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oleifera Lam. Against Inflammation Associated with
Development of Arthritis in Rats

Shailaja G. Mahajan, Ravindra G. Mali, and Anita A. Mehta
Department of Pharmacology, L.M. College of Pharmacy, Ahmedabad 380009, India

The present investigation was carried out to study the anti-
arthritic activity of ethanolic extract of seeds of Moringa oleifera
Lam. (MOEE) in adjuvant-induced arthritis in adult female Wistar
rats. During the experimental period, body weight, paw edema
volume (primary lesion) and arthritic index (secondary lesion) was
observed. On the 21st day, serum from each animal was used for es-
timation of Rheumatoid Factor (RF) value and levels of selected cy-
tokines (TNFα, IL-1, and IL-6). Whole blood was used for measure-
ment of erythrocyte sedimentation rate (ESR). Liver homogenate
was utilized for assessment of oxidative stress and histopathology
was performed to measure degree of inflammation in synovial joint.
Our results suggest that, percentage reduction in body weight was
less, paw edema volume and arthritic index score was decreased sig-
nificantly as compared to diseased control animals. Serum levels of
RF, TNF-α, IL-1, and IL-6 also showed decreased levels as com-
pared to those in the diseased control group. Treatment with MOEE
also altered oxidative stress in relation to its anti-inflammatory ac-
tivity. Histopathological observations showed mild or less infiltra-
tion of lymphocytes, angiogenesis and synovial lining thickening.
From all above results and observations, it can be concluded that
Moringa oleifera possesses promising antiarthritic property.

Keywords Moringa oleifera, antiarthritic, cytokines

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory dis-

ease characterized pathologically by joint edema, lymphocytic
and synovial lining cells infiltration, vascular proliferation, de-
struction of cartilage and bone (Miossec, 1992). Within the RA
joint, the proliferating pannus and synovial fluid are abundantly
populated by inflammatory cells, and the proteolytic enzymes,
prostanoids, cytokines, and oxygen-derived free radicals (Arend
and Dayer, 1995). These free radicals released from the cells are
considered the prime mediators of breakdown of cartilage and
bone in this disease (Holt et al., 1992; McDonnell et al., 1999).
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From the pathological point of view, synovial macrophages
are believed to be important in the development and progression
of tissue and joint damage in rheumatoid arthritis (Halliwell,
1994). These inflammatory cells release pro-inflammatory cy-
tokines such as interleukins (ILs) and tumor necrosis factor-α
(TNF-α) (Koch et al., 1995; Szekanecz et al., 2000). These me-
diators play a pivotal role in the initiation, evolution and persis-
tence of chronic inflammation (Dayer and Fenner, 1992; Bertaz-
zolo et al., 1994).

Although non-steroidal anti-inflammatory drugs (NSAIDs)
are used widely to control the symptoms of both RA and os-
teoarthritis, the ability of the agents to preserve cartilage and
bone and positively influence the underlying pathologic condi-
tion remains controversial. Due to the increasing frequency of
intake of NSAIDs and their reported common side effects, there
is need to focus on the scientific exploration of herbal drugs hav-
ing fewer side effects. Currently, in India and other developing
countries, there is a continuous search for drugs that can provide
relief against chronic inflammation. As such, a search for alter-
native anti-arthritic therapies that do not adversely affect are of
current interest. To date, no scientific study has been reported
that has examined these alternative therapies in connection with
the development or persistence of rheumatism. In this respect,
the present investigation was undertaken to determine the effi-
cacy of Moringa oleifera against adjuvant-induced arthritis in
rats.

Moringa oleifera Lam. belongs to the family Moringaceae
(genus Moringa), and is its best- known and most widely dis-
tributed species (Moron, 1991; Sengupta and Gupta, 1970). It
is a small, fast-growing ornamental tree grown throughout the
tropics and subtropics of Asia and Africa (Michael and Horst,
1998). Numerous varieties of M. oleifera have been developed
to meet the tastes of local populations (Rajan, 1986). The medic-
inal values of the seeds and the different parts of the plant have
long been recognized in folklore medicine (Faizi et al., 1995).

