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Spherocytosis, thalassaemia and 
sickle-cell anaemia have long been 
known as strictly defined forms of 
congenital anaemia, whereas recently 
several pathologically independent 
molecular diseases have been obser­
ved. They belong to the group of nori- 
spherocytic anaemias such as some 
enzyme deficiencies of the red cor­
puscles, certain forms of haemoglo- 
binopathy [6, 7] and the artaemia 
associated with anomalous haemoglo­
bin and mesobilifuscinuria.

The last-named disease was describ­
ed by S c h m id  et al. [15] and then 
by L a n g e  and A k e r o y d  [10]. After 
several essential problems connected 
with abnormal haemoglobin formation 
had been clarified [2,4], about 25 cases 
have been reported [5]. In the present 
case our investigations into pyrrole 
metabolism might contribute new 
data to the pathology of the disease.

R e p o r t  o f  a  C a s e

Z. J . ,  a  m ale  p a tie n t o f  7 y ears , w as 
a d m itte d  o n  M arch 6, 1967. H e is an  
on ly  ch ild ; th e  p a re n ts  a re  h e a lth y  and  
w ere n o t ex am in ed  b y  u s . T he  sk in  had

b een  yellow ish and  th e  m u co u s  m em b ran es  
p a le  since early  ch ildhood . T h is  is w hy, 
th e  p a t i e n t  a t  th e  age o f  4 y e a rs  h a d  been 
re fe rre d  to  us w ith  th e  d iag n o s is  o f  h a e ­
m o ly tic  anaem ia . H e h a d  been  a d m it te d  to  
o u r  d e p a r tm e n t e ig h t tim e s  b e tw e e n  D e ­
cem b e r, 1964, and  J a n u a r y ,  1967, w ith  th e  
d iag n o s is  o f congen ita l n o n -sp h e ro c y tic  
h a e m o ly tic  anaem ia . T he m o re  im p o r ta n t 
ro u t in e  exam ina tions h a d  y ie ld ed  th e  
fo llow ing  resu lts .

R B C  h ad  varied  b e tw een  2.6 a n d  3.1 
m illio n ; haem oglobin , fro m  8.5 to  10.0 g 
p e r  100 m l; re ticu locy tes, b e tw e e n  150 an d  
350 p e r  1000 m l. F o r  th e  e ry th ro c y te s , 
th e  follow ing m ean  values h a d  b een  re ­
vea led .

V olum e, M. C .V . 120 pi
D iam ete r, M. C . D . 8.5 ц
H b -c o n te n t M. С. H . 32 pg
H b -co n cen tra tio n , M. C. H . C . 27%  
O sm otic  resistance, 0 .6 0 —0 .2 0 %  N aC l 
A u tohaem olysis in 24 h o u rs , 3 .5%  
H aem olysis  in  0 .87%  N aC l w ith o u t

glucose: in  24 h rs . 4 .5 %
in 48 h rs . 17 .2%  

w ith  glucose: in  24 h rs . 3 .5 %  
in 48 h rs . 10 .0%

I t  is c lear from  these  f ig u re s  t h a t  we 
w ere  dealing  w ith  a  case o f  m acro cy to s is  
acco m p an ied  by  a  so m ew h a t d im in ished  
co n c e n tra tio n  o f  h aem o g lo b in , sligh tly  
d ecreased  e ry th ro cy te  re s is tan ce , in reased  
au to h aem o ly sis , as also  b y  p a th o lo g ica lly
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F ig . 1. 1 ;= N orm al e ry th ro c y te s  in  th e  p a t ie n t .  2 =  E ry th ro c y te s  o f th e  p a t ie n t  
in  h is  ow n c ircu la tio n . 3 =  E ry th ro c y te s  o f  th e  p a t i e n t  in  tw o h e a lth y  rec ip ien ts

in c reased  haem olysis w h ich  re sponded  to , 
b u t  s t il l pers isted  a f te r , th e  a d m in is tra tio n  
o f  g lucose.

