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Abstract

Biochemical response to vascoclusive crisis were investigated among Sickle Cell Anemia (SCA) patients in Enugu metropo-

lis,  Southeast  Nigeria.  A total  of  156 subjects  comprising 75  confirmed SCA patients  (35  males  and 40 females)  aged be-

tween 16 and 30years from the Sickle Cell Clinic and 75 apparently healthy age and gender – matched controls participated

in the study. Sample size was calculated using simple proportion method. Ethical clearance was obtained from the Health

Research and Ethical Committee of the Enugu State University of Science and Technology Teaching Hospital, Enugu State,

Nigeria. Informed consent was obtained from subjects. Blood sample (5ml) was collected from each subject, centrifuged, se-

parated and aliquoted into plain bottles for the determination of Alamine Transaminase, Aspeartate transaminase, Urea and

Creatinine levels using standard methods. Results were analyzed by Statistical Package for Social Sciences using One Way

Analysis of Variance at p<0.05 significant level and presented as mean and standard deviations from the mean. Subjects re-

vealed  significant  increase  (p<0.05)  in  Alanine  Transaminase  (ALT)  (20.70±2.24iµ/l),  Aspartate  Transaminase  (AST)

(25.30±5.25iµ/l),  Urea  (8.2±0.6µmol/l),Creatinine  (175±15.3  µmol/l)  during  crisis  and  steady  state  (ALT)(12±6.5iµ/l)

(AST)(15±8.3)Urea(5.0±1.5)  Creatinine(150±1.5µmol/l)  compared  to  controls  ALT  (10±4.5iµ/l),  AST  (12±3.0iµ/l),  Urea

(3.2±1.5µmol/l) and Creatinine (95±10µmol/l). This finding provide scientific data for biochemical alteration in sickle cell

anemia during vasoclusive crisis.
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Introduction

Sickle Cell Disease (SCD) is the most common genetic blood disease globally.1Africa is greatly affected with Sub-Saharan Africa

having the highest burden of the disease. It is currently estimated that 75% of all patients of Sub-Saharan African decent and this

amount is estimated to increase to 85% by the year 2050. Nigeria particularly has the highest burden of the disease for the region

with prevalence that ranges from 2% to 3% [2-4]. A prevalence of 1.6% has been reported for the Enugu population [5]. The high

rate of SCD in Enugu is exacerbated by lack of access to comprehensive healthcare, high cost of diagnosis as well as inadequate

measures to manage vasoclusive crisis arising from the condition [6]. Sickle Cell Anemia(SCA) is a group of conditions resulting

from the inheritance of abnormal allelomorphic genes controlling the formation of the beta (β)-chain of hemoglobin (Hb) at least

one of which is the sickle gene (HbS) [3]. The common forms of the disease are HbSC, HbSD and HbSβ- thalassemia [7]. The ho-

mozygous state (HbSS) termed Sickle Cell Anemia (SCA) is the most common and severest form of the disease which is caused by

a point mutation (GAG to GTG) in the sixth codon of the amino acid sequence of the beta globin chain (Hβ) [3,7]. This anomaly

results in the replacement of the amino acid glutamic acid for valine with eventual formation of hemoglobin S (HbS) instead of he-

moglobin A (HbA) which causes the polymerization of the hemoglobin molecule leading to erythrocytes with less flexible sickle

shape different from the normal biconcave disc shape of erythrocytes with normal hemoglobin (HbAA). Patients with sickle cell

anemia experiences alternating periods of apparent good health (steady state) and acute vasoclusion (crisis state) which is trig-

gered by conditions such as infection, dehydration and hypoxia [3,9,10]. Vasoclusion is a direct cause of morbidity and mortality

in patients with sickle cell anemia [11]. It is the cause of a myriad of clinical manifestations and complications in the SCA patients

which includes leg ulcers, priapism, fatique, dizziness, osteonecrosis, retarded growth, hepatosplenomegaly, delayed maturity to

puberty, dactylitis and end stage organ damage such as the liver and kidney amounting to atleast 91% of hospital admissions [12].

