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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 genetic toxicity tests to evaluate the food Safety of Yunshen. The results showed that the

contents of protein, fat and polysaccharides in Yunshen were 9.190, 3.700 mg/100 g, and 12.100%, respectively.
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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, imidacloprid, and
enoylmorpholine, as well as Salmonella and Staphylococcus aureus, were not detected in Yunshen; The median
lethal dose (LDso) 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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1.1 EEZ#RHRX

TEME: 2 WHRW I M, MRV KEHBREIBREENERES

(Codonopsis pilosula (Franch.) Nannf. var. volubilis (Nannf.) L.T.Shen) ffJ#; SPF 2% SD K

W

GHERES 10 R, FREARIES: 110324200102731757) 1 SPF 2% R HI/NR CifEtk 55 H,
MEME 25 H, FEARIES: 110324200103153717. 110324200103153556) ¥4 H # D4R (b
T EMEARB AR, AR g Z AR R A TR AR Rt (RS
202102002) : YRR LIRE RIEZAEY TREGRITEAFD « FoRGHEL (1
ML BHEARAFD

FERF: RBEEEE (L5 O1110A) | 2-Z B (L5 10197304)  (Alfa Aesar A7)
HM5kA (Accustandard A, #L'5 4030165-01) ; BZEN CRENT KA R AR A TR A

"], 5 201607200 ; 2-2JE%j (Solarbio A H], #t5 929A031) ; 9-Z LN HE (Sigma,
#it5 BCBT2829) ; 1,8- —fRJEiiR (DM H AR R 55 A IR A w], b5 WXBB0392V) .
12 FENRS®E

STX2201ZH M KF. NV2201ZH H ¥ KF. SQP/QUINTIX6101-1CN HLFKF (3%
LR dbs) ARAFD 5 Nikon IEE BME (MRILEAFICHEARATD ;
FER K B () RV R BR A 71D 5 fHIR 35 748 (iR e i & A PR A 71D;
fHERRG & CRETHEEEMMAEET D .

1.3 &R RN

1.3.1

“@#

EHRBIRAy AT

SR 4% GB 5009.4-2016 W52 ; /K 434% GB 5009.3-2016 M52 ; £ M4 SN/T 4260-2015
W5E s HEFHZ GB 5009.5-2016 5 —LME; gk GB 5009.6-2016 W& ; #H% b 1% GB
5009.83-2016 | & ; 4E4 3 A FI4E2E &R E #% GB 5009.82-2016 M 5E s 44 & C #% GB
5009.86-2016 il 5E ; 4E4E 2 By 1% GB 5009.84-2016 &5 —: 5 ; 4E/E &K B, 4% GB 5009.85-2016
H—ENE; 44 Be % GB 5009.154-2016 5 —yEMIE; 28 1% GB 5009.210-2016 55 —

FENE ;s HERYE GB 5009.89-2016 Wil iE; M ERYE (e NRILFNEZj4) 2015 R —HBMN
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S FEELF4ER% GB 5009.88-2014 il 5E .
132 ALBRAERAAEMNZ

RAEARIR (Asp) « HEEE (Thr) « 2% (Ser) « BH&EIR (Gluw) « &AM (Pro) .
H&ZR (Gly) « HEKR (Ala) . HEKR (Val) . EEKE (Met) « FRAMR (le) « =&
R (Lew) « MEZIR (Tyr) . RN (Phe) . AR (His) . AR (Lys) FIFREIR
(Arg) % GB 5009.124-2016 Jl|5E .
1.33 L F AR SN E

Mg. Ca. K. Na I P #% GB5009.268-2016 #—y%ill7E; Mn. Fe. Zn. Cu. B. Co.
Mo. Si. Se. Sr. V. Al #1 N 4% GB 5009.268-2016 5 —y%l % ; Hg. As A1 Pb 4% WM/T-2-2004
M5E; Cd 4% WM/T-2-20044 ll5€ ; Li 4% GB/T 35871-2018 J5E; Be #% HI/T 59-2000 I 5E ;
Cr % GB 5009.123-2014 J5E
1.3.4 7 B R F IR

