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8 I RAW264.7 e i i& 71 ; #1J8 Hoechst33342 A= P1 46 ¢l AL 8 == ; & B BEBX %92 2R Mok . Griess & & 29
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ot (P<0.01) , MEFMEKmMELF MDA, H)0, #4% (P<0.01) , MM EFRS @M+t SOD. CAT. GSH #
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Effect of Inotodiol on LPS-induced Injury of RAW264.7 Cells

ZHU Yanbin, XU Xinting", LI Yanbing, ZHAO Chengming, HUANG Qingnian, CHEN Zhibao’

(Coastal Agricultural College, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: To explore the effect of Inotolinol (INO) on the inflammatory response of LPS-induced mouse mononuclear
macrophages (RAW264.7). The experiment has investigated in vitro the effects of INO on mouse mononuclear
macrophages (RAW264.7) induced by LPS. To do this, the following methods were adopted: The viability of RAW264.7
cells was detected by CCK-8 assay. Cell apoptosis was examined by Hoechst33342 and PI. The secretion of interleukin-6
(IL-6), interleukin-1p (IL-1p), tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18) and the content of nitric oxide (NO)
in cells were measured by ELISA and Griess. The production of reactive oxygen species (ROS), the content of
malondialdehyde (MDA) and hydrogen peroxide (H,0,), and the activities of superoxide dismutase (SOD), catalase (CAT)
and glutathione (GSH) in cells were detected by fluorescence probe and kit. The results showed that 20 pmol/L INO could
inhibit the decline of RAW264.7 cell viability induced by LPS, prevent cell apoptosis, and significantly inhibit the secretion
of IL-6, IL-15, TNF-a, IL-18 and NO (P<0.01), could significantly reduce the contents of MDA and H,O, in cells (P<0.01),
and could significantly increase the activities of SOD, CAT and GSH in cells (P<0.01). The above results indicate that INO
can effectively inhibit the production of pro-inflammatory factors and superoxides induced by LPS in RAW264.7 cells,
improve the anti-inflammatory and anti-oxidative abilities of cells, and thus protect cells from damage.

Wi B 2022-10-08 T ek

EEUE: +ERFA A SR A DB AB LA £ 5 5 B TRAVNE L FBFTFAORMERAD (1630052019001 ;77 RifFRFRF
A ) F4] kl Zhit %R B (8202110566023 ) 57 A ALl SR E LR ER (2020ZDZX1043) ;7 RigFERFHAFBHZEKHRAEB
(R20061)

YEREI: REH (1997-) , B, 8+, HH 57 & S £ 7 %, E-mail: 2692627418@qq.com.
IR fAE (2001-) %, KFAH, AP @) 314 B 5, E-mail: 2415802567@qq.com,

*EEEE: REE (1971-) , 3,4, 3048, FRF 6 5 F AR F Sk mS 295 46 HF R, E-mail: chenzb@gdou.edu.cn.,


mailto:2692627418@qq.com
mailto:2415802567@qq.com

- 402 - £ Tl B4

2023 4 10 A

Key words: inotodiol; LPS; RAW264.7 cells; the inflammatory response; oxidative stress

Mert FLE (Inonotus obliquus) WHRVE EFAMEE: . He
WL, Z 24 THERS R BT, I AERT B i AT i IR
TR BRI . MEARFL IR 0TS A i, S AN TR Ay
FEor, KLY 10~15 4 J5 S HEUBERS 10085 B e ek IS o
H TR W, JbR . HASigE | S b
HUp T EM I AR, I ELERE FL R ) BIEAE
SHESRARH, T T4 e R 3 Ul o e Ay
JEBIIRIRZGY . MHEFLRIL A S RdEE aEE
PEIE . =S P EBALE Y . R A AR,
Horp = W2 R AR FLEE 1Y 2GRS, AR . Bt
EAk. PPE . POREESETIRC T, SEIG E ATHATTSY
TE I AEAEFL A £ BB B ) A 280 il Focdvs 25 52 11,
M\ CEEFRE 43 Y  ERARA L XeHE A A 5E
T4 EETE, BE W HI TR 4 AL (BEL-7402) |
N B (SGC-7901) . AT 4diis (HepG2) 4540
Hude5E 1, ke FL I (Inotodiol, INO) J2- MAMERE FL
AR R0 = w2 b G, AL ) A
REPERE AT, VST R B MR F L A s o e ed T
KFEREFE M, B UR PR AL T REF I EL /D,
Hai{CAE T2 INO Al s/ bz s FR 2 P4 it ad)
B, FEARIORE S, (H)E INOJE & 2 L H4hT
R E S K AL IR JE ST LE N = A AR O
AR .

