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Abstract
Dyslipidemia has been observed to play an integral role in the pathogenesis of micro and macrovascular
complications in diabetes mellitus patients. The complications were assessed via atherogenic index (AI),
Coronary risk index (CRI) and Cardiovascular risk index (CVRI).The study was to investigate the
amelioration of hyperglycemia and dyslipidemia in alloxan induced rats using watermelon and avocado
seeds. A total of Forty rats were divided into eight groups of 5 rats accordingly. Diabetes was induced with
a single dose of alloxan (100mg/kg) body weight and serum glucose was taken 72h after induction of
confirm diabetes. Amelioration of hyperglycemia and dyslipidemia started on the 6th and 9th day of the
experiment respectively. The result obtained from the phytochemical analysis showed that the aqueous
extract of Citrulluslanatus and Persea Americana gave positive reactions for Alkaliods, tannins, flavonoids and
saponins. The data showed that Alloxan caused significant increase in Glucose, TC, TGs and LDL in the
untreated diabetic rats. On the other hand HDL was significantly decreased. The result showed that
Citrulluslanatus and Persea Americana seeds extracts significantly and progressively lowered the glucose
level, TC, TGs and LDL dose dependently while significantly causing a dose-related elevation in HDL
concentration. The result shows that atorvastatin and the seeds extracts are capable of reducing risk of AI,
CRI and CVRI in diabetic rats.
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Contribution of this paper to the literature
In this study, it has been demonstrated that diabetes mellitus induced by alloxan monohydrate
administration in albino rats cultivated hyperlipidemia. Subsequently, the hyperlipidemia
resulted in dyslipidemia and was normalized by the oral administration of seeds extracts of
Citrullus lanatus and Persea Americana.

