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Acta Medica Hungarica, 41 (1), pp. 3 — 6 (1984)

COMMEMORATION OF THE TENTH ANNIVERSARY OF 
THE DEATH OF PROFESSOR MIKLÓS JULESZ

F. A. L á s z l ó

R eceived: F e b ru a ry  28, 1983

I t  is now  10 years since the death o f Professor Miklós Julesz, D irector o f  
the F irst D epartm ent o f  Medicine at the U n iversity  Medical School in Szeged, 
H ungary.

H e was appointed to  lead the D epartm ent in 1959, under d ifficu lt condi­
tions. As a consequence o f  the events in 1956, several o f the sta ff had le ft the  
D epartm ent, and even  th e  country. Further, it  w as necessary for him  to  follow  
in the footstep s o f such fam ous predecessors as István  R usznyák and Géza 
H etén y i. On his arrival, Professor Julesz expressed his hopes th a t, in sp ite of 
the losses, all o f  the valuable features o f th e  departm ent would he preserved. 
N ow , more than  20 years later, it can be said categorically th at his hopes in 
th is respect were fu lly  realized. He not only m aintained the high standard o f the  
clinical work, b u t in stitu ted  further substantia l developm ents. I shall m ention  
only tw o exam ples: in 1960 he created th e  now  independently function ing  
Endocrine U nit, and in  1962, the Isotope Laboratory.

S end  o ffp rin t re q u es ts  to  F . A. László 6701 Szeged P .O .B . 469, H u n g a ry
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M iklós Julesz was a p h ysician , a pedagogue and a m edical researcher, 
b u t a t  th e  sam e tim e he w as v ery  active in public affairs.

H e  can be regarded as th e  founder o f clinical endocrinology in H ungary. 
H e w a s a physician w ith  great experience, w ith  a good power o f observation  
and w ide-ranging know ledge, and an excellent organizer. He had a great depth  
o f  fe e lin g  for his patients, dealing not only w ith  th e  disease, but also w ith  the  
h u m a n  individual. His a ttitu d e  to  the patients was characterized b y  a profound  
h u m a n ism , which he epxressed as “ The p atien t is always right” . Indeed, under  
all circum stances he rem ained fa ithfu l to  th e  patients, and th ey  rem ained  
fa ith fu l to  him.

H is powers of observation  and his excellen t theoretical know ledge were 
accom p an ied  by a m ost u p -to -d ate  versatility  in biochem istry. These features  
led  h im  in  1957 to make use o f  his literary background and the abundant casu ­
is t ic  m ater ia l by writing a m uch  needed m onograph “The pathology and d iag­
n o stic s  o f  neuroendocrinological diseases” . This book proved o f great help to  
gen era l practitioners and in tern ists , and for a long period it was the standard  
w ork o f  reference for endocrinologists. This im portant handbook w as follow ed  
in 1966  b y  the monograph “ T he treatm ent o f  endocrine diseases and its  th eoret­
ica l b a s is”  that can he regarded as the fundam ental handbook o f H ungarian  
c lin ica l endocrinology.

T h e  thoroughness o f  his clinical observations and his ab ility  to  discern  
re la tion sh ip s were exem plified  b y  his descriptions o f  new diseases. H e outlined  
th e  essen ce  o f secondary C ushing’s disease and th e  secondary M orgagni sy n ­
drom e, and  he described th e  clin ical picture o f  basophilism  in puberty, w hich  
w as la te r  nam ed after him.

H e  very  much liked to  teach ; he considered it  an essential part o f  the  
d u ties  o f  a university professor. H e prepared seriously and thoroughly  every  
lec tu re  he delivered. He k ep t careful n otes, and supplem ented th em  w ith  
recen t d a ta  before his lectures. H is enthusiastic pedagogic work did n o t ex ten d  
o n ly  to  th e  endocrine diseases; he enjoyed lecturing  also on the circulation  and  
on ren a l diseases. He dealt in  an exem plary m anner w ith  the stu d en ts and  
q u a lified  doctors alike. As a consequence o f his m aterial and spiritual support 
o f  th e  a ctiv ities  of his you n g colleagues he succeeded in  creating clin ical en d o­
crine sch oo ls in both B u d ap est and Szeged and these schools have continued  
to  th r iv e .

A  close study of the tw o  m onographs m entioned  above clearly dem onstrates  
th a t  h is  clinical research w ork covered v irtu a lly  the whole o f endocrinology: 
he d ea lt  w ith  the norm al and  pathological functioning of the th yroid , the  
p arath yro id , the adrenals and the gonads, ju st as w ith the functions o f  the  
d ien cep lia lon  and the p itu itary . O f his num erous im portant observations on ly  
a few  n eed  to  be m entioned. H e showed th a t ketosis was a strong stim u lu s o f  
th e  fu n c tio n  of the basophilic cells o f the p itu itary . He described th e  effect
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o f v itam in  B x on th e  function of th e  adenohypophysis; the experience stem m ing  
from  th is observation is still used in clin ical practice. He observed th e  beneficial 
effect o f hyaluronidase in the trea tm en t o f  exophthalm os o f th yro id  origin. 
H e w as am ong the first to  em phasize th e  significance of the periphery in endo­
crinology. He spoke on this topic in  his inaugural lecture when appoin ted  to  the  
Chair in Szeged. The concept described 23 years ago has proved an extrem ely  
fru itfu l one. Its va lid ity  is dem onstrated b y  th e  fact that research o f  th e  periph­
ery is at present one o f the m ost prom ising branches of exp erim en tal endo­
crinology. A product o f this research a ttitu d e  and his studies w ith  b iochem ists  
w as his next m onograph  “ Steroids in hum an skin” . In th is book  he and his 
colleagues were th e  first to describe th e  im portance of one of the large peripheral 
organs, the skin, in androgen steroid m etabolism . They showed th a t  im portant 
androgen m etabolism  processes tak e p lace in hum an skin. Their w ork led  to  an 
entirely  new approach to  the p athogenesis o f  hirsutism. A m ong others, th ey  
proved th at androgen production in  th e  skin  is considerably enhanced  in cases 
o f id iopathic hirsutism , exhibiting norm al system ic androgen cond itions.

E ven if  his work could be regarded as basic research, it  a lw ays had the  
aim  o f answering questions raised at th e  p a tien t’s bedside. H e con tin u ed  and 
further developed the concepts applied  b y  R usznyák and H etényi: in  th e  uni­
versity  departm ents it is not on ly  possib le, but necessary to carry ou t basic 
research, w ith the organization o f appropriately  qualified research groups who, 
cooperating w ith th e  clinicians, a ttem p t at so lv ing problems posed b y  life and 
practice.

More than 20 years ago, Professor Ju lesz clearly валу th a t fu n dam ental 
results in endocrinology can only be ach ieved  b y  organized research cooperation  
betw een  chem ists, biochem ists, p h ysio log ists , pathophysiologists and naturally  
clinicians. This guiding principle and th e  a tta inm ent of the appropriate condi­
tio n s led in 1978 to  the developm ent in Szeged o f a coordinated endocrine 
research program m e w ith  the participation  o f four research groups (D epart­
m ents o f Medical Chemistry, P a th op h ysio logy , Internal M edicine and Gynae- 
cology), w ith the central support o f  th e  Hungarian A cadem y o f Sciences. 
E ven  on a national scale, the effectiven ess o f  the new type o f organ ization  is 
w ell recognized and is considered to  be exem plary.

Professor Julesz understood th a t, from  the aspects of endocrine research, 
th e  necessity  for developm ent w ith in  H ungary m ust he accom panied b y  in ter­
national recognition. He therefore organized the First H ungarian Endocrine 
Sym posium  in 1958, and made considerable efforts 1олуа^в the fou n d ation  o f  
th e  H ungarian Endocrine and M etabolism  Society, of луЫс!1 he la ter  becam e 
the first Chairman, rem aining in th is  post until his death.

The activ ities o f Professor Ju lesz received state recognition  w ith  his 
award o f the K ossuth  Prize. H e w as also elected a Corresponding Member 
o f th e  H ungarian A cadem y o f Sciences.
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A t th e  end o f m y com m em oration I should like to  speak of Miklós Ju lesz  
as a m an, as a leader, and as a chief.

H is whole life w as characterized by his w ide-ranging erudition, b y  his 
passionate love for literature and music, b y  his deep humanism and b y  his 
perm anent optim ism . In  physique he was n o t stron g ly  built, but he w as 
n evertheless a strong m an. In th e  course of his life he underw ent severe ordeals, 
b u th e  rem ained a hum an even  under inhum an c o n d it io n s .lt  was his unshakable  
fa ith  th a t  helped him  to  return from “the depths o f  h e ll” , as he referred to  his 
experiences in B uchenw ald .

H e helped his colleagues from a professional aspect, but they  could also  
turn to  him  at any tim e w ith  their personal problem s. I t  was his guiding prin­
ciple th a t  his young colleagues m ust not on ly  be tau gh t, but also educated , 
to  accept their responsib ilities, to  be upright, and to  be irreproachable in their  
research. The m ost pow erful m eans that he used  for th is  purpose was his ow n  
personal exam ple. H e liv ed  in  accordance w ith  str ic t m edical ethical dem ands 
and in  an exem plary fam ily  environm ent. W ith  strong will-power, a clear  
conception  o f the goal and lim itless diligence, from  d ay  to  day he strived  to  
achieve ever more results.

Characteristic features o f  his leadership w ere h is quiet voice, but at th e  
sam e tim e his resolution. H e never attem pted to  m onopolize the departm ent. 
H e alw ays avow ed, and in practice too adhered to  th e  principle that the b est 
fu n ction in g  departm ent in  present age is one w ith  several profiles. He not on ly  
preserved the ex istin g  clin ical profiles and ensured th e  suitable balance b e­
tw een  th em , but also assisted  their developm ent. H e b u ilt up his own research  
group w ith ou t haste or aggression; the basis w as a lw ays willingness, in terest 
and enthusiasm . This p layed  a part in the consequence that his research team  
proved a durable and effective  one, and is still operating well even 10 years 
after his death.

Life is fleeting, b u t life goes on in the fo llow ing generation of children and  
stu d en ts. Such an occasion as th is one is alw ays sad, for we all remember w hat 
we have lost; we m ust, how ever, remain op tim ists i f  th e  work that has begun  
continues to  flourish.

T he activ ities o f  Professor Julesz were w orth y  o f  his great predecessors: 
he n ot on ly  carried on th e  traditions o f R usznyák and H etényi, but raised th ese  
to  higher levels. He m ainta ined  the existing va lu es and created new schools o f  
endocrinology in b oth  B u d ap est and Szeged.

Perhaps a fittin g  w ay to  com m em orate th e  figu re  of Miklós Julesz is to  
present som e o f the m ost recent scientific results o f  his school to all th ose o f  
you  w ho have joined us to  p a y  tribute to him on th is  occasion.
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METABOLISM AND CONCENTRATION OF 
ANDROGENIC STEROIDS IN ABDOMINAL SKIN OF 

HIRSUTE WOMEN WITH ANDROGENITAL 
SYNDROME

I. T ó t h  a n d  I. F a r e d i n

EN D O CRIN E U N IT  AND RESEA RCH  LABO RATORY , F IR S T  DEPARTM ENT O F M E D IC IN E , 
U N IV ER SITY  M EDICAL SCHO O L, SZEG ED , HUNGARY

R eceived: F e b ru a ry  28, 1983

A n  in  v itro  s tu d y  has been m ad e  o f th e  ste ro id  m etabolism  in  th e  ab d o m in a l 
sk in  in  tw o  h irsu te  w om en w ith  a d ren o g en ita l syndrom e, and  th e  c o n c e n tra tio n s  o f th e  
va rio u s ste ro id s in  th e  sk in  tissue h av e  b een  d e te rm ined . The u r in a ry  e x c re tio n  o f  th e  
to ta l  17-K s, an d  p a r ticu la r ly  P -trio l, w as pa th o lo g ica lly  high, w hile o f  th e  androgens 
ex am ined  in  th e  serum , p rim arily  th e  leve ls o f  l4-dione and T est, w ere  fo u n d  to  be 
e levated . T he 21 -hydroxylase  defic iency  m e a n t th a t  th e  p lasm a A C TH  leve l w as like­
wise ex trem ely  h igh  in  b o th  p a tien ts .

I n  v itro  in cu b a tio n  s tu d ies d e m o n s tra te d  th a t  in one p a tie n t (w ith  th e  h igher 
and ro g en  o v erp ro d u c tio n ) m ore T est, th a n  n o rm al was form ed from  th e  precu rso rs 
(D H A , zl6-diol, zl4-dione), i.e. th e  b io sy n th e tic  p a th w a y  (17/i-H SD , zl5-3/i?-HSD) leading 
to w ard s th e  androgens was en h an ced  in  th e  ab d o m in a l skin. In  th e  o th e r  p a t ie n t  (w here 
th e  an d ro g en  p ro d u c tio n  was less h igh as a  consequence of th e  earlie r ad ren a le c to m y ) 
th e  m etabo lism  in  th e  abdom inal sk in  w as n o t  en h an ced ; indeed, for m a n y  m etab o lites  
th e  e x te n t o f th e  tran s fo rm a tio n  d id  n o t  ev en  a t ta in  th e  level for n o rm a l w om en. The 
a c tiv ity  o f T est. 5a-red u c tase  was n o t in creased  in  th e  sk in  o f e ith e r p a tie n t.

T he resu lts  on th e  ste ro id  co n te n ts  o f  th e  sk in  tissue rev ea led  t h a t  n um erous 
free ste ro id s (D H A , A nd., /P -d ione, z!5-d io l, T es t., D H T ) and  Ci9-s te ro id  su lp h a tes  
w ere p re sen t in  h ig h er co n cen tra tio n s th a n  in  th e  abdom inal sk in  o f h e a lth y  w om en. 
T h e  e x te n ts  o f  ste ro id  accu m u la tio n  co m p ared  to  th e  serum  level in  th e  sam e p a tie n t 
w ere pa th o lo g ica lly  h igh in  th e  case o f zP-diol, D H T  an d  D H A -S in  th e  ab d o m in a l 
sk in  o f th e  tw o h irsu te  w om en w ith  a d ren o g en ita l syndrom e. T his c o n firm ed  th a t  
a s ta te  o f  h y p erandrogen ism  does ex is t in  th e  sk in  o f these p a tien ts .

K eyw ords: ad ren o g en ita l sy n d ro m e, s te ro id  m etabolism , sk in  s te ro id s

Introduction

H ir s u t is m  is  th e  p a th o lo g ic a l g r o w th  o f  h a ir  in  fe m a le s , im p o r ta n c e  b e in g  
a t t r ib u te d  in  i t s  d e v e lo p m e n t  t o  th e  s k in , a n d  w ith in  th is  to  th e  h a ir  fo ll ic le s ,  
as ta r g e t  o r g a n s . T h e  m a in  s t im u la n ts  o f  t h e  g r o w th  o f  hair  in  b o t h  m a le s  a n d

Send o ffp rin t req u ests  to  I .  T ó th  H -6701, Szeged, P .O .B . 469, H u n g a ry  
T h e  follow ing ab b rev ia tio n s h av e  been u sed : 17-K s = 17-ketostero id ; 17-O H -C S =  17a-

h y d ro x y co rtico s te ro id ; P -dio l 5 /?-pregnane-3a,20a-dio l; P -trio l =  5 /?-pregnane-3a,17a, 20a- 
tr io l; 5a-ane-d ione  =  5a-androstane-3 ,17 -d ione; zP-dione =  4 -androstene-3 ,17 -d ione; A nd. =  
3a-h y d ro x y -5 a-an d ro stan e-1 7 -o n e; zP-diol =  5-androstene-3/?, 17/?-diol; D H A  =  3 /i-hydroxy- 
5 -androstene-17-one; D H T  17 /l-h y d ro x y -5 a-an d ro stan c-3 -o n e ; T est. =  17/S-hydroxy-4-an- 
d rostene-3 -one; E p ian d . -= 3 /?-hydroxy-5a-androstane-17-one; A nd.-S -  3 a -su lp h o o x y -5 a-an - 
d rostane-17-one; D H A -S --3 /?-su lphooxy-5 -androstene-17-one; zP-diol-S =  5-androstene-3/?,17/?- 
d io l-3 -su lp h a te ; T est.-S  =  17/?-suIphooxy-4-androstene-3-one.
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fem ales are know n to  be th e  androgenic steroids (testosterone, 5a-dihydrotesto- 
sterone). A t the tim e o f th e  leadership of Professor Ju lesz, we set out from th ese  
considerations and put forward a working hyp oth esis: all human skin has a 
defin ite  steroid  turnover, the com position and q u an tita tive  relations o f w hich  
are determ ined  jo in tly  b y  the androgenic steroids passing into the skin w ith  the  
blood stream , and b y  th ose form ed locally  in the skin  [14]. On this hasis, h irsute  
fem ales m a y  be divided in to  tw o  m ain groups:
(a) h irsu tism  of know n origin, where the adrenal cortex  or the ovary is respon­

sib le for the overproduction o f androgen, and
(b) id iop ath ic  hirsutism  o f unknow n origin, w here th e  androgen level o f  th e  

peripheral blood is norm al.
T h is paper presents our results relating to  th e  steroid m etabolism  in  

fem ales w ith  hirsutism  o f adrenocortical origin, and to  the hyperandrogenism  
of th e  skin .

M aterials and m ethods

T h e  chem icals a n d  so lu tions u sed  in  th e  in v es tig a tio n s  w ere o f an a ly tica l p u r ity . T h e  
o rg an ic  so lv e n ts  were p u rif ied  in acco rdance  w ith  d escribed  p ro ced u res, an d  were th e n  su b ­
je c te d  to  f ra c tio n a l d is tilla tio n  [14].

1. R adioactive steroids: T he [4-14C]-labelled d éh y d ro ép ian d ro s té ro n e  (D H A ; specific 
a c t iv ity  [S .A .] =  57.1 m C i/m m ol), 5-androstene-3/?,17/?-diol (A5-d io l; S.A. =  57.1 m C i/m m ol), 
4 -an d ro sten e-3 ,1 7 -d io n e  ( /l4-d ione; S.A . =  56.6 m C i/m m ol) a n d  tes to s te ro n e  (T est.; S .A . =  
22.19 m C i/m m ol), an d  th e  [3H ]-lab e lled  [7-3H (N )]D H A  (S .A . =  24 Ci/m m ol), [1 ,2(N )-3H ]- 
d ih y d ro te s to s te ro n e  (D H T ; S.A. — 60 Ci/m m ol) an d  [l/?,2/?-3H ]T es t. (S.A. =  44.6 C i/m m ol) 
w ere p ro d u c ts  o f  th e  R ad io ch em ica l C entre  (A m ersham , E n g lan d ). The [7-3H (N )]A 5-diol 
(S.A . =  20 C i/m m ol), [ l ,2 -3H (N )]an d ro ste ro n e  (A nd.; S.A . =  40 Ci/m m ol) an d  th e  a m m o ­
n iu m  s a l t  o f  [7-3H (N )]D H A -su lp h a te  (D H A -S; S.A. =  24 C i/m m ol) were b o u g h t fro m  N ew  
E n g la n d  N u c lea r (B oston , U .S .A .).

B efo re  use, these  ra d io a c tiv e  s te ro id s were pu rified  b y  co lu m n  an d  th in -lay er c h ro m a to g ­
ra p h y  [14 , 19].

2. Steroids in  the urine and the serum  were d e te rm in ed  as described  p rev iously  [5, 6 , 22].
3. P atien ts. A n a cc o u n t will be  g iven  of th e  e x a m in a tio n s  on  tw o h irsu te  w om en fro m  

am o n g  th e  ad ren o g en ita l sy n d ro m e in -p a tie n ts  o f th e  E n d o c rin e  U n it. A n in ten siv e  g ro w th  
of h a ir  c o u ld  be observed  all over th e  b o d y  of th e  18-year-o ld  R . A. an d  th e  34-year-o ld  O. S., 
p a r tic u la r ly  o n  th e  face, a rm s  a n d  ch est. T he en larged  c lito ris  h a d  been a m p u ta te d  in  b o th  
cases, w h ile  th e  left a d ren a l h ad  b een  rem oved  from  th e  3 4 -year-o ld  p a tie n t a t  th e  age of 
12 y e a rs  in  a n  a tte m p t  to  low er th e  horm one level.

I n  b o th  p a tie n ts  th e  u r in a ry  to ta l  17 -ketostero ids, th e  17-ketostero id  frac tio n s , a n d  
p a r tic u la r ly  th e  p reg n an e trio l, w ere pa th o lo g ica lly  h igh  (T ab le  I).

O f th e  androgens ex am in ed  in  th e  serum  (T able  I I ) ,  especially  th e  levels o f zI4-dione 
a n d  th e  T e s t, fo rm ed from  i t  w ere pa th o lo g ica lly  e lev a ted . T h e  p lasm a  ACTH level w as ex ­
tre m e ly  h ig h  in  b o th  p a tie n ts  (79 a n d  40.6 pmol/1; n o rm a l ra n g e  8.8—26 рто1Д).

T h e  d iagnosis o f ad ren o g en ita l syndrom e was e s tab lish e d  on  th e  basis o f th e  clinical 
p ic tu re , gynaeco log ical e x am in a tio n s  a n d  th e  la b o ra to ry  re su lts . Sk in  sam ples w ere excised  
b y  a su rg e o n  fro m  th e  su p ra p u b ic  hair-covered  abd o m en .

4. Incu b a tio n  o f  sk in  slices. I n  v itro  in cu b a tio n  s tu d ie s  w ere carried  ou t to  e stab lish  
w h e th e r  th e  ac tiv ities  o f  th e  enzym es m etabolizing  th e  a n d ro g en s  a re  changed in  th e  ab d o m in a l 
sk in  o f  w o m en  w ith  h irsu tism  of ad ren o co rtica l origin. A 0.5 g p o rtio n  of th e  excised sk in  w as 
c u t in to  1 — 2 m m  slices, w hich  w ere in cu b a ted  w ith  v a r io u s  [4-44C]-labelled ste ro id s in  th e  
p re sen c e  o f  coenzym es in  K R P G  m ed iu m  [4, 7, 8, 9, 14]. T h e  m etabo lites p ro d u ced  w ere 
id e n tif ie d , a n d  th e ir  p e rce n ta g e  conversions were d e te rm in e d . Conclusions were d raw n  as to  
th e  a c t iv it ie s  o f th e  in d iv id u a l enzym es from  th e  p e rce n ta g e  tran sfo rm a tio n s.
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Table I

U rinary steroid excretion in  hirsute women 
with adrenogenital syndrome

P atients
T o tal 17-Ks 

(jU.mol/d)
T otal 17-OH-CS 

(umol/d)
> P-triol

(umol/d)

R . A. 18 years 600 25.4 241

510 23.7 199

413 21.2

0 .  S. 34 y ears 63.5 1.9 71

103.7 2.8 119

140.9 6.6 125

N orm al range: 1 7 .4 -5 2 .0 5.0 16.6 1.2 7.7

17-K s fra c tio n s (/tm ol/d)

R . A . 18 years 0 . S. 34 y .  Norm al range:

DHA 83.6 15.3 4 .8 -1 5 .3
And. 207.1 47.5 7.3 14.2

E tio . 105.1 17.0 8 .7 -1 7 .0

Il-o x y d .-A n d 44.1 14.6 0 .5 -3 .5

ll-o x y d .-E tio . 84.7 21.2 1.2 4.5

Table I I

Serum  androgen levels in  hirsute women w ith adrenogenital syndrome ( nm ol/l)

zP-dione J 5-diol Test. D H T

P a tie n ts R . A. 18 years 55.59 8.19 18.22 2.37

0 .  S. 34 years 13.78 7.08 12.49 2.17

H ea lth y w om en m ean 6.28 3.65 2.39 2.17 •

(1 8 - 4 6 years) r ange 2.97 9.36 2 .1 0 -5 .6 1 0.87 3.29 0 .3 4 -3 .7 9

5. S tu d y  o f  steroid content o f  sk in  tissue. I n  p a ralle l w ith  th e  in c u b a tio n  a  1 g p o rtio n  
of th e  excised ab d o m in a l sk in  w as used  to  d e te rm in e  th e  co n cen tra tio n s o f th e  free  androgenic  
ste ro ids (D H A , A nd ., Zl4-d ione, ,d5-dio l, T es t., D U T ) an d  th e  m ore im p o r ta n t  C19-steroid 
su lp h a te s  (A nd .-S , D H A -S, Zls-diol-S , T est.-S  [11, 24].

T he sk in  sam ple w as c u t in to  15 - 2 0  ц  slices a t  20°C in  a c ry o s ta t ,  a n d  th e  slices 
w ere th en  soaked  in a 15 : 10 m ix tu re  o f 2 N N H 4O H  an d  d ie th y le th e r. S u b seq u e n tly , th e  skin
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tis su e  re s id u e  was e x tra c te d  w ith  4 x 5  ml m ethanol w hile  b e in g  s tro n g ly  t r i tu ra te d .  T he 
[3H J- lab e lle d  form s of th e  e x a m in e d  ste ro ids were used  as in te rn a l  s ta n d ard s .

A f te r  h a lfsa tu ra tio n  w ith  (N  H 4)2S 0 4, the  aq u eo u s p h a se  w as e x tra c te d  w ith  e th y l 
a c e ta te ,  a n d  th e  ex tra c t w as th e n  co m b in ed  with th e  d ry  re s id u e  from  th e  o rgan ic  so lven ts . 
F ro m  th e  resu lting  “ crude e x tr a c t” , th e  free and th e  su lp h a te  e s te r  frac tio n s w ere se p a ra ted  
o n  a  f lo ris il colum n [19]. T h e  f r a c t io n  of free stero ids w as ch ro m a to g ra p h e d  on an  A120 3 
co lu m n , a n d  th e  ind iv idual s te ro id s  were n ex t iso lated  b y  th in - la y e r  ch ro m a to g rap h y  [14]. 
T h e  17/9-O H -steroids w ere m e a su re d  d irec tly , and th e  1 7 -k e to s te ro id s  a f te r  re d u c tio n  w ith  
N a B H 4 a n d  subsequent th in - la y e r  ch ro m atograph ic  p u r if ic a tio n , by  p ro te in -b in d in g  assay  
(P B A ) o r  rad io im m unoassay  (R IA )  [22].

A f te r  solvolysis, th e  s u lp h a te  e s te r  steroids w ere c h ro m a to g ra p h e d  an d  m easu red  
s im ila r ly  as for th e  free an d ro g en s .

T h e  resu lts  are ex p ressed  in  u n i ts  o f nm ol/kg w et sk in  tissue .
6 . M easurement o f  C l9-steroid sulphates in  serum . B lo o d  sam ples were ta k e n  b e tw een  

8 a n d  9 a .m ., and the  c o n c e n tra tio n s  o f  DHA-S, A nd.-S , / ls-d io l-S  an d  T est.-S  in  th e  se ru m  
w ere  m ea su re d  w ith  th e  p re v io u s ly  d escribed  m ethod [20] o r w ith  th e  p rocedure  used  in  th e  
d e te rm in a tio n  of th e  C19-s te ro id  su lp h a te s  o f h u m an  h a ir  a n d  ax illa ry  sw eat [21, 23, 25] 
b y  m e a n s  o f P.B .A .

Results

“ / r a  vitro”  metabolism o f  free androgens in abdominal skin

From  the quantities o f  m etabolites form ed during the incubation studies 
w ith  abdom inal skin slices from  the two hirsute w om en w ith  adrenogenital 
syn d rom e, conclusions w ere draw n as to the a c tiv itie s  o f  the enzym es catalyzing  
th e  transform ations. The percentage transform ations referred to the radioactive  
su b stra te  were compared w ith  the corresponding va lu es for norm al, healthy  
w om en .

W hen the abdom inal sk in  slices from th ese  tw o  hirsute w om en were 
in cu b a ted  with [4-14C ]D H A  (Table III) the skin o f  the 18-year-old patien t 
sy n th e tized  Test, and th e  androgenic 17-ketosteroids (A nd., /l4-dione and 5a- 
-an e-d ione) with p ath o log ica lly  high percentage conversions, while only the  
form ation  o f 5a-ane-dione w as enhanced for the 34-year-old  wom an.

A s compared w ith  th e  corresponding data  for healthy wom en, from  
[4-14C ]/l5-diol (Table IV) e lev a ted  amounts o f T est, and And. were produced  
b y  th e  skin of the first p a tien t, and of DHT b y  th e  skin  o f the second patient. 
T he o th er  m etabolites w ere form ed in  lower than  norm al percentages in the case 
o f  th e  second patient (O. S.).

T he skin slices from  th e  18-year-old p a tien t converted [4-14C]/J4-dione 
(T able Y) to Test, and to  androgenic 17-ketosteroids (And., 5a-ane-dione) in  
h igh er percentages than  for norm al women, w hile in  th e  case o f the 34-year-old  
p a tie n t only 5a-ane-dione w as produced in path o log ica lly  high am ount, all o f  
th e  o th er m etabolites b ein g  produced within the norm al lim its.

W hen [4-14C]Test. (T able VI) was incubated  w ith  the abdom inal skin  
slices from  these tw o p a tien ts , in the first case A nd . and 5a-ane-dione were 
form ed  in  higher q uantities, whereas for the other com pounds the conversion
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Table I I I

The in  vitro metabolism o f  [4-l4C] dehydroepiandrosterone by h u m an  sk in

H ealthy  women 
17—45 yeaxs

H irsute  women with 
adrenogenital syndrome H ea lth y  m en

[4-,4C]DHA 18 years 34 years

conversion %

Test.
0.20

(0 .0 8 -0 .3 3 )  
n -  3

1.62 0.30
0.48

( 0 .0 4 -1 .3 8 )
n = 6

d 5-diol
1 32

(1.03 1.90) 
n = 3

1.18 1.20
1.85

(1 .1 9 - 2 .9 7 )  
n =  5

And.
2.14

(0.81 3.70) 
n = 4

5.74 1.92
2.53

(0.62 - 6 .8 4 )  
n = 6

Zl'-dione
5.34

(0.85 13.00)
n = 7

28.84 9.73
6.00

(1 .37— 12.39)
n = 9

5a-ane-dione
1.76

(0 .8 5 -2 .2 2 )  
n =  3

5.70 4.80
1.86

(0.30 4.84) 
n  5

Table IV

The in  vitro metabolism o f  [4~u C]5-androstene-3ß,17ß-diol by hum an sk in

H ealthy  women 
(22—46 years)

H irsu te  women with 
adrenogenital syndrome H ealthy  m en 

(19—45 years)
[4-,4C] J 5-diol n = 3

18 years 34 years
n = 6

conversion %

Teet.
18.73

(13.2 26.8) 28.73 11.81
8.75

(4.06— 15.13)

D H T 0.67
(0 .4 0 -0 .9 8 ) 0.78 1.01

1.31
(0.30 2.72)

And. 0.57
(0 .5 2 -  0.66) 0.83 0.27

0.41
(0.28—0.54)

/f-d io n e 5.23
(1 .4 0 -1 1 .1 6 ) 1.79 0.43

1.41
(0.45 - 4 .0 8 )

5a-ane-dione 0.53
(0.34 0.64) 0.64 0.30

0.65
(0 .3 0 -1 .8 6 )

w as norm al (E piand., zJ4-dione) or lower than  normal (D H T ). For all o f the 
m etabolites, th e  skin o f  th e  34-year-old patient m etabolized th e  radioactive  
testosterone w ith  lower than  norm al percentages.
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Table У

The in  vitro m etabolism  o f  [4-u C]4-androstene-3,17-dione by hum an sk in

H ealth y  w om en 
(26— 43 years)

Hirsute wom en w ith  
adrenogenital syndrom e H ealthy men 

(19—37 years)
[4-l4C ]J4-dione n = 7

18 years 34 yea rs
n = 5

conversion %

T es t. 1.80
(1 .33— 2.28) 3.55 1.79

1.96
(0 .9 1 -2 .6 2 )

D H T 0.37
( 0 .1 0 - 0 .5 6 ) 0.21 0.35

0.54
(0 .1 8 -0 .8 6 )

A n d . 8.34
(2 .5 7 — 11.42) 25.90 11.32

10.82
(7 .0 9 -1 5 .8 7 )

E p ia n d . 6.01
(1 .2 6 -1 0 .3 0 ) 13.55 2.82

2.39
(0 .9 8 -4 .8 5 )

5a-ane-dione 10.85
(4 .2 — 16.14) 17.57 23.40

12.93
(9 .1 5 -1 5 .4 5 )

Table VI

The in  vitro m etabolism  o f  [4-u C]testosterone by  hum an  skin

[4-14C]Test.

H ea lth y  w om en 
(26— 43 years) 

n = 5

Hirsute w om en w ith  
adrenogenital syndrom e H ealthy men 

(19— 37 years) 
n = 5

18 years 34 years

conversion cYo

D H T 5.61 6.39
(3 .70— 7.21) 2.73 1.86 (3 .8 4 -9 .3 3 )

A n d . 0.83 1.37
( 0 .6 1 - 1 .3 6 ) 2.17 0.33 (0 .5 7 -2 .6 9 )

E p ia n d . 0.69 0.71
(0 .33— 1.59) 1.42 0.12 (0 .2 4 -1 .2 5 )

zl4-dione 3.52 4.20
(1.82 - 5 .1 1 ) 2.94 1.41 (3 .4 3 -6 .3 0 )

5a-ane-dione 0.81 1.22
(0.50 1.14) 1.76 0.47 (0 .5 0 -1 .7 8 )

Concentrations o f androgens and C19-steroid sulphates in abdominal
t issue

Since our exam inations relating to the stero id  content o f the skin tissu e  
h a v e  n o t yet been reported  so widely, we shall f ir st  present our results for 
h e a lth y  individuals.
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Of the free steroids m easured in the abdom inal skin tissue o f healthy  
w om en and m en (Table V II), D H A  is to  be found in the highest am ount 
(m ean +  S. E. M.: 79 +  29, and 165 +  78 n inol/kg, respectively). W hereas And. 
occurs in alm ost th e  same quantities in the abdom inal skin o f w om en and men  
(55 +  19, and 48 +  25 nm ol/kg), th e  concentration  o f / l4-dione is substantia lly  
higher in the m ale abdom inal sk in  (101 i  36 nm ol/kg) than in th at o f wom en  
(36 ^  8 n m o l/k g )./l5-diol, T est.,an d D H T  are to  be found in decreasing am ounts 
in th e  abdom inal sk in , but all three androgen-active steroids are more concen­
trated in men.

Table VII

Androgenic steroids in  abdominal sk in  tissue from  healthy women and men and  
hirsute women with adrenogenital syndrom e ( nmol/kg wet weight)

DHA And. J 4-dione Æ-diol Test. D H T

H e a lth y  wom en m ean 79 55 36 30 17 9

(28—46 years) ± S .E .M . ± 2 9 ± 1 9 ± 8 ± 1 4 ± 6 ± 4

( n = 7 )

H e a lth y  m en m ean 165 48 101 35 35 21

(28—47 years) ± S  E.M. ± 7 8 ± 2 5 ± 3 6 ± 8 ± 9 ± 9

( n = 5 )

R . A . 18 years 731 132 280 295 148 73

0 .  S. 34 years 206 11 151 131 61 73

We next com pare the steroid  quantities found in the abdom inal skin  
tissue from the tw o  adrenogenital syndrom e patien ts w ith  the corresponding  
values for healthy  w om en. The concentrations o f  all o f the free steroids (partic­
u larly in the case o f  the 18-year-old patient) far exceed  the skin steroid levels  
for normal w om en.

In the abdom inal skin o f th e  34-year-old p atien t, only the And. content 
w as lower than th e  value for h ea lth y  wom en, th e  levels o f the other androgenic 
steroids were considerably in excess o f the corresponding values for healthy  
w om en. It is n otew orth y that in  th e  abdom inal skin from both patients the  
D H T  was more th an  8 tim es as concentrated  as in norm al wom en.

Of the C19-steroid sulphates (Table V III) A nd.-S occurs in the highest 
am ount in the skin o f  wom en (132 i  29 nm ol/kg), whereas D H A -S does so in 
the abdom inal skin o f  men (2162 i  406 nm ol/kg). /Т -diol-S and T est.-S  are 
found in lower concentrations in th e  skin tissue o f  both wom en and m en, but 
here too the difference between th e  sexes can be dem onstrated.
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Table VIII

C19-steroid sulphates in  abdom inal skin-tissue fro m  healthy tvomen and men and  
hirsute women w ith adrenogenital syndrome (nm ol/kg wet weight)

And-S DHA-S J 5-diol-S Teet-S

H e a l th y  w om en m ean 132 82 42 14

(2 8 — 46 y ears) ± S .E .M . ± 2 9 ± 2 7 ± 7 ± 3
( n = 7 )

H e a l th y  m en m ean 204 2162 132 22

(28 47 y ea rs) ± S .E .M . ± 6 4 ± 4 0 6 ± 4 1 ± 1 0

( n = 5 )

R . A . 18 years 839 2391 48 11

0 .  S. 34 years 46 136 4 7

O f the C19-steroid su lphates A nd.-S and D H A -S  were extrem ely  high in 
th e  abdom inal skin o f th e  fir st  patien t (839 and 2391 nm ol/kg). The concentra­
tio n s  o f  th e  other steroid su lphates (zP-diol-S, T est.-S) in the skin did n o t differ 
ap p reciab ly  from the norm al values for w om en. In the skin o f the other patien t  
th e  lev e ls  o f And.-S and D H A -S  were substantia lly  lower (about one-tw entieth ). 
H ow ever , as we shall see la ter, when these values are com pared w ith  the  
corresponding serum concentrations, the large differences betw een  th e  tw o  
p a tien ts  disappear.

Discussion

I t  is generally know n th a t the m ost frequently occurring enzym e defect 
in  th e  adrenal cortex, th e  lack  o f or the decreased a ctiv ity  o f 21-hydroxylase, 
is responsib le for the androgen overproduction in  adrenogenital syndrom e. 
A s a consequence o f a 21-hydroxylase or 11/3-hydroxylase insuffic iency , the  
p rod u ction  of the corticosteroids is hindered; th is leads to  an enhanced ACTH  
secretion , and hence an excess o f steroid precursors arises [13, 16]. E xten sive  
stero id  analyses on the urine and plasm a suggest th a t the form ation o f a large 
q u a n tity  o f Test, (resulting in  hyperandrogenism ) proceeds v ia  th e  3-keto-zl4 
precursors (progesterone —► 17a-O H -progesterone —► z]4-dione). This path w ay  is 
confirm ed  by the p athologica lly  enhanced excretion  o f the m etabolites of 
progesterone and 17a-O H -progesterone (P -diol and P-triol) in  the urine, and 
b y  th e  elevated  plasm a leve ls  o f zl^dione and T est. [15, 18].

Earlier skin incubation  studies in our laboratory [4,7 — 9,14] proved th at  
h ea lth y  fem ale and m ale abdom inal skin contains all those enzym e system s  
(zl5-3/3-H SD, За-H SD , 17/3-HSD, A4-5a-R) w hich catalyze the transform a­
tio n s o f  the C19-steroids. W e dem onstrated  th a t hum an skin is not on ly  capable
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o f transform ing T est, to  D H T , as studied in detail b y  other authors [17, 26], 
but is also able to  syn th etize  Test, from the w eakly androgenic precursors 
(D H A , Zl4-dione, z15-diol). Thus, the possib ility  ex ists for th ese androgens to  
form locally  in  the skin itself, and i f  these transform ing enzym es display a 
higher than norm al a c tiv ity  around the hair follicles, the enhanced peripheral 
androgen b iosynthesis m ay lead to hirsutism  even though the p lasm a androgen 
level is normal.

H ow do th e  activ ities o f the enzym e system s participating in  the skin 
steroid m etabolism  change in adrenogenital syndrom e, w hen th e  androgen 
overproduction b y  th e  pathologically  functioning adrenal cortex  is responsible 
for the hirsutism  and th e  virilization ? Our in vitro incubation  investigations  
showed that in the case o f  the first patient (R . A .), where the androgen produc­
tion  was su b stantia lly  higher, more T est, than  normal was form ed from the 
precursors (D H A , Zl5-diol, zl4-dione), i.e. th e  b iosynthetic path w ay  (17/i-H SD , 
Zl5-3/S-HSD) leading tow ards the androgens was enhanced. In th e  other patient 
(O. S.), where the androgen production was less high as a consequence o f the 
earlier adrenalectom y, th e  m etabolism  was not enhanced; indeed , for many 
m etabolites th e  ex ten t o f the transform ation did not even a tta in  th e  level for 
norm al wom en. I t  is in teresting th at the a ctiv ity  o f the T est. 5a-R  enzyme 
was not increased in the abdom inal skin o f  either patient, sim ilarly  as found 
b y  Bouchard et al. [1] in the pubic skin o f  hirsute wom en w ith  a 21-hydroxylase  
insufficiency o f  com plete typ e. As concerns the other enzym e system s, the 
differences in a c tiv ity  found in the abdom inal skin o f  the tw o adrenogenital 
syndrom e patients m ay be explained b y  the considerably different androgen 
concentrations m easured in the peripheral blood and in the skin, b u t the role 
o f their different ages cannot be excluded.

From the results relating to  the steroid content o f th e  skin tissue, it 
em erges th at num erous free (non-conjugated) steroids and C19-steroid  sulphates 
are to  be found in higher concentration in  the adrenogenital cases th an  in the 
skin o f healthy w om en. The exten t o f steroid accum ulation in th e  skin can be 
better expressed, how ever, if  the skin steroid quantities found in  th e  individual 
cases are com pared w ith  the serum levels in the sam e p atien t. Accordingly, 
for all o f the steroids exam ined, the values m easured in the skin (nm ol/kg) were 
divided by the level o f  the corresponding steroid in the serum  (nm ol/1); the 
steroid-accum ulating ab ility  o f  the skin (as androgen target organ) m ay be 
better approxim ated to  w ith  the resulting quotient [12].

For the free steroids (Table IX ), th is quotient is in all cases a number 
larger than one (the m ean values for normal wom en lie in the range 4 — 8), i.e. 
the concentration o f each o f the androgenic steroids is higher in th e  skin tissue 
than  in the blood. The quotients of Zl5-diol and D H T  in the skin o f  the two  
adrenogenital syndrom e patients i.e. their relative concentrations, are far higher 
than  the corresponding values for healthy wom en.
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Table IX

C orrelation between androgenic steroid contents in  abdominal sk in  tissue and in  serum o f  
healthy women and  m en a n d  hirsute women w ith adrenogenital syndrome 

s te ro id  cone, (nm ol/kg) in  ab d o m in a l sk in  tissue
R atio  =

ste ro id  cone, (nm ol/1) in  serum

J 4-dione J 5-diol Test. D H T

H e a l th y  w om en m ea n  5.7 

(28 — 46 y ears) ra n g e  3.8— 12.1 

n = 7

8.1

5 .3 -1 4 .3

7.1

5 .2 -1 9 .5

4.1

2 .4 -2 6 .5

H e a l th y  m en  m ea n  23.0 

(2 8 — 47 y ears)  ra n g e  14.3 — 32.2

n = 5

6.9

4.7— 13.6

2 .0

1.2—3.7

7.0

4.8— 10.7

R . A . 18 years 5.0 36.0 8.1 30.8

0 .  S. 34 y ears 10.9 18.5 4.9 33.6

T here is an in teresting  correlation betw een th e  abdom inal skin tissue and  
th e  serum  in the case o f  th e  C19-steroid sulphates (Table X ). Here, the value  
o f  th e  quotient (w ith th e  excep tion  of Test.-S) is su b stan tia lly  less than  one 
( 0 . 0 1  —  0 . 1 ) ,  which m eans th a t  under normal cond itions the sulphate ester 
stero id s are to be found in  1 0  — 1 0 0  tim es higher concentrations in the blood  
th a n  in  the skin. The cause o f  th is m ay be the w ater-so lu b ility  o f the steroid  
su lp h a tes , or their low er a ff in ity  for the b inding proteins. In adrenogenita

Table X

Correlation between C19-steroid sulphate contents in  abdom inal sk in  tissue and in  serum o f  
healthy women and healthy m en  and hirsute ivomen w ith  adrenogenital syndrome  

_  . s te ro id  cone, (nm ol/kg) in  ab d o m in a l sk in  tissue
R n i m  ----  ----------------------------------- ' _______ L__ Eli________________________________________R atio =  -

s te ro id  cone, (nm ol/1) in  serum

And-S D HA -S J 5-diol-S Test-S

H e a l th y  w om en m e a n 0.08 0.01 0.12 1.12

(28 — 46 years) lim its 0.04 0.20 0.006 0.03 0 .0 6 -0 .2 2 0 .9 4 -3 .4 4

n = 7

H e a l th y  m en m e a n 0.10 0.21 0.07 1.71

(28 - 4 7  years) lim its 0 .0 4 -0 .4 0 0.14 0.65 0 .0 3 -0 .2 5 1 .0 4 -2 .5 6

n = 5

R . A . 18 years 0.19 0.18 0.10 0.64

0 .  S . 34 years 0.10 0.25 0.04 1.98
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syndrom e only D H A -S  showed an accum ulation  relative to the level for norm al 
wom en in both cases.

Few data h ave been found in the literature concerning the concentrations  
o f steroids in skin tissue [18]. D eslypere et al. [2, 3] determ ined the concentra­
tions o f three androgenic steroids (T est., D H T  and 5a-A-diol) in skin tissu e from  
m en. The evaluation  o f their results is ham pered b y  the circum stance th at 
th ey  obtained their  skin samples from corpses; th e  m etabolism  occurring up to  
th e  tim e of exam ination  of the sam ples m ay have caused appreciable changes 
in the ratios o f  th e  individual steroids. N evertheless, th ey  dem onstrated  th at 
th e  scrotal skin contained the m ost androgen; the concentration was low er in 
th e  pubic skin, and even  lower in skin from th e  th igh . Thus, com parisons m ay  
be made only betw een  steroid levels in skin tissu e from the sam e area o f  the  
body. In every case we performed steroid analyses on skin tissue from th e ab­
dom inal region, and thus the steroid concentrations found reflect th e  in  v ivo  
horm onal state o f  th e  abdom inal skin.

An ever increasing number o f data now  support the assum ption th a t the  
androgen-sensitivities o f the various tissues can be characterized b y  th e  num ­
bers of androgen-binding sites (receptors), th e  la tter varying in parallel w ith  
th e  concentration o f the androgens. A ccordingly, the androgen accum ulation  
(hyperandrogenism ) found in the abdom inal skin o f the adrenogenital syndrom e  
patients m ay be explained by the accum ulation  o f certain binding proteins in 
th e  pathologically  hairy skin. H ow ever, the proof o f th is m ust be th e  ta sk  of 
follow ing investigations.
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R eceived: F e b ru a ry  28, 1983

T he in  v itro  m etab o lism s of [4-,4C ]-labelled  D H A , Zl5-diol, / l1-dione a n d  T e s t 
were s tu d ied  in  sk in  tis su e  excised from  th e  h a iry  h y p o g astr ic  reg ion  of th re e  p a tie n ts  
diagnosed as su ffering  from  “ id io p a th ic  h irsu tism ” . T h e  co n cen tra tio n s  o f D H A , A n d , 
zl4-dione, A5-diol, T es t, D H T , D H A -S, A nd-S , / l5-diol-S an d  T est-S  w ere d e te rm in e d  
in  o th e r p o rtio n s  o f th e  sam e sk in  tissue.

In  th e  know ledge o f th e  c o n cen tra tio n s  o f th e  androgens an d  th e  C19-ste ro id  
su lp h a tes  in  th e  b lood  a n d  in  th e  sk in  tissue, a n d  also o f th e  m etabo lism s of th e  m ain  
and ro g en  p recu rso rs  a n d  T est in th e  h a iry  ab d o m in a l sk in , new  diagnoses can  be 
estab lished  w ith in  th e  g roup  of id io p a th ic  h irsu tism s : “ p u re  p e rip h e ra l h irsu tism ”  
an d  “ m ixed  p e rip h e ra l h irsu tism ” . In  th e  fo rm er th e  h y p e ra c tiv ity  o f th e  enzym es 
of th e  sk in  tissu e  ta k e s  p a r t  in  th e  em ergence o f th e  disease fo rm , while th e  l a t te r  
involves th e  jo in t  p a r tic ip a tio n  of th e  h y p e ra c tiv ity  o f th e  enzym es o f th e  sk in  tissu e  
and  th e  h igh  level o f  Zl4-dione in th e  blood.

T he p ic tu re  o f th e  m etab o lism  in  th e  h a iry  ab d o m in a l sk in  o f th e  h irsu te  p a ­
tie n ts  was d o m in a ted  b y  T est form ed in p a th o lo g ica lly  h igh  a m o u n t fro m  th e  p recu rso rs  
as a  consequence o f th e  h y p e rac tiv ity  o f 17/S-HSD. T he fo rm atio n  o f D H T  an d  th e  
a c tiv ity  o f 5a -R  w ere o f on ly  secondary  im p o rta n ce .

K eyw ords: id io p a th ic  h irsu tism , h u m an  sk in , ste ro id  m etabo lism

Introduction

H irsutism  is a special disease of ivóm én, w hich finds no parallel in  the  
anim al world. A hirsute wom an endures her disease throughout her life. H er 
feeling on inferiority causes her not to marry, or if  she is already married her 
fam ily  life m ay undergo a crisis. Perhaps now here does the clinician encounter  
so much disappointm ent as in the diagnostics and therapy of hirsutism .

Send o ffp rin t re q u es ts  to  I. F a red in  H-6701 Szeged P .O .B . 469, H u n g a ry  
T he follow ing a b b rev ia tio n s  a re  used: 17-K S =  1 7 -K eto stero id s; 17-O H -CS =  17- 

H y d ro x y co rtico s te ro id s ; P -tr io l =  5/5-pregnane-3a,17a,20oc-triol; T est =  17 /3-hydroxy-l-an - 
d rostene-3 -one; D H T =  17 /5 -hydroxy-5a-androstane-3-one; 5 o t-ane-3a,17 /?-d io l= 5a-androstane- 
3<x,17/?-diol; 5a-ane-3/9,17/?-diol =  5a-androstane-3/5,17/5-diol; / l5-diol =  5-androstene-3/5,17/5- 
d io l; /l4-dione =  4 -andro sten e-3 ,1 7 -d io n e; 5a-ane-d ione =  5 a -an d rostane-3 ,17 -d ione ; A n d  =  
3 a -h y d ro x y -5 a -an d ro stan e -1 7 -o n e; E p ia n d  =  3/5-hydroxy-5ot-androstane-17-one; D H A  =  3/5- 
h y d ro x y -5 -an d ro sten e-1 7 -o n e ; A nd-S  =  3a-sulphooxy-5oc-androstane-17-one; D H A -S  =  ЗД-sul- 
p h o o x y -5 -an d ro sten e-1 7 -o n e; zl5-diol-S =  5-androstene-3/5,17/5-diol-3-sulphate; T cst-S  =  17/5- 
su lphooxy-4 -androstene-3 -one.
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H irsutism s of unknow n origin are referred to  in  the literature under the  
co llec tiv e  nam e “ idiopathic h irsu tism ” (I. H. [24, 31, 36, 43]). A bout 40%  
o f  our ow n hirsutism cases in v o lv e  I. H. This m eans th a t the available m ethod­
o log ica l diagnostic possib ilities fa il in alm ost every second case [25, 36].

T he failures have convinced  us th a t the previously em ployed m ethods  
can  n o t  lead us further in th e  approach to  th e  problem atics o f  h irsutism . 
A ccord in g ly , we began to  m ake a stu d y  o f th e  connection betw een  th e  skin  
and th e  hormonal a ctiv ity  o f  th e  endocrine system  from the side o f th e  periph­
ery , i .e . th e  skin.

I t  is known from previous experim ents th a t pubic and abdom inal skin  
slices in ten sively  m etabolize radioactive déhydroépiandrostérone (D H A ), 
4-androstene-3,17-dione (A4-d ione), testosterone (Test) and 5-androstene- 
-3/3,17/9-diol (Zl5-dio]) under in vitro conditions [7, 8, 10, 11, 14 — 16, 21]. 
T h ese investigations dem onstrated  th a t hum an abdom inal skin contains 
n u m erou s enzym es w hich are o f  great im portance from the aspect o f th e  andro­
gen m etabolism . We have therefore carried out in vitro incubation stud ies w ith  
h a iry  abdom inal skin slices excised  from the suprapubic abdom inal area o f  our
I. H . p a tien ts, and w ith  [4-14C]-labellecl D H A , zl5-diol, Zl4-dione and T est, in 
order to  acquire inform ation on the activ ities o f the enzym es m etabolizing the  
androgens in the hairy abdom inal skin o f  our patients.

In  parallel w ith these experim ents, we have exam ined the concentrations  
o f  th e  free androgens and th e  C19-steroid sulphates in the excised hairy abdom ­
in a l sk in  slices, to decide w hether the hyperandrogenism  assum ed in  th e  hairy 
ab d om in al skin of I. H. p atien ts [1, 24, 25] can be confirm ed.

T he present publication  gives an account o f th e  results o f  th ese exper­
im en ts .

C h e m ic a ls , p a tien ts  a n d  m eth o d s

Chemicals

T h e  so lu tions used  in  th e  e x am in a tio n s  w ere p re p a re d  fro m  p .a . g rad e  chem ica ls  dis­
so lv ed  in  w a te r  distilled fro m  glass.

T h e  [4-14C]-labelled ra d io a c tiv e  ste ro id s D H A  (specific  a c tiv ity  [S .A .] =  57.1 m Ci/ 
m m o l), Zl5-dio l (S.A. =  57.1 m C i/m m ol), zl4-dione (S.A . =  56.6 m C i/m m ol) a n d  T e s t (S .A . =  
22.19 m C i/m m ol); and th e  [7-3H (N )]-D H A  (S.A. =  24 C i/m m ol), [l<x,2a(n)-3H ] D H T  (S.A . =  
60 C i/m m ol), [ l ,2 -3H (n )]d 4-d ione (S.A . =  45 C i/m m ol) an d  [l/?,2/?-3H ]T es t (S.A . =  44.6 Ci/ 
m m o l)  w ere  p ro d u c ts  of th e  R ad io ch em ica l C entre  (A m ersh am , E n g lan d ). T he [7-3H (N )] /l5-diol 
(S .A . =  20 Ci/m m ol), [1,2-3H (N )]-A n d  (S.A. =  40 C i/m m ol) a n d  th e  am m o n iu m  sa l t  of 
[7 -3H (N )]D H A -S  (S.A. =  24 C i/m m ol) w ere p u rc h ase d  from  N ew  E n g lan d  N u c lea r (B o sto n , 
U .S .A .).

B efore  use, th e  free ra d io a c tiv e  ste ro id s w ere p u rif ied  on  a 4 g A l2Os co lu m n  (E . M erck, 
B ro c k m a n n  I I I / IY  ac tiv ity ) , a n d  th e ir  p u ritie s  w ere th e n  checked  b y  c h ro m a to g ra p h y  on an  
A l2O3-60 G th in  layer (E . M erck T y p e  E ) in  th e  T LC -G  sy stem  (n -h ex a n e —e th y l a c e ta te —abs. 
e th a n o l— glacial acetic  acid  =  120 : 130 : 1 : 2 b y  v o lu m e [24].

T h e  su lp h a te  ester s te ro id s (D H A -S , zT-diol-S) w ere p u rified  on  a  1.5 g flo ris il co lum n 
(60 /100  m esh , F lorid in  Co., T a llah assee , U .S .A .) before  use  [46], a n d  th e ir  p u ritie s  w ere checked 
b y  c h ro m a to g ra p h y  accord ing  to  S a rfa ty  an d  L ip se tt  on  a silica gel G (E . M erck) th in  lay e r
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in  th e  TLC -I S y s tem  (abs. e thanol — e th y l  a c e ta te —cone. N H 4OH  =  50 : 50 : 10 b y  volum e) 
[24].

T he n o n -rad io ac tiv e  au th en tic  s te ro id s  w ere p u rch ased  from  Ik a p h a rm  (R a m a t-G a n , 
Is rae l) . T heir p u rif ic a tio n  and the  checks on  th e ir  p u ritie s  were perform ed as d e sc rib e d  above.

Patients

Two 16-year-o ld  (M. I. and T. A .) an d  one 17-year-old (K . E .) girls w ere ex am ined  
in  o u r U n it; th e y  com plained  th a t  th e y  h a d  o b se rv ed  an  enhanced g ro w th  o f  h a ir  a ll over 
th e  bo d y , w hich req u ired  cosm etic t r e a tm e n t.  T h e ir  p u b ic  h a ir was found  to  b e  o f  m ale  ty p e , 
w hile  an  enhanced  g ro w th  of ha ir cou ld  be  seen on  th e ir  faces, a round  th e ir  n ip p le s , an d  on 
th e ir  low er lim bs. T h e ir  blood p ressures w ere n o rm al. Clinical and  gynaecological ex am in a tio n  
show ed norm al co n d itio n s. Their m e n s tru a tio n  cycles w ere regular.

The lis ted  la b o ra to ry  results in d ic a te d  t h a t  th e  h irsu tism  was id io p a th ic  in  all th ree  
p a tie n ts  (Table I — I I I ) .

Table I

U rinary steroid excretion in  women with idiopathic hirsutism  ( funol/d)

P atients T o ta l 17-Ks* T otal 17-OH-CS** P-triol***

M. I. 16 years 30.5 7.4 2.7

33.3 9.7 1.2

T . A . 16 years 51.7 11.6 2.4

39.2 10.5 1.8

K . E . 17 years 39.2 10.2 2.4

40.9 11.0 2.7

N orm al women 1 7 .4 -5 2 .0 5 .0 -1 6 .6 1.2 7.7

(16—50 years)

* T o ta l 17-K etostero ids 
** T o ta l 17-H ydroxycorticostero ids 

*** Pregnanetrio l (5/?-pregnane-3a,17a, 20a-triol)

Table I I

Serum  androgen levels in  women w ith idiopathic hirsutism  
(  nm ol/l)

P atien ts T est D H T J 5-diol J 4-dione

M. 1. 16 y ears 2.6 0.89 3.0 3.9

T . A. 16 y ears 2.5 0.48 3.3 13.3

K . E . 17 y ears 2.9 1.27 1.9 11.5

N orm al w om en

(16 50 y ears)

m ean: 2.4 2.2 3.7 6.3

range: 0.87— 3.29 0 .3 4 -3 .7 9 2 .1 0 -5 .6 1 2 .97— 9.36
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Table III

Serum  C19-steroid su lphate and cortisol levels in  w om en w ith  idiopathic hirsutism

P atien ts
And-S
jLtmol/l

DHA-S
|U.mol/l

J*-diol-S
/xmol/1

Test-S
nmol/1

Cortisol
nmol/1

M. I .  16 years 3.18 7.87 0.66 — 370

T . A . 16 years — 4.54 — — 364

К . E .  17 years 0.89 7.52 0.19 9.93 419

N o rm a l w om en

(1 6 — 50 years)

m ean : 1.57 8.28 0.35 12.05 345

ra n g e : 0 .6 7 — 3.40 3 .0 4 -1 1 .8 9 0 .1 9 -0 .6 5 4 .0 7 -1 4 .9 5 2 2 0 - 5 5 0

S k in  samples

S k in  sam ples fro m  h e a l th y  m en  and  wom en w ere o b ta in e d  du ring  ap p en d ecto m y  u n d e r  
g en era l an aesthesia . These] in d iv id u a ls  were n o t su ffe rin g  fro m  endocrine or o th e r d iseases.

W ith  th e  consen t o f  th e  th re e  I .  H . p a tie n ts , sk in  w as excised from  th e  su p ra p u b ic  
a rea  u n d e r  general a n ae s th es ia . I n  all th ree  cases th e  sk in  sam p les were very  h a iry .

T h e  sk in  sam ples w ere  p u rif ie d  from  a n tise p tic  a n d  fro m  th e  accessory f a t  tissu es. 
E x p e r im e n ta l  processing o c c u rre d  w ith in  20 m in u tes  o f  su rg e ry .

T h e  abdom inal sk in  sa m p le s  used for e x am in a tio n s  co n ta in ed  b o th  derm is a n d  ep i­
d e rm is .

Incuba tion  o f  sk in  tissues

A  p o rtio n  of th e  c le an e d  ab d o m in a l sk in  sam ples w as c u t  w ith  scissors in to  1 — 2 m m  
slices, a n d  0.5 g q u a n titie s  w ere  in c u b a te d  sep ara te ly  w ith  0.5 /iCi [4-14C ]D H A , [4-14C]A5-diol, 
[4-,4C]/14-dione and  [4-14C ]T est as described p rev iously  [10, 12, 13]. T he m etab o lites  fo rm ed  
w ere d e te rm in ed .

D eterm ination  o f  concentrations o f  free  androgens a n d  Cl9-steroid sulphates in  abdom inal 
sk in  tissu e

I n  a n o th e r p o rtio n  o f  th e  c leaned abdom inal sk in  tis su e , th e  co n cen tra tions o f  free 
an d ro g en s  (D H A , A nd, /)4-d iono , , P-diol, T est and  D H T ) a n d  C19-stero id  su lp h a tes (D H A -S , 
A n d -S , zl5-diol-3-S a n d  T es t-S ) w ere  de term ined  as d e sc rib e d  p rev iously  [12, 13]. T h e  con­
c e n tra tio n s  o f th e  in d iv id u a l s te ro id s  are given in  u n its  o f  n m o l/k g  w et sk in  tissue.

D eterm ination  o f  concentrations o f  androgens a n d  C l9-steroid sulphates in  serum
I n  th e  serum  o f b lo o d  sam p le s ta k e n  a t  8. a .m ., T e s t,  Zl5-diol, D H T  and  zP-dione w ere 

d e te rm in e d  as described p re v io u s ly  [47]. The re su lts  a re  ex p ressed  in  u n its  o f nmol/1.
O f th e  C19-ste ro id  su lp h a te s , th e  co n cen tra tio n  o f  D H Â -S  in  th e  serum  was d e te rm in ed  

b y  d ire c t rad io im m u n o assay  (R IA ). T he resu lts  a re  e x p re sse d  in  u n its  o f p m olß .
T h e  co n cen tra tio n s o f  A n d -S , zP-diol-S an d  T es t-S  in  th e  serum  were d e te rm in ed  w ith  

th e  P .B .A . p rocedure  o f  T ó th  [45]. T he A nd-S an d  zP-dio l-3-S  con cen tra tio n s a re  ex p ressed  
in  u n i ts  o f  p m o lß , a n d  th e  T es t-S  concen tra tions in  u n i ts  o f  nmol/1.

T h e  serum  cortiso l lev e l w as de te rm in ed  w ith  a  m o d if ic a tio n  of th e  ex trac tio n  p ro ced u re  
o f M a ttin g ly  and  th e  f lu o rim e tr ic  p rocedure  o f  S p en cer— P e e t  [6, 30, 42].

T h e  to ta l  17-K s, th e  to ta l  17-OH-CS an d  th e  P - tr io l  in  th e  u rine  were d e te rm in e d  as 
d esc rib ed  prev iously  [9].
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R esults

Examinations o f steroids in urine and blood

For none o f  the three I. H. patien ts did the exam ination o f  th e  am ounts 
o f setroids excreted  in  the urine (Table I) reveal differences w hich  could be 
correlated w ith  the high degree o f h irsutism .

In  th e  8 a.m . blood sam ples th e  serum  tota l Test, D H T  and zl5-diol 
concentrations (Table II) were norm al in all three patients. The Zl4-dione level 
was norm al in  patien t M. T ., but p ath ologica lly  high in the other tw o  cases.

The concentrations o f the C19-steroid  sulphates (A nd-S, D H A -S , A 5- 
-diol-3-S and Test-S) and cortisol for th e  three I. H. patients (Table III) did not 
differ from the values for healthy w om en.

Metabolic examinations in abdominal skin

The percentage conversions of th e  radioactive m etabolites form ed during 
the in  vitro incubation o f the rad ioactive steroid substrates and the hairy 
abdom inal skin slices from the three I. H . patients were com pared w ith  the  
results obtained under similar conditions for healthy wom en (T ables IV -V II).

Table IV

The in  vitro metabolism o f  [4-u C] dehydroepiandrosterone by hum an sk in

[4->*C]DHA

llea lth y  women 
(17—45 years)

P a tien ts  w ith  idiopathic 

M. I . 16 years T . Á. 16 years

hirsutism 

K . E. 17 years
H ealthy  men 

(19—46 years)

conversion %

T est
0.20

(0 .0 8 -0 .3 3 )
П—-- 3

1.43 0.14 0.49
0.48

(0.04 1.38) 
n = 6

Zl5-diol
1 32

(1.03 1.90) 
n 3

3.51 2.52 2.35
1.85

(1 .1 9 -2 .9 7 )  
n —5

zl4-dione
5.34

(0.85-13.00)
n —7

15.20 1.45 13.67
6.00

(1 .3 7 -1 2 .3 9 )
n = 9

5a-ane-dione
1.76

(0.85 2.22) 
n = 3

2.50 0.40 1.35
1.86

(0 .3 0 -4 .8 4 )
n = 5

And
2.14

(0 .8 1 -3 .7 0 )
n = 4

6.13 0.30 1.92 (0 .6 2 -6 .8 4 )
n = 6

A c ta  M e d ic a  H u n g a r ic a  4 1 , 198 4
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Table V

The in  vitro metabolism o f  [4-u C] 5-androstene-3ß,17ß-diol by hum an sk in

[4-14C]Æ -diol

H ealthy women 
(22— 46 years) 

n = 3

P atien ts  

M. I . 16 years

w ith  idiopathic . 

T . Á. 16 years

hirsu tism  

K . E . 17 years

H ealthy  m en 
(19—45 years) 

n = 6

conversion %

T est 18.73
(13.20—26.80)

24.55 1.86 16.25 8 75
(4 .0 6 -1 5 .1 3 )

D H T 0.67
(0 .4 0 -0 .9 8 ) 1.90 0 .2 2 0.58

1.31
(0 .3 0 -2 .7 2 )

/ l4-d ione 5.23
(1 .4 0 -1 1 .1 6 ) 2 .2 0 0.28 1.05

1.41
(0 .4 5 -4 .0 8 )

5a-an e-d io n e 0.53
(0 .3 4 -0 .6 4 ) 5.02 0.13 0.25

0.65
(0 .3 0 -1 .8 6 )

A nd
0.57

(0 .5 2 -0 .6 6 ) 1.26 0.15 0.32
0.41

(0 .2 8 -0 .5 4 )

D H A 4.92
(3 .4 3 -6 .0 9 ) 3.44 4.62 3.76

6.79
(3 .4 0 -2 0 .9 8 )

Table VI

The in vitro metabolism o f  [4-ыС]4-ап(1го81епе-3,17-dione by hum an sk in

[4-u C]id4-dione

H ealthy women 
(26—43 years) 

n = 7

P atien ts  

M. I . 16 years

w ith  idiopathic h irsutism  

T . Á. 16 years К . E . 17 years

H ealthy  m en 
(19—37 years) 

n = 5

conversion %

T e s t 1.80
(1.33— 2.28) 2.65 3.63 2.30

1.96
(0 .9 1 -2 .6 2 )

D H T 0.37
(0.10— 0.56) 1.85 0.69 0.43

0.54
(0 .1 8 -0 .8 6 )

5 a-ane-d ione 10.85
(4.20— 16.14) 42.80 17.26 12.00

12.93
(9 .1 5 -1 5 .4 5 )

A nd 8.34
(2.57— 11.42) 17.00 16.62 13.33

10.82
(7 .0 9 -1 5 .8 7 )

E p ia n d 6.01
(1.26— 10.30) 2.87 1.83 10.15

2.39
(0.98—4.85)

Androgens and C19-steroid sulphates in abdominal skin tissue

T he results on the androgens and the Clg-stero id  sulphates in  th e  hairy  
ab d om in al skin from the three I. H . patients are g iven  in  Tables V III -IX .
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Table VII

The in  vitro metabolism o f  [4-'*C] testosterone by human sk in

[4-14C] Test

H ealthy  women

(26-£ L r ar,) M. I.

P a tien ts  w ith  idiopathic hirsutism 

16 years T . Á . 16 years K. E. 17 years

H ea lth y  m en 
(19— 37 years) 

n = 5

conversion %

D H T 5.61
(3 .7 0 -7 .2 1 )

11.39
4.86 3.00

6.39
( 3 .8 4 - 9 .3 3 )

5a-ane-diols 3.45
(2 .2 6 -4 .5 8 ) 5.71 1.54 2.65

3.36
(1 .2 0 - 8 .5 1 )

Zl4-dione 3.52
(1.82— 5.11) 6.52 3.28 1.98

4.20
(3.43 6.30)

5a-ane-dione 0.81
(0.50— 1.14) 4.81 1.12 0.55

1 22
(0 .5 0 - 1 .7 8 )

A nd 0.83
(0 .6 1 -1 .3 6 ) 2.64 3.41 0.50

1.37
(0.57 2.69)

E p ian d 0.69
(0 .3 3 -1 .5 9 ) 0.28 0.24 0.40

0.71
(0.24 1.25)

Table VIII

Androgenic steroids in  abdominal sk in  tissue fr o m  women with idiopathic h irsu tism
( nmol/kg wet w eight)

Patients DHA A nd /P-dione d 5-diol T est D H T

P a tie n ts  w ith idio-
p a th ic  hirsutism

M. I. 16 years 716 105 248 203 63 264
T . Á . 16 years 66 181 132 70 51 48
K . E . 17 years 116 163 54 58 326 7

H e a lth y  women
m ean 79 55 36 30 17 9
± S .E .M . ± 2 9 ± 1 9 ± 8 ± 1 4 ± 6 ± 4
(2 8 — 46 years) 

n = 7

Quotients o f androgen concentrations in abdominal skin tissue and serum

Table X  lists the quotients o f  th e  concentrations of the androgens in  the  
skin tissue and those in  the serum , w hile th e  corresponding data  for th e  C19- 
steroid sulphates are to  be found in T able X I .
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Table IX

Clt -steroid su lphates in  abdominal sk in  tissue  fr o m  women with 
id iopath ic  hirsutism (nm ol/kg wet weight)

P atients And-S DHA-S zi5-diol-S Test-S

P a tie n ts  w ith
id io p a th ic  h irsu tism  

M. I. 16 years 4.018 33.631 4.987 14
T . A. 16 years 780 398 57 11
K . E . 17 years 1.069 6.889 699 173

H e a lth y  wom en
m ean: 132 82 42 14

± S .E .M .
(28—46 years)

± 2 9 ± 2 7 ± 7 ± 3

n =  7

Table X

Correlation between androgenic steroid contents in  abdom inal skin  tissue and  
in  serum  o f  women with idiopathic h irsu tism

Patients zl4-dione J 5-diol Test D HT

M. I . 16 years 63.6 67.7 24.2 29.6
T . Á. 16 years 9.9 21.2 20.4 100
K . E . 17 years 4.7 30.5 112.4 5.4

H e a lth y  wom en
m ean: 5.7 8.1 7.1 4.1
range: 3.8— 12.1 5.3— 14.3 5 .2 -1 9 .5 2 .4 -2 6 .5r a n g e .

(28—46 years) 
n =  7

Table XI

Correlation between C19-steroid sulphate contents in  abdom inal sk in  tissue and  
in  serum  o f  women with id iopath ic  h irsu tism  

(abdom ina l sk in  tissue nm ol/kg/serum  nmol/1)

P atients And-S DHA-S J 5-diol-S Test-S

M. I . 16 years 1.26 4.28 7.55 _
T . Á. 16 years — 0.09 — —
K . E . 17 years 1.20 0.92 3.68 17.52

H e a lth y  women
m ean: 0.08 0.01 0.12 1.12
range: 0 .0 4 -0 .2 0 0 .0 0 6 -0 .0 3 0 .0 6 -0 .2 2 0.94—3.44
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Discussion

H um an skin and the accessory appendages (sebaceous and apocrine sweat 
glands, hair follicles) are currently regarded as typ ical androgen target organs 
[34, 35]. In  skin tissues originating from th e various anatom ic regions (scrotum , 
prepuce, pubes, abdom en, face, e tc .), an in ten sive  androgen m etabolism  occurs, 
to  an ex ten t depending on the ty p e  o f  the skin [8, 10, 11, 14, 15, 23, 28]. Test is 
form ed from  the w eakly androgen-active precursors (D H A , zl5-d iol, /d4-dione). 
D H T  is synthetized  from Test in the skin: th is  is m etabolized ot 5a-androstane- 
-3a,17/3-diol and to  5a-androstane-3/?,17/?-diol [28]. The en zym es A 5-Zß- 
-hydroxysteroid  dehydrogenase ( / l3-3/?-H SD), За-H SD , 3/1-HSD. 17/1-HSD and 
/j^ a -r e d u c ta se  (5a-R) play im portant roles in these biochem ical processes.

R elatively  few authors have studied  th e  metabolism s o f th e  androgen  
precursors and T est in skin tissues from various anatom ic regions in  w om en  
w ith  I. H. The findings are not clear-cut either. Thom as and Oake [44] observed  
an in ten sive m etabolism  o f D H A  in the in  v itro  incubates of sk in  tissu es from  
the area o f  the linea alba in w om en w ith  I. H. Particularly the form ation  of 
T est and the w eakly androgen-active 17-K s w as enhanced in com parison w ith  
th e  values for healthy wom en. N o difference in utilization o f T est w as observed  
betw een  similar skin tissue from I. H. and h ea lth y  women. In contrast, K u ttenn  
et al. [28] and M auvais-Jarvis et al. [32] dem onstrated in tensive D H T , 5a-ane  
3a,17/3-diol and 5a-ane 3/3,17/3-diol form ation in  the pubic skin o f  I . H . patients  
in the course of m etabolism  of T est.

Our investigations reveal th a t the hairy abdom inal skin o f  th e  three I. H. 
patien ts m etabolized the radioactive precursors (D H A , / l5-diol, / l4-dione) in 
different w ays. A significant difference w as also observed in the m etabolism  of 
radioactive T est (Table X II).

A lthough the blood androgen levels were normal, the hairy abdom inal 
skin o f  patient M. I. formed Test, D H T  and androgenic 17-Ks w ith  p ath ologica l­
ly  high percentage conversions from  D H A  and zl4-dione precursors. In  th e  m etab­
olism  o f [4-14C] Test too , the syntheses o f  D H T , the 5a-ane-diols and the 
androgenic 17-Ks were pathologically  enhanced: only the form ation o f Epiand. 
w as dim inished. These results ind icate th a t th e  activities o f 17/1-H SD, 5a-R , 
Zl5-3/5-HSD and За-H SD  were enhanced in th e  hairy abdom inal sk in  o f  the  
p atien t, while the activ ity  o f  3/3-HSD was decreased. On the basis o f  our exam i­
nations, the hirsutism  is regarded as the m ost severe in this case. Som e support 
for th is assum ption is provided b y  the fact th a t the mother o f th is  p a tien t was 
also show n to suffer from hirsutism  [29].

The hairy abdom inal skin o f  patien t T. Á. formed T est, D H T  and the 
androgenic 17-Ks w ith pathologically  high percentage conversions on ly  from  
the precursor / l4-dione. From  the precursors D H A , A3-diol and T est, th e  andro­
genic m etabolites were formed in  norm al or decreased am ounts. T hese results

Ada Medica Hungarica 41, 1984



2 8 FAREDIN, I., TÓTH, I.

Table XII

A ctiv itie s o f  androgen precursor and testosterone metabolysing enzymes in abdominal ha iry  
sk in  sam ples o f  women with idiopathic h irsu tism

S u b stra te s

M etabolites

DHA J 5-diol Æ-dione T est
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ar
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. 

Á
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ea
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M
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16
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T
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Á
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rs &ceV

t—

Ы

T e s t (17/9-HSD) t N t N N t t t — — —

D H T  (5 a-R ) — — — t * N t t N t N *

zl5-diol (17/S-HSD) t t t —
5 a-ane-d io ls (3a,-3/?-HSD) t 1 N

zlJ-d ione  (zl5-3/9-HSD) I N 1 N j 1 — — — t N N

5 a-ane-d ione  (5a-R ) t * N t i J t t N t N N

A n d  (3a-H SD ) t * N t i 1 t t t t t *

E p ia n d  (3/3-HSD) — — — — — — N N N i 1 N

D H A  (17/S-HSD) — — — N N N

N  =  norm al conversion  H SD  =  h y d ro x y ste ro id  dehydrogenase
t =  increased conversion  R  =  re d u c tase
J =  dim inished conversion  y  =  y e a rs

require consideration, i f  it  is borne in mind th a t th e  blood Zl^-dione leve l w as 
pathologically  high in th is  p atien t, while at th e  sam e tim e the activ ities o f  th e  
en zym es 17/5-HSD, 5oc-R and За-HSD cata lyzin g  th e  m etabolism  o f th is  pre­
cursor were enhanced in  th e  hairy abdom inal sk in .

The m etabolism s o f  th e  precursors D H A  and zl4-dione were th e  m ost 
sign ifican t in the abdom inal skin of patient K . E .: th e  m etabolism s o f Zl5-diol 
and T est did not p lay  an appreciable role in th e  form ation of the androgens. 
B esides the pathologically  high blood level o f  zl4-dione, the hyperactiv ities of 
17/2-H SD, /l5-3/?-HSD and Зос-H SD could be d etected  in the hairy abdom inal 
skin  tissue.

Our investigations ind icated  that the decid ing role in the hairy abdom inal 
skin o f the three I. H . p a tien ts is played b y  th e  h yperactiv ity  of 17/S-HSD, 
w hich  catalyzes the conversion  of zl4-dione to  T est. In  th is respect, the m etabol­
ism  o f /Ь -dione in th e  skin  is of primary im portance. The h yperactiv ity  of 
5a -R , which syn th etizes D H T  from T est, is on ly  o f  secondary im portance. 
The hyperactiv ity  o f Zl5-3/S-HSD plays a role in  th e  m etabolism  of the precursor 
(D H A ).

The hyperactiv ities o f  the enzym es in th e  hairy abdominal skin o f the  
three I. H. patients su ggested  the possib ility  th a t th e  androgenic steroids are

Acta Medica Hungarica 41, 1984



METABOLISM AND CONCENTRATION OF STEROIDS IN THE SKIN 29

form ed locally in pathologically high am ounts from various precursors reach­
ing  th e  skin from th e blood stream .

The literature contains very few  data on the steroid concentrations in skin  
tissu e . D eslypere et al. [3] exam ined  the concentrations of T est, D H T  and 
5a-ane-3a,17/3-diol in the prostate gland, sexual skin (scrotum  and pubes), 
non-sexual skin (thigh) and striated m usculature (m. gastrocnem ius) in corpses, 
w ith in  24h of death. Their results show ed th a t the androgen concentrations of 
th e  prostate gland and the sexual skin were much higher than  th ose o f  the 
non-sexual skin and m usculature. D eslypere and Vermeulen [4] stu d ied  the 
concentrations o f  T est, DH T and 5a-ane-3a,17/?-diol in the sam e tissues post 
m ortem  as a function  of age betw een  20 and 82 years. As the age increased, 
th e  concentrations o f the three androgens decreased only in the pubic skin.

In these investigations the T est and D H T  concentrations o f  the sexual 
and o f the non-sexual skin were m uch lower than we found in th e  abdom inal 
skin o f  healthy and o f I. H. w om en. The explanation  o f this m ay be the differ- 
en cebetw een  the tw o m ethods and th e  different manners of co llecting  th e  skin 
sam ples. Further experim entation  should be carried out to clarify th ese  points.

From the stu d y  o f the free androgens it  m ay be stated  th a t all o f  the 
exam ined  androgens were present in th e  hairy abdom inal skin o f  p a tien t M. I. 
in considerably higher concentrations th an  in healthy wom en. W ith  th e  excep­
tio n  o f  DH A  in patien t T. Á. and D H T  in patien t K. E ., all o f th e  androgenic 
steroids were to be found in pathologica lly  high am ounts in the hairy abdom inal 
skin  o f  the other tw o cases. The ex trem ely  high Test concentration  and the 
norm al DH T concentration are strik ing.

Of the C19-steroid sulphates, th e  concentrations o f And-S, D H A -S  and 
H5-diol-S were pathologically  high in th e  hairy abdom inal skin o f  all three I. H. 
p atien ts. The concentration o f T est-S  w as pathologically  elevated  in patient 
K . E ., but normal in the other tw o p atien ts.

The results dem onstrate th a t m ost o f the free androgens and C19-steroid  
su lphates were present in much higher concentrations in the abdom inal skin of 
th e  I. H. patients than in that o f  h ea lth y  w om en. Thus, the hyperandrogenisin  
assum ed on the basis o f the in v itro  incubation  experim ents was confirm ed by  
androgen analysis o f  the abdom inal skin tissues.

The exten t o f  accum ulation o f th e  androgens and the C19-steroid sulphates 
in th e  hairy abdom inal skin of the I. H . patien ts can be expressed more illustra­
t iv e ly  by the quotients of their concentrations in the skin and in th e  serum .

All o f the free androgens were accum ulated  considerably in the abdom inal 
skin  o f patient M. I. In the abdom inal skin o f  T. A ., the zl5-diol, T est and DHT  
w ere accum ulated to  a pathological ex ten t, while in patient K. E . th e  concen­
tration s o f /l5-diol and Test were p ath ologica lly  high, whereas th a t o f  D H T  was 
norm al. The C19-steroid sulphates w ere accum ulated considerably in the hairy 
abdom inal skin o f  all three I. H. p a tien ts.
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The quotients o f th e  steroid  concentrations in th e  abdom inal skin tissue  
and in th e  serum confirm ed th at there were considerable accum ulations o f  
T est and zl5-diol in th e  hairy  abdom inal skin o f  th e  three I. H. patients. The 
D H T  concentration w as pathologically  high in p atien ts M. I. and T. Á ., while  
th a t o f  Zl4-dione was norm al in  patients T. Á. and K . E ., in spite o f th e  fact 
th a t th e  A4-dione leve l w as pathologically  high in  th e  serum of these tw o  
p atien ts.

I t  is known th a t hum an skin is unable to  syn th etize androgens from  
cholesterol or pregnenolone. Thus, the androgenic steroid content o f hum an  
skin arises from T est, D H T  and the w eakly androgen-active precursors reaching  
th e  sk in  tissues from th e b lood  stream . There is an in ten sive androgen m etabo­
lism  in hum an skin, h ow ever, and the androgen precursors (D H A , / l5-diol, 
J 4-d ione, etc.) are m etabolized  in  various directions, depending on the activ ities  
of th e  enzym e system s o f th e  skin, e.g. tow ards th e  strongly androgenic T est 
and D H T  [8, 10, 11] and also towards sulpho-conjugation  (D H A -S, Zl5-diol-S) 
[10, 15]. Therefore, th e  prevailing com position and qu an tity  o f the androgens 
in th e  skin tissue are determ ined jo in tly  b y  th e  androgenic steroids form ed  
lo ca lly  in  the skin or reaching the skin from the circulating blood.

On entering the b lood  stream , the bulk o f  th e  steroid hormones produced  
b y  th e  endocrine glands b ind  to  protein (SH B G , transcortin , album in), w hile  
th e  rem ainder circulates in  th e  free state. The free horm ones are of particular  
im portance in th is steroid horm one transport. If, for instance, the testosterone  
b in d in g  globulin (TeBG) lev e l in the blood decreases, the free Test level in the  
blood  rises: on passing in to  th e  skin and the hair follicles, it  causes h irsutism  
[2, 43 ]. “ Low TeBG  leve l h irsutism ” has thus been separated from the group 
of I. H . [2, 48].

The hirsutism  is a ttributed  to  the enhanced sen sitiv ity  of the hair follicles 
i f  th e  leve l of to ta l androgens circulating in  th e  b lood  stream and th e  T eB G  
lev e l are normal. In such cases, either the concentration  o f androgen receptors 
increases around the hair fo llicles, or the peripheral conversion increases in th e  
skin , and pathologically  h igh am ounts of T est and D H T  are formed from  th e  
precursors. Such hirsutism  is regarded ad “ pure peripheral hirsutism ” [2].

L ittle  is know n o f  th e  sta te  o f  the steroids in  th e  tissues. An increasing  
num ber o f data support th e  hypothesis th a t th e  androgen sen sitiv ity  o f the  
tissu es m ay he characterized b y  the number o f b inding sites of the androgen  
receptors. The latter varies in  parallel w ith th e  concentration  of the androgens
[27]. N o t only the androgens, but also the C19-steroid  sulphates exhibited  high  
concentrations and accum ulations in the hairy abdom inal skin of our I. H. 
p atien ts: this phenom enon can not be explained b y  the androgen receptors 
alone [34, 35]. It is possib le th a t there is a change in the m echanism  o f elim i­
n ation  o f the C19-steroid su lphates formed in th e  abdom inal skin or reaching it  
from  th e  blood stream , h u t it  is also possible th a t in  th e  hairy abdom inal skin
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of I. H. wom en there is an accum ulation o f protein causing b in d in g  o f the  
steroid sulphates exam ined [20, 26]. The im portance of these steroid su lphates  
and their role, i f  any, in the developm ent o f  hirsutism  have not y e t  been  elu­
cidated.

Consideration o f the above results leads to  the following d iagnoses for 
our three I. H. patients:

P atien t M. I.: “ pure peripheral h irsu tism ” . This is supported b y  the  
fo llow ing data:

1 .  The concentrations of androgens and C19-steroid su lp h ates in the  
peripheral blood are normal. The cortisol and D H A -S levels are norm al.

2. The m etabolism s o f Test and tw o precursors (DH A and Zl4-d ione) in  the  
hairy abdom inal skin are enhanced. It fo llow s th at the enzym es 17/J-HSD, 
5oc-R, zl5-3/?-HSD and За-H SD  in the skin are hyperactive.

3. The concentrations and accum ulations o f the androgens in  th e  hairy 
abdom inal skin are pathologically high.

4. W ith th e  exception  of T est-S, th e  concentrations of th e  C19-steroid  
sulphates in the hairy abdom inal skin are pathologically e levated . T he accu­
m ulations o f these steroids in the skin are sim ilarly  pathologically high.

P atien t T. A.: “ m ixed peripheral h irsu tism ” . This is confirm ed b y  the  
follow ing results:

1. In the peripheral blood the T est, D H T  and Zl5-diol levels are norm al, 
w hile the concentration o f Zl4-dione is pathologica lly  high. The cortisol and 
D H A -S levels are normal.

2. The picture o f  the m etabolism  in th e  hairy abdominal skin is dom inated  
b y  th e  m etabolism  o f zl4-dione. The activ ities  o f 17/1-HSD, 5a-R  and 3a-H SD  
in th e  skin are enhanced. The form ation o f D H T  from Test is norm al.

3. W ith the exception  of D H A , the concentrations of the androgens in  the  
hairy abdom inal skin are pathologically h igh . W ith the exception o f  T est-S , the  
quantities o f the C19-steroid sulphates too  are high.

4. W ith the exception  of zl4-dione, th e  accum ulations of the androgens in 
the hairy abdom inal skin are pathologically  high. The accum ulation o f  D H A -S  
is also enhanced.

P atien t K . E .: “ m ixed peripheral h irsu tism ” . This is supported  b y  the  
fo llow ing data:

1. In the peripheral blood, the levels o f  T est, DHT and A5-diol are norm al, 
w hile the / l4-dione concentration is p athologica lly  high. The levels o f  cortisol, 
D H S and the C19-steroid sulphates are norm al.

2. The m etabolism s o f D H A  and zj4-dione are the m ost m arked in the  
hairy abdom inal skin. The m etabolism s o f  zP-diol and Test do not p la y  a signif­
icant role in the form ation of the skin androgens. It follows th a t th e  a ctiv ities  
of 17/3-HSD, /Р -3 /î-H SD  and За-H SD  are enhanced.T he formation o f  D H T  from  
T est is decreased.
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3. W ith the excep tion  o f D H T, the concentrations of the androgens and  
th e  C19-steroid su lphates in  th e  hairy abdom inal sk in  are pathologically h igh .

4. The accum ulation  o f Test in the hairy abdom inal skin is ex trem ely  
high, and the accum ulation  o f A5-diol too is pathologically  enhanced. T he  
Zl4-dione and D H T  levels  are normal.

5. The accum ulations o f  all the C19-steroid su lp h ates in the hairy ab d om i­
nal skin are p athologica lly  high.

To evaluate our resu lts, it  m ay be sta ted  th a t  study of the levels o f  th e  
androgens and the C19-steroid  sulphates in th e  b lood  and in the skin tissu e , 
together w ith  stu d y  o f  th e  m etabolism s of th e  androgens in the skin tissu e , 
perm its th e  d istinction  o f certain forms o f I. H .: “ pure peripheral h irsu tism ” 
and “ m ixed  peripheral h irsutism ” . In the form er, a role is played only  b y  th e  
h yp eractiv ity  of th e  enzym e system s of the sk in  tissu e: in the latter, parts are 
played  jo in tly  by the h yp eractiv ity  of the en zym e system s of the skin tissu e  
and b y  th e  high blood lev e l o f  Æ -dione.

T he developm ent and growth of sexual hair (m oustache, beard, ch est  
hair, etc.) is m ainly a consequence of the effects o f  genetic and hormonal factors. 
O f th e  horm onal factors, special significance is attributed  to the androgens 
[5, 22, 23]. An in ten sive androgen m etabolism  is know n to take place in  th e  hair  
follicles [18 ,19 , 39 — 41]. I t  w as previously n o t k n ow n  w hat roles are p layed  b y  
T est, D H T  or other androgens in the developm ent o f  the hair follicles and in  th e  
grow th o f the hair. F arth in g  et al. [17] exam in ed  th e  connection betw een  th e  
grow th o f hair on th e  face o f  men and the concentrations of Test and D H T  in  
the plasm a. Their in vestiga tion s appear to confirm  that Test and D H T  p la y  
independent roles in  th e  grow th of face hair on m en. T est influences the d ev e lo p ­
m ent o f  the hair follicles and the thickness o f  th e  hair, while DHT in flu en ces  
the grow th of the len gth  o f  th e  hair. Their results are supported by their stud ies  
on coeliac patients: th e  b lood Test level was enhanced , the blood D H T  lev e l  
was decreased, the th ick n ess o f  the facial hair w as sign ificantly  higher, and th e  
grow th in  length o f th e  facial hair was considerably  diminished. These resu lts  
are in  accordance w ith  those o f Randall et al. [37, 38], who dem onstrated in  
experim ents on rats th a t the m echanisms o f action  of the androgens in  th e  
skin differ from those observed in the prostate g land . The role of D H T is n o t so 
im portant in the skin as in  the prostate g land, and  Test itse lf is responsib le  
for th e  androgen effect in th e  skin.

The above studies support what we observed  in  our hirsutism p atien ts. 
The picture of the m etabolism  was dom inated b y  the pathologically h igh  
q u an tity  o f  Test form ed from  the precursors, as a consequence of the h y p era ctiv ­
ity  o f  17/3-HSD, th is w as confirm ed by the p ath ologica lly  high concentration  
of T est in the hairy abdom inal skin. The form ation  of DHT and the a c t iv ity  
of th e  enzym e 5a-R  are on ly  o f secondary im p ortan ce in the hirsutism cases we 
exam ined . Further in vestigation s are required to  recognize the binding proteins
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responsible for the accum ulation o f the androgens and C19-steroid su lp h ates in 
the hairy skin.
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U sing  a p r im a ry  cell cu ltu re  o f r a t  a n te r io r  p i tu i ta ry  an d  c o rtic o tro p in  (ACTH) 
R1A, th e  e ffects o f v a rio u s stero ids h av e  b een  in v es tig a ted . D ex am e th aso n e  in h ib ited  
th e  ACTH release s tim u la te d  b y  a -m e la n o tro p in  and  P itressin  (p o ste rio r  p i tu i ta ry  
e x tra c t) ,  b u t  did n o t in fluence  th e  n o n -s tim u la te d  release. T he effect o f  all th e  in v esti­
g a ted  ste ro id s w as s ig n ifican t; a ld o ste ro n e  e x h ib ited  a  m ore m ark ed  in h ib itio n  th a n  
sp irono lac tone. S im u ltan eo u s a d m in is tra tio n  of a ld o s te ro n e  an d  sp iro n o lac to n e  resu lted  
p re d o m in an tly  in  th e  m an ifes ta tio n  of sp iro n o lac to n e  ac tion . A new1 e ffec t o f  sp irono­
lac to n e  h as been  d e m o n s tra ted  in v itro ; th e  e v a lu a tio n  of its  pharm aco lo g ica l im por­
tan c e  req u ires  s tu d ies  in  vivo.

K eyw ords: c o rtico tro p in , d ex am eth aso n e , a ld osterone, sp iro no lac tone, a -m elan o ­
tro p in , P itressin

Introduction

PitressinR (Parke-D avis) is a sterile, aqueous solution o f vasopressin . 
T he m anufacturers have recently changed th e  m ethod o f preparation: the  
earlier purified extract o f  bovine posterior p itu itaries, substantia lly  free from  
oxytocin , has been replaced b y  synthetic arginine-8-vasopressin (A Y P). W e have  
published our experiences w ith the corticotropin-releasing (CRF) activ ities  
of both  P itressinR preparations [10]: the earlier P itressinR (posterior p itu itary  
extract) caused a more pronounced stim u lation  o f ACTH release in  v itro  as 
com pared to  the effect o f the new syn th etic  preparation^

C onsequently, we presum ed th a t th e  preparation from posterior p itu ­
itaries contained a substance or substances w hich enhanced the corticotropin- 
-releasing a ctiv ity  o f  pure vasopressin. I t  w as earlier reported th a t P itressinR 
(posterior lobe extract) is contam inated w ith  a-m elanotropin (a-M SH ) [24]. 
W e have recently  dem onstrated the C R F-like activ ity  o f a-M SH and the  
synergism  o f th e  com bination of a-MSH and A Y P in vitro [15].

In further studies, we tested  the inhib ition  o f ACTH release stim u lated  
b y  a-M SH and P itressinR in primary cell cultures o f the rat anterior p itu itary  
[11]. Som e o f our results w ith  various steroids as inhibitors are presented  in  
th is paper.

S end  o ffp rin t req u ests  to  D r. J .  Ju le sz , H-6701 Szeged, P .O .B . 469.
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M aterials and m ethods

P itre s s in ^  (p osterio r p i tu i ta r y  e x tra c t,  P a rk e — D av is)  and  sy n th e tic  a -M SH  (M W  
1665 .0 , D r. N . L ing) were u sed  as s tim u la n ts  of A C TH  re lease ; th e  in h ib ito ry  ac tio n s o f  dexa- 
m e th a so n e  (M W  392.45, S igm a), a ld o s te ro n e  (M W  360.44, M erck) and  sp iro n o lac to n e  (M W  
416 .60 , S ig m a) were challenged . T h e  cell cu ltu re  m eth o d  w as a  m od ification  o f th e  te c h n iq u e  
o f V a le  e t  a l. [21]. T w en ty  F ish e r 344/L is m ale ra ts  o f 220— 280 g body  w eigh t were d e c a p ita te d , 
a n d  th e  a n te r io r  p itu ita rie s  care fu lly  se p a ra ted  from  th e  in te rm ed ia te -p o ste rio r  lobes. T h e  cells 
o f th e  a n te r io r  lobes were c u ltu re d  as described p re v io u s ly  [16]. T he ex p erim en ta l in c u b a tio n  
p e r io d  w a s  3 hours: stero ids w ere a d d e d  to  th e  cell c u ltu re s  a t  th e  s ta r t  o f th e  e x p e rim e n t, 
fo llo w ed  1 h  la te r  b y  th e  s t im u la n ts , w ith  su b seq u en t in c u b a tio n  for a  fu r th e r  2 h . A  sim ila r 
sc h e d u le  h a s  been  em ployed b y  o th e rs  [1, 2, 18] because  s te ro id s  ex ert th e ir  effect th ro u g h  de 
n o v o  sy n th e s is  o f ribonucleic acid , a n d  co n sequen tly  th e  o n se t o f th e ir  ac tio n  req u ires  a  lo n g er 
t im e  t h a n  t h a t  fo r p ep tid e  h o rm o n es  [14]. A fter th e  e x p e rim e n t, th e  in cu b a tio n  m ed iu m  w as 
re m o v e d  fo r A C TH  ra d io im m u n o assay  (R IA ); in  c e r ta in  cases, fo r d e te rm in a tio n  of th e  in te rn a l 
A C T H  c o n te n t  o f th e  cells, th e  cell walls were ly sed  w ith  a  b u ffer co n ta in ing  p a ra m e th y l-  
su lp h o n y l flu o rid e , iodoace tam id e  a n d  d e te rg en t, a n d  b y  re p ea te d  freezing. A C TH  m easu re ­
m e n t  w a s  pe rfo rm ed  in  a  1 : 4 d ilu tio n  of th e  m ed ium  a n d  a  1 : 100 d ilu tio n  of th e  ly sed  cells. 
T h e  e x p e r im e n ta l m edium  a n d  th e  ly sing  b u ffer did n o t  in te rfe re  w ith  th e  h o rm one d e te rm i­
n a tio n .

T h e  de ta ils  o f R IA  fo r A C T H  hav e  been  p u b lish ed  elsew here [6]. T he assay  w as sen si­
t iv e  (1 .0 8  pm ol/1 ) an d  rep ro d u c ib le  (coefficient o f v a r ia tio n  11 .3% ). The a n tise ru m  u sed  in  th e  
R IA  w a s  specific  for th e  N H 2 te rm in u s  of A CTH , b u t  i t  show ed only a  w eak c ro ss-re ac tiv ity  
w ith  a -M S H  (0.16%  a t  50%  d isp lacem en t o f 125I-A C T H  1— 39), and  no cross-reac tions w ith  
А У Р  o r  th e  in v es tig a ted  s te ro id s .

T h e  m easu red  va lues sh o u ld  be considered  as A C T H  im m u n o reac tiv ity . C ontro l in ­
c u b a tio n s  in  th e  absence of p i tu i ta r y  cells and  a t  a p p ro p ria te  con cen tra tio n s o f  th e  te s te d  
p re p a ra t io n s  were e s tim a te d  s im u lta n eo u s ly  and  th e  v a lu e s  o f c ro ss-reac tiv ity  s u b tra c te d  
w h e n  n e ce ssa ry . T he la t te r  n e v e r exceed ed  20%  of th e  im m u n o reac tiv e  m ate ria l p ro d u c ed  b y  
th e  cells.

T h e  ste ro ids were d isso lved  in  abso lu te  e th a n o l a n d  serial d ilu tions w ere m ad e  w ith  
th e  cell c u ltu r in g  m edium , lea d in g  to  fin a l e th an o l c o n c e n tra tio n s  in  th e  in te rv a l 4 X 10 -7  — 
— 4 X  1 0 -1  v /v % . E th a n o l a t  a  c o n c e n tra tio n  of 4 x  1 0 _1 v /v % , w as ad d ed  also w ith o u t s te ro id  
to  th e  m e d ia  above th e  u n tr e a te d  co n tro l cells an d  th o se  t r e a te d  only b y  s tim u la tio n . E th a n o l 
a t  th e  sa id  co n cen tra tio n  d id  n o t  a ffe c t th e  release o f  A C T H .

S ta tistica l analyses

T h e  experim en ts  w ere re p e a te d  5 tim es an d  re su lte d  in  sim ilar responses to  th e  s te ro ids. 
O ne re p re se n ta t iv e  e x p erim en t o f  e ac h  w as chosen fo r p re se n ta tio n .

M e a n  o f A C TH  c o n c e n tra tio n s  a re  g iven  in  pm ol/1 ±  S.D . D a ta  w ere a n a ly se d  b y  
S tu d e n t ’s tw o -ta iled  t te s t,  D u n n e t t ’s te s t,  an d  o n e-w ay  an aly sis  o f variance .

Results

T he effect o f high doses (1 0 ~ 5 g/ml) o f a-M SH  and dexam ethasone on the  
p itu ita r y  cell culture m edium  is shown in F igure 1. A dm inistration o f  a-M SH  
a lon e resu lted  in a sign ifican tly  increased ACTH release. D exam ethasone in h ib it­
ed  th e  ACTH release stim u lated  b y  a-M SH, b u t did not influence th e  ACTH  
co n cen tra tion  in the m edium  of non-stim ulated  cells. The internal ACTH  
c o n te n t o f  the cells was n o t affected  b y  either a-M SH  or dexam ethasone.

W e also tested  the effect o f various concentrations o f dexam ethasone on 
A C T H  release stim idated b y  1 U /m l of P itressinR (Table I). For doses o f 1 0 ~ 5— 
1 0 _e g /m l, the inhibitory action  o f dexam ethasone was significant and dose- 
- d ep en d en t.
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F ig . 1. In h ib ito ry  effec t o f d ex am eth aso n e  on  a -M S H -stim u la ted  A C TH  release. A C T H  in  
th e  m edium  a n d  in  th e  cells of r a t  a n te r io r  p i tu i ta r ie s  m ea n  ±  S.D . (n  =  4). T h e  s tim u la to ry  
effect o f  a-M SH  o n  A C T H  release w as s ig n ifican t b y  D u n n e tt’s te s t  as com pared  to  th e  release 
fro m  u n tre a te d  co n tro l cells. D ex am eth aso n e  d id  n o t  a ffec t th e  n o n -s tim u la ted  A C T H  release  
(D u n n e tt) , b u t  s ig n ifican tly  suppressed  th e  s t im u la to ry  ac tio n  o f a-M SH  (S tu d e n t’s tw o- 
ta iled  t te s t,  P  <  0.001). T he in te rn a l A C T H  c o n te n t o f  th e  cells w as n o t affec ted  b y  a n y  o f th e

tre a tm e n ts  (D u n n e tt)

Various concentrations o f aldosterone, spironolactone and spironolac­
tone - f  aldosterone were challenged in sim ultaneously  performed experim ents  
(Table II a, b and c). P itressinR in a concentration  o f 1 U /m l was used as stim u ­
lan t. Treatm ent o f  the cells w ith  IO-5 — 1 0 -10 g/m l doses o f aldosterone or 
spironolactone induced a sign ificant and dose-related decrease in  stim ulated  
ACTH. Inh ib ition  was also observed w ith  ÎO- 5— 10 -8 g/m l concentrations o f  
their com bination  (smaller doses o f th is com bination were not in vestigated ).

Table I

Inhibitory effect o f  dexamethasone on A C T H  release stimulated by 1 U /ml o f  P ilressin  n
(posterior p itu ita ry  extract)

ACTH co n cen tra tio n  in m ed ium 2 (pmol/1)

Dexam ethasone,
g/ml

0 10"® 10-® 10-» 10-® 10-" Ю -io 10-“

n 7 8 4 4 4 4 4 4
m ean 338.36 171.16 149.38 231.44 239.36 254.32 334.40 370.04
± S .D .
level o f significance w ith  

D u n n e tt’s te s t  re la te d  
to  cells n o t t r e a te d  w ith  
dexam ethasone (0)

34,91 42.04 40.26 44.66 31.55 43.03 52.29 45.78

99% 99% 99% 99% 99% NS NS

1 ACTH release  w as s tim u la ted  by  1 U /m l o f  P itress in ^  in  each colum n o f th e  T able.
2 M ean o f 12 con tro l incubations was su b tra c te d  from  th e  values o b ta in ed  w ith  tre a te d

cells.

A d a  M e d ic o  H u n g a r ic a  4 1 , 1 9 8 4
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Table П

In h ib ito ry  effect o f  aldosterone and spironolactone on A C T H  release stim ulated  
by 1 U /m l o f  P itressin  (posterior p itu ita ry  extract)

A C TH  co n ce n tra tio n  in m edium * (pmol/1)

a E ffec t o f a ldosterone

A ldosterone, q 
g/m l

1 0 -5 10-« 10-* 10-« io-> 10-1« 10-“

n  7 8 4 4 4 4 4 4

m e a n  338.36 60.72 74.58 106.92 154.88 178.42 263.56 322.08

± S .D .  34.91 35.82 35.22 8.58 28.12 44.70 43.74 44.18

lev e l o f  significance w ith 
D u n n e t t ’s te s t  related 
to  cells  n o t  trea ted  w ith 
s te ro id s  (0)

99% 99% 99% 99% 99% 99% N S

b E f fe c t  o f spironolac tone

Spironolactone, q 
g/m l

io -s 10-« 10-* 10-» 10-» 1 0 -” 1 0 -“

n  7 4 6 4 4 7 4 4

m e a n  338.36 163.68 170.94 198.44 213.18 201.52 251.46 338.80

± S .D .  34.91 26.84 25.94 35.73 33.40 13.18 40.85 26.20

sig n ific a n ce  (D u n n e tt) re­
la te d  to  cells n o t trea ted  
w ith  s te ro id s  (0)

99% 99% 99% 99% 99% 99% NS

sig n ific a n ce  (1 w ay anal­
y sis  o f  v a rian ce ) related  
to  id e n t ic  doses of 
a ld o s te ro n e

99% 99% 95% NS NS NS NS

P 0.0012 0.0034 0.0144

c E ffec t o f  spironolactone +  aldosterone

Dose of steroids, 
g/ml

0 1 0 -‘ 10-« 10-* 10-«

n 7 7 4 7 4

m e a n 338.36 155.03 135.00 167.35 247.28

± S .D . 34.91 30.25 26.49 34.30 19.78

s ig n ifican ce  (D unnett) re la te d  to  
n o t  t r e a te d  w ith  steroids (0)

cells 99% 99% 99% 99%

sig n ifican ce  (one w ay analysis o f 
v a r ia n c e )  re la ted  to id en tic  doses o f 
a ld o s te ro n e

99.9% NS NS 99%

P 0.0005 0.0060

sig n ific a n ce  (one way analysis o f  
v a r ia n c e )  re la ted  to  id en tic  doses o f 

sp iro n o lac to n e
NS NS NS NS

1 A C T H  release was s t im u la te d  b y  1 U /m l of P itre s s in ^  in  each  colum n o f th e  T ab le .
* M ean  of 12 control in cu b a tio n s  is su b tra c ted  from  th e  values o b ta in ed  w ith  tre a te d  cells.
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The inhibitory effect o f  large doses (10_", 1 0 ~ 6 and 10~5 g/ml) o f aldosterone  
was sign ificantly higher than  th at of sp ironolactone. Less marked was th e  in h i­
bition by a com bination o f spironolactone and aldosterone than o f aldosterone  
alone. The effect o f  th e  spironolactone -|- aldosterone com bination did not  
differ significantly from  th a t o f  spironolactone, suggesting that, when adm inis­
tered sim ultaneously w ith  aldosterone, the effect o f  spironolactone prevailed.