KA ZRIEEH R4 GB 23200.8-2016 W€ ;s X EE & 1% GB 23200.74-2016 Wl & ;
VU5 £ W4 SN/T 4264-2015 W 7€ ;. WKt iz 4% GB 23200.11-2016 W 5& ;P& Wk 1k iz 4% GB
23200.9-2016 52 ; Mk LK% GB 23200.13-2016 5% ; LS k% GB 23200.13-2016 I 5E .

WA WITTIRE % GB 4789.4-2016 Wl 5E ; 438 (8] & BRI #% GB 4789.10-2016 55—
W5E -
L4 PMRZREMIFNIRNLE
1.4.1 =5 K% iRH &

FREX 300g FEALIN 3L 457K, fEH K. RN 80-90°C 21 MR 30 40 8f, EE MK,
G IR REER S % 200mL, &, 2 THRGERAHE 2 TJ5EAE R 1.5g.
142 E3shdhtask &4

EREGA IR 3~5 d A T2, IR 20~26 °C, HIXTEE 40%~70%, 4EFFIEH BT
A (12h/12h) , HEBFE. K.
143 KR EH%Z0FHRAE

2% [ HFr GB 15193.3-2014 #1777, EHIEN IR, 229 /54 E N 180~220 g 1) SD
KB 20 R, MERERF o FIE BT DIBREE, B IRAS K% 20 mL/kg BW 13 5 4AF (M
BT RN 60 g/kg BW [FIED , 2PIIKEE B 4T SD KRB, HFKIERG 4 ho B JEELEM

£ 14 d AT EIER KBTI O, T i s 7d K58 14 d FRER AR E, i



25 TR AL FE B HAE KA
1.44 =R A% F MR
1.4.4.1 401w Al B RAZ A5

2% [l br GB 15193.4-2014 17535 KRG %2 /62K M TA9S. TA100. TA102.
TA1535 F1 TA1537 Tuf ik, ZEISAMAKRA SO 2% 4 N #EAT R~ M2 Nl (S9
mix FJ &Y 0.5 mL/ID , BEARKIG I GEAT 0. FIE ¥t 55— UGF &y 50004 1581, 500,
158 50 pg/IL FANFIEH R CREAK) MEH., 3R BIAZHFHMEN A, 5K
7 & 5000, 1000, 200 40, 8 pg/MLFAFFIEMSIFE CREAK) MIEA ., 3 KA
SUANPH X AL . FESRECH]: HERATREN 1 mL R4E, gk E 20 mL, REE], BUNK
FE S%ITEI, 58— R LA B A Atk F 47K AR A EVIO RS R B 3R 15 IR % 1.581% - 0.5%-
0.158%7H1 0.05% FIVE R s 55 — Ik LAMR B 5% IR0 9 =it FH 27K A IR AR 5 A5 M BESRAS IR FE 1%
0.2%- 0.04%7F1 0.008% FIVEV - T A7 BT il 1) 32 1A it 2R 47 751 289K B (0.103 MPa, 20 min).
TRIG I 73 B ECS- IR FE T 0.1 mL ISP IILRP AR 5t 50 i, B8R0 ) & A = AN FAT 1L
AT S9 B R BH 14 X HE R 1.5 g/ LA B %08 (TA 100+ TA1535), 50.0 pg/IL L7 #A (TA98
TA102) , 50.0 ug/IMLA 9-Z LNV IE (TA1537) 5 0 S9 a5 1) FH P X HE A 20.0 pg/IILA 22
%:7%j (TA98. TA100) , 50.0 pg/IML{H) 1,8- KR (TA102) , 2.0 pg/ILAY 2-28 J: 12 (TA1535.
TA1537) o BEMLHIAFBHMXS R ARy 0.1 mL.
1.4.4.2 W FLANPLL A MR HOZ IR

