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Introduction 

Furan is a chemical agent that is used in industry for the 
production of organic compounds, herbicides, plastics, and 
pharmaceuticals (1). Coffee, canned meats, sodium casein-
ate, nuts, hydrolyzed soy protein, and rape seed protein 
are natural products that contain furan (2). However, furan 
should be used with caution due to potential harmful effects 
on adipose tissue, liver, and kidneys (3). Polychlorinated 
dibenzofurans accumulate in human fat tissue; if the critical 
range is exceeded, water enters the cells. This event leads 
to an increase in the production of reactive oxygen species 
(ROS). ROS cause mutations in protein and DNA, lipid per-
oxidation in membranes, apoptosis, and damage to cellular 
structures (4, 5). 
The amount of oxygen is very low in the testes due to weak 
vascularity. Therefore, oxidative stress can be detrimental 
to spermatogenesis and steroidogenesis in testicular tissue. 
Although the testes contain low levels of oxygen, they are sen-
sitive to oxidative stress because they contain large amounts 
of unsaturated fatty acids and ROS-generating systems (6). 
Cells produce antioxidants as protection from the harmful 
effects of ROS. The actions of catalase (CAT), glutathione per-

oxidase (GPx), superoxide dismutase (SOD), and reducted 
glutathione (GST) increase in testicular tissue due to oxidative 
stress (7). 
Lycopene is a natural substance that is found in fruits and veg-
etables such as tomatoes, carrots, strawberries, and cherries 
(8). Structurally, it is a carotenoid derivative, and it acts as a 
free-radical scavenger. Lycopene exhibits antioxidant activity 
due to its long chain and conjugated double bonds (9). Coyne 
et al. (10) reported increased lycopene levels in adults with 
type 2 diabetes mellitus; this effect was found to be associ-
ated with decreased ROS levels. Li et al. (11) investigated 
the effects of lycopene in diabetic patients. They found that 
lycopene could be used in the prevention and treatment of 
diabetic retinopathy. This is the first study demonstrating the 
effects of furan toxicity on the testes. Therefore, we aimed to 
assess the toxicity of furan and the protective effects of lyco-
pene in the testes of diabetic rats. 

Material and Methods

35 male adult Wistar albino rats weighing 300 to 320 g 
were obtained from the Experimental Animal Laboratory of 
Çukurova University. The rats were inserted into special plas-
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tic cages and were fed with free access to both water and a 
standard pellet diet. The study was approved by the Institutional 
Ethics Committee of Çukurova University.

Chemicals
In this experimental study, three substances, including strep-
tozotosin (STZ), furan, and lycopene, were administered; all 
chemicals used were obtained from Sigma. Furan and lyco-
pene were dissolved in corn oil before being administered to 
the animals. 

Implementation plan for animals
Chemicals were administered to the rats between 9:00 A.M. and 
11:00 A.M. 55 mg/kg STZ was given to each rat by intraperitoneal 
(ip) injection as a single dose. Two days later, the blood glycose 
levels of the rats were measured. Rats with a glucose range of 300 
mg/dL were accepted as diabetic. Furan was administered one 
hour after lycopene administration. These two substances were 
given to the rats by gavage once daily for 28 days. 

Randomization
The animals were randomly allocated into groups. The random-
ization was performed using www.randomization.com. The 
study crew did not know which animal was in which group. 
The animals were divided into five groups.

Study design
Thirty-five male rats were divided into five groups: group 1 (con-
trol group) received 1 mL/kg corn oil. Group 2 (diabetic control 
group) received 55 mg/kg STZ and 1 mL/kg corn oil. Group 3 
(diabetic lycopene group) received 55 mg/kg STZ and 4 mg/
kg lycopene. Group 4 (diabetic furan group) received 55 mg/
kg STZ and 40 mg/kg furan. Group 5 (diabetic furan + lycopene 
group) received 55 mg/kg STZ, 40 mg/kg furan, and 4 mg/kg 
lycopene. After 28 days, the testes of the rats in all groups were 
resected. In the testicular tissue samples, the level of MDA and 
the activities of CAT, GPx, SOD, and GST were studied. Serum 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), 
and testosterone levels were measured. Histopathologic exami-
nation was performed by light microscope. 
Ketamine hydrochloride (100 mg/kg, Alfamine, Egevet; İzmir, 
Turkey) and xylazin hydrochloride (10 mg/kg, Xylazinbio, 
Intermed; Ankara, Turkey) were administered intraperitoneally 
for anesthesia. All the rats were allowed to breathe throughout 
the intervention. Ultimately, the testes were extirpated. 
The testicular samples were treated with sodium phosphate 
solution, and the tissues were maintained at –80°C. The Aebi 
method was used to measure CAT enzyme activity (12). The 
Paglia and Valentine method was used to measure GPx activity 
(13). The Marklund and Marklund method (14) was utilized to 
measure SOD activity. The MDA level was assessed utilizing the 
test described by Ohkawa et al. (15) GST activity was deter-
mined by the Habig test (16). Protein content was evaluated by 
the Lowry method (17).

