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Abstract: Plasma hormone levels were conducted
through radioimmunoassay from grazing Dulong cows.
Two surges of E2 profile were found on standing estrous
(18.56±7.87 pg mLG1) and on days 240-270 of pregnancy
(11.85±3.45  pg  mLG1),  the  lowest  on  days  5-10  of
post-copulation  (p<0.05).  P4  concentration  was  found
the   highest  on  days  5-10  of  post-copulation
(9.35±2.84 ng mLG1) (p<0.01) and the lowest on standing
heat (0.29±0.13 pg mLG1), significantly lower than that
during gestation (p<0.05). A biphasic FSH surges were
observed during estrous forepart (2.03±0.54 mIU mLG1)
and on days 2-30 of postpartum (2.23±0.61 mIU mLG1).
Surge LH concentration reachedon days 5-10 of gestation
(10.21±9.04 mIU mLG1). Surge T level was found on days
240-270 of pregnancy, significantly higher than those in
other PPSs (p<0.01). The significant positive correlations
were found between PPSs and plasma FSH (r = 0.34,
p<0.05), P4 (r = 0.31, p<0.05), T (r = 0.48, p<0.01)
concentrations,  respectively,  also  between  P4  and  LH
(r = 0.31, p<0.05), T and FSH (r = 0.40, p<0.01) while a
negative   correlation   was   between   plasma  E2  and  P4

(r = -0.29, p<0.05). In conclusion, Dulong cows were
found with two surges of hormone E2 and FSH and a
single surge of hormone P4 and T. There were increasing
at levels of FSH, P4 and T, the synergistic relationships
between P4 and LH, T and FSH, the antagonistic
relationship between E2 and P4, were firstly reported in
Dulong cows during PPSs.

INTRODUCTION

Mithun or gayal (Bos frontalis), is prized as a semi-
wild ruminant species[1, 2], domesticated >8,000 year and
is presumed to be the domestic form of wild gaur

(Bosgaurus)[3]. They are docile and have massive body
size[4], a potential source of meat[5]. The population is
mainly  spread  in  the  northeast  hill  region  of  India
and  Myanmar,  Bhutan,  Bangladesh,  China  and
Malaysia[1, 3, 6, 7].
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In China, mithun was named as “Dulong cattle”, due
to inhabited Dulong River valley and firstly domesticated
by Dulong people, also called “Da’e cattle” which possess
a broader frontal and flattened forehead. The extant
Dulong cattle inhabit in the remote and dense forests
along Dulong River and Nujiang River in the
Northwestern Yunnan, China. The chromosome number
of Dulong cattle is 2n = 58, more than those of Yunnan
bioson  (Bos  gaurus  readel,  2n  =  56)  but  fewer  than
those of zebu (Bos indicus, 2n = 60) and yellow cattle
(Bos taurus, 2n = 60)[8, 9]. The population size was once
<100 heads in 1987[10] and reached 3,950 heads in 2016.
It was listed in the “World Watch List for Domestic
Animal Diversity”[11].

Hormones play a major role in the control of
reproductive events in animals[12]. The reproductive
hormone in a normal reproductive cycle or during
gestation in bovine species cows have been clarified in
Holstein  (Bos  taurus)[13-17],  zebu  (Bos  indicus)[18],  yak
(Bos grunniens)[19, 20], buffalo (Bubalus bubalis)[12, 21, 22]

and Brown Swiss cows[23]. Some works had been
investigated in reproductive hormone including
oestradiol-17β (E2), Progesterone (P4), Follicle-
Stimulating Hormone (FSH) and Luteinizing Hormone
(LH) of mithun cows in estrus cycle[1, 5, 24-27] and in mithun
bull[28]. However, there are no available information
regarding to the role of E2, P4, FSH, LH and Testosterone
(T) in pregnant Dulong or mithun cows. Dulong cow
possesses  well  reproductive   performance   under  a
semi-wild condition where the remoteness of their
habitats and ecological and other factors and the
endocrine regulations on reproductive function has not
been sufficiently documented or Dulong cattle remain one
of the least-studied ungulates.

The objective of study was to investigate the patterns
of plasma E2, P4, FSH, LH and T during estrus cycle,
gestation and postpartum and the relationship between
hormone concentrations and reproductive behavior in
Dulong cows. The findings from this study might be
useful for understanding the fundamental regulation of
those reproductive hormones and for further reproductive
management in Dulong cattle.

