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ABSTRACT

Objectives: This study aims to assess the antirheumatic activity of bee venom (BV) and/or hesperidin as natural products in complete Freund’s
adjuvant (CFA)-induced arthritis in male Wistar rats.

Material and methods: Rheumatoid arthritis (RA) was induced in 30 male Wistar rats (weight 130 g to 150 g; age 10 to 12 weeks) by subcutaneous
injection of CFA into the right hind paw of the rats. The rats were divided into five groups of six rats in each and administered the following regimens
for 21 days: Normal group (given the equivalent volume of saline and carboxymethylcellulose), arthritic group (given the equivalent volume of
saline and carboxymethylcellulose), arthritic group treated with BV (treated with BV along with carboxymethylcellulose), arthritic group treated
with hesperidin (treated with hesperidin along with saline), and arthritic group treated with BV and hesperidin (treated with BV and hesperidin
concurrently).

Results: Bee venom and/or hesperidin successfully reversed the CFA-arthritis-induced increases in right hind leg paw swelling, leukocytes’
count, liver lipid peroxidation, serum inflammatory cytokine interleukin (IL-2 and IL-12) levels and spleen tumor necrosis factor-alpha messenger
ribonucleic acid (MRNA) expression. Moreover, the CFA-induced down-regulation in serum IL-10 level and spleen IL-4 mRNA expression as well as
the deterioration in the antioxidant defense system were significantly improved as a result of BV and hesperidin administration. Both treatments
also markedly counteracted the severe inflammatory changes and leukocytic infiltration in the periarticular tissue of the ankle joints. In addition,
BV and hesperidin obviously amended the lymphoid hyperplasia in white pulps of spleen as well as the widening of the medulla and mononuclear
cell infiltration found in thymus.

Conclusion: Bee venom and hesperidin administration produced their ameliorative effects on RA via their antioxidant, antiinflammatory and
immunomodulatory potentials. BV plus hesperidin particularly seemed to be the most potent in improving RA in Wistar rats.
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Rheumatoid arthritis (RA) is characterized by
inflammatory cell infiltration and proliferation
of synovial tissue, accompanied by periarticular
cartilage and bone destruction.® RA incidence
rate is approximately 0.5 to 1% of the general
population in the world and three times more
frequent in females than males.*® It was believed
that the immunological events in association
with genetic factors are thought to be the basis
of RA developing.” The complex interaction
of various immune modulators (cytokines and

effector cells) is responsible for the joint damage
that begins at the synovial membrane and covers
most intraarticular structures.® The activated
inflammatory cells such as macrophages, T-cells
and B-cells activate or cause the release of other
cells’ degradative enzymes, tumor necrosis factor-
alpha (TNF-a), antibodies and free radicals, which
in turn can be directed against the antigens in the
joint, therefore contributing to the progression of
the disease, and leading to periarticular tissue
degradation and joint deformation.’
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Several experimental models have been
developed in rats to study the pathogenesis of the
disease and to assess the potential usefulness of
antirheumatic drugs.!® Rat adjuvant arthritis (AA)
is an experimental model of polyarthritis which
has been widely used for preclinical testing of
numerous antiarthritic agents.!!’ The hallmarks
of this model are reliable onset and progression
of robust and easily measureable polyarticular
inflammation and periarticular cartilage and bone
destruction.'?13

Currently available drugs or conventional
drugs including non-steroidal antiinflammatory
drugs, disease-modifying antirheumatic drugs,
glucocorticoids (steroids) and biological agents such
as TNF-o and interleukin 1 beta (IL-1B) antagonists
have shown only limited success against arthritis
because of serious side effects.!* Accordingly,
nowadays, attention of scientists worldwide is
directed toward natural products and medicinal
plants in the treatment and prevention of diseases
due to lower toxicity and fewer side effects.?1°

Bee venom (BV) obtained from Apis mellifera,
known to contain several pharmacologically active
substances, has been believed since ancient times
to have beneficial effects in certain arthritic and
rheumatoid conditions and is fairly widely used in
many countries.’® Several studies on the effect of
BV on experimental inflammation were published
recently and showed that BV has a suppressive
effect on adjuvant-induced polyarthritis.?”

Hesperidin, a naturally occurring flavonoid
presents in citrus fruits and vegetables,
has been reported to exert a wide range of
pharmacological effects including antiinflammatory,
immunomodulatory, antioxidant and apoptotic
effects and could prevent the onset and progression
of AA8

Therefore, in this study, we aimed to assess the
antirheumatic activity of BV and/or hesperidin as
natural products in complete Freund’s adjuvant
(CFA)-induced arthritis in male Wistar rats.

