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INFLUENCE OF FATS OF VARIOUS ORIGINS
ON THE REPRODUCTIVE FUNCTION
OF EXPERIMENTAL ANIMALS

Abstract. In Ukraine, about 50-60 thousand men annually turn to specialists with sexual and
andrological problems for help. Today, about 80% of men admit that having problems in the
sexual sphere seriously affects the quality of life. At the same time, the leading place is occupied
by the issue of the safe impact of chronic consumption of dietary fats on reproductive function.

The aim of the study was to study the effect of long-term consumption of dietary fats of various
origins on the spermatogenic function of the testes of male rats.

The studies were carried out on 7 month old male rats of the Wistar population after 75 days
of consumption of fats of various origins (palm oil, refined sunflower oil, margarine) at a rate of
3 mg/kg. At the end of the experiment, the state of spermatogenesis in a suspension of epididymal
spermatozoa was assessed in males.

In experimental animals, it was observed: a decrease in the total concentration of gametes, a
deficiency of morphologically normal cells and the emergence of a significant number of abnormal
forms of spermatozoa.

Relative to control males, a decrease in the total concentration of gametes was found in
the Palm oil group by 22%, in the Margarine group — by 30.2%, in the Refined sunflower oil
group — by 34%. A decrease in the total number of gametes led to a deficit of morphologically
normal forms in all experimental animals. In the “Palm oil” group the shortage was 25%, in the
“Margarine” group — 24%, in the “Refined sunflower oil” group — 36% relative to the control
animals. When determining the percentage of mobile gametes, there was found deficiency only in
the “Margarine” group. It was 20% relative to the indicators of control males. But the percentage
of abnormal forms of gametes in the group “Margarine” remained at the level of indicators of the
control males. And in the groups “Palm 0il” and “Refined sunflower oil” an excess of this was
found indicator by 67% and 61%, respectively.

The experimental data obtained indicate that the consumption of dietary fats leads to disruption
of all the constituent stages of spermatogenesis in adult male rats.

Key words: spermatogenesis, male rats, palm oil, refined sunflower oil, margarine.
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INTRODUCTION

Inadequate and unbalanced nutrition causes the greatest number of various diseases,
including reproductive [2; 4; 5; 6]. Analysis of recent studies has shown that in Ukraine as a
result of malnutrition during 1990-2008, the incidence of endocrine diseases and metabolic
disorders has doubled [1], which in turn contribute to hypofertility.

In today’s world there are many factors that negatively affect the male reproductive system.
Among those that impair reproductive health — stress, alcohol consumption, smoking, chronic
diseases, etc. are of great importance [3; 13].

Researchers have proven the important role of nutrition in the functioning of the
reproductive system [4; 8; 9]. It is important to change the usual diet, composition and amount
of individual ingredients, which can affect the urge and duration of sexual intercourse. It is
known that there are foods that can even weaken or, conversely, enhance sexual function
(so-called "aphrodisiacs") [9, 10].

An important provoking factor in the development of reproductive disorders is the intake
of excess fat from food [3].

It is known that obesity leads to erectile dysfunction [2], which, in turn, can lead to male
infertility [7; 12]. More severe consequences for the reproductive potential of men has a state
of obesity on the background of type 2 diabetes [10].

Modern cooking products, especially fast food, are increasingly high in fat. Therefore, the
consumption of fats and oils has increased significantly, and at the same time, as a rule, their
fatty acid composition is not taken into account. However, it should be noted that there is a
difference in the physiological function of individual fatty acids [3].

All fatty acids are divided into saturated (in the radical all chemical bonds are single)
and unsaturated (when the radical has one or more double bonds). It is known that such
unsaturated fatty acids as linoleic, linolenic are not synthesized in the human body and come
to him only with food, so they are called essential. However, they play an important role, in
particular, are part of biomembranes, and are also able to be converted into biologically active
compounds that have the properties of regulators of physiological processes [10]. None of the
dietary fats fully satisfies the physiological needs of man and its fatty acid composition is far
from the ideal formula for a fatty diet. Thus, sunflower oil, which is most often consumed in
Ukraine, contains 60% of linoleic acid from the total amount of fatty acids, but there are no
other essential fatty acids. Milk fat has a large amount of palmitic acid (C16: 0) — 26-29%,
while the recommended content of this acid should not exceed 15% [2]. Among vegetable
oils, a special place is occupied by palm oil, the consumption of which increases every year,
although it contains up to 50% palmitic acid.

