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Effects of joint exposure to low concentration benzene and formaldehyde

via respiratory tract on female mice reproductive toxicity
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Abstract: Objective To investigate the effect of joint static poisoning of low concentration benzene (BZ)
and formaldehyde (FA) via respiratory tract on reproductive toxicity of female ICR mice at follicular phase,
and to provide experimental reference and scientific basis for the prevention and control of combined exposure
to benzene and formaldehyde in occupational sites. Methods The factorial design of (32) was used for ran-

dom grouping. The three dose of benzene and formaldehyde were 0 mg/m®, 12 mg/m®, 60 mg/m® and 0 mg/
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m’, 2 mg/m®, 10 mg/m®, respectively, which were combined into 9 different dose groups, 12 mice in each
group. The static poisoning via respiratory tract was conducted for the mice for 14 consecutive days, 2 hours
per day (with 1 hour interval). During the poisoning period, the female rats condition were observed and
weighed weekly. At the end of the poisoning, blood samples were collected from 6 female rats in each group af-
ter anesthesia and serum samples were separated to measure follicle-stimulating hormone (FSH) and luteini-
zing hormone (LH). The vital organs were separated to calculate the viscera coefficient, and 10% uterine ho-
mogenate was prepared for measuring superoxide dismutase (SOD) activity and malondialdehyde (MDA) con-
tent in uterine tissues. The remaining females and males were mated according to the proportion of 2 : 1 in a
cage for 3 days. After 3 days, the females were kept in separate cages until they gave birth to offspring. The
Results (D The weight

change of female mice in different dose BZ group was different, the difference was statistically significant ( P <<

0.05). BZ and FA had an interactive effect on weight gain ( P <C0.05). @The differences of spleen coefficients

fertility of female mice and the developmental toxicity of their foetuses were observed.

among different dose BZ groups were statistically significant ( P <C0.05). The differences in spleen coefficient,
kidney coefficient and ovary coefficient among different dose FA groups were statistically significant. @ There
were significant differences in SOD activity between the different dose BZ groups and the different dose FA
groups ( P <{0.05). There were statistically significant differences in MDA content in uterine tissues among
different dose FA groups ( P <C0.05). The combined exposure to BZ and FA had an interactive effect on MDA
content in the uterine tissues of female mice ( P <C0. 05). @ The combined exposure to BZ and FA had an inter-
active effect on female serum FSH ( P <{0.05). ®There were statistically significant differences in litter size,
live litter size, live litter weight, 4-day survival index and 4-day live litter weight among different dose FA
groups ( P <C0.05), combined exposure to benzene and formaldehyde had an interactive effect on 4-day survival
index and 4-day live litter weight ( P <(0.05). Conclusion (DExposure to low concentrations of BZ (12 mg/
m’, 60 mg/m?®) and FA (2 mg/m®, 10 mg/m®) alone has systemic toxicity and reproductive toxicity for ICR
mice at follicular phase, and the reproductive toxicity of FA is more significant. @ Combined exposure to low
concentrations of BZ (12 mg/m®, 60 mg/m?®) or FA (2 mg/m’, 10 mg/m?®) has an interactive effect on sys-
temic toxicity and reproductive toxicity of ICR mice at follicular phase, and the specific type of interaction nee-

ded to be further studied.
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i/ (mg e m™)

WH ———————————— WlkE/e  AxkE/g  KEHK/g
#* R
Gi 0 0 26.44£1.11 29.52%1.32 3.07£1.09
Gs 12 0 26.61+1.38  28.00£0.87  1.40£1.04
Gs 60 0 26.43+1.38  27.96%1.23  1.52£1.10
Gs 0 2 26,421,340 29.42%1.19  2.99£1.12
Gs 0 10 26.40+1.27  28.57+1.41  2.17%0.99
Gs 12 2 26.88+1.47  28.56+1.87  1.68+1.26
Gr 60 2 26.90£1.56  28.39£1.08  1.50£1.25
Gs 12 10 2701171 27.89%1.49  0.88%0.83
Go 60 10 26.70+1.68  29.69+1.41  2.95%1.23
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®2 BEHAMREETURTEZSNER

K
A TS
F P
% 7.706 0.001
S 0.605 0.549
AR A 4.034 0.005
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A5 A B 10 JIE FR BB R R T R B 22 S
Geit s i1 TG RO B A HAR T s R [ 5 5 2 R
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g1 A/ (mg - m®) . " . " . P

