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Alpha-hydroxybutyrate dehydrogenase and the diagnosis 
of painful crisis in sickle cell anaemia 

G.I. A K E N Z U A , J.C. I H O N G B E and H.N. A S E M O T A + 
Institute of Child Health College of Medical Sciences, and * Department of Biochemistry University of Benin 

S u m m a r y 
To assess the value of a-hydroxybulyrate dehydroge-
nase ( a -HBDH) in the diagnosis of painful crisis 
(PC) of sickle cell anaemia (SCA), we studied 
plasma enzyme levels in 55 children with HbSS and 
21 control subjects with haemoglobin genotype AA. 

In 21 chidren with SCA, mean plasma a - H B D H 
was 373.8 ± 113.5 \i/1 during PC and during steady 
state in 34 children, it was 341.2 ± 103.4 fi/1. These 
values were significantly higher than that of 128 ± 
19.5 ji/1 obtained in control subjects. 

However, the difference between mean plasma a -
HBDH levels in SCA children in PC and in steady 
state was 32.6 n/1, l = 1.095; P < 0.2. There was no 
correlation between a - H B D H levels and reticulocyte 
counts (r = 0.0856; / = 0.4565; 0.7<P<0.6). 

The high levels of a - H B D H in patients with SCA 
is probably due to chronic haemolysis and not mar-
row infarction. Therefore, a - H B D H is of doubtful 
value in the diagnosis of painful crisis. 

R£slim6 
Afin de determiner la valeur de a-hydroxybutyrate 
dehydrogenase (a -HBDH) dans la diagnose des 
crises de doulcur, nous avons £tudi6 les niveaux 
enzymatiqucs du plasma chez 55 enfant souffrant de 
I'an6mie de rh^n^atie falcifonne (SCA) et 21 sujets 
de controle ayant le genotype AA d'h£moglobine. 

Chez 21 enfants ayant le plasma moyen de SCA, 
a - HBDH etait 373.8 ± 113.5 fi/1 pendant PC, et chez 
34 enfants 341.2 ± 103.4 n/1 pendant l'etat fixe. Ces 
valeurs etaient nettement superieures a 128 ± 19.5 [i/1 
obtenu chez des sujets de controle. 

N^anmoins, la difference entre rechantillon des 
niveaux du plasma moyen a - H B D H chez les enfants 
(SCA) dans PC at l'etat fixe etait 32.6 n/1, l = 1.095; 
P<0.2. II n 'y avait pas de correlation entre les ni-
veaux de a - H B D H et les numerations reticulocytes (r 
= 0.0856; l = 0.4565; 0.7<P<0.6). 

Correspondence: Dr Gregory I. Akcnzua Institute of Child 
Health, College of Medical Sciences. University of Benin, 
Benin City. 

Les niveaux eicv£s du a -HBDH chez les patients 
souffrant de la SCA sont probabldment dus a l 'hemo-
lyse chronique et non pas a l'infarctus de la moelle. 
Done, a - H B D H est d 'une valeur douteuse dans la di-
agnose de crises de douleur. 

In t roduct ion 
Painful crisis (PC) is a characteristic feature of sickle 
cell anaemia (SCA) and in children it is the common-
est cause of morbidity associated with sickle cell dis-
ease( 1 J. Several factors are known to precipitate PC 
including cold environmental temperature[2], infec-
tion[3], pyrexia(4], dehydration and acidosis(51; but 
the exact role of these factors in the genesis of PC is 
not clearly understood. In African children with 
SCA, malaria infection is the commonest cause of 
PC[6]. 

Several changes have been observed in the blood 
during. PC including leukocytosis[7], impaired neu-
trophil migration[8], low leukocyte alkaline phospha-
tase score[9), transient thrombocytosis! 10) and 
elevated plasma haemoglobin leyels[ l l ] . However, 
these changes are not specific and they cannot be 
used for laboratory diagnosis of PC. Thus, the objec-
tive diagnosis of PC remains a challenge to physi-
cians caring for patients with SCA. 

Neely el al. in 1969[ 12J observed changes in 
serum lactic dehydrogenase (LDH) activity and iso-
enzymes pattern during PC; and others[13] confirm-
ing their observations have suggested that 
a-hydroxybutyric acid dehydrogenase (a-HBDH), 
iso-enzymes 1 and 2 LDH may be used for objective 
diagnosis of infarctive crisis. It was our purpose in 
this study to find out whether a - H B D H is of value in 
the diagnosis of painful crisis in Nigerian children 
with SCA. Therefore, we measured plasma a - H B D H 
levels in SCA children in steady state and also in PC 
and we compared them with individuals with normal 
haemoglobin genotype AA. 