1. Introduction
Many metabolic disturbances are associated with hyperglycemia in diabetic human [1]. Type 1 diabetes
mellitus also called Insulin Dependent Diabetes Mellitus (IDDM) is a chronic condition in which the pancreas
produces little or no insulin as a result of auto-immune disease. It typically appears in adolescence with more than
100 thousand cases per year in Nigeria [2]. Type 2 diabetes mellitus also called Non-Insulin Dependent Diabetes
Mellitus (NIDDM) is a chronic condition that affects the way the body processes blood sugar (glucose). With type
2 diabetes, the body either doesn’t produce enough insulin or it resists insulin. It is a very common disease in
Nigeria with more than 1.5 million cases per year in adults [2].
The prevalence of diabetes mellitus in Nigeria has increased from 2.2% as reported by Akinkugbe in 1997 from
a national survey to 3.9% in 2025 as estimated by World Health Organization (WHO) [3].
The ability of insulin to mediate tissue glucose uptake and influence glucose and lipid metabolic enzymes are
major factors of glucose balance. Metabolic disturbances are apparent as lipoprotein lipase is activated by insulin,
therefore insulin resistance or insulin deficiency may result in extremely elevated triglyceride levels [4, 5].
Similarly, cholesterylester hydrolase within adipocytes is inhibited by insulin (this hydrolysis triglycerides to
produce NEFA and glycerol) [6]. Therefore in insulin deficiency or resistance increased levels of Non-Esterified
Fatty Acids (NEFA) are releases from the adipocytes. Hence, there will be lowered levels of triglyceride clearance
as a result of reduced activation of lipoprotein lipase [6]. Consequently, diabetes is accompanied with increased
glycogenolysis, lipolysis and gluconeogenesis and these biochemical activities result in hyperlipidemia. An
elevation of blood cholesterol low density lipoprotein (LDL) and triglycerides levels with low level of high density
lipoprotein (HDL) is a major indicator of dyslipidemia which chronically leads to the increase of cardiovascular
disease (CVD) [7]. This literature is in line with a study done in Nigeria, where dyslipidemia was found to be
highly prevalent in 90.7% of patients attending the medical outpatients clinics, diabetic clinic or admitted into the
medical wards of hospital were recruited over a period of 12 months [8]. Although, several factors account for
increased CVD risk diabetes, abnormalities of lipid metabolism are important contributors [9, 10].
The impact of CVD in industrialized countries as the leading cause of death in men and women is well
documented [8, 11, 12]. The current environmental adaptation toward urbanization and changes in lifestyle could
be responsible for the rising prevalence of obesity which has been linked with lipid abnormalities in Africans [13].
In animal studies, several investigations have used alloxan monohydrate-injected diabetic rats( a model of type
1 diabetes) to examine the effects of medicinal plants on hyperlipidemia [14]. Alloxan monohydrate used in
reduced concentrations may cause decreased insulin secretion producing a decreased body tissue utilization of
glucose and creating an environment for regeneration process of the pancreatic gland [5].
Most of these studies have shown that the rise in blood sugar was accompanied by marked increase in
cholesterol, triglycerides, LDL and reduction in HDL. Furthermore, these studies showed dose-dependent response
where low-doses had low responses and high-doses had high responses, thus reducing coronary risk index (CRI)
and cardiovascular risk index (CVRI).
Hence, in addition to controlling hyperglycemia, treatment of dyslipidemia is inevitable to reduce CVD events
in diabetes [15]. While the normalizing drugs employed for the treatment of dyslipidemia are effective, these
drugs are not easily affordable to many patients [16]. In addition, the use of some of these drugs is associated with
undesirable side effects. These factors compel patients to seek alternative and complementary medicines.
Therapeutically, medicinal plants have many properties such as the effectiveness, safety and low cost for many
diseases. Remedies from natural products maybe effective and safe alternative treatment for DM and its co
morbidities, The potential impact of medicinal plants must be first proven in suitable animal models.
Two [2] of such complementary medicinal plants that have gained wide attention in the past are watermelon
(CitrullusLanatus) seeds and avocado (Persea Americana) seeds. Watermelon (Citrulluslanatus) is a plant species in the
family cucurbitaceae, it contains magnesium which helps to regulate blood pressure and the metabolism of
carbohydrates which has a beneficial effect on blood sugar level. Avocado (Perseaamericana) is a tree from the family
of lauraceae. It extracts may help to reduce blood pressure, a key risk factor for heart disease. This has necessitated
exploration and screening of medicinal plants with acclaimed therapeutic efficacies in diabetes mellitus
management. Therefore, the objective of this research is to investigate the Amelioration of hyperglycemica and
dyslipidemia in Alloxan-induced rats using watermelon and avocado seeds on the laboratory induced rats. In doing
so, we will attain to provide the pharmacological evidence for their therapeutic usage.

2. Materials/Method
2.1. Materials and Drugs
Insulin (Novolog USA) is an anti-diabetic drug and was used as test drug.Atorvastatin ( Unipex USA) is a lipid
lowering drug and may reduce both LDL cholesterol and TGs through reduction of VLDL.
Vitamin C ( Emzor ltd Nigeria) is a L-ascorbic acid, anti-oxidant and anti-inflammatory.

2.2. Reagents/ Chemical Utilized
Alloxan monohydrate (St. Louis, MD USA) cholesterol reagent (Teco Diagnostics, USA) Triglyceride lipo
reagent (Teco Diagnostics, USA) and HDL cholesterol reagent ( Agape Diagnostics, Switzerland).

2.3. Samples
Fresh samples of watermelon and avocado pea seeds ( Umugasimarket,Aba Nigeria).
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2.4. Experimental Protocol
Normal and healthy albino rats ( male and female) of winstar strain ( 2-3 months) 120-200g were collected
from the animal house of Department of Biochemistry, University of Port Harcourt, Nigeria. The animals were
allowed to acclimatize for one week in the Department of Biochemistry, Abia State Polytechnic, Aba. They were
kept in different ages with high hygiene and of standard housing conditions of temperature ( 22 – 28c) and 12
hours light/ 12 hours dark regime. They were fed with standard rat feed and water libitum throughout the
duration of the study.

