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ABSTRACT 
 
Background: Carica papaya is commonly used in the treatment of various diseases like 
constipation, piles, hypertension and malaria. The ameliorative effect of Carica papaya on alloxan-
induced diabetic rats has been suggested by several studies.  
Aim: The present study aims to investigate the effect of methanolic extract of unripe Carica papaya 
pulp on the lipid profile and liver biomarkers of a diabetic rat.  
Materials and Methods: After acclimatization, thirty-two (32) animals were randomly classified into 
8 groups (4 rats per group). The different test (extract) groups received in addition to normal diet ad 
libitum, dosages of 200, 400, 600 and 1000 mg/kg/day of the Carica papaya extract. The normal 
and negative control groups received a normal diet, while the positive control was given oral 
treatment with 6 mg/65 kg/day of glibenclamide as well as the normal diet. After 28 successive days 
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of treatment, all the experimental rats were sacrificed by ocular puncture and the serum used in the 
evaluation of body lipids, liver function parameters and biochemical indexes.  
Results: The administration of the unripe Carica papaya extract resulted in a dose-dependent and 
significant decrease (p<0.05) in serum albumin, aspartate aminotransferase (AST), total protein, 
and in alanine aminotransferase (ALT) level.  There was, however, a significant increase in High-
density lipoprotein (HDL) level for 400-1000 mg/kg extract groups. The result also showed a 
reduced cholesterol level at an extract dose of 1000 mg/kg/day.  
Conclusion: The ameliorative properties of the unripe pulp of Carica Papayaon biochemical 
parameters of a diabetic rat, as shown from the result could be indicative that unripe Carica papaya 
can be valuable in the management of diabetes mellitus and other complications that may arise.  
 

 
Keywords: Alloxan; Carica papaya; glibenclamide; liver function; hyperlipidemia; bilirubin. 
 

1. INTRODUCTION 
 
Diabetes mellitus is a well-known metabolic 
disease that has proven to be a serious 
challenge in the 21st century. It affects protein, 
lipid and carbohydrate metabolism which are 
essential biochemical pathways of the body. The 
prevalence of diabetes is rising globally, mostly 
in Africa [1]. It is characterized by a deficiency in 
insulin secretion or insulin action or both [2]. The 
diabetic state may result in the development of 
further metabolic disturbances and complications 
among which are dyslipidemia, hepatomegaly, 
liver enzyme abnormalities, weight loss, renal 
disease, and coma [3].  Liver diseases noticed in 
diabetic patients may be due to excess glycogen 
in the hepatic tissue, accumulated from an 
impaired glycogen synthesis. Patients showing 
only excessive glycogen deposition may suffer 
from hepatomegaly and liver enzyme 
abnormalities which can be improved with 
sustained glucose control [4]. Alloxan induces 
diabetes mellitus by the destruction of the beta-
cells of the pancreas which produces insulin 
thereby causing cell necrosis [5]. There are so 
many therapeutic strategies that are being used 
to treat diabetes, much of which are modern 
therapies. But since the cost of modern therapies 
are enormous on the economy of developing 
countries and has not successfully controlled the 
pathophysiology of the disorder, other strategies 
are therefore needed. This trend has prompted 
an analysis of current dietary and lifestyle 
behaviors, even to functional foods and 
nutraceuticals [6]. Because of the poor 
accessibility of health facilities to rural people, 
especially in developing countries, traditional 
management of this disease by the use of 
medicinal plants could potentially be used [7]. 
Also, because of the cost of conventional drugs, 
herbal remedies now represent the first line of 
treatment available to a large population of the 
world [8]. Different studies have shown Carica 

papaya to contain different phytochemicals that 
have different pharmacological properties, 
enabling Carica papaya to be used in traditional 
treatment of several ailments including malaria, 
hypertension, piles and yaws [9]. The antidiabetic 
potential of its seeds and aqueous extract of its 
leaves [10,11] and its hypolipidaemic properties 
[12] have been reported. Some of the reported 
phytochemicals are alkaloids, carpain, nicotine, 
flavonols, tannins, terpinenes, saponins,          
cardiac glycosides, anthraquinones, phlobatinins, 
anthocyanosides and phenols [9,13]. The 
quantity of these chemicals depends on the 
solvent used for extraction. There, however, is a 
dearth of the report on the effect of methanolic 
extract of Carica papaya on these parameters. 
Hence, this study is evaluating the antidiabetic 
properties of methanol extract of the unripe pulp 
of Carica papaya on rats induced with diabetes 
mellitus.  
 