Mater ia ls and Methods 
Sickle cell patients 
The subjects were 55 children (aged 1-16 years) at-
tending the paediatric haematology clinic at the 
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University of Benin Teaching Hospital (UBTH), in 
whom diagnosis of SCA was made according to 
standard criteria! 14]. They were seen regularly in the 
clinic at intervals of 6-8 weeks and they were encour-
aged to come to the clinic for any acute illness occur-
ring in the interval between clinic visits. Everyone of 
them was on routine folate supplementation (folic 
acid 1.5mg daily) and malaria prophylaxis (pyrimeth-
amine 12.5-25mg weekly). Thirty-four of them were 
studied steady state and 21 during painful crisis. 
Steady state was defined as the condition of a known 
S C A patient who has had no acute illness for six 
weeks and who after a careful physical examination 
shows no obvious change in his usual clinical and 
haematologic features including degree of jaundice, 
size of spleen or liver, haematocrit, reticulocyte count 
and serum bilirubin level. Painful crisis was defined 
as pain in the chest, abdomen or limbs with or with-
out fever that cannot be explained on any basis other 
than sickle cell disease! 15]. 

Control subjects 
Control subjects were 21 healthy individuals with 
haemoglobin genotype AA comprising 8 adult labor-
atory workers and 13 children (aged 2-15 years) who 
had venesection for various reasons. Nine had blood 
taken as part of routine medical examination 
(Haemoglobin electrophoresis) for admission to sec-
ondary school and 4 as part of pre-operative haema-
tologic work up for surgical procedures including, 
two herniorrhaphies, one elective appendicectomy 
and one circumcision. 

Four millilitres of venous blood was obtained 
from the cubital fossa with a plain plastic syringe and 
3mls for enzyme assay was transferred to a plastic 
tube containing heparin 0.2^/ml. The remaining 
sample for blood counts was placed in a sequestrene 
bottle containing appropriate amount of EDTA. The 
sample for enzyme assay was centrifuged at 1500# 
for 10 minutes at room temperature (average 25°C) 
and the platelet poor plasma obtained was frozen 
within 30 minutes of blood collection and stored at -
70°C until it was required for assay. 

Laboratory methods 
Venous haematocrit and reticulocyte counts were 
determined according to standard haematologic tech-
n i q u e s ! ^ ) using EDTA anticoagulated blood. 

Enzyme assay 
All assays were performed within two weeks of 
blood collection. Frozen samples were thawed at 
30°C for 5 minutes and 0.1ml of platelet poor plasma 
(PPP) was used for each assay. Measurement of 

a - H B D H activity was done with Sigma Diagnostics 
a - H B D B reagent kits formulated according to the 
recommended 'optimized standard method*.117] The 
sample procedure (SSP) was adopted. The absorb-
ance at 340mm was read against a water blank in a 
UV spectrophotometer. The mean absorbance change 
per minute (AA/min) was used to calculate enzyme 
activity in units per litre. (One unit HBDH activity is 
defined as the amount of enzyme that catalyzes the 
oxidation of l |imole N A D H per minute under the 
conditions of the assay procedure! 17]. 

Statistical methods 
Statistical calculations were carried out manually in a 
Casio (Model fx-82B) scientific calculator. Mean, 
standard deviation and 95% confidence interval (CI), 
where appropriate, were computed. Comparison be-
tween groups was performed using the student 's t-
test for unpaired samples. Significance of association 
between parametric measures was tested by the Pear-
son 's product-moment correlation coefficient. 
Results 
Among the SCA subjects, the mean age of children 
in PC 10 ± 4 .0 years was comparable to 9 ± 4.0 years 
for steady state subjects, but in sex distribution there 
was a higher proportion of boys in the steady state 
group (2:1) than the PC group (1:1) 

In Table 1 the distribution of site of pain among the 
PC patients is shown. Eight children had generalised 
pain involving the trunk (abdomen and/or chest and/or 
lumbosacral region) with or without limb involvement, 
4 had pains in two or more long bones involving both 
upper and lower limbs, 4 in one or more long bones in 
the upper limbs, 3 in one or more long bones in the 
lower limbs and 3 had hand-foot syndrome. The hae-
matological indices of the patients and control are sum-
marized in Table 2. There was no difference between 
SCA patients in PC and those in steady state, in mean 
venous haematocrit (0.23 ± 0.04 and 0.23 ± 0.05, re-
spectively) or in reticulocyte counts (3.2 ± 2.7 per cent 
and 4.7 ± 5 . 1 per cent, respectively). However, 50% of 
the SCA children in the study had reticulocytopaenia 
(retics count < 2%). The relationship between a -
HBDH level and reticulocyte count is shown in Fig 1. 
There was no correlation between plasma - a - H B D H 
level and reticulocyte count (r = 0.0856, / = 0.4565, 
0.6>/>>0.7). Plasmaenzyme levels in SCA patients and 
controls is shown in Table 2. The mean a - H B D H level 
in SCA patients in PC 373.8 ± 113.5 n/1 was signifi-
cantly higher than 128 ± 19.5 ji/1 for controls (/ = 2.8 on 
53 d . f , P < 0.001). 
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Table 1: Site of pain in 21 children with sickle cell anaemia in painful crisis 

