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ACUTE, SUBCHRONIC AND CHRONIC TOXICITY STUDIES OF
A SYNTHETIC ANTIOXIDANT, 2,2’-ISOBUTYLIDENEBIS(4,6-
DIMETHYLPHENOL) IN RATS
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ABSTRACT — General toxicity studies on 2,2'-isobutylidenebis(4,6-dimethylphenol)(IBBMP) were con-
ducted using male and female Wistar rats.

In the acute test, the oral LD50 values were 119 mg/kg BW in males.and 103 mg/kg BW in females.
Hypersensitivity, loss of righting reflex and abdominal position were observed.

In the subchronic test, rats were fed a diet containing IBBMP at levels of 0, 20, 100 or 500 ppm for
13 weeks with interim sacrifice at 4 weeks (equal to 0, 1.1, 5.5 or 27.9 mg/kg BW/day in males and 0,
1.1, 5.9 or 29.6 mg/kg BW/day in females). In both sexes, there were no changes in general condition,
body weight gains and food intakes in all groups. No deaths were observed in all groups. Significant
increase in AST was observed in 500 ppm males at Week 4. However, the change was not observed at
Week 13. Slight but significant decreases in creatinine were also observed in 100 ppm females at Week
13 and 500 ppm males and females at Weeks 4 and 13. Total cholesterol (T-CHO) was significantly ele-
vated in females of the 500 ppm group at Weeks 4 and 13. Absolute and relative liver weights were
increased in 500 ppm of both sexes at Week 4. In females, the increases were also observed at Week 13,
However, no remarkable histopathological findings were observed in all treated groups.

In the chronic test, rats were fed a diet containing IBBMP at levels of 0, 100, 500 and 150G ppm
for 18 months with interim sacrifices at 6 and 12 months (equal to 0, 3.8, 19.4 or 59.4 mg/kg BW/day in
males and 0, 4.3, 20.9 or 67.5 mg/kg BW/day in females). No remarkable changes in general appearance
were observed in any rats. Body weight gains, food intakes and survival rates in all treated animals were
comparable to those of the control. No remarkable changes in the hematological parameters were
observed. T-CHO was significantly elevated in females of the 1500 ppm groups throughout the experi-
ment. Significant increases or tendencies for increase in relative liver weights were observed in the 500
and 1500 ppm animals of both sexes. Increased incidences of swelling in liver cells were observed in 1500
ppm males at 6 months and 1500 ppm females at 12 and 18 months. At 18 months, dose-dependent
increases in thickness of basement membrane of renal tubules and Bowman's capsule and cell infiltration
to the interstitium of the kidney were observed in males. Significant increases of hyaline cast and baso-
philic change were also observed in 1500 ppm males. In females, increased incidences of hyaline cast
were observed at 500 ppm and higher at 18 months. No other toxicity was apparent. No neoplastic lesions
that could be attributed to IBBMP were observed in any organs of either sex. From the result of the
chronic toxicity test, the no-observed-adverse-effect level (NOAEL) for IBBMP was concluded to be 100
ppm in the diet (4.26 mg/kg BW/day) in female rats on the basis of induction of hyaline cast in renal
tubules at 500 ppm, whereas, in males, only a lowest-observed-adverse-effect level (LOAEL) was given
as 100 ppm (3.84 mg/kg BW/day) on the basis of induction of thickening of basement membrane ‘n renal
tubules at 100 ppm.

KEY WORDS: 2,2'-isobutylidenebis(4,6-dimethylphenol), Acute toxicity test, Subchronic toxicity test,
Chronic toxicity test
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INTRODUCTION

2,2'-1sobutylidenebis(4,6-dimethylphenol)
(IBBMP) is one of the phenolic antioxidants that has
been used in the rubber and plastics industries for pro-
tection against oxidative damage. IBBMP was not ter-
atogenic in Wistar rats when tested at doses up to 45
mg/kg/day. The developmental toxicity of NOAEL
was 45 mg/kg/day, the highest dose tested, and the
NOAEL for maternal toxicity for 5 mg/kg/day, on the
basis of toxic signs (tremor, startle reflex, salivation,
involuntary urination, wheezing and nostril discharge),
at 15 mg/kg/day (Ishii et al., 1991). We previously
reported that 2,2'-methylenebis-(4-methyl-6-tert-
butylphenol) (MBMBP) (CAS REGISTRY No.:119-
47-1), which has a structural resemblance to IBBMP
(Fig. 1), induces testicular atrophy in rats when given
for 18 months at 0.1% in the diet (42.3 mg/kg BW/day)

CHy_ -CHa

cH
OH | OH
CH
CH, \©/ \]i;,cm

IBBMP
OH OH
O(OH 45 CH C(CH 35
CyHs CZH5
MBEBP

(Takagi ef al., 1994). Meanwhile, complete toxicologi-
cal studies (short-term and long-term test) of IBBMP
have not been reported as yet. The present acute, sub-
chronic and chronic toxicity studies were therefore
conducted to elucidate the hazard potentia! of this envi-
ronmentally important agent.

MATERIALS AND METHODS

Chemicals

IBBMP (CAS REGISTRY No.; 33145-10-7)
(Technical grade) was obtained from Bayer Japan Ltd.
All reagents used for hematological and biochemical
analyses were purchased from Wako Pure Chemicals
Industries Ltd. (Osaka, Japan).

Experimental animals and diets
Specific pathogen-free Wistar male and female

OH OH
GGH §) 4 CH G(GH 4) 5
CH, CH,
MBMBP
OH
C(CH 4)4 C(CH ) 5
CHy
BHT

Fig. 1. Comparison of the chemical structures of four phenolic antioxidants.
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rats (4 weeks old) were purchased from SLC Co.
(Hamamatsu, Japan) and acclimated for 1 week prior
to initiation of the tests. The basal diet powder was pur-
chased from Funabashi Farm (F-2, Funabashi, Japan)
and IBBMP was mixed into the diet (subchronic and
chronic tests) prior to pelleting at the desired concen-
trations and stored at 4°C until use.

Housing conditions

The animal room was maintained at a tempera-
ture of 24 £ 1°C and 55 £ 5% humidity with a 12 hr
light/dark cycle. Rats were housed in plastic cages (4-
5 rats/cage) using chip bedding in the acute, sub-
chronic and chronic studies.

