­
te ilt . N euere  A rb e iten  m achen  im  H in b lick  a u f  die erhebliche in d iv id u e lle

Tabelle III

Regressionsgleichung (y  =  a hx), Korrelationskoeffizient (r ) sowie Prüfgröße ( t)  und Streuung 
der y-W erte (s) bei den untersuchten Beziehungen (y  zu x)

У X у  =  а + Ьх Г t 9 =  ±

K reatininaus­
scheidung 
mg/24 Std.

Bestimmungs­
tag у  =  1321 -  11,2 ж -0 ,3 8 7 -3 ,3 6 * * 249,6

Kreatininkoeffizient 
mg/kg Körp. Gew.

Bestimmungs­
tag у  =  15,1 — 0,08 ж -0 ,2 3 5 - 1 ,9 4 3,2

Körpergewicht kg Bestimmungs­
tag у  =  88,9 -  0,33 ж -0 ,2 7 3 -2 ,2 7 * 10,8

(» — 2 =  64, * p ^ 5 % ,  * * p ^ l % )

V a ria b ilitä t d e r K rea tin in au ssch e id u n g  a u f  den  F a k to r  N a h ru n g sz u fu h r  
au fm erk sam  [4 , 5, 10, 25, 32, 35]. W ä h re n d  d e r F a s te n k u r  s in k t die K re a tin in ­
aussche idung  bei unseren  P a tie n te n  tä g lic h  u m  etw a 11 m g. D er K re a t in in ­
koeffiz ien t b le ib t ebenfalls n ich t k o n s ta n t, so n d ern  fä llt im  G e sa m tm a te r ia l 
d u rc h sc h n ittlic h  u m  2 m g/kg  ab . J o h n s o n  e t a l. [24] sahen  u n te r  lO täg ig er
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D iä t th e ra p ie  (500 k ca l, E iw eiß - u n d  K o h le n h y d ra tk o s t)  bei M ännern  k eine  
V e rä n d e ru n g e n . D aß  u n te r  v o lls tän d ig e r N a h ru n g sk a re n z  die K re a tin in a u s ­
s c h e id u n g  im  U rin  a b fä ll t , is t  bere its  frü h e r p u b liz ie r t w orden [2 2 ,2 3 ,2 7 ,2 8 ] . 
B l e i l e r  u . S c h e d l  [5] u n te rsu c h te n  ü b er 2 — 3 W ochen  u n te r  s ta n d a rd is ie r te n  
B e d in g u n g e n  n a h ru n g sa b h ä n g ig e  V erän d e ru n g en  d er K rea tin in w erte  in  B lu t 
u n d  U r in . W urde Casein als N ahrungseiw eiß  v e ra b fo lg t, fielen sow ohl das Se­
ru m k re a t in in  als auch  die U rin au ssch e id u n g  b e i k o n s ta n te r  K re a tin in c le a ra n c e  
a b . A u f  u n v e rä n d e rte  C learan cew erte  w äh ren d  des F a s te n s  wies auch  Ch e i f e t z  
[11] h in . E in  E in flu ß  d e r N ah ru n g sz u fu h r a u f  d as  S e ru m k rea tin in  w ird  a ll­
g e m e in  n eg ie rt [4, 16, 17, 20, 34, 40], o b w o h l die B efunde v o n  Ca m a r a  
e t a l. [9] u n d  B l e i l e r  u n d  S c h e d l  [5] eine B e s tä tig u n g  sind. D er d iu rn a le  
R h y th m u s  von S e ru m k re a tin in k o n z e n tra tio n  u n d  H arn au ssch e id u n g  w ird  
z w a r d u rc h  eine N ah ru n g sk a re n z  m o d ifiz ie rt, a b e r  n ich t au fgehoben  [29]. 
B r o w n  e t al. [7] b e ric h te n  ü b e r  einen a n s te ig e n d e n  H y d ro x y p ro lin -K re a tin in -  
I n d e x  im  U rin  bei fa s te n d e n  ad ipösen  P a tie n te n , ohne a u f  k re a tin in b e d in g te  
Ä n d e ru n g e n  dieses Q u o tie n te n  einzugehen. K ö r t e  et al. [25] m achen  d a ra u f  
a u fm e rk sa m , daß  bei u n te re rn ä h r te n  K in d e rn  d u rc h  die h e rab g ese tz te  K re a ­
tin in a u ssc h e id u n g  höhere  In d e x w e rte  e rh a lte n  w erd en , w enn die A usscheidung  
a n d e re r  S to ffw ech se lm etab o liten  a u f die K re a tin in m e n g e  bezogen w ird . S to ff­
w ech se lu n te rsu ch u n g en  b e i ad ipösen  K in d e rn  zeigen , daß  diese K in d e r n eben  
a n d e re n  S to ffw ech se lp a ram ete rn  w eniger K re a tin in  ausscheiden  [3]. W äh ren d  
b e i N o rm a lk in d e rn  u n te r  E iw e iß b e lastu n g  eine  E rh ö h u n g  der K re a tin in a u s ­
sc h e id u n g  um  22,5%  e in t r a t ,  w ar bei den A d ip ö sen  als A usd ruck  d er g rö ß eren  
N -R e te n tio n  lediglich ein  A nstieg  um  1 2 ,9%  zu  b eo b ach ten . Im  H in b lick  
a u f  u n se re  F rag este llu n g  e n tn e h m e n  w ir d iesen  E rgeb n issen  noch, d aß  b e re its  
k u rz fr is t ig e  Ä nderungen  d e r  N ah ru n g szu sam m en se tzu n g  die 24-S td .-M enge 
des K re a tin in s  b ee in flu ssen . U nsere E rg eb n isse  b e s tä tig e n  ebenfalls, d aß  die 
K re a tin in a u ssc h e id u n g  b e i län g e re r N a h ru n g sk a re n z  k o n tin u ie rlich  a b fä llt . 
W ir  w e rte n  diese V e rm in d e ru n g  im  Sinne eines n ah ru n g sb ed in g ten  E in flu sses  
u n d  n ic h t  e indeu tig  als In d ik a to r  einer ab n e h m e n d e n  M uskelm asse u n te r  
d e r  F a s te n k u r . U m  A ufsch lüsse  über V e rä n d e ru n g en  des P ro te in b e s ta n d e s  
des O rg an ism u s w äh ren d  des F as ten s  zu e rh a lte n , sind  um fangre ichere  U n te r ­
su c h u n g e n  der N -B ilanz  erfo rderlich .

