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ABSTRACT

This study was designed to determine the effect of polyunsaturated fatty acids (PUFAs) present in flaxseed
oil and soybean oil on fertility of male rats. Twenty-four male rats were divided into four groups each group
contain six rats. The first group, the control group, received oil-free diet. The second group received diet
contains flaxseed oil, the third group received diet contains soybean oil and the fourth group received diet
contains both flaxseed oil and soybean oil with the ratio of 75%: 25%, respectively. Serum samples were
collected for reproductive hormones analysis (LH, FSH and testosterone). Testicular tissues were collected
with the head of epididymis for sperm cell count and semen quality test. Testicular tissues specimens were
taken for histopathological examination, 17B-HSD3 gene expression and enzymatic activity as well as
estimation of the antioxidant activity. The results of serum hormonal analysis showed a significant increase
in testosterone and FSH levels without elevation in LH level. There was a significant increase in sperm cell
count and semen quality in all three oil supplemented groups. Similar results were observed in gene
expression analysis and enzyme activity of 17B-HSD3. Malondialdehyde (MDA) level was lower in all oil
groups especially soybean oil group without significant differences between the four groups in nitric oxide
(NO) level. Reduced glutathione (GSH) level was higher in oil groups than the control one. Glutathione S
transferase (GST) activity was higher in group received both soybean and flaxseed oils without significant
differences between the other groups including the control group. Finally, flaxseed and soybean oils have
positive effects on spermatogenesis and steroidogenesis.
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1. INTRODUCTION cofactor and its mutation result in different phenotypes as
pseudo-hermaphroditism with much lower circulating
testosterone level in males (Anderson et al., 1996 and Rosler

et al., 1996).

Nutritional habits are important factors affecting male
fertility. Fats present in diet (Esmaeili et al., 2014), micro
minerals (Prasad, 2013) and vitamins ( Vujkovic et al., 2009)

may have positive effects on semen quality especially PUFAs.
Different dietary resources of fats and oils and their effect on
the biology of spermatozoa become of a great interest
(Wathes et al., 2007). Consumption of nutrients, insufficient to
the body needs, can resulted in negative effects to
spermatogenesis and normal spermatozoal morphology
(Mosher and pratt, 1991 ). Mammals lack enzymes suitable for
desaturation of fatty acids (FAs), so n-6 or n-3 unsaturated
fatty acids can’t be synthesized by de-novo pathway. So that,
diet must contain both long chain fatty acids such as LA (C18:2
n-6) and ALA (C18:3 n-3) as they are very essential for brain,
vision and reproductive system (Kochhar, 2002).

Steroidogenic process is stimulated by gonadotropin
(GnRH) secreted from the hypothalamus and stimulates LH
secretion from the adenohypophysis. LH binds to receptors
present on leydig cells surface and stimulates testosterone
production from cholesterol through enzymes dependent
pathway (Payne and Youngblood, 1995). There are over
fourteen isoforms of 17BHSD (Penning, 1997) but only type3
present in leydig cell is necessary for testosterone formation
from androstenedione (Ge and Hardy, 1998). 178
hydroxysteroid dehydrogenase enzyme requires NADPH as a

Oxidative stress is generated from oxidation and per-
oxidation of cellular components including DNA, carbohydrate,
lipids and proteins (Pryor, 2006). Oxidative stress-induced by
thermal stress can resulted in damage to DNA and testicular
cell apoptosis (Aktas et al., 2012). Endogenously reactive
oxygen species (ROS) induces damages causing various
diseases including infertility (Gagnon et al., 1991). Natural
anti-oxidant nutrients have the ability to preserve
spermatozoa from oxidative stress and enhance fertility of
male (Jedlinska- Krakowska et al., 2006).

Flaxseed oil has lower saturated fatty acid (SFAs) (9%),
moderate mono-unsaturated fatty acids (MUFAs) (18%) and
higher PUFAs (73%) nearly about 55%ALA (Thomas, 2002).
Soybean oil is very popular polyunsaturated fatty acids of oil
source which include about 15 % saturated, 24 %
Monounsaturated FA and 61 % polyunsaturated FA containing
53.2 % linoleic acid and 7.8 % linolenic acid.

