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Introduction                                                                                          

Organophosphates (OPs) are among the most 
commonly used insecticides globally. OPs have 
been widely used in agricultural and household 
applications to control pest insects[1]. DZ is 
an organophosphate insecticide that can cause 

irreversible damage [2]. This toxin is absorbed 
from skin, conjunctiva, respiration and food [3]. 
DZ causes damage in liver [4-6], kidney [4,7] 
and Pancreas [4,8]. DZ causes apoptosis in brain 
cells [9]. Cancer, infertility, nervous-endocrine 
disorders and immunological disorders are also 
caused by DZ. DZ decreases LH, FSH levels, 
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sperm count and testosterone level and causes 
destructive changes in seminiferous tubules 
[10,11]. Researches have shown that carbon ion 
irradiation (CIR) damages the sperms’ DNA and 
increases apoptosis in spermatogenic cells, which 
eventually damages the reproductive system [12].

Medicinal plants, as potential sources of health-
promoting compounds, have been used to treat 
various human diseases for thousands of years 
[4]. In traditional medicine, plants such as the 
compositae family (Asteraceae) including chicory 
have been mentioned to have anti toxic effects. 
Alpha-amyrin, Taraterone, Baurenylacetate, 
amylum, carbohydrates, proteins, Polyacetylenes, 
lipids and tretinoin are the chemical compounds 
in chicory [13]. Jurgoński et al. found that chicory 
root increases blood sugar and has ameliorative 
effects on kidney and heart [14]. Chicory is very 
effective in eliminating liver toxins [15] and help 
to control diabetes [16]. Studies have shown that 
Cyclophosphamide causes a reduction in the 
weight of testis and activity of spermatogenic 
but chicory extract reduces these effects with it’s 
antioxidant properties [17]. Bitter chicory increases 
the ovulation rate compared to cereals [18]. 

Chemical drugs often have side-effects, so it 
is necessary to obtain herbal medicine that can 
replace chemical drugs. Therefore, the present 
study was designed to determine the effects of 
chicory extract in counteracting the hazardous 
effect of diazinon on sperm parameters, testicular 
tissue and testosterone in adult mice.

Materials and Methods                                                           

Plant material and extraction
This study conducted in 2019. The roots 

of Common chicory (Cichorium intybus) 
were collected from a local market for herbs 
and medicinal plants. The Staff members of 
Agriculture at the University of Jiroft authenticated 
the identity of the plants. The roots were washed, 
dried and milled. After that, the powder was 
passed through a mesh (particle size: 10 mm). 
The powdered material was extracted with water 
at room temperature for 7 days in a conical flask 
with continuous shaking and stirring. The extract 
was filtered and dried by evaporation in a hot air 
oven at 50°C [19].

Chemical
For this study, technical DZ 98% was 

purchased from Ariashimi Company. DZ was 
prepared by adding 0.2 ml of DZ to 10 ml of 
emulsion distilled water [11].

Animals and treatments
Adult male mice (Balb/c race) (8 weeks old, 

approximately 20-25 g) were obtained from the 
animal breeding unit at the Afzalipour Faculty of 
Medicine in kerman. The mice were housed at 
23± °1C and 55± 5% relative humidity, with 12 
h dark/light cycle and ad libitum access to food 
and water. All mice were acclimatized in metal 
cages for one week prior to the experiment to 
ensure normal growth and behavior [19]. After 
the acclimatization period, the rats were randomly 
divided into 5 groups of 14 animals each based on 
literature:

Group I: Control group, received 0.5 ml distilled 
water by gavage on 35 consecutive days.

Group II: received chicory extract at the dose of 
100 mg/kg by gavage on 35 consecutive days 
using the expert consolations.

Group III: received DZ by Intra Peritoneal injection 
of 30 mg/kg using the expert consolations. On 35 
days (5 consecutive days and 2 days rest).

Group IV: received chicory extract at the dose of 
100 mg/kg by gavage and after 20 min injection 
of 30 mg/kg DZ on 35 days (5 consecutive days 
and 2 days rest).

Group V: received chicory extract at the dose of 
200 mg/kg by gavage and after 20 min injection 
of 30 mg/kg DZ on 35 days (5 consecutive days 
and 2 days rest).

