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One of the forms of jaundice due 
1o a congenital defect in bilirubin 
metabolism is the disease described 
in 1952 by C r i g l e r  and N a j j a r  
under the name of „Congenital fami
lial non-hemolytic jaundice with kern- 
icterus” [13]. The characteristic hy- 
perbilirubinaemia develops during the 
first postnatal days and lasts through
out life. Haemolysis, obstruction can 
be ruled out. The original report con
tains seven cases; the  patients origi
nated from three families, in each of 
them the parents were relatives. Six 
of the patients died of kernicterus 
within 15 months. L ater, C h i l d s  and 
N a j j a r  published a report [9] on the 
sole survivor, as well as a further 
patient, th e  offspring of the same 
family. Both showed normal physical 
and m ental development, in spite of 
the persistently high level of biliru
bin in serum (mostly over 20 mg per 
100 ml). The patient described by R o 
s e n t h a l  et al. [33] developed severe 
neurological symptoms a t the age of 
3 years, while kernicterus developed 
in infancy in the case reported by 
W h i t i n g t o n  [42], and in the one 
described by L e l o n g  e t al. [29].Some 
patients, however, reach adult age

without any significant neurological 
defects. S u g a r  [38] observed a case 
in which the only nervous change 
was deafness. The patient m arried  a t 
the age of 26, had two children, one of 
whom also has a defect of bilirubin 
m etabolism , but has not developed 
kernicterus. The other offspring is 
normal.

Hepatom egaly occurred in none of 
the 13 cases described. The only 
changes found in the liver were slight, 
non-diffuse peripori al fibrosis and  the 
form ation of biliary throm bi. In  all 
bu t one of the cases exam ined [42] 
the gall bladder and the  duodenal 
juice contained only traces of biliru
bin, there  was little bilirubin in the 
faeces, and the life span of ery th ro 
cytes was normal [42]. A fter a biliru
bin load pathologically high retention 
values were found. The values were 
always low following the adm in istra
tion of hippuric acid, and th e  usual 
liver function tests yielded normal 
results.

The observation th a t th e  water- 
soluble and excretable bilirubin giving 
the “ d irec t” diazo reaction is an  enzy
m atically produced m etabolite of liver 
cells, notably a bilirubin m etabolite
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conjugated with glucuronic acid [11, 
1], opened new possibilities for study
ing th e  pathomechanism of the Crig- 
ler-N ajjar syndrome. Excretion tests 
were performed with aglycone sub
stances, which, like bilirubin, are 
excre ted  with urine or bile through 
conjugation with glucuronic acid, in 
view of th e  fact th a t the  glucuroniza- 
tion of menthol [36] N-acetyl-p- 
am inophenol [4], tetrahydrocortisone 
[36, 32, 10], salicylates [36, 10] and 
chloral hydrate  [10] are significantly 
inh ib ited  in the patien ts suffering 
from th e  condition under review. On 
the  basis of these studies i t  has been 
accepted  th a t  the cause of the  disease 
is a  dim inished function of the  glucu
ronic acid-conjugating mechanism of 
the  liver, resulting from a hereditary 
weakness of the activity  of the  enzyme 
glucuronyl-transferase. In  the  patho-. 
m echanism  of neonatal jaundice a 
tem porary  weakness of the  activity 
of th e  sam e enzyme plays the  decisive 
role; however, while th is physiologi
cal weakness is soon over, in the 
Crigler-N ajjar syndrome the  enzyme 
ad ap ta tio n  cannot take  place be
cause, presum ably as a result of a 
hered itary  gene abnorm ality, the  pro
tein molecule performing the  special 
m etabolic function is abnorm al.

C h i l d s  [1 0 ]  tested the  parents and 
other m em bers of the fam ily of his 
two cases for salicyl excretion. His 
results, as well as the  observation 
th a t  th e  condition occurs m ostly when 
the p a ren ts  are relatives ten d  to  point 
to  recessive heredity; the  num ber of 
those carrying the heterozygous gene 
must be small.

In  the  following we shall report on 
two cases. The patients were siblings 
born from the first and th e  second 
p regnancy . The parents were no t rela
tives. B oth  patients had hepatom e
galy, accompanied in the  firs t case 
by  phenomena of thesaurosis. Both 
pa tien ts  developed bilirubin encepha
lopathy  and died in infancy.

Ca s e  R e p o r t s

Case 1.
K . L ., a  m ale  in fan t b o m  in  F e b ru a ry , 

1960, w eighed  a t  b ir th  3500 g. Ja u n d ic e  
d ev e lo p ed  on th e  th ird  d a y  o f  e x tra u te r in e  
Ufe a n d  th e  b ab y  was re fe rred  to  u s  on 
th e  6 th  d a y  w ith  th e  d iagnosis o f  iso im m u 
n iz a tio n  jaund ice . On adm ission  he  w as 
o range-co lou red , in  a ’good c o n d itio n . H e  
w as n o t  anaem ic . The liv e r w as p a lp ab le . 
T he  s e ru m  b ilirub in  co n c e n tra tio n  w as 32 
m g  p e r  100 m l, all ind irec t. T h e  u rin a ry  
lu g o l t e s t  w as negative, th e  faece s  w ere 
p ig m e n te d . T he  blood ty p e  w as  B , B h  
p o sitiv e , th e  m o ther’s A , R h  n eg a tiv e , 
a n d  th e  fa th e rs  AB, R h  po sitiv e . A  d irect 
C oom bs te s t  w as negative ; th e  m o th e r ’s 
a n tib o d y  te s t  during p reg n an cy  h a d  been 
n e g a tiv e . A n  exchange tra n s fu s io n  w as 
c a rr ie d  o u t  w ith o u t de lay  w ith  600 m l of 
В  R h  n e g a tiv e  blood. On co m p le tio n  o f th e  
tra n s fu s io n  th e  serum  b iliru b in  lev e l w as 
12.3 m g  p e r  100 ml, on th e  n e x t  d a y  18 
m g, a n d  i t  con tinued  to  in crease  g ra d u a lly . 
O n th e  1 1 th  d ay  i t  was 38.2 m g  p e r  100 m l. 
T h en  a n o th e r  exchange tra n s fu s io n  w as 
c a rr ie d  o u t, w ith  О R h  n e g a tiv e  e ry th ro 
cy tes  su sp en d ed  in  AB p lasm a . W ith o u t 
a n y  s ig n ific an t change in  th e  ja u n d ic e , th e  
se ru m  b il iru b in  level rem ain ed  20 m g  p e r  
100 m l fo r  a  few  days, th e n  increased  
a g a in  a n d  fo r weeks i t  v a ried  b e tw een  
30 a n d  36 m g  per 100 m l. D u rin g  th e  
s ix th  w eek  th e  p a tien t becam e restless, 
th e  u p p e r  ex trem ities becam e m o re  a n d  
m ore  h y p e r to n ic  an d  th e re  w ere  ep isodes 
o f su b fe b rility . In  sp ite  o f a ll th e se , th e
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b a b y  co n tin u ed  to  th r iv e . A n  a t te m p t 
w as m ad e  to  low er th e  se rum  b ilirub in  
level b y  ad m in is te ring  2 X 60 m l of 
po ly v id o n  N  daily  fo r 5 d ay s; th e re  w as 
som e decrease in  th e  se ru m  b ilirub in  
co n cen tra tio n , b u t th e  sam e w as observed  
a f te r  th e  ad m in is tra tio n  o f po lyv idon  N 
h a d  been  d iscon tinued . T hen  w e gave 3 g 
o f  g lucurono lactone  on each  o f  3 consecu
tiv e  days, w ith  no  resu lt. S ince by  th e  end  
o f th e  second m o n th  th e  sy m p to m s of 
k e rn ic te ru s  w ere m ore and  m ore  m ark ed , 
th e  ex trem itie s  w ere spas tic , th e  h ead  w as 
h e ld  rig id ly  backw ard , a  th i rd  b lood e x 
ch an g e  w as carried  o u t, th is  tim e  w ith  
900 m l o f В R h  positive  blood. A t th e  end 
o f th is  2 ^4-hou r p rocedu re  th e  se rum  b i
liru b in  level w as 10.8 m g  p e r  100 m l. 
W ith in  a  few  hou rs jau n d ice  v is ib ly  d e 
c reased . T hree d ay s la te r , how ever, th e  baby  
w as ag a in  o range-coloured. In  th e  th i rd  
m o n th  developm en t sto p p ed , th e re  w ere 
n y stag m u s, m ark ed  o p is th o to n u s  an d  
sp a s tic ity , a s  w ell a s  restlessness an d  
am p le  sa liva tion . D u rin g  th e  fo u r th  m o n th  
ton ic-c lon ic  convulsions a n d  tre m o r  w ere 
ob se rv ed  in  th e  face a n d  ex trem itie s , an d  
o fte n  th e  b ab y  could  n o t be  n u rse d  an d  
h a d  to  be fed  th ro u g h  a  tu b e . T he  liver 
w as en larged  a n d  dy sp ep s ia  a p p ea red  
w hen  cow ’s m ilk  h a d  been  ad d e d  to  th e  
d ie t . A fte r th e  f if th  m o n th  th e  b ab y , who 
now  w as in  a  v e ry  p o o r co n d itio n , h ad  
re p e a te d ly  b ro nchopneum on ia , acco m p a
n ied  b y  b ronch ia l spasm . T he liv e r  c o n ti
n u e d  to  increase in  size a n d  w as p a lp ab le  
th re e  fingers below  th e  r ig h t co sta l a rc  
in  th e  s ix th  m o n th . I t  w as ex trem ely  
d if f ic u lt to  feed a n d  n u rse  th e  b a b y  b e 
cau se  o f  th e  excessive o p is th o to n u s , sp as
t ic i ty ,  to rs ion  m o v em en ts  o f th e  tr u n k  
a n d  ex trem itie s  and  episodes o f eclam psia . 
A fte r  reach ing  a m ax im u m  w eig h t o f 
0900 g th e  b a b y  developed  severe  e n te ro 
co litis  a n d  staphy lococca l en te r itis . H is 
c o n d itio n  d e te r io ra ted , m eanw h ile  th e  
se ru m  b iliru b in  level h a d  becom e s tab iliz 
ed  fo r several m o n th s, a t  v a lu es  betw een  
16.6 a n d  21 m g  p e r  100 m l. A n  episode 
o f  p n eum on ia  w as t r e a te d  w ith  b road-

