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Abstract
1,4-Dioxane is used in numerous industries e.g. chemicals, pharmaceuticals, detergents,
cosmetics, dyes, varnishes, paints, etc. Dioxane occurs frequently in industrial effluents, thus
contaminating water bodies and the crops or fields irrigated with 1,4-dioxane contaminated
water; and in routinely used synthetic products. It is known causative agent of tumors, cancer
and adenomas in animals e.g. rats, mice, guinea pig. For this 45-day study, 52 rabbits were
taken and divided in 4 groups: A (control), B (1000mg per kg), C (1500mg per kg), and D
(2000mg per kg). Impacts of dioxane on morphology and histopathology of heart, cardiac,
smooth and skeletal muscles were studied on day 1, 15, 30 and 45. Lesions were observed
around mouth and nose of treated animals. Tumor formation was detected in heart.
Histopathological changes include disruption of tissue structure, necrosis, infiltration,
invagination of outer tissue boundary and damaged cell structure. Current study provides clear
evidence of toxicity and carcinogenicity of dioxane in rabbits.
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trichloroethane (TCA) when disposed-off
Introduction
1,4-Dioxane is found naturally in vine
in soil. It doesn’t bio-accumulate in food
ripped tomatoes and its products, fresh
chains and is resistant to biodegradation
shrimps and brewed coffee [1]. It is
[5].
employed as a solvent for numerous
Major modes of exposure to this chemical
chemicals and is being used in many
are oral, dermal and inhalation, the latter
manufacturing industries e.g. chemical
being the principal route [1]. Workers that
industry, detergents, pharmaceuticals,
are involved in its handling and
cosmetics, paints, varnishes, etc. [2]. In
manufacture face a greater hazard to get
fact, it is estimated that dioxane is found as
harmed because of repeated exposure. The
a contaminant in about one third of the
extent of harm depends upon the length of
cosmetics employing polyoxyethylene
exposure and concentration of chemical to
derivatives [3]. It contaminates many
which a person is exposed [6]. It is highly
ground and surface water resources [4].
inflammable and forms explosives on
Chief sources of this water contamination
exposure to air. Inside the human body,
include leakages, wastewater discharges,
dioxane
is
metabolized
into
β‐
accidental spills, and via its solvent 1,1,1hydroxyethoxy acetic acid (HEAA). Other
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metabolites recognized in animal studies
are 1,4-dioxan-2-one, diethylene glycol, βhydroxyethoxyacetaldehyde, oxalic acids
and carbon dioxide [1]. It is known for
causing cancer, adenomas and tumor
formation in some animals such as rats,
guinea pig, mice, etc. [7].
Environmental Protection Agency of USA
has categorized dioxane in Group B2 as
probable human carcinogen [1, 8]. The
primary targets of dioxane are kidneys,
eyes, liver, central nervous system (CNS),
skin and respiratory passage ways.
Respiratory tract and skin irritation,
dehydration and cracking of skin are
possible outcomes of frequent exposure.
Depression of CNS, faintness, headache,
drowsiness, unconsciousness, vomiting and
coma can also be observed. Exposure to
increased concentrations may cause injuries
of liver and kidneys; and may prove to be
fatal. Benign growths in liver and
cancerous proliferations in abdominal
cavity and nasal passage ways have been
observed in laboratory rats [9]. Renal and
hepatic lesions, edema of brain and
demyelination were observed in humans
due to poisoning caused by it [10]. This
study aimed to elucidate the possible effects
of dioxane on morphology and
histopathology of tissues of heart, cardiac,
smooth and skeletal muscles of rabbit.
Materials and Methods
The experiment was conducted on adult,
healthy specimens of rabbits, weighing
from 1-1.5 kg; after seeking approval of
ethical committee of University of Gujrat,
Pakistan. They were given soaked bread,
berseem hay, wheat straw, carrots, etc. in
food. Experimental specimens were kept in
separate
cages,
under
controlled
environment, i.e. 12-hour light and dark
cycle and 23±2oC temperature. Specimens
were vaccinated as precautionary measures.
52 rabbits were allocated into 4 groups A,
B, C, and D (control, low, medium and high
dose groups respectively), having 13
rabbits each. Specimens of treated groups
were exposed to dioxane in the

