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ABSTRACT

Premna tomentosa Willd belongs to the family Verbenaceae. Premna tomentosa
commonly called as Krishnapalai is a medicinal plant. Anti-inflammatory activities of
the Premna tomentosa have been reported in acute inflammation, but there is lack of
evidence regarding anti-inflammatory properties of this plant in chronic inflammation.
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Key words: - Therefore the present research evaluated the anti-rheumatic potentials of Premna
Premna tomentosa tomentosa Willd on chronic immunological Complete Freund’s Adjuvant (CFA)-induced
Willd., Complete arthritis in rats. Methanolic extract of the whole plant of Premna tomentosa Willd.

(MEPT 200 & 400mg/kg body weight p.o) and standard drug (Diclofenac sodium,
100mg/kg) suspended in 1% v/v tween 80 was prepared and administered to CFA arthritic
rats. One day before the complete freund’s adjuvant was injected and daily treatment
continued for 21days. The CFA arthritic model was created by the injection of 0.5ml
complete freund’s adjuvant into the synovial cavity of the right knee joint of hind leg of
rats. Oral dosage of MEPT was found to be significantly decreasing the humoral immune
response by inhibiting the acute inflammatory reaction by reducing vascular permeability
or other inflammatory mediators. The secondary arthritis lesions were reported to presume
that,due to delayed hypersensitivity reaction ., MEPT exerted a marked significant effect
on this stage. Haematological parameters also showed a significant improvement from the
arthritic condition. These observations suggest the potency of MEPT in therapy for
rheumatoid arthritis.

Freund’s Adjuvant,
Arthritic model.

INTRODUCTION

Rheumatoid Arthritis is a chronic auto immune-
mediated disease which affects humans and animals [1].
This joint disorder also affects tissues and organs such as
the heart, lungs, eye and neuromuscular system. In the
joint, Rheumatoid Arthritis is characterized by profuse
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inflammatory reaction in the synovial membrane and
subchondral bone which results in progressive erosion of
articular cartilage and synovitis [2]. In advanced cases,
ankylosis, subluxation, soft tissue destruction, disuse
osteoporosis and pain may be noticed. There is no known
cure for Rheumatoid Arthritis but several drugs such as
anti-inflammatory and disease modifying anti- rheumatoid
drugs are used in mono or combination therapies to inhibit
the disease process. However, prolonged use of these drugs
is associated with deleterious side effects such as gastric
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ulceration, haemorrhage, anaemia and kidney dysfunction.
Thus in recent times, researches have been directed towards
the use of biologics and plant derived drugs in the treatment
of Rheumatoid Arthritis [3].

Premna tomentosa Willd belongs to the family
Verbenaceae. Premna tomentosa commonly called as
“Krishnapalai” is a medicinal plant. It is moderately sized
deciduous tree with shoots, leaves and inflorescence
densely clothed with a tawny yellow stellate tomentum.
The bark is light grayish colour, greenish yellow [1]. The
genus premna comprised of 50-200 species, is distributed in
tropical and subtropical Asia, Africa, Australia and Pacific
islands [2]. The leaves of P.tomentosa possess diuretic,
anti-inflammatory,  antinociceptive, hypnotic  effects,
cytoprotective and immunomodulatory activities [3].

Therefore the present research was to evaluate the
anti-rheumatic potentials of Premna tomentosa Willd on
chronic immunological Complete Freund’s Adjuvant -
induced arthritis in rats.

Animals used

Wistar strain of albino rats (150-200g) were
obtained from the animal house in Sri Venkateswara
College of Pharmacy, Chennai. The animals were
maintained in a well-ventilated room with 12:12 h
light/dark cycle in polypropylene cages. The animals were
fed with standard pellet feed (Hindustan Lever Limited.,
Bangalore) and water was given ad libitum. Ethical
committee clearance was obtained from IAEC (Institutional
Animal Ethics Committee) of CPCSEA.

Drugs and chemicals

Complete freund’s adjuvant was purchased from
S.D. Fine Chemicals Ltd. (Mumbai, India) and Diclofenac
sodium received as gift sample from Dr.Reddy’s
laboratories Limited (Hyderabad, India).