MATERIAL AND METHODS

The study was conducted at Faculty of Science,
Beni-Suef University, Egypt between January 2015
and dJanuary 2016 and included 30 male Wistar
rats (weight 130 g to 150 g; age 10 to 12 weeks)

that were obtained from the National Institute of
Ophthalmology, Giza, Egypt. Rats were housed
in standard polypropylene cages and maintained
under controlled room temperature (22+2°C) and
humidity (55+5%) with 12-hour light and 12-hour
dark cycle. They were fed rat chow diet and given
drinking water ad libitum. The animals used in
the present study were maintained in accordance
with the principles and guidelines of the Canadian
council on Animal care!® and local Experimental
Animal Ethics Committee, Faculty of Science,
Beni-Suef University, Egypt. All efforts were done
to reduce the number of animals to the minimum
and to decrease the suffering of animals.

Arthritis was induced by a single subcutaneous
injection of 0.1 mL CFA, a suspension of heat-
killed Mycobacterium tuberculosis in mineral oil,
into a footpad of the right hind leg paw of male
rats.?® CFA was obtained from Sigma Chemical
Company (Sigma Chemical Co., St Louis, Mo.,
USA).

Crystalline BV (whole venom of Apis millifera)
was obtained as a gift from the Holding Company
for Biological Products and Vaccines (Vacsera),
Giza, Egypt. It was stored in deep freezer at
-30°C. BV solution was prepared fresh weekly and
injected subcutaneously into the plantar surface of
the right hind leg paw. It was dissolved in 0.5 mL
of normal saline solution (sodium chloride, 0.9%)
as a vehicle at dose level of 1 mg/kg body weight
(b.w.)7 daily for a period of three weeks.

Hesperidin, purchased from Sigma Chemical
Company (Sigma Chemical Co., St Louis, Mo.,
USA) was dissolved in 1% carboxymethylcellulose
(CMC) as a vehicle, at concentration of 0.5%
(25 mg/5 mL) and given orally at dose level of
25 mg/kg b.w.2122 by oral gavage daily for three
weeks.

The rats were divided into five groups of six
rats in each, designated as follows: (i) normal
group (normal): rats within this group were given
the equivalent volume of the vehicles, saline and
CMC. Saline was injected subcutaneously into the
plantar surface of the right hind leg paw based
on the body weight (0.5 mL/kg b.w.) while 1%
CMC was given by oral gavage in a volume of
5 mL/kg b.w/day for 21 days; (ii) arthritic group
(arthritic): this group consisted of arthritic rats that
were given the equivalent volume of the vehicles,
saline and CMC, like the normal control group
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for 21 days; (iii) arthritic group treated with BV
(arthritic+BV): arthritic rats of this group were
daily treated with BV (1 mg/kg b.w.) that was
injected subcutaneously into the plantar surface of
the right hind leg paw, along with CMC as vehicle
by oral gavage daily for 21 days; (iv) arthritic group
treated with hesperidin (arthritic+hesperidin):
arthritic rats of this group were daily treated
with hesperidin (25 mg/kg b.w.) by oral gavage
for 21 days, along with saline subcutaneous
injection into the plantar surface of the right hind
leg paw; and (uv) arthritic group treated with BV
and hesperidin (arthritic+BV+hesperidin): arthritic
rats of this group were daily treated with BV and
hesperidin concurrently for 21 days in the same
way as in the previous groups.

The right leg paw circumference just above
tarsal pad, an indicator of swelling rate and paw
edema, was measured in different groups by
wrapping string around that region. The length
of the string was measured with a ruler. The
measurements were taken every week (on the 7t,
14 and 21t days) after adjuvant injection.

At the end of experiment (21 days), blood
samples were collected from jugular vein under
mild diethyl ether anesthesia. Part of blood
from each rat was collected in tubes containing
ethylenediaminetetraacetic acid (EDTA) solution
(50 pL of 15% EDTA/2.5 mL blood) for counting
leukocytes. Other part of blood was collected
in tubes containing no anticoagulant and left
to coagulate, then centrifuged at 3000 rpm for
15 minutes. The clear non-hemolyzed supernatant
sera were quickly removed, divided into three
portions for each individual animal, and kept at
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-30°C till used. Spleen, thymus and hind leg ankle
region and paw were removed and fixed in 10%
neutral buffered formalin for histopathological
examination.

