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TEE: AWotis HAURA Y=o 5k, 30T B2 4R IR 5 3% 2 X B (Crenopharyngodon idellus) T 41 il (L8824)
T BRI AN MR T AR . P TR VR $55% 220 wmol/L . 5 wmol/L, 25 umol/L ., 50 umol/L £ 100 umol/L)
A B AN R AT O hy 6 hy 12 h Fl 24 h, SRA CCK-8 ILAGMANMIIS J1 . S50 Wos, WEZWREA
B[R X6 200 A 6 ) A B 3 A ELAE I (P<0.05), HL B34 22k FE X LG ) B2 i 22 53 .35 (P<0.05), WL £a JH-4I 5 ) bt 25 %
R MR IR R REAIR(P<0.05) . fENUIERE I, 8 T #EEMEWE (O pmol/L. 5 umol/L. 25 pmol/L.
50 pmol/L F1 100 pmol/L)IFFEREfa 40 M 12 h J5, WeAE4IM, W 4 M4 PR 5% 2 B (GPT) S A B 56 2 [ (GO T) i 1,
B (MDA) K& M A (ROS) & . AIMIR /K AIAH G S mRNA Fikid, Z5RRH, S5AHRMEERHMLL,
M Z W N 100 pmol/L B}, 21l GOT M1 GPT %M . ROS Fl MDA & g i 35 (P<0.05)3 i . M 8E K IRIE N
25 umol/L #1 50 pumol/L Hf, ANAYAT-/KF 35 (P<0.05) T, MH % R kR N5 100 pmol/L B, AWM T /K
T L (P<0.05)FEAE . M8 2 R Mk E 50 pmol/L F1 100 pmol/L I, 4 i > bt 2 2 5 11 B -3 (caspase-3) mRNA 3
KRR E(P<0.05)THE . L8 EPNR, M ZWE T 50 pmol/L I 40 B LK, 51 % SNk, 5 m4n i o
o DR, B 3% 2 7F B JH A0 B 35 55 VS 0 A3 ED MR Ol 25~50 pmol/L.
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WFFEHGEAR D o AU A B SR A S0 8 R R K
T80 %E F WS A 3k 5 (Megalobrama amblycephala)
WA A SCRE o BT SR 45 R 3R, B R ]
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1.1 SEIeH

BAO FAN M 2R L8824, T il I A A i v
2R TFORAE T A LI 2

W R (4 E>90%) 1 T 3 H Sigma A Al
MEM 1557 3 5 i 4 177 55 4 355 57 B R 1
6 A GIBICO A W], A I A B 2 B (GOT) .
BN ER(GPT) ., IEPEA(ROS). TH [ (MDA)
F1 Annexin-V-FITC/PT XU4% 20 i 8 T A8 357 &
W e 5 AE A PR A F
1.2 #HpmiEss

B RN R 18824 SR I 10%M16 4 1L i 1)
MEM F:FREE(E 1% R A/ 1% E 5%
CO, 1 28°CHE A R MK I, FH 0.25%
[ (F EDTA)EALAZAR, 440 M 4270 T 96 FLEL 6
AR AT RS20 5 .
1.3  4HAEE

K CCK-8 Taith Lt o i 4 I 40 B 3% g o B XoF
B KA Y 4 M B L 1x10% 35 HERD T 96 FL AR
(BRfL 100 pL), & FHIMEE RS FR 24 h )5,
A3 A B AN [V B ) B 3% B 3G R 100 pL (3%
HERWE A 0 pmol/L, 5 pumol/L. 25 umol/L. 50
umol/L. 100 umol/L), ZbFEAAME O h, 6 h, 12 h Fl
24 h, 551 DMSO ¥ 7% BR41(0.01%) . A FLFFN
A 10 uL CCK-8 ¥, kL0 E 2 h )5, Ml fass
AL 450 nm)iE 4L A O BE{E (0D fH) -
AL

YHMETE J1% = (2540 OD/XT &4 il OD)x
100%
1.4 ROS BN

K DCFH-DA #4112 A I 40 i Py 37 7k 4
(ROS). H5AS[R) M BE 1) B 3% 28 15 77 VA A B 40 i (5
FEZUWE R 0 umol/L . 5 pmol/L., 25 umol/L, 50
umol/L, 100 pmol/L) 12 h J5, ¥ DMSO # 7| X} 1
M, FTUEAE, A DCFH-DA TAEMR (M
B 50 umol/L)W 4 M Ab B 7 B 20 min, A
DPBS PRI 3 ¥k, F 0.25% %) B 1k 40 i,

