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Abstract

Diabetes mellitus is a persistent biochemical disease defined by elevated blood glucose levels due to
defects in insulin production, insulin function, or a combination of both. Dyslipidemia is a leading
complication of diabetes and contributes significantly to cardiovascular risk. This study evaluated the
effects of combined ethanol extracts of Ocimum gratissimum and Vernonia amygdalina on lipid profile
parameters in alloxan-induced diabetic Wistar rats. Fresh leaves of both plants were extracted using
cold maceration, and thirty-seven rats were unbiasedly allocated into five experimental groups: healthy
control, diabetic control, glibenclamide-treated, and two extract-treated groups (100 mg/kg and 200
mg/kg). Diabetes was induced using alloxan, and treatments were administered for three weeks. Levels
of serum triacylglycerol (TAG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
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and low-density lipoprotein cholesterol (LDL-C) were measured using conventional enzymatic assay
procedures. Alloxan induction caused significant elevations in TAG, TC, and LDL-C, with a lowered
HDL-C concentration. Treatment with the combined extracts markedly improved the lipid profile in
diabetic rats, producing dose-dependent reductions in TAG, TC, and LDL-C, and significant increases
in HDL-C. The highest dose (200 mg/kg) exhibited the greatest hypolipidemic effect, comparable to
glibenclamide. These findings indicated that the combined ethanol extracts of O. gratissimum and V.
amygdalina possess potent lipid-modulating properties and may offer protective benefits against
diabetes-associated dyslipidemia.

Keywords: Antidyslipidemic, Ocimum gratissimum, Vernonia amygdalina, Alloxan-Induced,
Diabetic Rats

INTRODUCTION

Diabetes mellitus (DM) is a long-standing metabolic disease marked by chronic
hyperglycemia due to inadequate insulin synthesis, compromised insulin action, or the two
occurring concurrently. Insulin is central to the regulation of carbohydrate, lipid, and protein
metabolism; hence, any disturbance in its availability or effectiveness results in sustained
hyperglycemia. The condition is recognized as one of the earliest documented human
diseases, and its global burden continues to increase at an alarming rate (Dilworth et al., 2021).
Two major clinical categories of diabetes are widely acknowledged. Type 1 diabetes mellitus
(TIDM) arises from autoimmune-mediated destruction of pancreatic B-cells, ultimately
leading to an absolute insulin deficit (Ozougwu et al., 2013). The disease typically appears
during childhood or adolescence and requires lifelong insulin replacement. Histological and
transplant studies revealed intense infiltration of T lymphocytes within the pancreatic islets
of affected individuals, confirming the immunological basis of 3-cell loss (Deepthi et al., 2017).

Type 2 diabetes mellitus (T2DM) accounts for 90 - 95 % of all diagnosed cases. It is
characterized by insulin resistance accompanied by progressive p-cell dysfunction (Lu et al.,
2024). Factors such as obesity, aging, physical inactivity, and genetic predisposition
significantly contribute to T2DM onset (Kautzky-Willer et al., 2016). Therapeutic approaches
include lifestyle modification, oral antidiabetic agents, and insulin therapy. Animal models
remain indispensable in unraveling the pathophysiology of diabetes and in screening
antidiabetic substances (Kim, 2024). Alloxan, a glucose analogue, is routinely used to induce
experimental TIDM because of its selective toxicity to pancreatic p-cells. The compound
initiates reactive oxygen species (ROS) through continuous redox turnover, producing
superoxide radicals and hydrogen peroxide, which induce oxidative damage and rapid -cell
necrosis (Novoselova et al., 2020).

Medicinal plants have historically served as primary therapeutic resources across cultures.
Their biological activities is linked to a wide array of phytochemicals, including flavonoids,
alkaloids, tannins, saponins, and glycosides (Lahare et al., 2021). These constituents have been
associated with anti-inflammatory, antioxidant, antimicrobial, and antidiabetic properties
and are often perceived to elicit fewer adverse effects than synthetic pharmaceuticals
(Oguntibeju, 2018; Lahare et al., 2021).