In turn, it is known that the consumption of excessive amounts of fat causes obesity, which
often leads to the development of atherosclerosis, metabolic syndrome and type 2 diabetes, as
well as disturbs the balance of sex hormones [1]. Diet with excessive fat intake is the cause of
development of dysbacteriosis in rats [3], negative changes in the liver and serum [1].

The authors of other studies conducted on rats aged 1, 3, 6 and 12 months, confirm that
from an early age to 12 months of life, the composition of fatty acids in the liver of animals
is closely related to the fatty component of the diet [7].

This was most evident when consuming fats containing increased amounts of palmitic
acid (palm oil and butter). Also, the analysis of modern scientific literature shows that refined
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palm oil and palm oil, which has been subjected to heat treatment, have a negative impact on
human health, in particular on its immune and cardiovascular systems [9].

The pathogenic effect of saturated fatty acids, especially palmitic (C16: 0), and excess
of linoleic acid in food (C18: 2), which is the basis of the vast majority of vegetable oils
(sunflower, corn, soybean) other researchers declare [9].

Linoleic acid is a source of prostaglandins, which are involved in the regulation of blood
pressure, the activity of the blood coagulation system, inflammatory reactions, as well as able
to interfere with the process of carcinogenesis.

However, an excess of linoleic acid can have a negative impact, as a person’s need for
linoleic fatty acid is very limited (not more than 6-7 g/ day) [2].

Data on the effect of palm oil on the reproductive function of experimental animals are
currently ambiguous. Thus, intake of palm oil from fresh, frozen or pasteurized palm juice
for two months improves fertility in male Wistar rats. However, its consumption over a long
period (more than two months) leads to necrotic changes in the testicles. It should also be
noted that the intake of oil from pasteurized palm juice has a negative effect on reproductive
performance in males [11].

Analysis of the literature showed that prolonged consumption of vegetable fats in rats for
6 weeks leads to an increase in body weight in the dynamics and the emergence of alimentary
obesity 2-3 degrees. It is shown that the consumption of excessive amounts of fat affects the
quality of sperm, reducing sperm motility, without affecting other parameters of sperm. In
turn, the change in sperm motility causes a slight decrease in fertility potential. These data
suggest that a diet high in fat may impair the fertility of male rats [10].

The effect of chronic consumption of edible vegetable oils of various kinds (natural,
hydrogenated, refined) and origin (palm or sunflower) on the reproductive function of men,
in particular on the state of spermatogenesis, remains unclear. Given the heterogeneity of the
human population, as well as the limited ability to study the state of human spermatogenesis
in terms of ethical issues, it is more appropriate to investigate these issues in the experiment.

The aim of the study: was to examine the effect of long-term consumption of dietary fats
of various origins on the spermatogenic function of the testes of male rats.

MATERIALS AND METHODS

The experiment and keeping of animals were carried out in accordance with the national
“General ethical principles of animal experiments”, approved by the V National Congress
of Bioethics (Kyiv, 2013). The experiments were performed on 28 adult male rats weighing
230 + 50 g of the Wistar line at the age of 7 months. Before the experiment, males were
randomly divided into 4 groups: Ist group — control; 2nd — “Palm oil”; 3rd — “Refined
sunflower oil”; 4-a — “Margarine”. To simulate the effect of vegetable fats on the body of the
animal for 75 days additionally received vegetable fats at the rate of 3 mg / kg of rat weight
daily, while the control group received a standard feed compiled in accordance with feed
rates for laboratory animals (grain products, granulated feed, fresh vegetables) [3]. The first
experimental group received a standard feed with the addition of refined sunflower oil; the
second experimental group — with the addition of palm oil; the third experimental group —
the addition of margarine. Experimental groups of animals additionally received vegetable
fats at the rate of 3 mg / kg of rat weight daily. According to the literature, this dose leads to
metabolic changes [11]. The study used refined sunflower oil and margarine from Ukrainian
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producers; palm oil of the Delta Wilmar brand. Animals of all groups were kept in standard
vivarium conditions with free access to water.

Atthe end of the experiment in males evaluated the state of spermatogenesis in a suspension
of epididymal sperm. To do this, sperm were obtained from the cut tail of the epididymis by
washing for two minutes in 2 ml of 0.9% sodium chloride solution. The amount of epididymal
sperm in 1 ml of suspension, their motility and the percentage of pathological forms were
determined according to the generally accepted method, using Goryaev’s camera and light
microscope Biolamps [7]. Gamete motility was expressed as the percentage of motile cells
(per 200 sperm examined), the percentage of abnormal forms was determined per 200 cells
examined, taking into account the shape of the head, neck, middle and tail of mature sperm,
and the presence of cytoplasmic droplets around the head and tail of sperm as a sign of
their immaturity. The concentration of morphologically normal cells [7]. was calculated.The
probability of differences between groups was assessed using the analysis package Excel
2003 and Statistika 6.0 and using parametric and nonparametric methods (Mann-Whitney
U-test, Q Dana).

