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Study of the Effect and Underlying Mechanism of Clove Extract on Monosodium
lodoacetate-Induced Osteoarthritis in Rats
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ABSTRACT
Objective: The aim of this study was to identify the efficacy and underlying mechanism of cloves as an osteoarthritis (OA)
treatment in a monosodium iodoacetate (MIA)-induced rat OA model. Osteoarthritis (OA) is nowadays one of the most
prevalent degenerative joint diseases.
Methods: Sprague-Dawley rats treated with MIA (50 pL: 80 mg/mL) were used as in vivo OA models. Cloves (100 and
200 mg/kg b.w.) were administered orally once daily for 2 weeks from 7 days after MIA injection. Changes in hindpaw weight
distribution (HWD) were measured as a joint discomfort index. Activation markers related to inflammatory responses and
cartilage degeneration in the right knee joints were evaluated by serum analysis and western blotting.
Results: HWD decreased in the MIA control group but showed a dose-dependent elevation after clove treatment. Clove
treatment inhibited inflammatory factors by PI3K/Akt/NF-kB signaling pathways, while also activating antioxidant factors
through Sirtl/AMPK signaling pathways. Clove treatment also suppressed matrix metalloproteinase (MMP) overexpression and
significantly increased the levels of tissue inhibitors of metalloproteinases (TIMPs).
Conclusions: Treatment with cloves effectively reversed MIA-induced effects. Therefore, clove treatment could have the
potential to protect against or treat OA.
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Table 1. The Changes of Body Weight and Food Intake

proteoglycan
2 A z2 9]

RE PR HELEELAE BAIS oM, SPSS
(Version 26.0, IBM, Armonk, NY, USA)E AH&-3}
o] one-way analysis of variance(ANOVA) testE
A A)8F 2 Jeast-significant differences(LSD) test®
AFAEE AN % 29 27 Aol A
EAA 245 *p<0.05, **pK0.01, ***p<0.00111 4
758kl

m. Z =

al
EE F FE Fo 2F F AT ws
(g)= Normali* 68.56+6.03, Control= 69.89+1.94,
Indov- 71.5622.46, SA100<% 67.7542.48 2 SA200<*
75.38+1.5822 o2 AT diu] SA200:-9] AF
Zobk nslent 27 fe4e dehiA dsiet
(p=0.267 vs. Control). At241% % (g/day) = 3%
3+ Normalw* 21.8+0.70. Control* 21.5£0.28, Indo
+ 21.1+0.34, SA100< 20.8+0.30 & SA200+- 22.2+
03322 SA200:Fe] oh2 AT Hhu] ALsA A
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ARG 74 7 ] A8 Ao (Table 1).

Group Initial body weight (g) Final body weight (g) Body weight gain (g) Food intake (g/day)
Normal 316.89+4.87 385.44+8.58 68.566.03 21.8+0.70
Control 301.89£6.11 371.78+7.21 69.89+1.94 21.5+0.28

Indo 299.11+5.87 370.67+8.07 71.56+2.46 21.1+0.34

SA100 298.50+6.03 366.25+8.13 67.75+2.48 20.8+0.30

SA200 305.63+4.30 381.00+5.48 75.38+1.58 22.2+0.33
Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated with

indomethacin 5 mg/kg body weight, SA100 :

MIA-induced osteoarthritis rats treated with SA 100 mg/kg body weight,

SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are expressed means+SEM

(n=8).
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Fig. 1. The changes in hind paw weight distribution
in MIA-induced osteoarthritis rats.

Normal : normal rats, Control : MIA-induced
osteoarthritis rats, Indo : MIA-induced osteoarthritis
rats treated with indomethacin 5 mg/kg body
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weight, SA100 : MIA-induced osteoarthritis rats
treated with SA 100 mg/kg body weight, SA200 :
MIA-induced osteoarthritis rats treated with SA
200 mg/kg body weight. All data are expressed
meanstSEM (n=8). Significance : **#p<{0.001 vs.
Normal group and *p<0.05, **p<0.01 vs. Control
group
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Fig. 2. Levels of serum ROS, ONOO™, and TBARS in MIA-induced osteoarthritis rats.

