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Abstract Elevated blood lipid levels, or
hyperlipidemia, represents a major modifiable risk factor
for cardiovascular pathologies, including atherosclerosis
and ischemic heart disease. The exploration of
phytochemicals for lipid modulation offers a valuable
avenue for therapeutic development. In this context, the
present study aimed to elucidate the lipid-lowering
potential of ethanol-derived extracts from Moringa
concanensis leaves in a controlled experimental setting.
Utilizing thirty albino Wistar rats, this research established
five distinct groups, encompassing a standard-diet control
group and four high-fat diet cohorts to induce a state of
hyperlipidemia. Following a month of dietary manipulation,
one group continued without intervention, while two
groups received varying doses of the Moringa concanensis
extract (200 and 400 mg/kg body weight), and another
group received a standard hypolipidemic drug,
Rosuvastatin, for comparison. After a total of sixty days,
systemic and hepatic markers of lipid metabolism, liver
function, and oxidative stress were quantitatively assessed.
Notably, the Moringa concanensis extract exhibited a dose-
responsive amelioration of dyslipidemia, as evidenced by
reductions in TC, triglycerides, LDL-C, VLDL-C, and an
elevation in HDL levels. Concurrent enhancements in
hepatic function and oxidative stress markers—manifested

through lowered malondialdehyde levels and augmented
superoxide dismutase, glutathione, and catalase activity—
were  observed. Histopathological ~ examinations
corroborated these findings, revealing diminished fat
deposition and inflammation within hepatic tissues.
Collectively, these results underscore the therapeutic
promise of Moringa concanensis leaf extract as a natural
agent for managing hyperlipidemia and associated
oxidative stress, warranting further investigation for its
clinical applicability.
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Oxidative Stress, Lipid Profile, High-fat Diet

1. Introduction

The prevalence of hyperlipidemia, characterized by an
increase in triglycerides and cholesterol coupled with
decreased HDL levels, poses a significant challenge to
public health due to its association with metabolic
disturbances. This lipid imbalance is often a consequence
of overnutrition, sedentary lifestyle, or genetic
predispositions,  such  as  seen in  familial
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hypercholesterolemia [1-3]. The condition is multifaceted,
encompassing hypertriglyceridemia, hypercholesterolemia,
combined hyperlipidemia, and elevated LDL levels.
Without intervention, hyperlipidemia is a known precursor
to atherosclerotic  cardiovascular  diseases, thus
necessitating effective management strategies [4].
Targeting LDL cholesterol has become a cornerstone in
preventing atherosclerosis-related events, although the
mainstay pharmacological agents, statins, are not without
side effects that may deter adherence. The pathological role
of hyperlipidemia extends beyond vascular complications,
implicating it in exacerbating myocardial ischemia and
impeding mechanisms of cardiac protection such as
ischemic preconditioning [5,6]. The inflammatory and
immunological aspects of atherosclerosis further underline
the complexity of this lipid disorder. Clinical guidelines
advocate for a triad of diet, physical activity, and
pharmacotherapy in combating hyperlipidemia and
curtailing the risk of coronary artery disease [7].

In the search for alternative therapeutic options, the
Moringa concanensis, a plant endemic to Tamil Nadu's
Nilgiris hills and prevalent in the Perambalur district,
emerges as a candidate with promise [8,9]. Known
colloquially as Kattumurungai, and distinct from the
widely recognized Moringa oleifera, this species is one of
the thirteen identified within the Moringaceae family.
Traditionally utilized in Ayurvedic and Unani systems of
medicine, Moringa concanensis exhibits a broad spectrum
of pharmacological activities, attributed to its plethora of
bioactive compounds. Its leaves, flowers, gum, fruits, roots,
and bark have been employed to alleviate a variety of
health conditions, ranging from menstrual pain to
metabolic disorders [10,11].

Considering the significant health burden posed by
hyperlipidemia and the side effects associated with current
pharmacological interventions, there is an ongoing need to
explore alternative therapeutic agents that are effective and
have fewer adverse effects. The study presented aims to
assess the efficacy of ethanolic leaf extract from Moringa
concanensis in treating hyperlipidemia induced by a high-
fat diet in a rat model, offering insights into its possible

Percentage of inhibition of DPPH activity = (absorbance of control — absorbance of sample)

benefits in the management of hyperlipidemic conditions.

2. Materials and Methods

2.1. Procurement and Verification of Plant Materials

Moringa concanensis leaves were sourced from IIHR,
Bengaluru, in November 2022. Dr. P.E. Rajasekharan,
Principal Scientist & Nodal Officer GAC, Division of Plant
Genetics Resources, confirmed their authenticity. Post-
harvest, leaves were naturally desiccated at room
temperature to maintain integrity.