Two notable plants commonly used in West African ethnomedicine are Vernonia amygdalina
(Bitter leaf) and Ocimum gratissimum (Scent leaf). The V. amygdalina, a member of the
Asteraceae family, is widely consumed both as food and as a medicinal herb. Its alkaloid,
glycoside, tannin, and saponin content is responsible for its characteristic bitter taste and
diverse pharmacological functions. The plant is known locally as “onugbu” (Igbo), “ewuro”
(Yoruba), and “chusar-duki” (Hausa) (Igbokwe et al., 2020).
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Ocimum gratissimum, a species of the Lamiaceae family, is an aromatic herb adopted
extensively in herbal medicine and culinary practices. It contains flavonoids, alkaloids,
tannins, and oligosaccharides and has been reported to exhibit antihyperglycemic,
antihyperlipidemic, antioxidant, antimicrobial, and antidiarrheal activities (Okoduwa et al.,
2017; Onyema-iloh et al., 2018).

Given their traditional relevance and reported bioactivity, this research explores how ethanol
extracts of O. gratissimum and V. amygdalina together affect lipid profile markers in diabetic
Wistar rats induced by alloxan.

MATERIALS AND METHODS

Analytical Reagents

The research employed analytical-grade chemicals, solvents, and lipid assay kits procured
from Pyrex Scientific Laboratory in Benin City, Edo State, Nigeria

Area of Study

This study was carried out at Delta State University, Abraka, located in Ethiope East Local
Government Area of Delta State, Nigeria. Delta State lies within the humid tropical rainforest
zone of southern Nigeria and is characterized by high annual rainfall, moderate to high
relative humidity, and average temperatures ranging between 25 - 32 °C. These climatic
conditions support the abundant growth of diverse medicinal plant species, including
Vernonia amygdalina and Ocimum gratissimum, which are commonly cultivated and utilized in
the region for ethnomedicinal purposes.

Plant Material Collection and Authentication

Fresh leaves of Ocimum gratissimum and Vernonia amygdalina were collected in May 2023 from
farmland at Site III, Delta State University, Abraka, Nigeria. Taxonomic identification was
carried out by Mr. Michael Ozioma of the Department of Botany, Delta State University, who
issued voucher plant materials DELSUH196 and DELSUHO090, respectively.

Experimental Animals

Thirty-seven (37) healthy Wistar albino rats of either sex, with body weights ranging from 80
to 130 g, were procured from the laboratory animal unit of the Faculty of Basic Medical
Sciences, Delta State University, Abraka. The experimental animals were allowed to
acclimatize for one week under standard environmental conditions, during which they were
fed standard growers” mash and unrestricted access to drinking water.

Preparation of Plant Extracts

Pulverized fresh leaves (100 g) of each plant species were separately soaked in 1000 mL of 95
% ethanol using the ambient-temperature extraction method for 48 hours with intermittent
agitation. The mixtures were first filtered using cheesecloth and then with Whatman No. 1
filter paper. The obtained filtrates were reduced in volume at 50 °C in a water bath to yield a
thick greenish-black extract, which was stored at 4 °C until administration.

Experimental Grouping
The study subjects were randomly distributed across five groups for treatment:
¢ Group 1: Healthy control (administered distilled water only)
¢ Group 2: Diabetic control (alloxan-induced, untreated)
¢ Group 3: Diabetic rats treated with glibenclamide (5 mg/kg)
e Group 4: Diabetic rats administered 100 mg/kg of the combined ethanol extract of O.
gratissimum and V. amygdalina.
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¢ Group 5: Diabetic rats administered 200 mg/kg of the combined ethanol extract

Sample Collection

After three weeks of treatment, the animals were subjected to food restriction for 12 hours and
euthanized via chloroform inhalation. Blood samples were obtained through cardiac puncture
into plain tubes, centrifuged at 2000 g for 10 minutes, and the collected serum stored at 4°C
for biochemical analysis.

Biochemical Analysis
Serum concentrations of the following lipid parameters were analyzed using established
enzymatic procedures:
Triacylglycerol (TG) assay was carried out according to the method of Fossati & Prencipe
(1982). The absorbance was measured spectrophotometrically at 500 - 550 nm, and TAG
concentration was calculated using a standard curveTotal cholesterol assay was carried out
according to the protocol of Castelli et al. (1992). Absorbance was read at 500-550 nm, and
cholesterol concentration was determined relative to a standard High-density lipoprotein
cholesterol (HDL-C) assay was carried out according to the method of Castelli et al. (1992).
Absorbance was measured spectrophotometrically, and HDL-C concentration was calculated
using the corresponding standard.
Low-density lipoprotein cholesterol (LDL-C), calculated using the Friedewald et al. (1972)
equation

o LDL= TC-HDL-(TG/5)

Statistical Analysis
Data were expressed as Mean + SD. One-way ANOVA with Tukey’s post-hoc test was utilized
for statistical comparisons, with p < 0.05 considered significant.

