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Understanding the postpartum uterine involution pattern and embryonic development
could facilitate bovine reproduction management, improve reproductive efficiency, and
diagnosis of the reproductive disorder, which would contribute to the success of the dairy
business. This study aimed to investigate postpartum uterine involution and embryonic
developmental patterns or postconceptional marks of embryonic fetal development in
Chinese Holstein dairy cows using B-mode ultrasonography. The results revealed a
significant decline in the involution period with an increase of parity and age. The uterine
involution period was shorter in multiparous cows when compared with cows with lower
parities. Consistently, cows over 4 years old recovered faster than younger cows (2 or
3 years). Besides, the elder cows (over 4 years) had a relatively larger size of resumed
cervix uteri and horns. Postpartum uterine involution pattern analysis revealed that the
reproductive tract recovered very fast during the first 16 days postpartum for all the parity.
Results of postconceptional marks of embryo development revealed a slow increase
in diameter of the gravid uterine horn and crown-rump length (CRL) before day 60. In
contrast, this increase was dramatic and rapid after the 60th day. We also established
two models to estimate gestational age based on gravid uterine horn diameter or
CRL. A formula was established to determine the gravid uterine horn size during
postconceptional on day 30th—-day 90th (r = 0.8714, P < 0.01). In addition, a significant
positive correlation between CRL and gestational age (= 0.98151, P < 0.01) was built.
In conclusion, these results illustrated that parity and calving age had significant effects
on uterine involution in Chinese Holstein cows. Crown-rump length and gravid uterine
horn diameter are both efficient for evaluating the embryo growth. These current findings
broaden the understanding of basic reproductive pattern in Chinese Holstein cows
and could benefit bovine reproductive management primarily in postpartum and early
pregnant cows to reduce the calving interval and avoid periparturient metabolic diseases.
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INTRODUCTION

The reproductive performance of dairy cows determines the
profitability and success of the dairy business with the ideal goal
of achieving one calf per cow per year (1). Postpartum uterine
involution is very critical to the recurrence of the reproductive
cycle and next pregnancy (2, 3). Whether uterine involution
has been successful or abnormal is a precondition for artificial
insemination in bovine breeding (4). Uterine involution is a
physiological process by which the uterus turns to its pre-
pregnancy dimensions with endometrial regeneration, reduced
uterine blood flow and endometrial vascularity, and reduced
muscle mass (5, 6). Several physiological factors affect the uterine
involution in dairy cows such as breeds, nutritional conditions,
body condition score (BCS) at calving, and postpartum diseases
(7-10). There are, however, contradictory reports of the parity-
uterine involution relationship. Parity effects on restoring
ovarian function suggest that primitive cows take longer than
multiparous cows (11). In contrast, Miettinen (12) reported that
the parity of Finnish dairy cows has no significant effect on
the duration for complete uterine or cervical involution. The
interval from calving to the first ovulation becomes progressively
longer as the number of parity increased in Friesian cows (13).
Therefore, further investigations of uterus, cervix, and horn are
necessary to confirm whether parity and calving age influence
uterine involution.

Reproductive performance in dairy cows continues to decline
as characterized by low fertilization rates and reduced embryonic
survival (14). Pregnancy loss during early embryo and fetal
development is one of the leading causes of reproductive failure
(15, 16). Pregnancy loss in cattle mainly occurs in the first
40 days of gestation, and fetal loss after 42 days of gestation
is less than 10% (17). Therefore, the detection of pregnancy
is of great economic importance for the cattle industry (18).
Ultrasound has been widely used for cattle reproduction and
has provided the practitioners with a way to gather more
information than via rectal palpation (19-21). Ultrasonography
is also a useful tool for the early pregnancy diagnoses and embryo
development study. The Crown-rump length (CRL) initially used
to estimate gestational age prediction (22), is an indicator of good
reproductive management of dairy cows, including predicting
parturition date, designing a better mating plan, and collection
of reproductive data of new cattle to increase the benefit-cost
ratio (18, 23, 24). CRLs equations have proved to estimate fetal
age accurately (18, 25, 26). However, the relationship between
the postconceptional increase in uterine horn diameter and
early fetal development is still not clear. Therefore, further
investigations of uterus horn and early embryo development
after gestation are necessary to analyze the reasons for low
embryonic survival rates and making appropriate reproductive
management plans.

Since 1992, Chinese Holstein (Chinese Black and White
cows produced by mating the Holstein to native Chinese) are
recognized by Chinas Ministry of Agriculture (27). Chinese
Holstein is the major dairy cattle breed in China, providing
nearly 90% of Chinese milk production (27), with an annual
milk potential of 4,500-10,000 kg milk with 3.5% fat (27). While

many studies have been conducted worldwide on reproductive
performance and longevity in dairy cows, to date few have
focused on Chinese cows, particularly from southern China.

This study investigated the effects of parity and age on the
involution period by monitoring the resumption pattern of the
reproductive tract to standard non-pregnant size in postpartum
Holstein dairy cows. Furthermore, we established two models
to evaluate the gestation age and postconceptional marks
of embryonic development from day 30th—90th in Holstein
dairy cows.

MATERIALS AND METHODS

Animals and Management

All  experimental techniques were performed following
the guidelines of the Committee of Animal Research
Institute, Huazhong Agricultural University, China. The
Ethical Committee of the Hubei Research Center of
Experimental Animals approved this study [Approval ID:
SCXK (Hubei) 20080005].

