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1. SUMMARY

Reverse mutation tests were performed on ER-001 in
Escherichia coli WP2 uvrd and four tester strains of Salmonella
typhimurium (TA100, TA1535, TA98, and TALS537). Experiments were
carried out with and without metabolic activation system (SS9 Mix)
at dose levels up to the highest dose of 5000 u g/platse. The mean
numpber of revertant colonies did not exceed the factor of 2 above
that of the corresponding solvent control in any strain at any dose
with or without 89 Mix.

It is concluded that HR~-001 is non-mutagenic to bacteria under

the conditions used in this experiment.
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2) Examination of tester strains

The following genetic markers and cther characters of the
tester strains were checked regularly:
(1) Histidine and biotin requirements in §. typhimurium strains or
tryptophan auxotroph in E. coli strain
(2y UV sensitivity (uvzd, uavreB)
{3) Sensitivity to crystal violet (rfa) in S. typhimurium strains
(4) Presence of the ampicillin-resistant plasmid (pKML1C1l} in 8.
typhimurium strains TAI00 and TASS
(5) Number of spontaneous revertants

(6) Response to positive control chemicals

3) Storage of tester strains and preculture

Each stock culture of tester strains has been stored at -80°C
{(Ultra Low Temperature Cabinet, MDF-3B2AT, Sanyo Electric Co. Ltd,,
Japan) in the presence of dimethvyl sulfoxide (DMSO, Dehydrous, Wako
Pure Chemical Industries, Ltd., Japan) at the final concentration
of 8% (v/v). Each of the five tester strains was inoculated with
the nutrient broth medium (Oxoid nutrient broth No.2, Oxocid Ltd.,
U.K.) and cultured at 37°C with shaking for 8hr. ODgs measured by
Spectronic 21 (BAUSCH & LOMB, U.S.A.) was from 0.95 to 1.15 (1.4

- 2.3 x 10° cells/ml) at the end of culture.
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4y Preparation of 89 Mix

A metabelic activation system (S2 mix) is a cofactor-
supplemented post-mitochendrial fraction (S9 fraction) of liver
homogenate of rats. 89 fraction with the following data was

purchased from Kikkoman Corporation (Chiba, Japan) on October 26,

1994 and stored at -80°C.

(1) Used animal: Sprague-Dawley rat. (Slc:SD)

(2) Sex: male

(3) Age: 7 weeks old

(4) Body welght: 192 - 229 g

{5) Inducer: phencbarbital (PB: Wako Pure Chemical

Industries Ltd.,Japan)
5,6~benzoflavone (BF: Aldrich Chemical Co.,
Ine., U.S.A.)

{6y Treatment: intraperitoneal injection

(7) Dosage: Day 1: PR 30 mg/kg
Day 2: PB 60 mg/kg
Day 3: PB 60 mg/kg and BF 80 mg/kg
Day 4: PB 60 mg/kg

(8) Protein content: 24 .40 mg/ml

{(2) P-450 content: 1.04 nmol/mg protein

(10) Date of preparation: October 6, 1994

(11) Lot No.: RAA-316
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(12) Sterility test: pass

(13) Enzyme activity measured by mutagenicity: good

The enzyme activity of this fraction was checked again by
mutagenicity of 7,l12-dimethylbenz(a)anthracene (Sigma Chemical
Co., U.B.A., 95%) and Z2-aminocanthracene (Wako Pure Chemical
Industries Ltd., 96.5%) against S. typhimurium TA100 and TASS in
advance. The sterility of S9 fraction was also confirmed again in
advance.

S8 Mix was prepared immediately before the experiment by
mixing 89 fraction and Co-factor {freeze-drying co-factor mixture,
Lot No. 718; Boehringer-Mannheim K. K., Japan). The componants of
89 mix were 10% (v/v) §9 fraction, 8 mMMgCl,, 33 mMKCl, 5 mM glucose-
6-phosphate, 4 mM NADH, 4 mM NADPE, and 100 mM sodium phosphate

buffer {(pH 7.4).

5) Preparation ¢f the test substance solution and dose levels
The solubility in water of HR-001 was known to be 12 mg/ml,

while it was inscluble in DMSO at this concentration. Therefore,
sterile water prepared by Milli-RO * 10 and Milli-Q Ultra-pure Water

System (Nihon Millipore Ltd., Japan) was used as a solvent. HR-001
was suspended in sterile pure water at concentrations more than 12
mg/ml. The solution of the test substance was prepared immediately

before the experiment.
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In preliminary dose range finding tests (Table-1), HR-001 did

not show any toxicity to any strain up to the highest dose of 5000
¢ g/plate with and without S9 Mix. Based on these results, 5000
L g/plate was used as the highest dose and experiments were carried

out at 6 dose levels (156, 313, 625, 1250, 2500, and 5000 i g/plate) ,
Toxicity was judged by a reduction in the number of revertant
colonies or a clearing of the background lawn of histidine-biotin-

or tryptophan~requiring cells.

