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ABSTRACT

Background: Callicarpa macrophylla is used in traditional medicine to treat many disorders
including analgesic, antipyretic and anti-inflammatory. The aim of this study is to investigate the
ethanolic and ethylacetate extracts of C. macrophylla leaves against rheumatoid arthritis (RA).
Materials and Methods: Acute toxicity was studied in vivo to determine the toxic doses of
the ethanolic and ethyl acetate extracts. Anti-rheumatic activity was also evaluated in vivo using
formaldehyde and Complete Freund’s Adjuvant models in Wistar rats. After that paw volume
was evaluated by the digital Vernier caliper and blood sample was taken by retro-orbital plexus
route for the estimation of hematological marker and plasma was used for the estimation of liver,
kidney, and inflammatory markers. Further, the histopathology of the joint tissue was done by
sacrificing the under experimented animals. Results: At 200 and 400 mg/kg, the ethanol and
ethyl acetate extracts were the most active against RA. There was dose dependent reduction in
paw volume in both arthritic models as compared to the arthritic control. The results of biological
markers and hematological parameters were restored which were altered due to the progression
of arthritis. All these results were further supported with histopathology of joint tissue where
the extracts performed a reversal in inflammation and hyperplasia of synovium. The results of
this study concluded that C. macrophylla ethanol extracts have better anti-arthritic activity in
comparison with ethyl acetate extracts. Conclusion: The results of the present study support
the traditional use of the leaves of C. macrophylla and may possibly serve as prospective material
for further development of safe new pharmacoactive antirheumatic agents.

Keywords: Antirheumatic activity, Callicarpa macrophylla, Complete Freund’s Adjuvant-induced arthritis,
formaldehyde, rheumatoid arthritis

the development of RA is characterized by the presence of
arthralgia, edema, and redness of joints. The prevalence of RA
varies between 0.4% and 1% based on the ratio of women to

heumatoid arthritis (RA) is a chronic autoimmune
Riisease of synovial joints which can cause progressive
nd permanent disability by movement of inflammatory

cells into the synovial tissue. The risk factors for RA include
age, gender, genetics, and environmental exposure (cigarette
smoking, air pollutants, and occupational patterns). Sometime
RA can also affect the other vital organs such as dermal,
retinal, cardiovascular, renal, and pulmonary effects. Clinically

man was 3:1 and the in United States and North European
countries population generally suffered from this disease due
to their living habits.!"3) Women faced twice the progression
of severe disease symptoms due to genetic predisposition,
immunologic, lifestyle patterns, and environmental factors.
The progression of the RA is mainly due to the release of
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inflammatory cytokine mediators in the blood such as tumor
necrosis factor-oo (TNF-ot), interleukin-6 (IL-6), C-reactive
protein (CRP), T-cell receptor, and human leukocyte antigen.
If RA is left untreated, the patient may experience joint, tissue
and cartilage damage, results in severe disability, decreased
quality of life, the onset of co-morbidities, and premature
mortality.

The treatment of RA is achieved by different drugs
such as disease modifying anti-rheumatic drugs (DMARDs)
includes methotrexate, non-steroidal anti-inflammatory
drugs (NSAIDs), lefluonomide/teriflunomide, sulfasalazine,
chloroquine/hydroxychloroquine, and corticosteroids.
Recently biological DMARDs such as monoclonal antibodies
targeting TNF-receptor, B-lymphocyte antigen (CD20), IL-6
receptor, receptor activator of nuclear factor kappa-B ligand
(RANKL), and Janus kinase/signal transducers and activators
of transcription (JAK) have been tested in the treatment of
RA.P®) The pharmacological effects of RA using DMARDs are
mainly limited by the safety factor as usage of most of these
agents is associated with severe adverse events. The major
side effects observed with NSAIDS were patients suffered from
a gastrointestinal disturbance such as ulcer development,
gastrointestinal bleeding, and also impacts on cardiovascular
events. Further, sometimes RA recurrence could be observed in
patients on DMARDs treatment due to incomplete remission.
671 At present, there is no permanent solution for RA,
whereas most of the drugs available in the market were giving
symptomatic relief. Hence, the search of effective natural
drugs in the therapeutic management of RA would be the need
of last hour.

The oxygen metabolism played an important role in
the pathogenesis of RA. It had been noticed clinically as
well as in experimental studies that significant elevation
in reactive oxygen species (ROS) was observed in RA
suffering individuals which subsequently results in increase
in inflammatory markers rise that leads to damage of
synovial membrane.®1% The several antioxidants had
shown therapeutic adjuvant potential in the treatment of RA
preclinical studies. However, the best part for antioxidants
was the safety associated with these natural originating
agents."'12l Thereby the plant extracts have the significant
unexplored potential for the treatment of RA because plant
sources are rich in antioxidants.

