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Antimutagenicity of Anthraquinones

Tohru Nakasuct*, Kenji NisHipA** and Koichiro Komar**

Synopsis

Aloe-emodin isolated from Aloe arborescens Mill. inhibits frameshift mutations caused by 3-
amino-1-methyl-5H -pyrido[4,3b]indole in Salmonella typhimurium TA98. We examined the
relationship between the antimutagenicity of aloe-emodin and its derivatives by a modification of
the Ames test. All but anthraquinone itself could inhibit frameshift mutation by at least 80% if
the amount used was at least 10 mol/plate, but the numbers of revertant colonies was almost
unchanged at this dose. The pattern of inhibition suggested that substitutions such as hydroxyl
and hydroxymethyl groups on aromatic rings were important for the activity. Furthermore, five
species of medicinal plants contained anthraquinones that also inhibited frameshift mutation.
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MEHSIFERY CHFYF 7o EEINDET Vb
7 ¥ / »BO—H, aloe-emodin 3% S-9 mix ( 7 H<$
@ Sprague-Dawley 7 v b OB FEMH & L T
phenobarbital 3 & U5, 6- benzoflavone % # f #&
HULHBOKREY XA — b %29,000x g Tidilr58
L7z L4 cofactor Mz 72 b D) OHFEHFT
T Salmonella typhimurium TAR ICFHahl:7
V—5Ly 7 MRIRREREBEF MG T 5 2 & 2R
Rz F 2 CEMEIZ, aloe-emodin (ZB#E$ 2 7 > b
S/ UROWMEREMIZOWLT L VEERERME
B0, TOFBEOTERFHICOVLTHRIL
Too ETo, ZHETRET VI ZF/VEEGDIE
BHISNTHAEIDO4EEIZ DONWT H FOPERIKE
HERGL 7.

11 MESIUFE
1. #%

a . 3¥E . Anthraquinone, rhein, aloe-emodin,
emodin, quinizarin, chrysazin, chrysophanol ix 7
Fa v #%RXE# (Extrasynthese B), 1-hydroxy-
anthraquinone, 2-hydroxymethylanthraquinone,
alizarin (R HUER T 38843 4t, anthrarufin, pur-
purin ZPIHAEF BRI S, quinalizarin IZFIEREEE
T &R 4+, anthraflavic acid & Aldrich Chemi-
cal Company, Inc.h» 5 #nFAMA L1, ERIEY
B & L T A v 723-amino -1- methyl -5H - pyrido
[4,3b]indole (Trp-P-2) 1ZAIGHIE Tk
25, Trp-P-20H#EHEMEMICH V2 S-98 L U
cofactor [ i34 ) v 7 VEBERIBRRESH»S T h
FREEAL T2,

b. F# I ry x4y (fiF), F1 47 (REF),
trF (JE), hrav R, ~TVY 3 1
HABAEMERS L SWA L 2.

c. B & Uit

GEDTA LD, £F, Avay, NTVY,
TIAATRENRETASN0EIEHFL ALY/ —5]
RI0Z T40°C, 2h flitH L /-1, w0, 0, &
B ETORERBRE LTz,

2. MERRER

AEOTEMREIZ Ames BRI L o 72, BT
WERHOMRL, BLAREEE, HEERT.

a . HEERH L £ OHIR

BROE FEt O I3 FEd oM D T~ 120°C,
200l A — b7 v —7TEIEL 12,

SDB ###h : Bacto nutrient broth powder (Difco)
8 g, NaCl 5 g « Z&%7k1,000 ml ®f0Z,pH 7.0
B 7, MM 84 : (NH,),SO, 20 g, KH,PO, 200
g, MgSO,+ 7 H,0 2 g, trisodium citrate 10 g, KOH
47 g W K A800ml % /0 %2, 1 H E KOH T pH
7.0 FHBE, £M%1,000ml & L7z, DBEEH :
Bacto nutrient broth powder 400 mg % Z&&7k40
mliCEREL, 1#E KOH TpH6.8~7. 0B L
72. MBB 3%t : Bacto agar (Difco) 15 g % 7&& 7k
930 ml /N 2 BE g, MM 3Z#850 ml, DB #2#110
ml, 40% glucose K¥&# 10 ml, biotin Z&K&# (100
wg/mh)1ml EMEMINZ & SBIFL, 25ml 37D
F9ecm yy—viZELR, V7 b7 H— I NaCl
3.0 g, agar powder 3.5 g W Z&EH K500 ml 2Nz &
Bk, RBREWw3ml ¥ 248 L %, Phosphate
buffer (PB) : Na,HPO, - 12H,014.3 g, KH,PO,
3.6 g W& KL,000ml 0% pH 7.0 FHEEL 72,
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Z0102M 2, ¥ 7-4£FEBFE30 mg/ml &£ 20 mg/ml
DWW 5 LD Me,SO THRL, M7 vibxF
v 88 (PTFE) X > 735 > 7 4 W% — (Sartorius
# 8, Minisart SRP15) THGHBEE L 72, % 72, Me,
SO #FABHCHARE L7 b D 2K & L THY
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f. IERFEEBO Tk