sp ec tru m  a n tib io tic s  (o th e r th a n  ch lo ram 
phenicol). R estlessness a n d  f i ts  w ere 
con tro lled  b y  b a rb itu ra te s , ch lo rp ro m azin e  
or scopolam ine, w ith  p o o re r a n d  p o o re r 
resu lts . T he b a b y  w as v o m iting  freq u en tly , 
becam e deceb ra ted , k e p t th ru s tin g  o u t h is  
tongue . D uring  th e  la s t w eek o f  h is life 
he  developed  g rav e  b ila te ra l p n eu m o n ia , 
th e  serum  b iliru b in  level in c reased  s ign i
fic an tly  a n d  h e  d ied  su d d en ly  a t  th e  age of 
n ea rly  9 m o n th s, a s  a  re su lt o f  asp ira tio n  
pneum onia . T he tw o  low er inc iso rs c u tt in g  
th ro u g h  d u rin g  th e  la s t m o n th  o f life 
w ere greenish  in  colour. T he low est se rum  
b iliru b in  level o u r p a t ie n t  ev e r h a d  (except 
fo r th e  values m easu rab le  fo r a  tim e  fo l
low ing blood exchange  tran sfu s io n s) w as
16.5 m g, th e  h ig h es t 40 m g  p e r  100 m l
(F ig. 1).

Case 2.

К . M., a  fem ale b ab y , w as b o rn  from  
th e  second, u n e v e n tfu l p reg n an cy  o f th e  
sam e m o th e r, in  M arch, 1961, w ith  a 
w eight o f 3300 g. T h e  b lood  w as R h  n e g a 
tiv e  (i. e. id en tica l w ith  th a t  o f th e  m o ther) 
a n d  on adm ission , o n  th e  th i rd  d a y  o f 
life, th e re  w as a lre a d y  m a rk e d  jau n d ice  
o f th e  sclera a n d  o f  th e  sk in . T h e  serum  
b ilirub in  level w as 19 m g  p e r  100 m l, 
ind irec t. C oom bs’ te s t  w as n eg a tiv e , th e re  
w as no  an aem ia , th e  liv e r w as pa lp ab le . 
N e x t d ay  th e  se ru m  b iliru b in  level w as
25.5 m g p e r  100 m l, a ll in d irec t. T h e  b ab y  
w as cry ing  a n d  suck ing  v igorously . B e
tw een  th e  4 th  a n d  7 th  d a y s  d a ily , th e n  
on th e  9 th  a n d  10th  days, i. e. on  a  to ta l 
o f six  occasions, exchange  tran sfu s io n s  w ere 
g iven, w ith  200 to  250 m l/k g  o f fresh  
b lood each, in  a n  e ffo rt to  k eep  th e  serum  
b iliru b in  level u n d e r  20 m g. A t f i r s t  О 
R h  n eg a tiv e  e ry th ro c y te s  su sp en d ed  in  
A B  p lasm a  w ere u sed , la te r  A R h  n eg a tiv e  
b lood. A fte r th e  f i r s t  w eek th e  se ru m  b ili
ru b in  level cou ld  b e  k e p t u n d e r  20 m g  p e r  
100 m l on ly  fo r a  w hile. I t  w as 48 m g  p e r  
100 m l, on th e  21st d ay , th e n  i t  decreased  
g rad u a lly , w hile th e  liv e r co n tin u ed  to  
in crease  in  size. N erv o u s sy m p to m s beg an  
to  a p p e a r  in  th e  th i rd  w eek, in  th e  fo rm  o f
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re s tle s sn e ss  an d  sp a s tic ity . A fte r  tw o  
m o n th s  o f age b ro n ch o p n eu m o n ia  w as 
o b se rv e d  repeated ly . A fte r  th r e e  m o n th s 
th e  k e rn ic te ru s  becam e m o re  an d  m ore 
m a rk e d , seizures w ere f re q u e n t. T he ja u n 
d ice  subsided  an d  th e  se ru m  b ilirub in  
le v e l becam e stab ilized  fo r  m o n th s . T he 
b a b y  w as often febrile , h a d  a n  occip ita l 
p h leg m o n e  an d  becam e m ara sm ic . D u rin g  
th e  la s t  m o n th  th e  liv e r  co u ld  h e  p a lp a ted  
fo u r  a n d  a  h a lf  fingers be low  th e  co sta l 
a rc ,  th e r e  w as to ta l d e ce reb ra tio n , ex trem e 
o p is th o to n u s . T he b a b y  d ied  a t  th e  age of 
5  У2 m o n th s, w ith  b ro n ch o p n eu m o n ia  
a n d  h e a r t  failure . A t t h a t  t im e  w as th e  
lo w e s t serum  b iliru b in  level, 19.4 m g, 
m e a s u re d . The h ighest v a lu e  w as 48 m g 
p e r  100 ml.

H aem a to log y

Oase 1.

A t firs t , R h  or A BO  in c o m p a tib ility  
w as  su spec ted , b u t th e  d ire c t a n d  ind irec t 
C o o m b s te s ts , th e  m a te rn a l a n t i  B t i t r e  
a n d  incom ple te  an tib o d y  te s ts  w ere all 
n e g a tiv e . T here w ere no  au to a n tib o d ie s  
in  th e  m a te rn a l serum . B y  th e  en d  o f th e  
seco n d  m o n th  m o d era te  no rm och rom ic  
a n a e m ia  h ad  developed, w ith  a n  e ry th ro 
c y te  c o u n t o f 2.0 m illion a n d  a  l i b  o f 8.7 g, 
b u t  a f t e r  th e  th ird  b lood  ex ch an g e  th e  
e ry th ro c y te  coun t w as in v a r ia b ly  h ig h er 
t h a n  3 m illion  an d  th e  H b  m o re  th a n  10 g. 
F o r  exam p le , from  th e  s ix th  m o n th s  on 
e ry th ro c y te  count w as 3.5 m illion , H b
11.5 g  o r  h igher, th e  h a e m a to c r i t  betw een  
35 a n d  40. E lec tro p h o re tica lly  th e  haem o 
g lo b in  d id  n o t d iffer fro m  t h a t  o f th e  
c o n tro l  in fan ts . T he re tic u lo c y te  co u n t 
n e v e r  exceeded  22 p e r th o u sa n d , th e  values 
u s u a l ly  w ere 8 to  18 p e r  th o u s a n d . B one 
m a r ro w  sam ples w ere s tu d ie d  tw ice, a t  
1 y2 a n d  4 m on ths o f age. B o n e  m arrow  
p a t t e r n  a n d  norm oblast c o u n t w ere n o r
m a l, th e r e  w as no ev idence o f a n  increased  
e ry th ro cy to p o ie s is , th e  bone  m a rro w  re t i 
c u lo c y te  co u n t w as 18 p e r  th o u san d .

O sm otic  res istance  a n d  m ech a n ica l f r a 
g ility  o f th e  e ry th ro cy te s  w ere  rep ea ted ly  
n o rm a l. N u c lea ted  e ry th ro c y te s , H einz 
bod ies cou ld  n o t be d e m o n s tra te d , th e  
e ry th ro c y te s  w ere n o rm a l in  size and  
sh ap e  a n d  s ta in ed  n o rm ally . D u rin g  th e  
f i rs t m o n th  of Ufe th e re  w as 8 to  13 p e r 
c en t eosinophilia, b u t  su b seq u en tly  th e  
eosinoph il co u n t w as 2 to  4 p e r  cen t. The 
th ro m b o c y te  co u n t w as n o rm al th ro u g h o u t.

Case 2.

I n  th is  case b lood g roup  in co m p a tib i
l i ty  cou ld  be ru led  o u t on th e  basis o f th e  
b lood  ty p e . On adm ission  H b  18 g, e ry 
th ro c y te s  4.5 m illion, leu co cy tes  8000, 
eosinophils 10 p e r  c en t w ere found . 
A fte r  th e  rep ea ted  b lood exchanges th e  
e ry th ro c y te  co u n t w as 4.1 m illion , th e  
H b  co n cen tra tio n  15.6 g. A t th e  age of 
one m o n th  th e  e ry th ro c y te  co u n t w as 3 
m illion , th e  re ticu locy te  co u n t v aried  from  
6 to  14 p e r  th o u san d , th e  eosinoph il count 
fro m  2 to  4 p e r cen t. L a te r  th e  n u m b e r of 
e ry th ro c y te s  varied  from  3.1 to  3.6 m illion, 
th e  H b  values from  11.5 to  14 g. As d e 
te rm in e d  b y  th e  se m i-q u a n tita tiv e  Mo- 
TULSKY te s t  [30], e ry th ro c y tic  glucose-6- 
p h o sp h a te  dehydrogenase a c tiv ity  was 
n o rm al, deco lo ra tion  tim e  110 m inu tes . 
R e p e a te d  te s ts  revea led  no  b iliru b in  in 
u rin e , b u t on fo u r occasions th e  W it h  
m e th o d  [45] d em o n s tra ted  d a ily  o u tp u ts  
o f fro m  0.15 to  0.5 m g  of b iliru b in , w hich 
g av e  th e  d iazo  reac tio n  w ith  caffeine only 
a f te r  sh ak in g  o u t w ith  b u tan o l-am m o n iu m  
su lp h a te  (i. e. i t  w as ind irec t).

