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Trichlorobenzenes (TrCB) are chemicals that are used as chemical
intermediates, dye carriers and as dielectric fluids (U.S. EPA,
1983) . They have low water solubility but are freely soluble in
organic solvents. Of the isomers (1,2,3-, 1,2,4- and 1,3,5-)
1,2,4-TrCB has been produced in the largest quantities, an
estimated annual production of 1.3 - 7 million kg in the U.S.
(U.S. EPA, 1983). TrCB have also been shown to arise from the
degradation of the pesticide lindane (Mathur and Saha, 1977 and
Engst et al., 1976). TrCB are demonstrated environmental
contaminants. Gulls sampled from the Great Lakes basin are known
to contain residues of TrCB (Hallett et al., 1982) and they were
also identified in freshwater fish taken from the Saginaw River,
Michigan (Veith et al., 1979) and from the Great Lakes (0liver and
Nichol, 1982).

The present study was initiated to screen the three TrCB congeners
for their teratogenic potential and to determine their ability to
cross the placenta and accumulate in the fetus.

METHODS AND MATERIALS

Female Sprague-Dawley (175 - 122 g) rats, purchased from Woodlyn
Farm Laboratories, Guelph, Ontario were acclimatized for one week
prior to mating. Timed pregnancies were obtained by placing two
females into a cage overnight containing a male rat. The following
mornlng vaginal swabs were examined to check for mating. The
morning on which sperm was detected in the female was designated as
day 1 pregnancy. Mated females were randomly assigned to ten
groups and housed in wire-top plastic cages containing corn cob
bedding. Each group consisted of approximately 14 dams.

Trichlorobenzene congeners (1,2,3-, 1,2,4- and 1,3,5- TrCB, 97-99%
pure) purchased from Aldrich Chemlca] Company (Montreal Quebec)
were recrystallized from ethanol and confirmed as 99.5% pure by gas
chromatography. The purified congeners were dissolved in corn oil
and administered as follows: 1,2,4- TrCB - 75, 150 and 300 mg/kg
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b.w.; 150, 300 and 600 mg/kg b.w. for both the 1,2,3- and 1,3,5-
TrCB. These preparations were administered by gavage (0.5 ml/100 g
b.w.) to dams on the 6th to 15th day of gestation. Controls
received an equal volume of corn oil, On the 22nd day of
gestation, the dams were weighed, anesthetized with sodium pento-
barbital and exsanguinated via the abdominal aorta. The uterus was
transected anterior to the cervix and removed with the ovaries.
Dams were reweighed and their liver, kidney, spleen, hedarl dand
brain removed and weighed.  The pups were removed and weighed
individually.

Matzrnal blood was examined hematologically using a Baker 7000
blood analyzer. Parameters measured were hemoglobin concentration,
hematocrit value, erythrocyte count, total and differential counts
of Teucocytes, mean corpuscular volume, mean corpuscular hemoglobin
concentration and mean corpuscular hemoglobin.

Serum from each dam was analyzed using a SMA 12/60 microanalyzer
(Technicon, Montreal, Quebec). Measured were; sodium, potasstum,
inorganic phosphorus, total bilirubin, alkaline phosphatase,
glutamic oxaloacetic transaminase (GOT), total protein, calcium,
cholesterol, glucose, uric acid and lactic dehydrogenase (LDH).

Portions of the central lobe of maternal liver were homogenized 1n
0.15 M KC1, pH 7.4 (1 ¢g/2.5 m1) and centrifuged at 10,000 x g for
15 min at 09C. The supernatant obtained was used for enzymatic
analysis. Aniline hydroxylase activity {AH) was determined by an
automated method based on the procedure of Fouts (1963);
aminopyrine-N-demethylase (APDM) was determined by an automated
method based on the procedure of Cochin and Axelrod (1959), and
protein concentrations were determined by the biuret method of
Gornall et al. (1948) as modified by Becking (1973).

