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ABSTRACT

Article History:

Inflammation underlies a wide variety of physiological and pathological processes and pathological
aspects of many types of inflammation are well appreciated. The classic molecular instigat
instigators of
inflammation is ROS and which trigger the recruitment of leukocytes and causes prognosis of the
disease.
se. Current investigation postulated the anti-inflammatory
anti inflammatory efficacy of a triterpenoid, Lupeonone
which exhibited free radicals scavenging activity resulting in reduced oxidative stress. Since
inflammatory microenvironment has increased ROS and ability of tthe lupeonone to counteract this
was evaluated in carrageenan induced paw edemas in mice. The lupeonone effectively reduced the
inflamed tissue. Down the line, molecular cause of inflammation such as sequestration of neutrophils
in edematic paw was drastically
drastically reduced and restoring of normal pathology. Overall the current study
explore role of herbal based drug Lupenone with is antiflammatory activity with molecular evidence
which could be positive hope for the treatment inflammatory disorders
disorders.
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INTRODUCTION
Inflammation is a response of vascularised tissue to sub-lethal
sub
injury (Walsh DA and Pearson CI, 2001).. Inflammation can be
classified according to duration as either acute or chronic. In
acute inflammation, changes in small blood vessels result in
fluid and granulocytic cells such as neutrophils accumulate at
the site of injury. This reaction may trigger a systemic
response such as fever, leucocytosis, protein catabolism, and
altered hepatic synthesis of plasma proteins such as C-reactive
C
protein. Chronic inflammation is characterized by tissue
infiltration by neutrophils, macrophages and lymphocytes.
Inflammation
ammation may be considered a homeostatic response
designed to destroy or inactivate invading pathogens, remove
waste and debris, and permit restoration of normal function,
either through resolution or repair. Many of the diseases
di
are
directly associated inflammatory
flammatory conditions such Rheumatoid
Arthritis (RA) and cancer. As per the etiopathology is
considered oxidative
xidative stress is due to ROS, and among them
several elements like hydroxyl radical (•OH), superoxide anion
(O2-), hydrogen dioxide (H2O2), nitric exerts
rts outrageous effect
and there by acting on tissue damage (Xu et al.,
al 2012). As an
outcome sequestered polymorphonuclear immune cells
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develops the activating environment for the over release of
proinflammatory cytokines. Understanding such molecular
causes of the inflammation in pathogenesis and directly
targeting the disease is more important in drug development
process. Plants have been used for treating various diseases of
human beings and animals since time immemorial. More than
50% of all modern drugs in clinical use are of natural product
origins, many of which have the ability to control cancer cells.
There is a growing
ing interest in natural triterpenoids, also known
as phytosterols, due to their wide spectrum of biological
activities (Ovesna et al., 2003
2003). During the last decade, there
has been an unprecedented escalation of interest in triterpenes.
Lupenone is one of the triterpenoid which is a naturally
occurring pentacyclic lupane type triterpenoids and is widely
distributed throughout the plant kingdom (Ovesna et al., 2003).
Few reports are available for the pharmacological properties of
Lupenone and which exhibits a variety of biological and
medicinal properties such as anti
anti-bacterial, anti-malarial, antiinflammatory, anthelmintic and anti cancer activities (Ovesna
et al., 2003; Roy et al., 2001; Libby and Schönbeck, 2001).
Lupenone has been studied for its inhibit
inhibitory effects on
inflammation under in vitro conditions and in animal models of
inflammation. Recently (Martelanc
Martelanc et al., 2007), showed that
the Lupenone on topical application to the mice ears decreased
the inflammation induced by 12
12-O-tetradecanoyl-phorbol
acetate (TPA) in an ear mouse model. The anti-inflammatory
potential of Lupenone was assessed from the observation of
reduced prostaglandin E2 (PGE2). (Geetha et al., 1999),

