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Abstract
Background and Objective: The sex pre-selection for offspring before conception is desirable demand especially for the breeding
program of farm animals. This study aimed to evaluate the preconception treatment of monovalent and divalent ions on the primary sex
ratio, ovarian structures and serum minerals levels in New Zealand white rabbit does. Materials and Methods: Nine New Zealand white
rabbits doe (5.4±0.61 months of age and 2.4±0.35 kg of body weight) were used. Rabbits in the 1st group were given drinking water only
(control). While the 2nd and 3rd groups were given 1% of (calcium and magnesium) and (sodium and potassium) in daily drinking water,
respectively for 15 days before mating. The embryos of each group were individually collected after three days of mating for primary sex
detection using SRY (Sex Determining Region Y) Polymerase Chain Reaction (PCR) assay. Mineral analyses for all studied animals were
weekly detected in serum before and after mating. Results: The primary sex ratio for embryos of rabbits does receive (Na+K) produced
more males (69.7%) while (Ca+Mg) administrated rabbits does produce more females (72.2%). The mineral treatment leads to a significant
increase in the number of corpus luteum, total embryos, follicles bleeding and a significant decline in the count of large follicles. Also,
there was no significant change in serum Na and Ca levels in the treated groups compared to the control. Conclusion: The preconception
administration of Ca+Mg could produce more females while Na+K could produce more males without adverse side effects on serum
minerals concentration.
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INTRODUCTION

The percentage of males to females in animals and
human are equal (50:50) according to Mendelian heredity
laws, this depends on the sperm that fertilizes an egg1,2. The
percentage of both sexes in an inhabitance at birth defined as
a secondary sex ratio, while the percentage of males to
females at the conception was defined as the primary sex
ratio3. Many factors are impacting the percentage of male to
female in mammal offspring such as the age of parents,
physiology condition of maternal body4, mother’s birth
season5 and fertility6. Besides, environmental pollution, like
destructive earthquakes can alter the sex ratio7. The primary
sex-ratio may be affected by deviating in the mortality,
moving and ability of the X or Y gametes to combine with an
egg8. There are a lot of ways for determining the gender of
offspring, the simplest and low cost one of these methods is
the diet adjustment9. Cation concentrations in diets affect the
sex ratio in sheep10. The percentage of the four essential
minerals like Na, K, Ca and Mg in food before pregnancy can
facilitate the obtaining of the desirable sex 11. The mineral diet
content can alter the pH level in the body, which changes the
egg polarity or may influence the cervical mucus and the outer
egg barrier permitting either (X) sperm or (Y) sperm to
penetrate the ovum12-14. Sex pre-selection for offspring before
conception to control the gender of progeny is desirable
demand especially for the breeding program of farm animals.
Sometimes there is a desire to increase the number of males
to get meat or strength and sometimes it is the urge to get
females to produce new individuals. In some cases, the
principal medical indication for sex selection is to avoid giving
progeny with a sex-linked genetic disorder.

The current study aimed to investigate the efficacy of
putting monovalent ions (Na and K) and divalent ions (Ca and
Mg) to the drinking water on the primary sex ratio, ovarian
structure and serum mineral levels in New Zealand white
rabbits does.

MATERIALS AND METHODS

Study area: This study was carried out at the laboratory of
physiology  and  biotechnology,  Department of animal
production, Faculty of Agriculture, Mansoura University, Egypt,
from October, 2018-May, 2019.

Animals: Nine New Zealand (NZW) white rabbit does with
5.4±0.61  months  of  age  and 2.4±0.35 kg live body weight

were used.  For  normal  mating five fertile (NZW) buck’s
rabbits, (7.5-8.1) month of age and (3.650-4.100) kg live body
weight were used. All males and females were kept under
optimum conditions of feeding and management, being
separately housed in (40×50×60 cm) metal cages provided
with food and water ad-libitum. Before the beginning, all
animals were acclimatized for 5 days as an introductory
period.

Experimental  design:  The rabbit does were divided into
three groups, each one contains  three  animals.  The first
group was given water without any additives considered as
control. The second group was given drinking water 1% of
calcium and  magnesium  (Ca+Mg),  while  the  third  group
was given drinking  water  of  1%  of  sodium and potassium
(Na+K) for 15 days pre-mating. After 15 days as the treatment
period, all does  were  naturally  mated  with fertile bucks
(buck  per   2   does   within   each   group   without 
treatment).

Mineral  analysis:  Blood  samples  were  weekly collected
from all doe pre and post-mating for measuring the
concentrations of Ca, Mg, Na and K according to Horowitz and
Latimer15.

