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Background: The medicinal uses of plants are in many cases based exclusively on tradi-

tional knowledge without enough scientific evidences. Different parts of Moringa oleifera

were traditionally used for the treatment of wide variety of ailments including arthritis and

joints  pain. The present study had been designed to evaluate the anti-arthritic and anti-

nociceptive activities of ethanol extract of Moringa leaves, this being the most abundant

plant  part suitable for commercial mass production of botanical medicinal products.

Methods: Complete Freund’s adjuvant (CFA)-induced arthritis in rats was used as disease

model. CFA-induced inflammatory paw edema, body weight, arthritic index, X-ray radiogra-

phy, hematological parameters, and walk track and locomotion analysis were all evaluated

for  the assessment of disease progression. In addition to that, anti-nociceptive activity was

examined at different dose levels in both normal and arthritic-induced rats using Eddy’s hot
(RA) plate and tail flick thermal analgesia.

Results: The analysis of various arthritic assessment parameters used in this study revealed

that Moringa extract has a considerable effect in preventing development or ameliorate

arthritis disease severity. Moreover, the ethanol extract of Moringa leaves revealed sig-

nificant anti-nociceptive activity at in both normal and CFA-induced arthritis rats in a
dose-dependent manner.
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Conclusion: Ethanol extract of Moringa leaves appears to be a really promising as analgesic

and  arthritis medication, but a larger and more detailed preclinical and clinical studies

especially in human is highly recommended.

©  2018 Korea Institute of Oriental Medicine. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

Induction of experimental immunological arthritis was as
19
1.  Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disorder usually affecting the symmetrical bilateral joints.1

Uncontrolled RA characterized by progressive damages of
synovial, cartilage, and bone is associated, probably, with
extra-articular signs.2,3 RA may possibly progress to severe dis-
ability with direct negative impacts on life style and increase
in mortality rate.4,5 The overall prevalence of clinically diag-
nosed RA was 0.5–2% of the population with higher prevalence
in developed countries.6 All ages are susceptible to develop
RA, but the incidence increased significantly in people aged
over 40 years, especially women who  are two to three times
more  susceptible to RA than men.7 The ultimate goal of RA
treatment is to stop or at least minimize the joint damage,
alleviate pain, and maintain normal joint functions.8 As RA
is a chronic disease, it needs lifelong treatment. Medications
such as disease modifying anti-rheumatoid drugs (DMARDs),
non-steroidal anti-inflammatory drugs (NSAIDs), and corti-
costeroids help in reducing inflammation of the joint(s) and
decreasing pain but, unfortunately, 30% of the patients failed
to respond to the treatment9 in addition to the high cost and a
lot of serious adverse effects.10 Therefore, more  patients prefer
using natural product remedies.11

Medicinal plants and herbs are a source of unlimited vari-
ety of phytochemicals that continuously proved to be effective
in preventing, treating, or ameliorating different health condi-
tions. Moringa oleifera Lam is one of the broadly used plants in
traditional medicine. M. oleifera is the most cultivated species
of a mono-generic family, the Moringaceae, native to the sub-
Himalayan tracts of India, Pakistan, Bangladesh, Afghanistan,
and Malaya.12 All parts of Moringa tree possess medicinal
properties, but the leaves with its exceptional richness of bio-
logically active phytoconstituents is the most useful part.13,14

Among other therapeutic effects of Moringa, in vivo anti-RA
activity has been positively highlighted in seed, flower, root,
and stem bark.15–17 To the best to our knowledge, only one
published study on anti-RA activity of Moringa leaves was
published18 using methanol as extraction solvent with few
approaches to verify the anti-arthritic activity, that is, no
X-ray imaging, no walk track analysis and not involving anti-
nociceptive activity.

