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JF4 24 N — % (malondialdehyd, MDA), £ JEFIA Bt H Ak (glutathione, GSH) . H it = H (triglyceride, TG
i, JFUEATIFAIZUMET O Y U= 00T, LA ITAL 25 52 10RE o3 I RE R G4V . T e th e I, IR
i CORAEE ARG IR PPN HORIENE (2003 4Eh0) ) , #EAT kg DBt . sl Rtk ilon S K 28 d 2 13
PRE, REGEN LG et R SRR RAUH L, PUPES RNy 4/NRUF 41414 MDA Al
TG F it B EFEAR(P<0.05), GSH &t B T1E (P<0.05), JFANNENS A M AL B B 082 (P<0.05); TG HSE
TP RNPEE SR S )y A SIS bR A G R 3, R 22 R TG L (P>0.05), LA 45 R IR,
VS o) 52 Xk M/ IS BRURR) B R 52 ) B B K T 12,0 g/kg BW, SR SEBRTCREZR; Ames ik . A#EHUZIK
95 RORS PRI 45 RN B, R EB/RBUEREE; 28 d O FMHIRIEREIZZ I mXT KRAE . g
L EYAHER . MR AR AR EU(E L R SR B SR R PO, RS EAE EEFRIRN 4.5 gkg BW,
L5 VIS BEON E RO PR N B B O, LACRAE T I S SR U 5 A TE VA v
S5 75, HAZRE I A S0 50 5 B Y H A 8w i B 2 2k
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Study on the protective effects and safety of the American ginseng ultrafine
powder compound in mice with alcoholic liver injury

WANG Guang-Lu'?, CHEN Xiao-Chan'?, JIN Jian-Wen', LI Hong-Ran'?, LI Li-Li*?, LI Yin-Qing'?

(1. Hebei Yuzhilin Biotechnology Co., Ltd., Shijiazhuang 050035, China; 2. Hebei Technology Innovation Center of Precise
Nutrition and Health, Shijiazhuang 050035, China; 3. Hebei Yuzhilin Pharmaceutical Co., Ltd., Xingtai 054400, China)

ABSTRACT: Objective To investigate the protective effects and toxicological safety of the American ginseng

ultrafine powder compound on alcoholic liver injury in mice. Methods The 50 ICR mice were randomly divided into 5
groups of 10 mice each, including the negative control group, the model control group, the American ginseng-free
compound group, the American ginseng extract compound group and the American ginseng ultrafine powder compound
group. The negative control group and model control group were gavaged with the same amount of purified water, and
the remaining groups were gavaged with the corresponding test substances daily for 30 days. Except for the negative
control group, the rest of groups were gavaged with 50% ethanol once after the last administration to establish an acute
alcoholic liver injury model in mice. The body weight of mice, the content of malondialdehyde (MDA), glutathione
(GSH) and triglyceride (TG) in liver tissue were determined. Additionally, the pathological analysis of liver tissue
stained with Oil Red O was performed to evaluate the protective effect of test substances. After screening the optimal
compound, according to the Technical standards for testing & assessment of health food (2003 edition), the tests of acute
oral toxicity, genetic toxicity and 28 days oral toxicity were performed to systematically evaluate its toxicological safety.
Results Compared with the model control group, the content of MDA and TG in the liver tissue of the American
ginseng ultrafine powder compound group were significantly decreased (P<0.05), and the content of GSH was
significantly increased (P<0.05), and the degree of fatty degeneration of liver cells was significantly reduced (P<0.05).
Although the indicators in the American ginseng-free compound group and American ginseng extract compound group
showed improvement trends, the differences were not statistically significant (P>0.05). The results of toxicological
safety showed that the maximum tolerated dose of the American ginseng ultrafine powder compound for both male and
female mice was greater than 12.0 g/kg BW, indicating that it was practically non-toxic. The results of Ames test, bone
marrow micronucleus test and sperm malformation test were all negative, indicating that it had no genotoxicity. No
toxicological effects on body weight, feed intake, feed utilization rate, blood physiological and biochemical indicators,
organ/body weight ratio and main tissues in rats were found in the 28 days oral toxicity test. The
no-observed-adverse-effect level of the American ginseng ultrafine powder compound was 4.5 g/kg BW. Conclusion
The American ginseng ultrafine powder compound has a significant protective effect on alcoholic liver injury in mice,
and its effect is better than that of the American ginseng extract compound and the American ginseng-free compound.

Moreover, the compound has high food safety within the experimental dose range.

KEY WORDS: American ginseng; ultrafine powder; compound; alcoholic liver injury; protective effects; safety

TR TE R AR BRI 5 1 & ALL VIR SR . 90%

il

0 5

RS L JF #7345 (alcoholic liver injury, ALI)JE: 5845k
JHE AR DB K e i | AN I SR P 2 —, g ik
FW T T TR RS TERE R . RS TERT A . IFEFLEdL . B
AL Ty AT An st R DAL, AERYA 20 12
AR, W A 5RO AR S B o H 2 4%~25% 3k
YO NBESLEE R, had BRI 5| & 1 JHF AU Ak 5 ) Bt H 25
M, R, FR A AR S A E A A
S E

A F 48 A VRS L8 S E rh 28 S B S R R i 6238 P450
ARG AR, Sad R 7 A K 0 M 4 B R 3 (reactive
oxygen species, ROS)FIFEME A a] = H) 2.1, ROS 7] 1§
oy A A g oo Ak, 5 0N 1 (malondialdehyd,
MDA) %5 HE FH,  [a] B 3 #E 8 4 1k 99 6% 4L B (superoxide
dismutase, SOD). it JFEHIABEH ik (glutathione, GSH)Z5EHT
AT, ORI A R T peah, RS
EEL SRR NIRR Y p-4 4k, fEE T Ik =R (triglyceride,
TG)FEMF AR N 3 VLR, 51 R AFIEAS A 110 %
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FH1TE