The reference anti-inflammatory drug diclofenac
was dissolved in normal saline for the study. The drug
solution was freshly prepared and administered orally at
dose 4 mg/kg in volumes not exceeding 10 mL/kg.

CHRONIC IMMUNOLOGICAL ARTHRITIS

Chronic immunological CFA-induced arthritis in rats
Experimental immunological arthritis was induced

in rats according to the method of Newbould [8]. The left

footpad of each rat was injected subcutaneously with

0.05ml of (0.5%wi/v) of complete Freund’s adjuvant.

Group | - Received vehicle (Normal control) 1% v/v tween

80, 1ml/100 g

Group Il - Received vehicle (Arthritis control) 1% v/v
tween 80, 1ml/100 g

Group 111 - Received methanol extract of whole plant of

Premna tomentosa Willd. (MEPT) (200mg/kg body weight
p.o) suspended in 1% v/v tween 80

Group IV - Received methanol extract of whole plant of
Premna tomentosa Willd. (MEPT) (400mg/kg body weight
p.o) suspended in 1% v/v tween 80
Group V- Received standard drug (Diclofenac sodium,
100mg/kg) p.o, for 21 days respectively.

lday before the complete Freund’s adjuvant
injection and daily treatment continued for 21days. The
oedema of the left and right hind paws was evaluated at 4,
8, 14 and 2ldays post injection of complete freund’s
adjuvant using micrometer screw gauge. After the 21%day,
animals were sacrificed by cervical dislocation and their
legs were amputated at knee joints. These knee joints kept
in formalin for histopathological evaluation.

Histological processing and assessment of arthritis
damage
After the 21°day, animals were sacrificed; knee
joints were removed and fixed for 4 days in 5%
formaldehyde. After decalcification in 5% formic acid,
processed for paraffin embedding tissue sections (7 pm
thick) were stained with haematoxilin and eosin.
Histopathological changes of arthritis damage was
scored as follows: (none, mild, moderate, severe)
o Inflammatory cells in the synovial tissues scored, 0-3;
e  Destruction of articular cartilage, 0-3 (ranging from
the appearance of dead chondrocytes to complete loss of the
articular cartilage);
e Bone erosion, 0-3 (ranging from no abnormalities to
complete loss of cortical and trabecular bone of the femoral
head);
e Cartilage and bone destruction by pannus formation
and vascularity, 0-3 [9-12].

Estimation of haematological parameters

On the 21%day after arthritis induction, rats were
sacrificed by cervical dislocation and blood samples were
collected into ethylene diamine tetraacetic acid coated tubes
by cardiac puncture. Estimation of RBC count, WBC
count, neutrophils, easinophils, lymphocytes and
haemoglobin by manual techniques established in the
laboratory. The estimation of rheumatoid factor (RF) by
turbidimetric method (BTR-810, Ranbaxy) was determined
[13].

Statistical analysis

The datas were expressed as mean + standard error
mean (S.E.M). The Significance of differences among the
group was assessed using one way and multiple way
analysis of variance (ANOVA). The test was followed by
Dunnett’s test, p values less than 0.05 were considered as
significance.

ANTI-RHEUMATIC ACTIVITY OF MEPT & MEPL
ON IMMUNOLOGICAL ARTHRITIC RATS
Effect of oral administration of MEPT on Complete
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Freund’s Adjuvant (CFA)-induced arthritis in rats

Observations of paw volume were recorded on the
4, 8, 14 and 21days post injection of complete Freund’s
adjuvant using micrometer screw gauge. The CFA-induced
arthritis control group animals paw volume was increased;
it showed signs of arthritis development. Other indications,
such as a decreased body weight, also showed induction of
arthritis in the CFA-treated control group rats. The
assessment made on the 21st day showed that the MEPT
(200 & 400mg/kg, body wt.) treatments significantly
reduced (P < 0.01) the CFA-induced arthritis lesions in the
respective treatment groups as was compared with the
arthritis control group (Table 1).

