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Abstract

Background: Dyslipidemia is a key contributor to metabolic disorders such as oxidative stress and is a major
risk factor for cardiovascular diseases. Herbal interventions are increasingly preferred due to fewer side
effects. Nardostachys jatamansi has demonstrated antioxidant and lipid-lowering properties, but its effects
on high-fat diet (HFD)-induced dyslipidemia remain insufficiently studied.

Objective: The present study aimed to evaluate the antioxidant and hypolipidemic effects of the ethanol
extract of V. jatamansi in an HFD-induced obesity model in male Wistar albino rats.

Methods: Thirty-six male Wistar albino rats were randomly divided into 6 groups, each comprising 6 animals.
Group I received a normal diet for 9 weeks, whereas Group II was fed an HFD for the same period. Groups 11—
VI were also fed an HFD throughout the investigation period. From week 5, Group III received rosuvastatin
(10 mg/kg), and Groups IV-VI were treated with N. jatamansi extract at 100, 200, and 300 mg/kg, respectively,
for 4 weeks. All treatments were administered orally. At the end of the study, the animals were fasted overnight,
anesthetized, and blood was collected for lipid and hematological analyses. In addition, the organs were
excised for histological evaluation.

Results: N. jatamansi (100, 200, and 300 mg/kg) reversed HFD-induced increases in body weight, fat pad size,
organ weight, total cholesterol, triglycerides, low-density lipoprotein, and very low-density lipoprotein levels
while restoring high-density lipoprotein levels in a dose-dependent manner. Moreover, elevated white blood
cells, lymphocyte counts, and serum urea, creatinine, and uric acid levels were normalized. Histological
improvements in the liver suggest antioxidant and bioactive effects of N. jatamansi.

Conclusion: Our results revealed that the herbal drug N. jatamansi effectively ameliorates HFD-induced
dyslipidemia through its potent antioxidant activity, thereby reducing oxidative stress and restoring lipid

homeostasis.
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Obesity is recognized as one of the most widespread
metabolic disorders worldwide," with dyslipidemia
being a major related complication. While obesity has
multifactorial origins, consumption of a high-fat diet
(HFD) remains a key driver. Even without visible
obesity, excessive dietary fat promotes lipid
accumulation in adipose and nonadipose tissues,
triggering cellular damage and death through
lipotoxicity.® Cardiovascular diseases are the primary
causes of morbidity and mortality linked to
dyslipidemia.® In light of the increasing worldwide
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reliance on HFDs, there is a pressing need to explore
natural compounds or dietary supplements that can
mitigate or prevent their harmful metabolic effects.
Nardostachys jatamansi, commonly known as
Jjatamansi, is a well-known natural herb that is widely
recognized in orthodox systems such as Ayurveda and
valued for its diverse therapeutic effects.® Studies
have highlighted its pharmacological activities, including
lipid-lowering,® hematopoietic,® antipyretic,”
cardioprotective,® and hepatoprotective® properties.
These benefits are largely due to its rich phytochemical
content, such as lignans, sesquiterpenoids, neolignans,
and terpenoids,'” which possess strong antioxidant
potential against oxidative stress and dyslipidemia. The
present study aims to evaluate the efficacy of the
ethanolic extract of N. jatamansi against HFD-
induced dyslipidemic rats. In addition, the study aimed
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to assess its effect on lipid profile, oxidative stress,
and histopathological changes.

Materials and methods

Animals

Male adult Wistar rats (6 weeks old, weighing 250 +
20 g) were obtained from an authorized breeder.
Before the experiment, the animals were acclimatized
for 1 week under standard laboratory conditions, with
atemperature of 25 + 2°C, relative humidity of 50.0—
60.0%, and a 12/12 h light/dark cycle. Rats had
ad libitum access to a standard pellet diet and water.
Male Wistar rats were selected for this study because
of their well-established susceptibility to diet-induced
obesity and associated metabolic alterations.