The problem associated with the medical uses of natu-
ral products is the lack of scientific evidence supporting the
claimed uses, which, in many  cases, were based solely on
a traditional knowledge. This fact meets a critical need for
in vivo evaluation of the tradition claimed by using labora-
tory animal model. For RA, there are several induced and

simultaneous animal models used for the evaluation of anti-
arthritic efficacy of new natural and synthetic drugs. Complete
Freund’s adjuvant (CFA)-induced arthritis is a scientifically
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

justified standard experimental procedure for the induction of
chronic immune-pathological RA in laboratory animals with
similar cellular immunity response and pathological mecha-
nism as in human.19 In addition to that, this disease model has
other advantages such as being very predictive in testing of
the efficacy of novel compounds as anti-RA, superior disease
manifestation, and disease progression than other arthritis-
induced models of up to 100% incidence rate, low inter- and
intra-variables among tested animals, which allows the use
of fewer number of laboratory animals comparing to other
arthritis induced models.20,21

To evaluate anti-rheumatoid activity of ethanol extract of
Moringa leaves, CFA-induced RA in Sprague-Dawley male rats
was used as disease model. In addition to that, the anti-
nociceptive activity was also evaluated in both normal and
arthritic-induced rats.

2.  Methods

2.1.  Animals

Animal experimental protocol was approved by Animal Ethics
Committee USM (AECUSM) of Univeristi Sains Malaysia,
School of Pharmaceutical Sciences (USM/Animal Ethics
Approval/2016/(103)(807)). Healthy Sprague-Dawley male rats,
8–10 weeks old and weighing 150–200 g, were used for the
study. Animals were housed in polypropylene cages (3 animals
per cage) maintained under standard condition (12 h light, 12 h
dark cycle; 27 ± 3◦C, 35–50% humidity), fed with standard pel-
let diet and free access to water (ad libitium), and allowed to
acclimatize for seven days before starting the experiment.

2.2.  Animals  and  experimental  design

The animals were randomly assigned into five different groups
of six animals per group (n = 6): group I (Normal control), no
CFA injection; group II (CFA-control), no treatment-only vehi-
cle; group III, given indomethacin 2.5 mg/kg/day as reference
standard; group IV (E500), given 500 mg/kg/day of Moringa
extract; and group V (E250), given 250 mg/kg/day of Moringa
extract. The daily oral dose for all treatment groups (groups
III–V) and CFA-control group was administered at 8–9 am and
the measurements were conducted at 2 pm.

2.3.  Induction  of  arthritis
described by Nair et al with minor modifications in group
classification. Briefly, hind limbs of all groups except group I
were shaved, sterilized by 70% (v/v) alcohol and then 0.1 mL

https://doi.org/10.1016/j.imr.2017.11.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
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f CFA containing 10 mg/mL  of heat-killed M.  tuberculosis was
njected into subplantar of the left hind paw of each animal
nder mild anesthesia with diethyl ether. The time of adju-
ant injection was referred as day 0. The daily oral doses of
ehicle/Moringa extract/indomethacin were started on day 0
nd continued to day 21 post injection.

.4.  Assessment  of  arthritis

.4.1.  Effect  of  Moringa  extract  on  CFA-induced  arthritic
aw  edema
he edema of both hind paws was observed on days 0, 3, 6, 9,
2, 15, 18, and 21 post CFA injection using digital micrometer
auge. The percentage increase in paw edema was calculated
y the following formula:

 increase in paw oedema = To − Tt

To
× 100

here To is the mean of paw thickness at day 0 and Tt is the
ean of paw thickness at a particular time. The results were

tatistically compared to the CFA-control group.

.4.2.  Effect  of  Moringa  extract  on  body  weight  gain
nimal’s body weight for all groups was monitored starting

rom day 0 and repeated on days 3, 6, 9, 12, 15, 18 and 21
ost CFA injection. The percent weight change was calculated
sing the following formula:

 weight change = Wt − Wo

Wt
× 100

here Wt is the weight of animal at time t and Wo is the weight
f animal on day 0. The result was statistically compared to
oth normal control and CFA-control groups.

