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W OE B/ RO 25 (HDP) 3 BS54 60 % h B, ik AR A H 0 LA NI IR R s A B
I & AR 4K B 4L LA 40 (4 mmol/L 5108 B )  HDP A& & 28 (4 mmol/L 5 %8 B+50 mg/mL HDP) #= HDP % ik /£ 44 (4
mmol/L 58 BF+100 mg/mL HDP) , 540 4 22 j5 WS 32 By & AT ik 9€ @ AR | 38 038 A BT AL R 28 T AL . A AT LO2 4m i g x
e, o Fy i A 20 (4 mmol/L 518 BF ) \HDP Ak & Z 28 (4 mmol/L 5+ Y8 Bk+2 mg/mL HDP ) A= HDP 2 3% & 48 (4 mmol/L 5 X8 -+
4 mg/mL HDP) , 5284k 22 J& ¥ i) 4 BeL 75 76 15 0L, 2m o b 3 i P 7 S8R 45 R 8 (ALT) | R A RUBR 45 2B (AST) R T & 4w fe 3L g ik
S H K (GSH) A8, iS5 &R Y B F 1(Sirtl) B FHEFL R 2484 B -F 2(Nrf2) | fe 4 & w55 1 (HO-1)  BRAALE R 1
(NQOD) &Gty ik KT, R SEAME HDPIK &R 5t 5 & I Ik % K @ Ao 32 8 3% (HDP AR LA TR 91 ) 3 B 3%
¥ (P<0.05 3 P<<0.01) , JF B 45 SR SEAF LM A REAZ B R &, SR M ks HDPAK SR E 4 L02 4 e 5% % ,GSH &%
(HDP &R B 20 91 ) , Sirt] (HDP AR 201k 51 ) Nrf2 NQO1 . HO-1 (HDP kK B 201 91 ) & & K A K35 B %91 5 (P<<0.05 3%,
P<0.01);ALT .AST(HDP &K Z 20 41 ) /K-35 B % 4K (P<<0.05) 5 4 & ta LA 2 39 91 238 I, 545 %50 T 28 BLA 3 39 9 B,
Vo, 51 HDP M8 BHA F 09 T B4 LA — T a9 B EAR R, FLAUH] T A8 5 8 Sirtl/Nrf2 42 5 i 58 L& &R it RS A
tehk A%,

KR GEER S AR TR 5D & AT L02 49 ; Sirtl/Nrf2 13 53l %

Effects and mechanism of polysaccharides from Hedyotis diffusa on isoniazid-induced liver injury

ZHUANG Xiuping', LI Li*, CHEN Chao', WANG Liyuan', CAO Guangshang’, ZHOU Peng’, WANG Xin’
(1. School of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China;2. Dept.
of Pediatrics, the Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan 250011,
China; 3. Dept. of Pharmacy, the Affiliated Hospital of Shandong University of Traditional Chinese Medicine,
Jinan 250011, China)

