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Abstract: Objective To analyze the effects of four processing methods (vinegar stir-frying, black soybean processing, glycyrrhiza
processing and bran stir-frying) on the chemical components of Bupleurum marginatum var. stenophyllum (BM), screen its hepatotoxic

components based on the “ingredient-toxicity” correlation system, and explore the connotation of attenuation. Methods Normal mice
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were used to establish an in vivo evaluation model. The activities of aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) in serum were detected, and the liver histopathological sections were observed to clarify the risk of liver toxicity of the crude
products at therapeutic doses. Human normal liver cell L02 was used to construct an in vitro hepatotoxicity evaluation model, and the
effects of four processed products and raw products on AST and ALT activities were compared to screen the best attenuation processing
method. Ultra-performance liquid chromatography-quadrupole time-of-flight tandem mass spectrometry was used to characterize the
chemical components before and after processing in different regions. Principal component analysis (PCA), partial least squares
discriminant analysis (PLS-DA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to compare the
changes of components before and after processing. Pearson correlation analysis and grey correlation analysis were used to establish
the correlation between the peak area of common components and the levels of AST and ALT in L02 cells, and to screen potential
hepatotoxic components. Zebrafish was used as a model to investigate the differences in hepatotoxicity of saikosaponin a (SSa),
saikosaponin d (SSd), saikosaponin b1 (SSb1), and saikosaponin bz (SSb2). Results  The results of serum biochemical index detection
indicated that compared with the blank control group, the levels of AST and ALT in the high-dose and medium-dose groups of raw B.
marginatum var. stenophyllum were significantly increased (P < 0.01, 0.05). The histopathological results showed that B. marginatum
var. stenophyllum did not cause pathological liver injury. AST and ALT levels in vinegar stir-frying and black soybean processing groups
were significantly lower than those in raw product group (P <0.05, 0.01), followed by glycyrrhiza group, while there was no significant
difference in bran stir fried products. A total of 37 components were identified in the raw products and different processed products,
including 27 components. The chemical composition changed after vinegar stir-frying, black soybean processing, and licorice
processing. SSa, 3"-O-acetyl-SSA, 4"-O-acetyl-SSa, SSd, malonyl-SSa, and 3"-O-acetyl-SSd were the potential hepatotoxic
components of BM. The potential hepatotoxicity of SSd was greater than that of SSa, and the toxicity of transformed SSb> and SSbi
was reduced. Conclusion The crude products of BM have certain effects on liver function indexes, and the preparation with vinegar
stir-frying and black soybean is an effective method for attenuation. The core mechanism of attenuation is related to promoting the
conversion of SSa and SSd into low toxic saponins.

Key words: Bupleurum marginatum Wall. ex DC. var. stenophyllum (Wolff) Shan et Y. Li; hepatotoxicity; detoxification; vinegar

stir-frying; black soybean processing; saikosaponin a; saikosaponin d; saikosaponin bi; saikosaponin bz

8 Ay I SR SRR T T AR A 2B AT - SE
Bupleurum marginatum Wall. ex DC. var. stenophyllum

(Wolff) Shanet Y. Li FJF1EHE, R8T (I AE),

il BRI 4 i OTIE M AR VT SERT . AR AT SR
R DU R A RN . BRI ik
H, BER ST, BB, Dy (R 2 )

P, &, A, H=%, BEAMRAE. AR
AR ThRL, DL “PTiesEi (BEERD” 2 A ET (5t
MG P2 RO ZGM BT ARAE ), g AR g Sl Al
MW, SEEEHRERE . kR AT . 58]
PR 2 . EEIE M R AR ) “ 2853
R 240, Njat et R 25 e gt 7%
IR I ARBIEFE R A T3 5 A FH SR il 77 4 W
. BB ARSEFEE), S55EMEH a
(saikosaponina, SSa). SE#HFE T d (saikosaponind,
SSd) [ErE A IELLM, el B RE A T BN Sy
SR R IR SR R R ) 2
O BRI H 0P 0 R T 4 P 44 L 7 e 452155
Hulol, A HhsEG R I SSa Al SSd £ 1E AT 41 i
AR ARD81, 2 Ay i Sl rh SE ] S 2 B Dy B SR Y
2~3 fEW. mER A R IR T S BN H A
TR AR, RIS A Ho G h & It e, A
R LR EIR e T, KRB BEH, HE

