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HIGHLIGHTS
¢ Dimethoate caused reproductive toxicity.
e Ferulic acid ameliorated some parameters.

e Histopathology and oxidative stress are very important criters.

Abstract: Dimethoate is frequently used all over the world and it caused serious toxicity on target and non-
target organisms. In this study, distilled water, ferulic acid, low dose dimetoate, high dose dimetoate, ferulic
acid and low dose dimetoate, ferulic acid and high dose dimethoate were given to rats through gavage during
the 4-week experiment. For this purpose, the levels of glutathione peroxidase, superoxide dismutase,
glutathione-S-transferase, catalase, malondialdehyde and histopathological damages were investigated. After
28 days, no statistically important difference was determined in all investigated parameters in testicular tissues
of rats who were administered control and ferulic acid. When the control and ferulic acid groups compare with
the low and high dose dimetoate groups, there were statistically significantly changes antioxidant enzymes
and malondialdehyde levels. In ferulic acid plus low dose dimethoate treated group and ferulic acid plus high
dose dimethoate treatment we demonstrated that the protective role of ferulic acid on examining parameters
but not completely. Based on light microscope studies, we can say that both dose dimethoate induced
numerous histopathological changes. Less pathological alterations were observed when rats ferulic acid-plus-
dimethoate. As a result, it is possible to say that ferulic acid has a partially healing role on the oxidative damage
caused by dimethoate.
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INTRODUCTION

Organophosphorus pesticides (OP) are generally used in agricultural areas as acaricides and insecticides
and further in industrial purpose and medicine. Organophosphate pesticides residues have been accumulating
in the soil, many vegetables, in certain parts of cereal products and various foods [1, 2]. Accumulation in this
way causes toxic ethics in terms of living things' health [3]. Acetylcholinesterase enzyme inhibition is the major
way of pesticides [4].

Dimethoate (DMT), (O, O-dimethyl-S-methyl- carbomethyl) is one of the effective organophosphate
pesticides (OP) frequently used of worldwide [7]. It is also used to control to pest of apples, pears, fruits [5].
DMT induces number of toxic effects including acetylcholinesterase inhibition [6], hepatotoxicity [6, 7],
hematotoxicity [8], cardiotoxicity [9], hepatic dysfunction [10].

Many studies showing the toxic effects of pesticides, flavonoids are used to show a healing effect [11,12].
Since many insecticides are hydrophobic, they attach to the phospholipid layer of membranes especially [13].
Phenolic acids, such as syringic acid, caffeic acid, rosmarinic acid, vanillic acid, ferulic acid, and are commonly
found in plants [14]. Ferulic acid (FA) derived from Ferula foetida, a phenolic compound in plant cell walls, and
is a source to many aromatic compounds. In addition, FA is known that water soluble antioxidant and it is
commonly present in grains, leaves, rice, seeds of coffee, tomato, wheat, oat, flowers, carrot, fruits, bean,
peanut, nuts, spinach, avocado, broccoli and pineapple [15, 16].

Formation of free radicals are caused to induce organ injury. It has been shown that dietary antioxidants
increase the amount of cellular antioxidants. In addition, antioxidant supplements are used in chelation therapy
[17, 18]. Living organisms are always exposed to Reactive oxygen species (ROS), which occur as by-products
of anabolism and catabolism reactions, normal cellular respiration, and the autoxidation of xenobiotic, or as a
result of oxidative stress seen in many disease states [19].

Oxidative stress is a result of out of balance between reactive oxygen species and antioxidant enzyme
defense system, and this balance benefits ROS. This oxidative stress effects a number of cellular functions
and caused to various pathological situations in which ROS overwhelm anti-oxidative conservation of the
organism, leading to oxidative ruin of the mentioned biological macromolecules, tissue damage, and necrosis
as the foundation [20, 21]. In this study we aim examine oxidative stress and pathological changes of the testis
of rats after 4—week-subacute exposure to dimethoate and to assess the protective potential of ferulic acid.

MATERIALS AND METHODS

Reagents

Ferulic acid (purity>97%), dimethoate (purity>97%), thiobarbituric acid (TBA), nicotinamide adenine
dinucleotide phosphate reduced form (NADPH), reduced glutathione, were purchased from Sigma (St. Louis,
MO, USA). All other chemical substances used in this study have analytical standards.

