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Study on genotoxicity of carnosic acid
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Abstract: Objective To study the genotoxicity of carnosic acid (CA). Methods Salmonella Typhimurium reverse mutation assay
(Ames test), in vivo mammalian erythrocyte micronucleus assay, sperm malformation assay, and single cell gel electrophoresis (Comet
assay) were conducted to evaluate the genotoxicity. Results Under the concentration of 6.25—50 pg/mL, CA showed no mutagenic
potency to the strains of TA97, TA98, TA100, TA102, and TA1535. Meanwhile in the test dose range, the genotoxicity indicated by
mice bone marrow micronucleus assay, mice sperm malformation assay, and in vivo comet assay were negative (compared with solvent
control, P> 0.05). Conclusion CA has no obvious genotoxicity under the test condition.
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PRIEF I 2 EEXGALAY, N R, 4 R T HEREUEE 3 160 mg/ke® . HAT, CA T
TN CooHpsOus FIXI A T 55 33243, CAS NO RN E RIS RI 2N, AR,
3650-09-7, # AR IR M P basmF" 2 48 CA HAGME. Yok, PUILRERRY KNt 2 52
s R 2k CA JBAREEY), (A THmddn H B 5 R 25BN, IR S RS
%WCT&F, IS INEAR D, AESEER N oy NARAER 22 el 25 E 5 T o AELRE A $0E N S (1) 3G i

o AR 2002 b [H i RE IR HEBRIUAE L WY R, 2R WEEE P LA
% W2 RSP RIEAN M 42 g, WARSRR  SEEHRIEIUNEEE . ZRTAR R4 H 2k
EF PR TG PR A IR 0.04% i 5 2 RV T TR, it —2 TR ek,
e CA WA EN 16.8 mg, ESU\M—‘D%E& EF U TN SMRE, BT CA W EAZ B

Wi BH: 2015-07-01

EEWAH: WP EARHIHRIBH (20131060

fEEEN: B 4k (1978—), 5, WULWFYEA, BRI, BF5C07 o RN W 12 R D e = PN
Tel: 13975806770 E-mail: 1846685@qq.com



%tz Drug Evaluation Research 3538% 6% 20154E 12 B - 641 -

M AEBR RN B s R, A B EE I
PR PR ] S0

1 #R5AEZE
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BB, JiEs% HPLC>98%, iR
EVFARGIR AT, {5 20120704; 1ASMRIEHELL
4S9, KT Aroclor1254 i S MENE SD K
AR, bEilgRRAEDRHEARAR, #'S 3239;
NI, 100 mL/ i, T RBUEYRHA R A
"o, #t 5131007 5 v S M B BE OBE I
(Cyclophosphamide, CP), 0.2 g/Jffi, VL7 fExwilx 24
AT, b5 12020525, SEM, Lk
TR RIG LN 3t s 2-% %527, Fiit: Fluka Chemie 2
H; #3483 C, HA Kyowa Hakko Kogyo A A ;
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2% [§ Aldrich Chemie 7 & ; R 4 BE, 3£
Sigma-Aldrich A 7] ; SEEG FH/K O EEIK, HoAhif7)]
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I, ZETHZEEHE R I 0.1 mL 56 B AR B 0.1
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SPSS 18.0 M0 Bk AT ¢ KeIe g it 70 s K&
FHAT ¥ K. LL a=0.05 1E AR I6 K HE .
2 R
2.1 Ames it
ARG AAT T CA MIBARINREIKIE (MIC)
9100 pg/mL. 1EZRET,  HREARH & AR
[ A% P P BOA AR IE VO N o i FERRAR, BRI
HEZH ) G35 1 (P<<0.01), JFEE AN B Ak 1 &
M2 H ) 2 £, RWNAR RG] EE. £ 6.25~50
ng/mL F 7K, CA %F TA97.TA98.TA100. TA102
DK TA1535 iR 5 B bk, InsiAin s9, ~FATS4MET
RIS 2 I AR B AR I B A R B T AT
2%, INEEHIERN KR WE 1 2.

