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mmol/ L, i 25 Fl S Ak 3% S G Ak 30 40 6L 1) 45 79 5% Sty 2 ol T TG 0 % Tl P 2L 19 D S I 2 1t T o, T 4
P Bk, P S T A B IR A B AR, TR (P < 0.05) o 1 SR A AL T S o0 BE B g BEEH
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[ Abstract]  Objective To compare the hepatotoxicity of matrine ( MT) and oxymatrine (OMT) and explore the
severity and characteristics of their toxicity, and to preliminarily elucidate their toxic mechanisms. Methods Liver cell line
LO-2 cells were treated with acetaminophen (APAP) , matrine and oxymatrine for 24 h, and the IC,; values, the contents of

enzymes in the liver cells, the pathological changes, the contents of malondialdehyde (MDA ) and glutathione ( GSH) and the
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cell apoptosis rate were detected. In addition, adult zebrafish were treated with APAP, matrine and oxymatrine for 96 h, and
the LCy, values, the pathological morphology of the liver cells, the contents of MDA and GSH and the apoptosis rate were
detected. Meanwhile, the expression of oxidative stress-related gene, zgc: 136383, and the apoptosis-related genes,
EIFAEBP3 and zge: 123120, was also detected. Results Matrine and oxymatrine had toxic effects on liver cells in vitro.
The IC,, value of matrine was 5.3 mmol/L, and that of oxymatrine was > 19 mmol/L. The contents of alanine
aminotransferase ( ALT) , alkaline phosphatase ( ALP) , aspartate aminotransferase ( AST) and lactate dehydrogenase (LDH)
in the liver cells treated with matrine or oxymatrine were increased, and the cells appeared swollen, with an increase in the
MDA level and a decrease in the GSH level. The cell apoptosis rate was also increased (P < 0.05). Furthermore, matrine
and oxymatrine had toxic effects on the zebrafish. The LC,, value of matrine was 0. 41 mmol/L, and that of oxymatrine was >
3.8 mmol/L. The hepatocytes of zebrafish treated with matrine and oxymatrine appeared vacuolization in a mild to moderate
degree, with an increase of the MDA content and a decrease of the GSH content. The cell apoptosis rate was increased (P <
0.05 for all). Expression of the oxidative stress-related gene zgc: 136383 (P < 0.05) and the apoptosis-resistant gene
EIFAEBP3 (P < 0.05) was down-regulated by matrine, but that of the apoptosis-promoting gene zge: 123120 was up-
regulated (P < 0.05). Conclusions Results of the experiments using liver cells in vitro are consistent with those using the
in vivo zebrafish model. Matrine (MT) and oxymatrine (OMT) both have hepatotoxicity, with similar toxic characteristics,
and the toxicity of matrine is greater than oxymatrine. The mechanism of their hepatotoxicity is related with oxidative stress

and cell apoptosis. Matrine reduces lipid transportation and activates oxidative stress reactions through down-regulation of

gene zgc: 136383. In addition, matrine induces apoptosis in the liver cells via up-regulation of the apoptosis-promoting gene

zge: 123120 and down-regulation of the apoptosis-resistant gene EIFAEBP3.
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1.3 XWHE
1301 {RA1 20 455 780 35 PE Le A B 52

(1) 40 B 15 37 5 40 38 K T 40 M A A7 7 JBEK 1
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10 min,630 nm #1490 nm A5 0B o 1590 ) T
I3E: (Dygy = Dgg )/ (Dygy = Dgye ) x 100% , I 355
IC,, 1H .

(3) 200 M g A2 0 - 24 b J WSO R % 5 Ak A6 U
AN Z i (alanine transaminase, ALT) , 45 ¥ 5% &4
fiff ( aspartate aminotransferase, AST) , B P4 % Mg fif
(alkaline phosphatase, ALP) I ¥, 2 it &( B ( lactate
dehydrogenase ,LDH)

(4) JF40 B T2 25 2 A6 A < >R 40 M€ F B R 1
ho HE e 406 A7 T 40 M0 25 o JFF 40 s 123 2
T OIEH A EA SN -7 ,0 98
AR RERP K -+ 71 G D A S b RE K+
+ 7,2 G AT AL R AR+ + 473
GONTAIEIRIE " + + + + 7,4 90

(5) N B A e H Bk =02 .24 h s,
1.8 o/ JBREE FI B AL , O4E 20 o OF 22 77 TR E Tris
ZZ phi H ,4000 r/min B0 10 min, WO FIE W, K
WP A e H IR &

