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Effect of Actinidia polygama on LPS-induced Inflammation in Mouse
BV2 Microglial cells

Kitae Kim*

Department of Internal Medicine of Clinical Korean Medicine, Semyung University

Actinidia polygama has long been used in traditional Korean medicine to treat rheumatoid arthritis and gout.
Although numerous chemical compounds in the fruit extracts of A. polygama have been characterized and their role
in inhibiting nitric oxide (NO) production has been reported, the anti-inflammatory properties of A. polygama extracts
remain to be explored. In this study, we investigated the in-vivo effect of A. polygama extract on lipopolysaccharide
(LPS)-induced inflammation in BV-2 microglial cell lines. We discovered that 100% ethyl alcohol extract of A. polygama
effectively attenuates the release of NO and is superior to both water extract and 50% ethanol extract. Using MTT
assay, western blot, and ELISA on LPS-induced BV-2 microglial cells lines, we established the ability of A. polygama

extract to markedly suppress the expressions of inducible NO synthase (iNOS),

cyclooxygenase-2 (COX-2), and

pro-inflammatory cytokines, such as tumor necrosis factor alpha and interleukin-6. These results reveal that the
anti-inflammatory property of A. polygama in BV-2 microglial cells is due to the downregulation of iNOS, COX-2,

MAPK protein, and pro-inflammatory cytokines.
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}\-] % o 7§ Q1X}Q1 NOQ} PGE2+= 7}z inducible NO synthase (iNOS)e}t
cyclooxygenase-2 (COX-2)0]] oJs] AE|nZ o] A=A oA
AtUR e 3= 2R #xEejglony Jiuse Foj Ate} g 1 At2S gutdoz AT 4 Yl AR BFE AL
o FXa+ FUEA WEYa &3, g27], olxA, 1IFY T + A74d% 2R otz AFERPY A A g HF 72
9] Azo] AHgE otw FHA Aot FAtA] wad A47t 2 2 Aok 53] NO Ade dAE & Ae A P2
AUE o FF Ax2+ AcHUR 2oy FE 2 FHA Fd3 Aag AFHY 7|Ecg AR Yot
ax9] HUET, ez ursolic acid, oatx, B HIoA]E= mouse microglia BV2 A|Z
3-0-acetylursolic acid, umbelliferone % triterpenoid A <1} lipopolysaccharide (LPS)S ©]£3}0] microglia®] 43S &35}
phenylpropanocid 1€ ¥ ©j2| phenolic 3tg-g0] &3Eol ot o] d3U3E FES £ FHE F5E0] €5 Ad FYE Bo|
I B3 Gk JckuRo] @t 2 d7o] W M= A #Qlstitt. 2 Za 248 FFE0] iNOS, COX-2 € 4%
olN Ealgt Ezjg|2o] LPS2 A2 RAW264.7 ThAIN|Zot A cytokineo] W@it MAPK 7|HE S3to 1 &F AEg o
BV2 UNlEAE 5 AEF Bdolx Jiebda BHe AT AsEscz NFAF Wee auHoz oAT 2 AL THs
» wustn o, g3 odl Bt A7L juld Agolct. 2 a0l o2 Hushe ot
4% Wee 92 8o WA} AR 3ol g BRI A
AR ol J1Aoln], MAlolY d54 AR, FUst U B Aqa 9 g
9 SA ool WYY ¥ Yo] Wokn Feln YoitU.ss
&N 73A (central Never system, CNS)?] dZ2 uo] EA]5t= 1. AJQF
Nz gxz9g Haxzo] XG0 o5 SuE 0, microglia: Al&o AFR3E A]eF2 Dulbecco’s modified eagle’s medium
olgJgt FFAIZAAL FZur2o] Hojst= ANmojtt. E3|, (DMEM) %], trypsin-ethylenediaminetetraacetic acid(EDTA),
microglia: FEfSIR 0z AN} [AISto] EAl:0] QQu, L fetal bovine serum(FBS)= Gibco LaboratorieAtolA] U35t
HEX2E ggste 7|50l don AFEAF ARE 2u[ste] Al t}. Lipopolysaccharide(LPS)?} 3'-(4,5-dimethylthiazol2-yl)-2,5-
ZAAx B3 U CNS9 FAAHE §X5t= 9 5935 982 5t diphenyltetrazolium bromide(MTT)x SigmaAlofA] 3519 ct.
oty A ok ? I3U microglia® Ast= Aoz Tissue culture dish®} plate: SPLA} A& o] &35}9ct.
S8R R POl AT Est AEi7E Bt RSEAY g
sl &t f=d o AR FFEEE €oHA nitric 2. NRo &
oxide (NO), prostaglandin E2(PGE2) €57 Ui7l QUx} % Aol AMgE EXEs FE FAAAA Aud Ae HE4d
tumor necrosis alpha (TNF-o), interleukin-1f (IL-1B) @ KA AAHA S, SH2)olA] U5t AR5t