HER 1T TARRKERKO. 1 ml, FRBREE ik
MEX X LT Me,SO0.1ml, Trp-P-20.1ml, S
-9 mix 500 xl #50°CWREEL 72V 7 M 74— 3ml
iz Nz CEP i §i#R, MBB R FHE b
WHERL 72, ZRARZEMEE (%) #37°C, 3HM
REGCHRBER L R F Y I EEREHK
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% 7z, FRFIC TAISHIREH * PB T10° i RERHR
L7:#0.1ml 8 & & BEHEHO. 1 ml %50°Cic {7
BLY 7 b7H—3mldichinz EaR A o8
Uiz, StEW T 20 £EMHEIIEEE, 7
V— M EU-HREBOI o —% (£EH %
WIRTHY > b LTKRD, &8, MEXw L
BERORD D R ENLE L 72 Me,SO %AW
720

. BRBLUBE
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Table 1. Effects of anthraquinone and its derivatives on frameshift mutation caused by 3-amino-1-methyl-
5H -pyrido[4,3b]indole in Salmonella typhimurium T A98

Chemicals used Numbers of His" Antimutagenic Numbers of surviving

revertants/plate activity (%) cells/plate
Me,S0O 1708 0 260
Anthraquinone 987 42.2 242
1-Hydroxyanthraqguinone 232 86.4 246
2,6-Dihydroxyvanthraquinone 249 85.4 207
(anthraflavic acid)
2-Hydroxymethylanthraquinone 252 85.2 238
1,8 - Dihydroxy - 3 - methylanthra- 326 80.9 249
quinone
(chrysophanol)
1.8 - Dihydroxy - 3 - carboxyanthra- 79 95.4 263
quinone
(rhein)
1.8 Dihydroxy-3-hydroxymethyl- 153 91.0 289
anthraquinone (aloe-emodin)
1,6,8 - Trihydroxy - 3 - methylanthra- 132 92.3 233
quinone
(emodin)
1,2-Dihydroxymethylanthraquinone 103 94.0 256
(alizarin)
1.4-Dihydroxyanthraquinone 133 92.2 246
(quinizarin)
1.5-Dihydroxyanthraquinone 239 86.0 258
(anthrarufin)
1.8-Dihydroxyanthraquinone 121 92.9 273
(chrysazin)
1.2,4-Trihydroxyanthraquinone 64 96.3 128
(purpurin)
1,2,5,8-Tetrahydroxyanthraquinone 58 96.6 214

(quinalizarin)

Chemicals were used at the dose of 10 mol/plate.
The numbers of revartants and of surviving cells are means of three plates.
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Fig. 1 Structure ol anthraquinone
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%/ CEOR¥EDD DIFHFEFR EIC KRS L
TW3ZEe»s, FHRBRICETRLEORCIFRDb-
TWEEISICHELLHRLILEYNH B, F72,
Sl uHERFEEOBD SN T b7 &/ VE
DL O EFDIEBHISNTWS 5 FIROLETE
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Table 2. Effects of medicinal plants on frameshift mutation caused by 3-amino-1-methyl-5H -pyrido [4.35]

indole in Salmonclla tvphimurium T A8

Sample Amount Numbers of His* Antimutagenic Numbers of surviv-

(mg/plate) revertants/plate activity (%) ing
cells/plate

Me.SO 0 1919 0 172
Kashii 3.0 81 95.8 174
2.0 118 93.9 187
Daio 3.0 62 96.8 217
2.0 68 96.5 203
Senna 3.0 123 93.6 163
2.0 265 86.2 193
Ketsumeishi 3.0 69 96.4 178
2.0 71 96.3 142
Habuso 3.6 197 89.7 170
2.0 204 89.4 170

The numbers of revartants and of surviving cells are means of three plates.
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