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Evaluation on mutagenic risk of emodin-type anthraquinone based on
toxicology software and bacterial recovery mutation test
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Abstract: Objective To evaluate the mutagenic risk of emodin-type anthraquinones using toxicology software and bacterial reverse
mutation test, and to analyze the effect of different substituents and positions on the mutagenic risk of emodin-type anthraquinones.
Method Toxtree, Derek Nexus and Sarah Nexu were used to predict the mutagenic risk of emodin, hydroxyl emodin, aloe emodin,
emodin methyl ether, chrysophanol, emodin acid, emodin -8-O-f-D-glucoside, aloe emodin -8-O-f-D-glucoside, emodin-1-O-p-D-
glucoside, emodin-8-0-B-D-glucoside. Salmonella typhimurium TA97, TA98, TA100, TA102, TA1535 and TA1537 and Escherichia
coli WP2 uvr4 were adopted to perform a 6-well plate-based bacterial reverse mutation test, and the mutagenicity of 10 emodin-type
anthraquinones were evaluated. Results Based on the anthraquinone core structure, Toxtree, Derek Nexus and Sarah Nexus
suggested that all emodin-type anthraquinones are mutagenic. In the condition absent of S9 metabolic activation, aloe-emodin led to
an increase in the number of revertants of TA98 and WP2 uvr4, and hydroxyemodin, chrysophanol, and rhein led to an increase in
the number of revertants of WP2 uvr4. In the conditon present of rat liver S9 metabolic activation, emodin and rhein increased the
number of revertants of TA98 and TA1537, hydroxyemodin increased the number of revertants of TA97, TA98, TA1537 and WP2

uvrd, aloe-emodin increased the number of revertants of TA98 and TA1537 and WP2 uvrd, emodin methyl ether increased the
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number of revertants of TA1537, chrysophanol increased the number of revertants of TA1537 and WP2 uvr4, emodin-8-O--D-

glucoside increased the number of revertants of TA1537. Conclusion The mutagenic capability of emodin-type anthraquinones was

significantly increased after the introduction of hydroxyl groups into the base of emodin nucleus, while the introduction of larger

glucoside groups decreased the mutagenic capability of the tested substances.

Key words: emodin-type anthraquinone; mutagenicity; structure-activity analysis; toxicity prediction; bacterial reverse

mutation test; emodin; hydroxyl emodin; aloe emodin; emodin methyl ether; chrysophanol; emodin acid; emodin -8-O-p-D-

glucoside; aloe emodin-8-O4-D-glucoside; emodin-1-Of-D-glucoside; emodin-8-Of-D-glucoside
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Table 1 Prediction results of mutagenic risk of emodin-type anthraquinone

Sarah Nexus 2758 45 #4) 7] {5 /%

il g2 4EM3 0 dEt4 45RS
KB 2 M CAS — o

Toxtree Derek Nexus

somtt  mwaly mmsl Ll &
A o ) ol ‘

KiE# 518-80-9 + + / ; : [ 100 100 / / /
BRAER 481-73-22 + + 100 / 100 / /
FAEREE 481-72-1 + + 100 / 100 / /
KEEPwE 521-61-9 + + 100 100 / / /

Ky 481-74-3 + + 100 100 / / /

K 478-43-3 + + 100 100 / 100

K& K-8-0-p- 23313-21-5 + + 6 / / / 29
D-THIEREF
PEARIER-8- 33037-46-6 + + 13 / / / 38
OB-DAEINEEF
K#EH-1-04 38840-23-2  + + 22 / / / 29
DA d:g{
KEFHmE-8-  2629-54-8  + + / _ 8 / / / 38
O-B-DAE N 9 I;_ #;
“+7_Toxtree T 45 HFHYE ; /7 -Derek Nexus/Sarah Nexus Tl 76 UL fic 45 £
"+"-Toxtree prediction result was positive; "/"-Derek Nexus/Sarah Nexus predicts no matching structure
%2 JESIRBHEWIRET Ames BIEE (x5, n=3)
Table 2 Number of Ames colony count under non-S9 metabolic activation condition (;:I:s yn=3)
Ames HH 755
ZH 5 I/ (ug LD
Al AR gL D~ TA98 TA100 TA102  TAI535 TA1537  WP2 uwd
BN R — 47+5 9+3 47+4 4842 542 542 343
NS 0.6 5846 11£1 40+6 3942 343 4+1 4+1
1.1 61+9 8+1 39+8 4347 4+1 443 442
2.3 66+7 942 5245 50+4 343 4+ 342
4.5 56+3 9+1 57+16 5245 4+1 6+0 4+2

