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Fig 1. Relation between experimental Fig 2. Relation between experimental time
time and the WBC number and the lymphocyte number,

1 Control group

2 Radiation group

3 Low benzene group

4 High benzene group

5 Low benzene + Radiation group

6 High benzene + Radiation group
The error bars represent the
standard deviation of mean
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1 Control group

2 Low benzene group
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4 Radiation group

5 High benzene group

6 High benzene + Radiation group
The error bars represent the
standard deviation of mean
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Fig 3. Relation between the experimental Fig 4, Relation between the experimental
time and thrombocyte number time and SCE
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Tab 1. Yleld of chromosome aberrations in rabbit blood lymphocytes (/)

Time of Dose Dic t
exp ben 5% c + t Aber Chromat aber
Groups /d /8 /Gy scored r Ace aber c aber c
0 0 0 1000 0 0.20 0.30 0,20 0 0.20
53 0 0 1000 0 0.20 0.20 0,20 0 0.20
Control 76 0 0 1000 0 0.40 0,40 0.40 0 0,40
95 0 0 1000 0 0.30 0.20 0.30 0.10 0.30
0 0 0 1000 0 0.20 0.20 0.20 0.20 0.40
53 2,112 0 1000 0 0.30 0.30 9.30 0,10 0.49
Low 76 2.904 0 1000 0.10 0.40 0.40 0.40 0.30 0.80
ben 95 3.696 0 1000 0 0.70 0.70 0.70 0.40 1.100
0 0 0 1000 0 0.20 0,20 0.20 0.10 0.30
53 21.12 0 1000 0 0.3C 0.50 0.50 0.20 0,70
High 76 29.04 0 800 0.13 0.75 0.88 0.88 0.38 1.250
ben 95 36.96 0 800 0.13 1.00 1.13 1.13 0,63 1,750
0 0 0 1000 0 0,20 6.2G 0.20 0 0.20
Radiat 53 0 2.1576 1000 0,20 1.30) 1,508 1,400 0 1.4003)
76 0 2.9667 800 0.30 1.500 1,800 1,86(% 0.20 2,00
95 0 3.7758 800 1,000 3,38(0) 4,380 4,130 0.20 4,38()
Low 0 0 0 1000 0 0,10 0.10 0.10 0.20 0.30
ben 53 2,112 2,1576 1000 0,30 1,50 3,80 1,60(® 0 1.60(M
+ 76 2,904 2.,9667 1000 0,700 1,500 2,200 2,00(%) 0.70 2,700
radiat 95 3.696 3.7758 1000 0.80M 4,40 5,200 4,70® 1.00 5,700
High 0 0 0 1000 0 0,10 0,10 0.10 0 0.10
ben 53 21,12 2,1576 1900 0.20 1,600 1,808 1.70(2) 0.10 1,702
+ 76 29,04 2,9667 10C0 0.50 1,70 2,200 2,00 0.40 2,300
radiat 95 36.96 3.7758 700 2,200 4,808 7,000 6.57(0 1.00 7.60(%
Note. exp=experiment, ben =benzene, dic+ r=dicentrics+ rings,
ace = acentrics, aber = aberration, radiat = radiaticn,
t = total, c¢=cells,chromat = chromatid,y = y-rays,
(1) Compared with the control P<(0,05
(=) Compared with the control P<(0.01
Tab 2, Calculated “SEF” in combined effect of radiation with benzene on
chromosome aberrations of rabbit blood lymphocytes
Groups Time of Dose Dic Ace t Aber t aber
exd/d ben/g y/Gy +r aber c [
Low ben 53 2.112 2.1576 1.50 1.07 1,13 1.07 1,00
+ 76 2.904 2.9667 1.70 1.00 1.16 1.05 1.13
radiat 95 3.696 3.7758 0.80 1.16 1.09 1,04 1.12
High ben 53 21.12 2.5176 1,00 1.00 1.00 1.00 0.89
+ 76 29,04 2.9667 1.16 0.92 0.96 0.88 0.81
radiat 95 36.96 3.7758 1.95 1,12 1.34 1.32 1.33

@ﬁﬁ%ﬂm@Tﬂwb,Eﬂfﬁmﬂ%,%wﬂinjﬁ%nP’SﬂP<0% 0.01). HEA,
REHNLELN, SBE, BT, SRR TIHE 4, SRanRE4H, B%TE
BTG LR, BB EA M RE AN AL, BEMES By AR LR, HEWa5
W (P<<0.05—0.01), ULHAZRM y §I &1 VES G ERE 2 897 88 40 1 3 fa (RIS 2 R Lk 2 B
F AR AT Imsd, BCERAES SN + LW REM, s L Ry E8 2 Min, MEEK
Gt PRI S T, L v bk B 0 e A 4 4 L SR B LG AN Y
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Tab 3, The comparison of chromosome aberrations beteen in lymphocytes and marrow cells
Dose _ Type [ Dic t Aber Chromat t
Groups ben/g  y/Gy ofc scored +r ace aber c aber aber ¢
0 0 L 1000 0 0,30 ©€.30 0.30 0.10 0.30
Control 9 0 M 1000 0 0,20 0.20 0.20 0 0.20
3.696 0 L 1000 0 0.70 0,70 0.70 0.4 1.10
Low ben 3,696 0 M 1000 0.10 0.70 0,70 0.70 ¢ 0,70
High 36.96 0 L 300 0.13 1.00  1.13 1.13 0.63 1.75
ben 36.96 0 M 800 0 0.8 0.88 0.88 0.36 1.25
0 3.7758 L 800 1.0 3.38 4,38 4.13 0.20 4.38
Radiat 0 3.7758 M 300 0.13 1.26 1,38 1.38 0 1.38
Low ben 3.696 3.7758 L 1¢00 0.80 4,40 5,20 4.70 1.00 5.70
+radiat  3.696 3.7758 M 1000 0 1.80 1.80 1,80 0.20 2.00
High ben 36,96 3.7758 L 700 2.20 4,80 7.00 6.57 1.06 7.60
+radiat 56,96 3.7758 M 1000 0.20 1,70 1.90 1.90 0.20 2.10

