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Abstract | This study was taken to assess the effect of administration of bee venom alone or added to systemic antibiotics
for curing septic arthritis caused by Staphylococcus aureus (S. aureus). Thirsty-five naturally infected cases of rabbits
with arthritis were screened for the prevalence of S. aureus as a causative agent. S. aureus was diagnosed in 40% of the
examined cases via traditional culture methods and molecular confirmation using PCR. All tested §. aureus isolates
were positive for virulence-associated genes (nuc, icad, and Hlg). In an experimental trial, a total of 75 healthy rabbits
were divided equally into five groups (n =15/each group). The first group served as a negative control, the second group
was injected intra-articulately with §. aureus, did not receive any treatment, and served as a positive control group, the
third group received a subcutaneous injection of bee venom (BV'), the fourth group was injected intra-articulately with
§. aureus and treated with a subcutaneous injection of BV, the fifth group was injected intra-articulately with S. aureus
and treated with a subcutaneous injection of BV and gentamicin. On the 7" and 14® days, post-infection animals
were examined for hematological, biochemical, and histopathological assessments. The obtained results revealed that
S.aureus infection caused marked alterations in hematological and biochemical parameters compared to the negative
control, while treatment with BV alone or combined with gentamicin revealed a significant improvement of these
parameters. Likely, treatment with BV caused an improvement in the histopathology compared with the untreated
groups. In conclusion, BV treatment is of value in the treatment of S. aureus-induced arthritis in rabbits.
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INTRODUCTION

Sz‘apbylococcus aureus (8. aureus) is an opportunistic path-
ogen that causes a wide spectrum of pathologies induc-
ing losses in commercial rabbits. Remarkably, septic arthri-
tis in the joints of the rabbits showed histological evidence
of damage affecting the knees (Marcheix et al., 2018).

Hypertrophy of the synovial membrane, infiltration with
neutrophils, lymphocytes, histiocytes, giant cells, and plas-
matic cells, arthrocentesis, and finally cartilage and bone
damage were the typical pathological changes caused by .
aureus in rabbits (Ainara et al., 2021). Rapid diagnosis and
treatment are required for better management of joint de-
generations and to control the high mortality rates (Ghosh
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and Bishayi, 2015).

The abuse of antimicrobials in rabbit farms under intensive
rearing programs led to the development of antimicrobi-
al resistance among pathogens including S. aureus. Thus,
new treatment strategies need to be continuously devel-
oped (Wenhua et al., 2006). A combination of the use of
traditional antibiotic therapy and immune stimulation for
treating rabbit arthritis caused by . aureus was developed

(Ghosh and Bishayi, 2015).

Bee venom (BV') has drawn attention as a complementary
and alternative treatment for a variety of clinical conditions,
including rheumatism, arthritis, discomfort, and cancer.
BV includes various pharmacologically and biochemical-
ly active compounds (Permual et al., 2006; Wehbe et al.,
2019). There have been numerous effects associated with
bee venom, including antibacterial, antiviral, and anti-in-
flammatory actions. It has biological activity against oste-
oarthritis, rheumatoid arthritis, pain, and arthritis-related
rheumatism (El-Bahnasy et al., 2022). Peptides, melittin,
apamin, mast cell, degranulation (MCD), adolapin, en-
zymes (phospholipase A2 (PLA2) and hyaluronidase),
amino acids, and volatile chemicals are only a few of the
active substances found in bee venom (Hegazi et al., 2015).
About 50 percent of the dry weight of the venom is made
up of a substance called melittin, which has been shown in
some studies to have anticancer, antiviral, and antibacteri-
al activities, particularly against Gram-positive organisms
than Gram-negative ones (Akkaya et al., 2012; Leandro et
al., 2015).

'Thus, the objectives of the present study were first to isolate
and identify §. aureus from field cases of arthritis in rabbits
in Sharkia governorate, Egypt. Second, to investigate the
efficacy of the treatment with BV alone or in combination
with gentamicin against §. aureus-induced arthritis in rab-
bits. Third, the hematological, immune, biochemical, and
pathological changes associated with §. aureus-induced ar-
thritis were evaluated.

