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The Effect of Giresun Hazelnut Oil Against Formaldehyde
Damage in Rat Testicular Tissues
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SUMMARY: The aim of this study was to determine the toxic effects of formaldehyde on testicular tissue and the protective effect
of Giresun hazelnut oil against these effects. In the study, 40 Wistar albino male rats were used. Rats in Group | @én&agedteneally
with formaldehyde every other day. Rats in Group Il were designated as the control group. Rats in Group Il were intseadstinistered
Giresun hazelnut oil 100 mg/kg and rats in Group IV were administered Giresun hazelnut oil 200 mg/kg every other day léhyidema
injection. At the end of the 30-day experimental period, all rats were euthanized under high dose anesthesia after lrigoBisamtical
and histologic evaluations were performed on the testicular tissues. Lipid peroxidation (LPO) and myeloperoxidase engyihRagtivi
were examined in rats treated with formaldehyde. Compared to the control, LPO levels and MPx enzyme activity were foenychiglbe v
in the formaldehyde group. Testosterone levels were very low in the formaldehyde group. The applied Giresun hazelnut thilsratig h
to the level of healthy tissues. Testosterone levels and interstitial cell (Leydig cell) numbers were also found to bentesuesiexposed
to formaldehyde. Formaldehyde caused harmful effects on testicular tissue and water extract of Giresun hazelnut oil ghdieadta si
protective effect against these effects.
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INTRODUCTION

Formaldehyde (FA) is a ubiquitous environmentaperforming dissections and students studying cadavers are
pollutant and a simple aldehyde compound (OH particularly susceptible to unavoidable FA contact.
characterized by its colorless appearance, high water solubilBxperimental investigations have conclusively demonstrated
and distinctive irritating odor (Smith, 1992). This lowthat FA, now recognized as a carcinogen, exerts detrimental
molecular weight and highly reactive aldehyde has extensiedfects on multiple physiological systems including
applications across various industries and scientific disciplingespiratory, nervous, reproductive, and digestive systems
FA is commonly found in textiles, dyes, plastics, and househdonteiro-Riviere & Popp, 1986). Regarding the
cleaning products. In healthcare settings, it serves multipieproductive system specifically, FA exposure has been linked
purposes including as a component in dental coatingstainfertility. Animal studies have reported that FA induces
treatment for intractable cystitis, and in hemodialysis solutiongxidative damage in testicular tissue, reduces serum
Due to its exceptional preservative properties, FA remains ttestosterone levels, and adversely affects sperm quality
predominant chemical utilized in anatomy laboratories fahrough testicular impairment (Majumder & Kumar, 1995;
long-term cadaver and organ preservation. Additionally, it Sarsiimaz & Ozen, 2000; Ozehal, 2003).
widely employed for tissue fixation in histology and pathology
laboratories (Evrest al, 2010). Recent research has further elucidated the

mechanisms underlying FA-induced reproductive toxicity.

The pervasive use of FA in numerous applicationduonget al (2011), conducted a comprehensive review
results in constant human exposure in daily life. Anatomistevealing that FA exposure significantly decreases succinate
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dehydrogenas€¢SDH) activity in testicular tissue, predominantly cultivated in Turkey's Black Sea Region
establishing SDH as a potential biomarker for testiculdincluding Giresun, Ordu, Trabzon, and Samsun provinces),
damage (Duongt al, 2011). Haret al (2015) demonstrated represent a rich source of antioxidant compounds,
that FA exposure triggers autophagy in testicular tissuesrbohydrates, proteins, minerals, and vitamin E. This
suggesting that autophagy may be a critical factor responsibléritional profile has prompted numerous investigations into
for male reproductive impairment following FA exposurehazelnuts' potential benefits for various health conditions
Additionally, Wanget al (2015), reported that FA vapor including anemia, bone development, cardiac rhythm
exposure at concentrations of 10 and 20 ppm destroyesjulation, cholesterol management, sexual function
testicular structure and decreased sperm concentratienhancement, and skin rejuvenation. Recent studies have
further confirming FA's reproductive toxicity. specifically examined hazelnuts' effects on reproductive
health. Karaet al. (2021a), demonstrated that hazelnut

Infertility represents a significant global healthsupplementation significantly improved testicular antioxidant
concern affecting approximately 15% of couples attemptirfgnction and semen quality in both young and old male rats.
to conceive, with male factors contributing to 20-50% of heir research revealed that hazelnut-supplemented diets
cases (Birmingham, 2015). It is estimated that 37% ehhanced histopathological variables, sperm quality, seminal
couples seeking assisted reproductive technologjasma and plasma oxidative stress markers, seminal plasma
interventions present with male-origin infertility. Thevitamin E levels, and plasma testosterone concentrations. Kara
etiology of male infertility encompasses genetic factorgt al (2021b), further investigated hazelnuts' protective effects
environmental exposures, and varicocele. Among thesegainst doxorubicin-induced reproductive damage,
compromised sperm quality emerges as the predominaoincluding that hazelnuts may exert positive effects on
issue in male infertility, primarily resulting from oxidative reproductive system damage through their high antioxidant
stress (OS) (Birmingham, 2015). activities, which reduce cell membrane oxidation.