Discussion

Thus, a high dose o f  dexam ethasone did n o t influence the basal release  
o f  ACTH in our p itu itary  cell-culture system , a lthough it inhibited the stim u la­
tory  effect o f a-M SH and Pitressin^. Sim ilar observations have been reported  
b y  others [2, 18, 22]: th e  corticotropin release stim ulated  b y  hypothalam ic  
extracts and b y  potassium  was suppressed b y  glucocorticoids, but not below  
the basal level. In  contrast, it  is known from  clinical experience and anim al 
experim ents th at dexam ethasone decreases th e  plasm a ACTH concentration to  
below  its non-treated value.

The contradiction m ay be explained b y  several facts, viz. (1) the in  v ivo  
inhibitory action o f th e  steroid m ay m anifest itse lf  not only directly  on the  
pitu itary but also through higher regulatory system s; (2) the value considered  
as the hasal level in  v ivo  is in fact a consequence o f  a stim ulated  secretion as the  
pitu itary m ay continuously  be influenced b y  various endogenous C R F-like  
stim uli; (3) the characteristics o f  the cell receptors m ight be altered b y  the  
enzym atic treatm ent o f  th e  cells during the cu lturing process.

ACTH stim ulates the secretion o f g lucocorticoids, m ineralocorticoids 
and sex hormones from  the adrenal cortex. T hough it  is w idely accepted th a t  
only  the glucocorticoids p lay an im portant role in the regulation o f in  v ivo  
ACTH secretion b y  their negative feed-back effect [1, 2, 7, 9, 18], a less pro­
nounced inhibition has been observed in vitro w ith  som e other steroids such as 
aldosterone [19, 20]. T hus, our experience w ith  aldosterone is in partial agree­
m ent w ith the find ings o f  other authors, a lthough  aldosterone induced a more 
marked suppression o f ACTH release than did dexam ethasone in our cell culture  
system . This phenom enon m ay be due to  certain  differences in the experim ental 
conditions.

Our finding w ith  spironolactone deserves som e attention . As a com petitive  
antagonist of aldosterone, spironolactone is w id ely  em ployed in the therapy  
o f various diseases. N um erous effects and side-effects have been reported, for 
instance chronic adm inistration  o f sp ironolactone induces secondary hyperal­
dosteronism ; its presence inhibits the aldosterone-secretion stim ulating effect 
o f  ACTH; spironolactone has progestative and antiandrogeneic actions; it  
disturbs the fluorim etric determ ination o f cortisol etc. [3, 4, 5, 8, 12, 13, 17,

A c ta  M e d ic a  H u n g a r ic a  4 1 , 1 9 8 4
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23, 2 5 ]. W e have dem onstrated a new  effect o f spironolactone in vitro: it  inh ib its  
th e  release  o f ACTH. H ow ever, th e  lim ited  conclusiveness o f the rat p itu itary  
cell cu ltu re  technique em ployed  in our experim ents has to  be considered. 
A ccord in g ly , the significance o f  th ese find ings in clinical use still rem ains to  be 
in v estig a ted .
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T ritia te d  v aso p ressin  analogues (L Y P , A V P, dD A V P) of h igh  sp ec ific  a c tiv ity  
were p roduced . T he lab e lled  pep tid es were p u rif ie d  by  R P -H P L C . T he b io lo g ica l half- 
life, o rg an  d is tr ib u tio n  a n d  in  v ivo  m etab o lism  o f th e  horm ones w ere s tu d ie d  in  the  
r a t .  T he half-life  o f d D A V P  w as longer th a n  th a t  o f  L V P  or A V P. T h e  ha lf-life  cal­
cu la ted  from  [3H ]A V P  iso la ted  from  bloods w as sh o rte r  th a n  th e  v a lu e  b a se d  on  to ta l 
ra d io a c tiv ity . T he h o rm ones w ere d eg rad ed  in  th e  k id n ey , th e  liv e r a n d  sm a ll in te s­
tin e , th e  m ain  m etab o lic  p ro d u c t being  [3H ]T y r. L arge  ra d io ac tiv ity  a c c u m u la tio n s  were 
d e tec ted  in  th e  n eu ro h y p o p h y sis  an d  th e  ad en o h y p o p h y sis .

K eyw ords: t r i t i a te d  vasopressin  an a lo g u es , half-life, o rgan d is tr ib u tio n , m e ta ­
bolism

Introduction

E xperim ental endocrinology first d efin ed  the physiological sign ificance  
o f th e  neurohypophyseal horm ones. V asopressin and oxytocin  are nonapeptides  
w hich play a role in th e  regulation of a num ber o f v ita l processes. T o clarify  
th e  m echanism  o f action  o f  vasopressin, w e felt it necessary to  estab lish  its 
m anner o f disappearance from  the blood circulation; we also w ished  to  collect 
data on its m etabolism  in  v ivo . It is d ifficu lt to  perform such experim ents  
because of the low  horm one levels and th e  rapid enzym atic degradation; this 
necessitates the use o f  a considerable m ultip le o f the physiological horm one 
concentration. In vestigation  o f these processes b y  bioassay is com p licated  and 
inaccurate [1, 5, 9, 12, 33], while studies in vo lv in g  radioim m unoassay w ithout 
a su ffic ien tly  specific antiserum  failed to  give reliable results [20, 31, 39]. 
W ork at them olecular level was greatly aided b y  the availability  o f radiolabelled  
peptides o f high specific rad ioactiv ity . A  physiological vasopressin concentra­
tion  has been attained w ith  iodine labelled vasopressin  [2, 20, 35, 36, 4 3 ], but 
the biological a ctiv ity  o f  the iodinated peptide was different from  th a t  o f the 
unlabelled hormone. In experim ents w ith  tr itia ted  vasopressins, a lth ou gh  the 
em ployed am ount o f horm one was higher th an  the physiological lev e l, these  
com pounds had full b iological a ctiv ity  [15, 22, 36, 38, 40, 43, 45].

S end  o ffp rin t re q u ests  to  D r, T . J a n á k y , H -6701 Szeged, P .O .B . 469.
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Earlier attem pts to  lab e l vasopressin w ith  tr itiu m  started w ith the ap p li­
ca tion  o f the W ilzbach m eth o d  [11]. A more a d van ced  approach was the incor­
poration  o f a labelled am ino acid ([3H ]Tyr, [14C]G ly) into the horm one b y  
classica l techniques o f  p ep tid e  synthesis [37, 41 ]. N o w , catalytic dehalogenation  
is  th e  usual method o f  producing tritiated neurophyseal hormones o f  high  
sp ec ific  activ ity  [10, 16, 18, 29].

The present paper reports on the tritia tion  o f  vasopressin analogues v ia  
th e ir  diiodo derivatives, and on  the organ d istrib u tion  and disappearance from  
th e  circulation of in tra v en o u sly  injected [3H ]8-lysine-vasopressin  ([3H ]L V P ), 
[3H ]8-arginine-vasopressin  (P H IA V P) and [3H ll-d eam in o-8D -arg in in e-vaso­
pressin  ( [3H ]dD A V P).

Materials and m ethods

Radioactive materials

T h e  tr it ia te d  v aso p ressin  an a lo g u es were p rep ared  b y  c a ta ly t ic  t r i t ia t io n  fro m  d ihaloge- 
n a te d  ty ro sine-con ta in ing  s y n th e tic  vasopressin d e r iv a tiv e s  [16]. 3 ,5 -D ib rom oty rosine2-8- 
-ly sine  vasopressin  was sy n th e tiz e d  b y  the  conven tional so lid -p h ase  m ethod . A fte r t r i t ia t io n  
th e  p e p tid e  was purified  in  tw o  consecu tive  steps b y  S e p h a d e x  G-15 g e l-ch ro m a to g rap h y
[ Щ -

S y n thesis of 3 ,5 -d iio d o ty ro s in e 2-8-argini n e -v aso p re ss in  an d  3 ,5 -d iiodotyrosine2- l-d e -  
am in o -8 D -a rg in in e -v aso p re ss in  w as carried  ou t b y  th e  m e th o d  o f F lo u re t e t ah [10] w ith  som e 
m o d if ic a tio n  [16]. T he re a c tio n  p ro d u c ts  were p u rified  b y  rev ersed -p h ase  h ig h -p erfo rm an ce  
liq u id  c h ro m a to g rap h y  (H P L C )  [17].

1 /im ol diiodo-À VP o r  d iiodo-dD A V P was t r i t ia te d  in  0.1 M ph o sp h a te  b u ffer p H  6.0 
in  th e  p resence  of 15 m g P d /A l2Os c a ta ly s t during 20 m in , in  a  special-purpose t r i t ia t in g  a p ­
p a r a tu s  [27]. A fter p u rif ic a tio n  on  a  Sep-pak C18 ca rtr id g e , th e  t r i t ia te d  pep tides w ere s e p a ra t­
ed  b y  reversed-phase  H P L C .

T h e  specific ra d io a c tiv it ie s  o f  th e  labelled h o rm o n es  w ere d e term ined  b y  th e ir  U V  
sp e c tra  a n d  am ino acid  a n a ly s is .

D u rin g  th e  ex p erim e n ts , th e  d ilu te  acid so lu tions o f  th e  t r i t ia te d  pep tid es w ere s to re d  
jn  l iq u id  n itrogen .

High-performance liquid-chromatography

P u rifica tio n  of th e  io d in a te d  a n d  tr itia ted  v a so p ress in s  w as carried  o u t on  a n  A L T E X  
H P L C  a p p a ra tu s , consisting  o f  tw o  p u m p s (Model 110A), a  S y s te m  C ontroller (M odel 420) a n d  
a  R h e o d y n e  in jector (M odel 7120). Colum n eluates w ere  m o n ito re d  for UV ab so rbance  a t  254 
o r 278 m m , using an  ISCO A b so rb an c e  M onitor (M odel 1800). T he m etabolic  p ro d u c ts  o f th e  
lab e lle d  pep tid es in  b lood  a n d  th e  tissues were a n a ly se d  b y  a  W aters 6000A p u m p , a  U 6 K  
u n iv e rs a l liq u id -ch ro m a to g rap h ic  in je c to r  and an  L K B  U v ic o rd  I I I  fix ed -w av e len g th  U V  
m o n ito r . C hrom atography  o f  th e  p e p tid e s  was p e rfo rm ed  u s in g  a  /iB ondapack  C18 co lu m n  
(3 .9  m m X  30 cm) and a N u c leosil 5Clg colum n (4.6 m m X  25 cm ). All so lu tions w ere p re p a re d  
w ith  g lass-d istilled  and  d e io n ized  w a te r , and passed th ro u g h  a 0.45 p m  M illipore H A  m em b ran e  
f i lte r .  A n a ly tica l grade m e th a n o l (E . Merck, D a rm stad t, F R G )  w as filte red  on a  0.5 //111 M illi­
p o re  F H  filte r. The am m o n iu m  a c e ta te  buffer was 0.05 M in  to ta l  acid  and  was fresh ly  p re p a re d  
b y  t i t r a t io n  w ith  am m onia  so lu tio n  to  th e  desired p H . T h e  io d in a ted  and  t r i t ia te d  p e p tid e s  
w ere  p u rif ie d  b y  g rad ien t e lu tio n , w hile  isocratic c h ro m a to g ra p h y  (p H  6.5 b u ffer — m e th a ­
n o l =  60 — 40; v /v )  was u se d  in  th e  m etabolic e x p erim en ts . J u s t  before ch ro m a to g rap h y , th e  
m o b ile  p h a se  was degassed  fo r  5 m in  in  an  u ltrason ic  b a th .  F ra c tio n s  were collected , a n d  th e  
r a d io a c t iv ity  was m easu red  in  L u m a-G e l liquid sc in tilla tio n  f lu id  (LUMAC B.V., T he N e th e r­
la n d s ) , u sin g  a P ack ard  l iq u id  sc in tilla tio n  spec tro m ete r (M odel 3255). Q uench co rrec tio n  w as 
c a r r ie d  o u t w ith  e x te rn a l s ta n d a r d  ra tio s.
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D eterm ination o f  biological half-life

F o r in v es tig a tio n  of th e  d isap p ea ran ce  of th e  ra d io a c tiv ity  from  r a t  p la sm a , m ale  R- 
A m ste rd am  ra ts  w eighing 220 — 250 g w ere a n a e s th e tiz e d  w ith  e ther. A p o ly e th y len e  can n u la  
w as in se rted  in to  th e  r ig h t caro tid  an d  d ilu te d  h e p a r in  was in jected . T he fe m o ra l v e in  was 
exposed  and  15 /tCi (555 K B q) t r i t ia te d  v aso p ressin  analogue in a volum e o f 200 fil  w as a d ­
m in iste red . A sto p -w a tch  was s ta r te d  w hen  h a lf  o f  th e  rad io ac tiv e  sam ple h a d  b e en  in jec ted . 
B lood  sam ples w ere th e n  ta k e n  th ro u g h  th e  c a ro tid  can n u la  a fte r 20 and  40 s a n d  1, 2, 4, 8, 
16, 32 and  60 m in. T h e  p lasm a was o b ta in e d  b y  m ic ro cen trifu g a tio n ; 50 fil w as a d d e d  to  10 ml 
In sta -G e l liqu id  sc in tilla tio n  flu id  (P a c k a rd  In s tru m e n t)  a n d  th e  ra d io ac tiv ity  w as d e te rm in ed .

To e stab lish  w h e th er th e  m easu red  ra d io a c tiv ity  h a d  orig ina ted  fro m  th e  [3H ]A V P  
its e lf  o r from  som e m e tab o lite , the  in v ivo  c learance  o f  tb e  labelled 8-AVP w as also d e te rm in e d  
in  a n o th e r  w ay. A fte r  a  single in jec tion  o f  15 («Ci [3H ]A V P , blood ob tained  a t  v a r io u s  in te rv a ls  
w as ex tra c te d  a n d  ana ly sed  by  H P L C . I t  w as e s tab lish e d  w h a t percen tage  o f  th e  ra d io a c ­
t iv i ty  o rig in a ted  fro m  th e  in ta c t p ep tid e .

F o r calcu la tio n  of th e  biological half-life , th e  lo g arith m s of the ra d io a c tiv itie s  m easu red  
a f te r  d ifferen t in te rv a ls  were p lo tte d  v e rsu s tim e . A p lo t o f th e  d isap p earan ce  t im e  p ro v ed  
to  be  a m u ltiex p o n en tia l curve. The cu rv e  a p p ea red  lin e a r  in  th e  in te rv al 8 60 m in  a n d  these
v a lu es were used  to  ca lcu la te  a  reg ression  line b y  lea s t-sq u a res  analysis. W h en  th e  e x tra ­
p o la te d  curve w as su b tra c te d  from  th e  orig ina l cu rv e , p o in t b y  po in t, a seco n d  l in e a r  cu rve  
w as resolved. T he half-life  (tt/ 2) was c a lcu la te d  fro m  th e  slope of th e  s tra ig h t lin e  re la tin g  th e  
n a tu ra l  lo g arith m  o f  th e  rad io ac tiv ities  to  tim e  (1ц ■> In  2/slope).

Organ d istribution

One h o u r a f te r  th e  a d m in is tra tio n  o f t r i t i a te d  p e p tid e , th e  anim als w ere d e c a p ita te d  
a n d  th e  organs w ere ra p id ly  rem oved. T h e  sm alle r o rg an s  in  th e ir  e n tire ty , a n d  100 m g tissue  
fro m  th e  larg e r o rg an s, were dissolved in  Soluene-350 (P a c k a rd  In s tru m en t) , a n d  th e  ra d io ­
ac tiv itie s  were m easu red . T he resu lts  w ere ex pressed  as p ercen tages o f th e  to ta l  r a d io a c tiv ity  
a d d ed , m easu red  p e r  100 m g w et o rg an  w eigh t.

In  those  o rg an s in  w hich th e  m etab o lism  o f  v asopressin  occurs (k id n ey , l iv e r , sm all 
in te s tin e ), a s tu d y  w as m ade  of th e  e x te n t  to  w h ich  th e  accum ula ted  ra d io a c tiv ity  o rig in a ted  
fro m  th e  u n decom posed  [3H ]A V P. T h e  [3H ]A V P  (15 /rCi) was ad m in iste red  th ro u g h  th e  
fem o ra l ve in  to  u re th a n -an a es th e tiz e d  ra ts .  A t 2, 5 a n d  60 m in  one of th e  k id n ey s , one  lobe 
o f th e  liver, an d  a p o rtio n  of th e  sm all in te s tin e  w ere rem o v ed  sim ultaneously  fro m  th e  an im als 
a n d  im m ed ia te ly  p laced  in  liqu id  air. Sam ples from  th ese  organs were h o m ogen ized , th e  p ro ­
te in s  were p re c ip ita te d  and  su p e rn a ta n ts  w ere a n a ly se d  b y  H PLC  by th e  m e th o d  d escribed  
above.

T he ra d io a c tiv ity  o f u rine  ta k e n  fro m  th e  b la d d e r  a t  th e  end of th e  [3H ]A V P  e x p e rim e n t 
w as de te rm in ed  in  a  sim ilar m anner.

Results

In the iod ination  o f АУР and dD A V P , the reaction product w as 95%  
diiodinated peptides accom panied b y  a sm all am ount of unreacted vasopressin , 
m onoiodinated vasopressin and other, un identified  peptides. The d iiodopeptides  
were easily separated from other products b y  reversed-phase H PLC. T he yield  
o f  iodination and purification exceeded  80% . The purities o f th ese  diiodo- 
vasopressin  analogues were checked b y  H PL C , TLC and their U V  spectra. 
The iodination o f tyrosine shifted th e  peptide spectra to longer w avelen gth :

Amax =  286 mm, shoulder 294 m m , A =  310.5 — 311 nm .

Figure 1 dem onstrates the separation  o f  th e  reaction products o f  tr itia tion  
o f AVP by the gradient mode o f H PLC. Four peaks could be d etected : A: 
[d iA la1,e]-vasopressin, B: vasopressin, C: m onoiodovasopressin, D: d iiodovaso-
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,3H-AVP

3H-tt6-dlAio>-AVpjj

Front
c~ï>---- — Ÿ— ------ к— *■

r
1__ 1 1 _____ 1

AO 50
"Time,, min

F ig . 1. S e p a ra tio n  of p e p tid e s  o n  ,«B ondapack C18 H P L C  co lu m n  a fte r  t r it ia tio n  o f d iiodo-8- 
- a rg in in e -vasopressin . E lu t io n  w a s  perform ed iso c ra tica lly  f ro m  0 to  10 m in  (10%  m e th a n o l 
in  8 %  ace tic  acid), follow ing a  lin e a r  g rad ien t b e tw ee n  10%  m eth an o l in d ilu te  a ce tic  acid  
a n d  5 0 %  m eth an o l in  th e  sam e  so lu tio n  (10—50 m in ), a t  a  flow  ra te  of 1 m l/m in . T h e  e lu a te

w as m onitored  a t  278 n m

pressin. The amino acid  com position of th e  com pound in the first peak  was 
determ ined  by am ino acid  analysis.

The specific rad ioactiv ities of the p ep tid es used  in the biological experi­
m ents w ere 3.5 Ci/m m ol for LYP, 8.5 Ci/m m ol for AYP, and 16 C i/m m ol for 
dD A V P  (Fig. 2).

The hom ogeneity o f  each of the rad ioactive  horm ones was in vestiga ted  
prior to  and after th e  experim ents. Checking o f th e  [3H ]LV P was perform ed b y  
silica  gel thin-layer chrom atography. After scann ing, one peak becam e v isib le , 
it  coincided with the sp ot o f  standard LYP d evelop ed  w ith  ninhydrin (F ig . ЗА). 
T he chrom atographic p u r ity  of the tritia ted  A V P  w as 97.2% , as determ ined  
b y  FIPLC. The retention  t im e  of [3H ]AVP w as 11.2 m in, the same as for sy n th e t­
ic A V P  (Fig. 3B). T he radiochem ical purity  o f  [3H ]dD A Y P was in vestiga ted  
b y  H PL C . The retention  tim e of the tr itia ted  dD A V P  was 18 min, w hich  is 
equal to  th e  value for th e  non-labelled com pound (F ig . 3C).

I t  m ay be concluded  from Table I th a t  th e  biological activ ities o f  the  
tr itia ted  peptides are th e  sam e as those o f  th e  non-labelled horm ones. A fter  
com pletion  of the experim ental series, th e  antid iuretic  activ ity  exh ib ited  a 
m oderate decrease in ev ery  case.

Tritiated vasopressin analogues

1 2 3 A 5 6 7 8 9
HíN-Cys-Ty r-Phe-Gln-Asn-Cus- Pro-Ly s-G ly-NH2

8-lysine-vasopressin (LVP) 
specific activity :35Ci/mmol

HjN-Cys-Tyr- Phe-Gln-Asn- Cys-Pro-Arg-Gly-NH2 
I _______ Л

8-arginine-vasopressin (AVP) 
specific activity: 87Ci/mmol

H-Cys-Tyr- Phe-Gln-Asn- Cys-Pro-D-Arg- Gly-NH2

1 deamix>-8D-arginine-vasopressin (dDAVP) 
specific activity: 16Ci/mmol

F ig . 2. S tru c tu re s  a n d  specific  rad io ac tiv ities  o f  t r i t i a te d  vasopressin  analogues
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Time, min

F ig . 3. R ad iochem ica l p u ritie s  o f  th e  labe lled  p e p tid e s . A :  [3H ]L V P : silica gel T L C  sheet; 
c h ro m a to g rap h ic  sy s tem : n -h u tan o l — w a te r  — ace tic  acid  ( 8 : 5 : 4 ,  v /v /v ) . B :  [3H ]A V P: 
N ucleosil 5C18 H P L C  co lum n; e lu tio n  sy s tem : am m o n iu m  ace ta te  buffer (0 .05 M, p H  6.5) — 
m e th a n o l (60 : 40, v /v ) ;  flow  ra te  1.2 m l/m in  C : [3H ]dD A V P : H PLC  w as p e rfo rm e d  as for

[3H ]A V P

Table I

Biological activities o f  tritiated vasopressin analogues

Compound

Biological ac tiv ity  (I.U ./ralg)

Non-labelled
(cold)

T ritia ted  pep tides

before a fte r  
experim ents

8-lysm e-vasopressin 2 7 0 .0 ± 1 7 .5 * 267.5 ±18 .5 2 4 8 .3 ± 2 1 .4

8-argin ine-vasopressin 4 1 1 .3 ± 2 6 .7 397 .2±19 .9 3 8 0 .9 ± 2 1 .6
l-deam ino-8D -arginine-vasopressdn 955.1 ± 3 7 .5 928 .0±47 .3 9 0 7 .4 ± 4 5 .3

* m ean  ± S .E .M .

These results indicated  th at the com pounds were b iologically  a ctive  and 
radiochem ically hom ogeneous.

For in vestigation  o f the disappearance o f rad ioactivity from  th e rat 
plasm a the activ ities measured at ind ividual points of tim e were p lo tted  separate­
ly  for each anim al on sem ilogarithm ic paper. The plot follow ed an at least 
double exponentia l function, w ith  a rapid distribution com ponent (fast phase) 
and a slower clearance com ponent (slow  phase). The typ ica l disappearance  
curve o f  tritiated  vasopressin  in a rat is show n in Fig. 4.

Table II  show s the m ean half-life o f  the labelled vasopressin  analogues 
in ten  rats. The half-life of AYP and dD A V P  barely differed in th e  fa st phase, 
w hile th e  value for LYP slightly  less. The half-life calculated for th e  slow  phase 
w as alm ost the sam e for LVP and A V P, b u t it  was sign ifican tly  longer for 
dD A V P .

A c ta  M e d ic a  H u n g a r ic a  4 1 , 1 9 8 4
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F ig . 4. D isappearance  o f ra d io a c t iv i ty  from  th e  p lasm a  o f  a  r a t  a f te r  in trav en o u s a d m in is tra ­
t io n  o f  t r i t ia te d  v asopressin . L in e  1 denotes th e  e lim in a tio n  (slow ) phase ; line 2 show s th e

d is tr ib u tio n  (fast) p h ase

Table I I

Biological half-lives o f  vasopressin analogues in  R -A m sterdam  rat

Com pound
F a s t phase 

(m in)
SIotv phase 

(min)

8-lysine-vasopressin 1 .2 1 ± 0 .0 7 y 26.55 ± 6 .11

8-argin ine-vasopressin 2.49 ± 0 .5 1 27 .90±5.08

1-deam ino-8D -argin ine-vasopressin 2.15 ± 0 .2 2 48.78 ± 8 .6 2

* m ean ± S .E .M .

HPLC analysis o f  b lood  after the in jection  o f [3H ] АУР into the rat show ed  
th a t  in itia lly  vasopressin  w as m etabolized rap id ly; apart from th at o f A Y P, 
tw o  additional rad ioactive peaks appeared after on ly  30 s. One eluted w ith  th e  
so lv en t front this w as proved  b y  thin-layer chrom atography to  be [3H ]tyrosine  
and th e  size of the peak  increased w ith tim e, w hile th e  other peak dim inished. 
T he qu an tity  of [3H ]A V P  decreased w ith tim e. F rom  these data the b iological 
half-life  o f intact vasopressin  was 1.74 +  0.22 (SD ) min (n =  3) in  th e  fast  
phase and 16.98 ^  1.01 m in in the slow phase. T hese half-lives were shorter  
th an  th e  values calcu lated  from  the tota l rad ioactiv ity .

Figure 5 contains d ata  relating to th e  organ distribution o f th e  radio­
a ctiv ities  1 hour after th e  adm inistration o f tr itia ted  vasopressin analogues to  
rats. In  the case of [3H ]L V P , activ ity  was h ighest in  the neuro- and the adeno- 
hypophysis and in th e  k id n ey , lower in the sm all in testin e  and the liver, and  
v ery  low  in the m uscle, th e  hypothalam us and th e  cerebral cortex. After in jec­
tio n  o f  [3H ]AYP, m ost o f  th e  activ ity  accum ulated  in the adenohypophysis, 
th e  sm all intestine, th e  neurohypophysis and th e  k id n ey . A ctiv ity  was m inim al 
in  th e  cerebral cortex, th e  hypothalam us, and th e  m uscle. When [3H ]dD A V P  
w as given, activ ity  w as h ighest in the k idney, fo llow ed in turn b y  th e  sm all
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F ig . 5. O rgan d is tr ib u tio n  of the  ra d io a c tiv ity  a f te r  [3H ]L V P , [3H ]A V P  a n d  [3H ]dD A V P
a d m in is tra tio n  to  ra ts

F ig . 6. D istrib u tio n  o f ra d io a c tiv ity  in  tim e  as p e rcen tag e  of to ta l  ra d io a c tiv ity  in  organs
( th re e  an im als)

in testin e, the liver th e  neuro- and th e  adenohypophysis. A c tiv ity  w as very low  
in  th e  muscles, th e  hypothalam us and the cerebral cortex.

HPLC revealed th a t after one hour the rad ioactiv ity  in th e  tissues origi­
nated  not from unchanged [3H] A V P, but from [3H ]tyrosine. T he data obtained  
after 2 and 5 min indicated  that th e  vasopressin had undergone inactivation  
m ost rapidly in th e  sm all intestine, follow ed in turn by the liver and th e  kidney  
(F ig. 6). Of the rad ioactive substances, only [3H ]A V P and [3H ]T yr were present.

One hour after adm inistration o f [3H ]dD A V P, 20 — 25%  o f th e  activ ity  
m easured in the k id n ey  and 0 — 5%  o f th a t in the liver and th e  sm all in testine  
originated from unchanged [3H ]dD A V P .

D iscussion

Investigations o f  the m etabolic fate o f circulating vasopressin  have been  
hindered by the lack  o f reliable m ethods for hormone m easurem ent. In  contrast 
w ith  the bioassay and radioim m unoassay em ployed in th is stu d y , experim ents
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in v o lv in g  labelled vasopressin  y ielded  much more inform ation. A lthough the  
la b e llin g  o f  vasopressin w ith  and 131I resulted in products o f high specific  
a c t iv ity , and the use o f  th ese  tracers allowed in vestiga tion s to  be carried out 
w ith  concentration levels approxim ating the physiological levels o f the hor­
m on es, iodination m eans a lo ss  in  biological a c tiv ity  [2 ,1 1 ] . There are differen­
ces in  th e  clearance o f u n labelled  and m onoiodinated vasopressin . The reduced  
clearance o f iodinated A V P m igh t be due to  its b io logica l in activ ity  [43], due 
to  ster ic  hindrance caused b y  th e  addition o f iodine atom  to  a functionally  
im p o rta n t portion of the vasopressin  molecule.

T he incorporation o f tr itiu m  atom(s) into th e  vasopressin  abolished the  
difference characteristic o f  th e  labelled  and non-labelled horm ones.The cata lytic  
tr it ia tio n  of d iiodo-T yr-vasopressin  was a conven ient w ay to  produce 3H- 
lab e lled  peptides w ith 10 — 25 Ci/mmol specific a c tiv ity  [1 0 ,1 6 , 29]. R eversed- 
p h ase  HPLC proved to  be a m ethod suitable for th e  preparation o f tr itia ted  
vasop ressin s and allowred a rapid and com plete separation  of iodinated and 
tr it ia te d  peptides from other products.

8-Lysine-vasopressin  [22, 38, 45], 8-arginine-vasopressin  [15, 36, 43] 
and l-deam ino-8D -argin ine-vasopressin  [23] were tr itia ted  b y  different m ethods 
and exam ined  in b iological experim ents. A lthough a horm one concentration  
h igh er than  the natural one w as used in these in vestigation s, the biological 
a c tiv it ie s  were com plete. W hen  considering th e  m etabolism  o f the horm ones, 
it  is  theoretically  necessary to  tak e into account th e  excretion  from the circula­
t io n , th e  binding to plasm a proteins, the outflow  in to  th e  tissues, the accum u­
la tio n  there, and en zym atic  inactivation . The vasopressin  disappeared rapidly  
from  th e  circulation w hen i t  had been injected in travenously . In experim ents 
in  v itro  the plasma o f norm al rats decomposed th e  vasopressin  slow ly, and thus  
i t  is  probable that the p lasm a does not participate d irectly  in the m etabolism  
o f th e  hormone [8, 14]. T here have been som e earlier investigations o f the  
b io lo g ica l half-life o f vasopressin  [1, 7, 9, 12, 13, 15, 22, 23, 25, 35, 36, 43], but 
sp ecies differences, the inaccuracy  of the b ioassays, th e  insufficient specificity  
o f th e  radioim m unoassays, turnover differences betw een  the analogues, the  
differen t conditions o f  h yd ration , differences in th e  doses adm inistered and the  
differen t means of d eterm ination  and half-life calcu lation  make it difficult to  
com pare the results. The disappearance of vasopressin from  the plasm a follow ed  
a m ultiexponentia l curve, su ggestin g  a m ulticom partm ental system . The rapid  
com p on en t is presum ably saturable and receptor-m ediated , while the slow  
com p on en t involves non-saturab le, non-receptor-m ediated processes. According  
to  W eitzm an and Fisher, vasopressin  clearance correlated w ith  its antidiuretic  
a c tiv ity :  the b iologically in a c tiv e  m onoiodinated A V P disappeared more slow ly  
th a n  did AVP [43]. In  our resu lts th e  half-life in th e  slow  phase o f the b iologically  
m ore active dDAVP w as longer than  that o f LVP or A V P. The higher antid i­
u retic  activ ity  of dD A V P could  thus be due to  a higher receptor a ffin ity , an
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increased resistance to  degradation o f the peptide or a decreased clearance 
from th e circulation, or th eir  com bination [7, 34].

I t  is obvious th at estim ation  of the to ta l a ctiv ity  m easures n o t only the 
in tact [3H ]vasopressin, b u t also the labelled m etabolic product(s) in  th e  blood, 
and th u s it  is not useful to  assess in tact horm one turnover. The undecom posed  
blood vasopressin level fa lls very rapidly after intravenous adm inistration  of 
the horm one. I t  is likely th a t the disappearance during the first 2 m in is due to  
reversible m igration outw ards into a space approxim ating th e  extracellular  
fluid volum e, as w ell as to  irreversible in activation  [38]. This concept is support­
ed b y  our finding that the vasopressin  level extrapolated  to  zero tim e is approx­
im ately  one-third o f the va lu e  expected  on th e  basis o f the plasm a volum e, 
while inactivation  is also fast: 2 min after in jection , o f [3H ]A V P , on ly  58%  
of the plasm a activ ity  persists in the form o f undecom posed vasopressin . The 
discrepancy betw een the b iological half-lives calculated  from th e disappearance 
of the to ta l activ ity  and th e  decrease in the in tact AVP level m ay be due to the  
different m etabolic clearances o f  [3H ]A V P and its m etabolites.

One hour after the in jection  o f tr itia ted  vasopressins we found th e  follow ­
ing values for the non-m etabolized  horm ones: 0 — 10% for LVP, 0 — 10%  for 
AYP and 25 — 35% for dD A V P . D ésam ination is an im portant structural 
change, as rem oval from th e  vasopressin m olecule o f the am ino group on the 
hem icysteine in position 1 decreases the rate o f sp litting  o f th e  Cys1-Tyr2 
bond b y  am inopeptidase [32, 34, 4 2 ].The larger and more prolonged antidiuretic  
effect o f  dD A V P can be exp la ined  by the longer biological half-life.

The radioactivity in  th e  blood not originating from the horm ones must 
be due to  the m etabolism  o f  th e  hormones in the tissues and th e  subsequent 
release o f  the m etabolites in to  the blood. Our stu d y  of the accum ulation  of 
rad ioactiv ity  in the tissues after the injection o f tr itia ted  peptides show ed that 
activ ity  was high in th ose organs (kidney and liver) in w hich th e  vasopressin  
was quickly m etabolized. A tten tio n  m ust how ever be drawn to  the considerable  
accum ulation in the sm all in testin e, an am ount exceeding th a t in the liver. 
It was shown earlier th a t an extract of the sm all in testinal m ucosa destroyed  
the pressor activ ity  o f vasopressin; it  thus contains vasopressin-degrading  
enzym e(s) [21]. HPLC after 2 and 5 min indicated  th at the in activa tion  o f AVP  
was fastest in this organ. The high accum ulation o f a c tiv ity  in th e  kidney  
suggested  th a t m etabolic a c tiv ity  was more m arked in the k idney than  in the  
liver and thus, in agreem ent w ith  the observations o f  other authors, th e  bulk  
of the horm one is rem oved from the circulation by the k idney [26, 30]. It has 
oeen show n that vasopressin  is secreted in th e  d istal nephron and readsorbed  
br degraded in the proxim al nephron [19]. The rate o f  in activa tion  is more 
pronounced in the liver th an  in  the kidney [6]; th is is supported b y  our radio­
chrom atogram s taken after 2 and 5 min: after 2 m in the in ta c t [3H ]A V P  
accounted for 5.4%  of th e  to ta l activ ity  in  th e  k idney, but on ly  2.7%  in the
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liver. T h e rate of degradation w as the same for dD A V P , and the results con­
firm ed  th e  finding that th is  analogue was more stab le than  the natural AVP. 
T he phenom enon may be ex p la in ed  by different enzym atic  activ ities or b y  the  
fa c t th a t  there are specific vasopressin  receptors in  the kidney, whereas only  
n o n -sp ec ific  membrane b in d in g  has been found in  th e  liver [30].

T h e neurohypophyseal horm ones vasopressin and oxytocin  are stored  
to g e th e r  w ith  their respective neurophysins [4]. I t  is natural th a t a large am ount 
o f  a c t iv ity  was observed in  th e  neurohypophysis in  th e  case o f LVP and АУР. 
T he b in d in g  between neu rop h ysin  and vasopressin results from the ion-pair  
in tera ctio n  of the a-am ino group o f the first am ino acid o f  the horm one and the  
free carb oxy l group o f th e  protein  [3]. The presence o f the a-am ino group is 
th erefore  indispensable from  th e  aspect of b inding; the 1-deam ino derivative  
d D A V P  is unable to hind to  neurophysin. [3H ]d D A V P  uptake b y  th e  neuro­
h y p o p h y sis  was considerably less than th at o f  [3H ]L V P  or [3H ]A V P. This 
f in d in g  supports the in a b ility  o f  neurophysin to  bind to  dD A V P. I t  is n ote­
w o r th y  th a t large ra d io a ctiv ity  accum ulations w ere found in  the adenohypo­
p h y s is  after adm inistring [3H ]L V P  or [3H ]A V P. The phenom enon agrees w ith  
th e  co n cep t that vasopressin , as one of the corticotrophin releasing factors, 
m a y  p la y  a role in the enhancem ent o f adrenocorticotrophin secretion [46]. 
T h is hypothesis is su pported  b y  our observation  th a t o f tr itia ted  dD A V P, 
w h ich  does not exhibit a corticotrophin  releasing effect [24], less is accum ulated  
in  th e  adenohypophysis th a n  o f  LV P or A V P.T he present data are in accordance  
w ith  earlier studies [45] in  w h ich  considerable activ ities were m easured in  the  
n euro- and the ad enohypoph ysis after the in travenous adm inistration  of 
[3H ]L V P . The measured ra d io a ctiv ity  is probably n ot due to  in tact vasopressin, 
as th e r e  are vasopressin -inactivating am inopeptidase and trypsin-like enzym es 
in  th e  neurohypophysis [28].
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THE STIMULATORY EFFECT OF A NON-OPIATE 
BETA-ENDORPHIN FRAGMENT ON ARGININE- 

VASOPRESSIN RELEASE IN RATS

F. L a c z i*, J. E. C. S y k e s , V. M. W ie g a n t  and D. d e  W i e d

R U D O LF MAGNUS IN ST IT U T E  FOR PHARM ACOLOGY, M EDICAL FACULTY, UNIVERSITY" O F U TR EC H T, 
VONDELLAAN 6, 3521 GD U T R E C H T , T H E  N ETH ERLA N D S

R ece iv ed : F e b ru a ry  28, 1983

T h e  effec t o f th e  n o n -o p ia te  ,0-endorphin  (/JE) frag m en t 2—9 an d  re la te d  p ep tid e s  
o n  im m u n o reac tiv e  (IR ) a rg in in e8-vasopressin  (A V P) levels was s tu d ied  in  th e  r a t  eye 
p lex u s p lasm a . A d d itiona lly , th e  effec t o f /JE  2— 9 on  A V P release  fro m  p i tu i ta ry  
n e u ro in te rm e d ia te  lobes (N IL s), in  v itro  w as s tu d ied . I R  A V P levels in  th e  eye  p lexus 
p lasm a  in creased  a fte r su b cu tan eo u s  (s.c.) in jec tio n  o f /JE 2 — 9. I n  fem ale  r a ts  p eak  
va lues w ere observed  2 m in  a f te r  th e  a d m in is tra tio n  o f /JE 2—9 (10 /ig /ra t) . M ale ra ts  
w ere 100 tim es  m ore sensitive  th a n  fem ale  ra ts . A dose-response s tu d y  re v ea le d  a  U - 
sh ap ed  re la tio n sh ip  fo r th is  e ffec t o f  /?E 2 9 in an im als o f b o th  sexes.

F ro m  s tru c tu re -a c tiv ity  s tu d ies  i t  a p p ea red  th a t  /JE 2—9 w as th e  m o st e ffective  
frag m e n t. In tra c e re h ro v e n tr ic u la r  (i.c .v .) a d m in is tra tio n  of /JE 2 —9 d id  n o t  a ffec t 
th e  IR -A V P  levels in  eye p lex u s  p lasm a . M oreover, A V P release fro m  th e  r a t  N IL s 
cells in  v itro  w as s tim u la ted  b y  p e rfu s io n  w ith  /JE 2 — 9, in d ica tin g  a  d ire c t e ffec t o f  th e  
p ep tid e  on  th e  p itu ita ry . T herefo re  we su g g est th a t  /JE  2 —9 increases A V P  re lease  by  
a  d irec t a c tio n  on  th e  p o ste rio r p i tu i ta ry .

K eyw ords: vasopressin , /J-en d o rp h in  2— 9, eye p lexus b lood, in  v itro , ra d io ­
im m u n o assay

Introduction

ß - Endorphin (/J-LPH 61 — 91, ß E )  is an endogenous peptide w ith  opioid  
activ ities. I t  has been shown th a t circulating arginine8-vasopressin  (AVP) 
levels are altered b y  /JE. Studies o f  the effect o f  /JE on AVP release h ave, how ­
ever, produced conflicting results: both  enhancem ent [7, 17] and inhib ition  
[10, 16] have been reported. The non-opiate /JE fragm ent 2 —9 (/JE 2 —9) 
exerts a long-term  facilitatory effect on passive avoidance behaviour in  rats 
sim ilar to  th a t found after adm inistration  o f AVP. The question arose w hether  
/JE 2 — 9 elicited  its effect b y  m odulation  o f AVP release by an action  on the  
p itu itary  or brain cells. In the present stu d y  the effect of /JE 2 — 9 and related  
peptides on im m unoreactive (IR ) AVP levels in the eye plexus p lasm a was 
in vestigated . A dditionally, we studied  th e  effect o f /JE 2 — 9 on A V P release  
from  the p itu itary neurointerm ediate lobes (N IL ) perfused in vitro.

* On leave  o f absence from  th e  E n d o crin e  U n it a n d  R esearch  L a b o ra to ry , F ir s t  D e­
p a r tm e n t o f M edicine, U n iversity  M edical School, Szeged, H u n g a ry  P .O .R . 469.

Send  o ffp rin t req u ests  to  F . L aczi, H -6701 Szeged, P .O .B . 469.
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Materials and m ethods

Release o f  A V  P  in  vivo

F em ale  and  m ale r a ts  o f  a  ran d o m  bred  W is ta r  s tr a in  (C pb-W U ; T N O , Z eist, T h e  
N e th e r lan d s )  weighing 150 g w ere used . T he an im als h a d  free  access to  w a ter an d  food. T h e  
an im a l house was illu m in a ted  fro m  6 a.m . to  8 p .m . A n im als  w ere h and led  da ily  before s t a r t ­
ing  th e  exp erim en t. T h ey  w ere tra n sp o rte d  from  th e  an im a l house to  th e  ex p erim en ta l ro o m  
1 h  befo re  th e  ex p erim en t. A ll ob se rv a tio n s w ere m ade b e tw een  9 —10 h  a.m . P ep tid es, d issolved 
in  sa lin e , were a d m in is te red  su b cu tan eo u sly  (s.c.) in  th e  n eck  of th e  an im al; each  a n im a l 
w as u sed  only once.

F o r  in tra c e re b ro v e n tr ic u la r  (i.c .v .) in jec tions m ale  W is ta r  ra ts  were equ ip p ed  w ith  a 
p e rm a n e n t  po lyethy lene  c a n n u la  w hich had been p laced  u n d e r  H y p n o rm  an aesthesia  in to  one 
o f th e  la te ra l  ven tric les o f  th e  r a t  b ra in  a t  least 5 d a y s  befo re  th e  experim en t. T he an im als 
w ere h o u sed  singly a n d  h a n d le d  rep ea ted ly  p rio r to  th e  ex p erim e n t. L ocalization  o f th e  t ip  
o f  th e  can n u la  was d e te rm in e d  a t  th e  end o f th e  e x p e rim e n t b y  i.c.v . in jec tion  o f E v an s  B lue 
a n d  m icroscopical in sp ec tio n  o f  th e  sta in in g  of th e  b ra in -v e n tr ic u la r  system .

F o r  collection o f eye p lex u s blood, ra ts  w ere a n a e s th e tiz e d  b y  e th e r for a s tr ic tly  con­
tro lle d  p e rio d  of 45 sec. S am p les o f eye p lexus b lood  w ere ta k e n  in  cooled hep arin ized  p o ly ­
e th y le n e  tu b es  (3). T hese w ere cen trifuged  a t  4°C to  o b ta in  p lasm a . To s tan d ard ize  th e  e x p eri­
m e n ts , p lasm a  sam ples w ere a lw ays assayed  by  R IA  on  th e  d a y  o f blood collection.

A V P d e te rm in a tio n  w as carried  o u t in  u n e x tra c te d  eye  p lexus p lasm a using  a specific 
rad io im m u n o assay  (R IA ) sy s te m  [11]. The a n tise ru m  u sed  w as h igh ly  specific fo r A V P, th e  
c ro ss re ac tiv ity  on a m o la r b asis w ith  o x y tocin  be ing  0 .0019%  an d  w ith  v aso tocin  0 .2 7 % . 
S y n th e tic  A V P (O rganon , O ss, p re sso r a c tiv ity : 509 U /m g  w as u sed  as a  s ta n d a rd  an d  fo r p re p ­
a ra t io n  o f th e  trac e r  [6]. P la sm a  o f  hom ozygous d iab e tes  in sip id u s ra ts  (TN O -code: B ra t(C p b - 
D I)  w as used  for th e  co n tro l o f possible aspecific effects.

R IA  d a ta  were c a lcu la te d  b y  a H ew lett P a c k a rd  104 ca lcu la to r equ ipped  w ith  a lo g it 
cu rv e  f i t t in g  program . I R  A V P  levels were expressed  in  fm ol/m l p lasm a.

T h e  following p e p tid e s  w ere used: /5-endorphin 2 —9 (ß E  2 — 9, /5-1,P H  62— 69), ß-  
e n d o rp h in  2 — 5 (ß E  2 — 5, /5-L PH  62—65), /5-endorphin  5 — 9 (ß E  5 — 9, /Î-L P H  65—69), /5- 
e n d o rp h in  2 - 6  (ß E  2 — 6, /5-LPH  6 2 - 6 6 ) ,  /5-endorphin  2 — 7 (ß E  2 - 7 ,  /5-LPH  62— 67), 
/в-en d o rp h in  2—8 (ß E  2— 8, /5-LPH  62—68), /5-endorphin  (ß E ,  /5-LPH 61— 91), d es-ty rosine- 
-y -en d o rp h in  (D T yE , /5 -L P H  62— 77), d es-ty ro sin e-a -en d o rp h in  (D T aE , /5-LPH 62 — 76) a n d  
/5-L PH  78—91. The p e p tid e s  w ere o b ta ined  from  O rg an o n  In te rn a tio n a l b. v ., Oss, T he 
N e th e rlan d s .

Release o f  A  V P  in  vitro

T h e  m ethod  u sed  fo r  th e  perfusion  of iso la ted  r a t  N IL s  cells was a v a ria tio n  o f th a t  
desc rib ed  by  Gillies a n d  L o w ry  [8].

T he N IL s cells ta k e n  fro m  m ale W ista r ra ts  w ere s tim u la te d  w ith  te s t  m a te ria l d issolved 
in  p e rfu s io n  m edium  fo r 3 m in  ev ery  20 m in. F o u r m in  frac tio n s  (2 m l) were collected  in to  
sm all p las tic  tubes co n ta in in g  a m ix tu re  (100 /Л) o f 2 М -H C l a n d  ap ro tin in  (B oehringer M an n ­
h e im  G M B H , W est G e rm an y ) to  give 100 K IU /m l. F ra c tio n s  were n eu tra lized  w ith  1.1 M- 
N a H C 0 3 before R IA .

T he AV P c o n te n t o f th e  in cu b a tio n  m edium  w as d e te rm in e d  by  R IA . T he R IA  p ro ce ­
d u re  u se d  was a  v a r ia tio n  o f  t h a t  o f  D ogterom  e t al. [6 ].|T he  a ssay  h a d  a sen sitiv ity  lim it o f 1.09 
fm o l/a ssay  tu be. N one o f th e  te s t  su b stan ces used h a d  a n y  e ffec t on  th e  R IA . H orm one release 
p e r  20 m in  was expressed  a s  a  percen tag e  of th e  co n tro l (u n s tim u la te d )  value.

Statistical analysis

N o n p a ram e tric  te s ts  o f  significance were u sed , becau se  th e  conditions in  d a ta  u n d e r  
a n a ly s is  m et th e  re q u ire m e n ts  o f these  tes ts . (The d a ta  p o p u la tio n s  were n o t equal in v a rian ce  
a n d  th e  level of m ea su re m e n t ach ieved  a p a rtia lly  o rd e re d  sca le .) S ta tis tica l analysis w as done 
by  K ru s k a l—W allis o n e -w ay  analy sis  o f va rian ce  fo llow ed b y  M ann-W hitney  U -te s t. A p ro b ­
a b ili ty  level o f less th a n  0.05 w as accep ted  as a s ig n ifican t d ifference.
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Results

R elease o f  A  V P  in  vivo

In th e  first series o f  experim ents th e  tim e course of the effect o f  ß E  2 — 9  
(10 yug s.c. per animal) on eye plexus plasm a IR  AYP levels w as in vestiga ted . 
Fem ale rats (n =  5 —8) were treated  w ith  placebo (0.2 ml saline s.c .) or ß E  2 — 9, 
and 2, 5, 10, 30 or 60 min later eye plexus blood sam ples were collected .

As show n in Figure 1 plasm a IR  A Y P  levels  were sign ifican tly  increased  
over control values at 2, 5 and 10 m in, reaching a peak at 2 min after th e  injec­
tion  of ß E  2 — 9. The levels returned to  th e  control values 30 min after treatm ent.

In th e  second set o f  experim ents th e  dose-response relationships were 
determ ined. Fem ale anim als (n =  8 — 12) were injected with p lacebo (0.2 ml 
saline s.c.) or graded doses o f  ß E  2 — 9 (0.0001 — 10.0 /xg/rat s.c.). T w o m in later  
eye p lexus blood sam ples were w ithdraw n. L ikew ise, male rats (n =  8) were 
treated  w ith  placebo (0.2 ml saline s.c .) or graded doses o f  ß E  2 -9  
(0.01 — 10.000 n g /rats.c .). Tw o m in later eye p lexus blood sam ples w ere taken.

Graded doses of ß E  2 — 9 induced a U -shaped dose-response curve in 
anim als o f  b oth  sexes (F igs 2, 3). In  fem ale rats th e  m axim um  effect o f  ß E  2 — 9 
on the eye p lexus plasm a IR  AVP levels w as observed at a dose o f  100 ng/per  
anim al. Ten and 100 tim es higher doses o f  ß E  2 — 9 also sign ifican tly  increased  
th e  IR  A Y P  levels in eye plexus plasm a over the control value, how ever, the

lime oller S.C. injection,m!n 
*  P<Q05 *XX P<0.001

Fig. 1. I R  A V P  levels in eye p lex u s p lasm a  a t  2— 60 m in  a f te r  s.c. in jec tion  of 10 fig  ß E  2—9. 
E ach  group  c o n ta in ed  5— 8 fem ale  W is ta r  ra ts . A s te risk s ind ica te  sign ifican t d ifferences be­

tw een  /?E 2— 9 -trea te d  an d  p laceb o -trea ted  groups
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F ig . 2 .  I R  A V P  level in  eye p lex u s  p la sm a  2 m in  a f te r  s.c. in je c tio n  o f g rad ed  doses o f  /SE 2— 9 
(0 .0 0 0 1 — 10.0 Цg p e r anim al). E a c h  g ro u p  co n ta in ed  8 — 12 fem ale  W is ta r  ra ts . A s te risk s  

in d ica te  s ig n ifican t d ifferences from  p la c e b o - tre a te d  groups

F ig . 3. I R  A V P level in  eye p lex u s  p la sm a  2 m in  a f te r  s.c . in je c tio n  o f g rad ed  dose o f  /?E 2 — 9 
(0.01 — 10.000 ng pe r anim al). E a c h  g ro u p  co n ta in ed  8 m ale  W is ta r  ra ts . A ste risk s in d ic a te  

s ign ifican t d ifferen ces from  p la c e b o -tre a te d  group

in crease  w as smaller in ex te n t. In  male anim als a m axim um  effect o f  /ЗЕ 2 — 9 
w as reached  at a dose o f  1 .0  ng per anim al. A t thousand and 10.000 fold  
h igh er doses o f /ЗЕ 2 —9 the IR  AVP levels in  eye  p lexus plasm a were n o t differ­
en t from  th e  control values.

T o  in vestigate stru ctu re-activ ity  relationships, fem ale rats (n =  8 —22) 
w ere in jec ted  w ith placebo (0 .2  ml saline s .c .) or 100 ng /?E 2 —5, /ЗЕ 5 —9,
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ß E  2 - 6 ,  ß E  2 - 7 ,  ß E  2 - 8 ,  ß E  2 - 9 ,  D T aE , D T yE , ß-L P H  7 8 - 9 1  or ß E  and  
2 min later eye p lexus blood sam ples were collected . P lasm a IR  A Y P  levels  
w ere sign ificantly  increased after adm inistration o f ß E  2 — 9, D T aE  or D T yE . 
From  these peptides ß E  2 — 9 w as the m ost p o ten t. The other ß E  fragm ents did  
not sign ificantly  change th e  IR  AYP levels in th e  eye plexus plasm a (Table I).

Table I

I R  A  V P  levels in  eye plexus p lasm a 2 m in  after s.c. 
injection o f  ß-endorphin (0.1 fig/rat)  or its fragm ents  

(0 .1  fig/rat) in  fem ale W istar rats

T reatm ent IR  AVP 
(fmol/ml)

n 1

Placebo 602 22

№ _ 5 270 8

/ЗЕ5-9 104 8

ß ^ 2 - 6 72 8

2 — 7 67 8

/^E2_ 8 174 8

/?Ег—9 1462*** 12

D T aE 331* 15

D T y E 4* О * 13

^ L P H 78_ fll 183 10

ß E 91 10

1 n u m b er o f anim als
2 m ed ian
* P  <  0.05 ( trea tm e n t v s  p lacebo)
*** P  <  0.001 (trea tm en t v s  p lacebo)

In a further series o f  experim ents the effect o f  ß E  2 — 9 was in vestiga ted  
after i.e .v . adm inistration. Male rats (n =  5 10) bearing a perm anent p o ly ­
ethylene cannula in one o f  th e  lateral ventricles o f  the brain were in jected  i.e .v .  
w ith  placebo (1 /Л artificial cerebrospinal flu id  (CSF)) or ß E  2 — 9 (0.01 or 0.1 
ng/rat dissolved in 1 /А artificia l CSF) and, 2 ,1 0  or 30 m in later eye p lexus b lood  
sam ples were obtained.

ß E  2 — 9 did not a ffect the IR  AYP level in  eye p lexus plasm a in  an y  o f  
th e  experim ental groups (F ig. 4).

R elease  o f  A  V P  in  v itro

N IL -cells obtained from m ale rats were perfused w ith  ß E  2 — 9 at d ifferent 
concentrations. The peptide induced an increase in  IR  AVP concentration  in  
th e  perfusate and ß E  2 — 9 increased basal IR  A V P  release (Fig. 5). The differ-

A c ta  M e d ic a  H u n g a r ic a  4 1 ,  1 9 8 4
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F ig . 4 . I R  A V P level in  eye p lex u s  p lasm a  2, 10, 30 m in  a f te r  i.c .v . a d m in is tra tio n  o f va rio u s 
d o ses o f  /?Е 2 —9 (0.01 or 0.1 n g / r a t  d issolved in  1 /Л C SF). N u m b er in  b a rs  rep re se n ts  n u m b er

o f  m ale  W is ta r  r a ts  u sed

*P <0,05 **P<0.002 *K*P<0.001

F ig . 5 . E ffec t of ß E  2 — 9 on  A V P release  fro m  n e u ro -in te rm e d ia te  lobes in  vitro. Colum ns 
r e p re s e n t  m ed ian  value  o f th e  d a ta  expressed  in  p e r  c en ts  o f th e  co n tro l. N u m b e r in  b a rs 
sh o w s n u m b e r  of s tim u la tio n s  w ith  each  in v es tig a te d  dose o f ß E  2 —9. A s te risk s in d ica te

s ig n ifican t differences fro m  con tro l

en ces from  control va lu es w ere sign ificant at doses of 1 (P <  0.05), 10 (P  <
0 .0 5 ), 100 (P  <  0.001) ng/m l and 1 (P  <  0.02) /tg/m l o f ß E  2 —9. The m axim um  
e ffec t  o f  ß E  2 —9 (a more th an  4 fold increase over the control) w as observed  
a t th e  dose of 1 ^g/m l. A  te n  tim es higher dose (10 /tg/ml) failed  to  increase 
s ig n ifica n tly  the basal А У Р release. Perfusion w ith  45 mM KCL m arkedly  
e le v a te d  the АУР ou tp u t.
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Discussion

The present stu d y  clearly indicated  a powerful stim ulatory effect o f 
ß E  2 — 9 on IR  AYP secretion into eye p lexus b lood. The peptide had a direct 
effect on the posterior lobe o f the p itu itary gland.

The tim e-course o f  plasm a IR  AYP leve ls  after a single s.c. in jection  of 
ß E  2 — 9 (10 (Ug/rat) revealed a marked increase in plasma IR  A V P  content  
w ith  a peak value at 2 m in after adm inistration  o f  the peptide. T he IR  AVP  
levels in eye p lexus plasm a had returned to  control values 60 m in after the  
in jection  o f ß E  2 — 9, indicating a short-lasting effect o f the peptide. Graded 
doses o f  ß E  2 — 9 resulted in a U-shaped dose-response curve in anim als o f  both  
sexes. De R otte  [5] investigated  the effect o f  i.c .v . adm inistration o f des- 
-enkephalin-y-endorphin (D E yE ) on the plasm a a-m elanocyte stim u latin g  
horm one (a-M SH) level and he too observed a U -shaped dose-response relation­
ship. The reason for such a dose-response curve is not entirely clear. I t  is 
possible th at high doses o f  /ЗЕ 2 — 9 m ight in h ib it the release of A Y P. T he peak  
effect o f  ß E  2 — 9 on th e  IR  AVP level in  eye p lexus plasma was reached at a 
dose o f 100 ng/rat in  th e  fem ale animals w hile m ale rats were 100 tim es more 
sensitive in th is respect. The explanation o f th ese  observations m ay be th a t sex  
steroids m ight m odulate th e  AVP release induce by ß E  2 — 9 from  th e  neuro- 
hypophysis. This assum ption is supported b y  several reports underlin ing the 
im portance o f  sex  steroids in the m odulation o f  AVP release [1, 2 , 13, 15]. 
M oreover, sex differences in  AVP secretion have been observed during passive  
avoidance behaviour in  rats [11]. From stru ctu re-activ ity  studies concerning  
th e  effect o f  ß E  fragm ents on AVP release, it  appeared that ß E  2 — 9, DTaE  
and D T yE  were able to  augm ent the plasm a A V P  level. The m ost a c tiv e  frag­
m ent in  this respect w as ß E  2 —9. Shorter fragm ents o f ß E , i.e. ß E  2 — 5, ß E  
5 — 9, ß E  2 — 6, ß E  2 — 7 and ß E  2 — 8, appeared to  be inactive. ß E  it s e lf  was 
also ineffective in increasing AVP levels in  th e  eye  plexus plasm a, w h ich  is in 
disagreem ent w ith  other observations. I n  vivo  stud ies too have produced con­
flictin g  data on the role o f  ß E  in the control o f  neurohypophyseal function . 
R oth stim ulatory [7, 17] and inhibitory effects [10, 16] o f ß E  on A V P secretion  
have been reported. U nlike ß E , DTaE and D T yE  when adm inistered i.c .v . 
had no effect on th e  basal AVP level in peripheral plasm a [16]. These find ings  
m ay not necessarily be in contradiction w ith  th e  present observations concern­
ing ß E ,  D TaE and D T yE , taking into account th e  differences betw een species, 
doses, the sites o f adm inistration and the tim e o f th e  observation.

The N -term inal am ino acid tyrosine (p osition  61) o f ß E  is essentia l for the  
opiate-like a c tiv ity  o f  ß E  [4, 9, 14], as the rem oval o f  tyrosine caused a loss o f  
the opiate-like a c tiv ity . I t  is therefore assum ed th a t the stim ulatory effect of 
ß E  2 — 9 on A V P secretion is not m ediated b y  op iate  receptors. I .c .v . adm inis­
tered doses o f ß E  2 — 9 (0.01 — 0.1 ng/rat) had no effect on the plasm a A V P  level
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after 2 ,1 0  and 30 min suggesting  th at the effect o f  /ЗЕ 2 — 9 s.c. is m ediated  b y  a 
direct action  on the p itu itary  rather than at th e  level of the brain. Indeed, 
A Y P release by rat N IL  cells in  vitro could be stim ulated  by adding ß K  2 — 9 
to  th e  perfusion medium. This indicates a direct effect of /?E 2 — 9 on th e  p itu ­
ita ry  in  th e  regulation o f A V P release.

T h e observation th a t s.c . adm inistration o f  /ЗЕ 2 — 9 did not affect blood  
pressure and heart rate in rats [12] excludes a reflectory AYP release induced  
b y  h yp oten sion .

I t  is  suggested th a t /ЗЕ 2 — 9 has a pow erful stim ulatory effect on the  
plasm a lev e l o f IR  AVP. /Ш 2 — 9 did not seem  to  exert its effect b y  an action  
on th e  brain  neither through a m echanism  in vo lv in g  the cardiovascular system . 
I t  a ffects AVP release by a direct action on th e  p itu itary. W hether or n o t ßJL 
2 — 9 p la y s a physiological role in controlling th e  release of AVP from  the  
n eu rohypophysis, has to  be elucidated.
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EFFECT OF THE VASOPRESSIN ANTAGONIST 
d(CH2)5 TYR(Et)VAVP ON DIURESIS IN RAT

F . A. L á s z l ó , S. Cs á t i , L . B a l á s p ir i  a n d  M. Ma n n i n g 1
EN D O C R IN E U N IT , F IR S T  D EPA R T M E N T OF M E D IC IN E , A N D  D EPARTM ENT OF M ED ICAL CH EM IST R Y  

U N IV ER SITY  M EDICAL SCHOOL, SZEG ED , H U N G A R Y ; » D EPARTM ENT OF B IO C H E M ISTR Y , 
M EDICAL COLLEGE O F O H IO , TO LE D O , O HIO , U.S.A.

R eceiv ed :}F eb ru ary  28, 1983

T he effec t o f [l-(/? -m ercapto-/S ,/?-cyclopentam ethylene-propionic  ac id )2 -0 -ethy I- 
ty rosin e ,4 -v a lin e] a rg in ine  vasopressin  o n  th e  w a te r  m etabolism  w as s tu d ie d  in  r a t .  
T he com pound  w as fo u n d  to  be  ab le  to  b lo ck  th e  an tid iu re tic  ac tio n  o f  b o th  exogenous 
a n d  endogenous vasopressin .

A r a t  m odel o f th e  S ch w artz—B a r tte r  sy n d ro m e  was c rea ted  b y  th e  a d m in is tra ­
tio n  o f a  h igh  dose of a  p o ste rio r p i tu i ta ry  p re p a ra tio n  (P itressin  ta n n a te )  to g e th e r  
w ith  a forced  w a te r  in ta k e . T he a n ta g o n is t  p re v e n te d  w a te r  re te n tio n  a n d  a v e r te d  th e  
en h anced  n a tr iu re s is  a n d  h y p o n a tra em ia , a n d  cereb ra l oedem a d id  n o t  d ev elo p . T he 
ob se rv a tio n s suggest t h a t  th is  v asopressin  a n ta g o n is t  m ig h t be o f  use  in  th e  fu tu re  as 
a n  effective  d ru g  a g a in s t th e  S ch w artz— B a r t t e r  syndrom e.

K eyw ords: v aso p ressin  a n ta g o n is t, a n tid iu re tic  action , P itressin  ta n n a te ,  w a te t 
re te n tio n , h y p o n a tra e m ia , cerebral oedem a'

Introduction

H yperadiuretism  was first described b y  Schwartz et al. in  1957 in  
connection  w ith  a case o f bronchial carcinom a [12]. Increasingly great im por­
tan ce has recently been attributed to  the Schw artz-B artter syndrom e, in vo lv in g  
hypernatriuria, hyponatraem ia and cerebral oedem a.

Table I, prepared on the hasis o f  the su rvey  b y  Edwards [3], presents the  
sta tes, diseases and drugs th a t can induce th e  syndrom e. The first group relates 
to  ectopic vasopressin form ation, i.e. the paraneoplastic endocrine syndrom e. 
The vasopressin is produced b y  various tum our tissues (carcinoma o f  th e  bron­
chus, pancreas, duodenum  and ureter). B ronchial carcinoid and pulm onary  
tuberculosis too are included here. An enhanced vasopressin efflu x  m ay  also be 
caused b y  a physiological or pathological vo lu m e stim ulation. M ention m ay be  
m ade o f ventila tion  at positive pressure and benign pulm onary diseases. The 
pressure fall in  the left atrium  is presum ably th e  causal factor in p ostcom m is­
surotom y; the reduction in the circulating b lood volum e m ay p la y  a role in  
haem orrhage and in endocrine and congestive heart diseases. The th ird  group  
contains those diseases in which the excessive vasopressin production probably
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Table I

(Edw ards, 1971)

Causes of Schwartz—B artte r  syndrom e

1. Ectopic vasopressin form ation  (paraneopl, end. s .)

— carc inom a o f bronchus, p an creas, d u o d en u m , u re te r

— b ro n ch ia l carcinoid  

p u lm o n a ry  tubercu losis

2. Abnorm al vasopressin volume stim . (p h y s .-p a th .)

— v e n tila tio n  a t  pos. pressure

— ben ig n  p u lm o n a ry  disease (p n eu m o n ia , aspergillosis)

— postcom m issu ro tom y

— haem o rrh ag e

— endocrine  diseases (hyp o p it., h y p o th y r .,  hy p ad r.)

— congestive  card iac  diseases

3. Nervous system  stim . vasopressin release

— cereb ra l ( trau m a , neopl. in fla m m a tio n , bleeding, surgery)

— G u illa in —B arré  S.

— a cu te  in te rm it te n t  p o rp h y ria

— drugs: c lo fib ra te , v in cris tin

4. Drugs —► renal sens, increases to vasopressin

— ch lo rp ro p am id e , carbam azepine

5. Vasopressin overdose

—  V P , dD A V P

arises as a consequence o f  stim ulation  o f the nervous system . Causes other than  
cerebral lesions include the G uillain-Barré syndrom e, acute in term itten t por­
phyria and the drugs clofibrate and vincristin . D rugs m ay enhance th e  sen si­
t iv ity  o f  the renal tubu les to  vasopressin (chlorpropam ide, carbam azepine). 
F in a lly , m ention should be m ade o f the p ossib ility  o f  vasopressin overadm in­
istration .

T his listing itse lf  dem onstrates that th e  Schw artz-Bartter syndrom e is 
n ot rare. Its  adequate treatm en t poses an appreciable problem; w ater w ithdraw ­
al and sodium -retain ing horm one adm inistration  m ay be tried. A part from  
th e  theoretica l in terest, therefore, it  is o f v ery  great im portance to  prepare  
com pounds w ith  effects opposite to  th at o f vasopressin  as regards the in flu en ce  
on th e  w ater m etabolism . O f the several hundred neurohypophyseal peptide  
analogues syn th etized  in th e  D epartm ent o f  B iochem istry at the M edical 
College o f  Ohio, several exhib ited  an antagon ist effect as concerns th e  an tid i­
uretic action . One o f the m ost im portant o f th ese  com pounds is a vasopressin  
analogue: [l-(/?-m ercapto-/3,/l-cyclopentam ethylene-propionic acid),2-O -ethyl
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tyrosine,4-valine] arginine vasopressin , abbreviated as d(CH 2)5T yr(E t)Y A Y P . 
W e have made a study o f the in fluence o f  th is compound on th e  w ater m etab­
olism  in rat, w ith tw o main aim s: to  estab lish  how the susbtance acts on the 
antidiuretic effects o f exogenous and endogenous vasopressin, and  to  learn 
w hether the changes induced by th e  adm inistration  of a high dose o f  a vasopres­
sin preparation (water retention , hypernatriuria, hyponatraem ia, cerebral 
oedem a) can be prevented w ith th e  vasopressin  antagonist.

M aterials and methods

D etails o f th e  p re p a ra tio n  o f th e  co m p o u n d  hav e  been rep o rted  b y  M an n in g  e t  al. [6, 
8]. T he chem ical com position  is p re sen te d  in  F ig . 1. C om pared w ith  th e  s tru c tu re  o f th e  vaso­
p ressin  m olecule, differences m ay  be o b se rv ed  a t  th re e  sites. The hem icyste ine  a t  p o sitio n  1 is

1 2 3 4 5 6 7 J 3
CH2- CO-Tyr (C jHgl-Phe-Val-Asn-Cys-Pro-Arg-G ly-NH, 

,CH2-C H 2 I !
СИ,

'CH j -C H ĵ I
s ------------— ----------------------- s

Fig. 1. C hem ical s tru c tu re  o f  d (C H 2)5T yr(E t)V A V P

rep laced  by cyclo p en tam eth y len e-p ro p io n ic  ac id ; th e re  is an  o rth o -e th y l g ro u p  o n  th e  ty ro ­
sine in  position  2; th e  g lu tam in e  a t  p o sitio n  4 is rep laced  by  valine. P re lim in a ry  ex p erim en ts 
d e m o n s tra ted  th a t  th e  analogue causes a co n sid erab le  decrease in  th e  a n tid iu re t ic  ac tio n  of 
v asopressin  [6, 7, 11]. T his p ro p e rty  (a b ility )  o f th e  a n ta g o n is t is ch aracte rized  b y  th e  “ effective 
dose” ; th is  is defined  as th e  q u a n ti ty  o f  th e  su b s tan ce  w hich halves th e  a n tid iu re t ic  effect 
o bserved  20 m in u te s  a f te r  th e  in tra v e n o u s  a d m in is tra tio n  of 2 I.U . vasopressin . I n  th e  p resen t 
case th is  proved  to  be 1.9 ninol/kg  (1 n m ol =  1.14 /tg). T he an tagonism  can  n o t  b e  reg ard ed  as 
se lective . T he com pound also d isp lays a  m ark ed  an tip resso r action ; M anning e t  a l. [8] found 
th e  “ effective an tiv aso p resso r dose”  to  be 0.49 n ino l/kg .

O ur f irs t ex p erim en ta l series d e a lt  w ith  th e  q u estio n  of how th is  a n ta g o n is t  influences 
th e  an tid iu re tic  a c tio n  of an  exogenously  a d m in is te re d  vasopressin  p re p a ra tio n . F em ale  hom o­
zygous ra ts  o f  th e  B ra ttleb o ro  s tra in , w eigh ing  160 -1 8 0  g, were used; th ese  an im a ls  do no t 
possess an  endogenous A D H  reserve. D oses o f 10 /tU  or 3 0 /tU  argin ine v aso p ress in  (O rganon, 
Oss) were in jec ted  in trav en o u sly  in to  a n im a ls  p re h y d ra te d  by  th e  m eth o d  o f d e  W ied  [1] and 
a n aesth e tized  w ith  e thano l. T he a n tid iu re tic  e ffec t w as expressed as a p e rc e n ta g e  diuresis 
ch ange; th is  was ta k e n  as th e  q u a n ti ty  o f  u rin e  collected  w ith  a b lad d e r c a th e te r  in  a  10- 
m in u te  period  before in jec tio n  of th e  h o rm o n e, as a percen tage  of th e  c o rre sp o n d in g  q u a n tity  
a f te r  th e  in jec tion . T he an tag o n is t w as ad m in is te re d  in travenously  in th e  “ e ffec tiv e  dose” 
(1.9 nm ol/kg  =  2.16 (Ug/kg) 20 m in u te s  before  th e  in je c tio n  of vasopressin.

W e su b seq u en tly  s tu d ied  w h e th e r  d (C H 2)5T yr(E t)-V A V P is ab le  to  su sp en d  the 
a n tid iu re tic  effect o f endogenous vaso p ressin , a n d  w h e th er i t  can  induce a s ta te  co rrespond ing  
to  d iab e tes  insip idus. Male ra ts  o f  th e  R -A m ste rd a in  s tra in , weighing 180 — 200 g , w ere used 
in  these  ex p erim en ts. T he an im als w ere p laced  in d iv id u a lly  in  cages su itab le  fo r  u r in e  collec­
tio n ; th e  a m o u n t o f u rine  was m easu red  in  1 -h o u r periods for 4 hours a f te r  a d m in is tra tio n  
o f  th e  an tag o n is t, an d  th e  osm olality  o f  th e  u rin e  sam ples was d e term ined  w ith  a n d  A dvance 
osm om eter. B oth  before an d  du rin g  th e  s tu d y  th e  ra ts  received w a ter ad  l ib itu m . T h e  a n tag o ­
n is t  w as in jec ted  in trav en o u s ly  in  a dose  o f 10 o r 30 /tg /kg , dissolved in 0.2 m l physio logical 
N aC l. Besides th e  ra ts  o f th e  R -A m ste rd am  s tra in , hom ozygous B ra ttleb o ro  r a ts  to o  w ere used 
as con tro ls. In s te a d  of th e  a n ta g o n is t, th e  co n tro l g ro u p s received 0.2 m l p h y sio lo g ica l saline 
so lu tio n  in trav en o u sly .

I n  th e  follow ing experim en ts , physio log ica l NaCl so lu tion  in a dose o f  5 %  o f  th e  body 
w e igh t was adm in iste red  v ia a s to m ach  tu b e  to  ra ts  o f th e  R -A m sterdam  s tra in , a n d  th e  u rin a ry  
o u tp u t  was m easu red  in 1-hour p eriods fo r 4 h ours. In  th e  m eantim e th e  an im a ls  d id  n o t con-
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su m e  liq u id . T his m ethod is su i ta b le  fo r inducing w a te r  re te n tio n  by  enhancing endogenous 
v a so p re s s in  release [4, 5]. In s te a d  o f  physiological NaCl so lu tio n , ta p -w a te r  was a d m in is te red  
to  th e  c o n tro l group. T he v a so p re s s in  an tagonist, in  a  dose o f  30 //g  kg. was in jec ted  in t r a ­
v e n o u s ly  im m edia te ly  before th e  lo a d in g  w ith physiological N aC l o r tap -w ater.

W ith  a  view to decid ing ho w  su ita b le  the  an tag o n is t m ig h t  be as a drug  for th e  t re a tm e n t  
o f th e  S c h w a rtz -B a rtte r  sy n d ro m e , a n  a t te m p t  was m ade to  in d u c e  a s itu a tio n  in r a t  co rresp o n d ­
in g  to  th e  h u m an  syndrom e. T h e  r a t s  were trea ted  d a ily  w ith  a  larg e  subcu taneous dose (1 
I .U .)  o f  long-ac ting  p osterio r p i tu i t a r y  e x trac t (P itress in  ta n n a te ;  P a rk  D avis, M unich); to  
a t t a in  th e  necessary  degree o f h y d r a t io n ,  th e  ra ts also rece iv ed  ta p -w a te r  via a sto m ach  tu b e  
in  a  d o se  o f  5%  of th e  body  w e ig h t, th re e  tim es daily . B esides th e  P itressin , th e  vaso p ressin  
a n ta g o n is t  to o  was ad m in iste red  su b cu tan eo u sly  to  som e o f  th e  an im als , in  a  dose o f 3 x 6 0  
fig /k g  b .w . D uring  these e x p e r im e n ts , th e  daily u r in a ry  o u tp u t  a n d  th e  u rin ary  osm o la lity  
w ere  m ea su re d  as before, an d  th e  u r in e  and  serum  sodium  lev e ls w ere de term ined  w ith  a flam e  
p h o to m e te r .  Following th e  e x a m in a tio n s , on the  6 th  d a y  o f t r e a tm e n t  th e  change in th e  w a te r  
c o n te n t  o f  th e  b ra in  was e s ta b lish e d  b y  dehydration  to  w e ig h t co n stan cy ; th e  w a te r  c o n te n t 
w as c a lc u la te d  per 100 m g w e t b r a in  w eight.

Results

T h e data relating to  d iuresis inhibition, expressed  as a percentage o f  th e  
u rin ary  output, are to  be seen  in Fig. 2. A rginine vasopressin  decreases th e  
u rin ary  output in a dose-d ep en d en t manner. A dm in istration  o f the antagonist 
b efore th e  arginine vasop ressin  injection m oderated  the diuresis inhibition  
considerab ly .

T h e results of th e  exp erim en ts aimed at suppressing the antidiuretic  
e ffec t o f  endogenous vasop ressin  are given in  F igs 3 — 5. I t  m ay be observed  
th a t  a 10 (Wg/kg body w eigh t dose of the antagon ist caused hardly any change  
in  th e  urinary output (F ig . 3 ), whereas the dose o f  30 pg/kg body w eight 
en h an ced  the diuresis app reciab ly . The m axim um  in  th e  polyuria is to  be seen  
in  th e  fraction from the 2nd hour. In this period th e  q u an tity  of urine atta ined  
th e  le v e l for the hom ozygous Brattleboro rats w ith  a to ta l A D H  deficiency. 
T he diuretic action of th e  an tagon ist is a tem porary one; after 4 h the urinary  
o u tp u t has returned to  th e  n orm al level. The urinary osm olality  varies accord­
in g ly  (F ig . 4). It is decreased b y  the vasopressin an tagon ist in  a dose-dependent 
w a y . W ith  this method a considerable difference can  be dem onstrated betw een

°  AVP

F ig . 2. P ercen tage  change in  u r in e  excretion  in  response  to  v aso p ressin  an tag o n ist (n  =  10)
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Fig. 3. E ffec t o f  v asopressin  a n ta g o n is t  on  u rine  excretion  (n  =  10)

Fig. 4. E ffec t o f v asopressin  a n ta g o n is t  on  u r in a ry  osm olality  ( n j=  -10)

th e  osm olality  values for the controls and even  that following ad m in istration  
o f th e  low  dose o f  th e  antagonist. After w ater  loading, the antagonist enhances  
th e  diuretic reaction  on ly  m oderately (F ig. 5). The adm inistration o f  physiolog- 
gical NaCl in place o f  tap-w ater led to  a m arked water retention in  th e  control 
group. The antagonist averted th is effect com pletely; the extent o f  urine excret­
ed in the fraction  from  the 2nd hour far exceeded the m ean m easured after 
tap -w ater  loading.

A  considerable w ater retention  can be observed following adm in istration  
o f a large dose o f  th e  posterior p itu itary  extract (Fig. 6). The rats excreted

F ig . 5. E ffec t o f v a so p ressin  a n ta g o n is t  on  d iiire tic  reac tio n  following w a te r  a n d  p h y s .  NaC
loading  (n  =  10)
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Time,d

F ig . 6. E ffec t of vaso p ressin  a n ta g o n is t  on u rine  e x c re tio n  o f ra ts  trea te d  w ith  P itre s s in
(n =  10)

a b o u t one-third o f th e  artific ia lly  adm inistered w ater. W ith sim ultaneous  
ap p lica tion  of the vasopressin  antagonist, th e  w ater  retention  could be p reven t­
ed . T h e  osm olality o f th e  urine of P itressin-treated  anim als is increased to  a 
great ex ten t on the fir st d a y  after adm inistration  o f the drug (Fig. 7). The  
o sm o la lity  later decreases, an d  on the 4 th —5th  d a y  o f the therapy approaches 
th e  m ean  level for the con tro ls. The vasopressin an tagon ist abolished the change  
in  urinary osm olality; th e  va lues measured in  th is  group did not differ from  
th o se  for the control rats. Sodium  excretion in  th e  urine was expressed in  
m m ol/24  h (Fig. 8). In  response to Pitressin adm in istration , the sodium ou tp u t  
rose considerably; it  w as th e  highest on the d a y  after treatm ent, and su b se­
q u en tly  fell progressively, reaching the control le v e l on the 5th day. The vaso-

F ig .  7 . E ffec t of vasopressin  a n ta g o n is t  on u rin ary  o sm o la lity  o f ra ts  trea te d  w ith  P itre s s in
( n =  10)

F ig . 8. E ffec t of v aso p ressin  a n ta g o n is t  on sodium  e x c re tio n  o f ra ts  tre a te d  w ith  P itre s s in
( n =  10)
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F ig . 9. E ffect o f v a so p ress in jan tag o n is t on  serum  sod ium  level o f ra ts  t r e a te d  w ith  P itressin
(n =  10)

pressin antagonist substantia lly  m oderated the elevated  natriuresis; the sodium  
content of the urine did not exceed  (or only slightly) the value for th e  untreated  
rats. Corresponding changes were observed in the serum  sodium  level (Fig. 9). 
On the action o f the posterior p itu itary extract (w ith  forced hydration), the 
serum  sodium leve l decreased on the first day o f treatm ent. The hyponatraem ia  
later became more marked, fa lling below 100 m m ol/1 by th e  end o f the experi­
m ental period. The anim als to lerated  the hyponatraem ia badly , one-third  
o f  them  dying w ith in  5 days. These data were not taken  in to  consideration  
in the evaluation. In  anim als w hich received the vasopressin  antagonist together  
w ith  Pitressin, on ly  a m oderate serum  sodium  leve l decrease was found on the 
3rd — 5th days o f treatm ent.

The serum osm olality  and the cerebral w ater content were determ ined  
at the end o f the experim ental period. The results are given in Table II. In the  
Pitressin-treated anim als the serum  osm olality  was decreased significantly, 
w hile the w eight o f  the brain w as higher, due to  its increased w ater content.

Table II

Effect o f  vasopressin antagonist on serum osmolality and water content o f  brain in  rats
treated with P itressin

W ater content of

Groups
N um ber of 

animals
Body w eight

(g)
Se osmolality 

(inosin/kg)
W eight of brain 

(g)
brain

(m g/100 mg wet 
weight)

1 U n trea ted 10 180.7 ±  7.1* 2 8 5 .0 ± 2 0 .7 1 .5 6 ± 0 .1 1 7 5 .0 ± 1 .1

2 P itressin 10 1 9 8 .2 ± 1 2 .3 236.2 ± 1 1 .3  + 1 .8 7 ± 0 .1 3  + 78.1 ± 0 .6  +

3 P itressin  + 10 1 8 7 .0 ± 1 0 .6 2 7 5 .4 ± 1 6 .9 1.57 ± 0 .1 0 74.5 ± 1 .3

an tagon ist

* m ean ± S .E .M .
+ P  <  0.05 com pared  w ith  u n tre a te d  ra ts  (S tu d e n t’s t- te s t)
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A lth o u g h  the difference w as n o t to o  high num erically, th is la tter  result is 
in d ica tiv e  o f  the existence o f  a m arked cerebral oedem a. B y  m eans o f adm in­
istra tion  o f  the vasopressin antagon ist, these changes could be prevented  
com p lete ly .

D iscussion

Our results dem onstrate th a t the vasopressin  antagon ist exam ined, 
d(C H 2) 5Tyr(E t)Y A V P, is able to  b lock  the antidiuretic effect o f both  exogenous 
and endogenous vasopressin.

O ne o f the main cond itions for the practical introduction  o f vasopressin  
an ta g o n ists  is that th ey  shou ld  be h ighly potent and selective com pounds. 
T he a c tio n  o f the present antid iuretic  antagonist has also been described b y  
other authors [8, 9, 11]. T his com pound appears to  be o f  prom ise from  the  
asp ect o f  clinical application. H ow ever, tw o problem s m ust be considered: 
(a) T he strength  of the effect o f  th e  antagonist is m uch low er than  th a t o f th e  
n a tu ra lly  occurring horm one agon ist, arginine vasopressin . In hum an [3] 
and in  rat [2, 10] the e ffective  circulating hormone level is in the p g/m l order, 
w hereas th e  antidiuretic effect o f  endogenous vasopressin could be b locked w ith  
a 30 jUg/kg dose. The dose d ifference is even more striking in the experim ent 
aim ed a t averting the antid iuresis caused b y  exogenous vasopressin . To halve  
th e  antid iuretic effect o f  10 pg (30 juU) arginine vasopressin , 4 .0  — 4.3 /xg 
a n ta g o n ist had to be adm inistered to  the hom ozygous Brattleboro rats, w ith  
no endogenous vasopressin reserve, (b) d(CH2) 5T yr(E t)Y A Y P possesses an 
appreciab le antipressor effect. The “ effective antipressor dose” o f  the com ­
pound (0 .49 nmol/kg =  0 .56 /xg/kg) is lower than  the effective antidiuretic  
dose. W hen the drug is used, therefore, the blood pressure-decreasing effect 
m u st b e tak en  into account.

R ecen tly , D -tyrosine has been built into the m olecule in  place o f the  
L -tyrosin e  at position 2 [9]. T he “ effective dose” o f  the antid iuretic antagonist 
d(C H 2) 5-D -Tyr(Et)V A Y P is 1.1 nm ol/kg, but the strength  o f its antipressor 
effect is th e  same as th at o f  th e  L-tyrosine analogue. The m ost p oten t an ti­
d iuretic antagonist com pound found so far is d(CH2) 5-D -Phe-V A V P (“ effective  
dose”  =  0.67 nm ol/kg); here too  th e  antipressor action  is m arked (“ effective  
dose”  =  0.58 nmol/kg) [7]. T he m ost prom ising com pound appears to  be 
d(C H 2) 5-D -Leu-YAVP, w hich prim arily exerts antid iuretic antagonist action  
(“ e ffec tiv e  dose” =  1.2 nm ol/kg) [7], while its antipressor effect is more than  
20 t im es  weaker (“effective d ose”  =  26 nm ol/kg).

In  hum an therapy th e  com pound seems to be o f  prom ise prim arily in  the  
trea tm en t o f the Schwartz — B artter syndrom e. In our experim ents we a ttem p t­
ed to  induce in rat conditions corresponding very closely  to  those in th e  hum an
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syndrom e. In the even t o f  sufficient hydration , m arked w ater retention , hyper- 
natriuria, hyponatraem ia and cerebral oedem a could be induced b y  adm inistra­
tion  o f a large dose o f  a long-acting vasopressin preparation (P itressin  tannate). 
These changes could be prevented b y  the sim ultaneous adm inistration  of 
d(CH 2) sTyr(Et)V A V P. Our observations support the hypothesis th a t this 
com pound m ight be o f  use in  the future as an effective drug in  th e  treatm ent 
o f  the Schwartz — B artter syndrom e.

R E F E R E N C E S

1. D e W ied, D .: A sim ple a u to m a tic  an d  sensitive  m e th o d  fo r th e  assay  o f  a n tid iu re t ic  hor­
m one w ith  n o tes  on  th e  an tid iu re tic  p o ten cy  o f p lasm a  u n d e r d iffe ren t ex p erim en ta l 
conditions. A c ta  P hysio l. P h arm aco l. N eerl. 9 , 69 —81 (1960)

2. D og terom , J . ,  v a n  W im ersm a G re idanus, T j., de W ied, D .: V asopressin  in  cereb rosp inal
f lu id  an d  p lasm a  o f m an , dog an d  r a t  (W is ta r a n d  B ra ttleb o ro )  A m er. J .  P h y s io l. 234, 
463—467 (1978)

3. E d w ard s , C. R . W .: V asopressin . In :  Clinical E n d o crino logy , p p  527— 567 E d s .:  M artin i,
L ., B esser, G. M., A cadem ic P ress , N ew  Y o rk , 1977

4. K ovács, К ., László, F . A ., D áv id , M. A .: T he a n tid iu re tic  ph ase  o f  w a te r  m etab o lism
in  ra ts  a f te r  lesions o f th e  p i tu i ta ry  s ta lk . I .  J .  E ndo crin . 25, 387— 396 (1962)

5. László, F . A ., K o v ács , К .:  Role o f p i tu i ta ry  s ta lk  in  w a te r  m etab o lism  a n d  re g u la tio n  of
A C T H -adrenocortical system , pp . 27 — 39. S tu d ia  M edica, Szeged, 1968

6. M anning, M., G rzo n k a, Z. S aw yer W. H .: S y n th esis  o f p o ste rio r  p i tu i ta r y  horm ones
a n d  horm one analogues. In :  “ T he P itu ita ry ” . E d s .:  B eardw ell, C., R o b in so n , E . G. pp . 
265— 296. B u tte rw o r th s , K e n t E n g lan d , 1981

7. M anning, M., K lis, W . A ., Ó lm a, A ., Seto , J .  S aw yer, W . H .:  D esign o f M ore P o te n t
a n d  Selective A n ta g o n is ts  o f th e  A n tid iu re tic  R esponses to  A rg in ine-vasopressin  
D evoid  of A n tid iu re tic  A gonism . J .  M ed. Chem . 25, 414—419 (1982)

8. M anning, M., L am m ek , B ., K olodzie jczyk , A. M., Seto , J .  S aw yer, W . H .:  S y n th e tic
A n tag o n is ts  o f  in  V ivo A n tid iu re tic  an d  V asopresso r R esponse to  A rg in ine-vasopressin . 
J .  M ed. Chem. 24, 701— 706 (1981)

9. M anning, M., Ó lm a, A ., K lis, W . A ., K o lodzie jczyk , A . M., Seto , J .  S aw y er, W . H .:
D esign o f M ore P o te n t  A n tag o n is ts  o f  th e  A n tid iu re tic  R esponses to  A rg in ine-V aso­
pressin . J .  M ed. Chem . 25, 45— 50 (1982)

10. M oore, G., L u tte ro d t, A ., B u rfo rd , G ., L ederis, K .: H ig h ly  specific a n tise ru m  fo r a rg in ine
vasopressin . E n d o crin o lo g y  101, 1421 — 1435 (1977)

11. Saw yer, W . H ., P a n g , P . K . T ., Seto , J . ,  M cE ncore, M., L am m ek , B . M an n in g , M.:
V asopressin  A nalogs t h a t  A ntagon ize  A n tid iu re tic  R esponses b y  R a ts  to  th e  A nti- 
d iu re tic  H orm one. Science, 212, 49 —51 (1981)

12. S ch w artz , W . B ., B e n n e tt ,  W ., C urelop, S., B a r tte r ,  F . C.: A  sy n d ro m e o f  re n a l sodium
loss an d  h y p o n a tre m ia , p ro b a b ly  re su ltin g  fro m  in a p p ro p ria te  secre tion  o f  a n tid iu re tic  
horm one. A m er. J .  M ed. 23, 529— 542 (1957)

A d a  M e d ic a  H u n g a r ic a  4 1 ,  1 9 8 4





P R IN T E D  IN  H U N G A R Y  

A kadém iai K iadó  és N y o m d a , B u d a p es t





IN FO R M A TIO N  FOR A U TH O R S
I

A cta  M edico H ungarica  is p ub lished  u n d e r  th e  auspices o f th e  H u n g a r ia n  A cadem y o f Sciences. 
M anuscrip ts and ed ito ria l co rrespondence should  he sen t to  th e  e d ito r ia l office: H -1450 B u d a ­
p e s t 9, P . 0 .  B ox 67.
O rig inal articles dealing  w ith  clinical a n d  ex p erim en ta l m ed ic in e  will be accepted  w ith  th e  
u n d e rs tan d in g  th a t  th e y  have  n o t been an d  will no t be p u b lish ed  elsew here and are  su b je c t 
to  ed ito ria l revision .

F orm  o f  m anuscripts
Two copies o f th e  m an u scrip t ty p e w ritte n  double-spaced  w ith  m argins a t  le a s t  4 cm 

w ide should  be su b m itte d . Pages should  be num bered  co n secu tiv e ly . T he firs t page  should  
co n ta in  (1) th e  t itle  o f th e  p a p e r (2) th e  in itia ls  an d  f irs t nam e(s) o f  th e  au tho r(s), (3) n am e  o f  th e  
in s titu tio n  w here th e  w ork  was done, (4) nam e and address o f  th e  a u th o r  to  w hom  co rre sp o n ­
dence  and  o ffp rin t re q u ests  should  be add ressed  — th is will a p p e a r  as a  foo tno te ; (5) an  a b s tra c t  
n o t  exceeding 250 w orks w hich s ta te s  th e  pu rposes of th e  s tu d y , th e  m ain  findings an d  p rin c ip a l 
conclusions. Below th e  a b s tra c t  p rov ide  3 to  10 keyw ords t h a t  will assist indexers in  c ross­
index ing  th e  article .

T he te x t  o f th e  p a p e r  should  be d iv id ed  in to  sections w ith  th e  headings: In tro d u c tio n , 
M aterials (P a tie n ts )  an d  M ethods, R esu lts , D iscussion, R eferences.

U nusual ab b rev ia tio n s  should  be id en tified  in an  a lp h a b e tic a l lis t typed  a f te r  th e  a b ­
s tra c t  and  keyw ords.

D rugs m u st be  re ferred  to  by  th e ir  W H O  code d esig n atio n  (R ecom m ended  In te rn a tio n ­
al N o n p ro p ric ta ry  N am es); use o f p ro p rie ta ry  nam es is u n a cc ep ta b le .

T he in te rn a tio n a l system  of u n its  (S I) should be used fo r a ll m easurem ents.

References
These should  be c ited  in th e  te x t  as n u m bers in sq u are  b ra c k e ts . The list o f re ferences 

should  con ta in  in a lp h ab e tica l o rder o f  th e  f irs t au th o rs’ n a m e s  th e  following: a u th o rs ’ las t 
nam es w ith  in itia ls; fo r jo u rn a l a rticles th e  t it le  of th e  p ap cr(lo w er case), jo u rn a l title  a b b re v ia te d  
accord ing  to  th e  s ty le  used  in In d e x  M edicus, volum e num b er, in c lu siv e  page nu m b ers , y e a r  o f 
p u b lica tio n  in p a ren th eses ; for books th e  t it le  (up p er and low er case), pub lisher, p lace a n d  d a te  
o f  pub lica tion . O nly  m an u scrip ts  accep ted  for publication  m ay  he included in th e  re ference 
lis t.
E xam ples:
1. S tagg , В. II ., T em p erly , J .  M., W yllic, J .  I I .:  T he fate  o f p e n ta g a s tr in . G u t 12, 825 — 829 (1971)
2. F a lk n er, F .: P re v e n tio n  in C hildhood of H e a lth  P rob lem s a n d  A d u lt Life. W H O , G eneva

1980.
3. F ish m an , A. P .: D yn am ics o f p u lm o n a ry  c ircu la tion . In : H a m ilto n , W. F., Dow , P . (eds):

H andbook  o f Physio logy . A m erican  Physiological S ocie ty , W ash in g to n  1963, pp . 65 — 79.

Tables
E ach  tab ic  shou ld  be ty p ed  on a sep a ra te  sheet. T hey sh o u ld  be num bered consecu tiv e ly  

w ith  R om an n u m era ls  an d  have  a b rie f  specific  title . T he d a ta  p re sen te d  in the  tab le  m u s t be 
logically  and c learly  o rgan ized  and  should  be se lf-ex p lan a to ry . O m it in te rnal h o rizo n ta l and 
v e rtica l rules. Cite each  tab le  in th e  te x t  an d  ind ica te  its  a p p ro x im a te  pb  ce on th e  m arg in .

Illustrations
Figures should  be su b m itte d  in d u p lica te . T hey m ust be  n u m b ered  consecu tive ly  w ith  

a rab ic  num erals. All figu res should  b ear th e  nam e of th e  f irs t a u th o r ,  th e  figure n u m b er a n d  an  
arrow  ind ica ting  th e  to p . Cite each figu re  in th e  te x t and in d ic a te  i ts  ap p ro x im ate  p lace  on  th e  
m arg in . I f  a figure  h as been p u b lished , acknow ledge th e  o rig in a l source and su b m it w r it te n  
perm ission  from  th e  co p y rig h t ho lder to  reproduce th e  m a te ria l.  F igu re  cap tions sho u ld  be 
su b m itted  ty p ed  d oub le-spaced  on a se p a ra te  sheet.

Proofs and reprints
T he firs t a u th o rs  will receive (1) com m ents and  su g g estio n s o f th e  E d ito ria l B o ard  for 

im proving  th e ir  p a p e r;  (2) a se t o f  proofs for co rrection ; co rre c te d  proofs should be  re tu rn e d  
w ithou t delay  to  th e  ed ito ria l office; (3) 100 rep rin ts  free o f charg e .



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

A U STRA LIA
C .B .D . LIBRA RY  A ND SU B SC R IPT IO N  SERVICE 
B ox 4886, G.P.O., Sydney N .S . W. 2001 
C O SM O S BOOKSHOP, 145 A ckland Street 
S t. K ilda (Melbourne) y Victoria 3182

A U ST R IA
G L O B U S , Höchstädtplatz 3, 1206 Wien X X  

B E L G IU M
O F F IC E  IN TER N A T IO N A L D E  L IB R A IR IE  
30 A venue M arnix, 1050 Bruxelles 
L IB R A IR IE  DU M ONDE E N T IE R  
162 rue  du  Midi, 1000 Bruxelles

BU LG A RIA
H E M U S , Bulvár Ruszki 6, Sofia  

CANADA
P A N N Ó N IA  BOOKS, P.O. Box 1017 
Posta l S tation  “ B”, Toronto, Ontario M 5 T  2T8

C H IN A
C N P IC O R , Periodical D epartm ent, P.O . Box 50 
Peking

C ZE CH O SL O V A K IA
M A D ’A R SK Á  K U LT Ú R A , N áro d n í tïid a  22 
115 66 Praha
PN S D O V O Z  TISKU, V inohradská 46, Praha 2 
PN S D O V O Z  TLACE, Bratislava 2

D E N M A R K
E JN A R  M U N K SGA A RD , N orregade 6 
1165 Copenhagen К
F E D E R A L  REPUBLIC O F G ERM AN Y  
K U N S T  U N D  WISSEN E R IC H  BIEBER 
Postfach  46, 7000 Stuttgart 1
F IN L A N D
A K A T E E M IN E N  K IR JA K A U PP A , P .O . Box 128
SF-00101 H elsinki 10
FR A N C E
D A W SO N -FR A N C E  S. А., В. P . 40, 91121 Palaiseau 
E U R O P É R IO D IQ U E S  S. A ., 31 Avenue de Ver­
sailles, 78170 La Celle St. Cloud
O F F IC E  IN TERN A TIO N A L D E D O C U M E N T A ­
T IO N  E T  LIBRAIRIE, 48 rue G ay-Lussac 
75240 Paris Cedex 05
G E R M A N  DEM OCRATIC R E PU B L IC  
H A U S  D E R  U N G A RISC H E N  K U L T U R  
K arl Liebknecht-Straße 9, DDR-102 Berlin 
D E U T S C H E  POST Z E IT U N G SV E R T R IE B SA M T  
Sraße der Pariser Kom m une 3-4 , D D R-104 Berlin
G R EA T BRITAIN
B L A C K W E L L ’S PERIO DICA LS D IV IS IO N
H ythe B ridge Street, Oxford 0 X 1  2E T
B U M P U S , H ALDANE A N D  M A X W ELL LTD.
C ow per W orks, Olney, Bucks M K 46 4BN
C O L L E T ’S H OLDINGS LT D ., D enington Estate
Wellingborough, Nor t hant s N  N8 2Q T
W M . D A W SO N  AND SONS L T D ., C annon  House
F olkstone, Kent CT19 5EE
H. К . LEW IS AND СО., 136 G ow er Street
London W C 1E 6B S
G R E E C E
K O ST A R A K IS  BROTHERS IN T E R N A T IO N A L  
BO O K SELL ER S, 2 H ippokratous Street, Athens-143
H O L L A N D
M E U L E N H O F F-B R U N A  B.V., B eulingstraat 2,
A m sterdam
M A R T IN U S  N IJH O FF B.V.
Lange V oorhout 9-11, Den Haag

SW ETS SU BSCRIPTION SE R V IC E  
347b Heereweg, Lisse

IN D IA
A L L IE D  PU BLISHING PR IV A T E  LTD ., 13/14 
A saf Ali R oad, New Delhi 110001 
150 B-6 M ount Road, M adras 600002 
IN T ER N A T IO N A L BOOK H O U S E  PVT. LTD. 
M adam e Cam a Road, Bombay 400039 
T H E  STATE T R A D IN G  C O R P O R A T IO N  O F 
IN D IA  LT D ., Books Im port Division, Chandralok 
36 Janpa th , New Delhi 110001

ITALY
IN T ER SC IEN T IA , Via M azzé 28, 10149 Torino 
L IB R E R IA  C O M M ISSIO N A RIA  SANSON1, Via 
L am arm ora 45, 50121 Firenze 
SA N TO  VANASIA, Via M . M acchi 58 
20124 Milano
D . E . A., Via Lima 28, 00198 Rom a  

JA P A N
K IN O K U N IY A  BOOK-STORE C O . LTD.
17-7 Shinjuku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M A R U Z E N  COM PANY L T D ., Book Departm ent, 
P.O . Box 5050 Tokyo In te rna tiona l, Tokyo 100-31 
N A U K A  LTD. IM PO R T D E P A R T M E N T  
2-30-19 M inami Ikebukuro, Toshim a-ku, Tokyo 171

KOREA
C H U L PA N M U L , Phenjan 

N ORW AY
TA N U M -T ID SK R IFT -SE N T R A L E N  A.S., Karl 
Johansgatan  41-43, 1000 Oslo

PO LA N D
WFtG IE R S K I INSTYTUT K U L T U R Y , M arszal-
kowska 80, 00-517 Warszawa
C K P I W, ul. Towarowa 28, 00-958 Warszawa

ROUM ANIA
D. E. P ., Bucureçti
IL E X IM , Calea Grivitei 64-66, Bucureçti 

SO V IE T UNION
SO JU ZPE CH A T -  IM PO R T , M oscow  
and the post offices in each tow n 
M EZH D U N A R O D N A Y A  K N IG A , Moscow G-200

SPAIN
D IA Z  DE SANTOS, Lagasca 95, M adrid 6 

SW EDEN
ALM QV1ST AND W IKSELL, G am la Brogatan 26
101 20 Stockholm
G U M P E R T S U N IV ERSITETSBO K H AN D EL AB 
Box 346, 401 25 Göteborg 1

SW ITZERLAND
K A R G E R  LIBRI AG, Petersgraben 31, 4011 Basel 

USA
EBSCO SUBSCRIPTION SE RV ICE S 
P.O. Box 1943, Birmingham, Alabama 35201 
F. W. FA X O N  COM PANY, IN C .
15 Southw est Park, Westwood M ass. 02090 
TH E M OORE-COTTRELL SU B SC R IPTIO N  
A G EN C IES , North Cohocton, N. У. 14868 
R E A D -M O R E  PU BLICA TIO N S, IN C .
140 C edar Street, New York, N . Y. 10006 
STEC H ER T-M A C M ILLA N , IN C .
7250 Westfield Avenue, Pennsauken N . J. 08110

YUGOSLAVIA
JUG O SLO V EN SK A  K N JIG A , Terazije 27, Beograd 
FO R U M , Vojvode MiSida 1, 21000 Novi Sad

Index: 26.015



Acta 
Med ica
Hungarica
VOLUME 41, NUMBERS 2 -3 , 1984

EDITOR 

E. STARK

EDITORIAL BOARD

L. HÁRSING, T. JÁVOR, К. JOBST, F. LÁSZLÓ, A. LEÖVEY, 
I. MAGYAR, L. MOLNÁR, M. PAPP, GY. PÁLFFY,
GY. PETRÁNYI, L. ROMICS, L. SZEKERES, I. TARISKA



ACTA MEDICA HUNGARICA
A  Q UARTERLY O F  T H E  H U N G A R IA N  ACADEM Y O F SCIENCES

A cta Medica p u b lish es  rev iew s and  original p a p e rs  on  clinical an d  ex p e rim e n ta l m edicine 
in  E n g lish .

Acta M edica  is p u b lis h e d  in  y early  volum es o f  fo u r  issues by

A K A D É M IA I K IA D Ó

P u b lish in g  H o u se  of th e  H u n g a r ia n  A cadem y of Sciences 
H -1 0 5 4  B udapest, A lk o tm á n y  u. 21

M an u sc rip ts  and e d ito ria l co rresp o n d en ce  should  b e  addressed  to th e  M an ag in g  E d ito r:

Dr. M iklós P a p p  
Acta M edica

H-1083 B u d a p e s t,  Szigony u  43 or H -1450  B u d ap es t 9, P . O. B o x  67

Subscription in fo rm a tio n
O rd e rs  should be a d d re ssed  to

K U L T U R A  Foreign T ra d in g  C om pany 
H -1 3 8 9  B u d ap est, P . O . B o x  149

A c ta  M edica is indexed in  C u rren t Contents



C ON TENTS

Self-poisoning as a m odel for th e  m u tag en ic ity  o f th e  chem ica l in  h u m a n  beings
A . Czeizel, I .  Szentesi, G. M o ln á r ....................................................................................................... 77

HAEMATOLOGY 

H aem o stasis  in d iabe tics
M ária  M isz , P iroska B eck , M . U dvardy , K . R d /c ...................................................................... 93

GYNAECOLOGY

R esponse of th e  cerv ical fa c to r to  com bined  tre a tm e n t w ith  c lom iphene an d  e th in y l-o es tra - 
diol
M . S as , G. Godó, J .  S z o l lo s i .............................................................................................................  103

IMMUNOLOGY

A uto logous ro se tte -fo rm in g  c ap a c ity  o f T -lym phocytes in H o d g k in ’s disease
E d it Bodolay, E . B erényi, Ild ikó  Sonkoly , G. S z e g e d i ............................................................  113

Surface  m arkers of blood ly m p h o cy tes  in  b ronchial carc inom a
E d it Bodolay, G. Szabó, I .  J u h á sz , Zsuzsanna Kornoróczy, A ndrea  D ic zh á zy .................  121

N EPHRO LO G Y

S h o rt-tim e  peritonea l dialysis
I .  Taraba, A . Ê . B a lá s, L . F a za ka s, Andrea H ering , K a ta lin  T ö r ö k .................................. 129

E ffec t of levam isole on  cell sen sitiv ity  in  ra ts  w ith  ex p e rim e n ta l H e y m an n ’s n ep h ritis
I .  E . Tareyeva, S. iV. S a v itsk y , ЛГ. G. Gordovskaya, F . ^4. V a rsh a v sk y ...............................  137

GASTROENTEROLOGY

Bile enzym e ac tiv itie s  follow ing choledochotom y and  th e  e ffec t o f  s te ro id  tre a tm e n t
/ .  É des, I .  É d e s jr ....................................................................................................................................... 143

E ffec t o f d ifferen t p ro s ta g la n d in  analogues on gastric  acid  sec re tio n  a n d  m ucosal blood flow  
in  th e  dog: ac tio n  on  s tim u la te d  a n d  resting  m ucosa
G. Л1. B á lin t , I .  Ság i, Z. Döbrönte, F . Varró ...............................................................................  149

N U T R ITIO N

E x p erim en ta l s tu d y  of th e  n u tr it io n a l biological c h a rac te rs  o f fe rm e n te d  m ilks
yl. Fass, S. S za ká ly , P. S c h m id t .......................................................................................................  157

E ffec t o f fe rm en ted  m ilk  d ie ts  on reg en e ra tio n  of th e  r a t  liver
P . Schm idt, yl. F ass , S. S z a k á ly ....................................................................................................... 163

Use of H u n g a rian  m ilk -p ro te in  p ro d u c ts  in spo rt
R. F renkl, Ágota G y ő ré ..........................................................................................................................  171

PSYCHIATRY — MUTAGENICITY

1





Acta Medica Hungarica, 41 (2 — 3), pp. 77 — 92 (1984)

Psychiatry Mutagenicity

SELF-POISONING AS A MODEL 
FOR THE STUDY OF THE MUTAGENICITY 

OF CHEMICALS IN HUMAN BEINGS

A. C z e iz e l , I. S z e n t e s i , G. M o l n á r

D EPARTM ENT OF HUM AN G EN ETICS, N ATION A L IN S T IT U T E  OF H Y G IE N E , AND D EPA R T M E N T 
O F TOXICOLOGICAL M E D IC IN E , S. AND F . K O R Á N Y I H O SPITA L, B U D A PEST, H U N G A R Y

R eceived : F e b ru a ry  11, 1983

In d iv id u a ls  w ho po ison  them selves in  a  su icide a tte m p t  w ith  e x tre m e ly  large 
doses of chem icals m ay  com prise a  p o p u la tio n  t h a t  is useful fo r th e  s tu d y  o f  th e  possible 
m u tag en ic ity  o f d ru g s  a n d  o th e r com pounds. A fte r th e  d em o n s tra tio n  o f  th e  dem ographic  
d a ta  o f co m ple ted  a n d  a tte m p te d  suicide cases, th e  m ethodology  of s h o r t- te rm  som atic 
an d  lo n g -te rm  g e rm in a l m u tagenesis sy s tem s are  described. F in a lly  th e  ad v an tag es  
an d  d isad v an tag es  o f  th is  h u m an  ex p erim en ta l epidem iological m odel a re  discussed, 
p o in tin g  ou t th e  p ra c tic a l an d  th eo re tica l im p o rta n ce  of th e  ap p ro ach .

