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INTRODUCTION

Depression, stress and anxiety are among the most prevalent psychiatric conditions globally, 
marked by complex biochemical, behavioural and psychological disturbances. Anxiety, a state 
characterised by heightened motor tension, sympathetic activation and unease, is typically treated 
with benzodiazepines, although these carry risks of dependency.[1] First-line pharmacological 
treatments for generalised anxiety disorder include selective serotonin reuptake inhibitors and 
serotonin-norepinephrine reuptake inhibitors, with second-line options like pregabalin available 
for those not responding to initial therapies.

Herbal treatments, such as lavender, chamomile and jasmine, are gaining popularity due to 
minimal side effects and accessibility, contributing to complementary approaches to anxiety 
management.[2,3] Lifestyle adjustments, such as regular exercise, sleep regulation and omega-3 
supplementation, have shown modest efficacy in reducing anxiety symptoms. Recent research 
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emphasises exploring botanical therapeutics for mood 
disorders, with several medicinal plants undergoing 
pharmacological evaluation to address anxiety and depressive 
symptoms.[1,3]

Hypertension, a leading cardiovascular disorder and public 
health challenge, is particularly prevalent in developing 
countries and poses high risks for serious conditions 
such as heart disease, kidney failure and stroke. Typically 
defined body arterial pressure readings above the normal 
systolic (100–140  mmHg) and diastolic (60–120  mmHg) 
ranges, hypertension’s primary causes include genetic 
and environmental factors, with high salt intake, 
sedentary lifestyle and obesity as significant contributors. 
Secondary hypertension may arise from underlying 
conditions such as endocrine disorders or lifestyle factors 
like heavy alcohol intake. Treatment initially focuses 
on lifestyle modifications, such as a low-sodium diet, 
weight management and the dietary approaches to stop 
hypertension (DASH) diet, all shown to reduce blood 
pressure significantly.[4-6] If medication is required, options 
include angiotensin-converting enzyme inhibitors, 
calcium channel blockers and beta-blockers, although 
side effects may limit their use.[5] Herbal remedies such 
as Allium sativum and Sesamum indicum offer alternative 
or complementary approaches, highlighting a growing 
interest in botanical interventions for hypertension 
management.[5,7]

Saussurea lappa, commonly known as costus or kuth, is a 
perennial herb of the Asteraceae family, native to the high-
altitude Himalayan regions of India, Nepal and Bhutan. 
This species, notable for its thick rhizomes and large 
leaves, is renowned in traditional medicine systems such as 
Ayurveda and Unani for treating ailments such as asthma, 
skin diseases and rheumatism. However, due to extensive 
exploitation for medicinal and commercial use, S. lappa has 
become critically endangered and is now listed in Appendix 
1 of CITES. To protect this valuable species, the Government 
of India, through the Ministry of Commerce and National 
Medicinal Plants Board, has restricted its export and 
highlighted it as a high-priority species for conservation and 
research. These efforts align with national policy goals to 
meet the growing demand, estimated at 0.43 tons annually, 
for medicinal plants, including S. lappa, across various 
therapeutic applications.[5,8]

MATERIALS AND METHODS

The S. lappa plant sample was collected from the village of 
Dharali, Uttarakhand, in the month of November 2023. 
The plant was authenticated as S. lappa (Asteraceae) by 
Dr.  Priyanka Ingle (Senior Scientist-D), Botanic Garden of 
the Indian Republic, Botanical Survey of India, Noida, Uttar 
Pradesh. The Specimen No. is (BSI/BGIR/1/TECH./2024/83).

Preparation of extract

The fully dried roots were procured from the local market 
and ground into a coarse powder. This powder was then 
sequentially extracted with 70% ethanol using a Soxhlet 
apparatus for 3–4  days. The resulting extract was collected 
and concentrated using a rotary evaporator, operating at 
the boiling point of ethanol (68°C) and a rotational speed of 
89 RPM, for 40–50 min.[9]

Estimation of extracted plant material

The resultant plant extract was subsequently desiccated using 
a heated water bath, and the percentage yield for the plant 
was determined through the following equation, yielding a 
value of 14.72% w/w.[9]

The equation utilised to compute the percentage yield is 
provided here as:

Percentage yield = Theoretical yield/Practical Yield × 100

The percentage yield of S. lappa = weight of leaves extract 
(g)/weight of dried leaves powder (g) × 100

% yield = 3.24/22 × 100.

