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Abnormal tryptophan metabolism in congenital 
erythroid hypoplastic ( Diamond-Blackfan)

anaemia
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T ry p to p h a n  load ing  w as perfo rm ed  in a  child  w ith  D iam o n d -B lack fan  
anaem ia  as w ell a s  in  h is p a ren ts  an d  tw o co n tro l persons. T here w as a  f iv e ­
fold increase o f  a n th ra n il ic  acid an d  k y n u ren in e  excre tion  beside a  m ark ed  
generalized am in o ac id u ria  in th e  p ro b a n d ; in th e  p a re n ts  an d  th e  co n tro ls  no 
such phenom enon  could be d em o n s tra ted . The im p o rtan ce  o f  th e  f in d in g  is 
discussed an d  in v es tig a tio n  o f  try p to p h a n  m etabo lism  before th e  f i r s t  blood 
tran sfu s ion  is reco m m en d ed . The find ing  can n o t be used as a  h e te ro zy g o te
test.

Congenital aplastic anaem ia caused 
by  bone m arrow deficiency re stric ted  
to  depressed form ation o f e ry th ro ­
cy tes was described as “ pure red  cell 
anaem ia” by Joseph  [14]. D iam ond 
an d  B lackfan [8] investigated  the 
d iso rder in detail and  te rm ed  it  con­
gen ita l ery th ro id  hypoplastic anae­
m ia. W ith  the  increasing num ber of 
described cases, synonym es have be­
come num erous [4].

T he diagnosis rests on th e  follow­
ing criteria: (a) severe, norm ochrom ­
ic, norm ocytic anaem ia from  early  
infancy; (b) strongly reduced  ery ­
th ropo ietic  ac tiv ity  of th e  bone m ar­
row ; (c) unaffected leucocyte and 
p la te le t production.

Although the condition is rare, its 
clinical features are well-defined. 
Therapeutic results are equivocal; 
in the individual case prognosis can be 
established after a certain duration 
of the disease. Aetiology, pathomech-

anism  and  genetics of th e  disorder 
are still debated. Our d a ta  m ay  cast 
light on some of these problem s.

R eto r t  o f  a case

F . L ., a  m ale  in fa n t show ed  a ll th e  
clin ical fe a tu re s  m en tioned  ab o v e . H is 
an aem ia , ap p ea rin g  sh o rtly  a f t e r  b ir th , 
could be co rrec ted  on ly  by  re p e a te d  blood 
tran sfu s io n s. These caused h ig h  p lasm a  
iron levels, betw een  150 an d  200 /ig/100 m l. 
U rin a ry  iron  ex cre tio n  could  be increased  
b y  a d m in is tra tio n  o f  d efe roxam ine . In  
sp ite  o f  th is  th e re  w ere no c lin ica l o r 
la b o ra to ry  signs o f  haem och rom atosis .

A t th e  p a t ie n t’s age o f  22 m o n th s  
s tu d ies  concern ing  try p to p h a n  m e tab o lism  
w ere p e rfo rm ed . R esu lts  a re  show n in 
T able  I.

L oad ing  w ith  L - try p to p h a n  w as p e r­
form ed o ra lly . The p ro b an d  a n d  a  child  o f 
th e  sam e age received  1.0 g, th e  p ro b a n d ’s 
p a re n ts  an d  a  h e a lth y  a d u lt 2.0 g  each , in  
th ree  eq u a l doses w ith in  24 h o u rs . T w en ty - 
four h o u r u rin e  specim ens w ere collected  
in  each  case before and  a f te r  lo ad in g  and  
th e  d a ily  c rea tin in e  o u tp u t  w as m easu red .

Acta Paediatrica Academiae Scientiarum Hungaricae 17, 1976



164 L. Szabó et al. : Diamond — Blackjan

T able  I

L a b o ra to ry  find ings a t  th e  age o f  22 m o n th s

E rythrocytes ............................................................................
Haemoglobin ........................................................................
Leucocytes ...............................................................................
Platelets .................................................................................
Reticulocytes ..........................................................................
Serum iron ..............................................................................
Serum c o p p e r ..........................................................................
Serum a ld o la se ........................................................................

LDH ..................................................................
GOT ............................................................................
GPT ..............................................................................

B rom sulphophthalein retention  .......................................
Serum bilirubin .....................................................................
Thymol tu rb id ity  te s t ........................................................
Gold s o l .....................................................................................
Thymol flocculation te s t ....................................................
U rinary am inoacid chrom atography .............................

U rinary iron/creatinine ratio  before deferoxamine . .
after 200 mg deferoxamine .....................................

Bone marrow ....................................... . ..............................

