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Abstract
Temporomandibular joint involvement in rheumatoid arthritis (RA) is
not uncommon. Nonsteroidal anti-inflammatory drugs (NSAIDs), are
considered main line of RA treatment but they can cause side effects.
Tocotrienol rich fraction (TRF) extracted from palm oil was reported to
possess potent antioxidant and anti-inflammatory activities. This research was
designed to study the therapeutic potential of TRF against TMJ arthritis. 30
Albino Wistar rats were divided into: Control (C), Arthritis (A) and Arthritis
+ TRF (A-TRF) groups. A-TRF group received TRF daily from day 30 up to
day 45 after TMJ arthritis induction was accomplished. Serum inflammatory
cytokines were assessed and TMJ histopathological examinations were done.
Plasma levels of inflammatory cytokines increased in A-group and they were
comparable in both C and A-TRF groups. A-TRF group showed that, the
inflammatory changes were mild on examination of stained sections of TMJ.
A-TRF-group bone mineral density was notably increased after TRF
administration. In conclusion, the decreased plasma levels of inflammatory
cytokines and the increased bone mineral density associated with tocotrienolsrich-fraction supplements administration could be provide an evidence that
TRF could be used as an effective therapy of TMJ rheumatoid arthritis.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune connective tissue
disorder characterized by articular (affects mainly the peripheral joints) and
extra articular manifestations (Scott, 2010). About 50% of RA patients
clinically exhibit temporomandibular joint (TMJ) involvement in the form of
joint pain, crepitation, swelling and morning stiffness that last more than 30
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minutes (Savtekin, 2018). Due to the effect of inflammatory mediators, the
main morphologic changes findings are cartilaginous destruction (with
inflammatory cells infiltration) and bony erosion associated with gradual
decrease in joint space. Many research papers had reported that the etiology
of RA is related to inflammatory cytokines [Tumor necrosis factor-α (TNF-α),
interleukin-1 alpha (IL-1α) and interleukin-1 beta (IL-1β)] which play a key
role in the joint inflammation pathway (Chen, 2019). These inflammatory
cytokines increase the expression of cyclooxygenase-2 (COX-2) causing extra
production of prostaglandin E2 (PG-E2) resulting in more cartilaginous
destruction (Samuels, 2018).
The use of the RA drugs is associated with adverse events such as
changes in mucous membranes and other symptoms that different from patient
to another. About 50% of the patients with RA complain xerostomia,
difficulties in swallowing or phonation (Wang, 2018). Long term usage of
nonsteroidal anti-inflammatory drugs (NSAIDs) is considered the main line of
treatment of RA. Given that, NSAIDs has many side effects (heartburn,
stomach ulcers, rashes and liver & kidney pathology), a true need for naturally
occurring alternative are rising on the horizon (Thakur, 2018).
Vitamin E (Vit. E) was first discovered in 1922. It was classified “E”
since vitamins A, B, C, and D had already been categorized (Szymańska,
2017). It was initially isolated from wheat germ oil and named as tocopherol
(Tp). Then tocotrienol (Tt) was isolated from Hevea brasiliensis plant in 1966
(Ha, 2011). Vit. E family contains eight isomers, namely tocopherols (α, β, γ,
and δ) and tocotrienols (α, β, γ, and δ) that should be obtained from diet. It
exhibits various anti‐allergic, anti‐cancer, anti‐diabetic and anti‐inflammatory.
It was reported that Tt possess a more potent anti-inflammatory potential than
Tp (Khallouki, 2016).
Vit. E is also possessing potent anti-oxidant activity, that can
ameliorate the free radicles related pathology by decreasing the production of
inflammatory cytokines (IC) (Das, 2002). One of the richest naturally
occurring sources of Tt is the crude palm oil (CPO) [also referred to as
tocotrienols-rich-fraction (TRF)]. It contains approximately 1gm/kg of Tt and
reported to be a therapeutic agent for many autoimmune diseases such as
intrinsic asthma (Saw, 2019). This study was designed to investigate the
therapeutic potential of palm extracted TRF against collagen induced TMJ
arthritis (CITMJA) and its ability to reduce the level of plasma inflammatory
mediators.