interleukin-6 (IL-6) S Z2 cytokined} reactive

52 pugozA 47 SY2 Uty

4574

oxygen species (ROS)

A xAg 2PAPCRANY, dxstoln A, ©NEKY
Te UZEYY P8l Yol Uotn wusn ok, 95y

3. Nl=ufg
BV-2 A== 5% FBS? 1% penicillin-streptomycino] &7t
¥l DMEM HjX|Z Atgsto] 37°C, 5% CO, R7A0|A vjYstict.
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4. MTT assay

X8 539 Ax54Z gRlst7] $sto BV-2 NxE
24-well plateo] 5x10* cells/well2 EZ5to] oF 247t 9t Hj
Fotgth. S48 &3S 50, 100, 200 pg/mlo] =2 A2|st
o] 24A17F 0t ujFst & MTT 89& FIbstaL 37°ColA 1A12E
o Higsty. Hix]E w2l 2oz AJdE  formazano
DMSOE ¥o| 5% § 540nmojx §FLE FAsIyon T2
T2 100%2 A4tsto] Nz BEES FAs

5. Nitric oxide (NO) assay

BV-2 Al&of LPSof| o3 XWAE NO9 UL Griess reagent
£ olgste] E4stgch. BV-2 AEZE: 5x10' cells/well2
24-well plated] #Fsto] oF 24413t ¢ HjE & ZHE &
£2 50, 100, 200 pg/mL9 =2 1X|ZF AX 2t Fo] 200
ng/mLe] %7t EE= LPSE Aalsto] 24x7t wjsteict. u
ool Asol 100 pLot Griess Al2F 100 pLE WA £
spectrophotometer (Multiskan GO, Thermo Fisher Scientific,
Waltham, MA, USA=Z 540 nmolA &L =S £A35tod NO AIA
Ze ZAs5t¥T. NO AL sodium nitrate (NaNOy)S 7]1& 0
2 BE2HE AYstel Ao

6. ELISA ¥ylof o] &3t IL-6, TNF-a 574

BV-2 Nzt 3.5x10° cells/well2 6-well plateo] £Z5}o]
oF 24M%F Eot WGt & FHE AFE FE=F 12.5, 25 50
ng/mLo] s=2 1At AAg Fof 200 ng/mLo] LPSE A2
sto] 20417t o wiQalgitt. 1 & vjgolg 8j4sto] wjgdoe
Bu|= IL-69} TNF-02 ELISA kit (Thermo Fisher, Waltham,
MA)Z olgstel Z7gstgict 4sonmold FHEE H4stol
cytokine-g AFstgict.

