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INFLUENCE OF COMMIPHORA MUKUL RESIN ON THE
KNEE ARTICULAR CARTILAGE OF RATS IN
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ABSTRACT
Objective: To investigate the influence of Commiphora mukul resin (guggul) on the knee
articular cartilage of rats in experimental osteoarthritis.
Methodology: To induce osteoarthritis (OA), single intra-articular injection of MIA (1 mg) in the
rat knee joints was performed. Histopathological changes in knee joints were observed after two
weeks. The beneficial effect of guggul was studied, orally.
Results: The early OA characterized by areas of chondrocytes degeneration in the tibial plateaus
and femoral condyles. Changes to the subchondral bone and proteoglycane contents and synovial
cell proliferation, were observed. Administration of guggul prevented the negative effects of
iodoacetate, dose dependently. Chondrocyte damages were significantly prevented and
proteoglycane were less affected, especially in high guggul dose and no cell proliferation and
inflammatory cell were detected in synovial.
Conclusion: The effectiveness of guggul in improvement of histopathological damages is
emphasized and its chondroprotective effect in vivo is highlighted.

KEY WORDS: Guggul, Osteoarthritis, Animal model.

Pak J Med Sci   April - June 2009   Vol. 25   No. 2    269-273

How to cite this article:

Jahromy MH, Kermani RM, Nobakht F. Influence of commiphora mukul resin on the knee articular
cartilage of rats in experimental osteoarthritis induced by iodoacetate. Pak J Med Sci 2009;25(2):
269-273.

1. Mahsa Hadipour-Jahromy, Pharm.D.,
PhD of Pharmacology, Assistant Professor,
Head of Dept. Pharmacology,
Medical Sciences Research Center,

2. Reza Mozaffari-Kermani, MD, PhD of Pathology,
Assistant Professor, Dept. Pathology,

3. Fatemehsadat Nobakht, MD,
1-3: Tehran Medical Branch,

Islamic Azad University, Tehran, Iran

Correspondence

Mahsa Hadipour-Jahromy,
Zargandeh, Shariati Ave.,
Islamic Azad University, Tehran Medical Unit,
P.O. BOX: 19395-1495, Tehran, Iran
Email: jahromymh@yahoo.com

  * Received for Publication: June 16, 2008

  * Revision Received: December 29, 2008

  * Revision Accepted: January 1, 2009

INTRODUCTION

Osteoarthritis (OA) is the most common form
of joint disease in over one-half of people older
than 65 years of age. OA is primarily noted in
the weight-bearing joints (i.e., knees, hips) and
involves both the degeneration of articular car-
tilage as well as changes to the subchondral
bone.1,2 Currently, there are no commercially
available drugs definitively proven to alter the
natural progression of this disease in the clinic.
The treatment of patients with OA is often di-
rected at relieving pain and restoring function
through the use of pharmacological therapies
or phytochemical-rich diet.3
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An animal model that mimics the behavioral,
biochemical and pharmacological parameters
of OA-associated joint discomfort has been in-
troduced. Injection of the metabolic inhibitor,
monosodium iodoacetate (MIA), into joints,
inhibits glyceraldehye-3-phosphate dehydroge-
nase activity in chondrocytes, resulting in dis-
ruption of glycolysis and eventual cell death.
The progressive loss of chondrocytes results in
histological and morphological changes to the
articular cartilage, closely resembling those seen
in human OA.4-7

Mukul myrrh (Commiphora mukul,
Burseraceae), is a tree native to Arabia and
India. The tree exudes a yellowish resin called
gum guggul or guggulu that has a balsamic
odor. Guggul is a highly valued botanical medi-
cine used in Ayurveda, Indian system of medi-
cine. It is used for lipid disorders, Acne vul-
garis, arthritis and obesity.8,9 Although, guggul
has demonstrated anti-inflammatory activity
in rats, no study has been carried out in rat
model of osteoarthritis, yet.

Aim of The study: Currently there are no
commercially available drugs, definitely
proven to alter the natural progression of the
disease in the clinic, and since guggul resin is
widely consumed and implicated with poten-
tial human health benefit, the present study
was designed to investigate the effect of guggul
on the pathological changes of knee’s rats af-
ter induction of experimental osteoarthritis
with iodoacetate.

