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Nutritional component analysis and edible safety evaluation of Yunshen
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Abstract : The present study systematically analyzed the nutritional components of Yunshen ( Codonopsis pilosula ( Franch. )
Nannf. var. volubilis ( Nannf. ) ) based on national standard methods,and conducted acute oral toxicity tests in rats and three
genelic toxicity tests to evaluate the food Safety of Yunshen. The results showed that the contents of protein,fat and polysac-
charides in Yunshen were 9. 190,3. 700 mg/100 g, and 12. 100% , respectively. The total content of amino acids reached
5.238 g/100 g, containing 21 mineral elements such as K and Ca. The highest content of K was 8 120. 000 0 mg/kg; Four
types of vitamins;vitamin A ,vitamin C,vitamin E,and B vitamins were found,with B vitamins having the greatest content and
a rich variety ; Seven pesticide residues , including feniconazole , Jinggangmycin , tetraacetaldehyde , imidamide , thiafuramide , im-
idacloprid, and enoylmorpholine ,as well as Salmonella and Staphylococcus aureus,were not detected in Yunshen;The median
lethal dose (LDy,) of Yunshen was higher than 60.0 g/kg BW and it was classified into actually non-toxic according to acute
toxicity dose;Three genotoxicity tests,including bacterial reverse mutation test, mammalian erythrocyte micronucleus test and
mouse spermatogonium chromosome aberration test, were negative. Taken together, Yunshen was rich in protein,amino acids,
mineral elements,and vitamins ( especially B-group vitamins). Furthermore, pesticide residues and microbial indicators met
the requirements of China’s national food safety standards,and no significant toxic effects were observed under the conditions
of this experiment.

Key words: Yunshen ; components determination ; vitamin ; pesticide residue;acute toxicity ; hereditary toxicity
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( Codonopsis) , PRI LA ¢ ik H Yk ZU 09 BLIR, 3 PR R
2, ZBRTMEELKN—MEA Y, 4
KT 700 ~2 800 m [ARZ FIFEAR A, F 243
AT TFE A VY R A X, 2 e AR R
IR R SC TR R A 2w A R
FRAN VAN &t 5 HE B X8 PSR, LARD AR i g
Tk LRSS R SRR S FE S R
HIX RN = S B EFAY) FEAEE S
( Codonopsis bulleyana Forrest ex Diels) (5|44 2246 R
Z W BEEZS) . /NE S 2 ( Codonopsis micrantha
Chipp) | Bk 1€ 4% 2 ( Codonopsis subglobosa W. W.
Sm. ) (B RTHS HINES FPEGES) SO
4t% ( Codonopsis cordifolioidea ) ( 5| % 0> 5% 5 B&
T2 TR M4 S8 58 2 ( Codonopsis pilosula
(Franch. ) Nannf. var. volubilis ( Nannf. ) L. T. Shen)
B AMRYI SRS S R IX,
BAEAWREE P8 2 XA = 24
Y st s

"EESEAR EIR Y DR AR
FAR TS558 TR ), & —FhvE I W) 5T X i 1) 245 1 75
JAR o L R RR I, 55 A W
R A AR BT B2 AR R RSE )
2y, Hrh R O R R F LW —
(i E R G2 R ) (= A &) (e Eh R 2 4
) HEBFICE, =S a9 B A b b a5 A, (AR
At BB S R W, B S S )
RORARL, BA A M A S Rl BT o7 S
HLIRSeE i 1y B it B 48 g 1 /R T T, £
S CE SRS TR (E A UL
A KRBV I RGN HOE . AR =S
B SR SN A TR BB YA AT E P IT e RE
A2 VPR, LU = 2008 R B ]
RS EHKIE, =S RN S TF & F
BEE PR LA
1 #E5F=®
1.1 EEMEHLH

FEME: 2 WA RS, &m0l K
S BRI B Y Y556 2 ((Codonopsis pilosu-
la ( Franch. ) Nannf. var. volubilis ( Nannf. ) L. T.
Shen ) ({4 ; SPF £ SD K EL (MEMER 10 H, B 4%
JIE5:110324200102731757 ) #11 SPF 2% B HH /)N B (i
Pk 55 B, M 25 1, B A IR - 110324200103
153717 ,110324200103153556 ) ¥4 g B &7 01 47 (db

50 EWHARABRA ], BT A sh) S8 24 = Aol
K2z fw BE2E e B2 & e e (LS
202102002 ) ; 34 4E ¢ 1m0 (VL7544 B [R] B 25 4= )
TRERABRTEAT]) ; EARGHR(FEM A LA B
HARAH]) .

