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ABSTRACT

Introduction: Type 2 diabetes and cardiovascular disease are greatly affected by hyperlipidemia, characterized by elevated
blood lipid levels. The potential adverse effects of conventional pharmacological interventions have prompted the exploration
of natural drugs for combinatorial therapy of hyperlipidemia management. Rivea hypocrateriformis (Desr), a plant species
with traditional medicinal use, has shown potential anti-hyperlipidemic effects in animal models.

Materials and Methods: The study evaluated chloroform (HEC) and ethanol (HEE) extracts of R. hAypocrateriformis (Desr)
in Triton-induced hyperlipidemia in Sprague Dawley rat model at 100 and 200 mg/kg body weight. Parameters such as body
weight, lipid levels, lipid parameters, and antioxidant enzymes were assessed.

Results and Discussion: There was an increase in total cholesterol and triglycerides in the triton-induced group and a decrease
in high-density lipoprotein (HDL). Reduced total cholesterol and triglyceride levels and increased HDL were observed with
treatment with HEC and HEE extracts. It was also found that the extracts significantly reduced low-density lipoprotein (LDL)
and very-low-density lipoprotein (VLDL) levels, suggesting a potential reduction in atherosclerosis risks. The atherogenicity
index was significantly decreased in the treatment groups, supporting their anti-atherosclerotic potential. Furthermore, the
extracts enhanced antioxidant defenses, reducing oxidative stress. Histopathology of liver tissue revealed the potency of
extracts in control of tissue loss, lymphocyte infiltration, and fatty accumulation by triton induction.

Conclusion: The study demonstrates the potential of R. hypocrateriformis (Desr) extracts as a natural therapeutic agent
for hyperlipidemia management. The extracts exhibited anti-hyperlipidemic and antioxidant effects, offering a multifaceted
approach to combat hyperlipidemia and related complications. Future research should focus on identifying bioactive compounds,
elucidating underlying mechanisms, and conducting clinical trials for human validation. R. hypocrateriformis (Desr) presents
a promising area for drug development and nutraceutical research, with the potential to improve hyperlipidemia management
and cardiovascular health.
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INTRODUCTION

Type 2 diabetes and cardiovascular diseases are associated
with hyperlipidemia (elevated blood lipid levels). Anti-
hyperlipidemic drugs, particularly statins (HMG-CoA
inhibitors), have been widely prescribed for managing

Rivea hypocrateriformis (Desr), commonly known as ginseng
vine or elephant creeper, belongs to the Convolvulaceae family
and is a flowering plant species native to different regions
worldwide, including India, Australia, and parts of Southeast
Asia. It has a long history of traditional medicinal use in various

hyperlipidemia over the past two decades. However, concerns
about statin overuse and potential long-term adverse effects
have emerged.!

cultures to treat respiratory and gastrointestinal disorders.” This
plant has been treated with a wide range of health conditions
throughout history, including rheumatic pain, fever, urogenital
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problems, snake bites, piles, malaria, and skin diseases.” The
phytochemistry of R. hypocrateriformis (Desr) has identified
flavonoids, alkaloids, glycosides, coumarins, stilbenes and
xanthone derivatives as valuable secondary metabolites.
Extracts and isolated compounds from the plant have shown
promising effects on various organ system, including liver, brain,
joints, cancer etc.? Extensive research on R. hypocrateriformis
(Desr) has underscored its pharmacological potential for various
applications. Studies have demonstrated that extracts from
the plant possess significant anti-inflammatory, antioxidant,
and antimicrobial properties.®> R. hypocrateriformis (Desr)
contains bioactive compounds, such as alkaloids and flavonoids,
which exhibit antitumor and immunomodulatory effects.*
Additionally, R. hypocrateriformis (Desr) extracts have shown
in-vitro anti-urolithiatic/anti-calcification activity comparable
to cystone.’ Given its diverse range of health-promoting
properties, R. hypocrateriformis (Desr) is a promising medicinal
herb for treating hyperlipidemia. Thus, in this research, the plant
extracts have been used to investigate the anti-hyperlipidemic
activity on triton-induced hyperlipidemia in Sprague Dawley
rats.

