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ABSTRACT

Objective

The persistent need to discover plant species with anti-arthritic properties prompted the investigation of A. racemosa
Wight. The objective is to study anti-arthritic attributes of ethanolic extracts made from A. racemosa leaves and stems.
Methods

Using in vivo model, the anti-arthritic property was evaluated. Acute toxicity was performed as per OECD strategies to
determine dose. Formaldehydeinduced model was used to investigate anti-arthritic action. 200 mg/kg of ethanolic
extracts of leaves and stems were given orally. To know the antiarthritic potential of A. racemosa radiology as well as
histopathology was performed.

Results

The stem ethanolic extract demonstrated significant reduction in arthritis by showing 49.65% inhibition than leaf
ethanolic extract which shows 38.89% inhibition. Chemical examination of the plant's ethanolic leaf and stem extracts
shown existence of flavonoids, terpenoids, and steroids. Antiarthritic activity of A. racemosa is supported by

histopathology, radiology and haematological analysis.
Conclusion

This study indicates that A. racemosa may be useful as a bioactive chemical source for the treatment of inflammatory

disorders and orthopedic pain.
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INTRODUCTION

Arthritis, a chronic inflammatory complaint distressing
joints, is a leading cause of disability worldwide.
Conventional treatments often exhibit limited efficacy and
are associated with adverse effects.!® Hence, there is a
growing interest in exploring natural sources for potential
anti-arthritic agent.A. racemosa Wight, a medicinal plant
found in various regions, has been traditionally used for
management of asthma, bronchitis, allergy, cough, etc.*®
Plant extracts are analysed for phytochemical screening in
order to find bioactive chemicals. The therapeutic qualities
of medicinal plants are frequently influenced by these
secondary metabolites. A. racemosa may include
alkaloids, flavonoids, terpenoids, steroids, and other
constituents, according to preliminary phytochemical
analyses.”® Furthermore, a comprehensive
pharmacological assessment is necessary to ascertain A.
racemosa’s anti-arthritic effect. To investigate the
mechanisms behind its anti-arthritic properties, in vivo
investigations will be carried out, with a specific focus on
pathways implicated in the etiology of arthritis.
Comprehending the pharmacological characteristics of this

plant can yield significant knowledge for creating novel
treatment approaches to combat arthritis.%*

A. racemosa Wight often called wild lime, is an evergreen
up to medium sized tree in the Rutaceae family2. It can
tolerate a variety of soil types and grows well in tropical
and subtropical environments'®4. The lanceolate, glossy
leaves, fragrant white flowers in racemes, and spherical to
ovoid berries that mature to orange or yellow are the
morphological characteristics of A. racemosa. Many plant
parts, including leaves, fruits, and bark, are used in
Ayurvedic medication due to their supposed anti-
inflammatory and digestive qualities. The plant's usage in
traditional medicine dates back many years'>!6, The plant's
historic applications and the necessity for more research
motivate the decision to start a thorough investigation that
includes phytochemical screening and pharmacological
evaluations'’.

This research aims to bridge the traditional knowledge of
A. racemosa with modern scientific methods, laying the
groundwork for its utilization as a potential anti-arthritic
agent. To further understand the therapeutic potential of A.
racemosa in the context of arthritis care, it is important to
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Table 1: Anti-arthritic activity

Groups PawEdema in Mm

Day0 Day? Day4 Day6 Day8 Day10
Group | 3.93£0.05™  3.95+0.23"™  3.96+0.56"™ 3.99+0.42" 3.98+0.15™  3.77+£0.19™
Group Il 4.65+0.08™  8.92+0.17" 11.621+0.34"  11.54+0.19" 11.57+0.34" 11.62+0.39"
Group 11 3.79£0.18™  7.31+0.26™  9.72+0.34™ 7.5+£0.35™ 4,91+0.42™  4.83+0.26™
Group IV 4.69+£0.24™  8.84+0.54™  10.33+0.23™  9.42+0.24™ 6.19+0.47"  5.85+0.15™
Group V 3.59+0.22™  8.27+0.18™" 10.18+0.28™"  9.33+0.48™" 7.23£0.477  7.1+0.32""

The results showed a one-way ANOVA followed by a Dunnet t test, and they are presented as the mean + SEM (n=6).
With a p-value of 0.05 or higher, it is not clinically significant. A significance level of *P <0.05, **P <0.01, and ***P

<0.001 was set. as compared to the arthritis control group.

combine phytochemical screening with pharmacological
investigation.

