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Abstract

Tragia involucrata Linn. (T. involucrata) belongs to the family of Euphorbiaceae found in the subtropical regions. Tradi-
tionally, the plant parts are used to treat inflammation, wounds and skin infection by people of the Western Ghats, India.
Few studies on the acute anti-inflammatory activity of T. involucrata extracts were reported earlier. The present study aims
to identify the bioactive fraction of T. involucrata and to evaluate its mechanism in Complete Freund’s Adjuvant-induced
arthritic rat model. The leaf extract was highly effective among the methanolic leaf and root extracts. The hexane (HF)
and a methanolic fraction (MF) of the leaf extract of T involucrata were further identified as a bioactive fraction evaluated
through protein denaturation assay. The HF and MF were further studied for their anti-inflammatory potential in a chronic
inflammatory model, and their mechanism of action was explored further. Arthritis was induced by administering 0.1 ml
of CFA intradermally. The treatment was started the next day with HF (100 and 250 mg/kg/day) and MF (100 and 250 mg/
kg/day), while the HF and MF alone group served as the drug control, Indomethacin-treated group served as the positive
control. On the 25th day, the animals were euthanized, and their body weight, paw thickness, arthritic score, spleen and
thymus weight, haematological parameters, biochemical parameters, radiographs and histopathology were analyzed. Results
showed that the MF-treated animals maintained dry weight, reduced paw thickness, arthritic scores, and haematological and
biological parameters compared to the HF-treated and CFA-induced arthritic rats. Both radiological and histopathological
analyses of the joints revealed that the MF-treated groups restored bone architecture without any erosion and normal tis-
sue architecture with nil signs of active inflammation. Western blot analysis revealed that MF has effectively inhibited the
protein expression levels of MMP-3, MMP-9, and NF-kB in the synovial tissues compared to that of CFA-induced arthritic
rats. Besides, HPLC analysis revealed the presence of flavonoids, including gallic acid, rutin and Quercetin, in the MF of
T. involucrata, which had shown to have potent anti-inflammatory potential. Thus, it can be emphasized that T. involucrata
could be a potential therapeutic candidate for treating inflammatory diseases, which needs further experimental studies to
confirm its safety and efficacy.
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Introduction

Tragia involucrata Linn. (Euphorbiaceae) is a small shrub

distributed throughout the tropical and subtropical regions.

54 E.Sanmuga Priya It is an annual herb commonly available as a weed plant in
sanmugapriya77 @aubit.edu.in India (particularly in Punjab, Himalayas, Assam, Meghalaya
and Tamil Nadu), Sri Lanka, and Asia. It is popularly known
as “Indian stinging nettle” in English and “Chenthatti” in
Tamil. The tribes in the Western Ghats of India use differ-
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metabolites were reported in the leaves of 7. involucrata—
hydrocarbon esters like shellsol, vinyl hexyl ether, 2, 4-dime-
thyl hexane, 2-methylnonane and 2, 6- dimethyl heptane
(Samy et al. 2006, 2013). One of the phytoconstituent
from the methanolic extract of the leaves of T. involucrata
5-hydroxy- 1-methylpiperidin-2-one was reported as a potent
muscle relaxant, bronchodilator and anti-allergic on hista-
mine (Alagar Yadav et al. 2015). Five different compounds
isolated from ethyl acetate extract of the roots of 7. involu-
crata were 10, 13-dimethoxy-17-(6- methylheptan-2-yl)-2,
3,4,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17- tetradecahydro-
1H- cyclopenta [a]phenanthrene, stigmasterol, Quercetin,
rutin and 3-(2,4-dimethoxyphenyl)-6,7- dimethoxy-2,3-
dihydrochro-men-4-one (Panda et al. 2012).

The anti-inflammatory activity of T.involucrata aqueous
and methanolic extracts was investigated in albino rats with
carrageenan-induced hind paw oedema and cotton pellet
granuloma models, as well as its effect on acute and suba-
cute inflammation (Dhara et al. 2000; Samy et al. 2006).
Furthermore, the same author reported that the analgesic
activity of T. involucrata root, mediated by the inhibition of
prostaglandins, which sensitized pain receptors at the site of
inflammation (Dhara et al. 2000). The hydrocarbon esters
such as shellsol, vinyl hexyl ether and 2,4-dimethyl hexane
isolated from 7. involucrata showed a potent antimicrobial
and anti-inflammatory activity which controls the growth of
food-borne and food spoilage pathogens (Samy et al. 2013).

