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Royal jelly (RJ) is a gelatinous substance that bees pro-
duce to feed bees and queen bees. It’s frequently sold as
a dietary supplement to treat a variety of physical ailments
and chronic diseases. While it has long been used in
traditional medicine, its applications in Western medicine
remain controversial. The inhibitory effect of royal jelly
on osteoarthritis was investigated in primary cultured rat
cartilage cells and monosodium-iodoacetate (MIA)-induced
arthritis rat model 10-hydroxy-2-decenoic acid (10-HAD)
is the main fatty acid present in RJ. Among the criteria
for RJ quality analysis, 10-HAD content has been proposed
as a freshness parameter. We investigated the effect of
RJ on the improvement of osteoarthritis on SD rats and
they were divided into five groups. In this study, we
examined the effect of enzymatic royal jelly (ERJ) ad-
ministration on osteoarthritis. To determine the anti-
inflammatory effects of RJ, tumor necrosis factor alpha
(INF-¢) and Interleukin-6 (IL-6) expression were mea-
sured after lipopolysaccharide (LPS) activation in RAW
264.7 cells. In in vivo animal study, osteoarthritis was
induced by intra-articular injection of MIA into knee
joints of rats. As a results, ERJ showed that TNF-¢ and
IL-6 levels were decreased by ERJ treatment in a dose-
dependent manner. In conclusion, ERJ extract was able
to inhibit articular cartilage degeneration by preventing
extracellular matrix degradation and cartilage cell damage.
It was considered that ERJ extract may be a potential
therapeutic treatment for degenerative osteoarthritis.

Key word: royal jelly, osteoarthritis, monosodium-
iodoacetate (MIA), tumor necrosis factor-alpha (TNF-o.),
matrix metalloprogeinase (MMP)
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Materials and Methods
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0.5 atm)s}1l, YaH ZFES A} F EAH(0 +
5Cof 152 G A Esias Bjgst o ah)Al7]a,
SAARANIRE; -40C, ERRE; - 65C, ARA AE
L5 250 mTorr o5}, HF 25; 230)% o=, A
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(America type culture collection, ATCC, VA, USA)olA
5t AME-51TE 10% Fetal bovine serum(FBS; Gibco
Inc., NY, USA) ¥ 100 units/mL Penicillin streptomycine
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RAW 264.7 H]JEZZ 6-well plateo] 3 x 10° cell/mL2]
AR BFotA, 1242 58 CO, AFHIoJE oA <t
A35}5}). 0%, enzymatic royal jelly (ERJ) ®H Celecoxib
(Sigma-Adrich, St. Louis, MO, USAYE ZZt9] &L
(ERJ; 50, 100, 200 pg/mL, Celecoxib : 5 mM)S # 2|5}
o] 24417t B CO, QIFH|olE oA HiFstet. o],
R E A|ASIL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide(MTT; Sigma Aldrich) A|2F& HjZ|
of s]4dsto] Zt wello 1 mL¥ A& sto] 3417F &<
CO, QIFfHolEloflA] HiQFEH &, MTT AJ2FE A|ASHL,
DMSO A|%S 5% 75to] 560 nmo|A] SH=E &4

sheit.
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7] 9Js}o] Skyscan-1076 Micro-CT scannerE ©]-8-5}0]
A R3PS} Pixel size= 35 pm, source voltage=
50 kVp, source current= 200 yAZ S}¥E1, 1 mm &F
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399t} 0] bone volume Y tissue volume2 Micro-CT
3% Foldl CTAn 2 o]-8sto] EAstglth.
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1:200, MMP-9: 1:150, 0.1% Bovine serum albumin)C. =
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EAA = SPSS(Window ver. 22.0; SPSS, USA)E o]
|31on, IF 719 794 HAS ANOVAL} Duncan’s
multiple range testsE ARES}H THp<0.05).

Results
MEMES S0
ERJ ¥ CelecoxibQ] A|E =8-S 3HQIst7] g8 MTT
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Fig. 1. Cell viability of ERJ and Celecoxib in LPS-induced
RAW 264.7 cells. All values are mean £+ S.D. of triplicate
analyses. ERJ, enzymatic royal jelly; LPS, lipopolysaccharide.
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Fig. 2. Inflammatory cytokines expression of ERJ in LPS-induced RAW 264.7 cells. (A) TNF-¢ (B) IL-6 (C) Nitric oxide and (D)
PGE; production. All values are mean = S.D. of triplicate analysis. ‘p<0.05, ~p<0.005 vs control. ERJ, enzymatic royal jelly; LPS,
lipopolysaccharide; TNF-¢, tumor necrosis factor alpha; IL-6, Interleukin-6.
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Fig. 3. MMPs expressions of ERJ in LPS-induced RAW 264.7 cells. (A) MMP-3 (B) MMP-9 production. All values are mean +

S.D. of triplicate analysis. p<0.05,
lipopolysaccharide.
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Fig. 5. Inflammatory cytokines expression of ERJ in MIA-induced osteoarthritis rats. (A) TNF-@ (B) IL-6 expressions. All values
are mean + S.D. of triplicate analysis. p<0.05, “p<0.005 vs OA. ERJ, enzymatic royal jelly; MIA, monosodium-iodoacetate;
INF-@, tumor necrosis factor alpha; IL-6, Interleukin-6; OA, osteoarthritis.
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Fig. 6. Micro-CT analysis of ERJ in MIA-induced osteoarthritis rats. ‘p<0.05, ~ p<0.005 vs OA. ERJ, enzymatic royal jelly; MIA,

monosodium-iodoacetate; OA, osteoarthritis.
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Fig. 8. Immunohistochemical findings of articular cartilage in MIA-induced osteoarthritis rats (x 200). (A) MMP-3 and (B)
MMP-9. MIA, monosodium-iodoacetate; MMP, matrix metalloprogeinase.
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