2. MATERIALS AND METHODS  
 

2.1 Plant Material and the Methanol 
Extraction Method 

 
Unripe fruits of Carica papaya (pawpaw) were 
collected from Umudike in Ikwuano Local 
Government Area of Abia State, Nigeria. The 
unripe fruits were washed and pilled and the pulp 
was chopped into pieces and weighed. Then it 
was ground using an electric grinder. It was 
subsequently soaked in methanol, and allowed to 
stand overnight and sieved, after which rotary 
evaporator was used to evaporate the methanol.  
 

2.2 Animals and Induction of 
Experimental Diabetes  

 

40 Wistar rats weighing 110-115 g were used for 
this study. The experimental animals were kept 
in the laboratory to acclimatize for two weeks, 
under standard conditions with free access to 
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food and water throughout the experiment. After 
acclimatization, 32 rats were selected for further 
study. These animals were tested diabetic using 
a fasting blood sugar method and were now 
selected and prepared for further studies. The 
rats were induced with diabetes by 
intraperitoneal injection of 120mg/kg of alloxan 
monohydrate dissolved in distilled water after 
fasting.  
 

2.3 Treatment  
 
The animals were distributed into 8 groups with 4 
rats per group. All groups were fed with normal 
feed and distilled water ad libitum, Groups 2-8 
were induced with diabetes. Group 1 and group 2 
are the normal and negative controls respectively.  
Group 3 (positive control) was given daily oral 
treatment with 6 mg/65 kg/day of glibenclamide 
(standard drug). Groups 4-8 (treatment groups) 
were given oral treatment of the papaya extract, 
200 mg/kg/day, 400 mg/kg/day, 600 mg/kg/day, 
800 mg/kg/day and 1000 mg/kg/day respectively. 
All treatments lasted 28 consecutive days. 
 

2.4 Blood Collection and Bioassays  
 
The experiment was terminated by the overnight 
fast of the animals with the availability of distilled 
water ad libitum. All rats were sacrificed and the 
blood collected by ocular puncture under 
halothane anesthesia. FBS (Fasting Blood Sugar) 
was determined by the use of One Touch Basic 
Blood Glucose Monitoring System (LifeScan Inc., 
Milpitas, California, U.S.A.). Total plasma 
cholesterol, triglycerides (TG), high-density 
lipoprotein-cholesterol (HDL-c) and low-density 
lipoprotein-cholesterol (LDL-c) concentrations 
were determined through enzymatic assay 
method with the use of the analytical kits 
(Biolabo SA, Maizy, France). TP, albumin and 
globulin were determined using Agepe diagnostic 
test kit while AST and ALT were determined 
using Randox test kit.  
 

3. RESULTS AND OBSERVATIONS 
 

From our observations, the blood sugar 
decreased significantly (p<0.05) and dose-
dependently across treatment groups which were 
all significantly lower than the negative               
control (443.5±1.7). There was a non-significant 
difference between the normal control (72.5±0.6) 
and treatment group 1000 mg/kg (77.0±0.6). 
Serum cholesterol showed a dose-dependent 
significant decrease across treatment groups 
with a non-significant difference between group 

