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Abstract
Osteoarthritis (OA) is a worldwide joint disease with clinically loss ofmotion and pain in human. The conventional treatments are
associated with essential side effects. In folk medicine, Shilajit is applied for treatment of arthritis and bone fractures. The present
study evaluated effect of Shilajit on the osteoarthritis in rat model. Thirty-six adult male rats were randomly divided into two
groups including OA and treated with Shilajit groups. OAwas induced by injection of monosodium iodoacetate in the articular
space of femorotibial joint. Aqueous extract of Shilajit was given to the treatment group by gavage as daily during experimental
course until 21 days. The joint samples were investigated 7, 14, and 21 days post induction. The main macroscopic changes in the
affected joints were swelling and congestion at early stages. Histopathologic study showed surface irregularity, erosion and
fissures, necrotic chondrocytes, depletion of toluidine blue staining, and lysis of subchondral bone in both OA and Shilajit groups
after 7 and 14 days. Synovium revealed synovial cells hyperplasia and inflammatory cells infiltration. Moderate to advanced OA
was seen in both groups without significant difference. After 21 days, histopathologic scores of destructive damages and
synovitis were reduced in the Shilajit group and showed significant difference in compare to OA group. The present study shows
that aqueous extract of Shilajit decreased cartilage degenerative changes in knee osteoarthritis. Also, it reduced inflammatory
reactions in synovial membrane.
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Introduction

Osteoarthritis (OA) is a degenerative joint disease that charac-
terized by progressive loss of articular cartilage (Rosenberg
2002). About 80 to 90% of human in both sexes have evi-
dences of OAwhen they reach to age 65 (Hinton et al. 2002).
The main clinical signs in patients who suffer from osteoar-
thritis (OA) are pain and disability (Neogi 2013). Currently,
no certain therapy can decrease or cease progression of OA
(Le Graverand-Gastineau 2010). The conventional treatments

such as analgesics and nonsteroidal anti-inflammatory
drugs (NSAIDs) only reduce pain and improve joint func-
tion. Long-term use of these drugs is associated with essen-
tial side effects in gastrointestinal, renal, and cardiovascular
systems (Patrignani et al. 2011; Cheng and Visco 2012). In
ethno-pharmacology knowledge, achievement to safe drugs
with low side effects and disadvantages has considered for
prevention and treatment of OA. In folk medicine, Shilajit is
used in treatment of bone fractures and articular pain.
Shilajit (known as mumie, vegetable asphalt, mineral pitch,
salajit, shilajatu, mimie, or mummiyo) exudates from high
mountain rocks in different countries especially the
Himalayan Mountains between India and Nepal, Russia,
Tibet, Afghanistan, and the north of Chile. It has a semi-
hard texture, with brownish black to dark color (Ghosal
et al. 1991; Korago 1992). It seems that Shilajit originates
from the bryophyte plants that grow in vicinity of Shilajit-
exudated rocks (Schepetkin et al. 2003; Agarwal et al.
2007). Bryophytes including the mosses, liverworts, and
hornworts are considered as the simplest plants. They have
15–20-cm height and attached to the ground and rock by
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rhizoids. Bryophytes do not have seeds or flowers and re-
produce via spores. Shilajit is mainly composed of humic
substances (humin, humic acid, and fulvic acid) (60–80%),
minerals (20–40%), and more than 5% of trace elements
(Fe, Ca, Cu, Zn, Mg, Mn, Mo, and P) (Frolova and
Kiseleva 1996).

In the literature, no study really shows the histopathologic
effect of Shilajit in osteoarthritis and there is a need to do that.

The present study evaluated effects of Shilajit on the articular
degenerative changes in an OA rat model.