ALL ZEpEILIRTT I HAE, B i T FAE A ME L
HUAS FUARRCR, IR E R T Ak 230 25 W R 8 T T
REFATE—E RIVE UMY AL G 25 T IR h 254 B if ALL Jy 1
HA 208 IR A RO 34020 R & A f
b 2B 1 U I )

Wi ¥ 2 (Panax quinquefolium L.). $UHF (Hovenia
dulcis Thunb.), RZ(Ganoderma lucidum)¥)} 25 €6 JEY)
Bt PEVESINREANTIRDT . WV, R TR U<
BRI A5 Z AET O N 2 W 0 22 W 3 B o7 R 1 g AR
S T A A R AR A R B T T
M B GRN B2, JLERBUY WS 5R £ B i S i F1 &
T MO0 SR TG 1, I EORS A, DR A e 0, R
FRTANLH . RIERE A, 2R =ik G sy
SRALAPT ARG R GETEME, JF vl R 4 L SR F-a
(tumor necrosis factor-a, TNF-a), FI4IfifZ-6 (interleukin-6,
IL-6) i A BRI I RAES A5 . =& [Panax
notoginseng(Burk.)F. H. Chen]>& 1] F /4 £ &% (1 4 i,
THREHOR I . WA s, LR M = S T AT S 4
AL R BORI A AE D F R, SO PR R 24 b3k 4 Fh
TR AT BB I & F 2 At SRRt A AR A, LA AT
PR R4 280 S B G RSO, A6 PR AR S T
RiaH.

B THONS R B R R A5 0 24 b A0 M 465 ) 72 43 IR, (e hE
RIBBNIHOR G B 1R 2G04 1) L= IR FIAG RO8 4 th
PR, W B o LA W ) P R AN 2320271 el A58
U SRR O LE R ARGR 5t T RIAT 3k B SR Rl i ik
TR E SIS IR e M VN Y &5 ¢ 93
XK FUIE M ALT HA W] i PR R G800 . SR, H TR
TS 5 =t T RZ0MH, AFE% AL
PRy R B 22 58 MR BRI 5T 1 20 LR .

BT, AW B TE LUTUFE S0 00 %5 58 X0 416l
BHE Ty, FFLLATCVEVES AL )7 P i 2 S IO 5 5 VS xg
o, TELRAS A B AL He ] — B HTEE T, B EEES
AR FIN T G 5 0 R fs2 ), PEAL RO BR
B R AL AR 27 /N ALL #58, Xtk 3 HE
D5 TE B I AH 2O AN AR B A5 55 5 T h RE 22 57, JFIK
i CORMEE A IS 5 PE N HORBLIE (2003 4E0) ) , XLk
HIPEE SR 2 TRt i mt: . s LXK
28 d ZOFMMEMR, SEITPM SRS L2, WFRE
4 AR R R AL R AR S A

1 MR5ERZE

1.1 SEENY
& 15 9% (specific pathogen free, SPF)EBIFIAY ICR /)
B, Wistar K R[BALE R s wio e, A=y aiiEs:

SCXK(%55)2015-0018]; s ialkt (sl F4E2% A YR
AR, YFAES: SCXK(H)2011-0011], 7@ F5 30 4% : SPF
B SLIRE, IR 20~26 °C, B 40~70%, I HFATHE
5 SYXK(%8)2012-0065 , AR S0 2 It St Ui dR 5
GZ02720150054.,
1.2 MR5RF

=LA, XLl g =LA RA ), HEHES
KR, LR 254K BHE A BRA H] ), AU $E L)
OKHE, 1552y 10%, HZHAR/NT 2%, BfimREYR
B AIRA R, REREBYIOKEE, 1522 7%, HEZb
AINF 10%, BevGAesEA YRt A BRA ) o

N I E R A (S 20151218) b A DETH K
W R & S 20151216)(F8 7 #AUZE Y T REWF5E 00,
i = e (triglyceride, TG E I & HL S 150644), &
A AL B i SOR A B (i I B 2R A R A FD); T
O Jefa iRk & (S 20150925, Jbat 3w R A BRA A);
KEUF S9 LS 3509) 283k %5 4 A 2R 19 B FE VDT
[ P4 4 24 IR ok [ B0 30 AT bk TA97a. TA98. TAL100 i
TA102(ZE [E Moltox 2 #l); P18 Bk 1 (cyclophosphamide,
CP)(#L5 13120325, VIFEEGE 25 FRA D), BLrim
(#it %5 70321) . 1,8- — % I B (Ht 5 80926)( 1
Dr.Ehrenstorfer Gmbh 23 F]); & &M HE S 0703C083, £
Amresco 23 Al); 2-2 32 (L5 s90850v) . &R S ARIE R (5
Bréti) (3 [ Sigma 24 Al ); 42 IR 54 SRR 6 (G
Siemens Healthcare Diagnostics 2y H]); W E HZ 84 (3=
20150611, iAW R A BRA ), Tk BT
ali, REETH R IR 506 RA D, aifkk, —40K, i
ARSI SR Al KL 4
1.3 UFE5EE

