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Exploring the immunomodulatory and antioxidant
capacities of Berberis aristata in avian lymphocytes

Sneha Rawat, Rashmi Goswami, Sonu Ambwani, Tanuj Kumar Ambwani

ABSTRACT

India is one of the leading producers for eggs and broilers globally and thus has witnessed significant
growth in the poultry sector. Different poultry stressors can negatively impact the growth, gut health,
immune function and production reproductive performances of poultry. Antibiotic growth promoters
(AGPs) have been used in the poultry industry as they also combat stress in poultry along with growth
promotion. But the use of antimicrobials as growth promoter raises the concern of antibiotic resistance
and its potential hazardous effect on human health as well as the environment. Several other alternatives
are available for AGPs such as acidifiers, probiotics, prebiotics, antibacterial peptides and phytobiotics.
Phytobiotics are known to possess several benefits for poultry as well as livestock such as
immunomodulation, anti-inflammatory effect, antioxidant effect, maintain intestinal health etc. One such
important plant is Berberis aristata belonging to the family Berberidaceae which is used in traditional
system of medicine for the management of various inflammatory disorders. In the present study aqueous
root extract of Berberis aristata (BAE) was evaluated for its immunomodulatory and antioxidant
activity. The extraction yield of the roots of Berberis aristata in water was about 9.78%. The BAE
showed presence of phenolics, flavonoids, tannins, terpenoids and contained about 104.97 mg/gm of
BAE and 83.14 mg/gm of BAE of phenolics and flavonoids, respectively. BAE showed significant
antioxidant activity in DPPH free radical scavenging assay. Maximum non-cytotoxic dose (MNCD) of
BAE for lymphocyte culture was determined to be 600 pg/ ml. Lymphocytes proliferation assay (LPA)
showed that BAE enhanced lymphocyte proliferation of B-cells stimulated by lipopolysaccharide (LPS)
and T-cells stimulated by Concanavalin A and Phytohaemagglutinin M (PHA). Treatment with BAE
significantly reduced lipid peroxidation (LPO) and increased the level of reduced glutathione, superoxide
dismutase, and catalase in chicken lymphocytes, thus indicating antioxidant potential of BAE. The study
reveals significant immunomodulatory and antioxidant properties of BAE, thus suggesting that it could
be a potential alternative to AGPs in poultry production. But further in vivo studies are required to
explore its efficacy and safety for its application in commercial poultry farming.

Keywords: Berberis aristata, Chicken, Lymphocytes proliferation assay, Immunomodulation,
Antioxidant.

INTRODUCTION

A significant growth has been observed in poultry sector in India as a result of which India has become
the third-largest producer of eggs and the eighth-largest producer of broilers in the world and around 5-
6% of annual growth is observed in the sector [, Poultry meat has become the most consumed meat in
India. Long term exposure to sub-therapeutic level of antibiotics has elevated antibiotic resistance in
bacterial population which is affecting farm animals, humans as well as the environment and holds a
huge risk of zoonosis from poultry sector 23, Due to the risks associated with antibiotic growth
promoters (AGPs) effective alternatives are required which include acidifiers, probiotics, prebiotics,
antibacterial peptides and phytobiotics which are considered promising alternative to AGPs [,
Phytoconstituents are known to serve various benefits to livestock and poultry such as
immunomodulation, anti-inflammatory properties, antioxidant properties, maintain intestinal health etc.
[568], Recent reports indicate that herbal products play a significant role in boosting immune response and
are in prominence due to their potential health benefits and minimal side effects [,