MATERIAL AND METHODS

FIELD sTUuDY

Sampling: Specimens were collected from joints of 35
rabbits suffering from swelling of the joints and clinical
manifestations of septic arthritis. Specimens were collect-
ed from different localities of Sharkia governorate, Egypt
during the period from July 2021 to October 2021.

Isolation and identification of §. aureus: Under the asep-
tic condition, isolation and identification of S. aureus were
done by using Baird parker media (Himedia, India) ac-
cording to Cruickshank et al. (1979).

Antimicrobial susceptibility testing: Antimicrobial sen-
sitivity of the recovered S. aureus isolates to eight of the
commonly used antimicrobial agents in Egypt was per-
formed using the disc diffusion method (Bauer et al,
1966). The interpretation of the obtained results was done
according to the criteria recommended (CLSI, 2017) for
antimicrobial susceptibility testing. The tested antibiotics
were doxycycline, tetracycline, ciprofloxacin, penicillin,
amoxicillin / clavulanic acid, ceftriaxone, vancomycin, and
gentamicin.

Molecular detection of virulence-associated genes of S.
aureus strains: DNA extraction for the detection of the
virulence-associated genes of 8. aureus strains (nuc, icad,
and Hlg). DNA extraction was done using the QIAamp
DNA Mini kit (Qiagen, Germany, GmbH) according to
the manufacturer’s recommendations. The used primers in
the present study were purchased from Metabion, Germa-
ny, and presented in Table 1. The PCR master mix (25 pl)
contained 12.5 pl of Dream Taq Green PCR Master Mix
(2X) (Thermo Scientific), 1 pl of each primer (20 pmol),
5.5 pl of DEPC-treated water, and 5 pl of DNA template.
An Applied biosystem 2720 thermal cycler was used for
such amplifications. The amplification reaction started
with an initial denaturation at 94°C for 5 min, followed
by 35 cycles including a denaturation step at 94°C for 1
min, annealing at 50°C (nuc), 49°C (icad), and 55°C (Hlg)
for 1 min, and an extension step at 72°C for 2 min. A final
extension was employed at 72°C for 10 min. PCR prod-
ucts were separated on 1% agarose gel (Applichem, Ger-
many) in 1x TBE buffer at room temperature using a 100
bp DNA ladder (Fermentas, Thermo Scientific, Germany),
and visualized on a gel documentation system (Alpha In-
notech, Biometra).

Determination of the minimum inhibitory concentra-
tion (MIC) of BV against §. aureus: Bee venom (Sigma
Aldrich, Egypt) was diluted in sterile nutrient broth into
five concentrations starting with 1000, 500, 250, 125, and
62.5 pg/ml. A loopful of §. aureus culture and 0.5 McFar-
land standards (EUCAST, 2003) was inoculated into test
tubes containing 2 ml of the tested concentrations of BV.
These tubes were incubated at 37°C for 24 h and observed
for bacterial growth. A loopful of broth from each test tube
that did not exhibit growth was then inoculated into a

plate of nutritional agar (CLSI, 2017).

EXPERIMENTAL STUDY

Ethics of the animal study: The use of animals in this
study complied with the formal approval of the Animal
Health Research Institute’s policy on animal use and eth-
ics. This study received approval on the protocol number

ARC-AH-22-09.
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Table 1: Primers used in the present study

Target gene Primers sequences (5’-3’) Product size (bp) Reference

Nuc F- GCGATTGATGGTGATACGGTT 270 (Brakstad et al., 1992)
R- ~-AGCCAAGCCTTGACGAACTAAAGC

icaA F- CCTAACTAACGAAAGGTAG 1315 (Ciftci et al., 2009)
R- AAGATATAGCGATAAGTGC

Hlg F- GCCAATCCGTTATTAGAAAATGC 937 (Kumar et al., 2009)

R- CCATAGACGTAGCAACGGAT

Animals: A-75 New Zealand clinically healthy male rab-
bits aged six months old and weighted from 1200 to1600
grams were obtained from the Faculty of Agriculture
(Laboratory and Research Agricultural Center) in Sharkia
governorate. All rabbits were inspected to ensure that they
are free from bacteriological or parasitological infection.
Animals were caged separately and had free access to water
and commercial feed ad libitum.