2025 i P SRR D ik s R LR S U
B LA IO T By I 2504 WA el mg Ty
IR0, BRI B RAEVEAE ], EEM T UER
TSR 9 2R R0, (R, AT SRR
USRS il o AR S A2 CA N 3 i VALY 0]
R EE %O H A, RGER AR E#EAT M,
T RO, IFES ARSI AR R SR AT B
PEP) 5 LBt B S IRAIE IR N SRR AT M F) 3o 2 Rl 7>

RN, D978 AT SR IR 22 2 PR L S ARk
FHAR
1 #a

1.1 54

fe FElfErE ICR /N (200+20) g [SPF 2%, K
A BHEVRE A A ], SCXK (A1) 2020-0001].
BN S B8 R R VRS VK 2 2 2 A0 3 23 L s
(HSDYXY-2022026). IE% A4 R (L02)
MG RVERDI R 2 =B fe it . BT AR AB R



F8 B 20255128 $56% B238  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 23

* 8573«

Ty p [ 5B 5 R P AR A
1.2 A5 HIF

TSR MG T H R A BER . ImPkE,
NATERAEY AT 58] B, marginatum Wall. ex
DC. var. stenophyllum (Wolff) Shan et Y. Li )54 ;
JBSEEAYO TG T BRIV WG /R [RC s 25, Jk
JZ T RHEYISESA B. chinense DC.IF TR ; H
B T T A R RS G R 2 s, R RN B RME
YIH ¥ Glycyrrhiza uralensis Fisch [T AR . Frf
I I GG TR ST b K 2 2 2 o i v iR 89 S 0
R T BV MR T OE R EE, R R
TTARTURT: 225k (20211215) WGTRE/RIE =AM
ZiMTiYg, 7 E R . BRES (SC103140120131X)
LK BB A A BR A R A7

SSa ( fit 5 DSTDC000601 ). SSd (fit 5
DSTDC000802). SSb, (#it*5 DSTDC001002) M4+ f¥,
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an-IE Pk (BM-L). BE& f-Isdk (VBM-L). R
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Fig. 1 Histopathological manifestations of mouse liver (x 200, HE)

3.2 /NRIIE AST F1 ALT 5EMNE

e 2 foR, SxTRdAHEL, BM & R T
AST. ALT #8br¥E MBS (P<0.05. 0.01). BM
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A 40—

**##

30—

AST/(U-L™)

T
X BC 40 20 1.0 05
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SxRA R *P<0.05

33 AEF~HE IS E G R A E S & XS
L02 ZRABRIE5E HNE]1E R
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2
5
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*P<0.01; 5 BC4LLE: #P<0.01.

*P <0.05,"P <0.01 vs control group; *#P < 0.01 vs BC group.
E2 /JNRIE AST (A). ALT (B) SEMEMNELER (x£s,n=10)
Fig.2 AST (A) and ALT (B) determination results of mouse serum ( X + s, n =10)
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&1 EVERAEREAEREISIT L02 4R E K
FIHR (x+s,n=6)
Table 1 Inhibitory effect of BM and its different processed
products on growth of L02 cells (X +s,n=06)

ZH 51 ICso/ (g-mL™Y)
X —
BM-K 1089.67 £30.67
VBM-K 1297.00+8.90"
BBM-K 1301.00+19.51™
LBM-K 1320.67+25.95™
SBM-K 995.004+26.99
BM-L 1044.33£54.16
VBM-L 1315.67£17.6144
BBM-L 1322.67£17.9144
LBM-L 1343.33+25.1042
SBM-L 1053.30+3.39

5BMK 4k *P<0.01; 5BM-L 41HAE: “4P<0.01.
P <0.01 vs BM-K group; 24P < 0.01 vs BM-L group.

A ~BM-K B +BM-L
1007 «VBM-K 1007 =VBM-L
 g0{ *BBMK 30{ ~BBM-L o
= LBM-K _~ . & LBM-L -
¥ 60 . 5 00 ~SBM-L #
—\i}:{_} 40 = 40 V>
= 8 20{ .~

0

700 900 1 000 1 300 1 500
c/(pg'mL")

700 900 1 000 1 300 1 500
cl(pg'mL)

AR B Pk= .
A-origin of Kangle; B-origin of Lintao.
B3 FEMASEAEREAEESRIT L02 AR K
B (X+s,n=06)

