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ABSTRACT

In the first experiment 11 gilts were injected with 5

mg of estradiol benzoate on d 11-15 of the estrous cycle to

induce pseudopregnancy. Twice daily on d 21-30 gilts were

administered either 5 mg per kg bodyweight (avg. wgt 120 kg)

hydrocortisone acetate (HA) in sesame oil (5 ml) or sesame

oil (control) subcutaneously (SQ). Blood samples (20 ml)

were collected via jugular puncture on d 11, 21, and 31.

Uterine flushings were obtained surgically the day following

the last day of treatment (d 31).

Twice daily injection of HA on d 21-30 significantly

(p<.001) elevated cortisol levels above that of control

animals in plasma and uterine flushing on d 31. The percent

distribution of cortisol in plasma [% unbound (UB-C), %

corticosteroid binding globulin (CB6) bound (CBG—C), and %

albumin bound(Alb-C)] was not different between treatments.

Plasma CBG binding capacity (CBG-BC) was lower (p<.001)

following 10 d of treatment with HA compared to control

gilts (7.4 versus 38.7 pmol/ml). Plasma progesterone (P4)

levels were significantly (p<.01) lower in HA treated gilts

(8.9 ng/ml) compared to control gilts (17.8 ng/ml). Uterine

flush P4 levels were also decreased (p<.001) compared to

control gilts. Total plasma protein and albumin

concentrations were similar (p>.05) to control gilts. Total

proteins in the uterine

iv



 

flush were lower (p<.001) in HA treated gilts. Corpora

lutea (CL) number and concentrations were not affected by

treatment. Total CL weight was significantly (p<.01) lower

in HA treated gilts compared to control animals.

In the second experiment 18 crossbred gilts exhibiting

2 normal estrous cycles (18-23 d) were naturally bred to a

mature boar and randomly assigned to receive 5 mg/kg

bodyweight (BW) HA (Trt 1), 2.5 mg/kg BW HA (Trt 2), or 5 ml

sesame oil (control; Trt 3) twice daily on d 9-13 of

pregnancy. Blood samples were collected on d 9# 11/ 13, and

20 of pregnancy. On d 46+2 gilts were slaughtered and

reproductive tracts collected. CL number and CL weights

were obtained. Number, weight, crown rump length, placental

weight, allantoic and amniotic fluid volume of fetuses were

measured and recorded.

Plasma cortisol levels were increased (p<.05) due to

treatment on day 13. The distribution of cortisol (% UB-C,

% CBG-C, and % Alb-C) was not different (p>.05) between

treatments. CBG-BC, plasma P^ levels, total proteins, CL

nxunber, CL weight, fetal number, fetal length, and placental

weight were not affected by treatment. Fetal weights in Trt

2 (2.5 mg/kg HA) were significantly (p<.05) lower compared

to Trt 1 (5 mg/kg HA) and control gilts. Allantoic and

amniotic fluid volvimes were lower in Trt 2 (p<.001 and

p<.05, respectively) compared to Trt 1 and control gilts.
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These results suggest that : a) HA affected

production in the ovary by retarding CL development, B) the

HA treatment lowered total P4 output, as reflected by

lowered concentration in the plasma, and affected protein

secretion in the uterus, C) uterine protein secretions were

preferentially reduced in the component contributed by P4-

induced, locally synthesized proteins but not by serum

transudate, D) HA did not affect liver function as measured

by total plasma protein concentration, E) HA affected CBG as

evident by the decrease in CBG-BC concentrations and F)

reduction in uterine secretory protein output may result in

lowered fetal weight due to poor nutrition in utero.
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CHAPTER I

INTRODUCTION

Reproductive efficiency is a major concern of swine

producers. The producer's major objective is to get as many

piglets per sow as possible. If the gilt's or sow's ability

to reproduce is impaired, for any reason, the producer's

profits are reduced. During the first twenty-five days of

pregnancy 30% of conceptuses will normally not survive

(Perry and Rowlands, 1962). Environmental stress (i.e.,

temperature extremes and humidity) and conditions related to

management (i.e., handling, overcrowding, isolation, and

nutrition) can have profound effects on the fertility of

gilts and sows. Early embryonic mortality can reach 50% or

greater in swine placed in a stressful environment (Tompkins

et al., 1967).

The term stress implies any nonspecific response of the

body to a specific demand (stressor) made upon it. Selye

(1956) was the first to describe an animal's physiological

response to a stress. His theory had three stages;

1)emergency reaction, 2) stage of adaptation, and 3) stage

of exhaustion. In 1985, Moberg expanded Selye's theory and

reorganized it into three categories: 1) recognition of a

threat to homeostasis, 2) the response to the stress, and 3)



the biological effects of stress.

The exact physiological mechanism by which stress

increases early embryonic mortality in swine is unclear. The

perception and response to a stressor are reflected by

increased concentrations of adrenocorticotropic hormone

(ACTH)/ which stimulates the release of glucocorticoids from

the adrenal gland. An increase in plasma adrenal

glucocorticoid levels either by direct (exogenously

administered) or indirect (ACTH administration or following

acute stress) means has been associated with hindered

reproductive ability in several species (Andrews, 1977;

Fuquay, 1981). Limited information is available on how

adrenal glucocorticoids actually effect reproduction.

The objectives of this study were to document changes

in: (1) selected hormones (cortisol and progesterone) in the

plasma and uterine flush of pigs; (2) plasma and uterine

protein changes in pseudopregnant and pregnant gilts; and

(3) changes in fetal pig parameters (i.e. fetal length,

fetal number, and fetal weight) following hydrocortisone

acetate administration (to simulate conditions of elevated

glucocorticoids in response to stress).



CHAPTER II

LITERATURE REVIEW

STRESS AND SWINE

Any external stimulus that challenges homeostasis can

be viewed as a stressor, and the changes in biological

function that occur as the animal attempts to maintain

homeostasis is referred to as the stress response (Moberg,

1985). For most stressors the prudent response for the

animal is to alter its behavior, by simply removing itself

from the threat. For example, an animal will escape the

heat of the summer sun by finding shade, and when challenged

by a dominant peer the animal will move or look away

(Moberg, 1985). Elevated temperature, crowding, inadequate

nutrition, and illness have been linked to decreased growth,

increased gluconeogenesis, suppressed immune function, and

altered metabolism (Barnett et al.,1982; Munck et al.,1984;

Dantzer and Mormede, 1987; Hemsworth et al., 1987; Rajeeve

et al., 1990; Dreiling et al., 1990).

The neuroendocrine response to a stress offers the

greatest potential for understanding the impact of stress on

an animals well-being (Moberg, 1985). In that the

hypothalamus regulates the pituitary gland, a direct

connection exists between the endocrine system and the

3



central nervous system (CNS). The neuroendocrine system

affects the functions of virtually every physiological

system. Neuroendocrine hormones regulate reproduction,

influence growth, alter metabolism and directly or

indirectly effect immunity and behavior (Moberg, 1985).

In animals, corticotropin-releasing hormone (CRH)

controls the release of ACTH from the anterior pituitary

gland. CRH is produced by neurosecretory neurons in the

hypothalamus and secreted into the hypothalamo-hypophysial

portal vessels to initiate release of ACTH from pituitary

corticotropes (Sanson, 1988). ACTH stimulates synthesis of

glucocorticoids, progesterone, and androgens from the

adrenal cortex (Kaplan, 1988). The adrenal-cortical

response to a stimulus is measured by an increase in

circulating levels of glucocorticoids to indicate that

stress has occurred (Moberg, 1985).

In swine the primary glucocorticoid is cortisol (Yousef,

1985). Cortisol receptors are found in every mammalian

tissue, and nearly all respond to cortisol in some way. In

animals cortisol regulates normal biological functions such

as metabolism, lactation, immunity and possibly reproduction

(Moberg, 1987).

The majority of cortisol is bound to a specific

glycoprotein known as corticosteroid binding globulin (CBG).

The remaining cortisol is bound to albumin or is unbound

(Tait and Burnstein, 1964). Of the two proteins CBG (MW 52
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k in man; Westphal, 1983) has a higher affinity but lower

capacity for cortisol and serves to prevent the rapid

hepatic catabolism of cortisol (Sitteri et al., 1982). Both

CBG and albumin bound corticosteroids provide an available

pool of free hormone when needed (Sitteri et al., 1982).

Unbound cortisol (free form) is the biologically active form

of the hormone (Tait and Burnstein, 1964). Unbound cortisol

ranges from 2 to 5 ng/ml in swine (Barnett et al./ 1981a/b;

Kattesh et al./1990)

Barnett and coworkers (1981a) found that gilts penned

individually had higher total cortisol concentrations and

lower maximum corticosteroid binding capacity (MCBC)

compared to gilts penned in groups, which resulted in an

increase in free cortisol. Thus individual penning resulted

in chronic stress. In a similar study, gilts housed in pairs

exhibited higher levels of free cortisol and lower MCBC

compared to gilts penned in groups (Barnett et al., 1983).

