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Abstract. Applying 1.4-benzoquinone orally to the mice induced toxic malformations, producing
teratogenic and embryotoxic effects. The toxic symptoms are recorded for various parameters: maternal
body weight, weight of uterus, number of fetus, resorption, body weight of fetus, crown length and
skeletal abnormalities. The same symptoms were obtained when infested wheat flour with tenebrionid
beetles was offered to the mice, which may lead to believe that the secretions of the defensive glands may
cause the same harmful effects on mice as those treated with 1.4-benzoquinone.

Introduction

Teratogenicity is defined as the result of damage or death of certain cells of a
developing animal organism. It is an acute toxicological phenomenon, requiring a
short period of exposure to the teratogenic agent, and usually producing toxic
symptoms within a short period thereafter. This behavior is different from- car-
cinogenesis which is usually regarded as a chronic toxicity [1].

The teratogenicity and embryotoxicity of several chemicals have been evaluated
by many authors on various experimental animals {2-9]. In his teratogenic studies,
Baker [10] mentioned that all fetuses, live or dead, are counted, weighed, sexed,
examined for external malformations. Subsequent studies of internal structures are
followed. Fetuses should also be examined for internal abnormality and for skeletal
structure. Brittelli et al. [11] measured the fetal toxicity by number of resorptions and
live fetuses, fetal weights and crown-rump length. Cummings et al. {12] studied
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developmental effect of methyl benzimidazole-carbamate exposure during early pre-
gnancy. However, the teratogenic effect of benzoquinone compound has not been
studied yet.

In this work 1,4-benzoquinone was applied as a teratogenic chemical that might
induce embryotoxicity, due to producing mutations or malformations in germ cells or
somatic tissue of the treated animals and their progeny. This chemical is known to be
one of the important products secreted by the defensive glands of some tenebrionid
beetles infesting stored products [13-16].

Also, mice kept feeding on heavily infested wheat flour with tenebrionid beetles
for 3 months were subjected to the same tests of embryotoxic parameters, in a trial
to evaluate the toxicity of the insect secretions on the mice and their progeny.

Materials and Methods

1) Chemical used

Common name: Benzoquinone.
Chemical name: 1,4-benzoquinone.

Description: Yellow greenish color crystals, M.P. 115.7°, dissolved in
ethylalcohol, diethyl ether or hot distilled water.
Source: A standard 1,4-benzoquinone was obtained from Faculty of Science,
Chemistry Department, Alexandria University.

2) Wheat flour used

Wheat flour infested with Tribolium confusum, T. castaneum and Tenebrio
molitor, was used. Rate of infestation started with 90 insects/kg of wheat flour, then
stored at 28°C and RH 50 - 60%. Six months later the experiment was carried out.
The infested wheat was offered to the experimental mice, when insects have built up,
a good population.

3) Animal tested

A pure strain of white swiss albino mouse Mus muesculus domesticus L. was used.
The strain named CD1-mice was obtained from the Naval Medical Research Unit
(NAMRU-3) in Cairo. The average age of the experimental animals ranged between
2 and 3 months and the average weight was 23+2 gm. The animals were allowed at
least two weeks to be adapted to the new environment, before experimentation. Ani-
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mals were fed a prepared diet containing ground bread plus 10% milk and 40%
water. All of these constituents were mixed together to make a slury prepared diet
and water was provided,

4) Mating of tested animals

Two female mice were provided with one sexually mature male. Each female
was examined for the presence of a vaginal plug. The presence of a vaginal plug was
counted at zero day of pregnancy. After mating, females were housed in groups, each
group consists of five females, as a replicate.

5) Treatment of tested animals
a) Drug administration

On the sixth day of gestation, four groups of mice (5 mice each) were treated,
with 10, 50, 100, 150 mg/kg by oral administration using a ball-ended dosing needle.
The proposed doses of 1,4-benzoquinone were dissolved in 10 ml hot distilled water
to get a final volume of 0.2 ml for each mouse. Treatment with 1,4-benzoquinone was
accomplished at intervals of two days till the 18th day of gestation. The experiment
included 5 mice as a control, treated with 0.2 ml hot distilled water.

b) Force-feeding of wheat flour infested with stored product insects

Female mice were fed wheat flour infested with stored product insects. Each
experimental animal was fed three times a week on the prepared diet, at the ratio of
80 mg of wheat flour to 1 ml of hot water, following the same procedure as before,
Mice were fed on infested diet for 3 months before mating. Control mice were fed on
normal diet.