Oral dosage of MEPT significantly inhibited joint
inflammation on CFA-induced arthritis in rats (62.15, 64.51
& 63.35, 69.72%) respectively. The positive control
Diclofenac sodium (100 mg/kg) also produced significant
(P < 0.01) inhibition in the CFA-induced arthritis in rats
(71.31%) (Table 2).

Effect of oral administration of MEPT on Body weight
in CFA-induced arthritis in rat

The average gain and lose in the body weight on
day 21 as compared with the initial body weight in each
treatment group has been given in Table 3. The rats in the
arthritis control group lost body weight as compared with
the MEPT (200 & 400mg/kg b.wt) treated groups. The
positive control Diclofenac sodium (100 mg/kg) also
showed significantly (P < 0.01) increased in body weight in

the CFA-induced arthritis in rats.

Effect of oral administration of MEPT on
haematological parameters in CFA-induced arthritis in
rats

The CFA-induced arthritis rats haematological
perturbations, such as an increase the percentage of
Neutrophils (Table 4), decrease the percentage of
Eosinophil (Table 5) & lymphocytes (Table 6), increase in
the WBC count (Table 7), a decreased RBC count (Table
8), a decreased Hb count (Table 9) and an increased ESR
(Table 10) & rheumatoid factor (Table 11) were also
significantly altered by oral administration of MEPT (200
& 400mg/kg b.wt.) treated groups.

Effect of oral administration of MEPT on
histopathological analysis in CFA-induced arthritis in
rats

In normal control animals showed no lesions in
articular cartilage and vascularity formation into the joint
space Arthritis control showed edematous synovium,
destructive lesions in articular cartilage and vascularity
formation into the joint space in adjuvant-treated animals.
Acrthritis rats treated with oral administration of MEPT &
MEPL (200 & 400mg/kg b.w, p.o) showed well protected
synovium, articular cartilage into the joint space with
normal cellular characteristics like standard drug
Diclofenac sodium treated group (Fig 1).

Table 1. Effect of oral administration of MEPT on CFA-induced arthritis in rats

Groups Design of treatment Joint diameter (cm)
4™ day 8" day 14" day 21 day
| Normal Control s e K% ek
(1% vIv tween 80, 1ml/100g) 0.44+0.01 0.46+0.0070 0.47+0.01 0.49+0.01
I Acrthritis Control
(1% viv tween 80, 1ml/100g) 1.35+0.01 1.57+0.01 2.23+0.01 2.51+0.02
1 MEPT exb s *xb *%b
(200mg/kg b.w, p.o) 1.25+0.02 1.16+0.01 0.99+0.0161 0.95+0.01
v ( 400m$\/"kEngTw 00) 1.10+0.02%% 1.00+0.01%% 0.97+40.01%+ 0.89+0.02%%
v Diclofenac sodium 0.86£0.01%*" 0.78+0.01%* 0.74+0.001%*" 0.720.01%*
(100mg/kg b.w, p.0)

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by

Dunnett’s test. Comparison between

a - Group I Vs Group Il. b - Group Il Vs Group 111, IV, V.

Table 2. Percentage inhibition of oral administration of MEPT on CFA-induced arthritis in rats

Groups Design of treatment % Inhibition of Joint inflammation
I Normal Control (1% v/v tween 80, 1ml/100g) -
1 Arthritis Control (1% v/v tween 80, 1ml/100g) -
11l MEPT (200mg/kg b.w, p.0) 62.15
[\ MEPT (400mg/kg b.w, p.o) 64.51
\Y Diclofenac sodium(100mg/kg b.w, p.o) 71.31

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by

Dunnett’s test. Comparison between

a - Group | Vs Group Il; b - Group Il Vs Group IlI, IV, V.
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Table 3. Effect of oral administration of MEPT on Body weight in CFA-induced arthritis in rat

Groups Design of treatment Body weight in gms (SEM)
OnDay1 On Day 21 Change in body weight
I Normal Control a ! *oxa
(1% viv tween 80, 1ml/100g) 177.83+3.42 193.33+2.95 15.50+1.69
I Arthritis Control
(1% viv tween 80, 1ml/100g) 178.3742.94 168.50+2.73 -9.67+0.84
111 MEPT b **b *4D
(200mg/kg b.w, p.o) 180.33+2.67 186.17+2.47 6.67+0.76
\Y MEPT b xb *4D
(400mg/kg b.w, p.0) 178.33+£3.06 186.50+2.42 8.17+1.28
\J Diclofenac sodium b - *oxb
(100mg/kg b.w, p.0) 182.1743.96 190.5045.82 10.52+1.43

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between  a - Group | Vs Group Il; b - Group Il Vs Group IlI, 1V, V.