(6 ) JH- 240 0 0 T 4G 0 < 48 B NE I, i R R 42
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MM T BAFEABENLLE 5 A X0 T 4 A
BATEM T E P T Al i g A x 100%
1.3.2  IRPIEE S M0 A R 3 P LB oY

(1) B Hy 4] 57 5 40 31 . KR R (23 £ 1)C, pH
N (7.8 1) B# B 250 mg/L,SGHARF[E] A 12 h, 5E
7 AT AN B 25 0 5 S e AT IR ) 3 ) A A
5B H0% B £ (EX-EL2012005-01) (9 83K . 1C,, ik
grf, X £ W2 B 8 mmol/L, ¥ 24 0.26,0. 32,
0.40.0.50.0. 63 mmol/L, & L1 =5 3. 8 mmol/L;
HAK K X 2 B2 S 8 mmol/L, 3 24 0. 26
0.40.0. 63 mmol/L, & {15 Z18, 3. 8 mmol/L,

(2) LCy, Ko I« 25 4 kb 38 J W 4 3 ) 1) H 8 4b
WL AT R R A AL, 96 hJE , PRV TR K B )
T4 SRAE 5 LG, fH .

(3) P MBS 245 4 .96 h J5 s ¥ 2 SR FE ., WL
JIFIE A 8500 7 HE e KA P2 . 40
PR ELAF AN - OIEH 40 M A e i gty . -7,
0 9% ; QIF MR FE WAL + 7,1 90 N4 v B2
WAL+ + 7 2 Y @R E A A+ +
+7 3 GO HMIRAE " + + + +7 4 5

(4) PR I P04 DG T Ok 2 o 000 5 - BB 5 0 i
JIE21%% ,3000 r/min 5.0 10 min, WA - 75 R
PN A IR

(5) 7 40 Je 0 e 00 < RO R A W 80 7, B D0
W8 J5 , PBS 3% 5 min, DAPT %4 {4 20 min, £ il
JF 240 L0 T 0 [ A S JH 240

(6) % I A0 4 T AH G B DR ARG N« B i 2H
#5208 (0. 40 mmol/L) 41 5 I fa fiF JIE . A I 5
zge: 136383, zge: 123120 FI EIFAEBP3 1y 3 ik,
PCR 25441 F :95%C ,5 min;95°C ,10 s;60°C ,30 s;
i 2 x QuantiFast SYBR Green PCR Master Mix f
1740 NMEA . 1PEIFWTF (5 —3") :GAPDH-F;
GTGACCCCTTTGCTGTTTCTTT, GAPDH-R: GGCAC
GTGGTGCAAACATT; 2gc136383-F: GTTCCCATCAA
TCCAGACGGT, zgc136383-R: TGACAGTTCTGCATC
AACACATC ; EIFAEBP3-F; AAGAAAGCACATCAGAA
CATAAA, EIFAEBP3-R: GAAATCCAGGCAAACGAA
A ; zgc123120-F ; CCAGACACCTCCCCTCATT, zgc123120-
R:CTCTCCAGCACAACTTCCC,

1.4 ZHiHEFE

K HI SPSS 13. 0 i 47 848 43 #r , 52 56 H s LA
PR+ bR 22 (& £ 5 ) RoR o X T IE & 40 A 1 5
P, 2H 1B] bb A8 ok B8 BR 3R 7 22 93 Bt (ANOVA) 5 X
A IE A5 A BBl 4L i) LA CoR U KR 86 . A 40 e
e HE 25 % I 2F /8 B Radit 307 &40 M. DL P
< 0.05 hzERf W EE,

2 H#R
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A B BTG A A 2 R AL S
IC,,fH 43 %] & 5.3 mmol/L A1 > 19 mmol/L,
e ST R IR R (N T A N =
2.01.2 JHF 40 A e ARG

R R (R 1) 0 Z B EE W (32 mmol/L) 4]
Y ) ALT . AST. ALP F1 LDH 4 & # i (P <
0.01) ;126 (20 mmol/L) ZH 4 g ALT . AST . ALP F
LDH &8 E (P < 0.01) 1M 1% 258 (8 mmol/L)
HAHEAL ALP LDH F &3 fm(P < 0.01) ;8 L%
B (19 mmol/L) ZH A 1) AST ALP A1 LDH & & 34 fin
(P <0.01), 5% ZH(19 mmol/L) M I, %
B8 (20 mmol/L) ZH 41 iy ALT AST.ALP F1 LDH & &
FE (P <0.058 P < 0.01),
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F1 wSEHMEAE ST MEEREE(x +s, n=5,U/L)