SRS YA N SRR 32 28 F RS 7 AR
A PR N, PR S E IR LA s B, 23 Sk
RPN ERBE AT . LH LU P 2L, DT B
Wtk B WEEMMAE R ITE R Pt B S E B IR,
14 W AR %) R B N B I, FEAR R T, Al
A R S R, i H P 2R A Ak, E T S ER
AN I AT SR AR 23 EE A I Y SEE R
B, FE—H ST AN S LA i . MR FL IR — B9
A FH LA AR AR, AL R ) 3 P ok B A
[, fH A BRI BRI =, LR K EZ L
T SRR AR s KR RS, RIS
AT E NSRS, AR/ DX H A — Y o B TE P T
FEIEZ I A B A A R a2 o . E AT R AT
G BB AE XM FL S B =52 b S bt R P E b ih
PR ARSI, AE SR —H X H SR 43 INO BT RPTE
Al P B8 B E P 58 2R DLARAE , PR A S 56 7] FH
LPS #l| % RAW264.7 4l ifd, il i i 57 AR Ah 98 RE 5L
53T INO X RAW264.7 ZHiE AR~ 7E /4, v INO
FHTFRIEIRST A= T & PR RS SLAE FE i .

1 HRSEE
1.1 MRS

MEFBFLEE AR 1 DL ZR i s RAW264.7 41
M W ERE R A AT T B AN A 2T
FHRERE  WTH S rE b T AEHE S 7]; DMEM K57
3(8122114) MTF3[E Gibeo A F]; A4 I35 (FB-

15015) WTSEE CLARK AFEDMS0(0219605590)
T35 E MP 43 7] ; CCK-8 i & (M4839) Il
T2£[E AbMole 22 F]; IL-6 ELISA 74 (QS4289) |
IL-18 ELISA {54 (QS42776) . IL-18 ELISA &7
£:(QS42905) . TNF-a ELISA 7 £ (QS42868)
At d A YR A BRA H — AR AU(NO) 5
MF £ (A013-2-1) | A ke fh il (SOD) Ao il
RN E(A001-3-2)  WgFRE R @Y TR TS
AL SRS (CAT) M T & (BC0205) . FLERLA
ifF(LDH) M52 17 2 (BC0685) . 7§ I (MDA)MIE
i 55l & (BC0025) . 4 e H ik (GSH) i & 32457 &2
(BC1175) . it AL A (H,0,) Il 72 1855 £ (BC3595),
Hoechst33342(C0031) . PI(P8080) Ze ekl bt
BRI FERHFABRLS H]; ROS K71 £:(S0033S)
RS R ARG R T

N-1200B JEf%E75 AL 152 WA RS
Hl; 3K15 =R e 0L PEE Sigma A F]; MOC-
18AIC _Ffbiia iR aufifudszifd  HA SANYO 28
] CKXS3 18] B B iddE . XD30 73t ffss HAS
Olympus 2> 7 ; FC % Thermo BffFr{Y  FHEFTEER K
THIRAY RS BR AN 7 2HH.SY-24 fHIE /K4 bt
ABHER S FRAF .

1.2 SEWHE

1.2.1 HEEFLAE(INO) I AR S%3C
Mk [14—16] FEHEH0 INO. R HR A MErE FLES UE
1TSS, FH 95% 1 2R S i R B 3 ¥R, it i,
FREHHRARAT I o B RAS 00 R IU FH K
SYHC IR Ak . Z PR 208 . 1IE T R TR HR,
R 3 WGP ATATHEEZEIY) . 1R L BRAEEY)
IETEEZERY) . B ZBRAE Y, Gaid sl R aE i (o
%, Y W N 6 mL/min, DL AT I B -2 R 2 BE
(100: 1—1: D) FEREPEMIATE] 28 i3 (Fr.1~Fr.28),