METHODOLOGY

Induction of osteoarthritis: The procedures used
in this study were in accordance with the
guidelines of the Pfizer Animal Care and Use
Committee. Male Wistar rats (200-250g) were
used. For induction of MIA-induced arthritis,
rats were anesthetized with ketamine Hydro-
chloride (50 mg/ml for injection USP,
Rotexmedica, Germany) and given a single in-
tra-articular injection of 1mg MIA (Crystal
Powder M=185.96 g/mol, Germany, Sigma)
through the infrapatellar ligament of the left
knee10 and sacrificed at 1, 14 and 28 days post
injection. The amount of MIA injected into the

joint was determined from the dose-response
study in which the appropriate degree of joint
discomfort was observed using a concentration
of 1mg/joint (results not shown).

MIA was dissolved in physiologic saline and
administered in a volume of 50µl using a
30-gauge needle. The right contra lateral con-
trol knee was injected with 50µl of physiologic
saline.
Treatment: The beneficial effects of guggul
(Kisalaya Pharmaceuticals Ltd. Indore, India)
at ranges equal to anti-lipid effects in men (15,
30 and 45 mg/kg, orally) was studied in
different groups each containing ten rats,
after induction of OA (from day one post MIA
injection). The resin was dissolved in saline and
administered orally, using feeding needle,
everyday. The control group received only
saline. Histopathological changes in knee joints
were studied after two weeks.
Histological analysis: Histological changes were
assessed in all rats that had received 1mg/knee
of MIA or saline. Animals were killed by chlo-
roform at the time indicated. Soft tissue was
removed from the left (osteoarthritic) and right
(contra lateral control) legs. The patella was
removed from each knee to facilitate thorough
fixation of the joint. Tissue samples were
prepared for light microscopy using standard
procedures. Briefly, samples were preserved in
10% neutral-buffered formalin and
subsequently decalcified in 5% formic acid for
72 hour. Samples were dehydrated in an etha-
nol series and embedded in paraffin. Sections
were stained with either hematoxylin–eosin or
toluidine blue. Histopathological change of
each knee was quantitatively expressed sim-
ply by the summation of individual grades
(slight: 1 for +, moderate: 2 for ++, severe: 3
for +++) and calculating the average pathol-
ogy scores, for each finding.7 A Board-certified
pathologist scored all samples. Statistical
analyses to test for differences in response were
performed using one-way ANOVA.
Individual values throughout the paper are
given as mean±standard of the mean
(origin 6).
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RESULTS

In MIA treated animals, histopathological
alterations were completely time dependent.
Histological findings such as disorganization
of chondrocytes, erosion and fibrillation of car-
tilage surface, subchondral bone exposure, and
loss of proteoglycane in cartilage were observed
after fourteen days, in iodoacetate injected
knee, staining with hematoxilin-eosine and
toluidine blue. Joint cartilage of both femoral
and tibial bone showed irregular surface that
was occasionally accompanied by ulceration
and/or fibrillation especially after 28 days.
Histopathological findings and pathology
scores for MIA-induced OA (1mg) after 1, 14
and 28 days are summarized in Fig-1.

Administration of guggul resin in different
groups of rats prevented, to some extent, the
negative effects of iodoacetate on chondrocytes,
especially at maximum amount that we used.
With administration of 45mg/kg, chondrocyte
organization was preserved by approximately
50%, and their number was focally increased
with less damage to proteoglycane (around
65%) in the epiphyseal plate, in period of two
weeks. No inflammatory cells or cell prolifera-
tion in synovial were observed, in any treated
groups. Scoring of histological findings con-
firmed the tendency of guggul in protection of
both chondrocytes and proteoglycane and its
high anti-inflammatory effects. Summation of
all average pathology finding scores in saline,
control, low-, moderate- and high-guggul resin
groups were 0.00, 12.10, 6.40, 5.80, and 3.90,
respectively (Table-I).

DISCUSSION

Guggul, a well-known anti-dyslipidemic10,11

and anti-inflammatory drug8,9,12 has shown the
potential of chondrocyte protection in the
present study. Gugulipid treatment proffered
a salutary effect on rodent models of OA com-
monly used to screen chondroprotective drugs.
The present study also confirms the anti-in-
flammatory effects of guggul in OA, even at
low dose. This effect has been reported in some
inflammatory diseases,12 but no work has been

done on experimental model of osteoarthritis.
Osteoarthritis processes that lead to the struc-
tural changes and pain are complex and poorly
understood. So far, studies to elucidate the
pathophysiology of OA and identify therapeu-
tic interventions to treat the disease have been
hampered by the lack of a rapid, reproducible
animal model that mimics both the histologic
changes and symptoms. A rat model of OA-
associated joint discomfort allows both the
rapid analysis of the mechanisms involved
with OA pain and the evaluation of therapeu-
tic interventions to treat the joint discomfort
associated with the disease. This model involves
the intra-articular injection of MIA into the
right femorotibial joint of Wistar rats. The MIA
model is well established and has been utilized
in a number of different species including
horses, chickens, mice, guinea pigs and rats.5-7