Experimental design: Rabbits were divided into five equal
groups each of 15 rabbits: Group (Gpl) was assigned as
a control negative, not infected, and not treated. Group
(Gp2) was assigned as a control positive group infected
with 0.1 ml of inoculum having 8x10® CFU/ml of §. aureus
(Georgieva et al., 2016) into the hip joint and not treated.
Group (Gp3) was treated with S/C injection of BV 1mg/
kg/day for 5 successive days (Ozlem Nisbet et al., 2011).
Group (Gp4) was infected with 0.1 ml of inoculum having
8x10® CFU/ml of 8. aureus into the hip joint and treat-
ed with S/C injection of BV 1mg/kg/day for 5 successive
days. Group (Gp5) was infected with 0.1 ml of inoculum
having 8x10® CFU/ml of §. aureus into the hip joint and
treated with S/C injection of BV 1mg/kg/day and gen-
tamicin (Gentacure-10°, Pharma Swede, Egypt) at a dose
of 5 mg/kg body weight for 5 successive days (Fig. 1). Sam-
ples including synovial fluids and blood samples (collected
from the ear veins) were obtained on the 7% and14" days
post-inoculation.

Bacteriological examination of the infected joints and
re-isolation of §. aureus: Bacterial swaps from the syn-
ovial fluids collected from the hip joints and periarticular
abscess were done for all infected groups (2, 4, and 5) for
re-isolation and identification of §. aureus (Boerhout et al.,
2016).

Hematological and biochemical assays: A hematological
picture was done according to Feldman et al. (2000). The
biochemical assays including malondialdehyde (IMDA)
(Satoh, 1987), and glutathione peroxidase (GPx) (IMill-
er and Slebodzinska, 1993) were assayed. Serum nitric
oxide (NO) was also estimated using a nitric oxide assay
kit (ab65328). Serum IL-1f was analyzed by ELISA Kit
(CSB-E08055r). Serum IL-6 was analyzed by ELISA Kit
(CSB- E04640r). Serum TNF- o was analyzed by ELISA

Kit (CSB-E11987r).

Histopathological examination: After the sacrifice of the
experimental animals, the infected joints were fixed, then
decalcified in 10% EDTA for 14 days. Specimens were im-
bedded in molten paraffin wax, after being dehydrated in
progressively stronger alcohols. Using a microtome (Lei-
ca®), paraffin slices (5 pm) were cut, and they were stained
with hematoxylin and eosin for microscopic analysis (Su-
varna et al., 2018).

Statistical analysis: Statistical analyses among the experi-
mental groups were evaluated using the analysis of variance
(ANOVA) followed by Duncan’s test, where a p-value less
than 0.05 was considered to be significant. All Statistical
analyses were done using the SPSS program.

RESULTS AND DISCUSSION

Bacteriological examination of rabbits with arthritis from
field samples revealed isolation of §. aureus from 14 out
of 35 cases at a prevalence rate of 40%. Likely, Mowafy et
al. (2018) isolated §. aureus from septic arthritis cases in
rabbits at 36.7%.

Antimicrobial susceptibility testing of the recovered §.
aureus isolates revealed 93% susceptibility to ciprofloxacin
and, gentamycin followed by 85.71% susceptibility to
ceftriaxone, and vancomycin, 71.43% to tetracycline, and
doxycycline, 64.29 % to amoxicillin / clavulanic acid, then
35.71% to penicillin. In agreement with the recorded
results of the present study Mowafy et al. (2018) recorded
that isolates of Staphylococcus spp. recovered from rabbits
were highly sensitive to gentamicin, and 37.5% of the
isolates were resistant to penicillin.

PCR confirmation of the recovered . aureus isolates via
amplification of the species-specific nuc gene which is
encoding the thermostable nuclease of §. aureus revealed
detection of nuc gene in all recovered isolates. Similarly,
all recovered §. aureus isolates harbored both icad and Hig
genes (Data are not shown). S. aureus typically combines
several virulence genes, which were assumed to contribute
to the pathogenicity. Two virulence determinants were
tested in the current study, the Hlg gene (B-hemolysin-
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Table 2: The effect of experimental infection with . awreus and treatment with bee venom and gentamicin on
hematological parameters of rabbits at 7 days post inoculation (n=5)

Group RBCs Hb PCV
(10°xmm®)  (g/dL) (%)