Fig.3 Inhibition curve of BM and its different processed
products on growth of LO2 cells (X + s, n =06)
AYETHE (P<0.01), KU 3 FEHl ARV &
BEAR AT IS AR o 102 4 A= Kkl fEFH, RY
A DGR R PR R AT T SBM-K ZHIEHT . Ff
AR, R EIERAD ) i AV RE A 55

17 )

3.4 AST. ALT JEMMNELER

2 ANFPEHIAS [FEL ] S LO2 i AST. ALT %1%
P e g5 R L 4. SXREZAHLE, BM-K. SBM-K.
BM-L. SBM-L Z1#4f8% 81 4458 L02 4Hf i+
AST Il ALT v&ME (P<<0.05. 0.01); LBM-K ZHFEW
wERE L02 40/ BIEW P ALT i1t (P<<0.05), %
B A AR S BT R, S E e
P AR . H SR — e R 5
2 /N BM ZHAHEE, VBM-K. BBM-K. VBM-L.
BBM-L 4[] AST. ALT /K V&K (P<0.05),
HEXTRRAM TR EZ, UEIE R SR 2
Pt gy ] AR 2 PR B R o

5% A "P<0.05  **P<<0.01; 5 BM-K 41 EL%:: “P<0.05;
5 BM-L 41 H#: #P<<0.05.

*P<0.05 *P<0.01 vs control group; “P < 0.05 vs BMK group; *P <
0.05 vs BM-L group.

B4 FEMHEBPEREAEMG I L02 2B AST
(A). ALT (B) EM&M (X+s,n=6)
Fig.4 Effects of BM and its different processed products on
AST (A) and ALT (B) activities of L02 cells (X + s, n=6)

3.5 HBEMSHTFEE

“227 TR 10 MASAETEE R BPC BlE& DK
AL 5, LK 36 Mgy, HiH 27 AN R
gy, BRNEK 2, B S5 T3 T 7 bR

5 FEVHSEHEREAREESE BPC B0 EE
Fig. 5 Superposition of BPC images of BM and its processed products
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Table 2 Chemical composition information of BM and its processed products

e miz i HRET oo Cl
&% W ATHS il TE (X109 IR (miz) SR BM VBM BBM LBM SBM
1 289 [M4HCOO 10035119 10035103 -159  CHrOw 10035103, 9575007,  SSqtd 1 13 165 113 103
7954221
2 378 [M+HCOO] 8554353 8554371 210 CuMuOp  8554371,809.4319, SSmil 1124 129 185 114
7794198, 617.368 0
3 384 [M+HCOO] 8574904 8574916 140  CiHpOw 8574961, 8114820, SSh4 119 153 183 144
649.431 1
4 471 [M+HCOO] 8434736 B434T4T 130 CuMnOw  843.4736,797.468 6, AT 1 113 104 111 105
635.4139
5 489 [M+HCOO] 9875173 9875172 010  CigHiO 9875160, 9415109, SSst4 1107 123 119 10
617.3991,
6 500 [M+HCOO 9875173 9875165 081  CigHrOws 9875165, 9415102, SSnH 1 115 168 108 104
779454 6
7 506  [M+HCOO 9895327 9895311 -162  CigHuOis 9895311943526 1, BALEHET 1146 119 — 13
7974675
8§ 52  [M+HCOO] 8854853 8854830 -260  CuMrOs  885.4871,839.4799, acetyl-hydroxy-5Sd 1 169 13% 145 —
795.491 6
9 533 [M+HCOO] 8854853 8854855 023 CuHnOs 885.4851,839.4878 acetyl-hydroxy-5Sa 112 186 — —
10 544 [M4+HCOO] 071521 9715253 100  CigHOn 9715253955194, 8Sc 1 117 102 113 108
779.459 4
11 55  [M+HCOO] 9735373 0735355 -185  CigHaOn  973.5355,927.5395, gt 1089 05 072 101
7814765
12 590 [M-HJ 10135337 10135328 089  CsHeOn 10135309, 7814738, malonyl-S$f1 1145 188 118 116
6354136
13 595 [M—HJ 3292333 3292327 -182  CyMuOr  329.2325,314.0429, 3' 4dimethoxy quercetin® 1115 135 126 170
299,022 4
14 609 [M+HCOO] 9875170 9875172 020  CigHiO  987.5172,9415126, rotundioside nt4 112 15 109 104
7194569, 617.404 5
15 614 [M+HCOO] 8574904 8574891 -152  CuHnOw 857.4891,811.4857, SShs 1117 153 109 11
6494302
16 65 [M—HJ 9875170 9875172 020  CigHreOn 9875172, 9415098, clinoposaponin XVIIX 1118 19 — —
719456 7, 617.403 8
17 691  [M+HCOO] 8254642 8254664 194  CuMwOn 8254664, 779.4596, SSal 1044 051 078 082
617405 1,471.3408
18 759  [M+HCOO 8254642 8254691 157  CuMeOz 8254691, 779.4634, S5 1 154 147 159 133
617.4065,541.356 1,
4393193
19 769 [M+HCOO] 8674748 8674744 046 CuHnOu 8674712824693, 2-0-C hARSE A 1160 164 138 —
779.458 0, 617.406 8
20 791  [M+HCOO 8674748 8674743 058  CuhuOu  867.4784,821.469 9, 3"0-L AL 2 1 o 1 044 047 068 088
7194585, 617.406 0
2 814 [M+HCOO] 8674748 8674757 104  CuHnOn  867.4753,821.4692, 4"-0-L B o 1051 044 072 070
779458 4,761.447 3,
6174034
2 839 [M-+HCOO] 8674748 8674750 023 CuHnOn  867.4750,821.4709, 4"-0-L SR bl 108 073 091 098

