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Abstract

The present study was conducted to study the ovarian structural, steroidal and biochemical changes in
pregnant and non-pregnant Sahiwal heifers. A total of forty (40) Sahiwal heifers were selected and
artificial insemination (AI) was done with sex sorted semen in all animals at appropriate time during
estrus. Ovarian sonography was performed on days 0, 10 and 20 after estrus for the assessment of
diameter of the dominant follicle and diameter of corpus luteum. Blood samplings were done on days 0,
10 and 20 after estrus for the estimation of serum estrogen, progesterone, glucose and total protein.
Pregnancy diagnosis was done at 60 day after Al using ultrasonography in all animals with an overall
conception rate of 47.5%. The average dominant follicle and corpus luteum sizes were 9.48+0.12 mm
and 10.38+0.45 mm, respectively. Pregnant heifers had a significantly larger (p<0.05) mean dominant
follicle and corpus luteum size compared to non-pregnant heifers. The overall mean serum estrogen and
progesterone values were 10.23+0.33 pg/ml and 2.601+0.63 ng/ml, respectively. Pregnant heifers had
significantly higher (p<0.05) mean serum estrogen and progesterone levels on day 0 and day 10
compared to non-pregnant heifers. Mean values of serum glucose and total proteins were 47.87+0.56
mg/dl and 6.38+0.45g/dl and these values were significantly higher (p<0.05) in pregnant heifers
compared to non pregnant heifers. Thus, monitoring these parameters might be useful in assessing
reproductive status and also helpful in optimizing fertility management in dairy cow.
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Introduction

Hormonal and biochemical parameters such as serum estradiol, progesterone, glucose and
total proteins etc. are critical indicators of reproductive status in cow. These parameters
undergo significant changes during the estrous cycle and early pregnancy. Thus their
variations during the estrous cycle and early pregnancy provide valuable insights into
physiological changes that support conception and pregnancy maintenance. Pregnant cattle
show low progesterone, higher estradiol at estrus and greater glucose and total protein
concentrations compared to non-pregnant cattle (Datta er al., 2023; Shukla et al., 2000;
Chinnasamy et al., 2024) 3% 41 These differences highlight the physiological adaptations
that support pregnancy establishment and maintenance (Lopes et al., 2007) ['61. Monitoring
these parameters can aid in assessing reproductive status and optimizing fertility
management in dairy cow.

Materials and Methods

The present study was conducted at Instructional Dairy Farm, Nagla, G.B. Pant University of
Agriculture and Technology, Pantnagar during March to December, 2024 to study the
ovarian structural (dominant follicle & corpus luteum), steroidal and biochemical changes in
pregnant and non-pregnant Sahiwal heifers during estrous cycle. A total of 40 pubertal
Sahiwal heifers of 24 to 36 months age having more than 220 kg body weight with regular
estrous cycle, were selected for the study. The selected animals were maintained under
uniform managemental conditions, totally on stall feeding twice a day with concentrate @
2.5 kg per head per day and ad lib access to water. Rectal palpation was performed for the
assessment of optimum development of genitalia before the final selection of animals.
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All the animals were also screened for subclinical
endometritis using white side test and animals with negative
white side test were included for the study. White side test
(WST) on cervical mucus was performed before Al as per
the method described by Pateria and Rawal (1990) .
Cervical mucus sample was aseptically collected from the
animal using sterile Al sheath connected with 20 ml syringe
(Raja et al. 2012) 2. Al was done in all animals using sex
sorted semen at appropriate time. Real time B mode trans-
rectal ultrasonography with linear array transducer having a
frequency of 7.5 MHz (Bl PRO Ultrasound Machine,
Konika Minolta, Marunouchi, Chiyoda, Tokyo, Japan) was
used for ovarian screening in the present study. Ovarian
sonography was performed on days O (at about 6 hours of
estrus initiation), 10 and 20 after estrus for the assessment of
diameter of the dominant follicle and diameter of corpus
Iuteum. Blood samples from the jugular vein were collected
on day 0, 10, 20 after initiation of estrus. A 18-gauge
sterilized needle with a 10 ml sterilized syringe and
vacutainer tube were used for the collection of blood
samples. The serum was separated within 30 minutes by
centrifuging the samples at 3000 rpm for 10 minutes. The
serum obtained was marked for identification and stored at-
20  °C until analysis for biochemical and hormonal
parameters in 2 ml Eppendorf tubes. Serum estrogen,
progesterone, glucose and total proteins were estimated
using commercial bio-assay kit according to the
manufacturer’s instructions (catalog number ES380S &
PG362S, CALBIOTECH and catalog number 93DP100-74
& 83LS100-60, ARKRAY, respectively).