The whole plant possesses antimicrobial activity (Caceres
et al., 1991) and is also used for the treatment of ascites,
rheumatism, venomous bites, and for enhancing cardiac function
(Nadkarni and Nadkarni, 1976; Chaudhri, 1996). The leaves ex-
hibit strong hypotensive, diuretic, spasmolytic effects and have
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been seen to be useful against inflammation, helminthesis and in
scurvy (Faizi et al., 1995; Caceres et al., 1992). The roots of the
plant have been used as carminatives, anthelmintics, diuretics,
and in the treatment of intermittent fever, epilepsy, and chronic
rheumatism (Kirtikar and Basu, 1975). The plant’s seeds have
been used as purgatives, antipyretics and as anti-inflammatory
agent (Varier, 1997).

MATERIALS AND METHODS

Procurement of Plant Material and Extraction Procedure
Seed kernels of M. oleifera were obtained from a commercial

supplier of Ahmedabad and then identified and authenticated
by Department of Pharmacognosy, L. M. College of Pharmacy,
Ahmedabad. Voucher specimens were deposited at the Dept. of
Pharmacognosy, Ahmedabad, India.

A coarse powder (500 g) of the dried seed kernels of M.
oleifera was defatted using petroleum ether and then exhaus-
tively extracted using 95% ethanol (2 L) in a Soxhlet extractor
at 55◦C for 6 hr. The resulting extract was then concentrated
under reduced pressure to yield a syrupy mass. This final ex-
tract was stored in airtight container in a cool place and used
throughout the course of the study.

Phytochemical Analysis
Preliminary phytochemical studies of the extract were per-

formed for alkaloids, flavanoids, saponins, glycosides, phenols,
steroids, tannins and terpenoids according to published standard
methods (Paech and Tracey, 1955).

Drugs and Chemicals
All organic solvents were obtained from the S.D. Fine Chem-

icals Private Limited (Mumbai, India) and all were of analyti-
cal grade. Rheumatoid Factor was assessed with a Turbilatex
kit obtained from Spinreact Co. (Girona, Spain), ELISA kits
for cytokine measurements were obtained from Biosource (Ca-
marillok, CA). Complete Freund’s Adjuvant (CFA) containing
10 mg/ml of heat-killed Mycobacterium tuberculosis, hydro-
gen peroxide, trichloroacetic acid (TCA), thiobarbituric acid
(TBA), Tris buffer, 5, 5′-dithiobis-2-nitrobenzoic acid (DTNB),
epinephrine and dexamethasone were all obtained from Sigma-
Aldrich (St. Louis, MO).

Animals
Wistar albino rats procured from Zydus Cadila Limited

(Ahmedabad, India) were housed at ambient temperature (22 ±
1◦C), relative humidity (55 ± 5%) and 12-hr light-dark cycle.
Animals had free access to standard pellet diet (certified Am-
rut brand rodent feed, Pranav Agro Industries, Pune, India) and
filtered tap water given ad libitum. Freshly prepared solutions
of drugs or chemicals were used throughout the study. All the
experiments complied with the University guidelines for ani-
mal experimentation. Throughout the entire study period, the

rats were monitored for growth, health status and food intake
capacity to be certain that they were healthy.

Complete Freund’s Adjuvant-Induced Arthritis in the Rats
Adult female Wistar rats, weighing 150–180 g were divided

into five different groups. Each group consists of six animals.
Group-I: Non-arthritic control (distilled water); Group-II: Dis-
eased control; Group-III: dexamethasone (5 mg/kg body weight
[BW]/day per os, as reference standard); Group-IV: MO1 (100
mg/kg/day per os, of ethanolic extract of M. oleifera); and,
Group-V: MO2 (200 mg/kg/day per os, of ethanolic extract of
M. oleifera). These daily doses were selected based upon pre-
liminary studies screening for overall anti-arthritic activity using
three different doses (MOEE at 100, 200 and 400 mg/kg per os);
promising dose dependent activity was obtained at both the 100
and 200 mg/kg levels (i.e., the highest dose had little more effect
than the 200 mg/kg dose).