In this study, we have explored the plant Callicarpa
macrophylla to evaluate anti-arthritic activity in animal
models, popularly known as Priyangu, which was previously
evaluated for antioxidant activity.’® C. macrophylla is a
traditional plant used in regulation of circulatory, digestive,
endocrine, respiratory, and skeletal systems as well as to
treat infectious diseases. The oil obtained from seeds of
C. macrophylla had shown analgesic, anti-inflammatory, and
anti-pyretic effects such as that of ibuprofen, paracetamol, and
indomethacin.l'* Further, the aqueous and ethanolic extracts
of C. macrophylla roots and leaves had shown analgesic
and anti-inflammatory potentials in tail immersion test and
carrageenan paw edema models.">®! In this study, we have
explored the pharmacological anti-rheumatic effect of both
extracts (ethanol and ethyl-acetate) of C. macrophylla leaves
in arthritis-induced animals.

MATERIALS AND METHODS
Plant Extraction

Dried leaves of C. macrophylla (Verbenaceae) were
purchased from a commercial herb market in Pune and
authenticated by Dr. G.S. Kritikar, Head Pharmacognosist,
Samanthak enterprises, Pune (Voucher specimen number
SE/AC/2019/05). All the chemicals, reagents, and kits used in
this study were of analytical grades and the plasma parameters
were performed using commercially available kits from
Accurex. The inflammatory markers were also estimated by
the kit of Sigma-Aldrich procured from commercial suppliers.

Extract Preparation

The dried leaves of C. macrophylla (1 Kg) were powdered. The
crude drug was first defatted with petroleum ether and then
consequently residues were extracted successively with ethyl
acetate and ethanol solvent in Soxhlet apparatus. The filtrate
was evaporated using rotary evaporator to obtain the extract
used for pharmacological evaluation.[”? Callicarpa macrophylla
the yield of the extracts were 8.56% (crithmum maritimum
[CM] ethyl acetate extract) and 7.24% (CM ethanolic extract).

Preliminary Phytochemical Screening

The preliminary phyotochemical screening of active plant
constituents in the ethyl acetate and ethanol extracts was done
according to the procedure described by Kokate et al., 2007.

Experimental Animals

The Albino Wistar rats were obtained from the Department
of Pharmacology, Pinnacle Biomedical Research Institute,
Bhopal after obtaining Institutional Animal Ethics Committee
approval with reference number (PBRI/IAEC/2019/12-
21/009). Animals were kept at controlled temperature (22 =+
2°C) and relative humid (55 = 5%) conditions. Animals were
acclimatized and quarantined for 1 week before initiation of
experimental work. The food and water were maintained ad
libitum to rats throughout the experimental period.

Acute toxicity studies

Acute toxicity study was performed as per OECD Guidelines
423 to calculate the therapeutic dose. The dose levels of the
extracts used were 5, 50, 300, and 2000mg/kg body weight.
The rats were overlooked for behavioral alterations for the first
four hours after the dose administration and then examined
day-to-day for 14 days.

Pharmacological evaluation of anti-rheumatic Activity
Formaldehyde-induced Rat Paw edema Model

The animals were divided into seven groups, each group
containing six rats. The Group 1 served as normal control
received only normal saline solution orally. The Group 2 was
arthritic control where animals received 0.1 mL of formaldehyde
was injected in the right hind paw of experimental rat. The
Group 3 served as a standard group received indomethacin
(10 mg/kg) in arthritis-induced animals. The Groups 4 and 5
animals received ethyl acetate extract of C. macrophylla leaves at
200 and 400 mg/kg. The Groups 6 and 7 received the ethanolic
extract of C. macrophylla leaves at 200 and 400 mg/kg of dosage.
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The plant extracts was administered orally to the animal 30 min
before the injection of formaldehyde and continued till 10 day.
Paw volume was evaluated on day 0, 2, 4, 6, 8, and 10 h after
formaldehyde administration using a digital Vernier caliper.[”!

Complete Freund’s adjuvant (CFA)-induced Rat Paw model

Animals were divided into seven groups, each group containing six
rats. The Group 1 served as normal control received only saline.
The Group 2 was arthritic control where animals received 0.1 mL
of formaldehyde in the right hind paw of rat. The Group 3 was
a standard group received indomethacin (10 mg/kg) in arthritic
animals. The Groups 4 and 5 animals received ethyl acetate extract
of C. macrophylla leaves at 200 and 400 mg/kg. The Groups 6 and
7 received the ethanolic extract of C. macrophylla leaves at 200
and 400 mg/kg of dosage. The plant extracts (both ethyl acetate
and ethanolic) was administered orally to the animal 30 min
before the administration of CFA and continued till 21" day. Paw
volume was evaluated on 4% h, 24% h, 2, 4, 8, 12, 16, and 21 days
after CFA administration using digital Vernier caliper.