200 mg/kg (4.90±0.12) and negative control 
(4.20±0.06), while normal control (4.17±0.03), 
positive control (4.22±0.01) and group 1000 
mg/kg (4.10±0.01) showed no significant 
difference.  For TAG, the positive control 
(1.13±0.01) along with group 400 mg/kg 
(1.14±0.01) were significantly higher (p<0.05) 
than groups 1000 mg/kg (0.97±0.01), normal 
control (1.01±0.12), 800 mg/kg (1.04±0.07) and 
200 mg/kg (1.06±0.04), while group 600 mg/kg 
(1.18±0.04) and negative control (1.18±0.03) 
were non-significantly different but both 
significantly higher than the rest. Treatment 
groups showed a dose-dependent decrease in 
LDL-C levels without any significant difference 
between normal control (2.27±0.08), positive 
control (2.11±0.05) and group 1000mg/kg 
(2.15±0.01) and between negative control 
(3.58±0.20) and group 200mg/kg (3.53±0.01). 
There was a dose-dependent increase in HDL-C 
across treatment groups. No significant 
difference was noticed between normal control 
(1.70±0.06), positive control (1.88±0.04) and 
group 1000 mg/kg (1.76±0.02) and between 
negative control (1.12±0.14), group 400 
(1.01±0.04) and group 200 mg/kg (1.15±0.13). 
There was a dose-dependent significant (p<0.05) 
decrease in AST levels of the unripe Carica 
papaya extracts as compared to a positive 
control (154.9±1.70) and negative group 
(137.3±1.00). Also, the mean value for AST 
levels for the negative group (137.3±1.00) 
significantly (p<0.05) increased when in 
comparison to the normal control (127.1±1.65). 
Extracts groups of 200 mg/kg (35.0±0.35), 400 
mg/kg (32.1±0.35), 600 mg/kg (42.6±0.05), 800 
mg/kg (39.1±1.25), 1000 mg/kg (40.7±0.90) 
showed a significant (p<0.05) decrease for ALT 
levels in comparison to the negative (43.4±1.75) 
and positive control (3.95± 0.11) groups. The 
mean value of the normal group for total protein 
level (5.67± 0.33) showed significant (p<0.05) 
increase when in comparison to the positive 
group (3.95± 0.11) and to extract groups of 400 
mg/kg (4.91± 0.24), 600 mg/kg (5.00± 0.25), 800 
mg/kg (4.83± 0.24) and 1000 mg/kg (4.97± 0.11). 
Also, the 200 mg/kg (5.89± 0.08) extract group 
significantly (p<0.05) increased when compared 
to other extract groups. The bilirubin levels of the 
extract groups decrease non-significantly 
(p<0.05) when compared to each other and the 
negative (2.00±0.05) and the positive control 
(2.19±0.05). The positive control (2.19±0.05) 
showed a non-significant (p<0.05) increase when 
in comparison to the negative group (2.00±0.05), 
normal group (1.95±0.14) and the various extract 
groups of 200 mg/kg (1.92±0.16), 400 mg/kg 
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(1.87±0.19), 600 mg/kg (1.90±0.18) 800 mg/kg 
(1.79±0.04), 1000 mg/kg (1.79±0.20). The mean 
value of the treatment group 200 mg/kg for 
albumin levels showed a significant (p<0.05) 
increase when the negative group is compared 
(2.98±0.20), normal control (2.96±0.12), positive 

control group (3.16±0.19) and other extracts 
group. The normal (2.96±0.12) group showed a 
non-significant difference (p<0.05) when in 
comparison to the negative (2.98±0.20) and a 
significant difference (p<0.05) when in 
comparison to the positive group.  

 
Table 1. Treatment groups, type and amount of treatment given to the experimental rats 

 
Groups Type of Treatment 
Group 1 - Normal 
Control 

Normal feed and distilled water.  

Group 2- Positive 
Control 

Normal feed, distilled water and 6 mg/65 kg/day of glibenclamide (standard 
drug). 

Group 3 -Negative 
Control 

Normal feed, distilled water and treatment with 120 mg/kg of alloxan 
monohydrate. 

Group 4 – Extract 
Group 1  

Normal feed, distilled water, alloxan monohydrate and 200 mg/kg/day of unripe 
Carica Papaya pulp extract 

Group 5 – Extract 
Group 2 

Normal feed, distilled water, alloxan monohydrate and 400 mg/kg/day of unripe 
Carica Papaya pulp extract 

Group 6 – Extract 
Group 3 

Normal feed, distilled water, alloxan monohydrate and 600 mg/kg/day of unripe 
Carica Papaya pulp extract 

Group 7 – Extract 
Group 4 

Normal feed, distilled water, alloxan monohydrate and 800 mg/kg/day of unripe 
Carica Papaya pulp extract 

Group 8 – Extract 
Group 5 

Normal feed, distilled water, alloxan monohydrate and 1000 mg/kg/day of unripe 
Carica Papaya pulp extract 

 

 
 

Fig. 1. Shows effects of Carica papaya on glucose level of diabetic rats 
Data are expressed as mean ± S.E.M.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC 

test (p < 0.05). NC= Negative Control, PC= Positive Control 
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Fig. 2. Shows effects of Carica papaya on TAG of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test 
(p < 0.05). The result showed no significant difference between the treatment groups. NC= Negative Control,  

PC= Positive Control 
 

 
 

Fig. 3. This figure shows effects of Carica papaya on cholesterol of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test  

(p < 0.05). The result showed significant increase (p<0.05) in treatment 4 (200 mg/kg extract) when compared to 
treatment 2 (alloxan) while no significant difference when compared to treatment 5,6,7 and 8 (400 mg/kg, 600 

mg/kg, 800 mg/kg and 1000 mg/kg respectively) NC= Negative Control, PC= Positive Control 
 