60235

Rakesh Hanumaiah et al. Triterpenoid lupenone checks ros mediated inflammation in murine paw edema by blocking sequestration of neutrophils

reported for the first time about the anti-inflammatory effect of
Lupenone in the mouse model of arthritis. A similar report by
(Latha et al., 2001), showed that increased activities of many
enzymes associated with decreased collagen in arthritic animals
which were significantly altered by Lupenone feeding. The
anti-inflammatory effect of Lupenone was observed to be equal
to dexamethasone, a well known anti-inflammatory agent
(Latha et al., 2001), But no study infers the molecular
mechanism underlying the pharmacological effect of
lupeonone. In the current study we have given experimental
evidence of role of herbal based drug Lupenone with its
antiflammatory activity particularly targeting ROS mediated
neutrophil sequestration which could be used as future
medicine.

MATERIALS
Lupenone, DPPH, nitroblue tetrazolium (NBT), NADH
(Nicotinamide adenine dinucleotide hydrogen(reduced),
phenazine methosulphate, H2O2, Sodium , DMSO, Complete
freund’s adjuvant, Ovalbumin were purchased from Sigma
Aldrich USA. Carrageenan and all other chemicals used were
molecular Biology grade from Himedia, Mumbai. The images
were taken EVOS, Phase contrast microscope , Thermofisher.
USA.

METHODS
Antioxidant assays
Scavenging activity
(DPPH) radicals

on

1,1-diphenyl-2-picrylhydrazyl

The DPPH scavenging capability of Lupenone was analyzed as
followed earlier (Goudarshivanavar et al., 2014), In brief
different concentration of Lupenone (1-200 μg/mL ) with 2.5
mL of 0.2 mM DPPH methanol solution was incubated for 30
minutes in the dark by treating ascorbic acid as standard.
Optical density of the samples were measured in dark at 517
nm with a biospectrophotmoeter (Eppendorf, Germany).
Superoxide radical scavenging activity
The assay method was followed as reported earlier (Zabiulla et
al., 2017). In brief a Tris-HCl buffer (19 mM, pH 8.0) with
NBT (108μM), NADH (166μM) solution and Lupenone (1200 μg /ml) were mixed with phenazine methosulphate
(2.7μM) in potassium phosphate buffer (pH 7.4) and incubated
for 5 minutes at 25oC and optical density was measured at 560
nm.
Hydrogen peroxide radical scavenging activity
The assay was followed as described antecedently (Ruch et al.,
1989). The reaction mixture was prepared from of 0.6 ml 2
mM H2O2 solution in 0.05 M phosphate buffer (pH 7.4) with
0.1ml of Lupenone concentration ranging from (1-200μg/ml)
and final volume was made up to 1 ml and reaction mixture
was incubated for 10 minutes and absorbance was measured at
230nm.
Hydroxy radical scavenging assay
Hydroxy Radical Scavenging assay was carried out as reported
previously (Shazia Tantary et al., 2017). The reaction mixture