The extract yield derived from S. lappa was determined to be 
14.72% w/w.

Phytochemical screening

The coarsely powdered roots of S. lappa were extracted using 
various solvents such as chloroform, methanol, hexane, 
dichloromethane, ethanol and water for phytochemical 
examination. The objective of this process was to identify the 
most effective solvent for further extraction using a Soxhlet 
apparatus. The ideal solvent would be the one in which the 
maximum number of phytoconstituents could be detected. To 
achieve this, 0.5 g of the powder was soaked in 5 mL of each 
solvent (chloroform, methanol, hexane, dichloromethane, 
ethanol and water) for 24 h. The mixtures were then filtered 
and subjected to various phytochemical tests [Table 1].[10-12]

Choice of solvent

Ethanol was chosen for extraction because it is a popular 
solvent for plant extraction as it can efficiently extract both 
polar and non-polar compounds, is safe, easy to handle and 
widely available. It dissolves various compounds needed 
for research, such as alkaloids, glycosides, tannins and 
terpenoids, which have potent biological activities.[7,11]

Experimental animals

24 Swiss albino mice (20–40 g) of either sex were randomly 
chosen for the anti-anxiety and 24 Wistar albino rats 
(150–200  g) of either sex were randomly chosen for the 
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anti-hypertensive activity and assembled into 4 groups (n = 
6). They were acclimatised and housed in an animal house 
with a 12 h:12 h light-dull cycle at 27 ± 2°C temperature and 
45–55% relative humidity. Sustenance and water are very 
important. This study did not involve human participants; 
therefore, approval from the Institutional Review Board (IRB) 
was not required. Creatures were arbitrarily partitioned into 
four groups, for example control, standard, low section of test 
and high section of test. Gathering 1 was considered as control 
and treated with superior water.[13,14] Gathering 2 treated as 
standard, gatherings 3 treated as test drug (S. lappa), which is 
low dose (200 mg/kg) and gatherings 4 treated as test drug (S. 
lappa), which is high dose (400 mg/kg.[3]

RESULTS

Elevated plus maze model

The below context illustrates the average count of entries 
and the duration of time spent in both open and closed 
arms subsequent to drug administration. The findings 
demonstrated a notable increase in the number of entries 
and time spent in the open arms among the groups treated 
with the extract, comparable to those treated with traditional 
anxiolytic medications. The administration of S. lappa 
ethanolic extract (SLEE), at doses of 200 mg/kg and 400 mg/
kg, significantly augmented the count of entries and the 
duration of time mice spent in the open arms.[15] Conversely, 
mice treated with the standard medication diazepam 
exhibited a considerably higher (P < 0.001) total number 
of entries in the open arms and longer periods spent in the 
open arms, while allocating less time in the closed arms.[16,17]

The mean duration of time spent in the open arms showed 
a significant increase in the groups receiving the extract, 
as compared to the control group treated with the vehicle 
[Table 2]. In the control group, the average duration was 
128.5 ± 6.71 s, whereas in the groups treated with S. lappa 
at doses of 200  mg/kg and 400 mg/kg, the durations were 
186.8 ± 29.2 s and 238.1 ± 16.3 s, respectively [Figure 1]. 

Similarly, the average number of entries into the open arms 
was higher in the extract-treated groups compared to their 
respective control groups. In the control group, the average 
number of entries was 4.83 ± 2.31, while in the groups 
treated with S. lappa at doses of 200 mg/kg and 400 mg/kg, 
the numbers were 11.8 ± 3.97 and 14.3 ± 3.50, respectively 
[Figure 2].

Anti-hypertensive activity

Numbers below display the measurements of several 
parameters in rats subjected to different treatments: Control 
– high salt diet (HSD), atenolol (standard) and both doses 
of S. lappa root extract. The findings in Figure 3 indicate 
that salt-induced procedure significantly elevated mean 
arterial blood pressure (MABP), diastolic blood pressure 
(DBP) and systolic blood pressure (SBP) compared to the 
vehicle group. In contrast, the treatments with atenolol, 
SLEE 200  mg/kg and SLEE 400  mg/kg significantly 

Table 1: The results of the phytochemical screening conducted on the leaf extract of Saussurea lappa.

