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ABSTRACT

Objectives : 3—Acetyl—11—keto—B—boswellic acid (AKBA) is a major active compound in Boswellia serrata, We
investigated the arthritic changes following AKBA administration in monosodium iodoacetate (MIA)—induced
osteoarthritis rats.

Methods : All rats were randomly divided into five groups: Normal, Control, INDO (indomethacin 2 mg/kg treated),
AKBA30 (AKBA 30 mg/kg treated), and AKBAGO (AKBA 60 mg/kg treated):; drugs were given 2 weeks before MIA
injection, For all groups except the normal group, 50 uL of sterile saline with MIA (80 mg/mL) was injected into
the right knee joint 2 weeks after drug administration, The drug administration was continued for 4 weeks from 1
week after osteoarthritis induction, The histomorphological changes of knee joint cartilage were observed by H&E
staining. Also, the levels of glycosaminoglycan (GAG), cartilage oligomeric matrix protein (COMP), 5-lipoxygenase
(5—LOX), 5—-LOX—activating protein (FLAP), and leukotriene By (LTB)) in the knee joint were determined by the
ELISA kits, The expressions of mitogen—activated protein kinases (MAPKs), inflammatory cytokines, and matrix
metalloproteinases (MMPs) in knee joint were detected by Western blot,

Results : Data show that levels of 5—LOX, FLAP, LTB4, and COMP were downregulated significantly in the AKBA
treated groups when compared to those in the Control group. On the other hand, GAG levels were significantly
elevated, As a result of Western blot, the AKBA—treated groups significantly inhibited phosphorylation of MAPKs,
In addition, significant downregulation of the expression of inflammatory cytokines and MMPs was found in the
AKBA—treated groups.
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Conclusion : Our findings suggest that administration of AKBA could exert better chondroprotective and anti—

inflammatory effects for MIA—induced osteoarthritis rats,
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1. 23A=
2 A A" AFEEAJA 3-Acetyl-11-keto—f-
boswellic  acid (AKBA)E=  Chengdu  Biopurify

Phytochemicals Ltd. (Sichuan, China)ol|A F+3}o] AR
Stk 18] ZrE Y §erE2l monosodium iodoacetate
(MIA)9} JFA= 2F&E2l indomethacine Sigma Aldrich
Co. Ltd. (St. Louis, MO, USA)olA FJ3tct. 12} &H
¢l p38 mitogen—activated protein kinases (p38)+= Cell
Signaling Technology Inc. (Danvers, MA, USA)olA
Ql5lH. o, extracellular signal-regulated kinase (ERK),
phospho—ERK (p—ERK), c—Jun N-terminal kinases
(JNK), phospho—JNK (p—JNK), phospho—p38 (p—p38),
tumor necrosis factor—e (TNF—g), interleukin—1 beta
(IL-1p8), IL-6, matrix metalloproteinase—3 (MMP—-3),
MMP-13, f—actin, histone2 Santa Cruz Biotechnology
(Dallas, TX, USA)oIA F43t%eh. 23 A& GeneTex,
Inc. (Irvine, CA, USA)IA Y3l AlE3sIFon, BCA
protein assay kit Thermo Fisher Scientific (Waltham,
MA, USA)oA Y43t Nitrocellulose membranes®}t
ECL Western Blotting Detection Reagents= Amersham
GE Healthcare (Buckinghamshire, UK)o|A -5ttt

%3 9] Sprague-Dawley (SD)A A& 140~160 g2 +#

3= DBL (Eumseong, Korea)o|A Ftufjsle], B3 13

AFRE FED] 3F0H 15U AFEA A H3A7 F

Aol g3 ' ARSAS BEFT] 1243 £E

22 £ 2T, §% 50 £ 5%7} H=& 2ds4ct Y

g FE A L9939 £ (DHU2021-099)& dof
AEE APt on sEHE F3S £t

HE Aol Andt &, &
A FAEAS MIA (80 mg/mL)E FuFAIIE ALE
LR F5 WEY ol 50 pLA TRttt MIA 34
Alol= 0.9% saline A8kt HE AL S &8t
A3 MIA ol 74 &, S A FHE 7|E 22 A,