Plasma parameters

After 21% day of CFA injection, blood samples were collected into
heparinized (purple colored) vials by puncturing into the retro-
orbital plexus using capillary tube after anesthesia animals and
analyzed for red blood corpuscles (RBCs), white blood cells
(WBCs), hemoglobin (Hb), and erythrocyte sedimentation rate
(ESR). The 0.5 mL of blood from each group was collected and
centrifuged to obtain clear plasma. This plasma samples were
used for the estimation of liver and kidney injury markers such
as alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), bilirubin, creatinine, blood
urea nitrogen (BUN), and uric acid. All the estimations were
performed using commercially available kits from Accurex.!”!

Histopathological studies

After sacrificing the animals, knee joint tissue was collected
and fixed in 10% buffered formalin, decalcified using 10%
EDTA for 30 days at 4°C, processed in graded alcohol and
xylene and embedded in paraffin. Sections measuring 5 u were
taken on the pre-coated slides and stained with hematoxylin
and eosin (H&E) reagent. The severity and extent of damage
were observed in each group under the compound microscope
and photographs were taken at different magnification.!”!

Estimation of inflammatory markers

The inflammatory markers such as TNF-o, IL-6, CRE and RF were
measured in plasma samples using kits from Sigma-Aldrich, USA.!”

Statistical Analysis

The data were reported as mean + SEM. The significance of
difference between multiple groups was evaluated using one-
way analysis of variance (ANOVA) followed by Bonferroni’s
test using GraphPad prism (version 7) software. A value of
P < 0.05 was considered significant.

RESULTS

The phytochemical screening of the extract showed the
presence of anti-oxidant compounds in the form of flavonoids
and phenolic compounds.

Paw Volume in Formaldehyde and CFA-
induced Arthritis

In formaldehyde-induced arthritic animals, there was a
significant increase (P < 0.001) in paw volume observed at all-
time points such as days 0, 2, 4, 6, 8, and 10. Positive control or
standard (Indomethacin) showed time-dependent significant
decline in paw volume comparison to arthritic control animals
at all-time points. The dose- and time-dependent significant
decline in paw volume by CME at 200 and 400 mg/kg was
shown from the day 2 to day 10. CMEA showed a significant
decline in paw volume only after days 6 at a dose of 200 and
400 mg/kg [Table 1 and Figure 1]. In CFA-induced arthritic
animals, there was a significant increase in paw volume
observed at all-time points such as 4 h, and 24 h, days 2, 4, 8,
12, 16, and 21 d. Positive control or standard (Indomethacin)
showed a significant decline in paw volume in comparison to
arthritic control animals after day 4 till day 21. CME at both the
doses caused dose- and time-dependent significant decline in
paw volume in comparison to arthritic control animals from day
2 to day 21. On the other hand, CMEA at the dose of 200 and
400 mg/kg showed significant decline in paw volume from day
12 and day 16, respectively, till day 21 [Table 2 and Figure 2].
Results from both of these animal models clearly showed
superiority of the ethanol extract than ethyl acetate extract.

Liver and Kidney Markers in CFA-induced
Arthritis

The significant increase (P < 0.001) in liver (AST, ALT, ALE and
bilirubin) and kidney (creatinine, BUN, and uric acid) markers
was observed in CFA-induced arthritic animals. The positive
control and the standard (Indomethacin) showed a significant
decline (P < 0.001) in all markers of liver and kidney tests in
comparison to arthritic control animals. The CME and CMEA at
200 mg/kg dose showed significant improvement in only AST
and bilirubin in comparison with arthritic control animals. The
CME at 400 mg/kg dose demonstrated a significant decline in
liver and kidney function marker except for creatinine and the
CMEA at 400 mg/kg produced significant declines in all liver
and kidney markers except ALT, creatinine, and BUN [Table 3
and Figures 3 and 4].

Hematological Markers in CFA-induced Arthritis: A significant
decrease in Hb levels, RBCs, and WBCs was observed in CFA-
induced arthritic animals, whereas ESR was significantly
increased. Positive control or standard (Indomethacin) showed
a reversal in Hb, RBCs, WBCs, and ESR when measured on
day 21. CME and CMEA at 400 mg/kg dose showed significant
improvement in Hb, RBCs, WBCs, and ESR whereas in CME
and CMEA group at 200 mg/kg only ESR was significantly
reduced [Table 4 and Figure 5].