Z u sam m en fassu n g

E s w ird  ü b er das V e rh a lte n  der K re a tin in a u ssc h e id u n g  im  U rin  be i 24 
a d ip ö se n  F rau en  w äh ren d  e in e r F a s te n k u r b e r ic h te t .  Sowohl die 2 4 -S tu n d en - 
A u ssc h e id u n g  als au ch  d e r K rea tin in k o e ffiz ien t fie len  im  V erlau f d e r F a s te n ­
k u r  a b . D ie E rgebnisse  w e rd en  als A u sd ru ck  des N ahrungsein flu sses a u f  die
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K rea tin in au ssch e id u n g  g e d e u te t. Soll das H a rn k re a tin in  als S ta n d a rd is ie ru n g s ­
größe a n d e re r  S to ffw ech se lp a ram ete r h e rangezogen  w erden, s ind  die d u rch  
den  N ah ru n g sen tzu g  b ed in g te n  V erän d eru n g en  zu b e rücksich tigen .
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A C T A  M E D I C A

T O M  2 9  — В Ы П .  3 - 4  

РЕЗЮ М Е

О С У БК ЛИ Н И ЧЕС К О М  И Н Ф А РК Т Е  СЕРД Ц А

И .  К Е Н Е Д И ,  Ю .  Д Е В А Й  и  Ф .  Г О Н Д А

У  36 больных, в анамнезе которых не было данных об остром приступе инфаркта, 
было обнаружено состояние после инфаркта сердца по. M innesota Code.

Н а ЭКГ картину постинфарктного рубца без острого, длительного болевого при­
ступа могут вызвать четыре различных патомеханизма: 1. истинный, немой, безболевой ин­
фаркт, 2. преходящ ая, однократная сердечная боль, подражающ ая грудную  ж абу, 3. 
острые симптомы со стороны сердца (недостаточность кровообращения или ритм галопа) 
без болей, 4. симптомы другого заболевания маскирую т признаки инфаркта сердца.

У больных старше 55 лет симтомокомплекс, названный подклиническим инфарктом, 
был выявлен чаще, причем при инфаркте задней стенки чаще, чем при инфаркте передней 
стенки.

