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ABSTRACT

Rhus chinensis is a dioecious shrub, found in warm temperate zone across Asia. In India it is found
in Northeastern part like South Assam, Arunachal Pradesh, West Bengal and Tamil Nadu. [16] The
roots, stem, leaves and seed have various therapeutic effects on ailments like hemoptysis,
jaundice, snhakebites, diabetes. Phytochemical analysis of Rhus chinensis extracts revealed the
presence of various biochemical compounds such as alkaloids, flavonoids, tannins, triterpenoids,
amino acids, proteins and carbohydrates. These compounds have well proven remarkable anti-
oxidant and anti-inflammatory activity.

The adverse effect of oxidative stress results in many disorders such as aging, cardiovascular
disorders and so on. Inflammation is yet again another problem which causes many disorders like
rheumatoid arthritis, asthma and Crohn’s disease etc. This research was conducted to evaluate the
antioxidant and anti-inflammatory effect of Rhus chinensis seed (Methanolic Extract). The in-vitro
antioxidant activity was carried out by testing 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity and ferric chloride reducing activity. Further, effect on protein denaturation,
inhibition of proteinase and Human Red Blood Cell (HRBC) membrane stabilization was carried out
to screen for anti-inflammatory activity.The total phenolic content was found to be 5 mg/mL of
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Gallic acid equivalent (GAE) and flavonoid content was found to be 335 pg/mL of Quercetin
equivalent (QE). Aspirin and Diclofenac sodium were used as standard drug. All the assays
showed positive results and it was concentration dependent. Thus, Rhus chinensis seed is a
promising anti-oxidant and anti-inflammatory agent with significant activity. Moreover, the use of
natural products like Rhus chinensis can be highly efficient, beneficial, cost effective, safer
alternative with lesser side effects. Altogether, studies on Rhus chinensis seeds have huge scope
as an alternative ethno-pharmaceutical compound for inflammations.

Keywords: Rhus chinensis; anti-oxidant; anti-inflammatory; therapeutics and ethno-pharmaceutical.

1. INTRODUCTION

In recent times, degenerative diseases like
arthritis, atherosclerosis, cancer and
inflammatory joint disease etc., adversely trouble
humanity has their origin in deleterious free
radical reactions. In normal cellular metabolism
the cells utilize oxygen for Adenosine
Triphosphate(ATP) synthesis, Reactive oxygen
species (ROS) and reactive nitrogen species are
produced as the by products from these cellular
reactions [1]. Reactive oxygen species consists
of free radicals such as hydroxyl free radical, lipid
peroxyl, superoxide free radical and lipid
peroxide along with oxygen intermediates non-
free radical such as hydrogen peroxide and
singlet oxygen [2]. Oxidative stress results due to
imbalance between reactive oxygen species
production and detoxification in cells and tissues.
The environmental factors such as UV radiations,
pollutants and heavy metals are majorly involved
in increasing production [3]. Endogenous
antioxidant defense mechanism is naturally
present in human beings. However, 1% of
reactive  oxygen species escapes this
mechanism every day and causes oxidative
damage to the surrounding tissue [4]. Humans
are not genetically evolved to survive oxidative
stress for past middle age populations, hence
antioxidant supplements should be given through
diet to ensure healthier population [5]. Synthetic
antioxidants such as propyl gallate,
butylatedhydroxy toluene and butylatedhydroxy
anisole are used to reduce oxidation but studies
shows that these synthetic antioxidants are
suspected to cause cancer [6].

Inflammation is the response of immune system
to injury, microorganisms or irritants, which
increases  vascular  permeability,  protein
denaturation and causes membrane alteration
[7]. Inflammation ranges from acute to chronic
based on severity. Inflammation is good in short
term but in long term may results many adverse
health effect. Oxidative stress and inflammation
are like a paradox. Studies shown, during
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inflammation leucocytes and mast cells causes
respiratory burst which results in increased
uptake of oxygen and generates huge amount of
reactive oxygen species. Releaseinflammatory
mediators and ROS also increase which in turn
results in oxidative-stress induced inflammation
[8,9].

Non-steroidal Anti-inflammatory Drugs (NSAIDs)
are the most common medications used in the
world for inflammation and itsrelated disorders.
These drugs when taken for a long-term cause
various side effects [10]. Considering all these
facts, this study isfocused to use natural source
containing bioactive compounds to deal with free
radicals and inflammation associated diseases
with minimum side effects.

Rhus sp. are widely used in medicine and food
as they are rich in flavonoids, phenolics and
other phytochemicals [11,12]. These compounds
act as primary source of antioxidants.Rhus
toxicodendron, is used as homeopathic remedy
for symptoms such as rheumatic pains, skin
irritation and inflammation [13,14]. Barka and co-
workers reported, Rhus tripartita, is shown to
have antioxidant, antimicrobial and anti-
inflammatory [15,16]. Ganj Renuka Raniand co-
workes studies shown that the flavonoids
isolated from Rhus mysorenis having anti-
inflammatory activity [17,18].