Materials and methods

Animals

In the present study, 36 adult male rats (12 weeks old,
weighing 200–250 g) were used. The animals were housed

Fig. 1 Intraarticular injection of
MIA through the infrapatellar
ligament

Fig. 2 Frontal section of femorotibial joint

Table 1 Histopathologic Mankin score system

I. Structure Grade

a. Normal 0

b. Surface irregularities 1

c. Pannus and surface irregularities 2

d. Clefts to transitional zone 3

e. Clefts to radial zone 4

f. Clefts to calcified zone 5

g. Complete disorganization 6

II. Cells Grade

a. Normal 0

b. Diffuse hypercellularity 1

c. Cloning 2

d. Hypocellularity 3

III. Safranin-O staining Grade

a. Normal 0

b. Slight reduction 1

c. Moderate reduction 2

d. Severe reduction 3

e. No dye noted 4

IV. Tidemark integrity Grade

a. Intact 0

b. Crossed by blood vessels 1

Total 14
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under a 12-h light-dark cycle with access to the standard food
and fresh water ad libitum. Animals were randomly divided
into two groups including OA (control) and Shilajit (OA +
Shilajit) groups. Experimental duration was considered
21 days.

Induction of osteoarthritis

For induction of osteoarthritis, rats were anesthetized with
intramuscular injection of xylazine 2% (5 mg/kg) and keta-
mine 10% (90 mg/kg) (Alfasan International Group of

Companies, Holland). Then, the animals were placed on a
heat pad set until deep anesthesia had been achieved. The
right knees of two groups were shaved and cleaned with
povidone-iodine. For each knee, 3 mg of monosodium
iodoacetate (MIA; Sigma, St. Louis, MO 63103, USA; cat
#I2512) was dissolved in the normal saline by vortexing. A
volume of 50 μl was injected unilaterally into the articular
space of the right femorotibial joint through the infrapatellar
ligament by a 27-gauge insulin syringe (Fig. 1). The same
volume of normal saline (50 μl) was used in the left contra-
lateral knee as normal control. MIA was prepared freshly

Table 2 Histopathologic features
of synovitis score Enlargement of the synovial lining cell layer

0 point The lining cells form one layer
1 point The lining cells form 2–3 layers
2 points The lining cells form 4–5 layers, few

multinucleated cells might occur
3 points The lining cells form more than 5 layers, the lining

might be ulcerated and multinucleated cells might occur
Density of the resident cells
0 point The synovial stroma shows normal cellularity
1 point The cellularity is slightly increased
2 points The cellularity is moderately increased,

multinucleated cells might occur
3 points The cellularity is greatly increased, multinucleated

giant cells, pannus formation, and rheumatoid
granulomas might occur

Inflammatory infiltrate
0 point No inflammatory infiltrate
1 point Few mostly perivascular situated lymphocytes

or plasma cells
2 points Numerous lymphocytes or plasma cells,

sometimes forming follicle-like aggregates
3 points Dense band like inflammatory infiltrate

or numerous large follicle-like aggregates

Fig. 3 The knee joint diameters in
normal control and experimental
groups
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before the using (Guzman et al. 2003). The diameter of
joints was measured every 3 days of post injection with a
digital coulisse until the end of examination.

Shilajit extract

Shilajit was prepared from local residents of Jiroft city,
Kerman province, Iran. The aqueous extract of Shilajit was
provided daily. Twenty grams of Shilajit was solved in
100 mL of distilled water on a shaker at room temperature.
Then, the solution was passed through a 0.45-mm filter to
remove the insoluble impurities (Jung et al. 2002) and purred.
A dose of 100 mg/kg body weight of Shilajit was given by
gavage in the treatment group as daily during 21 days.

Gross and histopathologic investigations

Sixteen rats from each group were euthanized at 7, 14, and
21 days post OA induction. Ligaments and tendons were re-
moved with sharp razor and femorotibial joints were dissect-
ed. Cartilage surfaces of the femural and tibial condyles were
examined for gross changes including hemorrhage, conges-
tion, erosion, and ulcer. The joint samples were fixed in 10%
neutral buffered formalin for 48 h. The samples were
decalcified in formic acid 10% and cut as frontal plane
(Fig. 2). Both parts of the joints were embedded in the same
paraffin block. Tissue sections in 5-μm thickness were stained
with hematoxylin-eosin and toluidine blue for subsequent
evaluation of degenerative changes and proteoglycan content.
Three sections were cut from each knee with 200-μm step.

Histopathologic lesions and severity of synovitis were graded
in accordance with scoring system of Mankin et al. (1971)
(Table 1) and Krenn et al. 2002 (Table 2), respectively.

Statistical analysis

The obtained results were analyzed by SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA) and presented as the means ± standard
error (SE). Non-parametric analyses with Mann-Whitney test
was used to compare of articular and synovitis scores. P
values less than 0.05 were considered as significant differ-
ence. The joint diameter was evaluated by repeated measure
analysis of variance and post-hoc Tukey test.

