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Abstract: Background: The effect of sheep tail fat (STF) on the damage induced in the knee articular joint with
formalin was investigated and evaluated from the biochemical, gene expression, histopathological aspects in
comparison with an extract consisting of glucosamine hydrochloride, chondroitin sulfate, methylsulfonylmethane,
Harpagophytum procumbens and bromelain (GCMHB). Material and methods: The animals were divided into four
groups: The first group received formalin injection to the knee joint as FCG control. The second group received 500
mg/kg STF + formalin (STFF). The third group was given 500 mg/kg GCMHB + formalin (GCMHBF). The fourth group
was the healthy group (HG). The STF and GCMHBF were administered at 500 mg/kg dose. After 1 h of the STF and
GCMHB administration 0.2 ml 1% formalin was injected into the knee joints of all rats except the HG group. The
STF and GCMHB were given once a day at the specified doses over 30 days. Results: It was observed that, STF and
GCMHB prevented the increase of IL-13, TNF-ac and COX-2 gene expressions in the cartilage tissue after formalin
damage. In addition, STF and GCMHB improved the histopathological disturbances in the cartilage tissue caused by
formalin. Conclusion: Since it is an inexpensive and easily available natural product, Sheep Tail Fat could be used in

clinical practice along with the other medicines to prevent cartilage damage.
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Introduction

As is known, cartilage tissue is the most dam-
aged tissue in osteoarthritis [1]. Osteoarthritis
is a disease characterized by the progressive
cartilage degeneration and local inflammatory
manifestations [1, 2]. Osteoarthritis is known
to be a pathological condition which causes
physical disability [3]. Cytokines have been re-
ported to play a crucial role in the pathogene-
sis of osteoarthritis and to initiate breakdown
chain in the cartilage [4]. In addition, proinflam-
matory cytokins such as interleukin-1 (IL-1B)
and tumor necrosis factor alpha (TNF-a) have
been reported to lead to the oxidative stress
reactions in the cartilage tissue in osteoarthri-
tis [B]. IL-1B and TNF-a have been reported to
cause articular damage by increasing the syn-
thesis of metalloproteinases and plasminogen
synthesis and, inhibition of the type 2 collagen

synthesis and chondrocyte replication in the
matrix [6, 7]. This information suggests that
osteoarthritis is a degenerative articular dis-
ease progressing with inflammation. Today ph-
armacologic and non-pharmacologic treatment
methods are used for the treatment of osteoar-
thritis [8, 9]. However, many patients reject the
non-pharmacologic (surgical) treatment option
[10]. Medical treatment based on pharmacolo-
gy is limited due to the cardiovascular, gastric
and other side effects [11]. Therefore, more
effective, reliable and inexpensive drugs are
needed. Thus, recent studies have focused on
the natural products [12, 13]. There is informa-
tion in the literature about the use of the natu-
ral products such as vegetable or animal oils in
knee joint pain and rheumatoid arthritis [14,
15]. Sheep tail fat (STF) that we tested its effi-
cacy on the cartilage damage contains C
(palmitic acid 31.5%), C
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C,,, (oleic acid 28%) and C, , / (myristic acid 4%)
[16]. Numerous studies have argued that pal-
mitic, oleic, linoleic, stearic and myristic acids
create antiinflammatory effects by the inhibi-
tion of IL-1B3, TNF-a and cyclooxygenase-2 (COX-
2) [17-19]. This information suggest that STF
may be useful in the cartilage damage due
to osteoarthritis. In the previous study, it was
demonstrated with the biochemical, gene ex-
pression and histopathological findings that
formalin produced damage in the knee joint
of rats [20]. There was not any information
in the literature about the protective effect of
STF on the articular cartilage damage. There-
fore, objective of the present study was to
investigate the effect of sheep tail fat (STF)
on the damage induced in the knee articular
joint with formalin, from the biochemical, gene
expression and histopathological aspects and
to evaluate the results in comparison with the
formula (GCMHB) which consisted of glucos-
amine hydrochloride (750 mg), chondroitin sul-
fate (600 mg), methylsulfonylmethane (600
mg), Harpagophytum procumbens (97.5 mg)
and bromelain (97.5 mg).