2.2. Plant Extract Preparation

The extraction process followed a previously defined
and published method [12]. The dried leaves were coarsely
powdered, and about 50g of powdered leaves were placed
in the Soxhlet apparatus (Borosil India) and subjected to
extraction using ethanol as a solvent. The extract
underwent filtration through Whatman filter, and the
filtrate was evaporated and concentrated using a rotary
evaporator at a low temperature between 40-50<€.

2.3. In vitro Antioxidant Assay

1,1-diphenyl-2-picrylhydrazyl (DPPH) Radical
Scavenging Assay

The Antioxidant activity of the extract of Moringa
concanensis was assessed by the previously reported
method [13]. 50 i Ethanolic DPPH solution (0.002%) was
added to 5 i leaf extract, and the final volume of 1000 i
was made up by adding ethanol. The resulting mixture was
incubated in darkness for 30 minutes. Post incubation, the
absorbance was measured at a wavelength of 517
nanometers using a spectrophotometer. Ethanol (750 i)
and DPPH solution (250 i) was taken as control. The
percentage inhibition of DPPH activity was calculated
using the formula [14].

X 100

Absorbance of control
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2.4. Animals Model and Experimental Design

This study involved 30 adult male Albino rats, each with
a body weight 150-200g, acquired from Vaarunya Biolabs
Pvt. Ltd., Bengaluru, Karnataka, India (License no.
2076/PO/RcBiBt/S/19/CPCSEA). The research protocol
was sanctioned by the IAEC of KLE College of Pharmacy,
Bengaluru, India (approval no. 10/HP/2022). These rats
were maintained under controlled conditions at 23+ <C
and 5535% humidity, following a 12-hour light-dark cycle,
with free access to food and water. Rosuvastatin for the
study was sourced from Microlabs Pvt. Ltd., Bengaluru, as
a complimentary sample. Standard and high-fat diets were
procured from VRK Nutritional Solutions, Sangli,
Maharashtra. The duration of the investigation spanned 60
days, starting with 30 days of dietary management
followed by 30 days of treatment [15].

Thirty rats were evenly divided into five groups, with
each group containing six animals. Group | acted as the
normal control on a standard diet; Group Il was fed a high-
fat diet for 30 days followed by a standard diet for the
remaining period; Group Il received a high-fat diet for 30
days followed by treatment with Rosuvastatin (10 mg/kg
body weight, orally) alongside a standard diet; Groups IV
and V were fed a high-fat diet for the first 30 days, followed
by treatment with the Moringa Concanensis extract at
doses of 200 mg/kg and 400 mg/kg body weight,
respectively, with a standard diet during treatment.

Post the 60-day period, serum was obtained for
biochemical analysis by centrifugation at 5000g for 10
minutes of blood drawn from a retro-orbital puncture. Liver
tissues were preserved in 10% formalin for subsequent
antioxidant assays and histological examination [16].

2.5. Estimation of Serum Lipid Profile

Serum levels of TC, LDL, HDL, TG, and VLDL were
estimated using autoanalyzer techniques as per
manufacturer’s instruction (Robonik-Prietest biochemistry
analyzer, India).

2.6. Estimation of Liver Function Enzymes

Serum levels of AST, AST, ALP, and total protein were
determined using autoanalyzer techniques as per
manufacturer’s instruction (Robonik-Prietest biochemistry
analyzer, India).

2.7. Estimation of Oxidative Stress Markers

Assessment of oxidative stress markers was performed
at the tissue level. The activities of SOD, GSH, CAT, and
the concentration of MDA were quantified in liver tissue
homogenates. They were estimated using a commercially
available kit (EZAssay TM Activity Estimation Kit,

HIMedia Laboratories, Mumbai, India).

2.8. Histopathological Analysis of Liver

The liver was dissected and fixed with 10% formalin and
embedded in paraffin. A series of liver sections was
collected and stained with hematoxylin-eosin (H&E). Liver
images were captured using a light microscope (40X).
Classification of liver disease was made based on the
infiltration of fat globules to the hepatic cells, inflammation,
stages of fibrosis, and lobular inflammation regarding the
histopathology of the liver.

2.9. Statistical Analysis

The statistical representation of all experimental data is
provided as the mean % SEM for six (n=6) independent
samples. To discern statistically significant differences
among the groups, we employed a one-way ANOVA,
utilizing the GraphPad Prism software version 8.0.2. Post
hoc comparisons were conducted applying Tukey's
multiple comparisons test. The threshold for statistical
significance was established at a p-value <0.05. Results
displaying p-values <0.05, 0.01, and 0.001 are annotated
respectively with *, ** and ***, indicating significant
deviations from the disease group, while #, ##, and ###
denote comparisons with the normal control group. Values
yielding a p-value >0.05 are considered statistically non-
significant and are marked as 'ns'.