Animals

Ethical approval

In our study were conducted with the confirmation of Gazi University Animal Experiments Local Ethics
Committee (G.U. ET-17.004).

Animals, treatment and groups

Adult Wistar rats, weighing 200-250 g. were purchased from Gazi Universitiy Laboratory of Aniimals
Raising and Experimental Research Center. The animals had free access to commercial rodent food diet and
tap water as also ad libitum. All chemicals were applied by oral gavage. Our treatment groups are as follows:

Group 1: Control: distilled water (n=6)

Group 2: Ferulic acid (FA): 30 mg/kg bw (n=6)

Group 3: Low dose-DMT (LDMT): 3mg/kg bw (1/100 LDso) (n=6)

Group 4: High dose-DMT (HDMT): 30 mg/kg bw (1/50 LDso) (n=6)

Group 4: Ferulic acid+Low dose-DMT: 30 mg/kg bw FA and 3mg/kg bw LDMT, respectively (n=6)
Group 5: Ferulic acid+High dose-DMT: 30 mg/kg bw FA and 30 mg/kg bw HDMT, respectively (n=6)
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Histopathology

After the experimentation to animals is over, the rats were sacrificed and examined for testis tissue
pathological abnormalities. After tissues were obtained, they were taken into 10% formalin fixation and
dehydrated in alcohol, and finally embedded in paraffin. Then testis sections were cut with 6-7 thickness. The
slides were then dehydrated and stained with hematoxylin and eosin. At least ten slides were observed with
microscope (Olympus, Tokyo, Japan). Each tissue slides were investigated and determined for severity of
changes using scores on rating chart of none (-), mild (+), moderate (++), and severe (+++) damage (Table 1).

Biochemical evaluation for oxidative tissue damages

After experimental period, animals of different groups were anesthetized using alphamine and alphazine
combination. Testis tissues were quickly removed from the rats using standart procedure for biochemical and
microscopic studies. For biochemical studies, testicular tissues are carefully separated from auxiliary tissues.
and washed with isotonic phosphate-buffered saline solutions. After washing, tissues were frozen in liquid
nitrogen and preserved in a -80 freezer until the time of operation. Some of the testicular tissues are
homogenized in a Heidolph Silent Crusher M homogenizer and prepared to measure oxidative stress
parameters. After that the homogenates were centrifuged at 4 °C. All procedures were carried out at 4 °C. The
supernatant was used as a source of MDA content and antioxidant enzyme activities using with
spectrophotometer (Shimadzu UV 1700, Kyoto, Japan). The amount of protein in tissues was detected by
method of Lowry [22]. Protein determination was made using Bovine serum albumin (BSA).

Lipid Peroxidation

Determination of malondialdehyde (MDA) tissue content was showed using the thiobarbituric acid (TBA)
calculation as described by Ohkawa’s method [23]. MDA reacts with TBA to form a colored compound.
Absorbance was measured at 532 nm to determine the MDA content. The data was expressed as nmol/mg
protein.

Measurement of superoxide dismutase (SOD)

We measured the SOD activity according to the method determined by Marklund and Marklund [24] by
analyzed the autooxidation of pyrogallol value at 440 nm for 3 min. One unit of total SOD activity was based
on the amount of protein that caused 50% pyrogallol inhibition. The total SOD activity was determined as U/mg
protein.

Measurement of catalase (CAT)

CAT activity was described by to the method specified by Aebi [25]. We assayed the hydrolysis of H,O-
and the resulting decline in absorbance at 240nm. CAT activities were defined as nmol/mg protein.
Measurement of glutathione-S-transferase (GST)

GST activity was analyzed by founding the formation of GSH (Glutathione) and the 1-chloro-2,4-
dinitrobenzene (CDNB). Increases in absorbance were recorded at 340 nm for 3 min [26]. The specific activity
of GST was expressed as nmol/mg protein.