Normal :

normal rats, Control : MIA-induced osteoarthritis rats, Indo :

MIA-induced osteoarthritis rats treated

with indomethacin 5 mg/kg body weight, SA100 : MIA-induced osteoarthritis rats treated with SA 100 mg/kg
body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are

expressed means*SEM (n=8). Significance :
Control group
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Normal : normal rats, Control :

with indomethacin 5 mg/kg body weight, SA100 :

body weight, SA200 :
expressed means*SEM (n=8). Significance :
Control group
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Fig. 4. Expressions of PI3K and AKT in MIA-induced osteoarthritis rats.

Normal : normal rats, Control

with indomethacin 5 mg/kg body weight, SA100 :

© MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated
MIA-induced osteoarthritis rats treated with SA 100 mg/kg

body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are

expressed meanstSEM (n=8). Significance :
Control group
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Fig. 5. Expressions of NF-kBp65 and p-1kBa in MIA-induced osteoarthritis rats.

Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated
with indomethacin 5 mg/kg body weight, SA100 : MIA-induced osteoarthritis rats treated with SA 100 mg/kg
body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are
expressed meanstSEM (n=8). Significance : *#p<0.01, **#p<0.001 vs. Normal group and *p<0.05, **p<0.01 vs.
Control group

INOS [ s w— —— | COX2 | s S — s
B-actin | | B-actin | — |
2 2 q
HHH
N Hith
= * =
g 145, *x . £ 15 A
s S * e *x
5 s
o 3 11
=l o
P4
05 O 05 4
0 0
Normal  Control Indo SA100 SA200 Normal  Control Indo SA100 SA200
% o
TNFa | S A S S IL-6 | e i ———
B-actin —— B-actin ——
2 25
#
g 15 . . N
5 wox 3
z c * *
5 5154 *
o z
g ! 5
2 g "
z ©
" o5 2
05 4
0 0

Normal  Control Indo SA100 SA200 Normal  Control Indo SA100 SA200

Fig. 6. Expression of inflammatory proteins in MIA-induced osteoarthritis rats.

Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated
with indomethacin 5 mg/kg body weight, SA100 : MIA-induced osteoarthritis rats treated with SA 100 mg/kg
body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are
expressed meanstSEM (n=38). Significance : *#p<0.01, **#p<0.001 vs. Normal group and *p<0.05, **p<0.01 vs.
Control group
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oA FestA Frkskadet IL-109] HdFE 54
g A3}, Normal¥- 1.00+0.06 <H®] Controle= 0.
+0.05(p<0.01) 2. & -2 Al 7FHAstd o, Indot,
SA1007 ¥ SA200--= 7+ 0.96+0.10(p<0.01), 0.89
+0.08(p<0.05), 0.97+0.11(p0.0DE EE FofFol
A f-oJ8HA 71k e (Fig. 7).
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Fig. 7. Expressions of anti-inflammatory proteins in MIA-induced osteoarthritis rats.

Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated

with indomethacin 5 mg/kg body weight, SA100 :

MIA-induced osteoarthritis rats treated with SA 100 mg/kg

body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are

expressed means+SEM (n=8). Significance :
Control group

7. BEXZ U MMPs2} TIMPsS| wsizt 2A

I 22 Yol A MMPs(MMP-1, MMP-3, MMP-13)
o] il WS SRqlskgleh. MMP-1, -3, -139] %
kS =43 23 Normale 9H] Controle-el A
49%, 68% 2 67% 213 Z7Fsksd 2 (p<0.01,
p<0.001. p<0.001), Control7= ®H¥] MMP-1. MMP-3
< A 98 MMP-13%+ Indoel X 34% <38k
At} =8 SA FoE A FAAE vEC
102 A FH o SA2007-e1A Controle= wH]
27y 4%, 3%, 39% -3 728t ek(p<0.001,
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#p<0.05, ##p<0.01 vs. Normal group and *p<0.05, **p<0.01 vs.

p<0.01, p<0.001). FAZ2 WellA TIMPs(TIMP-1,
TIMP-2)8] #3gs gelsiieh. TIMP-13+ TIMP-2
o] W as =A% A3}, Normals 98] Control
LAl A 65%, 64% o3l FFAsE 2 (p<0.01,
p<0.05), Controli= W¥] & FolFol A §-23HA
S7H71E AR FEY. 53], SA FoE
F RS sEEdos ZUHzeH SA200
oA Controle= ®H¥] 2+2F 11%, 9% 413 =
7}k =H(p<0.001, p<0.05) (Fig. 8).
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Fig. 8. Expressions of MMPs and TIMPs in MIA-induced osteoarthritis rats.

Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated
with indomethacin 5 mg/kg body weight, SA100 : MIA-induced osteoarthritis rats treated with SA 100 mg/kg
body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight. All data are
expressed meanstSEM (n=8). Significance : #p<0.05, **p<0.01, ***p<0.001 vs. Normal group and *p<0.05,
#4p<0.01, ***p<0.001 vs. Control group

8. T2t Hslof| O0|X|= &1 24 9} SA FofFol| A= Controlol B]3} proteoglycan
- %21 9] Safranin-0 stains Sl proteoglycan 9] 2] JAHE Aoz Yeydt) =3k SAL00
Z9] 24 AEZ s 2 A3} Control A= FRo= SA2005-¢1 4 proteoglycane] 3] A =7}

4,

W o] =] proteoglycan®] ©fF-3o JJME] A28 QA= Aok (Fig. 9).
o] Ao eetA W3lE of7|stt. Hhdell, Indo

¢

% 50

% 100

Fig. 9. Histopathological analysis in MIA- mduced osteoarthntls rats

The representative images. Safranin O staining was performed. (magnification, x50, x100).

Normal : normal rats, Control : MIA-induced osteoarthritis rats, Indo : MIA-induced osteoarthritis rats treated
with indomethacin 5 mg/kg body weight, SA100 : MIA-induced osteoarthritis rats treated with SA 100 mg/kg
body weight, SA200 : MIA-induced osteoarthritis rats treated with SA 200 mg/kg body weight.
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v, o &

3% % dF AskE 5oz de uddy
(Osteoarthritis, 0A) A&-& ok FAE AAA
25 BHoz Qs 4 Ao A4l Astd
oP webd dF Az 73 £A4 2 4T WA
A= 0AS] A g3} 2l 24 MAE 7L £
7lel Feluek Fosatl 0A AsE 914
AEeAl e AgA FEQ viEH e =4 4y

Z1%A (nonsteroidal anti-inflammatory drugs. NSAID)
T a2 gYsAY Az o S Ao
old Alzbat Bzlag ofy|sicHl 2 ZHAH A9
AANAQ A5 Ao PI3K/AKT A% A 74
7 FER gieF, PIBK/AKT 9% A2E A
2EY A Fok AEY A4 A el AKT
T AAE AL E A E o] F, AE S A
= Z3s U AE HAAA FAAA
3 PIK A=) 4 wifAQl A%/
# 2 7]}A] (Serine/Threonine Protein Kinase) ©]
o AKT+ PIP3e] o3 AlzAvtez md o
< PDK1(shiA o= 74| 1)ell <Js) Thr308
oA <QlAtstElel s FA3E $8] AKT=
PDK2ell ]38 Serd73¢llr F&Ho =2 <lAldE of
of gt} AKT #A43k= o]o] NF-xBe &43}&
SEatA "

E AT E TH FE2E 4T 547 MIA
(monosodium iodoacetate) 2 F=¥ FHHY

do A PI3K/AKT/NF-kB =29 #4315 Ed
oAl 4% H&ﬁﬂﬁ AR 2B A ZHA 9%
A A A 9 A A E A EerA sl s
Azt 0AE MAAZTE A& 453 o7
oA MIAZ $d% 23
Blumel| ¢} #x= &
EE S e
71 B2 AT A o]-8H 1 3113}20 MIA®] A ‘41
FA= glyceraldehyde-3-phosphatase dehydrogenase
(GAPDH)E dAIgezH AF M E9 dfd=2hs
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A TE FEE0 289 i1 &
‘i1°ﬂ/‘1 A Wk Soe Mg et 34, 94
A2~ EF 2 - d2HROS, ONOO™ ¥ TBARS)
24, WzAeM 45 AE= Western blotting
¥4 9 Safranin-0 2AHe s 94L& S 33
Al AN &347h sl sk °L°H‘L°“:}
AY7|7E Fe) Al Wi A3 mE AP L
A F7he Blod fold ‘ﬂi}* ek
Al ket 58], SA200 FAZelN EFAT St
e ez veptony o7 AleAAEel o
B ol vlsiA SA200 Fedo] B2 Aoz s
vehd Aoz AdEu AlzAdHFd M=
frol g ‘?ﬂi‘r %i‘”ﬂ} Table 1). Set2] A5 -8t