3. Results

3.1. DPPH Radical Scavenging Assay

Ethanolic extract of Moringa concanensis leaf shows
remarkable free radical scavenging properties by DPPH
assay with 37.94% of inhibition of DPPH activity.

3.2. Impact of Treatment on Serum Lipid Profile

Following a four-week high-fat diet (HFD) regimen,
significant elevations in TC, TG, LDL-C, and VLDL-C
were observed in the HFD group compared to the normal
control group, as evidenced by p-values less than 0.001
(Figures 1a, b, d, e). Conversely, HDL-C levels were
reduced in the HFD group (Figure 1c). Administration of a
high dosage of the ethanolic Moringa Concanensis leaf
extract resulted in a notable amelioration of the lipid profile,
with significant reductions in TC, TG, LDL-C, and VLDL-
C (all p<0.001), alongside a substantial rise in HDL-C
levels (p<0.001). A comparative analysis between lower
and higher extract dosages indicated that the higher dosage
was more efficacious in correcting dyslipidemia.


https://www.google.com/search?q=EZAssay%2BTM%2BActivity%2BEstimation%2BKit%2C%2BHiMedia%2BLaboratories%2C%2BMumbai%2C%2BIndia&tbm=isch&hl=en&bih=585&biw=1242&sa=X&ved=2ahUKEwiE4o_jjM-AAxVwz6ACHS3jCQ4QBXoECAEQMg
https://www.google.com/search?q=EZAssay%2BTM%2BActivity%2BEstimation%2BKit%2C%2BHiMedia%2BLaboratories%2C%2BMumbai%2C%2BIndia&tbm=isch&hl=en&bih=585&biw=1242&sa=X&ved=2ahUKEwiE4o_jjM-AAxVwz6ACHS3jCQ4QBXoECAEQMg
https://www.google.com/search?q=EZAssay%2BTM%2BActivity%2BEstimation%2BKit%2C%2BHiMedia%2BLaboratories%2C%2BMumbai%2C%2BIndia&tbm=isch&hl=en&bih=585&biw=1242&sa=X&ved=2ahUKEwiE4o_jjM-AAxVwz6ACHS3jCQ4QBXoECAEQMg
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Figure 1. The treatment effects on lipid profiles in HFD-induced hyperlipidemic rats, with data as Mean £SEM for six rats. Significance: ###p<0.001

vs. normal, ***p<0.001, **p<0.01 vs. HFD control

3.3. Effect of Treatment on Oxidative Stress Markers

The biomarker of oxidative stress, malondialdehyde
(MDA), presented with an elevated concentration in the
high-fat diet (HFD) cohort relative to the normal control
group, as evidenced in Figure 2d. Conversely, the levels of
GSH, SOD, and CAT were found to be reduced in the HFD
group when compared to the normal control, as detailed in
Figures 2a, b, and c, respectively. Upon administration of
the therapeutic intervention, a significant reduction in
MDA was observed in the treated group in contrast to the
HFD group, shown in Figure 2d. Additionally, there was a
significant augmentation in the concentrations of SOD,
GSH, and CAT in the treated group as compared to the
HFD group (p<0.001), detailed in Figures 2a, b, and c. The
administration of the higher dosage of the treatment proved
to be more efficacious in modulating the markers of
oxidative stress than the lower dosage.

3.4. Effect of Treatment on Liver Function Enzyme

Figure 3 illustrates the impact of the high-fat diet (HFD)
on liver function by displaying the levels of ALT, AST, and
ALP. The graph indicates that these enzymes were

markedly increased in the HFD group when compared with
the normal control group (Figures 3a, b, c). Conversely,
total protein levels were significantly lower in the HFD
group relative to the normal control (Figure 3d). Upon
administration of the investigational drug, there was a
notable reduction in the levels of ALT, AST, and ALP
(p<0.001), along with a substantial rise in total protein
levels (p<0.001) compared to the HFD group. Furthermore,
a dose-response relationship was observed, with the higher
dose of the treatment being more efficacious in normalizing
the parameters of liver function.