A MLE K - A6)E, 1000 g B5.0400, U
MOUTHEY), PRI 488 nm & K, 525 nm
RS, I DGR
1.5 MDA &2

P REAE S R R TS 2-mAR L
R (TBA) SN = A LU B 7= W) 3,5,5'- = I gk
MG 2,4- W (=), ZYBAE 532 nm AbA—
Wi g, I HAE 660 nm AR B /INEIR IR, MR
H 532 nm MYTEGIE AT AR RN R
I BRI RE B B R ISR IR L (i R
e 5 0 pmol/L .5 umol/L .25 pmol/L .50 pmol/L .
100 umol/L) 12 h J&, FEAMAALELTE, ¥4 it ts
BEELE T, IMASEIBOR, K 20 M BRI, %
e g ) R SR v el B DR O S o S
FRASCI S 20 i )N MDA & &t .
1.6 GOT #1 GPT i&F 4

FEAT GOT fiEfk L-RITA AR ol —
MR S hb i, M EB R L-AER. 7F
NADH FIS SRR M SR AE T, Bl L TR plid 5t
S L-3E5LHER, NADH # %4k -k NAD', Mifif#
340 nm A PEMOICE T R, B 340 nm 4t
AEI T AR A, AT LA E GOT MY 1.
FEAF GPT fEfk L-INZ R A o 5 R 24 L 7%
e, AN ERIR A 2R . N2 E NADH FiZl
i it ST AL R S AR I FLER fl NAD. NADH
TE 340 nm A F¢ 5 PEM O, ALY B2 5 1 i
Fh ALT 3% J3 B0IE He, 78 340 nm A0 % NADH 1
JGEE T B BRI GPT 1 77 BAHRAE
W KA (R B ) 3 25 5% 37 W Ak B 440 M (2
HEZWHE N 0 pmol/L, 5 umol/L, 25 pmol/L .,
50 umol/L. 100 pmol/L)12 h J&, 4 JikbFH i,
DPBS PEB ML 3 Ik, WAE40AE, 3000 g B0, UK
£ LIEWR, A% R A A T AR S
BB AL, ARG E 40P GOT Al GPT it .
1.7 ARATHEN

K Annexin-V-FITC/PT XU 7 =X 21 Jifd A
SEAMMIT . BRAEATR : B AS RV B B B R
SR A L (BT R WM 0 pmol/L 5 pmol/L
25 pmol/L, 50 pumol/L. 100 umol/L)12 h Ji5, Y%
YA BRI, FEH] DPBS PREIEEELN 3 &,
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0.25% I Jige it 0 Ak 40 JH, I A I v 26 1R TH AR
FEIA R AN LA B 21, 1000 g BS.040M, F
3%, FI DPBS dEANMI(EE 1x10°~5x10%), B
05 min, 3L, MIA 500 wL K T4 W B 40
o, fiIMA 5 uL Annexin-V-FITC TAEW, 1R%5), H
A S uL PT TAEW . 6 10 min, F 340X
HEATARGEIN o A S50 ORI 488 nm, KT
K 530 nm. Annexin-V-FITC 4% 4,53 i3 FITC
A AN, PT Ry 21 €05 S T8 A
1.8 4RI T & E A

PBAEANTR - RS ) MR B2 1Y o % 3R B SR AL T
Ui (EERWECE N 0 pmol/L . 5 pmol/L .
25 umol/L .50 pmol/L ,100 pmol/L)12 h, ¥ DMSO
T R
181 &2 RNA H$REX  FF4/fi4b B, DPBS Ut
¥ 3 WA, AT Trizol {71 1 mL, 7EVKVA
R EWRTT, HEIEANBNVE, BAORRER R
1.5 mL [ E.045 %, SRA] Trizol® Plus RNA Puri-
fication Kit (Invitrogen 575: 12183-555)i#747, H
PRER G 72 2 B R & A B
182 R#¥FE %M Takara Prime Script® RT
reageat Kit 2 % 550 S ULl B RCE 20 pL pk
F, ZRULI A 1Y R0 27 #E 1T cDNA [ 5% .
183 5l#nigit BT S Y H Primer 5.0 %K
Tt (& 1), RIBREEERA R IRG1Y))7 5
SEIAHSCT I

