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Abstract 

In this study, 1,4-dioxane carcinogenicity and chronic toxicity on reproductive hormones was 

studied along with the histology(Sections) of testis and ovaries of rabbits (Oryctolagus 

cuniculus ). 1,4-dioxane 1000, 1500 and 2000 mg per kilogram of body weight concentrations 

were given continuously to rabbits for period of 45 days. Increase in dose concentration lead 

to significant decrease in testosterone levels in males, and progesterone and estrogen levels in 

females. Histological alterations in testes and ovaries of rabbits were studied on 15th, 30th and 

45th days of treatment. No significant gonadal or hormonal change was observed on 15th day. 

However, tissue damage, rupturing and necrosis in gonads and significant decrease in hormone 

level were observed after 30th day (p<0.05). Damage as necrosis, cellular coagulation, tumors 

and hemorrhage was the most severe on 45th day of study and Significant results were observed 

(p<0.05). This study concludes that 1,4-dioxane used in research work is histologically 

damaging to rabbit testes and ovaries and leads to reproductive complications. Therefore its 

use in various products should be discourage at commercial level. 
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Introduction 

1,4-Dioxane is broadly used as a solvent in 

manufacturing of a large number of organic 

products like cosmetics, fertilizers and 

laboratory solvents. It is used as a stabilizer 

in chlorinated solvents as well as paint 

coatings [1]. 1,4-Dioxane have high affinity 

and solubility power for water [2]. 

According to [3] if 1,4-dioxane ingestion 

leads to accumulation in lungs, liver, testes, 

ovaries, stomach, kidneys, cardiac muscles 

, skeletal muscles and spleen. Its high 

concentration accrues damage to liver and 

kidneys. 

According to [4] rats and mice show 

alterations in histological perspectives of 

reproductive organs (testes, ovaries, 

prostate, epididymis, seminal vesicle, 

uterus and vagina) when exposed to 

different concentrations of dioxane 

compound. Finding of [5] reported that 1,4-

dioxane causes histological alteration in 

male and female sex organs in rats. 
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A study by [6] was carried out to test 

estrogenic effects of 1,4-dioxane in vitro 

and in vivo assays, it showed that 1,4-

dioxane has endocrine disruption 

properties, it is a little genotoxic and its 

effects on human reproductive system are 

unknown. This type of result was also 

confirmed by [7] showing that 1,4-dioxane 

is toxic for the normal production of  

hormones. The main mechanism of 

disruption or decrease in release of sex 

hormones includes interference with the 

synthesis, transport, metabolism and 

elimination of hormones, thereby 

decreasing the concentration of natural 

hormones [8]. 

This chemical has been reported to be found 

in many consumer products like PEG, 

Polyoxynol ethylene, Polyethylene glycol, 

Polyoxythylene Polyethylene and usually 

chemicals terminating with –eth and –

oxynol, in its original or in by-product form 

[9]. Mostly people exposed due to 

ingestion, inhalation or contact through 

skin and cause harmful effects in 

individuals having weak immune system 

and unable to detoxify these chemicals [10]. 

Materials and methods 

Rabbits were procured from Veterinary 

Research Institute, Ghazi Road Lahore. 

And were kept in Zoology department 

animal house. And Chemical in pure form 

was purchased from Merck Pharmaceutical 

Industry Islamabad. Different 

concentrations were made and chemical 

was given by mixing in food twice a day for 

period of 45 days.  

Histopathology is used to study testes and 

ovaries tissue damaged in rabbits. And 

tissues were studied under stereo 

microscope with digital camera (attached 

with system model FRL LX400) at different 

magnifications. For sex hormones testing 

quantitative ELISA was used and ELISA 

kit was Sex Hormones Binding Globulin 

(SHBG).Target hormones to study in male 

was testosterone and in females were 

estrogen and progesterone. 