In the present study, Holstein dairy cows (n = 109) with
body condition score (BCS) of 3.0-3.5 were divided into 3
groups named: primiparous (n = 28), biparous (n = 20), and
multiparous (n = 61, 3rd (n = 24), 4th (n = 17), and 5th—9th
parity (n = 20). BCS of a dairy cow is a visual assessment of
the proportion of body fat and muscles covering the bones of
a cow, recognized by animal scientists and producers as being
an important factor in dairy cow’s managements. Missing data
related to milk yield and negative energy balance is the only
limitation that was handled by enrolling the cows of BCS (3.0-
3.5). All the experimental animals were free from clinical uterine
infection, periparturient diseases, calving difficulty, and other
general reproductive problems. The experimental animals were
raised on a local dairy farm in the south of China. The cows
received an adequate amount of total mixed ration per day to
meet the energy needs for milk yield and maintain BCS. The
location of the farm was between 30" 44’ N and 114 23’ E, at
an average altitude of 50 meters above sea level. The average
annual rainfall in the experimental area was 1,290 mm, with an
average temperature of about 17.2°C, with minimums of —5°C
and maximums of 36°C.

Ultrasonographic Observation

The rectal ultrasonography of the uterus was undertaken with a
B-mode veterinary ultrasound scanner (LV2-2/6.5 MHZ, linear
array transducer, Shenzhen, China). Photographs of the uterus
were transferred to a computer workstation for analysis to assess
the extent of uterine involution at different postpartum days
according to the method established in our laboratory (2, 28, 29).
Before the examination, the dung was gently removed from the
rectum, and the probe was inserted and placed on the uterus.
The same operator performed all ultrasound examinations to
avoid system error. Long-sectional images were obtained by
placing the probe in a longitudinal direction. Then, the images
were frozen and inspected to be measured (Figure 1) described
previously (30).
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FIGURE 1 | Anatomical model of the bovine uterus. Black lines mark the
locations where the B-mode images of the uterus were taken. One
long-sectional image of each uterine horn and one long-sectional image of the
cranial end of the cervix were taken using a B-mode veterinary ultrasound
scanner in our study. The figure is cited from Schmauder et al. (30).

Different measurements of reproductive tract and
ultrasonography were started on the 7th day after calving
and continued every 3rd day till the completion of uterine
involution. The uterine horns were considered symmetrical
when their diameters were within 1cm of one another, and no
further changes in diameter could be differentiated during two
successive examinations (31).

In addition, the abdominal ultrasound scans (LV2-2/5.0 MHz,
transducer, Shenzhen, China) were used to measure Crown-
rump length (CRL) (the distance from the top of the head to
the end of the tail of the fetus) proposed by Robinson (22).
For the postconceptional change in diameter of uterine horns
and CRL ultrasonography, observations were taken from day
30th to day 90th post insemination with an interval of 30 days.
Ultrasound scans revealed the reproductive tract structures in
transverse and longitudinal sections to evaluate the echogenicity
and echotexture of these tissues. Finally, regression curves were
analyzed to show the postpartum involution pattern of the
reproductive tract in Holstein cows (Figures 2, 3).

Statistical Analysis

Experimental data were presented as mean £+ S.EM. The one-
way analysis of variance (ANOVA) was used to determine
the statistically significant difference among the experimental
groups by the SAS program (version 9.2, SAS Institute Inc.,
Gary, NC, USA) using post-hoc Tukey’s multiple comparisons
tests (P < 0.05). A probability of P < 0.05 was considered
statistically significant.

For regression analysis, fetal parameters (CRL) and gravid
uterine horn diameter were considered as dependent variables
and gestational age as independent variables. The equation of
the linear regression is Y = a + bX, where X is the explanatory
variable and Y is the dependent variable. The equation selection
is based on the highest correlation coefficient (R?).
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FIGURE 2 | Cervix Uteri involution pattern of Holstein cows. Cervix Uteri
diameters gradually declined in different parities of cows after calving.
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FIGURE 3 | Gravid uterine horn involution of primiparous, biparous, and
multiparous Holstein cows. Gravid uterine horn diameters of biparous and
multiparous cows decreased faster than those of primiparous cows.

RESULTS

Average Involution Period of Different

Parities in Holstein Cows

For the postpartum uterine involution pattern, a total of 109
Holstein dairy cows were divided into three groups based on
parity. No significant difference was found in restoring the cervix
uteri and non-gravid uterine horn to normal regular size after
calving in biparous, primiparous, and multiparous cows. The
gravid uterine horn involution period (days) of multiparous
cows was 27.1 days, which was significantly shorter than that
of biparous group (P < 0.05) (Table 1). Overall, the uterine
involution of Chinese Holstein dairy cows was completed on the
day 30th postpartum.

Average Involution Period in Holstein Cows
of Different Ages

The effect of age on average involution period was identified
(Table 2). The results showed that the cervical involution period
was significantly longer in 2-year cows than that of older Cows.
The involution period for the gravid uterine horn was gradually
decreased with the increasing age. The non-gravid uterine horn’s
involution period for 4 and 5-year cows was significantly shorter
than that of 2-3 year cows (P < 0.05). These results indicated that
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TABLE 1 | Average involution period (Mean £ SEM) of the cervix, and gravid
horns in different parities of Holstein cows.

TABLE 4 | Average involution diameter (Mean + SEM) of uterine cervix and horns
in a different age of Holstein cows.