T h e  bone m arro w  w as r ic h  in  cells. 
L /E  w as 0.42/1. L eu co p o ies is  a n d  th rom - 
bopo ies is w ere n o rm a l. R e p e a te d  d irec t 
C oom bs’ te s ts  w ere n o rm a l. S erum  b ili­
ru b in :  ind irec t, b e tw een  1.6 a n d  2.7 m g 
p e r  100 m l. L iv e r fu n c t io n  te s ts  w ere 
in v a r ia b ly  n ega tive .

T h e  u rine  h a d  a  b ro w n ish  tinge ; i t  
b ecam e  d a rk  b row n  d u r in g  h aem o ly tic  
crises. I t  con ta ined  n e i th e r  haem oglobin  
n o r  b iliru b in . E h rlic h ’s re a c t io n  w as alw ays 
n o rm a l. R ep ea ted  m eso b iliv io lin  an d  p en t- 
d io p e n t reac tions g ave  n e g a tiv e  resu lts .

T h e  b ehav iou r o f  51C r-labe lled  e ry th ro ­
c y te s  is show n in  F ig . 1.

T h e  red  corpuscles o f  th e  p a t ie n t  d is­
a p p e a re d  in  tw o  h e a l th y  rec ip ien ts  w ith  
a  h a l f  tim e  o f 3 — 3y2 d a y s . T h e  h a lf  tim e 
o f  th e  p a t ie n t’s lab e lled  e ry th ro c y te s  in 
h is  ow n  c ircu la tion  a m o u n te d  to  8 days, 
w h ile  th e  red  cells o f  c o m p a tib le  donors 
d isap p ea red  from  th e  p a t i e n t ’s b lood w ith  
a  h a l f  tim e  o f 33 d a y s . T h e  sp leen : liver 
u p ta k e  ra tio  a m o u n ted  to  2.1 o n  th e  firs t 
tw o  d a y s  an d  to  1.9 a f t e r  10 — 14 days. 
T h e  re su lts  o f th e  iso to p e  exam in a tio n s, 
in  co m b in a tio n  w ith  th e  f a c t  th a t  th e

a n a e m ia  w as  non-spherocy tic , d id  n o t 
ju s ti fy  sp len ec to m y .

T he  b o y  developed  in  a  n o rm a l m a n n e r  
d e sp ite  th e  haem o ly tic  an a e m ia . H is  
s ta tu r e  a n d  w eig h t w ere in  excess o f  w h a t 
w ou ld  h a v e  corresponded  to  h is  age . X - 
ra y s  o f  th e  sk u ll an d  th e  long bones w ere  
n o rm a l. M en ta lly , th e  p a tie n t w as n o rm a l. 
B ila te ra l cryp to i'ch id ism  w as o b se rv ed . 
T he  sp leen  w as s ligh tly  en larged : i t  e x ­
te n d e d  a  f in g e rb re a d th  beyond  th e  co sta l 
a rc h . S erio u s haem o ly tic  crises o ccu rred  
six  tim e s  d u rin g  th e  said  perio d  in  c o n ­
n e c tio n  w ith  febrile diseases a n d  a f t e r  
ep isodes o f  g as tro -en te ritis . A t th e  t im e  
o f  p a ro x y s m s , R B C  fell in  one in s ta n c e  
to  1.3 m illio n , th e  haem oglobin  to  4 .4  g  
p e r  100 m l, th e  spleen grew  in  size q u ite  
co n sid e rab ly , a n d  th e  serum  b iliru b in  level 
show ed  a  n o ta b le  increase. T he crises w ere  
m o s t f r e q u e n t a t  th e  age o f 6 a n d  6 y e a rs , 
b u t  su b s id e d  sp on taneously  so t h a t  b lood  
tr a n s fu s io n  h a d  to  be perfo rm ed  in  one 
in s ta n c e  o n ly . N o crisis occurred  fro m  th e  
sp r in g  1967 to  th e  end o f 1968.