Results

Ethics

All animals received human care in compliance with the
Guide for Care and use of Laboratory. Animals published by
the National Institutes of Health (NIH publication No. 85-23,
revised 1985). The study was approved by the local ethics
committee of our veterinary school.

Gait analysis

In this study, hypolocomotion and abnormal gaiting was
obvious after 48 h of OA induction in all experimental
rats. Lameness was observed in the affected legs. The
animals did not bear their weight on the affected limb,
and flexion and extension were not done completely in
comparison with contralateral side. Intact limb had typ-
ical flexion and extension of knee.

Macroscopic evaluation of the knee joints

In the saline injected group, no abnormal gross change and
swelling occurred. The articular surface appeared smooth,
shiny, pale blue, and translucent. In OA and Shilajit groups,
increasing of the joint diameter reached to maximum size after
3 days and then starting to decrease in treated rats with Shilajit

Fig. 4 Gross appearance of MIA-
injected joints after 21 days. a
Swelling and congestion in right
knee of OA rat, b treated knee
with Shilajit has appearance close
to the normal contralateral joint

Table 3 Comparison of the articular damages and synovitis scores

Days Group Articular scores Synovitis scores
Mean ± standard error Mean ± standard error

7 OA 8.4 ± 1.74 4.8 ± 0.49

Shilajit 6.83 ± 0.30 3.5 ± 1.02

14 OA 8.20 ± 0.66 5 ± 0.31

Shilajit 8.33 ± 0.91 5.33 ± 0.71

21 OA 10± 1.18a 7.20 ± 1/06a

Shilajit 5 ± 0.36b 3.50 ± 0.88b

a, b Significant P ≤ 0.05
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group until the end of examination (Fig. 3). The remarkable
macroscopic changes in the joints of OA and Shilajit groups
were swelling and redness in early stage. The cartilage surface
was rough and opaque. Fine clefts, erosions, and lesser ulcers
were observed in both groups after 7 days. Soft tissues around
the joints were hyperemic and thickened. The articular dam-
ages progressed until 21th day and the subchondral bone was
exposed in some untreated rats. In the Shilajit group, the knee
articular cartilage was pale and close to normal in appearance
in some rats (Fig. 4). However, occasional microclefts and
cracks were identified in the surface of the cartilage.

Histopathologic findings in the articular cartilage

In this study, all articular and synovial histopathologic scores
in experimental groups are shown in Table 3 and two diagrams
including Figs. 5 and 6.

In the saline injected group, no abnormal structural alter-
ations were observed in the joint cartilage and the structural
integrity was preserved. The meniscus separated femoral con-
dyles from the tibial plateau. The cartilage had no degenera-
tive changes at any interval study. The articular surfaces were
smooth without irregularity and fissures or tissue debris on

their surface. Cellularity was normal and chondrocytes were
distributed in three appropriate oriented zones. The
chondrocytes within the lacunae had light eosinophilic cyto-
plasm and basophilic nuclei. A clear cartilage capsule
surrounded the chondrocytes. Tidemark, borderline between
calcified and non-calcified zone, was intact. Staining with
toluidine blue method showed intensive blue color. The
Mankin scores throughout the duration of the experiment
was the lowest score (0) that reflecting good quality of carti-
lage structure. Synovium and soft tissues around the
femorotibial joint were histologically normal and no inflam-
matory reaction was seen (Fig. 7).

Seven days post MIA injection, the surface of the articular
cartilage in OA group was rough, irregular, with some cracks.
Chondrocytes lost their cellular details. Destructive damages
were extended to transitional and lesser radial zone. The tide-
mark was continuous in the most samples. Staining intensity
of proteoglycan decreased with toluidine blue. The hemopoi-
etic elements between the trabecular spaces of subchondral
bone were diminished and replaced by connective tissue
(Fig. 8). Mononuclear inflammatory cells infiltrated in syno-
vial membrane in associated with synovial cells proliferation
and increasing stromal cellularity (Fig. 9). Moderate to

Fig. 5 The histopathologic
Mankin scores show significant
reduction of cartilage
degeneration after 21 days
treatment with Shilajit. Data
expressed as the mean ± standard
error of the mean (a: P < 0.05)

Fig. 6 The histopathologic
grading of synovitis shows
significant reduction of
inflammatory reaction after
21 days treatment with Shilajit.
Data expressed as the mean ±
standard error of the mean (a: P <
0.05)
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advanced stages of OA were seen. Similar destructive dam-
ages and synovitis occurred in the treated rats with Shilajit.
Statistical analysis showed no significant difference in the
histopathologic scores of cartilage and synovium between
two groups (P ≥ 0.05).