DISCUSSION

Analysis of the functional status of epididymal sperm showed violations of quantitative
and qualitative indicators of spermogram in all experimental groups. Thus, a decrease in
the total concentration of gametes was found: in the group “Palm oil” by 22%, in the group
“Margarine” — by 30.2%, in the group “Refined sunflower o0il” — by 34% relative to control
males (P <0, 05; Table 1).

Table 1
Spermogram parameters (x = Sx; n =7)
Group
Indicator Control Palm oil Margarine Reﬁned(filll nflower
Sperm concentration, 5071233 | 39.57+12° | 3543:2.1° 33,43+3,2°
mln/ml
Mobility, % 81,29+2,6 72,00+5,8 65,00+3,7" 84,14+2,9
Pathological forms, % 5,14+1,0 8,57+1,17 5,00+0,7 8,29+0,9"
Concentration of
morphologically normal 48,16+3,3 36,21+1,3" | 36,43+4,12" 30,71+£3,05"
sperm, mln/ml
* — Statistically significant differences relative to the control group (P<0,05).

Decreased total sperm concentration in experimental animals may be associated with
androgen deficiency. This is consistent with the literature on the violation of spermatogenesis
in such cases, at least its androgen-dependent stages [5; 6; 7].

In turn, the decrease in the total number of gametes led to a deficit of morphologically
normal forms in all experimental animals. In the group “Palm oil” the deficiency was 25%,
in the group “Margarine” — 24%, in the group “Refined sunflower oil” — 36% relative to
control animals (P < 0.05; see Table 1). This may be due to testosterone deficiency and,
as a consequence, disruption of androgen-dependent stages of spermatogenesis, testicular
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incretory function. After all, the leading hormone of spermatogenesis is testosterone. To
ensure the continuity of spermatogenesis at the physiological level requires a high intra-
testicular concentration of androgen. Its content in the body can be several times higher than
in the blood of the general circulation [1].

When determining the percentage of mobile gametes, their lack was detected only in the
group “Margarine”. It was 20% relative to control males (P < 0.05; see table. 1). It is known
that the motor activity of sperm cells is an energy-dependent and energy-intensive process
and largely depends on the concentration of ATP. The main suppliers of ATP in sperm cells
are respiration (about 90% of all energy) and glycolysis (about 10% of energy required) [11].
However, the process of B-oxidation of fatty acids can also be a supplier of energy for the
synthesis of ATP in sperm cells. After all, it was found that the gametes themselves are able
to modulate lipid metabolism [1]. Therefore, the decrease in motor activity of sperm in males
of the group “Margarine” may be a consequence of energy deficiency caused by excessive
load of margarine fats.

Instead, the percentage of abnormal gamete forms in the Margarine group remained at the
level of control males. And in the groups “Palm oil” and “Refined sunflower oil” exceeded
this indicator by 67% and 61%, respectively, (P < 0.05; see Table 1).

It is possible that spermiogenesis may have been affected by a change in the direction of
hormonal processes. This caused the appearance of a significant number of abnormal sperm,
which reduced the concentration of morphologically normal gametes.

CONCLUSIONS

An unbalanced diet with an excessive content of palm oil, margarine and refined sunflower
oil leads to disruption of all components of the spermatogenesis of adult male rats. This is
manifested by a deterioration in the parameters of the spermogram: a decrease in the total
concentration of gametes, a deficiency of morphologically normal cells and the appearance
of a significant number of abnormal forms of sperm.

It is believed that excessive fat diet can lead to metabolic disorders that can affect the
processes of spermatogenesis. This is due to abnormalities in gene expression and contributes
to the disruption of protein synthesis, usually enzymes that control key stages of metabolism.
These disorders may be due to the absence of the product of the enzymatic reaction or the
accumulation of a suitable substrate. That is, the increase in the number of abnormal forms
of gametes may be due to changes in gene expression under the influence of excessive intake
of hydrogenated and refined fats, which is unnatural and not physiological for this species.
This caused the appearance of a significant number of abnormal forms and reduced the
concentration of morphologically normal gametes. In the future, this can lead to reduced
fertility and the development of infertility.

