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Abstract: Objective To establish an enhanced bacterial reverse mutation test and apply it to the mutagenic risk assessment of N-
nitroso-propranolol. Methods The effects of different pre-culture times and different S9 contents on the results of the bacterial reverse
mutation test were compared using N-nitrosodiethylamine (NDEA), N-nitrosodimethylamine (NDMA), and 1-cyclopentyl-4-
nitrosopiperazine (CPNP). The reverse mutation experiments of Salmonella typhimurium (TA98, TA100, TA1535, TA1537) and
Escherichia coli WP2 uvrA (pkM101) were conducted using the pre-culture method. For NDEA and NDMA, six mass concentrations
(5 000, 2 500, 1 000, 500, 250, and 125 pg per plate) were set, and the Ames test was carried out under 10% rat S9/10% hamster
S9/30% rat S9/30% hamster S9/non-metabolic activation conditions. For CPNP, two mass concentrations (500 and 125 ug per plate)
were set, and the Ames test was carried out under 30% rat S9/30% hamster S9/non-metabolic activation conditions. NDEA and NDMA
were mixed with S9 mix or 0.1 mol-L™! buffer solution and bacteria, and then pre-cultured for 30 or 60 min at 37 °C and 50 r'min”! in
a constant temperature water bath shaker (only 60 min for 10% rat S9 metabolic activation condition), while CPNP was pre-cultured
for 30 min under the same conditions. The mutagenic risk assessment of NNP: NNP was set at five mass concentrations (62.500 0,
31.250 0, 15.625 0, 7.812 5, and 3.900 0 pg per plate), and the Ames test was conducted under 30% rat S9, 30% hamster S9, and non-
metabolic activation conditions. NNP was mixed with S9 mix or 0.1 mol-L™! buffer solution and the strain, and then pre-cultured for
30 min at 37 °C and 50 r-min"! in a constant temperature water bath shaker. Results Under all metabolic activation conditions, NDEA
could induce a dose-related increase in the number of revertant colonies in all strains except TA98, TA100, TA1535 and WP2 uwrd
(pkM101). Under hamster S9 metabolic activation conditions, NDMA could induce a dose-related increase in the number of revertant
colonies in all strains except TA100, TA1535 and WP2 uvr4 (pkM101). CPNP could induce a significant increase in the reverse
mutation rate of TA1535 and TA1537 under non-S9 conditions; at 30% rat and hamster S9 metabolic conditions, it could induce a
significant increase in the number of revertant colonies in TA100, TA1535, TA1537 and WP2 uvrd (pkM101). Extending the pre-
incubation time from 30 to 60 minutes did not enhance the metabolic activation effect of NDEA/NDMA. Increasing the S9 content in
rats (from 10% to 30%) enhanced the mutagenicity of NDEA towards TA1535 and TA1537, and also increased the mutagenicity of
NDMA towards TA1537, but reduced its mutagenicity towards TA98, TA100, and WP2 uvrA4 (pkM101). but reduced it on TA98, TA100
and WP2 uvrd; increasing the content of hamster S9 only enhanced the mutagenicity of NDEA on WP2 uvr4. Under hamster S9
metabolic activation conditions, 3.9 to 62.5 pg per plate of N-nitroso-propranolol could cause an increase in the number of revertant
colonies in TA1535. Conclusion Under the same dose conditions, the number of revertant colonies induced by CPNP far exceeds
that of NDEA and NDMA. Extending the pre-incubation time to 60 minutes did not further improve the metabolic activation effect,
and the metabolic activation effect of S9 was positively correlated with its content. The metabolic activation effect of hamster S9 was
better than that of rat S9. The result of the enhanced bacterial reverse mutation test for NNP is positive, indicating that its metabolically
activated products have a mutagenic risk.