K eyw ords: se lf-poisoning, suicide a tte m p t ,  m u tag en ic ity  of d ru g s, h u m a n  experi­
m en ta l m odel

Introduction

It would be b est i f  hum an beings as a test system  could be excluded  
from  research. The fu lfilm en t o f this postu late  is particularly true in m edical 
genetics and w ith in  it , in  dysgenics i.e . the stu d y  o f m utagenesis. Thus it 
w ould be im portant to  id en tify  potentia l m utagens w ith sen sitive and reliable 
screening system s o f low er organisms and to prevent their co n ta ct w ith  the 
hum an population. W e are, however, far from th is ideal case. F irst, th e  screen­
ing  system s are im perfect and are not enough widespread in use. Secondly, 
ow ing to species d ifferences, the extrapolation  o f results from  experim ental 
anim als to  hum an beings can he realized w ith  d ifficulties. T hird ly , mankind  
is perm anently exposed  to  m any naturally  occurring chem icals. “ Consequent­
ly , th e  harsh reality  is th a t observations on hum an beings w ill provide the  
ultim ate  inform ation” [9]. Thus man h im self as a unique au th en tic  measure 
could not be excluded from  the study o f m utagenesis and it is  im portant to 
develop efficient epidem iological m ethods for hum an populations. T he subject 
o f th is stu d y  w ill be th e  populations at risk exposed to  one or m ore specific  
com pounds.

Send o ffp rin t re q u es ts  to  A. Czeizel, N a tio n a l In s t i tu te  of H ygiene, H -1966  B u d ap es t, 
G yáli ú t  2 -6
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In  recent years there h as been an increased in terest in the studies o f  
chron ic low  doses o f p o ten tia l m utagens, e.g. occupational and m edical e x ­
posures [3]. In contrast, th ere  are few studies o f  large doses o f chem icals e.g. 
in  th e  v ictim s of accidents. S till, as the first pub lication  o f ICPEMC [2] en titled  
“ G en etic  m onitoring o f  hu m an  populations accid en ta lly  exposed to a suspected  
m u ta g en ic  chem ical” s ta ted : “ There is currently litt le  relevant inform ation  
on m utagenesis which can b e  d irectly applied to  hum ans because th e  m ost 
rea d ily  observable effects m a y  be relatively rare and  it  is often d ifficu lt to  
lo ca te  groups which have b een  exposed to one sp ecific  factor . . . For th is  
reason  close study o f th e  v ic tim s  o f accidental exposures could yield  unique  
sc ie n tif ic  inform ation w hich w ould  provide th e  d ata  base for future applica­
tio n . W e therefore strongly  ad vocate  that the groups o f  accidentally  exposed

Table I

Death rates fr o m  suicide in  some selected countries on 1979

Total deaths 
No.

Suicide and self-inflicted injury

Selected countries
No. per 100 000 

persons

E urope

A ustria 92 012 1 883 25.1

B ulgaria 94 403 1 267 14.4

D enm ark 54 369 1 318 25.8

E ngland 593 019 4 195 8.5

G erm any F .R .* 723 218 13 620 22.2

Greece* 81 615 290 2.9

H ungary 136 829 4 770 44.6

Italy*** 550 565 3 199 5.7

N etherlands 112 565 1 465 10.4

N orw ay 41 632 494 12.1

Poland* 325 104 4 640 13.3

Spain** 294 324 1 486 4.1

Sweden 91 060 1 703 20.5

Sw itzerland 57 454 156 24.7

O ther con tinen ts

USA* 1 927 788 27 294 12.5

Canada** 167 498 3 317 14.2

Ja p a n 689 664 20 823 18.0

Israel* 25 153 208 5.6

* D ata  from  1978 
** D a ta  from  1977 

*** D ata  from  1970
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people be studied thoroughly  . . . ” Besides th e  v ictim s o f accidents, th e  su b ­
jects w ho com m it suicide b y  taking chem icals m ay represent sim ilar — and  
perhaps even more adequate — m aterial for th e  stu d y  of m u tagen ic ity  o f  
large doses o f chem ical com pounds. The features and u tility  o f th is hum an  
m odel w ill be discussed in th is paper but first an attem p t is made to  ch arac­
terize the data derived from  such individuals.

C om ple ted  su ic ide

Table I explains th e  particular interest o f  H ungarian experts in  th e  death  
rate from  suicide. A ccording to  statistica l data, H ungary has an extraordinary  
high death  rate caused b y  suicide (so-called com pleted  suicide) and se lf-in ­
flic ted  injury. Som e other European countries such  as Austria, D enm ark, F in ­
land  and Sw itzerland h ave about 25 prevalences. P reviously high va lu es were 
know n from E ast-G erm any (e.g. 34.0 in 1974) b u t recently these figures h ave  
n ot been published. Europe has a peculiar d istribution  o f suicide m o rta lity  
(F ig . 1). H ungary is th e  epicentrum , in general th e  central-European countries  
h ave interm ediate va lu es, w hile countries in th e  M editerranean area as w ell 
as th e  U .K . and the N etherlands show low  prevalences.

The highest H ungarian value has been th e  consequence of a con tin u ou sly  
increasing trend from  1951, though it has been high since the last decades o f  
th e  la st century (Fig. 2). In  H ungary th e  su icide deaths seem to be endem ic

Known mortality rales of suicides per IQOjÇlOO 
population in European countries in the láte

seventies

F ig . 1
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F ig . 2

i .e . h a b itu a lly  prevalent and  due to  perm anent local causes. W hat are these  
ca u ses ? An im portant p o in t m ay be th e  h igh  proportion o f v io len t m ethods. 
T h e effica cy  o f suicide m ethods is considerably different, and th e  distribution  
o f  m eth od s is not th e  sam e in various countries. The H ungarian percentage  
ra tes  o f  suicide m ethods are shown in T able I I . (The Hungarian ones originate  
fro m  th e  years 1965—1974 because reliable figures are available from  that 
p eriod .) The predom inance o f  hanging w ith  h igh  efficacy is obvious in H ungary. 
T h e o th er explanations o f  th e  very high H ungarian values m ay be th e  more 
relia b le  statistical reg istration , the increasing rate o f old people and some 
tra d itio n a l social patterns. The point is th a t  suicide is am ong the m ain causes 
o f  d ea th s in H ungary (Table III).

From  the genetic p o in t of v iew , a com pleted  suicide does n o t pose 
a prob lem , because it  is a kind of m an-m ade biological selection , and the 
p o ss ib ility  of late consequences can be exclu d ed . The long-term  m utagenic and 
carcinogen ic effects, h ow ever, m ay be im p ortan t in the later life o f  a ttem pted  
su ic id e  cases and probably  in  their offspring. Thus, the data o f such persons 
d eserv e  particular a tten tio n .

A t te m p te d  su ic ide  w ith  chem ica ls

Self-poisoning and a ttem p ted  suicide are n o t identical term s [10, 19], 
b u t in  th e  m ajority o f  our cases, self-poisonings were attem pted  su icides, thus 
th e se  term s will be used as synonym s in  th is  paper.

A c ta  M  edica H ungarica  4 1 , 1984
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Table II

Percentage o f  methods fo r  persons who had committed or attempted suicide in  H ungary,
1964-1975

Completed suicide A ttem pted suicide

male female total male female total

Self-poisoning

drugs 8.4 26.7 13.9 73.0 89.0 84.1 4.3
gas 3.0 8.1 4.5 2.3 1.8 2.0 41.1
o th er su b stan ces 9.9 10.8 10.1 7.8 4.0 5.2 34.7

S tab b in g 1.9 1.2 1.7 8.1 2.6 4.1 9.9
H ang ing 61.6 35.1 53.7 4.4 0.6 1.8 88.9
D row ning 3.7 9.0 5.3 1.0 0.6 0.7 67.4
L eaping 2.5 4.6 3.1 0.4 0.2 0.3 73.4
R u n n in g  over 4.0 3.5 3.9 0.7 0.2 0.4 76.0
Fire-arm s 3.6 0.2 2.6 0.4 0.0 0.1 84.2
E lec tric  shock 1.2 0.7 1.1 0.9 0.3 0.5 42.5
O thers 0.2 0.1 0.1 1.0 0.7 0.8 33.5

T o ta l 100.0 100.0 100.0 100.0 100.0 100.0 21.4

Table III

M a in  causes o f  deaths in  H u n gary, 1978

Causes of death Per cent

Ischaem ic h e a rt disease 20.8
N eoplasm 19.2

C erebrovascular disease 14.3
A cciden t 5.3

H y p erten siv e  disease 4.8
B ronch itis , em p h y sem a, a sthm a 3.5

O th e r form s of h e a r t  disease 3.4

Suicide and se lf-in flic ted  in ju ry 3.3

C irrhosis of liver 1.7
O thers 23.7

T o ta l 100.0

Acta Medica Hungarica 41, 1984
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Rote
per 100,000 
population

Completed an d  ottem pted suicide ra te  ( per 100,000 
aq e -s p e c if ie d  population ) by a ge and  sex in 

H ungary 1965—'7A

F ig . 3

B o th  the sex ratio and  th e  age distribution o f suicide attem pters differ 
s ig n ifica n tly  from the ratios o f  com pleted suicide (Fig. 3). W hile there is 
a s ig n ifica n t male preponderance in com pleted suicides (70%  in H ungary), 
on ly  32%  of the a ttem pted  su icides are m ale. The age specific incidences are 
also reversed  i.e. the com p leted  suicide death rates increase w ith  advancing  
age in  b o th  sexes. In con trast, the m ajority o f  suicide attem pters is found  
am on g you n g  people o f  reproductive age. The age distribution o f fer tility  has 
a so m ew h a t similar p attern , b u t the peak o f suicide attem pts (at th e  age o f  
17—19) precedes the peak o f  childbirths (at th e  age o f 21-26).

D rugs and other ch em ica l substances account for 90%  of a ttem p ted  
su ic id es . In  Great B ritain  there has been a 20-fold increase in th e  annual 
n u m b er o f  admissions to  hosp ita l in the last 20 years due to  w hat has been  
called  an  “ epidemic o f  self-poison ing” [8]. It am ounted to alm ost 10%  o f all 
ad m ission s and 20% of all m edical em ergencies was self-poisoning in Sheffield  
in th e  early  1970’s [22]. In  som e areas poisonings are a major cause o f  adm is­
sion  to  hospital, more th an  ischaem ic heart disease [8]. The efficacy  o f  self­
p o iso n in g  by drugs is low  and  the m ortality show s a decreasing trend: only  
2.6%  o f  persons who had a ttem p ted  suicide by drugs died in B udapest in  1979.

T he ratio of com pleted  to  attem pted suicides (“ parasuicides” ) shows 
a ch an g in g  pattern in d ifferent countries. The estim ated  ratios are 1 to  7—8 [21] 
and 1 to  39 [13], resp ectively , in  the USA and 1 to 9.7 in E ngland and W ales 
[14], w h ile  in Hungary th e  ratio  o f com pleted suicides to  registered a ttem p ted
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suicides is 1 to 3.7. N aturally , patien ts who did not seek m edical advice after 
a suicidal attem pt or those who were treated  at hom e b y  general practitioners 
are not included in these figures. T hey m ay be a certain part o f  suicide a t­
tem pts m ainly w ith  weak poisonings. Furtherm ore som e cou n try  hospitals 
do not report all attem pted  suicides. The real ratio m ight be around 1 to  
5 -8  in Hungary.

According to  calculations m ade b y  C seh-Szom bathy and Czeizel (Table 
IV ), based on the registered figures o f attem pted  suicide in  th e  15—34 year

Tabic IV

Estim ation o f  rate o f  attempted suicides between 15 and 34 years o f  age H ungary ,
1965-1974

Age group

Estimation ~ '—-—.____
15-19 20-24 25-29 30-34 Total

R egistered  per cent o f a tte m p te d  
suicides 0.29 0.25 0.20 0.17 0.23

C orrected per cent o f a tte m p te d  
suicides 0.58 0.50 0.40 0.34 0.46

C um ulated  per cent o f age-group 
cohort 2.90 2.50 2.00 1.70 2.30

C um ulated  pe r cent o f to ta l  cohort 9.10

age-groups, the range w as 0.17—0.29%  w ith  a mean value o f  0.23% . Owing 
to  the obvious underestim ation o f self-poisoning cases a correction w as neces­
sary. The corrected value is 0.46% , a tw o-fold  increase. The cum ulated  per 
cent o f  the age group cohort o f  attem p ted  suicides ranged from  1.7 to  2.9%  and 
th at o f the to ta l cohort was 9.1% . (Our figures were lim ited  on ly  to  these age- 
groups, because in H ungary more than  95%  o f the m others deliver their babies 
before the age o f 34.) Since th is 9.1%  figure m ay seem  incredib ly  high, some 
com m ents are necessary, (i) In 1972 an estim ated  annual suicide a ttem p t rate 
of 0.38%  was obtained for B oston [13] thus there the cum ulated  to ta l cohort 
value m ay be even higher, (ii)  the 9.1%  figure is in keeping w ith  th e  3.3%  of 
all deaths caused b y  suicide and self-in flicted  injury in H ungary, 1978 (Table 
III ) , and (Hi) the per cent o f  repeaters has to be deducted from  th is 9.1% . The 
registered repeat rate is 12.9%  and the true rate is estim ated  at double. Thus 
the per cent o f the cum ulated to ta l cohort value o f suicide attem pters is 6.8% . 
Since 90%  of the suicide attem pters use drugs, the rate o f  self-poisoning per­
sons w ithin  the 15—34 year age-group m ay be about 6% , i.e . 1 in  17 persons.

The main conclusion is th at self-poisoning b y  chem icals is a com m on  
social problem , so th at m utagenic effect o f attem pted  suicide m ust also he 
taken into consideration both  in the later life o f suicide attem pters as well as
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in  th e ir  offspring. The incidence o f  these cases is far greater than  o f the victim s  
o f a cc id en ts  and of patien ts tr e a te d  w ith cytosta tics under the age o f 34 [12, 
24].

Sum m ing up the data  o f  su icide attem pters from  th e genetic point o f  
v iew , w e have to face som e th rea ten in g  facts:

1. T he number o f su ic id e  attem pters is very  high.
2 . W ithin the a ttem p ted  suicides the percentage o f  self-poisoning shows 

a d ram atic  rise and it is one o f  th e  major m édicosocial phenom ena o f the past 
30 y ea rs .

3 . I t  is paradoxical to  sa y  th a t because o f  a m ore and more effective  
m ed ica l treatm ent the ratio o f  survivors w ith possible long-term  consequences 
in creases continuously.

4 . One of the m ost th rea ten in g  points is th e  predom inance o f young  
am on g  th e  suicide attem p ters peop le who m ay have children later.

5. The new pattern o f  su icide m orbidity show s th a t the m ajority of  
su ic id e  attem pters are n o t p h y sica lly  ill, thus p reviou sly  hea lth y  organisms 
are su b jected  to self-poisoning [16].

T he mutagenic m on itorin g  o f  self-poisoning persons seem s to  be n eces­
sa ry  for tw o reasons. F irst as a h igh  risk population , and secondly  as a m odel 
for th e  stu d y  of the m u tagen ic effect on hum an beings o f large doses o f dif­
feren t chem icals.

S tu dy o f  the short-term somatic mutagenic effect

Since 1971 we have sy stem atica lly  studied  th e  som atic m utations o f  
p erson s who had a ttem p ted  su icide by chem icals [1, 4 , 11, 23].

T his approach in v o lv es  th e  study of short-term  effects o f  acute poison­
in g  in  persons attem pting su ic id e  b y  drugs. The first and second blood sam ples 
w ere ta k en  at 4 -8  h (S tu d y  I) and at about th e  72nd h (S tudy II) after the  
p o ison in g . Chromosome aberrations including th e  usual stu d y  o f breakage 
a n a ly s is  o f chrom atid and chrom osom e type aberrations and the study o f  
s ta b le  chromosome aberrations w ith  G-banding tech n iq u e, sister chrom atid  
ex ch a n g es (SCEs) and som e im m unoproteins (IgA , IgC, IgM  and C3) were 
a n a ly sed  in peripheral b lood  sam ples. The third blood sam ple (Study III) was 
p la n n ed  to be taken at ab ou t three months after poisoning and the above- 
m en tio n ed  methods w ere com p leted  by analysis o f sperm  abnorm alities and  
m en stru a l disorders.

A  sample of in d iv id u a ls from the surgical departm ent of the sam e 
h o sp ita l m atched for sex , age, and  socio-econom ic conditions w ith  the exposed  
p erson s, ensuring a c lo se ly  sim ilar environm ental background, served as the  
co n tro l. These individuals underw ent surgery for appendicitis or hernia.
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The blood sam ples from b oth  the control and study II o f  th e  exposed  
groups were processed together. B ias in scoring was avoided b y  coding the  
sam ples and the scorer had no prior know ledge o f which slides were from  
exposed and which from  control sam ples. Chrom osom e aberrations were evalu ­
ated  after approxim ately  72 h o f  cu ltivation  at 37°C. It is w ell-know n that 
for the study o f chrom osom e aberrations in lym phocytes fo llow ing in v ivo  
exposure of ind ividuals to suspected  m utagens, the best culturing tim e is 
50 h [7]. A suitable num ber o f m itoses did n o t, how ever, appear in  50 h culture 
from  acutely poisoned  persons, so a longer cu lturing was som etim es necessary.

The m ethod for the detection  of SCEs w as essentially  the sam e as re­
ported earlier b y  R aposa [18] and Perry and W olff [17]. IgA , IgG , IgM and 
Com plem ent C om ponent C3 were studied b y  th e  Beckm an Im m unochem istry  
System . The D N A -repair capacity  and H G PR T  locus testing have also been 
studied .

The chrom osom e aberrations and sister chrom atid exchanges show ed  
a transient increase after the poisoning [3], in  th e  first part o f our stu d y . At 
present, in the second  part o f our research w e deal w ith the eva lu ation  o f  
m utagenic effect o f  separating chem icals.

S t u d y  o f  the long-term  g e rm in a l  m u tagen ic  e ffect

In 1979-1981 an epidem iological follow -up cohort study w as organized  
to  analyse pregnancy outcom es o f  ind ividuals who previously had poisoned  
them selves. The specific  question was w hether in sem ilethally  in tox icated  
persons large doses o f  chem icals produced germ inal m utations w ith  epidem io- 
log ica lly  detectable consequences in  their subsequent reproductive outcom e. 
The answer to th is  question was n egative as there was no evidence w hatever  
o f germ inal m utations produced b y  epidem iologically  detectable sem ilethal 
drug poisoning [6]. H ere the questionnaire used  for personal in terview  is shown  
(Table V) and th e  distributions o f  the so-called  confounding variables are 
sum m arized in th e  stu d y  sam ple 1399 persons (i) attem pting suicide (i i ) 
w ith  extrem ely large doses of chem icals causing o f unconsciousness for at 
least one day ( i i i )  below  the age o f  30 years (guaranteeing subsequent repro­
d u ctive activ ity), (i v ) treated in  1960-1967 (allow ing tim e for realisation  
o f the reproductive potential), (v ) in a special departm ent o f poisoned per­
sons in Budapest and in the control sam ple 881 persons (i ) w ho had 
surgery for varicosity , appendicitis and hernia repair (ii) in th e  surgical 
departm ent of the sam e hospital ( ii i)  in 1960—1967 (iv) m atched for sex, 
age, and district o f  residence. A ll male in d ex  cases were m atched  but 
ow ing to the preponderance of fem ales am ong th e  suicide attem pters, age and 
district concordant pairs were selected  from fem ale index cases and each pair 
had on ly  one m atched control fem ale. Nearly, 7 400 control cases were obtained
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Table V

Data o f  questionnaire

Q uestionnaire for family planning a ttitu d e

A) P ersonal data :
1. D a ta  o f b ir th
2. P re se n t m arita l s ta tu s
3. P rev io u s  m arita l s ta tu s  (a t  t im e  of self-poisoning)
4. H ig h e s t educational q u a lif ica tio n

B ) H ea lth  status
5. O ccupation , w orking p laces (p eriod ), possible o ccu p a tio n a l exposition  and  risk  (nam e)
6. M ain  diseases: da te  (d u ra tio n )  an d  nam es
7. H o sp ita liza tio n : d a te  (d u ra tio n )  an d  cause
8. C hronic drug t re a tm e n t u n d e r  p h ysic ian  guidance : d a te  (d u ra tio n ) and  nam es o f d ru g s
9. D iagnostic  and th e ra p eu tic  X - ra y  or isotope: d a te  a n d  cause

10. A c u te  poisoning by  chem ica ls o r d rugs; da te  and  n am e
11. Sm oking: du ra tion  an d  q u a n ti ty  p e r day
12. A lcoholic drinks: d u ra tio n  a n d  q u a n tity  pe r d ay /p e r w eek

C) Obstetric events
I .  N um ber of liveb irth s . D a te  o f b ir th , Sex, B ir th  w e ig h t.

I I .  N um ber of stillb irth s . D a te  o f b ir th , Sex, A b n o rm a lity  in  fetus.
I I I .  N um ber o f sp on taneous ab o rtio n s. D ate o f ev en ts , Sex, Cause.
IV . N um ber of ectopic p reg n an c ies . D a te  o f even ts
V . N um ber o f induced  a b o rtio n s . D ate  o f even ts, Cause

V I . A ny  events du ring  p re g n an c y  (d a te , nam e, consequences)
V I I .  Occurrence of delayed  co n cep tion  and /or in fe rtility  (cause)

V I I I .  In  cases of p lanned  p re g n an c y  how m any  cycles d id  i t  tak e  to  becom e p re g n a n t

D ) M a in  diseases (and cause o f  death i f  died) o f  children
A n o m aly , K epeated in fections, T u m o u r, H osp ita lization  (nam e, tim e)
O th e r

R e m a rk s

N a m e  o f  affected children
A d d ress  (if no t m other’s hom e ad d ress)
N a m e  an d  address o f th e  p h y sic ia n  
O th e r  rem arks
D a te  N am e of qu estio n in g  official

from  th e  medical files, th u s all index  cases w ere m atched from  th e  reserve 
m ateria l i f  the original cases could not be found. Unpaired control cases were 
ex c lu d ed .

Confounding factors

T here was a h igh ly  sign ifican t difference in  m arital status b etw een  the 
m ales in  the study and th e  control sam ple a t th e  tim e o f a ttem p ted  suicide 
(T able V I): 3.5 tim es more m ales were married am ong th e  self-poisoning per­
son s. In  fem ales the d ifference was much lower.
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D istribution o f th e  educational leve l according to th e  fin ish ed  school 
grade did not differ in th e  stu d y  and control sam ples (Table V II) . Nevertheless, 
m ainly  in the m atched control m ales there was a predom inance o f  higher 
grades.

Table VI

M arita l status o f  self-poisoning and. matched control cases at the 
tim e o f  self-poisoning ( S P )  and o f  the epidemiological study ( E S )

Married U nm arried Total
Sample Sex Time

No. per cent No. per cent No. per cent

SP 205 56.5 158 43.5 363 100.0
Male

Self-poisoning persons E S 219 60.3 144 39.7 363 100.0

S P 2 0 2 19.5 834 80.5 1036 100.0
Fem ale

E S 691 66.7 345 33.3 1036 100.0

Male
S P 59 16.3 304 83.7 363 100.0

M atched  contro l cases E S 199 54.8 164 45.2 363 100.0

SP 54 10.4 464 89.6 518 110.0
Fem ale

E S 311 60.0 207 40.0 518 100.0

Table VU

D istribution o f  educational level in  the study and control sam ples

Sample Self-poisoning M atched control

N um ber of 
school grades

Male Female Male Female

No. per cent No. per cent No. per cent No. per cent

0— 7 18 5.0 24 2.3 19 5.2 24 4.6
8 133 36.6 426 41.1 112 30.9 215 41.5

9— 11 107 29.5 145 14.0 106 29.2 53 10.2
12 76 20.9 373 36.0 89 24.5 187 36.1

13 18 29 8 .0 6 8 6 .6 37 10.2 39 7.6

T o ta l 363 100.0 1036 100.0 363 100.0 518 100.0

E valuation  o f the occupational distribution  showed an op p osite  trend in 
self-poisoning males and fem ales (Table V III). In self-poisoning m ales there 
was significant surplus o f  occupations w ith  lower qualification  (sem i- and 
unskilled) or w ithout em ploym ent (m ainly ow ing to ill-health). T h ey  did not 
correspond to  their educational distribution , showing a social com e-dow n. In 
self-poisoning fem ales th e  skilled workers and persons w ith ou t em ploym ent 
were predom inating and the per cent o f  sem i- and unskilled w orkers w as lower
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Table V in

Occupational d istribu tion  o f index and control cases

O ccupation

Sample Self-poisoning Matched control

Male Female Male Female

N o. per cent No. per cent No. per cent No. per cent

I n te l le c tu a l 28 7.7 59 5.7 41 11.3 46 8.9
C lerk 8 2.2 67 6.5 5 1.4 29 5.6

S k ille d  w o rk e r 166 45.7 337 32.5 231 63.7 115 22.2

S e m i-sk illed  worker 97 26.7 354 34.2 56 15.4 224 43.2

U n sk ille d  w orker 40 11.0 135 13.0 15 4.1 81 15.7

U n e m p lo y e d 24 6.7 84 8.1 15 4.1 23 4.4

T o ta l 363 100.0 1036 100.0 363 100.0 518 100.0

th a n  th a t  in the m atched  con tro l sample. The rate  o f  possible dangerous 
o ccu p ation a l exposures o f  self-poisoning persons did not differ from  their  
m a tch ed  control cases.

T h e per cent o f h a b itu a l drinkers was sig n ifica n tly  higher in both  sexes  
o f  th e  stu d y  sample th an  in  th e  control group (T able IX ).

Table IX

Estimated consum ption o f  alcoholic beverages in  the self-poisoning and matched 
control p erso n s at the time o f the epidemiological study

D egree o f  drinking
Self-]poisoning persons Matched control

Male Female T ogether Male Female Together

H a b i tu a l No. 84 65 149 16 9 25

P e r  c e n t 23.1 6.3 10.7 4.4 1.7 2 .8

O ccasio n a lly No. 164 466 630 162 187 349

P e r  c e n t 45.2 45.0 45.0 44.6 36.1 39.6

A b s tin e n t No. 90 424 514 164 284 448

P e r  c e n t 24.8 40.9 36.7 45.2 54.8 50.9

N o  in fo rm a tio n No. 25 81 106 21 38 59

P e r  c e n t 6.9 7.8 7.6 5.8 7.4 6.7

T o ta l No. 363 1036 1399 363 518 881

P e r  c e n t 100.0 100.0 100.0 100.0 100.0 100.0

80 and 57% of th e  self-poisoning males and  fem ales, respectively , w ere 
sm ok ers, while this rate  w a s 46 and 41% in th e  control males and fem ales 
(T ab le X ).
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Table X

Per cent o f  smokers among self-poisoning and matched control persons 
at the tim e o f  the epidemiological study

Group
Self-poisoning Matched control

Male Fem ale T ogether Male Female Together

Sm oker No. 291 585 876 166 212 378

P e r cen t 80.2 56.5 62.6 45.7 40.9 42.9

T o ta l No. 363 1036 1399 363 518 881

The m edical in terventions studied  did not show a sign ificant increase  
in the stu d y  sam ple as com pared w ith  th e  data  o f  the control group (T able X I).

These data e.g. the som ew hat low er socio-econom ic status and th e  higher  
rate o f  alcohol consum ption and sm oking o f self-poisoning persons h a v e  con­
firm ed the previous observations [20, 25]. O bviously, some o f th e  above- 
m entioned  variables m ay have an effect on th e  pregnancy o u tcom e. Still, 
ow ing to  the negative results o f  our stu d y , a separate evaluation o f  th ese  con­
founding factors did not seem  necessary.

Tabic XI

M edical interventions in  the study and  control samples

Self-poisoning

Medical intervention Male Female T ogether

No. per cen t No. per cent No. per cent

X -ra y  or iso tope th e ra p y
C hronic d rug  tre a tm e n t un d er physic ians

0 0 5 0.5 5 0.4

guidance
Prev ious hosp ita liza tion  except for th e

45 12.4 132 12.7 177 12.7

ev en t stud ied 82 22.6 233 22.5 315 22.5

T o ta l 363 100.0 1036 100.0 1399 100.0

Matched control

M edical in tervention Male Female T ogether

No. per cent No. per cent No. per cent

X -ray  o r isotope th e ra p y
Chronic drug  tre a tm e n t u n d er physicians

8 2.2 n 3.5 19 2.2

guidance
Previous hosp ita liza tion  excep t for th e

39 10.7 66 20.8 105 11.9

ev en t stud ied 74 20.4 124 39.0 198 22.5

T o ta l 363 100.0 318 100.0 881 100.0
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Pros and cons of the human self-poisoning model

T he advantages o f  a s tu d y  o f the possible m utagen ic effect o f chem icals 
in  self-poisoning persons are as follows.

1. A  great num ber o f  cases o f attem pted  su ic id e  b y  chemicals is availab le  
in th e  toxicological departm ents.

2. There is an o p p o rtu n ity  for a planned, w ell-organized and continuous  
stu d y  o f suicide a ttem p ters, as opposed to  th e  u n exp ected  and m ostly  single  
occurrence of accidents.

3. The patients in  h osp ita l are thorough ly  exam ined  thus for exam ple  
series o f  blood sam ples are available and there is no need for special organisa­
tio n .

4. In general, th e  q u an tita tive  estim ates o f  exposure can he so lved . 
P a rtly  th e  q u antitative va lu es of chem icals in  b lood , partly in general th e  
sev er ity  o f clinical sy m p to m s, partly the case h istory  o f surviving p a tien ts  
can offer a good basis for estim ation  of the dose as w ell as of the typ e o f  com ­
p ou n d s.

5. As suicides are a ttem p ted  by different doses of chemicals th ere  is 
a p ossib ility  to stu d y  th e  correlation betw een dose and response.

O f course, th is approach as all the others has some lim itations and  
draw backs as well.

a) The persons or s tu d y  samples o f th o se  w ho have attem pted suicide  
can n ot be considered to  be representative for th e  whole population.

b) The use o f  ex trem ely  large doses is n o t frequent and an extrap ola ­
tio n  from  the large doses to  the more com m on low  ones m ay som etim es raise 
problem s. The generalized dose-response curve has fiv e  main regions (F ig . 4).

G eneralized dose-response  curve 

response

Fig. 4

Acta Medica Hungarica 41,  1984



SELF-POISONING AS A MODEL FÖR THE MUTAGENICITY 91

T he 1st region at very low  doses is m ostly  inaccessible to practical experi­
m ents. The region II  at low -interm ediate doses has a predom inating linear 
correlation. The region III  w ith  interm ediate-high doses show s a more or 
less pronounced exponential rise. The region IV  at very high doses shows a 
fall o f  th e  response. The region Y w ith lethal doses elicits no response any  
m ore. In  general, the cases o f  attem pted  suicide are to he found in  th e  regions 
III  to  V.

c) Treatm ent o f  these patients w ith  antidotes and other drugs m ay  
cause som e confounding effects.

d) Chemicals are often com bined in  self-poisoning thus it  is d ifficult 
to  stu d y  a single com pound. On the other hand it provides a chance to  study  
th e  in teraction  o f chem icals.

e) The persons who attem pt suicide often  use continuous m edication.
f) These persons, in general consum e alcoholic beverages and are smokers.
g) R epeated self-poisonings are not infrequent and m ay confuse the 

consequences o f different events.
E valuating the pros and cons, th is hum an “experim ental”  epidem io­

logical model seems to be practical.
I t  is a general experience that there is a considerable social hostility  

against suicide attem pters (R obertson, 1977). They do not inspire public 
concern, th ey  are depressing and unrewarding to deal w ith. T his m ay be 
one o f the explanations that no study o f the possible m utagenic dam age has 
been done in self-poisoning persons and their  offspring.
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H aem o stasis w as s tu d ied  in  34 d iab e tic  p a tie n ts  w ith  an d  w ith o u t d e te c ta b le  
vascu lar co m plica tions (m icro- a n d  m ac ro an g io p a th y ). In fo rm atio n  on  p la te le t  fu n c tio n s 
was ob ta in ed  b y  b e ta -th ro m b o g lo b u lin  d e te rm in a tio n , and  of h e p a rin - th ro m b in  co agu­
la tio n  tim e, p la te le t  ag g reg a tio n  in v ivo , an d  on  th e  cond ition  of th e  vessel w alls by  
estim ation  of fa c to rV III -p ro te in (V IIIR :A g ) .T h e  re su lts  were suggestive o f  a n  in creased  
p la te le t a c tiv ity , th e  m o st m ark ed  a b n o rm a litie s  h a v in g  been found  in  cases o f an g io ­
p a th y . A tte n tio n  is d raw n  to  th e  th e ra p e u tic  p o ss ib ilities offered by  s tu d ies  o f th e  p a th o ­
genetic  role o f th e  ab n o rm alitie s  o f haem o stas is  in  d iab e tes .

K eyw ords: d iab e tes  m ellitu s, m icro- a n d  m ac ro an g io p a th y , th ro m b o c y te
function , V I I I  re la te d  an tigen  (V IIIR rA g )

Introduction

Arterial disease in the form of acute arterial occlusion, or o f chronic 
angiopathy (disease o f  sm all and large arteries), is com m on in diabetics. 
H aem ostasis, in th e  first place the p latelet function , in diabetics, has been  
th e  subject of ex ten sive  studies. Changes in various platelet functions includ­
ing an increase in p la te let-reactiv ity , have been found by several authors, 
and abnorm alities o f the clotting and fibrinolytic system s resulting in enhanced  
haem ostasis have also been described.

There is m ounting evidence in support o f  an involvem ent o f  the haem o­
sta tic  system s, particularly of p latelet hyperfunction , in the pathogenesis of 
atherosclerosis [23, 40]. In v iew  o f the close association o f diabetes w ith  
atherosclerosis, i.e. w ith m acroangiopathy, it is n ot surprising th a t th e  pos­
s ib ility  of an altered p latelet function  in the aetio logy  o f m icroangiopathy, 
the other typ ica l corollary o f d iabetes, has also been raised [9, 11, 33, 41]. 
I t  is still uncertain w hether hyperreactiv ity  is an intrinsic property o f the  
p latelets, or it is conferred on them  by som e plasm a factor. The possib ility  
th a t the abnormal p latelet function  is a consequence rather than  a causal 
factor of m icroangiopathy has also been suggested , a view  w hich has found
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large support [1, 39]. B u t ev en  i f  th is claim  is va lid , the pathogenetic role o f  
p la te le t  functions, not in  th e  production, but rather in the m aintenance and  
p rogression  of angiopathy, deserves close atten tion .

T h e following param eters o f  haem ostasis h ave been ex ten sively  studied  
in  d ia b etics  and found abnorm al by several authors.

P la te le t adhesiveness m easured in vitro (generally  b y  adherence to  glass 
b ead s) has been found ex cess iv e  b y  the m ajority  o f  workers [21, 22, 32, 43], 
b u t th is  m ethod is not re liab le , its result is affected  b y  aggregation, in  addi­
t io n  to  adhesion. H yperadhesiveness has been connected  with increased plasm a  
le v e ls  o f  the W illebrand-factor in diabetes [8, 9, 30, 37], th is hum oral factor  
b ein g  c lo se ly  involved in  p la te le t  adhesion.

T h e results of the aggregation  test are also con sisten tly  p ositive. H yper­
s e n s it iv ity  of the p latelets to  A D P  was dem onstrated  m any years ago [4], 
p articu la r ly  in cases o f  ad van ced  retinopathy [21], but also in th e  absence 
o f  v a scu la r  disease [9, 10, 4 1 ]. The view  th a t th e  prim ary cause lies not in 
th e  p la te le ts  but rather in a p latelet-stim u latin g  plasm a factor gain ing access 
to  th e  circulation, has been v o iced  b y  several authors [11, 12, 29]. This plasm a  
fa c to r  has been identified  la te ly  w ith  im m unocom plexes [13] stim u latin g  the  
aggregation  and release o f  p la te le ts . The im m unocom plexes m ay p la y  a part 
in  th e  pathogenesis o f d ia b etic  angiopathy, tak in g  effect by the activation  
o f  th e  p latelets [14].

Secondary platelet hyperaggregation  is inh ib ited  by aspirin, an inhibitor  
o f  prostagland in -synthetase (cyclo-oxygenase) [41]: the platelets o f  diabetics 
are hypersensitive to arachidonic acid and form  prostaglandin-E -like m aterial 
in  in creased  amounts under th e  effect of A D P , adrenaline, arachidonic acid 
and  throm bin  [18]. The sy n th esis  of throm b oxan -A 2 (T X A 2) is also signif­
ic a n t ly  increased, the increase being related to  the blood glucose leve ls  [19]. 
Im p airm en t of prostacyclin (P G I2) synthesis b y  the vascular endothelium  m ay  
also  contribute to the p la te le t  abnorm alities [20, 44].

A lterations of p la te le t turnover [10] and e levated  plasm a leve ls  o f the  
p la te let-sp ecific  protein, beta-throm boglobulin  (BTG ), have been observed [5, 
3 9]. T his m ay be connected  w ith  the aggregation and release reaction in v ivo , 
in  th e  sam e manner as th e  augm ented  plasm a leve l o f platelet factor 4 (P F 4) 
w ith  know n antiheparin a c t iv ity  [7].

T he protein of factor V III  com plex, V IIIR :A g  or W illebrand-factor, has 
b een  exten sively  studied in  diabetes, w ith  con sisten t findings o f  elevated  
p la sm a  levels. The first im p ortan t observation w as th a t the abnorm al haem o­
sta s is  in  W illebrand’s d isease responds better to  th e  plasm a of d iabetics than  
o f  n on d iab etic  patients [17]. This factor atta ins th e  highest levels in  diabetic  
r e tin o p a th y  [8], but it  is increased in chem ical d iabetes as well [9, 30] and 
d eclin es in  response to  str ic t d ietary and drug control of glucose m etabolism  
[7, 3 8 ]. V IIIR :A g originates for the greatest part from the endothelium , only

Acta Medica Hungarica 41, 1984



HAEMOSTASIS IN DIABETICS 95

15%  of the circulating antigen  comes from the m egakaryocyte-p latelet system
[28]. This factor p lays an essential part in  haem ostasis under both ph ysio ­
logical and pathological conditions. It w as, therefore, ju stified  to  look for 
causal relationships betw een  the raised levels and angiopathy. Though we lack  
any conclusive evidence in th is respect, a h igh  concentration o f the W ille- 
brand-factor is none th e  less regarded as a sign o f  perm anent dam age to  the  
vascular endothelium  [38].

The relationships betw een  the abnorm alities o f haem ostasis, first o f all 
those of p latelet functions and vascular com plications in d iabetes, have y et  
to  be clarified, and we are still unable to assess the possible benefits o f  the  
present therapeutic a ttem p ts directed at th ese abnorm al functions.

The aim o f the present study was to  throw  light on the relationship  
betw een haem ostasis and angiopathy in diabetics.

M ater ia ls an d  m e th o d s

T h irty -fo u r d iab e tic  p a tie n ts  aged from  26 to  60 y e a rs  w ere s tud ied . A p a rt  from  in su lin  
o r o ra l a n tid iab e tic  ag en ts  d ru g s  w ere avoided.

G roup I included  16 p a tie n ts  know n  to  h av e  d iab e te s  fo r 2 to  5 y ears; 5 o f th em  w ere on 
in su lin , 11 on oral a n tid ia b e tic s , in  ad d itio n  to  th e  d ie t. T h e  h is to ry , clinical fea tu res , EC G , 
o p h th a lm o sco p y , oscillom etry  a n d  ren a l stud ies ru led  o u t  th e  p resence of considerab le  v a scu la r 
disease in  all o f th e  cases. In  th e  18 p a tie n ts  of G roup I I  th e  disease h ad  been  know n for m ore 
th a n  5 y ears; 8 p a tie n ts  w ere on  insu lin , th e  o th er 10 on  o ra l an tid iab e tic s , in  ad d itio n  to  th e  
d ie t. T h e  in v estiga tions rev ea led  v ascu la r com plications (m acro - an d  m ic roang iopathy ).

Beta-thromboglobulin  (B T G ) was de term ined  from  p la te le t-p o o r  p lasm a b y  rad io im m u ­
n o assay  (R IA  k it, R ad io ch em ica l C entre , A m ersham ). T h e  m ean  p lasm a B TG  level o f  30 
n o n -d iab e tic  sub jec ts  w ith  no a p p a re n t vascu la r disease w as 21 ± 4 .1  ng/m l.

T he heparin-throm bin coagulation time (H TCT) m easu re s p la te le t  fac to r 4 ind irec tly . 
A rad io im m u n o assay  for th e  m easu rem en t o f th e  h e p a r in  n eu tra liz in g  fac to r o f p la te le ts  
(A b b o t) was ou tside  of o u r fac ilitie s , so th e  in d irect a ssay  w as perfo rm ed  by th e  m eth o d  of 
O’B rien  w ith  som e m o d ifica tio n s [34]. A th ro m b in  so lu tio n  causing  th e  con tro l p lasm a  to  
coag u la te  in 20 s is p re p are d , a n d  h e p arin  is ad d ed  to  th e  p lasm a  in an  a m o u n t to  give a co­
a g u la tio n  tim e o f 40 ± 1 .5  s. T h e  h igher th e  a n tih e p arin  a c t iv ity  o f th e  u n k n o w n  p lasm a , th e  
sh o rte r  th e  coagulation  tim e  w ith  th e  sam e th ro m b in  so lu tion .

F o r q u a n tita tiv e  d e te rm in a tio n  o f circulating platelet-aggregates th e  m eth o d  of W u and  
H o ak  [45] m odified  by  S c h m id t [42] was used. T he m e th o d  p e rm its  to  define th e  p la te le t-  
ag g reg a te  ra tio . V enous b lood is d raw n  w ith  m in im um  s ta s is , one p a r t  d irec tly  in to  an  E D T A - 
fo rm alin  so lu tion , th e  o th e r  in to  E D T A , and  k e p t a t  room  te m p e ra tu re  for 15 m in . T he aggre­
ga tes a re  fixed  by  fo rm alin , b u t  th e y  d isaggregate  in  E D T A . A fte r  low -speed cen trifu g a tio n  
to  sed im en t, th e  e ry th ro c y te s , leu k o cy tes  and  fixed  ag g reg a te s , th e  p la te le t c o u n t was d e te r ­
m ined  from  th e  u p p e rm o st la y e r  o f th e  sam ple b y  d irec t p h a se -c o n tra s t m icroscopy. T he 
p la te le t-ag g reg a te  ra tio  is th e  q u o tie n t o f th e  p la te le t c o u n t in  E D T A -fo rm alin  and  p la te le t  
co u n t in  E D T A . T he ra tio  in  20 con tro ls was 0.99 ± 0 .0 7 . I f  ag g reg a tes  are  fo rm ed  in th e  c ir­
cu la tin g  blood, th e  p la te le t  c o u n t in  th e  fo rm alin  sam ple  declines as com pared  w ith  th e  E D T A - 
sam ple  an d  th e  values o f th e  p la te le t- ra tio  decrease.

V I I I R :  A g  was d e te rm in e d  by  th e  rocket tech n iq u e  o f  L au re ll, on  th e  basis o f q u a n ti ta ­
tiv e  im m unoelectrophoresis [46]. T he norm al value w as 1 1 3 ± 4 0 % . T he c lo ttin g  a c tiv ity  of 
fac to r V I I I  ( V I I I : C )  w as d e te rm in e d  on th e  basis o f a m o n o p h asic  te s t  by  m eans of p lasm a  
d efic ien t in fa c to r-V III  (G oedecke) an d  of a c tiv a te d  p a r tia l  th ro m b o p la s tin  (P la te lin , 
G oedecke), using  a  sem i-a u to m a tic  coagulom eter (C lotek , H y lan d ). T he m ean  value  in  10 
con tro ls  w as 8 4 ± 3 . T he V IIIR :A g /V IIIC -ra tio , ca lcu la ted  in  10 co n tro ls, was 1 .3 4 ± 0 .4 8 .
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R esu lts

E lev a ted  plasma BTG leve ls  were found in both  groups, i.e. in  th e  pa­
t ie n ts  w ith  no vascular com plications (NVC) and in those w ith  vascu lar com ­
p lica tio n s (VC). The difference betw een  the tw o groups (70.3 ^  19.2 v s . 156 ^
52.5  n g /m l) was highly sign ifican t (F ig. 1).

T he heparin-throm bin coagulation  tim e in Group I (39 ^  3.3) fa iled  to  
differ sign ifican tly  from th e control group. Shortened coagulation tim es were
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F ig . 1. B eta-th ro m b o g lo b u lin  lev e ls in  d iab e tic s  w ith  no vascu la r com plica tions (N Y C ), w ith  
v ascu la r co m p lica tio n s  (VC) a n d  in th e  con tro ls (C) 

m e a n  +  S. D . (h a tch ed  area)

F ig . 2. H e p arin -th ro m b in  co ag u la tio n  tim e  in  d iab e tic s  w ith  no vascu la r co m p lica tio n s (NYC)
a n d  w ith  v a sc u la r  com plica tions (VC) 

m e a n  ±  S. D . (h a tc h ed  area)
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found in  Group II (35 ^  3.7 s). The difference between the tw o  groups was 
sligh tly  significant (F ig. 2).

The V IIIR :A g levels were augm ented in both groups, th e  m ean values 
being 133 ^  47 for Group I and 248 ^  125 for Group II. The differences 
betw een the tw o groups and betw een Group II and the controls w ere signif­
icant. The V III :C values gave no evaluable differences betw een th e  control 
group and the tw o stu d y  groups. The m ean V IIIR :A g/V III:C  ratio was 
1.52 ^  7 in the 10 NVC patients o f Group I and 2.79 ^  1.08 in  th e  14 VC 
patients o f Group II; the difference was sign ificant (Fig. 3).

F ig . 3. V III-.C , V I I IR  : Ag levels an d  th e  q u o tie n t o f th e  two values in d ia b e tic s  w ith  no 
v ascu la r com plications (NV C), w ith  v ascu la r co m p lica tions (VC) and in th e  c o n tro ls  (C)

m ean  +  S. D.

12 -

I

C. NVC VC
P>0,05

F ig . 4 . P la te le t-ag g reg a tio n  ra tio  in d iabe tics w ith  no  vascu lar com plications (N V C ), w ith  
v ascu la r com plications (VC) a n d  in  th e  contro ls (C) 

m ean  +  S. D . (h a tc h ed  area)
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T he platelet-aggregation  ratio (aggregation-index) was lower in  the  
d ia b etic  groups than in  th e  controls where it approxim ated  1.0. The reduction  
w as m ore marked in the VC group. The difference betw een Group II and the  
con tro ls w as significant, b etw een  Groups I and  I I  it  was not sign ificant  
(F ig . 4).

Discussion

T hough the last decades have w itnessed considerable advances in  the  
th era p y  o f diabetics, their life  expectation , particu larly  in the insulin-depen- 
dent form , is far below th a t o f  th e  general pop u lation . This is due in th e  first  
place to  th e  associated m acro- and m icroangiopathy. Renal failure and acute  
cardiac death also contribute to  the m orta lity  and blindness is a com m on  
com p lication .

T he role of p latelets in th e  pathogenesis o f  d iabetic vascular disease has 
been receiv ing  increasing a tten tio n . A p latelet hyperfunction  has been found  
b y  severa l workers, and th e  biochem ical m echan ism  underlying th ese  ab­
n orm alities is also under in vestigation . It is so u g h t to  establish the va lu e  o f  
an ti-p la te le t drugs, even th ou gh  th e  relationships betw een abnormal p la telet  
fu n ctio n s and diabetic vascu lar disease are still far from being clarified. Nor 
is it  certa in  whether in v itro  assays reflect abnorm alities in vivo. The increased  
p la te le t  turnover [10, 15] as w ell as the e leva ted  plasm a concentration o f  
certa in  p latelet-specific p rotein s, in particular o f  BTG , do, however, p o in t to  
rela tion sh ip s of this kind. B u t even  in this case, n eith er the abnormal p la te le t  
fu n ctio n , nor the increase in  prostaglandin sy n th esis  should be considered  
characteristic  of the d iabetes itself. Both m ay  b e secondary to the vascular  
d isease and to the shortened  platelet life-span. In  diabetes the percentage  
of y o u n g  platelets, often o f  m acrothrom bocytes, is increased [15]. These cells 
are hypersensitive to  A D P  and adrenaline, th e y  form  more prostaglandin- 
endoperoxide and more m alonyldialdehyde th a n  norm ally, and are charac­
ter ized  b y  a m etabolic h y p era ctiv ity  [26]. The q u estion  whether the increased  
p la te le t  function was the cause or rather a consequence of angiopathy, or even  
w h eth er there was any cau sa l connection b etw een  the tw o, has rem ained  
la rg e ly  unanswered.

I t  is generally accep ted  th a t an increased p lasm a BTG level reflects in 
v iv o  p la te le t aggregation and release. A bnorm ally h igh  levels in diabetes have  
been  found by the m ajority  o f  workers, but there is also evidence to  the  
con trary . Campbell e t al. [6] observed norm al va lu es even in d iabetes w ith  
УС and  alleged for the exp lan ation  of their fin d in gs th a t if  aggregates are con­
fin ed  to  a sm all proportion o f th e  vasculature, th e  p latelets involved  in  the  
process are small in num ber, therefore too litt le  B TG  is released to be dem on­
strab le  b y  the m ethod used . Moreover, the tu rn over o f platelets tak in g  part
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in  the aggregates is sm all, and when the stores are depleted, the plasm a-BTG  
rem ains low , owing to  the com paratively short half-life o f p latelets. W hile  
the te s t  fails to  indicate a minor local p la te le t aggregation, it show s high  
levels in the case o f  generalized p latelet activa tion , that is, under conditions  
of hypercoagulability .

In the present stu d y  increased plasm a concentration have been found  
in the absence as w ell as in  the presence o f vascu lar disease (Groups I and II), 
but the levels were sign ifican tly  higher in Group II than in Group I. A ccord­
ing to  data in the literature the BTG level is not related to the b lood glucose  
level or to the proportion o f g lycosylated  haem oglobin (H bAic), but depends 
on th e  lipid levels and the condition o f th e  vessels. The highest levels have  
been found in cases associated w ith renal failure or w ith retinopathy [3, 31]. 
The results of BTG determ ination give the strongest support to  the claim  th a t  
an abnorm al p latelet function  contributes to  the developm ent o f  vascular  
disease in diabetes.

The P F 4-levels are also increased [3, 7]. This factor has been found  
sim ilar in behaviour to  BTG, but the pertaining data are sparse. In  th e  present 
stu d y  th e  reduction in heparin-throm bin coagulation  tim e was confined to  the  
group w ith  vascular com plications. A tten tion  has been drawn recently  to  
the inform ative value o f  parallel m easurem ents o f  BTG and P F 4. Increased  
levels o f the tw o proteins are ind icative o f p la telet activation  in v ivo . The 
half-life o f P F 4 being shorter, the concentration  o f BTG is higher, so the  
B T G /P F 4 ratio is also high [25]. I f  on ly  one o f  th e  factors or activ ities in ­
creases, an artifact m ay he suspected in all probability  due to the release o f  
the factor in v ivo.

The protein o f factor V III  com plex (V IIIB :A g) has been w idely  studied . 
Its  level is abnorm ally high in diabetics. This is independent from th e m etab ­
olism  o f glucose but it increases w ith  the sever ity  o f vascular disease. The 
highest concentrations were found in d iabetic retinopathy [2, 38]. It is u n ­
related to  H bAic, but the level m ay decline in response to dietary or an ti­
diabetic treatm ent [8]. W e found increased plasm a concentrations in both  
groups, but the values in Group II were sign ifican tly  higher than  those in  
Group I. A mean value o f 219%  was found in 113 unselected adult d iabetics. 
W e have noted sim ilarly high values (221% ) in 28 cases of acute m yocardial 
infarction , a m ean value o f 193%  in 30 cases o f  atherosclerosis (unpublished  
data). The plasm a V IIIR :A g-level indicates a perm anent vascular dam age. 
Its increase is a secondary m anifestation . The factor m ay, how ever, p lay  
a part in the m aintenance and progression o f th e  angiopathy.

An abnorm ally low  level o f factor V III:R A g , thus o f W illebrand’s factor 
or o f th e  ristocetin  cofactor (W illebrand’s disease) results in an im paired  
p latelet adhesion. A bnorm ally high levels are, on the other hand, obviously  
associated  w ith hyperadhesiveness. A ssays for th is factor are very cum ber­
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som e. A n  increase in bleeding tim e has been reported in diabetes [24], but 
even  th is  apparently sim ple issue has y e t  to be ascertained. The increased  
Y IIIR :A g -lev e ls  do not seem  to  be responsible for the hyperaggregative  
ten d en cy  dem onstrable already in th e  early stage [38].

A n increase in the Y IIIR :A g/Y III:C  quotient has been found b y  several 
authors, particularly in the case o f com plications [2, 7, 16]. It is assum ed th a t  
the vascu lar  endothelium  produces V IIIR :A g  on ly  and V III:C  jo ins the  
m olecule at a later stage. It  should be rem em bered th at even sm all am ounts 
o f in tra v a sa l throm bin are h igh ly  destructive to  V III:C . W e lack precise 
k n ow led ge about the stim ulus eliciting th e  release of the antigen o f factor  
V III  from  th e endothelium . According to  several observations, the plasm a  
leve l o f  th e  W illebrand-factor correlates w ith  th e  growth horm one lev e l in 
d iab etes [2, 36].

W e have not studied the aggregation ten d en cy  of p latelets in  v itro , 
seek ing  instead  to quantify the aggregates form ed in v ivo . In the VC patien ts  
the ratio  w as sign ificantly  low er th an  in th e  controls. This finding also points  
to an activ a tio n  of the p latelet system .

T he present results have furnished evidence relating to the connection  
b etw een  haem ostasis, in particular p la telet functions, and the vascular disease  
o f d iab etics. Though all the observed abnorm alities m ay be secondary to  the  
vascu lar  process, y et the increased BTG -level in  diabetes even in th e  absence  
o f an y  apparent angiopathy, points to  a prim ary alteration o f th e  p la telet  
fu n ctio n s. Therapeutic attem p ts directed against th is hyperfunction are ju sti­
fied , even  i f  the role of the abnorm al p la telet a c tiv ity  is confined to  th e  m ain­
ten a n ce  and progress of th e  angiopathy [27].

From  the present findings th e  follow ing conclusions m ay be drawn:
1. The high beta-throm boglobulin  level, the reduced heparin-throm bin  

coagu la tion  tim e (thus an increased plasm a a c tiv ity  o f platelet factor 4), and 
th e  reduced  platelet-aggregation ratio (i.e. the enhanced aggregation ten d en cy  
of p la te le ts  in v ivo), found in early, particularly in juvenile, d iabetes, reflect 
a hyp erfu n ction  o f the p latelet system  and suggest a possible role o f abnorm al 
p la te le t functions in the production o f angiopathy. For th is reason drug 
th era p y  directed at p latelet hyperfunction seem s prom ising and is, therefore, 
ju stif ied .

2. H igh V IIIR :A g-concentrations are suggestive of extensive angiopathy. 
D eterm in ation  o f th is factor is o f  diagnostic value. H igh levels im p ly  the  
n ecess ity  for dietary restrictions and/or drug therapy.

3. Our results, though obtained in  a sm all num ber of cases, h ighlight 
th e  n eed  for further studies o f haem ostasis in diabetics, in order to  gain closer 
in sig h t in to  the pathogenesis o f atherosclerosis.
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C om bined  c lom iphene  -f- e th in y l-o es trad io l th e ra p y  was applied to  103 w om en 
w ith  fu n c tio n al in fe r ti li ty . O v u la to ry  responses w ere  o b ta in ed  w ith  c lo m ip h en e  in  a 
n u m b er o f  cases, b u t  no pregnancy  ensued. E th in y l-o es tra d io l was th en  a d m in is te re d  
in  low doses to g e th e r  w ith  clom iphene over 3 cycles u n til  th e  day  before th e  e x p ec te d  
d a te  o f o v u la tio n . T h is  re su lted  in  a fu r th e r  in crease  in  th e  n u m b er o f o v u la to ry  cycles , 
an d  o n e-th ird  o f th e  w om en h ad  becom e p re g n an t. C o m paring  th e  tw o ty p es o f t r e a tm e n t  
on  th e  basis o f  q u a li ty ,  q u a n ti ty  and sp e rm -p e n e tra tio n  o f th e  cervical m ucus, low  doses 
o f o estrad io l w ere fo u n d  to  affect these  p a ra m e te rs  fav o u rab ly . I f  th e  t r e a tm e n t  is 
unsuccessfu l, i.e. if  th e  p a ram ete rs  o f m ucus o r o f th e  cond itions of p e n e tra tio n  fa il to  
resp o n d , fu r th e r  in v es tig a tio n s  are requ ired  to  f in d  o u t  w h e th er a p e rm an en t d a m a g e  to  
th e  cervical e p ith e liu m  or som e p en e tra tio n  d iso rd e r o f im m unological origin is rep o n sib le  
for th e  in fertility .

K eyw ords: in fe r ti li ty , cervical facto r, c lo m ip h en e , e th in y l oestradiol

Introduction

H ypoplasia, surgical or obstetric injuries, strictures of the uterine cerv ix  
are com m on sources o f  fem ale infertility [15]. Cyclic changes in the am ount  
and biochem ical characters o f  cervical m ucus p la y  a decisive part in im preg­
nation . The m ucus o f  the cervical canal is produced by the epithelial cells 
w hich form thousands o f  crypts in the cervical w all [2]. These are essen tia l 
to the survival and transport o f sperm atozoa. In  th e  secretory epithelium  there  
are also ciliated cells w hich  presum ably p lay  a part in directing the flo w  o f  
m ucus, in other w ords, o f  the migration of m acrom olecules [16].

The secretory a c tiv ity  o f the cervical ep ithelium  is under horm onal 
control. W ith approaching ovulation the m ucus increases in volum e, it  be­
com es clear and flu id . A t the tim e of ovulation  sperm  penetration o f th e  cer­
v ica l m ucus is at its m axim um  [42]. The daily am ou n t o f mucus varies betw een  
20 and 600 mg [25]; its  volum e and com position  depends on the levels o f  the

Send o ffp rin t re q u es ts  to  D r. M. Sas, D e p a r tm e n t o f O bste trics and G yneco logy , 
U n iv ersity  Medical School, H-6701 Szeged, Sem m elweis u. 1., H u n g a ry
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reg u la to ry  horm ones, on the num ber and horm one-sensitiv ity  o f the secretory  
u n its. T he cervical m ucus is o f  aqueous character. Its water con ten t is in ­
creased b y  oestrogen, reduced b y  progesterone. I t  also contains soluble com ­
p on en ts such  as inorganic salts and carbohydrates, further lipids and proteins  
in c lu d in g  im m unoglobulins and enzym es, and m ucin macrom olecules [4, 8, 10, 
34, 38 ]. I t  m ay also contain specific anti-sperm  antibodies which either orig­
in a te  from  the plasm a, or are produced lo ca lly , and affect the v ia b ility , the  
m igration  o f sperm atozoa.

In v o lv em en t o f the cervical factor in  in fertility  has been th e  subject 
o f e x te n s iv e  research [1, 11, 12, 21, 23, 26, 35 , 40]. Studies in v itro  o f  sperm  
p en etra tio n  o f cervical m ucus were done fir st b y  Miller and K urzrok [26]. 
A  w id e ly  adopted assay based on the fo llow -up  the cervical factor in the  
su ccessiv e  phases o f penetration  was described b y  Jaszczak and H afez [14].

In ad eq u acy  of the cervical m ucus calls for investigation  o f ovarian fu n c­
tio n , th o u g h  it reflects the ovarian cycle less closely  than does th e  condition  
o f th e  endom etrium  [10]. I t  m ay be e.g. inadequate in norm ally ovu la tin g  
fem ales w ith  normal sexual steroid levels.

O bservations in connection  w ith  clom iphene treatm ent have show n that  
th e  cry p ts  fail to  be released from antioestrogen  control until sh ortly  before 
th e  preovu latory  phase [7]. Clom iphene is inh ib itory to the cervica l crypts  
and a th ick , adhesive m ucus interfering w ith  penetration and con cep tion  is 
form ed . Though clom iphene represents a d efin ite  hallmark in the m anagem ent 
o f o v u la to ry  disturbances there rem ained a num ber of cases in w hich  despite  
sa tis fa c to ry  ovulatory responses, the rate o f pregnancies was low er than  
ex p ec ted .

In  th e  present study th e  effect o f oestradiol treatm ent on th e  cervical 
fa cto r  and on ovarian function  was exam ined  in wom en who despite a success­
fu l o v u la to ry  response to clom iphene, had fa iled  to become pregnant.

Materials and m ethods

I n  w om en w ith  fu n c tio n a l in fe r tility  w ith  a  n o rm a l p ro lac tin  level our c u r re n t  p ra c tic e  
is to  a d m in is te r  clom iphene over th re e  cycles d u rin g  w h ich  in fo rm ation  is gained  o n  th e  p a t te rn  
o f  th e  cy cles a n d  te s ts  in  v itro  fo r th e  q u a lity  o f c e rv ica l m ucus and for sperm  p e n e tr a t io n . To 
103 w o m e n  who h a d  fa iled  to  conceive u n d e r  th is  tr e a tm e n t,  e th iny l o e s trad io l (M IK R O - 
F O L L I N  m ite ) w as ad m in iste red  in  doses o f  0.01 to  0.02 m g in add ition  to  c lo m ip h en e , a n d  th e  
in v e s tig a tio n s  were con tinued .

T h e  cycles revea led  th e  follow ing p a tte rn s ,  e s tab lish ed  by m easu rem en t o f th e  b asa l 
te m p e ra tu r e  and  by  e s tim a tio n  o f th e  p ro g esterone  lev e l in th e  lu tea l phase.

1. O v u la to ry  cycles w ith  reg u la r b ip h asic  b a sa l tem p e ra tu re  curve a n d  a se ru m  proges­
te ro n e  lev e l over 30 nm ol/1;

2. N o d is tin c t cycle (b asal te m p e ra tu re  in d is tin c t,  long pro liferation  p h a se , sh o r t  h y p e r­
th e r m ic  p h ase , serum  p ro g esterone  be tw een  15 a n d  30 nm ol/1);

3. A n  o v u la to ry  cycle (m onophasic  basal te m p e ra tu re  curve, serum  p ro g e ste ro n e  less 
t h a n  15 n m o l/1).
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T a b le  I

Parameters and classification o f  cervical score

0 1 2 3

M ucus q u a n tity None Scanty M edium: In  th e  ex ternal orifice 
the  m ucus form s a glistening drop 
w hich comes off readily

P lentifu l m ucus pouring from  
the  ex ternal u terine  orifice

Sp innbarkeit None Poor
(m ucus-th read  extensible to 
14 of portio -vag inal distance)

M edium
(m ucus-th read  extensible to / ,  of 

th e  sam e distance)

M arked
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(am orphous m ucus)
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P a rtia l
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places w ith  collateral b ranches, 
in o th er places am orphous m ucus)

Com plete
(typ ical fernlike a rborization  
over th e  en tire  specim en)

Cervix Closed
(pale red m ucosa; 
passes th e  cervical 
w ith  d ifficulty)

probe
canal

Closed P a rtly  open
(pale red  m ucosa; cervical canal 

read ily  passed by  probe)
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C erv ical score an d  in  v i tro  sp e rm  p en e tra tio n  w ere s tu d ie d  on  th e  d a y  before th e  e x p ec ted  
d a te  o f  o v u la tio n , in  th e  ea rly  fo llic u la r  o r lu tea l phase , d e p en d in g  on th e  a im s of th e  s tu d y .

S tu d y  o f  m ucus:
1. S p in n b a rk e it (d u c til ity , i t s  c ap ac ity  to  be d ra w n  o u t  in to  a  th re a d )
2 . F e rn in g ’s te s t  (a rb o riz a tio n )
3. V iscosity
4. Cell count
5. pH
T h e  cervical factor is e v a lu a te d  b y  a 12-point score. T h e  vo lum e of m ucus, its  sp in n b a rk e it 

th e  d e g ree  o f a rb o rization  a n d  th e  w id th  of th e  ex te rn a l c e rv ica l orifice scored 0 to  3 p o in ts  each  
[11, 12]. C lassification: 0—3 n e g a tiv e ,  4—7 in itia l, 8—10 good , 11—12 excellen t (T able I.).

I n  v itro  sperm -penetration test:
1. S lide-test [26]
2. C apillary  tu b e  te s t  [19]
S p e rm  p e n e tra tio n  is c o n s id e re d  n o rm al if  m ore  th a n  6 , unconv inc ing  if  3 to  6 , p o o r if 

less t h a n  3 m otile sp e rm ato zo a  a re  fo u n d  pe r v isual fie ld  [24].
D u rin g  oestrad io l t r e a tm e n t  th e  m ucus is ag a in  sco red  a n d  th e  sperm  p e n e tra tio n  te s t  is 

r e p e a te d  in  th e  p re o v u la to ry  p h a se . I f  th e  resu lts  a re  u n sa tis fa c to ry , th e  doses a re  in creased  
fro m  0 .01 to  0.02 m g. I f  im p ro v e m e n t o f th e  q u a lity  o f  m u cu s , in  th e  presence of a  n o rm al sperm  
p e n e t r a t io n ,  has been a tta in e d  b y  0.01 m g, th e  cerv ica l fa c to r  is ad eq u a te . I f  th e  h ig h er dose 
h a s  to  b e  adm in istered  to  e lic it a n  a d e q u a te  response, we d e a l w ith  a re la tiv e  d y sm u co rrh o ea .

E a rlie r  in fla m m a to ry  p ro cesses , surgical in te rv e n tio n s  o r o th e r  lesions, m ay  a ffec t th e  
n u m b e r  o f  m uciferous u n its  a n d  th e i r  responsiveness to  h o rm o n a l im pulses. I f  h ig h  doses o f  
o e s tra d io l  also fa il to  e lic it a  re sp o n se , th e  m ucus is im p e rm ea b le  to  sperm : ab so lu te  d y sm u c o r­
rh o e a .  I n ’som e cases o estrad io l p ro d u c e s  m ucus of good q u a li ty  (score over 8), b u t  p e n e tra tio n  
r e m a in s  in ad eq u a te  w ith  h u s b a n d ’s a n d  donor’s sp e rm  a lik e . T h is  is a  p e n e tra tio n  d y sm u co r­
rh o e a ,  w h ich  m ay  be of im m u n o lo g ica l origin. I f  th e  m u cu s o f  th e  w ife is o f good q u a lity , p en e ­
t r a b le  b y  donor sperm , b u t  th e  sp e rm  of th e  h u sb an d  p e n e tra te s  th e  m ucus of w ife a n d  donor 
p o o r ly , we have  to  deal w ith  a n  in h e re n t  sperm -defect, th e  cau se  o f w hich  m ay  re m a in  u n id e n ti­
f ie d  b y  sem inal analysis.

R esults

The results obta ined  are shown in T able II . The ovulatory response to 
u n su ccessfu l clom iphene trea tm en t has also been listed . A ctually , clom iphene  
a llow ed  to  attain a p regn an cy  rate of 30%  [32]. In  in fertility  due to  abnor­
m a litie s  o f the cervical fa cto r , thus also in th e  present m aterial, th e  pregnancy  
ra te  can further be increased  by additional oestradiol. A certain increase  
in  th e  ovulatory rate m a y  be ascribed to  a p o sitiv e  feedback m echanism  of 
e th in y l oestradiol on L H -secretion .

Table H

Results obtained w ith  clomiphene and w ith clom iphene  -f- ethinyl-oestradiol

Cycle p a tte rn Before treatm ent Clomiphene Clomiphene -f- 
-f-oestradiol

M onophasic 61 19 и

In d is tin c t 23 22 19

B iphasic 19 62 73

P re g n a n c ie s : 34 (33% )
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Table III  lists the results o f  sperm  penetration  tests in v itro . W e gener­
ally  used the capillary tube m ethod, th e  slide method having b een  confined  
to  cases in which the m ucus was scan ty .

Table I I I

Study o f  sperm penetration  in  vitro

Grading of 
penetration Clomiphene

Clomiphene -f- 
+  oestrogen

Good 31 64

Poor 47 27

None 25 12

The m ajority of the patients d isp layed  relative dysm ucorrhoea which  
proved responsive to oestradiol. Failure o f  the penetration param eters to  
respond to  this treatm ent calls for d ifferentiation  between p en etra tion  dys­
m ucorrhoea, absolute dysm ucorrhoea and inherent sperm defect, on th e  basis 
o f crossed tests  w ith donor mucus and sperm , and exclusion o f an anatom ical 
m alposition.

The diagrams in Figs 1, 2, 3, 4 and 5 represent typ ical fin d in g s and 
responses to  com bined therapy, on th e  basis o f  case reports.

Case 1. T he p a tie n t  aged 26 years h a d  h a d  tw o  im p ro d u c tiv e  m arriages. T h e  in v e s tig a tio n s  
rev ea led  fu n c tio n a l in fe rtility . C lom iphene a d m in is te re d  over th ree  cycles w as o f  n o  b en efit. 
T he cycle show ed no d e fin ite  p a tte rn . T he p re o v u la to ry  cervix  score and  sp e rm -p e n e tra tio n  
w ere in ad e q u a te . A d m in is tra tio n  of e th in y l-o es trad io l w as followed by a reg u la r b ip h a s ic  cycle 
an d  good p e n e tra tio n  (F ig . 1).

Case 2. T h is 28 y ears old p a tie n t h a d  fa iled  to  conceive since her last c h ild b ir th  w h ich  had 
been  follow ed b y  surg ical rep a ir o f th e  p o rtio  v ag in a lis . T h e  cycles in th e  course o f  c lo m ip h en e

Successful treatment with low oestrogen doses
Temp AC 1st cycle 2nd cycle
370-1-

36.5---------

360-

5, 9. 13. 20.22.
clomiphene^: nimmt 100 mg/day 

ethinyl-oestradiol:

5, 9. 13. 20.22. 2f
ПШШ1100 mg/day

Fig. 1 Successful tre a tm e n t w ith  low  dose o f ethinyl-oestradio l
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Absolute dvsmucorrhoea
serum -progest.

ethinyl-oestradiol : шикшни 0.02 mg/day

F i g .  2  A bsolute d v sm u co rrh o ea

Relative dvsmucorrhoea

Cervix-score
Se-progest. 

nmol/l

clomiphene:100mg/day 
oestrogen :

100 mg/day 
0.01 mg/day

100 mg/day 
0.02 mg/day

F i g .  3  R elative d y sm u c o rrh o ea

Penetration dvsmucorrhoea
Se-progest,

Cervix-score nmol/l
1 1st Cl
4

/cle т  2nd
1
1
1

eyele J  3rd 
1 
1 
1

:усle Г 45
j

14
\
J  M
J  Ш  __

cо
о
Xс

' û-

1
1
1
1

*>
с0
1  
% сй>

19J

i
1

1 1 
1 2 
1 ï  
|М £ 

__ Ш  О-±

с
О
JJ)тзс
О-ÛО)D

S Z
JZ
Г do

no
r's

 s
pe

rm
к

г
 

__
__

__
__

__

С
П

 
с

13. 20. 13. 20. 13. 20,
clomiphene: 100mg/day 100mg/day 100mg/day 
oestrogen : 0.01mg/day 0.02mg/day

F i g .  4  P en e tra tio n  d y sm u c o rrh o ea
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„ Inherent sperm - defect"
Se-progest.

Cervix-score nmol/l

clomiphene:100mg/day 100mg/day 100mg/day 
oestrogen: 0.01mg/day 0.02mg/day

Fig. 5 I n h e re n t  sp e rm  defect

th e ra p y  w ere found  to  be  regu lar, b u t  th e  c e rv ica l score was low, p e n e tra t io n  w as ab sen t. 
C om bined  c lom iphene -)- e th in y l-o es trad io l th e r a p y  fa iled  to  give any  b e n e f i t,  in  all p ro ­
b a b ili ty  because of p e rm a n e n t dam age to  th e  m u c ife ro u s  u n its  (Fig. 2).

Case 3. A  w o m an  aged 22 sou g h t o u r  a d v ic e  fo r  p rim ary  in fertility . H e r  cycles were 
m onophasic . In  th e  course  o f clom iphene th e r a p y  she  developed  regular o v u la to ry  cycles , b u t 
sp e rm  p e n e tra tio n  w as poor. Clom iphene w as co m b in e d  w ith  e th in y l-o es trad io l, th e  dose of 
w h ich  h a d  to  be ra ised  to  0.02 mg to  ensure  a n  a d e q u a te  cervical score and  p e n e tr a t io n  (F ig . 3).

Case 4. This p a t ie n t  o f 33 years h a d  fa iled  to  conceive for years su b seq u e n t to  tw o  in te r­
ru p tio n s . B o th  fa llop ian  tu b e s  were p a te n t. T h e  c e rv ica l score was ad equate , th e  h u sb a n d  was 
fe rtile , b u t  sperm  p e n e tra tio n  was in ad e q u a te . C o m b in ed  tre a tm e n t failed to  m o d ify  th e  resu lts  
o f th e  p e n e tra tio n  te s t  to  a n y  significant deg ree , e ith e r  w ith  husband’s or d o n o r’s sp e rm  (F ig . 4).

Case 5. A couple p resen ted  a fte r th re e  y e a rs  o f  in fertile  m arriage. W ith  th e  e x ce p tio n  of 
h y p ozoosperm ia  of th e  h u sb a n d , all find ings w ere  n e g a tiv e . B o th  husband  a n d  w ife  w ere  s ta r te d  
on  clom iphene, w h ereu p o n  th e  husband  b ecam e  n o rm ozoosperm ic . In  th e  c o u rse  o f  com bined 
e th in y l-o es trad io l th e ra p y  sperm  p e n e tra tio n  o f  th e  good q u a lity  cervical m u c u s  rem ained  
in ad e q u a te  w ith  th e  h u sb a n d ’s and a d o n o r’s sp e rm . (F ig . 5).

D iscussion

Migration o f  sperm atozoa across th e  cervical mucus has b een  ex ten ­
s iv e ly  studied [20, 28, 39]. B oth th e  s lid e -test [30] and the cap illary  tube- 
te st  [3, 18, 19] are su itable for the stu d y  o f  sperm -penetration across th e  mucus 
w hich is optim um  in the preovulatory p h ase  [42]. The duration o f  th is  phase 
show s wide individual variations. A ccord ing  to  Davajan and N akam ura [6] 
and others, these in v itro  tests are best carried out 2 days before th e  expected  
rise o f  body tem perature, on the basis o f  th e  tem perature chart o f  th e  previous 
cycle . The mucus rem ains penetrable for a period of 4 to 6 d a y s. Inhib ition  
of penetration  is th u s considerable on th e  9 th  day of the cycle or 1 to  2 days 
after ovulation [27].

According to  M oghissi [27], ab n orm alities of the cervix or its  secretion  
account for 15% o f  infertile m arriages. E xam ination  of m ucus for volum e, 
spinnbarkeit, F erning’s test, cell cou n t and v iscosity , provides reliab le infor-
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m ation . The tests are sim p le and require no ex p en siv e  equipment. This is also  
v a lid  for the various p en etra tion  tests in v itro .

The cervical score correlates well w ith  oestrogenization, reflected  in  
sperm  penetrability  o f  th e  m ucus [17]. It is ad v isab le  to test the m uciferous  
ca p a c ity  o f  the crypts also after adm inistration o f  exogenous oestradiol. I f  th e  
score rises to 8 or m ore, stim u lation  has been successfu l.

D ajavan [5] observed  abnormalities o f  th e  m ucus in 50 to 60%  o f  his 
p a tien ts . In 45% of th ese  cases the quality, in th e  rem aining cases the q u a n tity  
o f  m ucus was at fau lt. T he favourable effect o f  oestradiol, indicated b y  th e  
sp innbarkeit value and arborization, is q u a lita tiv e  as well as q u a n tita tiv e . 
Sperm  penetration in th is  period is excellent.

R elative dysm ucorrhoea responds well to  oestradiol treatm ent. In  case  
o f absolu te dysm ucorrhoea, com bination o f oestrad io l w ith antibiotics, e v e n ­
tu a lly  w ith  electrocoagu lation  and cervical cu retta g e  is advocated, b u t th e  
resu lts are unconvincing [9, 24]. In penetration dysm ucorrhoea which is p re­
su m ab ly  o f im m unological origin, the crossed te st  b y  the use of donor m ucus  
and donor sperm m ay be inform ative, since th e  presence of antisperm -anti- 
bodies is apt to interfere w ith  penetration and th u s  be responsible for in ­
fer tility . Adrenocortical stero ids are of little  b e n e fit , b u t a decline o f th e  an ti-  
b od y-titres has been reported  after regular lon g-term  use of a protective sh eet  
during coitus [22]. The n ecess ity  of intrauterine insem ination  may none th e  less  
arise [22].

The difference b etw een  the ovulation and conception  rates after clom i- 
phene therapy is due to  th e  inhibitory effect o f  th e  drug on the cervix [29, 4 1 ]. 
An average ovulation rate o f  70% versus a p regn an cy  rate of no more th an  
30%  has been reported b y  th e  majority of au th ors. In one of our series th e  
p regn an cy rate was 34%  [31]. The difference b etw een  the ovulation  and  
p regn an cy rates m ay be due to  an inadequacy o f  the clom iphene-induced  
lu tea l phases [41], to  an abnorm al fallopian tran sp ort, or to the poor q u a lity  
o f th e  cervical m ucus [13]. In  this case the resu lts m ay be considerably im ­
proved  b y  com bined clom iphene-oestradiol th era p y  [13, 33, 37]. A ccording  
to  th e  results o f L unenfeld and Insler [24], supported  b y  our own observations, 
proper selection of th e  cases and combined th era p y  may narrow th e  gap  
b etw een  the two figures sign ificantly .
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AUTOLOGOUS ROSETTE-FORMING CAPACITY 
OF T-LYMPHOCYTES IN HODGKIN’S DISEASE

E dit B o d o l a y , E. B e r é n y i , Ild ikó S o n k o l y , G. S z e g e d i

T H IR D  D EPARTM ENT OF M ED IC IN E , U N IV ER SITY  M ED ICAL SCHOOL, D EB R EC E N , H U N G A R Y  

R eceived : J a n u a ry  26, 1983

D is tr ib u tio n  of th e  T -ly m p h o cy te  su b p o p u la tio n  capable of b in d in g  o w n  e ry th ro ­
cy te s  w as exam ined  in  p a tie n ts  w ith  H o d g k in ’s (H ) disease. Para lle l w ith  th e  au to logous 
ro se tte -fo rm in g  cells (T ar-cells) th e  ab so lu te  ly m p h o cy te  co u n t and  th e  p ro p o r tio n  of 
sh eep -E -ro se tte  fo rm ing  T -cells w ere s tu d ie d  in  v a rio u s stages and  h is to lo g ica l ty p e s  of 
H -disease. A considerab le  increase  in  th e  p ro p o rtio n  of Tar-cells was fo u n d  in  u n tre a te d  
or re cu rre n t H -disease, w hereas in  th e  pe rio d s o f rem ission  re su ltin g  fro m  th e ra p y  no 
d is tin c t differences be tw een  th ese  figu res an d  th e  m ean  values o f th e  c o n tro ls  were 
d em o n s trab le . In  th e  genera lized  stage o f th e  disease  as well as in  i ts  m ix ed -ce ll and 
ly m p h o cy te  dep le tio n  ty p es  o f  poor p rognosis, th e  p ro p o rtio n  of T ar-ce lls  w as increased . 
T he ab so lu te  ly m p h o cy te  co u n t an d  th e  p ro p o rtio n  of T-cells show ed a  s ig n ific a n t fall 
w ith  th e  increase o f T ar-cells. I t  is assum ed on th e  grounds of th e  fu n c tio n a l p roperties 
o f T -cells th a t  th e  increase  in  th e  p ro p o rtio n  of T ar-cells in H -disease m a y  be in te rp re te d  
as a sign of suppresso r h y p e ra c tiv ity .

K eyw ords: au to logous ro se tte -fo rm in g  cells, regu la to r m ech an ism , helper-sup- 
p resso rba lance, clinical s tag e, h isto log ical ty p e ,  H o d g k in ’s disease

Introduction

In H odgkin’s disease (H ) the delayed ty p e  im m une rea ctiv ity  is mainly 
affected. B last transform ation o f lym p h ocytes in response to various m itogens 
is depressed, hom ograft-rejection is delayed , the susceptib ility  to  bacterial 
and viral infections is high [1, 2, 5, 10, 12, 13, 16, 19, 23, 36, 38]. According  
to  M oretta et al. [27], R om agnani et al. [32] and others [3, 23 , 37, 39], the 
proportion o f the individual T -lym phocyte subpopulations is also a ltered , and 
an increase in the T-cell population  of suppressor type is assum ed to  contribute  
to  the im pairm ent o f im m une reactiv ity .

The present study has been concerned w ith  the num ber and proportion  
of autologous erythrocyte b inding T-cells in H -disease. The character o f  these 
T-cells is like o f young T-precursor cells m igrating from the th y m u s in to  the 
blood stream . T hey have not y e t developed surface IgG or IgM  b in d in g  Fc- 
receptor structures. T hey are vulnerable to  steroid hormones in v itro  and in
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v iv o  a lik e. A pproxim ately 20%  of the Tar-cells b in d  peanut-agglutinin (P N A ), 
as a sign  th at the ly m p h o cy tes  o f this group are s till undifferentiated. Their 
differen tia tion  in the helper or suppressor d irection  proceeds in v itro under  
th e  e ffec t  of thym ic h orm on es or of concanavalin-A  [29]. On the evidence  
o f  s tu d ies  with m onoclonal antibodies, the T ar-cells are heterogeneous, the  
m a jo r ity  being already id en tifia b le  with the surface markers Okt 4 (helper) 
or O k t 8 (suppressor) [15]. A ccording to Palacios et al. [30] and H eijnen et 
al. [1 5 ], th is lym phocyte subpopulation  plays an im portant part in the pro­
d u ctio n  and m aintenance o f  th e  helper-suppressor balance. The scarcity  o f  
in form ation  on the n um erica l distribution and role o f the Tar-cells in  the  
v a rio u s hum an m alignant d iseases has prom pted us to  exam ine the questions 
h ow  th e  number o f T ar-cells, compared w ith  th e  m ean values o f  norm al 
co n tro ls , was affected in  H -d isease, whether it  w as related to  the ex ten t or 
grade o f  th e  disease and in  w h a t manner it  responded  to  therapy. The pro­
p o rtio n  o f sheep E -rosette-form ing T-cells w as also exam ined parallel w ith  
th a t  o f  th e  Tar-cells.

Patients and methods

T h ir ty fo u r  p a tie n ts  w ith  H -d ise a se  were stud ied . T h e ir  av erag e  age was 48.5 y ea rs , th e  
m a le  t o  fem ale  ra tio  was 15:19. C lin ica l staging was based  o n  th e  A nn-A rbor c rite ria  [9]. F iv e  of 
th e  p a t i e n ts  h ad  recen tly  d iag n o sed  u n tre a te d  H -d isease, 29 p a tie n ts  h a d  u ndergone  ch em o ­
th e r a p y  o r /an d  rad io th erap y . A m o n g  th e  five u n tre a te d  p a t ie n ts  in  4 th e  disease w as in  clinical 
s ta g e  I I I  a n d  one p a tie n t s tag e  IV . A t  th e  tim e of th e  s tu d y , o f  th e  tre a te d  p a tie n ts  2 w ere in  
c lin ica l s tag e  I, 9 in clinical s ta g e  I I ,  12 in  clinical s tag e  I I I  a n d  6 in  clinical s tage  IV . T he 
h is to lo g ic a l ty p e  corresponded  to  th e  ly m p h opro liféra tive  fo rm  (L P ) in  8, to  n o d u la r sclerosis 
(N S ) in  8, to  th e  m ixed cell ty p e  (M C) in  15 and  to  th e  ly m p h o c y te  dep le tion  (L D ) ty p e  in  3 
cases [25]. O f th e  trea te d  p a tie n ts  12 w ere in an  ac tiv e , 17 in  a n  in ac tiv e  period  of th e  disease. 
I n  a d d it io n  to  th e  still u n tr e a te d  a n d  to  th e  recu rren t cases th o se  w ith  incom plete  rem ission  
w e re  a lso  regarded  as activ e . T w e n ty o n e  p a tien ts  w ere su b je c te d  to  ch em o th erap y  o r e0Co-ir- 
r a d ia t io n  in  m antle  or in v e rte d  Y  fie ld , and 4 had co m b in ed  th e ra p y . The in te rv a l b e tw een  
c o m p le tio n  of trea tm e n t an d  th e  s tu d ie s  averaged 6.5 m o n th s  (1 to  25 m onths). T he d a ta  o f 30 
n o rm a l  su b jec ts , of 35.5 y ears  a v e ra g e  age served as co n tro l.

F o r  lym phocyte  se p a ra tio n  fro m  venous blood th e  m e th o d  of B öyum  [6] w as u sed . 
T h e  E - ro s e t te  te s t  was p e rfo rm ed  acco rd in g  to  Jo n d a l e t a l. [17].

Autologous rosette-test
A fte r  th e  las t w ashing th e  ly m p h o c y te s  were ta k e n  u p  in  Ca an d  Mg free H a n k ’s so lu tio n  

a n d  th e  cell-count was a d ju s te d  to  2 X 107/m l. The e ry th ro c y te s  w ere w ashed  in  Ca a n d  Mg free 
H a n k ’s so lu tion , and a cell su sp en s io n  of 3 x l 0 8/m l w as p re p a re d . To a  m ix tu re  o f 0.1 m l 
ly m p h o c y te s  ( 2 x l 0 6) and  o f 0.1 m l auto logous e ry th ro c y te s  ( 3 x l 0 7) calf serum  ex h au s te d  
w ith  h u m a n  ery th rocy tes o f g ro u p  A B  was added in  a  sm a ll te s t- tu b e . The m ix tu re  w as cen ­
t r ifu g e d  a n d  incubated  a t  ; *1 °C fo r  24 h.

E v a lu a tio n : 2 m in  before  re su sp e n sio n  th e  ly m p h o c y tes  w ere  sta in ed  w ith  0 .2 %  to lu id in e  
b lu e  in  Ca and  Mg free H a n k ’s so lu tio n . The n u m b er o f ly m p h o c y te s  a tta ch in g  a m in im u m  
o f th r e e  h u m a n  e ry th ro cy tes w as re fe rre d  to  200 ly m p h o cy tes .

F o r  sta tis tica l analysis S tu d e n t ’s t te s t was used . T h e  re su lts  are expressed  as m ean
±  SD .
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Results

The absolute lym phocyte count was higher in the norm al controls than  
th e  m ean for the patients w ith  trea ted  or untreated H -disease (P  0.001) 
(Table I) and if  the com parison w as based on the stage o f  progression, the

T ab le  I

Proportion o f T t and Tar-cells in  the peripheral blood o f  patients w ith  
H odgkin's disease and o f  norm al subjects (m ean ±  S .D .)

A b so lu te  ly m p h o c y te  
c o u n t

T  to ta l  ro se tte s  
p e r cen t

f  T  a u to lo g o u s  rosettes 
p e r  cen t

C ontrol group 
n  =  30 2823.5 ±  310 69.2 ±  5.3 20.4 ±  3.1

P a tie n ts  w ith  u n trea te d  H odgkin’s 
disease 

n  =  5 1660.4 ±  207** 46.2 ±  3.8** 28.6 ±  2.2**

P a tie n ts  w ith  tre a te d  H odgkin’s 
disease 

n  =  29 1417.6 ±  630** 50.2 ±  5.9* 23.6 ±  1.8*

A ctive  period 
n  =  12 1150.5 ±  420** 39.2 ±  4.7** 28.2 ±  2.3**

In ac tiv e  period 
n =  17 1695.6 ±  250** 56.8 ±  3.2 19.6 ±  2.0

* =  P  <  0.01 
** =  P  <  0.001
n  = nu m b er o f p a tien ts

difference was still more marked. In  th e  MC and LD types o f  poor prognosis 
the absolute lym phocyte counts were low er than  in the LP and N S  form s of 
th e  disease. The number o f E -rosette  form ing T-cells also fa iled  to  attain  
the m ean value for the control group in  th e  treated and u n trea ted  groups 
alike (P  <  0.001). In the active periods o f  th e  disease the num ber o f  T -lym pho- 
cytes was low er than in the periods o f  rem ission. In the generalized  stage, as 
w ell as in the MC and LD typ es, the num ber o f T-cells identifiable on th e  ground 
o f their rosette-form ing capacity  w as also low er (Table II).

In untreated  H -disease the num ber o f Tar-cells was sig n ifica n tly  higher 
than  in the group of normal controls (P  <  0.001). In the patien ts w ith  treated  
H -disease the number o f Tar-cells w as increased, but not s ig n ifica n tly  so. 
An increase in the proportion o f Tar-cells w as demonstrable in  trea ted , active  
cases (P  0.001) as also in the MC and L D  types (P <  0.01). In  th e  4 in ­
active  patients who had undergone rad iotherapy 4 to 12 m onths earlier, the  
num ber o f Tar-cells was considerably reduced (14%  ;-j- 2.5).
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Table II

P ro portion  o fT f  and Tar-lym phocytes in  patients with treated H o d g k in 's  disease, according to clinical 
stage a n d  histological type (m ean D.)

A bsolute lym phocy te  
count

T  t o ta l  ro se tte s  
p e r  c e n t

T  auto logous ro se t te s  
p e r c e n t

C o n tro l g ro u p

n  =  30 2823.5 ±  310 69.2 ±  5.3 20.4 ±  3.1

P a t ie n t s  w ith  H odgkin’s disease 

C lin ica l stage

I . n =  2 2078.0 ±  150 60.5 ±  3.2 19.5 ±  3.9

I I .  n  =  10 1660.8 ±  180** 49 .4  ±  3.8** 20.5 ±  2.9

I I I .  n  =  11 1281.6 ±  230** 50.3 ±  2.4** .. 24.0 ±  3.4

IV . n =  6 1448.0 ±  450** 40.3 ±  5.3** 28.2 ±  1.2**

A c co rd in g  to  histological ty p e

L P  —  NS n  =  11 1509.1 ±  120** 51.5 ±  5.3** 19.6 ±  3.4

M C —  LD  n  =  18 1204.9 ±  230** 47 .4  ±  4.9** 26.9 ±  4.2*

* =  P  <  0.01 
** =  P  <  0.001

Discussion

Surface marker stu d ie s  and functional m eth od s have revealed a d e fi­
c ie n c y  o f cellular im m u n ity  in  H-disease, but con trad ictory  reports have also  
ap p eared  [1, 2, 23]. The h u m oral immune r e a c tiv ity  rem ains unaffected u n til 
th e  advanced stage o f  th e  d isease [35]. There are various findings p o in tin g  
to  th e  prevalence o f a suppressor effect. Im p airm en t o f lym phocyte tra n s­
form ation  in response to  phytohaem agglutin in  (P H A ) is also attributed  to  
a suppressor cell h y p e r a c tiv ity , for which partly  an  increase of the prostaglan­
din-producing m onocyte p op ulation , partly th e  T-suppressor cells [3, 4 ] are 
incrim inated . The resu lts o f  M oretta et al. [27] and  Rom agnani et al. [32] 
in d ic a te  that in H -d isease  th e  T o/T ^-lym phocyte quotient is increased, in  
o th er  words there is p reva len ce  of T -lym phocytes carrying IgG -Fc-receptors. 
In  patien ts with u n trea ted  H-disease the num ber o f  the T-lym phocytes o f  
suppressor type provided w ith  histamine receptors is increased, but treatm en t  
resu lts  in a fall of th e  n u m b er  of the То-cells, as w ell as of the T -cells w ith  
h istam in e  receptors, to  approxim ately  norm al v a lu es  [3, 4, 27, 32].

In  the peripheral b lo o d  o f normal subjects th e  num ber of Tar-cells, th a t  
is  o f  the cells which are assu m ed  to play a regu la tory  role in the m aintenance  
o f  th e  helper-suppressor-balance, ranges betw een 20 and 25% [30, 31]. A ccord-
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ing to the find ings of Fournier and Charreire [11], in response to concanavalin- 
A pretreatm ent the Tar-cells increased in num ber and assum ed the functional 
characters o f  lym phocytes o f  effector suppressor typ e. Palacios et al. [30] 
found purified Tar-cells in h ib itory  to  im m unglobulin  synthesis induced  by  
pokeweed m itogen  (PWM). A ccording to  Sakane et al. [34] concanavalin-A  
induced T ar-lym phocytes proved  inhib itory also to  PWM induced B -cell 
proliferation. In  autologous m ixed  lym p h ocyte  cultures an increased pro­
portion o f Tar-cells capable o f  b inding th e  m onoclonal serum Okt 8 w as found  
b y  K um agai et al. [20]. It has been dem onstrated b y  these studies th a t  Tar- 
cells m aturate to  suppressor effector cells in response to  antigenic or m itogenic  
stim uli.

The data concerning the num ber o f Tar-cells in hum an m alignant disease 
are inconsistent [22]. Sandilands et al. [33] have observed increased figures 
in a group o f  m elanom a p atien ts while Caraux et al. [8] found low  figures 
in a material o f  more than 100 patien ts w ith  solid tum our. The Tar-cells in 
H -disease have been studied b y  Lang et al. [21]; no significant difference in 
th e  autologous rosette-form ing capacity  betw een patien t and control ly m ­
phocytes has been found by th ese  authors in 24 untreated cases o f H -disease.

The present study shows th a t, in accordance w ith  earlier ev id en ce, the  
sheep-E -binding spontaneous E -rosette  form ing capacity  o f the lym p h ocytes  
is deficient in H -disease, a fin d in g  sufficient in itse lf to be suggestive o f  fu n c­
tional abnorm alities of T-cells. In the treated  cases being in rem ission , the  
num ber of Tar-cells was not sign ifican tly  different from the m ean va lu es of 
norm al controls. On the other hand, in the untreated and in th e  recurrent 
cases the proportion of the Tar-cells was considerably augm ented. The in ­
crease in their proportion was th e  more rem arkable, as in the sam e group o f  
patien ts the absolute lym p h ocyte counts as w ell as the proportion o f T-cells 
were reduced. In  th e  patients w ho had undergone radiotherapy, the autologous  
rosette-form ing capacity  of the T -lym p h ocytes was deficient 6 to  12 m onths  
after therapy. T his would seem  to  ind icate th a t the Tar-cells represent a h igh ly  
radiosensitive lym phocyte population .

In earlier stud ies [3, 4] w e have found, sim ilarly to other workers, 
a general increase in the num ber o f T-cells o f suppressor typ e in  H -disease, 
depending on th e  activ ity  and other features o f the process. In the present 
series an increase in the number and proportion o f Tar-cells was dem onstrable. 
T hese changes are indicative o f  th e  severity  o f  th e  process, on the one hand, 
and m ay help to  m onitor its th erap y , on the other.
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T he p ro p o rtio n  of au to logous ro se tte -fo rm in g , i.c. au to e ry th ro c y te -b in d in g , 
T -ly m p h o cy tes , w as s tu d ied  in  34 p a tie n ts  w ith  u n tr e a te d ,  operable b ro n ch ia l carc in o m a. 
T he n u m b er o f a u to ro se tte s  in p a tie n ts  w ith  b ro n c h ia l carcinom a w as co n sid e rab ly  
below  th e  m ean  v a lu e  for th e  no rm al con tro l g ro u p . I n  p a tie n ts  w ith  m e ta s ta t ic  in v o lv e ­
m en t o f th e  reg ional ly m p h  nodes a t  th e  tim e  o f su rg e ry  th e  red u ctio n  in  th e  n u m b er 
o f a u to ro se tte s  w as still m ore m ark ed . On th e  1 0 th  p o sto p e ra tiv e  day  a f te r  re sec tio n  of 
th e  tu m o u r  an d  in case o f  rem ission five  m o n th s  a f te r  su rg ery , th e  n u m b er o f  a u to ro s e tte s  
show ed a s ign ifican t rise ap p ro x im atin g  th e  n o rm a l v a lu e . The d is tr ib u tio n  o f sheep-E - 
ro se tte -fo rm in g  an d  of th e  “ a c tiv e -ea rly ”  T -ly m p h o c y te s  was also s tu d ied . O n th e  ev i­
dence o f th e  re su lts , th e  n u m b er o f  a u to ro se tte -fo rm in g  lym phocy tes len d s i ts e lf  to  a 
follow -up of b ronch ia l carc inom a b y  early  d e m o n s tra tio n  of rem issions o r  re cu rre n ce s .

K eyw ords: au to logous ro se tte -fo rm in g  cells, re g u la to ry  fu n c tio n , u n tre a te d  
b ro n ch ia l carc inom a

Introduction

In bronchial carcinom a cellular im m une reactiv ity  is generally affected  
and declines w ith  progress of the disease. This is reflected by the n eg a tiv ity  
o f intraderm al tests  [18] and b y  a depression o f lym phocyte transform ation  
in response to  m itogens [12, 27].

A m ong the T -lym phocytes 20—25%  has th e  capacity  of form ing rosettes, 
in addition to  sheep erythrocytes, also w ith autologous erythrocytes (Tar =  T 
autologous rosette) [4, 5, 6, 9, 13, 14, 16]. A ccording to present know ledge, 
the T -lym phocytes capable o f form ing rosettes w ith  autoerythrocytes represent 
a precursor cell population a part o f w hich has already attained the stage of 
reacting w ith  the m onoclonal antibodies Okt 4—8, i.e . they  represent helper  
or suppressor cells, whereas the other, su b stan tia l part belongs to  th e  fu n c­
tionally  noncom m itted  T-precursor cells. The Tar-cells lack a surface-IgG - or 
IgM -hinding Fc-receptor structure. T hey are vulnerable to steroid horm ones  
in v ivo and in vitro alike, and are resistant to  theophylline. T hey represent
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a ly m p h o c y te  population w hich  plays an im portant part in the m aintenance  
o f  n o rm a l feed-back in h ib ition  [19, 23, 24, 25, 2 6 ]. In  the present s tu d y  th e  
p rop ortion  of the autorosette-form ing population  w as studied in p atien ts w ith  
b ron ch ia l carcinoma and com pared w ith the m ean values of a norm al control 
group. I t  was exam ined how  their proportion is affected  b y  surgical rem oval 
o f th e  tu m ou r and w hether th eir  study was su itab le  for the follow -up o f th e  
c lin ica l situation . The a ctive  and to ta l ly m p h o cy te  counts have also been  
d eterm in ed  and correlated to  th e  number o f Tar-cells.

Patients and methods

T h ir ty fo u r  p a tie n ts  w ith  o p e rab le  b ro n ch ia l c a rc in o m a , aged 41-86 (av erag e  56.5) 
y e a rs  w e re  stu d ied . T he m ale -to -fem a le  ra tio  w as 32 : 2.

N o n e  of th e  p a tie n ts  h a d  rece iv ed  an y  th e r a p y  b e fo re . T he surgical sp ec im en s w ere 
s u b je c te d  to  m icroscopic s tu d y  in  a ll o f th e  cases. C lin ical stag in g  was based  o n  th e  T N M - 
c la s s if ic a tio n . O f th e  p a tie n ts , 14 w ere  in  stage T l ,  16 in  s tag e  T 2 , 4, in  stage T3. A t su rg e ry  14 
p a t i e n ts  d isp lay ed  m icroscopica lly  d em o n strab le  d ep o sits  in  th e  regional ly m p h  no d es. (The 
h is to lo g ic a l stud ies w ere p e rfo rm e d  a t  th e  In s t i tu te  o f  P a th o lo g y , U n iv e rsity  D eb recen ).

T h e  p a tie n ts  were s tu d ie d  fo r  ro se tte -fo rm in g  cells o n  th e  d ay  before su rg e ry ; 20 p a ­
t ie n ts  w e re  reexam ined  on th e  1 0 th  p o sto p e ra tiv e  d a y , 15 p a tie n ts  were availab le  fo r  fo llow -up  
s tu d ie s  f iv e  m on ths a fte r su rg e ry . T h ir ty  n o rm al su b je c ts  se rv ed  as controls.

L ym phocyte  separation. H e p a rin ize d  venous b lo o d  w as sep a ra ted  on F ic o ll-g ra d ie n t, 
a c c o rd in g  to  B öyum  [2].

F o r  th e  E -ro sette  te s t  th e  m e th o d  described b y  Y u  a n d  Jo n d a l was u sed  [13, 31]. To
0.1 m l ly m p h o c y te  suspension  (107 cells/m l) a su sp en sio n  o f w ashed sheep re d  cells (2 x 1 0 s 
c e lls /m l)  o f  th e  sam e volum e w as a d d e d . A fter in c u b a tio n  a t  37 °C for five m in  th e  m ix tu re  
w as c en tr ifu g e d  a t  200 g for 10 m in . D irec tly  a f te r  re su sp e n sio n  th e  n u m b er o f e a r ly , “ a c t iv e ” , 
r o s e t te s ,  a n d  a fte r in cu b a tio n  a t + 4  °C o v ern ig h t th e  to ta l  n u m b er o f E -ro se tte s  w as d e te r ­
m in e d , th e  lym phocytes b in d in g  a  m in im um  of th re e  sheep  red  cells being c o u n te d  am o n g  
200 ly m p h o c y te s .

A utologous rosette-test. T h e  ly m p h o cy tes  se p a ra te d  on  F ico ll-g rad ien t w ere t a k e n  up  
a f te r  th e  la s t  w ashing in  Ca- a n d  M g-free H a n k ’s so lu tio n  (p H  7.4), and  th e  cell c o u n t  was 
a d ju s te d  to  2 x  107 ml.

T h e  auto logous e ry th ro c y te s  w ere w ashed in  Ca- a n d  M g-free H a n k ’s so lu tio n  a n d  m ade  
u p  to  a  cell suspension o f 3 x l 0 8 m l. To a  m ix tu re  o f  0.1 m l lym phocy tes (2 X 106), 0.1 m l 
a u to lo g o u s  e ry th ro cy tes  ( З х Ю 7) a n d  0.1 ml calf se ru m  ex h au s te d  w ith  h u m an  e ry th ro c y te s  
o f  g ro u p  A B  was added  in  a  te s t  tu b e ,  cen trifuged  a t  ro o m  tem p e ra tu re  a t  200 g  fo r f iv e  m in  
a n d  in c u b a te d  a t  + 4  °C fo r 24 h.

E v a lu a tio n : tw o m in  b e fo re  resuspension  th e  ly m p h o c y te s  were s ta in ed  w ith  a  d ro p  
o f  0 .2 %  to lu id ine  blue in  C a -an d  Mg-free H a n k ’s so lu tio n . T he ly m p h o cy tes  a tta c h in g  a 
m in im u m  of th ree  h u m an  e ry th ro c y te s  pe r 200 ly m p h o c y te s  w ere counted  u n d e r  a  co v erg lass .

A t  th e  sam e tim e th e  a b so lu te  ly m p h o cy te  c o u n t p e r m m 3 was also d e te rm in e d , o n  th e  
b a s is  o f  th e  leukocyte c o u n t a n d  th e  p ercen tage  of ly m p h o cy tes .

F o r  s ta tis tica l e v a lu a tio n  S tu d e n t’s t te s t  w as u sed . The resu lts  are  ex p ressed  as 
m e a n  ±  S .D .

Results

N o significant d ifferences in the absolute lym phocyte count were dem on­
stra b le  between the p atien ts w ith  bronchial carcinom a and the norm al controls 
(norm al controls 2838.7 ^  474.4; bronchial carcinom a patients 2495. 1 ±  
9 9 5 .8 ).
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Before surgery, the active, to ta l and autologous rosettes were sign if­
icantly  reduced in num ber (Table I).

Table I

Changes in  the rosette surface markers in pa tien ts w ith bronchial carcinoma

Contro l 
n  =  30

B ro n c h ia l  carc in o m a 
n  =  34 Significance

T  active 22.0 ±  3.5 14.6 ±  6.3 P  <  0.001

T  to ta l 69.2 ±  5.2 46.2 ±  11.6 P  <  0.001

T  auto logous 20.3 ±  2.8 10.7 ±  6.3 P  <  0.001

m ean  ±  S.D. 
n  =  nu m b er o f p a tie n ts

In the patien ts w ith m etastatic in vo lvem en t o f  the regional lym ph-nodes  
at the tim e o f surgery the fa ll in the num ber o f autorosettes was still more 
marked, whereas in  the num ber o f T -active and T -total rosettes there was 
practically no difference betw een the m etasta tic  and non-m etastatic group  
(Table II).

