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Abstract

The objective of the current study was to determine the effect of injected amino acid arginine on reproductive performance
in ewes and on the levels of some hormones. Twenty-one non pregnant Awassi Turkish ewes were used. These ewes were
divided into three equal groups. The first group were not treated which serve as control group (T1), and injected with 5-10 ml
of normal saline in intramuscular. Ewes of second group (T2) were treated by injected with a 155umol/kg arginine I.V. The
third group (T3) was treated by injected with 155umol/kg arginine intramuscular. All treated ewes were inseminated by rams
for 7 days. Blood samples were taken from jugular vein on the 1st and 2nd days of arginine injection and then insert CIDR and
on the 3, 5™ 7™ 10" 13" and 16™ days of this treatment to measure the change in the levels of some hormones during
treatment. The results showed arithmetic difference in the time of the estrus where the treatment of intramuscular arginine
injection came first and it was followed by intravenous arginine injection and then the control. Arginine treated groups
significantly the control group in the estrus appearance rate. The estrus appearance estrus rate in intravenous injection group,
intramuscular injection group and control group were 71.43, 57.14, and 42.85% respectively, also there is significant increase
in fertility rates were 71.43, 57.14 and 42.85% respectively. There was a significant increase in pregnancy rates were 71.43,
57.14 and 28.85% respectively. However, birth rates were 71.43, 57.14 and 28.57% respectively. Intravenous treatment
showed the lowest than other treatments. The results of current research revealed no significant difference between groups in
the level of progesterone hormone, furthermore there is no significant change in the hormone during all periods of the
experiment except the 7™ period in IV arginine treated group. It was also observed a significant decrease in the estrogen
concentration level in arginine intravenous (14.62 £1.02) and intramuscular (15.00 +1.98) injected groups in compared with
control group (16.82 +1.25) respectively during the first and 7™ periods of injection after the insert of CIDR as compared with
the other periods. There were no significant differences in the level of cortisol between the treated groups and the control
group, and also between all periods of the experiment. It was concluded from this study that injection of amino acid arginine
improved the reproductive performance of Awassi Turkish ewes, taking into consideration the superiority of intravenous
injector as compared with intramuscular injection which gave higher rates of estrus, fertilization, fertility, pregnancy and birth
and gave the lowest proportion of barrenness as compared with control group. However, arginine had no significant effects on
the level of estrogen, progesterone and cortisol.
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Introduction metabolic chain inside the body. Nitric oxide has many
functions and is involved in large-scale of physiological or
The nutritional supplements have great importance for pathological conditions inside the body where it dilates
animals, they are defined as the minimum amount of blood vessels (7). The vasodilation is a reaction to increase
nutrition in a balance provender needed by an animal to blood flow to the oligomers and tissues, which
perform its body functions ideally, and each animal has its consequently leads to provide sufficient oxygen and
own needs which can vary according to its age, weight and nutrients to the cells via blood (8). These factors are
the type of production. There are supporting of the important via improving of the uterine environment, which
nutritional needs of protein, energy, vitamins and amino is regarded as the main aim to ensure a proper development
acids necessary to keep Physiological operations regular of the placenta during early pregnancy (9). Studies on sheep
inside the animal's body, this animal preservative provender have shown that the treatment of sheep with arginine
does not lead to any increases or decreases in the animal enhances the functions of the parameters of reproduction,
weight (1). Due to the economic importance of sheep in the including the growth of the placenta and the embryo in
world in general and especially in Iraq, this has led different species (10,11).
researchers to pay attention on finding appropriate ways to As a result of the importance of arginine in increasing
promote this sector, whereas some researchers used the reproductive performance and production qualities and due
hormonal side (2). Some used the nutritional side (3,4). to little information about this study in Iraq. This study was
Others focused on the biotechnological aspect (5,6). There aimed to show the effect of the arginine on reproductive
are several studies dealt with the using of dietary performance including: time of estrus, the estrus rate,
supplements which contain amino acids, including arginine, fertility rate, the pregnancy rate, the number of births, the
ornithine, and Citrulline. Recently, researchers have tended number of twins furthermore the level estrogen,
to study the effect of dietary supplements, including progesterone and cortisol hormones.

arginine because of its effective role in both human and
animal health. In addition to the physiological importance
of the production of NO which is produced throughout the
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Materials and methods