.4.3.  Arthritic  index
evelopment and severity of induced arthritis were evaluated
y a visual scoring system of the clinical signs and symp-
oms on scale of 0–4 per limb as described by Vijayalaxmi
t al9 where 0: no change, 1: slight swelling and erythema of
he limb, 2: mild swelling and erythema of the limb, 3: gross
welling and erythema of the limb, and 4: gross deformity and
nability of the limb. A score of the both hind limb was counted
nd a score more  than 1 exhibits the arthritis whereas a maxi-
um score of the arthritis is 8. The measurement was started

n day 3 post CFA injection and repeated on days 6, 9, 12, 15,
8, and 21 post injection.

.4.4.  Hematology  profile
n day 21, post CFA injection blood was withdrawn through
ardiac puncture from all groups under mild anesthesia with
iethyl ether and kept in a suitable blood collection tubes

BD Vacutainer, Becton Dickinson, USA). The hematological
arameters including hemoglobin content (HGB), total red
lood cell count (RBC), % packed cell volume (% PCV), total
hite blood cells count (WBC) were evaluated immediately
fter blood sample collection using an automated hematology
nalyzer (Beckman Coulter Blood Analyzer, California, USA).
rythrocyte sedimentation rate (ESR) was determined by the
introbe method.
87

2.4.5.  Walking  track  analysis
Walking track analysis was first described by de Medinaceli et
al22 as an approach to combine gait analysis and the tempo-
ral and spatial relationship of one footprint to another during
walking, that is, analysis of changes in locomotion in addition
to analysis of functional behavior. The rat’s footprints for all
treatment groups were collected by immersion of the rat’s hind
paws in ink and allowing the animal to walk over paper sheet
fixed on a confined walkway corridor, 8.7 cm wide by 43 cm
long, with a dark shelter at the end. After two or three condi-
tioning trials, the animals walked steadily to the dark shelter.
The procedure was repeated on day 0 before CFA injection,
and days 14 and 21 post injection. The obtained data from
rat’s footprint were used to calculate the functional index (FI)
using the following equation:

FI =
[(

ETOF − NTOF
NTOF

)
+

(
NPL − EPL

EPL

)
+

(
ETS − NTS

NTS

)

+
(

EIT − NIT
NIT

)]
× 220

4

where ETOF and NTOF: experimental (injected paw)  and nor-
mal  paw time to opposite foot, EPL and NPL: experimental
and normal paw print length, ETS and NTS: experimental and
normal total paw spreading, and EIT and NIT: experimental
and normal intermediary toes spreading. Normal value was
in range −11 to +11%, where 0 represents totally normal and
100 represents totally impaired.

2.4.6.  X-ray  radiographic  assessment
On day 22 post CFA-injection, radiographs were taken
with X-ray apparatus (PHILIPS Diagnose X-ray, Amsterdam,
Netherlands). The focal film distance was 60 cm at 55 kVp and
3 mA.  The severity of the joint deformation was blindly scored
according to the extent of osteoporosis, joint spaces, soft tis-
sue inflammation, subchondral erosion, and joint ankylosis
on a scale of 0–4 as described by Vijayalaxmi et al.9 The high-
est possible score is 20 per paw. X-ray images were analyzed
and separately scored by two certified radiologists who  were
blinded to the treatment groups.

2.5.  Anti-nociceptive  effect  of  ethanol  extract  of  M.
oleifera  leaves

For normal rats, two thermal analgesia methods were used
to evaluate the anti-nociceptive activity of ethanol extract of
Moringa leaves, that is, Eddy’s hot plate method and tail flick
method, whereas for arthritic rats, only tail flick was used
due to the unsuitability of hot plate method in CFA-induced
arthritis model.23

2.5.1.  Anti-nociceptive  effect  of  ethanol  extract  of  M.
oleifera  leaves  on  normal  rats
In normal rats experiment, 36 Sprague-Dawley male rats
were designated into six groups of six rats each (n = 6):
group I, given 1 mL of 1% (w/v) CMC  in water (vehi-
cle); group II, given indomethacin 5 mg/kg body weight