4. DISCUSSION 
  

Diabetes is a common disorder that is associated 
with chronic hyperglycemia, dyslipidemia, 
neuropathy and degenerative vascular changes. 
This has led to an increase in interest in finding 
natural remedies to manage the disease. The 
standard drug used, glibenclamide, belongs to 
the second generation of sulfonylurea, a type of 

oral hypoglycemic agents. Sulfonylureas are 
known to mediate their hypoglycemic effect by 
the stimulation of insulin from the pancreatic ß 
cells, reducing hepatic insulin clearance, 
stimulating the release of somatostatin, 
suppressing glucagon secretion and by 
suppressing hepatic gluconeogenesis [14]. 
Theunripe Carica papaya may be eliciting its 
anti-hyperglycemic properties through a similar 
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mechanism with glibenclamide, namely, 
induction of hyperinsulinemia or by enhancing 
utilization of peripheral glucose. It could also be 
acting by stimulating the regeneration process as 
well as the revitalization of the viable beta cells 
[15]. Diabetes mellitus is known to manifest 
hyperlipidemia which is a result of acceleration in 
de novo hepatic biosynthesis of VLDL (Very Low-
Density Lipoprotein). Since the action of 
lipoprotein lipase is dependent on high insulin: 
glucagon ratio, the increased release of VLDL is 
accompanied by reducing clearance from the 
bloodstream [16]. The dose-dependent decrease 
observed in serum cholesterol may have been 
due to the presence of sterols in Carica papaya 
as reported by Zetina-Esquivel et al. [17]. 
Phytosterols are known to displace cholesterol in 
bile salt thereby competing for intestinal 
absorption and leading to increment in fecal 
excretion of cholesterol. This reduction in the 
serum total cholesterol levels may as well be 
attributed to reduced biosynthesis of cholesterol. 
This can be due to a decrease in fatty acids ß-
oxidation, which leads to a reduction in the 
concentration of acetyl CoA since acetyl CoA is 
the key substrate in the biosynthesis of 
cholesterol [18]. The observed reduction in the 
serum triglyceride level may be attributed to the 
inhibition of lipolysis [19], to depression in 
hepatic gluconeogenesis as with glibenclamide 
or to saponins whose antioxidant activities may 
have interfered with fatty acid oxidation [18]. A 
reduction in the level of total cholesterol is 

normally followed by a concurrent reduction in 
LDL level, hence the observed reduction in LDL 
level is understandable. Liver dysfunctions in 
diabetes mellitus are caused by overworking of 
the liver whose work is to maintain normal 
glucose levels by storing excess glucose as 
glycogen [20]. Since the cells are resistant to 
insulin, the liver gets overworked by producing 
more glucose. Liver dysfunction could also arise 
due to the toxic effect of alloxan on the liver, 
which distorts of the membranes of the 
hepatocyte, thereby leading to enzyme leakage 
[21]. From the study, the levels of AST and ALT 
were greatly reduced in the extract fed groups 
when in comparison to both negative and 
positive control groups. This harmonizes with 
previous works who reported that flavonoids, 
saponin, anthraquinones, alkaloids, tannin, and 
anthacyanosides in medicinal plants like Carica 
papaya possesses hepatoprotective actions [22]. 
This shows that Carica papaya has an 
ameliorative effect on the liver. The catabolism of 
erythrocytes produces bilirubin, which goes 
through the liver for processing before                    
being excreted through stool. An abnormal 
increase in blood bilirubin level is an indication  
of liver damage since it cannot process              
bilirubin properly. The elevated level of serum 
total bilirubin in the negative group confirms 
hepatic lesion [23] indicating the compromised 
capacity of hepatocytes ability to                   
conjugate bilirubin. The reduced bilirubin level in 
the extract groups was maybe unconnected with

 
 

Fig. 4. Effects of Carica papaya on LDL-Cholesterol of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test  
(p < 0.05). The result showed a significant decrease (p<0.05) in 1000 mg/kg extract when compared to alloxan 

treated group while no significant difference was recorded when compared to positive control (PC).  
NC= Negative Control, PC= Positive Control 
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hepatoprotective and membrane stabilization 
potentials of the antioxidants present in Carica 
papaya extract. It has been reported that amino 
acid intake or protein synthesis in the liver is 
suppressed in cases of hepatic disorders [24]. 
Hypoinsulinemia increases protein catabolism 
which may have caused a straight and 
unexpected adverse effect on the synthesis and 
secretion of albumin and globulin. Also, the 

elevated levels of serum total proteins in diabetic 
rats treated with methanol extract of the unripe 
pulp of Carica papaya may be related to the 
recovery of serum insulin levels which agreed 
with results obtained by Sivajothi (2008). Extract 
treatments from the study showed an increase           
of total protein, globulin and albumin                  
which shows the ameliorative action of Carica 
papaya. 