At necropsy, portions of maternal tissues were selected for TrlB
residue analysis; kidney, brain, spleen, heart, liver and perirenal
fat. In addition, one fetus/litter and the liver and brain of a
litter mate were removed for TrCB analysis. Tissues were stored
frozen at -200C until analyzed. TrCB congeners were extracted
according to a modified method of Hallett et al. (1978). Samples
of tissues were homogenized and extracted in 8 mL of acetonitrile:
distilled water (1:1). The homogenate was mixed with 4 ml of
n-hexane, shaken for 30 min then centrifuged at 1000 x g for 15 min
at 220C. An aliquot of the n-hexane layer was removed and washed
with an equal amount of concentrated (95-98% pure) HpS04. The
washed solution was analyzed using a Microtech 220 gas chromatro-
graph fitted with a 63Ni electron-capture detector and a glass
column (100 ¢m x 6.25 mm 0.D.) packed with 4% SE-30 and 6% QF-1 on
Suppleport matrix. Gas chromatographic conditions were: injector
temperature, 2500C; oven temperature, 2250C; detector temperature,
3259C; carrier gas, nitrogen and flow rate, 35 mi/min. Recovery
ranged from 60-95% depending on the isomer and tissue. The
detection limit was 0.01 ppm. Retention times for 1,2,3, 1,2,4-
and 1,3,5-TrCB were 0.8, 1.15 and 0.57 min., respectively.
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Fetuses were examined grossly at necropsy for birth defects. Only
live fetuses were counted and evaluated for terata. Approximately
two-thirds of each litter were processed for skeletal examination,
the remainder were fixed in Bouin's fluid for visceral
examination. The visceral anomalies were searched for by dissec-
ting and razor sectioning. The skeleton anomalies were detected by
examining the cleared and stained skeletons stereoscopically.

The histological procedure used to examine the maternal heart,
brain, pituitary, eye, thyroid, parathyroid, trachea, bronchi,
lung, thymus, stomach, small and large intestine, pancreas, liver,
kidney, spleen, adrenal, skeletal muscle, peripheral nerve, skin,
bone marrow, ovary, uterus and bladder tissues has been previously
described (Villeneuve et al., 1979). In addition, entire fetuses
were embedded in paraffin, serial-sectioned, stained and examined
microscopically.

The data from organ weight, body weights, hematology and
biochemistry were subjected to a simple one way analysis of
variance. When significant differences (p < 0.05) were indicated,
the Duncan's Multiple Range Test (SPSS version 8.1) selected the
groups that were significantly different.

RESULTS AND DISCUSSION

Three animals died during the study: one in control group, one
dosed with 1,2,4-TrCB (150 mg/kg) and one dosed with 1,2,3-TrCB
(300 mg/kg). Deaths were not judged to be treatment related.

None of the animals displayed any signs of toxicity, however mean
body weight of the mothers tended to be lower in the high dose
treatments. The effect on weight was significant for the 600 mg/kg
1,3,5-TrCB group only (35.4+6.6 g) when compared to controls
(53.7+3.1 g).

Table 1 summarizes, numbers of pregnancies, fetal weight, litter
size, resorptions and dead fetuses as well as the visceral and
skeletal anomalias. A significant increase in the number of
resorptions was observed in the group administered 1,3,5-TrC3 (300
mg/kg). This was attributed to one animal having 12 resorption
sites and was judged not treatment related since similar occur-
rences were not observed in other animals of that group, nor in the
600 mg/kg group. One dam from the 1,3,5-TrCB (300 mg/kg) group
delivered a fetus with micrognathia. No other gross skeletal or
visceral abnormalities were observed. A few minor skeletal
deviations were present but none had teratological significance.

A significant (p < 0.05) increase in the liver weight (as a percent
body weight) was observed in 1,2,3- (5.8+0.26%) 600 mg/kg, 124~
(5.7+0.1%) 300 mg/kg and 1,3,5-TrCB (5.6+0.1%) 300 mg/kg and
(6.4+0.3%) 600 mg/kg when compared to controls (5.1+0.2%).

The wet liver weights of 1,2,4-TrCB 300 mg/kg dosage {15.0+0.4qg)
and 1,3, 5-TrCB 300 mg/kg {14.840.5g) and 600 mg/kg dosages
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(16.0+0.7g) were significantly increased (p < 0.05). All other
organ weights were statistically normal.