Material and methods
Animals

A total of 24 albino Wistar male rats weigh-
ing between 260 and 280 g was used in the
experiment. All the rats were supplied by the
Ataturk University, Experimental Application
and Research Center. The animals were hous-
ed and fed in groups at normal room tempera-
ture (22°C) under appropriate conditions in
the laboratory of the department of pharma-
cology. The protocols and procedures were ap-
proved by the local Animal Experimentation
Ethics Committee. (Date: 23.10.2015; Meeting
No.: 8/157).

Chemical agents

In the experiment, sheep tail fat and Nutraxin
Atroflex which is the commercial form of GCM-
HB were obtained from BIOTA (Turkey), thiopen-
tal sodium from i.E ULAGAY, and formalin from
the department of pathology.

Experimental groups

The animals were divided into four groups
which received formalin injected to the knee
joint as FCG controls, 500 mg/kg STF + forma-
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lin as STFF, 500 mg/kg GCMHB + formalin as
GCMHBF and the healthy group (HG).

Experimental procedure

Effects of STF and GCMHBF on the cartilage
injury induced in the rat knee joint with forma-
lin: STFF group (n=6) was administered STF
500 mg/kg and GCMHBF group (n=6) GCMHB
mixture of 500 mg/kg doses with gavage. After
1 hour of the STF and GCMHB administration,
0.2 ml 1% formalin was injected into the knee
joints of all the rats except the HG group [20].
STF and GCMHB were given once a day at the
specified doses over 30 days. At the end of this
period, the rats were sacrified with high-dose
thiopental sodium anesthesia. The knee joints
of the rats were removed and the amounts of
MDA and tGSH, and the gene expressions of
IL-B, TNF-a« and COX-2 were measured. The ar-
ticular cartilages were histopathologically ex-
amined. All the results obtained from the ex-
periment were evaluated statistically.

Biochemical analysis of the cartilage tissue

Preparation of the samples: For MDA analysis,
the tissue was homogenized with 9 mL 1.15%
KCI buffer, while for tGSH analysis the tissues
collected were washed with isotonic sodium
chloride solution, added on the pH=7.5 phos-
phate buffer and homogenized on the ice
cold medium. The mixture was centrifuged at
10,000 rpm and + 4°C for 15 minutes. The
supernatant was used as the analysis sample.

Determination of MDA: Based on the method
developed by Ohkawa H. et al., the MDA mea-
surement was performed spectrophotometri-
cally based on the pink colored complex creat-
ed by thiobarbituric acid (TBA) at a high tem-
perature (95°C) at 532 nm [21].

Determination of tGSH: According to the meth-
od reported by Sedlak J. et al., DTNB [5,5"-Di-
thiobis (2-nitrobenzoic acid)] in the measure-
ment environment is a disulfide chromogen
and DTNB is easily reduced by the sulfhydryl
group of compounds. The yellow color formed
during the reduction was is spectrophotometri-
cally measured at 412 nm [22].

Gene expression of IL-13, TNF-ac and COX-2
RNA isolation: The RNA was isolated from the

homogenized cartilage samples using the Ro-
che Magna Pure Compact LC device (Mann-
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Figure 1. A. Distribution of MDA levels for each group (n=6). B. Distribution of tGSH levels for each group (n=6).

heim-Germany) with MagNA Pure LC RNA Kit
(Roche Diagnostics). The quantity and quality of
the isolated RNA were assessed with a nucleic
acid measurement device (Maestro, Nano). 50
uL of RNA samples was stored at -80°C.

cDNA synthesis: cDNA was synthesized from
the isolated RNA samples using the Transcrip-
tor First Strand cDNA synthesis kit (Roche
Diagnostics). For each subject, 1 uL ddH,0, 10
uL RNA and 2 yL Random Primer were com-
bined and incubated in a Thermal Cycler for
10 min at 65°C. After the incubation, 4 pL Re-
action Buffer, 0.5 pL RNAase, 2 uL Deoxynucle-
otide Mix, and 0.5 pL Reverse Transcriptase
were added and the mixture was incubated
for 10 min at 25°C, 30 min at 55°C, 5 min at
85°C, then held at 4°C.

