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the sex hormone levels, oxidative stress markers, DNA fragmentation
percentage and histopathological changes in the testes. Twenty-eight adult
Wister male rats were assigned into four equal groups: Group 1; Control,
group 2; Cr VI, group 3; Cr VI + WGO, and group 4; WGO. WGO showed a
significant increment in the RBC, Hb, Ht, WBC and Plts. WGO restored the
levels of testicular antioxidant enzymes, NO, MDA as well as GSH. Also, WGO
in-combination with Cr VI showed a significant (p<0.05) increase in the levels
of testosterone, LH, GnRH hormones and /74-HSD enzyme, while, FSH was
decreased. Data showed that treatment of male rats with WGO and Cr VI
caused an increase in sperm count, motility, and decrease in sperm
abnormality. Combination of WGO with Cr VI revealed a decrease in the levels
of TL, TC, TG and LDL-C, while, HDL-C was increased. Rats administrated
with WGO in-combination with Cr VI exhibited a slight improvement in
testicular DNA integration compared to Cr VI-treated group. Further, co-
administration of WGO + Cr VI revealed a slight improvement in the
pathological alterations; the cellular layers of the seminiferous tubules more or
less near to the normal structure. It was concluded that wheat germ oil can be
an effective antioxidant in modulating Cr VI-induced male infertility, and may
lead to improve the male reproductive performance.
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1. Introduction

Chromium (Cr) is a transition metal that exists in a variety of oxidation states. The toxic kinetics and
toxicity of trivalent chromium-Cr (I11) and hexavalent chromium-Cr (V1) compounds differ (Hodjat et
al., 2017). Cr (V1) compounds have been considered as more relevant in toxicology than Cr (l11)
compounds since Cr (V1) is highly reactive in biological systems and far more poisonous than Cr (I11).
The study of Cr (111) compounds has been substantial (Fernandez et al., 2018). Cr (1), one of the top
ten environmental heavy metal contaminants (Jiang et al., 2018), is utilized in over 50 industries,
including chrome plating, welding, painting, metal finishing, steel fabrication, alloys, cast iron and
wood treatment, tannery leather processing, and food additives. The acceptable limit for CrVI in
drinking water has been set at 2 g/l by the United States Environmental Protection Agency (USEPA)
and the World Health Organization (WHO) (Efsa and Panel, 2014). Dermatitis, nasal perforation, and
skin and lung cancer (Xu et al., 2015), cardiovascular disorders (Kumar et al., 2017), neurotoxicity,
liver (Bosgelmez et al., 2017), spleen (Teklay, 2016), renal damage (Hao et al., 2017), and reproductive
organs (Elshazly et al., 2015) are also well-known health concerns of Cr toxicity. For several years, the
reproductive toxicity of Cr was downplayed, despite the findings of a few epidemiological research and
numerous experimental experiments (Navin et al., 2017).
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Several health risks may occur due to exposure to Cr (VI) including carcinogenic, cytotoxic,
immunotoxic, neurotoxic, hepatotoxic, nephrotoxic, and genotoxic effects as well as general
environmental toxicity (Marouani et al., 2017).

Different environmental elements, such as drugs, pollution, radiation, and toxicants, have a high level
of sensitivity in the male reproductive system (Biswas et al., 2017). Because polyunsaturated fatty acids
are abundant in testicular membranes, they are vulnerable to oxidative damage. Membrane permeability
is affected by oxidative damage to this polyunsaturated fatty acid, causing congenital defects in babies
and functional changes in adults (Anan et al., 2017).

There is a growing awareness of the importance of plant oils are becoming more widely recognized as
a food source, and global demand for them has risen as a result (Sultan et al., 2020). Wheat germ oil
(WGO) is a natural supplement derived from the germ of the wheat seed, which is the most important
portion of the grain. Vitamin E, the most effective antioxidant, is found mostly in wheat germ oil
(Soliman et al., 2020). Other antioxidants included in WGO include oleic acid, linoleic and -linolenic
acid (ALA), tocopherol (vitamin E), which protect against oxidative stress and other beneficial
components like glutathione, sterols, flavonoids, and octacosanolspolicosanols and sterols (Akool,
2015).

Wheat germ is a nutrient-dense food that comprises 10-15 percent lipids, 26-35 percent proteins, 17
percent carbohydrates, 1.5-4.5 percent fiber, and 4 percent minerals (Brandolini et al., 2012). The oil
content of the germ is approximately 11%, with a significant number of beneficial substances (Dunford,
2012). Among vegetable oils, wheat germ oil has the highest tocopherol concentration. Furthermore,
the proportion of polyunsaturated fatty acids, primarily linoleic and linolenic acids, is very high (almost
80% of the oil) (Zou et al., 2018). WGO possesses anti-inflammatory and antioxidant properties,
making it useful in the prevention and treatment of disorders with oxidative damage caused by free
radicals (Abdel Gawad, 2015). WGO serves as a reproductive agent, an additive in natural foods, and a
health and cosmetic product, according to numerous experimental research (Anwar & Mohamed, 2015).