Tab.1 Effects of matrine and oxymatrine on enzyme contents in the cultured liver cells
N N = R T ] T
a5 1% (mmol/L.) ﬁﬁ%ﬁ@ﬁ ﬁﬁ%%% ﬁ)}ﬁfﬁi%@i@@ FLIR I Sl
G D Alanine transaminase Aspartate aminotransferase Alkaline phosphatase Lactate dehydrogenase
roups ose (ALT) (AST) (ALP) (LDH)
i HE 4]
R 1.2£0.5 7.2£0.5 17.6 £0.6 80.2 1.1
Control group
X % 2]
T4 B ERE 32 3.7+0.6™ 122.3£6.7™ 69.7 £4.0™ 853.0 £47.6™
APAP group
- 20 3.240.5° "4 36.6+0.9" "4 30.0+1.6° 4 639.0£17.6° " A4
2 i "
8 1.6 £0.6 7.8 0.8 19.2 0.5 100.4 £2.1
MT group
3 1.0+0.7 6.6+0.6" 17.8 +0. 8 78.6 6.5
B B 19 1.4+£0.6 11.4+1.1™ 21.1£0.5™ 135.0£7.2™
ALFESHA 8 1.2£0.5 7.0£1.0 17.0+0.7 89.2 £4.5
OMT group
3 1.0£0.7 6.8 £0.8 16.8 +0.8 89.4 +£3.4

HESXRAMNL, " P < 0.05
Note. Compared with the control group,
2. 1.3 MBS PR A
GRS (B 1), X £ B2 A5 (32 mmol/L)

2T 20 ML RS0 0, BT 4 L e B R K, A L8 A0 g
BAHR (P < 0.05) ;9% 24 (20 mmol/L) £H Ji 4fl g
oD, A0 R b K (P < 0.05) 53
Z: 4% (8 mmol/L) AL 268 (19 mmol/L) ZH i JiF
MM K (P > 0.05), 5 &S (19
mmol/L) Al b, ¥ 2 (20 mmol/L) 2 it 4 Jf JE2 25748
(P < 0.05),
2014 JHFAN Y R A IR I

iR R, X OB R FE W (32 mmol/L) 41T 2
JRUPY W RN O, A BEH IR & R AR (P <
0.05) ; ¥ Z 18 (20 mmol/L) 41 JIT-4f Ji TN — I 75 4 4%
(P < 0.05) 25 B H k& S FEAR (P < 0.01) ;%
Z:8%, (8 mmol/L) (P < 0.05) fl & bk ¥ Z 88 (19
mmol/L) (P < 0.01) 41 T 40 g 45 e 1 ik & &t %
fif. H%AL W 26 (19 mmol/L) HiLL, ¥ Z ik (20
mmol/L) 2 ¥ 40 i3 59 75 B H K & &= B FRAK (P <
0.01),
2,15 JHram i TR

BRI (B 2) 0 2 B & W (32 mmol/L)
2L I A% ) 2 O 2 8%, T A M A T e
FHEM(P < 0.05) ;¥ 20 (20.8 mmol/L) FI4 L
W (19 mmol/L) 41 ¥ 73 AT 40 i I =, 4 =/ 2
LRI (P < 0.05) . HEAFZSH(19 mmol/L) A
e, 5 208 (20 mmol/L) ZH AT 41 i 4 T= % 1 & 7} &5
(P <0.05),
2.2 RS EERNSEILERRAR
2.2.1 LC, K&

iR WoR N O L (8 mmol/L) Xt B 5 £

“P<0.05,

, P < 0.0 5AMESIAMIL, AP < 0.05,44P< 0.01,
** P < 0.01. Compared with the OMT group,* P < 0.05,44P < 0.01.

O 'r.u el
crr i

..tu

!.?:4':"' %"‘-

F G H

T AXTIRA (- ) B X 2 BEE BB 20 (32 mmol/L) ( + +
+)5C WS (20 mmol/L) (=) 5 D: ¥ Z B4l (8 mmol/
L) (+ + +)E 8204 (3 mmol/L) ( +);F: AL 20
(19 mmol/L) ( +);G: AL Z 41 (8 mmol/L) ( =)
H: S S04 (3 mmol/L) (=),

3 e R fie S RO
BB 0 (HE 4eft, x 400)

Note. A: Control group ( —); B: APAP group (32 mmol/L)
(++ +); C: MT group (20 mmol/L) ( = ); D: MT group
(8 mmol/L) ( + + +); E: MT group (3 mmol/L) ( +); F:
OMT group (19 mmol/L) ( +); G: OMT group (8 mmol/L)
(-); H: OMT group (3 mmol/L) ( -).