Group 1 51+0.14* 141+0.18 38.7+0.25*

Group 2 3.9+0.10° 11.5+0.34° 36.6 = 0.60°

Group 3 5.0+0.07*0 13.7+0.17° 38.5:0.18

Group 4 46 +0.11* 12.8+0.23> 37.5:0.38®

Group 5 49+£0.22* 132+0.17° 38.2x0.31°

WBCs Lymphocyte = Monocyte  Neutrophil
(10°xmm’) (%) (%) (%)

7.3 £0.12¢ 84.7 £ 0.15* 35+0.13* 8.0+057
8.9 £0.22¢ 82.52+0.57* 3.9+0.100  12.1+£0.28
7.5+0.17 84.6 + 0.45* 3.7+0.12*  8.3+0.88
84+0.19 833037 3.8+£0.33"  10.8 £0.44®
8.1+0.15>  83.9+0.44° 3.7+£0.15  9.2+0.72"

RBCs: Red blood cells; Hb: Hemoglobin; PCV%: Packed cell volume; WBCs: White blood cells

Table 3: The effect of experimental infection with S. aureus and treatment with bee venom and gentamicin on
hematological parameters of rabbits at 14 days post inoculation (n=>5)

Group RBCs Hb PCV
(10°xmm®) (g/dL) (%)

Group 1 50+0.14* 14.6+0.22* 39.1+0.28"

Group 2 4.0+0.04> 12.2+0.18 36.3 £0.20°

Group 3 51+0.11* 14.3+0.39* 38.9x0.20°

Group 4 4.7+0.13* 13.5+0.13> 38.4x0.29°

Group 5 48+097° 142=+0.43* 39.0+0.19°

WBCs Lymphocyte = Monocyte Neutrophil
(10°xmm’) (%) (%) (%)

7.9 £0.20> 83.9%0.36" 3.7+0.08° 7.6 +0.33°

9.2+0.13* 82.6+0.63" 3.9+0.02¢ 9.5+0.28

8.4+0.14> 83.6=0.51° 3.7+0.08° 7.8+0.16°

8.4+0.11° 82.7+0.43" 3.8£0.05" 8.8x0.24"
82+0.11° 82.9+0.63 3.8£0.11" 8.2x0.44"

RBCs: Red blood cells; Hb: Hemoglobin; PCV%: Packed cell volume; WBCs: White blood cells
Means with different letters at the same column are significantly different (P <0.05)

converting bacteriophages) and icad, a gene connected
to host adherence and invasion, (Edwards et al., 2010;
Penadés et al., 2020). The hemolysins and leukocidins pro-
duced by the Hlg gene have hemolytic functions that target
erythrocytes and leukocytes and have been demonstrated
to cause inflammation, facilitate osteoblast invasion, and
kill osteoblasts, exacerbating S. aureus-induced osteomy-
elitis (Jin et al., 2021).

the minimum inhibitory concentration (MICs) were taken
as the lowest concentration of tested venoms that inhibited
visible bacterial growth (Burt, 2004). Testing of MIC of
BV against §. aureus showed that using BV at a-178.3 pg/
ml, a complete inhibition for the growth of S. aureus was

achieved. This value was similar to previous reports (Kim et
al., 2006; Mahmoudi et al., 2020).

Bacterial re-isolation of §. aureus from the infected joints
after 7 days post-inoculation was successful in 100% of
group 2, 60% of group 4, and 40% of group 5. While after
14 days post-inoculation, 100% of group 2, and 10% of
group 4 showed positive re-isolation of S. aureus.

'The hematological pictures of the treatment group were
recorded in Tables 2 and 3. The obtained results showed a
significant decrease in the RBCs count, Hb concentration,
and packed cell volume in the infected and non-treated
groups. Leukopenia and neutrophilia were also detected
in group 2 compared with group 1. Such results were in

agreement with Dimitrova et al. (2000) and Petrov and
Mircheva (2013) who reported a reduction of the hema-
tological parameters in rabbits with S. aureus infection and
this decline might be due to the suppression in hematopoi-
etic function caused by the S. aureus infection. Treatment
with either BV alone or in a combination with gentamicin
evoked a significant increase in the tested hematological
parameters compared with group 1. Similarly, Son et al.
(2007) and Mohammed and Hassan (2019) assumed an
improvement in these parameters due to the action of BV
in increasing coronary and peripheral circulation which
improves circulation of blood in the micro blood vessels
and stimulates erythropoiesis. Besides, the reduction in the
leucocytic count might be due to the immunosuppressive
effect of bee venom (Mohammed and Hassan, 2019).