Inflammatory Markers in CFA-induced
Arthritis

The increased inflammation is associated with a rise in pro-
inflammatory markers in plasma of animals. We observed a
significant increase in TNF-a,, IL-6, CRE and RF level in arthritic
control animals. CME at 400 mg/kg dose showed a significant
reduction of all these inflammatory markers when compared
with arthritic control animals [Table 5 and Figure 6].
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Table 1: Effects of different plant extract on paw volume of formaldehyde-induced arthritic animals

Treatment groups

Day of treatment

0 day 2 day 4 day 6 day 8 day 10 day

Normal Control 6.98+0.43 6.97+0.42 6.97+0.48 6.95+0.40 6.96+0.39 6.96+0.40
Arthritic control 8.47+0.36%* 9.66+0.66%* 12.56+0.84%** 13.94£0.77%** 14.52+1.46%** 16.70+1.38%**
Standard 7.76£0.72N8 8.18+1.17# 8.00+1.34## 6.77£1.20%* 6.06+0.54*# 5.65+0.46%#
CMEA (200mg/kg) 9.00+0.43 N8 10.08+0.34"¢ 13.13+0.43"8 12.18+0.33#* 11.75+0.44%* 11.17+0.43**
CMEA 400mg/kg 8.17+0.20M 9.94+0.41"8 12.56+0.75M8 11.76+0.62%# 10.86+0.42%# 9.98+0.41##
CME (200 mg/kg) 8.16+0.46" 8.09+£0.44## 8.01+0.43## 7.87£0.40%# 7.61+0.37## 7.44+0.37%#
CME (400 mg/kg) 8.29+0.52N¢ 8.22+0.52## 8.05+0.51#*# 7.69+0.44%# 7.27+0.37** 6.14+0.33**

All the values are expressed in mean+SEM and **P<0.01, ***P<0.001 versus normal control group; *P<0.05, #**P<0.01, *##P<0.001 versus arthritic control
group, NS- not significant. Data were analyzed by one-way ANOVA followed by Bonferroni test (n=6). CMEA: Callicarpa macrophylla ethyl acetate extract,

CME: Callicarpa macrophylla ethanolic extract
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Figure 2: Paw volume by complete Freund’s induced arthritis

Histopathological Studies of Joint Tissue

The Group 1 (normal control) showed normal joint space,
normal adjacent soft tissue, and cartilage. The Group 2
(arthritic control) showed marked synovial hyperplasia,
inflammatory cell infiltration, and cartilaginous bone
destruction. The Group 3 (standard group) showed a good
reduction in inflammatory cells and less hyperplasia. Whereas
in Groups 4-5, ethanolic extract (200 and 400 mg/kg)
showed less reduction in inflammatory cells and hyperplasia
of synovium tissue compared to Groups 5-6 which received
ethylacetate (200 and 400 mg/kg) extract and showed
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Figure 4: Effects of the extracts on kidney markers

better reduction when compared with the CFA treated group
[Figure 7].

DISCUSSION

RA is a systemic auto-immune disease which is primarily
manifested in joints, leading to pain, and inflammation of the
joints.8! Several synthetic and biological agents have been
tried, but majority of them failed due to serious adverse events.
Hence, there is a call for safe and effective medicines. There
were several hearsay in the literature where plant extracts
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Table 2: Effects of plant extracts on paw volume of Complete Freund’s adjuvant (CFA)-induced arthritic animals

Treatment Days of treatment
groups

4h 24 h 2 day 4 day 8 day 12 day 16 day 21 day
Normal 3.95+0.29 3.97+0.29 3.96+0.29 3.97+0.29 3.97+0.29 3.97+0.29 3.97+0.29 3.98+0.29
Control
Arthritic 6.00+0.16** 8.05+0.32*** 8.63+0.28*** 10.28+0.25*** 12.65%+0.65*** 12.93+0.55*** 13.33+0.57*** 15.76+0.74***
control
Standard 6.15+0.46%  7.70+0.78%  9.12+0.60" 8.16+0.33* 6.13+0.55%* 4.69+0.35%*# 4.15+0.24"%  4.05+0.22%*
CMEA 6.24+0.15%  7.43+x0.47%  9.06=0.72%  12.13+0.83%  12.08+0.83%  12.02+0.81%  11.9+0.77** 11.14%+0.78"*
(200mg/kg)
CMEA 6.21+0.15%  8.20*0.46™ 10.32+0.75*% 12.08+0.34%  11.93+0.32%  11.61+0.30** 10.96+0.20**  9.61+0.38**
400mg/kg
CME 6.32+0.14N  8.71+0.36™ 10.67+0.47#* 12.17+0.85"  11.72+0.72"  11.04+0.61**  9.91+0.52** 9.17+0.77%*
(200 mg/kg)
CME 6.03+0.13%  8.59+0.52% 10.20+0.71* 10.19+0.45**  9.74+0.26** 8.80+0.41%# 7.59+0.81%# 7.14+0.61**