Z2% [H 5 GB 15193.5-2014 17775, @ B/ 50 A, fAH 25.0~35.0 g, MEAER:.
e/ NRBENL A 5 A, A 10 REnW, MEMERE. WI vt BRGERE K 20 mL/kg BW
NEFE 10 mL/kg BW AH5IE . S mL /kg BW MEFIE, F3REE (4K w4 R
B g BHPE X B AL (CP, 40 mg/kg BW) o FESAECH]: o AIG5H &2 AL 10.0. 5.0 mL
WRARBIMAEIK 22 20 mL 7870785, 73 LG FE N 50.0% 25.0% 1A B CP 0.04 g fin4f
IKZE 20mL, FEOEM, &H. A% 20 mLkg BW, 56K 30 h # Bk, Pk
B 24 h, T3 ZIRG TR 6 h S IES Y, BURE B8R, [HE, Giemsa
Qett )5, EMEE MR RN 2 000 MEZGLALA N (PCE) IR A%, SR
T5r 2. WEE 200 MMM, THEE 2 G a e S agiig itk ], Bl PCE/RBC (1Lt
fE.
1.4.4.3 /)N BRURG T 24 i % £ A e A 050



Z% [Hbr GB 15193.8-2014 (1) 5%, G RH/NR 30 R, fAH 25.0~35.0 g, /b
REEAL N 5 A, & 10 Rahi, At 5 Raim . a5 ve it Sl 4l iR Wi 20 mL/kg
BW NE#IE. 10 mL/kg BW AF5I&E. 5 mL/kg BW AMEFIE, HEREE (4ik) xFiEA
e IR P X B AL (CP, 40 mg/kg BW) o A1y ARG &4 HIPREL 10.04 5.0 mL 3480
afi/k % 20 mL 7RS4 BIECHGR N 50.0%- 25.0% 17 - #E B 4R F4% 20 mL/kg BW,
ZOER — KRG TR e, BRI 0.04 g CP, Il 0.9%F AL BATE ST E 10 mL 7870 ¥ @)
51, BCRGKRIE N 0.4% 0¥ W, 1 10 mL/kg BW BRI ES . mAlEA T R IkS T2kt
i J5 24 h Al 48 h PRI R] SARSESI I RAE, FEASRAERS AR 5 Rait. HAR& 38
TERIRG T2 RFE S5 24 h A FESIVREE, FTAH Z1WIALSERT 5 h #2 6 mg/kg BW (177 & 45 /)
BRI B AR A R RS AR 10 mL/kg BW) o BESUME AL JES 173 B BUWM %2 4L, i
AN V%P =AM I 225 2 et 4iks & L 37°CKIB B IKiE 30 min. (48RRI,
PR [ - B 0= -2 0- [ 2 J5 3% B3, B 0.5~1.0 mL 402k . TS Giemsa
Yett, T T AEE, B HAMTH4 100 b 7 ZAHG0RE, TSk G e Rm AR AR S
AR, R SPIMEE 1 000 A4 LA 2 kG S5 A 22 0 R4, v 7R B LR S5 4
A 225 ZRBUNAME T X HRZH Y 50%.

1.5 BIBGI A

S IE =K, BdE R Excel 2010 BAFRN, FEIHHE IR THRICE. &
SERRULR TS Y e S5 R KRBT S TR0 & = U A% 3 MR 560 2 R A
SPSS 24.0 i it F A AT 00T, G RUABMEEbRHEE ( x£5) TR, P<0.05 NEFA LG
2 BERENR
2.1 ZEFRIHEN
211 =H5BRED DA