Key words: enhanced bacterial reverse mutation test; Sa/monella typhimurium; Escherichia coli WP2 uvrA (pkM101); metabolic

activation; mutagenicity; N-nitroso-propranolol
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TA98. TA100. TA1535. TA1537 FUKGHF % WP2
uvrd (pkM101) 51 B HA (BR) EWFL2EH 0 (JBS
INC.), 275 Bk jo i Ho2 MAEAE R LT S A=)
RO GEBENE 2GRS Crfa ZEBRD . A
2% Cuvrd B AuwvrB FERD BEEE . TR FEER
KATIUIAE (57 pKMI101 5% pAQI JiikE) 54 3t
ITHE, BEGRMTEEREH TR
1.2 FERFH

NNP (T3 H>95%) 1-340 % 3 -4- 0 il FE 0k
1% (CPNP)(It 5 100018-201610, Fi &3 $1>95%),
T E 2 R AT R s N-WE RS 2%
(NDEA) (b5 21-NIT-21-07, JFifE2r%k 99.43%).
NDMA (£S5 19-NNI-10-32, & $>99%),
H Pharmace chemi Lad; & 77 A7 (41L5 20240313).
TRk (IS 711C021, IR/ E0>95%) H &M
(15 2231121003, JRESE>95% ) NHMELIRIERS
THLHTRERE (NADP) (it 24231123004, iy
#1>99%), Solarbio A #]; G-6-P (L5 WXBD6345V,
JREE>98%) 9-AA ('S 102553599). 2-AA (it
5 102495402), Sigma AH]; KM S9 RER (i
5 24FS0222). AT SO TRATR (k5 25HS004F),
CHI SCIENTIFIC /A#]; AF-2 (TRC A7, #t5 18-
JQW-125-2); NaN; (Merck A7), #t'5 $32296047);
B (a) P (Sigma A7, fit'5 34231026005).

1.3 EENEHE

HERA cell VIOS 160i — /b3 3246 (Thermo
Fisher A %]); NU-543- 4008 444k (Nuair 2
H]); MIR-253 {HIE¥EF#M (SANYO Electric Co.,
Ltd.); CKX31 18 & & f##% (Nikon /A & ); NTS-1300

Kt ¥R (EYELA A W]); 1S600 4H B 15 7%
(YAMATO A#]).
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S9/30% K 5 S9/30% 4 iR SO/ARAR MHE AL 4644 F T J2
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Table 1 Positive control reagents for different strains under various metabolic conditions

FH A0 R R ) /(g 0]

MUiEEs
TA98 TA100 TA1535 TAIS537  WP2 wvrA(pKMI101)
-89 30 min AF-2 (0.1) AF-2(0.01)  NaN;(0.5) 9-AA (40)  AF-2 (0.05)
+30% B S9 mix 30 min B(a)P (10) B@P (10)  2-AA(2) 2-AA(2)  2-AA(2)
+30% A B S9 mix 30 min B(a)P (5) B(a)P (5) 2-AA (1) 2-AA (1)  2-AA(1)
+10% K S9 mix 30 min B(a)P (10) B(@P (10)  2-AA(2) 2-AA(2)  2-AA(2)
+10%A B S9 mix 60 min B(a)P (5) B(a)P (5) 2-AA (1) 2-AA (1)  2-AA(1)
+10%% B S9 mix 30 min B(a)P (10) B@P (10)  2-AA(2) 2-AA(2)  2-AA(2)
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Z/0 1 NERGRONYER, AR B A S
THEAER
3 #R
3.1 HEEMAEE S RTLAE