(400 mg/kg)

All the values are expressed in Mean+SEM and **P<0.01,

P<0.001 versus normal control group; *P<0.05, **P<0.01, **#P<0.001 versus arthritic control

group. Data were analyzed by one-way ANOVA followed by Bonferroni test (n=6). CMEA: Callicarpa macrophylla ethyl acetate extract, CME: Callicarpa

macrophylla ethanolic extract

Table 3: Effects of different plant extract on liver and kidney function tests

Groups AST ALT ALP Bilirubin Creatinine BUN Uric acid
Normal Control 142.66+5.48 51.56=8.90 112.73+3.33 0.55+0.11 0.9+0.31 18.23+1.23 4.49+0.54
Arthritic control 199.19+5.44**  83.68+7.39**  206.52*7.42***  2.77+0.10*  2.42+1.24**  43.30%=5.33* 10.70%=1.79**
Standard 150.28+8.06"** 46.85+4.84#*## 117.38+4.13*#* 0.61%+0.18**# 0.58+0.14*## 14.33+1.98%#*# 4.86+0.61"**
CMEA (200 mg/kg)  187.53+4.91N  81.78+3.97%  193.15+4.65 NS 2.35+0.13* 2.10£0.15™  38.86%+4.72"  9.00%+0.19 ™
CMEA 400 mg/kg 176.62+6.31% 69.54+4.27N 163.34+6.87* 2.10+0.14* 1.73+0.12%  34.48+4.82Ns 7.61+0.52%
CME (200 mg/kg) 181.51+6.39* 75.43+6.68"  184.05+17.34 N  2.06+0.10* 1.90%+1.22N  35.27+3.13%  8.74%+0.75™
CME (400 mg/kg) 172.38+4.58* 66.30+5.79% 143.82+6.93% 1.79+0.21% 1.51+0.36"¢ 30.80+0.84% 6.27+0.31*

All the values are expressed in mean+SEM and **P<0.01, ***P<0.001 versus normal control group; *P<0.05, #*P<0.01; #**#P<0.001 versus arthritic control
group. Data were analyzed by one-way ANOVA followed by a Bonferroni test (n=6). CMEA: Callicarpa macrophylla ethyl acetate extract, CME: Callicarpa
macrophylla ethanolic extract, AST: Aspartate transaminase, ALT: Alanine transaminase, ALP: Alkaline phosphatase, BUN: Blood urea nitrogen

Table 4: Effects of different plant extracts on hematological parameters

Treatment groups Hb RBCs WBCs ESR
Normal Control 14.34=1.04 7.44+0.80 7.58+0.65 3.35+0.62
Arthritic control 10.29+0.94** 5.30+0.79* 5.99+0.34* 10.00+0.40**
Standard 13.15+1.94%# 7.28+0.97* 7.83+0.49% 3.87+0.64*%
CMEA (200 mg/kg) 10.64+0.57 N8 6.37+0.44% 7.69+0.12Ns 5.00+0.34%#
CMEA 400 mg/kg 12.20+1.22M 6.78+0.50° 8.18+0.87## 4.11+0.64%*
CME (200 mg/kg) 11.90+1.64" 6.63+0.96° 7.73+1.08"¢ 5.27+0.50%#
CME (400 mg/kg) 13.74+1.62## 7.64+1.33%# 8.01+1.20%# 5.08+0.33%#

All the values are expressed in Mean+SEM and *P<0.05, **P<0.01 versus normal control group; *P<0.05; **P<0.01 versus arthritic control group. Data were
analyzed by one-way ANOVA followed by a Bonferroni test (n=6). CMEA: Callicarpa macrophylla ethyl acetate extract, CME: Callicarpa macrophylla ethanolic
extract, Hb: Hemoglobin, RBCs: Red blood cells, WBCs: White blood cells, ESR: Erythrocyte sedimentation rate

Table 5: Effect of different plant extract on inflammatory markers

Groups

IL-6

TNF-o

CRP mg/ml

RF IU/L

Normal Control
Arthritic control
Standard

CME (400 mg/kg)
CMEA (400mg/kg)

29.92+0.11

31.76+0.24

72.17+0.81%**
43.48+0.28%*
46.80+0.187

45.04+0.487**

68.94+£0.51%**
41.16x0.66%*
45.72+0.14%

44.07+0.651**

12.14+0.24
25.21£0.41%**
18.23+0.58##
14.78+0.187
7.07+0.238**

2.7+0.23

61.14+£0.47%**
31.73+0.77#
37.95+0.61%

34.75+0.606**

All the values are expressed in mean+SEM and ***P<0.001 versus normal control group; *P<0.05, **P<0.01 versus arthritic control group. Data were analyzed
by one-way ANOVA followed by a Bonferroni test (n1=6). CME: Callicarpa macrophylla ethanolic extract, CMEA: Callicarpa macrophylla ethyl acetate extract
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have been used as a source of antioxidant to replenish depleted
antioxidant level in RA." These medicinal plants could be

extracted for the isolation of different phytoconstituents and
evaluated for pharmacological studies which could reveal a

natural therapeutic agent with fewer side effects. We have
16 - investigated pharmacological effects of the ethyl acetate and
ethanol extract of CM leaves in animal model of RA. The RA in
animals was studied using two different animal models such