RESULTS AND DISCUSSION

The diabetic rats exhibited markedly elevated serum total cholesterol (TC), triacylglycerol
(TG), and low-density lipoprotein cholesterol (LDL-C), alongside a pronounced reduction in
high-density lipoprotein cholesterol (HDL-C), when compared with healthy controls (Tables
1-4). These alterations are consistent with earlier reports by Adaramoye et al. (2008), which
demonstrated that hyperglycemia following diabetes induction is closely associated with
concomitant elevations in circulating lipid levels. Diabetes-induced hyperlipidemia has been
attributed to excessive mobilization of fatty acids from adipose tissue as a result of impaired
glucose utilization, leading to increased hepatic lipid synthesis (Nimenibo-Vadia, 2013).

Administration of the combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina produced a statistically significant reduction (p < 0.05) in serum TC, TG, and LDL-
C concentrations relative to the diabetic control group. As shown in Table 1, total cholesterol
levels were markedly elevated in untreated diabetic rats, whereas extract-treated groups
exhibited dose-dependent reductions, with the 200 mg/kg body weight dose producing the
greatest effect, comparable to the standard drug control. Similarly, alloxan-induced diabetes
caused a significant increase in serum triacylglycerol levels (Table 2). Treatment with the
combined plant extract significantly reversed this elevation, particularly at the 200 mg/kg
dose, suggesting an improvement in lipid handling and triglyceride metabolism. These
findings indicate a hypolipidemic effect of the extract in diabetic conditions.
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Table 1: Effects of combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Total cholesterol levels in Alloxan-Induced Diabetic Rats

Group Treatment Total cholesterol (mg/dl)
Group 1 Healthy control 413 +£2.72a

Group 2 Diabetic control 666.1 £ 24.2b

Group 3 Standard drug control 493 + 59.2¢

Group 4 100mg/kg bwt. Ethanol 444 +£39.2d

extract

Group 5 200mg/kg bwt. Ethanol 350 + 2.45¢

extract

Values are expressed as mean # standard deviation (n = 5). Means bearing different superscript letters within a
column differ significantly (p < 0.05).
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Figure 1: Graphical representation of the combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Total Cholesterol Levels in Alloxan-Induced Diabetic Rats

Table 2: Effects of combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Total Triacylglycerol Levels in Alloxan-Induced Diabetic Rats

Group Treatment Total triacylglycerol (mg/dl)
Group 1 Healthy control 103 £ 2.89a

Group 2 Diabetic control 174 £ 4.62P

Group 3 Standard drug control 107 £ 2.16¢

Group 4 100mg/kg bwt. ethanol extract 122 + 5.76f

Group 5 200mg/kg bwt ethanol extract 85.9 £ 0.348

Values are expressed as mean + standard deviation (n = 5). Means bearing different superscript letters within a
column differ significantly (p < 0.05).
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Figure 2: Graphical representation of the combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Total Triacylglycerol Levels in Alloxan-Induced Diabetic Rats

In the present experiment, alloxan administration resulted in pronounced dysregulation of
lipid metabolism. Diabetic control rats showed elevated TC, TG, and LDL-C levels (Table 3),
accompanied by a substantial decline in HDL-C levels (Table 4). This pattern aligns with the
metabolic consequences of insulin deficiency, which enhances lipolysis in adipose tissue,
increases free fatty acid flux to the liver, and stimulates hepatic triglyceride synthesis (Udenze
etal., 2012). According to the American Diabetes Association (ADA, 2003), recommended lipid
targets for adults with diabetes include LDL-C levels below 100 mg/dl, HDL-C levels above
40 mg/dl, and TG concentrations below 150 mg/dl, as deviations from these thresholds
significantly elevate cardiovascular risk. Notably, treatment with the combined ethanol
extract significantly corrected these lipid abnormalities. Both extract doses improved lipid
parameters, with the 200 mg/kg dose eliciting the most pronounced effect, indicating a dose-
dependent response.