MATERIALS AND METHODS

Materials

Plant material: Originating in Satara, Maharashtra, the A.
racemosa plant was gathered from Kas platue.The
botanical specimen was placed in Botanical Survey of
India's repository in Pune, accompanied by a voucher
specimen number Ref. No.BSI/WRC/Iden.
Cer./2021/2505210007300. The stem and leaves were
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dried under shade and converted to powder.

Extract Preparation

The Soxhlet device was used to extract both powder
materials using ethanol as the solvent'®. After drying the
extract, the yield was quantified!®%,
Preliminary testing for phytochemicals

To find the phytocomponents in
phytochemical screening was performed?*22,
Experimental animals

Experimentations were carried out using Wistar Albino
rats from animal house and for seven days leading up to

the extracts,
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Figure 1: Change in paw edema in arthritis induced by Formaldehyde

Percentage Inhibition

70
60
50

2nd day 4th Day

B Group llI

40

30

20

< | iI=sx i1
. = ]

6th Day

8th Day 10th Day

B Group IV mGroupV

Figure 2: Percentage inhibition of Formaldehyde induced paw edema
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Table 2: % inhibition of paw edema

Groups Day2 Day4 Day6 Day8 Dayl0
Group IIl 1805 16.35 3500 5756 5843
Group IV 0.89 1111 1837 46.49 49.65
GroupV 7.28 12.4 19.15 3751 38.89

the experiment, the room was kept at standard temperature
and humidity, with the animals fed a standard rodent food
and given unlimited access to water. The experimental
conditions were maintained by keeping temperature at 22+
2°C and the relative humidity at 55+ 5%. When required,
animals were fed nothing for twelve hours before an
experiment. This investigation was permitted by Animal
Ethical Committee of Invitox R and D institute, Undri,
Pune (IRDI/IAEC/M03/05/2024-25)%,

Acute toxicity study

Wistar albino rats were used in this study in accordance by
OECD guidelines, with three rats per group and the
ethanolic extracts of leaves and stems were administered
by oral gavage. These animals were observed for 24hrs
and daily for 7 days?®*.

Anti-arthritic activity

Acrthritis induced by Formaldehyde

This model is used for assessing chronic anti-
inflammatory effect of different drugs. This model is
closely related with human arthritis?®. 5 groups of 6 rats

were made such as Group I: received 3ml/kg distilled
water p. 0., Group II: received Formaldehyde 0.1 ml (2%),
Group I1I: received indomethacin 3mg/kg p.o., Group IV
and V: Treatment groups which receives ethanolic extract
of stem and leaves respectively (200mg/kg p.o.). On the 1%
and 3 day of the experiment, rats were injected with a
formaldehyde solution into subplantar area of right hind
paw in order to induce a chronic phase of inflammation.
For a duration of 10 days, the oral administration of
Indomethacin and both extracts was carried out®®. Paw
thicknesses of rats were measured on days 0, 2, 4, 6, 8 and
10 using a digital caliper.?” The % inhibition of paw
edema was determined?®,

Using CO; as an anesthetic, animals were sacrificed at the
last stage of the experiment?®. RBCs, WBCs, and
haemoglobin contents were measured in blood samples
that were obtained via the retro-orbital method.* Rats with
arthritis produced by formaldehyde had their proximal
interphalangeal joints removed, preserved in 10%
formalin, and used in histological investigations. The
radiographs were taken of the hind legs®..

Assessment of haematological parameters

Assessment of RBC, WBC counts, haemoglobin content
and erythrocyte sedimentation rate were carried out. Also,
C-reactive protein (CRP) was measured using standard
Kits.

