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Abstract

The present study was aimed to study the effect of watercress
supplementation at three different levels for 8 weeks on alleviating the
side effects of reused oil on sex hormones of adult male rats. Thirty
male albino rats were divided into 5 groups; group (1) was fed on
basal diet (as a control negative group). Group (2) was fed on basal
diet containing 4 % of re-used oil substituted with oil content of the
basal diet (as a control positive group). Groups (3, 4 and 5) as the
same of group (2) and supplemented with 5, 7.5 and 10% dried
watercress respectively.
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Introduction

Infertility affects 15% of all couples. About 39% of
these couples, the male generates semen analyzed as
abnormal. Spermatogenic failure, including a zoospermia

and oligospermia, is one of the important causes of male
infertility (Park et al., 2007).

The hidden factor has been oxidative stress (OS)
which is now recognized as an important and probable
cause of idiopathic male infertility (Agarwal et al., 2014).
The fact that sperm contains a large amount of unsaturated
fatty acid makes it prone to oxidation. Spermatogenic cells
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with oxidatively damaged DNA undergo apoptotic
elimination through p53-dependent and independent
mechanism which can lead to infertility. Likewise, recent
data has shown that disorders such as poor fertilization,
pregnancy loss, birth defects, poor embryonic development
and even childhood cancer are correlated with high
susceptibility of spermatozoa to oxidative insult (Fujii and
Imai, 2014 and Azantee and Lokman, 2015).

During the frying process, cooking oil is exposed to
an extremely high temperature in the presence of air and
moisture. Under such conditions, a complex series of
chemical reactions takes place, resulting in loss of both
quality and nutritional values of the cooking oil. Repeatedly
heating the cooking oils initiates a series of chemical
reactions, modifying the fat constituents of cooking oil
through oxidation, hydrolysis, polymerization, and
isomerization, eventually resulting in lipid peroxidation
(Choe and Min, 2007).

Lipid peroxidation generates a wide spectrum of
volatile or non-volatile components, including free fatty
acids, alcohols, aldehydes, ketones, hydrocarbons, trans
isomers, cyclic and epoxy compounds (Zhang et al., 2012
and Kaviyani et al., 2014).

As a result, when the same cooking oil is reused
excessively, the chemical reactions enhance foaming,
darkening of oil color, increased viscosity, and off-flavor.
Hence, repeated heating of the oil can lead to degradation of
the cooking oil, both chemically and physically. Exposure to
oxygen at high temperatures leads to oxidation of
triacylglycerides, =~ which  generates  hydroperoxides.
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Hydroperoxides are unstable intermediates and rapidly
break down into reactive free radicals to initiate
autoxidation. The extreme heat during frying is the main
initiator for autoxidation, in addition to other factors such as
photonic agents, ionizing radiation, free radicals and
chemical impacts (Leong et al., 2015).

Watercress (Nasturtium officinalis), 1s a member of
the Brassicaceae family, originated in central and Western
Europe but nowadays is spread all over the world
(Biddington and Ling, 1983). It grows in different areas of
Iran. This grass is long lasting with up-going stems that are
quadrant and leaves that are periodic and feather like
(Jafari and Hassandokht., 2012). Watercress is full of
several protecting vitamins and can be used in the treatment
of metabolic and chronic diseases. At the end of 19th
century, it was used for blood filtration and also pulmonary
diseases (Shahrokhi et al., 2009). Also, the use of
watercress has been reported to prevent cellular damage and
elevate the level of antioxidant in the body (Shahrokhi et
al., 2009; Goda et al., 1999). Watercress is used in
traditional medicine such as expectorant, appetizing and
diuretic (Gill et al., 2007).Therefore, the present study was
aimed to study the effect of watercress supplementation at
three different levels for 8 weeks on alleviating the side
effects of reused oil on sex hormones of adult male rats.
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Materials and Methods
Materials:

Fresh watercress was obtained from local market.
Watercress was dried by the solar energy at 40°c for two
days then grinded to get the powder at the National
Research Center, Giza, Egypt. Reused oil was prepared by
reheating the oil 15 times; 50 g potato pieces were fried at
180 °C with 3 minutes in every frying interval. Fresh
sunflower oil was used as reference oil, according to the
method of (Abdullah et al., 2012).