Although T. involucrata extracts have been shown to have
anti-inflammatory efficacy in several animal models, their
bioactive components still need to be thoroughly investi-
gated. Therefore, the current study aims to identify the bio-
active fraction of T. involucrata that exhibits anti-inflam-
matory activity and to study its efficacy and mechanism of
action in an in vivo model.

Materials and methods
Plant collection and authentication

The plant Tragia involucrata was collected from Suriyur,
Tiruchirappalli district (Tamil Nadu). It was authenticated
by Dr.S.Soosairaj, Department of Botany, St. Joseph's Col-
lege, Tiruchirappalli. The voucher specimen Number is
2799.

Reference standards

Rutin (98%), quercetin (96%), and gallic acid (92%) were
obtained from Natural remedies Pvt Ltd, Bangalore and
Sami labs limited, Bangalore. Indomethacin was purchased
from Sigma.
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Preparation of extracts

The leaves and roots of T. involucrata were cleaned and
shade dried for about 2 weeks. Then, they were powdered
and passed through sieve no.14. The prepared materials were
stored in an airtight container for further use. Powdered
leaves (350 g) and powdered root (50 g) of T. involucrata
were weighed and subjected to reflux extraction using meth-
anol at 65 °C for 2 h. The methanolic leaf (MLE) and metha-
nolic root (MRE) extract was filtered and the filtrate was
concentrated under reduced pressure using a rotary vacuum
evaporator. The obtained yield of the dried MLE and MRE
was found to be 19.53% w/w and 29.27% w/w, respectively.

Fractionation of the leaf extract of T. involucrata

The methanolic leaf extract (39 g) was further fractionated
using four different solvents like hexane, chloroform, ethyl
acetate and methanol, as shown in Fig. 1.

In vitro anti-inflammatory assay

Inhibition of protein denaturation

The reaction mix (0.5 mL) consisted of 450 pL of 5% aque-
ous bovine serum albumin and 50 pl of various concentra-
tions (50, 100, 250, 500 and 1000 pg mL~") of extracts and
fractions of T. involucrata. The pH of the reaction mix was
adjusted to 6.3 using 1N hydrochloric acid (HCl) and was
incubated at 37 °C for 20 min, followed by heating at 57 °C
for 3 min. This mixture was then brought to room tempera-
ture and 2.5 ml phosphate buffer saline (pH 6.3) was added
to each tube. Turbidity was measured at a wavelength of
660 nm. 50 pl distilled water was used in place of extracts
and fractions as a control and Aceclofenac was used as the
standard. The percentage inhibition of protein denaturation
was calculated. The control represents 100% protein dena-
turation. The experiment was performed in duplicate (Miz-
ushima and Kobayashi 1968; Sakat et al. 2010).

HPLC analysis of MF and HF

The methanolic fraction of T. involucrata was standardized
with respect to the reference standard rutin, gallic acid and
quercetin as per Nisar et al. 2017, while the hexane frac-
tion was standardized with respect to lupeol, p-sitosterol and
oleanolic acid as per Ekambaram et al. 2017 using HPLC.
The Agilent 1260 Infinity series HPLC was equipped with
an Agilent Zorbax Eclipse C-18 column of dimension 250
X 4.6 mm, 5 um. The mobile phase containing acetonitrile:
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Fig. 1 Schematic representation for the preparations of different fractions from methanolic leaf extracts of T.involucrata L. *p <0.05 denotes the

significance level compared with negative control

methanol: 3% formic acid (50/50/0.3, v/v/v) with a flow rate
of 0.5 mL/min was used for the standardization of meth-
anolic fraction, while a linear gradient solvent system of
acetonitrile (solvent A) and 0.1% aqueous formic acid (sol-
vent B) with the following profile: 75-50% A until 50 min,
followed by 95-5% A over 30 min; maintaining the 5% A
condition for 15 min, then 5% A over 5 min, and finally
reconditioning the column with 95% A isocratic for 10 min
was used for separating the hexane fraction and the flowrate
was set as 1 mL/min at 27 °C. Finally, the characteristic
peaks were detected using a UV—Vis detector at 254 nm.

In vivo studies

Animals used

Male Wistar albino rats were purchased from Sri Ven-
kateshwara Enterprises, Bangalore and then placed in the
animal house of the University College of Engineering,
Anna University BIT campus, Tiruchirappalli. Animals
were kept under a 12 h dark/light cycle at 25+2 °C and
55 +5% humidity in cages. The study was approved by the

Institutional Animal Ethical Committee (IAEC) (AUBIT/
CAF/6 IECM/0012/2020 Dt. 12. 02. 2020).