Embryo collection: After 72 hrs post-coitus, all doe rabbits
were sacrificed and the embryos were extracted from the
reproductive  tract by flushing with (phosphate-buffered
saline supplemented  with  CaCl2  (DPBS,   Sigma  D5773),
0.002 gm mLG1 bovine  serum  albumin (BSA, Sigma A3311),
100 IU mLG1 penicillin and 100 µg mLG1 streptomycin) (RM) at
room temperature (20-25EC). The extracted embryos were
morphologically examined to detect the normal ones
(morulae with both intact and regular mucin coat and zona
pellucida and homogenous cell mass). Normal embryos from
each doe were washed twice in fresh RM and kept at room
temperature until use (10-15 min). Ovulation rate (number of
luteinized follicles with ovulation stigmas), number of small,
large and bleeding follicles and the number of normal and
abnormal embryos were recorded as reproductive traits.

Determination of the sex of embryos
DNA extraction: Embryos were washed in PBS medium and
placed in a 50 µL medium micro-drop inside a 90 mm
diameter Petri dish, under an inverted microscope. Extraction
of DNA from rabbit embryo using NP40/PK protocol according
to Dehkordi  et  al.16.  Cell  lysis buffer was composed of 2.5 µL

501



Pak. J. Biol. Sci., 24 (4): 500-506, 2021

distilled water, 2.5 µL PCR buffer and 5 µL NP40/PK solution.
The NP40/PK solution was composed of 48 µL distilled water,
1 µL NP40 (10%) and 1 µL PK (Proteinase K). Each embryo was
then transferred in a microtube containing 10 µL of DNA lysis
buffer. A mixture of embryo sample and cell lysis buffer were
heated at 50EC for 60 min in a water bath and then heated at
96EC for 15 min in DNA thermocycler (Tc-512) to inactivate
Proteinase K.

Polymerase Chain Reaction  (PCR):  The  presence  of SRY
(sex-determining region Y gene) sequence is evidence, the sex
is male. While in its absence, animal sex is female. Primers for
PCR were designed based on sequence declare in Gene Bank
(AF230075)17. Specific primers were designed with the
program CLC main workbench. (SRY FOR 5'-AGC GGC CAG
GAA CGG GTC AAG-3', SRY REV: 5'-CCT TCC GGC GAG GTC TGT
ACT TG-3') (Bio Basic Inc., Sigma Company-Canada).

Forward primer: About 91 µL of buffer was added for the
forward primer to make a 100 µM stock solution.

Reserve primer: About 99 µL of buffer was added for the
reverse primer. The concentration of primer was measured by
spectrophotometer (Parken Elmar- USA) with Optical Density
at 260-280 nm.

PCR  master  mixture  contained  2.5  µL dH2O, 2.5 µL
dNTPs (0.2 mM), 1.5 µL MgCL2, 1.25 µL forward primer, 1.25 µL
reverse primer, 1µL Taq Polymerase, 15 µL DNA lysis from the
previous step. After cell lysis, 15 µL of PCR master mix was
added to the microtube in the previous step for PCR analysis.
PCR amplify the DNA fragments, The PCR cycles were 38 and
temperature grade was: 94EC 5 min., denaturation 94EC 1 min,
annealing at 65EC 1 min, extension 72EC 1 min and last step
72EC 10 min. The products of PCR were seen in 2% agarose
gel.

Preparation of agarose gel: Two gm agarose (Fermentus
Company-USA)  was  dissolved   in   100   mL   TAE  buffer
(Trace Acetate  EDTA  buffer)  cooked  in  the  microwave  for
2 min. The amplified  products  were  then electrophoresed for
45 min (Electrophoresis  device  from  biorade-USA  volt
80v/40 ampere) on a 2% agarose gel, stained with ethidium
bromide and evaluated using ultraviolet light. The embryos
were  scored if it's positive or negative for the Y chromosome.
The positive is  male,  while  the  negative is female. SRY
analysis depends on the detection of fragments of 294 base
pair length in males. While in females the fragment, not
present.

Statistical analysis: The statistical analysis was performed as
a one-way analysis of variance to test the differences among
3 groups. The statistical analysis was performed by a software
package of the General Linear Model procedures18. The
significant differences were set at the 0.05 level according to
Duncan19.

RESULTS

Primary  sex  ratio:  The  sex  ratio  of  embryos recovered
from rabbits does in different experimental groups 72 hrs
post-mating   and   their  sex  was  detected  using PCR is
shown in Table 1 and Fig. 1. The present results showed that
doe rabbits treated with Ca+Mg produced more female
embryos (72.2%)  versus  56%  in  the  control  group. While
the rabbit does treat with Na+K produced more males
embryos (69.7%) versus 44% produced in the control group
(Table 1).