Total leukocyte count (TLC) was carried out
by Neubauer chamber using gentian violet.?3
Differential leukocyte count (DLC) was performed
using Giemsa stain.?*

Lipid peroxidation (LPO) detected as
malondialdehyde (MDA) level and glutathione
(GSH) content in liver were determined according
the methods of Preuss et al.?® and Beutler
et al.,?® respectively. The antioxidant enzymes
including superoxide dismutase (SOD), glutathione
peroxidase (GPx) and glutathione-S-transferase
(GST) activities in liver were determined according
to assay methods of Marklund and Marklund,?’
Matkovics et al.?® and Mannervik and Gutenberg,?®
respectively.

Serum IL-2, IL-12 and IL-10 levels of normal
control, arthritic control and arthritic treated rats
were determined using specific enzyme-linked
immunosorbent assay kits purchased from R&D
Systems (R&D Systems, Inc., Minneapolis, MN,
USA) according to manufacturer's instructions.

Total ribonucleic acid (RNA) was isolated
from spleen using the RNeasy Mini Kit (Qiagen
GmbH, Hilden, Germany), according to the
manufacturer protocol. In brief, frozen spleen
(approximately 30 mg) is disrupted in lysis buffer
and homogenized. Ethanol is then added to the
lysate, creating conditions that promote selective
binding of RNA to the RNeasy membrane. The
sample is then applied to the RNeasy Mini spin

Table 1. Nucleotide sequence of forward and reverse primers® for real time polymerase chain reaction

Target Gene

Gene bank accession number

Primers

TNF-o

NM 012675.3

IL-4 NM201270.1

GAPDH (Housekeeping gene) NM 017008.3

Forward:
5-GACCCTCACACTCAGATCATCTTCT-3
Reverse:
5-TGCTACGACGTGGGCTACG-3
Forward:
5-GGTCTCAGCCCCCACCTTGC3
Reverse:
5-CCGTGGTGTTCCTTGTTGCCGT-3
Forward:
5-ATGATTCTACCCACGGCAAG-3
Reverse:
5-CTGGAAGATGGTGATGGGTT3

TNF-o: Tumor necrosis factor-alpha; IL: Interleukin; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 1. Effect of bee venom and/or hesperidin
administration on right leg paw circumference of complete
Freund’s adjuvant-induced arthritic rats. BV: Bee venom.

column. Total RNA binds to the membrane,
contaminants are efficiently washed away, and
high-quality RNA is eluted in RNase-free water.
The concentration and purity of RNA were
determined by ultraviolet spectrophotometer.
The concentration was determined from
spectrophotometric optical density measurement
at wavelengths of 260 and 280 nm. For each tested
sample, the ratio between the spectrophotometric
readings at 260 nm and 280 nm (OD260/0D280)
was used to provide an estimate of the purity of
RNA, and the ratio in all samples ranged between
1.7 and 2.0.

Reverse transcriptase reactions were then
carried out using high-capacity complementary
deoxyribonucleic acid (DNA) reverse transcription
kits (AB Applied Biosystems, Foster City, CA,
USA). 10 pL of RNA sample was added to 10 pL
of 2x real-time (RT) master mix that consists of
2 pL 10x RT buffer, 0.8 pL 25x deoxynucleotide
mix (100 mM), 10x RT random primers, 2 pL
10x RT random primers, 1 pL MultiScribe™

Table 2. Effect of bee venom and/or hesperidin
administration on total leukocyte count of complete
Freund’s adjuvant-induced arthritic rats

Groups TLC Change
(cellx10%/mm?)

Mean+SD %
Normal 4.10+0.10° =
Arthritic 7.75+1.002 89.02
Arthritic + BV 5.12+0.96° -33.98
Arthritic + hesperidin 4.95+0.48° -36.13
Arthritic + BV + hesperidin 4.12+0.53° -46.88

TLC: Total leukocyte count; SD: Standard deviation; Number of animals
in each group is six. Values, which have the same superscript symbol(s),
are not significantly different. Percentage (%) changes were calculated by
comparing arthritic control group with normal control and arthritic-treated
groups with the arthritic control group.

Reverse Transcriptase and 4.2 pL nuclease-
free water. Reverse transcriptase reactions were
carried out in a DNA thermal cycler at 25°C for
10 minutes, 37°C for 120 minutes and 85°C for
five minutes. The complementary DNA was then
stored at -20°C until used for RT polymerase
chain reaction (PCR) analysis.

