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ABSTRACT

Forty-eight artificially reared (AR) and twenty conventionally

reared (OR) crossbred pigs were used to characterize specific endocrine

and protein changes from birth to six weeks of age. AR pigs were

delivered by cesarian section on day 114 of gestation, allowed to nurse

for the first 48 hours following birth and then fed a commercial milk

replacer diet. CR pigs were born naturally and maintained with the sow

until six weeks of age. Blood samples (5 ml), hematocrits, and body

weights were taken from all pigs on days 1, 3, 7, 14, 21, 28, 35, and 42

after birth. Total cortisol (TC), unbound cortisol (UB-C), cortisol

bound to corticosteroid binding globulin (CBG-C), cortisol bound to

albumin (ALB-C), total protein (TP), albumin, tyroxine (T4), and tri-

iodothyronine (T3) were measured in plasma. Overall mean body weights

of CR pigs were greater (P < .01) than AR pigs. Hematocrits in both

groups of pigs were lowest (P < .01) on days 3 and 7. Hematocrits

increased (P < .01) by day 14 to values similar to that observed on

day 1. Concentrations of TC were higher at birth (P < .01) than on days

7 to 42 in both groups of pigs (55.6 vs. 19.2 ng/ml). Similarly, UB-C

was highest at birth (29.9%) and decreased (P < .01) to its lowest value

by day 42 (11.9%). A decline in UB-C for CR pigs began by day 21 in

contrast to day 28 for AR pigs. Levels of CBG-C were lowest (P < .01)

in both groups of pigs on days 7-21 with an overall mean of 33%. CBG-C

for CR and AR pigs peaked on day 42 (54.1%) and day 35 (76.4%), respec

tively. ALB-C was correlated negatively with CBG-C (r " -.87; P < .01).

Total plasma protein and albumin concentrations in CR and AR pigs were
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lowest (P < .01) at birth and increased to their highest levels by

day 14. Overall mean total protein and albumin concentrations for AR

pigs (3.2 and 2.2 g/dl, respectively) were lower than for CR pigs (3.9

and 2.4 g/dl, respectively). For both CR and AR pigs T4 concentrations

were highest (P < .01) at birth (7.8 yg/dl) and declined (P < .01) to

basal levels by day 7 (4.6 yg/dl). CR pigs overall mean T4 concentra

tion was higher (P < .01) than that of AR pigs. T3 concentrations were

at or below the detectable limit of the T3 assay (0.5 ng/ml). These

results suggest that plasma endocrine and protein changes in the

neonatal pig can be influenced by method of rearing.
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CHAPTER I

INTRODUCTION

Despite improved rearing techniques there is still a high mortality

rate (20-30%) in pigs during the period from birth to weaning. This is

due primarily to the newborn pigs inability to adapt to its new extra-

uterine environment (Lecce, 1986). During this time the neonate must

cope with a changing environment (i.e., temperature and humidity) as

well as with imposed management practices (e.g., early weaning, artifi

cial rearing, and castration). Whether or not the neonatal pig can

adapt to any of these demands made upon it may dictate its ability to

survive.

Artificial rearing is the act of weaning pigs at an early date

(2-3 days postpartum) and raising them on a milk replacer diet until

they are able to consume solid feed by approximately 21 to 28 days

postpartum. Conventional rearing on the other hand is when the pig

remains on the sow until time of weaning which may be anywhere from 21

to 35 days. The management technique of weaning pigs early (2-3 days

postpartum) and raising them artificially has not reached its full

potential because of the reduced ability of the neonatal pig to adapt

and survive under the conditions imposed. The application of artificial

rearing could enable the producer to utilize the sow and her litter more

efficiently by increasing the number of litters delivered by a sow per

year as well as increasing the survival rates at weaning. Artificial

rearing has been an attractive management concept since 1949 but has



seen only limited application because of the high death losses asso

ciated with its use (Lecce, 1975). These death losses have been

attributed to an increased susceptibility of the pig to cold environ

mental temperatures (compared to temperatures in utero) and disease

(Curtis, 1970), suggesting that the artificially reared pig has a

compromised ability to maintain homeostasis.