ZEFRMES K EENR 1 R 1 7, a2 E G442 FK B, &4 6.000 mg/100 g,
RS 4.3 500, 4R B SRR, 2R (44K B LR B, &
5N 6.820 mg/100 g A1 0.740 mg/100 g, ¥IE TR M S &SRS, Wik, =SXBik
AR B ERZIE, AR DS R WU B, S IE RO By kS kR
FEREAG . By Ik L ST e BT — @ (EH. a5 die & A £ B IR R L4, X3 22.100
g/100 g, SHSMEREA, HTAFKESISY, HENREFIREEIHEE, AN
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Table 1 The conventional nutrients and their contents in Yunshen

%43 Component % Content %43 Component “& Content
K4y Total ash 4.000% 7K4> Moisture 8.580%
% ¥ Polysaccharide 12.100% £ i Protein 9.190 g/100 g
g7 Fat 3.700 g/100 g #i% N & Carotene 786.400 pg/100 g
#E42 3K A Vitamin A 7.850 ug/100 g #4422 E Vitamin E 6.000 mg/100 g
Y4 & C Vitamin C 2.150 pg/kg Y4 By Vitamin By 0.369 mg/100 g
#4E42 2 B, Vitamin B, 1.720 mg/100 g #4422 Be Vitamin B 0.740 mg/100 g
7Z i Pantothenic acid 6.820 mg/100 g JHIER Nicotinic acid 4 318.000 pug/kg
M2 Folic acid 26.900 pg/100 g [t B £F 4k Dietary fiber  22.100 g/100 g

212 =5 ALRERASE
BN EERAR S EENE 2. HFR 2070, =SHILENE] 16 FIEER, BFE7
Fhob TR FEER A O FhAE b TH R FEMR, &I BN 5238 g/100 g HA b R FLRR & & oA

1.181 g/100 g, F AR EAR, N 0.260g/100g, HREMEBMMBEAR, ¥~ 0.190

=]

g/100 g; AFW IR S B AT =00 R AR BER. REER, 7355 2.010. 0.670.
0.400 g/100 go FrARMIMZIER T, HER. HEK. REAARSEHFLI=, 448K
R G R 59%, 5562, RARSH)NWESHER KL, WERTES S =RRIR T
MPOE A AT MY TR SRR, R LGB BIEN sk BT SRR
2121, RERADHREAER, ARG RP AR, (R B FBLET . RAARAA
iy LRI A 57 1RO FE 250,

HHERER MY P EED, AR E B, R R 72 7 108 F7 7
AFARR. REER. BER. HER. FNER. BER. BB, &R, BEmR 9
el R 2 WA, =P MAHERRS BN 4.032 /100 g, HEBERETEMN 76.98%,

FT S RSS2 LR & LR, R =22 BA R MAMER

R2 ZBHEAERNARLETE

Table 2 Composition and content of amino acids in Yunshen
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Amino acid Content (g/100 g) Amino acid Content (g/100 g)
REER Asp 0.400 TRE R Thr 0.150
225K Ser 0.210 BHEE Glu 0.670
%/ Pro 0.210 H&ER Gly 0.170
WA Ala 0.220 HE R Val 0.190
EEM Met 0.091 TR lle 0.150
TR Leu 0.260 B IR Tyr 0.091
KM Phe 0.150 MR His 0.076
WA Lys 0.190 FEER Arg 2.010

213 ZH BT AL ERALE

MR 3 ATAL, =~ K. Ca %5 21 M ¥ic R, HEHOVEMRAE KR G BT
i, HH K. Ca. P. Mg, Fe S nm & &R A . Bai FPH L KI5 Z % K. Mg, Ca.
Fe fll Na TR I & BB &, SALZS T WuR & &0 s R —8. £ 9 Fhgk
IR F, Al As. Cr. Cd. Cu. Hg. Mn Fl Ni Y55 &t 5 1A 20 ZUR0 245 FH RE Y A Al
FIFNE R e OATIARERS . 5 Bai W56 S RIER SIS, =2t Al
Ni. Pb fl Cd & & mTRSMEMLN S, HIKTES; B8R THRERS, KTHZ