concentrations of 1000mg/kg, 1500mg/kg
and 2000mg/kg of body weight
respectively. Treatment was continued up
to 45 days. Dose was given orally by
mixing it with food, once per day.
Morphological
and
histopathological
changes were observed at day 1, 15, 30 and
45 of experiment. Rabbits were slaughtered
at random, three animals from each group;
heart and muscles were removed, washed
with water and kept in 0.085% saline
solution to remove any impurity, grim or
dust. Tissues were cut in small 4-5mm thick
pieces and kept in Bouin’s fluid for 8 hours.
Tissues
were
processed
for
histopathological analysis according to
standard procedure of microtomy; stained
with eosin and hematoxylin and studied
under microscope [11].
Results
Results were drawn at the end of
experiment.
Histopathological
and
morphological alterations were observed in
tissues of afore mentioned organs. No
alteration was found in specimens of group
A as shown by (Fig. 1). No mortality was
reported
during
the
experiment.
Histopathology of Group B, C and D
indicated adverse effects of dioxane.
Lesions were found around the mouth and
nose of rabbits. Dioxane severely damages
the studied organs, causing necrosis,
thinning of outer wall, infiltration, damaged
cell structure, invagination of epithelial
layer, disrupted tissue structure along with
lesion formation in tissues and invagination
of outer boundary in stomach (Fig. 2). In
skeletal muscles, disrupted tissue structure,
lesion formation and necrosis were
observed (Fig. 3). It causes damaged tissue
structure, invagination and disruption of
cell boundary, lesion formation in tissues,
necrosis, and tumor formation in heart (Fig.
4). Similar observations were reported by
Doursan et al., in 2013and Kano et al., in
2008, in their study on rats and mice, by
exposing them to various concentrations of
dioxane [12, 13].
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Figure 1. Normal histology of [A]: Heart, [B]: Stomach, [C]: Skeletal Muscles (H&E
Stain, LABOMED4X)

Figure 2. Effect of Dioxane on Histopathology of Stomach Showing [A]: Invagination of
Epithelial Layer (EL), [B]: Damaged Cell structure (CS), [C]: Necrosis (N), [D]:
Infiltration (I), [E]: Invagination of Outer Boundary (IOB), [F]: Damaged Tissue
Structure (DTS) (H&E Stain, LABOMED4X)

Figure 3. Effect of dioxane on histopathology of skeletal muscles showing [A]: Disrupted
Tissue Structure (TS) and Lesion Formation, [B, C]: Necrosis (N) in the Tissues (H&E
Stain, LABOMED4X)
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Figure 4. Effect of Dioxane on Histopathology of Heart Showing [A]: Disrupted tissue
structure (DTS) and Lesion Formation, [B]: Invagination of Outer Boundary (OB), [C]:
Necrosis (N), [D]: Disruption of Outer Boundary (OB) (H&E Stain, LABOMED4X)
As 1,4-dioxane was delivered to
experimental animals mixed with food,
stomach morphology and tissues were
severely
affected
by
the
direct
gastrointestinal absorption of the chemical,
especially in the high dosage group (group
D). Dioxane was then transported to the
heart by entering the bloodstream along
with other nutrients and damaged the organ
as shown by the necrosis and lesion
formation and disrupted tissue boundaries,
shown prominently in Group C and D.
Dioxane was then transferred to the skeletal
muscles via blood circulation where it
caused lesion formation and necrosis.
However, the damage in the skeletal
muscles was less prominent as compared to
the stomach and heart [13]. Disrupted tissue
structure was most evident in heart where
tissues were found severely damaged by the
formation of lesions, especially in group D.
In addition, increased cell death was
observed in the form of degenerative
necrotic adversaries with the increased
dosage. The pronounced lesion formation

Discussion
Current study explains the dose-dependent
and
characteristically
significant
pronounced toxic effects of 1,4-dioxane
shown in the form of alterations in the
morphology and variations in the tissue
structure e.g. necrosis, infiltration,
damaged cell and tissue structure, damaged
epithelial layer, invaginations of the outer
boundaries, lesion formation in the tissues
disturbing the intact arrangement of cells
and leading to disrupted histological
structures in the afore mentioned organs of
rabbit, similar to the findings of Hashim et
al. [14]. The tumors and carcinomas were
characterized as malignant due to their
marked invasion in adjacent normal tissues,
also supported by Kasai et al. [6] where
squamous cell carcinomas were found in
the olfactory region. The results are in
agreement with the reported findings that
long-term oral administration of dioxane to
rats induces squamous cell carcinomas [9,
15, 16].
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and tumor formation observed in heart
indicated the high probability of gastric and
cardiac carcinogenicity, observed similarly
by Ito et al., in 2000 in the liver cells [17].
Conclusion
Study concludes that dioxane causes severe
damage to structure, morphology and
histopathology of muscles and heart of
rabbit
on
exposure
to
different
concentrations. It is hazardous for our
health, environment and animals. Analysis
of crop, soil and water samples from waste
disposal sites should be done. Further
studies should be executed to examine
dioxane-contaminated fodder samples on
different herbivores. Intensive use of
dioxane in industries should be prohibited.
Use of different products containing
dioxane as an impurity or constituent,
should be limited.
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