OS has been identified as one of the principal The present study aims to investigate the protective
mediators of male infertility through its detrimental effecteffects of Giresun hazelnut oil against formaldehyde-induced
on sperm function (Agarwat al, 2014a). OS represents adamage in rat testicular tissues. Given the established
state characterized by increased cellular damage triggeredbgroductive toxicity of formaldehyde and the promising
oxygen and oxygen-derived free radicals known as reactigatioxidant properties of hazelnuts, we hypothesized that
oxygen species (ROS). This condition occurs when augmenteakelnut extract administration would mitigate the adverse
ROS production overwhelms the body's antioxidant defenséfects of formaldehyde on testicular tissue through its
mechanisms. While minimal ROS levels are essential fantioxidant mechanisms. This investigation employed both
normal sperm function, disproportionate concentrations cémochemical and histological methodologies to
negatively impact spermatozoa quality and impair overatbmprehensively evaluate the potential protective effects of
fertilizing capacity. Tremellen (2008) established that O8azelnut extract against formaldehyde-induced testicular
plays a central role in sperm dysfunction, representingdamage.
significant pathological mechanism underlying male
infertility. The pathophysiology of OS-induced male infertilityMATERIAL AND METHOD
involves multiple mechanisms. ROS and their metabolites
can attack DNA, lipids, and proteins; alter enzymatic systenisxperimental Animals
produce irreparable cellular alterations; cause cell death; and
ultimately lead to declining semen parameters associated with  The present study utilized forty (40) male Wistar
male infertility (8m). Specifically, OS causes lipidalbino rats weighing 250-300 g, obtained from the Giresun
peroxidation of sperm cell membranes, which are rich idniversity Animal Experiments Laboratory. Prior to
polyunsaturated fatty acids, making them particularlgxperimental procedures, the animals were allowed a one-
vulnerable to oxidative damage. This results in decreasegtek acclimatization period to adapt to their new
sperm motility, reduced sperm-oocyte fusion capability, anehvironment. Throughout the study, rats were housed under
DNA fragmentation (Takeshimet al, 2021). For normal controlled environmental conditions (temperature: 2022
spermatozoa functioning, ROS must be balanced bglative humidity: 6@5 %) with a standardized 12-hour light/
antioxidants. Antioxidants of enzymatic origin are naturallyt2-hour dark cycle. The animals were maintained in
present in seminal fluid, while non-enzymatic antioxidantpolycarbonate cages with stainless steel wire tops and
are derived from dietary sources. Dietary antioxidants hayeovided with standard rat pellet feed and tap water
gained significant attention for their potential protectivéibitum. The water was refreshed daily, and no dietary
effects against reproductive damage. Hazelnutsestrictions were imposed during the experimental period.
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All animal handling and experimental procedure&xperimental Design and Treatments
were conducted in strict accordance with institutional
guidelines for the care and use of laboratory animals. The  The current study was planned in light of other
study protocol received approval from the Giresun Universitgsearch conducted in the literature. Formaldehyde was
Animal Experiments Local Ethics Committee (approval dat&hosen for this study because it is used to preserve cadavers
19.07.2023, decision number: 2023/1). in anatomy and specimens in histopathology, and we
believe that hazelnuts, with their high antioxidant levels
The formaldehyde solution (37% w/v) was obtaineénd a widespread use in our region, will mitigate this
from Sigma-Aldrich (St. Louis, MO, USA) and diluted withdamage. Groups were formed accordingly. While
sterile saline to achieve the required concentration. Vitamépecifying the groups and adjusting the doses and
E (a-tocopherol acetate) was also procured from Sigmexperimental duration, support was taken from the
Aldrich. All substances were prepared fresh on the day literature mentioned below.
administration under aseptic conditions.
Following acclimatization, the rats were randomly
Preparation of Hazelnut Extract: allocated into five experimental groups (n=8 per group)
using a computer-generated randomization sequence. Each
Giresun oil hazelnuts were sourced from the hazelngtoup was housed in two separate cages (4 rats per cage)
orchad of Ferhat Onal Grup A.S,. located in the Espiyéo minimize stress and ensure adequate space. The
District of Giresun Province, Turkey. The extraction procedurexperimental groups were designed as follows:
was performed according to a modified protocol based on
methods described by Yuahal (2018a), with adaptationsto - Group | (Formaldehyde group, FD): Rats received
optimize the extraction of bioactive compounds. The hazelnutstraperitoneal (i.p.) injections of formaldehyde at a dose
were initially shelled and carefully inspected to remove angf 10 mg/kg (diluted 1:10 in sterile saline) at the same
damaged kernels. To enhance extraction efficiency, thiene every day for 30 consecutive days. This dosage was
hazelnuts were finely chopped using a commercial foaklected based on previous studies demonstrating
processor (Waring Commercial, Torrington, CT, USA) taignificant testicular toxicity without excessive systemic
increase the surface area and minimize water content. Téiects (Sarsiimaz & Ozen, 2000; Ozsral, 2003).
resulting hazelnut powder was then subjected to a drying
process in a vacuum evaporator (Heidolph Laborota 4000Group Il (Control group): Animals were administered
Schwabach, Germany) for 12 hours at®’@5under reduced equivalent volumes of sterile saline via i.p. injection at the
pressure to remove residual moisture. same time every day for 30 consecutive days serving as
the negative control.
Following desiccation, the dried hazelnut powder was
suspended in distilled water at a ratio of 1:10 (w/v) andGroup Ill (FD+Hazelnut 100 mg/kg): Rats received i.p.
subjected to continuous agitation using an orbital shaker (IKfdrmaldehyde (10 mg/kg, diluted 1:10 in saline) at the same
KS 4000, Staufen, Germany) at 150 rpm for seven days attie every day for 30 consecutive days. concurrent with
°C. This extended extraction period was implemented ttaily oral administration of hazelnut extract (100 mg/kg)