AI5EZ; Mo, Cu Ml As SEEIRT WS BRSNS,

RI ZSHHT O TRABREEE

Table 3 Composition and content of mineral elements in Yunshen

TR EE TLER o
Elemen Content (mg/kg) Elemen Content (mg/kg)

Mg 801.000 0 Se —

Na 9.1800 Cr 1.3400

Fe 424.000 0 As 0.1510

B 5.2600 Li —

Si 295.000 0 K 8 120.000 0

A% 1.040 0 Mn 21.900 0

Hg — Cu 2.600 0

Cd 0.2180 Mo —




Co 0.186 0 Sr 4.560 0
Ca 1 060.000 0 Al 808.000 0
P 1 560.000 0 Pb 0.4420
Zn 8.8100 Be 0.0132

Ni 1.5500

e =7 FoRRKH .

Note: “—” indicates not detected.
2.1.4 B5 b T FEMERNLER

RN JF X EEER . BRIGEAR . I dUmbk, SRR FAERIE . DUSE 2, MERKIERL 7 Pk 255k
B 4351 LL 0.000 09+ 0.010 00 0.004 14, 0.044 00~ 0.075 00~ 0.010 00, 0.050 00 mg/kg N 5E
PREEIS, SRR AR G 3 R A BRIV T IR .
22 KRAMZOFMHIRE

BPEL T BRI Ay B R Al 0 R R 2 e AR VRN G, REVIB VR AL TR I R RS
AERINLE], TS C8) PSRRI IR SR AL M F AR Bk A s . ik 4 T, LA
BREIE 60.0 g/kg BW (HH 24 F NAHEREF R0 400 O FIR I = 2320 b T RRER S,
RBRAEKRE, KWHAEZREE, MRIA IR PEER. 05 14d, R
KERIET N RIS Rz, RAERAT B B, O Bl B 5 R
R R o . RIZFE e HER R 1R 2Bt R (LDso) >60.0 g/kg BW, J&LFrit
FoARNKT S M AME ORI N RIE , (B 8 W 58 S 808 S5 3T TR,
flt: Lee PN F SR HET T vk S DR EE, 45 R RIEEI 5% SD KR
LDso>5 000 mg/kg: Xu Z5BURS S5 S HEAT T & F 22 e d B2 PN, RILSURE S0 B /N

B, LDso>38.72 g/kg; WEFL4%E B o188 SEPR L5
#4 KRRAMLEOFHRBER ( xxs, n=10)

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

UL/
5 Filks WA E BTRIKE B4 RAEE HIPEIDIRSI YA FETHL LDso
Number of
Sexual Dose Initial body Body weight Body weight ~ Number of animals with ~ Numberofd (g/kg
the animals
ity (g/kg BW)  weight (g) onday 7 (g) onday 14 (g)  poisoning symptoms(n)  eaths (n) BW)
(n)
HEE
10 60.0 188.9+7.0 226.6+10.0 247.8+12.9 0 0 >60.0
Female