Acute toxicity studies

The plant fractions (HF and MF) were evaluated for acute
toxicity as per the organization for economic cooperation
and development (OECD) guidelines 423. The single oral
dose of 5000 mg/kg of plant fraction was administered to
overnight fasted rats and observations were continuously
recorded for behavioural profiles for 2 h and mortality up
to 24 h.

In vivo anti-arthritic study in CFA-induced rats

Experimental design

The rats were allocated into nine groups, with six animals in
each group. Group I served as a standard control group (N),
Group II as a negative control group (NC), Group III as a
positive control group, Groups IV, V, VI, and VII, received
HF I & II, and MF I & II at a dose level of 100, 250 mg/
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kg/day, respectively, and Group VIII and IX served as drug
control (HF and MF). Arthritis was induced by intrader-
mal injection of 0.1 ml CFA emulsion (consisting of heat-
killed Mycobacterium tuberculosis suspended in mineral oil
acquired from Sigma-Aldrich) in the sub-plantar area of the
right hind paw on the first day to every animal, excluding
normal and drug control. Treatments were started by oral
gavage following CFA administration and continued till the
25th day. The plant fractions and Indomethacin, the positive
control, were dissolved in carboxymethyl cellulose (0.5%)
prior to administration.

Body weight

The body weight was recorded during the experimental
period using a weighing balance just before CFA injections
on the 1st day and subsequently at various time (weekly
once) intervals until the 25th day.

Paw thickness evaluation

The right paw thickness was measured every 5 days at
time intervals using a vernier calliper. The paw thickness
alterations were considered the difference between the
final and initial paw thickness. The visual arthritis scor-
ing systems were used to assess the severity of arthritis,
as described previously (Kumar et al. 2017). The arthritis
score ranged from O to 4, graded as follows: 0 =normal
paw; 1 =mild swelling and erythema; 2 =swelling and
erythema; 3 =severe swelling and erythema; 4 = gross
deformity and inability.

Determination of the spleen and thymus weights

At the end of the experimental studies, the rats were anesthe-
tized and euthanized by administering thiopentone sodium
(40 mg/kg/i.p). Then, the thymus and spleens of all rats were
removed and weights were recorded.

Haematology assessment

The animals were euthanized on the 25th day, and blood
was collected by cardiac puncture and subjected to evalu-
ation of haematological parameters such as red blood cells
(RBC), white blood cells (WBC), haemoglobin (Hb), plate-
let, lymphocytes, neutrophils, eosinophils, basophils, mono-
cytes. Samples were analyzed at Doctors Diagnostic Centre,
Tiruchirappalli.

Biochemical estimation

On the 25th day, the blood samples were withdrawn from
the rats by cardiac puncture. As per the manufacturer’s
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instructions, serum alkaline phosphatase (ALP) was esti-
mated. C-reactive protein (CRP) and rheumatoid factor
(RF) were estimated by immunoturbidimetry method ana-
lyzed at Doctors Diagnostic Centre, Tiruchirappalli.

Radiological assessment

On the 25th day, the animals were anaesthetized and radi-
ographs of CFA-injected hind paws were recorded using
X-ray. The X-ray image was interpreted for the radio-
graphic changes.

Histopathological assessment

On the 25th day, anaesthetized rats were euthanized. Ankle
joints were detached and submitted for histopathological
assessment.

Western blot

On the 25th day, anaesthetized rats were sacrificed and
synovial tissues were collected. The total protein content
was quantified using a bicinchoninic acid assay kit (BCA)
(Thermofisher Scientific). Then, the quantified proteins
were separated using 10% SDS-PAGE and transferred to
PVDF membranes (Bio-Rad). The membrane was incu-
bated with primary antibodies of anti-rat MMP3 (1:1000)
and MMP9 (1:1000) from Abclonal, pNF-kBp65 (1:1000)
and NF-kBp65 (1:1000) from Cell Signalling Technology
for 12 h at 4 °C. Afterwards, the HPR-conjugated Goat
anti-Rabbit secondary antibody (1:2000) from Abclonal
was added to the membranes and washed with PBST
buffer. The immunoreactive bands were visualized using
a chemiluminescent reader (Bio-Rad), and the intensity of
the bands was measured using ImageJ software.

Statistical evaluation

Mean + standard deviation (SD) was used to express the
results of the study. For statistical analysis, multiple data
comparisons were carried out using analysis of variance
(ANOVA), and then a post-test of Tukey was used for post
hoc analysis. Significance was statistically acceptable at
a level of p <0.05. Software Graph pad prism (8.0) was
used for all data analysis.