Ethical approval

All experimental procedures were performed in
accordance with the guidelines of the Committee for
the Control and Supervision of Experiments on
Animals, Government of India. The study protocol was
reviewed and approved by the Institutional Animal
Ethics Committee (approval number 01/IAEC/2023).

Induction of the HFD

The HFD used for the study contained normal
laboratory food 67.5%, lard 31.0%, cholesterol 1.0%,
di-methionine 0.3%, yeast powder 0.1%, and sodium
chloride 0.1%. The HFD consisted of carbohydrates
(17.0%), protein (25.0%), and fat (58.0%) as
percentages of the total kcal.'"

Ethanolic extract preparation of N. jatamansi
Air-dried N. jatamansi powder (100 g) was defatted
using petroleum ether in a Soxhlet extractor for 7 days.
The dried powder was then extracted with absolute
ethanol until fully extracted. The extract was then
concentrated under reduced pressure on a rotary
evaporator, and the residual ethanol was removed.
The final ethanolic extract was stored in a desiccator
after noting its color consistency.!'?

Experimental protocol

Thirty-six male Wistar albino rats were randomly
divided into 6 groups with 6 animals in each, such that
the weight difference within and between groups did
not exceed = 20.0% of the average weight of the
total rats. Drugs were administered orally. The
experimental design is as follows:
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e Group I (Control): normal diet for 9 weeks
e Group II (HFD control): HFD for 9 weeks
e Group III (Standard drug): HFD for 9 weeks
and treated with rosuvastatin (10 mg/kg body weight
(BW)) for the last 4 weeks
e Group IV (NJ-LD): HFD for 9 weeks and
treated with N. jatamansi extract (100 mg/kg BW)
for the last 4 weeks
e Group V (NJ-MD): HFD for 9 weeks and
treated with N. jatamansi extract (200 mg/kg BW)
orally for the last 4 weeks
e Group VI (NJ-HD): HFD for 9 weeks and
treated with N. jatamansi extract (300 mg/kg BW)
for the last 4 weeks

Animals were observed daily for signs of toxicity
throughout the experiment.

Parameters measured

The parameters measured on different occasions
during the experimental period are as follows:

e Measurement of anthropometric parameters
(BW and abdominal girth)

BW was measured at the beginning of the study, after
5 weeks, and before sacrifice, using a digital balance.
For abdominal circumference measurement, the rat
was positioned supine. Determination was made at
the midline of the abdomen, i.e., at the level of the
kidneys, and measured as an indicator of abdominal
fat.('»

e Analysis of blood samples and collection of
organs for biochemical parameters

At the end of week 9, animals were fasted overnight
and anesthetized with diethyl ether (30—40 s). Blood
was collected via the retro-orbital plexus using
microcapillary tubes, and serum was separated
(centrifuged at 2500 rpm for 10 min) and stored for
biochemical analysis.'¥ Rats were then sacrificed by
cervical dislocation. Thereafter, the liver, kidneys, and
adipose tissues were excised, washed with ice-cold
saline, dried, weighed, and a portion was fixed in
10.0% formalin for histological analysis.

e Analysis of biochemical indicators
Estimation of serum biochemical markers

Serum levels of urea, uric acid, and creatinine were
measured.®? Total protein content was determined
using the method of Lowry OH, et a/l.'

Estimation of the lipid profile
The serum levels of total cholesterol (TC),!®
triglycerides (TG), and high-density lipoprotein (HDL)



Vol. 70 No. 5
September - October 2026

were estimated.!” Friedewald’s formula was used
to estimate the low-density lipoprotein (LDL) and very
LDL (VLDL) levels.!"®

Histological analysis

Liver tissue was fixed in 10% formalin, dehydrated
with alcohol, embedded in paraffin, sectioned (4—5
um) using a rotary microtome, and stained with
hematoxylin and eosin for histological evaluation.”

Statistical analysis

The results are presented as the mean + standard
deviation (SD). Differences between groups were
analyzed using one-way analysis of variance, followed
by Tukey’s post hoc test for multiple comparisons, in
SPSS version 19. P <0.05 was considered statistically
significant.®” Graphs were generated using GraphPad
Prism software.

