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HAN Sugin'?*, JIANG Hua', YE Qian', HUANG Zhiying’, GENG Xingchao', WANG Qi', WEN Hairuo'
1. National Institutes for Food and Drug Control, Beijing 100050, China

2. School of Pharmaceutical Science, Sun Yat-sen University, Guangzhou 510006, China

Abstract: Objective The method of Pig-a gene mutation assay in rats and mice was introduced, and the background data based on
immunomagnetic beads carried out by the National Center for Safety Evaluation of Drugs from 2015 to 2022 were summarized.
Methods The negative substances included ultrapure water and 0.5% carboxymethyl cellulose sodium (CMC-Na). Male C57BL/6J
mice received 0.5% CMC-Na at an interval of 24 h for seven consecutive days. Male SD rats were given 0.5% CMC-Na at an

interval of 24 h for 14 consecutive days. Rats were given ultrapure water at an interval of 24 hours for three consecutive days.
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Positive controls were known bacterial mutagenic compounds, including N-ethyl-N-nitrosourea (ENU, 10 and 40 mg-kg™),
procarbazide hydrochloride (PCZ, 60 and 150 mg-kg™), uratan (EC, 300 and 800 mg-kg™), N-nitrosodimethylamine (NDMA,
1.5 mg-kg™), and N-nitrosodiethylamine (NDEA, 15 mg-kg™). Mice were given ENU 40 mg-kg™ at an interval of 24 h for three
consecutive days, and given NDMA 1.5 mg kg™ and NDEA 15 mg-kg™" at an interval of 24 h for seven consecutive days. Rats were
given PCZ 150 mg-kg™', EC 800 mg-kg™', and ENU 40 mg kg™ at 24 hour intervals for three consecutive days, and given PCZ
60 mg-kg™', EC 300 mg-kg™', and ENU 10 mg-kg™ at 24 hour intervals for 28 consecutive days. Peripheral blood was collected
before the administration of the test substance, 14 and 28 days after the first administration, and the binding of CD59 protein on the
surface of rat red blood cells was detected by flow cytometry. The percentage of reticulocyte (RETs) in total red blood cells (%RET,
as an indicator for peripheral blood toxicity), the incidence of CD59 expression in total red blood cells (RBC®”**", i.e. mutated total
red blood cells) and the incidence of CD59 expression in RETs (RET® , i.e. mutated RETs) were calculated by using
immunomagnetic counting microsphere technology. Results There was no significant increase in the % RET values for each
experiment. The spontaneous RBC®*" and RET”** mutation rates were lower than 5x10° in SD rats and C57BL/6J mice. The
background values of mice are relatively unstable. After three consecutive days of ig administration of 40 mg kg™ of ENU to mice,
the incidence of RBC®™*~ and RET™" increased significantly from two weeks after administration (P < 0.05), and further increased
at four weeks after administration (P < 0.01 and 0.001). After two and four weeks of administration of NDMA to mice, the incidence
of RBC“™" slightly increased, but remained within the negative background range. However, the incidence of RET ™ increased
significantly (P < 0.001) in the second week after administration and decreased significantly in the fourth week after administration.
The incidence of RBC“**~ and RET"*" increased two weeks after administration of NDEA to mice (P < 0.05 and 0.001), but decreased
four weeks after administration. The incidence of RBC®*~ and RET”*" increased significantly (P < 0.001) after three consecutive
days of ig administration of 40 mg kg™ ENU to rats, or 28 consecutive days of ig administration of 10 mg-kg™ ENU to rats, starting
from the 2nd week after administration and further increasing at the 4th week after administration. After continuous administration
of different doses of PCZ or EC to rats for 3 and 28 days, the trend of changes in the incidence of RBC”**" and RET”**" was similar
to that of ENU, but the mutation cell rate induced by EC was lower than that of ENU and PCZ. Conclusion /n vivo Pig-a gene
mutation assay can effectively detect the mutagenicity of bacterial mutant compounds ENU, PCZ, EC, NDMA, NDEA within four
weeks after the first administration. This study provides the background value range of Pig-a gene mutation assay in rats and
mice, which provides reference for the establishment of standardized test methods and the determination of research results.
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Table 1 Background data of Pig-a gene mutation assay of known non-mutagenic compounds (x+s, n=5~11)

RBC® A %/( X 10°) RET R4 2/( X 10) %RET/%
B R ST e — o=y iR BER
R e g T T g T T

C57BL CMC-Na 0.5 #4:7d  0.58+0.23 0.90+0.30 0.90+0.36 2.06£1.94 6.0111.53 8.54+4.18 4.36%1.62 2.70+0.68 2.72+0.81

/6T NG,
SDXF, CMC-Na 0.5

14 d 4.62+2.844.02+3.90 4.57+4.05 2.08+0.83 2.67+4.79 3.88+2.185.92+0.87 3.82+0.37 2.67+0.24

puzY
Bk — #%:3d 3.39+1.851.68+0.81 3.58+3.28 2.08+1.07 3.88+3.04 6.73+3.145.73+1.59 5.62+0.73 2.66+0.49
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T2 BAHARRTHEY Pig-a EERTIXIE

Hde B
[EE=2

B (x5, n=5~12)

Table 2 Background data of Pig-a gene mutation assay of known bacterial mutagenic compounds (x+s, n=5~12)