Real-time PCR was performed using 2 pL
template in a 20 pL reaction containing 0.25 pM
of each primer and 12.5 uL SYBR Green RT-PCR
MasterMix (Qiagen GmbH, Hilden, Germany).
Each run consisted of 50°C for two minutes and
95°C for 20 minutes followed by 45 cycles of
94°C for 15 seconds, 60°C for 20 seconds, and
72°C for 30 seconds in a RT quantitative PCR
machine. Three samples were tested for each
group. The values were normalized against the
housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH).

The gene sequences of forward and reverse
primers of IL-4 and TNF-o. and GAPDH?3° were

adjuvant-induced arthritic rats

Table 3. Effect of bee venom and/or hesperidin administration on differential leukocyte count of complete Freund's

Lymphocyte Change Monocyte Change Neutrophil Change Eosinophil Change Basophile

(cell/mm?) (cell/mm?) (cell/mm?) (cell/mm?) (cell/mm?)

Groups Mean+SD % Mean+SD % Mean+SD % Mean+SD % Mean+SD
Normal 2446724 - 164+24¢ - 1216+201> = 68+142 = 00+00
arthritic 5632+144> 130.22 801+170* 388.41 1214+144> -0.16 104+262 51.71 00+00
Arthritic + BV 3874+95° -31.21  512+59*®  -36.08  683+62° -43.78 68+17° -34.41 00+00
Arthritic + hesperidin 3911+86° -30.56 462+119b¢ -42.32  528+17° -56.49 50+29° -52.09 00+00
Arthritic + BV + hesperidin ~ 3145+99¢ -4416  275+55bc  -65.67  659+63° -47.98 41+242 -60.58 00+00

BV: Bee venom; SD: Standard deviation; Number of animals in each group is six. Values, which have the same superscript symbol(s), are not significantly different.
Percentage (%) changes were calculated by comparing arthritic control group with normal control and arthritic-treated groups with the arthritic control group.
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Table 5. Effect of bee venom and/or hesperidin administration on serum interleukin-2, interleukin-12 and interleukin-10
cytokine levels of complete Freund's adjuvant-induced arthritic rats

IL-2 (pg/mL) Change IL-12 (pg/mL) Change IL-10 (pg/mL) Change

Mean+SD Mean+SD % Mean+SD %

Normal 32.5+2.0¢ - 20.4+0.5¢ - 117.0+15.32 -
Arthritic 126.7£18.7 290.21 323.3+51.9: 1482.34 50.4+10.7° -56.91
Arthritic + BV 65.2+7.9° -48.56 132.1+18.0° -59.14 62.9+4.8° 24.75
Arthritic + hesperidin 76.8+8.2° -39.42 109.9+£25.7° -66.02 90.9+4 4> 80.44
Arthritic + BV + hesperidin 71.1+6.9® -43.90 82.3+8.1% -74.55 92.9+8.12 84.29

arthritic control group.

IL: Interleukin; SD: Standard deviation; BV: Bee venom. Number of animals in each group is six.Values, which have the same superscript symbol(s), are not
significantly different. Percentage (%) changes were calculated by comparing arthritic control group with normal control and arthritic-treated groups with the

count (130.2% and 388.4%, respectively) when
compared with the normal control group. As a
result of the BV and/or hesperidin treatments,
the leukocytosis as well as the lymphocyte,
monocyte, neutrophil and eosinophil counts
declined remarkably in comparison with the
arthritic control group (Tables 2 and 3).

The effect of BV and/or hesperidin treatments
on liver oxidative stress and antioxidant defense
system were shown in Table 4. As a result
of CFA injection, LPO was increased three-
fold (163.2%) in arthritic control group than
normal control group. The treatment of arthritic
rats with hesperidin and BV plus hesperidin
decreased significantly (p<0.05) the elevated
lipid peroxidation while the BV supplementation
alone produced non-significant (p>0.05) change.
The arthritic control rats showed a significant

(p<0.05) decline in liver GSH (-12.4%), SOD
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Figure 2. Effect of bee venom and/or hesperidin
treatments on tumor necrosis-alpha messenger ribonucleic
acid expression level in spleen tissue of complete Freund’s
adjuvant-induced arthritic rats. Three replicates were used
for each group. Means, which share same symbol(s), are

not significantly different. TNF-o: Tumor necrosis factor-alpha;
mRNA: Messenger ribonucleic acid; BV: Bee venom.