GL2204B 3 Hr KPR E 0.1 mg, _FiAHRMU AT
AIRAT); G&G T-500 B HFRFECHEE 0.1 g, F ML
ARMERALHE) ), ZX-200 T4 [ B w75 AR M R
PEMT A DR A FR A w)); Herasafe HS18 A4 4 HE (GE [
Thermo Fisher Scientific 23 #]); AU680 #l4: A shA= 1k 434
% (35 [E Beckman 2 1)); MEK-6318K % [ 2 i k350X (H
AN E Tl bk £ 4t); IX51 B B8 ) B 37 B s (3 A
Olympus 23 F]); DK-600 fH /K 74 (I8 HE HAL R A BRA
w]); DE-800g J7 fiE = UMM AR AL (WL L5 K T3 A BR A w));
KC-701 ok BEAL (3 7 FF O W ARk 32 % B FRA |,
98-1-B 7l Hi # A (R HEZ B RR (34T B2 wl ), R100 Jieh 75
RAL (L ZR IR B0 A8 B2 ); JAN-80 sl B O AILCH
MG 35 B A BR A R ); Vo101 Y E 25 HE 4 (18 ]
Memmert /A #)); FST-1-30 TI#R 4l /K HL( i & R A %
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#HAH RN,

14 W
1.41 kA Besl 7 ik

USRI A8 VEVES IR Gk 4RI 2 K, Rk
1 h, BEREERAER, B0 LR, TR R
it 60 B, 15 PUESIREYATEL 30%, BBHTA/N
T 5%). FUVESBBO S FEIESOA FHJT RE R ol i
LRI, PR F RO EMLIE— 2 T 2 300~800 H
AN AR CRE A2 20~50 um), =-LEBRE & =Bk H
TR HOB AL AR, PR FB O AL — 5 K i
£ 300~800 HE LM AR (FiAR 20~50 pm).

TWHSE T W= 200 g). BURTFIEIY
(83 g). REZWYI(67 ), IRAEWE); VISR T
B=HB (200 g)  BURTFHEIUI83 g) . REZFEIAI67 g).
TSR0 ¢), IREWA, WHESBRME T W=
LR (200 g) . BURFIREUYI(83 ). REZAREYI(67 g).
PEAESEOR (100 g), RAH2.
1.4.2  IBAHRT B4 PR AP 2 AR IR A

WRUHERRFRI AR G5 ICIE S | TUrESHe
BWE T . WWHESBHIE THER A 525, 570, 675 g
Inalifb /K EZE 2 100 mL, LI B AE T8 5. 50 B
ICR /NEBEHLA R RAPERT B | BRI IR, CPU Sy
ZH(1.05 gkg BW), PUHESHRIUYIE Jr41(1.14 g/kg BW). 78
WS EITH0.35 g/kg BW), H 540, 4 10 2,
IR A H 4 O B AN R BE 1Y Z R, NRE S A e
Y1547 0.2 mL/10 g BW, BHEXT BEZ0 PO AUS) R 20 4 T 25
aifbK . Sh g R PR, 24 F A5 T 4 A7 3R i e
B, I 30 d AR R —IKET AT 50%2
B 14 mL/kg BW, FE 7 adk ALTBORY, PV B2 28 T4
R4k .

(ORI

KRR JGEEE 16 h, 5EMS AN RIERERFRE.

(0))iinen A ey T all]

BYH 0.5 g FFZY, INAKRRRFA AR K, VK 1
Hil #5513 . MDA GSH YA K155 ) i3 2 Gk R &
VLA, TG R4 A sh A b A Hr ORI

Q) 2L il L 5

W& AL BT L2 iR T T ke, kAR
F, LT O Yeta, Bike, MFHZU—im BT AR s 4ni
HRERAEAL, F 40 REPIBEE SN ALY o FEMER
BEIAEF LU . SERIATE AL, A5 MR R Y
BRI SR A TR, BTSSR A7 A o

PEorbnifE: JFAHRE N BRI AL, #2420 40); & RETH
HIFFARMAS R L 1/4 (1 43); 2 BRI A AN Bt 172 (2
4y, SRRTHMIFARE A B 3/4 3 4); HHLSULTF#E
WA 5o

143 D REWZ o HEXE

PEFIATE Jy 18~22 ¢ Y SPF 1Y ICR /N, MERESS 10 K
R E A —FE 12.0 g/kg BW, HEFFREUUES
BN R Z AL 12.0 g, INAEREbKERZE 40 mL,
BRI N 0.3 g/mL, MR B LR SN U = T B
WREE, B A P AT R AT . dhiE NS 3 do 4
TZAARE IS R ARK, 16 h SRR, Heik 4P
B, WG 4 h, WEE AR 0.2 mL/10 g BW, HEEY
RIELEE, LIGRRMEEEEN 14 d, IO i
REFETHL, RIEEE AR R IE T S TR
1.4.4 AEFMRE

(1)4H B [l 52 28 A8 1 56

SRRk TA97a, TA98, TA100 1 TA102 HHATIRE .
RESRH 5 ARFIVREERREE(S . 40, 200, 1000 1 5000 pg/I);
TV 3 AXERRAL, 43500k B & AR IR R BERITBE 1
X RE A TRRR SO B2 AE ] — Wk BE 4 i 3 ARG SR AR PA T
DI AR R AER o DA_E 45 MAETUZ B8 A 0.1 mL A58
PHRRIE TR . 0.1 mL 32 iURE SRV 0.5 mL iF519K S9 iR
A CH T EARGE LD, IR EEARZ R IR L
TE 37 °C Ki3% 48 h, I MR AFRIES Rk i
(4 [ 45 VR RO B R IR A SRR DL F, AR R
N 56 ZR U E R A . BRI AR A5 R B —IR