Experimental arthritis was induced according to the modi-
fied method of Pearson and Wood (1963). Briefly, 0.1 ml of
Complete Freund’s Adjuvant (CFA) containing 10 mg/ml of
heat-killed M. tuberculosis was injected once intradermally in
the right hind paw of each animal (in Groups II-V); this time of
adjuvant injection was referred to hereon as Day 0. Treatments
with water, MOEE, or dexamethasone were started on Day 0 as
well and continued daily for 21 days thereafter.

Assessment of Arthritis
During the experimental period, changes in body weight paw

volume, and arthritic index score were recorded. Degree of in-
flammation (in terms of edema formation was measured plethys-
mographically) (Winter et al., 1962) as well as extent of primary
lesions were measured on Days 1, 3, 5, 9, and 21 of the exposures
to the various treatments. The secondary lesions were assessed
on Day 21 in terms of arthritic index.

Measurement of Primary and Secondary Lesions
Primary lesions refer to the edema formation in the injected

hind paw that peaks 3-5 days after injection of the CFA. The
edema volume of the injected paw was measured plethysmo-
graphically on Day 5.

Secondary lesions are immunologically mediated changes
characterized by inflammation of the non-injected sites. Ac-
cordingly, secondary lesions were evaluated by calculating the
percent inhibition of paw volume of the non-injected left hind
paw on Day 21 of the drug/vehicle treatment regimen and using
arthritic index as the sum of scores for each animal according to
the method of Schorlemmer et al. (1999). Redness and nodules in
ear: none = 0, visible = 1, swelling of connective tissue of nose:
none = 0, visible = 1, nodules in tail: none = 0, visible = 1,
forepaw inflammation: none = 0, visible = 1, hindpaw inflam-
mation: none = 0, slight = 1, moderate = 2 and marked = 3. The
average of the treated animals was compared with the control
group.
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Measurement of the Inflammatory Mediators in Serum
At the end of Day 21, blood was collected (under light ether

anaesthesia) from the retro-orbital veins of each animal and
each sample was divided into two portions. The first aliquot
was placed in a non-heparinized tube for serum separation and
it was then kept at −20◦C for the quantitative determination of
the levels of Rheumatoid Factor (RF) and the cytokines TNF-α,
IL-1, and IL-6 by ELISA (following manufacturer instructions).
The second portion of the blood was placed in a heparinized tube
and used for estimation of erythrocyte sedimentation rate (ESR)
by the method of Westerngren (Al-Fadhli and Al-Awadhi, 2005).

Assessment of Pro-oxidant and Antioxidant Status
After the measurement of serum parameters, all the animals

were sacrificed by cervical dislocation and their livers isolated.
Each liver was homogenized in Tris HCl buffer (0.01 M, pH.
7.4) using a REMI homogeniser (REMI Motor, Bombay, In-
dia) to generate a 10% homogenate (Hogberg et al., 1974). The
method of Devasagayam (1986) was used to measure the pres-
ence of lipid peroxides in the homogenate and is based upon the
release of malondialdehyde. For the estimation of antioxidant
enzyme activities in the samples, superoxide dismutase (SOD)
was assayed according to the method of Misra and Fridovich
(1972), with the degree of inhibition of the auto-oxidation of
epinephrine by SOD being used as the index of activity. Cata-
lase activity was assayed by the method of Sinha (1972). The
method of Moron et al. (1979) was used for estimations of to-
tal reduced glutathione (GSH). Protein was estimated according
to the method of Lowry et al. (1951). All the parameters were
estimated spectrophotometrically (UV 1601, Shimadzu (Asia
Pacific) Pte Ltd., Sydney, Australia) at their respective specified
wavelengths.

Histopathological Studies
Histopathological studies of synovial joint obtained from rats

were carried out on Day 21. Dissected joints were washed with
normal saline and then kept in 10% formal saline. The joint
then kept in Bouin’s fixative for 18–24 hr and were then washed
twice with distilled water and placed in 70% alcohol. A pinch
of lithium carbonate was added to remove excessive stain. The
joints were washed and placed in 70% alcohol again. After that,
they were transferred to 90% alcohol overnight. Joint samples
were then transferred into 100% alcohol for 3 hr, then into xylene
until they become transparent. At this point, the samples were
fixed in paraffin to performed sectioning. Several sections (3 μm
thickness) were taken from each joint and sections with uniform
shape and size were selected for histology. Selected sections
were fixed on clear glass slides and stained using Heamotoxylin
and Eosin (H & E) stain.