СОСТАВ Ф ОСФ ОРЛИПИДОВ В КРО В И  П РИ  РАССЕЧЕНОМ  С К Л Е Р О ЗЕ
И .  Х У С А К ,  А .  Р И М А Н О Ц И ,  Л .  Л А Ц К О В И Ч  и  Л .  Л Е Х О Т А И

Уровень и состав фосфорлипидов в плазме и в форманных элементах крови больных 
рассеянным склерозом и контрольных лиц былы определены при помощи метода хромато­
графии на тонком слое и на столбе.

Ни общее, ни частное содержание фосфорлипидов не показало н икаких  достовер­
ных отклонений. Однако следует отметить, что уровень частных фосфолипидов в плазме и в 
кровяны х клетках  колебается как  у контрольных лиц, так  и у  больных рассеянны х склеро­
зом, причем колебания, быть может, более значительны у больных рассеянным склерозом. 
Это наблюдение может быть объяснением того ф акта, что некоторые авторы в связи с со­
держанием фосфорлипидов в крови больных рассеянным склерозом публиковали противо­
речивые данные.

С Ы В О РО Т О Ч Н Ы Е  И М М УН О ГЛО БУЛ И Н Ы  У  Д Е Т Е Й  С БИ Л ГА РЦ И О ЗО М
М . X .  С О Л И М А Н ,  А .  Э Л - В А С Е Е Ф ,  А .  А .  К О М Б О Р  и  К .  М . Э Л - К А Ш Л А Н

1. Исследования были проведены у 23 детей, зараж енны х S. haem atob ium  и 15 
детей, зараж енны х S. m ansoni и у 5 контрольных детей.

2. В обоих типах шизостомоза было выявлено достоверное понижение концентра­
ции альбумина в крови, вызванное либо фактором питания (при зараж ении S. haem atobium ), 
либо снижением синтеза альбумина вследствие поражения печени (при шитозомозе 
Мансона).

3. Гипо-альбуминемия была сопровождена достоверным повышением содержания 
у-глобулинов, вызванного значительным повышением только фракции ígG. К ак  содержа­
ние общих у-глобулинов, так  и компонента IgG оказались гораздо более повышенными у 
больных кишечным шистозомозом, осложненной гепатоспленомегалией, чем при шисто- 
зомозе мочевых органов. Это явление приписывается более значительной активности 
регикулоэндоталиальных клеток при инфекциях S. mansoni.

4. Рекомендается обратить внимание на факторы питания, так как  они могут быть 
отчасти ответственными за  некоторое снижение концентрации альбуминов и за  компен­
саторное повышение содержани у-глобулинов в крови.

5. Следует отметить, что увеличение фракции было обнаружено шесть месяцев после 
инфекции билгарциозом.



О П Р Е Д Е Л Е Н И Е  И М М УНОРЕАКТИВНОГО И Н С У Л И Н А  В С Ы В О РО ТК Е И В 
Г Е П А РИ Н О В О Й  И ЭДТА -П ЛА ЗМ Е

И .  Б А Л А Ж И  и  М . Ш Т Ю Ц Е Л Ь

В сыворотке, в гепариновой и ЭДТА-плазмах, полученных из тождественных об­
разцов человеческой крови, авторами были проведены параллельные определения им­
мунореактивного инсулина. Было установлено, что добавление гепарина к  крови в целях 
п олучен ия плазмы (в концентрации 12,5 и 50 ME на мл крови) или ЭДТА (в концентрации 
5 мг н а  мл крови) не вызывает достоверного изменения количества иммунореактивного ин­
сулина, определенного в этих плазм ах, по сравнению с величинами иммунореактивного 
и нсули на в тождественных сы воротках. Следовательно плазмы, полученные после добав­
лени я  гепари н а или ЭДТА в указанны х концентрациях, и сыворотки равным образом при­
годны д л я  определения иммунореактивного инсулина. В виду того, что меж ду величинами 
иммунореактивного инсулина в сыворотке и в плазме были получены недостоверные 
р азл и чи я, рекомендуется при проведении экспериментальных серий подготовлять образцы 
крови  д л я  определения в одинаковых условиях.

В случае применения гепарина, растворенного в буферном растворе в концентрации, 
не прим енямой для получения плазмы  (500 ME на мл), были получены более высокие вели­
чины иммунореактивного инсулина. П ри определении в человеческой плазме в присут­
ствии Э Д Т А  в более высокой концентрации (25 мг на мл крови), величины иммунореактив­
ного и н сул и н а оказались достоверно более низкими. С другой стороны прибавление ЭДТА 
не в л и я л о  на рекуперацию инсулина, растворенного в буферном растворе, содержащем 
альбум ин.