After 14 days of OA induction, more deep fissures and
cracks that reached down to the transitional and lesser radial
zones were observed in the articular cartilage. Chondrocytes
showed necrotic changes as pyknotic nuclei and lost cyto-
plasm. Some chondrocytes were disintegrated within lacunae
and chondrons were empty. In some samples, a few cysts were
formed within the articular cartilage (Fig. 10). The number of
osteoclasts was increased rather than 7th day after MIA injec-
tion. A marked depletion of proteoglycan was determined by
toluidine blue. Trabeculae of subcortical bone were thinned
and fragmented. The femorotibial joints exhibited moderate to
advanced level of osteoarthritis and synovitis in both OA and
Shilajit groups, and was not found any significant difference
between them (P ≥ 0.05). Shilajit-treated rats revealed a

marked osteogenesis activity in the periosteum of midshaft
tibia in comparing with untreated animals (Fig. 11).

After 21 days, advanced stages of osteoarthritis were ob-
served in the OA group. The affected joints displayed signif-
icant destruction of the articular cartilage including multifocal
denuded of cartilage, deep fissures, and a large number of
necrotic chondrocytes. In some samples, subchondral bone
was exposed due to completely disorganization of articular
cartilage. Subchondral bone was collapsed and hempoetic
cells were replaced by fibrous tissue. Some remnants of the
bony trabeculae were present. Osteophytes were formed in the
margins of knee joint (Fig. 12). Severe mononuclear cell in-
flammation affected synovial membrane and soft tissues.

Treatment with aqueous extract of Shilajit significantly re-
duced degenerative damages in the cartilage structure and
subchondral bone. Evidences of healing were evident.
Regeneration of cartilage was identified by hyperplasia of
chondrocytes. Mild depletion of proteoglycan was detected
by toluidine blue stain. Shilajit suppressed considerably

Fig. 7 The saline injected joint. a The articular surface is smooth without
fissures (thin arrow). Normal distribution of chondrocytes in the
transitional (arrow) and radial (double arrow) zones, intact tidemark line

(yellow arrow), b intensive toluidine blue color, and c synovium with
normal histologic structure (arrow)

Fig. 8 Femorotibial joint 7 days postMIA injection. a Irregular surface of
articular cartilage with some cracks the surface (arrows), b subchondral
bone shows fragmentations, lysis of trabecular bone with osteoclasts

(arrow), and replacing of bone marrow by connective tissue (asterisk). c
Staining intensity of proteoglycan decreased with toluidine blue
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inflammation in the synovium. In addition, hyperplasia of
synovial cells and increasing stroma was inhibited (Fig. 13).
Histopathological scores of cartilage changes and synovitis
intensity significantly reduced in compare with those rats in
the OA group (P ≤ 0.05).

Discussion

Arthritis or inflammation in joints is referred to a group of
diseases that cause pain, rigidity, and swelling in the joint.
It can be divided to rheumatic arthritis, osteoarthritis, and
arthritis arisen from gout (Di Paola and Cuzzocrea 2008).
Osteoarthritis (OA) is a common progressive disease of
the joints with clinically loss of motion and pain in hu-
man. Different risk factors such as trauma, aging, obesity,
and genetic predisposition may be responsible in develop-
ment of osteoarthritis (Goldring and Otero 2011; Iannone
and Lapadula 2010; Adatia et al. 2012). Understanding of
OA pathophysiology and risk factors is requirement for

achievement to new treatments, but researches in human
is associated with different limitations. Animal models
provide appropriate opportunity for study on progressive
stages of OA, influences of various physical and environ-
ment conditions, and effect of new drugs with herbal and
traditional origin.