*1 E=PCR3I#FSI
Tab.1 Nucleotide sequences of the primersused to
assay gene expression by real-time PCR

H By 5L BRY JP3(5'-3")
target gene accession number sequence (5'-3")
caspase-3-F JQ793789 GCTGTGCTTCATTTGTTTG
caspase-3-R TCTGAGATGTTATGGCTGTC
caspase-8-F KMO016991 CTGTGGCGGAGGTGAGAA
caspase-8-R GTGCTGGAGGACATGGGAAT
caspase-9-F JQ793787 CTGTGGCGGAGGTGAGAA
caspase-9-R GTGCTGGAGGACATGGGAAT
p-actin-F M25013 GGCTGTGCTGTCCCTGTA
p-actin-R GGGCATAACCCTCGTAGAT

184 AW HEE PCR KM HRIE SYBR®
Premix Ex Taq TMII (TaKaRa 23 ) )i 5 & Ui B 4
17 Real Time PCR ¥ 3z Jii, PCR Wik &R A
20 uL, BAEWT,

F 2 EHRHKE PCRREKFE
Tab.2 Reaction system of PCR

i3 reagent AF/uL volume

SYBR 10.0
EME5IY 0.4
B 1m1 519 0.4
ROX 0.4
DEPC 4bFE7K 6.8
cDNA F A 2.0

PCR Jx B &cfR: TASE 95°C 30 s; ARk
95°C 55, Bk 60°C 30s, FHH AL 40 X,

E PCR P IGRCREA — S arie =, LA
B-actin SN, LS FESFLE Cr {8, WA
27T Y B R AL B ZH mRNA AR X KA
1.9 HIESH

SRS AL PR 3 ANER, HEE 3 F
7o 40N F1BUE I SPSS 20.0 A HEA T RUN &
J7 2200 Hr (two-way  ANOVA), Ho A &4 il A =
7 225081 (one-way ANOVA), HdE V-4 (H 7
PR(x +SE)ER .

2 #EREHSW

2.1 ANERE R EE R AL IE A E X E & B AE
£ B iE 1 B RN

W 1 Frs, HEE R R B RNAE R )X A
JFF 41 L 35 7 1% 38 AR 4 3% (P<0.05) o 7 A [F] B Ak
BER RS, B S R RN, A TE o 2
L SRS BRI 3(P<0.05) . 5 AR T IN ¥ 1%
RN RR AL, M85 E R WKE N 50 umol/L Y,
203 ) 35 T R (P<0.05); M EIERKEZ N 100
umol/L H}, AN J1 @ EREAR(P<0.05), AbFEAN
R ) 5T 248 B 3% 0 G ik 2 (P>0.05) 5% 1 .
22 AEIREHEESXESFHBThEE R 220

mE 2 PR, SARBMEERAME, M
R IINHRIE N 100 pmol/L i}, 40l GOT 7 7 i
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WEZE ST two-way ANOVA
B X}/ control 25 umol/L.  FUHER berberine: ***
= DMSO @50 umol/L.  3CH. interaction: **
@S umol/L  m 100 pmol/L H}E] time: ns

1401 , -9 x+SE

_ =
N A XX SN
o o O O O O

HIMETE 1/% cell activity

(=

0 6 12 24
B} 1] /h time

BT B3 O R AR T AR S ) A4 R

P A ] /N 3 S B RN P 2 18] 22 53 1. 35 (P<0.05).

*: p<0.05; **: p<0.01; ***: p<0.001; ns F/~ Jo i FH 2 7.
Fig. 1 The influence of berberine on Ctenopharyngodon
idellus hepatopancreas cell activity
Means with different lowercase letters are significantly
different at p<0.05. *: p<0.05; **: p<0.01;
**%: p<0.001; ns means not significant.
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Xf#® DMSO 5 25 50 100
control
R E/(pmol/L)

concentration of berberine

GOT#H#:/(U/g port)
glutamate oxalate transaminase activity

1200 g zssE
100
8o}
60}

40t

GPTiEM:/(U/g port)
glutamate pyruvate transaminase activity

20F

Xt DMSO 5 25 50 100

control
HIER W/ (pmol/L)

concentration of berberine
K2 BRI E AN GOT F1 GPT 5 MY 200
P A T] /N 3 S B RN P 2 18] 22 53 1. 35 (P<0.05).
Fig. 2 The influence of berberine on Ctenopharyngodon
idellus hepatopancreas cell GOT and GPT activities

Means with different lowercase letters are
significantly different at P<0.05.