Parity No. of cows Cervix uteri Gravid Non-gravid Age No. of cows Cervix uteri Gravid Non-gravid
(Days) uterine horn uterine (mm) uterine horn uterine (mm)
(Days) (Days) (mm)
Primiparous 28 30.8+ 0.4 29.5 4+ 0.4% 28.9+04 19 31.3+0.3° 30.7 £ 0.3 20.34+0.3°
Biparous 20 30.3+0.3 30.0 £ 0.62 29.5+0.2 26 31.3+0.2° 30.2+0.4 29.8 + 0.4
Multiparous 61 29.1+0.3 27.1+0.4° 26.2 +£0.4 14 34.1 +0.22 31.56+04 31.0+ 0.3
>5 50 34.1+0.22 31.4+0.2 31.1+£0.22

Different lowercase superscripts within a column differ significantly (P < 0.05).

TABLE 2 | Average involution period (Mean 4 SEM) of cervix uteri and horns in a
different age of Holstein cows.

Age/years  No. of cows Cervix uteri Gravid Non-gravid
(Days) uterine horn uterine
(Days) (Days)

2 19 31.1+04° 29.4 4+ 0.4% 28.9 4+ 0.42

26 30.5 + 0.4 29.8 +0.42 29.0 +0.42

14 29.0 + 0.4° 26.8 + 0.4° 26.2 +0.8°

>5 50 29.2 +£0.3° 27.2 £ 0.5 26.3 + 0.4°

Different lowercase superscripts within a column differ significantly (P < 0.05).

TABLE 3 | Average resumed diameters (Mean 4 SEM) of Cervix uteri and horns in
different parities of Holstein cows.

Parity No. of cows Cervix uteri Gravid Non-gravid
(mm) uterine horn  uterine (mm)
(mm)
Primiparous 28 31.240.3° 30.4 +£0.4 29.4 +0.4°
Biparous 20 33.3+ 0.3 31.0+03 31.0+0.3?
Multiparous 61 341 +£0.22 31.5+0.2 31.0 £0.29

Different lowercase superscripts within a column differ significantly, Cervix Uteri, P < 0.01;
No-gravid uterine (P < 0.05).

the uterine involution period was decreased with the increase of
age in postpartum Holstein cows.

Postpartum Reproductive Tract Parameter

of Holstein Cows

The influences of parity on the recovered reproductive size
were identified (Table3). The results showed that multiple
calving significantly increased the cervix and non-gravid uterine
diameters (P < 0.01; P < 0.05), respectively. Primiparous
cows represent a relatively smaller size of the cervix uteri and
non-gravid uterine horn than biparous and multiparous cows.
Although there was no significant difference in gravid uterine
horn between different parities (P > 0.05), average gravid uterine
horn diameter in primiparous cows was about 0.6-1.1 mm
thinner than those in biparous and multiparous cows.

Although cows over 4 years recovered faster than 2-3 year
cows (Table 2), it was observed that cows over 4 years had
relatively larger cervix uteri (P < 0.01) and non-gravid uterine
horns diameters (P < 0.01) (Table 4). However, the resumed
gravid uterine horn diameter was similar despite the different age

Different lowercase superscripts within a column differ significantly (P < 0.01).

groups. These observations were consistent with the parity effects
on the resumption of reproductive tract diameters.

Postpartum Uterine Involution Pattern of
the Reproductive Tract in Holstein Cows

Finally, regression curves were analyzed to show the reproductive
tract's postpartum involution pattern in Holstein cows
(Figures 2, 3). The regression model for the correlation
between the cervix’s decreased diameter and postpartum
days demonstrated that the highest correlation coefficient
was the quartic curve. The R? for primiparous, biparous, and
multiparous were 0.9929, 0.9733, and 0.9891, respectively.
During the involution, the cervixs diameters decreased
dramatically in the first 3 weeks (Day 7-21) and then declined
smoothly after 3 weeks (Figure 2).

In addition, the regression model for correlation between
the decrease in the diameter of the gravid uterine horn and
postpartum days showed that the highest correlation coefficient
was quartic curve (R’*primiparous = 0.9997; R’biparous =
0.9995; R’multiparous = 0.9921) (Figure 3). The decrease in
gravid horn diameters for biparous and multiparous cows was
faster than for primiparous cows during the period of involution.
The results showed a rapid decline in the gravid uterine horn
diameter for the biparous and multiparous cows till day 16th
of postpartum. However, this decline slowed down after day 16.
For the primiparous cows, a decrease in the gravid uterine horn
diameter reduced gradually through Holstein’s involution period
(Figure 3).

Postconceptional Uterine Horn Developing
Pattern From Day 30th to Day 90th

In the tested population, the embryonic death between 30 and
60 was 25.0%, while it was 27.3% between 60 and 90 days. The
findings showed that the diameters of gravid and non-gravid
uterine horns between primiparous, biparous, and multiparous
cows did not vary significantly. The gravid uterine horn diameter
grew slowly before 60 days, after which its diameter was
dramatically increased (Figure 4). Interestingly, the diameter of
the non-gravid horn was also increasing smoothly during days
30-90. The postconceptional difference between gravid and non-
gravid uterine horn diameter was 32 &= 4.2 mm on day 60th and
118 + 6.6 mm on day 90th. After using regression analysis, the
formula used to determine the diameters of the gravid uterine
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FIGURE 4 | Changes in uterine horn diameters (non-gravid horn and gravid horns) in the gestation of Holstein cows. The pink square indicated a non-gravid horn
diameter curve. The blue diamond indicated the gravid uterine horn. The green line showed the uterine horn diameter difference between gravid and non-gravid horns.
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FIGURE 5 | Crown-rump length of the embryo growth curve. The crown-rump
size dramatically increased after the 60th day.

horn in Holstein cows postconceptional on day 30th-day 90th
was as follows: Gravid uterine horn diameter (mm) = —35.7564
+ 2.0700 x gestational age (d) (r = 0.8714, P < 0.01).