Testicular cells contain high amount of PUFAs and the
dominant type differs according to the species. In rat testes,
the dominant one is Docosapentaenoic acid (DPA) 22:5 (n-6)
(Chanmugam et al., 1991), while in human and monkey testes
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the dominant fatty acid is Docosahexaenoic acid (DHA)22:6(n-
3) (Nissen et al., 1978 and Connor et al., 1997).

This study was aimed to evaluate the effect of
supplementation of flaxseed and soybean oils on male rats’
fertility as well as to determine the antioxidant status of

testicular tissues during oil supplementation.

2. MATERIALS AND METHODS

1-Animals: Twenty four male rats weighted about 180 to 195
kg, divided into four groups each group contain six rats. The
animals were allowed free access to water and diet. The
experimental groups take a week for adaptation to laboratory
conditions and the experiment continued for thirty days later.

2- Experimental design: First group, the control group (G,),
received oil-free diet, the second group (G,) received diet
contains flaxseed oil (high in ALA), the third group (Gj)
received diet contains soybean oil ( high in LA ) and the fourth
group (G,) received diet contains flaxseed and soybean oils
with the ratio of 75% : 25 % respectively. All experimental
diets were designed according to NCR, (1995).

3-Samples: At the end of the experiment rats were
anaesthetized with diethyl ether and blood samples were
centrifuged for serum collection used to hormonal analysis.
Rats were dissected and epididymis was collected for
obtaining semen samples used to sperm cell count and semen
quality test. Testis were collected and divided longitudinally
into four parts; the first part was stored into 10% formalin for
histopathological examination. The second part was preserved
in ice cooled phosphate buffer saline for evaluation of
antioxidant activity, the third part preserved in RNA ladder for
determination of 17B-HSD3 gene expression and finally, the
last part preserved in specially prepared homogenizing fluid
(30 % spectro-grade glycerol, 10mmol potassium phosphate
and 2 mM EDTA (100 mg of tissue /1mL homogenizing fluid)
for measuring 17B-HSD3 enzyme activity.

4- Analytical methods
4.1-Semen evaluation

The sperm cell count was done (Bearden and Fuquay,
1980) method. 10 pLof semen samples were added to 990 plL
of 5% sodium bicarbonate. The number of sperm cell in 5
secondary squares of RBCs primary square was multiplied by
10,000 and the sperm cell count was estimated.. The semen
quality was estimated using resazurin reduction test (Reddy
and Bordekar, 1999).

4.2-Hormonal analysis

Testosterone hormone analysis using IMMULITE and
IMMULITE 1000 Analyzer for the quantitative measurement of
free testosterone in serum (Abraham, 1977). FSH was
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determined (Baloch et al., 2003) while LH concentration was
determined (Martinon and Gergaud, 2007).

4.3- Evaluation of antioxidant activity: GSH concentration was
determined by colorimetric method (Beutler et al., 1963).
MDA level was determined (Satoh, 1978). NO level were
estimated by Greiss reagent and helped as indicator of NO
(Montgomery and Dymock,1961). GST activity was measured
colorimetrically (Sheehan et al., 2001).

4.4- 17-BHSD 3 enzymatic activity: According to the method of
Jarabak et al., (1962), testicular tissues were homogenized in
homogenizing buffer (30 % spectro-grade glycerol, 10 mmol
potassium phosphate and 2 mM EDTA (100 mg of tissue /1mL
homogenizing fluid), then samples were centrifuged at
10,000xg for 30 minutes. 200 pl of the supernatant was taken
and mixed with 440 pmol sodium-pyrophosphate buffer (pH
10.2), 25 mg crystalline-bovine albumin and 0.3 pmol
testosterone. Enzyme activity was measured after the addition
of NADP" (1.1 pmol) at 340 nm spectrophotometer. One unit
of enzyme activity is equal to 0.001/min change in absorbance
at 340 nm.