The present study was carried out to investigate the efficiency of WGO in reducing the testicular
dysfunction and oxidative stress in adult male rats exposed to Cr VI and to assess its therapeutic
potential for treatment of infertility.

2. Materials And Methods
Chemicals

Potassium dichromate with a molecular formula (K2CR207) and molecular weight of 294.20 g/mol was
obtained from El-Jamhoureia Chemical Company, Alexandria, Egypt (Oxford laboratory, Mumbai,
India). Hexavalent chromium (Cr VI) was dissolved in distilled water. Wheat germ oil (WGO) was
commercially available as soft gel capsules and was obtained from Cedco Co., Alexandria, Egypt. WGO
was dissolved in corn oil just before the application to the rats.

Animals

Twenty-eight adult Wister male albino rats (aged 12 to 14 weeks old) were obtained from the Faculty
of Agriculture, Alexandria University, Egypt their weight ranged from 180-200g. Rats were housed in
stainless steel wire bottom cages. Animals were kept in standard housing facilities (24£1°C, 45+5%
humidity, and 12 h light/dark cycle). They were fed standard laboratory pellets and provided water ad-
libitum. Animal's procedures were consistent with the guidelines of Ethics by the Public Health Guide
for the care and use of laboratory animals (National Research Council, 1996).

Experimental design:

Animals were randomly divided into 4 groups (n=7 animals) as follows:

Group I: Control group: Rats of this group orally received 0.3ml corn oil daily for 60 days.
Group I1: Cr VI group: Rats of this group orally received 0.5 ml Cr VI dissolved in distilled
water at a dose of 0.2 mg/kg BW daily for 60 days (Gad et al., 1986).
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Group 111: WGO+Cr VI group: Rats of this group were pre-treated orally with WGO at a dose of 54
mg/kg BW (Reddy et al., 2000) for 10 consecutive days and in combination with Cr (V1) at a dose of
0.2 mg/kg BW/day for 60 days. The administration of WGO preceded Cr VI by 30 minutes.

Group 1V: WGO group: Rats of this group orally received 0.3ml WGO at a dose of 54 mg/kg BW,
daily for 60 days.

Blood collection

After 24 hours from the end of the experimental period (60 days), rats fasted for 12 hrs then were
euthanized with ether and sacrificed by cervical dislocation. A part of the blood samples collected in
tubes containing anticoagulant EDTA to determine hematological parameters. Another part of the
collected blood was placed into sterile tubes and serum was obtained by centrifugation of samples at
10,000 xg for 20 minutes (Hettich Zentrifugen, Universal 32 R, Germany) and stored at -80 °C until its
use for the various parameters.

Tissue Preparation

Part of the testis were immediately isolated, cleaned from adhering matters, washed in ice-cold saline
(0.9% NacCl), dried and stored at -20 °C. Then, 0.5 g of testis tissue was minced and homogenized (10%
wi/v) separatly, in ice-cold 50 mM potassium phosphate buffer at pH 7.4 in a Potter—Elvehjem type
homogenizer. The homogenate was centrifuged at 10,000 xg for 20 min (Hettich Zentrifugen, Universal
32 R, Germany) at 4 °C. The supernatants were stored at -80 °C to determine the stress markers and the
activity of antioxidant enzymes. Part from testis of each group were sliced and immediately fixed in
10% formalin for histological examination.

Hematological parameters

EDTA was used as an anticoagulant and blood tested shortly after collection. Red blood corpuscles
(RBCs), hemoglobin (Hb), hematocrit (Ht %) and platelets were determined. White blood cells
(WBCs), and lymphocyte were counted by a cell counter (27390 Alfa Swelab, Sweden).

Biochemical measurement.

Nitric oxide in the testis and MDA were assayed according to the method of Montgomery et al. (1961)
and Kei (1978), respectively. Reduced glutathione content was determined by the method of Jollow et
al. (1974). Superoxide dismutase (SOD; EC 1.15.1.1), Catalase (CAT; EC 1.11.1.6) and Glutathione
peroxidase (GPx; EC. 1.1.1.9) of testes were assayed by the method of Misra & Fridovich, (1972), Aebi,
(1974) and Chiu et al. (1976), respectively. Total protein concentration in tissue was estimated by the
method of Gornall et al. (1949). The activity of 17B- hydroxysteroid dehydrogenase enzyme activity
(17 B-HSD; EC 1. 1.1. 51) was estimated by the method of Bogovich & Payne (1980).