S. aureus is considered the primary cause of bacterial ar-
thritis which is characterized by massive inflammation and
the release of cytokines from macrophages such as TNF-a,
IL-1B, and IL-6 (Kwan et al., 2004). The recorded results
of the biochemical parameters in Tables 4, and 5 revealed
a significant increase (P <0.05) in IL 1-B, IL 6, TNF-o,
nitric oxide, and malondialdehyde in group 2 compared
with group 1.This was explained by Bitschar et al. (2017)
who reported that inflammatory response due to S. aureus
infection begins with the reorganization of lipopeptides
and peptidoglycan components of the §. aureus cell wall
by toll-like receptors (TLR-2) in the immune system and
resulted in the stimulation of pro-inflammatory cytokine
production such as TNF-a, IL-1p, and IL-6. Meanwhile,
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Table 4: The effect of experimental infection with S. aureus and treatment with bee venom and gentamicin on some

biochemical parameters of rabbits at 7 days post inoculation (n=5)

Group

Group 1
Group 2
Group 3
Group 4
Group 5

IL-1p
(pg/ml)

491.3 + 26.3¢
1016.0 + 29.2¢
534.3 + 30.4¢
778.6 + 15.3°
665.6 + 25.7¢

IL-6
(pg/ml)
406.3 + 20.9°
814.3 + 30.4*
4123 + 14.3¢
546.1 + 29
499.6 + 25.6%

TNF-a

(pg/ml)

404.3 + 28.4¢
983.3 + 35.8?
425.3 + 29.5¢
565.6 + 35.4°
499.0 + 25.6%

Nitric oxide
(pmol/L)
13.9 + 0.74¢
50.7 £1.3*
14.7 + 0.64¢
352+1.7
30.3+0.87°

(TNF): tumor necrosis factor; IL-1p: interleukin1p; IL-6: interleukin 6
Means with different letters at the same column are significantly different (P <0.05)

Table 5: The effect of experimental infection with §. aureus and treatment with bee venom and gentamicin on some

biochemical parameters of rabbits at 14 days post inoculation (n=5)

Group

Group 1
Group 2
Group 3
Group 4
Group 5

TNF-a
(pg/ml)

IL-1p IL-6
(pg/ml) (pg/ml)
505.3 £ 10.8°  398.6 = 32.0°
940.0 £ 27.2°  829.3 £ 22.0°
512.6 222 404.1 20.0°
587.3+12.4° 506.2+17.0°
567.6 + 10.0  409.0 + 32.0°

411.2 £ 22.0°
703.6 + 25.0°
400.4 = 20.0°
545.2 £ 23.0P
474.0 £ 22.0%

Nitric oxide

(pmol/L)

12.9 £ 0.92°
40.3 +1.15*
14.4 + 0.40°
151 +1.25°
14.2 £+ 0.78°

Malondialdehyde

(mg %)

6.5 + 0.33¢
29.7 +1.14°
7.3 = 0.46¢
15.3 £ 0.47°
14.3 £ 0.51°

Malondialdehyde

(mg %)

7.6 +0.23¢
30.2 + 1.20°
7.7 +0.27°
11.8 £ 0.22°
10.2 £ 0.57°

Glutathione peroxidase

(mg %)

7.4+ 0.37a
3.1+ 0.34
7.6 £ 0.47°
5.4+ 0.15°
6.3 = 0.40°

Glutathione peroxidase

(mg %)

7.5 £0.20°
3.6+ 0.43°
7.7 £0.18
7.0 £ 0.22
7.2 £0.15°

(TNF): tumor necrosis factor; IL-1p: interleukin1p; IL-6: interleukin 6
Means with different letters at the same column are significantly different (P <0.05)

Table 6: Clinical and histopathological finding in joints of rabbits after intra-articular S. aureus infection (n=5)

Time of Day of examination No. of animals Periarticular ~ Predominant in- Pannus Clustering of
observation/ with clinical abscess forma- flammatorycellsin ~ formation chondrocytes
groups signs tion synovitis
PMNCs MCs

