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Abstract

Bergenia ligulate is an important ornamental medicinal plant of the Himalayan region, known for its extensive biological activities, 
low maintenance and wide range of pharmaceutical applications.  In the present study aqueous extract of rhizomes of Bergenia ligulata 

(BLAE) was evaluated for its in vitro immunomodulatory and antioxidant activity through lymphocytes proliferation assay (LPA), 
lipid peroxidation (LPO), reduced glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) assays in chicken lymphocytes. 
The extraction yield of the rhizome of Bergenia ligulata in water was about 8.90%. BLAE showed significant antioxidant activity in 
DPPH free radical scavenging assay. Maximum non-cytotoxic dose (MNCD) of BLAE for lymphocyte culture was determined to be 
200 µg/mL. LPA showed that BLAE enhanced lymphocyte proliferation of B cells and T cells. Treatment with BLAE significantly 
increased the level of GSH, SOD, CAT and decreased the level of LPO in chicken lymphocytes, thus indicating the antioxidant potential 
of BLAE. The efÏciency of poultry production is rising due to increased global consumption of chicken over red meat, leading to 
industry intensification, and the focus is shifting from antibiotic growth promoters to non-antibiotic alternatives like phytogenics to 
combat antibiotic resistance. The study reveals significant immunomodulatory and antioxidant properties of BLAE, thus suggesting 
that it could be a potential feed additive in poultry production. However, further in vivo research is required to evaluate its efÏcacy and 
safety for application in commercial poultry farming.
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chronicles of medicine including “Charak Samhita”, “Sushruta 

Samhita” and “Ashtang-Hridaya” etc. (Chitme et al., 2010).  
Bergenia species is known to exhibit a wide range of biological 
activities such as anti-inflammatory, antipyretic, antioxidant, 
antiviral, antibacterial, antimalarial, hepatoprotective, antiulcer, 
anticancer, diuretic, antidiabetic, antitussive, anti-urolithiasis 
etc. (Koul et al., 2020). Some of the major phytoconstituents 
of B. ligulata include Bergenin, gallic acid, tannic acid, arbutin 
and many more (Ruby et al., 2015). Bergenin and catechin are 
the two major compounds found in B. ligulata that are mainly 
responsible for the antioxidant properties of the plant (Dix et al., 

1989). Bergenia extracts can significantly stimulate the expression 
of CD69 on lymphocytes (Tumová et al., 2018). Bergenin and 
methanolic extract of B. ligulata was found to show antioxidant 
activity in in vitro assays against 1, 1-diphenyl 2-picrylhydrazyl 
(DPPH) free radical and lipid peroxidation (Bashir et al., 2009). 

Bergenin as well as methanolic extract of B. ligulata are known 
to exhibit marked dissolution of calculi in kidney as well as 
urine constituents (Satish and Umashankar, 2006). When hydro-
methanolic extract of B. ligulata rhizomes was given to ethylene 
glycol-induced urolithiatic rats at the dose of 5-10 mg/kg body 
weight, an improvement in renal function was found and there 
was reduced deposition of CaC2O4 crystal in the renal tubules 

Introduction

Herbal products have gained attention from clinical perspective in 
recent years due to several benefits such as lower toxicity and side 
effects, more cost effectiveness etc. (Arya et al., 2017; Ambwani 
et al., 2018; 2019; Pandey and Ambwani, 2022). Bergenia ligulata 

(B. ligulata), commonly known as ‘Paashanbheda’ (Paashan = 
rockstone, bheda = piercing), is a perennial herb with short, thick, 
fleshy and procumbent stems, stout rootstock and oval-shaped 
5-15 cm long leaves. It is distributed in the temperate Himalayan 
region (Kashmir to Nepal) at altitude range 2000-2700 m. It 
belongs to the family ‘Saxifragaceae’ and is considered one of the 
highest-valued, elite temperate medicinal herbs, particularly in the 
Asian continent, including India, Pakistan and Nepal. Rhizomes 
of plants from Bergenia genus have been used in folk medicine 
for their antiscorbutic, antipyretic, diuretic, astringent as well 
as ophthalmic properties (Kumar and Tyagi, 2013). It is used as 
a kidney stone dissolver in the indigenous system of medicine 
(Gurav and Gurav, 2014). Rhizomes of B. ligulata are potentially 

used in the management of renal stones (Garimella et al., 2001).