Determination of lipid profile

Total lipid concentration was estimated according to the method of ZOllIner & Kirsch, (1962). The total
cholesterol level in plasma was assayed colorimetrically by using commercial kits (Spinreact, S.A. /S.A.
U Ctra. Santa Coloma, Spain) according to the method of Naito (1984). The triglycerides level in serum
was assayed colorimetrically by using commercial kits according to the method of Fossati & Prencipe,
(1982). LDL can be determined by the enzymatic method according to Weiland & Seidel, (1983). The
High-density lipoprotein level in plasma was assayed colorimetrically by using commercial kits (Bio
Systems S.A Costa Brava30, Barcelona, Spain) according to the methods of Burstein et al. (1980).

Determination of serum testosterone, GnRH, FSH and LH

Testosterone, FSH and LH were assayed by automated enzyme immunoassay system (ALA-360) called
immulite/immulite 1000 system which based on the methods described by Abraham, (1977), Santner et
al. (1981) and Beitens et al. (1976), respectively. These methods of assay were based on immunoassay
reactions (Antigen antibody reactions). Also, GnRH assay employs the competitive inhibition enzyme
immunoassay technique according to Abraham (1977) method.

Analysis of sperm quality
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The testis and epididymis were sampled at the end of the experiment. Spermatozoa obtained from the
cauda epididymis were subsequently diluted with physiological solution (20 ul) at 37 °C. The sample
was located in the Makler chamber (Sefi-Medical Instruments, Germany). Analysis was realized using
a CASA System-Supervision (Minitlb, Tiefenbach, Germany) with Olympus BX 51 (Olympus, Japan)
microscope. The sperm count (million/ml), motile ratio (%) and abnormal sperm morphology (ASM,
%) were evaluated in the experimental groups according to the method of Dunson et al. (1999).

Isolation and detecting of testis tissue DNA fragmentation.

The DNA was isolated from rat testis using Thermo Scientific Gene JET Genomic DNA Purification
Kit. Samples are digested with Proteinase K in either the supplied digestion or lysis Solution. RNA is
removed by treating the samples with RNase A. The lysate is then mixed with ethanol and loaded on
the purification column where the DNA binds to the silica membrane. Impurities are effectively
removed by washing the column with the prepared wash buffers. Genomic DNA is then eluted under
low ionic strength conditions with the Elution Buffer. Changes in DNA concentrations of testis tissue
were quantified colorimetrically by using Thermo Scientific NanoDrop™ 1000 Spectrophotometer and
the quality of DNA is detected by agarose gel electrophoresis. The separated DNA fragments are stained
and thus visualized in the gel by fluorescent dye (ethidium bromide) which binds tightly to the DNA
double helix by intercalating between the bases, and glows when illuminated with ultraviolet light.
Photos indicating where the separated DNA fragments end up could be taken for later analysis,
according to (Torres & Kuhn, 1997).

Histopathology

The excised testes were isolated and washed with normal saline followed by 50 ml (4%)
paraformaldehyde in phosphate- buffered saline (PBS), postfixed in 10% formalin for 7 days, and then
paraffin embedded. Paraffin blocks were sectioned into 4-5 um thick sections. Serial sections of testis
were stained with haematoxylin and eosin (H & E) according to Drury and Wallington (1980) to be
examined at 100 and 400x magnifications using a standard light microscope for histopathological
changes.

Statistical analysis

All data were expressed as meanzS.E. of number of experiments (n=7). The statistical significance level
of treatment effects was evaluated by one way analysis of variance (ANOVA) using SPSS version 22
(SPSS, IBM, USA) and Post hoc comparisons between groups were obtained by Duncan’s Multiple
Range Test (DMRT). Values were considered statistically significant when P<0.05 (Duncan, 1957).

3. Results and Discussion
Effect of chromium (VI), wheat germ oil (WGO) and their combination on the hematological
parameters

Data summarized in Table 1 showed a significant (p<0.05) decrease in red blood cells count (RBCs),
hemoglobin content (Hb), hematocrit value (Ht), white blood cell count (WBCs) and platelets in Cr
(V1) -treated group compared to the control group. While, pretreatment with WGO and in-combination
with Cr (V1) revealed significant (p<0.05) increase in RBCs, Hb, Ht, WBCs and platelets compared to
Cr (VI) —treated group. Treatment of WGO alone caused significant (p<0.05) increase in Hb and
platelets and insignificant (p>0.05) increase in RBCs, Ht and WBCs compared to the control group.