Н а  основе этих результатов авторы считают вероятным, что гепарин вызывает сни 
ж ение реакци и  инсулина с противотелами, связывающими инсулин, что происходит и 
независимо от наличия плазмы, в то время как  действие ЭДТА, повышающее реакцию 
м еж ду инсулином и связывающим инсулин антителами, зависит от какого-то ф актора, 
присутствую щ его в плазме.

Д Е Й С Т В И Е  КЛОФ ИБРАТА НА А О РТ А Л Ь Н Ы Е  ГЛ Ю К О ЗА М И Н О ГЛ И К А Н Ы , Б Е Л ­
К И  И Н А  У РО В Н Ь С Ы В О РО Т О Ч Н Ы Х  Л И П И Д О В  П Р И  ЭКСП ЕРИ М ЕН ТА ЛЬН О М

А Т Е РО С К Л Е РО ЗЕ

М . Б И Х А Р И - В А Р Г А ,  Я .  Ф Е Х Е Р ,  М .  В А Р Ш А Н Ь И  и  Ш .  Г Е Р Е

А вторами было изучено действие клофибрата н а  кроликов, получавших холестерол.
1. Математически очень достоверное уменьшение уровня сывороточных липидов 

было установлено уже спустя две недели после введения клофибрата.
2. В аортах кроликов, кормленны х холестеролом, при гистологическом, гистохими­

ческом и  электронномикроскопическом исследованиях было выявлено незначительное 
повыш ение концентрации глю козаминогликана и интенсивное отложение липивод. При 
помощи термального анализа в интиме животных удалось доказать наличие комплексов 
аортал ьн ы х  глюкозаминогликанов — сывороточных бета-липопротеинов и аккумуляцию  
«патологических» перекрестных соединений в волокнисты х тканевых протеинах.

3. В результате введения клофибрата в аортах кроликов с экспериментальным атеро­
склерозом  было найдено достоверное повышение содерж ания глюкозаминогликана. В то 
ж е трем я  было установлено уменьшение количества аортальны х глю козаминогликан- 
бета-липопротеиновых комплексов. Противо-атерогенная активность клофибрата вли яла 
так ж е н а  патологически измененную протеиновую структуру: вызванные кормлением 
холестерином изменения отчасти оказались обратимыми.

Т А К  Н А З. “ WASTING D IS E A S E ”  И Т Е Т А Н И Я  П О СЛЕ ПОСЛЕРОДОВОГО 
У Д А Л Е Н И Я  Ш ИШ КОВИДНОГО Т ЕЛ А

Д .  Ч А Б А ,  И .  Р А Д О Ш ,  Э .  В О Л М У Т

А вторы  исследовали после удаления шишковидного тела у цыплят (Gallus dom esti- 
cus) развити е, физиологические параметры  и гистологическую  картину щитовидной, около- 
щ итовидны х желез, ультимобранхиального тела и Ф абрициевой сумки. Они установили,



что эпифизектомированные цыплята отстают в развитии, они теряют перья, что объясня­
ется болезнью «wasing disease», возникающей в результате атрофии зобной ж елезы  и Фаб- 
рициевой сумки. У  50%  цыплят наступила тетания и 35%  погибли от нее. П ри этом около- 
щитовидные ж елезы  были интактными. Авторы рассматривают возможный механизм 
того заболевания и предполагают существование пинеального регулирования эндокрин- 
ых ж елез энтодермального происхождения.

Ц Е Р Е Б Р А Л Ь Н Ы Е  ГЕМ О ДИ Н А М И ЧЕС К И Е ПРОЦЕССЫ  И М ЕТА БО Л И ЗМ  ПРИ 
И Ш ЕМ И ЧЕСКИХ  П О РА Ж Е Н И Я Х  К РО В О О Б РА Щ Е Н И Я  ГО Л О ВН О ГО  МОЗГА