(standard drug); and groups III to VI, given ethanol extract
of Moringa leaves at doses 125, 250, 500, and 750 mg/kg body
weight.
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2.5.1.1.  Eddy’s  hot  plate  thermal  analgesia  method.  First, the
animal was placed on the hot plate and allowed to accli-
matize for three to five minutes; then, start the instrument
with a cut-off period of 18 seconds and 55 ± 0.1◦C maxi-
mum heat to avoid harming the animals and observe the
reaction time (in seconds) and the time taken by the ani-
mal  to start paw licking or jumping, which is considered as
baseline. The procedure was repeated 30, 60, 90, 120 and
180 minutes after oral administration of calculated dose of
Moringa extract/indomethacin/vehicle. At each measuring
time, the test was repeated three times for each animal with
5-minute intervals. The latency time was calculated using the
following equation:

Latency time = Tt − To

where Tt is the time taken by the rat to respond at particu-
lar measurement time and To is the time taken by the rat to
respond at time 0.

2.5.1.2.  Tail  flick  analgesiometer.  The tail flick test using dig-
ital analgesiometer was performed as described by Rani and
Gupta24 with minor modification in cutoff time. Rat was held
gently with one hand and the tail tip end (1–3 cm from the
most end of the tail) was placed on the source of radiant
heat and the response (tail flicking) was elicited by apply-
ing the radiant heat to the surface of the tail. A cutoff
response time was 20 seconds to avoid harming the ani-
mal  or cause tissue injury. First, the animal was placed on
the tail flick analgesiometer; start the instrument to observe
the responding time (in seconds), which was considered as
baseline. The procedure was repeated 30, 60, 90, 120, and
180 minutes after oral administration of calculated dose of
Moringa extract/indomethacin/vehicle. At each measuring
time, the test was repeated three times for each animal with
5-minute intervals. The latency time was calculated using the
following equation:

Latency time = Tt − To

where Tt is the time taken by the rat to move his tail at partic-
ular measurement time and To is the time taken by the rat to
move his tail at time 0.

2.5.2.  Anti-nociceptive  effect  of  ethanol  extract  of  M.
oleifera  leaves  on  CFA-induced  rat
The same procedure and test parameters of tail flick anal-
gesiometer used in normal rats experiment except the time
of measurements were also used for the evaluation of anal-
gesic effect of ethanol extract of Moringa leaves on arthritic
rats at two dose levels of 250 and 500 mg/kg body weight. The
measurement of latency time was started on day 0 before CFA
injection (considered as baseline) and repeated on days 3, 6,
9, 12, 15, 18, and 21 post CFA injection after the specified daily
oral dose of Moringa extract/indomethacin/vehicle.

2.6.  Data  analysis
All the data were expressed as mean ± SEM and statistically
analyzed by IBM-SPSS version 20 software using one-way
ANOVA followed by post hoc Dunnett-t  test (2-sides) at different
variance levels.
Integr Med Res (  2 0 1 8 ) 85–94

3.  Results

3.1.  Effect  of  Moringa  extract  on  CFA-induced  arthritic
paw edema

The activity of ethanol extract of Moringa leaves at doses
250 and 500 mg/kg body weight and indomethacin to inhibit
inflammatory paw edema was examined against CFA-control
group and found to be significant at p < 0.001 and p < 0.05
respectively (Fig. 1). Highest percent of inhibition was
expressed by Moringa extract at a dose of 250 mg/kg, espe-
cially at chronic phase at 70.80% and even more  active than
indomethacin (70.48%).

3.2.  Effect  of  Moringa  extract  on  animal’s  body  weight

Treatment groups that were given crude extract at dose
250 mg/kg showed a significant increase in body weight at
p < 0.05, whereas at dose of 500 mg/kg the increase in body
weight was non-significant as compared to CFA-control group
(Fig. 2). Indomethacin group also showed a non-significant
weight gain in spite of being almost at constant rate increase.
Normal group showed a steady increase in body weight. All
treatment groups and CFA-control group showed a biphasic
pattern, in that, a continuous increase in body weight started
on day 6 until day 18 (established chronic phase) and then the
weight started to decrease.