A f te r  co n g en ita l n o n -spherocy tic  h a e ­
m o ly tic  a n a e m ia  h a d  been d iag n o sed  in  
1964, i t  w a s  a tte m p te d  to  a sce rta in  th e  rea l 
n a tu re  o f  th e  disease b y  fu r th e r  e x a m i­
n a tio n s . T h e  re s u lt o f g lucose-6 -p -dehydro -
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F ig . 2. In cu b a tio n  o f  haem oglob in  so lu tio n s (cyanhaem oglobin) in  N /10 , p H  6.8 phos­
p h a te  b u ffe r. 1 =  norm al co n tro l. 2 =  h aem o ly sa te  o f  p a t ie n t

genäse  exam ina tions, p e rfo rm ed  in  1964, 
w as 32.3 /iM /1011 e ry th ro c y te s , a  so m ew h at 
h ig h  va lue  th a t  w as in  accordance  w ith  
th e  h ig h  re ticu lo cy te  c o u n t. No H e in z  
bod ies w ere observed  in  fresh  sm ears, b u t  
a f te r  a  24-hour in c u b a tio n  a t  37 °C a b o u t 
80%  o f  th e  e ry th ro c y te s  d isp layed  in c lu ­
sions w hich  sta ined  w ell w ith  b rillan tc resy l 
b lu e  a n d  w ere c learly  d is tin g u ish ab le  from  
th e g ra n u lo filam en to u ssu b stan ce ,ap h en o m - 
enon  p o in tin g  to  a  p oss ib le  g lu ta th io n e  
re d u c ta se  deficiency. T h e  values o f g lu ­
ta th io n e  reduc tase  (b o th  th e  enzym es 
d ep en d in g  on T P N H  a n d  th o se  depend ing  
on  D P N H ) show ed, how ever, a  s lig h t 
increase  in  1966, w h ich  e lim ina ted  th e  
p o ss ib ility  o f th e  k n o w n  en zym opa th ies  
o f  th e  hoxoso-m onophosphate  sh u n t. A l­
th o u g h  haem oly tic  a n a e m ia s  due to  e n z y ­
m a tic  d isorders o f h aem o ly sis  a re  n o t acco m ­
p a n ie d  b y  th e  fo rm atio n  o f  inclusion bodies, 
w e ex am in ed  th e  A T P  c o n te n t o f th e  red  
co rpusc les. The re s u lt w as 0.99 /iM ol/m l, 
a  so m ew h a t e levated  v a lu e . T he p oss ib ility  
o f  a  g lyco ly tic  enzym e d e fe c t was, th u s , 
likew ise elim inated  [11].

I t  w as a fte r  su ch  an tec ed en ts  t h a t  
th e  p a t ie n t  had b een  re a d m itte d  fro m  
M arch  5 to  19, 1967, w h en  now  d iagnostic  
ex am in a tio n s  w ere in s t i tu te d  w ith  th e  
fo llow ing  results.

3*

F ig . 3. Spectroscopic  cu rv es o f  haem olys- 
a te s  o f  th e  p a tie n t an d  o f  n o rm a l ind iv iduals

A . Haemoglobin

(1) T he  h aem o ly sa te  w as o p a lescen t in  
d ilu ted  N aCI. P a r t  o f  th e  haem oglob ins 
p re c ip ita te d  ab n o rm ally .
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T able  I

U rin a ry  o u tp u t  o f  p y rro le  d eriva tives com pared  w ith  th a t  
o f n o rm a l in d iv id u a ls  o f  co rrespond ing  ago

Values in 
the repor­
ted case

Normal

Ehrlich reacto rs, mg 0.9 0 — 3
B ilirubin 0 0
<5- ALA, m g 4.3 © <1 1 w

PBG, m g 0.2

t-©1©

U roporphyrin , fig 15 0 —30
C oproporphyrin, fig 210 ' 30 — 70
Mesobilifuscin, mg 21 0 — 4

(2) H b F  con ten ts (K le ih a u r— B e tk e ’s 
m e th o d ) :  2 .5% .