maximize the yield of water-soluble bioactive compoundsjia orogastric intubation in a maximum volume of 1 ml.
particularly phenolic antioxidants. The extraction temperature
of 65°C was selected based on previous optimization studie§&sroup IV (FD+Hazelnut 200 mg/kg): Rats received i.p.
demonstrating enhanced extraction of phenolic compounftemaldehyde (10 mg/kg, diluted 1:10 in saline) at the same
from hazelnut without significant degradation. time every day for 30 consecutive days. concurrent with
daily oral administration of hazelnut extract (200 mg/kg)
After the extraction period, the mixture was filteredvia orogastric intubation in a maximum volume of 1 ml.
through Whatman Grade 1 filter paper to remove solid
particulates, followed by a second filtration through a 0.45Group V (FD+Vitamin E): Rats received i.p. formaldehyde
mm membrane filter (Millipore, Bedford, MA, USA) to ensure(10 mg/kg, diluted 1:10 in saline) at the same time every
removal of fine particles. The resulting filtrate wasday for 30 consecutive days. concurrent with daily oral
concentrated using a rotary evaporator (Heidolph Laboro&ministration of vitamin E (a-tocopherol acetate, 50 mg/
4000) at 40°C under reduced pressure until a finakg) via orogastric intubation. This group served as a positive
concentration of 100 mg/ml was achieved. The extract wasntrol, as vitamin E is a well-established antioxidant with
stored in amber glass bottles atGluntil use, with stability documented protective effects against formaldehyde-
confirmed for up to 30 days based on preliminary studies. induced testicular damage (Vosoughal, 2013).
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Experimental Procedures and Sample Collection (H&E) according to the protocol described by Akbaal
(2023). Briefly, the sections were immersed in Harris
Throughout the 30-day experimental period, alhematoxylin solution for 5 min, rinsed in running tap water
animals were monitored daily for clinical signs of toxicityfor 5 min, counterstained with eosin Y solution for 2 min,
changes in behavior, and body weight fluctuations. Bodiehydrated through an ascending ethanol series, cleared in
weights were recorded at baseline and weekly intervatglene, and mounted with DPX mounting medium (Sigma-
using a calibrated digital scale (Sartorius, Gottingemldrich).The stained sections were examined under a light
Germany). microscope (Olympus BX51, Tokyo, Japan) equipped with
a digital camera (Olympus DP74) at various magnifications
At the conclusion of the experimental period, all rat§100x, 200, and 408). For each animal, a minimum of
were fasted overnight (12 hours) with free access to wat2@ randomly selected seminiferous tubules from different
The following morning, animals were anesthetized usingragions of the testis were evaluated for histomorphological
combination of ketamine hydrochloride (90 mg/kg, i.p.parameters, including:
and xylazine (10 mg/kg, i.p.) (Ketasol, Richter Pharma AG,
Wels, Austria; Rompun, Bayer, Leverkusen, Germany). Seminiferous tubule diametem()
Once deep anesthesia was confirmed by the absence.ofeminiferous epithelium heightrf)
pedal withdrawal reflexes, blood samples were collecte&d Presence of degenerative changes (vacuolization, epithelial
via cardiac puncture using 5 ml syringes with 21G needles.sloughing, giant cell formation)
Blood samples were immediately transferred to seruf Interstitial space characteristics
separator tubes and allowed to clot at room temperati@elnterstitial cell (Leydig cell) count per interstitial area
for 30 minutes. The samples were then centrifuged at 3,000
x g for 15 min at £C to separate serum. The resulting All measurements were performed using calibrated
serum was aliquoted into microcentrifuge tubes and storadage analysis software (Olympus cellSens, Tokyo, Japan).
at -80°C until biochemical analysis. Following bloodThe histological evaluations were conducted by two
collection, the animals were euthanized by cervicahdependent observers blinded to the experimental groups
dislocation under deep anesthesia. The abdominal cavityminimize bias.
was immediately accessed via a midline laparotomy, and
both testes were carefully excised along with thBiochemical Analyses
epididymides. The testes were gently cleaned of adhering
connective tissue and fat, weighed using an analyticlissue HomogenizationTesticular tissue samples stored
balance (Sartorius, Gottingen, Germany), and processad8CC were thawed on ice and homogenized in ice-cold
for subsequent analyses. For each animal, the right tegti®sphate-buffered saline (PBS, pH 7.4) at a ratio of 1:10
was fixed in Bouin's solution for histological examination(w/v) using a tissue homogenizer (Ultra-Turrax T25, IKA,
while the left testis was divided into two portions: one waStaufen, Germany). The homogenates were centrifuged at
immediately flash-frozen in liquid nitrogen and stored at10,000x g for 15 min at 4C, and the resulting supernatants
80°C for biochemical analyses, and the other wasere collected for biochemical analyses. The protein
homogenized for immediate assessment of oxidative stresscentration in each sample was determined using the
parameters. Bradford method (Bradford, 1976) with bovine serum
albumin as the standard.
Histological Analysis
Lipid Peroxidation (LPO) Determination. Lipid
The testicular tissues fixed in Bouin's solution werperoxidation levels in testicular tissue were assessed by
processed according to standard histological procedures@sasuring malondialdehyde (MDA) content using the
described by Mazaud-Guittat al. (2011) with minor thiobarbituric acid reactive substances (TBARS) method
modifications. After 24 hours of fixation, the tissues weras described by Ohkawet al. (1979), with minor
dehydrated through an ascending series of ethanubdifications. Briefly, 0.5 g of testicular tissue was
concentrations (70 %, 80 %, 90%, and 100 %), clearedhiomogenized in an appropriate buffer to obtain a
xylene, and embedded in paraffin wax. Serial sections bbmogenate. The homogenate was centrifuged at %000
5-6 um thickness were obtained using a rotary microtongfor 20 min at £C. The reaction mixture consisted of 0.2
(Leica RM2255, Wetzlar, Germany). The sections wenal of tissue supernatant, 0.2 ml of 8.1 % sodium dodecyl
mounted on glass slides, deparaffinized with xylensulfate (SDS), 1.5 ml of 20 % acetic acid (pH 3.5), and 1.5
rehydrated through a descending series of ethanml of 0.8 % thiobarbituric acid (TBA). The mixture was