1 700 000 
6.1 g/100 ml 

6 800 
140 000

less than  1/10000 
192 //g/100 ml 
115 //g/100 ml 

5 U 
90 U 
16 U 
10 U 
2 %

0.6 mg/100 ml 
3.5 U
+ + + +
generalized

aminoaciduria
2.6

20.0
erythropoiesis 

nearly absent

T able  I I

D aily  u r in a ry  e x c re tio n  o f try p to p h a n  a n d  its  m e tab o lite s

TRY TRY K Y N AA
Chrom atography

g mg/ereati-
nine

m g/day m g/day TRY KYN AA

F a th e r 2.0 120 4 7 .1 1 7 .1
after 6 0 3 8 .2 1 6 .6 - - -

M other 2.0 before
after

7 5
68

3 1 .8
2 4 .6

1 1 .4
9 .2 —

-
—

A dult 2.0 before 5 6 5 0 .7 21.6 _ _ _
control after 6 0 4 6 .0 1 5 .4 — — —

P roband 1.0 before
after

4 5 0
5 2 5

7 .5
3 6 .6

2 .7
1 4 .4

+
+ +

+
+  + + +

Child 1.0 before 2 8 5 10.8 5 .1 ± ± ±
after 3 6 0 9 .7 7 .0 ± ± ±

T R Y  □  T ryptophan; KY1SÍ □  K ynurenine; AA □  A nthranilic acid

T ry p to p h a n  and  k y n u re n in e  w ere d e te r­
m in e d  b y  Jep so n ’s s e m iq u a n tita tiv e  paper- 
ch ro m a to g ra p h ic  m e th o d  [13]. K y n u ren in e  
a n d  a n th ra n il ic  acid w ere m easu red  q u a n ti­
ta t iv e ly  b y  th e  m eth o d  o f  O ta n i e t  a l [18]. 
R e s u lts  a re  p resen ted  in  T ab le  I I .

D i s c u s s io n

A ltm an  and  Miller [1] found 
a bluish-fluorescent com pound in the 
urine of th e ir p a tien t suffering from
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D iam ond-B lackfan  anaem ia. This 
tu rn ed  ou t to  be an th ran ilic  acid. 
L a te r, M arver [15] and C hitiyo e ta l .  
[4] observed increased u rin ary  ex ­
cretion of an thran ilic  acid an d  kynu- 
renine in th e ir patien ts. P rice e t al.
[21] showed a high o u tp u t of a n th ra ­
nilic acid and  hydroxy-kynureine. 
These com pounds are in te rm ed iary  
p roducts of a d istu rbed  or reduced 
enzym atic activ ity  som ewhere along 
th e  try p to p h an  pathw ay. The well- 
know n fact th a t  try p to p h an  and  n ic ­
otinic acid p lay  an  im p o rtan t role 
in haem oglobin synthesis and  th a t  
th e ir deficiency causes anaem ia [26], 
seem ed to  corroborate th is  hypo­
thesis.

Pyridox in  and  riboflav in  are im ­
p o rtan t co-ferm ents in th e  enzym atic 
system  m etabolizing try p to p h an  and 
anaem ia has been rep o rted  to  de­
velop in pyridoxin deficiency an d  to  
be accom panied by  d is tu rb ed  t r y p ­
to p h an  m etabolism  [19]. In  pyridoxin  
deficiency, a fte r a try p to p h an  load, 
increased excretion of try p to p h an  
m etabolites was observed in bo th  
m an and  anim al [5, 20]. R iboflav in  
deficiency can also lead to  anaem ia
[22] , and  adm inistration  o f riboflavin  
in D iam ond-B lackfan  anaem ia was 
shown to  reduce th e  pathologically  
high excretion of an th ran ilic  acid [1]. 
A lthough v itam in  B 2 an d  B 6 are 
able to  m oderate th e  high excretion 
of try p to p h an  m etabolites, th ey  are 
no t capable to  influence favourably  
the  in ac tiv ity  of th e  ery thropoietic  
system  [1, 5, 6].

No clinical sign of any avitam inosis 
can be detected  in p a tien ts  affected

by  D iam ond-B lackfan anaem ia. Since 
no difference in 4-pyridoxic ac id  e x ­
cretion could be found betw een 
healthy  and  affected persons, p y rid o x ­
in deficiency has been ru led  o u t as a 
possible cause of D iam ond-B lackfan  
anaem ia [21, 23].