761.4512,617.4012
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e miz i WhET e CI
K% RS HAE Sl (axa0) s (mlz) b BM VBM BBM LBM  SBM
B 897 [MHHCOO] 6634131 6634114 256 CaHOs  663.4114,6174015 AR A 1 1 109 — 105
24 976 [MHHCOO] 8674748 8674763 173 CuMnOu 8674763814674,  6'-0-ZFEMS# 1 117 14 1M LU
779.459 4, 617.405 3 il
5 986 [M—H 074691 9074689  -022 CaHiOy  9074689,8675076,  malonylacet- 1 057 082 070 —
8214659, 77194564 554
26 1000 [MHHCOO] 8674748 8674755 081 CuHuOw  8674755,821468, 6-0-ZBALEM 1 089 092 097 093
779.459 9, 617.406 9 B bl
21 1004 [MHHCOO] 8254642 8254662 240 CoHuOi  8254662,7794653,  SSdl 104 047 0% 01
617.4048
8 1246 [MHCOO] 8254644 8254650 073 CiHwOp  8254644,7794538,  sspy 1188 1 147 1%
617.4083
2 AT [M-H 8654600 8654576 277 CuHuOn  8654576,8214655  FHoEMHE 10 052 054 073 080
779.4567,617.4025 # 44
30 1476 [MHHCOO] 8674748 8674757 104 CunOw  8674757,8214690,  2°0-ZFEfs# 1 118 107 113 109
7794589, 7614475, mf g
617.4039
31 1550 [MHHCOO] 8674748 8674746 023 CuHiOw  8674746,8214692,  3-0-ZBEAE%H 1 102 111 120 110
T19.4579, 761447, a3 gl
617.4077
R 1824 [M-H 9074691 9074683 088 CuHuOn 9074681824683, malonylacety- 1 058 050 @ —  —
779.458 1, 617.404 6 55d4
33 1836 [MHHCOO] 8674748 8674747 012 CuHwOn  S674747,8204712,  4-0-ZFEAE%H 1 101 135 144 120
779.460 0, 617406 1 B3 gl
34 1905 [MHHCOO] 9094853  909.4657 044 CuHuOis  90048458634796,  —ZFHEsMe 1 154 18 13 113
8214690, 779.4575 #a
% 1951 [M-H] 2952252 295.2060 271 CpHgOs 262732112070 5-R40-2B% 1 057 06l 075 079
H A
3% 2007 [MHHCOO] 3392341  339.2336 -147 CiHuOy 3392321, 3111685, T TR 113 14 — —
265.146 7
3.6 %%’ﬁﬁﬁ%ﬁ Scores Plot
3.6.1 PCA X UPLC-Q-TOF/MS %} BM #i. 6l v BBM
VBM 41. SBM 41. BBM 41K LBM 41 %(#i %4 LM
55T W 6 iR, AHLES X A AR ! " S
(R >0.4 W HLBIZRA Al EE, RS2 4 s 52w :
PCA AV B 24 R3x=0.679, LA 7 SN
RUR] DR Gt ff e - 2H 1R 22 5, BVARSEBR A il 1) 2R 1
KB RAEE R . PCA R ER, 1 Fs =
(PCD) TTHRZ 80.7%, 252 EMsr (PC2) BTk 7% S S N N I I
-20 -10 0 10 20 30 40