Statistical Analysis
All the quantitatively data pertaining to the experiment were
expressed as mean+SEM. The data were analyzed
statistically using one-way ANOVA in SPSS (Snedecor and
Cochran, 1994) 1401,

Results and Discussion

Ovarian Sonography

Size of dominant follicle (diameter in mm)

Table 1 depicts the size of the dominant follicle during
estrus. The dominant follicle size on day of estrus in the
present study ranged from 7.26 mm to 11.42 mm, with an
overall mean value of 9.48+0.12 mm in all 40 Sahiwal
heifers. These findings are slightly less than those reported
by Sharma et al. (2024) 38! in Sahiwal heifers (10.52+0.13
mm) and Jersey crossbred heifers (10.15+0.51 mm).
Dodiyar (2016) [ and Hassan et al. (2021) ! also reported
larger mean dominant follicle size (11.42+0.20 mm and
14.70+0.70 mm) in Sahiwal cow, respectively. Similarly,
Viana et al. (2000) *?! also observed a higher value of mean
dominant follicle size of 12.44+1.59 mm in Gir. In
crossbred heifers, significantly higher mean dominant
follicle size (15.90+£0.50 mm) was recorded by Savio et al.
(1988) P71, The mean size of dominant follicle in pregnant
heifers (9.56+0.19 mm) was significantly higher (P<0.05)
than non-pregnant heifers (9.40+0.17 mm) in the present
study. These findings are in accordance with Perry et al.
(2007) B, who reported significantly higher (p<0.05) mean
dominant follicle size (10.70+£0.65mm) in pregnant beef
heifers compared to non-pregnant ones. Similarly,
Vasconcelos et al. (2001) “! also observed that decrease in
the size of the ovulatory follicle leads to a reduction in
subsequent luteal size and lowers the pregnancy rate in
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lactating dairy cows.

Reproductive success in cattle depends on multiple maternal
factors including the ovulation of a competent oocyte,
sufficient progesterone production by the corpus luteum
(CL) and the establishment of an optimal uterine
environment. The size of the ovulatory follicle plays a
pivotal role in these processes. Larger ovulatory follicles are
positively correlated with higher estradiol concentrations
during the preovulatory period, which are essential for
optimizing uterine conditions to support embryonic
development, implantation and pregnancy maintenance
(Miller and Moore, 1976; Miller et al., 1977) 1?!- 221, The
granulosa cells within preovulatory follicles are key
determinants of the steroidogenic capacity of the subsequent
CL. Larger follicles contain more granulosa cells, which
translate into a CL with enhanced progesterone production
potential (Pfeifer et al., 2012) B, Higher progesterone
levels are critical for maintaining pregnancy. Furthermore,
ovulation of larger follicles has been linked to improved
oocyte competence, increased conception rates and greater
pregnancy success (Perry et al., 2007) B!,

Size of corpus luteum (diameter in mm)

The size of the corpus luteum as determined by
ultrasonography is presented in table 1. In the present study
the size of the corpus luteum ranged from 6.45 to 15.25 mm
with an overall mean value of 10.38+0.45mm. Our findings
are almost similar to the findings of Ireland et al. (1980) 1%,
who reported a range of 5.0 to 15.0 mm size of corpus
Iuteum in crossbred heifers. In contrast, Lynch et al. (2010)
(181" observed a higher overall mean size of corpus luteum
(21.61+4.51) with a range of 13.00 to 37.25 mm in beef
heifers. Similarly, Hassan et al. (2021) ™! also documented a
higher average size of corpus luteum as 15.942.5 mm in
Sahiwal cows. Significant difference (p<0.05) was observed
between the mean corpus luteum size in pregnant
(11.584£0.29) and non-pregnant (9.31£0.33) heifers in the
present study. These results corroborate with those reported
by Pandey et al. (2018) [ who also observed a
significantly higher conception rate in zebu cattle with a
larger corpus luteum. Similarly, Parkinson et al. (1994) 128,
also observed significantly (p<0.05) higher mean size of
corpus luteum (14.940.24) in pregnant dairy cows compared
to cyclic cows (13.9+0.22). These findings reinforce the role
of the corpus luteum in supporting pregnancy.

The larger CL size observed in pregnant animals suggests a
higher progesterone producing potential, which is crucial for
sustaining early embryonic development and creating a
favorable uterine environment for pregnancy. In contrast,
the smaller CL size in non pregnant animals may reflect
insufficient luteal function, which could negatively impact
reproductive outcomes by failing to produce adequate
progesterone. These results support the importance of CL
size as a reliable indicator of luteal function and its critical
role in determining the success of pregnancy maintenance.

