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Abstract:

Four normally cycling Holstein heifers were cannulated with Silicone rubber tubing in the jugular vein
and posterior vena cava. The blood samples were analyzed for progesterone with a competitive
proteinbinding assay which included a progesterone-internal standard. The study included five normal
and four abnormal estrous cycles, ranging from 18 to 21 days and 14 to 30 days in length, respectively.

A comparison of 142 plasma progesterone pairs (jugular -vs- vena cava) showed a significantly higher
concentration in the vena cava (P<.001). Average daily progesterone concentration in vena cava plasma
of three heifers during five normal estrous cycles ranged from a low of 0.98 + 1,30 ng/ml at estrus to a
high of 8.62 + 2.83 ng/ml at Day 15. Complete daily progesterone concentrations for jugular plasma
were obtained for two normal estrous cycles. At the day of estrus a mean of 1.25+ 0.35 ng/ml was
observed followed by a low of 0.35 + 0.50 ng/ml at Day 3 and a high of 3.00 + 0.60 ng/ml at Day 16.

A t-test of 10 progesterone sample-pairs (jugular -vs- vena cava) for the day of estrus found no
significant differences; however, the ratio (jugular/vena cava) was 1.0 or greater for seven of the 10
pairs with a mean ratio of 7,29 + 5.06. Ratios for the three days before estrus starting with the day
preceding estrus. were 0.81 + 0.52, 0.49 + 0.12 and 0.47 + 0.14, respectively. The progesterone levels
in the jugular vein exceeded that in the vena cava during four of the five surgery days. These data
suggest that blood sampling from several sources within an animal may be useful in a compartmental
analysis approach to. hormone binding and metabolism in vivo.
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ABSTRACT

Four normally cycling Holstein heifers were cannulated with Sili-
cone rubber tubing-in the jugular vein and posterior vena cava. The
blood samples were analyzed for progesterone with a competitive protein-
binding assay which included a progesterone-14C internal. standard. The

- study included five normal and four abnormal estrous cycles, ranging

from 18 ‘to 21 days and 14 to 30 days in length, respectively.

A comparison of 142 plasma progesterone pairs (jugular -vs- vena
cava) showed a significantly higher concentration in the vena cava
(P .001). - Average daily progesterone concentration in vena cava plasma
of three.-heifers during five normal estrous cycles ranged from a low of
0.98 + 1,30 ng/ml at estrus to a high of 8.62 + 2.83 ng/ml at Day 15.
Complete daily progesterone concentrations for jugular plasma were ob-

‘tained for two normal estrous cycles. At the day of estrus a mean of

1.25:4 0,35 ng/ml was observed followed by a low of 0.35+ 0.50 ng/ml

-at Day'3 and a high of 3.00+ 0.60 ng/ml at Day 16.

A t-test of 10 progesterone sample-pairs (jugular  -vs- vena. cava)
for the day of estrus found no significant differences; however, the
ratio (jugular/vena cava) was 1.0 or greater for seven of the 10 pairs
with a mean.ratio.of 7,29 + 5.06. Ratios.for the three days.before
estrus starting with the day preceding estrus. were 0.81 + 0.52,
0.49-+ 0.12 and 0.47 + 0.14, respectively. The progesterone levels.in

_the jugular vein exceeded that in. the vena cava during. four of the five

surgery days. These data suggest that blood sampling from several
sources within. an animal may be useful in a. compartmental. analysis

-approach to. hormone binding and metabolism in vivo.




INTRODUCTION

The isolation of progesterone was achieved almost simultanéously
by four groups of workers. The hormone was isolated in 1934 by the
~extraction of sows' ovarian tissue, and later the same year its struct-
ure- was dgtermined. It has been reﬁorted in bovine CL, ovaries, adrén-
rals, placenta- and blood. |

?rogesterone appears . important in preparation of the uterus for
implaptation of the blagtocyst, maintenance -of pregnancy, as-a condi-
tioning'agent'in estrus, normal cyclic functions as .a factor affecting
tubal and u?erine transport of sperm and ova, development of the- alve-
olar system in the mammary gland, and hypophyseal—gonédal interrelation-
ships.

Until recently studies relating to the metabolism and secretion of
progesterone have been hindered by the lack 6f techniques sufficiently
sensitive -and specific enough for the quantitation of the hormone in
smail volumes . of plasmayl In thé past it has been necessary to obtain’
reproductive tissue during surgery or slaughter for the estimation of
progesterone. |

There is ﬁot a great deal known about the hormone- interrelation-
ships involved in reproduction and any research providing basic inform-
ation about these processes is worthwhile.

The present study was designed to quantitatively determine proges-
terone concentrafions in the blood during the cycle to provide‘knowledge

beneficial in future research. Some of the important phases of research
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that may utilize conclusions drawn from this work are the estrué
synchronization of cattle and attempted super ovulation leading to mul-

tiple births.




REVIEW OF LITERATURE

gCanndigtion Materials.-

A procedure using a.medical grade.of silicone rubber tubing for
vascular cannulation was developed by Hull (1967). The tubing was
physiologically inert, flexible-and could be autoclaved many times. It
was found that inherent rigidity was necessary for patency in blood col-
lection. However, the tubing'should-have-sufficient flexibility to not
traumatize the- vascular endothelium and. induce thrombephlebitis as dees
the-stiffer tubing. Christison and Curtin (1969) utilized silicone rub-
ber fer a catheter in the cranial vena cava-of the -pig. Venous blood
samples could be-drawn, or fluid injected into unanesthetized and.unre-
'strained animals. Hamilton (1965) introduced silicone rubber catheters
into the descending aerta of degs and cats.

Robinson.et al. (1969) devised an improved polyethylene cannulation
technique. The method was developed to prevent the accidental removal of
cannulae. A small bead was formed in the tubing which -makes it possible
to secure the cannula in place, A small section of the polyethylene tub-
ing . is heated momentarily which causes the plastic to contract length-
wise. This causes the formation of a small bead on the outside of the
. tube, but does -not- alter the lumen. Sutures can be-secured immediately
behind the bead or it can be-passed into a vessel .and the-incision
‘closed tightly around the tubing. Popovic and Popovic (1960) described
a technique &heréby the aorta?and the vena*cavé of rats and ground

squirrels-are permanently ‘intubated using pelyethylene tubing. Sheemaker
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t al. (1965) utilized pblyethylene tubing for catheteérizatdon ‘of the

o c——

major hepatic:-vessels éf dogs. Conner and Fries (1960) siliconized the
inside—aﬁd Qufside'of polyéthylene tubing-for catheterization ef portal
and mesentefic veins of Holstein-Friesian calves. Conrad. et al. (1958)-
fitted a polyefhylenefcatheter in the gastrosplenic vein of a calf.
' Lumb et al. (1966) copllected adrenal .venous blood from cattlé with poly-
ethylene canniilae. |

BléirJWést.gglgl.,(1962)-c611eé;ed~adrena1 venous blood from sheep
- fitted with cannulae made of poly-vinyl tubing. Ralston et al. (1949)
deécribed a ﬁethod whereby poly-vinyl chloride catheters were placed in
the- external jug#lar:veins of cows.. Katz and Bergman (1969) employed
cénnqlae'cpnsisfihg of-mediéal grade>poly-viny1 tubing with attached
"cqffs" for simultaneous collection of biood entering or leaving the
liver and Per;al bed of the unanesthetized sheep°

Moodié et 3l,.(1963) used two flexible:polyamide (nylon).tubes, one
of Which fitted insidé-the!other for the collection of portél and hepatic
venous blood from~coﬁécious sheep. The -authors found nylon to‘be-less
reactiverghan polyethylene and poly-vinyl chloride-ca;heters, although
within~ha1f ap-hour 'after insertidn the nylon ‘was coated with a fiberous
coating. Ultiﬁately; the bresence of the nylon catheter resulted in the
development of a low grade phlebitis.

Cannulation and Catheterization Sites in Various Animals.-

Ralston et gl,,(l949)-inserted catheteré in both external jugular
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veins of cows. Radioactive substances were in;roduced into one jugular
vein and blood samples were withdrawn from the other. The functional
range of this catheter was 2,1 ho@rs to 14,5 days. Popovic et al.
(1968) surgically placed cannilae in the- jugular veins of 50 mice. The
polyethylene-cannﬁlae remained patent .for d?ug injection as long as an
animalflaived° Howeve;,fwhen-blpod samples were drawq, some -cannulae
were not functi&nal longer than 10-15 days.

Popovic and Popovic (1960)- exposed the right jugular vein of rats
and ground .squirrels, An incision was made in ﬁhe anterior-portioﬁ'of
thé.jugular‘to allow a cannula. to be-pushed.into the body of the vein
until the tip laid.in'the junction of the right superior‘and inferior
vena:cava. The cannuiae»would remain functional for 40 days with .proper
care. Christison*and‘Gurtin (1969) described a'sﬁngical fechnique
whereby a catheter was inserted in the facial -and external jugular veins
of the pig andépaésed inte the cranial vena cava. The -catheters were
fplacéd in-11 p;gs and remained patent for 0~47 days.

fopovic ;nd Popovic (1960) made incisions in-the neck of rats -and
ground squirrels in order to expose the: left carotid artery. A small
incision not larger than oﬁe-third the diameter of the-carotid was made
in'the.anferior part:of‘the-artery. A-polyethyleﬁe tube ‘was . inserted
through the incision and passed down the yesgel until the tip reached
the aorta, The cannula fiogtinguin the aortic blood stream seemed to

have ‘a longer life than those cannulae ending in the carotid. Hamilton
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(1965) surgically implanted arterial eatheters which allowed blood sampl-
ing and injeetiOn of fluids into unanesthetized and undisturbed dogs and
cats. The silicone tubing is inserted into the descending aorta by way
of the carotid artery and the free end passed through the skin at the
back of the neck.

Conner-andvFries (1960) described a technique for coilecting por-
 ta1 veinhblood from unanesthetized calves. The cannulae were used
seccessfully for obtaining portal blood samples up to 73 days after an
operation, Moodie-gs;gl, (1963)'f1tted catheters iq the portal vein of
sheep, The tip of thecatheter laid in the vessel at the entrance to the
1iver (porta hepatis). Venous blood saﬁples-wete collected from.the
region for an average period of 83 days (range 41-161.days).‘ Katz and
Bergman (1969) developed a procedure for cannulation of the hepetic vein
of sheep. Cannulae remained.patent -up to five months, but the average
functional period was five-weeks, Shoemaker et él, (1965) described a
surgical methed for catheterization of the common hepatic vein, portal
“vein and splenic artery of dogs. The method allowed simultaneous blood
sampling . from ell three major hepatic-vessels in an uﬁanesthetized dog.

Hume -and Nelson (1954) developed a cannuletion procedure for
adrenal venous blood collection from conscious degs. Blait~-West et-al.
(1962) devised a surgical method for the sﬁccessful cannulation of the
adrenal veip in the-sheep. Blood was allowed to flow ‘from the left

adrenal vein through a poly-vinyl tube, which passed outside- the body ‘and




. _7_'

‘was inserted in the jugular vein. Samples were collected from the  con~
-scious-animal for a period of 2-4 days by breaking a Teflon joint in-
‘serted in the_-tqbing° Lumb et al. (1966) reported a technique for
obtaining adrenal venous blood from the conscious, as well as the an-~
esthetized calf. The adrenal vein'was cannulated and é loep of the Eoly-
ethylene tubing brought through a 'stab'wound in the-skin and passed back
into the body through another‘stab'wound, .Then the tip of the cannula
was inserte& in the posterior vena cava to maintain blood flow and allow
free-accessAto the cannula for yendus effluent collection.

Hull (1967) deécribed é'procedure for the successful cannulation
of the posterior vena cava of cattle. The éannulae~were surgically
placed in 12 Holstéin-Friesian heifers and remained patent in blood

sampling for 4 to 90 days (average functional life of 35 days).

Assay Methods for Prqgesteroﬁey-

étudies-concerned with the-qgantitative-determination of progester-
one-levels.in-small‘volumes of plasma have been hindered in the past by
the lack of sufficiently sénsitive-and specific chemical techniques.
Gomes apd Erb (1965) summarized all the available assay methods in a
review of progesterone involvement in bovine reproduction.

Bush (1952) devised a paper chromatographic method for the effec-
~tive isolation of gﬁall amounts of steroids in body fluids and biological
media, Edgar (1953a) and Edgar (1953b) utilized ultra-violet absorption

spectroscopy to determine progesterone content of body tissues and fluids,
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Loy.gg al. (1957)~de§e10ped a modified spectrophotometric techrique
which would permit estimation.of fhe progesterone content‘of luteal tis-
sue, Short (1958) described the'successful quantitation of progesterone
in large volumes of peripheral blood.

The general procedure for this widely used spectrophotometric
method was an ether or hot alcohol extraction, column chromatography,

countercurrent distribution, paper chromatography, ultra-violet absorp-

tion at 240 mu and the use of pfogesteroﬁe -4-14¢ (Staples and Hansei;A

1961 and Stormshak et al. 1961).

The spectrophotometric methods have a limit of sensitivity ranging

- from 0,5 to 1.0 ug. if micro-cells are used in the spectrophotometer.

Otherwise, five times as much hormone is required, Modification of the
spectrophotometric techniéqeslhave been made to'improve their sensitiv-
ity in progesterone measurements. Sommerville-et al. (1963) quantitated
progesterone  in 5-10 ml of human plasma with a modification of the
thioéemicarbazide-réaction. The method was commonly used for 8;10 years
in estimating progesterone contént of tissues and yielded saFisfactory‘
progestevone determinations te 0,1 ug, but - lacked the’ sensitivity
necessary for blood aﬁalysis.

Short ‘and Levitt (1962) described a fluoremetfiC'procedure that

"was quite sensitive, but required purification and extreme care with re-

agents and paper to provide: the necessary specificity. However, when

the method was' compared with  the spectrophotometric -method of Short
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(1958), the-fluorescence gave higher results at low concentrations of
progesterone and lower results:at high-concentratiéns, indicating a lack
ofnspecificity in the fluorescence-reagtion. Riondel et al. (1962)
applied the double-isotope-derivative procedure to the estimation of
progesterone using progesteroneBH with thiosemicarbazidé3®S as the de-
rivative -forming agent. Woolever and Goldfein (1963) later reported
quantitation by the-éonversipn of progesterone to 20 B-ol using tri-
tiated sodium borahydride -and progeéferonel4c as the isotope-sou;ces.
This method allowed effective measurements to slightly less than 0.0l ug
of progesterone. -Excellent techmiques ip gas chromatography have been
reported by Yannone et al. (1964) and Stabenfeldt et al. (1970). Such
methods afford sensiéivity and specificity, but require a great deal of
training to successfully apply them to steroid determination.

It has been proven recently that radiofimmunqassays3are sensitive
-and accurate in assaying the polypeptide hormones (Everett, 1969). The
radio-immunoassay technique has been'extended to steroid measurements
and has the advantage that purification of the steroid is not necessary. .
However, Abraham (1969) does stress the importance of highly purified
radio~labelled sferoidsf

Ferin et al. (19685 reported a radio-immunoassay techﬁique for
estradioi which -employed an antisera raiséd in a ewe against estradiol-
17B conjugated to bovine serum albumin. The assay has-allowed detection

of as low as 10 picograms estradiol, with dose response curves proven to
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be linear between 10 dﬁﬂ/200 picograms. ‘Abraham (1969) has described a
procédure for'tﬁe-radio;immuﬁoassay of estradiol-17B. .Plastic test
tubes- are coated with a standard amount of specific antibody and ‘the
-quantity of radioactively labelled estradiol-17B -that remains unbound or
bound is determined in the presence-of the test'solutign. Midgley et al.
(1969) has demonstrated that the hapten-radio-immunoassay 'can be . utiliz-
ed for the quantitative determination of 16W'm01ecu1argweight substances
‘which can be made immunogenic by conjugation to a protein, This pro-
cedure has been -employed for the-quantitation of non-conjugated estro-
 'genic steroids by the radioiodination of Ehe protein portion of the
-conjugate.

Hendricks:et al..(1969) employed gas-liquid chromatography and the

et
. protein-binding method to determine progesterone levels in systemic
.plésma collected from cows during the estrous cycle. Blood plasma
analyzed with -gas  chromatography for Days 8, 12, 16 and 20 after estrus
had progesterone levels at 4.4 + 1.2, 7.9 + 1.2, 7.1 + 0.5, 1.4 + 0.2
ng/ml, respectively. Deéerminations made ‘with the protein-binding asséy
were 0.6 + 0.2, 5.2 + 0.7, 4.9 + 0.3, 5.8 + 0.9, 1.6 + 0.6 and 0.4 + 0.1
ng progesterone per ml of plasma for 0, 10, 15, 17, 19 and 21 days after
"estrus. Thé results of this study indicated that plasma.progesterong

could be effectively measured with the less laborious protein-binding

assay.
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Competitive Protein-Binding Radioassay.-

The competitive protein-binding assay is a relatively simple, fast
procedure for determining steroid levels in -small volumes of plasﬁa,

The technique is specific 'in thaf the corticosterone-binding globulin:
(CBG, transcortin) has a binding affinity for only cortisol, corti-
costerone and progesterone..

This steroid binding protein was designated as CBG (cortisol-bind-
ing globulin) by Daughaday (1958) and transcortin by Slaunwhite and
Sandberg (1959). Later, Mufphy et al. (1963) termed the  globulin
fraction as corticosteroid-binding globulin, which she used in a simple
method for determining plasma corticoids, The assay employing this
binding globulin has been'named by Murphy (1964) as the '"competitive
protein-binding (PB) analysis" and by Barakat and Ekins (1961) as a
"satu?aéion analysis'.