Tabic II

Changes in  the rosette surface markers in pa tien ts with deposit-forming 
bronchial carcinoma

D eposits  
n  — 14

N o d e p o s its  
n  =  20 Significance

T  active 14.4 ±  7.7 14.8 ±  4.0 NS
T  to ta l 45.5 ±  12.9 47.1 ±  9.5 NS

T au tologous 8.0 ±  5.6 12.0 ±  4.2 P  <  0.001

m ean  ±  S.D . 
n =  n u m b er o f p a tie n ts

R eexam ination o f 20 patients on the 10th postoperative day show ed  
a significant increase in the num ber of autologous rosettes, whereas th e  active  
and total T-cells rem ained practically unchanged in number. F ive m onths  
after successful surgical resection we were able to  repeat the tests in  15 cases 
o f these, 12 patients were in com plete rem ission, while 3 patients had  low - 
grade fever or deposits. An increase in the a ctive  and tota l T-cell counts was 
found, but it  was significant for the total T-cell count only. On the other hand, 
th e  number o f autologous rosettes had atta in ed  values approxim ating th ose  
o f the normal controls (T -active: from 14.6%  ^  6.3 to 16.2%  ^  4.2; T -to ta l:
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Table Ш

Changes in  the rosette surface markers in  postoperative periods

B efo re  o p e ra tio n  
n  =  34

10 d a y s  a fte r  
o p e ra t io n  
n =  20

5 m o n th s  a fte r  o p e ra tio n  
n  =  15

T  ac tiv e 14.6 ±  6.3 NS 15.2 ±  4.2 16.2 ±  4.2 NS*

T  to ta l 46.2 ±  11.6 NS 48.9 ±  10.3 58.1 ±  9.8 P  <  0.01

T  au to logous 10.7 ± 6 . 3  P  <  0.01 16.6 ±  3.5 19.0 ±  9.9 P  <  0.001

m e a n  ±  S.D. 
n  =  num ber of p a tie n ts

* significance referred  to  th e  p reopera tive  value

from  46.2%  -j- 11.6 to  58.1%  ^  9.8; T -autologous: from 10.7%  ^  6.3 to  
19 .0%  ^  9.9) (Table II I ) . In  the three p a tien ts w ith  relapse the num ber of 
a u to logou s rosettes w as as low  as before surgery 14% , 10% and 8% , respec­
t iv e ly .

Discussion

The peripheral ly m p h o cy te  count is u su a lly  low  in the case o f  m alignant 
tu m o u rs, including bronchial carcinoma [1, 6]; th e  reduction involves prim arily  
th e  T -cells and is regarded as an adverse prognostic sign, as pointed  out by  
G ross et al. [10] and A n th o n y  et al. [1].

T he function o f th e  rem aining T-cells is also affected, as reflected  by  
a poor responsiveness to  non-specific  m itogens and in the n ega tiv ity  o f  intra- 
d erm al tests  [12, 18, 27]. A ccording to the fin d in gs of Garcia and V alverde [8], 
an d  o f  Neubert et al. [22], in  patients w ith  bronchial carcinoma th e  reduced  
T -ly m p h o cy te  count dem onstrated  by the E -rosette  test provides no reliable 
in form ation  on the clin ical condition , owing to  a considerable overlap betw een  
th e  va lu es found in the tum our patients and in normal controls. W ith in  the  
T -ce ll population the subgroup of lym p h ocytes capable of binding autologous 
ery th rocytes has been receiv ing  increasing a tten tion  in recent years [24, 25, 
2 6 ]. In  the blood of norm al subjects the proportion of T -lym phocytes capable  
o f  recognizing autologous erythrocytes ranges betw een 20 and 25% , depending  
on th e  m ethod used. A part o f this population hinds peanut agglutinin (PN A ), 
as a sign  th at these cells h ave not y et atta ined  fu ll m aturation, but are already  
co m m itted  to  a helper or suppressor function . T hey are regarded b y  Palacios 
e t a l. [25] as T-cells o f  regulatory function p laying  an im portant part in the  
m ain ten an ce of the norm al feedback inhib ition  and in cytotoxic cell functions.

Published evidence relating to the num ber o f rosette-form ing lym p h o ­
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cy tes  in m alignant d isease is scanty  and in con sisten t. According to  the observa­
tion s of Caraux et al. [3] o f  112 patients w ith  various tum ours, the num ber o f  
rosette-form ing cells was considerably low er in patients w ith  m alignant 
disease than in norm al subjects. H aving fo llow ed up the autorosette-form ing  
population for 16 m onths, these authors found th a t its num ber rem ained below  
norm al even during rem ission after chem otherapy or irradiation. The au to ­
rosette-form ing population  a few  m onths before th e  clinical relapses underw ent 
different changes. In a group an initial rise o f th e  va lu e was followed b y  a sharp  
fall before relapse. In other patients num ber o f Tar-cells declined gradually  
and in a third group it  persisted at the norm al level. In opposition to  these  
authors, Lang et al. [17], in  a m aterial o f 21 p a tien ts w ith  bronchial carcinom a, 
found no difference in th e  num ber of Tar-cells betw een  those o f the patien ts  
and o f  normal controls.

No positive correlations were found betw een  the number o f rosette ­
form ing T-cells and th e  duration or progress o f  th e  tum our, nor did the num ber 
o f early-active rosette-form ing cells correlate w ith  th a t o f the Tar-cells [17].

The data in the literature fail to warrant th e  conclusion th at a reduction  
o f the number o f circulating T-cells, or o f  active  rosette-form ing cells was 
typ ica l o f a m alignant process, although lym phopenia  is certainly an adverse  
prognostic sign. Fudenberg et al. [6] and K erm an et al. [15] found th e  per­
centage of active T -cells norm al or even increased in patients w ith  untreated  
solid  tum our. The num ber o f active or to ta l T -cells has therefore no reliable  
predictive value and is unsuited  for follow ing up o f the process.

Our earlier results ind icate that in p a tien ts w ith  bronchial carcinom a  
the number of to ta l  lym p h ocytes and w ithin  th is  population th a t o f  T-cells 
identifiable w ith  alpha-naphthyl-acetate esterase (A N A E ),is  not sign ifican tly  
reduced. On the other hand, the enzym e reaction  has changed its typ e: the  
proportion o f T-cells m arked b y  a granular enzym e activ ity  has increased. 
On the ground o f  the resu lts o f  Gross et al. [10] and Moretta et al. [21] the  
increase m ay be connected  w ith  functional a lterations o f the T-cells. A ccord­
ing to  the present results, in m alignant disease the num ber of T-cells form ing  
spontaneous E -rosettes w ith  sheep red cells is considerably reduced, which  
in itse lf  is ind icative o f  som e functional disturbance.

The num ber o f autorosette-form ing T -cells, regarded as precursor T- 
cells, was also reduced in th e  present m aterial and their reduction was found  
to  correlate w ith the clin ical course and w ith  th e  presence of deposits.

Palacios et al. assum ed th at the autologous rosette-form ing cells are 
precursors o f natural killer (N K ) cells: a restricted  cy to to x ic ity  m ight thus  
w ell account for th e  progression o f the tum our [25]. The view s concerning  
the N K -activ ity  o f  th e  autorosette-form ing ly m p h o cy tes  are, how ever, divided. 
According to th e  find ings o f  R ucheton et al. [29], th e  autologous rosette­
form ing lym phocytes have no N K -activ ity .

4* Acta Medica Hungarica 41,  1984



126 BODOLAY, E. et al.

A s it  is known, th e  IC-Ievel is high in m alignant disease, but it  declines 
after resection  o f the tum our and rises again in  th e  case o f a relapse [7, 11, 28].

T he IC have been show n to  inhibit E -rosette form ation and binding of 
IgG -sen sitized  bovine red cells to  the Fc-receptors in  SLE [21]. IC m igh t well 
be cap ab le of altering other m em brane structures as w ell, including those  
required for the binding o f ow n erythrocytes, thus accounting for th e  reduc­
tio n  in  th e  number o f autologous rosettes. The effect o f circulating serum  
factors and of tum our ex tracts on autologous rosette form ation offer further 
lin es o f  study.

According to the present find ings, bronchial carcinom a is certain ly  
a ssocia ted  with a reduction in  th e  num ber o f  E -rosette-form ing T -cells. For 
assessm en t o f the clinical course, th e  num ber o f th e  autologous rosette-form ing  
T -cells m ay  offer in form ation. In v iew  o f its s im plicity  and o f the predictive  
v a lu e  o f  its  results as regards rem issions or relapses, the m ethod is lik e ly  to  
p rov id e a convenient too l for follow -up studies.
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O n th e  ev idence of o b se rv a tio n s com prising  ap p ro x im ate ly  200 t r e a tm e n ts  by 
p e rito n ea l dialysis (P D ), th e  a d v an tag e s  o f  th e  w eekly 3 X 9-h schedule  o v e r  th e  2 x 2 4 -h  
schedule  a re  p o in te d  ou t. U tiliz a tio n  o f d ia ly sin g  flu id  per week w as 45.1 1 v e rsu s  54.6 1. 
T he im p ro v ed  general co n d itio n  o f th e  p a tie n ts  an d  th e  fa v o u rab le  c h an g e s  o f  the  
b iochem ical p a ram e te rs  w ere in  su p p o r t o f th is  d ialysis s tra te g y . T h e  u se  o f th e  type  
P D K -8  a u to m a te d  a p p a ra tu s  designed b y  th e  a u th o rs , is recom m ended  as b e in g  sim ple 
to  h a n d le , lab o u r-sav in g  an d  a p t  to  m in im ize  th e  h azard  of p e r ito n itis .

K eyw ords: p e rito n ea l d ialysis, p e r ito n e a l clearance, dialysis t r e a tm e n t  s tra te g y , 
d u ra tio n  of dialysis

Introduction

The num ber o f patients requiring d ialysis treatm ent for chronic renal 
failure has been sharply increasing in th e  last years, partly as a resu lt o f the 
im proving diagnostic possib ilities, and p artly  o f the extension  o f  th e  thera­
peutic services.

P D  is no longer regarded as a la s t  resort, but rather as an a lternative  
to  haem odialysis. The technique, in d ication s, possibilities and lim ita tion s of  
th e  procedure are w ell docum ented [1, 5, 12, 15].

According to the data o f E .D .T .A . the number of d ia lysis u n its with 
facilities for PD  have been on the increase in Europe too. The figu res from  
1981 [8] show  a fivefold  increase in the num ber of PD patien ts over th e  last 
four years. On 31 D ecem ber 1980 2749 patien ts in Europe were on  P D . This 
im plies th a t several hundreds o f patien ts are receiving PD in various E uropean  
countries, particularly in France, I ta ly , G FR  and Great B rita in .

The results obtained at this departm ent have been reported earlier [14]. 
The present report deals w ith our stra teg y  o f peritoneal d ia lysis developed

Send o ffp rin t req u ests  to  I. T a ra b a , N a tio n a l In s ti tu te  of C linical M edicine, H-1088 
B u d a p es t, S zen tk irá ly i u . 46, H u n g a ry

A bbreviations : P D : p e rito n ea l d ialysis; H D : haem odialysis; C A PD : c o n tin u o u s  a m b u la ­
to ry  p e rito n ea l d ialysis; Cpi p e rito n ea l c learan ce ; D c: co ncen tra tion  of g iv en  su b s ta n c e  in the  
e fflu e n t; SCj,: serum  co n cen tra tio n  before d ia ly s is ; SCa: serum  co n ce n tra tio n  a f te r  d ialysis; 
V,j: vo lum e per m in  of d ialysing  flu id  passing  th e  ab d o m in a l cav ity ; Cur: p e r ito n e a l u re a  clear­
ance ; Ссгеар  p e rito n ea l c rea tin in e  c learance; Cua: pe rito n ea l uric acid  c learan ce
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a lon g  further lines provid ing for an increased perform ance o f PD . It has been  
so u g h t b y  this strategy to  “ reproduce” , as it  w ere, th e  function of the norm al 
k id n e y  b y  increasing th e  regu larity  of d ialysis, w h ile m inim izing, as far as 
p o ssib le , the demands on th e  sta ff as well as on th e  patien t and striving at 
th e  m axim um  possible e ffic ien cy . It  was expected  to  ach ieve these objectives  
b y  a closer spacing o f P D , b y  a reduction of th e  tim e o f dialysis and by m ech a­
n iza tio n  o f the procedure.

Patients and methods

N in e  p a tie n ts , five m ales a n d  fo u r females were s tu d ied . A  to ta l  o f 198 PD  was p e rfo rm ed . 
A ll p a t ie n ts  h ad  chronic re n a l fa ilu re  w hen s ta rted  on  P D , th e  serum -creatin ine  levels b e in g  
a b o v e  800 /miol/1 and th e  d a ily  u r in a r y  o u tp u t below 500 m l in  a ll o f th e  cases.

T h e  T en ck h o ff-ca th e ter se rv in g  for PD  (Q uin ton  Q I 3244) w as inserted  u n d e r a sep tic  
c o n d itio n s  in  th e  surgical th e a t re  f ro m  a low m id line-incis ion .*  I n  th e  early  period  P D  w as 
p e rfo rm e d  m anually , la te r  b y  m e a n s  of th e  type  P D K -8  a u to m a tic  a p p ara tu s  of o u r o w n  
d esig n . T h is  is a com pletely a u to m a te d  u n it  delivering 8 1 d ia ly s in g  f lu id  in th e  desired d is tr ib u ­
t io n  (fo r  d e ta ils  of th e  a p p a ra tu s  see our earlier re p o rt  [10 ]). T h e  p resen t system  a llo ca tes  
one h o u r  fo r each cycle, 2 1 d ia ly s in g  flu id  being instilled  in to  a n d  d ra in ed  from  th e  p e rito n ea l 
c a v ity .  D u ra tio n  of inflow  a n d  o u tf lo w  was 10 m in  fo r e ach , th e  tim e  allowed for in t r a a b ­
d o m in a l eq u ilib ra tio n  w as 35 to  40 m in . The 2 1 vo lum e w as to le ra te d  well an d  caused  no 
d isc o m fo rt to  th e  p a tien ts . T h e  v o lu m e  of dialysing f lu id  u til iz e d  fo r “ short-tim e”  P D  w as 
th u s  16 1, i.e. 2 x 8  1. The fla sk s  w ith  th e  flu id  were k e p t in  a  p re w arm e r p rior to  PD  a n d  in  a 
su sp e n d e d  w arm er during  in s t i l la t io n  a t  a co n stan t te m p e ra tu re  o f 37 ±  1 °C p ro v id ed  b y  
e le c tr ic  heatin g .

T h e  dialysing flu ids w ere  “ P erid iso l solutions “ I D ”  a n d  “ 2D ” , m ade by th e  H U M A N  
(“ I n s t i tu t e  for Vaccine P ro d u c tio n  a n d  R esearch”  B u d a p es t)  th e  com position  of “ Perid iso l I D ”  
w as, N a + :  140, C a+ + : 4, M g + + : 1 .5 , Cl- : 102, la c ta te  43.5 m v a l/1 , glucose: 15 g/1. “ P erid iso l 
2 D ”  is o f  th e  sam e com position , w i th  th e  difference t h a t  i t  c o n ta in s  70 g/1 glucose.

T h e  serum  creatin ine, c a rb a m id e , u ric  acid, N a, K , Ca a n d  P  levels were m easured  b efo re  
th e  s t a r t  a n d  afte r com pletion  o f  P D . T he serum  to ta l p ro te in s , haem oglobin , h aem ato c rit a n d  
le u k o c y te  co u n t were d e te rm in e d  a f te r  PD . The p a tie n ts  w ere  w eighed  before and  a f te r  P D . 
P u ls e - ra te  an d  blood pressu re  w ere  checked  during P D . T en  m l sam ples were tak e n  fro m  each  
su ccess iv e  litre  of th e  o u tflow ing  d ia ly sa te  and m easu red  fo r th e  co n cen tra tions o f c rea tin in e , 
c a rb a m id e , u ric  acid, N a, K , Ca a n d  P .

I n  accordance w ith  p u b lis h e d  d a ta  [2, 4, 13], th e  p e r ito n e a l clearance of th e  g iven  su b ­
s ta n c e  w a s  calcula ted  on th e  b asis  o f  th e  form ula,

Dc - Yd
p sc„ + sca

2

w h ere  th e  n u m era to r rep re sen ts  t h e  q u a n tity  of the  g iven  so lu te  c leared  by  PD  per m in , a n d  
th e  d e n o m in a to r  th e  average se ru m  co n cen tra tio n  of th e  sam e  so lu te .

( 'peri* is th u s  equal to  th e  q u a n t i ty  o f th e  e lim in a ted  so lu te  d iv id ed  by  th e  averages o f i ts  
p re d ia ly s is  and  postd ialysis se ru m  leve l.

A s th e  f irs t step of m a th e m a tic a l-s ta tis t ic a l  a n a ly s is  o f  th e  d a ta  th e  h istogram s o f th e  
v a r ia b le s  u n d e r  s tu d y  w ere p lo tte d  a n d  th e  m ean va lues a n d  s ta n d a rd  dev ia tions were c a lc u la t­
ed . F u r th e rm o re , th e  to ta l  q u a n ti t ie s  o f  d ialysed  solutes pe r w eek  a n d  th e  p ro ducts and  q u o tie n ts  
o f  th e  Ca a n d  P  levels w ere d e te rm in e d . The fluid in p u t w as c o rre la te d  to  th e  q u a n ti ty  o f th e  
d ia ly se d  sub stan ce  b y  lin ea r a n a ly s is  o f regression.

* W e are  indeb ted  to  D r. L . K örm end i, m em ber o f  th e  R esearch  S ta ff of th e  N a tio n a l 
I n s t i tu t e  o f  T raum ato logy , fo r h is  v a lu a b le  assistance.
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T he d a ta  w ere ch ecked , tran sfo rm e d  a n d  an a ly sed  p a r tly  on  th e  b asis  o f  ou r own 
p ro g ram , p a r tly  o f th e  p ro g ram  p ack ag e  B M D P-77, using  th e  c o m p u te r R 20 o f  th e  Section  for 
A u to m a te d  A nalysis, Sem m elw eis U n iv e rs ity  M edical School.

Results

The results o f a to ta l o f  198 short-tim e PD  in nine p a tien ts, averaging  
9 h  in duration were analysed.

The predialysis and postd ialysis serum levels o f ions and sm all-m olecular  
solutes have been sum m ed up in Table I. The serum levels o f  th e  sm all-m ole­
cular substances retained in  the serum  have been found to  decline as a result 
o f  d ialysis. This was valid  also for the serum  К  and P levels. On th e  other hand, 
th ere was a m oderate increase in the Ca level.

Table I

Serum levels o f  ions and small-molecular solutes ( in  S . I .  u n its )

Before PD  A fter PD
m ean ±  S.E.M. mean ±  S.E.M.

C reatinine 197 935.29 ± 18.00 784.12 ± 15.39
U rea 196 31.47 ± 0.54 26.32 ± 00.54

U ric acid 198 679.85 ± 10.57 585.28 ± 10.82
Na 198 141.4 ± 0.19 141.9 ± 0.21

К 198 4.88 ± 0.058 4.16 ± 0.04

Ca 187 2.17 ± 0.01 2.19 ± 0.01

P 171 2.84 ± 0.04 2.36 ± 0.03

Ca X P 171 5.83 ± 0.08 5.11 ± 0.08
Ca/P 171 0.77 ± 0.02 1.003 ± 0.02

Average d u ra tio n  o f P D : 9 h

The to ta l d ialysis tim e per week averaged 27 h, in other w ords, each  
dialysis lasted  9 h. The flu id  volum es and the am ounts o f sm all-m olecular  
substances cleared on a w eek are presented in Table II.

The utilized flu id  volum e (inflow ) was correlated to  the q u an tity  of 
cleared sm all-m olecular substances. The correlations betw een elim ination  and 
u tilized  fluid are expressed for carbam ide and creatinine by th e  follow ing  
equations o f regression:

у  =  0.0923 X -  0.245

у  =  1.059 X +  3.93
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Table II

Weekly elim ination  by P D  o f  small-molecular solutes (n  =  196)

Mean ±  S.E.M .

D u ra tio n  o f  d ia ly sis

m in /w eek 1623 ±  7.55

h/w eek 27 ±  0.11

W ate r, m l 4839 ±  263

U rea, g 28.07 ±  0.60

C reatin ine , g 3.46 ±  0.09

U ric acid , g 3.02 ±  0.07

P ro te in , g 59.71 ±  2.72

E lim ination  of both substances from the organism  increased in propor­
tio n  to  th e  volum e o f d ia lysin g  flu id . The volum e utilised  per treatm ent was 
14 to  16 1 (mean =  15 040 m l ^  268 ml). The fa ll in  th e  serum levels and  
e lim in ation  of the given su b stan ce is shown in Tables and II.

From  the changes in th e  serum  levels and the elim ination  of a substance, 
its  peritoneal clearance, as th e  indicator o f th e  effic ien cy  o f dialysis, was 
ca lcu la ted . B y m odifying th e  volu m e of utilized d ia lysing  flu id  and o f the tim e  
o f d ia lysis (equilibration t im e), the clearance values are also m odified. The 
p resen t “ short-tim e” d ia lysis gives the follow ing clearance values:

CUrea: 22.25 -J- 5.71 m l/m in (n: 190)

Ccreat: 22.19 ^  5.41 m l/m in (n: 193)

Curicac: 18.09 5.83 m l/m in (n: 193)

In  tw o of the present cases we had changed over from the earlier long­
tim e  to  short-tim e dialysis th ree tim es a week. The serum  levels o f the retained  
so lu tes  are represented in  F igs 1 and 2. In the in terest o f com parison, the  
serum  carbamide, creatin ine and uric acid levels  during the last 10 weeks of 
lo n g -tim e PD  and those o f  th e  first 10 weeks o f  short-tim e PD  are shown. 
T he fa ll in the creatinine le v e l was striking, th a t in  the carbam ide level was 
le ss  so , and the uric acid le v e l show ed a minor increase. PD  three tim es a week  
cau sed  less discom fort to  th e  patients and w as far less exhausting than  the  
tw o  adm issions of the w eek ly  24 h of dialysis. Short-tim e dialysis on an ou t­
p a tien t basis was to lerated  m uch better by p a tien ts, and the satisfactory  
con tro l o f blood chem istry  w as accom panied b y  an im proved sense o f w ell­
b ein g .

A c ta  M edica  H ungarica 41, 1984



SHORT-TIME PERITONEAL DIALYSIS 133

tw ice  
even

Long-time PD Short-time PD

Ic c
î  Î
о  =*■

С Ёэ a. 
* S

Sz 3 4 5 ç

-

î . î . î ■ î ■ î -
0 2 4  6 6  10 2 4 6 8  10 

We e k s  W eek»

Fig . f .  T he serum  levels o f th e  re ta in e d  so lu tes (sho rt-tim e d ia lysis)
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Fig. 2. T h e  serum  levels o f th e  re ta in e d  so lu tes (sho rt-tim e d ialysis)

D iscussion

In the cases reported earlier chronic P D  had been applied to  patients  
a week for 24 h. This form o f treatm en t was exhaustive to the p atien ts, 
in the absence o f any com plication . Therefore, m any authors have
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a ttem p ted  to  shorten th e  period of dialysis [3, 6, 7, 9, 11, 13, 16], obviously  
w ith o u t reducing its e ffica cy .

W hile the function  o f  th e  normal k idney is continuous, dialysis tr e a t­
m en t occurs periodically. T he ideal objective w ould  be, therefore, a continuous  
d ia lysis reproducing th e  fu n ction  o f the norm al k id n ey . Continuous d ialysis  
in v o lv in g  hospitalization is , how ever, beyond endurance. On the other hand, 
continuous am bulatory peritoneal dialysis (C A PD ) introduced recently m akes 
it  possib le  to solve it  b y  hom e-dialysis. Closely spaced  short-tim e P D , th ou gh  
p rovid ing  no CAPD, ap proxim ates the physio logica l kidney function m ore 
th a n  does long-tim e P D  carried out in long in terva ls.

The patients form ing th e  present m aterial received  three treatm ents per 
w eek, routinely applied in  H D  as well. B y  th is  practice the w ithdraw al o f  
reta in ed  fluid was sm ooth  and elim ination o f th e  retained substances m ore 
continuous.

Comparison o f th e  e ffica cy  of 9-h and 24-h treatm ents showed a slighter  
fa ll in  th e  serum levels  a fter  the 9-h treatm ents. B y  increasing the volu m e  
o f  d ia lysing  fluid to  2 1 per cycle we were able to  increase the efficiency o f  
d ia lysis  per unit o f tim e, as reflected in the va lu es o f  peritoneal clearance. 
A  closer spacing o f th e  treatm en ts allowing to  approxim ate the physiological 
fu n ction  o f the kidney as far as possible. Com parison o f the total fluid volum es  
u tilized  per week, o f  th e  duration of dialysis in  hours and of the levels o f  
reta in ed  substances in th e  serum  clearly show ed th a t utilization of 45 1 flu id  
per w eek  within 27 h per w eek  produced a more m arked fall, or a less m arked  
increase, in the levels o f  th e  retained substances th an  had a PD  of 46 h w ith  
54.6  1 flu id  weekly. The short-tim e PD was thus superior in effect to the lo n g ­
tim e treatm ent (Table II I ) .

I f  the results o f  lo n g-tim e and short-tim e P D  are represented graphically  
on th e  assum ption th a t th e  serum  level o f a so lu te is at its mean value before  
d ia lysis , then a saw -tooth  shaped graph is ob ta in ed  (Fig. 3). In the case o f

Table III

C om parison o f  short-time and long-tim e PD

S hort-tim e PD 
3 trea tm en ts  weekly 

m ean ±  S.D.

Long-time PD  
2 treatm ents weekly 

mean ±  S.D.

T im e o f  dialysis per w eek h 27.0 46.5

A m o u n t o f dialysing flu id  p e r w eek liter 45.1 ±  7.0 54.6 ±  5.3

S eru m  levels before dialysis U rea, mmol/1 
creatinine,

31.4 ±  7.38 4 1 .3 9 ±  9.01

uric acid,

935.2 ±  250.1 1309.2 ±  287.3

p m o l/l 679.8 ±  146.9 731.6 ±  133.2
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Fig. 3. T he se ru m  level o f  a so lu te  a f te r  long-tim e an d  sh o rt-tim e  PD

a closer spacing o f the treatm ents the rise in the serum -levels is less sharp and 
its fa ll during dialysis is sm oother than  in the case o f  longer in tervals. (The 
C APD referred earlier is theoretically  still more physiological than  short-tim e  
P D , b y  providing for a more continuous excretion.)

A substantial proportion of the treatm ents under review  w ere carried 
out b y  means o f an autom atic or sem iautom atic apparatus [10]. This provides 
for th e  delivery o f 2 X 8 1 flu id  in 8 to 9 hours, in flow  and ou tflow  being con­
trolled  on the basis o f  a predeterm ined program m e. It is reliable and permits 
reading o f the flu id  balance at any desired m om ent, thus providing for the  
con tin u ity  of m onitoring. E lectric heating helps to m inim ize the hazard of 
periton itis involved b y  heating on a w ater-bath.

On the evidence o f close to  200 PD s performed in nine p atien ts, short- 
tim e-P D  by the use o f an autom atic apparatus was found effective and less 
exh au stin g  than long-tim e-P D . The patients have to  return to  hosp ital more 
often , but the stay  in hospital is shorter, therefore the conditions o f  rehabilita­
tion  are better than in case o f  long-tim e H D . B y  dispensing w ith  24-hour 
dialysis extending over the nocturnal hours, the procedure m akes less dem ands 
on m anpower. The shorter duration o f d ialysis is beneficial to  th e  general 
cond ition , despite the reduction in the to ta l volum e o f dialysing flu id , reflected  
also in  th e  laboratory find ings. Two o f th e  present cases in w hich short-tim e  
dialysis has been substitu ted  for earlier long-tim e P D , are particularly illus­
tra tiv e  o f  the advantages o f  th e  former.
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EFFECT OF LEVAMISOLE ON CELL SENSITIVITY IN 
RATS WITH EXPERIMENTAL HEYMANN’S NEPHRITIS

I. E . T a r e y e v a , S . N . S a v i t s k y , N. B. G o r d o v s k a y a , V .  A. V a r s h a v s k y

LABORATORY O F N EPH R O LO G Y , 1ST MOSCOW M ED ICAL SETCHENOV IN S T IT U T E  
MOSCOW', USSR

R eceived : M arch 10, 1983

The d ev e lo p m en t o f cell-sensitiza tion  to  re n a l an tig en  in ra ts  w ith  e x p erim en ta l 
H e y m an n ’s g lo m eru lo n ep h ritis  and  th e  effect o f levam isole  on cell se n sitiv ity  have 
b een  stud ied . M orphologic changes in  GN  ra ts  ap p ea red  a f te r  14 days an d  w ere m ost p ro ­
nounced  on days 21—28, w ith  focal p ro life ra tio n  of g lo m eru lar cells, a n  increase  o f m esan­
g ium , a focal increase  o f th e  basal m em brane  m a te ria l. A fte r d a y  49 th e  changes im proved 
slig h tly  and  w ere still th e  sam e on d ay  147 w hen  a lo ca tio n  of Ig G  to  th e  glom erular 
b asa l m em brane  w as d e tec ted . In  every  GN r a t ,  ce ll-sensitiv ity  to  re n a l an tig en  was 
rev ea led  from  d a y  21 o f th e  ex p erim en t t ill  i ts  end . L evam isole t r e a tm e n t  decreased 
ren a l m orphologic changes a n d  abolished cell-sen sitiv ity  to  ren al a n tig en . T h e  possible 
m echanism s of p re v e n tin g  th e  d ev elopm en t o f ce ll-sensitiza tion  in r a ts  tr e a te d  w ith  
levam isole are  d iscussed .

K eyw ords: ex p erim en ta l g lom eru lonephritis , ce ll-sensitiza tion , levam iso le

Introduction

The im m unostim ulator levam isole is w id ely  used in th e  treatm ent of 
rheum atological, oncologic, and infectious diseases accom panied b y  a de­
creased cell-m ediated im m u n ity  (CMI). It has been shown th a t levam isole  
helps to restore the functions o f polynuclear leu cocytes, m acrophages [3, 18, 
19] and T-cells [4, 5]. In  glom erulonephritis (G N), d isfunction o f the CMI 
takes place, which is m anifested  in the acute period by a reduction o f the tota l 
num ber o f T -lym phocytes and b y  a decrease in their functional a c tiv ity  [11, 
17], suppression o f the phagocytic function [7] as well as b y  the appearance 
o f lym phocytes sensitized  to  renal antigens [9, 14]. These facts have justified  
an a ttem p t to use levam isole in the treatm ent o f GN.

There are few  studies discussing the effect o f levam isole on renal processes, 
and m ost of the few  available refer to the treatm ent o f lupus nephritis in 
hum ans and N ZB/W  m ice.

The purpose o f  th is work was to stu d y  the effect o f  levam isole  on the 
course o f  experim ental nephritis and on the dynam ics o f cell-sensitization  
to the specific renal antigen  in the developm ent o f  experim ental nephritis.

Send o ffp rin t re q u ests  to  I. E . T arey ev a , L ab o ra to ry  of N ephro logy , 1st Moscow 
M edical Setchenov  In s t i tu te  11a R ossolim o st. 119021 M oscow, U SSR
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Materials and methods

T h e  s tu d y  was perform ed o n  120 fem ale  W ista r ra ts  w eigh ing  200 to  250 g (L a b o ra to ry  
A n im a ls  I n s t i tu te ,  U SSR  A cad em y  o f  M edical Sciences). B efore  th e  ex p erim en t, a ll an im als 
w ere q u a ra n t in e d  for one m o n th .

R e n a l  an tig en  (R A ) w as o b ta in e d  fro m  k idneys o f 55 r a ts  o f a  hom ologous line . P ro te in  
w as d e te rm in e d  according to  L o w ry  e t  a l. M ig ra tio n  in h ib itio n  te s t  (M IT ) w as p e rfo rm ed  b y  th e  
d ire c t c a p il la ry  m ethod  of Soborg  a n d  B en d ix e n  [15] w ith  m o d ifica tio n s  suggested  b y  M azharov  
e t  a l. T h e  co n cen tra tio n s o f R A  u se d  in  th e  exp erim en t, 50, 100 a n d  300 m cg/m l, d id  n o t cause 
n o n -sp e c if ic  m ig ra tio n  of donor cells. T h e  M IT  w as considered  p o sitiv e  if  th e  m ig ra tio n  index  
w as b e lo w  0.8.

E x p e r im e n ta l g lo m eru lo n ep h ritis  (E G N ) w as c rea ted  acco rd in g  to  H e y m an n  e t al. [8] 
b y  in tra p e r i to n e a l  in jections o f R A  (50 m g  p e r  kg) in  com ple te  F re u n d  a d ju v a n t (D ifco L ab o ra ­
to r ie s , D e tro i t ;  0.5 ml pe r in je c tio n )  w eek ly  for 6 weeks. T h e  schedule  o f th e  e x p erim e n t is 
sh o w n  in  T ab le  I.

Table I

Schedule o f  the experiment

Groups o f ra ts
Renal

antigen
Complete

Freund
ad juvan t

Levamis'

group 1 (n  : 20) + + —

group 2 (n : 20) + + +
group 3 (n : 5) — —  • —
group 4 ( n : 5 ) — — 4-
group 5 (n : 5) — + —

n =  n u m b er o f  ra ts

Days of examination

Fig. 1. M IT w ith  re n a l an tig e n  in  ex p erim en ta l g lo m eru lonephritis  
(m ean  ±  S.E .M .)

A c ta  M ed ica  H ungarica 41, 1984



EFFECT OF LEVAMISOLE IN RATS WITH NEPHRITIS 139

G roup 1: ra ts  receiv ing  in jec tions o f R A  50 m g/kg  +  0.5 m l o f 0 .9 %  phy sio lo g ica l sa lt 
so lu tio n  + 0 .5  m l o f  F re u n d ’s com plete  a d ju v a n t .

G roup 2: r a ts  receiv ing  in jec tions o f  R A  50 m g/kg  +  0.5 m l o f 0 .9 %  physio log ic  sa lt 
so lu tio n  + 0 .5  ml o f F re u n d ’s com plete  a d ju v a n t  + 4 .5  m g/kg of levam isole.

G roup 3: in ta c t  ra ts .
G roup 4: ra ts  receiv ing  4.5 m g/kg  o f levam iso le .
G roup 5: ra ts  receiv ing  0.5 m l o f 0 .9 %  physiological sa lt so lu tion  + 0 .5  m l F re u n d ’s 

com ple te  a d ju v a n t.
T he dosage of levam iso le  (D ecaris, G. R ic h te r , B u d ap es t) w as c a lcu la te d  o n  th e  basis of 

th e  average  h u m an  dose [6].
A nim als belonging  to  groups 2 a n d  4 rece ived  hypoderm ic  in je c tio n s  o f  levam iso le  3 

tim es a  w eek from  th e  beg inn ing  of th e  e x p erim e n t for 65 days.
T he an im als w ere k illed  u n d e r e th e r  a n ae sth es ia  a t  7, 14, 21, 28, 49 a n d  147 days by  

ex san g u in a tio n . T he k id n ey s o f th re e  an im als  fo r each  day  were used  fo r m o rp h o lo g ica l exam ­
in a tio n . T h ey  were f ix ed  im m ed ia te ly  in  fo rm alin , a n d  s ta in ed  w ith  h a em a to x y lin -e o s in , van  
G ieson, A san  and  PA S. F o r im m u n o flu o rescen t s tu d y  th e  d irec t m eth o d  o f C oom b’s w as used.

Results

In group 1 after day 14 there was a slight proliferation o f glom erular 
cells, a focal broadening o f m esangium , a m ild thickening o f th e  basal m em ­
branes o f  capillary loops. On days 21—28 glomerular cell proliferation  and 
expansion of th e  m esangium  becam e more marked and doubling o f  basal 
m em branes and sclerosis o f som e glom erular loops appeared. On d a y  49 the 
histologic changes decreased sligh tly  and were the same on d ay  147. Tubular 
and interstitia l changes were sim ilar throughout the study: th e  tu b u lar epi­
thelium  was in th e  sta te  o f granular degeneration; hyperaem ia o f  vessels and 
m ild focal lym pho-h istiocytic infiltration  were noted.

Im m unofluorescent exam ination w as negative on all days excep t the  
147th. On the 147th day a fixation  o f rat gam m a-globulin on th e  renal base­
m ent membranes was noted , the fluorescence being o f focal granular character.

In the second group the changes were less significant: m ild proliferation  
o f glomerular cells, mild focal th ickening o f glomerular basem ent m em branes, 
granular degeneration o f tubular ep ithelium , rare in terstitia l m ononuclear  
in filtrates were observed. Im m unofluorescent study was n egative on all days.

In the three control groups, there were no histologic changes in the  
kidneys and im m unofluorescent studies were negative.

W hen the first group was studied  for cell sensitization , an increase in 
m igration indices was m arked on th e  7th  and 14th day o f exp erim en t. The 
average indices were 1.45 and 1.56 respectively . From the begin n in g  o f the  
21st day, a d istinct inhibition o f m igration was marked in th is  group. The 
indices rem ained low  to the end o f th e  experim ent (0.65, 0.52, 0 .57 and 0.54, 
respectively).

In the second group an increase in m igration indices was m arked (average, 
1.34), just as in the first group. Later, how ever, in contrast to  th e  fir st group, 
the m igration index rem ained norm al throughout in each o f the groups, show­
ing no difference from  those o f the control group (average indices w ere 1.15. 
1.07, 1.10, 1.27 and 1.17, respectively).
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Discussion

In  our study th e  m igration  inhibition te s t  dem onstrated the develop­
m en t o f  cell h yp ersen sitiv ity  to  renal antigen in  rats w ith  experim ental H ey- 
m a n n ’s nephritis and th e  in flu en ce of levam isole on cell sensitiv ity .

In  patients w ith  chronic G N  cell sen sitiv ity  to  renal antigens occurs in  
17—80%  o f the cases, m ore frequently  in the a c tiv e  periods o f the disease [9, 
12, 14]. In  our previous stu d ies cell-sensitiv ity  to  GBM antigen was dem on­
stra ted  in 81.3%  of chronic G N  patients [13].

F ew  studies have d ea lt w ith  cell-sensitiv ity  to  renal antigens in experi­
m en ta l anim als. L itw in  e t al. [10] found positive sk in  te sts  w ith renal tubular  
an tigen  (F X1A) being responsib le for the glom erular in jury in rats w ith  H ey- 
m an n ’s nephritis. The p o sitiv e  skin tests correlated  w ith  the blast tran s­
form ation  of lym p h ocytes. Bakker et al. [2] dem onstrated  M IF production  
to  sp ecific  renal antigen in  th e  same experim ental m odel. The role o f  sen ­
s itized  cells in the genesis o f  glom erulonephritis is unclear, and no serial 
in vestiga tion s into cell-sensitization  during G N  developm ent have been  
reported .

In  our studies o f  ra ts w ith  H eym ann’s nephritis m orphological changes 
in  th e  kidneys appeared after day 14 and were th e  m ost significant on days 
21—28. The changes observed  were similar to  th ose  reported by H eym ann  
et al. [8], A vasthi et al. [1] and Bakker et al. [2]. Im m unofluorescent exam ina­
tio n  w as always n egative  excep t on the 147th  d ay, when a fixation  o f rat 
gam m aglobulin  to  th e  renal basem ent m em branes w as noted, the fluorescence  
b ein g  o f focal granular character. All GN rats show ed cell-sensitiv ity  to  renal 
an tigen  from day 21 o f  th e  experim ent till th e  end.

Thus, sensibilization w as expressed earlier th a n  th e  deposition of im m une  
com p lexes could be revea led , histological changes had  preceded the develop­
m en t o f  cell-sensitization.

Our results show ed th a t  changes in cell-m ed iated  im m unity were n ot  
responsib le for in itia tin g  th e  disease, but th e y  m ight be responsible for its  
m aintenance.

The second question  w as th e  influence o f levam iso le  on the developm ent 
o f cell sensitiv ity . M orphological changes were less pronounced in k idneys 
o f rats treated w ith  levam iso le  and im m unofluorescent studies were negative. 
Cell sensitiv ity  to  renal antigen  was not observed in  any o f these anim als.

Thus, levam isole did n o t prevent the developm ent o f experim ental 
glom erulonephritis, th o u g h  som ewhat decreased th e  morphological changes. 
A t th e  same tim e, it  p reven ted  the developm ent o f  cell sensitiv ity  to  renal 
an tigen , a fact, th a t seem s to  be of considerable in terest.

The m echanism  b y  w hich  levam isole p reven ts the developm ent o f cell 
sen sitiza tion  is not clear. The disappearance o f  th e  m igration inhibition factor
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m ay be connected w ith  th e  restoration o f th e  im m unoregulating function of 
T-cells, and an im m ediate blocking effect o f levam isole on th e  g iven  population  
cannot be excluded, either [16].

The dim inution o f m orphological changes and the absence o f  cell sen­
s it iv ity  in the anim als treated  w ith  levam isole perm its to  su ggest th e  use of 
im m unostim ulating therapy in the early stages o f B right’s d isease.
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T he a lka line  p h o sp h a tase  (A P) a n d  g a m m a -g lu tam y l-tra n sp e p tid a se  (G G T) 
ac tiv itie s  a n d  th e  e ffec t o f ste ro id  t re a tm e n t  w ere  s tu d ie d  in  h u m an  b ile  a n d  se ru m  
follow ing ch o ledocho tom y. A c tiv ity  o f th e  tw o  en zym es in  th e  bile chan g ed  in  p a ra lle l. 
Follow ing th e  o p e ra tio n  th e  enzym e ac tiv itie s  in it ia lly  decreased , b u t  a f te r  3 d a y s  th e y  
show ed a p rogressive  increase  an d  reached  th e ir  m a x im u m  on  day  6. I t  a p p ea rs  t h a t  th e  
bile is a  m a jo r ro u te  fo r th e  e lim ination  o f b o th  en zym es fro m  th e  d am aged  liv e r.

60 m g P redn iso lone  on  th e  day  of o p e ra tio n  a n d  2 days a fte r  su rg ica l in te r ­
v e n tio n  p re v e n te d  th e  in itia l decline in  enzym e a c t iv ity  a n d  sign ifican tly  in c re a sed  th e  
ex cre tio n  o f enzym es. T he possible pa th o g en esis  o f  en zy m atic  changes a f te r  cho le­
d o ch o to m y  is d iscussed .

K eyw ords: cho ledochotom y, bile enzym es, s te ro id  tre a tm e n t

Introduction

C holestatic disorders are usually associated  w ith  increased serum activ ities  
of gam m a-glutam yl-transpeptidase (GGT, EC 2 .3 .2 .2 .) and alkaline phosphatase  
(А Р, EC 3.1 .3 .1 .) [2, 11]. D elayed clearance from  th e circulation and enzym e  
leakage due to  th e  hepatic injury caused b y  bile duct obstruction are resp on ­
sible for th e  prolonged elevation  of the enzym e activ ities. A lternatively , since  
both GGT and A P  are inducible enzym es [9], high serum levels m ay  occur  
because the hepatic synthesis exceeds the rate o f  enzym e elim ination. B iliary  
obstruction is know n to  stim ulate the hepatic synthesis of AP, w ith  a resu lt­
ing elevated  serum  a c tiv ity  o f the enzym e [6, 7].

Fewer data are available in the literature as to the enzym e a ctiv itie s  
in hum an bile. H igh levels o f  GGT and A P w ere found in the bile o f  p a tien ts  
w ith T -tube drainage follow ing cholecystectom y [1], but the pathogenesis o f  
enzym ological changes follow ing surgical correction has not been clearly

Send o ffp rin t re q u e s ts  to  I . É d es , K iskun fé leg y h áza  H o sp ita l, H-6100 K isk u n fé leg y h á za , 
F ad ru sz  u. 4 ., H u n g a ry
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esta b lish ed . We have therefore studied th e  m echanism  of biliary enzym e e x ­
cretion  in  T-tube bile co llected  during 14-day postoperative period in  p atien ts  
u n d ergoin g  choledochotom y, in an a ttem pt to  acquire a more com plete under­
s ta n d in g  o f the enzym ological changes after surgery.

Patients and methods

T h e  s tu d y  w as p e rfo rm ed  in  21 p a tie n ts , 18 fem a le s  a n d  3 m ales, w ith  T -tu b e  d ra in ag e  
fo llo w in g  cho lecystec tom y a n d  e x p lo ra tio n  of th e  c o m m o n  d u c t, perform ed fo r th e  rem o v a l 
o f  s to n e s  fro m  th e  gall b lad d e r  a n d  b ile  d u cts . In  all cases th e  p o sto p era tiv e  d iagnosis w as cho- 
le d o c h o lith ia s is  w ith  ch o lecy sto lith iasis.

F o u r te e n  p a tie n ts  w ere  s lig h tly  jau n d ic ed  b e fo re  o p e ra tio n , w ith  serum  b iliru b in  levels 
less t h a n  50 /rm ol/l. P a t ie n ts  w ith  h ig h er serum  b iliru b in  leve ls th a n  50 /rm ol/l w ere ex cluded . 
P ro p h y la c tic a lly , to  all p a tie n ts  te trac y c lin e  or in  som e cases am picillin  p lu s o x ac illin  w ere 
a d m in is te re d  in trav en o u sly . N o p o sto p e ra tiv e  co m p lica tio n  w as observed. B ile  sam p les w ere 
t a k e n  f ro m  th e  com m on d u c t  a t  o p e ra tio n  an d  fro m  th e  T -tu b e  during  14-day  p o s to p e ra tiv e  
p e r io d . A t  th e  sam e tim e  se ru m  sam p les w ere also co llec ted  fo r enzym atic  d e te rm in a tio n s .

I n  6 p a tie n ts , 60 m g /d a y  21-deoxy-21-N -/N ’-m eth y l-p ip e raz in y l/-p red n iso lo n e(D ep er- 
so lo n , G . R ich te r , B u d a p es t, H u n g a ry )  w as a d m in s te red  in tra v en o u s ly  on th e  d a y  o f o p e ra tio n  
a n d  o n  th e  f irs t  and second p o s to p e ra tiv e  days. T h ese  p a tie n ts  were sligh tly  ja u n d ic e d  and  
th e re  w a s  no  c o n tra in d ica tio n  to  s te ro id  tre a tm e n t.

T h e  bile sam ples w ere  cen trifu g ed  a t  3000 g , a t  4 °C fo r 30 m in  and  th e  c lear su p e r­
n a ta n t s  w ere  used for a n a ly s is . A P  an d  GGT a c tiv it ie s  w ere m easured  b y  m ean s o f B oehr- 
in g e r  t e s t  K its . To avoid  th e  e ffec ts  o f d ilu tio n  a n d  c o n c e n tra tio n  on th e  re su lts , th e  enzym e 
a c t iv it ie s  in  th e  bile w ere ex p ressed  as m tl/m g  p ro te in . S e ru m  activ ities are g iven  as m U /m l. 
P r o te in  c o n te n t was d e te rm in e d  acco rd ing  to  P e te rso n  [8], w ith  bovine serum  a lb u m in  as th e  
t s a n d a r d .

S ta tis t ic a l  ev a lu a tio n  o f th e  re su lts  w as done b y  S tu d e n t’s t test.V alues w ith  P  <  0.05. 
w e re  re g a rd e d  as sign ifican t s ta tis tic a lly .

Results

Characteristic parallel changes were observed  in the activ ities o f  GGT 
and  A P  in the bile sam ples follow ing the surgical intervention. The activ ities  
o f  b o th  enzym es in itia lly  decreased from th e  va lu es in the sam ples obtained  
during operation (F ig. 1). Three days after operation the levels o f GGT and

0 1  2 3 4 5 6 7 8  14
Days after operation

Fig. 1. A P  a n d  G G T activ ities  in  b ile  fo llow ing  choledochotom y 
D a y  0 re la te s  to  sam ples ta k e n  d u rin g  operation
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Fig. 2. A P  a n d  GGT a c tiv itie s  in serum  follow ing ch o ledocho tom y. D ay  -1 re la te s  to  sam ples 
ta k e n  one d a y  before th e  o p e ra tio n . D ay  0 re fe rs  to  sam p les ta k e n  2—3 hours a f te r  o p e ra tio n . 
T h e  solid line  (—) show s th e  u p p e r norm al lim it o f en zy m e  ac tiv ities. T he open  circles (o — o) 
re p re se n t jau n d ic ed  p a tie n ts ,  an d  th e  filled circles ( •  — • )  th e  group w ith  n o rm a l se ru m  bili­

ru b in  levels

A P were m arkedly elevated  in the bile, reaching a peak on th e  6th  p ost­
operative day. Thereafter a slight gradual decline was observed b u t 2 weeks 
after operation th e  activ ities were still h igh. I t  did not seem to  m ake any dif­
ference w hether th e  patien ts had been jaundiced  or not.

Figure 2 show s the serum A P and GGT activities. There w as a pro­
nounced difference betw een jaundiced p atien ts and those who had no jaundice. 
In the case of jaundiced  patients, the A P show ed a high activ ity  and a gradual 
decline after the operation, while in those w ith ou t jaundice it rem ained m ainly  
under the upper norm al lim it during the te s t  period. In serum GGT a ctiv ity  
surgery did not cause significant changes th e  values were over th e  upper 
norm al lim it in every  patient.

In s ix  patien ts treated with prednisolone the steroid did n ot cause 
sign ificant changes in  the serum A P and GGT activities as com pared to  the
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Table I

E nzym es' activity  in  bile o f  patients treated w ith steroid

D ays after
W ithout steroid trea tm en t Steroid-treated

operation
A P GGT A P GGT

0 19.9 ±  5.8° 40.2 ±  8.3 20.1 ±  6.6 45.0 ±  9.2

l 6.2 ±  2.8 12.2 ±  3.4 18.9 ±  5.8* 43.2 ±  12.4*

2 32.3 ±  8.8 56.8 ±  8.3 69.9 ±  10.3* 180.0 ±  35.6*

3 172.0 ±  28.8 355.1 ±  49.2 188.3 ±  30.3 363.7 ±  52.3

°  m ean  ±  S.D.
* s ign ifican tly  d ifferen t from  th e  value  observed in  th e  group w ithout ste ro id  

t re a tm e n t. D ay  0 refers to  sam ples tak e n  du ring  o p eratio n .

p a tien ts  w ho had no steroid treatm ent. The effect o f th is treatm ent on the  
en zym es in  th e  bile is show n in Table I. The in itia l decline was prevented  and 
tw o  d ays after the operation sign ificantly  higher A P and GGT activ ities  
were observed  in the bile sam ples. In the la te  postoperative period th e  enzym e  
a c tiv itie s  o f  patients w ith  and w ithout steroid treatm en t did not differ sig­
n ifica n tly .

D iscussion

T he high enzym e activ ities in hum an bile fo llow ing choledochotom y m ay  
be regarded  as a w ashout effect. Enzym es in th e  bile presum ably originate  
la rge ly  from  the liver, or at least from the b iliary system , since a sign ificant 
h ep atic  clearance and excretion  o f such large m olecules from the serum  is 
u n lik e ly  [6]. This was confirm ed b y  gel electrophoretic exam ination o f  the  
A P isoen zym es in bile, since on ly  the liver A P  isoenzym e variant has been  
d etec ted  [4].

K aplan  and R ighetti [7] observed a m arked hepatic induction o f  A P  
in response to  bile duct ligation  in the rat. O wing to the obstruction, the  
increased  enzym e contents in  the liver are regurgitated  into the serum . This 
is th e  m ost likely  explanation  for the high enzym e activities found in  chole­
sta tic  disorders in hum ans [1]. The precise stim ulus o f the A P increase in  
ch o lestasis rem ains obscure. In cholestasis o f  an y  cause the failure o f  bile 
flow  exp oses the liver to  increased concentrations o f  com pounds which norm al­
ly  are excreted  w ith the bile. P oten tia lly  the m ost active com pounds are the  
bile acid s, which have been shown to stim ulate th e  increase of A P a c tiv ity  
in rat liver  cell cultures [5]. Follow ing surgical correction, after a short in itia l 
period a pronounced biliary enzym e excretion  w as observed. The increased  
elim in ation  o f enzym es and the cessation o f the increased enzym e in duction
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are responsible for th e  rapid norm alization o f A P  a ctiv ity  in  th e  serum of 
jaundiced patients. The serum  GGT activ ity  rem ained how ever high for several 
w eeks after the surgical relief o f obstruction and at a tim e w hen th e  serum  
bilirubin values have decreased to normal [3]. Presum ably, since GGT is 
a sensitive indicator o f  liver lesion, its rate o f  elim ination  w ith  th e  bile is 
insufficient to rem ove all the enzym es released b y  th e  dam aged liver, and 
regurgitation continues for som e tim e after th e  surgical correction.

Following choledochotom y, decreases were in itia lly  observed in  the AP  
and GGT activities o f  hum an bile, and a gradual increase in th e  enzym e 
contents occurred on ly  tw o days after the operation. The in itia l decline was 
presum ably caused by a slight, tem porary postoperative cholestasis. This was 
supported by the result o f  steroid treatm ent, w hich prevented th e  decrease 
in  a ctiv ity  and sign ifican tly  increased the excretion  o f enzym es. This slight 
postoperative dam age in  liver function could not be detected  in serum , since 
w e did not observe sign ifican t changes in the serum  GGT and A P activ ities. 
G lucocorticoids, how ever, m ay alter the rate o f  synthesis o f  certain forms of 
ribonucleic acid and induce in tissues the synthesis o f  several enzym es includ­
ing  A P [6, 10]. A lternatively , the induction o f enzym es m ay also contribute  
to  the increased bile activ ities during steroid treatm en t.
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SECRETION AND MUCOSAL BLOOD FLOW IN THE DOG: 
ACTION ON STIMULATED AND RESTING MUCOSA
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T h e  e ffec t o f P G -E 2, 16-16-D M PG E 2, P G -F 2a an d  P G -I , w as in v e s tig a te d  on 
h is tam in e  s tim u la te d  a n d  restin g  canine g as tr ic  m u co sa. P G -F 2a h ad  no effec t on  m ucosal 
c ircu la tio n  o r acid  secretion . P G -E 2 a n d  1 6 -16-D M P G E 2 show ed a n  in creas in g  effect 
on  blood flow  of th e  restin g  m ucosa. P G -E 2, 16-16-D M PG E 2 an d  P G -I2 d ecreased  of 
acid  sec re tio n ; th e  e ffec t seem ed to  be due to  a  d ire c t a c tio n  on th e  p a r ie ta l  cells.

K eyw ords: p ro s tag lan d in s , s to m ach , acid  secre tion , m ucosal blood flow

Introduction

PGs are w idely  distributed in various tissues including th e  gastric  
m ucosa. Several studies have dem onstrated th a t th e  gastric m ucosa is capable  
o f synthesizing various PGs, which have been suggested  to exert loca l, n ega­
tiv e  feed-back inh ib ition  o f gastric secretion  and to  act as m odulators of 
gastric circidation [1, 8].

The present stu d y  was designed to com pare in dogs the effect o f  different 
PG -analogues adm inistered directly into an artery supplying the stom ach , on 
acid secretion and gastric М ВГ after h istam ine stim ulation  or a t rest o f 
gastric m ucosa.

Materials and methods

F o u r ty  sev en  m ongrel dogs o f b o th  sexes, w eigh ing  12—18 kg, were dep riv ed  o f food  for 
48 h  (w a te r ad  lib itu m ), before  ex p erim en ta tio n . T he an im a ls  w ere a n aesth e tized  w ith  p e n to ­
b a rb ita l  (30 m g/kg , i.v .). T he o p e ra tiv e  p rocedure  h as b een  described  earlier [10].

G astric  M B F w as d e te rm in ed  b y  th e  a m in o p y rin e  clearance tech n iq u e  [3, 5]. T he 
clearance of a m in o p y rin e  as a n  e s tim a te  o f M B F w as expressed  in  m l/m in . A ra tio  (R ) w as 
calcu la ted  re flec tin g  th e  re la tio n sh ip  betw een th e  g a s tr ic  M B F a n d  th e  ra te  o f g a s tr ic  secre tion .

Send o ffp r in t re q u ests  to  G. A. B á lin t, 1st D e p t, o f M edicine, U niv . M ed. School, 
H-6701 Szeged, P .O . B o x  469, H u n g a ry

A b b rev ia tio n s : P G : p ro s ta g la n d in ; M B F: m u co sa l b lood  flow; P G -I2: p ro s ta cy c lin ; 
16-16-D M PG E 2: 1 6 -1 6 -d im eth y l-P G -E 2
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Since  b asa l acid  secre tion  is neg lig ib le  in  th e  can ine  stom ach , th e  am in o p y rin e  c learance  
in  e x p e r im e n ts  w ith  P G s g iven  w ith o u t  h is tam in e  (res tin g  m ucosa) w as m easu red  b y  in tro d u c ­
in g  a n  0.1 N  HC1 so lu tion  in to  th e  s to m a c h  a n d  recovering  i t  a t  15 m in  in te rv a ls .

S tim u la tio n  of acid  secre tion  w as do n e  b y  a n  in tra v en o u s  in fusion  o f h is tam in e  in  a  dose 
o f 1.0 /rg /k g /m in  th ro u g h  a  fem ora l ve in .

T h e  P G s te s te d  w ere: P G -I2, P G - E 2,1 6 -1 6 -D M P G E 2 and  P G -F 2a.
A  s to c k  so lu tion  of P G -E 2, 16 -1 6 -D M P G E 2 a n d  P G -F ,a w as m ade  u p  fresh ly  (1 m g/m l) 

in  0 .0 2 %  ice-cold so d iu m -carb o n ate  so lu tio n . P G -I2 w as dissolved (1 m g/m l) fresh ly  in  0.05 M 
T ris -b u ffe r  p H  9.6. D ilu tions w ere m ad e  im m e d ia te ly  before use in  ice-cold iso to n ic  sod ium  
b ic a rb o n a te  so lu tion , an d  in jec ted  in tra a r te r ia l ly  in  a single dose o f 100 /ig , u sin g  a  p e r is ta ltic  
p u m p , d u rin g  a  15 m in  period .

All v a lu es rep o rted  here a re  m ea n  ±  S .D . a n d  differences w ere considered  s ig n ifican t 
i f  th e  v a lu e  calcu la ted  from  S tu d e n t’s t - te s t  w as less th a n  0.05.

Results

T he experim ental results are presented in Figs 1 -8  and in T able I.

Table I

Effect o f  different prostaglandins on the h istam ine stimulated gastric mucosa

G ro u p R -v a lu e  
(m ean  ±  SD)

C ontrol 3.12 ±  0.64

p g -e 2 3.88 ±  0.39

16-16-D M PG E 2 3.92 ±  0.41

P G -F 2a 3.24 ±  0.58

P G -I2 6.79 ±  0.82*

* =  P  <  0.05 vs Control

D iscussion

T he m ajority of the in vestigated  PG-analogues are vaso a ctiv e  sub­
stan ces. According to  previous data P G -F 2a causes m esenteric vasoconstriction  
in  dogs while P G -E 2 and 16-16-D M P G E 2 increase blood flow  and decrease 
vascu lar  resistance in the m esenteric vessels [4, 6]. Main and W h ittle  [7] 
fou n d  th a t  P G -E 2 increased th e  resting blood flow  in the gastric m ucosa.

On the basis o f our in vestiga tion s it seem s th at in th e  resting mucosa 
o f  th e  dog in contrast to  th e  observation  o f W hittle et al. [11] in th e  rat, 
P G -F 2a had no vasoconstrictive effect and P G -I2 in the dose adm inistered, 
did n o t increase blood flow .

A m inopyrine clearance show ed a significant elevation during P G -E 2 and 
16-16-D M P G E 2 treatm ent w ith ou t a concom itant rise in basal acid secretion. 
T h ese results are in agreem ent w ith  the data o f Robert et al. [9] concerning  
th e  lack  o f an antisecretory effect o f P G -F 2ï.
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In the histam ine stim ulated  gastric m ucosa, treatm ent w ith  P G -E , or 
16-16-D M PG E2 resulted in a strong fall o f  secretion and o f M BF.

P G -I2 inhibited gastric acid secretion but did not cause a substantia l 
change o f MBF. This fin d in g  is in contrast w ith  th e  report of W hittle et al. [11].

P G -F 2a did not affect I I + secretion and M BF.
The R-value increased significantly in th e  case o f PG -I2 trea tm en t, so 

th a t th is PG -analogue seem ed to have a direct effect on gastric parieta l cells. 
The strong antisecretory effect and the w ell-know n cytoprotective property  
o f  th is material [2] strengthen  the p ossib ility  o f its use in the th erap y  of 
ulcer disease.
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HUNGARIAN IN ST IT U T E  FOR D AIRY  RESEA RCH  A N D  ‘IN ST IT U T E  OF PATHO PHY SIOLOG Y .. 
U N IV ER SITY  M EDICAL SCHO O L, PÉCS, HUNGARY

R eceived: J u n e  11, 1982

F e rm en ted  m ilks (yog u rt, kefir, so u r m ilk ), com pared w ith  m ilk  fo r th e ir  n o n ­
p ro te in  n itro g en  an d  free am ino-n itrogen  c o n te n ts  gave  higher values p r io r  to  as well as 
1, 2 and  3 h a f te r  pepsin  d igestion  in  v itro . In  feed in g  tria ls  o f 6 weeks d u ra tio n  w ith  d ie ts  
based  on casein , m ilk  an d  ferm en ted  m ilks, re sp ec tiv e ly , those groups o f w e an lin g  (50 to  
60 g) m ale W is ta r  ra ts  show ed th e  m ax im u m  in c re m e n ts  o f body m ass w h ich  h a d  been 
fed th e  d ie ts based  on fe rm en ted  m ilks. T he h ig h es t values of th e  p ro te in  u t i l iz a t io n  index  
(increase in bo d y  m ass in  g per p ro te in  in ta k e  in  g) w ere found in th e  an im a ls  k e p t  on  th e  
fe rm en ted  m ilk  p ro d u c ts . The fav o u rab le  p ro te in  u tiliza tio n  and body  m ass in c re m e n t 
on fe rm en ted  m ilk d ie ts  are a ttr ib u te d  to  a b e t te r  digestib ility  of p ro te in s  in  these  
p ro ducts .

K eyw ords: fe rm en ted  m ilks, p ro te in  u til iz a tio n , pro tein  digestion , m ilk  d ie ts

Introduction

The m icrobiological and biochem ical processes associated w ith  th e  pro­
cessing o f ferm ented m ilks favourably m od ify  th e  biological value o f  m ilk [1] 
This applies prim arily to  the vitam in concentrations and to the proteins.

In the stage o f rapid growth the bacteria  utilize vitam ins А , В г, B 2, B 12 
vitam ins and pantothenic acid, while form ing vitam in  B l5 pyridoxine, niacin  
and folic acid in large am ounts [3].

In the course o f  ferm entation 1 to  2%  of the proteins are degraded. 
R asic et al. [6], in a com parative study o f  th e  quantitative d istrib u tion  of 
am ino-acids in different kinds o f yogurt from  milk of cows and sheep found  
th a t ferm entation adds to the biological va lu e  o f milk.

According to  Breslaw and K leyn [2], protein in yogurts is superior in 
d igestib ility  to milk protein. Simhaee and K eshavarz [8], using dried yogurt 
and dried milk for the nutrition o f children, found dried yogurt o f  higher 
biological value. Sandine et al. [7] point to  th e  benefits of lyop h ilized , fer­
m ented milk concentrates in enteral d iseases.

Send o ffp rin t re q u ests  to  A. Vass, H u n g a ria n  In s t i tu te  for Dairy R e se a rc h , H -7623 
P écs, T üzér u . 15, H u n g a ry

б* A c ta  M ed ic a  H u n g a r ic a  4 1 ,  1 9 8 4



158 VASS, A. et al.

Though the m ilk fa ts  are little affected  b y  th e  process o f ferm entation , 
th eir  d igestib ility  is b e tter  in  ferm ented th a n  in  non-ferm ented m ilks [2]. 
Their degradation products belong to  the essen tia l flavouring factors o f  th ese  
products.

On the evidence o f  th ese  studies, the n u tr ition a l properties o f ferm ented  
m ilks are well estab lished  in  m any respects. N o such  observations concerning  
m ilks o f  H ungarian source have been pub lished  so far. It seemed therefore  
ju stified  to  undertake a com prehensive s tu d y  o f  these products, so as to  
exam in e their b iological va lu e , on the one h an d , and to provide a b asis for 
th e  developm ent and large-scale production o f  m ilks o f  this kind, on th e  other. 
The fir st step was th e  stu d y  o f currently used  ferm ented milks for th e  d ig est­
ib ility  and utilization  o f  their  proteins.

Material and m ethods

M ilk con ta in ing  3 .6 %  f a t ,  an d  yog u rt, kefir a n d  so u r m ilk  p repared  th e re fro m  w ere  
e x am in ed , th e  p ro d u c ts  b e in g  in cu b a ted  sub seq u en t to  f e rm e n ta t io n  a t  5 °C for 24 h . F o r  th e  
feed in g  tr ia ls  th e  p ro d u c ts  w ere  lyophilized  an d  th e  r a t  feed s w ere p repared . T he co m p o s itio n  
o f th e  d ie ts  is given in  T ab le  I.

Table I

Composition o f  diets in  percentage

Based on

M ilk products, 
g

Casein,
g

L yophilizates

(m ilk, y o g u rt,  k e fir , sour m ilk) 46

Casein — 15

S tarch 43,5 61,5

Sunflow er-oil — 13

L ucerne fib re 6 6

V itam in  p rem ix 1 1

AP-17 3 3

NaCl 0.5 0.5

T otal 100 100

T h e  m ilk  p ro d u c ts  w ere  ex am in ed  for d ig es tib ility  in  v i tro  by  th e  use of pepsin  acco rd in g  
to  B reslaw  an d  K ley n  [2]. T h e  h o u rly  sam ples were m e a su re d  sp ec tro p h o to m etrica lly  fo r  n o n ­
p ro te in  n itro g en  (N P N ) a n d  free  am inon itrogen  (F A N ) [9] a f te r  p recip ita tio n  of th e  p ro te in s  
w ith  su lphosalicy lic  acid  [4].

F o r th e  feeding te s ts  w ean lin g  m ale W is ta r  r a t s  o f  50 to  60 g body m ass w ere  u sed . 
T h ey  rece ived  th e  in d iv id u a l d ie ts  b y  groups of fiv e  fo r  6 w eeks ad  lib itum , p a ralle l w ith  m e a ­
su re m e n ts  o f body m ass. E a c h  food  was te s te d  on  2 g ro u p s  i.e. ou  10 anim als. F ro m  th e  in c re ­
m e n t o f  b o d y  m ass fo u n d  a t  th e  en d  of 6 weeks th e  p ro te in  u til iz a tio n  index  (body  m ass in c re ­
m e n t g p e r  to ta l  p ro te in  in ta k e  g) w as calcula ted .
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Results

Figure 1 show s th e  N P N  concentrations, Figure 2 the F A N  concentra­
tions o f  milk and ferm ented milks in th e  variou s stages of pepsin d igestion .

B oth  diagram s clearly show th at th e  ferm ented milks differ lit t le  from  
each other, but conta in  more N P N  and F A N  th an  does milk, e ith er  before 
or in  the course o f  d igestion . The m ean N P N  and FAN values o f  ferm ented  
m ilks differ sign ifican tly  from those o f m ilk.

Fig. 1. N P N  co n ce n tra tio n  in  m ilk  (a), y o g u rt (b), k e f ir  (c) an d  sour m ilk (d) in  th e  successive 
s tages o f  p e p sin  d igestion; m ean  ±  S .D ., n  =  5 in  each group

Period of digestion (h)

Fig. 2 . F A N  c o n cen tra tio n  in  m ilk (a), yog u rt (b), k e f ir  (c) a n d  sour m ilk (d) in  th e  successive 
stages o f p ep sin  digestion; m ean  ±  S .D ., n  =  5 in  each group
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Period of feeding (doys)

F ig . 3. a  G a in  in  bo d y  m ass o f w ean lin g  ra ts  fed d iets b a se d  o n  casein  (1), m ilk (2) a n d  fe rm e n te d  
m ilk s  (3 ); m e a n  ±  S .D ., n  =  10 in  e ach  group, b P ro te in  u t i l iz a t io n  index  calcu la ted  fro m  th e

42 d a y  v a lu es (n =  10 fo r e ac h  g ro u p )

F igure 3 represents th e  b od y mass increm ents found at 2, 4 and 6 w eeks  
o f feed in g  (diagram “ a” ), b u t for the ferm ented m ilks only the m ean va lu es  
are g iv en , the difference b etw een  the values o f  th e  individual products being  
n eg lig ib le . Diagram “ b ” show s the protein u tiliza tio n  values of the in d iv id u al 
d iets based  on casein, m ilk and ferm ented m ilks, respectively (Fig. 3).

F rom  the diagrams it  clearly emerges th a t  th e  biological va lu e o f  th e  
foods under study increases in the order: casein , m ilk, fermented m ilks.

Discussion

T he present results are consistent w ith  published evidence, according  
to  w h ich  the ferm ented m ilks are superior in  b iological value to  m ilk from  
w h ich  th e y  are prepared. The com position o f  th e  foods allowed to  e lim in ate  
p ossib le  factors (e.g. loose stools) interfering w ith  th e  accuracy o f th e  resu lts  
[3]. I t  could  be thus ascertained beyond doubt th a t  fermented m ilks perm it 
a b e tte r  u tilization  o f protein  than do m ilk-based  foods of the sam e protein  
c o n ten t.

O ne o f the causes o f  th e  high u tiliza tion  o f  protein from ferm ented  
m ilks lie s  in its d igestib ility  (F igs 1, 2), w hich m a y  be connected in all lik e li­
h ood  w ith  the particular structure of the curd [5] and with partial degradation  
o f  th e  proteins [6] produced by the lactobacilli.
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EFFECT OF FERMENTED MILK DIETS 
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In  a co m p ara tiv e  s tu d y  of m ilk  ve rsu s fe rm e n te d  m ilk  (yog u rt, k e fir , so u r m ilk ) 
d ie ts  concern ing  th e ir  effect on  b o d y  m ass a n d  o n  liv e r regeneration  in  p a r t ia l ly  (7 0 % ) 
h ep a tec to m ized  m ale  C FY  ra ts  sig n ifican tly  h ig h er va lues were found  th re e  w eeks a f te r  
th e  o p e ra tio n  in  th e  g ro u p s fed on  fe rm en ted  m ilk  d ie ts  th a n  in  those  fed  on  m ilk -b ased  
d ie ts. N o differences b e tw een  th e  chem ical co m p o n en ts  o f th e  reg en e ra ted  liv e r (solids, 
to ta l  lip ids, to ta l  N ) w ere fo u n d  e ith e r be tw een  th e  in d iv id u a l groups, o r b e tw e e n  th e  
v a rio u s g roups a n d  th e  con tro l. T he re g en e ra ted  liv e r corresponded to  th e  n o rm a l o rg an  
in  ev ery  respec t.

T he v a lu es re flecting  th e  in crem en ts  o f so lids, to ta l  lip ids and  to ta l  N  o f  th e  re g en ­
e ra tin g  liver, w h e th e r expressed  in  ab so lu te  f ig u res  o r in  pe r cen ts, w ere fo u n d  to  be 
h ig h er in  th e  an im als  fed  fe rm en ted  m ilk  d ie ts  t h a n  in  those  fed m ilk -based  d ie ts .

T h e  in v en tio n  t h a t  th e  b iochem ical ch an g es asso c ia ted  w ith  b a c te r ia l  f e rm e n ta ­
tio n  of m ilk  are  beneficia l to  liver reg en e ra tio n  p ro v id es  new  evidence in  su p p o r t  o f  th e  
h igh  biological n u tr i t iv e  va lue  of fe rm e n ta tio n .

K eyw ords: fe rm en ted  m ilk  d ie ts, reg en e ra tio n  o f liver, biological n u tr it iv e  v a lu e , r a t

Introduction

The nutritive  value o f ferm ented m ilks is am ply docum ented in  the  
literature. According to  R asic et al. [12], th e  proteins o f yogurt are superior  
in nu tritive quality  to  those of m ilk. Y ogurt has been found by S im haee and  
K eshavarz [13] to  provide for a higher grow th rate in chicks than  does m ilk. 
Similar results have been obtained by H argrove and Alford in rats [7].

As it is known after partial h epatectom y (70 to 75%) the original m ass 
of the liver regenerates fu lly  in a few  w eeks, w ith ou t any particular dam age. 
The D N A -synthesizing  capacity  of the liver cells is related to the regeneration  
o f the organ [11], thus reflecting an enhanced protein synthesis. The chem ical 
com ponents o f  the regenerating liver have also been w idely stu d ied . The 
regenerating liver has been exam ined one to  tw o  weeks after partial h ep a tec­
tom y for w ater content b y  H iggins and A nderson [8], for nitrogen con ten t  
b y  Brues et al. [2], for lip ids b y  Ludewig et al. [9]. Regeneration is greatly
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affected  b y  the com position, of food. The liver  o f  exclusively glucose-fed  
anim als show  a poor regenerative tendency [2]. H andler and Bernheim  [6] 
found  in  h epatectom ized  anim als fed on a low -calorie diet a reduction in  b ody  
m ass during norm al liver  regeneration. The m ass o f  the regenerated liver  is 
close ly  related to  th e  protein  content of th e  d iet [10].

Since it has been confirm ed by published ev idence that nutrition o f  high  
biological value in ten sifies hepatic regeneration, it  was deemed o f in terest to  
com pare m ilk w ith  ferm ented  milk products as to  their  effect on liver regenera­
tion .

Materials and m ethods

M ilk a n d  fe rm e n te d  m ilk s  (y o g u rt, kefir, sour m ilk ) se rv ed  as a basis for d ie ts  c o n ta in in g  
3 .9 %  p ro te in , 1 .9%  f a t  a n d  5 .7 %  lactose. T he p re p a re d  foods consisted  of a m ix tu re  2 : 1 
o f one  o f th e  above p ro d u c ts  a n d  o f hom e-p rep ared  b a s ic  feed  (7 %  casein, 82%  c o rn -s ta rc h , 
6 .5 %  lu ce rn e  fib re , 1 %  L A T I v itam in -p rem ix , 3 %  A P —17 m in era l m ix tu re , an d  0 .5 %  NaCl). 
I n  th is  m an n e r  th e  feeds w ere  e q u a l in  chem ical co m p o s itio n  (38%  solids o f w hich  12%  w ere 
p ro te in , 5 %  fa t,  7 5 %  c a rb o h y d ra te )  and energy c o n te n t  (1687 k j/1 0 0  g solids).

I n  th e  s tu d y  77 m ale  C FY  r a ts  of 200 to  250 g b o d y  m ass w ere used.
O ver th e  la s t  14 d a y s  before  op eratio n  th e  an im a ls  w ere h a b itu a te d  to  th e  re sp ec tiv e  

d ie ts , b u t  w ere fa s ted  fo r  th e  la s t  16 h. T he o p e ra tio n  w as p e rfo rm ed  un d er in h a la tio n  a n ­
a e s th e s ia  w ith  e th e r. T h e  a b d o m e n  w as opened b y  m id lin e  incision . T he left la te ra l a n d  th e  r ig h t 
a n d  le f t m iddle  lobes o f  th e  liv e r  w ere exposed, d ra w n  a p a r t ,  th e n  th e  respec tive  vessels w ere 
t ie d , a n d  th e  lobes w ere re m o v e d  a n d  p laced in  m ea su rin g  g lasses and  im m ed ia te ly  w eighed . 
A t th e  en d  of th e  th re e  w eek  te s t  period  th e  re g en e ra tin g  a n d  th e  con tro l ( in ta c t)  liv e rs  w ere 
excised  an d  th e  m ass o f th e  o rg an s  w as de term ined . T h e  m ass o f th e  original liver w as ca lcu la te d  
fro m  th e  m asses o f th e  re sec ted  lobes, according to  G u rd  e t  a l. [5]. Since th e  la te ra l lobe  a n d  th e  
m id d le  lobe m ade u p  o f tw o  lobes accoun t fo r 69 .4 %  o f  th e  to ta l  liver m ass, th e  m ass o f th e  
th re e  resec ted  lobes, m u ltip lie d  w ith  th e  fac to r 1.4110, g ives th e  to ta l  liver m ass.

T h e  livers o f th e  in ta c t  a n d  h ep atec to m ized  a n im a ls  w ere m easured  fo r so lids, fa ts  
(S o x h le te x trac tio n ), p ro te in s  (K je ld a h l m ethod) a n d  D N A  [3] a t  th e  end of th e  p e rio d  o f s tu d y  
a n d  co m p ared  w ith  th e  sam e  com ponen ts o f th e  lo b es fo u n d  a f te r  hep atec to m y . T h e  re su lts  
a re  expressed  as m ean  ±  S .D .

Results

In Fig. 1 th e  b od y  m asses of the anim als kept on the various m ilk d iets 
h a v e  been p lotted  against tim e.

I t  can be seen th a t in the three groups fed  w ith  diets based on ferm ented  
m ilk th e  increm ents o f  b ody mass by the end o f  the feeding trial o f  three 
w eeks were sign ifican tly  in excess of those found  in  the group kept on milk- 
based diet (P <  0.01). The body mass increm ents, expressed in per cents of 
th e  values found at th e  start of the experim ent, were, yogurt, 32% ; kefir, 
31.6% ; sour m ilk, 33.8%  and milk, 23.4% .

Figure 2 show s th e  increm ents o f liver  m ass in the various groups, 
expressed in per cents o f  the liver mass prior to  operation. The liver mass 
o f th e  anim als in th e  individual groups had been roughly equal at th e  start 
o f th e  period o f stu d y  (these having been ca lcu lated  from the excised  lobes, 
as described earlier).
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weeks

F ig . 1. B ody  m ass of an im als  fed d ie ts  based  on fe rm e n te d  m ilk p ro d u c ts  v e rsu s  m ilk , p lo tte d , 
a g a in s t th e  tim e  e lapsed  since p a r tia l  h ep atec to m y

■ ----- ■  m ilk, n  =  16; □  — □  y o g u rt, n  =  11; •  kefir, n  =  9; ▲------- ▲ so u r m ilk,
n  =  6

m ean  -f- S .D , P  <  0.01, re fe rred  to  th e  m ilk-based d ie t

Fig. 2. L iver m ass in c re m e n ts  o f an im als fed  d ie ts  based  on fe rm en ted  m ilk  p ro d u c ts  versus 
m ilk , fo u n d  3 weeks a f te r  p a r tia l  h e p a tec to m y . ilffl m ilk  j£  y o g u rt, ||| | k e fir , □  so u r milk 

m ean  -f- S .D ., P  <  0.01 re fe rred  to  th e  m ilk-based d ie t

The increm ents o f liver mass, sim ilarly to those o f b ody m ass, also 
show ed sign ificantly  higher values (P  <  0.01) in the groups fed  ferm ented  
m ilks.
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Table I

Components o f  regenerated (R )  and intact ( I )  rat livers

L iver com ponents 
g /100 g fresh  liver

M ilk-based Yogurt-based Kefir-based Sour milk-based

Diets

!
R

(n =  16)
I

(n =  10)
R

(n =  11)
I

(n =  10)
R

(n =  9)
I

(n =  9)
R

(n «* 6)
I

(n =  6)

m ean 27.1 26.8 26.9 26.0 26.9 25.8 27.1 27.3
Solids

±  S.D. 1.7 1.9 2.0 1.8 1.6 1.7 1.1 1.5

T o ta l N
m ean 3.01 2.86 3.03 2.87 2.96 2.80 2.92 3.11

±  S.D. 0.25 0.30 0.20 0.19 0.34 0.24 0.30 0.33

m ean 5.13 4.58 5.24 4.92 4.70 4.48 4.80 4.86
T o ta l lip id s

±  S.D. 0.64 0.55 0.68 0.48 0.39 0.44 0.46 0.52

n  = n u m b e r  of ra ts

In  Table I the values for solids, total N  and to ta l lipids in the regenerat­
in g  liv e r  rem oved at th e  en d  o f the three w eek  feed ing  period against th e  
con tro l (intact) livers, are g iven  in per cents.

T able II shows the increm ents of solids, to ta l N  and tota l lipids o f the  
regen erated  livers, expressed in  absolute va lues and in terms o f per cent  
referred to  the preoperative va lues.

T he figures in Table I show  no significant differences between the per­
cen ta g e  values of the com ponents of regenerated and in tact livers. In other  
w ords, th e  hepatectom ized anim als fed the d iets under study, regenerated  
livers sim ilar in com position  to the in tact organ. The values o f solids 
in d ica te  th a t, in opposition to  other observations [4, 14, 15], in the present 
s tu d y  th e  improved regeneration  of the liver was n o t associated w ith an in ­
crease in  its water content.

From  the figures presented  in Table I I  it  clearly  emerges th a t in th e  
an im als fed on ferm ented m ilk  diets the given increm ents, whether expressed  
in a b so lu te  figures or in term s of per cent, were in  excess of the respective  
v a lu es o f  the animals fed a m ilk-based diet. The excessive  nitrogen values in 
th e  groups fed ferm ented m ilks point to an enhanced  protein synthesis.

T he proportion o f D N A  in the livers o f  h epatectom ized  anim als was 
higher th an  in those o f in ta c t anim als. This also p o in ts to  an enhanced protein  
sy n th esis  and to smaller cell sizes. No sign ificant differences were, how ever, 
fou n d  betw een  the percentage figures of D N A  in th e  liver o f hepatectom ized  
an im als kept on different d ie ts  (Table III).
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T a b le  I I

Increments o f  liver components in partia lly  hepateclomized anim als fe d  diets based on m ilk  and ferm ented m ilks

Liver components Diets

Milk-based 
(n =  16)

Yogurt-based 
(n =  11)

Kefir-based 
(n =  9)

Sour milk-based 
(u =  6)

M S.D. M S.D. M S.D. M S.D.

Increm en ts g 0.45 0.12 0.66** 0.16 0.59* 0.11 0.63* 0.13

in solids per cen t 27.1 5.1 43.1** 8.6 39.2** 6.1 36.2* 5.6

Increm en ts g 0.01 0.009 0.04** 0.014 0.03** 0.012 0.03** 0.011

in to ta l  N per cent 6.3 3.2 20.0** 5.5 12.1* 4.5 11.4* 4.3

Increm en ts g 0.05 0.03 0.11** 0.04 0.07 0.04 0.11* 0.05
in to ta l  lipids per cen t 16.2 12.2 39.9** 14.5 19.6 11.3 34.4* 13.8

* P  <  0.01, 
** P  <  0.001.

n  =  num ber

referred  to  m ilk-based d iet 
, referred to  m ilk-based d iet 

of ra ts

Table I I I

D N A - concentration o f  the regenerated (R )  and intact ( I )  livers

Milk-based Yogurt-based Kefir-based Sour milk-based

Diets
R

(n -  16) (n -  10)
R

(n =  11) (n J  10)
R

(n =  9) (a  I  9)
R

(n =  6) ( n i é )

DNA m g /100 g m ean 10.6* 9.8 10.9* 9.7 11.0* 9.9 10.8* 9.5

fresh  m ass ±  S .D . 0.7 0.6 0.6 0.6 0.7 0.8 0.7 0.6

* P  <  0.01, referred to  th e  respective in ta c t group 
n  =  num ber of ra ts
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Discussion

T h e nutritive value o f  a ferm ented  m ilk product is generally held  to  be 
sim ilar  to  th a t of milk from  w h ich  it  is prepared. Ferm entation produces a loss 
o f  v ita m in  B 12 and in yogu rts th e  concentrations o f  riboflavin , pantothen ic  
acid , th iam in e and biotin  are reduced. K efir contains more niacin, th iam ine, 
p y r id o x in e  and folic acid, w h ile yogu rt contains more folic acid, than  does m ilk. 
T he la c to se  concentrations a lso  decrease as a result o f  its partial conversion  
to  la c t ic  acid. According to  p ub lished  evidence, yogurt proteins are superior 
in  d ig estib ility  to m ilk proteins [1]. It is alleged for the explanation  o f the  
h igh er nu tritive value o f  ferm en ted  m ilks th a t, as a result o f slow ferm entation  
p rod u ced  b y  lactobacilli, curd o f  a fine floccu lent structure is form ed, m ore­
over , in  th e  course o f processing a certain proportion o f the proteins is split 
in to  p ep tid es and free am ino-acids.

In  opposition to the d iets fed  b y  H argrove and Alford [7] consisting of 
m ilk  a lone, only two thirds o f  th e  diets fed in the present study were m ade 
up o f  m ilk . This allowed to  avo id  loose stools in the anim als. The differences 
in  p H  alone fail to account for th e  beneficial effects o f the ferm ented milk  
on b o d y  mass increase and on liver  regeneration. A ctually , H argrove and 
A lford , in  their feeding tria ls obta ined  sign ificantly  lower figures w ith  milks 
ac id ified  directly w ith la ctic  acid.

According to the resu lts o f  Pénzes and Barna [10], the process o f re­
gen eration  is greatly affected  b y  the proportion o f protein in the d iet. This 
em p h asizes the im portance o f  d ietary protein in regeneration. In th e  present 
s tu d y  th e  individual protein  and am ino-acid com positions o f m ilk and  
ferm en ted  milk products m a y  have contributed to  the in ten sity  o f  liver 
regen eration  in the anim als fed  ferm ented milk diets, but a possible role of 
o th er  biochem ical factors can n ot be ruled out either. I t  is m ost u n likely  th at  
th e  v ita m in  contents o f th e  various products should have p layed  an y  part 
in  liv er  regeneration, since, as a result o f the effect o f the different bacteria  
th e  am ou n ts of vitam ins in th e  ferm ented milks are h igh ly  variable, b u t there 
w ere no differences in th is resp ect betw een the results found in the ind ividual 
groups. An increase in the ab so lu te nitrogen figures found in the regenerated  
liv er s  is suggestive o f an in ten sified  protein synthesis.

In  sum , the present resu lt indicates th a t the biochem ical changes pro­
d u ced  b y  ferm entation b en efit  th e  process o f  regeneration. This m ay be 
regarded  as further ev idence in  support o f the nu tritive efficiency o f  ferm en­
ta t io n .
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P ro te in -b a se d  food p ro d u c ts  in te n d e d  fo r a th le te s  -— (H am o m id  p o w d er and  
ta b le ts , A m ino-ac id  C apsules) —  were s tu d ied  fo r ab so rp tio n , e lim in a tio n  a n d  ex cre tio n . 
O n th e  ev idence of th e  fin d in g s all w ere re ad ily  ab so rb ed , th e  serum  am in o -ac id  levels 
a tta in e d  th e ir  p eak s 60 to  90 m in  a fte r  in g es tio n  o f th e  d a ily  dose. A t th e  end  o f 10 d ay  
periods d u rin g  w h ich  th e  p ro d u c ts  in  q u estio n  h a d  been  a d m in is te red  a  m inor increase  
w as fo und  in  th e  u r in a ry  ex cre tio n  of a lp h a -am in o n itro g en .

K eyw ords: m ilk -p ro te in  p ro d u c ts , sp o rt

Introduction

The com petitive sports o f  our days in vo lv in g  h eavy physical training  
pose major problem s o f nutrition  w ith adequate protein. In the present study  
th e  absorption and elim ination  of the H ungarian milk protein concentrates 
H am om id pow der and tab lets and A m ino-acid Capsules were exam ined.

Materials and methods

C om position  o f th e  p ro d u c ts  w as as follows.

H am om id  powder
P ro te in 55 %
C arb o h y d ra tes 20.8% (lactose 9 .5 % , glucose 11.3% )
F a ts 19.4% (coconu t b u t te r  12 .9% , sunflow er oil 6 .5e
M inerals 2 .8%
V itam in s (m g)

A 0.375 C 150.0
B, 0.6 E 6.0
B 2 0.9 b io tin 0.075
B 6 1.0 folic acid 0.1
B 12 0.001 C a -p an to -th e n a te 2.5

H am o m id  ta b le ts  a re  o f th e  sam e com position  w ith  th e  d ifference th a t  th e y  c o n ta in  no
fa t.

A m ino-acid  Capsules a re  casein  h y d ro ly sa te  fo rtif ied  w ith  t ry p to p h a n  in  0.4 g capsules. 
F o r  th e  s tu d ies  o f a b so rp tio n  an d  m etab o lism , g ro u p s of 12 su b jec ts  w ere fo rm ed . T he 

follow ing form s of t r e a tm e n t  w ere app lied : 1. P lacebo . 2. H am o m id  pow der. 3. H am o m id  
ta b le ts . 4. A m ino-ac id  C apsules. E ac h  su b jec t u n d e rw e n t all four fo rm s o f t r e a tm e n t,  each

Send o ffp rin t re q u es ts  to  R . F ren k l, N a tio n a l I n s t i tu te  o f  P h y sica l E d u ca tio n , H -1123, 
B u d ap es t, A lko tás u . 44, H u n g a ry
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gro u p  b e in g  su b d iv ided  in to  g ro u p s o f th re e  m em bers rece iv ing  d iffe ren t tre a tm e n ts . O n  each  
d a y  o f  th e  t r ia l  each  form  of t r e a tm e n t  w as th u s  rep re sen ted . O n sum m ariz ing  th e  f in d in g s  
no  s ig n if ic a n t differences b e tw een  th e  re su lts  o b ta in ed  on th e  d iffe ren t d ay s were fo u n d . T h e  
re su lts  h a v e  th ere fo re  been  g iven  fo r th e  to ta l  groups of 12 sub jec ts .

T h e  t r ia l  was conducted  as follow s.
T h e  te s t  sub jects re p o rte d  a t  8 o ’clock a .m ., b rin g in g  th e  f i r s t  24 h  u rin e . A t 8 o’clock  th e  

f i r s t  b lo o d  sam ple  (0 h  v a lue) w as w ith d ra w n . T h en  each  p e rso n  received  th e  da ily  dose o f th e  
re sp ec tiv e  p ro d u c t. B lood sam ples w ere  ta k e n  a t  30, 60, 90 a n d  120 m in. a -am in o -N  w as m ea ­
su re d  in  th e  sam ples p h o to m e tr ic a lly  b y  th e  n in h y d rin  re ac tio n , accord ing  to  M ütig  a n d  
K a ise r  [3].

E sse n tia l  steps of th e  p ro ced u re :
T h e  serum  sam ples a re  d e p ro te in iz ed  w ith  an  e th a n o l-a c e to n  m ix tu re  (1 : 1) a n d  c e n tr i­

fug ed . T h e  su p e rn a ta n t is u sed  fo r th e  n in h y d rin  reac tio n . T he v a lu es a re  re a d  on a n  U n icam  
600 sp e c tro p h o to m e te r  a t  580 /im , a  fresh  c a lib ra tio n  series b e in g  p re p a re d  for each  m ea su re ­
m en t.

T h e  sam e m eth o d  w as u sed  fo r th e  m easu rem en t o f u r in a ry  a -am ino-N . U rine  w as co llect­
ed  o n  th e  d a y  of th e  s tu d y  as well.

S u b seq u e n tly  each  p e rso n  c o n tin u e d  on th e  d a ily  dose o f th e  resp ec tiv e  p ro d u c t fo r 
n in e  d a y s  a n d  rep o rted  for in v e s tig a tio n  on  th e  10 th  d a y  w ith  th e  24 h  u rin e  o f th e  la s t  d ay . 
A  b lo o d  sam p le  was w ith d raw n . N o  t r e a tm e n t  w as g iven  d u rin g  th e  n e x t  th ree  d ay s . T h e n  th e  
t r e a tm e n t  w as rep ea ted  in  th e  sam e m a n n e r , b u t  w ith  a  d iffe ren t p ro d u c t. T he e n tire  d u ra tio n  
o f th e  t r ia l  th u s  ex tended  to  8 w eeks. T h e  in v es tig a tio n s w ere p e rfo rm ed  on re g u la r  d a y s  a n d  a t  
re g u la r  h o u rs .

R esults and Discussion

T able I shows the serum  к-am ino-acid level expressed in m g/100 m l. 
The m axim um  increase w as found after th e  adm inistration of H am om id  
pow der, but absorption o f th e  H am om id tab lets and o f the A m ino-acid Cap-

Table I

Serum  a.-amino-acid levels ( mg/100 m l) in  athletes 
values are m eans +  S .E .M

Placebo
Hamom id

powder
Hamom id

tablets
A mino-acid

Capsules

0’ 2.947 2.953 3.004 2.791

±  0.317 ±  0.184 ±  0.176 ±  0.290

30’ 2.990 4.591 3.893 3.800

±  0.292 ±  0.607 ±  0.380 ±  0.377

60’ 3.080 5.768 4.772 4.493

±  0.282 ±  0.661 ±  0.369 ±  0.347

90’ 3.680 4.665 4.231 4.360

+  0.249 ±  0.607 ±  0.281 ±  0.078

120’ 3.070 3.540 3.580 2.947

±  0.271 ±  0.264 ±  0.287 +  0.283

d a y  10 2.853 2.589 3.111 2.613

±  0.172 ±  0.199 ±  0.285 -H 0.196
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Table II

U rinary a -am ino-N  outputs ( mg/24 h ) in  athletes 
values are means ±  S .E .M .

Placebo Hamomid
powder

H am om id
tablets

Amino-acid
Capsules

0’ 143.88 149.32 159.77 145.37
±  10.10 ± 2 5 .7 6 ±  20.30 ±  28.28

r 109.60 161.94 153.12 193.97

±  14.16 ±  22.04 ±  18.65 ±  16.63

10’ 110.71 185.53 215.90 180.05

±  15.73 ±  16.05 ±  14.04 ±  15.77

suies was also adequate, the peaks having been attained  betw een 60 and  
90 min.

Table II  show s th e  urinary values (m g/24 h urine).
Compared w ith  th e  placebo group, all groups revealed higher values  

after adm inistration o f the protein products, particu larly in  the urine collected  
on the 9th day.

On the evidence o f  the findings, the products under study are readily  
absorbed and d istin ctly  raise th e  serum am ino-acid level. The insign ificant  
elevation  after the use o f placebo was due to  th e  fact th a t the placebo w as 
taken in cocoa.

In agreem ent w ith  our earlier findings, th e  am ino-acid values are at the  
lower lim it o f th e  norm al range (O’ value). This is also valid  for the urinary  
am ino-acid concentrations. These figures provide a further indirect proof o f  
the necessity  o f increased protein and am ino-acid supplies to  athletes. D esp ite  
th e  excess protein in take the serum  values at th e  end o f each period were not 
higher than  at th e  start. A dm inistration o f th e  products is thus w ith in  th e  
physiological requirem ents and th e  possibilities o f  regulation. Urinary excre­
tion  showed a certain increase, as a sign th a t an effect o f some degree has 
been attained.
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Endocrinology

A cta  M edica H ungarica  41 (4 )  p p . 175 — 183 (1 9 8 4 )

EFFECT OF THYROTROPIN-RELEASING HORMONE 
AND GONADOTROPIN-RELEASING HORMONE ON 
SERUM TSH, PRL, hGH, FSH AND LH IN PRIMARY 
TESTICULAR FAILURE AND IN HYPOGONADO- 

TROPHIC HYPOGONADISM

G. S z i l á g y i , I. S z a b o l c s , G. V y d r a ,* M. Góth, G. I r s y

F IB S ! D EPA RTM EN T OE M ED IC IN E  AND »D EPA RTM EN T OF UROLOGY, 
POSTGRADUATE M ED ICAL SCHOOL, B U D A PEST, HUNGARY

(R eceived , 1983)

In fe rtile  m ales w ith  p r im a ry  te s tic u la r  fa ilu re , 6 w ith  n o rm al (G ro u p  I) and 
7 w ith  e lev ated  g o n a d o tro p in  leve ls (G roup I I ) ,  9 p a tie n ts  w ith  K lin e fe lte r’s syndrom e 
(G roup  I I I )  and  5 p a tie n ts  w ith  h y p o g o n ad o tro p h ic  h y p ogonad ism  (G ro u p  ÍY) were 
in v es tig a te d . T heir serum  T S H , P R L , h G H , F S H  a n d  L H  responses to  a  single bolus 
o f 200 p g  T R H  and  100 pg  G n R H  w ere m easu red  an d  com pared  to  th e  co rrespond ing  
v a lu es o b ta in ed  in  8 fe rtile  h e a lth y  m ales o f th e  sam e age group. T he te s to s te ro n e  levels 
d iffered  from  th e  con tro l o n ly  in  th e  la s t  tw o  g ro u p s. N e ith e r th e  b a sa l T S H  level 
n o r th e  Д Т Б Н  differed b e tw een  th e  groups. T h e  la t te r  was s ig n ifican t in  all groups.

T h e  b asa l P R L  leve l w as sim ila r in  each  g ro u p  excep t in  G roup  II. w here th e  
level w as low. A fter T R H -G n R H  tre a tm e n t th e  P R L  level in creased  s ig n ific a n tly  in 
each  group  b u t  th is  increase  w as less in  p a tie n ts  w ith  h y p o g o n ad o tro p h ic  h y p o g o n ad ­
ism  (9 .9 4 ± 2 .6  nmol/1) w h en  co m p ared  to  th e  p a tie n ts  w ith  p r im a ry  te s tic u la r  fa ilu re  
(G roups I, II, III, to g e th e r, n  =  22 1 7 .1 0 ± 2 .1 2  nmol/1 P  <  0.05). T h e  b a sa l levels of 
h G H  a n d  Д  GH  d id  n o t  d iffe r sig n ifican tly  b e tw een  th e  g roups. B o th  F S H  an d  L H  
show ed an  ex ag gerated  a n d  p ro tra c te d  in crease  in  p a tie n ts  w ith  p r im a ry  te s tic u la r  
fa ilu re  w ith  e levated  b asa l g o n a d o tro p in  level a f te r  T R H -G n R H , w hile in  h y p o g o n ad o ­
tro p h ic  hypogonadism  th e  resp o n se  w as s ligh t. N e ith e r  th e  serum  te s to s te ro n e  n o r th e  
serum  F S H  or L H  level in flu en ced  th e  response  of T S H  and  hG H  to  th e  T R H -G n R H  

te s t.

K eyw ords: h y p o g o n ad ism , T R H  te s t,  G n R H  te s t,  g row th  h o rm o n e , p ro lac tin , 
th y ro id  s tim u la tin g  h o rm o n e, follicle s tim u la tin g  horm one, lu te in iz in g  h o rm o n e.

Introduction

Opinions differ concerning th e  effect o f  thyrotropin releasing horm one 
(TR H ) on the serum thyrotrop in  (TSH) and prolactin (PR L ) le v e l in  male 
hypogonadism . L eR oith et al. [19] found an exaggerated T S H  response in 
prim ary testicu lar failure h u t n o t in  castrated m ales. In K linefelter’s syndrom e  
th e  response was m ostly norm al or even decreased [4, 5, 8, 23, 2 4 ]. In  hypo-

Send o ffp rin t requ ests  to  G. S z ilágy i H -1389 B u d a p e s t, P .O . B ox  112, H u n g a ry

1* A c ta  M e d ic a  H u n g a r i c a  4 1 , 1 9 8 4
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gonadotroph ic hypogonadism  an attenuated response was found in fem ales [25] 
an d  a m ostly normal one (in  6 out of 8 patients) in  m ales [31].

T he different reaction s w ere thought to  be due to  the different serum  
te sto stero n e  [21] or gon ad otrop in  [24] levels. In  th e  present experim ent the  
resp on se  of TSH, P R L , h u m a n  growth horm one (hG H ), follicle stim ulating  
h orm on e (FSH) and lu te in iz in g  hormone (LH ) to  T R H  and G nR H  w as in v es­
t ig a te d  in  patients w ith  testicu la r  failure o f  d ifferent origin causing azoosper­
m ia  an d  having different in it ia l  serum gonadotropin  and testosterone levels.

Patients and methods

M ales w ith  in fe rtility  a n d  azoosperm ia  an d  som e w ith  in a b ility  o f e ja c u la tio n  w'ere 
g ro u p e d  as follows. G roup I  c o m p rise d  six m ales w ho h a d  azoosperm ia  b u t  n o t  c o m p la in t 
o f  e re c tio n . T heir secondary  sex  c h a ra c te ris tic s , lib ido  a n d  p o te n c y  w ere no rm al a n d  so were 
t h e  F S H  an d  LH  levels (5.0 to  1 2 .0 , a n d  5.0 to  20.0 U /l, re sp ec tiv e ly ), th e  sex -ch ro m atic  w ere 
n e g a t iv e .  T h eir age was b e tw e e n  25 an d  31 (m ean 28.0 y ea rs). T he 7 p a tie n ts  in  G roup  I I  
a g e d  25—36 (m ean 28.6) y e a rs  h a d  e x a c tly  th e  sam e clin ical fe a tu re s  and  lab o ra to ry  p a ra m e te rs  
e x c e p t  t h a t  th e ir  FSH  an d  L H  se ru m  levels were above 20.0 U /l. G roup I I I  co n sisted  of p a ­
t ie n t s  a g ed  18 to  52 (m ean 29.9) y e a r s  w ith  K linefelter’s sy n d ro m e , as p ro v ed  b y  th e  ch ro m a tin  
p o s i t iv e  bucca l sm ear, th e  47, X X Y  k ario ty p e  and  c lin ica lly  b y  sm all testes, g y n aeco m astia  
a n d  sp a rse  body hair. G roup  IV  c o n ta in e d  5 p a tie n ts  aged  b e tw een  21 and  35 (m ean  28.7) 
y e a r s  w i th  lack  of erections a n d  n o c tu rn a l  emissions, ab sence  o f sexual ha ir, d e layed  sk e le ta l 
m a tu r a t io n ,  and very  sm all te s te s  a n d  penis. T heir b a sa l F S H  an d  L H  levels w ere alw ays 
b e lo w  5.0 ju/1.

T h e  controls were 8 m ale s  a g ed  betw een 21 an d  32 (m e a n  26.4) years. N one o f th e  p a ­
t i e n t s  rece iv ed  horm onal t r e a tm e n s  befo re  the  in v es tig a tio n  a n d  all of th em  w ere e u th y ro id  
T R H  200 fig  (R elefact, H o e ch s t)  a n d  G n R H  100 fig  ( I n s t i tu te  fo r D rug  R esearch , B u d a p es t)  
w e re  g iv en  in travenously  in  a  s in g le  bo lus a t 8 .00-9.00 a .m . a n d  b lood  sam ples w ere co llected  
b y  a n  indw elling  cannula b e fo re  a n d  a t  15, 30, 60 an d  120 m in  a f te r  th e  in jec tion .

C om m ercial R IA -k its  w e re  u se d  to  determ ine th e  se ru m  level o f horm ones. T he B yk- 
M a llin c k ro d t R IA  k it was u se d  fo r  T S H  (norm al < 6 .0  m U/1), B io d a ta —Serono k its  fo r F S H  
(n o rm a l  ran g e , 2.5-12.0 fi/l), L H  (n o rm a l range, 5 .0-20.0  U /l), a n d  h G H  (norm al < 2 7 9  pmol/1) 
a n d  I R E  P ro l R IA  k it fo r P R L  (n o rm a l range, 2-10  nm ol/1). T h e  in te ras sa y  w as fo u n d  to  be 
9 - 1 7 %  (coefficien t of v a r ia tio n )  fo r  T S H , 15-25%  fo r F S H , 1 1 -2 5 %  fo r L H , 2 1 -2 6 %  fo r h G H , 
a n d  8 - 2 6 %  for PR L . The low er v a lu e s  were found a t  th e  h ig h er, th e  h igher va lues a t  th e  low er 
lev e ls  o f  horm ones.

T esto s te ro n e  was m e a su re d  b y  th e  m ethod  o f V e rm eu len  an d  V erdonck  [29] (no rm al 
r a n g e  9 .0 -2 8 .0  nmol/1). C h ro m o so m e ex am in atio n  w as c a r r ie d  o u t on  p e rip h e ra l leu k o cy te  
c u ltu re s ,  according to  th e  te c h n iq u e  o f H ungerford  [15]. A ll re su lts  w ere expressed  as m ean  
^ tS .E .M . analysed  using u n p a ire d  a n d  p a ired  S tu d e n t’s t te s t .  D ifferences w ere considered  
s ig n if ic a n t  a t  P  values < 0 .0 5 .

Results

T he serum testosteron e le v e l was norm al in  each  group except the pa­
t ie n ts  w ith  hypogonadotrophic hypogonadism  w here th e  level was extrem ely  
lo w . T hough the group o f  p a tien ts  with K lin efe lter’s syndrom e show ed low  
n o rm a l average value, it  d iffered  sign ificantly from  the control group (Table 
I ) . T h e  basal TSH levels w ere com parable in every  group, and so was the T SH  
p ea k  a fter  TR H . The effect o f  T R H  was show n b y  th e  sign ificant increase in  
T S H  in  each group (Table I ) .
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Table I

Testosterone level and T S H  response to T R H —Gn R H  in  different types o f hypogonadism
and in  controls 

( mean  +  S .E .M .)

T SH , mU/1
JTSH

T estosterone, nmol/1 
0 m in0 min 30 ir in 60 min

C ontrols ( n = 8 ) 2.21 
+  1.30

8.48*
± 1 .8 9

6.40*
± 1 .4 5

6.27*
± 1 .5 2

17.79 
±  2.49

P rim ary  te s ticu la r  failure w ith  n o r­
m al b asa l g o nado trop in  level (n =  6) 3.30

± 0 .7 3
10.70*

± 2 .1 1
8.66*

± 1 .7 4
7.23*

± 1 .4 9
15.38 

±  3.49
P rim ary  te s ticu la r  fa ilu re  w ith  ele­

v a te d  b asa l gonadotrop in  level ( n = 7 ) 2.94
± 0 .2 5

10.96*
± 1 .4 2

8.84*
± 1 .5 2

8.06*
± 1 .5 0

13.73 
±  2.95

K lin efe lte r’s syndrom e (n =  9) 1.40
± 0 .3 8

9.21*
± 1 .4 5

5.57*
± 1 .0 6

7.81*
± 1 .3 4

10.07** 
±  1.69

H y p o gonado troph ic  
hypogonadism  (n =  5) 3.86

± 0 .9 6
13.32

± 4 .7 3
17.08

± 6 .6 4
11.06*

± 4 .5 8
5.82** 

±  1.75

n  =  n u m b er of p a tie n ts
* C om pared to  basal level (tim e 0) th e  differences a re  significant sta tis tica lly  

** C om pared to  th e  con tro ls th e  differences a re  sign ifican t sta tistica lly

The P R L  levels after T R H -G n R H  show ed a significant in crease in  
each group though the increase in the hypogonadotrophic hyp ogon ad ism  
patien ts (9.94 +  2.6 nmol/1) was sign ificantly  less (p <  0.05) than in  th o se  w ith  
prim ary testicu lar failure: Groups I, II and I I I  together, (n = 2 2 )  17 .10  +  
+ 2 .1 2  nmol/1. The 15 min average P R L  va lu e in  hypogonadotrophic h y p o g o ­
nadism  w as also less than the corresponding va lu e o f  the controls. N o d ifference  
was found betw een the controls and the groups w ith  primary testicu lar fa ilure, 
and th e  K linefelter’s syndrom e group (Table II). The basal hGH le v e l was 
sim ilar in all the patients including the controls. No significant increase w as 
found after T R H —GnRH load in either group (Table III). A serum  hG H  
increase o f  more than 233 pmol/1 occurred in one o f  the 5 patients w ith  norm o- 
gonadotrophic and one o f  the 6 patients w ith  hypergonadotrophic prim ary  
testicu lar failure, tw o out o f  9 patients w ith  K linefelter’s syndrom e, and  one  
out o f  the 5 patients w ith hypogonadotrophic hypogonadism , but none am ong  
the controls.