AHFFAE ] NDEA Al NDMA HCEAR R T 77
B[] B AN [R] SO 5 5 0] 4 1 [R] 52 AR 51 56 48 TR (1) 5
i (R 2). FraRENEHEN T, NDEA %S
TA98. TA100. TA1535 1 WP2uvrd (pkM101)
55 7] 5 AH D 11 (R A2 9 AR T VR A s 76 RS9 AR
WHEL & T, NDMA AJi%5 5 TA100. TA1535 F
WP2 uvrd (pkM101) H 35 77 S AH ) 1] 52 A% B
RGN, CPNP J& T 259255 L AHiE (NDSRD,
N EMA 18 SCHHEREIIBHPE X 2 — . S5AH T
ZAE T RRZ LA, BRI 125+ 500 pg 1) CPNP
7EE S9 %4 T AT 55 TA1535 M1 TA1537 [0 52 RA8
BB, 30% KRAG R S9 Rkt TiES

TA100. TA1535. TA1537 Al WP2 uvrd (pkM101)
() 8 U 1] A SR AR B I S 4 An . &5 SR 42K NDEA.
NDMA I CPNP $5n] = Ay 3G s 40 B [m] 55 58 A8 S
R PPHIER B AHFFIE ST, CPNP 3
M) 52 A% B V4 A 181 NDEA #il NDMA..

AL 125~5 000 pg [ NDEA #1 NDMA 7£ 10%
KB S9 ALBEZ&AF R, B FiissF= I (8] B 30 min LK
£ 60min, % B IF[E S TR AR NI . kTR
30 min i, KEL SO S 10%38 5 % 30%)5, AR
125~5 000 pg ] NDEA 5% 1) TA1535 Fl TA1537
(1 [0] 52 SAS R VA BOA g o, REIIIL 125~5 000 pg 1)
NDMA 531 TA1537 [ 52 978 b T B A v i
Tn, T TA98. TA100 A1 WP2 uvrd (pkMI101) F[A]
B R EIEBONA B K. TGS 30 min i, G R
S9 & 10%IEEE 30%)5, BRI 125~5 000 pg
() NDEA % S:1] WP2 uvrd (pkM101) [f][n]& 5848
PRI V& E5CA BTG, T AR B PR I 0] 52 R AR B VA Ok
DLE— 10 NDMA 755 1055 1 1] 2 5848 B TR AL
Bk Wt — 510 G R S9 AL N, AL 125~
5000 pg [ NDEA 55185 B IR Rl 52 AR B0 T
FHIF S BORER S9 AL R RS, AT,
RS R A E K A2 60 min XA CHHE L CRTCHE—25
B, S9 MAREHNE A S HEBRIEADS, &R
SO HIAREHE A BERAR TR S9.

®2 FEMRHFEYE Ames KELER (X £5, n=3)

Table 2 Results of Ames test under different metabolic conditions ( X *s, n=3)