14
12

§ 10 as formaldehyde and CFA-induced RA models.!*”! We observed
E 8 a significant dose and time dependent increase in paw
g% mHb volume in both of these animal models in all groups except
4 HRBCs the normal group which was corresponded with the previous
2 " WBCs studies utilizing same animal models.?*?¥ We observed potent
¢ mESR dose- and time-dependent reduction in paw volume measured

at different time points by the CMEA and CME extracts.
Further, the ethanol extracts of plant was having better activity
than ethyl acetate extract of CM leaves. There was a significant
increase in liver and kidney injury markers which is matched
with different studies carried out in the past on the same
model.>2¢ Further, the CM showed significant reduction in
these injury markers and ethanol extract was showing better
protection than ethyl acetate extract. The abnormal changes
in hematological parameters were observed in CFA-induced
arthritic animal models, which were correlated with the
previous studies carried out on the same model./? All these

Normal Control
Arthritic control
Standard

CME (200 mg/kg)
CME (400 mg/kg)
CMEA (200mg/kg)
CMEA (400mg/kg)

Treatment groups

Figure 5: Effects of the extracts on blood markers

80 4

~
o
L

@
o
L
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of RA.?” There were studies which suggested relationship
between TNF-o. and T-effector and T-regulator cells which
were the main cause for RA.1?®! Similar kind of correlation
between IL-6 and RA pathophysiology had been observed in
the previous reports.?>-321 All these changes were normalized
by C. macrophylla extracts at higher dose of 400 mg/kg. The
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Figure 7: Effect of crithmum maritimum leaves ethyl acetate and ethanol extract (200 and 400 mg/kg) on the histo-architecture of joints tissues in
Complete Freund’s adjuvant-induced arthritis. Images of hematoxylin and eosin stained sections (magnification: x10). (a) Group 1: Normal control
represents the normal soft tissue and cartilage. (b) Group 2: Arthritic control represents infiltration of inflammatory cells, and synovial hyperplasia,
complete destruction of articular tissue and fully inflamed synovial tissues and thinning of articular cartilage. (c) Group 3: Standard represents
the decreased hyperplasia and inflammatory cell infiltration was scanty, smooth and monolayer of synovial cell lining. (d) Group 4: Callicarpa
macrophylla ethyl acetate extract (CMEA) (200 mg/Kg) represents the moderate inflammation, synovitis, and moderate thinning of articular cartilage.
(e) Group 5: CMEA (400 mg/Kg) represents mild inflammation in the internal lining of the joints and small permeation of cells. (f) Group 6: C. macrophylla
ethanolic extract (CME) (200 mg/Kg) represents moderate synovitis, moderate inflammation of cells and bone erosion. (g) Group 7: CME (400 mg/Kg)
represents intact synovial cells, prominent plasma cells and decreased proliferation of synovial cells and inflammatory cells
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C. macrophylla ethanolic extracts were having better anti-
rheumatic activity than ethyl acetate extract. The CRP was
an inflammatory marker derived from hepatocytes. The level
of CRP usually increased in most of the acute inflammatory
conditions. Further, during the inflammatory process, the
CRP level increases due to increased concentration of IL-6
in plasma, which was produced by increased circulating
macrophages as well as adipocytes.**3¢! The significant
increase in CRP level, which was attenuated with CM ethanol
extract treated rats. The most conclusive evidence for the
therapeutic efficacy of C. macrophylla leaves extract in CFA-
induced arthritic animals resulted from the histopathological
status of joints revealed by extract treated groups. The
reduction in joint injury, evidenced from reduced synovial joint
hyperplasia, inflammatory cell accumulation reduction, and
cartilage destruction. Further, histopathology of the ethanolic
C. macrophylla extract showed better prevention and healing
of histoarchitecture than ethyl acetate C. macrophylla extract.
The results of this study concluded that the antioxidants
such as flavonoids, phenolic, and steroidal compounds
would be the possible factor responsible for its antiarthritic
activity that might results intracellular signaling through
reduction of oxidative stress, inflammation, and immune-
modulation. Thereby, this plant extracts could be studied
as a potent natural remedy by isolation, characterization
and identification of lead compounds responsible for the
management of RA in the future.