Statistical Analysis
Results were reported as mean ± SEM. Statistical analysis

was performed using one-way analysis of variance (ANOVA).

If the overall F value was found statistically significant (p <

0.05), further comparisons among groups were made according
to post-hoc Tukey’s test. All statistical analyses were performed
using Graph Pad software (San Diego, CA). Though data was
considered statistical significant at p < 0.05, when data was
found to be very (i.e., p < 0.01) or highly (i.e., p < 0.001)
significant, this is indicated in the Results.

RESULTS

Phytochemical Study
The preliminary phytochemical screening of the ethanolic

extract of seeds of M. oleifera showed the presence of alkaloids,
flavanoids, glycosides, tannins and terpenoids (Table 1).

Effect of MOEE on Body Weight
The results shown in Figure 1 illustrate the body weight

changes during the arthritic and drug-treated conditions. The
percentage reduction in body weight over the entire 21-day treat-
ment period was seen to be significantly and highly significantly
less in the MO1 and MO2 treatment groups, respectively, as
compared to those in diseased control animals.

Effect of MOEE on Paw Edema Volume (Primary Lesions)
Figure 2 indicates that, in diseased control animals, paw

edema was induced by CFA inoculation and the process was
seen to be biphasic. An acute phase was evidenced on Day 5
followed by a delayed sustained chronic phase that reached a
plateau starting from Day 11 onwards to Day 21. Significant,
very significant, and highly significant decreases in the primary
lesion were evident on Day 5 in rats in the MO1-, MO2-, and
dexamethasone-treated groups, respectively, as compared to the
diseased controls. Paw edema volume of each animal was mea-
sured on Days 1, 3, 5, 9, and 21 of the exposures to the various
treatments.

FIG. 1. Effect of MOEE on body weight over the total treatment period. Value

is highly significantly different from non-arthritic control (∗ p < 0.001). Value

different from diseased controls (at differing levels of significance; @ p < 0.001,
# p < 0.01, $ p < 0.05). Values shown are the mean ± SEM from nonarthritic,

disease control, and treatment regimen rats (n = 6 rats/group).
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TABLE 1
List of major phytochemical constituents of the seeds of Moringa oleifera

Active principles isolated/reported from seed extract Reported activity Reference

Alkaloid: Moringine Relaxes bronchioles Kirtikar and Basu (1975)
Flavonoids: Tocopherols, Vitamin C, polyphenols Antioxidant Laandrault et al. (2001)
Glycosides: Benzylisothiocyanate (a glycoside of mustard oil), and its

derivatives: 4 (4′-acetyl-L-rhamnosyloxy)-benzoisothiocyanate,
Anti-inflammatory External

counter-irritant properties
Das et al. (1958)

4 [α-L-rhamnosyloxy], phenylacetonitrile, 4-hydroxyl
phenylacetonitrile, and 4-hydroxyphenylacetamide

Mutagens Villasenor et al. (1989,
1990) Villasenor (1994)

4-[α-L-rhamnosyloxy] Antibiotic Dayrit et al. (1990)
4-[α-L-rhamnosyloxy]phenylacetonotrile β-Carotene], sterols and

lecithin
Antimicrobial Njoku and Adikwu (1997)

O-ethyl-4-(∝-L-rhamnosyloxy)benzylcarbamate together with seven
known compounds: niazimicin, niazirin, β-sitostrol,
glycerol-1-1-(9-octadeca-noate),
3-O-(6′-O-oleoyl-β-D-glucopyranosyl)-β-sitosterol, and
β-sitosterol-3-O-β-D-glucopyranoside

Antitumor promoting
activity

Guevara et al. (1999)

Nutrients: Thiamine, riboflavin, nicotinic acid, folic acid, pyridoxine,
ascorbic acid and ∝-tocopherol

As nutritives, antioxidants Dahot and Memon (1985)

Fats: Monopalmitic acid, oleic acid, trioleic triglycerides in seeds and oil Undefined properties Memon and Khatri (1987)

Effect of MOEE on Secondary Lesions
With regard to the secondary lesions, these could only be

partially evaluated as no edema formation occurred in the con-
tralateral left hind paw of control animals. However, on the 21st
day, significant, very significant, and highly significant decrease
in edema volume were observed in the injected paw of MO1-,
MO2-, and dexamethasone-treated rats, respectively (Figure 2).
The mean arthritic index scores of the MOEE-treated groups
were also significantly different from the disease control group,
but comparable to that of dexamethasone-treated rats (Figure 3).

