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Abstract.

The present study aimed to study the carcinogenic and carcinogenic modifier
(promoter or initiator) effects of butachior, a herbicide which is structuraily similar to
alachlor, a known carcinogen in animal by medium-term liver bioassay. Medium-term
liver bioassay is primarily based two-step carcinogenesis hypothesis by using
diethylnitrosamine (DEN) as initiator and testing whether a test compound is a complete
carcinogen, tumor promoter or inhibitor. The end point marker is glutathione-S-
transferase placental form (GST-P) positive foci in the preneoplastic nodule. Male
Wistar rats of 6-week old were randomly allocated inte 3 groups. Forty rats received
intraperitoneal DEN (200 mg/kg body weight) in day O and butachlor {(1/10 LD.,) by
gastric lavage daily from day 14. Forty rats were given DEN and the other 10 were
given test chemical alone at the same dose and route. All rats were 2/3 partially
hepatectomised at day 21 and then killed at the end of week 8. The liver tissues were
immunohistochemically stained with antibody to GST-P. Carcinogenic, promoting or
inhibitory potential was assessed based on the difference in number and area of GST-P
positive foci in the liver section of treated group and those of control groups by Student’s
t-test. Inhibitory effects were seen in the group receiving DEN followed butachlor. Rats
receiving DEN and butachlor significantly reduced the area of GST-P positive foci at p
<0.01 and 0.05 of the focal size larger than 0.1 and 0.2 mm. respectivelty. However,
the reduction in number of both focal sizes was not significant. No positive foci were
developed in the group fed with butachlor alone. These findings suggest that butachlor in
this condition does not possess the hepatocarcinogenic and promoting potential in rat. In
contrast, it has a weak inhibitory effect of GST-P positive foci induction but the actual
mechanism is not known. Detailed study of the mechanism is needed. In addition,
further investigations of the carcinogenic, promoting and inhibitory potential of

monocrtoophos on other organs are required.

Introduction:

Herbicides are used world-wide including in Thailand. Demands of herbicides
are remarkedly high and increasing every year. in 1991, it was estimated that herbicide
constituted 45% of global production of pesticide (2,100 thousand metric tons).‘
However, the actual use compared to calculation may be underestimated. There are

direct hazards towards the farmers by direct exposure to the chemicals and indirect
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hazards for the consumers by consumption of the contaminated products and by living in
such a contaminated environment. Therefore, it is essential to assess the risk factors of
the herbicides to the population in this country by screening the carcinogenic and tumor

promoting potentials.

Criteria used to select the herbicide in this experiment were : 1) evidence of
toxicity described in the literature; 2) widespread use and 3) structure similar to the
known carcinogen. According to the criteria mentioned, butachlor was chosen and its
carcinogenic and promoting activities in rat liver carcinogenesis by medium-term liver
bicassay were investigated.

Butachlor, N-(butoxymethyl)-2-chlore-N-(2-4diethylphenyl) -acetamide, is a
systemic herbicide which is used widely for weed control in Thailand.2 Its chemical
structure is similar to alachlor (Fig.1), a known-carcinogenic herbicide feund in several
organs of rat and rrnouse.:M Genotoxic data of butachlor obtained from short-term tests
are available.5'6 The carcinocgenic evidence was observed in a two-year butachlor
exposure. Butachlor induced poorly differrentiated gastric carcinoid in Sprague Dawley
(SD) rats when high doses {3,000 ppm) were added to their diet and marginally
effected females.7 The mechanism responsibie fer this butachlor-induced tumor was
through the hormonal effect involving stimulation of cell turnover driven by progressive
fundic cell atrophy and hypergastrinemia. It thus indicated that the hormonal mediated
butachlor-associated tumor was indirect pathway.a

The purpose of this study was to investigate whether butachlor is a carcinogen or
a carcinogenic modifier (promoter or inhibitor) on liver carcinogenesis by medium-term

liver bioassay.

Materlals & Methods:

Chemicals: Diethylnitrosamine (DEN) was purchased from Sigma and butachlor {purity
98% ) was gifted from the Monsanto Company, Thailand. Antibody to GST-P was from
the Medical Biclogical Laboratory (Japan). Dose of butachlor used in this study was
preliminarily tested regarding the highest dose of LD, which the rats could tolerate. The
LDy, of butachlor is 200 mg/kg/day and the selected dose was 1/10 LD.,. It was
dissolved every two days in corn oil and kept in a dark brown glass bottle in a coel place
or refrigerator.