7. Western blot analysis

A8E 1A AAS & LPS A5t 18X & lysissto]
S S 3potlon o] hlAlg o]gsto] iNOSeE COX-2 %
d2 574siglen, LPS X2l & 302 § ANxEE lysisolo] 22
SURe olgsto] MAPKs Wd Wat2 S4stgion Tl 34
3} <3 Zt}h. BV-2 NZE harvest & § 94 #2]5}0]
O Asads wa]l cell pellet2 29ttt PRO-PREP Protein
Extraction Reagent (iNtRON)Z 0|85t ANEE lysis A7l &
Y9 (13,000 rpm, 15 min)ste] FE5HZ Fotgich. DAL
2 Bradford assay #Hoz Asiglon], Xyg CEiRlo
sodium dodecyl sulfate-polyacrlyamide gel electrophoresis
(SDS-PAGE)Z #32]gt &, PVDF membrane® 2 transferst9ict.
WH QS 5% skim milk2 1A]7t SO ¥HSA|H H|Eo|& i
Ao gigh w342 Aot 1Ak FAl= 4oCoA] overnight A
71 % tris-buffered saline Tween-20(TBST) bufferz2 1087t 3
3] washing 3ttt Horseradish peroidase (HRP)7I ZAgtE o]
QL 2x} FAZ 17 vE2A|F Tt TBST bufferz2 1087F 33
MAgt wWuQlo] ECL (Amersham Pharmacia Biotech,
Piscataway, NJ, USA)S *]2]5}o] LAS-3000 (Fujifilm, Tokyo,
Japan)o.2 ZA5t9ct WulA band? intensity= Image ]
(version, 1.52) =2 1388 o|&3}o] EA35}Yct.
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Fig. 1. Effects of A. polygama extract on the cell viability (A) and on
the release of NO (B) in LPS-stimulated BV2 cells. Cells were
pre-treated with or without A. polygama extract at indicated
concentrations (50, 100 and 200 pg/mL) for 1 h before LPS treatment
(200 ng/mL). After 24 h of stimulation with or without LPS, cell viability
was measured by MTT assay and NO was measured by Griess's reagent
assay. The data is presented as a mean * SEM of at least three
independent experiments. ##p<0.01 compared with the control group;
***p<0.001 compared with the LPS-stimulated group. APW: water extract
of A. polygama, AP50E: 50% ethanol extract of A polygama, APE: 100%
ethanol extract of A. polygama

2. NIz 54 37t

MTT assayS ©0]&3lo] BV2 AZojA ZAg EF
50% gt £5E ¢ 100% ogHe £589 Am 542
ArthHFig. 1A). B8 5523 50%01TE L 100% ol
22 =5¥(0, 50, 100, 200 pg/mL)2 Aalst A3, 2 x5
1} 50%0]re &2 200 pg/mL o]5te] SToAq RE £X
UERA] ekgtch e, 100% olgE F%E2 200 pg/mL
29 100 pg/mL SEoA NEAFELo] Zt7t 35.13%9} 5.54%2
e =2 AX 548 Yeiidoh. 28y 50 pg/mL o]t 5
oA F3 54 UEA] g A2 FAstglot (Fig. 2A).
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Fig. 2. Effects of APE on the cell viability (A) and on the release of
NO (B) in LPS-stimulated BV2 cells. Cells were pre-treated with or
without APE at indicated concentrations (12.5, 25 and 50 pg/mL) for 1 h
before LPS treatment (200 ng/mL). After 24 h of stimulation with or
without LPS, cell viability was measured by MTT assay and NO was
measured by Griess's reagent assay. The data is presented as a mean *
SEM of at least three independent experiments. ###p<0.001 compared
with the control group; ***p<0.001 compared with the LPS-stimulated

group.
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3. Nitric oxide A A3 &1t

BV2 M=o LPS (200 ng/mL)E X259 o, WAHE N
o] &Fo] 18 yME SA 2] uls| 74 7prto] Frtstglt. Ed
X8 5588 522 (50, 100, 200 pg/mL) A 2st¢S o

14.84, 14.66, 13.17 pM=Z LPS X2 tfxof v|s] £oltx=
A&l AHFig. 1B). 1} 50% e F&5=22 =48 (50,
100, 200 pg/mL)2 #2]5t¥S W= 15.66, 15.41, 15.44 pM&
NO9] o] 23 Z4HZ SIFAY 2FEF0IY 100%TZ
E30] HlsiA= NO9 Aol Wol &+ Py E3h =
2 100% oEHE FEEE =¥ (50, 100, 200 pg/mL)Z2 X7
198 = 6.51, 3.74, 3.28 yM2 NO TS 7 AA5t=
< FUstglth. 100% oHHE FE32 A2otyS o NO9 A
d%ol e A2 A2 Az 5o 93t oz W Hr} 59
100 pg/mL O]9 oA AE F4o] F3HsHA YEtt
oakx, NO9 AAA7} 7P 4otHA NE 4o g+
100%oEHE 2553 50 pg/mLe] 528 21 522 s5to] NO
assayg M543 otk 1 ZAah, EFE 100%0TE F&5F
LPSE {=% NO9 4 Z & JEHoZ AAsteL Y23
syt (Fig. 2B). o]& 4 X8 100%HE 53U

