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THE PROFILES OF WEEKLY PROGESTERONE AND STRADIOL.
CONCENTRATIONS DURING PREGNANCY IN EWES ;
2. THEIR CORRELATIONS WITH MAMMARY GROWTH
INDICES AT PARTURITION

M.Y. Sumarvaci® & W. Manalu**

ABSTRACT

Fikeen pregmant (9 and 6 carrving x single wnd mubtiple fetuses,
respectively) apd 5 ponpregmant Cwes, &s 3 contrel, were wsed to study
the corrciations of weekly maternal serwm progesterone amd estradiol
conceniratioas during pregnancy wikh mammary growth indices at
parturitien. Blood ssssplis were drawn wookdy (weels 0 o 20) doring
gesiation period for dederminstion of progesierone and esiradiol
concentrathns. The experimental ewes were sacrificed st partmrition b
determine mammary growth mddices (mammary dry [nf-free Hssne
[DFFT], DNA, RNA, and collagen). Concentrathims of progesterone ai
week | amd weeds 3 ta 19 of pregamncy positively correlated with
rumssy DFFT, BNA, and BNA ui partorition.  Mutemal serum
propesterone concemirations =t weels 1. 3 amed weeks & to 20 of
preymancy postiively correiated wikh mammary collagen at
Concemtrations of eairadiol at weeks 5, 7. 9, and 11 s 20 posliively
correlated with the mammary DFFI, DNA, RNA, and <ollagen at
partarition. The hipher the mternnd serum progesierons and estradiol
colcratnations during preproocy the preater the marsary Frowth amd
devdopment at partorition.
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dramatically with the chanpes in ovarian activity during
the estrous ovcle and pregnancy. In ovine, secretion of
estradiol mereases during procstrows aloag with the maturation
of the foilicle m the ovary, then decreascs significantly during
the embryonal stage of pregnancy, and mcreases precipitousty
during the fetal stage of pregnancy umtil parturition (Limo ez
al, 1976, Pant e af, 1977, Manaln et af, 199).
Progesterone increases 2 days after ovulation, and il shows a
marked rise from day 5 to a peak between days 7 and 13 {(Unio
ef af., 1976, Pant of af., 1977). It emams almost stable during
the first 7 weeks of pregrancy snd ncreases dramatically alter
weik B of pregnancy (Butler ef af, 1981; Manalu et af., 1996).
During the hutcal phase of estrous cvele and the
embryonal stage of pregnancy, maternal sernm progesierome
concentrations are pesitively correlated with the number of
corpora htea (Quirke et af., 1979). During the fetal stags of
pregnancy in goats and sheep (when the placemta is fimctional),
progesterone ad estradiol (Manah ef 2f, 1996), and placental
lactogen (Have'zn et af , 1979, Hayden er af., 1980; Buller o2
af.. 1981) alsa increases with the increased fital nomber

Secrfikms of estradiol and - progesterone increasc
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Mammary gland growth and developmwn! durmg
pregnancy in ovine starts during the estrons cycle, slowly
progresses bl the fst throo months of gestation and
dramatically increases during the last two moniths of gestation
{Anderson, 1975, Anderson el af.. 1981) arotmnd the tme when
the placenta significantly scoretes progesterone (Ricketts &
Flint, 1980; Sheldrick e¢ al., 1981), and placcatal lactogen
(Hayden ef al., 1979, Havden et al, 1980; Butler et af., 1981).

Temporal changes in mammogenic hormones
sccrctions relatmg to pregnancy seom to comelate well with the
mammary growth pattern m ovine. Tho prescot stody was
designad to determine temporal chmges m maternal serum
progesteronc conccntration during pregnancy apd mamymary
gland growth and development at partarition in ewes.

METHODS
Experimenial Conditions and Animals

This experiment was comducted during the hot (25 to
32°C) and wet {70 to 80% relative bumidity) scason in the
hummid tropics of [ndonesia. Hxperimental animals were 20
Javanese thin-tail ewes (5. 9, 4, and 2 ewes carrying 0. 1, 2,
and 3 fetuses, respectively) with similar body weight (20 o 22
kg) and age (2 to3 vears) atbreeding  Javanese thin-lail sheep
iz a mesl-type mdigenous breed well recopnized for its high
prolificacy (Bradford er of., 1986; Sutama ef ol , 1988). The
experimental ewes were injected twice with PGF;, (1.m) at an
11-day interval. Three days afler the last injection, 15 ewes
were maled namrally by group breeding.