Д .  Х А Д Ж И Е В ,  Б .  Й О Р Д А Н О В ,  Ш Т .  Я Н Ч Е В А  и  Б .  Б А Й К У Ш Е В

Определенные параметры церебральных гемодинамических процессов (кровообра­
щение, сосудистое сопротивление, перфузионное давление гоовтного мозга) и церебральный 
метаболизм (потребление кислорода, поглощение глюкозы, образование двуокиси углерода, 
дыхательный коэффициент, соотношение лгю коза: кислород) были изучены у 30 больных 
с ишемическим пораж ениями церебрального кровообращения. Величина церебрального 
кровотока была определена методом венной дилюции изотопа, а дыхательные газы — при 
помощи микрогазометрической техники. В полуш арии, пораженном патологическим про­
цессом, было выявлено понижение кровотока (268,76 мл/мин), потребления кислорода 
(35,10 мл/мин), поглощения глюкозы (28,90 мг/мин), образования двуокиси кислорода 
(18,72 мл/мин), дыхательного коэффициента (0,58) и соотношения глюкоза: кислород (0,89). 
Церебральное перфузионное давление оказалось повышенным (106,33 мм рт. ст). Были 
анализированы корреляции между параметрами церебральной гемодинамики и церебраль­
ным метаболизмом. Корреляционные коэффициенты были сопоставлены с величинами, 
исчисленными на основе данных, полученных методом 131У-иоантипирина О. М. Рейн- 
мута и сотрудников у здоровых лиц и у больных аналогичной группы. У  больных были 
выявлены расстройства в гемодинамико-метаболических корреляциях, за  исключением 
тесной корреляции м еж ду церебральным кровотоком и кислородным потреблением мозга. 
При церебральной ишемии возникают новые гемодинамико-метаболические взаимоот­
ношения, объясняющие некоторые патогенетические механизмы, и таким образом способ­
ствующие более рациональному терапевтическому воздействию на пораж ение церебраль­
ного кровообращ ения.

И ЗМ Е Н Е Н И Я , НАСТУПАЮ Щ ИЕ В С Л ЕД  ЗА  Х РО Н И ЧЕСКО Й  ЗА ТРА В К О Й  К РЫ С
ПРЕПАРАТОМ  СА Ц ЕРН О

Д .  С Е Г Е Д И  и  Г .  К П А С Н А И

Авторы проводили после хронической дачи крысам препарата сацерно иммуносеро- 
логические и гистологические исследования. П араллельно с увеличением продолжитель­
ности воздействия повышался процент иммуносерологических изменений: появления анти- 
нуклеопротеиновых антител, анти-гаммаглобулина. Параллельно с этим наблю дались ги- 
перпротеинамия и гипергаммаглобулинемия. В лимфатических узлах крыс, длительно 
получавших препарат, наблюдались различные гистологические отклонения. Из них наи­
большее внимание заслуж ивает плазмаклеточная плеоморфно-клеточная опухолевидная 
пролиферация. Возникновения истинной опухоли авторы не наблюдали. Авторы рас­
сматривают механизм свойства гидантионовых препаратов провоцировать аутоиммунные 
заболевания. По мнению авторов, морфологические изменения, возникающие в лимфати­
ческих узлах под прямым воздействием медикамента, представляют основу различных им­
муносерологических изменений.

М О Д Е Л ЬН Ы Й  О П Ы Т  Д Л Я  И ЗУ Ч Е Н И Я  КЛИ НИ КОП АТО ЛО ГИ И  М И ОКАРДИТА

П .  Ш В А Р Ц М А Н ,  Й .  Д Е М Е Т Е Р ,  Е .  М А Д Я Р

Авторы прибавили к обычной диете кры с этиллауреат. При этой диете в миокарде 
возникали такие диффузные изменения, которые соответствуют критериям миокардита. 
Авторы исследовали параллельность меж ду тяж естью  гистологической картины и изме­
нениями ЭЭГ. Они сообщают о выводах, сделанных на основании 242 электрокардиографи­
ческих исследований.



В Ы ЗВ А Н Н А Я  О БЛ У Ч Е Н И Е М  У Л ЬТРА ЗВ У К О М  М ЕСТН А Я РЕА К Ц И Я  Р Е А К Ц И Я
Ш ВАРЦМАНА

Ш . Т О Т ,  Т .  С И Л А Д И ,  Г .  К А Р О Н ,  г . л э в а и

В кож е, предварительно подготовленной внутри кож ны м введением эндотоксина 
кишечной палочки 0111, местным облучением ультразвуком (2 ватт/см2) на протяж ении 10 
минут мы вы звали на кроликах  тромбогеморрагическое, некротическое поражение кож и . 
Кинетика возникновения реакции, а  такж е макроскопическая и микроскопическая ее 
формы проявления, по сути дела, были тождественными с таковыми местной реакции 
Ш варцмана, вызываемой внутрикожным и внутривенным введением эндотоксина.