4.5-Gene expression analysis of 17-8HSD3: Quantitative
reverse transcriptase (QRT-PCR) PCR was done to determine
the 17-BHS3 gene expression. The extraction and purification
of total RNA was done according to the instruction of RNeasy
mini kit (Qiagen, Cat. No0.74104) RNA concentration and
quality was checked with Quawell, nanodrop
spectrophotometer (USA). An equivalent of 1ug of RNA was
transferred into cDNA (Thermo Fisher, Cat. No. EP0441),
where 10 um of forward and reverse primers were mixed with
10 pl of sybr green master mix (Intron, South korea, Cat. No.
204141).

The Reverse transcription was done at 50 0oC/30 min. After
that, the amplification was done and included 40 cycles with
primary denaturation at 94 oC/15 min, secondary
denaturation at 94 oC/ 15 sec, annealing at 60 0oC/30 sec for B-
actin and at 55 oC/30 sec for 17BHSD3, extension at annealing
at 72 oC/30 sec.

4.6- Histopathological Examination

Tissue was properly fixed then rinsed with phosphate
buffer saline pH 7.4, dehydrated in alcohols with ascending-
grades, cleared using xylene finally embedded in paraffin. The
blocks of paraffin were divided into S5um thickness- sections
and stained with H&E stain. About 45-55 sections of
seminiferous tubules from each group were evaluated by
Johnsen score for their modified spermatogenesis index
(Johnsen, 1970).

3. RESULTS

1-Effect of PUFAs on sperm count and semen quality: The
results showed an increase in sperm cell count and
improvement in semen quality in all oil supplemented groups.
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Gz and G, were slightly higher than G4 in sperm count and
semen quality. Gz was slightly higher than G2 ;, semen quality
and all groups were higher than G; in sperm count and semen
quality table (2).

2-Effect of PUFAs on reproductive hormones: Results of
hormonal analysis table (3) showed that, all oil groups have
significant increase in FSH level. G, and Gj; increased
testosterone level while there were no significant differences
between all groupsin LH level.

3-Effect of PUFAs on antioxidant activity in rat testis: The
results of our study table (4) showed that, PUFAs improved
the antioxidant activity. G3 was the lowest group in MDA level
followed by G, and G, while G, was the highest group in GSH
and GST levels. There were no significant differences between
Gy, Gyand G3 in GST level while G, and G; were higher than G;
in GSH level. There was no significant difference between all
four groups in NO level.

4-Effect of PUFAs on gene expression and enzyme activity of 17
B-HSD3: The results of this study table (5) showed that, all oil
groups significantly increased 17BHSD3 gene expression and
enzyme activity. G; was the highest group in gene expression
and enzyme activity followed by G, and G, G, was higher than
G, in enzyme activity and gene expression.

5-Histopathological Finding: The obtained data revealed that,
oils supplemented groups showed full order spermatogenesis
and more late spermatid especially G, photo (3,4) making oil
groups between 9,10 modified Jahnsen score. The control
group showed premature sloughing making the control group
at modified Jahnsen score 8 photo (1,2).

Table 1. designated primers.

References

Sequences of Primers (5'-3")

and accession

number

TCCTCCTGAGCGCAAGTACTCT Banni et al.,

Rat B-actin GCTCAGTAACAGTCCGCCTAGAA 2010
CAACCTGCTCCCAAGTCATTT Genbank
17B.HSD3 TGTGTTTGAGAACAAGCTGTGTC  accession n:
NM_054007

Table 2. Effect of PUFAs on sperm count and semen quality (M + SE):

Groups Sperm count (10° /ml)

Semen quality(RRT ratio)

Gy 1593.33 + 533.33 3.21+0.38°
G, 4166.66 + 600.92° 4.74 +0.34®
G; 3500 + 288.57° 552 +0.28*
Gy 2823.33 + 95.27* 391 +0.37*
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Table 3. Effect of PUFAs on reproductive hormones (M + SE):

Groups Testosterone Luteinizing

Follicle stimulating

hormone hormone (mlu/ml)

(mlu/ml)

hormone (Pg/ml)

Gy 7.32+0.27° 0.74 +0.03° 0.75 + 0.02°
G, 8.04 +0.39° 0.79 +0.03° 0.85 +0.02°
Gs 8.76 +0.23° 0.85 +0.04° 0.92 + 0.03°
Gs 6.82 +0.15° 0.66 + 0.04° 0.88 + 0.02°