€) Negative control and pésitive controls
For a negative control {solvent control), sterile water was

used. The following mutagens were used as positive controls:

Strain without 89 Mix with 59 Mix
(#g/plate) (1g/plate)
TALOO AF-2 (0.01) 2-A8 (1)
TALB35 NaN; (0.5) 2-2n (2}
WEZ uvrd AF-2 (0.01) 2-An  (10)
TASS8 AF-2 (0.1) 2-2a ( 0.5)
TALB37 S-2a (80) 2-2A ( 2)

AF-2; 2-(2-furyl)-3-(5-nitro-2-furvl)acrylamide {(Wako Pure
Chemical Industries Ltd., 89.4%, Lot No., 8AJ0748)

2-AA; 2-amincanthracene (Wakeo Pure Chemical Industries Ltd.,
96.5%, Lot No. D8J32086)
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NaNs; sodiwnazide(WakopureChemicalIndustriesLtd.,92.2%,
Lot No. DSG1561)

$-Ax; 9-aminoacridine hydrochloride (Aldrich Chemical Co.

Inc., 98%, Lot No. 08518LX)

AF-2 and 2-AA were dissolved in DMSO (Tokye Kasei Kogvo Co.,
Japan, guaranteedreagent, >89.0%). NaN;and 9-~A2 were dissolved

in sterile water.

7) Preparation of amino acid-supplemented soft agar

For the 8. typhimurium strains, a sterile solutien of 0.5 mM
D-biotin and 0.5 mM L-histidine was added to molten soft agar
consisting of 0.6% agar (Wako Pure Chemical Industries Ltd., Lot
No. PTE7487) and 0.5% NaCl at a rate of 1/10 (v/v), and for the E.
coli strain a sterile solution of 0.5 mM L-tryptophan was added at

the same rate.

8) Experimental procedures
(1) Preincubation method without metabolic activation

An aliquot of 0.5 ml of 100 mM sodium phosphate buffer (pH
7.4), 0.1 ml of a culture of the tester strain; and 0.1 ml of =a

solution of the test substance were added to a small sterile test

tube, and incubated with shaking for 20 min at 37°C. After that

2 ml of the amino acid-supplemented molten soft agar kept at 45C

18
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was added te the test tube. The contents were mixed uniformly and
overlaid on a minimal glucose agar plate consisted of saltmix {(0.2%
citric acid monohydrate, 1% KHPO;, 0.192% NEE,POC,, 0.066% NaoH,
and 0.02% MgS0,47H,0) , 1.5% agar (OXOID Agar Ne. 1, Oxoid Ltd.), and
2% glucose. Prepared minimal glucose agar plates (Climedia AM-
N, 30 ml/plate, Lot No, ANS70KJ) were purchased from Oriental Yeast

Co., Ltd., Japan. All plates were incubated at 37°C for 48 hr,

after which the number of revertant cclonies was counted by a colony
analyzer (Model CA-7II, Oriental Instruments Ltd., Japan).
Triplicate plates weremade for each dose. Inadditicn, the solvent

contrel and positive controls were included in the experiment.

(2) Preincubation method with metabolig activation
An aliguot of 0.5 ml of 89 Mix, 0.1 ml of a culture of the
tester strain, and 0.1 mliof a solution of the test substance were

added toa small sterile test tube, and incubated with shaking for
20 min at 37°C. After that, 2 ml of the amino acid-supplemented
molten soft agar kept at 45C was added to the small test tube. The
contents were mixed uniformly and overlaid on aminimal glucose agar
plate. All plates were incubated at 37C for 48 hr, after which

the number of revertant colonies was counted by the colony analyzer.
Triplicate plates were made for each dose. Inaddition, the solvent

control and positive controls were included in the experiment.
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) Assay acceptance criteria

An assay is considered acceptable for evaluation of the test
results oﬁly if a1l of the criteria listed below are satisfied.
(1) The culture of tester strains, the solution of the test substance,
and 89 mix are free from contamination by other bacteriaz.
(2) Nermal number of spontaneocus revertant colonies is observed in
solvent control.
(3) At least 3-fold increase above solvent control in the mean number

of revertants is observed in positive control,

10} Evaluation criteria

The tests were c¢arried out twice. Reproducibility of resulis
was confirmed by two independent experiments. Results were judged
positive without statistical analysis when the following criteria
are all satisfied:
(1) A two~fold or greater increase above solvent control in the mean
number of revertants is observed.
{2) This imcrease in the number of revertants is accompanied by a
dose-response relationship.