F(P<0.05) 2. & = T control £, HAth#% 404006
GOT 751 TG 2 3 (P>0.05)% % . £ 4109 GPT &1k
Bl EEES GOT —34,
23 AEREREERE &R SN
A

mEl 3 FoR, SARBINEERAMLL, 4
HEE Z VRIS K 100 wmol/L I, 4 fiI N ROS &
P H (P<0.05)m T HE A, Hith441 ROS &
To I 3 (P>0.05)2 5% . 454119 MDA 5 228 fh 4 34
5 ROS 24—,

250 -
n=9 x+SE
Q
Q
” § 200
R ¢ 150
B
Q
_a 8 100
28
Eg
8 50
Xt DMSO 5 25 50 100
control e W ¥/ (wmol/L)
concentration of berberine
30

| n=9 Xx+SE

NN
[

malondialdehyde content
5

TN ¥ FE/(nmol/mg prot)
=4

B DMSO 5 25 50 100

control .
HIERWE/(nmol/L)

concentration of berberine
B3 dEiE R X R T4 ROS Al MDA & = (1952
R OR R /INE 56 SCFBE RN 4 22 1] 22 57 1 3 (P<0.05).

Fig. 3 The influence of on Ctenopharyngodon idellus
hepatopancreas cell ROS and MDA contents
Means with different lowercase letters are
significantly different at P<0.05.

2.4 N[EWKERYHE R X B TR 4 AR TR
A1

WP 4 Jow, B B K AN INE E B 3,
AR T AR R BT RS R R B S SoRES N
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W R, MEERNRIEKE N 25 pmol/L
150 wmol/L K, ZNMIYAT- R & 3% (P<0.05)7;
MEE R INE] 100 pmol/L W, 4RI T
P 3 (P<0.05) A%

n=9 x+SE

- a

oy

o

g

BN
A
g
2
=

0
Xt DMSO 5 25 50 100
control
HHERWRE/(pmol/L)

concentration of berberine

Pl 4 B 0 R A A0 M R T R A s
P AN [ /N 5 SO BE R R P A 2 (6] 22 57 1.3 (P<0.05).
Fig. 4 The influence of berberine on Ctenopharyngodon
idellus hepatopancreas cell apoptosis
Means with different lowercase letters are
significantly different at P<0.05.

25 ARREMNBEEZNEEFEARATE
& B 5% M)

3k 2 Fon, SREIMEERWHME, 4
e caspase-8 H1 caspase-9 mRNA ik & JC i
E(P>0.05)28 4k, MEEZMEINWKE S 50 A
100 umol/L i}, 4HAfd caspase-3 mRNA Fik i B %
(P<0.05)TH i1, Hiih 4410 & H(P>0.05) 21k

F2 EEZVNEGSFAMBTHEXIERNREZENZNE
Tab.2 Theinfluence of berberineon grasscarp liver cell
caspase-3, caspase-8 and caspase-9 contentsat 12 h treatment

n=9; x+SE
O RS umol/L) EBEERE  CPBEER  CEBER
concentration of HEHB-3 -8 H -9
berberine caspase-3 caspase-8 caspase-9
control 1.00+0.01° 1.00+0.01 1.00+0.11
DMSO 1.13+0.02° 1.01£0.01 1.12+0.02
5 1.57£0.03°  1.00£0.03  1.15%0.13
25 1.71£0.02"  0.98+0.02 1.23+0.11
50 2.174£0.05"  0.95+0.01 1.15+£0.06
100 2.3240.04"  0.94+0.02 1.08+0.06

T RS E L An 3 AN R) 7 B 25 5 1035 (P<0.05).
Note: Means in the same column with different superscripts are
significantly different (P<0.05).