FIG. 2. Effect of MOEE on paw edema volume of rats. Value different from

diseased controls (at differing levels of significance; @ p < 0.001, # p < 0.01,
$ p < 0.05). Values shown are the mean ± SEM from non-arthritic, disease

control, and treatment regimen rats (n = 6 rats/group).

As seen in Figure 4, the erythrocyte sedimentation rates (ESR) on
this day were found to be very significantly higher in arthritic rats
than healthy controls. However, treatments with MOEE were
seen to decrease these rates back to normal levels.

Effect of MOEE on Serum Parameters
The data in Figure 5 reflects the highly significantly increased

(p < 0.001) levels of rheumatoid factor (RF) during the arthritic
condition; however, these Day 21 levels were significantly re-
duced to near normal by MO1 and MO2 treatments. As shown
in Table 2, which reports the serum levels of TNF-α, IL-1, and
IL-6 in all animals. Very significantly-elevated levels of TNF-α
found on Day 21 in arthritic rats (vs. non-arthritic controls) were

FIG. 3. Effect of MOEE on arthritic index on Day 21 of the treatment regi-

mens. Value different from diseased controls (at differing levels of significance;
@ p < 0.001, # p < 0.01, $ p < 0.05). Values shown are the mean ± SEM from

disease control and treatment regimen rats (n = 6 rats/group).
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FIG. 4. Effect of MOEE on ESR using blood obtained on Day 21 of the

treatment regimens. Value is highly significantly different from non-arthritic

control (∗ p < 0.001); value highly different from diseased control (@ p <

0.001). Values shown are the mean ± SEM from nonarthritic, disease control,

and treatment regimen rats (n = 6 rats/group).

found to be significantly restored to near normal levels by the
dexamethasone and MO2 treatments. This testifies the protec-
tive effect of MOEE against increased level of TNF-α during
the course of arthritis.

A basal systemic IL-1 concentration of (56.7 ± 7.08) was ob-
served in the non-arthritic rats. Although the systemic IL-1 levels
in diseased controls was significantly increased (151.3 ± 5.9),
MO2 treatment was found to significantly inhibit the increase in
IL-1 levels, and it was also appeared that dexamethasone treat-
ment led to significantly decreased IL-1 concentrations.

Levels of IL-6 in diseased control rats were increased very
significantly as compared to those in non-arthritic rats. However,
a significant protective effect against this increase was observed
by treatment of the rats with MO2. There was no effect from
MO1 treatment on IL-1 and IL-6 levels.

FIG. 5. Effect of MOEE on RF levels in serum obtained on Day 21 of the

treatment regimens. Value is highly significantly different from non-arthritic

control (∗ p < 0.001). Value different from diseased controls (at differing levels

of significance; @ p < 0.001, # p < 0.01, $ p < 0.05). Values shown are the

mean ± SEM from nonarthritic, disease control, and treatment regimen rats

(n = 6 rats/group).

TABLE 2
Effect of MOEE on levels of inflammatory mediators in serum

obtained on Day 21 of the treatment regimens

Control (Distilled water) 13.6 ± 2.1 56.7 ± 7.1 46.5 ± 2.6

Disease control 33.1 ± 2.7b 151.3 ± 5.9c 75.1 ± 3.6b

RA + Dexa (5 mg/kg) 17.2 ± 3.4b 89.5 ± 15.9a 51.6 ± 4.4b

RA + MO1 (100 mg/kg) 28.2 ± 3.9 133.5 ± 16.6 72.3 ± 3.8

RA + MO2 (200 mg/kg) 20.0 ± 2.5a 96.1 ± 14.1a 57.1 ± 3.2a

Values (all in pg/ml) are expressed as mean ± SEM (n = 6/regimen).