MATERIALS AND METHODS

Experimental animals and herd management: The
study was performed at the Dulong Cattle Conservation
Farm located on the Phoenix Mountains in Lushui
County, Yunnan Province. Dulong cattle were maintained
in semi-intensive condition, allowing for free grazing and
natural service. All animals fed on bamboo, edible shrub
and locally available green grasses and leaves. Mineral
blocks were available during the experimental period.
Forty-six healthy Dulong cows with ages and body
weights ranging from 2.5-13 year and 218-424 kg,
respectively were used in the experiment. The estrous
signs and mating behaviors were daily observed and
recorded throughout the study.

Blood sampling: According to the Progenitive
Physiological   Stages   (PPSs)   including   non-pregnacy
(3 groups), gestation (5 groups) and postpartum (1 group),
46 Dulong cows were divided into 9 groups, viz. anestrus
(n  =  7),  preoestrus  (n   =  3),   standing   heat   (n   =  8),
5-10 days of post-copulation (n = 4), 60-90 days (n = 9),
120-150  days  (n  =  4),  180-210  days  (n  =   4)  and
240-270  days  (n  =  4)  of  pregnancy   and  postpartum
2-30 days (n = 3).

Blood samples were collected by jugular
venipuncture and kept in the heparinized tubes (20 IU of
heparin/mL of blood) for further determination of plasma
E2, P4, FSH, LH and T concentrations. Blood samples
collected were centrifuged at 3,500 rpm for 10 min. The
plasma samples were rapidly labeled, frozen and stored at
-20°C pending analysis.

Hormonal assay: Plasma oestradiol-17β (E2),
Progesterone (P4), Follicle-Stimulating Hormone (FSH),
Luteinizing Hormone (LH) and Testosterone (T)
concentrations were analyzed in this experiment.
According  to  the  kit  statements  and  previous
methods[19, 22, 29], the levels of plasma E2, P4, LH, FSH and
T were assessed by GC-1200 Gamma Radioimmunoassay
Counter (USTC Chuanxin Co. Ltd.) and commercially
available Radioimmunoassay (RIA) kit (Shenzhen
Larvwen Biomedical Engineering Technology Co. Ltd.),
which were Iodine [125I] luteinizing hormone RIA kit,
Iodine [125I] estradiol RIA kit, Iodine [125I] follicle
stimulating hormone RIA kit, Iodine [125I] testosterone
RIA kit and Iodine [125I] progesterone RIA kit,
respectively.

The intra- and inter- assay Coefficients of Variation
(CV), the sensitivity and range of hormone kit were
showed as the previous work[28].

Statistical analysis: The data were expressed as
mean±Standard Error (SE). The E2, P4, FSH, LH and T
concentrations were analyzed by the means of repeated
measure ANOVA in SPSS 19.0 procedure. The Duncan’s
multiple-range test was used to confirm the significant
differences. To assess the correlation between the
parameters presented in Table 1, the partial correlation
analysis was performed (SPSS, 2010). All results were
considered significant differences at the levels of 5%
(p<0.05) and 1% (p<0.01).

Table 1: Simple relationship of hormone E2, P4, FSH, LH,T of PPSs in
Dulong cows

Relationship PPSs E2 P4 FSH LH
E2 0.02
P4 0.31* -0.29*
FSH 0.34* 0.11 -0.17
LH -0.03 -0.14 0.31* -0.08
T 0.48** 0.16 0.08 0.40** -0.02
*, ** indicated significant differences at the levels of 5% (p<0.05) and
1% (p<0.01), respectively
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RESULTS

The alteration of plasma E2 concentration in the
different PPSs: The plasma E2 concentrations in the
different  PPSs  were  shown  in  Fig.  1a.  Two  surges  of
E2  were  observed  during  PPSs.  The  first  surge  was
found in standing heat (undertaking bull mounting)
(18.56±7.87 pg mLG1) which was significantly higher than
those in anestrus and on days 5-10 of post-copulation
(p<0.05). The second surge showed on days 240-270 of
pregnancy (11.85±3.45 pg mLG1). E2 concentration during
the pregnancy slightly tended to increase, then slowly
decreased on parturition until days 2-30 of postpartum
periods (p>0.05). There was no significant difference of
E2 concentration during days 60-270 of the pregnancy in
Dulong cows. A negative correlation was found between
the concentrations of plasma E2 and P4 (r = -0.29, p<0.05)
(Table 1).