Monosodium iodoacetate®Z S2d =3
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AL BEES FEshA 2 A2 Bdds sk
FHTE 5o iz, #EES FU8a indomethacing
2 mg/kg £ FAHWRT (INDO), AKBAE 30 mg/kg
(AKBA30), 60 mg/kg (AKBAGO) Foigt AL ¥ 51§
OS2 747} gutE|d Rt Ayl AMEStAT AdEES
MIAZ ZHEHS L7 253 AFH i 19/1d B+
Fol gtglon, O F MIAZ ZTELS fostaL 790 3
g GRE 437 13)/19 Foshgnt

2) Hcta| ME ot &Y

Incapacitance tester (Ser No. 01/45/25, Linton
instrument Co,, UK)E ©]&3to] 2E% AX Srte] Ha}
FAE S8EE /L A, L 137, 355, 5572 1HF o8
EZ3start. AokE] AF ot &4 A= 3wE gl 8=
eg% Fike)o) A% Bage] BAH 9% Hrte) Rojke
Aol A ¥t WS ANSAT ATe A
v &l ZF 9 AlF Rt vl&S A4 *

A2 Uehgon, thgel Al ol steict,

3) Fostx] 22
A FE ¥, 2R B4 AH kel 4,000 rpm

A
4CoR 1087 94 £ T A5 EHS Eestaon,
Aol AMgsl7] "7 -80Tol B3t EEs %
W 7k X # 2] glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT)E ELISA KitZ &
A3tdtt, A" GOT, GPT kit® Asanpharm (Seoul,
Korea)oll A F+¢J8ke] AHE-3H%T}.

RESILEIRETe
— Hematoxylin & Eosin (H&E) &

R T AET $ES TS 22T 1% 7
AR A&l At A=t 2 WA 235t '
37t Srd BEE, FARE A Fol| FFe 2719
FHE S 3 &, R B Yol 13X 2 A&
AASHAT, I g, oF 3m FAR wEste] SAE
AU setolsd] Rasel A2 F B Hebd, B4
WS AR 2R42 AHGGOH, HLE GNS A
ABhiet.

- 9% % AZ¢¥ ELISA Kit £4

A %A of puffer A (10 mM HEPES, 10 mM KCl,
2 mM MaCls, 1 mM DTT, 0.1 mM EDTA, 0.1 mM
PMSF, protease inhibitor)?} buffer C (50 mM
HEPES, 50 mM KCI, 300 mM NaCl, 1 mM DTT,

. ol

o Foj AEF AL 3—Acetyl-11-Keto—Beta—Boswellic Acide] AZ 25 9 g

oN

'3 29

0.1 mM EDTA, 0.1 mM PMSF, 1% glycerol,
protease inhibitor)E AF&-5}o] A|EZZ 1} #HS HE
stk Ea)= A 22 Y 5-lipoxygenase (5—L0OX),
(FLAP),
leukotriene By (LTB,), glycosaminoglycan (GAG),

o—lipoxygenase—activating  protein
cartilage oligomeric matrix protein (COMP)<
ELISA KitZ Z243t4ct, AR-E 5-LOX, FLAP,
GAG, COMP kit Mybiosource (San Diego, CA,
USA)ollA Fet o, LTB, kit R&D Systems,
Inc. (Minneapolis, MN, USA)oA L3} A&
sk,

— Western blot

RS A 3 Yo giE gd-Ss £4517] {9
AAgFo] ThlES 10~12% SDS—polyacrylamide
gel 2719 % 3t t}2 nitrocellulose membrane &
o] = AT, 1 ¥ nitrocellulose membraneo] &3
staztsl= 12+ A (PBS-T 1:1000 34)& A2t
4ColA overnight A7l th& PBS-TE AHE-5to Al
sttt Zhzbel 1a; Aol 9= 2% A (PBS-T
1:3000 A Z 24|17t A2 ¥h-&A1Z] & PBS-TZ
MAstact,  MZSE nitrocellulose membrane
ECL €9%0] &7l & Sensi—Q2000 Chemidoc 22
gz wge #elslgen, ATTO Densitograph
Software (ATTO Corporation, Tokyo, Japan) =&
adgos WS Agste] AFFE wlusHHt
(Fold of Normal).