Intra-articular injection of MIA results in an
inhibition of glyceraldehye-3-phosphate, ulti-
mately resulting in disruption of chondrocyte
metabolism and eventual cell death. This
progressive loss of chondrocytes results in
histologic changes that resemble several of the

Histopathological findings
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Fig-1: Summary of microscopic finding and Average
Pathology Scores for MIA (1mg) induction of lesions
in knee joint of mice after 1, 14 and 28 days; compared
to saline (zero in all cases). * P<0.01 when compared
to MIA (1mg) after one day. Score in horizontal axis
indcates: 1 = Chondrocyte damage; 2 = Proteoglycane
loss; 3 = Inflammatory cell in synovial; 4 = Synovial
cell prolifration.
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salient features noted in human OA, includ-
ing collapse of the cartilaginous matrix, fibril-
lation, and osteophyte formation.

The amount of MIA utilized in this study was
chosen based on both the degree of joint dis-
comfort and the histologic changes. Interest-
ingly, histologic examination revealed that the
MIA primarily targets the articular cartilage
of the medial tibial plateaus.13 This is supported
by the fact that the rat is a medial weight-bear-
ing animal and demonstrating a requirement
for weight bearing on the affected joint for le-
sion development. Based on these findings, it
is apparent that the model appears to repro-
duce the early lesions of OA, similar to those
observed in the human disease. Due to these

histologic similarities, various adaptations of
the model have been utilized to examine both
the pathophysiology of OA and a number of
pharmacologic agents including NSAIDs, cor-
ticosteroids and inhibitors of matrix
metalloproteinases.3,13 These studies, however,
have relied on histologic/morphologic end
points for determination of efficacy of these
agents to modify OA. Alcoholic extract of
guggul has been shown to regulate inflamma-
tion, obesity, rheumatoid arthritis, hyperlipi-
demia and thyroid regulatory activity.8,9,10-12

Matrix metalloproteinases (MMP) are enzymes
important in maintenance of normal cellular
architecture including chondrocyte, assisting
with creation of interstitial spaces by destroy-

Table-I: Microscopic findings of histopathological analysis in saline injection into the right knee,
control (receiving water) and treatment (receiving different doses of (guggul resin) groups

post MIA injection in left knee after 14 days.
Score Saline Control Treated1 Treated2 Treated3

MIA/Knee 1 mg 1 mg 1 mg 1 mg 1 mg
guggul 0 0 15 mg/kg 30 mg/kg 45 mg/kg
No. of Animals 10 10 10 10 10
Chondrocyte + 0 2/10 4/10 6/10 9/10
damage: area ++ 0 4/10 5/10 3/10 1/10

+++ 0 4/10 1/10 1/10 0/10
APS 0 2.20 1.70 1.50 1.10
Chondrocyte + 0 2/10 4/10 4/10 8/10
necrosis: thickness ++ 0 3/10 4/10 4/10 2/10

+++ 0 5/10 3/10 2/10 0/10
APS 0 2.30 2.10 1.80 1.20
PG loss: area + 0 1/10 8/10 8/10 8/10

++ 0 5/10 2/10 2/10 0/10
+++ 0 4/10 0/10 0/10 0/10

APS 0 2.30 1.20 1.20 0.80
PG damage: + 0 1/10 7/10 7/10 8/10
thickness ++ 0 5/10 2/10 3/10 0/10

+++ 0 4/10 1/10 0/10 0/10
APS 0 2.30 1.40 1.30 0.80
Inflammatory cell + 0 7/10 0/10 0/10 0/10
in synovial ++ 0 2/10 0/10 0/10 0/10

+++ 0 1/10 0/10 0/10 0/10
APS 0 1.40 0.00 0.00 0.00
Synovial cell + 0 5/10 0/10 0/10 0/10
prolifration ++ 0 4/10 0/10 0/10 0/10

+++ 0 1/10 0/10 0/10 0/10
APS 0 1.60 0.00 0.00 0.00
Total pathology score 0 12.10 6.40 5.80 3.90

APS: Average Pathology Score; + Slight, ++Moderate, +++Severe
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ing structural proteins thereby facilitating
multiple inflammatory processes. It has been
reported that human chondrocyte MMP’s were
inhibited by some herbal extracts such as ac-
etone extract of whole pomegranate fruit in
vitro,14 has the potential for prevention and
treatment of inflammation and cancer15 and
improves a depressive state and bone
properties in menopausal syndrome model
ovariectomized mice.16

Our results showed that apart from the
elimination of inflammation, chondro-protec-
tion has happened probably because guggul is
able to inhibit MMP in chondrocyte and thus,
more proteoglycane existed in the knee joint.
Due to the exact histopathological similarity
of this experimental osteoarthritis with the one
happening in human, the protection of chon-
drocyte by guggul might have been of great
value as a natural remedy for osteoarthritis,
rather than consumption of pain relieving
agents, which shows a wide range of side
effects.