Material and methods
Animals:
30 Albino Wistar rats were used (average weight and age were 150 gm
and 6 months respectively). Animals were housed individually. Free access to
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food and water was allowed.12 light/dark cycle was kept. By the help of air
conditions, the temperature was maintained 25oC (in accordance to national
and institutional guidelines). This research study was approved by Research
and Ethics Committee, Quality Assurance Unit, Faculty of Medicine, Tanta
University, Egypt.
Experimental design:
Rats were divided into three groups (n=10); (1) Control (C) group,
received bilateral intraarticular TMJ injection of 0.05 ml, complete freund’s
adjuvant (CFA) (Santa Cruz Biotechnology, Inc., USA) at day 1, 7 and 14. (2)
Arthritis (A) group and (3) Arthritis + TRF (A-TRF) group.
Rats of A and A-TRF groups received saline (2ml) and TRF (40 mg/kg
b.w.) (Sime Darby Ptd. Ltd., Malaysia) respectively by oral gavage daily from
day 30 up to day 45. TMJ arthritis induction was accomplished at day one for
both A and A-TRF groups by bilateral intra-articular injection of 0.2 mg of
collagen (type II) from chicken sternum dissolved in CFA into TMJs (Lugo,
2016). Injection was done under general anesthesia then the hair covering TMJ
was removed. The posterior end of zygomatic arch was palpated. The tip of
insulin syringe was inserted below this point and directed anteromedially
(Fuentes, 2017) . Booster doses were administered at day 7 (booster-1) and
day 14 (booster-2) (figure 1). Body weight and head circumference (1 mm in
front of external auditory meatus) were assessed on weekly basis using digital
scale-Tor Rey LEQ 5/10 (Tor Rey, EQ-4HP, Torrey, Mexico City, Mexico)
and measuring tape respectively. At day 45, all rats were sacrificed under
general anesthesia. Blood samples were collected then centrifuged at 4000
rpm for 10 minutes and serum was stored at -80°C (Özcan, 2018). TMJs were
collected for histopathological examinations
Serum biomarker analysis:
Serum C-reactive protein (CRP) was determined by the help of
ab108827 – C Reactive Protein (PTX1) Rat ELISA Kit. For serum TNF-α, Rat
TNF alpha ELISA Kit (ab236712) was used. For IL-6 and IL-1β, Rat IL-6
ELISA Kit (ab234570) and Rat IL-1 beta ELISA Kit (ab255730) were used
respectively. All kits were purchased from Abcam plc., USA. The amounts of
IC were determined using a standard curve that was run for each of ELISA
(Williams, 2019).
Histopathological examination:
Hematoxylin and eosin staining was done in accordance to (Feldman,
2014). briefly, fresh TMJs was cut into 1cm3 cubes immediately after
extraction from the rats. It was placed in fixative 10% paraformaldehyde
solution and left for 48 hours then placed in tissue processing cassettes. By
help of ascending grades of alcohol, tissue is dehydrated to remove water and
formalin traces then immersed in xylene to remove alcohol and facilitate
paraffin wax infiltration into the tissue. Cassettes were placed on warm plates
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then tissue was removed and immersed in paraffine blocks. After paraffine
solidification, the blocks were cut into 5 μm thick sections by using manually
operated rotary microtome CUT 4050 (4050F, R) (Microtec Laborgeräte
GMBH, Germany). Tissue sections were placed on glass microscope slides,
rehydrated, stained with hematoxylin (stains nuclei in blue) for 10 minutes and
eosin (stains cytoplasm in red) for 10 seconds. The stained tissue sections were
dehydrated again by ascending grades of alcohol for 10 minutes than covered
by coverslip. Histopathological examinations were performed by two expert
histopathologists blinded to our study.
Bone mineral density (BMD):
At day 45 (before sacrifice), rats’ head computerized tomography (CT)
scan was conducted by micro-CT scanner, NeoScan S80 (Neoscan, Inc.,
Belgium). Rats were placed in scanner under general anesthesia (Adise, 2014).