П ровоцирую щий местный феномен Ш варцмана эффект облучения объясняется 
комплексным действием ультразвука, в котором роль играю т поражение местной ткани  и 
лейкоцитов, микроциркуляторные изменения, а такж е — вероятно — активация факторов 
свертывания крови.

ЗА Щ И ТН О Е Д Е Й С Т В И Е  О БРА Щ ЕН Н О ГО  П РО ТИ В  МЫШИНОГО КО Ж Н О ГО  
Э П И Т Е Л И Я  К РО Л И Ч ЬЕ ГО  IgG НА К О Ж Н Ы Й  ГРА Ф Т МЫШЕЙ

Б .  Ф Е К Е Т Е ,  Д .  С Е Г Е Д И ,  Г .  Г А С Т О Н И ,  Г .  С А Б О ,  Д .  П Е Т Р А Н И

Авторы констатируют, что кроличьи IgG, обращ енный против Бальб/с мышиного 
эпителия кож и  увеличивает время выж ивания Б аль/с  кож ного графта в мышах СВА, В 
действии IgG  обращенного против эпителия кож и и такового, обращенного против типо- 
цитов, много сходных черт. В защищающем кожный графт действии обращенного против 
эпителия кож и  кроличьего IgG авторы предполагают наличие трех связанных меж ду собой 
факторов:

1. антимоциторное действие,
2. защ итное, покрывающее поверхность действие и
3. проявляю щ ую ся на макрофагах супрессию антител.

И СС Л ЕД О В А Н И Е ЧУ ВСТВИ ТЕЛЬНО СТИ  В О ТН О Ш Е Н И И  ЦИТОСТАТИЧЕСКИХ 
П РЕП А РА Т О В  IN  B1TRO П РИ  Х РО Н И Ч Е С К О Й  М И ЕЛОИДНОЙ

Л ЕЙ К ЕМ И И

П .  Г Е Р Г Е Й ,  Г .  С А Б О ,  Д .  С Е Г Е Д И ,  Б .  Ф Е К Е Т Е ,  Д .  П Е Т Р А Н И

Авторы исследовали при хронической миелоидной лейкемии чувствительность 
культуры  периферических лейкоцитов в отношении цитостатических препаратов. И з 8 
больных, у  которых проводилось исследование, в 7-ми сл учаях  медикамент, который на 
основании теста in v itro  оказался эффективным, вызавал клиническую  ремиссию.

С ВЯ ЗЬ М Е Ж Д У  ГИСТОЛОГИЧЕСКОЙ К А РТ И Н О Й  СЛИЗИСТОЙ Ж Е Л У Д К А  И  Е Е  
С ЕК РЕ Т О РН О Й  АКТИВНОСТЬЮ  У  Ч Е Л О В Е К А

В .  В А Р Р О ,  Г .  К А Р А Ч О Н Ь  и  Э .  П А Х

Авторы проводили на неподобранцом больничнном материале клинического от­
деления сравнение гистологических данных слизистой дна ж елудка, полученной путем 
слепой биопсии, и данных секреции железами соляной кислоты.

Бы ло установлено, что у лиц  с нормальной слизистой, после дачи гистамина, об­
разование соляной кислоты достоверно превышает секрецию у больных гастритом. У  по­
следних по мере тяж ести  гастрита уменьшается количество соляной кислоты:

В ыявлено такж е, что толщина активной паренхимы более верно отражает степень 
морфологического и функционального поражения слизистой, чем величины толщины всей 
слизистой.

Число клеток, образующих активную паренхиму, сниж ается параллельно степени 
выраженности гастритического пораж ения.

Авторы считают интересным, что среди ж елезистых клеток главные клетки, по-види­
мому, более чувствительны в отношении прогрессирующ их гастритических процессов.



К Л И Н И Ч Е С К И Е  И ГИСТОП АТОЛОГИ ЧЕСКИЕ И ССЛ ЕДО ВА Н И Я П РИ  
Т Е РА П Е В Т И Ч Е С К И Х  П О Ч Е Ч Н Ы Х  Б О Л Е ЗН Я Х

И .  В А Р Г А ,  Э . Б Е Р Е Г И ,  Б .  К Е Н Е З

Н а основании изучения клинических и гистопатологических данных 41-го взрослого 
больного и по литературным данным мы деламем выводы относительно диагностической 
ценности гематурии и клинического значения очагового нефрита:

1. Повторно возникаю щ ая в связи с катарром верхних дыхательных путей, с физи­
ческой нагрузкой гематурия или постоянная микроскопическая гематурия является во 
взрослом возрасте очень редким симптомом очагового нефрита и в больш инстве случаев 
этот симптом означает диффузный гломерулонефрит. Синдром гломерулонефрита, проявля­
ющегося с очаговой структурой не является единым и поэтому его клиническое распозна­
вание невозможное. Очаговый нефрит — это гистологический диагноз.