Results

Effect of N. jatamansi on BW changes in rats

The mean BW of HFD Group II was significantly
higher than that of the normal control Group I (P<
0.0001). Treatment with HFD + rosuvastatin (10 mg/
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kg, Group III) significantly reduced the BW compared
to the HFD Group II after 4 weeks of treatment (P
< 0.0001). The NJ-treated groups (Groups IV-VI)
also revealed significant reductions in BW relative to
Group II (P<0.0001). Among these, Group VI (300
mg/kg) exhibited the greatest effect, with a highly
significant reduction in BW even when compared to
the rosuvastatin group (Group III) (P < 0.0001)
(Figure 1).

Effect of N. jatamansi on fat pad body circumference
The mean fat pad circumference was significantly
higher in HFD Group II than in the normal control
Group L. After 9 weeks of treatment, Group III (HFD
+ rosuvastatin, 10/ mg/kg) showed a significant
reduction in fat pad circumference compared to Group
II. Similarly, NJ-treated groups (Groups IV-VI)
exhibited a significant decrease in fat pad
circumference compared with Group II. Notably,
Group VI (300 mg/kg) showed a highly significant
reduction compared with Group II and the
rosuvastatin-treated Group III (Table 1). These
findings indicate that V. jatamansi effectively reduces
lipid accumulation in body fat pads and abdominal
regions.
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Figure 1. Effect of N. jatamansi on body weight changes: Body weight changes were assessed in normal control, HFD,
HFD + rosuvastatin (10 mg/kg), and HFD treated with V. jatamansi at low (LD; 100 mg/kg), medium (MD; 200 mg/kg), and
high (HD; 300 mg/kg) doses. Data are presented as mean + standard error of the mean (SEM) (n = 6). Statistical analysis
involved two-way ANOVA followed by Dunnett’s test comparison test.*P < 0.05, **P <0.01, ***P <(.001, ****P<(0.0001
vs. HFD. HD, high dose; HFD, high-fat diet; LD, low dose; MD, medium dose.
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Table 1. Effect of N. jatamansi on fat pad circumference and organ weight changes in dyslipidemia-induced rats

Groups Control Only HFD HFD+STD HFD+NJ  HFD+NJ HFD+NJ
(LD) (MD) (HD)
Fat pad 16.0£1.9 21.0+2.6%* 17.0£2.0° 14.0+£1.9° 12.0+£2.1° 11.0£2.12
circumference (mm/cm)
Liver weight (g) 8.6+15 10.7+0.9 7.8+1.4° 85+1.2 79+1.1° 6.4+0.8
Kidney weight (g) 2.1+04 3.0£0.5%* 1.6+0.2° 1.8+£0.2° 1.7+£0.4° 1.6+0.3
Adipose tissue 32+1.1 5.5+£0.9%* 23+1.17 29+1.0° 2.1+£0.5° 1L.7+1.1°
weight (g)

Mean + SEM (n = 6). One-way ANOVA followed by Dunnett’s comparison test. Significant changes are calculated as ***P
<0.0001;"*P<0.001; ** P<0.01 and; *P <0.05 vs. control group. *P<0.0001; P <0.01;°P<0.001 vs. HFD group. Values
with P <0.05 were considered statistically significant. HD, high dose; HFD, high-fat diet; LD, low dose; MD, medium dose;

NJ, N. jatamansi.

Effect of N. jatamansi on organ weight

Liver, kidney, and adipose tissue weights were
significantly increased in the HFD group (Group II)
compared to the normal control (Group I). Treatment
with rosuvastatin (Group III) significantly reduced
organ weights compared with Group II (P < 0.01).
The NJ-treated groups (Groups IV-VTI; 100, 200, and
300/ mg/kg, respectively) also exhibited reductions in
organ weights relative to Group II. Notably, Group
VI (300 mg/kg) exhibited significantly greater
reductions than Group IV (100 mg/kg) (Table 1).
These findings suggest that N. jatamansi exerts
hepatoprotective and nephroprotective effects in
HFD-fed rats.