Fig.1 Effects of matrine and oxymatrine on morphology

of the cultured liver cells. HE staining
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F G
TE AR (- ) B X S BE & AL 4 (32 mmol/L) ( + +
+);CESA (20 mmol/L) ( =) ;D ¥ ZH 4 (8 mmol/
L) (+ + +)3E: 54 (3 mmol/L) ( +);F: A& S0
(19 mmol/L) ( +);G: HAH S WMA (8 mmol/L) (-3
HZ LS S04 (3 mmol/L) ( -) .

B2 2R AL S RN

JFF 40 18 98 T Y 2 (DAPT B €5, x 400)
Note. A: Control group ( - ); B: APAP group (32 mmol/L)
(++ +); C: MT group (20 mmol/L) ( - ); D: MT group
(8 mmol/L) ( + + +); E: MT group (3 mmol/L) ( +); F:

OMT group (19 mmol/L) ( +); G: OMT group (8 mmol/L)
(=) H: OMT group (3 mmol/L) ( -).

H

Fig.2 Effects of matrine and oxymatrine on

apoptosis in the cultured liver cells. DAPI staining

HAEWB MRS, 7726 (0.26 ~0. 63 mmol/L) 4k
B3 b J5, D A I Dk O A A Sl b s W >
0.32 mmol/L 5|#FET-,LC,, & 0. 41 mmol/L, %1k
P28 (3. 8 mmol/L) AbBEEE T £ 6 h J5 , BE S 1
TR vk 2 A AN S b B R 28 24 h R R
AMESWA LC,, > 3.8 mmol/L,
2.2.2 JFANMIR AR A

iR W (B 3) % L2 B 15 (8 mmol/L) 5]
TS IR I #1200 0 B 3 2 i A5 0 Ak (P < 0..05) 53
Z:0% (0. 63 mmol/L) 5] e B 5 01 JIF 241 M 4% B %8 )™ &
AL (P < 0.05) . 5% AL S (3. 8 mmol/L)
M H, 75 B0 (0. 63 mmol/L) 4 T 41 i JE 75 2 745
HE N FEE (P < 0.05),

T AT BRAL B X S B B 41 (8 mmol/L) ( + + +);C:
F AL S04 (3. 8 mmol/L) ( +) ;D5 S84 (0. 63 mmol/
L) (+ +)E: % Z 4 (0.40 mmol/L) (+);F: % Z i 4l
(0.26 mmol/L) ( =),
B3 S pIOR AL S 000 BE T 0 I 20 i
JEA RS2 (HE 3L 64, x 400)

Note. A: Control group ( —); B: APAP group (8 mmol/L)
(++ +); C: OMT group (3.8 mmol/L) ( +); D: MT
group (0.63 mmol/L) ( + +); E: MT group (0.40 mmol/L)
(+); F: MT group (0.26 mmol/L) ( -).

Fig.3 Effects of matrine and oxymatrine on morphology

of the liver cells in zebrafish. HE staining

D E F

VE A X BRE B X Z BE A B ) 20 (8 mmol/L) ; C: AL S
4l (3.8 mmol/L) ;D: ¥ S f 41 (0. 63 mmol/L) ; E: 75 5 il
£ (0. 40 mmol/L) ;F: 7 &7 41 (0. 26 mmol/L)
B4 S H0R S AL S 080 BE D £ JIT 20

P TR (DAPT L €4, x 400)
Note. A: Control group; B: APAP group (8 mmol/L); C:
OMT group (3.8 mmol/L); D: MT group (0.63 mmol/L);
E: MT group (0.40 mmol/L) ; F: MT group (0. 26 mmol/L).
Fig.4 Effects of matrine and oxymatrine on apoptosis

in the liver cells of zebrafish. DAPI staining
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2.2.3 PN EEFIA I H IR e

ZE BN, X B R IE Y (8 mmol/L) ZH T 40 g
N _BES U RIE (P < 0.05); % 25 (0.63,
0. 40 mmol/L) ZH i) P9 — ¥ & & 38 i, i 4 o H K 5
HEM (P < 0.01 5 P < 0.05), 5% kw2
(3.8 mmol/L) A k¥, % % (0. 63 mmol/L) 41 i 41l
Moy RS R BT E (P o< 0.01) A BEH K& &
B (P < 0.05),
2.2.4 4R O T AR