(-61.3%), GPx (-57.6%) and GST (-27.6%) activities
when compared to the normal control rats.
As a result of hesperidin treatment, all of the
tested antioxidant parameters were significantly
(p<0.05) improved. Also, BV plus hesperidin
significantly enhanced GSH, SOD, GPx, while
the GST activity was non-significantly affected.
On the other hand, the treatment with BV
significantly increased GSH and GPx while
SOD and GST were non-significantly increased
(p>0.05).

The administration of CFA to Wistar rats
produced a significant (p<0.05) increase in serum
IL-2 (290.2%) and IL-12 (1,432.3%) levels while it
induced a significant decrease in serum IL-10 level
(-56.91%) as compared to normal control rats.
The treatment of the arthritic rats with BV and/or
hesperidin caused a significant decrease in serum
IL-2 and IL-12 levels as compared to the arthritic
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Figure 3. Effect of bee venom and/or hesperidin
administration on interleukin-4 messenger ribonucleic
acid expression level in spleen tissue of complete Freund's
adjuvant-induced arthritic rats. Three replicates were used
for each group. Means, which share same symbol(s), are

not significantly different. IL-4: Interleukin-4; mRNA: Messenger
ribonucleic acid; BV: Bee venom.
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Figure 4. Photomicrographs of right leg ankle joint sections of normal rats. (a) showed normal
histological structure of articular fibrous joint capsules (c), bone (b) and skeletal muscle (m)
(H-Ex160). (b) showed magnification of (14a) that identified fibrous joint capsule. (H-Ex400).

control. On the other hand, the lowered serum
IL-10 level was significantly increased (p<0.05)
as a result of hesperidin and BV plus hesperidin
treatments while it was non-significantly (p>0.05)
changed as a result of the BV treatment alone
(Table 5).

The  CFA-induced  arthritic  control
rats exhibited a significant increase in the
messenger RNA (mRNA) expression level of
TNF-a cytokine while the IL-4 expression was
significantly decreased in the spleen tissue
when compared to the normal control rats. The
BV treated as well as hesperidin treated rats
showed a significant (p<0.05) decrease in the
elevated level of TNF-o expression while they
exhibited a non-significant (p>0.05) change in
the IL-4 mRNA expression level as compared

to the arthritic control group. Additionally, the
treatment of the arthritic rats with BV plus
hesperidin resulted in a significant decrease in
the TNF-o. mRNA expression level and caused
a significant increase in the expression level of
IL-4 cytokine when compared to the arthritic
control rats (Figures 2 and 3).

Histopathological examination of the right
hind ankle joint of control rats showed normal
histological structure of the joint (bone and
fibrous joint capsule) (Figures 4a and b). On
the other hand, CFA-induced arthritic rats had
severe inflammatory changes in the fibrous joint
capsule ranging from focal leucocytic infiltration
(granuloma) to massive diffuse leucocytic
infiltration. The most common leucocytes were
lymphocytes, macrophages, epithelioid cells and
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Figure 5. Photomicrographs of right leg ankle joint sections of arthritic rats. (a) showed a very severe form of focal as
well as diffuse inflammatory cells infiltration in joint capsule with fat deposition (f) (H-Ex160). (b) showed a magnification
of (15a) to identify inflammatory cells infiltration in joint capsule (H-Ex400). (c) showed a magnification of (b) with
inflammatory cells infiltration in synovium (H-Ex800). IF: Inflammatory cells infiltration.



Bee Venom and Hesperidin Effectively Mitigate Complete Freund’s Adjuvant-Induced Arthritis 205

: .;- o

Figure 6. Photomicrographs of right leg ankle joint sections of arthritic rats treated with bee venom. (a) showed a
moderate form of inflammatory cells infiltration in joint capsule (H-Ex160). (b) showed magnification of (16a) to identify
inflammatory cells infiltration in joint capsule (H-Ex400). (c) showed magnification of (16b) and depicted inflammatory
cells infiltration (H-Ex800). IF: Inflammatory cells infiltration.

ity . $ : a4 | © & . 2 ; /ﬁ'
Figure 7. Photomicrographs of right leg ankle joint sections of arthritic rats treated with hesperidin. (a) showed a severe
form of inflammatory cells aggregation in joint capsule (H-Ex160). (b) showed magnification of (a) to identify inflammatory
cell aggregation in joint capsule (H-Ex400). (c) showed magnification of Figure (b) and depicted inflammatory cells

infiltration (H-Ex800). IF: Inflammatory cells infiltration.