Immunomodulation refers to altered activity of immune system which can either be increased that is
referred to as immunostimulation/ immunopotentiation or decreased that is referred to as
immunosuppression [, Along with boosting immunity, the usage of herbal products in diet, additionally
improves gut microbiome and reduce inflammation [¥1. One such important herbal plant is Berberis
aristata belonging to the family Berberidaceae which is used in traditional system of medicine for the
management of various inflammatory disorders M. It is a hard, spinous and glabrous yellowish
evergreen herb which is majorly found growing in sub-Himalayan region and Nilgiri Hills of Southern
India. The major alkaloid present in Berberis aristata is berberine, which possess very important
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pharmacological activities and may be present either in roots, stem
bark, rhizomes or leaves followed by palamatine 1. Alcoholic and
aqueous extract of Berberis species was found to suppress the
proliferation of T-cells and enhance the expansion of B-cells along
with alteration in production of different cytokines in lymphocytes [12],
Aqueous extract of roots of Berberis aristata are known to possess
anti-inflammatory activity when tested in rats at the rate of 500-1000
mg/kg (31, Berberine can directly benefit the immune system by
modulating naive CD4+ T cells differentiation in adjuvant-induced
arthritis model of rats 4. Hydroalcoholic extract of Berberis aristata
showed anti-inflammatory properties in experimental rat model of
carrageenan-induced paw edema and cotton pellet-induced granuloma
[0, Aqueous extract of bark of Berberis aristata suppressed ear
thickness and increased the content of Reduced glutathione (GSH)
and Superoxide dismutase (SOD) in ear homogenate in extract treated
dermatic mice [51,

The present study was based on the hypothesis that aqueous extract of
Berberis aristata (BAE) will exhibit immunomodulatory and anti-
oxidant effect. BAE was subjected to various biochemical assays to
detect presence of various phytoconstituents. Lympocytes
proliferation assay and in vitro antioxidant assays were conducted to
evaluate the immunomodulatory and antioxidant potential due to in
vitro exposure of BAE in chicken lymphocytes.

MATERIALS AND METHODS
Collection of the Plant Material and Preparation of Plant Extract

The roots of Berberis aristata 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.- 1207). Then
the aqueous root extract of Berberis aristata (BAE) was prepared 161,
The study employed usage of cell culture grade chemicals.

Phytochemical Analysis of the Plant Extract

Various qualitative and quantitative analyses were performed in the
plant extract. Qualitative tests were carried out to detect the presence
of phenolics, flavonoids, tannins and terpenoids in the plant extract
7], For quantitative analysis of the plant extract total phenolics and
total flavonoids of the plant extract was measured 18],

Antioxidant potential of the Plant Extract

Anti-oxidant potential of the plant extract was determined by using
DPPH radical scavenging assay [*°l. As per the method, different
concentrations of BAE were dissolved in methanol which were then
mixed with 0.1mM methanolic DPPH solution. After incubating the
mixture for 30 minutes at room temperature, the absorbance was taken
at 517 nm and the inhibition percentage of DPPH was calculated.

Collection of chicken spleens

Spleens used in the present study were collected from healthy Cobb
strain broiler chicken aged 4-6 weeks from the local slaughterhouse in
sterile Dulbecco’s phosphate buffer saline (DPBS). Then using the
standard protocol and under sterile conditions, the spleens were
processed promptly to isolate the lymphocytes.

Isolation of chicken lymphocytes from spleens

Lymphocytes were isolated from chicken spleens. In brief, spleens
were minced using sterile scissors after being places in a sterile Petri
dish containing RPMI-1640 media. Density gradient centrifugation
was used to separate the lymphocytes and the cell suspension was
then layered upon lymphocytes separation media (LSM) at a density
of 1.077 g/ml, and then centrifuged at 400 x g for 30 minutes at room

temperature. After being carefully separated from the interface, the
lymphocytes were washed twice with DPBS at 250 x g for 5 min at
room temperature after which they were suspended in RPMI-1640
medium. The trypan blue dye exclusion assay showed that more than
95% of the cells were viable 2],