(3) This increase in the number of revertants is reproducible.

20
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5. RESULTS

Results are shown in Tables 2-(1), 2-(2), 3-(1), and 3~-(2).
The mean number of revertant colonies did not exceed the factor of
2 above that of the corresponding solvent control in any strain at
any dose of HR~001 whether 8% Mix was added c;r not. Dose-response
curves are shown in Figs. 1-(1) to 1-(3) and 2- (1} to (3).

Normal number of spontaneous revertant colonies was observed
in solvent control for all the strains. In contrast, AF-2, Nal;,
and 9-AA used as positive controls showed mutagenicity in the
absence of 89 Mix, and 2~-AA was mutagenic for all the strains in
the presence of S8 Mix. All the cultures of the tester strains,
the solution of the test substance, and 89 Mix were checked to be

free from contamination by other bacteria. Consequently, all

assays were considered acceptable for evaluation.

6 CONCLUSION

As described in the above results, a two-fold or greater
increase in the mean number of revertant colonies was not cbserved
in any strain at any dose of HR-001 in the reverse mutation tests
with or without metabolic activation.

It is concluded that HR-001 is non-mutagenic for bacteria under

the conditions used in this experiment.

21
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Table 1. Dose range finding tesis
Test substance : HE-001

. No. of revertant colonies/plate
0se
89 Mix Base-change tvpe Frameshift type
(wg/ plate)
TA100 TAL535 | WPZ uvrd TA98 TAlp37
Solvent control 124 14 25 | 17 T
( H.0) 111 18 21 25 5
(118) {16) (23) @21 (6)
- 200 113 16 24 20 7
500 116 15 23 10 3
1000 116 18 20 14 4
2000 82 10 15 5 5
5000 79 3 19 8 3
Soivent control 83 11 21 29 6
H.0 ) 86 g 25 28 10
(85 (1o (23) (29) (8
+ 200 99 11 20 28 g
500 82 7 12 30 6
1LG00 87 8 28 25 6
2000 96 9 18 38 7
5:0 0:0 33 4 17 20 5
Compound AF~2 NaN; AR-2 AR-2 9-AA
89
> wgplate 0.01 0.5 0.01 0.1 80
—} Mix
& Revertants 648 583 312 669 798
=] () Aplate 724 559 344 708 175
3 (686) (571) (328) (689) (787)
z Compound 2-8A 2-AA 2-AA 2-AA 2-AA
189
& wg/plate 1 2 10 0.5 2
=1 Mix
Revertants 640 371 610 285 71
() /plate 658 372 645 304 31
(649) (372) (628) (295) (76)
() : Average.

23
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Table 2-(1)

Test substance : HR-001

Reverse mutation tests without metabolic activation (Exp. 1)

. No. of reveriant colonies, plate
0se
S9 Mix ) Base-change type Frameshift type
(ug” —
plate) TA100 TALS3S WP2 uvra TAS8 TA1537
Solvent 110 15 23 48 5
control 121 18 26 3
( He0) 119 11 23 38 2
{117% 6) (123 (213 37=11) (3=
124 11 14 51 1
108 13 11 38 5
156 124 g 10 32 4
(119+ 9 (11%£2) (12=2) (40+10) (3+2)
130 12 13 37 4
108 10 13 48 3
313 116 12 22 40 5
(117=12) (111D (16£5) 42+ 6) @=x1
135 12 14 27 5
134 8 4 42 l
625 | 148 T 16 47 1
(1394 8) (9x3) (15£1) (3810 (2=2)
127 10 18 37 1
118 10 22 45 9
1250 131 25 48 5
(125 1) (91 (22%4) 43+ 6) (5+4)
111 4 13 42 1
114 3 18 48 4
2500 92 2 15 27 4
(10612) (3xD (156+3) (38=10) B2
107 4 25 40 1
115 5 16 45 2
5000 a3 2 18 31 2
(10511 (4+2) (20+5) (38= 7N @=1
Campound AR-2 NaN; AR-2 AF-2 O-AA
Positive
wg/plat 0.01 0.5 0.01 0.1 80
control -
525 539 296 624 691
Revertants 499 551 282 626 839
/plate 507 482 336 613 828
(510x13) (524x37) | (305%=28) | (B21% T) | (78682