Group 2 7 4 4 +H++ + 4 5

14t 5 5 ++ +H++ 5 4
Group 4 7t 3 2 +H+ + 3 3

14% 0 0 + +4++ 1 1
Group 5 7 3 0 +++ + 2 1

14t% 0 0 + + 1 0

+ minimal infiltration; ++ mild infiltration; +++ moderate infiltration; ++++, massive infiltration

PMNC:s: polymorph-nuclear cells; MNCs; mononuclear cells

treatment with either BV alone or in a combination with
gentamicin evoked a significant decrease in these param-
eters in groups 4, and 5 when compared with group 2.
'This might be attributed to the anti-inflammatory activ-
ity of melittin which is a more abundant component in
BV as it blocks the TLR-2 and finally causes inhibition of
the production of TNF-q, IL-1f, and IL-6 that proving
the anti-inflammatory effect of BV (Lee and Bae, 2016;
Wilson et al., 2022). Moreover, apamin in the bee ven-
om consider an anti-inflammatory agent due to its ability
to cause the inhibition of cyclooxygenase-2 and lower the
levels of TNF-, IL-1, IL-6, and NO (Shin et al., 2018;
Lee et al., 2020). Infection with S. aureus caused a signifi-
cant decrease (P <0.05) in glutathione peroxidase enzyme

in group 2 compared with group 1 during the experimen-
tal period. While groups (4, and 5) treated with either BV
alone or BV with gentamicin revealed a significant increase
in such parameters compared with group 2. The increase
in the inflammatory cytokines, particularly IL6 is a major
factor for the onset of oxidative stress, BV inhibits the ac-
tivity of IL-6 and therefore decreases oxidative stress. In
agreement with this assumption, Sobral et al. (2016) stated
that BV has significant antioxidant effects. The results in
the current work showed that the MDA level was signif-
icantly increased in group 2 compared with group 1 and
significantly decreased after treatment with bee venom,
our results agreed with El-Hanoun et al. (2020), this anti-
oxidant activity might be due to the ability of melittin and
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apamin (the main components of BV) to inhibit the lipid
peroxidation (Park et al., 2018), moreover, Suh et al. (2006)
reported that BV inhibited oxidative damage through the
inhibition of ROS production.

Clinical examination of the infected groups with septic
arthritis revealed discomfort and difficulty in moving the
joint. Symptoms included fever, lameness, hotness, red-
ness, and swelling of the infected limbs with no recorded
mortalities. These signs decreased gradually in the treated
groups (4, and 5) as shown in Table 6. Likely, Brooks and
Jefferson (2012) and Nasser et al. (2020) revealed that S.
aureus is a significant bacterial disease of rabbits associated
with synovitis and osteomyelitis symptoms. As shown, the
total scores of the treated animal groups were lower in the
clinical signs in comparison with the untreated group 2.
'This lower lesion score might be due to the lower damage
as evidenced by pannus formation, proteoglycan depletion,
and synovitis (Wysenbeek et al., 1998; Al-Ani et al., 2015).
Histopathological examination on the 7 day of the §. au-
reus-infected group without treatment (Group 2) showed
degenerative changes with fibrillation within the cartilage
of articular surfaces besides the presence of pannus forma-
tion. Synovial membrane within the joint cavity revealed
septic synovitis which was formed from intense aggregates
of the inflammatory cells mainly neutrophils inter-mixed
with fibrin exudates and dilated capillaries (Fig. 2, lanes
1-3). Group 4 which received treatment with BV alone
showed restoration of all zones of chondrocytes at articu-
lar surfaces with hypertrophied chondrocytes. But synovial
membrane showed moderate inflammation with cellular
proliferation and exudation in the synovium within the
joint cavity (Fig. 2, lanes 4, 5). Group 5 which received
treatment with BV and gentamicin showed a reduction of
synovitis area within the joint cavity. Hypercellularity of
the articular surfaces with reactive chondrocytes. (Fig. 2,
lanes 6, 7). While histopathological examination on the
14™ day of the §. aureus-infected group without treatment
(Group 2) showed destructive and septic arthritis which
was represented by replacement of the superficial and
transitional zones of articular cartilage by eosinophilic and
basophilic materials besides the presence of fissures and
clefts in the transitional and radial zones with fibrillation
and pannus formation. Moreover, the synovial membrane
which lined the joint cavity showed cellular proliferation
with large areas of inflammatory exudates mainly mono-
cytes, and periarticular abscess formation with neutrophils
and fibrin threads (Fig. 3, lanes 8-10). Group 4 which re-
ceived treatment with BV alone showed articular surfaces
with smooth flattened chondrocytes in the superficial zone
and normal chondrocytes in moderate and deep zones.
However, the synovial membrane showed mild synovitis
which was formed from a minute number of inflammatory