MATERIALS AND METHODS

Plant Extraction Process

Fresh leaves of R. hypocrateriformis (Desr) were collected
and dried in shade for a period of 7 days. The dried leaves
were then ground into a fine powder and separately subjected
to extraction using chloroform and ethanol through a soxhlet
apparatus until the extracts turned colorless. The obtained
solutions were filtered, and the solvents were removed by
vacuum suction, resulting in the formation of two thick pastes
named chloroform extract (HCE) and ethanol extract (HEE).
The percentage yields of these extracts were determined
as 15.34 and 23.46% (w/w), respectively. Subsequently, the
extracts were stored in air-tight containers at room temperature
until further use.

Experimental Animals

Sprague Dawley (SD) rats between 180 to 220 gm were
procured from a known breeder and supplier in Bengaluru. A
stainless steel cage was used to keep them, and they were given
access to food (Nutrivet Pvt Ltd) and water ad libitum. It was
observed that the cages were kept in a 12-hour light-dark cycle
at a room temperature of 23°C with 55% relative humidity. It
was approved by the institutional animal ethics committee to
conduct all experiments on the animals. The cages were coded
using cage cards and the animals were devoid of food and water
12 hours before the experiments.°

Acute Toxicity Studies

The acute toxicity of HEC and HEE extracts was evaluated
using the OECD 423 (Acute Toxic Class Method). Extracts
were administered orally to the overnight fasted rats in the form
of a suspension prepared with a 0.5% carboxy methyl cellulose
(CMC) solution to achieve a 2000 mg/kg dose for both extracts.
A body weight measurement was conducted after the animals

received extracts and were allowed access to food and water.
Throughout the study, the rats were closely monitored for any
clinical signs of toxicity, including changes in the respiratory,
circulatory, and nervous systems and alterations in skin, fur,
eyes, and mucous membranes. The behavior patterns were
observed at specific intervals, namely 3, 6, 9, and 14 days after
administration of the extracts.” Any signs of toxicity, such as
coma, drooling, diarrhea, trembling, convulsions, or abnormal
sleep, were carefully noted and recorded.

Anti-hyperlipidemic Activity of Extracts HEC and HEE

Preparation of extracts

About 5% gum acacia suspension (GAS) was prepared
by dissolving acacia in warm distilled water, followed by
filtration, and used as the medium for drug administration.
Separately, weighed amounts of HEC and HEE were suspended
in the acacia suspension, resulting in 30% suspensions of the
respective extracts. Atorvastatin drug was dissolved in the
acacia suspension, creating a 2% solution. All solutions were
then filtered and set aside for subsequent use in the study.

Drug (triton) administration for induction of hyperlipidemia

A total of seven groups of overnight fasted rats were randomly
assigned, each with six animals. First, a negative control group
(NCG) received normal water orally as a control. The second
group, serving as the hyperlipidemic control group (HCG), and
all other groups from 3 to 7 were administered with a single
dose of triton intraperitoneally (100 mg/kg B.W) through saline
and distilled water was given via oral gavage.®’ Following
this, after 72 hours, the third and fourth groups received the
HEC extracts (100 and 200 mg per kg) via the oral route, and
they served as test groups 1 and 2. The fifth and sixth groups
received the HEE extracts at a dose of 100 and 200 mg per kg
body weight via the oral route, and they served as test groups
3 and 4. The seventh group was treated as the standard group
and received atorvastatin (10 mg per kg). Each rat’s initial body
weight was recorded before the experiment began. In order to
determine whether any changes or effects have occurred as a
result of treatment administered after seven days, each group’s
final body weights were recorded.'®!!

Estimation of lipid indices and parameters

Using anesthesia and, blood was withdrawn from the retro-
orbital plexus to separate serum to estimate final lipid
parameters. The naso-anal length was noted for each rat for the
determination of fat indices like the Lee index and BMI.!>!?

Lee index= (3\/bodyweight/naso—anal length) x 100
BMI=Body weight/body length?