3 itig
31 HEEEXE&EFAMENNEME

WS R, =R (100 pmol/L) Y #E % K
X £ JH 240 L A B B I e, O Bk
BEE R R ARG 0, B0 2 s T I
B Y8 R rT AR i 4 A i A= K o 50 pmol/L 28
T 25 A0 F A0 AR A0 R B Y A . T A SE R
T ARV Sk 5 P AR P SE B IE S, B B R IR R
HOAR ) Sk i A R A K AR, X AR RIR S S 55
B —" B e R, #5
3 HR R 2 G 8 8 R BE S 3 N R (Mus - mus-
culus) I8 11 B W 40 R NK 405 11 . o5 4 2l
IR, B R LB E R SIS T 0
’F-(Bos Taurus)FLIR b Rz 40T 77 o a0
R R, 15— R N, &b 20
L Y B 35 3 S B (Cyprinus  carpio) 523 41 i
(YGEERE 1 o X R FL 3P A 2 T 5 5 AR AT
AR, RV EGERAE R —Fhrh R 25 U8 N5,
LA AR £ TP AT 7 . SR 1T, Mantena 25110
XFIE 5 I N2 52 A T i A0 O mE o8 6 B, iR
ACFRAMMT 72 h B, SEYS R FE (50 pmol/L AN
75 umol/L) [ 8 3% 25 X 41 f 3% 71 J6 8 & il . X 5
AR FREERAFAE 25, W AT AR (1) B4i%
PR T YO B AN — 2, R B A 9 % R T RE
XTI 7 T i 2, v B TR B B I B A
ATREA & S EAN G S B R 2= R (2) 4l
If S 70 1) 2 5 1T BB AR 23 5 1 25 ) PV PSR
32 HEEEXESFERELNBNEIE

GOT F1 GPT HYTHPEZEAk AT LA Sz e JH- 40 it 52
BeoRR T, ROS 24N IE R =, e
E AR BRA RN AR Al P i i AL T B AT
M5 o A 2 A A A2 20 5 R B R, X B
S EmIR, =4 ROS, ARV, 4
A PI ) ROS #l MDA & &t milt, S & LA
PR E A RO M AT R R, BN
R e B 1 5 3% K (<50 pmol/L), 408 ROS FiI
MDA Fr s i, 4ii)nsh A S dnia s -
JP, WEBRZ BN, fE IR R A A A, 2
B P IE 2L FRAR Y 78075 e B (100 pmol/L)
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BOER, LN ROS B K74, MDA &% b
Hahn, N PUEAL R RE TP AR, 5 A AR
W, MAEAR N T E— 2 5 DNA %, S80S
IR B | A AR B, B A T BE, 4 A
B PR — A B H T A RIS, B 3 A A
IR . 40BN ) . AR s bR S e e T
ol n AR e S B IE UL L A, Park Z5PURFSY
W, RFIUE(10~200 pmol/L)H) ¥ % % A H ik
JIRJEE 40 i 22 PANC-1 1 MIA-PaCa, I}, ROS Fifid5
P S BRI R A, 7E 50 pmol/L
W RSO N, 40T S 3l E B 0 B A HIL I R A2
UM, DLAERRIE R Al i Tl BE S A BRACES
33 EHEZRXE&FHARETHRMm

BOE FRCOWOUESEAE 2 Fh A0 i b 5 AT 5 5 4 i
P RIFERINS 22 Hsu %2378 A9 SW620 4
TS R B, HEGE 2T LAS S 45 e AN i B A
HEJAT o Jantova ZEPHRF ST R, M EE KT N
75 pg/mL CCHk AR EE) AT 5 5 A\ 4h A% 4 (U937)
RAAMIET AR5 T, Rl B R AL
W SE 38NN, 20 M0 TR R U T R
#. Hwang 55T 2 7% FALHE HepG2 il 24 h,
R AN caspase-8  Fl caspase-3 BN,
1A 8 T 7K P BE S e £ (10 wmol/L | 25 pmol/L
50 pumol/L 1 100 wmol/L)H = i Ak, %45 R 5
AHIF ST 45 A o Cui PO TS R, Kk R b HE
T A 24 h (Y AHREE T3 2R BRI, BE
HRERWE(1~25 mg/mL) T s, 40 T4k
wE . R E R SRR HEN
AT HESE FHAS IR A AR E | W B A S 4 i [ R Ak B
B ] 487 PR 2 38 LA o

MR TR S SRy SNTE ) 21 I 2 R R 1 e A S
PER AR TR R B iR 421272 caspase HHfIR
245 caspase-8. caspase-9 Fll caspase-3 B,
M&RARIRFE AN E o MZRAR T ) i T
WE, 5 Apaf-1 il caspase-9 JE B T4, 152k
Wi caspase-3 FIZHAEA T, caspase-9 FE A
T RTAE S MR KR L%, caspase-3 J&
caspase ZIGER 15| LA T 0 i FiiE o+, H
ESHMMET LAY, F L, 2 KRBEHE
EEEGRE N, AR, WERKEKRT