Blood Sampling and Processing

Ten ml of blood samples wers drawn with plain
vacutziner or sterile syringes from the jugular vein berween
{900 and 1000 h. The first Wlood samples were taken one day
after the last prostaglandin injection {weck 0 of pregnancy),
and 10 days later (seven days after the predicted ovulation, s
the end of week 1 of pregnancy). Additional blood samples
were drawn weekly on Thursday omtil parturition. Blood
samples were allowed to clot in 2 cool ice box, centnfuged W
separate serum, which was thed [rozen for estradiol and
progesicrons analyses. At parpurition the experiipental ewes
were sacrificed for detenmination of mammary gland growth
and development at the begmming of lactation,



Progesterone, Estradiol, and Mammary Gland Analyses

The concenration of seruni progesiorone was
measurod in doplicate by solid-phase radivimmnnosssay
{Diagnostic Products Corporstion, Loz Angeles, CA) using
T -progesteranc as a tracer, with & slight modification to
accommodsate wide ranges of progesterone concentrations
preguant ivine {Manadu or of 1996}, The progesterone awsay
used the whole serinm without priot ether oxiraction. The
radioactivitics of I ~-progesterens-bound tubes were counted
with an auwtomatic gamima cowater. The lowest and highest
himits of semsitivity of asvay were 0.] and 20 ng/ml,
respectively.  Therefore, the concentrations of standard
rrogesterone wied 1o construct the standard curve ranged from
0110 20 ng/ml. A sample volume of 100 md servan was used
in the assay of smnpies with progesturone concentrationy
ranged from 0.] to 20 ngfml. For samples with progesterone
womcentrations lower than 0.1 ug/ml, sample volome was
increased o 200 ml.  For samples with progesterone
concentrations higher than 20 ng/ml, sample volume was
reduced o 50 ml.  Tnler- and infra-assay coefficients of
varalion were 6. and 4%, respectively.  Coacentrahions of
progesiecons were parallzl in the sample volomes of 50, 100,
and 200 ml

The concentration of serum estradiol was measwred
in doplicate by the solid-phase technigque radioimmuposssay
(Dhagnostic Products Corporation, Los Angeles. CA) vsing
I'Pgsiradiol as a fracer, with a slight modification to
accommokdate wide ranges of estradio] concentrations in
pregnant ovine (Mamalu zf g/, 1996). The estradicl assay used
the whol: serum without prier ether extraction. The
radivactivites of ' stradial-bonnd mibes were covnted with
an sicmatic gamia counlar. The lowest ad bighest hmits of
sensitivity of assay werg 20 and 150 pg/ml, respectively.
Thercfore. the concenirations of standard csradiol nsed 1o
comstruct the standapd curve rmged from 20 1o 150 pg/ml. A
sample volmme of 100 m] serim was used in the assay for
stmplea with estradiol concenirations rasped from 20 to 150
pg/ml. For samples with estradiol copcentrations Jower than
20 pg/ml, sample volume was moreased to 200 to 300 ml w
bring the cstradio] concentrations o the range of vimmlard uscd.
For samples with cetradiol concentrations higher then 150
pe/ml sample volwme was decreased (v 50 ml 1o brng the
esiradiol concentrations to the renge of standard wsed. Al
zamples’ estrediol copcentrations wers within the ranpe of
concentrations of slandard cstradiol wsed to conswoct the
standard corve. Trier- and mtra-assay variations cocfBkmnis
ware 7 and 5.0%, respecitvely. The comcentrations of estradiol
wete parallcl in the sample volumes of 50, 100, 200 aod 300
ml.

Dy tat-free tinsue (DFFT), DINA, RNA and collagen
are indices peed to determing mummary gland growth and
development. Dy fat-free tissue (DEFT) was measurcd by
modification of method deseribed hy Anderson (1975). Hall
the wdder was exvised and the manmmary gland was isolated by
tramouing skin axd subculaceons Tt and removing milk nside
the gland. The isclated mammary gland was frozen for casy
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sheing, The thinly sheed warmmary gland was soaked in
ethanol for 48 br and then with dicthy] etlier (48 hr)y vl the
glands hegame frec of fat, and Ukm dricd a1 30°C for 24 h 1o
obtain DFFT. The DEFT was then ground to maks a fme
powder 10 bo uwsed for mammary olwmical ipdices
determinations. Mamamary DNA was detepouned by p-
nifropheny thydrazane reaction (Webb & Levy. 1955), RNA by
orcinol reactive (Albaum & Umbreit, 1947}, collagon by
tueasuring hydroxyprolme (Woessaer, 1961).