2.5. Sample Preparation
Healthy seeds of citrulluslanatus and persea Americana were collected, washed properly under running water
and air dried at room temperature for several days. The dried seeds were then pulverized using an electric blender
and stored in an air- tight container and kept in a cool-dry place for further analysis.
A mass of 50g of the powdered seeds was weighed and dissolved in 400ml of hot distilled water of temperature
( 40c- 60c) and allowed to cool for 60minutes and was filtered before being used in administration. These aqueous
extracts were prepared daily to avoid turbidity and bacteria actions due to poor storage systems.

2.6. Phytochemical Screening
Phytochemical screenings of citrulluslanatus seeds and persea Americana seeds were carried out to detect the
presence of Alkaloids, Tannins, Flavonoids and Saponins following the standards methods given in Verma, et al.
[17].

2.7. Experimental Design
Table-1. Grouping of animals and treatment model.

Groups
A
B
C

Name
Normal control
Diabetic control orNegative control
Diabetic standard:Insulin

D

Lipidemic standard:Astorvastatin

E1

Herbal Test:AVS-LD

E2

Herbal Test:AVS-HD

F1

Herbal Test: WMS-LD

F2

Herbal Test: WMS-HD

Treatment
Normal rats, given food and water
Diabetic rats, received standard pelletdiet and water libitum
Diabetic rats were treated with referencestandard insulin (
40mg/kg)
Diabetic rats were treated with reference standard
Astorvastatin ( 30mg/kg)
Diabetic rats were treated with Avocado seed at minimum
(200mg/kg of rat body) Dose
Diabetic rats were treated with Avocado seed at maximum (
400mg/kg of rat body)Dose
Diabetic rats were treated with watermelon seed at minimum (
200mg/kg) Dose
Diabetic rats were treated with watermelon seed at maximum
(400mg/kg of rat body) Dose

2.8. Induction of Diabetes
The procedure for induction of diabetes has been observed. The animals of group B,D,E and F were weighed
and fasted overnight before given of alloxan monohydrate diabetes was induced by single dose of alloxan
monohydrate 100mg/kg injected intrapertioneally. The fasting blood glucose was measured on the 3rd day after
alloxan monohydrate injection by glucometer to ensure induction of diabetes. Rats with blood glucose levels
>250mg/dl are considered as diabetic and included in study [18].
Subsequently, treatment regimes of hyperglycemia started on the 6th, 9th and 12th day of the experiment
respectively.

2.9. Biochemical Analysis
2.9.1. Collection of Blood Samples
After given the sample, the animals were fasted for 24 hours. Blood was collected by cardiac puncture into
clean tubes and was later centrifuged at 3000rpm for 10minutes using a centrifuge to remove cells and recover
serum for biochemical assay.

2.10. Glucose Estimation
Glucose is a major carbohydrate present in the blood and serves as a primary source of energy. Glucose oxidase
is an enzyme highly specific for glucose. It catalyses the oxidase is an enzyme highly specific for glucose. It
catalyses the oxidation of Beta D-glucose present in the plasma to D glucono-1,5-lactone with the formation of
hydrogen peroxide. The lactone is then slowly hydrolyzed to D-gluconic acid. In the presence of the enzyme
peroxidase, the hydrogen peroxidase is broken down and oxygen released reacts with 4-amino-phenazone and
phenol to give a pink colour. The absorbance of the colour produced is measured in a spectrophotometer.

2.11. Lipid Profile Analysis
The plasma total cholesterol (TC), Triglycerides (TG) and HDL (High Density Lipoprotein) were measured
using commercial kits, via enzyme coupled reactions and the coloured complex, measured by spectrophotometry.
LDL (Low Density Lipoprotein) was calculated using Friedwald’s equation [5].
Determination of Atherogenic Index (AI), Coronary Risk Index (CRI), and Cardiovascular Risk Index ( CVRI)
The AI, CRI and CVRI were calculated using the formulae [9, 19, 20].
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AI = LDL Cholesterol
HDL Cholesterol
CRI = TC
HDL Cholesterol
CVRI = TGs
HDL Cholesterol

2.12. Statistical Analysis
Results from the analysis were expressed as Mean + SD and P<0.05 being considered as statistical significant.