concentrations, and stained with hematoxylin and eodmeated at 95C for 60 min, then cooled on ice. After cooling,
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1.0 ml of distilled water and 5.0 ml of n-butanol/pyridineStatistical Analysis
mixture (15:1, v/v) were added, and the solution was
vortexed vigorously. The mixture was centrifuged at 4,000 All data were analyzed using the Statistical Package
x g for 10 min, and the absorbance of the organic layer wias Social Sciences (SPSS) version 25.0 (IBM Corp.,
measured spectrophotometrically at 532 nm using a U¥rmonk, NY, USA). The normality of data distribution was
visible spectrophotometer (Shimadzu UV-1800, Kyotoassessed using the Shapiro-Wilk test. Since the data
Japan). The MDA concentration was calculated usingfallowed a normal distribution, parametric statistical
standard curve prepared with 1,1,3,3-tetraethoxypropamethods were employed for all analyses. Differences
and expressed as nanomoles of MDA per milligram difetween experimental groups were evaluated using one-
protein (hnmol/mg protein). way analysis of variance (ANOVA) followed by Tukey's
post hoctest for multiple comparisons. All results were
Myeloperoxidase (MPX) Activity AssayMyeloperoxidase expressed as meanstandard deviation (SD). A p-value
enzyme activity was determined according to the methdeks than 0.05 was considered statistically significant. For
described by Bradlegt al (1982), which measures histomorphometric analyses, the intra- and inter-observer
hypochlorous acid (HOCI) production in tissues. Brieflyyariabilities were assessed using intraclass correlation
0.1 g of testicular tissue was homogenized in 10 ml of Sefficients (ICCs). Power analysis was performed using
mM phosphate buffer (pH 6.0). The homogenate was*Power software (version 3.1.9.7, Heinrich-Heine-
centrifuged at 10,008 g for 15 min at £C to obtain the Universitat Disseldorf, Germany) to ensure adequate
supernatant. The reaction mixture was prepared by addisgmple size for detecting significant differences between
100 ml of the supernatant to 1.9 ml of 10 mM phosphatgoups with a power of 0.8 and an alpha level of 0.05.
buffer (pH 6.0) and 1 ml of o-dianisidine hydrochloride
solution (0.167 mg/ml) containing 0.0005 % hydrogeRESULTS
peroxide. The change in absorbance was recorded at 460
nm at 30-s intervals for a total of 5 min using a UV-visibl8iochemical Results
spectrophotometer (Shimadzu UV-1800). MPx activity was
calculated using the molar extinction coefficient of oxidized LPO levels and MPx activities, which are oxidative
o-dianisidine (11.3% 1¢ Mt cn!) and expressed as unitsdamage markers, were measured spectrophotometrically
per gram of tissue (U/g tissue), where one unit of MPix testicular tissues. As indicated in the graphs, the LPO
activity was defined as the amount of enzyme degradindelvel was found to be significantly higher in the testicular
mmol of hydrogen peroxide per minute at°2h tissues administered formaldehyde compared to the
healthy group (p < 0.05). A significant decrease was
Testosterone Analysis Serum testosterone levels werealetected in the groups given hazelnut extracts and vitamin
measured using a commercially available enzyme-linkégel Again, there is a very high increase in MPx enzyme
immunosorbent assay (ELISA) kit (Cayman Testosteroraetivities in the formaldehyde applied group compared to
EIAKit 582701, Cayman Chemical, Ann Arbor, MI, USA)the healthy group. In the treatment groups, this increase
according to the manufacturer's instructions. The assayias reduced almost to the healthy group (p< 0.05) (Fig.1).
based on the competition between testosterone andestosterone levels were determined in serum analyzes
testosterone-acetylcholinesterase (AChE) conjugate foofthe same tissues. As expressed in the graph; Testosterone
limited number of testosterone-specific rabbit antiserutevel in the formaldehyde group was determined as
binding sites. Briefly, 50 ml of each serum sample wa3.250@0.003. It was measured as 0.4800002,
added to the appropriate wells of the ELISA plate, followe@.26130.002, 0.351680.001 and 0.38AD.002 pg/mg in
by the addition of testosterone AChE tracer and testosterdra@th doses of healthy, hazelnut extracts and vitamin E
antiserum. The plate was incubated at room temperatgmups, respectively. It has been shown that there are
for 2 hours on an orbital shaker. After incubation, the wellsatistically significant differences between groups (p<
were washed five times with wash buffer, and Ellman®.05) (Fig. 2).
reagent (containing the substrate for AChE) was added. The
plate was incubated in the dark for 60-90 minutes, and thistological Results
absorbance was measured at 412 nm using a microplate
reader (Thermo Multiskan FC, Waltham, MA, USA). In the current study, testicular tissues were examined
Testosterone concentrations were calculated usingtaexpress histological changes. It was observed that the
standard curve generated with known concentrations sféminiferous tubules and interstitial area in the control
testosterone and expressed as picograms per milligrangobup testes had a normal histological appearance. It has
protein (pg/mg protein). been observed that the seminiferous tubule wall consists
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of sustentacular cells (Sertoli cells) and spermatogenic cedffect of formaldehyde in tissues. It was determined that
at different stages of development. It was determined thdégeneration decreased in the seminiferous tubules.
there were blood vessels of Leydig cells in the interstiti@epending on the dose, it can be said that the toxic effect
area and the general structure was regular and compacisimore effective in tissues at 200 mg/kg. It was determined
the formaldehyde group, degeneration and vacuolizatitimat the testicles of rats given vitamin E had a structure
were observed in the seminiferous tubules. Additionallglose to the control. It was observed that the seminiferous
separations were determined in the basal lamina. Ittigbule structure was similar to the control group and that
noteworthy that the integrity is also disrupted in théhere was integrity in the seminiferous tubule and interstitial
interstitial area. It was determined that there was a decreasea compared to the formaldehyde group. The presence
in the number of interstitial cells compared to the contraif sustentacular cells and germ cells in the seminiferous
group. It appears that hazelnut extracts reduce the toxibules is noteworthy (Figs. 2 and 3).