)/ BE AN I R I

BEFHRE A 25~30 g /9 SPF A ICR /M, MERER: 25 H
ERPEMESE 3 d A, BENLAMAE S 41, BRI 5 1L VS
AR S 7 S A S R 3 R 2H(1.5.3.0 F16.0 g/kg BW),
T BEAlAL K X BEZH A0 BE P X B 2 (PR BRI 40 mg/kg BW).
ISR 30 hikghik, Bk B 4 T2k, TRk
24 h, EEAE N 02 mL/10 g BWAR, TH KL T 2K
FEdLJE 6 h ALSEEW & ARA, 76 REE FERET, &R
SPIMEL 1000 18 £ Y21 41 iE (polychromatic erythrocytes,
PCE)H & % A %, 3%k 200 4~ PCE, [Al it 5 s
£1 2l Jifi (normochromatic erythrocytes, NCE)A %, #Eiit
4 PCE (54141 S 8 (PCE+NCE)H A 43 L o

G)/INEAE F R

BEFHRE N 25~35 g (19 SPF (1 ICR MMM, 25 H. &
MEMESE 3 d R, BENLO S 4, B4 5 R TUTES M
I ZARKEA PR 3 R4 (1.5. 3.0 1 6.0 g/kg BW), Ai%4d
ARk HRZH AN PR BRZH (GRmEIE 40 mg/kg BW), 2541/
WL S d 45T AHRL I SZ AR b, T E 25488 0.2 mL/10g BW,
ARZESE 30 d Ja (RI7EE R & 2R 5 95 35 d)Absts)
Y. BSOS BT 0.5 mL AEBEER K, FFHR AL 5K o 52
By 1~2 7], H 4 REEAGLERR R, BRTEE, ¥
LR, TR 1%Pafa. 5 R Mes TUEE 1000
KT, ICRBIEAE T, TR 7 R ERQ T aR
), i g A
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145 XK 28dZ0EMH XK gERLN, BEE/DRAR, REH, 2R E S

E$% 4 IS EY SPF By Wistar KR, MEMES 40 H, ik
2 FABEERERL20%. ERMPEESE 4 dJ5, BEPLY
AR, WL 3 AFHEL(1.125, 2.250 Fl1 4.500 g/kg BW
PUEESHBN R 5 ) I BH X B2 (45 T4l Ak k), 520 e
%10 K, ERH 28 d HEAEI, BHEAOHST 1
W, WEEhY)— R RREAR, AR . dEEi . PRI,
RIRAAJGHAET 16 h, FREJG R 2% E o 2 800 Bk
WEsh, I8 FEshlCR MIEF T . A AL FEFR ARG I, i it
WRFESN, AT RS SIS | U 8 Bk T A3 1) B2
G
1.5 HIELIE

PR SEIIERE 3 K, G5ACR AR R 258
AFR. 545 R M Microsoft Excel 2016 &7 38,
A GE o BT 2R 47 8 25 e Hr, 22 IR Graphpad
Pism 9.5 FAFHEAT, THEGORR ST FEA K0 56 EL 4R B 24
Z I 225, HEORRER A PR 5 LA 4L Z [ 2257, P/
F0.05 FRABEHER,

At 7N B A A s PR
2.1.2 DRI R E IR

M2 2 5 HEAT N, SRS R b, BRI R 2H /N
FUHFAI3 MDA . TG & TR, GSH &Rk, Baik
T2 25 59 (P<0.01), BEMIASUGR IR R L o R IR
A ELER, TEEES AN E /N RIFSI3KH MDA TG &
WL, GSH &t ThE, 253394 B3 1TE(P<0.05); 1L
WS T HMTE SR E 7 H/NRIFA K MDA |
TG FRIA MY, GSH & A F s, M8
PEZEF(P>0.05). LA A5 RRI, PO RO0 & 5 X
P R B R, ORI T IS B 2
I RIS E T
213 DRFELIRIE FUE

RPN ER A UL 1, B X B4 /N U2 2
JCHH BT @G, BRI B AL/ U SR R B0 A 5 K
HWLAIRTH HIEREKR, RUIRKEIRFUIE,; SRR
RAAH L, TVEEESE AT ES R & A7 e
—ERBERLL AR, MVUHESBHE E 7 g EE M

2 SER545%h TEARK R REAR . o1 3 Z55RnT 1, BRI HEZH 5 B M i
HEL, LR LNRID5 728 M VF 40 A B 35 P 25 57 (P<0.01),
2.1 RS HXERF IR RIFERTN AT/ BTV Q7R A s 7 2 O 5 2
2,11 /NEUREAL ERREALXS B AR Fo A, JH-A R 105 728 PR B W) W s, 22
B8 1 S5 R AT, 2% a2 iURE Sl 6 41/ U EE 3 8 S HA G E L (P<0.05), FIWAMEM:, D Eg5RR,
WIS, SRR B2 RO B PEXT B g, 22 R0 PUPES 0N & 7 e 05 DA PE 0 /N R ZH 2B
FVE(P>0.05) M E PP/ FUAE KRG T 224847, DL b APERREE, HASCRIE T PUvE SR B & 7 P 25T
F1 NRAETLIER
Table 1 Changes in body weight of mice
205 FHE/(g/kg BW) YA 0 E/g 1 FAE/g 2 A&/ 3 /g 4 &g
ISH 4 %o B 241 0 10 19.5£1.0 30.6£0.9 37.0+1.5 412423 43.7+2.1
TEHINT B 0 10 19.4+1.0 31.6x1.4 36.4+1.8 40.1£2.0 42.6+1.4
PGS E T 1.05 10 19.7+1.0 30.8<1.0 36.7+2.7 40.5+3.2 42.5%1.7
VSR R T4 1.14 10 19.9£1.0 31.0£0.8 36.8+1.3 40.7+2.4 42.9£1.9
PUPES B 2 T4 1.35 10 19.9£0.9 31.4%1.4 36.2+1.4 40.8+2.6 42,5428

