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Sixty V-lines doe rabbits, 24 months of age weighing
3244+58.9 g, which had low conception rate and repeated refuse
of mating were used. Rabbits were randomly divided into five
equal treatment groups and orally administered with 3 ml of
different sources of oil/doe/day, for eleven consecutive days prior
to insemination as follows: group 1 sterilized water and served as
control (C), group 2 sesame oil (Ses), group 3 linseed oil (Lin),
group 4 sunflower oil (Sun), group 5 mixture oil (Mix) containing
equal portions of Ses, Lin and Sun oils. Estradiol (E217-5),
progesterone (P4) and prostaglandin (PGF,,), sexual receptivity of
does, fertility rate, litter size and bunny weight at birth were
measured. Results revealed that:

1- All treated groups represented significant (P<0.01) increase of
hormonal profile (E217-8, P4 and PGF5,), sexual receptivity,
fertility rate, litter size and bunny weight at birth compared to the
control group.
2- Aged doe rabbits supplemented with Ses and Sun oils recorded
highest concentrations of E2;73and PGF,, and decrease of P, than
Lin and Mix oils or the control groups.
3-Sexual receptivity and fertility rate were improved (P<0.01) for
groups supplemented with Ses and Sun oils compared with other
groups.
4- Litter size and bunny weight at birth were significantly (P<0.01)
increased for groups supplemented with Lin and Mix oils
compared with other groups.

Conclusively, supplementing the aged doe rabbits with Ses,
lin and Sun oils or their mixture for 11 consecutive days perior
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insemination could be beneficial for improving estradiol and

prostaglandin hormone with subsequent improvement of does

receptivity, litter size and bunny weight combined with

progesterone reduction

Key words: Aging doe rabbits, reproductive hormones, fertility
rate, sexual receptivity.

Reproductive rabbits capacity is starting at puberty age, increases for a
short time and eventually decreases at a rate characteristic of the species
(Talbert, 1968). Falling in fertility with age suppose due to an attrition of the
oocyte population (Ingram et al., 1958), increase in the incidence of defective
oocytes (Henderson and Edwards, 1968) and reduce in the potency of the uterus
to maintain pregnancy (Adams, 1970). Furthermore, ovaries can not produce
steroid hormones in aging animals (Deng, 2012) and reduce the capacity of the
hypothalamic-pituitary-gonadal axis in reproductive system (Walker et al.,
2013).

In context, aging women oocytes may contain abnormal chromosome
division, decreased mitochondrial quality, including the accumulation of
mutations in the mitochondrial DNA and low ATP production, increased
oxidative stress, and decreased antioxidant levels, also, decreases drastically the
quality of fertility with the qualitative deterioration of oocytes (Meldrum et al.,
2016). In addition, old age mares is associated with increased accumulation of
inflammatory cells within the endometrium, reduced pregnancy rate, and
increased chance of pregnancy loss when compared with younger mares
(Carnevale and Ginther, 1992). Also, Simmen et al., (2015) reported that aging
of mice uteri leads to the down regulation of several genes associated with cell
proliferation, indicating the presence of senescent cells with impaired
proliferation owing to uterine aging. On the other hand, aging female rabbits
able to still produce an adequate number of fertilizable oocytes which are
capable of normal development provided but uterus incapable to maintained
pregnancy (Maurer and Foote, 1971) which lead to decreased litter size this is
not due to low ovulation rate (Thorneycroft and Soderwall, 1969). Furthermore,
decrease in progesterone flow by the ovaries has been implicated failure
pregnancy in aging rabbits (Maurer and Foote, 1972). In the context, Larson et
al., (1973) who reported that aging female rabbits were given supplemental
exogenous progesterone and/or oestradiol benzoate in an effort to increase
reproductive efficiency. Also, elevated basal FSH and LH can induce
reproductive and endocrinological signs of aging women (Ahmed et al., 1994).
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Several studies on lipids metabolism have shown that alpha linolenic acid
(ALA) (18:3 n-3) and linoleic acid (LA) (18:2 n-6) can not be synthesized in the
most mammals’ species including rabbits due to the lack of appropriate fatty
acid desaturase enzymes and consequently they must be supplied in the diet
(Vrablik and Watts, 2013).