Rats: Adult male albino rats (Sprague- Dawley
strain) (n=30 rat) weighing approximately (150 = 5 g.) was
purchased from Helwan Experimental Animals Station.

Chemicals: Casein, vitamins, minerals and cellulose
were purchased from El-Gomhoria Pharmaceutical
Company — Cairo — Egypt.

Methods:

A.Biological study:-

Thirty adult male rats were housed in well aerated
cages under hygienic conditions and fed on basal diet for
one week for adaptation. All diets were formulated to cover
the nutrient requirements of rats following the
recommendations of the American Institute of Nutrition
(AIN-93M) (Reeves et al., 1993). After this week rats was
divided into 5 groups (6 rats each) as follow:- group (1) was
fed on basal diet (as a control negative group).Group (2)
was fed on basal diet containing 4 % of re-used oil
substituted with basal diet oil content (as a control positive
group).Groups (3, 4 and 5) as the same of group (2)
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supplemented with 5, 7.5 and 10% dried watercress
respectively.

All rats were observed each day. Their feed intake
(FI) was determined daily and body weights were obtained.
Feed Efficiency Ratio (FER) was calculated. At the end of
the experimental period (8 weeks), rats were fasted
overnight before sacrificing and the blood samples were
collected from each rat and was centrifuged to obtain serum.

B.Bio chemical analysis:

Serum sex hormons such as analysis such
asfollicle stimulating hormone (FSH), luteinizing hormone
(LH) and testosterone were determined according to
(Haesslein and Lamb, 1976 and Collins et al., 1981).
Serum Malondialdehyde (MDA) was determined according
to (Satoh and Clinica, 1978). However, serum Catalase
(CAT) was determined according to (Aebi, 1984 and
Fossati, et al., 1982).Liver enzymes such as Aspartate
aminotransferase (AST), alanine aminotransferase was
according to (ALT) and alkaline phosphatase (ALP) were
determined according to (Thomas, 1998; Young,
2000).Lipid profile such as Total cholesterol (TC),
Triglycerides (TG), high density lipoprotein cholesterol
(HDL-c) according to (Shih et al., 2000);low density
lipoprotein cholesterol (LDL-c) and very low density
lipoprotein (VLDL-c)were calculated as the equation of
(Friadwald et al., 1972).

C.Statistical analysis:
The obtained results were analyzed according to
SPSS program. ANOVA test was used to compare results
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among groups and P<0.05 was considered to be significant
(SPSS, 1986).

Results and discussion:

Table (1) illustrate the effect of reused oil and
watercress on feed intake, body weight gain percent
(BWG%) and feed efficiency ratio of male albino rats.
Regarding to mean values of feed intake, both control
groups were 12.9 and 12.7g/d, respectively. The highest
mean value in tested groups was recorded at group that

received 7.5% dried watercress followed by the group fed
on 10%.

Body weight gain % of +ve control positive group
was non-significantly decreased compared with —ve control
negative group with mean values 31.1842.36 and
34.87+£2.34 9%, respectively. There was no changes in
BWG% at the group that fed on 5% watercress, while
supplementation with watercress at the level of 7.5 and
10%significantly increased (P<0.05) BWG% as compared
with the +ve control positive group.

As regards to FER, non-significantly decreased in
+ve control positive group compared with —ve control
negative group. Moreover, there was no significant
difference in FER among the groups treated with watercress
at the level of 5 and 7.5% as compare to the both control
groups. On the other hand, 10% watercress supplementation
caused a significant increase in FER as compared to control
groups.

http://ejos.journals.ckb.eg — Vol (8) N (25) January 2020 (10)



Efficacy of Watercress on Alleviating the Side Effects of Re-used Oil on the Fertility

of Adult Male Rats

Table (1): Effect of reused oil and watercress on
BWG%, FI and FER of adult male rats

Parameters FI BWG
Groups (g/d/rat) % FER
G1: Control (-ve) 12.9 34.8742.34 ™ | 0.064+0.004 °
G2: Control (+ve) 12.7 31.1842.36° | 0.057+0.003 °
G3: Watercress 5% 13.8 34.64+3.07™ | 0.061+0.005°
G4: Watercress 7.5% 16.8 41.24+0.96 ° 0.059+0.001°
G5: Watercress 10% 15.5 49.77+42.10 % 0.076+0.002 *

Results are expressed as mean = SE.
Values in each column which have different letters are significantly different at
(P<0.05).