Experimental design and performance
1. Acute toxicity test

Five rats (body weight: males, 96-122 g; females,
83-105 g) per group of each sex were fasted for 16hr
before and 6hr after administration. IBBMP suspended
in olive oil (2% w/v) was orally administered at the
dose of 75-223.9 mg/kg BW in males and 75-155.5
mg/kg BW in females. Toxic signs and mortality were
monitored up to Day 14 when the test was terminated.
LD50 value was calculated by the Litchfield-Wilcoxon
method.

2, Subchronic feeding study

Groups of 10 rats of each sex were given pellets
containing 0 (control), 0, 20, 100 or 500 ppm IBBMP.
The body weights and food consumption values were
recorded weekly. During the entire course of the study,
the rats were observed daily. Five randomly chosen rats
from each group were examined at Week 4 as an inter-
mittent study and the experiment was terminated at
Week 13. Hematological and serum biochemical
examinations were conducted after 16 hrs of starva-
tion. All animals were studied for histological changes.

3. Chronic feeding study

Groups of 30 rats of each sex were given pellets
containing 0 (control), 100, 500 or 1500 ppm IBBMP.
General condition was monitored daily and body
weights and food consumption values were recorded
monthly throughout the experiment. Groups of 5 ani-
mals at months 6, 12 and 18 underwent hematological
and serum biochemical examinations after 16 hrs of
starvation. All animals (5 animals/group at Months 6
and 12, and all surviving animals at Month 18 as well
as those dying during the experiment) were studied for
histological changes. :

-205-

Survival rates in the subchronic and chronic tox-
icity tests were assessed using the life table technique
(Sachs, 1959).

Clinical examination

In the subchronic and chronic toxicity tests, the
following examinations were conducted. Blood was
collected from the orbital venous plexus under ether
anesthesia and the hematological parameters, such as
red blood cells (RBC), hemoglobin (Hb), hematocrit
(HCT), mean corpuscular volume (MCV), mean
hemoglobin concentration (MCH), mean corpuscular
hemoglobin concentration (MCHC), red blood cell dis-
tribution width (RDW), platelets (PLT) and white
blood cells (WBC) were assessed with a Sysmex M-
2000 (SYSMEX Co. Japan). Differential white blood
cell counts were made with a MICROX CELL
ANAZYZER/HEG-120A (OMRON Co., Japan).

Serum biochemical assessments were conducted
for 24 items; total protein (T-PRO), albumin (ALB),
albumin-globulin ratio (A/G), blood ‘urea nitrogen
(BUN), creatinine (CRN), glucose (GLU), non-esteri-
fied fatty acids (NEFA), phospholipids (Pi.), triglycer-
ides (T-GLY), total cholesterol (T-CHO), free choles-
terol (F-CHO), alkaline phosphatase (ALP), amylase
(AMY) (subchronic test only), cholinesterase
(CHE){subchronic test only), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), y-
glutamyl transpeptidase (y-GTP), leucine aminopepti-
dase (LAP) (subchronic test only), calcium (Ca), inor-
ganic phosphorus (P), sodium (Na), potassium (K),
chloride (C1) and magnesium (Mg) using a Automatic
Analyzer 7150 type (Hitachi Ltd., Japan).

At autopsy, the weights of the brain, heart, lungs,
liver, kidrnieys, spleen, adrenals, testes, ovaries, pitu-
itary and thyroid glands were measured. The above-
mentioned organs and the salivary glands, esophagus,
stomach, small and large intestine, pancreas, urinary
bladder, seminal vesicles, epididymis, sciatic nerve,
uterus, prostate, mesenteric lymph nodes, thymus, spi-
nal cord, skeletal muscle and bone marrow (femur and
sternum) were fixed in 10% buffered formalin solution
for routine histological processing. Paraffin sections
were stained with hematoxylin and eosin for histo-
pathological examination.

Stafistical analysis

All quantitative data except for the histopatholog-
ical findings were statistically analyzed by one-way
analysis of variance (ANOVA) techniques with
Dunnett’s (Dunnett, 1964) or Scheffe’s (Scheffe, 1953)
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multiple comparison procedures. Histopathological
data were statistically analyzed with the Fisher’s exact
probability test (Fisher, 1973) or Mann-Whitney U-test
(Mann and Whitney, 1947).

RESULTS

Acute toxicity

IBBMP was moderately toxic. The oral LD50
values for rats were 119 mg/kg BW in males and 103
mg/kg BW in females. Hypersensitivity, loss of right-
ing reflex and abdominal position were observed. All
deaths occurred in rats of either sex during 6 to 24 hrs
after administration.

Subchronic feeding study
1. General symptoms

In both sexes, there were no changes in general
condition, body weight gains and food intakes in all
groups (data not shown). No deaths were observed in
all groups. The calculated mean 1BBMP intakes in rats
fed containing 0, 20, 100 or 500 ppm IBBMP for 13
weeks are 0, 1.1, 5.5 or 27.9 mg/kg BW/day in males
and 0, 1.1, 5.9 or 29.6 mg/kg BW/day in females.

2. Hematological and serum biochemical examina-
tions
For the hematological and serum biochemical
analyses, only parameters demonstrating significant
changes in either sex are listed in Table 1. Significant

Table 1. Hematological and serum biochemical findings for rats fed a diet containing IBBMP for 13 wesks.

Weeks Growp Hb MCH  MCHC  CRN  T-CHO FE-CHO  AST  Na
{(ppm) (g/dD) (pg) (g/d) (mg/dl)  (mg/d)  (mg/dl)  (mUD) . (mEa/)
Males 0 164 17.6 325 045 64 103 80 148
£0.5 +0.2 02  +0.01 +5 +1.1 + 7 +0
20 163 17.6 327 0.44 65 10.2 86 146
4 +0.6 +0.2 0.5  £0.02 + 6 +16 +13 +2
100 163 17.6 326 0.45 64 8.9 79 145*
+0.2 +02 £03  +0.02 +5 +1.9 +10 +1
500 163 176 325 0.41* 65 10.5 98* 145%*
+0.5 +03 +03  +0.03 + 4 18 7 +1
0 158 16.8 323 0.45 93 238 83 135
+0.7 +03 +04  £0.03 +12 +3.5 +15 +0
20 159 165 315 047 90 26.8 95 136
3 £0.4 +0.3 06  +003 + 8 +3.9 +28 +1
100 159 172 323 0.59 92 214 90 136
£0.4 +0.2 0.6  +035 +10 +12 +19 +0
500 16.4 16.9 31.4 0.38% 90 18.5* 79 137%*
+0.8 +0.5 +£08 40,03 + 7 +2.0 +16 +1
Females 0 168 182 33.4 0.52 85 143 92 147
+0.2 +023 +05  +004 +10 +27 + 6 +1
20 168 183 333 0.45* 96 16 90 147
4 £0.6 +0.2 +05  £0.07 +13 £2.5 + 6 +1
100 168 183 33.6 0.42%* 85 139 99 146
£0.5 +0.7 £10  £0.02 +5 +17 +10 +2
500 16 185 33.6 0.43* 101* 16.7 91 147
_____ £0.6 +0.4 0.6 4003 +7 +16 £ 9 £2
0 176 19 329 0.51 122 28.6 69 138
+0.8 +0.9 +1.1  £005 £11 +3.6 + 7 +1
20 187 21.4 36.4* 0.49 117 30.5 79 138
3 +0.9 +0.6 +12  +004 +15 +77 + 9 +1
100 203% 2% 37.6%%  0.44* 131 32 70 138
+0.4 +0.6 +11 4002 +5 +26 + 4 +1
500 204%%  227%F  389%¢ 047 143* 325 66 136
+18 +2.1 +30 4003 + 9 £2.6 + 7 +2