Phytochemicals Phytochemicals tests Ethyl acetate Chloroform Methanol Ethanol n‑Hexane Distilled Water
Phenols Ferric chloride test + + + ++ − +
Tannins Ferric Chloride test − + + + − +
Sterols Salkowski’s test − − + − − −
Alkaloids Dragendroff ’s test + − + ++ + −
Flavonoids Alkaline reagent test + − ++ ++ − −
Saponins Frothing test − + + + − +
Glycosides Legal’s test + + + ++ + −
Terpenoids Salkowski’s test − − + + − −
‘++’ shows tremendous presence, ‘+’ shows good presence and ‘−’ shows absence of phytochemicals
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 Figure  1: Impact of Saussurea lappa (200 and 400 mg/kg) 
as evaluated by the elevated plus maze model. The graphical 
representation demonstrated a noteworthy rise in the average 
duration of time spent in the open arms within the groups receiving 
the extract, in comparison to the control group treated with the 
vehicle. In the control group, the average duration was 128.5 ± 6.71 
s, whereas in the groups treated with S. lappa at doses of 200 mg/kg 
and 400 mg/kg, the durations were 186.8 ± 29.2 s and 238.1 ± 16.3 s, 
respectively. Data are expressed as mean ± SEM (n = X). *P < 0.05, 
**P < 0.01, ***P < 0.001 compared with control.
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 Figure  3: Impact of Saussurea lappa (200 and 400 mg/kg) as 
evaluated by the BIOPAC apparatus model. The graphical 
representation demonstrated a noteworthy decrease in blood 
pressure parameters (MAP, SBP, DBP) and heart rate (HR) in the 
groups receiving the extract, in comparison to the control group 
treated with the vehicle (HSD). Atenolol (10 mg/kg) served as the 
standard drug. Data are expressed as mean ± SEM (n = X). **p<0.01, 
***p<0.001, ****p<0.0001 compared with control.

reduced MABP, DBP and SBP levels as compared to the salt 
group.[15,18,19] In addition, the HSD group’s heart rate (HR) 
was substantially higher than the control group. HR did 
not change significantly between the atenolol, both SLEE 
treatment groups and the high salt-induced group.[20,21] 
These findings indicate that in rats with high salt induced 
hypertension, therapy with both atenolol and SLEE has been 
shown to lower blood pressure levels.[11,22] The provided 
findings [Table 3] demonstrated that the SLEE 400  mg/kg 

dose was significantly more effective in treating hypertension 
than the 200  mg/kg dose and had an impact equivalent to 
the standard medicine atenolol. These data clearly showed 
that the root extract of S. lappa has considerable anti-
hypertensive properties.[23]

Table 3: Effects of different treatment groups on various blood pressure parameters and heart rate in rats.

Parameters Group I
HSD

Group II
Atenolol

Group III
SLEE ‑ 200 mg/kg

Group IV
SLEE ‑ 400 mg/kg

MABP (mmHg) 164.33±4.84 127.16±8.32**** 144.66±7.11*** 132.66±8.16****
SBP (mmHg) 171.16±6.49 120.5±8.01**** 151.16±6.94*** 126.66±5.53****
DBP (mmHg) 148.5±9.85 104.33±5.88**** 127.33±5.04*** 111.5±6.02****
HR (mmHg) 360.16±12.89 313.66±8.38**** 337.66±10.3** 321.16±12.73****
All values are presented as mean±standard error of the mean. n=6, ****P<0.0001, ***P<0.001, **P<0.01 compare to control (one‑way Analysis of Variance 
followed by Dunnet test). MABP: Mean arterial blood pressure, DBP: diastolic blood pressure, SBP: Systolic blood pressure, HR: Heart rate, HSD: High salt 
diet, SLEE: Saussurea lappa ethanolic extract

Table 2: Effect of Saussurea lappa root extract on mice in EPM.