Means with different letters in the same column are significantly differed at
(p< 0.05).
Table 4. Effect of PUFAs on antioxidant activity (M + SE):

Groups Malondialdehde Nitric Reduced Glutathione-

level (n mol/g) oxide

glutathione S-
level (mg/g.tissue) Transferase

(umol/L) (ng/)

G, 32.07 +0.8° 146+ .04  2.59+0.13° 143.40+7.59°
G, 28.59 + 0.47° 1.46+ .04°  3.02+0.04° 143.40 + 7.59 °
Gs 25.71 +0.39° 1.64+.11° 289+ 0.04° 143.37 +7.10°
Ga 28.97 +0.51° 1.68+.07°  3.46+0.10° 168.47 +3.56 °

Means with different letters in the same column are significantly differed at
(p< 0.05).

Table 5. Effect of PUFAs on 17BHSD3 gene expression and enzyme
activity (M + SE):

Real time —PCR for

Enzymatic activity of 17 B HSD3

17BHSD3 gene enzyme (unit/mg tissue/min)

expression

G, 1.00 + 0.057° 0.0367 + 0.003°

G, 3.69 +288.57° 0.0567 + 0.003"
Gs 6.75 +0.24° 0.0767 + 0.003°
Gs 5.41 +0.14° 0.0667 + 0.003™

Means with different letters in the same column are significantly differed at
(p< 0.05).

Figure 1. Control group shows late spermatids with premature sloughing
modified Johnsen score 8 (high power 400x).
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Figure 2. The control group shows late spermatids with premature sloughing
making the lumen narrow (low power 100x).
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Figure 6. Soybean oil group shows spermatogenesis with frequent late
spermatids (low power 100x).
il /

Figure 7. The group supplemented with both flaxseed and soybean oils shows
spermatogenesis, primary spermatocytes and late spermatids modified
Johnsen score 9 (high power 400x).

Figure 4. Flaxseed oil group show order maturation with full spermatogenesis
and many late spermatids (low power 100x).
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Figure 5. Soybean oil group shows spermatogenesis with frequent late 4. DISCUSSION

Figure 8. The grop su

spermatids modified Johnsen score 9 (high power 400x). 1- Evaluation of semen quality and sperm count: Many studies

suggested that changes in the metabolism of lipids have

Mans Vet Med J 20:1 (2019) 67-74



S. Mohsen et al. 2019 71

effects on semen quality and fertility (Bobjer et al., 2012 and
Hagiuda et al.,, 2014). Leat et al., (1983) found that rats
feeding diet deficient in all EFAs resulted in a decrease in the
concentration of sperm in the epididymis of male rats. Cells of
testis and sperm have high proportion of long chains omega -3
and omega -6 ( C-20 & C-22 ). Different species differ in their
testicular composition of PUFAs (Saether et al., 2007). Cerolini
et al., (2006) reported that, diet rich in both omega -3 and
omega -6 affects the production of semen. So, omega-3 and
omega-6 PUFAs are important for reproduction and fertility. In
rats, DPA 22: 5(n-6) is predominant in the testis and in
developing rat, there is a close relation between its increase
and the appearance of spermatids and spermatozoa (Davis et
al., 1966 ). In man and other species like ram and bull have the
long-chain metabolites of ALA 18: 3 (n-3) are major
components of the testis and spermatozoa (Bieri and Prival,
1965; Neill and Masters, 1972; Evans and Setchell, 1979). In
mouse and guinea-pig, metabolites of both series of essential
fatty acids are present in testis (Bieri and Prival, 1965).

The results of our study table (2) is in agreement with
those of other studies used different oils contain different
ratio of PUFAs. The sperm cells count, motility of sperms and
grade activity increase significantly in groups treated with corn
oil which contains about 58% linoleic acid and 1% linolenic
acid than the control group (Saad, 2013). The status of
antioxidant in sperm is supported by corn oil resulting in
improvement of viability of sperm (Khatibjoo et al., 2011).