FZ) A EIERE (L5 O1110A) 2-2 L B
(#E5 10197304 ) ( Alfa Aesar 2N &]) 5 # 52 A5 (Ac-
custandard 22 &), #t5 4030165-01) ; B A 40 ( KA
KU A 2E R BB AT BR 23 7] L 4k 5 20160720 ) 52-28
%75 ( Solarbio 2% &, 4t 5 929A031 ) ; 9-4 3t 1Y g
(Sigma,fIt5 BCBT2829) ;18- ¥3 3 B ( PG 4% F5
P A 5 5 A FR 2 AL ditS WXBB0392V) |, #k
VAR IEL
1.2 FENFEEESE

STX2201ZH AU, K F- \NV2201ZH #I 43
B R - SQP/QUINTIX6101-1CN # By, 7 43 #f7 K
(Fe L MRl A AR (db30) A PR A F]) 5 Nikon E-
clipse E100 1F & i35 ( /e 52 VL RS ACGHT 627 A R
F)) s HH-S4 fE K4 (i IR IRV RS A
FRZAF]) s BPN-8OCW e ifit 5% F5 48 (b A 3 10 i
HABRE]) s THZ25 HIR R &% (R i L4
AR ) .

1.3 =S aHaN
1.3.1 =AERAS S

MK 5y # GB 5009. 42016 il % 5 7K 43 ¢ GB
5009.3-2016 42 ; Z 84 SN/T 4260-2015 i 5E ; &
FIBT#% GB 5009. 5-2016 5% — 2 2 5 fg i 4% GB
5009. 6-2016 5 ; 88 | 24 GB 5009. 83-2016 il
YR E A YA E #2 GB 5009. 82-2016 42 ;
Y% C i GB 5009. 862016 i 5E ; 4tk & B, 4%
GB 5009. 84-2016 %5 — &=l 5 ; 4k 4= & B, $% GB
5009. 852016 5 — il 7 ; 4k /E & B, #% GB 5009.
1542016 25— ; 12 iR GB 5009. 2102016 4
TR E 5 SRR % GB 5009. 89-2016 il 2 5 M iR
(e NI AN E 245 81L) 2015 4E R 3800 E ; g
21445 GB 5009. 88-2014 il 5 .

1.3.2 RABRARAAETNE

KA (Asp) (IR 2R (Thr) | 22 %8 (Ser) |
BHEIR (Glu) 2R (Pro) \H &R (Gly) (N &M
(Ala) | %l Z R (Val) . 2 TR (Met) | 57 5¢ A TR
(Tle) \ 5& Z R (Leu) | F& 2 W2 (Tyr) . K N & IR
(Phe) ZHZ 1R (His) i 2% (Lys ) RS 22 (Arg)
iz GB 5009. 124-2016 | ,
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1.3.3 FHAEHEARES TN

Mg .Ca K Na F P #% GB5009.268-2016 &5—
M%E ;Mn Fe Zn .Cu.B.Co Mo .Si.Se.Sr.V Al fI N
it GB 5009. 268-2016 45— 1= 52 ; Hg . As il Pb %
WM/T-2-2004 ] % ; Cd #% WM/T-2-20044 ] £ ; Li
% GB/T 35871-2018 Jll| 5& ; Be % HJ/T 59-2000 i
%3 Cr #3 GB 5009. 123-2014 |72 .

1.3.4  FHEMBH EH RO

A 255k 68 L R Tk F BRIk $: GB 23200. 8-2016 ]
X B Z i GB 23200. 74-2016 7 ; IU 5 £, %
iz SN/T 42642015 52 5 WK LM 4% GB 23200. 11-
2016 |72 s WERK k4% GB 23200. 92016 il 52 ; Mk He
WkFz GB 23200. 13-2016 | %2 ; 4 Ik "5 ok 3% GB
23200. 13-2016 il % .

A VP TT IR 4% GB 4789. 42016 ) 7 5 4>
WA A EK AL GB 4789. 102016 55— A .
1.4 NMNERREHTMKE
1.4.1 ZRE%iRE&

FREL 300 g #EAR N 3 L 4ligk 765 e R EEh 80
~90 CEHM TR 30 05p , HE WK, A IF PR
IR 4 2 200 mL, £ F , B 22 TR 4R WM Y T IR
FEAL 1.5 g
1.4.2  F3ah iR in

EWPERSRE 3 ~5 d 5 T a0, IR 20 ~ 26
CAEXIE B 40% ~70% , 4+ 1E 5 = 7 10 A (12
h/12 h) | | R oK.