3. Result
3.1. Phytochemical Screenig of the Various Seeds Extracts
Phytochemical composition of aqueous seeds extract of Citrulluslanatus and Perseaamericana The results
obtained from the phytochemical analysis showed that the aqueous extract of Citrulluslanatus and Perseaamericana
gave positive reactions for Alkaloids,tannins, flavonoids and saponins. Alkaloids reactions showed the deepest
colouration in citrulluslanatus and moderate level in Perseaamericana while saponins showed the deepest
colouration in both herbs.
Table-2. Phytochemical screenig of the various seeds extracts.

Phytochemical constituents
Alkaloids

Test

Qualitative Abundance
Citrulluslanatus
Persea Americana
+++
++
+++
++
++
+
++
+
+
++
+
++
+++
+++
+++
+++

a. Mayers test
b. Murexide test
a. 5% Fecl3
b. Dilute HNO3
a. Lead acetate
b. Sodium hydroxide
a. Frothing
b. Emulsion test

Tannins
Flavonoids
Saponins

Note: (+) Present at low levels, (++) present at moderate levels,(+++) present at high levels.

Serum Glucose Concentrations of Alloxan Induced Albino Rats Following Oral Administration of Aqueous
Seeds extracts of Citrulluslanatus and Persea Americana.
Table 3 Showed that Alloxan caused significant (P>0.05) increase in the glucose level in the Albino rats.
WMS, AVS and Insulin treatments showed improvement in the diabetic rats by reducing the blood glucose level. It
was observed that WMS has the most curative effect against increment in glucose at low dose.
Table-3. Serum Glucose Concentrations of alloxan induced albino rats following oral administration of aqueous seeds extracts
of Citrulluslanatus and Persea Americana.

Group

Initial glucose
Conc. (mg/dl)

A
B
C
E1 ( AVS-LD)
E2 ( AVS-HD)
F1 ( WMS-LD)
F2 ( WMS-HD)

83.00±2.30
283.33±1.34
280.00±1.34
290.00±4.44
280.00±2.60
290.00±4.44
280.00±2.60

Glucose conc.
After 6days of
treatment(mg/dl)
83.40±3.20
268.58±1.64
210.25±2.96
220.55±2.70
209.60± 2.88
127.09±9.03
92.72±2.08

Glucose
After 9days of
treatment(mg/dl)
84.00±1.98
271.23±1.15
160.12±1.33
160.00±1.60
180.00±2.06
118.75±8.33
84.38±2.00

Glucose
After 12days of
treatment(mg/dl)|
85.50±2.91
266.85±3.00
100.13±1.91
108.00±1.55
90.00±4.60
94.69±9.59
71.88±2.67

Source: Experimental data.

3.2. Effect of Alloxan Monohydrate Induction on Lipid Profile of Albino Rats
The data displayed in Table 4 showed that alloxan caused significant increase in TC, TGs and LDL in the
untreated diabetic rats. On the other hand HDL was significantly decreased.
Table-4.Effect of alloxan monohydrate induction on lipid profile of albino rats.

Lipid
profile
GROUP
NC
DC

TC
WMS
80.51±
1.34
149.8±
1.41

AVS
80.51±1.
34
149.8±1.
41

TGs
WMS
81.87±1.
91
159.2±1.
51

AVS
81.87±1.
91
159.2±1.
51

LDL
WMS
28.82±1.
33
53.19±2.
67

AVS
28.82±1.
33
53.19±2.
67

HDL
WMS
36.64±2.
96
23.53±1.
59

AVS
36.64±2.
96
23.53±1.
59

Source: Experimental data.
All values are expressed as the mean SD (n=5).
NC: Normal Control, DC: Diabetic Control, TC: Total Cholesterol, TG: Triglycerides.
LDL: Low Density Lipoprotein, HDL: High Density Lipoprotein.

3.3. The Effect of Atorvastatin and the Various Seed-Extracts on TC, TGs, LDL AND HDL of the Diabetic Rats
Table 5 Showed that the treatment of diabetic rats with WMS, AVS and Atorvastatin caused significant
(p<0.05) decreased in TC, TG and LDL. On the other hand HDL was significantly increased.From Statistical
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Analysis the increase of TC level in rats that were treated with AVS was more than that in rats treated with WMS
while the reverse was the case in TG.
Table-5. The effect of atorvastatin and the various seed-extracts on tc, tgs, ldl and hdl of the diabetic rats.