Site of Pain Number of 
Subjects 

% 

Hand-foot syndrome 2 9.5 
Long bones (upper limbs) 4 19.1 
Long bones (lower limbs) 3 14.2 
Long bones (upper and lower 

limbs) 4 19.1 
Generalised (chest/abdomen 

± limb) 8 38.1 
Total 21 100 

Table 2: a - H B D H levels, haematocrit and reticulocyte counts in SCA patients and controls 

Venous Reticulocyte 
Subjects a -HBDH j-i/1 Haematocrit (%) 

n M e a n ± S D M e a n ± S D M e a n ± S D 

21 128.3 ± 19.5 0.39 ± 0.05 — 

34 341.2 ± 103.5 0 . 2 3 ± 0.04 3.2 ± 2 . 7 

21 373 .8± 113.5 0 . 2 3 ± 0 . 0 2 4 . 7 ± 5 . 1 

However, the difference between sample mean 
plasma a -HBDH levels in PC and steady state SCA 
patients was 32.6^/1 with a 95% confidence interval 
(CI) from - 2 6 to 91.8^/1; the /-test statistic was 
1.095, with 53 degrees of freedom and an associated 
P value of 0.3<P<0.2. 

Thus, a -HBDH level did not discriminate be-
tween SCA children in steady state and those in PC. 

Discussion 
a - H B D H comprises the anodal iso-enzymes 1 and 2 
of LDH with high specificity for the reduction of 2-
oxobutyrate in the presence of NADH. 

Our finding of increased levels of a - H B D H in the 
plasma of children with SCA during steady state and 
higher levels during PC is in agreement with earlier 
studies[ 12,13]. However, the suggestion that in the 
absence of cardiac/skeletal muscle or liver disease an 
elevated plasma level of a - H B D H is due to bone 
marrow infarction[ 13,18) is not supported by our 
data. 

We did not find a significant difference between 
enzyme levels in steady state patients and children in 
PC, presumably because elevated plasma level of a -
HBDH is these children derives from sources other 

Control 
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SCA Painful 
Crisis 
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Fig. l : Relationship between plasma a-hydroxybu-
tyrate dehydrogenase level and reticulocyte 
count in children with sickle cell anaemia. (O, 
represent steady state, • painful crisis.) 
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than infarc tcd m a r r o w . It is also possible that we 
were unable to demons t ra te a s ignif icant d i f ference 
b e t w e e n s teady state patients and those in P C lie-
cause of the di f ferent ia l c learance rate of L D H iso-
e n z y m e s . S ince L D H i is known to be cleared very 
s lowly f r o m circulation! 19J, the high activity of a -
H B D H in the p l a sma of s teady state patients may be 
at tr ibuted to residual L D H i f rom sources other than 
m a r r o w necrosis . 

T h e sources of p lasma L D H iso-enzymes are 
mul t ip le and include intravascular haemolysis . Ma-
ture red blood cells are a rich source of LDHi and 
LDH2 and in a haemolysate containing l m g per 
100ml of haemoglobin , enzyme activity approxi-
ma te s 2p./inl of L D H ! 12}. It can be argued that if PC 
in o u r chi ldren with S C A was due to malaria infec-
tion as had been suggested! 6), then the higher levels 
of a - H B D H observed in their p lasma would be a re-
sult of intravascular haemolys i s associated with ma-
laria infection. T h e lack of correlation between 
a - H B D H level and reticulocyte count will not vitiate 
such argument s ince reticulocyte count reflects the 
ability of bone marrow to respond to a given level of 
anaemia rather than the extent of haemolysis . It 
should be noted, however , that acute P. falciparum 
infect ion in s o m e cases may be associated with bone 
m a r r o w fai lure. 

Megaloblas t ic haemopoeis i s which is also known 
to p roduce elevation of L D H i and LDH2I2O] was dif-
ficult to exc lude in our patients s ince electronic par-
ticle counter was not available for accurate mean cell 
v o l u m e ( M C V ) determinat ion and we did not con-
sider bone mar row examinat ion just if ied. Neverthe-
less, because the patients were all on routine folate 
supplementa t ion and their b lood smears did not show 
hypersegmented neutrophi ls we consider megaloblas-
tosis unl ikely. 

Al though thrombocytos is is also known to be 
c o m m o n l y associated with PC(10) we considered it 
unl ikely that platelet derived LDH iso-enzymes 
would m a k e signif icant contr ibut ions to a - H B D H le-
vels reported here, s ince P P P was used, and further-
more , the condi t ion under which our assay was 
per formed is not known to cause significant platelet 
lysis. 

W e think that the high plasma a - H B D H is our pa-
tients with S C A is most likely due to chronic haemo-
lysis. S ince we did not find signif icant d i f ference in 
the e n z y m e levels of PC and steady state patients, we 
suggest that a - H B D H levels should be used with 
caut ion in the diagnosis of P C in Nigerian children. 
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