Values are the means + S.D. for data from § rats.

Significantly different from control; *p<0.05, *¥p<0.01.
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increases of Hb, MCH and MCHC were observed in
100 and 500 ppm females at Week 13. Significant
increase of AST was observed in 500 ppm males at
Week 4. However, the change was not observed at
Week 13. Slight but significant decreases of CRN were
also observed in 100 ppm females at Week 13 and 500
ppm males and females at Weeks 4 and 13. T-CHO was
significantly elevated in females of the 500 ppm group
at Week 4 and thereafter. Na level was slightly
decreased in the 100 and 500 ppm males at Week 4 and
increased in the 500 ppm males at Week 13.

3. Organ weights

Only organs that showed significant changes
throughout the study are listed in Table 2. Absolute and
relative liver weights were increased in 500 ppm of
both sexes at Week 4. In females, increases of absolute
and relative liver weights were also observed at Week
13.

4. Histopathological examination ,

In all treated groups, no remarkable histopatho-
logical changes were observed in any organs including
liver (data not shown).

Chronic feeding study
Because of the no remarkable histopathological

changes of the highest-dose group (500 ppm in diet) in
the 13-week study, doses selected for the 18-month
study were 100, 500 and 1500 ppm in the diet.
1. General appearance, mortality, body weight gain
No remarkable changes in general appearance
were observed in any rats. Body weight gains, food
intakes and survival rates in all treated animals were
comparable to those of control (data not shown). The
calculated mean IBBMP intakes in rats fed containing
0, 100, 500 or 1500 ppm IBBMP for 18 months are 0,
3.8, 19.4 or 59.4 mg/kg BW/day in males and 0, 4.3,
20.9 or 67.5 mg/kg BW/day in females.

2. Hematological and serum biochemical findings

In the hematological and serum biochemical
analyses, T-CHO was significantly elevated in females
of the 1500 ppm groups throughout the experimental
period (Table 3). Several other parameters demon-
strated significant alteration. However, none appeared
to be of toxicological significance, since they did not
show the same tendency throughout the experimental
period and/or the degrees of change were very small.

3. Organ weights

Significant increases or tendencies for increase in
relative liver weights were observed in the 500 and
1500 ppm animals of both sexes (Table 4). Significant

Table 2. Liver weights for rats fed a diet containing IBBMP for 13 weeks.

Weeks Group Absolute liver weight Relative liver weights
(ppmy) ®) (8%)
Males 0 7.28£ 036 3.01+0.12
20 774 £ 0.35 3.20£0.16
4 100 767+ 034 3.06 £ 0.04
500 8.17 + 0.47** 3.27 £ 0,15*
o 9.85 % 0.99 271+ 0.13
20 9.5140.77 2.62£0.10
13 100 9.64 + 045 2.66 £ 0.08
500 10.54 £ 0.57 279 0.10
Females 0 4124020 272 £ 0.06
20 4274040 276 4 0.12
4 100 4.46+0.18 2.80 + 0.05
______ 500 5174037¢% 3.09 £ 0.28%*
"""""""""""""""""""" 0 436+ 026 2.14 £ 0.08
20 4.554+ 023 2314014
13 100 4.84 % 0.39* 2.31£0.10
500 4.92 + 035" 249 % 0.11**

Values are the means + S.D. for data from § rats.-
Significantly different from control; *p<0.05, **p<0.01.
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increases of absolute and relative kidney weights were
observed in the 1500 ppm males at 12 months. No
remarkable changes in other organs were observed in
any treated groups for either sex.

4. Histopathological examination

Histopathological lesions were only observed in
the liver and kidney of both sexes. Significant
increased incidences of swelling in liver cells and

basophilic change, thickening of basement membrane
in renal tubules were observed in 1500 ppm males at 6
months. Increased tendency of eosinophilic body renal
tubules in the 1500 ppm males was also noted (Table 5,
8). At 12 months, increased incidence of swelling in
liver cells was observed only in 1500 ppm females.
(Table 6, 8). At 18 months, dose-dependent increase in
thickness of basement membrane of renal tubules and
Bowman’s capsule and cell infiltration to. Interstitium

Table3. Changes of T-CHO levels (mg/dl) in serum of female rats fed a diet containing IBBMP for 18 months.

Group
Months 0 100 500 1500 ppm
6 139+ 17 T 131% 10 158 + 10 168 + 17*
12 142+ 15 157+ 15 154+ 16 . 204+ 3%
18 150 + 20 145 20 171+ 16 229 + 85*

Values are the means £ S.D. for data from 5 rats,
Significantly different from control; *p<0.05, **p<0.01.

Table 4. Body and organ weights for rats fed a diet containing IBBMP for 18 months.