Radiological study

The experimental animal’s hind paws were radiographed
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Figure 3: Body weight determination
Table 3: Body weight determination
Groups Body weighting
Day0 Day?2 Day4 Day6 Day8 Dayl10
Group | 297417 303114 " 317426 309+18" 327429 328+31"™
Group Il 283126 " 269+39" 254+43" 269+37" 242+13" 258+28"
Group 11 306+27 " 287+32™ 264+23" 292422 319437 325+43"
Group IV 278+31"™ 27147 283+36™" 26727 296+32™ 306+38""
Group V 308+24 " 277+19™ 296+13™" 3124217 315+23™ 319+39™"

The data are presented as the mean £ SEM (n=6), produced by a one-way ANOVA followed by a Dunnet t test. P>0.05
indicates that the result is not significant. The significance levels are as follows: *P <0.05, **P <0.01, and ***P <0.001.

in contrast to the arthritis control group.
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Table 4: Effect on haematological parameters

Groups  Treatment and Dose Hb mg/dl WBC RBC ESR (10° Cells/
X10%/ mm? X108/ mm? ul of blood)

| Normal 12.8+1.12 6.1+0.23 6.54+0.46 4,99+0.23

| Control 09.8+0.78" 15.4+0.65" 4.36+1.02" 15.89+0.58"

1l Standard 11.9+0.36™ 10.3+0.34™ 5.54+0.46™ 6.75+0.84™

v Ethanolic Extract of stem 11.1+1.12™ 10.1+0.78™"  6.07+0.65"" 6.14+0.69™"

\Y Ethanolic Extract of leaves 10.7+0.89™" 12.4+0.56™"  5.04+0.46™" 7.10+0.39™"

Findings are presented as the mean + SEM (n=6), after a one-way ANOVA and a Dunnet t-test. There is no statistical
significance, with a p-value of 0.05 or higher. ***P <0.001, **P <0.01, *P <0.05 contrasted with the arthritis control

group.

Table 5; Effect on C reactive proteins

Groups  Treatment and Dose CRP (mg /L)

I Normal 6.34+0.68

I Control 12.47+0.48"

" Standard 7.63+0.65™

v Extract of stem of A. 8.56+0.48™"
racemosa plant

\% Extract of leaves of A. 10.47+0.78™"

racemosa plant
Findings are presented as the mean + SEM (n=6), after a
one-way ANOVA and a Dunnet t-test. There is no
statistical significance, with a p-value of 0.05 or higher.
*Compared to the arthritis control group, *P <0.05, **P
<0.01, ***P <0.001.

and checked for bone erosion?2.

Histopathological study

The hind paw was taken apart, the interphalangeal joints
were cleaned with saline, and 10% formalin was applied
for 24 hours. Eosin-hematoxylinstain was applied to the
sections and they were studied below an optical
microscope®®.

Statistical analysis

The mean £ SEM is utilised in the data. Two statistical
tests, Dunnet's multiple comparison test and one-way
ANOVA were used.

RESULTS

Preliminary testing for phytochemicals

The ethanolic stem extract had a yield of 7.6% and the leaf
extract of 9.5%. The initial phytochemical examination
uncovered a variety of compounds, including glycosides,
alkaloids, saponins, terpenoids, and flavonoids.

Acute oral toxicity study

The ethanolic stem and leaf extract was safe and effective
up to 2000 mg/kg. For this reason, the in vivo actions were
evaluated at a dosage of 200 mg/kg.

Anti-arthritic activity

The result was given in Table 1. On 10" day, treatment
with both extracts significantly reduced swelling in
comparison to the arthritis induced group. % inhibition of
paw edema on the 10" day was 58.43% for the standard,
49.65% for the ethanolic extract of stems, and 38.89% for
the ethanolic extract of leaves (Figure 1, Figure 2, Table
2).