Results and discussion 

Histopathology was done against different 

concentration of 1,4-dioxane in groups with 

control group D after 15th ,30th and 45th day 

of dose treatments of all the groups. A was 

treated with 1000mg/kg,B was treated with 

1500 and C with 2000. As a result tumors, 

necrosis, hemorrhage, tissue damaged and 

lesions were seen in testes (Figure 1) and 

ovaries (Figure 2)   of rabbits. According to 

[4] rats and mice show alterations in 

histological perspectives of reproductive 

organs (testes, ovaries, prostate, 

epididymis, seminal vesicle, uterus and 

vagina) when exposed to different 

concentrations of dioxane compound. 

Hormonal changes result are also 

confirmed [7] testosterone level in male 

(Table 1), progesterone level in pregnant 

female rabbits (Table 2) and progesterone 

and Estradiol level in non-pregnant female 

rabbits (Table 3 &4) this revelled that 1,4-

dioxane disturb reproductive hormone 

production. This chemical was described as 

genotoxic and causing the suppression of 

release of hormonal secretion in mice. This 

result was also reported by [11]. Statically 

calculated results are here as given and P-

value shows significant values. 

a) Tissue damaged   b) Necrosis    c) Cellular coagulation/Tumor sign         d) Normal 

 
Figure 1. Histopathology of Testes from A, B, C (dose) and D (control) group studied 

under microscope, with different magnifications 
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    a) Necrosis             b) Tumor formation            c) Hemorrhage               d) Normal 

 
Figure 2. Histopathology of Ovaries from A, B, C (dose) and D (control) group studied 

under microscope, with different magnifications 

 

Table 1. Effect of 1,4-dioxane on testosterone level in male rabbit 

Days of Dose Control 
Group A 

(1000mg/Kg) 

Group B 

(1500mg/Kg) 

Group 

C(2000mg/Kg) 

10 7.22± 0.21 7.90±0.02 7.46±0.12 6.32±0.19 

20 6.32±2.13 4.07± 0.59 5.30±0.18 4.03±0.19* 

30 8.14±0.05 4.13± 2.44* 2.04±0.58** 2.30±0.19** 

 

Table 2. Effects of 1,4-dioxane progesterone level (ng/ml) in pregnant female rabbits 

Trimester Control 1000 1500 2000 

First Trimester 24±2.35 20±1.20 17±1.09 14±1.20* 

Mid Trimester 43±1.10 30±2.5* 27±0.34* 223±4.0** 

Third 

Trimester 
122±3.0 78.24±2.08** 76.20±2.40** 61±1.71*** 

 

Table 3. Effects of 1, 4-dioxane on progesterone level (ng/ml) in non-pregnant female 

rabbits 

Phases Control 1000 1500 2000 

Folicular 1.01±0.23 0.92±0.15 0.57±0.18* 0.49±0.21* 

Luteal 12.52±0.16 7.19±0.58 4.51±0.13* 2.27±2.18** 

 

Table 4. Effects of 1,4-dioxane on Estradiol level (pg/ml) in non-pregnant female rabbits 

Phases Control 1000 1500 2000 

Folicular 123±3.45 91±2.07 85±1.12* 61.07±2.15** 

Luteal 133±2.15 108±1.04* 91.05±1.23* 72±2.10** 
Asterisks shows significant difference against controls; **= P <0.001, P<0.01and *= P <0.05

 

Conclusions 

The study shows that 1,4-dioxane is 

histologically damaging and causes serious 

problems when enters the body. Overall 

decrease in hormonal level is seen when 

compared to control group after 20th and 

30th days for all concentrations of 1,4-

dioxane. Gonadal damage was observed 

after 30th day and 45th day for all 

concentrations. However, the level of 

damage observed was directly proportional 

to the concentration of 1,4-dioxane used 

showing necrosis, cellular coagulation, 

hemorrhage, tumors and rupturing.Use of 

1,4-dioxane should be discouraged in daily 

used commercial products like shampoos , 

solvent, lotions, fertilizers and cosmetic 

products. Further studies should be 

encouraged to determine the toxic level of 

1,4-dioxane by increasing animal sample 

for study 
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