The animals were killed by Chlorohydrate, 
35 days after the latest injection and the quality 
of sperm, testicular tissue and testosterone were 
assessed. This study approved by institutional 
review board and ethics committee of Kerman 
University of Medical Science. 

Epididymal sperm preparation
After 35 days, a small part of the cauda 

epididymis of each mouse was dissected and 
located in 1 mL of pre-warmed (26± 1°C) Hams 
F10 medium based on literature. Gentle tearing of 
the tissue was done to make spermatozoa swim 
out into the culture medium. The dishes were 
placed in the incubator for 15 min.

Sperm parameters
Normal morphology, viability, sperm motility, 

and sperm count were evaluated for at least 200 
sperm from each animal. The morphologically 
normal spermatozoa and the percentage of viable 
sperm cells were assessed by Papaniculaou’s 
staining and Eosin test respectively [20]. Motility 
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was expressed as the percentages of progressive 
motility including Straight moving (Grade A) 
(These are the strongest spermatozoa and swim 
fast in a straight line.), Zig-zag moving and 
Vibrating (Grade B) (These spermatozoa also 
move forward but tend to travel in a curved or 
crooked motion.) and Non-motile (Grade C) 
(These spermatozoa are entirely immotile and fail 
to move at all.) [21].

Morphometrical parameters of the testis
Structural changes in testicular tissue were 

examined and the following parameters were 
recorded: weight and size of testis, Leydig, 
Spermatogonia, primary spermatocytes, 
spermatids cells which was measured by light 
microscope equipped by eyepiece graticule [11].

Evaluating serum levels of Testosterone 
Testosterone was assessed by using 

competitive chemiluminescent immunoassay kit 
(DRG Co, Germany,  and Pishtaz Teb, Iran). 

Statistical analysis
Statistical analysis was carried out using SPSS 

version 22.0. The differences between means 
were compared for statistical significance by one 
way ANOVA and Tukey post hoc test. Differences 
was considered significant at p<0.05.

Results                                                                                     

Sperm parameters
The means of sperm parameter in different 

groups of adult male mice are demonstrated 
in table 1. Compared with control group, DZ 
decreased viability (P<0.01). Pretreatment 
with chicory extract decreased DZ effect 
(P<0.01) and the effect of 200 mg/kg chicory 
extract was less than 100 mg/kg. There was 
no significant difference in viability between 
groups treated with chicory extract and control 
groups (P<0.01).

DZ affected all sperm motility, in which 
straight moving (Grade A) were reduced 
significantly, and zig-zag moving and vibrating 
(Grade b) and non-motile (grade C) were 
increased (P<0.01). Pretreatment with 100 
and 200 mg/kg chicory extract reduced DZ 
effect, in which the percentage of sperms were 
increased in (Grade A) and sperm motility 
in (Grad B) and (Grad C) were decreased 
(P<0.01). In this study chicory extract had 
no significantly effect on sperm movement, 
compared to control group.

Mouse treated with DZ showed significantly 
(P<0.01) increased number of morphological 
abnormalities in sperms. Pretreatment with 100 
and 200 mg/kg chicory extracts reduced DZ 
effects and the effect of 200 mg/kg was less than 
100 mg/kg (P<0.01). Chicory extract reduce the 
morphological abnormalities compare to control 
group (P<0.01).

DZ significantly decrease the sperm count 
compared to control groups (P<0.01). Conversely, 
significant increases were detected in group IV 
and group V compare to group III. There was no 
significant difference in Sperm count between 
groups treated with chicory extract and control 
groups (P<0.01). Seminiferous tubules in mice 
showed in fig 1. The results of this study show 
that in DZ group the seminiferous tubules had 
different degrees of destruction and tearing. 
The tubules had growth delay and some were 
canalized, and degenerated germinal cells were 
observed. However most of the tubules had little 
spermatogonia and primary spermatocyte cells. 
The testicles had atrophy necrosis, and the intra 
tubule space had less development in DZ group 
than control group, while in control group there 
were more sexual cells in seminiferous tubules 
sections, and testosterone levels were decreased 
and disorders increased. Leydig cells in interstitial 
tissue in DIA group were significantly reduced, 
compared to control group, and in some sections, 
there were no Leydig cells in interstitial tissue.

