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The Effects of Corpora Luteal Number on Serum Progesterone
and Estradiol of Ewes During Luteal Phase of Estrous Cycle
and Pregnancy

M.Y, Sumaryadi'2 and W. Manalu!?

Faculty of Veterinary Medicine, Bopor Agricullural Liniversily

ABSTRACT: Two experiments were conducted o
study the cffects of corpora lutecal number on
maternal serum concentrations of progesteronc and
sstradiol during lutcal phase of estrous cycle and
pregnancy.  The experimental ewes were injected
twice with | ml PGF; to destroy previously existed
torpora lutea.  The number of corpora lutea was
counted by laparoscopy 5 days after the onsct of
Gstrous cycle,  Blood samples were collected weekly
during the cstrous cyele and  biweekly  during
pregnancy for  honmone  analyses using
rdioimmunoassay. Simple corrclation was used to
fetermine the relationship between the number of
wpora  lutea  and progesterone  or  estradiol
concentralions, Progeslerone  concentrations
mereased with the number of corpora lulea during
the luical phase of estrous cycle (<0 05) {r =034},
the first half of pregnancy (P<0.01) (r = 0 A8, the

second half of pregnancy (£<0.01) (r = 11.63), and
during the whole gestation period (P<0.01) (r =
(.63). Howcever, scrum  cstradiol cancentrations
decreased shightly with the number of corpora lutea
(r = -0.09) during the luteal phase of the estrous
cyele, then slightly mercased during the first half of
pregonancy (- = 0.02), the second half of pregnancy »
= 11.33), and during the wholc pregnancy (r = ().30).
The results suggested that the number of corpora
lutea corrclated more with the concentrations of
progesterone than with those of estradiol during the
lutcal phase of estrous cyele, the lirst and the second
half of pregnancy or during the whole period of
pregnancy. It was concluded that  endogenous
sccretion of  progesterone  and  estradiol  as
mammogenic  hormones  could be  increased by
mcreasing the number of ovulating follicle during the
catrons cyele
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Introduction

During the lutcal phase of estrous cyele and
- pregnancy, progesterone and estradiol are primarily
produced by corpus  luteum  and placenta
Concentrations of the hormones mercased during the
luteal phasc of estrous cycle and pregnaney
(MacDonald, 1980). The hornmones are involved in
Sstimulating mammary  growth and  development
(Harmess and  Anderson, 1977a; Haress  and
Anderson, 1977b, Wright and Anderson, 1942
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Anderson, 1986, Tucker, 1986: Tucker, 1987,
Wahab and Anderson, 1989) during pregnancy in
preparations of milk synthesis for the newborn
lambs.  In addition, progesterone has been well
known for its effects on maintenance of pregnancy
through its cffects on growth and development of the
uterine gland and bssue to support the survival of
the cmbryo (MacDonald, 1980; Anderson, 1986;
Tucker, 1986),

It was hypothesized  that  scerction  of
endogenous progesterone and estradiol correlated
with the number of ovulating follicles during the
cstrous eycle in preparation of uterine environments
tor further conception, and mammary gland prowth
and development for nulk synthesis. The objective
of this expeniment was to study the profile of
maternal seruni concentrations of progesterone and
estradiol in relation to the number of corpora lutca
cither during the lutcal phase of estrous cycle or
during pregnancy
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Experimental Procedures

General. Two experniments were conducted (o
study the correfation between the number of corpora
lutea and scrum concentrations of progesterone and
estradiol.  Forty seven ewes with simular weight (20
- 22 kg) and age (2 - 3 vears) were used to study the
correlation between the number of corpora lutea and
maternal serum progesterone and estradiol during
the lutcal phase of estrous cyele. Twenty nine ewes
were used to study the correlation between the
number of corpora lutea and maternal serum
concentrations of progesterone and estradiol during
pregnancy. The experimental ewes were mamtained
in the experimental pen with a month adaptation to
the experimental conditions prior lo mating period
Prior to mating penod, the ewes were injected with
PGF; 1.m, twice to synchronize cstrous cycle and to
destroy  previously existed corpora lutea. The
number of corpora lutca formed during the cstrous
cycle was counted 5 d afier the onset of estrous
cycle by laparoscopy. Blood samples were drawn
weekly duning the estrous cycle and biweekly duning
pregnancy begmning one day alier the last PGF,
ijections. During the estrous eyele experiment, the
cxperimental ewes were assigned mto 4 groups
according to the number of corpora lutea (1, 2, 3.
and >3) formed during the estrous cvele with 1= 12,
19, 13, and 3, respectively,  During the period of
pregnancy, the experimental ewes were assigned into
5 groups according to the number of corpora lutea
(0, 1, 2, 3, and >3) formed during the estrous cycle
withn=13_4, 13, 6, and 3, respectively.