1.4.3 KR EMZoEkiXE

22 [E bR GB 15193.3-2014 (/) 7J5ik . 1 iE N
IS5, A AR PR E O 180 ~ 220 g (19 SD KRR 20
HUOMERERS o S e Tt s DAPR S 3, 5 v 4 W i
2 20 mL/kg BW (9 B A O > T A0 60 g/
kg BW {5055 ) , 73 PIIRHE 8 457 SD KB, 45 UK [A]
B 4 ho HEHISIEZSNEE 14 d NshPI b EEae ik &
FETIEOL I IR RIS 7 d 5 14 d AR KR
I IR IR 2, o5 A S8 sh W A AR5
1.4.4 =it Fkikik
1.4.4.1 405 W2 RAR G

ZZEfR GB 15193.4-2014 15k, RIHE%
TS R B TA9S , TA100, TA102 . TA1535 FiI
TA1537 HFPEERE, £ 5 A K BRI SO 54T
HEATHRAEF LB A 12055 (S9 mix J#H 0.5 mL/
L) BN L AT k. Fla et 5 — 0GR it
750001 581,500,158 .50 pg/ L F A5 4 K i
BECRIF ALK ) X REZH | [ A (8] 4% 25 0 0 e 21

B8 WK 5 000 1 000,200,408 g/ ML 451
T2 I CR B AR ) X RR 4 | [ & ] 48 41 FnBH 1
XTHEZH o FFSHECH] : HERRI IR 1 mL W45, in4tizk
%20 mL IR G I%5], BN EE 5% BT, 55—k LA
12Uk FE R SR Rl 2 K AR R A A R AR AT R B
1.581% 0.5% .0.158% #1 0. 05% [ Wi ; 56 — Ik
VIVREE 5% W80k it FH 2l K R AR 5 R B3R
PRHREE 1% .0.2% 0. 04% F10.008% (A . T A
Bict il £ 37 10RE i 2R A 7 8 2895 K1 (0. 103 MPa, 20
min) o JHRET 43 RS e BE U 0. 1 mL il A T
R R R it 45 700 o, AR A A = AT, AN
TS9O i 5 i FH M X B CH 1.5 g/ B AN
(TA100, TA1535),50. 0 pg/I0L (1 &L 52 425 ( TA9S .
TA102),50.0 wg/ILI¥ 9-ZFL N BE (TA1537) 5 i S9
T A BH XS B 20. 0 g/ LY 2-20 5K 25 (TA9S
TA100),50. 0 pe/IMLAY 1,8- %2 3 AR (TA102) ,
2.0 wg/ LAY 228 3 B (TA1535 [ TA1537 ) . &L
A BEPE BB AR FA 0.1 mL,
1.4.4.2  WHZLh W 2r 40 B iz il 5

Z2% [Hbr GB 15193.5-2014 () J5ik, % FH EL A
/NS0 HiAH 25.0 ~35.0 g, MERES . B/
BEML A S 21, B2 10 Koy, MEsEssf . 5k
Th B4 R 20 mL/kg BW Sy 5l 4 .10 mL/
kg BW il .5 mL /kg BW R fiHil &, 5) i tit
(&liK) X B2 S oAl 1 e P P % B 2 ( CPL, 40 mg/
kg BW) o A ECH] < AR5 & 4 31 B 10.0.5.0
mL HR4E NN 2tk 22 20 mL 754385, 23 e i e g
4 50.0% 25.0% [ HUCP 0.04 g fmzlizk 2 20
mL, AR, A& . HE B AR 20 mL/kg BW i
B5oRH 30 h JEE O, PRI EIRE 24 h, T4 —IRG T
A S 6 h STHEANZE S, BB B B BELR R
[ 72 , Giemsa Yo )5, 7EIMEE A H/NEGT4C2 000
B Z YL LI AN (PCE) Ho i) fi 40 M 25, 158 X
M3, WK 200 42140, TTHEvE L2 YL 21 40 fifg
TE B LA ) L], B PCE/RBC f9 HUAE
1.4.4.3 /NS I 240 i G £2 A iy A2 06