In the Sindh region of Pakistan, rhizomes of B. ligulata along with 

honey, is given to children during teething. Juice of B. ligulata 

leaves is used for earaches in India and China (Chowdhary et 

al., 2009). This plant has been listed in various ancient Indian 
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(Bashir and Gilani, 2009). Dried rhizomes of B. ligulata is a 

known herbal antipyretic drug and is used to prevent fever (Ruby 

et al., 2012). When ethanolic extract of roots and rhizomes of 
B. ligulata was given at the rate of 500 mg/kg body weight to 
yeast-induced pyretic rats, a reduction in rectal temperature 
was observed (Nardev et al., 2009). Studies on animal models 
have also shown strong anti-diabetic activity of B. ligulata 

(Koul et al., 2020) and the possible mechanism for this effect 
could be the presence of (+)-afzelechin in the plant which acts 
as an inhibitor of α-glucosidase enzyme as found in enzyme 
inhibition assay (Ruby et al., 2012) and inhibition of this enzyme 
is related with the delayed absorption of carbohydrates in the 

small intestine of rats (Saijyo et al., 2008). Aqueous as well as 
ethanolic extract of rhizomes of Bergenia spp. was found to have 
significant anti-inflammatory activity in rat model (Koul et al., 

2020). When aqueous and ethanolic extract of B. ligulata was 

given at the dose rate of 1 g/kg body weight to the rats, there 
was attenuation of inflammation as there was decreased level of 
succinate dehydrogenase (Sajad et al., 2010) and bergenin may be 
responsible for the anti-inflammatory activity. B. ligulata extract 
also lead to reduction in inflammatory mediators (Singh et al., 

2021). B. ligulata when given to rats showed hepatoprotective 

activity as there was significant reduction in the levels of SGPT, 
SGOT, ALP and total bilirubin (Nardev et al., 2009). Intravenous 
administration of B. ligulata extract at a dose of 50 mg/kg body 
weight in dogs showed hypotensive properties. Alcoholic extract 
of the rhizome of Bergenia spp. exhibit anti-bradykinin action 
in isolated guinea pig ileum (Gurav and Gurav, 2014). Various 
bioactive molecules are present in the plant that are known for 
their pharmacological properties such as polyphenols (bergenin, 
arbutin, and catechin), flavonoids and quinones (Koul et al., 

2020).

The poultry industry has utilized antibiotics as growth promoters 
for over 60 years to enhance production performance in broilers 
but they are no longer permissible in the production of food 
animals in many countries due to the emergence of antibiotic 
resistance which is one of the major concerns for human health. 
Due to this threat, there is a dire need for the addition of non-
antibiotic alternatives as feed additives for improved health and 
performance of broilers (Maron et al., 2013; Landy et al., 2023). 
Extensive research has been conducted on the use of phytogenics 
as feed additives in livestock (Gadde et al., 2017). One such 
important plant is Bergenia ligulata, which is a versatile perennial 

herb and bridges the gap between ornamental horticulture and 
medicinal plant applications. B. ligulata fits well into the category 
of phytogenic feed additive due to its rich phytochemical profile 
and biological activities. Research has shown that B. ligulata 

extracts can modulate immune responses and exhibit potent 
antioxidant effects, both of which are crucial for maintaining 
poultry health and productivity. 

The present study aimed to determine the immunomodulatory 
and antioxidative potential of aqueous extract of rhizomes of B. 

ligulata (BLAE) by performing in vitro lymphocyte proliferation 
assay and in vitro antioxidant assays after exposure of BLAE in 
chicken lymphocytes.

Materials and methods

Collection of plant material and preparation of plant extract: 

The rhizomes of B. ligulata used in the present study were 

collected from the Berinag (Distt. Pithoragarh) of Uttarakhand, 

India (29.80°N, 80.07°E), which were then authenticated by 
Dr. D.S. Rawat, Assistant Professor, Department of Biological 
Sciences, College of Basic Sciences and Humanities, G.B. Pant 
University of Agriculture & Technology, Pantnagar, Uttarakhand, 
India (Voucher specimen No.- GBPUH-1437). Then the aqueous 
rhizome extract of B. ligulata (BLAE) was prepared as per the 
method described by Fuloria et al., 2023. 

Phytochemical analysis of the plant extract: The plant extract 
was analysed for the presence of different phytochemicals i.e., 

phenolics, flavonoids, tannins, terpenoids and phlobatannins by 
using qualitative assays as per the method described by Thakur 
et al. (2018) and Deb et al. (2018). The total phenolics and total 
flavonoids of the plant extract were quantified as per the method 
described by Mansour et al. (2011).