Blood  sampling  and  processing.  Tcn
milliliters of blood samples were drawn with plain
vacutainer or sterile syringes from jugular vein prior
to morming feeding al around the same time weekly
or biweekly. The blood samples were allowed to clot
in an cool ice box and transported to the laboratory
for further separation of serum by centrifugation,
The serum samples were then kept frozen for further
hormone analyses.

Progesterone  analyses.  Concentration  of
serum progesterone was measured by the solid-phase
technique radioimmunoassay (Diagnostic Products
Corporation, Los Angeles, CA), The radioactivitics
of progesterone-bound Lubes were counted with an
autematic gamma counter (Aloka, Model ARC 503,
Aloka Co., Ltd., Japan). The concentralions of
standard progesterone used to construct a standard
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curve ranged from 0.1 1o 20 ng/ml All samples
progesterone concentrations were withm the range of
concentrations of the standard progesterone used to
construct the standard curve
LOW pil serum was used m the assay.

Estradiol analyses Concentration of serum
estradiol was measured by the solid-phase technique
radionmmuncassay (Diagnostic Products
Corporation, Los Angeles. CA). The radioactivitics
of estradiol-bound  tubes were counted with an
automatic gamma counter (Aloka, Model ARC 503,
Aloka Co., Ltd, Japan),
standard estradiol used 1o construet a standard curve
ranged from 20 to 500 pg/ml. All samples cstradiol
concentrations  were  within the  range  of
concentrations of the standard estradiol used fto
construct the standard curve. A sample volume of
100 pl serum was used in the assay

Satistical analyses. Averages of progesterone
and estradiol concentrations during the estrous eycle,
and first and the sccond half of pregnancy, and
during  the whole peried of pregnancy  werg
correlated wilh the number of corpora lutca using
simple regression and correlation analysis (Neter et
al., [Y43),

Results and Discussion

Averages  of matemal  serum  progesierone
concentrations during the Juteal phase of estrous
eycle, the first half of pregnancy, the second half of
pregnancy, and the whole period of pregnancy are
presented in Table 1,

Matemal serum progesterone  concentrations
nereased with the number of corpora lutca during
the luteal phase of estrous cycle (P<0.05) with r =
0.34. Duning the first half of pregnancy the number
of corpora lutea strongly correlated with  the
concentrations  of maternal  serum  propesterone
(PP<0.01) with = 048 During the sccond half of
pregmancy, when placentation had been completed,
corrclation between the number of corpora lutca and
materal  serum progoslerone  conceniralions was
cven greater (M<0.01) wath » = 0,63, Matemal
seruin progesterone concentrations during the whole
pregnancy strongly corrclated with the number of
corpora lutea (7<0.01) with r = 0.63. Regardless of
corpara luteal number, progesierone concentrations
during the first and the sccond half of pregnancy
increased by 40 and  240%, respectively, as
compared to those during the luteal phase of estrous

A sample volume of

The concentralions of
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Table 1. Maternal serum concentrations of progesterone (ngg/ml) during luteal phase
of estrous cycle, first half of pregnancy, sceond half of pregnancy

and during the whole period of pregnancy of ewes
with different number of corpora lutea |

Number Stages of reproduction
of corpus Luteal phase of First half of Second half The whole
luteum estrous cycle? pregiancy of prepnancy pregnancy
0 ND 2658001313 295534 7444 2.806640 4192
1 3.21x0.15 529910 5790 11669910917 $.4845:£0.6062
2 4.21+0.22 6 I0T0L0.419] 16.0122+] 2631 TLOT1320 6943
3 4 104036 6. 75640, 5700 14912241 7418 10833841 0847
>3 507115 G.O6REL] 1205 19256940 4139 12.9578+0 7477
r 0.344 0,44b (.63b 0.630

IPresented as means and SE of 12, 09,13, atd 3 ewes with 1.2, 3, and =3 corpori [ulea, respectively, during the luteal phase
lestrous cycle, and 3, 4, 13, 6, ind 3 ewes with Uy 12, 3, and =3 corporn lule, respectively, during the period of pregnancy.
IMThere was no group of ewes with 0 corpus luleum during e luteal phase of estrous eyl

8 p<0.05. Pp<.nl,

Table 2. Maternal serum concentrations of estradiol (pe/ml) during luteal phase
of estrous cycle, first half of prepnancy, sceond hal [ of pregnancy
and during the whole period of pregnancy of cwes
with different number of corpora lutea !