Table 1: Effect of Cr VI, WGO and their combination on hematological parameters

Experimental groups

Parameters

Control Cr (VD) Cr (VD+WGO WGO
(xlcl)?igf Jul) 4.50+0.16° 2.92+0.23¢ 3.71+0.41° 4.60+0.042
Hb (g/dl) 12.00+0.30° 8.04+0.55¢ 10.62+1.07¢ 13.05+0.23°
Ht (%) 41.20+3.072 20.40+2.50¢ 31.60+3.80° 41.40+4.08°
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WBCs
(%103 cell/ pl)
Plts
(x103%cell / pl)
Values are expressed as means+ S.E, n=7 for each group.

8.20+0.85° 5.95+0.05¢ 7.23+0.06° 9.04+0.04%

234.32+2.99° 202.63+3.45¢ 227.00+4.05° 253.63+5.542

Mean values within a row not sharing a common superscript letter (a, b, ¢ and d) were significantly
different P< 0.05

Effect of chromium (VI), WGO and their combination on the levels of testicular stress markers
and antioxidant enzyme activities.

Table 2 revealed changes in the levels of testicular nitric oxide (NO), malondialdehyde (MDA) and
reduced glutathione (GSH). Animals treated with Cr (V1) showed significant (p<0.05) increase in the
levels of testicular NO and MDA and significant (p<0.05) decrease in the levels of GSH, SOD, CAT,
and GPx compared to the control ones. In contrast, pretreatment with WGO and in-combination with
Cr (VI) showed significant (P<0.05) decrease in the levels of testicular NO and MDA, while, showed
significant (P<0.05) increase in the levels of GSH, SOD, CAT, and GPx compared to Cr (V1) —treated
group. Treatment of adult male rats with WGO alone showed insignificant (P>0.05) decrease in the
levels of testicular NO and MDA as well as insignificant (P>0.05) increase in the level of GSH SOD,
CAT, and GPx as compared to the control.

Table 2: Effect of chromium (VI), WGO and their combination on the levels of testicular stress
markers and antioxidant enzyme activities.

Experimental groups

Parameters Control Cr (V1) Cr (VI)+WGO WGO
NO C a b c
(umollg tissue) 10.23+0.23 65.32+0.75 21.32+0.75 8.63+0.30
MDA 21.35+1.84¢ 57,642,442 33.6+1.84b 18.32:0.64°
(nmol/g tissue)
GSH 43.20+2.35° 12.14+0.50° 31.70+1.47 45.20+2 56°
(1umol/g tissue)
SOD 69.20+2.24° 21.56+1.23¢ 44,4641 39° 72.50+1.77°
(U/mg protein)
CAT 49.46+1.98 23.96+1.38¢ 33.96+0.84° 54.50+2.48°
(U/g tissue)
GPx 63.96+2.37 25.71+1.49¢ 41.01+1.98° 68.62+3.07°
(U/mg protein)
Total protein (mg/g tissue) 115.32+0.75° 81.00+2.26¢ 99.63+0.60° 127.00+3.60°

Values are expressed as means+ S.E, n=7 for each group.

Mean values within a row not sharing a common super script letter (a, b and ¢) were significantly
different P< 0.05.

Effect of chromium (V1), WGO and their combination on testosterone, luteinizing hormone (LH),
follicle stimulating hormone (FSH), gonadotropin releasing hormone (GnRH)and
17p—-hydroxysteroid dehydrogenase enzyme (17p—HSD).

Table 3 showed that treatment with Cr (V1) caused a significant (p<0.05) decrease in testosterone, LH,
GnRH, and 178—-HSD enzyme. While, significant (p<0.05) increase in the FSH level compared to the
control group. Pretreatment with WGO and in-combination with Cr (V1) showed significant (p<0.05)
increase in the levels of testosterone, LH, GhRH hormones and 17p—HSD, while, a significant (p<0.05)
decrease in the level of FSH was observed as compared to Cr (VI1)—treated group. Animals treated with
WGO alone showed significant (p<0.05) increase in the levels of testosterone, LH, GhRH hormones
and 17p—HSD enzyme as compared to the control group.
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Table 3: Effect of chromium (VI), WGO and their combination on testosterone, luteinizing
hormone (LH), follicle stimulating hormone (FSH), gonadotropin releasing hormone (GnRH)and
17p—hydroxysteroid dehydrogenase enzyme (17—HSD).

Experimental groups

Parameters Control Cr (VI) Cr (V)+WGO WGO
Teazsl';?]rlt))ne 6.43+0.11°  0.76+0.04¢ 4.72+0.03° 7.67+0.05°
(nlg_/I:wl) 1.02+0.05"  0.28+0.10¢ 0.56+0.05° 1.52+0.11°
(anS/’nljl) 2.12+0.07°  6.32+0.07° 3.03+0.07° 2.22+0.07°
GnRH b d ¢ 2
) 12.60+0.34*  5.67+0.64 9.37+0.84 13.39+0.80
(po/g tissue)

(17p—HSD) (unit/mg protein) 17.00+1.13°  5.18+0.74¢ 9.04+0.49¢ 19.97+1.19°
Values are expressed as means+ S.E, n=7 for each group.