The isolated serum samples were analyzed for the lipid
parameters like total cholesterol, triglycerides (TG), low-
density lipoproteins (LDL) and very low-density lipoproteins
(VLDL) and high-density lipoproteins (HDL). The biochemical
parameters were analyzed using the commercially available
diagnostic kits and as per the standard procedures. The
atherogenicity index was also calculated from the available
data of lipids using the standard formula.'
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The separated serum was used to perform the biochemical
estimation of the enzymes like superoxide dismutase (SOD),
catalase (CAT), lipid peroxidase (LPx), glutathione reductase
(GR) and glutathione peroxidases (GPx). The estimations were
done as per the standard procedures following in the reference
through the commercially available kits in the market.!>1°

Histopathological studies

The liver tissues of the rats were kept in 10% formalin
solution for histological analysis after the study. A standard
histological procedure involves washing, sectioning, and
staining with hematoxylin and eosin (H and E) and examining
microscopically for morphological changes.

Statistical Analysis

ANOVA and Dunnett’s multiple comparison tests were utilized
with GraphPad Prism version 5.0 to analyze the data. Results
are expressed as mean + standard error of the mean. The
significance level was determined by p <0.001.

RESULTS

Acute Toxicity Studies

The extracts of R. hypocrateriformis (Desr). leaves (HEC and
HEE) were investigated for acute oral toxicity at various doses
ranging from 2000 to 100 mg/kg body weight following the
OECD 423 guidelines. Observations show that both extracts
showed no changes in any of those behaviours or features. Both
extracts showed no sign of toxicity through changes in any
of the above-stated features. Interestingly, rats administered
with HEC showed excessive sleeping compared to HEE which
was not significant but noted. The symptoms indicating the
changes in motor activity were also normal. Overall, it can
be assumed that both extracts showed no toxicity in any of
the rats at 2000 mg/kg. The rats showed no mortality or any
sign of disease or abnormality in behavior. Thus, the effective
dose of the extracts was determined as 5%, the lowest dose,
and 10%, the highest dose.

Effect of extracts of R. hypocrateriformis (Desr). leaves on
body weights of rats in triton-induced hyperlipidemia

Triton was administered to the rats at 100 mg/kg body weight
to induce acute hyperlipidemia in Sprague Dawley rats on the
starting day. Extracts were administered to the rats at 100 and

200 mg/kg and compared with the standard drug atorvastatin
at 10 mg/kg. Initial body weights of the rats were noted before
exposing them to the drug and after the experiment was over
that is 7 days, the body weight of the rats was noted and
compared for changes and induction of hyperlipidemia due to
triton. The values were tabulated in Table 1.

Figure 1 illustrates the comparison between the HEE and
HEC for the effect of controlling the rise in body weight induced
by triton. The rats treated with the inducing agent showed a
significant increase in body weight in 7 days and the final body
weight was about 336.83, which is almost 50% increase in the
weight. This might be due to the increase in appetite of the rats
and also the induction of fat gain due to adipocyte deposits into
the liver. Although the normal group of rats showed increased
weight, it was non-significant compared to the induction group.
The extract groups in both doses showed significant control of
the increase in weights due to triton. The suppression of rise in
body weight was comparatively similar to atorvastatin standard
and HEE and HEC at 200 mg/kg showed better activity than
standard. In comparison with the extracts, HEE at 200 mg/kg
showed a better control of raise of body weight.

Effect of extracts of R. hypocrateriformis (Desr). leaves on
lipid indices of rats in triton-induced hyperlipidemia

Table 1 and Figure 2 also show rats’ lipid indices, liver weight,
Lee Index, and body mass index in different groups. The control
group’s liver weight, Lee index and BMI were 6.95 gm, 43.27
and 1.17, respectively. The liver weight of the triton-induced

alnitial mFinal

Bodywaight (g)

Contral Triton induced  HEC (100mgkg) HEC (200mglkg) HEE (100mghg) HEE (200mghg)  Atonastatin

Figure 1: Effect of HEC and HEE on the body weights of triton
induced hyperlipidemia

Table 1: HEC and HEE effects on the body weights of Triton induced hyperlipidemia

Body weight of rats (g)