Number Stages of reproduction
of corpus Luteal phasc of First half of Second hall The whale
luteum cstrous cyele? presnancy of pregnancy jpregnancy
0 ND 2,7039 4.0329 33684
(1,230] 1 .0aY3 0.6373
1 4.90 3.0883 74305 5.2594
.41 (L5865 11172 (18468
Z 4.09 28464 124790 f.3954
|14 02735 24205 1. 1844
3 445 32160 Y7141 6.4650
1.29 f1 4462 2.2253 11421
>3 2.57 26674 L4.04di1] $.3540
(.04 0.2314 (.7472 04803
r 109 {002 0.33 0.30

"Presented as means aid SE of 12, 19, 13, and 3 cwes wills 1.2, 3, and >3 corporn lutea, respectively, during the luteal phase
ofestrous eyele, and 3,4, 13, 6, and 3 ewes with 0, 1, 2, 3, wid =3 corpura lulea, respectively, during the period ul preguoncy.
There was no group of ewes witli 0 corpus lutenin during the lutcal phase of eslrous cycle,
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Table 1. Maternal serum concentrations of progesteronc (ng/ml) during luteal phase
ol estrous cycle, first half of pregnancy, second half of pregnancy
and during the whole period of pregnancy of ewes
with different number of corpora lutea !

Number Stages of reproduction

of corpus Luteal phase of First half of Second half The whole
luteum cstrous c}rulc3 pregnancy of pregnancy pregnancy
0 ND 205800 1313 2955347449 2 800640 4|92

1 321015 3299140 5790 L1 66991 0917 B 484540 6062
421022 O 107040 4191 16,0122+ 2631 LEOT1340 6043
3 4 104036 6. 756440 5700 P 912241 7414 1833851 0887
>3 517115 60688411 1205 19 256910 4139 12.9578&0 7477

r 0.34n 043P 0,630 0.63b

"Presented as means and SE of 12, 19, | 3und 3ewes with 1, 2, 3, and =3 corporn lutea, respeclively, durimg the Tuteal phase

of estrous cycle, and 3,4, 13, 6, and 3 ewes with 0, |, 2, 3, amel =3 earpors lutea, respectively, during e period of pregumey,
Lhere was no group of ewes with O corpues Tuteum during e Tuteal phiase of estious eyele.
2 pen ps. Pp=o.0f,

Table 2. Maternal serum concentrations of estradiol (pg/mil) during luteal phasc
of estrous cycle, first half of pregnancy, sccond half of preguancy
and during the whole period of pregnancy of cwes
with different number of corpora lutea !

Number Stages of reproduction
of corpus Lutcal phase of First half of Sceond hall The whale
luteum estrous cycle? pregnancy of prepnancy pregoancy
0 ND 27639 4.0329 33684
.2301 1603 0.6373
1 4.90 30883 7.4305 5,2594
1.41 (.5865 1172 ). 8468
2 4.09 . 28964 12 479 G,9954
1.14 (1.2735 2.4205 11844
3 4 45 32100 Q7141 6.4650
1.29 0 dan? 2.2253 11421
>3 2.57 26674 14,0401 4.3540
(.04 (.231Y (.7472 0.4803
r -(1.09 (.02 0.33 (.30

"Prescited as means and SE of 12, 19, 13, aud 3 ewes with 1, 2, 3, and >3 corpora luten, respectively, during the luteal phase

of estrous cyele, and 3, 4, 13, 6, and 3 ewes with U, 1,2, 3, and =3 corpora lulea, respectively, during the period ol pregnaney.
There was no group of ewes witl 0 corpus Iutenm during the lutcal phase of estrous cycle,
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cycle. Matemal scrum progesterone concentrations
during the second half of pregnancy increased by
142% as compared those during the first half of
pregnancy',

Maternal serum  concentralions of  estradiol
during the luteal phase of cstrous cyele, the first half
of pregnancy, the second half of pregnancy, and the
whole period of pregnancy are presented in Table 2.