Postconceptional Embryonic Crown-Rump
Length Growing Pattern During Day 30th to

Day 90th

In this study, the crown-rump length (CRL) of the embryo
dramatically increased after the 60th day (Figure 5). There was
a significant positive correlation between CRL and gestational
age (r = 0.98151, P < 0.01). After using regression analysis, it
was shown that the formula of the CRL of embryo/fetus from 30
to 90 days was as follows: CRL (mm) = 67.19659 + 2.29815 x
gestational age (d) (r = 0.9664, P < 0.01).

DISCUSSION

Uterine Involution

Uterine involution period is a secondary indicator of postpartum
reproductive performance. It is influenced by the negative
energy balance, abnormal calving (dystocia, REM) (32, 33).
Diagnosing postpartum uterine involution is considered helpful

in reducing the calving interval (4). Hence, rapid involution
of the uterus could increase the overall milk yield. There are
few reports of uterine involution in Chinese Holstein cows,
with inconsistent effects of parity and age on uterine involution.
Normally, the breed of cow influences the period of uterine
involution. However, parity and age effect on uterine involution
still vary within the breeds, which may be due to experimental
conditions and other factors. Nutrition plays a pivotal role in
determining postpartum uterine health, and poor nutritional
management may lead to metabolic disorders, which delay the
uterine involution (8). In addition, the uterine involution took
place earlier (P < 0.05) in cows with BCS > 3.5 than those with
BCS < 3.5 at birth (22). Herein, we diminished the influence of
parity and age by enrolling cows with uniform BCS (3.0-3.5) and
under similar nutritional management.

Rapid uterine involution in the postpartum period of dairy
cows is essential to achieve early conception. Scully et al. (34),
reported that it took about 49 days to complete the uterine
involution of Holstein-Friesian cows in primiparous cows (34).
The findings of this study, however, showed that the uterine
involution was completed 29-34 days after calving, similar to 25—
35 d of the involution period as reported by Hussain et al. (35).
Estrus reproductive management, such as synchronization about
35 days after calving, is therefore physiologically reasonable if
supplemented with an optimal nutrition plan and could shorten
the calving interval of Chinese Holstein dairy cows.

Balarezo et al. reported that the time required for uterine
involution in primiparous Holstein cows was significantly shorter
than multiparous cows in Ecuador at a maximum temperature of
15°C (9). Our result showed that the intervals from calving to the
gravid uterine horn involution in multiparous cows were shorter
than those in primiparous and biparous cows in southern China
with a maximum temperature of 30°C. Zhang et al. (2) findings
on the uterine involution pattern of Chinese Holstein cows in
northern China also support our results. These conflicts may
represent the differences in climate and management systems
among different studies. On the other hand, the interval from
calving to the involution of the cervix uteri and the non-gravid
uterine horn has no correlation between parities, consistent
with the previous conclusion (2). Nevertheless, there was a
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considerable difference in the involution period of the cervix uteri
and non-gravid horn at different age groups, which could be due
to the difference of age at first mating.

Zain et al. (36) reported that the uterine involution was
affected by body condition, parity, and calving season; however,
calving age does not affect uterus involution. However, our
research showed that the uterine involution period decreased
with increasing age (Table 2). This outcome is somehow in line
with many other studies; Fonseca et al. (37) reported that calving
age significantly affects the uterine involution rate in Holstein
and Jersey Cows. It takes an average of 33d to involute Brahman
cows’ uterus suggesting that similar to dairy cows calving month
and age affect the involution period within beef cows (38). In the
current study, the reproductive tract involution period decreased
with the increase of age. While Buck et al. (39) found that the
calving percentage increased from 69% of a 2.5-year beef cow to a
maximum of 82% of 6-7 year beef cow and then began to decline.
The difference in uterine involution caused by age may be due
to malnutrition, lactation, and growth pressures in young cows,
which may prolong the involution period, but not in elder cows.
These results suggested that age is a critical factor that would
impact the reproductive management outcome in postpartum
Holstein cows.

Uterine involution, as measured by changes in each uterine
horn’s diameter, occurs on a decreasing logarithmic scale, which
can be accurately monitored by trans rectal ultrasonography (40).
The primiparous cows had the smallest diameter measurements
for the non-gravid horn (P < 0.05) and the cervix uteri (P
< 0.01). The results showed a rapid decline in the gravid
uterine horn diameter until day 16th of postpartum for the
biparous and multiparous cows. Interestingly, no significant
difference was found between parity and gravid uterine horn
diameter. Moreover, there was a stable positive correlation
coefficient between the involution diameter of the cervix uteri
and the gravid uterine horn with postnatal days in the quartic
curve. However, Canadas et al. (41) argued that primiparous

(n = 19) cows had smaller mean diameter measurements
for the gravid uterine horn (P < 0.001) compared with
multiparous (n = 13) cows among 34 Holstein cows when

treated with eCG. Whereas, our study included primiparous
(n = 28) and multiparous (n = 61) Holstein cows and
had no eCG treatment. The large sample size excluding eCG
treatment could be the reason for the difference in results of
two studies.

