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ABSTRACT 
 

Various haematological and antioxidant parameters have aberrant values as diabetic problems 
worsen, and the toxic side effects of some medications used to treat diabetes have also contributed 
to the abnormal values of these parameters. Natural remedies derived from plants are frequently 
praised for being accessible, inexpensive, and safe compared to allopathic medications. This study 
evaluated the efficacy of 80% of methanol leaf extract of Averrhoa carambola (MEAC) in alloxan 
diabetic rats. Thirty female albino rats were allotted into six groups. Group 1 (Normal control), group 
2 (Negative control), group 3 (Positive/Glibenclamide), group 4 (animals treated with 100 mg/kg of 
MEAC extract), group 5 (animals treated with 200 mg/kg of MEAC extract), group 6 (animals 
treated with 400 mg/kg of MEAC extract) respectively for 28 days. After treatments, antioxidant and 
haematological parameters were determined. This study showed no significant difference in the 
activity of Glutathione (GSH) between the diabetic and normal control animals. Treatment of the 
animals with MEAC also did not affect their GSH enzymes. The diabetic control animals exhibited a 
significantly (p <0.05) reduced catalase (CAT) enzyme activity compared to the normal control 
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animals. Treatment of the diabetic control animals with MEAC at all doses increased catalase 
activity to levels significantly higher than the normal control animals and the diabetic animals. 
Malondialdehyde (MDA) was significantly (p < 0.05) elevated in the diabetic control animals 
compared to the normal rats. Treatment with MEAC exhibited a significant dose-dependent 
decrease in MDA level compared to the diabetic control animals. Total White Blood Cells (TWBC), 
Hemoglobin (Hb), Red Blood Cells (RBC), and Packed Cell Volume (PCV) showed a significant (P< 
0.05) reduction in the diabetic animals. Treatment with MEAC extracts significantly (P< 0.05) 
improves the levels of these indices in diabetic animals. The findings imply that Averrhoa 
carambola leaf extracts are risk-free, effective at treating some biochemical and haematological 
abnormalities linked to diabetes mellitus and hence might be suggested as a supplement to dietary 
therapy. 
 

 
Keywords: Alloxan monohydrate; Averrhoa carambola; diabetes; glibenclamide; hematology; oxidative 

stress. 
 

1. INTRODUCTION 
 
“Diabetes Mellitus (DM) has been classified as a 
metabolic disorder characterized by an elevated 
blood glucose level (hyperglycemia), which may 
be due to a lack of insulin or a drastic decrease 
in insulin effectiveness. Among the symptoms 
are hyperglycemia-related fatigue, weight gain, 
polyphagia, and polyuria” [1]. According to the 
World Health Organization, there will be 150% 
more individuals with diabetes in the next 25 
years, and a greater percentage of those 
affected will be children and young adults [2]. 
“The chance of acquiring both short-term and 
long-term problems from diabetes is increased 
by hyperglycemia. Cardiovascular disease (CVD), 
nephropathy, retinopathy, and neuropathy are 
the most prevalent long-term consequences of 
diabetes” [3,4]. “Adult blindness, non-traumatic 
lower limb amputation, and end-stage renal 
failure are all most commonly caused by 
diabetes” [5]. “Cells in healthy people use oxygen 
to make energy, but the process also creates 
free radicals, which are harmful byproducts that 
harm DNA and proteins. The body naturally 
creates antioxidants to scavenge those free 
radicals and lessen oxidative tissue damage. A 
system of defenses, including antioxidant 
enzymes (SOD, catalase, glutathione 
peroxidase), small molecules with scavenging 
capabilities, such as antioxidant vitamins (A, C, 
and E), reduces or prevents oxidative damage” 
[6]. 
 
“Oxidative stress is a pathological situation that 
results from an imbalance between the 
elimination and production of free radicals. It is 
noteworthy that oxidative damage, which builds 
up throughout a person's life and has been linked 
to ageing and age-related diseases like cancer, 
heart disease, and neurodegenerative disorders, 

among others, can be caused if the production of 
free radicals exceeds the antioxidants' protective 
effects” [6]. “It has been shown that long-term 
diabetes alters the equilibrium between the 
generation of reactive oxygen species and the 
overall antioxidant state” [7]. However, additional 
work has to be done on the status of each 
antioxidant enzyme in diabetes, particularly in the 
early stages of the disease. 
 