Obesity indices of rats

Group

Initial Final Lee Index BMI Liver weight (g)
Control 209.5+1.22 213.5+2.58 4327 +1.74 1.17 £0.09 6.95+0.94
Triton induced 209.66 + 1.5% 336.83 £ 9.66% 49.73 £3.76* 1.73£0.27% 10.71 £0.61*
HEC 100 mg/kg 209.16 + 1.72* 258.66 +7.71* 43.69 £ 2.06* 1.21 £0.12* 7.31£0.55*
HEC 200 mg/kg 210.23 £2.93* 229.92 + 4.99%* 42.92 £ 2.88% 1.2+0.11* 6.93 £0.52*
HEE 100 mg/kg 214.3 £3.03* 249.33 +7.58* 44.72 £3.28* 1.26 £0.12* 6.88 £0.43*
HEE 200 mg/kg 210.08 + 4.87* 218.71 +4.33% 42.78 £ 2.84* 1.19£0.13* 5.46 £ 0.45%*
Atorvastatin 10 mg/kg  211.1 +2.89* 231.44 +1.72* 4512 +£2.01* 1.28 £0.11* 7.27 £0.48*

The values were represented as Mean = SEM (n = 6); *p <0.001 compared to the induction group; °» <0.001 compared to the normal control group
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Figure 2: Effect of extracts of R. hypocrateriformis (Desr). on the
obesity indices

group was raised to 10.71, whereas the Lee index was 49.73,
and the BMI was 1.73, which showed a significant change from
the control group. The values of the liver weight, Lee index
and BMI of the extract-treated groups suggest a significant
activity of the extracts compared with the standard drug. Also,
the HEE 200 mg/kg showed much better activity in controlling
liver weight compared to the standard drug. HEE and HEC at
200 mg/kg showed better activity than the standard drug
and those at lower dose, suggesting the extracts showed a
dose-based activity in controlling lipid accumulation and
hyperlipidemia.

Table 2: HEC and HEE effects on lipid levels in triton induced

hyperlipidaemia

Lipid levels of rats (mg/dL)
Group

7C G HDL
Control 10487279 80.86+1.82  42.01+ 1.54
Tritoninduced ¢y 761 5370 172,04 £396* 2355+ 2440
group
HEC 100 mgkg  131.22 £3.64% 92.94+194%  38.8+2%
HEC 200 mg/kg  127.94+2.98% 89.88+3.87%  43.87+2.18%
HEE 100 mg/kg  129.76 + 1.3%*  90.46+ 1.62%  40.42+0.91*
HEE 200 mg/kg  113.47 + 1.99%  86.81 £2.89%  45.44 + 1.78%
Atorvastatin 101y 504 1 305 8830 40.86%  43.87+ 1.68*
mg/kg

The values were represented as Mean = SEM (n = 6); *p <0.001 compared
to the induction group; *p < 0.001 compared to the normal control group
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Figure 3: Extract’s effect on the Lipid levels of triton induced
hyperlipidemia

Effect of extracts of R. hypocrateriformis (Desr). leaves on
TC, TG and HDL of rats in triton induced hyperlipidaemia

The rats were sacrificed in the last hour and blood was
withdrawn to separate the serum. Serum was collected and
analyzed for the lipid levels. Table 2 and Figure 3 shows
the lipid levels of rats in different groups, including total
cholesterol, triglycerides, and high-density lipoprotein.
Overall, the lipid levels, including TC, TG, and HDL, were
altered by the different treatments as shown in Table 2,
indicating the potential therapeutic effect of HEC and HEE at
higher doses significant to the standard on lipid metabolism in
rats. The triton-induced group showed significant differences
from the control group in all three indices, indicating that triton
caused significant metabolic changes in the rats. Also, similar
to the above, extracts showed a dose-based activity where HEE
at 200 mg/kg outperformed standard drugs in elevating HDL
and controlling total cholesterol and triglycerides.

Effect of extracts of R. hypocrateriformis (Desr). Leaves
on LDL, proteins and atheronogenic index of rats in triton-
induced hyperlipidemia

Table 3 and Figure 4 shows the lipid parameters such as
LDL, VLDL, total protein, and atherogenicity index of rats in
different experimental groups. The results show that the triton-
induced hyperlipidemia group had significantly higher levels
of LDL and VLDL and a significantly lower total protein level
than the normal control group. The atherogenicity index was
also significantly higher in the triton-induced group compared
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Table 3: HEC and HEE effects on lipid parameters in triton induced hyperlipidemia