T he th ro m b o cy te  co u n t b y  th e  en d  of 
th e  b lood  exchange tran sfu s io n s  in v a r i
a b ly  decreased , b u t  n ev e r below  65.000. 
A fte r  th e  exchanges th e  th ro m b o c y te  
co u n t increased  rap id ly . T he p lasm a, p a r t ic 
u la r ly  t h a t  ob ta in ed  a f te r  re p e a te d  e x 
change  tran sfu s ions, caused  a  sign ifican t 
rise  in  th e  n u m b er o f th ro m b o c y te s  w hen 
in je c te d  in trav en o u sly  in to  m ice. T his 
th ro m b o p o ie tic  a c tiv ity  w as th e  m ost 
p o te n t a f te r  th e  f i f th  a n d  s ix th  exchange 
tran sfu s io n s  (18).
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B il ir u b in

I n  Case 1, u r in a ry  a n d  faeca l b ilirub in  
ex c re tio n  w as d e te rm in ed  rep ea ted ly  in  
th e  4 tli, 5 th , 7 th  a n d  8 th  m o n th s, using  
u rin e  a n d  faeca l sam ples co llected  fo r 
th re e  d ay s . I n  th e  faeces b iliru b in  w as 
d e te rm in ed  by  th e  m ethod  o f Malloy  an d . 
E v e ly n  [ 20], stercob ilin  b y  th e  m ethod  
o f Schw artz a n d  Watson  [37]. T he cali
b ra tio n  cu rv e  w as p lo tte d  w ith  com m ercial 
b ilirub in  a n d  stercobilin , respectively . 
S ince we could  nev er d e te c t b iliru b in  in  
th e  u rin e  by  th e  lugol, F o u ch e t, G m elin 
a n d  m e th y len e  b lue reactions, w e d id  n o t 
te s t th e  u rin e  fo r b ilirub in  q u a n tita tiv e ly . 
T h e  con tro ls w ere th re e  3 m o n th s  old 
p re m a tu re  in fan ts  w eighing 2800 to  3500 g. 
T h e ir  to ta l  b ilirub in  o u tp u t ran g ed  from  
7 .1 to  10 m g daily , w ith  th e  average  a t  
8.8 m g. O ur p a tie n t a t  th e  above ages h a d  
•an av e rag e  o u tp u t o f 3.65, 8.73, 4.02 an d  
7.0 m g  daily , respective ly . I n  th e  f irs t 
th re e  te s ts  th e  faeces co n ta in ed  consider
ab le  am o u n ts  o f b ilirub in , w hile none 
cou ld  be  d em o n s tra ted  in  th e  fo u r th  te s t. 
T h e  u rin a ry  ». fecal stercob ilinogen  ra tio  
av e rag ed  1 p e r  50 (see also F ig . 1).

Porphob ilinogen  could  n o t be de tec ted  
in  th e  u rine . I n  th e  7 th  m o n th  th e  p o rp h y 
r in  co n cen tra tio n  in  th e  faeces w as 218.7 
/tg/100 g, s ligh tly  h ig h er th a n  norm al. 

Tw o w eeks la te r  th e  u rin e  w as found  to  
co n ta in  31.5 /ig/100 m l p o rp h y rin  of th e  
cop ro p h o rp h y rin e  ty p e  (th is is w ith in  
n o rm al lim its). U ro p o rp h y rin  w as n o t 
d em o n s trab le  (D r. G. K elény i, In s t i tu te  
o f  P a th o lo g y , Pécs).

B ilirub in  w as d e te rm ined  accord ing  to  
J e n d r a ssik  a n d  Cleg hoRn  [26]. A ll th e  
se ru m  b ilirub in  of b o th  patif n ts  reac ted  in 
d irec tly , excep t on a  few  occlusions, w hen 
th e  serum  b ilirub in  level w as 30 m g  p e r 100 
m l, a n d  a  frac tio n  of 1 to  2 m g gave a  
d irec t reac tio n . As i t  is know n, beside 
th e  b ilirub in -d ig lucu ron ide  p ro d u ced  by 
th e  liv er th e re  is also a  m onog lucuronide 
(b ilirub in  co n ju g a ted  w ith  one m ol o f 
g lucuron ic  acid) p roduced  e x trah ep a tic a lly  
in se rum  (5]. T he  th ree  b iliru b in  frac tions,

th e  no n -co n ju g a ted  (indirect) th e  m ono- 
a n d  th e  d ig lucuronide w ere rep ea ted ly  
assay ed  b y  th e  sim ple E b e r l e in  m eth o d  
[19], b y  w hich th e  frac tions s e p a ra te d  on 
th e  basis o f th e ir  so lubility  c a n  be  m easu red  
sp ec tro p h o to m etrica lly . W hile in  a  p a tie n t 
suffering  from  biliary  o b s tru c tio n  th e  to ta l 
se ru m  b iliru b in  level d e te rm in ed  by  th e  
d iazo  m e th o d  w as repea ted ly  fo u n d  to  be 
closely  com parab le  w ith  th a t  d e te rm in ed  
by  th e  E b erle in  m ethod , in  o u r  Case 2, 
as w ell a s  in  a  no rm al n ew b o rn  w ith  
physio log ical jaundice, th e  v a lu es  o b ta in ed  
w ith  th e  E berle in  m e th o d  w ere only 
a b o u t h a lf  o f those  y ielded b y  th e  diazo 
reac tio n . A ccording to  o u r re su lts , w hich 
a re  th u s  n o t abso lu te ly  re liab le , in  ou r 
Case 2, 77 p e r  cen t of th e  s e ru m  b iliru b in  
w as no n -co n ju g a ted  (free), 18 p e r  cen t 
w as m ono- an d  5 per cen t w as d ig lu cu ro 
n ide . T hese values a re  s im ila r to  th o se  
o b ta in e d  w ith  th e  E b erle in  m e th o d  in 
cases o f physiological n e o n a ta l jau n d ice .

I n  Case 1, th e  b ilirub in  e x tr a c te d  from  
se ru m  w as d iazo ted  an d  ch ro m ato g rap h ed  
acco rd ing  to  Schm id  [35]. A s a  con tro l, 
d ia zo ted  a n d  ch ro m ato g rap h ed  b ilirub in  
o b ta in ed  from  new borns w ith  physio log i
cal jau n d ice  a n d  com m ercia l b ilirub in  
w ere u sed . A ll these show ed th e  0.5 R f 
v a lu e  ch a rac te ris tic  of free, in d ire c t bili
ru b in . M oreover, th e  ab so rp tio n  spec trum  
o f th e  d iazo ted  b ilirub in  o f  o u r  p a tie n t 
w as th e  sam e as  th a t  o f th e  d ia z o te d  b ili
ru b in  fro m  th e  con tro l n ew b o rn . W ith 
b o th  o f  o u r p a tien ts  th e  b iliru b in  alw ays 
m ig ra te d  in  th e  a lbum in  fra c tio n  on  p ro 
te in  electrophoresis.

A  serum  sam ple co n ta in in g  30 m g  per 
100 m l o f b ilirub in  from  C ase 1 w as ex 
posed  to  s tro n g  noon sunsh ine . A s a  resu lt, 
a n d  like in  th e  control se ru m  sam p le , th e  
b iliru b in  level decreased ra p id ly  [12]. 
T he  va lu e  m easured  2 hou rs  la te r  w as 1.2 
m g  p e r  100 m l. D uring th e  sam e period 
th e  b iliru b in  concen tra tion  o f  th e  contro l 
se ru m  decreased  from  27.7 m g  to  2.6 mg 
p e r  100 m l. T w enty-five m l o f  p la sm a  ob
ta in e d  fro m  th e  sam e p a tie n t w as in jec ted  
in tra v e n o u s ly  in to  a  six  w eeks o ld  b ab y
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w eigh ing  2100 g an d  su ffering  fro m  m u lti
ple d e v e lo p m en ta l d iso rders . T h is  m ean t 
a  lo a d  o f  4 m g/kg  o f  b iliru b in . W ith in  
fo u r  h o u rs  th e  b iliru b in  leve l decreased 
fro m  th e  4.8 m g per 100 m l va lu e  m easured  
im m e d ia te ly  follow ing th e  lo a d  to  th e  
in itia l 0 .6  m g  per 100 m l.

L iv e s  F u n c tio n

T h e  rep ea ted  th y m o l, T a k a ta ,  Z n S 0 4 
a n d  W e ltm a n n  te s ts  y ie lded  n o rm a l re 
su lts  fo r  b o th  p a tie n ts . R e p e a te d  te s ts  
fo r to ta l  serum  p ro te in  y ie lded  resu lts  
ran g in g  fro m  5.3 to  8.2 g  p e r  100 m l in 
Case 1, a n d  from  5.6 to  7.5 g  p e r  100 m l 
in C ase 2. P a p e r  e lec tropho resis  show ed 
in  b o th  cases an  a lb u m in  o f o v e r 50 p e r 
c en t a n d  gam m a globulin  o v e r 10 p e r  cen t. 
R e p e a te d  im m u noelec tropho re tic  studies, 
w ith  su ita b le  con tro ls, a lw ay s gave 
n o rm a l re su lts  in  b o th  p a tie n ts . T he 
e ry th ro c y te  sed im en ta tio n  r a te  d id  n o t 
exceed  10 m m  in  1 h o u r in  e ith e r  case.

A s re g a rd s  serum  enzym es, g lu tam ic  
ac id -o x a lace tic  a c id -tran sam in ase  (SGOT) 
assay  w as done by  th e  m e th o d  o f D ubach  
[16], a lk a lin e  p h o sp h a tase  w as d e te rm ined  
acco rd in g  to  B o d a n sk y , a n d  pseudochol- 
e s te ro la se  according to  D e  l a  H u erga  
114]. A fte r  n eo n a ta l age  th e  u p p e r  lim it 
o f n o rm a l o f th e  SGOT values o b ta in ed  by  
th e  a b o v e  m eth o d  w as co nsidered  to  be 
100 U , ta k in g  in to  acc o u n t th e  consider
ab le  ra n g e  of v a ria tio n s  in  th e  con tro l 
v a lu es a n d  th e  Umits o f e rro r. I n  b o th  
cases SG O T  a c tiv ity  w as in te rm it te n tly  
in creased , in  Case 2 a  v e ry  h ig h  value  
w as fo u n d  on  one occasion. A s de te rm in ed  
by  a  few  te s ts  done d u rin g  th e  p e riod  of 
n o rm a l SG O T a c tiv ity , th e  a ldo lase  and  
is o c itra te  dehyd rogenase  a c tiv it ie s  w ere 
n o rm a l. I n  Case 1, a lk a lin e  p h o sp h a ta se  
a c tiv ity  w as increased  d u rin g  th e  firs t 
m o n th , th e  pseudocho leste ro lase  level w as 
a t , o r  so m ew h a t below , th e  low er lim it o f 
n o rm al.