The alteration pattern of plasma P4 concentration in
the different PPSs: The plasma P4 concentrations on
different PPSs were described in Fig. 1b. Surge P4

concentration was found on day 5-10 of post-copulation
(9.35±2.84 pg mLG1) which was significantly higher than
those of the other PPSs (p<0.01). The lowest P4

concentration fell during the period of standing heat
(0.29±0.13 pg mLG1) which was significantly lower than
those  of  day  5-10  of post-copulation, days 60-90 and
180-270 of gestation (p<0.05). The P4 concentration
during the gestation (except days 120-150 of gestation)
was significantly higher than those in anestrus, preoestrus
and standing heat (p<0.05). The plasma P4 concentration
showed  a  positive  correlation  with  the  different  PPSs
(r = 0.31, p<0.05) and provided the significant positive
correlation with plasma LH (r = 0.31, p<0.05) (Table 2).

Changes of plasma FSH concentration in the different
PPSs: The plasma FSH concentrations in the different
PPSs of Dulong cows were depicted in Fig. 1c. A biphasic
FSH surges were observed during the periods of
preoestrus (2.03±0.54 mIU mLG1) and days 2-30 of
postpartum (2.23±0.61 mIU mLG1). The maximum
concentration of plasma FSH was kept during days 2-30
of postpartum which was significantly higher than those
in anestrus and standing heat (p<0.05). In Table 2, there
was a significantly positive correlation between the
plasma FSH concentration and PPSs (r = 0.34, p<0.05).
Plasma FSH level had also a markedly positive
correlation with T (r = 0.40, p<0.01).

The alterations of plasma LH concentration in the
different PPSs: The plasma LH concentrations in the
different PPSs were shown in Fig. 1d. The surge of LH
concentration was observed during days 5-10 of gestation
(10.21±9.04 mIU mLG1) followed by gradually decreasing

on the late-gestation. In Table 1, there was a distinctly
positive relationships between the LH concentration and
P4 concentration (r = 0.31, p<0.05).

The alterations of plasma T concentration in the
different PPSs: The plasma T concentrations in the
different  PPSs  were  shown  in Fig. 1e. Three surges of
T were observed on the preoestrus (0.11±0.04 pg mLG1),
days 120-150 (0.17±0.04 pg mLG1) and 240-270
(0.30±0.03 pg mLG1) of gestation. The plasma T
concentration during days 240-270 of gestation was
significantly higher than those of the other stages (p<0.01)
and the plasma T level on days 120-150 of pregnancy was
significantly shown higher than those of anestrus,
standing heat, days 5-10 of post-copulation, days 60-90 of
gestation and days 2-30 of postpartum (p<0.01). The
plasma T concentration on days 180-210 of gestation was
significantly higher than those on preoestrus, days 5-10 of
pregnancy and days 2-30 of postpartum (p<0.05). For
Dulong cows in the different gestation periods, the plasma
T concentration increased from days 5-10 to 60-90
followed by sharply increasing on days 120-150 and
decreasing on days 180-210 then sharply increasing to the
surge on days 240-270 of gestation. In Table 1, plasma T
had a significantly positive correlation with different PPSs
of cows (r = 0.48, p<0.01) and FSH (r = 0.40, p<0.01) and
E2 (r = 0.16, p>0.05), respectively.

The alterations of plasma P4 and T ratio in the
different PPSs: In different stages of reproductive
physiology, ratio values of Progesterone (P4) and
Testosterone (T) (P4/T) were shown 28.50, 27.91, 9.67,
467.50, 109.75, 18.00, 40.55, 15.13 and 150.00,
respectively for stages of 1-9 which were obvious changes
and the lowest values in stage 3, the highest value in stage
4 and began to decline from stage 5 and dropped to the
lowest level in stage 8. The results also showed that the
ratio of P4 and T played an important regulative role in
different reproductive physiological stage of Dulong
cows.