BWRR B AEmgkgh M _ RBCPRAEAR/(X10D)
([E]F% 24 h) Rl eh a2 ) 25 4 )
C57BL/6]  ENU 40 EH:3d 1.98+1.06 85.20+63.53" 497.84+218.61°"
/N NDMA 1.5 EH:7d 0.94+0.47 2.52+0.84" 2.16+2.44
NDEA 15 HEHT7d 2.30+1.30 7.63£3.91" 1.37+0.90
SD K i ENU 40 HEH3d 0.25+0.08 94.45+11.83"™ 136.50+11.42™"
10 EB:28d 0.40+0.33 38.08+7.46™" 93.80+6.92"*
PCZ 150 HEH3d 1.92+0.97 58.00+26.40" 105.88+71.22"
60 ES:28d 0.50+0.45 16.20+2.57™ 143.06+32.64"™
EC 800 HEH3d 0.88+0.84 6.92+1.20™" 9.48+0.90""
300 HESE28 d 0.32+0.18 4.68+2.10™ 8.304+2.59™"
SRR HH AR mgkgh o _ RETTRRAER/CXI0D ,
(JA1B% 24 h) e p | Y5 Y)E 2 YhYfE 4
C57BL/6]  ENU 40 HEH3d 6.00+5.75 105.01£61.73° 622.98+397.54"™
/M NDMA 1.5 L7 d 1.30+0.93 40.32+£19.27° 9.084+3.28™
NDEA 15 EL:T7d 4.32+3.49 89.50+15.71" 8.83+0.55
SD K ENU 40 ES:3d 1.20+0.28 303.27+68.95™ 235.21429.98
10 ESE28d 1.25+0.88 224.85+52.52"" 372.27439.86"
PCZ 150 HEH3d 2.12+0.95 204.14+123.96™ 140.84+184.22
60 ESE28d 1.9240.34 120.86+13.49" 313.10493.13"
EC 800 E83d 1.28+0.64 24.46+7.417" 13.74+9.50™
300 ESE28 d 1.04+0.68 19.3249.55 35.26+12.12"
B ol e . 45 2t [a)/ %RET/%
AUNA AU R g kgD G BT BT 2 BT 4T
C57BL/6]  ENU 40 HEHE3d 1.54+0.24 6.78+1.45™ 2.71+0.87
IR NDMA 1.5 BT d 4.40+3.06 1.72+0.28 2.24+0.15
NDEA 15 BE8:T7d 3.26+5.73 3.87+0.68" 3.60+0.55"
SD K& ENU 40 HEH3d 10.25+2.04 5.37+0.44" 3.05+£0.23™"
10 HEHE28 d 7.08£1.08 5.23+1.08" 2.72+0.44™
PCZ 150 HEH3d 10.24+1.23 7.84+1.15 4.90+1.54"™
60 EH28d 9.08+1.74 4.86+0.69 4.62+1.53™
EC 800 EH:3d 10.58+0.98 6.74+0.86™" 2.94+0.49
300 528 d 7.08+0.88 4.86+1.00" 3.06+0.47"
S48 PRT L "P<<0.05 “P<<0.01 “"P<<0.001

ok

P <0.05 "P<0.01 ""P<0.001 vs before administration

Pig-a iR 5018 5 J5 0 [RIREIE A T/ B RE B TH /N B
W FEIS , 825 58 B /N BORIG 1 LN RE A, L dE
ZIN B 6T R BRI A0 1 5 DA K /s BRI I &R 4t
Fa 25 HB ST AR TR T2, Olsen 25 BF 70 & B, K R
F/N R RAZ B 77 2% L R RAGF¢ ANVEAFAE 2 7
/INELZE T ENU J& , RBC A1 RET H 2% 28 41 g H B0 i)
WA BT R . 7 B RBC B 98 28 258 5 #E iR 16 2.
Jo N8 N B, T E K B RBC 9878 RIG AR n] F 4 Kk
6™ H. Wk, JF KW Pig-a 3 N RA KK I, FH
T8 7 B8 B TRAL T (M 30 775 DL S T A i ) ik
$E, MR 7 & B 1R 45 24 07 8 IO 3R R AR e W e A
N [ Ao

A, B P e AR a5 me R 1 A . T ELBN

Yoo A I Pig-a 2 Al B % 2848 AR 8 H AT 5
107, JRT, RIFER R 2, B R RE R RE
FIREAT T 22 . W TUR W], 2k R A AR 3 W)
Pig-a BRI T BRI Y . WO WAE KR I 2 )
BEAT Pig-a 2k R R AR T8 5 AR 075 16 , AR 478 A6 D00 45 SR 1
SENALENW , T A5 21 B D AR AT 5 1B 4 2R

SR » Pig-a J PR 58 A2 16y A ik [A] SR AR A i 7 T
WH—ERR. ZHERRTRNZRE T EHa
A SR (B AR H A A 2 rh B A 5 R AR A
PP R BB E AN o AL S WD AE 1 B N 3R R
F N [) 55 DX 2K 28 2 S ) Pig-a 1k 6 45 R 11 F0JRK
Yo SRR, Pig-a 2 K AR LG SHK T A
R IR B R W S ST R AN UK X AT RE
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B AR BB LS R
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