Murphy et al. (1963) utilized the steroid-binding properties of
plasma to estimate levels of cortisol and corticosterone in human plasma.
When increasing amounts of unlabelled cortisol were added to an gquilib-
rium dialysis system containing plasma and a constant amount of corti-
sol-4-140, there was a. proportional decrease in the percentage of corti-
501-4-14C bound to the plasma protein, These findings-éuggested that the
binding depression induced by added steroid might provide a process for
determining plasma levels -of cortisol and corticosterone. Murphy (1967)

found it possible to routinely measure -cortisol in 0.1 ml of plasma or
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cerebrospinal fluid and progesterone in 0.3 ml of plasma. She was also
‘able to determine levels of compound S(ll—desoxycortisol), corticoster-
one, cortisone, and 17-hydroxyprogesterone with the protein-binding
assay. Neill et al. (1967a) analyzed the daily relationship between the

concentrations of luteinizing hormone (LH) and progesterone in the

peripheral plasma during the normal human menstrual cycle. Pfogesterone

“levels Were‘determined in '0:5 ml aliquots of plasma by utilizing a modi-

fication of the protein-binding method reported by Murphy (1967). Neill
et'al. (1967b) determined the plasma progesterone éoncentrations
throughout the menstrual cycle of normal Rhesus‘ﬁonkeys by emplqying the
competitive protein-binding technique. Johansson et al. (1968) used the
protein-binding assay to measure the:periphe¥ai plasma progesterone con~
centrations in normal cycling Rhesus{monkeys at the day of ovulation.

Bassett and Hinks (1969) utilized the assay for the determination qf
corticoids in 0.1 ml or less of ovine plasma. Bassett et al. (1969)
quantitated progesterone levels in the peripheral plasma of pregnant
ewes throughout gestation.with the protein-binding assay.

Befofé progesterone or other ste?oid levels can be quantitatively
determined Witﬁ thé-proteinfbinding assay they must be effectively iso-
lated. Neill et al. (i967a) reported that progesterone could be-ex;
tracted from 0,5-1.0 ml of plasma with 5 ml reagent grade Petroleum
Ethgr (boiling 302-60°C), This procedure extracted 90 percent of the

progesterone-from the plasma, and left behind over 99 percent of the
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cortisol and.corticosterone. ‘After extraction, progesterone was isola-
ted from its-metabolites in a single-chromatographic step. Samples
were spotted on silica gel thin layer sheets and developed in ether-
benzene 2:1 by ascending chromatography.

.The manner in which the competitive protein-binding.globulin is
prepared is. an important consideration in the assay. Murphy (1967) in-
vestigated the effectiveness.of plasma ‘from various,spécies as a binding
globulin in the competitive protein-binding. assay. One ml of dog plasma
could be used satisfactorily over the range 0.2-4 ng éortisol, monkey
plasma for the range 0.2-4 ng corticosterone, cat plasma was effective
over the range 0.2-4 ng 1ll-desoxycortisol, rabbit plasma over the range
0.2-4 ng cortisol and chicken plasma was satisfactory for 0.2-4 ng cort-
isol, 1l-desoxycortiéol, progesterone, or cortisone. Murphy (1967) con-
cluded a 100-fold increase in the sensitivity of the assay could be
obtained by selecting the proper speéies-for the source of the binding
protein and the use of tritiated steraids of higher specific activity
than the previously used 14C labeled steroids. Neill et al. (1967a)
prepared CBG-corticosterone ~1, 2-31 by diluting 2.5 ml of dog.plasma to
100 ml with distilled water. Then: 25 ﬁg,of corticosterone--1,2-3H (100
ng/ml ethanol) was added and the solution mixed gently. Johansson et al.
(1968)-enhanced'the sensitivify of the assay by increasing. the activity
of the tritiated corticosterbne fromﬂ33.4 to 57,2 c)mmole° The higher

specific' activity of the steroid allowed the-mass:of .corticosterone
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-1,2#3H to be reduced from 25 to- 15 ng for a solution containing 2.5 ml
of dog plasma dispersed in 97.5 ml of distilled water.

In order to quantitatively aetermine the steroid levels in plasma
it is necessary to establish a standard curve for every group of samples
analyzed. Neill et al. (1967a) pipetted a standard curve -representing
1, 2, 5, and 10 ng of progesterone from aliquots of a progesterone solu-
tion in absolute ethanol (100 ng/ml). One ml of CBG saturated with

corticosterone:;l,Z—SH'Was added to each sample tube containing. isolated

‘progesterone and every member of the standard curve. All tubes were

placed in a 45°C water bath for five minutes tp bring the progestérone
into solution, The tubes were transferred to an ice bath and allowed to
remain there for 10 minutes to increase the affinity of the CBG for the
steroids, Tﬁe steroids -establish a dynamic equilibrium and compete for
the binding sites on' the protein.

A va?iety of procedures ﬂave been used to separate the unbound
steroids from the fractibn bound to the protein., Murphy et al. (1963)
developed a dialysis method for estimating cortisol and corticosterone
in human plasma. The chief &isadvantage of dialysis from the clinical
point -of view is the 40 ‘hours ‘required for the-process. Murphy and
Pattee (1964) used corticosteroid-binding giobulin'in a gei filtration
procedure to determine plasma corticoids. It was-'similar to the di-

alysis method employed earlier by Murphy et al. (1963) and retained the

-specificity, precision, and sensitivity. However, gel filtration could
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be carried out in approximately two hours. De Moor et al. (1962) de-
termined the amount of tramscortin-bound corticoids in human plasma By
using gel filtration on Sepﬁadex columns. At a later time, De Moor
et al. (1963) used this procedure to study the influence various ster-
oids have on the cortisol-binding ability of human plasma in vitro.
Murphy (1967) examined the effectiveness of several insolublg adsorbing
agents (Fuller's earth, Florisil, coated charcoal) in separating pro-
tein-bound and unbound stetroids. Murphy (1967) concluded that Fuller's
éarth, coated charcoal, and Lloyd's réagént were satisfactory for
separating protein-bound and unbound corfisol, while Florisil and coated
charcoal were suitable for the separation of prbteinnbound‘and unbound
corticosterone. Neill et al. (1967a) reported that 80 mg of Florisil
(activated magnesium'silicate, 60-100 mesh) effectively adsorbed to all
of the unboupd labélLed corticosterone in the solution when mixed for
exactly 30 seconds in a Vortex mixer.

Neill et al. (1967a) had established that dn5 ng:of progesterone
" could Be measured with a high degree of precision using the protein-
binding assay. The lower limit of sensitivity in the technique appeared
to be apﬁroximately 0.2 ng of progesterone. ‘Johansson et al. (1968)
\ found that saturation of the binding-globulin in dog plasma with high
sﬁecific activity (57.2 c¢/mmole) cofticosterane, in addition to the

rigid standardization (exactly 30 seconds) of the shaking in the Vortex

2 n
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mixer allowed detection of as little as 0.l ng progesterone in 0.5 ml
monkey plasma.

Progesterone Levels in the Non-pregnant Cow.-

Co;pus Luteum and Ovary.- Several research workers concerned with
-various aspects of reproduction have measured progesterone levels in
luteal tissue from coﬁs-and heifers at different stages of the estrous
cycle.

Erb et al. (1962) collected 42 corpofa-lutea from 31 cows and
heifers throughout' the egtrous-cycle and analyzed them for progesterone
content. Three cows had a small amount of progesterone in regressing
corpora lutea (CL) during estrus or -one day after, buf there was .no
detectable progestérone at Day 2. However, from three to nine days
after estrus, the average-progesterone-éontent increased from 16 to 158
ug per corpus luteum. The mean progesterone- content of the corpus
luteum reached a maximum o0f 570 ug at Day 149 which was followed by a
sharp decline for Days 15 through 20. The considerable tvariation among
animals in luteal tissue progesterone content was apparently related to
the body. weight and age éf the animal. The mean concentration .of pro-
gesterone-was found fo be-19 ug/g at Day 3 and reached a peak of 38 ug/g
at Day 5, declining to 25 ug/g at Day 9, with a corresponding rapid in-
‘crease in the concentration to a peak of 73 ug/g at Day 14.

Erb.-and Stormshak (1961) concluded the developing corpus luteum has

a high progestin concentration (progesterone and A 4-pregnene-20B-ol--
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3—onej-per gram of'luteal tissue oﬁ-the second and third days of the
cycle, but the total quantity was less than 100 ug until after Day 6.
At a later 'stage of the estrous cycle (Days 14-16), the average proges-
tin céntent rose to 251 ug. They also réported that progestins in the
corpus glbicéns ranged from O to 24 ug before ovulation.
| Armstrong and Hansel (1959) concluded that administration of natur-
al or syﬁthetic oxytocin to cycling heifers during the first week after
estrus resulted in a shortened estrous cycle of 8 to 12 days. Corpora
lutea formed during the oxytocin treatment period were smaller than the
normal CL. The effect of exogenous oxytocin on the progestin content of
the CL-Qas investigated by Mares and Casida (1963). Normal cycling
heifers were injected intravenously with (110'InU,).oxy£ocin twice daily
on Days 12 and 13;.and the corpus luteum removed on Day 14, 24,h6urs
after the last injection. The treated corpora lutea had a significantly
(P .01) greater content of both é& 4-pregnene-20B-o0l-3-one). and pro-
gesterone than control CL.

Ovarian Vein.- The progestin levels in venous plasma collected

. through laparotomy and sectioning one of the veins draining the ovary

containing the active CL or ripened follicle in three non-pregnant dows
and heifers was analyzed by Gomes-et al. (1963). The plasma levels were
not defectable at estrus or one day following. However, there was a sig-
nificant increase in the progestin concentrations in the ovarian venous

plasma from Day 2 of the estrous.cycle.to a peak level of 6.2 ug/ml'on
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Day 15. Dobrowolski et al. (1968) deterﬁined the progesterone content
of ovarian vendus blood for nine cycling cows, three of which rose from
5.6 ﬁg/lOO ml plésma on Day 1l of the estrous cycle, to approximately
125 ug/100 ml at Day 8, and to about 180 ug/100 ml on Days 14 and 15 of
the cycle. . After thiF,»there was a rapid decline (10 to 20 ug/iOO'ml)
as the animals approaéhed ovulation.’

Jugular Vein.~- Gomes et gl; (1963) reported progesterone levels

ranging ‘from non-detectable to 0.0540 ug/ml of plasma in the jugular
blood of 31 non-pregnant, cycling dairy cows and heifers. Stabenfeldt
(in a discussion by‘Kaltapbach and Cook, 1968) reported a rapid rise in
jugular vein plésma progesterone levels éfter estrus in four cows start-
ing about Day 4 and continuing through about Day 16, followed by a mark-
ed decline at approximétely Day 17 or 18.

Stabenfeldt et él. (1969) determined the daily progesterone levels
in the jugular‘plasma of six cows dufing.sgven complete estrous cycles.
The progesterone 1evelé'extended from less than 0.5 ng/ml plasma during
the follicular_phase to 6.6 ng/ml plasma at.peak luteal phase. The
study indicated that progeéterone levels measured throughout 21-day
cycles increased mafkedly from Day 3 to Day 8 (estrus = Day 1) with a
much slower rate of.increase from Day 8 to Day 17.

Progesterone-Levels;iE the Pregnant "Cow.-

Gorpus Luteum-and Ovary.- Gorski et al. (1958) determined the

progesterone content of corpora-lutea (five assays each containihg three
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CL) taken from pregnant cows. The luteal tissue containeéd an estimated
90 percent of the progesterone found in the ovaries of cows with levels
ranging from 6.4 to 15.2 ug/g of tissue. -The ovaries of a Jersey heifer
‘pregnant 259‘days-c6ntained an estimated 50 ug of progesterone.

The - progesterone- concentration in bovine-corpqra lutea throughout
gestation were inveétigated ﬁy Melampy,gi al. (1959). They reported a
mean of 2.3.1.0.7 ug prqgestersne/g-of luteal tissue for Day; 10-49 of
pregnancy, 3.6 i 1;5 ug/g for Days“50-89, 5.0 + 1.2 ug/g for Days 90-
129, 3.8 + 0.9 ug/g for Days 130-169, 3.9 + 0.7Iug/g.for Days 170-209,
1.5 + 0,5 ug/g for Days 210-249, and 1.1 .+ 0.3 ug/g;fdr Days 250-280.
The residual ovarian tissue was also investigated for pfogesterone con-
tent, and found fo contain 1.1 + 0.5 ué/g at Days 10-49 of gestation,
1.0 + 0.4 ug/g for Days 50-89, 2.7 + 0.6 ug/g for Days 90-129, 1,6 + 0.5
ug/g for Days 130-169, 1.9 + 0.5 ug/g for Days 170-209, 0.7 + 0.1 ug/g
forlDays:210-249, and 0.8 + 0.5 ug/g for Days 250-280 of the gestation
period.

Erb et al. (1960) determined the progestin content of corpora lutea
taken from 41 pregnant cows. The progestins (progesterone fzsz4-preg-
nene-ZOB-ol-é-one) gvéraged 25.5 + 3.1 ug/g of luteal tissue for cows
from 65 to_275 days 6f gestation. However, the concentration was great-
er.(f§:0.005) for 11 cows between 50-109 days of gestation (49.0 + 8.5

. ug/g) than for cows in the late stages of pregnancy (23.5 + 1.8 ug/g). "

The corpora lutea at the early stages of gestation were approximately 43
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percent larger and did not change appreciably in concentration after 110
days of pregnéqcyf A study performed by Erb et al. (1961) indicated
that the progesterpne content in the CL of pregnancy was at a peak of
about 270 ué at Days 13-15 and reached a low. average of about 150 ug for
Days 37-75, which Waé followed by an increase in content to Day 212 and
a gradual decline to parturition.

~ Stormshak and Eirb (1961) assayed 89 CL énd 54. pairs of owaries. to
determine. progestin levels in cows.pregnant 16 to 275 days. The pro-
gestin concentration was significantly higher (P<0.0l) in corpora
lutea collected during Days 16 to 89 of gestation (33.6 ug/g) than at
Days 90.to.179 (20.4 ug/g) or after 180 days (27.5 ug/g). There was
significantly less- progesterone per gram of luteal tissue at 90 to 179.
days (12 ug/g) than after 180.days (18.7. ug/g) or for 16-to 89 days
(20.4 ug/g). It was generally found that the progesterone content of
the ovaries without corpora lutea was less than 0.l ug/g.

Erb and Stormshak (1961) reported that seven pregnant cows had an
average progestin (progesterone and 20B-ol) content of 161 ug/CL on Days
25-34, and six cowsAhaa 250 ug/CL at 37-42 days.. Erb. et al. (1968) re-
ported the progesterone-content (P& 0.025) of the pregnant bovine CL
raised significantly as the age of the animal increased, but progester-
one concentration did not. The average values for the study were:

progesterone content of the CL 199 + 9.9 ug and CL concentration,
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31.1 + 1.4 ug/g during Days 11 to 284 for cows which averaged 54 + 2.2
months of age.

Staples and Hansel (1961) utilized the effectiveness of oxytocin
injections in repressing corpus luteum development to study the rela-
tionship between embryo survival at 15 eays after insemination and the
progesterone content of luteal tissue. The 20 control heifers with
normal embryos had a progesterone content in the CL of 270.2 ug. Eigh-
teen of the heifers that received subcutaneous:oxytocin (7 u.s.p. units
per hundred pounds of body weight per day) had normal embryos ‘and the
average total progesterone content of their cotpora lutea was 310.6 ug.
Ten'of the-oxytocin treated heifers were not pregnant and had signifi-
cantly less (P &€0.05) total.progesterone (154.1 ug) than did the treated
heifers having embryos. The data suggests that a threshold level of 100
ug pfogesterone in the CL is necessary for embryo survival at the- 15th
day.

Johnson and Erb (1962) reported that the progesterone- concentration
and the total progesterone-content in the corpus luteum of pregnant
dairy cattle was significantly increased (P<€0.005) by the administra-
-tion of exogenous progesterone 1 to 12 days before ovariectomy. The
results of the study indicated that pregnancy ceuld bermainta;ned if
ovariectomy was performed at no earlier tharn 88 days after conception
and exogenous progesterone treatment was begun at least eight days be-

fore sﬁrgery1
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The progesterone levels in the corpora lutea of:beef cattle bred at
estrus after being treated with PMS on Day 16 and HCG at Day 20 were
determined by Estergreen (1964). The progesterone content in luteal
tissue differed significantly (P<.0l) among those studied at three days
30 to 45 days, and 60 to 90 days after ovulation occurred, with the
highest levels being determined for the heifers pfegnant 30-45 dayg.

Niswender et al. (1965) studied the effect. low levels of estradiol~
17B had on the ovarian'activiéy of cyceling beef heifers. Estradiol-17B'
inje¢tions ‘were administered at various dosage levels on Day 6 of ‘the
estrous cycle. The CL weight, progestin content, progestin concentration
and follicular fluid weight at Day 12 was generally lower in the heifers
treated with higher levels of estrogen than in the control heifers.,
Estrogen injections givén daily from Day 6 to 18 resulted in a reduction
of luteal_and follicular activity, with higher levels of estradiol show-
ing the greatest decrease. It ‘was concluded that six levels of estrogeﬁ
(20, 40, 80, 160, 320 and 640 ug) administered to the heifers resulted
in a reduction of 3gll measutes of ovarian activity.

Adrenal Gland.- The cortex of the mammalian adrénal gland had been

found to contain nearly 50 steroids (Turner, 1966).. Among tﬁese are
androgens, progestogens and estrogens which are essential to réproduc-
tive processes.

quski et gl; (1958) found the adrenal glands of a Jetrsey heifer

pregnant 258 days to contain less than 10 ug of progesterone. The.pro—




“23-
gesterone -content of the left‘adreqal gland was investigated by Melampy
et al. (1959). The steroid was non-detectable for Days 10-49 of preg-
nancy. However, the mean progesterone concentration was 1.5 ug/g Qf
adrenal tissue for Days 50-89, 1.7 + 0.04 ug/g for Days 90-129, 1.5 +
0.09 ug/g for Days 130-169, 2.1 + 0.09 ug/g for.Days 170-209, 0.4 ug/g
. for Days 210-249 and 0.7 ug/g for Days 250-280. |

Exrb et al. (1960) reported the progestin content in adrenal glands
collected during gestation to be 23.4 ug. Stormshak and Erb (1961) coh~
cluded that the progesterone- content of 54 pairs of adrenal glarids taken
frém pregnant cows was generally less than 1 ug/g. Erb-and Stormshak
(1961) described the adreﬁals of four -cows 8-22 days post-partum to be
large (average 46 g) and with progestin levels about four times greater
than is generally observed (66 ug).