Hormones released from specific endocrine glands, along with many

other physiological processes that occur after birth, play an important

role in establishing and maintaining homeostasis in the young pig

(Slebodzinski et al., 1981; McCauley and Hartmann, 1984). The ontogeny,

or pattern of development, of the neonatal pigs endocrine system has

been partially documented. For example, it is known that the hormone

thyroxine (T4), which is released by the thyroid gland, plays a major

role in regulating body temperature and the basal metabolic rate (Nowak

and Slebodzinski, 1986). It has been suggested that the high concen

tration of T4 found in the neonatal pig may also serve to acclimate the

newborn to its new environmental temperature (Fisher et al., 1977).

Likewise, adrenal glucocorticoids, primarily cortisol, serve in making

glucose and fatty acids available both for energy production and for

mobilization of energy stores, such as carbohydrates, proteins and fats,

needed by the various tissues of the body especially during times of

stress (Moberg, 1987). In that the first month of a pig's life can

certainly be considered stressful, period especially under conditions

imposed through the use of artificial rearing, it would follow that

dramatic changes in the ontogeny of cortisol release would be evident.



Considerable research has demonstrated that cortisol is present in

the circulation in two forms, either bound to high molecular weight

proteins or unbound. Unbound cortisol (UB-C) is active biologically,

while cortisol bound to carrier proteins (corticosteroid binding globu

lin [CBG] also known as transcortin, albumin) is inactive. By measuring

UB-C i.e., the biologically active portion of total cortisol (TC), one

can assess how much cortisol is actually available to the animal. The

distribution of cortisol among unbound and bound forms has not been

investigated in the neonatal pig. The neonatal pig is vulnerable and

susceptible to various factors in the environment, for example tempera

ture and disease, as indicated by high mortality rates. In order for

the neonatal pig to survive it must make certain endocrine adaptations.

If in fact cortisol plays an important role in establishing and main

taining homeostasis in the neonatal pig, critical changes in the dis

tribution of cortisol between unbound and bound forms should be evident.

The deleterious effects of artificial rearing on the neonatal pig, as

indicated by an even higher mortality rate than that observed in conven

tionally reared pigs, may suggest that artificial rearing is further

compromising the animals ability to make specific endocrine changes

needed for its survival.

The objectives of this study were to: (1) document selected

plasma hormone and protein changes that occur in the pig from birth to

six weeks of age and, (2) examine the influence that method of rearing

(conventional vs. artificial) might have on these physiological changes.



CHAPTER II

LITERATURE REVIEW

Survival and Development of the Neonatal Pig

The birth process Is an abrupt and profound event during which the

newborn pig must undergo various physiological adjustments to adapt to

Its new environment (Curtis, 1970). A pig's overall capability to cope

with Its new environment will dictate Its survival. An understanding of

normal physiological patters of development during this period Is a

necessity before advances In management practices can occur which could

lead to an Increase In the survival rate of the neonatal pig.

The most vulnerable period of a pig's development Is the time from

birth to weaning (Curtis, 1970). This Is when mortality rates reach

their maximum, especially within the first 3 days (Dlvldlch and Noblet,

1981). Roughly there Is a 20-30% mortality rate between birth and

weaning (Lecce, 1986). High mortality rates are attributed to low

Immunity and birth weights or crushing by the sow (Pomeroy, 1960) as

well as Inadequate thermoregulatlon (Dlvldlch and Noblet, 1981).

Under conventional rearing systems pigs remain on the sow from

birth until they are weaned at about 3-5 weeks of age. Pig birth

weights, which normally range between 1.1 to 1.4 kg (Dlvldlch and

Noblet, 1981; Close and Stalner, 1984), are positively correlated with

Its survlvablllty (Parker et al., 1980a). Hlmmelberg et al. (1985)

reported three week weaning weights between 4.1 to 6.7 kg, while Close



 

and Stainer (1984) reported a mean body weight of 4.7 kg at 25 days of

age. Average daily gains of 0.39 kg/day have been observed in pigs from

3 to 7 weeks of age (Dividich, 1981; Himmelberg et al., 1985). Brown

et al. (1976) reported an average weight of 13.1 kg at 7 weeks of age.