9.0 54+4 8+1 50£5 53+7 3+] 5+0 3+3
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52322
413 A g 7LD Ames B4
TA97 TA98 TA100 TA102  TA1535 TA1537  WP2 uvrd
BRIHKER 0.6 48+10 848 3244 5047 342 542 61
1.1 45+6 8+3 3244 6143 4+2 6+1 542
23 43+7 7+3 2842 45+7 4+1 2+1 8+4
45 40+2 8+5 2543 56+3 4+2 6+3 6+3
9.0 3842 542 28+5 65+9 242 4+] 543
FERER 0.6 3947 842 26+4 32418 442 343 814
1.1 3342 7+3 3046 4448 443 2+1 10+3
23 57£6 1444 4111 54412 5+1 343 849
45 74427 2245 37412 53+8 343 113 943
9.0 130424 2744 39+13 62+12 241 1042 1243
e 0.6 4610 9+4 46+6 4042 4+3 41 3+1
1.1 59+16 9+1 45+3 4149 342 242 4+3
23 58+10 942 42+12 46+7 4+2 2+1 4+1
45 4846 9+4 49+5 3945 242 4+] 1%1
9.0 6149 10+3 5249 39+13 241 541 341
N 0.6 43+10 6+2 2743 5249 540 6+4 6+3
1.1 4649 6+1 28+1 55+12 442 643 942
23 3743 643 32+10 58+7 542 342 64
45 4548 744 3144 5246 342 942 742
9.0 4346 4+3 2846 47420 113 4+2 844
N 0.6 35+4 4+2 3445 48+10 8+3 6+1 10+3
1.1 45+4 642 2846 50+11 443 542 242
23 4343 542 2842 5245 6+4 644 841
45 38423 5+1 32+10 49+3 4+1 541 342
9.0 4547 542 30+4 54+6 11£5 5+5 13+1
KEER-8-0-B- 0.6 56+11 741 51+1 45+8 443 544 241
DR W 1.1 56+3 1146 5045 38+11 243 342 241
23 55+7 9+5 46+3 46+6 342 4+3 543
45 5748 8+6 5049 41+1 5+1 4+3 4+1
9.0 56+12 642 4446 43+] 4+1 4+2 4+2
PRI -8 0.6 49+4 743 3343 40+8 444 443 343
O-B-D-Hi % bk 1.1 39+6 745 30+8 46+4 344 443 4+4
+H 23 3941 1043 2546 4843 242 443 1046
45 40+4 942 3248 5148 543 4+2 5+4
9.0 47+2 942 3249 53+13 542 542 6+4
K E-1-0-B- 0.6 5148 8+1 415 3544 31 412 3+1
D-Hi Wty 1.1 4744 542 4247 40+1 442 241 342
23 44+1 10+3 45+5 40+4 4+3 1+1 2+1
45 46+8 11+1 47+8 46+1 4+3 3+1 342
9.0 54+9 1445 4944 5042 442 442 4+3
K8 2% FE-8- 0.6 4944 10+1 511 46+4 642 5+1 242
O-B-D-Hi % 1.1 5342 9+4 4645 4441 342 343 241
+ 23 56+8 8+2 4747 4316 3+1 542 342
45 4747 7+3 46+4 46+5 241 542 4+1
9.0 5347 121 48+4 5142 5+1 442 12
ERED gl * 159412 7114 159+8 1 296+68 172422 1 187+48  95+17

