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Abstract
The objective of this study was to determine the levels of nitric oxide (NO) and ascorbic acid (AA) in
pregnant and non-pregnant cross bred sheep during non-breeding season. The esperiment was conducted
at Mountain Research Centre for Sheep and Goat, FVSc & AH, SKUAST-Kashmir, Shuhama from
March to May 2017. Cross bred ewes (n=24) were subjected to estrus induction protocol involving
insertion of intravaginal sponges for 10 days followed by an injection of 500 IU eCG at the time of
sponge withdrawal. Subsequently the animals were subjected to natural tupping, cervical insemination or
laparoscopic insemination (LAI). Blood samples were collected on different days for analysis of serum
NO and AA concentration. The serum NO concentrations were significantly higher (P<0.05) in pregnant
than non-pregnant ewes on day 17 (157.19±7.13 µM vs 138.58±3.36 µM) and day 35 (161.63±5.07 µM
vs 142.20±3.14 µM) post tupping/insemination. The serum AA levels were also significantly higher
(P<0.05) in pregnant than non-pregnant ewes on day 17 (77.21±7.71 µg/ml vs 54.49±4.97 µg/ml) and
day 35 (81.95±4.85 µg/ml vs 60.37±5.10 µg/ml) post tupping/insemination.
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1. Introduction
Pregnancy is a unique ephemeral state showing alterations in animal physiology particularly
endocrine and cardiovascular systems leading to dramatic changes in the concentration of
various blood biochemical constituents [1]. These physiological changes are important for
normal embryonic, placental and fetal development [2]. Nitric Oxide (NO) is an important
regulatory agent needed in various female reproductive events [3]. NO is also implicated in
peripheral vasodilation during pregnancy and in the control of blood flow in the fetoplacental
circulation [4]. Other studies demonstrate that NO is involved in maintaining myometrial
quiescence during pregnancy [5]. Ascorbic acid has three biological actions of particular
relevance to reproduction; each one dependent on its role as a reducing agent. In domestic
animals low levels of ascorbate result in underproduction of hormones and subsequently subfertility [6]. It was found that vitamin C injected to the sheep during the breeding season
increased the levels of plasma oestrogen and progesterone in addition to the fertility [7]. The
present study was attempted to determine the levels of nitric oxide (NO) and ascorbic acid
(AA) in serum harvested from ewes following hormonal treatments during the off-season
(spring) in a temperate zone.
2. Materials and Methods
2.1 Study period and Study Area
The present study was conducted in ewes maintained at Mountain Research Centre for Sheep
and Goat, FVSc & AH, SKUAST-Kashmir, Shuhama. The treatment was initiated during offseason which corresponded to spring (March-May, 2017) in the temperate climatic conditions
of Jammu and Kashmir.
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2.2 Methodology
Ewes in all the treatment groups were subjected to the same estrus induction protocols which
included insertion of intravaginal progesterone sponges (AVIKESIL-S, CSWRI, Avikanagar)
for 10 days only. 500 IU eCG (Folligon®, MSD Animal Health, Pune, India) was given to all
the animals at the time of sponge withdrawal. After removal of sponges, animals of control
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group (n=6) were kept with proven breeding rams for tupping
upto 72 hours. In ewes belonging to the second group (n=8)
timed cervical insemination performed using chilled semen 48
hours (day 12 evening) after sponge removal. The AI was
repeated after 12 hours in all these animals. Ewes belonging
to the third group (n=10) were subjected to timed
laparoscopic insemination using chilled semen 48 hours after
sponge withdrawal. The blood samples were collected on the
day of start of hormone treatment, day of
insemination/tupping (day 0), day 10, 17 and 35. The blood
samples were analyzed for serum nitric oxide and ascorbic
acid concentration.
2.3 Serum nitric oxide concentration
The concentration of nitric oxide in the serum samples was
determined as per the method described by Sastry et al, [8].
2.4 Serum ascorbic acid concentration
The concentration of ascorbic acid was determined in the
serum as per the method described by Zannoni et al, [9].
2.5 Statistical analysis
The data obtained was analysed statistically by students t-test
and DMRT [10] using statistical software version SPSS-20.
Differences were considered significant at P < 0.05.
3. Results and Discussion
The mean nitric oxide concentration (µM) in the serum of
pregnant and non-pregnant cross bred ewes following
different insemination techniques is presented in Table 1.
There was a significant difference (P<0.05) in mean nitric
oxide concentration between pregnant and non-pregnant ewes
on day 17 (157.19±7.13 µM vs 138.58±3.36 µM) and day 35
(161.63±5.07 µM vs 142.20±3.14 µM) post tupping/
insemination. In the pregnant ewes, the mean serum nitric
oxide concentration showed a gradual and significant increase
(P<0.05) from pre-treatment to day 35 post-insemination.
However, in non-pregnant ewes the changes in mean serum
nitric oxide concentration was non-significant at all the
stages. The mean ascorbic acid (µg/ml) level in the serum of
pregnant and non-pregnant cross bred ewes following
different insemination techniques is presented in Table 2.