ADPM activity was significantly increased at the high dose of
1,2,3-TrCB (600 mg/kg), 27.3+0.9 nano moles formaldehyde/hr/mg
protein and the 2 high doses of 1,2,4-TrCB, (150 o 300 mg/kg),
28.9+1 and 28.8+0.9 nano moles formaldehyde/hr/mg protein respect-
ively, compared to control 22.8+0.6. A1l 3 doses of 1,3,5-TrCB had
APOM activity levels greater than the control (25.140.6 to 25.5+0.9
nano moles of formaidehyde/hr/mg protein) but the difference was
not significant. Treatment did not affect other biochemical

parameters,

Hemoglobin concentrations were decreased in animals dosed at the
two highest Tevels of 1,2,3-TrCB (300 and 600 mg/kg), 11.4+0.2 and
11.3+0.2 g/d1 respectively, the two highest doses of 1,2,4-TrCB
(150 and 300 mg/kg) 11.2+0.1 and 11.340.1 g/dl respectively, and
the highest dose of 1,3,5-TrCB (600 mg/kg) 10.8+0.2 g/dl compared
to control 12.0+0.3 g/dl. Hematocrit levels were decreased by 600
mg/kg 1,2,3-TrCB (31.1+0.6%) 150 and-300 mg/kg 1,2, 4-TrCB
(31.2+0.4 and 31.440.5% respectively) and at 600 mg/kg 1.3,5-Tr(B
(29.8+10.5%) compared to control (33.3%).

Mild degenerative renal changes were observed in some rats, however
they could not be attributed to treatment. They consisted
primarily of multifocal glomerular adhesions with a normal
architectural pattern. Mild changes were observed in the thyroid
gland of animals dosed with 300 mg/kg 1,2,4-TrCB and the two
highest dose groups receiving 1,2,3- and 1,3,5-TrCB. The changes
consisted of a reduction of follicle size which was often
accompanied by angular collapse. In the highest dose groups of
each compound there was increased epithelial height accompanied by
cytoplasmic vacuolation. Mild hepatic changes were also observed
in the mothers and these were generally restricted to the highest
and second highest dose levels for each compound. Changes consist-
ed largely of increased periportal cytoplasmic eosinophilia and
mild anisokaryosis of hepatocellular nuclei. In addition increased
splenic hematopoesis was observed in some females.

Histological lesions occurred in the lenses of eyes of pups treated
with 1,3,5-TrCB (all dose levels) and 1,2,4-TrCB (intermediate dose
group). The changes consisted of central areas of cellular
disorientation and disaggregation with ballooning and granular
degeneration. Autolysis and incomplete preservation made
examination of other fetal tissues difficult but there did not
appear to be any significant treatment-related changes.

TrCB residues were found only in fat tissues. The 1,2,3-isomer had
trace levels at the 2 high doses (means of 0.02 and 0.4 ppm) and
1,3,5-TrCB residues were found in fat at all three dosage levels
(means 1.6 low dose to 4.8 ppm high dose). No 1,2,4-TrCB residues
were detected in tissues.
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There was no evidence that any of tnhe TrCB congeners tested were
teratogenic or fetotoxic. This confirms previous findings of
Kitchin and Ebron (1983) who also failad to observe any teratogenic
effects in rats treated with 1,2,4-TrCB at high levels. In that
study all animals in the highest dose group died on the third day
and 22% of the dams died in the 360 mg/kg dose group. These
authors also reported a significant decrease in embryonic growth
prior to term. In a preliminary study, leading up to the study
reported here, we found that 1,2,4-TrCB 600 mg/kg caused maternal
deaths. Consequently, 300 mg/kg was the highest amount of this
isomer administered. Thus our maternal toxicity data, for the
1,2,4- isomer, is in agreement with Kitchin and Ebron's results and
suggests that it is more toxic to the dam than the other isomers.
The 1,3,5-isomer was the next most potent since it caused decreased
maternal body weight gain at 600 mg/kg. It was not possible to
compare the feto- toxicity of the three congeners at any of the
dose levels since no changes were detected. In terms of the

ef fects observed on liver, both 1,2,4- and 1,3,5-TrCB produced
hepatomegaly at levels as low as 300 mg/kg. However, of the two,
only the 1,2,4-isomer caused a significant increase in mixed
function oxidase activity (APDM). The 1,2,3-isomer also increased
APDM activity but only at the high dose level (600 mg/kg). HReither
the increased liver weight nor APDM activity could be considered
dramatic at any dose levels tested. Increased liver weights