“Averrhoa carambola, also known as Star fruit in 
Asia, or kpakpando mkpuru in Igbo, is a member 
of the Oxalidaceae family. It is an old plant with 
many uses and contains secondary metabolites 
with various biological activities” [8]. A. 
carambola has been identified to have parts that 
can be used medicinally. It has been suggested 
that a carambola leaf decoction can be used to 
treat diabetes [9]. A. carambola's stems have 
been demonstrated to have selective action 
against brain tumour cells, but the leaves have 
been proven to have activity against liver cancer 
cells [10]. The guinea pig's atrial inotropic is 
suppressed by the aqueous leaf extract of A. 
carambola [11]. The anti-inflammatory [12], 
analgesic [13], hypoglycemic [14], anthelmintic 
[15], anti-ulcer [16], hypotensive [17], antioxidant 
[18], hypercholesterolaemia and hypolipidemic, 
[15], antimicrobial [12], and antitumor [10] 
“properties of A. carambola plant parts have also 
been highlighted in a number of studies. 
Significant phytochemicals include tannins, 
saponins, alkaloids, and flavonoids have also 
been reported in A. carambola plant parts” [19]. 
 
This study was set up to evaluate the potency of 
the leaf extract on induced diabetic rats. 
Specifically, the study sort: to determine the 
effect of the leaf extract on the glucose level of 
the diabetic rats, determine the changes in 
haematological parameters (PVC, RBC, and 
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WBC) in induced diabetic rats, and investigate 
the effect of the extract on the antioxidant 
parameters (CAT, GSH, MDA) in the 
experimental rats. This work is important 
because biochemical and haematological 
changes are major observable clinical and 
pathological features common with diabetes.  
 

2. MATERIALS AND METHODS 
 

2.1 Chemical and Reagents 
 
Alloxan monohydrate (Sigma Aldrich Chemicals, 
USA) induced diabetes. All other chemicals and 
reagents used were of analytical grades and 
products 
 

2.2 Plant Materials  
 

Star fruit (Averrhoa carambola) fresh leaves were 
plucked from a healthy tree at Lodu Ndume 
Ahiaeke in Umuahia North Local Government of 
Abia State. The plant was authenticated by a 
Taxonomist (Dr Ibe K. Ndukwe) from the forestry 
department, College of Natural Resources and 
Environment Management (CNREM), Michael 
Okpara University of Agriculture Umudike 
(Specimen voucher number = IHF 25162). The 
leaves were washed and dried at room 
temperature; it was weighed and milled into 
powdered form 250g. The powdered leaves were 
soaked in methanol and distilled water in the 
ratio of 80:20 respectively and left to stand for 3 
days with occasional shaking. This was filtered 
using Whatman No.1 filter paper, and the filtrate 
was subsequently evaporated to obtain the dry 
matter; a rotary evaporator was used under 
reduced pressure at 40ºC. 
 

2.3 Experimental Animals 
 

Thirty (30) healthy female albino rats weighing 
95-125g procured from the College of Veterinary 
Medicine, Michael Okpara University of 
Agriculture, Umudike, Abia State, were used for 

the study. The animals, on arrival, were weighed 
to obtain initial weight and were acclimatized for 
14 days in the animal house of the Biochemistry 
Department, College of Natural Sciences, 
Michael Okpara University of Agriculture, 
Umudike; The animals were allowed access to 
standard food and water till the end of the 
research which lasted for 28 days.  
 

2.4 Experimental Design and Animal 
Grouping 

 

Rats were divided into six groups of six rats 
each: Group 1 (Normal control), group 2 
(Negative control), group 3 (Positive/ 
Glibenclamide), group 4 (animals treated with 
100mg/kg of MEAC extract), group 5 (animals 
treated with 200mg/kg of MEAC extract), group 6 
(animals treated with 400mg/kg of MEAC extract) 
respectively.  
 

2.5 Sacrifice and Sample Collection 
 
After the experiment, Blood samples were 
collected through cardiac puncture under 
anaesthesia into an EDTA bottle. Pooled blood 
sample (1 ml per rat, 9 ml per treatment) was 
used for biochemical analysis. 
 

2.6 Determination of Biochemical 
Parameters  

 
The plasma samples were used for the 
determination of Malondialdehyde (MDA) [20] as 
the lipid peroxidation indicator, Catalase (CAT) 
[21], and Glutathione (GSH) as the antioxidant 
enzymes. 
 