- O
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o 1ok ro

o
it
[u)

Lid = = o

S8 F3530] NO Adat #3d A Al iNOSe g5
T 9UAQ COX-29] T W wigte] njAl: FFE 53
3t9ict (Fig. 3A, 3B). LPSE Ralstge w 3719 iNOS Tl
Hgo] S8 100%ATE FE522 AAYIAS W s=IFEA
o2 Z2gg st E3h COX-2 UHAL 2XHg 58
2 50 pg/mlL FE2 A2otFE O foFoz HAEHC

S8 F5Fo0| MAPK AsAga Aol UeAl gotry]
A5t western blot ¥UHE o] &sto] MAPK THIAS Z745tY
ot. LPSE A2Jstlg o A43te p38, ERK, INKO| L@ o] 5
7botRa, 2R F£&3L AAYcIgE W p-ERKE AAE
p-p38it p-INK7} & &Aooz ZHAEg FHston 59|
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Fig. 3. Effect of APE on iNOS and COX-2 expression in
LPS-stimulated BV2 cells. BV2 cells were pre-treated with APE for 1 h
and stimulated with LPS for 18 h. Cell lysates were prepared and analyzed
by western blotting with anti-INOS and anti-COX-2 antibodies as
described in Materials and methods. B-Actin was used for normalization
of INOS and COX-2. ###p<0.001 compared with the control group;
***p<0.001 compared with the LPS-stimulated group.

5. 9% a3 cytokine &4

BV2 Alzo] Z2dg 100%oeHe F52S 125, 25 50
g/mLo =2 1A)ZF JA2Jsta LPSE Az2jsto] 18AIZF 5t
Hjkst § ujFAS o] &sto] AF VHSAIA A== cytokinedl
IL-69F TNF-a9] Ws}g 4519t S48 ogd F532 LPS
2 gEslo] AP IL-69 TNF-ao] AYFS 5= 9EHo2

ZA AT (Fig. bA, 5B)
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Fig. 4. Effect of APE on MAPKs expression in LPS-stimulated BV2
cells. BV2 cells were pre-treated with APE for 1 h and stimulated with LPS
for 30 min. ###p < 0.001 compared with the control group; ***p < 0.001
compared with the LPS-stimulated group.

A
2,000 (A
HH##
1.800
1,600 xxk
=
£ 1,400
=)
= 1200
=
2
g 1,000 — .
S 800
—
2 600
=
400
200
o 4
APE (pg/mL)
LPS (200 ng/mL) - + + + +
B
160 B)
140 s
. xkk
=)
| 120 ”_
) sk
= 100
=
£
S 80
=
S
£
= 60
id
=
Z 40
[
20
o |
APE (ug/mL) - - 12.5 25 50 50
LPS (200 ng/mL) - + + + +

Fig.5. Effect of APE on production of pro-inflammatory cytokine in
BV2 cells. BV2 cells were pre-treated with APE for 1 h and stimulated
with LPS for 18 h. Culture media were analyzed for IL-6(A) and TNF-a(B)
levels as described in Material and methods.
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A oy 2RI Bt SJ 8= triterpeneRrt & T2 G, 34 E5ueS 2osu ottAF)E QAo
o] 93, dojo& ceramide?! actinidiamide®} & X3R4t dzut #Y A Ato]E7119] IL-69F TNF-0.8 &4
Ql alpha-linolenic acid7} &R0 glouf, v, F227], A5 g AnE S8 JEE FEES AAGAS W 5= JEHL
2 A 5& £™sH aurt Bug Ao 2 A EFRRIY] WEFo] EolEx AE Ut o3t At
FFAAY EPY AgH HEF 5 A5 =048 2E A8 t A5 229 A7 7% AR FEo] 7t Aoz VY
X ool AN AFuA Lt FAF AF7IA Ht At F gt
2% 7oz wmoste, A5, FLA =27, FAA Aol e A 9 2o FYsto 2 4, S8 FEES2 H=F W
o2 YW FARAE 0|85t mouse BV2 cellofA AH3tEA S Aol 250 9oy oy FFg FEI0] AFAES AA
o =, S-S WAHAEY ueS FRSHAT U Az A 7t )% 24 o