(3) S ta rch -b lo ck  e lec tro p h o res is  (pH  
3.6 v e ro h a l-so d iu m  buffer) sh o w ed  a  la rge  
in d is t in c t  frac tion  n ex t to  th e  H b F .

(4) U s in g  N/10, p H  6.8 p h o sp h a te  
b u ffe r , w e p repared  a  135 m g  p e r  100 m l 
cy an h aem o g lo b in  solu tion . A f te r  h a v in g  
in c u b a te d  th e  solu tion  in a  w a te r  b a th  
o f  66 °C , abno rm al h e a t p re c ip ita tio n  oc­
c u r re d  a s  show n in F ig . 2.

I t  is  c lear from  th e  fo reg o in g  th a t  
a b o u t  3 8 %  o f  th e  p a t ie n t’s h aem o g lo b in  
w as p a th o lo g ica lly  th e rm o lab ile .

(5) T h e  e ry th ro cy te  h a e m o ly sa te  in  
N /1 0 , p H  6.8 pho sp h a te  b u ffe r  y ielded  
th e  a b n o rm a l m eth aem o g lo b in  sp e c tro ­
sc o p ic  cu rv e  show n in F ig . 3.

I t  c a n  be  seen th a t  th e  m e th aem o g lo b in  
s p e c t ru m  o f  th e  h aem o ly sa te  w a s  som e­
w h a t  d if fe re n t from  th e  n o rm a l c u rv e  b e ­
tw e e n  th e  w avelengths 580 — 560  a n d  550 — 
520 fim , a  ch arac te ris tic  fe a tu re  o f  th e rm o ­
la b ile  haem oglob ins [9].

B . Pyrrole derivatives in  urine

T h e se  exam ina tions w ere c a rr ie d  o u t 
in  o r d e r  to  observe co n d itio n s  reg a rd in g  
th e  e x c re tio n  o f  haem o g lo b in  p recu rso rs  
a n d  m e ta b o lite s , an d  to  e s ta b l is h  th e  
p re s e n c é  o f  increased m eso b ilifu sc in u ria . 
T a b le  I  show s th e  re su lts  in  com parison  
-w ith th o s e  o f n o rm a l su b je c ts  o f  co rre ­

spo n d in g  age . T h e  p a t ie n t  ex c re ted  an  
excessive a m o u n t o f  m esobilifuscin . U ri­
n a ry  o u tp u t  o f  (5- A LA  a n d  c o p ro p o r­
p h y rin  w as a lso  increased , w hereas p o r ­
phob ilin o g en  ex c re tio n  w as n o rm a l o r 
so m ew h at su b n o rm a l. U ro p o rp h y rin  e x ­
c re tion  w as n o rm a l.

D is c u s s io n

Although the patient had been 
referred to our department for splen­
ectomy on account of haemolytic 
anaemia, we decided not to perform 
the operation because the anaemia 
was of the non-spherocytic variety. 
51Cr examinations, too, showed the 
splenic involvement to be secondary. 
After the definite diagnosis had been 
established, the problem of splenec­
tomy has again arisen. A survey of 
the literature revealed, however, that 
splenectomy improved the condition 
in three cases only [5, 13], while the 
degree of anaemia remained unchan­
ged or decreased but for a short time 
in 12 cases. In one instance, the condi­
tion of the patient deteriorated after
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the operation. Considering that the 
reticulocyte count remained excessive 
in all cases, the therapeutic value of 
splenectomy had to be considered 
questionable.