Hemsworth and coworkers (1987) showed there was no

significant difference in MCBC in 7 wk old gilts following

short term exposure to different types of handling

(pleasant, unpleasant, inconsistent, and minimal). However,

free cortisol levels were elevated and growth rate decreased

in the unpleasantly and inconsistently handled groups. The

authors concluded that poor human animal relationship caused

a chronic stress response which resulted in decreased growth

(Hemsworth et al., 1987)



Results from earlier studies (Kattesh et al., 1980;

Barnett et al., 1981a,b) indicated that chronic stress was

capable of decreasing corticosteroid binding capacity (CBC)

or MCBC. Kattesh et al. (1980) reported that the

coefficient of variation was smaller for CBC values than for

cortisol (16.5 % and 45%, respectfully), and therefore, CBC

may be a better measure of chronic stress in swine when

infrequent blood sampling is used. They showed that CBC

levels were higher in sows compared to gilts.

STRESS AND FEMALE REPRODUCTIVE PERFORMANCE

In the pig, maternal recognition of pregnancy occurs

around day 10 to 11 post-breeding (Bazer et al., 1977).

Maternal recognition of pregnancy can be defined as the

manner by which the conceptus prolongs the functional

lifespan of corpora lutea (CL) (Geisert et al., 1990).

Bazer and Thatcher (1977) provided evidence that indicated

the involvement of conceptus estrogen synthesis and release

for maintenance of CL function in the pig. They suggested

that developing conceptuses may maintain plasma progesterone

through an antiluteolytic action on the endometrium to

prevent transfer of luteolytic agents to the ovaries. This

theory is strengthened by the fact that administration of

estrogen (5 mg) on days 11-15 of the estrous cycle will

prolong luteal function (pseudopregnancy) in pigs (Bazer et



al., 1977). The exogenous estrogen appears to mimic the

estrogen released from the blastocyst at this time (Bazer et

al., 1977).

Corpora lutea are the principal source of progesterone

throughout gestation in pigs (Bazer et al./ 1977). In

cycling gilts progesterone concentrations increase slowly

from around day 4 to a maximiun level around day 12 (Bazer

et al, 1977). By day 14 progesterone concentrations

decrease sharply and reach basal levels by day 18. In

pregnant gilts progesterone increases from day 4 to day 14,

then decreases slightly to day 20 were it remains elevated

above basal levels until day 98 of pregnancy (Robertson and

King, 1974). Comparison of plasma progesterone levels in

pregnant and pseudopregnant gilts on days 8-27 indicated

that progesterone levels were slightly lower in

pseudopregnant gilts (Zeicik et al., 1986; King and

Rajamahendran, 1988). Zeicik et al. (1986) suggested that

the large doses of estradiol used to induce pseudopregnancy

may have reduced the production or secretion of from

luteal cells.

A high percentage (80%) of prepuberal gilts exposed to

elevated environmental temperatures beginning at 140 days of

age fail to reach puberty by 230 days (Flowers et al.,

1988). Wettermann et al. (1985) showed that elevated

environmental temperatures can cause periods of infertility

in mature swine.
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Chronic heat stress (24 hour duration) on day 5 or

20 of pregnancy increased early embryonic mortality 27%

compared to control animals (Tompkins et al, 1967). Wildt

and coworkers (1975) showed that acute heat stress (2 hour

duration) applied on days 2-13 increased early embryonic

loss 25% compared to control animals. Arnold and coworkers

(1982) showed that pregnant gilts administered a long

lasting preparation of ACTH (40 U.S.P. units) on days 11-15

of pregnancy had a lower percentage of fetal survival (48.0+

9 %) compared to control gilts (71.7+ 3.8 %). Pregnancy

failures and small litters have been observed in heat-

stressed sows (Omtvedt et al., 1971; Christenson, 1980).

Howarth and Hawk (1968) showed that four days of exogenous

ACTH or corticosteroids starting 10 to 16 hours after estrus

disrupted implantation and fetal development, and increased

early embryonic mortality 30% above normal in sheep.

Gilts exposed to high environmental temperatures during

the first eight days post breeding had altered levels of

progesterone and estradiol hormones which were related to

establishment and maintenance of pregnancy (Hoagland and

Wetterman, 1984; Flint et al., 1984; Stone and Seamark,

1985). Hoagland and Wetterman (1984) suggested that luteal

function or progesterone metabolism and clearance was

altered in heat stressed gilts resulting in the disruption

of pregnancy. A significant increase in estradiol

concentrations preceded the decrease in progesterone, and
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may have had detrimental effects on conceptus development.

Pregnant gilts exposed to elevated temperatures (37+ 1°C) on

day 8-16 of pregnancy had conceptuses that appeared to be

fragmenting on day 16 of pregnancy compared to control

animals (Wetterman et al., 1988). It is evident that

chronic thermal stress can increase early embryonic loss and

prevent prepuberal gilts from cycling normally.

Detrimental effects of stress on reproduction have also

been documented in sheep (Braden et al./ 1964; Prezkop et

al., 1985; Behrens and Parvizi, 1988), cattle (Moberg, 1976;

Gwazdauskas et al., 1985; Coubrough, 1985), rats (Rivier et

al., 1986), hamsters (Wise and Eldred, 1986), and llama

(Johnson, 1989),

ENDOCRINE MECHANISM OF STRESS-IMPAIRED FEMALE REPRODUCTION

The exact pathophysiological mechanisms by which stress

affects reproduction is not fully understood. Selye (1959),

hypothesized that the increase in adrenal activity

associated with stress acts to return the animal to

homeostasis, frequently at the cost of normal reproduction.

Stress induced release of adrenal glucocorticoids can

affect the synthesis and secretion of gonadotropins (Moberg,

1990). Glucocorticoids have been shown to alter the

secretion of gonadotropin releasing hormone (GnRH), release

of gonadotropins, and synthesis of gonadal steroids (Moberg,
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1987). Moberg (1987) also suggested that CRH and ACTH may

have an independent effect on the regulation of

gonadotropins. In rats (Rivier and Vale, 1984) and monkeys

(Olster and Ferin, 1987) CRH inhibits the secretion of GnRH

by the hypothalamus. CRH may indirectly inhibit the

secretion of GnRH by way of opioid neurons projecting upon

the neurosecretory cells in the hypothalamus (MacLusky et

al., 1988; Petraglia et al.,1986). Naylor and coworkers

(1990) found that exogenous CRH in ewes failed to inhibit

GnRH, and actually stimulated the secretion of LH. This

suggests that the effect of CRH on GnRH secretion may be

species specific.

There is considerable evidence to suggest that

glucocorticoids can act directly on the pituitary to hinder

the secretion of gonadotropins, mainly luteinizing hormone

(Moberg, 1987). Glucocorticoids may affect the ability of

GnRH to stimulate the secretion of LH. Restraint stress (40

minutes) in sheep (Moberg, 1987) and transportation stress

in cattle (Dobson, 1987) increased plasma glucocorticoid

concentrations and decreased the pituitary's response to

exogenous GnRH.

Another potential mechanism for glucocorticoids to

alter gonadotropin secretion is to modify the effects of

gonadal steroids (estrogen and testosterone) on

gonadotrophes. Estrogen and testosterone have two distinct

effects on gonadotroph regulation; the sensitization of the
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gonadotrophes by estrogen in females and the inhibition of

gonadotrophin secretion by negative feedback on the

pituitary and/or hypothalamus (Moberg, 1987). In rats

corticosteroids appear to inhibit estrogen from sensitizing

the pituitary and, maybe through this mechanism,

corticosteroids prevent the preovulatory surge of LH

(Baldwin, 1979) . This hypothesis could explain why

corticosteroids effect the preovulatory surge of LH, but

have limited effects on synthesis and basal secretion of LH.

Information on corticosteroid effects on the negative

feedback of gonadal steroids on the pituitary is limited.

In one study using adrenalectomized rats, neither

glucocorticoids nor testosterone alone affected

gonadotropins, but co-administration decreased plasma LH

(373 to 9 ng/ml) and FSH (1549 to 354 ng/ml) (Vreeburg et

al., 1984). The authors concluded that corticosteroids may

sensitize gonadotrophes to the negative feedback effects of

testosterone. More research needs to be done in domestic

animals to determine the exact gonadal mechanisms affected

by glucocorticoids.

In castrated male pigs a single injection of ACTH (20

lU) had no effect on circulating concentrations of LH

(Juniewicz and Johnson, 1981). However, Barb et al. (1982)

showed that prolonged treatment (12 days) with ACTH or

cortisol blocked the preovulatory surge of LH. In a study

by Li and Wagner (1987), cortisol inhibited the ability of
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estrogen to stimulate LH secretion in porcine pituitary cell

cultures. In sheep the influence of estrogens on the

gonadotrophes was not affected by elevated glucocorticoid

levels (Moberg et al., 1981). Once again, species

differences are apparent and should be taken into

consideration when attempting to make species comparisons.

Limited data are available on the effects

corticosteroids have on FSH secretion. Corticosteroids

appear to have a positive effect on FSH secretion (Suter and

Schwartz, 1985). It was reported that corticosteroid

treatment for 48 hours enhanced the basal secretion of FSH

in cultured female rat pituitary cells, directly effecting

FSH synthesis by a mechanism independent of LH synthesis

(Suter and Schwartz, 1985).