Bioactive fraction of Tragia involucrata Linn leaves attenuates inflammation in Freundss... 971

Results
In vitro anti-inflammatory assay
Inhibition of protein denaturation

The percentage inhibition of protein denaturation of sam-
ples obtained from T. involucrata at various concentrations
was determined. The IC50 value for MLE and MRE was
219.53 pg/ml and 479.32 pg/ml, respectively. From the
results, MLE had shown effective inhibition of protein dena-
turation compared to MRE, as shown in Fig. 2a. Thus, the
MLE of T. involucrata Linn was considered for fractionation
using different solvents.

Preliminary anti-inflammatory assay to identify
the effective fractions

Inhibition of protein denaturation assay

The 1C50 values for MF and HF were 230.58 ug/ml and
252.10 pg/ml, respectively. The results showed that the per-
centage inhibition of protein denaturation was above 80%
in the MF and HF, as shown in Fig. 2b. It was observed that
MF and HF were found to be the bioactive fractions. The
HF and MF were evaluated for anti-arthritic activity (in vivo
model) based on the obtained results.

HPLC

The methanolic fraction of 7. involucrata was standard-
ized with respect to the reference standard gallic acid,
rutin, and quercetin (Table 1). In contrast, the hexane frac-
tion was standardized with respect to lupeol, p-sitosterol
and oleanolic acid using HPLC. HPLC analysis revealed

B Methanolic leaf extract @

100

Methanolic root extract

= u
g 80 B3 Aceclofenac H g
= H S
£ s g
.- b H 2
= 60 -: H Ed H =
s i1 H H H 2

- . ] A1 H
2 - H B H H H Ed
K 40— - b B H B =
= - =hs0E 4 H 3
£ : HEH HEH S
3 - K H H H 5

e . o K H  H
S 20y - HAH HEH =

& - =Nzl A H

[ B H B

0 - B H 7 H

6}“ \QQ '\?’Q ‘DQQ \QQQ

Concentration pg/mL

the quantity of the aforementioned phytoconstituents in
the methanolic fraction as 0.07 +0.21%, 28.31+0.09%
and 0.106 +0.13% with the retention time of 3.680 min,
6.490 min and 13.929 min, respectively, as shown in Fig. 3a.
In comparison, the phytoconstituents in the hexane frac-
tion showed the presence of 0.07+0.21%, 28.31 +0.09%
and 0.106 +0.13% with the retention time of 3.680 min,
6.490 min and 13.929 min, respectively, as shown in Fig. 3a.

In vivo evaluation
Acute toxicity studies

The single dose 5000 mg/kg/p.o administration of MF and
HF did not show any mortality in the rats. No lethal effects
or behavioural changes were noted throughout the observa-
tion period.

Effect of MF and HF on body weight in CFA-induced rats

In the CFA-treated arthritis control rats, there was a substan-
tial reduction in body weight (p <0.05) compared to nor-
mal control rats. In contrast, the rats treated with the stand-
ard (Indomethacin) and plant fractions showed a marked
increase in body weight from the third week. Notably, the
fractions were found to restore and maintain the body weight
of the animals gradually, as shown in Fig. 4a. In general, the
body weight of the CFA-induced rats was found to be well
maintained by both MF and HF fractions.

Effect of MF and HF on paw thickness in CFA-induced rats

CFA was administered on the 1st day, which resulted in a pro-
gressive increase in paw thickness. The treatment with stand-
ard (Indomethacin) and plant fractions (MF and HF) was given
from day 1 to 25. As presented in Fig. 4b, it can be seen that

bl

HF
CF
EF
MF
Aceclofenac

1e00A

50 100 250 500

Concentration pg/mL

Fig. 2 Inhibition effects on protein denaturation. a Extracts of T.involucrata L b different fractions of MLE. *p <0.05 denotes the significance

level compared with the negative control
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Fig.4 Effect of MF and HF in CFA-induced rats. a Body weight b paw thickness ¢ arthritic score. *p <0.05 denotes the significance level com-

pared with the negative control

both the standard as well as fractions caused significant abate-
ment of paw thickness which was noticed from day 19 to day
25.

Effect of MF and HF fractions on the arthritic score
in CFA-induced rats

The arthritic score of the right hind paws was noted on dif-
ferent days from the 1st to the 25th day. The clinical arthritic
score was increased in the negative control, whereas indometh-
acin, MF & HF groups have reduced the swelling and redness
of the right hind paws. The results exhibited that Indometh-
acin, HF & MF groups had shown minimal arthritic scores
compared to the negative control, as represented in Fig. 4c.
The macroscopic images of the right hind paw are shown in
Fig. 5.

