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Abstract

Ethanol extract of pawpaw seed was evaluated for a possible application in the
management of diabetes. Alloxan was used to induce diabetes in rats, which were
subsequently used to study the antihyperglycaemic effect of the extract. Four (4)
treatment groups and two (2) control groups of 8 rats each were created using complete
randomized design. Triglyceride (TG), total cholesterol (TC), high density lipoprotein
(HDL), low-density lipoprotein (LDL), total protein (TP), glutamic oxaloacetic
transaminase (SGOT/AST), glutamic pyruvic transaminase (SGPT/ALT), alkaline
phosphatase (ALP), urea and creatinine were studied using standard methods. A single
dose of alloxan resulted in a significant increase (p < 0.05) in the serum TG, TC, LDL, AST,
ALT, ALP, with a corresponding decrease in serum HDL, urea and creatinine. Following
treatment with varying doses of the extract, there was a decrease in serum TG, TC, LDL,
AST, ALT, ALP, and an increase in serum HDL, urea and creatinine. It could be inferred
from the research outcome that crude extract of pawpaw seed (200 mg/kg extract) could
be effective in the management of diabetes.
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Introduction

Diabetes is a metabolic disease with features
of hyperglycemia due to the deficiency of
secretion or action of endogenous insulin
(Alberti and Zimmet, 1998). It is a
multifactorial disorder with no definite cause,
and characterized by disturbances in the
metabolism of carbohydrate, fat and proteins
accompanied by long lasting complications
which eventually leads to severe damage to

the kidney, retina and many of the body’s
system, especially the blood vessels and the
nervous system (Paik et al., 1982; Taher et al.,
2016). This disease has been cited by Witting
et al. (2011) as the fourth leading cause of
hospitalization and death per year. Diabetes
prevalence rate in Nigeria is about 94.3 %
(Gojka, 2016) and this calls for greater
attention.
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Insulin therapy is mostly the common method
for the management of diabetes. Nevertheless,
regular intake of insulin and other synthetic
drugs usually lead to certain drawbacks, such
as fatty liver, insulin resistance, anorexia
nervosa and brain damage (Piedrola et al.,
2001; Nissen and Wolski, 2007). These
conditions have resulted in diabetologists
seeking for other possible alternatives,
especially supplements consisting of plant
extracts for the optimization of the treatment
of diabetes. Plant therapies are being
produced because of the many secondary
metabolites they contain (Twaij and Hasan,
2022). These metabolites, such as phenols
and flavonoids, have been reported by
researchers to possess antioxidant potentials,
mopping up reactive oxygen species released
as a result of oxidative stress induced in
diabetic conditions (Shah and Khan, 2014;
Umerie and Ekuma, 2016; Ubaoji et al., 2019.

Pawpaw (Carica papaya) is herbaceous,
belongs to the family of Caricaceae and native
of the Americas (Daagema et al., 2020).
Currently, pawpaw is grown in many tropical
and subtropical regions of the world, Africa
inclusive, mainly due to their fruits. Studies
have shown that this plant contains many vital
minerals such as vitamin A, vitamin B, vitamin
C, niacin, calcium, potassium, sodium, papain
and chymopapain (Snake and Desmond, 1997;
Aravind et al., 2013; Oloruntola, 2019).
Pawpaw seeds and leaves have also been
reported to contain phenols and flavonoids
(Maisarah et al., 2014). Pharmacological
studies review that the seeds and leaves of
pawpaw possess nutraceutical and antioxidant
properties (Kadiri et al., 2015; Oloruntola,
2019)

Materials and Methods

Collection and preparation of plant samples

The seeds of C. papaya were collected from
plants growing in Abakaliki, the capital of
Ebonyi State, Nigeria during the rainy season.
The fresh and clean seeds were air-dried
under a shed. The samples were pulverized
using pestle and mortar