‘Placénta,- The placenta ié'a source -of estradiol aﬁd progesterone
in most farm animals (Hafez, 1968):‘ However, the endocrine activity of
the placental Eissue varies ‘a great deal among species. The progester-
oné concentrations in the piacenta are low and are not always readiiy
detected.

Gorski et al. (1958) found negative results for progesterone de-
termindtion in six assays of cow placentae. Melampy et al. (1959) ana-
1§zed‘the bovine placenta during gestation for the presence - of proges=
terone. The placental tissue contained an average of 0.08 + 0.04 ug

progesterone/g during Days 10-49 of pregnancy, 0.08 + 0.03 ug/g for
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Days 50-89, 0.16 % 0.09 ug/g for Days 90-129, 0.20 + 0.06 ug/g for Days
130-169, 0.20 + 0.07 ug/g for Days 170-209, 0.05 + 0,02 ug/g for Days
210-249 and 0.03 + 0.0l ug/g for Days 250-280. Williams et al. (1964)
characterized the distribution of progesterone in the uterine endomet-
rium and myometrium. Centrifugal fractionation and chromatography on
silica gel were used to study-the presence of progeSteroﬁe, 20B-o0l and
hydroxyprogesterone;in both uterine endometrium and myometrium.

Ovarian Vein.- Erb et al. (1961) reported that the progesterone

concentration in the ovarian vemnous plasma from the CL bearing ovary was
four times greater than the levels in the plasma from the opposite'ovary
(P£Z0.005). Progesterone levels in tﬁe ovarian vein of cows pregnant
250 to-282 days-were-eétimated by Gomes et al. (1962). Whole blood froﬁ
ovaries (with corpora lutea) was obtained from the sectiongd ovarian
vein after lapéfotomy of cows pregnant 250-254 days averaged.2.2 ug -pro-
gesterone/ml. However, during this same period, two plasma samples
averaged 3.9 ug/ml. Blood collected from the ovarian véin of a cow
pregnént.282 days had 1.2 ug/ml of wHole-Blood and 1.4 ug/ml of plasma.
Erb‘gg.gl,‘£196é) described a-significant (P<:0°015 decline-in the pro-
gesteroﬁe values of ovarian venous piasma during pregnancy. The pro-
gesterone -concentration declirned from' the 14 day level, 4.5 + 0.77 ug/ml
to 2.6 + 0.29 ug/ml, during the second and third month of pregnhancy.

This was followéd by a rise in progesterone level duting the fourth
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-month only to decline to the lowest levels during 199 to 237 days of

pregnancy.

Jugular Vein.~ Short (1960) found that progesterone levels in the
-pefipheral-blood of pregnant:cows remained relatively constant through-
out’ the-gestation:'period, but approximately 10 days before parturition
it starts to decline. Gomes.et al. (19625 reported that two cows preg-
nant. 250 and 251 days.had an average of 0.0092 ug progesterone -per ml of
peripheral plasma. - Holm .and Short (1962) examined progestrone levels in
the-peripheral bleod of five cows:pregnant up to 92 days beyond the
normal gestation period (285 days). .The levels during:mid-pregnancy
'wefe-the-same as in normal cows, but there-was no.decline-in progester-
one-level just prior to.the expected date of parturition'which is
characteristic' of normal cows. The -progesterone content of jugular

plasma:.was. investigated by Erb:et al. (1968) and found to increase
significantly (P<{0005)‘duringzpregnancy,.with an average of 30.3.+ 1.7
ng/ml throughout gestation. Shemesh.et al. (1968) concluded that the
progesterone.leveis in jugular -plasma were-similar in cycling cows
(mean .= 0.43 1+ 0.35 .ug/100 ml) and inseminated cows during Days. 10 to
.18 after-ovulétion, regardless .of whetﬁer the bfed cows ‘were-pregnant
(0.48-+ 0,43 ug/100 ml) or not. However, a significant difference-bef
tween non~pregnant (cycling). and pregnant:cows-Was.observed 19 days

after ovulation. Only two of 12 non-pregnant cows had measurable blood

" .levels:of progesterone (0.16-to 0.22 -ug/100 ml); whereas,. eight pregnant
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cows had plasma progesterone-levels greater than 0.34 ug/100 ml, on Day
. 19. The pregnant cows averaged 0.47.+ 0.03 ug/100 ml at that stage of
gestation.

Erb:et al. (1961) collected blood from the jugular vein of pregnant
cows before and after ovariectomy to investigate the influence removal
.of the:ovéries_hés on thg-éoncentration of progesterone in plasma. The
levels in 115 plasma samples taken from intact cows, averaged 35 + 1.1

ng/ml and did not alter signifiéantly_from 181 days of pregnancy
through 12 hours-post~-partum.

A peak concentration of 44 -+ 2,7 ng/ml was achieved at.261 days.
. In ovariectomized animals there-was no apparent difference in the plasma
progesterone - levels following surgery in compafison-with presurgery con-
centration until after seven days post-ovariectomy. These- levels de-
clined significantly the;eafter'and'were,maintained at a low. concentra-
tion through ‘one day post-partum. Four cows pregnant 250-254 days,
and ovariectomized by Gomes:et al. (1962),had no detectable progesterone
in 1400:ml of peripheral plasma taken one hour aftér ovariectomy.
Shemesh.et al. (1968) detected a low concentration:of progesterone
(0.17 ug/100 ml), in jugular venous plasma .collected from.a:cow. at seven
days post-ovariectomy, but was undetectable (K 0.15 ug/100 ml) three
-weeks aftér the- surgery had been performed.

Stabenfeldt:et:al. (1970) determinedlprogesteroné concentrations in

peripheral plasma of pregnant cows from Day 140 through parturition.
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From Déys 140-200 of gestation there was.little increase in levels, with
an average of 4.6 ng progesterone/ml plasma for the interval. The
avefage progesterone concentrations had increased to 6.8 ng/ml plasma by
Day 250. This was followed by a decline to.4 ng 10 days before par-
turition.and. an abrupt drop,to,lesé.than 1 ng/ml approximately. 24 hours-
prior to parturition. The.authors (Stabenfeldt.et al., 1970) concluded
that'the'prepar;tion for parturition begins: 10 days'pre~partum:iﬁ the

-COW.




MATERIALS AND METHODS

Normal cycling, 600 pound Holstein heifers were selected from the
Montana State University Dairy -herd. Cannulations-were~made in the
jugular vein and pbsterior vena cava of five heifers. The vena cava
cannulae‘Were-surgigally inserted by laparotomy and palpation, ventral
" and slightly lateral to the spinal column as described by Hull (1967).

Silastic rubber tubing manufactured by Dow Corning Corporation1 was
.utilized as a cannulation -material. The size.of tubing was not the same
for every cannula., Two sizes:were introduced into.the veins, the first
had an inside diameter (T.D.,) of 0.062" and an outside diameter (0.D.)
of '0.095" ‘and a thicker walled tubing, L.D. 0.062" and 0,D, 0.125",

Prior to collection of the blood.sample,.the heparinized.cannula
‘was gently flushed with 2 to-3 ml of saline. Approximately 5 ml of
saline, heparin, and blood was drawn into.the syringe and the mixture
discarded. A sample-of 15 ml Vénous blood was drawn into- the-syringe
-and. transferred to.a heparinized centrifuge tube. Parafilm was:placed
.securely over the tube -and the'blood.mixed gently to distributeithe
heparin. Approximately 2 ml. of heparin was injected onto-.each cannula
to. prevent clotting -until.the next blood collection.

Each m&rning_after.the bleod samples . had been collected, the heifers
‘were watched to.detect'estrus.' If an:animal was due to come-in estrué
.and no;chafacteristic'behavior was noticeable in the morning,.observa-

‘tions-were-made- in the-afternoon,.and all estrus.dates:recorded.

1 Distributed. by Biddle Crowther Co., 180l Broadway, Seattle, Wash.
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The blood samples: were brought into.- the laboratory and.immediately
placed in refrigeration. - Three to four hours later the samples were
centrifuged. at approximately 1200 RPM for two hours; This yielded 6-7
ml of straw-colored plasma., Disposable Pasteur pipettes were used to
.transfer the plasma to plastic Whirl-Pak containers. These containers
were labelled and stored in tﬂe freezer at--10°C.

-Progesterone Analysis.-

The quantitative determination of progesterone was made with the
competitive protein-binding analysis of Murphy (1963). Specific devel-
opments for progesterone determination méde by Neill et al. (1967a)
were utiiized in the assay. .

The procedure is.based on.the ability of cortico-steroid binding
-globulin (CBG). in dog.plasma to bind a’select group of steroids,. i.e.,

.cortisol,'corticosterone and progesterone. High-specif%c-activity

(57.2 c/mmole). corticosterone -1,2-3H is used.to saturate all.the bind-
ing sites.on the-protein. When isolated. progesterone 1is added.to-the
-gystem, a dynamic equilibrium is established with progesterone and
corticosterone 41,2—3H competing- for. the binding sites. The amount of
-progesterone 1is quaqtitated by counting the 31 labelled corticosterone
which remainé bound to.the CBG. The greater the concentration of pro-
gesterone in the-system, the lower: the. counts of 3H due to a lower
amount of bound corticosterone,

Plasma.samples were allowed to thaw at room temperature prior to
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extraction. In order to determine losses of endogenous. progesterone in-
curred through extraction and isolation from the plasma, an interval
standard.of lac progesterone was-prepared. The standard solution con-
tained lng of 14C-progesterone (sp..act. 58.5 mc/mmole) per 10-ul of
ethanol. Before pipetting the plasma into-the 12 ml extraction tubes,

a 10 ul .aliquot of the.activity was.added to each tube with a microliter
syringe #7251, At the same time,. six standards of 14¢. progesterone (for
each group of 40 samples) were pipetted into.18 X 56 mm, low potassium
counting-vials,

Plasma volumes ranging. from 0.25 to 2.5 ml were added to the ex~
.traction tubes, The plasma was extracted twice, with five times its
volume of petroleum ether (30°-60° C Ligroine): as described by Neill
et al. (1967a). The tubes.were shook for approximately 30 seconds in
each extraction and the extract .transferred with Pasteur pipettes to 15
ml disposaﬁle culture tubes. They were placed. in a 5260 salt bath under
the hood and dried with a light stream of nitrogen. Two ml of pet ether
were used.to.rinse the walls of each culture tpbe. After the.extract
had dried sufficiently-;nder nitrogen, the rinsing procedure was re-
peatea with 0.5 ml.peﬁ ether, further concentrating progeéterone in the
bottom of the tube,

In order to quickly and effectively isolate-progesterone from other

‘steroids and plasma pigments. that were in the pet ether extract, a

1 Manufactured by Hamilton Co., Inc,, Whittier, Calif,
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process of thin layer chromatography was adopted. Spotting single-sam-
ples with a Pasteur pipette proved to be time consuming, so a spotting
‘device was built to accommodate tﬁo chromatogram sheets at one time.
(Figure 1), |

A plexiglass overlay with seven evenly spaced slots was placed upon
the 250 u 20 X 20 cm silica gel chromatogramlf The metal tip of a dis-
secting. pith was used to mark six lanes.into the silica gel utilizing
- the overlay as a guide (Figure  2). Then the sheets-were placed on the
- spotting device in preparation.for spotting.

Two hundred ul of chloroform was added to.each culture_tube to ser-
ve as a spotting medium. The solution %as taken up.in Pasteur pipettes
and added to-the-plastic syringes. The tip.of each 1", 30 guage needle
was suspended approximately 1.0 cm.above.the-center of every lane and
2.2cm from the bottom of the- chromatogram. As‘the chloroform solution
dripped from the needles onto the.sheets, a stream of warm air was
‘. passed across the silica gel with an.electric- hair d‘ryerz° The -warm.air
. hastened the drying of the chlorof&rm spot and thus:prevented excessive
Jspreading of the solution. When the spotting was complete, syringes and
-needles.were thoroughly rinsed to.cleanse them of any progesterone

residue; First 2 ml of anhydrous methanol Were:pipetted into each
syringe-and expelled through the tip.oef the needle. This:procedure was
»then repeated with 1-2 ml of chleroform,

1 Eastman Chromatogram.sheet No.. 6060 .with fluorescent  indicator.
2 Model 38100, McGraw-Edison Co., Bersted Mfg. Div., Boonville,.Mo,
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Figure 1. Chfomatogram sheets on the thin 1éyef'épot-
ting device.

Figure 2., Plexiglass overlay used as a guide for mark-
ing the chromatogram.
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In order. to determine the effectivenessiof‘chromatography in isola~
ting progesterone, a standard progesterone reﬁerence was spotted in one
of the two center 1aﬁes on the chromatogram, The standard contained 40
'ug-progesterone per ml of a benzene: methylene chloriae (1:1) solution.
Approximately 100 ul. of the standard was allowed to drip from.a Pasteur
pipette into a small, single spot on the sheet. The disposable pipette
was used in thig spotting-process to avoid progesterone contamination of
the.needles.and plastic syringes.

The- chromatograms were placed in a glass thin 1ayér chromatography
. tank containing an.ether:benzene (2:1) solvent. - Each plate:was allowed
to remain in:the tank for 55 minutes, which brought the solvent front to
within- approximately 2 cm.of the upper edge. The compounds present in
the spots.on the chromatogram separate according to their adsorbing
affinity for the solvent ‘and fhe silica gel. The sheets.were viewed
un@er ultra-violet light in the Chromato—Vuel;,by measuringlthe distance
the étandard reference- spot -had. moved, it was found to have an Rf value
of 0,50 to Of55°

The progegterone in the sample spots was not of sufficient concen-
tration to be seen.in ultra-violet light. However, the sample proges-
terone- progresses on the chromatogram at the same Rf as: the standard
reference. _Thereforé,,the:area containing the sample progesterone-could
--be determined and segregated by drawing the tip. of é dissecting pith

% Chromato-Vue, Model C-3, manufactured.by Ultra- Vlolet Products, Inc.,
San Gabriel, Calif,
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across thé silica gel immediately above and below the reference spot.
This process isolated five. squares. of,'silica gel containing sample pro-
gesteroné and one square with the standard reference progesterone on
every'chromatogram,

An elution system was developed,. whereby progesterone adsorbed to
the silica gel could be- collected in culture tubes. (Figure'3), Holes
just wide enough. to:accommodate the barrel of a 2% ml plastic syringe
-were countersunk and drilled in the wood. Twelve syringes with 25 guage
5/8" needles were suspended through.these holes. The needie tips were
bent slightly upward to facilitate holding the chromatogram squares.
Anhydrous methanol pipefted‘into the~syringes.passed through the needles

.and slowly dispersed acress the silica gel. serving-as a sblyent for the
progesterone.

The-chromatograms were prepared for elution by placing:them ﬁpon
clean paper towels., This avoided contaminating the sheets with any
progesterone that might bé on the:surface of the counter. The square
containing the concentrated progesterone reference was cut out
and discarded to avoid spreading silica gel and progesterone to the
sample lanes. The tip of a dissecting pith was.used to form a small
hole:in.the corner of each remaining square, The individual squares

. were then cut away from the chromatogram and held with clean forceps,
Each square was transferred to the élution device and suspended from an

upturned needle point. A test tube rack containing appropriately marked
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culture tubes. was positioned about 3 inches below the chromatogram
squares. A glass funnel (5 cm in diameter and 9 cm long) was placed. in
each tube directly below the lower corner of the square. Two and one-
half ml.of anhydrous methanol was pipetted into each syringe and allowed °
© to saturate the silica‘gel and drip into.the funnel. When the elution.
was complete,. the tubes Weré tranSferred to a warm salt béth (520C) in
the hood and dried under a light stream of nitrogen. In order to fur-
ther concentrate the progesterone in the bottom of the tubes, 1 ml of
methanol was rinsed down -the walls-of each culture tube. A steam.of
nitrogen gas was passed iﬁto the culture tube:to facilitate evaporation
of the methanol.

Dog plasma necessary for the qﬁantitative determination of proges-
terone with the.competitive protein~binding technique was purchased from
the Colorado Serum Company.l° To avoid repeated freezing and thawing,-
.the heparinized, frozen plasma.was thawed at room temperature and 3 ml
aliquots were pipetted. into culture: tubes. All of the tubes were sealed

.with parafilm, frozen and stored at -12°C,

The CEG.f corticosterone -1,2—3H was prepared according to the pro-

cedure outlined by ﬁeill.gg'gl. (1967a). Two and one-half ml of dog
* plasma were diluted to 100 ml with double distilled water. Next, two
hundred.and fifty ul of ethanol containing 25 ng.of corticosterone

. -1,2-31 (sp. act. 30 c/mmole) was drawn into a micro-pipette-and added

I Golorado Serum Co. Laboratories,‘Denver, Colorado.
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to the dog plasma so1ution, The solution was then mixed gently to dis-
perse the labelled steroid in the plasma. Néill et al, (1967a) found
the solﬁtion to remain stable for at least two weeks when stqred at
5-8°C. |

A gtandard curvé-&as preparéd from a -solution containing 100 ng of
progesterone pér m{ of absoglute ethanol. Aliquots éorresponding'to 0.2,
0.6, i.O, 2,0, 3.0 and 4.0.ng;of progesterone Wefe pipetted in duplicate
into 14 X.100 mm éultuneltubes and evaporated to dryness. Also, two
tubes Were markéd to serve as controls, but no progestefone was added
to. them.

When all sampleé and members of the standard curve were dried suf-
ficieﬁtly, they were -placed in text tube racks. One ml of CBG-corticos-
térone'-1,2~3H was added to each sample tube and every tube of the
standard curve, ' The pipette tip Waé touched near the mouth of the
culture tube and the solution expelled in a circular,ﬁotion, rinsing the
walls of the- tubes.

.Meanwhile, a water bath was being-prepéred.in-a Metabolic Shaking

1, The dial for regulating temperature was set at 4.5 to raise

Incubator
- the water temperature to 459C. The system had a movable: carriage in the
bath and a shaking speed of 80 complete motions per minute when a dial

setting of 4.75 was used. The tubes: were placed in the bath and shaken

for 5 minutes which brought. the progesterone into solution (Figure 4).

s

1 Dubnoff, Precision Scientific €o., Subsidiary of GCA Corp. Chicago, L1L




Figure 3. Elution device.