Effect of hormone concentrations on expression of
reproductive behavior in Dulong cows: The relationship
between sexual behavior and hormone levels were shown
as follows:

C The estrous behaviors in cows were characterized as
frequently urination, tension and mounting each other
when plasma FSH and T levels were becoming
higher with stage 2 or preoestrus

C The sexual behaviors of cows such as: approaching
bulls, raising tail, undertaking bull mounting and
mating were shown when plasma E2 level was the
highest while plasma P4, LH, FSH and T levels were
lower with stage 3 or standing heat

161



J. Anim. Vet. Adv., 19 (12): 159-166, 2020

1       2       3       4       5       6        7       8       9
Progenitive physiological stage

(a)30

20

10

0

10

5

0

3

2

1

0

20

15

10

5

0

40

30

20

10

0

cd

cd

bcd

cd

bc

b

d
d

a

a
ab

ab

ab

abab

ab

b

ab
b

ab
ab

ab
ab

ab

ab

a a

cd

bcd bcd
bcd

bc bbc

d

1       2       3       4       5       6        7       8       9
Progenitive physiological stage

1       2       3       4       5       6        7       8       9
Progenitive physiological stage

1       2       3       4       5       6        7       8       9
Progenitive physiological stage

1       2       3       4       5       6        7       8       9
Progenitive physiological stage

(b)

(d) (c) 

(e)

Fig. 1(a-e): Hormone patterns of nine PPSs in Dulong cows. The number 1-9 on the abscissa were listed for the stages:
1. anestrus, 2. preoestrus, 3. standing heat, 4. 5-10 days of post-copulation; 5. 60-90 days of pregnancy, 6.
120-150 days of pregnancy, 7. 180-210 days of pregnancy, 8.240-270 days of gestation; 9.2-30 days of
postpartum, respectively. The different lowercases in the same figure represented significant at the level
of 5% (p<0.05) and no significant differences with unsigned letters (p>0.05)

C The false heat could be found when plasma E2 and T
concentrations were higher during late-pregnancy
(240-270 days of gestation)

DISCUSSION

During the estrous cycle, a surge of plasma E2

concentration was found in Dulong cows in this study,
like Brahman cows[18] and swamp buffalo[22]. Herein, the
E2 level of Dulong cows at preoestrus was higher than
those of anestrus and standing heat with an E2surge of
18.56 pg mLG1. A significant negative relationship was
found between E2 and P4, in agreement with those in
mithuncows[25, 26]. E2 surge on the onset of standing heat
in Dulong cows differentiated from those of buffalo and
yellow cattle[22] which were similar to Holstein[14],

Brahman[18], yak[19] and mithun[25]. The plasma E2 levels in
Dulong cows at standing heat was significantly higher
than in Brahman (0.09 pg mLG1)[6] and yellow cattle[22],
indicating that the E2 changes related to the different
species in estrous cycle. The plasma E2 in Dulong cows
remained the lowest concentration during the early
pregnancy (days 5-10 of post-copulation), similar to
Holstein of ET during the first 20-day of gestation[30] and
Brahman at day 7 after AI[6]. E2 level in Dulong cows was
tended to increase throughout the mid-to late-gestation,
coincided with the cases in Holstein[15, 30] and buffalo[21]

and the change of E2 levels did not significantly during
the pregnancy period. In this experiment, lower E2 level
was found on initial pregnancy period which might be
related to pregnant luteinisation, high LH secretion and
improving P4 from luteal secretion, limiting follicle
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development and E2 secretion. It indicated endocrine
condition of low E2 level, high LH and P4 levels in
pregnant forepart maybe was an important assurance to
normal development of embryos and implantation. The
secretion pattern of E2 was similar to T, especially, both
reached to the highest surge during the last gestation.

Plasma P4 concentration in Dulong cows was higher
on preoestrus than that of anestrus. The lowest P4 level
occurred on standing heat and the plasma P4 patterns with
distinctly fluctuation in Dulong were similar to other
findings in dairy cows[14, 31], yak[19], Brahman cow[6] and
mithun cows[5, 25, 26]. Plasma P4 level of Dulong cows in
preoestrus showed an increase and higher than in
anoestrus which was maybe related to lower E2 level and
relatively high FSH, LH and T concentrations. P4 level of
Dulong cows in preoestrus was close to buffalo, lower
than in yellow cattle[22], indicating estrous and ovulation
of Dulong cows was mainly decided by increasing E2

concentration, decreasing P4 concentration with LH and
E2 balancing. But, it is not very clear the mechanism of T
hormone, especially its vital functions on estrous cows.
Progesterone action was via the endometrium of the
uterusis critical for concept us growth and elongation[32-34].
The concentration of P4 in Dulong cows was the highest
on days 5-10 after mating (9.35 pg mLG1), matching the
models in buffalo[21] and Holstein[16] which showed
significantly higher than those of during days 60-270 of
gestation and post-parturition. Whereas, plasma P4 levels
were slightly fluctuating, ranged from 3.06-4.54 pg mLG1