CHAPTER III

MATERIALS AND METHODS

ANIMALS AND DATA COLLECTED

Experiment One

Twenty crossbred gilts (a combination of Yorkshire,

Landrace, and Duroc breeding) approximately 120 kg in weight

and eight months of age were ear tagged and moved to a one-

half acre pasture lot in close proximity to 1-2 mature

boars. Each gilt was fed approximately 2.2 kg of a 16%

crude protein corn-soybean meal diet once a day, and water

was provided ad libitum.

Eleven of the 20 gilts, demonstrating two estrous

cycles of 18 to 23 days, were moved to pens located in an

open-front building (2-3 gilts/pen) on d 8 of the estrous

cycle (d 0 = first day of standing estrus). On d 11-15 of

the cycle, gilts were injected (0800 hrs) subcutaneously

(SQ) with 5 mg of estradiol benzoate (Sigma Chemical Co., St

Louis, Mo.) in sesame oil to induce pseudopregnancy (Frank

et al., 1977). Feed and water were provided as described

earlier.

On d 21-30 of pseudopregnancy gilts were randomly

selected to receive one of the following treatments

13
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administered SQ twice daily (0800 and 2000 h): (1) 600 mg (5

mg/kg bodyweight) hydrocortisone acetate (HA) (Sigma

Chemical CO., St. Louis, MO.) dissolved in sesame oil (n=5)

or (2) 5 ml sesame oil alone (n=6).

Two to three days prior to the last day of treatment (d

30), gilts were moved to holding pens directly adjacent to

surgery facilities. On d 31 gilts were anesthetized by

administering an ear vein injection of sodixim thiamylal and

anesthesia was maintained throughout surgery by closed

circuit halothane administered by a gas inhalation machine.

Each uterine horn was exposed by midventral laparotomy and

flushed with 20 ml 0.33% hypotonic saline solution as

described previously (Murray et al., 1972). The recovered

fluid was stored at -20,C until analyzed for cortisol

(total, % unbound, % CBG bound, and % albumin bound),

progesterone, albumin, and total protein concentrations.

Ovaries were removed, weighed, and individual corpora lutea

(CL) were excised and counted. CL obtained from the left

ovary were frozen at —70,C until analyzed for progesterone.

Blood samples (20 ml) were collected by jugular veni-

puncture on d 11, 21, and 31 immediately prior to

administrating injections. Each sample was collected into a

20 ml heparinized syringe, centrifuged at 3000 X g for 20

minutes and plasma collected and stored at —20,C untxl

analyzed for cortisol (total, % unbound, % CBG bound, and %

albumin bound), CBG binding capacity, progesterone, albumin.
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and total protein concentrations.

Experiment Two

Forty crossbred gilts of similar age, weight, and

breeding to those used in the previous experiment were ear

tagged and moved to a one-half acre pasture lot in close

proximity to 1-2 mature boars. Management procedures and

pasture conditions were as described previously.

Eighteen gilts demonstrating two estrous cycles of 18

to 23 days were bred naturally to a mature boar on two

consecutive days (0800 hr) of estrus. Gilts were moved to

pens located in an open front building (2-3 gilts/pen) on d

7. Gilts were randomly assigned to one of the following

treatment groups; (1) control, injected with sesame oil (5

ml; SQ)/ (2) 300 mg HA in sesame oil (5 ml; SQ), (3) eoo mg

HA in sesame oil (5 ml; SQ). Treatments were administered

twice daily (0800 and 2000 hr) on d 9-13. Blood samples

(20 ml) were collected via jugular puncture immediately

prior to administration of treatment on d 9, 11, 13, and 20.

Plasma was recovered and stored as described previously for

later analysis of cortisol (total, % unbound, % CBG bound,

and % albtuain bound), CBG binding capacity, progesterone,

and total protein concentrations.

On day 46 + 2 of pregnancy gilts were slaughtered and

reproductive tracts were collected and placed on ice for

dissection. N\amber, weight, and crown r\imp length, and
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placental weight of each fetus was recorded. Allantoic and

2uaniotic fluid volumes were also measured. Ovaries were

collected/ CL excised/ counted/ weighed and stored at -70.C

for later analysis of progesterone (left ovary only).

HORMONE RADIOIMMUNOASSAYS

Total Cortisol. Progesterone

Total cortisol and progesterone/ in the plasma and

uterine flushings/ were determined using a commercial

radioimmunoassay kit for the particular hormone measured

(COAT A COUNT [125 I] Diagnostic Products Corporation/ Los

AngeleS/ CA.). Bound radioactivity was measured in a gamma

counter and calculated as total nanograms per milliliter of

plasma or flush by extrapolating from a standard curve. The

intra- and inter assay coefficients of variation were 4.0

and 11.9 % for cortisol and 7 and 13.1 % for progesterone.

CL (left ovary) were minced on ice and suspended in 10

ml of cold phosphate buffered saline (PBS). Homogenate was

centrifuged at 1000 x g for 30 min, the supernatant

recovered and assayed for progesterone using the procedure

stated above.

Percentage Distribution of Cortisol

Estimation of the percentage of free cortisol (UB-C) in
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undiluted plasma was determined by using the procedure of

Hammond et al. (1980), described previously for use in swine

(Kattesh et al, 1990) and outlined in Appendix A. The

intra- and inter- assay coefficients of variation of the

percentage free cortisol in a reference pig sample (n=12)

were 1.7 and 12.8 %, respectively. The percentage of

cortisol bound to CBG (CBG-C) was determined for each plasma

sample using the procedure outlined in Appendix A following

prior heating of samples at 60„C for l hour (Sitteri et al.,

1982) . The percentage of cortisol bound to albumin (Alb-C)

was determined as follows:

% Alb-C = 100 - (% UB-C - % CBG-C)

CBG Binding Capacitv

The binding capacity of CBG for cortisol was determined

using the procedure of Hammond et al. (1985), as modified in

our laboratory for use in swine. The procedure is outlined

in Appendix B. The intra- and inter- assay coefficients of

variation were 4.8 and 9.3 % ,respectively.

Plasma and Uterine Proteins

Total protein concentration was determined in plasma

samples (100 ul) using a dye-binding assay (Pierce Chemical

Company, Rockford, IL). The assay is based on an absorbance

shift from 465 to 595 nm when Coomassie blue G-250 binds to

protein in an acidic solution. The assay procedure is

outlined in Appendix C. Plasma was diluted with deionized
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water to adjust for increasing levels of total protein

occurring in pig plasma over the sampling period. A

standard curve of 12.5, 25, 50, 75, 100, and 200 mg/ml of

albumin (bovine albiimin Fraction V, Fierce Chemical Company,

Rockford, IL) was prepared by using deionized water as the

diluent. Protein concentrations were calculated from a

standard curve using absorbance values read on a

spectrophotometer at 595 nm. Albumin concentrations were

determined using 10 ul of plasma in an assay (Sigma

Diagnostics, St. Louis, MO) based on the binding of

endogenous albumin to bromcresol green to produce a blue

green color with a maximxim absorbance of 628 nm. The assay

procedure is outlined in Appendix D. Samples were read on a

spectrophotometer at an absorbance of 628 nm.

STATISTICAL ANALYSIS

The effects of treatment and day on plasma hormone and

protein changes were tested by least-squares analysis of

variance procedures according to Goodnight (1983) for a

randomized complete block design with unequal subclasses.

The model fitted was as follows:

Y-uk = T; + Dj + TDy + Eyk

where:

= dependent variable

Tj = treatment

Dj = day of sampling

TDy = treatment*day interaction
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Eyij = residual error

Mean separation procedures were performed on the main

effects using Duncans multiple range test (1955). Mean

separation of the interaction was carried out by running a

second model which contained only treatments, and run

separately for each day. Another mean separation on the

interaction was carried out by running a third model with

only days, and run separately for each treatment.

All ovarian, uterine and fetal data were analyzed by

least-squares analysis of variance using the following

model:

where:

Yyt = dependent variable

T; = treatment

Eyi, = residual error

In experiment one the dependent variables analyzed were

total plasma cortisol concentration (total, % unbound

cortisol, % CBG bound, % albumin bound), progesterone

concentration, CBG binding capacity, total protein and

albumin concentration. Uterine flush dependent variables

were total cortisol, % unbound cortisol, progesterone, total

proteins and albumin concentrations. Ovarian parameters

included CL number, CL weight, and CL P4.

In experiment two, dependent variables analyzed were

the same as in experiment one (excluding uterine flushings).
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as well as the following fetal parameters: fetal niimber,

fetal weight, fetal length, placental weight, and amniotic

and allantoic fluid volumes.



CHAPTER IV

RESULTS

EXPERIMENT ONE

The eleven animals used in this study (HA=5; Control=6)

were confirmed as pseudopregnant based upon the absence of

signs of estrus on d 18-22.

