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Abstract

Background: Therapeutic potential of Prosopis cineraria has been extensively explored by many eminent
researchers against various serious diseases but its activity against Lipopolysaccharide (endotoxin) is obscure.
Therefore, present experimental investigation was conducted to unravel and analyze the anti-inflammatory
potential of hydro-ethanol extract of Prosopis cineraria against LPS-induced inflammation in Swiss albino male mice.

Methods: Swiss Albino male mice were intoxicated (intra-peritoneal) with LPS (2 mg/kg body weight) and further
treated with low and high dose (i.e. 100 mg/kg body weight and 300 mg/kg body weight respectively) of hydro-
ethanol extract of stem-bark of Prosopis cineraria. The levels of cytokines (TNF-α, Prostaglandins E2, IL-6, NF-κBp65,
IFN-γ and IL-10) were determined in liver homogenate. Nitric oxide generated due to LPS-induced toxicity was
estimated by using Griess reagent.

Results: The results demonstrated that the plant extract suppressed the over-expression and altered levels of cytokines
due to LPS intoxication and restored the levels of TNF-α, NF-κB, NO, IL-6, IFN- γ, Prostaglandin E2 and IL-10.

Conclusion: The present research work unravelled the alleviating potential of Prosopis cineraria against LPS-induced
inflammation by modulating the expression of cytokines.
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Background
Lipopolysaccharides (LPS), also referred as endotoxins,
present in the outer monolayer of most gram negative
bacteria is known to trigger innate immune response
and inflammatory cascade in the host. Excessive and
prolonged inflammatory response triggered by LPS in
the host can lead to vascular leakage, septic shock or
endotoxin shock, tissue and organ damage and can even-
tually cause death [1]. LPS has been extensively investi-
gated and has potentially attracted the curiosity of

researchers because of their pathogenic role in numer-
ous human and animal diseases [2].
The intensity of the response elicited by LPS depends

on its dose and varies from species to species. Higher
animals, humans are more sensitive even at low doses of
LPS on the contrary; lower animals are quite resistant to
LPS-induced deleterious effects [3]. Studies indicate the
massive generation of reactive oxygen species (ROS) in
LPS-induced signalling cascade [4]. ROS are known to
have biocidal effects on invading micro-organisms and
are important components of innate immune response.
ROS include super-oxide anion radical, singlet oxygen,
hydrogen peroxide and highly reactive hydroxyl radical.
However, generation of ROS can potentially harm the
tissues and organs of the host [5, 6]. The lethal effects of
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LPS are known to be elicited through activation of mac-
rophages, neutrophils which consequently mediate the
generation of pro-inflammatory cytokines and other bio-
active inflammatory mediators including Tumour
Necrosis Factor α (TNF-α), Inetrleukin-6 (IL-6) and
Nitric oxide (NO). LPS exerts stimulation of B-cell pro-
liferation, production of antibody and activating T-
lymphocytes to produce cytokines [2].
Most common therapeutic treatment for bacterial in-

fections is the administration of antibiotics. But ironic-
ally, the use of antibiotics for curing gram negative
bacterial infections can increase endotoxin load and ex-
aggerated inflammatory response. This is due to the fact
that antibiotics kill the bacteria but the cell components
mainly LPS, continue to elicit inflammatory response in
the host [7]. Thus, in order to develop therapy or effect-
ive new drugs for sepsis, the detailed understanding of
triggering of inflammatory response and mechanisms
underlying the clinical manifestation of serious diseases
in the host is indispensable.. Inflammatory disorders
may cause abnormal inflammation that results in swell-
ing, chronic pain,, redness stiffness, and tissue injury [8].
The inflammatory disorders include Rheumatoid arth-
ritis, Gout, Asthma, Bronchitis, Periodontitis. The pri-
mary reciprocal action of the host to any harmful
infection and injury is mostly an acute inflammation and
can be effectively resolved by the downregulation of pro-
inflammatory mediators and elimination of inflamma-
tory cells at the sites of inflammation [9].
Numerous studies have been conducted to cure LPS-

induced deleterious effects by using various plant extracts
and compounds derived or isolated from plants. Stevio-
side, a glycoside from Stevia rabaudiana, has shown anti-
inflammatory activity in mice treated with LPS [10]. Green
tea extracts have been shown to ameliorate LPS-induced
thermal and hyperalgesia in mice by inhibiting COX-2 en-
zymes [11]. Salidroside, a glycoside component of medi-
cinal plant Rhodiola rosea, exhibited anti-inflammatory
activity by suppressing the expression of cytokines in
microglial cells [12]. Reports were published this year on
the study to investigate the effect of Ganoderma lucidum
against LPS-induced liver injury. The results revealed a
novel role in inhibition of inflammatory diseases by lower-
ing the production of TNF-α and IL-6 [13].
Prosopis cineraria (L.) Druce, commonly referred as

