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ABSTRACT : A benchmark dose (BMD) approach has been evaluated as a replacement for the traditional
NOAEL methodology currently being used to assess the noncancer effects of toxicants. The endocrine disrupt-

ing effect of endosulfan which showed decrement of sperm count and testicular testosterone level in animals,

was currently reported. The amount of endosulfan used as pesticide in the country has been continuously

increased. The aim of this study was to suggest the permissible intake level (PIL}, corresponding to Accept-

able Daily Intake (ADI), based on endocrine disrupting effect using BMD. Various animal data were collected
by consideration of critical effect showing endocrine disruption and an animal data_for reproductive toxicity
was selected. The Power model from BMD software for induction of BMD ,, having meaning which is the dose
at the 95% lower confidence limit on a 10% response was used due to that the form of selected dose-response

animal data was continuous data. The BMD |, was estimated to be 0.393 mg/kg/day based on reproductive
toxicity showing decrement of sperm count. The permissible intake level (PIL) was calculated by dividing the

BMD,, by the uncertainty factors of 100 with consideration of from animal to human and human variability.

The PIL as 0.004 mg/kg/day was compared with traditional ADI as 0.006 mg/kg/day based on the incidence

of marked progressive glomerulonephrosis and blood vessel aneurysms in males.
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Table 1. Toxicological endpoints proposed to be associated with endocrine-active compounds

- Cancers (ovarian, breast, testicular)

+ Transplacental carcinogenesis

* Decreased sperm count and motility

+ Increased male urogenital tract malformations
* Female reproductive tract malformation

+ Increased ectopic pregnancies

+ Decreased reproductive success

* Decreased weights of testes or uterus

* Altered estrus cycling in rodents

+ Steroid receptor binding or inhibition

+ Altered hormone levels

- Imposex/hermaphroditism

- Altered cell proliferation and cell differentiation

+ Altered behavior (e.g., females gulls sharing nests)
- Hyperactivity

- Degraded immune function

(Barton & Anderson, 1997).

Table 2. Guidance to selection of dose-response data for induction of BMD

Data

Selection Factors

* Length of Experiment

- Use data from experiments which last no less than 90 percent of the standard

experiment length of the test animal

* Route of Exposure

* Units of dose assumed to give
human-animal equivalence

+ Data from males and females

- Data from different studies

+ Data from different species

* Form of dose-response data

- Use data from experiments that exposed animals by oral route
- mg/kg bodyweight/day

- Use data from each sex within a study separately
- Consider every study within a species separately
- Use all species separately

- Use data showing monotonic increase

- Use data at least three dose levels and a control

(Patrick, 1994),
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Table 3. Empirical models used to calculate effective doses

Model Use and equation

- For continuous dose-response data
u (dose) =y + B dose*
- Slope : B
- Control : y
- Power: o,

+ Power model

+ For continuous dose-response data
U (dose) =y + vdose"/(dose" + k")
- Intercept (control) : ¥
- Slope : k
-Power:n
-Sign:v

+ Hill model

- For quantal dose-response data
Prob(response) = p(dose; v, o, $)
=y+(1-pl-e?0)
- Background : 7,0 < y<1
- Slope : B
- Power: o

- Weibull model

(U.S.EPA, 2000).
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Fig. 1. Outline of input and output data showing in Benchmark Dose Software (BMDS) Ver. 1.3 (US EPA, 2001).
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Table 4. Signs and symptoms of acute and chronic toxicity fellowing exposure to endosulfan

Acute Signs

Chronic Signs

* Dizziness, headache

* Nausea, vomiting

* Motor hyperexcitability
* Hyperreflxia

* Myoclonic jerking

+ General malaise

- Convulsive seizures

+ Generalized convulsions

irritability
» EEG pattern changes
* Loss of consciousness
+ Epileptiform convulsions
+ Chest pains, arthralgia
» Skin rashes

- Headache, dizziness, hyperexcitability
+ Intermittent muscle twitching and myoclonic jerking
+ Psychological disorders including insomnia, anxiety,

« Ataxia, incoordination, slurred speech, opsoclonus
+ Visual difficulty, inability to focus and fixate