F ig . 1. a n d  Fig. 2. p re se n t th e  resu lts  
fo r se ru m  cholesterol d e te rm in e d  by  th e  
su lp h u ric  a c id  ferric  ch lo ride  m e th o d  [46]

usin g  a  530  m  y  colour f ilte r. O u r v a lu es 
m a y  be considered  h igher th a n  rea l, ow ing 
to  th e  d e te rm in a tio n  of b iliru b in  to g e th e r  
w ith  ch o les te ro l [40]. W ith  th is  m e th o d  
th e  se ru m  cholestero  Hevei in  Case 1 ran g ed  
from  125 to  290 m g p e r  100 m l, in 
Case 2 be tw een  180 and  265 m g  p e r  
100 m l. I n  general, th e  este rif ied  frac tio n  
d id  n o t a m o u n t to  m ore th a n  50 p e r  cen t, 
i t  b e ing  f re q u e n tly  10 to  30 p e r  cen t.

T he  re su lts  fo r serum  lip id  fra c tio n s  
(a lpha , b e ta  a n d  n eu tra l lip ids) in  Case 2 
d id  n o t d if fe r  from  those  o b ta in ed  fo r  th e  
con tro l.

A s to  e x c re to ry  liver fu n c tio n , in  Case 
1 tw o  b ro m o su lp h o p h th a le in  te s ts  gave  
n o rm a l re su lts . I n  th e  second m o n th  45 
m in u te s  fo llow ing  th e  a d m in is tra tio n  of 
5 m g /k g  b ro m su lp h o p h ta le in , 5 p e r  cen t 
re te n tio n , in  th e  fo u r th  m o n th  3 p e r  cen t 
re te n tio n  w ere  found. A t th e  ag e  o f five  
m o n th s  10 m l o f ad ipiodone w as in jec ted  
in tra v e n o u s ly ; by  45 m in u tes  th e  gall 
b la d d e r h a d  beg an  to  fill a n d  a t  120 m in 
u te s  w e saw  th e  shadow  of it , 3 cm  long, 
0.5 cm  w ide, hook-shaped, c o n tra c te d , 
in  th e  p ro je c tio n  o f th e  2nd  rib . I n  th e  
sam e m o n th  n o rm al values w ere ob ta in ed  
follow ing th e  ad m in is tra tio n  o f 1 g  of 
sod ium  b en zo a te ; in  4 hours h ip p u r ic  acid  
w as e x c re te d  in  a n  am oun t co rrespond ing  
to  51 p e r  c e n t sodium  b enzoa te .

I n  C ase 1, in  th e  s ix th  m o n th  a n  in t r a 
venous b il iru b in  excretion  te s t  w as m ad e  
w ith  5 m g /k g  of b ilirubin . A fte r six  h o u rs  
re te n tio n  w as  30 p e r  cen t, in s te a d  o f th e  
n o rm a l 10 p e r  cen t [23].

A t th e  e n d  of th e  s ix th  m o n th , w hen  
th e  se ru m  b ilirub in  level show ed  th e  
low est v a lu e , 16.5 m g per 100 m l, a  sam p le  
of liv e r  tis su e  hom ogenate  o b ta in e d  a t  la 
p a ro to m y  w as  te s te d  in vitro fo r g lucuro- 
n y l- tra n s fe ra se  ac tiv ity  b y  th e  G r o d s k y - 
Ca r b o n e  m e th o d  [22]. 0.5 g o f liv er tissu e  
w as hom ogen ized  w ithou t d e lay  a n d  
th is  w as in c u b a te d  w ith  a  20 p e r  cen t 
so lu tion  o f b iliru b in  tr e a te d  w ith  bo v in e  
a lb u m in . B oiled  ra t liv e r ho m o g en a te  
served  as  th e  source of U D P  g lucuron ic  
acid . D u rin g  45 m inu tes’ in c u b a tio n  no
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T a b le  I

A g lycone ex cre tio n  te s ts

Dose Urine
collec
tion

period,
hour

Conju
gated
m eta
bolite

mg

P er cent

Age Substrate
to ta l
mg mg/Kg

of dose 
adminis

tered
Controls

Case 1. K. !.. 24 26 65
4 in fan ts 

59 to  66%

6 weeks Acetanilide 40 10 48 28.7 70 67 to  71%

24 30 66 2 adu lts

3 m onths Acetanilide 45 10 48 33 73 75 to  80.2%

6 1/2 months Menthol 180 33 8 18 10 5 in fan ts

7 1/2 m onths Menthol 180 35 8 13 7 40 to  54%

Case 2. K. M. 
2 1/2 mo. Acetanilide 50 17 24 33.5 ее —

4 months Menthol 150 50 8 15 10 —

4 1/2 m onths Menthol 120 35 8 18 15 40 to  54%

5 months Menthol 60 15 8 15 25 —

4 months N-acetyl-p- 
amino phenol 100 30 12 14.8 14.8 3 in fan ts 

31.2 to
34%  in

5 m onths N-acetyl-p- 12 15.6 17.5 12 hours
amino phenol 95 30 24 19.3 21.4

change w as n o te d  in  th e  q u a n ti ty  o f d i
rec t reac tin g  b ilirub in , in  o th e r  w ords th e  
liv er tissue  fro m  o u r p a tie n t d id  n o t con
ju g a te  b ilirub in , w hereas d u rin g  th e  sam e 
period  in  th e  co n tro l r a t  liv e r h om ogena te  
th e  am o u n t o f d irec t b iliru b in  increased  
3.5-fold. T h is w as a  d irec t p ro o f o f th e  
d efec tive  fu n c tio n  o f h ep a tic  g lucurony l- 
tran sfe rase . T he  serum  co n ta in ed  no  in 
h ib ito rs  th a t  w ould  h av e  b locked  th e  g lu 
cu ron ic  ac id  co n ju g a tin g  fu n c tio n  o f th e  
liver (Mr. J .  H . H ilto n , I n s t i tu te  o f C hem i
cal P a tho logy , Leeds).

T h e  g lucuron ic  acid  c o n ju g a tin g  m ech 
an ism  o f th e  liver w as te s te d  a lso  b y  th e  
a d m in is tra tio n  of ace tan ilid e , N -ace ty l- 
paraam in o p lien o l a n d  m e n th o l. O f a c e t
an ilide , 10 m g/kg  doses w ere g iv en  on tw o 
occasions, an d  once 17 m g /k g . (W o did 
n o t g ive m ore in  view  of th e  r isk  o f  an iline 
fo rm atio n .) N orm ally , o f  th e  ace tan ilid e  
70 to  90 p e r  cen t a re  c o n v e rte d  to  N -ace- 
ty l-p a ra am in o p h en o l a n d  th is  m e tab o lite  
is e x c re te d  b y  m eans o f g lu cu ro n iza tio n  
[8]. T h e  dete rm in a tio n s w ere m a d e  b y  th e  
m e th o d  o f Br o d ie  a n d  A x e l r o d  [7], as
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m o d ified  b y  V e s t  [41]. A s seen  in  T able I, 
in  C ase 1 th e  10 m g/kg, a n d  in  Case 2 th e  
17 m g /k g , dose of acetan iU de w as  excre ted  
a t  a  n o rm a l ra te , in  th e  fo rm  o f  p araam i- 
n o p h en o l.

O n re p e a te d  load ing  w ith  30 m g/kg 
d o ses  o f  ace ty l-p a raam in o p h en o l only a- 
b o u t 50 p e r  cen t was ex c re ted  in  th,e fo rm  of 
g lu cu ro n id e  m etabo lite , a s  co m p ared  to  
th e  co n tro ls .

T h e  doses o f m en th o l ra n g e d  from  15 
to  50 m g /k g  and , u sing  th e  F is h m a n s—  
G b e e n  m eth o d  [21] th e  m easu re  of 
m en th o l-g lu cu ro n iza tio n  w as estim a ted  
fro m  th e  increm en t o f c o n ju g a te d  g lucuro
n ic  a c id  excretion . I n  b o th  o f  o u r  p a tien ts  
on ly  a b o u t V3 of th e  a m o u n t ex c re ted  b y  
th e  co n tro ls  w as ex c re ted  in  8 h o u rs  con
ju g a te d  to  glucuronic ac id . M en th o l was 
a d m in is te re d  a f te r  fa s tin g , th r o u g h  a  gas
tr ic  tu b e , a s  a  colloidal so lu tio n  in  th e  form  
o f  m e n th o l, 2 g; s te a r in a te d  so rb o x , 15 g; 
d is tilled  w a te r  to  1000 g (su p p lied  b y  Prof. 
!.. K e d v e s s y , of th e  I n s t i t u te  o f  P h a rm a 
co logy , Szeged). As d e te rm in e d  in  16-hour 
te s ts , p r io r  to  th e  a d m in is tra t io n  o f m en
th o l th e  co n ju g a ted  g lu cu ro n ic  a c id  o u tp u t 
in  th e  u rin e  w as 18 to  26.1 m g  in  ou r p a 
tie n ts , a n d  21 to  43 m g  in  th e  contro ls.

I t  h a s  been  tr ied  to  te s t  c h lo ram p h en i
co l e x c re tio n  b y  th e  F is h m a n n — G k e e n  
m e th o d , b u t  th e  o ra l a d m in is tra t io n  of 
la rg e  doses w as n o t fo llow ed  b y  an  in 
c rease  in  th e  u rin a ry  c o n ju g a te d  g lucuronic 
a c id  ex c re tio n  in  th e  c h ild  a n d  a d u lt 
co n tro ls .