‘khejri’, is the state tree of Rajasthan [14]. Prosopis ciner-
aria has therapeutic importance and it is used for curing
serious diseases and possess pharmacological activities
like anti-fungal, anthelmintic, anti-cancer, anti-bacterial,
anti-viral, anti-hyperglycemic, anti-hyperlipidemic, anti-
oxidative [15]. Bark of P. cineraria is used in alleviation
of various ailments such as asthma, leprosy, wandering
of mind, fever, dyspepsia, dysentery, rheumatism, muscle
tremors, bronchitis, piles, leucoderma [16, 17].

Even though elaborative research studies related to re-
storative and therapeutic potential of Prosopis cineraria
against various toxicants have been carried out by emi-
nent researchers but its activity against LPS-induced tox-
icity is still obscure. Considering the multiple uses of
Prosopis cineraria for various medicinal purposes, there
is a scope of investigating the curative effects of this
plant against LPS-induced deleterious effects.

Materials and methods
Chemicals and ELISA kits
Griess Reagent (Catalog# G4410) and Lipopolysacchar-
ide (from Escherichia coli 0111:B4) were procured from
Sigma-aldrich. The chemicals and all the reagents men-
tioned in the present experimental research were of high
purity (98–99%) and analytical grade. Chemicals were
purchased from reliable firms and sources. The ELISA
kits were procured from Invitrogen by Life technologies,
Invitrogen Corporation. TNF-α ELISA Kit (Cata-
log#KMC3011); Prostaglandin E2 ELISA Kit (Cata-
log#KHL1701); IFN-γ ELISA Kit (Catalog#KMC4021);
IL-6 ELISA Kit (Catalog# KMC0061); IL-10 ELISA Kit
(Catalog# BMS614INST); NF-κBp65(Total) ELISA Kit
(Catalog#KHO0371).

Experimental plant
The stem-bark of Prosopis cineraria was procured from
the local region of Banasthali Vidyapith, Rajasthan. The
collected plant was identified by Farm Manager at Krishi
Vigyan Kendra, Banasthali Vidyapith, Rajasthan and au-
thenticated at Herbarium unit of Banasthali Vidyapith,
Rajasthan, India (Herbarium No.-BVRI1359/2017).

Preparation of plant extract
The plant material i.e. stem bark was shade dried and
then powdered by using mixer grinder. The powdered
stem-bark (30 g) was packed in a thimble and subjected
to sequential soxhlet extraction with Pet ether, Chloro-
form, Ethylacetate and Ethanol. After, the sequential ex-
traction the marc obtained was extracted in water by
maceration method.

Preparation of hydro-ethanol extract-
The powdered plant material was extracted with Pet
ether and then the obtained marc was subjected to soxh-
let extraction by 80% ethanol.
The extracts were evaporated to dryness using rotary

evaporator and stored in air tight jars at 4 °C for further
experimental usage. For experimental use, mixed the
plant extracts with their respective solvents to achieve a
concentration of 1 mg/ml.
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Preliminary screening of phytochemicals and anti-oxidative
potential of the plant extracts-
The phytochemical investigation and quantification
studies for the presence of flavonoids, saponins, tannins,
proanthocynidins, phenols were carried out. The anti-
oxidative potential (DPPH assay) and free radical scaven-
ging assays (Hydroxyl radical, Superoxide anion, Nitric
oxide radical) were conducted so as to select the most
potent and effective plant extract for further in-vivo
experiments.
Based on the in-vitro studies, hydroethanol extract was

recorded to possess potent anti-oxidative activity
followed by Ethanol extract, Aqueous extract, Chloro-
form, Ethyl-acetate and Pet ether extract.