6) Recording the results
According to the method of Palmer [17], parameters recorded are;

a) General examination of pregnant mice

The control and treated pregnant mice were weighed before and after treatment
throughout the gestation period. The number of live and dead pregnant mice was
recorded.

b) Morphological examination of fetuses

Two days before expected delivery the uterus was opened and the fetuses were
removed and examined. The number of live, dead, late and early resorptions of
fetuses in the right and left horn were recorded. Fetuses were examined for any exter-
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nal malformations. Then the body weight of fetuses and crown length (the length of
fetus starting from nose till the end measured by a string) for all replicates were
recorded.

¢) Skeletal examination of fetuses

The fetuses were prepared for skeletal examination according to the method
described by Varnagy [7]. At least two fetuses were stored in 4% formaline for 48
hours, then washed with water for one hour. Dehydration was completed by ethanol
90% for three days. After that fetuses were kept in 2% KOH for one day. Staining
with Alizarin reds’ stain was employed in aqueous solution, of which 2-3 drops were
added to 100 ml KOH. The staining time was four days, then specimens were pre-
served in 87% glycerel for examination and photographing.

d) Statistical analysis

Statistical analysis was carried out according to Steel and Torrie [18]. Data were
analyzed by factorial experimental for female parameters and fetuses. Chi square
analysis was applied for skelton studies.

Results and Discussion

The present study describes the teratogenicity and embryotoxicity on mice of
I,4-benzoquinone and wheat flour infested with tenebrionid insects.

1) Body weight of maternal mice

The maternal weight of pregnant mice treated with different doses of 1,4-ben-
zoquinone was measured at intervals of 2 days from the sixth day of gestation till the
18th day. From the presented data, reduction in body weight occurred at all doses
used, compared with control.

The data showed that the lowest significant decrease of maternal weight gain
occurred at concentrate 100 mg/kg compared with control mice and other doses (10,
50 and 150 mg/kg).

Feeding the non-pregnant mice on wheat flour infested with stored product
insects for 3 months at the rate of initial infestation 90 insect/kg, caused a slight reduc-
tion in weight of mice, compared with the control mice. This retardation in growth
rate may be due to toxic effects of the secreted chemicals by the tenebrionid insects.
The effect of feeding on pregnant maternal mice, gain in weight, was reduced at the
6th day of gestation. However, the gain in weight increased significantly after that,
but it was still low when compared with control.



Teratogenicity and Embryotoxicity of ... 125

2) Number of live and dead fetuses

The presented data pointed out that the number of live fetuses decreased sig-
nificanlty at various treatment used with a significant increase in the number of dead
fetuses. The largest number of dead fetuses was noticed at dose 150 mg/kg (all fetuses
were died) compared with control mice. Such decrease appeared at all used doses
compared with control mice. There was significant difference in number of featuses
between right horn of uterus (R ,) and the left horn (L,,).

Feeding of wheat flour infested with stored product insects significantly
decreased number of live fetuses in right and left horns of uterus compared with con-
trol.

3) Weight of uterus, early and late resorption

Drata indicated that in treated mice and at all doses used, reduced weight of
uterus was obtained Fig. 1. No significant effect on early resorption of fetuses was
observed, on the other hand late resorption was obvious at higher doses (100-150 mg/

kg).

Fig. 1. A) Normal uterus., B,C) uterus growth retardation. (100 mg/kg) .
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Feeding experiments data revealed significant reduction in weight of uterus and
number of early and late resorption in right and left horns of uterus compared with
control.

4) Body weight and crown length of fetus

Effect of 1,4-benzoquinone on these aspects are recorded in Table 1. The largest
effect on body weight of fetuses was observed on the treated mice (50, 100 and 150
mg/kg). These doses appeared the same decreae in the body weight of fetuses, Fig.
2. Dosage 10 gm/kg had no significant decrease in the body weight compared with
control. There was a high significant reduction in fetal weight in positions 2,3 and 4
(0.46, 0.42 & 0.17 gm), but the reduction in position 4 was more obvious than in pos-
ition 2 or 3. In addition, crown length at the previous doses was highly reduced for
fetuses at the position 4.

Fig. 2. A)Normal fetus., B) Fetus showing malformations. blood collection under skin, growth retardation
of crown length and late resorption. (150 mg/kg).