Morphometrical parameters of the testis
Results of Morphometrical parameters of the 

testis of the mice from all groups are summarized 
in Table 2. The results show that DZ caused a 
significant reduction in weight and size (length, 
width, diameter) compared to control group 
(p<0.01).  Pretreatment with 100 and 200 mg/kg 
chicory extract had positive effects on reducing 
the effects of DZ on testicular weight and size 
(p<0.01). The effect of 200 mg/kg chicory extract 
was less than 100 mg/kg. Application of chicory 
extract alone had no significant effect on testicular 
size and weight (P>0.05).

The number of Leydig, Spermatogonia, 
spermatocyts, spermatids cells in mice fed chicory 
extract was not significantly different from the 
control group (P>0.05). DZ caused a significant 
reduction in those cells (p<0.01) and pretreatment 
with 100 and 200 mg/kg chicory extract reduced 
DZ effects. The effect of 200 mg/ml chicory 
extract was less than 100 mg/kg (p<0.01).  
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 TABLE 1. Sperm parameters changes in mice exposed to DZ and chicory extract

Group VGroup IVGroup IIIGroup IIGroup IStateParameters

43.4±3.5 ab50.3±6.4 b30.3±5.1a76.6±5.5c79.6 ±4.3c-Viability (%)

28.3±4.3 b39.3±7.5 b11.4±4.3a66.2±6.4c70.4±6.5cGrad A

Motility (%) 38.1±4.5 bc32.4±2.3 b45.3±5.4c20.4±5.5a18.3±2.6aGrad B

44.2±4.6b41.2±5.5b76.4±4.4c13.3±6.7a12.6±2.5aGrad C

7±1.1bc5.3±1.4ab8.3±1.6c3.3±1.5ab2.7±1.1aAbnormal 
head

Morphological 
abnormalities 

(n)
8.4±0.6bc7.3±0.6ab10±1.1c5.2±1.6ab4.3±1.4aAbnormal 

neck

8.4±1.6bc5±1.1ab10.7±2.1c3±1.7a2.4±1.5aAbnormal 
tail

830180.7±57271.2 b972029±59633.1 b426022±59633.4 a1548021.7±107132.6 c1652069±130603.5 c-Sperm count
The data is presented as mean and standard deviation, Within rows, means followed by the same letter are not significantly different 
according to tukey (0.05).

Fig. 1. Seminiferous tubules in mice. The indexes shown in the figures represent group I to V.

Group I: Active spermatogenesis was increased and more sperm cells were seen. Blood vessels are visible 
in the connective tissue between the tubes of Leydig cells.

Group II: Cellular irregularities were observed in the seminiferous tubules and increasing the distance 
of these tubes. Leydig cells decreased in connective tissue.

Group III: Active spermatogenesis, significant thickness of the epithelium and border of the seminal 
vesicles, integration between them and Leydig cells.

Group IV: Sperm cell wall and cells show better order than diazinon group

Group V: Structural changes in seminiferous tubules with delayed
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TABLE 2. Testicular tissue parameter and testosterone changes in mice exposed to DZ and chicory extract

Group VGroup IVGroup IIIGroup IIGroup IParameters
0.085 ±0.004a0.092±0.004a0.078±0.004a0.111±0.009b0.117±0.003bWeight(kg)
6.69 ±0.22b7.02±0.09b4.82±0.24a7.99±0.37c8.21±0.5 cLength (mm)
4.23±0.12b4.6±0.18b3.49±0.35a5.62±0.15c5.83±0.06cWidth(cm)
3.67±0.25ab4.06±0.17b3.23±0.22a5.38±0.25c5.49±0.23cDiameter(cm)
21.3±2.21ab25.3±2.21bc15.7±3.33ac31.7±2.21d32.3±1.88dLeydig cells (%)
25.9±4.48ab33.1±2.96b20.1±2.96a49.2±3.79c52.3±2.75cSpermatogonia cells

43.6±6.81a66.7±8.38b37.3±5.33a95.9±9.98c99.7±6.99cPrimary spermatocyte 
cell (µm)

21.8±4.72ab30.1±3.34b18.1±2.28a60.4±3.09c63.5±3.43cSpermatid cells(µm)

0.79±0.22ab1.13±0.35abc0.33±0.14a1.86±0.71bc2.16±0.38cSerum levels of 
testosterone (ng/dL)

The data is presented as mean and standard deviation,  Within rows, means followed by the same letter are not significantly 
different according to tukey (0.05).