Months  Group Body weight Absolute liver wt Relative liver wt  Absolute kidney wt  Relative kidney wt
(ppm) ® o (%) ® (%)

Males 0 414 £ 31 9.27+0.81 2.24 £ 0.04 2.01£0.25 0.48 £ 0.04
6 100 415+ 19 9.87 + 0.55 2381007 2.0740.13 0.50 £ 0.02
500 419 +20 10.06 £ 0.53 2,40+ 0.13* 2,11+ 0.15 0.50 £ 0.03

1500 420% 9 12,12 £ 0.55%* 2.80 £ 0.12%* 2221018 533004
0 477+ 11 10.17£ 028 2.13+£0.10 220+0.15 0.46 1 0.03
12 100 475 £ 31 10.58 £ 0.55 2.23 £0.07 220+ 0.13 0.46 * 0.02
500 484 £ 24 11.00 £ 0.63 228+ 0.09 2321016 0.48 £ 0.04

1500 473 £ 24 12,69 & 1.02%* 2,68 £ 0.09%* 2,601 0.21%* 0.55 + 0.07*

0 508 £ 28 13.23 £2.20 2,61 £0.45 2.63+ 033 0.52 £ 0.07
18 100 499 + 18 11.00 + 1.06 2204£0.19 2361011 0.47 £0.02
500 503 £30 1226 £ 1.71 2.44+0.27 2,61+032 0.52 £ 0.06
1500 491123 1416+ 1.14 2.89 £ 033 2671026 0.55 £ 0.07
Females 0 219+ 16 5.04 + 0.69 230019 1.16 £ 0.07 0.53+£0.04
6 100 219+ 11 4,66 £ 0.21 2.14+0.14 1.20£0.10 0.55+£0.03
500 222+ 11 6.22 £ 0.86* 2,79 £ 0.26* 127+ 0.11 0.57 £ 0.02

1500 221113 6,61 & 0.51%% 3.00 £ 0.35%* 1.24 £ 0.04 0561004
o 270 £ 26 591+ 0.51 219 %009 1401 0.11 052+ 0.04
100 284+ 43 6.09 £ 0.55 2,17+£0.22 1.35+£ 0.07 0.48 1 0.06
12 500 273 +23 6.71 £ 0.63 2474038 141£0.13 0.52 £ 0.06

1500 . 273£30 . 7944 131%%  2013036% 1523017 0563006
0 32826 6.75 + 0.61 2,06 +0.06 1.55+£0.19 0.47 + 0.04
100 331£20 6.52+0.76 1.96 £ 0.14 1.52+0.16 0.46 £ 0.03
18 500 330124 7.00 + 041 2.12+0.10 153+ 0.15 0.47 £ 0.07
1500 298 + 24 9.07 +2.18*% 3.11+1,04% 1.94 £ 0.74 0.67 £ 0.33

Values are the means + S.D. for data from 5 rats, -
Significantly different from control; *p<0.05, **p<0.01.
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of kidney were observed in males. Significant increase
of hyaline cast and basophilic change were observed in
1500 ppm males. In females, increased incidence of
hyaline cast was observed at 500 ppm and higher at 18
months. Increased incidence of swelling in liver cells
in 1500 ppm females was also observed at 18 months
(Table 7, 8). No neoplastic lesions that could be attrib-
uted to IBBMP were observed in any organs of either
sex.

DISCUSSION

In the present study, IBBMP showed moderate
acute toxicity when administered orally to male and
female Wistar rats. Hypersensitivity and loss of right-
ing reflex induced by 1BBMP suggest that the com-
pound may be neurotoxic. However, no neurotoxic
effects were observed in subchronic and chronic toxic-

ity tests, indicating that neurological effects are limited
to the high dose levels. A comparison of the toxicity of
four phenolic antioxidants, based on our studies and
those in the literature, are summarized in Table 9. BHT,
which has a close structural resemblan~e to MBMBP
(Fig. 1), and MBMBP have been reported to induce
hemorrhagic death in rats (Takahashi and Hiraga,
1978; Takagi et al., 1994). On the other hand, MBEBP
(Fig.1) (5.0% in the diet) did not show any hemor-
rhagic effects on Wistar rats (Takagi ef al., 1992), or
any decrease in prothrombin and Kaolin-PTT indices
(Takahashi and Hiraga, 1981). Therefore, we specu-
lated that a methyl moiety in the C4 position of
MBMBP molecule might play an important role in the
hemorrhagic action. However, in this experiment, nei-
ther death nor hemorrhage was observed in rats treated
with 1BBMP that has a methyl moiety in the C4 posi-
tion. The results suggest that not only methyl moiety in

Table 5. Histopathological findings for rats fed a diet containing IBBMP for 6 months.

Organs Sexes

Males Females

=7

Findings Dose (ppnt)

100

500 1500 0 100 500 1500

No. of animals examined

5

5 5 5 5 ° 5 5

Liver

(liver cell)
swelling
vacuolization
focal necrosis
microgranuloma

(Glisson’s sheath)
bile duct proliferation
cell infiltration

(sinusoid)
congestion
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the C4 position but also another chemical structure
such as fert-butyl moiety would be necessary. The
other remarkable effect of MBMBP was atrophy of the
testicular tubules and decrease of spermatogenesis,
accompanied by decrease in testis weight (Takagi et
al., 1996). We have previously reported that MBEBP
(1% in the diet) treatment for 4 weeks caused atrophy
of testicular tubules and decrease of spermatogenesis
in the rats (Takagi et ai., 1992). The similarities in his-
tological findings indicate that the testicular toxicity
induced by both chemicals might be mediated by the
same mechanisms. However, no testicular toxicity was

observed in subchronic and chronic toxicity tests.
Therefore, common molecule structures of MBMBP
and MBEBP would be responsible for testicular toxic-
ity. We previously showed that MBEBP exerts an
uncoupling action on oxidative phosphorylation in iso-
lated liver mitochondria and suggested that this might
play a role in testicular toxicity (Takagi ef al., 1993).
We have confirmed that MBMBP also demonstrates
the same action to an even greater degree than MBEBP
(Takagi, unpublished data). Interestingly, gossypol,
which is a natural polyphenolic compound causing
decrease of spermatogenesis and degeneration of tubu-

Table 6. Histopathological findings for rats fed a diet containing IBBMP for 12 months.