were reported in rats and dogs following inhalation of 1,2,4-TrCB
at 100 ppm for 7 h/day, 5 day per week for a total of 30 daily
exposures (Kociba et al., 1981). Increased liver weight was also
observed in male rats dosed oraily with 40 mg/kg 1,2,4-TrCB for 14
or 90 days (Carlson and Tardiff, 1976). Numerous iavestigators
have reported that 1,2,4-TrCB is capable of inducing mixed function
oxidase activity in rats (Carlson and Tardiff, 1976 Carlson, 1978;
Smith and Carlson, 1980). Ariyoshi et al., {1975a,b) reported that
1,2,4-TrCB could stimulate APDM activity and that 1,3,5-TrCB could
do the same but to a lesser extent. Our results failed to show
that the 1,3,5-isomer could significantly induce APDM activity,

but the fact that pregnant animals were used might have some
bearing.

The changes observed in the hemoglobin content, and hematocrit of
rats treated with all 3 isomers indicated a very mild anemia.
Examination of bone marrow demonstrated large numbers of erythroid
cells in this tissue., The absence of reticulocytes in the blood
smears suggested newly developing cells are not being released into
the circulation and we conclude that this was due to ineffective
erythropoiesis. No hematological effects of TrCB's have been
previously reported.

Histological changes were uniformly mild in all tissues. No TrCB
related lesions were found in the kidney and an increased hemato-
poesis observed in the spleen was likely an attempt to compensate
for the mild anemia. The changes detected in the thyroid and
liver, while restricted to the high dose levels of each chemical
however their severity was not clearly dose related. The major
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There was no evidence that any of tne TrCB congeners tested were
teratogenic or fetotoxic. This confirms previous findings of
Kitchin and Ebron (1983} who also failed to observe any teratogenic
effects in rats treated with 1,2,4-TrCB at high levels. [n that
study all animals in the highest dose group died on the third day
and 22% of the dams died in the 360 mg/kg dose group. These
authors also reported & significant decrease in embryonic growth
prior to term. In a preliminary study, leading up to the study
reported here, we found that 1,2,4-TrCB 600 mg/kg caused maternal
deaths. Consequently, 300 mg/kg was the highest amount of this
isomer administered. Thus our maternal toxicity data, for the
1,2,4- isomer, is in agreement with Kitchin and Ebron's results and
suggests that it is more toxic to the dam than the other isomers.
The 1,3,5-isomer was the next most potent since it caused decreased
maternal body weight gain at 600 mg/kg. It was not possible to
compare the feto- toxicity of the three congeners at any of the
dose levels since no changes were detected, In terms of the
effects observed on liver, both 1,2,4- and 1,3,5-TrCB produced
hepatomegaly at levels as low as 300 mg/kg. However, of the two,
only the 1,2,4-isomer caused a significant increase in mixed
function oxidase activity (APDM). The 1,2,3-isomer also increased
APDM activity but only at the high dose level (600 mg/kg). Neither
the increased Tiver weignt nor APDM activity could be considered
dramatic at any dose levels tested. Increased liver weights

were reported in rats and dogs following inhalation of 1,2,4-TrC8B
at 100 ppm for 7 h/day, 5 day per week for a total of 30 daily
exposures (Kociba et al., 1981). Increased liver weignht was also
observed in male rats dosed orally with 40 mg/kg 1,2,4-TrCB for 14
or 90 days (Carlson and Tardiff, 1976). Numerous investigators
have reported that 1,2,4-TrCB is capable of inducing mixed function
oxidase activity in rats {(Carlson and Tardiff, 1976 Carlson, 1978;
Smith and Carlson, 1980). Ariyoshi et al., (1975a,b) reported that
1,2,4-TrCB could stimulate APDM activity and that 1,3,5-Tr(B could
do the same but to a lesser extent. Our results failed to show
that the 1,3,5-isomer could significantly induce APDM activity,

but the fact that pregnant animals were used might have some

bearing.

The changes observed in the hemoglobin content, and hematocrit of
rats treated with all 3 isomers indicated a very mild anemia.
Examination of bone marrow demonstrated large numbers of erythroid
cells in this tissue. The absence of reticulocytes in the blood
smears suggested newly developing cells are not being released into
the circulation and we conclude that this was due to ineffective
erythropoiesis. No hematological effects of TrCB's have been
previously reported.