CONCLUSION

On the basis of our results, we conclude that the arthritic rats
when provided with the ethanolic and ethyl acetate extract
of C. macrophylla, their inflammatory mediators such as IL-6
and CRP were lowered. The serum bilirubin, creatinine, blood
urea nitrogen, and uric acid also decreased upon ingestion of
C. macrophylla leaves extracts for 14 days. Besides this, the dose
was also effective in protecting the liver, kidney, and synovial
membrane from abnormalities. Thus, the polar extracts of
C. macrophylla possess a great anti-rheumatic potential which
could be used in future to cure arthritis associated symptoms
and might prove as one of the potent herbal medicine.

ACKNOWLEDGMENT

The authors are thankful to Jaipur National University,
Rajasthan for providing guidance and operational requirements
for project work.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J. Rheumatoid
arthritis: Pathological mechanisms and modern pharmacologic
therapies. Bone Res 2018;6:15.

2.  Bullock J, Rizvi SA, Saleh AM, Ahmed SS, Do DB Ansari RA,
et al. Rheumatoid arthritis: A brief overview of the treatment.
Med Princ Pract 2018;27:501-7.

3. Intriago M, Maldonado G, Cdardenas J, Rios C. Clinical
characteristics in patients with rheumatoid arthritis: Differences
between genders. ScientificWorldJournal 2019;2019:8103812.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Handa R, Rao UR, Lewis JE Rambhad G, Shiff S, Ghia CJ.
Literature review of rheumatoid arthritis in India. Int J Rheum
Dis 2016;19:440-51.

Aletaha D, Smolen JS. Diagnosis and management of rheumatoid
arthritis: A review. JAMA 2018;320:1360-72.

Schett G, Tanaka Y, Isaacs JD. Why remission is not enough:
Underlying disease mechanisms in RA that prevent cure. Nat Rev
Rheumatol 2021;17:135-44.

Araki Y, Mimura T. The mechanisms underlying chronic
inflammation in rheumatoid arthritis from the perspective of the
epigenetic landscape. J Immunol Res 2016;2016:6290682.
Mirshafiey A, Mohsenzadegan M. The role of reactive oxygen
species in immunopathogenesis of rheumatoid arthritis. Iran J
Allergy Asthma Immunol 2008;7:195-202.

Gelderman KA, Hultqvist M, Olsson LM, Bauer K, Pizzolla A,
Olofsson B et al. Rheumatoid arthritis: The role of reactive oxygen
species in disease development and therapeutic strategies.
Antioxid Redox Signal 2007;9:1541-67.

da Fonseca LJ, Nunes-Souza V, Goulart MO, Rabelo LA. Oxidative
stress in rheumatoid arthritis: what the future might hold
regarding novel biomarkers and add-on therapies. Oxid Med Cell
Longev 2019;2019:7536805.

Jaswal S, Mehta HC, Sood AK, Kaur J. Antioxidant status in
rheumatoid arthritis and role of antioxidant therapy. Clin Chim
Acta 2003;338:123-9.

Lee JH, Kim GH. Evaluation of antioxidant and inhibitory
activities for different subclasses flavonoids on enzymes for
rheumatoid arthritis. J Food Sci 2010;75:H212-7.

Sharma GN, Kaur H, Shrivastava B, Arora SC. Comparative
in vitro antioxidant activity of ethyl acetate and ethanol extracts
of Callicarpa macrophylla. Asian J Pharm Clin Re. 2021;7:31-35.
Chandra M, Prakash O, Kumar R, Bachheti RK, Bhushan B,
Kumar M, et al. -Selinene-rich essential oils from the parts of
Callicarpa macrophylla and their antioxidant and pharmacological
activities. Medicines (Basel) 2017;4:52.

Yadav V, Jayalakshmi S, Singla RK, Patra A, Khan S. Assessment
of anti-inflammatory and analgesic activities of Callicarpa
macrophylla Vahl. roots extracts. Webmed Cent Pharmacol
2012;3:WMC003366.

Yadav V, Jayalakshmi S, Patra A, Singla RK, Patra A, Khan S.
Investigation of analgesic & anti-pyretic potentials of Callicarpa
macrophylla Vahl. leaves extracts. Int J Med Mol Med 2012;3:1-7.
Kothavade PS, Bulani VD, Deshpande PS, Chowdhury AS,
Juvekar AR. The petroleum ether fraction of Celastrus paniculatus
Willd. seeds demonstrates anti-arthritic effect in adjuvant-
induced arthritis in rats. J Trad Chin Med Sci 2015;2:183-93.
Chinnasamy V, Subramaniyan V, Chandiran S, Kayarohanam S,
Kanniyan DC, Velaga VS, et al. Antiarthritic activity of Achyranthes
aspera on formaldehyde-induced arthritis in rats. Open Access
Maced J Med Sci 2019;7:2709-14.

