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ABSTRACT

BACKGROUND

Sickle cell anaemia (SCD) is a global genetic disease. Potential changes in multiple
biochemical indices are also often a major factor behind the varied clinical
presentation of SCD. Various studies were conducted to establish the relation
between SCD associated manifestations with biochemical imbalance in sickle cell
patients but still picture is opaque. In the present study we tried to enhance the data
for better understanding of role of biochemical indices in SCD.

METHODS

The present independent case control study was done in the Department of
Biochemistry, Chhattisgarh Institute of Medical Sciences, Bilaspur. It comprised of
two different groups consisting 80 sickle cell patients with hyper haemolytic crisis,
including 80 age and sex matched control subject. In the present study we measured
various biochemical indices including ALT, AST, ALP, GGT, total protein, albumin,
bilirubin (total, direct & indirect), urea & creatinine. Statistical analysis was done by
using t test.

RESULTS

We found statistically significant differences in mean level of ALT (20.66 + 5.31,
151.78 * 30.36, < 0.001), AST (21.56 + 5.12, 65.76 + 5.1, < 0.001), ALP (77.00 *
16.36, 365.72 + 8.3, < 0.001), GGT (23.00 * 6.67, 168.00 + 4.39, < 0.001), total
protein (7.00 = 0.35, 8.43 + 0.39, < 0.001), albumin (4.00 * 0.24, 3.85 + 0.35, < 0.05),
T. Bilirubin (1.19 # 0.17, 18.95 % 3.69, < 0.001), D. Bilirubin (0.59 £ 0.15, 8.81 + 1.89,
< 0.001), I. Bilirubin (0.49 * 0.20, 10.14 + 2.54, < 0.001) when compared with
control. Renal indices like urea (30.82 * 4.75, 28.43 + 9.33, > 0.05), and creatinine
(0.98 £ 0.18, 0.95 + 0.27, > 0.05) have no significant differences.

CONCLUSIONS

In the present study we observed interrelation of various biochemical indices with
hyper haemolytic crisis. Further studies are required to strengthen the above
observations.
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BACKGROUND

Sickle cell is the most common single gene mutation disease
worldwide mainly present in Africa, Mediterranean countries,
Middle East and parts of South American countries and
India.! SCD is still a challenging task for the doctors and
scientists of the world. Treatment of the disease is available
on the basis of symptoms, but it is also not effective in many
circumstances. If we look about the history of sickle cell, we
find that it was first described by Chicago based physician Dr.
Herrick in the year 1910.2 Since then various information are
available regarding SCD.

In SCD, mainly four crises’ conditions are found.345 Vaso-
occlusive crisis is the most common clinical manifestation
with varying frequency in different individuals mainly due to
tissue hypoxia leading to tissue death and accompanying
pain.6

Aplastic crisis in sickle cell anaemia is another crisis,

resulting in an acute, sever drop in haemoglobin levels and
usually associated with infections.” Sequestration crisis is
characterized by sudden, massive pooling of red cells,
especially in the spleen, which may result in hypovolemic
shock and cardiovascular collapse.8 Haemolysis of red blood
cells mainly occurs in haemolytic crisis. Hyper haemolytic
crises, in SCD, are more common in places where there is a
history of frequent malaria infection.?
The clinical spectrum of SCD ranges from mild to severe liver
function alteration. SCD includes multiple organ dysfunctions
especially liver ranges from mild to severe alterations. In SCD
bone deformities are commonly seen but the pathogenesis is
still unclear. Persons with homozygous or heterozygous
sickle cell conditions may have various renal abnormalities.10
In the present study we tried to enhance the data for better
understanding of role of biochemical indices in SCD.

METHODS

The present independent case control study was carried out
in the Department of Biochemistry, Chhattisgarh Institute of
Medical Sciences, Bilaspur, CG. Ethical clearance from
Institutional Ethics Committee was taken prior to the start of
study. As per institutional guidelines informed consent were
taken from all the participants.

Consent was obtained from guardian if the participant is
minor. The study includes 80 subjects with homozygous
sickle cell patients (HbSS) and 80 age matched healthy
controls (HbAA). The sample size for case and control were
determined by using EPI Info software. Hyper haemolytic
crisis was defined on the basis of significant changes in
haemoglobin concentration, hyper bilirubinaemia,
reticulocytosis, polychromasia, and increased urobilinogen.
SCD patients who were confirmed electrophoretically, aged
between 2 to 20 years of both genders were included in
study.