D IE R B % JF e R H % RELIE R %/ %6 B ERE % FERE/Y% IR B/ %
VI i
G, 0 0 0.46540.025 4.9234+0.721  0.32040.049  1.12940.076  0.51140.081  0.062+0.013
G, 12 0 0.52240.044  5.12440.769  0.47740.096  1.208+0.052  0.41640.189  0.083=+0.041
G 60 0 0.48740.039  5.03140.912  0.33840.093  1.1814+0.095  0.40340.265  0.064-+0.022
G, 0 2 0.498-+0.028  4.8394+0.906  0.33440.073  1.109+0.104  0.36240.108  0.064+0.018
Gs 0 10 0.51440.069  5.0994+1.057  0.33140.036  1.2344+0.151  0.33440.122  0.055-+0.015
Gs 12 2 0.446+0.033  4.9744+1.057  0.33740.068 1.10720.092  0.43540.151  0.065+0.019
G, 60 2 0.496+0.099  3.918+1.228  0.29440.091 1.047+0.062  0.39640.164 0.058=+0.021
Gs 12 10 0.454-40.033  4.9754+1.041  0.32940.065 1.1414+0.041  0.59740.234  0.053-+0.025
Gy 60 10 0.48140.051  4.958+1.091 0.31240.076 1.130%0.111  0.35040.117  0.042+0.017
FO&ABEEK 6 R;QFAABBERARYA kT

R4 BAEREREHAELSTER

FA] Ik Z R JEIE 2 K J A 2 %k =354 FE R R34
SN F P F P F P F P F P F P
H 0.577  0.566  0.760  0.474  4.325  0.019  0.835  0.440  1.672  0.199  1.683  0.197
FH 0.212  0.810  1.168  0.321  3.313  0.046  4.689  0.014  0.314  0.732  3.500  0.039
REEAHEE 2.267  0.077  0.635  0.640  2.211 0.083 1.431 0. 240 1.665  0.175  0.457  0.767
2.3 HOREEHEA Y AR 14 d XEMERLT R 4150 SOD N, AR I £ e 1 xS M LI FSH A 2 AR

5 1 MDA & iy s2 0 2R AN 6] 57 5t 2 A0 H A [
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<<0.05), TG B AE H; B A [\ 50 i 4 19 o A 4
MDA & &8 W2 5 A G it 2% 8 L (P <<0. 05), K H
T BB A YL 75 0 M BT B 240 MDA S A3 HAEM .
HE it L P <<0.05) , ZHCNEF BB S 4T+ m
B (G, ¥ MDA & &4 6. 50 nmol/mg prot),
ERIERES AT R 2 (G, 4197 MDA & &8 7. 79
nmol/mg prot) , {H ¥ MK F & & H B4 (G 4173
MDA &+ # 9. 04 nmol/mg prot), WFEK5.3% 6,

HE i3 (P <0.05) , B AMEHAFBSHTH &
% (Gy ¥ FSH H 64.52 mIU/mbD) , & F) 8# BEAS
HIF A (Gy O FSH 2 54. 85 mIU/ml) ., %
REFRZ ) LH 225 G2 5 X, JC R0V J 38 BHAE
0. W 7.%8,

F6 HHWRFEHLRSODFEAM MDA RKE

HFESWMER
SOD MDA
WA E
F P F P
% 5.477  0.008  1.719  0.184
e 6.699  0.003  8.768 0.001
ARIRA T 0.616  0.654  3.974 0.011

x5 FNMABBRELSE WIXNERFSEHA
SOD &A% MDA €28 &M

g1 A/ (mg s m®) SOD/ MDA/
il % pige (U« mgprot’) (nmol+ mg prot™)
G, 0 0 0.6640. 14 3.49+1.23
G, 12 0 0.4840. 04 1.9441.29
G, 60 0 0.5340.13 1.6940. 89
G, 0 2 0.4540. 10 5.69+1.48
Gs 0 10 0.4840.11 9.04=+1. 21
Gs 12 2 0.3940.09 6.50+2. 09
G, 60 2 0.3740.08 4.454+1.53
Gs 12 10 0.46240. 10 7.47+£2.22
G 60 10 0.4440.09 7.79+2.92

. O& AR 6 R:;@% K SOD fr MDA Al (x£5) %k &

2.4 EFMPEERASLE 14 d MR M FSH f1 LH
BRI %A H Ak e 7 X M RIS FSH G 3 5%
14

KT FNPBEBEALSE 4 dXERMF
FSH # LH B8 m

A/ (mg + m™) FSH/ LH/

21 5

P B (mIU *» ml'")  (mIU * ml")
Gy 0 0 51.3442.89 143.0444.23
Gy 12 0 66.3946.29 125.5746.05
Gy 60 0 56.9149.13 137.2249.89
G, 2 56.0843.97 136.83=45.00
Gs 10 56.6545.90 136.46+7.18
G 12 2 64.5249.94  129.5249.09
Gy 60 2 50.334+3.73 144.6745.85
Gy 12 10 53.1745.66  140.7948. 25
Gy 60 10 54.8547.05 138.6249.92

O AR 6 R;Q% N FSH 1 LH A(xts) %k T
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0.05) , FE I AR e A A PR MR (G ZHF 2 4 d A7 1%
K 93.60% K 4 d IGAFFEIE N 2. 33 @) . H &=