4. FALH

Aol AHEE ZHEL mean+SDE EAJFFE L™, SPSS
(Version 26.0, IBM, Chicago, IL USA)Z one—way analysis
of variance (ANOVA) testZ AFE3t &, least—significant
differences (LSD) test2 AFSEHAL ARX|5te] §o4F p|
0.05914 HZFstAct.

H|3te] MIA ZHEH FLTEolA FoatA Hdadhes A
gRlstglon, izt vjste] FodEo] FostA= ot
Z7hte A% vedlh, ®3 35 EE di2ddt v
gto] BE FoFoA Fogt F7HE 29eH (p<0.001),
AKBABOwY] - 53Rt E iRl INDOT w9
7 Bt (Fig. 1).
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Fig. 1.Effects of AKBA on the hind paw weight bearing distribution
in MIA—induced osteoarthritis rats. All data are expressed mean
+SD (n=9 rats per group). Significance: *p{0.001 compared
vs, Normal group and ~ p¢0.001 vs. Control group by LSD test.

2. @3 Yl GOT<} GPT ¥4 A3}

A W & AR GOTS GPT A& 4% 24,
GOTY] Z ¢ A4kl vl tfzTtoll A MIAR 18t 26,99%
S5k Z718kAtt (p <0.001), BFH INDOTT AKBAGO
& 2ol vl 22t 13.27% (p < 0.05), 13.34% (»{0.05)
FoatA HFastaTt (Fig. 2A).

GPTY 7% djx2olA AR 16.79% F95HA F7F
stglom, dzde vlste] FAFENA FYstA= Fout
Fadte AE skt (Fig. 2B).
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Fig. 2. Effects of AKBA on the levels of GOT and GPT in the serum
of MIA—induced osteoarthritis rats. Levels of (A) GOT and (B) GPT
in serum measured by ELISA. All data are expressed mean=+SD
(n=9 rats per group). Significance: “p<0.05, *p{0.001
compared vs, Normal group and ©<0.05 vs. Control group by
LSD test.
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3. A 22 Y GAGS} COMP &4 A3}

Proteoglycan®] E3JAHE<9l GAGS B4 B4 A, AL
29 v hRT =27} 06882 MIAR <& §-25}HA
Zastgen (p<0.001), £97EQ INDOF, AKBA3SOE,
AKBAGOTE ZH2z} gi2=7 =2]of 1,348 (p €0.001), 1.17H)
(p<0.05), 1.298 (p<0.01)& =l vl GAG X7}t
FoFH oz Zukshe AL AT = AT (Fig. 34). 9
T3 Type 2 collagen®] E3jAHE<l COMPS] A4S 4
24 NEol A 4T At 2ol £37H PAE S22
L7THR FoH 02 A Yestt (p<0.001). g4 INDO
7, AKBA30, AKBAGOZS ZH2Z iz 4]0 0,714
(p<0.001), 0.828 (p<0.01), 0.768) (p<0.001)Z 2
Hot oz o2 U yetygt (Fig. 3B).
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Fig. 3. Effects of AKBA on the levels of GAG and COMP in the
knee joint of MIA—induced osteoarthritis rats. Levels of (A) GAG
and (B) COMP in knee joint measured by ELISA. All data are
expressed mean+SD (n=9 rats per group). Significance: 5 (
0.001 compared vs. Normal group and < 0.05, "0{0.01, " p{
0.001 vs. Control group by LSD test.
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A Zaste 2AS 1T = AT (p<0.05) (Fig, 4B).
5-LOX2| AR F 3l LTBy S84, 2] 4]
7F B A 4.2182 FY8HA F7sk e, INDOZ,
AKBA30, AKBAGOZ-S thZ2F 4=Xof ZHzh oF 0,814 (p <
0.01), 0.844} (p<0.01), 0,708} (p<0.001)Z F2l5}A
Fastes AL AT 5 A0 (Fig, 40).
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Fig. 4. Effects of AKBA on the levels of inflammation—related factors
in the knee joint of MIA—induced osteoarthritis rats. Levels of (A)
5—LOX, (B) FLAP, and LTB4 in knee joint measured by ELISA. All

data are expressed mean=*SD (n=9 rats per qroup). Significance:

##5(0.001 compared vs. Normal group and p{0.05, "p{0.01,

™0¢0.001 vs. Control aroup by LSD test.