+ Nervousness, irritability, depression

- Loss of recent memory

+ Muscle weakness, tremors of hands

- Severe impairment of spermatogenesis

(Klaassen, 1995).
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Table 5. Dose-response data for reproduct/developmental effects of endosulfan

References Study design Critical effects Dose-response data
dose (mg/kgBW)  response (x10%g)
+ Species : Druckrey rats 0 752.25+21.05
. + Sex : Male
Sinha et al., 1995 Decreased sperm count 25 588.83£19.44
- Exposure Route : oral 50 422.73425.09
+ Periods : 70 days : DU
10.0 395.21+11.78
+ Species : Winstar rats dose (mg/kgBW) response (mg/g)
. + Sex : Male Increase testis protein 0 6.51+0.41
Singh and Pandey, 1990 Exposure Route : oral content 75 6.28+0.47
+ Periods : 30 days 10 6.34+0.07
+ Species : Winstar rats dose (mg/kgBW) tesponse (x10°)
+ Sex : Male offspring . 0 237424
Dalsenter et al., 1999 + Exposure Route : Gavage D;Zf::;i ?:?&Zp ::ln
* Periods : 65 days (from day 15 of P pring 15 18825
pregnancy to postnatal day to lactation) 3.0 144+32
dose (mg/kg/day) response (g)
Decreased testis weight 0 2.79+0.03
ecreased testis weig 10 2 3420.04
2.0 2.14x0.07
dose (mg/kg/day)  response (x10%m/)
Decreased sperm count 0 178.66+2.71
* Species : Druckrey rats cauda epididymis 1.0 84.00+4.87
- Sex : Male offspring 20 68.33+3.36
Sinha et al., 2001 + Exposure Route : oral
« Periods : from day 12 of gestation dose (mg/kg/day) response
through parturition - 0 274.56+10.17
Increased LDH activity 10 360.59+9.402
2.0 460.35+8.64
dose (mg/kg/day) resporise
. 0 11.2620.67
Decreased SDH activity 10 2.0140.322
20 6.14+0.23
+ Species : CD-1 mi dose (mg/kg/day) response
. Sgec-lz‘:rﬁale - e Increase in the rate of 0 1542+331
Wilson and LeBlanc, 1998 X . . hydroxytestosterone 38 22204257
* Exposure Route : feeding metabolite formation 5 4 &
* Periods : 1week © & ) 24413
15 2496+450
Table 6. Example of evaluation for mathematical model using BMD Ver 1.3
Test P-value Mean
1. Does response and/or variances differ <0.0001 The p-value for Test 1 is less than .05. There appears to be a difference between
among dose levels ? response and/or variances among the dose levels It seems appropriate to model
the data
2. Are variances homogeneous ? 0.4464 The p-value for Test 2 is greater than .05. Consider running a homogeneous
model
3. Are variances adequately modeled ? 0.2756 The p-value for Test 3 is greater than .05. The modeled variance appears to be
appropriate here
4. Does the model for the mean fit ? <0.0001 The p-value for Test 4 is less than .05. You may want to try a different model

Table 7. Estimation of benchmark doses for endosulfan using Power model and reproductive dose-response data

Benchmark Doses
Reference Critical effects Model
BMD,, BMDL,, BMD BMDL,
Sinha N, 1995 Decreased sperm count Power 0.3935 0.14346 0.1012 0.02218
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Table 8. Previously suggested various NOAELSs of endosulfan based on reproductive toxicity

Reference Species Exposure Period Critical Effects NOAEL
FMC, 1981 Rabbit 23 days (Gd 6~28) implant, litter size, sex ratio, 1.8 mg/kg/day (female)
fetal weight, mortality
Hoechst, 1984 Rat 2 generation litter size or mortality, sex 1.1 mg/kg/day (male)
ratio 2.6 mg/kg/day (female)
NCI, 1978 Rat 74-82 wks testicular necrosis 20 mg/kg/day (male)

aspermatogenesis

Permissible Intake Level (PIL)

BMD, _0.3935 mg/kg/day
Uncertamty factor 100
= 0.0039 mg/kg/day
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