There was a significant difference (P<0.05) in mean ascorbic
acid concentration between pregnant and non-pregnant ewes
at day 17 (77.21±7.71 µg/ml vs 54.49±4.97 µg/ml) and day
35 (81.95±4.85 µg/ml vs 60.37±5.10 µg/ml) post
tupping/insemination. In non-pregnant animals, the serum
ascorbic acid concentration increased non-significantly from
day 0 to day 35 post tupping/ insemination. However, in
pregnant ewes, the mean serum ascorbic acid concentration
showed a significant increase (P<0.05) persistently from day
0 to day 35.
The significantly higher levels of serum NO in pregnant than
non-pregnant ewes are consistent with the findings of Rasool
[11]
, Mushtaq [12] and Vonhamme et al, [2]. However, Rasool
[11]
reported significantly higher levels of serum NO in
pregnant ewes on day 35 only. Higher concentrations of
serum NO were determined in pregnant ewes compared to
cyclic and non-cyclic non-pregnant ewes [12]. The studies of
Vonnahme et al [2] demonstrated biphasic temporal pattern of
nitric oxide metabolite in blood of pregnant ewes with
increased levels starting from day 20 to 39 and continuing

upto day 40 to 69 of gestation. The values return to nonpregnant concentration from day 70 to 100. Thereafter higher
concentration is again noticed till full term. Kwon et al [13]
demonstrated that ovine placentome produces NO in a similar
biphasic manner. They reported that increase in NO synthesis
specific activity is observed from day 30 to 60 of gestation.
This activity declines on day 80 and increases again on day
100. In order to maintain oxygen and nutrient delivery for
proper fetal growth and development, uteroplacental blood
flow increases 30-50 folds during pregnancy [14, 15]. The NO, a
key angiogenic factor has a critical role in proliferation and
dilatation of vascular bed to accommodate the increased blood
flow [16]. Ku et al. [17] observed that vascular endothelial
growth factor (VEGF) leading to relaxation of coronary
arteries is due to the release of endothelium derived NO.
Uterine and /or placental NO synthase (NOS) specific activity
increases in early pregnancy both in humans [18] and sheep [13].
The higher levels of serum ascorbic acid (AA) determined in
pregnant than non-pregnant ewes is in close agreement with
the findings of Rasool [11], Mushtaq [12], Miszkiel et al [19] and
Petroff et al, [20]. Following ovulation AA stimulate
development of ascorbic acid rich corpus luteum [21]. The
synthesis of higher quantity of collagen during luteal
development and maturation is supported by higher levels of
ascorbic acid [22]. The AA content is maximum in fully mature
corpus luteum, remains high throughout pregnancy and
decreases with the regression of corpus luteum [23]. The
bovine and porcine corpus luteum formed during estrous
cycle as well as pregnancy has high concentration of AA [20,
21]
. Excessive demands for AA are made by the fetus during
pregnancy [24]. The AA has important role in formation and
function of corpus luteum. Protection of corpus luteum from
luteolysis is critical for establishment and maintenance of
pregnancy [25].
4. Conclusion
In sheep the NO and AA concentrations increase significantly
during pregnancy. Increased NO in the maternal circulation
may help cardiovascular adaptations during pregnancy.
Higher levels of AA are crucial for functioning of corpus
luteum and therefore maintenance of pregnancy. For
maintenance of uneventful/smooth gestation in livestock the
management should give due attention to the levels of such
critical blood biochemical indices.
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Table 1: Serum nitric oxide (nitrite plus nitrate) concentration
(Mean±S.E.M) in cross bred ewes irrespective of the insemination
technique used during non-breeding season
Nitric oxide concentration (µM)
Pregnant (n=6)
Non-Pregnant (n=18)
Pretreatment
142.46±5.07aA
144.96±2.56aA
Day 0
148.01±4.46abA
149.46±3.55aA
abA
Day 10
151.32±6.51
144.92±4.54aA
abA
Day 17
157.19±7.13
138.58±3.36aB
Day 35
161.63±5.07bA
142.20±3.14aB
Means bearing different superscript (a,b,c) within columns and (A,B)
within rows differ significantly (P<0.05)
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Table 2: Serum Ascorbic acid concentration (Mean±S.E.M) in cross
bred ewes irrespective of the insemination technique used during
non-breeding season
Ascorbic acid concentration (µg/ml)
Pregnant (n=6)
Non-Pregnant (n=18)
47.29±5.59aA
46.69±5.35aA
Pretreatment
Day 0
46.14±5.98aA
43.82±6.01aA
Day 10
63.08±12.15abA
47.93±10.13aA
Day 17
77.21±7.71bA
54.49±4.97aB
Day 35
81.95±4.85bA
60.37±5.10aB
Means bearing different superscript (a,b,c) within columns and (A,B)
within rows differ significantly (P<0.05)
Stage/Day
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