T h e  q u a n ti ty  of 1 7 -hyd roco rtico ste ro id  
a n d  i t s  frac tio n s  w ere d e te rm in e d  in  b o th  
p a tie n ts .  I n  Case 1, in  th e  th i r d  m o n th  
0 .550 m g  w as excreted  (0.521 m g  con ju 
g a te d  a n d  0.029 m g free). I n  th e  f i f th  m on th  
to t a l  ex c re tio n  w as 0.714 m g  (0.680 m g 
c o n ju g a te d  an d  0.034 m g  free ). I n  Case 2, 
a t  th e  ag e  o f  th ree  m on ths, th e  to t a l  o u tp u t 
w as 0 .39 m g  (conjugated , 0 .31 ; free, 0.08 
m g) (D r. I .  Fared in , F ir s t  D e p a r tm e n t of 
M edicine, Szeged). T hese v a lu e s  m ay  be 
c o n s id e red  norm al.

I n  C ase 2, to lerance  te s ts  w ere  done 
w ith  g lucose, fructose a n d  ga lac to se . Two

hou rs a f te r  th e  glucose to le rance  te s t  we 
gave  a d re n a lin e  a n d  on a n o th e r  occasion 
a n  a d re n a lin e  te s t  w as m ade  w ith o u t th e  
glucose to le ra n c e  te s t  (Fig. 2). T he  re su lts  
o b ta in ed  w ere  a ll no rm al, th e  b lood su g ar 
level in c re a se d  sign ifican tly  in  ev e ry  case.

I n  C ase 2, d u rin g  th e  th i rd  m o n th  th e  
se rum  a n d  u r in e  w ere te s te d  over a  period  
of tw o  d a y s  fo r be ta -g lucu ron idase . T he 
re su lts  d id  n o t  d iffer from  th o se  o b ta in ed  
in  th e  c o n tro ls  (serum  130 U , 135 U /100 
m l; u r in e  100 U , 95 U /100 m l). (D r. B. 
R engei, I n s t i tu te  o f Forensic  M edicine, 
Szeged).

Mo r ph o lo g ic a l  and  H isto lo g ic a l  
St u d ie s

Case 1.

T he U ver tissu e  excised a t  la p a ra to m y  
w as in ta c t  in  s tru c tu re . T here  w as sligh t 
ch ronic  in f i l tra t io n  a ro u n d  th e  m o d e ra 
te ly  p ro life ra tin g  bile ducts . N o  bile 
casts  w ere  v is ib le  in  th e  large  b ile  d u c ts  
a n d  th e re  w as no  su b stan ce  g iv ing  b ili
ru b in  p o s itiv e  reac tio n  w ith in  th e  liver 
cells. T h ese  w ere  big, polygonal, s ta in ed  
lig h tly , th e  cy to p lasm  w as g ra n u la te d , th e  
nucle i w ere  re g u la r  in  appearance . Period ic  
ac id -leu k o fu ch sin  s ta in ing  rev ea led  in  th e  
cy to p la sm  a  dense  n e tw ork  w hich  d id  n o t 
d isap p ea r fo llow ing tre a tm e n t w ith  d ia s ta se  
a n d  sa liv a , so th a t  th e  P A S-positive su b 
s tan ce  w as n o t n o rm al g lycogen. The 
s t ru c tu re  o f  liv e r  cells resem bled  th e  p a t 
te rn  o ccu rr in g  in  thesaurosis. (D r. Z. 
M ónus, I n s t i tu te  of P a th o lo g y , Szeged, 
a n d  D r. G . K elén y i, In s ti tu te  o f P a th o lo g y , 
Pécs).

I n  th e  non-fixed , frozen m a te ria l his- 
to ch em ica l m e th o d s  d id  n o t d e te c t succi
nic d e h y d ro g en ase  (Cascarano a n d  Zw e i
fa c h  m e th o d ) a n d  cy tochrom e oxidase 
(B iir s t o n e  m eth o d ). T he v a scu la r w alls 
an d  th e  la rg e r  b ile  duc ts  show ed A T P -ase  
a c tiv ity . A lka line  p h o sp h a tase  a c tiv ity  
w as m o d e ra te  in  th e  b ilia ry  cap illa ries 
a n d  in te n se  in  th e  vascu lar w alls an d  bile 
d u c ts . T h e  fro zen  sections show ed  no
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F íg . 1. Case 1 (К . L .) L iv e r specim en  o b ta in ed  a t  lap a ro to m y . PA S s ta in in g . M agni
fica tio n , X 286. N o te  in te n se  n e tw o rk  p a tte rn  in  th e  cy to p la sm  a f te r  s ta in in g  for

po lysaccharide

F ig . 2. Case 1 (K . L .) L iv e r  specim en o b ta in ed  a t  lap a ro to m y . PA S s ta in in g , sa liva  
d igestion . M agnifica tion , X 286. T he  n e tw o rk  p a t te rn  pers is ts  a f te r  t r e a tm e n t w ith  sa liva





F ig . 3. Case 2 (К . M.) L iv e r specim en o b ta in ed  a t  au to p sy . PAS s ta in ing . M agn ifica tion ,
X 286. N o  ev idence  o f sto rage

F ig . 4. Case 2 (К . M.) L iver specim en o b ta in ed  a t  au to p sy . PAS s ta in in g . M agni
fica tion , X 112. N o te  u neven , p a to n y d is tr ib u tio n  of g lycogen





KlG. 5. Case 2 (К . М.) A o rta . H aem ato x y lin -eo sin  s ta in in g . M agn ifica tion , X 286. 
S m all foci o f m y x o m ato u s  ap p ea ran ce  in  loosened-up  a reas  su b in tim a lly
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in crease  o f lip ids an d  n e u tra l fa ts  on s ta in 
ing w ith  oil red. A lcian  b lue dem o n 
s tra te d  no  ac id  m ucopo lysaccharides in 
th e  liv er cells. (Ё . H o rv á th , I n s t i tu te  of 
P atho logy , Szeged.)

A t lap a ro to m y , 3 m l o f p igm en ted  bile 
w as w ith d raw n  from  th e  gall b ladder; 
i t  con ta ined  11.4 m g p e r 100 m l o f d irec t 
reac tin g  b ilirub in . In  th e  th ird  m o n th  5 m l 
o f pale  g rass-green du o d en a l ju ice  w ith  a 
few  d ro p le ts  o f o range co lour in  it  w ere 
o b ta in ed ; i t  co n ta in ed  5 m g p e r  100 m  
b ilirub in  giv ing a  p ro tra c te d  d irec t re 
ac tio n .

A u topsy  perform ed 24 hou rs  a f te r  
d e a th  revea led  d issem ina ted  focal p n eu 
m onia, p u lm o n ary  oedem a and  kern ic te- 
ru s  as th e  causes o f d e a th . T he body  w eight 
w as th e n  5300 g. T he liver w eighed 320 g, 
m uch  m ore th a n  w ould h av e  corresponded  
to  th e  age a n d  body  w eight. I n  h isto log ical 
p a tte rn  th e  liv e r w as s im ila r to  th e  b iopsy 
specim en o b ta in ed  earlie r; f a t ty  degene
ra tio n , b iliary  p ig m en ta tio n , accu m u la tio n  
o f haem osiderin  w ere n o t found . H aem a- 
toxy lin -eosin  s ta in in g  revealed  betw een  
th e  liv e r cells, in  an d  alongside th e  s in u 
soids, foci o f a n  in tensely  basophilic  am o r
phous m a te ria l. T he size of th e  foci did 
n o t exceed th a t  o f a  few  liv e r cells. The 
su b s tan ce  could  n o t be iden tified . T he gall 
b ladder con ta ined  lig h t bile, w ith  10 m g 
p e r 100 m l o f d irec t re ac tin g  b iliru b in  a n d  
56 m g  p e r  100 m l of g lucuronic  ac id . O wing 
to  a  tech n ica l e rro r th e  liv e r tissu e  w as 
n o t te s te d  fo r glycogen co n ten t. T he  h e a rt 
w as n o t en larged  (30 g).

Case 2.

O ne h o u r a f te r  d e a th  a  piece of liver 
tissue  w as excised  a n d  tw o  specim ens, 
w eighing 1 g each, co n ta in ed  0.64 a n d  0.70 
p e r cen t glycogen, respective ly . These 
values a re  a t  th e  low er lim it o f  n o rm al. 
A 2 g specim en o f m uscle tissue excised  a t  
th e  sam e tim e  from  th e  th ig h  co n ta in ed  
0.25 p e r cen t glycogen.

G lucose-6 -phosphatase a c tiv ity  w as 9 
m g  P /g  liver tissue. (D r. S. D án , Second 
D ep a rtm en t o f M edicine, D ebrecen .) In

th a t  In s t i tu te  th e  no rm al v a lu es  fo r ad u lts  
ran g e  from  4 to  8 m g  P /g  liv e r. T he  value 
g iv en  in  th e  l i te r a tu re  fo r  children  
ran g es  from  2.7 to  4.2 m g  P /g  liver, 
th u s  th e  resu lt o b ta in ed  in  o u r  case in d i
ca te d  a n  increase o f en z y m a tic  a c tiv ity . 
T he d ry  liv er pow der co n ta in e d  439 mg 
p e r  100 m l o f hexosam ine, c a lc u la te d  for 
d ry  aceton ic  pow der. L iv e r tissu e  speci
m ens from  tw o in fa n ts  a t  th e  sam e age 
w ho h a d  died  of o th e r  d iseases se rved  as 
th e  con tro ls; one specim en  co n ta in e d  355 
m g, th e  o th e r 442 m g  p e r  100 m l o f  hexo
sam ine  (D r. I I . E . O láh , I n s t i tu te  of 
A n a to m y , D ebrecen). T he  g a ll b lad d er 
co n ta in ed  n o t m ore th a n  a  few  d ro p s of 
ligh t bile.