was prepared with 25mM deoxyribose, 10 mM ferric chloride,
100 mM ascorbic acid, 2.8 mM H2O2 in KH2PO4 (pH7.4) and
Lupenone(1-200 μg/ml) and incubation for an hour. Further
1ml of 1% thiobarbituric and 3% trichloroacetic acid was
added and heated for 20 minutes at 100o C, and observance was
recorded spectrophotometrically at 532nm.
Human erythrocyte membrane stabilization assay
The HRBC membrane stabilization has been used as a method
to study the antiinflammatory activity of Lupeonone as
reported earlier (Shazia Tantary et al., 2017). Briefly blood
was collected from healthy human volunteer who had not
taken any NSAIDS for two weeks prior to the experiment and
mixed with equal volume of sterilized alsever’s solution (2%
dextrose, 0.8% sodium citrate, 0.5% citric acid and 0.55%
sodium chloride). The blood was centrifuged at 3000 rpm and
packed cells were washed with isosaline (0.9% w/v NaCl) and
a 10% suspension of blood was made with isosaline. Various
concentrations of the compounds Lupenone were prepared (50,
100, 150, 200 and 250 μg/ml) using DMSO and to each
concentration 1 ml phosphate buffer, 2 ml hyposaline, and 0.5
ml HRBC suspension were added and the mixture incubated at
37° C for 30 min and centrifuged at 3000 rpm for 20 min and
the hemoglobin content in the supernatant solution was
estimated spectrophotometrically at 560 nm. The experiment
used Diclofenac (50, 100, 150, 200 and 250 μg/ml) was used
as the reference standard. The hemolysis percentage was
calculated by assuming the hemolysis produced by the control
group as 100%. The percentage of HRBC membrane
stabilization or protection was calculated using the formula,
percent protection=100 − ((OD of compound treated
sample/OD of control) ×100).
Animals and ethics
The animal models used for the study includes healthy Swiss
Albino male mice weighing 25±2.0g and Swiss albino male
wistar rat weighing 150±5.0g. All the animals were grouped
separately and housed in polyacrylic cages and maintained
under standard conditions (25±2°C) with 12±1h dark/light
cycle with water ad libitum and standard food pellets procured
from Krish Scientist’s Shopee, Bengaluru, India. All
procedures for animal experiments were carried out in
accordance with the CPCSEA guidelines and approved by the
Institutional Animal Ethics Committee, National College of
Pharmacy, Shimoga, India, in accordance with the CPCSEA
guidelines for laboratory animal facility (NCP/IAEC/
CL/101/05/2012-13).
Determination of the Lethal Dose 50 (LD50) of the
lupeonone
For the determination of LD50 value of Lupeonone, ‘staircase’
method (Shetty Akhila and Alwar, 2007) was employed.
Healthy Swiss albino male mice weighing 25±5g were used
and were divided into 12 groups of six animals in group each
for all the extract. The test compound were dissolved in
DMSO (E-Merk, India) and administered i.p., in increasing
levels of 1000, 2000, 3000, 4000, and 5000 mg/Kg body
weight of the animals. The animals were then observed
continuously for 3h for general behavioral, neurological, and
autonomic profiles and then every 30 minutes for the next 3h
finally the animals die after 24h (Prabhakar et al., 2006). The
maximum non lethal and the minimum lethal doses were thus
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determined. One tenth and one twentieth of this LD50 dose was
selected as the therapeutic dose for the evaluation of in vivo
anti angiogenic activity of the compounds.
Carrageenan-induced Paw Edema in Mice
Male Swiss albino mice were selected for the study of antiinflammatory effect of luepnone. Against carrageenan induced
paw edema (Morris, 2003). Animals were divided into four
groups, each group consist of six animals (n=6)
Group I:
Group II:
Group III:
Group IV:

Normal animals
Control (Carrageenan)
Positive Control (Indomethacin)
Animal treated with compound Lupeonone.

Fig.1: Structure of Lupenone and its properties

Prior to experiment animals from group II were injected with
saline (5 ml/kg), group III animals were injected with positive
control (10 mg/kg) group IV animals were injected with test
Lupenone (10 and 20 mg/kg) and animals were left in
respective cage for 2 h. After 2 h animals from control,
positive control, and test group animals were injected with
100µl of 2% carrageenan at the right paw. Right paw of all the
experimental animals were observed with different time
interval (2h, 3h and 5h) and volume of the paw were measured
using digital plethysmometer.
Histopathology
Animals were sacrificed and hind paw was excised anf frozen
in formaldehyde and further processed for paraffin block. A
3mm thick section was prepared and stained with stained with
haematoxylin and eosin (H&E) and mounted coverslip with
DPX sealing. Images were documented using EVOS Bioimaging system) (Thirusangu et al., 2017)

Fig. 2. Lupeone scavenges free radicals: The IC50 Value of the antioxidant
Lupenone was determined by various in-vitro free radical & ROS
scavenging assays. IC50values of Lupenone against DPPH, superoxide,
hydrogen peroxide radical and hydroxyl radical was represented in graph.

Table 1. Erythrocyte membrane protection by Lupenone

Statistical analysis
Values were expressed as mean ± standard deviation (SD).
Statistical significance was evaluated by one-way analysis of
variance (ANOVA) followed by 2-tailed 13 Student’s t-test.
MS excel 8.1 version software was used for data analysis and
Statistical significant values were expressed as *p < 0.05 and
**p < 0.01.