3.3.  Arthritic  index

Recording of arthritic score for both hind paws was started
on day 3 post CFA injection by measuring paw thickness,
ankle and knee diameter, swelling and redness of paw’s
phalanges, and signs of inflammation on the eye, mouth,
nose, ear, and tail. A significant decrease in arthritic index
(p < 0.001) was recorded in indomethacin group and groups
that were given Moringa extract at both doses compared
to CFA-control group (Fig. 3). The animal group that was
given  Moringa extract at dose 250 mg/kg body weight showed
better arthritic index, that is, less clinical signs of inflamma-
tion and arthritis than animal groups that were given either
indomethacin or Moringa extract at dose 500 mg/kg body
weight.

3.4.  Hematology  profile

Hematological parameters including HGB, RBC, PCV, WBC,
and ESR were measured for all animal groups including
normal control group (Table 1). All the evaluated hemato-
logical parameters of CFA-control group except WBC  showed
an out of normal range results. This abnormal results sug-
gested the development of iron deficiency anemia, which
is one of the clinical manifestations of RA. For HGB, RBC,
and PCV, all treatment groups including the group that were
given indomethacin were comparable to normal group, within

normal range and significantly different (p < 0.05 and 0.001)
from CFA-control group. The animal group that was given
Moringa extract at dose 250 mg/kg showed the highest effects
with a significant effect at p < 0.001 compared to CFA-control

https://doi.org/10.1016/j.imr.2017.11.002
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Fig. 1 – Percent increase in paw edema in CFA-induced arthritis in rats of CFA-control (no treatment), indomethacin at dose
2.5 mg/kg/day, E500 and E250 groups that were  given Moringa leaves extract at dose 500 and 250 mg/kg/day, respectively. a:
significant at p < 0.05 and b: significant at p < 0.001.

Fig. 2 – Percent increase in body weight of normal control, disease control, and treatment groups. E500: the animal group
that was given Moringa leaf extract at dose 500 mg/kg and E250: the animal group that was given Moringa extract at dose
250 mg/kg. a: significant at p < 0.05.

Fig. 3 – Arthritic index for disease control group, indomethacin group, and two animal groups (E500 and E250) that were
given Moringa extract at doses of 500 and 250 mg/kg body weight. a: significant at p < 0.05 and b: significant at p < 0.01.

g
i
a
t
a

roup. For WBC, only animal groups that were given either
ndomethacin or Moringa extract at dose 500 mg/kg showed
 significant effect (p < 0.05) compared to CFA-control. For ESR
est, all treatment groups showed a significant effect (p < 0.001
nd 0.05) compared to CFA- control group.
3.5.  Walking  track  analysis  using  de  Medinaceli
method
The calculated results of SFI (Fig. 4 and Table 2) clearly
reveal normal values for all treatment groups, whereas in
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Table 1 – Effects of Ethanol Extract of Moringa oleifera Leaves on Some Hematologic Parameters in CFA-induced RA Rats

Hematology parameter
(normal range)

Group

CFA-control
(mean ± SEM)

Normal
(mean ± SEM)

Indomethacin
(mean ± SEM)

E500
(mean ± SEM)

E250
(mean ± SEM)

HGB (g/dL) (13.5–18.4)* 12.25 ± 0.787 13.60 ± 0.147a 13.30 ± 0.450a 13.67 ± 0.606a 13.87 ± 0.359b

PCV (%) (38.9–54.9)* 35.75 ± 0.0.016 39.50 ± 0.008a 39.50 ± 0.015a 40.3 ± 0.028a 41.0 ± 0.006b

RBC (1012/L) (7.8–10.2)* 7.08 ± 0.385 7.86 ± 0.088b 7.83 ± 0.366a 7.53 ± 0.619 7.95 ± 0.232a

WBC (109/L) (5.9–19.0)* 12.59 ± 0.538 9.70 ± 2.199a 7.75 ± 1.222a 7.60 ± 2.368a 9.76 ± 0.741
ESR (mm/h) (0.5–1.45)** 2.04 ± 0.038 1.12 ± 0.131a 0.45 ± 0.047b 0.75 ± 0.129b 0.84 ± 0.117b

∗ Normal range according to Petterino and Argentino-Storino.25

∗∗ Normal range according to Ihedioha et al.26

a Significant at p < 0.05.
b Significant at p < 0.001.