Effect of MF and HF on spleen and thymus weight
in CFA-induced rats

Immunological functions are related to the thymus and spleen
weights. On the 25th day, the rats were sacrificed and thymus
and spleen weights were determined. As presented in Fig. 6a,
b, the spleen and thymus weights of drug-treated group ani-
mals were significantly lower than the arthritic control group
(p <0.05). Further, it was also observed that MF I and II were
much better than HF I and II in reducing the thymus and spleen
weights of arthritic rats Table 1.
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Fig. 5 Macroscopic evaluation of right hind paw CFA—induced arthritic rats. a control; b negative control; ¢ positive control (FCA +indometh-
acin); d HF (100 mg/kg/day); e HF (250 mg/kg/day); f MF (100 mg/kg/day); g MF (250 mg/kg/day); h HF alone; i MF alone
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Fig.6 Effect of MF and HF on spleen and thymus weight in CFA-induced rats. a Thymus; b Spleen *p <0.05 denotes the significance level

compared with the negative control
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Table 1 Phytochemical standardization of MF and HF of
T.involucrata by HPLC.
S. no. Name of the % present in the fraction
phytochemical
Methanolic fraction
1 Rutin 0.07+0.21
2 Gallic acid 28.31+0.09
3 Quercetin 0.106+0.13
Hexane fraction
3 Oleanolic acid 2.39+0.63
4 Lupeol 27.75+0.47
5 f-Sitosterol 23.13+0.12

Effect of MF and HF fractions on haematological
parameters in CFA-induced rats

In arthritic control rats, WBC, neutrophils, eosinophils and

platelets were significantly increased compared to normal
rats. In contrast, the above-said parameters were signifi-
cantly decreased in the drug-treated and positive control
groups, as shown in Table 2.

Effect of MF and HF on biochemical parameters
in CFA-induced rats

The effect of fractions (HF and MF) treatment on spe-
cific serum biochemical parameters such as alkaline phos-
phatase, C-reactive protein and rheumatoid factor in CFA
rats were studied and the results are shown in Table 3.
In negative control rats, alkaline phosphatase, C-reactive
protein and rheumatoid factor were significantly increased
compared to normal rats. Treatment with fractions reverted
the condition at all the dose levels with p <0.05 level of
significance. Furthermore, the effect of fractions was also
found to be dose-dependent.

Table 2 Effect of MF and HF on hematological parameters in CFA-induced rats

Group RBC WBC LY MO NE EO BA HGB PLT

Normal 6.65+0.29% 7.07+0.17* 69.93 +1.86% 2.65+0.25% 10.67 +£0.36* 1.59+0.38* 0.67+0.14*% 11.53+0.32* 520.04 +1.78%*

Negative 13.92+0.80 16.99+0.37 89.26+0.94 547+0.33 20.89+0.66 7.48+0.37 290+0.13  20.08+0.10 927.79+1.85
control

Positive 6.99+0.26* 6.28+0.16* 7553 £1.77* 2.74+0.23* 10.78 +£0.57* 2.24+0.19* 0.68 +0.06*% 12.52+0.40* 529.72 +1.73%
control

HF 100 6.38+0.33* 10.55+0.47* 68.46+1.58* 2.85+0.23* 13.67+0.35% 3.19+0.18* 1.35+0.05 14.75+0.21* 680.67 +1.30*

HF 250 7.03+£0.12% 11.68 +£0.38* 70.39+1.22% 3.60+0.17 14.80+0.24* 4.26+0.20% 141+0.05 15.58+0.32* 708.23 +1.96*

MEF 100 7.13+£0.27* 9.20+0.62* 70.93 £1.13* 2.83+0.21* 11.50+0.34* 2.72+0.25* 0.92+0.03*% 13.57+£0.25* 636.85 + 1.66*

MEF 250 6.96+0.18* 10.64 +0.36* 75.54+1.79* 3.75+0.23 13.37+0.51* 4.82+0.14% 1.26+0.03  14.49+0.31* 651.27 +£0.82%

HF alone 6.60+0.23* 7.77+0.27* 70.67 £1.55% 1.86+0.16% 12.04 £0.52* 2.33+0.26* 0.72+0.06*% 12.89+0.13* 570.58 +£1.93%

MF alone 7.24+0.13* 6.70+0.27* 69.93+£0.41%* 2.03+0.18* 11.50+£0.50* 2.73+0.15* 0.74+0.06* 13.43+0.16* 573.83 +1.88*