2.7 Determination of Haematological 
Parameters 

 
Haematological parameters were analyzed using 
a haematology analyzer (Mindray Auto 
Hematology Analyzer, BC-5200, USA.) following

 
Table 1. Treatment details 

 

Group  Treatment 

1 Normal Control Feed + H2O ad libitum 
2 Negative (Untreated) control  Alloxan + feed+ H2O ad libitum 
3 Positive control (2 mg/kg bw) Alloxan + standard drug (Glibenclamide) +feed+ H2O 
4 Diabetic-treated rats (100 mg/kg of 

MEAC extract) 
Alloxan + 100ml/kg extract of MEAC + feed+ H2O ad 
libitum 

5 Diabetic-treated rats (200 mg/kg of 
MEAC extract) 

Alloxan + 200ml/kg extract of MEAC + feed+ H2O ad 
libitum 

6 Diabetic-treated rats (400 mg/kg of 
MEAC extract) 

Alloxan + 400ml/kg extract of MEAC + feed+ H2O ad 
libitum 
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the methods of Chhabra [22]. The parameters 
assayed were as follows: white blood cell count 
(WBC), red blood cell count (RBC), haemoglobin 
(Hb), and packed cell volume (PCV). 
 

2.8 Statistical Analysis 
 

Statistical data analysis was carried out with 
SPSS version 22.0 using One Way Analysis of 
variance (ANOVA). The statistical analysis data 
were reported as Mean ± standard deviation 
(SD). Significant difference using Tukey's Post 
Hoc test was accepted at 95% confidence level 
of probability, i.e., if p<0.05. 
 

3. RESULTS 
 

The result of antioxidant markers in healthy and 
alloxan-induced diabetic animals is presented in 

Table 2. There was no significant difference in 
the activity of GSH between the diabetic animals 
and normal control animals. Treatment of the 
animals with MEAC also did not affect their GSH 
enzymes. The diabetic control animals exhibited 
a significantly (p <0.05) reduced catalase 
enzyme activity compared to the normal control 
animals. Treatment of the diabetic control 
animals with MEAC at all doses increased 
catalase activity to levels significantly higher than 
the normal control animals and the diabetic 
animals. The oxidative stress marker, MDA, was 
significantly (p < 0.05) elevated in the                    
diabetic control animals compared to the normal 
rats. The diabetic animals treated with MEAC 
exhibited a significant dose-dependent decrease 
in MDA level compared to the diabetic control 
animals. 

 
Table 2. Comparison of Antioxidant levels treated with Star fruit (Averrhoa carambola) at 

different doses 
 

Group Treatment GSH (µ/L) MDA (mmol/l)  CAT (µ/L) 

1 Normal Control 45.04 ± 0.20 0.44 ± 0.31 10.45 ± 1.05 
2 Negative (Untreated) control  40.08 ± 0.21 12.66 ± 4.03 8.25 ± 0.03 
3 Positive control (2 mg/kg bw) 43.04± 0.11 0.83± 0.45* 10.62 ± 0.15 
4 Diabetic treated rats (100 mg/kg of 

MEAC extract) 
45.07 ± 0.02 0.70± 0.13* 11.22± 0.52* 

5 Diabetic treated rats (200 mg/kg of 
MEAC extract) 

44.04± 0.21 0.73± 0.12* 11.08± 0.04* 

6 Diabetic treated rats (400 mg/kg of 
MEAC extract) 

44.06± 0.01 0.71± 0.74* 11.01± 0.21* 

Values are expressed as mean ± SD (n = 6). *p<0.05 when compared with the negative control Abbreviation: 
GSH: Glutathione; MDA: Malondialdehyde; CAT: Catalase; MEAC: Methanol Extract of Averrhoa carambola 

 
Table 3. Effect of Haematological indices of alloxan-induced diabetic albino rats treated with 

methanol extract of Star-fruit (Averrhoa Carambola) leaves 
 

Groups Treatment RBC (g/dl) TWBC (g/dl) Hb (g/dl) PCV (g/dl) 

1 Normal Control 154.15 ± 0.10 70.15 ± 2.10 11.54 ± 3.05 50.15 ± 1.05 
2 Negative (Untreated) 

control  
126.12 ± 0.40 33.60 ± 3.30 7.73 ± 0.22 30.18 ± 2.24 

3 Positive control  
(2 mg/kg bw) 

157.10 ± 0.14* 65.05 ± 4.03* 11.64 ± 1.42* 54.16 ± 4.31* 

4 Diabetic treated rats 
(100 mg/kg of MEAC 
extract) 

160.16 ± 1.14* 70.64 ± 1.40* 12.15 ± 1.43* 55.26 ± 1.43* 

5 Diabetic treated rats 
(200 mg/kg of MEAC 
extract) 

169.20 ± 5.06* 79.18 ± 1.05* 13.41 ± 2.31* 56.10 ± 2.19* 

6 Diabetic treated rats 
(400 mg/kg of MEAC 
extract) 

174.23±3.11* 83.05±0.14* 14.52±0,25* 57.31±0.26* 

Values are expressed as mean ± SD (n = 6). *p<0.05 when compared with the negative control 
Abbreviation: TWBC: Total White Blood Cells; Hb: Hemoglobin; RBC: Red Blood Cells; PCV: Packed Cell 