Comparisons were made (1) between Group I (non-diseased control)

and Group II (RA; diseased control) (b p < 0.01; c p < 0.001), and (2)

between Group II and Groups III (dexamethasone-treated), IV (MO1-

treated), and V (MO2-treated) (a p < 0.05; b p < 0.01).

Effect of MOEE on Lipid Peroxidation (MDA Levels)
The data presented in Table 3 shows that significantly de-

creased levels of malondialdehyde (MDA) were found in dis-
eased control rats (vs. nonarthritic controls) on Day 21. However,
compared to these diseased controls, treatment with MO1 and
MO2 led to highly significantly increased levels of MDA; these
values were comparable to those in the dexamethasone-treated
animals and approached those in the nondiseased controls.

Effect of MOEE upon Antioxidant Enzymes SOD
and CAT and upon GSH

The data in Table 3 also indicates that the activities of su-
peroxide dismutase (SOD) and catalase (CAT) were highly and
very significantly increased, respectively, in rats with adjuvant-
induced arthritis as compared to those in nonarthritic controls.
There was no effect of MO1 on antioxidant enzyme levels; how-
ever treatment with MO2 very significantly reduced the levels
of both enzymes significantly. In fact, this treatment brought
about values nearly that of the nonarthritic control rats. On the
other hand, there were no significant changes observed in total
reduced glutathione levels (GSH) with any of the treatments.

Histopathology Results
Histological observations suggest that, sections from dis-

eased control animals clearly show the pathological changes like
bone destruction, cartilage erosion, severe angiogenesis and in-
filtration of lymphocytic cells. However, the synovial sections
from MOEE- and dexamethasone-treated rats clearly showed
some degree of protection against these above-noted changes
(Figure 6).

DISCUSSION AND CONCLUSIONS
Adjuvant-induced arthritis in rats is a well-established exper-

imental model for the study of the pathophysiology of various
types of human arthritis, especially rheumatoid arthritis (RA)
(Pearson and Wood, 1963; Owen, 1980; Billingham, 1983).
Adjuvant-induced arthritis is known to produce both primary and
secondary lesions, with a majority of the pathological changes
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TABLE 3
Effect of MOEE on oxidative stress in arthritic rats on Day 21 of the treatment regimens

Antioxidant enzymes Pro-oxidant

SOD CAT (μmole H2O2 GSH MDA
Treatment groups (U/mg protein) consumed/min/mg protein) (μg/mg protein) (μmole per mg protein)

Control (Distilled water) 2.89 ± 0.09 129.0 ± 5.8 6.15 ± 0.02 2.58 ± 0.06
Disease control 3.80 ± 0.07c 158.5 ± 6.4b 6.16 ± 0.03 1.48 ± 0.08c

RA+Dexa (5 mg/kg) 3.18 ± 0.06c 132.5 ± 5.1a 6.21 ± 0.01 2.43 ± 0.05c

RA+MO1 (100 mg/kg) 3.61 ± 0.09 151.5 ± 6.9 6.18 ± 0.01 2.25 ± 0.07c

RA+MO2 (200 mg/kg) 3.35 ± 0.06b 138.3 ± 5.5b 6.16 ± 0.02 2.41 ± 0.06c

Values are expressed as mean ± SEM (n = 6/regimen). Comparisons were made (1) between Group I (non-diseased control) and Group II

(RA; diseased control) (b p < 0.01; c p < 0.001), and (2) between Group II and Groups III (dexamethasone-treated), IV (MO1-treated), and V

(MO2-treated) (a p < 0.05; b p < 0.01; c p < 0.001).

FIG. 6. Histopathological effects from the various treatments. On Day 21 synovial joint sections of treated and untreated CFA arthritis animals stained with

hematoxylin-eosin. A. Shows typical pathological changes in arthritic joint with bone destruction, cartilage erosion, severe angiogenesis and infiltration of

lymphocytic cells. B. Normal synovial joint. C. Shows less angiogenesis and mild lymphocytic infiltration by dexamethasone treatment. D. MO1 shows less

lymphocytic infiltration but does not protected joint against angiogenesis. E. MO2 shows significant protection against lymphocytic infiltration, bone destruction

and cartilage erosion. indicates angiogenesis, indicates lymphocytic infiltration, and shows bone and cartilage destruction.
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that develop being similar to those observed in RA. Considering
these advantages we utilized the Complete Freund’s Adjuvant
(CFA)-induced RA model in rats (Schorlemmer et al., 1999) to
assess the potential effects of extract of M. oleifera upon in-
flammatory parameters associated with the development of the
disease state.