Effect  of   mineral  treatment on the ovulatory response:
The results showed that the administration of Ca+Mg (G2) or
Na+K (G3) lead to a significant  (p<0.05)  increase in the
number of corpora lutea, bleeding follicles and total embryos.
While the number of large follicles decreased significantly
compared to those in the control group (p<0.05). However,
the  number   of   small   follicles   and  total  follicles showed
an insignificant increase (Table 2). Also, the data presented in
Table 2 showed a significant increase (p<0.05) in ovulation
rates of rabbits does in both treated groups (G2 and G3) as
compared to the control one (75.6 and 77.4% vs. 60.8%,
respectively. However, the  recovery  rate showed insignificant
change  among   experimental   groups,   being   89.3,  90.0
and 86.8% for rabbit  does  in  G1,  G2  and G3, respectively
(Table 2).

Effect of  mineral  treatment on serum Ca, Mg and Na levels:
The present results indicated that the concentration of Ca was
ranged between 8.742-9.766 mg dLG1 in the control group and
8.30-11.90 mg dLG1 in Ca+Mg treated rabbits group without
significant changes in both groups throughout the
experiment period (Table 3). However, the results showed in
Table 4 indicated that Mg concentration in the control group
ranged from 4.9-5.4 mg dLG1 without significant change
throughout the experiment. On the other hand, Ca+Mg
treated animals showed a pronounced increase of Mg by
about 31.9% (p<0.05) at the end of the treatment to reach
6.467 as compared to 4.900 mg dLG1 at the start of the
treatment  period.  Besides,  the  data  presented   in   Table  5
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Fig. 1: Sex determination of rabbit embryos using SRY PCR assay
Positive band at 294 bp is male. Lane 1 Molecular size marker, lane 2 is a negative control, lanes 4,5,8,9 and 11 are males (M). Lanes 3., 6, 7 and 10 are females
(F)

Table 1: 1ry Sex ratio of recovered embryos from rabbit does (n = 3) in different experimental groups
PCR sexing
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Male embryos Female embryos
------------------------------------------------- ----------------------------------------

Experimental group Recovered embryos (N) N % N %
G1 (Control) 25 11 44.0b 14 56.0b

G2 (Ca+Mg) 36 10 27.8c 26 72.2a

G3 (Na+K) 33 23 69.7a 10 30.3c

Upper letters (a, b and c) in the same column indicate a significant difference at p<0.05

Table 2: Effect of mineral treatment on ovarian structures and the ovulatory response of rabbits doe at different times of the treatment period (mean±SEM)
Experimental group
--------------------------------------------------------------------------------------------------------------

Item G1 (Control) G2 (Ca+Mg) G3 (Na+K) ±SEM
Average number of ovarian structures/doe
Corpora lutea (CL) 9.3c 13.3a 12.7b 0.24
Large follicles (LF) 6.0a 4.3b 3.7b 0.074
Small follicles (SF) 13.0 16.3 15.0 1.20
Bleeding follicles (BF) 0.33b 1.0a 1.30a 0.04
Total follicles (TF) 19.3 21.6 20.0 1.31
Total embryos (TE) 8.3b 12.0a 11.0a 0.31
Ovulatory response (%)
Ovulation rate (OR)* 60.8b 75.6a 77.4a 1.87
Recovery rate (RR)** 89.3 90.0 86.8 1.43
Upper letters (a, b and c) in the same row indicate a significant difference at p<0.05, * OR: Number of CL/number of LF+CLx100, **RR: Number of embryos/number
of CLx100

Table 3: Calcium concentration in blood serum of control group and Ca+Mg treated rabbits during the treatment period (Mean±SEM)
Concentration of Ca (mg dLG1)
----------------------------------------------------------------------------------------------------------------

Experimental group 0 time 2 week 4 week ±SEM
 G1 (Control) 9.766 8.742 8.921 1.12
G2 (Ca+Mg) 10.10 8.30 11.90 1.87
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Table 4: Concentration of magnesium in blood serum of rabbits doe treated with Ca+Mg and control groups during the treatment period (±SEM)
Concentration of Mg (mg dLG1)
----------------------------------------------------------------------------------------------------------------

Experimental group 0 time 2 week 4 week ±SEM
G1 (Control) 5.424 4.933 5.046 0.315
G2 (Ca+Mg) 4.900 b 4.800b 6.467a 0.344
Upper letters (a, b and c) in the same row indicate a significant difference at p<0.05

Table 5: Concentration of sodium in blood serum of rabbits doe treat with Na+K and control groups during the treatment period (±SEM)
Concentration of Na (mg dLG1)
----------------------------------------------------------------------------------------------------------------

Experimental group 0 time 2 week 4 week ±SEM
G1 (Control) 576.33 506.33 459.33 24.13
G3 (Na+K) 508.33 523.67 632.67 20.34

exhibited a gradual insignificant decrease in Na concentration
in the control group during the treatment period. While there
was an insignificant increase in those treated with Na+K.