Amouts of LPO (mmol/g tissue) MPx Activities (umol/min/mg tissue)
14 - 14
C
12 12 (<
b b
10 a 10 d
C
8 3 b
6 6 a
4 4
% 2
L 0
Formaldehyde Control ~ Hazelnut (waterHazelnut (water Vitamin E 50 Formaldehyde Control Hazelnut Hazelnut  Vitamin E 50
extract) extract) mgkg (water extract) (water extract) mgkg
100mg/kg 200mg/kg 100mg/kg 200mg/kg

Fig. 1. The results of LPO levels and MPx activities in testis tissues, the testosterone levels in serum analyzes of dhfeoobtaine
formaldehyde, control, hazelnut extracts and vitamin E.

Testosterone levels (pg/mg) Interstitial cells count
0,4500 125 b
d 120 b
0.4000 . 115 a,b
110 b
a,
0,3500 105
100
95
0,3000 . b 90
85
0,2500 80 -
75
70
0,2000
Formaldehyde  Control Hazelnut Hazelnut  Vitamin E 50 65
(water (water mgkg Formaldehyde  Control Hazelnut Hazelnut ~ Vitamin E 50
extract) extract) (water extract) (water extract) mg/kg
100mg/kg  200mg/kg 100mg/kg 200mg/kg