Mean values within a row not sharing a common superscript letter (a, b, ¢ and d) were significantly
different P< 0.05.

Effect of chromium (VI1), WGO and their combination on sperm analysis.

Effect of Cr (VI), WGO and their combination on sperm count, motility and abnormality are presented
in Table 4. Cr (VI) treatment caused a significant (p<0.05) decrease in sperm count, motility and a
significant (p<0.05) increase in sperm abnormality compared to the control group. In contrary,
administration of Cr (V1) with WGO showed significant (p<0.05) increase in sperm count, motility and
significant (p<0.05) decrease in sperm abnormality compared to Cr (V1) —treated group. It was noticed
that the treatment with WGO restored the alterations in sperm parameters near to normal. Data showed
that treatment of male rats with WGO alone caused insignificant (p>0.05) increase in sperm count and
a significant (p>0.05) increase in motility, while, caused significant (p>0.05) decrease in sperm
abnormality compared to the control group.

Table 4: Effect of Cr (VI1), WGO and their combination on sperm parameters.

Experimental groups

Parameters Control Cr (VI Cr (VI)+WGO WGO
Count 92.98+1.44°  14.80+3.71° 48.40+3.48" 92.80£0.79°
(10%/ml)
IVI(()Ot/LI)Ity 84.33:056°  15.63+0.54¢ 61.1720.60° 92.1740.95°
Ab”‘zg/:;a“ty 13.3241.32°  44.70+0.42° 22.80+2.19° 11.00+0.64¢

Values are expressed as means+ S.E, n=7 for each group.

Mean values within a row not sharing a common super script letter (a, b, ¢ and d) were significantly
different P< 0.05.

Effect of Cr (VI), WGO and their combination on the levels of total lipid(TL), total cholesterol
(TC), triglycerides(TC), low density lipoprotein (LDL —C) and high density lipoprotein (HDL—
Q).

Table 5 showed that rats treated with Cr (V1) alone showed a significant (p<0.05) increase in the levels
of TL, TC, TG and LDL-C and a significant (p<0.05) decrease in HDL-C compared to the control
group. Pretreatment with WGO and in-compination with Cr (VI), revealed a significant (p<0.05)
decrease in the levels of TL, TC, TG and LDL-C, while a significant (p<0.05) increase in HDL-C
compared to Cr (VI) —treated group. Rats’ treatment with WGO alone showed significant (p<0.05)
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decrease in the level of TC, TG, LDL —C and significant (p<0.05) increase in HDL—C with insignificant
(p>0.05) decrease in TL compared to the control group.

Table 5: Effect of Cr (VI), WGO and their combination on the levels of total lipid(TL), total
cholesterol (TC), triglycerides(TC), low density lipoprotein (LDL —C) and high density
lipoprotein (HDL-C).

Experimental groups

Parameters Control Chromium(V1) _ Chromium (VI) +WGO) (WGO)
TL (mg/dl)  315.00£0.93°  684.32+3.89° 405.00+3.41° 300.32+2.49°
TC (mg/dl) 49.03£0.31°  146.74+1.67° 65.05+2.31° 32.45+0.65¢
TG (mg/dI) 72.63+2.84°  142.32+0.75° 97.00+0.93" 66.32+2.39¢
LDL-C (mg/dl)  46.13+1.70°  125.80+1.49° 50.32+0.30" 37.000.73¢
HDL-C (mg/dl)  44.17 £0.824°  31.26 % 0.683¢ 38.43 + 0.368° 46.40 + 0.441%

Values are expressed as means+ S.E, n=7 for each group.

Mean values within a row not sharing a common super script letter (a, b, ¢ and d) were significantly
different P< 0.05.

Effect of chromium (VI1), wheat germ oil (WGO) and their combination on the histological pattern
of the testis:

Photomicrographs of the testicular tissue from the control and WGO-treated group (Figures 1; Al &
A2 and D1 & D2) showed normal seminiferous tubules; complete stages of spermatogenesis
(spermatogonia, primary and secondary spermatocytes, spermatidesand spermatozoa) as well as norml
leydig cells. On the other hand, the testes of the Cr (VI)-treated group showed degeneration and
disorganization of cellular layers of seminiferous tubules, few numbers of sperms and leydig cell
atrophy (Figures B1 & B2) compared to the control group. While, administration of WGO+ Cr (VI)
revealed a slightly improvement of these alteration (Figures C1 & C2).
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Figure 1: Photomicrographs of a T.S. rat testis, control group & WGO-treated group (A1&A2 and
D1&D?2) showing the normal morphological architecture of seminiferous tubules and Leydig cell (L),
spermatogonia (S), primary spermatocyte (1% S), secondary spermatocyte (27 S), spermatids (sp) and
lumen filled with spermatozoa. Cr (VI)-treated rats (B1&B2) showed marked degeneration and atrophy
in most seminiferous tubules with the absence of spermatogenic stages and the presence of vacuoles
(black arrow & yellow square). Lumen contains fewer spermatozoa. Atrophy in Leydig cell (L) with
hemorrhage in interstitial tissues and enlargement space between seminiferous tubules (blue dotted
arrow). Cr (VI)+WGO- treated rats (C1&C2) showed a marked improvement in the architecture of
seminiferous tubules except for the presence of hemorrhage between seminiferous tubules (green
arrow). Normal distribution of the spermatogenic cells (black square) and an increase in the number of
spermatozoa (H&E, X 100 & X 400).

Changes in testicular DNA fragmentation of male rats by agarose gel electrophoresis.

Figure 2 showed a very low or undetectable DNA laddering (DNA fragmentation) of the control and
WGO-treated rats (1% and 4" lanes, respectively). The DNA intact band appears to be condensed near
the application point with no DNA smearing suggesting no DNA fragmentation. On the other hand, the
Cr (VI)-treatment (2" lane) showed mild DNA fragmentations indicating testicular toxicity. Rats
administrated WGO in combination with Cr (VI) slightly improves testicular DNA integration
compared to Cr (VI1)-treated group (3" lane).

G4 G4 G3 G3 G2 G2 Gl Gl
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Fig 2: Electrogram demonstrating role of WGO against Cr (V1) induced genomic DNA fragmentation
of rat testis. 1% lane, control; 2" lane, Cr (V1) -treated rats; 3" lane, rats treated with WGO plus Cr (VI);
4™ lane, WGO-treated rats.

Cr (VI) has an anemic effect as documented by decreased red blood cells (RBC), hemoglobin (HB),
hematocrit (Ht), white blood cells (WBC), and platelets, according to the findings of this study. These
findings corroborated previous findings. This decline could be attributed to the fact that hexavalent
chromium quickly enters erythrocytes and can accumulate in them, causing cell damage and
erythropoiesis disorders (Jeevana, 2018; Sharmin, 2018) Furthermore, a drop in red Hb levels may be
linked to a direct influence on iron metabolism, which may have a deleterious impact on the
erythropoiesis process and lead to anemia and thrombocytopenia (Ognik, 2020). Furthermore, the drop
in Hb level and RBC number seen in this study could be due to Cr (V1) binding to the beta-chain of
hemoglobin in erythrocytes (Saidi, 2019), which explains the findings of Shahjahan (2020).

Because of the presence of Vitamin E in WGO, hematological indices improved to near-normal levels
(Dahdouh et al., 2016). Vitamin E increased erythropoiesis and blood hemoglobin levels in these
animals by preventing the oxidation of polyunsaturated fatty acids in RBC membranes (Jilani and Igbal,
2018) Wheat germ oil also contains B complex vitamins (BR 6R, BR 12R, and folic acid), which are
necessary for red blood cell formation and act as anti-inflammatory agents (AbdelFattah et al., 2016).
WGO has been proven to be effective in avoiding oxidative stress against detrimental effects of
hazardous compounds, and it was discovered that the group given wheat oil boosted the activation of
erythropoietin in the adrenal gland (Abdou et al., 2017).

When the influence of chromium on white blood cell parameters was investigated, it was discovered
that CrVI significantly reduced WBC count as well as lymphocyte and neutrophil. Leukopenia can
occur as a result of diseases that develop in the bone marrow and disrupt hematopoiesis mechanisms
(Sembratowicz and Ognik, 2018). Furthermore, excessive chromium Cr (V1) exposure activates radical
oxidation processes and causes nutritional imbalances, which can lead to the development of
immunological and metabolic abnormalities (Karaulov, 2019). Previous research has revealed that Cr
(V1) causes immunosuppression, which increases disease sensitivity, inflammation, and cell damage
(Yuetal., 2021).

Wheat germ oil may have mediated its effects by blocking free radical releases or scavenging these free
radicals, resulting in a reduction in the damage generated in bone marrow cells. Wheat germ oil
enhanced splenocyte growth (Vinod et al., 2012).
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In the present data, Cr (V1) treatment revealed a dyslipidemic effect as manifested by high values of
TC, TL, TG, LDL and low levels of HDL. Prior research has revealed that Cr (V1) can cause aberrant
fatty acid metabolism in chicken livers, resulting in hepatotoxicity, which appears to be controlled by
glucose and lipid metabolic pathways (Luo et al., 2018). Furthermore, epidemiological studies have
shown that Cr (V1) exposure can cause considerable alterations in TG, FPG, LDL-C, Apo Al, and LP
(@) levels in the blood (Feng et al., 2018). In rabbits, Cr (V1) has been shown to raise total lipids,
cholesterol, and glucose levels (Soudani et al., 2013). Cr (V1) has also been shown in rats to raise FBG,
TG, and LDL-C while lowering HDL-C levels (Banerjee et al., 2017).