Organs Sexes Males . Females
Findings Dose (ppm) 0 100 500 1500 0 100 500 1500
No. of animals examined 5 5 5 5 5 5 5 5
Liver .
(liver cell) )
clear cell foci + 1 0 0 1 0 0 1 0
vacuolated foci + 0 0 0 0 0 1 0 0
swelling + 0 0 0 0 0 0 0 4
vacuolization + 2 1 2 3 0 1 0 1
focal necrosis + 3 0 1 0 0 0 0 0
+ 1 0 1 0 0 0 0 0
microgranuloma + 0 1 0 0 0 0 0 1
brown pigment deposition + 2 0 0 0 0 0 0 0
cystic degeneration * 1 0 1 0 0 0 0 0
(Glisson’s sheath)
bile duct proliferation + 3 3 5 2 1 1 2
cell infiltration + 1 2 0 2 2 0
(sinusoid) +
congestion + 0 0 0 0 0 0 0 1
extramedullary hematopoiesis + 0 0 1 0 0 0 0
Kidney
(tubules)
eosinophilic body + 3 1 1 4 0 0 C: 0
+ 2 4 4 1 0 0 0 0
basophilic change x 3 2 2 3 1 0 2 1
+ 2 3 3 2 0 0 0 0
hyaline cast + 3 1 4 1 3 2 4 4
+ 1 0 0 4 0 0 0 1
thickening of basement membrane =+ 3 4 1 3 0 0 0 1
brown pigment deposition + 5 S 5 5 5 5 5 5
calcification + 0 0 1 0 2 0 1 1
(interstitium)
cell infiltration + 2 3 3 3 0 0 1
fibrosis + 0 0 1 0 0 0 0 0

+: slight, +: mild, -+ marked.
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Table 7. Histopathological findings for rats fed a diet containing IBBMP for 18 months.

Organs Sexes Males Females
Findings Dose (ppm) 0 100 500 1500 0 100 500 1500
No. of animals examined 19 16 17 17 16 19 18 19
Liver
(liver cell)
carcinoma 1 0 0 0 0 0 0 0
adenoma 1 0 2 0 1 -0 0 1
clear cell foci x 0 1 1 0 3 2 1 1
+ 3 3 3 4 1 2 1 2
basophilic foci + 0 0 1 1 2 2 2 0
+ 4 4 4 2 3 3 2 3
vacuolated cell foci * 0 1 0 1 0 1 1 0
+ 2 2 ! 1 2 2 1 2
vacuolization + 10 7 12 15 2 0 2 1
+ 4 I 0 0 3 0 0 5
++ 0 1 0 0 0 0 0 1
focal necrosis + 3 1 3 3 5 3 0 2
++ 0 0 0 0 0 0 .1 0
swelling + 1 0 0 0 0 1 0 9
+ 0 0 1 -0 0 0 0 1
cystic degeneration + 2 3 1 0 0 0 D 0
microgranuloma + 0 2 1 0 0 0 0 3
focal fibrosis + 1 0 0 0 0 0 0 0
(Glisson’s sheath) .
bile duct proliferation + 9 1 2 3 9 13 13 8
+ 10 13 14 14 0 1 1 2
++ 0 2 1 0 0 0 0 0
cell infiltration + 6 5 1 4 5 9 13 6
+ 0 0 0 0 0 0 0 2
(sinusoid)
mononuclear cell increase + 0 0 0 0 1 0 0 0
...................... o 1 1o 0.0 0 0 S
Kidney
(tubules)
hyaline cast + 9 4 2 2 10 14 7 7
+ 8 8 12 10 3 2 9 8
++ 2 3 3 5 0 0 2 3
-+ 0 0 0 0 0 0 0 1
dilatation + 0 0 0 0 5 1 2 0
+ 1 0 0 0 0 1 3 2
++ 0 0 0 0 0 0 0 2
basophilic change * 7 3 5 3 3 5 0 3
+ 10 11 11 11 0 0 , 0 1
++ 1 0 0 3 0 0 0 0
basement membrane thickening + 12 7 3 1 7 7 11 8
+ 3 6 10 14 0 0 2 3
++ 0 3 3 2 0 0 0 1
brown pigment deposition + 12 13 13 8 11 10 7 5
+ 3 1 2 4 1 1 2 4
calcification + 0 0 0 0 2 3 4 3
dysplasia tubule + 0 0 0 1 0 0 0 0
(glomerulus)
Bowman’s capsule thickening + 10 9 3 6 1 1 1 0
+ 2 5 10 10 0 0 0 1
++ 0 0 2 0 0 0 0 0
(interstitium) :
cell infiltration + 12 11 7 5 5 8 11 5
+ 2 4 10 12 0 0 1 4
++ 0 0 0 0 0 0 0 1
focal fibrosis - 0 0 0 2 0 0 2 0
+ 1 3 3 0 0 0 0 1
++ 0 0 1 0 0 0 0 1
congestion + 0 0 0 0 0 1 0 0
(pelvis)
transitional epithelium hyperplasia  + 1 0 0 0 0 0 0 0
neutrophilic cell infiltration + 1 0 0 0 0 0 0 0
+: slight, +: mild, ++: marked.
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lar epithelium in the rat, also has an uncoupling effect
on isolated liver mitochondria (Martinez, 1992) and
sperm mitochondria (Breitbarter al., 1989). Therefore,
we speculated that the uncoupling action of MBEBP
and MBMBP would play an important role in the
observed testicular toxicity. In the present toxicity
tests, suppression of body weight gain and testicular
toxicity were not observed. The results suggest that
IBBMP would not be an uncoupler on mitochondria. In
the subchronic study, there were increased serum Na
levels in males and increased Hb, MCH and MCHC
levels in females. However, these effects were not
observed in the chronic toxicity test. Although the rea-
sons were not clear, adaptation may be induced in the
chronic toxicity test. In chronic toxicity test, basophilic
change, thickening of basement membrane in renal
tubules were observed in 1500 ppm males at 6 months.
At 18 months, dose-dependent increase in thickeness

of basement membrane of renal tubules and Bowman’s
capsule and cell infiltration to the interstitium of kid-
ney were observed in males. The mechanisms of neph-
rotoxicity are unknown. We have previously reported
that MBEBP treatment for 18 months caused degener-
ated changes of kidney in male rats (Takagi et al.,
1996). In this study, increased tendency of eosinophilic
body in renal tubules in the 1500 ppm males was
observed at 6 months. Therefore, it is suggested that
the accumulated eosinophilic bodies may play a role in
the nephrotoxic effects. However, increased incidence
of hyaline cast in females suggests that not-only eosi-
nophilic body accumulation but also other mechanisms
would play an important role in the nephrotoxicity.

In conclusion, from the chronic toxicity test
results, the no-observed-adverse-effect level (NOAEL)
for IBBMP was estimated to be 100 ppm in the diet
(4.26 mg/kg BW/day) in female rats on the basis of

Table 8. Statistical analysis of the histological findings in rats fed a diet containing IBBMP for 18 months.