Animals and treatments : The experimental protocol is shown in Figure 2. A total of

90 male Wistar rats, 5 weeks-old, were obtained from The National Animal Laboratory



Center at Salaya, Mahidol University. They were given basal diet and water ad libitum
during one week of acclimatization and then were randomly divided into 3 groups. There
were 40 rats in groups 1 and 2 and 10 rats in group 3. All rats were housed in group
of 5 per cage in an air-conditioned room at 24-9-200. After one week of acclimatization,
the rats in group 1 were given a single intraperitoneal injection of DEN (200 mg / kg
body weight) at day O and butachlor by gastric lavage daily from day 14. All rats were
subjected to 2/3 partial hepatectomy at day 21 and then killed at the end of week 8.
Immediately upon killing, the liver were excised, weighed and then sliced into 4 pieces
of 2-3 mm. thick. Three of them were immediately fixed in ice-chilled acetone for GST-
P positive foci demonstration, anather one was fixed in 10% neutral buffered formalin
for hematoxylin and eosin (H&E) stain. Both kidneys were also removed, weighed and
then fixed in 10% neutral buffered formalin for histologic examination.

Histological examination and Immunohistochemistry: Histologic examination of the
liver and both kidneys were viewed from H&E stain. GST-P positive foci staining was
performed as previously descrit:’ed.9 Briefly, the acetone-fixed liver sections were
deparaffinized, rehydrated and treated sequentially with normai goat serum, rabbit anti
GST-P (1:6,000), biotinylated goat anti rabbit Ig G (1:400) and avidin-biotin
peroxidase. Sites of antigen antibody reaction were visualized by diaminobenzidine
(DAB). Sections were then lightly stained with hematoxylin for histologic examination.
The number and area of GST-P positive foci were measured by a color video image
processor (model VIP-21C. Olympus Co., Japan). Measurement of GST-P positive foci
is usually performed to measure the foci > 0.2 mm in diameters because they are clearly
seen from a light microscope. In case when foci < 0.2 mm in diameter are more
predominant than those > 0.2 mm in diameter both of them could be counted in order to
test which focal size is significantly different from the control values.

Statistical Analyses. The carcinogenic and promoting effects were assessed based on
the difference in numbers and areas of GST-P pasitive foci in the fiver sections of the
treated group versus the control group by Student’s t-test. An enhancement or

inhibition of hepatocarcinogenesis was considered a strong effect when the p-value
was |ess than 0.05 of both numbers and areas of GST-P positive foci. Similarly, a
borderline or a weak result determined the same p-value either in the numbers or areas.

The negative result was justified when there was no or non -significant increase or

decrease of both numbers and areas.



Results:

The survival, body, liver and kidney weights in this study are shown in Table 1.
Four rats died after partial hepatectomy procedure. Macroscopic examinations during
autopsy did not reveal any particular lesions. Mean final body welght of rats in the
treated and control groups were 329.41+24.44 g. and 376.20+23.11 g. respectively.
It was significantly lower in body weight of treated grooup compared to the control
values at p< 0.000. In contrast, means of the liver and kidney weights were increased
compared to the control group. However, the liver welght was not statistically significant
(p= 0.08) but the kidney weight was {p< 0.0025).

Histological examination of the liver and kidney did not display any particular
changes. In the liver, there was no cloudy swelling, fatty change, fibrosis or congestion
except for, GST-P positive foci. However, these focl were not clearly seen in H&E stain
compared to the immunohistochemical cne. They were easily recognized only through
the foci larger than 0.2 mm in diameter at 400 x magnification. Regarding the kidney,
some of them showed red blood cells in glomeruli ang mild dilatation of pelvis. No other
pathologic evidences were noted.

Numbers and areas of GST-P positive foci per unit area of the liver section are
summarized in Table 2. Rats receiving DEN and butachlor significantly reduced the area
of GST-P positive foci at p<0.01 and 0.05 of the focal size that have the diameters
larger than 0.1 and 0.2 mm. respectivelty. However, the reduction in number of both
focal size was not significant. GST-P positive foci were not present in group fed with
butachlor atone. Of interest was the prominence of the single cell GST-P positive and
mini foci in the treated group. The mini focus was defined as any focus containing 2-5
cells positive for GST-F’.10 Usually, the measurement of GST-P positive focl is
performed to measure the foci larger than 0.2 mm. in dlameters because It is clearly
seen from a light microscope. However we can count the foci less than 0.2 mm in
diameter if they are prominent in order to test of which focal size is significantly different
from the control values. Thus, the measurements of GST-P positive foci in this