Along with birth weight, the thermal environment has been shown to

significantly affect pig survival rate, especially during the first

48 hours of life (Aumaitre and Seve, 1978). The neonatal pig is born

with little hair, lack of subcutaneous fat and a high ratio between

surface area and volume (Parker et al., 1980b). Energy reserves are

rapidly depleted after birth and will only last for 12 to 24 hours

(Bayley et al., 1980) until additional energy is supplied from the sows

milk. Therefore, intake of colostrum is necessary to supply the needed

energy to maintain thermogenesis (Dividich and Noblet, 1981). The

thermoneutral temperature of the newborn pig is 34"'C (Noblet and

Dividich, 1981). The optimal temperature for normal growth of pigs at

3 weeks is reported to be 28®C during the first week after weaning with

a 2°C drop with each following week up to 5 weeks after weaning

(Dividich, 1981).

The pig is essentially an immunological virgin at birth. This is a

result of the fetus being immunologically incompetent to acquire active

immunity before birth (Lecce, 1986). Along with being immunologically

naive, the pig is born without circulating immunoglobulins (Ig) (Lecce,

1986). A neonatal pig acquires immunity from the consumption of

colostrum which is rich in immunoglobulins especially IgG and IgA (Owen

et al., 1961). The neonatal pig relies on this passive immunity for



several weeks until the pig is able to produce its own antibodies (Owen

et al., 1961). At the time of weaning the pig has become more mature

and better able to maintain homeostasis. Even though weaning and post-

weaning times are crucial periods, the pig is less vulnerable to temp

erature extremes and susceptibility to diseases and is more apt to

survive from this point on (Owen et al., 1961).

Hematocrits, which are a measure of packed red blood cell volume,

are used as an indicator of anemia. Swine reared under normal manage

ment conditions tend to develop anemia within three days after birth

(Miller et al., 1961a). One factor that contributes to anemia is the

increase in plasma volume as a result of the intake of colostrum which

causes a dilution of the circulating cellular components (McCance and

Widdowson, 1959; Miller et al., 1961b). Iron deficiency is also a major

cause of pig anemia. A pig is born with only 50 mg of iron in its body.

In order to meet the demands of rapid growth the neonatal pig requires

7 mg of iron per day from its diet during the first three weeks of its

life (Miller et al., 1960). The sow can only provide 1 mg of iron

through milk per day. Anemia lowers the body's defenses against

disease, which can result in such conditions as scours and pneumonia.

Over 90% of newborn pigs, which are not administered exogenous iron,

will develop anemia within 3 days (Kernkamp, 1957; Miller et al.,

1961a). Hematocrits for newborn pigs are relatively high at birth

(38.4%) then decline through day 7 to values of 26.1% (Parker et al.,

1980b). Hematocrits have been shown to increase from day 7 to 14

(34.4%) after which no further changes occur (Ramirez et al., 1963).



Ramirez et al. (1963) also found a negative relationship between blood

volume and hematocrit level while a positive correlation was seen when

hematocrits were compared to total proteins.

Specific Endocrine and Protein Changes in the Neonatal Pig

Specific endocrine changes have been documented in the pig from

birth to six weeks of age (McCauley and Hartmann, 1984; Nowak and

Slebodzinski, 1986). These changes in the circulating levels of

hormones enable pigs to survive and cope with their new extrauterine

environment. Most of these internal changes occur within the first few

weeks of life, with the most dramatic occurring immediately after birth.

In the pig, cortisol (Worsaae and Schmidt, 1980) and thyroxine (T4) and

triiodotyronine (T3) (Slebodzinski et al., 1981) have been assigned

major roles in supporting various bodily functions.

Total Cortisol

Cortisol, the major glucorticoid in swine, is produced and released

from the adrenal cortex (Yousef, 1985) in response to adrenocortico-

tropic hormone (ACTH) from the anterior pituitary gland (Hafez, 1980;

Frandson, 1981). The functions of cortisol are many and varied. They

include the regulation of lactation, reproduction, inflammation, metab

olism, immune response, hepatic gluconeogenesis and many other physio

logical mechanisms essential for development processes in both fetal and

newborn life (Munck et al., 1984; Moberg, 1987). The broad range of

effects of cortisol are due to its having receptors in nearly every
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nucleated cell type in the body (Munck et al., 1984). Of major impor

tance to the neonatal pig is the role that cortisol plays in promoting

gluconeogenesis (McDonald, 1969). Gluconeogenesis is the production of

glycogen, which in turn can be broken down into glucose. Glucose can

then be used for muscular work and for liberating heat.