The basal PSH  and LH  levels were d ifferent in the groups and  the  
T R H -G n R H  loading caused a significant increase in each of them . In p a tien ts  
w ith  hypogonadotrophic hypogonadism  the increase was less than in th e  con ­
trols, w hile in the patients w ith prim ary testicu lar failure and e lev a ted  
gonadotropin  level a pronounced and sustained  increase was observed  
(Tables IV  and V).
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Table II
P R L  response to T R H -G n R H  in different types o f  hypogonadism and in  controls

(  mean ±  S .E .M .)

P R L , nmol/1
-----------------------------------------------------------ZlPRL

0 min 15 min 30 m in 60 min 120 min

C ontrols (n = 7 ) 0.45
+ 0 .1 2

2.40*
± 0 .4 1

2.10*
± 0 .2 8

0.94*
± 0 .1 1

0.38
± 0 .0 5

2.06*
± 0 .4 2

P rim a ry  testicu lar fa ilu re  w ith  
n o rm al basal g o n a d o tro p in  
leve l (n = 6 )

0.29
± 0 .1 0

1.75*
± 0 .3 2

1.73*
± 0 .3 1

0.79*
± 0 .1 6

0.28
± 0 .0 9

1.42*
± 0 .2 7

P r im a ry  testicu lar fa ilu re  w ith  
e lev ated  basal g o n a d o tro p in  
level (n = 7 )

0.14*
± 0 .0 2

2.40*
± 0 .5 7

2.44*
± 0 .5 8

1.22*
± 0 .3 3

0.43
± 0 .1 4

2.31*
± 0 .5 8

K lin efe lte r’s
syndrom e (n = 9 )

0.31
± 0 .0 9

2.31*
± 0 .2 8

1.91*
± 0 .2 4

1.12*
± 0 .2 2

0.56
± 0 .1 0

1.80*
± 0 .2 8

H ypogonado troph ic  
hypogonadism  ( n = 5 )

0.35
± 0 .1 2

1.16**
± 0 .3 5

1.35*
± 0 .3 7

0.90*
± 0 .1 7

0.55
± 0 .1 7

1.08*
± 0 .2 8

n  =  n u m b er o f  p a tie n ts
* Com pared to  b a sa l leve l (tim e 0) th e  d iffe ren ces a re  significant s ta tis tica lly  

** Com pared to  th e  con tro ls the  differences a re  s ign ifican t s ta tistica lly

Table III
IIG H  response to T R H ~ G n  R H  in  different typ es o f  hypogonadism and in  controls

( mean ±  S .E .M .)

H G H , pmol/1
A H G K

0 min 15 min 30 m in 60 m in 120 min

C ontrols (n = 5 ) 18.6 35.34 52.08 48.36 17.67 61.38
± 6.04 ± 11.16 ±  26.51 ±  22.32 ± 4.19 ±  26.04

P r im a ry  testicu lar fa ilu re  w ith
no rm al basal g o n ad o tro p in 39.99 97.65 120.9 214.83 85.56 226.92
level (n = 5 ) ± 4.65 ± 39.99 ±  66.03 ± 179 .03 ± 36.74 ± 1 7 1 .5 9

P r im a ry  testicu lar fa ilu re  w ith
e levated  basal g o n a d o tro p in 33.95 37.2 33.48 57.20 92.07 88.82
level (n = 6 ) ± 19.53 ± 19.07 ±  12.56 ±  29.30 ± 50.69 ±  50.22

K lin efe lte r’s syndrom e 62.31 143.22 245.06 168.33 75.33 227.85
( n = 9 ) ± 20.00 ± 98.12 ± 1 8 2 .2 8 ± 118 .58 ± 23.72 ± 2 1 6 .2 3

H ypogonadotrophic 66.50 41.85 27.9 21.86 112.53 65.57
hypogonadism  ( n = 5 ) ± 25.11 ± 9.3 4" 4.65 ±  3.26 ± 79.05 ±  59.52

n  =  num ber o f  p a tie n ts

Discussion

According to  th e  results the basal T S H  and hGH levels did n o t differ 
in  th e  patients w ith  hypogonadism , w hile in  p a tien ts w ith an elevated  basal 
gonadotropin lev e l th e  P R L  level was low er. T R H -G n R H  caused a sim ilar

Acta M e d ic a  H u n g a r ic a  4 1 ,  1984
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Table IV

F S H  response to T R H -G n  R H  in  different types o f  hypogonadism and in  controls
(  mean ±  S .E .M .)

0  m in 15 m in 30  m in 60  m in 120 m in 1 80  m in

Controls (n = 8 ) 7.31
± 0 .9 4

9.93
± 1 .5 3

12.36*
± 1 .7 1

13.95*
± 2 .4 1

11.00
± 2 .1 7

10.62
± 3 .0 0

6.99*
± 1 .4 7

P rim ary  te s ticu la r failure w ith  norm al 
basal gonadotrop in  level ( n = 6 ) 5.51

± 1 .2 8
7.82

± 1 .7 6
8.15

± 1 .9 3
9.73

± 2 .2 2
7.88

± 1 .3 5
7.50

± 1 .7 0
4.50*

± 1 .4 0

P rim ary  te s ticu la r  failure w ith  ’ele­
v a te d  basal gonado trop in  level 
( n = 7 )

27.71**
± 2 .5 2

42.50*’ ** 
± 4 .2 4

43.00*’ ** 
± 4 .3 3

46.71*’ ** 
± 4 .9 7

39.29*' ** 
± 8 .2 3

40.00*’ **
± 3 .5 8

21.85*’ ** 
± 3 .4 3

K linefelter’s syndrom e ( n =  9) 30.42**
± 5 .7 6

41.80**
± 6 .6 8

41.52**
± 6 .0 2

40.70**
± 6 .3 8

40.85**
± 5 .6 2

33.40**
± 4 .5 7

16.98*’ **
± 3 .5 7

H ypogonadotrophic  hypogonadism
(n = 5 )

0.68**
± 0 .2 8

1.68*
± 0 .7 0

1.62*
± 0 .8 1

1.96*
± 0 .8 6

1.80*
± 0 .7 6

— 1.44*’ ** 
± 0 .5 5

n  =  n u m b er o f  p a tie n ts
* C om pared to  b asa l level (tim e 0) th e  differences a re  significant sta tis tica lly  

** C om pared to  th e  contro ls th e  differences are  significant sta tis tica lly
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Table V

L H  responses to T R H -G n  R H  in  different types o f  hypogonadism and in controls
(  mean  +  S .E .M .)

LH , U/l

0 min 15 min 30 min 60 min 120 min 180 min
J M i

Controls (n = 8 ) 11.65
± 1 .3 5

48.88*
± 1 0 .7 9

67.13*
± 1 1 .1 8

47.56*
± 8 .5 9

31.13*
± 4 .5 1

17.22*
± 2 .2 4

55.47*
± 1 0 .5 3

P rim ary  tes ticu la r failure w ith  norm al 
basal gonado trop in  level (n —6) 11.38

± 1 .6 0
37.11*

± 6 .5 9
47.40*

± 1 1 .8 0
32.60*

± 4 .1 6
20.66*

± 2 .3 5
16.80*

± 1 .0 7
40.39*

± 8 .7 4

P rim ary  tes ticu la r failure w ith  ele­
v a ted  basal gonadotrop in  level 
(n = 7 )

20.00*
± 1 .8 6

97.63*’ ** 
± 1 1 .7 7

102.29*
± 1 7 .6 0

85.13*’ ** 
± 7 .0 4

63.29*’ ** 
± 6 .6 0

52.12*’ ** 
± 8 .2 1

95.85*’
± 9 .5 0

K linefelter’s syndrom e ( n = 9 ) 29.97**
± 4 .0 9

99.75*’ ** 
± 9 .3 7

120.78*’ ** 
± 1 6 .5 2

107.88*’ ** 
± 1 3 .0 4

78.43*’ ** 
± 8 .3 6

72.80*’ ** 
± 7 .5 8

92.37*
± 1 4 .8 7

H ypogonadotrophic  hypogonadism  
( n = 5 )

3.68**
± 2 .0 6

7.66**
± 4 .4 0

10.62**
± 6 .2 3

9.12**
± 5 .5 7

6.52**
± 4 .0 0

— 6.88**
± 4 .5 9

n =  n u m b er o f p a tien ts
* Com pared to basal level (tim e 0) th e  differences are significant s ta tistica lly  

** Com pared to  th e  controls th e  differences are significant s ta tistica lly
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increase in T SH , P R L  and hGH in d ependently  from  the kariotype, excep t in  
hypogonadotrophic hypogonadism  w here th e  P R L  increase w as slighter. The  
testosterone levels did not influence th e  elevation  o f the horm one levels . The  
peak and the duration o f FSH  and LH  differed after T R H —G nR H  treatm en t, 
depending on the basal level o f these horm ones.

The P R L  peak w as found to be a tten u ated  in male hypogonadotrophic  
hypogonadism  [25] and exaggerated in prim ary testicular failure. Others [1] 
found a norm al response while Y am aji et al. [31] an attenuated  resu lt in  4 
out o f  their 8 patien ts. Our patients w ith  hypogonadotrophic hypogonadism  
show ed a sign ificantly  lesser increase in P R L  than did the controls in  15 
m inutes. I f  all our 22 patients w ith prim ary testicular failure were com pared  
to  the hypogonadotrophic hypogonadism  group, a significant difference was 
found in P R L . This is thought to be due to  the lesser am ount or rather the  
decreased activ ity  o f  the p itu itary P R L  cells. R epeated T R H  loads w ould be 
probably more effective. The testosterone level did not in fluence th is reac­
tion  since in the K linefelter’s syndrom e suffering patients w ith a low  or normal 
testosterone level the response was norm al. T estosterone treatm ent did not 
m odify  the attenuated  P R L  reaction o f th e  patients o f Y am aji et al. [31] 
and did not influence the reaction o f P R L  after T R H  bolus in hea lth y  vo lu n ­
teers [16] or in patients w ith hypogonadism  [21]. In  males w ith azoosperm ia  
an attenuated  P R L  response was found b y  Goldhaber et al. [11] and exactly  
the opposite, an exaggerated one, by D ickerm an et al. [8] while a norm al one 
by others [5, 13] and ourselves. In  fem ale patien ts w ith hypogonadotrophic  
hypogonadism  a lower basal level but a norm al increase after T R H  was ob­
served [11, 13, 22, 25].

During clom ifene treatm ent w hich augm ented the F S H , LH  levels, 
a decrease in the serum PR L  level w as seen by Djordjevic [9]. This m ight 
have been due to  the clom ifene treatm ent itse lf  and not to  the elevated  FSH  
and LH  levels since in our patients and controls w ith  elevated or norm al FSH  
and L H , the increase in P R L  was sim ilar after T R H  loading. The sam e norm al 
increase was found in our fem ale p atien ts w ith  streak gonad syndrom e and 
elevated  gonadotropin level [3].

The hGH levels did not differ betw een  patients and controls and their  
reaction to T R H —G nR H  loading was also sim ilar. M etoclopram ide was found  
to  increase the hGH level in male hypogonadism  but not in controls [6]. 
Sim ilarly, G nR H  was found to  increase th e  hGH level in nine o f 16 and T R H  
in one of 14 K linefelter’s syndrom e p atien ts [8]. In  Turner’s syndrom  a low  
serum  hGH level [10] and altered response to  glucose [20] and insulin  [18] 
was found. Therapy w ith  small am ounts o f  oestrogen was able to  norm alize 
the latter response [18]. A protracted and exaggerated response o f  F S H  and 
LH  w as found after G nRH  in patients w ith  elevated  basal F S H  and LH  
levels, and an attenuated one with decreased basal levels. This could be due to
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th e  gonadotropic cell a c tiv ity  o f  the hypophysis. A ctive  or superactive cells 
w ere fou n d  to  react more easily  to  the releasing horm one than do in active  
cells, as observed also b y  Spitz et al. [27]. An attenuated  reaction o f F SH  
and L H  to  G nR H  was found in  fem ale hypogonadotrophic hypogonadism  [22] 
as w ell as in  prepuberal boys [2, 7]. In  fem ale hypogonadotrophic hyp ogon ad ­
ism  th e  F S H  and L H  release was norm alized after prolonged gonadotropic  
releasing  horm one treatm ent [22].

T he testosterone levels per se did n o t in flu en ce the reaction o f F S H  
and L H  after T R H —G nR H  on ly  through a feed-back m echanism  as in  our 
p a tien ts  w ith  hypogonadotrophic hypogonadism  and K linefelter’s syndrom e  
w ith  sim ilarly  low  testosterone levels a com p letely  different type o f reaction  
cou ld  b e seen. Sim ilarly, no correlation w as found betw een testosterone leve l 
and gonadotropin  release in  fem ales [30].

T he oestrogen leve l is know n to  in fluence gonadotropin release in b oth  
fem ales [14] and m ales [17] b u t th is  was not m easured in our patients. A ccord­
ing  to  our results the trop horm ones and their reactions are unchanged in  
prim ary testicu lar failure excep t for the gonadotropins, while in h yp ogon ad o­
tr o p h ic  hypogonadism  P R L  shows a decreased, reactiv ity .
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HYPERPROLACTTNAEMIA AND FEMALE 
INFERTILITY
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SZEGED, H U N G A R Y

(R eceived J u ly  19, 1983)

T he c lin ical use  o f b rom ocrip tine  w as in v e s tig a te d  in 50 hyper- a n d  30 no rm o- 
p ro lac tin aem ic  w om en a tte n d in g  an in fe r t i l i ty  c lin ic  and  presenting  w ith  a n o v u la to ry  
cycles, o ligom enorrhoea  or am enorrhoea  a n d  th e  co m p la in t th a t  th e y  h a d  fa iled  to  
becom e p re g n an t. T he resu lts  confirm ed th a t  b ro m o crip tin e  is effective in  th e  t re a tm e n t  
o f  h y p e rp ro la c tin ae m ic  sta tes . B ro m o crip tin e  sup resses p ro lactin  se c re tio n  irresp ec ­
tiv e  o f th e  u n d e rly in g  pa thologic  process.

H y p e rp ro lac tin aem ia  in  hu m an s is f re q u e n tly  associated w ith  an o v u la tio n . 
Serum  p ro lac tin  v a lu es show ed no close c o rre la tio n  w ith  th e  degree o f  m e n s tru a l  a b ­
n o rm alitie s  o r ga lac to rrh o ea . B asal F S H  a n d  L H  levels and the g o n a d o tro p in  response  
to  L H - R H  w ere essen tia lly  norm al in h y p e rp ro la c tin ae m ia . C irculating E 2 levels w ere 
la rg e ly  su b n o rm al suggesting  an  in h ib ito ry  e ffe c t o f p ro lac tin  on o v a ria n  E» p ro d u c ­
tio n . P ro la c tin  levels over 100 ng/m l a re  su g g estiv e  o f p itu ita ry  aden o m a.

K eyw ords: fem ale in fertility , p ro la c tin , b ro m ocrip tine .

Introduction

D uring the past decade a large num ber o f  papers have dealt w ith  prolactin  
b u t our know ledge concerning the p h ysio log ica l importance o f th e  horm one  
is still lim ited . Introduction  into clinical m ed icine o f prolactin rad ioim m uno­
assay, increasing sophistications in the roentgenographic diagnosis o f  p itu itary  
m icroadenom as, the introduction of transsphenoidal pituitary m icrosurgery, 
and the discovery o f drugs that selectively  stim u late  dopaminergic receptors 
and inhib it prolactin  secretion, have g iven  in sigh t into the neuroendocrine  
control o f  prolactin  secretion and revolution ized  the therapy o f th e  galactor- 
rhoea-am enorrhoea syndrom es [10, 11, 19, 21 ].

The syndrom es o f  galactorrhoea and am enorrhoea were recognized long  
before the presence o f  prolactin in the hum an organism  had been estab lish ed .

Send o ffp rin t re q u ests  to  G. Godó, D e p a rtm en t o f  O b s te tric s  and G ynaecology , H -6725 
Szeged, Sem m elw eis u . 1, H u n g a ry
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A lth ou gh  the primary cause w as unknown, th e  reports of patients suffering  
from  th e  syndrom es poin ted  to  a common denom inator [22]. Careful ex a m in a ­
tion  o f  th e  sella turcica b y  tom ography revealed  m inute signs o f p itu ita ry  
en largem ent in a great num ber o f cases [21]. I t  has now  become clear th a t  th e  
com m on denom inator in  these syndrom es (Chiari—Frommel, A rgonz-del 
C astillo , Forbes-A lbright) consists of elevated  p lasm a levels of prolactin  [15]. 
H yperprolactinaem ia w as originally diagnosed i f  th e  prolactin level exceed ed  
25 n g /m l plasm a.

Brom ocriptine (P arlod el® , Sandoz, B asel), a dopamine receptor agon ist, 
is a p o ten t inhibitor o f  prolactin  secretion [15, 17, 18]. Lowering o f  p lasm a  
p ro lactin  either surgically  or m edically p rom p tly  restores ovarian fu n ctio n  
w hich  ind icates th a t it  is th e  prolactin itse lf  w h ich  through some as y e t  u n ­
exp la in ed  feedback m echanism  controls h yp oth a lam ic G n-R H  in hyper- 
prolactinaem ic w om en. There is, however, a considerable amount o f  ev id en ce  
th a t excess prolactin m ay also act directly on th e  ovaries, either b y  in ter ­
ference w ith  the effect o f F S H  or by interfering w ith  the gonadotropin-m edi­
ated  steroidogenesis. This results in inadequate feedbackm echanism sboth  a t th e  
h yp oth a lam ic  and p itu itary  levels and th is m ay  a t least in part exp la in  th e  
hypogonadism  [5, 8, 13, 16].

T he aim of the present paper is to  rev iew  and discuss data regarding  
th e  in flu en ce of hyperprolactinaem ia on gonadal function in  th e  hum an  
fem ale.

Material and m ethods

I n  50 h y p e rp ro la c tin ae m ic  a n d  30 n o rm o p ro la c tin ae m ic  p a tien ts  aged b e tw e e n  18 
a n d  40 y e a rs  w ith  n o rm al se lla  roen tg en o g ram s a n d  v isu a l fie ld s , inform ed co n sen t w a s  ob ­
ta in e d  fo r  th e  use  o f b ro m o crip tin e  (Parlodel® , Sandoz). T h e y  were a tten d in g  th e  E n d o c rin e  
O u tp a tie n t  C linic a t  ou r D e p a r tm e n t. T hey  received 2.5 m g  b ro m o crip tin e  b .i.d . In  a ll p a t ie n ts  
b a sa l b o d y  te m p e ra tu re  w as m o n ito red  and  p lasm a  p ro g e ste ro n e  was m easu red  b y  ra d io ­
im m u n o a ssa y . T h ey  rece iv ed  th e  d ru g  u n til  g a lae to rrh o ea  ceased  and  m enses h a d  re su m e d  or 
p re g n a n c y  occurred , or u n til  side-effects led  to  d isc o n tin u a tio n  of th erap y . The t r e a tm e n t  w as

Table I

R esults o f  pa tien ts treated, fo r  fu n c tio n a l infertility

Treatment with No. treated Ovulated
%

Conceived
%

Bromocriptine 
1. normal plasma 

prolactin 30 10-33 6-20
2. elevated plasma 

prolactin 50 39-78 28-56

Clomiphene citrate (normal 
plasma prolactin) 50 27-54 18-36

Spontaneous 30 6-20 4-13
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d isco n tin u ed  as soon as a positive p reg n an cy  te s t  w as o b ta in ed . Serum  p ro lac tin  leve ls were 
m easu red  w eekly. C ircu la ting  p ro lac tin  levels over 100 ng /m l were strongly  su g g estiv e  o f an 
o rgan ic  p i tu i ta ry  lesion . Lower p ro lac tin  v a lu es d id  n o t, how ever, exclude th is  po ss ib ility . 
N o rm o p ro lac tin aem ic  an o v u la to ry  p a tie n ts  t r e a te d  w ith  clom iphene c itra te  a n d  su ch  p a tie n ts  
w ith o u t an y  d ru g  se rv ed  as con tro l g ro u p s (T able  I).

T w en ty -fiv e  p a tie n ts  who in itia lly  p re sen te d  w ith  ga lacto rrh o ea-am en o rrlio ea , fell in to  
five  d iagnostic  g ro u p s (F ig . 5). All p a tie n ts  w ere e v a lu a te d  b y  h isto ry , physical ex am in a tio n , 
p lasm a  p ro lac tin , F S H , L H  and  o estrad io l levels a n d  b y  la te ra l and p o s te ro -a n te r io r  skull 
film s, b ip la n a r to m o g ra p h y  of th e  sella an d  v isu a l-fie ld  tes tin g . P a tien ts  w ith  re g u la r  m enses 
served  as con tro l su b jec ts  for endocrine  stu d ies . T h e  p i tu i ta ry  gonado troph ic  fu n c tio n  was 
also s tu d ied : lu te in iz in g  horm one (L H ) a n d  fo llic le -s tim u la tin g  horm one (F S H ) w ere  m easu red  
in  th e  b asa l s ta te  an d  a t  15, 30, 60, 90, a n d  120 m in  a f te r  ad m in istra tio n  of L H - R I I  (100 fig 
in trav en o u sly ).

P lasm a  h orm ones were m easu red  b y  ra d io im m u n o a ssay  in th e  m o rn ing  b a sa l fa stin g  
s ta te  [11]. R esu lts  a re  expressed  as m ean s +  S .E .M .

Results

In normal subjects studied in  the early  follicular phase, the response of 
serum LH to  L H —R H  varied over a w ide range (20—60 m U /m l), w ith  peak 
values reached at 15 min in three patien ts and 30 min in tw o p atien ts. The 
F SH  increase ranged between 15 and 30 m U /m l, w ith peak levels occurring  
at 60 min in three patients and at 90 m in in tw o patients. The m ean increase 
in LH  and FSH  did not differ sign ificantly  betw een  patients w ith am enorrhoea- 
galactorrhoea and normal control subjects (F ig . 1).

The plasm a prolactin levels o f  the 20 anovulatory w om en are shown  
in F ig. 2 as com pared to values found in p atien ts w ith  am enorrhoea-galactor- 
rhoea. The m ean prolactin level in  th is group was higher (24 ng/m l) th an  the 
m ean value observed in normal w om en (14 ng/m l), but lower than  th a t  found  
in patien ts w ith  am enorrhoea-galactorrhoea syndrom e (63 ng/m l).

Circulating FSH -levels in  hyperprolactinaem ic patients w ere similar 
to those found during the follicular phase o f  the normal m enstrual cycle  in 
h ea lth y  w om en, except for 5 patien ts w ith  borderline low values. P lasm a LH

F ig . 1 . M ean ±  S .E .M . p lasm a F S H  a n d  L H  leve ls a n d  th e  in crem en t a f te r  in tra v e n o u s  
100 fig  L H - R H  in  n o rm a l w om en s tu d ied  in  th e  e a r ly  fo llicu lar phase of th e  cycle, a n d  p a tie n ts

w ith  a m e n o rrh o ea -g a lac to rrh o ea
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Normal Anovulatory Amenorrhoea 
women women galactorrhoea 
n r  20 n = 20 n = 20

F ig . 2. M ean  p ro lac tin  c o n ce n tra tio n s  w ere h igher in  in fe r tile  p a tie n ts , h u t o v erlapped  p ro la c tin  
c o n c e n tra tio n s  in  n o rm ally  m e n s tru a tin g  wom en. T he p a tie n ts  w ith  am en o rrh o ea-g a lac to rrh o ea

h a d  th e  h ig h est p ro la c tin  lev e ls

con cen tration s were also com parable to norm al follicular values, excep t in 7 
p a tien ts  w ith  borderline low  and another 3 w ith  h igh  levels. The overall m ean  
F S H  and LH  values o f p a tien ts w ith hyperprolactinaem ic in fertility  w ere in 
th e  low er areas o f the norm al follicular range (F ig . 3).

P lasm a oestradiol levels in  hyperprolactinaem ic patients were s ign ifican t­
ly  low er th an  those seen during the m id-late follicular phase of the ovu la tory  
cycle  in  norm al wom en (F ig . 4). Several p a tien ts , however, showed h igh  E„ 
va lu es and  signs o f hypoestrogenism  such as breast and vaginal skin h yp otrop h y  
w ere n o t found in any p atien t. In  addition, there was a small but sign ifican t 
in verse  correlation betw een  plasm a E 3 and prolactin  levels (P <  0.05).

Y ////A  Normal follicular 
range

F ig . 3. B a sa l p lasm a  F S H  a n d  L H  levels in h y p e rp ro la c tin ae m ic  p a tien ts . T he sh a d e d  a reas 
re p re s e n t  th e  ran g e  of fo llicu la r p h ase  values in  o v u la to ry  cycles o f h e a lth y  w om en . T h e

h o rizo n ta l lines ind ica te  m ea n  va lues
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F ig. 4. B asa l p lasm a levels o f oestrad io l-17-beta  in n o rm a lly  m en s tru a tin g  w om en a n d  in  
h y p e rp ro lac tin aem ic  p a tie n ts . T he shaded  area  re p re se n ts  th e  range  of m id -la te  fo llicu la r 
ph ase  o f th e  o v u la to ry  cycle in  n o rm al w om en. T h e  h o rizo n ta l lines in d ica te  m ean  v a lu es

Normal Adenoma Fbst- Rost Drug Idiopathic 
pill partum related

n = 20 n=6 n = 8 n = A n = 2 n = 5
Fig. 5. M ean p ro lac tin  levels in  norm al w om en and in  p a t ie n ts  w ith  g a lac to rrh o ea-am en o rrh o ea  
seco n d ary  to  p ro lac tin -sec re tin g  adenom as and  p o s t-p ill , p o s t-p a rtu m , d ru g -re la te d , an d

id io p a th ic  g a lac to rrh o ea-am en o rrh o ea

B asal body 
temp. ,°C 
Menses
Insler-score 6 7 9 П

Galactor r hoea |V  K f 1V|»«1»»I»»1 » 1 » I » I » I -  1 -  1 -  1 -1

^ ° T i c.r.',pline' ■om g/aay 0 A 8 12
Weeks of treatm ent

F ig . 6. C linical find ings d u rin g  b rom ocrip tine  th e ra p y  in  a  w om an  suffering  from  g a la c to rrh o e a  
a n d  am enorrhoea  who conceived  during  th e  3rd t r e a tm e n t  cycle. T he Insler-score is a  m e th o d  

for e s tim a tin g  th e  physical q u a litie s o f  th e  cervical m ucus
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F ig .  7. C hanges in  c ircu la ting  p ro la c tin  levels in  a  g ro u p  of p a tie n ts  w ith  g a la c to rrh o e a - 
a m e n o rrh o e a  syndrom e a f te r  o n e  w eek of b ro m o crip tin e  (CB-154, Sandoz) t r e a tm e n t

B asa l prolactin leve ls  (F ig . 5) in 20 norm al wom en ranged from  4 to  
28 n g /m l (m ean 13.8 ng/m l). The upper lim it o f  norm al range in our laboratory  
w a s ta k e n  as 25 ng/m l. In  p a tien ts w ith  adenom a, basal prolactin lev e ls  were 
greater  th an  100 ng/m l in  f iv e  o f six  cases, one patien t w ith an adenom a had 
a b a sa l prolactin o f only 89 ng/m l. Prolactin  levels in four of the eigh t patien ts  
w ith  post-p ill galactorrhoea-am enorrhoea w ere norm al and e levated  in  the  
o th er  four patients. One p a tien t w ithout adenom a had a basal prolactin  above  
100 n g /m l. In patients w ith  post-partum  galactorrhoea-am enorrhoea, prolactin  
le v e ls  ranged from norm al to  97 ng/m l. B asal levels in the tw o drug-related  
d isea ses  were m oderately e leva ted , and w ere quite variable in th e  patien ts  
w ith  “ id iopath ic” galactorrhoea-am enorrhoea ranging from norm al values  
to  90 ng/m l.

T h e clinical findings during in itia tion  o f  treatm ent in one p a tien t are 
sh o w n  in  F ig. 6. W ithin 8 w eeks o f therapy her galactorrhoea had disappeared  
co m p le te ly  and exam ination o f the uterine cervix  revealed rich m ucus show ­
in g  sign s of oestrogenic a c tiv ity . Her body tem perature curve sh ifted  a t this 
t im e  and  2 weeks later she m enstruated  for one w eek. During the n ex t 4 w eeks  
sh e h a d  a normal m enstrual cycle w ith  a b iphasic basal tem perature curve. 
F o u rteen  weeks after startin g  the therapy, th e  pregnancy test show ed HCG 
a c t iv ity  as in  pregnant w om en .

D uring brom ocriptine treatm ent irrespective o f wheather the prolactin  
le v e ls  w ere greatly or on ly  sligh tly  e levated , there was a dram atic fa ll in  the  
c ircu la tin g  prolactin level (F ig . 7).

T he results of brom ocriptine treatm en t are shown in Table I . E igh ty  
p a tie n ts  were treated w ith  brom ocriptine. T hirty-n ine of the fifty  w ith  hyper- 
p rolactin aem ia  ovulated and 28 conceived. In  the group of patients w ith  norm al 
p la sm a  prolactin levels on ly  33% ovu lated  and 20%  conceived.
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D iscussion

The m echanism  by which hyperprolactinaem ia interferes w ith p itu itary  
gonadotropin secretin  and ovulation , rem ains to  be elucidated. A d ifferent 
effect o f high levels o f  prolactin on the hyp oth a lam u s and/or the p itu itary  has 
been suggested, as well as a blocking effect o f  prolactin  at the ovarian lev e l [20]. 
These hypotheses are supported b y  studies sh ow in g that suppression o f  e le­
vated  prolactin levels w ith brom ocriptine in w om en  w ith  amenorrhoea, w ith  or 
w ithout galactorrhoea, results in resum ption o f  cyclic  gonadotropin secretion , 
ovulation , and fertility  [2, 3, 14]. On the basis o f  previous studies, it is su ggested  
th at infertile w om en w ith hyperprolactinaem ia could  benefit from the ad m in is­
tration of a prolactin  suppressor in order to  ach ieve cyclic ovu lation  and  
pregnancy.

P atien ts requiring ovulation  induction  shou ld  be treated w ith  clom i- 
phene citrate i f  their plasm a F S H , LH and prolactin  levels are norm al, but 
they  need brom ocriptine when the plasm a p rolactin  is elevated and th e  pres­
ence o f a p itu itary  tum our has been excluded [4, 9 ]. The use of brom ocriptine  
w ith a view  to  causing a reduction in size o f  prolactinom as and/or p reven tin g  
further growth is currently under in vestigation  and appears prom ising [1]. 
R adiotherapy provides a further m ethod o f treatm en t.

Orally adm inistered brom ocriptine is rap id ly  and com pletely absorbed. 
Because o f its tendency to cause like L-dopa nausea , vom iting and postural 
giddiness in the early days o f therapy, dosage shou ld  begin with 1.25 m g tw ice  
daily, com m encing with an evening dose taken  during a meal. After som e days, 
such sym ptom s have usually subsided and th e  conventional dose o f  2.5  mg 
tw o or three tim es daily with a m eal can be g iven . There is currently no su gges­
tion  th at the drug has teratogenic properties in hum ans.

I f  hyperprolactinaem ia is dem onstrated, its  cause must first be esta b ­
lished. Provided th at hypothyroidism , drug in gestion  (phenothiazines, buty- 
rophenones, alpha-m ethyldopa, reserpine, oestrogen), etc., have been e lim i­
nated, atten tion  m ust be directed to p itu itary radiology, proceeding to  p o ly ­
tom ography [12]. The existence o f  a sym p tom atic  tum our is generally accepted  
as an indication for surgical intervention, a lth ou gh  there are several recent 
reports where patien ts w ith prolactinom a w ere treated  with brom ocriptine.

The m ajor practical d ifficu lty  in patien ts presenting with am enorrhoea- 
galactorrhoea is to  establish w hether the d iagnosis is th at of pituitary adenom a, 
and to  assign a cause if  p itu itary radiology is norm al and no other lesion  is 
evident, i.e. id iopathic hyperprolactinaem ia. W hether idiopathic hyperprolacti­
naem ia results from a functional disturbance o f  inhibitory prolactin control, 
excessive secretion  o f a hypothalam ic releasing factor, or from a clin ica lly  
undetectable m icroadenom a is not known.
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F r a n k s  e t  a l .  [ 7 ]  f o u n d  t h a t ,  a l t h o u g h  p l a s m a  o e s t r a d i o l  l e v e l s  w e r e  

o f t e n  i n  t h e  m e n o p a u s a l  r a n g e ,  b a s a l  p l a s m a  g o n a d o t r o p h i n  c o n c e n t r a t i o n s  

w e r e  g e n e r a l l y  w i t h i n  o r  j u s t  a b o v e  t h e  n o r m a l  r a n g e  f o r  t h e  f o l l i c u l a r  p h a s e  

a n d ,  t h e r e f o r e ,  h a d  n o t  r i s e n  a s  h i g h  a s  e x p e c t e d  f o r  t h e  m a r k e d  d e g r e e  o f  

o e s t r o g e n  d e f i c i e n c y .  I n  a d d i t i o n  t o  t h e  p o s t u l a t e d  e f f e c t  o n  t h e  o v a r y ,  h y p e r -  

p r o l a c t i n a e m i a  p r o b a b l y  a l s o  i n h i b i t s  g o n a d o t r o p h i n  s e c r e t i o n .  P r e s u m a b l y ,  

r e l e a s e  m o r e  t h a n  s y n t h e s i s  i s  i m p a i r e d ,  s i n c e  s u c h  p a t i e n t s  t y p i c a l l y  s h o w  

n o r m a l  o r  e x a g g e r a t e d  r e s p o n s e s  o f  L H  a n d  F S H  t o  i n j e c t i o n s  o f  L H R H ,  

d e s p i t e  n o r m a l  b a s a l  g o n a d o t r o p h i n  c o n c e n t r a t i o n s .
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EPISODIC SECRETION OF HORMONES AND THE 
DIAGNOSTIC VALUE OF SINGLE BLOOD ESTIMATES

I. LH, FSH, PROLACTIN*

G .  S i k l ó s i , L .  B a k o s , S .  C sö m ö r  j r ., Z .  M a r c s e k , F .  O l a j o s

SECOND D EPA R T M E N T OF OBSTETRICS A N D  GYNAECOLOGY SEM M ELW EIS U NIV ERSITY  M ED IC A L
SCHOOL, BU D A PEST, H U N G A RY

(R ece iv ed  Ju n e  9, 1983)

T h e  episode flu c tu a tio n  o f serum  L H , F S H  a n d  p ro lac tin  levels in  p e r ip h e ra l 
blood w as s tu d ied  to  de term ine  th e  re liab ility  o f  single estim a tes  o f th e  a v e ra g e  b lood 
level. R ad io im m u n o assay  of th e  horm ones w as p e rfo rm ed  in  serum  w ith d ra w n  ev ery  
10 m in  b e tw een  8 and  12 h  a.m . fro m  8 h e a lth y  w o m en  in  va rio u s periods o f th e  m e n s tru a l 
cycle. T he r a te  o f flu c tu a tio n  o f th e  horm one levels w as characterized  b y  th e  w ith in - 
person  co effic ien t o f v a ria tio n  o f single e s tim a te s , w h ich  averaged  30.3, 15.1 a n d  19.2%  
fo r L H , F S H  an d  p ro lac tin , resp ec tiv e ly . D ue to  a p ron o u n ced  f lu c tu a tio n  o f  g o n ad o ­
tro p in  levels, analysis of several serum  sam ples is recom m ended  to  ap p ro ach  th e  a c tu a l 
m ean  h o rm o n e  level.

K eyw ords: Secretion o f horm ones, L H , F S H , p ro lactin .

Introduction

R e c e n t  s t u d i e s  h a v e  d e m o n s t r a t e d  a n  e p i s o d i c  s e c r e t i o n  o f  m a n y  h o r ­

m o n e s  a n d  a n  o s c i l l a t i o n  p a t t e r n  o f  t h e i r  d a i l y  s e r u m  l e v e l .  T h e  b i o a v a i l a b i l i t y  

a n d  t h e  r a t e  o f  s e c r e t i o n  o f  h o r m o n e s  i s  r o u t i n e l y  a p p r o a c h e d  i n  c l i n i c a l  p r a c ­

t i c e  b y  t h e i r  b l o o d  l e v e l .  T h e  g r e a t e r  t h e  f l u c t u a t i o n  o f  h o r m o n e  c o n c e n t r a t i o n  

i n  p e r i p h e r a l  c i r c u l a t i o n ,  t h e  l e s s  r e l i a b l e  i s  a  s i n g l e  e s t i m a t e  i n  r e p r e s e n t i n g  

t h e  a v e r a g e  d a i l y  h o r m o n e  c o n c e n t r a t i o n .

I n  t h e  p r e s e n t  p a p e r  t h e  e p i s o d i c  f l u c t u a t i o n  o f  t h e  b l o o d  l e v e l  o f  g o n a d o ­

t r o p i n s  w a s  s t u d i e d  t o  a s s e s s  t h e  r e l i a b i l i t y  o f  a  s i n g l e  e s t i m a t e  f o r  c l i n i c a l  

p u r p o s e s .

Patients and methods

E ig h t a p p a re n tly  h ea lth y  w om en  aged 23 to  35 y ea rs  vo lun teered  for th is  s tu d y . T h ey  
h a d  reg u la r m en s tru a l cycle las tin g  fo r 26 to 30 d ay s. T h e ir  w eigh t was ideal w ith  a  d ev ia tio n  
o f a t  m o st ± 1 0 % . O nset o f o vu la tio n  a n d  physio logical co rp u s lu teu m  fu n c tio n  w ere  co n tro lled  
b y  m easu rem en t o f basal body te m p e ra tu re  an d  seria l d e te rm in a tio n  of the  se ru m  p ro g estero n e

Send o ffp r in t requests to  G. Siklósi, H -1082 B u d a p es t, Üllői ú t  78/a, H u n g a ry  
* P re se n ted  in  p a r t  a t  the  9 th  Congress o f th e  H u n g a ria n  Society of E n d o crin o lo g y  and  

M etabolism , Szeged, H u n g ary  1979.
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lev e l. T h e  episodic f lu c tu a tio n  of b lood  horm one c o n c e n tra tio n s  was s tu d ied  90 m in  or m ore 
a f te r  aw ak en in g . B lood sam ples w ere w ith d raw n  a f te r  in se rtin g  a can n u la  in to  th e  cu b ita l 
v e in  e v e ry  10 m in  be tw een  8 an  12 h  a .m . T he 25 b lo o d  sam ples ob ta in ed  w ere im m e d ia te ly  
c e n tr ifu g e d  an d  sto red  a t  —20 °C u n t i l  processing. T o  e x c lu d e  in te rassay  v a r ia tio n  o f  m e th o d o ­
lo g ic a l e rro rs , all sam ples o f  a  su b je c t were w orked  u p  w ith in  one assay . T he m e a n  v a lu e  of 
th e  25 e s tim a te s  w as considered , to  in d ica te  th e  m ean  b lo o d  horm one level. D e v ia tio n  o f single 
e s t im a te s  fro m  th e  m ean  w as c h a ra c te riz ed  by  th e  co effic ie n t o f  v a ria tio n  o f 25 m ea su re m e n ts , 
a n d  th e  m ax im u m  d e v ia tio n  o f in d iv id u a l v a lu es w a s  assessed  a t  95%  c o n fid e n tia l lim its  
(2  S .D .) . T o  com pare  in te r-p e rso n  e s tim a te s , th e  v a lu e s  w ere  expressed  in  p e rcen tag e  in c re m e n ts  
f ro m  th e  in tra -p e rso n  av erage  v a lue .

H o r m o n e  d e t e r m i n a t i o n s

L H  radioimmunoassay

L H  d e t e r m i n a t i o n  i n  s e r u m  w a s  p e r f o r m e d  b y  h o m o l o g o u s ,  d o u b l e  a n t i ­

b o d y  r a d i o i m m u n o a s s a y  a c c o r d i n g  t o  M i d g l e y  [ 7 ]  w i t h  t h e  m o d i f i c a t i o n s  

p r o p o s e d  b y  R e u t e r  e t  a l .  [ 1 5 ] .  T h e  L H  a n t i s e r u m  u s e d  w a s  a  s p e c i f i c  a n t i ­

h u m a n  r a b b i t  s e r u m  ( C a l b i o c h e m ) .  A  1 2 5  I - l a b e l l e d  a n d  p u r i f i e d  h u m a n  L H  

t r a c e r  ( C I S  C e a - I r e - S o r i n  L H - 1 2 5 - B )  w a s  f u r t h e r  p u r i f i e d  o n  1 0 x 1 0 0  m m  

S e p h a d e x  G - 1 0 0  ( P h a r m a c i a )  c o l u m n  2 4  h  b e f o r e  u s e  [ 1 1 ] .  A n  L H  s t a n d a r d  

p r e p a r a t i o n  o f  t h e  “ 1 s t  I n t e r n a t i o n a l  R e f e r e n c e  P r e p a r a t i o n  o f  H u m a n  P i t u i ­

t a r y  G o n a d o t r o p i n s  F S H  a n d  L H  6 9 / 1 0 4  ( W H O ) ”  w i t h  a  b i o l o g i c a l  a c t i v i t y  o f  

1  I U  F S H  =  0 . 1 6 7  m g  a n d  1  I U  L H  =  0 . 6 6 8  m g  w a s  e m p l o y e d  [ 3 ] .  T h e  

n o r m a l  r a b b i t  s e r u m  a n d  b o v i n e  s e r u m  a l b u m i n ,  a n d  a s  s e c o n d  a n t i b o d y ,  

g o a t  a n t i s e r u m  t o  r a b b i t  g a m m a  g l o b u l i n  w e r e  p u r c h a s e d  f r o m  C a l b i o c h e m .  

P h o s p h a t e  b u f f e r  ( 0 . 0 1  m o l  p H  7 . 6  i n c l u d i n g  0 . 1 4  m o l  N a C l ,  0 . 0 5  m o l  E D T A — 

N a 2 ,  0 . 0 5 %  N a  a z i d e ,  1 . 0 %  B S A )  w a s  u s e d .  T h e  f i r s t  a n t i s e r u m  s o l u t i o n  i n  

t h e  b u f f e r  c o n t a i n e d  0 . 5 %  n o r m a l  r a b b i t  s e r u m .

T h e  r a d i o a s s a y  w a s  p e r f o r m e d  i n  g l a s s  t u b e s  i n  a n  i n c u b a t i o n  v o l u m e  

7 0 0  /А. T h e  w o r k i n g  s t a n d a r d s  w e r e  1 . 2 5 - 2 . 5 —5 . 0 - 1 0 . 0  a n d  2 0 . 0  m I U / m l  o f  

r e f e r e n c e  L H .  A l l  d i l u t i o n s  w e r e  m a d e  b y  p h o s p h a t e  b u f f e r  i n d i c a t e d  a b o v e .  

T o  d u p l i c a t e s  o f  2 0 0  /л1 s e r u m  a n d  s t a n d a r d  s o l u t i o n s ,  1 0  0 0 0  d p m  t r a c e r  i n  

1 0 0  j u l  b u f f e r  a n d  2 0 0  / Л  a n t i s e r u m  w e r e  a d d e d ,  v o r t e x e d  a n d  i n c u b a t e d  a t  

r o o m  t e m p e r a t u r e  f o r  1 6  t o  2 4  h .  T h e  s e c o n d  a n t i b o d y  i n  2 0 0  / Л  w a s  t h e n  

a d d e d ,  v o r t e x e d  a n d  i n c u b a t e d  a t  4  ° C  f o r  1 6  t o  2 4  h .  T h e r e a f t e r ,  t h e  s a m p l e s  

w e r e  c e n t r i f u g e d  a t  4  ° C  t h e  s u p e r n a t a n  w a s  d e c a n t e d  a n d  r a d i o a c t i v i t y  

m e a s u r e d  i n  a  G A M M A  N K  3 5 0 a  c o u n t e r  ( G a m m a  W o r k s ,  B u d a p e s t ) .  R e s u l t s  

w e r e  c a l c u l a t e d  b y  a  l o g i t - l o g  t r a n s f o r m a t i o n  o f  m e a s u r e m e n t s  [ 1 6 ] .

F S H  radioimmunoassay

S e r u m  F S H  w a s  d e t e r m i n e d  b y  h o m o l o g o u s ,  d o u b l e  a n t i b o d y  r a d i o ­

i m m u n o a s s a y  a s  p r o p o s e d  b y  M i d g l e y  [ 8 ]  a n d  R e u t e r  e t  a l .  [ 1 5 ] .  T h e  F S H
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a n t i s e r u m  w a s  a  C a l b i o c h e m  p r e p a r a t i o n .  1 2 5  I - l a b e l l e d  F S H  ( C I S  F S H -  

1 2 5 - B )  w a s  p u r i f i e d  b e f o r e  u s e  a s  d e s c r i b e d  f o r  L H .  T h e  r e f e r e n c e  F S H  s t a n ­

d a r d ,  t h e  b u f f e r  s o l u t i o n  a n d  o t h e r  d e t a i l s  o f  t h e  m e t h o d  w e r e  s i m i l a r  t o  t h o s e  

i n d i c a t e d  f o r  L H  e x c e p t  t h a t  d e l a y e d  a d d i t i o n  o f  t r a c e r  2 4  h  a f t e r  a n  i n c u b a t i o n  

o f  s a m p l e s  w i t h  t h e  f i r s t  a n t i b o d y  f o r  2 4  h  a t  r o o m  t e m p e r a t u r e  w a s  f o l l o w e d  

b y  a  s e c o n d  i n c u b a t i o n  u n d e r  s i m i l a r  c o n d i t i o n s  p r i o r  t o  a d d i t i o n  o f  p r e c i p i t a t ­

i n g  a n t i b o d y ,  r e s u l t e d  i n  e n h a n c e m e n t  o f  a t t a i n a b l e  s e n s i t i v i t y  [ 1 7 ] .

P ro la c tin  ra d io im m u n o a ssa y

A  h o m o l o g o u s ,  d o u b l e  a n t i b o d y  r a d i o i m m u n o a s s a y  w a s  p e r f o r m e d  

a c c o r d i n g  t o  G u y d a  e t  a l .  [ 6 ]  a n d  A u b e r t  [ 2 ] .  T h e  a n t i b o d y  u s e d  w a s  a  s p e c i f i c  

a n t i - h u m a n  r a b b i t  s e r u m  ( C a l b i o c h e m ) .  T h e  p r o l a c t i n  i s o t o p e  p r e p a r a t i o n  o f  

C I S  ( P R O L - 1 2 5 - B )  w i t h  a  1 2 5  I - l a b e l  w a s  p u r i f i e d  b e f o r e  u s e  a s  d e s c r i b e d  f o r  

L H .  T h e  p r o l a c t i n  s t a n d a r d  w a s  a  “ M R C  R e s e a r c h  S t a n d a r d  A  f o r  P r o l a c t i n  

H u m a n  7 1 / 2 2 2 ”  w i t h  a  b i o l o g i c a l  a c t i v i t y  o f  1 . 0  m l U  =  1 0 0  n g ,  k i n d l y  p r o ­

v i d e d  b y  W H O  a u t h o r i t i e s .  T h e  r a d i o a s s a y  w a s  p e r f o r m e d  a s  d e s c r i b e d  f o r  L H  

a n d  b y  a  d e l a y e d  a d d i t i o n  o f  t r a c e r  t o  i n c r e a s e  s e n s i t i v i t y  a s  i n d i c a t e d  f o r  

F S H .  F i f t y  p i  a l i q u o t s  o f  u n k n o w n  s e r u m  s a m p l e s  w e r e  d i l u t e d  t o  2 0 0  p i  

w i t h  b u f f e r  a n d  p r o c e s s e d .

Results

R e s u l t s  o f  c o n t r o l  e x p e r i m e n t s  f o r  r e l i a b i l i t y  c r i t e r i a  o f  m e t h o d s  a r e  

s u m m a r i z e d  i n  T a b l e  I .  T h e  i n t r a -  a n d  i n t e r a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  w e r e  

c a l c u l a t e d  f r o m  2 0  p a r a l l e l  e s t i m a t e s .  A c c u r a c y  o f  m e t h o d s  w a s  c o n t r o l l e d  b y  

e x t e r n a l  s t a n d a r d s  k i n d l y  p r o v i d e d  b y  W H O .  T h e  r e s u l t s  a p p e a r e d  t o  b e  

c o m p a r a b l e  t o  t h o s e  r e p o r t e d  b y  o t h e r s .

T h e  f l u c t u a t i o n  o f  s e r u m  g o n a d o t r o p i n  c o n c e n t r a t i o n  d u e  t o  t h e i r  e p i s o d i c  

s e c r e t i o n  w a s  s t u d i e d  i n  8  h e a l t h y  w o m e n  o n  t h e  2 ,  2 ,  6 ,  1 0 ,  1 8 ,  2 0 ,  2 0 -  a n d  2 1

Table I

Reliability criteria o f  methods

LH FSH Prolactin

S ensitiv ity , m IU /m l 0.5 0.5 1.0*
In traa ssa y  СУ, per cent 5.5 4.6 4.7
In te ra ssay  CV, per cent 13.2 11.4 11.8
A ccuracy, p e r cen t 14.5 12.5 15.4

* ng /m l
CV coefficient o f v a ria tion
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LH

F ig . 1. E p iso d ic  f lu c tu a tio n  of se ru m  L H  level in  8 h e a lth y  w om en. The values are  exp ressed  
as p e r  c e n t  dev ia tio n  from  th e  m e a n  o f 25 m easu rem en ts  in  10 m in  in te rv a ls  d u rin g  a 4 h 
p e r io d  b e tw e e n  8 and 12 h  a .m . H o riz o n ta l lines re p re se n t th e  m ean  tak en  as 100% . T he 

n u m b e rs  a t  th e  end of d ia g ra m s  in d ica te  th e  d ay s o f  m en s tru a l cycle exam ined

d a y s  r e s p e c t i v e l y  o f  t h e i r  m e n s t r u a l  c y c l e ,  i n  o r d e r  t o  i n v e s t i g a t e  d i f f e r e n c e s  

■ w h i c h  m a y  b e  c h a r a c t e r i s t i c  o f  t h e  d i f f e r e n t  p h a s e s  o f  t h e  c y c l e .  T h e  a b s o l u t e  

v a l u e s  m e a s u r e d  r e f l e c t e d  a  p h y s i o l o g i c a l  r a n g e  d u r i n g  t h e  m e n s t r u a l  c y c l e .  

T o  m a k e  c o m p a r a b l e  t h e  g r e a t  i n t e r - i n d i v i d u a l  d i f f e r e n c e s ,  t h e  s i n g l e  e s t i m a t e s  

w e r e  e x p r e s s e d  a s  a  p e r c e n t  d e v i a t i o n  f r o m  t h e  m e a n  i n t r a - i n d i v i d u a l  v a l u e .  

T h e  r e l a t i v e  f l u c t u a t i o n s  o f  i n d i v i d u a l  e s t i m a t e s  a r e  s h o w n  i n  F i g s  1 ,  2 ,  a n d  3 .

F S H

F ig . 2 . E p iso d ic  f lu c tu a tio n  of se ru m  F S H  level in  8 h e a lth y  w om en. F o r de ta ils , see F ig . 1
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Fig. 3. E p isod ic  f lu c tu a tio n  of serum  p ro lac tin  level in  8 h ea lth y  w om en. F o r  d e ta ils , see Fig. 1.

The horizontal lines in  the Figures represent the mean o f 25 estim ates which 
was considered 100% . O scillation  of ind ividual values show ed one to  5 secre­
tory surges in the studied subjects. No differences were found in  flu ctuation  of 
the horm ones studied, characteristic o f  phases o f the m enstrual cycle . The LH  
secretory surges seem ed how ever, to  be higher and to appear less frequently  
in the second phase in com parison to the first phase o f the m enstrual cycle.

R esults o f sta tistica l evaluation  o f w ithin-person in d iv id u al estim ates 
are sum m arized in Table II . A lthough the range and the m ean o f  th e  coeffici­
ents o f variation o f w ith in-person estim ates, and the m axim um  deviation  from 
the m ean hormone level, for L H  exceeded those calculated for F S H  and prolac­
tin . The oscillation pattern  o f all gonadotropins was found considerable.

Table II

Calculated parameters o f  flu c tu a tio n  o f  gonadotropin levels in  serum o f  8 m enstruating  women during 
a 4 h experimental period (25 estimates)

LH FSH P ro lac tin

W ithin  person 16.1-48.2* 7.1-26.3 7 .4 -34 .5
CV, per cent
M axim um  d ev ia tio n  from

30.3** 15.1 19.2

th e  m ean a t  95 pe r cen t 
CL, per cen t 60.6 30.2 38.4

* range
** a rith m etica l m ean
CV, coefficient o f v a ria tio n ; CL, confidentia l lim it
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S ig n i f ic a n c e  o f  m ethodological e rro r  in  ana lysis  o f  e p iso d ic  flu c tu a tio n s

T h e findings raise th e  p ossib ility  of m ethodological errors to  interfere 
w ith  th e  blood levels o f h orm on es. In  calculated va lu es for the episodic flu c tu a ­
tio n  o f  horm one levels the m ethodologica l error is determ ined  b y  the m agnitude  
o f th e  in traassay  coefficient o f  variation , since determ ination  o f gonadotropins 
w as carried  out within a sin g le  a ssay . The interrelation betw een  tw o indepen­
d en t fa c to rs  m ay be assessed b y  th e  Gauss equation: S2 =  Sx2 -f- S 22, the square 
r esu lta n t standard deviation  b e in g  equal to the sum  o f  square standard d ev ia ­
tio n  o f  individual factors.

T ak in g  LH values in to  consideration, i f  th e  observed fluctuation  of 
w ith in -p erson  blood estim ates w as 30.3% , and th e  in traassay  coefficient o f  
v a r ia tio n  for LH radioim m unoassay 5.5% , then th e  actu a l (corrected) flu ctu a­
tio n  o f  th e  hormone leve l w ill b e 29.8% , which is on ly  0.5%  less than  th at  
o b ta in ed  w ithout correction. A ccording to these ca lcu lation s, the m ethodolog­
ical error in  the evaluation o f  ep isodic fluctuations can  be neglected.

Discussion

E p isod ic  secretion o f L H  and  FSH  was first reported  b y  Y en and Tsai 
[20], N a u k in  and Troen [13] and  M idgley and Jaffe  [10]. In  these in vestiga­
tio n s a m ore pronounced flu c tu a tio n  of the LH  b lood  leve l than  th at o f  F SH  
w as ob served . This m ay be ex p la in ed  by a difference in  their biological half- 
life  (60  m in  versus 6 h in  h e a lth y  wom en). These d ifferences m ay also explain  
th e  asyn ch ron y  of episodic surges of the tw o gonadotropins. Taking into  
con sid eration  these estim ation s, Y en  et al. [21] p o stu la ted  th a t an in term ittent 
sign a l from  a central neuronal mechanism triggers a periodic discharge of 
p itu ita r y  gonadotropins, w h ich  is responsible for th eir  episodic secretion. The 
freq u en cy  and m agnitude, h ow ever, seem to be in flu en ced  b y  other peripheral 
h orm on es.

T h e  aim of the present in vestigation s was to  exam in e the serum LH  and 
F S H  oscillations in m en stru atin g  wom en and to  consider qu an titatively  the  
v a lid ity  in  clinical practice o f  a single serum horm one estim ate. Our observa­
tio n s  com pare favourably w ith  th o se  o f Santen and B ardin  [18] and Goldzieher 
et al. [5 ]. T hey found the co e ffic ien ts  of variation o f single estim ates betw een  
21 an d  51% . The sign ificant oscillation , particularly o f  L H , suggests a need  
o f sim u ltan eou s m easurem ents o f  these hormones. In  th e  evaluation of values, 
h ow ever , the cyclic change o f  serum  gonadotropins, th a t th ey  exhib it no 
diurnal variation, and th a t th e  episodic secretory surges occur in one to  four 
hour in terva ls, must also be ta k e n  into consideration [9, 21].
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Our clinical experience for instance in  the differential d iagnostics of 
cases w ith  amenorrhoea, proved a 60% reduction o f error in horm one determ i­
nations by calculating the m ean value o f m easurem ents on 3 subsequent days.

A fluctuation  o f the prolactin  concentration in serum  w as fir st dem on­
strated  b y  Sassin et al. [19] and Parker et al. [14]. According to  th e  present 
in vestigation s, a considerable fluctuation  o f the blood prolactin concentration  
was also observed. The in itia lly  high values observed m ay be explained  b y  the  
stress o f  exam ination [1]. The m axim um  increase in the prolactin  lev e l does 
not occur earlier than 15 to  30 m in follow ing a stress, therefore a single blood  
prolactin  determ ination m ay yield  less m isleading inform ation th an  th a t for 
LH  or FSH  [12]. In our patien ts it  m ight arise before the 4 h exam ination  
w hen th ey  have already learned the details o f  the study. In v iew  o f th e  consider­
able oscillation of prolactin  levels, several blood sam plings seem  b etter to  
approach the true m ean horm one concentration. In tim ing blood sam pling, 
th e  occurrence of secretory surges betw een 01 and 04 h as w ell as th e  circadian  
variation  w ith  a m axim um  at daybreak [14, 4] m ust be considered. Thus blood  
sam pling for prolactin assay should be done one to  tw o hours after aw akening  
and on several subsequent days. According to  our experience, the m ean value  
obtained at th is tim e on three consecutive days reduced the error w ith  about 
60% .
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EPISODIC SECRETION OF HORMONES AND THE 
DIAGNOSTIC VALUE OF SINGLE BLOOD ESTIMATES
II. PROGESTERONE, OESTRADIOL AND OESTRONE*

G. S i k l ó s i , P. S i k l ó s , A. H i n t a l a n , F. O l a j o s ,

Z. M a r c s e k

SECOND D EPA R T M E N T O f OBSTETRICS AND GYNAECOLOGY, SEM M ELW EIS U N IV ERSITY  M ED IC A L
SCHOOL, BU DA PEST, H UN G ARY

(R ece iv ed  Ju n e  9, 1983)

T h e  episodic f lu c tu a tio n  of serum  p ro g estero n e , oestrad io l and  o e s tro n e  levels 
was s tu d ied . P rogesterone  w as de te rm in ed  in  th e  lu te a l phase , oestrad io l a n d  o e s tro n e  
c o n ce n tra tio n s  w ere m easu red  in  th e  p ro life ra tiv e  an d  lu te a l phases in  8 su b je c ts in  10 m in  
in te rv a ls  b e tw een  08 an d  12 h  a .m . R e liab ility  c r ite r ia  p ro v ed  th e  rad io im m uno log ica l 
m eth o d s u sed  to  be com p arab le  to  those  em ployed  ro u tin e ly . T he w ith in -p erso n  f lu c tu a ­
tion  o f ho rm o n e  levels ch ara c te riz ed  b y  th e  co effic ien t o f v a ria tio n  of single e s tim a te s  
averag ed  20.16, 23.0 an d  11 .6 %  fo r p ro g esterone , o e strad io l and  oestrone, re sp ec tiv e ly . 
The co n sid erab le  f lu c tu a tio n  o f horm one c o n ce n tra tio n s  suggest th e  im p o r ta n c e  of 
horm one m easu rem en ts  to  co n tro l lu tea l fu n c tio n  a n d  folliculogenesis d u rin g  th e  m en ­
stru a l cycle.

K eyw ords: S ecretion  of horm ones, p ro g este ro n e , oestrad io l, oestrone.

Introduction

In th e  la st decade, radioim m unological determ ination of horm ones has 
been used ex ten sive ly  in clin ical diagnostics as w ell as in research w ork. I t  is 
generally accepted that the circulating progesterone level is characteristic of 
lu teal function  [33], th at o f  oestradiol of folliculogenesis [18] and the oestrone  
level of oestrogen availab ility  in  the postm enopausal state and under various 
experim ental conditions [27]. In  view  of the episodic secretion o f th ese  hor­
mones it is a recurrent question  in clinical practice how far a single estim ate  
o f the serum level reflects the daily m ean horm one concentration in  b lood.

The aim  o f the present stu d y  was to  approach quantitatively  th e  rate o f  
fluctuation  o f the blood progesterone, oestradiol and oestrone concentrations  
and to determ ine the representative errors caused by single estim ates.

Send o ffp r in t requ ests  to  G. Siklósi, H -1082 B u d a p e s t,  Üllői ú t  78/a, H u n g a ry

* P re se n te d  in  p a r t  a t  th e  9 th  Congress o f th e  H u n g a ria n  Society  of E n d o crin o lo g y  an d  
M etabolism , Szeged, H u n g ary , 1979.
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Patients and m ethods

E ig h t  ap p aren tly  h e a lth y  w om en aged 23 to  35 y e a rs  vo lun teered  fo r th e  s tu d y . T h eir 
w e ig h t  w as ideal w ith  a  d e v ia t io n  of a t m ost ± 1 0 % .  T h ey  had  reg u la r m e n s tru a l cycles 
o f  26 to  30 days. O nset o f o v u la tio n  and  physio log ica l corpus lu teu m  fu n c tio n  w ere  con­
t ro lle d  b y  m easu rem en t o f b a sa l bod y  tem p e ra tu re  a n d  serial d e te rm in a tio n  o f th e  serum  
p ro g e s te ro n e  level. The ep isod ic  f lu c tu a tio n  of blood h o rm o n e  co n cen tra tio n  w as s tu d ie d  90 m in. 
o r  m o re  a f te r  aw akening. B lood  sam ples were w ith d raw n  fro m  th e  cu b ita l ve in  b y  a n  indw elling  
c a n n u la  in  10 m in in te rv a ls  b e tw ee n  08 and 12 h  a .m . T h e  25 blood sam ples w ere im m e d ia te ly  
c e n tr ifu g e d  and  stored  a t  — 20 °C  u n til processing. T o exclude in te ra s sa y  m eth o d o lo g ical 
e r ro rs , a ll sam ples of a single series were w orked u p  sim u ltan eo u sly . The m ean  v a lu e  of th e  
25 w ith in -p e rso n  estim ates re p re se n te d  th e  average  b lo o d  horm one level. T he in c re m e n t of 
s in g le  e s tim a te s  from  th e  m ean  w as de te rm in ed  b y  th e  coeffic ien t of v a ria tio n  o f 25 m easu re ­
m e n ts ,  a n d  th e  m axim um  d e v ia tio n  o f ind iv idual v a lu e s  f ro m  th e  m ean  c h a ra c te riz ed  a t  95%  
c o n f id e n tia l  lim its (2 S .D .). T o allow  com parison o f in te r-p e rso n  e stim a tes, th e  v a lu e s  w ere 
e x p re ss e d  in  percentage o f th e  in tra -p e rso n  av erag e  v a lu e .

H orm one determ inations

P rogesterone radioim m unoassay

P rogesterone  in  se ru m  w as de term ined  b y  n o -ch ro m a to g rap h y  ch arco al a d so rp tio n  
te c h n iq u e  according to  A b ra h a m  e t  al. [1, 2, 3, 6], w ith  m odifications [8, 9, 19, 30, 36].

T h e  an tib o d y  used  w as ra is e d  ag a in st p ro gesterone-1  la-succ iny l-B S A  in  r a b b it  (S te ran ti, 
E n g la n d ,  Code P  001), w ith  a m in im u m  cross re a c tio n  w ith  in te rfering  ste ro ids (5 a -p reg n an e- 
d io l 2 .5 % , o th er d is tu rb in g  C-21 deoxypregnanes <C 1 % ), allowing an  ap p lic a tio n  w ith o u t 
c h ro m a to g ra p h y  of serum  p ro g este ro n e  [8, 19]. l ,2 ,6 ,7 -3H -progesterone  (A m ersh am , specific 
a c t iv i ty  3.55 T B q/m m ol) w as p u rif ie d  every  6 m o n th s  b y  m eans of celite c h ro m a to g ra p h y  
(C e lite  535, L ight, E n g lan d ), as described  p rev io u sly  [4.28]. R eference p ro g estero n e  (S igm a 
C h em ica ls)  w as dissolved in  e th a n o l  and  d ilu ted  as in d ic a te d  below. All d ilu tio n s w ere m ade 
b y  p h o s p h a te  buffer (0.1 m ol, p H  7.0, co n ta in in g  0 .9 %  N aCl; 0 .1%  N a azide; a n d  0 .1%  
g e la t in  th e  charcoal suspension  c o n ta in ed  0.625 g/d l N o r it  A [Serva, H eidelberg] a n d  0.0625 g/dl 
D e x t r a n  T  30 [P harm acia , S w ed en ]). Peroxide-free e th e r  w as used for ex tra c tio n . T h e  sc in tilla ­
t io n  f lu id  fo r m easu rem en t w as a so lu tion  of 5.0 g P P O  a n d  0.5 g P O P O P  in  1000 m l to luene  
a n d  200 m l d ioxan. R a d io a c tiv ity  was m easured  in  a  P a c k a rd  T ri-C arb  M odel 3380 liq u id  
s c in ti l la t io n  spec trom eter w ith  a n  efficiency of 5 5% . I n  10 X 100 m m  glass tu b es  20.0 /Л serum  
w as d i lu te d  to 200.0 ^1 w ith  b u ffe r , in du p lica te , a n d  i t  w as ex trac ted  w ith  2.0 m l e th e r  by  
v o r te x in g .

T h e  sam ple was fro zen  a t  — 20 °C for tw o h o u rs , d ecan ted  and  th e  o rgan ic  p h ase  e v a p ­
o ra te d .  T h e  residue was d isso lv ed  in  500 ^1 b u ffer in c u b a te d  a t  60 °C for 30 m in  a n d  v o rtex e d  
fo r  30 sec. T he efficiency o f re co v e ry  was checked b y  in te rm it te n t  ap p lica tio n  of tra c e r , and 
th e  r e s u l ts  (9 1 .0 ± 3 .5 % ) sh o w ed  th a t  in te rn a l s ta n d a rd iz a t io n  was u n n ecessa ry  [8]. The 
m e a n  v a lu e  of random  re co v e ry  ex p erim en ts  w as a p p lie d  to  correc t th e  m eth o d o lo g ica l loss. 
K n o w n  progesterone  sam ples c o n ta in e d  in  tr ip lica te  80.0, 160.0, 320.0, 640.0 an d  1280.0 pm ol 
a u th e n t ic  s ta n d a rd  in  500 /Л b u ffer.

T o  unknow n serum  sam p le s  and  to s ta n d a rd s  10 000 cpm  trac e r in  100 fú  b u ffe r  and , 
a f te r  v o rte x in g , 100 ^1 a n tise ru m  ( B 0-N /T  4 5 -5 5 % ) w ere ad d ed  and in cu b a ted  a t  room  te m p e r­
a tu r e  fo r  30 m in, th en  a t  4 °C fo r 16 h. F o r se p a ra tio n  o f free  and  bound  frac tio n , 200 {Л c h a r­
co al su sp en s io n  was ad d ed  a t  0 °C , vo rtex ed , in c u b a te d  a t  0 °C for 20 m in , a n d  cen trifu g ed  
(4000  rp m )  a t  zero to 4 °C. T h e  su p e rn a ta n t was d e c a n te d  in to  a v ial, v o rtex e d  fo r 10 sec and  
th e  ra d io a c tiv ity  was m easu red . R esu lts  were c a lcu la te d  b y  logit-log tra n s fo rm a tio n  in  a p ro ­
g ra m m e d  H e w le tt-P a c k a rd  67 ca lcu la to r as p roposed  b y  R o d b a rd  e t al. [31].

C ontro l experim ents re v ea le d  the  m eth o d ’s s e n s it iv ity  to  be 32.0 p m o l/tu b e  (1.6 nmol/1 
se ru m ). T h e  in tra - and in te ra s sa y  coefficients o f v a r ia tio n  in  20 m easu rem en ts w ere 6.7 and  
1 2 .9 % , respec tive ly . A ccu racy  o f th e  m ethod  by  u s in g  an  e x te rn a l s ta n d a rd  su p p lied  b y  th e  
W o rld  H e a lth  O rganiza tion  w as fo u n d  to be 14.0% . T h e  re liab ility  c rite ria  of th e  m e th o d  were 
c h e c k e d  as recom m ended in  th e  l ite ra tu re  [5, 10, 21].
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Oestradiol radio im m unoassay

R adio im m uno log ica l d e te rm in a tio n  o f oestrad io l w as p e rfo rm ed  b y  th e  no -ch ro m ato g ­
ra p h y  charcoal sep a ra tio n  tech n iq u e  as o rig inally  d escribed  b y  E d q u is t  a n d  Jo h a n sso n  [15] 
a n d  E m m e n t e t  al. [16] w ith  m in o r m odifications [5, 11, 17, 23, 24, 29, 37].

T he a n tise ru m  w as an ti-17 /?-oestrad io l-6 -carboxym ethy lox im e-B S A  se ru m  ra ised  in 
r a b b it  (S te ra n ti, E n g la n d , Code E  002) w ith  a c ro ss-reac tio n  of d is tu rb in g  s te ro id s < 1 %  
[37]. 2 ,4,6,7-3H -o estrad io l (A m ersh am , specific a c tiv ity  3.7 T B q /m m o l) w as p u rified  every  
6 m o n th s  [4, 28]. A u th e n tic  o e strad io l (Sigm a Chem icals) w as d issolved in  e th a n o l an d  fu rth e r 
d ilu tio n s w ere m ade  w ith  th e  b u ffer so lu tion  described  above.

F o r rad io assay  of u n k n o w n  sera  200.0 /А a liq u o ts  in  d u p lic a te  a n d  fo r th e  k n o w n  sam ples 
23.0, 46.0, 92.5, 185.0, 370.0, 740.0 a n d  1480.0 pm ol o e strad io l in  b u ffer w ere u sed . T he m ethod  
w as s im ilar to  th a t  described  fo r p ro g esterone  w ith  th e  ex cep tio n  th a t  to  increase  th e  m eth o d ’s 
se n s it iv ity  ad d itio n  o f th e  iso to p e  w as delayed  [32]. A fte r  in cu b a tio n  w ith  th e  an tib o d y  a t 
room  te m p e ra tu re  for 30 m in  10 000 cpm  tra c e r  w as ad d ed  a t  0 °C follow ed b y  a n o th e r  in cu ­
b a tio n  a t  4 °C fo r 16-24 h.

A ccord ing  to  co n tro l e x p erim en ts  th e  m eth o d ’s se n sitiv ity  was 10 p m o l/tu b e  or 50 pmol/1 
serum . T he in tra a s sa y  co effic ien t o f v a ria tio n  in  20 sam ples was 6 .2 %  a n d  th e  in te rassay  
coeffic ien t o f v a r ia tio n  in  10 su b seq u e n t assays, 12 .4% . A n accu racy  o f 11 .7%  u sin g  th e  W H O  
e x te rn a l s ta n d a rd  w as c a lcu la ted .

Oestrone radioim m unoassay

N o -ch ro m a to g rap h y  ch arco al techn ique  w as em p lo y ed  [12, 16, 29].
A  h igh ly  specific an ti-o es tro n e-6 -carb o x y m eth y lo x im e-B S A  ra b b it  se ru m  (S te ran ti, 

Code E  001) w as used . C ross-reaction  w ith  w h a tev er oestro g en  or d is tu rb in g  s te ro id  in  serum  
w as < 1 % ,  as in d ic a te d  b y  th e  m aker. 2,4,6,7-3H -o estrone  (A m ersh am , sp ec ific  a c tiv ity  3.4 
T B q /m m o l) w as p u rified  b y  celite  ch ro m a to g rap h y  6 -m o n th ly  [28]. A u th e n tic  oestrone  was 
p u rch ased  from  S igm a Chem icals.

T h e  rad io im m u n o assay  w as perform ed as d escribed  fo r p ro g esterone . T o increase  the  
se n s it iv ity  a d d itio n  of t ra c e r  w as delayed  as in d ica ted  fo r o estrad io l [32].

Q u a lity  co n tro l o f a ssay  rev ea led  th e  m eth o d ’s se n s itiv ity  to  be  10 p m o l/tu b e  or 50 
pmol/1 serum , an  in tra a s sa y  coeffic ien t o f v a r ia tio n  (20 sam ples) o f 6 .3 % , a n d  an  in te rassay  
coefficien t o f v a r ia tio n  (11 series) o f 13.1% .

Results

Fluctuation of serum progesterone concentration

The episodic flu ctu ation  o f progesterone concentration  in  serum was 
studied  in 8 healthy  w om en at 16, 18, 19, 19, 20, 20, 21, and 26 days, respec­
tiv e ly , o f their m enstrual cycle. E very series o f  m easurem ents lasted  4 h with  
sam plings every 10 m in. The m ean values o f the 8 series varied  betw een  20.7 
and 44.0 nmol/1, all in th e  physiological range.

To allow  an inter-person com parison, the single estim ates were expressed  
as percentage increm ent o f  the intra-person m ean value, considering the latter  
to  be 100% . Figure 1 show s the rate of flu ctu ation  o f the serum  progesterone 
concentration  o f 8 apparently  healthy w om en. H orizontal lines represent 
w ithin-person m ean values. The w ithin-person coefficien ts o f  variation  varied 
from 16.2 to  26.4% , representing a considerable deviation  o f single estim ates 
from  the m ean value in a single series. The m axim um  increm ent averaged
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F ig . 1. E p iso d ic  f lu c tu a tio n  of se ru m  p ro g estero n e  level in  8 a p p a re n tly  h e a lth y  w om en. T he 
v a lu e s  a re  expressed  as p e rcen tag e  in c re m e n t of th e  m ean  e s tim a te  o f 25 m easu rem en ts  done 
a t  10 m in  in te rv a ls  du ring  a 4 h  fo llo w -u p  s tu d y  be tw een  08 a n d  12 h  a .m . H o riz o n ta l line 

re p re se n ts  th e  m ea n  e stim a te  ta k e n  as 100%

40 .3%  a t 95% confidential lim its  (2 SD ). Peak values o f w ithin-person m easure­
m en ts  revealed 3 to 5 secretory  surges, their onset w as irregular and their  
in te n s ity  inconsistent.

Fluctuation of serum oestradiol concentration

T h e serum oestradiol lev e l w as determ ined in  8 h ea lth y  w om en at 
2 ,2 ,6 ,1 0 ,1 8 ,2 0 ,2 0 , and 21 d a y s, respectively , o f their m enstrual cycle . The 
m ean  o f  within-person estim a tes  varied  betw een 26 .4  and 937.6 pmol/1, corre­
sp on d in g  to  the physiological va lu es. Figure 2 shows the flu ctu ation  o f oestradiol 
e s tim a te s  in the dim ension in d icated  for progesterone. The coefficien ts of 
v a r ia tio n  o f within-person estim a tes  were betw een 8.5 and 30.2% , w ith  an 
average o f  23.0% in th e  8 series. Average m axim um  oscillation  o f  horm one  
con cen tration  in serum at 95%  confidentia l lim its w as 46.0% . On th e  basis of 
p ea k  concentrations, during th e  4 h  interval 3 to  5 secretory episodes could  
b e id en tif ied  (Fig. 2). The on set o f  surges was irregular and their in ten sity  
in co n sisten t.

Fluctuation of serum oestrone concentration

Serum  oestrone con cen tration  was studied in  8 hea lth y  w om en at 2,2,6, 
1 0 ,1 8 ,2 0 ,2 0  and 21 days, resp ectiv e ly , o f their m enstrual cycle. The hormone 
le v e ls  varied  in the p h ysio log ica l range exhibiting m ean values betw een  26.4

A c t a  M e d i c o  H u n g a r ic a  4 1 , 1 9 8 4



EPISODE SECRETION OF HORMONES, II 2 0 7

Oestradiol 17 П

F ig . 2. E p isod ic  f lu c tu a tio n  o f serum  o estrad io l leve l in  8 a p p a re n tly  h e a lth y  w om en . F o r
de ta ils , see F ig . 1

and 937.6 pmol/1 (Fig. 3). The w ithin-person coefficien ts o f variation  were 
betw een 8.0 and  17.8% , w ith  a m ean o f 11.6%  in  th e  8 series. M axim um  
increm ents o f  ind iv idual estim ates at 95% lim its  o f  confidence averaged 23.2% . 
Three to  5 ep isodes o f  secretion were id entified  during the experim ental period, 
w ith  inconsisten t fluctuations.

Oestrone

Fig. 3. E p isod ic  f lu a c tu a tio n  of se ru m  oestrone  lev e l in  8 a p p a re n tly  h e a lth y  w o m en . F o r
d e ta ils , see F ig . 1
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Discussion

Fluctuation of serum progesterone level

O scillation of progesterone concentration  in  peripheral blood o f  fem ale 
su b jects  was first described b y  W est et al. [35]. To our knowledge, there is no 
in d ica tio n  in the literature o f  flu ctu ation  o f th e  daily blood concentration  of 
progesterone. Previous stud ies showed no diurnal variation in  th e  serum  
progesterone level sim ilar to  th a t of L H  and F SH  (25, 26]. Changes o f  the  
progesterone level during th e  m enstrual cycle  are well docum ented [20, 22]. 
T h ese  studies carried out on large populations showed progesterone levels  
b elow  3 nmol/1 (1 ng/m l) in  the proliferative phase, a gradual increase after 
o v u la tio n  reaching about 32 nmol/1 (10 ng/m l) plateau concentration  in the  
lu te a l phase, and a subsequent decrease to  below  3 nmol/1 until m enstruation .

Since progesterone determ inations are recom m ended to  be perform ed  
during th e  luteal phase th e  episodic flu ctu ation s were investigated  on ly  in  th is  
p h ase  in  the present stu d y . The aim o f serial determ inations w as to  stu d v  
to  w h a t ex ten t an in d iv id u al progesterone estim ate  can characterize th e  m ean  
d a ily  horm one level and how  the flu ctu ation  interferes with the assessm ent of 
lu te a l function . According to  the present in vestigation , a single progesterone  
assa y  w ith  a mean coeffic ien t o f variation o f 20.16%  and a 40.32%  m axim um  
p ercen tage increm ent w ould  represent th e  average serum concentration . This 
in d ica tes  th at several determ inations m ust be done to  control lu tea l function . 
Our clin ical experience suggested  that 60%  or higher reduction o f errors caused  
b y  th e  oscillation w ould occur if  determ inations were performed on 3 d ifferent 
d ays during the lu teal phase, betw een th e  19th  and 24th days o f  th e  cycle  or 
4 to  10 days before m enstruation .

Fluctuation of serum oestradiol level

In  spite of reports on  episodic flu ctu ation s o f the oestradiol lev e l [7], 
th ere  is  no indication in  th e  literature on th e  degree of these flu ctu ation s. 
A  diurnal rhythm  o f serum  oestradiol concentration  appears to  be absent [25]. 
C hanges in  the secretory rate during the m enstrual cycle have been estab lished  
[13, 20] and there is a close correlation betw een  serum  oestradiol concentration  
and folliculogenesis [18, 34]. Since determ ination  o f the hormone is ex ten siv e ly  
u sed  to  control folliculogenesis and to  fo llow  ovarian function after th e  in d u c­
tio n  o f  ovulation , it  seem s im portant to  know  to  w hat extent the d aily  oscilla ­
tio n s low er the value o f  in form ation  supplied b y  a single hormone m easurem ent. 
T he present findings show ed th e  single oestradiol values to oscillate w ith  a 
m ean  coefficien t o f variation  o f 23.0% , and th e  average m axim um  dev ia tion  
w as 46.0%  at 95% lim its confidence. This rate o f fluctuation  in d icates th at
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several hormone m easurem ents are only in form ative. In cases o f  am enorrhoea, 
determ ination of oestradiol in a pool of sera obtained on several days, while 
in patien ts with induction  o f ovulation , separate determ inations are recom ­
m ended.

Fluctuation of serum oeslrone level

In the literature no report has been found on pulsatile secretion  and 
episodic fluctuations o f  th e  blood oestrone level, nor has a diurnal rhythm  
been show n [25, 26]. T he characteristic change o f  the serum  oestrone level 
during th e  menstrual cycle  is w ell-known [20]. Our results showed a fluctuation  
of oestrone half that observed for oestradiol. The m ean coefficien t o f  variation  
was 11.6%  and the m axim um  increm ent averaged 23.2%  at 95%  lim its of 
confidence. Since considerable extraglandular conversion o f oestradiol to 
oestrone occurs [14, 2 7 ], the source o f variations o f  the blood oestrone level 
m ay be equally glandular and extraglandular.
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EPISODIC SECRETION OF HORMONES AND THE 
DIAGNOSTIC VALUE OF SINGLE BLOOD ESTIMATES

III. TESTOSTERONE, ANDROSTENEDIONE, 
DEHYDROEPIANDROSTERONE, 

DEHYDROEPIANDROSTERONE SULPHATE, 
CORTISOL*

G. S i k l ó s i , A. H i n t a l a n , S. Csö m ö r  j r ., L. B a k o s , P. S i k l ó s , F . O l a j o s ,
Z. M a r c s e k

S E C O N D  D E P A R T M E N T  O F  1 3 3 Г 2 1 \Я 1 С З  AN D JY iN A E C D L  3 Î Y  3 3  4M  EC W E  13 U N I V E R S I T Y  M E D I C A L
SC HOO L,  B U D A P E S T

(R eceived J u n e  9, 1983)

T he episodic  f lu c tu a tio n  of serum  te s to s te ro n e , androstened ione , d é h y d ro ép i­
an d ro stéro n e  (D H A ), d éh y d ro ép ian d ro sté ro n e  su lp h a te  (D H A S) and  co rtiso l levels 
w as analysed  to  d e te rm in e  th e  re liab ility  o f  a  single  blood estim a te  in  c h a rac te riz in g  
th e  m ean  v a lu e  o f a 4 h  period. R ad io im m u n o assay  of th e  stero ids w as p e rfo rm ed  in 
se ra  o f 8 a p p a re n tly  h e a lth y  w om en in  v a r io u s  p h ases  o f th e  m enstrua l cycle in  10 m in 
in te rv a ls  be tw een  08 a n d  12 h  a.m . R e lia b ility  c r ite r ia  o f th e  m ethods used  w ere com ­
p a rab le  to  those  in  com m on  use. T he w ith in -p e rso n  f lu c tu a tio n  of in d iv id u a l v a lu e s  was 
d e te rm in ed  b y  th e  coeffic ien t o f v a ria tio n  o f sing le  e s tim a te s , and th e  m eth odo log ical 
e rro r o f th e  single e s tim a te s  was ch arac te rized  w ith  th e  m ax im um  in c re m e n t fro m  th e  
m ean  a t  95%  c o n fid e n tia l lim its. A m ax im u m  d e v ia tio n  o f 30.8, 28.6, 37.0, 25.0 and  
61 .2 % , re sp ec tiv e ly , fo u n d  in  th e  above o rd e r  o f  ste ro id s , suggests severa l horm one 
e stim a tio n s to  be  n ecessary  for jud g in g  h o rm o n e  av a ilab ility  in  a su b jec t.

K eyw ords: Secretion  of horm ones, te s to s te ro n e , an d ro stened ione , d é h y d ro ­
ép ian d ro stéro n e , d eh y d ro ep ian d ro ste ro n e  s u lp h a te , cortisol.

Introduction

The introduction o f sensitive radioim m unoassays of steroid horm ones 
led  to  a better understanding of hyperandrogénie states o f women and distur­
bances o f the reproductive system  [27, 33]. D ue to  a pulsatile release and subse­
quent oscillation  o f  b lood hormone levels m ay , how ever result in differences 
o f the single estim ates from the m ean va lu e  characterizing the horm one 
hom eostasis.

The present work w as undertaken to  determ ine quantitatively  th e  h ith ­
erto scarcely studied oscillation  o f androgen and preandrogen concentrations  
and th a t o f  cortisol in  peripheral blood.

Send  o ffp rin t re q u es ts  to  G. Siklósi, Ü llői ú t  7 8 /a , H -1082 B u d ap est, H u n g a ry
* P re se n ted  in  p a r t  a t  th e  9 th  Congress o f th e  H u n g a r ia n  Society  o f E n d o crin o lo g y  and  

M e tabo lism , Szeged, H u n g a ry , 1979.
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P a tien ts  and m ethod s

E ig h t  a p p a re n tly  h e a lth y  w o m en  aged  23 to  35 y e a rs  v o lu n tee red  in  th e  p re se n t  s tu d y . 
T h e ir  w e ig h t  w as idea l w ith  a d e v ia tio n  o f ± 1 0 % . T h ey  h a d  reg u la r m en s tru a l cycles o f 26 
to  30 d a y s  d u ra tio n . O nset o f o v u la tio n  a n d  physio log ical co rp u s lu teu m  fu n c tio n  w ere c o n tro l­
led  b y  m e a su re m e n t o f b asa l b o d y  te m p e ra tu re  an d  seria l d e te rm in a tio n s  o f serum  p ro g e ste ro n e  
c o n c e n tra t io n . B lood sam ples w ere w ith d raw n  b y  a n  indw elling  cannu la  from  fo re a rm  v e in  
90 m in  o r  m o re  a f te r  aw aken ing  e v e ry  10 m in  from  08 to  12 h  a .m . T he 25 sam ples w ere  im m e ­
d ia te ly  c e n tr ifu g e d  an d  s to red  a t  —20 °C  u n til  p rocessing . T o  exclude  in te ras sa y  m e th o d o lo g ica l 
e rro r , s a m p le s  o f a  single series w ere  w o rk ed  up  s im u ltan eo u s ly . The m ean  v a lu e  o f  th e  25 
w ith in -p e rso n  e s tim a te s  re p re se n ted  th e  in fo rm a tiv e  b lo o d  horm one level. T he d e v ia tio n  of 
sing le  e s t im a te s  from  th e  m ean  w as d e te rm in ed  b y  th e  coefficien t o f v a r ia tio n  ( s ta n d a rd  
d e v ia t io n  e x p re ssed  in  p e rcen t) o f  25 m easu rem en ts , a n d  th e  m ax im um  in c re m e n t w ith in  
in d iv id u a l  v a lu e s  was ch arac te rized  b y  th e  9 5 %  c o n fid e n tia l l im its (2  S.D .). To allow  c o m p a riso n  
o f in te rp e r s o n  e s tim a te s , th e  v a lu es w ere expressed  in  p e rce n ta g e  in crem en ts fro m  th e  in tr a -  
p e rso n  a v e ra g e  v a lue .

H orm on e d eterm in ations

Testosterone radioim m unoassay

T e s to s te ro n e  in  serum  w as d e te rm in e d  b y  n o -ch ro m a to g rap h y  ch arco al a d so rb tio n  
te c h n iq u e  as described  b y  F u ru y a m a  e t a l. [16] w ith  m o d ifica tio n s [3, 4, 7, 14, 22, 25, 28].

A n  a n tise ru m  ra ised  a g a in s t tes to s te ro n e-3 -O -carb o x y m eth y lo x im e-B S A  in  sh eep  code 
S -1599/3  (k in d ly  p rov ided  b y  P ro f. G. E . A b rah am , T o rran c e , California) w as u sed . A  cross­
re a c tio n  o f  6 7 %  w ith  d ihydro  te s to s te ro n e  a n d  one o f  < 1 %  w ith  w h a tev er s te ro id  w ere  in d i­
c a te d .  T h is  allow ed a d e te rm in a tio n  o f  “ to ta l”  te s to s te ro n e  in c lud ing  some d ih y d ro  te s to s te ro n e  
[22, 25 , 30]. l,2 ,6 ,7 -3H -te s to s te ro n e  p u rc h ase d  fro m  A m ersh am  (specific a c t iv ity  4 .07 T B q / 
m m o l) w as  p u rif ie d  w ith  celite  c h ro m a to g ra p h y  ev ery  6 m o n th s  [1, 26]. R eference te s to s te ro n e  
(S ig m a  C hem icals) w as d issolved in  e th a n o l an d  d ilu te d  w ith  buffer. All d ilu tio n s w ere  m ad e  
w ith  p h o s p h a te  b u ffer (0.1 m ol p H  7.0 co n ta in in g  0 .9%  N aC l, 0 .1%  N a azide a n d  0 .1 %  g e la tin ). 
T h e  c h a rc o a l  suspension co n ta in ed  0 .625%  N o rit  A  (S e rv a) a n d  0.0625%  d e x tra n  T  70 ( P h a r ­
m ac ia ) . P erox id e-free  e th e r w as u sed  fo r e x tra c tio n . T h e  sc in tilla tio n  f lu id  fo r r a d io a c t iv ity  
m e a su re m e n ts  w as a so lu tion  o f 5.0 g P P O  and  0.5 g P O P O P  in  1000 m l to lu en e  +  200 m l 
d io x a n . R a d io a c tiv ity  w as m easu red  in  a P a c k a rd  T ri-C a rb  M odel 3380 liq u id  sc in ti l la tio n  
sp e c tro m e te r  w ith  an  efficiency o f  55% .

M ethod

I n  10 X 100 m m  g lass-tubes 100 fd  se ru m  w as e x tra c te d  w ith  2.0 m l e th e r  b y  v o rte x in g  
in  d u p l ic a te .  Follow ing ev ap o ra tio n  th e  e x tra c t  w as d isso lved  in  500 /Л buffer. T h e  effic ien cy  
o f e x tr a c t io n  w as con tro lled  in  e ach  series b y  using  tr a c e r  in  q u ad ru p lica te . Since a  re co v e ry  
o f  90 .0  ± 4 .1 %  (m ean  ±  S .D .) w as c a lcu la ted , in te rn a l  s ta n d a rd iza tio n  w as re g a rd e d  as 
u n n e c e ssa ry .

T o  100 /Л unkn o w n  serum  e x tr a c t  in  d u p lica te  a n d  to  te s to s te ro n e  s ta n d a rd s  co n ta in in g  
4 3 .5 , 8 7 .0 , 175.0, 350.0, an d  700.0 pm ol o f th e  s te ro id  in  tr ip lica te , 10 000 cp m  tra c e r ,  an d  
a f te r  v o r te x in g , 100 jul an tise ru m  (B „—N /T  45 to  55% ) w ere ad d ed . The sam ples w ere  in c u b a te d  
a t  ro o m  te m p e ra tu re  fo r 30 m in , th e n  a t  4 °C fo r 16 to  24 h. F ree  and b o u n d  f ra c tio n s  w ere 
s e p a ra te d  b y  th e  a d d itio n  o f 200 /А  ch arco al suspension  a t  0 °C, vo rtex ed , in c u b a te d  a t  0 °C 
fo r  20 m in  a n d  cen trifuged  a t  4000 rp m /m in  a t  0 °C . T h e  su p e rn a ta n t c o n ta in in g  th e  b o u n d  
f r a c t io n  w as d ecan ted  in to  a v ia l, 10 m l sc in tilla tio n  f lu id  w as added a n d  th e  ra d io a c tiv ity  
m e a su re d . R esu lts  were c a lcu la ted  b y  logit-log  tra n s fo rm a tio n  in  a  p ro g ram m ed  H e w le t t -  
P a c k a r d  67 ca lcu la to r as p ro p o sed  b y  R o d b a rd  e t  al. [31].

C o n tro l ex p erim en ts show ed th e  m e th o d ’s se n s it iv ity  be 10.5 to  21.0 p m o l/tu b e  (105 
to  210 p m o l/m l serum ). T he in tra a s s sa y  coefficien t o f v a r ia tio n  (20 sam ples) w as 5 .8 %  a n d  th e  
in te ra s s a y  coefficient o f v a r ia tio n  (14 series) w as 12 .6 % . A ccuracy  of th e  m e th o d  w as 13 .5%  
w ith  th e  e x te rn a l s ta n d a rd  su p p lied  b y  W H O . T hese  p a ra m e te rs  o f re liab ility  w ere c a lcu la te d  
a s  re c o m m e n d e d  b y  A b rah am  [3], C ekan [13] a n d  H a ll [20].

Acta Medica Hungarica 41, 1984



EPISODE SECRETION OF HORMONES, III 215

Androstenedione radioim m unoassay

In  th e  rad io im m u n o lo g ica l d e te rm in a tio n  o f an d ro sten ed io n e  th e  m e th o d  o f A b rah am  
[3] an d  P a rk e r e t al. [29] w as followed.

T he an tise ru m  w as a n ti-an d ro s ten ed io n e -3 -ca rb o x y m eth y lo x im e-H S A  sheep serum , 
a n d  th e  only m ajo r c ro ss-reac tio n s w ith  physio log ical co m p o u n d s w ere: e tiocho lano lone  10%  
a n d  androsterone  4 .6 %  (P ro f. G. E . A b ra h am , T o rran c e , C alifo rn ia, code S-1600) [2]. 1,2,6,7- 
3H -an d rostened ione  (A m ersh am , specific  a c tiv ity  3.18 T B q/m m ol) w as p u rif ied  on  celite 
co lu m n  every  6 m o n th s . A u th e n tic  a n d ro sten ed io n e  w as p u rch ased  fro m  S igm a Chemicals, 
a n d  th e  reference s ta n d a rd  d ilu tions co n ta in ed  43.8, 87 .5 , 175.0, 350.0, 700.0, 1400.0, and  
2800.0 pm ol o f th e  s te ro id . T w o 50 [A a liq u o ts  o f serum  w ere  u sed  fo r d e te rm in a tio n  o f unknow n 
sam ples. T he m eth o d  w as id en tica l to  th a t  described  fo r te s to s te ro n e . T h e  m ea n  v a lu e  of ran d o m  
reco v ery  ex p erim en ts w as 88.2 ± 3 .3 %  (m ean  ±  S .D .). N o co rrec tio n s w ere  m ad e  according 
to  m ethodological loss.

S en sitiv ity  o f  th e  m eth o d  was 17.5 to  28.0 p m o l/tu b e  (350 to  560 pm ol/m l serum ). 
T h e  in tra -  and  in te ra s sa y  coefficients o f v a r ia tio n  w ere  6.6 a n d  13.6%  re spec tive ly .

Dehydroepiandrosterone radioim m unoassay

T he m eth o d  o f B u s te r  an d  A b ra h am  [10, 11] w as follow ed. T h e  a n tise ru m  w as an  an ti- 
D H A -3-hem isuccina te-H S A  sheep serum . A 100%  cro ss-reac tio n  w ith  D H A S , 2 .3%  w ith  
andro stero n e , and  one  below  1%  w ith  o th e r  ste ro id s w ere  de te rm in ed . l ,2 ,6 ,7 -3H -dehydro - 
ep ian d ro stero n e  (A m ersh am , specific a c t iv ity  3.63 T B q /m m o l), a u th e n tic  D H A  (Sigm a Chem i­
cals in  a  d ilu tion  o f 87.5, 175.0, 350.0, 700.0, 1400.0, a n d  2800.0 pm ol w ere  used . Two 20 /il 
a liq u o ts  of the  serum  w ere  d ilu ted  to  100 /Л an d  p rocessed  as in d ica ted  fo r te s to s te ro n e .

Q u a lity  co n tro l o f  assay  show ed th e  m e th o d ’s se n s it iv ity  to  be 17.5 to  28.0 p m ol/tube  
(875 to  1400 pm ol/m l serum ). F o r th e  in tra -  an d  in te ra s sa y  coefficients o f v a r ia tio n , 7.8 and  
14 .6%  respectively , w ere  calcu la ted .

Dehydroepiandrosterone sulphate radioim m unoassay

T he n o n -e x tra c tio n  tech n iq u e  recom m ended  b y  B u s te r  an d  A b rah am  [12] was em ployed. 
T h e  an tise ru m  and  iso to p e  w ere iden tica l to  those  u sed  fo r th e  p a re n t u n c o n ju g a ted  horm one. 
A  ca lib ra tio n  b e tw een  87 an d  2780 pm ol a u th e n tic  D H A S  (Sigm a C hem icals), an d  0.1 and
0.5 /Л of serum  sam ples in  dup lica te  w ere processed .

A ccording to  co n tro l ex p erim en ts, th e  se n s it iv ity  w as 17 to  28 p m o l/tu b e  (0.1 to  2.8 
/tm ol/m l or 0.8 to  1.4 /im o l/m l serum , d ep end ing  on th e  vo lu m e of serum  processed). A n in tra ­
assay  coefficent o f v a r ia tio n  of 7 .2%  an d  an  in te ra s sa y  coefficien t o f v a r ia tio n  of 14 .5%  were 
calcu la ted .

Cortisol radioim m unoassay

R adio im m uno log ica l d e te rm in a tio n  o f cortiso l w as pe rfo rm ed  b y  th e  n o -ch ro m a to g rap h y  
e x tra c tio n  tech n iq u e  as o rig in a lly  described  b y  A b ra h am  e t  al. [2], G arza  a n d  A b rah am  [17] 
a n d  Yecsei [35].

T he an tise ru m  w as ra ised  ag a in st co rtiso l-21 -m onosuccinate-H S A  in  shep  (P ro f. G. E . 
A b rah am , T orrance, C alifo rn ia, code S-6[3]). A c ro ss-reac tio n  o f 12%  w ith  co rtisone  a n d  9 %  
w ith  deoxycortiso l v a lid a te d  i ts  use fo r ro u tin e  p u rp o se s . l,2 ,6 ,7 -3H -cortiso l (A m ersham , 
specific  a c tiv ity  3.0 T B q /m m o l) and  a u th e n tic  co rtiso l (S igm a Chem icals) in  d ilu tio n s betw een
3.5 an d  56.0 nm ol w ere  em ployed.

C ortisol from  50 /А  se ru m  sam ples a f te r  d ilu tio n  to  100 /Л w as e x tra c te d  w ith  dichloro- 
m e th a n e  and  processed  as described ab ove  fo r te s to s te ro n e . M ean ra n d o m  recovery  was 
8 7 .6 ± 4 .3 % . T he use  o f  in te rn a l s ta n d a rd  in  each  sam p le  w as d isregarded . I f  in  th e  sam ples 
a  low  cortisol c o n c e n tra tio n  w as ex p ec ted  or fo u n d , 100 p \  se rum  w as processed.

S ensitiv ity  o f  th e  m eth o d  was 0.56 n m o l/tu b e  (co rresp o n d in g  to  11.2 nm ol/m l serum ), 
th e  in tra -  and in te ra s sa y  coefficien ts o f v a r ia tio n  o f  6 .8 %  and  13 .6% , resp ec tiv e ly , and  an  
accu racy  w ith  W H O  e x te rn a l  s ta n d a rd  o f 14.2%  p ro v e d  th e  re liab ility  o f th e  m ethod .
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R esu lts

F lu c tu a t io n  o f  serum  testosterone level

T h e episodic flu ctu ation  o f  testosterone concentration  in serum  was 
stu d ied  in  8 women on the 2n d , 2nd, 6th, 10th, 18th , 20th , 20th  and 21st 
days, resp ectively , of the m en stru a l cycle. The individual horm one levels  
averaged  1099 to 2392 pmol/1, corresponding to  th e  physiological range of 
h ea lth y  w om en . Figure 1 show s th e  w ithin-person flu ctu ation  o f 25 single esti­
m ates in  percentage of the m ean  va lu e  during the 4 h stu d y  period. H orizontal 
lines rep resen t 100%. The co effic ien ts  o f variation characterizing the rate o f  
w ith in -p erson  fluctuation v a r ied  betw een  10.2 and 23.1%  (m ean, 15.4% ). 
The m a x im u m  increments in  th e  ind ividual series averaged 30.8%  at 95%  
co n fid en tia l lim its (2 S .D .). P ea k  values o f w ithin-person m easurem ents 
revea led  tw o  to  5 secretory surges. Their onset was irregular and their in ten sity  
in co n sisten t.

Testosterone
X=100V. V .i

F ig. 1. E p is o d ic  flu ctu atio n  of se ru m  te s to s te ro n e  level in  8 h e a lth y  w om en. T he v a lu e s  a re  
e x p re ssed  a s  percen tage  d ev ia tio n  fro m  th e  m ean  of 25 m easu rem en ts  a t  10 m in  in te rv a ls  
d u rin g  a  4  h  s tu d y  period be tw een  08 a n d  12 h  a .m . H o rizo n ta l line  rep re sen ts  th e  m ean  e s tim a te

ta k e n  as 100%

F lu c tu a t io n  o f  serum  a n d ro s te n e d io n e  level

T h e oscillation of androstenedione concentration in  serum o f 8 w om en  
on th e  2 n d , 2nd, 6th, 10th, 1 8 th , 19th , 20th and 26th  day o f their m enstrual 
cycle  is  sh ow n  on Fig. 2. The sin g le  estim ates were evaluated  as for testosterone. 
The in d iv id u a l hormone levels averaged  4.12 to  6.95 nmol/1, all w ith in  th e  nor­
m al ra n g e . The coefficients o f  varia tion  representing th e  rate o f  w ithin-person
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Androstenedione

F ig . 2. E p isod ic  f lu c tu a tio n  of serum  an d ro sten ed io n e  leve l in  8 h e a lth y  w om en. F o r deta ils ,
see F ig .l

flu ctu ation  o f androstenedione values in  8 subjects were betw een  8.9 and 
20.3%  (m ean, 14.3% ). The individual m axim um  increm ents averaged 28.6%  
at 95%  confidential lim its. As it can be seen in  F ig. 2, 2 to 5 secretory surges 
could be identified  from  the blood horm one levels. Their onset and in ten sity  
were inconsistent.

OHEA

F ig . 3. E p isod ic  f lu c tu a tio n  of serum  d é h y d ro ép ian d ro s té ro n e  level in 8 h e a lth y  w om en. F o r
de ta ils , see F ig . 1
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DHEA-S

F ig . 4. E pisodic f lu c tu a tio n  o f se ru m  d é h y d ro ép ian d ro s té ro n e  su lp h a te  level in  8 h e a lth y
w om en. F o r  deta ils , see F ig . 1

F lu c tu a tio n  o f  seru m  d ehydroep iandrosterone  level

I t  was studied in  8 apparently healthy  w om en on the 2nd, 2nd, 6th , 
10th , 18th, 20th, 20 th  and 26th  day o f their m enstrual cycle (F ig . 3). The 
horm one values for single  subjects averaged 11.75 to  24.10 nmol/1, and the  
v a ria tion  coefficients o f  w ithin-person single estim ates averaged 7.2 to  25.3%  
(m ean , 18.5% ). For m axim u m  increm ents at 95%  confidential lim its a m ean  
v a lu e  o f  37.0% was ca lcu la ted . Again 2 to  5 secretory episodes were observed  
o f  inconsistent frequency and intensity .

Cortisol

F ig . 5. Episodic f lu c tu a tio n  o f  se ru m  cortiso l level in  8 h e a lth y  w om en. F o r d e ta ils , see F ig . 1
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F lu c tu a tio n  o f  se ru m  dehydroep iandrosterone  su lp h a te  level

The sam e serum sam ples as for testosteron e were processed for D H A S . 
The m ean horm one concentrations in 8 w om en w ere between 3.82 and 7.22 p m o l/  
1. The coefficien ts o f variation reflecting th e  w ithin-person flu ctu ation  o f  hor­
m one levels averaged 9.7 to  16.2%  (m ean, 12 .5% ). The m axim um  increm ent 
for the 8 subjects w as 25.0% . The ind iv idual graphs on Figure 4 show  2 to  5 
secretory surges, the in ten sity  o f which w as irregular.

F lu c tu a tio n  o f  se ru m  cortisol level

O scillation o f blood cortisol concentration  during the 4 h period  was 
analysed in the sam e sam ples as for testosteron e and DH AS. The m ean cortisol 
level for the 8 subjects varied in  the p h ysio log ica l range betw een 184.3 and 
417.2 nmol/1. The fluctuation  o f the 10 m in estim ates characterized b y  w ith in- 
person coefficien ts o f variation exhibited  a range between 21.5 and  43.2%  
(m ean, 30.6% ). The m axim um  fluctuation  at 95%  confidential lim its averaged  
61.2% . Two to  5 irregular secretory episodes could be identified  (F ig . 5). 
As it  can be seen from the graphs, the in itia l serum  cortisol va lu e exceeded  
at m ost 40%  o f the m ean intra-person estim ates and reached them  o n ly  after  
50 to  110 m in.

D iscu ssion

The first report on discontinous secretion  o f hormones was p ub lished  for 
cortisol by W eitzm an et al. [36]. Later their  s tu d y  o f hormone secretion  w as 
extended  to  various periods o f the day, and th e y  dem onstrated th at th e  diurnal 
change o f  horm one concentration in peripheral blood was determ ined b y  the  
num ber and in ten sity  o f  secretory episodes [37]. The oscillation o f D H A  level 
and the synchronism  o f its secretion w ith  th a t o f  cortisol were stu d ied  b y  
R osenfeld et al. [32].

T hey suggested  th at the difference in th e  tw o  hormone levels is  a conse­
quence o f  their  different rate o f secretion and altered m etabolism . T he less 
pronounced flu ctu ation  o f D H A S concentration  could be explained w ith  its  
longer half-tim e [33]. Secretory surges for testosteron e were first dem onstrated  
b y  W est e t al. [38], it  has than been ex ten siv e ly  studied [19] and w as also  
observed in  hyperandrogénie conditions [23].

E va lu ation  o f horm one estim ates in clin ical practice has m ade i t  n eces­
sary to  stu d y  th e  fluctuations o f serum horm one levels and to determ ine q u an ti­
ta tiv e ly  th e  representative error connected w ith  single estim ates. Our m easure­
m ents during a 4 h period showed the error a t  95%  lim its of confidence to  be 
+  61.2%  for cortisol, 37.0%  for D H A , 30.8%  for testosterone, 28 .6%  for
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androstenedione and 25.0%  for D H A S, due to  th e  fluctuation o f their blood  
concentration .

D ifferences in  th e  rate o f fluctuation  o f  serum  hormone concentrations  
appeared to  result from  differences in the d yn am ics o f their secretion, in ter­
conversion , reversible or irreversible m etabolism , rate of elim ination, e tc . [8, 
18, 33 ]. A  m easure o f  these m etabolic features is th e  biological half-life, w hich  
w as ab ou t 60 m in for cortisol [37], 20 min for D H A  [32], 36 min for te sto ster ­
one [21] and 10 to  20 h for D H A S [33]. T he greatest fluctuations o f  cortisol 
concentration  seem  to  be, in  addition to  th e  m etabolic param eters, a con se­
quence o f  ind ividual stress situations. This w as b est shown by the in itia l values  
of horm one m easurem ents as th ey  exceeded all estim ates during the 4 h stu d y  
period.