Steroidal Status

Serum estrogen (pg/ml)

The serum estrogen values (pg/ml) at different days of
estrous cycle along with its range are depicted in table 1.
The overall mean estrogen level was recorded as 10.23+0.33
pg/ml with a range of 4.67 to 22.91 pg/ml in all the 40
animals under the study. Our findings are almost similar to
the findings of Wettemann and Hafs (1973) ™, who
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reported mean value (9.7 pg/ml) of serum estrogen in
Holstein heifers. Similarly, Kaneko et al. (1995) !4
recorded a mean concentration (12.0010.70 pg/ml) of blood
estrogen in dairy cows. The mean serum estrogen level was
significantly (p<0.05) higher (15.304+0.81 and 8.69+0.16)
on day O and day 10 in pregnant heifers compared to non
pregnant (12.65+0.59 and 7.5240.33), respectively.In
contrast to this on day 20 of onset of estrus the mean
estrogen level was significantly (p<0.05) higher
(11.91£0.55) in non pregnant heifers compared to pregnant
heifers (7.11£0.43).Our findings are similar to Lopes et al.
(2007) U8, who reported significantly (p<0.05) higher
plasma estradiol concentrations on the day of Al in pregnant
Holstein cows. On the other hand, Naik et al. (2013) 1 also
observed the estrogen levels were significantly (p<0.01)
higher (20.24+0.01pg/ml) on day O in non-pregnant
Punganur cattle. Shukla er al. (2000) P! also recorded
higher (16.45+0.41pg/ml) estrogen level in non-pregnant
crossbred cows on day 0 of estrous cycle.

Variations in estrogen level may be attributes due to
differences in sampling frequency, seasonal and climatic
conditions at the time of sample collection as well as the age
and physiological status of the animals (Alvarez et al.,
2000) 1. Plasma estrogen concentrations on the day of Al
were higher in cows confirmed pregnant compared to non-
pregnant cows, suggesting that pre-ovulatory follicular
steroid biosynthesis influences pregnancy success (Lopes et
al., 2007) 181, On the day of estrus in cattle, estrogen plays a
critical role in regulating reproductive processes and
preparing the cow for ovulation. High estrogen
concentrations stimulate the central nervous system, leading
to characteristic estrous behaviour (Lyimo et al., 2000) ['71,
As estrogen reaches peak levels, it stimulates the
hypothalamus and anterior pituitary gland, leading to the
preovulatory luteinizing hormone surge. This luteinizing
hormone surge is essential for final follicular maturation and
ovulation (Julie E. Holesh, 2025) 121,

Serum progesterone (ng/ml)

The findings of serum progesterone level are presented in
table 1. Serum progesterone values varied between 0.26 and
8.02 ng/ml, with an overall mean value of 2.60+0.63 ng/ml
in all 40 animals under the study. Our findings closely
resemble to those of Datta et al. (2023) °!, who reported a
higher mean serum progesterone value (5.741+0.56) in
Lakhimi cow. Further, Sartori et al. (2004) also recorded a
higher mean serum progesterone value (7.3£0.4 ng/mL) in
Holstein heifers. A non-significant (p>0.05) difference in
the mean serum progesterone value was recorded between
pregnant (0.38+0.07) and no-pregnant (0.39£0.01) heifers
on day O of onset of estrus. The mean progesterone levels
were significantly higher (p<0.05) in pregnant heifers
(4.51£0.27 and 5.22+0.35) compared to non-pregnant
heifers (3.62+0.30 and 1.75%£0.35) on days 10 and 20 after
the onset of estrus, respectively. In contrast to this Ayam
(2006) 2!, reported a higher (6.38+0.63 ng/ml) mean
progesterone value in pregnant sahiwal cows on day 10 post
insemination. The mean values of progesterone on day O of
estrous cycle observed in the present study is similar to the
findings of Kumaresan et al. (2001) ! and Rekwot et al.
(2000) 31, who also reported less than Ing/ml mean serum
progesterone during the estrus in Zebu cattle. In another
study on Holstein heifers conducted by Wettemann and Hafs
(1973) ¥4 it was reported that progesterone levels increased
markedly from 0.4+0.1 ng/ml at estrus to 6.8+0.4 ng/ml by
day 11 after estrus.
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For optimal fertility, low circulating P4 concentrations near
the time of artificial insemination (AI) are indicative of
effective CL regression of previous cycle, which is essential
for further successful conception. Conversely, elevated P4
concentrations post-Al can impact embryonic development
and in certain cases enhance fertility outcomes (Wiltbank et
al., 2014; Yan et al., 2016) 4>491, Progesterone production is
primarily regulated by the corpus luteum (CL), which
develops following the ovulation. The number of granulosa
cells that luteinize into large luteal cells along with the
constitutive production of progesterone by these cells
significantly influences circulating progesterone levels
(Niswender, 2002) 1231, Progesterone plays a crucial role in
stimulating the production of various endometrial secretions
necessary for successful embryonic development (Nephew
et al., 1991; Giesert et al., 1992) ?* 3], Mann and Lamming
(2001) 29 reported that inadequate embryonic development
is associated with a delayed post-ovulatory rise in
progesterone and low luteal phase P4 concentrations.
Insufficient circulating P4 concentrations have been linked
to early embryonic loss in cattle (Mann and Lamming,
1999) 19,