Total Cortisol

Total plasma cortisol levels in control and HA treated

gilts measured on d 11, 21 and 31 of pseudopregnancy are

given in Table 1. Cortisol levels were not different

between gilts on d 11 and 21. Following treatment on d 21-

30 HA-treated gilts had significantly (p< .001) higher total

cortisol levels (295 + 30 ng/ml) compared to control gilts

(35.6 + 9.1 ng/ml) as measured on day 31 (Figure 1).

Percentage Unbound Cortisol

The percentage of unbound cortisol (UB-C) was not

different (p>.05) between treatments (Table 1). UB-C levels

were similar on d 11 and 21 and increased (P<.01) from d 21-

31 in all gilts (Figure 1). UB-C values averaged 12.6 % for

all gilts on d 31 compared to 8.3 % for d 11 and 21.

21
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Table 1. Total Plasma Cortisol, % unbound cortisol (UB-C),
% CBG-bound cortisol (CBG-C) , % albumin bound
cortisol (ALB-C), and CBG binding capacity (CBG-
BC) in gilts treated twice daily with 5 mg/kg body
weight hydrocortisone acetate (HA; n=5) or sesame
oil (control;n=6) on d 21-30 of pseudopregnancyt.

Dav of PseudoDreanancv

Item 11 21 31

Cortisol (ng/ml)
HA

Control

HA vs Control

27" ± 12
32 ± 11

NS

36" ± 12
33 ± 11

NS

296" + 13

3 6 ±11

UB-C (%)
HA

Control

HA vs Control

8.7* ± 2.3
9.8" ± 4.9

NS

6.2' ± 2.4
8.3" ± 2.1

NS

13. S*" ± 2.3
11.7*' ± 2.1

NS

CBG-C (%)
HA

Control

HA vs Control

59.3 ± 5.6
59.9 ± 5.6

NS

74.7 ± 5.6
62.7 + 5.1

NS

59.7 ± 7.3
62.6 + 5.6

NS

Alb-C (%)
HA

Control

HA vs Control

32.0 ± 4.2
32.0 ± 4.2

NS

19.0 ± 4.2
28.9 ± 3.8

NS

31.7 + 5.4

27.5 ± 4.2
NS

CBG-BC

(pmol/ml)
HA

Control

HA vs control

32" ± 6
23 +6

NS

is"" + 6
30 +6

NS

7'' + 6
38 +6

***

t
a,b,c

d,e

***

NS

Data presented as least squares means + SEM
Numbers with different superscripts in the same row
are different (p< .01)
Numbers with different superscripts in the same row are
different (p< .001)
Significantly different at p< .001
Not significant
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Percentage CBG and Albumin Bound Cortisol

Both CBG bound cortisol (CBG-C) and albumin bound

cortisol (Alb-C) were unchanged (p>.05) as a result of

treatment, day of pseudopregnancy, or treatment by day

interaction (Table 1). CBG-C values were consistent between

treatments averaging 63 % during the entire study (Figure

2). Albumin bound cortisol (Alb-C) was derived from the

difference of 100 % minus the sum of CBG-C and UB-C. Hence,

Alb-C values were highly correlated (overall r= -.98) with

CBG-C values (Table 1).

CBG Binding Capacitv

The CBG binding capacity (CBG-BC) for cortisol was

similar in all animals on days 11 and 21, but on d 31 HA

treatment reduced (p<.001) CBG-BC compared to control

animals (Table 1). HA-treated gilts had lower (p<.01) CBG-

BC values on d 31 compared to d 11 and 21 for all gilts.

CBG-BC values decreased from 18 pmol/ml on day 21 to 7

pmol/ml on d 31 in HA-treated gilts but was not significant

(Figure 3).

Plasma Progesterone

Plasma progesterone (P^) values were similar between

treatments on d 11 and 21 for all gilts (Table 2). On d 31

plasma P^ concentrations were lower (p<.01) in HA treated



40

35

30-^

>1 25-
4J

y 20
ft

15
cn

10
TS

XX

31
21

11

20-

18

iH 16

Cr< 14

12-^

10

8-^
+J

6"
XJ>

ft

2-'

31
21

26

DAY OF PSEUDOPREGNANCY
iTWl

11^12

Figure 3. CBG binGiug caEacity^W

llTT^'^roV;\rt 2, on a 21-30 of
pseudopregnancy.



27

Table 2. Plasma progesterone (P4) , total protein (Prot) and
albumin (Alb) concentrations in gilts treated twice
daily with 5 mg/kg body weight hydrocortisone acetate
(HA;n=5) or sesame oil (control;n=6) on d 21-30 of
pseudopregnancyt.

Dav of Psuedooreanancv

Item 11 21 31

P4 (ng/ml)
HA

Control

HA vs control

17.4^^ ± 1.5
18.9^ ± 1.4

NS

11.6^ ± 1.5
10.4^ ± 1.4

NS

8.9^± 1.5
17.8^± 1.4

ie "k

Prot. (mg/ml)
HA

Control

HA vs control

7.1^ ±.9
7.6^ ±1.0

NS

9.3*^ ±1.0
9.2^= ±1.0

NS

5.5® ±1.0
6.4® ±1.0

NS

Alb (g/dl)
HA

Control

HA vs control

6.6 + .4

6.5 ± .3
NS

6.8 ± .4
7.3 ± .3

NS

6.7 ± .4
7.4 ± .3

NS

t ̂
a,b

c,d,e

**

NS

Data presented as least squares means ± SEM
Numbers with different superscripts are significantly
different (p<.01)
Numbers with different superscripts in same row are
significantly different (p< .001)
Significantly different at p< .01
Not significant
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gilts (8.9 ng/ml) compared to control gilts (17.8 ng/ml) as

illustrated in Figure 3. Regardless of treatment P4 levels

were lower (p<.00l) on d 21 compared to d 11.

Total Plasma Proteins and Albumin

Total plasma proteins were not affected by treatment

(Table 2). However, there was a significant (p< .01) day

affect. Total proteins increased from d 11 to 21, and then

decreased from d 21 to 31 in all animals. Plasma albumin

concentrations were not affected (p>.05) by HA treatment or

day of pseudopregnancy (Table 2).

Uterine Flush Cortisol

The concentration of cortisol in uterine flushings was

significantly (p<.001) different due to treatment (Table 3).

Uterine flushings from HA treated gilts had nearly twice the

cortisol concentration as control animals (9.9 versus 5.7

ng/ml). Cortisol concentrations were not different between

uterine horns in individual animals.

Uterine Flush Progesterone

Uterine progesterone levels were significantly lower

(p<.001) in HA treated versus control gilts (Table 3). HA

treated gilts had one-third as much progesterone (2.1 ng/ml)

as control gilts (6.9 ng/ml). Values obtained from both

uterine horns were similar.
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Table 3. Total Cortisol, progesterone (P4), total protein
(Prot) and albumin (Alb) recovered from uterine
flush of gilts treated twice daily with 5 mg/kg
bodyweight hydrocortisone acetate (HA;n=5) or
sesame oil (control;n=6) on d 21-30 of
pseudopregnancyt.

Dav 31 of Pseudooreanancv

Item Left Horn Right Horn Average

Cortisol (ng/ml)
HA

Control

HA vs Control

10.6 ± .7
5.6 ± .8

***

9.2 ± .9
5.7 ± .8

***

9.9 ± .8
5.6 + .8

***

P4 (ng/ml)
HA

Control

HA vs Control

2.2 ± .9
6.4 + .9

***

2.0 ± 1.0
7.3 ± 1.0

***

2.1 ± 1.0
6.8 ± 1.0

* * *

Prot (mg/ml)
HA

Control

HA vs Control

8.7 ± 3.2
21.2 ± 2.9

***

7.8 ± 3.2
21.6 ± 2.9

***

8.2 ± 3.2
21.4 ± 2.9

***

Alb (g/dl)
HA

Control

HA vs Control

14.8 ± 2.5
12.7 ± 2.8

NS

12.2 ± 2.5
10.4 ± 2.8

NS

13.5 ± 2.5
11.5 ± 2.8

NS

t Data presented as least squares means + SEM.
*** Significantly different at p< .001
NS Not significant
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Table 4. Total CL number, CL weight, and CL progesterone
(P4) concentration in gilts treated with 5 mg/kg
bodyweight hydrocortisone acetate (HA;n=5) or
sesame oil (control;n=6) on d 21-30 of
pseudopregnancyt.

Dav 31 of PsuedOoreanancv

Item Left Ovary Right Ovary Avg.

CL Number

HA

Control

HA vs Control

6.6 ± 1.1
7.6 ± 1.0

NS

4.4 ± 1.1
6.3 ± 1.0

NS

5.5 ± 1.1
6.8 ± 1.0

NS

CL Weight (g)
HA

Control

HA vs Control

2.4 ± .4
2.7 ± .4

NS

1.5 ± .4
2.6 ± .4

**

2.0 ± .4
2.7 ± .4

**

P4 (gP4/gCL)
HA

Control

HA vs Control

.40

. 35

NS

-

-

I 1

** Significantly different at P <• 01
NS Not Significant
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Total Uterine Protein and Albvunin

Total protein concentration in the uterus was

significantly {p< .001) lower in HA treated gilts (16.5

mg/ml) compared to control gilts (42.8 mg/ml; Table 3).