 

 
 

Fig. 5. Effects of Carica papaya on HDL-Cholesterol of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test  
(p < 0.05). The result showed a significant increase (p<0.05) in 1000 mg/kg extract when compared to alloxan 

treated group while no significant difference was recorded when compared to positive control (PC).  
NC= Negative Control, PC= Positive Control 

 

 
 

Fig. 6. Effects of Carica papaya on AST and ALT levels of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test  

(p < 0.05). The result showed a significant decrease (p<0.05) in all the extract-treated groups when compared to 
alloxan and positive control (PC) treated group while no significant difference was recorded between the extract-

treated group. NC= Negative Control, PC= Positive Control 
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Table 2. This shows the mean and standard error of the mean of the lipid profile and liver function parameters of all groups of the research project 
 

Treatment (mg/kg) NC Alloxan PC 200 mg/kg 400 mg/kg 600 mg/kg 800 mg/kg 1000 mg/kg 
Glu (mg/dL) 72.5±0.6 443.5±1.7 66.5±1.2 187.5±2.9 164.0±2.3 103.5±2.0 92.0±2.3 77.0±0.6a 
Chol (mmol/L) 4.17±0.03 4.20±0.06 4.22±0.01

a
 4.90±0.12

b
 4.67±0.01 4.78±0.03

b
 4.60±0.01 4.10±0.01

a
 

TAG (mmol/dL) 1.01±0.12
a
 1.18±0.03 1.13±0.01 1.06±0.04

a
 1.14±0.01

b
 1.18±0.04

b
 1.04±0.07

a
 0.97±0.01

a
 

LDL-C(mmol/dL) 2.27±0.08 3.58±0.20 2.11±0.05a 3.53±0.01b 3.44±0.03b 3.21±0.08 2.90±0.08 2.15±0.01a 
HDL-C(mmol/dL) 1.70±0.06 1.12±0.14 1.88±0.04

a
 1.15±0.13

b
 1.01±0.04

b
 1.33±0.06

b
 1.49±0.10

a
 1.76±0.02

a
 

AST (IU/L) 127.1±1.65 137.3±1.00 154.9±1.70 127.2±2.50a 127.9±0.55a 119.5±0.80 118.1±3.50 116.5±1.85 
ALT (IU/L) 46.4±0.10 43.4±1.75 49.3±0.45 35.0±0.35 32.1±0.35 42.6±0.05 39.1±1.25 40.7±0.90 
TP (g/dL) 5.67±0.33b 5.58± 0.05 3.95± 0.11 5.89± 0.08 a 4.91± 0.24 5.00± 0.25 4.83± 0.24 4.97± 0.11 
ALB (g/dL) 2.96±0.12 2.98±0.20 a 3.16±0.19 3.50±0.06 1.87±0.19 1.90±0.18 2.94±0.13 a 2.89±0.17 
BL (Mg/dL) 1.95±0.14 2.00±0.05 2.19±0.05

b
 1.92±0.16

 b
 1.87±0.19

 b
 1.90±0.18

 b
 1.79±0.04

 b
 1.79±0.20

 b
 

Data are expressed as mean ± S.E.M.; n = 4. One-way analysis of variance (ANOVA) followed by POSTHOC test (p < 0.05). 
a
Non-significantly different from normal control 

(NC); bNon-significantly different from negative control (alloxan) (p > 0.05). Glu (Glucose), Chol (Cholesterol), TAG (Tryacylglyerols), LDL-C (Low-density lipoprotein 
cholesterol), HDL-C (High-density lipoprotein cholesterol), AST (aspartate aminotransferase), ALT (alanine aminotransferase), TP (total protein), ALB (albumin),  

and BL (bilirubin) 
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Fig. 7. Effects of Carica papaya on Bilirubin level of diabetic rats 
Data are expressed as mean ± SD.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC test  
(p < 0.05). The result showed no significant difference between the treatment groups. NC= Negative Control, 

PC= Positive Control 

 
 

Fig. 8. Effects of Carica papaya on total protein and Albumin of diabetic rats 
Data are expressed as mean ± S.E.M.; n = 5. One-way analysis of variance (ANOVA) followed by POSTHOC 

test (p < 0.05). NC= Negative Control, PC= Positive Control 

 
5. CONCLUSION  
 
The administration of Carica papaya methanol 
extract to diabetic rats showed hypoglycemic, 
hypolipidemic and ameliorative effects on liver 
function parameters. This further suggests that 
the extract may be working in the same 
mechanism as the standard drug, glibenclamide. 
However, we recommend that further studies be 
carried out to characterize the biomolecules 

eliciting this effect and determine their 
mechanism of action.  
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Also, the research was not funded by the 
producing company rather it was funded by the 
personal efforts of the authors 
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