Biochemical Status

Serum glucose (mg/dl)

Results related to serum glucose level (mg/dl) are shown in
table 1. The values of serum glucose ranged from 38.18 to
59.86 mg/dl with an overall mean value of 47.8740.56 in all
40 animals under the study. Our findings corroborate with
the findings of Kadhim and Ali (2019) 31, who reported a
range (45.00 to 75.00 mg/dl) of serum glucose level with a
mean value (54.6+2.69) in lactating dairy cows. Similarly,
In Jersey crossbred cows the mean value of serum glucose
was found 53.46+0.69 mg/dl (Chinnasamy et al., 2024) ™,
The mean values were found significantly (p<0.05) higher
(52.33+0.98, 53.52+1.01 and 52.83+0.88) in pregnant
heifers compared to non-pregnant heifers (44.79+0.81,
43.33+0.32 and 41.87£0.56) on days 0, 10 and 20 of onset
of estrus, respectively. However, the mean serum glucose
levels between pregnant heifers showed non-significant
(p>0.05) difference on days 0, 10 and 20 of onset of estrus,
respectively. Our results are in accordance with Pandey et
al. (2016) 2 who also noted the significantly (p<0.05)
higher glucose concentrations (51.53+2.26, 55.92+1.61 and
52.52+1.34) in pregnant cross breed cows compared to non-
pregnant (38.44+1.44, 42.59+0.90 and 39.35+1.06) on days
0, 10 and 20 of estrous cycle, respectively. Similar results
were also reported by (Chinnasamy er al., 2024) ™ with
significantly (p<0.01) higher (58.48+0.64 mg/dl) blood
glucose concentration inpregnant Jersey crossbred cows. In
constrast to our findings (Kadhim and Ali, 2019) U3
reported non-significant (p>0.05) difference in the mean
values of serum glucose between pregnant (54.22+0.72
mg/dl) and non-pregnant dairy cows (53.87+0.67 mg/dl).
The concentration of blood glucose is closely linked to the
animal's overall energy balance and reproductive
effectiveness. Parmar er al. (1986) observed that glucose
levels tend to rise during the luteal phase of the estrous
cycle. The increase in blood glucose can either directly
boosts the production of progesterone by enhancing both the
frequency and the average concentration of luteinizing
hormone (LH) or indirectly stimulates progesterone release
during early luteal phase by increasing insulin level, which
supports pregnancy (Richards et al., 1989) 4. Elevated
blood glucose levels also provide the necessary energy to
support optimal ovarian function and thus enhancing
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follicular development and ovulation. Additionally,
increased glucose availability may improve the uterine
environment, promoting better sperm survival and embryo
implantation. This highlights the critical role of metabolic
status in maximizing reproductive performance and Al
outcomes in dairy cows.

Serum total protein (g/dl)