Quantitative gene expression evaluation by real-
time polymerase chain reaction (RT-qPCR): For
each cDNA sample, gene expression of IL-1[,
TNF-a and COX-2 the reference gene (G6PD)
was analyzed using the Roche LightCycler 480
Il Real-Time PCR instrument (Mannheim-Ger-
many). PCR reactions were in a final volume of
20 uL: 5 pL cDNA, 3 L distilled water, 10 pL
LightCycler 480 Probes Master (Roche Diag-
nostics) and 2 L primerprobe set (Real-Time
Ready single assay-Roche). Cycle conditions of
the relative quantitative PCR (qPCR) were pre-
incubation at 95°C for 10 min, followed by 45
amplification cycles of 95°C for 10 s, 6°C
for 30 s, 72°C for 1 s, followed by cooling at
40°C for 30 s. gPCR analysis and calculation
of quantification cycle (Cq) values for Relative
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Quantification were performed with the Light-
Cycler 480 Software, Version 1.5 (Roche Diag-
nostics). Relative quantitative amounts were
calculated by dividing the target genes by the
expression level of the reference gene. Refer-
ence gene was used for normalization of target
gene expression.

Histopathological examination

The entire knee joint which was properly dis-
sected from the rats was fixed with 10% neutral
buffered formalin for 3 days and then decalci-
fied with 10% formic acid for 5 days. After the
routine tissue process, section of 5 ym thick-
ness were prepared from the paraffin blocks
and these sections were stained with hematox-
ylin-eosin (H&E) in order to evaluate general
histomorphology. All the slides were evaluated
under a light microscope by a pathologist who
was blind to the treatment protocols and the
photographs were taken. Histopathological se-
ctions of the joint cartilage were evaluated in
terms of the cartilage surface regularity, loss
of chondrocytes, chondrocyte disorganization,
chondrocyte degeneration, osteophyte forma-
tion, subchondral fibrosis and cyst formation.

Statistical analysis

Data from the experiments were expressed as
the “mean * standard deviation” (x + SD). Sig-
nificance of the difference between groups was
defined using One-way ANOVA test followed by
Fischer post hoc LSD (least significant differ-
ences). All the statistical analyses were per-
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Figure 2. A. Distribution of IL-B TNF-a levels for each group (n=6). B. Distribution of COX-2 levels for each group

(n=6).

Figure 3. Cartilage section of the HG group (H&Ex100).

formed with “SPSS for Windows 18.0” statisti-
cal software and p<0.05 was considered as
statistically significant.

Results
Biochemical results

The amounts of MDA and tGSH: The amount of
MDA was significantly higher in the knee articu-
lar cartilage of the FCG groups in which forma-
lin was injected than in the STFF, GCMHBF and
HG groups (p<0.0001) (Figure 1A). The differ-
ence among the STFF, GCMHBF and HG groups
for MDA was statistically not significant and,
The amount of tGSH was higher in the FCG
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group when compared to ST-
FF, GCMHBF and HG groups
(p<0.0001). However, no sig-
nificant difference was found
among the STFF, GCMHBF
and HG groups for tGSH (Fig-
ure 1B).

Gene expression results

IL-13 and TNF-a gene ex-
pressions: 1L-13 and TNF-a
gene expressions were signifi-
cantly increased in the knee
joint cartilage of the formalin
group compared to the STFF,
GCMHB and healthy groups
(p<0.0001). The levels of IL-
1B and TNF-a gene expres-
sion were very close in the cartilage tissues of
the STFF, GCMHBF and HG groups (Figure 2A).

COX-2 gene expression: STF and GCMHB pre-
vented the increase of COX-2 gene expression
with formalin. The level of COX-2 gene expres-
sion was almost the same with the levels of
groups administered STF and GCMHB (Figure
2B).