The addition of dried watercress leaves in diet of Nile
tilapia led to improve all growth performance, feed
utilization parameters compared by the control group
(Khalil, et al., 2015), these results are with the line with the
obtained results in which watercress supplementation at
10% significantly increased BWG% and FER as compared
to the negative control group.

Table (2) illustrates the effect of reused oil and dried
watercress on serum FSH, LH and testosterone hormones of
male rats. The mean values of FSH were non-significantly
decreased in +ve control positive group compared with -ve
control negative group. There were non-significant changes
in the mean value of serum FSH among all treated rats, as
compared to both control groups.

The mean values of the luteinizing hormone (LH) of
—ve control group and +ve control positive group were 0.30
+ 0.058 and 0.16+ 0.023 IU/L, respectively with non-
significant difference. While treated groups had LH values
ranged between 0.30+ 0.058 and 0.38 + 0.044 IU/L with
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non-significant changes. Rats fed on basal diet and
supplemented with 7.5 or 10% watercress had significant
increase (P<0.05) of LH hormone as compared to positive
control group. The -ve control negative group had
significant increase (P<0.05) in the mean value of
testosterone hormone compared with +ve control positive
group, while treated experimental groups had significant
increase of testosterone values as compared to +ve control
positive group. The highest increase in testosterone value
was recorded at the group fed on 10% watercress.

Jamshid, et al., (2017) reported that the mean of fast
mobility increased significantly in groups treated with
hydroalcohoic extract of watercress. Whereas, the rate of
FSH, LH and testosterone significantly increased. Thus,
hydroalcohoic extract of watercress could be improving the
reproductive parameters and significantly increased sex
hormones. This favorable impact suggests that the
consumption of watercress may enhance fertility. These
results were in agreement with the obtained results.
Moreover, Aitken and Roman, (2008), and Glade and
Smith, (2015), showed that the number of abnormal sperms
decreased in groups treated with watercress. In addition, the
administration of watercress hydroalcoholic extract partially
increased sperm indexes.

Gurel et al., (2005) reported that vitamin E is a
potent hydrophobe antioxidant which is essential for
keeping of spermatogenesis in mammals. Vitamin E
increases the living capability of sperm by boosting the
antioxidant system. The decrease of vitamin E results in
oxidative stress of testicular tissue and therefore reduces
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synthesis of testosterone and spermatogenesis. Vitamin E
has the ability to rebuild seminiferous tubules after damages
induced by ozone gas, reduce its damaging effects on
testicular tissue and enhancing blood testicular-barrier
Aitken and Roman, (2008), The Vitamins and mineral
constituent of watercress according to different sources
were vitamin A 420 pg, vitamin E 1.5mg, vitamin B1 0.16
mg, zinc 0.75 mg and selenium 2ug) per 100g (Food
Standards Agency, 2002 and Pradhan et al., 2015).

Vitamin E appears to be associated with positive
reproductive outcomes. It has been recognized that vitamin
E is a potent hydrophobe antioxidant that is essential for
spermatogenesis in mammals (Fatemehet al., 2017) and
reacts with free radicals and protects membranes and

proteins against oxidative stress damage (Mohasseb et al.,
2011).

Vitamin E analysis in green vegetables is performed
by an array of different methods. Method sensitivity was
established (below 0.02 ng/g fresh weight), vitamin E 1.5mg
and accuracy was assessed by recovery tests (>96%)
(Rebeca and Susana, 2013).

Table (2): Effect of reused oil and watercress on serum
FSH, LH and testosterone of male rats.

Parameters FSH LH Testosterone
Groups (mIU/ml) (IU/L) (ng/ml)
G1:Control (-ve) 0.08+0.023 % | 0.30+0.058 ® | 572.50+9.54°
G2:Control (+ve) 0.06+0.007 * | 0.16+0.023° 137.00+8.02
G3:Watercress 5% 0.08+0.048 * | 0.30+0.058 *® | 365.10+2.49 ¢
G4:Watercress7.5% 0.06+0.035% | 0.36+0.030" | 452.90+3.55°
G5:Watercress 10% 0.13+0.30 % | 0.38+0.044* | 1233.83+10.9°
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Results are expressed as mean = SE.
Values in each column which have different letters are significantly different at
(P<0.05).