Cortisol concentrations in the pig have been shown to be at their

highest levels at birth (McCauley and Hartmann, 1984). McCauley and

Hartmann (1984) reported finding a mean cortisol level of 193 ±11 yg/L

in neonatal pigs which was 12 times higher than that found in adults

(15.5 ± 1.2 yg/L). After birth, cortisol concentrations rapidly decline

until day 5 postpartum at which time they are not higher than those of

adults. These sharp declines from high concentrations at birth to

adulthood concentrations within 3 days after birth suggests a profound

change in the metabolism and/or production of plasma cortisol in the

neonate during this time (McCauley and Hartmann, 1984).

Pigs, along with man and sheep, exhibit a circadian rhythm in

plasma cortisol concentrations through a 24 hour period (Fulkerson and

Tang, 1979). In adult swine, cortisol levels peak in the morning

(0900-1000 hr.) and reach a nadir by early afterno9n (Barnett et al.,

1981a).

The percentage of free cortisol has not yet been documented in the

neonatal pig. However, free cortisol has been measured in adult pigs

and in the lamb. In mature, ovariectomized, nonparous pigs, concen

trations of free cortisol ranged from 2 to 3.2 ng/ml (Barnett et al.,

1981b). Barnett et al. (1981a) reported 5 ng/ml of unbound plasma
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cortlsol in 2 year old ovariectomized gilts. Ballard (1982) found that

in the lamb, the percentage of free cortisol is highest at birth fol

lowed by a 50% decrease by day 14.

Thyroxine and Triiodothyronine

Thyroid hormones are essential to a neonatal pigs survival. The

hypothalamus, in response to an appropriate stimulus (e.g., drop in body

temperature), releases thyroid releasing hormone (TRH) which acts on the

anterior pituitary gland to produce and release thyroid stimulating

hormone (TSH). Thyroid stimulating hormone promotes the uptake of

iodide by the thyroid gland and hydrolysis of thyroglobulin which causes

the release of T4 and triiodothyronine (T3) from the colloid of the

thyroid gland (Mason and Wilkinson, 1973).

Peripheral monodeiodination of T4 and T3 is a general phenomenon

observed in mammals, birds and fish (Nowak, 1983). This extrathyroidal

monodeiodination of T4 to T3 is the major source of the total daily

production of T3 in man (72-76%; Chopra, 1975) and sheep (40-52%;

Bianchi, 1983). T3 is secreted in small quantities (30%) by the thyroid

gland, as evidenced in pigs (Nowak and Slebodzinski, 1986). Although T3

is more biologically active than T4, its half-life, in humans is approx

imately 1.5 days compared to 6.7 days for T4 (Chopra, 1975). This could

possibly be due to the weak association of T3 to thyroxine binding

globulin (TBG) as suggested by Mason (1975). The free fraction of T4 is

less than .05% of the total circulating concentration of T4 (Nowak,

1983).
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Thyroid hormones regulate metabolic processes in young developing

animals. Both T4 and T3 serve to stimulate protein synthesis, mito-

chondrial activity, oxygen utilization, gluconeogenesis and synthesis of

nuclear RNA (Mason and Wilkinson, 1973; Singh and Snyder, 1978). Circu

lating levels of T4 and T3 increase during cold exposure in most animals

including pigs 3 days of age or older (Kaciuba-Uscilko, 1972). In view

of the strong calorigenic potency of T3 and the rather inert state of

T4, 13 may be acting as the major adaptive mechanism in the neonatal pig

for thermogenesis (Nowak and Slebodzinski, 1986). This increased role

of the thyroid gland in the neonatal pig is primarily due to a func

tionally and morphologically mature hypothalamo-pituitary-thyroid axis

at birth (Slebodzinski, 1965). The newborn pig does not respond meta-

bolically to noradrenalin which is important in thermogenic responses in

other species (Swanson, 1957; Cassuto and Ammit, 1969). These above

observations suggest that the thyroid is a major mediator of thermo

genesis in the neonatal pig (Slebodzinski, 1965). MacDonald (1969)

suggested that since growth hormone does not cross the placenta, T4 is

perhaps the major fetal growth promoter making the thyroid gland an even

more important factor in the early development of the pig (Fisher

et al., 1977).