A u topsy  w as p e rfo rm ed  6 h o u rs  a fte r  
d e a th . T he causes of d e a th  w ere  d issem in a t
ed  bronchopneum onia , a c u te  tra ch eo 
b ronch itis , se ro p u ru len t b ro n ch io litis  and 
sep ticaem ia . H isto logy  rev ea led  fre sh  focal 
necroses in  th e  spleen. M any  p a r t s  o f th e  
c e n tra l nervous sy s tem  w ere  exam ined . 
N o ke rn ie te ru s was fo u n d . T h e  on ly  ch an 
ges d e tec ted  in  th e  specim ens sta ined  
w ith  h aem atoxy lin -eosin  w ere  cortical 
a n d  subco rtica l gliosis in  th e  tem poral 
lobes, w ith  circum scribed  th ic k e n in g  and  
adhesion  of th e  p ia  m a te r  in  th e  ad jac en t 
areas . T he h y p e rtro p h ic  h e a r t  w eighed  50 g, 
a n d  show ed no accu m u la tio n  o f  glycogen.

I n  sp ite  o f th e  h ep a to m e g a ly  during  
life, th e  liver w eighed 125 g a n d  w as n o r
m a l in  size. M any foci o f fre sh  necrosis 
w ere visible in  it. A t th e  m a rg in  o f th e  
n ecro tic  a reas necrob io tic  liv e r  cells and  
a t  sites  leucocytes w ere fo u n d . L ike  in  th e  
b lood  vessels o f o th e r  o rgans , a n  increased 
n u m b e r of n eu tro p h ile  g ra n u lo c y te s  was 
d em o n s tra ted  in  th e  sinuso ids. Som e liver 
cells show ed fa t ty  d eg en e ra tio n  a n d  depo
s its  o f bile p igm en t, th e  la t te r  occurring  
also  in  th e  cells o f K u p ffe r. I n  th e  porto- 
b ilia ry  a reas th e  on ly  ch an g es fo u n d  were 
s lig h t fibrosis and  bile th ro m b o s is  in a  
few  b ilia ry  capillaries. I n  s ilv e r-tre a ted  
p rep a ra tio n s  th e  re tic u la r  s t ru c tu re  of 
th e  liv e r w as d estro y ed  in  th e  a reas  of 
focal necrosis. T he su rv iv in g  liv e r  cells
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c o n ta in e d , m ain ly  p e rip o rta lly , small 
q u a n ti t ie s  o f  a  P A S-positive su b s tan ce  
(g lycogen) d igested  by  sa liv a ; no  g lycogen 
d e p o s its  w ere found. I n  th e  a o r ta  haem a- 
to x v lin -eo s in  sta in ing  rev ea led  p a le  blue 
sm all m y x o m a to u s  p a tch e s  su b in tim a lly . 
T hese p a tc h e s  con ta ined  a  su b s tan ce  
g iv ing  a  s ligh tly  positive re a c tio n  w ith  al- 
c ian  b lu e  (acid m ucopo ly saccharide). (Dr. 
Z. M ónus, In s ti tu te  of P a th o lo g y , Szeged.)

T h e  PA S-positive su b s ta n c e  occurring  
m a in ly  a ro u n d  th e  in te r lo b u la r  v e in s  was 
n e u tr a l  po lysaccharide, becau se  m o s t of it 
w as d ig e s te d  by  saliva. I n  i t s  p la c e  there  
rem ain ed  on ly  a  diffuse p a le  p in k  hue, 
lo c a te d  in  th e  connective tis su e  a n d  n o t in  
th e  l iv e r  cells. A fter a c e ty la tio n  m o s t of 
th e  liv e r  cells rem ained  red , w h ile  th is 
co lo u r d isappeared  from  th e  connec tive  
tissu e . T h u s , th e  PA S-positive su b s tan ce  
in  th e  liv e r  w as m ost p ro b a b ly  glycogen. 
In  a d d it io n , th e  liver cells c o n ta in e d  n u 
m erous H a le  positive h aem o sid e rin  g ra n u 
les, w h ich  w ere blue in  th e  a c e ty la te d  p re 
p a ra t io n s  a n d  golden yellow  in  th e  saliva- 
tr e a te d  ones. (Prof. I . K ro m p ech e r , I n 
s t i tu te  o f  A natom y, D ebrecen).

O t h e r  T ests and  St u d ie s

Case 1.

Laboratory. Serum , N P N , 32 m g ; Ca, 10 
m g; P , 3 .5  m g; Cl, 369 m g ; N a , 335 mg; 
K , 18.6 m g , fasting  blood su g a r , 84 m g; 
p y ru v ic  ac id , 1 mg; g lycop ro te in , 133 mg, 
a ll p e r  100 m l. Serum  Cu, 205 pg; Coeru
lop lasm in , 500 U . (These la s t  tw o  values 
w ere h ig h e r  th a n  no rm al.) S e ru m  Fe, 
68 /(g ( a t  th e  age of e igh t m o n th s ) .

I n  u r in e , urobilinogen w as d im in ish ed  
(a t th e  ag e  o f tw o m o n th s); in d ic a n , 5.4 
m g/24  h o u rs ; 17-ketosteroid, 1.1 m g/24 
h o u rs  (a t  th e  age of fo u r m o n th s).

B leed in g , c lo tting  a n d  p ro th ro m b in  
tim es  w ere  n o rm al (a t th e  ag e  o f  6 m o n th s).

C ereb ro sp in a l fluid. S u g ar, 71 m g; 
p y ru v ic  ac id , 1.1 m g; b iliru b in , 1 m g  per 
100 m l (a t th e  age of n ine  m o n th s) .

E E G  (a t  th e  age  of 3 m on ths). Slow 
w ave a c tiv ity  3 to  6 sec. in  d u ra tio n  an d  
200 to  300 m V  in  am p litu d e  in  th e  p o s te 
rio r a n d  m id d le  sca la  leads. N o focal 
a c tiv ity , no  sign ifican t dev ia tions from  
th e  n o rm a l fo r  th a t  age.

EEC. n o rm a l trac in g s  rep ea ted ly .
Ophthalmology. I n ta c t  pap illa r, in c reas

ed p ig m e n ta tio n  o f  fundus, no discolori- 
sa tion  (a t th e  age  o f six m onths).

Radiographs. I n  th e  periods w ith o u t 
p n eum on ia  th e  d iap h rag m  w as a t  th e  
level o f th e  low er m arg in  o f th e  9 th  rib , 
th e  m a rg in a l a reas  o f th e  lung  w ere s lig h t
ly  e m p h y sem a to u s . I n  th e  periods o f th e  
d issem in a ted  focal pneum on ia  th e re  w ere 
m arked  signs o f b ronchospasm . In  seria l 
rad io g rap h s ta k e n  from  3 m o n th s  till 
8 y2 m o n th s  o f age  th e  size of th e  liv e r 
shadow  in c rea sed  fro m  4 cm  to  6 cm . T he  
en larged  liv e r  w as d is located  dow nw ard  
by  th e  d eep -ly ing  d iaph ragm .

Case 2.

Seram. F a s tin g  blood sugar, 60 to  75 
m g p e r  100 m l. T he Ca, P , Cu, g lycopro 
tein, a n d  p y ru v ic  a c id  values w ere no rm al.

Urine. P ro te in , sugar, ace ton , phenyl- 
h yd raz ine , a n d  ferrich loride te s ts  w ere 
neg a tiv e ; 17 -ketostero id  values w ere 
no rm al.

Radiographs. A t t  he age of a  few w eeks 
a lread y  th e  lung  w as em physem atous. 
T his in c rea sed  w hen  b ronchopneum onia  
an d  b ro n ch ia l spasm s developed. I n  th o se  
periods th e  d ia p h ra g m  as a  w hole w as 
d isp laced  d o w n w ard . T he lung  tissue  b u l
ged in to  th e  co s ta l in terspaces.

A t th e  ag e  of 5 m on ths th e  chest 
was a sy m m etric , th e  spine show ed a  slight 
S -shaped  c u rv a tu re , th e  d iap h rag m  w as a t  
th e  level o f  th e  p o ste rio r a rc  o f th e  10th 
rib, th e  lu n g  p a t te rn  w as m arked ly  dense, 
th e  su b p le u ra l zone con ta ined  m u ch  air. 
The e m p h y sem a to u s  lung  tissue  bulged 
in to  th e  m ed ia s tin u m . T he h e a r t  w as 
sm all. (D r. L . P á ld y , D e p a rtm e n t o f 
R adiology, Szeged.)

*
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P i g . 6. Case 2 (К . М .) C hest rad io g rap h  a t  5 m o n th s  o f age. Inc reased  p u lm o n a ry  
p a t te rn , em physem a, d eep -positioned  d iaph ragm

B oth  of o u r p a tie n ts  h av e  repeated ly  
been te s ted  fo r se ru m  a n d  u rin a ry  citric 
ac id , using th e  m e th o d  o f N a t elso n , as 
m odified by  Ot t o  [31]. T he norm al 
values fo r in fa n ts  an d  ch ild ren  a re  2 to  
3 m g p e r 100 m l in  se rum , a n d  3.6 to  (i 
m g /k g in  th e  24 -hour u rine  [39]. W e have 
o b ta ined  th e  follow ing values in  blood 
sam ples ta k e n  before th e  ex change  tr a n s 
fusions.

Оакс 1. A t tw o  m o n th s  o f age, serum  
8.5 m g p e r  100 m l, u rin e  ti.l m g /kg ; a t 
3 y2 m on ths o f ago, se ru m  2.0 m g per 
100 m l, u rin e  12 m g/kg .

Саве 2. A t 4 d ay s of age, se ru m  12 m g 
per 100 m l; a t  I I d ays of age, se ru m  15.8 
m g p e r  100 m l; an d  a t  2 y2 m o n th s , se rum  
3.0 m g  p e r  100 m l, u rine  6 m g/kg.

*

P a r e n t s

T h e  p a re n ts  w ere farm ers, h ad  n ev er 
su ffe red  fro m  liver disease o r jau n d ice  
a n d  w ere  h e a lth y  w hen ex am in ed . (In  
h e r ad o lescence  th e  m o th e r had  o s teo m y 
elitis  o f  th e  tib ia , an d  w as t r e a te d  su rg i
cally .) T h ey  w ere n o t re la tives. N o child
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or a d u l t  in  th e  fam ily  h as e v e r h a d  ja u n 
dice.