This Study was carried out in The Ruminant Research
Station (Abu Ghraib)/ Department of Animal Resources /
Office of Agricultural Research /Ministry of Agriculture
during the period from July 6, 2017 to Feb 3, 2018.
Twenty-one non pregnant Awassi Turkish ewes were used
in the experiment. The age of the animals ranged between
2-5 years old with a weight ranged between 45-70kg. The
animals were examined with ultrasonography to be sure that
they were not pregnant. These ewes were divided into three
equal groups of 7ewes. The treated groups were injected
with arginine three times a day. The first group (T1) which
was regarded as control group was injected with 5-10 ml of
normal saline intramuscular. Ewes of second group (T2)
were injected with a 155 pumol/kg arginine IV. The third
group (T3) were injected with 155umol/kg arginine
intramuscular (I.M). Insertion of CIDR has been done. The
ewes were inseminated by rams for 7 days which were
revolved among folds to get rid of ram's effect. Blood
samples were taken from the jugular vein at the 1st, 2nd,
3rd, 5™ 7™ 10™, 13™ and16™ days of arginine injection to
measure the changes in the level of (estrogen, progesterone
and cortisol), Progesterone was measured by the ELISA and
by German Intraassay by method Filicori (12), In the same
way estrogen was measured by method of Tsang (13), and
Cortisol was measured by ELISA and by American
Monobind Kit during the treatment with arginine. Arginine
used a product by (Bulk Supplements® Henderson, Nevada,
USA).

Statistical Analysis

Two-way statistical analysis of variance in the
hormones was used. It included the effects of the hormonal
treatments and the time of pulling for each one separately
on hormones characteristics during the hormonal treatment,
by following the general linear model and using the SAS
statistical program version (14). The differences between
the averages were tested by using a multivariate (15) test.
The percentages of reproductive performance were also
analyzed by using chi — square test (16) at a significant
level of 0.05 and 0.01 according to the mathematical model:
Yij = u+ Ti+ Eij.

Results and discussion

Effect of arginine on reproductive traits
Effect of arginine at the time of estrus

The results showed the superiority of the arginine group
regarding the time of the estrus a behavior as compared to
the control group. It also showed the superiority of
intramuscular injection upon the intravenous injection 23
and 31 hours respectively, as compared to the control group
where the estrus appeared after 51 hours of injection (Table
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1). This might be attributed to the activity of arginine
through the increasing of blood flow to the genital organs,
including ovaries and thus increasing the growth,
development and promotion estrogen's level which has a
role in the appearance of estrus's signs. This result agreed
with Al-Dabbas (17) who showed where the level of
estrogen in the arginine treated group. The delay in the
onset of estrus behavior can be ascribed to the stress
resulted from high temperature, which leads to the loss of
appetite in the animal and thus reflects on the growth and
development of follicles and the level of sex hormones (18).

Effect of arginine in the estrus rate

The results showed a significant increase (P<0.05) in
estrus rate in arginine treated group as compared with
control group (Table 1). It's worth mentioning that estrus
rate in the intravenous arginine injection was significantly
higher than in the intramuscular arginine injection, where
the estrus rates in both treatments were 71.43% and
57.14%, respectively, as compared with control group in
which the estrus rate was 43.85%. This may be ascribed to
the activity of arginine amino acid in promoting blood flow
to the reproductive organs and thus to release nitric oxide
(NO) which help in expanding blood vessels and increasing
the speed of blood flow to the organs (increasing nutrition
and oxygen) (7). This result agreed with De Chavez and
Crane (19,20) who explained an increase in estrus rate in
arginine, especially in intravenous injection which was
higher than the control group. The rate of estrus appearance
in the control treatment might be attributed to the CIDR
tool application as indicated by Omontes (21) in his study.
Where he observed a significant increase in the estrus rate
in the CIDR group (progesterone) as compared with the
control group (without CIDR).

Effect of arginine on the fertility rate

Table 1 demonstrated that injection of arginine (IM and
IV) cause highly significant (P<0.05) in a fertility rate as
compared with control group. It is observed that the
fertilization rate in the intravenous arginine injection was
significantly higher than that of the intramuscular injection,
where they were 71.43% and 57.14%, respectively, as
compared with control group's rate which was 42.85%. This
may be ascribed to the activity of arginine in promoting
blood circulation by releasing (NO), which helps in
expanding blood vessels and thus increases the amount and
speed of appropriate nutrients supplied to the reproductive
organs during the implantation of fertilized eggs in the
uterus where the uterine and embryonic membranes help in
supplying nutrients and oxygen through the blood vessels
from mother to fetus, this operation is important because it
leads to increase the number of mature oocytes produced by
ovaries during the period of estrus (22). The amino acid
arginine-HCI has also many roles in the metabolism of the
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animal. It is considered as a base in protein synthesis (23).
These results agreed with what was indicated by De Chavez
(19). The results showed that giving arginine supplements
during the final development of follicles, ovulation and
early pregnancy improves fertility in ewes as well as
improving fetal survival. In the same study, the results
showed an increasing in fertility rate 87%, in the arginine
treatment.