EFFECT OF ORAL ADMINISTRATION OF MEPT ON HAEMATOLOGICAL PARAMETERS
Table 4. Effect of oral administration of MEPT on Neutrophils in CFA-induced arthritis in rats

Groups Design of treatment Neutrophil %
[ Normal Control (1% v/v tween 80, 1ml/100g) 22.67+0.67**
1 Avrthritis Control(1% v/v tween 80, 1mi/100g) 50.50+0.89
1T MEPT (200mg/kg b.w, p.0) 28.83+0.48**"
v MEPT (400mg/kg b.w, p.0) 26.50+0.43**"
Vv Diclofenac sodium (100mg/kg b.w, p.o) 23.50+0.50**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between  a - Group | Vs Group II; b - Group Il Vs Group 11, 1V, V.

Table 5. Effect of oral administration of MEPT on Eosinophils in CFA-induced arthritis in rats

Groups Design of treatment Eosinophil %
I Normal Control (1% v/v tween 80, 1ml/100g) 4.10+0.10***
I Acrthritis Control (1% v/v tween 80, 1ml/100g) 1.33£0.07
i MEPT (200mg/kg b.w, p.0) 2.160.05**"
v MEPT (400mg/kg b.w, p.0) 2.53+0.03**"
\Y Diclofenac sodium (100mg/kg b.w, p.o) 3.46+0.05**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between  a - Group | Vs Group II; b - Group Il Vs Group 11, IV, V.

Table 6. Effect of oral administration of MEPT on Lymphocytes in CFA-induced arthritis in rats

Groups Design of treatment Lymphocyte %
| Normal Control (1% v/v tween 80, 1ml/100g) 70.50+0.50***
1 Avrthritis Control (1% v/v tween 80, 1mi/100g) 43.17+£1.01
1T MEPT (200mg/kg b.w, p.0) 57.33+0.95**"
v MEPT (400mg/kg b.w, p.o) 64.17+0.79**"
\% Diclofenac sodium (100mg/kg b.w, p.0) 69.50+0.34**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between  a - Group | Vs Group II; b - Group Il Vs Group 11, IV, V.

Table 7. Effect of oral administration of MEPT on Erythrocyte Sedimentation Rate (ESR) in CFA-induced arthritis in rats

Groups Design of treatment ESR
| Normal Control (1% v/v tween 80, 1ml/100g) 10.97+0.09***
I Arthritis Control (1% v/v tween 80, 1mi/100g) 12.93+0.23
1l MEPT (200mg/kg b.w, p.o) 11.2+0.09**°
v MEPT (400mg/kg b.w, p.o) 10.78+0.08**"
Vv Diclofenac sodium (100mg/kg b.w, p.o) 9.23+0.11**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between  a - Group | Vs Group II; b - Group Il Vs Group 11, IV, V.
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Table 8. Effect of oral administration of MEPT on Haemoglobin in CFA-induced arthritis in rats

Groups Design of treatment Hb (g/dl)
| Normal Control (1% v/v tween 80, 1ml/100g) 13.70+0.09**
1 Arthritis Control (1% v/v tween 80, 1ml/100g) 8.48+0.15
11l MEPT (200mg/kg b.w, p.0) 10.68+0.09**"
v MEPT (400mg/kg b.w, p.o) 11.77+0.06**"
\% Diclofenac sodium (100mg/kg b.w, p.o) 12.60+0.04**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between a - Group | Vs Group I1; b - Group 11 Vs Group 11, IV, V.