Effect of N. jatamansi on hematological parameters
Significantly decreased red blood cell (RBC) counts
and increased lymphocyte counts were observed in
HFD rats (Group II) compared to the control Group
I. Rats treated with N. jatamansi (Groups IV-VI;
100, 200, and 300/ mg/kg, respectively) showed a
significant increase in RBC count compared to the
HFD Group II, indicating a potential hematopoietic
effect of V. jatamansi. Although the white blood cell
(WBC) and hemoglobin levels showed trends toward
normalization in the NJ-treated groups, these changes
were not statistically significant. A significant reduction
in lymphocyte percentage was observed in the NJ-
treated groups compared with the HFD Group II. At
the same time, hemoglobin levels were significantly
elevated in the NJ-treated groups (Groups IV-VI)
compared to Group II (Figure 2). These findings
suggest that N. jatamansi may act as a nontoxic
hematopoietic and immunomodulatory agent.

Effect of N. jatamansi on the lipid profile

At the end of week 5, HFD feeding resulted in a
significant increase in LDL, VLDL, TG, and TC levels
(P<0.0001), along with a significant decrease in HDL
levels (P <0.05) compared to the control Group 1. By
the end of week 9, the HFD-administered Group 11
showed significant increases in LDL, VLDL, TG, and
TC (P < 0.001) and a decrease in HDL levels (P <
0.05) compared to the control Group I. Treatment with
N. jatamansi at low dose (LD, Group IV), medium
dose (MD, Group V), and high dose (HD, Group VI)
resulted in a significant decrease in TC, TG, LDL,
and VLDL levels (P < 0.001) compared to the HFD
control group (Group II). Furthermore, the NJ-treated
groups showed a notable increase in HDL levels, with
stronger effects observed at MD and HD (P <0.001),
indicating the potent hypolipidemic activity of N.
jatamansi (Figure 3).

Effect of N. jatamansi on serum biochemical markers
In the HFD control Group II, significant increases in
protein, creatinine, urea, and uric acid were observed
compared with Group I. Rats treated with N.
Jjatamansi (Groups IV-VI; 100, 200, and 300 mg/kg,
respectively) and rosuvastatin Group III showed
reductions in serum protein, creatinine, urea, and uric
acid levels compared with the HFD Group II. The
extract demonstrated dose-dependent protective
effects comparable to those of the standard drug,
suggesting its potential as a hypolipidemic and
renoprotective agent (Table 2).
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Figure 2. Effect of N. jatamansi on haematological parameter values in rats. (A) Red blood cell (RBC) count, (B) white blood
cell (WBC) count, (C) hemoglobin concentration, (D) polymorph percentage, and (E) lymphocyte percentage in control,
HFD, HFD + standard drug, and HFD + N. jatamansi—treated groups (LD, MD, HD). Mean=+ SEM (n = 6). One-way ANOVA
followed by Dunnett’s multiple comparison test. Significant changes are calculated as "P < 0.05;”P < 0.01; ***P <0.001;
and ****P <(.0001 vs. HFD group. Values with P <0.05 were considered statistically significant. HD, high dose; HFD,
high-fat diet; LD, low dose; MD, medium dose; SEM, standard error of the mean.
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Figure 3. Effect of N. jatamansi on serum lipid profile in HFD-fed rats. (A) TC, (B) TG, (C) HDL-C, (D) LDL-C, and (E) VLDL-
C measured at 0" day, 5" week, and 9" week. Data are mean + SEM (n = 6). Two-way ANOVA followed by Dunnett’s multiple
comparison test. P < 0.05; **P < 0.01; ***P < (0.001; and ****P < 0.0001 vs. HFD group. Values with P < 0.05 were
considered statistically significant. HDL, high density lipoproteins; LDL, low density lipoproteins; TC, total cholesterol;
TG, triglycerides; SEM, standard error of the mean; VLDL, very low-density lipoproteins.
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Table 2. Analysis of the effect of NJ on serum biochemical markers of various groups.