Patients with any other crises, having history of blood
transfusion within three months, steroidal or anti-
inflammatory drug therapy, paediatric patients with
hypersplenism were excluded. A blood sample was taken as
per standard protocol and immediately processed to separate
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the serum. All biochemical indices investigations were done
by fully automatic biochemical analyser.

Statistical Analysis

All numerical values were entered in Microsoft Excel 2000.
Data analysis were performed by SPSS software 22.0.
Continuous data were summarized as mean+/-SD (standard
deviation). All tests were applied after ascertaining normality
by Shapiro-Wilk test after that independent sample t test was
used for comparison between case and control with respect
to all parameters. A two tailed P value less than 0.05(P<0.05)
was considered statistically significant.

RESULTS

S1. No. Parameters Control  Haemolytic Crisis P

Meanz+ SD Mean * SD Value
1. ALT (IU/L) 20.66 £ 5.31 151.78 £ 30.36 <0.001
2. AST (IU/L) 21.56 +5.12 65.76 +5.1 <0.001
3. ALP (IU/L) 77.00 + 16.36 365.72 + 8.3 <0.001
4. GGT (IU/L) 23.00 + 6.67 168.00 + 4.39 <0.001
5. Total protein (g/dl) 7.00 + 0.35 8.43+0.39 <0.001
6. Albumin (g/dl) 4.00+0.24 3.85+0.35 <0.05
7. Total bilirubin (mg/dl) 1.19+0.17 18.95 + 3.69 <0.001
8.  Directbilirubin (mg/dl) 0.59 £ 0.15 8.81 £ 1.89 <0.001
9. Indirect bilirubin (mg/dl)  0.49 + 0.20 10.14 + 2.54 <0.001
10. Urea (mg/dl) 30.82 + 4.75 28.43 +9.33 >0.05
11. Creatinine (mg/dl) 0.98+0.18 0.95 +0.27 >0.05

Table 1. Comparison between Study Groups I (Control Group)

& II (SCD with Haemolytic Crisis)

In the present study we assessed the liver function by
measuring various biochemical indices like ALT, AST, ALP,
GGT, total protein, albumin, bilirubin and renal function by
measuring urea and creatinine. Values were expressed in
mean * SD. We found significant differences in all parameters
except urea and creatinine when compared to hyper
haemolytic crises group to age and sex matched normal
control group. In case of albumin, we found less significant
status during comparison of both the groups.

DISCUSSION

The presentation of haemolytic anaemia in SCD is one of the
most important and noticeable condition among all the
haemoglobinopathies. In SCD, ischemic tissue injury is found
mainly due to vaso-occlusion and susceptibility to infections
in patients.!! Only few effective therapeutics are available to
treat the various clinical conditions of SCD. Haemoglobin is
one of the important protein present in RBC. It consists of
four globin chain. Each chain is folded around the iron
containing heme molecule. Haemoglobin is involved in the
transportation of oxygen and CO2. In adulthood the
predominant haemoglobin in HbA (#97%) which consists of
two o and two [ globin chains (a2f2). At the time of
intrauterine development, various globin chains like a, §3,y, 6,
g, are synthesized.12 A single point mutation in the 6t codon
leads to substitution of glutamic acid for valine, which results
in an abnormal globin: s. This results in the formation of
sickle haemoglobin (HbS). During deoxygenation (3s interact
with another adjacent s via hydrophobic interactions. This
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results in polymerization of s chain ultimately leads to
crescent shaped RBC.13 The clinical manifestation of sickle
cell anaemia in India are less severe than in other countries
like Africa and Jamaica.1* The clinical features of SCD varies
according to the degree of severity of effect on liver which
can lead to hyperbilirubinemia, liver failure and clinical
crises!0. The factors like ischemia, iron overload, gallstones
and viral hepatitis due to transfusion required in the
management of SCD are the aetiological factors responsible
for the liver disease.15