Maximum non-cytotoxic dose determination

Maximum non-cytotoxic dose determination (MNCD) of BAE was
determined. Briefly, chicken lymphocytes were placed in a 96-well
flat bottom plate at a concentration of 1 x 10° cells per ml which were
then exposed to different concentration of BAE (15-3000 pg/ml) in
triplicate and kept in a CO: incubator (at 40°C with 5% CO>) for 68
hours. Then, the cells were examined under an inverted microscope to
observe for any signs of cytotoxicity caused by BAE exposure. After
68 hours of incubation period, the media from each well was removed
carefully, and then 20 ul of MTT solution (5 mg/ml stock) diluted in
200 pl of media was added to each well and the plate was further
incubated for 4 hours in the dark at 40°C in the COz2 incubator. After
completion of the incubation, the media was removed and the dark
blue formazan crystals were dissolved by adding 200 pl of dimethyl
sulfoxide (DMSO) to each well and then the absorbance was
measured at 570 nm using an ELISA Reader. The cell survival rate
was calculated by comparing the absorbance of the treated cells with
that of the control cells and then expressed as percentage [2%.

Lymphocytes proliferation assay

Lymphocytes proliferation assay (LPA) was performed 2%, Mitogenic
stimulation of the lymphocytes was performed using different cell
culture  tested mitogens i.e., Concanavalin A (ConA),
Phytohaemagglutinin M form (PHA-M) and Escherichia coli
(serotype 0111:B4) derived lipopolysaccharide (LPS) each at a
concentration of 5 pg/ml in RPMI-1640 medium. 200 ul of
lymphocytes suspension (1 x 10° cells per ml) was added to flat
bottom 96-well tissue culture plate, which were then exposed to
MNCD of BAE in presence of different mitogens in triplicate.

Evaluation of antioxidant status of BAE exposed cells

After treating chicken lymphocytes with MNCD of BAE followed by
incubation of 68 hrs in CO2 incubator, the control and BAE treated
cells were harvested and cell lysate was prepared which was stored at
-80°C to determine the antioxidant status. Ascorbic acid was used as
positive control [0,

Membrane lipid peroxidation

The lipid peroxidation (LPO) was estimated in which
malondialdehyde (MDA) served as a biochemical indicator for LPO
which reacts with thiobarbituric acid (TBA) to produce a coloured
product and the reaction can be quantified by taking absorbance at
532 nm. The results were expressed in nmol MDA/mg protein (21,

Reduced glutathione

The level of reduced glutathione (GSH) in cell lysate was measured
using Ellman’s reaction. In this reaction DTNB (5,5'-dithiobis-2-
nitrobenzoic acid) when added to the compounds containing
sulfhydryl groups produced a yellow-coloured product which was
quantified by measuring absorbance at 412 nm and the final results
were expressed as mM of GSH per ml 22,

Superoxide dismutase

The activity of superoxide dismutase (SOD) was based on the reaction
involving production of superoxide via autooxidation of pyrogallol
and then measuring the inhibition of superoxide-dependent reduction
of the tetrazolium dye MTT, and the absorbance was measured at 570
nm. DMSO was added to the reaction mixture to cease the reaction
and assist the solubilization of the formed formazan during the
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reaction. The activity of SOD was expressed in the SOD units, where
1 unit of SOD represented the amount of protein (in mg) which is
required to inhibit the MTT reduction by 50% (23],

Catalase

The activity of catalase (CAT) in the cell lysate was assessed
depending on the principle that enzyme CAT present on the sample
decomposes two molecules of H202 to two molecules of H20 and Oa.
There is decrease in absorbance at 240 nm after decomposition of
H202 and the change in absorbance over time (AAz240) is taken as the
measure of CAT activity 24,

Statistical analysis

The data analysis was conducted using Origin Software and the
findings were presented as Means * standard deviation. One-way
analysis of variance (ANOVA) was used to find any statistically
significant difference between treated and control groups. p<0.05 was
considered as statistically significant.

RESULTS
Phytochemical Analysis of the Plant Extract

The authenticated plant material was subjected to aqueous extract
preparation with the percent yield of BAE obtained as 9.78%. (Figure
1, Table 1). The extract showed presence of phenolics, flavonoids,
tannins and terpenoids as presented in Table 2. The total phenolic and
flavonoid content of BAE was found to be 104.96+1.706 mg Gallic
acid equivalent (GAE) /gm extract and 83.15+1.481 mg Gallic acid
equivalent (GAE) /gm extract, respectively (Table 3).