Groups Control Only HFD HFD+STD HFD +NJ HFD+NJ HFD+NJ
LD MD HD

Serum protein 1.8+09 8.9£0.7%** 1.6+0.9? 5.7+£0.6° 1.4+0.5° 1.1£0.2°

(mg/dl)

Serum urea 32.7+£35 105.0+£7.0%**  44.0+8.0° 65.7+0.6 40.7+£5.5° 347+6.7°

(mg/dl)

Creatinine 0.60.1 1.3+£05 0.5+0.1° 09+0.3 0.6+0.2 0.6+0.3

(mg/dl)

Uric acid 1.3£04 7.9+ 1.0%** 1.7+1.0° 41+0.7° 1.6+0.2° 1.5+0.5°

Mean £ SD (n = 6). One-way ANOVA followed by Dunnets comparison test. Significant changes are calculated as **P <
0.001; P <0.01; and *P <0.05 versus control group. *P < 0.0001; °P < 0.01; <P <0.001 vs. HFD group. Values with P
< 0.05 were considered statistically significant. HD, high dose; HFD, high-fat diet; LD, low dose; MD, medium dose; NJ, N.

Jatamansi; SD, standard deviation.

Figure 4. Representative H&E-stained liver sections. (A) Normal control with intact hepatocyte architecture, (B) HFD
group showing fatty changes, structural disruption, inflammation, sinusoidal widening, and hepatocyte ballooning, (C)
HFD+ STD group showing improved architecture, (D - F) NJ-treated groups demonstrating progressive restoration. Arrows
indicate inflammatory cell infiltration, sinusoidal widening, and hepatocellular ballooning in the HFD group. Scale bar = 100

pm. HFD, high-fat diet; NJ, N. jatamansi; STD, standard drug.

Effect of N. jatamansi on histopathology

Histopathological analysis of the liver tissue was
performed in all groups to assess the cytoprotective
effect of N. jatamansi against HFD-induced damage.
Liver sections from normally fed rats (Group I)
displayed normal hepatocyte architecture. In contrast,
rats subjected to HFD control (Group II) showed signs
of fatty liver, disrupted parenchymal structure, and

multiple hepatocellular abnormalities, including central
vein dilatation and congestion, periportal inflammation,
sinusoidal widening, and hepatocyte ballooning.
However, liver tissues from rats treated with the
ethanolic extract of N. jatamansi (Groups IV-VI)
and rosuvastatin (Group III) exhibited notable
histological improvement and restoration of hepatocyte
architecture (Figure 4A—F)
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Discussion

Dyslipidemia is characterized by abnormal lipid levels
in the bloodstream and is a key contributor to the
development of various metabolic disorders.?"
Although statins and fibrates are widely used as
effective hypolipidemic agents, their clinical utility is
often restricted by adverse effects such as myalgia,
elevated liver enzymes, cholelithiasis, and increased
diabetes risk at higher doses, as noted by Hu Y, et
al.??

Hence, the present study evaluated the
antidyslipidemic effects of V. jatamansi by assessing
several biologically relevant parameters. In our study,
the HFD led to increased BW and abdominal girth,
indicating overall visceral fat accumulation. This
finding is consistent with previous studies, which
suggested that dietary fat delays gastric emptying,
stimulates gastrointestinal hormone release, and
consequently promotes fat deposition and obesity.*®

Treatment with N. jatamansi significantly
reduced BW in HFD-fed rats, thereby suggesting its
therapeutic efficacy. Similar outcomes reported by
Subashini, et al. attributed the benefits of N.
Jjatamansi to its influence on lipid metabolism and
antioxidant potential, likely mediated by its various
bioactive phytochemicals.®

In addition, in our study, the HFD-fed rats revealed
increased liver, kidney, and adipose tissue weights, and
these results are consistent with the observations by
Rospond B, et al.®*» Furthermore, a study by
Furukawa, S et al.®® linked organ enlargement to
oxidative stress and dysregulated adipocytokine
activity. Overall, our results highlight the hypolipidemic
and anti-obesity potential of V. jatamansi in mitigating
diet-induced metabolic dysfunction.