HEPE

10 60.0 205.9+5.5 282.1+13.0 339.6+24.4 0 0 >60.0
Male
23 ZHuEfRE MR
231 MARNELRERE
AR 1] SRR A5 R MR 5 3R 6. BRI, MRS & 2 &R E A InAIA
TN S9 5N, 7B 2H 0 1] AR T Y B R B B K [ AR TR VR B I A, % R B AL A R TG 7
B-RRR, RYEMS AN 89 5%4F ~, =2 TA98. TA100. TA102. TA1535 il TA1537
5 PRI AR AR 45 AT, BIZZ01X 5 SRR R h s A #1, S 22 B8R
A o BRI A (0] B RAZ R I X A0 ST Bl R e R A1 A, 2R AL 2
it B FEVP T TA97a. TA98. TA100. TA102. TA1535 FiAkiRIG B bk, ZES5AN SO B,
BT RAAEBY, H5ARER .
RS H-RAHEHEARZRRER (xxs5, n=3)
Table 5 Results of the first bacterial reverse mutation test ( x*s,n= 3)
7l A5 IML[7] 48 B 7% 54 Number of reverted colonies per dish
Dose (uL/dish) ¥ TA98 TA100 TA102 TA1535 TA1537
50 - 35.0+£2.0 134.0+5.3 2543+59 12.7+2.3 10.0£1.0
158 - 35.0£3.0 140.7+£6.0 256.0£6.1 123+2.1 11.0+2.0
500 - 343425 137.7+6.1 260.3 +10.6 13.3+£2.1 11.3+£1.2
1581 - 353+2.1 138.0+£ 8.2 2553+£7.0 13.0£2.6 93+1.5
5000 - 36.0+3.0 133.3£5.9 256.0+7.0 13.7+2.5 9.7+12
H & 42
Spontaneous back  — 347+25 136.7+£6.1 256.3+7.5 14.0+2.0 10.7+1.2
change
XTI Solvent
- 35.0£2.6 137.3+£7.5 262.3+7.6 13.3+£2.1 93+1.5
control
FHMEXT I Positive
- 1667.3+£152.9™ 29093+774™ 1081.3+£70.5"  6443+54.6"  223.0+22.1"
control
50 + 347+2.1 143.0+£ 6.6 259.0+£6.2 12.7+£1.5 10.3+£1.5
158 + 343+£25 139.0+7.2 262.3+8.6 14.0+1.7 8.7+1.2
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500 + 37.0+2.0 137.0+£6.9 261.7+9.6 14.7+1.5 9.0+1.0
1581 + 350+2.0 139.0+6.2 258.7+7.0 13.7+1.5 93+1.5
5000 + 36.3+2.1 140.3+£6.7 259.3+74 13.0+1.7 10.0£1.7
H & 4%
Spontaneous back  + 37.0£2.0 141.3+£8.0 264.0+£7.0 13.7+1.5 103+1.2
change
TR Solvent
+ 36.7+2.1 1343+8.4 260.7 +7.8 12.7+1.5 10.0£1.0
control
FEMEXTHE Positive
+  4133.3+2872" 2516.7+62.9" 9473 £72.2™ 137.3+11.9™ 70.7 £ 6.7
control
e ST M AT S RIFRORAEINAIERIN S9; SIS IR LB, " P<0.01.
Note: “— and “+” mean the absence and presence of S9, respectively. Compared with the solvent control group,
P <0.01.
Ko E-RAHFARTRRER (xxs, n=3)
Table 6 Results of second bacterial recovery test ( x + s, n = 3)
& AFIL[AI A5 B 5 50 Number of reverted colonies per dish
S9
Dose (pL/dish) TA98 TA100 TA102 TA1535 TA1537
8 - 34.0+2.6 135.7+5.5 250.3+8.1 14.7+£2.9 93+1.5
40 - 333+£25 1347+ 6.8 258.7+£9.0 12.0£2.6 10.3+2.1
200 - 33.0+1.7 135.0+7.0 259.0+5.6 12.7+£2.5 103+1.5
1 000 - 33.7+£1.5 139.7+£6.8 251.7+7.5 13.7+£3.1 9.7+1.2
5000 - 333+1.5 133.0+7.0 258.7+6.8 11.7+2.1 93+1.5
SP-4EES
Spontaneous back - 343+1.5 138.3+8.1 252.0+6.1 13.0+2.0 107+ 1.5
change
TR B
- 347+1.5 1343+9.0 252.0+5.6 13.7+2.1 9.7+1.2
Solvent control
FH 0 216.0 +
- 1716.0+£150.9™  2968.7+41.5" 1149.3+£66.6™ 654.3 £44.2™
Positive control 22.6™
8 + 36.0+2.0 140.7 £ 6.8 263.3+9.9 133+1.5 10.7+1.5
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Solvent control