ABSTRACT OBJECTIVE To investigate the effects and mechanism of polysaccharides from Hedyotis diffusa (HDP) on
isoniazid (INH) -induced liver injury. METHODS Healthy transgenic zebrafish with liver-specific fluorescence were divided into
normal group, model group (4 mmol/L INH), HDP low-concentration group (4 mmol/L INH+50 mg/mL HDP) and HDP high-
concentration group (4 mmol/L INH+100 mg/mL HDP). After grouping treating, the liver fluorescence area, fluorescence intensity
and pathological changes of liver tissue were observed. Human liver LO2 cells were divided into normal group, model group (4
mmol/L INH), HDP low-concentration group (4 mmol/L INH+2 mg/mL HDP), and HDP high-concentration group (4 mmol/L INH +
4 mg/mL HDP). After grouping treating, the cell viability was detected, and the levels of alanine transaminase (ALT), aspartate
transaminase (AST), and the content of glutathione (GSH) as well as the expression levels of silent information regulator 1
(Sirtl) , nuclear factor-erythroid 2-related factor 2 (Nrf2) , heme oxygenase-1 (HO-1) and quinone oxidoreductase 1 (NQO1)
proteins were detected. RESULTS Compared with the model group, the HDP low- and high-concentration groups showed varying
degrees of increase in the fluorescence area and fluorescence intensity (except for HDP low-concentration group) of zebrafish liver
(P<<0.05 or P<<0.01), and the characteristics of liver injury and necrosis had been improved to varying degrees. Compared with
model group, the survival rate of L02 cells, the content of GSH (except for HDP low-concentration group), the protein expression
levels of Sirtl (except for HDP low-concentration group), Nrf2, NQO1, HO-1 (except for HDP low-concentration group) were
significantly increased in HDP low- and high-concentration groups (P<<0.05 or P<<0.01), and the levels of ALT and AST (except
for HDP low-concentration group) were significantly decreased (P<<0.05) ; the number of survival cells significantly increased,
while the number of damaged or dead cells significantly decreased. CONCLUSIONS HDP has a potential protective effect against
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associated with activating Sirtl/Nrf2 signaling pathway, improving
mitochondrial function and enhancing antioxidant capacity.
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JHEA 03 2 25 e BT s 118 g BLEE At , A B S 40 )
SR 4L AL B R . 251k
45 43 (drug-induced liver injury, DILI) &t Ak 2% 254
WA R RIR 25 A S A ™ 5 DR A9 4
F L RRFBAE I, CC R BRI SE T B 5 RS
R, IR, 51 DILL A 25 Y Fp 2R 45 E S R BT ¢
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KA 21.99% . SRR WHO HEZER bR IEDT S
AGEIE Lol =priraL /NSRS Ry 2k s Ratiolis
Witz , KRERZ N 48%", ILFE SRR E E N
T, SRS P4 3697 T A ) L 2E S A v AR B e e i Ay i
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ek B ARGAGER R, LE SR 255 5 7 R r
P C AR ZAR R, BT, P EEIRYT AR
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B 25RYT 0 B 22 IR 2N 2R sr A IR
FYARF AL, TE R R IR | BT £ XU | A2 22 155 2
J'e HsRAIUANE E RE 55 Dy LA B

AN DILL) & AR B VA O™, LB B
P75 B F 1 (silent information regulator 1, Sirtl )/#% % ¢
T4 A& 2 #H2 A+ 2 (nuclear factor-erythroid 2-related
factor 2, Nrf2 ) {5518 2 ML 58 2 (B ST i D0
Sirt] TG BEAEHE Nrf2 4% 55 (o, DI 3 ifiL 21 38 i 4t 1
(heme oxygenase-1, HO-1) | i % 1k if J5i % 1 (quinone
oxidoreductase 1,NQO1) Z&HT & fb [ F 1 % % 5 3k38
RAFEXT DILT P ECEAE ™, A & B8 95 SR YY)
A6 5 B Hedyotis diffusa Willd. (T H2 450, AT %
ARRE TH IS 28 AR T B2 B (polysaccha-
rides from H. diffusa, HDP){E Sk H 3= o3 1 8 B2 7
Y, AR PUEAL BUE R e AR 2 A 2
YRR, JU R 0 2 b A A P JLAE S A 3 2
BT AR SR AL T A ) SN AR SRR T A5 e
JLZE R I R 1 B S MR O 24 43 00 s, BB B L R
B A S NS B AR AL 0 B 1) fa &) fa SR A IO
HDP X} S B0 ()5, [R]Rs 456 A LO2 41 i
TR A0 ek AR AL, B 76 2 DILI IR Y7 48
HE%,
1wy
L1 EEUHF