The ethanol extraction was done using the
Soxhlet apparatus to obtain about 0.5 kg of
extract (Patel et al., 2019). Fifty grams (50 g)
of the powdered pawpaw seeds sample was
measured using electronic weighing balance
(Digital Precision Weighing Balance made in
India), wrapped using whatman filter paper 46
x 57 cm, model 1001-917 Made in India and
inserted in the tube of the soxhlet apparatus.
A 250 ml of 70 % ethanol was poured inside
the round bottom conical flask of the
apparatus and was heated at 70 0C and
extracted for 3 hours. The remaining ethanol
in the extracts was evaporated to get crude
extract. This was done in vacuum using a
rotary evaporator (model Scale, REV200-P
USA)

Experimental animals

A total of forty-eight (48) adult albino Wistar
rats (male; weighed 150 g – 250 g; aged 16 –
19 weeks) were used for this experiment. The
animals, upon arrival, were left to acclimatize
for 7 days in the animal house of the Faculty
of Science, Ebonyi State University, Abakaliki,
Nigeria. The animals were randomly assigned
to 6 groups of 8 rats, left under good
laboratory conditions, and maintained under
standard pellet diet and water ad libitum.

Acute toxicity test
This was evaluated using the up-and-down
method of acute toxicity as described by the
Organisation for Economic Co-Operation and
Development OECD, (2008). Six (6) rats were
randomly selected, weighed and divided into
test and control groups of 3 rats each. The
controls were vehicles, while the tests were
given 2,000 mg/kg of the extract. Both groups
were made to fast overnight before oral
treatment of pawpaw seed through
intraperitoneal injection and observed for a
period of 48 hours.

Experimental design
Six treatment groups of 8 rats each were
created using complete randomized design as
shown Table 1. Each treatment group was
allowed access to feed and water. Freshly
prepared alloxan monohydrate was used to
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induce diabetes in the rat as described by
Sheriff et al. (2020). Day 1 of treatment

started the third day following a successful
injection of the alloxan and lasted for a period
of four weeks.

Table 1: Different treatment groups
Group Treatment
Group 1 Normal control; Not induced and received vehicle only
Group 2 Diabetic control; Infected with diabetes but received vehicle only
Group 3 Standard drug; Infected with diabetes and received 0.5 mg/kg

glibenclamide
Group 4 Diabetic + 50 mg/kg extract
Group 5 Diabetic + 100 mg/kg extract
Group 6 Diabetic + 200 mg/kg extract
Groups 1 – 3 were the control groups, while groups 4 – 6 served as the study groups. Alloxan and
extracts were administered to the rats through a single dose of intraperitoneal injection.

Blood collection

On the 29th day of the experiment, overnight
fasted rats (16 h) were sacrificed by cervical
decapitation as contained in the ethical norms
of Ebonyi State University, Abakaliki. The blood
flowing from the trunk was collected in plasma
separation tubes, containing a clot activator.
The collected blood was centrifuged at 2,000 x
g for 10 min in a refrigerated centrifuge
Beckman Coulter GS-15R USA
at 4 0C to remove the blood clot. The resulting
supernatant (serum) was stored in a
polypropylene tube at 4 0C prior to analysis
(Taher et al., 2016).

Biochemical analysis
The serum level of triglyceride (TG) was
determined using method by Bucolo and David
(1973), total cholesterol (TC) according to
method by Allain et al. (1974), high density
lipoprotein (HDL) according to method by
Lund-Katz et al. (2003), low-density
lipoprotein (LDL) according to method by
Nauck et al. (2002) and total protein (TP) as

described by Dawnay et al. (1991). Kits were
used to determine creatinine (Elabscience®
Creatinine Assay Kit India), SGOT/AST,
SGPT/ALT, ALP, as well as urea as described by
Shah et al. (2013).

Statistical analysis
Analysis of variance (ANOVA) for Completely
Randomized Design (CRD) was carried out
using Statistical Package for Social Sciences
(SPSS). A p-value of less than 0.05 (p < 0.05)
was used to determine statistical significance.

Results
As shown in Figure 1, group 2 (diabetic
control) showed a constant increase in blood
glucose level from day 1 till day 28, although
there was no significant difference (p < 0.05)
in the values recorded. The blood glucose level
for group 2 was significantly higher (p<0.05)
than the blood glucose level of group 1
throughout the experiment. Again, it was
observed that treatment with 0.5 mg/kg
glibenclamide and the plant extracts resulted
in a gradual and significant (p<0.05) decline in
blood glucose.
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Figure 1: Effect of the extract on the blood glucose level in diabetic rats.