Values are expressed as mean+ SD

RBC red blood cells, WBC white blood cells, LY lymphocytes, MO monocytes, NE neutrophils, EO eosinophils, BA basophils, HGB hemoglobin,

PLT platelets

*p < 0.05 denotes the significance level compared with the negative control

Table 3 Effect of MF and HF

; . . Group Alkaline phosphatase C-reactive protein Rheumatoid factor

on biochemical parameters in

CFA-induced rats Normal 230.50 +3.72% 0.15+001 4.51+037*
Negative control 314.00£3.16 0.74+0.03 19.26+2.42
Positive control 231.33+3.50* 0.23+0.03 5.63+0.35*
HF 100 243.00+3.09* 0.35+0.03 7.66+0.42*
HF 250 251.66+4.63* 0.33+£0.02 6.21+0.33*
MF 100 234.64+4.58* 0.34+0.03 5.91+0.44*
MF 250 239.00£4.51* 0.28£0.01 5.58+0.22%
HF alone 231.33+£4.80* 0.17£0.01 4.55+0.43*%
MF alone 230.00+3.89* 0.15+0.01 4.28+0.39*

Values are expressed as mean=+ SD

*p <0.05 denotes the significance level compared with the negative control
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Fig. 7 Radiological assessment of Hexane and methanolic frac-
tions of T. involucrata L. on CFA—induced arthritic rats. a control;
b negative control; ¢ positive control (CFA +indomethacin); d HF

Effect of MF and HF fractions on radiological evaluation
of hind paws in CFA-induced rats

Radiological evaluation of the hind limbs of the animals
in all groups was recorded on day 25 and the results are
shown in Fig. 7. As per the radiological micrographs, the
normal control rats did not show any abnormalities in the
architecture, while the CFA-induced arthritic rats showed
swelling and erosion of the joints. Indomethacin-treated
positive control showed typical bone architecture similar to
that of control rats. The experimental groups treated with
fractions showed marked recovery of the joint bone with
reduced swelling, reverting the effects of CFA in a dose-
dependent manner.

Histopathology

On the 25th day, the rats were sacrificed, and the organs
were collected and subjected to histopathological analysis, as

@ Springer

(100 mg/kg/day); e HF (250 mg/kg/day); £ MF (100 mg/kg/day); g
MF (250 mg/kg/day); h HF alone; i MF alone. The red arrow indi-
cates swelling of joints and soft tissues (color figure online)

shown in Fig. 8. Tissues from the control (Fig. 8a) showed
viable Osteocartilagenous tissue with no active inflammation
or necrosis, whereas the negative control (Fig. 8b) showed
chronic inflammatory granulation tissue. The positive control
treated with CFA and Indomethacin (Fig. 8c) showed focal
disruption of muscle fibres with no evidence of active inflam-
mation or necrosis. In contrast, the experimental groups treated
with 100 mg/kg/day (Fig. 8d) and 250 mg/kg/day (Fig. 8e) of
HF showed mild restoration of the inflammatory granulation
tissue with respect to increasing concentration. However, the
groups treated with 100 mg/kg/day (Fig. 8d) and 250 mg/kg/
day (Fig. 8e) of MF showed no sign of inflammation without
any tissue necrosis. Besides, HF alone (Fig. 8h) and MF alone
(Fig. 8i) showed no signs of necrosis or disruption of muscles
with no active inflammation. Histopathology results signified
that MF had shown a potential anti-inflammatory effect in
restoring the normal tissue architecture in the CFA-induced
arthritic rats.
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Fig.8 Effect of Hexane and methanolic fractions of Tragia involu-
crata L. on CFA—induced arthritic rats. a Control; b negative con-
trol; ¢ positive control (CFA +indomethacin); d HF (100 mg/kg/day);
e HF (250 mg/kg/day); £ MF (100 mg/kg/day); g MF (250 mg/kg/

Methanolic fraction of T. involucrata inhibits
the protein expression levels of MMPs
and NF-kBp65

The protein expression levels of MMP-3, MMP-9, p-NF-
kBp65 and NF-kBp65 were assessed using western blot
assay. Results showed 2.75-fold, threefold and a threefold
increase in the protein expression levels of MMP-3, MMP-
9, and p-NF-kBp65/ NF-kBp65 in the CFA alone treated
groups, as shown in Fig. 9a and Fig. 9b, respectively. In
contrast, the MF-treated groups showed a decrease in the
protein expression levels by 2.5-fold, 1.5-fold and 1.25-
fold, respectively, exhibiting the inhibition of MMP-3

day); h HF alone; i MF alone. The red arrow indicates inflammatory
infiltration, whereas the yellow arrow indicates synovium (color fig-
ure online)

(Fig. 9¢), MMP-9 (Fig. 9d), and NF-kBp65 (Fig. 9¢) in
CFA-induced arthritic rats.