In folk medicine, Shilajit is a herbo-mineral compound
applied for treatment of arthritis and bone fractures. This
therapeut ic substance has been used for diabetes
(Bhattacharya and Sen 1995), digestive diseases (Abshenas
et al. 2014), aging (Agarwal et al. 2007),HIVvirus (Rege and
Chowdhary 2014), blood pressure (Gaikwad et al. 2012),
Alzheimer’s disease (Carrasco-Gallardo et al. 2012), sper-
matogenesis and oogenesis (Rege and Chowdhary 2014),
bone fractures (Dehghan and Sharifi Faradonbeh 2012),
and other diseases such as nervous diseases, tuberculosis,
chronic bronchitis, asthma, anemia, and eczema (Acharya
et al. 1988; Goel et al. 1990; Schepetkin et al. 2002;
Agarwal et al. 2007). Different biological functions and me-
dicinal properties of Shilajit are attributed to the fulvic acid

Fig. 9 Seven days post MIA injection. Synovitis is characterized with
synovial cells hyperplasia (arrow), increasing of stroma, and infiltration
of mononuclear inflammatory cells

Fig. 10 Femorotibial joint
14 days after MIA injection. a
The articular surface shows deep
fissures and cracks that reached
down to the transitional and lesser
radial zones (arrow) as well as
necrotic chondrocytes. b Presence
of cysts within the articular
cartilage

Fig. 11 A marked osteogenesis activity in the periosteum of midshaft
tibia in Shilajit treated rats after 14 days
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(FA) and humic acid (Schepetkin et al. 2003; Cornejo et al.
2011; Maccioni et al. 2012).

The present study evaluated effect of Shilajit on experimen-
tal osteoarthritis in rat 7, 14, and 21 days after induction. OA
was induced by injection of monosodium iodoacetate (MIA) in
the articular space. Histopathologically, after 7 and 14 days, the
articular cartilage revealed irregular surface, fibrillation and
some fissures, necrotic chondrocytes, loss of toluidine blue
staining as well as destruction of subchondral bone and syno-
vitis. Grading of lesions showed moderate to advanced dam-
ages in both OA and Shilajit groups without significant differ-
ences in these courses. After 21 days, articular degenerative
lesions and intensity of synovitis were progressed in the OA
group, but aqueous extract of Shilajit had significantly reduc-
tion in the histopathologic grading of joint damages and inflam-
mation in the synovium (P ≤ 0.05).

Various methods are used for studying of osteoarthritis in
different animal models. Intraarticular injection of chemical
substances especially MIA is a common method due to its
ability to develop rapid osteoarthritis (Guzman et al. 2003).
The previous researches described that MIA causes clinical,
biochemical, and structural changes in the joints resembling to
human OA (Kobayashi et al. 2003). MIA disrupts glycolytic

pathway through the inhibition of glyceraldehydes-3 phos-
phate dehydrogenase in chondrocytes and results in death of
chondrocyte (Cournil et al. 2001). Naveen et al. (2014) dem-
onstrated that induction of osteoarthritis by MIA in rat lead to
degenerative changes that are comparable to induced-OA
from surgical transection of the anterior cruciate ligament
(ACLT) and clinically human OA.

In the current study, we observed severe osteogenesis ac-
tivity in the periosteum of midshaft tibia. These findings are in
consistent with the previous studies. Labban (2013) investi-
gated the effect of Shilajit on the osteoporosis in ovariecto-
mized rat. They showed that 3 and 30 mg/kg of Shilajit had
increased cortical periosteal bone formation in the midshaft
tibia to 36 and 66%, respectively in compare to control rats.

Jung et al. (2002) studied effect of Shilajit (mumie) extract
on the osteoblast differentiation frommesenchymal stem cells
in human and murine cell culture. They suggested that Shilajit
is a powerful stimulator for osteoblastic differentiation from
mesenchymal stem cells and inhibits osteoclastogenesis.