Lipid parameters of rats

Group LDL (mg/dL) VLDL (mg/dL) Total Protein (mg/dL) Atherogenicity index (%)
Control 73.26 +2.66 32.7+0.6 8.34+£0.61 2.49 £ 0.09

Triton induced group 149.13 +4.03% 72.82 + 1.96* 2.84+0.19% 7.92 +£0.94*

HEC 100 mg/kg 93.88 +£2.22% 51.82+2.08* 3.87+0.46* 5.71+0.17*

HEC 200 mg/kg 79.04 £ 3.75% 43.89 £+ 1.88%* 5.86 £ 0.46* 3.38+£0.14*

HEE 100 mg/kg 86.99 + 2.34%* 46.78 +2.19* 4.56 +0.58* 4.66 +0.05*

HEE 200 mg/kg 73.52 £3.27* 31.32+£2.16* 8.1+£0.54* 249 £0.12*
Atorvastatin 10 mg/kg ~ 74.09 + 2.49% 32.02 +£2.06* 6.96 + 0.5* 2.66 +0.12*

The values were represented as Mean + SEM (n = 6); *p <0.001 compared to the induction group; p <0.001 compared to the normal control group

Table 4: HEC and HEE effects on antioxidant levels in triton-induced hyperlipidaemia

Group SOD (U/mg protein) CAT (uM H,O,/mg protein) GPx (ug/mg protein) GSH (ug/mg protein) MDA (nM/mg protein)
Control 9.33+£0.5 95.18 £1.55 10.01 £0.59 55.44 +1.36 6.69 £ 0.49

Triton induced group 4.63 +£0.35% 4233 +2.7% 5.38+0.33* 22.11 £ 1.76* 12.38 £ 0.27*

HEC 100 mg/kg 5.34 £ 0.49* 63.88 +£2.04* 6.24 +0.35* 32.89 +1.85% 6.32+0.32%

HEC 200 mg/kg 7.24 £0.33* 7791 £2.01%* 7.32+£0.43% 42.98 +1.76* 4.69 + 0.44*

HEE 100 mg/kg 6.87 +0.26* 69.78 + 1.66* 6.92 +0.43* 38.44 +1.28% 5.49 +0.36*

HEE 200 mg/kg 8.58 £0.54* 83.04 £ 1.89* 9.4 +0.43* 52.37 £1.34% 2.26+0.42%
Atorvastatin 10 mg/kg ~ 7.71 + 0.43* 55.87 + 1.6* 7.57 +£0.48* 40.97 + 1.93* 4.77 £ 0.33*

» vy
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Figure 4: Effect of HEC and HEE on the lipid parameters in triton-
induced hyperlipidemia

to the normal control group. The treatment with HEC, HEE,
and atorvastatin significantly improved the lipid parameters
of the rats with triton-induced hyperlipidemia. Specifically,
these treatments significantly decreased LDL and VLDL levels
and increased total protein levels. These changes resulted in
a significantly lower atherogenicity index compared to the
triton-induced group. In summary, the results suggest that
the treatments with HEC 200 mg/kg and HEE 200 mg/kg
are effective in improving the lipid profile of rats with triton-
induced hyperlipidemia compared with the standard.

Effect of extracts of R. hypocrateriformis (Desr). leaves on

antioxidant enzymes of rats in Triton-induced hyperlipidemia
Table 4 and Figure 5 shows the levels of oxidative stress
markers like SOD, CAT, GPx, GSH, and MDA activity in
different groups of rats. While the MDA levels in the control
group were lower than in the triton-induced group, the SOD,
CAT, GPx, and GSH levels were higher in the control group.

This suggests that Triton induction resulted in increased
oxidative stress and lipid peroxidation in the rats. The
groups treated with HEC 100 and 200 mg/kg, HEE 100 and
200 mg/kg, and atorvastatin 10 mg/kg had higher levels of
SOD, CAT, GPx, and GSH compared to the triton-induced
group, indicating that these treatments were able to mitigate
oxidative stress. These groups also had lower levels of MDA
compared to the Triton-induced group, suggesting that
they were able to reduce lipid peroxidation. MDA levels
were significantly decreased in the HEE 200 mg/kg treated
group compared to others in the triton-induced group,
indicating that HEE has a protective effect against lipid
peroxidation. These results suggest the order of activity as HEC
100 mg/kg <HEE 100 mg/kg <HEC 200 mg/kg <standard <
HEE 200 mg/kg, suggesting the highest activity in HEE at
the highest dose, which have significant clinical importance
as potential antioxidants in treating hyperlipidemia-induced
oxidative stress.