Wu S, He X, Wu X, Qin S, He J, Zhang S, et al. Inhibitory effects
of blue honeysuckle (Lonicera caerulea L) on adjuvant-induced
arthritis in rats: Crosstalk of anti-inflammatory and antioxidant
effects. J Funct Foods 2015;17:514-23.

Lee YH, Choo C, Watawana MI, Jayawardena N, Waisundara VY.
An appraisal of eighteen commonly consumed edible plants as
functional food based on their antioxidant and starch hydrolase
inhibitory activities. J Sci Food Agric 2015;95:2956-64.

Ali EA, Barakat BM, Hassan R. Antioxidant and angiostatic effect
of Spirulina platensis suspension in complete Freund’s adjuvant-
induced arthritis in rats. PLoS One 2015;10:e0121523.

Vysakh A, Ratheesh M, Rajmohanan TE Pramod C, Premlal S,
Girish Kumar B, et al. Polyphenolics isolated from virgin coconut oil
inhibits adjuvant induced arthritis in rats through antioxidant and
anti-inflammatory action. Int Inmunopharmacol 2014;20:124-30.
Khashaee S, Manaheji H, Nikzad N, Zaringhalam J. Anti-
hyperalgesic and anti-inflammatory effects of long term calcium

694 http://www.tjps.pharm.chula.ac.th

TJPS 2022, 46 (6): 688-695



Kaur, et al.: Callicarpa macrophylla antirheumatic activity in arthritic animals

24.

25.

26.

27.

28.

29.

administration during adjuvant-induced arthritis in rats. J Cell
Mol Anesth 2015;1:12-8.

Li E Li H, Luo S, Ran Y, Xie X, Wang Y, et al. Evaluation of the
effect of andrographolide and methotrexate combined therapy
in complete Freund’s adjuvant induced arthritis with reduced
hepatotoxicity. Biomed Pharmacother 2018;106:637-45.

Banji OJ, Banji D, Soumya N, Chilipi KK, Kalpana CH, Kranthi Kumar
CH, et al. Combination of carvacrol with methotrexate suppresses
Complete Freund’s Adjuvant induced synovial inflammation with
reduced hepatotoxicity in rats. Eur J Pharmacol 2014;723:91-8.
Mahdi HJ, Khan NA, Asmawi MZ, Mahmud R, A/L Murugaiyah V.
In vivo anti-arthritic and anti-nociceptive effects of ethanol
extract of Moringa oleifera leaves on complete Freund’s adjuvant
(CFA)-induced arthritis in rats. Integr Med Res 2018;7:85-94.
Brennan FM, Maini RN, Feldmann M. TNF alpha-a pivotal role in
rheumatoid arthritis? Br J Rheumatol 1992;31:293-8.

Farrugia M, Baron B. The role of TNF-o. in rheumatoid arthritis:
A focus on regulatory T cells. J Clin Transl Res 2016;2:84-90.
Srirangan S, Choy EH. The role of interleukin 6 in the
pathophysiology of rheumatoid arthritis. Ther Adv Musculoskelet
Dis 2010;2:247-56.

30.

31.

32.

33.

34.

35.

36.

Yoshida Y, Tanaka T. Interleukin 6 and rheumatoid arthritis.
Biomed Res Int 2014;2014:698313.

Choy E. Interleukin 6 receptor as a target for the treatment of
rheumatoid arthritis. Ann Rheum Dis 2003;62 Suppl 2:i68-9.
Strand V, Boklage SH, Kimura T, Joly E Boyapati A, Msihid J. High
levels of interleukin-6 in patients with rheumatoid arthritis are
associated with greater improvements in health-related quality of
life for sarilumab compared with adalimumab. Arthritis Res Ther
2020;22:250.

Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S. CRP increment
due to rise in IL-6 produced predominantly by adipocytes. Am J
Physiol Heart Circ Physiol 2005;288:H2031-41.

Pepys MB, Hirschfield GM. C-reactive protein: A critical update.
J Clin Invest 2003;111:1805-12.

McConkey B, Crockson RA, Crockson AR Wilkinson AR. The
effects of some anti-inflammatory drugs on the acute-phase
proteins in rheumatoid arthritis. QJM: Int J Med 1973;42:785-91.
Vetal S, Bodhankar SL, Mohan V, Thakurdesai PA. Anti-
inflammatory and anti-arthritic activity of Type-A procyanidine
polyphenols from bark of Cinnamomum zeylanicum in rats. Food
Sci Hum Wellness 2013;2:59-67.

695

http://www.tjps.pharm.chula.ac.th

TJPS 2022, 46 (6): 688-695