T R0 2 5 AR KT HE 2 R S %o B 20 e A48 T 8 5 22 5, P>0.05

%2 /EIFEL MDA, GSH. TG MEER
Table 2 Results of MDA, GSH and TG determination in liver tissues from mice

215 FHt/(g/kg BW) LYk MDA/(nmol/mL) GSH/(umol/mL) TG/(mmol/mL)
IF 1 e e 2 0 10 6.07£1.10" 8.45+1.84™ 0.69+0.21"
TRt HE 241 0 10 8.85+2.03 6.43+1.60 1.30£0.44
TS E A 1.05 10 7.84+1.64 6.79+1.38 1.160.44
PO S 1.14 10 7.78+1.71 6.89+1.51 1.08+0.37
VYRS &2 Ul 1.35 10 6.92+1.67" 8.25+1.42" 0.80+0.41"

4 SRR B2 LA, TR A W 25 R (P<0.05); RN A 25 B(P<0.01), 3,
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TE: AL PIVEXS B B, BIBUXS B C. EPGVESE 4 D. VE
SR E T E. WIS @M E I 4.

B 1 /ANEAFHZUMLT O e 8,(200%)
Fig.l Oil Red O staining of liver tissues from mice (200%)
®3 MRAFELABERTETESER
Table 3 Results of adipocyte degeneration score in liver tissues
from mice
4 FlH
21 531 i/ (g/kg BW) = iy
BRI ) B 20 0 10 1.00£0.75™
AT % R 2 0 10 3.05+0.48
i 1.05 10 2.84+0.81
ikl ’ ’ )
PSR
N 1.14 10 2.78+0.62
BT
VRS 1.35 10 2.55+0.64"
ikl ’ ’ '

22 NRAEMEOSFMHRE
th4 4 SEALAT L, T P SO 7 2 IR,

£ 14 d MXREEIAN, ok WA & ek, IRJcsh#se
T, ZFE S B ORI 32548 (maximum tolerable dose, MTD)
HRT 12.0 gkg BW, 2Tk HRMETAN, 2R
FE R S BR TE R

23 EEESEMHAE
23.1 wHEERTRE

e 5 5 RATHL SR Ames iR5F6FHds Ad%k, TEHH
& FARFIET 2 WOkEe, M5 S9 W iEfb
RGN, BEH 8. 40, 200, 1000, 5000 pg/MIL 5 455
M, VUEESBHON 5 T 32 3R % 0 B ik T BR S 0 TR 4
FH, A& 7 2 Il A5 P Y4 B0 AR i [P ) IR TR VR 5 2 £,
IRIGHI - 5 2R, Ames TR E6 25 5 R BAYE:

232 N ROB M e IR I

2% 6 25 SR P, PR X HE A /N BRSO 5 00l hy
20.2%H1 21.8%, SHMEXT R4 E, AMEEHER
(P<0.01); SFAPEXTHRZH LA, VEVES MMM & 7 23
il 5 70 S L AN RO 3R 25 5 3 T8 B PR (P>0.05),
TeilE - e R, HIARI IE s EE RN . L 25 %R
B, VUVES GO0 & 7 /N U SR AN S R 5 R B

Uik A
233 DRMETFEHHRE

m 2 7 GERETA, BE T BRI BURE TEE & AR
78.8%, RPN HRAL LA, Ak W E MR (P<0.01); 5
BRI R LA, TUVES o &y 32 20RE il &5 0 S 4
TR KA 22 T B EPE(P>0.05), DL B4R, 7
WSO E T 7E/ RS BRI CUAR R AR 3050 P R HA

AT

F4 NERISBFSHLBRER
Table 4 Results of acute oral toxicity test in mice
P51 Fi/(g/kg BW) I VIR E /g LKAk /g STy R MTD/(g/kg BW)
I 12.0 10 20.1£1.3 30.4+1.4 0 >12.0
Tf 12.0 10 20.0+1.0 35.3+2.1 0 >12.0
#=5 AmesiRiEER
Table 5 Results of Ames test
AL B % FF %o B 2
tasiino)
2R3 ] g 50 pg/ML
415 8ug/  40pg 200 1000 5000  mag ! :l SOpg/ 10pgM 2 pg/lf Sfl% ”
m m ug/ll pg/ll pg/Im el Tk 2-EIEY -
FE AR
TAYT -S9 129+15 12245 1307 128+7 129+5 109+9 97+8 1105+30"
a *
ot +S9 137+6 139+12 141+5 14348 141+4 135+15 154+7 1210+40
;A TAOS -S9 35+3 41£10 37+4 39+4 33+2 45+1 46+8 1049+116"
; +S9 38+8 39+11 38+4 4242 4243 4249 4942 872+56"
—  TA100 -S9 181+£8 174£17 177+6 18511 17845 177+6 160£16 1178+22°
% +S9 190+19 194+22 193+4 203+9 188+6 18914  213£14 1187+113"
TA102 -S9 208+18  294=11 281+6 27546 291+4 29149 294422 1240+137°
+S9  294+19  294+13 297+4 30710  292+10 297421 3061 1250455°