Both uterine horns responded similarly. Uterine alboimin

concentrations were not affected by treatment (Table 3).

Corpora Lutea (CD Number and Weight

Total CL number as well as CL number for each ovary was

not different between treatments (Table 4). Total CL weight

was significantly (p< .01) different between treatments

(Table 4). Total CL weight from the left ovary was less

(p<.01) for HA-treated gilts (1.5 mg) compared to control

gilts (2.7 mg).

CL Progesterone

CL progesterone (g P^/g CL) for CL collected from the

left ovary was not different between treatments (Table 4).

HA treated gilts had .40 g 'Bjq CL compared to .35 g P4/g CL

for control gilts.

EXPERIMENT TWO

Of the eighteen gilts assigned in equal numbers to

receive 5 mg/kg HA (Trt 1), 2.5 mg/kg HA (Trt 2), or sesame

oil alone as a control (Trt 3), 15 completed the experiment.

Two of the 3 gilts (Trt 1 and 3) were not pregnant as
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evident by the presence of multiple follicles and/ or

corpora hemorrhagica. The third gilt (Trt 1) had large

cystic-like structures on both ovaries and never exhibited

signs of returning to estrus during the study. Blood

samples were not obtained on d 11 for 2 gilts in Trt 2 (2.5

mg kg HA) and 2 gilts on d 20; one in Trt 1 (5 mg/kg HA) and

the other in Trt 2 (2.5 mg/kg HA).

Total Plasma Cortisol

Total plasma cortisol was significantly different (p<

.01) between animals treated with 5 mg/kg HA (Trt 1), and

2.5 mg/kg HA (Trt 2) versus control gilts (Trt 3) on d 13

(Table 5). On day 13 total plasma cortisol values were

higher (p<.01) in Trt l and Trt 2 (73.1 and 66.5 ng/ml

respectively) compared to control gilts (36.3 ng/ml). There

was a significant (p<.01) increase in cortisol over days in

Trt 1 (5 mg/kg HA) and Trt 2 (2.5 mg/kg HA), which peaked on

day 13 then declined by day 20 to levels comparable to

control gilts (Figure 4).

Unbound Cortisol

Overall percentage of unbound cortisol (UB-C) was not

affected (p>.05) by either HA treatment (p>.05). There was

a day effect (p<.01) in Trt 1 and Trt 2 (Table 5). UB-C

values increased from d 9—13 in Trt 1 and Trt 2 and remained

unchanged in control gilts after an initial increase from d
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Table 5. Total plasma cortisol, % unbound cortisol (UB-C), %
CBG-C bound cortisol (CBG-C), % albumin Bound
cortisol (Alb-C), CBG binding capacity (CBG-BC) in
Trt 1 (5mg/kg HA;n=4); Trt 2 (2.5 mg/kg HA; n=6);
Trt 3 (Control; n=5) on d 9-13 of pregnancy!•

Dav of Precrnancv

Item 9 11 13 20

Cortisol

(ng/ml)
Trt 1 18.6" +8 41.2'' + 8 73.1" + 8 42.4" + 8
Trt 2 39.3" +7 56.7" + 8 66.5" + 8 46.4" + 9
Trt 3 42.0 +8 38.2 +8 36.0 + 8 45.2 +8

NS NS ** NS

UB-C (%)
Trt 1 10.0" + 2 12.5" + 2 20.14" + 2 16.6" + 2
Trt 2 10.9" + 1 12.0" + 2 16.90" + 2 15.9" + 2
Trt 3 10.2 + 2 13 . 3 +2 13.01 +1 13.2 +2

NS NS NS NS

CBG-C (%)
Trt 1 65.3" + 9 50.2" + 8 40.6" + 11 23.0" + 11
Trt 2 51.7" + 7 44.7" + 8 43.6" + 9 24.2" + 9
Trt 3 61.9 +9 50.9 + 9 58.3 +8 41.8 + 8

NS NS NS NS

AlB-C (%)
Trt 1 24.7" + 7 37.2" + 6 37.9" + 8 61.5" + 8
Trt 2 37.4" + 5 43.2" + 6 43.0" + 7 62.5" + 7
Trt 3 29.2 +7 38.6 +7 33.6 +6 45.0 +6

NS NS NS NS

CBG-BC

(pmol/ml)
Trt 1 26 + 11 — 16 + 13 7 + 16

Trt 2 42 + 11 - 32 + 16 22 + 22

Trt 3 42 ± 13 - 27 ± 11 37 ± 13

T
abc

ic*

NS

Data presented as least squares means + SEM.
Numbers with different superscripts in the same
row are different (P< .001).
Trt 1 and Trt 2 are significantly different (P < .01) from
Trt 3.

Not significant
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9 to 11 (Figure 4).

Percentage CBG and Albumin Bound Cortisol

Overall percentage of cortisol bound to CBG (CBG-C) was

not different (p>.05) as a result of the imposed treatments

(Table 5). All gilts responded similarly over days sampled.

The percentage of CBG-C decreased in all animals from d 9-

20. In Trt 1 and Trt 2 CBG-C values were lowest on day 20

(23 % and 24 % respectively ) compared to control gilts

(41.8 %) (Figure 5). The percentage of albumin bound

cortisol (Alb-C), which was highly correlated ( r = -.96) to

CBG-C values, was not different (p>.05) between treatments

(Table 5). However, there was a significant (p<.01) day

effect in all treatments from days 9-20 (Figure 5). In Trt

1 and Trt 2 Alb-C values were highest on day 20 (61.5 % and

62.5 % respectively) compared to control gilts (45 %).

CBG Binding Capacitv

The CBG-BC was not affected (p>.05) by treatment

regardless of day sampled (Table 5). Although not

significant CBG-BC concentrations declined across days in

all animals (Figure 6).

Plasma Progesterone

Treatment had no effect (p>.05) on plasma progesterone

concentrations (Table 6). Plasma progesterone
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Table 6. Plasma progesterone (P4) and total plasma protein
(Prot) concentration in gilts treated with 5 mg/kg
bodyweight (BW) hydrocortisone acetate (HA; Trt
l;n=4), 2.5 mg/kg BW HA (Trt 2;n=6), or sesame oil
(control; Trt 3;n=5) on d 9-13 of pregnancyf-

bay of Preonancv

Item 9 11 13 20

P4
(ng/ml)
Trt 1

Trt 2

Trt 3

15' ± 3
16' + 3

16' ± 3
NS

21'' ± 3
24" ± 3
21" ± 3

NS

19" + 3
23" ± 3
20" + 3

NS

17= ± 3
20" ± 3
24" ± 3

NS

Prot

(mg/ml)
Trt 1

Trt 2

Trt 3

3.8 ± 2.0
3.2 ± 1.8
5.4 + 2.3

NS

4.1 ± 2.0
5.0 ± 2.3
7.7 ± 2.3

NS

6.4 ± 2.0
9.8 ± 1.8
4.2 ± 2.0

NS

6.0 ± 2.0
4.1 ± 2.3
8.2 ± 2.0

NS

abc

NS -

Data presented as least squares means + SEM.
Numbers with different subscripts are different
within rows (p<.05).
Not significant
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concentrations increased (p<.05) from day 9 to 11 in all

animals and remained unchanged thereafter (Figure 6).

Total Plasma Proteins

Total plasma proteins were not different (p>.05)

between treatments or days of pregnancy (Table 6) in any

group. Protein values ranged from 3 mg/ml on d 9 to a high

of 10 mg/ml on d 13.

Corpora Lutea Number and Weight

Total and individual ovary CL numbers and weight were

not different (p>.05) between treatments as measured on d

46+2 of pregnancy (Table 7).

Fetal Number. Weight, and Length

Fetal number was not different (p>.05) between

treatments (Table 7). The overall average number of fetuses

per gilt was 8. Fetal weight was different (p<.05) between

treatments. Fetal weight for Trt 2 animals averaged 23.7 g

compared to Trt 1 and control gilts (27.4 and 26.3 g

respectively). Fetal lengths were not different (p>.05)

between treatments and the average fetal length was 72.3 mm.

Placental Weight. Allantoic and Amniotic Fluid Volumes

Placental weight in Trt 1 tended to be higher (P<.1)

than Trt 2 and control gilts. Trt 1 placental weights were
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highest (89.6 g) compared to Trt 2 and control animals (81.9

and 77.9 q, respectively). Allantoic fluid volume per fetus

in Trt 2 gilts (27.5 ml) was less (p<.001) than that found

in Trt 1 (84.2 ml) and control gilts (71.4 ml). Amniotic

fluid volvimes were similarly affected (p<.05) by treatment

(Table 7). Fetuses from gilts in Trt 2 had 23.5 ml of

amniotic fluid compared to fetuses of in Trt 1 and control

gilts (27.2 and 26 ml respectively).
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Table 7. Corpora lutea number, CL weight, fetal
number, fetal weight, fetal length, placental
weight (Plac-Wgt), Amniotic (Amn Flu) and Allantoic
fluid (All Flu) volume in gilts treated with 5 mg/kg
bodyweight (BW) hydrocortisone acetate (HA; Trt 1;
n=4), 2.5 mg/kg BW HA (Trt 2;n=6), or sesame oil
(control; Trt 3;n=5) on d 9-13 of pregnancyf.