Fig. 2. The results of the testosterone levels in serum analyzéstargditial cell count of the obtained from formaldehyde, control,
hazelnut extracts and vitamin E.
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Fig. 3. The rat testicular tissues
treated with formaldehyde,
Giresun hazelnut oil, water
extract and vitamin E (A-
formaldehyde, B- Giresun
hazelnut 0il100 mg/kg, C-
Giresun hazelnut oil 200 mg/kg,
D- vitamin E, E-control group)

DISCUSSION

Formaldehyde (FA) is a ubiquitous environmentasignificantly increased lipid peroxidation (LPO) levels and
pollutant with well-documented toxic effects on various orgamyeloperoxidase (MPx) enzyme activity in testicular tissues
systems. The present study investigated the potential protectbaampared to the control group. These findings align with
effects of Giresun hazelnut oil extract against FA-inducegrevious research demonstrating FA's capacity to induce
testicular damage in rats. Our findings demonstrated that eXidative stress in reproductive tissues. Razl (2013),
exposure resulted in significant testicular toxicityreported that long-term FA exposure causes significant
characterized by elevated oxidative stress markers, decreasgidlative damage in testicular tissue, leading to impaired
testosterone levels, and histopathological alterationspermatogenesis and reduced sperm quality. Similarly, Asadi
Importantly, administration of hazelnut extract, particulariet al. (2017), identified oxidative stress as a critical factor in
at the higher dose (200 mg/kg), substantially mitigated thetee development of male infertility, particularly in tissues
adverse effects, suggesting a protective role of hazelnutith high rates of cell division and mitochondrial oxygen
derived antioxidants against FA-induced reproductive toxicitgonsumption, such as the testes.

Formaldehyde-Induced Testicular Damage and The mechanism underlying FA-induced testicular
Oxidative Stress damage involves multiple pathways. The environmental
exposures to toxicants like FA can disrupt the Sertoli-Sertoli