Figure 4, Culture tubes in the metabolic shaking in-
cubator.
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Then the tﬁbes were transferred to aﬁ ice bath to increase the
affinity.of the CBG for the steroids. After remaining there 10 minutes,
a gmall plastic scoop was used to add 80 mg.of Florisill to each tube.
Prior to this, Florisil had.been washed 12-15 times in.distiiled water
and allowed to dry in an oven at iOOOC. Starting with the unknowns the

Florisil was poured into a glass funnel (5 cm in diameter and 9 cm. long)
:5~10.seconds. before mixing in a.Vari-Whirl2 mixer. Each tube-&as held
~in the mixer for exactly 30 seconds at a dial setting of 2. After shak-~
-ing,. the tube-was immediately returned to the ice bath. The sténdard
curve was. the last group of tubes to which Florisil was added beginning
.with the higher concentrations of progesterone and progressing toward -
-the lower concentration, -This,séquence was necessary because the same
pipette was used throughout td make 0.5 ml aliquots of the supernatent.
The amount of 3H labelled corticosterone bound. to the CBG would be lower
in the tﬁbes.céntaining 4 ng progesterone than in the controls. There-
fore, the?e would be less influénce from'3Hlsteroid residue as the
pipette was transferred from one tube-to another,. than there would be

if pipetting was begun at the greater amounts of protein bound corti-
costerone -1,2;3H in. the controls.

One-half ml aliquots of the supernatent'wefe pipetted into. 18 X 56

mm, low potassium counting vials3. Fifteen ml portions of scintillation

1 Activated magnesium silicate, 50-100 mesh, Purchased from Fisher Sci-
entific Co. : .

2 Catalog No. 58810, distributed by Van Waters & Rogers.

3 purchased from Packard Instrument Co., Inc,
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-fluid (IOO g napthalene, 8 g PPO, 0.3 g‘POPOP‘gnd ;.1iter.1,4-Dioxane)
were poured from a 500 ml Packard fluid dispenser (Pyrex, No. 4984)
into the vials containing the  supernatent. Five ml aliquots of scintil-
lation fluid were dispensed three times into the balance of the super-
natent and Florisil remaining in the culture tubes. Aftér each aliquot.
of counting fluid was poured, the tube-wég placed in the Vari-Whirl
mixer for 10-20 éeconds. When the speed was set at 4.0, suspensions
‘were readily formed and immediately poured into scintillation vials.
Fifteen ml aliquﬁts.of scintillation fluid were added to each Vial con-
taining a l4C progesterone standard and two empty vials which were to
serve as indicator; of background 14C counts,

The vials were placed.in a Beckman liquid scintillation counterl,
Channels 2 and 3 were progrémmed.With iso-sets représenting'the’3H and
ldc spectra above 3H, respeétivelya The-counter was set to count for
10 minutes.or a 1 percent error, whichever was arrived at first. Vials
comprising the standard curve were counted.for CPM of 38 to determine
the depression in counfs-with a-specific amount of progesterone. Sample
vials were analyzed for 3H so that the progesterone bound to the trans-
cortin could be-quantitated with the standard curve.. The 14C was

"counted. for a determination.of the 14C.progesterone recovery in the 0.5
ml aliquot of the supernatent., The vials cont;ining the balance of the

supernatent and Florisil were counted to determine the remainder of the

1 Model 1LS8-100 Liquid Scintillation System.
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o 14C'progesterone pécovered, The 1l4C progesteroﬁé standards.were analyz-
ed to determine-the l%#C.counts equivalent to 1 ng of the isotope-added
to each of the extraction vials prior to extractién, isolation and
quaﬁtitation of the progesterone. The vials which represent a back-
ground analysis were counted for any l4C radioactivity which might be
present in the scintillation fluid or an empty wvial.

. -All. data recorded on .the printed.tape from the counter was £rans-
' ferred .to data paper and recorded on a Tele-Typel punch output tape.
The Hewlett-chkard computer was programmed with a punchea-program tape'
in preparation for an analysis of the data. tape as.it.was fed through
the Tele—Tyée-recorder. The computer statistically analyzed the stand-
ard curve and printed analysis of variance listing degrees:of freedom,
sum of squares,.mean square anﬁ F -value for‘regression, deviation from
regression,.between'dose and within dose response. In>additi§n to. this,
a regression equation and an index of precision. (§):was calculated for'
"the standard curve. The sample data was analyzed for levels. of proges-
terone (ng/ml) in any pérticular sample and the l4g progesterone re-
rcovered. Likewise, the computer printed back. the ml of plasma extracted
fof each sample. .The data.was statistically-analyzed according to:a

.prpceduré described by ‘Finney (1964).

1 Tele-Type Corporation, Bell.System.




RESULTS

Protein-binding Assay.-

N
The progesterone concentrations in the posterior vena cava and

jugular vein of four Holstein heifers were determined with the competi-
tive protein-binding radio-assay (Neill et al., 1967a). The minimum
level of sensitivity in plasma-wag 0.2 ng progesterone. A 0,2 ng ali-
quot of progesterone was the lowest concentration included in. the
standard curve. This ampunt of progesterone was detectable in 67 per-
cent of the assays.

A regression equation was computed for every standard curve. An F
test. on the data. from each standard indicated that regression was always
highly significant (P<f0,005).' The linearity of the regression line on
each-standard curve was another point of consideration in each-assay.

A curve-that deviated significantly from linearity (P<.0l) was not used
. in the- quantitation of. progesterone in- the samples. The linearity of a
standard curve generally ranéed from 0.2 to 3.0 ng'progesterone° -How-
ever, 7 percent of the time the linearity of the curve extended to 4.0
ng progesterone. An index of precision (7~) was computed for every
standard curve?_and for the last 12 assays the mean index of precision
(") was 0,1515 + 0.0289. |

The recovery of the internal standard, comprised of 1 ng lac pro-
gesterone averaged 51 percent in all determinations. This value was

'improved to 64 percent recovery in six -of the better analyses. If the

)’
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progesterone recovered. from a sample of plasma was less than 30 percent,

the sample was re-analyzed.

Progesterone Levels in the Jugular Vein and Posterior Vena Cava of

Cycling Holstein-Heifers.-

The progesterone levels in the jugular-vein and posterior vena cava

of four cycling Holstein heifers.were determined for nine estrous
‘cycles. The study included five normal cycles-and four abnormal cycles,
ranging from 18 to 21 days and 14 to 30 days.in length, respectively.

A t—tesf evaluating the difference  between progesterone concentra-
tions in.the posterior vena cava and the jugular vein was calculated
(Snedecor, 1956) (Table I). The comparison included all days on which

,
both progesterone concentrations-were detected, and demonstrated that
the progesterone concentrations in -the posterior vena cava were higher
(P<j,OOi).than the jugular.

Another t-test was performed to determine if there was a signifi-
cant difference between progesterone‘concentfations in the two veins at
estrus (Table II) and noisignificant;difference.(P<:.05) in -the vena

~cava and jugular vein was observed. However, there were six of the 10
estrus dates which.had higher jugular than vena cava progesterone con-
centrations. It should be recognized that.this evaluation included
esttrus dates. at the beginning and end of abnormal cycles,. as well as

estrus during normal cycles. All of the estrus days that occurred be-

tween two normal cycles had higher jugular values (Table XVIII).
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TABLE I, DIFFERENCE BETWEEN PROGESTERONE CONCENTRATION IN THE POSTERIOR
VENA CAVA AND THE JUGULAR VEIN OF FOUR CYCLING HOLSTEIN

HEIFERS,
Progesterone

(ng/ml plasma) .

Comparison Heifer Post. . X2 Difference

Number Number V.C.X1 Jugular =~ . = D=Xp -Xp
1 200 3.8 6.1 -2.3
2 200 4,1 0.7 3.4
3 200 1.0 1.2 -0.2
4 200 3.8 0.8 3.0
5 200 1.1 3.0 -1.9
6 200 0.6 1.6 ~-1.0
7 200 0.7 0.2 0.5
8 -200 4.6 1.6 3.0
9 _ 200 4.3 2.2 2.1
10 200 4.2 4.0 0.2
11 200 6.5 bl 2.1
12 200 7.1 1.8 5.3
13 ' 200 13.8 2.0 11.8
14 . 200 © 8.3 1.3 9.6
15 ' 200 11,9 2.1 9.7
16 200 9.0 1.0 8.0
17 200 6.6 3.6 3.0
18 200 9.4 4,6 4.8
19 - 200 3.0 6.0 3.0

20 200 2.9 2.5 0.4
21 s 200 3.4 1.9 1.5
22 ‘ 200 3.6 1.6 2.0
23 . 200 4.7 2.4 12.3
24 200 0.4 8.6 -8.2
25 200 15.6 1.3 14.3
26 - 200 14.2 6.1 8.1
27 ' © 200 10.0 2.9 7.1
28 200 5.8 6.3 -0.5
29 200 14.4 . 3.0 11.%4
30 200 11.1 11.8 -0.7
31 200., 18.2 7.2 11.0
32 200: 1.0 0.9 0.1
33 200 5.1 3.4 1.7
34 ' 200 2.8 . 1.8 1.0

35 200 1.9 2.3 0.4
»3.0 1.3 1.7

36 200
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Table I, Continued.
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Table-I.

Continued
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TABLE I, Continued

Progesterone
(ng/ml plasma)

Comparison Heifer Post X2 Difference
.. Number Number “V.4CaXq Jugular D=X1- -Xo
113 259 14.9. 6.3 8.6

114 259 - 5.6 6.3 -0.7 -
.115 259 19.6 6.2 13.4
116 259 16.9 7.4 9.5
. 117 259 5.0 2.2 2.8
118 259 .25 4.1 -1.6
119 259 :5.9 0.3 5.6
120 259 4.3 3.0 1.3
121 259 . 7.5 9.2 -1.7
122 259 0.8 2.7 -1.9
123 259 5.9 0.3 5.6
124 259 1.4 0.3 1.1
-+ 125 259 1.4 0.4 1.0
126 259 1,6 0.5 1.1
- 127 259 -3.0 1.1 .1.9
128 259 0.4 0.6 - =0.2
.129 259 3.3 1.0 2.3
- 130 259 1.8 3.4 -1.6
. 131 259 2.6 2.2 . 0.4
132 259 1.5 0.6 © 0.9
"133 259 1.5 0.8 0.7
134 259 0.7 1.9 -1.2
135 _ © 259 - 1.0 0.5 0.5
136 259 5.0 0.3 4.7
137 259 0.8 2.0 -1.2
138 259 4.4 2.1 2.3
139 ' 259 1.4 0.2 1.2
140 259 2.2 1.0 1.2
.141 259 0.4 2.0 -1.6
142 ' 259 0.5 0.2 0.3
TOTAL ' ' 578.95 . 329.25 259.10

MEAN 4.08 2.32 .d=1.82
, (p<£0,001) :
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TABLE II. 'DIFFERENCE BETWEEN PROGESTERONE CONCENTRATION IN THE POSTER-
IOR VENA CAVA AND THE JUGULAR VEIN AT ESTRUS IN FOUR CYCLING

HOLSTEIN HEIFERS.

Progesterone
(ng/ml plasma)
Comparison Heifer Post X9 Difference
Number Number _ V.C.X1 .Jugular D=X1 -X2
1 200 0.6 1.6 ~1.0
2 200 3.0 6.0 -3.0
3 200 . 14.7 3.4 12.3
4 200 7.0 3.5 3,5
5 200 0.4 6.0 -5.6
6 200 0.2 0.2 0.0
7 233 0.6 1.6 -1.0
8 . 250 0.5° 0.8 ~0.4
9 259 0.03 T l.4 -1.37
10 259 3.0 1.1 1.9
TOTAL - +30.03 - 24.70 - 5.33

MEAN - - d=0,53
Non-significant
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: Heifer No. 200.- The progesterone concentrations (ng/ml plasma)

were determined in blood samples-collected over a period. of 104 days
from the posterior vena cava of Helstein heifer No.. 200 (Table III,
Figure 5). Approximately one monfh-after the vena cava cannula lost
patency,.another cannulation was made in the wvein.

-The functional life of the jugular vein cannula was considerably
. shorter than.the vena cava and three cannulations. were performed to
- allow venous sampling,for progesterone analysis., 'After the-last of
these  cannulae- became- non~functienal, the vessel was penetrated with an
-18 guage needle and samples. collected in a heparinized centrifuge- tube.

Daily progesterone levels were estimated for three-complete. normal

estrous cycles before the heifer cycled abnormally (Table III, Figure5).
There appeared. to be a rise in the progesterone levels (ng/ml.plasma)
for beth the posterior wvena cava and the jugular vein- from one cycle to
- the next, until Days 20-30 of the erratic cycle. However,. a jugular
sample- was not obtained every-day througheut the three normal cycles,
.and it was not until the beginning of the abnormal cycle (30 déys);that
progesterone determinatiens. were- made-every day. Low progesterone val-
rues. were -measured. in both vessels- throughout this prolonged period.

- A marked decline'in-jugular and vena.cava progesterone- levels, was
apparent. just prior. to estrus, Threé of the. estrous dates..with complete
-information had greater concentrations.of progesterone in the jugular

than was estimated. in the vena cava, - At the last detected.estrus
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TABLE III. PROGESTERONE LEVELS IN.THE JUGULAR VEIN AND POSTERIOR VENA
CAVA OF HOLSTEIN HEIFER NO. 200.

Day of ' Progesterone (ng/ml of plasma)
1969 Estrous Posterior Jugular
Date %Cyple ___Vena Cava Vein
3-28 15 3.8 6.1
3-29 16 1.0 0.17%
3-30- 17 4,1 0.7
3-31 18 1.0 1.2
4-1 19 2,1 *®
4-2 20 3.8 0.8
4-3 21 1.1 3.0
bL-4 0 0.6 1.6
4=5 1 1,1 *
4-6 2 0.7 0.2
47 3 4,6 1.6
4-8 4 4.3 2.2
4-9 5 4,2 4.0
4-10 6 * 0.6
4-11 7 * 1.3
4-12 8 0.8 %*
4-13 9 6.5 4.b
4-14 10 -~ 7.5 *
415 11 2.5 *
4i-16 12 10.2 *
417 13 % %
4~18 . 14 8.9 *
4-19 15 2,0 %
4-20 16 3.4 %
4-21 17 11.4 *
4-22 18 * *
4-23 19 0.6 %*
424 0 0.2 *
(=25 1 1.6 #
4+-26 2 % g%
427 3 % *
4-28 4 2.7 *
4-29 5 7.1 1.8
4-30 6 13.8 2,0
5-1 7 8.3 1.3
- 5-2 8 -11.8 2,1
5-3 9 9.0 1.0
54 0 . 6.6 3.6

N
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TABLE III, Gontinued.

' Days of " "Progesterone {ng/ml of plasma)

1969 : Estrous Posterior " Jugular
Date ] Cycle i Vena Cava Vein
6-13 10 10.0 2.9
6-14 ' 11 5.8 6.3
6~-15 ‘ 12 11.6 o
6-16 .13 10.4 *
‘6-17 . 14 14.4 3.0
6-18 o 15 11.1 11.8
6-19 16 18.2 7.2
6-20. 17 1.0 0.9
6-21 18 15.6 0,51
6-22 19 5.1 3.4
6-23 , 20 2,8 1.8
6-24 . 21 1.9 2.3
6-25 22 3.0 1.3
6-26 23 4.3 *
6-27 " 24 * 1.6
6-28 ' 25 22 0.7
6-29 26 0.8 2.7
6-30 27 4,1 2.3
7-1 28 ‘3.4 1.0
7-2 29 2.7 *
7-3 30 2.3 1.1
7-4 0 7.0 3.5
7-5 1 4o3 7.4
7-6 2 0.9 *
7-7 3 2.4 *
7-8 4 2.6 *

% It was not possible to obtain a blood sample.
1 Not detectable in this amount of plasma.
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(Table IV, Figure 6), both vessels contained 0.2 ng progesterone/ml
plasma. Generally,.the progesterone-1evels.started to increase - notice-
ably during Days 4-6. For the most part, vena cava levels surpassed
those in jugulér'plasma by Days 2-5. The progesterone content of the
vena cava-began to. decrease sharply during Days. 20-21 of a 21 day cycle,
Days;17-19 of a 19 day cycle, Days 15-16.during'an_18-day cycle,. and
Days. 19-20.of a 20 day cycle (Figure-5),

Heifer No. 233.- Progesterone levels in posterior vena cava and

jugular venous plasma were determined for heifer No. 233 from cannula-
tion at Day 14.through Day 20 and the following 21 day estrous cycle
(Table V,‘Figure 7). Between Days 17 of the first cycle and the day of
. estrus: of the second cycle,,the‘progesferone value for the- vena cava
deciined markedly (6.9 ng/ml to.0.6 ng/ml plasma).

-The jugular concentration did not drop. as low. as the vena cava at
Day 0. The jugular levels remained higher until Day 4 when the vena
cava values exceeded those in the jugular and tended to. increase stead-
ily to a-peak:of 10.1 ng/ml plasma at Day 13. - Thereafter,. the proges-
terone. content of the- vena cava decreaéed to-2.3 ng/ml at Day 19.
Jugular vein progesteroﬁevlevels reached a peak of 2.6 ng/ml at Day 15

and declined to 1.0 ng/ml at Day 20.

Heifer No. 250.- The progesterone levels in the jugular vein and
- posterior  vena cava of heifer No. 250 were. analyzed from.the day of

surgery (Day 11) to Day 21 and throughout the ensuing 20 day estrous
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TABLE IV, PROGESTERONE LEVELS IN .THE JUGULAR VEIN AND POSTERIOR VENA

CAVA OF HOLSTEIN HEIFER NO, 200 (Second Cannulation).