Recent studies are concerned with the ideal omega -3:
omega -6 proportion in different species. Estienne et al.,
(2008) reported increasing in the ratio of n-3/n-6 PUFAs
resulted in elevation of spermatozoa quality ratio, sperm
concentration and motility. Moreover, sperm deformity
tended to lower while there were no effects on the testis
index. Furthermore, the proportion of omega-3: omega-6 in
boar sperm were positively associated with the viability,
motility, normal morphology of sperms and normal plasma cell
membranes (Amin et al.,, 2011). High amount of omega -3
PUFA reduced the sperm cells concentration and motility
which point out the value of the n-6:n-3 ratio in the quality of
sperm (Al-Daraji et al., 2010).
2-Hormonal analysis: Feeding rabbits with omega-3, flaxseed
oil 1% or flaxseed oil 2% lead to increase in levels of FSH, LH
and testosterone hormones improving steroidogenesis and
spermatogenesis in rabbits (Abu-Heakal, Nabil et al., 2016).
Hanis et al., (1990), found that dietary fats have significant
effects on systemic turnover of androgens, not only the type
of dietary fats but also the dietary fat quantity and
constitution as well as the feeding period significantly affect
androgen secretion and metabolism (Gromadzka- Ostrowska
et al., 2002 and Gromadzka-Ostrowska, 2006).

Omega -3 PUFAs have ability to control Star and P450scc
expression, enhance the production of testosterone and
adjusting the reproductive process (Li et al., 2013). Not only
omega -3 PUFAs that have stimulatory effects on testosterone
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production, but also omega-6 PUFAs can influence androgen
production (Kobayashi et al., 2013). Arachidonic acid 20:4 (n-
6) can increase adenyl- cyclase, thereby improving the rate of
side chain cleavage of cholesterol and inducing testosterone
biosynthesis. So, these FAs induce the production of
testosterone.

Qil of nigella sativa consists of 50% LA (Cheikh-Rouhou et
al., 2007) and when this oil was administrated to normal and
hyperlipidemic rats. The testosterone level was elevated
significantly. Fish oil increases the synthesis of testosterone in
testes of rats (Sebokova et al., 1990). Feeding rats corn oil rich
in omega-6 PUFAs ( Yong et al.,, 2007) increase the serum
concentrations of testosterone, FSH and LH and this may be
due to increase in leydig cells number, repair of leydig cells
composition or both ( Saad, 2013).

Results of this experiment table (3) showed that all oil

groups have significant increase in FSH and testosterone levels
with no significant differences in LH levels. So ,the elevation of
testosterone level in our study maybe due to alteration in
lipid constitution of the testicular membrane which may
influence the binding of LH to its receptor leading to
stimulation of the adenyl /cyclase (Sebokova et al., 1990) and
testicular steroidogenic enzyme activities (Meikle et al., 1989).
3-Antioxidant status: Reactive oxygen species (ROS) induce
lipid peroxidation leading to changes in sperm morphology
(Sanchez et al., 2006). Moreover, oxidative stress has a
harmful effect on plasma membrane of sperm which may lead
to defect in the function of sperm (lwasaki and Gagnon, 1992).
ROS caused DNA damage may lead to acceleration in the
apoptosis of germ cell (Agarwal et al.,, 2003) resulting in a
decrease in sperm cells count. So PUFAs rich oil improves
antioxidant activity and decreased the oxidative stress.
The result of our study table (4) showed, flaxseed and soybean
oils improve antioxidant activity. Consumption of flaxseed oil
significantly reduced the level of the lipid peroxidation marker
(MDA). Moreover, flaxseed oil increases the serum
concentrations of HDL and GSH levels (Elimam and Ramadan,
2018).