Table 9. Effect of oral administration of MEPT on RBC count in CFA-induced arthritis in rats

Groups Design of treatment RBC (x10° /mm°)
I Normal Control (1% v/v tween 80, 1ml/100g) 6.95+0.04**
I Arthritis Control (1% v/v tween 80, 1ml/100g) 4.61+0.05
Il MEPT (200mg/kg b.w, p.0) 5.86+0.04**°
v MEPT (400mg/kg b.w, p.o) 6.25+0.08**"
Vv Diclofenac sodium (100mg/kg b.w, p.o) 6.52+0.12**°

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between a - Group | Vs Group II; b - Group 11 Vs Group 11, IV, V.

Table 10. Effect of oral administration of MEPT on WBC count in CFA-induced arthritis in rats

WBC (x10°/mm?)

Groups Design of treatment
[ Normal Control (1% v/v tween 80, 1mi/100g) 6.37+0.12***
1 Avrthritis Control (1% v/v tween 80, 1mi/100g) 9.25+0.09
"l MEPT (200mg/kg b.w, p.0) 7.3020.17**°
v MEPT(400mg/kg b.w, p.0) 6.97+0.08**"
V Diclofenac sodium (100mg/kg b.w, p.o) 6.17+0.08**"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between a - Group | Vs Group II; b - Group 11 Vs Group 111, IV, V.

Table 11. Effect of oral administration of MEPT on Rheumatoid factor in CFA-induced arthritis in rats

Groups Design of treatment Rheumatoid factor (RF) 1U/ml
I Normal Control (1% v/v tween 80, 1ml/100g) 15.32+1.33**
I Arthritis Control (1% v/v tween 80, 1ml/100g) 54.21+2.17
I MEPT (200mg/kg b.w, p.o) 32.2242.14%*"
v MEPT (400mg/kg b.w, p.o) 24.28+2 52%*"°
V Diclofenac sodium (100mg/kg b.w, p.o) 24.46+2.62%*"

Values are expressed as mean + SEM of six observations. Statistical significant test for comparison was done by ANOVA, followed by
Dunnett’s test. Comparison between a - Group | Vs Group II; b - Group 11 Vs Group 111, IV, V.

Figure 1. Effect of oral administration of MEPT on histopathological analysis in CFA-induced arthritis in rats
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Histopathological Observation

(A) Normal control: No lesions in articular cartilage and
vascularity formation into the joint space;

(B) Arthritis control: Edematous synovium, destructive
lesions in articular cartilage and vascularity formation into
the joint space in adjuvant-treated animals;

(C & D) Arthritis rats treated with MEPT (200 & 400mg/kg
b.w, p.o): moderate edematous synovium, slight destructive
lesions in articular cartilage;

(E) Arthritis rats treated with Diclofenac sodium 100mg/kg
b.w, p.o: observed well protected synovium, articular
cartilage into the joint space with normal cellular
characteristics.

DISCUSSION AND CONCLUSION

The present study evaluated the antiarthritic
activity of methanolic extract of whole plant of Premna
tomentosa Willd. (MEPT) by using CFA (Chronic
immunological arthritis) induced arthritis.

A large number of studies have indicated that anti-
inflammatory and anti-arthritic activities of plants may be
attributed to their natural phenolic components, flavanoids
and steroids [14].

The phytochemical screening of methanol extract
of whole plant of Premna tomentosa Willd. (MEPT)
confirmed the presence of steroids, phenols/tannins and
flavonoids. It was found to have high anti-inflammatory
and anti-arthritic effects. It is considered to be the most
important anti-inflammatory constituents obtained from
MEPT and its anti-arthritic activity is attributed to the
inhibition of microtubules in proinflammatory cells
including macrophages [15].

The antiarthritic potential of MEPT was
confirmed against complete freund’s adjuvant induced

chronic immunological cellular and proliferative arthritis
which is similar to the clinical signs and symptoms. The
complete Freund’s adjuvant induced arthritis was
characterized by progressed swelling (primary reaction) in
the hind paw which persisted for few weeks. The primary
reaction was followed by swelling in the front paw and
contralateral along with appearance of arthritis lesions in
ear and tail (secondary reaction) [16-21].