NO% nitric oxide synthase (NOS)o]] 2] L-arginine2%
FEE+ dHZEA, A AsHG] Fas FHoln] AYA|
L2 NOZF BAPEH d5ugo] g zA9 Aof, fiFZ

A7t WY AEe 2T Lu Yo,
BV2 Axo] LPSE A2Jsl% S ] NO &F2 A2 Z v
o 74 F7tohe A& s, BV2 Nxo] 588 E553S
seEe ANYd A3k LPS A2 djzo] vls] NO &go] F4ast
gk 3] 100% oHE FEEAN EHEFEE &7 =25
£ NO TS dAIsh: 237t Uehgod, ol M2 =43
sos Zlor wWusiglon], NO YA &drt FEstHA Al
X 540 Qv A £F2 FAuA sty mhabA, 100%01H-E
Z5E 50 pg/mLY =5 1 =& 5l NO assayg A3
3 stgin 1 Aut B2HE 100%08e 582 LPSE §=d
NO9] AdE v= &EFoz Aot Y-S FRIsIULt. o]F
ARoAE 100%HE FE2Z olgstqd E4o] gt s=Y
50 ng/mLg =3 &2 sto] RPsigict
INOSE Ca™ H|9|&E4 722 Fsto] ool NOS AJAstul,
iNOS9] 'd-2 macrophage, UMAE, NIAE, FHEIAEL 5
o2 NZoJA HALYD Y. INOSE WA Y ATS 53]
St ©WA2 AFA cytokineSolu LPSSA s Ax7} A=
=W wdEn, et iNOSY L2 NO9 AZES S7HIA

IHS-S =3t

oo FE5 FE559 87]1H0] Hi= COX-2 B AA
2 21, 2J8 100%HE 552 LPSo] 95 HdHE
COX-2 ©HAZ 50 pg/mLo s=olA o4 A AAIsH
A O

o = _
= gu}(\)_]g e MMI—‘}-

»w £ @
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fjo

go rlr mju

P

MAPK(mitogen-activated protein kinase)= LPS 5 C}o}st
Aol oisl FAHE T AT AUolN FARIAIR ojars] Sa
Mzl g%, AtE 9 o] o A¥S Fo*. MAPK family
o tjEA o Extracellular signal-regulated kinase (ERK),
c-Jun N-terminal kinase (JNK), p38 mitogen-activated
protein kinase (p38) A 7tx] &471 9.

LPSY: gram-negative A|#9 Axd¥ FLAHdEo=z 715t A
WHs-E Ydoyln] gANE BHO TLR4AE At=ote] sh A4l
AI7J 291 mitogen-activated protein kinase(MAPK)9] &X43s=
S5ty g4ty ASsAGZ 2L pro-inflammatory cytokines,
NO, prostaglandin (PG)s?t 22 oj2| 7FA] d54 Ui/l ARES
YANZORH WA J159 AolE EefsbA Bk,

282 5520 MAPK Asddu @alo] x| opur]
9lsto] western blot WHE o]8ste] MAPK THZAO] WS H]
3] ¥ Azt BV2 N Zo] LPSE Aste] d58 SEstyS o,
Qlxtstel p38, INK, ERK7} tizo] Hls] &7 gQon 2Ha
qgE 2522 ANYsHYE e p-p38, p-INKIL 5= &
o7 AAET. olet ZE ZAir:= FHE AP FE29]
MAPK A3Hg H2& ol 32 Z2A71L A9 SN
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dze e WA 93
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peER 34 52 oy @A Wi @ A BN
H

23 92 sy, TNF-ax 2719 3T RH= =25
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