Doaa lbrahim et al., (2018) noticed that, the diet enriched
with n-3 PUFA from fish oil and linseed oil decreases serum
cholesterol, triglycerides and VLDLs levels and enhances
antioxidative status. Incorporation of PUFAs in cell membrane
may reduce the susceptibility of cells to lipid peroxidation,
change the fluidity of cell membrane, elevate enzymes
activity, enhance receptor function and influence the
production of lipid mediator (Best et al., 2003). This may be
associated with the reaction between free radical and (=CH2)
in PUFAs result in avoiding free radical conjugating with fatty
acids of the membrane ( Wu et al., 1998 and Alan et al.,
2011). Diet rich with omega-3 can raise the concentrations of
SOD, GST and GPx (Chen et al., 2012). Bhattacharya et al.,
(2003) GSPx activity could be increased by administration of
PUFAs.
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Synthesis of GSH is up-regulated by arachidonic acid and
conjugated linoleic acids mainly through stimulation of vy -
glutyamylcysteine ligase (Khelifa Arab et al., 2006) and this
stimulation is a feature of an antioxidant response (Lee et al.,
2003).

Tjalkens et al., (1999) 4-hydroxy-2-nonenal (HNE) a product
from w-6 oxidation of PUFAs can stimulate antioxidant
response element result in stimulation of isozymes of GST
class A including GSTA1 and GSTA4 in hepatoma cells of rat. 4-
Hydroxy-2(H)-nonenal (HHE) a product from w-3 PUFAs
peroxidation can upregulate nuclear factor (erythroid 2-like 2)
which is an important regulator of antioxidant responses in
high fat-fed mice heart. Both HHE and HNE have harmful and
beneficial effects and this bi-directional effects are
concentration dependent (Anderson et al., 2012).

4- 17 BHSD3 gene expression and enzyme activity: The result
of this study table (5) showed that, all oil groups significantly
increase 17BHSD3 gene expression and enzyme activity. This
result is in agreement with those of Tavakoli Darestani, (2005)
who reported that both omega -3 and omega -6 affect
reproduction  through various mechanisms through
prostaglandins precursors, they control the expression of
enzymes and participate in steroids metabolism.

Also the obtained results agree with those of Wang et
al.,(2018) who observed that there were a significant increase
in testicular mRNA and protein levels of LH receptor, STAR,
P450 scc enzyme and levels of mRNA of 3BHSD, 17BHSD and
Sf-1 in mice treated with Fish oil supplementation when
compared to HFD group.

Wang et al.,(2018) Suggested that, fish oil group showed
an increased in Leydig cells total number and reduction in the
number of apoptotic cells resulting in stimulation of gene
expression of enzymes involved in testosterone biosynthesis
through the adenyl / cyclase—cyclic AMP—protein kinase A &
Splicing Factor- 1 pathways.

17B-HSD 3 with NADP as a cofactor required for
testosterone formation from androstendione in mammal
testis (Labrie et al.,, 1997). In rodents, changes in cell
membrane changes in its lipid composition could influence the
binding of LH-cell membrane receptors as well as
adenyl/cyclase stimulation (Sebokova , 1990) and also affect
steroidogenic enzyme activities in the testes (Meikle et al.,
1989). 17B-HSD activity is stimulated by unsaturated fatty
acids which is the very effective enzyme in the testosterone
biosynthetic process. Also, Feeding period and the dietary fat
types have significant influences on 178- HSD activity in rat
testicular tissue (Gromadzka-Ostrowska et al., 2002). In
contrast to Mark et al., (2007) found that the activity of 173-
HSD enzyme was decreased when rat groups supplemented
with soybean oil, Fish oil, DHA and lard but they didn’t
influence testosterone levels.
5-Histopathological examination: The result of our research is
in agreement with those of Abu-Heakal, Nabil et al., (2016)
who found that feeding rabbits linseed oil by 2% improve most
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male fertile parameters including histopathological evaluation
and the highest percentage of bucks in these groups had
modified johnsen score 10. Also, the highest lumen diameter
was in 2% linseed oil group and the group supplemented with
omega-3 fatty acid.

Ayala et al., (1977) has reported that LC-PUFAs have

positive effect on testicular structure including seminiferous
tubules development and spermatogenesis in agreement with
those of Strzezek et al.,, (2004) who found that omega-3
administrated boars had well developed seminiferous tubules
and well developed spermatogonia cells.
Conclusion : We could be concluded that polyunsaturated
fatty acids presented in soybean oil and flaxseed oil have the
ability to improve fertility of male rats through enhancing
spermatogenesis, steroidogenesis, antioxidant status and
testicularl tissues of male rats.
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