Histological changes were uniformly mild in all tissues., No TrCB
related lesions were found in the kidney and an increased hemato-
poesis observed in the spleen was likely an attempt to compensate
for the mild anemia. The changes detected in the thyroid and
liver, while restricted to the high dose levels of each chemical
however their severity was not clearly dose related. The major
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Tesion found in the fetuses was restricted to the lenses of the eye
possibly indicating early cataract development. This observation
has not previously been made.

The residue data confirm previous 14C-TrCB pharmacokinetic studies
(Chu 1986 ) showing that none of the isomers
accumulate to any great degree, but the 1,3,5-isomer gives higher
residues than the other two compounds, Also significant is the
fact that the fetus does not bioaccumulate these chemicals. Higher
chlorinated henzenes i.e. hexachloro-, pentachloro-, and 1,2,4 -
tetrachlorobenzene, do cross the placenta and accumulate rather
significantly in the fetus (Villeneuve and Hi2rlihy, 1975;
Villeneuve and Khera, 1975; Kacew et al., 1984).

In summary, none of the TrCB isomers tested in this study produced
teratogenic or fetotoxic effects. The most toxic isomer, at Teast
with respect to matzrnal toxicity was 1,2,4-TrCB. None of the
isomers accumulated in maternal or fetal tissue to any significant
amount ; however, 1,3,5-TrCB did show up in maternal fat samples in
Jow ppm levels,
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The bone marrow clastogenicity of eight halogenated benzenes in

male NMRI mice

E.Mohtashamipur, R.Triebel, H.Straeter and K.Norpoth

Institme of Hygiene and Occupational Medicine, University Medical Centre,

Essen University, Hufelandstrasse 55, D-4300 Essen, FRG

Eight widely used halogenated benzenes, including bromo-
benzene (BB), chlorobenzene (CB), three isomers of dichloro-
benzene (DCB) and three isomers of trichlorobenzene (TCB)
were tested for acute toxicity (LDsyp) and clastogenicity in
8-week-old NMRI mice by intraperitoneal administration.
Four doses of each chemical (up to 70% of LDs,) were tested
for clastogenic activity. Each compound was administered in
two equal doses, 24 h apart. Increased formation of micro-
nucleated polychromatic erythrocytes, observed in femoral
bone marrow, 30 h after the first injection, was considered
to be due to the clastogenic activity of the test compound.
All the halogenated benzenes tested were found to be
clastogenic (P < 0.01). The highest clastogenic activities were
induced by m-DCB and BB. Among the three isomers of
DCB, m-DCB significantly (P < 0.05) induced more micro-
nuclei than 0-DCB or p-DCB. No significant differences were
found between the clastogenic activities of TCB isomers.

Introduction

Halogenated benzenes are widely used in relatively large quan-
tities in various industries. The total production of all chlorinated
benzenes in western Europe is estimated to have been more than
208 million kg in 1980, half of which was located in the Federal
Republic of Germany (IARC, 1982a). In addition to direct oc-
cupational exposure of man, halogenated benzenes are found in
most parts of the ecosystem and have been detected in air, soil,
food and water (Pellizzari, 1979; Zoeteman et al., 1979; IARC,
1982a; Lai, 1984). Some of these chemicals are not limited to
industrial use. For example, dichlorobenzene (p-DCB) is used
as a fungicide, an air freshener, a moth repellent on clothes, and
its crystals can be used to counteract odours in garbage and other
refuse (IARC, 1982a; Giavini er al., 1986).

Chlorobenzenes and their metabolites have been detected in
human and animal tissues and body fluids indicating the extent
of environmental pollution JARC, 1982a; Jan, 1983). The mean
levels of chlorobenzenes in human milk and adipose tissue are
found to range from traces to 25 pg/kg in milk and from not
detectable to 146 pg/kg in adipose tissue (Jan, 1983). Few
biological data relevant to toxicity and genotoxicity of halogenated
benzenes are available. Although the hepatotoxic compound,
bromobenzene (BB), is found to bind covalently to DNA/RNA
to an extent comparable to that of moderately oncogenic
substances (Colacci e al., 1985), no data are available on its
carcinogenicity. The results of a host-mediated mutagenicity assay
on BB were negative (Simmon er al., 1979). No adequate infor-
mation exists on the carcinogenicity/mutagenicity of chlorinated
benzenes (IARC, 1982a). Wester et al. (1985) carried out a life-
time carcinogenicity study with a ‘mixture’ of 11 halogenated
hydrocarbons including chlorobenzenes administered to rats in
the drinking water, and found no significant carcinogenic effect.