FSH LH
BIPE [ [ A AR (G 4174 4 d IR B 100, 009 1 4
N NZ A > il
S 2.599  0.088 1.769 0.185 AP Ry 2,61 @) AR 9. R 10K 11,
FH 1.420  0.255 1.158  0.325
3 RN < 3 SEA:
S T 2.763  0.042  2.515  0.058 &9 FNREREGRST U4 dHBREFTNOZM
HE/(mg» m®) XE ZH EH OIEWS MK
2.6 ZEFMPREBGLDE 14 dXHERAET BT R 415 MESL MERL ARAC WRMERL EAL
BRI AR R e IR B L0 2 7 R AW omom o R %
WK TFERE4, MR &40 EREES ST 57 Gy 0 0 6 6 100.00 6  100.00
LA, 2 PR TS 0 4 20 1 A R B I R B Z 2(2) 2 2 z 1°OOO- OOOO j 16060-6070
% = 7R A AL A= B 48 BUIK L U R 48 50 s R[] GS . ) ; L e '67 ) 100’ 0
1 B o 14 PP PR T b B ! : :
{IIJE,EE’JFERA‘I:{ﬁfiﬂI\\(ﬁﬁ‘ﬁ\4 dﬁ(ﬁ?ﬂz&&% d Gy 0 10 6 6 10000 4 6667
T 23 G2 S EEAS ) 57 8 41 1 P2 A 8 G 12 ) 6 6 100.00 5  83.33
AR ST A d SRR 4 d ST EERE S G, 60 9 6 AL 66.67 3 75.00
2R B P <<0.05) KA BEBEE TR 14 d 715 Gy 12 10 6 3 50.00 3 100.00
BHAAETFEAXLEEH. A2 E XL (P < Gy 60 10 6 4 66.67 4  100.00
R0 FNHFBBRALS UWIdWBRFLXEHEN
gy o/ (me D) TR SRR AP 4 d AT AR B 4 d T
- ® o omm /CheEh EORE 2 /G A /% /G- A
Gy 0 0 11.841.7 11.5+1.9 1.684+0. 12 100.0-0. 0 2.62+0. 32
G, 12 0 9.3+1.6 7.742.9 1.66-+0. 56 88.94+1.9 2.4940.17
G, 60 0 11.8+2.1 11.5+2.4 1.5340. 26 95.7+5. 1 2.3140. 13
G, 0 2 13.541.3 13.54+1.3 1.424+0. 32 74.2+0.0 1.9440.09
Gs 0 10 10.341.3 9.340.9 1.7940. 28 100, 0+0. 0 2.78+0.08
G 12 2 12.84+1.9 12.84+1.9 1.344+0. 18 93.6+6.6 2.3340. 12
G, 60 2 12.741.5 12.74+1.5 1.56+0. 23 91.4-+9.1 2.3840.07
Gy 12 10 9.74+3.1 9.343.2 1.7940. 26 90.3+8.7 2.35+0, 12
Gy 60 10 12.54+1.7 11.8+1.7 1.69-40. 14 100.040.0 2.6140. 25
A ERNEAFR EFR EFEAIEERHEMAAdEFERAGEDER T
Rl BHBRFEABEAEDWER
A E A EL A E 4 d TG R A 4 diEfFE
HREE
F P F P F P F P F P
S 12.181  0.132 2.755 0.081 0. 298 0. 744 1.325 0. 283 0.222  0.803
1 4,412 0.022 7.087 0.003  17.728 <C0.001  6.016 0.007  11.165 <0.001
PRI A H R 1.054 0.398 1.652 0.190 2.315 0.083 5.690 0.002 6.924 0.001
3 itig T3 A b o G A T S i BRI B 8 RN 2 PN A B R A

FAHEEAR D9 N R BN BUE Y MECR Y. &
WA AR e T Y PR B R N R A T AT L A
TR A 7 2 A T il A S 500 R Bl 3R T B
BRI AT M R S A AE AR o BRI AT o 18 A R
WO P05 K 28 i T S Bl A A R 2500 o B AR
B AR AR T RE T X R A = 1 R AT
VAT o 18] At K B2 M A B D R A0 S T & R BT Y
R AR S AE G L B R SR M T A b v R B A

T ) 2% B 10 B TR IR A KPR X ARG B0 T P 2 1
FAEIR G 1 D HC A 8 4 T 52 B Al R A 2 — S8 Y
i,

AR FE R PIA R = A 5 KF 37) T
PR T X B0 0 & & 1109 TCR M BUaE 77 2R e B 1 EB
B YL B R AT 25 = AR K435 0 mg/m?
12 mg/m®.60 mg/m® M 0 mg/m’.2 mg/m’,.10 mg/
m’, L YLEE 14 d, AR 5 ME R 3 A B g R DA
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B 2R /N BRI B B 2 ) B o T R R L G S L B R R
Y EEHKTH T ORXRE R Bl W I A% R R0 e AR
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FAML AT BE 5 K PR B HE | A0 2 6 K 42 5 300A0 B0 B 4%
HORe TR R R AT TR RE .

FSH F1 LH J& [ B 5P 58 fiff £ 1) 5 22 45 b, 45 O 31
i & I RER-AL , FSH F1 FSH/LH A& THE ", 7
T 4 240 2o W R A2 1A — B 3R 22 25 5 42 B 94 of)
W R A 2R N 2 R A A B RS o SRR 4]
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