2. MATERIALS AND METHODS

2.1 Collection and Preparation of the
Extract

The Rhus chinensis was collected from Makhel
village in Mao Maram (Senapati) Manipur, the
seeds of Rhus chinensis were washed & air-
dried for 30 days at room temperature. Extraction
was carried out as per do et al. [19]. Briefly, the
dried seeds were finely homogenized using
motar and pestle. Then, 10gm of the powder was
weighed and transferred into a fresh beaker.
Further, 80% methanol was added to the sample



and was incubated at room temperature for 30
mins. The prepared solution was filtered by using
filter paper (What man filter paper No. 42). The
sample was transferred in a fresh beaker and
placed in a magnetic stirrer for overnight for
mixing. The mixed solution was centrifuged to
4500 rpm for 10 mins and the supernatant was
collected. The collected extract wasused
throughout the whole study.

2.2 Methods
2.2.1 Estimation of total phenolic content
2.2.1.1 Standard gallic acid

Total phenolic content was estimated by Folin
Ciocalteu's (FC) method by Kaur et
al.,;Javanmardi, J et al., [20,21] with minor
modifications. The reaction mixture of different
concentrations was made and 0.2-1.0 mL
aliquots of standard gallic acid (0.25 mg/mL) and
was made up to 1.0 mL by using a solvent
mixture (methanol: water 1:1). 5.0 mL FC (1:10
dilution FC reagent is used) is added to all the
test tubes and shaken. To all the test tubes 4.0
mL of sodium carbonate was added and all the
test tubes were incubated for 5 mins at room
temperature. After incubation, the absorbance
was read at 765 nm using UV- visible
spectrophotometer. The extracts were performed
in duplicates in order to obtain the concordant
values. The blank was performed using the
solvent mixture.

2.2.2 Estimation of total flavonoids
2.2.2.1 Standard quercetin

The total flavonoid content in the extracts was
determined using quercetin as standard by
Wouttisin et al., Pekel Anna et al., [22,23] with
minor modifications, 0.2-1.0 mL aliquots of
standard quercetin (0.1 mg/mL) prepared in
methanol was pipetted out into different test
tubes. The volume in each test tubes is made up
to 2.0 mL. Ethanol (2.0 mL) is taken as blank.
0.1 mL of 10 % of AICI; (aluminium chloride) is
added to all the test tubes, followed by 0.1 mL of
potassium acetate (ChsCOOK) in all test tubes,
2.8 mL of distilled water was added to all the test
tubes and these tubes were incubated at room
temperature for 30 mins. After incubation, the
absorbance was read at 425 nm using a
colorimeter. The extracts were performed in
duplicates in order to obtain the concordant
values. The total flavonoid content in the extracts
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was expressed as mg equivalents of Quercetin in
mg/mL of extract.

2.2.3 In vitro antioxidant activity

2.2.3.1 DPPH-Assay
picrylhydrazyl)

(2,2-diphenyl-1-

The reducing power of the plant extract was
determined by the method proposed by Mishra et
al., [24] with minor modifications. Different
aliquots of standard ascorbic (1 mg/mL) were
taken. The volume was made up to 1.0 mL using
distilled water, followed by 3.0 mL of DPPH
solution in all the test tubes similarly different
concentrations of the sample were taken and
was allowed to stand at room temperature for 30
mins. After incubation, the absorbance was read
at 517 nm using a colorimeter. A mixture of
distilled water and methanol was taken as
negative control and 1 mL of distilled water and 3

mL of DPPH was taken as positive
control. The experiment was performed in
triplicate.

The percentage inhibition of DPPH by the
samples was calculated using the formula:

% Inhibition of DPPH= 100* (1 — A2/A1)

Where, Al= Absorbance of control sample, and
A2= Absorbance of the test sample.

2.2.3.2 FeCl; Assay for antioxidant activity

The total antioxidant activity can be measured
using the ferric reducing antioxidant power assay
(FRAP) proposed by Maruthamuthu
Vijayalakshmi et al., [25]. Different
concentrations of the sample was taken to this
2.5 mL of 0.2M sodium phosphate buffer of pH
6.6 was added, followed by 2.5 mL of 1%
potassium ferri cyanide solution is added. The
reaction mixture was shaken well and is vortexed
well and is then incubated at 50-degree Celsius
for 20 minutes using a vortex shaker. After
incubation, 2.5mL of 10% trichloroacetic acid
was added and is centrifuged at 3,000 rpm for 10
mins. The supernatant was extracted and to this
2.5 mL of distilled water is added to the reaction
mixture and 0.5 mL of 0.1% ferric chloride is
added. The color of the solution was observed
and the absorbance was read at 700 nm using a
UV-visible spectrophotometer. The ascorbic acid
(1 mg/ mL) was used as the reference standard;
the reducing power of the samples was
compared with the reference standard.