Exposure to DZ decreased serum levels of 
testosterone in mice, but chicory extract reduced 
the effects of DZ on decreasing testosterone levels 
(P<0.01). Increasing the dosage of chicory extract 
was not effective in more decreasing the effect of 
DZ on serum levels of testosterone.

Discussion                                                                                      

DZ is an organophosphate compound that is 
commonly used in agriculture but has negative 
health effects on living organisms. The presence 
of pesticide residues in the environment and 
food products is a serious warning and should be 
evaluated at clinical levels. Evaluation of fertility 
decline due to pesticides among human models 
is unauthorized. In the scientific community, 
pre-clinical animal studies provide a lot of 
information because it imitates similar function 
and metabolism. 

In the present study, compared with control 
group, rats treated with DZ alone showed 
significantly (P<0.05) decreased in percent 
of viability (by 62%) and sperm count (by 
74.2%). The data from sperm motility analysis 
demonstrated that DZ has adverse effect on the 
straight moving. In addition, zig-zag moving and 
vibrating and non-motile increased. The result 
showed that morphological abnormalities in the 
neck are significantly higher in DZ group. Our 
results showed that chicory extract was able to 
exert an effect over the damage, induced by an 
exposure to the DZ, on all the analyzed parameters 
of mice sperm. The present results are consistent 
with those of other researchers who investigated 
the effect of DZ on sperm parameters [22-25, 
11]. DZ damages sperm chromatin through 

phosphorylation of protamine in nucleus and so 
it has a negative effect on the male reproductive 
system [26]. Several intra cellular components 
such as energy contents, plasma membrane 
mediators for ionic exchange and axoneme 
structure and composition are responsible for 
sperm movement [27]. Organophosphates affect 
sperm motility by disturbing synthesis of ATP or 
energy pooling besides a significant increase in 
percentage of broken sperms [28]. 

In quantitative analysis, there were significant 
differences between testis weight and size exposed 
to DZ and the controls. Furthermore, DZ caused 
significant reduction in Leydig, spermatogonia, 
primary spermatocyte and spermatid cells and a 
serum levels of testosterone. So, DZ were sufficient 
to cause disorganization on the level of testes 
structure. We observed that chicory extract could 
reduce the damage considerably in comparison 
with the DZ group. Compared to the DZ group, 
the chicory extract pretreated group (100 mg) 
had increased testicle weight and size besides 
there were more Leydig, spermatogonia, primary 
spermatocyte and spermatid cells. The results 
of the present study support previous research 
into DZ-induced changes in testicular tissue and 
confirm the reproductive toxicity following DZ 
exposure [10, 11,  22,  29-31]. DZ induces the 
production of oxidative stress by alteration of 
antioxidant enzyme activity and increasing lipid 
peroxidation [32,  33]. Increased oxidative stress 
in the testis is associated with the suppression of 
Leydig cell steroidogenesis [34], disruption of 
spermatogenesis [2], and implications for male 
fertility [23].
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Likewise, it has been demonstrated that 
chicory extract produces an Improvement in the 
sperm abnormalities and Testicular tissue damage 
of mice treated by DZ. Chicory contained high 
phenolic contents, especially in leave and roots 
[35]. The therapeutic effect of chicory extract 
is to reduce toxicity [13]. The study of Fatahi et 
al. [11] on the sperm parameters of Varicocele 
patients showed that chicory extract improves 
sperm parameters [36]. Jamshidzadeh et al. [37] 
found that chicory extract in 200 mg/kg reduces 
Carbon tetrachloride toxicity in liver but in 400 
mg/ml has toxic effect [37].

Conclusion                                                                           

Our study supported the detrimental impacts 
that DZ has adverse effects on testes and sperm 
quality in the male mice. It was shown that 
chicory extract can reduce these effects because 
of its antioxidant properties. In the present study, 
chicory extract group at concentrations of 100 
mg/kg and 200 mg/kg could partially reduce DZ 
toxic effects besides the concentration of 200 mg/
kg chicory had less effect than 100 mg/kg. The 
present study showed that chicory’s anti toxic 
effect decreases as the dose increases.
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