Oral dosage of MEPT was found to be
significantly decreasing the humoral immune response by
inhibiting the acute inflammatory reaction by reducing
vascular permeability or other inflammatory mediators. The
secondary arthritis lesions were reported to presume due to
delayed hypersensitivity reaction and MEPT exerted a
marked significant effect on this stage. Haematological
parameters also showed a significant improvement from the
arthritic condition. These observations suggest the potency
of MEPT in therapy for rheumatoid arthritis [22,23].

Histological studies suggested that Arthritis rats
treated with MEPT (200 & 400mg/kg b.w, p.o) showed
well protected synovium, articular cartilage into the joint
space with normal cellular characteristics like standard drug
Diclofenac sodium treated group.

In respect of the identification  of
phytoconstituents, methanolic extract of whole plant of
Premna tomentosa Willd. (MEPT) was found in this study
to contain sterols, phenols and flavonoids. One or a
combination of these phytoconstituents may be responsible
for the observed anti-inflammatory and anti-arthritic
activities of methanol extract of whole plant of Premna
tomentosa Willd. (MEPT). Overall, these data validated the
traditional uses of both plant to assuage pain as well as
inflammatory diseases like rheumatism.

26 I P a g e AMERICAN JOURNAL OF BIOLOGICAL AND PHARMACEUTICAL RESEARCH

{
\



Shaheedha SM and Bhaskar Reddy K. / American Journal of Biological and Pharmaceutical Research. 2017;4(1):21-28.

ACKNOWLEDGEMENT

The author highly acknowledge Department of Mr.R.V.Srinivas, Vice Chairman, Srinivasa Educational
Science and Technology (DST), New Delhi, for its Academy for providing facilities to pursue this research
financial support.(SR/WOS-A/LS-479/2011) and also work.
acknowledge Dr.Ravuri Venkataswamy, Chairman and
REFERENCES
1. Kaur A, Nain P and Nain J. (2012) Herbal plants used in treatment of rheumatoid arthritis: A review intern. J. Pharm.

2.

o s~

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Pharmaceut. Sci. 4, 44-57.

Hegen M, Keith JC, Collins M and Nickerson Nutter CJ. (2008) Utility of animal models for identification of potential
therapeutics for rheumatoid arthritis. Annals Rheumatic Dis. 67, 1505-1515.

Goldring SR and Goldring MB. (2006) Clinical aspects, pathology and pathophysiology of osteoarthritis. J. Musculoskelet
Neuronal Interact. 6, 376-378.

Haines. The Botany of bihar and Orissa, Calcutta:Sri Goranga Press.

Kadereit. (2004) Flowering Plants dicotyledons In: Kubitzki, K. (Ed), the families and genera of Vascular plants, Springer
berling, 7, 193-194.

Devi. (2002) Immunological effects of Premna tomentosa willd extract in J779 macrophages cell culture under VI induced
immunosuppression. J.altern.Complemmed, 10, 535-539.

Kaithwas G, Majumdar DK. (2010) Therapeutic effect of Linum usitatissimum (flaxseed/linseed) fixed oil on acute and
chronicarthritic models in albino rats. Inflammopharmacology, 18(3), 127-136.

Newbould BB.(1963) Chemotherapy of arthritis induced in rats by mycobacterial adjuvant. Br J PharmacolChemother, 21,
127-136.

Van de Berg WB, Joosten LAB, Helsen MMA, et al. (1994) Amelioration of established murine collagen-induced arthritis
with anti-1L-1 treatment. Clin. Explmmunol, 95, 237-243.

Joosten LAB, Helsen MMA, Van de Loo FAJ, et al. (1996) Anticytokine treatment of established collagen type Il arthritis
in DBA/1 mice: a comparative study using anti-TNF alpha, anti-I1L-1 alpha, beta and IL-1Ra. Arthritis Rheum, 39, 797-809.
Joosten LAB, Lubberts E, Durez P. (1997) Role of interleukin-4 and interleukin-10 in murine collagen-induced arthritis:
protective effect of interleukin-4 and interleukin-10 treatment on cartilage destruction. Arthritis Rheum, 40, 249-260.
Taniguchi K, Kohsaka H, Inoue N, et al. (1999) Induction of the p16INK4a senescence gene as a new therapeutic strategy
for the treatment of rheumatoid arthritis. Nat Med, 5, 760-767.