Prospects for further research: given the ever-increasing consumption of oils in the
world and the integration of Ukraine into the world economy, there is a need for scientific
and experimental studies of the impact of oils on the reproductive state of the human body
during their use.
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AHOTAINIA

BIIJIUB KU PIB PI3HOI'O MOXOAKEHHSA HA PEIITPOAYKTUBHY
OYHKIIIO EKCIEPUMEHTAJIBHUX TBAPUH

lopiuno B VYkpaini Omu3bko 50—60 THCSY UYOJIOBIKIB 3BEPTAOTHCS 10 CIECLIANICTIB 13
CEKCYAIbHUMH Ta aHJIPOJIOTIYHUMU mpodiaemamu. ChoroHi 0mm3bko 80% Y0NIOBIKIB BU3HAKOTH,
110 MpoOJIeMH B CeKCyalbHil cepi cepilo3HO BIIMBAIOTE HA AKIiCTh XKUTT. [Ipn ibomy mpoBinHe
MiCIle IIOCia€ MUTaHHA NPO OE3MEYHHWH BIUIMB XPOHIYHOTO BKMBAHHS XapyOBHX JKUPIB Ha
PeNpOaYKTHBHY (DYHKIIIIO.

Mera AOCHIPKEHHS] — BHBYMTH BIUIMB TPHBAJIOIO CHOXXKUBAHHS Xap4yOBHX JKUPIB PI3HOTO
MIOXO/KEHHSI Ha CHIEpMaTOreHHY (YHKIIIIO CiM’STHUKIB CaMIIiB IypiB.

JlocumimpKeHHS TPOBOIMITN Ha 7-MICSYHUX IIIypax-caMIsiX momyssiii Wistar micist 75-1eHHoro
CIIOKMBAHHS KHMPIB PI3HOTO MOXO/DKEHHs (TTajgbMOBa O, padiHOBaHA COHSIIHUKOBA OJisf,
MaprapuH) 3 po3paxyHKy 3 MI/KI. HampukiHIlI eKCIIepUMEHTY y CaMIliB OIiHIOBAaJIH CTaH
CIIepMAaTOTeHEe3y B CYCIICH311 CIIepMAaTO30i/IiB ST IUANMY.
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Y mOiyIoCHiIHUX TBapHH CHOCTEPIrasocs: 3HWKEHHS 3arajlbHOI KOHLEHTpalii Tramer,
JaedinnT MOpQOIOriyHO HOPMAJIbHUX KIIITHH Ta IMOSBA 3HAYHOI KUIBKOCTI aHOMAaNbHUX (opm
CIIepMaTo30iIiB.

Y KOHTPOJTBHUX CaMIIiB BUSBICHO 3HIKEHHS 3aTaIbHOT KOHIIEHTPAIIii TaMeT y TPyIIi MaIbMOBO1
onii Ha 22%, y rpyni maprapuny — Ha 30,2%, y TpyIi COHANIHUKOBOI padiHOBaHOI omii — Ha
34%. 3MeHIIeHHs 3arajbHOT KUIBKOCTI TaMeT MPU3BEIIOo 10 Je(GinnTy MOp(}OIOriYHO HOPMAILHUX
(hopM y BCiX MiAJOCHITHUX TBApUH. Y IPYII «OJIisl MAIbMOBa» HecTada ctaHoBuia 25%, y rpyri
«mMaprapun» — 24%, y Tpyni «ollisi COHANIHNKOBa padiHoBaHa» — 36% BiTHOCHO KOHTPOJBHUX
TBapuH. [Ipu BU3HAYCHHI BiZICOTKA PYyXOMHUX raMeT Ae(ilUT BUSBICHO JHIIE B TPYIIi «KMapraphH».
Bin cranoBus 20% BiTHOCHO MOKA3HHUKIB KOHTPOJILHUX CaMIIiB. AJI€ BiZICOTOK aHOMAJIbHUX (hopm
raMer y Tpyli «MaprapuH» 3aJIMIIHMBCS Ha PIBHI MOKA3HUKIB KOHTPOJIBHUX CaMI(iB. A B Ipynax
«OJTisl TaJIbMOBA» Ta «OJIisl COHSIIIHMKOBA pa)iHOBaHA) BUSBJICHO MTEPEBHUILICHHS 1IbOTO MOKa3HUKA
Ha 67% T1a 61% BinnoBigHO.

OTpuMaHi eKCIepHMEHTaIbHI JIaHl CBiAYaTh MPO Te, IO CIOKUBAHHS XapYOBUX JKUPIB
NPU3BOJMTH 10 MOPYLICHHS BCIX €TaIliB CIEPMAaTOreHe3y Y IOPOCIHX CaMIiB IIypiB.

KirouoBi c1oBa: cnepmarorenes, camii IIypiB, MajgbMoBa Olisg, padiHOBaHA COHSIIHUKOBA
OJIis, MaprapuH.
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