B Fr.5 52t C o ARRE AL 0%, 8 N
2 mL/min, DI HHEE-7K (1:1—1:0) Bs B VeI, 153
25 4~ (subfr.5-1~subfr.5-25) . subfr.5-22 £k
AR, P85 WS 2 mL/min, LA THEE- 2,18 215
(100: 1—4: DEBREEBELL, 153 17 i3 (subfr.5-22-
1~subfr.5-22-17) ., i# iF 5 45 i subfr.5-22-13 15 F]
INO, I AL S5 7 f# subfr.5-22-23 J5, 4515
F| INO., INO S aifbim R aniE 1 R,

Fa 51 A5 B A -G 0 T AT e i AR i i
(R AtsRIE CDCl, . CD,OD. C;D,O. DMSO.
CDsN %5), /b ZRER B T RS b, B0
friggdst, A TR REHRIE . ARPE'D NMR #hE thf
YISl L, HOEEHR ESIWR T C A S o
1.2.2 RAW264.7 AMulEF R4 IR 4
HATEDR, EIRE A 10%FBS F 1% AT
DMEM ;i 383%, B AE 37 °C . HF N 5% 19 CO,
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Fig.1 Flow chart of isolation and purification of inotodiol

T 5 55 2 56 P B I, 18 400 8 B K 24935 £ 80%-~
90% B, $ZHA 1:3 B% 1:5 (14 FL % 40 i 3 LA Ab
H OB A4y A X REZE . LPS 40 . INO IR B4 .
INO H¥eE4H . INO e e, F T e 2ests .

1.2.3 INO F1 LPS X} RAW264.7 4HM13% 75400
B K BAAN I, LA 1< 10%/FL A5 50k 4 fifs 322
) 96 FLAR P, B AE 37 C. W FRE N 5% 1
CO, THIRIEFER P IEFE 12 h, FRAIE s 0GEE . 4>
SIS 0.1, 2.5, 5. 10, 20, 40, 80. 160 umol/L
fY INO ALFRZN ML 3. 6. 12, 24 h, A 12.5. 25, 50,
100. 200 png/mL i LPS & 435l Ab BRANA 6. 12,
24 h, ZJE A 10% CCK-8 Uk, B ABEF2 46 Th i
A 1 h, JHEGFRYAE 450 nm AW 5E 420 00 G RE(E
IR A H A AN ETE J{E . ARYR LIS 1ok a2
INO F1 LPS A EAbFHA 8] Bk B2, 40 M 53 X |
#H . LPS #H (LPS 50 pg/mL) . INO fi #¢ J# 26 (INO
5 umol/L+LPS 50 pg/mL) . INO A7 ¥ J# 24 ( INO
10 pmol/L+LPS 50 pg/mL) . INO /& ¥ & 4 (INO
20 pmol/L+LPS 50 pg/mL), ¥l INO %f LPS 3]
IS RAW264.7 4HIEATE 71, s J1iH3EA S
B/{TI

TG 71(%) = (Aps — Ag)/ (A — Ay) X 100

1.2.4 INO X RAW264.7 40 JAT- 0820 R 4iig
e Fp R 24 FLAR A I8 40 g 53 SR X i ZH | LPS 4H .
INO fIRHEEZH . INO Hife BEZH | INO /R EEZH, LA
WA P E o FH PBS PR AN RS AU 4L 2 YR .
JH PBS X Hoechst33342 F1 PI 3¢ k| ot 17 %% B¢, 4&F
100 puL PBS FiIA 1 pL Jekel, Bl i sy gekik i
A, PKIBEEE 4 C 241 T E 20~30 min, M E L
RIF HZOC B T LS . FIH Image T 3145387
AT AU AT DGR B, Il L B bRtk A Xt
e TR

1.2.5 INO % RAW264.7 4ig 4 MK FF1 NO AU
M ARG AR RAW264.7 AURRE 32w P 28 M
KPR ErE . KA sr AT BEZH . LPS 4H . INO fikik
FELH . INO e FE4H . INO /= ¢l IF- b1 7 25 b
L, AR A S RIS SR T 1.5 mL &8, AR
5 BELISA 7 & NO & & 2 357 & I E Ui A
XA R 3R b IL-6. IL-18, IL-18, TNF-a. NO &
ST, IR A R E R S
1.2.6 INO %} RAW264.7 41 i N ROS & & HY 52 1R
o 2 ML R 2 24 FLAR I 4 I 43 S X RE 2