Histopathology of liver tissue treated with extracts of

R. hypocrateriformis (Desr). leaves in triton-induced
hyperlipidemia

In Figure 6, illustrations corresponding to the histopathology
of the liver tissue in various groups were made. Liver tissue
of the normal group showed normal hepatocyte cells with
scattered nuclei and no fat deposits between the cells. Cellular
size was also normal, and there were no structural disturbances
or inflammatory evidence like cell membrane disruption and
bulging of cells. In the triton group, clear enlargement of liver
cells was observed with marked infiltration of lymphocytes
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Figure 5: Effect of HEC and HEE on the antioxidant activity in triton-
induced hyperlipidemia

and monocytes, indicating inflammation. The cell membrane
disruption was also evident with an accumulation of fat
deposits. Clearly, this was lowered by the treatment with
extracts that had the highest activity, as the cellular integrity
was restored and the cell size was significantly lowered. Thus,
it can be assumed that the extracts showed enhanced activity
compared to atorvastatin.

Loss of hepatic tissue integrity and blood accumulation
(Blue box), aggregation of lymphocytes and monocytes (Green
box), fatty infiltration in liver tissue (Yellow box).

DISCUSSION

Diabetes and heart disease are linked to hyperlipidemia or
elevated blood lipid levels. While statins and fibrates have
been effective in managing hyperlipidemia, their side effects
have spurred interest in discovering new hypolipidemic
drugs with fewer adverse effects.!” Natural alternatives
for hyperlipidemia management have gained attention to
address concerns of over-prescription and potential adverse
reactions.'® In this context, medicinal plant extracts have shown
promise in reducing atherosclerotic lesions and attenuating
atherosclerosis development in animal models, leading
to decreased plasma lipid concentrations and atherogenic
indexes.!” Among these plants, R. hypocrateriformis (Desr) has
been of particular interest for its potential therapeutic effects
against hyperlipidemia. In this study, chloroform (HEC) and
ethanol (HEE) extracts of R. hypocrateriformis (Desr) were
investigated for their anti-hyperlipidemic activity in a triton-
induced hyperlipidemic rat model. The extracts were evaluated
for their effects on lipid profiles and atherogenic indexes in
the rat model, providing valuable insights into their potential
as natural therapeutic agents for managing hyperlipidemia.
Using triton, peripheral tissues are blocked from absorbing
triacylglycerol-rich lipoproteins from plasma in animal models.
This method is commonly employed for various objectives,
particularly in screening natural or chemical hypolipidemic
drugs.?® As a result of triton’s inhibition of lipoprotein lipase
activity, triglyceride-rich lipoproteins are less likely to be
cleared from the circulation, leading to hyperlipidemia.?!
By interfering with the clearance of triglyceride-rich

Figure 6: Effect of extracts on the histopathology of adipose tissue
A. Control; B. Triton group; C. HEC 100 mg/kg; D. HEC 200 mg/kg;
E. HEE 100 mg/kg; F. HEE 200 mg/kg; G. Standard

lipoproteins, triton causes an increase in plasma triglyceride
and cholesterol levels. This occurs due to enhanced very
low-density lipoprotein (VLDL) secretion by the liver and
reduced catabolism of VLDL and low-density lipoprotein
(LDL).2%2 Acute hyperlipidemia may develop as a result of
triton WR-1339 altering VLDL structure, increasing their
resistance to lipolytic enzymes in the body.?*