5. Western blot ¥4 A7}

1) Mitogen—activated protein kinases (MAPKs)

oz T AFA AN FEFE 2dst=d Fash
d5S 5l= MAPKs ZZZE western bloto2 EA435t4 T}
1 A3, ERK, JNK, p38 BE QAo A Aol vlste] of
ZFol|A MIAo| &J3) QU4Hs7t F-9J5tA] 716k As &l
g 4= AU (p<0.001). F7H ERK®] 914HsHE INDO,
AKBA30:, AKBAG0T0] ZHz =7 wrad=ke] 0,724 (p
<0.001), 0.864] (p<0.05), 0.838 (p<0.01)E {5
AA|ot= AL FRIT 5= A3tk 3 INK QA4S INDO,
AKBA30T, AKBAGOTC] T2 H@Fe] 0.758) (»<0.01),
0.854] (»<0.05), 0.854) (p<0.05)2 FstA A H .

oN

53 31

123 p38 QAFSHS INDOZEY AKBAGOZANA t 2 &d
o] 0,778 (p<0.001), 0.848) (p<0.01)E L-2lalA A
A7l AE & = A} (Fig. 5).
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Fig. 5. Effects of AKBA on activities of MAPKs in the knee joint of
MIA—induced osteoarthritis rats. Expression of ERK, JNK, and p38
in knee joint measured by western blot. All data are expressed
mean+SD (n=9 rats per group). Significance: ”i’ip( 0.001
compared vs. Normal group and p{0.05, ©<0.01, <0.001
vs. Control group by LSD test.
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Western blote 2 FZHA Alo|E7}Qlo] Wha ke B A
A3}, BE AR A MIA ZTEF FLE Aste] 2ol A
AR gdgo] FostA 7kt A2 UEhgth (p<
0.001), Bl 59 HFFL TNF-¢9 S, iz dd%
©] INDOZ 0,738 (p 0.001), AKBA30Z 0.884] (p<0.01),
AKBABOZ 0.788) (p<0.001)& §-2latA ztAastgct 18
I IL-189M= g2 #aFe] INDOZ 0.718) (p<0.001),
AKBA30+ 0,928 (p €0.05), AKBABOZ 0.864] (p<0.01)
2 oA Hashe RS AT £ 9l9drh IL-69 F$,
iz w@e] INDOT 0.784) (p<0.001), AKBA3OZ
0.98H, AKBABOZ 0,864 (p < 0.01)& INDOZT} AKBAGO
oA WAgo] FY5HA At A2 UEET (Fig. 6).

3) Matrix metalloproteinases (MMPS)

AEFE 743 collagen 712 £4A A HP TEAS
L osr 7= Aoz A2 MMPsE western blotlo=
E43% 43}, MMP-39] Z$ Aol vl iz ¥d
ol 1.31Wi2 |§stA F7tstgen, FoFEE2 ol
2o a2 INDOH 0.834) (p (0.001), AKBA3O+
0.854] (p<0.01), AKBAGBO 0.778] (p<0.001)Z 25
ZAasHGTh 53] AKBAGOTS] B AT =274 A
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S 18 4= gtk MMP-13 B4 A3 MIAZ ¢l
Z39] WEzFo] HAEe] 11982 |-28tA 78t
FoH, BoLEL ti2y ddAFe] INDOF 0.864] (p<
0.001), AKBA30* 0,978, AKBAGOI: 0.914] (p<0.05)&
INDOZZ AKBABOol Al & go] FoatA Hadte A
° 2 yetgth (Fig. 7).
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TNF-a IL-16 IL-6