RESULTS
Lupeone encounters reactive oxygen species by scavenging
capability
Reminding the ROS plays the pivotal role in the numerous
disease including inflamative diseases. The effective
scavenging activity of the of Lupenone against ROS shows the
proved its potential antioxidant property. Experiments with
DPPH assay, free radicals scavenging activity was resulted in
IC50 value of 9.34±1.52. Similarly the Lupenone was
investigated against reactive oxygen species superoxide (O2.-),
hydrogen peroxide (H202),hydroxyl radical (.OH), and results
inferred that respective IC50 values 12.89± 0.84, 13.11± 0.76,
15.34± 1.44µg/ml respectively (FIG-2). Postulating the result
of Lupenone against free radicals, its been concluded that it
has potent antioxidant nature and which could be further tested
for ROS mediated inflammation model for its efficacy.

Statistical analysis: Data presented as means ± S.D of three consecutive
readings and evaluated by ANOVA.

Lupenone protects membrane stabilization
The protection of human blood erythrocyte membrane of
Lupenone against lysis evoked by hypotonic solution with
comparing the standard diclofenac. At the 20 mg/ml
concentration the Lupenone showed 84.33 ± 0.20 % RBC
membrane stabilization by protecting against haemolysis
which is very much significant protection near to the standard
drug diclofenac showed 93.12 ± 0.44. The resulted are
tabulated in Table 1.
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Fig. 3. Anti-inflammatory effect of Lupenone on paw edema in swiss albino mice : Mice were pretreated with Lupenone (10 mg and
20mg/kg b.w.) before carraggenan induction, Normal group received saline. The effect of Lupenone was evaluated by measuring (A)
paw redness soft tissue swelling, (B) Paw volume evaluated by vernier caliper

Fig. 4. Lupeone inhibits neutrophil sequestration: A) Histophatological studies of lupeonone treated paw edema tissue showing
Neutrophil infiltration. B) Percentage of Neutrophil infiltration

Lupeone downs inflamed paw edema
The animals which received 5000 mg/Kg body weight of
Lupenone were immediately died on the other hand animals
which received 4000 mg/Kg body weight of lupeonone died
after 24h. Abnormal aggressive behavior was observed in the
animals which received 3000 mg/Kg body weight and died
after 24h. Besides the animals with 2000 mg/Kg body weight
of Lupenone died after 24h and the animals which received
with same concentration showed abnormal behavior with less
food and water consumption. Moreover animals with 200
mg/Kg body weight of Lupenone found to be normal and
hence 1/10th of this dose i.e. 10 and 20 mg body weight were
selected as therapeutic dose for further analysis. Lupenone on
acute phase inflammation was studied in carragennan induced
paw edema. Mice were pretreated with Lupenone at of dose 10
& 20mg/kbw and observed for five hours after carrageenan
induction. The paw swelling volume was analyzed and
measured with vernier caliper. Lupenone treated group animals
showed a noticeable inhibition activity of inflammation edema
comparing untreated group (Fig. 3) almost on par with
Indomethacin treated results.
Lupeonone checks neutrophil sequestration
The molecular mechanism underlying the inflammatory edema
is due to accumulation of neutophils. Since Lupenone
efficiently blocks the edema, histological analysis was done to
check the sequestration of neutrophils, as expected dose
dependent inhibition of neutrophils sequestration was evident

which is equally comparable with Indomethacin treated results
(Fig.4).