The concentrations of total T4 and T3 have been documented in the

neonatal pig. Similar to cortisol, T4 values are highest within 24

hours after birth (8.7 yg/dl) than any other postnatal time (Parker

et al., 1980a; Slebodzinski et al., 1981). From birth to 3 days of age

T4 concentrations decline rapidly to 3.9 yg/dl at which point they
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remain unchanged through day 42 (Nowak, 1983). T3 concentrations are

low Immediately after birth (0.97 ng/ml). Concentrations of T3 then

Increase sharply to reach a maximum concentration during the first 12 to

24 hours of life (Parker et al., 1980a; Slebodzlnskl et al., 1980).

Concentrations of T3 then decline on day 3 to values similar to that at

birth (Slebodzlnskl et al., 1980). A second Increase In T3 levels Is

seen between days 3 and 7, at which point values again decline by day 10

and remain constant thereafter (Parker et al., 1980b).

Total Protein

Total serum protein levels In the neonatal pig, which Include

Immunoglobullns, and albumin reach their maximum concentrations within

48 hours after birth (Ingvarsson et al., 1978). At birth total protein

concentrations range from 2.2 to 2.4 gm/100 ml (Miller et al., 1961b;

Ramirez et al., 19863; Ingvarsson et al., 1978). Within two days,

values have been reported to Increase to 5.3 to 7.2 gm/100 ml (Miller

et al., 1961b; Ingvarsson et al., 1978). This rapid Increase In total

plasma protein levels from birth to 48 hours Is apparently the result of

the pig Ingesting a high concentration of protein contained within the

colostrum (Ingvarsson et al., 1978).

Albumin, which Is produced In the live (Ruoslahtl et al., 1974),

constitutes approximately 40% of the total serum protein content In the

adult (Ingvarsson et al., 1978). It has a molecular weight of 66,000

and an Isoelectrlc point between 4.7 and 5.5 (Engleblenne, 1984). The

concentration of albumin Is low at birth and steadily Increases until

reaching a peak at 3 weeks of age with concentrations of 2.9 to 3.3 g/dl
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(Owen et al., 1961; Ingvarsson et al., 1978). Albumin has high capacity

but low affinity for binding cortisol and is important in determining

the free fraction of cortisol in plasma (Siiteri et al., 1982). Albumin

has also been suggested as a factor that may influence fetal growth and

survival of the neonatal pig (Stone, 1984). Stone (1984) found that

there was a positive correlation between birth weight and albumin con

centration in the pig. This researcher reported that genetically obese

pigs had higher albumin values and a 20% increase in survival rates from

birth to weaning than did lighter, genetically leaner pigs. Conven

tionally reared pigs were similar to these genetically lighter pigs, in

regard to body weights and albumin concentrations. Therefore, Stone

(1984) concluded that increased albumin concentrations in heavier pigs

may be related to their degree of physiological maturity, which may

explain the increase in survival rates in these pigs as compared to that

of leaner, lighter pigs.

Alpha fetoprotein (AFP) is a major serum protein in mammalian

fetuses (Adinolfi et al., 1975). The function of AFP is unknown. It

has been used clinically as an indicator of maturity during the peri

natal period (Stone, 1984). The concentration in the neonate however is

low, with only a slight increase observed within the first week of life

(Karlsson, 1970). AFP exhibits major similarities with albumin in its

physiochemical characteristics (Carlsson et al., 1977) and is produced

by the same cells (hepatocytes) in liver.

Corticosteroid binding globulin (CBG) is a glycoprotein with a

molecular weight ranging from 43,000 in the guinea pig to 52,000 in man
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(Westphal, 1983). Corticosterold binding globulin is synthesized in the

liver and plays an important role in regulating the free hormone concen

tration of corticosteriods in blood plasma (Englebienne, 1984). It has

a high affinity and low capacity for corticosteroids with complexes of

hydrophilic bonds in contrast to the hydrophobic binding typically of

albumin (Westphal, 1983). Albumin and CBG bound corticosteriods provide

a readily available pool of free hormone when needed. Corticosterold

binding globulin also acts to protect cortisol from rapid hepatic

catabolism (Siiteri et al., 1982).