The current study revealed that FA administratiooell-mediated blood-testis barrier (BTB), compromising the
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protective microenvironment essential for spermatogenes)18b). These compounds can neutralize free radicals, inhibit
Our histological findings corroborate this mechanism, as vigid peroxidation, and enhance endogenous antioxidant
observed significant degeneration and vacuolization in tliefense systems, thereby mitigating oxidative stress-induced
seminiferous tubules, along with separations in the basesue damage (Yuast al, 2018b).
lamina in the FA-exposed group. These structural alterations
likely contribute to the observed reduction in testosterone Our findings align with those of Kast al (2019),
levels and interstitial cell numbers. who demonstrated that hazelnut supplementation
significantly improves testicular antioxidant function and
The increased MPx activity observed in our studgemen quality in both young and old male rats (e,
suggests enhanced neutrophil infiltration and inflammato2019). Their study showed that hazelnut-supplemented diets
responses in testicular tissue following FA exposure. Thimhanced histopathological variables, sperm quality, and
finding is consistent with Betancourt-Martiretzal (2023), reduced oxidative stress markers in seminal plasma.
who demonstrated that FA induces both oxidative stress a&imilarly, Karaet al. (2021a), reported that hazelnut
inflammatory responses in testicular tissue. Thsupplementation mitigated doxorubicin-induced damage to
inflammatory cascade triggered by FA exposure may furthttre reproductive system in male rats, further supporting
exacerbate oxidative damage through the release of pthe protective role of hazelnuts against reproductive
inflammatory cytokines and additional reactive oxygetoxicants.
species (ROS), creating a self-perpetuating cycle of tissue
injury (Betancourt-Martineet al, 2023). The dose-dependent protective effect observed in our
study suggests that the higher concentration of antioxidant
Furthermore, our results showed significantl)compounds in the 200 mg/kg dose provided more effective
decreased serum testosterone levels in FA-exposed ratmtection against FA-induced oxidative damage. This
consistent with previous studies. Za@l (2017), reported observation is consistent with previous studies demonstrating
that FA exposure inhibits sexual behavior, causase-dependent antioxidant effects of plant extracts against
reproductive organ atrophy, and impairs spermatogenesisarious toxicants (Abarikwet al, 2022). The comparable
male mice, effects that are partially mediated by reducedficacy of the 200 mg/kg hazelnut extract to vitamin E, a
testosterone production. The decreased testosterone lewtdsidard antioxidant, highlights the potential of hazelnut-
observed in our study may be attributed to the direct toxierived antioxidants as natural alternatives for protecting
effects of FAon interstitial cells, as evidenced by the reducadainst reproductive toxicity.
interstitial count in histological examinations. Testosterone
is essential for normal spermatogenesis and maintenancéiaftopathological Improvements with Hazelnut Extract
secondary sexual characteristics; thus, its reduction followifilgeatment
FA exposure has significant implications for male
reproductive health (Zargt al, 2017). The histopathological findings in our study provide
further evidence for the protective effects of hazelnut extract
Protective Effects of Hazelnut Extract Against against FA-induced testicular damage. FA exposure resulted
Formaldehyde-Induced Testicular Damage in significant structural alterations in testicular tissue,
including degeneration and vacuolization of seminiferous
A notable finding of our study was the significantubules, separations in the basal lamina, and disruption of
protective effect of Giresun hazelnut oil extract against FAhe interstitial area. These observations are consistent with
induced testicular damage. Administration of hazelnytrevious studies reporting FA-induced histopathological
extract, particularly at the higher dose (200 mg/kg), markediyhanges in testicular tissue (Ozetnal, 2008; Tesfayet
reduced LPO levels and MPx activity in testicular tissues)., 2021).
restored testosterone levels, and improved histological
parameters compared to the FA-only group. These protective  Administration of hazelnut extract, particularly at the
effects were comparable to those observed with vitamin Eigher dose (200 mg/kg), substantially improved these
a well-established antioxidant. histopathological parameters. The seminiferous tubules
showed reduced degeneration, and the integrity of both the
The protective mechanisms of hazelnut extract caeminiferous tubules and interstitial areas was better
be attributed to its rich antioxidant content. Hazelnuts contaareserved compared to the FA-only group. These
various bioactive compounds, including vitamin E, phenolitnprovements were comparable to those observed in the
acids, flavonoids, and phytosterols, which possess potefitamin E-treated group, which showed a structure close to
antioxidant and anti-inflammatory properties (Yugtral, the control group.
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The preservation of testicular architecture by hazelnagainst a rangef reproductive toxicants, although this
extract is likely mediated by its antioxidant and antihypothesis requires further investigation (Agansalal.
inflammatory properties, which protect cellular membrane2014b).
and organelles from oxidative damage. The maintenance of
seminiferous tubule integrity is particularly important forStudy Limitations and Future Research Directions
normal spermatogenesis, as it provides the specialized
microenvironment required for germ cell development. While our study provides valuable insights into the
Similarly, the preservation of interstitial cells in the interstitiaprotective effects of hazelnut extract against FA-induced
area is crucial for testosterone production, which regulatessticular damage, several limitations should be
spermatogenesis and maintains male reproductive functi@rknowledged. First, the study focused primarily on

biochemical and histological parameters, without directly
Clinical Implications and Translational Significance assessing sperm parameters or fertility outcomes. Future
studies should include comprehensive spermatological