Measurement of glutathione peroxidase (GPx)

GPx activity was detected via H.O- as substrate by method described as Paglia and Valentine [27]. We
assayed the reaction at 240 nm. GPx activity was described as nmol/mg protein.
Statistical analysis

SPSS 13.0 used in this study for the analyzed of data’s. The significance of differences was calculated
using one-way analysis of variance (ANOVA) followed by Tukey’s procedure for multiple comparisons. P <
0.05 was considered statistically significant. Values are mean +SD of six rats in each group.
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RESULTS

Histological changes in the testis

In ferulic acid-treated and control group we show that sperm cells at different stages in the seminiferous
tubules in normal structure. The seminiferous tubules appeared uniform in size and shape. They were lined by
regularly arranges rows of sperm cells at different stages of maturation (Fig 1A-B). After 4 weeks of low dose
dimethoate exposure, lesser number of spermatogenic cells, degeneration of seminiferous tubules and edema
in interstitial area were observed (Figure 1C). In high dose of dimethoate treated groups we showed that more
degeneration of seminiferous tubules, edema in interstitial area, atrophy and decreasing number of
spermatogenic cells (FigurelD). After experimental period in ferulic acid+LDMT treated group, spermatogenic
cells declined in several seminiferous tubules and less edema in interstitial area (Figure 1E). In ferulic acid
plus HDMT we showed that spermatogenic cells decreased in some seminiferous tubules, edema in interstitial
area and degeneration in some seminiferous tubules (Figure 1F).

Figure 1. (A) Testicular section of control rats showing seminiferous tubules (S) and interstitial tissue X200. (B) Testicular
section of FA treated rats showing seminiferous tubules (S) and interstitial tissue X200. (C) Testicular sections of LDMT -
treated rats showing edema (#) in interstitial tissues, decreasing number of spermatogenic cells (€) and degenerative
chances in seminiferous tubules (&) X200. (D) Testicular sections of HDMT-treated rats showing edema () in interstitial
tissues, decreasing number of spermatogenic cells (€), degenerative chances in seminiferous tubules (&) and atrophy
(m) X200. (E) Testicular sections of FA+LDMT-treated rats showing edema () in interstitial tissues, decreasing number
of spermatogenic cells (€) X200. Testicular sections of FA+HDMT-treated rats showing edema (¢) in interstitial tissues,
decreasing number of spermatogenic cells (€) and degenerative chances in seminiferous tubules (&) X200.
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Tablel. Grading of the histopathological changes in the testes sections of dimethoate exposure to rats. Scoring was done
as follows: none (-), mild (+), moderate (++) and severe (+++).

Groups and Atrophy Decreasing number of Disorganization of Edema
Pathology spermatogenic cells seminiferous tubules

Control - - - -
FA - - - -
LDM - ++ ++ ++
HDM + +++ ++ +++
FA+LDM - + + +
FA+HDM - + + +

Evaluation of MDA levels

As a result of this work, there were not statistically significant changes in MDA levels when the ferulic acid
treated rats compared to control rats (Figure 2). There was statistically significant increase in MDA activity in
the low and high dose dimethoate-treated group compared to control group. When the ferulic acid plus low
dose dimethoate treated groups compared to control group there were statistically significant increase, too.
We showed considerably reduced MDA levels significantly in the FA plus LDMT treated group and FA plus
HDMT treated group compared to LDMT and HDMT treated groups (P<0.05, Figure 2).

MDA (nmol/mgprote_(i:n)
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Figure 2. Values are mean * SD of six rats in each group. Significance at P < 0.05.
a Comparison of control and other groups.

b Comparison of FA group and other groups.

¢ Comparison of LDMT group and other groups.

d Comparison of HDMT group and other groups.

Antioxidant Enzyme Activities

There were not statistically important changes in GST, CAT, and GPx, SOD activities when the ferulic acid
treated rats compared to control rats (Figure3-6). A significantly increase was determined in CAT, SOD, GST
and GPx activities at the end of the 4th week in low dose and high dose dimethoate groups compared to control
group. When feruic acid plus low dose dimethoate and feruic acid plus high dose dimethoate treated groups
were compared to control group, SOD, CAT, GST and GPx activities significantly increase at the end of the
4th week. However, all the antioxidant activities were statistically decreased significantly decreased in the FA

plus LDMT treated group and FA plus HDMT treated group compared to LDMT and HDMT treated groups
(P<0.05) (Figure 3-6).
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Figure 3. Values are mean + SD of six rats in each group. Significance at P < 0.05.
a Comparison of control and other groups.
b Comparison of FA group and other groups.
¢ Comparison of LDMT group and other groups.
d Comparison of HDMT group and other groups.
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Figure 4. Values are mean  SD of six rats in each group. Significance at P < 0.05.
a Comparison of control and other groups.

b Comparison of FA group and other groups.

¢ Comparison of LDMT group and other groups.

d Comparison of HDMT group and other groups.
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Figure 5. Values are mean + SD of six rats in each group. Significance at P < 0.05.
a Comparison of control and other groups.

b Comparison of FA group and other groups.