Baker identified elevated serum uric acid as a
strong predictor of obesity.?® Tsushima Y, et al.
showed that HFDs increase uric acid levels due to
fat accumulation and related metabolic changes, such
as insulin resistance and chronic inflammation, which
disrupt uric acid metabolism and impair renal
excretion. These diets may also increase uric acid
production via xanthine oxidase activity while reducing
the kidney’s ability to eliminate uric acid and
creatinine.®” Consistent with these findings, our study
observed elevated levels of uric acid, urea, and
creatinine in the HFD group (Group II). In contrast,
the NJ-treated groups (Groups V—VII) showed a
significant reduction in these markers.

Chula Med J

Unruh, et al. reported that HFDs elevate
phosphatidylserine and cholesterol levels in RBC
membranes, triggering chemokine release and
subsequent macrophage activation, thereby initiating
inflammation and increasing WBC and lymphocyte
counts.®® In contrast, the NJ-treated groups in our
study showed increased RBC and hemoglobin levels,
indicating enhanced erythropoiesis, along with reduced
WBC and lymphocyte counts, which suggests potential
anti-inflammatory or immunomodulatory effects.

Dyslipidemia is closely associated with obesity and
leads to coronary artery disease. The main
characteristics of dyslipidemia are increases in TC,
TG, LDL, and VLDL and decreases in HDL levels.
According to Wang, et al., an HFD disrupts lipid
homeostasis by increasing intestinal cholesterol
absorption, stimulating hepatic cholesterol synthesis,
and impairing LDL clearance by downregulating LDL
receptors, thereby elevating LDL, VLDL, and TC
levels.®” Consistent with these findings, our study
observed significant increases in TC, TG, LDL, and
VLDL in the HFD group (Group II). Notably,
treatment with N. jatamansi (Groups IV-VI)
effectively reversed these alterations, likely due to its
antioxidant properties that mitigate oxidative stress.”

Liver tissues from the HFD group exhibited
marked histopathological alterations, including
disrupted parenchymal architecture, central vein
dilatation and congestion, periportal inflammation,
sinusoidal widening, and hepatocyte necrosis. In
contrast, treatment with N. jatamansi (Groups IV—
VI) effectively restored hepatic architecture, closely
resembling that of the normal control group (Group
). N. jatamansi exhibited better results at 300 mg/kg
than at other doses.

N. jatamansi is recognized for its ability to lower
blood lipid levels, particularly TC and TG, which are
key contributors to cardiovascular disease. Its lipid-
lowering effect is mediated by the regulation of liver
enzymes involved in lipid synthesis and breakdown.
In preclinical studies, the oral administration of
N. jatamansi extract at 500 mg/kg for 7 days before
doxorubicin exposure resulted in notable improvements
in lipid profiles and restoration of lipid-metabolizing
enzyme activity.®:® Our histological examination of
the liver tissues further supported these findings,
indicating the extract’s protective and regulatory role
in lipid metabolism.

N. jatamansi has demonstrated considerable
potential in managing hyperlipidemia via its antioxidant
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and lipid-lowering properties. The ethanolic extract
of N. jatamansi reduced lipid accumulation in liver
tissue and improved serum lipid profiles, particularly
by increasing HDL levels in rats fed an HFD. These
effects were dose-dependent and likely attributable
to the active phytochemicals present, including lignans,
alkaloids, phenols, and tannins. In addition, N.
jatamansi may stimulate key enzymes such as
lecithin—cholesterol acyltransferase and lipoprotein
lipase, which play crucial roles in cholesterol transport
and metabolism. Thus, N. jatamansi effectively
counteracts diet-induced lipid abnormalities.

This study has certain limitations. It was
conducted in a single animal model (male Wistar albino
rats), which may limit direct extrapolation to human
conditions. However, the HFD-induced dyslipidemia
model used in this study is well established and widely
accepted. The study duration was limited to 9 weeks,
which may not fully capture the long-term effects.
Nevertheless, the study duration was sufficient
to demonstrate significant biochemical and
histopathological improvements. In addition, the study
primarily focused on biochemical and histopathological
parameters and did not explore detailed molecular
mechanisms. Future studies incorporating molecular
and genetic analyses would provide deeper insights
into the mechanism of action. Despite these limitations,
this study provides important preliminary evidence
supporting the antihyperlipidemic potential of M.
Jjatamansi, thereby establishing a basis for further
experimental and clinical investigations.