280 B2 4 TR R I 2R 175
= 5(4)
ZiAEE A Bk BH X HE 2
IR
o130 Vs 3R % [ 725 50 ng/IlL
8 ng/ 40 200 1000 5000 2] ) SOopg/M 10pg/M 2pg/ 07
I pg/IM pg/Im pg/Im pg/Im 2l [ETRN 2- I =Rl .
F
TAQT SS9 12147 12044 125+11 119416 120£6  131£5  107+10  1200+64"
a ¥
- +S9 129415 123413 131+3 13246 127+14 14245 118+I12 1336220
- AR -S9  40+11 4242 3748 3747 3848 3845 361 862+15"
g; +S9 3949 4149 3542 4347 3749 43+8  39+10 958+177"
- TAL00 -S9 16048 165418  154+7 157410 15143  180+11  174+13 1145£195"
& +S9 188412 188419 187413 17319 18017  187+11  182+14 1169+189"
. -S9 293+14  289+16 30119  295+8 286+12 291+8 307+13 1165174
+S9 30543 288+5 31049 295413 293+18  301+13  299+11 1128+63"
T RSB AR 2 A5
Fz6 NEEBHEMABMIZAKRER
Table 6 Results of bone marrow micronucleus test in mice
- I ) W%
R MEA(gkgBW)  siBUH PCEA~  NCEA~  PCE WLHil/% — - -
WEE PCE/AS % PCE/A A%/ %o
9 X} HE 2 5 1000 864 53.6 5000 12 2.4+1.7
1.50 5 1000 856 53.9 5000 9 1.8+0.8
A 3.00 5 1000 861 53.7 5000 12 2.4+0.9
6.00 5 1000 851 54.0 5000 10 2.0£1.0
0.04 (CP) 5 1000 1089 479 5000 101 20.243.6™
92 %o B 441 5 1000 855 53.9 5000 11 2.2+40.8
1.50 5 1000 847 54.1 5000 11 2.2+0.8
Tk 3.00 5 1000 866 53.6 5000 9 1.8+0.8
6.00 5 1000 864 53.6 5000 10 2.0+1.0
0.04 (CP) 5 1000 1079 48.1 5000 109 21.845.0"
T SRYEXT R RS, T P<0.01, £ 7 [,
#=7 MERBFEREANRER
Table 7 Results of sperm malformation test in mice
- I LK T W T A 125 284 ) 3
aH ARekgBW) S T A — — O TRIE /%
BHA T HFEE Mk xTElk HibA B4
I3 4k X} G
w 0.00 5 5000 21 12 9 52 0 94 18.8+3.1
R = 1.50 5 5000 19 11 7 53 0 90 18.0+1.9
5 3.00 5 5000 22 10 10 53 0 95 19.0+2.5
=% il 6.00 5 5000 19 13 8 56 0 96 19.242.6
[{ERER O .
Qﬂ 0.04 (CP) 5 5000 123 71 29 167 4 394 78.8+5.2
o AFAMEIE: fERIrE. Bk, B,
—p =4 624.5 g Fi1749.2 B FIFZ5-5 R 22.4%F1
HITT . 2g, ) Vil .
24 AR 28d 2OEMKE S o i 4% f;f J% fj?ﬁ?‘ Jﬁ .
35.0%. S BAMXS IR LA, A2 Al i L K R S
241 HXA—MEAA. KE, HLF. RHAMFH a4 o . o
Yo L EEE . BRI AR R T B TE(P>0.05); Z ik
72 e

KL RS T, BRIERW, LREITNE
ot 8 450, 28 d MEFRIIIN], PUES MM E TR
FUELME . HERRRIEEE /00 140.0 g A1 262.1 g, M

AR R RUAEINE . M E RS YRR LR
YO0 1 (P>0.05) . LA EZE R, PRS0 2wt
KEARE . SrEEFEY R HRICH B2,
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Table 8 Results of body weight, feed intake and feed utilization rate in rats
HEPE T
215 B B4k
1.125 g/lkg  2.250 g/kg 4.500 g/kg 1.125 g/lkg  2.250 g/lkg 4.500 g/kg
Xf B4 BW BW BW X iR 41 BW BW BW

0 82.9+5.1 78.3£6.8 78.4+8.2 79.0+7.8 83.8+5.9 87.4+5.3 85.5+6.3 86.2+7.6
1A 132.8+8.1  128.4+10.0 129.3+10.7  129.0+£8.7 149.9£9.7  154.8+14.0  152.6£9.4  154.8+15.6
fhHEi/g 2 166.1+48.1  160.0£12.1  163.0+13.2  161.7+12.4 215.4+14.6 219.7+152 217.5£16.1 220.2+17.7
3 1959484  189.2+12.0 193.8+13.9  192.2+14.9 285.2+20.4 288.8421.2 285.8+21.0 288.5t17.4
4 H 222.6+9.4 216.8+£12.1  220.7+14.6  219.0+16.5 346.3+£26.0 350.3+£22.0 345.4+26.9 348.2+18.5
Wi /g 139.7£9.1 138.5+9.8 142.4+12.4  140.0£11.3  262.6£26.0 262.9+20.6 260.0+26.3 262.1+15.3
51 130.4+6.7 128.8+13.9  131.0+12.8 130.4+£7.3 149.8+11.4 151.3x12.1 152.4+12.2 148.7t14.6
52 150.8+7.8 145.3+11.3 147.0£12.1 150.0+£7.5 173.6£13.2 175.4x14.7 174.6£12.1 172.7£13.9