Table (3) illustrates the effect of reused oil and
watercress supplementation on serum MDA and CAT of
male albino rats. The mean values of the MDA of —ve
control negative group and +ve control positive group were
78.21£4.87 and 149.83+ 4.88 nmol/ml. This means that +ve
control positive group had significant (P<0.05) increase of
MDA compared with -ve control negative group. While, all
experimental treated groups had significant (P<0.05)
decrease of the mean value of MDA, compared to the +ve
control positive group.

Moreover, the there was no significant differences of
MDA value between the group fed 10% watercress and the
—ve control negative group.

Regarding to the mean value of catalase, the +ve
control positive group and —ve control negative group were
129.45 + 4.23 and 68.83 = 2.91 u/L, respectively. This
means that —ve control negative group was significantly
higher compared with +ve control positive group. The
values of al treated groups were significantly (P<0.05)
higher compared with the +ve control positive group.

Free radicals generated during the frying process
could damage membrane lipids through lipid peroxidation,
subsequently leading to oxidative stress. The phenolic,
polyphenols and flavonoids content, as well as the radical
scavenging activity confirms the high antioxidant capacity
and thus, protective effect against oxidative stress of
watercress extracts (Zeb, 2015, and Fenton et al., 2018).
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Shahrokhi et al., 2009 mentioned that the watercress
is important source of vitamins and a good detoxifying herb.
Its high content of vitamin C and minerals makes it a
remedy that is particularly significant for chronic illness.
The Vitamins and mineral constituent of watercress
according to different sources were vitamin A 420 pg,
vitamin E 1.5mg, vitamin B1 0.16 mg, zinc 0.75 mg and
selenium 2pug) per 100g (Food Standards Agency, 2002
and Pradhan et al., 2015).

Alam, (2015) identified fourteen phenolic compounds
in the leaves of watercress, where coumaric acid and its
derivatives, caftaric acid and quercetin derivatives were
present in huge amounts. Bahramikia and Yazdnaparast
(2010) reported that the watercress extract contain the
phenolic and flavonoid contents of 96.2 mg gallic acid
equivalents/g dried extract and 63.2 mg catechin
equivalents/ g dried extract, respectively. The extract
possessed potent antioxidant properties which mediated
through direct trapping of free radicals, reducing power and
as well as through metal chelating.

Heim et al.,, (2002) and Jamalan et al., (2016),
reported that flavonoids arise from the potential health
benefits attributed to the antioxidant activities of these
polyphenolic compounds. Functional hydroxyl groups in
flavonoids mediate their antioxidant effects by scavenging
free radicals and/ or by chelating metal ions.

During the heating process, reactive oxygen species,
such as hydroperoxides, are produced (Udilova et al., 2003)
and cause oxidative stress-induced cytotoxicity (Srivastava
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et al., 2010 and Rouaki at al., 2013). The MDA is one of
the end products of lipid peroxidation that is considered as
an index for cell damage (Ayala et al., 2014). Oxidative
stress 1s proposed as a stimulatory factor in increasing
inflammatory mediators (Munoz and Costa, 2013).

This kind of hepatic inflammation was also observed
in previous studies by repeatedly heated soy oil (Jaarin et
al., 2010).Prolonged heating induces chemical reactions in
oil, such as oxidation, hydrolysis, and polymerization
(Zhang et al., 2012) which produce oxidized fatty acids,
polar compounds, polymers, hydroperoxides, and aldehydes
and upon consumption could cause serious health
consequences in fried food consumers (Dobarganes and
Marquez, 2015).The presence of rutin in watercress
extracts can neutralize free radicals and inhibit
lipoperoxidation, which in turn prevents oxidative stress
ultimately providing cytoprotection. Also, these compounds
significantly decrease ROS and increase endogenous
antioxidant enzymes (Oyenihi et al., 2014).

Table (3): Effect of reused oil and different watercress
levels on serum MDA and CAT of male rats.