Antioxidant potential of the plant extract: To assess the 
antioxidant activity of BLAE, DPPH free radical scavenging 
assay was performed in which different concentrations of BLAE 
were dissolved in methanol that was then mixed with 0.1 mM 
methanolic solution of DPPH. This mixture was then incubated 
at room temperature for 30 minutes and then optical density was 
measured at 517 nm. Then the percentage of DPPH inhibition 
was determined as per Shivhare et al. (2010).

Collection of chicken spleens and isolation of chicken 

lymphocytes from spleens: In the present study, spleens were 
collected in sterile Dulbecco’s phosphate buffer saline (DPBS) 
from healthy broilers (Cobb strain) of 4-6 weeks of age from a 
local slaughterhouse. Then these were processed to isolate the 
lymphocytes under sterile conditions using the standard protocol 
as per the method described by Ambwani et al. (2023). 

Maximum non-cytotoxic dose determination (MNCD): 

MNCD of BLAE was calculated as per the method described by 
Ambwani et al. (2023). The percent cell viability was calculated 
by comparing the absorbance of the treated cells with that of the 
control cells.

Lymphocytes proliferation assay (LPA): LPA was performed as 
per the method described by Ambwani et al. (2023). In this assay, 
lymphocytes were stimulated using various cell culture-tested 
mitogens namely, Concanavalin A (Con A), Phytohaemagglutinin 
(PHA) and Escherichia coli (serotype 0111:B4) derived 
lipopolysaccharide (LPS) each at a concentration of 5 µg/mL in 
RPMI-1640 medium. A 200 μl volume of lymphocytes suspension 
at a concentration of 1 × 106 cells/mL was added to each well 
of 96-well flat bottom tissue culture plate, after which the cells 
were exposed to MNCD of BLAE in the presence of various 
mitogens in triplicate.

Detection of antioxidant status: After 68 hours of incubation, 
the control and BLAE-treated chicken lymphocytes were 
harvested and cell lysates were prepared which were stored at 

-80℃ to determine the antioxidant potential of BLAE. Ascorbic 
acid was used as a positive control (Ambwani et al., 2023).

Membrane lipid peroxidation (LPO): The LPO was calculated 
by measuring malondialdehyde (MDA) (a biochemical marker 
for LPO). MDA reacts with thiobarbituric acid (TBA) to form 
a coloured product and the extent of the reaction was quantified 
by measuring absorbance at 532 nm. The results were expressed 
in nmol MDA/mg protein (Li et al., 2014).

Reduced glutathione (GSH): Estimation of levels of GSH 
in the cell lysate was done based on the principle of Ellman’s 
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reaction in which DTNB (5,5′-dithiobis-2-nitrobenzoic acid) 
when added to the compounds containing sulfhydryl groups 
produce a yellow-coloured product which can be quantified by 
measuring absorbance at 412 nm. The results were expressed in 
mM of GSH/mL (Nanto-Hara et al., 2021).

Superoxide dismutase (SOD): The activity of SOD was 
measured by a reaction in which autooxidation of pyrogallol 
takes place which leads to the production of superoxide and the 
inhibition of superoxide-dependent reduction of MTT dye takes 
place and then the optical density of the reaction mixture was 
taken at 570 nm. DMSO is added to stop the reaction and help in 
the solubilization of the formazan crystals. The SOD activity was 
expressed in terms of SOD units where 1 unit SOD represents 
mg of protein required to inhibit the reduction of MTT by 50% 
(Lee et al., 2019). 

Catalase (CAT): It was based on the principle that the catalase 
enzyme present in the sample can decompose 2 H2O2 molecules 
to 2 molecules of H2O and O2 and this reaction leads to a decrease 

in absorbance which is measured at 240 nm. The CAT activity 
is measured as a change in absorbance over time (∆A240) (Orta-
Zavalza et al., 2014). 

Statistical analysis: The statistical analysis of the data was 
performed with the help of Origin Software and the results found 
in the study were presented as Mean ± standard deviation. Any 
significant differences between treatment and control groups 
were analysed using one-way analysis of variance and Tukey’s 
post-hoc test.

Results 

Collection of the plant material and extract preparation: The 
aqueous rhizomes extract of B. ligulata (BLAE) was prepared 
with the percent yield of 8.90% (Fig. 1; Table 1).