Experimental animals
The experimental animal model i.e. male Swiss Albino
mice (Mus musculus) weighing between 15 and 30 g
were procured from Lala Lajpat Rai University, Hissar
(India). (Ref.No. BU/BT/402/14–15).

Maintenance of animal models
Swiss Albino adult male mice (Mus musculus) were
maintained in a duly-ventilated animal house with 12 h
light-dark cycle. Swiss albino mice were housed (six
mice per cage) in polypropylene cages in an air-
conditioned room with ambient temperature (25 ±
30 °C), humidity (50 ± 15%). Proper hygienic and sterile
conditions were maintained in the animal house facility.
The mice were fed with a healthy pelleted diet (procured
from Hindustan Lever Limited, India). The fed diet pro-
vided to experimental animal models constituted:- Cu-
10.0, Mn- 55.0,, Zn- 45.0, Co- 5.0 and Fe- 75.0 [metal
content in parts per million (ppm) dry weight] and
drinking water ad libitum.

Study design and treatment protocol
In the present experimental study, 30 Swiss albino male
mice were randomly selected (weighing approximately
20–30 g) and divided into five groups having six mice
each. Group A was considered as control having six nor-
mal and healthy mice and received normal saline only.

Group B was considered as LPS treated group, 24 male
mice were administered with LPS (2 mg/kg of body
weight, intraperitoneal dose) for 14 days. After 14 days
the plant extract low dose, high dose and standard dose
were administered to the animals from 15th day and
continued to another 7 days. Therefore, the total dur-
ation of the treatment protocol was of 21 days. The
groups are mentioned in the Table 1 given below:

Preparation of liver homogenate
After complete treatment to experimental animals, they
were fasted overnight and then sacrificed by cervical dis-
location. Liver tissues were removed and rinsed for
cleaning in cold saline. After cleaning they were blotted
dry then weight was taken. 10% (w/v) liver tissue hom-
ogenate of each group was prepared by using 0.1M so-
dium phosphate buffer (pH 7.0). Weighed liver tissue
samples of animals were homogenized in buffer using
mortar and pestle and then centrifuged (at 9000 rpm)
for the removal of cell debris. During the preparation of
liver homogenate temperature was maintained at 4 °C.

Determination of cytokine levels in liver homogenate-
The procedures and directions mentioned in the man-
uals provided along with the ELISA Kits for estimation
of cytokines (TNF-α, IL-10, IFN-γ, Prostaglandin E2, IL-
6 and NF-κBp65) in liver tissue homogenates were
followed.

Determination of nitric oxide-
Greiss Reagent was used to determine the levels of nitric
oxide in the tissue samples by following the protocol
previously reported [18].

Calculation of cytokine levels-
The absorbance was recorded and data was prepared
prior to graphing. The average of the readings of tripli-
cate wells was calculated. The standard curve was plot-
ted to calculate the concentration of the samples by
using the formula suggested by the kit.

Table 1 Representation of groups of experimental animals and the treatment to which were subjected

Groups Treatments

Group A Control (n = 6) Normal Saline

Group B LPS Treated (n = 6) 2 mg/kg body weight

GroupB1 LPS + Prosopis cineraria Low dose (n =
6)

LPS (2 mg/kg body weight) + Hydroethanol extract of Prosopis cineraria Low dose-100mg/kg
body weight

GroupB2 LPS + Prosopis cineraria high dose (n =
6)

LPS (2 mg/kg body weight) + Hydroethanol extract of Prosopis cineraria High dose-300mg/kg
body weight

Group
B3

LPS+ Standard (Dexamethasone) (n =
6)

LPS(2 mg/kg body weight) + Dexamethasone-10 mg/kg body weight
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%B=BO ¼ Absorbance−Average NSBð Þ=Corrected B0�100

Formula to calculate corrected B0-

Corrected B0 ¼ Average B0� Average NSB

Where, NSB- Non-specific Binding
B0- Maximum Binding
The dilutions made to the samples prior to addition to

the well were accounted. Thus, the calculated results
were given in picogram units per milliliter (pg/ml).