An important function of PUFAs is the components of phospholipids in
cell membrane. Different types of cells, membranes and phospholipids have
different compositions of PUFAs and this fatty acid composition may affective
by metabolism, state of cell activation, hormone and genetic factors (Calder,
2015). The physical features of cell membrane that include fluidity and
permeability are influenced by PUFAs acids composition of cell membrane.
Also, the PUFAs as precursors are related to PG family synthesis and
steroidogenesis (Stocco et al., 2005).

Polyunsaturated fatty acids (PUFASs) influence oocyte maturation,
fertilization and subsequent development through altering the biochemical
composition of follicular fluid (Bilby et al., 2006). Another studies by Scott et
al., (1995) showed that cows fed with supplements containing long chain
PUFAs present stronger estrous had more active ovaries and less derived PGF,,
was requiring for estrous induction. Another study by Fouladi-Nashta et al.,
(2009) reported that fatty acid composition in granulosa cells were changed by
supplementation and it had influence to oocyte maturation and subsequent
development in vivo. Otherwise, Wathes et al., (2007) reported that omega-3 a
one of PUFAs regulates different types of reproductive function in mammals.

Cholesterol is described to be the precursor for the synthesis of steroid
hormones, P4 and E2, while AA is the precursor for PGF,, (Santos et al., 2008),
PGF,,, P4 and E2 are essential hormones induct in ovulation, oestrous cycle and
maintenance of pregnancy in dairy cows (Field and Taylor, 2008).

Therefore, the objective of this study was to investigate the effect of oral
administration of polyunsaturated fatty acids (different sources of omega-3 and
omega-6) on some reproductive hormones, sexual receptivity prior
insemination, fertility and litter size and bunny weight at birth for aged doe
rabbits.

MATERIALS AND METHODS

The present work was carried out at a private rabbit farm at Qaluobia
Governorate from October 2017 to April 2018 (temperature ranged from 19
to 27°C while, humidity was 43 to 54% and light period 16 hr light : 8 hr
dark).
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Experimental design:

Sixty aged V-line does 24 month age, with average body weight
of 3244+58.9 g, had low conception rate and repeated refuse of mating
were used for the present study.

Rabbits were randomly divided into five equal treatment groups
and orally administered with 3 ml of different sources of oil/doe/day, for
eleven consecutive days prior insemination as follows:

Group 1: 3 ml sterilized water was given orally and served as control
group (C),
Group 2: Orally 3 ml of Sesame oil* (Ses),
Group 3: Orally 3 ml of Linseed oil* (Lin),
Group 4: Orally 3 ml of Sunflower oil* (Sun),
Group5: Orally 3 ml of Mixture oils** (Mix)
*Mixture oils. Contains equal portion of Ses, Lin and Sun oils.

Housing and management:

The rabbits were housed in a naturally ventilated building and kept in
individual wire galvanized cages (60x55x40 cm). Batteries were
accommodated with feeders for pelleted rations and automatic drinkers.
Animals were kept under similar management, hygienic conditions, healthy
and clinically free of external and internal parasites.

Diet nutrient profiles:

Does were allowed to a standard pelleted diet (Table 1). Feed and
water were available ad libitum.

Polyunsaturated fatty acids composition of Ses, Lin and Sun oils are
presented in Table 2.

Does were inseminated using a heterospermic pool diluted 3 times
(1 Semen : 3 extender). A pool of semen was collected from bucks of
proven fertility for artificial insemination (Al), which performed by
depositing 0.5 ml of fresh diluting semen deeply in the upper of vagina
by sterile catheter.