Fig. 4 – de Medinaceli walk track analysis of CFA-control rat. (A) Footprints of rat on day 0 and (B) footprints of rat on day 21
post arthritis induction.

Table 2 – Effects of Ethanol Extract of Moringa oleifera
Leaves on Functional Index (mean ± SEM) and
Locomotion in CFA-induced RA in Rats

Group Day 0 Day 14 Day 21

CFA-control 1.67 ± 1.513 −1.41 ± 1.987 −18.22 ± 6.192
Indomethacin −4.11 ± 1.921 −1.55 ± 6.121 −5.88 ± 2.603
E500 2.93 ± 3.895 −0.23 ± 3.847 −3.32 ± 4.967

the effect was found to be nonsignificant. The anti-nociceptive
E250 −1.80 ± 4.430 −3.06 ± 4.265 −1.38 ± 3.869

CFA-control group, the results showed an out of normal values
after three weeks of arthritis.

3.6.  X-ray  radiography  assessment

In CFA-control group, a soft tissue swelling along with the

reduction of the joint spaces was observed, which implies the
subchondral erosion in arthritic condition (Fig. 5). The aver-
age radiographic score of CFA-control group was 9.66 ± 1.16.
The standard drug indomethacin (2.5 mg/kg) treated group
and Moringa extract treated groups at 500 and 250 mg/kg dose
for 21 days duration have an average radiographic scores of
3.17 ± 1.08, 3.84 ± 1.23, and 3.34 ± 1.41, respectively. Statistical
analysis of the obtained scores (mean ± SEM) revealed a sig-
nificant effect (p < 0.001) of indomethacin and both doses of
Moringa extract.

3.7.  Analgesic  effect  of  M.  oleifera  on  normal  rats

3.7.1.  Eddy’s  hot  plate
Ethanol extract of Moringa leaves showed a significant anti-
nociceptive activity in a dose-dependent manner at dose 250,
500, and 750 mg/kg body weight compared to control group
(p < 0.05 and 0.001), while at dose of 125 mg/kg body weight,
activity of Moringa extract was started at minute 90 after oral
administration and reached its peak activity at minute 180 and
then the effect started to decline. In indomethacin group, the

https://doi.org/10.1016/j.imr.2017.11.002
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Fig. 5 – X-ray radiographs for hind paws  of CFA-induced arthritis rats on day 22 post induction. 1: CFA-control; 2: animal
given indomethacin; 3: animal given Moringa extract at dose 500 mg/kg, and 4: animal given Moringa extract at dose
250 mg/kg.

Fig. 6 – Effect of ethanol extract of Moringa oleifera leaves at different dose levels on latency time of normal rats measured
using Eddy’s hot plate thermal analgesia method. A 750 mg,  500 mg,  250 mg  and 125 mg  are animal groups given Moringa
e . a: s
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xtract at doses of 750, 500, 250 and 125 mg/kg body weight

ctivity started earlier at minute 60 and reached its peak at
inute 120 and then the effect started to decline (Fig. 6).

.7.2.  Tail  flick  thermal  analgesia
thanol extract of Moringa leaves at dose 250, 500 and
50 mg/kg body weight showed a significant anti-nociceptive
ctivity (p < 0.05 and 0.001) in a dose-dependent manner com-
ared to control group, whereas at dose of 125 mg/kg body
eight, the effect was found to be nonsignificant. The anal-

esic activity of Moringa extract was started at minute 90 after

ral administration and reached its peak activity at minute 180
nd then started to decline, whereas in indomethacin group,
he activity started earlier at minute 60 and reached its peak
t minute 90 (Fig. 7).
ignificant at p < 0.05 and b: significant at p < 0.001.