In this study, we observed that the triton-induced group
exhibited a substantial increase in body weight and obesity
indices compared to the control group, confirming the success
of the model in inducing hyperlipidemia. Treatment with both
HEC and HEE extracts at 100 and 200 mg/kg doses resulted
in a significant reduction in final body weight compared
to the triton-induced group. This reduction in body weight
suggests that the extracts may have a role in controlling lipid
metabolism. Moreover, we evaluated the effects of HEC and
HEE extracts on lipid levels in the rats. The triton-induced
group had an adverse lipid profile, indicating elevated TC and
TG levels and reduced HDL levels. However, treatment with
both HEC and HEE extracts and the standard drug atorvastatin
resulted in a significant reduction in TC and TG levels and
an increase in HDL levels. These observations suggest that
the extracts may play a role in modulating lipid metabolism,
leading to improved lipid profiles.
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Further, LDL and VLDL lipid parameters were significantly
elevated in triton-induced mice, indicating a greater level
of atherogenic lipoproteins. Treatment with HEC and HEE
extracts, similar to atorvastatin, reduced LDL and VLDL
levels, potentially mitigating the risk of atherosclerosis.
Atherogenicity index (AI), which is a measure of the extent
of the atherosclerotic lesion, was significantly reduced by the
oral treatment of alendronate and atorvastatin, thus confirming
previous findings.> Our study observed that the triton-induced
group exhibited a significantly elevated atherogenicity index
compared to the control group. This finding suggests that the
triton-induced hyperlipidemia model successfully induced
an adverse lipid profile characterized by higher LDL-C
and/or lower HDL-C levels, which predisposes the rats to
atherosclerosis. However, treatment with both HEC and HEE
extracts, as well as the standard drug atorvastatin, reduced
the atherogenicity index. The decrease in the atherogenicity
index indicates an improvement in the lipid profile, with a
potential reduction in LDL-C and/or an increase in HDL-C
levels. This is a positive outcome, as a lower atherogenicity
index is associated with a reduced risk of atherosclerosis and
related cardiovascular complications.

An important factor contributing to hyperlipidemia was
oxidative stress. As aresult of metabolic and signal-transduction
processes in cells, reactive oxygen species (ROS) are produced.
These radicals include oxygen-free radicals. Biological
membranes and lipoproteins are broken down by free radical
oxidation.?® Studies have shown that hypercholesterolemia
is associated with higher levels of ROS compared to the
normal state.?” Supporting this, research conducted on mice
revealed that 18 hours after triton administration, plasma
thiobarbituric acid reactive substances (TBARS) increased
after indicating oxidative damage. Catalase and glutathione
peroxidase (GPx), two hepatic detoxicating enzymes, were
also decreased as compared to control, further confirming
oxidative stress.?® The evidence suggests that oxidative stress
is a key contributor to hyperlipidemia-related complications,
and measures to reduce ROS levels and enhance antioxidant
defenses may hold potential in managing hyperlipidemia and
its associated health risks.

Therefore, we investigated the effects of HEC and HEE
extracts on antioxidant enzymes in the triton-induced
hyperlipidemia model. The triton-induced group showed
decreased levels of SOD, CAT, GPx, and GSH, while elevated
levels of MDA indicated oxidative stress. Treatment with
both HEC and HEE extracts, similar to atorvastatin, restored
antioxidant enzyme levels and reduced MDA levels, suggesting
enhanced antioxidant defenses against oxidative stress.
Overall, the results also suggest that the extracts showed a
dose-dependent activity in controlling the hyperlipidemia
induced due to the exposure to triton and HEE 200mg/kg being
more potent than standard drug. These findings collectively
demonstrate the potential of R. hypocrateriformis (Desr)
extracts to exert anti-hyperlipidemia effects in the triton-
induced hyperlipidemia rat model. The observed reductions
in body weight and improved lipid profiles, along with the

restoration of antioxidant enzyme levels, suggest that the
extracts may act through multiple mechanisms like countering
the inflammatory processes, restoration of the normal
metabolism of fats via repairing the liver tissue to alleviate
hyperlipidemia which is evident in the histopathology studies.

CONCLUSION

In conclusion, the study demonstrates the promising
anti-hyperlipidemic and antioxidant properties of R.
hypocrateriformis (Desr) extracts. The extracts offer a
natural and multifaceted approach to address hyperlipidemia
by modulating lipid metabolism and enhancing antioxidant
defenses. Future research opportunities lie in identifying
specific bioactive compounds, elucidating underlying
mechanisms, and conducting clinical trials for human
validation. R. hypocrateriformis (Desr) presents a compelling
subject for drug development and nutraceutical research,
potentially improving hyperlipidemia management and
cardiovascular health.
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