Fig. 6. Effects of AKBA on activities of inflammatory cytokines in
the knee joint of MIA—induced osteoarthritis rats. Expression of
TNF—a, IL—18, and IL—6 in knee joint measured by western blot,
All data are expressed mean*SD (n=9 rats per group).
Significance: *£¢ 0,001 compared vs, Normal group and 0< 0,05,
"p<0.01. "p{0.001 vs. Control group by LSD test,
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Fig. 7. Effects of AKBA on activities of MMPs in the knee joint of
MIA—induced osteoarthritis rats. Expression of MMP—3 and MMP—
13 in knee joint measured by western blot, All data are expressed
mean*SD (n=9 rats per group). Significance: *#p{0.001
compared vs. Normal group and ¢ 0.05, “p<0.01, "p{0.001
vs. Control aroup bv LSD test.

d 3 £ BEs7] A% H&E
A B4 Aap, Ao A AS3 9 237 Fofl o)l
dojubA] e FAAHA AefolATt 2] AL, MIAZ
ate] FFFEHo] fEEe] AF wHo| WYX Zahe gt
2219 WAda Mol YeEpytth ¥hHo] INDO, AKBAGO
9] A 23} vus) AF FHo| vjmeew gdh 23
59 A7t o] MIA fie]l o8 Bz &4o] o
AE= A AT = At (Fig. 8).
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Fig. 8. Histopathological features of knee joint tissue of MIA—
induced osteoarthritis rats. Representative photographs of knee
joint tissues stained with hematoxylin&eosin (H&E, X 40 magnification).
Scale bars = 300 um
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Monosodium iodoacetate®Z F&H ZTE A Foll 2E AE 3—Acetyl-11-Keto—Beta—Boswellic Acid®] d3X2 3 U 3

U FIFARE YT g g2
oA oI5t gasteet. FolTEY A fF A 2%

ES % 3FAREHE wE o
EoA FsHA F7tsHe AL AT 4 AT (Fig. 1).
7HeAF A ES GOT, GPTE 7, A% 59 =¥ o 9= &
A2 29 &4 oate] A W2 EejEo] £=27t Tt
s "gt'?. @3 W GOT, GPT X8 £33 a3}, GPT
2o 2 Fgo] glget, GOT X9 A MIA Yoz
ot 2718 4=x]E0] INDOZT AKBABOZAA 52317
astAct (Fig. 2).

WEHAEZS A8t proteoglycan, GAG 59 E&8E0]
EolEA HY AZ9] AsE doA A HIYAY WHIE
of7|AA ETEFe] WA FH® COMPE #HEAZ Y
Type 2 collagen®] E34HE2 ZHEFo| AP = 52t 3
o] Z71sHA |rH” 0. 287 GAGS COMPE ZWEE
A AFENA FaT HlolentAR AFGEI Yot o]
ARTEY Bdx3 Axzd Yo GAGY COMP e
ELASA kitE AME3ste] B4ttt GAG &% 4 2t
MIAZ} B8 TEAES &/HA17A d23Y GAG &2 3
At Boh fostA AAE AL Felekch W
INDOZ-3 AKBA F£97ES MIAZ QI3 BAAZ &4
AR5t GAG FFo| 2 B}k FostA S71e A& &
sttt COMP &= 24 Ad, MIAZ A3 o
collagen©o| E3=|o] tjz2] FagFo] FoJ5HA 7o,
0|2 INDOw, AKBA30T, AKBAGOZ-OIA §-9J3HA 7HaA|
Aozn AYPFEY THIEFL MAAZT (Fig. 5).