Maternal  serum estradiol  concentrations
decreased slightly with the number of corpora lutea
(r = -0.09) during the lutcal phase of estrous cycle.
Malernal serum concentrations of estradiol slightly
increased with the inereased number of corpora lutea
during the first half of pregnancy with » = 0.02
During the second half of pregnancy, however, the
mcreased number of corpora  lutea  positively
corrclated, but not significant, with matemal serum
concentrations of estradiol with » = (0.33. Maternal
serum estradiol  concentrations during the whole
period of pregnancy mmcreased (F=0.05) with the
increased number of corpora lutea (v = 0.30)
Regardless of corpora luteal number, estradiol
concentrations during the first and the second half of
pregnancy decreased by 27% and increased by
162%, respectively, as compared to those during the
luteal phase of estrous cycle  Matemal serum
progesterone concentrations during the second half
of pregnancy increased by 256% as compared those
during the first half of pregnancy.

Frogesterone concentrations slowly  increascd
and reached peak 15 days after PGF; injections
during the luteal phase of estrous cyele and then
returned to the basal level  On the other hand,
maternal serum concentrations of estradiol tended to
decrease during the luteal phase of estrous cycle,
When the ova were fertilized, maternal  serum
progesteron and estradiol concentrations  slowly
increased duning the first half of pregnancy and then
dramatically increased and finally reached platcau
during the second half of pregnancy. Thén estradiol
tended to ncrease during the wecks approaching the
parturition date,

The strong correlation between the number of
corpora lutea and maternal serum progesterone, and
to a lesser extend matermal serum  estradiol,
concentrations during the luteal phase of estrous
cycle and during pregnancy indicated that the
number of corpora lutea was an important factor in
determining the circulating level of progesterone and
cstradiol in maternal serum.  The inflection
progesterone and estradiol secretions afler the first
half of pregnancy probably due to the functional
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placenta as glands scercting the hormones during
this period (Manalu et al, 1994), since ovulation
rates litter size aic closely related (Prper and Bindon,
1984; Bradford, 1985, Bradford et al., 1986).

There was no available reports at this time
about the correlation of corpora luteal number with
maternal serum concentrations of progesterone and
estradiol  However, the ranges found in these
studics agreed with those reported in sheep (Pant ¢t
al., 1977, Butler et al., 1981)

The mereased  progesterone  and  estradiol

concentrations with the mcreased number of corpora
lutca was regarded as biological signals for ulcring
growth and development in preparation of suitable
civironments  for implantation  and  embryonic
growth and development (Rattray ot al, 1974
MacDonald, 1980) cven though all ova released
would not be necessarily fertilized

When the data were observed closcly, however,
the mercased concentrations of maternal  serum
progesterone and estradiol did not  anthmetically
merease with the mcreased number of corpora lutea
from one to greater than three. Contributions of the
mereased numbcer of corpora lutea to the increased

maternal serum progesterone concentrations were

anly 12, 23, 40, and 40% during the luteal phase of
cstrous cycle, the first half of pregnancy, the sccond
hall of pregnancy, and the whole period of

pregoancy, respectively, with far less contributions

to the mereased concentrations of estradiol (<08,
0.004, 10.9 and 9%, respectively).

The results of the experiment indicated that the
increased number of corpora lutea probably did not
anthmetically incrcase synthetic activities of the

cells scereting the hormones. It was hypothesized

that there were some other faclors, other than the
number of corpora lutea, that affected the expression
of synthetic activitics of the cells.  These factors
could be blood flow, growth factors. or hormones
controlling the growth and development of the theea
cells and the granulosa cells of corpus luteum
seereting the hormones,  The ncreased number of
corpora lutea would decrease blood flow to cach
corpus luteum thereby  reducing  substrates and
growth factors inflows to sustain maximum growth

and development of cach corpus lutcum. This

hypothesis analoguc with the common obscrvations
that birth weight of individual lamb would decreased
as hitter size increased.

The results suggesied that the number of
corpora lutea corrclated more to the concentrations
of progesterone than those of cstradiol either during
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the luteal phase of estrous cycle, the first half and
the second half of prepnancy or during the whole
period of pregnancy  These phenomena could be
related to the primary function of progesterone as a
hormone  required  for  uterme growth  and
development (MacDonald, 1980) in preparation of
suitable environment for implantation, while the
function of estradiol was assumed to be secondary
(MacDonald, 1980). In addition, different responscs

in synthetic activitics of the cclls scereting
progesterone and  the cells  scercting  estradiol

probably exists in keeping proper balance hetween
progesterone and  estradiol i mamtenance  of
pregnancy.

Implications

The results of this expermment showed that
progesterone and estradiol concentrations increased
with the increased number of corpora lutea.
Contributions of corpora lutea to maternal serum
concentrations of progesterone were greater than (o
those of estradiol. Cndogenous  scerctions  of
progesteronc  and  estradiol  as ManunoEeHic
hormones could be mereased by mercasing  the
number of ovulating follicle during the estrous cycle

The contributions of the increased malernal
serum progesterone and  estradiol  concentrations
during pregnancy to mammary gland growth and
development merit further studics.