40 + 353+2.1 134.3+£8.0 263.0+ 8.9 13.0+2.0 93+1.2

200 + 36.7+1.5 143.3+6.7 261.3+£9.3 127+1.5 93+1.5

1 000 + 373+£23 139.7+7.6 259.0+8.2 13.0£1.0 103+1.5

5000 + 36.0+2.0 140.0+£7.2 265.0 £ 6.0 13.7+1.5 10.7+1.5
Ep k'S

Spontaneous back + 340+1.7 137.0£8.7 261.0+6.6 14.0+2.0 10.0+£1.0

change

TR IR

+ 353+£25 136.7+6.1 263.7+6.1 14.0£1.0 93+1.2

S 4= %< e 76.7 +

+

4174.7+2781"  2571.7+78.9" 937.7 £49.9" 141.3 £8.3™

Positive control 6.0

e =7 M A7 S FRIRAIINAIERIN S9. SIEHXT A LLE, T P<0.01.
Note: “—~ and “+” mean the absence and presence of S9, respectively. Compared with the solvent control group,

P <0.01.
2.3.2 "HILFh 4 4 tm RO S AT R T

HE 70, Z2M%. J. w3 A7 AN B 2 G 21 4 B A% R AR 2R
(0.90+0.22) %~ (1.20+0.27) %; &7 F 4L/ BB BEA B iz 2 S T IR 2 LA, 72
FYTRFNE (P>0.05) , TRLGHIEMBUSNL; (ARG BH R B2 . i) R BErE 2
P P AIROZ R IE S (22.60+2.68) %Al (23.80+2.20) %, -5 Ah 4 AR LI A 5 25 1 2=
R (P<0.01) ; &5FIE4 PCE/RBC HIITEIEFEIEEIN, H PCE 2040 2 401 L5 35
AN TR IR AL 20%, S IR LR G B35 72 (P>0.05) » RIREEAERM, £
IR F (5.0~20.0 mL/kg BW) JEREKN, =S A0/ BEVE 2 YL 20 40 iz 30 il

BELW, RS Rz g a8 RO .
7T WAINLARUZRRER ( x£s5, n=5)

Table 7 Results of mammalian erythrocyte micronucleus test ( x +s, n = 5)

(D2 Mz
E S K; PCE % B A7 IS % kil

5 & Dose Number of Frequencies of

Number of the ~ Number of PCE Jiluke fu% PCE/RBC

Gender (mL/kg BW) micronuclei micronucleus
animals (n) detected (n) PCE NCE
(n) (%0)