A=A o TAEH arachidonic acid= COXs, cytochrome
P450, LOXsoll 9J3) tjAt=l=dl 1 F 5-LOX+ d3848%
& 27] v To5h= leuktrienesS sk H =20 A
F2o|th ™ o]ggl 5-LOXE EAeHe Tl "ol FLAPE:
arachidonic acidE 5-LOXE Aei& o2 A3}l leuktrienes
o] Bojsts e rtm G A Y. o|FA BA
3lE 5-LOXE= o7 leuktrienesS AYA3I=d 1 £ LTBs=
AZHSo] Tt FREAZ oy AFENA
5-LOX9] 84 AAIE F¢ LB, AP0 EoEtte
BuEo] o o7 AFLEC|A AKBAZF gFuHSo|
Bolste 5-LOX Z2E AqAdta g3A o ), oo
BEzZ AEF Y 5-L0X F2Y FAHE AT Ay}
5-LOX, FLAP, LTB; 2% A4l vlet] MIA 3 o=
oA A Eo] FoaHA F7hstden, INDOR, AKBA30
o, AKBAGOZONA adte AR Ueyt 53
AKBAGOZS] A%, 5-LOX¢} LTB,2] 84S x7 v
gto] folatA At FAH RS INDOFET 5-LOX
AR B4 JAso] S Ao YEhgtt (Fig. 4). oY
g AFAER st 71E9 AFET o] AKBAZF 5-LOX
AR BAE AAEt A W 432 MAANS FAT
AdTt,

AEo| AEFHA A2E F= =9 MAPKs (ERK, JNK,
p38) ARE 5-LOXE 3isttty gaA Aok, Western
bloto 2 FH =22 W MAPKs®| HdzS SAe A3, gz

ofN

3% 33

o] MIA®] &5t 24=-Z ¥ol phospho—MAPKs9| U&
Fo| Zvlstgon, iz diH] INDOT, AKBA30OE,
AKBAGOTo A f+8J3HA] Zr&dhe Aol Ykttt (Fig. 5).

oA APIETRRILE ASHRSo] dold Eutol|A] Hgo =
o] AZ FAAHEQ proteoglycan®] S A8t
B2 225 Aoz 4#A Ao, Western bloto 2
HHzA oA FFA Ao EFFQIQl TNF~e, IL-18, IL-69]
S SA% 41, FALEANA dizol Hlste F<JsH
Fol=x AFo| Uetyth

A2 7| DB E 2 MMPsE Uo] 7} wold 42 w3514
WA GEHE g 50| ojuA "o, FwE Yol
Ao MMPs7}h $718ke] F28 2Zo] 242 8|4 fp?,
Western blot2 2 MMP-33+ MMP-139] dr&ake =343t
A3, x4 MIAZ 18] HdFo] Friglon, Fod
SolA 223 vlwste] Faste Fo| veite AS 8
sttt £3], AKBAGOZS MMP-3 Zd=S AATE 3
7| A F

olggt A21S E3] AKBA: MIAEZ ZTHEYo] &t
ARTEY HExA A MAPKs® 5-LOX &2 &4
AN A dF5E AAA7IZ FTEE THA vpoleutA
GAG, COMP, MMPsol| g3t ZHAE-S 7HAA7]
e AYUE AR g ozl

fr

[¢] RL
MaTHE Felstgon, Tt 2 e At

1. Ad7|17 B SoE AlF Rt &3S 21, MIAR
Q3te] £olE HrteE] AF R3S AKBATE 5= o9&
oz FoA JA MAstE AS sttt

2. AY 28 &, 83 Y 4 8] GOT, GPTE &
gt A3, MIAZ £7HE =25 AKBA §oi& ZHashe
AL st

23S A

4, 9Z49kgo Bosl= 5-LOX, FLAP, LTB4 X &
Az AzdoA &A% AT, MIAZ st iz
N £=27F FoHA Fhsen, o]E AKBAE
Ao 2H AA|et= AL AT

pUE =

5. Western blot #4237 AKBA7} MAPKs® @HdS
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FaAF o2 G5l Toidh= NFrB p65 H25 2
Al AR, o2 Qlste] AZ W collagen 718&
SA7IE MMPsE A7l 2 30T 4 A3

6. H&E 94 A, 2T MIA FYoZ AZ0] T}
gat 2R 9] £Aro] BAE| Q) on AKBA o E
S AT 9 g9 2Fo] 3EE AL FAT + 3

.

= [} b}
A3} collagen 714 &4 T wulde] AL AAAA T
BAGL AAAAE Aoz Amt

Al 2

2 AoEL 20229 % FR(FGL7|EFETAR)S] Y
o2 FXALATNo, 2018R1A5A2025272)1+ FF | A
@9 A el Y3l = AS5YTh
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