T he sign ificant am plitudes o f  flu ctu ation  o f  the hormone levels observed  
in  th e  present work suggest the need of sim ultaneous hormone m easurem ents 
to  approach the actual daily  m ean blood horm one concentration. F urther­
m ore, to  judge th e  condition  o f a patient, th e  diurnal rhythm  and th e  varia ­
tion s o f  horm one secretion during the m enstrual cycle must also he ta k en  into  
consideration  [5, 6, 15, 24, 37].

T he present observations suggest th a t i f  horm one analysis is perform ed  
on 3 subsequent days betw een 07 and 10 h a .m . and the average va lu e is con­
sidered, the m ethodological error due to flu c tu a tio n  o f the serum horm one level 
can b e reduced b y  alm ost 60% . A  single estim ate  o f the 3 day serum -pool 
seem s to  be equally  suitable for routine laboratory  diagnostics.
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A CASE OF 44,X STREAK GONAD SYNDROME 
COMBINED WITH FAMILIAL BALANCED 13/14 

TRANSLOCATION

J. L á s z l ó , 1 P. B ő s z e , 1 M agdolna G a á l ,2 A. T ó t h 1

'D E P A R T M E N T  O P  O B S T E T R I C S  A N D  G Y N A E C O L O G Y , P O S T G R A D U A T E  M E D I C A L  S C H O O L , 

A N D  « I N S T I T U T E  O F  P H Y S I C A L  E D U C A T I O N  A N D  S P O R T ,  B U D A P E S T , H U N G A R Y

(R eceived A pril 16, 1983)

A case o f 4 4 ,X  s treak  gonad sy n d ro m e  com b in ed  w ith fam ilial b a la n c e d  13/14 
tran s lo ca tio n  is desc rib ed . To o u r know ledge th is  is th e  second rep o rt on  th e  c o m b in a ­
tio n  of X  m onosom y and  au tosom al tra n s lo c a tio n . T here  was no co n v inc ing  ev idence  
o f an  in te rch ro m o so m al effect in th e  p re sen t case.

K eyw ords: s tre a k  gonad syndrom e, X  m onosom y, fam ilial 13/14 b a la n ce d  
tran s lo ca tio n

Introduction

The coexistence o f  aneuploidy —  m ostly  trisom y —  and fam ilial balanced  
translocation  in volv ing  unrelated chrom osom es has been reported in several 
cases. Trisom y w ith  unrelated translocation w as also found in abortuses [5, 
10]. 4 5 ,X  Turner’s syndrom e com bined w ith  fam ilial balanced 1/2 transloca­
tion  w as described b y  K ondo et al. [6].

H ere we report a case o f 44 ,X  streak gonad syndrome [1] and a sim u lta ­
neous fam ilial balanced 13/14 translocation.

Report of a case

B. M ., aged 23, w as f ir s t  seen a t  th e  age o f 15 because  of sho rt s ta tu re  a n d  sexual 
in fan tilism . She was bo rn  a t te rm  a fte r an u n c o m p lica te d  pregnancy and d e liv e ry  to  a  21 
y ear-o ld  h e a lth y  m o th e r a n d  23-year-o ld  h e a lth y  fa th e r . B ir th  weight was 2800 g. H e r  n e o n a ta l 
d ev e lo p m en t was m o d era te ly  delayed . In her ch ildhood  she h ad  suffered from  re c u rre n t a tta c k s  
o f o titis  a n d  cy sto p y elitis . She h as never had  sp o n ta n e o u s  m en stru a tio n . F rom  th e  age o f 15 
she h as  been  on ho rm o n al rep lacem en t th e ra p y  (o e s tro g en  supplem ented  w ith  p ro g estin s) 
w hich re su lte d  in cyclic u te r in e  bleeding, m o d era te  m a tu ra t io n  of genitalia  and se c o n d ary  sex ­
ual c h arac te ris tic s , an d  an  8 cm  gain in leng th .

T h e  fam ily  h is to ry  w as u n rem ark ab le . T here  is no  a p p a re n t consanguin ity . T h e  p ro b a n d  
has tw o  you n g er sisters, b o th  hav in g  regu lar m e n s tru a l cycles. The elder of th e  tw o siste rs 
has a h e a lth y  son. T he m o th e r  is h e a lth y , h av in g  one s is te r  on ly  who died in lab o u r. T h e  cause  
of d e a th  is unknow n. H e r fa th e r  has epilepsy  an d  has 5 h e a lth y  sihs (Fig. 1).

1 D e p a rtm e n t o f O b s te tr ic s  and  G ynaecology , P o s tg rad u a te  M edical School, and  
2 I n s t i tu te  o f Physica l E d u ca tio n  an d  S p o rt, B u d a p e s t,  H u n g ary
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A t  th e  age of 15, th e  p ro b a n d  w as of sh o rt s ta tu re  (h e ig h t 127 cm) w ith  la c k  o f  b re a s t  
d e v e lo p m e n t, in fan tile  g e n ita lia  a n d  a com plete ab sen ce  o f  pu b ic  and  ax illary  h a ir  (F ig . 2). 
H e r  w e ig h t w as 31.8 kg , w ith  a n  a rm  sp a n  of 125.5 cm  a n d  70.1 cm  long low er e x tre m itie s . 
She h a d  b rach y c ep h a ly , b lue  sc lera , p tosis, sh o r t  b ro a d  n eck  w ith  low p o ste rio r  h a ir lin e , 
h ig h -a rc h e d  p a la ta le , a b n o rm a l d e n titio n , shield c h es t, c u b itu s  valgus, genu v a ru m , coxa 
v a lg a , irre g u la r it ie s  o f th e  ep ip h y ses , hypop lasia  o f th e  f ro n ta l  sinuses, and  of th e  f i r s t  cerv ica l 
v e r te b ra ,  bow ed  rad iu s , S chm orl h e rn ias , occult sp in a  b if id a , re ta rd ed  ossification , d ecreased  
n e u ro se n so ry  hearin g , h y p o p la s tic  superfic ia l ly m p h  vessels o f  th e  lower ex trem ities as rev ea led  
b y  ly m p h a n g io g ra p h y . In tra v e n o u s  p yelog raphy  a n d  ech o card io g rap h y  show ed no an o m a ly . 
T h e re  w as no colour b lindness. B lood  pressu re  was n o rm a l. L ap a ro to m y  revealed  a ru d im e n ta ry  
u te ru s ,  b i la te ra l  in fan tile  F a llo p ia n  tu b es  an d  s tre a k  g o n ad s w hich  consisted of f ib ro u s  tissu e  
w ith o u t  g e rm  cells, follicles, o r th e ir  rem n an ts . A t th e  age o f  23 years, afte r 8 y ea rs  h o rm o n a l 
re p la c e m e n t th e ra p y , h e r h e ig h t w as 135.2 cm , w e ig h t 44.6 kg , a rm  span  135 cm  a n d  th e  len g th

Fig. 2. P ro b a n d  a t  age o f 15 y ea rs
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of th e  low er ex trem itie s  73.4 cm . H e r in te lligence ap p ea red  to  be  no rm al, w ith  a v e rb a l IQ  
of 98 a n d  a perform ance IQ  of 80 (W echsel A d u lt Intelligence Scale).

T h y ro id  fu n c tio n  w as n o rm al. She h a d  h igh  se ru m  L H  a n d  F S H  levels (125 m U /m l 
a n d  140 m U /m l, re sp ec tive ly ), n o rm al levels o f p ro lac tin  (12 ng /m l), a n d  co rtiso l (180 nmol/1). 
T h e  v a g in a l sm ear show ed a tro p h y  (m a tu ra tio n  in d ex  100/0/0). U rin a ry  o estrogen  excretion  
w as low  (3.7 nm ol/d). O ral a n d  in tra v e n o u s  glucose to le ran ce  te s ts  w ere n o rm al. T he p a tie n t 
a n d  b o th  o f he r p a ren ts  w ere  X g /a /+ .

T h e  derm ato g ly p h ic  f in d in g s  a re  show n in T ab le  I. F in g e rtip  p a tte rn s  o f  th e  m other 
( I I -2 )  a n d  th e  youngest s is te r  ( I I I -4 )  w ere sim ilar, w ith  n o rm al TR C . In c rea sed  frequency  
o f w h orls was observed in  th e  p ro b a n d  ( I I I - l )  an d  in  he r f i r s t  sis te r ( I I I -2 )  w ith  increased  
T R C  a n d  ARC. T he fa th e r ’s ( I I -3 )  r id g e  co u n t was n o t d e te rm in e d  because  o f a  w ounded  
second  fin g er on his r ig h t h a n d . M ain-line te rm in a tio n s , especially  o f  m ain -line  C, w ere u n u su a l 
in  th e  p ro b a n d  and in  h e r y o u n g e st sis te r ( I I I -4 ) , w hereas co m plex  p a lm  p a tte rn  con ste lla tio n  
a n d  m u ltip le  secondary  creases w ere observed  in  th e  p ro b a n d  a n d  h e r m o th er. T he p ro b an d  
h a d  an  incom plete  sim ian c rease  on th e  r ig h t an d  a com plete  one on th e  le ft h a n d . M axim um  
a td  an g le  o f th e  m o th e r a n d  th e  p ro b a n d ’s you n g er sis te r ( I I I -4 )  was increased .

Table I

Dermatoglyphic fin d in g s

F in g e r t i p  p a t t e r n s
M a x im u m

T R C A R C O th e r
R ig h t L e f t

a t d  a n g le

P ro b a n d  
I I I  1

W dl.W dl.U |Pv.W ell.U . W dl.W dl.W dl.U |Pv.U . 42° 189 265 Sim ian crease 
m ultip le  
secondary 
creases

i l 2 W .R .U .U .U . U .U .U .U .U . 76° 145 158 M ultip le sec­
o n dary
creases

и 3 W ell.? .W .W k.U. U CPV.U .U .U .U . 47° 9 9 —

i n 2 W dlU cPvU .W k.U cPv W dlU .\V k.W c"U cPv- 51° 178 242 —

i n 4 W dI.R .U .U .U . U .R .U .U .U . 6 8 ° 150 170 __

Palm ar formulae*

R ig h t L e f t

P ro b a n d
i n  1 l l .X .7 .5 ’-t-A ll.O .O .O.O. 9 .X .5’-t-A u.O.O.O.O.

11 2 11.9.7.5’- t t ’t b-W .O .O .L .O . 9.9.5” .5’- t t ’t b-W .L /V .O ,1 .0 .
I I  3 11.7.7.5’- t’-A” /A c.O .O .L .O . 9.7.5” .5 .-t-A u.O .O .O .L .

I I I  2 9.7.5” .5’- t’t b-L carP O.O .O .L. 7.5” .5” .5’-t-A u.O .O .O.L.
I I I  4 9.X .5” .5’- t ’t b-LcarPO.O.O.VD 9.X .5’.5” - t t ’t b-L rad/L ulnO .O .O .VD

* M ain line te rm in atio n s D .C .B .A .-axial trirad iu s p o sitio n -p a tte rn  a reas (H y .T h / l 1# I„.
L - 1 4")

Cytogenetic studies

T h e  X -ch ro m a tin  w as n eg ativ e  in  the  buccal sm ear. C ytogenetic  s tu d ies  w ere carried  
o u t  acco rd in g  to our s ta n d a rd  m eth o d s  [2].

T h e  p a tie n t h ad  on ly  one X  chrom osom e and  a m o n o cen tric  13/14 tran s lo c a tio n  ch ro ­
m osom e (k a ry o ty p e : 44 ,X , t  [13; 14] [13qter cen — 14qter)] (F ig . 3). T he m o th e r’s and  
b o th  s is te r’s k a ry o ty p es  w ere 4 5 ,X X , t  (13; 14) (13 q ter — cen — 14qter). T he fa th e r , th e  m a te r­
nal g ra n d m o th e r  (1-2) an d  th e  son o f th e  elder sister o f th e  p ro b a n d  (IV -1) h ad  n o rm al ch ro ­
m osom e p a tte rn .
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2 2 6 LÁSZLÓ, J. et al.

1 2 3 4 5

У Пк и и ?{
6  7 8  9  10 11 12

m

Ü  è  i l  ** V  ^
13 14 15 16 1 7 . 18

F ig . 3. G -banded  chrom osom es o f  th e  p ro b an d  w ith  t  [1 3 q l4 q ] an d  X  m onosom y. In se rtio n  
show s m o n o ee n tric  tran s lo ca tio n  a f te r  C b an d in g

Discussion

D ouble major chrom osom e abnorm alities such as double aneuploidy, 
or tr iso m y  with structural rearrangem ents o f  unrelated chrom osom es are 
in freq u en t in humans. T he com bination of X  m onosom y and translocations 
n o t in vo lv in g  the X  chrom osom e even less usual. The present case is to  our 
b e s t  know ledge, the second  reported exam ple o f  a streak gonad syndrom e 
w ith  X  m onosom y and sim ultaneous autosom al translocation . In  the report 
o f  K on d o  et al. [6] the X  m onosom y was com bined w ith  reciprocal transloca­
t io n  w hile in the present one w ith  R obertsonian translocation .

The existence o f an interchrom osom al effect, i.e . the in fluence th at 
a structurally  abnormal chrom osom e m ay exert on the behaviour o f  other 
chrom osom es, in hum ans is n o t know n. A causal relationship betw een  inherited  
b a la n ced  translocation and unrelated trisom y has been suggested  [4, 10]. 
O n th e  basis of Grell’s [3] “ distributive pairing” hypothesis Oikawa et al. [8] 
h a v e  suggested th at as a result o f distributive nondisjunction , the parental 
reciprocal translocation m a y  be responsible for th e  unrelated trisom y. Accord­
in g  to  K ajii and Ferrier [5], th e  presence of a balanced translocation  m ay  
in flu en ce  segregation o f o th er chrom osom es at m eiosis to  cause nondisjunction. 
O th er authors, how ever, questioned  the suggested  relationship betw een the  
tw o  chrom osom e abnorm alities [7, 9].
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W hether the com bination  o f X  m onosom y and fam ilial balanced  trans­
location  involving autosom es is the result o f  chance or w hether th e y  are 
causally  related is not know n. Kondo et al. [6] com paring the occurrence and 
th e  expected  frequency o f the 45 ,X  syndrom e com bined with unrelated  bal­
anced translocation postu la ted  th at there seem ed to he no relationship betw een  
th e  tw o chrom osom e anom alies. In  the present case there was no convincing  
evidence to  indicate an interchrom osom al effect, although th e  possib ility  
cannot be excluded.
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COMPARATIVE GENETICAL ANALYSIS: A NEW TOOL 
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350 care fu lly  selected  schizophrenic p ro b a n d s  and  th e ir  p a ren ts  a n d  siblings 
were d iagnosed  acco rd ing  to  th ree  d iffe ren t c lin ica l classifications, an d  a m u ltip le - 
th resh o ld  ana ly sis  w as carried  o u t w ith in  th e  fram ew o rk  of th e  m u ltifac to ra l m odel of 
in h eritan ce . T h e  re su lts  suggest th a t  o f th e  th re e  c lassification  system s, L eo n h a rd ’s 
and  S n esh n ev sk y ’s nosological system  d e lin e a te s  re la tiv e ly  hom ogeneous su b ty p e s  
from  th e  c lin ical a n d  genetic  p o in t of view , p o in tin g  to  th e  prom ise th ese  nosological 
system s hav e  fo r th e  p lann ing  of fu tu re  re sea rc h  in  psych ia tric  genetics.

K eyw ords: sch izophren ia  c lassifica tion , g enetics, m u ltip le  th resh o ld  s tra te g y

Introduction

Many o f those accepted as authorities in  psychiatric genetics are inclined  
to argue th at on ly  the discovery o f unam biguous biological (pathogenetical) 
markers w ill signal an unam biguous advance in  the study of the genetic and 
nosological problem s o f schizophrenia since th e  clinical and possib ly  genetic  
heterogeneity o f schizophrenia poses insolvab le problem s to phenom enological 
research [3, 7, 10]. Com m itted nosologists on th e  other hand are unanim ous  
in their claim  th a t on ly  precisely form ulated psychopathological diagnoses, 
or rather their coherent system , i.e. a n osology  w ill make it  possible to  estab­
lish th e  biological indicators. Both these v iew s appear justified  at first sight, 
thus form ing a v icious circle. The merely apparent nature of the la tter  how ever  
becom es obvious if  w e bear in  mind that skepticism  vis a vis the phenom enolog­
ical approach is predom inantly based on disillusionm ent w ith  n oso logy  of 
the K raepelin -B leu ler sort and its com puterized neo-K raepelin versions [14]. 
It should be added th a t though psychiatric genetics is more than s ix ty  years

Send o ffp rin t re q u e s ts  to  G. U ngvári, H -1083 B u d a p es t, B alassa  u. 6, H u n g a ry
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old, its  m eth od ology  has on ly  becom e crystallized  in the past decade and no 
c lin ica l-gen etica l study has sa tisfied  all the criteria of this m ethodology, at 
th e  m o st th e y  have com e close to  doing so. L acking an appropriate m eth od o l­
ogy  it  w a s only natural th a t the m athem atical and statistical m ethods of 
m odern  q u an tita tive  genetics were seldom  used  [1]. It can therefore be said, 
and m a n y  geneticists who are not com m itted  to  nosology also stress th is  [4], 
th a t th e  phenom enological approach to  the genetical investigation  o f sch izo­
phren ic psychoses can certain ly  not be said to  have had its day. I t  is indeed  
still t im e ly . For a number o f reasons clinical diagnosis as the starting  point 
o f  research  and its reference system , as th e  m ost crucial m ethodological 
p rob lem , is w ith  no doubt still the m ost critical area of psychiatric genetics.

1. T he su bjectiv ity  o f diagnosis is th e  least o f the problem s since its  
e ffects  can  easily  be elim inated by form alization  o f the psychiatric in terview  
and d escrip tion , and the m easurem ent and raising of the level o f reliab ility .

2 . M ore difficult to e lim inate are the radical differences of approach of 
variou s nosologies, m aking it  im possible to  com pare results ob ta ined  by  
d ifferen t schools. It is clear th a t  the W HO diagnostic schem ata [19] facilita te  
com m u n ica tio n  but do not offer a solution . In  m y own view rather than  
em p lo y in g  exclusively  ICD-9 or any other d iagnostic schem ata, it w ould  be 
m ore su ita b le  if, even in theoretic  work, psych iatric  genetics were to  chart 
th e  lin k -u p  and overlap o f a num ber o f nosologies m aking the results obtained  
su ita b le  for com parison in th is  m anner. R ecen tly  th is strategy has been recom ­
m en d ed  for biological p sych iatry  [7].

3. T he third major factor in the incom m ensurability  of results is th at  
each  o f  th e  surveys w ith a psychiatric genetics purpose was carried ou t on 
d ifferen t populations. A m ong th e  factors th a t rem ain unknown are population  
gen e-p o o l differences and num erous other socio-cultural factors th at do n o t in ­
flu en ce  schizophrenia as such but the conditions o f its recognition and id en ­
t if ic a t io n , such as the tolerance shown to  m ental disoders by a g iven  society , 
th e  in c id en ce  and changing frequency of inbreeding and assortative m ating. 
A nd y e t ,  as K ety  [6] notes, sociocultural factors are unjustifiab ly tak en  as 
co n sta n t.

T h e  present paper reports on an a ttem p t to  elim inate as far as possible  
such  m ethodological shortcom ings in genetic research o f schizophrenia, 
in a sm u ch  as th ey  are linked to  diagnosis, b y  concurrently diagnosing id en tica l 
p rob an d s and their fam ilies according to three separate classifications. The 
aim  w a s to  attem pt, by surveying the sam e patient-population  and em p lo y ­
ing  s tr ic t  m ethodological criteria, to  discover in  as precise a w ay as possib le  
w h ich  o f  th e  classifications used  offers sub-groups th a t are m ost hom ogeneous  
from  th e  clin ical and genetic p oin t o f v iew , and thus m ost suitable for further  
g en e tica l and biological research. The results o f  the present clin ical-genetical 
su rv ey  serve  as one of the v a lid ity  criteria o f  th ese classifications [13].

A c t a  M c d i c a  H u n g a r ic a  4 1 , 198 4



GENETICAL ANALYSIS OF SCHIZOPHRENIA SUBTYPES 231

O f the three classifications tw o, th a t  b y  Leonhard [8] and th a t  o f Snesh- 
n evsk y  [16] are am ongst the m ost d eta iled  and m ost system atic , well-elabo- 
rated  schem es based in part, on clin ical-genetic foundations. T he Leonhardian  
nosology [8], as the developm ent o f  th e  K leist—W ernicke school o f  classical 
German p sych iatry , is strictly  em pirical, m eticulous, and characterized  by  
system atic  and detailed  psychopathological observations. W ith in  th e  tw o basic 
categories o f th e  schizophrenic p sychoses (system atic and u nsystem atic), 
19 subtypes are described as d istinct d isease entities, and further 3 subtypes 
o f cycloid  psychosis are delineated ou t o f  the group of fu n ctional psychoses. 
Cycloid psychoses closely resem ble th e  schizoaffective p sychoses (according  
to  ICD-9) or the recurrent schizophrenic psychoses (in S n esh n evsk y’s classi­
fication ).

In  S n esh n evsk y’s classification , w id ely  used in the Soviet U n ion , refined  
details o f  cross-sectional psychopathology  have less im portance. T he system  
classifies the schizophrenic psychoses b y  the course of illness and b y  th e  degree 
o f severity  in th e  deterioration o f m ental functions. According to  th is  descrip­
tiv e  m ethod, there are 3 basic types o f  schizophrenia (continuous, shift-like, 
recurrent) and every  type has further 3 subtypes, for details, see [16].

ICD-9, th e  official classification o f  W HO [19], was included as the model 
o f the traditional K raepelin-B leuler classification  of schizophrenias, based 
on the clin ically  m ost frequent form es. This is, because of its practical useful­
ness and relative sim plicity, a w idely used  classification m ainly in  Europe, but 
also throughout the world.

Subjects and method

T h e  m eth o d o lo g y  w as discussed in d e ta il  in  earlie r papers [17, 18] a n d  th ere fo re  its 
b r ie f  su m m ary  will o n ly  be given. T he sch izo p h ren ic  p ro b an d s and th e ir  f i r s t  deg ree  re la tives 
w ere d iagnosed  on th e  basis o f d e ta iled  case re co rd s  co n stru c ted  accord ing  to  sp ec ia l genetic 
con sid era tio n s. T h e  case records w ere chosen  b e a r in g  in  m ind  the  p o in ts  l is te d  below  from  
th o se  k e p t a t  th e  G enealogical A rch ives o f th e  I n s t i tu te  o f P sy ch ia try , M oscow .

T he A rch ives a re  a rep re se n ta tiv e  sam p le  o f  th e  Moscow sch izophren ic  p o p u la tio n  [5]. 
S tr ic t  m eth odo log ical c rite ria  were em ployed  in  a n  en d eav o u r to reduce to  m in im u m  th e  de­
ficiencies o f th e  com m on  c h a rt rev iew  m eth o d  o f  p sy ch ia tric  genetics. T h e  G enealog ica l A r­
ch ives include th e  m ed ical d o cu m en ta tio n  o f 700 schizophrenic p ro b an d s a n d  th e ir  fam ilies. 
O f th ese , all those  case records w ere s tu d ied  w here  (t) de ta iled  m edical d o c u m e n ta tio n  was 
av a ilab le  fo r a t le a s t fiv e  y ears  follow ing th e  f i r s t  h o sp ita liza tio n ; (i i) th e  p ro b a n d  h a d  reached 
18 y ears  b y  th e  tim e  o f th e  la s t follow up ; a n d  (Hi )  th e  f irs t h o sp ita liza tion  to o k  p lace  before 
th e  age of s ix ty . In  th is  w ay  b o th  ch ildhood  sch izo p h ren ia  and sch izo p h ren ia  in  th e  e lderly  
w ere excluded . T h ree  h u n d red  and f if ty  p ro b a n d s  sa tis fied  these in itia l c o n d itio n s .

A diagnosis w as sep a ra te ly  fo rm u la ted  fo r all 350 p a tie n ts  and  fo r e ac h  o f  th e  three  
c lin ical system s, rig o ro u sly  adhering  to  th e  p re fo rm ed  and  p re-tested  d ia g n o s tic  sch em ata , 
th u s  reducing  th e  d is to r tin g  effects o f su b je c tiv ity , an d  ensuring  th a t  th e  e x a m in a tio n  could 
be  co n tro lled  an d  re p ea te d . A ccording to  th e  K raep e lin -B le u le r  c lassifica tion , d iag n o ses were 
e stab lish ed  using  th e  W H O  official d iag n o stic  sc h e m a ta  and guidelines [19]. F o r  th e  o th er 
tw o  nosological sy s tem s tw o sets o f d iag n o stic  c r ite r ia  were com piled on  th e  b a s is  o f cu rren t 
h an d b o o k s [8, 16] a n d  u n d e r the  personal c o n tro l o f  Sneshnevsky an d  his a sso c ia tes  and  of 
L eo n h a rd . In  th e  tw o  d iagnostic  sch em a ta  th e  o rig ina l descrip tions w ere tra n s fe r re d  in to  
a  c rite ria  se t to  o p era tio n a lize  th e  d iag n o stic  p rocess . In  b o th  d iagnostic  sc h e m a ta  a  given
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b asic  sc h iz o p h re n ia  ty p e  is c h a ra c te riz e d  b y  3-5 m ain  c r ite r ia , a  su b ty p e  w ith in  th is  b a s ic  
ty p e  is d e f in e d  b y  fu r th e r  6 -12  a d d itio n a l criteria . A f irm  d iagnosis was estab lished  i f  a 
p a t ie n t ’s d isease  h a d  m et all th e  m a in  c rite ria  and a t  le a s t  7 5 %  o f th e  ad d itio n al c rite ria . 
(The tw o  se ts  o f  c rite ria  fo r d iag n o s in g  L eo n h ard ’s an d  S n e sh n e v sk y ’s system  are av a ilab le  
fro m  th e  a u th o r ) .

D ia g n o sis  w as m ade  w ith o u t know ledge of th e  o r ig in a l in s t itu t io n a l  diagnosis o f th e  
p a tie n ts ,  th e  p sy ch o p a th o lo g y  of th e i r  re la tiv e s or th e  n a tu r e  o f  th e  re la tio n sh ip , since th e  
re le v a n t  in fo rm a tio n  h ad  b een  re m o v e d  fro m  th e  case-records. C ases w hich  could n o t be  d ia g ­
nosed  r e lia b ly ,  an d  those  d o u b tfu l a cco rd in g  to  all th ree  sy s te m s  o f c lassification , were e lim i­
n a te d  s in ce  th e  aim  w as a hom ogeneous sam ple . Since th e  p a t ie n ts  w ere  n o t exam ined p erso n ally , 
b o rd e rlin e  psy ch o ses and  p e rso n a lity  d iso rd ers have  n o t  b e en  e v a lu a te d . The sm allness o f th e  
sam ple  im p lie d  t h a t  only basic  sch izo p h ren ia  su b ty p es o f th e  p a r tic u la r  classifications cou ld  
be  e x a m in e d . Som e of th e  c h a ra c te ris tic s  o f those u n a m b ig u o u s ly  d iagnosed  as sch izophren ics 
are  l is te d  in  T ab le  I se p a ra te ly  fo r e ac h  o f th e  th ree  sy s tem s.

Table I

Som e basic characteristics o f  the probands according to the three diagnostic systems

D iagnostic
system

Nosological diagnosis 
of schizophrenia

Age of onset of 
psychosis, years

D ura tio n  of follow Estim ated population 
up  periods, years (lifetime) prevalence , 

percent

I CD-9 sim ple (N  =  18) 17 .0+3 .0* 1 2 .4 + 7 .9 0.064
hebephrenic  (N  =  27) 17.1 +  2.6 11.6 +  5.8
ca ta to n ic  (N  =  39) 17 .4 + 3 .0 15.6 +  8.2 0.085
p arano id  (N  =  84) 2 3 .7 + 6 .9 1 1 .4 + 4 .1 0.597
schizoaffective (N =  67) 26 .6 + 9 .1 14.8 +  8.5 0.195

L eo n h ard system atic  (N  =  117) 1 9 .6 + 6 .4 1 2 .4 + 5 .4 0.335
n o n  system atic  (N  =  71) 2 0 .0 + 5 .2 1 2 .4 + 6 .8 0.247
cycloid psychosis (N  =  68) 26.2 +  8.9 1 5 .0 + 8 .8 0.342
“ continuous”  (N  =  96) 18.6 +  4.5 13.1 +  6.1 0.190

S n esh n ev sk y “ shift-like”  (N  =  132) 2 1 .3 + 7 .0 11.9 +  5.4 0.604
“ recu rren t”  (N  =  61) 2 5 .9 + 8 .4 15.2 +  9.1 0.195

* m ea n  +  S. D .
(N  =  n u m b e r  o f p robands)

T h e  c h ild ren  of p ro b a n d s  w ere  n o t  included in  v iew  o f  th e ir  sm all nu m b er a n d  th e ir  
age. T h e  case  reco rds o f th e  p a re n ts  a n d  siblings o f p ro b a n d s  w ere eva lu a ted  regard less o f 
th e ir  age  o r  th e  d u ra tio n  of th e  fo llow -up  period . R e la tiv e s w ere  e v a lu a te d  in  th e  sam e w ay  as 
p ro b a n d s , w ith o u t  know ledge of th e  in s titu tio n a l d iagnosis o r th e  n a tu re  o f th e  re la tio n sh ip . 
I h a d  access  to  th e  d o c u m e n ta tio n  o f  9 1 %  of all th e  p a re n ts  a n d  siblings.

Table II

P r im a ry  da ta  fo r  threshold analysis o f  basic schizophrenia subtypes classified according to IC D -9

Schizophrenia subtypes 
according  to  ICD-9

No.
of p robands

P a re n ts  and siblings

Total W ith  schizophrenic psychoses

S C p SA

Sim ple (S) 18 55 2 _ _ _
C a ta to n ic  (C) 39 132 — 3 1 —
P a ra n o id  (P ) 84 290 1 l 10 2
S ch izoaffec tive  (SA) 67 257 1 — 3 4
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T he m o rb id ity  risks am ong  re la tiv es o f sch izophren ic  psychoses h a v e  been  discussed 
elsew here  [17, 18]. I t  su ffices to  m en tion  th a t  th e  risk  o f schizophrenia o f th e  re la tiv e s  accord­
ing  to  th e  c lassifications agreed  in  th e ir  tren d  w ith  th e  view s of accep ted  a u th o r i t ie s .  T his a t 
th e  sam e tim e ten d s to  confirm  th a t  th e  com piled  and  em ployed d iagnostic  sc h e m a ta  and  the 
d iagnoses them selves, a t lea s t cam e close to  th e  sp ir i t  a n d  p rescrip tions o f th e  th re e  separate  
nosologies.

T he em pirical (so-called  p rim ary ) d a ta  fo r sch izophren ia  am o n g st re la tiv e s  (Tables 
I I - I V )  were su b jec ted  to  m u ltip le -th resh o ld  ana ly sis  and  to  genetic h e te ro g e n e ity  te s t  w ithin 
th e  fram ew o rk  of th e  m u ltifac to ra l m odel o f  in h e ritan c e  [11, 12, 15]. T hese  te s ts  a re  suitable 
for d ec id ing  on the  a d eq u acy  o f a  given c lass ifica tio n  [12]. T he essence of th e  m u ltip le -th resh o ld  
s tra te g y  is th e  hyp o th esis  th a t  th e  liab ility  fo r a g iven  disease, m an ifes tin g  c lin ica lly  with 
v a rio u s  ty p es and  su b ty p e s , show s norm al d is tr ib u tio n  in th e  whole p o p u la tio n  as well as in 
th e  re la tiv e s  of th e  p ro b a n d s . In  th is re sp ec t l ia b ility  m eans the s im u lta n eo u s  presence of 
g en e tica l and  e n v iro n m en ta l fac to rs  w hich  lead  to  th e  appearence of th e  g iv e n  d isease. The 
v a rio u s  ty p es (an d  su b ty p e s , if  th ey  ex ist) m an ife s t them selves a t  v a rio u s  th re s h o ld  of the 
n o rm ally  d is tr ib u te d  lia b ility  curve. A ccording to  th e  m u ltip le -th resho ld  m e th o d , one of the 
tw o  ty p e s  of the  disease s tu d ied  is ju d g ed  to  be th e  “ n arro w ’4 form , d iffe rin g  g en o ty p ica lly  
m ore fro m  th e  p o p u la tio n  av erage  and being c lin ica lly  m ore severe th a n  o th e r  ty p es , called 
“ w id e”  form  in th is c o n te x t. T h is is the  basic p rin c ip le  o f th e  m a th e m a tic a l-s ta tis t ic a l  co m p u ta ­
tio n s  (for d e ta ils  see R efs [1, 11, 12]).

Table I I I

P rim a ry  data fo r  threshold analysis o f  schizophrenia
according to Leonhard

subtypes 
’s system

and cycloid psychoses classified

Nosological diagnoses
No.

of probands
T otal

Parents and sibs

W ith schizophrenic psychoses

SSY NSSY- CP

S y stem atic  schizophrenia (SSY) 117 405 9
N o n -sy stem atic  schizophrenia (NSSY) 71 244 5 10 3
Cycloid psychoses (CP) 68 263 1 3 8

Table IV

P rim a ry  data fo r  threshold analysis o f  schizophrenia subtypes classified according  
to Sneshnevsky's system

S ch izo p h ren ia  su b ty p es

P a ren ts an d  sibs

N o.
o f  p ro b an d s

T o ta l
W ith sch izo p h ren ic  p sy c h o se s

CS SS R S

C ontinuous (CS) 96 311 7 2
Shift-like  (SS) 132 4 5 4 3 31 l
R e cu rre n t (R S) 61 2 3 7 — 2 10

M u ltip le-th resho ld  ana ly sis  has becom e in creas in g ly  popu lar in p sy c h ia tr ic  re sea rch  to 
te s t  th e  p resum ed  m ode o f in h eritan ce  of m en ta l diseases [1, 2]. T he s ta r t in g  p o in t o f the 
p re se n t s tu d y  is sligh tly  d iffe ren t, in  th is p a p e r th e  m o st like ly  m u ltifac to ra l m o d e l o f  in h e rit­
ance w as ta k e n  as given on th e  basis o f th e  m o rb id ity  risks, a tte n tio n  be ing  c o n c e n tra te d  on 
th e  in te rre la tio n sh ip  o f th e  su b ty p e s  o f sch izophren ic  psychoses, w ith in  a g iv en  nosological 
sy s te m , i.e. te s tin g  th e  ad eq u a cy  of th e  th ree  c lassifica tions.

T h e  co m p u te r p ro g ram m e  was w ritte n  on  th e  basis o f the fo rm u la tio n s  o f R eich  et 
al. [11] an d  S m ith  [15] in  th e  In s t i tu te  o f P sy c h ia try , Moscow, and p rocessed  o n  a W ANG- 
2200 c o m p u te r. Surveys c a rried  o u t by  th e  D e p a r tm e n t o f E pidem iology of th e  sam e  In s ti tu te
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su p p lie d  th e  population  p re v a le n c e  o f  p a rticu la r su b ty p es . A s re g a rd s  th e  L eonhard  sy s te m , 
th e  a p p ro p r ia te  d a ta  were c o n s id e re d  on the  basis of L e o n h a rd ’s B erlin  surveys (L eo n h a rd , 
p e rso n a l  com m unication , 1981). T h e  h e r itab ility  (h2) v a lu e s  o f  th e  su b ty p es were c o m p u te d  
b y  th e  u su a l Falconer m eth o d  (fo r  d e ta ils ,  see Refs [11, 12]).

Table V

R esu lts  o f  multiple-threshold a n a ly s is  and test o f  genetic heterogeneity o f  some subtypes 
o f  schizophrenia according to IC D -9

ICD -9 schizophrenia
ICD-9 schizophrenia sub types (II)

subtypes (I)
s C P SA

S im ple h 2 =  0.93 X2( I) =  4.7 
x 2(II) =  8.4

x 2( I )  =  6.3 
x 2( I I )  =  26.0

x 2( I)  =  4.2 
x 2(I I )  =  18.4

C a ta to n ic  (C) r g =  0 h 2 =  0.75 x=( I )  =  5.1 
x 2( I I )  =  15.7

x 2( I) =  6.1 
x 2( I I )  =  15.3

P a ra n o id  (P ) r g =  0.35 гg =  0.25 h 2 =  0.53 x 2( I) =  5.2 
x 2(I I )  =  6.6

S ch izo affec tiv e  (SA) rg =  0.47 rg =  0 r g =  0.41 h 2 =  0.50

h 2 =  heritab ility ; r g =  g e n e tic a l correlation co effic ien t;
(rg does no t differ s ig n if ic a n tly  from  zero in any case a t  th e  5%  level)
C ontrolling the  h y p o th es is  o f  th e  same liability  c o n tin u u m  for tw o subtypes
(i.e . r„ =  1 betw een th e m ), u s in g  2 x 2  contingency ta b le s , th e  critical value of x 2 =  11.3
( p <  0.01)
I  =  values of x 2 for s u b ty p e s  lis ted  vertically an d  I I  =  v a lu es of x 2 for su b types lis ted  

h o r iz o n ta lly , as for the  “ n a rro w ”  fo rm  of the disease.

Results

T ables V I—VII sum  up  th e  com putation carried ou t for the three clinical 
sy ste m s. The Tables con ta in  n o t  only the results o f  m ultiple-threshold  analyses  
(x2/I  and  x 2/II) but also th e  heritability (h2) v a lu es  o f  the subtypes as w ell 
S m ith ’s correlation c o e ffic ien ts  (rg) expressing th e  degree of genetic h etero­
g e n e ity .

Table VI

R esults o f  m ultiple-threshold analysis and test o f  genetic heterogeneity referring to 
systematic and non-system atic  schizophrenias a n d  cycloid psychoses

Nosological diagnosis Nosological diagnosis according to Leonhard (II)
according to Leonhard

(h SSY N SSY CP

S y s te m a tic  schizophrenia (SSY) h 2 =  0.50 x 2( I )  =  35.9 x 2( I) =  16.5
x 2( I I )  =  11.8 x 2(I I )  =  17.9

IN o n -sy s te m a tic  schizophrenia (IN SS Y ) гg =  0.53* л h 2 =  0.77 x 2( I) =  4.3
x 2(I I )  =  24.2

C ycloid  psychoses (CP) гg =  0.02 r g =  0.50* h 2 =  0.60

* S ta tistica lly  s ig n ifican t d ifferences from zero a t  th e  5 %  level. 
F o r  explanations, see T a b le  V
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Table VII

Results o f  multiple-threshold analysis and test o f  genetic heterogeneity o f  basic subtypes o f  
schizophrenic psychoses according to Sneshnevsky’s system

Nosological diagnosis Nosological diagnosis according to  S neshnevsky (II)
according to Sneshnevsky

(I) CS SS RS

C ontinuous schizophrenias (CS) h= =  0.61 x ’( I)  = 40.9 x=( I) = 30.8
x 2(II)  = 17.2 X=(I1) = 14.4

Shift-like  schizophrenias (SS) гg 0.23 h 2 = 0.80 X=(I ) 31.5
X=(II) 31.3

.R ecurrent schizophrenias (KS) rg =  0 rg = 0.07 h- =- 0.82

F o r exp lanations see Table V

D iscussion

Owing to  the ten  schizophrenia subtypes of ICD-9, few  p a tien ts  could 
be classified  in the traditional su b typ es (sim ple, hebephrenic, catatonic, 
paranoid) th at were o f particular in terest. As a result, hebephrenia  was in 
fact le ft out o f the analysis. As T able У shows the heritab ility  o f  liab ility  for 
p sychosis (h2), it  is closely paralleled b y  an unfavourable clin ica l outcom e 
and resistance to therapy. The v a lid ity  o f  the heritahility figu res obtained is 
borne out b y  clinical experience, w hich show s that psychosocial factors have 
a great role in the sch izoaffective and paranoid schizophrenias (h 2 =  50 and 
53% , respectively). Bearing in m ind th e  sm allness of the sam ple, from  the rg 
va lu es it  m ay be presum ed th a t th e  genes responsible for th e  psychosis of 
p atien ts o f a given subtype are identical on ly  to a small ex ten t. T h e m ultiple- 
threshold  m odel refutes the possib ility  o f  a specific gene-constella tion  o f the 
IC D -9 schizophrenia subtypes. The h ypothesis that liab ility  w as th e  same, 
w as confirm ed for every case (x2/1 <  11.3 in every case). T hus, according to 
the m ultiple-threshold  m odel every su b typ e finds its place at variou s points 
o f the sam e liab ility-continuum , and their  m anifestations occur a t different 
thresholds. The sim ple subtype o f the h ighest heritability is the m ost “ narrow” 
form  : its  presumed genetic constella tion  is more likely to differ from  th e  popula­
tion  average, while the schizoaffective su b typ e of low h eritab ility , th e  “ broad­
est” disease-form , differs least in gene-structure from the p op u la tion  average. 
In  keeping w ith  the dem ands o f  th e  m odel, the outcom e is also clin ica lly  the 
m ost favourable in the latter case.

To sum  up, the tw o m odels (those o f  Reich et al. and Sm ith ) based 
on phenotyp ica l correlation have produced contradictory results inasm uch as 
th e  ex isten ce o f a specific and independent genotype for each su b typ e  was 
n ot unam biguously confirm ed. Two possib le explanations are suggested: (i )
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th e  clin ica l-psychopathologica l principles of the IC D -9 are adequate, but genet- 
ica l factors have no role, or o n ly  a small one, in  d efin in g  the subtypes; ( ii)  
one can  differentiate g en o ty p ica lly  between variou s subtypes w ithin th e  
sp ectru m  o f schizophrenic p sych oses but the IC D -9  clinical classification  
p rin cip les are inadequate, th a t  is  th ey  do not d ifferen tiate  on the basis o f genetic  
d ifferen ces but according to  o th er  psychopathological phenom ena th at lack  
a g en e tica l link. Bearing in  m in d  that there are n o  unam biguous biological 
in d ica to rs  (pathogenetic m arkers) for schizophrenia, one can only escape th e  
d ilem m a  at the p h en om en ologica l level, through an analysis of alternative  
c lin ica l system s using an id en tica l m ethodology. I t  is precisely this th a t  
su p p lies  the m ethodological advantages of the p resen t com parative stu d y . 
Id e n tic a l genetical a n a ly tica l m ethods are used on an  identica l patient popula­
t io n , th u s  making the various nosological system s, o f  schizophrenia com parable, 
in  p rin cip le  without d isto rtio n , a t least from the g en etica l point o f view . I am  
n o t aw are of any reported sim ila r  research in the p sych ia tr ic  genetic literature  
a ccessib le  to  me.

A nalysis of only th e  b a s ic  subtypes o f th e  L eonhard classification of 
sch izophrenias and cyclo id  (schizoaffective) p sych oses is reported here (Table 
V I). In  keeping with th e  ex p ec ta tio n s  of the L eonhard system , the heritab ility  
o f  th e  non-system atic su b ty p e  is the highest w hile th a t  o f  system atic sch izo­
p h rén ies is only 50% . In  th e  genesis of the la tter  Leonhard attributes an 
o u tsta n d in g  role to p sy ch o so c ia l factors. The rg unam biguously  indicates the  
g en o ty p ica l distinctness o f  cy c lo id  psychoses and sy stem a tic  schizophrenias. 
T he non-system atic group d isp la y s a considerable genotyp ica l overlap w ith  
b o th  other groups, as it  w ere a connecting link. M ultiple-threshold analysis, 
re jec tin g  the possibility o f  id en tica l liability, con firm ed  the separateness o f  
c y c lo id  psychoses and sy s te m a tic  schizophrenias (x 2[I] and [II] =  16.5 and  
17 .9 , respectively). There is n o  shared liability o f  sy stem a tic  and non-system atic  
sch izophrenia . It appears c lin ica l criteria are least ab le to  differentiate betw een  
n o n -sy stem a tic  forms and c y c lo id  psychoses, rg b e tw een  them  is high and the  
h y p o th es is  of identical l ia b il ity  is verified (x2[I] =  4.3 <  11.3). Thus, th e  
c lin ica l classification o f schizophrenias and gen etica l classifications are closer  
to  each  other on the basis o f  Leonhard’s nosological sy stem  than was the case  
for IC D -9.

Sneshnevsky’s is th e  th ird  classification su b jected  here to com parison. 
T a b le  Y II  shows that th e  th r e e  basic subtypes o f  schizophrenia coincide in  
th e ir  separateness according to  both  models, the c lin ica l grouping is presum ­
a b ly  backed  by subforms th a t  differ genetically, and th a t  are more hom ogeneous 
th a n  th ose  discussed ab ove.

T he relatively sm all sa m p le  is a shortcom m ing o f  th e  present in vestiga­
tio n , th e  results are therefore o f  a preliminary natu re; for the tim e being th ey  
o n ly  indicate trends. T he clin ical-genetic v a lid a tion  o f the classification o f
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schizophrenias em ploying th e  m ethods o f qu an tita tive genetics th u s suggests  
th a t (i) the course o f the illness and (ii)  the degree o f severity  o f  personality  
deterioration, that is the tw o basic classificatory criteria o f  S n esh n evsk y’s 
sy stem  produce subtypes th a t are more hom ogeneous genetically  th an  L eon­
hard’s system  based on scrupulous psychopathological observation  or the  
trad itional cross-sectional (syndrom atological) grouping o f the IC D -9 c lassifi­
cation .

A lthough their classification  principles are different, the p sych op ath o log­
ica l sim ilarity and overlap betw een the Leonhardian and Sneshnevskyan  
nosologies are striking. This fact explains the sim ilar results o f genetic analysis.

The present results are on ly  prelim inary, y e t th ey  give hope th a t , given  
a broadening of the research strategy , they  w ill inspire further in vestiga tion s. 
In  the long run, biological variables th a t can be used as p o ten tia l genetic  
m arkers (derm atoglypha, blood groups, nailfold capillary p attern , MAO 
en zym es, etc.) and greater precision in psychopathological analysis appear 
to  he essential.
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(R eceived  F e b ru a ry  4 , 1983)

G ilbert disease w as d iagnosed  in  a  15-year-o ld  boy on th e  b asis o f  th e  clinical 
p a tte rn  an d  th e  ch an g in g  d ru g -m etab o liz in g  c a p a c ity  o f th e  liv e r-en zy m e  a p p a ra tu s , 
w hich  w as d ru g -in d u ced .

K eyw ords! G ilb e rt disease, a n tip y r in e  half-life , D -glucaric  a c id  e lim in a tio n .

[Introduction

According to  th e  classical defin ition , chronic or recurrent, m ild , non- 
conjugated hyperbilirubinaem ia occurs in  G ilbert disease (G .d.), b u t liver func­
tion  and histology are norm al, and there is no haem olysis. I t  has, how ever, been 
discovered that haem olysis and G.d. do n o t exclude each other; in  som e patients  
abnorm al liver function  and bilirubin clearance m ay occur together w ith  hyper­
bilirubinaem ia ; even  m inor m orphological anom alies such as accu m u lation  of 
lipofuscin-like m aterial can be observed and m ay  even be characteristic [22, 23].

M any reports have show n th at in  G .d. the reduced a c t iv ity  o f  U D P - 
glucuronyl transferase w as responsible for th e  sym ptom s. M easurem ent o f the 
transferase a ctiv ity  alone cannot, how ever, be used as a d iagn ostic  test, 
because reduced levels have been observed also in other con d ition s such as 
chronic persistent h ep atitis , W ilson’s d isease, and haem olytic d isease [2, 4].

Thus the diagnosis w as based on th e  clinical picture, th e  liv er  biopsy, 
and w hen possible, determ ination  o f th e  liver bilirubin U D P -glucuronyl- 
transferase level.

W e report here the case o f a 15-year-old hoy, in w hom  th e  diagnosis 
w as confirm ed b y  th e  changing drug-m etabolizing capacity o f  th e  liv er  enzym e  
apparatus.

Send  o ffp rin t re q u es ts  to  Á gnes V árk o n y i, H -6701 Szeged, P .O . B o x  471 , H u n g a ry
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Patient and m ethods

T h e  15-year-old b ro th e r  o f  a  3-year-old boy  no w  u n d e r  gastroen tero log ical t r e a tm e n t  
b e ca u se  o f p rim ary  saccharose  m a la b so rp tio n  since e a rly  in fa n c y  — w as ad m itted  fo r ch eck -u p . 
T w o  y e a rs  before he h ad  d e v e lo p ed  jau n d ice  a fte r a  feb rile  illness w ith o u t any  p rev io u s t r e a t ­
m e n t.  S ince th en  he has h a d  r e c u r r e n t  episodes of jau n d ic e  w ith  fa tig ab ility , general d isco m fo rt, 
m ild  d ia rrh o e a , and h ead ach es.

O n  adm ission th e  a s th e n ic  p a tie n t’s he igh t w as 9 7 % , h is bod y  w eight 3 0% . A p a r t  
f ro m  ic te r ic  sclerae, no a b n o rm a li ty  w as found on p h y s ic a l ex am in a tio n . The liver a n d  sp leen  
w ere  n o t  enlarged.

F o r  confirm ation  of th e  d iag n o s is  an tipy rine  (18 m g /k g  o ra lly ) half-life in  sa liv a  a n d  th e  
e x c re tio n  o f D -glncaric acid  in  u r in e  were m easu red  a n d  th e se  exam inations w ere re p e a te d  
a f te r  tw o  weeks tre a tm e n t w i th  f lu m ec in e  (10 m g /k g /d ay ). (Z ixoryn®  G. R ich te r, B u d a p e s t.)  
T h e  r e s u l ts  are to  be seen in  T a b le s  I  an d  II.

Table I

A n tip y r in e  half-life in  the sa liva  and D-glucaric acid e lim ina tion  in  the urine o f  the
patien t and his parents

A ntipyrine half-life D-glucaric acid 
jj elimination

Z^M/g creatinine/24 к

P a tien t 22.3 15.1
Controls (n = 1 8 ) 7 .8 6 + 0 .7 4 33 .43+5.54
M other 23.2 33.6
F a th er 16.9 12.1
A dult controls in  l i te ra tu re

Clin. P h arm . T h e r. 1 7 ,179  (1976) 1 3 .5 8 + 0 .7 6

Values a re  m e a n  +  S.E.M.

Table II

A n tip yrin e  half-life , D -glucaric  acid, and serum b ilirub in level o f  the patient
and after induction

induction A fter induction

A ntipyrine half-life , h 22.3 14.9
D-glucaric acid  e lim in a tio n , fiHl/g

creatinine/24 h 15.1 60.0

Serum  b ilirub in , /(M /l, in d irect 76.9 less th a n  17.0

A t  th e  sam e tim e we d e te rm in e d  th e  serum  b iliru b in  leve l and  the  GOT a n d  G P T  
v a lu e s . F o r  weeks before, a n d  th e  t im e  of th e  ex am in a tio n s  th e  p a tie n t  was n o t rece iv ing  d ru g  
th e ra p y .

I n  o rd er to  assess th e  th e ra p e u t ic  effect, 10 m g /k g  f lu m ec in e  was given once a  w eek  
th r o u g h o u t  12 weeks. T he a b o v e -m en tio n ed  p a ram e te rs  w e re  m easu red  48 hours a f te r  a d ­
m in is t r a t io n  of the  d rug , 8 t im e s  a lto g e th e r. The re su lts  a re  su m m arized  in Table I I I .

F o r  m easuring th e  c o n c e n tra t io n  of D-glucaric acid  in  u r in e  we used  M arch’s m eth o d  [17] 
as m o d ifie d  b y  Sim ons e t al. [28].

A n tip y rin e  co n ce n tra tio n  w a s  m easured  acco rd ing  to  th e  m eth o d  of B rodie e t  al. [16].
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Table III
A ntipyrine  half-life  in  the saliva and D-glucaric acid elim ination  in the urine o f  the 

p a tien t during 12 weeks flu m ec in e  treatment

A ntipyrine half-life D-glucaric acid 
S tudy  weeks elim ination

/iM /g  c rea tin in e /2 4  h

1 10.9 20.9
2 6.3 14.1
3 12.1 26.7
4 14.7 31.6
6 13.0 32.8
8 6.5 42.2

10 7.9 38.9
12 6.7 37.0

Results

Blood counts: РСУ 0.41, Hb 132 g/1, reticu locytes 0.009, W BC 5.4 X 10°/l; 
baud 0.01, se 0.42, ly  0 .54, eo 0.03. Urine: protein , pus, sugar: n egative, ubg: 
norm al.

Serum bilirubin: 98; 67; 32.4; 71; 25.6 jttmol/l indirect; GOT: 8 U/l, 
GPT: 9.6 U/l, alkaline phosphatase: 66 U /l, th ym ol: 0.4 T U , to ta l protein: 
68 g/1, album in: 40.5 g/1, to ta l lipid: 5.9 g/1, cholesterol: 5.2 mmol/1, triglyceride: 
0.57 mmol/1, saccharose tolerance test: norm al. (Oral tests proved th a t there  
w as saccharose m alabsorption in the child’s m other and the m other’s sister.)

Se iron: 26.7 pmol/1, TIBC: 58.1 pmol/1, IgA : 1.1 g/1, IgM: 1.7 g/1, IgG- 
6.93 g/1, Coeruloplasmin: 59 U/l, direct Coombs: negative, indirect Coombs: 
n egative, w ith several foreign and own cells, RBC osm otic fragility  test:  
ft.46% -0.30%  NaCl; BBC  m orphology: norm al, ECG: normal, oral cholan­
giography: normal.

Tight and electron m icroscopy of liver b iop sy: in tact lobular structure, 
norm al arrangem ent o f  liver cells w hich are rich in glycogen (especially rosette  
form s). There is a considerable am ount o f nuclear glycogen consisting exc lu ­
sively  o f m onoparticular glycogen and diastase-resistant PA S-positive nuclear 
inclusions are seen. The m ass o f rough-surface endoplasm ic reticulum  de­
creased, that o f  sm ooth reticulum  increased. There were sporadic g iant m ito ­
chondria, occasionally w ith  paracrystalline structures in them . In som e liver  
cells there were num erous lipofuscin granules, m an y  o f them  containing lipid  
drops.

On the vascular pole o f  the liver cells the cell mem brane was fla tten ed  
out, otherwise no change could be detected . In  som e liver cells sm all lipid  
drops could be observed, w’hile the K upffer cells showed advanced fa tty  
degeneration. A t som e portal sites there was sligh t m esenchym a cell prolifera­
tion  (Figs 1, 2, 3).
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F ig . 1. L ig h t m icroscopic p ic tu re  o f liv e r b io p sy  specim en. T h e  h ep a to cy te s  c o n ta in  especially  
n e a r  th e  bile ducts m uch  lip o fu sc in  (b lack  g ranu les). In  som e h ep a to cy te s  th e re  a re  sm all f a t  
v a c u o le s ;  tw o K upffer cells a re  e n tire ly  filled  w ith  f a t  vacuo les . H a lf-th in  sec tion , m e th y len e  

b lu e  a n d  basic  fu ch sin  s ta in in g , X 1400

F ig . 2. E lec tro n  m icroscopic p ic tu re  o f  liv e r b iopsy  specim en . I n  th e  cell nuclei n u c le a r  glycogen. 
A m o n g  th e  m itochondria  th e  c y to p la sm  of th e  h e p a to cy te s  co n ta in s m uch  glycogen . X 5000
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Fig. 3. E lec tro n  m icroscopic p ic tu re  o f liver b iopsy  spec im en . P a r ts  of two a d ja c e n t h e p a to cy te s . 
T h e  lipofuscin-like  p ig m e n t co n ta in s a large lip id  d ro p . T here  is p a rac ry sta llin e  fo rm a tio n  in

a g ian t m ito ch o n d rio n . X 27 000

1 5 y e a r  3 y e a r

Fig. 4. E nzym e a c tiv ity  in  th e  fam ily  exam ined

Discussion

G ilbert and L ereboullet’s paper published  in 1901 (cit. [2]) provoked  
m any discussions la ter when the m etabolism  o f bilirubin had b ecom e fu lly  
know n. The question  w as then raised w hether the cases reported b y  these  
authors were really w h at is now called G .d. [26] or whether th e  d isease w as 
a separate en tity  [1].

The appearance o f  several papers [10] and a book [22] prove th a t the  
disease is none too  rare, but it is not a lw ays recognized.

I t  m ay be m isleading th at the m ild hyperbilirubinaem ia is recognized  
often  on ly  after a febrile illness [26], after drug therapy [11], or in  h aem olytic
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stress [22]; the picture is o ften  com plicated b y  system ic sym ptom s, w h ich , 
accord ing  to  some authors, are independent o f  th e  pigm ent disturbance and  
appear m ostly  in neurotic p atien ts [26]. In  our case, too, there were several 
sy stem ic  com plaints, w hich  how ever could not en tirely  be attributed  to  th e  
p a tie n t’s awareness o f  th e  disease.

In  G.d. spontaneous flu ctu ation s of non-conjugated  hyperbilirubinaem ia  
occur, w hich  make th e  diagnosis difficult. The flu ctu ation  is in fluenced  b y  
m a n y  factors, thus b y  p h ysica l exertion, em otion a l excitem ent, in fection s, 
and alcohol; recently even  a reciprocal connection  was found betw een calory  
in ta k e  and the serum  bilirubin  level [8]. In  sp ite  o f  the fluctuation  th e  b ili­
rub in  lev e l does not u su a lly  rise above 100 jumol/1. In  our case flu ctu a tio n s  
b etw een  norm al values and 98 /nmol/l were observed .

T here is no specific  m ethod  for the dem onstration  of G.d. W e h ave  
con firm ed  the diagnosis by liver biopsy and by m easuring the a ctiv ity  o f  n on ­
sp ec ific  drug-m etabolizing enzym es [19, 20, 21].

I t  is known th a t changes in  the liver tissu e  cannot always be observed  
b y  lig h t  m icroscopy. There is no sign of necrosis or biliary retention. D ep o si­
tio n  o f  a lipofuscin-like substance [12] as in  our case m ay be characteristic. 
A  num ber o f ultrastructural abnorm alities have also been detected [18, 24], 
and w ith  m orphom etric exam inations even sign ifican t abnorm alities have been  
fou n d , b u t th ey  are characteristic not only o f  G .d. [12].

In  our case th e  m orphological picture w as nearly  identical w ith  th a t  
described  in  G.d. [7, 9, 13, 25, 27, 29]. The lipofuscin-like pigm ent, w h ich  is 
considered  m ost characteristic, but which often  contains lipids, h ypertrophy  
o f th e  sm ooth-surfaced endoplasm ic reticulum  and flatten in g  o f th e  vascu lar  
pole o f  th e  hepatocytes w ere clearly discernible as w ere also the m itochondrial 
changes. To our know ledge th e  m orphological p icture o f  G.d. does not include  
such  changes as the very  pronounced fa tty  degeneration  of Kupffer cells in  
our case and the presence o f a num ber of nuclear inclusions, which la tter  proved  
to  be m ostly  m onoparticular glycogen and in  a sm all proportion d iastase- 
resista n t P A S-positive m atter.

T able I shows th e  half-life o f antipyrine and the values of D -glucaric  
acid excretion  in the fam ily  m embers exam ined. T able II  shows the changes  
o f th e  above-m entioned  param eters as a result o f  flum ecine treatm ent, w hich  
caused  a marked decrease in  the serum bilirubin level.

T h e antipyrine half-life  and D -glucaric acid va lu es are seen in T able I I I . 
The d ata  seem  to support th e  therapeutic va lue o f  flum ecine if  it  is considered  
feasib le  depending on th e  specific  condition.

T he liver tests were w ith in  norm al lim its during treatm ent.
D -g l ucaric acid is th e  end product o f  glucuronic acid m etabolism , and  

th u s its  changes ind icate the glucuronizing cap acity  o f  the liver. The glucuronic  
acid  p a th w a y  includes also enzym es not in vo lved  in  drug m etabolism , so en-
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z y m e  i n d u c t i o n  c a n n o t  b e  c a l c u l a t e d  w i t h  c e r t a i n t y  f r o m  t h e  i n c r e a s e  i n  D -  

g l u c a r i c  e l i m i n a t i o n  a l o n e  [ 1 5 ] .

O w i n g  t o  i t s  p h a r m a c o k i n e t i c  a n d  m e t a b o l i c  p r o p e r t i e s ,  a n t i p y r i n e  i s  

s u i t a b l e  f o r  a s s e s s i n g  t h e  c a p a c i t y  o f  t h e  m i c r o s o m a l  e n z y m e s  o f  t h e  l i v e r .  

I t s  e l i m i n a t i o n  d e p e n d s  e n t i r e l y  o n  i t s  m e t a b o l i s m  i n  t h e  l i v e r ;  t h u s  t h e  h a l f -  

l i f e  o f  p l a s m a  a n t i p y r i n e  r e f l e c t s  t h e  f u n c t i o n  o f  t h e  m i c r o s o m a l  e n z y m e s .  

A s  a n t i p y r i n e  d o e s  n o t  b i n d  t o  t h e  p l a s m a  p r o t e i n s  b u t  i s  e v e n l y  d i s t r i b u t e d  

i n  t o t a l  b o d y  w a t e r ,  s a l i v a  i s  a l s o  s u i t a b l e  f o r  m e a s u r i n g  t h e  c o n c e n t r a t i o n  

o f  t h e  d r u g  [ 2 1 ] .  T h u s ,  r e p e a t e d  h o s p i t a l i z a t i o n  o f  t h e  p a r e n t s  o r  t h e  c h i l d  

w a s  n o t  n e c e s s a r y  f o r  t h e  e x a m i n a t i o n .

I n  o u r  c a s e  t h e  m a r k e d  s h o r t e n i n g  o f  t h e  a n t i p y r i n e  h a l f - l i f e ,  w h i c h  

w a s  p r o l o n g e d  b e f o r e  f l u m e c i n e  t r e a t m e n t ,  t h e  i n c r e a s e d  e l i m i n a t i o n  o f  D -  

g l u c a r i c  a c i d  a n d  t h e  c h a n g e  i n  t h e  b i l i r u b i n  l e v e l  h a v e  p r o v i n g  f o r c e  i n  s p i t e  

o f  t h e  f a c t  t h a t  w e  k n o w  o f  c a s e s  i n  w h i c h  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  a n t i ­

p y r i n e  h a l f - l i f e  w a s  f o u n d  i n  G . d .  p a t i e n t s  a s  c o m p a r e d  w i t h  c o n t r o l s  [ 3 1 ] .

T w o  m o n t h s  b e f o r e  t h e  d e t e r m i n a t i o n  o f  a n t i p y r i n e  h a l f - l i f e  g a v e  p h e n o -  

b a r b i t u r a l  f o r  e n z y m e  i n d u c t i o n  w i t h  a s  a  f i r s t  a p p r o a c h ,  i n  t h e  c o u r s e  o f  

w h i c h  t h e  s e r u m  b i l i r u b i n  l e v e l  f e l l  f r o m  9 8  p m o l / 1  t o  2 5 . 6  p m o l / 1  i n  4 8  h o u r s .  

T h i s  c o u l d  a l s o  b e  c o n s i d e r e d  d i a g n o s t i c ,  a l t h o u g h  o w i n g  t o  f l u c t u a t i o n s  o f  t h e  

s e r u m  b i l i r u b i n  l e v e l  a  c h a n c e  c o i n c i d e n c e  m a y  a l s o  h a v e  o c c u r r e d .

T h e  h a l f - l i f e  o f  a n t i p y r i n e  i n  t h e  m o t h e r ,  c o m p a r e d  w i t h  t h e  n o r m a l  

v a l u e s  g i v e n  i n  t h e  l i t e r a t u r e  [ 2 1 ] ,  s h o w e d  m o d e r a t e l y  p r o l o n g e d  d r u g  m e t a b o ­

l i s m .  I n  t h e  f a t h e r  t h e  h a l f - l i f e  o f  a n t i p y r i n e  w a s  a t  t h e  u p p e r  l i m i t  o f  n o r m a l  

( F i g .  4 ) .  H e  c o m p l a i n e d  o f  c l i n i c a l  s y m p t o m s  f r o m  t i m e  t o  t i m e ,  b u t  s o  f a r  

t h i s  h a s  n o t  b e e n  s u b s t a n t i a t e d  b y  l a b o r a t o r y  r e s u l t s .

T h e  s a c c h a r o s e  m a l a b s o r p t i o n  i n  t h e  m o t h e r  d e s e r v e s  a t t e n t i o n  i n  v i e w  

o f  t h e  p r o l o n g e d  a n t i p y r i n e  h a l f - l i f e ,  e v e n  i f  w e  t a k e  i n t o  c o n s i d e r a t i o n  t h a t  

i n  a d u l t s  t h i s  v a l u e  i s  l o n g e r  t h a n  i n  c h i l d r e n .  I t  s e e m e d  t h e r e f o r e  t h a t  t h e  

m o t h e r  i s  t h e  c a r r i e r  o f  b o t h  a b n o r m a l  g e n e s .  I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  G . d .  

i s  a  g e n e t i c a l l y  d e t e r m i n e d  d i s e a s e  [ 1 ] ,  w i t h  a u t o s o m a l  d o m i n a n t  i n h e r i t a n c e .  

I t  w o u l d  t h e r e f o r e  b e  i n t e r e s t i n g  t o  k n o w  t h e  b i l i r u b i n  U D P - g l u c u r o n y l  t r a n s ­

f e r a s e  e n z y m e  f u n c t i o n  i n  t h e  y o u n g e r  c h i l d .  T h i s  h a s ,  h o w e v e r ,  n o t  b e e n  

e x a m i n e d  f o r  l a c k  o f  c o o p e r a t i o n  i n  g a t h e r i n g  s a l i v a .  T h e  i n c i d e n c e  o f  i n b o r n  

s a c c h a r o s e  d e f i c i e n c y  i s  n o t  f u l l y  k n o w n  ( 0 . 2 —1 0 % ) ;  i t  i s  i n h e r i t e d  b y  a u t o s o m a l  

r e c e s s i v i t y  [ 1 4 ] .

T o  o u r  k n o w l e d g e  a n t i p y r i n e  h a l f - l i f e  a n d  D - g l u c a r i c  a c i d  e l i m i n a t i o n  

h a v e  n o t  b e e n  e x a m i n e d  s i m u l t a n e o u s l y  p r e v i o u s l y ,  e s p e c i a l l y  n o t  b e f o r e  a n d  

a f t e r  e n z y m e  i n d u c t i o n .
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EFFECT OF PROSTACYCLIN ON THE MIXED 
FUNCTION MICROSOMAL OXIGENASE SYSTEM IN

THE RAT LIVER

G .  A .  B á l i n t , Á .  P a p , G i z e l l a  K a r á c s o n y , V .  V a r r ó , I .  S z a b ó 1

F I R S T  D E P A R T M E N T  O F  M E D I C I N E  A N D  1 I N S T I T U T E  O F  E X P E R I M E N T A L  S U R G E R Y ,  

U N I V E R S I T Y  M E D I C A L  S C H O O L , S Z E G E D ,  H U N G A R Y

(R eceived  M ay 24, 1983)

T he m icrosom al f ra c tio n  of th e  liver w as s tu d ied  fo r p ro te in  a n d  cy tochrom e 
P 450 c o n te n ts  as w ell as fo r am in o p y rin e-N -d em eth y lase  a n d  an ilin e-h y d ro x y lase  
a c tiv ity  a n d  fo r i ts  B IC  sp ec tru m  u n d e r  th e  effec t o f PG—I 2 t r e a tm e n t.  A  sign ifican t 
increase  w as fo u n d  in  th e  cy to ch ro m e P 450 c o n te n t a f te r  sh o r t  te rm  t r e a tm e n t,  while 
c o n tin u a tio n  o f P G - I 2 a d m in is tra tio n  caused  a s ig n ifican t a n d  long  la s tin g  decrease 
o f cy tochrom e P 450. A fte r p ro longed  ap p lica tio n  o f P G -I„  th e  an ilin e-h y d ro x y lase  
co n te n t decreased  s ig n ifican tly , while th e  am in o p y rin e-N -d em cth y lase  enzym e show ed 
no change. T h e  B IC  sp e c tru m  a fte r  80 days i ’G 12 tre a tm e n t s ig n ific a n tly  decreased 
in  th e  431-432  n m  reg ion , correspond ing  to  th e  decrease o f cy to ch ro m e  P 450. Long 
te rm  P G - I ,  a p p lic a tio n  cau sed  no d e tec tab le  u l tra s tru c tu ra l  changes in  th e  liver.

j K eyw ords: m ix ed  fu n c tio n  oxigenases, p ro stacy c lin , r a t ,  liver

A bbrev ia tio n : M FO : m ixed  fu n c tio n  ox igenases; P G - I 2: p ro s ta cy c lin ; B IC : 
b u ty liso cy an id e ; S E R : sm o o th  endoplasm ic re ticu lu m ; G E R : g ra n u la te d  endoplasm ic 
re ticu lum

I n t r o d u c t i o n

T h e  i n t e n s i t y  o f  t o x i c  m a n i f e s t a t i o n s  o f  a  d r u g  d e p e n d s  f i r s t  o f  a l l  o n  t h e  

d o s a g e  a n d  t h e  d u r a t i o n  o f  t r e a t m e n t .  A c t i v i t i e s  o f  t h e  h e p a t i c  d e t o x i c a t i n g  

e n z y m e s  o r  M F O  d e t e r m i n e  t h e  n a t u r e  a n d  f a t e  o f  d r u g s  i n  t h e  a n i m a l  o r ­

g a n i s m  [ 7 ] .

E x p o s u r e  o f  m a m m a l s  t o  d r u g s  m a y  r e s u l t  i n  a n  i n c r e a s e  i n  t h e  s i z e  o f  

t h e  l i v e r .  T h e  i n c r e a s e  i s  a c c o m p a n i e d  b y  a n  i n c r e a s e  i n  t h e  s y n t h e s i s  o f  p r o t e ­

i n s ;  t h i s  o c c u r s  m o s t l y ,  b u t  n o t  e n t i r e l y  i n  t h e  S E R  o f  t h e  h e p a t o c y t e s .  T h e s e  

a l t e r a t i o n s  i n  h e p a t i c  u l t r a s t r u c t u r e  a n d  b i o c h e m i s t r y  i n c r e a s e  t h e  c o n c e n t r a ­

t i o n  o f  M F O  i n  m i c r o s o m e s  i n  t h e  S E R .

T h e  t h r e s h o l d  d o s a g e  f o r  i n d u c t i o n  o f  M F O  d e p e n d s  o n  t h e  c h e m i c a l  

n a t u r e  o f  t h e  i n d u c e r  a n d  o n  t h e  m o d e  o f  a d m i n i s t r a t i o n .  A l t h o u g h  a  l a r g e

Send o ffp rin t re q u es ts  to  G. A. B a lin t, P .O . B ox  469, H -6701 Szeged, H u n g a ry
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n u m b e r  o f  c o m p o u n d s  o f  d i f f e r e n t  m o l e c u l a r  t y p e s  m a y  i n c r e a s e  t h e  a c t i v i t y  

o f  t h e  s a m e  e n z y m e - s y s t e m ,  t h e r e  a r e  a  n u m b e r  o f  e n z y m e s  w h i c h  a r e  i n c r e a s e d  

b y  a  c e r t a i n  c l a s s  o f  c o m p o u n d s  b u t  n o t  b y  o t h e r s .  U l t r a s t r u c t u r a l l y ,  t h e  i n ­

c r e a s e  i n  S E R - m e m b r a n e s  i s  r e f l e c t e d  i n  a n  i n c r e a s e  i n  n u m b e r  a n d  s i z e  o f  

m i c r o s o m a l  c o m p o n e n t s  s u c h  a s  p r o t e i n s ,  e n z y m e s ,  e t c .  [ 1 5 ] .

A  m o d e r a t e  e n l a r g e m e n t  o f  t h e  l i v e r ,  i . e .  o f  t h e  i n d i v i d u a l  h e p a t o c y t e s ,  

i s  b e n e f i c i a l  i f  i t  i s  t h e  r e s u l t  o f  a n  i n c r e a s e  o f  S E R  a n d  M F O  [ 1 6 ] .

T h e  e x c e s s  o f  S E R ,  f o r m i n g  t i g h t l y  p a c k e d  c l u s t e r s  o f  t u b u l a r  m e m b r a n e s  

w i t h  n o  g l y c o g e n  a n d  l i t t l e  h y a l o p l a s m  t o g e t h e r  w i t h  d a m a g e d  m i t o c h o n d r i a l  

m e m b r a n e s ,  m a y  b e  c o n s i d e r e d  a  c r i t e r i o n  o f  t o x i c  i n j u r y  [ 4 ] .

T h e  h y p e r t r o p h y  a n d  g r o w t h  o f  S E R  m a y  i n v o l v e  d i f f e r e n t  p r o c e s s e s .  

T h e  g r o s s  p r o t e i n  s y n t h e s i s  w h i c h  g o e s  i n  p a r a l l e l  w i t h  t h e  i n c r e a s e  i n  M F O  

a c t i v i t y  i n  t h e  e a r l y  s t a g e s  o f  i n d u c t i o n  p r o b a b l y  c o m p r i s e s  c h a n g e s  i n  t h e  

r a t e s  o f  s y n t h e s i s  o f  m a n y  p r o t e i n s  [ 6 ] .

S i n c e  m i c r o s o m a l  e n z y m e s  f o r m  a  s m a l l  p a r t  o f  t o t a l  c e l l  p r o t e i n s ,  e v e n  

m a r k e d  c h a n g e s  i n  t h e i r  r a t e s  o f  s y n t h e s i s  c a n n o t  a c c o u n t  f o r  t h e  g r o s s  c h a n g e s  

i n  p r o t e i n  s y n t h e s i s  a n d  v i c e  v e r s a .  M o r e o v e r  s o m e  o f  t h e  i n d u c e r s ,  f o r  e x a m p l e  

p h é n o b a r b i t a l ,  h a v e  a  s m a l l  b u t  s i g n i f i c a n t  e f f e c t  a t  t h e  r i b o s o m a l  a n d  n u c l e a r  

l e v e l  t o o  [ 1 0 ] .

C o n s i d e r i n g  t h a t  P G —1 2 i s  o n e  o f  t h e  p o s s i b l e  f u t u r e  d r u g s ,  a n d  w e  h a v e  

p r e s e n t e d  d a t a  s u g g e s t i n g  i t s  i n t e r a c t i o n  w i t h  p r o t e i n - s y n t h e s i s  [ 1 ,  2 ] ,  i n  t h e  

p r e s e n t  w o r k  t h e  e f f e c t  o f  P G —1 2 t r e a t m e n t  o n  t h e  M F O  s y s t e m  a s  a  m o d e l  

e x p e r i m e n t ,  h a s  b e e n  s t u d i e d .

f M aterials and methods

tar
P T F em ale  W is ta r  ra ts  w eigh ing  2 2 0 -2 7 0  g were used . E ith e r  on  th e  sam e d a y  or 24 h o u rs  

a f te r  th e  l a s t  tre a tm e n t w ith  P G —12 th e  an im als  were sac rificed , th e ir  liv e r  w as rem o v ed  and  
p ro c essed  fo r  th e  p re p ara tio n  of m ic ro so m a l frac tio n  b y  P a p ’s m e th o d  as described  earlie r [12, 
13, 14]. C y to ch ro m e  P 450 w as m ea su re d  acco rd in g  to  O m ura  a n d  S ato  [11], m icrosom al p ro te in  
a c c o rd in g  to  L ow ry  e t al. [8]. A n ilin e -h y d ro x y lase  a c tiv ity  w as e s tim a te d  b y  m easu rem en t o f 
th e  fo rm e d  p-am inopheno l, a cco rd in g  to  Im a i e t al. [5], a m in o p y rin e -N -d em eth y lase  a c tiv ity  
b y  t h a t  o f  fo rm ald eh y d e , acco rd ing  to  N a sh  [9]. In v estig a tio n  o f B IC  sp e c tru m  w as pe rfo rm ed  
a cc o rd in g  to  P a p  and  Szarvas [14].

Im m e d ia te ly  a fte r rem o v a l o f  th e  liv e r , specim ens fro m  th e  r ig h t lobe w ere ta k e n  for 
e lec tro n -m ic ro sco p ic  in v es tig a tio n .

T h e  rem o v ed  liver specim ens o f  a b o u t  1 m m 3 in  v o lu m e w ere fix ed  a t  0 -4  °C in  4 %  
g lu ta ra ld e h y d e  and  1%  o sm iu m te tro x id e  so lu tion  w ith  0.15 M p h o sp h a te -b u ffe r  as so lven t. 
T h e y  w e re  d e h y d ra te d  in  an  ascen d in g  a lco h o l series, an d  s ta in e d  w ith  u ra n y l-a c e ta te  d issolved 
in  7 0 %  e th a n o l ,  em bedded  in  A ra ld ite  a n d  s ta in ed  w ith  le a d  c itra te . Sections w ere c u t  w ith  
a  R e ic h e rt-u ltra m ic ro to m e  an d  s tu d ie d  b y  a  Tesla 500 BS e lec tro n  m icroscope.

A  s to c k  so lu tion  of P G —I» (1 m g /m l) w as m ade u p  fresh ly  in  0.05 M T ris-b u ffe r, p H  9.6. 
D ilu tio n s  w ere  m ade im m ed ia te ly  p r io r  to  u se  in  ice-cold iso to n ic  so d iu m -b ica rb o n a te  so lu tion , 
a n d  g iv e n  e ith e r  orally  b y  g a s tr ic  tu b e  o r in tra p e rito n ea lly , in  a  single dose of 100 /tg/kg. 
T h e  c o n tro l  an im als received  n o rm a l sa lin e  in  a p p ro p ria te  am o u n ts .

W ith in  each  an im al g ro u p  m e a n  ±  S.E.M . w as c a lcu la ted . S ta tis tic a l analysis vs. 
th e  c o n tro l  g ro u p  was perfo rm ed  w ith  S tu d e n t’s t-te st. S ig n ifican t d ifferences w ere assum ed 
w h en  th e  p ro b a b ili ty  was less th a n  5 % .
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R esu lts

E x p e r i m e n t a l  r e s u l t s  a r e  s u m m a r i z e d  i n  T a b l e s  I ,  I I  a n d  I I I .  

A c c o r d i n g  t o  t h e  p r e s e n t  r e s u l t s  P G —1 2 t r e a t m e n t  h a d  a  d o u b l e  e f f e c t  

o n  M F O .

S h o r t l y  a f t e r  P G —1 2 a d m i n i s t r a t i o n  t h e  a m o u n t  o f  c y t o c h r o m e  P 450 

w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  c o n t r o l  a n i m a l s .  C o n t i n u i n g  t h e  d a i l y  

P G — 1 2 a d m i n i s t r a t i o n  t h e  a m o u n t  o f  c y t o c h r o m e  P 4 5 0  d e c r e a s e d ,  f i r s t  t o  t h e

Table I

Effect o f  prostacyclin  on the mixed fu n ctio n  m icrosom al oxigenase system in the rat liver 
Group I .  Short term treatm ent

T r e a t m e n t  
3 X 100 / /g /k g  

i .p .  d a i ly
n

B o d y  w e ig h t  
g

L iv e r  w e ig h t  
g

M ic ro s o m a l  
p r o t e i n ,  

m g /g  w e t  l i v e r

C y to c h ro m e  P 450 
n m o l/m g  

m ic ro s o m a l  p r o t .

C y to c h r o m e  P 450 
n m o l /g  w e t  l iv e r

Control 28 214 +  5.1 7.27 +  1.26 22.65 +  1.64 0.763 +  0.143 16.829 +  2.093

1 4 -  (0)1 
1 +  (1)

8
8

235 +  6.3 
2 2 5 + 7 .8

6.72 +  0.98 
6 .37+ 1 .17

24.95 +  1.05 
22.43 +  1.49

0.680 +  0.162 
1.232+0.490**

1 6 .9 2 3 + 4 .1 0 0  
27.418 +  2.169**

3 +  (0) 
3 +  ( l )

8
8

228 +  8.9 
2 6 8 + 7 .0

8.91 +  1.83 
9 .5 2 + 0 .6 6

2 2 .6 0 + 2 .0 3
2 2 .7 5 + 0 .8 4

0.828+0.229 
0.637 +  0.035

18.681 +  3.564 
14.484 +  1.798

7 +  (0) 
7 +  ( l )

8
8

2 3 7 + 5 .9
2 4 5 + 6 .9

8.90 +  1.14 
7 .95+ 1 .49

16.71 +  0.60 
2 2 .6 7 + 1 .3 2

0.858+0.222
0.401+0.040**

14.242 +  4.160 
8.923 +  1.669**

9 - f  (0) 8 2 0 7 + 4 .9 8 .64+ 1 .08 28.28 +  1.39 0.270 +  0.039** 7 .4 2 6+ 0 .819**

m ean  +  S.E.M .
* *  P  <  0.01 vs. con tro l 
n  — n u m b er o f ra ts
1 =  f irs t  n u m b er: d u ra tio n  o f t re a tm e n t in d a y s ; 

n u m bers in pa ren th eses : (0) sacrifice on  sam e 
(1) sacrifice 24 h o u rs

d ay ,
a f te r  las t trea tm en t.

Table 11

Effect o f  prostacyclin on the m ixed fu n ctio n  microsom al oxigenase system  
Group I I .  Long term treatm ent

in  the rat liver

T r e a t m e n t  
1 00  / /g /k g  

p .o .  
d a i ly

n
B o d y  w e ig h t  

g
L iv e r  w e ig h t  

g

M ic ro s o m a l
p r o t e in

m g /g  w e t  l i v e r

C y to c h ro m e  P 460 
n m o l/m g

m ic ro s o m a l  p r o t .

C y to c h r o m e  P 45,  
n m o l /g  w e t  l i v e r

Control 15 2 6 4 + 8 .6 9 .3 2 + 0 .7 9 24.18 +  0.62 0 .522+0.018 12.528 +  0.279

ОЭ о 15 261 +  7.9 9 .1 8 + 0 .9 2 24.70 +  0.35 0.453 +  0.015* 11 .154+ 0 .343*

m ean 4; S.E .M .
* P  <  0.05 vs. co n tro l 
n  =  n u m b er o f ra ts
1 =  f ir s t  n u m b er: d u ra tio n  of trea tm e n t in d ay s;

n u m b er in  p a ren th eses : (1) sacrifice 24 h o u rs  a f te r  last trea tm e n t

A c ta  M e d ic a  H u n g a r ic a  4 1 t  1 9 8 4
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n o r m a l  l e v e l ,  a n d  a f t e r  o n e  w e e k  t r e a t m e n t  s i g n i f i c a n t l y  b e l o w  i t .  T h i s  f i n d i n g  

i s  i n  c o m p l e t e  a g r e e m e n t  w i t h  o u r  p r e v i o u s  r e s u l t ,  i n  t h a t  f i r s t  P G - I 2 s h o r t e n s  

t h e  b a r b i t u r a t e  s l e e p i n g  t i m e ,  t h e n  a f t e r  a  f e w  d a y s  t r e a t m e n t  t h i s  e f f e c t  d i s ­

a p p e a r s  [ 3 ] .  T h e  s u b n o r m a l  l e v e l  o f  c y t o c h r o m e  P 4 5 0  s e e m e d  t o  p e r s i s t  a s  e v e n  

a f t e r  8 0  d a y s  t r e a t m e n t  i t  w a s  s t i l l  s i g n i f i c a n t l y  b e l o w  t h e  n o r m a l  l e v e l .

I t  s e e m s  t h a t  t h e  f i r s t  p h a s e  o f  t h e  e f f e c t  i s  d u e  t o  a  q u i c k  r e s p o n s e  o f  t h e  

l i v e r ,  e i t h e r  w i t h  a  r a p i d  e n h a n c e m e n t  o f  s y n t h e s i s  o r  a  d e p l e t i o n  o f  t h e  s t o r e d  

e n z y m e .  L a t e r  a  p l a t e a u  b e l o w  t h e  n o r m a l  v a l u e  i s  r e a c h e d ,  i n d i c a t i n g  a  n e w  

s t e a d y  s t a t e .  I t  i s  n o t  c l e a r  w h y  t h e  n e w  l e v e l  i s  l o w e r  t h a n  t h e  n o r m a l  o n e ,  

w h e t h e r  i t  i s  d u e  t o  a n  e n h a n c e d  b r e a k d o w n  o r  a  d i m i n i s h e d  r a t e  o f  s y n ­

t h e s i s .

Table I I I

E ffe c t o f  prostacyclin on the m ixed  fu n ctio n  microsomal oxigenase system in  the rat liver

T re a tm e n t
1 0 0  / i g /k g  

p . o .  
d a i l y

n
B o d y  w e ig h t  

g
L iv e r  w e ig h t  

g

A m in o p y r in e -  
N - d e m e th y la s e ,  

n m o l /g  l iv e r /3 0  m in  
f o r m a ld e h y d e

A n i l i n e - h y d r o x y la s e ,  
n m o l/g  l i v e r /3 0  m in  

p - a m in o p h e n o l

C o n tro l 8 2 5 2 + 6 .8 8 .64+1.13 1352.86 +  75.80 2 8 7 .8 6 + 1 3 .4 9

80 +  ( l ) 1 8 2 4 8 + 6 .1 8.39 +  1.19 1313 .75+67.80 2 5 6 .8 8 +  8.18*

m e a n  +  S.E.M.
* P  <  0.05 vs. contro l 
n  =  n u m b er of ra ts
1 =  f i r s t  num ber: d u ra tio n  o f  t re a tm e n t in  d ay s;

n u m b er in  p a ren th eses : (1) sacrifice 24 h o u rs  a f te r  la s t trea tm e n t

D u r i n g  P G - I 2 t r e a t m e n t ,  w h e t h e r  s h o r t  o r  p r o l o n g e d ,  a m i n o p y r i n e - N -  

d e m e t h y l a s e  s h o w e d  n o  c h a n g e ,  w h i l e  o n  i t s  p r o l o n g e d  a p p l i c a t i o n  a n i l i n e -  

h y d r o x y l a s e  d e c r e a s e d  s i g n i f i c a n t l y .

T h e  B I C  s p e c t r u m  i n  t h e  4 3 1 - 4 3 2  n m  r e g i o n  d e c r e a s e d  s i g n i f i c a n t l y  

a f t e r  8 0  d a y s .  T h i s  t y p e  o f  c h a n g e  c o r r e s p o n d s  t o  t h e  d e c r e a s e  o f  c y t o c h r o m e  

P 4 5 0 ,  w h i l e  t h e  u n c h a n g e d  s p e c t r u m  a t  t h e  4 5 5 —4 5 6  n m  r e g i o n  i n d i c a t e s  t h a t  

P G — 1 2 h a d  n o  e f f e c t  o n  c y t o c h r o m e  P ^ g  ( F i g s  1  a n d  2 ) .

T h e  u l t r a s t r u c t u r a l  a l t e r a t i o n s  a f t e r  a  s h o r t  t r e a t m e n t  a l s o  c o r r e s p o n d  

t o  t h e  p h e n o m e n o n  o b s e r v e d  w i t h  h e x o b a r b i t a l  s l e e p i n g  t i m e ,  i . e .  f i r s t  a  n o r m a l  

u l t r a s t r u c t u r e  c o u l d  b e  o b s e r v e d  w i t h  a  m o d e r a t e  h y p e r t r o p h y  o f  t h e  S E R ,  

t h e n  l a t e r  a  d i s a p p e a r a n c e  o f  g l y c o g e n  g r a n u l e s ,  w i t h  n o r m a l  c e l l  s t r u c t u r e ,  

c h a r a c t e r i z e d  t h e  e l e c t r o n  m i c r o s c o p i c  p i c t u r e  [ 3 ] .  P r o l o n g e d  ( 8 0  d a y s )  t r e a t ­

m e n t  c a u s e d  n o  u l t r a s t r u c t u r a l  c h a n g e s  i n  t h e  l i v e r  ( F i g .  3 ) .

T h e  p r e s e n t  r e s u l t s  c a l l  a t t e n t i o n  t o  s o m e  h i t h e r t o  u n k n o w n  s t e p s  i n  t h e  

m e c h a n i s m  o f  a c t i o n  o f  P G — 1 2,  s u g g e s t i n g  a t  t h e  s a m e  t i m e  t h a t  P G —1 2 h a s  

n o  h e p a t o t o x i c  p r o p e r t i e s .
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F ig. 1. M odification  o f B IC  sp ec tru m  in d u ced  b y  long  te rm  P G -I2 t r e a tm e n t  ( th e  g rap h  
rep resen ts  m ean  v a lu e s  fo r tw o anim als)

F ig . 2. B IC  d ifference sp ec tru m  of th e  m icrosom al f ra c tio n  of r a t  liver. T he g ra p h  re p re se n ts  
m ean  ±  S .E .M . fo r tw o  an im al groups (n = 1 5 /g ro u p ) .  T h e  m ean va lue  o f th e  (u n tre a te d )  
co n tro l g ro u p  has been  red u ced  to  zero (B a r  =  S .E .M .). T he difference b e tw e e n  th e  m ean  
v a lu es o f  th e  (reduced) co n tro l and  P G - I 2 t r e a te d  g ro u p s is given as th e  d ifferen ce  sp e c tru m

(B a r =  S .E .M .)

F ig . 3. U l tra s tru c tu ra l  p ic tu re  o f r a t  liv e r  a f te r  80 +  (1) days tre a tm e n t w ith  PG —12.
X 10 000
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G astric  m ucosal lesions were p ro d u c ed  b y  in tra g as tric  a d m in is tra tio n  o f 0.6 M 
H C l (1 m l) to  r a ts  s ta rv e d  for 48 or 24 h , a n d  to  u n s ta rv e d  ra ts  w hich rece iv ed  5 o r 20%  
glucose so lu tio n  a d  lib itu m . T he n u m b e r a n d  se v e rity  o f gastric  lesions w ere  reco rd ed  
a n d  th e  m u co sal levels o f A T P , A D P , a n d  A M P w ere enzym atica lly  m ea su re d , cA M P 
w as d e te rm in e d  b y  R IA . A d en y la te  pool, e n e rg y  charge, and  A T P  • A D P -1  were 
ra te d .

I t  h as been  found  th a t :  th e  2 0 %  glucose fed ra ts  showed th e  h ig h es t leve ls of 
b io ch em ica l c o n s titu e n ts , b u t  th e  low est n u m b e r an d  severity  of g a s tr ic  lesions; th e re  
w ere s ig n ific a n t n eg a tiv e  corre lations b e tw een  th e  n u m b er and sev e rity  o f  lesions and  
th e  m u co sal levels o f A D P , AM P a n d  cA M P ; sign ifican t positive c o rre la tio n s  were 
fo u n d  be tw een  th e  n u m b er an d  sev erity  o f g a s tr ic  lesions and the  ra tio s  o f  A T P  • A D P -1  
an d  energy  charge. I t  has been con clu d ed  th a t :  th e  energy tu rn o v e r p rocesses o f th e  
fund ic  m ucosa  w ere s ign ifican tly  h ig h er in  th e  an im als fed 20%  glucose; th e  in creased  
energy  tu rn o v e r  in th e  gastric  m ucosa m a y  p ro d u ce  a b e tte r  m e tab o lic  a d a p ta t io n  
ag a in s t th e  n ecro tiz ing  effect of HC1.

K eyw ords: acu te  s ta rv a tio n , HC1, g a s tr ic  m ucosal lesions, en erg y  sy s te m s , A T P, 
A D P , A M P, cA M P, A T P - A D P - 1 , e n erg y  charge

Introduction

T h e  e s s e n t i a l  r o l e  o f  t h e  e n e r g y  s y s t e m s  o f  t h e  g a s t r i c  f u n d i c  m u c o s a  

h a s  b e e n  s h o w n  i n  t h e  d e v e l o p m e n t  o f  g a s t r i c  m u c o s a l  l e s i o n s  ( u l c e r s )  [ 6 ,  7 ,  

8 ,  9 ,  1 0 ,  1 1 ,  1 2 ]  a n d  i n  g a s t r i c  c y t o p r o t e c t i o n  [ 1 3 ,  1 4 ] .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  e x t e n t  o f  g a s t r i c  l e s i o n s  a n d  a c u t e  s t a r v a ­

t i o n  h a s  b e e n  d e m o n s t r a t e d  i n  r a b b i t s  i n  h a e m o r r h a g i c  s h o c k  [ 6 ]  a n d  w i t h  

g a s t r i c  m u c o s a l  l e s i o n s  i n  r a t s  i n d u c e d  b y  a s p i r i n ,  e p i n e p h r i n e  o r  p y l o r i c  

l i g a t i o n  [ 1 5 ] .

P r e v i o u s l y  w e  h a v e  s h o w n  t h a t  t h e  f u n d i c  m u c o s a l  l e v e l s  o f  A T P ,  A M P ,  

c A M P ,  a n d  o f  t h e  r a t i o  o f  A T P  • A D P - 1  d e c r e a s e d  s i g n i f i c a n t l y ,  w h i l e  t h e

Send o ffp r in t req u ests  to : Gy. M ó z s i k . F irs t  D e p a rtm en t of M edicine, U n iv e rs ity  
M edical School, H -7643 Pécs, H u n gary .
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lev e ls  o f  A D P  and la c ta te  increased, during developm ent of gastric m ucosal 
lesion s (ulcers) induced  b y  intragastric adm in istration  of 0.6 M HCl (1 ml) 
in  ra ts [8, 13, 14].

The aims o f th e  present paper were:
—  to  stu d y  th e  relationship betw een  th e  m em brane-bound energy  

sy stem s o f the gastric fundic m ucosa and th e  developm ent of lesions produced  
b y  intragastric adm inistration  of 0.6 M HC1 in starved  and unstarved rats;

—  to  evaluate w hether correlations could  b e noted  between the m em ­
brane-hound energy A T P -dependent system s and th e  extent o f th e  gastric  
m ucosal lesions (ulcers) induced b y  intragastric adm inistration of 0.6 M HC1 
in rats.

Materials and m ethods

T h e  ex p erim en ts  w ere  c a rried  o u t in  CFY s tr a in  r a t s  o f b o th  sexes, w eigh ing  180 to  
210 g. F em ale  an d  m ale  r a ts  w ere hom ogeneously  a llo c a ted  b y  ra n d o m  selection in to  d iffe re n t 
g ro u p s.

T h e  an im als w ere  s ta rv e d  fo r 48 hours (G roup I )  o r 24 h  (G roup II) . These r a ts  rece iv ed  
w a te r  a d  lib itu m . T he o th e rs  h a d  free access to  5 %  (G ro u p  I I I )  or 20%  (G roup IV ) g lucose 
so lu tio n  fo r 24 h.

T h e  g astric  m u co sa l lesions w ere p ro d u ced  b y  in tra g a s tr ic  a d m in is tra tio n  o f 0.6 M 
H C l (1 m l) accord ing  to  R o b e r t  e t  al. [16]. T he r a ts  w ere k ille d  by  an e th e r overdose 1 h o u r  
la te r .  T h e  ex p erim en ts  w ere  done be tw een  8 and  10 a .m . T h e  sto m ach s were q u ick ly  d issec ted  
o u t  a n d  opened  along th e  lesser c u rv a tu re . S am ples f ro m  th e  gastric  fundic  m u co sa  w ere 
sc a rp e d  o ff an d  frozen in  liq u id  n itrogen .

T h e  n u m b er o f g a s tr ic  lesions was n o ted  and  th e ir  se v e rity  scored as: grade 0, no  lesion ; 
grade 1, les ion  sm aller th a n  1 m m ; grade 2 , be tw een  1 a n d  2 m m ; grade 3, 2 to  3 m m ; grade 4, 
3 to  4 m m ; an d  grade 5, g re a te r  th a n  4 m m . N u m b er a n d  su m  of gastric  lesions scores w ere  
c a lc u la te d  fo r each  an im a l [13].

T h e  tissue levels o f aden o sin e  tr ip h o sp h a te  (A T P ), [3], adenosine d ip h o sp h a te  (A D P ) 
[4], ad en o sin e  m o n o p h o sp h a te  (A M P) [4] an d  la c ta te  [2] w ere  m easu red  en zy m atica lly  (B oeh- 
r in g e r  B iochem ical T es t, M an n h e im , FR G ). T he tissue  levels o f  cyclic  adenosine m o n o p h o sp h a te  
(cA M P ) w ere m easu red  b y  ra d io im m u n o assay  (R IA ) (B e c to n  D ick inson  Co., USA). T he e x te n t  
o f p h o sp h o ry la tio n  a n d /o r  d ep h o sp h o ry la tio n  was e v a lu a te d  acco rd ing  to  A tk in so n ’s fo rm u la  
[1]: (A T P  +  0.5 A D P ) • (A T P  -f- A D P  +  A M P)- 1 . T h e  b iochem ical com pounds w ere c a lcu ­
la te d  in  re la tio n  1.0 m g o f g a s tr ic  m ucosal p ro te in . P ro te in  w as m easu red  by  b iu re t re a c tio n  [5].

S ta tis t ic a l  an alysis: ana ly sis  o f v a rian ce  w as p e rfo rm ed  previously . T he co m p ariso n  
o f g ro u p s  w as done b y  S tu d e n t’s u n p a ire d  “ t ”  te s t ,  M an n  W h itn e y ’s te s t  w as em p lo y ed  to  
p ro cess d a ta  fo r g astric  lesion  sev erity . T he s tu d y  o f co rre la tio n s  was done by th e  m e th o d  o f 
tw o  v a r ia b le  lineal regression .

T h e  re su lts  are  ex p ressed  as m eans ±  S .E .M .

Results

T able I sum m arizes all data and Table I I  show s the levels of sign ificance  
in  relation  to  the different groups. It has been found  that: (1) the num ber and  
sev er ity  o f gastric m ucosal lesions were sign ifican tly  higher in the rats starved  
for 48 or 24 hours and in those fed 5% glucose th a n  in those receiving 20%  
glucose; (2) the tissue levels o f ATP, A D P , AM P, adenylate pool, and cA M P  
w ere sign ifican tly  decreased in  48 and 24 hours starved  rats in contrast w ith
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the unstarved anim als; (3) the energy charges in 48 and 24 hours starved  
rats were significantly higher th an  those in the unstraved rats; (4) th e  animals 
fed 20%  glucose showed sign ifican tly  highest levels of the different biochem ical 
com pounds, while the num ber and severity o f  gastric lesions w ere th e  lowest.

Table I

Development o f  gastric mucosal lesions produced topical (  intr agastric) HCl adm inistration  
and the energy systems o f  the gastric fu n d ic  mucosa in  rats

Starved rats Fed ra ts

Variables
48 hrs 

( n = I0 )

N um ber o f lesions 11.6 +  1.5*
Severity  o f lesions 44.8 +  6.1
A T P ' 17.0 +  2.5
A D P 1 1 .2  +  0 .1
A TP. A D P 1 14.2 +  1.4
A M P1 0 .4 + 0 .1
A T P +  A D P  +  AM P' 18.6 +  2.4
E nergy  charge 0.95 +  0.02
cAM P2 4.5 + 0 .4

24 hrs 
(n =  10)

5% glucose 
(n =  10)

20% glucose 
(n =  10)

10.2 +  1.3 8.6 +  1.0 3.9 +  1.1
3 6 .6 + 6 .9 29.6 +  5.1 1 3 .4 + 4 .3
16.1 +  2.0 22.1 +  1.6 40.0 +  6.1

1 .4 + 0 .1 5 .6 +  0.9 6.1 +  1.2
1 1 .5 + 1 .0 4 .5 + 0 .7 8.1 +  1.2

0.5 +  0.16 3.2 +  0.8 5.1 +  0.6
18.0 +  2.0 30.9 +  2.4 51.2 +  7.2
0 .94+ 0 .01 0.81 +  0.02 0.82 +  0.02
6.2 + 0 .2 7.8 + 0 .8 10.6 + 1 .2

* V alues are m eans +  S .E .M .; “ n ”  m eans th e  nu m b er o f anim als
1 R esu lts are expressed  in nanom oles • mg p ro te in -1
2 R esu lts are expressed  in  picom oles • mg p ro te in -1

Table II

Statistica l significances o f  the variables in 'Table I

Variables I-1 I I III I IV 11 III 11 IV III-IV

N um ber o f lesions NS* NS < 0.001 NS < 0 .01 <0.01
S everity  o f lesions NS NS 0.001 NS < 0 .0 5 < 0 .05
A TP NS NS 11. 1)1 < 0 .0 5 < 0 .0 1 < 0.05
A D P NS .0.001 0.001 0.001 < 0 .0 0 1 NS
A T P • A D P  1 NS 0.001 0.05 • 0.001 < 0 .0 5 0.05
AMP NS 0.01 < 0.001 0.01 0.001 NS
A TP +  A D P  +  AMP NS 0.001 < 0.001 < 0.001 0.001 NS
E nergy  charge NS < 0.001 0.001 <0.001 • 0.001 NS
cAMP < 0.01 <0.01 o . o o l NS 0.01 NS

1 =  starved  for 48 h; I I -  s ta rv ed  for 24 h; I I I fed 5% glucose; IV f-1  20 %  glucose
* non significant

As to  the correlations, significant n egative correlations w ere found 
betw een the extent o f gastric m ucosal lesions (num ber and severity ) and the 
fundic mucosal levels o f  A TP, AMP, and cAM P; and there were significant 
positive correlations betw een  the extent o f  gastric mucosal lesions and the 
ratios o f  ATP • A D P 1 and energy charge (Table 111).

6* . I r i n  M édira  H  i n  i p a r i r a  •i l , Ю 8 1
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Table III

C orrelations o f the biochemical param eters measured in  the gastric fu n d ic  mucosa and number 
a n d  severity o f  gastric m ucosal lesions ( ulcers) induced by intragastric adm inistration

o f  0.6 M  HCl

X
(m ean  ±  S.E.M.)

Y ,
(m ean  ±  S.E.M.) 

(8.4 ± 0 .7 )

R egression line »1

Y ,
(m ean ±  S.E.M.)

(30 .6±3.2) 
Regression line

Г 2

A T PO ) Y , =  9 .9 3 - 0 .0 6  X - 0 .2 0 Y s =  3 5 .9 5 -  0.22 X - 0 .1 7
(24.1 +  2.4) 
A D P M Y j  =  9 .9 1 -  0.41 X - 0 .3 2 * Y „  =  36 .5 1 - 1.67 X - 0 . 3 Г

( 3 .4 + 0 .5 )  
A T P  • A D P -1 Y 1 =  5 .8 7 +  0.25 X +  0.36* Y j  =  1 8 .9 2 +  1.13 X + 0 .3 8 ‘
(1 0 .3  +  1.0) 
A M PO ) Y ,  =  10 .25— 0.78 X -0 .4 5 * * Y j  =  3 8 .6 6 -  3.48 X - 0 .4 7 '

(2 .2  +  0.4)
A T P + A D P + A M P O ) Y ,  =  10 .54— 0.07 - 0 .2 8 Y j  =  3 8 .7 3 -  0.27 - 0 .2 5
(2 9 .8 + 3 .0 )  
E n e rg y  charge Y t  =  10.88 +  21.93 X +  0.41** Y j  =  50.96 +  92.52 X +  0.41'

(0 .88  +  0.01) 
c A M P ®

•

Y !  =  1 1 .5 1 -  0.41 - 0 .2 9 Y .  =  4 4 .8 1 -  1.91 X - 0 .3 2
( 7 .3 + 0 .5 )

Y ,  =  num ber of g astric  les io n s; Y 2 =  severity  of g astric  lesions; Г( and r 2 =  coefficients 
o f  reg re ss io n ; +  =  P  <  0.05 a n d  +  +  =  P  <  0.01.

6 )  resu lts  are expressed n m o l • m g p ro te in -1 ; 6 ) re su lts  a re  in  picom oles • m g p ro te in -1 ; 
N u m b e r  o f anim als (n = 4 1 )  • r  =  0 .30 w hen P  =  0.05.

T he tissue lactate le v e l w as 0.736 +  0.158 nm ol/m g p rote in -1  in 48 hours 
s ta r v e d  rats, and 0 .5 8 2 + 0 .0 9 0  nm ol/m g p ro te in -1  in the 20% glucose fed 
a n im a ls . There was not s ig n ifica n t difference in lacta te  level betw een these  
grou p s (P  >  0.05).

Discussion

T he energy system s in  th e  fundic gastric m ucosa have been show n to  
be c lo se ly  related to th e  d evelop m en t of gastric m ucosal lesions [6—12]. Our 
p rev io u s observations h a v e  suggested  that u lcerogenesis and gastric cyto- 
p r o tec tio n  are very d yn am ic m etabolic processes [8—14].

T he present results su g g est an im portant role o f  the m em brane-bound  
A T P -d ep en d en t energy sy stem s in  the developm ent o f  gastric m ucosal lesions 
in d u c e d  b y  0.6 M HCl in  sta rv ed  and unstarved rats.

T h e fundic ATP le v e l is regulated by th e  balance betw een ATP re­
sy n th e s is  and ATP breakdow n in to  A D P (by m em brane ATPase) and/or into  
cA M P  (b y  adenylate cyclase). A T P resynthesis m ay decrease under hypoxae- 
m ic circum stances.

In  the starved an im als, ATP breakdown in to  A D P  and cAM P was 
d ecreased . The lowest A T P breakdow n into A D P  and cAM P was supported
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by: (1) the low levels o f  A D P and cAM P; (2) the high ratio o f A T P  ■ A D P -1  
and (3) the high ratio o f  energy charge in  th e  starved  rats. These fa cts  indicated  
th a t the adenosine com pounds were p ractica lly  phosphorylated, in th is form  
o f ATP.

A TP resynthesis seem ed to  he d im inished  in  the starvated rats as ATP  
level w as low  in the fundic gastric m ucosa. In  spite o f this we could n o t conclude  
to  there being a hypoxaem ic situation  because there was no sign ifican t differ­
ence in the lacta te  level here and in  th e  rats fed 20% glucose.

The num ber and severity of gastric m ucosal lesions were h igher in the  
starved rats than  in  those fed 20%  glucose. The present data suggest that 
starved rats have a low  energy turnover as a protecting m echanism  against 
starvation , but th is m etabolic state does n o t seem to be a su itab le  one to  
defend the gastric fundic mucosa from th e  necrotizing effect o f  HC1.