™

4

d) Aqueous extract of root
Berberis aristate

c) Berberis aristata dried roots powder

Figure 1: Berberis aristata

Table 1: Percent yield of aqueous extract of BAE

Weight of dried Weight of
ﬁl'o E;ﬁ; plant material extract ngent
) powder (g) obtained (g) y
Berberis
1. aristata 100 9.78 9.78

Table 2: Qualitative test of BAE

ﬁl.o. Phytochemical Analysis Sr?sotgtzx(gzcé)c’f Berberis
1. Phenolics +
2. Flavonoids +
3. Tannins +
4, Terpenoids +

Table 3: Quantitative test of BAE for presence of phenolics and flavonoids

ﬁI.o Quantitative Analysis BAE
Total phenolics content
(mg GAE /g extract) +SD 104.96+1.706
Total flavonoids content

2 (mg GAE /g extract) +SD 83.15+1.481

Determination of Antioxidative Potential of BAE by DPPH free
radical scavenging assay

In DPPH free radical scavenging assay, with the increase in
concentration of BAE there was increase in percent scavenging of
DPPH free radicals and the ascorbic acid (AA) was kept as control as
shown in Figure 2.

Percent Scavenging By BAE
Percent Scavenging By AA

Percent Scavenging

20 40 60 80
Concentration (ug/ml)

Figure 2: Percent scavenging of BAE and AA in DPPH assay
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Maximum non-cytotoxic dose determination of BAE

The MNCD of BAE in chicken lymphocytes was found to be 600 g/
ml through MTT assay (Figure 3). This dose level of BAE was used

for further in vitro experimentation to explore its immunopotentiating
and antioxidant potential.
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Figure 3: Percent cell viability of chicken lymphocytes in presence of different concentrations of BAE

Effect of BAE on Lymphocytes Proliferation under mitogenic
stimulation

Table 4: Effect of BAE on mitogen stimulated lymphocytes proliferation

There was marked increase in B and T cells proliferation when
mitogen stimulated (LPS, Con A, PHA) cells were co-treated with
BAE as compared to the respective controls (Table 4, Figure 4).

S. No. | Treatment LPS stimulated Con A stimulated PHA stimulated
. . % Change in . . % Change in . . % Change in
0, 0, 0,
% Proliferation proliferation % Proliferation proliferation % Proliferation proliferation
1. Control 100 - 100 - 100 -
2. BAE 107.36 7.36 127.41 27.41 138.24 38.24
Table 5: Antioxidative status of chicken lymphocytes treated with BAE
Lipid duced Glutathione | Superoxide Di Catal
S No. | Treatment Peroxidation Re uceI utathione uperoxide Dlsmfutase ) ata ase_l_ ) ) )
("M MDA/g) (mM/ml) (SOD units/mg of protein) (H20, utilized mM/min/mg of protein)
1. Control 14043.077A 0.068+0.007°¢ 38.125+1.49C 158.334+0.921¢
2. BAE 111.283+2.351B 0.168+0.005° 47.124+1.218 167.227+1.3978
3. AA 72.308+3.077° 0.259+0.0044 60.708+1.5534 175.567+1.19*
SEM 2.33131 0.00425 1.16338 0.96762

The values (Mean + SD) having different superscripts in columns differ significantly (p< 0.05)
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Figure 4: Effect of BAE exposure on mitogen stimulated lymphocytes
proliferation

Evaluation of antioxidant status of BAE exposed cells

BAE was found to improve the antioxidant status of the chicken
lymphocytes due to its in vitro exposure as revealed through various
antioxidant assays. There was decrease in lipid peroxidation and
increase in reduced glutathione, SOD and catalase activity as shown
in Table 5 and Figure 5,6,7 and 8 respectively.