cells and fibroblasts (Fig. 3, lanes 11, 12). Group 5

Figure 1: Representative images for A) group 1 normal
rabbit, B) group 2 control positive with enlarged joint, and
C) group treated with BV

Figure 2: Histopathological findings of §. aureus-
inoculated rabbit jointson the7 th day post inoculation
Lane 1 showing group 2 with degenerative changes
with fibrillation within the cartilage of articular surfaces
(curved arrow) with pannus formation (arrow) (5X), lane
2 showing septic synovitis formed from aggregates of
inflammatory exudates (10X), lane 3 showing aggregation
of neutrophils (arrowhead) intermixed with fibrin exudates
within synovium (40X). Lanes 4 and 5 showing group 4
with restoration of all zones of chondrocytes at articular
surfaces with hypertrophied chondrocytes (arrowhead)
beside presence of moderate synovitis with cellular
proliferation and exudation in the synovium within the
joint cavity (arrow) (5, 10X). Lanes 6 and 7 showing group
5 with reduction of synovitis area within the joint cavity
(arrow) and hypercellularity of the articular surfaces with
reactive chondrocytes (arrowhead) (H&E staining) (10,
40X).
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Figure 3: Histopathological findings of §. aureus-
inoculated rabbit jointson the7 th day post inoculation
Lane 8 showing group 2 with destructive and septic
arthritis beside presence of fibrillation (curved arrow),
ostiomalacia and pannus formation (arrows) (5X). Lane 9
showing group 2 with replacement of the superficial and
transitional zones of articular cartilage by eosinophilic and
basophilic materials (thick arrow) (10X). Lane 10 showing
group 2 with cellular proliferation with large areas of
inflammatory exudates mainly neutrophils (arrowhead)
and fibrin threads in synovial membrane (40X). Lanes 11
and 12 showing group 2 with articular surfaces showing
smooth flattened chondrocytes in superficial zone and
apparently normal chondrocytes in mid (arrowhead)
and deep zones beside mild synovitis (arrow) (10, 40X).
Lanes 13 and 14 showing group 5 with reduced area
of pannus formation (arrow) and apparently normal
histomorphological structures of superficial, mid, and
deep zones of chondrocytes at the articular joints (5, 10X)
(H&E staining).

which received treatment with BV and gentamicin showed
a reduced area of pannus formation which formed mainly
from macrophages, other inflammatory cells, and fibro-
blasts. Articular surfaces of the knee joint revealed normal
histomorphology structures of chondrocytes which are or-
ganized into superficial, mid, and deep zones (Fig. 3, lanes
13, 14). In agreement with the reported histopathological
alterations in the infected group, Linhart et al. (1990) sup-
ported these points as acellular cartilage, erosions, cluster-
ing, pannus formation, proteoglycan depletion, and severe
synovitis. Such pathological effects might be attributed to
the bacterial virulence factors and the reduction of the host
immune status (Priscila and Alexandrina, 2014). The ben-

eficial effects of BV agreed with AL-Ani et al. (2015) who
confirmed the antimicrobial activity of BV against several
bacterial species. Therefore, this study shows a promising
tool for the treatment of bacterial septic arthritis using
a combination of BV and antibiotics, particularly gen-
tamicin.

CONCLUSION

BV could have therapeutic activities on §. aureus-induced
arthritis in rabbits and could improve the influenced hema-
tological, biochemical parameters, immune response, and
pathological alterations. This improvement became more
prominent by using a combination of BV and gentamicin.
However, respect of the withdrawal times and observing
the adverse effects of gentamicin are highly recommended
before its use in rabbit medicine.
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