ﬁﬁ’@/g

%3 166.8+8.8 160.2+10.5 161.5£11.2 165.0+£8.0 197.2+12.9  203.0£12.5 200.0+16.5 203.9+11.6
%4 182.8+7.2 178.3£9.0 176.2+9.5 179.2+11.1  218.0£16.9 223.2+12.1 221.7+21.3 223.9+13.4
Bt R/e 630.7£25.8 612.6+£39.5 615.8442.7 624.5+27.8 738.6+48.6  752.9+42.2  748.7£51.1 749.2+48.3

HH1JE 38.242.3 38.943.1 39.04+2.1 38.4+3.2 44.2+2.6 44.5£5.5 44.1£3.0 46.1+3.1

52 JH RESR 7£3. 9=£1. 7+£3. T£2. 345, 14, .0£3.

P e 2 22.1£1.5 21.7£3.3 22.9+1.1 21.74£3.3 37.7+£2.6 37.3£5.2 37.1+4.8 38.0+3.3

1% $3H 179424 18233 19.0142.4 18524 353438 34152 342829  33.6:2.9

54 JH 14.6+1.5 15.5+£3.3 15.3+4.5 14.9+1.4 27.9+4.9 27.6+3.6 26.9+3.0 26.7+2.5

BEYRFZEY% 22.2+1.1 22.6%1.5 23.242.0 22.4+41.2 35.541.9 35.042.6 34.742.2 35.041.8

T AT 2 B R b e B e 2R 5, P>0.05. K 9 TRl

242 sERF ik F A e AR ARG F R
H 2 9 Z5 AT AL, MR~ AaAR 7 1E, 5 BT BE A T
B, WS BN E 2R SR R A A 2rgn
f | 218 A AN A3 25 R bR 22 T8 0 B S (P>0.05)
A AEAEAR 718, A2 RE S I e 4 K BRI s LR . B
F 5 BIMEXT BRZA bR, A W3 25 5(P<0.05), il
20 5 B X B2 4538 T B PR 2 5 (P>0.05), HL& &
ANUEF . B B Y 70 AR SE 56 28 16 {H Y B P9 (ULIF IE
{8 35 A 35.7~60.1 pmol/L; M % 1 iF % {H 8 Fl A
54.29~72.89 g/L), Wi%%EF oA PI2E R X, 5 BIPEXT R4
Fhdg, 32 lRe bl 4550 R 4K BRI S TN A R Rl . RIT14
RAIRASE NG . b, JRER . SRERE . b =K.
H & A S A Bk LI E 25 R 22 R YO0 B 3 1 (P>0.05) . BLE
gE LR, VOISO B 5 X K R I VR 2 A ol A= Ak A
R ¥ TG I 8 5 )
243 KRR LG F R