*TA97.TA100. TA102 1 WP2 uvrd (1] B 1 XF H& 4 AF-2€0.01 pg-FL ") s TA9S [ PH 14 5 8y AF-2(0.1 pg- L") s TA1535 (1 B 14 X 18 Ay
NaN; (0.1 pg-fL ™" s TA1537 FBHPEXT R 9-AA (12 pg- £l

*positive controls of TA97, TA100, TA102 and WP2 uvrd were AF-2 (0.01 ug-hole '); positive control of TA98 was AF-2 (0.1 pg-hole D;
positive control of TA1535 was NaN; (0.1 pg-hole '); positive control of TA1537 was 9-AA (12 pg-hole )
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£3 SORBHEWRA T Ames BEH (v+s,n=3)

Table 3 Number of Ames colony count under S9 metabolic activation condition (;:I:s,n=3)

o = . Ames [ 7% 5
1) AR/ Cug AL TA97 TA98 TAI00  TA102 TAI535  TA1537 WP2 uwrd

TR HR — 46+8 442 5444 37+10 543 1+1 6+1
NS 0.6 47+7 9+5 55+4 40+9 543 6+3 542
1.1 5249 6+1 54+1 3645 642 8+6 442
2.3 5544 442 65+6 3444 6+4 1042 541
45 54+9 8+6 56+7 39+3 442 8+1 6+1
9.0 5442 8+3 5346 3943 6%1 20410 342
FRIEKER 0.6 93423 29+14 58+8 3742 241 243 1249
1.1 74429 2610 83+12 4347 241 4+1 1347
2.3 12342 3211 83+18 48+8 8+5 342 15+8

4.5 203434 69+6 92+13 58+10 1343 543 1312
9.0 252456 73+14 102+18 6746 6+1 11+7 1449
FERER 0.6 64+5 542 41+6 4245 5+1 5+4 1242
1.1 63+7 942 51+7 3910 442 9+3 1342
23 66+9 1046 4847 5546 544 442 1243
45 82+16 6+1 54+11 613 541 541 743
9.0 88+4 1042 65+6 52413 4+4 242 541
K3 = H ik 0.6 4745 5+1 48+8 3842 742 242 542
1.1 3943 744 5248 3649 8+1 742 4+1
2.3 39+6 741 49+5 4346 3+1 642 3+1
45 52+1 6+3 56+4 56+5 942 1347 6+4
9.0 5849 1048 5244 5642 8+5 745 6+1
N 0.6 64+5 11£3 5443 267 6+1 7+4 6+3
1.1 6549 642 5346 4148 6%1 643 113
2.3 58+5 542 5345 3543 4+1 4+3 1043
45 67+7 743 51+13 4147 342 541 1042
9.0 7212 9+5 5846 3643 342 842 1447
KR 0.6 65+13 1346 49+6 41+4 544 343 742
1.1 2949 1345 50+6 3248 241 241 343
2.3 5848 8+1 4148 4243 542 643 743
45 53+8 943 61+6 3747 5+1 742 6+4
9.0 6149 111 4944 4446 242 242 843
K% % -8-0-B-D-Hi 0.6 52410 342 59+8 4343 543 1+0 542
i 1.1 47+12 8+4 49+7 3342 8+4 2+1 64
2.3 4242 442 4512 3248 5+5 242 2+1
4.5 45+10 4+3 4246 35+13 4+1 6+2 542
9.0 4446 542 5344 36+3 342 442 642
PE R ER-8-0-B- 0.6 7049 11+2 5242 28+5 8+5 1£1 1242
DA R 1.1 49+41 614 62+14 3245 1047 343 6+2
2.3 58+7 745 70+3 31+7 642 342 542
45 62+8 4547 7243 28+8 5+4 11 1045
9.0 37+38 3711 7243 3348 4+1 343 9+7
K% % -1-0-p-D-H 0.6 4243 944 5211 3444 442 343 342
BRI 1.1 4948 6+1 4842 3142 4+1 1+0 342
2.3 4949 542 46+7 3147 542 0+1 545
45 49+10 542 4614 36£5 4+3 2+1 4+1
9.0 49+11 542 48+11 2946 542 11 341
K8 7 Hi-8-0-B- 0.6 3949 743 60=11 3446 6+1 344 543
DR B 1.1 4145 342 4949 3011 7+3 11 342
2.3 3542 542 46+9 2444 740 1+1 343
45 4042 342 5345 2646 543 11 544
9.0 4142 4+1 51+7 4347 4+1 342 342