S E R GB 15193, 8-2014 (77 & M
ELH/INEL 30 H R 25.0 ~35.0 g, /N EUFEAL
R 5 A, mAlaEd 10 Rhyy, Hatdal s Jaiy.
IR T B AR R 20 mL/kg BW Sy = 1) £
10 mL/kg BW S ml/kg BW RS, B
BEVA I (lik ) X R 21 K P 1 g B P o iR 2 (CP,
40 mg/kg BW) , v fi5 & 73 5 L 10.0.5.0 mL
WAEH 2K 2 20 mL 54347, 20 S BE LR ok
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50.0% 25.0% W% . W H AL 20 mL/kg BW,
SIS —IRG T2k i, 73 FREC0. 04 ¢ CP, N
0. 9% AN ST 2 10 mL 784 VA 5], B Ak
FE4 0. 4% BV, ¥ 10 mL/kg BW BLURE s 1355 o
EAE T ARIRG T2 5 24 h F148 h PIAS
A E) AR SE B PR A BEAS SRR RS A 5 HEhi.
HARAB AR REG T2 A5 24 h 4bsE
SNYIRAE , AT s AbBERT 5 h 442 6 mg/kg BW (15
T2 /N B s 1 SO AN 28 (TSR 10 mL/
kg BW) i £ 4k 4b 5E 3l 9 43 5 BRORUI 52 L, il A
19 FrRERR — AR T R 43 85 T Ak A .37 C oK
R TPARIE 30 min, AFAHNIRB I, P28 [ - 25
=[5 - B O - e 5, 5 B3, B8 0.5 ~ 1.0 mL 4 fifg
g“ﬂﬁ?ﬁ%}”ﬁkﬁ THE 5 Giemsa Yo 7EIHBE T ML,

HBYit4 100 A~ 53 2R A M, 10 SR g8t 4
lﬂi@%?ﬂ B R R 0 i, B L B gE 1000
A2 M A S S A A 22 53 S48 0, R i ARG
T A AT 22 53 544 BN AMIE T X BRZ 1) 50%
1.5 HiRgitom

S A E =R, B R ) Excel 2010 R4

j:%/\ B EFR ST W W BIT R AR H
15 Yyl 5 45 R 8 R R M M2 1l Je
zlﬁiiﬁfﬁ PRI B >k FH SPSS 24. 0 Ge itk
TAMBT, G LA £ ARE (x £5) o, P <0.05
hESAGIFE L.
2 HERE5HH
2.1 =SHESHKET
2.1.1 ERBRASHH
“ZEFRHAS L ERINE L, AR 1A, =
ZHESHER E, &5 6.000 mg/100 g, 50t
B A3 E, dEE B g, R R
(HEAEZ By) HEA = By %, S =350 6. 820
mg/100 g F10.740 mg/100 g, ¥ TA it 56 S0 &
BRI, S XRG4 R B B2 AT, A
5 T 98 BRI L 7 L I A R [ TR L B
1B ks AL (B 1k iR LR T 45 AT e BAT — 2 1
MY BB AH R R4, 155 22. 100
g/100 g, 5SS wEA -, & T HER
ST HOA AV AR AT B AT AR R, 9 AR RN
X—ERER,

x1 ZBHENEFHRSIREE

Table 1 The conventional nutrients and their content in Yunshen
43 Component 4 Content Ji 43 Component 47 Content
K3 Total ash 4.000% JK 43 Moisture 8.580%
44 Polysaccharide 12.100% 7E 4% Protein 9.190 g/100 g
g Fat 3.700 g/100 g 1 # N & Carotene 786.400 peg/100 g
/£ A Vitamin A 7.850 wg/100 g 4R E Vitamin E 6.000 mg/100 g
#/E: % C Vitamin C 2.150 wg/kg 4= % B, Vitamin B, 0.369 mg/100 g

4 f: & B, Vitamin B,
1Z % Pantothenic acid
H-fig Folic acid

1.720 mg/100 g
6.820 mg/100 g
26.900 pg/100 g

Yk 2 Bg Vitamin B
41 Nicotinic acid

EE LT 4k Dietary fiber

0.740 mg/100 g
4318.000 pg/ke
22.100 /100 g

2.1.2 =AMRLRUERELE
SSWMAFRERHAM ST EIWEK 2, K2 7]
W, =S P A E] 16 Fp a3 ,@?ﬁ A7
FERR A9 PR AT E AR, E LR Bl 5. 238 g/
100 g, HH bR ﬁﬁ%@iﬁl 181 ¢/100 g, &
I R SE &R, 0. 260 /100 g,ﬁ(ﬁ(%%%ﬁ&
FARZTR , 370 0. 190 ¢/100 g; AF 0T MR &
ﬁu:ué}ﬁﬂmﬁﬂﬁaﬁﬂﬁa\%%%@&,éj\jaﬂjv
2.010.,0. 670.,0. 400 g/100 g, FirA & Y 42 3 iR
RS EIR R R AR i HEAA T =, 2 8
BEMR RN 59% , 5% 5 R w S5t S5