In early gestating sows mean binding capacities of CBG (CBC) were

18.0 yg cortisol bound/100 ml plasma as reported by Kattesh et al.

(1980). Barnett et al. (1981a) also reported maximum corticosterold

binding capacity (MCBC) of 27.3 ng/ml in ovariectomized 2 year old

gilts. Other researchers have reported MCBC values of 32 and 49 mg/ml

in 2 year old ovariectomized gilts (Seal and Doe, 1963; Steeno and

DeMoor, 1966). The binding affinity (strength of attachment) of corti-

8 — 1
sol to CBG was estimated to be 5.6 x 10 M in early gestating gilts

(Kattesh et al., 1980). Barnett et al. (1981a) found values of 3.3 x

10^ M in 2 year old ovariectomized gilts.

In the newborn lamb CBG binding capacity decreases most dramati

cally between birth and 4 days of age (5.3 to 3.3 yg/dl), with a slower

decline occurring between days 5 and 21 (<.61 yg/dl at day 21). Con

centrations of albumin bound corticoids remained constant from days 4 to

14 after birth in lambs (Ballard et al., 1979). Unlike the lamb, rat

CBG levels undergo dramatic changes throughout their postnatal life. At
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birth, CBG concentrations are high, but then rapidly drop to undetect-

able levels by day 5 postpartum. By the second postnatal week, CBG

concentrations increase sharply (Agostino and Henning, 1982). Ballard

et al. (1979) concluded that decreasing concentrations of CBG are partly

due to hemodilution and a decreased synthesis occurring after birth.

They also proposed that corticosteroids, which are elevated at birth,

may be inhibiting CBG production.

The concentration of free (biologically active) or unbound cortisol

is known to be partially controlled by CBG (Ballard et al., 1983).

Therefore, the level of production or synthesis of CBG within the liver

ultimately controls the concentration of biologically active cortisol

(Agostino and Henning, 1980). As demonstrated above, fluctuations in

the concentration of CBG occur in the fetal and neonatal period in both

the lamb (Ballard et al., 1982) and rat (Agostino and Henning, 1980),

indicating that there may be changes occurring in the secretion of CBG

during the neonatal period in these species. Agostino and Henning

(1980) proposed that these changes may be hormonally controlled.

In a study of postnatal development of CBG in the rat, CBG was

found to be independent of estrogen and primarily regulated by T4

(Agostino and Henning, 1980). The mechanism in which T4 acts is still

uncertain. One hypothesis was that T4 could be activating previously

masked molecular sites on liver cells (Agostino and Henning, 1980).

Another possibility, as reported in a later paper by Agostino and

Henning (1982) is that differences may exist in the maturity of the

animals hepatic receptors for T4 and T3. In the rat, increasing
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responsiveness to T4 occurred as the hepatic system matured. Binding

capacity for T3 receptors in rat liver nuclei increased 1.7 to 3.6 fold

from birth to 20 days of age (DeGroot et al., 1977). The evidence

suggesting that thyroxine controls postnatal development of CBG is

convincing in the rat, but still unknown in other animals such as the

sheep, cow and pig.

Ballard et al. (1982) found that neither T4, estrogen, prolactin or

the corticoids appeared to be controlling factors of CBG development in

the lamb. It becomes quite clear that there are species differences not

only in the developmental patterns of CBG but also in the factors con

trolling its production.