Aspartate  aminotransferase  (AST) and alanine
aminotransferase (ALT) are the enzymes which are released
by liver in abnormal conditions. In SCD related haemolysis
AST and ALT level is also raised. The current study found the
levels of AST and ALT to be higher in individual with
haemolytic crisis in comparison to the control group (ALT
p<0.001, AST p < 0.001). This is in concurrence with the
study by Johnson et al.16 and Nsiah K!7 who have reported
marked increase of AST and ALT in sickle cell hepatopathy
associated with sickle cell crises in SCD. The comparison of
ALP level in the hyper haemolytic group with the control
group also showed high significance (p<0.001) in the present
study. There was a significant increase in the serum levels of
ALP, AST and GGT in individuals with sickle cell anaemia with
persistent hepatomegaly when compared with those
individuals without hepatomegaly (p < 0.05, p < 0.05 and p <
0.01 respectively) in a study by Oparinde DP et al. (2006).18
The SCA individuals with persistent hepatomegaly also had
significantly higher final aggregate severity scores and all the
index scores. GGT was the only hepatic enzyme that showed
positive and highly significant correlation with the clinical
severity (r = 0.46, P < 0.05).18 The study by Yahaya et al.19
reported that alkaline phosphatase, alanine aminotransferase
and aspartate aminotransferase were significantly higher
(P<0.05) whereas total protein and albumin did not show any
significant change in the HbSS subjects when compared with
the control subjects. The study by Ojuwa et al.2® which
included 30 children with sickle cell anaemia also found that
the levels of alanine aminotransferase, alkaline phosphatase
and bilirubin was significantly higher (p < 0.005) while the
levels of total protein and albumin showed no significant
difference in the subjects during haemolytic crises and after
recovery. The level of total protein and albumin in our study
was higher than the normal reference range which was
statistically significant when hyper haemolytic group was
compared with the control group of subjects and therefore, in
concurrence with the findings of the above study.

Buchanan et al.2! in their study including 6 children with
minimal or no symptoms reported only mild elevation in ALT
levels with hyperbilirubinemia (up to 57 mg/ dl) which was
predominantly conjugated bilirubin in most subjects. Ebert
EC et al22 also reported an elevation of unconjugated
bilirubin and mentioned that the excessive haemolysis of RBC
in the subjects with haemolytic crisis has resulted in the
higher level of serum bilirubin. The current study has found
significant mean difference in serum bilirubin concentration
when the group of subjects with haemolytic crises was
compared with controls (p < 0.001).

In SCD bone deformities are commonly seen but the
pathogenesis is still unclear.19.23 The severity of bone damage
is represented by level of alkaline phosphate and same can be
used as a prognosis marker in management of sickle cell
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related bone disease.2425 Vit D deficiency, low bone mineral
density, osteoporosis and osteomalacia are normally present
in SCD patients. Increased level of ALP in sickle cell patients
may be due to bone destruction, delayed bone growth and
bone-associated vaso-occlusive crisis instead of liver
pathology.2¢é The extent and severity of bone damage is
represented by increased level of ALP and it can be used as a
good marker to assess bone damage as well as prognosis
during the management of SCD; In our study we also
observed the increased level of ALP in the patients with
haemolytic crisis. There was high statistical significance in
comparison between both the groups (P <0.001). This finding
is consistent with Isichei UP27 and Brody ]I et al.28 who have
studied the status of ALP in SCD patients and reported bone
ALP as a principal but not sole parameter increased during
presence of clinical symptom related to bone in SCD. They
also reported increased ALP level in asymptomatic subjects.
GGT may be used as another important enzyme to assess the
liver function in SCD. Oparinde DP et al. reported significant
positive correlation (r =0.46, P<0.05) between GGT and
severity among the hepatic enzymes in sickle cell patients. In
the present study, we have also observed raised level of GGT
in Group II (haemolytic crisis) and found it to be statistically
significant when compared with normal group. The above
observations suggest that ALP and GGT levels can be used as
an indicator in SCD to assess the frequency, degree and
persistence of tissue injury.27.28

Persons with homozygous or heterozygous sickle cell
conditions may have various renal abnormalities.10.29.30
Marouf R et al.30 Al Naama LM et al.3! have reported low urea
and creatinine in subjects with SCD. In the present study, we
found low levels of blood urea (28.43 * 9.33, p > 0.05) in
haemolytic crisis subjects when compared with the control
group subjects whereas the creatinine level was not
statistically significant (0.95 = 0.27, p > 0.05) in comparison
among the groups. Therefore, it can be concluded that renal
insufficiency is uncommon in SCD subjects in India.

CONCLUSIONS

In the present study we observed correlation of various
biochemical indices associated with liver and its
pathophysiology with hyper haemolytic crisis. Although we
did not find any correlation between renal parameters and
haemolytic crises associated with SCD. ALP and GGT can be
used to assess tissue injury in SCD associated haemolytic
crises, although further studies are required to confirm the
above observations.
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full text of this article at jemds.com.
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