M usajo et al. [17] in vestigated  th e  
excretion of try p to p h an  and  its  m e tab ­
olites in severe haem atologic d is­
eases (chronic myeloid leukaem ia, 
lym phoid leukaemia, lym phogranu­
lom atosis), and  found a higher ex ­
cretion in these conditions th a n  in 
healthy  persons or subjects affected  
by  o ther diseases. I t  is d ifficu lt to  
find  any th ing  common in D iam o n d - 
B lackfan anaem ia and th e  haem o- 
blastoses. P erhaps the  repea ted  blood 
transfusions, inevitable in b o th  d is­
ease groups, lead to  increased haem  
supply, th is  in tu rn  would necessita te  
increased globin synthesis involving 
exaggerated  ac tiv ity  of th e  enzym es 
of try p to p h an  m etabolism . T hus, th e  
d istu rbed  try p to p h an  m etabolism  
m ay be th e  result ra th e r th a n  th e  
cause of th e  disease. P rice e t al. [21] 
concluded th a t  th e  investigation  of 
try p to p h an  and  its m etabolites is of 
m oderate value in the  diagnosis of 
D iam ond-B lackfan  an aem ia .

Our own p a tien t a fte r try p to p h a n  
loading exhib ited  large spots o f ky- 
nurenine and  try p to p h an  on th e  
chrom atogram , in sharp co n tra s t to  
th e  controls. The q u an tity  o f t ry p to ­
phan excreted  a fte r loading w as th e  
highest in  th e  proband, a  sligh t in ­
crease was present in th e  contro l 
child, while th e  paren ts and  th e  ad u lt 
control sub ject showed no change.
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Sim ilarly , an th ran ilic  acid and kv- 
nu ren ine excretion increased to  a 
fivefold  value a f te r  loading in the  
p roband ; the  o ther persons exhibited 
no change in th is  respect (Table I).

T hus, there was a  striking differ­
ence between th e  resu lts for the  
p a tie n t and  those for th e  controls. 
In  in terp re ting  these  results, the p a ­
t ie n t’s hepatic func tion  has to  be 
ta k e n  in to  account, since tryp to p h an  
m etabohsm  takes p lace  in the  liver. 
H aem ochrom atosis m ust sooner or 
la te r  ensue because o f th e  repeated 
blood transfusions ; h ep a titis  В is also 
v ery  likely to  develop. In  this p a ­
tie n t th ere  was, how ever, no evidence 
for d istu rbed  liver function , hepatitis 
or haem ochrom atosis an d  no hepa­
ti tis  associated an tig en  could be de­
tec ted . W e th in k  therefo re  th a t the  
m etabolic d istu rbance is inherent in 
th e  basic pathologic processes of 
D iam ond-B lackfan  anaem ia. I t  would 
be desirable to  investigate  patien ts 
suffering from D iam ond-B lackfan  
anaem ia before th e y  have received 
an y  transfusion of blood, and  enzyme 
activ ities  involved in  try p to p h an  m e­
tabo lism  would have also to  be deter­
m ined. The generalized am inoaciduria 
observed  by some w orkers [6] and 
ourselves also needs elucidation.

N o t all p a tien ts  w ith  D iam ond- 
B lackfan  anaem ia ex h ib it disturbed 
try p to p h a n  m etabolism . T artaglia 
e t al. [24] found no increased ex ­
cretion  of an th ran ilic  acid; and Ib ­
rah im  e t al. [12] rep o rted  on norm al 
xan thu ren ic  acid an d  an th ran ilic  acid 
excretion  afte r try p to p h a n  loading. 
T hese and  other d a ta  have justly

ra ised  doubts concerning th e  p ri­
m ary  role of try p to p h an  m etabolism  
in th e  developm ent of D iam ond- 
B lackfan  anaem ia, b u t o ther efforts 
to  e lucidate  the aetiology have also 
been fru itless [2, 11, 24].

T he inheritance p a tte rn  is equally 
ill-defined. Recessive inheritance has 
been suspected [3] bu t th ere  are 
observations in favour of dom inant 
in h eritan ce  as well [9, 10, 16]. Con­
g en ita l pure red  cell hypoplasia has 
been observed in identical m ale tw ins 
[25], b u t in our case no abnorm ality  
could be found in any  of th e  parents. 
T his w as a t variance w ith  th e  ob­
serv a tio n  [15] of an  increased kynu- 
ren ine an d  hydroxy-kynurenine ex­
cretion  a fte r try p to p h an  loading in 
th e  m o th er of a p a tien t affected by 
D iam o n d -B lack fan  anaem ia.

W e a re  in deb ted  to  D r. P . E b re y  o f 
Second  D e p a rtm e n t o f  M edicine, U n iv e r­
s i ty  M edical School, D ebrecen , fo r chem ical 
d e te rm in a tio n s .
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