R R REPRERR
(pug- 1M TA98 TA100 TA1535 TA1537  WP2 uvrA(pKMI101)
—-S930 min VAN R — 14+8 154415 743 8+4 128+16
NDEA 125 16+2 136+11 7+3 6+1 118+11
250 1843 128+16 7+3 544 114+15
500 20+4 125+13 7+3 6+3 115+4
1 000 15+4 134427 10£3 612 125422
2500 1944 144+8 9+3 8+3 118+15
5000 16+3 154+12 8+6 6+4 129+ 14
NDMA 125 22+1 151+18 747 744 138+33
250 1243 140+9 9+3 7+3 135+£17
500 1442 154+0 7+4 8+1 128+10
1 000 1742 14316 8+2 741 123+7
2500 1746 140£15 1243 4+4 138+3
5000 1442 154+4 1243 8+2 117£13
CPNP 125 1642 110£7 2444 45410 155+5
500 16+4 105+6 30+3 3249 162+8
o 4 o} B — 371447 664+50 380438 228421  4240+212
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AMUIE TGS ZiRY) %U%i R A
(pg- M1 TA98 TA98 TA98 TA98 TA98
+30% G ISR — 26+3 83+7 1242 13+4 175+9
S9 mix NDEA 125 26+5 93+15 16+5 13+6 32746
30 min 250 31+6 121+21 2443 16+3 466+117
500 35+4 221477 29+4 15+6 791+57
1 000 34+6 348+70 5542 12+2 13394228
2500 76+11 445+30 118+23 1442 2 059+665
5000 155420 17611447  200+20 14+5 4101+95
NDMA 125 1944 10312 11+1 14+5 195+21
250 21+6 138+8 1140 1243 235+15
500 27+8 143 +5 10+3 1943 275+40
1000 21+3 165+18 12+2 14+5 379+32
2500 24+3 248 +22 21+14  17%2 775467
5000 23+1 299 +62 35420 11+3 1271+116
CPNP 125 42416 1268+43 2701433  34%+5 266+18
500 30+4 2296+243 3802+162 25+3 731+38
[HEREROPHE — 12448 34616 65+16  36%6 669 +65
+30% KB BT IR — 1944 136+5 1142 9+1 96+2
S9 mix NDEA 125 25+3 123+18 14+2 14+3 100+26
30 min 250 17+2 120+10 13+3 15+4 90+2
500 23+4 115+15 2344 47410 9749
1 000 34+3 124+5 1843 54+3 118+3
2 500 4949 218+22 37+4 20+6 180+13
5000 54+15 328420 39+2 16+4 239+18
NDMA 125 21+6 124+8 11+£5 13+3 105+12
250 1843 131+5 1542 15+6 96+ 10
500 21+5 128+13 1042 16+7 96+8
1 000 1744 64+6 1042 9+2 108+10
2500 25+5 122+13 743 12+1 130+8
5000 2442 179+18 12+5 16+3 117+15
CPNP 125 20+3 432422 494+381 40=+10 240+ 14
500 15+6 647+38 653+129 44%+5 274422
[HERERORE — 107+2 431+32 2243 30+4 291+36
+10% KR HEXTH — 30+4 62110 10+1 1142 100+6
S9 mix NDEA 125 21+3 70+12 10+3 10+3 221+16
30 min 250 21+0 94+16 12+2 12+2 291+33
500 23+8 108+24 12+4 1244 525+121
2500 50+7 344+87 16+5 11+5 1507 +287
5000 82+17 571+120 2043 20+3 2 088+306
NDMA 125 32+5 68+ 14 11+7 11+7 109+20
250 28+8 83+38 1344 13+4 11628
500 36+6 75+7 15+6 12+6 130+13
2 500 35+3 84+5 15+4 1244 17747
5000 3112 85+11 16+1 11+1 181+9
o 4 o} B — 100+7 219+14 49+6 4248 195+41
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fug im0 RARRTER
(ug: M) TA98 TA98 TA98 TA98 TA98
F10%K M B — 24+4 63+3 11£3 11+3 88+13
S9 mix NDEA 125 2346 8110 10+1 12+4 10420
60 min 250 2242 78+4 12+7 12+4 165+14
500 2244 135455 13+4 12+3 197431
2 500 44+12 181+44 18+6 14+3 579469
5000 58413 258 +43 1743 1542 140042
NDMA 125 30+5 71+6 942 102 137+11
250 38+7 7244 1343 1243 13817
500 42+8 7247 11+3 13+3 147415
2500 40+4 8312 10+1 11+3 155421
5000 45+15 85+13 12+5 13+1 145434
[HERERS B — 94+6 208+11 21+5 33+3 98+12
+10% R IEERR — 21+8 132+13 11+3 12+3 203413
S9 mix NDEA 125 2747 142+16 11+5 11+4 337444
30 min 250 22+4 155+15 11+2 13+2 443470
500 3345 16248 14+5 16+2 461+47
2500 106+22 12484202 7345 1542 12054243
5000 142423 15284302 121425 2147 1609+272
NDMA 125 19+3 125+5 942 16+1 217411
250 16+6 12944 10+1 1442 236411
500 20+5 133+12 11+1 15+2 238417
2500 2341 158+16 1343 17+6 315423
5000 24+12 303428 23410 17+4 517433
IoH 4 %o HER — 87+23 435421 98+5 51+3 8524336