Histopathological results

Cartilage tissue of the healthy group: In the
Figure 3, normal histomorphologic appearance
is monitored in the sections of articular carti-
lage with the H&E staining.

Int J Clin Exp Med 2017;10(5):7573-7581
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Figure 4. A. Cartilage section of the FCG group (H&Ex100). B. Cartilage section of the FCG group (H&Ex200). C.
Cartilage section of the FCG group (H&Ex200). D. Cartilage section of the FCG group (H&Ex400).

Cartilage tissue of the FCG group: In the FCG
group in which formalin was injected, irregular-
ity in the cartilage surface and marked loss of
chondrocytes (blue arrow), tissue damage in
the subchondral distance (red arrow) and cyst
formation (yelow arrow) are observed (Figure
4A). In addition, osteophyte formation (yellow
arrow), inflammatory granulation tissue and
cystic structure (blue arrow) are distinguished
(Figure 4B). Again in this group, fragmentation
in the cartilage (red arrow) and, sclerosis and
congestion in the subchondrial area were
observed (green arrow) (Figure 4C). Formalin
was found to cause cartilage surface damage
(red arrow), chondrocyte necrosis (green arrow)
and cartilage degeneration (blue arrow) (Figure
4D).

Cartilage tissue of the STFF group: No irregular
cartilage surface could be find in the STFF
group which received STF (red arrow). There
were not observed osteophyte formation, in-
flammatory granulation tissue, cartilage frag-
mentation, congestion and chondrocyte necro-
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sis. There were not sclerosis and cyst forma-
tions in the subchondrial area (green arrow).
However, very few number of the mild loss of
chondrocytes and chondrocyte degeneration
(yellow arrow) were observed (Figure 5).

Cartilage tissue of the GCMHB group: Irregular
cartilage surface could not be found in the
GCMHB group (green arrow). No pathological
finding was encountered except a very few
reduction in the number of chondrocytes and
mild degeneration (red arrow). No cyste forma-
tion and sclerosis were observed in the sub-
chondrial area (yellow arrow) (Figure 6).

Discussion

In the present study, effect of STF on the knee
joint cartilage damage induced with formalin
was investigated. In our previous study, GCMHB
was shown to prevent the cartilage damage.
[20]. Formalin is known to be used in the osteo-
arthritis model and creating cartilage damage
[20, 23]. In this study, we investigated the chon-
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Figure 6. Cartilage section of the GCMHBF group (H&Ex400).

droprotective effect of STF, the MDA was found
to significantly increase and tGSH decreased in
the knee joint cartilage in which formalin had
been injected. It is proposed that oxidant/anti-
oxidant balance is maintained with the superi-
ority of antioxidants under physiological condi-
tions [24]. Impairment of this balance in favour
of oxidants leads to the tissue damage and
termed as oxidative stress [25]. This informa-
tion suggests that the increase of MDA in the
articular tissue may lead to tissue damage
which can be prevented with antioxidant thera-
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py. Guo JS et al. reported that
decreasing the amount of
MDA is helpful in the treat-
ment of osteoarthritis [26].
The high levels of tGSH have
been reported to be crucial
for the protection of the artic-
ular tissue [20]. Recent stud-
ies indicate that oxidative
stress is one of the major
components of osteoarthritis;
furthermore, excessive oxi-
dant production has been
reported to cause functional
and structural disturbances
in the cartilage tissue when
it exceeds the antioxidant de-
fence capacity of the chon-
drocytes [27].