Parameters MDA CAT
Groups (nmol/ml) (wL)
G1:Control (-ve) 78.21+4.87 ¢ 129.45+4.23 *
G2:Control (+ve) 149.83+4.88 ° 68.83+2.91 ¢
G3:Watercress 5% 123.78+1.45° 81.78+3.30 ¢
G4:Watercress7.5% 96.06+5.61 © 92.83+2.63 ©
G5:Watercress 10% 82.1643.15 ¢ 111.00+4.00 °

Mean values are expressed as means = SE.
Means with different superscript letters in the column are significantly different at P
<0.05
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Table (4) illustrates the effect of reused oil and
watercress on AST, ALT and ALP of male rats. The +ve
group positive had significant (P<0.05) decrease of liver
functions, compared to the -ve control negative group.

There was no significant changes of liver functions
(ALT and ALP) between the group fed on 5% watercress
and the +ve control positive group, however the three
groups in AST were significant compared to the positive
(tve) control positive group. On the other hand,
supplementation with watercress at the level of 7.5 and 10%
caused a significant (P<0.05) increase in the values of liver
functions, compared to the +ve control positive group.

Natanzi et al., (2010) showed that N. officinale may
play a protective role against acetaminophen-induced
hepatotoxicity through maintaining the normal liver
functions.

Table (4) Effect of reused oil and different watercress
levels on serum liver functions of male rats

Parameters AST ALT ALP
Groups (n/L) (n/L) (n/L)
G1:Control (-ve) 158.15+4.18 * 61.83+1.62° 374.90+3.03?
G2:Control (+ve) 112.28+2.70 ¢ 34.3342.56° 259.30+3.95°¢
G3:Watercress 5% 123.16+2.32°¢ 39.61£1.55°¢ 268.45+1.87°¢
G4:Watercress7.5% 126.38+2.23°¢ 50.61+3.08° 351.40+9.08°
G5:Watercress 10% 138.45+5.27° | 54.50£3.90" | 357.43+4.98°

Results are expressed as means + SE.

Means with different superscript letters in the column are significantly different at P
<0.05

Table (5) showed the effect of reused oil and
watercress on mean values of TC, TG, HDL-c, LDL-c and
VLDL-c of male albino rats. The + ve control positive
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group had significant increase of the values of lipid profile
compared to the —ve control negative group. The
supplementation with the three different levels of watercress
caused a significant decrease (P<0.05) of the mean value of
TC, TG, LDL-¢c and VLDL-c¢c and significant increase
(P<0.05) of HDL-c compared to the +ve control positive
group.

In deep fat frying, often the fat is kept hot for a long
period of time at 180°C and moisture and air are mixed into
the hot oil. The fried food absorbs this heated oil. The
oxidation of oil produces oxygen-derived free radicals and
hydroxylated products that are harmful to tissues of the
body (Frankel, 1980) producing adverse effect like
hemolytic anemia, increased blood clotting time and
hepatomegaly (Isong et al., 1992). Reproductive toxicity,
elevation of TC and free fatty acid levels of various tissues,
thrombocytopenia and enhanced platelet aggregation levels
have also been documented (Owu et al., 1998).

Prasad et al., (2016) reported that, free radicals play
a major role in development and progression of
atherogenesis. Oxidized LDL is considered as one of the
most important factor in the development of atherogenesis.
The free radicals oxidize normal LDL to oxidized LDL,
which is taken up by macrophages. Excessive uptake of
modified macrophages causes the transformation of these
cells into foam cells, which participates in formation of
atherosclerotic plaques (Ferrier, 2015). Susceptibility of
LDL to oxidation depends both on concentration of pro-
oxidant stimuli and the entity and concentration of
antioxidants (Dobreanu and Mo6dy, 1997).
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Consistent with the results of the current study,
(Kamsiah et al., 2001) showed that after 20 weeks of
consumption of 5 times-heated palm oil, LDL-c levels
increased, yet no significant change in HDL-c levels was
observed. In this context, (Garrido Polonio et al., 2004
and Ghobadi et al., 2017) showed negative alterations in
lipid profile of rats fed heated sunflower oil may be due to
decreased intake of unsaturated fatty acids, especially
linoleic acid. Changes in lipid profile following
consumption of heated oil could increase atherosclerosis
risk as indicated by (Adam et al., 2008).