*Significantly different (p<0.05) when compared to the normal control (Group 1). asignificantly
different (p<0.05) when compared to the corresponding values of the negative control (Group 2)

Again, the findings presented in Figure 2 show
clear trend of significant (p<0.05) increase in
the level of total cholesterol (TC), triglyceride
(TG), and low-density lipoprotein (LDL) in the
negative control group (group 2) when

compared to the normal control (group 1),
whereas, pretreatment with glibenclamide and
the extracts resulted in significant (p<0.05)
decrease in TC, TG and LDL.

Figure 2: Effect of the extract on serum lipid profile of the rats.

*Significant difference (p<0.05) when compared to the negative control (Group 2).
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Again, diabetes leads to an increased serum
ALP, ALT. and AST as shown in Table 2. The
ALP and ALT values recorded in group 2
(diabetic control) were observed to be
significantly (p < 0.05) higher compared to the
normal control. The group pretreated with 200
mg/kg extract produced serum ALP and ALT
levels of 44.5 ± 0.75 U/L and 2.5 ± 0.58 U/L

respectively. These values for ALP and ALT
observed in group 6 were significantly lower
than the values reported for group 3 (standard
drug). No significant difference (p < 0.05) was
recorded in the serum AST levels across all
groups except for the group which had an ALT
value that was significantly (p < 0.05) low.

Table 2: Effect of the extract on  liver functions

GROUPS ALP (U/L) ALT (U/L) AST (U/L)

Group 1 49.5b 5bc 2ab

Group 2 54a 11a 4.5a

Group 3 45.5bc 7b 2.5ab

Group 4 50.5ab 3.5bc 2.5ab

Group 5 47.5bc 3.5bc 2ab

Group 6 44.5c 2.5c 1.5b

SEM 0.75 0.58 0.33
Different letters indicate significant differences down the column (p < 0.05), where a > b > c Values
are presented as mean±SEM. Key: SEM is Standard Error of Mean, ALP is Alkaline Phosphatase, ALT
is Alanine Transaminase, AST is Aspartate Aminotransferase

In addition, renal function was ascertained by
determining the serum urea and creatinine
levels of the rats (Table 3). Alloxan-induced
diabetic rats (group 2) recorded lower levels of
urea and creatinine. The serum creatinine
observed in group 2 (diabetic control) was

significantly (p < 0.05) than the creatinine
levels of the normal control. Upon
pretreatment with glibenclamide and the
extract, the urea and creatinine levels were
restored to normal ranges. The highest values
for urea and creatinine were recorded in the
group pretreated with 200 mg/kg extract.

Table 3: Effect of the extract on serum urea and creatinine levels of the rats

GROUPS Urea (mg/dl) Creatinine (mg/dl)

Group 1 4.45a 72b

Group 2 4.05a 54.5c
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Group 3 5.15a 71.5b

Group 4 4.3a 65.5b

Group 5 4.45a 69b

Group 6 5.25a 89a

SEM 0.12 2.92

Different letters indicate significant differences down the column (p < 0.05), where a > b > c Values
are presented as mean±SEM. Key: SEM is Standard Error of Mean.

Finally, the serum total protein (TP) decreased
in diabetic control group (group 2) when
compared to the normal control (group 1)
(Figure 2). Pretreatment with the extract
produced serum TP values that were not
significantly different (p ≥ 0.05) from the

serum TP values observed in the groups
treated with the standard drugs. Only the
group treated with 200 mg/kg produced serum
TP value was not significantly different (p ≥
0.05) from the normal control group.

Figure 3: Effect of the extracts on serum total protein concentration of the rats

Discussion
Diabetes mellitus is a major metabolic disorder
influencing most of the world population.
Studies have shown that orthodox

hypoglycemic agents such as sulfonylureas,
thiazolidinediones and biguanides have failed
to successfully provide the desired prolonged
glycaemic control effect (Rasineni et al., 2010;
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Shah and Khan, 2014; Taher et al., 2016).
Consequently, plants have been resorted to in
the treatment of diabetes because of their
safety, effectiveness, affordability and the
many phytochemicals contained in them with
proven therapeutic effects (Oko, 2016).