HH 53%, HERTTETREN 86%, H BM 5
VBM. BBM. LBM B8, 1B 2H A 2 57 0 3%
BM 45 SBM AR LRE %S, EEA%E .
BT PCA REeRMEIERAINRE, AReHkR
PN ZE LS i R HABIR 2, AR ZE 5
K, M@ A #— %2 7o, FikizH PLS-DA

PCI (80.7%)

6 PCA =
Fig. 6 PCA Scatter Plot

F1 OPLS-DA #t—# 73«
3.6.2 PLS-DA F1OPLS-DA & 7 s, BHAGE:
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sk SLep 7N R2 O MOREAR R, A5 0 S,
P rb 2 B A T4, 200 YR PRT 234745 B i
IR A IS, UL /N S,
RRRafd, H 0°<<0.05, BREAURIERLE, nfEE
151 PLS-DA.OPLS-DA # & 45 1 /s BM 5 VBM.,
BBM. LBM R4 5, REAPHZERTE.
R 2 Ry, X AT SR A S

BE 5 i SETHA . H = 047 OPLS-DA
(E 8), fifiik VIP>1 4. BMvs VBM. BMvs
BBM. BM vs LBM #ERfERE RS H R2 F Ry (F5
T i G Bkt P AR XORT Y AR SR 43 A A
0.791 A1 0.992. 0.805 #10.997. 0.837 1 0.998; 1
RFNEE IS E0 8 0P=0.988. 0*=0.984. O*=
0.987, XPAEAL I E /15 AN 99.7% 99.4%-

A $M2.DA(BM) Intercepts: B $M2.DA(BM) Intercepts: ,ch $M2.DA(BM) Intercepts: -
R=(0.0,0.577), 0=(0.0,-0.183) 5t R>=(0.0, 0.441), 0°=(0.0, —0.23) ' R=(0.0, 0.426), 0>=(0.0, —0.225) ¢’
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0.6 4 6
0.4 *BM3 BM3e= 4 B
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A, D: BM vs VBM; B, E: BM vs BBM; C, F: BM vs LBM, 8 [
A, D: BM vs VBM; B, E: BM vs BBM; C, F: BM vs LBM, same as Fig. 8.
7 PLS-DA E#18385 PLS-DA #{=[E
Fig. 7 PLS-DA permutation test and PLS-DA scatter plot
$M2.DA(BM) Intercepts: E $M2.DA(BM) Intercepts: .» C$M2.DA(BM) Intercepts:
A R*=(0.0,0.33),0=(0.0, -0.535) 20 R=(0.0, 0.437), 0*=(0.0, —0.487) *¢ R=(0.0, 0.454), 0°=(0.0, —0.659)
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:8/61 BM5  °VBMI =4 *BM2 Z 4 *BM2
-0.8 _g -6
- - -8
25 -15 0 2 -5 -10 =5 0 5 10 -15 =10 =5 0 5 10

RA1=0521 R{2]=0.0873 Ellpse:Hotelling’s T (95%)
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Fig. 8 OPLS-DA permutation test and OPLS-DA scatter plot

RA1=065 R2)=0.147 Ellpse:Hotelling's 7 (95%)
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99.2%, VLEAIZBIRIFRE I SE. 454 SPSS HH skl acetyl-SSa F SSd 7ERS %K Ji5 7 & FFAK.

X VIP>1 #4700, SR ExR (K9, X 3.7 FSMES

frbe

m

i%

8 ML PALIR AT S E MEZE R (P<<0.05), 3.7.1 Pearson #RMEDHT U1K 10-A Fizs, SScs
HA acetyl-hydroxy-SSd. malonyl-SSf. SSbi. SSb, SSa. 3"-O-acetyl-SSa . 4"-O-acetyl-SSa. SSd .
F diacetyl-SSa 7EEE % J5 & &+, SSa. malonyl- malonyl-SSa. 2"-O-acetyl-SSd. 3"-O-acetyl-SSd 1]

A Colored according to values in M1.p(corr)[Comp. 1] M1.p(corn[1]

l

0.5

(=}
—_
(=}

&
W
VIP [1+1+0]

Colored according to values in M2.p(corr)[Comp.1] g pleorn[1]

1.2
1.0
=08
& 06
” 0.4
i

LERERSEER R Y

Var ID (Primary)

B Colored according to values in M2.p(corr)[Comp.1]