¢ Comparison of LDMT group and other groups.

d Comparison of HDMT group and other groups.
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Figure 6. Values are mean + SD of six rats in each group. Significance at P < 0.05.
a Comparison of control and other groups.

b Comparison of FA group and other groups.

¢ Comparison of LDMT group and other groups.

d Comparison of HDMT group and other groups.

DISCUSSION

The oral dose LD50 of dimethoate is 300 mg/kg for male experimental rats [10]. In the present study, DMT
was given at 1/10 and 1/100 LD50 different oral dose, depending on dose we determined several
histopathological changes and oxidative damage in rat testes; however, no rats died during 28 days of
experimental protocols. It has been known that pesticides cause various pathological changes on cell and
tissue in the experimental male animals’ reproduction system [28,29]. Dimethoate is a widely used pesticide
affecting different organs. Acute and chronic studies of dimethoate have shown that this pesticide is very toxic
effects to mammals [7].

OP insecticide such as Malathion, caused decline of sperm maotility in the testes [28]. In the present study,
different doses of dimethoate caused pathological effetcs in the spermatojenic cells after subacute exposure.
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Low and especially high dose of DMT caused interstitial edema and degenerations in the seminiferous tubules.
These effects caused by the toxic effect of the DMT on tissues.

OPs adversely affect the male reproductive system in several ways such as changing antioxidant enzyme
activities and causing lipid peroxidation [11]. Reactive oxygen species cause damage to sperm and other
organelle membrane structures through peroxidation of macromolecules, thereby altering sperm motility. With
the increased amount of ROS, spermatozoa are damaged and lipid peroxidation, which is polyunsaturated oll
peroxidation, occurs. Reactive oxygen species cause problems in sperm production in the male reproductive
system [30].

An imbalance of pro-oxidant and antioxidant value amount in tissue and primarily macromelucules is
known to cause important damage to cell membranes, such as proteins, carbohydrates, DNA, and finally injure
the tissues and all systems [31,32]. Therefore, exogenous antioxidant supplementation would have a
significant mission on the cell’s antioxidant defenses to deactivate dimethoate intoxication. Lipid peroxidation
is known to oxidative destruction of lipid in being of oxidative free radicals [33, 34]. In cellular antioxidant
enzymes like SOD, metabolizes the alteration of O2- to less-reactive species 02 and to the H202 [35]. SOD
works with other enzymes inside the cell like GST, GPx and CAT because of conjunction with to eliminate
H202 [36]. CAT play a key role, which catalyses the decomposition of H202 to H20 and O2 [37]. GST, GPx,
and GR work together with glutathione in the decomposition of H202 and other organic hydroperoxides [37].
GSH is a multitasking primarily intracellular non-enzymatic antioxidant. It acts as thiol disulfide buffer in the
cell. GSH is one of the enzymes that protect cells from reactive oxygen species by being converted into its
oxidized form, GSSG [38]. So the level of these enzymes gives information about cellular toxicity.

CONCLUSION

In conclusion, when we look at the differences in testicular histology of DMT-intoxicated rats showed many
histopathological damages as compared to normal rats. Additionally, administration of ferulic acid could
preserved the general histological features of the tissue. Oxidative stress is major mechanism has been
proposed involved in DMT toxicity. Exposure to DMT at low and high doses disrupted the oxidative balance in
the testes and histopathological damages, which is a critical organ. and tissues could be overcome through
simultaneous treatment with ferulic acid. It could be suggested that the supplementation with antioxidants may
be a potential therapy in the treatment of subchronic DMT intoxication.

Antioxidants are of biological importance for the normal functioning of the immune system as well as the
elimination of many carcinogenic compounds [39]. Taken together, ferulic acid may be regarded as a promising
dietary supplement for treatment of testes diseases due to its well-known beneficial biological properties,
availability, and nutritional value.

Testes are important targets of xenobiotic, and per oxidative damage which is most important cause
distribution of testicular function. Also, taking phenolic compounds with food causes protective effects in
testicular dysfunction [40-42]. It is important to note that many xenobiotic especially insecticides accumulate in
the primarily fatty tissues and may have accumulates in organs that lead to reproductive disorders.

Conflicts of interests: The author(s) declared no potential conflicts of interest with respect to the research, authorship,
and/or publication of this article.
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