3.2 NNP AH[ESRET LI

AW T BIFETE SO FRUHE . 30% KB S9 4R
WHE AN 30% 6 B SO ARG 1L 2514 F 1FA% NNP 1)
FRAMERS (R 3). TETE S9 ARG LT 30% K
Bl S9 ARBHE &M T, AR 3.9~62.5 pg I NNP
755 1 [8] 5 B V& IR AR 05 I 10T HEV2H B 3R DL B
B2, HIE S5SN8 B i HOE s
EA R S9 MRUNE &M T, FIL 3.9~62.5 pg 1
NNP FE TA1535 [ RARFEREGE N, HAFERK
FERUNA A, AR 62.5 pg I 19T 0] 52 58 A8 %
VRN FRZH ) 8.6 155 . NNP 14 s 41 i 0] & 2848
SR A OB, S HARUE AL P B Bk
P RS -
4 e

IR A IR 2522 4%, X250 A S0 1 AU
() N-S7 A fr 2% o B 35 R AR 1 gk AT B BR VP Al 5 R A

ZORE L, N-TAHERIR 5 i B R AR M oA AR
HFEAOE, W, MM EES CYP2EL. CYP2A6.
CYP2C9. CYP3A4 1 CYPIA1 %5 1 HZ54/ R G
AR o-Bk (5 N-TERSIE 2 FHAT IO (3R
R B, AFFIE A BRAPE AR =4, A
Wb, B R A RS A A7 38 B A DG TR AR A BH 4 % R 1
PR SLIOAR RO RO . AL T A RIS
PR ZH0 N-VAH FE 2% 5 P 2 S 2 B[] 52 R AR Sy
S5, RGP TR E MRS A EE, FETE A
fitlh b4 A T AT R

5445 Ames SZIGAR LG, ASHIT 7T A B ST 1 1 5
R SEI AR RAE LT LA T AR 503 '
Je, EARBNEW AR T, AT B 30%00)
KRECE R S9 FilsE 7% 30 min 7] 7873044 NDMA.
NDEA F1 CPNP (SR RS . 1X— &AL
AR T AR AR, JCH R T a R S9 1
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R3 AEMRHEZYE Ames SEILEER (X 5, n=3)

Table 3 Results of Ames test under different metabolic conditions ( X *s, n=3)

fugr mam KPR
(pg I TA98 TA100 TA1535 TA1537 WP2 uvrA(pKM101)
-S9 TR U R — 27+4 99+15 1444 11+5 91+24
30 min NNP 3.900 25+3 52+11 9+1 11+1 92+4
7.800 27+5 85+7 7+1 13+4 95+1
15.625 23+5 100+12 10+3 11+5 74414
31.250 23+6 102+9 742 10+6 7749
62.500 2149 98+5 15+1 542 75+27
[HEREPO B — 441432 241+55 265+34 134+10 1361145
+30% TR R — 25410 93+19 10+3 8+2 30+1
REN NNP 3.900 25+5 91+6 19£10 9+4 41+9
S9 mix 7.800 30+5 114+6 38+3 11+2 39+6
30 min 15.625 33+6 136+17 57+8 11+2 35+11
31.250 30+5 139+13 70+16 642 46+8
62.500 28+12 131425 76+7 8+5 55+3
[HEREROPHE — 414154 271418 21449 226+28 183+11
+30% TR HE — 25+8 90+18 10+1 1342 96+3
KER NNP 3.900 30+5 85+16 12+1 17+6 11249
S9 mix 7.800 31+4 82+13 16+6 17+2 96+4
30 min 15.625 32+4 75+14 21+4 12+3 111+34
31.250 33+7 7543 22+7 8+1 104+13
62.500 3343 88+9 23+5 1610 96+7
IoH 4 %o HRR — 365+ 14 547422 275+7 122+10 291436
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