Wit 20.0 5 2 0005 9 0.90:0.42 104.2+4.1 95.8+4.1 0.52+0.02
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10.0 5 2 000x5 10 1.00+£0.35 106.2+5.4 93.8+5.4 0.53+0.03
5.0 5 2 000x5 11 1.10+0.22 103.8+6.1 96.2+6.0 0.52+0.03
TP IR
5 2 000%5 10 1.00+0.50 107.2+7.6 92.8+7.6 0.54+0.04
Solvent control
CP (40 mg/kg
5 2 000x5 226 22.60+2.68™ 100.0£7.0 100.0+£7.0 0.50+0.03
BW)
20.0 5 2 000x5 11 1.10+£0.42 100.8+£7.9 99.2+7.9 0.50+0.04
10.0 5 2 000%5 12 1.20+0.27 105.2+7.3 94.8+7.3 0.53+0.04
5.0 5 2 000x5 9 0.90+0.22 104.8+8.6 95.248.6 0.52+0.04
TR R
5 2 000%5 10 1.00+0.35 99.4+9.2 100.6£9.2 0.50+0.05
Solvent control
CP (40 mg/kg
5 2 000%5 238 23.80+2.20™ 103.6+3.4 96.4+3.4 0.52+0.02
BW)
T SUEEIBA LR, P<0.01.
Note: compared with the solvent control group, ™ P < 0.01.
2.3.3 D RMR A e E AR T R T
2 8. 9 AT, Sl E AR IR AR AT 22 73 RARBORAR T X HRZL I 50%. S5Vt fEZH
EEAS, PV I 2 B 1 0 FER 2 /) % s 2 4 2 B O vy TV S8 X 2L, 350 W 6 3 22 3% (P<0.0 D)
L5 %) A M A A R e 0 AR AR R VA I R A B, R R (P>0.05) .
et fikm A MY FEER IO MR Wy, B g RN, R & (5.0~20.0 mL/kg BW)
TAEN, =200/ BUORS S 4 i e (0 AR e AR e 45 SRS BAE, WA = 20 /)s BKS T 24
TG B R B A A
£8 PREEAREEHARERBLER (xts5, n=5)
Table 8 Results of chromosome aberration test of mouse spermatogonia ( x + s, n =5)
NE MG A Feps  hmgE Wi A% 2 i W AR A D 2
7 & Dose
Number of the Observe the 4 Mitotic Number of metaphase Number of Distortion
(mL/kg BW)
animals (n) number of cells (n)  index (%) cells examined (n) distorted cells (n)  cell rate (%)
20.0 (48 h) 5 1000 x5 34.5+1.5 100 x5 3 0.60+0.55
20.0 (24h) 5 1 000 x5 34.0+1.9 100 x5 4 0.80+0.84
10.0 5 1000 x5 33.8£1.6 100 x5 3 0.60+0.55
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5.0 5 1000 x5 33.6+1.2 100 x5 3 0.60+0.55

RIENTIR Solvent control 5 1 000 x5 33.5£1.0 100 x5 4 0.80+0.84
CP (40 mg/kg BW) 5 1 000 x5 34.0+£1.4 100 x5 30 6.00+1.58™

VE: SIEGO AL, P<0.01,
Note: compared with the solvent control group, *P < 0.01.

K9 MRBEARPEEBERBER (xts, n=5)

Table 9 Results of chromosome aberration test of mouse spermatogonia ( x + s, n = 5)

Jett {K M2 50 Number of chromosome aberrations (n) AR = 5 PANER N R
EUE/E
7I& Dose Total %
Number of ZELE  BRHHR T 4 A
(mL/kg it I Hr R TWUMA number of Mhromosome
the animals Multiple Monomer  Centrifugal-free
BW) Fracture Fragment Ring Microbody distortion aberration rate
(n) centromere  interchange dot ring
(n) (%)
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
TN R
Solvent 5 2 2 0 0 0 0 0 4 0.80+0.84
control
CP (40 mg/kg
5 18 11 1 0 2 2 8 42 8.40+1.14™

BW)

VE: SIEBEIRA L, 7P<0.01.

Note: compared with the solvent control group, *P < 0.01.

3 &ig

MRLEREY: =2 (%W S) BAFEENEFRRY, EF @R fAER R
& B IREAER) KM YR, aZhRABERESEILT] 5238 100 g, HHHAHERT=
PL L TR ) R . R AR R, THEZE BT = A0 HF 0 7R R R R S R
BRABMRERAR, e SR 4 HEER SR, RS W, B iRgEd xR ikl
UER Bsi®) MAEER EERSH HERAMWLHE: &y ¥ as K. Ca%s 21 #,
RRENE K, HUUE P A Cao TCMIEDIR. JEXIFER . DREERE . ook, 2Rk F PR
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ROWE VEWRREIE 7 MR G5, A S SO EBRE T RS S EEB0RE . St
2 BRI 45 B R L LDse>60.0 g/kg BW, R =5 8 5Lbr L8 —WetL st (4
TR (] 53 R ARG « 7L S0P 0 0 L A 1k 96 ) Bk D 400 e € Ak i A6 ) 65 SR 2 D9
P, i AE T 2 Wi ett. RS RN, BAREKeERNE, 28
TEZ. AU, NI ATTS .
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