In the present study, proin-
flammatory gene expression
such as IL-1B and TNF-a was
found to be stimulated in
the FCG group in which MDA
was found to be higher and
tGSH lower. Similarly, previ-
ous studies have reported
that IL-1B increases the risk
for osteoarthritis [28]. Kapoor
M. et al., stated that the levels
of IL-13 were high in the syno-
vial fluid, synovial membrane
and subchondrial bone tissue
of the patients with osteoar-
thritis [29]. In a recent study,
TNF-a is underlined to be re-
sponsible of the chondrocyte
damage related to osteoar-
thritis [30]. These increased
cytokines are known to initi-
ate the oxidative stress reac-
tion in the cartilage tissue [5].
In addition, these cytokines
have been proposed to increase COX-2 gene
expression and to cause serious deterioration
in the cartilage tissue [31]. COX-2 is an enzyme
responsible for the synthesis of these proin-
flammatory prostaglandins, suggesting that its
inhibition may be useful in the treatment of
osteoarthritis. Giunta S. et al., demonstrated
that PACAP substance that inhibits COX-2 pro-
tects the cartilage tissue against the damage
in the tissue with osteoarthritis [32]. This infor-
mation explains that our experimental results
are consistent with the literature.

Int J Clin Exp Med 2017;10(5):7573-7581
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STF which was used in our study was found to
significantly prevent IL-13, TNF-&, COX-2 expres-
sion and increase in the amount of MDA. Sheep
fat is the only oil source containing important
fatty acids in nutrition in many parts of the
world [33]. Although there is not any study in
the literature about the beneficial effects of
STF [33], numerous studies have been con-
ducted about the beneficial effects of its fatty
acid contents which their antioxidant activities
have been experimentally shown [17]. Karimi E.
et al., reported that the herbal extract contain-
ing palmitic, palmitoleic, stearic, oleic and lin-
oleic fat acids have antioxidant features [34].
As stated above; palmitic, oleic, linoleic fat aci-
ds create an antiinflammatory effect by the
inhibition of IL-1B and TNF-a [18]. There are
several studies reporting that myristic and lin-
oleic fatty acids exhibit antiinflammatory activi-
ty by the inhibition of COX-2 [17, 35]. Animal oils
containing oleic, palmitic and linoleic fatty acids
are known to be locally used against inflamma-
tion [14]. GCMHB which we compared its chon-
droprotective effect with STF prevented IL-1[3,
TNF-a, COX-2 expression and the increase of
MDA and decrease of tGSH with formalin in the
cartilage tissue at almost the same level with
STF. In addition it was shown that GCMHB cre-
ates antioxidant effect and inhibits IL-13 and
TNF-a expression [20]. Serious histopathologic
findings including irregularity in the cartilage
surface, marked loss of chondricytes, tissue
damage in the subchondrial distance, cyste for-
mation, inflammatory granulation tissue, frag-
mentation in the cartilage, sclerosis and con-
gestion in the subchondrial area, cartilage
chondrocyte necrosis and cartilage degenera-
tion were observed in the FCG group in which
MDA, IL-1B3, TNF-a and COX-2 levels were found
high. Osteoarthritis signs such as the cartilage
disorganization, irregularity, loss of chondri-
cytes, subchondrial fibrosis and cyste forma-
tion were seen in the knee joint tissue in which
formalin was injected [20]. Ostergaard M. et al.
stated that, both inflammation and granulation
tissue occur in osteoarthritis [36]. Necrosis
which is seen in osteoarthritis has been pro-
posed to be induced by cytokines [37]. In addi-
tion; subchondrial sclerosis, chondrocyte
necrosis, cartilage fragmentation and tissue
damage in the subchondrial distance were his-
topathologically demonstrated in an animal
osteoarthritis model [38].

However, no pathological findings were obser-
ved in the STFF and GCMHBF in which MDA,
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IL-1B8, TNF-ac and COX-2 were significantly inhib-
ited except a very slight loss of chondrocytes
and chondrocyte degeneration. As it was men-
tioned in the introduction section of this article,
there is not any literature on the beneficial ef-
fects of STF. Nevertheless, fatty acids in the
STF contents have been reported to show anti-
oxidant activity and inhibit proinflammatory
cytokines [17-19]. In our previous study, GCMHB
was found to largely improve the histopatho-
logical signs caused by formalin [20].

Formalin injection in the knee joint caused
chondrotoxicity with oxidative stress. STF and
GCMHB showed chondroprotective activity al-
most at the same level. STF may be more ad-
vantageous compared to the other medicines,
because it is an inexpensive and easily avail-
able natural product.
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