Effect of arginine on pregnancy rate

From the Table 1 it is obvious that there was a
significant increase (P<0.05) in pregnancy rate in arginine
treated groups as compared with control group. It's worth
mentioning that pregnancy rate in the intravenous injection
was higher than it in the intramuscular injection where it
was 71.43 and 57.14% respectively while it was 42.85% in
the control group. The superiority of the two groups of
arginine treatment over the control group may be ascribed
to the effect of amino acid Arginine, where many studies
have shown a critical role for the nitric oxide (No) in the
expansion of blood vessels which leads to improve blood
flow to the reproductive organs during pregnancy period
and thus increase the amount of essential nutritious
materials from mother to fetus by blood (24). The available
evidences showed that both amines and nitric oxide (NO)
plays a major role in vascular function are important and
decisive during placental growth and fetal growth (25).
They also, in advanced fetal stages, increase sizes and
weights of infants and prevent fetuses losing (26). This may
be also ascribed to the role of arginine in increasing the
level of progesterone by promoting the function of the
Corpus luteum. The increasing of the hormone level has an
important role in the maintenance of pregnancy. Many
studies have shown that low level of hormone (P4) can lead
to a large proportion of fetus losses in sheep (9). These
results agreed with Saevre (27). The pregnancy rate was
higher in ewes injected with arginine 57% as compared
with control treated ewes, where the pregnancy rate was
30%.

Effect of arginine in birth rate

The results of current study showed a significant
increase (.in the birth rate in arginine treated groups
compared with control group They also showed that birth
rate in intravenous arginine injection was higher than in the
intramuscular arginine injection where it was 71.43% and
57.14% respectively, while it was 28.57% in control group
(Table 1). This might be due to that arginine injection
increased the quantity of nutrients carried to the body
organs including the reproductive organs. (10) Clarified that
arginine injection during the period of Corpus luteum
formation led to increase the growth and development of
the Corpus luteum and thus promote the work of
progesterone and thus maintain pregnancy. The superiority
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of the treatment of Arginine with IV. injection over the
arginine intramuscular injection might be attributed to the
effect of Arginine injection which was agreed with Richard
(28) that observed, the intravenous injection is the fastest
way to carry drugs into the blood circulation. These results
were in consistent with Saevre (27) who clarified that
injecting ewes with the arginine during the gestation period
in sheep, improved survival rate to 24%. Which negatively
affected the appetite of the animal which consequently led
to decrease the level of hormones due to the weakness of
follicles and the Corpus luteum development and therefore
a low birth rate. This observation might be in consistent
with Takahashi (18) who pointed out where he clarified that
heat stress had harmful effects on nutritional, physiological
and reproductive functions, leading to decrease pregnancy
rate after vaccination as well as losing of embryos.
However, it is also effects on the body weight, milk
production as well as reproductive performance of both
sexes.

Effect of arginine on the twining rate

The data of research revealed a significant increase
(P<0.05) in twin rate which was 20% in IV injected
arginine group as compared with control and IM injected
groups (Table 1). These results might be attributed to the
nature of the treatment where the intravenous injection
carrying medicines faster rather than other treatments (28).
This agreed with Fierro (29) who observed that injecting L-
Arginine HCI led to increase blood flow to the ovaries and
developing follicles carrying big quantities of nutrients
which leads to increase ovarian efficiency and stimulate
follicular growth during the final development of follicle,
ovulation and early pregnancy which is reflected in
increasing fetal survival and their numbers.

Effect of arginine on the Barrenness rate

The results showed a significant decrease (P<0.05) in
barrenness rate in the arginine IV injected group as
compared with control group. (Table 1). It was also
observed that barrenness rate in intravenous injection was
lower than in intramuscular injection which was 28.57%
and 42.85%, respectively while it was 71.42% in control
group. This might be attributed to the arginine efficiency in
increasing the blood flow to the body organs, including the
ovaries, where it reduces apoptosis of cells and thus
increases the efficiency of the follicles and the Corpus
luteum (30), This agreed with Fierro (29) who indicated
that increasing blood flow was followed by an increasing in
the growth, developing and enhancement of estrogen level,
as well as large quantity of nutrients which leads in its turn
to increase ovarian efficiency and stimulate follicles' growth
during the final development of follicle and ovulation and
early pregnancy, and this reflected on increasing fetal
survival.
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Table 1: Effect of arginine on reproductive performance in
ewes