Fz1 F—X Ames RIEER (x£s,n=3)
Table 1 Results of 1st Ames test (X £s, n=23)

. FiilEes B E/ A
2Ry .S9
/(ugmL™") TA97 TA98 TA100 TA102 TA1535
CA 100 - 0.0£0.0 0.0£0.0 0.020.0 0.0£0.0 0.020.0
50 - 123.3+5.0 353+4.0 143.0+10.1 266.7+16.8 14.7+3.5
25 - 121.7£15.0 33.7+7.5 138.04+10.8 269.7+17.2 14079
12.5 - 119.0+18.5 383+4.5 141.7+13.1 270.3+9.5 13.7+4.9
6.25 - 120.7411.8 323472 140.34+13.9 272.0%13.0 203442
Sy AR - 118.0+17.6 37.0+3.0 139.7+17.2 266.0+15.1 143425
XS RE ® - 123.74+15.0 30.7+4.0 137.0+17.5 258.0+13.1 15.0+5.0
FHE S i - 1193748627 221034983  1438.0%119.0" 1167.3+151.5"  471.3+65.5"
CA 100 + 0.0£0.0 0.0£0.0 0.020.0 0.0£0.0 0.020.0
50 + 120.7+13.7 38.7+5.5 135.3+11.5 263.7+11.6 13.3+7.5
25 + 117.0£14.5 37.7+42 13234172 27334120 153445
12.5 + 124.0+14.0 35.7+6.7 135.0+15.5 2643+148 17.0+10.5
6.25 + 121.0£17.0 34.740.6 13474175 267.0£12.3 13.0+2.6
Sy AR + 1253+13.4 393451 138.3+12.9 259.7+11.7 17.7+3.1
XS R 2 + 119.7£10.5 34.0+79 128.0+13.1 261.3+14.0 16.7+7.0
FE X + 12247411247 2540.0+142.87 2262.0%121.57  951.0+£140.97  208.7+714"

5 E KRB " P<0.01. *FI%HE ) DMSO. B 52455 TA97. TA98 SKHH 9-4f (2 ng/mL), TA100. TA1535 S B %4 (15 pg/mL),
TA102 KA #3455 C (5 pg/mL). BHPEZAEFH]: TA97. TA9S. TA100 Al TA1535 KA 2-&FHE%5 (100 ug/mL), TA102 KH 1,8-—F2E (500

png/mL)

P < 0.01 vs spontaneity group. * Solvent control was DMSO. ®Positive controls were 9-fluorenone (2 pg/mL) for TA97 and TA98, sodium azide (15
ug/mL) for TA100 and TA1535, mitomycin C (5 pg/mL) for TA102. “Positive controls were 2-aminofluorene (100 ug/mL) for TA97, TA98, TA100, and
TA1535, meanwhile 1,8-dihydroxyanthraquinone (500 pg/mL) for TA102
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F2 FIX Ames LR (X +s,n=3)
Table 2 Results of 2nd Ames test (X L, n=3)
. o R%E/ A
R %U ﬁ‘él 59 TA97 TA98 TA100 TA102 TA1535
(ngmL )
CA 100 - 0.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0
50 - 128.0%11.1 38.343.8 140.74+14.6 267.0+19.2 17.743.1
25 - 126.7+14.8 417442 139.34+12.1 263.7+16.9 15.0+2.0
125 - 129.3+9.0 37.7410.1 141.7+17.2 273.3+20.5 17.3+5.0
625 - 127.7413.1 357425 143.748.3 274.0%18.0 18.343.1
E AR 129.7+10.0 37.0+3.6 144.7+12.1 270.7+12.7 21.0+6.6
AR - 123.3+13.0 313432 136.7+19.3 265.7+20.4 16.0+7.2
o %o 1 1265.0+130.4™  2187.0+110.5"  1535.0£109.3"  1127.0£1372"  505.7+67.0”
CA 100 + 0.0£0.0 0.020.0 0.020.0 0.0£0.0 0.020.0
50 + 128.3+8.0 35346.5 133.749.5 270.0+14.8 143+6.0
25 + 12474123 393486 140.34+17.1 269.0+18.4 17.0+5.6
125  + 132.7£16.5 33.346.8 136.0%11.1 269.7+14.6 133442
625 + 123.04+9.5 373+7.6 140.0+10.4 27774275 193438
EAGES + 130.0£13.5 29.74+49 136.7+15.0 2643+17.6 17.0+8.7
B R + 127.3+12.9 33.0+4.4 132.7+14.2 260.0+15.9 153+5.0
FH 6] 1 + 1277348227 2640.7+93.6° 23100112997  1048.7+136.8"  179.3+4427
Rk 1