during gestation in Dulong cows while there were like the
situations in the lactation period of dairy cows in milk[35]

or in plasma[16, 36] but differentiated from crossbred
zebu[37]. Previous report showed that P4 secretion in
bovine could limit the LH release[38]. There was a
cooperation relationship between P4 and LH in Dulong
cows.  Ratio  of  E2  and  P4  was  a value of 64 which was
the  highest  at  natural  service  in  Dulong  cows,  kept
0.90-2.60  pg  mLG1  on  days  60-270  of  pregnancy and
2.18 pg mLG1 on postpartum. It displayed normal
sexuality and round pregnancy in Dulong cows depended
on holding a proper ratio of E2 and P4. The findings
supported that high P4 constant during gestation be
responsible for meeting pregnancy in Dulong cows.

FSH and LH promote follicular development,
follicular maturation and ovulation[25]. In this study, FSH
surge in Dulong cows appeared on preoestrus and then
declined to the basal level of anestrus. And FSH levels
during estrous cycle in Dulong cows did not differ
significantly, which conformed to yellow cattle and
swamp buffalo[22]. LH concentration of standing estrous
was lower than those on preoestrus and anestrus (p>0.05),
differed from the previous findings[14, 22, 25]. And LH levels
during estrous cycle in Dulong cows had no significant
difference, in accordance with the cases in yellow cattle
and  swamp  buffalo,  respectively[22].  However,  plasma

E2, LH and P4 kept high levels during preoestrus in
accordance with the cases of Indian mithun[25], yellow
cattle and buffalo[22]. And FSH and LH levels in Dulong
cows were lower than those in buffalo and yellow
cattle[22]. FSH levels were distinctly changing or had
differences from various species or breeds in estrous
cycles, especially visibly changing in dairy cows and
Dulong cows, slight fluctuation in yellow cattle and
buffalo[22]. Although, Dhali et al.[25] reported biphasic FSH
and LH surges in mithun cows showed on from day 5 to
day 3 of the cycle, biphasic FSH and LH surges in Dulong
cows did whether or not show out during the cycle will be
done later.

Plasma FSH concentrations of Dulong cows during
the  gestation  were  relatively  slowly  increasing  from
days 5-10 of post-copulate to the late-gestation (range
1.02-1.98 mIU mLG1) and gradually reached to a surge on
days 2-30 of postpartum which was slightly higher than
other pregnant stages. The pattern of FSH secretion
during the gestation in Dulong cows was increasing,
differed  from  buffalo[39].  During  the  gestation and days
2-30 of postpartum in Dulong cows, positive correlations
were   between   FSH   and   E2   (r   =  0.35,  p>0.05)  and
T (r = 0.41, p<0.05) and negative correlations between
FSH and P4 (r = -0.52, p<0.01). LH level appeared surge
(10.21 mIU mLG1) on days 5-10 of post-copulation in
Dulong cows, differentiated from dairy cows on days 0-30
of post-mating[16]. LH concentration of Dulong cow was
not  evidently  showed  changes  through  the  gestation
(3.11-5.03 mIU mLG1) and was slightly increasing on
days 2-30 of postpartum, coincided with buffalo[21]. A
significant positive correlation between LH and P4 was
found in present study. The ratio of LH and FSH was
showing three surges from mating to late pregnancy
during the whole gestation period.

Testosterone (T) as one of important reproductive
hormones in mammals to maintain the normal
physiological function of male and female is of great
significance. For females, in addition to have a function
to promote the mature follicle development and ovulation
and to maintain the endometrial tissue environment
stability and mammary gland development[40-43]. But, T
levels would lead to female reproductive disease, such as
polycystic ovary syndrome[44, 45]. In this study, plasma T
levels of preoestrus (0.11 pg mLG1) was significantly
higher than that of standing heat (0.03 pg mLG1) which
increased and promoted development and maturity of
dominant follicle, ensured secretion E2 from follicle
during the preoestrus. And plasma T concentrations were
observed to be significantly positive relationship with
individual PPS in Dulong cows. The changes of plasma T
level during estrous cycle were in accordance with
mare[46]. And ovulatory follicle continued to grow and
mature, then increased at function of secretion E2 from
follicle  which  induced  cows  the  onset  of  oestrum  and 
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reached surge E2 levels on standing heat, meanwhile T
level decreased to lower. And a positive effect was found
between T and E2during estrous cycle (r = 0.160, p>0.05),
indicating that T hormone had a similar action on
boosting E2 level. However, the profiles of T level in
Dulong cows were significantly lower than those in
mare[46] and in Holstein cows[17].