Disturbances in metabolism of biochemical variables resulting in organ damage particularly to the kidney and the liver has identi-

fied as a common complication in SCA during vasoclusive crisis13. There is currently a paucity of data on the biochemical response

to vasoclusive crisis in SCA patients for the Enugu population. The present study is therefore designed to determine some liver

and renal function parameters of SCA patients in vasoclusive crisis compared to steady state and controls.

Materials and Methods

Study Area

Enugu State is located in the Southeastern part of Nigeria. The state derived its name from its capital and largest city Enugu. It has

an area of 7,161km2 with a population of 3,267,837 comprising mainly the Igbo tribe of the Southern Nigeria. It lies between longi-

tudes 6030’E and 6055’E and latitudes 5015’N and 7015’N. It consists of three senatorial zones namely Enugu East, Enugu West and

Enugu North senatorial zones. The Enugu State University of Science and Technology Teaching Hospital is the major tertiary

health facility for the state and is located at the center of Enugu metropolis (Parklane) for easy accessibility to Enugu residents

[14].

Study Design

The study adopted the survey design. A total of 150 subjects comprising 75 confirmed Sickle Cell Anemia patients (35 males and

40 females) aged between 15 and 30 years from the Sickle Cell Clinic of the Enugu State University of Science and Technology Hos-

pital, Enugu State, Nigeria and 75 apparently healthy age and gender-matched controls participated in the study.
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Ethical Consideration

The ethical clearance to conduct this study was obtained from the Ethics Committee of the Enugu State University of Science and

Technology Teaching Hospital (ESUTH), Enugu, with reference number: ESUTHP/C-MAC/RA/034/Vol.4/37. Informed consent

was obtained from all participants before being recruited for the study.

Sample Size

The sample size calculated using single proportion method.

Where

n = the desired sample size when the population is more than 10,000

z = standard variation usually set at 1.96 (which corresponds to 95% confidence interval)

p = population proportion of 10% which is 0.1

Subjects Inclusion Criteria

Sickle cell anemia patients 16years of age and older in a period of stable clinical condition occurring at least one week before or

three weeks after or vasoclusive crisis or three months after a hemolytic crisis requiring a blood transfusion served as the subjects

for steady-state, patents in active occlusive pain served as the crisis group while healthy individuals with HbAA genotype who are

16years of age and older served as the control.

Subjects Exclusion Criteria

Individuals who are taking any drug as well as those who smoke or drink too much alcohol (14 units per week for females and 21

units per week for males) were excluded from the study (control exclusion criteria). Sickle cell anemia patients with any additional

medical conditions such as hypertension or diabetes mellitus, those who smoke or drink excessively (14 units per week for females

and 21 units per week for males) or those who have had a blood transfusion within the last three months were excluded from the

study.

Sample Collection

Venous blood sample (10ml) was collected from each subject,5ml was dispensed into ethylene diamine tetra acetic acid bottle for

determination of subjects’ hemoglobin genotype while the remaining 5ml was centrifuged and aliquoted into plain bottles for the

estimation of biochemical parameters.
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Haemoglobin Electrophoresis (Cellulose Acetate Method)

Principle: Hemoglobin a negatively changed protein migrates to the mode when exposed to an electric field in an alkaline medium

which distinguished it from other heme proteins, the rate of migration being directly proportional to the net change in the

molecule with different hemoglobin types observed as bands of different hemoglobin variants involving HbA,F,S,C, and E.15

Aspartate Transaminase Estimation

The serum level of aspartate aminotransferase were measured using Randox Commercial Enzyme kits according to Reitman and

Frankel’s method [16].

Principle: Aspartate aminotransferase (AST/SGOT) catalyses the transfer of the amino group from aspartate to oxoglutarate with

the formation of glutamate and oxaloacetate. The latter is reduces to malate by Malate Dehydrogenase (MAD) in the presence of

reduced Nictoinamide adenine dinucleotide (NADH). The reaction is monitored kinetically at 340nm by the rate of decrease in ab-

sorbance resulting from the oxidation of the reduced Nicotimmide Adenine Dinuclcotide (NADH) to oxidized form (NAD+), pro-

portional to the activity of AST present in the sample.