Table 3 shows the weight gain for each treatment group on
the tenth day relative to their starting weight. The rats in
the arthritis control group experienced a loss in body
weight, whereas those treated with extracts and
indomethacin exhibited rise in body weight (Figure 3).
Haematological analysis

In arthritic control group, WBC count rises while RBC
count and haemoglobin content reduces significantly. In
contrast, the groups treated with the ethanolic extracts of
stem and leaves, and standard treatment, exhibited a
momentous rise in RBC count and haemoglobin content,
and their WBC count was almost normal (Table 4). C
Reactive proteins found to be increased during
inflammation. In arthritic group CRP levels are high while
in the standard as well as extract treated group these levels
are less (Table 5).

Histopathology

Rat joint with arthritis-induced alterations from normal
hind paw joint are demonstrated by histopathology.
Avrthritic hind paw joints exhibit abnormalities, such as an
uptick in synovial hyperplasia and inflammatory cell
infiltration, when examined. Structural changes were
observed showing severe abnormality. While the
histopathology of extract treated groups shows no
pathological changes, no inflammatory infiltration hence
no abnormality was observed and thus exhibit a normal
structure. And the standard treated group shows mild
hemorrhage but no pathological changes as well as
inflammatory infiltration and thus exhibited a normal
structure. (Figure 4)

Radiological analysis

Rat joints radiographs in arthritis-induced rat model
illustrate subsequent finding. (Figure 5). It showed bone
degeneration, joint space constriction, and soft tissue
edema. While the extract-treated groups displayed reduced
bone deterioration, joint space narrowing and oedema of
soft tissues. On other hand, the group that received
standard did not have any bone deterioration.

DISCUSSION

In order to determine the phytoconstituents, we first
performed a preliminary phytochemical study and
measured the percentage yields of the extracts. Following
OECD criteria, an acute toxicity investigation was carried
out. No adverse effects or fatalities were recorded at
dosages up to 2000 mg/kg p.o., suggesting safety. Using a

Analysis of body weight digital caliper, we examined the changes in paw edema of
rats that had been induced to arthritis by
1JDDT, Volume 15 Issue 1, January - March 2025 Page 94
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formaldehyde.According to the results, ethanolic stem  arthritic control group demonstrates anemia in the arthritic
extract was effective in reducing edema, whereas the rats. Between 30 and 60 percent of RA patients will
ethanolic leaves extract had a moderate effect. experience anemia, making it one of the most prevalent
The reduction in hemoglobin level and RBC count in the  extra-articular symptoms of the disease3. Arthritis patients
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often experience anemia due to two main causes: changes
in bone marrow function and gastrointestinal blood loss
induced by long-term use of NSAIDs, which inhibit the
release of iron for RBC integration. Both the standard
treatment and the groups given the ethanolic extracts of
the leaves and stems had a marked improvement in the
symptoms of anemia. Increased WBC count in the arthritis
control group was most likely the result of immune system
activation in response to invader antigens. Treatment
groups' markedly reduced white blood cell counts attest to
their immunomodulatory effects®.

C-reactive protein (CRP) is an acute phase protein that has
long been used as a marker for systemic inflammation.
Inflammation causes an increase in both IL-6 and C-
reactive protein (CRP) levels in the plasma, which are
produced by adipocytes® and macrophages®’ respectively.
The arthritic rat group had significantly higher C-reactive
protein levels than the control and extract groups,
according to the results. Restoring CRP levels to near-
normal in both the standard and extract treatment groups

MetnVel Dingsoctc Comer

Stem extract

o2

EXTRACT STEMS]
VEDH LAB

k]

Standard

was achieved by inhibiting the release of inflammatory
mediators.

There are clear distinctions between the ankle joints of
healthy rats and those with arthritis, according to
histopathological investigations. Common abnormalities
seen in arthritic joints include swelling, cartilage
degradation and partial destruction, bone marrow
deterioration, and a substantial inflammatory exudate
infiltration on the articular surface. The histopathology of
the hind paw joints of rats that were given arthritis showed
that the joints had significant abnormalities, such as the
removal of bone marrow and a lot of cells on the surface
of the joint. Nevertheless, these pathological conditions
were significantly reduced after treatment with the
ethanolic extract of the stems and leaves, suggesting that
they have antiarthritic activity and protect against bone
deterioration.