DE}*@

A—E R TT [ES 5 S BB 1 P
FHAE A AE Y 5K 2L AR, FRe 2
WFN P GPE FU ST AR BRI
REEAE R, A ELAT BRAPFAE ) R4 1 AR )
W KAEREA B IR 55 1R
AR D AL R RER
J, HEFF LR P BT b 75 1B FR I 7, R A
MR KRR KRR HRAR ENER B E R E
FM TR R 9 MUY R 2 WAL =S h
E@%mﬁ%ﬁﬁﬁiiﬂ 032 ¢/100 g, B2 IR &
R 76.98% ,m T3S RSS2
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Table 2 Composition and content of amino acids in Yunshen

AIER i
Content(g/100 g)

il

Amino acid

IR CE
Content(g/100 g)

Amino acid

KA Asp 0.400
22 R iR Ser 0.210
&R Pro 0.210
WER Ala 0.220
EHER Met 0.091
LR Leu 0.260
RNETR Phe 0. 150
W58 Lys 0.190

JRER Thr 0.150
B8 Glu 0.670
HE# Gly 0.170
AR Val 0.190
SR e 0. 150
fig B2 Tyr 0.091
HE R His 0.076
KR Arg 2.010

2.1.3 A2 FPHFHYLEAOLRESLE

H 2 3 AT, =S ALl i K Ca 55 21 Fig
Yook, A28 EWIRERK K E b @, b K|
Ca P Mg Fe & n KM &80 . Bai 7 W &
Mtz K Mg\Ca Fe %H Na ﬁ%ﬂ@é‘i?ﬁ,—'ﬂi
XSy PIcE & a5 R SR —2 R
i 9 ﬁ(ﬁﬁﬁﬁ'im%%tlﬂ,Al\As\Cr\Cd\Cu\Hg\Mn

HINi 554t 5 T A 1 U245 T A W B R o 22

g AT ARIE . 5 Bai P RIS KA
ﬁﬂ'?‘%ﬂ)”ﬁ%*ﬁtt =~z ALNi Pb fl Cd &5
TSRS BIR TS CI‘/\':'*T%E
iNe ﬂiﬁ?ﬁ%ﬂﬂllﬁ ;Mn Cu Fl As 251K
T4z RSz

Table 3  Composition and content of mineral elements in Yunshen

R3 ZSHHNTHUTEREARREE

JLER i JLR i
Elemen Content( mg/kg) Elemen Content( mg/kg)

Mg 801.000 0 Se -
Na 9.180 0 Cr 1.3400
Fe 424.000 0 As 0.1510
B 5.260 0 Li -

Si 295.000 0 K 8 120.000 0
\ 1.040 0 Mn 21.900 0
Hg - Cu 2.600 0
Cd 0.218 0 Mo -
Co 0.186 0 Sr 4.560 0
Ca 1 060.000 0 Al 808.000 0
P 1 560.000 0 Pb 0.442 0
Zn 8.810 0 Be 0.013 2
Ni 1.550 0

T =R

Note ; “

- "indicates not detected.

2.1.4 =R PFEpHHEMNER
IR bR - X85 2K KRR | Ntk HOpbk A<k Y 2R
M USRS 2 EK LG 7 Fhofe 25 5% B2 435 2L 0. 000

09.,0.010 00,0. 004 14.0. 044 00,0. 075 00.0. 010
00.,0.050 00 mg/kg 2 BR & B, #R A0 H 5 R
T 4 (0 AT AT ER T RO 1T IR
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BELE DRI A fie i 14 2 B e i ek
PROTIAER , BERD S VAL TR PR T A RS B AR AL
i, 2 (1) PR AT R 4R 4t 2 P )
VERERIMRYE . tha 4 AT, DIR FE vk 60.0 g/kg BW
(AR TR I Y 400 ) Rl = 2 320K
FER 2 TR B R, R R BLAF, R IR %2
B, R WSh YA W e rh iR . ARZE AR 14
d, R BURBAE TG O 150 25 5 gl sh 9, K