Wheat germ oil is abundant with linolenic acid, which helps to promote cholesterol production and
turnover by increasing cholesterol release into the bile and depletion of the intra-hepatic pool of
cholesterol (Faghihimanl et al., 2016). Wheat germ oil may also help to minimize hepatic lipid buildup
by promoting -oxidation and inhibiting fatty acid production (Brinton and Mason, 2017). WGO's
essential fatty acids, particularly, have an antioxidant impact by blocking certain enzymes that facilitate
the formation of free radicals, hence lowering the amount of free radicals produced. Also, WGO may
have an anti-atherosclerotic impact by inhibiting oxidative stress-induced CD40 ligand upregulation
(Alessandri et al., 2016). The presence of monounsaturated fatty acids, vitamin E, and phytosterol may
cause WGO to reduce triacylglycerol. It could also be related to an increase in membrane permeability
and fluidity, or to pancreatic lipase inhibition and reduced triacylglycerol lipolysis (Zakaria et al., 2017).

An imbalance between pro- and anti-oxidant species causes oxidative stress, which leads to molecular
and cellular damage (Sushko et al., 2019). Studies have shown that Cr (VI)-induced toxicity is linked
to oxidative stress (Zhang et al., 2017), which is mediated by reactive oxygen species (ROS). According
to Zhang et al. (2019), Cr (VI)-induced mitochondrial dysfunction is accompanied by an increase in
reactive oxygen species (ROS). Various ROS are formed after Cr (IV) enters the cell, according to
studies. The cytotoxicity of chromium may be explained by their direct binding to cellular constituents,
which is manifested by mitochondrial dysfunction, cell cycle interruption (Zhang et al., 2017),
neoplastic transformation, or apoptosis induction.

DNA replication and transcription failure, dysregulation of DNA repair pathways, microsatellite
instability, inflammatory responses, and impairment of genes involved in cell survival/death Fu et al.,
2020) balance have all been linked to CrVI1 exposure (Fu et al., 2018). Hexavalent chromium, on the
other hand, can cause DNA strand breakage, base oxidation, and the generation of Cr-DNA, DNA-Cr-
DNA, or protein-Cr-DNA complexes, either directly or indirectly by the development of reactive
oxygen species (ROS) (Fang et al., 2014).

In addition, Cr (V1) has been shown to increase SOD activity, raise MDA levels, and lower CAT activity
in tissue (Xueting et al., 2018). The initial step in oxidative damage is the production of superoxide
radicals. SOD is a dismutase enzyme that breaks down oxygen radicals. The increase in SOD activity
seen in our study could represent an adaptive response to counteract the harmful effects of superoxide
radicals produced by Cr (VI) (Balakrishnan et al., 2018). The decrease in CAT and GSH-Px activities
could be due to Cr (VI)-induced reductions in NADPH and G6PD, whilst the increase in MDA levels
could be due to lipid peroxidation (Ahmad et al., 2019).

Wheat germ oil has been used as an antioxidant source (Fine et al., 2016). The oral delivery of WGO
resulted in a considerable drop in TBARs and a significant rise in blood serum antioxidant properties,
according to the current data (CAT, SOD, and TAC). According to the current findings, the treatment
WGO has a good effect on antioxidant status because they are very effective free radical scavengers
(El-Sisy et al., 2018). WGO, on the other hand, reduces hepatic lipid peroxidation by boosting hepatic
SOD activity (Niu et al., 2013). Wheat germ oil also has a beneficial effect on the antioxidant defense
system, because to its high presence of natural antioxidants including phenolic compounds (Arslan et
al., 2020), including, tocotrienols, alpha, beta, and gamma-tocopherols Carotenoids that are fat-soluble,
such as lutein, zeaxanthin, and beta-carotene and fat-soluble carotenoids, such as lutein, zeaxanthin,
and beta-carotene (Leenhardt et al., 2018). Furthermore, due to the individual and synergistic effects of
fatty acids, antioxidants, vitamins, phytosterols, and phenolic compounds, WGO has outstanding
antioxidant activities (Paranich et al., 2020). Another hypothesis is that WGO stimulates the tocopherol-
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mediated redox system while inhibiting the formation of eicosanoids (prostaglandins) that increase lipid
peroxidation (Chang et al., 2019).