The same as Table 1

2.2 PRMZIAIE

3 W, %5541 PCE/RBC WEI1E
IEFJEHAN, HAD TN 20%, KHZRY)
WREWE G, PCE BB A2 240 S
XTHRATELAE:, CA B FIEALMMAZ R 2= 78 E gt
PR MR A Z RN B T, R
Giilsm X (P<0.01),

PRSI T8 A A 28 e ege it 2 s b vE
XTHRAURS TR T R AR W R E T, ERE R
R (P<0.01),
24 EERW

5 i, Sy AL, CA &R
ZH ()5S FL i 2 40 Tail DNA i E XA, ZR L4
eEE X M R —febs T, ERY

2.3 PRI FERFRE HEih R X (P<0.01).
HHEE 4 7I 0L, S50 AL, CA & &
F3 CAXNRESFAMPBIZENEIN (X Ls,n=5)
Table 3 Effects of CA on polychromatic erythrocyte micronucleus assay in mice (X £s, n =5)

1) 205 #E/(mgkg) PCEH/A S EU/A  #W%%/%  RBCH/A PCE//4  PCERBC
HEPE AR 0 10 000 20 0.201+0.07 1000 707 0.707+0.069
CP 50 10 000 358 3.58+0.69" 1 000 621 0.621+0.099
CA 291 10 000 14 0.14+0.11 1 000 728 0.728+0.039
583 10 000 18 0.18+0.11 1 000 713 0.713+0.048
1165 10 000 22 0.2240.08 1 000 686 0.686+0.068
MEPE VRN R 0 10 000 24 0.24+0.09 1 000 719 0.719+0.065
CP 50 10 000 306 3.06+0.67" 1 000 675 0.675+0.060
CA 461 10 000 18 0.18+0.08 1 000 695 0.695+0.068
923 10 000 16 0.16+0.09 1 000 745 0.745+0.064
1845 10 000 26 0.26+0.06 1 000 735 0.735+0.066

SRR A A “P<0.01

P <0.01 vs solvent control group
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T4 CAXNRIBTFBREAEENEN (X £s,n=5)

Table 4 Effects of CA on sperm malformation assay in mice (X s, n=15)

T RIS 5 Wy T (14 B L/ %

24 53] FlHE/(mgkg ) KTE/AS RIER/A WHERAE/%

T HER ML LR REIE Wk WE
T 0 5000 106 2.124+0.22 198 179 189 434 00 00 00
CP 50 5000 439 8.78+0.93™ 260 189 189 337 09 05 1.1
CA 291 5000 120 2.40%0.40 233 208 175 384 00 00 00
583 5000 97 1.9440.15 206 175 165 454 00 00 00
1165 5000 114 2.2840.60 246 184 149 421 00 00 00
SR TRALEL T P<<0.01
P <0.01 vs solvent control group
=5 PRITHBREERBNER (X£s,n=5)
Table 5 Results of comet assay in hepatic cells of mice (X s, n=75)
PR 415 FlE/(mgkg ) WML/ A MR/ Hi 2%/ % Tail DNA/%
T HEFIN TR 0 500 24 4.80+1.64 12.05+3.72
CP 50 500 301 60.20+10.85" 45.56+7.52"
CA 291 500 22 4.40+2.30 10.22+2.44
583 500 30 6.00£2.92 13.28+2.85
1165 500 26 5.20+1.92 11.05+3.11
HEME TR 0 500 33 6.60+1.67 9.26+1.86
CP 50 500 269 53.80+6.98" 48.7246.61"
CA 461 500 27 5.40+2.07 12.37+3.43
923 500 26 5.20+1.48 11.11+3.51
1845 500 31 6.20+1.79 10.70+3.15

S FI A L T P<<0.01
P <0.01 vs solvent control group

3 e

Tgt AL RV I 128 16 PR A SUAE T PR 32 i i 35
KA RIRAH B TR E — D H AL
AU, — 7 T AT A R 73 AR 2 PR A 2
AR, 55— iR KRR 2%, HtkS:
(1) 3E A% B ARG T VR ME LA B 9T . T AKX 2 2
WsE s AT ER G VRN, R R — 4 BE £
FEAR N FASL,  SCREFE 56 A Rl 2% 2% fOOFAH B AR
FEMIRIG AT 0 R, AR 2%
[l B b 213 (ICH) M 5F 515 K 4148 (OECD)
WA R R VI AL R EAR AR IR, S5 G ARSI %
SAT IR A S T I I S R4 /N HENE 2
P AN ML /DN BURS 717 T 40 50 40 e 52 P ik DY
TSR AR W) 2R 5, 73l MFER 584 . DNA $5if)
PR 3 ANANRIEAL 2 28 f00) CA BT I Al
T . 25 RN, AERTIN R S N 4 Ts L R
TR0 45 R I