Histopathological examination
The testicular samples were maintained in 10% formalin solu-
tion for 1 day. Then, the tissues were dehydrated and fixed in 

paraffin. The thickness of the tissues was 5 to 6 µm. The sec-
tions were stained with hematoxylin and eosin dye. The sec-
tions were analyzed and photographed with an Olympus BX 51 
light microscope (Olympus Corp.; Tokyo, Japan). 
The histopathological assessment was performed as follows: 
grade 0, normal; grade I, no hemorrhage and no follicular 
degeneration, no leukocyte infiltration, mild edema and con-
gestion; grade II, no hemorrhage and no follicular degenera-
tion, no leukocyte infiltration, moderate edema and congestion; 
grade III, severe edema and congestion, hemorrhage, follicular 
degeneration, and leukocyte infiltration.

Statistical analysis
The Statistical Package for the Social Sciences version 17.00 
(SPSS Inc.; Chicago, IL, USA) was utilized for the statistical 
analyses. The homogenity of the data was evaluated with the 
Kolmogorov-Smirnov test. The Kruskal–Wallis test was used to 
evaluate the tissue damage scores and biochemical markers. 
p<0.05 was accepted as significant.

Results

Evaluation of biochemical parameters
There were significant differences between the control and 
diabetic control groups in terms of MDA level and enzymatic 
activities (Figure 1). 

MDA level
The MDA level was higher in the diabetic control group than in 
the control group (p<0.05). The MDA level was lower in group 
3 than in group 2 (p<0.05). The MDA level was lower in group 5 
than in group 4 (p<0.05) (Figure 1a).

SOD activity 
SOD activity was higher in the diabetic furan group than in 
the diabetic control group (p<0.05). SOD activity was lower in 
group 5 than in group 4 (p<0.05) (Figure 1b). 

CAT activity 
CAT activity was greatly diminished in the diabetic furan + 
lycopene group compared to the diabetic furan group (p<0.05) 
(Figure 1c). 

GPx activity
GPx activity was higher in group 4 than in group 2 (p<0.05). Group 
5 had higher GPx activity than group 4 (p<0.05) (Figure 1d). 

GST activity 
GST activity was found to be lower in group 5 than in group 4 
(p<0.05) (Figure 1e).

Effects of furan and lycopene treatment on plasma hormone 
levels
Plasma FSH level
When plasma FSH levels were compared, a statistically sig-
nificant decrease was found in group 4 compared to group 5 
(p<0.05).
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Plasma LH level
The lowest plasma LH level was in group 4; the addition of 
lycopene minimally increased the plasma LH level, and this dif-
ference was found to be significant (p<0.05).

Plasma testosterone level
The plasma testosterone range was lower in group 4 than in 
group 5 (p<0.05) (Table 1). 

Evaluation of histopathological damage
The morphology of the testicular tissue was normal in the control 
group (Figure 2a). After STZ administration, mild edema and vascu-
lar congestion were detected in the diabetic control group (Figure 
2b). The tissue of the diabetic lycopene group showed mild edema 
and detachments of the basal cells of the seminiferous tubules 
(Figure 2c). In group 4, leukocyte infiltration and edema were 
detected in the testicular stroma. Degeneration was observed in 
the seminiferous tubules and germ cells (Figure 2d). Treatment 
with lycopene reduced testicular tissue damage. No leukocyte 
infiltration, edema, hemorrhage, or follicular degeneration was 
observed in the diabetic furan + lycopene group (Figure 2e). 
The histopathological assessment was performed as follows: grade 
0, normal; grade I, no hemorrhage and no follicular degenera-
tion, no leukocyte infiltration, mild edema and congestion; grade 
II, no hemorrhage and no follicular degeneration, no leukocyte 
infiltration, moderate edema and congestion; grade III, severe 
edema and congestion, hemorrhage, follicular degeneration, and 
leukocyte infiltration. The testicular tissue damage scores in group 
5 were lower than in group 4, and this difference was found to be 
significant (p<0.05). The control and diabetic furan + lycopene 
groups were the least-influenced groups; the damage scores and 
biochemical values were superior in these groups (Table 2). 