Day of Progesterone (ng/ml of plasma)

1969 Estrous Posterior Jugular
Date Cycle Vena Cava Vein
8-8 0 0.4 6.0
8-9 1 0.5 0.4
8-10 2 0.03 1.0l
8-11 3 1.1 0.04
8-12 4 1.5 0.8
8-13 5 1.5 1.3
8-14 6 3.2 1.3
8-15 7 4,3 0.7
8-16 8 1.8 0.1
8-17 9 0,5 3.6
8-18 10 2.3 1.1
8-19 11 3.1 1.7
8-20 12 1.6 2.1
8-21 .13 3.4 2.3
8-22 14 0.4 1.0l
8-23 0 0.2 0.2
8-24 1 0.9 0.8
8-25 2 0.75 0.2

1 Not detectable in this amount of plasma.
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Figure 6. Progesterone levels in the jugular vein and posterior vena cava of Holstein
heifer No. 200 (second cannulation).
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TABLE V., PROGESTERONE LEVELS IN THE JUGULAR VEIN AND POSTERIOR VENA
CAVA OF HOLSTEIN HEIFER NO, .233.

Day of Progesterone (ng/ml of plasma)

1969 Estrous Posterior - Jugular
Date . Cycle Vena Cava Vein
7-24 14 7.3 12,6
7-25 15 1.6 L%
7-26 16 6.0 3.5
7-27 17 6.9 1.7
7-28 18 GL.bh * .
7-29 19 2,1 *
7-30 0 0.6 1.6
7-31 1 0.2 1.4
8-1 2 " 0.1 0.5
8-2 3 0.1 2,6
8-3 4 1.6 1.3
8~4 5 2.2 0.01
8-5 6 3.4 0.3
8-6 7 0.2 0.5%
8-7 8 2.0 1.5
8-8 9 4,6 2.1
8-9 10 2.0 0.4
8-10 11 4.9 0.2
8-11 12 3.1 ¥.2
8-12 13 10.0 2.3
8-13 14 4.2 1.1
8-14 15 4.6 2,6
8-15 16 2,9 2.4
8-16 17 2.5 1.4
8-17 18 6.6 2.1
8-18 : 19 2.3 0.9
8-19 20 * ‘1.0
8-20 21 * 0.9
8-21 0 * 1.51

% It was not possible to obtain a blood Sample.
1 Not detectable in this amount of plasma.
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Figure 7. Progesterone levels in the jugular vein and posterior vena cava of Holstein
heifer No. 233.
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cycle (Table VI}.Figure 8).. The vena cava concentration trended slight-
ly dowﬁward from 3.1 ng-progésterone/ml plasma at Day 11 to l,l‘ng/ml at
Day 15, Then there was a sharp increase to 5.6 ng/ml at Day 16, which
was followed by-a decline to 0.4 ng/ml during Days 20 and 21 to a pro-
gesterone concentration of 0.5 ng7m1 at estrus., The vena cava level
remained low through Day 6 (0.7 ng/ml) of. the foliowing cycle, Then
there was a noticeable increase to 2.5 and 2.7 ng/ml at Days 7 and .8,
respectively. A precipitous decline on Day 9 was followed by a steadily
increasing progesterone concentration to a peak.of 7.3 ng/ml progesterone
at Day 15. Then levels dropped each following day to 2.2 ng/ml at Day 19
and 1.7 ng/ml at estrus,

The progesterone concentration in the -jugular vein dropped notice-
ably, from the day of. surgery (Day 11) to a level slightly. below Fhat-in
the posterior vena cava at Day 12.of the estrous cycle. Thg values de~
clined on Day 13, followed by a rise in progesterone concentration (4.6
ng/ml) at Day 14 surpassing the vena.cava'leveléAon Days 14-15. The
following days of the-cycle showed a decrease in the jugular venous level
to a low of 0.1 ng/ml (Day 21) and 0.9 ng-prOgésterone/ml (Day 0).

The progesterone concentration in the jugular plasma was 0;9 ng/ml
at estrus, whereas.the vena. cava level (0.5 ng/ml)_was noticeably lower,
The jugular progesterone.levels weré maintgined approximately the same- as
those in the posterior vena cava up.to Day 6. Then the jugular proges-

terone concentration increased gradually, but at a lower level than the
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TABLE VI, PROGESTERONE LEVELS- IN THE JUGULAR VEIN AND POSTERIOR VENA
CAVA OF HOLSTEIN HEIFER NO, 250,

Day of _ Progesterone (ng/ml of plasma)
1969 Estrous Posterior Jugular
Date Cycle Vena Cava Vein
7-28 11 3.1 8.6
7-29 12 3.2 2.9
7=-30 13 2,5 2.3
7-31 14 - 3.0 4.6
8-1 15 1.1 3.2
8-2 16 5.6 0.7
8-3 | 17 2,4 0.7
8-4 18 0.51 1.2
8-5 19 . 1.7 1.8
8-6 20 0.4 0.4
8-7 21 0.4 0.1
8-8 0 0.5 0.9
8-9 1 0.1 1,251
8-10 2 0.2 0.2
8-11 3 1,1 1.0l
8-12 4 0.3 1,51
8-13 5 0.9 0.8 -
8-14 6 0.7 0.51
8-15 7 2.5 0.4
8-16 .8 2.7 - 0.5%
-8=-17 9 0,02 0.5
8-18 10 1.5 0.8
8-19 11 3.0 1.3
8-20 12 3.6 3.0
8-21 13 4.0 0.7
8-22 14 3.7 1.7
"8=-23 15 7.3 2.5
8-24 16 . 6,0 3.6
8-25 17 5.8 3.6
"8-26 18 124 1.0
8=27 19 2,2 0.6
8-28 0 1.7 *
"8-29 1 0.9 0.2

* "It was not possible to obtain a blood sample.
Not detectable in this amount of plasma.
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Qena cava. A maximum jugular vein concentration for the second estrous
cycle was reached at Day-16 (3.6 ng progesterone/ml plasma) and main-
tained at 3.6 ng/ml.through Day 17, after which there was a marked
‘decline-to. the last day of the estrous cycle. |

.Hgifer'No. 259,- 'The progesterone levels in the jugular vein and

posterior vena.cava were quantitated daily for heifer No. 259 (Table VII,
Figure 9), The vena cava cannula remained.functional, gllqwing blood
gsample collection for 62 days. However, the cannula.inserted. in the
jugular Véin retained its.patency f'or.only,six.da,ys° A recannulation of
thé-vessel several days.later in the second estrous.cycle-reﬁaingd
.operational six days,.h also. -Thereafter, jugular venous' gamples. were
obtained for progesterone determination by inserting an-18 guage bleed- -
ing needle in.the vessel and the blood.sample-collécted in a heparinized
centrifuge tube.

The progesterone level in the posterior vena cava dropped distinct-
ly from.8.4 ng/ml plasma at Day 11 of the first abnormal cycle to 0.4
ng/m]l at Day 12. The vena cava progesterone concentration was found to
-be at a.low: of 0.03 ng/ml plasma.at Day O, However, the jugular level
was considerably higher 1.4 ng/ml) at estrus.

Thé vena cava values .raised daily, to 1.8 ng/ml progesterone (Day 3)
. and were maintained at this concentration with slight daily fluctuations

until Day 9,.when a.sharp.rise. in progesterone concentration was appar-
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TABLE'VII. PROGESTERONE LEVELS IN THE JUGULAR VEIN AND POSTERIOR VENA
CAVA OF 'HOLSTEIN HETIFER NO., 259,

_ Day of ' . Progesterone (ng/ml of plasma)
1969 Estrous Posterior Jugular
Dgte — Cycle Vena Cava ] Vein
6-30 8 4,8 2.7 .
7-1 9 7.0 2.4
7-2 10 5.5 3.7
73 -11 8.4 2.8
7~4 12 0.4 *
7-5 0’ "0.03 1.4
756 1 0.6 *
7=7 2 1.5 *
7-8 3 1.8 #
7-9 4 0.9 <%
'7-10 5 1.6 *
7-11 6 1.3 *
7-12 7 1.8 *®
7-13 8 0.9 *
7-14 9 1.2 1.7
7-15 10 14.9 6.3
7-16 : 11 5.6 6.3
7-17 -12 19.6 6.2
7-18 13 16.9 7.4 .
7-19 14 5.0 2,2
7-20 15 5.7 ®
7-21 16 19,7 %
7-22 17 13.8 ¥
7-23 18 "14.3 *
T=24 . 19 2.5 4.1
7-25 20 5.9 0.33
7-26 ' 21 4.3 3.0
727 22 7.5 9.2
7-28 : 23 * 1.8
7-29 24 0.8 2.7
7-30 25 5.9 0,3
7-31 26 A 0.3
8-1 27 1.4 0.4
8-2 28 1.6 0.5
8-3 0 3.0 1.1
8-4 1 0,4 0.6
8-5 2 3.3 1.0
8-6 3 1.8 3.4
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TABLE VII, .Continued.

Day of ' " Progesterone (ng/ml of plasma)

1969 Estrous Posterior Jugular
Date Cygle ’Vena Cava _ Vgin
8-7 4 1.7 Lok
88 5 2.6 2,2

- 8-9 6 5.6 *
8-10 7 ‘1.5 0.6
8-11 8 1.6 %
8-12 9 1,5 0.8
8-13 10 3.4 *®
8-14 o1l 0.7 1.9
8-15 .12 1.0 0.5
8~16 - 13 0.4 *
8-17 : 14 0.4 *
8-18 : 15 5.0 0,3
8-19 16 % *
8-20 17 0.8 2,0
8~21 : 18 bt 2.1
8+22 19 1.4 0.2
8-23 20 2.2 1,0
8-24 - 21 0.4 2.0
8-25 : 22 * 2,5
8-26 .23 1,2 1.0t
8-27 24 1.3 1.251
8-28 +25 * %
8-29 0 0.1 1.0t
8+30 1 0.5 0.2

% ‘It ‘was-not possible to obtain a blood sample.
Not detectable in this amount:of plasma.
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ent. The jugular values also increased noticeably at this time, but
remained at a 1dwer congentration phan the wvena cava.

The vena cava reachéd two peak progesterone values, 18.6 ng/ml
(Day 12) and 19.7 ng/ml (Day 16) in the second estrous cycle. The
levels deélinedtto-Z.Slng/ml on Day 19 and then rbse and fell repeatedly
for nine days'before the- heifer came-in estrus for. the second time (28
day eycle). At'this.estrus?,the progesterone. content in.the vena cava
was noticeably greater than. at the previous one. However, there-was a
drop,from-B.b ng/ml (Day. 0). to 0.4 ng/ml progesterone-at Day L.

At estrus,. the jugular plasma level (1.1 ng/ml) was lower than.that
found in the vena cava, but at Day 1 .0of the third estrous cycle, the ’
jugular progesterone- value was estimated to- be 0,6 ng/ml .which was
greater thanithe-vena-cava,progesterone conqentration (0.4 ng/ml).

The- progesterone level in the wvena cava increased noticeably on
Day 2 (3.3 ng/ml) followed.by a rising jugular progesterong concentra-
‘tion. Thereafter,. the progesterone‘contént in both vessels-xoseland
declined. throughout the remainder of the 25 day cycle,. with a marked

'drop,in progesterone concentration-from Days- 22 to 25,

Comparison of Daily Progesterone Levels in. the Posterior Vena Cava Dur-

'ing.Normal EstrouS‘Cycles.-

A comparison was made. pf the average daily-progesterone levels
(ng/ml plasma) in the vena cava of three Holstein heifers during five

normal estrous-cycles (Table VIII). The- values:were determined during
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three complete estrous.c¢ycles for heifer No, ZOOQ,Qne'cycle for No, 233
and one complete normal cycle for-heifer No. 250. However, it was not
possible tq collect a:bloqd sample every day of each cycle-and some days
. Progesterone was not detectable in the amount of plasma available.

The mean prggasteypne concentrations. in. the vena cava were- lowest
at estrus (0,98 + 1,30 ng/ml p’lasm,a)° Thefe were comparable average
values.determined for Day 1 .and 2 (1.18 + 0.51 ng/ml -and 1.i0xi 0.78
ng/ml; respectively). However, a rapid ingcrease in concentration was
apparent at Day 3 (2.35+ 1,05 ng/ml). This was followed by an overall
increase- in progesterohe congentratien to a peak of 8.62+ 2.83 ng/mi at
Day. 15 and a decline in mean concentration to.6,32'+ 4,34 ng/ml at
Day;19, Near:the end of the cycle- there:was a noticeable increase in-
the standard error calcuiated-for each Hay«

The-results;ih:Iable IX represent the average daily progesterone
levels in.the posterigr vena cava of heifer No. 20Q during three normal
estrous-cycles. It was pgssible éo make vena cava blood sample collec-
tions apnd progesterone determinations on 21 consecutive days during'the
third cycieg

-The mean progesterone concentration was lowest at estrus (1,27 +
0.92 ng/ml plasma) and increased to 10.70 + 2,40 ng/ml at Day 7. The

-mean progesterone levels 1§Wexed slightly Fhrouéh Day 11 and rose.again
at Day 12 for another peak copcentyration (10.67.+ 0,06 ng/ml). There-

after, the vena cava.progesteregne levels were maintained at a relatively
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'high concgntration until 2-3 days prior te estrus, at which time there

.Wag a sharp decline.in the ?rogqstgrone concentration.

Average P?il¥—Pr°5E§?EF9E$,99@°9§EFEF¥%¥ in the Jugular Vein of ITwo Nor-
mgl Heifers,- ' |

The progesterone levels in the jugular vein of twe heifers were
quantitated daily during twe normal estrous cycles (Table X). There
were gome days when the volumg of plasma was not sufficient enqugh to
+alloy detection. of the steroid. However, qn‘mést days‘thqrg-wag.g value
for each heifer bermitting:galculatiqn of a mean concentration. There
were no striking differences.between mean progesterone values at one day
of the estrous cycle as compared to another dgy. However the first-11
days of the:gycle had.an QVgrall-meaﬁ of '1.01 ng/ml, and the last 10
days of the cy¢le had an average of 1,72 ng/ml,

Daily Ratio of Jugular Vein to-Posterior Vens Cava Progesterone Leve}§,-

T

A ratjo-of daily progesterone concentrations in the jugular vein
to- those Ievels found in the posterior vena cava weré determined for
each-heifer.

There-were- geveral days in the-3Q‘day cycle,of heifer No. 200
(Table XI) when-both vena cava and jugular progesterqqé coﬁcentrations
‘were avajlable. . There'Wgre no-set patterns in the ratjos calcylated
during the abnormal cycle. The yatio.of jugular to.vena cava .progester-
gne- coneentration was .16 at the first estrus and increased markedly to

21.50 at Day 5 and dropped.to. 0.08 on Day 6. Thereafter, no'markgd
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AVERAGE DAILY PROGESTERQNE LEVELS IN THE JUGULAR?VEIN OF TWO

HOLSTEIN HETFERS DURING IWO NORMAL ESTROUS CYCLES.
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TABLE XI. DATLY RATIO OF PROGESTERONE LEVELS IN THE JUGULAR VEIN TO
THOSE IN THE POSTERIOR'VENA CAVA QOF HOLSTEIN HEIFER NQ. 200.

Day of " . Progesterone (ng/ml of plasma) = Ratip of Jug~- -
Estroys Posterior =~ Jugular - ylar to Vena
el et Gava o Vedn . fava levels
0 14.7 2.4 0.16
1 0.251 0.4 _-
2 0,02 0.12% =
3 * 3.1 r
4 0.51 0,31 --
5 0.4 8.6 21.50
6 15.6 1.3 0.08
7 - 0,51 * -
8 14,2 6.1 0.43
9 11.8 L -
10 10,0 2.9 0.29
11 5.8 6.3 1.09
12 11.6 * -
13 10.4 # --
14 14.4 3,0 0,21
15 11,1 11,8 1.06
16 18,2 7.2 0.40
17 1.0 0.9 Q.90
18 15.6 0.5! --
19 5.1 3,4 0.67
20 2.8 1.8 0.64
21 1.9 2.3 1.21
22 3,0 1.3 0.43
23 4.3 * -
24 % 1.6 -
25 2.2 0.7 0.32
26 0.8 2.7 3.38
27 4.1 2.3 0.56
28 34 1.0 0.29
29 2,7 *# -
30 2,3 1.1 0,48
0 7.0 3.5 0,50
1 4,3 7.4 1.72

It was npt possible to. obtain a blood sample, S
1 Not detectable in this amount of plasma.
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change in the ratios.was appanent-unfil Day 2p, at whigh tjime the pro-
gesterone congentration in the jugﬁlar vein was 2.7 ng/ml as compared to
0,8 ng/ml in.the vena cava (ratio;ﬁ.SS). The ratio values. then declined
and remained low until the second estrus.

A quantitative agnalysis of the vena cava proggsterone ¢oncentration
in blood- samples collected. from the second cannula placed in the vena
cava (heifer No. 200) was compared with the jugular levels (Table XII).
At the first recorded estruysg, the ratio was 15,00, but dropped to (.80
at Day 1 and remained below 1.00 until bay 9 of the %4.day cycl@,.whén
a-valye-of 7,20 was recorded, The concentrations:of progesterqné-Were
-telatively qomparable through Day 13, Tt was not possible-to detect
‘progesterpne-in. 1.0 ml of jugular plasma on the last day of the estrous
cycle,. and-as a result no.ratio could be-qalculated. The following .day
(estrus)’ the progesterone coggentrations-were equivalent in both veins
(ratio=1,00).

The ratios were calcglatednfor 19 &ays of a normal 21 day estrous
‘cycle-reported for heifer No. 233 (Table XIII). The progesterone:con-
centraﬁions in the jugular vein were noticeably higher thap. vena cava
values during the»fifst'four days of the-cycle ranging erm~ratioé:of
2,67 (Day 0) to-26.00 (Pay 3). At Pay 4, the vena cava concentration
increased markedly, with a resylting drop.in ratio. to. 0,81 (Jugular/Vena
Cava). The ratios remained legs. than 1.00 thraughout the remainder of -

the dayg:which:Weré compared (included through Day 19).
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TABLE XII, DATLY RATIO OF PROGESTERONE LEVELS IN THE JUGULAR VEIN TO
THOSE "IN THE POSTERIOR VENA CAVA OF HOLSTEIN.HEIFER NO. 200
(Second Cannylation).