One useful diagnostic tool for gauging the severity of RA
is the disease's impact on radiographic abnormalities.
Before more severe changes, such as bone disintegration

Control

Leaves extract

263
EXTRACT LEAVES S1
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™
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Figure 5: Radiographs taken on the tenth day after formaldehyde-induced arthritis in rats.
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and joint space constriction, become apparent on
radiographs, rheumatoid arthritis manifests primarily as
soft tissue swelling®. The present research shown that
extracts from stems and leaves can help reduce swelling in
soft tissues and reduce joint spaces, especially in the early
phases of arthritis. There is strong evidence from
radiographic studies that the extracts have anti-arthritic
effects.

CONCLUSION

A. racemosa stem ethanolic extract had a stronger
antiarthritic effect than A. racemosa leaf extract, according
to an evaluation of the two extracts. The ethanolic stem
extract may have more active compounds because it
contains flavonoids. Further investigation into the
molecular mechanism behind the antiarthritic action of
ethanolic stem extract may be necessary to solidify its
position as a prospective alternative treatment for arthritis.

REFERENCE

1. Bullock J, Rizvi SA, Saleh AM, Ahmed SS, Do DP,
Ansari RA, Ahmed J. Rheumatoid arthritis: a brief
overview of the treatment. Medical Principles and
Practice. =~ 2018 Sep  2;27(6):501-507. doi:
10.1159/000493390. PMCID: PMC6422329. PMID:
30173215.

2. Doan, T.; Massarotti, E. Rheumatoid arthritis: An
overview of new and emerging therapies. Journal of
Clinical Pharmacology. 2005 Jul;45(7):751-62. doi:
10.1177/0091270005277938. PMID: 15951465.

3. Mclnnes, I|.B.; Schett, G. The pathogenesis of
rheumatoid arthritis. N. Engl. J. Med. 2011 Dec
8;365(23):2205-19. doi: 10.1056/NEJMral004965.
PMID: 22150039.

4. Pullaiah T. Encyclopaedia of World Medicinal Plants.

Volume 1. Daya books publisher. New Delhi:
Regency. 2006.
5. Harsha  VH, Hebbar SS,  Shripathi V.

Ethnomedicobotany of Uttara Kannada District in
Karnataka, India—plants in treatment of skin diseases.
Journal of Ethnopharmacology. 2003 Jan;84(1):37-
40.doi: 10.1016/s0378-8741(02)00261-1.
PMID: 12499074.

6. Sathiyaraj R, Sarvalingam A, Arulbalachandran, Rama
KR. Diversity of Ethnomedicinal Plants in Bodamalai
Hills Eastern Ghats, Namakkal District, Tamil Nadu.
Journal of Plant Sciences. 2015 March; 3(2): 77-84.
d0i:10.11648/j.jps.20150302.16.

7. Rekka R, Nirubama K, Suganya B, Rubavathigokila
M. Sacred groves-an ancient tradition of nature
conservation of sthalavrikshas in coimbatore, Tamil
nadu, India. Kongunadu Research Journal. 2021
December; 8(2):1-7. doi:10.26524/krj.2021.13.

8. Kottaimuthu P, Vasudevan N. Traditional Medicine
among the Palliyars of Palani Hills, Western Ghats,
India. Shanlax International Journal of Arts, Science
and Humanities. 2021 May; 8 (1): 10-14.
doi: https://doi.org/10.34293/sijash.v8iS1-May.4495.

9. Ray S, Chatterjee S, Chakrabarti  CS.
Antiproliferative Activity of Allelo chemicals Present
in  Aqueous Extract of Synedrella nodiflora (L.)
Gaertn. In Apical Meristems and Wistar Rat Bone
Marrow Cells. losr Journal of Pharmacy. 2013
January; 3(2):1-10. d0i:10.9790/3013-3220110.

10. Savithramma N, Rao ML, Suhrulatha D. Screening of
Medicinal Plants for Secondary Metabolites. Middle-
East Journal of Scientific Research. 2011 January;
8(3):579-584.