Data obtained were analyzed by NRecon 1275 software (Micro Photonics Inc.,
USA).
Statistical analysis:
SPSS software, 25 V. (SPSS Inc., USA) was used for data analysis,
data were expressed in mean ± standard deviation and probability value was
considered significant if <0.05. Tukey-Kramer test was used for groups
comparison.
Results
Total body weight of A-group showed a significant (p<0.05) decrease
within the first 14 days of study if compared to C-group. While that of A-TRFgroup significantly (p<0.05) increased steadily within the last 15 days of study
if compared to A-group (figure 2).
TMJ edema was assessed by measuring head circumference from day
1 up to day 45 on a weekly basis. A-TRF group showed signs of inflammation
up to day 30, after that there was a significant (p < 0.05) increase in head
circumference of A-group if compared to A-TRF group. The reduction of head
circumference of A-TRF group was comparable to that of C-group (figure 3).
Plasma levels of CRP, TNF-α, IL-1β, and IL-6 at day 45 showed a
marked (p < 0.05) increase in A-group if compared with C and A-TRF- groups.
While plasma CRP, TNF-α, IL-1β, and IL-6 levels in A-TRF- group were
comparable to C-group (figure 4 a, b, c, d).
Examination of hematoxylin and eosin stained sections of TMJ
showed that, in C-group, no signs of inflammation (hyperplasia, inflammatory
cells infiltration), arthritis or tissue destructions. A-group showed marked
synovial inflammatory cells infiltration with fibrovascular pannus formation
in addition to degeneration and erosion of the cartilage with periarticular
inflammation and fibrous adhesion. In A-TRF group, the inflammatory
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changes were mild with an increase in the cartilaginous cells number (figure
5).
By help of NRecon software, mean bone densities of rat TMJ were
calculated from CT images. The results from this analysis showed that the
bone mineral density of TMJ of A-group were decreased if compared to
control or A-TRF-group bone densities, while A-TRF-group showed
significant increases in bone mineral density compared with that in A-group
(p < 0.05) (figure 6).
Discussion
RA and osteoarthritis (OA) are the two main types of arthritis that
affect TMJ. In RA, inflammatory cells attack joint tissue resulting in sever
inflammation, while in OA, wear and tear pathology is age related. The various
side effects of NSAIDs used in RA and OA treatment hinder their use and
developed a true need for naturally present anti-inflammatory agents that can
be used safely with limited side effects. TRF extracted from palm oil may be
a promising anti-inflammatory agent. Radhakrishnan et al., (2014) reported
that γ-Tt could be considered as an anti-oxidant and protect joint ultrastructure
in rat models while Haleagrahara et al., (2014) reported the anti-inflammatory
potential of δ -Tt. Zaida et al., (2014) invitro study using γ-Tt has shown its
ability to reduce arthritis related pathology.
Given that γ-Tt extracted from palm oil has the ability to decrease IC
(TNF- α, IL-1β, IL-6) (Hu, 2017), to the best of our knowledge, no studies
have reported the effect of TRF on TMJ rheumatoid arthritis. The collagen
induced arthritis rat model provide similar pathological changes (bone
destruction, inflammatory cells infiltration, upregulation of IC) as in human
rheumatoid arthritis (Bolon, 2011). Kamada et al. (1997) reported that, this rat
model of arthritis could be used in the preclinical studies of RA. About 90%
of rats in collagen induced arthritis model showed joint pathology after 30
days of collagen injection which is similar to that of human RA.
In our study, collage (type II) emulsified with CFA was injected
directly into the TMJ (bilaterally) which resulted in sever joint swelling, pain
and limitation of movement which caused a change in eating pattern of
arthritic group evidenced by the decrease in body weight. While those of TRF
treated group regain mobility with a noticeable decrease in the inflammation
of TMJ started from day 30 (after treatment started) which resulted in a slight
regain of eating pattern and body weight which comes in consistent with
Sproston et al., (2018). In our study, the external join edema was evidenced
by the increase in the total head circumference. This increase was significant
in A-group in compared to C-group. The significant decrease in head
circumference reported in TRF treated group could provide a suggestion that
TRF could ameliorate some of the RA associated clinical manifestation.