SR~ SNSRI [ = N7 e Bl e s a b SN
S O, BN M L R BRI o B B
(LDyy) >60.0 g/kg BW, J&SLPrICHE . KW XET =
SN 2L D BRI ) HGE (B FE RS
FELE BT TRIETE B0 Lee 251 X4t 32 S48
Btk ts 7 2tk 2 O iR, 45 R L I 20
SD KB LDy, >5 000 mg/kg; Xu 251 %4058 04T

BT, RIBOES R RN LD,
>38.72 g/kg MR A5 A /R4 8 S PR 0

£4 AREMZOSFMHRBER (x+5,n=10)

Table 4 Results of acute oral toxicity test in rats (; +s,n=10)

T
v s S TCS SRR S SEIVEN e, D
Sexuali Number of Dose Initial body Body weight ~ Body weight . ll Numberofdeath N %
Sexuality the animals(n) (g/kg BW) weight(g) on day 7(g) onday 14(g) . anmars umberoldeaths (¢/ke BW)
with poisoning
symptoms
Mt Female 10 60.0 188.9+7.0 226.6+10.0 247.8+12.9 0 0 >60.0
JfEYE Male 10 60.0 205.9+5.5 282.1x13.0 339.6x24.4 0 0 >60.0
2.3 =ZmEffsmidn TA1535 1 TA1537 5 ki bk 19 5 22 1056 45 2R O ]
2.3.1 @ME W AR ERE P, I 2SN IX 5 BRIF AR R s e 1, i =

AN 0] A2 RAZ IR A R WL AR S Mk 6. ik
AL, BIUIRE  25 Z 4 R A AR IR i 89 254
AT 2 A ] A T RO R e A e [ A T
KBy WA , 4550 45 2 18] I JC 300 -l G &R, SR WA
S S9 24T, =24 TA98 [ TA100,TA102

ST AN o T A A0 191 52 28 28 356 % &
WSMATE A% e T 85 R AL S
X B 5 FE Vb 1] B TA97a, TA98 , TA100, TA102 .
TA1535 FARIRIR PR , 7E IS5 AN S9 B, ¥ JCE %=
VRS SASCEE 3

5 E—NAEEERTABER (v+s5,n=3)

Table 5 Results of the first bacterial reverse mutation test(x £s,n=3)

bk

4 1111 [7] 25 7% % Number of reverted colonies per dish

Dose( L/ dish) i TA9S TA100 TA102 TA1535 TA1537

50 - 35.0+2.0 134.0 +5.3 254.3 £5.9 12.7+2.3 10.0+1.0

158 - 35.0+3.0 140.7 6.0 256.0 +6. 1 12.3 2.1 11.0£2.0

500 - 34.3+2.5 137.7 £6.1 260.3 £10.6 13.3 2.1 11.321.2

1581 - 35.3+2.1 138.0 +8.2 255.3+7.0 13.0 2.6 9.3+1.5

5 000 - 36.0+3.0 133.3+5.9 256.0 +7.0 13.7+2.5 9.7+1.2

Spomanif'}:'fi change - 34.7£2.5 136.7 £6. 1 256.3 7.5 14.0£2.0 10.7 1.2

Vi IEEXT AR Solvent control - 35.0£2.6 137.3 £7.5 262.3£7.6 13.3+2.1 9.3+1.5
B %] B Positive control - 1667.3+152.9%% 2909.3+77.4%* 1081.3£70.5%*  644.3+54.6** 223.0+22.1""