The appearance of Heinz bodies in 
cases of haemoglobin anomaly is a 
characteristic postoperative phenom­
enon of splenectomy. S c h m id  et 
a l. [15, 16], then L a n g e  and A k e - 
r o y d  [10], the first authors to describe 
the disease, diagnosed it after preced­
ing splenectomy, and called it, accord­
ingly, “congenital haemolytic an­
aemia associated with the formation 
of Heinz bodies, pathologic haemoglo­
bins and mesobilifuscinuria”. Intact 
patients also develop inclusions, but 
the incidence of spontaneously formed 
Heinz bodies does not exceed 1 % in 
them.

Provocation was necessary also in 
the present case to induce the forma­
tion of Heinz bodies in vitro. It is 
possible that the inclusion bodies 
contain the abnormal haemoglobins, 
as is the case in haemolytic anaemia 
caused by Hb-Zürich [1].

D a c i e  et al. [2,4] demonstrated 
the thermolabile nature of anomalous 
haemoglobins. Studying the nature of 
such haemoglobins, S h i b a t a  et al. [14] 
found that the SH group of the cysteine 
at locus 93 of the beta chain was 
blocked, a feature distinguishing them 
from Hb-Zürich in which the corre­
sponding defect occurs at locus 63 of 
the beta chain [1]. The structure of 
Hb-Köln which gives rise to a similar 
condition [7] is still obscure.

Mesobilifuscin is a mixture of two 
dipyrroles, namely mesobilifuscin I

and II [18]. It is excreted with faeces 
and urine also under physiological 
conditions. It was demonstrated by 
S t i c h  and S t ä r k  [17] that uro 
chrome B,to which the urine owes 50 % 
of its pigmentation, is identical with 
mesobilifuscin. Whether this chromo­
gen is normally a byproduct of por­
phyrin synthesis or a breakdown prod­
uct of haemoglobin has still to be 
decided. In the present case it was 
certainly the latter. If the erythro­
cytes of a patient suffering from the 
disease at issue are introduced into 
the blood of a healthy individual, a 
considerable quantity of mesobili­
fuscin will appear in the urine of the 
recipient [3].

The results of our investigations 
concerning haem synthesis are similar 
to those obtained in cases of lead 
poisoning. Increased excretion of delta 
ALA and coproporphyrin is accom­
panied by normal or slightly decreased 
excretion of porphobilinogen. There 
is further a conspicuous similarity in 
respect of the disposition to develop 
Heinz bodies. It is quite possible that 
congenital enzymatic disorders, char­
acteristic of the disease in question, 
are somewhat similar to enzymatic 
disturbances caused by lead poison­
ing. One should remember that the 
disturbance of globin synthesis may 
combine with that of pyrrole synthe­
sis. Looking at the structural formula 
of the haemoglobin molecule one can­
not help to notice that the tetrapyr- 
role ring is attached to the histidine at 
loci 63 and 92 of the normal beta 
chain. The defect in the case of Hb- 
Zürich is at locus 63; in the given
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disease, the anomaly appears in the 
SH group of cysteine at locus 93.

*

W e  a re  indeb ted  to  D e . E .  R lei- 
h a u e b , T übingen , for g lu ta th io n e  red u c ­
ta se  a ss a y ; D r . G. Gá r d o s , B u d a p e s t, 
fo r  A T P  estim a tio n ; an d  to  D e . L . G orecz- 
к у ,  B u d a p e s t , fo r u r in a ry  p y rro le  e s tim a ­
tio n s .

Su m m a r y

The case is reported of a 7-year old 
patient suffering from congenital 
macrocytic anaemia. Osmotic resi­

stance of the erythrocytes was dimin­
ished, autohaemolysis and haemolysis 
on incubation were increased. Eryth­
rocyte enzymatic activity was normal 
or slightly increased. Thirty-eight per 
cent of the haemoglobin was abnor­
mally thermolabile, precipitating at 
66 °C. Urinary mesobilifuscin output 
was excessive. About 1 % of the red 
corpuscles contained Heinz bodies. 
Excretion of pyrrole derivatives and 
the tendency to form inclusion bodies 
were features somewhat similar to 
those seen in cases of lead poisoning.
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