In determining the interaction of age and parity on uterine
involution, small sample size following stratification with parity
and age was the limitation. Further studies are warranted with a
large sample size to uncover the combined effect of age and parity
on uterine involution.

Embryo Development Pattern

With better management and nutrition, the milk yield of dairy
cows increases steadily. However, the reproductive disorder is
still one of the main problems of high yielding dairy cows (42).
Besides, artificially inseminated cows have a more embryonic
loss, and heat stress also negatively affects early embryonic

development (43). By employing an ultrasonic scanner, it is
easy to monitor the different stages of embryonic growth and
development, especially in the early stages of pregnancy, by
acquiring valuable information from inside the uterus (44).
However, studies on Chinese Holstein cows have rarely been
reported. For pregnancy detection in cows, the embryonic
vesicle’s sonographic images are unreliable before 20 days post-
AT (44). Hence, it's reccommended to start the test around 30 days
post-AT (44, 45).

Using B-ultrasound, cow’s early embryonic development can
be observed with some distinct physiological characteristics
of early embryos. According to Ali and Fahmy (46), embryo
and amniotic vesicles can be observed around the fourth
and fifth week of pregnancy, respectively. In addition, the
organization is visible in the 7th week, while ossification is
observable between the eighth and 10th week (46). Besides,
Kolour et al. (44) reported that allantois, proper embryo,
and heartbeat in primiparous cows are observed earlier than
in multiparous cows. In the current study, uterine horn
diameter clearly showed that gravid uterine horn diameters
increased slowly before 60 days and increased dramatically
after 60 days. Meanwhile, the diameter difference between the
gravid and non-gravid uterine horn increased rapidly from
60 to 90 days. These are understandable because the organs’
differentiation happened at an early stage (before 60 days), which
could benefit the fetal ossification and development after the
eighth week.

Gestational age is one of the most important pregnancy
features and helps to estimate parturition time (47). The
regression curve for Crown-rump length (CRL) may serve as
an approximate standard for the normality of Holstein-Friesian
fetal growth (48). It appears to be an accurate estimator of
gestational age. Somnuk et al. (18) have revealed that the selected
equation of CRL was: CRL (mm) = 22.679 + 12.005 gestational
age (d)-1.042 gestational age (d)?, and the relationship between
gestational age and CRL showed a strong positive correlation
coefficient (R? = 0.950) in quadratic regression. In addition,
several studies have reported a strong correlation between other
fetal parameters and gestational age. For example, the highest
correlation was found with CRL and amniotic vesicle diameter
at the early- gestation, the biparietal diameter at the mid-
gestation, and the eyeball diameter at the mid-and late-gestation
(46). Moreover, in a previous ultrasonic study on zebu fetuses,
gestational age was highly correlated with age, weight, and length
of the head, the head’s circumference, front edge length of the
side tail, nose-rump length, and tarsal-metatarsal length (49).
However, the relationship between uterine horn diameter and
gestational age is still in infancy. The current study results showed
that the CRL of the embryo showed dramatic growth after
day 60th, which is similar to the gravid uterine horn diameter
pattern. Furthermore, we established two equations between
gravid uterine horn diameters (r = 0.8714, P < 0.01), CRL (r =
0.9664, P < 0.01) and gestational age. This information could
be useful for the implementation of ultrasonography in rural
environments where there is no information regarding the dates
of calving, estrus, or natural mating.

Frontiers in Veterinary Science | www.frontiersin.org

January 2021 | Volume 7 | Article 604729


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Lin et al.

Uterine Involution and Embryonic Development

CONCLUSIONS

The present study demonstrated that parity and age had
significant effects on uterine involution in Chinese Holstein cows.
About 30 days after calving, the Holstein cows completed the
involution of the uterus. Therefore, inducing estrus around 30
days after calving under proper management can shorten the
calving interval. Besides, our study established the model to
estimate gestational age by uterine horn diameter and CRL with
a strong positive correlation coefficient. Using both methods can
reduce errors. It is essential to study the pattern of embryonic
development, which is significant in predicting parturition date
and making nutrition management of dairy cows.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by The Ethical
Committee of the Hubei Research Center of Experimental

REFERENCES

1. Rekwot P, Ogwu D, Oyedipe E. Influence of bull biostimulation,
season and parity on resumption of ovarian activity of zebu (Bos
indicus) cattle following parturition. Animal Reproduct Sci. (2000)
63:1-11. doi: 10.1016/S0378-4320(00)00163-9

2. Zhang ], Deng LX, Zhang HL, Hua GH, Han L, Zhu Y, et al. Effects
of parity on uterine involution and resumption of ovarian activities in
postpartum Chinese Holstein dairy cows. J Dairy Sci. (2010) 93:1979-
86. doi: 10.3168/jds.2009-2626

3. Sharma A, Singh M, Sharma A, Kumar P. Effect of BCS and parity on uterine
involution, ovarian rebound and various fertility parameters in postpartum
dairy cows. Indian ] Animal Sci. (2018) 88:526-9. Available online at: https://
www.researchgate.net/profile/ Akshay_Sharma47/publication/325314198

4. Okano A, Tomizuka, T. Postpartum uterine involution in the cow. Japan Agri
Res Quart. (1996) 30:113-21.

5. Sendag S, Alan M, Eski F, Uslu S, Uslu BA, Wehrend A. Postpartum uterus
involution observed by real-time ultrasound scanning and vaginal cytology
in Van cats. J Feline Med Surg. (2016) 18:954-8. doi: 10.1177/1098612X155
98546