1]
>
H~1
>
mE,
r&
NH
ol
]
i)

:El-lj

_>.:

T 55 AEE M o Ee] AMSHE A%

z éﬁd%ﬂ A% F7ht S7kd At AE 2}
559 Axel oW o3& nA ArE Hrlet
Aot A7 %"J 4] AF Fete ¥ 4HE
ZAsdlom, 549 32 Normalwel sige] Al
F 58k HlEE 10022 st A4 9] A%

Bate] Wz (%)E vl Frhsisieh oFEFe] 14
ol Controli*< Normal# ®¥] 3loteg] A% &
37F freHes AT (p0.001), o 7
A2E 45 Foo 95 TA o] Hou SA200 F
ool oAt - o2 HAE A (p<0.05). F
SA200 FoI2 Control= W¥] 39% WA=
o] & Ea SA2009] Foi7} FAAAANMY 5
NAAA S A (Fig. 1),

A3 e A ( Oxidative Stress, 05)& 0A A
o) Wejyelsty 24 £ suhE 7HE 2 g
TJHA Az 2EHA FH AAES Y (ROS,
ONOO™ ¥ TBARS) ¥4 9 #d=%z/(NADPH
oxidase) western blotingS =3 v‘f"“ﬂﬂ‘ﬂr. %"é
AFZ(ROS) 2 Ak A (H o), slo]==A1(0H),
3 EA] =(0,7) T4 1=9 "&i}"é E}Q%L%

3, n|EZ=Eo AE Abs} AEHAS



T~

7%= =z

Wohe wlEEEdeh 4 B )5 AoE 43

]‘g o) = I =2
g Peroxymtrlte(ONOO )& = Helox I
A AAE NOSF O, 7F w27 AsaLoz A

A el A AR =E FEE AR <l
3 vlaA o) AE £ op7|3HY TBARSE
w2t 91 d 5] =(malondialdehyde, MDA) S =43}
Aoz Bxx|ukAbe] A A At o5
Al A e AT 5 99 ROS
AAsE B2 A 2= NADPH oxidase(NOX)
do]y NOX 7= ROS o) AARE $3
AYZo 2 thofat dFoA B aEe]A 1 g,
gl oA ROS, ONOO™ % TBARSE &Ast
A3}, Indo3 SA2002o M Al Q1A 2% #-2
A AATE HAFqdd. 53], ROSY A=
Indow® ®H®] SA200:2elA 26% © T2 oA
sl (p<0.001) (Fig. 2). Alek7F NOX<] subunits
4 ol s w2 sl 9, NOX29

735 SA200- A ek 11-4?5}71] e, ol
Control?= ®H] 24% #tAast= 7S A& 4 gl
o}, pd7hore} p22ph°X F fAAE e FE A
fﬂﬁvphwlﬂmﬂﬁz4pum%f1®%ﬂ
A, p22rhre SA200F A ErdEAl sk Ao
2 vepdeh Indogel A pd7™ e S22 v 35%

744, SA2002el A p22hi= o 2 dw] 29% 7t
23 A& stk (Fig. 3).

A zA W PI3K/AKT & 2+ S western
blote2 BA3tgict. PI3KY <lAtsts 2438 2
3}, Normal#* @®] ControlZ=ell A 75%(p<0.001) &
2 Fos FUkskl e, BE FEA A
23 (p<0.001) A3k er PI3KS 1Ak
AKTS <ibste fr=3tde™ Normale =H]
Controlzell A} 69% o3t F7ketaict. 7=
AKTS] QAbste BE FEFFlM Fo8
A8l vk (Fig. 4). PISK/AKT A 29 #A3=
NF-kBE #x=3} kB9 elAtgle] F71= NF-«x
B & Wf o]F % & W HAE
A At 95 AtelETRRIE =3

el 2o o a® r\r

o123, o& 4

00} - ZIBIF - A4S - Alnjey

"o’ AY A3} Controlol e o8 oz A
<% NF-kBE E Aol A fo932

742815 ek(Fig. 5). NF-«xBe) 843} 23 55 ¢
A= A& elAk INOS, COX-2¢F 5134 cytokine

o

ol TNF-a. IL-69 w&aks Falsksivh. Normal
- ] /]?5]'71] Z71= INOS, COX-2, TNF-a ¥
[L-69] wrelafe ofBFold Fojl A SA200lA