In according to the literature, dihydroxybenzo-a-pyrones in
Shilajit has the ability in regeneration of ascorbic acid (Ghosal
et al. 1995). Ascorbic acid stimulates osteoblastic differentia-
tion, synthesis, mineralization, and deposition of collagen in

Fig. 12 a Femorotibial joint 21 days after MIA injection shows advanced
stage of osteoarthritis. Exposure of subchondral bone due to significant
destruction of the articular cartilage (arrow) as well as increasing the

osteoclasts (arrow head) and fibrous tissue in growth plate area. b
Formation of osteophytes in the margins of knee joint

Fig. 13 a Femorotibial joint 21 days after MIA injection shows treatment
with aqueous extract of Shilajit significantly reduces destructive damages
in the articular cartilage, subchondral bone, and inflammation of the

synovial membrane; b hyperplasia of chondrocytes is an evidence of
cartilage healing
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culture of bone-derived cells (Franceschi et al. 1995; Jaiswal
et al. 1997; Qutob et al. 1998). In some studies, the healing
effect of Shilajit on the bone fractures was described. Primary
callus formation was accelerated by daily consumption of
0.1 g/kg Shilajit (Ismailova 1965; Kelginbaev et al. 1973).

In our study, Shilajit significantly attenuated inflammation
of the synovial membranes in comparison with OA group
after 21 days. Shilajit is containing humic components with
antioxidant properties (Kučerík et al. 2008; Vašková et al.
2011, Aeschbacher et al. 2012). These substances may act
through the inhibition of both classical and alternative path-
ways of complement system. In addition, degranulation of
phagocytes and releasing of inflammatory cytokines such as
IL-1β, IL-6, IL-10, and TNF-α will be stopped (Joone and
van Rensburg 2004; van Rensburg and Naude 2009). At
higher concentrations (> 200 μg/ml), fulvic acid decreases
the release of tumor necrosis factor alpha (TNF-alpha)
(Junec et al. 2009).

Shilajit is a powerful antioxidant and protects tissues from
free radical damage and lipid peroxidation (Ghosal et al. 1995;
Tripathi et al. 1996). Shilajit could significantly decreased
oxidative damage in subchondral bone. It may suggest that
scavenging of free radicals could be a therapeutic method
for controlling the clinical signs in OA.

In conclusion, the present study indicates that Shilajit de-
creased cartilage degenerative changes such as surface irreg-
ularity, clefts, and erosive lesions in knee osteoarthritis. Also,
it reduced inflammatory reactions in synovial membrane and
increased osteogenesis in diaphysis of tibia. The available data
are insufficient to understand the cellular and molecular mech-
anisms responsible in improvement of tibiofemoral cartilage
and anti-inflammatory actions of Shilajit. Therefore, future
studies should focus on isolation of active constituents and
clarifying their mechanisms.

Acknowledgements We would like to thank from Mr. Saeed Hassanzadeh
for providing tissue sections.

Funding information This study was funded by grant number (AZ-91-11).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All animals received human care in compliance with
the Guide for Care and use of Laboratory. Animals published by the
National Institutes of Health (NIH publication No. 85-23, revised
1985). The study was approved by the local ethics committee of our
veterinary school.

References

Abshenas J, Kheirandish R, Salary AR (2014) Gastroprotective effect of
mummy on induced gastric ulcer in rats. Comp Clin Pathol 23(2):
305–309

Acharya SB, Frotan MH, Goel RK, Tripathi SK, Das PK (1988)
Pharmacological actions of Shilajit. Indian J Exp Biol 26:775–777

Adatia A, Rainsford KD, Kean WF (2012) Osteoarthritis of the knee and
hip. Part I: aetiology and pathogenesis as a basis for pharmacother-
apy. J Pharm Pharmacol 64(5):617–625

Aeschbacher M, Graf C, Schwarzenbach RP, Sander M (2012)
Antioxidant properties of humic substances. Environ Sci Technol
46(9):4916–4925

Agarwal SP, Khanna R, Karmarkar R, Anwer MK, Khar RK (2007)
Shilajit: a review. Phytother Res 21:401–405

Bhattacharya SK, Sen A (1995) Effects of Shilajit on biogenic free rad-
icals. Phytother Res 9:56–59

Carrasco-Gallardo C, Farıas GA, Fuentes P, Crespo F, Maccionia RB
(2012) Can nutraceuticals prevent Alzheimer’s disease? Potential
therapeutic role of a formulation containing Shilajit and complex
B vitamins. Arch Med Res 43:699–704

ChengDS,Visco CJ (2012) Pharmaceutical therapy for osteoarthritis. PM
R 4:S82–S88