6. Rizzo A, Gazza C, Silvestre A, Maresca L, Sciorsci R. Scopolamine
for uterine involution of dairy cows. Theriogenology. (2018) 122:35-
40. doi: 10.1016/j.theriogenology.2018.08.025

7. Norman H, Wright J, Hubbard S, Miller R, Hutchison J. Reproductive status
of Holstein and Jersey cows in the United States. J Dairy Sci. (2009) 92:3517-
28. doi: 10.3168/jds.2008-1768

8. Roche JF. The effect of nutritional
cow on reproductive efficiency. Animal
96:282-96. doi: 10.1016/j.anireprosci.2006.08.007

9. Balarezo L, Garcia-Diaz ], Hernandez-Barreto M, Vargas-Herndndez S.
Uterine Involution in Hosltein cows in the province of Carchi, Ecuador.
Revista MVZ Cérdoba. (2018) 23:6649-59. doi: 10.21897/rmvz.1339

10. Genis S, Aris A, Kaur M, Cerri RL. Effect of metritis on endometrium tissue
transcriptome during puerperium in Holstein lactating cows. Theriogenology.
(2018) 122:116-23. doi: 10.1016/j.theriogenology.2018.09.004

11. Tanaka T, Arai M, Ohtani S, Uemura S, Kuroiwa T, Kim S, et al.
Influence of parity on follicular dynamics and resumption of ovarian

management of the
Reproduct  Sci.

dairy
(2006)

Animals [Approval ID: SCXK (Hubei) 20080005]. Written
informed consent for participation was not obtained from the
owners because No Written consent was required as this was a
retrospective epidemiological study.

AUTHOR CONTRIBUTIONS

YL and HY: conceptualization. YL, HY, AA, SZ, LY,
and GH: methodology. HY: software. YL, HY, and
YY: investigation. YY, WY, YY, and AA: data curation.
YL, MA, and GH: writing-original draft preparation. GH
and HR: writing-review and editing. GH: supervision and
funding acquisition. LY and GH: project administration. All
authors have read and agreed to the published version of
the manuscript.

FUNDING

This research was financially supported by Natural Science
Foundation of China (No. 31872352), the Fundamental Research
Funds for the Central Universities (Nos. 2662018PY091
and 2662018PY037), and China Agriculture Research
System (CARS-36).

cycle in postpartum dairy cows. Animal Reproduct Sci. (2008) 108:134-
43. doi: 10.1016/j.anireprosci.2007.07.013

12. Miettinen PV. Uterine involution in Finnish dairy cows. Acta Veterinaria
Scand. (1990) 31:181-5.

13. Darwash A, Lamming G, Woolliams J. Estimation of genetic variation in
the interval from calving to postpartum ovulation of dairy cows. J Dairy Sci.
(1997) 80:1227-34. doi: 10.3168/jds.S0022-0302(97)76051-X

14. Moore K, Thatcher W. Major advances associated with reproduction in dairy
cattle. ] Dairy Sci. (2006) 89:1254-66. doi: 10.3168/jds.50022-0302(06)72194-4

15. Fricke PM, Ricci A, Giordano JO, Carvalho PD. Methods for and
implementation of pregnancy diagnosis in dairy cows. Vet Clin Food Animal
Pract. (2016) 32:165-80. doi: 10.1016/j.cvfa.2015.09.006

16. De Vries A. Economic value of pregnancy in dairy cattle. ] Dairy Sci. (2006)
89:3876-85. doi: 10.3168/jds.S0022-0302(06)72430-4

17. Vasconcelos ], Silcox R, Lacerda J, Pursley J, Wiltbank M. Pregnancy rate,
pregnancy loss, and response to head stress after Al at 2 different times from
ovulation in dairy cows. Biol Reproduct. (1997) 56:230.

18. Somnuk K, Wannapakorn P, Raksapol W, Kornmatitsuk B, Kornmatitsuk
S. Establishment of fetal age equations based on ultrasound measurements
in cross-bred Holstein cows. Asian Pacific ] Reproduct. (2017) 6:186.
doi: 10.12980/apjr.6.20170408

19. Quintela LA, Barrio M, Penia Al, Becerra JJ, Cainzos ], Herradon PG, et al.
Use of ultrasound in the reproductive management of dairy cattle. Reproduct
Domestic Animals. (2012) 47:34-44. doi: 10.1111/j.1439-0531.2012.02032.x

20. Racewicz P, Jaskowski JM. Contemporary methods of early pregnancy
diagnosis in cows. Medycyna Weterynaryjna. (2013)  69:655-61.
doi: 10.3109/13693786.2013.824623

21. Ginther OJ. How ultrasound technologies have expanded and revolutionized
research in reproduction in large animals. Theriogenology. (2014) 81:112-
25. doi: 10.1016/j.theriogenology.2013.09.007

22. Robinson HP. Sonar measurement of fetal crown-rump length as means of
assessing maturity in first trimester of pregnancy. Br Med J. (1973) 4:28-
31. doi: 10.1136/bm;.4.5883.28

23. Nation DP, Malmo J, Davis GM, Macmillan KL. Accuracy of
bovine  pregnancy detection using transrectal  ultrasonography
at 28 to 35 days after insemination. Austr Vet J. (2003)