Alanine Transaminase Estimation

The  serum  level  of  alanine  transaminase  were  measured  using  Ramdox  Commercial  Enzyme  kits  according  to  Reitman  and

Frankel’s method [16].

Principle: Alanine aminotransferase (ALT/SGPT) reversibly transfers the amino group from alanine to alpha-ketoglutarate, form-

ing pyruvate and glutarmate. The rate of formation of pyruvate is determined by the action of lactate dehydrogenase (LDH) which

converts the pyruvate to lactate; the decrease in absorbance at 340nm is measured as reduced nicotinamide adenine dinucleotide

(NADH) is oxidized to NAD+.

Urea Estimation

The serum urea was estimated spectrophotometically using Diacetyl Monxrime method [17].

Principle: proteins in whole blood, plasma or serum are precipitated with trichloroacetic acid. The urea in the supernatant reacts

with diacetylmonoxime in the presence of thiosemicarbazide and cadmiurn ions under acid conditions. The absorbance of the red

rose-purple solution is measured at 530nm.

Creatinine Estimation

The serum creatinine was estimated spectrophotometrically by Jaffes Resaction method [17].

Principle: In an alkaline picrate solution, creatinine reacts with picric acid to give a red color (Jaffes reaction) which absorbed at

510nm.

Statistical Analysis

Data was subjected to inferential statistics in the statistical package for social sciences version 2.0 (IBM, Armok, USA) using one-

way analysis of variance at 95% confidence interval. Probability value less than 0.05 was considered significant.
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Results

Results  revealed  significant  increase  (p<0.05)  in  Alanine  Transaminase  (ALT)  (20.70±2.24ių/l)  Aspartate  Transaminase  (AST)

(25.30±5.25ių/l)  Urea  (18.20.6µmol/l)  and  Creatinine  (175±15.3µmol/l)  during  crisis  and  steady  state

(ALT)(16.0±1.5iµ/l),(AST)(15±8.3iµ/l),  Urea  (15.0±1.5µmol/l)  and  Creatinine(150±10.5µmol/l)  compared  to  controls  ALT

(10±4.5ių/l),  AST  (12.  ±3.0  ių/l),  urea  (3.2±1.5µmol/l)  and  creatinine  (95±10µmol/l).

Parameter Crisis State Steady State Controls

ALT (ių/l) 20.702.24 166.5 104.5*

AST (ių/l) 25.305.25 158.3 123.0*

Urea (ųmol/l) 18.20.6 15.01.5 8.21.5*

Creatinine (ųmol/l) 175115.3 15010.5 9510*

Key: ALT-alanine transaminase, AST-aspartate transaminase,*Significant at p<0.05

Discussion

Biochemical alterations has been associated with sickle cell anemia [18]. The results of the present study shows that patients had

higher values for urea and creatinine during vasoclusive crisis canpared to steady state and controls. This is similar to the findings

of some other studies which had reported high levels of urea and creatinine in sickle cell disease patients during vasoclusive crisis

[19]. The underlying renal dysfunction leading to increased urea and creatinine in sickle cell disease may include hyposthenuria,

hematuria, nephrotic syndrome, acidosis, renal failure and changes in arterial blood pressure [18].

Significant  increase  in the serum transaminases  recorded for  the subjects  in vasoclusive  crisis  is  similar  to  the findings of  other

studies which had reported increased serum transaminase levels in sickle cell  patients during vasoclusive crisis [16, 18,  20].  The

causes of raised transaminases in SCA may include the acute syndromes associated with the disease such as acute sickle hepatic cri-

sis, acute hepatic sequestration crisis, sickle cell intrahepatic cholestasis resulting from the occlusion of blood vessels by sickled in-

trahepatic cells.21 Raised transaminases may also result from the complications of chronic hemolysis and multiple blood transfu-

sions such as hyperhemolytic syndrome, viral hepatitis, gallstone etc. [21-22].The small sample size as well as the use of single cen-

tre for the present study could be considered a limitation. Further large-scale surveys are needed to support the present findings.

Conclusion

The finding of the present study provides scientific data that supports alterations in biochemical parameters during occlusive crisis

in sickle cell anemia and underscores the diagnostic and prognostic importance of routine measurement of biochemical parame-

ters for patient management.
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