CornejoA, Jimenez JM, Caballero L,Melo F,Maccioni RB (2011) Fulvic
acid inhibits aggregation and promotes disassembly of tau fibrils
associated with Alzheimer’s disease. J Alzheimers Dis 27:143–153

Cournil C, Liagre B, Grosin L, Vol C, Abid A (2001) Overexpression and
induction of heat shock protein (Hsp) 70 protects in vitro and in vivo
from mono-iodoacetate (MIA)-induced chondrocytes death.
Arthritis Res 3(Suppl 1):P41

Dehghan M, Sharifi Faradonbeh A (2012) The effect of mummy on the
healing of bone fractures. Afr J Pharm Pharmacol 6(5):305–309

Di Paola R, Cuzzocrea S (2008) Autoimmunity of animal model of ar-
thritis. Autoimmun Rev 8:73–75

Franceschi RT, Wilson JX, Dixon SJ (1995) Requirement for Na (+)-
dependent ascorbic acid transport in osteoblast function. Am J
Phys 268:C1430–C1439

Frolova LN, Kiseleva TL (1996) Chemical composition of mumie and
methods for determination of its authenticity and quality. Chem
Pharm J 8:49–53

Gaikwad NS, Panat AV, Deshpande MS, Ramya K, Khalid PU,
Augustine P (2012) Effect of shilajit on the heart of Daphnia: a
preliminary study. J Ayurveda Integr Med 3(1):3–5

Ghosal S, Lal J, Singh SK, Goel RK, Jaiswal AK, Bhattacharya SK
(1991) The need for formulation of Shilajit by its isolated active
constituents. Phytother Res 5:211–216

Ghosal S, Baumik S, Chattopadhyay S (1995) Shilajit induced morpho-
metric and functional changes in mouse peritoneal macrophages.
Phytother Res 9:194–198

Goel RK, Banerjee RS, Acharya SB (1990) Antiulcerogenic and anti-
inflammatory studies with Shilajit. J Ethnopharmacol 29:95–103

Goldring MB, Otero M (2011) Inflammation in osteoarthritis. Curr Opin
Rheumatol 23(5):471–478

Guzman RE, Evans MG, Bove S, Morenko B, Kilgore K (2003) Mono-
iodoacetate-induced histologic changes in subchondral bone and
articular cartilage of rat femorotibial joints: an animal model of
osteoarthritis. Toxicol Pathol 31:619–624

Hinton R, Moody RL, Davis AW, Thomas SF (2002) Osteoarthritis:
diagnosis and therapeutic considerations. Am Fam Physician 65:
841–848

Iannone F, Lapadula G (2010) Obesity and inflammation-targets for OA
therapy. Curr Drug Targets 11(5):586–598

Ismailova VN (1965) To a question about the dosage of mumie and
special features of the healing of the fractures of the bones during
its application. Med J Uzbekistan 9:69–70

Jaiswal N, Haynesworth SE, Caplan AI, Bruder SP (1997) Osteogenic
differentiation of purified, culture expanded human mesenchymal
stem cells in vitro. J Cell Biochem 64:295–312

Joone GK, van Rensburg CEJ (2004) An in vitro investigation of the anti-
inflammatory properties of potassium humate. Inflammation 28(3):
169–117

Comp Clin Pathol (2018) 27:755–764 763



Junec R, Morrow R, Schoenherr JI, Schubert R, Kallmeyer R, Phull S,
Klöcking R (2009) Bimodal effect of humic acids on the LPS-
induced TNF-α release from differentiated U937 cells.
Phytomedicine 16(5):470–476

Jung CR, Schepetkin IA, Woo SB, Khlebnikov AI, Kwon BS (2002)
Osteoblastic differentiation of mesenchymal stem cells by mumie
extract. Drug Develop Res 57:122–133

Kelginbaev NS, Sorokina VA, Stefanidu AG, Ismailova VN (1973)
Treatment of long tubular bone fractures with mumie asil prepara-
tions in experiments and clinical conditions. Exp Surg Anesthes 4:
31–35

Kobayashi K, Imaizumi R, Sumichika H, Tanaka H, Goda M, Fukunari
A, Komatsu H (2003) Sodium iodoacetate-induced experimental
osteoarthritis and associated pain model in rats. J Vet Med Sci 65:
1195–1199