81:63-5. doi: 10.1111/§.1751-0813.2003.tb11435.x

Frontiers in Veterinary Science | www.frontiersin.org

January 2021 | Volume 7 | Article 604729


https://doi.org/10.1016/S0378-4320(00)00163-9
https://doi.org/10.3168/jds.2009-2626
https://www.researchgate.net/profile/Akshay_Sharma47/publication/325314198
https://www.researchgate.net/profile/Akshay_Sharma47/publication/325314198
https://doi.org/10.1177/1098612X15598546
https://doi.org/10.1016/j.theriogenology.2018.08.025
https://doi.org/10.3168/jds.2008-1768
https://doi.org/10.1016/j.anireprosci.2006.08.007
https://doi.org/10.21897/rmvz.1339
https://doi.org/10.1016/j.theriogenology.2018.09.004
https://doi.org/10.1016/j.anireprosci.2007.07.013
https://doi.org/10.3168/jds.S0022-0302(97)76051-X
https://doi.org/10.3168/jds.S0022-0302(06)72194-4
https://doi.org/10.1016/j.cvfa.2015.09.006
https://doi.org/10.3168/jds.S0022-0302(06)72430-4
https://doi.org/10.12980/apjr.6.20170408
https://doi.org/10.1111/j.1439-0531.2012.02032.x
https://doi.org/10.3109/13693786.2013.824623
https://doi.org/10.1016/j.theriogenology.2013.09.007
https://doi.org/10.1136/bmj.4.5883.28
https://doi.org/10.1111/j.1751-0813.2003.tb11435.x
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Lin et al.

Uterine Involution and Embryonic Development

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Njaa BL. Kirkbride’s Diagnosis of Abortion and Neonatal Loss in Animals. Wiley
(2011). p. 221-4. doi: 10.1002/9781119949053

Fitzgerald A, Ryan D, Berry D. Factors associated with the differential
in actual gestational age and gestational age predicted from transrectal
ultrasonography in pregnant dairy cows. Theriogenology. (2015) 84:358-
64. doi: 10.1016/j.theriogenology.2015.03.023

Brownlie T, Morton ], McDougall S. Accuracy of fetal age estimates using
transrectal ultrasonography for predicting calving dates in dairy cows in
seasonally calving herds in New Zealand. New Zealand Vet ]. (2016) 64:324-
9. doi: 10.1080/00480169.2016.1207573

Gan HY, LI JB, Wang HM, Gao YD, Liu WH, Li JP, et al. Allele frequencies
of TYR and MCIR in Chinese native cattle. Animal Sci J. (2007) 78:484—
8. doi: 10.1111/§.1740-0929.2007.00466.x

Liu Q, Han L, Rehman ZU, Dan X, Liu X, Bhattarai D, et al. The efficacy of
an inhibin DNA vaccine delivered by attenuated Salmonella choleraesuis on
follicular development and ovulation responses in crossbred buffaloes. Anim
Reprod Sci. (2016) 172:76-82. doi: 10.1016/j.anireprosci.2016.07.004

Liu Q, Rehman ZU, Liu JJ, Han L, Liu XR, Yang LG. Nasal immunization
with inhibin DNA vaccine delivered by attenuated Salmonella choleraesuis for
improving ovarian responses and fertility in cross-bred buffaloes. Reproduct
Domestic Animals Zuchthygiene. (2017) 52:189-94. doi: 10.1111/rda.12876

Schmauder S, Weber F Kiossis E, Bollwein H. Cyclic changes
in endometrial echotexture of cows using a computer-assisted
program for the analysis of first-and second-order grey level

statistics of B-Mode ultrasound images. Animal Reproduct Sci. (2008)
106:153-61. doi: 10.1016/j.anireprosci.2007.12.022

Stephen CP, Johnson WH, Leblanc SJ, Foster RA, Chenier TS. The impact
of ecbolic therapy in the early postpartum period on uterine involution
and reproductive health in dairy cows. J Vet Med Sci. (2019) 81:491-
8. doi: 10.1292/jvms.18-0617

Lucy M. Fertility in high-producing dairy cows: reasons for decline and
corrective strategies for sustainable improvement. Soc Reproduct Fertility
Supplement. (2007) 64:237-54. doi: 10.5661/RDR-VI-237

Peter A, Vos P, Ambrose D. Postpartum anestrus in dairy cattle.
Theriogenology. (2009) 71:1333-42. doi: 10.1016/j.theriogenology.2008.11.012
Scully S, Maillo V, Duffy P, Kelly A, Crowe M, Rizos D, et al. The effect of
lactation on post-partum uterine involution in Holstein dairy cows. Reproduct
Domestic Anim. (2013) 48:888-92. doi: 10.1111/rda.12181

Hussain A, Daniel R. Bovine endometritis: current and future
alternative therapy. ] Veterinary Med Series A. (1991) 38:641-
51. doi: 10.1111/j.1439-0442.1991.tb01060.x

Zain AE-D, Nakao T, Raouf MA, Moriyoshi M, Kawata K, Moritsu
the resumption of ovarian activity
involution in postpartum dairy cows. Anmim Reproduct Sci.
38:203-14. doi: 10.1016/0378-4320(94)01359-T

Fonseca E Britt J, McDaniel B, Wilk J, Rakes A. Reproductive traits of
Holsteins and Jerseys. effects of age, milk yield, and clinical abnormalities
on involution of cervix and uterus, ovulation, estrous cycles, detection
of estrus, conception rate, and days openl. J Dairy Sci. (1983) 66:1128-
47. doi: 10.3168/jds.50022-0302(83)81910-9

and uterine
(1995)