Table 3: Effects of combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Low density lipoprotein cholesterol levels in Alloxan-Induced Diabetic
Rats

Group Treatment Low-Density Lipoprotein Cholesterol (LDLC, [mg/dl])
Group 1 Healthy control 42.0+1.732
Group 2 Diabetic control 99.3 £1.16P
Group 3 Standard drug control 66.7 £ 2.52¢
Group 4 100mg/kg bwt ethanol extract 54.4 + 2.94f
Group 5 200mg/kg bwt ethanol extract 50.8 +0.918

Values are expressed as mean # standard deviation (n = 5). Means bearing different superscript letters within a
column differ significantly (p < 0.05).
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Figure 3: Graphical representation of the combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on Low density lipoprotein cholesterol levels in Alloxan-Induced Diabetic Rats

Table 4: Effects of combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on high-density lipoprotein levels in Alloxan-Induced Diabetic Rats

Group Treatment High density lipoprotein cholesterol
(HDLC,{mg/dl})

Group 1 Healthy control 200 £ 6.35a

Group 2 Diabetic control 100 £ 23.0p

Group 3 Standard drug control 170 +10.5¢

Group 4 100 mg/kg bwt ethanol extract ~ 152 + 2.55f

Group 5 200mg/kg bwt ethanol extract 165 +5.94s

Values are expressed as mean + standard deviation (n = 5). Means bearing different superscript letters within a
column differ significantly (p < 0.05).
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Figure 4: Graphical representation of the combined ethanol extracts of Ocimum gratissimum and Vernonia
amygdalina on High density lipoprotein cholesterol levels in Alloxan-Induced

Diabetic Rats
The observed reduction in LDL-cholesterol is particularly important, given its pivotal role in
the initiation and progression of atherosclerotic lesions (Grundy et al., 2004). Furthermore,
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treatment with the extract significantly increased HDL-cholesterol levels, a lipoprotein known
for its protective cardiovascular role through reverse cholesterol transport (Rader et al., 2017).
HDL exerts anti-atherogenic effects by preventing LDL oxidation and facilitating cholesterol
efflux from peripheral tissues (Yokozawa et al., 2006). These beneficial effects may be
attributed to the presence of bioactive phytochemicals in both plants, including flavonoids,
alkaloids, and tannins, which have been widely reported to possess antioxidant and lipid-
modulatory properties (Mollazadeh et al., 2018). The findings of this study are in agreement
with previous reports demonstrating the lipid-lowering potential of Vernonia amygdalina and
Ocimum  gratissimum. Nwanjo et al. (2015) reported significant reductions in hepatic
triglyceride and LDL-cholesterol levels following administration of Vernonia amygdalina
extract in streptozotocin-induced diabetic rats. Likewise, Ubah et al. (2024) showed that
dietary incorporation of Vernonia amygdalina reversed hypercholesterolemia and
hypertriglyceridemia induced by high-fat diet and monosodium glutamate administration.
Adaramoye et al. (2008) and Iwalokun et al. (2006) further demonstrated that reductions in
elevated cholesterol levels are associated with improved hepatic and renal function, while
Iweala and Obidoa (2010) reported cholesterol-lowering effects of Ocimum gratissimum when
administered as a dietary supplement in normal rats.

Taken together, the results demonstrated that the combined plant extract possesses
meaningful hypolipidemic activity. This suggests potential therapeutic value in mitigating
lipid disturbances associated with diabetes and may contribute to lowering cardiovascular
risk in diabetic conditions.

CONCLUSION

Findings from the present research reveal that the combined ethanol extracts of Ocimum
gratissimum and Vernonia amygdalina exert significant protective effects against lipid
abnormalities associated with alloxan-induced diabetes in Wistar rats. Alloxan administration
produced marked dyslipidemia, characterized by elevated triacylglycerol, total cholesterol,
and LDL-cholesterol levels, alongside reduced HDL-cholesterol. Treatment with the
combined plant extracts effectively improved these alterations proportionally to the
administered dose, with the 200 mg/kg dose showing the greatest efficacy and approaching
the effect of the standard drug, glibenclamide. These findings suggest that the synergistic
phytochemical constituents of the two plants may modulate lipid metabolism and offer
beneficial hypolipidemic activity. Overall, the combined extract shows promising prospects
as a natural therapeutic option for controlling diabetes-induced dyslipidemia. Further studies,
including mechanistic and clinical evaluations, are recommended to support its development
for medicinal use.
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