) ¢« Average = S.D.
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2

3
4

Table 2-(2)  Reverse mutation tests with metabolic activation {Exp. 1)
Test substance . HR-001
No. of revertant colonies,/plate
Dose l
S9 Mix oy Base-change tvpe Frameshift type
“£g
plate) TA100 TA1B35 WP2 uvrA TAS8 TA1537
Solvent 79 g 22 38 4
control 73 g 22 35 13
( B0 ) 83 9 20 31 5
/ (78+ 5) (9=0) @l=1 (35=24) (T+5)
# 80 7 2] 38 5
88 2 15 35 10
156 82 10 20 35 11
83£ 4 (6x4) (19+3) (36+2) (9=£3)
82 g 18 34 9
73 6 16 29 3
313 76 6 23 29 3
77+ 5) (1+2) (19=4) (81£3) G hac))
111 2 20 27 9
92 10 18 36 10
625 g3 T 18 27 4
(9g+11D) (64) (19%13 (30£5) (8£3)
106 4 18 38 7
a8 8 20 41 5
125090 7 6 28 , 33 5
(9317 (6=2) (22%5) (3740 (6+1)
73 13 14 38 B
61 2 16 38 5
2500 85 5 18 41 10
(73+12) (T£6) (16=2) (35x2) (7+3)
55 1 15 22 5
48 5 23 30 2
5000 66 4 11 22 4
56 9 (3=2) (16+86) (25+5) @+
Compound 2-44A 2-AA 2-A4 2-A4 2-AA
Positive
28/ plat 1 2 10 0.5 2
contrel
530 335 504 405 78
Revertants 668 451 528 349 30
S plate 620 399 532 325 68
(60670) | (3892=58) (522=15) | (36041 (15=6)

(

) ¢ Average = S.D.
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Table 3-(1)  Reverse mutation tests without metabalic activation (Exp, )
Test substance ; HR-001
No. of revertant colonies,/plate
Dose
S9 Mix Base-change type Frameshift type
(ug/ —
plate) TALO0 TALS3D WPZ avrA TASS TA1537
Solvent 140 9 19 23 5
control 158 10 12 20 9
( H:0) 139 g 7 28 2
(146+11) (9xD) (1644} (244> (5+4)
137 13 20 19 4
144 7 18 24 11
158 131 g 15 11 5
(137 T (10£3) (18%3) (18=7) (T+4)
154 7 16 27 3
128 9 20 18 4
313 137 5 20 14 5
(140=13) (7£2) (18£2) 20+7) U=
157 9 18 20 5
136 5 13 13 1
625 114 10 19 20 3
(136==22) (8x3) (17+3) (18+4) 3x2)
132 5 18 11 5
127 A5 16 11 2
1250 150 9 10 23 1
(136£12) { T2 (15£5) (15=T) B2
126 7 15 11 4
153 6 16 9 4
2500 152 4 23 10 2
(144:415) (62 (18+4) (10=1D) @D
129 14 13 10 6
121 6 19 9 1
5000 102 9 9 7 4
Q1T=14) (10+4) (14:+5) (92 43
Compound AF-2 NalNg AR-2 AR-2 9-AA
Positive
©£g/plat 0.01 0.5 0.01 0.1 80
control
610 427 284 701 1031
Revertants 607 568 235 760 171
/plate 569 587 238 765 925
(585+23) (B2Tx=8T) | (252£27) | (T42+36) | (909=13D)

) i Average = S. 0.
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Test substance : HR-001

Reverse mutation tests with metabolic activation (Exp, II)

CIET 94-0142)

. No. of revertant colonies,/plate
. Uose 7
$9 Mix , Base-change type  Frameshift type
(ug/” - :
nlate) TALOO TA1535 WP2 uvrd TA98 TALB3T
Solvent 114 10 15 37 8
controtl 118 7 11 41 9
( H:0) 137 7 26 32 7
(123+12) 8+2) (17£8) (37=5) (72
106 11 15 43 14
102 5 16 29 8
15686 129 D < 25 9
(112+15) (T£3) (51 | (3259 | (10=4)
118 5 11 36 9
119 ) 11 25 T
313 139 10 18 27 11
(125+12) (73) (13+4) (29+6) ( 9+
116 g 24 30 7
108 7 21 42 6
625 115 7 14 34 13
113+ 4 8= (20=5) (35%6) { §+4)
113 4 15 29 g
96 7 13 31 9
12540 111 9 15 24 0
(107=-9) (7£3) (14x1) (28%+4) (g9£1D
81 g 16 19 10
88 T 27 15 10
2500 100 4 14 27 5
(89+10y (7=3) 197 (20+=8) ( B+3)
87 5 22 20 2
70 5 16 13 8
5000 64 1 14 19 5
(67 3) 4+2) (1Tx£4) (17+4) (4+2)
Compound 2-AA 2-AA 2-AA 2-AA 2-A4
Positive
©g/ plat 1 2 10 0.5 2
control
725 286 583 350 83
Revertants | 748 346 645 316 81
/plate | 831 333 585 | 315 98
(768+96) | (322=32) (605+35) | (32720 (87+9)

(

) 1 Average * S.D.
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