Acknowledgements

Part of this experiment was funded by grants
provided to The Lidc Sciences Center,  Inler
University Center, Bogor Agricultural University by
Proyek Pemingkatan Penelitian dan Pengabdian pada
Masyarakat, Directorate of Higher Education with
the contract # 005/PAM/DPPM/L 331 1/PAL/ 1992
and # 007/PAM/DPPM/L 3311/1993 The authors
‘extend a deep appreciation to Asiarida, Edy, Sardju
‘and Supriawan for techmical assistance during the
‘expenment.  The last but not least, (the great
‘expertise of Mr. . Inounu in counting the Corpus
uteum, and an exemplary excellent cooperation
‘provided by Dr. A Djajancgara and Dr. K.
Diwyanto of Balai Penclitian ‘Ternak, Bogor, m
bsing laparoscopy, were greatly appreciated.

ISSN 01260 - 4400

Literature Cited

Amderson, Ko R 19860 Mammary gland, In: B, Larsan
(Edilor) Loctation, lown Siate Uniiversity Press, Aines..

Bradioed, G.E. 1985 Selection for lilter size. n: .33, Land
and DLW, Robuson (Bdiors), Genelics of Reproduction
in Sheep, Butterworth, Lowdan,,

Bawdlord, GE, 1F. Quitke, T, Sz, L Inowo, B,
Tiesnamueti, F1. Bell, L, Fletcher, and D.T. Torrell,
P96 Reproduction in Javinese sheep: Evidence for o
pene with Torge effect of vulation rate and itter size. J.
Anim, Sei. 63418,

Buller, WK, S5M  Fullenkmup, L.A Capiclly and 8.
Handwerger. 1981, The relatiomship between breed and
liller size in sheep and malernal serum concentralions uf
placental lactogen, estrodiol and progesteromne. J, Anim,
Sep 330077,

Marness, J I and [UR, Anderson, 19770, Fffeet ol reloxin

i combmation with prolactio and ovarian sleronls
o panunary prowill in hypophyseclomized rals.  Proc
S, Exp. Biol, Med, |56:354,

Hamess, JR. and RR. Anderson, 1977b. Effect ol relaxin
and somatottopin in combination with ovarian slerobds
v anary platds i rats, Hial, Reprad. 17509,

MacDuonald, L1 [ugo, Velenimary Frdocrmology  and
Reproduction.  3rd  Edilion,  les & Febriger,
Philsdelphia,

Mamalu, W., M. ¥ Sumsryadi and N Kuswmnorin, 1994,
e effecls ol feial nwmber on  maternal SCIU
progesterone ond estradiol of ewes during pregningy.
Sew compuon papuer

Neter, 1., W. Wassenum amd ML Kutuer, 985, Appliced
Hiear Statistical Model, 2nd, 1 Irwn, Flomewod,
[lis.

Pant, 1LC, CIN. Hopking, and K., Kirkpalnick. 1477,
Loncentration of  estradiol, progesterone, llemizing
lwsrimone apd Folheke-stimsliing hormone o (e Jugular
venous plasiia of ewes durng the estrous cvele. 1
Edocrmol. 73:247,

Piper, LR and BM. Bmdon  19%,  Ovulation rale as i)
selection critenion for improving litler size in Merino
sheep. L DL, Lislary and DT, Pearce (1idilors),
Reproduction i Sheep Cali ige University Press,
Caumbridge

Ratleay, PV, W Gamel, NI East and M. Hinman, 1974,
Growth, development and composition of the ovine
comceplus and mummary gland during pregnaney,  J.
Adiiin. Sei. 38:613

Tucker, ILA, 1986, Endocrine and neural cimlbiol of the
muvgary pland. e I Larson (Editor), Laclation. lowan
Stple University Pross, Ames,

Tucker, 1LA: 1987, Quantitative estimales of HLTATY
erowth dunng various physiclogical states: A review, 1.
Daary Sei, Tt 1958,

Wahab, LM, and BB Anderson, 1949, Fliystologie role of
relaxin on wanmmary gland growth m rats, Proc. Soe.
Fxp. Biol, Med. 192:285,

Winght L.C. and R.R. Anderson. 1982 Eflect of relaxm on
ey growth i the hypaplyseelomized ol Iy BR.
Mdersen (Bditor). Relaxm. Plenwm Press, New York.
pp- 341,