In the rats fed 20%  glucose, the fundic levels o f ATP, A D P , AM P, and 
cAM P were high indicating a higher e x te n t o f ATP breakdown in to  both  
A D P  and cAM P. Moreover, the adenylate pool increased sign ifican tly  and the  
energy charge dim inished, pointing a higher energy liberation th an  in the  
starved anim als. I f  the breakdown increases and the level o f ATP is high, the  
ex ten t o f  ox id ative phosphorylation could  also increase. The increased ATP  
resynthesis excludes the presence o f hyp oxaem ic  damage in the gastric fundic 
m ucosa.

A ll these results suggest th at starved  rats can liberate less energy in 
their gastric fundic m ucosa than do an im als fed 20% glucose.

Furtherm ore, significant n egative correlations have been found betw een  
the num ber and severity  o f gastric m ucosal lesions (ulcers) and th e  m ucosal 
level o f  A D P , AM P, and cAMP; and sign ifican t positive correlations betw een  
the num ber and severity  o f gastric lesions and the ratio o f A T P  • A D P -1  
and energy charge. The lack of sign ificance in this case o f A TP (negative) 
and adenylate pool (positive) m ay suggest th a t the extent o f lesions was not 
related m erely to  the am ount of ATP and adenylate pool in the tissu e , but it 
correlated also w ith  ATP breakdown and resynthesis.

Our results thus suggest that the increased energy turnover in  the rat 
gastric fundic m ucosa m ay im prove th e  m etabolic adaptation  against the  
necrotizing effect o f HC1. This fact m ay h ave clinical im portance as the ulcer 
eliciting factors are dynam ic and the m etabolic ability of the gastric fundic  
m ucosa m ight act as a protecting factor.
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PROSTACYCLIN AND DNA-SYNTHESIS INHIBITORS: 
THEIR INTERACTION ON EXPERIMENTAL 

GASTRIC ULCER IN THE RAT

G. A. B á l i n t  a n d  Y. V a r r ó

F IR S T  D EPA RTM EN T OF M E D IC IN E , U N IV E R SIT Y  MEDICAL SCHOOL,
6701 SZEGED, K O R Á N Y I SÉTÁ N Y  8, HUNGARY

(R ece iv ed  J u ly  14, 1983)

T he p ro tec tiv e  effect of p ro s ta c y c lin  on  g astric  m ucosal d am age b y  in d o m e th ac in  
o r re s tra in t in  r a ts  was p a r tly  in h ib i te d  b y  D N A -synthesis in h ib ito rs . P ro te c t in  by  
p ro stacyclin  m ay  th ere fo re  d ep en d  u p o n  in ta c t  D N A -synthesis.

K eyw ords: p ro stacyclin , D N A -sy n th esis  in h ib ito rs , ex p erim en ta l g a s tr ic  u lcer

A bbrev iations: PG- I , :  p ro s ta cy c lin , D T IC : dacarbaz ine  
CYAR: c y to s in e  a rab in o sid e ,
RUM Y : ru b id o m y c in

Introduction

It was reported previously [1] th a t actinom ycin  inhibits gastric m ucosal 
protection  by P G -I.i in rats. In th e  present stu d y  we exam ined th e  interac­
tio n  between P G -I 2 and different D N A -syn th esis inhibitors on indom ethacin  
and stress induced gastric u lceration in  rats.

Materials and methods

T w enty -fou r g ro u p s o f fem ale W is ta r  r a ts  w eighing 210-270 g were fa s te d  fo r 24 hours 
b u t  allow ed w ater ad  lib itu m .

T he m odels u sed  an d  th e  m ode o f e v a lu a tio n  w as published  elsew here [1].
W ith in  each  g ro u p  (n = 1 0 /g ro u p )  m e a n  v a lu es ± S .E .M . were c a lcu la te d  a n d  an alysed  

s ta tis t ic a lly  using S tu d e n t’s t-te st. S ig n ifican t d ifferences were assum ed w hen  th e  p ro b a b ility  
w as less th a n  5% .

T he follow ing D N A -syn thesis in h ib ito rs  w ere te s te d : D TIC  (D om e L a b o ra to r ie s , Stoke 
P o g es, E ngland), 2 m g/kg , i .p . ; CYAR (C y to sa r® , U p jo h n , K alam azoo, U SA ), 50 m g/kg , i .p . ; 
R U M Y  (R ubom ycin®  M edexport, M oscow, SU ) 1 m g/kg , i.p .

PG—12 was d isso lved  (1 m g/m l) fresh ly  in  0.05 m  T ris-buffer p H  9.6. D ilu tio n s  were 
m a d e  im m edia te ly  p rio r to  use in  ice-cold iso to n ic  so d iu m  b ica rb o n ate  so lu tio n  a n d  in jec ted
i.p . in  100 jUg/kg single doses.

R esu lts are ex pressed  as m ean ±  S .E .M .

Send o ffp rin t req u ests  to : G. A. B á lin t  P .O . B ox  469. H-6701 Szeged, H u n g a ry

A c ta  M e d ic a  H u n g a r ic a  4 1 , 198 4



2 6 0 BÁLINT, A. G., VARRÓ, V.

Results and discussion

R esu lts are sum m arized in  Table I. I t  has been reported earlier th a t  
actin om ycin  (I) and other protein  synthesis inh ib itors [2, 3] such as cyclo- 
h ex im id e , purom ycin and kanam ycin —  in h ib it th e  cytoprotective effect 
o f P G -I ^

T he inhibition b y  different substances o f  th e  cytoprotective effect o f 
PG —1 2 in  different exp erim en tal ulcers supported th e  conclusion th at th e  pro­
te c t iv e  effect requires n ew  proteins. Considering th a t th e  first steps o f protein  
sy n th esis  are connected w ith  D N A , in vestigation  o f the effect o f different 
D N A -syn th esis  inhibitors prom ised to be an in trigu ing  problem.

Table I

P r o s ta c y c l in  a n d  D N A - s y n t h e s i s  in h ib i to r s  : in te ra c t io n  o n  e x p e r im e n ta l  ga s tr ic  u lce r a t io n

G roup
U lcer In d e x (m ean 4; S .E .M .)

C o n tro l D N A  In h ib i to r P G - I 2
P G - I 2 +  D N A  

In h ib i to r

D T IC
In d o m eth ac in
S tre ss

1 0 . 7  +  5 .1
1 3 . 7  +  5 .8

1 8 .1  +  4 . 7  
1 1 .6  +  5 . 7

5 . 2  +  2 .2  
5 . 7 + 2 . 7

7 . 7  +  4 . 3  
3 . 4 + 1 . 5

C Y A R
In d o m e th ac in
S tre ss

2 1 . 1 + 3 . 4  
1 2 . 1  +  3 . 9

1 7 .9  +  3 . 3  
1 2 . 3 + 4 . 9

4 . 2  +  1 .4 * * *  
3 . 6 + 0 . 5 *

1 6 . 2  +  4 . 9 "  
8 . 8 + 2 . 4 “

R U M Y
In d o m eth ac in
S tress

2 5 . 1  +  4 .1  
1 0 . 4 + 3 . 2

1 8 .0  +  5 .1  
1 3 . 7 + 3 . 3

9 . 3 + 2 . 7 *
1 . 8 + 0 . 3 * * *

3 . 7  +  1 . 1 * * *  
8 . 6  +  2 . 6 ”

n  =  10 9/group
* =  P  <  0.05 C ontrol v s. P G - I 2 

*** _  p  <  o.OOl C ontro l vs. P G - I 2
,= =  P  <  0.05 P G - I 2 v s .  P G —12 - j -  DNA In h ib ito r

From  the results th e  fo llow ing conclusions have been drawn:
(1) D N A -synthesis inh ib itors, CYAR and p artly  RUM Y, inhib it the  

cytop rotection  by PG —12, w hile DTIC was in effective .
(2) In the indom ethacin  m odel RUM Y strengthened  the effect o f PG —12. 

W e h a v e  no explanation for th is phenom enon.
(3) The results p resen ted  are in accordance w ith  our previous results  

and raise the p ossib ility  th a t  cytoprotection  needs not only new protein  
sy n th esis  but also new  cell form ation [3].

(4) The exact m ech an ism  of action o f DTIC  is unknown. Therefore we 
h a v e  no explanation for its  insignificant effect.
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INTESTINAL RESPONSE IN AGING: 
CHANGES IN RESERVE CAPACITY
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(R ece iv ed  Ju ly  18, 1983)

In  c o n tra s t  to th e  card io v ascu la r sy s tem , th e  g a s tro in te n stin a l t r a c t  in  old age 
does n o t re v ea l th e  m ark ed  s tru c tu ra l an d  fu n c tio n a l d e te rio ra tio n s  th a t  m ig h t be 
expected  to  arise  from  th e  b o d y ’s aging process. B esides p reserv ing  a n  ac tiv e  m ass of 
fu n c tio n al tis su e , th e  in te s tin a l reg u la to ry  m ech an ism s show  a precise an d  functional 
response to  th e  changing c ircum stances o f aging.

W ith  re g ard  to  th e  ag ing  processes, th e re fo re , th e  re la tiv e  physio log ical s tab ility  
o f th e  g a s tro in te s tin a l sy s tem  is v e ry  im p o r ta n t. A possible cause o f th e  m ain ten an ce  
of its  fu n c tio n a l cap ac ity  m ay  be th e  processes in v o lv ed  in  th e  cellu lar aging a n d  rap id  
tu rn o v er o f  th e  g a s tro in te s tin a l ep ithe lium . T h is p a r t  of th e  g u t re m a in s  p rac tica lly  
u n ch an g ed  a n d  m ay  co n tin u e  i ts  g row th  processes a lm ost u p  to  th e  p o in t o f death . 
T hus, in te s t in a l  fu n c tio n s do n o t  seem  to  d e te r io ra te  even in  la te  age. K in e tic  studies 
in d ica te  t h a t  th e  in te s tin a l response  in  senescense to  secure no rm al a b so rp tio n  processes 
occurs th ro u g h  a n  a d a p ta tio n  o f tran sfe r  (c a rr ie r  m ed ia ted ) m echan ism s. Such  m odel 
stud ies h a v e  suggested  th a t  w ith  age th e  a f f in ity  o f th e  in te s tin a l c a rrie r  m echanism s 
for th e  a b so rp tio n  of glucose a n d  n e u tra l  am ino  acids are  d im in ished . A ppro p ria te  
changes in  a b so rp tio n  occur i.e . in  th e  y o u n g  a  fa s te r  ra te  o f  a b so rp tio n  is achieved a t 
low lu m in a l co n ce n tra tio n  th a n  in  th e  old. T he a m o u n ts  and  ac tiv itie s  o f m an y  essential 
in te s tin a l en zym es have  b een  observed  to  h e  red u ced  w ith  age. T his to o  m ay  lead  to a 
slower r a te  o f  ab so rp tio n . In  old age th e re fo re  i t  is th e  ra te  o f in te s tin a l abso rp tio n  
th a t  u n d e rg o es a  s ign ifican t change  ra th e r  th a n  an  overall d e te r io ra tio n  in  abso rp tive  
ability .

O u r p re se n t know ledge in d ic a te s  t h a t  th e re  a re  a t  le a s t tw o im p o r ta n t  reg u la to ry  
m echanism s th a t  enable th e  ag ed  g a s tro in te s tin a l t r a c t  to  a d a p t  i ts e lf  to  its  a lte red  
fu n c tio n al c ap a c ity . On th e  one h an d , th e  resp o n se  o f th e  in te s tin a l e p ith e liu m  m edi­
a ted  by  th e  v a rio u s ra p id  re p a ir  processes fo r  th e  u p ta k e  of su b s tan ces  n eeded  by  th e  
o rgan ism , a n d , on  th e  o th e r  h a n d , th e  ex is ten ce  o f th e  c u rre n t lo ad  in  th e  lum inal 
e n v iro n m en t con tro lling  th e  in te s tin a l m e tab o lism  a n d  hom eostasis in  a no rm al w ay 
during  aging.

A n  an aly sis  of th e  close re la tio n sh ip  t h a t  ex is ts  be tw een  s tru c tu re  an d  function  
in  th e  g a s tro in te s tin a l t r a c t  d u rin g  aging, in  p a r tic u la r  th e  reasons fo r th e  observed 
a lte ra tio n s  o f th e  abso rp tiv e  surfaces, will u n d o u b te d ly  be usefu l in  th e  p ra c tic a l elucida­
tion  of su ch  p rob lem s as m u co sal in ju ries, re sec tio n  and  m alab so rp tio n  th e ra p y .

K eyw ords: g a s tro in te s tin a l t ra c t,  in te s t in a l  m orphology , in te s tin a l functions, 
abso rp tio n , aging.

Introduction

N ow adays the increased average lifespan  has created an urgent need to  
elucidate the m echanism s in vo lved  in  th e  m aintenance o f a h ea lth y  old age. 
This can in part be achieved through a better and more thorough understand­
ing o f nutrition  and associated m etabolic activ ities in old age.
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In  th e  present report an a ttem p t has been m ade to  sum m arize th e  results 
of a 15 -year survey of the effect o f  aging on the fu n ction  o f the sm all in testin e . 
A s tu d y  o f  changes in gastro in testin a l physio logy  concerning aging p e r  se 
rather th a n  o f the diseases occurring predom inantly in  the elderly w as th e  m ain  
purpose o f  the present review . On the other hand, it w ill also discuss the infor­
m ation  availab le on the changes related  to geriatric subjects. A bove all it  w ill 
deal w ith  the changes th a t occur in  in testinal absorption during aging and  
a ttem p t to  explore the w ay in  w hich the sm all in testin e  m aintains its  ab ility  
to  fu n c tio n  norm ally even  in  th e  extrem es o f  old age. An effort w as m ade to  
exam in e th e  ability  o f in testin a l m etabolism  in old organism s to  m aintain  
h om eo sta sis  during aging b y  a var ie ty  of regulatory m echanism s, m an y  of 
w hich  can  be observed in th e  sm all in testine a lm ost up to  the point o f  death. 
A lth ou gh  i t  is possible to  s ta te  the tim e when th e  in testin a l m ucosa can be 
said to  h a v e  reached m aturity , it  is a harder task  to  determ ine a precise point 
of t im e  w hen  aging can be sa id  to  have actually  started . Still, som e age- 
d ep en d en t m alfunctions rarely occur within the in testinal tract and hence  
the estab lish m en t of b iological aging in this part o f th e  body cannot be deter­
m ined unam biguously. A lth ou gh  precise and detailed  observations h ave been  
reported  [21] on the process o f  in testinal m aturity , e.g. com parison o f pre- 
and p o st-n a ta l periods of d evelop m en t of the period o f adaptation  and th e  sta te  
of a d u lt m aturity , the results to  be reported w ill m ain ly  be confined to  the  
changes connected  w ith  th e  process of senescence.

M o rp h o lo g ica l C hanges  
W eig h t a n d  size

I t  is  difficult accurately to  quantify  the changes th at occur in th e  size 
of th e  gastrointestinal tract during senescence. A ccording to  Moog [31] the  
w eigh t o f  th e  small intestine in  SW R /J mice o f  both  sexes increased con tin u ­
ously  b y  about 60% during aging . This applied particularly to  the term inal 
regions o f  th e  small in testin e w here m ainly am yloid-like m aterial w as being  
accu m u la ted  in the la m in a  p r o p r ia  as age advanced. In addition, M oog w as 
unable to  fin d  an increase in  in testin a l w eight betw een  fem ale mice o f  3 and  
6 m on th s o f  age in spite o f  their  b od y  w eight gain during th is period. H ow ever, 
b etw een  6 and 12 m onths o f  age the in testinal w eight increased to a greater 
rela tive  e x te n t than did b o d y  w eigh t. In contrast to  these observations, a 
sligh t increase, was only observed in  th e  growth o f the sm all in testine o f W istar  
rats w h ich  were older than 24 m on th s o f  age; furtherm ore, there were no differ­
ences i f  th e  intestinal w eight w as related to body w eight.

In form ation  on the re la tive  changes in  size and length  of the sm all 
in testin e  during aging is scarce. Our data [35] have show n th a t the absolute, 
unloaded  sm all intestinal len g th  o f  6-m onth old, 12-m onth old adult and 27-
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m onth old unpaired fem ale W istar rats rem ained v irtu a lly  unchanged. At 
about half a decade earlier, Varga [44] found that the len g th  o f  the small 
in testine of m ale W istar rats increased considerably betw een 20 and 561 days 
o f age. Using 83Sr-labelled m icrospheres, th is author determ ined  the effect 
o f age on gastrointestinal m otility  in  the rat, and concluded th a t although  
there was no correlation betw een gastric em ptying and propulsive m otility  
o f the sm all in testin e  w ith  age, the propulsive ability  in the large in testin e and 
coecum  increased w ith  age. On the other hand, it is w ell accepted  that the 
m ajority of m o tility  disorders in old age are due to d isturbances associated  
w ith  diabetes, cerebrovascular insu lts and possibly drug abuse. These condi­
tions m ay influence either directly  or ind irectly  the motor a c t iv ity  o f  the gastro­
in testin a l tract [2].

V illi

It is essential th at consideration be given to the changes th a t occur with  
aging to  the absorptive surfaces o f the in testine, since th ey  are th e  on ly  one of 
th e  decisive factors which determ ine the rate o f absorption. In  th e  w ork of this 
laboratory [23] it  was observed th at, in the fem ale rat, the h eigh t o f  the villi 
decreased with age. R eductions o f the length  of the villi were m ost conspicuous 
in the duodenum  and ileum  and less striking in the jeju n u m . Clarke [10] 
show ed that during the first year o f life there was a decrease in  th e  height of 
the v illi in the proxim al regions o f the sm all intestine o f  m ale rats. Also in 
m ale rats, Höh n et al. [20] observed th at the mucosal a trop h y  was confined  
m ainly to the proxim al part o f the in testin e w ith the villi undergoing a con­
siderable (approxim ately  25% ) reduction in length. It is generally  accepted that 
the num ber o f v illi rem ains relatively  constant thoroughout life . As a result 
o f a sim ilar work, Clarke [9] was able to  show in the male rat th a t th e  number of 
v illi does not change sign ificantly  w ith  age. A dditionally, th e  v illi should be 
considered as fix ed  functional units during life, and under extrem e situations 
such as starvation , their size rather than  their number is a ffected . Thus it 
m ay be concluded th at over a com plete lifespan there is no dim inution in 
the num ber o f v illi. It m ust, how ever, be pointed out that in  th e  proxim al re­
gions o f the rat in testin e fusion o f v illi becom es more frequent w ith  age, and 
therefore a slight decrease in the num ber o f villi m ay be observed  in  the later 
stages of life.

Other observations have been obtained using mice. M oog [31] em phasized  
th a t the villi underw ent a sign ificant increase in length, by up to  nearly 20%  
in 24 m onth old SW R /J mice o f  both  sexes when com pared to  6-m onth old 
anim als. Ecknauer et al. [15] have recently  reported th a t th e  size of the 
proliferative u n its, the rate o f cell production and the size o f  the functional 
com partm ent does not change sign ifican tly  throughout life.
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A s there is no exp er im en ta l evidence to show  a decrease in cell loss from  
th e  in te s tin e  during aging, E ck n au er et al. [15] concluded  from  their findings  
th a t  th ere  must be an en d ogen ou s stimulus for th e  gastrointestinal tract to  
co n tin u e  its growth alm ost u p  to  th e  point of death . T his growth is m anifested  
th ro u g h  th e  formation, w ith  age , o f new v illus-crypt u n its. D ata on hum an  
su b jec ts  [47] support the fin d in g s  obtained in rats; th u s  although the num ber 
o f  v i l l i  does not change d u rin g  life , changes occur in  th eir  length  and w idth , 
so th a t  th e y  become shorter an d  thicker w ith ad van cin g  age. The recent fin d ­
in g  o f  W arren, Pepperm an an d  M ontgom ery [46] th a t  th e  m ucosal surface is 
s ig n ific a n tly  reduced in  60—73 y ea r  old subjects ten d s to  confirm  this.

A  certain am ount o f  reconciliation  betw een th e  contradictory reports 
m en tio n ed  above is clearly n ecessary . It seems h ig h ly  probable that there is 
a la rg e  variation in the m orphological changes observed  to  occur w ith age, 
n o t o n ly  between different sp ec ies and sexes, b u t even  w ithin  given strains. 
T h rou gh ou t life these d ifferences p lay  a considerable part in the range o f in tes­
t in a l responses.

R eg ressive  Changes 
C o n n e c tiv e  tissue and  a tro p h y

A s has been pointed  o u t [30] there is a notab le absence in  the literature  
o f  a n y  reports of changes th a t  occur in the in testin a l w all and which m ay be  
le ssen ed  w ith  age. The age-re la ted  chemical and in testin a l structural changes 
th a t  occur in the collagen an d  elastin  of the in testin a l connective tissue and  
sm o o th  m uscle elem ents o n ly  serve to accentuate th e  risks involved in tak ing  
b io p sies  at advanced age. T h ese  factors increase th e  im portance of the various 
s tu d ie s  on the regressive ch a n g es th at occur in th e  gu t w ith  age.

S u n tzeff and A n g e le tti [43] using 3 m onth  and 22 m onth-old CE-129 
and S w iss mice of both sex es , show ed that a fib rotic  process takes place w ith  
a g in g  in  the tu n ica  p r o p r ia  an d  results in a progressive replacem ent o f the  
o rig in a l stroma by a kind o f  fib rou s sclerotic con n ective  tissue. These changes 
b eg in  after 1/3 of the an im al’s lifespan  and progress further w ith age. Consider­
ab le pathological alterations w ere detected on ly  in  th e  term inal ileum o f old  
S W R /J  m ice [31].

A s has already been p o in te d  out, the duodenal m ucosa in senile (24-30  
m o n th  old) male W istar rats revealed  conspicuous a trop h y  [20]. This atrophy  
w o u ld  resu lt in an a p p rox im ate ly  25% decrease in  th e  len g th  o f the duodenal 
v illi . I n  contrast no appreciab le  differences w ere observed  in the ileal region  
b etw een  adult (4 m onth-old) and  senile rats. The authors claimed th at the  
m u co sa l atrophy in the p ro x im a l small in testine w as probably the result o f  
a d im in u tion  in the rate o f  n ew  epithelium  form ation. U sin g  scanning electron- 
m icroscop y  [21], it has b een  cla im ed  that w ith in  th e  proxim al small in testine  
o f  sen ile  rats, not only w ere th e  v illi different in len g th  and w idth , but generally
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sm aller and revealed  interspaces that w ere absent from 4 m onth-old  rats. 
A gain there were no notab le changes in the d ista l regions o f the sm all in testin e .

Functional Alterations 
Cellular turnover

Senescence consists o f  a general deterioration  process which tak es place  
gradually and is accom panied by both structural and functional changes in  
th e  m ajority o f  organs and tissues. As th e  b o d y  grows older, different parts o f  
th e  organism age at different rates and to  d ifferent extents. As Lesher [29] 
form ulated “ for th e  m ost part, death is due to  failure o f an organ or organs 
w ith  low  cell tu rn over” . I t  is generally b elieved  th a t, under conditions o f  high  
cellular turnover, erroneous cells are elim inated from  the proliferation com part­
m ent of the organ concerned [29]. The se lection  rate, however, does n o t work  
fau ltlessly . This is due on the one hand to  a d im inution  o f the syn th etic  proces­
ses associated w ith  chrom atin form ation and, on the other hand, to  th e  fact 
th a t cellular generation  tim e increases w ith  age.

In the sm all in testin e  of the BCFj m ouse i t  has been shown th a t cellular  
proliferation is n o t linear w ith age. The greatest change occurs in th e  first 
instance at about 3 1/2 m onths when the grow th o f the anim als begins to  
dim inish and th e  period o f young-adulthood starts. Follow ing th is there is 
litt le  change u n til about the last third o f  th e  lifespan (825—1050 days of 
age), when a len gth en in g  in generation tim e again becom es apparent.

The e levated  in testin a l cellular generation  tim e observed in old C A Fjl 
m ice provides th e  tim e necessary for the upw ard m igration o f cells from  the  
depths of the crypts to  th e  top o f the villi (tran sit tim e). It  was stated  b y  Lesher
[29] that the proliferative population decreased by more than one th ird  in  
aged (825 day-old) BC Fj mice. As pointed ou t b y  th is author, the overall rate  
o f cell production w as decreased from about 10 cells/h/crypt in 100 day-old  
m ice to 6 cells/h /crypt in  825 day-old m ice. T hus according to Lesher, either  
th e  enterocytes m ust rem ain covering the v illi for a longer tim e, or th e  cell 
population o f th e  v illi m ust be decreased i f  th e  covering rem ains con stan t. 
H ow ever, as the v illu s cell populations do n o t undergo any apparent change, 
the cellular survival tim e m ust be prolonged.

As has already been pointed out, th is part o f  the intestine o f the m ouse 
becom es enlarged during aging. Much o f th is w eigh t increase m ay be a ttrib u ted  
to  an increase in  v illou s height which in  turn  exten d s considerably th e  size o f  
th e  enzym -bearing surface. According to  M oog [31] the slower transit tim es  
in old anim als, at lea st in  the CAFj strain, resu lt in that the villous cells in  the  
distal regions o f th e  sm all bowel become richer in  alkaline phosphatase, m altose  
and sucrose than  th ose  o f  the young anim als as th e  concentrations o f  all these  
enzym es increase as the cells m ove upwards (N ordstrom  et al., Moog and Grey, 
Moog et al. e it.: [33]).
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Sim ilar observations w ere m ade on th e  sm all intestine o f th e  rat. The  
p rox im al region o f the sm all gut is know n to  exh ib it a marked reduction  in 
v illou s len g th  during aging whereas the d ista l portions are not reduced. H öhn  
et al. [20] found th a t th e  3H -thym idine labelling  index is about 30%  in  the  
proliferation  com partm ent o f  the crypts o f  young-adu lt and old rats, in d ica ­
tin g  th a t  th e  same proportion o f cells are in  th e  “ S” phase o f generation tim e  
in  th e  indifferent zone o f  th e  sm all in testin a l crypts in both groups o f  anim als. 
This agrees w ith the find ings o f Lesher [29] concerning the duodenum  o f  the  
m ou se, w ith  the addition  th a t generation tim e in  the crypts o f old  rats is 
decreased  by about 35% . T hus atrophy o f th e  duodenum  in old anim als is the  
con seq u en ce of a delayed generation tim e th a t occurs w ith age.

W ith  regard to  th e  colon, H am ilton [17] described th at the changes in  
cellu lar repopulation observed after X -ray  in jury in young and old  C57B1 
m ice w ere based on an overshot o f  the labelling  index; changes in  cry p t size 
b egan  later and continued longer in old th an  in  young C57B1 m ice. A ll results  
w ere lim ited  by differences, w ith  age, in the response o f the gut to  acute irradi­
a tion . T he author sought to  explain  th is b y  th e  fact th at the feedback control 
m echanism s, which in you n g m ice result in  a rapid increase in cell production  
before returning to a norm al labelling index soon after the crypts have becom e  
enlarged , are less precise in older anim als. In  old organism s, the control m echa­
n ism s generally need far m ore tim e in w hich to  achieve any alteration  in  the  
proliferation  rate.

E n zy m e s
A lk a l in e  a n d  a c id  p h o sp h a ta se

H öhn, Gabbert and W agner [20] found significant h istochem ical d if­
ferences in alkaline and acid phosphatase a c tiv ity  of the in testin a l m ucosa  
b etw een  4 m onth-old “ ad u lt” and 24 -30  m onth-old  senile rats. N everth eless, 
d en sitom étrie  and sta tistica l evaluation  o f th e  changes of these tw o enzym es  
in  th e  proxim al regions o f th e  sm all gut show ed a considerable difference in  
th e ir  circadian rhythm  and activ ities betw een  4 and 24 m onth-old rats; an  
ap p aren t loss in a c tiv ity  w as observed in  th e  duodenum  o f senile ra ts. The 
au th ors were able to  show  th a t the cause o f  these changes in the aged rats 
w as due prim arily to  v illous atrophy as a result o f the reduced num ber of 
en tero cy tes . The circadian rhythm  in the a c tiv ity  o f both enzym es w as sy n ­
chronous in  younger and old anim als, but there were marked differences in  
th e  circadian am plitudes; in  the old anim als th e  fluctuations w ere sm aller. 
T his calls attention  to  the lim ited  tim e-dependent capacities o f regulatory  
m ech an ism  that ex ist in aging.

Sayeed  and B lum enthal [40] reported on a reduction of up to  50%  in  
th e  a c t iv ity  of alkaline phosphatase in 34 m onth  old B 6D 2F 1/J m ice. Som e  
d ou b t m ust, however, be expressed concerning th is observation due to  the
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m ethodology used. Moog [31] found th a t th e  a c tiv ity  of alkaline phosphatase  
was not decreased in 24 m onth old SW R /J m ice. Expressing the to ta l enzym e  
a c tiv ity  on a body w eight basis show s th a t th e  aging body is in  fact better  
supplied  with the enzym e than is the you n g . As pointed out b y  th e  above  
author, the criticism  o f these studies is th e  in ab ility  to state w hat proportion  
o f  the to ta l enzym e a c tiv ity  is associated  w ith  the membrane o f the villous  
structure. N evertheless, the main conclusion from  these observations is th at  
increased body and in testinal w eight are associated  proportionally w ith  the 
increased length o f v illi which in turn resu lts in a greater enzym e-bearing  
surface area.

Disaccharidases and other enzymes

Rom m el and Rohm er [37] observed th a t the activ ity  o f in testin a l di­
saccharidases i.e. m altase, sucrase and lactase , was significantly low er in ageing  
rats (12 and 24 m onth old anim als) th a n  in  3 m onth old anim als. Sim ilar 
observations were m ade in hum ans; th u s, in  old American negroes low  lactase  
levels occur frequently [48] but no age-dependent changes were noted  in  the  
a c tiv ity  o f alpha-disaccharidases. In both  w h ite  and black races, n am ely , age 
and race are far more decisive factors in  th e  developm ent o f low  in testin a l 
disaccharidase levels than  are m ucosal injuries. On the other hand, in the 
baboon, lactase, cellobiase and alkaline phosphatase activities are h ighest in 
the you n g while dim inished activ ity  and changes in tissue d istribution  occur 
w ith  advancing age. As in hum ans, there w ere no age-dependent d ifferences in 
the activ ities o f  sucrase, m altase, p a latinase and trehalase.

As in the case o f the changes in a lkaline phosphatase activ ities, M oog [31] 
found th at the activ ities o f m altase and sucrase did not decrease in aged  
SW R /J mice. In fact, w hen expressed per u n it o f body weight th eir  activ ities  
were lower than those o f the young control anim als. These observations m ight 
w ell be explained by the increased height o f  th e  villi; on the other hand it  was 
suggested  by Moog th a t the m ucosal surface o f  the 24 m onth-old m ice was 
quite capable o f  sp littin g  m altose and sucrose. In  fact, m altase and sucrase 
activ ities, when expressed per unit o f b o d y  w eight, proved to  he about 30%  
higher in old than in  young mice. O bservations on intestinal phosphom onoes- 
terase a ctiv ity  [39] have shown th at a lth ou gh  V max values were low er in 34 
m onth old mice, the M ichaelis constant (K m) w as unaffected. T his therefore  
suggests that as com pared to 11 m onths old young-adult m ice, in  old mice 
concentration o f the enzym e was reduced b u t its  structure rem ained re la tive­
ly  unchanged.

Absorption

The question w hether absorption from  the intestine changes during  
aging is difficult to  answer. Most studies w ere done in rodents and often  their
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age h as n o t been recorded. In  m ost cases th ey  w ere m erely considered as to  be  
y o u n g , adult and ju st old. M ost frequently th e  experim ents have been perform ­
ed up to  adulthood but have not been extended  to  include the period o f sen es­
cence. A s a result of th e  physiological changes th a t  h ave been observed to  occur  
in in testin a l absorption on ly  cover a given period o f ontogeny th a t exclu d es  
aging p e r  se.

Sim ilarly, the find ings in hum an subjects are also difficult to  eva lu ate . 
W irts [49] described th a t th e  hum an gastro in testinal system  undergoes basic  
a lteration s w ith  aging. Thus atrophic gastritis seem s to  appear w ith  consider­
able frequency from the 3rd decade onwards. T he changes which gradually  
occur in  th e  gastrointestinal tract cover such alterations as decrease o f  m ucosal 
th ick n ess , increase o f leu k ocyte  in filtration  and lym phoid  aggregates as w ell 
as p y loric  heterotopy. All th ese changes could som etim es lead to achlorhydria. 
B ow m an  and Rosenberg [5] suggest that th e  prevalence of achlorhydria in  th e  
elderly  is uncertain, but there is a report according to  which nearly 70%  o f  
657 con secu tive  patien ts o f a geriatric unit w ere achlorhydric [4]. N everth eless, 
th is  m ay  be the only aspect o f  physiological decline in  some intestinal fu n ction s  
th a t  freq u en tly  m anifests itse lf  w ith  aging. There are almost no in d ica tion s  
o f an y  occurrence o f a so-called wear and tear process in the aged gastro in tes­
tin a l tra c t sim ilar to  th a t w hich characterises m an y  other parts o f th e  b o d y , 
e.g. th e  cardiovascular system .

I t  m ust be added th a t because o f th e  extrem e variation th at ex ists  in  
th e  w a y  the data are expressed, any attem p t to  com pare the results found  in  
th e  literatu re is d ifficu lt, as also is the a b ility  to  fin d  any possible correlation  
b etw een  aging and the supposed reduction in  in testin a l absorption.

Sugars

R esu lts reported in th e  literature m ain ly  concerned the absorption o f  
sugars and calcium . A m ong the sugars, the absorption of xylose has received  
m ost a tten tion . K endall [25] stressed th a t aging p e r  se is the decisive factor  
in  th e  eva lu ation  o f xy lose  absorption tests . The decreased excretion o f x y lo se  
th a t occurs w ith  age does n o t indicate a fa u lty  absorption but points to  im ­
paired renal function . R om m el and Rohmer [37] suggested that in th e  aging  
organism  an alteration occurs in the m etabolism  o f xylose. It has also been  
show n [16] th at the reduced sugar absorption displayed by the aged resu lts  
from  either an alteration  in  the efficiency o f  th e  transport system s in v o lv ed  
or a red u ction  o f th e  m esenterial blood supply; as a result of the la tter, th ere  
w ou ld  also he a restriction o f  oxygen  supply  to  th e  m etabolically very  a c tiv e  
in te s tin a l tissue. On the other hand, Varró et al. [45] pointed out that th e  in te s ­
tin a l tra c t possesses a w ell-developed  regulatory capacity; there w ould h ave to  
be a serious deterioration in  the m esenterial blood supply  before any s ign ifican t  
red u ction  w ould occur in  either the in testin a l transport of glucose or o x y g en
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consum ption. On th e  evidence o f D ardik  et al. [11] it is suggested  th a t  sclerotic 
stenosis o f m esenteric and coeliac arteries m ay cause not only in te stin a l angina 
but also m alabsorption. Such vascular changes m ay also be th e  cause o f the  
reduced xylose absorption th at occurs in  th e  aged. H owever, R osin  et al. [38] 
have show n that due to  the extrem e variation  displayed b y  ex ist in g  data, 
the xy lose  test cannot be considered accurate and its value in  th e  evaluation  
of data is open to doubt. I t  is therefore not surprising that the a b ility  to  assess 
the various criteria in vo lved  in the changes o f  in testinal absorption th a t occur 
during aging is fraught w ith  d ifficu lties. V erification o f th is  seem s to be 
provided b y  the observations o f W ebster and Leem ing (cit. [33]) w ho found 
th at on ly  26% of all geriatric subjects in vestigated  showed a red u ced  xylose  
absorption.

I t  m ust also be said that th e  resu lts from  animal exp erim en ts are no 
easier to  interpret. Thus K lim as [26] w ho performed absorption studies in 
2, 5, 10, 15, 20, 26 and 32 m onth old  rats, reported th at, p rov id in g  it was 
expressed as mg/h or m g/cm  in testin e/h , th e  rate of absorption increased  for 
the first 1/3 of the rat’s lifespan. F ollow in g th is period, there w as no further 
change. The rate o f  adsorption in  th e  senescent animals w as con stan t. I f  
absorption was expressed as m g/100 g bw /h , then  it was fou n d  to  dim inish  
during th e  first 1/3 o f  th e  lifespan after w hich tim e it becam e co n sta n t. This 
should be interpreted in  th e  light o f  the author’s further observations th at the  
w eight and length o f  the sm all in testin e  as w ell as body w eight, con tinuously  
increase in  the rat, a feature which is m ost conspicuous during th e  first five  
m onths o f  life.

In  previous in vestigation s from th is  laboratory [34] a k in etic  approach  
was used to  study the age-dependent absorption o f d-glucose. F rom  th e  results 
obtained it  was clear th a t the M ichaelis constant (K m) o f g lucose absorption  
increased alm ost linearly  w ith  age in 6, 12 and 24 m onth-old fem ale  W istar 
rats. The M ichaelis con stan t was considered a measure of a ffin ity  o f  th e  in tes­
tinal carrier system  for th e  m olecules th a t were absorbed from  th e  lum en. 
This evaluation  was chosen because th e  dose dependent ab sorp tion  o f d- 
glucose, and o f am ino acids, proved to  be a rate-lim iting process possessing  
kinetics th a t approxim ated the M ichaelis-M enten scheme. The resu lts showed  
a parallel decline w ith  age of carrier a ffin ity . This indicated th a t  transport 
from the in testinal lum en o f sugar m olecules at low (initial) concentration  
took place at a higher rate in  the you n g than  at advanced age. T h u s a possible 
role in  absorption for age-dependent changes the intestinal g lu cose  carriers 
cannot be ignored. I t  m u st be added th a t th e  occurrence o f low  a ctiv itie s  of 
in testinal enzym es are not uncom m on in the aged small intestine and therefore 
the ab ility  to absorb low  concentrations o f  substrates should be tak en  into  
account. As a result o f the above, slow  absorption is to be ex p ected  in old 
individuals. Recent data from th is laboratory  [23] have in d ica ted  th a t the
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red u ctio n  of absorption lo w  intestinal concentrations (4 mM) o f d-glucose  
in  th e  24 m onth-old rat m a y  a lso  be due to a decrease in  length  of the v illi.

Amino acids

Studies of amino acid  absorption in the eld erly  h ave rarely been the su b ­
je c t  o f  gerontologists. O b servation s of Pénzes [34] on  th e  absorption o f am ino  
acid s from  the small in te s t in e  o f  old rats have sh ow n  th e  following. As w ith  
g lu co se , the kinetic p aram eters, i.e. K m and V max for glycine, alanine, va lin e, 
leu c in e , phenylalanine, try p to p h a n  and proline w ere generally higher in  24 
m o n th -o ld  than in 6 m o n th -o ld  rats. This was in d ica tiv e  that in old age w hilst 
th e  a ffin ities of these am ino acids for the in testin a l carriers was less, there was 
sim u ltan eou sly  a reduced ra te  o f  transport a t lo w  lum inal concentrations. 
T h e absorption of basic am in o  acids (lysine, arginine and histidine) was found  
to  b e  different; aged rats d isp la y ed  higher in testin a l a ffin ity  (lower K m values) 
th a n  did the young. T he rea so n  for this m ust lie  in  the fact that the basic  
am in o  acid com ponents are lo w  in  protein h yd ro lysates thereby providing them  
w ith  a better com petitive ca p a b ility  for transport through the villous m em ­
b ran e in  comparison to  th e  n eu tra l amino acids, h ow ever, were there a com p eti­
t io n  for absorption of a p ro te in  meal, the m olar ratios betw een rapidly tran s­
p o r ted  and slowly tran sp orted  amino acids w ou ld  d isplay a wide variation  
w ith  tim e and over d ifferent segm ents of the sm all in testine.

Fats

Becker et al. [1] ob serv ed  th at in aged, over 75 years old, hum ans there  
w as a conspicuous delay in  th e  absorption o f un h yd ro lysated  fats (hyperchylo- 
m icronaem ia). The m ain ca u se  o f  this was a d im in ished  lipase synthesis. T hus, 
w h en  appropriate of lipase w ere added to the d iets in com bination, w ith  ad e­
q u a te  quantities of fa t, th e  “ chylom icron curves”  determ ined becam e sim ilar 
to  th o se  obtained in  18 -year-o ld  subjects. I t  has been  pointed out b y  Citi 
an d  S alv in i [8] that a b sorp tion  is affector at th e  m ucosal level to  w hich the  
red u ced  number of en tero cy tes  m ay contribute. O n th e  other hand, reductions  
in  in te stin a l absorption m a y  probably be associated  w ith  low  levels o f pancreat­
ic lip a se . This seems to  b e  confirm ed by P elz, G offried and Sooes [32] who  
w ere able to observe th a t  faeca l fat was high in  17 o f 43 institu tionalized  
e ld er ly  people, w hilst fa eca l free fatty  acids w ere lo w  in 10 of the 17 subjects. 
A b o v e  all, balance stud ies on  th e  effect of d ietary  fib re  on energy u tiliza tion  
seem  to  support the idea th a t  age does not con sid erab ly  influence the apparent 
d ig estib ility  of fat [5].

Electrolytes

T hat the absorption o f  calcium  diminishes w ith  age is well proven. U sing  
th e  everted  sac technique, Schächter et al. [41] sh ow ed  th at calcium transport
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in adult (12 m onth-old) rats was less than in 1—4 m onth-old rats. On the other 
hand, Schächter et al. [42] pointed out th at the oxygen-dependent calcium  
accum ulation during the transfer process was not as ev ident in old as in young  
rats, as the in testinal uptake o f calcium  in the aged is str ictly  associated  with  
a passive diffusion.

The excretion rate o f  endogenous calcium  does not necessarily  relate to  
calcium  balance. In a series o f elegant studies, H ironaka et al. [18] found that  
the calcium  excretion o f old (22—23 m onth) rats, m ainly through faecal loss, 
w as significantly higher th an  th at o f adult (10—12 m onth-old) rats in spite of 
the fact that the old rats were in calcium  equilibrium  throughout the 18-day 
experim ental period. I t  w as claim ed that the aged anim als were able to  com ­
pensate their apparent greater calcium  loss by an increased calcium  uptake 
from  the food. The greater loss o f endogenous calcium  by the aged rats was 
caused by a smaller retention  o f skeletal calcium . Credence for th ese conclu­
sions is provided by the know n increase in  transit tim e o f food in the gastro­
in testinal tract of old anim al and the changes th at occur in the feed ing habits. 
The biological half life tim e o f plasm a calcium  was 12.4 +  1.0 days in the aged 
as com pared to 1 1 .4 +  1.0 days in adults (P  >  0.05). Such an observation  was 
not th at expected as the effect o f an increased calcium  absorption in the old 
w ould be to diminish the h a lf life o f plasm a calcium . The on ly  possible explana­
tion  is that continuous labelling o f plasm a calcium  occurred through 45Ca- 
exchange with the skeleton . Since the old rats w ould have lo st less skeletal 
calcium , the specific a c tiv ity  o f the plasm a calcium  w ould have rem ained.

From the above the authors concluded th at through an enhanced in tes­
tinal absorption the aged rat is able to adapt itse lf  to  the greater calcium  re­
quirem ent that accom panies old age. There is an associated increased skeletal 
absorption. Since the aged rat is capable o f com pensating a greater endogenous 
calcium  loss through augm ented intestinal absorption, calcium  equilibrium  can 
theoretically  he m aintained in the old as in the young. A clear analogy exists  
betw een this situation in the old and the greater calcium  absorption th at occurs 
in the young when there is an intensive dem and for bone form ation.

In view  of the differences that have been noted to ex ist in the in testinal 
absorption of calcium  betw een 6 m onth and 24 m onth-old rats, an attem pt 
has been made to prom ote in testinal calcium  absorption in th e  aged rat by  
the addition to the diet o f  1-lysine [36]. I t  was found in  40 m inute and 24 hour 
studies in  vivo  that the addition  o f 1-lysine sign ificantly  increased the in testinal 
calcium  uptake in th e  aged anim als. As any disturbance o f calcium  m etabolism  
in the old has an effect on a number o f (m ainly endocrinological) factors, 
the possib ility  ex ists th a t an im provem ent o f in testinal calcium  absorption  
m ay have therapeutic benefits.

The observations th a t have been m ade on hum an subjects are not only  
few  in number but also som ew hat controversial in their con ten t (see A violi

A c la  M e d ic o  H u n g a r ic a  4 1 , 1 9 8 4



2 7 4 P É N Z E S ,  L .

e t a l . , 'Bullam ore et al. and Ireland  and Fordtran, c it. Pénzes [33]. A violi et al. 
sh o w ed  th at calcium absorption  in elderly w om en w as lower than  in  prem eno­
p a u sa l subjects. Similar ob servation s were made b y  Bullam ore et al. who were 
a b le  to  dem onstrate a clear d ecline in the absorption o f calcium  in  both  male 
a n d  fem ale  subjects over th e  age o f  60. Sim ilarly, Ireland and Fordtran found  
th a t  m ore calcium was absorbed  in adults than  in  subjects over s ix ty  years 
o f  a g e . U sing a kinetic approach  th e  authors concluded th a t, as a result m ainly  
o f  d ifferences in the a c tiv ity  o f  in testinal transfer system s, there was a m arked  
d ifferen ce  in adaptive a b ility  betw een aged and you n g subjects. B ogdanoff 
e t  a l. (c it. [33]) but con clu d ed  th a t aged ( > 6 5  years) m ale subjects did not 
a b sorb  less calcium th an  y o u n g  subjects, while it  w as suggested  b y  A levizaki 
e t  a l. (c it. [33]) that calcium  absorption decreased exp on en tia lly  from the 12th  
y e a r  o f  age onwards, p rob ab ly  as a result o f  the age-dependent deterioration  
o f  in te s tin a l function. More recen t data [28] have again indicated  th at calcium  
u tiliz a t io n  in the 60-80  year age group is considerably less than  in 35 year old  
su b je c ts . •

According to Draper [14] m agnesium  absorption does not change w ith  
a g e . Sim ilarly, studies u sin g  24N a and 42K have in d icated  th at there are no 
a p p a ren t changes in  sod iu m  and potassium  absorption in  rats betw een the  
ag es o f  5 and 34 m onths [2 7 ].

R eports on the ab sorp tion  o f iron in old age are scarce. Studies in hum ans 
[22] show ed that absorption o f  inorganic iron w as less effic ien t in the elderly  
th a n  in  the young. This cou ld  how ever not be related to  any change in haem - 
b o u n d  iron. Yeh et al. [50] u sin g  rats of different ages, observed th a t absorp­
t io n  o f  radioactive iron decreased  from the 20th  m onth  onward. The conclu­
s io n s  w ere based not so lely  on  faecal excretions, but included m easurem ents o f  
t is su e  incorporation and sp ec ific  activities of blood. I t  should be pointed out 
th a t  one o f the m ost freq u en tly  occurring abnorm alities o f  aging i.e. achlor­
h y d r ia , m ay be related d irectly  to  the developm ent o f  hypochrom ic m icrocytic 
a n a em ia  through a d im in ished  supply  of gastric acid w hich in turn leads to  
a red u ctio n  of iron absorption  [49].

V ita m in s

Num erous early reports w ere concerned w ith  the absorption o f vitam ins 
in  senescence. The studies o f  R afsky and N ew m an (cit. [33]) showed that 
v ita m in  A uptake in 69—89 year-old  subjects was less than  in young subjects. 
Y ie n g s t  and Shock, and S h ock  (cit. [33]) were unable to  find  differences in 
v ita m in  A tolerance caused  b y  age p er  se. N evertheless, Y iengst and Shock  
em p h a sized  that there m ay  b e a delay in v itam in  A  absorption in persons over  
th e  age o f  70. In later w ork  w ith  rats v itam in A  absorption from  the sm all 
in te s t in e  was found to  in crease linearly from 15 m onth  up to  the 39 m onth of
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age (H ollander and Morgan; cit. Bowm an and Rosenberg, 5). U sing radio­
carbon labelled thiam ine, Draper [13] showed th a t absorption in 20—24 m onth- 
old rats was som e 75% w hereas in 19-20 m onth-old  rats it was as h igh as 90% , 
Urinary th iam ine excretion  in  22 senescent rats (R afsky and N eum an cit. 
[33]) indicated  that sign ifican tly  less th iam ine w as absorbed in th e  old than  
in  the young anim als. This find ing  was confirm ed later in hum ans (Mills' cit. 
[33]). On th e  other hand, K irk and Chieffy (c it. [33]) observed th a t thiam ine  
absorption changed on ly  sligh tly  w ith age. T he data of Thom pson (cit. [5]) 
showed no sign ificant difference in thiam in excretion  between 80 year-old  and 
young people. S im ultaneously , from experim ents involving hum an subjects 
ranging in age from 3 m onths to  40 years, Ju sk o et al. [24] concluded th a t in ­
testinal transport o f riboflav in  was considerably quicker in the you n g  than  in 
the aged; it  was also noted  th a t renal excretion  o f riboflavin did not change 
over the age range studied.

There does not appear to  be any age effect in the absorption o f folic 
acid [3]. V itam in B 12 absorption in senescence also appears to  rem ain un­
changed [6, 7, 12]. It  w as, how ever, suggested  th a t the situ ation  depended  
much upon faecal excretion  and hepatic function . Under normal circum stances, 
in 75-90  year-old subjects su fficien t intrinsic factor is secreted b y  the gastric 
w all in order to  ensure adequate absorption o f vitam in  B 12 from  the ileum . 
Plasm a B 12 levels have show n [6, 7] that th e y  underw ent a continuous reduc­
tion  betw een 6 m onths o f  age and senescence, probably  as a result o f  th e  reduced  
in testinal uptake. O bservation in  20 to 92 year old hum an subjects b y  G affney  
et al. (cit. [33]) showed no differences in v itam in  B 12 absorption. T hese find­
ings are o f clinical interest because in geriatric subjects w ith  achlorhydria  
or on antacid or cim etidine therapy less v itam in  B 12 m ay be absorbed. Under 
such conditions, oral cyanocobalam ine m ay be helpful [5].

From data concerning hum an subjects above the age of 75 years it  has 
been concluded by Chieffy and Kirk (cit. [33]) th a t absorption o f  v itam in  C 
does not differ from th a t o f  young adults. A s regards v itam in D 3, H olt and 
Dom inguez [19] found a reduced intestinal u p tak e in aged rats, b u t Bowm an  
and Rosenberg [5] quote H odkinson et al. and concluded that it w as appropri­
ate to use the term  “ osteom alacia o f the housebound” which precisely describes 
the situation  o f the elderly concerned.
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In  d ia ly s is  cen tres th e  m ajo r p a r t  o f  lab o ra to ry  tes ts  is in d ic a te d  b y  th e  rou tine  
m o n ito rin g  s tra te g y  of th e  cen tre  a n d  n o t  b y  th e  evidence of a  new  co m p lica tio n  to 
be d iagnosed . T h e  aim  of ou r s tu d y  w as to  define  an  im proved  s tr a te g y ,  m inim izing 
fin an c ia l co sts w ith o u t loss o f in fo rm a tio n . F ind ings of ro u tin e  la b o ra to ry  check-up 
o f eleven p a tie n ts  undergo ing  ch ro n ic  in te rm it te n t  peritonea l d ia ly sis  w ere  analysed. 
U sing  u n iv a r ia te  and  m u ltiv a r ia te  fu n c tio n s  a considerable p a r t  o f th e  la b o ra to ry  test 
re su lts  can be  e s tim a ted  or p red ic ted . F ro m  pre-dialysis m easu rem en ts  on  serum  the 
p o st-d ia ly sis se ru m  c rea tin in e  u re a  a n d  u ric  acid levels can be p re d ic te d . T he serum  
level o f p ro te in  and  hem oglobin can  be e s tim a te d  using th e  re su lts  o f  p rev io u s tests 
(perfo rm ed  m ax im u m  7 weeks earlie r) a n d  c u rre n t m easurem ents on  d ia ly sa te .

K eyw ords: peritonea l d ia ly s is , te s t  se lection , s ta tis tica l p re d ic tio n

Introduction

M anagem ent o f patients on chronic peritoneal dialysis requires continuous 
fo llow  up of serum  param eters. I t  is, how ever, essential to  bear in  m ind the 
lim itations o f periodic blood sam pling (danger of viral h ep a titis , anaemia, 
costs etc.). Considering the fact th a t th e  m ajority of laboratory tests  serve 
periodic control, a design of blood sam pling protocol should g ive  a reasonable 
com prom ise.

Our purpose was to determ ine th e  appropriate laboratory te s tin g  strategy  
and to  reduce th e  number o f in vestigation s.

Materials and methods

T he resu lts  o f  a b a tte ry  o f b iochem ical m easu rem en ts  were s tu d ied  in  200 peritonea l 
d ia ly se s  o f e leven p a tie n ts  undergo ing  ch ro n ic  in te rm it te n t  peritonea l d ia lysis ( IP D )  (Table I). 
N o d isc rim in a tio n  w as m ade in  the  se lec tion  o f  p a tie n ts  for th e  s tu d y  as to  sex , d iagnosis or 
p re v io u s  blood c h e m is try  findings.

Send o ffp rin t req u ests  to  B alás É . A ., B a r tó k  В. ú t  18, H - l l l l  B u d a p e s t,  H u n g a ry
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T h e  u su a l technique  of IP D  teas to  in troduce  1500—2000 m l d ialysis flu id  (P erid iso l I)  
in to  th e  p e r ito n e a l c av ity  a n d  lea v in g  i t  fo r 30 m inutes e q u ilib ra tio n  tim e ; a fte rw ards th e  f lu id  
w as d ra in  o u t. This process w as re p e a te d  during  10 h o u rs , 3 tim e s  a week. C reatin ine  w as 
m ea su re d  acco rd ing  to  Ja f fe , u ric  a c id  according to  C arol, u re a  b y  a k in e tic  u rease  m eth o d . 
All m e th o d s  w ere m odified  fo r th e  C entrifiC hem  500 system . Io n s  (N a , K , Ca, P ) were m easu red  
b y  f la m e  p h o to m e try . P ro te in  w as e s tim a te d  by  th e  b iu re t  re a c tio n  an d  haem oglobin  b y  th e  
m e th o d  o f D ra b k in  (H em iso l re a g e n t) .

I f  1 wo la b o ra to ry  te s ts  a re  re la te d  b y  th e  fa c t t h a t  th e  re s u lt  to  be given b y  one o f 
th em  c a n  b e  d e term ined  fro m  th e  re s u lt  o f th e  o ther, th e  f i r s t  t e s t  i s  a  fu n c tio n  of th e  second . 
In  m a th e m a tic a l  sense th e  o b je c t is  to  de te rm in e  th e  “ b e s t”  fu n c tio n  to  e stim a te  th e  v a lu e  o f

Table I

Laboratory protocol and characteristics o f  the sam ple. 
A bbrevia tions in  brackets are used in  equations

S a m p le T e s t X S D

P re -d ia ly sis  serum U rea  (su) 14.7 3.5 mmol/1
C reatinine (sc) 935 255 fim ol/l
U ric acid  (sa) 680 147 Ulnol/1
N a (sn) 140.1 2 . 8 inm ol/l
K  (sk) 4.89 0.81 mmol/1
Ca (sea) 2.07 0 . 2 mmol/1
P  (sp) 2.84 0.62 mmol/1

P o s t-d ia ly s is  serum U rea 12.3 3.5 mmol/1
C reatin ine 793 214 /tm ol/l
U ric acid 585 151 /tmol/1
P ro te in  (spr) 49.8 7.2 g/i
H em oglobin (sh ) 5.67 0.91 mmol/1
W hite  cells 5.38 1.48 g/i

D ia ly sa te U rea (du) 9.3 2.3 mmol/1
C reatin ine (dc) 604 195 /tmol/1
U ric acid  (da) 356 108 itmol/1
P ro te in  (d p r) 1.18 0.72 g/i

a  v a r ia b le  to  b e  p red ic ted  (Y ), co rre sp o n d in g  to  th e  p re d ic to r  v a r ia b le s  (X j, . . . , X N). T h e re  
a re  v a r io u s  w ays in  w hich  th e  c o n c e p t “ b e s t”  can be d e fin ed  m a th e m a tic a lly  b u t  we u sed  th e  
le a s t  s q u a re s  tech n iq u e  to  m in im ize  th e  average sq u a red  d is ta n c e  be tw een  p red ic ted  a n d  
m e a su re d  v a lu es. The coeffic ien t o f m u ltip le  co rre lation  w as also  c a lcu la te d  to  assess th e  degree  
o f th e  re la tio n sh ip  be tw een  th e  p re d ic te d  and m easu red  re su lts .

T h e  e s tim a te  of d ispersion  a b o u t  th e  f i tte d  fu n c tio n  (D F )  m a y  be w ritte n  in  n o ta tio n a l 
fo rm  as follow s

D F / g  (У. -  yp)2 _  y j — ?
n --  1

S .D .

w here  y j is  th e  m easured  a n d  yp th e  corresponding p re d ic te d  v a lu e  of Y . S.D . den o tes th e  
s ta n d a rd  d e v ia tio n  of Y , r  is th e  coefficien t of co rre la tio n  a n d  n  th e  sam ple size. B o th  D F  
a n d  r  m a y  b e  considered  as m ea su re s  o f p red ic tio n  accu racy .

A n a ly s in g  th e  b iv a r ia te  s c a t te r  p lo ts  we could  co n c lu d e  t h a t  th e  linear m odel w as 
a p p ro p r ia te .  In  our w ork  n o t  o n ly  u n iv a r ia te  fu n c tio n s w ere  c a lcu la te d  and an a ly sed  b u t  
m u lt iv a r ia te  lin ea r fu n c tio n s as w ell, to  im prove th e  p re d ic tin g  a b ili ty  b y  includ ing  m ore  
p re d ic to r  va riab les .

C onsidering  th e  fa c t  t h a t  i t  is  im possible to  red u ce  D F  (o r  to  increase th e  m u ltip le  
c o rre la tio n  coefficient) b y  d e le tin g  p re d ic to r  variab les, th e  use  o f  a ll possible p red ic to rs  seem s 
to  b e  a p p ro p ria te . Some p re d ic to rs , how ever, increase r  o n ly  s lig h tly  b u t  com plicate  ca lcu la ­
tio n s  m a rk e d ly . F o r  p ra c tic a l p u rp o se s  (eq u atio n s are g iven  in  th e  discussion) th e  b es t su b se t 
o f p re d ic to rs  w as id en tified  b y  th e  leap s a n d  bounds a lg o rith m  [2] d e le ting  variab les im p ro v ­
ing th e  p re d ic tio n  of Y n o n sig n ifican tly .
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R esu lts

For estim ation o f the post-d ialysis serum  creatinine lev e l th e  accuracy 
o f the proposed m athem atical representation o f prediction can  be seen  in Fig. 
1 where the least-squares line and corresponding equation are dem onstrated. 
W e estim ated  also the lim its w ithin w hich the true p ost-d ia lysis creatinine 
leve l is likely to  lie (w ith  0.8 probability  in Fig. 1).

On the basis o f  these results, in Table II a graphical aid is given  for 
determ ining conditional expected  value o f postdialysis serum  lev e ls  and the  
lower lim it of confidence intervals. (The coefficient o f correlation is 0.87 for 
urea and 0.91 for uric acid.)

In  view  of the poor correlation, blood urea (0.55) and uric acid (0.42) 
cannot be calculated accurately from th e m easurem ents o f d ia lysa tes even bv  
m ultivariate m ethods. (The estim ate o f  dispersion about th e  f it te d  function  
[D F ] is 6.12 mmol/1 for urea and 12.8 pmol/1 for uric acid.)

Table II

N om ogram s fo r  estim ation o f  post-d ia lysis serum levels.
The probability that the serum level higher than the value in brackets is 0.9

Creatinine
(pmol/l)

Pre-dialys is  
1800- 
1700 
1600- 

1500- 

1400

1300-t"nOO(,On> 
1200 

110 0 - 

1000 -

Post-dia lysis
-1500(1409)

1400(1309)

1300(1210)

- 1200( 1111)

700-

-1000(912)

-900(812)

800(712)900- 
800_ -700(612)

600(512)

6 0 0 _ - 500(412) 
500-
400_ b ° 0 < 3 t2) 

300-1-300(211)

Urea 
(mmol/1) 

Pre-dialysis  

60

55-

50-

4 5 -

40

Post-dia lys is

50(450)

45(400)

40(351)

- 35(301)

30

25

20-

15

10

35 _ -  30(25.1)

25(20.1) 

-20(15 1) 

-15(10.1) 

-10(5.05

Uric acid 
(>jmol/l)

Pre-dia lysis  

1300-

Post-d ia ly s is

1100(1018)

-1000(919)

-900(820)

600

500-

4 0 0 -

300

1200 

1 1 0 0  

1000-

3 0 0 1  «00(72°! 

330 J - 700(62!) 

7 0 0 --6 0 0 (5 2 !)

-500(421)

-400(321)

-300(220)

The correlation o f predicted and m easured levels is close on ly  for creat­
in ine (0.86) but L am brey et al. [4] showed that the biochem ical data  o f  resid­
ual peritoneal flu id  (R P F ) are suitable for the determ ination o f b lood levels of 
sm all m olecules.

U nfortunately , plasm a protein and haem oglobin can be accurately  
calcu lated  neither from  R P F , nor from  the dialysate. R epeated  blood  tests 
can n ot be avoided. To define the optim ized blood sam pling protocol, the results 
o f  the tests  were analysed in com parison w ith  the results m easured 1,2, . . ., 7
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F ig . 1. R egression  eq u atio n  a n d  con fid en ce  band  for p re d ic tio n  o f th e  post-d ialysis 
c reatin ine  leve l. R eg ressio n  line: y  =  0.8 X + 4 5 .1 ;  r  =  0.95

•  U nivariate p red ic tion  
о M ultivariate p red ic tion

F ig . 2. T im e  series of p red ic tio n  success

F ig. 3. M u ltiv a r ia te  p red ic tion  fo r 7 th  w eek

se ru m

A c t a  M e d ic a  H u n g a r ic a  4 1 , 1 9 8 4



CHRONIC PERITONEAL DIALYSIS PROGRAM 283

w eeks later. The num ber o f such test pairs exceeded 100 for every  space of 
tim e. F ig. 2 shows the rapidly decreasing correlation betw een “ 0 d a y ”  measure­
m ents and later results, as a function  o f tim e.

Another approach is to  use the results o f  previous blood te s ts  and current 
m easurem ents o f the d ia lysate. It is assum ed th at we ought to  be able to  
im prove our predicting ab ility  by a com bination o f previous in vasive  and 
actual noninvasive te sts . As a m atter o f fact the success o f  m ultivariate  
prediction alw ays surpasses the results o f univariate m ethods.

The correlation o f  predicted and m easured serum levels o f  protein ex­
ceeds 0.5. The situ ation  is sim ilar w ith haem oglobin where th e  lo w est correla­
tion  in the second w eek m ay be explained by the tem porary m od ify in g  effect 
of blood transfusion.

Figure 3 presents th e  scatter diagrams o f the predicted and measured 
values for protein and haem oglobin, w7here the accuracy o f m u ltivaria te  predic­
tion  for 7th week can be studied.

D iscussion

In uraemic p atien ts on IP D  the optim al tim ing o f sam pling is a natural 
requirem ent. Our op tim ality  criterion was th a t an in form ative laboratory  
m easurem ent is required only  i f  its result cannot be estim ated  on the basis 
o f the result o f som e other, previous tests .

The univariate prediction  based on the preceeding va lu e  o f  the same 
param eter is accurate on ly  in the first w eek. Later, w ith th e  exception  of 
creatinine, the calculated  coefficien t o f correlation is lower th a n  0.5. This 
m eans th at for m ost tests  the measured serum level alone is unacceptab le or 
m isleading as a predictor for more than tw o weeks.

E xcept for creatin ine, the accuracy o f m ultivariate prediction  (i.e. 
the strength o f the relationship betw een m easured and p red icted  values) 
is not enough to establish  the id en tity  o f these m ethods but it m a y  be concluded  
th a t m ultivariate m athem atical prediction is suitable for orien tation .

For practical purposes the m ultivariate estim ations, w hich  are functions 
o f all possible predictors, can be sim plified b y  neglecting un im p ortan t varia­
bles in  the equation, as it  has been discussed above.

Our suggestion for protein estim ation in the 4th and 6th  wTeeks is

spr4 =  11 .7 4 -f0 .2 3  • su 0 - f  0.3 • spr0 - f  3.64 • sca0 - f  1.39 • f4—
— 1.01 • dpr4— 0.01 • da4 - f  0.28 -du4

spre =  10 .1 2 -f 0.35 • spr0 - f  6.12 • sca0 —  0.82 • sh 0 - f  1.08 • f 0 - f  
- f  0.38 • du0 —  0.02 ■ da6

where the index denotes the relative tim e o f m easurem ents (w eeks), and f  
the rem oved excess flu id  in  liters. Other notations are defined in  T able I. The
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c o e ff ic ie n t  o f correlation b e tw een  measured and predicted  value is 0.59 and  
0 .7 5 , respectively .

T h e  corresponding e q u a tio n s  for haem oglobin are 

sh 4 =  4 .43  — 0.04 • spr0 +  0 .4 1  • sp 0 +  0.34sho 0.003 • da4 — 0.04 • du5 

sh 6 =  4 .05 —0.05 • spr0 +  0 .3 7  • sk 0 +  0 .37sho +  0.003 • da0 —  0.05 • due

T h e coeffic ien ts of correlation  are 0.65 and 0.66.
E stim ation  of a s in g le  linear function w h ich  contains also th e  tim e  

e la p sed  since the last in v a siv e  m easurem ent as a pred icting  function, is inappro­
p r ia te  because of obvious nonrandom ness (i.e. tim e  dependent growing ten d ­
en cy ) o f  errors.

L am brey et al. [4] h a v e  docum ented the usefu lness o f laboratory m easure­
m e n ts  o f  R PF in the e s tim a tio n  of serum leve ls . There was no sign ificant 
d ifferen ce  between R P F  a n d  plasm a values for urea, creatinine, sodium , 
p o ta ss iu m  and phosphate. T h e  correlation b etw een  m easurem ents o f R P F  
an d  p lasm a was higher th a n  0 .8  for Ca, but th e  p lasm a protein cannot be 
ca lc u la te d  reliably from th e  p rote in  concentration o f R P F  because o f the poor 
co rre la tio n  (0.4).

T h e  present evidence su ggests that m easurem ent o f creatinine in the  
d ia ly sa te  is suitable for th e  estim ation o f its le v e l in  the dialysate serum  
le v e l an d  this might be u se fu l i f  we have not enough R P F . Predialysis serum  
crea tin in e  can be estim ated  fro m  its level in the d ialysate by the follow ing  
eq u a tio n .

sc =  250.34 +  45.83 • dpr -f- 7.07 • du -f- 1.02 • dc —  0.57 • da -)- 
+  14.87 • s —  0.27 • t

w h ere  s is the dialysis so lu tio n  in  liters and t  the duration  of dialysis in m inutes. 
T h e coeffic ien t of correlation  is 0.86.

Conclusions

T h e above results su g g est  that our standard ized  IP D  technique has 
a ca lcu lab le  short and lo n g -term  effect. Therefore, repeated post-d ialysis  
b lo o d  sam plings should be avo id ed , being unnecessary  and even dangerous. 
P re-d ia ly s is  m easurem ents in  serum give a perfect basis for the estim ation  
o f  p ost-d ia lysis  blood le v e ls .

Considering the rapid  decrease of univariate prediction  success, b iw eekly  
m easurem ents on R P F  are recom m ended for creatin ine, urea, sodium , potassium . 
S eru m  calcium  and p h o sp h a te  levels can also be determ ined  from R P F  accord­
in g  to  need.
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R outine control blood tests  are required only once per tw o  m onths, 
giving a good basis (in com bination w ith  know n actual d ialysate levels) for 
effective m ultivariate statistica l estim ation  o f  the serum levels.

Sum m arizing th e  results, we suggest th a t  in patients subjected  to  chronic 
in term itten t peritoneal dialysis, m easurem ents in serum and d ialysate should  
be com bined. T he benefits and accuracy o f  th e  statistical prediction o f  labo­
ratory results in  routine control o f IP D  calls atten tion  to sim ilar possib lities  
in case o f  any fix ed  dialysis strategy w ith  calculable short and long-term  
effects.
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PLASMAPHERESIS AND PERITONEAL DIALYSIS 
IN THE MANAGEMENT OF RAPIDLY PROGRESSIVE 

GLOMERULONEPHRITIS

J. S á m i k , L. G o f m a n , J. N a g y , T . B u r g e r , B . K e r e k e s

S E C O N D  D E P A R T M E N T  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  S C H O O L , P É C S A N D  R E G IO N A L  
B L O O D  T R A N S F U S IO N  S E R V IC E , P É C S , H U N G A R Y  

H -7621 P É C S , S Z É C H E N Y I T É R  5.

(R eceived M ay 24, 1983)

Six p a tie n ts  w ith  rap id ly  p rogressive  g lom eru lonephritis  w ere g iv en  p lasm a­
p heresis an d  p e rito n ea l d ialysis b y  m an u a l te c h n iq u e . A t th e  s ta r t  o f t r e a tm e n t  th e  
p a tie n ts  w ere in  re n a l fa ilu re  and  all b u t  tw o  w ere p rac tica lly  an u ric . R e n a l b iopsy  
rev ea led  g lom eru lar sclerosis in  4 cases. O ne o f th e  p a tie n ts  in  w hom  se g m en ta l focal 
fib ro sis was fo u n d , w e n t in to  rem ission. I n  th e  o th e r  th ree  cases ex te n s iv e  hyaline  
d eg en era tio n  was p re se n t. One of th em  w as p lac ed  on  a dialysis p ro g ram , tw o  d ied  w ith  
c irc u la to ry  fa ilu re. I n  tw o  cases no g lo m e ru la r  sclerosis was found , th o u g h  ex tensive  
changes of th e  tissu es w ere p resen t. One o f th e se  p a tie n ts  w ent in to  rem ission , th e  o th er 
d ied  from  re sp ira to ry  fa ilu re  con seq u en t u p o n  re cu rre n t p n e u m o th o rax  a n d  gross 
p u lm o n a ry  in f iltra tio n .

T he only ch an ce  o f success in  th e  m a n a g e m e n t o f rap id ly  p rogressive  g lom eru lo­
n e p h ritis  is offered b y  th e  earliest possib le  d iagnosis . In  cases o f g lo m e ru la r  sclerosis 
th e  chances are v e ry  poor.

K eyw ords: ra p id ly  progressive g lo m eru lo n ep h ritis , p lasm ap h eresis, peritonea l 
d ialysis

Introduction

R a p id ly  p rogressive  g lom eru lon ep h ritis  h as th e  fo llow in g  ch a ra c ter istics:  
1. R ap id  d ecline in  ren a l fu n ction s, 2 . H e a v y  p roteinuria , 3. G lom erular  
crescen t form ation  in m ore th a n  50%  o f  th e  g lom eru li. The process m a y  a cco m ­
p a n y  H en o ch —S ch oen lein  purpura, G o o d p a stu re’s syn drom e th r o m b o tic  m icro­
a n g io p a th y  (H U S ), lu p u s  n ep h ritis, b u t m a y  a lso  occur as an  id io p a th ic  
d isease .

W e are rep ortin g  h ere our o b serv a tio n s  in  6 cases o f  rap id ly  p rogressive  
g lom eru lon ep h ritis  tr e a te d  w ith  p la sm a p h eresis  and p eriton eal d ia ly s is .

Methods

In  lack  of an y  o th e r  p o ss ib ility , p lasm ap h eresis  w as carried  o u t b y  th e  m an u a l te c h ­
n ique. 400 m l blood was d ra w n  from  th e  p a tie n t in to  a  f la sk  con ta in ing  110 m l ACD stab ilizer, 
c en trifu g ed  a t  1200 r .p .m . fo r  30’, th e n  th e  p lasm a  w as su cked  off and  th e  red  b lood  cell m ass 
w as rc in fu sed . C on tinuous v o lu m e  rep lacem en t f ro m  th e  f ir s t  blood w ith d raw al o n w ard  was

Send o ffp rin t re q u ests  to  J .  Sám ik, H-7621 Pécs, Széchenyi tér 5, H u n g a ry
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p r o v id e d  fo r  b y  infusion of id e n t ic a l  g ro u p  p lasm a w ith  5 %  a lb u m in . E ach  t r e a tm e n t  co m ­
p r is e d  f iv e  exchanges.

P e rito n e a l dialysis w as p e rfo rm e d  b y  th e  m an u a l te c h n iq u e  v ia  a T en ck h o ff c a th e te r  
2 to  5 t im e s  a week, depend ing  o n  th e  re n a l function . F o r e ach  tre a tm e n t 10 to  15 1 d ia ly s in g  
f lu id  w a s  u sed . The so lu tions I D ,  2 D K  and  2D (H U M A N , B u d ap es t)  served  as d ia ly s in g  
f lu id .

T h e  p a tie n ts  received p re d n iso n e  100 m g i.v ., cy c lo p h o sp h am id i, 50 m g i.v . o r 150 m g  
o ra lly .  D u r in g  p lasm apheresis th e  a n tic o a g u la n t was h e p a rin , in  o th e r  cases acen o co u m aro l. 
A ll p a t i e n ts  were sub jected  to  a n tib io tic  and  d iu re tic  t r e a tm e n t.

Case reports

Case 1. G .F., a fem ale a g ed  41, h a d  been  tre a te d  fo r b ro n c h ia l a sth m a  in  1941. O n A u g , 
25 , 19 8 1 , she  h a d  been a d m itte d  to  a  reg ional h o sp ita l fo r  h ig h  tem p era tu res , w eak n ess a n d  
h a e m o p ty s is ;  extensive p u lm o n a ry  in f il tra tio n , p ro te in u r ia  a n d  h a em a tu ria  w ere fo u n d  a n d  
sh e  w a s  s ta r te d  on an tib io tic s , s te ro id s  a n d  h ep arin , b u t  h e r  re n a l functions declined  r a p id ly ,  
a n d  sh e  w as tran sferred  to  o u r d e p a r tm e n t  on  Sept. 22. O n  adm ission , sharp  v esicu lar r e s p ira ­
t io n ,  p ro lo n g ed  exp ira tion  w ith  w h eez in g  were heard . T h e  le f t  b o rd e r o f th e  h e a r t  w as 2 cm  
o u ts id e  th e  m edioclavicular lin e . T h e  liv e r was fe lt 2 cm  below  th e  r ig h t costal a rch . B lo o d  
p re s s u re  w as 230/100 m m H g. E S R  w as 18 m m /h o u r, h aem o g lo b in  9 g per dl, h a e m a to c r it  
2 4 % , le u k o c y te  count 14 000/cu  m m , CN 40 mmol/1, c re a tin in e  1240 /.imol/l, N a  140 m E q/1 , 
К  5 .0  m E q/1 , Cl 196 m E q /1 , to ta l  p ro te in  55 g/1, a lb u m in  30 g/1, c h o le s te ro l 
6 .25  m m ol/1 , AST 120 U , C3 70 m g /d l, C4 10.5 m g/dl, A N F  n eg a tiv e , im m u n o e lec tro p h o resis : 
Ig G  1 2 .4  g/1, IgA  3.36 g/1, IgM  0 .96  g/1. A n ti GBM a n tib o d y : 1:64 (pos), S e -F D P  >  40.0 /rg /m l. 
U r in e :  50Ó m l/day , spec. g rav . 1010 , p ro te in : h e av y  p re c ip ita te , A ddis co u n t: e ry th ro c y te s  
54 M , le u k o c y te s  0, casts 200 000. T h e  u r in e  was sterile . T h e  stoo ls w ere ta r ry  from  h a em o rrh ag e  
f ro m  d u o d e n a l  erosions. T he c h e s t X - ra y  revea led  soft, c o n flu e n t opacities invo lv ing  b o th  sides, 
p a r t i c u la r ly  th e  rig h t u p p e r lo b e .

I so to p e  renography  sh o w ed  a n  a d eq u a te  rise o f a c t iv ity  an d  a su b seq u en t decline  fo r 
30 sec , fo llow ed  by  a slowly r is in g  c u rv e  of accu m u la tio n  ty p e .

R e n a l  b iopsy: lig h t m ic ro sc o p y  rev ea led  m esan g io p ro life ra tiv e  g lo m eru lonephritis  w ith  
d if fu se  c resc e n t fo rm ation . N o h y a lin iz e d  glom eruli w ere seen. Im m u n e  h isto lo g y  sh o w ed  
m a s s iv e  dep o sits  of IgG  a n d  C3 o f  g ra n u la r  ty p e  on  th e  b a se m e n t m em branes a n d  in  th e  
m e s a n g iu m . The B ow m an-capsu les o f a  few  glom eruli c o n ta in e d  f ib rin  deposits.

O n  th e  day of adm iss io n  th e  p a tie n t  was p laced  im m e d ia te ly  on p e rito n ea l d ia ly s is  
o w in g  to  re p ea te d  convulsions, a n d  3 d ay s la te r  p lasm ap h ere s is  w as s ta rted . U n d e r th e  e ffec t 
o f  th is  t r e a tm e n t  urine o u tp u t  in c re a se d , and  on O ct. 7 p lasm ap h ere sis  and p e rito n ea l d ia ly s is  
w e re  d isco n tin u ed . On Dec. 9 sh e  w as d ischarged , CN b e in g  13.3 mmol/1 an d  se -c re a tin in e  
199 jUmol/l (Fig. 1).

Case 2. G.S., a 20 y e a r  o ld  m a le  h a d  been h o sp ita lized  on  S ep t. 28 of 1981 fo r c a ta r rh a l  
s y m p to m s .  2 days a fte r a d m iss io n  haem o p ty sis , p ro te in u r ia  a n d  h a em a tu ria  w ere n o te d . 
D e s p i te  an tib io tic  th e ra p y  he d e v e lo p ed  sepsis w ith  ra p id ly  d e te r io ra tin g  ren al fu n c tio n . T h e  
t e m p e r a tu r e  had  norm alized  u n d e r  th e  effect o f s te ro id s , b u t  he  becam e u raem ic  a n d  w as 
t r a n s f e r r e d  to  our d e p artm e n t. O n  p h y sica l ex am in a tio n  he  ap p ea red  anaem ic. A t th e  le f t  side 
th e r e  w a s  a  su p rad iap h rag m a tic  d u lln e ss  w ith  aud ib le  c re p ita tio n s . The liver w as f e l t  4 cm  
b e lo w  th e  costal arch. T he legs w e re  oedem atous. B lood p re ssu re  w as 140/80 m m H g.

L a b o ra to ry  find ings: B S R  w as 90 m m /hour, h aem o g lo b in  8.0 g/dl, h a e m a to c rit  2 6 % , 
le u k o c y te  c o u n t 23 000/cu m m , C N  56 mmol/1, c rea tin in e  995 //m ol l, N a  135 m Eq/1, К  7.2 m E q/1 , 
Cl 95 m E q /1 , to ta l p ro tein  50 g/1, a lb u m in  25 g/1, cho lestero l 6.48 mmol/1, AST 60 U , C3 65 m g /d l 
m l, C4 55 m g/dl, im m une e le c tro p h o re s is : IgG  12.4 g/1, Ig A  1.72 g/1, IgM 1.04 g/1, an ti-G B M - 
a n t ib o d y  n eg ativ e , CIC n e g a tiv e , s e - F D P > 4 0  p g/m l. U rin e  :500 m l/day , specific g ra v ity  1010. 
P r o te in :  h e av y  p recip ita te . A d d is  c o u n t: e ry th ro c y te s  278 M, leukocytes 0, cas ts  100 000. 
T h e  u r in e  w as sterile. R e n o g ra p h y : a  ren o g ram  of iso s th e n u ric  ty p e  was reg iste red  o v e r  b o th  
k id n e y s .  L ig h t m icroscopy o f th e  b io p sy  specim en show ed  m esang iopro life ra tive  g lo m eru lo ­
n e p h r i t i s  w ith  diffuse c rescen t fo rm a tio n . No h y a lin ised  g lom eru li were seen. T h e  b a se m e n t 
m e m b ra n e s  o f all glom eruli sh o w ed  lin e a r IgG  sta in in g . I n  th e  B ow m an spaces sp a rse  f ib r in  
d e p o s its  w ere seen.

I n  v iew  of the u raem ic  c o n d it io n  a n d  th e  h igh  К -level th e  p a tie n t  was s ta r te d  im m e d ia te ­
ly  o n  p e r ito n ea l dialysis a n d  p lasm ap h ere s is . T he o ed em as d isap p eared  w ith o u t, h o w ev er, 
in c re a s in g  u rin e  o u tp u t. B y  N o v . 6 a  p n e u m o th o rax  d ev elo p ed  on th e  left side, b u t  a sp ira tio n  
w a s  su ccessfu l. On Dec. 6 he  a g a in  experienced  d y sp n o ea  a n d  h a d  a b lood-sta ined  sp u tu m . 
C h e s t X - r a y  showed com plete  p n e u m o th o ra x  on th e  le f t side  a n d  an  in f il tra te  in v o lv in g  th e
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Table I

Clinical data o f  patients before and after plasmapheresis

B efore tre a tm e n t A fter  t re a tm e n t

H isto log ic  f in d in g
CN

mmol/1
C réât

fim o ljl
U rine

m l/d ay
N u m b e r of 

P P h
CN

mmol/1
C réât

/rmol/1
U rine

m l/d ay

1. G .F. 
f, 42

M esangioproliferative 3  glom erulo­
n ephritis  w ith  diffuse crescent for- 
m ation .[G lom erular hyaline degene­
ra tio n  absen t 40.0 1240 < 5 0 0 8 13.3 199 > 2 0 0 0 R em ission

2. G.S. 
m , 20

M esangioproliferative glom erulone­
ph ritis  w ith jd iffu se  crescent form ­
ation . G lom erular hyaline  degene­
ra tio n  absen t 56.0 995 500 16 28.9 752 500 D e a th  w ith  cardiac 

fa ilu re

3. K .P .
f, 54

M esangioproliferative g lom erulone­
ph ritis  w ith  focal fibrosis. 80%  
crescents 23.7 305 700 4 16.3 120 2000 R em ission

4. P.G . 
in, 40

M esangioproliferative glom erulone­
phritis . 40%  of glomeruli hyalin- 
ized, 60%  w ith  crescents 50.8 1615 1500 6 29.0 995 1000 H aem odialysis

5. Sz.Z. 
f, 28

M em branoproliferative glom erulo­
n ephritis  w ith  diffuse scarring 
crescents 28.8 548 800 9 39.9 820 < 5 0 0

D eath .
P u lm o n ary  oedem a

6. Sz.A. W egener’s g ranulom atosis 25.2 420 1500 6 16.6 323 2000 D eath . Sepsis,
il' 1 31 c ircu la to ry  failure
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e n ti r e  r ig h t  lung. A no th er c h e s t a sp ira tio n  was a tte m p te d  b u t  th e  p a tie n t  d ied  w ith  re sp ira ­
to r y  fa ilu re  resu lting  from  ex cess iv e  loss of re sp ira to ry  su rface . N ecropsy  rev ea led  a  h aem o r­
rh a g ic  in f iltra tio n  in th e  lung . T h e  l ig h t  m icroscopic an d  im m u n o h isto lo g ic  fea tu res  o f th e  k id n ey  
w e re  id e n tic a l w ith  those  o f  th e  b io p sy  specim en. T h ere  w ere  no  h y a lin ised  g lom eruli. T he 
b a s e m e n t  m em branes of th e  lu n g  a n d  choroid p lexus show ed lin e a r IgG  sta in in g  (F ig . 2).

Case 3. K .P ., a fem ale  a g ed  54, h ad  been aw are  o f h ig h  b lood pressu re  fo r th e  la s t  5 
y e a rs .  She had  been re fe rred  fo r sw elling  of eyelids a n d  legs to  h o sp ita l w here p ro te in , b lood 
a n d  c a s ts  were found  in  th e  u r in e .  She  was referred  to  o u r  d e p a r tm e n t fo r closer in v es tig a tio n  
a n d  t r e a tm e n t  on O ct. 14, 1982. A p a r t  from  a m o d era te ly  e n la rg ed  h e a r t, no a b n o rm a lity  of 
d ia g n o s tic  relevance w as fo u n d . I n i t ia l  oedem as h a d  d isa p p ea red . B lood p ressu re  w as 170/ 
100 m m H g .

L ab o ra to ry  fin d in g s: E S R  w as 135 m m /hour, th e  b lo o d  co u n ts  w ere no rm al, CN w as
8.5 m m ol/1, c reatin ine  164 // iuo!/l. th e  se-electro ly tes w ere n o rm a l. T o ta l p ro te in  54 g/1, a lb u m in  
27 g/1, cho lestero l 5.35 mmol/1, A S T  170 U , C H 50 1.42 U , C3 167 m g /d l, im m u n e  e lectrophoresis: 
Ig G  8.4 g/1, IgA  2.24 g/1, IgM  1.2 g/1. U rine: 800 m l/d ay , spec, g ra v ity  1009, p ro te in : h eav y  
p re c ip ita te .  Addis co u n t: e ry th ro c y te s  160 M, leu k o cy tes 0, c a s ts  0. B acterio log ica l e x am in a ­
t io n  w as negative.

Iso to p e  ren o g rap h y : H ip p u r a n  u p tak e  of b o th  k id n ey s  w as red u ced  b y  50% . D e lay e d  
c u m u la tio n  was followed b y  slow  excre tion .

L ig h t m icroscopy o f th e  b io p sy  specim en show ed m esan g io p ro life ra tiv e  g lom eru lo­
n e p h r i t i s  w ith  crescent fo rm a tio n  in  8 0 %  of glom eruli a n d  foca l f ib ro sis  o f g lom eru lar segm ents. 
Im m u n h is to lo g y  revealed  d e p o s its  o f  IgM , IgA  an d  C3, in  th e  f i r s t  p lace  in  th e  p e rip h e ra l 
g lo m e ru li, in  m icrogranu lar fo rm . T h e re  were a b u n d a n t in tra g lo m e ru la r  an d  in te rs ti tia l  f ib r in  
d e p o s its .

D ru g  trea tm e n t fa iled  to  h a l t  th e  rap id  decline o f re n a l  fu n c tio n s. (CN 23.7 m mol/1, 
c re a tin in e  305 ftmol/1.) P la sm a p h e re s is  was s ta rte d . T h e  fo u r th  ex change  w as follow ed b y  an  
in c re a s e  in  urine o u tp u t a n d  a n  im p ro v e m e n t of b io ch em is try , th e re fo re  d ialysis w as d ispensed  
w ith .  T h e  p a tie n t was d isc h a rg e d  o n  D ecem ber 14; th e n  CN w as 16.3 mmol/1, c rea tin in e  120 
/tm ol/1, da ily  urine o u tp u t  2000 m l (T able I).

Case 4. P .G ., a 40 y e a r  o ld  m ale , had  know n to  be  h y p e rte n s iv e  for 1.5 year. H e  h ad  
b e e n  a d m itte d  for a zo tae m ia  to  a  p rov incial h o sp ita l w here  su rg ical b iopsy  w as done. T his 
re v e a le d  m esan g io p ro life ra tiv e  n e p h r it is  w ith  com ple te  d e s tru c tio n  of 50%  o f th e  g lo m eru l

Therapy

Platelet count» 109 
Se FDP ug/ml 
GMB antibody 
TMB antibody 
Plasmapheresis 

Peritoneal dialysis 
Se-creatinine 1600 

pmol/l

BUN mmol/l

Promptéin in E 2» 800000
Furosemid mg

_____ 3QQ _ ,200, 300
Cyclophosphamid mg

___________ 50
Di-Adreson F aquosum mg 

100 ,8Q 50

>60
86 36 106 160

>10 neg
1 = 66 U2
T66 1 : 8
1 ; ; ; ; i 4

4 ; ; i 1 4 ; 4 4
4

Renal biopsy
I

Urine
ml/26 h 1000 

0
22 26 26 28 30 1 2 3 6 5 6 7 8

09.1981 23 25 27 29 10.1981
F ig . 1. G .F . fem ale aged 4 L  D ia g n o s is : M esang iopro lifera tive  g lo m eru lo n ep h ritis  w ith  d iffuse

crescent fo rm atio n
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a n d  c rescen t fo rm atio n  in  6 0% . T ran s fe rre d  to  o u r d e p a r tm e n t he was fo u n d  to  h a v e  a  s lig h tly  
e n la rg ed  liver and  h e art.

B lood p ressure  was 180/100 m m H g . L a b o ra to ry  find ings: E S R  45 m m /h o u r, h aem o ­
g lob in  10.8 g per dl, h aem a to c rit 3 5 % , CN 50.8 mraol/1, c rea tin in e  1615 /imol/1, see lec tro ly tes  
n o rm a l, to ta l  p ro te in  60.0 g/1, a lb u m in  38.0 g/1, ch o lestero l 3.65 mmol/1, A ST 120 U , C R P  
35 IU , im m u n e  e lectrophoresis: Ig G  11.0 g/1, IgA  2.5 g/1 IgM  1.5 g/1. U rine: 1500 m l/d a y , psec. 
g ra v ity  1010, p ro te in : h eav y  p re c ip ita te , A d d is-co u n t: e ry th ro cy te s  456 M, leu k o c y te s  0, 
c a s ts  0, b acterio logy : sterile.

T h o u g h  his general co n d itio n  im p ro v ed  u n d e r  th e  effec t o f th e ra p y , th e  d eclin e  o f u rine  
o u tp u t  m ad e  d ialysis necessary . H e  w as p laced  on  th e  dialysis p ro g ram  as a  c a n d id a te  for 
re n a l tra n sp la n ta tio n .

Case 5. Sz.Z., a fem ale aged  28, h a d  ex p erien ced  sw elling of face a n d  legs, in  F e b ru a ry  
1982. P ro te in u ria , h a em a tu ria  a n d  h ig h  b lood p re ssu re  h a d  been found. T h o u g h  th e  oedem a 
d isa p p ea red  u n d e r a reg im en  o f d iu re tic s , s te ro id s a n d  an tib io tic s , she d ev elo p ed  a zo taem ia  
w ith in  tw o  m o n th s  an d  was tra n s fe rre d  to  ou r d e p a r tm e n t on  Ju n e  14. P h y s ica l e x a m in a tio n  
re v ea le d  generalized  oedem a a n d  a du llness o f 8 cm  ab ove  th e  r ig h t d iap h rag m . O n  percussion  
th e  le f t  b o rd e r of th e  h e a r t  w as fo u n d  1.5 cm  o u ts id e  th e  m ed ioc lav icu lar line . A sy s to lic  m u r­
m u r w as h e a rd  over all po in ts a n d  th e re  w as ta c h y c a rd ia . Percussion  rev ea led  free  ab d o m in a l 
f lu id . T he liv e r was fe lt 5 cm  below  th e  co sta l a rch . B lood pressure was 180/120 m m H g .

L ab o ra to ry  find ings: E S R  w as 60 m m /h o u r, haem oglobin  8.6 g /dl, h a e m a to c r it  23% , 
leu k o c y te s  4400/cu m m , CN 27.8 mmol/1, c rea tin in e  548 fimol/1, N a 150 m E q /I, К  5.5 m Eq/1, 
Cl 110 m Eq/1, cholestero l 7.6 mmol/1, A ST 170 U , C R P  90 IU , C3 20.8 m g/d l, C4 tra c e s , to ta l  
p ro te in  44 g/1, a lb u m in  3.32 g/1. U rin e : 800 m l/d ay , spec, g ra v ity  1009, p ro te in : h e a v y  p rec ip ­
i ta te ,  A d d is-co u n t: e ry th ro c y te s  336 M, leu k o cy tes  0, cas ts  0, bacterio logy : ste rile .

Iso to p e  ren o g rap h y : ren o g ra m  o f b a ck g ro u n d  ty p e . T he biopsy  sp ec im en  rev ea led  
m em b ran o p ro lifc ra tiv e  g lo m eru lo n ep h ritis  w ith  d iffuse  scarring  crescents. Im m u n o h is to lo g y : 
IgG  fo rm ed  m assive, IgM  and  C3 less a b u n d a n t , d ep o sits  on  th e  g lom eru lar b a se m e n t m em ­
b ra n es  a n d  in  th e  m esangium . In  50%  o f th e  g lom eru li B ow m an’s spaces c o n ta in ed  a b u n d a n t  
f ib r in  deposits .

Therapy

Platelet count »109 
Se FDP gig/ml 

urinary FDP pg/ml 
GMB antibody

Oxacillin mg 
750___

Erythromycin mg
_i_____900______

Furosemid mg 300
Cyclophosphamid mg

______________ 50__
Di-Adreson F aquosum 

100
mg

658
I >60 
! <10

I 1-8

270
>60
<10

76
>10
<10

50 96
>10
>10

108 97
>10
>10

156

T8 Pneumothorax
Spontaneous pneumothorax Hoemopfoe

4
4 1

10.1981
15 20 25 30

111981
10 25 

11.1981
30 5

12.1981
F ig . 2. G.S. m ale, aged 20. D iagnosis: M esang iopro lifera tive  g lom eru lonephritis  w ith  d iffuse

c rescen t fo rm a tio n

A c ta  M e d ic a  H u n g a r ic a  4 1 ,  1 9 8 4



292 SÄMIK, J. et al.

T re a tm e n t failed  to  re n a l fu n c tio n . The p a tie n t  w as on  d ia ly sis, an d  he  died w ith  c irc u ­
la to r y  fa ilu re  on O ctober 5, 1982.

Case 6. The disease o f S z .A ., a  31 y ear old m ale , h a d  s ta r te d  in  A pril 1982 w ith  u p p e r  
r e s p ir a to ry  c a ta rrh , follow ed b y  co n ju n c tiv itis  and h a em o p ty s is . H ig h  blood pressure , p ro te in ­
u r ia ,  h a e m a tu ria  had  been  fo u n d . R enal function  h a d  d ec lin ed  ra p id ly  and  a fte r 4 w eeks he 
h a d  d ev elo p ed  u raem ia. R e n a l b io p sy  h ad  revealed  W eg en er’s g ranu lom atosis . H e w as a d m itte d  
to  o u r  d e p a rtm e n t on J u n e  14, 1982. On physical e x a m in a tio n  th e  liver was fe lt 6 cm  below  
th e  c o s ta l  a rch , th e  sp leen  w as j u s t  palpab le. B lood p re ssu re  w as 200/120 m m H g.

L ab o ra to ry  f in d in g s : E S R  33 m m /hour, h aem o g lo b in  16.1 g/dl, h a em a to c rit 4 2 % , 
CN 17 mmol/1, c rea tin in e  323 //m ol/1, se-electro ly tes n o rm a l, cholestero l 5.23 m mol/1, to ta l  
p ro te in  60 g/1, a lbum in  31 g/1, A ST  120 U , CR P 100 IU , C H 50 1.50 U , C3 126 m g /d l. U rin e : 
1000 m l/d a y , spec, g ra v ity  1007, p ro te in : heavy  p re c ip ita te . A d d is co u n t: e ry th ro cy te s  150 M, 
le u k o c y te s  0, casts 0. O n b a c te r ia l  ex am in atio n  th e  u r in e  w as fo u n d  sterile.

B lood chem istry  im p ro v e d  in  response to  t r e a tm e n t,  b u t  on  A ugust 12 he  b ecam e 
fe v e r ish  a n d  com plained of h e a d a c h e  and  shortness o f  b re a th .  X -ra y  revealed  a poorly  o u tlin e d  
in f i l t r a te  in  th e  r ig h t low er lobe  a n d  clouded nasal sinuses.

In ten s iv e  an tib io tic  t r e a tm e n t  failed to  h a lt  th e  p ro d u c tio n  of sepsis. H e  d ied  w ith  
c irc u la to ry  failure on A u g u s t 15.

Discussion

E valuation  o f th era p y  in glom erulonephritis is made difficult b y  the  
spontaneous rem issions w hich  m ay occur occasion a lly  even in its rapidly  
progressive form [3, 6 ]. U se o f  im m unosuppressing drugs and steroids seem  to  
fa il b u t com bination o f such  therapy with anticoagu lants has been found o f  
b en e fit  [5, 8, 21]. R em issions produced b y  in ten sive  plasm apheresis were 
reported  by Lockwood [13] and have been confirm ed  by other authors [11, 
12, 14, 16, 18, 19, 20].

The benefits o f  p lasm apheresis m ay be ascribed to  the following factors:
1. I t  produces a fall in  th e  levels  o f the circu lating im m unocom plexes [9, 10],
2. B y  extraction o f th e  circulating antigens and/or antibodies, it interferes  
w ith  th e  form ation o f loca l im m unocom plexes [9], 3. Far from affecting the  
clearance function o f th e  m ononuclear p h agocyte  system , it  has even  been  
fou n d  to  stim ulate th is  a c t iv ity  [4], 4. N ot on ly  th e  nephrotoxins are rem oved  
b u t also the levels o f  th e  potentia l nephrotoxins are reduced [2].

Plasm apheresis does n o t exem pt from the use o f  steroids and im m uno- 
suppressors for the depression  o f immune processes. Cyclophospham ide appears 
to  be th e  m ost potent depressant of rebound increase in antibody consequent 
u p on  plasm apheresis.

E xchange o f 2 to  4 liter plasma per d ay  is generally well to lerated . 
For volum e replacem ent 5%  albumin, fresh or frozen plasma are su itable. 
C om plications are un com m on  and generally resu lt from  fluctuations o f blood  
pressure due to inadequate volum e replacem ent. A  sudden fall in volum e m ay  
g iv e  rise to  arrhythm ia. R eduction  in the im m unoglobulin  levels is fraught 
w ith  hazards of in fection . Leukocytosis accom panying  the in flam m atory  
process results in m assive release of proteolytic enzym es and of coagulation  
activ a to rs from the cells, th u s adding to the sev er ity  o f the primary disease.
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P rotective an tib iotic  therapy is, therefore, o f  prim e im portance. D uring volum e  
replacem ent sign ifican t am ounts o f  citrate m ay gain access to th e  circulation  
and cause b leed ings and/or te ta n y  b y  b inding o f Ca+ + . Conversion o f  citrate  
to  b icarbonate m ay result in alkalosis during prolonged treatm ent. The hazard 
of hepatitis in vo lved  by the adm inistration o f plasm a need not be em phasized.

A ccording to  general estim ates, plasm apheresis has been found o f thera­
peutic b en efit in 40 to  60% of the cases. G ibstein [9] sum s up th e  pertinent 
observations as follows:

In a m aterial o f  31 patients w ith  G oodpasture’s syndrom e im provem ent 
of the renal cond ition  occurred in  19 cases, and recovery from a pulm onary  
infiltration  o f m ajor severity  in 22 out o f 23 cases. This observation is the more 
rem arkable as respiratory failure accounts for the fatal outcom e o f Good­
pasture’s syndrom e in a high proportion o f  the cases. 12 out o f  16 patients  
w ith SL E , 27 out o f 40 w ith crescentic glom erulonephritis, had a rem ission. 
The severity  o f  uraem ia and anuria, as w ell as the proportion o f glom eruli 
involved  b y  crescents seem  to be inversely  related to the success o f therapy
[9, 17, 22].

Our p atien ts were uraemic at the start o f  therapy, and all but tw o were 
practically  anuric. Renal biopsy revealed  advanced glomerular sclerosis in 3 
cases; all three patien ts (Nos 4, 5, 6) fa iled  to  respond to  treatm ent. Focal 
sclerosis o f  glom erular segm ents was found in one case (patient 3). This patien t 
w ent in to  rem ission. In patients 1 and 2 none o f  the glomeruli were hyalinised. 
The first o f  th ese patients was discharged in a satisfactory condition  and no 
deterioration o f renal function was dem onstrable one year later. The second  
patient died in consequence o f recurrent pneum othorax and pulm onary  
infiltration  on th e  opposite side. A t necropsy no glomerular h yalin isation  was 
dem onstrable in  th is  case either. H ad it  n o t been for the extrem ely  grave 
com plications, th is  patient too m ight h ave possib ly survived.

The clin ical features of Cases 1 and 2 are consistent w ith  th ose o f  Good­
pasture’s syndrom e. In Case 1 anti-G B M -antibody was dem onstrable. Renal 
biopsy w as done after intensive therapy, therefore the presence o f  granular 
im m une deposits is b y  no m eans incom patib le  w ith the syndrom e [1, 16]. 
P atien t 2 revealed  linear im m une deposits in the kidney, lung and choroid  
plexus. N o anti-G B M -antibody was d etectab le  in  this case. This m ay have  
the follow ing causes: 1. After onset o f  th e  disease the anti-G B M -antibody  
m ay have rem ained in the circulation for a short tim e only [9]. 2. The antibody  
of high a ffin ity  is rapidly bound to  GBM [15], and this m ay account for the 
high anti-G B M -antibody levels in  less severe forms of G oodpasture’s syn­
drome [3]. 3. The patien t had been on b igh  steroid doses before adm ission to  
th is departm ent.

The prim e im portance o f early d iagnosis in the in terest o f  successful 
therapy clearly em erges from all published  observations including th e  small
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n u m b er o f  cases forming th e  present m aterial. A dm inistration o f steroids, 
im m unosuppressors and anticoagu lants has to  he started w ithout delay . 
D eter io ra tio n  o f renal function  instead  of im provem ent w ithin 14 to 21 days  
m akes plasm apheresis ju stified . I f  the patien t is uraem ic at the tim e o f d iag­
n osis, he should  be started im m ed ia te ly  on plasm apheresis. An im provem ent 
m ay gen era lly  be expected  w ith in  4 weeks, but its  occurrence at som e la ter  
tim e is  n o t beyond the p ossib ilities.

P lasm apheresis and also im m unoabsorption [7] w hich is still in the exp eri­
m en ta l sta g e , are expected  to  im prove the chances o f remission in  rap id ly  
p rogressive  glom erulonephritis.
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NORMALIZATION OF ELECTROPHORETIC MOBILITY 
OF LYMPHOCYTES IN PATIENTS WITH PRIMARY 

IMMUNOGLOBULIN DEFICIENCY TREATED WITH 
INTRAVENOUS IMMUNOGLOBULINS

C. R i c c i , E. M i n e t t o , G. Ca s c i o , A . D e  S t e f a n o , И . B a s s o , P . B o r e l l i ,
D .  B o z z o n e , D .  D e l i a , R .  B a l d a s s i

M EDICAL D EPA RTM EN T U N IV E R S IT Y  HOSPITAL 
TO RINO-10129, CORSO PO LO N IA  14, ITALY

(R eceived  J u ly  19, 1983)

T he b eh av io u r o f ly m p h o cy te  su b -p o p u la tio n s  and ly m p h o c y te  e lectro p h o re tic  
m o b ility  has been stu d ied  in  seven p a tie n ts  w ith  ag am m a/h y p o g am m ag lo b u lin aem ia  
before and  a fte r  gam m aglobulin  th e ra p y .

K eyw ords: L .E .M .: L y m p h o cy te  e lec tro p h o re tic  m o b ility , gam m a-g lobu lin  
th e ra p y , p rim ary  im m unodefic iency , X -lin k ed  ag am m aglobu linaem ia, m onoclonal 
an tibod ies .

A bbreviations:

X -L .A : X -linked  agam m aglobu linaem ia
C V H : C om m on v ariab le  h y p o g am m ag lo b u lin aem ia
S R F C : Sheep-rosette  form ing cells
P B L : P eriphera l blood ly m p h o cy tes
Mo Ah: M onoclonal an tib o d y
S Ig l :  Serum  im m unoglobulin  in fusion  (Sandoz)
S Ig : Surface im m unoglobulins
L .E .M .: E lec tro p h o re tic  m o b ility  o f ly m p h o c y tes
P .W .M .: Pokew eed m itogen

Introduction

It  lias been reported that the hum oral im m une response in experim ental 
system s m ay be reduced by im m unoglobulins. In addition, an excess suppressor 
a c tiv ity  has been described in patients w ith  hypogam m aglobulinaem ia receiv­
ing  gam m aglobulin  therapy.

W aldm ann was the first to  observe th a t suppressor cells m ay  p lay  an 
im p ortan t role in the pathogenesis o f  com m on variable hypogam m aglobulinae­
m ia (CVH). Therefore we have studied th e  in  v ivo  cellular effect o f  gam m aglobu­
lins (Sandoglobulin® Sandoz) in jected  intravenously  in seven p atien ts with  
prim ary im m unodeficiency. The aim s o f th is preliminary study w ere to  study

Send o ffp rin t requ ests  to : Ciro R icci, M .D ., V ia P iazzi 41, T orino , 10129, I ta ly
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T ab le  I

Clinical and im m unological data o f  seven pa tien ts w ith

Pre-infusion

N am e Diagnosis
Age

(yearsi) Sex W.B.C. PBMC
S.Ig (percent)

(mm3)
p ercen t IgG IgA IgM IgD

S. R b . X —L . A. 34 M 2000 27 0 2 3 6
S. R s. X - L .  A. 34 M 5600 42 0 2 3 5
B . M. X - L .  A. 16 M 7000 45 0 0 0 0

S. C. C.V.H. 57 F 8200 41 1 2 3 6
R . S. C.V.H. 38 F 5800 50 1 1 2 4
B. A. C.V.H. 48 F 4600 30 0 1 2 4
A. E . C.V.H. 31 M 21000 32 0 4 6 8

T ab le  I I

Surface markers o f  P B M C  a n d  percentage o f  positive P B M C

Pre-infusion

N am e Diagnosis
Age

(years) Sex W .B.C. PBMC
SRFC (percent)

(m m 3) (percent)
A T

S. R b . X -L . A. 34 M 2000 27 47 69
S. R s. X -L . A. 34 M 5600 42 54 67
B. M. X -L . A. 16 M 7000 45 64 77

s. c. C.V.H. 57 F 8200 41 64 77
R . S. C.V.H. 38 F 5800 50 60 72
B. A. C.V.H. 48 F 4600 30 55 76
A. E . C.V.H. 31 M 21000 32 43 68

the fu n ction a l property o f lym p h ocytes before and after im m unotherapy; 
and to  check  the activation  o f suppressor a c t iv ity  after gam m aglobulin in ­
fusion.

Material

W e tr e a te d  th re e  p a tie n ts  w ith  X -L . ag am m alo b u lin aem ia  (X -L .A ) a n d  fo u r w ith  
CVH. T h e  c r ite r ia  fo r th e  d iagnosis o f  X -L .A  were: m ale  sex , o n se t in  in fan cy  or e a rly  c h ild ­
ho o d , re c u r re n t  pyogenic  in fec tio n s , se ru m  im m u n o g lo b u lin s v ir tu a lly  absen t, in a b il i ty  to  
m ak e  a n tib o d ie s  a f te r  an tig en ic  s tim u la tio n , in ta c t ce llu la r im m u n ity , sparse ly m p h o id  tis su e  
w ith o u t  p la sm a  cells, fam ily  h is to ry  of a ffec ted  m ales. T h o se  fo r diagnosis of CVH w ere: 
absence  o f  specific  a n tib o d ies  an d  a  fa ilu re  to  m o u n t a n  a n tib o d y  response to  s ta n d a rd  a n tig e n  
challenge .