G WoR (B 4) % ST 315 (8 mmol/L) 4
B b A0 A B g T W T (P o< 0.05) 598 248
(0.63.0.40 mmol/L) £ £ 4 JiF 20 A 94 T- % T+ =
(P <0.01), 5%AANZH (3.8 mmol/L) ZHAH I,
T2 (0. 63.0. 40 mmol/L) 4 B 5 a4 T 20 i i 7=
R B IR (P<0.05),
2.2.5 Bk ORE T AH 6 3k R A

S5 WIR (R 2), % 20 (0. 40 mmol/L) 4 H A
zgc: 136383 R ZE 0.001(P < 0.05) , WS 085K
S EALI S zge: 136383 BT A G, KL zge:
123120 | % 1.22(P < 0.05) ,EIFAEBP3 H:[H T i
£ 0.02(P < 0.05), B & Z i R AN T 5
EIFAEBP3 [/)F I zge: 123120 i FiHA %,

3 g

ARSI SR TN R 20 B A S TR A A Y R BN 2K
FRRFAIE , DR ASF T 200 6 A BRI 35 RE AIE , RT LA
SRS IFRETE o 1C fE2 B B AT S B2
Heo SASMETRIAR LE , BE D £ 450 ) AT T 4 A 15U
P TN s AN, S L S MR AT HL, B £ A
R S R, A AR T 2 D SR 5 g ) AR

R, PRI, B 2 e A5 T X6 00 i A0 = R O
ATEEAG DT LG, R A R A 2 W A K P
M EESE ., AU S S R B, A S 6
(3.8 mmol/L) 4k B Jf oK 5| 2 5 5 8 58 7=, 4
1SO734561 — 3 Wy Jit X ¥ 7K %) 2Pk 3 Mk 09 7K 5l
B A S0 B R AR R N R, E 2 e
AAL SN 3.8 mmol/L,

AHFFE R, BH M X IR 24 X 2. B 4 3k 5 ) AT 40 e
FpE i B W] B0y sEPEE . IRAMBERISS R
RN ARG5S — 3, R WA 55 4 H B9 &R Gede e vl
LT T 2PN .

AWETE R PRSI A A AR Y e BT 0 2 el 1) 5
Wl K T8 S, 5 2 000F S AL 2 08 3
BE 0 3 kS T4, X T BE S R A e
SR BE S 0 PR R TR A S, RN
SR S5 R —F

W2 (C s Hy,N,0) 5446 2 (C,;Hy, N, 0,)
SEAARAL o w7 2 B AR A 2 e A oy B AR
Z—o WEWIEN GRS 30% , A S0
UK 6% 1, B AR IEE PR 4 A B TR
RS X AR S T R T AL
TS R A

AT — R T 2 A A A 2
WL R AL . R i oY R W 2 1 E AL
S AL RO A R T e, AR T
U380 A Ak W VORI R T AR DG HE AR . N I R T R
W £ 1A B BT ik A Ak FR R, IR 2 S N B A 4 AR
JiE AR B H K e e B MR B AR AL BE ) o
P2 AR S 2 W HL R 0 25 1 AL 1 5 810 R 3
K, FEH zge: 136383 (W U)EE &S 5 I8 Wi f% 12 1

R2 WS BED AE AR T B R R (2 s, n=5)

Tab.2 Effects of matrine on the expression of oxidative stress-related and apoptosis-related genes in the zebrafish

SR 251 KikZE (L CL AR X T %) B 2H ) 2 35 A5 4
Target genes Groups Subtraction of gene expression levels ( , , Ct) Relative folds to the control group
T 24
zge: 136383 HERA 9.27 +1.36 0.002 £0.002 "
MT group
5 i 4
EIFAEBP3 i 5 AL 5.31 0. 60 0.02 +0.01"
MT group
Y
zge: 123120 wEHA -0.30 +0.09 1.23 £0.09 "
MT group

T« LAX B2 R KK 1, 43 30 S 20 4% AR S TR B A R AT IR IE o BRI S AN R IE2 (4, CO) = WS4 Co 22X IR QG
%, A, Cu2s (L, C) = HARED Cuffi-N 2 (GAPDH) CtA{H, Ct {9 92 50 W 73 qPCR MY 78 R B R kA B =202, S M4l tL, " P

< 0.05,

Note. The expression level of each target gene in the control group was set as 1, and the expression fold in the MT group was normalized respectively. The

specific formulas are as follows: , , Ct = , Ct of the MT group — , Ct of the control group; , Ct = Ct value of the target gene - Ct value of GAPDH (as the

internal control) ; Ct value refers to the qPCR cycles detected in this experiment. Relative folds to the control group =2 =22 Compared with the control

group, * P < 0.05," P< 0.01.
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