2. Очаговый нефрит — как  и диффузный гломерулонефрит — явл яется  сопровож­
дающейся с иммунопатологическим процессом, воспалительной клубочковой реакцией с 
очаговой структурой. В клубочковых петлях отложение иммуноглобулинов более распро­
страненное, чем этого следовало бы ожидать на основании очаговой воспалительной реак­
ции. Роль стрептококковой инфекции в патогенезе не доказана; в отдельных случаях  неф­
ритогенной вредностью мож ет быть вирусная инфекция или другая бактериальная инфек­
ция.

3. Очаговый нефрит является типом гломерулонефрита со сравнительно доброка­
чественным течением, но он не может рассматриваться невинным явлением. У  взрослых 
это обычно хронически протекаю щ ая болезнь, обострения которой могут, однако, сопро­
вож даться ухудшением почечной функции вплоть до уремии. Вероятно отдельные случаи 
представзяю т начазьнуи ф азу диффузного гломерулонефрита, хотя в настоящ е время это 
предположение еще не доказано. В терапии, наряду с защитой от инфекции и с избежании 
нагрузки  можно применять такж е и иммуносупрессию.

О П А Т О Г Е Н Е ЗЕ  П Е РН И Ц И О ЗН О Й  АНЕМ ИИ

М . Х О Р А Н И ,  Э .  X .  Ш А Р Ф И

Д ля идентификации вещества, встречающегося в дуоденальном соке, описанного 
авторами в своем предыдущем сообщении, во многих отношениях похожего на внутренний 
(intrinsic) фактор, авторы проводили иммунобиологическое исследование. Они выявили, 
что прибавление сыворотки больного пернициозной анемией ингибирует действие этого 
дуоденального фактора за  счет содержащегося в этой сыворотке протвотела против 
внутреннего фактора. Это наблюдение такж е подтверждает старое предположение авто­
ров, что дуоденальный фактор действительно во многом похожий на внутренний фактор. 
Исследования предоставили новые данные к  патогенезу пернициозной анемии.

ИССЛЕДОВАНИЕ О Т Д Е Л Ь Н Ы Х  ПАРАМ ЕТРОВ ПОСТИШ ЕМ ИЧЕСКОЙ ПОЧКИ
В Х РО Н И ЧЕСКО М  О П Ы ТЕ 

И .  Т А Р А Б А ,  А .  Ф Е К Е Т Е ,  Л .  М О Л Н А Р

Авторы исследовали в хронических опытах на собаках изменение выделения креа­
тинина и ПАГК после 2-часовой почечной ишемии. У тех животных, у которы х ишемизация 
проводилась под наркозом, вышеуказанные величины улучшались, в то время к ак  у бодр­
ствующих животных они ухудш ались. Разницу авторы объясняют внутрипочечным распре­
делением кровообращения.

И СП О Л ЬЗО В А Н И Е Т О РМ О Ж Е Н И Я  О БРА ЗО ВА Н И Я  ИМ М УНОСПЕЦИЬИЧЕСКОЙ 
РО ЗЕ Т К И  Д Л Я  С РА В Н И Т Е Л ЬН О ГО  И ССЛЕДОВАНИЯ ДВУХ  П РО И ЗВ О Д Н Ы Х

П РЕД Н И ЗО Л О Н А

Б .  Ф Е К Е Т Е ,  Д .  С Е Г Е Д И ,  П .  Г Е Р Г Е Й ,  Г .  С А Б О ,  Д .  П Е Т Р А Н И

Методом тормож ения образования иммуноспецифической розетки авторы исследо­
вали иммуносупрессивное действие деперсолона и диадркзон Ф-аквозум. Они установили, 
что торможение образования иммуноспецифической розетки in vivo явл яется  дл я  этого



более пригодным методом, чем in v itro . В большой дозе диадрезон Ф-аквозум задерж ивает 
образование розетки значительно сильнее, чем деперсолон, но с понижением дозы разница в 
ингибирую щ ем образование розетки  действии двух производных преднизолона уменьш а­
ется.