DISCUSSION

In the present study, the male fetuses were identified after
72 hrs, post-mating by detection of 294 base pair length
fragments using SRY PCR assay as a speed, sensitive and
accurate tool whereas the absence of these fragments
revealed to the female fetuses. Which cells of males contain X
and Y chromosomes while females cell contain two X
chromosomes. The Y-chromosome contains one gene named
the SRY region (sex-determining region) that responsible for
sex determination in mammals17,20. The determination of
primary (1ry) sex ratio is associated with many factors such as
parental age, environmental pollution and season21. Also, the
mother's diet could impact the sex ratio of the progeny22,23.
The present study showed that rabbits doe treated with Na+K
produced more males (69.7%). While doe rabbits treated with
Ca+Mg produced more female embryos (72.2%). These results 
are consistent with the previous studies which reported that
administration of (Na and K) and (Ca and Mg) resulted in
(56.80%  male  and  43.19%  female),  (39.20%  male  and
60.79% female) in rats and rabbits respectively9,24-26. Also,
Chandraju et al.27 reported that rabbits take food contain (Na
and K) gives more number of males than rabbits take normal
food. Likewise, in humans, the diet has relative excess sodium
and potassium ions would favor the birth of males, while diets
with excess Ca and Mg ions would favor the birth of female28.
The ability of an oocyte to attract either X or Y sperm depends
on the balance between (Na and K) versus (Ca and Mg) that
could alter the receptors of the oocyte wall. The attraction of
oocyst to Y-sperm is associated with high Na and K intake than
Ca and Mg11. The embryonic development of one sex more
than the other may depend on changes in the reproductive
tract PH and the ratio of ions in the ovaries and eggs as a result

of the effect of Ca and Mg concentration29. While the change
in pH of the follicular fluid from acidic to basic might have
selectively attracted negatively charged X chromosome
bearing spermatozoa30. Other studies reported that the pH of
the vagina at the time of mating can affect the sex ratio,
whereas  sperm  motility, life span and fertilizing capacity
could be influenced by pH changes31. In this respect,
Noorlander et al.23 showed that the diet constituents can
promote ionic and/or hormonal changes that interact either
through the cervical mucus with spermatozoa or at the oocyte
level.

The present results showed an increase in Ca, Mg, Na
levels after administration of drinking water supplemented
with these minerals. These results run parallel with the data
obtained by Edessy et al.28. However, these elevations were
within the normal range of Ca, Mg and Na rabbit serum
levels32,33. This means that the used dose of (Mg and Ca) was
safe for rabbits.

The current study showed that increase in the number of
corpora lutea, small follicles and total follicles in either (Ca and
Mg) or (Na and K) treated groups. This is agreed with the
previous studies which reported minerals to have a beneficial
role in the resumption of follicular growth, ovulation and
fertility through stimulation of the hypothalamus34-36. These
results reflected the increase of the ovarian activity which Na
intake was associated with increasing the follicle-stimulating
hormone and luteinizing hormone. FSH is responsible for the
development and maturation of ovarian follicles, increases
estradiol hormone production37. As well as Kim et al.38 revealed
that sodium and manganese may influence reproductive
hormones and ovarian function in normally menstruating
women. The present study showed that the recovery rate did
not differ significantly among the studied groups, being 89.3,
90.0 and 86.8% for rabbits does in G1, G2 and G3, respectively.
These results run parallel with results obtained by Kim et al.39.
So we recommend adding the monovalent and divalent ions
to the drinking water or altering the mineral percentage in the

504



Pak. J. Biol. Sci., 24 (4): 500-506, 2021

diets  before conception for modulating the sex ratio in rabbits
as a cheap, easy and safe method. These findings will help
breeders manage their breeding, technicians and researchers
to improve the reproductive performance of the farm animals.
Further studies are required to determine the safe and optimal
healthy doses of these minerals for sex preselection of the
different farm animal species. Also, minerals administration
could be used for human sex preselection.

CONCLUSION

The administration of (Na and K) increases the probability
of male production while Ca and Mg administration increases
the probability of female production. Also, the administration
of these minerals increases the ovarian activity of the studied
animals.

SIGNIFICANCE STATEMENT

This study showed the possible synergistic effect of
administration of monovalent (Na and K) or divalent (Ca and
Mg) ions for sex pre-selection of offspring before
preconception. It is a simple and low-cost method to control
the gender of progeny in New Zealand white rabbits does
without adverse effects. This study will help the researcher and
persons who are interested in genetic improvement and
breeding farm animals to preselect the desirable sex of
offspring according to their requirements.
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