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CRP is considered as effective indicator of the inflammatory state of
the join (Kim, 2015). Ballou et al., (1992) reported that plasma level of CRP
increases in association with bone and cartilage inflammation. In RA, the
inflamed synovial membrane can activate macrophages which release CRP in
response (Müller, 2005). The more plasma concentration of CRP is considered
an indicator for more joint arthritis. Chen et al., (2018) reported that, in RA
IL-6 and IL-1 mediate the resulting inflammatory pathway and join
pathological changes. The decrease in plasma CRP observed in our study (in
A-TRF group) could be due to inactivation of inflammatory cells
(macrophages) which comes in consistent with Bondeson (1996) and Wei et
al., (2015). It is important to notice that using CRP as the only indicator for
RA, is not 100% accurate, as CRP plasma level increases in association with
either inflammatory or infectious joint affection (Scott, 2010). Chimenti et al.,
(2015) reported that IL-1β and TNF- α are the most frequently released IC in
association with arthritis. Harre et al., (2017) stated that, synovial membrane
epithelial cells and macrophages help in the production of TNF- α which plays
a crucial role in IL-1 and IL-6 production which result in production of other
IC such as Matrix metalloproteinases (MMPs) and prostaglandins which cause
joint pain and cartilaginous erosion.
Conclusion
As a conclusion, the significant decrease of plasma levels of
inflammatory cytokines and the increased bone mineral density associated
with tocotrienols-rich-fraction supplements could be provide an evidence that
TRF could be used as an effective therapy of TMJ rheumatoid arthritis.
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Fig. 1: Schematic representative of experimental study. Rats were divided into three groups
(n=10); (1) Control (C) group, (2) Arthritis (A) group and (3) Arthritis + TRF (A-TRF)
group. All groups received bilateral TMJ intra-articular injections at days 1, 7 and 14.

Fig. 2: Effect of tocotrienols-rich-fraction on rats’ total body weight. C: Control group. A:
Arthritis group. A-TRF: Arthritis + TRF group. * (p < 0.05) Arthritis group in comparison to
Control group. ** (p < 0.05) Arthritis + TRF group in comparison to Arthritis group. Data
were expressed as means ± standard deviations.
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Fig. 3: Effect of tocotrienols-rich-fraction on rats’ head circumference. C: Control group. A:
Arthritis group. A-TRF: Arthritis + TRF group. * (p < 0.05) Arthritis group in comparison to
A-TRF group. ** (p < 0.05) A-TRF group in comparison to control group. Data were
expressed as means ± standard deviations.

Fig. 4: A) Plasma levels of CRP, B) Plasma levels of TNF-α, C) Plasma levels of IL-1β, D)
Plasma levels of IL-6. All IC show a significant (p < 0.05) increase in A-group if compared
with C and A-TRF- groups. While plasma CRP, TNF-α, IL-1β, and IL-6 levels in A-TRFgroup were comparable to C-group * (p < 0.05) Arthritis group in comparison to A-TRF
group. ** (p < 0.05) A-TRF group in comparison to control group. Data were expressed as
means ± standard deviations.
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Fig. 5: Photomicrograph of TMJ synovium stained with hematoxylin and eosin (X 1000).
yellow arrow, inflammatory cells infiltration. A) C-group, no signs of inflammation
(hyperplasia, inflammatory cells infiltration), arthritis or tissue destructions. B) A-group
showed marked synovial inflammatory cells infiltration (yellow arrow) with fibrovascular
pannus formation. C) A-TRF group, the inflammatory changes were mild if compared to Agroup.

Fig. 6: Effect of tocotrienols-rich-fraction on rats’ TMJ bone densities. C: Control group. A:
Arthritis group. A-TRF: Arthritis + TRF group. * (p < 0.05) BMD of A-group in comparison
to A-TRF group. ** (p < 0.05) BMD, A- group in comparison to control group. Data were
expressed as means ± standard deviations.
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