Lipid
profile
Group
AVT
AVS-LD
AVS-HD
WMS-LD
WMS-HD

TC
13th day
119.88±
3.12
140.02±
0.39
112.71±
0.04
135.00±
0.71
105.0±
0.71

TGs
18th day
89.23±
2.42
125.82±
0.51
88.6±
3.32
130.00±
0.00
92.65±
2.01

13th day
121.77±
3.88
150.32±
1.67
119.05±
2.47
146.32±
0.54
112.00±
0.70

18th day
82.38±
2.84
140.01±
1.34
89.24±
2.86
138.86±
1.00
88.89±
2.56

LDL
13th day
46.60±
0.95
47.87±
2.63
35.99±
0.93
48.90±
0.00
39.50±
0.71

18th day
29.40±
2.03
42.40±
1.18
27.09±
1.16
43.56±
0.30
30.20±
0.93

HDL
13th day
28.99±
1.59
28.02±
1.54
35.10±
0.63
25.00±
0.00
32.00±
0.00

18th day
37.48±
4.56
33.29±
1.37
42.24±
4.32
29.00±
1.21
45.54±
2.47

Source: Experimental data.
All values are expressed as the mean ±SD (n=5)
AVT: Atorvastatin, AVS-LD: Avocado Seed Low Dose
AVS-HD: Avocado Seed High Dose
WMS-LD: Watermelon Seed Low Dose
WMS-HD: Watermelon Seed High Dose.

3.4. Effects of the Various Seed-Extracts on Ai, Cri and Cvri of Diabetic Rats
The result shows that AVT, WMS and AVS are capable of reducing risk of AI, CRI and CVRI in diabetic rats.
AVT treatment had the most reduction, followed by WMS and AVS treatments.
Table-6 .Effects of the various seeds extracts on ai, cri and cvri of diabetic rats.

Lipid profile
Group
AVT
WMS-LD
WMS-HD
AVS-LD
AVS-HD

AI
13th Day
1.607
1.956
1.234
1.708
1.025

18th Day
0.784
1.502
0.663
1.273
0.641

CRI
13th Day 18th Day
4.135
2.380
5.4
4.482
3.281
2.034
4.997
3.779
3.211
2.098

CVRI
13th Day
18th Day
4.200
2.197
5.852
4.788
3.5
1.951
5.364
4.205
3.391
2.112

Source: Experimental data.
All values are expressed as the mean ±SD (n=5).
AVT: Atorvastatin.
WMS-LD: Watermelon Seed Low Dose, WMS-HD: Watermelon Seed High Dose.
AVS-LD: Avocado Seed Low Dose, AVS-HD: Avocado Seed High Dose.