showed a mild form of inflammatory cells infiltration and fat deposition (f) in fibrous articular joint capsule (H-Ex160).
(b) showed magnification of (a) to identify few inflammatory cells infiltration in fibrous articular joint capsule (H-Ex400).
(c) showed magnification of (b) and depicted inflammatory cells infiltration (H-Ex800). IF: Inflammatory cells infiltration.

giant cells (Figures 5a-c). The arthritic group cells aggregation (Figures 7a-c). The arthritic rats
treated with BV (Figures 6a-c) showed moderate treated with BV plus hesperidin showed mild
inflammatory changes in the fibrous joint capsule. inflammatory reaction (Figures 8a-c).

In hesperidin treated group, the fibrous joint The spleen sections of control rats exhibited

capsule showed a severe form of inflammatory normal histological structure of the lymphoid
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Figure 9. A photomicrograph of spleen section from
normal control rat showing normal histological structure
of lymphoid follicles in white pulp (w) and surrounding red
pulp (r) (H-Ex400).

cells in white pulps as well as the histological
structure of the red pulps (Figure 9). The
spleen sections of the arthritic animals showed
lymphoid hyperplasia in the white pulps
(Figure 10). The treatment of the arthritic
rats with BV showed no improvement effects
on the hyperplasia of the lymphoid cells
(Figure 11). On the other hand, hesperidin
and BV plus hesperidin treated arthritic
rats greatly improved the histopathological
impacts (lymphoid hyperplasia) occurring in
the white pulps due to CFA-administration
(Figures 12 and 13).
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Figure 10. A photomicrograph of spleen section from
arthritic rat showing moderate lymphoid hyperplasia in
white pulp (w) (H-Ex400).

As indicated in Figure 14, the thymus of
control rats depicted normal histological structure
of lymphoid cells in both peripheral cortex
(c) and central medulla (m). Thymus sections from
arthritic rats showed widening of the medulla
(Figure 15a) with minimal necrobiotic change
(Figure 15b) and congestion of blood vessels
and mononuclear cell infiltration in the area
surrounding blood vessels (Figure 15c¢). The BV
and BV plus hesperidin treated rats presented
improved histological section near normal
histological appearance (Figures 16 and 18,
respectively) while, those treated with hesperidin
had degenerated lymphocytes in the medulla
(Figure 17).

Figure 11. A photomicrograph of spleen section from
arthritic rat treated with bee venom showing lymphoid
hyperplasia in white pulp (w) (H-Ex400).

Figure 12. A photomicrograph of spleen section
from arthritic rat treated with hesperidin showing no
histopathological alteration in white pulp (w) (H-Ex400)
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Figure 13. A photomicrograph of spleen section from
arthritic rat treated with bee venom plus hesperidin
showing no histopathological alterations in white
pulps (w) (H-Ex400).

Figure 14. A photomicrograph of thymus section from
normal control rat showing normal histological structure
of lymphoid cells in both peripheral cortex (c) and central
medulla (m) (H-Ex400).

Figure 15. Photomicrographs of thymus sections from arthritic rats. (a) Showed widening of medulla (H-Ex400).

(b) Showed minimal necrobiotic changes in medulla (H-Ex400). (c) Showed congestion of blood vessels and mononuclear

cell infiltration in area surrounding blood vessels (H-Ex400).

s

Figure 16. A photomicrograph of thymus section from
arthritic rat treated with bee venom showing improved
histological section (near normal histological appearance)
(H-Ex400).

i y - A

Figure 17. A photomicrograph of thymus section
from arthritic rat treated with hesperidin showing mild
degenerated changes in lymphocytes within medulla
(H-Ex400).
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Figure 18. A photomicrograph of thymus section from
arthritic rat treated with bee venom plus hesperidin
showing normal histological structure of both cortex (c)
and medulla (m) (H-Ex400).

DISCUSSION

Rheumatoid arthritis is a chronic autoimmune
disease characterized by joint swelling,
synovial membrane inflammation and cartilage
destruction.’® Rat model of RA induced by
CFA has similar characteristics to human RA
in the aspects of histology and immunology
making it reasonable to screen new drugs for
the treatment of RA.32 Although conventional
drugs are used for the clinical management of
RA, the use of these drugs have been associated
with limited efficacy,?? besides being expensive
and causing severe adverse effects.?* This
has prompted the use of complementary and
alternative medicine as safer and more effective
methods of treatment.®3®> In this study, the
antiinflammatory and antiarthritic effects of two
natural products, namely, BV and hesperidin
were investigated.