Day of . Progesterone (ng/ml of plasma) ' Ratio of Jug-
Estrous -Posterior © 7 "Jugular .ular to Vena
Cycle Vena Cajq , . Vein I Cava'Leve}s
0 0.4 6.0 . 15,00
1 0.5 0.4 0,80
2 0.03 1.0t .-
3 1.1 0.04 0,04
4 1.5 0.8 0.53
5 1.5 1.3 0.87
6 3.2 1.3 0.41
7 10.1 0.7 0.07
8 1.8 0.1 0.06
9 0.5 3.6 7.20
10 2.3 1.1 0.48
11 3.1 1.7 0.55
12 1.6 2.1 1.31
13 3.4 2.3 0,68
14 0.4 1.01 -
0 0.2 0.2 1.00
1 0.9 0.8 0.89
2 0.751 0.2 -

"I" No detegtable in this ampunt of plasma.
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TABLE :XIIT, .DAILY RATIO OF PROGESTERONE LEVELS IN THE :JUGULAR' VEIN .TO
THOSE IN THE:POSTERIOR VENA CAVA OF ‘HOLSTEIN HETFER NO.,

. 233,
Day of " Progesterone -(ng/ml-of plasma): ° Ratie of Jug-
Estrous ‘Posterior Jugular -ular ‘te Vepa
Cycle . Vena Cava ‘ Xéin — rCaya Levels
0 0.6 1.6 .2.67
.1 -0:2 1.4 © 7.00
2 '».0,1 0.5 5. 00
3 0.1 2.6 26.00
4 1.6 1.3 0.81
-5 2.2 0.01 0.004
6 3.4 0.3 '0.09
7 0.2 0,5% -
8 2.0 1.5 0.75
9 - 46 2.1 0.46
10 2.0 0,4 0.20
11 4,9 0.2 0.04
12 3.1 1.2 0.39
13 10.0 . 2.3 '0.23
14 bo2 1.1 0.26
- 15 ) 2.6 0.56
16 :2.9 2.4 0.83
17 “2,5 1.4 0.56
18 6.6 2.1 0.32
<19 2.3 0.9 0.39
20 % 1.0 --
21 % 0.9 -=

% Tt was ndt:§é$éiblé'tq73btain,a'bléoﬁ‘sampléf
Not detectable in ‘thig amount of :plasma.




-75~
The daily ratio was.¢aIQUlated for 15 days of a.2) day ahnormal
¢ycle-on hejfer No. 259 (Table XV), The raties. for this cyecle did not
follow the same pattern .as was evidént'during the normal g¢ycles., Ratjos

greater than .1.00 which indicated a-higher progesterone goncentration

~in the jugular vein than the-vena.cava were recorded on Days 1, 3, 11,

17 and 21, The mean ratio of progesterope concentrations:in the veins
was qomputed for four heifers.at each day. of ‘the estroys-cycle (Table
XVI}ul The grﬁatest'mean.ratio'Was-SPOA-i’5¢O6~@t estrus, which was
followed by‘2.15:i 1.20 (Pay 1), 1.43.1;0.93 (Day 2) and 5?74:i“5.08
(Day 3). The mean .ratjos.calcunlated for the remainder of the data was
markedly greateﬁ thap 1.00 on- three -occasions;. whereas 16-of the:mean
ratios que.lﬂoo.or 1e$s. |

A least squares. analysis. of variance-was computed. for the proges-
terpne-Levgis'in the- jugular vein.and égsterior vena cava of heifer No.
233 apd. heifer No. 250 (Table XVII). There-was:not a significant dif-

ference hetwegen the progesterone levels for the heifers. A highly

_éigpificgnt (P<.0,005): difference- was' found between the progesterone

sourees - (jugular vein and vena cava). Likewise,. there was a highly
significant (P<<0.005) variatipn in progesterong levels.among the days
of the estrous ¢ycle. However,,nOISﬂgnificapt variapnce-was found in

the heifer-source interaction, heifer-day (day of the-esfrous cycle)

,interaction'or.the<proge§terone-sourcevday-inneractipn,
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TABLE XIV, DAILY RATIO .OF PROGESTERONE LEVELS IN THE. JUGULAR VEIN TO
THOSE IN THE POSTERIOR VENA CAVA OF HOLSTEIN HEIFER NQ. 250

Day of " Progesterone (ng/ml of plasma) = Ratio of Jug-
Estrous - Pesterior =~ Jugular ylar to Vena
Cyele . __Vena Cava , HVgiq o _Caya Levels
0 0,5 0.9 1.80
1 0.1 1.25! -
2 0.2 0.2 1,00
'3 1.1 1.0} -
4 0.5 " 1.51 e
5 0.9 0.8 0.89
6 0.7 0.5 -
7 2.5 0.4 0.16
8 2.7 0,51 -
9 0.02 0.5 25,00
10 1.5 0.8 0.53
1L 3.0 1.3 0.43
12 3.6 3.0 0.83
13 4.0 0,7 0.18
14 3.7 1.7 0.46
15 7.3 2.5 0.34
16 6.0 3.6 0.60
17 5.8 3.6 0,62
18 2.4 1.0 0.42
19 2.2 0.6 0.27

T——TT

L Not detectable in this amount offplééﬁél
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TABLE XV. DAILY RATIO OF 'PROGESTERONE LEVELS IN THE JUGULAR VEIN TO
'THOSE TN “THE "PQSTERIOR  VENA CAVA OF HOLSTEIN HEIFER NO, 259,

Day of T Progesterone (ng/ml of plasma1, " "Ratio of Jug-
- Estrous Posterior -Jugular ular to Vena
Czc;e e Vena Qeyax S Ve}n( B Cava Leye{e
0 3,0 1,1 0.37
1 0.t 0.6 o 1.50
2 ‘3.3 1.0 0.30
3 1.8 3.4 .1.89
b 1.7 * -
5 2,6 2,2 0.83
6 5.6 * -

7 1.5 0,6 0.40

8 1.6 % -

9 1.5 0.8 0.53
10 - 3.4 ¥ e
11 0.7 1.9 2,71
12 1.0 0.5 0,50
]..3 0.4 % -
14 0.4 ¥ -
15 5.0 0.3 0.06
16 3 % -
17 0.8 2,0 2,50
18 b.4 2.1 . 0.48 -
19 1.4 0.2 0.86
20 2.2 1.0 0.45
21 0.4 :2.0 '5.00
22 * 2.5 e
23 1.2 1.0t -
24 1.3 1,251 na
25 % % -

N It was not POSSlble to obtain -a hlood" sample,
1 Not detectable in this amount of plasma. . -
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THOSE IN. THE POSTERIOR.VENA CAVA

OF FOUR HOL-

Day of .

Estrous -Heifer Number Mean

Cycle 200 233- 250 259 n + S, E,
-3 0.29 1.31 0.25 0.32 0.11 0,62 0.67 - 0.21 8| 0.47.+ 0.14
-2 0.21  0.68 : .00 0.42 0.33 0.29 6] 0.49 + 0,12
-1 2,73 0.48 ‘ 0.25 0.27 0.31 5! 0.8l + 0.52

0 2.67 2,00 0,16 0.50 15.00 1.00 2.67 1.80 46,67 . 0,37 0| 7.29 + 5.

1 0.86 0.80 .0.89 7.00 1.50 ' 5| 2.15 + 1.

2 0.29 0.56 _ 5.00 1.00 . 0.30 5| 1.43-+ 0.

3 0.35 0.44 0.04 26.00 1.89 5| 5.74 + 5.

A 0.51  0.53 0.81 ' 3| 0.62 + 0.

5 0.95 0.25 '21.50 0.87 0.004 0.89 0.85 7] 3.62.+ 2.

6 0.15 0,08 0.41 0.09 ' 4] 0.18 + 0.

7 0:16  0.07 -0.16 0.40 4| 0.20 + 0,

8 0.18 .0.43 0.06 0.75 g 0.56 5| 0.40 + 0.,

9 0.68 0.11L 0.14 0.46 25,00 0.34 1.42 0.53 | 8] 3.58 + 3.12
10 0.54 0.29 0.48 0.20 - 0.53 0.67 0.42 7| 0.45.+ 0.06
11 0.49 1.09 0,55 0.04 2:77 ~ 0.43 0.33 1.12 2.71 | 9] 1.06 + 0.31
12 1.31 0.39 0.91 0.83 0.32  0.50 6] 0.71 + 0.16
13 0.68 10,23 .0.92 . 0.18 0.44 5] 0.49 + 0.14
14 0.21 1.73  0.26 1.53  0.46 0.44 6| 0.77 + 0.27
15 1.60 0.56 2,91  0.34 0.06 5( 1.09 + 0.52
16 1,06  0.40 0.58 0.83 0.12 - 0.60 6] 0.60 + 0,13 "
17 0.17 0.90 0.25 0.56 0.29 0.62 2.50 7} 0.76 + 0.34
18 1.20 0.32 0.42 0.48 4| 0.60 + 0.20
19 0.67 0.39 1,06 0.27 1.64 0,86 6] 0.82 + 0,20
20 0.21 0.64 1.00 0.06  0.45 51 0.47 £ 0,17
21 2,73 1.21 0.25 . 0.70° 5.00 5 1.98 + 0.87
22 0.43 - 1.23 2| 0.83 + 0.40
23 : R
24 ~ 3,38 1} 3.38

HOOWFEFQOWDNO
N~N0WO0WwOWWOoO
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TABLE XVII. LEAST SQUARES ANALYSTS OF VARIANCE BETWEEN PROGESTERONE
LEVELS IN THE JUGULAR VEIN AND POSTERIOR VENA CAVA OF
HETFERS NOS. 233 AND 250.

L Som o HMemm T T Tevel oF
Sowce  D.F.  Squsres Squeres ¥ Value  _ §ignificence
Gows o 5.99 5.99 3.61 4100
Source 1 34.82 34.82 21.00 0005
Days 20 124,34 622 3,75 .003
Gows X Source 1 0,70 0.70  0.42 NS
Gows X Days 20 59.53 2,98 1.80 » NS
Source X Days 20 . bt 65 2,23 1.35 NS

Errqr .- 19, 31.50 1.66 e

i e T — o T T —T e T T —
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_GLASSTFICATION OF ESTROUS DAYS AND.THETR RELATTIONSHIP TO

PROGESTERONE ‘LEVELS IN THE JUGULAK VEIN AND POSTERTOR . VENA
CAVA OF "HOLSTEIN HEIFERS,

Progesterone Ratio of

(ng/ml _plasma) Jugular Estrys
Heifer : Posterlor Jugular -to Vena Cava Clags~
Number ___ Vena Cava _  Vein _ :3y9geggeroyel_;iﬁicgp;oﬁl.
200 0.6 1.6 2,67 I
200 3.0 6,0 2,00 T
200 147 3.4 0,16 I
200 7,0 3.5 0,50 Iv
200 0,4 6.0 15,00 Iy
200 0.2 0,2 1.00 v
.233 . 0.6 1.6 2,67 I
250 0.5 0.8 1.80 I
259 Q,oé 1.4 46.67 TIT
259 3.0 1.1 0.37

LTI

1 Estrus Classification:

I - Estrus ‘gcecurs between two normal Qstrous cycles°

ITI - Estrus. occurs between a normal.and an.abnormal estrpus-cycle,

ITT - Estrus ogeuyrs between twp gbnormal estrous gycles.,

IV - Estrus sccurs at the beginnipg or termination of an abpormal
cycle. WNo additional information .is available.

AT

T T T




DISCUSSION

Blood Sample COollection.-

In order to quantitate venous progesteronme levels, it is impertant
fhat functionél.qannulaq be placéd in the vessels., This is especially
critical in epllecting blood samples from the posterior vena cava, which
-ig relatively inaccessible and requires surgery ip the gannulatipn pgo-
- cedure. . '

Silastic rubber tubing, a ecannulation méterial.described by Hull
(1967) was® found to be-sétisfactoryffqr'drawing'blowd samples daily from
. the vena cava fqor as long as 104 days (Table III). |

Hull (1967) reported that posterior vena cava gampulae place&»in
cattle had remaingd patent for 90 days. Earlier, Cepner and Fries
' (1960) had maintgined portal vein cannulae for sugcessful blqgod e¢pllee-
tion up to 73 Qaygg The inherent flexibility of the ailaﬁtiq material

is helpful in faducing‘vessel irritation gnd the incidenge of thrombgn
phleBitia.gaused-by stiffer tubing. :It was found that the size of the
‘tubing used wag an-important cqnsidgrétion. The tube had to he small
enough to lie. freely in the vein and yet. large enough to allew: 20-25 ml
of blood tg be drawn readily. It was apparent that great care had to-be
taken in the amount of negative pressure applied. on the thinner walled
tubing, begause it readily-collapsed. The.use of a thicker walled fub~
'ing, byt with the sgme inside diameter as the thin Wélled tubiﬁg, seemed

to aid the ease with which samples could be collected, Silastic.tpbing
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with an inside diameter of 0,062" and an qutside diameter of 0.125” was
mogt satisfaqtory. | |

The functiomal life of the jugular cannylae was monsiderably,short~‘
er than the vena cava'qannulde in most cases, There are several reasons
why this may have occurred, First, the veng cava cannula was more fixed
in Eﬁe vessel than the jugu}af tubing, The movement of the aﬁimai did
'not cauge the tubing to slide back.and forth in the wvein; whereas, the
jugular cannula was in a vulnerable position on.the neck of the animal.
Ag the heifer turned her head frqm.one side to the other, the tqbing
- moyved up- and ddwnlin tﬁe vein enhancing the chance of vegsel wall irri-
tation., -Also, as the héifer readhed‘intq the hay manger to ﬁegd;lthe
cannyla was rubbed, further provoking irritation and eventual phlebitis.

Competitive Protein-Binding Radio-assay, -~
L TN LA R W ] LI St ST o S

The competitive protein-binding gssay was developed by Murphy et al.
(1963). as a simple method for the determinatiqn-of plasma ‘corticoids,
Later, Neill et al. (1967a) made some alterations in the progedure and
utilized it as. a rapid effective-means of detérmining minute- amounts of
progesterone in small volumes of plasma, It ﬁas ¢ritical that a quanti-
tation mgthod be ysed that would deteg¢t progesterone in small. amounts of
plasma, because if 1érge~vo1umes of blood were drawn daily from the
animals thig would cause undue stress and possibly result ip-anlacyglig
copdition (Ygqung, 196li-

The assay is not an involved procedure and it was generally possi-

H
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ble to analy;g a group of 40 samples every two or three days, A yapid
determination sych as this eliminates the storage of plasma samples for
a long P@riﬁd of time before analysis, thus- decreasing the qhaﬂée of
metabolic degradation of pyogesterone. Young (1961) has suggébted that
certain Bagteria may degrade steroids.

‘In-orde: to account for the losses of gnd@ggnpuﬁ-progestepone thdt
occyrred in extracfion and ghromatogfaphip.isolation?.a 14C.proge§terone
internal standard was incorporated 'in each sample at the beginnipg of
the analysis.

The inpefnal standard method used in.this work does -have a distinct
advantage ovex the external.stapdard method used by Neill.ga.gl, (1967a)
as it provides each sample-w;th an individual recovery factor. This
does imprpve the repeatability of the assay as the error due to sample
gLQup recovery cqrrectioﬁs is eliminated, ‘

Neill g%'gi. (1967a) accounted-for procedual losgses iﬁ proggsterone
estimated during the normal human menstrual cycle by recovery of 3varo-'
gesterone from plasma which.had been subjected to identical. extraetion
and c¢hromatographic proceduyres-as the sample plasma,

The internal standard (i4C progesterone) used in this system has
some advantages over the 31 progesterane standard (Neill E& al., 1ée7a)°
‘The 140 gecovery standard was dispersed.in-the sample plasma and there-
fore underwent all the extractign, isplation and quantitation procedures

‘with. the endpgenoug progesterone. Whereas, the 3K standavd psed by
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Neill et g;. (19673) was mixed: with blood plasma and treated in. the
same manner as the samples, but wag not actvally a part of the sample
-plagma, Also, if 3H labelled progesterone were used‘és an internal
recovery standard with the protin~binding mefthod, it would not be posr
sible.to segregate-the recovery standard 38 counts from the counts per

minute of corticpsterone ~1,2—3H bound to the bindipg glebulin.

Progesterane Levels in the Jugular Vein and Posterior Vena Cava of Gyel-
ing Heiﬁer§.w | |

It would be meaningful to discuss. the progesterone copgentration in
the jugular vein. and pesterior vena cava of each hqifgr‘iﬁdividuﬁlly and
account for. the values. found before a Worthwhiie investigation of the

colleective data for all heifers. is underxtaken.

Hgifgr No. %90’; The regresgion of the. corpus-luteym was xespongim
blelfor the:maxked.drop.in progesterone congentyations,. especially in
the vena cava about two days prior to. estruys (Figure 5). This: lowered
ievel permitted maturation of the developing follicle and the sequential
ovulation of the ggg. - Mares and Casida (1963) conducted a study to
determine the time of ovulation in cattle. Ihe results of this work in-
dicated that ovulation. occurred. about 24 -hours. after the termination -of
estrus. - After pvulatjion, a corpus begins to form at the pvulatory site
Hafez, 1968). Figure'5 illustrates. g rise in progesterone ¢oncentfam
tions during Days 2.to 3.of eachvestrOﬁs-cycla as the deyelopment of the

CL-begins.
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‘Although no-statisticallanalysis was made, the vena cava proges-
terone levels appeared to increase from the first complete éstrous cycle
to each succesgsive one: through the third cycle. This Erend<Wa$-not
apparent .in-the cycles. pf other heifers, nor were the other progesterone
values  generally as high as were found for Heifer No. 200 (F;gure-S),

There are several plausible ¢onclusions for the pattern this'fig-
ure illustrates. The most realistic reagspn would seem to be that the
blood samples.collected during the first.40-50 days the capnula was
fupctional were' stored. for a long period of time before aq-analysis was
madé. Therefore,. there was more opportunity for the progesterone in
these samples: to undergp a metabolic degradation of progesterone than
those - samples asgayed soon after collection.