For spermatogenesis and male reproductive function, the hypothalamic-pituitary-testicular axis must be
intact (Tuttelmann et al., 2018). Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are
stimulated by gonadotropin-releasing hormone (GnRH) (LH). FSH and LH regulate testicular activity,
which is required for the development of accessory sex organs. Chromium may affect spermatogenesis
by altering the hormonal axis and increasing follicle-stimulating hormone (FSH) levels (Lei et al.,
2001). Marouani et al. (2012) studied the effects of hexavalent chromium on male reproductive function
in rats and discovered that it can raise FSH while, decreasing LH and testosterone levels in the blood.
Furthermore, chromium exposure not only damages the Sertoli cell barrier, but it can also irreversibly
damage the blood-testis barrier (Carette et al., 2013). As a result, chromium exposure may disrupt the
hypothalamic-pituitary-testicular axis, affecting gonadotrophic hormone output. These alterations may
have an impact on spermatogenesis, resulting in poor quality sperm (Kumar et al., 2017).

The effect of WGO on boosting serum testosterone, LH, and GnRH concentrations could be attributable
to the fact that wheat germ oil includes vitamin E and phytoestrogen, which have the same activity in
the blood as natural estrogen (Oluwatosin et al., 2018). Plant steroids were also reported to stimulate
gonadotropin excretion in male and immature female rabbits, vitamin E in wheat-germ oil increased the
development of gonads, testes, and ovaries in birds. Furthermore, the blood testosterone hormone was
dramatically elevated in male animals due to the beneficial effect of vitamin E on testosterone release,
which could be linked to better selenium and vitamin E utilization in the testes (Jerysz and Lukaszewiez,
2019). The considerable increase in the hormones LH and testosterone was confirmed by together with
Muthu and Krishnamoorthy (2018). The activity of the LH and FSH hormones is determined by their
levels as well as the number of specific receptors in the testicles. It has been established that the testis'
Leydig cells are responsible for the manufacture and secretion of androgens, which are essential for
male development and reproduction. In any event, FSH has an effect on sterol cells because it causes
the synthesis of a testosterone-restricting protein in germ cells (Rengaraj and Hong, 2015). Furthermore,
the inclusion of oleic acid, a monounsaturated fatty acid, in WGO reduces the testis' sensitivity to lipid
peroxidation (Bourre et al., 2017).

Our idea could also be supported by histological findings in the testes and other reproductive organs,
which revealed significant abnormal changes. Previous research has revealed that oxidative stress, lipid
peroxidation, antioxidant defense system depletion, and increased production of pro-inflammatory
mediators are implicated in the pathological changes of Cr-induced testicular toxicity (Fouad and Jresat,
2014). Cr also reduced the thickness of the epithelia of seminiferous tubules, which is thought to be due
to degenerative processes and the deposition of sloughed cells in the tubule lumen (Jeber, 2013). Our
findings are consistent with those of research on male reproductive organs in rats (Al-Mukhtar et al.,
2016; Venter et al., 2017). According to Marouani et al. (2012) Cr (VI) subacute treatment promotes
oxidative stress in the rat testis, which leads to apoptosis. In addition, Andleeb et al. (2018) concluded
that Cr exposure causes testicular injury and potential reproductive system disturbances in mongooses
because they observed disorganized seminiferous tubules, decreased numbers of Sertoli and Leydig
cells, and decreased spermatozoa and seminiferous tubular counts (Sayantan and Shardendu, 2013).
Similar studies found significant spermatid degradation after Cr administration, which could be due to
damage to the testes blood barrier combined with Cr accumulation in the animal testis, or it could be
due to the generation of reactive oxygen species (ROS) coupled with a disruption in the antioxidant
defense system (Shahid et al., 2017).

The current findings revealed that giving WGO to male rats improved the quality and quantity of their
sperm. WGO's beneficial effects may be attributed to its high vitamin E, -tocopherol, and other
antioxidant concentrations. According to El-Banna et al. (2016), vitamin E has a protective effect
against the toxicity of the testis caused by deltamethrin (DLM) in male rats, due to its powerful
antioxidant action, Andleeb et al. (2018) concluded that vitamin E could preserve sperm DNA from
oxidative stress and promote male fertility and spermatogenesis. In addition, Kumar et al. (2019)
discovered that -tocopherol protects cells from apoptosis by reducing oxidative stress. WGO had a
protective effect on body weight fluctuations and reproductive toxicity, according to Dina et al. (2020).
Moreover, WGO was found to have a protective impact against body weight alterations and
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reproductive toxicity, according to the study. Wheat germ oil can also help to repair testicular damage
caused by heavy metal and heat (Khalaf et al., 2017). Wheat germ oil helps to maintain normal testicular
function and protects against testicular damage.

4, Conclusion

The WGO has a greater restorative and protective effect on the testicular tissue toxicity of Cr VI in male
rats.
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