N o rm a l re su lts  were y ie lded  b y  b o th  
p a re n ts  fo r  haem oglobin, e ry th ro c y te  
co u n t, le u c o c y te  count, d iffe ren tia l coun t, 
h a e m a to c r i t ,  re ticu locy te  co u n t, th ro m 
b o c y te  c o u n t, osm otic re s is tan ce ; th y m o l, 
zinc s u lp h a te ,  SGOT te s ts ; to ta l  serum  
p ro te in , p a p e r  an d  im m uno e lec trophoresis , 
se ru m  b il iru b in  level, b ilirub in  excre tion  
te s t  w ith  50 m g o f H o m b u rg  b ilirub in . 
T o ta l d a ily  b ilirub in  o u tp u t w as 270 m g 
in  th e  m o th e r . Serum  cholestero l w as 308 
m g p e r  100 m l, (33 per cen t esterified ) for 
th e  m o th e r  a n d  225 m g (45 p e r  c e n t e s te ri
fied) fo r  th e  fa th e r. The m o th e r  re p e a te d ly  
shower! in c rea sed  e ry th ro cy te  se d im e n ta 

tio n  ra te s , rang ing  from  30 to  115 m m  in 
1 h o u r. F o r  th is  th e  e lev a ted  fib rinogen  
level (0.53 g p e r  100 m l w ith  a n  E S R  of 
45 mm/1 hour) m ig h t h av e  b een  re sp o n 
sible.

D i s c u s s i o n

The role of intravasal haemolysis 
in the  excessive and persistent indi
rect hyperbilirubinaemia could be 
ruled out. In  Case 2, the haemosiderin 
deposits in Kupffer’s cells were appar
ently due to the repeated blood ex
change transfusions. In  Case I, the

A c ta  p a e d ia t .  h u n g . Vol. 3.

F i g . 7. C ase  2 (К . M.) L a te r a l  c h e s t ra d io g rap h  a t  5 m o n th s  of age. T h e  lu n g  bulges 
in to  th e  m ed iastinum , th e  d o m e of th e  d ia p h ra g m  is d isp laced  d o w n w ard
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quality of bilirubin was normal, free 
bilirubin bound to  albumin. I t  may 
be assumed th a t  the retention of biliru
bin was not caused by abnormal bili
rubin formation in Case 2, either.

As to  differential diagnosis, shunt 
bilirubinaemia [24] could be ruled 
out because bilirubin excretion was 
not increased. As to  transient fami
lial hyperbilirubinaemia, in Case 1 
no inhibitors could be dem onstrated 
in the  serum, and the jaundice per
sisted w ithout change after one m onth 
of age. Finally, Gilbert’s disease, in
term itten t juvenile jaundice could 
also be ruled out, as the serum biliru
bin level was usually above 20 mg per 
100 ml [2].

In  Case 1, we could prove by incu
bating the liver homogenate with 
bilirubin, the weak activ ity  of hepa
tic glucuronyl-transferase. Since as a 
source of UDP-gluconate we added no 
concentrated boiled liver tissue or 
purified UDP-gluconate, to the con
tro l ra t  liver homogenate, the varia
tions in the UDP-gluconate content 
of the ra t  livers could not be poten
tial sources of error. On the other 
hand, the  enzymopathy was not due 
to  inhibitor substances, because no 
substances inhibiting the bilirubin 
conjugating activity  of the liver have 
been detected in serum [27].

Glucuronyl-transferase activ ity  has 
been found greatly diminished also 
by the  menthol and N-acetyl-para- 
aminophenol excretion tests. Raising 
the doses of menthol did not increase 
the  am ounts excreted in 8 hours in 
the form conjugated with glucuronic 
acid.

In  both patients about 80 per cent 
of the endogenous 17-hydrocortico
steroid was conjugated in the  24-hour 
urine. This value was cónsidered nor
mal on the basis of the d a ta  in litera
tu re  [32], and to  indicate th a t the 
liver could glucuronize small am ounts 
of the aglycone substances, so th a t 
the metabolic block was n o t complete. 
The results of the acetanilide excretion 
tests were rem arkable as far as on 
adm inistering 10 mg/kg in Case 1, 
and 17 mg/kg in Case 2, conjugation 
was normal. Following the adm inistra
tion of 30 mg/kg of N -acetyl-para- 
aminophenol the weakness of conju
gation was dem onstrable on both 
occasions.

*

According to  present knowledge, 
the mammalian liver conjugates the 
endogenous and exogenous aglycone 
substances differently to  the  first 
hemiacetic C atom of the  activated 
glucuronic acid (UDPGA), no tab ly  
by  esteric, ethereal and N-glucu- 
ronide bonds [17]. To the  carboxyl 
group of bilirubin, or for exam ple of 
anthranylic (o-amino-benzoic) acid, 
glucuronic acid is linked by  an este
ric (acyl) bond. Conjugation to  the 
aglycone molecules possessing phe
nolic and alcoholic hydroxyl recep
tors is of the ethereal type; in this 
way are conjugated paraam inophenol, 
phenolphthalein, menthol, te trahyd - 
rocortisone, 4-methyl-umbiliferon, 
etc. The conjugate of the esteric ty p e  
is very labile if exposed to  bases; 
beta-glucuronidase breaks up  the  es
teric and ethereal conjugations alike.
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The glucuronide forming enzyme 
glucuronyl transferase (term ed re
cently  also U D P transglucuronylase 
or glucuronosyl transferase), is to  be 
found firs t of all in th e  microsomal 
fraction of the liver. The enzyme is 
no t stab le, requires the  presence of 
Mg ions, and has a reaction optim um  
around  pH  7.6. I t  is unclear whether 
or no t the  same glucuronyl transfe
rase enzyme is involved in the  forma
tion of the  different types of glueuro- 
nides in  the animal, b u t  especially in 
the hum an, liver. Since L a t h e  [28] 
reported  th a t bilirubin and o-amino- 
phenol are not conjugated a t compa
rable ra tes  in the different anim al spe
cies, several enzymes have been found 
to create glucuronide conjugates 
[1, 3].

In  ou r cases the persistent weakness 
of enzym atic ac tiv ity  has be§n de
m onstrated  in  vivo and  in  vitro for 
the  esterically conjugated  bilirubin 
and  in  vivo for the  ethereally  conju
gated  m enthol and N-acetyl-paraam i- 
nophenol. V e s t  showed th a t  a tra n 
sitory  dim inution of glucuronyl trans
ferase activ ity  was responsible for 
neonatal jaundice. He found new
borns to  glucuronize as little  as 20 
to 35 per cent of 10 mg/kg of acetani
lide; th is weakness ceased with the 
disappearance of jaundice [41]. In  
our cases no weakness of conjugation 
could be dem onstrated  after a 17 
m g/kg dose, although a t the  tim e of 
the  tes ts  the patients had much higher 
b ilirubin levels th an  those usual in 
new born jaundice.

O ur d a ta  seem to  supply  indirect 
evidence to  show th a t  there  are a t

least two kinds of glucuronyl tran s
ferase in  the  hum an liver. In  new
borns w ith physiological jaundice the 
acetanilide excretion test dem on
stra tes a low activ ity  not of the tran s
ferase enzym e conjugating the biliru
bin by  esteric bond, b u t of the en
zyme which brings about ethereal 
conjugation and whose function is 
independent of the former. This 
would m ean th a t in newborn age there 
would be a weakness of both types 
of enzyme, and the two transferases 
would m ature in parallel. I t  is much 
less probable th a t  the same enzyme 
should possess different affinities to 
different substances a t different stages 
of life.

According to  the above, in our 
cases the  disturbance involved pro
tein molecules possessing the same 
m etabolic function, bu t two types of 
enzym atic activity. As compared to 
normal newborns with physiological 
jaundice, in our patients the enzy
m atic ac tiv ity  responsible for the 
ethereal type  paraaminophenol con
jugation was increased in spite of the 
grave jaundice, while the activ ity  of 
transferase producing the esteric bi
lirubin glucuronide was decreased.

Our assum ption th a t  there exist 
at least 1 wo kinds of t ransferase is 
supported also by the fact th a t the 
bilirubin level did not change in our 
patien ts during the excretion tests 
(bilirubin determinations a t two hours 
intervals were done on three occa
sions), although enzymatic capacity 
of the liver was exposed to  w hat is 
probably a maximum strain, consider
ing the  high bilirubin level. More
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over, in five imbecile children the 
excretion of 5 mg/kg of bilirubin was 
not influenced by the  adm inistration 
of 30 mg/kg of m enthol and 10 mg/kg 
of acetanilide; acetanilide was ex
creted normally in glucuronized form . 
The test made in Case 2 a t the age of 
2//rj months, when 17 mg/kg of 
acetanilide and 50 mg/kg of menthol 
were administered simultaneously, 
m ay raise the possibility of a m ultipli
city of the enzyme conjugating with 
ethereal bond the aglycone molecules 
possessing phenolic and alcoholic hyd
roxyl receptors.

The progressive hepatom egaly ob
served in both of our patients has not 
been described in the  previous case 
of Crigler-Najjar’s syndrome. While 
in Case 1 the liver was enlarged 
(320 g) a t autopsy and the liver cells 
stored an unidentified substance of 
polysaccharide nature, in Case 2 the 
liver weighed only 125 g a t autopsy 
and no accumulations of any kind 
were observed. Since in Case 2 the 
progressive hepatom egaly was detect
ed in neonatal age, sugar tolerance 
and adrenaline tests were done repea
tedly. The results indicated no distur
bance in glycogen metabolism. One 
hour after death specimens of liver 
and muscle tissue were tested  quan
titatively  for glycogen content; the 
results obtained were normal, beside 
an increased glucose-6-phosphatase 
activity. The hepatom egaly which be
came more and more clearly observable 
clinically and the surprising finding 
at autopsy th a t the  liver weighed 
only 125 g might find their explana
tion in the chest radiographs. In  Case

1 the lung was emphysematous and 
the diaphragm  displaced downward. 
This was even more m arked in Case
2. This m ight also explain the  fact 
th a t during the last m onth the spleen 
became palpable. The cause of the 
pulm onary emphysema in both pa
tients rem ains unknown.