Semen was diluted with extender stored at room temperature (20°
C) and used within 4 hr of collection (semen ejaculates were individually
evaluated microscopically and the ejaculates, which showed active
progressive motility percentages (>70%) were pooled and extended to
Tris-buffer extender.
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Tablel. Composition and determined analysis (on a dry matter basis) of
the experimental commercial diet used

Ingredients %
Yellow corn 6.22
Soybean meal, 44% 22.33
Wheat bran 23.33
Barley 15.00
Alfalfa hay 30.12
Ground limestone 1.00
Di-calcium phosphate 1.20
Common salt 0.50
Vit. + Min. premix~ 0.30

Total/kg 100
Calculated analysis
Crude protein, % 18.8
Crude fiber, % 13.0
Ether extract, % 3.0
Digestible energy (kcal/kg diet) 2680
n-6 PUFAs% 0.3
n-3 PUFAs% 1.03
n-6 / n-3 ratio 0.3:1
Determined analysis (g/kg)
Dry matter 902.4
Organic matter 912.1
Crude protein 172.4
Crude fiber 138.5
Ether extract 26.2
Nitrogen-free extract 575.0
Ash 87.9
Cell wall constituents (g/kg)
Neutral detergent fiber (NDF) 3311
Acid detergent fiber (ADF) 160.9
Hemicellulose 170.2

Each 3kg of premix contains: Vit. A: 12,000,000 IU; Vit. D3: 3,000,000 1U; Vit. E:10.0
mg; Vit. K3: 3.0 mg; Vit. B1: 200 mg: Vit. B2: 5.0 mg Vit. B6: 3.0 mg: Vit. B12: 15.0
mg; Biotin: 50.0 mg; Folic acid: 1.0 mg; Nicotinic acid: 35.0 mg: Pantothenic acid: 10.0
mg; Mn: 80 g; Cu: 8.8 ¢g; Zn: 70 g; Fe: 35¢; I: 1 g; Co: 0.15g and Se: 0.3g.
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Table 2. Polyunsaturated fatty acid analysis of sesame, linseed and
sunflower oils

Mean Fatty acids %
Typeofoil | Palmatic | Stearic | Olic Linoleic Linolenic n-6/n3
16:0 18:0 1811 (n-6)18:2 (n-3)18:3 Ratio
Sesame oil 8.47 553 41.63 4277 0.42 101:1
(Ses)*
Linseed oil 551 38 135 14.8 62.1 0.24:1
(Lin)?
Sunflower 6.65 497 52.83 3315 051 65:1
(Sun)®

Polyunsaturated fatty acid composition of Sesame, linseed and sunflower oils are based on
references by Hassan (2012)', El-Prollosy, (2012)? and Ismaill and Arafat (2014)
respectively.

*Mix oil, the ratio of n-6/n3 ratio calculated according to previous analysis recorded 1.4:1

The final concentration rate was 80-100x'° motile sperm/ml. The

insemination was immediately followed by the administration of 0.8 pg of
buserelin IM (0.2 ml Receptal; Hoechst, Frankfurt, Germany) to induce
ovulation (Lopez and Alvarifio, 2000).

Blood biochemical constituents:

Blood samples (3 ml) were withdrawn at morning from marginal ear
veins for each treatment group before access feed and water.

Blood samples were centrifuged at 3000 r.p.m for 15 min to obtain
clear serum samples and stored at -20 °C until analysis the following
hormones.

Determination hormones:

Serum samples were used for determining the concentrations of
E217-B (the Estradiol ELISA Test Kit has a sensitivity of 6.5 pg/ml) and P4
(the Progesterone ELISA Test Kit has a sensitivity of 0.105 ng/ml) by
Immunoassay Technique Elisa Kits (Fortress Diagnostics Ltd, Antrim,
UK), and PG concentrations of prostaglandin (PGF,,) were measured using
a PG ELISA kit (the Sensitivity: 50% B/B0:52 pg/ml) (Cayman Chemicals,
Ann Arbor, MI, USA).

Reproductive performance:

Sexual receptivity of does was tested in the presence of a vasectomies
buck as described by the International Rabbit Reproduction Group (2005).
Fertility rate (number of parturitions/number of inseminationsx100), litter
size (total number of born) and bunny body weight at birth were recorded.
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Statistical analysis:

All data were subjected to analysis of variance as described in SAS
(program) (SAS, 2002).