Korago AA. (1992). Introduction in biominerology. Nauka St.
Petersburg. p 280

Krenn V, Morawietz L, Häupl T, Neidel J, Petersen I, König A (2002)
Grading of chronic synovitis—a histopathological grading system
for molecular and diagnostic pathology. Pathol Res Pract 198(5):
317–325

Kučerík J, Bakajová B, Pekař M (2008) Antioxidant effect of lignite
humic acids and its salts on the thermo-oxidative stability/
degradation of polyvinyl alcohol blends. Environ Chem Lett 6(4):
241–245

Labban NY (2013) Shilajit, a novel regulator of bone/cartilage healing.
Submitted to the faculty of the University Graduate School in partial
fulfillment of the requirements for the degree. Doctor of Philosophy
in the School of Dentistry, Indiana University

Le Graverand-Gastineau MP (2010) Disease modifying osteoarthritis
drugs: facing development challenges and choosing molecular tar-
gets. Curr Drug Targets 11:528–535

Maccioni RB, Farías GA, Rojo LE, Jiménez JM (2012) In search of
therapeutic solutions for Alzheimer’s disease. In: Mantamadiotis T
(ed) Brain WTGW-DaDotH, pp 125–150

Mankin HJ, Dorfman H, Lippiello L, Zarins A (1971) Biochemical and
metabolic abnormalities in articular cartilage from osteoarthritic hu-
man hips. II. Correlation of morphology with biochemical and met-
abolic data. J Bone Joint Surg 53(3):523–537

Naveen SV, Ahmad RE, Hui WJ, Suhaeb AM, Murali MR, Shanmugam
R, Kamarul T (2014) Histology, glycosaminoglycan level and car-
tilage stiffness in monoiodoacetate-induced osteoarthritis: compara-
tive analysis with anterior cruciate ligament transection in rat model
and human osteoarthritis. Int J Med Sci 11(1):97–105

Neogi T (2013) The epidemiology and impact of pain in osteoarthritis.
Osteoarthr Cartil 21(9):1145–1153

Patrignani P, Tacconelli S, BrunoA, Sostres C, Lanas A (2011)Managing
the adverse effects of nonsteroidal anti-inflammatory drugs. Exp
Rev Clin Pharm 4:605–621

Qutob S, Dixon SJ, Wilson JX (1998) Insulin stimulates vitamin C
recycling and ascorbate accumulation in osteoblastic cells.
Endocrinol 139:51–56

Rege AAA, Chowdhary AS (2014) Evaluation of Shilajit as putative
HIV-protease inhibitor. Intern J Adv Res 2:154–157

Rosenberg A (2002) Bones, joints, soft tissue tumors. In: Cotran R,
Kuman V, Collins T (eds) Pathologic basis of disease. WB
Saunders, Philadelphia, pp 1215–1268

Schepetkin I, Khlebnikov A, Kwon BS (2002) Medical drugs from hu-
mus matter: focus on mumie. Drug Dev Res 57:140–159

Schepetkin IA, Khlebnikov AI, Ah SY, Woo SB, Jeong CS, Klubachuk
ON, Kwon BS (2003) Characterization and biological activities of
humic substances from mumie. J Agric Food Chem 51(18):5245–
5254

Tripathi YB, Shukla S, Chaurasia S (1996) Antilipid peroxidative prop-
erty of Shilajit. Phytother Res 10:269–270

van Rensburg CE, Naude PJ (2009) Potassium humate inhibits the pro-
duction of inflammatory cytokines and complement activation
in vitro. Inflammation 32(4):270–276

Vašková J, Veliká B, PilátováM, Kron I, Vaško L, Vaško L (2011) Effects
of humic acid in vitro. In Vitro Cell Dev Biol Anim 47:376–382

764 Comp Clin Pathol (2018) 27:755–764


	Potential pharmaceutic effect of Shilajit (mumie) on experimental osteoarthritis in rat
	Abstract
	Introduction
	Materials and methods
	Animals
	Induction of osteoarthritis
	Shilajit extract
	Gross and histopathologic investigations
	Statistical analysis

	Results
	Ethics
	Gait analysis
	Macroscopic evaluation of the knee joints
	Histopathologic findings in the articular cartilage

	Discussion
	References