DISCUSSION
Natural compounds currently used in medicine exhibit a very
wide chemical diversity and together with their analogues and
several other natural products, they demonstrate the
importance of compounds from natural sources in modern drug
discovery efforts. Sample sources and molecular mechanisms
are highly important in the development of novel, clinically
useful antinflmatory agents (Vivek et al., 2010). In the current
study efforts has been made to investigate the novel plant
product Lupenone and its antinflammtory role with
mechanistic approach. Inflammation, has two stages, acute and
chronic. Acute inflammation, the initial stage of inflammation,
represents innate immunity; it is mediated through the
activation of the immune system, lasts for a short period and
generally is regarded as therapeutic inflammation. If the
inflammation persists for a long period of time, however, the
second stage, chronic inflammation, sets in (Xu et al., 2007).
Chronic inflammation has been linked with most chronic
illnesses which include many diseases. Oxidative stress
through the overproduction of ROS initiates or increases the
pathology in number of diseases, grievous in inflammation.
Modern research seeks a novel herbal based phytotherapeutics
to target most of the diseases and get the better of side effects
from synthetic drugs. Taking these aspects into consideration
Lupenone was teaseted to ROS scavaneging activity which
scavenged free radicals as verified by antioxidant assays
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(Fig.1). The O2 .- plays predominantly role in inflammation,
where O2 .- is responsible for the formation of aggressive
compounds like peroxynitrite (ONOO-) and hydroxyl radical
(HO.) (Lin et al., 2007, Xu et al., 2012). Lupenone showed
potent neutralization with DPPH and significant scavenge with
O2 .-. Similarly Lupenone treated on others reactive species
H2O2, .OH and nitric oxide, exerts efficiency inactivation of
reactivity (Fig.1). This potent nature as antioxidant promised
for further studies on acute and chronic inflammation.
Scientific studies have shown triterpenoids to be potential antiinflammatory and anticancer agents and no clear evidence of
Lupeone based anti-inflammatory activity except few reports
(Aggarwal et al., 2009). In the present studies we have studied
anti-inflammation activity by the membrane stabilizing
capacity of erythrocytes (Table 1) and Lupenone checked acute
inflammation model paw edema (Fig.3) wisely. Accumulation
of neutrophil at the site of inflammation is molecular event and
increases the pathogenesis condition is positive marker and
reduction of the same is important hallmark of therapeutic
agent. Treating with Lupenone efficiently reduced the nuclear
sequestration process in dose dependent manner as evidenced
by histopathology. Overall the outcome of research, Lupenone
would be a effectual phytochemical triterpenoid for the
targeting oxidative stress mediated inflammation with positive
drug ouput in near future.
Conflict of interest
Authors exhibits no conflict of interest.
Acknowledgment
Dr.B.T. Prabhakar thankful for the research support given by
UGC-MRP
(F.No.41-507/2012),
Rakesh
Hanumaiah
acknowledges the Rajiv Gandhi National fellowship(RGNF)(
No. F1-17.1/2016-17/RGNF-2015-17-SC-KAR-19249 dated:
12/01/2016) for the financial aid and support.

REFERENCES
Aggarwal, B.B.; Vijayalekshmi, R.V.; Sung, B. 2009.
Targeting inflammatory pathways for prevention and
therapy of cancer: short-term friend, long-term foe. Clin.
Cancer Res., 15, 425–430.
Geetha.T and Varalakshmi. P. 1999. Anticomplement activity
of triterpenes from Crataeva nurvala stem bark in adjuvant
arthritis in rats. General Pharmacology: The Vascular
System, 32(4), 495-497.
Goudarshivanavar. B.C.,Vigneshwaran. V., Dharmappa. K.K.,
Pramod. S.N. 2014. Pharmacological potential of
Tetrahydrofurano/Pyrano
quinoline
and
benzo(b)
furoindolyl derivatives in acute inflammation, pain and
oxidative stress, Anti-inflammatory & Anti-allergy Agents
in Medicinal Chemistry, 13;165–173)
Latha. R.M., Lenin. M., Rasool. M. and Varalakshmi.P. 2001.
A novel derivative pentacyclic triterpene and omega 3 fatty
acid in relation to lysosomal enzymes glycoproteins and
collagen in adjuvant induced arthritis in rats.
Prostaglandins, Leukotrienes and Essential Fatty
Acids, 64(2), 81-85
Libby, P. and Schönbeck, U. 2001. Drilling for Oxygen
Angiogenesis Involves Proteolysis of the Extracellular
Matrix. Circulation Research, 89(3), 195-197.