AT T EAER AL HE 1260 B &5 8808 AH (1S
(2 [ Agilent /A & ) , EP214C B J7 43 22 — 1, T K- |
AB135-S B3 73 Z — K (Fiii 1 Mettler Toledo A H] ),
EG1150 %I £7 4 #E AL . RM2235 #4785 ] )5 #1 (7 ]
Leica 23 1) ) , KQ-250 A1 75 i Vi v i (& L i 7 A
AT, H1650-W B 15 2 o 2 AL (T R i
AUARIT KA BRI 7)), SZX16 B % B 5 .FSX 100
AU 33405% ( H 48 Olympus 23 7] ) , HT7800 #4155 5 Fi, - ik
i85 ( H A< Hitachi 22 ] ) , Fusion FX7 B Z I REN R R 5
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([ Vilber A 7 ) , CMax Plus BUBFARL (_FHEEA 71
IR BRASF] ), COE TR AN M35 250 (RS 22 5256 15
HHIRAF]D
12 FEHRBSRAF

SR IR (FHE5 MKBQS553V, 4l i =99% ) i
78 [ Fluka 22 &) 5 AR FER R (FiE55 220602, 77 1
TR B L) WA AR 250 e A BR A 7 5 TR IR
Z Mif# (alanine transaminase, ALT) . K 4& & 1ig 1% Z( it} (as-
partate transaminase, AST) . 4* Bt H ik (glutathione , GSH)
K £ 928 1 B 22 (ELISA) 157 5 A1 BCA & 1 il i 3K
& (45 43 9 20220412, 20211215, 20220354
20211224) 0 A R 5 HAAE Y TREIFGE T s SR AKS -H
41 (HE) Y (i 7 & (5 20211218) I b 5T & 3£ R}
oA PR\ F] s DMEM (= 4 44 0 4% 77 55 (4iE45- 70090200 )
[ANE I RNy P v S S /AN IR = R S 1 Rl G e
22020702) 1 [ 32 [ Gibeo /A 7l 5 CCK-8 kil i 77 £ (it
5 G2026-1000T) 1 [ BRI FELE /R AW RHE A R A T 1Y
WE AR /BILAL T BE (AO/PT) AUHL AR & (L5 VD144718) 1y
F bt o B R A FR A A 5 F Sirt] By BEPTAR
Nrf2 2 FaFEHUAR 2 HO-1 B sE FERTIA At NQO1 H v [
PO A H I -3- 1 2 I = 8 (glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH ) £ ¥ [ 71 A4 Fll R AR 1o 4
1k W i AR 0 B 3 B A 1gG Bt (AL 5 43 il
ab189494 . abl137550. abl89491. ab80588. ab9485.
ab150077) 41y [ 45 [E Abcam 23 ) 5 FHEE | 2 B4 H A3,
TR 3 B 28 5 K A IR I 2K
1.3 IS5

FLA e R S P 28 1) B JE 1R B ) # (L-FABP:
EGFP) th 57 & Tolk K= A Wpwit o8 r it . B0 2 £ (1) 55
¥ %H 2 I8 The Zebrafish Book , ¥AE BG4 G1ES &
JRALbRIE, BES SR AF AT - AKiR (28 £0.5)°C,
pH 7.0~7.2, B 53 450~550 ws/cm, B 15 HG IR & 1] 4
10 /14 h, BAEBE L A H B FARIRL R 3k, B
IR iR BT B A G 55 57 W (5 mmol/L NaCl., 0.17
mmol/L KC1,0.4 mmol/L CaCl..0.16 mmol/L MgSO.) 1,
(28.0 +0.5)°C F 065357, & 24 h IR IR WO )
A 2 BRAEIR , G %% 4 I 7E 5 4% /mL.