Sequel to the above, the hypoglycaemic effect
of ethanol extract of C. papaya seed in alloxan
diabetic-induced rats was highlighted in this
study. This was done by measuring the blood
glucose level at different intervals and
measuring various blood biochemical
parameters. As expected, alloxan
diabetic-induced rats showed some visible
symptoms of diabetes such as frequent
urination, constant thirst and hunger and high
blood glucose level that was significantly
different (p < 0.05) from the group that was
not induced with diabetes (group 1) as seen in
figure 1.

Alloxan induced diabetes through the
destruction of the β-cells of the pancreas
responsible for insulin secretion, thus, leading
to hypoinsulinemia and subsequent
hyperglycaemia (Zanatta et al., 2007). Thus,
the impact of glibenclamide and the extract on
blood glucose, observed in this study, may
have resulted from a possible upgrade of the
activities of β-cells of the pancreas for a
sufficient release of insulin. So, the extract
might have led to the regeneration of the
alloxan-destructed β-cells, which is probably
because the pancreas contains quiescent cells
that have the ability of regeneration (Banerjee
et al., 2005; Cano et al., 2008).

Again, an increased risk of the development of
atherosclerosis and coronary heart diseases,
considered secondary complications of
diabetes, is marked by the elevated levels of
cholesterol, triglyceride and low-density
lipoprotein in the serum (figure 2) (Bai, 2003;
Kasetti et al., 2010). Therefore, it is apparent
from this study that glibenclamide and the
extract administration, which led to reduction
in TC, TG, LDL and increase in HDL, compared
to the diabetic control, might be said to have
ameliorated the damaging effect of alloxan on

the lipid profile,(figure 2) thus, contributing to
the reduction of atherogenic-related
complications such as atherosclerosis and
coronary heart infections.

The liver function test shown in Table 2
provides vital information on the liver
activities, which include the ALP, ALT and AST
(Ohaeri, 2001). An increased level of these
enzymes in the serum, as seen in the diabetic
control group, is an indication of liver injury,
thus, showing spillage of these enzymes from
the liver cytosol into the bloodstream (Shah
and Khan, 2014). Nevertheless, treatment with
glibenclamide and the extracts resulted in a
significant decrease (p<0.05) in the serum
concentration of these enzymes. The effect of
the extract on the liver enzymes was in a
dose-dependent manner, with the highest
impact observed in the group given 200 mg/kg
of the extract (group 6) (Table 2). This agrees
with the “therapeutic window” phenomenon
(Zakaria et al., 2011), which is possibly related
to the ability of the extracts to reduce the
activities of the enzymes or to the optimal
hepatoprotective effect of the extracts.

Again, low levels were witnessed in the
diabetic control group (Table 3) compared to
the normal group. This is in line with the
conclusion of Harita et al. (2009) in their
research that lower serum creatinine increases
the risk of diabetes. Nevertheless, the extract
was able to cause a significant (p < 0.05)
increase in creatinine level, (Table 3) thereby
restoring normal renal function. This finding is
in line with earlier literature that diabetes can
lead to renal dysfunction (Taher et al., 2016).

Conclusion
Based on the foregoing, it could be concluded
that ethanol extract of C. papaya seed
produces hypoglycaemic effect. This was
deduced from the observed concentration
dependent-effects of the extract on total
cholesterol, triglyceride, total protein, low
density lipoprotein, high density lipoprotein,
urea, creatinine and liver enzymes. This
antihyperglycemic potential of the extract
could be attributed to the many
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phytochemicals that have been reported by
scientists for this plant. Therefore, it is worthy
to note that further studies are recommended
to ascertain the exact mechanism of action of
the extract in its antidiabetic property.

Ethics and animal welfare
Animal care and procedures were performed
following the guidelines of good experimental
practices according to the Code of Practice for
Housing and Care of Animals Used in Scientific
Procedures, approved by Faculty of Science,
Ebonyi State University, Abakaliki Nigeria.
Note: this manuscript does not contain clinical
studies or patient data.
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