М Е Т А Б О Л И ЗМ  И А К К У М У Л Я Ц И Я  Ж Е Л Е ЗА  П Р И  Б О Л Е З Н И  Ж И Л Ь Б Е Р Т А  
И С И Н Д РО М А Х  РОТОРА И Д У БИ Н -Д Ж О Н С О Н А

Т .  Б У Р Г Е Р ,  А .  Г О Г Л ,  Т .  Я В О Р  и  А .  П А Т А К Ф А Л Ь В И

К инетика ж елеза была и зучена у 3 пациентов с синдромом Дубин-Джонсона, у  двух 
больны х с синдромом Ротора и у 7 больных с болезнью Ж ильберта.

Обнаружены следующие аномалии:
Т. 4  из 12 пациентов с ф ункциональной билирубинемией оказались анемическими, и 

один и з них  страдал анемией от недостатка железа.
2. Исчезновение радиосж елеза из плазмы было у трех  больных ускоренным и у 

остальны х нормальным.
3. У  7 нациентов обмен ж ел еза  в плазме был повышенным, у остальных больных он 

был нормальным.
4. Утилизация радиож леза эритроцитами была значительно пониженной у 4 пациен­

тов, и умеренно пониженной у ш ести больных.
5. Выживание тромбоцитов было — за исключением одного пациента — у  всех об­

следованны х больных нормальным.
6. Измерениями радиоактивности in vivo было вы явлено повышение аккум уляции 

ж ел еза  в печени.

Д Е Й С Т В И Е  Д И ЕТ  С Р А ЗЛ И Ч Н Ы М  СО ДЕРЖ А Н И ЕМ  Б Е Л К О В  НА Р Е ЗЦ Ы  Б Е Л Ы Х
КРЫС

Т .  Ф А Б И А Н ,  И .  С Е Л Е Н И ,  Т .  Ц Е Л Л Е Ш ,  П .  Ф Е Е Р Д И

В ходе своих опытов авторы установили, что бедная белками диета вызывает общее 
н аруш ение развития зубов. Рост зубов замедляется, меняется их химический состав, умень­
ш ается и х  кислотоустойчивость. И з исследованных критериев наибольшее изменение 
показы вает растворимость в ки слотах . Результаты исследований позволяют делать вывод, 
что в результате недостатка в бел ках  в пище в период развити я зубов возникают менее 
устойчивы е в отношении действия внеш них факторов зубы.

Д Е Й С Т В И Е  О ДН О СТО РО Н Н ЕЙ  П Е Р Е Р Е З К И  Ч РЕ В Н О ГО  Н Е РВ А  НА А КТИВНОСТЬ 
Р Е Н И Н А  В П ОЧЕЧН О Й  В Е Н Н О Й  КРОВИ СО БА К С РЕН О В А С К У Л Я РН О Й

Г И П ЕРТ О Н И ЕЙ
А . Ф Е К Е Т Е ,  А .  Ф А З Е К А Ш ,  И .  Ф О Р Г А Ч ,  К .  Г А Л

П олной перевязкой почечной артерии на одной стороне, авторы наблюдали у собак 
при сущ ествовании как  иннервированной, так и «денервированной» спланхникотомией 
другой  почки, возникновение и прочное существование гипертонии. В начальной стадии 
гипертонии активность ренина в венной крови ишемической почки высокая, в то время как  
в «денервированной» почке она не отличается от контрольны х величин. После удаления 
иш емической почки новые определения, проведенные в более поздней стадии гипертонии, 
п оказы вали  повышающуюся активность ренина. Результаты  опытов указывают на роль 
ренин-ангиотензиновой системы в деле поддержания хронической гипертонии.

В Ы Д Е Л Е Н И Е  К РЕ А Т И Н И Н А  У  Ж ЕН Щ И Н  ВО В РЕ М Я  КУРСА Л Е Ч Е Н И Я
ГОЛОДАНИЕМ

В .  X .  П Е Т Е Р С ,  В .  Г Р О С Е Р  и  А .  К Н А П П

О бсуж дается динамика вы деления креатинина в моче у  24 женщин с ожирением во 
время к у р с а  лечения голоданием. К а к  суточное выделение, т а к  и коэффициент креатинина 
понизились во время курса. А вторы рассматривают результаты  к ак  выражение влияния 
питания н а  выделение креатинина. П ри использовании содерж ания креатинина в моче в 
качестве величины для стандартизации других параметров обмена веществ необходимо 
учиты вать такж е изменения, вызванны е лишением пищи.
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