S. No. Groups Mean no. of entries Mean time spent in (sec)
Open arm Closed arm Open arm Closed arm

1. Control 4.83±2.31 17.6±3.44 128.5±6.71 312.6±15.7
2. Diazepam 5 mg/kg p.o 15.5±4.84*** 8.83±2.31*** 227.5±21.8**** 47.8±5.63****
3. S. lappa 200 mg/kg i.p 11.8±3.97* 9.5±4.27** 186.8±29.2*** 42.8±7.08***
4. S. lappa 400 mg/kg i.p 14.3±3.50*** 8.33±3.38*** 238.1±16.3**** 44.6±4.71****
All values are presented as mean±SEM (Standard Error of the Mean). n=6, ****P<0.0001, ***P<0.001 and **P<0.01, *P<0.1 compare to control (one‑way 
analysis of variance followed by Dunnet test). EPM: Elevated plus maze
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 Figure 2:  Impact of Saussurea lappa (200 and 400 mg/kg) as assessed 
by the elevated plus maze model. The graphical representation 
exhibited that the extract-treated groups demonstrated a greater 
average number of entries into the open arms compared to their 
respective control groups. In the control group, the average number 
of entries was 4.83 ± 2.31, while in the groups treated with S. lappa 
at doses of 200 mg/kg and 400 mg/kg, the numbers were 11.8 ± 3.97 
and 14.3 ± 3.50, respectively. Data are expressed as mean ± SEM (n 
= X).  ***P < 0.01, ***P < 0.001 compared with control.
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Histopathological examination of heart

The consumption of a diet high been associated with 
hypertension, metabolic disorders and cognitive 
decline.[24,25] These dietary factors can lead to dysregulated 
lipid metabolism, insulin resistance and increased 
production of reactive oxygen species within the heart. In the 
context of hypertension, the elevated blood pressure exerts 
increased workload on the heart, leading to hypertrophy of 
cardiac myocytes. This pathological cardiac remodelling can 
result in structural changes [Figure 4] such as cardiomyocyte 
hypertrophy, interstitial fibrosis and alterations in the 
extracellular matrix.[26] The chronic inflammatory state 
triggered by high fructose intake further exacerbates cardiac 
injury. Inflammation within the heart can be initiated by 
various factors, including oxidative stress, immune cell 
infiltration and the release of pro-inflammatory cytokines.[27]

DISCUSSION

This research presents valuable evidence for the anxiolytic 
and anti-hypertensive potential of S. lappa root extracts, 
attributed to their rich phytochemical composition. The 
extracts demonstrated efficacy in reducing anxiety-related 
abnormalities, such as elevated adrenal cortisol levels, while 
also improving cardiovascular markers by lowering mean 
arterial, systolic and diastolic blood pressures. Key bioactive 
components identified in the extracts, including costunolide, 

coumarin glycoside, chlorogenic acid, caffeic acid and 
hesperidin, are known for their biological effects. Notably, 
phenolic compounds such as catechin and chlorogenic acid 
are implicated in the anxiolytic properties, while flavonoid 
compounds, including coumarin glycoside, contribute to 
the anti-hypertensive effects. This suggests that S. lappa’s 
therapeutic action may be largely due to the presence of these 
specific bioactive phytoconstituents. The study’s findings 
support the potential of S. lappa as an alternative therapy for 
managing anxiety and hypertension, though further research 
is needed to elucidate the mechanisms involved, determine 
optimal dosages and validate the consistency of these effects. 
In conclusion, S. lappa shows significant promise as a natural 
anxiolytic and anti-hypertensive agent.

CONCLUSION

This study highlights the promising potential of Saussurea 
lappa root extract as both an anxiolytic and anti-hypertensive 
agent. The extract showed clear, dose-dependent benefits, 
with higher doses performing on par with established drugs 
like diazepam and atenolol. Its rich phytochemical profile—
particularly phenolics, flavonoids, alkaloids, and terpenoids—
appears to play a key role in these therapeutic effects. Taken 
together, these results point to Saussurea lappa as a valuable 
natural option that could complement or even substitute 
conventional treatments for anxiety and hypertension. Still, 
more in-depth studies, including mechanistic insights, long-
term safety testing, and clinical trials, are needed before its 
full potential can be translated into clinical practice.
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