Organs Months Sexes Males Females
Findings Dose (ppm) 0 100 500 1500 0 100 500 1500
Liver
(liver cell)
swelling 6 n.s. 1n.s. ns. o ns. ns. ns. n.s.
swelling 12 n.s. ns. ns. ns. ns, n.s. n.s. *
Kidney
(tubules)
basopilic change 6 ns. ns. ns. * n.s. ns. n.s. n.s.
hyaline cast 18 n.s. n.s, n.s, * n.s. n.s. * *
basement membrane thickening 6 ns. ns. n.s. * Is. ns. n.s. ns.
basement membrane thickening 18 n.s. s R o 1. ns. ns. s,
Bowman’s capsule thickening 18 ns. n.s. o ok n.s. ns. n.s. ns.
(interstitium)
cell infiltration 18 1.8, ns. sl *o 1.8. ns. * 1LS.

Statistical analysis was conducted by Fisher’s exact probability test or Mann-Whitney U test: *p<0.05, *¥p<0.01,

n.s.: not significant.

Table 9. Comparison of toxicity for IBBMP, MBEBP, MBMBP and BHT in rats.

Hemorrhage Testicular toxicity Nephrotoxicity
IBBMP a No No Yes
MBEBP b No Yes Yes
MBMBP ¢ Yes Yes No
BHT d Yes No No

a: Present study

b: Takagi A. et al, (1992), Takagi A, et al. (1996) .
c: Takagi A. et al. (1994)

d: Takahashi O. er al. (1981), NTP (1979)
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increased incidence of hyaline cast in renal tubules at
500 ppm. On the other hand, in males, only the lowest-
observed-adverse-effect level (LOAEL) was given as
100 ppm (3.84 mg/kg BW/day) on the basis of induc-
tion of thickening of basement membrane in renal
tubules at 100 ppm.
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Screening of Endocrine Disrupting Chemicals Using
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Because concern over endocrine disrupting reactions caused by chemicals to humans and animals is growing, a rapid and
reliable screening assay for endocrine disrupting chemicals is required. We have developed an in vitro screening assay
based on a hormone receptor mechanism using a surface plasmon resonance (SPR) sensor. The interaction between an
estrogen receptor ¢ (ER) and an estrogen response element (ERE) is monitored in real time, when ER is injected over the

SPR sensor chip on which a DNA fragment containing ERE is immobilized.

In the presence of a chemical with

estrogenic activity, the ER-ERE interaction is enhanced and the kinetic parameters are altered. We have validated the
assay in terms of its specificity, dose dependency, optimal reaction conditions and reproducibility. It has been shown that
the assay is very reliable as a rapid and quantitative screening method to judge the estrogenic activities of chemicals.

Introduction

Recently, concern has grown that some chemicals, such as
organic chloride insecticides, plasticizers and detergents can
cause endocrine disrupting effects to wild animals and humans.!
Many of them are supposed to pose endocrine disrupting
activities through direct interaction with the hormone receptors,
such as estrogen receptor, thus modifying or inhibiting the
physiological hormonal activities.? Chemical safety is
evaluated by a set of the toxicological tests, such as
carcinogenicity, teratogenicity, mutagenicity, reproduction tests.
However, they have limitation to evaluate the chronic toxicity
of chemicals. Moreover, the mechanisms of the endocrine
disrupting activities are yet to be elucidated and the test
methods to evaluate the effects are not well established.?

Several test methods have been reported to detect the
endocrine disrupting activities caused by hormone receptors, ie.
competitive receptor binding assay, a cell growth assay using
breast cancer cells expressing the estrogen receptors (MCF7),?
cell-based reporter assay,® an in vivo rodent uterotrophic test,57
and a vitellogenin assay using medaka fish (Oryzias latipes).?
Many of these methods require a long time to obtain results.
Furthermore, the endocrine disrupting activities can not always
be detected when the chemicals are administered to the animals
due to physiological regulations concerning the anirnal bodies.
It is not easy to detect the hormonal effects of chemicals. The
existing toxicological methods are not always the best way to
detect the effects which have the feedback mechanism or the
effects via the recepiors. Therefore, a novel approach is sought
for the rapid assessment of the endocrine disrupting activities of
the chemicals. .

The hormone receptors are the ligand dependent transcription
factors. For example, estrogen receptor (ER) changes its

t To whom correspondence should be addressed.

This is an English edition of the paper which won the Best
Paper Award in Bunseki Kagaku, 2002 [Bunseki Kagaku, 2002,
51(6), 389].

conformation upon binding of the endogenous ligand, estrogen,
and binds to the specific sequence of the DNA located upstream
of the target genes and activates transcription of the genes (Fig.
1). Many chemicals with diverse structures have been reported
to have estrogenic activities. Due to the variety of the structure,
it is unlikely that all the chemicals act with the same
mechanism. Each chemical may pose a different regulatory
effect on the gene expression.’

Recently, a surface plasmon resonance (SPR) sensor is
emerging as a novel analytical instrument.” The SPR sensor
has features that it can monitor molecular interaction without
labeling the molecules in real time. It is, therefore, suitable for
high throughput screening assays. Compared to the existing
technologies which monitor the binding amounts at the end of
the interactions, the SPR sensor is unique to be able to detect
the processes throughout the association and the dissociation of
the interaction. This feature enables detailed analyses of
chemical effects to receptors.

We have established a cell free screening assay focusing on
the hormone receptor mechanism as a high throughput
screening method for the endocrine disrupting chemicals. In
order to measure the interaction of the biological molecules
using the SPR sensor, one of the test molecules is immobilized

i-RNApolymerasa Il _

.

Estrogen
roceptor

DNA

fsvtsuenuuasuagy
Transcription

Fig. 1 Functional mechanism of the estrogen receptor in gene
regulation.

-214-



612

chemlcal

Double strand ERE

streptavidine (SA)
Dextran layer

Flowcetl 1 {blank cell) Flowcell 2

SA sensorchip

Fig. 2 Scheme of the ER-ERE assay with an SPR sensor.

on the sensor chip surface and a solution containing the other
molecule is passed over the sensor surface at a constant flow
rate through the microfluidics. A small mass changes, resulting
from the binding and the dissociation of the two molecules on
the sensor surface is monitored as SPR signals. The time course
of the changes in the SPR signals is displayed as a curve called
a sensorgram. Unlike from the conventional technologies, the
SPR sensor can measure the interactions using a small amount
of non-labeled samples within a short time. With regard to the
interaction of the molecules, the SPR sensor can give not only
the affinity of the two molecules at the equilibrium (as the
dissociation constant, Kp or the affinity constant, K4) but also
the information on two molecules binding or dissociation
velocity, namely the association rate constant (k,) and the
dissociation rate constant (kg).