11. Maria R, Shirley M, Xavier C, Jaime S, David V, Rosa
S et al. Preliminary phytochemical screening, total
phenolic content and antibacterial activity of thirteen
native species from Guayas province Ecuador. Journal
of King Saud University Science. 2018 October;
30(4):500-505. doi: 10.1016/j.jksus.2017.03.009.

12.Das AK, Swamy PS. Antioxidant activity and
determination of bioactive compounds by GC-MS in
methanolic fruit extract -a comparative analysis of
three Atalantia species from south India. Journal of
Applied Pharmaceutical Science. 2016; 6 (02): 130-
134. doi:10.7324/JAPS.2016.60220.

13.Khare CP. Indian Medicinal Plants; An Illustrated
Dictionary. New York. Springer. 2007.

14.Shelar PA, Singh SK. Ethnomedicinal Uses,
Phytochemistry and Pharmacology of Few Species of
Genus Atalantia (Rutaceae): A Review. Journal of the
Turkish Chemical Society Section A: Chemistry. 2023
July; 10(3):803-18. doi:10.18596/jotcsa.1252184.

15.Naga Padmavathi V. Morpho-Anatomical studies of
Atalantia racemosa Wight ex Hook., an important
medicinal plant of Chittoor Dt. of Andhra Pradesh,
India. International Journal of Bio-Pharma Research.
2019 February; 8(2): 2491-2499.
d0i:10.21746/ijbpr.2019.8.2.3.

16.Adhav Rahul. Evaluation of antioxidant, o-
glucosidase and oa-amylase inhibitory activities of
Atalantia racemosa and Senna uniflora leaves. Asian
J Pharm Clin Res. 2018 May; 11(5): 254-258. doi:
10.22159/ajpcr.2018.v11i5.22579

17.Kokkaiah  lrulandi. Qualitative  phytochemical
constituents assay of diverse solvent extracts of
chosen medicinal plants. International Journal of
Green and Herbal Chemistry. 2018 Nov; 7(4): 741-
748. doi: 10.24214/1JGHC/GC/7/4/741-748.

18.Wallis TE. Practical Pharmacognosy, J.
Churchill Ltd., London, England, 1967;652.

19. Kokate CK. Practical Pharmacognosy, 4th ed. New
Delhi. Vallabh Prakashan. 2005.

20.Khandelwal KR, Pawar AP, Kokhale SB. Practical
Pharmacognosy, Pune. Nirali Pakashan.1995. 144-
146.

21. Tiwari Varsha, Shamim Ahmad. A practical book of
Pharmacognosy  and  Phytochemistry,  Nirali
Prakashan, First edition. November 2018. 7.10-7.11.

22. Azwanida NN. A Review on the Extraction Methods
Use in Medicinal Plants, Principle, Strength and
Limitation. Medicinal and Aromatic Plants. 2015 July
;4(3):1-6. doi: 10.4172 /2167- 0412. 1000196.

& A

1JDDT, Volume 15 Issue 1, January - March 2025

Page 97



Atalantia racemosa wight ameliorates arthritis

23.Sunil SJ, Yuvraj DM, Pallavi RK, Shende SS, Shelar
PA. Antiarthritic activity of various extracts of Mesua
ferrea Linn. Seed. Journal of Ethnopharmacology.
2011 Dec 8;138(3):700-4.doi:
10.1016/j.jep.2011.09.042.PMID: 21986230.

24.Organization for Economic Co-operation and
Development. Guidelines on acute oral toxicity.
Revised document, October 2005.

25.Akindele AJ, Adeyemi OO. Anti-inflammatory
activity of the aqueous leaf extract of Byrsocarpus
coccineus.  Fitoterapia. 2007  Jan;78(1):25-8.doi:
10.1016/j.fitote.2006.09.002. PMID: 17118572.

26.Alamgeer, Hasan UH, Uttra AM, Rasool S.
Evaluation of in vitro and in vivo anti-arthritic
potential of Berberiscalliobotrys. Bangladesh journal
of Pharmacology. 2015 Sept; 10:807-819.
doi:10.3329/bjp.v10i4.23779.