Table 1 represents the serum total protein levels in animals
under study. Serum total protein value ranged from 4.36 to
7.95 g/dl and with an overall mean value of 6.38+0.45g/dl.
Our results are in accordance with Chinnasamy et al. (2024)
4 who observed an overall serum total protein value as
6.62+0.44 g/dl in Jersey crossbred cows. In contrast to this,
Kadhim and Ali (2019) '3, reported higher (8.23+0.42 g/dl)
mean serum total protein value with a range of 5.7 to 8.1
g/dl in lactating dairy cows. The mean values of serum total
protein were (6.5740.11, 6.69+0.10and 6.76+0.11) in
pregnant heifers and (6.1240.20, 6.11£0.19 and 6.12%+0.19)
in non-pregnant heifers on days 0, 10 and 20 of onset of
estrus, respectively. A non-significant (p>0.05) difference
was observed in the mean total serum protein value on day 0
between pregnant and non-pregnant heifers, whereas this
value increased significantly (p<0.05) in pregnant heifers on
days 10 and 20 compared to non-pregnant heifers. Our
results are similar to the findings of (Chinnasamy et al.,
2024) ¥ who observed significantly (p<0.01) higher
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(7.46+0.56 g/dl) total serum protein concentration in
pregnant Jersey crossbred cows. Similarly (Pandey et al.,
2016) 27! reported a significant (p<0.05) increase in the total
protein concentrations in pregnant (6.74+0.27, 6.31+0.14
and 6.24+0.20) crossbred cows compared to non-pregnant
(6.30£0.14, 6.26£0.15 and 6.03+0.21) on days 0, 10 and 20
of onset of estrus, respectively. (Kadhim and Ali, 2019) [13]
further reported significantly higher (p<0.05) total serum
protein in pregnant dairy cows (8.54+0.17 g/dl) compared to
non-pregnant ones (7.92+0.68 g/dl). However, contrary to
our results, Chandrahar et al. (2003) ! and Das and Bisnoi
(2005) B! found no significant difference in the plasma total
protein levels between pregnant and non-pregnant cOws.
Total protein levels are commonly assessed to determine an
animal's nutritional status, considering both its dietary intake
and metabolic processes (Chinnasamy et al., 2024) 4. In our
study, elevated serum total protein levels in pregnant
animals may be linked to their metabolic demands. A low
concentration of plasma total protein can lead to a
deficiency of specific amino acids essential for the
biosynthesis of gonadotropins and gonadal hormones
(Vohra et al., 1995; Joe Arosh et al., 1998) 4> 1 potentially
resulting in reproductive hormonal imbalances that cause
ovarian inactivity (Roberts, 1971) 31, Studies indicate that
cows with elevated serum protein levels tend to have higher
conception rates, possibly due to enhanced ovarian activity
and more favorable uterine environment.

Table 1: Size of dominant follicle and corpus luteum & values of serum estrogen, progesterone, glucose and total protein (Mean+SE) in
pregnant and non-pregnant Sahiwal heifers (n = 40)

Size of Dominant follicle (mm)

Size of dominant follicle in mm at about 6 hours of onset of estrus

Type of animal Number of animals

Minimum Maximum Mean
Pregnant 19 7.75 11.42 9.560.194
Non pregnant 21 7.26 10.43 9.40+0.178
Total 40 7.26 11.42 9.48+0.124
Size of corpus luteum (mm)
. . Size of corpus luteum
Type of animal Number of animals Minimum Maximum Mean
Pregnant 19 8.50 15.10 11.5840.294
Non pregnant 21 6.45 15.25 9.31+0.33%
Total 40 6.45 15.25 10.3840.45€
Mean serum estrogen (pg/ml)
. . Mean serum estrogen
Type of animal Number of animals Day 0 Day 10 Day 20
Pregnant 19 15.3040.8142 8.69+0.16%% 7.1140.43¢
Non pregnant 21 12.654+0.5980 7.5240.338b 11.9140.55%
Total 40 13.91+0.53A8B» 8.08+0.214B® 8.7140.715°
Mean serum progestrone (ng/ml)
Type of animal Number of animals Day 0 Mean serurgap;,rtl)gg)esterone Day 20
Pregnant 19 0.38+0.074% 4.5140.274° 5.22+0.354°
Non pregnant 21 0.39+0.014¢ 3.62+0.308° 1.7540.35%
Total 40 0.3840.0142 4.0440.214B 3.4040.378°
Mean serum glucose (mg/dl)
Type of animal Number of animals Day 0 Mean se{)l:; lg(:ucose Day 20
Pregnant 19 52.33+0.984¢ 53.52+1.014¢ 52.83+0.884
Non pregnant 21 44.7940.81¢ 43.3340.32¢ 41.87+0.56%
Total 40 48.3740.865° 48.1740.958° 47.074£1.01%°
Mean serum total protein (g/dl)
Type of animal Number of animals Day 0 Mean serugat;)tlz:)l protein Day 20
Pregnant 19 6.5740.114¢ 6.6910.10A¢ 6.761+0.1142
Non pregnant 21 6.1240.204% 6.1110.198° 6.1240.198°
Total 40 6.33+0.124¢ 6.3840.1248® 6.4310.1248®

Mean values with at least one common superscript within column (A, B, C) and within row (a, b, ¢) do not differ significantly (p> 0.05)
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Conclusion

On the basis of the results obtained in the present study on a
smaller number of Sahiwal animals it could be concluded
that higher values of serum estrogen, progesterone, glucose
and total protein were observed in pregnant heifers
compared to non pregnant one. These differences highlight
the physiological adaptations that support pregnancy
establishment and maintenance. Monitoring  these
parameters might be useful in assessing reproductive status
and optimizing fertility management in dairy cow.
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