Methods

Iso la tion  o f  lym phocytes and  surface m arker studies

P e rip h e ra l b lood ly m p h o c y te s  w ere iso la ted  fro m  h e p a rin iz e d  blood by  Ficoll—H y p a q u e  
d e n s ity  g ra d ie n t. Sheep ro se tte  fo rm in g  cells (SR FC ) a n d  m em b ran e  Ig  were s tu d ied  as de ­
sc rib ed  p re v io u s ly  [6].

M onoclonal antibody (M o A b )  o f  lym phocytes by indirect im munoflourescence

T h re e  M oAb described  p rev io u s ly  b y  o th er a u th o rs  w ere  used . B riefly , O K T3 M oA b 
b in d s to  all m a tu re  T  cells, w hereas re g u la to ry  T -helper a n d  T -sup p resso r cells a re  re s tr ic te d  
to  O K T 4  + a n d  0 K T 8 +  re s tr ic te d  cells, respec tive ly . T o d e te rm in e  th e  freq u en cy  o f po-
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p rim a ry  Ig  Deficiency before and after i.v. Ig  therapy

P o s t- in f u e io n

Serum Ig  (mg/dl)
W.B.C. PBMC S.Ig  (per cent) Serum Ig  (n:,l/di)

IgC IgA IgM
(m m 3) per cent

IgG IgA IgM IgD IgG IgA IgM

89 30 29 6200 26 0 0 1 6 410 10 34
24 2 38 7300 41 0 1 6 4 470 11 34

197 0 0 10300 49 0 0 0 0 218 0 0

133 21 7 3200 49 0 2 5 4 265 42 17
10 8 15 7400 54 0 0 1 10 365 0 0

100 0 0 5600 32 0 2 3 5 415 0 0
36 0 0 21700 30 0 3 5 6 174 17 7

studied  w ith a panel o f  M o A b  before and after i.v. Ig  in fu s io n

Post-infusion

OK (percent)
Ratio W.B.C. PBMC

SRFC (per cent) OK (percent)

T, T. T. T./T, (mm8) per cent
A T T, T. T. т ./т .

100 57 42 1.36 6200 26 44 69 90 28 42 0.67
100 56 43 1.30 7300 41 44 74 90 36 45 0.80
100 50 39 1.28 10300 49 42 60 80 48 30 1.60

100 50 53 0.94 3200 49 71 76 100 33 28 1.18
100 45 46 0.98 7400 54 67 71 90 24 48 0.50

90 41 46 0.89 5600 32 55 82 100 37 36 1.02
100 50 47 1.06 21700 30 53 80 98 20 50 0.40

s itiv e  cells, p e rip h e ra l b lood  ly m p h o cy tes  (P B L ) w ere  in cu b a ted  w ith  a p p ro p ria te  a m o u n ts  
o f eac h  M oAb for 30 m in  a t  4 °C in  com plete  m ed iu m  w ith  10%  fe ta l ca lf se ru m , w ashed , 
co u n te r-lab e lled  w ith  flu o rescen t g o a t an ti-m o u se  Ig G , w ash ed  again, and  th e n  e x am in ed  w ith  
a  L e itz  u ltra v io le t m icroscope equ ip p ed  w ith  v e r tic a l  illu m in a tio n  (°). S u p e rn a ta n t  fro m  th e  
P 3  X  P 3 -A g 8  m yelom a cell line w as used  as a  n e g a tiv e  con tro l for b a ck g ro u n d  s ta in in g  of 
each  cell p o p u la tio n , as suggested  b y  O rth o  P h a rm a c e u tic a ls  fo r v isua lization  o f  p o sitiv e  cells.

T hese  m onospecific  reag en ts  were u sed  fo r in d ire c t  im m unofluorescence m ic ro sco p y .

D eterm ination  o f  electrophoretic m obility o f  lym phocytes ( L .E .M .)

T h e  follow ing e q u ip m e n t w as used : d irec t c u r re n t  source, in co rp o ra ted  m icroscope  w ith  
a  X 25 eye-piece p ro v id ed  w ith  a c a lib ra ted  g ra ticu le  a n d  a  m odified  Zeilers c y to p h e ro m e te r. 
T h e  ly m p h o cy tes  w ere p laced  in  th e  c y to p h e ro m e te r  c h am b er, th e  3.5 m A , 60 Y  c irc u it  w as 
c losed , a n d  th e  tim e ta k e n  b y  th e  edge o f a cell to  c o v e r tw o  fu ll squares (100 p )  w as m easu red .

T h en  c u rre n t w as rev ersed  a n d  th e  tim e  ta k e n  b y  th e  cell to  com e b a c k  o v er th e  
sam e  d is tan c e  was m easu red . T he te s t  was p e rfo rm ed  w ith  200 cells.

Results

A ll patien ts displayed clinical im p rovem en t (lack of in fection s, no ab­
sence from  work) after a standard infusion o f  100 m g/kg/m onth o f Sandoglobu- 
lin® (S Ig l) .

(°) G ift o f E d o a rd o  A gnelli F o u n d a tio n , T o rin o
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F ig . 1. M o d ifica tion  of th e  e lec tro p h o re tic  m o b ility  o f ly m p h o c y te s  induced b y  IgG  th e ra p y  
in  p a tie n ts  w ith  p r im a ry  im m u n o g lo b u lin  deficiencies

A s can be seen in Table I , Ig  always rose for 30 days, but after SIgG  ly m ­
p h o cy te  surface Ig (SIg) w as not m odified sign ifican tly . In particular, there  
w as n o  sign ificant depression o f SIgM and S IgD  markers.

T ab le I I  shows th a t to ta l and active SRFC w ere not altered after im m u n o­
th era p y . The T-helper subpopulation  decreased sign ificantly  in all p a tien ts, 
w hereas th e  T-suppressor sub-population  w as reduced in 3/7 p atien ts on ly  
(B .M ., S.C. and B.A1), so th a t  their T4/T8 ratio w as positive.

L a stly , as show n in F ig . 1 and Table I I I , L .E .M . im proved sign ifican tly  
in  6 /7  p atien ts.

Table III

M odifica tions o f  electrophoretic mobility o f  lym phocytes before and after gamm aglobulin  
therapy in  pa tien ts w ith prim ary im m unoglobulin  deficiencies

Pre-infusion Post-infusion

N am e Diagnosis
Age

(years) Sex W.B.C.
(mm3)

PBMC 
per cent

E.M .L.
(sec)

W.B.C.
(m m 3)

PBMC 
per cent

E.M .L.
(sec)

V ariation 
E.M .L. 

pe r cent

S .R b . X -L . A. 34 M 2000 27 5.86 6200 26 7.95 +  36
S .R s. X -L . A. 34 M 5600 42 4.12 7300 41 6.67 +  62
B.M . X -L . A. 16 M 7000 45 6.48 10300 49 7.91 +  22

S.C. C.V .H . 57 F 8200 41 6.02 3200 49 8.10 + 3 5
R .S . C.V .H . 38 F 5800 50 5.24 7400 54 6.91 +  32
B.A . C.V .H . 48 F 4600 30 5.12 5600 32 5.00 -  2
A .E . C.V .H . 31 M 21000 32 4.06 21700 30 6.88 +  69
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Discussion

Our in v ivo data failed to  confirm  the experim ental results o f  Durandy  
et al. [2]. There was no decrease in the SIg o f P B L , i.e. Ig  syn th esis  was 
apparently not inhibited . (These results, however, should be checked  by in 
vitro  stim ulation o f B -lym p h ocyte activ ity  by P .W .M .). T he decrease 
in  the T-helper subpopulation  after S Ig l m ay be due to  a feedback  m echanism  
w ith  depression o f T-helper a c tiv ity  and transient changes in  T-suppressor 
a ctiv ity . L astly , the norm alization o f L.E.M . should be em phasized . This 
result is d ifficult to explain . It is possible that S Ig l m ay block th e  F c receptors 
o f lym phocytes, thus slow ing down their electrophoretic m ob ility .

Unlike rosette assays, w hich are influenced b y  factors such  as the  
SRBC source, cell electrophoretic m obility  is determ ined b y  d irect physical 
m easurem ent. It is a useful im m unological param eter, particu larly  in the 
delineation o f PB L  subpopulations.

Our L.E.M . studies were alw ays accom panied by a parallel stu d y  using 
other cell markers, such as SIg SRFC and com plem ent receptors, etc.

A marked variab ility  in classic cell surface markers w ith  regard to  the 
function  and surface profiles o f lym p h ocyte subpopulations w as indeed noted  
in prim ary humoral im m unodeficiencies, and a good correlation was found 
betw een some o f these markers and the L.E.M . profiles.

In conclusion, S Ig l appears to  norm alize the lym p h ocyte  membrane 
o f patients w ith prim ary im m unodeficiencies.
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Book reviews

Cancer control in  the countries o f  the Council o f  M u tu a l Econom ic Assistance. E d ite d  b y  N . P . 
Napalkov an d  S. Eckhardt. Publish ing  H ouse  o f  th e  H u n g arian  A cadem y o f  Sciences.

B u d ap es t 1982. P rice : U S  $ 3 5 .—

T his is th e  E n g lish  version  of a book w hich  w as f irs t  published in  R u ss ia n  in  1980. 
I t  is a w ork of specia l v a lu e , being  one of the  v a lu a b le  re su lts  of a co llabora tion  m a in ta in e d  
since m an y  y ears  be tw een  th e  Comecon c o u n trie s , in  th e  fram e of the  p ro je c t:  “ C om plex 
resea rch  on m a lig n an t neop lasm s” . In  th e  p u b lic a tio n  th e  leading oncologists o f th e  Com econ 
co u n tries  give d e ta iled  in fo rm a tio n  — each in  th e ir  ow n c o u n try  — ab o u t th e  in c id en ce  of 
tu m o u ro u s  diseases, th e  s tru c tu re  and system  of onco log ical n s titu tio n s  w here c a n c e r  p a tie n ts  
are tre a te d . E ach  c h a p te r  beg ins w ith  a b rie f su m m a ry  on  ith e  geographic, eco n o m ic  a n d  de­
m ograph ic  ch a ra c te ris tic s  o f th e  c o u n try , g iv ing  su rv e y s  on th e  p as t o f th e  a n ti-c a n c e r  fig h t. 
In fo rm a tio n  is given a b o u t th e  system  of re g is tra tio n  o f cancer p a tien ts , th e  d a ta  o f  cancer 
screen ing  fo r th e  e a rly  d iscovery  of c erta in  ty p es o f tu m o u r . One can read  ab o u t th e  in s t i tu t io n  
w here th e ra p eu tic  t r e a tm e n t  is given to  cancer p a tie n ts ,  th e  system  of e d u ca tio n  a n d  p o s t­
g ra d u a te  tra in in g  of oncological specialists, p h y s ic ia n s  an d  param edical p e rso n n e l, as well 
as a b o u t th e  h e a lth  ed u ca tio n  of th e  public  on th e  p ro b lem s of cancer. The la s t  3 c h a p te rs  are 
of special sign ificance, in w hich th e  ed ito rs give a rev iew  on the  fu r th e r  p ro g ram m e o f  oncolog­
ical c o o rd in a tio n , an d  th e  p ro spects o f co o rd in a tio n  o f  th e  f ig h t aga in st cancer in  th e  Com econ 
co u n tries . T he book in c lud ing  109 tab les and m ore th a n  40 d iagram s prov ides m a n y  useful 
d a ta  reg ard in g  can cer m o rb id ity , m o rta lity  a n d  th e  re su lts  o f th e  an ti-can cer f ig h t  in  th e  
Com econ coun tries .

T his E n g lish  version  will in all p ro b a b ili ty  p ro m o te  th a t  the  m any  u se fu l d a ta  and  
experience  co n ta in ed  in th e  book becom e in te rn a tio n a l  public  p ro p erty .

K . Lapis

H . Stalsberg (ed.): A n  In ternational Survey o f  D istr ib u tio n s o f Histologic T yp es o f  T um ours  
o f  the Testis and  Ovary. UICC (In te rn a tio n a l U n ion  A g a in s t Cancer). G eneva 1983. P u b lish e r:

H . H u b er, B erne. P rice : U S $ 2 4 .—

T his vo lum e, based  on th e  proceedings o f  th e  conference held in  I b a d a n  (N igeria ) 
in M arch  1981, on th e  gonadal tu m o u rs , co n ta in s 36 p a p e rs  supplied  w ith d iag ram s. T h e  book 
falls in to  fo u r m ain  sections. T he f irs t  deals w ith  th e  tu m o u rs  of th e  tes tis , th e  seco n d  w ith  
those  o f th e  o v a ry , in  accordance w ith  th e  can cer re g is te r  and  c lassification  e v a lu a te d  a t  
p rev ious U IC C  m eetings. In  th e  th ird  the  p a tie n t  m a te ria l  o f hosp itals in  A frica , J a p a n ,
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G re a t-B r i ta in ,  N orw ay an d  A m erica  a re  discussed on  a  s im ila r  basis. In  th e  fo u r th  w e f in d  
a  c o m p a ra t iv e  s ta tis tic a l analy sis  b y  H . S ta lsberg  o f th e  o v a ria n  and  te s ticu la r  tu m o u rs  o f 
v a r io u s  ty p e s . T he m eeting  w as a tte n d e d  by n um erous sc ie n tis ts  o f wide re p u te , in c lu d in g  W . 
J o h n s o n  (N ew  O rleans), E .E . S cu lly  (B oston), R .G .F . P a r k e r  and  J .A . W aterh o u se  (G re a t-  
B r i ta in ) ,  A .O . W illiam s (N igeria ) a n d  T. Sund, who p e rfo rm e d  th e  a u to m a ted  an a ly ses.

A s reg ard s  th e  tu m o u rs  o f  th e  te s tis , th e re  has b e e n  g en era l agreem ent on  th e i r  p re v a ­
len ce  in  th e  age groups 20 -60 , b u t  th e y  have  been fo u n d  less p re v a len t in  th e  co lou red  th a n  in  
th e  w h ite  p o p u latio n s. T h e ir  in c id en ce  is, how ever, u n re la te d  to  geographic fac to rs . I t  is  o f 
in te r e s t  to  n o te  th a t  fo r in s ta n c e  in  P e ru  these  tu m o u rs  h a v e  a  h igh incidence in  c h ild ren , 
a n d  t h a t  sem inom a is th e  p re d o m in a n t  ty pe. A ccord ing  to  a  N ew  O rleans s tu d y -g ro u p , h o r ­
m o n a l im b a lan c e  du rin g  p re g n a n c y  is  an  essential a e tio lo g ica l fac to r o f tu m o u rs  o f th is  ty p e  
a n d  a c c o u n ts  in  all p ro b a b ili ty  fo r  th e ir  h igh  inc id en ce  in  c ry p to rch id ism . I t s  in c id en ce  in  
J a p a n  is  0 .97 in  100 000. I n  B irm in g h a m  i t  is on th e  in c re a se  an d  a tta in s  2.69 in  100 000.

C lassifica tion  p ro b lem s o f o v a ria n  tu m o u rs a re  d e a l t  w ith  in  a sep ara te  c h a p te r  b y  
S cu lly . D e ta ils  o f 175 tu m o u rs  rece iv ed  for ty p in g  fro m  12 p a th o lo g ists  are given. O n ly  6 2 %  
o f  th e  c o n su lta n ts  agreed on th e  ty p e  o f tu m o u r in  q u e s tio n . T his is a ttr ib u te d  b y  th e  a u th o r  
to  th e  in a c c u ra c y  of som e c r ite r ia . I t  is in  th e  f irs t  p lace  th e  c lassification  of u n d if fe re n tia te d  
c a rc in o m a  a n d  of granulosa-cell tu m o u rs  w hich gave cau se  to  erro rs . I t  has been co n firm ed  th a t  
th e  in c id e n ce  of o v arian  tu m o u rs  is on  th e  increase. I n  th e  U SA  i t  belongs to  th e  co m m o n  
c au ses  o f  d e a th , p a r tic u la r ly  in  th e  w h ite  p o pu lation . T h e  c lear-cell carc inom a is th e  m o s t b en ig n  
fo rm , fo llow ed  b y  en d o m e tria l a n d  m ucinous tu m o u rs , w h ich  are still of b e tte r  p ro g n o sis  
th a n  th e  serous an d  u n d iffe re n tia te d  form s. The inc id en ce  o f  o v a rian  carcinom a in  th e  v a r io u s  
c o u n tr ie s  a ll over th e  w orld  is l is te d  in  detail.

F ro m  section  3, w h ich  co m p ares  th e  figures fo r in p a t ie n ts  w ith  those  fo r o u tp a tie n ts ,  
i t  e m e rg es  t h a t  young  p a tie n ts  a re  th e  m ajo rity  o f in p a tie n ts .  T his is a ttr ib u te d  to  socio­
eco n o m ic  fa c to rs  and  to  th e  ty p e  o f  tu m our. The d a ta  co m in g  from  th e  various c e n tre s  a re  
to o  in h o m o g en eo u s to  be su m m ed  u p . A co m p ara tiv e  s ta tis t ic a l  analysis o f th e  te s tic u la r  
a n d  o v a r ia n  tu m o u rs is g iven  on  a few  pages a t  th e  e n d  o f  th e  book. Close re la tio n sh ip s  h av e  
b e en  fo u n d  be tw een  o v a ria n  a n d  te s tic u la r  tu m o u rs o f e v e ry  ty p e . For in stan ce , sem in o m a  of 
th e  te s t i s  a n d  dysgerm inom a o f th e  o v a ry  are o f th e  sam e  incidence.

T h e  bo o k  p rov ides v a lu a b le  in fo rm a tio n  to  all th o se  in te re s ted  in  tu m o u rs o f  th e  te s tis  
a n d  o v a ry ,  especially  to  p a th o lo g is ts , oncologists, g y n aeco lo g ists  and  urologists.

M agdolna Gaál

Т Е М  C lassifica tion  o f  M a lignan t Tum ours. A  b ro ch u re  o f  check lists . UICC T echn ica l R e p o r t
Series , Yol. 5. G eneva, 1982

T h e  U nion  In te rn a tio n a l  C en tre  le Cancer (U IC C ) is an  in te rn a tio n a l u n io n  o f 182 
c a n c e r  re sea rc h  cen tres a n d  oncolog ical societies. O ne o f  i ts  ac tiv ities  is th e  co llec tio n  a n d  
r e g is tr a t io n  o f d a ta  re la te d  to  m a lig n a n t disease on  a s ta n d a rd iz e d  basis o f u n ifo rm  c r ite r ia . 
I t  is  in  th e  in te re s t o f these  ta sk s  t h a t  th e  p re sen t b ro c h u re  o f checklists covering  a ll reg io n s 
o f th e  o rg a n iz a tio n  has been  issued . E a c h  checklist show s, in  a d d itio n  to  a ske tch  o f th e  reg io n , 
th e  d a ta  o f  p re tre a tm e n t a n d  of p o stsu rg ica l p a th o h is to lo g ic a l classification . On th e  b a ck s id e  
d ire c tio n s  how  to  fill o u t  th e  p r in te d  lis ts for each o rg a n  a re  found.

T h e  p r in te d  check lists  h a v e  th e  ad v an tag e  o f ex c lu d in g  an y  possible om ission o f  e ssen ­
t ia l  d a ta ,  m oreover th e y  p ro v id e  d irec tio n s for th e  re g is tra tio n  o f th e  en tries on  th e  b a s is  o f  th e  
in te r n a t io n a l  s ta n d a rd s  a p p ro v ed  b y  UICC, th u s  be ing  s u ite d  fo r com parison, even  fo r  p u rp o se s  
o f  a n  in te rn a tio n a l  coo p era tiv e  ev a lu a tio n . T here is one c h ec k lis t for each region, in te n d e d  fo r
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re p ro d u c tio n . T h is is g ra n te d  to  a n y  ap p lic an t a t  re q u e s t by  UICC, w ith  th e  re se rv a tio n  of 
c o p y rig h t (U IC C , 3, ru e  due C onseil-G énéral, 1205 G enève, Sw itzerland). Two s le n d e r  b ro ch u res 
issued  by  U IC C , TNM  C lassification  of M alignan t tu m o u rs  (G eneva, 1982) a n d  T N M  C lassifica­
tio n  of P a e d ia tric  T um ours (G eneva , 1982), b o th  e d ite d  b y  M H. H arm er serve as su p p le m e n ts  
to  th e  check lists  by  p ro v id in g  d e ta iled  d irec tions for th e  classification  of each  ty p e  o f tu m o u r 
w ith  respec t to  g rades N  an d  M. T h e  top o g rap h ic  d e f in itio n s  are based on  th e  C lassifica tion  
o f  D iseases fo r O ncology o f W H O  (IC D -O ). I t  is n o ted  th a t  th e  M orphological f ie ld  o f  I C K - 0  
co rresp o n d s to  th e  respec tive  c lassifica tion  of SN O M E D .

B . Szende

U IC C  T echnica l R ep o rt Series, V olum e 74. Hepatocellular Carcinoma. A  Series o f  W o rkshops 
on  th e  B iology of H u m an  C ancer. R e p o rt No 17. E d ite d  b y  K unio  O kuda  a n d  I a n  M ackay .

U nion In te rn a tio n a le  C ontre  le C ancer. G eneva, 1982

T his book  o rig ina tes fro m  a conference held  a t  th e  UICC h e ad q u a rte rs  in  G en ev a , on 
N o v em b er 22 -2 6 , 1980, w ith  th e  p u rpose  o f rev iew ing  th e  m ajo r problem s o f h e p a to ce llu la r  
carc inom e (H CC). The p a r tic ip a n ts , acknow ledged e x p e rts  on various aspects o f h e p a to ca rc in o - 
genesis were in v ite d  b y  D r. D onald  M etcalf, ch a irm an  o f  th e  UICC Program m e on E x p e rim e n ta l 
O ncology, to  d iscuss “ w h a t is k n ow n  an d  w h a t is u n k n o w n , and to p re sen t o p in io n s  on  wdiat 
c an  be done an d  w h a t should  be do n e” , as D r. O k u d a  p u t  i t  in  th e  preface.

T he bo o k  fu lfils these  ex p ec ta tio n s . I t  consists o f  ten  ch ap te rs  w ritten  b y  o n e  o r, m o stly , 
b y  a g roup , o f th e  p a r tic ip a n ts . T h e  c h ap te rs  a re  b a se d  on w orking pap ers  w h ich  h a d  been 
p re p a re d  b y  th e  sam e a u th o rs  and  th e n  d iscussed  and  c ritic a lly  analysed  b y  a ll o f th e  w orkshop  
m em bers. T h u s  th e  final version  o f  th e  ch ap te rs  h as becom e th e  resp o n sib ility  o f  th e  en tire  
g roup .

I. S. M ack ay ’s in te re s tin g  an d  th o u g h tfu l in tro d u c tio n  (C hap ter I)  is fo llow ed  b y  a p a r t  
in  th e  epidem io logy  (C h ap te r  I I  by  K . O k u d a  an d  P . B essley) and one on th e  p a th o lo g y  
(C h ap te r  I I I  b y  N. N ay ak ) o f HCC. C h ap te r IV (S. G o ld farb  and L. L. S la u g h te r)  includes 
th e  biology o f  ro d e n t HCC an d  th e ir  p u ta tiv e  p recu rso rs . C h ap te r V (R . P . B easley , B. B lum - 
b erg , H . P o p p e r and  S. W ain  H o bson) on h e p a titis  В v iru s  (H B V ) in re la tio n  to  H CC is the  
lo n g est and  p e rh ap s  th e  m o st in te re s tin g  one, in c lu d in g  lesions in anim als p ro d u ced  b y  v iruses 
re la te d  to  H B V , i ts  m olecu lar bio logy, an d  th e  p a th o g en esis  o f HCC asso c ia ted  w ith  H B V . 
T h e  n ex t c h a p te r  sum m arizes th e  d a ta  o f  chem ical hepatocarc inogenesis . T h ey  p ro v id e  sugges­
tiv e  evidence fo r a causal re la tio n sh ip  be tw een  a f la to x in  ingestion  and th e  in c id en ce  o f HCC 
in  m an , w hereas th e  role o f o th e r , p o ten tia lly  h aza rd o u s  su bstances in h u m an  h e p a to c a rc in o ­
genesis has n o t  y e t  been p ro ved . C h ap te r V II  (M. C. K ew , M. N ew berne a n d  H . P o p p e r) 
d eals w ith  th e  im p o rtan ce  o f o th e r  aetio log ical processes in  HCC and  concludes t h a t  alcohol, 
th e  c irrho tic  p rocess itself, n u tr it io n a l  and  genetic  fa c to rs  m ay  p lay  an  in d ire c t ro le  b y  in c reas­
in g  th e  su sce p tib ility  to  en v iro n m en ta l aetio logical a g en ts  w hich are th o u g h t to  b e  re sp o n ­
sible for HCC. T h e  following tw o c h ap te rs  d iscuss th e  significance in  HCC o f tu m o u r  m ark ers , 
especially  th a t  o f  a lpha  fe to p ro te in  (M. C. K ew  an d  P . M. N ew bern) an d  th e  v a r io u s  in te r ­
ac tio n s o f h o s t an d  tu m o u r (M. C. K ew , I. R . M acK ay  a n d  H . T hom as). T h e  a im  o f  th e  final 
c h a p te r  is to  d ra f t  guidelines w ith  reco m m en d a tio n s fo r fu tu re  research.

The c h ap te rs  are, by  an d  large  well w ritten . T h e  read e rs  will find  th em se lv es  lea rn in g  
m an y  th ings even  from  those  c h a p te rs  th e  c o n te n t o f w h ich  th e y  th o u g h t th e y  k n e w  a n d  u n d e r­
s to o d  well. A n y  c lin ician  an d  p a th o lo g is t in te re s ted  in  h ep ato logy  will f in d  som e im p o r ta n t  
in fo rm a tio n  in  th e  book.

I. Bartók
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IA R C  M onographs on th e  E v a l u a t i o n  o f  the C a r c in o g e n ic  R I S K  o f  C h em ica ls  to H u m a n s .  Vol. 
29 (1982), (P rice: Sw. fr. 60. — ), 30 (1983), (P rice: Sw. fr . 60. — ) and  Suppl. No. 4. (1982),

P rice: Sw. fr. 60. — )

T h e  IA R C  M onographs a re  w ell recognized as a u th o ra tiv e  sources of in fo rm a tio n  on  th e  
ca rc in o g e n ic ity  of d iffe ren t in d u s tr ia l  and  en v iro n m en ta l chem ica ls . The f ir s t  su rv e y , m ade 
in  1976, in d ica te s  th a t  th e  m o n o g rap h s  are co n su lted  ro u tin e ly  b y  various agencies in  24 
c o u n tr ie s . E ac h  volum e is p r in te d  in  4000 copies a n d  d is t r ib u te d  b y  th e  W H O  p u b lic a tio n  
se rv ice .

U p  to  N ovem ber 1981, 29 vo lum es of th e  M o n o g rap h s w ere published . A to ta l  o f 585 
c o m p o u n d s  or occupational e x p o su re  was ev aluated . F o r  44 chem icals, a positive  asso c ia tio n  
o r su sp ic io n  has been fo u n d  c o n ce rn in g  h u m an  cancer. F o r  147 of th em , th ere  w as su ffic ien t 
ev id en ce  o f carc inogenicity  in  e x p e rim e n ta l anim als. T h ese  c ritic a l analyses o f co llected  d a ta  
a re  in te n d e d  only to  assis t n a tio n a l  or in te rn a tio n a l a u th o r i t ie s  in  fo rm u la tin g  decisions 
co n ce rn in g  p rev en tiv e  m easu re s , b u t  no reco m m en d a tio n s a re  given as to  leg isla tive  conse­
q u en ces.

I A R C  M o n o g r a p h s  N o .  2 7 :  S o m e  in d u s t r ia l  c h e m i c a l s  a n d  d y e s tu f f s , pp . 416

T h is  volum e of IA R C  M onographs covers 18 o f m iscellaneous in d u str ia l chem ica ls 
in c lu d in g  such  im p o rta n t a n d  w id e ly  d is trib u ted  e n v iro n m e n ta l co n tam in an ts  like  b enzid ine  
a n d  th re e  o th e r  b en zid ine-based  d y es  (D irec t B lack 38, D ire c t B lue 6 and D irect B ro w n  95). 
T h ese  chem ica ls are carconogen ic  to  anim als and also to  h u m a n s  and  they  are  m etab o lica lly  
d e g rad e d  to  form  benzid ine  w h ich  is a w ell-know n h u m a n  carcinogenic  chem ical.

F ro m  these dyestuffs th o u s a n d s  of kgs are p ro d u ced  a n d  u sed  every  y ea r to  dye cellulose, 
silk , p a p e r , w ood, tex tiles, h a ir . A lth o u g h  some of th ese  ch em ica ls  h a d  been e v a lu a ted  p rev io u sly  
b u t  as re c e n tly  new d a ta  h a d  b ecom e available, a new  e v a lu a tio n  had been m ade  in  th is 
v o lu m e.

B e n z e n e  was also co n sid e re d  p rev iously  by  a W o rk in g  G roup  in  1974. Since t h a t  tim e 
som e new  d a ta  have becom e a v a ilab le  w hich are also in c o rp o ra te d  in to  th is m on o g rap h . 
B en zen e  is a  n a tu ra l c o n s t itu e n t  o f  crude oil, th e re fo re  o ccu p a tio n a l exposure to  benzene 
occurs in  num erous in d u str ie s . I t  is  p re sen t as a co m p o n e n t o f  m an y  fuels and  as an  im p u r i ty  
in  o rg a n ic  chem icals m ade of th e m . T here is lim ited  e v id en ce  th a t  benzene was carcinogen ic  
in  e x p e rim e n ta l anim als. I t  h a s  b een  show n th a t  h u m a n  ex p o su re  to  benzene or benzene 
c o n ta in in g  m ix tu res m ay  d a m a g e  th e  haem otopo ic tic  sy s te m . T he re la tionsh ip  b e tw een  b e n ­
zene ex p o su re  and th e  d e v e lo p m e n t of a cu t m yelogenous leu k a em ia  has been e s tab lish ed  in  
ep id em io lo g ica l studies.

T h e  o th e r im p o r ta n t  co m p o u n d , f o r m a l d e h y d e , w as also  considered in  th is  v o lu m e  of 
IA R C  M onographs. The G ro u p  w as aw are of ex p erim en ts  in  p ro g ress a t  New Y ork  U n iv e rs ity  
a n d  th e  C hem ical In d u str ie s  I n s t i tu te  of Toxicology; b u t  s ince  th e  fin a l resu lts  of those  s tud ies 
h a v e  n o t  y e t  been  pub lished , th e y  co u ld  n o t be tak en  in to  a c c o u n t w hile evalu a tin g  th e  possible 
c a rc in o g e n ic ity  o f fo rm ald eh y d e . T here  is su ffic ien t e v id en ce  of form aldehyde gas being 
c a rc in o g en ic  in  ra ts . T he ep id em io log ica l stud ies p ro v id e  in a d e q u a te  evidence to  assess th e  
c a rc in o g e n ic ity  of th e  c o m p o u n d  in  m an.

E pidem io log ical a sse ssm en t o f  th e  carcinogen icity  o f  th e  chem ical com pounds e v a lu a te d  
in  th is  v o lu m e has several fe a tu re s  n o t considered p re v io u s ly  in  th e  IA RC M onographs. T here  
h a s  b e en  fo rm al m a th e m a tic a l e v a lu a tio n  of the  s ta tis t ic a l  p ow er o f the  stud ies considered , 
o r s im p ly  a q u a n tita tiv e  e s t im a tio n  of th e  carcinogenic r isk . T hese  estim ates w ere b ased  on 
d a ta  f ro m  h u m an  ep idem io log ical s tu d ies  and did n o t  in c lu d e  th e  resu lts  of an im al stu d ies .
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I  A R C  M onographs N o. 30: M iscellaneous Pesticides, pp . 424

Since pestic ides, herb ic id es an d  fungicides a re  u b iq u ito u s and m an y  o f  th e m  h av e  been 
show n to  be  oncogenic in  a n im a l s tu d ies  an d  a c tiv e  in  sh o rt- te rm  tes ts , th e  r is k  o f  can cer from  
exposure  to  th ese  co m pounds is o f  concern . I n  m o st p a r ts  o f th e  w orld  a lm o s t everyone is 
exposed to  pestic ides, b u t  in  th is  rev iew  only  th e  can cer risk  facto rs o f th o se  p o p u la tio n  who 
are  o ccu p a tio n a lly  exposed to  th e m  is discussed. E pidem io log ical s tu d ies o f  e x p o su re  to  a rsen­
ical p estic id es w ere described  a n d  ev a lu a te d  in  a  p rev ious m onograph  (IA R C , 1980) and  are 
th ere fo re  n o t  included  here. M onographs on o th e r  pestic ides, such as D D T , p h en o x y ace tic  
acid  h erb ic ides, c h lo rd an e /h ep tach lo r, w ere in c lu d ed  in  V olum es 5, 7, 12, 15 a n d  20 of th e  
M onographs series.

T he m onographs on n in e  insecticides, fiv e  he rb ic id es, th ree  fungicides a n d  th e  rodenti- 
cide 1 -n a p h th y lth io u re a  (A N T U ) h av e  been  in c lu d ed  in  th is  volum e.

Several pestic ides co n ta in in g  seco n d ary  o r te r t ia ry  am ino groups c a n  be  n itro sa ted  
b y  a v a r ie ty  o f n itro sa tin g  ag en ts  to  fo rm  N -n itroso  com pounds. A p o ss ib ility  also  ex ists th a t  
N -n itroso  com pounds could  b e  fo rm ed  in  v ivo  fro m  pestic ide  residues. U n d e r  o th e r  circum ­
stances, N -n itroso  d e riv a tiv e s  can  be  fo rm ed  d u rin g  m an u fac tu re  an d  sto rag e  as we can  see in 
th e  A p p en d ix  of th is  vo lu m e, w hich  includes a  ta b le  o f published  s tu d ies  o n  th e  te s tin g  of 
pestic ide  w hich  m ay  c o n ta in  N -n itrosocom pounds.

A p a r t  from  possib le carcinogenic  risks, som e com pounds p a r tic u la r ly  th e  o rganophos- 
p h a te s , p re se n t severe to x ic  h a za rd s  to  p estic id e  h an d le rs . Signs a n d  sy m p to m s  o f acute 
system ic  poisoning th a t  a re  s im ila r in  all o rg an o p h o sp h ate  poisonings are r e la te d  to  in h ib ition  
of ace th y lcho linesterase .

O rg an o p h o sp h a tes  a re  u su a lly  abso rbed  ra p id ly  b y  in h ala tio n , in g es tio n  a n d  th rough  
th e  sk in  b u t  do no t accu m u la te  in  th e  body . Som e o rganophosphates re q u ire  m e ta b o lic  ac tiv a ­
tio n  in  o rd e r to  a c t as este rase  in h ib ito rs , w hile o th ers  do no t. D e to x y fy in g  m etab o lism  in 
m an  is u su a lly  v e ry  ra p id  a n d  h a s  been  show n in  th ese  review s to  be v e ry  s im ila r  to  th a t  in 
la b o ra to ry  an im als. M easu rem en t o f  such m etab o lites  in  u rin e  can be used  to  m o n ito r  pesticide 
ab so rp tio n . S ix cases o f  a p la s tic  an aem ia , one of w h ich  subseq u en tly  d ev elo p ed  in to  leukaem ia, 
and  one leu k aem ia  h av e  been  re p o rte d  in  ch ild ren  a fte r  dom estic  a p p lic a tio n  o f  o rganophos­
ph o ro u s pestic ides. Several re p o rts  h av e  been  p u b lish ed  ab o u t th e  p resence  o f  p estic ides in 
residues, p a r tic u la r ly  D D T  a n d  d ie ld rin  in  tissues o f  sub jec ts  w ith  lung , g a s tro in te s t in a l,  and 
b re a s t  can cer and  generalized  m e ta s ta tic  carc inom as, an d  in  tissues o f c o n tro l su b jec ts . In ­
creased  carcinogenic  risk s o f m a lig n a n t ly m p h o m a  of th e  h istiocy tic  ty p e  a n d  so ft tissue 
sarcom as h a v e  been  d e m o n s tra te d  in  case-con tro l s tu d ies  o f people in  S w eden  o ccu p a tio n a lly  
exposed to  p h en o x y acetic  acid  an d  ch lorophenol herb ic ides, p resu m ab ly  c o n ta m in a te d  w ith  
te trach lo ro d ib en zo -p a ra -d io x in  (TC D D ). Case re p o rts  o f cu taneous n o n -H o d g k in  lym phom a 
an d  ep idem iological re su lts  fro m  th ree  case co n tro l s tu d ies  from  one c o u n try  a n d  fro m  sm all 
co h o rts  in  a n o th e r  co u n try  p ro v id e  lim ite d  ev idence of th e  carcinogenicity  o f  p h e n o x y  acids 
an d  chlorophenols. O th e r ep idem io log ical s tu d ies  p rov ide  in ad eq u a te  ev idence  to  e v a lu a te  the 
carc in o g en ic ity  o f o rgan ic  p estic id es , as a  b ro ad  class or as in d iv id u a l co m p o u n d s .

IA R C  M onographs S u p p lem en t N o. 4 : Chemicals, In d u str ia l Processes and In d u s tr ia l  A ssoci­
ated w ith Cancer in  H u m a n s:  IA R C  M onographs, Vol. 1-29, p p . 467

A n in te rn a tio n a l “ ad  h o c”  W ork ing  G roup  o f 20 exp erts  in  can cer re se a rc h  m et in 
L yon  in  J a n u a ry  1979, to  re -e v a lu a te  th e  epidem iological and  ca rc in o g en ic ity  d a ta  o f 54 
chem icals, chem ical or in d u s tr ia l  processes w hich  h a d  been ev a lu a ted  in  V o lu m es 1-20 of 
IA R C  M onographs. O f th ese , 18 chem icals, a n d  in d u s tr ia l processes w ere co n sid e re d  to  be
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c a rc in o g e n ic  for hum ans. In  th e  p r e s e n t  volum e of I ARC M o n o g rap h  S u p p lem en t 4 th e  W o rk ­
in g  G ro u p  concluded th a t  7 in d u s t r ia l  processes and o c c u p a tio n a l exposure  to  23 chem icals 
a n d  g ro u p s  of chem icals are  c a u s a lly  assoc ia ted  w ith  can cer in  h u m a n s . T his new lis t o f  h u m an  
c a rc in o g e n s  (see Table I) c o n ta in s  o n ly  those  exposures w h ich  w ere  availab le  for re -ev a lu a tio n  
on  th e  basis  of sum m arized d a ta  o n  carcinogenecity  in  h u m a n s .

T h e  p resen t s ta te  o f k n o w le d g e  does no t p e rm it th e  se lec tio n  of specific te s ts  w hich  
w o u ld  precise ly  iden tify  a ll c la sses  o f  po ten tia l carc inogens, a lth o u g h  c e rta in  system s are  
m o re  sen sitiv e  to some su b s tan ces t h a n  to  others. R esults fro m  sev e ra l s tu d ies o f th e  p red ic tiv e  
v a lu e  o f  va rio u s sh o rt-te rm  te s t s  sh o w  th a t  some chem ica ls  o f  p ro v en  carc inogen icity  in  
e x p e r im e n ta l  anim als are, as f a r  a s  co u ld  be judged, in a c t iv e  in  te s ts  th a t  u tilize  D N A  o r 
c h ro m o so m a l dam age as e n d p o in t. T h ese  include, for ex am p le , c e r ta in  horm ones, m eta ls  a n d  
tu m o u r  p rom oters. A t p re se n t no  o b jec tiv e  criteria  ex is t to  in te r p r e t  d a ta  from  stu d ies  in  
e x p e r im e n ta l  anim als o r fro m  s h o r t - te rm  tests d irec tly  in  te rm s  o f  h u m an  risk. T hus, in  th e  
absence o f  su fficient evidence f ro m  h u m a n  studies, ev a lu a tio n  o f  th e  carcinogenic risk  to  h u m an s 
w as b a se d  on consideration  o f  b o th  th e  epidem iological a n d  e x p erim en ta l evidence. T he 
b r e a d th  o f  th e  categories o f c a rc in o g e n ic  evidence defined a b o v e  a ll th e  su b s ta n tia l v a r ia tio n  
w i th in  e ac h  class.

G roup 1

T h is  category  was u sed  o n ly  w h e n  there  was su ffic ien t evidence from  epidem iological 
s tu d ie s  to  su p p o rt a causal a s so c ia tio n  betw een  exposure a n d  can cer.

Table I

C hem icals In d u s tr ia l  processes

4 -a m in o b ip h en y l asb esto s a u ra m in e  m an u fac tu re
a n a lg e s ic  m ix tu re a rsen ic b o o t  a n d  shoe m an u fac tu re
a z a th io p r in e benzene f u rn i tu re  m an u fac tu re
b e n z id in e ch lo rn ap h az in e iso p ro p y l a lcohol m an u fac tu re
b is /ch lo ro m eth y l/e th e r b u su lfa n n ic k e l re fin in g
c h e m o th e ra p y  (M OPP) ch lo ram b u c il r u b b e r  in d u s try
c h ro m iu m  an d  certain c h ro m iu m  com pounds u n d e rg ro u n d  h aem atite  m ining
c o n ju g a te d  oestrogens cyclophospham ide (w ith  ex p o su re  to radon)
d ie th y ls tilb o e s tro l m e lp h e la n
m e th o x a le n e  -j- UV (PU VA) m u s ta r d  gas
2 -n a p h th y la m in e so o ts , ta r s  and oils
t r e o s u lp h a n e v in y l  chloride

G roup 2

T h is  category  includes e x p o su re s  fo r which a t  one e x tr e m ity ,  th e  evidence o f h u m an  
c a rc in o g e n ic ity  is alm ost “ su ff ic ie n t”  as well as exposures fo r  w h ic h , a t  th e  o th er e x trem itie s , 
i t  is  in a d e q u a te . To reflect to  t h is  ra n g e , the  category  w as d iv id e d  in to  h igher (G roup A) 
a n d  lo w e r (G roup B) degrees o f  e v id e n ce .

G roup 3

T h e  chem icals, in d u s tr ia l  p ro cesses  or occupational ex p o su re s  c an n o t be classified  as 
c a rc in o g e n ic  to  hum ans.

A nna  Tompa
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E nvironm enta l Carcinogens: Selected  M ethods of A na ly sis . V olum e 5 — Som e M ycotoxins.
IA R C  Scientific  P u b lica tio n s  No. 44, Lyon 1982, 455 pages. P rice: Sw. fr. 60 .—

In  considering  th e  su b s ta n c es  to  be included in  th is  m an u a l, f i r s t  those  chem icals were 
d iscussed  th a t  have  been  in c lu d ed  in the  IA R C  M onographs on  th e  E v a lu a tio n  o f  th e  C arcino­
genic R isk  of C hem icals to  H u m a n s . The m y co to x in s t h a t  h av e  been e v a lu a te d  in  th e  M ono­
g rap h s w ere  selected  on th e  basis  o f evidence of h u m an  ex p o su re  and som e e x p e rim e n ta l ev id ­
ence of h u m an  exposure  a n d  som e ex p erim en ta l ev idence  o f th e ir  carc inogen icity . B u t several 
m y co to x in s n o t y e t e v a lu a te d  in  th e  M onographs series h a v e  been  included  also in  th is  vo lum e, 
in c lud ing  c itrin in , m yco p h en o lic  acid , ru b ra to x in , P . is lan d icu m  and  T2 trico th ecen e .

M an is exposed to  m y co to x in s  from  n a tu ra lly -o c cu rrin g  co n ta m in a tio n  o f food b y  p a re n t  
fungi, o r  b y  th e  use o f a n tib io tic  d rugs delivered  from  fu n g a l sources. I t  w as recognized  a t  an  
early  s tag e  of th e  in v es tig a tio n s  concerning m an , t h a t  a f la to x in s , a lth o u g h  o f w orldw ide 
occurrence , were found  m o st com m only  u n d e r h o t, h u m id  c lim ates . M any in v es tig a tio n s  
d e m o n s tra ted  th a t  sam ples o f cereals and  n u ts  from  m a rk e ts  in  tro p ica l co u n tries  h a d  im p res­
sive levels o f c o n ta m in a tio n . T h is vo lum e m ay  hav e  b een  m ore  a p p ro p ria te ly  e n tit le d  “ The 
A fla to x in s an d  O th e r M y co to x in s” . I t  is ev id en t th a t  m ore  re sea rch  an d  e ffo rt h a s  been  m ade 
in  connection  w ith  a f la to x in s  t h a t  w ith  o th e r m yco tox ins. A  rev iew  of th e  m ore re ce n t in v es tig a ­
tions o f a fla to x in s  h as been  in c lu d ed  to  p rov ide  a  p e rsp ec tiv e  on th e  v a lid a te d  m ethods. 
Several ch ap te rs  are  in c lu d ed  a b o u t th e  significance o f th e  evidence fo r carc in o g en ic ity  of 
m y co to x in s estab lish ing  leg is la tiv e  con tro ls on sam p lin g  p ro b lem s an d  th e  need  fo r q u a lity  
con tro l in th e  lab o ra to ry .

T w o co m p lem en ta ry  m eth o d s serve th e  id e n tif ic a tio n  o f m yco tox ins in  th e  e n v iro n ­
m en t th a t  m ay  be resp o n sib le  for h u m an  cancer, n a m e ly  th e  m easu rem en t o f specific  cancer 
incidence an d  th e  m ea su re m e n t o f th e  occurrence w ere u se d  fo r evalu a tio n .

T he o th e r  m yco to x in es d e a lt  w ith  in th is  vo lum e h a v e  received less a tte n tio n  th a n  th e  
a fla to x in s , b u t  for som e, su ch  as o ch rato x in  A, fu sa ren o n  X  an d  lu teo sk y rin , th e re  is w ide­
sp read  h u m an  exposure  a n d  in to x ic a tio n  of dom estic  a n im a ls  has been rep o rted .

P a tu lin  was found  carc inogen ic  in  ra ts , b u t  no epidem io log ical d a ta  ex is t to  ev a lu a te  
its  h u m an  carc inogenicity . T h e  m ain  surce o f p a tu lin  in  th e  h u m an  d ie t in  app le  ju ice , w hen 
apples ro t te n  by  P én ic illiu m  ex p an su m  are included  in  th e  p rocessed  f ru it. Penicillic  acid  is 
an a n tib io tic  w ith  d e m o n s tra te d  m u tag en ec ity  and  u n k n o w n  chron ic  to x ic ity  to  h u m an s. T he 
carc inogen icity  o f tr ic h o th ec en e s  T-2 to x in  is n o t d e fin itiv e , a lth o u g h  a few s tu d ie s  suggest 
a carc inogen ic  action  in  e x p e rim e n ta l anim als. L u te o sk y rin  an d  ru b ra to x in  В are  m u tagen ic  
to  Sa lm onella  ty p h im u riu m  TM  677 in  the  presence o f an  a c tiv a tin g  enzym e system .

T h is m an u a l c o n ta in s  se lec ted  m ethods, and  p a r tic u la r  co nsidera tion  is g iven  to th e  
re q u ire m e n ts  o f ep idem io log ists, hyg ien ists and  o th e rs  con cern ed  w ith  th e  e v a lu a tio n  of 
carc inogenic  and  o th e r to x ic  effec ts o f m ycotoxins. P a r t ic u la r  co nsidera tion  is g iven  to  b iolog­
ical te s ts  a n d  m ethods th a t  e s tab lish  in d iv id u a l p a s t ex p o su re  to  th e ir  en v iro n m en ta l p resence.

A n n a  Tompa

E nvironm enta l Carcinogens Selected Methods o f  A n a lysis. V olum e 6 — N -N itrosam ines. E d ito r-in - 
Chief: H . E g a n . IA R C  S c ien tific  P u b lica tio n s No. 45, L yon  1982. 508 pages. P rice: Sw. fr. 80.—

T h is s ix th  vo lum e in  th e  series o f M anuals of th e  IA R C  S c ien tific  P u b lica tio n s  rep resen ts  
an  u p d a tin g  o f a fo rm er v o lu m e , th a t  on N -n itrosam ines p u b lish ed  in  1978. T he f i r s t  in  th e  
series.

T he su b jec t rem ain s one  of g re a t im p ortance  to  th e  A gency , w hich has a rra n g e d  sy m ­
posia on  a  reg u la r basis in  L o ndon  (1969), H eidelberg  (1971), L yon (1973), T a llin  (1975),
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D u r h a m  N H  (1977), B u d ap es t (1979) a n d  Tokyo (1981). T h e  p u rpose  of these  m ee tin g s  was 
to  f a c i l i ta te  th e  exchange o f u p - to -d a te  in fo rm a tio n  b e tw een  w orkers in  th e  f ie ld s  o f  trace  
n i tro s a m in e  analysis. T he la s t  m ee tin g  w as held  in  1983 in  B an ff, A lb erta , C an ad a .

T h e  su b jec t has developed  ra p id ly  in  th e  p a s t  fiv e  y ears . T hese ad v an ces  a re  fu lly  
r e f le c te d  in  th e  p resen t vo lum e, w h ich  includes th e  th ree  im p o r ta n t  sources o f h u m a n  exposure  
t h a t  h a v e  becom e ev id en t: to b a c c o  sm oke, endogenous su b s tan ces an d  th e  so -called  n o n ­
v o la t i le  N -n itroso  com pounds. T h is  vo lu m e therefo re  su p p lem en ts  ra th e r  th a n  rep laces the  
f i r s t  v o lu m e  in  th is series.

T h e  m an u a l consists o f s ix  m ain  ch ap te rs  on th e  ana ly sis  o f v o la tile  N -n itro sam in es  
in  v a r io u s  su b s tra tes , e.g. in  a ir , to b ac co  a n d  tobacco  sm oke, m a lt  an d  m alt-b ased  bev arag es , 
fo o d  a n d  an im al feed, biological f lu id s  a n d  in  o th e r m iscellaneous p ro d u c ts . In  th e  o th e r  p a r t  
o f  th e  m a n u a l 3 chap ters  deal w i th  th e  genera l c lean-up  a n d  analysis n o n -v o la tile  N -n itroso  
c o m p o u n d s : in d iv idual su b s ta n c es  a n d  su b s tra tes . In  th e  ana ly sis  o f en v iro n m en ta l N -n itroso  
c o m p o u n d s , th e  m ain  e ffo rt is s t i l l  d e v o te d  to  th e  d e te rm in a tio n  of v o la tile  n itro sam in es . I t  
is  n o t  su rp ris in g , therefore, t h a t  g a s  c h ro m a to g ra p h y  rem a in s th e  m eth o d  m o st f re q u e n tly  used 
fo r t h e i r  se p a ra tio n  and  d e te c tio n . S till, as m ore em phasis is  p laced  on  n o n -v o la tile  N -n itroso  
c o m p o u n d s , new  c h ro m a to g rap h ic  p ro ced u re s a re  being  developed  an d  con cern ed  in  C h ap te r 
TV. P ro b le m s  are som etim es e n c o u n te re d  in  th e  c h ro m a to g ra p h y  of v o la tile  n itro sam in es , such 
as a  la c k  o f rep ro d u c ib ility  a n d  e v en  com plete  loss o f th e  peaks. As an  a lte rn a tiv e  to  gas 
c h ro m a to g ra p h y , H PLC  (h igh  p re ssu re  liq u id  c h ro m a to g rap h y ) is now  being u sed  to  a  g re a te r  
e x te n t .  I n  general a  co m b in a tio n  o f tw o  d e tec to rs  w ould  be  th e  m ost e ffective  a p p ro a c h  in  
n i tro s a m in e  sep ara tio n  m eth o d s.

T w en ty -fiv e  y ears a f te r  th e  carc inogen icity  o f N -n itro so d im e th y l-am in e  h a d  been 
d e m o n s tra te d  by  Magee an d  B a rn e s  (1956), sc ien tific  re sea rch  in  th e  field  o f  N -n itro so  com ­
p o u n d s  h a s  v ir tu a lly  exploded. I n  1981 m ore th a n  1400 p a p ers  w ere published  on  th e  analysis, 
f o rm a t io n ,  ch em istry , b io ch e m is try , m etab o lism  and  b io log ical e ffects o f N -n itroso  com pounds 
T h is  is  p ro b a b ly  th e  m ain  re aso n  to  su p p o rt th e  p u b lica tio n  o f th is  volum e o f 1ARC Scien tific  
P u b lic a t io n s  on N-nitroso com pounds.

A n n a  Tompa

Tuberculosis control. T ech n ica l R e p o r t Series 671. W H O , G eneva 1982. 26 pages.
P rice: S w .fr .  3 ,—

T h e  p resen t accoun t o f a  conference  held  b y  th e  jo in t  IU A T /W H O  R e se a rc h  G roup 
o n  th e  c u rre n t problem s an d  s ta tu s  o f  tu b ercu losis co n tro l, G eneva, 14-18 S e p tem b e r  1982, 
fa lls  in to  11 sections.

T h e  in tro d u c tio n , S ec tio n  1, ta k e s  a general look a t  th e  su b jec t. I t  m u s t b e  recognized 
t h a t  w h ile  in  th e  in d u str ia liz ed  c o u n tr ie s  sp lend id  re su lts  h av e  been ach ieved  in  tu b ercu losis 
c o n tro l  ( t.c .)  over th e  la s t th re e  d ecades, in  th e  develop ing  co u n tries  th e  ab so lu te  n u m b er of 
tu b e rc u lo s is  cases has show n a re g re t ta b le  rise an d  th e  epidem io log ical s i tu a tio n  o f  tu b ercu losis 
is  v e ry  p oor. This calls fo rth  th e  a c t iv i ty  o f W H O  in  o rder to  rem ed y  th e  s itu a tio n  in  th e  devel­
o p in g  coun tries . Section  2 also  co n ce n tra te s  on th e  develop ing  con tries w here  th e  y ea rly  
f ig u re s  o f  sm ear-positive, t h a t  is , h ig h ly  in fec tive , cases am o u n ts  to  4 to  5 m illion , an d  the  
in c id e n c e  of cases o f lesser in fe c tiv i ty  is nearly  th e  sam e. In  ch ild ren  th e  p u lm o n a ry  form  of 
tu b e rc u lo s is  is p rev a len t. T he ep idem io log ica l tren d s  also g ive  cause for concern . In  th e  m ajo r­
i t y  o f  th e  developing co u n trie s  th e  risk  corresponds to  2 to  5 % , in  o th e r w ords, i t  is 20 to  25 
t im e s  as h igh  as in  th e  in d u s tr ia liz e d  coun tries . T he top ics o f p a r ts  3 -5  are: Im p a c t  o f c u rre n t 
c o n tro l  m easures; P lan n in g  a n d  o rg an iza tio n  o f n a tio n a l tubercu losis p ro g ram m es; Case­
f in d in g . Section  6 is on th e  la b o ra to ry  tu b ercu losis serv ices (co n tro l, in te rm e d ia te , p e rip h e ra l
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lab o ra to ry  ne tw o rk , c u ltu rin g , q u a lity  con tro l, o th e r  la b o ra to ry  m ethods). S ec tions 7 -8  deal 
w ith  ch em o th erap y , B C G -v accin a tio n  an d  p rev en tiv e  t r e a tm e n t,  sections 9 -1 0  w ith  th e  socio­
econom ic aspects o f tu b ercu lo s is  an d  p o in t to  in te re s tin g  lines o f research  u n d e r  v a rio u s , i.e. 
im m unolog ical, b ac terio log ica l, epidem iological, d iag n o s tic -th e rap eu tic , sociological an d  h ea lth - 
e d u ca tio n a l aspects o f tu b ercu lo s is . In  th e  closing p a r t  th e  conclusions are  su m m ed  up  and 
reco m m en d a tio n s are o ffered  in  11 p o in ts . T hough  these  re fle c t tru e  e ffo rts a im ed  a t  op tim aliza- 
tio n , th e y  leave us w ith  som e d o u b ts . In  fac t, th e  in tro d u c tio n  gives ex p ress io n  to  th e  ob jec­
tiv e  o f W H O : “ H e a lth  fo r a ll b y  th e  y e a r  2000” . On th e  o th e r  h an d , th e  conclusions begin 
w ith  th e  s ta te m e n t:  “ In  th e  h u n d re d th  y ear a f te r  R o b e r t  K och’s d iscovery  o f  th e  tuberc le  
b ac illu s , tubercu losis is still a m a jo r unso lved  h e a lth  p ro b lem  of w orld-w ide d im ension . . .” . 
One m ay  w onder w h e th er th e  s lig h tly  m ore th a n  15 y ea rs  ah ead  u n til th a t  d a te  will be su ffi­
c ien t.

L. Cselkó

Vaccination against Tuberculosis. T echnica l R e p o rt Series 651. W H O , G eneva 1980. 21 pages
P rice: Sw. fr. 2 .—

A Scientific  G roup on  V acc in a tio n  against T u bercu los is , jo in tly  sponsored  b y  th e  In d ian  
Council o f M edical R esea rch  a n d  th e  W orld  H e a lth  O rg an iza tio n , m et a t  th e  W H O  R egional 
Office fo r S o u th -E as t A sia , N ew  D elhi, from  28 A pril to  2 M ay, 1980. T he a im s o f  th e  m eeting  
w ere to  review  resea rch  on BCG v acc in a tio n , to  assess th e  p re sen t s ta te  o f know ledge an d  to 
d e te rm in e  how th is know ledge m ay  be advanced .

T he su b je c t-m a tte r  o f th e  m eeting  is p re sen ted  in  th e  form  o f 12 c h a p te rs  an d  an 
ap p en d ix , in  co nfo rm ity  w ith  th e  trad itio n a l a rra n g e m e n t o f th e  o th e r p u b lic a tio n s  in  th is 
series.

In  ch ap te rs  1-5 we fin d  a b rie f  in tro d u c tio n  an d  a th o ro u g h  coverage o f  a  v acc in a tio n  
tr ia l in  S o u th  In d ia , in v o lv in g  a  p o p u la tio n  of 360 000 su b jec ts  occupying  a reg ion  w est of 
M adras. T he tr ia l  was p reced ed  b y  ex tensive  p re lim in a ry  s tu d ies  o f m u ltip le  a sp ec ts  cen tering  
on th e  epidem iological c h a ra c te rs  o f  th e  region. (C om m ents upo n  these  s tu d ies , re le v a n t  to  the  
su b jec t, form  a sep a ra te  sec tio n .) In  ch ap te rs  6 9 f ir s t  th e  va rio u s vaccines, a n d  th e  South- 
In d ia n  v a r ia n t  o f M. tu b ercu lo s is  are d e a lt w ith , su b seq u e n tly  th e  p ro b lem s o f  exogenous 
re in fec tio n  and  of im m u n e  response  are discussed. T h e  qu estio n s o f n o n tu b e rc u lo u s  m yco­
b a c te ria l in fections are co ndensed  in  th e  sh o rt b u t in te re s tin g  c h ap te r  10. C h a p te r  11 re p o rts  on 
o th e r stud ies . C hap ter 12 co n ta in s  th e  conclusions a n d  recom m endations. H y p o th ese s  and 
reco m m en d a tio n s for re sea rch  are  offered in th e  ap p en d ix .

L. Cselkó

BC G -Vaccination Policies. T echnica l R ep o rt Series 652, W H O , G eneva 1980. 17 pages.
P rice: Sw. fr. 2 .—

T h is p u b lica tio n  g ives a n  acco u n t o f th e  m eeting  held  by  th e  W H O  S tu d y  G roup  on 
B C G -V accination  Policies, G eneva , 24-27  Ju n e  1980.

In  section  1 se rv in g  as in tro d u c tio n , th e  reasons fo r convening  th is  m ee tin g  are  given. 
In  fa c t, c e rta in  m o d ifica tio n s o f  th e  ex is ting  B C G -vaccination  policies seem  n ecessa ry  in  the  
lig h t o f  recen t know ledge. In  sec tion  2 -4  th e  re su lts  o f  ea rlie r in v es tig a tio n s  a re  review ed, 
p a r tic u la r  co n sid era tio n  b e in g  g iven  to  th e  tr ia l  in S o u th -In d ia , in view  o f th e  v a lid ity  and 
significance of th e  re su lts . S ec tio n  5 deals w ith  BCG v a cc in a tio n  of n eonates an d  y o u n g  children . 
In fo rm a tio n  on th e  basic  fa c ts  an d  c u rre n t s ta tu s  o f  BCG v acc in a tio n  policies is p ro v id ed  by 
sec tions 6 and 7. Section 8 p o in ts  o u t th e  lines o f re sea rch , section  9 sum s up  th e  reco m m en d a­
tions o f  th e  C om m ittee.
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T h is  book let w hich en d s w ith  a  l is t  o f 16 references c o n ta in s  all re le v an t fa c ts  in  a su c ­
c in c t  fo rm , sim ilarly  to  th e  e a rlie r  W H O  pub lica tions on th e  sam e su b ject.

L. Cselkó

C hem otherapy o f  Leprosy fo r  Control Programmes. T echnica l R e p o r t  Series 675. W H O , G en ev a  
1982. 33 p a g es , 1 tab le . P rice: Sw. fr . 4 .—

A  W H O  study  group  on  C h em o th e rap y  of L eprosy  fo r C ontro l p ro g ram m es m et in  
G e n e v a  fro m  12 to 16 O ctober 1981. T h e  ob jectives o f th e  m ee tin g  w ere: 1. to  rev iew  in fo rm a­
t io n  c o lle c ted  since 1976 ( th e  y e a r  o f  th e  la s t m eeting  of W H O  E x p e r t  C om m ittee  on  L eprosy ) 
o n  th e  p ro b lem s re la ted  to  th e  ch em o th e ra p y  and  ch em o th e ra p eu tic  reg im en  o f lep rosy ;

2. to  recom m end, fo r u se  in  lep ro sy  contro l p ro g ram m es , ap p ro p ria te  m u ltid ru g  reg ­
im e n s  fo r  m ultibac illary  cases in c lu d in g  new , tre a te d  a n d  d ru g -re s is tan t p a tie n ts , w h e th er 
c lin ic a lly  suspected  or p ro v ed ;

3. to  recom m end reg im en s fo r  p au cib ac illa ry  cases; an d
4. to  id en tify  fu r th e r  re se a rc h  needs in  th e  clinical a n d  o p e ra tio n a l aspects o f  chem o­

th e r a p y  o f  leprosy.
T h e  su b jec t-m atte r  o f th e  m e e tin g  is given in  fiv e  c h a p te rs , in  accordance w ith  th e  u su a l 

a r ra n g e m e n t  of th e  reports .
C h a p te r  1, “ The P ro b le m ” , p ro v id es a global rev iew  o f th e  secondary  a n d  p r im a ry  

re s is ta n c e  to  Dapsone, as w ell as o f  s eco n d ary  resistance to  o th e r  b ac te ric id a l an tilep ro sy  d rugs, 
th e  p e rs is ten c e  of M. leprae, th e  d iff ic u ltie s  of in tro d u c tio n  o f th e ra p e u tic  regim ens reco m m en d ­
e d  e a r l ie r  a n d  of th e  c u rre n t s t a tu s  o f  th e ra p y . In fo rm atio n  on  d rugs for m u ltid ru g  t re a tm e n t  
is  fo u n d  in  c h ap te r  2, w hich d eals w i th  th e  various q u estions o f  u se  o f th e  four m ain  b ac te ric id a l 
a n ti le p ro s y  drugs. C hapter 3 c o n sid e rs  th e  m anagem en t o f m u ltib ac illa ry  and  p au c ib ac illa ry  
le p ro s y  in  d e ta il in  th e  c o n te x t o f  th e  recom m ended  th e ra p e u tic  regim ens. C h ap te r 4, “ O pera­
t io n a l  A sp ec ts” , deserves p a r t ic u la r  in te re s t  b y  covering issues o f  p ra c tic a l im p o rta n ce , such  as 
h e a l th  se rv ices, detection  an d  re g is tra tio n  o f cases, screen ing , la b o ra to ry  facilities, d ru g  su p p ly , 
h e a l th  ed u ca tio n , eq u ip m en t, t r a in in g  o f h ea lth  w orkers, f in an c ia l resources, e tc . F in a lly , 
c h a p te r  5 ou tlines th e  tren d s  o f f u tu r e  research . T he vo lum e closes w ith  a lis t o f 47 references.

L. Cselkó

H ealth  Care and Traditional M ed ic in e  in  China, 1800-1982. H illiers, S. M., Sewell, J .  A. 
Routledge, Kegan Paul, L o n d o n -B o s to n  M e lb o u rn e  H en ley  1983. 453 pages, 35 p la te s ,

20 figures. Price: £  25 .—

T h is  book gives a fa sc in a tin g  a n d  th o ro u g h  acco u n t o f  th e  developm ents in  h e a lth  care 
w h ic h  h a v e  tak en  place in  C h ina  f ro m  1800 to  th e  p re se n t tim e . I t  sp an s all th e  y e a rs  fro m  th e  
e a r l ie s t  d a y s  o f W estern  m iss io n a ry  m edicine, tak in g  th e  re a d e r  th ro u g h  th e  s to rm y  y ears 
o f  th e  N a tio n a lis t  Rule to  th e  fo u n d a tio n  of th e  People’s R ep u b lic  in  1949. I t  p o in ts  to  th e  
m a jo r  t r e n d s  in  h ealth  care  s ince  t h a t  tim e , w ith  due co n sid e ra tio n  to  th e  a tte m p ts  to  m atch  
th e  o b je c tiv e s  in  h ea lth  ca re  to  reso u rces available.

T h e  au tho rs who h av e  c lo se ly  s tu d ied  th e  h e a lth  care  system , as well as tra d it io n a l  
m e d ic in e  in  China, draw  on th e i r  w ide  experience to  give a n  acco u n t of tra d itio n a l m edicine , 
in  p a r t ic u la r  of acu p u n c tu re  a n d  p la n t  d rugs, as well as o f  th e  p re sen t h e a lth  care  sy s tem  
in c lu d in g  preven tion , p o p u la tio n  c o n tro l, m edical ed u ca tio n , n u tr it io n  an d  p sy c h ia try . Q ues­
t io n s  o f  d is trib u tio n , d e c e n tra liz a tio n  an d  developm ent a re  also given co n sid era tio n .
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T h e  im pressive  scope of th e  ta sk  acco m p lish ed  b y  th e  au thors is d o c u m e n te d  in  th is 
re m a rk ab le  book  w h ich , fo r all its  co m p rehensiveness, confines itself to  th e  e sse n tia ls  and 
av o id s u n n ecessa ry  d e ta ils .

P a r t  1, on th e  o rig in  an d  d ev elopm en t o f h e a l th  care, spans the  p a s t  182 y e a rs  in  the  
fo rm  o f fiv e  ch ap te rs . C h ap te r  1, “ Chinese an d  W e s te rn  M edicine in C hina” , 1 8 0 0 -1 9 1 1 , falls 
in to  tw o  sections. T h e  f ir s t ,  a f te r  a general su rv e y  o f  th e  period  u n til 1860, d iscu sses various 
in te re s tin g  su b jec ts , such  as sm allpox  in o cu la tio n , d ispensaries in  China, a r r iv a l  o f  m edical 
m issionaries, w este rn  m edicine , op ium  trad e . T h e  second , tak in g  a look a t  th e  p e rio d  1860- 
1911, deals w ith  v a rio u s  top ics o f in te res t, such  as se lf-m u tila tio n , in fan tic id e , fo o t-b in d in g , 
o p iu m , “ tea ch -p re ac h -a n d  h ea l” , th e  m edical m iss io n ary  m ovem ent, m edical e d u c a tio n  and 
p u b lic  h e a lth . In  C h a p te r  2, “ T he D evelopm en t o f  C hinese H e a lth  Care, 1 9 1 1 -4 9 ”  we f in d  the 
follow ing top ics: p o litica l b ack g ro u n d ; changes in  h e a l th  care ; ru ra l and u rb a n  h e a l th  condi­
tio n s ; m idw ifery ; ep idem io logy , m o rb id ity , m a jo r  causes o f d eath , pub lic  h e a l th  m easures 
1911-24 , m edical e d u ca tio n , d is tr ib u tio n  o f re so u rces , th e  D ingxial (T in g sh ian ) M odel, the  
fo rm a tio n  of th e  M in istry  o f H e a lth , w a rtim e  h e a l th  services and p o st-w ar d ev elo p m en ts . 
C h a p te r  3 b ears th e  t i t le  “ H e a lth  Care an d  W elfare  in  C hina, th e  ‘Ten G rea t Y e a rs ’ 1959-59” . 
I t  ta k e s  a  re tro sp ec tiv e  look  a t  th is  period  a n d  p ro v id es  close in fo rm ation  o n  v a r io u s  issues 
o f h ig h  in te re s t, to  n am e  on ly  th e  follow ing to p ic s : o rgan isation  and  f in a n c ia l  p rob lem s, 
th e  “ H u n d re d  F lo w ers”  m o v em en t, ru ra l  h e a l th  serv ices 1949-58, n a tio n a l p la n s , co llective 
w elfare , tra d itio n a l m edic ine . C hap ter 4 “ T he T h ree  B i tte r  Y ears: O vertu re  to  th e  C ultu ral 
R e v o lu tio n  — F in a n c ia l an d  O rg an isational P e rsp e c tiv e s  1960-65” , gives a  su rv e y  of the  
p e rio d  a f te r  “ T h e  G re a t L eap  F o rw ard ” , co v erin g  th e  follow ing topics: H e a l th  care  in  the  
co u n try s id e , in eq u a litie s  in  m oney  and  sk illed  p e rso n n e l, effective d em and  fo r  h e a lth  care, 
fac ilitie s  in  th e  to w n s, p rob lem s in  u rb a n  h e a lth  care . C h ap te r 5 “ The C u ltu ra l R ev o lu tion  
a n d  A fte r  — H e a lth  C are 1965-82” , falls in to  tw o  p a r ts .  T he f irs t refers to  th e  p e rio d  of th e  
C u ltu ra l R ev o lu tio n , 1965—70, th e  second to  th e  y e a rs  1970-76.

P a r t  2, “ P re v e n tiv e  H e a lth  W ork in  th e  P e o p le ’s R ep u b lic  of China, 1 9 4 9 -8 2 ” , p rovides 
a  m o st in te re s tin g  su rv ey  o f th e  va rio u s p re v e n tiv e  a c tiv itie s  o f ancient tim es a n d  m o d ern  era, 
p a r tic u la r  co n sid era tio n  be ing  given to  th e  p ro b lem s o f in fec tive  diseases an d  o f  m a te rn a l  and 
ch ild  care . In fo rm a tio n  on  p rev en tiv e  h e a lth  w o rk  in  th e  post-M ao-pcriod co v ers  diverse 
is su e s , su ch  as in d u s tr ia l  m edicine, h e a r t d isease , en v iro n m en ta l pollu tion .

P a r t  3, “ T ra d itio n a l M edicine” , p ro v id es in fo rm a tio n  on th e  su b jec t, w i th  th e  a id  of 
n u m ero u s  illu s tra tio n s . I t  includes th e  follow ing c h a p te rs :  T heoretical B asis o f  C hinese T rad i­
tio n a l M edicine; T ra d itio n a l T herap ies I .:  A c u p u n c tu re  a n d  M oxibustion; T ra d it io n a l  T h era ­
p ies I I . :  Chinese M a teria  M edica. Chinese T ra d itio n a l M edicine and  M odern W e s te rn  M edicine. 
In te g ra tio n  and S e p a ra tio n  in  China. I t  is th is  c h a p te r  w hich  gives th e  c lo ses t in s ig h t in to  
C hinese T rad itio n a l m edicine .

P a r t  4, “ S pecia l T opics in  Chinese H e a lth  C are” , deals w ith  various c u r re n t  questions, 
su ch  as tra in in g  o f m ed ica l and  p a ram ed ica l p e rso n n e l, p sy ch ia try  and t r e a tm e n t  o f  m en ta l 
d iseases in  C hina, d ie t  a n d  n u tr it io n , fam ily  p lan n in g .

T h e  A p p en d ix  a t  th e  end of th e  book  p re se n ts  a  ta b le  o f the  Chinese D y n a s tie s . T here 
is an  ex ce llen t in d ex  o f  su b jec ts  a n d  nam es.

L. Cselkó

The Role o f  the H ealth Sector in  Food and N u tritio n . T ech n ica l R ep o rt Series 667. W H O , G eneva
1981. 90 pages. P ric e : Sw. fr. 6 .—

A  W H O  E x p e r t  C om m ittee  on th e  R ole  o f  th e  H e a lth  Sector in  F o o d  a n d  N u tr itio n  
m e t in  G eneva 23 S ep tem b e r-1  O ctober 1980.

A c ta  M e d ic a  l l u n g a r i c a  4 1 , 1 9 8 4
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P a r t  1 gives in tro d u c to ry  in fo rm a tio n  in  th e  u su a l fo rm . P a r t  2 poin ts to  th e  e x te n t  
o f th e  p ro b lem , sum s u p  p a s t  pe rfo rm an ce  re la ted  to  th e  h e a l th  sector, com m ents u p o n  th e  
ch an g in g  co n cep t o f h e a lth  serv ices an d  considers new  o p p o r tu n it ie s  for n u tritio n  p ro m o tio n . 
In  p a r ts  5 -7  th e  ro le o f  h e a lth  serv ices, o f  in te rsec to ra l a c t iv it ie s , of co llabora tion  b e tw e e n  
th e  v a r io u s  sec to rs an d  o f e x te rn a l coo p era tio n  in  n u tr i t io n  a re  eva lu a ted . P a r t  8 c o n ta in s  th e  
conclusions. T h e  lis t o f 9 re fe ren ces is follow ed by 8 a p p en d ice s , all on tim ely  issues o f  p ra c ­
t ic a l in te r e s t ,  such  as d iag n o s tic  asp ec ts  o f n u tr itio n a l d e fic ien cy , p rim ary  an d  se c o n d a ry  
p re v e n tio n  o f  n u tr it io n a l defic iencies, cu ra tiv e  and re h a b i li ta t iv e  m easures (em phasis b e in g  
la id  o n  p ro te in  d e fic ien t n u tr i t io n  in  children), a d m in is tra tiv e  s tru c tu re  of n u tr it io n  serv ices 
in  th e  h e a l th  sec to r, p ro v isio n  o f a d e q u a te  m anpow er, in te g ra t io n  of n u tritio n  in  th e  c u rric u lu m  
o f h e a l th  w o rk ers , o p tim a l m eth o d o lo g ical use o f re c e n t r e s u l ts ,  research  p rogram s p ro v id in g  
a  b a sis  fo r  h e a lth  m easures. A t te n tio n  is d raw n  in  v a rio u s  se c tio n s  o f th e  book to  th e  a la rm in g  
co n seq u en ces o f defic ien t n u tr i t io n .

L. Cselkó

W holesomeness o f  Irradiated  Food. T echn ica l rep o rt series 659 , W H O , Geneva 1981. 34 p a g es .
P rice: Sw. fr. 3 .—

T h is  p u b lica tio n  g ives a n  a c c o u n t o f th e  m ee tin g  h e ld  b y  th e  jo in t F A O /IA E A /W H O  
E x p e r t  C o m m ittee  on  th e  W holesom eness o f  Ir ra d ia te d  F o o d  in  G eneva, 27 O c to b er-3  N o v e m ­
b e r, 1980. T h e  b rochure  o f  t r a d i t io n a l  a rran g em en t fa lls  in to  12 p a rts .

P a r t  1 con ta ins sh o r t  in tro d u c to ry  notes. P a r t  2 d e a ls  w ith  general aspects a n d  offers 
e x p la n a tio n s . T he su b seq u e n t p a r ts  are in  th e  m ajo rity  o f  p ra c t ic a l  o rien tation . I n  p a r ts  3 -7  
tec h n ica l, rad iochem ica l, n u tr i t io n a l ,  m icrobiological a n d  tox ico lo g ica l issues a re  d e a lt  w ith . 
T h e  im p lica tio n s  o f ir ra d ia t io n  in  case  o f fishes, rice, co co a -b ean s, da tes, m ango, leg u m in o u s 
v e g e tab le s  a n d  spices a re  d iscussed , checking and ré é v a lu a tio n  be ing  also considered. P a r t  10 
g ives a  su m m a ry  of th e  a c c e p ta b ili ty  o f irrad ia ted  food. P a r t  11 p o in ts to fu tu re  lines o f  r e ­
sea rch  a n d  offers also reco m m e n d a tio n s , em phasizing  th e  n e e d  fo r fu rth e r s tu d ies in  o rd e r  to  
ga in  c lo ser in s ig h t in to  th e  ra d ia tio n  effects on th e  p ro te in s  o f  vegetab les and  on  th e  b io lo g ­
ica l v a lu e  o f  th e  v itam in -B -co m p lex . ( I t  is to  be no ted  t h a t  leg u m in o u s  vegetables be lo n g  to  th e  
s ta p le  fo o d s in  various p a r ts  o f th e  w orld .) The volum e closes w ith  a lis t of 22 references.

L. Cselkó

E va lu a tio n  de certains a d d itifs  alim entaires et contam inants. T ec h n ic a l rep o rt series 631, W H O , 
G en ev a  1978. 39 pages. P rice: Sw. f r . 5 .—

T h e  jo in t  W H O /FA O  E x p e r t  C om m ittee he ld  i ts  a n n u a l  m eeting in  R om e, on  2 -1 1  
A p ril, 1978, on  th e  to x ico log ical ev a lu a tio n  of c e r ta in  fo o d  add itives and  c o n ta m in a n ts . 
T he re p o rts  a n d  reco m m en d a tio n s  o f  th e  C om m ittee h a v e  b e e n  sum m ed up  in  th is  b ro c h u re .

P a r t  1 serv ing as in tro d u c tio n  ou tlines th e  ta sk s  a n d  deals w ith  th e  re g u la r  su b je c ts  
o f th e  a n n u a l m eetings, su ch  as e v a lu a tio n  of tox ico log ical s tu d ie s  carried  o u t an d  b e in g  in  
course , e s tab lish m en t o f th e  re sp ec tiv e  stan d ard s , q u estio n s  o f  exposure  o f th e  genera l p o p u la ­
tio n , re v is io n  of earlie r e v a lu a tio n s . One of the m o st re m a rk a b le  issues ra ised  fo r th e  f i r s t  
tim e  is th e  use  o f enzym e p re p a ra tio n s  and  o th er ca teg o ries. A  fu r th e r  rep o rt o f h igh  in te re s t  
deals w ith  lo n g -te rm  ex p o su re  o t  these  agents, in  p a r t ic u la r  in  u tero  and du rin g  la c ta t io n .

P a r t  2 defines th e  m icrob io log ical lim its, e s tab lish es th e  general lines o f to x ico lo g ica l 
s tu d ie s  a n d  p o in ts  to  g en era l asp ec ts . A separa te  c h a p te r  d e a ls  w ith  enzym e p re p a ra tio n s ,
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a n o th e r  w ith  exposure  in  u te ro  and d u rin g  la c ta tio n . I t  is in  th is  c o n te x t t h a t  th e  c la im  for 
a  coo rd in a tio n  of th e  a c tiv it ie s  o f  th e  v a rio u s tox ico log ical w orking groups on  th e  basis  o f in te r­
n a tio n a l s tan d ard s  is ra ised .

P a r t  3 sets o u t  e v a lu a tio n s  a n d  ré év a lu a tio n s . I t  deals w ith  9 co lou ring  ag en ts , subse­
q u e n tly  w ith  8 a d d itiv e s , fin a lly  w ith  4 c o n ta m in a n ts  (asbestos, t in , m erc u ry , lead).

P a r t  4 revises th e  s ta n d a rd s  o f  c e rta in  ag en ts . P a r t  5 p o in ts to  fu tu re  t re n d s  o f  research .
T he reco m m en d a tio n s a re  se t o u t  in  p a r t  6. 1. T h e  abso lu te  n ecessity  fo r  e x p e r t  m eet­

ings held  a t  least an n u a lly , fo r th e  ev a lu a tio n  an d  réév a lu a tio n  of food a d d itiv e s  a n d  c o n tam i­
n a n ts  is em phasized b y  th e  C om m ittee . 2. T he reco m m en d a tio n  of th e  G enera l W H O  M eeting 
re la tin g  to  th e  h e a lth  h a z a rd s  o f  chem icals p re se n t in  th e  en v iro n m en t a re  ap p ro v ed  by  the  
C om m ittee . On th e  o th e r  h a n d , i t  is stressed  th a t  re g u la r  ev a lu a tio n  of th e  food  a d d itiv e s  and 
c o n ta m in a n ts  m u st be  re g ard e d  as one o f the  p rio ritie s  o f  W H O . 3. P r io r ity  sh o u ld  be given to 
th e  s tu d y  and  ev a lu a tio n  of in te n tio n a l and  n o n -in te n tio n a l food a d d itiv es  as w ell. S e ttin g  up 
o f  a  m u ltid isc ip linary  FA O /W H O  e x p e rt co m m ittee  is, therefore, reco m m en d ed  w ith  th e  aim  
o f lis tin g  all still in co m p le te ly  c larified  chem icals o f th is  k ind  an d  o f c lassify ing  th e m  accord­
in g  to  fu n c tio n  an d  p o te n tia l  h ea lth  h aza rd . 4. I n  th e  in te re s t o f an  acce le ra ted  e v a lu a tio n  of 
food  add itiv es and  c o n ta m in a n ts , sh o rt- te rm  s tu d ies  in  v itro  and in  v ivo , c ap a b le  o f co n firm ­
in g  th e  suspicion o f to x ic ity , are req u ired . 5. S tu d ies  in  n eo nates fo r ex p o su re  in  u te ro  and 
th ro u g h  m ate rn a l m ilk  a re  o f  p rim e necessity . In  v iew  of th e  c o m p lex ity  o f  th e  question , 
o rg an iza tio n  of a spec ia l W H O  co m m ittee  is reco m m en d ed  for th is  pu rp o se . 6. E s tab lish m en t 
o f  connections be tw een  th e  va rio u s w ork ing  groups on a n  in te rn a tio n a l basis sh o u ld  be in itia ted  
b y  W H O . 9. In  th e  in te re s t  o f b est use o f tim e  i t  is recom m ended  to  ta k e  o ff  th e  agenda  all 
th o se  p ro d u c ts  th a t  a re  n o t used as food ad d itiv es , a n d  FA O is re q u este d  to  p ro v id e  for the  
se lection  of the  chem ica ls . 8. C u rren t in fo rm a tio n  shou ld  be m ade av a ilab le  in  th e  fu tu re  to 
th e  C om m ittee  by  th e  g o v ern m en ts  an d  by  th e  p r iv a te  sector as well.

A ppendix  1 c o n ta in s  a  lis t o f 44 references. A p p en d ix  2 gives th e  d a ily  a m o u n ts  o f the 
v a rio u s  su bstances to le rab le  by  hu m an s. A p p en d ix  3 lists th e  chem icals aw a itin g  fu rth e r 
tox icological stud ies .

L. Cselkó

E valua tion  o f  Certain Food Additives. T echn ica l R ep o rt Series 669, W H O , G eneva  1981.
P rice: Sw. fr. 3 .—

T his p u b lica tio n  is based  on th e  su b je c t-m a tte r  o f  th e  a n n u a l m ee tin g  on  th e  evalu a tio n  
o f  c e r ta in  food a d d itiv e s  b y  th e  FAO (W H O  E x p e r t  C om m ittee , G eneva, 1981.). I t  corresponds 
in  i ts  a rran g em en t to  th e  earlie r p u b lica tio n s on  th is  su b jec t, o n ly  th e  c o n ta m in a n ts  receive 
l i t t le  a tte n tio n .

In  p a r t  1, th e  in tro d u c tio n , th e  p ro g ram  o f th e  C om m ittee is o u tlin e d . P a r t  2 con tains 
13 top ics o f high in te re s t  an d  touches upo n  v a rio u s  p roblem s. A fter som e m o d ific a tio n s  o f the 
ag en d a  th e  basic p rin c ip les  o f ev a lu a tio n  a n d  spec ifica tion  are d e a lt w ith . T h is  is followed 
h y  discussions on th e  im p o rta n ce  of th e  ac tiv itie s  o f th e  C om m ittee in  th e  d ev elo p in g  countries 
a n d  on th e  in te rn a tio n a l connections o f these  ac tiv itie s . T he su b seq u en t p a r t  is on  th e  v a lid a ­
t io n  of th e  tox icological d a ta ,  th en  th e  req irem en ts  o f technological sa fe ty  a re  lis te d  in  detail. 
T h e  prob lem s in v o lv ed  b y  th e  use o f  e x tra c tin g  so lven ts and  enzym e p re p a ra tio n s  in food 
in d u s try  are also co n sid ered . T he follow ing to p ics are : H erb s, spices, an d  n a tu ra l  food  add itiv es ; 
A n tib io tics  as d irec t food  ad d itiv es ; H orm ones in  an im al p ro d u c tio n , f in a lly : P la s tic  m ateria ls 
in  food packing.

In  p a r t  3, “ C om m ents on Specific F ood  A d d itiv es” , food colours, f lav o u rin g , sw eeten­
in g , th icken ing  ag en ts , ex tra c tio n , carrie r-so lv en ts  an d  m iscellaneous food a d d itiv e s  receive 
close consideration .
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P a r t  4 revises th e  sp e c if ica tio n  o f 57 add itives. P a r t  5 p o in ts  to  th e  fu tu re  ta sk s  o f  
re sea rc h .

T h e  closing p a r t  — p a r t  6 — c o n ta in s  the  re co m m e n d a tio n s  o f th e  C om m ittee to  F A O / 
W H O . O ne of th e  essen tia l fe a tu re s  o f  these  four re co m m e n d a tio n s  is to  give p r io r ity  to  th e  
te s tin g  o f  ad d itiv es for carc inogen ic  p ro p erties .

I n  A p p en d ix  1, 56 re fe ren ces, th e  specifications o f th e  su b s ta n c es  in  q u estio n  a n d  th e ir  
d a ily  a m o u n ts  (m g per kg  b o d y -w e ig h t)  accep tib le  for h u m a n  c o n su m p tio n  are  lis ted . A p p en d ix  
2 a n d  3 l is t  fu r th e r  su b stan ces reco m m en d ed  for to x ico log ical te s tin g . T he b ro ch u re  closes 
w ith  a  s h o r t  ad dendum  on th e  sp ec ifica tio n s  o f m icrob ial en zy m e  p re p a ra tio n s .

L. Cselkó

E va lu a tio n  o f  Certain Food A d d itiv e s  a n d  C ontaminants. T ech n ica l R e p o r t Series 683, W H O , 
G eneva  1982. 51 pages. P rice: Sw. fr . 5 .—

T h is  p u b lica tio n  includes th e  su b je c t-m a tte r  o f th e  m ee tin g  h e ld  b y  th e  jo in t FA O /W H O  
E x p e r t-C o m m itte e  on Fo o d  A d d itiv e s  an d  C o n tam in an ts  in  R o m e, 19-28 A pril 1982. I t s  
a r ra n g e m e n t,  iden tica l w ith  t h a t  o f  i t s  predecessors, h a s  b ecom e tra d it io n a l  b y  now.

I n  th e  in tro d u c tio n  — p a r t  1 — th e  task s facing  th e  C o m m ittee  a re  p o in ted  o u t.
P a r t  2, “ G eneral C o n sid e ra tio n s” , discusses ten  to p ic s , ra is in g  also some new  asp ec ts  

(as fo r  in s ta n c e  th e  question  o f  a  co m p u te riz ed  food a d d itiv e  b a n k ). T h is section  includes th e  
fo llow ing  to p ic s : M odification  o f  th e  ag en d a ; Princip les g o v e rn in g  th e  toxicological e v a lu a tio n  
o f c o m p o u n d s  on  th e  agenda; P rin c ip le s  governing th e  e s ta b lish m e n t an d  revision  of spec ifica ­
tio n s ; S ign ificance  of th e  o ccu rren ce  o f  nephrocalcinosis in  th e  tox ico log ical ev a lu a tio n  o f 
m o d if ie d  s ta rch e s; Food co lours e x tra c te d  from  foods; P h o sp h a te s  an d  p o ly p h o sp h a tes  in  
food a d d it iv e  use; T oxicological e v a lu a tio n  of x enob io tic  an ab o lic  ag en ts; M etals o ccurring  
in  fo o d s ; S a fe ty  aspects o f th e  E x p e r t  C om m ittee an d  C odex sp ec ifica tions; Food a d d itiv e  
c o m p u te riz e d  d a ta  b an k .

T h e  m o st ex tensive  sec tio n  o f th e  vo lum e, p a r t  3, b e a rs  th e  t i t le  “ C om m ents on specific  
F o o d  A d d itiv e s  an d  C o n tam in an ts” . I t s  to p ics are a rran g ed  in to  tw o  groups. In  th e  fram ew o rk  
of g ro u p  1, specific food ad d itiv e s , a n tio x id a n ts , em ulsify ing  ag en ts , enzym es of m icrobiolog­
ica l o r ig in  u sed  in  food p rocessing , f la v o u rin g  agents, food  co lours , in o rgan ic  sa lts  an d  b u ffe r­
in g  a g e n ts ,  sw eetening an d  th ic k e n in g  ag en ts  are d e a lt  w ith . G roup  2, on co n ta m in a n ts , is 
c o n fin e d  to  th e  discussion o f m e ta ls  a n d  xenobio tic  agen ts. T h is p a r t  is o f o u tstan d in g  in te re s t  
b y  o ffe r in g  an  excellent rev iew  o f  th e  ro le  o f zinc, co p p er a n d  tin .

P a r t  4 lis ts  and  rev ises th e  sp ec ifica tions o f v a rio u s  su b s tan ces . P a r t  5 ou tlin es th e  
fu tu re  ta s k s .

I n  p a r t  6, reco m m en d a tio n s a re  g iven . The C om m ittee  in s is ts , as before , on th e  n ecessity  
fo r a n n u a l  m eetings so as to  d iscuss th e  c u rre n t p rob lem s. A tte n t io n  is called , am ong o th e r  
p o in ts , to  th e  p h o sphates an d  p o ly p h o sp h a te s , to  th e  re p la c e m e n t o f calcium  by  m agnesium  
or o th e r  c a tio n s , on copper an d  on  th e  x en o b io tic  anabolic  ag en ts . T h e  im p lem en ta tio n  o f ea rlie r 
re c o m m e n d a tio n s  is e v a lu a ted .

A s in  th e  earlier p u b lic a tio n s , A p p e n d ix  1 con ta ins re fe ren ces (59 in  num ber). In  A p p en ­
d ix  2, sp ec ifica tio n s  and th e  m a x im u m  d a ily  am ounts (m g /k g  b o d y -w e ig h t) o f th e  su b stan ces 
c o m p a tib le  w ith  h u m an  use  a re  g iv en . (T here are also 24 a d d e n d a .)  A pp en d ix  3 lis ts  th o se  
su b s ta n c e s  w hich , according to  th e  C o m m ittee , req u ire  a d d itio n a l toxicological s tu d ies  an d  
co llec tio n  o f  fu r th e r  in fo rm a tio n . I n  A p p en d ix  5 a ta x a tiv e  l is t  o f m od ified  s ta rches is fou n d . 
A p p e n d ix  6 p rov ides gu idance  fo r ev a lu a tio n .

L. Cselkó
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Recom m ended H ealth B ased Occupational E xposure L im its  fo r  Selected Vegetable D usts. T ech n ica l 
R e p o r t  Series 684, W H O , G eneva  1983. 78 pages, 2 fig u res , 8 tab les. P rice: Sw .fr. 6 .—

T h is is an  acc o u n t o f a m eeting  by  a W H O  re se a rc h  group  in G eneva, 2 -8  M arch  1982. 
T here  are  7 ch ap te rs .

C h ap te r  1, th o u g h  of in tro d u c to ry  c h a ra c te r, m ak e s  th e  read e r a c q u a in te d  w ith  the  
essen tia ls o f  th e  su b jec t b y  de fin in g  th e  p rob lem , o u tlin in g  i ts  ex te n t, p rov id ing  b asic  in fo rm a ­
tio n  on th e  re sp ira to ry  d iseases caused by  veg etab le  d u s ts , po in tin g  to  the  c u rre n t s ta tu s  of 
exposure  lim its  and  th e ir  d e te rm in a tio n , including th e  “ tw o -s te p ”  procedure. U n d e r a  se p a ra te  
h ead ing  th e  o c cu p a tio n a l exposure  lim its in  develop ing  co u n tries  are considered  a n d  a  list 
o f v egetab les im p ly ing  th e  necessity  for th e  d e te rm in a tio n  o f exposure  lim its is g iven. C h a p te r  2 
deals w ith  th e  c lin ical m an ifes ta tio n s  in th e  follow ing o rd e r:  pathogenesis, p a th o lo g y , types 
o f response, c la ssifica tion  o f byssinosis and o th e r re sp ira to ry  d isorders, assessm ent o f in d iv id u a l 
p a tie n ts . T h e  top ics o f c h a p te r  3, all of h igh in te re s t , a re  d e a lt  w ith  un d er th e ir  c lin ica l and 
epidem iological aspects. W e fin d  in fo rm atio n  on b y ss in o sis , includ ing  its  p rev alen ce  all over 
th e  w orld  an d  its  c lin ical course, as also on chron ic  re s p ira to ry  diseases and  th e ir  m o r ta l ity  
figu res, th o ro u g h  co n sid era tio n  be ing  given to  th e  p a r tic u la r  ch arac te rs  o f co tto n , f la x , hem p 
and  o th e r  p lan tf ih re s  as p o te n tia l  pa thogenic  facto rs. P ro b lem s of env iro n m en ta l a n d  h e a lth  
assessm ent are  d iscussed  in  c h a p te r  4, the  effects on h e a lth  o f  exposure in c h ap te r  5. C h a p te r  6 
sum s u p  th e  reco m m en d a tio n s o f  th e  conference (p e rm iss ib le  lim its, con tro l, p re v en tio n  of 
exposure). C h ap te r  7 p o in ts  to  th e  possibilities o f fu tu re  resea rch . This is follow ed b y  a n  im ­
pressive lis t o f 165 references. A ppend ix  1 p rovides a q u estio n n a ire , A ppendix  2 lis ts  th e  p u l­
m o n ary  fu n c tio n  tes ts .

L. Cselkó

Health E ffects o f  Combined E xposure in the Work E nviro n m en t. Technical R e p o rt Series 662, 
W H O , G eneva  1981. 3 tab les, 76 pages. P rice : Sw. fr. 4 .—

T he conference he ld  b y  an  e x p e rt com m ittee  o f W H O  on  th e  h ea lth  effects o f  com b in ed  
exposures in  th e  w o rk  en v iro n m en t, G eneva, 9-15  D ecem b er 1980, is rep o rted  in  th is  p u b lic a ­
tio n  co n ta in in g  10 p a r ts .

P a r t  1, o f  in tro d u c to ry  ch a ra c te r, tak es a g en era l look  a t  th e  problem s a t  issue, s ta tin g  
th a t  th e  im p o rtan ce  o f th e  s tu d y  is based  on th e  fa c t t h a t  w o rk ers  are o ften  exposed s im u lta n e ­
ously  o r successively  to  d iffe re n t physical, chem ical, b io logical and  psychosocial fac to rs . 
F u rth e rm o re , th e re  a re  fa c to rs  such  as d rug  th e ra p y , c ig a re tte  sm oking, a lcohol in g estio n  
an d  c o ex is ten t diseases t h a t  m ay  in fluence in d iv id u a l su sce p tib ility  to  occupational exposures. 
R eal ex am p les o f  com bined  ex p o su re  ex is t in  m a n y  in d u s tr ia l  and ag ricu ltu ra l processes. 
W orkers em ployed  in  fo u n d ries  a re  sim ultaneously  ex p o sed  to  h e a t stress, noise, v ib ra tio n , 
carb o n  m onox ide , m eta l fum es an d  re sp ira to ry  i r r i ta n ts ,  in  p e tro leu m  refineries to  a n u m b er 
o f  so lven ts , in  th e  cem en t in d u s try  to  d u s t an d  h e a t, in  w e ld in g  to m eta l fum es a n d  m an y  o th e r  
su b stan ces , an d  in  ag ric u ltu re  to  pestic ides, o th e r  ch em ica ls  a n d  parasitic  diseases. W hile th e  
effects o f in d iv id u a l ex p o su res h a v e  been w idely s tu d ie d , th e re  is no uniform  a p p ro a c h  to 
com bined  exposures. C erta in  basic  issues, e.g. ty p es  o f  com b in ed  exposure, are d e a lt  w ith  in 
p a r t  2. In fo rm a tio n  on th e  m ech an ism  o f responses to  co m b in ed  exposures is p rov ided  b y  p a r t  3. 
T he com bined  exposures u n d e r  rev iew  are re flected  in  th re e  ty p e s  of in te rac tio n , those  b e tw een  
e n v iro n m en ta l, b io logical, p h y sica l an d  chem ical ag en ts . In  p a r t  4 the  re lev an t in v es tig a tio n s , 
an im al e x p erim en ts  an d  h u m an  o b se rv atio n s are rev iew ed . In  p a r t  5, personal c h a ra c te ris tic s  
in fluencing  responses o f  com b in ed  occupational expo su res a re  d e a lt w ith , co n sid era tio n  be ing  
g iven  to  gen etic  fac to rs , n u tr i t io n  an d  chem ical to x ic ity , d ru g s, alcohol and  sm ok ing , e tc .
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In  c h a p te r  6 , th e  re la tionsh ips b e tw ee n  com bined  ex p o su re  an d  o ccu pational c a n c e r  a re  
e x a m in e d . P a r t  7 gives th e  essen tia l lin es  o f  ep idem io log ical ap p ro ach . P a r t  8 p o in ts  to  th e  
p ra c t ic a l  im p lic a tio n s  of com bined  e x p o su re , inc lu d in g  th e  n ecessary  tasks. P a r t  10 su m s up  
th e  re c o m m e n d a tio n s . A lis t o f 272 re fe ren ces g re a tly  a d d s  to  th e  value  of th is  p u b lic a tio n .

L. Cselkó

J. A. H . Waterhouse, C. S. Muir, K . Shaumugaratnam, J. Pavell (eds): Cancer Incidence  
in  F iv e  C ontinents. Vol. IV. W H O , IA R C , IA C R  1982. 912 pp . Price: Sw. F r . 1 0 0 ,—

T h is  is  th e  fo u rth  vo lum e o f th e  serial ed itio n  o f a  re p o rt  on cancer inc id en ce  in  fiv e  
c o n tin e n ts  in  a  period  of 20 y ea rs  in c lu d in g  fu ll re g is tra tio n  a n d  s ta tis tic a l ev a lu a tio n .

T h e  d a ta  were co n trib u ted  b y  specia l cancer inc id en ce  reg iste ring  c en tre  fro m  each  
c o u n try .  I n  H u n g a ry  these cen tres  p re se n te d  d a ta  fro m  th e  co u n ties V as and  S zab o lcs-S za tm ár.

T h e  a im  o f th e  rep o rt is to  s tu d y  th e  cancerogenic  fa c to rs  in  th e  en v iro n m en t. I t  g ives 
e x a c t, c o m p a ra t iv e  in fo rm atio n  o n  th e  differences r isk  fa c to rs  in  th e  d ifferen t a rea s.

T h e  c h a p te rs  discuss th e  fo llow ing  to p ics: c r ite r ia  a n d  prob lem s of s ta tis t ic a l  t r e a tm e n t  
o f th e  ro u g h  d a ta  technical d e ta ils  o f  d a ta  re g is tra tio n , p ro b lem s of tu m o u r c la ss ifica tio n , 
m e th o d s  o f  co d in g , techn iques o f d a ta  h a n d lin g  c o n d itio n s o f co m p arab ility  of d a ta ,  ind ices 
of r e l ia b i l i ty ,  th e  h istological ty p in g  o f  cancers , age spec ific  ra te s  of incidence co m p ariso n  of 
u rb a n  a n d  ru r a l  p o p u latio n s, th e  c u m u la tiv e  ra te  an d  th e  p ro b lem  of c o m p arab ility  o f  th e  d a ta  
su p p lie d  b y  th e  d ifferen t reg is te rin g  cen tres .

T h e  v o lu m e contains a  v a s t  a m o u n t o f m u ltis id ed ly  ev a lu a ted  d a ta  o f o u ts ta n d in g  
im p o r ta n c e  fo r p rac tica l and  th e o re tic a l  w orkers in  th e  fie ld  o f cancer epidem iology.

H . J ellinek

V. S. Turusov (ed .): Pathology o f  T u m o u rs in  Laboratory A n im a ls . V olum e 3. T u m o u rs  o f  the 
H a m ster . In te rn a tio n a l A gency fo r  R esea rch  on C ancer, L y o n  1982. P rice: Sw. F r . 8 0 ,—

T h is  v o lu m e on th e  tu m o u rs  o f  h a m ste rs  is th e  th ir d  one in  th e  series. In  th e  p rev io u s 
v o lu m e s  th e  tu m o u rs  of ra ts  a n d  m ice  w ere d iscussed .

T h e  b o o k  contains fu n d a m e n ta l in fo rm a tio n  o n  th e  m orphology  and  c la ss if ic a tio n  of 
th e  tu m o u r s  o f  ham sters. I t  g ives h ig h ly  u sefu l ad v ice  to  th e  ex p erim en ta l p a th o lo g is t  e speci­
a lly  o n  th e  c r ite r ia  for m aking  c o m p a rab le  th e  re su lts  o f  s tu d ie s  on various carc in o g en s.

T h e  v o lu m e covers all tu m o u rs  o f all o rg an s in  se p a ra te  chap ters  in  th e  fo llow ing 
se q u e n c e : sk in , m am m ary  g land , m o u th  a n d  cheek -p o ach , liv e r , pancreas, re sp ira to ry  o rg an s, 
k id n e y  a n d  u r in a ry  system , m ale  sex  o rgans, th e  so -called  p igm en ted  c o s to -v e r teb ra r  sp o t, 
fe m a le  se x  o rg an s, hypophysis, th y ro id  g lan d , a d ren a ls , so ft tissues, h aem o p o etic  sy s te m , 
b o n e s  a n d  th e  nervous system . A se p a ra te  c h a p te r  is d e v o te d  to  th e  tu m o u rs o f th e  d ju n g a r ia n  
h a m s te r  (P h o d o p u s  sungorus cam obelli).

I n  e ac h  ch ap te r  th ere  is a  d esc rip tio n  of th e  o rg a n ’s (o r system ’s) n o rm a l s tru c tu re  
fo llo w ed  b y  th e  biology an d  m o rp h o lo g y  of th e  re sp ec tiv e  tu m o u rs  b o th  sp o n ta n e o u s  and 
in d u c e d . F in a lly , th ere  is a d iscussion  on co m p a ra tiv e  fe a tu re s  an d  a lis t of re fe ren ces.

A  sp ec ia l c h ap te r  is d e v o te d  to  th e  tu m o u rs  o f th e  so ft tissues, to  th e  a d e n o v iru s  and  
R o u s  s a rc o m a  v iru s induced  tu m o u rs  inc lu d in g  u l tr a s t ru c tu ra l  an d  h istochem ical d a ta .

T h e  lig h t-  and e lectronm icroscop ic  d o c u m e n ta tio n  is o f excellent q u a lity .

H . J eleinek
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C L IN IC A L  C Y T O PA T H O L O G Y  F O R  PA TH O LO G ISTS 
1985 P O S T G R A D U A T E  IN S T IT U T E

T h e  T w e n t y - s i x t h  P o s t g r a d u a t e  I n s t i t u t e  f o r  P a t h o l o g i s t s  i n  C l i n i c a l  C y t o -  

p a t h o l o g y  g i v e n  b y  T h e  J o h n s  H o p k i n s  U n i v e r s i t y  S c h o o l  o f  M e d i c i n e ,  c o n s i s t s  

o f  t w o  c o u r s e s ,  b o t h  o f  w h i c h  m u s t  b e  t a k e n :

M a r c h  t o  M a y  1 9 8 5 ,  H o m e  S t u d y  C o u r s e  A  i s  p r o v i d e d  e a c h  r e g i s t r a n t  

f o r  i n t e n s i v e  p e r s o n a l  s t u d y ;  a n d

M a y  6  t o  1 7 ,  1 9 8 5 ,  I n - R e s i d e n c e  C o u r s e  В  a t  t h e  J o h n s  H o p k i n s  M e d i c a l  

I n s t i t u t i o n s ,  B a l t i m o r e ,  M a r y l a n d ,  U . S . A .

T h i s  I n s t i t u t e  i s  d e s i g n e d  s o l e l y  f o r  p a t h o l o g i s t s  w h o  a r e  C e r t i f i e d  ( o r  q u a l i ­

f i e d  f o r  c e r t i f i c a t i o n )  b y  t h e  A m e r i c a n  B o a r d  o f  P a t h o l o g y  o r  i t s  i n t e r n a t i o n a l  

e q u i v a l e n t .  I t  p r o v i d e s  a n  i n t e n s i v e  r e f r e s h e r  i n  a l l  a s p e c t s  o f  t h e  f i e l d  o f  

C l i n i c a l  C y t o p a t h o l o g y  w i t h  t i m e  d e v o t e d  t o  n e w e r  d e v e l o p m e n t s  a n d  t e c h n i ­

q u e s ,  s p e c i a l  p r o b l e m s ,  a n d  r e c e n t  a p p l i c a t i o n s  i n c l u d i n g  i m m u n o d i a g n o s i s  

a n d  n e e d l e  a s p i r a t i o n .  T o p i c s  a r e  c o v e r e d  i n  l e c t u r e s ,  e x p l o r e d  i n  s m a l l  i n f o r m a l  

c o n f e r e n c e s ,  a n d  d i s c u s s e d  o v e r  t h e  m i c r o s c o p e  w i t h  t h e  F a c u l t y .  A b u n d a n t  

s e l f - i n s t r u c t i o n a l  m a t e r i a l  i s  a v a i l a b l e  t o  a u g m e n t  a t  i n d i v i d u a l  p a c e .  A  l o a n  

s e t  o f  s l i d e s  w i t h  t e x t s  ( C o u r s e  A )  w i l l  b e  s e n t  t o  e a c h  p a r t i c i p a n t  w i t h i n  t h e  

U n i t e d  S t a t e s  a n d  C a n a d a  f o r  h o m e - s t u d y  d u r i n g  M a r c h  a n d  A p r i l  b e f o r e  

C o u r s e  В  i n  B a l t i m o r e .  P r i o r  s p e c i a l  a r r a n g e m e n t s  t o  s t u d y  C o u r s e  A  m u s t  b e  
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