NJHFLO2 40 (575 SNL-141) W [ 310 % BB AE M
ARAPRAH],
2 A
2.1 HDPHIHIERESENE

HDP il £ 22 SCHR A" U1 000 g [ AE g 5
KA HIRE, LA 15 455K 80% L5 Bl NS s e S 24 i
TR 10 A5 B KR I 2 K, BRIR 2 b B I IEW,
MR 4 ZE R 5 BE 24 1.015 (60 °C) , g a5 UE W it
D101 BIFALI A AR AT , WSO 2400, D Wk 4 28— 1k
i, oK H Savage 5 L BB A 5 BIHWINA Bl s 7 =
ik 90% , i E L, pE L, UOTE H G BEPER , T 60 °Cl T
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T4, 15 HDP, I HH 2R B - e i 152 125 0 2 HDP 1% Jo
Uin G
2.2 ETHD&EEETN HDP 3T 7 4H B2 AT 5 45 B9 4R
FEA
2.2.1 HDP Tk B /i

PED i ia ka3 d)e, B IE R A B RS )
i, DVREFL 30 BT 6 FLAR T, B AL A o0 IE 5 4L (B
4] HDP 4, B 3N EfL. 1IEH A D257 IG
R IR0 AL BE T 6 25T 4 mmol/L SR IR iR 1%
FEIR, HDP ZH BT £ 25T & 4 mmol/L S HRIEFIAS [R] e
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B IR P A PR A ) R IR RS IR T A S
T 28 CCHIR BT R A P AL IRV A 25 T2 h, B 24 hie 1
WA VIO ESRIEAE N BE S 56T AOARE , 18 5 — %
TEASRFIE A 2 W AR PE 43 o DABE ) fa &)y £ (14 4715 2R
WAL SN FE bR, T HDP YT Fie B .
2.2.2  BEIh A A 9 G AR B G B Al

BRIBL 272 h  BEPLEEHL 2.2, 170 F 1E# 4 (5
TR ZH A1 HDP IG5 6 41 (50, 100 pg/mL, AR 45 “2.2.17
T S0 28 vk $f ) BE Sy a4y 08 2, 7R W s T L
FEBE A0 1) Ry B IR A, 1 F Image I 504253 B R
DA
2.2.3 BT 0 4] SUR HA A

BRIBH 272 hg  BEPLIEEL 2.2, 17T F 1E# 41 A5
T 25 A1 HDP IG5 % 5 41 (50,100 wg/mL, AR 4 “2.2.17
U S0 s vk P ) B a4 0.3 2, 4% 2 R P M
2.5% I [ o B A% 22 5 W 150 1 Wy i, 93 2%
LK A R A 1R, E1 7T HE e @
ol FH B AU SR U 2D A IR . B 2.5% 13 T [T
HIBE S a4y, B 19 SRR 181, A RN oK , B
I EE ) A, RBSTR AN AT R AT e €, ff
FHIB ST DA AR 2 20 B I F4T B
2.3 ETFL02 MiEEEH 5T HDP 3T RE BB AT R 5 89
RIPERRHLE
2.3.1  SUEMERTHDP T 1k 5 1Y i 16

L2 40 fade 1 X 104~/ FLIY % FEHE RN T 96 LA H,
Rigg 24 h)g , i A 2.4 .6.8 16,32 mmol/L [
SEARERE SR 24 h, BRI 4 R AL, R CCK-8 4G
U206 %, AR E R S Ul I 5 ikl 7. DL
[ A 7 3o G T ot et vk 3 430 R 1.2.4.8 .16, 24 mg/mL
() HDP Kb B (1 20 MIA7 G % AAETE R = (4 20 41°F
P28 B — A 208 B/ (A0 A2 1 %) R
% Bl — A FE ) X 100%
2.3.2 HDP Xt SRS 15 LO2 4H BLAAIE 1 520

FERR“2.3.17 TN Jr ik 45l 5 IR A0 24 b, SRS o
R IE 4 EALZH FTHDP I S 41 (2.4 mg/mL) , &
P ANESL, EHAMIBELE T 5 10% i 4 1075 1Y
DMEM 15 & 5k , #5580 20 4 i 45 - 1% 4 mmol/L 5 4 JHF i)
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Ri 3L  HDP I | = 16 20 40 B 43 90 45T % 4 mmol/L 5+
JRERIAR N e i HDP (2 .4 mg/mL) R #2355 57 24 h,
K H CCK-8 IR AN ALAF 15K . [Rl b FEAN AL , Wi
il e ke AO/PTIR I Ubd B A5 J5 i b AT WU Yo, i P iy
FRASOUREE A B A TG AR 100 o