Volume; MEAC: Methanol Extract of Averrhoa carambola 
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The effect of MEAC extract on haematological 
indices of healthy and diabetic animals is 
presented in Table 3. Our findings showed a 
significant (P< 0.05) reduction in TWBC, HB, 
RBC and PCV in the diabetic animals. Treatment 
with MEAC extracts significantly (P< 0.05) 
improves the levels of these indices in diabetic 
animals.  
 

4. DISCUSSION 
 
In the pathophysiology of diabetes mellitus, 
hyperglycemia produces reactive oxidants 
through several mechanisms, including the polyol 
pathway and the auto-oxidation of glucose. This 
impairs insulin secretion and glucose uptake [23]. 
In diabetes situations, antioxidant indicators are 
also decreased, which increases oxidative stress 
[24]. “In this study, an increase in the production 
of reactive oxygen species is responsible for the 
elevated levels of MDA, a secondary marker of 
lipid peroxidation, in diabetic rats (ROS). Lipid 
breakdown and the harmful clinical symptoms 
connected to diabetes mellitus can result from 
excessive lipid peroxidation” [25]. The ability of 
the formulation to suppress lipid peroxidation is 
suggested by the fact that treating diabetic rats 
with MEAC extracts corrected the MDA levels. 
The body's fight against ROS depends heavily 
on antioxidant enzymes. Glutathione (GSH) 
catalyzes the reduction of H2O2 by oxidizing to 
GSSG. Superoxide dismutase (SOD) is involved 
in scavenging superoxide anions and converting 
them to less reactive molecules. After that, a 
catalase enzyme detoxifies H2O2, turning it into 
water and oxygen, and a reductase enzyme 
regenerates GSH. When given to diabetic 
animals, alloxan decreased the activity of several 
enzymes. The fact that GSH reduces the 
oxidative stress associated with diabetes may 
account for the drop in GSH levels in diabetic 
rats. MEAC extracts reversed the changes in 
GSH and CAT by raising their concentrations in 
the diabetic rats. This suggests that MEAC 
extracts can scavenge and can inhibit oxidative 
stress.  
 
Erythrocytes have been shown to significantly 
deliver oxygen to body tissues throughout 
systemic circulation [26]. Hyperglycemia in 
diabetes mellitus has been demonstrated to 
impair the deformability of red blood cells, which 
are otherwise deformed without rupturing as they 
withstand continuous flow conditions through 
narrow capillaries. This impairment results from 
the generation of reactive oxygen species 
observed in diabetes mellitus. This follows the 

finding of this study that showed a significant 
reduction in TWBC, HB, RBC, and PCV in the 
diabetic animals. The decrease in WBC, Hb, 
RBC and PCV values observed after 
administration of alloxan may be due to abnormal 
haemoglobin synthesis, failure in blood 
osmoregulation and plasma osmolarity [27]. “The 
level of RBCs and their related indices were 
appreciably improved as the extract was given. 
This gives credence to the ability of the leaf 
extract to stimulate the formation/secretion of 
erythropoietin, which triggers stem cells in the 
bone marrow to produce red blood cells” [28]. 
 
In the same way, WBC, Hb, PCV, and RBC 
significantly increased (p<0.05) in all MEAC 
extracts treated groups compared with the 
untreated diabetic and the positive control rats. 
Various haematological indices and the immune 
system have been altered during diabetes [29]. 
Ajagbonna et al. [30] reported the alteration of 
normal haematological and biochemical values of 
rats treated with extract of Calotropis procera W. 
T. Aiton (Gentianales: Apocynaceae). 
 

5. CONCLUSION AND RECOMMENDA-
TION 

 
The administration of MEAC extracts has been 
found to have antioxidant activities at 100, 200 
and 400 mg/Kg-1 body weight doses. In this 
study, the reversal of the impact of diabetes on 
the haematological and several biochemical 
parameters was linked to the antioxidant 
capabilities that might be related to the high 
density of phytonutrients. Therefore, it can be 
concluded that MEAC extracts are safe and 
effective at normalizing the haematological 
abnormalities linked to diabetes mellitus. As a 
result, they may be suggested as a supplement 
to dietary therapy for diabetes. It is highly 
advised to characterize the solvent fraction to 
identify the bioactive chemical or component 
responsible for this activity. 
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