© IRL Press Limited. Oxford, England

The results of some teratogenicity assays with chlorobenzenes
were either negative (Hayes et al., 1985), or if positive, they
were considered to be the consequence of other factors rather
than teratogenic effects (Giavini et al., 1986).

This paper describes an investigation of the effects of a series
of halogenated benzenes on the incidence of micronucleus in-
duction within bone marrow polychromatic erythrocytes after
intraperitoneal administration to mice.

Materials and methods

Chemicals

Fetal calf serum was obtained from Bochringer Mancheim (Mannheim, FRG).
Benzene and halogenated benzenes were purchased from Merck Co. (Hohen-
bruna, FRG). All test compounds were of synthetic grade and their purities are
given in Table I. p-DCB, trichiorobenzene (1,2,3-TCB) and 1,3,5-TCB were
supplied as solids which were dissolved in the minimum possible amount of di-
methylsulphoxide (Merck, Darmdstadt, FRG).

Animals

Male 8-week-old NMRI mice were obtatned from the Zentralinstitut fur Ver-
suchstiere (Hannover, FRG). Animals were housed five per cage and were given
free access to water and laboratory Altromin chow (Altromin, Lage, FRG).
Micronucleus test

Median lethal doses (LDsy) of the test compounds administered by i.p. injec-
tion, were conducted according to the standard method (Fowler, 1983) as described
elsewhere (Mohtashamipur et al., 1985).

Since the dosing regime of Schmid (1977) for the micronucleus test implies
that the highest dose used should be tolerated by the animals, the doses were
chosen in such a way that they did not exceed 70% of the LDsq. Each single
group of five animals was treated by subacute i.p. injection of half of each chosen
dosage of a test chemical 24 h before the other half was administered. The
chemicals were given in comn oil (when the doses were too small to be injected
alone) or atone. The controt group of 10 mice received i.p. injections of corn
oil only. Benzene, as the mother compound for halogenated benzenes, was chosen
as the positive control. The ammals were killed by an overdose of ether 30 h
after the first injection of the test chemical; the femora were removed and the
marrow was suspended in serum. Two smears per femur were prepared and coded.
The smears were studied by two different examiners. One-thousand polychromatic
erythrocytes per smear were examined for the presence of micronuclei.

Statistical analysis
D5y doses and their 95% confidence limits were calculated using the method

of Cavalli-Sforza and Lorenz (1964); significant testing of the micronucleus results
was done using the Student’s 7 test (Hill, 1967).

Results

The highest toxicity was found with BB and the least toxicity
with 1,3,5-TBC, when the median lethal doses were determined
(Table 1). In general, trichlorobenzenes were less toxic to the
animals than dichlorobenzenes (Table ).

All the halogenated benzenes tested were found to be
clastogenic (P < 0.01) (Table II). The highest clastogenic ac-
tivities were observed in animals dosed with m-DCB and BB.
Among the three isomers of DCB, m-DCB induced significant-
ly (P < 0.05) more micronuciei than 0-DCB or p-DCB (Table
II). No significant differences were found between the clastogenic
activities of TCB-isomers (Table 1I).

Discussion

Although the chromosome-damaging effects of benzene in mar-

row celis of mammals, including man, and the capacity of
Pt
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Table 1. Median lethal doses (LDsg) of benzence and eight halogenated benzenes
for 2530 g male NMRI mice by i.p. administration. Purities of the com-
pounds are those given by the manufacturer

Compound Purity LDy,

(%) mg/kg body weight
Benzene 99.7 1714.24 + 101.37
Bromobenzene 99.0 817.11 = 50.71
Chlorobenzene 99.0 1355.24 + 250.55
m-Dichlorobenzene 9.0 1061.84 + 3873
o-Dichlorobenzene 99.0 1228.12 + 262.99
p-Dichlorobenzene 99.0 200042 + 49.70
1,2,3-Trichlorobenzene 99.0 1390.21 + 225.98
1,2 4-Trichlorobenzene 98.0 1223.25 + 320.54
1.3,5-Trichlorobenzene 98.0 2259.83 + 76.96