The percentage inhibition of Fecl3 by the
samples was calculated using the formula:

% Inhibition = 100* (1 — A2/A1)

Where, Al= Absorbance of the control sample,
and A2= Absorbance of the test sample.

2.2.4 In-vitro Anti-inflammatory activity
2.2.4.1 Effect on Protein denaturation

Protein denaturation assay was done according
to the method described by Gunathilake et al.,
Sakat S et al., [26,27] with minor modifications.
The reaction mixture (5 mL) consisted of 0.2 mL
of 1% Bovine Serum Albumin (BSA), 4.78 mL of
Phosphate Buffer Saline (PBS, pH 6.4), and 0.02
mL of the extract, this mixture was incubated in a
water bath 37°C for 15 mins and then the
reaction mixture was heated at 70°C for 5 mins
after cooling the turbidity was measured at 660
nm in a UV-Vis Spectrophotometer. Phosphate
buffer saline was used as negative control and
the mixture containing BSA and PBS was used
as the positive control. Diclofenac sodium and
Aspirin were used as standard anti-inflammatory

drugs. The experiment was performed in
triplicate.
The percentage of inhibition of Protein

Denaturation was calculated using the formula

% Inhibition of denaturation = 100* (1 -
A2/A1)

Where, Al= Absorbance of the control sample,
and A2= Absorbance of the test sample.

2.2.4.2 Proteinase inhibition assay

Proteinase inhibition assay was performed
according to the method described by Sakat S et
al., [28,29] with minor modifications. The reaction
mixture 2 mL consisted of 0.06mg trypsin, 1 mL
of 20 mM Tris HCI buffer (pH 7.4), and 1 mL of
extract of different concentrations. The mixture
was incubated at 37°C for 5 mins and then 1 mL
of 0.8%(W/V) casein was added. The mixture
was further incubated for 20 more mins, 2 mL of
70% perchloric acid was added to terminate the
reaction. The cloudy suspension was centrifuged
and the absorbance was read at 210 nm against
the blank. Tris HCI Buffer was used as negative
control 2 mL of Tris HCI with 0.06mg of trypsin
and 1 mL of casein was used as the positive
control. The experiment was performed in
triplicates.
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The percentage inhibition of proteinase inhibitory
activity was calculated:

% Inhibition of proteinase = 100* (1 — A2/Al)

Where, Al= Absorbance of the control sample,
and A2= Absorbance of the test sample.

2.2.4.3 HRBC Membrane stabilization Assay

HRBC membrane stabilization assay was
performed as described by Saleem et al., [30]
with minor modifications. Preparation of Blood
cell suspension: Around 10mL of fresh human
blood was taken and was transferred to the
centrifuge tube containing equal volume of 3.2%
Trisodium citrate (w/v), this was centrifuged at
3000 rpm for 10 mins and the tubes were
washed three times with normal saline. The
volume of blood was measured and reconstituted
as 10% (v/v) suspension with normal saline.

2.2.4.4 Hypotonicity induced haemolysis

This assay was performed by the modified
method of Shinde et al., [31,32]. The reaction
mixture consisted of different concentrations of
the extract which was made up to 0.5 mL with
phosphate buffer, 2 mL of hyposaline, and 0.5
mL of HRBC suspension. This was incubated at
37°C for 30 mins and centrifuged at 3000 rpm for
20 mins. The absorbance of the supernatant was
measured at 560 nm. Aspirin was used as a
standard drug for inflammation. Phosphate buffer
was used as negative control and positive
control. was made omitting the sample. The
experiment was performed in triplicate.

The percentage inhibition of haemolysis was
calculated:

% Inhibition of haemolysis
A2/Al)

100* (1 -
Where, Al= Absorbance of the control sample,
and A2= Absorbance of the test sample.

3. RESULTS AND DISCUSSION

3.1 Estimation of Total Phenolic Content
3.1.1 Standard gallic acid

The total phenolic content expressed in terms of
GAE of 1 to 100 diluted of the methanolic seed

extract ofRhus chinensis (MERC) was found to
be 0.05 mg/mL of GAE. The total phenolic



content in the extract was found to be 5 mg/mL
of GAE. The total phenolic were calculated using
the following linear equation based on the
calibration curve of gallicacid;(y=12.233x, R’
=0.9976).