Statistical analysis-
The results of the experiments were interpreted as
mean ± standard deviation of triplicates. The experimen-
tal data obtained was analyzed by one way ANOVA
(analysis of variance) followed by student’s t-test and
tukey range test using the SPSS 16.0 (Statistical Program
for Social Sciences) program. The experimental results
with p < 0.05 were considered as satisfactory and p <
0.001 were considered as highly significant.

Results
To elucidate the anti-inflammatory potential of Prosopis
cineraria, the activation of key cytokines TNF-α, Prosta-
glandin E2, IL-6, IL-10 and IFN-γ were analyzed. In the
results it was observed that LPS caused elevation in the
levels of TNF-α (Fig. 1a), Prostaglandin E2 (Fig. 1b), IL-6
(Fig. 1c) and IFN-γ (Fig. 1d) in LPS-intoxicated group in
comparison to untreated group (control). On the con-
trary, the levels of IL-10 (Fig. 1e) were reduced in LPS-
treated mice in contrast to untreated mice. Quantitative
measurements revealed that low dose (100mg/kg body
weight) and high dose (300 mg/kg body weight) of Proso-
pis cineraria effectively restored the LPS-induced altered
levels of the cytokines. Dexamethasone was also capable
in alleviating and suppressing the levels of cytokines.
The research study undertaken aimed to detect and

quantify the levels of NF-κBp65 protein, independent of
its phosphorylation state. NF-κB is reported as a medi-
ator of inflammatory responses, cell division and regula-
tion of apoptosis. Results unravelled the elevated levels
of NF-κB in LPS-intoxicated group in contrast to control
group (Fig. 2). The elevated levels of the protein were
lowered down by the action of low and high dose of
plant extract. The standard drug (Dexamethasone) also
suppressed the elevated levels of NF-κB.

Fig. 1 Graphical Representation of levels of Cytokines: (a) TNF-α, (b)
PGE2 (c) IL-6, (d) IFN-γ and (e) IL-10 in Liver tissues of male Swiss
albino mice. STD- Standard dose; PCL–Prosopis cineraria low dose;
PCH- Prosopis cineraria high dose. Values are represented as mean ±
SD (n = 6). *p < 0.05, **p < 0.001 v/s control group (C); ap < 0.05, bp <
0.001 v/s LPS treated group
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The levels of Nitric oxide generated in the liver tissue
samples were estimated in the research investigation.
The results demonstrated that the levels of nitric oxide
were highly enhanced in LPS-intoxicated group in con-
trast to control group (Fig. 3). The altered levels were re-
stored by plant extract (low and high dose i.e. 100 mg/kg
body weight and 300 mg/kg body weight) and standard
drug (dexamethasone).

Discussion
The experimental outcomes of the present investigation
revealed that the post treatment of the medicinal plant
rendered ameliorative effects on LPS-induced mice
model. Exposure to LPS is known to trigger a systemic
inflammatory response (inflammatory cascade) in the
host however, excessive inflammatory response can lead
to vascular leakage, septic shock or endotoxin shock, tis-
sue and organ damage and can eventually cause death
[19–21]. When LPS binds to TLR-4, after binding NF-
κB, a transcription factor, gets activated and this leads to
its translocation to nucleus and generation of many pro-
inflammatory cytokines [22, 23]. LBP binds to circulating
LPS and this binding of LPS-LBP to CD-14 stimulates
monocytes to release TNF-α and pro-inflammatory cyto-
kines (IL-6, IL-1, IL-10) (Fig. 4) [25]. Excessive secretion
of these inflammatory mediators and cytokines is a major
cause of tissue and organ damage [26]. Limited produc-
tion of cytokines and inflammatory mediators are benefi-
cial in stimulating the host immune system in order to
fight against invading micro-organisms. TNF-α and IL-6
intensify the host immune response by stimulating
receptor-carrying cells [25]. Furthermore, activated mono-
cytes and macrophages release prostaglandins, ROS and

various other inflammatory cytokines subsequently result-
ing in organ damage [27].
Studies revealed that increase in oxidative stress is

linked with activation of NF-κB. Exposure to hydrogen
peroxide leads to the nuclear transfer of NF-κB and gen-
eration of various pro-inflammatory cytokines which can
be curbed by the activity of anti-oxidants [28].
Prosopis cineraria showed considerable anti-