Treatment Kay

Adjective T1 T2 square2

value (x°)
Total ewes 7 7 7 -
Time of estrus (h) 51 31 23 -
Appearance of estrus 3 5 4 -—-
Estrus rate (%) 42.85 71.43 57.14 9.522 **
No. of pregnant ewes 2 5 4 -—-
No. of ewe births 2 5 4 -—-
Fertility rate (%) 4285 71.43 57.14 9.522 **
Fecundity 0,28 085 0.57 ---
The litter size 1 1,2 1 -
Pregnancy rate (%) 42.85 71.43 57.14 9.522 **
No. of Twin Births 0 1 0 -
Birth rate (%) 28.57 71.43 57.14 12.073 **
Twinning rate (%) 0 20 0 8.250 **
Barrenness rate (%)  71.43 28.57 42.85 9.522 **

Effect of arginine on the concentration of hormones
The effect of arginine on the concentration of estrogen
The results of current study showed no significant
differences (P> 0.05) in estrogen level between the arginine
treated group and the control group except at the period 1
(1 day) and 5(7" days) where the results showed the
Superiority of arginine treated groups as compared with the
control group (Table 2). In other periods, it was observed
that there were only mathematical differences among
treatments. There were no significant differences (P> 0.05)
between arginine intravenous injection and arginine
intramuscular injection on estrogen level. But in general, it
was observed that the level of estrogen reduced as periods
progressed and this agreed with Youngquist (31) who
indicated that the level of estrogen decreases with
increasing the level of progesterone. The value of estrogen
significantly increased (P< 0.05) in arginine treated group at
the periods 5 as compared with control group while the
level of estrogen in control group decreased significantly
and gradually at the 2™, 3™, 4™ and 5™ periods compared
with 1* period and the value of hormone at the 6. 7", and
8™ periods became as same as the 1* period. Regarding the
effect of pulling time on concentration of estrogen within
the same treatment, this result was coincided with
progesterone decrease in the current research (Table 3). The
results of the arginine intravenous injected group showed a
gradual and significant increase at the period 5™, 6™ and the
highest level at 7™ (18.22 + 1.06 pg / ml) of the experiment.
But in intramuscular injection group, the highest level of
estrogen concentration was at the period 6™ where it was
(17.10 £1.51 pg/ml). These results agreed with Al-Dabbas
(17) who indicated that the level of estrogen was constantly
variable but there was a clear increasing trend in the level of

estrogen in the arginine group as compared with the control
group. This was coincided with an increase in the rate of
ovulation and levels of progesterone (P<0.01) compared
with the control group which may be attributed to the
pregnancy while the disparity in the secretion of estrogen
may be ascribed to the follicular growth and developing

before reaching full maturity (32).

Table 2: Effect of arginine in the level of serum estrogen
(pg/ml) in Awassi ewes

Period T Tre?;;nent o
1 (1" day) 16.82+1.25 14.62+1.02 15.00+1.98
Aa B ab B abc
2 (2™ day) 12.1/2 wc_Ldl.26 16.2:;&.48 14.5: :gcl.IS
3 (34 day) 11.55Aidl.35 12.23:;1.95 13.311 :gcl.26
4 (5" day) 13.: icld.SO 12.3(3;;0.53 15.02 :gcl 47
5 (7" day) 10.5]73:?10.56 1-61263;88 + 16.12 :b1.60
6 (10" day) l7.3;ﬁacb1.34 17.82Aﬂ;2.18 17.1(1);;1.51
7 (13" day) 16.8; :atb1.34 18.22A::11.06 11.5}\:500.92
8 (16" day) 16&7;);4.2 15.31;1 ::b0.98 13.1; fgcl.03
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* Values represent the average + standard error. The
different capitals within the same row indicate significant
differences between the coefficients. The different small
letters within the same column indicate that there are
significant differences between the clouds within the single
treatment at a significant level (P<0.05).