Table 1. Percent yield of aqueous extract of B. ligulata (BLAE)
Weight of dried plant 

powder (g)
Weight of extract 

obtained (g)
Percent yield (%)

100 8.90 8.90

Phytochemical analysis of the plant extract: Biochemical 
qualitative tests on BLAE showed the presence of phenolics, 
flavonoids, tannins and terpenoids (Table 2). The total phenolics 

and flavonoid content of BLAE was found to be 33.144±1.43 mg/
gm and 12.777±1.32 mg/gm of the extract, respectively (Table 3).

Table 2. Qualitative phytochemical analysis of BLAE
Phytochemicals BLAE
Phenolics +
Flavonoids +
Tannins +
Terpenoids +
Phlobatannins -

Table 3. Quantitative phytochemical analysis of BLAE 
Quantitative Analysis BLAE
Total phenolics content (mg/gm extract) 33.144±1.43
Total flavonoids content (mg/gm extract) 12.777±1.32

Determination of antioxidative potential of BLAE by 

DPPH free radical scavenging assay: In the DPPH free 
radical scavenging assay, it was observed that increasing the 
concentration of BLAE led to an increase in percent scavenging of 
DPPH free radicals which was comparable with that of Ascorbic 
acid as shown in Fig. 2.

Determination of maximum non-cytotoxic dose of BLAE in 

chicken lymphocytes: The MNCD of BLAE was found to be 
200 µg/mL by using MTT assay as shown in Fig. 3.
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Fig. 1. a) Bergenia ligulata plant, b) Dried rhizome powder of Bergenia ligulata, 
c) Aqueous extract of Bergenia ligulata (BLAE)

Fig. 2. Percent scavenging of BLAE and AA in DPPH assay

Fig. 3. Percent cell viability of chicken lymphocytes in presence of 
different concentrations of BLAE
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Effect of BLAE on lymphocytes proliferation: There was significant 
increase in B and T cell proliferation when BLAE treated lymphocytes 
were stimulated using different mitogens (LPS, Con A, PHA) (Table 
4 and Fig. 4).

Table 4. Effect of BLAE on mitogens stimulated lymphocytes proliferation

Treatment Control BLAE
LPS stimulated Proliferation (%) 100 122.53

Change in proliferation (%) - 22.53
Con A stimulated Proliferation (%) 100 119.10

Change in proliferation (%) - 19.10
PHA stimulated Proliferation (%) 100 138.76

Change in proliferation (%) - 38.76
Determination of antioxidative potential of BLAE using in vitro 

antioxidant assays: BLAE was found to decrease lipid peroxidation 
and increase levels of reduced glutathione, activity of SOD and catalase 
thus showing improved antioxidant levels in chicken lymphocytes in 
various in vitro antioxidant assays which are shown in Table 5.

Table 5.  Antioxidative status of chicken lymphocytes treated with BLAE
Treat- 
ment

Lipid 
peroxidation 

(nM MDA/gm) 

Reduced 
glutathione 
(mM/mL)

Superoxide 
dismutase (SOD 

units/mg of 
protein)

Catalase (H2O2 
utilized mM/

min/mg of 
protein)

Control 146.667±1.777A 0.062±0.006C 33.76±1.449C 149.934±1.286C

BLAE 123.077±1.539B 0.125±0.004B 42.411±1.399B 155.494±1.059B

AA 91.795±2.351C 0.197±0.011A 58.996±1.193A 161.64±1.293A

SEM 1.567 0.006 1.103 0.994

The values (Mean ± SD) having different superscripts in columns differ 
significantly (P< 0.05) as determined by one-way ANOVA and Tukey’s post-
hoc test.

Discussion

The present study demonstrated that the aqueous rhizome extract of 
Bergenia ligulata (BLAE) had a percent yield of 8.90% and contained 
phenolics, flavonoids, tannins, and terpenoids, with quantitative 
estimates of 33.144±1.43 mg/gm and 12.777±1.32 mg/gm for total 
phenolics and flavonoids, respectively. These findings align with 
earlier reports that B. ligulata is rich in alkaloids, tannins, flavonoids, 
and phenols (Vaishali et al., 2008), and that ethanolic extracts contain 
alkaloids, flavonoids, saponins, triterpenes, polysterols, phenols, 
tannins, carbohydrates, and glycosides (Kaur and Kaur, 2018). 
Other active phytoconstituents such as bergenin, pashaanolactone, 

β-sitosterol, stigmesterol, tannic acid, gallic acid, parasorbic 
acid, isovaleric acid, and 1,8-cineole have been previously 
identified (Ruby et al., 2012).