TA97. TA98 F1 TAI00 AJ f #2558 4%, TA1535
A1 TAL02 R RSB0 B e, 43 ) AN [R5 0 5

W2 R S N K oA M ok BAT BRI 10
ZRY, Ames W5 TS FIEATY MIC. JiTLL,
AEAR I 1E AT U w8 o PR a6 A i o e 7 . 45
RPN, EARSIG NN CA X 5 BR ARV T THF
B MIC & 100 pg/mL. Moreno S 233 i 48 44~
HOE IR R Ik SR U BB i 1k, A b BT
CA X5 R B Ak MIC Yl F22BHIE R R 2~15
ug/mL. 22 FIPER N 3~30 png/mL. FEREREE4 2
ug/mL. Horiuchi K 2T i Fle 1 7k ik A 42
H) SR B H o 2 SR U AR R I TS
Horp CA X560 Ak MIC Y [ : ZERER TRy 32~
64 pg/mL. <53 (3 % BRIA N 32 pg/mL. &b
TV S A I 8 4 > 128 pg/mL. M0Ah, HT%
AEUSIR i A AR BRI T CA (98.6%) i Y
AT ORI AERE (MRSA, fFEBHMERD 1)
PURERTEH, 2R BRI & MRSA #FKK MIC 75
[l 8~16 pg/mL. 2184 FEVD 1T A A 2= 914k
[P AR o AR K : Lh i SR PN E I NN
BRI S A S5 it el L — N, )
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PERM, 2R T N B Rk A R
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PL BBz K G 1 IR 25)5 0~24 h WAIR
FifeoE, DIMCRHESEYLRE 3 d, M T mik.
W] B 4 3 fi “ 3R ( replacement , reduction ,
refinement)” JgUUl, 4 A £ 2 150 HE S AR N Tl
B, KRHELELZ, TARRETE 6 h 5 IR,
i g KAL) (7 JE o e O Ak A, 0
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e WSz E sk, TR R
HMOIGTE, 5 RATATAN G o 0 ey A 2 A
52 BN H e bs 2 s RE4n g b PCE/RBC
LA (3% PCE/NCE, AW XHIFD. %4
ST | i T N (NS =51 NG = O e S K
TR, D T IR AL 20%I0, $Eon R
A i 2 sz FHMHEN EABETLL 172 LDsy A
TR N T N o s P o< A N = = e )
PCE/RBC W{HIIAEA S IEH YaH A HAS DT 1R
XTREALI 20%, BEWIFAIE TG BE, Z5 5. 1M
R AT R R SR 1) — P A B
PERITTE,  BE R B IIR/KSF1¥) DNA 4%,
] N TR AR R . REE AR IR W0
S AR, b I R R SRR TR A [
M), BRI CAT A A IR R S A TR N
B EPEIRL, XFEE A AT B R M
TR B2 D Bk B LIRS, 2B R
FFE N CA MRS 2 Pl EEEEmLE,
A /NSO A S B )R] A T I A A I 5 B
PR, e A aERI R e, v R S AR AN RE
RGN AT U, DR L3 9 FEP A A A B 21 243
TR RS S B AU . Tail DNA S 2 EHE
TR0 25 VPO PR i IR b, S a8 Pl s
(M H B YERAE, b Thedidl, Fenle R vHEAL
WA phAh, AR B AR AN M A

P EE VBRI EB A AR A, K 540 1 AT 20K
BRGNS A B UK /N BV Y
35d Jidy, ARSI ORGSR 25 2 A 40 )
BORAAE W] 20k 7 Ho . ORI, 4~5 M
JE R MER A TERAHIORS T T e it AL 3
I AR B ISR B TR CP, B2 ik
PRSI BH XS I 2, ASERE S 50
mg/kg MR BEATZ 48 HE, AR A 2R
fRUEe g B SR H o sflig 58, X
AL BN IAE R0 8] A HH BLAE T i PRALE FH AR R
1. L8 LRNE, FEASLE A T CA R iz
feg M, ARt I R,
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