The significant means differences among groups were separated by
Duncan's multiple rang test (Duncan, 1955).

RESULTS AND DISCUSSION

Reproductive hormones concentration:

Table 3 shows the effect of different PUFAs oils administration as
sources of n-3 and n-6 for aging does on E217f, P4 and PGF,, hormonal
concentrations. The obtained data revealed that E217p and PGF,, hormone
concentrations for all groups were higher (P<0.01) compared to those for
control group. However the rabbits of Ses and Sun oils groups recorded a
highest E217f, PGF,, concentration and low progesterone value than those
for the Lin and Mix oils or control groups. Results show that there were
no statistical differences between Lin and Mix oils groups with respect to
E217B, P4 and PGF,, hormones. On the other hand, control group
exhibited significantly the lowest concentration of E2178 and PGF,,
besides highest level of progesterone hormone.

Essential reproductive hormones are E2, P4 and PGF,,.
Estradaiol17f is involved with the preparation of the reproductive genital
tracts for ova fertilization and the initiation of pulsative surge of LH (Ball
and Peters, 2004). Progesterone is one of the majority prominent fertility
hormones safe for carrying out pregnancy to period, whereas PGF,, acts
against the service of P4 on the CL after failed fertilization (Funston,
2004). Cows fed sources of omega-6 PUFAs are known to produce more
cholesterol. Omega-3 PUFAs enables P4 to be synthesized by negatively
affecting PGF,, synthesis (Mattos et al., 2004). The cholesterol can be
used in the presence of steroidogenic acute regulatory hormone to
synthesize P4 (Piccinato et al., 2010).

Different type of cells, membranes and phospholipids have various
compositions of PUFAs and these fatty acids composition may be affected
by metabolism, state of cell activation, hormone, and genetic factors
(Calder, 2015). The physical features of cell membrane that include fluidity
and permeability are influenced by unsaturated fatty acids composition of
cell membrane, furthermore, the unsaturated fatty acids as precursors are
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Table 3. Effect of unsaturated fatty acids on serum estradaioll7-f,
progesterone and prostaglandin F,, for aged V-line doe rabbits

Parameters ‘ Control ‘ Ses | Lin ‘ Sun ‘ Mix Sig test
3 ml oil/doe/day

E217- 22.23° 47.65° 33.98° 45.21° 35.22° el
B,(pg/mL) +0.84 +091 | o041 +0.91 +0.54

P4 4.39° 1.88° 2.45° 1.89° 2.37° *
(ng/ml) +0.04 +0.07 | +0.08 +0.06 +0.12

PGF2a 450.97° | 612.34* | 580.25" | 605.12* | 598.22" o
(ng/ml) +1223 | +17.4 | +135 +13.6 +12.23

a,b,c Means within the same row for each effect with different superscripts are
significantly different (P<0.05).
Sesame oil = Ses, Linseed oil = Lin, Sunflower oil = Sun, Estradiol 17-p, =E217-3 pg/mL,

Progesterone =P4 ng/ml, Prostaglandin=, PGF,, ng/ml
*  P<0.05 **P<0.01

related to prostaglandins (PGs) synthesis and steroidogenesis (Stocco et al.,
2005).

Current results indicated that increasing concentration of PGF,, by
treatment with different oils are in agreement with those reported by
Petit et al., (2004) who revealed that the linoliec acids as Ses and Sun
oils (C18:2,n-6) are converted into arachidonic acid (C20:4, n-6), which
is the precursor of the dienoic (2-series) PGs, such as PGF,,, while,
omega-3 in Lin oil (o-linolenic acid; C18:3n-3) is converted into
eicosapentaenoic acid (C20:5n- 3), which is the precursor of the trienoic
(3- series) PGs, such as PGFs,,.