Day 46+ 2 of Pregnancy
Item Left Horn Right Horn

CL No.

Trt 1

Trt 2

Trt 3

6 ± 1
7 ± 1
8 ± 1

8 ± 1
7 ± 1
6 ± 1

CL Wgt (g)
Trt 1

Trt 2

Trt 3

3.5 ± .6
3.3 ± .6
3.1 ± .6

3.1 ± .7
3.4 ± .7
3.8 ± .7

Fetal No.

Trt 1

Trt 2

Trt 3

3.5 ± .4
3.7 ± .4
3.7 ± .4

4.1 ± .4
3.6 ± .4
3.7 + .4

Fetal Wgt (g)
Trt 1

Trt 2

Trt 3

28 ± 1
24 + 2**

26 ± 2

27 ± 1
23 + 1**

26 ± 1

Fetal Lgth (mm)
Trt 1

Trt 2

Trt 3

74 + 2

71 ± 2
73 ± 2

73+2

71 ± 2

72 ± 2

PLAC Wgt (g)
Trt 1

Trt 2

Trt 3

95 ± 6
83 + 5

80 ± 5

85 ± 6
80 + 5

76 ± 5

ALL FLU (ml)
Trt 1

Trt 2

Trt 3

87 ± 13
28 + 12**

68 ± 11

81 ± 13
27 + 12**

74 ± 11

AMN FLU (ml)
Trt 1

Trt 2

Trt 3

29 ± 1.4
23 + 1.4*

26 ± 1.2

25.2 + 1.4

23.8 ± 1.4*
25.8 ± 1.2

* Trt 2 is different (p<.05) from Trt 1 and Trt
*** Trt 2 is different (p<.01) from Trt 1 and Trt

gilts,
gilts.



CHAPTER V

DISCUSSION

EXPERIMENT ONE

The results obtained from this experiment confirm that

multiple injections of estradiol will prolong the lifespan

of the corpora lutea. Estradiol benzoate treatment from d

11-15 of the estrous cycle has been reported to extend the

luteal function in swine for 70-300 d (Bazer et al., 1982;

Geisert et al./ 1987).

Plasma cortisol (total/ % unbound/ % CBG bound/ and %

albumin bound) levels have not been documented previously in

pseudopregnant gilts. Total plasma cortisol levels averaged

30.2 ng/ml on d 11 and 34.5 ng/ml on d 21 in all

pseudopregnant gilts. Administration of hydrocortisone

acetate (HA; 600 mg) twice daily on d 21-30 of

pseudopregnancy was effective in raising total plasma

cortisol levels. HA-treated gilts averaged 295 + 30 ng/ml

of cortisol compared to 35 ± 9 ng/ml in control gilts on d

31. Barb and coworlcers (1982) reported elevated cortisol

levels in response to twice daily injections of HA (250 mg)

for the first 12 d of the estrous cycle in gilts. In their

study HA treated gilts had 60 ng/ml of cortisol compared to

20 ng/ml in control gilts.

42
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Unbound cortisol levels were not affected by treatment.

This would imply that the animal was not under a chronic

stress based on previous studies (Kattesh et al./ 1980;

Barnett et al., 1981a, b, 1983; Hemsworth et al., 1987) in

which unbound cortisol levels were elevated and maxim\im

corticosteroid binding capacity (MCBC) or corticosteroid

binding capacity (CBC) remained constant or decreased. The

percentage of cortisol bound to CB6 or albumin was not

different between treatments. It is possible that the large

amount of cortisol found in the plasma of HA-treated gilts

kept the CBG from being totally denatured during heating in

the distribution assay (Burton and Westphal, 1972; Hammond

et al, 1990 ). If this were the case then the percentage of

unbound cortisol would also have been affected, since a

decrease in the percent CBG-C would result in an increase in

UB-C.

The binding capacity of CBG (as an indirect measure of

CBG concentration) for cortisol was affected (p<.001) by HA

treatment. The binding capacity decreased to 7 + 6 pmol/ml

compared to 39+6 pmol/ml in control gilts following 10 days

of HA treatment, indicating that CBG was decreased in HA-

treated gilts. This assay is probably a better measure of

changes in CBG. Hammond and coworkers (1990) showed that

there was no difference between CBG—BC and a direct measure

for CBG as measured by radioimmunoassay in humans.

Total uterine cortisol levels were higher (p<.001) in
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HA-treated gilts compared to control gilts, indicating that

cortisol, especially when elevated, can be transported into

the uterine lumen. The cortisol found in the uterus is

biologically active based upon an examination of percent

cortisol distribution in uterine flushings in our

laboratory. Parrott et al. (1989) found that cortisol in

pig saliva is also unbound and biologically active. The

absence of CBG in the uterine flushings and saliva (Parrott

et al., 1989) of swine suggest that CBG cannot pass across

the cellular membranes into other bodily fluids. The

mechanism that prevents CBG from entering the uterus or

salivary glands is not known. The function of free cortisol

in the uterus is not known. Rabin and coworkers (1990)

found that glucocorticoids inhibited estrogen stimulated

uterine growth, and decreased uterine estradiol receptor

concentration but did not affect the estrogen induction of

the progesterone receptors in rats. Uterine size was not

measured in the present study. However, the elevated levels

of cortisol in the uterine flushings may have a similar

affect on estrogen receptor numbers and uterine growth in

swine like that found in rats.

Plasma progesterone (P^) concentrations have not been

previously docxomented in pseudopregnant gilts treated with

hydrocortisone acetate. The P^ levels for control gilts were

similar to concentrations found in other studies (Frank et

al., 1977; Zieick et al., 1986; King and Rajamahendran,
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1988). Interestingly, plasma levels were reduced (p<.Ol)

as a result of the HA treatment. Although LH levels were

not measured/ the lower levels on day 31 may have been

caused by a decrease in LH secretion due to the elevated

cortisol in HA-treated gilts. Barb and coworkers (1982)

showed that cortisol was capable of suppressing the

preovulatory surge of LH in prepuberal gilts. In

pseudopregnant rats subjected to restraint stress from d 1-6

of pseudopregnancy corticosterone levels were elevated and

levels were lower (p<.05) compared to control animals

(Moorehead and Gala, 1989).

Corpora lutea P^ concentrations were not different

between treatments, but uterine flush P4 levels were lower

(p<.001) in HA-treated gilts (d 31), suggesting that

elevated cortisol levels in HA-treated gilts could have

directly affected the secretion of P4 from the ovary.

Levels of P4 in the uterine flush mimic the decrease in

plasma P4 levels in HA treated gilts.

Total plasma proteins were not affected by treatment.

These results suggest that HA treatment had no effect on

liver protein production. Our results are similar to Barnett

and coworkers (1984) in which protein levels were not

affected by a chronic stress.

Uterine protein levels were affected (p<.001) by HA-

treatment. Uterine protein values for control gilts were

similar to results reported by Geisert and coworkers (1987).
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They reported uterine protein values of 25.4 mg/ml on day 14

of pseudopregnancy, which is comparable to that seen on day

31 of pseudopregnancy for control gilts (21.4 mg/ml) in the

present study. HA-treated gilts had 8.2 mg/ml of total

proteins in the uterine flush. The lower protein levels in

the uterus of HA-treated gilts could reflect a decrease in

progesterone induced proteins, resulting from the lower

plasma and uterine levels. Since plasma and uterine

levels were decreased due to HA-treatment, it is possible

that the progesterone induced proteins could account for the

decrease in total uterine proteins. In pregnant gilts total

uterine proteins were not affected by heat stress (37"C) on

d 8-16 of pregnancy (Wetterman et al., 1988). They reported

an average of 3.5 mg/ml of total protein in the uterine

flushings of all gilts. Hembree (1983) reported no

difference in uterine proteins of cycling gilts administered

HA on d 8-13 of the estrous cycle compared to control gilts.

The number of CL were not affected by HA-treatment but,

the CL tended (p<.l) to weigh less in HA-treated gilts (2.0

g) compared to control gilts (2.7 g). The lower CL weights

in HA-treated gilts could account for the decreased P^

concentrations found in the plasma and uterine flush.

The high cortisol concentrations (295+30 ng/ml)

observed in HA-treated gilts and the decrease in CBG-BC

levels would suggest the animals were under a chronic

stress. If the time period for administration of HA would
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have been lengthened, P4 levels may have decreased to a

level low enough to cause the animal to cycle, since levels

below 5 ng/ml indicate regression of the CL in sows (Coryn

et al., 1979). A study in which HA was administered for 15-

20 days during pseudopregnancy might reveal the length of

time an animal must be exposed to a chronic stress before

reproduction is affected. Pseudopregnant gilts provide a

good model for studies on the affects of stress on a

pregnant animal without interference

from the conceptus.