Discussion

T. involucrata plant parts are widely used in traditional
medicine to treat various inflammation (Mallik et al. 2012;
Appian et al. 2013; Uprety et al. 2016). Experimental
validation of the anti-inflammatory activity of 7. involu-
crata plant parts was reported in various acute and sub-
acute animal models (Dhara et al. 2000; Samy et al. 2006,
2013). However, there are no reported studies exploring
the chronic anti-inflammatory activity of T. involucrata, as
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Fig.9 Effect of MF on the protein expression levels of MMPs and
NF-kB in the FCA induced arthritic rats. a Expression of MMP-3
and MMP-9. b Expression of pNF-kBp65 and NF-kBp65 c¢ relative

well as the mechanism of action and the responsible phy-
tochemicals for its anti-inflammatory activity. The present
study focussed on identifying the bioactive fraction from
T. involucrata leaves and its mechanism of anti-arthritic
action.

The methanolic extract of leaves and roots of
T.involucrata were prepared and screened for preliminary
in vitro anti-inflammatory activity and found that leaf extract
MLE was highly effective in inhibiting the protein denatura-
tion rather than the root extract MRE (Fig. 2a). From the
literature, it is revealed that both the leaves and roots of
T.involucrata were reported for significant oral anti-inflam-
matory activities in animal models (Dhara et al. 2000; Samy
et al. 2006). However, in the present comparative study, the
MLE was highly active as an anti-inflammatory agent. Thus,
MLE was further subjected to solvent fractionation to yield
various fractions, in which the hexane (HF) and metha-
nol fractions (MF) were found to show higher inhibition
of protein denaturation. A similar kind of study on in vitro
anti-arthritic activity by inhibiting protein denaturation of
T.involucrata leaf extracts showed higher activity for chlo-
roform extract followed by petroleum ether extract (Velu
and Malipeddi 2015). In the present study, both the MF and
HF were standardized with respect to the reference stand-
ards, gallic acid, rutin, Quercetin and lupeol, p-sitosterol,
and oleanolic acid, respectively. HPLC analysis showed the
presence of phenols and flavonoids, including gallic acid,
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expression of MMP-3 with respect to f-actin d relative expression of
MMP-9 with respect to B-actin e relative expression of pNF-kBp65/
NF-xBp65with respect to f-actin

rutin and Quercetin in the MF, which have been shown to
have potent multifaceted pharmacological properties such
as anti-inflammatory, anti-arthritic, anti-cancer activi-
ties (Alam et al. 2017; Salehi et al. 2020). Similarly, HF
comprises triterpenoids, including lupeol (Rathinavel et al.
2021), p-sitosterol (Zhang et al. 2020) and oleanolic acid
(Sen 2020), exhibiting anti-inflammatory potential.

In the current study, the highly active non-polar hexane
and polar methanol fractions were taken for further in vivo
evaluation of anti-inflammatory activity in Freund's com-
plete adjuvant-induced arthritic Wistar albino rats. To the
best of our knowledge, this is the first report on the efficacy
of T. involucrata leaf extract on Freund's adjuvant-induced
arthritis in Wistar albino rats.

CFA-induced arthritis is one of the most common, appro-
priate and widely recognized methods for inducing RA
in animals, as it shares numerous similarities with RA in
humans. In the present study, the CFA-induced arthritic rats
exhibited a significant decrease in body weight gain increase
in paw swelling, redness and paw oedema as well as joint
deformation, signifying the progress of impulsive inflamma-
tion as stated in earlier reports (Gohil et al. 2018; Patel et al.
2021). The change in body weight in the animals induced
with CFA is a significant factor for assessing the duration
of the disease towards inflammation as well as the response
of a drug (Naik and Wala 2014). The animals induced with
arthritis were found to display high arthritic index scores
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and paw swelling (Zhang et al. 2017). Paw swelling is an
effective indication of measuring the rate of inflammation in
CFA-induced rats. The respective reduction in paw swelling
after drug treatment indicates the anti-arthritic activity of the
drug (Rajendran and Krishnakumar 2010). Treatment with
HF and MF at 100 and 250 mg/kg significantly suppressed
the increased arthritic score, paw oedema, and swelling in
the treated RA rats, indicating its significant anti-arthritic
activity.