As to  the storage phenomena in the 
liver, we are reduced to  assumptions, 
since in Case 2 we were unable to 
carry out tests in th a t direction. An 
increase of abnormal glycogen was 
unlikely, as this would have m eant 
th a t two kinds of enzym opathy were 
present simultaneously w ithin the  same 
family. A secondary defect in muco- 
polysaccharide metabolism and storage 
might have been a t play, in spite of 
the fact th a t the deposited m aterial 
could not be identified histochemically 
as acid mucopolysaccharide. Still, the 
following m ust be taken into account. 
The glucuronic acid component of 
mucopolysaccharide form ation is 
supplied by U D P glucuronic acid [6.] 
and this supplies activated glucuronic 
acid for the conjugating ac tiv ity  of the 
liver. In  view of the defective activity  
of glucuronyl-transferase it  is con
ceivable th a t the  UDPG present in 
excess because of the metabolic block, 
m ight have given rise to  abnormal 
mucopolysaccharide formation. I t  
is, however, strange why this 
should occur in Case 1, when such 
a phenomenon has not been ob
served in Case 2, in the cases of 
Crigler-Najjar’s syndrome reported 
in the literature and in the jaundice 
of Gunn rats. In  our Case 2, slightly 
increased am ounts of a PAS positive
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substance not digested by  saliva, and 
disappearing on acetylation, in  other 
words an acid mucopolysaccharide, 
appeared  in the hepatic connective 
tissue, b u t the hexosamine content of 
th e  liver did not differ from  th a t 
of th e  controls. Thus, th e  possible 
involvem ent of a defective m ucopoly
saccharide metabolism is suggested 
by  th e  fact tha t in Case 2 histology 
showed aortic changes indicative of 
connective tissue degeneration.

The episodes of increased SCOT 
a c tiv ity  appeared after the  firs t weeks 
of life only. This finding cannot be 
correla ted  with certainty w ith  a sec
ondary  damage to the  liver paren
chym a, in Case 2 it having been pres
en t w ithou t any sign of storage, and 
fu rther, because it m ight have resulted 
from  th e  atrophy, since pseudocholin
esterase  activity may also be low in 
m alnutrition . The serum enzym e val
ues showed no correlation either with 
th e  serum  bilirubin level, or w ith the 
o ther liver function tests.

I t  is m ainly the cholesterol „E ster
s tu rz ” th a t  may be in terp re ted  as 
ind icating  the occurrence in our 
p a tien ts  of more than  one defect in 
hepa tic  metabolism. In  view of the 
m ethodical sources of error th e  hyper - 
cholesterolaemia could not be eval
u a ted , bu t it is worth mentioning 
th a t  th e  serum cholesterol levels were 
increased also in the parents in  whose 
case, too, the esterified fraction was 
under 50 per cent.

H ypercitraem ia occurs in diseases 
of th e  bones, kidneys and  th e  liver. 
S light hypercitraem ia has been ob
served in Gilbert’s disease [34]. I t

seems likely th a t hypercitraem ia is 
a sign indicative of a derangem ent in 
citric acid metabolism. The serum 
citric acid level is regulated first of 
all by the liver, and to  a smaller 
ex ten t by the kidney. W hen liver 
function is defective, as in newborn 
age or in liver disease, repeated trans
fusions of citrated blood m ay give 
rise to  citric acid intoxication. In 
vestigations a t our D epartm ent have 
shown a m arked dim inution of uri
nary citric acid excretion in nephritis, 
beside normal serum citric acid levels 
[39]. In  the  two cases under review, 
hypercitraem ia was observed during 
the firs t months of life; u rinary  citric 
acid concentration was norm al once 
w ith an increased serum value, and 
once i t  was slightly increased when 
the serum level was normal. Since 
these tests had not been preceded by 
citric acid adm inistration and the 
patients did not suffer from bone or re
nal disease, the hypercitraemia should 
be ascribed to a disturbance in liver 
function. We cannot explain why the 
hypercitraem ia appeared in Case 2 
during the  first days of life already 
and why i t  disappeared later, just as 
we cannot explain w hat connexion, if 
any, existed between this finding 
and the  defect in bilirubin m etabo
lism.

The stabilisation of serum  bili
rubin concentration a t a high level 
is a rem arkable characteristic of 
Crigler-Naj ja r’s syndrome. According 
to  the  present view the hum an organ
ism cannot break down fu rther the 
bilirubin molecule, while in certain 
animal species the tetrapyrrole bilim-
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bin is excreted mainly in the form of 
dipyrrole m etabolites [45]. From the 
human organism indirect bilirubin 
can be excreted exclusively after 
being conjugated in the liver to glucu
ronic acid in about 75 per cent, to  
sulphate in 15 per cent, and to  un
known substances in 10 per cent [25]. 
Indirect bilirubin is excreted with 
urine only a t a very high serum biliru
bin level and even then in small 
amounts. N ot even in our Case 1 
was the bilirubin, obviously produced 
continuously, excreted in its to tal 
am ount through the bile with the 
faeces in the form of the usual tetra- 
pyrrole substances. Although in Case 
1 a quan tity  of direct bilirubin could 
be detected in the duodenal juice and 
(he gall bladder, in comparison with 
1 he am ounts of faecal and urinary bile 
pigment this quantity  still does not 
explain the  stabilisation of the serum 
bilirubin level. In  the lack of a beta- 
glucuronidase preparation of suitable 
quality, we could not determine 
whether the  bilirubin in the bile of 
our patient was a glucuronide or 
eventually some other, e.g. sulphate, 
conjugate. At any rate, the bile 
obtained from the gall bladder con
tained conjugated glucuronic acid 
(56 mg per 100 ml). W hat then hap
pens w ith most of the bilirubin in 
such patient s ? According to  the 
recent investigations of W alker  and 
Billing  [431, in liver disease the ste
roids lower the  bilirubin level by 
opening up a new metabolic pathway. 
It is conceivable th a t in the Crigler- 
N ajjar’s syndrome such a mechanism 
starts  to operate after the serum bili

rubin level has been high for more 
time. It is also possible that prednisone 
has a stimulating action on this mech
anism. (The explanation that in 
response to prednisone the rate of 
glucuronization increases, does not 
hold ground.)

In connexion with the above it 
must be remembered that in Case 2 
the serum bilirubin level had reached 
its lowest value just at a time when 

- in analogy to Case I — a signifi
cant increase could have been expected 
to take place, notably during the 
week preceding death. This may be 
brought into correlation with the fact 
that during the last 10 days the pa
tient was treated with high doses of 
prednisone. Unfortunately, obser
vations over longer periods were not 
possible, but it seems justified to give 
a trial to treatment with large doses 
of prednisone in the Crigler-Najjar’s 
syndrome.

Some of these patients, however, pre
sumably owing to their peculiar perme
ability relations, may ab  ovo be protected 
against bilirubin encephalopathy, 
whereas in others it does not suffice to 
keep the serum bilirubin level under 
20 mg per 100 ml except during neo
natal age. In our Case 2, six blood 
exchange transfusions had been car
ried out, and yet nervous symptoms 
developed after two weeks of age, 
while in Case 1 only two exchange 
transfusions were done at that ago 
and yet the baby was well until the 
age of six weeks. None of the patients 
showed any evidence of changes pro
moting the development of kernic- 
terus (anoxia, etc). Thus, the problems
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of kernicterus prevention could be 
resolved only by long-lasting trea t
m ent continued over m onths or even 
years. The adm inistration of large 
doses of prednisone is apparently 
unsuitable for this purpose, not even 
when antibiotic protection is provided 
for; in our Case 2 the  development of 
septicaem ia might be brought into 
correlation with the  large doses of 
prednisone applied.

In  th e  recently published cases of 
the Crigler N ajjar’s syndrome, includ
ing our own patients, consanguineous 
m arriage could be ruled out. More
over, the  fact th a t from the  marriage 
of an afflicted m an with a normal 
woman a child with persistently severe 
jaundice was born makes it question
able w hether the rare  gene is inherited 
recessively in every case.

S u m m a r y

Two cases of Crigler-Najjar’s synd
rome have been observed. The infants 
were born in the same family. The 
m arriage was not consanguineous. 
One of the  babies developed bilirubin 
encephalopathy a t three weeks of 
age, the  other a t  six weeks of age. 
In  case 1 an excessive weakness of 
hepatic glucuronyl transferase acti
v ity  was proved by tests in vitro. 
No inhibitors were demonstrable in 
the  serum. Of acetanilide 10 mg and 
17 mg/kg doses were excreted in the 
urine normally, in conjugation with 
glucuronic acid ; the  urinary excretion 
of 35 mg/kg of m enthol and th a t of 
30 mg/kg of N-acetyl-paraaminophe- 
nol was significantly reduced.

It has been concluded from the 
findings that there must be at least 
two kinds of glucuronyl transferase 
in human liver. Of these, in our pa
tients the activity of the enzyme 
responsible for the ethereal type 
p-aminophenol conjugation was 
higher, while that producing the 
esteric bilirubin glucuronide lower, 
than in normal newborns with 
physiologic jaundice.

B oth  patients showed progressive 
hepatom egaly. The liver of one of 
the patien ts stored an unidentified 
substance of polysaccharide nature. 
The gall bladder bile from tbe  same 
pa tien t contained 10 mg and 11.4 mg 
per 100 ml, respectively, direct reac t
ing bilirubin. In  both cases in term it
ten t increases of SGOT activ ity , 
cholesterol ,,Estersturz” , during the 
firs t postnatal weeks hypercitraem ia 
and eosinophilia were found. In  
Case 2 exchange transfusions were 
carried out 6 times during newborn 
age. In  the same patient the  serum 
bilirubin level decreased during the  
last week of life in the course of tre a t
m ent w ith 3 mg/kg of prednisone.
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