Table 1. Mean hormone levels between control and experi-
mental groups

 FSH LH Testosterone  
Group (mlU/mL) (mlU/mL) (ng/mL) p

Control 3.32±0.03 1.42±0.021 4.04±0.06a 0.89

Diabetic control 3.21±0.02 1.29±0.035 3.93±0.02 0.57

Diabetic lycopene 3.26±0.02 1.36±0.024 3.85±0.04 0.13

Diabetic furan 2.67±0.05* 0.88±0.047* 2.81±0.03* 0.01a

Diabetic furan +  2.81±0.07 0.97±0.033 2.96±0.08 0.94 
lycopene 

FSH: follicle-stimulating hormone; LH: luteinizing hormone
*Statistically significant.
aKruskal-Wallis test was used.
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Figure 1. a-e. Comparison of the MDA level (a) and SOD (b), CAT (c), GPx (d), and GST activities in the testes of the control and experi-
mental groups. 
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Discussion

In this study, the toxicity of furan and the protective effect of 
lycopene on the testes of diabetic rats were evaluated. The 
results of this study demonstrate that tissue MDA levels and the 

enzymatic activities of SOD, CAT, GPx, and GST appear to be 
elevated with furan treatment. A decrease was detected in the 
MDA level and enzymatic activities after supplementation with 
lycopene. Also, plasma FSH, LH, and testosterone levels were 
found to decrease when furan was administered. Lycopene 
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Figure 2. a-e. Appearance of testes by light microscope. Control group (a), S: seminar tubul, I: interstitial space, x200. Diabetic control group (b), 
(*) edema, (black arrow) separation in the basal cells of the seminiferous tubules. Diabetic lycopene group (c), (black arrow) separation in the 
basal cells of the seminiferous tubules, (*) edema. Diabetic furan group (d), (black ar row) separation in the basal cells of the seminiferous tubules, 
(♦) de generation, (>) basal cell loss in the seminiferous tubules. Diabetic furan + lycopene group (e), (*) edema, (black arrow) separation in the 
basal cells of the seminiferous tubules 
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addition appears to reverse the negative effects of furan on 
testicular tissue. This is the first study describing the effects of 
lycopene on diabetic rats treated with furan. 
Furan is an important environmental contaminant with a het-
erocyclic structure. The toxic effects of furan are well known 
from animal studies (1-3). Gill et al. (18) studied the toxic 
effects of furan on the hepatocytes of rats. They found that furan 
showed no adverse effects or hepatic toxicity at a dose of 0.03 
mg/kg. However, we administered a furan dose of 40 mg/kg 
in our study. Furan is mutagenic, and some tumors have been 
demonstrated to be associated with furan usage (19, 20). Moser 
et al. (21) reported that oxidative stress induced by furan in cells 
causes an increase in ROS levels. 
Studies have reported improvements in cellular and seminifer-
ous structures by elimination of obstructions due to testicular 
artery ligation (22, 23). Oxidative stress can be detrimental 
to spermatogenesis and steroidogenesis in Leydig cells (7). 
Therefore, we believed that utilization of lycopene might pro-
tect testes from furan-induced toxicity. 
Lycopene is an antioxidant that has been investigated for the 
prevention and treatment of oxidative stress. It neutralizes free 
radicals and has antioxidant properties (24). Lycopene has 
been demonstrated to have protective effects against breast, 
endometrium, and liver cancers (25). Oxidative stress due to 
diabetes mellitus can lead to endotelial dysfunction. Li et al. 
(11) showed that lycopene could repair vascular endothelial 
damage in diabetic patients. Coyne et al. (10) reported that 
lycopene and serum carotenoids could reverse the harmful 
effects of type 2 diabetes mellitus. In our study, control and 
diabetic control groups were compared in terms of antioxidant 
enzyme activities. The enzyme activities were significantly 
higher in the diabetic control group than in the control group. In 
the diabetic lycopene group, antioxidant enzyme activities were 
lower than in the diabetic control group. The light microscopic 
findings and hormone levels, such as FSH, LH, and testoster-
one, indicated cellular degenerative changes. 
Testicular tissue uses different antioxidant enzymes to protect 
itself from damage by free radicals. These enzymes include 
CAT, GPx, SOD, and GST (6). Therefore, we studied the tissue 
MDA levels and the enzyme activities of CAT, GPx, SOD, and 
GST to assess the oxidative damage due to furan and the pos-
sible protective effects of lycopene. According to our results, the 
MDA level and CAT, GPx, SOD, and GST activities were found to 
be higher in group 4 than group 1 and 2 (p<0.05). When plasma 
FSH, LH, and testosterone levels were compared, they were 
lower in group 4 than in the other groups (p<0.05). 

Although these findings are short term, the results could ulti-
mately be useful to protect the testes of diabetic rats from furan 
toxicity. However, large-scale randomized studies are needed 
to evaluate the protective effects of lycopene on furan damage 
in the testis.
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