Secondly, the- results.recorded. during the first few e$tr§us-gycles
. were made-at a. time-when the protein~bhinding:.agsay was b@ing,made qgéran
tional. As.a result, the details involved. in. the methodology had not
been well established at that time.

The third justification of the rising progesterone levels from. one
cycle to.the next is a consideration of maturity. -Erb et al. (1968)
-has established that the progesterone content (P<0.025) of the pregnant
bovine CL. raised significantly as the age of the'animal.increasgd,.but
progestérone concentrations did not. it is not probable, however, that

advancing maturity was the most importamt factor in thesé daQaq
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During mogt cycles in Figure 5, the progesterpone values in both
jﬁgular and vena cava are highegt for the period Days 6-1§ of a 20—21
&ay cycle, This is indicativelof active corpus lutepm~progesteron¢
production through this period.

The fourth coﬁplete cycle recorded for Heifer Ng. 200 was abnor-
mally long (Figure 5). This was probably the result of a foot rot in=
fection the animal contracted in the d;mp pen.where she was being kept;
The rapid decline in vena cava progegterone concentration on Day 18 of
this fourth. cycle is indicative of normal luteal regression. Howewer,
the infection must have been sufficient to inhibit any estrus until ;2
days later. However, the heifer did not exhibit a .distinect estrus
behavibr, as she had shown.on the four previously observed estrus. dates.
The small.da;ly:fluctuations in progesterone levels in both vessels
through Day 30 indicate that ovulgtion and the subsequent formation of
new corpora lutea did not occur. These fiuctuations-wqre probably dpe
to the release of progesterone from the adrenal glands.

Heifer No, 233,— The data presented in Figure 7. is a daily com~

parison between progesterone cqncgqtrations in the wvena cava and jugulaf
vein through the latter part of one estrous eycle and through Day 19 of
the following 20-~day estrous gyﬁle,

It is interesting to speculate aboyt the relativalyihigh progester-
one levels measured.in.the jugular vejn and vena‘cava when the vessels

-were cannulated.on Day 14 of the first cycle. Likewise, when the
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surgery dateg for all heifers are considered therg are greater'jggglar
thap vena cava conceﬁtrations during four of the five surgery days.
The average of all vena cava determinations for the five days was 3.9 ng
progesterone per mi of plasma as gpppseﬁ.to 7.2 ng in the jugular vein
of the heifers,

There are several feasible reasons why this reversal ogcurred,
Fiyst, the tip of the vena cava cannula was anterior to the region where
the adrepal veins enter the posteripr vena cava. Therefore, . adrenal
venous blooa was a part of -the vena cava sémplen If the adrenals do
release progequrqné dufing a stress condition, as conclﬁded By Turner
(1966),1hﬁt 1f the .concentration was not high when the vena cava sample
was colleqtéd, then this could indigate-thét the sterqid.was secreted
for a short while during the caqnulétipn operation. However,.when the
sample wasg colleéted after the surgery,. the effluent hlood had reached
the head region and 'was flowing down the jugular vein, Then in-the fol-
lowing days the hormone level in the jugular vein dropped below that in
the .vena éava as the pragesterone rich blood became mpre dilute and was
utilized or passed out of thg-aniﬁal'S-bodYo

In considering the flow of adrenal vénous bloéd into the vena cava,
there-might be-what one- could term. a-laminating effept, If the adrenal
veins enter in the lateral portion of the vena cava, then adrenal hlopd
may f£low along‘in the dorsal region‘of the vessel rather thaﬁ mixing

with all. the blood flowing in the vena cava, Therefare, if the tip of
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the cannpula (anterior te the:entrance of the adrenal.veins) was lying:on
-the ventral surface-pof the posteriér'vena.cava, the adrenal venous bloed
could flow past khe tubing with. very Little of it beipg collected. from
. the ¢annuyla,

.Another pepssible-explanation for the greater jugular thgn.vepa cava
concentrations.on-the day of surgery cquld. havg-been-the relegse of pro-
gestergne from the hypothalamqs, The existence of progesterone in the
female rat-brain was substantiated in a stud&fby'Bidder-(1968). ‘If this
-ﬁrogestgrone~was reieasednby'the hypothalamgszin Tesponse to the- stress
created during the suygery,fthis could acgount for the high progesterene -
levels. in.the. jugular.vein., |

Ihe-ﬁrogeséerqne concentration.in the wvena céva dropped‘signifi-
cantly,from Pay-17 to' Day 19 of the first.cycle (Figuré 7), which ig
indicative- of 1ﬁteal regressibn prior to estrus. The np;iceablé-;isg in
.prggeéterone 1evels;bnnDéy 4 of the éecond cycle and the ingreasing
.concentration to. a peak at Day 13.indicates.that the corpus. luteum has
formed. Although determinations were not‘made'throuéhout the remainder
of the ¢ycle,. the decline in levels.beginning at Day 18 was probably due
to. luteal regression before the onset @f the. mext egtrus,

Heifer Sgi‘?SQ,- The tegression of the CL.causing a gradual de-

cline in:vena cava ﬁroggsterone-concentrations on Days 17-19 Qf'the

ﬁirst estreqé ecycle was followed. by a sharp,drop;from-qu 19-tq Day ZO;
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The -low progestgrone levels.allowed the onset of estrus.two days later
(Figure 8). a

If the progesterone levels for all of the heiféfs.are studied for
the day of estrus a distinct paftern becomes apparepnt. On six of the
10 estrus. dateg, the jugular progestgrone levels were greater than the
vena g¢ava; and during-.one of the other four days the concentrations in
the two vegsels were the same.

Even though the mean progesterone ¢ongentration in the vena cava
(3.0 ng/ml) was greater than thét in the juguylar vein (2.47 ng/ml),.it
should be-recognized that ohly three-of 10 estrus days. had vena cava
values. greater  than 3,0.ng)m19 Alsp, Heifer No. 200 was not always
abserved in standing estrus and the days when these high vena cava .
levels were measured had been galculated from the time when metestrual
blood first appeared around the vulva and .under the heifer's tail. .In
these iﬁsténcéS'the following;day'might'have'been the day of estrus,iés
a marked decline in vena cava progesterone is gseen frem Day 0.to Day, 1
(4.7 ug/ml and‘nonwdetectgblé in 0.25 ml.plasma, respectiyely) of the
fourth cycle analyzed for Heifer No; 200 (Table IIL). Also, the pfpges~
terone levels dropped from. 7.0 ng/ml (Day Q);to 4.3 ng/ml of plasma
(Day 1) during the- onset of the 1as£'estrous cyele (Table IIL). Like-
wise, it should be recegnizedﬂghat the cycle - prior to the last estrus
date was longer: than normal.(30 days). Eaply in thié abnormal cycle

Heifer No. 2QQ contracted foot rdt'and this infection.was probably the
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pringipal reaéon fo; the extended cycle length. Every estrus that oc-
curred betwgen two normal cycles had'greater jugular than vena cava
progesterone- concentrations,

Thg luteal productien of progesterone is minimal at estrus, there-
fore it would be exﬁected that the vena cava progesteroneé levels he low.
The higher jugulgr concentration mighp be the resylt of r@éidual pro-
gestérope flowing in the vein. Williams (1962) has concluded that
1.2-5.4 percent of the progesterone passed out of the body was excreted
iﬁ the urine and approximately 40 percent was lost in the feces. There~
fore,. some of the blooa drawn from ‘the vena cava cannulé has been
filtered through the kidney before. it passes the tib of the sila;tic
tubing. However, inteétinal venoys blood that copld have lest proges-
terppne in the fecal conten£s of the intestipe.flpwé from the portal vgin
to the iiver frﬁm.which the hepatic veins pass to confluence with the
posteriar vena cava. These branches enter the vena cava apterior to the
region Where blood samples are collec.ted° Then it can be concluded that
an aetive kidney filtration of progesterone at a period when luteal pro-
gesteroﬁe production. is at a minimum could contribyte in a small way to
the lower vena cava concentrations at estrus, but the fecal. progesterone
loss would not affect it.

However, wheﬁ the days of e¢strus and the last day of the previous
cycle- were @ompared_in Figures 5-9, it wasg féund that in fiye out of

seven comparisons the progesterone concentration in ﬁhe jugulay vein
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iﬁcreased at estrus.' A feasible-explanation for this risg apd the felam
tively high. jugular prpgesterone level could be the-release of the
hormone from the.hypothalamus at the onset of estrus and subsequent
ovulation,

Callantine and Hymphrey (1963); have made - pbservations ‘which.ipdi~
cate that progesterone gannot influence the response of a‘target‘orgag
to placental (or pituitary) gonadotropinsg, but rather inhibits. the
release  of endogenous FSH. Spies-et al. (1969) reported. that electrical
‘excitation of the basal tuberal hypothalamus. induced ovulafiqn‘in
rabbits, however,.these animals failed to- pvulate when 2:mg of proges-
terone- was injected:16-1sﬁhours-priqr to stimulation, - Earlier,
Kobayashi. et al. (1967) had shown:thgt the secrétion of FSH .and LH. from
. the rat anteriof pituitary was regulated by the-specific hyﬁothalamic
FSH~RF (FSH-~releasing factor):and LH-RF, respectively. In-another study
Watanabe - and McCann (1963).coﬁc1uded that the FSereleaéing'factor is
found in the stalk-median eminencé area in.the rat. They sfudigd the in
xigggleffect‘of rat;ﬂypofhalamic extractsvoﬁ male wat anterior piﬁuitarm
ieg., After a six hour incybation period,.a noticeable igcrease in- FSH
was apparent,

Heifer No,-259.- The progesterone concentrationg:in the vena cava

and jugular vein of heifer No. 259 (Figure 9): have been presented for
the 1étter paxt-of one abnormal estrous cycle-and two cycles:of longer

than normal duration. Turnexr (1966). has stated that menstrual cycles
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can be altered appreciably by envirommental changes and mental upsets.
if this ?s the caée in-the-menstrual ¢ycle, then perhaps.the abnormal
length of ‘the first estrous.cycle could be caused by such a disturbance,

The'high progesterone-values. on Days 9 and 12 of the'first‘cycle
are greater than has generally been detected in the other heifers at
this stage of the cycle, This increase may be due to an gdrenal res-
ponse during:the cannulation operation. |

The rapid increase in progesterone concentration on Day 10 pf the
second cycle and the high levels thyxough Day 18 indicate~an,ad¥enal
progesterone-prpdﬁction during tﬂis time, This.is plausible because- on
Days 1 and 2 a large amount of heparin had been added #o the heifer's
circulatory system.in an attempt to draw venous bleod samples from the
jugular vein. As a Fesult the animal became sensieized aﬁd ap injection
of 'hepayin into the cannula on Day 3 of the first complete gyclé cauéed
an énaphylactiq shogk'reaction. -In-responsé to this_stress.condition
the adrepal glands will produce adrenbrcortical steroids (Turner, 1966).

At Day 19, luteal regression was evident as the verg cava progesr
terone - concentration dropped. However, the heifer did mot comg in heat
within the next few days and jt was apparent that some adrenagl response
occurred as the progesterone levels in both veins rose-at Day 22; Per~
haps the use of heparin-for flushing the cannula caused this..r_'esanse‘°
In light of this reaction{ theréafter thé cannula was flushed with a

0.9 percent saline solution.
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Average Progesterong Levels in the Posterior Vena Cava During Normal

Estrous Cycles,-

The mean.prpéesterone levels in the poéterior vena cava during five
normal estrousg cycles Werg calculated‘er each déy of the cygle tp per-
mit a comparison of ggmposite progesterone congentratign. among days
(Tabie VIIL). The yena cava progesferqne-Values for the last two réa
corded cygles. for Heifer No, 200 apd'all cycles for Heifer WNo, 259 were
not included. in this table bécauﬁé the cycles were abnermal in length.
There were 11 days among-the,five normal cycles. when g temporary or
permanent loss of patency in the capnulée did not allow blpqa sample
callection, | |

The lowest mean progesterone congent&atiqn (0,98 + 1.30 ng/ml) was
recorded at estrus., Estrus was- not alwaysldetectable in each heifef,
However, several times-blood was féund under the tail of a heifer twp to
three days after she was expected to come in estrus. In order to make
the comparison of data meaningful, it was important to determine Day ()
for every estrous cycle. Hafez (1968) reported that metestrus bleeding
"begins twé days after the onset of estfus, Thus, . the day of estrus was
rgadily'determingd:by ¢counting baék twb days from the time when fresh
blood first appeared, ‘

The progesterone comqennrétiqn roge slightly (1.18 + 0,51 ng/ml apd
1,10 + 0.78 ng/ml)-on Days 1 .and 2. No noticeable increase in proges-

terone congentration is to be expected on. these days, Ovylation gener-
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ally occuyrs. 24 hours:after the termination of estrus, which would be
abpuﬁ Pay 1. . Donaldson and Hansel (1965) reported that granylosa der
rived luyteal cells,deVelopfinto-functiqning luteal cells by abgut Day 4,
But they do not undergeo any further mitotig division after this tipe,
The theca»interha.cells,.on the other hand, coptaip smaller luteal cells
‘'which re¢spand to plasma luteptropin. Thése cells multiply and grow. into
1éxge luteal cells Wﬁich are primarily,rgsppnsible for the CL growth
after Day 4.

The data indicated. development of thé CL.and active production of
progesterone with the-riée in goncentration at Day 3 (Zoﬁi.x 1.05
ng/ml). -The followiﬁg day (Day 4) the vena cava progestergone vdlue was
-only 'slightly lewer (2.18.+ 0.65 ng/ml) than the mean recorded at Day 3.
This-would indjcate- fhat luteal progesterone produyction was fairly con~
stant.during Days 3 -and 4. In.the days follQWiné an iperease in proges-
terone secretion from luteal tissue was evident in the rising progester-
ane cqﬁcentrationﬂ.

The progesterope-values in the vena cava averaged_7.74 + 1.87 ng/ml _
at Day 12, but did not increase markedly until Day 15 when a peak con-
centration of 8.63 * 2.83 .ng/ml was reached. - On Day 15 the progesterone
levels were high in four estrous cycles, which accounted for.thg high
mean ¢oncentration, However, the low progesterone vélue 2,0 ng/ml}
found for heifer No. 200 (19 day eycle) accounted for the relatively |

. large standard error.
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The vena qavatprogestgfone 1eveis decliped to Day 19 (6.32 i-4.34
ng/mli as the caorpora .lutea began.to.regress:and qecrease progesgsterone
productionI(Donéldsop and Hansel, 1965). The variation in fhe length of
estrous cycleé and consequéntly the difference iﬁ the time of luteal
;egressiqn among the cycles aictate the large standard errvor of the
mean. Fo; two of the cycles,’Day,l9 was the day prior teo éstrus; where~
as hejfer No, 200 (third estrous cycle) and No. 233 had 20 and 21 dag
¢cycles, respeétivelya

The. three normal estrous q&gles investigated for heifer No. 200
(Taplg IX) demonstrate a minimﬁm of 1utegl progestgrqne productioﬁ at
Day Q (mean = 1.27 + 0.92 ng/ml) and a slight increase for Days 1 and 2
(1,87 + 0.54 ng/ml.and 2.05+ 1.35 ng/ﬁl; respectively). quever,.at
D;y 3 there was é noticeable rise in progesterone secretion from the
carpora lutea (4,10-i 0.50 ng/ml). The vena cava prégqsterone levels
decreased on Day 4 (2ﬂ93 + 0.73 ng/ﬁl) and then rose again and remgined

high through one day prior to the termination of the estrous cycles.

'Avgrggg Prqges;eroné Levéls,ig thg Jugu}ﬁr_Vein of Nérmal Cyclﬁng
He?fers.- . |

The progesterone qﬁncentrations in the jugular vein of heifer No.
233 and No. 250 were compared and averaged déily'for the duration of two
normal cycles whenever hoth values were detectable (Table X). Only.tbe
two heifers wefe uged in this composite because these were the noﬁmai

¢ycles.with the most complete jugular data. However, there were several
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days dﬁring the egrly'part of the-estrous éyéle analyzed for heifer Ng.
250 when progesterone levels were undetectable in the amount of plasma
available. -

The lowest progeéteronevlevgl‘in the jugular vein was observed on
Day 4 (heifer No. 250) when.there was nof any detectable progesterone in
lTS.ml of plasma. The greatest ¢oncentration of progeste%one was
meésure& on Déy 16, when 3.00 + 0;60 ng/ﬁl.was quantitated for the two
heifers. -The fifst five days of the cycle for heifer-No. 233, the jugu-
lar progesterone concentrations were relétively high (1,6 pg/ml,'Day 0;
1.4 ng/ml, Day 1; 0.5 ng/ml, Day 2; 2.6 ng/ml, Day'3; and 1.3_ng/ﬁl,
Day 4), but the progesterone levels. for heife?lNoq 250 were ﬁndetectable
in the available plasma on three of these five days. The progesterong
levels for both hejifers declined'during thennext three -days oply to rise
and fall up to Day 11. Thereafter, the concentrationé remained high
until the last day of.the cycles (2.10 £+ 0.90 mg/ml, Day 12; 1.50 i 0.90
ng/ml, Day 13; 1.40 * 0.30 ng/ml, Day 14; 2.55 + 0.05 ng/ml, Day 15;
3,00-+ 0.60 pg/ml, bay 16;.2,50 + 1,10 ng/ml, Day 17;’1,55 + 0.55 ng/ml,
Day 18; 0.73 + 0.15 ng[ml? Day 19; 1.00 ng/ml, Day 20; and 0.90 ng/ml,
Day 21. |

These resuylts are not, in.agreement with conqlusion$>made by Gomes
et al. (1963). That study indicated that jugulgr progesterone levels
were not conrelaqea with the stages of the estrous cycle. In.more re-

cent ‘work, Stabenfeldt et al, (1969) analyzed the jugular progesterone
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concentration in cbws each déy of ﬁormal 21 day estrous cycles. During
the follicular phase of the éycle the cows averaged less than 0.5 ng
progesterone per ml of plasma. The maximym g¢yclic 1uteal‘éctivity was
evident at.bay,13,‘when 6.6 ng/ml was quantitated. However, Gomes et
al. (1963)<reported.progesterone_lévels in cycling dairy cows and
heifers.that ranged from non-detectable (near estrus) to 0.054 ng/ml,
Ihis'value is much higher than the peak.concéntration-reported‘by

Stabenfeldt.et al, (1969).