Table (5): Effect of reused oil and different watercress
levels on serum lipid profile of male rats

Parameters C | 716 | HDLc¢ | [LDL¢ | VLDL<¢
Groups (mg/d)
G1:Control (-ve) 67.35:285% | 50.01+3.15¢ | 44.90£1432 | 12442790 | 10.00:063 ¢
G2:Control (+ve) 86.86:2.12¢ | 69.50:2.772 | 24.18=077¢ | 48.78<186* | 13.90=0.55

G3:Watercress 5% 7336£2570 | 58.36£1080 | 3495:1310 | 26743000 | 1167:039
Gd:WatercressT5% | 70.10:281% | 46.28¢173¢ | 410551707 | 19.79:286% | 9254034
G5:Watercress 10% | 63.7502.73¢ | 4845£357¢ | 43.0061752 | 11.06:191¢ | 9.6940.71¢

Mean values are expressed as means + SE.

Means with different superscript letters in the column are significantly different at P
<0.05.

Table (6) illustrates the effect of reused oil and
different watercress levels on semen quality of adult male
rats. The count of normal semen were significantly
decreased and total abnormal semen of were significantly
increased at the +ve control group as compared to the —ve
control group. All treated groups had significant increase
(P<0.05) of the number of Normal semen. While the total
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abnormal semen was significantly (P<0.05) decreased,
compared to positive control group.

Atrophy of seminiferous tubules and reduction of
spermatogenic  cells are morphological signs of
spermatogenesis disorders. It has been recognized that
vitamin E 1is a potent biological antioxidant that is
completely essential for the maintenance of spermatogenesis
in mammals, vitamin E 1.5 mg in watercress (Cao et al.,
2004).

In normal condition, there are antioxidant agents in
genital tissues and inhibit the appearance damage oxidative
in gonad cell and adult spermatozoa (Aprioku, 2013).
Researchers have demonstrated that vitamins E, C and B
have been effective in reducing the toxic effects of cadmium
on testicular tissues and the process of spermatogenesis (Al-
Attar, 2011). Antioxidant functions of watercress have been
proved due to existence of vitamin C in it. Existence of
these elements in watercress may have affected the partial
improvement on indexes of sperm Jamshid, et al., (2017),
vitamin A 420 pg, vitamin E 1.5mg, vitamin B1 0.16 mg,
zinc 0.75 mg and selenium 2ug) per 100g in watercress
(Food Standards Agency, 2002 and Pradhan et al., 2015).

Results of this study demonstrated the sperm index’s
effects of antioxidant feature of watercress on the
improvement of sperm indexes. Moreover, the existence of
flavonoids and some other antioxidants such as: vitamin E
(Leth and Sondergaro, 1983), vitamin A (Vita, 1996), B,
and B, (Danishofflcial, 1996), and total flavonoids
(Arvouet et al., 1994) in watercress are able to improve
sperm indexes near to normal.
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At conclusion: As indicated from this study it could
be recommended that Watercress is considered as functional
food which improves male fertility, while the used oil has
negative effects on human health in general and
reproductive health in particular.

Table (6): Effect of reused oil and different watercress
levels on semen quality of male rats

it Normal Small By Hoolless |  Banana Abnormal Amorphous | Total abnormal
Head Head | ™

Tail
Gtoups %

Control £y¢) 90226 | 000000 | 0334033 | 1830400 | S0 | 5001610 | 500103 | 21008226° | 231025
Control (tve) | 5866£237° | 0008000 | 050:020° | 53098 | 1233125 | BO:081% | l466eI90F | 4133237 | 1514007
Watercress % | 7366£125% | 0168006 | 0.0040.00° | 183079 | 1130<106® | 404068 | 8.B04™ | 2633:105% | 163000
[
1.

Testes

Watercress 7% | 67508452% | 0008000 | 0.0080.00¢ | 2504132 | 88104 | 1216378 | 86005 | 325014300 6003
Watercress 10% | 6933200° | 0008000 | 0.000.00° | 100025 | 784> | 10001312 | 11832108 | 3066200 314008

Mean values are expressed as means = SE.

Means with different superscript letters in the column are significantly different at P
<0.05.
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