We have designed an assay to monitor the interaction of
estrogen receptor & (ER) and the estrogen response element
(ERE)"! that is located in the promoter region of the estrogen
target genes by immobilizing the DNA fragment containing the
ERE sequence on the sensor chip and injecting purified ER over
the sensor chip (Fig. 2). Thirty chemicals were tested for the
estrogenic activities.

Experiments

Reagents and instruments

Reagent. Tricine, CaCl,, MgCl,, KOH, Tween 20, NaOH and
HCI were purchased from Nacalai Tesque and DMSO from
Sigma. Estrogen receptor (ER) was purchased from PanVera.
ER was aliquoted into 5 ptl and stored at —-80°C. Biotinylated
estrogen response element (ERE) DNA  (5-biotin-
icgagcaaagtcaggtcacagtgacctgatcaat-3") ,of viterogenin gene and
the anti-strand DNA have been synthesized by Nisshinbo. The
synthesized oligomers were diluted with MilliQ water to 1
mg/ml and stored at -20°C. The running buffer for Biacore
3000 was prepared by filtering a solution of 25 mM Tricine, 160
mM KCl, 5 mM MgCl, (pH 7.8), 0.05% Tween 20.

Instrument. The assay was performed using Biacore 3000
(Biacore AB), the heat block (EYELA) and the circulator
(Asone). Sensor chip SA (Biacore AB) was used. Through the
assay, the sample rack of Biacore instrument was cooled to 4°C
by connecting the circulator to the instrument and the reaction
was run at 25°C.,

Operation

Immobilization of biotinylated ERE. For the immobilization of
biotinylated ERE to the sensor chip, a streptoavidin
preimmobilized sensor chip (Sensor chip SA) was set to the
Biacore 3000 instrument and the instrument was equilibrated
with running buffer. In order to stabilize the sensor surfaces,
100 mM NaOH and 50 mM HCI were injected for 30, 5 times.
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Fig. 3 Dose-dependent responses of E2.

After checking the baseline stability, we performed
immobilization of the biotinylated ERE. Biotinylated ERE (1
mg/ml) was diluted hundred thousand times with the running
buffer. Then, 100 ul of the ERE solution was heated in boiling
water for 5 min and chilled rapidly to denature the biotinylated
ERE. The solution was injected over the sensor surface to
immobilize approximately 60 RU onto the SA sensor chip
surface. Then, the complementary ERE (1 mg/ml) was diluted
to 100 times with the running buffer and denatured by the same
method. This solution was injected for 2 min over the sensor
surface where the biotinylated ERE was immobilized to form
double stranded ERE on the surface. Biotin (1 pg/ml) was
injected to block free SA on the sensor surface. A separate flow
cell was used as a blank cell on which only biotin was
immobilized.

Preparation of the test chemicals. Each chemical was dissolved
with 100% DMSO to make 0.1 M stock solution, and stored at
—80°C. Immediately before the assay, 1 ul of the stock solution
was diluted 500 times using the chilled running buffer. Also ER
stock solution was diluted to 40 nM using a chilled running
buffer. A 50-pl volume of the ER solution and 50 pul of the
chemical solution of each concentration were mixed to give
final concentrations of 20 nM ER and 10 4M to 1 nM of the
chemical. The samples were kept at 4°C in a sample rack to
maintain the ER activity, 178-Estradiol was used as a positive
control. First, we prepared the various concentration of 17-
estradiol (1 uM to 1 nM) and measured the binding of ER to
ERE (Fig. 3). As the binding activity of ER to ERE was
plataued over 100 nM 17 B-estradiol, we decided to use 100 nM
17B-estradiol as a positive control in the following experiments.
We also prepared a negative control solution which did not
contain any chemicals. After the preparation of samples, the
samples were treated at 37°C, 5 min and rapidly cooled. The
samples were then set on the sample rack for measurements.
Assay of ER and ERE. The prepared samples were injected for
2 min at a flow rate of 20 Wl/min over the immobilized ERE and
the blank flowcell. Injection command of “kinject” was used
and the dissociation phase was monitored for 2 min. The
“kinject” command is one of the injection commands specially
designed for the kinetic analysis in the Biacore instrument.
Upon injecting the samples using “kinject” command, the
sample solution was clearly separated by two air plugs at the
both ends of the sample solution from the running buffer in
order to prevent the sample solution from being diluted by the
running buffer. " The command is also designed to monitor
dissociation of the bound molecule without being disturbed by
the movement of the injection needle for the set period of time.
After monitoring the binding and dissociation, 100 mM NaOH
and 50 mM HCI were injected 30 s each for regeneration of the
sensor surfaces. All the measurements were run automatically.
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Fig. 4 Data evaluation of chémical screening.

Data evaluation

A set of the assay consisted of 5 concentrations of the test
chemical, a negative confrol (no chemical) and a positive
control (100 nM 17-estradiol). The results were compared as
the ratio to the positive control (% activation). ER was unstable
and lost its binding activity to ERE during the assay period in
spite of optimizing the assay conditions. We have developed an
assay design to correct for any loss of the binding activity of ER
over time. A positive control cycle and a negative control cycle
were tun at the beginning and the end of the assay. The binding
responses were recorded. Based on the rate of loss in the
positive and negative control samples, the binding responses of
the positive and negative controls for each cycle were
calculated. The enhancement of ER binding by the test
chemical was expressed as the ratio to those by the positive
control of 100 nM 17B-estradiol, namely as a relative activation
(% activation) using the formula and the corrected binding
signals, as shown in Fig. 4.

Results

Validation of the ER-ERE assay using Biacore

In order to confirm the significance of the ER assay, the
binding of ER to ERE was tested with a varying concentration
of ER. The binding signals increased in relation io the
increasing concentrations of ER. ER did not bind to the sensor
surface where no ERE was immobilized (Fig. 5). A | uM
volume of BSA did not show any significant binding to ERE
surfaces (Fig. 6). These observations indicate that the assay
monitors the specific binding of ER to ERE. Comparing the
results with 10, 20 and 40 nM ER, we often observed relatively
low binding signals with 10 nM ER. Higher binding signals
were obtained by adding a final concentration of 1 UM BSA to
10 nM ER. Due to the low protein concentration, ER was lost
by absorption to the surfaces of the plastic vials and tips and the
actual concentration of ER became lower than 10 nM. Based on
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Fig. 7 Reproducibility of the ER-ERE assay.

those results, we decided to run the following assays with the
tinal ER concentration of 20 nM.