note; L =Lymphocytes, M =Marrow cells

2.6 fnifk B4R SCE 35 %

9ok 53 d kAt SCE i LI 4, BEA. SEA, RES, KA AER L RRT
KA 5 (P<<0,05—0.01), WEWIAT v G R AR (B AR 5 K & S i ik B2 40 s SCE,
B R BT R RN, A2ty SCE e MR . HH S RAARE AN SCE 5EH8
G4y 21.12—36.968; fIREI4H N 2.112—3.696 8) 2R MEAE L. Y(3& 2E4H) = 1.0117+0.1433
(40.020 D, (P<<0.05)Y ({4 41) = 2.4067 + 0.8712(+0.0583)D, (P<0.05), HA&KALMNE
S, 8 AR, IREASHEG SR TRAAMELIH, KIRE & ERA G N,
RS 4 BT A R (B AR e S B, Sk¥h 53 d ZIMERIEM, LR 76d 5, RARILRE
Alpgs LD K43 1(%, (HAB2EHEA R (P>0.05), HHRAEHEMMEER,
2.7 BB AR

AIAAL, IRAEL4L, WA, REH, SHEMNEEHE, BHaRMENaIsE+ingEs
5 1.54+0.14, 1.2040.34, 0.74+0,25, 0.98+0.28, 0.50+0.34 #10.39+0.28, W WLE&

MR AN, KRRy ueE, JHLIgEHEEEE NHE,
2.8 MEREH

R ELALL ARG 2 2 L A R 2 S e (P<<0.05—0.01), 205 2 %) W 42 1) 44.0%
47.69% F161.1%, (G RALRIRGHITIRE . B5NRAHMEREE(P>0.05), 4 BRXNAA
) 94.99% 1 83.6%.
2.9 ZAEREN

E AL RE AR AT WREE. ol R BRAHR 32.2%, 35.2% 1 40.2%, 1%k % 4
Pl A AUEIL AT W, 40 By X 21 108.5% F1 95.5%
2.10 100 mg [{ERPALB T

W2, A& AR E 445 B 0.2 10°, 0.05% 10° 710,07 x 10°, bEXJBRZH(1.3x 10°) B8
S, IRREL(0.9 x 10°) A HAH (1.04 X 10°) AR B,
2.1t BEBTFE
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%% SCE BILis R I EREME, HHTH—SOR. M, v HRIBELEDABEEL
%K SCEMREL, MBHARBFAE2.1576 Gy i, MBS 90 % 1.4%, SCE 7y 4.09+
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5% %G, fIEMRBAREE RN RN Ra AR A L0, MEBAing £ 8 8 MK
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STUDIES ON BIOLOGICAL EFFECTS INDUCED BY CH-
RONIC y-IRRADIATION COMBINED WITH
BENZENE INJECTION IN RABBITS

Zhang Hongyuan Wang Lanjin Fan Zhengping Cai ping Wen Quanfa
Zhang Guibo
(Institute of Naval Medicine, Shanghai 200433}

ABSTRACT This paper reports a series of biological effects induced by chronic
y-irradiation combined with benzene injection in rabbits. 30 healthy male rabbits,
6-7 months of age, were equally divided into g groups 5 in each one. Animals of
control and radiation, low benzene and low benzene radiation, high benzene and
high benzene radiation groups were injected subscutaneousl with (.56 ml peanut
oil, 0.6ml peanut oil 0.06 ml benzene or (.6 ml peanut oil + 0.6 ml benzene/
d/rabbit, respectively, 5 days per week for 14 weeks. After injection, animals of
radiation, low benzeae radiation, high benzene radiation groups were irradiated at
0.899 mGy/min. x 60/d, The main results were summarized as follows: (1) The
changes of hematopoietic function are close related to the injected dosage of benzene,
Damages of hematoietic function in rabbits are enhanced by combined effect of ben-
zene and y-rays. (2) y-rays and benzene can induce chromosome aberrations and
SCEs. Chromosome aberrations in blood lymphocytes are higher than in marrow
cells, Chromosome aberrations induced by y-rays are higher than SCEs, but no si-
gnificant linear correlation between the dosage and effects was found. The SCEs of
blood lymphocytes induced by benzene are more obvious than chromosome aberra-
tions, moreover, linear dose effect correlation of acentrics in high benzene group
and SCE in high benzene and low benzene radiation grous were observed. The
chromosome aberration yield induced by y-rays can signifieantly be enhanced by
treatment with benzene. The combined cytogenetic effects of radiation with benzene
could be synergetic mainly in dicentrics plus rings,being mainly additive in acen-
trics. SCEs induced by benzene combined with y-radiation could be enhanced in the
low benzene radiation group. (3) Benzene is a weak mutagen for male reproduc-
tive cells, because it can induce more abnorml sperms. Histological damages of tes-
tes in rabbits were also enhanced by combined effect of y-radiation and benzene.

KEYWORDS y-radiation,Benzene, Rabbit, Chromosome aberration, SCE, Hema-
togenic system, Reproductive system, Biological effect