The findings of our study have several importardnalyses, including sperm count, motility, morphology, and
clinical implications. Formaldehyde is a ubiquitouDNA integrity, as well as fertility assessments through
environmental and occupational toxicant, with exposumating experiments.
occurring in various settings, including industrial
workplaces, medical facilities, and even residential Second, the molecular mechanisms underlying the
environments through building materials and consumerotective effects of hazelnut extract were not fully
products. Chronic exposure to FA has been associated wathcidated in the current study. Future research should
adverse reproductive outcomes in humans, includirigvestigate the effects of hazelnut extract on specific
reduced semen quality and fertility issuesétal, 2022). signaling pathways involved in oxidative stress,

inflammation, and apoptosis in testicular tissue. Techniques

Duonget al. (2011), conducted a systematic revievsuch as gene expression analysis, immunohistochemistry,
of FA's reproductive and developmental toxicity, reportingnd Western blotting could provide deeper insights into the
associations between occupational FA exposure and adversdecular mechanisms of protection.
reproductive outcomes, including menstrual disorders,
endometriosis, and decreased fertility. The Centers for Third, our study used a relatively short-term exposure
Disease Control and Prevention (CDC, 2024) has alswodel (30 days), which may not fully capture the effects of
acknowledged that working with FA may increase the risghronic FA exposure that occurs in occupational settings.
of fertility problems or miscarriage (Duorg al, 2011). Longer-term studies are needed to evaluate the protective
These findings underscore the public health significanedficacy of hazelnut extract against chronic FA exposure
of identifying protective interventions against FA-induce@nd to determine the optimal duration and timing of
reproductive toxicity (Duongt al, 2011). supplementation for maximal protection.

Our study suggests that dietary supplementation with Fourth, while our study demonstrated the protective
hazelnut or hazelnut-derived antioxidants may offegffects of whole hazelnut extract, it did not identify the
protection against FA-induced reproductive damage. Thepecific bioactive compounds responsible for these effects.
finding is particularly relevant for individuals with Future studies should isolate and characterize the active
occupational exposure to FA, such as anatomistsgmponents of hazelnut extract and evaluate their individual
pathologists, embalmers, and industrial workers. Dietagnd synergistic effects against FA-induced reproductive
interventions represent a practical, accessible, amakicity. This approach could lead to the development of
potentially cost-effective approach to mitigating the adverseore targeted interventions with enhanced efficacy.
reproductive effects of environmental toxicants.

Finally, the translational significance of our findings

Furthermore, the protective effects of hazelnub human populations requires further investigation. Clinical
extract observed in our study may extend to othestudies are needed to evaluate the effects of hazelnut
reproductive toxicants that induce oxidative stress througlonsumption on reproductive parameters in individuals with
similar mechanisms. Oxidative stress is a common pathwagcupational exposure to FA or other reproductive toxicants.
in the reproductive toxicity of various environmentalSuch studies should consider factors such as dose, duration,
chemicals, including heavy metals, pesticides, and industrald timing of hazelnut consumption, as well as individual
solvents (Duonget al, 2011). Therefore, the antioxidantvariations in metabolism and susceptibility to reproductive
properties of hazelnuts may provide broader protectidaxicants.
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CONCLUSION con formaldehido. En comparacién con el grupo control, los niveles
de LPO Yy la actividad de la enzima MPx fueron muy elevados en
In conclusion, our study demonstrates that Gires it 9rupo tratado con formaldehido. Los niveles de testosterona

hazelnut oil extract provides significant protection again{f€™n muy bajos en este grupo. La aplicacion de aceite de avellana
Giresun normalizé esta proporcion, equiparandola a la de los tejidos

formaldehyde-induced testicular damage in rats, Iikelé/ . ; ) . i
h hi ioxid d anti-infl ies. T anos. Los niveles de testosteronay el nimero de células intersticiales
through its antioxigant and anti-inflammatory properties. h['C;'tmbién fueron muy bajos en los tejidos expuestos al formaldehido.

protective effects were particularly pronounced at the highgfformaldehido causé efectos nocivos en el tejido testicular, mientras
dose (200 mg/kg) and were comparable to those of vitamjge el extracto acuoso de aceite de avellana Giresun mostré un efecto
E, a standard antioxidant. These findings suggest that dietgrytector significativo contra estos efectos.

supplementation with hazelnuts or hazelnut-derived

antioxidants may represent a promising strategy for PALABRAS CLAVE: Formaldehido; Rata; Testiculo;
mitigating the adverse reproductive effects of formaldehydieeite de avellana Giresun.

exposure.
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