It is important to regenerate the sensor surfaces to achieve
reproducible results in the Biacore assay. We have repeated 30
cycles of the assay (Fig. 7a) and monitor the end point levels
(Fig. 7b). It was confirmed that the sensor surfaces were
properly regenerated and the assay showed high reproducibility.
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Bisphenot A each control. We calculated the relative activation (%
100 activation) using the formula shown in Fig. 4 for 30 chemicals.
" Based on the values of % activation at 100 nM of each
chemical, chemicals could be classified into three groups (Fig.
60 9): the chemicals-that showed more than 50% of the activation
o TN ) 0 »
g . as “high responders”, those with 20 - 50% as “low responders”
‘§ and those less than 20% as “non-responders”. The results
L) ~ obtained with two independent sets of screening were
‘// summarized in Table 1. 28 out of 30 chemicals showed the
o — — e oo same results in the first and the second screening. 17-Estradiol

concentration iV

Fig. 10 Results of Bisphenol A.

The difference in the end point level was within 4 RU and the
annealing level of anti-ERE was kept constant at around 25 RU
throughout 30 cycles (Fig. 7¢). We tested the reproducibility by
repeating positive and negative controls for 16 cycles. It was
shown that the results were with high precxslon with a CV%
value of 4.68%, as shown in Fig. 8.

Screening results of 30 chemicals

We tested 30 chemicals to check the dose-dependent
activation of the ER binding. One cycle of the assay took 15
min and the screening of one chemical was completed with 9
cycles in 2.5 h, including 5 different concentrations of the test
chemicals, the positive and negative controls repeated twice for

and its derivatives were classified to “high responders”, while
male hormones (progesterone) were ‘“non-responders”.
Bisphenol A which is regarded as one of the endocrine
disruptors, was classified among “low responders” (Fig. 10).

Furthermore, the differences in the effect of the chemicals on
the ER binding activities were observed in the different shapes
of the sensorgrams among those of 17-estradiol, bisphenol A,
17a-estradiol, diethylstilbestrol  (DES), tamoxifen and
progesterone (Fig. 11). We have plotted the binding level at the
end of the injection of ER in the presence of 1 UM of the test
chemical (Y axis) versus the binding stability 2 min after the
end of the ER injection (X axis), as shown in Fig. 12. We found
that the agonists and the antagonists had significantly different
patterns. The antagonists (such as tamoxifen) had a tendency to
stabilize the binding of ER to ERE. The assay using Biacore
indicated the possibility not only to detect the estrogenic
activities of the chemicals, but to distinguish the antagonists
from the agonists.
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Table 1 Results of ER-ERE screening with SPR sensor
No. CAS No. Name Ist Screening  2nd Screening
1 000050-28-2 Estradiol H H
2 000057-91-0 Estra-1,3,5(10)-triene-3,17-diol (17c) > H H
3 000053-16-7 Estrone H H
4 000057-63-6 19-Nor-17-alpha-pregna-1,3,5(10)-trien-20-yne-3,17-diol H H
5 000362-05-0 Estra-1,3,5(10)-triene-2,3,17-beta-triol H H
6 000362-07-2 Estra-1,3,5(10)-triene-8,17-diol, 2-methoxy-, (175)- L L
7 000068-224 19-Nor-17-alpha-pregn-4-en-20-yn-3-one, 17-hydroxy- L L
8 000063-05-8 Androst-4-ene-3,17-dione N N
9 000057-83-0 Progesterone N N
10 000501-24-6 3-Pentadecylphenol N N
11 005153-25-3 Benzoic acid, 4-hydroxy-, 2-ethylhexyl ester N L
12 001034-01-1 Gallic acid, octyl ester N N
13 006807-17-6 4,4'-(1,3-Dimethylbutylidene) bisphenol L L
14 027955-94-8 Phenol, 4,4',4"-ethylidynetri- . N N
15 000081-92-5 Benzenemethanol, 2-[bis(4-hydroxyphenyl)methyll- L L
16 000081-90-3 o-Toluic acid, .alpha.,.alpha.-bis(p-hydroxyphenyl)- N N
17 000978-86-9 4-(Triphenylmethyl) phenol L L
18 062625-31-4 Phenol, 4,4-(3H-1,2-benzoxathiol-3-ylidene) bis 3-methyl-, §,S-dioxide, N N
monosod
19 005384-21-4 Phenol, 4,4-methylenebis[2,6-dimethyl- L L
20 005613-46-7 2,6-Xylenol, 4,4 -isopropylidenedi- L L
21 000084-16-2 Phenol, 4,4"(1,2-diethylethylene)di-, meso- H H
22 000084-17-3 Phenol, 4,4"-(diethylideneethylene)di- L H
23 56-53-1 diethylstilbestrol : H H
24 006893-02-3 Alanine, 3-(4-(4hydroxy-3-iodophenoxy)-3,5-diiodophenyl)-, L- N N
25 000500-38-9 Nordihydroguaiaretic acid N N
26 023239-51-2 Benzyl alcohol, p-hydroxy-alpha-(1-((p-hydroxyphenethyl)amino)ethyl)-, N N
hydrochlo
27 001050-28-8 L-Tyrosine, N-L-tyrosyl- N N
28 000145-50-6 1(4H)-Naphthalenone, 4- .alpha.-(4-hydroxy-1-naphthyl)benzylidene - L L
29 000446-72-0 Genistein L L
30 000080-05-7 Bisphenol A L L

H, High responder; L., low responder; N, non-responder.
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Fig. 12

Binding level vs. binding stability plot.

Discussion

We established a cell free screening method while focusing on
the mechanism of the hormone receptor using a surface plasmon
resonance sensor. We developed an assay method to detect
estrogenic activities of the chemicals with changes in the
binding level of ER to ERE by preincubating the chemicals with
ER.

It was also suggested that the agonitst and the antagonists had
different effects on the interaction of ER and ERE from an
analysis of the binding level of ER during the association and
dissociation processes. With the conventional end point assay
used to monitor only the binding signals, it was impossible to
distinguish the agonists from the antagonists. The real time
analysis, which is the main feature of the surface plasmon
resonance sensor enabled the classitication of the agonists and
the antagonists. When running the cell based hormone assay, it
must be taken into account any unexpected effects of the
chemicals to the other components than the receptors of the
cells. On the other hand, the cell free assays simply show the
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