A AbelE71elal L4} IL-102
Controlell A} ZHA¥l £5& & FEFLol|A
FIH 2 ASAH S Felsdh(Fig. 7).
HAxA o A Faf kel MMPse} 1
2 Az Al TIMPse] =hild W& 4519
‘:}. FHA G A A E9]7]14 (Extracellular Matrix,
ECM)> &9 4, 53] 75 & 2 134 HellA
FalEm FREA A A 559 89eE
vepdh 4 A 2o} W Azl M A EHE 4
w2 o= nj7)A= MMPs(matrix metalloproteinase,
NAFEEH LS 54) o S AF3H ECM
o] BE T4 84F HAT 4 v 249 MMP-1
# MMP-132 Zetdl 23] AN &= #|5HA
o]7] wjEel OAdAM FH &S st MMP-1>
FE RAE o)Fr AT MzeA AArEH,
MMP-132 el EAlgts A AE9 AbE9
ot MMP-132 Z=H& Eaf3le 7 gz ==
o 9227t £249 aggrecan® 3 ste] 714 313
of o] & gt =3, MMP-3% #AFolA
Z7)ei, #A e n g 1A RS Base
TIMPs(Tissue inhibitors of metalloproteinases, 7

M 2322 a7l A2 vehish i
il
4

A ia g4 AsA)E MMPset M=z
4}14%3 ols MMPse] =t Rs& A3}
L 141 olzkz A, TIMP-13+ TIMP-27}F %2i A
o)

AN MPSQ]- TIMPsE =2 was A3t
A3, MMP 3¢} MMP-13& 25 FEx ] ZolA]
Controlv* wv] fojHo 2 ZFAgE Hou)
MMP-1& SA200-ol A5 -2 3HA e 3Al A
%ok (p<0.001). =3 TIMPs: Normale ©iH]
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Controlol A A SiAl Zastg o, 28 <
EAA LA FoR ez ZrslE A s
oH(Fig. 8).

x|t o 2 - z219] Safranin-O stains E3)
proteoglycan=2] 44 A =2 3713t A3} Control
o M= proteoglycan®] wj3-o] T E o] dF9
ey wste op7|etgieh. Hhdel, Indo®l SA
Fol oAM= AAH proteoglycanES 3]EA]7| =
Aoz vehdth =3t SA2007-2 SA1002 ©i#]
proteoglycan®] 42| =7} 3] ZHAskiek(Fig. 9).

of A7E 53 TH FE2ETL MIAR 4=
ZHEY FERDA A AEH A Y PISK/
Akt/NF-kB 7 2ol 98 d5E& MAsh= Aoz
37k ol

—_

CRae AF s 34 A3 Controlel B3l
TEH F2F Fod7e 94 A 78k
2. dol Yol|A AlstAEH A HH <atel ROS.
ONOO™ ¥ TBARSE A3 23, Controlell
Hle]l TH F2E5 Foldo] F4 A FaAl
Zeth
3. WAzA HelA As} AEHA
NADPH oxidase T3 && HAst A3}
Controlz=ell vls] TH FE& &
WA ZFEAF
4, FA =22 Yo A PI3K/AKT/NF-kBp6s 4 =29
B3-S B3 954 iRk 954 Al
E7RIS e TE FEE F97 £94
AA FFEAFH .

5. WAxA HelA Ftad FgFA Aol 27k
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[L-49} 1L-109] shA dbede] TH F28 &
2 FA A Frlslddh

6. HAzA f child R lxpe) W
317] 98kl MMPset 279 AsjAl el
o ks AT A3, BE FEFo A
MMP-32} MMP-139] $-94 7t4 9 TIMP-1
3 TIMP-28] #9A $7Fe HedFgidh 53
MMP-1-> SA200el A% F2J3HAl ZHaA &
gHald 4~ gl

upebd MIAZ 4% F34Y9 FEEENA
TEH 3282 A3} 2=~ 9 PI3K/AKT/NF«B
Aze) #Ase fiE 9E5E Az e, A
FI7|AE Baljsts ke dA 2 Azt
F4S B8 NAEHS RFG o] 2 B8 3
T TEH FEE0 THAY o 2 A2E 9%
FRLARAMY H3HE ZAZ AL $ s A
o2 god,
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