During the pregnancy, the secretion patterns of
plasma T in Dulong cows were significantly increasing
during the pregnancy, which differed from those in
Norwegian Red cattle[13] and buffalo[12] in the same stage.
T levels (0.11-0.30 pg mLG1) on mid- and last-pregnant
had  significantly  higher  than  those  on  days  5-10  of
post-mating and postpartum (0.023-0.024 pg mLG1) in
Dulong cows which were similar to those of buffalo[12]. At
the same time, T levels in Dulong cows on days 5-210 of
gestation were found slightly lower than those in cattle
and buffalo[12, 13] and the highest T levels in Dulong cows
on days 240-270 of pregnancy, in accordance with those
in buffalo on days 270-315 of gestation[12]. During the
gestation, plasma T level was found to be significantly
positive   correlation    with   different   pregnant   stages
(r  =  0.85,  p<0.01),  E2  (r  =  0.63,  p<0.01)   and   FSH
(r = 0.51, p<0.01). 

P4/T value of Dulong cow was the lowest on standing
estrus, of which P4 and T levels were lower than other
PPSs. And P4/T value was the highest on day 5-10 of post
copulate, at the moment P4 content was the highest and T
content was the lowest. Then on day 60 of pregnancy to
before delivery, pregnancy in P4 value content was
relatively stable and P4/T value was also higher and
fluctuated from 109.75 to 15.13, showing that high P4/T
value to ensure the normal development of embryos and
pregnancy after mating early fetal development was very
important.

Especially, LH level was found to be decreasing from
dioestruos to standing heat, the occurrence of LH pulses
during pre-ovulatory LH surges which was required for
mammal ovulation. P4 and T concentrations in preoestrus
were higher than that in anestrus and the lowest
concentration at standing heat and with E2 secretion
increasing, controlling P4 and T secretion from diosetrum
to standing heat.

In present study, the highest E2 concentration and the
lowest  concentrations  of  P4  and  LH  in  Dulong  cows
were found when standing heat, in agreement with
Mondal et al.[24] findings. However, lower concentrations
of FSH and T were also found on the standing heat in
Dulong cows. Especially, the occurrence of  the  highest 
LH  surges within a narrow interval from 2-5 h post-
oestrus onset in mithun could have contributed to
animals’ ovulation in a short time[1]. The lowest levels of
E2 and T, the   highest   levels   of   LH   and   P4   were  
found   on  days 5-10 after mating, then relatively stable
concentrations  of  E2,  LH,  FSH,  P4  and  T  were
maintained  throughout    pregnancy  of  which  Dulong
cows become  quiet. These results were very promising of

a practical standpoint of potential success when AI
program in the animal was implemented in a big way.

CONCLUSION

The first report is involving the variations in plasma
profiles of E2, FSH, LH, P4 and T and their
interrelationship in Dulong cows for the PPSs in this
study. It showed that:

C Higher LH and FSH levels while lower E2, P4 and T
levels to diestrum

C Slightly increasing at E2, FSH, P4 and T
concentrations, while decreasing at LH topreoestrum

C Distinctly increasing at E2, decreasing to the lowest
level at P4 and slightly decreasing at T, FSH and LH
level to standing heat in Dulong cows

During the process of pregnancy, normally
developing zygote and embryonic implantation were
assured by increasing at LH and P4 secretion, decreasing
at E2 and T levels on days 5-10 of post-copulate in
Dulong cows. In the initial pregnant stage, there were a
decrease for LH and P4, an increase E2 levels close to
proestrum levels, as FSH and T levels kept to forepart
stage during days 60-90 of pregnancy; on mid-pregnancy
from days 120-210, the levels of E2, LH, FSH and P4 kept
stabilization and significantly increasing for T levels. On
late pregnancy stage (range days 240-270), there were
significantly increasing at T levels and keeping relatively
balancing levels on E2, FSH and LH.

The concentrations of T, P4 and FSH were visibly
changing with PPS process in Dulong cows. Concomitant
relationships were found between P4 and LH, FSH and T,
respectively. In the different PPSs, the hormone levels of
LH and FSH remained relatively stable which were
regulated by the changing levels of E2, P4 and T.
Especially, T was carrying the same function as E2 and P4

on normal estrum and gestation in Dulong cows.
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