The antioxidant activity of BLAE, confirmed by DPPH 
free radical scavenging assay in the current study, showed 
a concentration-dependent increase in radical scavenging 
comparable to ascorbic acid. This corroborates prior reports 
of substantial antioxidant potential in B. ligulata (Vaishali 
et al., 2008; Agnihotri et al., 2015). Bergenin, a bioactive 
compound, has been reported to exhibit antioxidant activity 
in hydrogen peroxide radical scavenging with an IC50 of 
32.54 μg/mL (Salimo et al., 2023), as well as free radical 
scavenging, increased SOD and GSH levels, and reduced lipid 
peroxidation in animal models (Sajad et al., 2010; Qi et al., 
2018). In vitro, 11-O-galloylbergenin demonstrated strong 
antioxidant activities, with EC50 values of 7.45±0.2 µg/mL 
in DPPH test and 5.39±0.28 µg/mL in reducing power assay, 
outperforming α-tocopherol in the phosphomolybdate assay 
(Uddin et al., 2014). 

In the current investigation, BLAE administration dramatically 
reduced lipid peroxidation, increased reduced glutathione 
levels, and elevated SOD and catalase activity in chicken 
lymphocytes, indicating improved antioxidant status in vitro. 
These results are consistent with bergenin's documented 
ability to increase overall antioxidant capacity and enzymatic 
activity of SOD, CAT, and glutathione peroxidase (Qi et al., 
2018). 

The immunostimulatory action of BLAE, as seen by enhanced 
proliferation of B and T lymphocytes in response to mitogen 
stimulation, supports bergenin's immunomodulatory potential. 
Bergenin has been shown in the literature to improve both 
humoral and cell-mediated immunity by boosting IgM and 
IgG levels, improving macrophage function, NK and CTL 
activity, and altering the Th1/Th2 balance (Qi et al., 2018). 
Our MNCD measurement showed a safe dosage of 200 µg/
mL in chicken lymphocytes, promoting proliferation without 
cytotoxicity. 

Furthermore, the cytoprotective potential of ethanolic B. 
ligulata extract, which includes reduced ROS generation, 
apoptosis, and inflammatory markers in oxalate-injured HK2 
cells (Singh et al., 2022), is consistent with the protective 
antioxidant and immunomodulatory responses elicited 
by BLAE in the current study. These combined findings 
indicate BLAE's considerable antioxidative and immune-
enhancing characteristics, which are relevant for therapeutic 
applications in oxidative stress and immunosuppressive 
settings.In the present study, it was found that the aqueous 
extract of rhizomes of B. ligulata (BLAE) showed significant 
antioxidant and immunomodulatory activity in different in 

vitro assays in chicken lymphocytes culture system. BLAE 
was found to be rich in different phytoconstituents. BLAE-
treated lymphocytes showed significant proliferation when 
they were stimulated with different mitogens thus showing 
immune-potentiating response. BLAE also exhibited 
improved antioxidant status of BLAE-treated chicken 
lymphocytes as observed through a reduction in LPO and 
increased in the levels of GSH, SOD and CAT. This improved 
antioxidant level suggests that the plant helps in reducing 
oxidative stress which is one of the major factors behind 
feeble immune status. 
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Thus, B. ligulata is a multifaceted plant that offers numerous 
benefits in horticulture as well. Whether used as ground cover, 
in rock gardens, or as an ornamental plant, B. ligulata enhances 

garden beauty and sustainability. B. ligulata exemplifies the 
integration of horticulture and medicinal plant applications across 
various industries. Its integration into agricultural practices can 
enhance sustainability, biodiversity, and economic returns for 
farmers. By adopting advanced cultivation techniques like tissue 
culture and micropropagation, the consistent and sustainable 
production of B. ligulata can be ensured, meeting the growing 
demand for this valuable horticultural crop. Its multifaceted 
benefits, particularly in the poultry industry, highlight its potential 
as a valuable crop for enhancing health, sustainability, and 
economic viability in agricultural and industrial practices. The 
promising results from in vitro studies suggest that B. ligulata 

could be integrated into poultry diets as a natural feed additive. 
B. ligulata can offer several benefits in poultry farming such 
as enhanced immune response, reduced use of antibiotics as 
growth promoters, natural growth promotion and stress reduction. 
Phytogenics also provide environmental safety, increase consumer 
preference and are cost-effective. So, integration of phytogenics 
in poultry farming can lead to better health and productivity of 
chickens along with sustainable farming practices. To incorporate 
B. ligulata as feed additive in poultry ration, further in vivo 

studies are required to fully understand the mechanism of 
immunomodulation and antioxidant activity of the plant. 
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