A change in paw volume has been classically
used for evaluating antiinflammatory effects on
RA.% In the present study, the treatment of rats
with BV and/or hesperidin significantly inhibited
the paw swelling, which suggests the effectiveness
of these treatments on treating AA.

The TLC and DLC data showed a profound
leukocytosis  with higher lymphocyte and
monocyte counts in the arthritic control animals.
This leukocytosis is possibly due to CFA which is
an antigen solution of attenuated Mycobacterium
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tuberculosis and adjuvant that are used to elicit
the immune response by the host animal to this
antigen.’” Therefore, the count of leukocytes,
particularly lymphocytes and monocytes, which
are the most prominent cells in the rheumatoid
synovium and are important in the pathogenesis
of arthritis, may be elevated.3®3° These findings
are concomitant with the histological results that
depicted diffuse inflammatory cells in the joint
capsule, lymphoid hyperplasia in the white pulp of
spleen and mononuclear leukocytic infiltration in
the thymus of CFA-arthritic rats. It was found that
the BV and/or hesperidin treatments, produced a
marked decrease of the elevated TLC as well as
the lymphocyte, monocyte and neutrophil counts,
indicating the antiinflammatory effect of the
treatments on the AA course.

Concerning oxidative stress and antioxidant
defense system, the liver LPO was significantly
elevated in CFA-induced arthritic rats while the
GSH content and the activities of antioxidant
enzymes SOD, GPx and GST were significantly
decreased. This elevation in oxidative stress and
suppression of antioxidant defense system may
be involved in the pathogenic events of RA.
This elucidation was evidenced and supported
by many previous investigators. As reported by
Umar et al.,** LPO has been implicated in the
pathogenesis of inflammatory arthritis. During
LPO, lipid peroxyl radicals are produced, which
may lead to cell membrane damage. In the
present study, the level of MDA, a stable adduct
of LPO, increased obviously in liver of arthritic
control rats suggesting that CFA or its metabolites
produce free radical species that attack lipid
components, leading to lipid peroxidation.** This
finding is in accordance with Rasool and Sabina,*?
who found that the administration of 0.1 mL CFA
into the right hind leg paw of Swiss albino mice
increased the liver lipoprotein level expressively.
The present results are also in concordance with
Ahmed et al,*® who reported an increase in
lipid peroxides level and decrease in GSH level
and GPx, SOD and glutathione reductase (GR)
activities in serum of CFA-induced arthritic rats.
Treatment of CFA-induced arthritic rats with BV
and/or hesperidin induced a marked decrease in
the elevated LPO. On the other hand, the declined
GSH content and GPx and GST activities, as a
result of their consumption during oxidative stress
and cellular lysis,**4> are replenished successfully
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by BV, hesperidin and BV plus hesperidin
supplementation probably by scavenging free
radicals. However, the SOD activity was significantly
increased only as a result of treatment of arthritic
rats with hesperidin and BV plus hesperidin. These
results indicate that the three treatments play an
important role in treating the AA course through
inhibition of the oxidative stress and enhancement
of antioxidant defense system. Hesperidin and
BV plus hesperidin had potent effects in reducing
the lipid peroxidation and enhancing antioxidant
defense system. However, there was no sufficient
effect on antioxidant system in the arthritic group
treated with BV alone.

Rheumatoid arthritis is an autoimmune disease
characterized by the proliferation of synovium
and the infiltration of chronic inflammatory cells.
Cytokines from synovium and inflammatory cells,
monocytes and lymphocytes, are thought to
be important in the initiation and perpetuation
of RA.% In the present study, the levels of
inflammatory cytokines including IL-2 and IL-12
were significantly increased while the level of
antiinflammatory cytokine, IL-10, was decreased
in the arthritic rats. These increases in the
inflammatory cytokines concentrations may
reflect their crucial role in the pathophysiology
of arthritis development in animal models and
humans.34347 [L-12 has been documented to
synergize with a variety of cytokines and induce
the production of proinflammatory cytokines.*84°
Additionally, Lipsky et al.?® stated that IL-2 is
increased in concentration in a variety of T
cell-mediated inflammatory conditions, such as
RA, in which serum IL-2 levels are indicative of
disease activity. Moreover, in the CFA-arthritic rats
of the current study, the spleen mRNA expression
of the proinflammatory cytokine, TNF-a, which
is one of the key cytokine molecules that cause
inflammation in RA,*" was markedly increased.
Conversely, the spleen mRNA expression of
the typical antiinflammatory cytokine, IL-4, was
extremely down-regulated in the arthritic control
group. This indicates that the induction of CFA
in the Wistar rats enhances the inflammatory
mediators while suppressing the antiinflammatory
cytokines production, thus developing the
inflammation process as a result. The treatment of
the arthritic rats with BV and hesperidin potentially
decreased the elevated proinflammatory and
inflammatory mediator (IL-2, IL-12 and TNF-o)