The spleen and thymus are essential organs in which the
cells and antibodies for immunological actions are formed
(Choudhary et al. 2014). Hence, the weight of the organs
was increased in the CFA-induced arthritic rats due to the
infiltration of inflammatory cells. However, upon treatment
with HF and MF, the weight of the spleen and thymus was
reduced compared to that of CFA-induced experimental
animals. During the arthritic condition, the haematological
levels of red blood cells, white blood cells, lymphocytes,
monocytes, neutrophils, eosinophils, basophils, hemoglobin
and platelets were found to be altered and increased (Li et al.
2018). Nevertheless, upon treatment with HF and MF, espe-
cially MF has drastically reduced their levels compared to
CFA-induced arthritic rats.

Alkaline phosphatase (ALP) is found to be increased in
arthritic conditions and is a good index for assessing kid-
ney impairment and inflammation (Mbiantcha et al. 2017).
Serum C Reactive protein (CRP) is a biomarker for systemic
inflammation found to be increased in arthritic patients. In
contrast, Rheumatoid factor Rf is an immunoglobulin mol-
ecule that cannot elicit an immune reaction, but its levels
were found to be increased in the arthritic condition (Kim
et al. 2015; Mbiantcha et al. 2017; Pope and Choy 2021).
The serum levels of ALP, CRP, and Rf were reduced in the
MF-treated experimental groups compared to that of HF
and CFA-induced arthritic rats. In addition, the radiographs
showed deterioration of bone architecture and increased ero-
sion in the CFA-induced rats, whereas the bone architecture
was restored to normal bone architecture in the HF and MF-
treated animals and especially in MF, they reverted in par
with the untreated controls. Similarly, the histopathology
results revealed that in CFA-induced rats, increased chronic
inflammatory tissue was found with active signs of inflam-
mation and tissue necrosis, whereas the MF-treated animals
exhibited normal tissue architecture without signs of active
inflammation, such as infiltration of inflammatory cells.
Hence, results indicate the anti-inflammatory effect of MF
in CFA-induced arthritic rats.

MMP3 and MMP-9 are matrix metalloproteases, bone-
degrading enzymes playing a critical role in synovial inflam-
mation, significantly degrading the bone matrix in the arthritic
condition, which has been implicated in chronic inflammatory
conditions (Sun et al. 2014; Xue et al. 2014). Besides, NF-xB
is regarded as a master regulator of inflammation implicated

in multiple diseases, including arthritis and cancer, exhibit-
ing multifaceted physiologic functions such as cell survival,
proliferation, and death (Liu et al. 2017). The expression lev-
els of MMP3, MMP-9 and NF-xB were upregulated in the
synovial tissue of the CFA-induced arthritic rats. In contrast,
the expression levels of MMP3, MMP-9 and NF-xB were sig-
nificantly reduced in the MF-treated groups compared to that
of HF-treated groups implicating the potent anti-inflammatory
property of MF of T.involucrata.

Conclusion

In the present study, the bioactive fraction of T. involucrata
Linn was identified with respect to the anti-inflammatory
property. From the in vitro anti-inflammatory assay, the
methanolic leaf extract was found to be highly effective
when compared to root extract. Thus, the leaf extract was
considered for bioactive fractionation using successive
solvent fractionation techniques. From the in vitro anti-
inflammatory assay, the HF and MF fractions were found
to be more effective. Thus, these two fractions were further
subjected to in vivo studies. Complete Freund’s adjuvant-
induced arthritis model was attained in Wistar male rats.
MF and HF treatment at two gradual doses (100, 250 mg/kg)
was started on daily administration for up to 25 days. Body
weight, food intake, and increase in hind paw size were mon-
itored on a weekly basis. Both the fractions (HF and MF)
have shown marked reduction in paw thickness, arthritic
score, serum parameters and, finally, evidenced by radiologi-
cal assessment. However, MF was found to be highly effec-
tive when compared to HF. Radiological and histopatho-
logical studies showed that MF restored normal bone and
tissue architecture in the experimental rats. Besides, western
blot analysis revealed the inhibition of MMP3, MMP-9 and
NF-kB in MF-treated groups compared to FCA-treated ani-
mals. Flavonoids and phenolic compounds like Quercetin,
rutin and gallic acid in MF might contribute to its significant
anti-inflammatory properties. Hence, it can be emphasized
that T. involucrata is a potent therapeutic candidate for treat-
ing inflammatory and related diseases.
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