experiment were performed of both foci larger than 0.1 and 0.2 mm. in diameters as

shown in Table 2

Discussion

The demands of herbicides are increasing in Thallanc:i.2 Both workers in the

industrial or agricultural fields and the general population are at risk to expose to



herbicides in foods or a contaminated environment. Evaluation of carcinogenic and
promoting potentials of herbicide, therefore, is clearly important for risk estimation in
human beings. To achieve this purpose, the methed used should be considered carefully
in terms of reliability, rapidity, cost and practicality. The medium-term liver bicassay was
selected to fulfill those criteria. This method is based on two-step model of
hepatocarcinogenesis, by administrating DEN as an initiator to initiate the liver
carcinogenesis and testing whether a test chemical is a promoter or an ir1hibitor.1 e
The end point marker is GST-P positive foci induction in the liver. This marker was
proved to be the most reliable marker for both genotoxic and non-genotoxic
hepatocarcinogens.la Furthermore, it is comparable with the end point marker of the
long-term test.

Resuits from the present study demonstrated that rats fed with DEN and
butachlor did not significantly enhance GST-P positive foci induction compared to the
control values. In contrast, it reduced both number and area of foci but only the area
was statistically significant from the control value at p< 0.05 and p< 0.01 of foci larger
than 0.1 mm and 0.2 mm respectively. It thus, indicated that butachlor in this condition
piayed the role as an inhibitor. Though it was weak in effect since it did not reduce both
the number and area of GST-P positive foci significantly from the control groups.
However, the mechanism of inhibitory effect was not determined and required further
investigation.

This finding is an unexpected outcome since several data obtained from
genotoxicity in short-term test and carcinogenicity in long-term test demonstratred that
butachlor was mutagenic5'6 and carcinogenicT'a Moreover, its chemical structure is
similar to alachlor, a known carcinogen causing tumors of the thyroid, stomach and
nasal cavity in rats and lung tumor in mice.a'4 In adddition, The Environmental Protection
Agency (EPA) stated that alachlor was the possible human carcinogen‘1 and taking into
account with the documentations of IAF!CHS and the U.S. National Toxicology Program
(NTP)1 ! pointed out that 60% of any organ carcinogens are liver carcinogens.
Theretore, butachlor was suspected to be the carcinogen or tumor promoter as well.
However, in the present study butachlor exerted a different action of those previous data.
Though butachlor is sometimes regarded as alachlor analogue since their chemical
structures are similar (see Fig. 1) but the action of butachlor was different from alachlor
in this condition. To our knowledge, so far, detailed results for experiment with intact

animal regarding the inhibitory effect of butachlor on liver carcinogenesis was not



present. The present investigation thus provides a new information of the inhibitory
action of butachlior in liver carcinogenesis model.

The mechanism responsible for the inhibitory effect of butachlor on GST-P
positive foci induction in this study was not clear. Qu and Lin " found that there were
several metabolites of butachior in Long-Evans rat and the major one was butachlor
glutathione conjugate (BGSC). BGSC was formed by the conjugation between butachlor
and glutathione by the catalytic action of glutathione-s-transferase(GST). This occured
mainly in the liver cells. As known, GST has an important function to catalyse the
conjugation between reduced glutathione (GSH) with xenobiotic substances both
generated from endogenous and exogenous sources. The reaction takes place in order
to protect cells from those cytotoxic eﬁ‘ects.1g In mammalis, including human, GST family
are identified at teast 4 distinct classes: alpha, mu, pi and theta. 2 GST-P is classified
into pi class and it has very small proportion in the detoxification process in the
physiclogic condition.21 Therefore, the expression of GST-P in the liver preneoplastic
and neoplastic cells may be unrelated to detoxification activity but it is recognized as a
preneopiastic and neoplastic rnarkers.21 In fact, its expression is not fully unde-rstood.21
Since the result of Qu and Lin‘a did not specify exact class of GSTs so that it was not
certain whether butachlor was converted to intermediate metabolite by GST-P. In
according to the limited data of interaction between butachlor and GST-P. In this case,
butachlor possibly acted as an inhibitor of GST-P focus formation by the conjugation
process and GST-P may play the major role in the reaction resuiting in reduction of
number and area of GST-P positive foci in treated group study.