EXPERIMENT TWO

The elevated cortisol levels on d 13 indicate that 5

mg/kg HA (Trt 1) and 2.5 mg/kg HA (Trt 2) administered twice

daily from d 9-13 sufficiently increased cortisol levels

similar to that seen in animals representative of a stress

response. Total cortisol levels in control gilts averaged

39.3 ng/ml across d 9-20 and were similar to results

reported by Kattesh and coworkers (1980) in which pregnant

gilts averaged 30.5 ng/ml on d 42 of pregnancy.

The percentage of unbound cortisol was not affected by

treatment. These results differ from previous results in

vhich pregnant gilts housed in tethers (restraint strap) for

46 days post breeding had higher overall free cortisol

levels compared to control gilts (Barnett et al., 1985). It

is possible that the 5 day regimen of HA treatment was
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insufficient to simulate a chronic stress response as

reflected by the percentage free cortisol.

The percentage of CB6 bound cortisol (CBG-C) or albumin

bound cortisol (Alb-C) was not affected by treatment. The %

CBG-C decreased in Trt 1 and Trt 2 from d 9 (65%+9 and

51%+7, respectively) to d 20 (23%+ll and 42%+9

respectively). Control gilts were not different from d 9

(61%±9) to d 20 (42%±8). The percentage of Alb-C was highly

correlated (r=-.96) to CBG-C, and as CBG-C decreased Alb-C

increased inversely from d 9-20. Sitteri et al. (1982)

showed that since albumin has a low affinity for cortisol,

albumin bound cortisol can be considered free cortisol. In

the present study cortisol bound to albumin increased as CBG

bound cortisol decreased. Therefore, considering that the

combination of unbound and albumin bound cortisol is

essentially biologically active cortisol then an increase in

plasma free cortisol did occur in the present study as a

result of HA administration.

The CBG binding capacity (CBG-BC) in Trt 1 and Trt 2

was lower on d 20 (7+16 and 18+22 pmol/ml respectively)

compared to d 9 (26+11 and 42+11 respectively) of pregnancy.

Control values for CBG-BC were relatively constant across

days, ranging from 42+13 on d 9 to 37+13 pmol/ml on d 20.

The large variation among animals within treatment could

explain why a significant difference between treatments was

not detected.
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Plasma progesterone (P^) levels were not affected by

treatment, but were affected by pregnancy. Plasma P^ levels

agree with values reported by Zeicik and coworkers (1986)

and King and Rajanahedran (1988). In beef cows heat stress

(37"C) on d 8-16 of pregnancy had no affect on P^ levels

(Riggers et al., 1987). In pregnant ewes heat stress (40''C)

for 10 wks starting on d 60 lowered P^ levels (Bell et al.,

1989). Thus duration of stress or HA administration (d 9-

13) may be a determining factor in its affect on P^ levels.

Total plasma proteins were not different between

treatment and are similar to results reported by Barnett and

coworkers (1985).

Fetal number was not affected by treatment, but fetal

weight was significantly (p<.00l) affected by HA in Trt 2

(2.5 mg/kg HA). Average fetal weight was 23.8+1.2 g in Trt

2 compared to 27.5+1.2 g in Trt 1 (5 mg/kg HA) and 26.4+1.2

g in control gilts. In fetal sheep a decrease in body

weight was correlated with a decrease in placental weight

when the dam was under a prolonged heat stress (40 "C)

between d 64-136 of pregnancy (Bell et al., 1989). In the

present study placental weight was 83+5 g in Trt 2 compared

to 80+5 g in control gilts. In Trt 2 (2.5 mg/kg HA)

allantoic and amniotic fluid volumes were lower (p<.001 and

P<.05 respectively) compared to Trt 1 (5 mg/kg HA) and

control gilts. The decrease in fluid volumes could account

for the lower fetal weights in Trt 2 gilts. The difference
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in Trt 2 compared to Trt 1 and control gilts cannot be

explained from this study.

The time period in which treatments were administered,

day 9-13 of pregnancy, may not be long enough to affect

reproduction. Until day 10 the CL appears to be unaffected

by exogenous prostaglandin (PGP2a) (Bazer and Thatcher,

1977), possibly the effects of HA are also hindered.



CHAPTER VI

SUMMARY

EXPERIMENT ONE

Eleven crossbred gilbs exhibibing a normal esbrous

cycle (18-23 d) were administered estradiol valerate (5 mg)

twice daily on d 11-15 to induce pseudopregnancy. Gilts

were randomly selected to receive either 5 mg/kg body weight

(avg. BW =120 kg) of hydrocortisone acetate (HA) in sesame

oil (5ml) or sesame oil (5 ml/control) subcutaneously twice

daily on d 21-30 of pseudopregnancy. Blood samples (20 ml)

were collected on d 11, 21 and 31 prior to treatment

administration. Uterine flushings were obtained on the day

following the last day of treatment.

Total plasma cortisol levels were elevated (p<.00l) due

to 10 d of HA treatment compared to control animals.

Percent distribution of cortisol; % unbound cortisol (UB-C),

% CBG bound cortisol (CBG-C), and albtunin bound cortisol

(Alb-C) was not affected by treatment. CBG binding capacity

(CBG-BC) was lower (p<.001) in HA treated gilts compared to

control gilts on d 31 (7.4 vs. 38.7 pmol/ml, respectively).

The decrease in CBG-BC indicated that the amount of CBG

decreased due to treatment. Plasma P4 levels were decreased

(p<.01) due to HA treatment (8.9 ng/ml) compared to control

gilts (17.8 ng/ml). Total plasma protein and albximin
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concentrations were not different between treatments.

Cortisol concentrations in the uterine flushings of HA

treated gilts was higher (p<.001) compared to control

animals. Cortisol in the uterine flushings is unbound, and

therefore biologically active. This suggests that CB6 is

cannot be transported across the uterus. P4 levels were

significantly (p<.001) decreased in HA treated gilts (2.0

ng/ml) compared to control gilts (6.8 ng/ml). Protein

concentrations in the uterine flush of HA treated gilts were

lower (p<.001) compared to control gilts. Albiimin

concentrations in the uterine flush were not affected by

treatment. CL number and P4 concentrations were similar

between treatments. CL weight was significantly (p<.01)

lower in HA treated gilts. These results indicate that

elevated cortisol levels can alter hormone and protein

concentrations related to pregnancy. The pseudopregnant

animal is a good model to use when trying to understand the

affects of stress without the interference of the fetuses.

EXPERIMENT TWO

Eighteen crossbred gilts exhibiting a normal estrous

cycle (18-23 d) were naturally bred by a mature boar on the

first and second day of estrus. Gilts were randomly

assigned to receive HA (5 mg/kg BW; Trt 1), HA (2.5 mg/kg

BW; Trt 2), or sesame oil (control) twice daily on d 9-13 of

pregnancy. Blood samples were collected on d 9, 11, 13, and
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20 of pregnancy, on d 46 gilts were slaughtered and

reproductive tract were collected. Number^ Weight/ and

crown rump length of fetuses was measured and recorded.

Total plasma cortisol levels were increased (p<.05) in

Trt 1 and Trt 2 groups compared to control gilts. Percent

distribution; % UB-C, % CBG-C, and % Alb-C was not

significantly (p>.05) different among all animals sampled.

CL number and weight were similar in all animals

sampled. Fetal number, length, and placental weight were

not different due to HA treatment compared to control gilts.

Fetal weight was lower (p<.05) in Trt 2 (2.5 mg/kg HA)

compared to Trt 1 5 mg/kg HA) and control gilts. Allantoic

and amniotic fluid volumes were lower (p<.001 and p<.05,

respectively) in Trt 2 gilts compared to Trt 1 and control

gilts. The results from this study indicate that elevated

cortisol levels can affect certain parameters associated

with pregnancy.
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APPENDIX A

PROCEDURE FOR DETERMINATION OF PERCENT DISTRIBUTION

OF BOUND AND UNBOUND CORTISOL IN PLASMA



Procedure for Determination of Percent Distribution

of Bound and Unbound Cortisol in Plasma

I. HANDLING OF PLASMA

A. Store at -20'C, and minimize thawing and freezing.

B. Plasma should be centrifuged before each assay, any

precipitate should be discarded.

II. MEMBRANE PREPARATION

A. Dialysis tubing (Fisher Scientific) spectra/por, with

a molecular weight cut off of 12,000-14,000 daltons.

Size:25 mm X 15.9 mm diameter. 50 ft./roll.

B. Boil sections (1-2 ft.) of dialysis tubing in 95%

ethanol in the hood for 30 to 45 minutes. Rinse

tubing extensively with distilled water to remove

ethanol.

C. Boil membrane twice for 15-20 minutes in a 2 to

3 L solution containing 5-10 mg of disodium EDTA and

5-10 g of sodium carbonate, rinse with distilled

water between boiling.

D. Wash membrane extensively in distilled water to

remove the disodi\im carbonate and EDTA. Take time to

make sure EDTA is completely washed off (EDTA can

interfere with the assay results).