Statistical Analynes |

Weekly cstradiol asd progesterone comconivatings
durihg pregmancy wors regressad with mammary DFTT, DNA,
ENA and collagan at parturition using simplc regression aud
correlation analyses (Neter o af, 19835).

RESULTS

The profile of maternal screm  propesierone
concentration during pregnancy in the experimental ewes is
sctout i Figwe 1.  Progesierone concentration slowly
increased during the firel 8 weeks of pregancy. After that, 11
increased rapidly and reached peak comcentiations arcund
woeks 12 to 16 of preguancy and then it decrepsed owar
parturinon. In the ewes camrying multiple - fetuses,
concentrations of propesterone wers distinctly higher than in
those carrying # single fetns, and the greatest differences
ocenrmed during weeks 12 1o 16 of pregnancy.

The profile of cetradicl concentrations in the maternal
senun during pregnancy i the experimental ewes is depicted
ih Figmre 2. The concentrations of estradiol were constanity
low durmg the first § weeks of pregnancy. After week 8 of
pregnancy, estradiol concentration m the pregnapl ewes
constantly increased vmtil partursbon, spd being hipher i the
higher litier szzc. Tn the ewes carying mubhiple femses, the
vongentrations of cstradiol were distinctly higher than in those
carrying a single fetus, and the preatest differences occinred
during weeks 12 to 20 of pregnancy,
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Figere 1. Weelly scruen progesternme comconimathns during
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Avierape mammary DFFT and its componsnt wers
ahsobutcly lower in nonpregoant Gum i progaat ewcs { Table
{). However, in pregnanl cwes ¢ammying mulopls fetnses,
manmary DFF T, wlal mammary DNA, and RNA contents
were higher than in thos: carTying a singl folus, excopt for the
total mammary collagen content,

The conrelations of weckly progesteronc cocentralions
in the materoal semm with mammacy DFFT. IINA, RNA, and
collzpen are prescnted m Table 2. In gemersl, the
coocenttation of progestcrone at week 0 and 2 of preguancy
did not corelate with any mammary growth mdices al
parturtion,

The concentrations of progestercac at week 1 and
weeks 3 to 19 of pregoancy positively comclated with
mammary DFFT, DNA, and RNA at parturition. As carly as
week 1 of prepmancy, matemal senun concimtration of
progesterone highly correlated wilh the maromary DEFFL,
DNA, and RNA at parturition. The higher the matemal serom
concetiftations at weeks 3 to 19 the higher mamunery DIFT.
DNA. and RNA confents indicating a preater mamimary

growth and dovelopment, mammary ool manber and cellalar
activitics al parwrition. ‘The hiphest conclations of mesn
SEMm ProgestiTons concontralions with mammary DEFT.
A, and RNA were ocourred a1 week 12 of progmancy.

The conceniralions of progesteronc al weeks 1 and 3,
and weeks 7 lo 20 of prognaucy posihvely corrclate with
mamnmary collagen at parturition. As sarky as wesk 1 of
pregnancy, aaternal serum concentration of progesicrons was
highly correlated with the mamymary collagen al partarition.
‘The higher the maternal sepemn concentralioas at wecks 1 and
3. and weeks 7 1o 20 of pregnancy the higher mammary
callagen: contents imphmg the preater mammary ductal growth
and branchirg at parturition. The highest correlation of mean
senun progesterons concentrations with mammary collagen
was ocourred at week 14 of preguancy.

Table 2.  Coefficiemts of eovrelstion betwern weeldy raslvrasd seTam
propesterons  comcondratio®s  during  pregnascy  and
murnary plend lndices (DFFT, DVA, BNA and collapen) i
pariarithen im Javasesc ihin-bali enen
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The comrclations of weekly cstradiol concentrations in
the maternal serum with wammary DFFT, ONA. BNA, and
collagen are presemted i Table 3. In pewmersl the
concenitration of estradic] at sarly slage of pregnancy (weeks
(0 to 4) did mt correlate with any mammary growth mdices at
partarition.  The correlations of estradiol with DFFT, DNA
and RNA, and with collagen, became evident from weeks |1
w 20 apd weeks 12 o 20 of prepnancy. respectivily, as
conceotrations of estradiol in the maternal circulation hecams:
significantly merease. These data indicated that the higher the
congentrations ol esrediol in the maternal circulation during
weeks 11 to 20 of preguancy, the greater the mammary glamd
growth and development al parturition,



Table 3. Coeffcienis of rorvolntion betwesn weskiy meternal serem
estradiol comcembratiens during pregasncy sl slethary
pehand Incdices (DFFL, DNA. BNA and coflngen) ot partaritian
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DISCUSSION