Recently, there were reports demonstrated that GST-P expression in putative
initiated hepatocyte was controlled by some regulators during rat hepatocarcinogenesis.
For instances, the positive regulator is a transcription factoer AP-1, a compiex of ¢-jun
and c-fos oncoprotein ?% and the negative regulator is SF-B (silence factor—B).23 In
addition, Tamai’s group found that GST-P was inactivated by cystine residues while
other forms of GSTs were not 2 These evidences are conceivabie that transcription and
expression of GST-P are regulated by multiple factors. The inhibitory effect of butachtor
might be due to its interaction with those factors or pathways involving in GST-P
transcription and expression. Detailed study is needed in order to elucidate the exact
mechanism.

The presence of prominent single ceil GST-P positive foci and mini foci in the

treated group compared to the control group was observed. However, the numbers of



GST-P single cell positive and minifoci were not quantitated according to the limitation
of computer software. These lesions have been shown to be induced by an initiator but
not a promoter and they are deserved as “initiated cell” or “precursor cell”. e They can
be detected at the earliest period at 48 hours25 and for longer period, up to 37 weeks
after single dose administration of hepatocarcinogen e.g., DEN, aflatoxin.26 .These small
foci finally progress to hepatocellular <:arcinorn.:-1.15 Thus the higher number of GST-P
positive single cell and mini foci observed in treated group more than the control group
probably supported the evidence of the inhibitory effect of butachlor.

To clarify the carcinogenic, promoting or inhibitory effect of butachlor other than
the inhibitory mechanism on GST-P positive foci induction are recommended. Firstly, to
examine the dose-response relationship by using this approach is needed. Data from
several studies exhibited the adverse action of pesticide.m_28 For example, O-ethyl-
O-4-nitrophenyl-phenylphosphonothioate (EPN), an insecticide at low dose reduced
both number and area of GST-P positive foci while at high dose did not.”’ Secondly, to
investigate the low dose mixture of butachlor with either pesticides or other compounds
is essential. Since additive or synergistic effects of low dose combinations of chemicals
have become increasing important because it mimics the real situation of human beings.
Therefore, a risk estimation in human in this aspect is impertant. Thirdly, to make it
relevant to the actual application of butachlior, its market formula is needed to evaluate
the combination effects of active ingredient (pure butachlor) and the carrier substances.
Usually the carrier substances are known as inert ingredients and most of them are
considered non-genotoxic. The adverse effects of the inert ingredients, in some
instances, may exceed those of the active ingredient.1 Finally, the medium-term multi-
organ model is suggested to investigate the carcinogenic, promoting or inhibitory effect
of butachlor in the other organs rather than in the liver. This model is designed to
examine the carcinegenic, promoting or inhibitory effect of chemical on various organs
including the liver simultaneously in a rather short period of experiment ranging from
28-36 weeks.”"

In summary, taking into consideration, butachlor may have the different action on
differnt organs or different action at different dosage. Although it gave the inhibitory
effect in this study it might have a carcinigenic or promoting effect on other organs.

Further investigations are needed to reassure that this herbicide is safe for use.
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Table 1. Survival, body, liver and kidney weights of rats exposed to
DEN and butachlor

Bod 1ght +S.D. ) i
Treatment ody weight (mean: -8) Liver Kidney
No. At start No. of At sacnifice weight (g) weight (g)
of rats rats

1. DEN-butachlor 40 181.15+15.50 39 32941+2444° 12.16+2.16 241+0.30°
2. DEN-basal diet 40  184.76+15.00 37 364.54+29.75 11.42+140 2.21+0.25
3. NSS-butachlor 10 181.70+09.41 10 376.20+23 11 13.87+1.56 258+0.36

a, b, Significantly different from group 2 at p < 0.000. 0.0025 respectively

Table 2. Numbers and areas of glutathione-s-transferase placental
form (GST-P) positive foci in rats treated with DEN and

butachlor
Treatment No. of rats No. of GST-P (No./cm~) Area GST-P (mm“/cm®)
>0.1 mm >(.2 mm >0.1 mm >0.2 mm
1. DEN- butachlor 39 13.99+10.90 4.31+3.78 0.36+0.31° 0.29+0.27 ®
2. DEN-basal diet 37 18.25+10.51 6.18+4.59 0.67+0.52 0.48+0.41

a, b, Significantly different from group 2 at p < 0.01. 0.05 respectively
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