50 + 34.7+2.1 143.0 £6.6 259.0 +6.2 12.7+1.5 10.3+1.5

158 + 34.3+2.5 139.0 +7.2 262.3 +8.6 14.0+1.7 8.7+1.2

500 + 37.0+2.0 137.0 6.9 261.7£9.6 14.7£1.5 9.0£1.0

1581 + 35.0+2.0 139.0 +6.2 258.7+7.0 13.7+1.5 9.3+1.5

5 000 + 36.3+2.1 140.3 +6.7 259.3+7.4 13.0+1.7 10.0 1.7
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%742 5( Continued Tab. 5)
A © AIILIT A5 B 7% % Number of reverted colonies per dish
Dose( pl/dish) TA9S TA100 TA102 TA1535 TA1537
spomanifflﬁ change + 37.0+2.0 141.3 £8.0 264.0 7.0 13.7+1.5 10.3+1.2
TR IEXT IR Solvent control + 36.7 £2.1 134.3 +8.4 260.7 +7.8 12.7 £1.5 10.0£1.0
PR %1 BE Positive control + 4133.3£287.2%* 2516.7+62.9** 947.3+£72.2%*  137.3x11.9**  70.7+6.7**
=R 7 RN RGN S9,. ST AL ES, * * P <0.01,
Note:“ —” and “ +” mean the absence and presence of S9,Compared with the solvent control group, * * P < 0.01.
F6 ERPEEERTRBER (xx5,n=3)
Table 6  Results of second bacterial recovery test(; +s,n=3)
) % A ML 18] 2% T 7% 5% Number of reverted colonies per dish
Dose (ul./dish) TA9S TA100 TA102 TA1535 TA1537
8 - 34.0+2.6 135.7 5.5 250.3 £8.1 14.7£2.9 9.3+1.5
40 - 33.322.5 134.7 6.8 258.7 9.0 12.0 2.6 10.3 £2.1
200 - 33.0x1.7 135.0 £7.0 259.0 +5.6 12.7 2.5 10.3 +1.5
1000 - 33.7x1.5 139.7 +6.8 251.7 7.5 13.7 +£3.1 9.7+1.2
5000 - 33.321.5 133.0 7.0 258.7 +6.8 11.7£2.1 9.321.5
Spontanifllj;:l; change - 34.321.5 138.3 +8.1 252.0 +6.1 13.0 2.0 10.7 1.5
VIR IR Solvent control - 34.7x1.5 134.3 9.0 252.0+5.6 13.7+2.1 9.7+1.2
BRIt %t BE Positive control - 1716.0£150.9%* 2968.7+41.5** 1149.3£66.6"*  654.3+44.2°* 216.0+22.6"*
8 + 36.0 2.0 140.7 6.8 263.3 9.9 13.3+1.5 10.7 1.5
40 + 35.32.1 134.3 8.0 263.0 £8.9 13.0£2.0 9.3x1.2
200 + 36.7 1.5 143.3 £6.7 261.3+9.3 12.7 £1.5 9.3+1.5
1 000 + 37.322.3 139.7 £7.6 259.0 +8.2 13.0£1.0 10.3 +1.5
5000 + 36.0 2.0 140.0 7.2 265.0 6.0 13.7+1.5 10.7 1.5
Sponlanifi change + 34.0£1.7 137.0 +8.7 261.0£6.6 14.0 £2.0 10.0+1.0
TRIEET IR Solvent control + 35.322.5 136.7 £6. 1 263.7 +6.1 14.0 1.0 9.3+1.2
FF % BB Positive control + 4174.7 +278.1** 2571.7+78.9** 937.7 £49.9 * * 141.3 +8.3°* 76.7 6.0 *

e
Note:“ ="

2.3.2 vEILh L e A R B

R 7 AT, =25 b i 3 1 551 o 2 A /)
U B B 2 O 21 A M TR K AR R (0090 =
0.22)% ~(1.20 +0.27) % ; & F| & 41/ R B s
N A RS G BB A P, 2 R TR E R (P
>0.05) , 2N TG MR A 5 (H B4l 1 e B 1k o) R
ZH e /DN BT BB I 2 Yl 2T 4N I 1% Rk 31 ( 22.
60 +2.68) % F1(23.80 +2.20) % , 5 HAb LA H 2y
A EPEZE R (P <0.01) s &5 & 2401 PCE/RBC
(EITEIE B EIEE N, B PCE (5 2140 i S5 i L 431
WA/ TR T R4 20% |, 5 5 85 % RE 20 Lh 45,
TR EEF(P>0.05), FlRGEREW, FEAKLE
FHE(5.0 ~20.0 mL/kg BW) JEREIN, 22 AR 2%/

and “ +”

= TR+ T RIS AN BIANGN 89, S BEX I HLEL, T T P <0.01,

mean the absence and presence of S9,Compared with the solvent control group, ** P < 0.01.

SRR B 22 Y 21 200 L A% B it 1 3
B S R B0 25 5 M B
2.3.3 N RHE R e G G AR T X I
FH 2 8.9 N UL, e ) o 4RSS A0 A 2243 4 45
BOARAE T XFRELLIR 50% o 595 B B2 L5, S0
T i BT X R 2 ) R 258 40 i 6 Y 38 3 TV Lk R
H AR E 2R (P <0.01) 5 =545 1 241 I A8
2 23 R o A B A0 2R 5 T R LA, 22 R 8
TCHFME(P >0.05) , Yea Ry As 2 m 2R N
WL W, bR 2 R R, AEAS S R & (5.0 ~
20.0 mL/kg BW) i [N, = 2%/ BRORS J 240 it 24 €1
P AR IR B0 45 S35 R B, 01 IA R = 556/ BURG
JE A4t TG B Sk S50 1