2.3.3 HDP X} LO2 4fiJffg I3 W ALT . AST 7KV K 4t g
L b GSH & B 52

102 AHAE LA 1 X 10° A/AFLAY S BE B Fh T 6 fLAR
Kigi 24 hm  #22.3.27 0 F ik srel Wb PR, i 31
52 FL, WACAHE 20 L 37 TN A A, 42 R) B 1 B S
D743 SRS I A0 L 5 R AST ALT 7K K 4 i 4 fi
Wb GSH &t
2.3.4 HDP X} LO2 40 it v Sirt1/Nrf2 {55 18 A 6 2
FEIR R

K FH Western blot 7450 . 4 “2.3.37 11 4% 2H 4 iy
SRS LG RS A AR, UK AT S R,
H 5% BiRg2F W5 P Je , 76 4 °CF 23 3 Sirtl (Nrf2 |
HO-1.NQO1.,GAPDH Ht {4 (#5 & Lt 441 4351 1:1 000,
1:1000.1:1000.1:1000.1:2000), 58 7% , Yk 3 ¥k
J& L I B (R B9 9 1:5 000) , IR H 1 h,
ECLiAFI AT 5 , I 2 IRE G R it i . R
FH Image J FAF 0Bt 8 1 2571 A, A H B9 8 2500
IREE 5 N2 % H (GAPDH ) £545 JK FE (A LU AEPEMY B
H R R IR,

24 FitF4biE

& H GraphPad Prism 8.0 4474347 o S 560 A4
Phx+sFon, Z4 M BRI R 7 22087, dF—2
PIPZHLIA] HL R F LSD- A6 56 . #6396 /K i =0.05,

3 H£R
3.1 HDPHIEEEEERENH

1000 g FIfE#ET FLK R, nl$2 U4 12.35 g HDP,
35N 1.24% ; HDP [ TN 61.47%

3.2 HDP X FUEB B D & AT R 5 B R P 1
3.2.1 HDP X BELh £ 5 IR AR 4 (1) 52 )

HDP Jii & 1 5 7E 150 pg/mL K LA b, BE 40 i 77
TR T 95% , Wi AR R 5 T 16%, 5 R WR 1, 255
# &, PP 100,50 we/mLAFE R 5 £E5E D 14 52 5 HDP (1)
[N (197135598
x1 AEREHDPXN D &TEFRMBFEZ RN

(x*+s,n=3)
a5 Ak TR B %
¥4 100 0
BRI 4 mmol SN 98.89%1.92 7851186
HDPAL 4 mmol/L SH+800 pg/mL HDP 0
4 mmol/L F/fH+600 pg/mL HDP 21514385 100
! 56561315
’/

4 mmol/L 5#4+200 pg/mL HDP 76874333
4 mmol/L SM+150 pg/mL HDP 94841384
4 mmol/L 5 +100 pg/mL HDP 100
4 mmol/L58Hk+50 pg/mL HDP 100

3470£284
1882+ 1.74
10004333
1781192

i
’/

4 mmol/L SHHE+400 pg/mL HDP 35.56+192
f
i
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3.2.2  HDP XFBELD 1 JHE S AR Ko B i 5
SIE 4 He A, AR A BE T £ BT D 1 AR AN

5 24 8 /N (P<<0.01) , d W A A3 s A 1l )y 5 S5

R g, HDP AR | i e B 2R B 2 £ S A 2 Ol 1 R
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3.2.3  HDP X B Hy 1 JFF2H 2 BLAR AL 1 52 0