M1.p(corr)[1]

A: BM-VBM; B: BM-BBM; C: BM-LBM; ZLf4: RIEMHDE, MHOCPEER; 46 MOt 6. BHMER, MRiiss
A: BM-VBM; B: BM-BBM; C: BM-LBM; Red: positively correlated, with a relatively strong correlation; Green: weak correlation; Blue: negatively

correlated, with a relatively strong correlation

B9 Em5EblRERUFERDHELER

Fig. 9 Screening results of differential chemical components between raw products and processed products

A 1B 1 vew 0.5760 0.5960
24 ocew 0.4570 0.6360
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204 oss0 [INEEEN o700
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244 omn 0.5810 0.5870
264 ouw 0.6360 0.5950
2706 om0 oww
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29. 0.6410 0.7070
30 0. 5560 0, 6690 0.6230
31 0.7550
334 o 0.6675 0.6570
35 e S5 sy 344 oem 0.6570 0.6530
T — T -1 354 o oluo 0 7lova 0 alzso
AST ALT 398 AST ALT ¥4

0.8

0.7

0.6

E 10 27 MEBERS SEHIESR Pearson HHEM DT (A) FIREXBHKESHT B) &R

Fig. 10 Pearson correlation analysis (A) and grey correlation analysis (B) for 27 common components and toxicity indicators
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IE S AST. ALT HEIEAH R RECKT 0.6, Pearson FHHEAMHTES
N N WK RERFE AT
HNIEFAK el 2 WIS
372 REKBESH  REFS] AST. ALT ¥ = Ea

57 335 T AR 8] B Kt < Bk 2 4008 10-B i
N, HAPAEEE. hydroxy-SSa. SSs. SSn. SSf.
3’ 4'-dimethoxy quercetin. SSa. 3"-O-acetyl-SSa.
4"-O-acetyl-SSa. SSd. malonyl-SSa. 3"-O-acetyl-
SSd. 4"-O-acetyl-SSd. diacetylsaikosaponinb2. 5-
Fodk-7- O A I A S AST. ALT Hde K
RBRHUINE KT 0.65.

CEAATHT, BAHf5E SSa. 3"-O-acetyl-SSa. 4"-
O-acetyl-SSa. SSd. malonyl-SSa. 3"-O-acetyl-SSd %
6 NRIHENEAERI LR, SR K 11,

3.8 SSa. SSd. SSb; 70 SSb; AF &1L LE

XA L, SSa 80 umol/L 1. SSd 20

A
100

80_ **#
4 T

60—

AST/(U-L™Y

40

204

0 T 1

P r 11T 1r 11T 1 11
Y DMSO 5 20 80 5 20 80 5 20 80 5 20 80

SSa/(umol-L ") SSd/(umol-L 1)SSby/(umol-L T) SSby/(umol-L ™)

4-0-acetyl-SSa S50
SSd ssf
malonyl-8Sa 3'4-dimethoxy quercefin
3-O-acetyl-58d  4'-O-acetyl-SSd
diacetylsaikosaPonin b2

5-RAET-LREA R

2"-0-acetyl-SSd

11 EFIHRAF SR D THELER Venn
Fig. 11 Venn diagram of screening results of hepatotoxic

components of BM

umol/L ZH A1 80 wmol/L #1BE T f it fa fif 41 43
ALT. AST #HFPERZEA S (P<0.05. 0.01). SSd
20. 80 pmol/L #H ALT. AST i&1h &3 =T SSa [A
W (P<0.01). SSby fl SSby #ikfE4H ALT.
AST iS55 R L LR 257 (F 12),

B
60—
sk
* *#

404 T &
L
2
5
< 20

0 T T T T T T T T 7T

1T 1
XHH#E DMSOS 20 80 5 20 80 5 20 80 5 20 80
SSa/(umol L) SSd/(umol-L™) SSby/(pmol-L™") - SSby/(mol L)

HXIEA L "P<0.05 "P<0.01; SFRWE SSa ALk “P<0.05 #P<0.01.
*P<0.05 ""P<0.01 vs control group; *P < 0.05 *P <0.01 vs the same concentration of SSa group.

E 12 SSa. SSa. SSbi. SSh: FEIFIEXNBES &R AST (A) F1 ALT (B) EMFM (X£5s,n=10)
Fig. 12 Effects of different doses of SSa, SSa, SSb1, and SSbz on AST (A) and ALT (B) activities in zebrafish (X + s, n =10)
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