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Tab.2 Effect of chlorpyrifos on body mass of rats

Tab.1 Dose-response model for benchmark dose de-
termination
Model Formula

1 y=a

2 y=a exp(b x)

3 y=aexp(b x")

4 y=alc-(c-1) exp( —b x) ]

5 y=alc-(c-1)exp( -b x")]

Y is cholinesterase activity, X is chlorpyrifos dose, in mg-kg~'.
Parameters . a, background level of the endpoint; b, relative efficacy
of dose; ¢, maximum effect (relative to a) ; d, shape or curvature.
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Chlorpyrifos/ Body mass/g

mg-kg 1 5 10 15 21 (d)
0.00 217 £12 220 £13 238 £14 248 +14 254 14
0.25 220 +9 228 +12 239 13 249 +12 254 +15
0.50 219 £14 222 £15 233 £13 239 £12 242 £19
1.00 214 +£12 215 £12 228 +12 237 =11 243 £12
2.00 212 £17 223 £13 239 17 243 +15 248 £17
4.00 220 =10 229 +9 238 +13 248 +12 252 +12
8.00 218 =11 228 £13 243 £12 246 12 251 £16
16.00 210 £13 203 +21° 212 +22™ 224 £24™ 227 +25™

SD rats were ig given chlorpyrifos 0.25, 0.5, 1,2, 4, 8 and 16 mg-kg ™", respectively, once daily, for 21 d, while rats in normal control
(chlorpyrifos 0 mg-kg~") group were ig given the same volume of water. All rats were sacrificed and weighed at 6 h after the last adminis-
tration. x+s, n=10. * P<0.05, * P<0.01, compared with normal control( chlopyrifos 0 mg-kg~") group.
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Tab.3 Effect of chloprifos on the hippocampus, cortex
and serum acetylcholinesterase activity in rats

Chlorpyrifos/ Acetylcholinesterase activity/kU-g~" protein
mg-kg ™ Hippocampus  Cerebral cortex Serum?
0.00 0.33+0.13 0.37 £0.12 42.0+6.4
0.25 0.34 £0.09 0.40 £0.07 39.5+6.0
0.50 0.38+0.14 0.33+0.06 37.9+6.4
1.00 0.30+0.14 0.32 +0.08 27.3+4.8™
2.00 0.33+0.10 0.26 £+0.07 ™ 22.6+6.3™
4.00 0.23 +0.06 ™ 0.15+0.04™ 15.2+4.8™
8.00 0.15+0.05™ 0.08 +£0.02 ™ 6.7+3.0™
16.00 0.14+£0.04™  0.08 +0.03 ™ 3.5+1.8™

See Tab. 2 for rat treatments. a. unit of acetylcholinesterase activ-
ity in serum was kU-L~'. x+s, n=10. * P <0.01, compared
with normal control ( chlorpyrifos 0 mg-kg~') group.
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Fig.1 Effect of chlopyrifos on hippocampus acetylcho-
linesterase activity in rats. See Tab.2 for rat treatments.
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Fig.2 Effect of chlopyrifos on cerebral cortex acetyl-
cholinesterase activity in rats. See Tab.2 for rat treatments.
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Fig.3 Effect of chlopyrifos on serum acetylcholinest-
erase activity in rats. See Tab.2 for rat treatments.

IR . LT A 5 4 % 0,
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Tab.4 Reference dose of chlorpyrifos

Reference dose of chlorpyrifos/ug-kg '

Method

Hippocampus Cerebral cortex Serum?
NOAEL 20.0 10.0 5.0
BMD 5.5 4.6 3.6

NOAEL: no-adverse-effect level; BMD . benchmark dose. a: unit
of acetylcholinesterase activity in serum was kU-L~".
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Determination of reference dose of chlorpyrifos by benchmark
dose method

HE Xian-song, LI Ting-ting, YI Nan-nan, WU Hui, WANG Xia, ZHAO Min-xian, WANG Can-nan
( Key Laboratory of Medical Engineering Environment, Department of Nutrition and Food Hygiene,
School of Public Health, Southeast University, Nanjing 210009, China)

Abstract. OBJECTIVE To determine the reference dose of chlorpyrifos by the benchmark dose
method. METHODS Eighty adult female SD rats were ig given chlorpyrifos 0.25, 0.5, 1, 2, 4, 8 and
16 mg-kg ™', respectively, once daily, for 21 d. Rats were sacrificed, and acetylcholinesterase ( AChE)
activity in the hippocampus, cerebral cortex and serum of rats was determined after chlorpyrifos was ig
given to rats for 21 d. The no-adverse-effect level (NOEAL) was observed and determined while. The
benchmark dose (BMD) and the lower confidence limit of the benchmark dose( BMDL) were calculated
by software of R language (PROAST28. 1package). The reference dose of chlorpyrifos was obtained by
BMDL dividing by safety factor 100. RESULTS Compared with normal control group, the AChE activity
in hippocampus significantly decreased in chlorpyrifos 4,8 and 16 mg-kg ™' groups (P <0.01) , the
AChE activity in cortex significantly decreased in chlorpyrifos 2, 4, 8 and 16 mg-kg ™' groups ( P <0.01)
and the AChE activity in serum significantly decreased in chlorpyrifos 1, 2, 4, 8 and 16 mg-kg ™' groups
(P<0.01). The AChE activity showed decreasing trend with increasing dose. NOEAL in hippocampus,
cortex and serum of rats was 2.0, 1.0 and 0.5 mg-kg ™', respectively, and the BMD of chlorpyrifos was
0.81, 0.90 and 0.41 mg-kg™', respectively, while reference dose in the hippocampus, cortex and
serum of rats was 5.5, 4.6 and 3.6 ug-kg ™', respectively. For human saftey, the reference dose of
chlorpyrifos was determined to be 3.6 ug-kg™'. CONCLUSION This method can formulate more
secure reference doses, that are potentially used in dietary exposure assessment in the future.

Key words . chlorpyrifos; acetylcholinesterase; benchmark dose; reference dose
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