Also, feeding on treated food reduced fetal weight and crown length compared
with control. The highest reduction occurred at position 4 compared with positions 1,
2& 3.
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5) Hand and leg skeleton of fetus

1,4-benzoquinone caused significant effect in fetuses-skeletal malformations

especially in its high doses. The effect could be summarized in four categories, (Figs.
3 to 6).

Tmm

Fig. 3. Normal hand phalanges (P —), metacarpal bones {(mc —) and ulna and Radius bones (xe+>>).

a) Hand phalanges bones are absent.

b) Leg phalanges bones are absent.

¢) Hand and leg phalanges bones are absent.

d) Metatarsal and metacarpal bones are absent.

Feeding mice infested wheat flour induced slight skeletal malformations com-
pared with mice treated with 1,4-benzoguinone.

In conclusion it could be mentioned that applying 1,4-benzoquinone orally to the
mice may be toxic. These toxic symptoms are grouped and presented in Table 1. Vari-
ous parameters under investigation were loss of the maternal body weight, weight of
uterus, number of fetus, resorption, body weight of fetus and crown length.
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Tmm

Fig. 4. Hand phalanges bones absent (p —), metacarpal bones (mc¢ — ) shorter and ulna bone shorter and
Radius bone absent (xx+ =) in mice treated with 100 mg/kg 1,4-benzoquinone .

AR

Fig. 5. Leg metatarsal bones absent {mt —) in mice treated with 150 mg/kg 1,4-benzoquinone .
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Fig. 6. Leg phalanges bones shorter (p — ) and metatarsal bones shorter (mt — ). Tibia and fibula (— )
bones shorter and absent in mice treated with 150 mg/kg 1,4-benzogquinone .

The same symptoms were also obtained, when infested wheat flour with teneb-
rionid beetles was offered to the mice, which may lead to believe that the secretions
of defensive glands may have the same harmful effect on mice as those treated with
1,4-benzoquinone. Several authors indicated that the defensive glands of tenebrionid
beetles T. confusum, T. castaneum and Tenebrio molitor secrete a mixture of
quinones and their derivatives 2-ethyl-1,4-benzoquinone, 2-methyl-1,4-ben-
zoquinone and 2-methoxy-3-methyi-1,4-benzoquinone, [19-22].

The observer should be aware that the action of the toxic agent on the mother
may affect the results of teratogenic studies and make interpretations more difficult,
because of complex inter-relationship between lethal action upon the embryo, toxic-
ity for the mother and teratogenic effect. In other words it is difficult to state if
teratogenic effects may be induced directly or indirectly.

However, lack of information, and limited knowledge of the processes and
mechanisms of teratogenic agents of other drugs necessitate the need for well
organized research efforts of a long range character. Extensive and expensive prog-
rams of research must be undertaken, to reduce teratogenic problems which may face
human beings in the future.



Table 1. Teratogenic effect of 1,4-benzoquinone and force feeding of treated wheat flour on maternal body weight and fetus of mice

Parameter

Maternal

Weight Mean Mean
body weight of Nomber of fetus Resorption of body weight of crown-length
Doses (gm) uterus of fetus of fetus
mg/kg/ after 18 days (gin) Total Live Dead Early Late (gm) (cm)
2 days from treatment
Control 37.36% 9.492 4.90° 4.9(7 0,000 0.00 0.00% 0.82* 3,782
10 21.75° 6.95° 3.20 3.10° 0.10 0.00 0.10b 0.74* 2.600
50 23.43° 7.74" 327 2.50b 1.00° (.60 0.40> 0.53" 1.70°
100 20.06° 6.21° 3.50° 0.80° 2.20° 0.50 1.00° 0.51° 2.12%
150 21.76¢ 6.42° 3.00° 0.00 3,00 (.60 1.40* 0.41° 1.66°
Maternal Weight Mean Mean
Rate of body weight of Number of fetus Resorption of body weight of crown-length
initial (gm) uterus of fetus of fetus
infestation after 18 days (gm) Total Live Dead Early Late (gm) {cm)
insct/kg from treatment
Control 35.11° 9.16* 4.20° 4.20¢ 0.00 0.00 0.00 0.90* 2.78%
90 26.95%° 5.05° 3.00 2.50° 0.50 0.00 0.50 0.43% 1.66°

* Females fed treated wheat flour 3 months before mating.
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