3.8.  Anti-nociceptive  effect  of  M.  oleifera  on
CFA-induced  arthritis

Two animal groups, that is, indomethacin and the group that
received 500 mg/kg Moringa extract, showed a significant anal-
gesic activity (p < 0.001 and 0.05, respectively) compared to
CFA-control group (Fig. 8). For indomethacin group, an obvious
anti-nociceptive activity was observed on day 12 post CFA-
induction, that is, after the end of acute disease phase and
reached its peak activity on day 18; thereafter, a slight decrease
in anti-nociceptive activity was observed. On the other hand,

the animal group that received Moringa extract at dose
500 mg/kg showed that an earlier significant anti-nociceptive
activity than indomethacin and peak activity was on day
21, suggesting a good anti-inflammatory and anti-arthritic
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Fig. 7 – Effect of ethanol extract of Moringa oleifera leaves at different dose levels on latency time of normal rats measured
using tail flick thermal analgesia method. A 750 mg,  500 mg,  250 mg  and 125 mg  are animal groups given Moringa extract at
doses of 750, 500, 250 and 125 mg/kg body weight. a: significant at p < 0.05 and b: significant at p < 0.001.

Fig. 8 – Effect of ethanol extract of Moringa oleifera leaves at doses 500 and 250 mg/kg on latency time of CFA-induced
arthritis rats measured using tail flick thermal analgesia method. A 500 mg  and 250 mg  are animal groups given Moringa

cant
extract at doses of 500 and 250 mg/kg body weight. a: signifi

activity during acute phase and preventing development or,
at least, mitigating severity of chronic RA.

4.  Discussion

RA is a heterogeneous pathological condition associated
with elevation of certain pro-inflammatory and inflamma-
tory mediators including IL-1, IL-6, and TNF-a, which, if not
suppressed, will increase infiltration of macrophages into the
inflamed site with excessive production of auto-antibodies.27

Another important mechanism in the pathogenesis of RA is
the increase in the production of free radicals by the activated
macrophages and neutrophils.11 Both in vivo and in vitro stud-
ies of anti-inflammatory and anti-oxidant activity of Moringa
leaves extract indicated a significant inhibition of nitric oxide
(NO) production by macrophage cells, decrease in serum level
of IL-1, IL-6, and TNF-a in addition to inhibition of COX2 path-
way by inhibition of PGE2 production.28–30The results of the
current study showed that Moringa extract has an inhibitory

activity against inflammatory paw edema in both acute
and chronic phases of CFA-induced arthritis. Interestingly,
Moringa extract at low dose of 250 mg/kg illustrated stronger
 at p < 0.05 and b: significant at p < 0.001.

inhibitory activity against inflammatory paw edema than
higher dose of 500 mg/kg. Other researchers like Sudha et al31

reported that low dose of methanol extract of Moringa leaves
(250 mg/kg) was more  effective than higher dose (750 mg/kg)
as immune-modulatory effects in mice. Moreover, Leone and
Alessandro32 reported that ethanol extract of Moringa leaves
show an inhibitory activity against collagen-induced inflam-
matory paw edema in dose non-dependent pattern. One
suggested explanation was the presence of phytates and
other antinutrient phytoconstituents, which can hamper the
absorption and consequently the activity of certain bioactive
phytocompounds.12 Other explanation related the lower activ-
ity of higher dose to oversaturation of the dissolution medium
in rat’s stomach leading to precipitation of the bioactive phy-
toconstituent(s). The higher concentrations achieved in the
in vivo dissolution media, beyond the equilibrium solubility,
create driving forces for the nucleation and crystallization of
the stable phases. Eventually, the stable phases will nucle-
ate and crystallize. However, certain time is required before
the depletion of concentrations in solution followed by re-

dissolution of precipitated phytoconstituents.