ACKNOWLEDGEMENT

The corresponding author would like to
thank Medical Sciences Research Center for
their support.

REFERENCES

1. Carter DR, Beaupre GS, Wong M. The mechanobiology
of articular cartilage development and degeneration.
Clin Orthop 2004;427:69-77.

2. Clavo E, Palacios I, Delgado E. Histopathological cor-
relation of cartilage swelling detected by MRI in early
experimental osteoarthritis. Osteoarthritis and Car-
tilage 2004;11:878-86.

3. Pendleton A, Arden N, EULAR recommendations for
the management of knee osteoarthritis: report of a
task force of the Standing Committee for International
Clinical Studies Including Therapeutic Trials (ESCIIT).
Ann Rheum Dis 2000;59:936-44.

4. Dumond H, Presle N, Pottie P. Site-specific changes
in gene expression and cartilage metabolism during
early experimental osteoarthritis. Osteoarthritis and
Cartilage 2004;12:284-95.

5. Guzman RE, Evans MG, Bove S. Mono-iodoacetate-
induced histological changes in subchondral bone and
articular cartilage of rat Femorotibial joints: an ani-
mal model of osteoarthritis. Toxicol Pathol
2003;6:619-24.

6. Guingamp C, Gegout-Pottie P, Philippe L, Mono-
iodoacetate-induced experimental osteoarthritis:
a dose-response study of loss of mobility,
morphology, and biochemistry. Arthritis Rheum
1997;40:1670-9.

7. Kobayashi K, Imaizumi R, Sumichka H. Sodium
iodoacetate-induced osteoarthritis and associated
pain model in rats. J Vet Med Sci 2003;65:1195-9.

8. Panda S, Kar A, Gugulu (C. Mukul) induces triiodot-
hyronine production/; possible involvement of lipid
peroxidation, Pharmacol Lett 1999 65(12):137-141.

9. Saxena G, Pratap SH, Pol R. Gugulipid, an extract of
C. Mukul with lipid lowering properties, has
protestion against streptozotocin-induced memory
deficits in mice, Pharmacol Biochem Behav
2007;86:797-805.

10. Ulbrichta C, Baschb E, Szaparyc P, Hammernessd P,
Axentseve S, Boonf H, et al. Guggul for hyperlipi-
demia: A review by the Natural Standard Research
Collaboration, Complementary Therapies in Medi-
cine 2005;13:279-90.

11. Sahni S, Hepfinger CA, Sauer KA. Guggulipid use in
hyperlipidemia: case report and review of the litera-
ture. Am J Health Syst Pharm 2005;15:62(16):1690-2.

12. Tripathi YB, Reddy MM, Pandey RS, Subhashini,
Tiwari OP, Singh BK, et al. Anti-inflammatory
properties of BHUx, a polyherbal formulation to
prevent atherosclerosis. Inflammopharmacology
2004;2(2):131-52.

13. Bove SE, Calcattera MS, Brooker RM. Weight bearing
as a measure of disease progression and efficacy of
anti-inflammatory compounds in a model of mono-
sodium iodoacetate-induced osteoarthritis. Osteoar-
thritis and Cartilage 2003;11:821-30.

14. Ahmed S, Wang N, Hafeez B, Punica granatum L. ex-
tract inhibits IL-1beta-induced expression of matrix
metalloproteinases by inhibiting the activation of
MAP kinases and NF-kappa B in human chondrocytes
in vitro. J Nutr 2005;35:2098-102.

15. Lansky E, Newman R. Punica granatum (pomegran-
ate) and its potential for prevention and treatment of
inflammation and cancer. J Ethnopharmacol
2007;09:177-06.

16. Mori-Okamoto J, Otawara-Hamamoto Y, Yamato H.
Pomegranate extract improves a depressive state and
bone properties in menopausal syndrome model
ovariectomized mice. J Ethnopharmacol 2004;2:93-101.

Chondroprotective effects of guggul on experimental osteoarthritis