5 IE R 20 A, BT 2 B0 L £ T 240 R A %
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s SRRIZH LR, HDP I e v B 2H 30 5 £ JTH20 i A% A
SRR (14995 FRAS AL 35 A AN [ R B st , o HDP g ok
eI, 250 0E 2,
3.3 HDP X B2 L02 4B iR 5 BR3P 1E A RALE
3.3.1  SEARMERIHDP T 1k 2 1 i e 2% o

Al 3(A) BT, LO2 240 M A7 375 5 b S A ik vt 2 vy
o TR ARG , 224 S AR JE A B2 50 4 mmol/L B, 2 A7 115 R &4
H 80%, i /&£ Western blot S 2 HUAR [ I ER , 25 /%
S L 4 mmol/L AR Ay S JH R 75 5 S 4 1) 25 24 9 2
nPE 3(B) iz, LO2 4 M A7 175 2% i HDP Jo7 te v B (1 -5
MRS, >4 HDP JiT it ik B K T 4 mg/mL B, 2 i A7 775 %
fIKTF 100%, 254 %5 S £ 2 .4 mg/mL /E A HDP i i
Ik R
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D. HDP ik 40
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4 FBHEL2HAMTFEEMNESER (x+s,n=4)
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SEER AR A R B B D, SR AT AR
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0.01), &AL 6,

150

HDP &k 4L
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% 5 5 )
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0 0
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WRREAL WAL WAL WRIEAL
A.AST B.ALT
30
3%
5 20 c
£15
2 T
=10
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a
8 5
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4, P<<0.01,
6 FHHLO2HRE EiFiRH AST ALT 7K F K& 4 Aa
BB GSHEEMNELER (x+5,n=3)
3.3.5  LO2 4 Sirtl/Nrf2 {5510 J{AH 56 & 11 K351
I 5 5
55 1E W 40 He B, B 2H 102 41 i Sirtl \NQO1 .
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HO-1 i 13235 K73 18 3 IR (P<<0.05 3 P<<0.01) ,
Nrf2 5 R BKEA T HERTL I E X
(P>0.05) ; S54RI 2H [ %5, HDP A v B 28 102 41 fifg
Nrf2 \NQO1 % [1 735 7K P-4 i 2 7} & (P<<0.05) , HDP
1B e B 4H L2 41 it b Sirt] \Nrf2 \NQO1.HO-1 % 1335
IKOF 34 B 3 T (P<<0.05 8 P<<0.01) . 45 3 UL &
7. A8,

s S S -

NQOI1 - cg— - - 30 kDa
o1 D S S 0

IEHAH B2 HDPARMKJEAL HDP @i 4l
7 HHALO2HMBEH Sirtl Nrf2 NQO1 HO-1EHR
LB EE
1.6 C
= L
a 1.2
=5}
<
<)
208
Z
0.4
IEW4L #9841 HDP Ik HDP % W4 U841 HDP{E HDP
HeREAL VieREAL WREAL Wz
A. Sirtl B. Nrf2
0.4 0.5
T 03 - 0.4 b
2 a3
2 03 4 e
S o02 ©
2 < 0.2
@]
goa T 0.1

o

0
IEH 4L 520 HDP X HDP i
WAL kAL

D. HO-1

LW 4] #4] HDP{IE HDP (5
R eEAL

C.NQO1

a: SIEWALILEE, P<0.01;b: SR AL, P<0.05;c: SHAIL
HAE, P<<0.01;d: S1EH# 4 H#, P<0.05,

8 {LALO2 4 Sirtl Nrf2 NQO1 HO-1EHR

EKERMELER (x£s,n=3)

4 Tig

S MR IS S ) BT 00 -5 A AR IV 2 5 15 A o]
BN FAALIFEIT I B 2 R A S D e R VI A
S, HT S B A T 3 P o i K A S D
b U PERRAR AR X G AT 45 R —3 . HDPRER3
A A RS S B S T (0 L S U PR AL, JEH R X2
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