Recent evidences suggest that diets rich in
polyphenolic compounds play a significant role
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because of their antioxidant activities [33].
Hence, polyphenolic constituents of seed of
Rhus chinensis may have the property to
counteract oxidative stress related disorders.
There exists a positive correlation between the

total phenolic content and free radical
scavenging property of the seed extract.
There is a linear relationship between the

concentration of phenolic content and the

against oxidative stress related disorders antioxidant property.
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The amount of total flavonoid content was
calculated using the standard quercetin
(y=0.0111x, R®* =0.9976) and is expressed as
guercetin equivalent (QE) per gram of the
extract. The total flavonoid content present in the
methanolic extract seed of Rhus chinensis was
found to be 335 pg/mL of QE.

Flavonoids are secondary metabolites produced
from the plants, which is a majority phenolic acid
in nature. Studies have shown that it has a role in
antioxidant activity [34].

3.3 In vitro Antioxidant Activity

3.3.1 DPPH Assay
picrylhydrazyl)

(2,2-diphenyl-1-

The DPPH assay was performed to screen for
antioxidant activity of MERC. The results
obtained shows that the antioxidant activity was
maximum at 500 pg/mL which had 99.3% of
radical scavenging activity which was higher
than the standard Ascorbic acid (500 pg/mL)
which showed 96.3% of scavenging activity (Fig.
3).

3.3.2 FeCl3 assay for antioxidant activity
The Ferric chloride reducing assay was

performed to analyse the reducing power of
MERC and thus investigate the antioxidant
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property. The results showed that reducing
power increased with the increase in
concentration. The maximum reduction was seen
at 500 pg/mL which had 92.4% of reduction
potential which was higher than the standard
ascorbic acid (500 pg/mL) which showed 91.5%
of reduction potential (Fig. 4).

Thus, by analysing the results of both the assays
we can say that the MERC has extremely good
antioxidant capacity.

3.4 In-vitro Anti-Inflammatory Activity
3.4.1 Effect on protein denaturation

The inhibition of protein denaturation by MERC
increased with the increase in concentration.
Maximum inhibition of 88.8% was shown at 500
pug/mL. The standard drugs Aspirin (150 pg/mL)
and Diclofenac sodium (100 pg/mL) showed
83.3% and 69.4% of inhibition respectively (Fig.
5).

3.4.2 Proteinase inhibition assay

Significant proteinase inhibition activity of 68.1%
and 60.35% was shown at 500 pg/mL and 250
pg/mL in whereas the Standard drugs Aspirin
(150 pg/mL) and Diclofenac sodium (100 pg/mL)
showed 81.3% and 67.92% of inhibition
respectively (Fig. 6).
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Fig. 3. DDPH radical scavenging activity
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Fig. 5. Inhibition of protein denaturation

3.4.3 HRBC membrane stabilization assay

Membrane stabilisation assay is taken as a
measure of in vitro anti-inflammatory activity [33].
The results of membrane stabilization of MERC
were concentration dependent; the maximum
activity was shown by 250 pg/ mL of the sample
with 77.7% inhibition (Fig. 7).

The standard drugs Aspirin (150 pg/mL) showed
85.02% of inhibition of haemolysis and
Diclofenac sodium (100 pg/mL) showed 79.94%
of inhibition in comparison to this the MERC
showed significant results as 61.36% and
60.76% of inhibition at 150 pg/mL and 100 pg/mL
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concentration. In comparison to the Standard
drug the Methanolic extract of Rhus chinensis
seed has shown significant values and anti-
inflammatory activity.

The study of the Rhus chinensis proved to show
promising results with less degree of
toxicity. All the efficient drugs available in the
market show some degree of toxicity in an
individual due to various components present in
it. The idea was to find a drug from natural
source which may provide increased therapeutic
care and decreased toxicity, which can be
beneficial for the individual and is not
compulsive.
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% Inhibition by MERC
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%o Inhibition of proteinase
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Fig. 6. Inhibition of Proteinase

% Inhibition by MERC

% Inhibition of haemolysis
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Fig. 7. Inhibition of haemolysis

Thus, Rhus chinesisis rich in phytochemicals like
flavonoids, phenolic compounds which helps in
controlling all of the inflammatory mediators like
histamine, heparin and various cytokines, and
these components also have antioxidant and
radical scavenging activity.

4. CONCLUSION

The idea of the study was to find a drug from
natural source which may provide increased
therapeutic care, decreased toxicity and can be
beneficial for the individual and is not
compulsive. The antioxidant, anti-inflammatory
property of methanolic extracts of Rhus chinensis
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was evaluated efficiently using in-vitro studies.
The study revealed the presence of flavonoids,
terpenoids, phenols in the extract and shown
less degree of toxicity compare to available
commercial drugs used in this study.Further, by
performing various experiment the results proved
a wide variety of chemical ingredients which
were available that might be responsible for
various therapeutic activities like antioxidant,
anti-inflammatory.
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