mi, Bl =%
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x7 WEIEMAABBAZALER (2 £5,n=5)
Table 7 Results of mammalian erythrocyte micronucleus test(x +s,n=5)
P 75 Dose N:jfjl?j'ﬁof S2H PCE 2 UL Friﬁflfes REZ UL TRALL
G JJ] ( ”Li BW;) th ’ Number of Number of ¢ q ')1\ ) 21 Bt 55 21 %K PCE/RBC
ender ke e PCE detected micronuclei O oo U PCE NCE
animals (%o)
W Female 20.0 5 2 000 x5 9 0.90 £0.42 104.2+4.1 95.8+4.1 0.52£0.02
10.0 5 2 000 x5 10 1.00+0.35 106.2+5.4 93.8+5.4 0.53+0.03
5.0 5 2 000 x5 11 1.10+£0.22 103.8£6.1 96.2+6.0 0.52+0.03
VAT IR Solvent control 5 2 000 x5 10 1.00£0.50 107.2+7.6 92.8+7.6 0.54+0.04
CP(40 mg/kg BW) 5 2 000 x5 226 22.60 £2.68 *"100.0 +7.0 100.0+7.0  0.50 £0.03
J#EPE Male 20.0 5 2 000 x5 11 1.10+0.42 100.8 +7.9 99.2+7.9 0.50 +0.04
10.0 5 2 000 x5 12 1.20+£0.27 105.2+£7.3 94.8+7.3 0.53+0.04
5.0 5 2 000 x5 9 0.90 £0.22 104.8 +8.6 95.2+8.6 0.52+0.04
TETEEXT IR Solvent control 5 2 000 x5 10 1.00+£0.35 99.4+9.2 100.6+9.2  0.50 +0.05
CP(40 mg/kg BW) 5 2 000 x5 238 23.80+2.20**103.6 £3.4 96.4+3.4 0.52+0.02
ST IRA L, T P <0.01,
Note : Compared with the solvent control group, * * P < 0.01.
x8 MRBERABMLEFRETREER (v +5,n=5)
Table 8 Results of chromosome aberration test of mouse spermatogonia(x +s,n=5)
s 2K HH 1A 2 K ;
. S maeanes A mge TRy msmm
54 Dose o Number of . .
(ml/kg BW) Number of Observe the Mitotic index metaphase cells Number of Distortion cell
& the animals number of cells (%) e)f)amine d distorted cells rate( % )
20.0(48 h) 5 1000 x5 34.5+1.5 100 x5 3 0.60 +0.55
20.0(24 h) 5 1000 x5 34.0+1.9 100 x5 4 0.80 +0. 84
10.0 5 1 000 x5 33.8+1.6 100 x5 3 0.60 £0.55
5.0 5 1000 x5 33.6+1.2 100 x5 3 0.60 £0.55
PRI HE Solvent control 5 1000 x5 33.5+1.0 100 x5 4 0.80 +0.84
CP(40 mg/kg BW) 5 1000 x5 34.0+1.4 100 x5 30 6.00£1.58* "
GBI LR, 7 P <0.01,
Note ; Compared with the solvent control group, * * P < 0.01.
x99 NREFERARFEEFEHETRELER(v£5,n=5)
Table 9  Results of chromosome aberration test of mouse spermatogonia(x +s,n=>5)
Y6 KI5 %0 Number of chromosome aberrations(n) AR 4 K RN ]
S F— vl
F| 4 Dose Number A gy 0 122 )5 Mhromosome
(mL/kg BW) of the ) W7 2SN ZHLELL ik %ﬁ Centrifugal - /Mg~ number aberration
. Multiple ~ Monomer . of distortion
animals Fracture ~ Fragment Ring . free Microbody rate
centromere 1nlerchange . (n)
dot ring (%)
20.0(48 h) 5 1 1 0 0 0 0 2 4 0.80 £0.84
20.0(24 h) 5 3 1 0 0 0 0 1 5 1.00 +1.00
10.0 5 2 2 0 0 0 0 0 4 0.80 +£0.84
5.0 5 1 0 0 0 1 1 0 3 0.60 £0.55
YR GE Y IE
AR I 5 2 2 0 0 0 0 0 4 0.80 £0.84
Solvent control
CP(40 mg/kg BW) 5 18 11 1 0 2 2 8 42 8.40£1.14" "

T ST R LR, © * P <0.01,
Note : Compared with the solvent control group, * * P < 0.01.
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