Moreover, Mattos et al., (2004) showed that feeding a diet rich in
linoleic acid could contribute to increasing secretion of PGF2a,
compared with feeding a diet rich in linolenic acid. Harmony with the
context, Lands (1992) reported that the proportion of different PUFAS in
the diet alters cell membrane phospholipid composition and this
becomes quantitatively significant because the precursors of each group
of PGs compete for the same enzyme systems for metabolism. This in
turn will have considerable effects on the types of PG synthesized and
hence, physiological responses (Abayasekara and Wathes, 1999). Also,
Cheng et al., (2004) recommended that the supplementation of linoleic
acids to endometrial cells in vitro isolated from late pregnant ewes
caused a significant decrease in production of 2-series PGs.
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Diminishing P4 concentration due to using unsaturated fatty acids in
this excremental is in harmony with results reported by Rebollar et al.,
(1992) who stated that the PGF,, posses luteolytic properties in rabbits and
induce a fall in P4 concentration. Same results obtained by Robinson et al.,
(2002) who demonstrated that feeding cows with a Linseed rich diet
(linoleic acid, C: 18:3, n-3) leads to significant reduce of plasma P4
concentrations. Likewise, Acosta et al., (2002) and Beatrice and Ulrich,
(2012) reported that administration of PGF,, significantly decreased the
volume of the CL and the blood P4 concentration of cyclic cows. On the
other hand, Tran et al., (2016) demonstrate that the DHA increase GnRH
enhancer-derived RNA levels. Overall, these provide evidence that GnRH
neurons directly sense FFAs. This will advance our understanding of the
mechanisms underlying FFA sensing in the brain and provides insight into
the links between nutrition and reproductive function. Furthermore,
Thatcher et al., (2006) revealed that injected of PGF,, (0.5 mg dinoprost, a
synthetic analogue of PGF,,) impacts on increasing blood PG profile and
decreasing blood P4 and this effect provided the opportunity to increased
secretion of gonadotropin hormones from the pituitary and secretion
estrogen from the ovary through inhibiting the effect of P4 on gonadotropin
release. Whereas, increased biological effect of PGF,, from Sun led to a
decrease in blood P4 and an increase in blood 17-B E2 level, which is
necessary for the growth and maturation of oocytes (Thatcher et al., 2006).
Besides, E2 can increase the sensitivity of the CL to PGF,,, thus causing a
more complete regression of the CL (Howard et al., 1990). On the other
hand, PGF,, reduced the production of P4 because PUFAs converted to
PGF,, that caused an increase PGF concentration in the plasma with a
reduction of the P4 synthesis (Thatcher et al., 2006). According to Smits
(2010), the follicular phase begins after luteolysis and ends at ovulation.
Gonadotropins (GnRH) released from hypothalamus, FSH and LH,
released from the anterior pituitary, stimulate follicles to produce E2 and
the follicular phase is dominated by E2, which produced by developing
follicles (Adams, 1999).

Present data on Ses and Sun oils revealed that the PGF,,, which
produced in vivo from n-6 (PG precursor) more effective on reproductive
functions of rabbit does than that of the synthetic PGF,,. Also, current
results revealed that Ses and Sun oils as a precursor of PGF,, had a
biological activity more than the Lin and Mix oils as a precursor of PGF;,.
This finding was consistent with the finding of Lauderdale (2002) who
found that in domestic animals, the most important and practical utility of
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PG appears to be PGF,, and the actions of PGF,, are mediated by the PGF
receptor (Sugimoto et al., 1994). Finally, Elkomy and Elspeiy (2015)
reported that treated aged rabbit does by oral administration with Sun oil
improved reproductive hormone synthesis and secretion, this demonstrated
that treated aged does with PUFAs is a good tool for improving the
reproductive traits.