Conclusion

The findings of the current study revealed that N.
Jjatamansi is effective in treating hyperlipidemia in
HFD-induced rats, which demonstrates its potential
antioxidant activity. Furthermore, its hepatoprotective
effects are due to its important antioxidants, anti-
inflammatory, and lipid-lowering properties.

Author contributions

UP contributed substantially to the study concept and
design, data acquisition, literature review, analysis and
interpretation of results, and critical editing of the
manuscript for important intellectual content. GS
contributed substantially to data acquisition. NS
contributed to drafting the manuscript. All authors
approved the final version submitted for publication
and take responsibility for statements made in the
published article.

Ameliorative effect of the ethanolic extract of Nardostachys jatamansi 365
against high-fat diet-induced dyslipidemia in rats

Acknowledgments
Not applicable

Conflict of interest statement
The authors declare no conflict of interest.

Data sharing statement

The datasets used and/or analyzed in the current
study are available from the corresponding author
on reasonable request for noncommercial purposes.

ORCID

Umanath Preethi
9672-414X
Govindaraj Sumathy' = https://orcid.org/0000-0001-
5779-070X

Nathiya Shanmugam' * https://orcid.org/0000-0002-
3871-2105

https://orcid.org/0009-0000-

References

1. PuriA, Khaliq T, Rajendran SM, Bhatia G, Chandra R,
Narender T. Antidyslipidemic activity of Indigofera
tinctoria. J Herb Pharmacother 2007;7:59-64.

2. Kakkar P, Das B, Viswanathan PN. A modified
spectrophotometric assay of superoxide dismutase.
Indian J Biochem Biophys 1984;21:130-2.

3. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem 1979;95:351-8.

4. BagchiA, OshimaY, Hikino H. Neolignans and Lignans
of Nardostachys jatamansi Rootsl. Planta Med
1991;57:96-7.

5. Subashini R, Ragavendran B, Gnanapragasam A,
Yogeeta SK, Devaki T. Biochemical study on the
protective potential of Nardostachys jatamansi extract
on lipid profile and lipid metabolizing enzymes in
doxorubicin intoxicated rats. Pharmazie 2007;62:382-7.

6. Gowda DK, Shetty L, APK, Kumari SN, Sanjeev G, PN.
The efficacy of nardostachys jatamansi against the
radiation induced haematological damage in rats. J Clin
Diagn Res 2013;7:982-6.

7. Sharma S, Rana AK, Rahmatkar SN, Patial V, Singh D.
Protective effect of Nardostachys jatamansi extract
against lithium-pilocarpine-induced spontaneous
recurrent seizures and associated cardiac irregularities
inaratmodel. J Ethnopharmacol 2023;308:116280.

8. Sharma S, Rana AK, Rahmatkar SN, Patial V, Singh D.
Protective effect of Nardostachys jatamansi extract
against lithium-pilocarpine-induced spontaneous
recurrent seizures and associated cardiac irregularities
inaratmodel. J Ethnopharmacol 2023;308:116280.



366

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

U. Preethi, et al.

Ali S, Ansari KA, Jafry MA, Kabeer H, Diwakar G.
Nardostachys jatamansi protects against liver damage
induced by thioacetamide in rats. J Ethnopharmacol
2000;71:359-63.

Pathak S, Godela R. Nardostachys jatamansi:
Phytochemistry, ethnomedicinal uses, and
pharmacological activities: A comprehensive review.
Fitoterapia 2024;172:105764.