The significant increase in body weight of the animal group
that was given Moringa extract at dose 250 mg/kg reflects

https://doi.org/10.1016/j.imr.2017.11.002
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he safety, low toxicity, and less adverse effects compared
o the animal group that was given indomethacin. The non-
ignificant increase in body weight of the animal group that
as given indomethacin may be due to ulcerative and gas-

ric disturbance side effects of indomethacin. All groups other
han normal group shows biphasic pattern, in that, a contin-
ous increase in body weight started at day 6 until day 18

established chronic phase) the weight decreased.
The animal groups that were given either indomethacin

r Moringa extract showed less inflammatory and arthritis
ymptoms with statistically significant decrease in arthritic
ndex. This result suggests that Moringa extract is effective in
he prevention of RA development.

Iron deficiency anemia is one of the hematological symp-
oms of RA. In addition to its anti-inflammatory activity,
oringa leaves contain highest levels of essential amino acids,

ron, and vitamins such as B complex32 which are essential
or the treatment of anemia. The administration of ethanol
xtract of Moringa leaves to normal rats reported to signif-
cantly increase HGB level with no effect on WBC  level.33

he level of WBC  of all treatment groups and normal con-
rol group was much less than CFA-group. The level of WBC
ppears not to be affected by Moringa extract or the dose level.
ther factors such as standard housing, age, sex and sex hor-
ones level, and the level of hygiene maintained in the animal

acilities all should be considered in the evaluation of eryth-
ocyte and leukocyte profiles. In contrast, the study done by
artínez-González et al34 reported that the methanol extract

f Moringa leaves at doses 400 and 800 mg/kg caused signifi-
ant increase in the level of WBC  counts and its differentials.

The results of walking track analysis using de Medinaceli’s
ethod point out the development of chronic RA in CFA-

ontrol group and the affect of chronic RA on locomotion and
he change in gait behavior. In contrast, the animal groups
hat were given indomethacin or Moringa extract showed
o considerable change in locomotion and gait behavior
ith FI within normal range. This result suggested that both

ndomethacin and Moringa extract successfully prevented the
evelopment of RA or at least ameliorate the severity of the
isease.

Radiographic imaging in RA is a useful diagnostic tool,
hich is able to specify the severity of the disease. Soft tissue

welling and inflammation is the earlier sign, whereas promi-
ent morphologic changes such as subchondral erosions and
arrowing of joint spaces are late signs and can be observed
nly in the developed stages of the disease. Moringa extract
t both doses had noticeably prevented joint destruction and
oft tissue damages.

The ethanol extract of Moringa leaves revealed a notice-
ble anti-nociceptive activity in both normal and CFA-induced
rthritis rats. In normal rats, Moringa extract illustrated

 statistically significant anti-nociceptive effect in a dose-
ependent manner in both the methods used. In arthritic
ats, a progressive recuperation was observed in rats receiv-
ng Moringa extract that was more  pronounced and significant
t dose 500 mg/kg. This finding suggests that Moringa extract

ffectively decreases the inflammatory-associated pain, and
ot only central action but also peripheral inhibition of

he prostaglandins-mediated potential of analgesic action of
radikinins were involved. Similar results were previously
93

observed by Manaheji et al17 with a methanol extract of com-
bined roots and leaves of Moringa in three arthritic models in
rats and by Martínez-González et al34 with an ethanol extract
of Moringa leaves in a collagen-induced RA.

In conclusion, this study provides the scientific evidence
of the effectiveness of ethanol extract of Moringa leaves as
analgesic, anti-inflammatory, and anti-arthritic medication
supporting the common traditional beliefs and uses. For sure,
a more  preclinical and clinical study, especially in human sub-
jects, is very essential and highly recommended. Moreover,
the use of leaves offers a good option for a resource man-
agement that is more  abundant and easy to get all the year
around. Encouraging the use of leaves instead of seeds, flow-
ers, or roots would maintain the remedial benefits involving
pain and inflammation without affecting the proliferation of
this source.
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