Changes in body weight have been found to occur in parallel
to those in the incidence and severity of RA (Walz et al., 1971).
Results from the present study shows that the adverse physi-
cal changes like paw edema volume, arthritic index, and loss of
body weight in arthritic animals were reversed to a considerable
extent by oral administration of MOEE. Changes in erythrocyte
sedimentation rate (ESR) are also a useful measure of inflam-
mation during RA and are directly proportional to the levels of
disease severity (Sarbon et al., 2005). Animals from the MOEE
treatment groups showed normal ESR rates (i.e., similar to that
of the nonarthritic controls). Lastly, rheumatoid factor (RF) is
useful as a measure of the amount of IgM present in the serum of
diseased hosts. It has been reported that RF can be synthesized
by B-cells and plasma cells that have infiltrated into the syn-
ovium of RA patients (Kim et al., 1999; Ernest et al., 2001). The
data here showed that treatment with MOEE significantly less-
ened serum RF levels as compared to those in diseased control
rats.

These apparent anti-inflammatory outcomes attained with the
M . oleifera treatments can likely be attributed to the presence of
flavanoids and antioxidants present in its extracts. MOEE have
been purported to be a rich source of antioxidants, including
flavanoids and polyphenolic compounds (Sanchez et al., 2006).
Flavonoids have been shown to be responsible for preventing
osteoporosis by causing an increase in bone mineral density
(Nijveldt et al., 2001).

In this model of immunologically mediated chronic synovial
inflammation and arthritis, macrophages and fibroblast play a
pivotal role. Specifically, after activation, they are each capa-
ble of synthesizing several of the inflammatory mediators such
as PGE2, cytokines (TNF-α, IL-1, and IL-6), and granulocyte-
monocyte colony stimulating factor (GMCSF) that are abun-
dantly expressed during the development of RA. In turn, these
products induce production of a variety of enzymes that initiate
cartilage and bone destruction (Hopkins, 1990).

Pro-inflammatory TNF-α has been implicated in the patho-
logical mechanisms of synovial tissue proliferation, joint de-
struction, and programmed cell death in RA (Kennedy et al.,
1979). Elevated TNF-α levels have been found in the sera and
joints of adjuvant-induced arthritis for up to 50 days after ad-
juvant injection (Szekanecz et al., 2000). It was also reported
that the expression of TNF-α and tissue enzymes (like matrix
metalloproteinases) were observed to be increased in the sub-
chondral bone region of knee joint samples obtained from hu-
man osteoarthritis or RA patients (Kaneko et al., 2001). Anti-
TNF monoclonal antibody treatment in adjuvant-induced arthri-
tis improved clinical score and was paralleled by an inhibition
of leukocyte accumulation in the joints (Issekutiz et al., 1994).

Similarly, IL-1 stimulates synoviocytes and monocytes, and pro-
motes bone and cartilage degradation via inflammatory cascade;
thus, IL-1 is involved in the pathogenesis of RA synovitis (Evans
et al., 2005). Recently, many strategies have been aimed at block-
ing the activity of IL-1 with a view toward achieving a therapeu-
tic effect against autoimmune arthritis. IL-6 is the most abun-
dantly expressed cytokine in rheumatoid synovium. IL-6 can
be derived from Type B synovial lining cells and fibroblasts,
and its release is likely in response to insults that lead to joint
damage (Madhok et al., 1993; Bertazolo et al., 1994). A highly
significant correlation between local IL-6 level and the sever-
ity of chronic arthritis in rats has been shown (Brauer et al.,
1994). Thus, IL-6 is a good marker of arthritis, including the
type induced by Freund’s adjuvant (Leisten et al., 1990). Anti-
IL-6 therapy has been proposed to be a promising approach to
treatment of chronic inflammation (Brauer et al., 1994).