Panigrahi G, Panda C, Patra A. Extract of Sesbania
grandiflora Ameliorates Hyperglycemia in High Fat
Diet-Streptozotocin Induced Experimental Diabetes
Mellitus. Scientifica (Cairo). 2016;2016:4083568.
Hossain MA, Al-Hdhrami SS, Weli AM, Al-Riyami Q,
Al-Sabahi JN. Isolation, fractionation and identification
of chemical constituents from the leaves crude extracts
of Mentha piperita L grown in Sultanate of Oman.
Asian Pac J Trop Biomed 2014;4 Suppl 1:S368-72.
Modak T, Mukhopadhaya A. Effects of citral, a
naturally occurring antiadipogenic molecule, on an
energy-intense diet model of obesity. Indian J
Pharmacol 2011;43:300-5.

Parasuraman S, Raveendran R, Kesavan R. Blood
sample collection in small laboratory animals. J
Pharmacol Pharmacother 2010;1:87-93.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol
Chem 1951;193:265-75.

Zlatkis A, Zak B, Boyle AJ. Anew method for the direct
determination of serum cholesterol. J Lab Clin Med
1953;41:486-92.

Foster LB, Dunn RT. Stable reagents for determination
of serum triglycerides by a colorimetric Hantzsch
condensation method. Clin Chem 1973;19:338-40.
Knoptholz J, Disserol CC, Pierin AJ, Schirr FL, Streisky
L, Takito LL, et al. Validation of the friedewald formula
in patients with metabolic syndrome. Cholesterol
2014;2014:261878.

Inan ZDS, Hamutoglu R, Saraydin SU. Comparative
analysis of paraffin and JB-4 embedding techniques in
light microscopy. Biol Methods Protoc 2025;10:bpaf071.
Suarez-Garcia S, Caimari A, Del Bas JM, Suarez M, Arola
L. Serum lysophospholipid levels are altered in
dyslipidemic hamsters. Sci Rep 2017;7:10431.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chula Med J

Huang JXF, Yousaf A, Moon J, Ahmed R, Uppal K,
Pemminati S. Recent advances in the management of
dyslipidemia: A systematic review. Cureus 2025;17:
e81034.

Hu Y, Chen X, Hu M, Zhang D, Yuan S, Li P, et al.
Medicinal and edible plants in the treatment of
dyslipidemia: advances and prospects. Chin Med
2022;17:113.

Little TJ, Horowitz M, Feinle-Bisset C. Modulation by
high-fat diets of gastrointestinal function and
hormones associated with the regulation of energy
intake: implications for the pathophysiology of obesity.
AmJ Clin Nutr2007;86:531-41.

Rospond B, Krakowska A, Krosniak M, Muszynska B,
Opoka W. The influence of high-fat and high-sucrose
feeding regimes on organ weight, body weight, and
serum concentration of bioelements in rats. J Trace
Elem Med Biol 2022;73:127020.

Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada
Y, Nakajima Y, et al. Increased oxidative stress in obesity
and its impact on metabolic syndrome. J Clin Invest
2004;114:1752-61.

Baker JF, Krishnan E, Chen L, Schumacher HR. Serum
uric acid and cardiovascular disease: recent
developments, and where do they leave us? Am J Med
2005;118:816-26.

Tsushima Y, Nishizawa H, Tochino Y, Nakatsuji H,
Sekimoto R, Nagao H, et al. Uric acid secretion from
adipose tissue and its increase in obesity. J Biol Chem
2013 20;288:27138-49.

Unruh D, Srinivasan R, Benson T, Haigh S, Coyle D,
Batra N, et al Red blood cell dysfunction induced by
High-Fat Diet: Potential implications for obesity-related
atherosclerosis. Circulation 2015;132:1898-908.

Wang YM, Zhang B, Xue'Y, Li ZJ, Wang JF, Xue CH, et
al. The mechanism of dietary cholesterol effects on
lipids metabolism in rats. Lipids Health Dis 2010;9:4.
Singh M, Khan MA, Y T K, Ahmad J, Fahmy UA,
Kotta S, et al. Effect of Nardostachys jatamansi DC. on
apoptosis, inflammation and oxidative stress induced
by doxorubicin in wistar rats. Plants (Basel) 2020;9:1579.