inflammatory effect against LPS induced inflammation
in mice. Results unravelled that the levels of NF-κB were
significantly higher in LPS-treated group A and there
was a associated increment in the levels of inflammatory
mediators such as IL-6, IFN-γ and TNF-α. The levels of
NF-κB were reduced in the plant extract treated groups
B1, B2 (low and high dose). The levels of other cytokines
such as IL-6, IFN-γ and TNF-α also lowered down.
These observations are in the agreement with the previ-
ously published reports [29]. Increased levels of TNF-α
cause elevation in the generation of reactive oxygen spe-
cies (ROS) during inflammation [30].
Prosopis cineraria is a store house of various phyto-

constituents like tannins, steroids, flavone derivatives
(namely Prosogerin A, B, C and E), Rutin, Patulitrin,
Luteolin, Patuletin, alkaloids etc. which possess anti-
oxidative and anti-inflammatory potential. These antiox-
idants inhibit the nuclear translocation of NF-κB, which
subsequently trigger excessive production of cytokines
and inflammatory mediators (Fig. 5).
IL 10 acts as a potent anti-inflammatory reagent by inhi-

biting the cytokine synthesis. The levels of IL-10 were de-
preciated in LPS-intoxicated group in contrast to control
group. Il-10 levels were restored in plant extract treated
groups. The anti-inflammatory activity of cytokine, IL-10,
is attributed to its ability to reduce ROS levels [31].

Fig. 2 Graphical Representation of levels of NF-κBp65 (Total) in Liver
tissues of male Swiss albino mice. STD- Standard dose; PCL– Prosopis
cineraria low dose; PCH- Prosopis cineraria high dose. Values are
represented as mean ± SD (n = 6). *p < 0.05, **p < 0.001 v/s control
group (C);ap < 0.05, bp < 0.001 v/s LPS treated group

Fig. 3 Graphical Representation of levels of Nitric Oxide in Liver
tissues of male Swiss albino mice. STD- Standard dose; PCL– Prosopis
cineraria low dose; PCH- Prosopis cineraria high dose. Values are
represented as mean ± SD (n = 6). *p < 0.05, **p < 0.001 v/s control
group (C);ap < 0.05, bp < 0.001 v/s LPS treated group
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Prostaglandin E2 levels were observed to be restored
by the phyto-therapeutic treatment of plant extract (both
low and high doses) on the contrary LPS-treated group
showed marked elevation in PGE2 levels in comparison
to control group. Research studies reveal that the antiox-
idants possess the capacity to curb the activity of COX-2

enzymes [32]. Prostaglandin E2 are produced by COX-2
enzyme activity therefore, inhibition of COX-2 enzymes
cause decreases in generation of PGE2.
After several hours of LPS exposure nitric oxide is

produced by macrophages on the contrary it is diffused
within minutes by endothelial cells. Nitric oxide is a well

Fig. 4 Showing the effects of LPS on macrophages and release of Inflammatory mediators. (Endotoxin and Sepsis, Spectral medical) [24]

Fig. 5 Diagrammatic Representation of action of Prosopis cineraria against LPS-induced inflammation (imaged by Veena Sharma and
Preeti Sharma)
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known vasodilator and its excessive generation can lead
to hypotension [33]. The levels of Nitric oxide were
higher in LPS-intoxicated group in contrast to control
group. The plant extract ameliorated the altered levels of
nitric oxide caused due to LPS-intoxication. Several
studies have revealed that the antioxidants can downreg-
ulate the production of nitric oxide by inhibiting NF-κB
activation [24]. The ability to restore the altered levels of
nitric oxide is rendered upon Prosopis cineraria due to
its potent anti-oxidative potential.

Conclusion
The present research investigation unravelled the allevi-
ating potential of hydro-ethanol (80%) stem-bark extract
of Prosopis cineraria against LPS-induced toxicity by
modulating the expression of cytokines. The bark extract
of Prosopis cineraria possess rich quantity of polyphe-
nols, flavonoids, tannins which possess anti-oxidative
and anti-inflammatory potential. These antioxidants in-
hibit the transfer of NF-κB to nucleus, thereby inhibiting
the exaggerated production of inflammatory mediators
and thus, rendering curative role against LPS-induced
cell damage. The extract can be used in future for isola-
tion of active phytochemicals and in the formulation of
effective medicinal drug against LPS-induced toxicity.
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