50 pmol/L B}, caspase-3 Bk o Z T+ . Hk
HEDN, v v B ) 3 R (AR LA™ A 2 5 9 ROSS,
N HEING T caspase-3 W) LFFEN, i caspase-3
KA AR IS PE R B L, DTS 3 1 40 0 T
FEPU %5 Yungtsuan Z5ECUBESTSE R —3, AR
1M, Hwang 25298 £, ¥ % £ (0~100 pmol/L)
YERF AT A0 24 h B, &40 caspsae-3 ik
WL ELA, ZEA R SARA L HEW R
PK AT e 2 4 M 2 R 1Y 22 S 3 B0 W R 434 T i et
8] &4 T 484k, B2 caspase-8 F caspase-9 TEA
a2 AR Ak, HRE A ff 5 2Lt 52 it
— Bk,

ACHIFSE I P A0 28 40 AR A1 5 2 F 9 B 3% 3R 0T
A B O SR AR RS e, A5 R s, 4 b
WIS 50 pumol/L By % 25 2 00 i) &5 A 1441 it
T, RSN, Bdni. ik, &5
RSN VG 25~50 umol/L, X A f5 2L 7F
JRE B 2R AR K Sl ) 40 i A ) 2 55 D T R o 4
PSR
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Chinese herbal extract berberine on oxidative stress and apoptosis in
the hepatic cells of grass carp (Ctenopharyngodon idellus)

CHEN Danhong, CHEN Qingqing, TIAN Hongyan, SHI Huajuan, LIU Wenbin

Key Laboratory of Aquatic Nutrition of Jiangsu Province, College of Animal Science and Technology, Nanjing Agri-
cultural University, Nanjing 210095, China

Abstract: Berberine was one kind of Chinese herbal additive, which extracted from the stems and roots of various
Berberis species, such as Cortex phellodendri (Huangbai), Rhizoma coptidis (Huanglian) and so on. It possessed a
series of biological activities, including antioxidant, anti-inflammatory, reducing blood glucose and lipid level. In
addition, it had been proved that berberine could improve lipid deposition and glucose metabolism in diabetes.
Recently, berberine had been applied to aquaculture diets as an herbal feed additive in Asian area. Our laboratory
conducted many vivo experiments to study the function of berberine. The current study demonstrated that berber-
ine added in high-fat diet could mitigate oxidative stress, inhibit the apoptosis and enhance disease resistance of
fish. However, it was found that the growth performance of fish fed with normal diet supplied berberine was sig-
nificantly enhanced but immunity was not improved. In order to solve this problem, the study was aimed to ex-
plore the effect of different concentrations of berberine on cell activity, oxidative stress and apoptosis of grass carp
(Ctenopharyngodon idellus) hepatopancreas cell in vitro experiment. Cultured cells were treated with different
concentrations of berberine (0, 5 pumol/L, 25 pmol/L, 50 pmol/L, 100 umol/L) for 0, 6 h, 12 h, 24 h. Then, the
optimal concentration of berberine was showed by detecting cell viability in CCK-8 assay. Results showed that the
cell activity was affected by interaction of time and berberine concentration (P<0.05). Berberine significantly
(P<0.05) affected cell activity in a dose-dependent manner. According to the cell activity data, the remaining in-
dicators were selected to data of 12 hours for analyzing related indicators, including glutamate oxalate transami-
nase (GOT) and glutamate pyruvate transaminase (GPT) activity, malondialdehyde (MDA) and ROS content,
apoptosis, caspase-3, caspase-8 and caspase-9 mRNA expression. Compared with control group, GOT and GPT
activity in group of 100 umol/L berberine concentration were significantly (P<0.05) increased. Meanwhile, the
content of MDA and ROS were significantly increased with increasing concentration of berberine. The tendency of
content of MDA and ROS were same as that of GOT and GPT activity (P<0.05). In addition, compared with con-
trol group, the total cell apoptosis rate in group of 25 pmol/L and 50 pmol/L berberine concentration were sig-
nificantly (P<0.05) increased while cell apoptosis rate in 100 pmol/L berberine group was significantly (P<0.05)
decreased. At last, the mRNA expression of caspase-3 in group of 50 pumol/L and 100 pmol/L berberine group
were significantly enhanced (P<0.05). In summary, the safety concentration of berberine in stimulating fish liver
cells should be 25-50 umol/L. When the concentration was more than 50 pmol/L, it would have toxicity to normal
growth cells and affect cell function.
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