27.Ueno A, Naraba H, Ikeda Y, Ushikubi F, Murata T,
Naramiya S, Ohishi S, Intrinsic prostacycline
contributes to exudation induced by bradykinin and
carrageenan: A study on paw edema induced in IP-
receptor deficient mice. Life sciences.2000 Feb
11;66(12):PL155-60.doi: 10.1016/s0024-
3205(00)00420-3. PMID: 10737367.

28.Harris ED. Rheumatoid arthritis. Pathophysiology
and implications for therapy. New England Journal of
Medicine. 1990 May 3;322(18):1277-
89.d0i:10.1056/NEJM199005033221805.

PMID: 2271017.

29.Patil, K.R., Patil, C.R., Jadhav, R.B., 2009. Anti-
arthritic activity of bartogenic acid isolated from
fruits of Barringtonia racemosa Roxb.
(Lecythidaceae). Evidence Based Complementary and
Alternative Medicines, 2011 Feb 20;2011:785245.
doi: 10.1093/ecam/nep148. PMCID:
PMC3137566. PMID: 19770265.

30. Senthamil SP, Sanmuga PE, Dhanam T. In vivo
antiarthritic activity of the ethanol extracts of stem
bark and seeds of Calophyllum inophyllum in
Freund’s complete adjuvant induced arthritis.
Pharmaceutical biology. 2017 Dec;55(1):1330-
1336.d0i:10.1080/13880209.2016.1226346. PMID: 2
7593261. PMCID: PMC6130685.

31.Hajare P, Rai V, Nipate S, Balap A, Pimple B,
Chumbhale D, Gaikwad A, Tare H. Anti-arthritic
potential of ethyl acetate fraction of Pinus roxburghii
Sargent stem bark in Freund's complete adjuvant
induced arthritis in Wistar rats. Multidisciplinary
Science Journal. 2023 Jun 7;5(4):2023046-.

32.Qiang G, Yuxiang W, Dan Xu, Johannes N, Nathan
J.P, Jiake Xu. Rheumatoid arthritis: pathological
mechanisms and modern pharmacologic therapies.
Bone Research. 2018 April; 6(15):1-14. doi:
10.1038/s41413-018-0016-9.

33. Mowat AG. Hematologic abnormalities in rheumatoid
arthritis. Seminars in Arthritis and Rheumatism.
1972;1(3):195-219. doi:10.1016/0049-
0172(72)90001-7.

34.Rajaram C, Ravindra Reddy K, Bonnth Chandra
Sekhar K. Evaluation of antiarthritic activity
of Caesalpinia pulcherimma in Freund’s complete
adjuvant induced arthritic rat model. Journal of
Young Pharmacists. 2015 February;7(2):128-132.
d0i:10.5530/jyp.2015.2.12.

35.Pepys MB, Hierchfield GM. C-Reactive protein: a
critical update. Journal of Clinical Investigation. 2003
Jun;111(12):1805-12. doi: 10.1172/JC118921.
MID: 12813013. PMCID: PMC161431.

36.Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S.
CRP increment due to rise in IL-6 produced
predominantly by adipocytes. American Journal of
Physiology, Heart and Circulatory Physiology. 2005
May; 288(5):H2031-H2041.
doi:10.1152/ajpheart.01058.2004.

37.Gupta S, Malik JK, Singh G. Revolutionizing Arthritis
Care: Cutting-Edge Nanogel Formulations for
Targeted, Long-Lasting Relief and Enhanced Mobility.
International Journal of Drug Delivery Technology.
2024;14(2):1181-1190. 10.25258/ijddt.14.2.84

38. Rajguru JR, Shirsat MK, Navale SD. Development of
the Formulation and Evaluation of the Anti-arthritic
Activity of Vitex negundo Gel and Latex. International
Journal of Drug Delivery Technology. 2023;13(1):136-
142.

1JDDT, Volume 15 Issue 1, January - March 2025

Page 98