3.5. Histopathological Changes in the Liver

In the examination of liver tissue samples (referenced as
Figure 4A-E), it was noted that the consumption of a diet
high in fat precipitated extensive fat accumulation within
the hepatocytes when compared to the control group, which
was provided with a standard diet. Administration of the
ethanolic leaf extract of Moringa Concanensis appeared to
moderately mitigate the lipid accumulation within the
hepatic cells relative to the high-fat diet (HFD) cohort.
However, the variations between the treated groups and the
HFD group did not reach a level of statistical significance.
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Figure 2. The effects of treatment on biochemical markers (GSH, SOD, CAT, MDA) in rats with diet-induced hyperlipidemia. Data are mean =SEM
for six samples. Significance: ###p<0.001 vs. normal, ***p<0.001, **p<0.01 vs. HFD control
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Figure 3. The treatment outcomes on hepatic markers (a) ALT, (b) ALP, (c) AST, and (d) Total protein in hyperlipidemic rats on a high-fat diet.
Values are Mean =SEM (n=6). Significance: ###p<0.001 vs. normal, ***p<0.001, **p<0.01 vs. HFD control
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4. Discussion

Hyperlipidemia is a key factor in the pathogenesis of
ischemic heart disease (IHD) due to its pivotal role in
atherogenesis. Elevated low-density lipoprotein cholesterol
and triglycerides, along with reduced high-density
lipoprotein cholesterol, are strongly linked to an increased
risk of cardiovascular and cerebrovascular events [17]. The
etiology of hyperlipidemia is multifactorial, involving
dietary, genetic, and lifestyle elements. These factors are
similarly associated with the development of non-alcoholic
fatty liver disease (NAFLD) and various metabolic
disorders [16].

The objective of this research was to investigate the
effects of Moringa concanensis leaf ethanolic extract on
lipid profiles under hyperlipidemic conditions. We utilized
Albino Wistar rats, inducing hyperlipidemia with a 30-day
high-fat diet, which disrupted lipid metabolism, evidenced
by elevated serum total cholesterol, triglycerides, LDL-
cholesterol, and reduced HDL-cholesterol compared to
controls. Concurrent hepatic impairment was observed,
with increased serum levels of ALT, AST, and ALP,
suggesting hepatocellular damage. Additionally, lipid

peroxidation marker malondialdehyde levels rose,
indicating enhanced oxidative stress, while activities of
antioxidative enzymes like SOD and CAT were suppressed
due to the high-fat diet [18].

The application of Moringa concanensis, a plant with a
rich history in traditional Indian Ayurveda and Unani
medicine, was investigated for its medicinal properties
against such metabolic perturbations. In traditional
medicine, Moringa concanensis has been employed to
alleviate a variety of ailments, including menstrual pain,
hyperglycemia, obesity, and cardiovascular disorders. Our
study corroborates these traditional claims, showing that
administration of the plant's ethanolic leaf extract
significantly mitigated the lipid abnormalities induced by
HFD, as evidenced by decreased levels of TC, TG, LDL-C,
and VLDL-C, and increased HDL-C levels [19].
Furthermore, the extract also restored antioxidative
defence mechanisms, with a notable increase in SOD, CAT,
and GSH levels, and a reduction in MDA levels. These
biochemical improvements were substantiated by
histopathological evaluations, revealing a reduction in
hepatic fat infiltration and inflammation in rats treated with
the extract compared to those on a high-fat diet alone.



16 Assessment of the Therapeutic Potential of Ethanolic Extract of Moringa Concanensis Leaves in a Rat Model of
High Fat Diet-Induced Hyperlipidaemia

Comparative analysis with other studies reveals
similarities in the lipid-lowering and hepatoprotective
effects of various Moringa species. For instance, previous
research has demonstrated the effectiveness of Moringa
oleifera in ameliorating hyperlipidemia and liver damage
in rodent models, which aligns with our current findings on
Moringa concanensis [20]. However, it is imperative to
conduct further research to elucidate the precise
phytochemical  constituents responsible for these
therapeutic effects and to validate these findings in clinical
trials. Our study adds to the growing body of evidence
supporting the lipid-lowering and antioxidative properties
of Moringa concanensis, underscoring its potential as a
natural therapeutic agent in the management of
hyperlipidemia and its associated complications.

5. Conclusions

In conclusion, our result showed that ethanolic extract of
Moringa concanensis leaf reduces serum lipid profile,
enhances antioxidant capacity, and improves the liver
function in groups fed with a high fat diet. The uses of the
drugs from natural sources are safe compared to allopathic
medicine. Hence, the Moringa concanensis may have
potential antihyperlipidemic and antioxidant effects as an
alternative to the therapeutic agent currently available to
treat hyperlipidemia. Further studies are needed to
understand the probable mechanism of action and to
understand whether ethanolic extract of Moringa
concanensis leaf results in a lower cardiovascular risk. An
isolation study of phytochemicals can be done for a better
understanding of the effect.
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