I GSH content (mM/ml)|

0.30

0.25

=

N
°
1
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e o
S &

0.05

0.00 -
Control BAE AA

Treatment groups

Figure 5: Reduced glutathione content in chicken lymphocytes treated with
BAE
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Figure 6: Lipid peroxidation in chicken lymphocytes treated with BAE

Figure 7: SOD Content in chicken lymphocytes treated with BAE
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Figure 8: Catalase activity in chicken lymphocytes treated with BAE
DISCUSSION

Different classes of secondary metabolites such as alkaloids,
flavonoids, glycosides, phenols, saponins, sterols, etc. are present in
the plant %], Several phytoconstituents have been reported from the
plant Berberis aristata majority of which constitute alkaloids such as
berberine, oxyberberine, berbamine, aromoline, karachine, palmatine,
oxyacanthine, taxilamine, protoberberine and bis isoquinoline [,
Methanolic extract of Berberis aristata stem was found to be rich in
different alkaloids, phenols, flavonoids such as berberine, palmatine,
benzoic acid, hydroquinone, etc. 27, 0.11% of total phenol in
response to standard gallic acid and 2.8% of total flavonoids in
response to standard rutin have been reported from the plant (28], The
methanolic extract of stem of Berberis aristata showed the presence
of alkaloids, coumarin, flavonoids, glycosides, polyphenols, reducing
sugars, saponins, steroids, tannins and triterpenoids and the extract
showed a DPPH free radical scavenging activity with an 1Cso value of
33.31ug/ml 9, Leaf, stem and bark extract of Berberis aristata
showed an average of 89.14% DPPH radical scavenging activity (39,
Methanolic extracts of the stems of Berberis aristata exhibited high
antioxidant activity as it scavenged DPPH, superoxide and nitric oxide
radical and chelated metal ion in a dose dependent manner 271,

The immunomodulatory action of berberine which is a major alkaloid

of Berberis aristata is due to its interaction with different immune
cells like macrophages, T cells, B cells, mast cells, dendritic cells,
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epithelial cells, keratinocytes etc. B4, Splenocytes obtained from
Berberine treated mice express enhanced proliferative response to the
T dependent mitogens (ConA and PHA) [32. Pre-treatment with
berberine was able to inhibit the LPS (Escherichia coli O55:B5)
induced activation of NF-KB/MAPK signalling pathway and thus
inhibiting the production of inflammatory factors [23. Splenocytes of
mice immunized with Berberis vulgaris treated vaccine showed 197%
increase in CD16+ population, 33% increase in MHCII* population,
and 43% decrease in CD3* population 34, Berberis spp. is known to
possess antioxidant properties as it decreased TBARS production,
decreased NO levels, inhibited DPPH oxidation and increased the
activity of Glutathione peroxidase (GPx) and SOD [, When the
mitogen stimulated lymphocytes were treated with alcoholic and
aqueous extract of Berberis species there was decreased T cell
proliferation and increased B cell proliferation 2. 50% aqueous
ethanolic root extract of Berberis aristata decreased oxidative stress
in alloxan induced diabetic rats as there was increase CAT, SOD,
GPx, glutathione reductase (GR) activity and reduced LPO (41.6%)
and protein carbonylation (30.15%) [, It was also reported that the
acute oral toxicity dose of the plant is very high and hence the plant
can be considered biosafe and thus after further study they can be
added to the list of novel metabolites 71,

CONCLUSION

In the present study it was found that the aqueous extract of roots of
Berberis aristata (BAE) showed significant antioxidant and
immunomodulatory activity in different in vitro assays in chicken
lymphocytes culture system. BAE was found to be rich in different
bioactive compounds. BAE also showed significant increase in
lymphocyte proliferation when they were stimulated with different
mitogens thus showing great potential to enhance immune response.
BAE also exhibited improved antioxidant status of exposed chicken
lymphocytes as observed through reduction in LPO and increase in
the levels of GSH, SOD and CAT. This improved antioxidant activity
states that the plant mitigates oxidative stress which is a common
issue in poultry farming due to several stressors. Berberis aristata
can serve as an effective alternative to antibiotic growth promoter as
there is increasing need for sustainable farming. However, further in
vivo research is necessary in order to fully understand the effects of
Berberis aristata in poultry for its effective utilization as a phytogenic
feed additive to mitigate several stressors in poultry.
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