Y. Factors in

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Bastidas P, Troconiz J, Verde O, Silva O. Effect of restricted suckling on
ovarian activity and uterine involution in Brahman cows. Theriogenology.
(1984) 21:525-32. doi: 10.1016/0093-691X(84)90437-0

Buck NG, Light D, Rutherford A, Miller M, Prachctt TW, Capper B,
et al. Environmental factors affecting beef cow reproductive performance
in Botswana. Anim Sci. (1976) 23:357-63. doi: 10.1017/S00033561000
31470

Okano A, Tomizuka T. Ultrasonic
uterine involution in the cow. Theriogenology.
76. doi: 10.1016/0093-691X(87)90225-1

Canadas ER, Lonergan P, Butler ST. Effect of equine chorionic gonadotropin
administration on day 8 post-partum on ovarian follicular development,
uterine health and uterine involution in lactating dairy cows. Theriogenology.
(2019) 123:54-61. doi: 10.1016/j.theriogenology.2018.09.022

Lucy M. Reproductive loss in high-producing dairy cattle: where will it end? J
Dairy Sci. (2001) 84:1277-93. doi: 10.3168/jds.S0022-0302(01)70158-0
Sartori R, Sartor-Bergfelt R, Mertens S, Guenther J, Parrish ], Wiltbank
M. Fertilization and early embryonic development in heifers and lactating
cows in summer and lactating and dry cows in winter. J Dairy Sci. (2002)
85:2803-12. doi: 10.3168/jds.S0022-0302(02)74367-1

Kolour AK, Batavani R, Ardabili FF. Preliminary observations on the effect of
parity on first day ultrasonic detection of embryo and its organs in bovine. |
Vet Med Series A. (2005) 52:74-7. doi: 10.1111/j.1439-0442.2005.00691.x
Stroud BK. Clinical applications of bovine reproductive ultrasonography.
Comp Cont Educ Prac Vet. (1994) 16:1085-97.

Ali A, Fahmy S. Ultrasonographic fetometry and determination of fetal
sex in buffaloes (Bubalus bubalis). Anim Reproduct Sci. (2008) 106:90-
9. doi: 10.1016/j.anireprosci.2007.04.010

Smith GC, Nakimuli A. Ultrasound estimation of gestational age in
late pregnancy in low-income countries: made to measure or off-the-
peg? Lancet Global Health. (2020) 8:e462-3. doi: 10.1016/52214-109X(20)
30081-4

Rexroad C Jr, Casida L, Tyler
fetuses in purebred Holstein-Friesian cows.
57:346-7. doi: 10.3168/jds.S50022-0302(74)84891-5
Kouamo J, Saague A, Zoli A. Determination of age and weight of bovine fetus
(Bos indicus) by biometry. J Livestock Sci. (2018) 9:9-15. Available online at:
http://livestockscience.in/wp- content/uploads/bovinefetalagebiometry.pdf

observation of postpartum

(1987)  27:369-

W.  Crown-rump
] Dairy Sci.

length  of
(1974)

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lin, Yang, Ahmad, Yang, Yang, Riaz, Abulaiti, Zhang, Yang and
Hua. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

January 2021 | Volume 7 | Article 604729


https://doi.org/10.1002/9781119949053
https://doi.org/10.1016/j.theriogenology.2015.03.023
https://doi.org/10.1080/00480169.2016.1207573
https://doi.org/10.1111/j.1740-0929.2007.00466.x
https://doi.org/10.1016/j.anireprosci.2016.07.004
https://doi.org/10.1111/rda.12876
https://doi.org/10.1016/j.anireprosci.2007.12.022
https://doi.org/10.1292/jvms.18-0617
https://doi.org/10.5661/RDR-VI-237
https://doi.org/10.1016/j.theriogenology.2008.11.012
https://doi.org/10.1111/rda.12181
https://doi.org/10.1111/j.1439-0442.1991.tb01060.x
https://doi.org/10.1016/0378-4320(94)01359-T
https://doi.org/10.3168/jds.S0022-0302(83)81910-9
https://doi.org/10.1016/0093-691X(84)90437-0
https://doi.org/10.1017/S0003356100031470
https://doi.org/10.1016/0093-691X(87)90225-1
https://doi.org/10.1016/j.theriogenology.2018.09.022
https://doi.org/10.3168/jds.S0022-0302(01)70158-0
https://doi.org/10.3168/jds.S0022-0302(02)74367-1
https://doi.org/10.1111/j.1439-0442.2005.00691.x
https://doi.org/10.1016/j.anireprosci.2007.04.010
https://doi.org/10.1016/S2214-109X(20)30081-4
https://doi.org/10.3168/jds.S0022-0302(74)84891-5
http://livestockscience.in/wp-content/uploads/bovinefetalagebiometry.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Postpartum Uterine Involution and Embryonic Development Pattern in Chinese Holstein Dairy Cows
	Introduction
	Materials and Methods
	Animals and Management
	Ultrasonographic Observation
	Statistical Analysis

	Results
	Average Involution Period of Different Parities in Holstein Cows
	Average Involution Period in Holstein Cows of Different Ages
	Postpartum Reproductive Tract Parameter of Holstein Cows
	Postpartum Uterine Involution Pattern of the Reproductive Tract in Holstein Cows
	Postconceptional Uterine Horn Developing Pattern From Day 30th to Day 90th
	Postconceptional Embryonic Crown-Rump Length Growing Pattern During Day 30th to Day 90th

	Discussion
	Uterine Involution
	Embryo Development Pattern

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