The results here tend to indicate that the MOEE treatments
act upon the formation of each of these three critical cytokines
during the mitigation of the development of RA in the rats due to
adjuvant treatment. MO2 was significantly (p < 0.05) reduced
IL-6 levels in serum as compared to arthritic rats. Indeed, certain
immunosuppressive agents such as cyclosporine-A succeeded in
inhibiting chronic arthritis associated with normalization of IL-6
level (Theisen et al., 1992)

Inflammation and tissue injury-related oxidative stress have
been implicated in the pathogenesis of RA (Ostrakhovitch and
Afanas’ev, 2001). Free radicals are produced in large quanti-
ties at the site of inflammation and/or tissue injury (Gotia et al.,
2001). Lipid peroxides that are generated at the site of inflam-
mation (tissue injury) diffuse into the blood and can be estimated
in isolated serum or plasma; in turn, these levels can be used to
reflect the severity of the original (or ongoing) tissue damage
(Gutteridge, 1995). In the present study, we observed a suppres-
sion of lipid peroxidation in the liver of diseased control rats
may be due to the decline in the level of hepatic cytochrome
P-450 (Carthrone et al., 1976). This cytochrome is involved in
NADPH-dependent lipid peroxidation and is responsible for the
decreased rate of oxidation of lipids in the liver. Another pos-
sible explanation is increased removal of lipid peroxides from
liver into the blood of arthritic animals resulting in its elevation
in serum (Geetha et al., 1998). This is evident from the fact that
the serum of arthritic rats has reduced ability to inhibit the lysis
of rabbit polymorphonuclear leucocytes after Triton X-100 in-
duction and further they even labilise cell membranes (Robak,
1978).

Superoxide radicals play an important role as a chemical
mediator on the inflammatory response of rheumatoid arthritis
(Kaneda, 1982). Here, as expected, an increased level of super-
oxide dismutase (SOD) was observed in the diseased control
rats. In the study here, administration of MOEE caused a sig-
nificant decrease in the elevated SOD activity seen in diseased
animals. The main function of catalase is to detoxify hydrogen
peroxide (H2O2). Similarly, although catalase is significantly in-
creased in RA, treatment with MOEE assured that catalase levels
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began to trend toward those seen in the nonarthritic control rats.
The GSH level in the diseased control group or in any of the
treatment groups was not affected. This might be due to the fact
that the reduced GSH was being continuously maintained at an
adequate rate by the activities of the glutathione redox cycle
(Mortensen, 1953).

All of these findings likely reflect the overall decrease in
the original formation of inflammatory reactive oxygen species
(ROS) (and as a result, decreased tissue damage) that resulted
from the MOEE treatment. With less ROS generated, there is a
lowered need for SOD and catalase, and decreased consumption
of GSH (and redox cycle activity) due to the lessened presence of
peroxidative damage to cell membranes. Except for the changes
in GSH, each of these findings were observed in the various
treatment groups receiving either dexamethasone or moreover,
the higher dose of MOEE.

The possible implication from this study is that therapeu-
tic dosing with MOEE might also be able to have a posi-
tive effect upon already-established arthritis in rats (or other
hosts). As noted earlier, many recently strategies have focused
on blocking the activity of TNFα, IL-1, and IL-6 with a view to-
ward achieving a therapeutic effect against autoimmune arthri-
tis. Our findings suggest that MOEE at a dose of 200 mg/kg
suppresses the formation/release of key proinflammatory cy-
tokines and inhibit leukocyte infiltration into the potential tar-
get sites for the disease (confirmed here by histopathological
observation).

Moreover, the qualitative phytochemical investigations of
seed extracts of M . oleifera here and by other investigators
have shown the presence of an array of active chemical con-
stituents including alkaloids, flavanoids, glycosides, tannins and
terpenoids. Most of the active principles reported have specific
pharmacologic activity (Table 1). In our laboratory, we have
also succeeded in isolating benzylisothiocyanate from the ex-
tract; investigations are ongoing to verify this and to even better
characterize the composition of the extract.

From the results reported here, it can be concluded that the
MOEE has significant anti-arthritic activity and also alters oxida-
tive stress in treated rats. Further studies are needed to elucidate
in detail precise mechanisms for these outcomes and the role of
each major constituent responsible for such activities.
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