Daily-Rat}o of Jugular Vein to Posterior Vena Cava Progesterone Levels.-

The ratio of progesterone valueg in thg jugular vein to those in
the posterior vena cava was computed- daily for the heiferxs, This per=
‘mitted a contrast to be made between the levels in the two veins at
varioué-stages of the estrous cycle.

Before a discussion of the changes.in the mean ratié is undertaken,
it would be beneficial to congider the general trends in the prégester~
one ratios and what implication they have. It is apparent that the
jugular concentrations are genera}ly greater than the vena céva proges-
terone values near estrus. This was a period when luteal tissue formg-
tion and progesterope production wag at a minimum. Some of .rhe blpod
collected from the vena cava was filtered. through the kidney prior to
collection, thus progesterone can pass into.the urine (Williams, 1962).
However,_the jugular blood was not filtered through the k;dney before

sampling. Also, it was possible that near egtrus, progesterone which
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had accumulated in the hypothalamic area was released and enhanced the
progesterone concentration in the jugular vein, The higher jugular
progesterone ma& have been due to omne of these factors or both of them.

Mosf of the ratios calculated for normal cycles at or near estrus
were .greater tﬁan 1.00 (Tables XIII and XIV). These high ratios re~
‘sulted from greater jugular than vena cava coﬁceﬁtrations. Howevér?_as
the progesterone levels jin the vena cava increased (Days 3 and 4) there
‘was a corresponding drop in the ratio $f quuiar to veﬁa cava progester=-
one concentrations,

It should be mentioned that the-ratio af estrus was 0,16 at Day 0O
6f an abnormal cycle for heifer No. 200 (Table XI)o_ The heifer did not
show characteristic signs. of estrus that day, but two days.later fresh
blood was passed as she began metestrus: bleeding., Therefore, this was
the criteria:uéed'to calculate estrus. ‘The progesterone level .in the
vena cava was not detectéble in 0.25 ml of plasma on Day l.gnd the con-
centration was only 0.02 ng/ml at Day 2. It is possible that during
.this ﬁormal cyele thé metestrus bleeding Bégan earlier than reported by
Hafez (1968). |

All the ratios of propgesterone  levels in the two veins of four
heifers.dur{ng nine-estroﬁs.cycles were averaged for each day of the
cycle (Table XVi). This permitted all of the ratios determined for each
normal or abnormal cycle to be included in the calculation of a mgén

ratio.
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Seven-of the 10~ratigs.considered at Day 0 (Table XVI§ were 1.00 or
greater, which indicates that the jugular concentration was greater than
the vena cava level in seven estrous cycles. The:0P16 ratio (Nog 200
hgifer):was also considered in this determination., It is possible that
estrys in thgt cyele occurred'on.thé_following day,v At that time there
was a marked decline in progesterone levels in the-vena cava, which

would have rajsed the ratio censiderably.. The 0,50 ratio determined fof
heifer No, 200 was Qalculatéd for an estrus .at the‘conclgsion of a 30
day cyele. The third ratio- less.than 1,0Q.was calculated.for-heifer'Np;
259 at the termination of a 28 day-ecycle- and the'beginping_qf'another
abnormally long cyclél(25 days). Estrus detection during theSe-c§cles
was difficult and the heifers were never seen in 'standing estrus'",

As the heifers. gpproached mid-cycle-there was a noticeable drop. in
the mean ratio.of jugular progesferone to vena cava levels because of an
inecrease in progesterone production in.the mnewly formed (L and the- ris-
ing progesterone concentration.in the vena cava.

| The nearIy_complete data for ‘the. jugular as well as the daily wvena
cava goncentration.throughout two. normal estrous cycles (heifer Nos. 233
and 250):permitted.a:meaningful.1ea§tisquare$ analysis of variance in
the results. The least squares. analysis was ugeful because even theough
éll progesterane yalues were not detectable, the data cquld be tested
to determine statistical differences: between the‘progesﬁgrone coneentra«

tions in the heifers. and the two vesselg°
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The highly significant differences (P£0.005) between the proges=
terone sources (jugular vein. and posterior wvena cava) substantiated the
findings'oﬁ the t-test whigch had takenﬂintq account progesterone values
for all the heifers (Table I). .The least squares.analysis Was'meaﬁingm
ful because it tested normai cyclesy. whereas Taﬁle T included values
frbm abnormal és-well ag. normal qycles. The.apparent variation.ip pre-
gesterone concentraqionlamong_thé days:oﬁ the estrus cycle (Figures 5+9)
-was proven-.to be significant (?(f0,00S) for heifers~233-and:2504' Thig
-type of variation would.be expected with the low values-at estrﬁa and
- the  increasing progesterpne concentrations. as the heifers :approached
mid-cyecle.

The analysis (Table XVII)/indigatéd.that there was not an important
difference'betﬁeen progesterone levels: measured in the two heifers
(P<<0,10). The -heifer by source jnteraction suggests:that there wag net
a significant variation from a pérticular vein in one heifer to that
same vessel in the other:heifé;, The non-significance of the heifer by
. day interaction indicates.B there was no.statistical difference between
.the daily -progesterone concentrations determined. for heifer No, 233 and
the values.quantitated for heifer Nbo 250, Likewise,,h the lack of sig-
nificant variation in .the progesterone sopurce aqd the day interaction
implies;that there was not.any,statistically important difference‘béﬁ:
tween. the progesteroﬁe levels measﬁred in a vein.on-a particular day and

those detected.for that vessel in.the -other animsgl.




SUMMARY

‘This study Was conducted to Qetermine the daily‘progesterone con~
centrations in the. jugular vein and posterior vené cav; of Holstein
heifers throughoﬁt the estrous cyecle. Blood samples were.cqllectgd
dail& from cannulée surgically placed in fhe vessels and- then analyzed
for progesterone coptent with a modification aof the competitive protein-
binding technique.

The regregssion of the standard curve used to caiculate the proges-~
terone conceﬁtrations.in the plasma was always highly significant (P
0,005), A curve-that deviated significantly from linearity (P<.0l) was
not used in the quantitation of progesterone,

Samples collected from four heifers Weré‘assayed £hroughout nine
cémplete estrous cycles, four of Which.kere abnormal in 1ength; The
progesterone concentrafion iﬁ the posterior veng cava was grgatef (P‘:
0.001) than Fhe juguiar concentraéion in 142 comparis;ons° |

A least squéres analysis of variance for two heifers‘dqring two
normél estrous cycles demonstra?ed a difference between.progesterone
concentrationg in the jugular vein and posterior vena cava (P<:0.005),
Also, é statistical &ifferénce in the Aaily progesterone levels existed
among- the days of the estrous g¢ycles .(P<TO.,005')-q

'ihe majaé findings of this work are as- follows;

1. The progesteroﬁe levels in both vessels were low near the time

. of estrus, Generally,.the progesterone levels started to increase

noticeably during Days 4~6 as the Cl,.developed. The vena cava surpéssed
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‘those in the jugular plasma by Days 2~3. The progesterone values in

both veins:were'generally_highest for the period, Days 6-18 of a 20-21
day'c;_ycle° The 1eveis declined.markedly.1¥2 days prior to estrus,

'2. The results éuggeSt that excessive stress due to.foof_rpt'and
an anaphylactic ghock reaction resulted in extended estrous cyc}es for
two heifers. HQWever, the decline in progesterone 1eveis iﬁdiqéted the
CL‘regressed at the normal termination time of the eycles.

3, On seven out of 10 days of estruys the progesterone concentra-

tion in the jugular vein was equal to or greatér than the vena cava -

levels; This suggests fhat any of one or a chbinatiqn of évent$ may
have occurred,

First, the luteal production of progestefone was miﬁimal_gt that
time and very little progesterone was flowing in th¢ vena cava. Cbnsq—
quently, the éreater jggular prqgestefone-might have béep.dﬁe to resid-
uai progestergne remainiﬁg in the vein. Second, kidney filtration of
the low progesterone could have causea lower vena cava than jugular
values.at estrus. .Tbird,,a hypothalamic velease of progesteraone may
occur near the time of éstrﬁsa

4. The progesterone levels in the jugulér vein»exceedéd_that in
the vena cava during four of the five surgery days. These greéter
leﬁels were probably, the result of progesterone secretion from the
adrenal glénds during,surgery,' The 1qwer vena cava concentrations might

result from sampling after the progesterone secreted by the adrenal had
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passed the tip of the cannuia° Another possible explanation could be a
"laminated blood flow" in the posterior Véna éavan The adrenal venous
blood may‘flow in a certain region of the vein instead of dispersing

. thrquéhout.the vena .cava; therefore, the adrenal blood could pass by the
vena cava cannula fip without being collected Wﬁen samples were taken.
Whereas, the adrenal flow would be suffi¢iently mixed with the remain-
der of the blood after passing through the heart, lungs and the head,

so as to be detected in the jugular sampling.




APPENDIX
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SUPPLEMENT . DIFFERENCE BETWEEN PROGESTERONE CONCENTRATION IN

TABLEIo
THE POSTERIOR VENA CAVA AND THE JUGULAR VEIN OF FOUR CYCLING
HOLSTEIN HEIFERS. .
Comparison No. 1- -36 Comparison No, 37-72 Comparison No, 73-108
" Squared Squared Squared
Deviation Dev1aE;on Devlatlon Deviation Deviation Deviation
d=D-48 d=p-8 - d d=D -4 dz
C-4,12 . 16,97 - =0.32 0,10 0,08 0.01
1.58 2,50 -0.72 . 2 13.84 5.88 © 34,57
.1.62 2,62 -0,02 0.0004 ©1.28 1.64
1,18 1.39 +0.58 .0.34 0.18 0.03
.=3.72 13,84 . ~0,62 .0.38" -1,32 1.74 .
-2,82 7.95 - 1,68 .2,82 . =0,72 0,52
-1.32 1.74 -4,92 24,21 2.68 07.18
1.18 -1.39 - =7.42 55,06 - =0.42 0.18
- 2,28 5.20 -1,72 2.96 -7.32 53.58
~-1.62 2,62 «0,76 0.58 -1.52 2,31
0.28 " 0.08 -1,12 1.25 .=1,62 2,62
- 3.48 212,11 c=1,62- 2,62 ~3.42 . 11.70
9.98 99.60 .0.08 0.01 -3,92 | 15,37
'7.78 60.53 . 1.78 . 3,17 ’ 3.08 9.49
7.88 62.09 0,12 0,01 - ~-0,12 0.01
6.18 38.19 4,92 24,21 -1,72 2.96
. 1,18 1.39 . -0,62 . 0.38 -1,82 "3.31
-2.98 8.88 ~0.42 0.18 ~-1.,52 " 2.31
- 1.18 1,39 . =2,32 5,38 -1.42 2.02
=L.42 2.02 -0,72 - 0.52 - =1,82 3.31
-0,32 .0.10 . -1,82 3.31 =1,72 2,96
0.18 0,03 ~1,92 3.69 0.28 0.08
10.48 109.83 ‘ 7,12 50,69 -2.30 5.29
-10,02 100.40 0.68 0.46 -1.12 1.25
12,48 155,75 13.38 11,42 -0.12 0.01
6,28 -39.44 -2.82 7.95 ~-1.22 1.49
5.28 27.88 ~3.02 9.12 1.48 2.19
2,32 -5,.38 2,22 4,93 0.18 T .0,03
9,58 91.78 -4.32 18.66 2,98 8.88
-2.,52 6.35 -=1.52 2.31 -0.58 - " 0.84
9,18 84,27 0237 0.14 0.38 0,14
-1,72 2,96 1,28 1,64 -0.42 0,18
-0,12 - 0.01 : ~1,32 1.74 -0,22 0.05
-0.82 0.67 - 0.68 0.46 1,12 1.25
~2.22 4,93 ~0.22 .0,05- 0.28 .0.08
. 0,01 2,88 . 8,29 . 2,78 7.73

«0,12
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TABLE I. SUPPLEMENT (Continued).

Comparison No. 109-125  Comparison No.126-141

 Squared. " Squared
Deviation Deviation Deviation DeviaEion
d=D-8& & ' d=D-4 .d i}
-0,02 .0.0004 - =0.72 0.52
3.78 14.29 0.08 0.01
«3.19 10.18 -2,02 4.08
~2.32 *5,38 : 0.48 . 0,23
6,78 . 45.97 ~3.42 . 11,70
- =2,52 6,35 ~1.42 2,04
"11.58 . 134.10 =0,92 0.85
7.68 58.98 ~1.12 1.25
.0.98 0.96 o -3,02 9.12
- «3.42 C11.70. -1,32 1.74
3.78 14,29 ‘ 2,88 . 8.29
~0.52 .0.27 -3.02 9.12
. =3.52 12.39 . 0.48 0.23
-3.72 13.84 ~0.62 . 0.38
3.78 14.29 -0,62 0.38
-0.72 0.52 -3 b2 11.70

- =0.82 0.67 0. 1835.49
C S p? =13.02

Sp ='.,/13‘,'02

=-3.,61 = Sfandérd Deviation.= s
sé = l%igg = 0.092 = Meaﬁ of the vériance

" 3,61

= = '= ) I = 5
8d = T 0.30 = Standard err?r of the Mean{SE,ﬂ/ﬁ?§f>

. = d - uD =1982 = 0 =
- o e O T R
’t = 690'7’ dQEo =n.- 1 - 141

%t 0,001, 141 =-3.73
Level
(P<0.001)
The progesterone concentration in the posterior vena cava is sig~

nificantly greater than the concentration in.the jugular vein at the 0.1%
. level of significance. ‘
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TABLE II, SUPPLEMENT. DILFFERENCE BETWEEN PROGESTERONE CONCENTRATION
IN THE POSTERIOR VENA CAVA AND THE JUGULAR VEIN AT ESTRUS IN
FOUR CYCLING HOLSTEIN HELFERS, :

No, of _ : Squared
Estrous _ Heifer, Deviation . . Deviation
Dates _ INumber . d = D - J, d
1 200 -1.53 2.34
2 200 ' " -3.53 12 .46
3 200 ‘ 11.77 138.53
& 200 } 2,97 8.82
"5 200 6,13 - 37.58
6 200 .~0,53 ' 0.28
-7 233 -=1,53 ©2.34
8 250 ‘ -0.93 0.86
9 259 -1,90 i 3,61
10 _ .259 o A 1.37 - - 1.88
-208.70
SLDZ 23919
§p = “/23.19 - = 4,82 = Standard Deviation
S3 2 '2%%$2 = 2.32 = Mean of the Variance
S8g = ﬂ;ﬁ& = 1;52'= Standard Error of the Mean
t =d-up =0:33:20_ 0.35
T T TE °

£ - 0,35, dF =n-- 1 =9
t 0,05; 9 = 2,262

The progesterone conqentiatiQns do not differ significantly at the
5% level during estrus,
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BASIC COMPUTER PROGRAM FOR COMPUTATION OF PROGESTERONE CONCENTRATIONS
MEASURED IN THE JUGULAR VEIN AND POSTERIOR VENA CAVA OF CYCLING HOLSTEIN
HEIFERS. '

™

10 LET X1=0
15 LET Y1=0
20 LET C1=0
25 LET B1=0
"30 LET X2=0
35 LET Y3=0
40 LET I=0 -
50 READ N,M
.60 FOR K=1 TO M
65 LET Y[RI=0
66 LET P[K}=0
68 NEXT K
70 READ L,X,Y4
80 LET I=I+1
90 LET X1=X1+X
95 LET Yl=Y1+Y4
100 LET Y L =Y[L1+Y4
105 LET P L.=P[L1+]
110 LET Cl=CLl+X#Y4
120 LET X2=X2+X—2
125 LET Y3=Y3+Y4—2
130 IF I<N THEN 70
140 LET B=(N*Cl-X1*Y1)/(N*X2~X1"2)
150 LET A=(Y1-B*X1)/N
155 PRINT
160 PRINT "Y(P) = ";A;"+";B;"X"
161 LET R1=(Cl=-(X1*Y1)/N)™2/(X2-X1"2/N).
162 FOR K=1 TO M ‘
163 TLET B1=B1+(Y[K]-2)/P(X}
164 NEXT K
165 LET Bl=B1=Y1—2/N
166 LET B2=B1-Rl
167 LET T=Y3-Y12/N
168 LET W=T=Bl
169 LET D3=M-2
170 LET.D4sM-~1
171 LET D5=N-M
172 LET D6=N-1
175 LET '01=R2/D3
179 LET 02=W/D5
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BASIC COMPUTER PROGRAM (Continued).

180 LET R8=R1/Q2
181 LET R9=Q1/Q2

182 PRINT
183 PRINT '"NATURE OF VARIATION
184 PRINT "MEAN SQUARE - R"

185 PRINT "REGRESSION:
186 PRINT "DEVIATION FROM REGRESSION
190 PRINT "BETWEEN DOSE ‘

191 PRINT -"WITHIN DOSE

192 PRINT "'TOTAL '

194 LET 1.2=SQR(W/D5)/B

195 PRINT - -

196 PRINT "LAMBDA =";L2

197 PRINT

198 PRINT

200 READ C2,C3,E1,E2, E3 ,E4 ,E5,E6

205 LET C2= (cz+ca)/z

206 LET D2=(El+E2+E3+E4+E5+E6) /6

210 READ J,Y2,A2,B2,F2

215 IF J=99999, THEN 999

220 LET X3=(Y2-A)/B

. DF - ss

1 - "RI;R1;F8

".D3;R2;Q1;F9

- "D&4;3B1

"D5;W;Q2 .
"D6;T

230 LET X3=(X3%(D2-C2)- (A2+B2- 2*CZ))/(F2*(A2+B2 24C2))

' 231 LET Z=(A2+B2-2%(C2) /D2

240 PRINT "CORRECTED X";J;"='":X3;Z;F2
250 GO TO 210 .

998 DATA 99999.,0,0,0,0 .

999 END
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