Progestcron: and estradiol are traditionally considered
as honoooes fusction in mainfaining of pregnaucy and
parturition, respoctively.  The patterns of progesterone and
cstradiol profiles during pregnancy in sheep and goats have
been explained previously (Mapalu er a8, 1996; Manalu &
Sonarvadi, 1998). The wemcased " maternal — screm
progesterone and estradiol with the advancc of prognancy,
capesially during the toial stage of progmancy, is fr beyond the
lovels required 1o maintain preguancy. Previcus roport states

that the incrensed maternal serom progesterons:, amd probably

estradiol, with the advance of pregmancy has some farther
fumciions in stmmulation of manmary growth dunng pregoancy
in preparation of nntsients scorction required by Lhe newborn
offsprings (Manalu & Sumearyadi, 1296),

Cbscrvations in sheep and goats (Anderson, 1975,
Anderson et af., 1981} suggest that mammary gland growih
and development during pregnancy are paralie]l with the
temporal changes in hormonal secretion during gestation.
Among hormones thet their secretions merease doring
pregméncy are estradiol, progesterons, relaxin, and placental
Tactogen (Havden cf af.. 1979; Hayden ¢7 ol . 1980; Rackents
& Flint, 1980: Butler ef af,, 1981, Sheldrick er af., 1981).
These hormcues are generally prouped a: menuvogenic
hormongs 1.¢.. hormones stimelating mammary growth and

~elopment.  Exogenous administrations of progesterone,
grtradiol and relaxdn mn ovanectomized and nonpregnant mice
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bave boen shown Lo stmulated mammary gland growth and
developiment as indicated by the inctesse in DFTFT. DNA.
RNA and collapem conlemts of the plands (Harners &
Anderson, 1977 s, Harmess & Andercon, 1977h; Hayden o7 2/,
19749 Wieight & Anderson, 1982 Waliab & Anderson 1989).

The resubts of this experiment showed that the
increased maternal copcentrations of progesterone and
estradiol dwing pregnancy had a positive correlation with
marmmary growth and development at parturition.  Higher
concenirationg of progesterons md estradiol dutizp propnamcy
associated with the greater mammary growth and developmen:
at parturition. The correlation of maemal serom propestarone
with mammary gland prowth and development was evident
since the bepmning of pregnancy. However, the correlation of
maternal serum estradiol with mammary gland growth and
development was more ovident during the felal stage of
pregnancy. The difference in temporal correlation of maternal
sennh concentrations of estradiol and progesterone duneg
pregoancy with mammay pland growth at panmrition was
prubably related to the remporal difference in secretion of both
hormones, and the fluctuation in the secretion of the hommonos
during pregnancy. Matcmal soum progevierone conceniration
increased slowly during weeks 1 to § of pregnancy, then
moreased dramatically until week 7, and then slowly
decreased approaching parurition. Matemal serum esiradiol
tended to decrease fiom £strons to pregnancy (ool shown in the
Figure 2) and relatively stable during the Frst 7 weeks of
pregnancy, ad slowly invreased watil week 10 of prepnancy.
Estradiol increased dramatically at week |1 ol prognamey vatil
partmrition.

Repanfless of the difference. the resolis implied that
mereasite maternal serum progesterons and esiradiol dunng
pregnancy, cither by exogenows - administration or by
be wilized t© improve mammary gland growth and
development at the begmming of lactation and milk production
during lactation. Preliminary result shows that superovoisted
ewes have higher progoalcrons oomcentrations and proater
mammary growth and developrient during pregusney (Masasln
et af,, 1999 rnd cocrespondingly higher milk production
(60%) during lectation (Manaln et ol 20040).  Exogenous
administration of progesterone and cstradiol during pregnancy
to stimmlatc mammary gland growth and developmen, and to
increase milk production sould be a potential techaique in
improving production porformance of the animal m the ropics.

CONCLUSION

The results of this experiment indicated that the
maternal concemtrations of progestzrene throughout pregnancy
had a positive comelation with mammary growth and
development at parfurition; being grester duning the fefal sage
of pregnancy. In contrast maternal ssrum  esiradiol
concentration had positive correlstions with mammary giand
growth and development during the fital stage of pregrancy.
The results sngpested that incressing malernal sarum
progesterone and estradiol durimg pregnancy, either by
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exogenons administration or by incrcasing thoir endogenious
sectetion by superovulation, cowld be uwsed to improve
mammary gland growth and development at the beginning of
Inctation and milk povduction during lactation.
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