10 55101 H, SHMX A, Z2FEmn %
7R ek U g AR/ B A 25 S 38 T B 3 M (P>0.05), 2

R, WHESHBHEME KR FEEIREAT KL
UilTe- A8
244 KRUZBRKREFHS

SR KMFERIEL, S HEERIME . R @i
R BER I A DB S R o SR TBCIFI I el R 2 0 ) o 2 4
YN A ELER T IT REMALURES R E, 4505
N, B R ZE A 31 2 0 T R 20 o 46 1 4 LR 1 (1720,
WEPE 0/10, HEM: 1/10), A7 LA 252 S A AR OR
FE(1/20, MEVE 1/10, HEE 0/10), A 518h% 1 ER] G P 2
RV IE (120, MEE 0/10, HEPE 1/10), WK, B . B
SEINTE AN = e 315 NS R R = SO =5 b SR B UL
o AT TR AR, T rb JREJE P 20 £ 48 M A IS0 (3720, M
PE 110, BEPE 2/10), FRUEA /D240 AEARIRSE(L/20, HE
PE 1/10, HEPE 0/10), ' ER] ST P 202 48 M A LIS T (1720,
HEPE 1/10, HEME 0/10), MR, B . M. IR SEILENE
AV E . LR AR TR WAL IR K A AR AR R R
WL 225, HO KRR LA A & PR AR, SR Ak
ZARAE R TER
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Table 9 Results of blood physiological and biochemical indicators in rats
W Tt
el BT 1125 kg 2250 ghkg  4.500 g/kg Bk 1125 g/kg 2250 ghkg  4.500 g/kg
of B2 BW BW BW it I BW BW BW
H 4 /(< 10%/L) 13.8+2.2 12.8+2.4 13.4+2.1 13.0£2.0 13.4+1.9 13.3+1.7 13.7+1.6 13.8+1.5
LT AMM/(x10"%/1) 6.76£0.45  6.87£0.32  6.92+0.46  6.72+0.68  6.90£0.43  6.85£0.82  6.96x0.46  6.87+0.56
ML£LE 1 /(g/L) 136.3£16.3  137.8+16.8 137.4+12.6 136.8+15.0 135.5+16.0 133.6£12.6 1352162 135.0+16.9
T L A i % 76.4+3.2 75.6+4.5 76.143.7 77.543.9 76.4+4.1 77.4+3.8 77.2+4.0 76.9+4.1
PR AL/ Yo 4.0£0.6 4.0£0.4 4.0£0.4 4.0+£0.6 4.1£0.8 4.1£0.6 4.0£0.7 4.0+0.7
LA L/ Yo 19.6+3.1 20.4+4.2 20.0+3.5 18.6+3.7 19.5+4.1 18.5+4.0 18.8+3.8 19.243.6
T/ (mmol/L) 6.16£0.63  5.67+0.57  6.01£0.58  6.12+0.53  6.08+0.85  6.08£0.99  5.72+0.54  6.09+0.87
JR % A/(mmol/L) 3.91£0.98  3.65+0.72  3.58£0.70  3.61£0.70  3.95+0.67  4.02+0.87  4.06:0.81  4.18+0.47
JILEF/(pmol/L) 55.243.7 51.9+2.4" 52.842.6 53.243.1 50.4+2.0 50.542.9 50.1£3.2 51.1£3.6
i JJEL 1 2/ (mmol /L) 1.62+0.22  1.58+0.31  1.60+0.33  1.60+0.28  1.08£0.42  1.10£0.21  0.96+0.15  1.18+0.39
it = 5/(mmol/L) 0.49£0.15  0.71+0.40  0.49£0.09  0.55+0.11  0.83+0.80  0.66£0.45  0.55:0.24  0.61+0.28
N 2 R 4% A% Il /(U/L) 27.244.1 26.1+4.4 29.14+2.8 27.243.9 34.9+5.6 37.8+6.6 33.5£5.7 33.6%5.1
%"jg%?ii%%%m 75.4+7.8 74.7+8.1 80.5+10.4  82.5+11.4  86.5£8.3  94.1x17.1  87.2+13.0  82.2%7.6
S /(g/L) 62.7+3.7 62.342.0 60.8+2.8 62.9+3.0 59.242.0 61.141.9" 58.9+2.3 60.9+1.6
1 H/(g/L) 33.4£1.9 33.4+1.2 32.2+1.5 33.3+1.9 29.8+1.1 30.6£1.0 30.1£1.0 30.241.2
BRI 1.14£0.04  1.16£0.04  1.13£0.05  1.13:0.05  1.01£0.06  1.00£0.03  1.05£0.04  0.99+0.06
TE: AR S5 B R H AR, "R A B P22 B (P<0.05),
F= 10 KEPEARLLLER
Table 10 Results of organ/body weight ratio in rats
W idj% AR JHFIE JIEIE e 2
W ek W T R pn o WK g o WA g BRI
5 1% % 1% 1%
[S5E
prepn 10 20563894  7.02+0.41 3424024 0.60£0.06 029+0.03 1.75x0.16  0.85+0.07 - -
w1125 10 199.8+13.1  6.99+0.50  3.51£0.29  0.58+0.10 029006 1.69+0.13  0.85+0.07 - -
2.250 10 203.0+133  6.7740.89  3.34+040 0.56+0.07 028+0.04 1.70£0.16  0.84+0.09 - -
4.500 10 199.6£15.1  6.94+0.46  348+0.17 0.56+0.08 028003 1.71£0.16  0.86+0.09 - -
Xﬁgﬁ 10 32314232  11.59+094  3.59+025 0.90£0.07 028+001 2.66x0.14  0.82+0.04 326:020 1.01£0.09
e 1125 10 3253+242 1153071  3.56£0.35  0.93+0.09 0294002 2.62+0.22  0.81+0.08  3.34+025  1.03£0.05
2.250 10 32144245 11502092  3.59£029  0.92+0.05 029+0.01 2.63£0.24  0.82+0.09 3.35+028  1.04+0.05
4.500 10 32374192 11.60£0.70  3.59+026 091007 028002 2.65£0.32  0.82+0.07 330£023  1.02+0.04

TE: RN MEVE R RO L &%, AT IE .

3 & 1

AW LT L 3 R IES, SRR
AR VEPEAN, S PETES O & AE D TS (A A
AU o F PR T SE ks . AR oK, PVES MR E
I H/INEUIFZHZ T MDA 1 TG /K -5k 280 %of B 2H i R
i(P<0.05), GSH K- i 2 T (P<0.05), JH-4ti Ffa fig [l 22 1
R B 08 (P<0.05); T JC PG5 i A RITG 1 S 4 L

Yo 7 LA R bR AT MR A, (A RB R Gt
IKIE(P>0.05) X FH, PHEESBIIMASEE I RIEY 5L
RGO BE R, T B R R A 1) 1o FH O — A5 Bt 1 L2l
IR . 2R AR SR P T 2 U TR U I 1 RT AR
ALL /NI 35 i 0 M R I LM LR A2, P4
GSH /K -4 TR EE 88k &8 35, MDA &8, (HHAA 27l
IKEEIRHE ', TIASE SR A I 3205 8 ok 146 1T B SE 2o
P A I R A4 A R R T A T BN . YT —
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AP BN 2 55 522 R AMONS 16 P X 18 YPDRG # JHE 491 40
KREADRATVER, EH5 AR BRI S,
DA A o i T8 Bk sy ook, ABFREal 3 HE I
SEATEEIRH TIX— A A2, A ROoR B3 $2 4t T B SRIE
Wio WARMEPENEERE/R, TUESBAN R 7 X MR/ R
By B KT 2 F = KT 12.0 g/kg BW, JB SChRICHE 4L
Ames K5 . BB IRIG KOG T HTE 00 25 510 T,
AR TN 28 d 48 PRI AR R B R AR |
W PRI R . ARl A HE AR
B L BRSNS RN TGS MO 2 B
UL T AT SR A S

AW FEAIAFAE—5E SRy BRAE X 47 F AL ol B0 48345
B A AL R AR A SO B2 18, R B B AR 53 1Y)
SFHLEIESE, BRI DU R B0 o £, =
90 d 28 M # VLRI A58 1k # B R S i . R et T #%
B EUTRPEENIE AT . S 5 i B Tl 2 S g e
R 255 2 FH R R G R 3B, #h o8 v 2
SR, FRATXHB MR S A SUR o S AR
FEZ R R RIF R ARG T AN, AIEE TR
v ARTF K A B 7R A B R F R R
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