Wintrobe MM, Lee GR, Boggs DR, et al. Clinical Hematology [M]. (5th ed.) Philadelphia: Lea and Febiger, 1961: 326-329.
Han T, Li HL, Zhang QY et al. (2007) Bioactivity-guided fractionation for anti-inflammatory and analgesic properties and
constituents of Xanthium strumarium L. Phytomedicine, 14(12), 825-829.

Riaz N, Nawaz SA, Mukhtar N, Malik A, Afza N, Ali S, et al. (2007) Isolation and enzyme-inhibition studies of the
chemical constituents from Ajuga bracteosa. Chem Biodivers, 4, 72-83.

Sierakowski S, Cutolo M. (2011) Morning symptoms in rheumatoid arthritis: a defining characteristic and marker of active
disease. Scand J Rheumatol, 125, 1-5.

Sasikala V, Saravanan S, Parimelazhagan T. (2011) Analgesic and anti-inflammatory activities of Passiflora foetida L.
Asian Pac J Trop Med, 4(8). 600-603.

Karthikeyan M, Deepa MK.(2011) Anti-inflammatory activity of Premna corymbosa (Burm.f.) Rottl. & Willd. leaves
extracts in Wistar albino rats. Asian Pac J Trop Med, 4(7), 510-513.

ljeoma UF, Aderonke SO, Ogbonna O, Augustina MA, Chijioke-Nwauche 1. (2010) Antinociceptive and anti-inflammatory
activities of crude extracts of Ipomoea involucrate leaves in mice and rats. Asian Pac J Trop Med, 3(12), 121-124.

Amazu LU, Azikiwe CCA, Njoku CJ, Osuala FN, Nwosu PJC, Ajugwo AO, et al. (2010) Anti-inflammatory activity of the
methanolic extract of the seeds of Carica papaya in experimental animals. Asian Pac J Trop Med, 3(11), 884-886.

Azeem AK, Dilip C, Prasanth SS, Shahima VJH, Kumsr S, Naseera C. (2010) Anti-inflammatory activity of the glandular
extracts of Thunnus alalunga. Asian Pac J Trop Med, 3(10), 794-796.

Kamanli A, Naziroglu M, Aydile K. (2004) Plasma lipid peroxidation and antioxidant levels in patients with rheumatoid
arthritis. Cell Biochem Funct, 22, 53-57.

Bazzichi L, Ciompi ML, Betti L. (2002) Impaired glutathione reductase activity and level of collagenase and elastase in
synovial fluid in rheumatoid arthritis. Clin Exp Rheumatol, 20, 761-66.

Redy KN, Trimuthulu G, Redy CS. (2010) Medicinal plants used by ethnic people of Medak district, Andhra Pradesh.
Indian J Traditonal Knowledge, 9, 184-190.

27 I P a g e AMERICAN JOURNAL OF BIOLOGICAL AND PHARMACEUTICAL RESEARCH



Shaheedha SM and Bhaskar Reddy K. / American Journal of Biological and Pharmaceutical Research. 2017;4(1):21-28.

25. Schmauss C, Yaksh TL. (1984) In vivo studies on spinal receptor systems mediating anti-nociceptive. Il. Pharmacological
profiles suggesting a differential association of mu, delta and kappa receptor with visceral chemical and cutaneous thermal
stimuli in the rat. Journal of Pharmacology and Experimental Therapeutics, 228, 1-12.

26. Suresh G, Suresh Babu K, Suri Apa Rao M, Rama Suba Rao, Ashok Yadav P, Lakshma Nayak V, Ramakrishna Sistla.
(2001). Premna latifolia A. A novel dimeric diterpene from Premna latifolia Roxb. Tetrahed Leters, 52, 5016-5019.

28 I P a g e AMERICAN JOURNAL OF BIOLOGICAL AND PHARMACEUTICAL RESEARCH