Reproductive performance:

Date of Table 4 showed that all groups of rabbit does received
different oil sources either separated or combined represented significant
(P<0.01) increase of sexual receptivity, fertility rate, litter size and
body weight at birth in treated groups compared with control.
However, rabbits of Ses and Sun oils groups significantly (P<0.01)
recorded highest sexual receptivity and fertility percentages besides
low litter size and body weight at birth than those for Lin and Mix oils
groups. Also, results showed that there were no statistical differences
between Ses and Sun oils groups with respect to previous mentioned
parameters. Interestingly, doe rabbits of Lin and Mix oils groups
represented highest (P<0.01) records than other groups with respect to
litter size and body weight at birth, while control group recorded low
values for all studied parameters.

Table 4. Effect of unsaturated fatty acids on sexual receptivity, fertility
rate, litter size and bunny weight at birth of aged V-line
multiparous does

Parameters Control Ses Lin Sun Mix Sig test
Sexual receptivity, | 58.43° | 82.67° | 75.34° 84.87° 77.35 ok
% +2.89 | +1.78 +1.42 +1.84 +1.44
Fertility rate, 51.19° | 80.45° | 71.23 82.22° 73.42° ok
% +156 | #154 +124 +1.31 +1089
L.S.at birth 4.98° 8.11° 8.54 8.08" 7.75° e
n) +0.73 | +1.45 +0.61 +0.56 +0.67
B.W.at birth 41.21° | 44.11° | 47.25° 43.65° 45.82° *x
@) +0.61 | +0.59 +0.34 +0.78 +0.62

a,b,c Means within the same row for each effect with different superscripts are
significantly different (P<0.05s).
Sesame oil = Ses, Linseed oil = Lin, Sunflower oil = Sun Litter size at birth (n)=L.S.at
birth (n) ,Bunny weight at birth (g)=B.W.at birth (g)

** P<0.01
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Current results for that increasing concentration of PGF,, by
treatment with different oils and sexual receptivity improvement are in
agreement with those reported by Dragan et al., (1996) who mentioned that
sexual receptivity of rabbit does by rise level of PGF,, analogues is
improved than the control. Also, Hassanein (2000) found that the increased
percentage of mating acceptance was 100% when does were treated with
lutalyase (PGF,, analogues) 48 h before natural mating.

The results of this research proved that amendment in dietary PUFAs
significantly increases fertility rate due to raise of PGF,, .This result is
keeping with those previously reported by Facchin et al., (1992) who stated
that injected PGF,, before insemination for rise PG level to induce oestrus
synchronization of multiparous doe rabbits. Moreover, Alvarino et al.,
(1995) observed that PGF,, improved the fertility rate in nulliparous and
multiparous inseminated does. Similarly, results of Gogol (2009) showed
that simultaneous treatment with PGF,, to induce oestrus synchronization
can increase reproductive performance in postpartum rabbit does, whereas,
fertility rate and litter size were significantly increased in multiparous does
treated with unsaturated fatty acids. On the other hand, Adamiak et al.,
(2005) showed that PUFAs content in follicular fluid is highly correlated to
that of the diet and it is generally accepted that alterations in dietary fatty
acid intake cause a similar shift in the fatty acid profile of the follicular
fluid. In addition, Zachut et al., (2008) mentioned that supplemented diet
with lipid increases the size of the pre-ovulatory follicle and its production
of E2. Otherwise, the lipids stored within the oocyte and early embryo
represents an important source of energy for the early embryo (Mc Keegan
and Sturmey, 2012). Moreover, Kowalska (2008) found that the female
rabbits fed a complete diet fish oil (n-3) supplemented had a quantitavely
and qualititavely better milk fat content, higher fertility prolificacy values,
and higher body weight of young rabbits at birth. The observed effects in
this study regarding the increase of litter size, fertility and higher body
weight at birth support the conclusion of Nemeth et al., (2017) who
recorded that PUFAs supplementation may contribute to an adjustment of
energy accumulations to the total litter mass, which may both favor a
mother's body condition at parturition and perhaps increase the offspring
survival at birth.

In conclusion, supplementing the aged doe rabbits with sesame,
linseed, sunflower and their mixture could be a useful tool for improving
reproductive hormones, sexual receptivity, fertility rate, litter size and
weight at birth.
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