66



67

E. Store membrane in a 0.02% sodium azide (O.lg/500 ml)

solution at 4''C for up to 1 month.

III. CAPSULE PREPARATION

A. Rinse dialysis tubing in distilled water before each

assay to remove any EDTA residue and sodivim azide.

B. Cut dialysis tubing into small squares and fit over

the fire polished end of a glass capsule and held in

place by rubber band made from latex tubing

(pimeline industries. Inc., 1/3" x 1/32").

E. Store Capsules in a 0.02% soditim azide solution for

no more than 7 days prior to assay.

IV. CLEANING GLASS CAPSULES PGR REUSE

A. Remove membrane and rubber bands and rinse capsules,

once in distilled water, and twice in methanol.

B. Heat capsules in a .01 N solution of sodivim

hydroxide for 2 hours.

C. Pour off 0.01 N sodivim hydroxide and rinse twice

with 0.01 N hydrochloric acid.

D. Rinse once with distilled water and twice with

methanol.

E. Take an aliquot of the methanol and count in a Beta

counter to see if there is any residual

radioactivity. If radioactivity is present, then

rinse with methanol again.

V. EXPERIMENTAL PROCEDURE
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A. In preparation for an assay of 10 samples:

1. In 10 disposable test tubes add [1,2-

cortisol (3 X 10® dpm) (Sigma Diagnostics,

St. Louis,MO ) dissolved in ethanol.

2. Evaporate ethanol, and add 5 ul of ['^C]

glucose (12 x 10® dpm) to each test tube.

3. Add 500 ul of plasma to each tube. Vortex.

4. Tubes are then incubated at 37"C for 30

minutes. Vortex, and incubate for an

additional 30 minutes at room temperature.

B. Preparation of scintillation vials for plasma

equilibrated with radiolabled cortisol and

glucose.

1. Scintillation vials labeled 1-10 are

prepared by niimbering them la lb, 2a 2b,

etc.

2. Add 3 paper filter discs to each vial (dia.

13 mm; Whatman No. 1)

3. Insert isodialysis capsules into the labeled

scintillation vials.

4. Pipette duplicate aliquots (200 ul) of the

plasma incubations into the isodialysis

capsules.

5. The vials are then centrifuged at 3000 x g

for 1 hour at 37*0.
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6. A second set of scintillation vials are

prepared by labeling then lap Ibp, 2ap 2bp,

etc. One filter disc is added to each

scintillation vial.

7. After centrifugation, isodialysis capsules

are carefully removed from the scintillation

vials and 30 ul of the remaining

ultrafiltrate is pipetted off and into the

respective scintillation vial ( lap Ibp,

etc.).

8. Scintillation vials should then be arranged

in order: la lb lap Ibp, 2a 2b 2ap 2bp, etc.

9. Add 350 ul of distilled water to each

scintillation vial, vortex.

10. Add 3.5 ml of scintillation fluid

(scintiverse II), vortex and count on a beta

scintillation counter, on the "c/'h channel.

C. Determination of the percent distribution of

bound cortisol

1. Prior to the assay, heat 600 ul of plasma

samples at 60"C for 1 hour in a water bath.

2. Proceed with the assay as described for the

determination of plasma free cortisol.



APPENDIX B

PROCEDURE FOR DETERMINATION OF CB6 BINDING

CAPACITY IN PLASMA



Procedure for Determination of Plasma CBG Binding Capacity

I. Handling of Plasma

A. Store at -20'C, and minimize thawing and freezing.

B. Plasma should be centrifuged before each assay, any

precipitate should be discarded.

II. Preparation of phosphate buffered saline (PBS)

A. To 1 liter of distilled water add:

5.4 g of NaH^ PO4. HjO 14.2 g Na2HP04

9.0 g of NaCl 1.0 g of gelatin

1.0 g of sodium azide

B. Dissolve gelatin by heating and add soditim azide when

cool.

C. Use a PBS/10 i.e. 1 in 10 dilution of above in

distilled water.

III. Preparation of dextran coated charcoal (D.C.C.) in

PBS/10

A. Add to 1 liter of PBS/10 buffer:

2.5 g "Norit GSX" 0.25 g Dextran

B. Stir for at least 4 hours at 40«C. Store at 4-C.

IV. (1,2-'H) cortisol solution (Sigma Chemical, St. Louis,

MO) for CBG assay

A. Purified cortisol (100 pmol) (25,000 cpm; .053

uCI) in ethanol is pipetted into a glass vial. Dry
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under Nj and redissolve in 10 ml of PBS/10 to give 1

pmol cortisol /lOO ul.

V. Cortisol solution for CBG assay

A. Make up a 10"' M solution of cortisol in ethanol.

Take 20 ul and dry under Nj in a glass vial.

Redissolve in 10 ml of PBS/10 to give 200

pmol/100 ul.

VI. Assay procedure

A. Take 500 ul of plasma and add 500 ul of PBS/10.

B. Add 1 ml of D.C.C. in PBS/10 (i.e. 1 in 4 dilution).

C. Incubate for at least 15 minutes at room temperature.

D. Centrifuge at 1500g for 10 minutes at 4<'C.

E. CBG incubation mixture

1. Supernatant from (D) above is diluted 1 in 5 in

PBS/10 (i.e 1:20 dilution).

2. To 2 of these tubes (A) add:

A. 100 ul of 10 pmol 'H-cortisol/ml solution

B. 100 ul of PBS/10 buffer.

3. To the other tube (B) add:

A. 100 ul of 10 pmol 'H-cortisol/ml solution.

B. 100 ul of 2nmol cortisol/ml solution.

P. Incubate at room temperature for 1 hour.

G. Place in ice/water bath for 10 minutes.

H. Add 500 ul of D.C.C in PBS/10 at O-C to all tubes

(use a repeat pipetter) and incubate for exactly

2.5 minutes in ice/water bath.
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I. Centrifuge at ISOOg for 10 minutes at 4«C.

J. Decant supernatant into scintillation vial.

K. Add 3.5 ml Scintiverse II scintillation fluid and

count for 2 minutes

VII. Specific bound cpm can be calculated for each sample

by subtracting the background cpm (tube B) from the mean

of the total bound c.p.m. (tube A) values.

Specific bound ̂ -cortisol (pmol/ml in undiluted serum)

can then be calculated from the specific bound cpm

using the following equation:

Specific bound steroid=specific boundxlOOx 1 xlxl xDxlO*
(pmol/ml) (c.p.m.) E 2.2x10 A DF

Where: E= counting efficiency (25%)

A= specific activity of tracer in uCi/pmol (.053uCI)

DF= decay factor for 'h (negligible)

D= dilution factor (20)

* multiplied by 10 to give pmol/ml.



APPENDIX C

PROCEDURE FOR QUANTIFICATION OF TOTAL

PLASMA PROTEIN CONCENTRATION



Procedure for Quantification of Total

Plasma and Uterine Protein Concentration

I. Reagents

A. Coomassie Blue 6-250 protein Reagent (Peirce
Chemical

Company, Rockford, XL)

B. Standard BSA reagent (bovine albumin Fractain V,

Peirce Chemical Company, Rockford, XL)

XX. Standard curve preparation

200 mg/dl = 100 ul std. BSA + 0 ul distilled water (DX

water)

100 mg/dl = 50 ul std. BSA + 50 ul DX water

50 mg/dl = 25 ul std. BSA + 75 ul DX water

25 mg/dl = 12.5 ul std. BSA + 87.5 ul DX water

12.5mg/dl = 6.25 ul std. BSA + 93.75 ul DX water

XXX. Assay Procedure

A. Prepare standard curve in duplicate in 12 x 75 mm

test tubes.

B. Prepare proper dilution ratios for all samples in

labeled 12 x 75 mm test tubes.

C. Pipette 50 ul of unknown plasma dilutions

(duplicate) into labeled tubes. Add 2.5 ml of

protein assay reagent to each tube.

XV. Preparation of Spectrophotometer

A. set spectrophotometer wavelength to 595 nm
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B. Blank machine with deionized water in both holders.

C. Ready for samples/ leave water blank in back

holder.

V. Calculations

( plasma szunple absorbance dilution net absorbance
- blank absorbance) x factor = of unknown

sample

Protein concentrations in mg/dl were then derived by

plotting

the net absorbance against the standard curve developed

within the assay.



APPENDIX D

PROCEDURE FOR QUANTIFICATION OF ALBUMIN IN PLASMA



Procedure for Quantification of Mbvunin in Plasma

I. Sample Preparation

A. Label tubes

1. reagent blank

2. standard

3. control

4. samples

II. Experimental Procedures

A. Pipet 1.0 ml of albumin reagent [BCG] (Sigma

Diagnostics, St. Louis, MO.) into each tube.

B. Add 10 ul of deionized water, protein standard

solution (5 g/ dl), control and unknown samples to

appropriately labeled tubes. Mix well by gentle

inversion.

C. Read absorbance (A) at ambient temperature (18-26 C)

at 628 nm.

III. Calculations

Alb\imin conc. (g/dl) =A sample - A blank x 5 g/dl
A standard A blank
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