[ERERO G * 468+40 533+110 137+10 265+4 7449 161+61 42410

* TA97.TA98.TA100 PHHEXT H 2-AA (0.2 pg-FL™") s TA102 BHPERT i 9 2-AA (1.2 pg- L") s TA1535 FI TA1537 PHEX 2y 2-AA (0.6 pg-
LD s WP2 uvrd BHPEXT BN 2-AA (6 ng-FL

*Positive controls of TA97, TA98, TA100 were 2-AA (0.2 pg-hole '); positive control of TA102 was 2-AA (1.2 pg-hole '); positive control of
TA1535 and TA1537 was 2-AA (0.6 pg-hole '); positive control of WP2 uvrd was 2-AA (6 pg-hole ")
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A , 7 a5 F (P Rk i ) V2 B T 2 1 Tl 4
I e PRI R 300 T BEORR B A% 45 4, Toxtree  Derek
Nexus Fl Sarah Nexus #& 7~ BT 3 K 35 2% Y BEUBR 35 17

AW I Ames 50 45 R PE7R, R IR KB 3 K3
My KB R DL S 25 K R AE AR SOARBHE IR R
A 3 E WP2 uvrd Ames T % 20 W35 1. Brown
SEURIE 5 o R AR EORR RN R TC 5 AR AE L R
FEEAMGIN, BRI E. RTAGRS
AH O SCHR T8 SR 0 17T IR B I e ik A AR 5
AR T B R AR P e 45 RAH W) & o SR AT TR
T8 AR H ORIy KB R A SO RUTEAIRS T
Xt TA1537 B ok LA B i 2 1E . B RS
FAAE SOARBNE IS K T, AR R LR
PR -5 A -4- PR AL R S5 B TA 1537 B R R ALY
DN BH P2 S, 2- %3 B R TE TA98/TA1537 1 #k Hh
M2 REPEGE RS, BRI R ST Re1EH
HLEE 2 2 5 41 1% DNA & #5id F5 i 3R 34y
TN IR 5 R B RS TEAR ) R, kA, AR T
SO R 2% N AL &R = AR T AR I R . AR
2 [T A DR s AR TR AR R R & SRS TR SR
KWE W2 AAFAEAE BAL X AR AU G 2
B2 AW FEARE SN, LR g SRR R R L A
WA I RAL A, A 1.2 803 MR Ik
HERAFAAEN . SR, KR PSR R
AH LG DA FF kRS (A1 1 5] AR B FR L A, 200 85 T H
SRR . KIE R -8-O-B-D-H G HEH L 25K
T % -8-0-B-D-H %] Wi . K3 % -1-0-B-D- i % ¥
T K R HEE-8-O-B-D-F E M 5 KR L
KB R 2 kA bb DL 4 0 AR F A Ot
H, BRI RI 5L, 23 A A7 BH &3 38 K, 2 il
A DNA & il it #2 i L3 B 2 PEBRAR, LB AR RE )
Wt 2 KA

GG AR ILEE R, K R R E R A
1E R 2= B I 2R il 5l N gk J5 B AR R ) B
Tt UK & s R B 5N RS sz iR A
AR RE SRR CE 1D o TR TR AR A [\ AL s 2
i, B BCRAAE - RS AR E — B E R . &K
B 98 O K B8 2 1Y AR o 4 P 00 R Atk XU Aty
245 T R AR E 0 SRR .
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