Table II. Effects of eight halogenated benzenes on frequency of micronucleated
polychromatic erythrocytes of femoral bone marrow of male NMRI mice
(significant value for all doses: P < 0.01). Values represent means + SD
of five individual experiments per dose

Compound mg/kg body weight Micronuclei/
1000 PCE
Vehicle (corn oil) 1.80 + 0.748
Benzene 264 (2 x 132) 4.40 + 0.800
528 (2 x 264) 8.10 + 0.943
1056 (2 x 528) 12.40 + 1.356
528 (1 x 528) 10.83 + 1.343
Bromobenzene 125 (2 x 62.5) 3.70 + 0.640
240 (2 x 125) 5.50 = 0.806
375 (2 x 187.5) 6.50 + 1.024
500 (2 x 250) 8.30 + 1.100
Chilorobenzene 225 (2 X 112.5) 3.10 + 0.830
450 (2 x 225) 3.90 = 0.830
675 (2 x 337.5) 4.90 + 0.943
900 (2 x 450) 7.20 = 0.871
m-Dichlorobenzene 175 (2 x 87.5) 3.40 = 0.663
350 (2 x 175) 4.40 + 0.916
525 (2 x 262.5) 6.30 + 1.100
700 (2 x 350) 9.20 + 1.248
o-Dichlorobenzene 187 (2 x 93.5) 390 + 0.943
375 (2 x 187.5) 4.50 x 1.204
562 (2 x 281) 5.44 + 1.257
750 (2 x 375) 590 + 1.135
p-Dichlorobenzene 355 2 x 177.5) 4.00 + 0.632
710 (2 x 355) 490 + 1.135
1065 (2 x 5312.5) 6.00 + 1.000
1420 (2 x 710) 6.60 + 0.916
1.2,3-Trichlorobenzene 250 (2 x 125) 4.10 + 0943
500 (2 x 250) 5.20 = 1.249
750 (2 x 375) 6.80 £ 0.979
1000 (2 % 500) 7.30 + 1.005
1,2,4-Trichlorobenzene 210 (2 x 105) 3.50 + 0.806
420 2 x 210) 4.50 + 0.806
630 (2 x 315) 5.80 + 0.871
840 (2 x 420) 7.40 + 0.916
1.3.5-Trichlorobenzene 425 2 x 212.5) 3.60 + 0.800
850 (2 x 425) 440 + 0916
1275 (2 x 637.5) 6.60 + 0.894
1700 (2 x 850) 7.20 + 0.979
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benzene to induce myelogenous leukaemia and other blood
dyscrasias in rodents and supposedly in man have becn well
documented (Diaz et al., 1980; Meyne and Legator, 1980; Snyder
et al., 1980; Goldstein and Snyder, 1982; Harper et al., 1984;
Cronkite er al., 1985; Styles and Richardson, 1984; Erexson et
al., 1986; Dean, 1985; Infante and White, 1985), little adequate
information exists on the carcinogenic/mutagenic effects of halo-
genated benzenes.

Our data demonstrate the clastogenic activity of these com-
pounds (Table IT) and indicate the desirability of further testing
of benzene derivatives in order to assess the mutagenic hazard
and carcinogenic potential associated with the use of this class
of compounds.

The number of human cases of leukaemia associated with DCB-
exposure is too small to assess a causal relationship (IARC,
1982b). This observation and the possibility of weak mutagenic
activity of chlorinated benzenes (IARC, 1982a) suggest, however,
that they may possess the ability to bind to DNA and cause genetic
alterations in cells. BB has been found to bind covalently to
DNA/RNA in mouse and rat liver cells at rates comparable to
those of some moderate oncogenic compounds (Colacci et al.,
1985). In this connection, the negative results of Wester ef al.,
1985) following lifetime carcinogenicity testing of chlorinated
benzenes on rat may not be a very reliable assessment of the car-
cinogenicity of chlorobenzene (CB) isomers. This view is based
on a fact that a mixture of 11 halogenated hydrocarbons (including
six CB isomers) was tested together rather than testing each com-
pound separately. Although Lai (1984), in a review article, cites
a study conducted by the US National Toxicology Program im-
plying that monochlorobenzene is a rat carcinogen, the results
of this study do not appear to have been published.

Further studies are in progress to identify the metabolite(s) and
the mechanism(s) involved in the induction of clastogenic effects
in bone marrow cells of mice by halogenated benzenes.
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