Lin, W.W. and Karin, M. 2007. A cytokine-mediated link
between innate immunity, inflammation, and cancer. J.
Clin. Invest., 117, 1175–1183.
Martelanc, M., Vovk, I. and Simonovska, B. 2007.
Determination of three major triterpenoids in epicuticular
wax of cabbage Brassica oleracea by high-performance
liquid chromatography with UV and mass spectrometric
detection. Journal of Chromatography A, 1164(1), 145152.
Morris CJ. 2003. Carrageenan-induced paw edema in the rat
and mouse. Methods in Molecular Biology, 225:115-221.
Ovesna Z., Vachalkova A., Horvathova K. and Tothova D.
2003. Pentacyclic triterpenoic acids: new chemoprotective
compounds. Minireview. Neoplasma, 51(5), 327-333
Prabhakar B.T., Khanum S.A., Jayashree K., Salimath B.P.,
Shashikanth S. 2006. Antitumor and proapoptotic effect of
novel synthetic benzophenone analogs in ehrlich ascites
tumor cells, Bioorganic & Medicinal Chemistry Letters,
14(2006) 435e446.
Roy, S. K., Ali, M., Sharma, M. P. and Ramachandram, R.
2001. New pentacyclic triterpenes from the roots of
medicinal plants available from medicinal plants of
India. Die Pharmazie, 56(3), 244-246.
Ruch. R.J, Cheng. S.J. and Klaunig J.E. 1989. Prevention of
cytotoxicity and inhibition of intercellular communication
by antioxidant catechins isolated from Chinese green
tea, Carcinogenesis, 10 (6), 1003–1008.
Shazia Tantary, Akbar Masood, Aashiq Hussain Bhat, Khalid
Bashir Dar, Mohammad Afzal Zargar, Showkat Ahmad
Ganie. 2017. In-vitro Antioxidant and RBC membrane
Stabilization Activity of Euphorbia wallichii, Free
Radicals and Antioxidants, 7,1,13-22.
Shetty Akhila, J. and Alwar, M. 2007. Acute toxicity studies
and determination of median lethal dose. Current Science,
93, 917-920
Thirusangu P, Vigneshwaran V, Vijay Avin B R, Rakesh H,
Vikas H M, Prabhakar, BT. 2017. Scutellarein antagonizes
the tumorigenesis by modulating cytokine VEGF mediated
neoangiogenesis and DFF-40 actuated nucleosomal
degradation.
Biochemical
Biophysics
Research
Communications, 26;484(1):85-92.
Vivek R. Yadav, Sahdeo Prasad, Bokyung Sung, Ramaswamy
Kannappan and Bharat B. Aggarwal, 2010. Targeting
Inflammatory Pathways by Triterpenoids for Prevention
and Treatment of Cancer. Toxins, 2, 2428-2466.
Walsh DA, Pearson CI. 2001. Angiogenesis in the
pathogenesis of inflammatory joint and lung diseases.
Arthritis Research & Therapy, 3(3):147-53.
Xu Z, Zhou J, Cai J, Zhu Z, Sun X, Jiang C. 2012. Antiinflammation effects of hydrogen saline in LPS activated
macrophages and carrageenan induced paw oedema.
Journal of Inflammation (London), 2;9:2.
Xu, Z.X.; Liang, J.; Haridas, V.; Gaikwad, A.; Connolly, F.P.;
Mills, G.B.; Gutterman, J.U. 2007. A plant triterpenoid,
avicin D, induces autophagy by activation of AMPactivated protein kinase. Cell Death Differ., 14, 1948–
1957.
Zabiulla, Vigneshwaran V, Bushra AB, Pavankumar GS,
Prabhakar BT, Khanum SA. 2017. Design and synthesis of
conjugated azo-hydrazone analogues using nano
BF(3)·SiO(2) targeting ROS homeostasis in oncogenic and
vascular progression. Biomedicine Pharmacotherapy,
95:419-428.

*******