levels. Also, the antiinflammatory cytokines
(IL-10 and IL-4) were variably affected by BV
and hesperidin supplementation. While serum
IL-10 level was markedly increased as a result of
treatment of CFA-induced arthritic rats with BV,
hesperidin and BV plus hesperidin, [L-4 mRNA
expression in spleen tissue was significantly
increased only due to treatment with BV plus
hesperidin. Thus, taken these changes together, it
can be suggested that the treatments suppress the
AA synovium inflammation mainly by inhibiting
T helper (Th) 1 cells differentiation and activating
Th2 cells differentiation, thus inhibiting the
production of proinflammatory cytokines and
activating the production of antiinflammatory
interleukins. Moreover, the BV plus hesperidin
supplementation seems to be the most potent
in reducing the triggered inflammation. This is
most likely due to its most powerful effect on
both inhibiting the Thl cells that produce and
stimulate the production of TNF-a., IL-2 and IL-12
and promoting Th2 cells, which up-regulate the
expression of IL-10 and IL-4.

Histopathologically, the former results of the
immunological indices were supported by the
histopathological examination of the ankle joint
sections. The BV and/or hesperidin treated arthritic
rats showed an obvious reduction in the extent of
inflammatory cells infiltration in the fibrous joint
capsules, an absence of lymphoid hyperplasia
in the white pulp of spleen and disappearance
of mononuclear leukocytic infiltration when
compared with the arthritic control group.
This is consistent with the reduction of the
proinflammatory and inflammatory cytokines and
enhancement of the antiinflammatory status as a
result of the treatments.

The spleen is a major organ of the body’s
immune system that plays a key role in prevention
against invading pathogens.®® The lymphoid
hyperplasia, which is a prominent feature in AA
due to splenitis,®® found in the white pulps of the
arthritic control group, was ameliorated clearly
as a result of hesperidin and BV plus hesperidin
treatments. This may be due to the effectiveness
of these treatments in decreasing the count of
circulating lymphocytes in blood and therefore
repairing the occurring hyperplasia. However, the
spleen section from arthritic rats treated with BV
still showed moderate lymphoid hyperplasia in the
white pulp.
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Similar arguments apply to the thymus, which
is composed of peripheral cortex (primarily
composed of lymphocytes or thymocytes)
and central medulla (primarily composed of
epithelial cells). It normally processes immature
precursor T-lymphocytes into the mature
immunocompetent T-cells of the medulla.>* In
the current study, widening (hyperplasia) of the
medulla with minimal necrobiotic changes and
congestion of blood vessels and mononuclear
cell infiltration in the area surrounding blood
vessels were observed in thymus sections of
arthritic control rats. This is in line with Ahmed
et al.*® and Nishino et al., who reported that
lymphoid hyperplasia of the thymus is observed
in a number of immunologically mediated
disorders, including RA. The arthritic rats
treated with BV as well as those treated with BV
plus hesperidin exhibited improved histological
section to more or less normal histological
appearance. However, the thymus section
from arthritic rats treated with hesperidin
still depicted mild degenerated changes in
lymphocytes within the medulla.

The study stated that BV and hesperidin have
anti-arthritic effects in Wistar rats. However,
further clinical investigations are required to
assess the efficacy of BV and hesperidin in the
treatment of RA in human beings. The study
also calls for further molecular investigations to
suggest the molecular mechanism(s) of action of
BV and hesperidin in arthritic joints.

In conclusion, although there was no
sufficient effect on the immunomodulation and
antioxidant system in the arthritic group treated
with BV alone, BV plus hesperidin treatment
administered concurrently had a powerful
therapeutic action against CFA-induced arthritis
in Wistar rats. The antiarthritic effects of BV
and hesperidin may be mediated via suppression
of inflammation and oxidative stress as well as
enhancement of the antioxidant defense system.
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