Effect of arginine on the concentration of progesterone
The results showed no significant differences (P>0.05)
between the arginine treated groups and control group in the
level of progesterone (Table 3). The results also showed
that progesterone levels at the beginning of the period were
high, which agreed with Ibrahim (33) and Moura (34), who
showed that the progesterone concentration was high in
females, when the progesterone tool was inserted in their
vagina as compared with the females not treated with
progesterone tool. It is relatively decreased in pre-ovulation
period, then it increased after ovulation (<5 ng/ml). This
indicates pregnancy while the levels of progesterone were
maintained at the beginning periods 1, 2, 3, and 4 at the
levels of the Corpus luteum, but with the beginning of
zerosal-placenta stage, an increase in the level of
progesterone was observed in order to keep pregnancy.
Regarding the effects of pulling time. The data of the first
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treatment recorded not significant lowest level of
progesterone concentration at period 3 where its level was
4.51 £ 0.11 ng /ml then it increased not significant to the
highest value at the period 6 which reached 5.62 + 0.25
ng/ml then the variance disappeared in the rest of the
periods. In the arginine treated group, it was observed that
the concentration of the hormone increased gradually and
not significantly to a highest value at the period 8 in the
intravenous injection and intramuscular injection treatment,
progesterone hormone concentration 6.14 £0.35 and 6.11 £
0.25 ng/ml respectively. The results of the current study
agreed with Saevre (27) who indicated that the progesterone
concentrations in the ewes treated with arginine via
intravenous injections were lower than it in the control ewes
on day 9" and 10™ of pregnancy, but they were equal in the
remaining periods. The results also agreed with Luther (10)
indicated that the level of progesterone concentration was
higher in ewes treated with arginine though there were no
significant differences as compared with control group. The
arginine group also didn't vary significantly (P>0.05) from
control treatment in the numbers of Corpus luteum (control
1.8 £ 0.199 and Arg 1.8 + 0.12) and in the pregnancy rate
(control 60% and Arg 55%) but the number of embryos in
the arginine treated group was higher (P <0.05) at 25" day
of pregnancy. The reason of increasing the number of
embryos might be attributed to that arginine promotes the
uterine environment more ideal for keeping and preserving
embryos by supplying them with nutrition as well as raising
the level of progesterone which is necessary to maintain

pregnancy.

Effect of arginine on cortisol concentration

The results (Table 4) showed no significant differences
(P>0.05) between the arginine treated groups and control
group in serum cortisol concentration. On the ewes treated
with arginine were characterized by increased activity
compared to control treatment. This might be due to the role
of arginine by increasing blood circulation to internal
organs and thus increasing its effectiveness and function.
The rise of cortisol in the experimental process put ewes
under the stress, but the arginine worked to reduce the
impact of stress due to increased blood roses to the body
members. Tilbrook (35) indicated that under stress
conditions, when the cortisol level in ejaculatory serum was
high, the reduced reproductive potential was likely to
reduce the chance of copulation with rams or to copulate
several times, which is often necessary to achieve
pregnancy. The results agreed with Papargiris (36) who
indicated that injection of cortisol in ewes reduced the
acceptance behavior of ewes, as compared to ewes injected
with brine. The results of study agreed with what mentioned
above that chronic injections of cortisol reduce genital
response (37).

Table 3: Effect of arginine in the level of progesterone in
serum (ng/ml) in Awassi ewes

Period T Tre?;;nent o
1 (1* day) 5.13;;).55 4.5112(;.40 5.5112.56
2 (2™ day) 5.42:;).31 4.8;2%47 4.213(’).47
3 (39 day) 5.1};;).25 4.822%19 4.5[153.11
4 (5" day) 4.9};;).17 4.9:2%21 4.8;2%24
5 (7" day) 5.221;).61 5.535;).28 4.91152.86
6 (10" day) 6.0?;;).25 5.222(;.28 5.63;;).25
7 (13" day) 5.4::2(1).30 5.3(1):}()).42 4.9;2%14
8 (16" day) 6.1};_:(1).25 6.1:2%35 5.3A0ﬂ;%23

*  Values represent the average + standard error. The
different capitals within the same row indicate significant
differences between the coefficients. The different small
letters within the same column indicate that there are
significant differences between the clouds within the single
treatment at a significant level (P<0.05).

Table 4: Effect of arginine in the level of serum cortisol
(ng/ml) in Awassi ewes

Period TI Trea%trznent T3
2 (2™ day) 12.14[1;;0.70 11.2120.71 12.1([);;0.34
4 (5" day) 10.7};;0.94 9.85Aia0.70 9.42Aib0.48
6 (10" day) 10'7};20.52 9.57Ai30.93 10.2iibo.60
8 (16" day) 10.2?\130.56 9.57AiaO.52 10.5; ::b0.48
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* Values represent the average =+ standard error. The
different capitals within the same row indicate significant
differences between the coefficients. The different small
letters within the same column indicate that there are
significant differences between the clouds within the single
treatment at a significant level (P<0.05).
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