LPS ZH . INO IR EEZ4H . INO 4 | INO =ik i
ZH, BN 29 A 3RS O 4H A, FREBRES SRR, FH PBS Bt
% 2 Ko K DCFH-DA &% PBS %218 1:500
He B ATRR RS, M A B S b, 37 °C, BOGIFE
20 min. 20 min J5 HH 401, FH PBS PE# 2~3 1K,
R G AR B TS, FIFH Image J A5 HT45
ZHAH AL ROS DO GHREE, I 25 e B b AL Sy X
MBS nmE
1.2.7 INO %} RAW264.7 4iififi-h SOD. LDH, MDA .
GSH. CAT. H,O, /KF-Iysgnm K aupsemps] 6 £L
A H IR AL 53 S X BB ZH L LPS ¢H . INO fIRHk EE 4 |
INO e EELH | INO /=y BE 2 A T2 M Ab 3, W4
ACFRE PR, B OB EVECT 1.5 mL B0, 4
MO PBS BEE 2 WK, IIAFEN 4o HR B0, vkis 14
X 4 M AT A R, 200 W, 3 s/UR, [EIBE 9 s, 1R
B30 ¥k ¥ FRAE R R Gy vk A i 48 A v SOD .
LDH. MDA, GSH. CAT. H,0, 7/KF.
1.3 IR

ARSI By T AT HE 0 oK Y B 1 22 (s ) 3R
7~ F F Graphad Prism A4 317 2 & #i A&, {5
SPSS23.0 A ATH AT 3 Hr. WEMZERFRR N
5% B AH ELF “*7 27R, *(P<0.05), **(P<0.01),
*#%( P<0.001); 5 LPS A AH LL FH “#” F/x, #(P<
0.05), ##(P<0.01), ###(P<0.001) .
2 GBR5SH
2.1 HHBFLEEE (INO) LEaMEHMEE

INO £ i 5 &, B AR, % T &7 ; ESI-MS
m/z 465.6[M+Na]’; 73 ¥ : C;,Hs,0,; 'H NMR
(500 MHz, CDCI3): 6H 5.18(1H, t, J=7.0 Hz, H-24),
3.66(1H, m, H-22), 3.23(1H, dd, J=11.5, 3.9 Hz, H-
3),2.05(2H, m, H-23), 2.04(2H, m, H-7), 2.02(2H,
m, H-11), 1.81(1H, m, H-16a), 1.79(1H, m, H-20),
1.74(3H, s, H-26), 1.73(1H, m, H-1a), 1.72(2H, m,
H-12), 1.68( 1H, m, H-6a) , 1.65( 3H, s, H-27) ,
1.63(2H, m, H-2), 1.62(1H, m, H-15a), 1.55(1H, m,
H-17), 1.51( 1H, m, H-6b), 1.42( 1H, m, H-16b),
1.23(1H, m, H-1b), 1.19(1H, m, H-15b), 1.05(1H, d,
J=12.6 Hz, H-5), 1.00(3H, s, H-29), 0.98(3H, s, H-
19),0.94(3H,d,J=6.5Hz,H-21),0.87(3H,s,H-30),0.81
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Fig.3

(3H, s, H-28), 0.72(3H, s, H-18) (&l 2); *C NMR
(125 MHz, CDCI13)(# 3) . i & Wada by, 70
SE N INO,
2.2 #EFLEEE (INO) X RAW264.7 4HAEFE HEY
20

TR U BE 2 W s AN [R] 45 25 ) (] Y m] ) e r= AR 55
TEVEF, B7 1L E MR EE INO X4l g1k a3 9552 i s
B UE T, AS S8 S ] CCK-8 J7 %) INO #4740
LEAPEPEHY, ARPEAS R M INO X4 7 sz,
TR R AL A S Y R T e 1 B A 4 24 e 58 A2 st ]
JH0.2.5.5.10, 20,40, 80, 160 umol/L #JFE [ INO
X RAW264.7 40 il 53 A AL FE 3. 6. 12, 24 h, F|H
CCK-8 WA U 40 Mo 3% 77, 45 R uni& 4 przx, INO &b