4. Discussion
Citrulluslanatus and Persea Americana are traditionally used in folk medicine for combating various diseases.
This therapeutic action is attributed to the presence of phytochemical compounds, which are related to the
prevention of many diseases. There are important secondary metabolites synthesized in plants during normal
development and also in response to stress conditions.
In this study, the results from the phytochemical studies of Citrulluslanatus and Persea Americana indicated the
presence of alkaloid, flavonoids, saponins and tannins in appreciable amount. These bioactive compounds possess
biological properties such as anti-apoptosis, anti-aging, anti carcinogen, anti inflammation, anti atherosclerosis,
cardiovascular protection and improvement of endothelial function as well as inhibition of angiogenesis and cell
proliferation activities.
In this present study, rats treated with single dose of alloxan monohydrate developed pancreatic damage which
was observed from hyperglycemic and subsequent dyslipidemic conditions. Two mechanisms that have been
reported are the effect of ROS on the DNA of pancreatic islets and the disturbances in intracellular calcium
homeostasis [3]. The fragmentation of DNA and elevation of cytosilic Ca2+ concentration in the beta cells exposed
to alloxan have been noted. The use of lower dose alloxan (100mg/kg) produced partial destruction of pancreatic
beta cells giving the animal the opportunity to regenerate the surviving beta cells.
The present study shows that the seed extracts of Citrulluslanatus and Persea American significantly reduced the
elevated blood glucose levels with respect to those of the diabetic control rats.
The two herb extracts produced significant reduction in blood glucose concentration when compared with the
reference drug (Insulin). However, there was no significant difference in the glucose lowering effect. This
antihyperglycemic action may be attributed to the potentiation of pancreatic mechanisms like enhanced transport
of blood glucose to peripheral tissue, increased peripheral utilization of glucose via different enzymatic pathways or
inhibition of intestinal absorption of glucose [21, 22].
Cholesterylester hydrolase is known to hydrolase triglycerides to free fatty acids and glycerol. Excess of fatty
acids in plasma produced by the alloxan-induced diabetes promotes the liver conversion of some fatty acids into
triglycerol and cholesterol which may be discharged into the blood as lipoproteins [23].
The present investigation showed high significant increase in plasma TC, TG and LDL in the diabetic rats
while HDL level was reduced. The treatment with the seeds extracts resulted in decrease in plasma cholesterol,
TG and LDL level with increase in HDL level. The dyslipidemia in the alloxan induced diabetic control rats was
observed in the regulation of the activity of the cholesterylester hydrolase caused by the alloxan induced
destruction of beta islets cells.
Similarly, the two herbs were able to normalize lipoprotein phenotype which was altered by the induction of
alloxan monohydrate in the animals when compared with the reference drug (Atorvastatin). The results showed
5
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that total triglyceride, total cholesterol and low density lipoprotein in the alloxan monohydrate intoxicated rats
were significantly reduced when compared to normal control whereas high density lipoprotein was increased.
Though, there was no significant difference in the lipid normalizing effect. Atorvastatin has been shown to
reduce both LDL cholesterol and TGs through reduction of VLDL. T he increase in insulin secretion and the
consequent decrease in blood glucose level may lead to stimulation of fatty acid biosynthesis( Insulin stimulates
lipid synthesizing enzymes (fatty acid synthase, acetyl coA carboxylase) and also the incorporation of fatty acids
into triglycerides in the liver and adipose tissue). The plasma concentration of lipoprotein (VLDL and LDL) will
reduce since there is no elevated level of fatty acids (from lipolysis and from break down of triacylglycerol by the
cholesterylester hydrolase) that will be converted to acetyl CoA in the liver. Elevated acetyl CoA are converted in
the cholesterol, triacylglycerol and ketone bodies. The principal lipids carried by lipoprotein are triacylglycerol and
cholesterol. Absence of elevated cholesterol and triacylglycerol in the liver will lead to decreased synthesis of
VLDL[23].
Conventionally, normalization of lipoprotein phenotype by the two herbs extracts could point to their potential
to reduce cardiovascular disease risk. It is well known that LDL/HDL, TC/HDL and TGs/HDL ratios are all
independent and significant predictors of AI, CRI and CVRI respectively. The study shows that Atorvastatin had
0.78, 2.38 and 2.19 for AI, CRI and CVRI respectively.
WMS had 1.50, 4.48 and 4.78 for AI, CRI and CVRI respectively. Finally, AVS had 1.27, 3.77 and 4.20 for AI,
CRI and CVRI respectively. Thus, there was significance difference between Atorvastatin and the two herbs at low
dose.

5. Conclusion
Normalization of lipoprotein phenotype by the two herbs extracts could point to their potential to reduce
cardiovascular disease risk. The present study shows that the seeds extracts of Citrullus lanatus and persea Americana
significantly reduced the elevated blood glucose levels with respect to those of the diabetic control rats. Secondly
total triglyceride, total cholesterol and low density lipoprotein in the alloxan monohydrate intoxicated rats were
significantly reduced when compared to normal control whereas high density lipoprotein was increased. Therefore,
in addition to controlling hyperglycemia, treatment of dyslipidemia is inevitable to reduced CVD events in
diabetes.
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