C NMR diagram of inotodiol

B RAW264.7 40l 3 h Ji5, £ )E 20 43 71 JC i
FEPEZER A 6 h JE, MHREESN 160 pmol/L B, 41
LI 1 B3 R (P<0.05); 4RFR 12, 24 h /5, BEE
INO ¥R EEHRT}, AHMLIE ) S B0 N RERaE, 2 INO e
T 20 pmol/L B}, ARftIdG J1 BRI (P<0.05), -2
PSSR E; 4B 12 h 5 24 h J5, INO U RZE4
FIEARELE 20 pmol/L, FTLARTFEH INO X RAW264.7
2T ) 22 A FETE B oA 0~20 pumol/L. AR 38 41 i 7%
FIIEER, AR S HEPE 5. 10, 20 pmol/L 1E K5
SESZIGTY INO MJEARRE, 12 h S INO AbF RAW264.7
LI e A AR PRI TR]
2.3 LPS Xf RAW264.7 4Rf5E 12200
LPS T LAKI# RAW264.7 40t 7= A= 26 5E, I151
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1509 3h W7, G5 R ANE 6 iR, BEdE LPS WeBE g, 2540
BHA [A] 0 20 G ) B2 R RS, 24 LPS WE A
= 1004 F| 50 pg/mL B, AT 44 25 FEAIK(P<0.001), Jf:
= H B A BT R S, 2 s e, 2 Aah 3
;H’EE 12 h i, 50 umol/L i LPS {#i15 RAW264.7 4Rfli% /1
g 07 A 55% 2o, ST LPS RIMGRIE A 50 pg/mL,
ACFRESTAISA 12 he
0-
Control 1 25 5 10 20 40 80 160
HERSFL AR (umol/L)
150 .
S 1001
R > Qs
2550 : e o SR e R
& 5 LPS Ab3E RAW264.7 40 5 e IR & (200x
Fig.5 Micrograph of RAW264.7 cells treated with LPS (200x)
0 TE: A: X IR4; B: LPS AR FHA
Control1 25 5 10 20 40 80 160
HERSFL AT (umol/L) 1507 M Opg/mL [ 12.5 pg/mL O 25 pg/mL
150 - M 50 pg/mL @@ 100 pg/mL @@ 200 pg/mL
12h
& 100+ x .
g 100 E **i*:**
i g
% 50 - ok
6h 12h 24 h
O-C 11 25 5 10 20 40 80 160 T
ontro .
HEB LB (amollL) B 6 AEHeE LPS Xt RAW264.7 0I5 77150
150 = Fig.6 Effect of different content of LPS on the viability of
24h RAW264.7 cells
. 2.4 INO %I LPS iBESH) RAW264.7 4HRE5E FIE0SM0
;\, T B HEF INO % RAW264.7 41 i A5 3 VE
= FH, ARSZEG E Se A INO X 4T 12 h i TAL 2,
gf; 504 FAOA 50 pg/mL /9 LPS #E4THI7#4,12 h J5 A CCK-
150—
0-
Control1 25 5 10 20 40 80 160
HEAE FLIRTEE (Lmol/L) ~ 100 Hith X
Kl 4 RFEIHEE INO AbELA[H] )X RAW264.7 S
I F1 0 T iR
Fig.4 Effect of different concentration of inotodiol on % 50—
RAW264.7 cell viability
TE: 5 A A b 7 R M 22 =, *(P<0.05)
##(P<0.01), ***(P<0.001); [ 6 [fl., 0=
LPS (50 ug/ml) -  + o+ o+ o+
§ , v Inotodiol (umol/L) — — -
PIAMRIDAS ARG, AOLRRGEE UL E‘;‘;" 11‘;12)“‘;’; LI)’S i1 RAW262 7 élﬂﬂl’g‘ﬁjj ;’;)ﬁ’ 1]
_ ; ¢ 7 A ShAl
FASAAL I 5 FF, IERORA T RAW264.7 41 T RA{W264 o
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