Effects of Artificial Rearing on Swine

Weaning pigs early and rearing them artificially has been an

attractive management concept for years (Lecce, 1986). Researchers have

long known the great potential that artificial rearing could have on the

swine industry. Many attempts have been made to early wean/artificially

rear pigs for various reasons. The two most recognized reasons are;

(1) by weaning pigs early a sow can be used more efficiently by increas

ing the number of litters per sow per year and, (2) allows pigs that a

sow could not raise effectively to be reared artificially, thereby

decreasing overall mortality rates. On the average 20 to 30% of pigs

farrowed die before weaning (Dividich and Noblet, 1981; Lecce, 1986),

with the heaviest losses occurring within 3 days after birth (Fahmy,

1971; Dividich and Noblet, 1981). The majority of research dealing with
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the comparison of artificial versus conventional rearing of pigs has

involved such topics as weight gain, feed efficiency (Braude and

Newport, 1977), crowding, optimal temperatures for maximal thermal

stability (Dividich, 1981), colostrum and milk intake (Owen et al.,

1961), plus susceptibility to enteropathogens resulting in diarrhea

(Lecce, 1986). Little information is available on the hormonal differ

ences of pigs subjected to these two types of rearing conditions.

Even though the potential of artificially rearing pigs is

unlimited, it's practicality to the farmer has yet to be fulfilled. The

artificially reared pig has a high susceptibility to cold, and lacks

protection against diseases (Curtis, 1970), both of which contribute to

high death losses (Mount, 1969). High death losses in the neonatal pig

are mostly attributed to diarrhea resulting from an immature immune

system (Bellis, 1975). The earlier a pig is weaned from the sow the

more susceptible it becomes to enteropathogens (Kohler, 1972; Moon,

1975; Kirtsein et al., 1985). Enterotoxigenic Escherichia, trans

missible gastroenteritis virus (TGE) and retrovirus are the major

etiological agents that cause diarrhea (Lecce, 1986). Colostrum and

milk from the sow protect the nursing piglet by neutralizing entero

pathogens in the lumen of the gut (Lecce, 1986). Lecce (1986) studied

possible mechanisms to artificially supply immunoglobulins through the

feed to possibly prevent diarrhea in artificially reared pigs. Passive

protection was obtained by feeding specific antibodies against the major

etiological agents.

Thermoregulation by the neonatal pig can have significant effects

on weight gain and mortality rate (McConnell et al., 1987). Low
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resistance to cold temperatures is due to the lack of brown adipose

tissue used for thermogenesis (Mount, 1969) and a lack of white adipose

tissue used for insulation and energy (Manners et al., 1963). Cold

temperatures were found to decrease colostrum intake needed for thermo

genesis (Noblet and Dividich, 1981). Optimal temperatures ranging from

23 to 32°C are needed to maintain thermoneutral conditions (Noblet and

Dividich, 1981) and to promote the most favorable conditions for growth,

feed intake and efficiency of feed utilization.

Contrary to other researchers, Braude and Newport (1977) have

reported advantages of artificial rearing over conventional rearing of

pigs. Superior growth rates of artificially reared pigs were reported

within the first month of age when feeding a liquid diet containing

125-200 g dry matter/L. Braude and Newport (1977) also stated that

these superior growth rates in artificially reared pigs could not be

achieved when pigs were weaned at 2 days of age and immediately put onto

a pelleted creep feed diet.

Effects of Stress in Swine

It is widely accepted that the vulnerability of the neonatal pig to

adverse environmental conditions is greatest within the first few weeks

of its life (Slebodzinski, 1965). Within this period it is critical

that the newborn pig have the ability to cope and deal with its changing

environment a process known as maintaining homeostasis. Homeostasis is

the state of equilibrium of the internal environment which includes the

blood components, tissue fluid and lymph. Homeostasis is controlled by
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a number of factors including the nervous and endocrine systems (Yousef,

1985).

Since the welfare of an animal is difficult to ascertain, research

ers have frequently used responses to stress as indicators of how an

animal is coping and changing with its environment. The term stress

implies any nonspecific response of the body to any specific demand

(termed a stressor) made upon it. Yousef (1985) defines stress physi

ology as the study of the animals physiological, biochemical and behav

ioral responses to the various factors of the physical, chemical and

biological environment.

An animal's physiological response to stress was first described by

Selye (1956). According to Selye (1956) a response to a stressor is

characterized in three phases: (1) emergency reaction, (2) stage of

adaptation and (3) stage of exhaustion (Munck, 1984). The emergency

reaction is characterized by stimulation of the sympathetic nervous

system and release of catecholamines, epinephrine and norephinephrine

from the adrenal medulla. In times of chronic stress the adrenal gland

is stimulated by ACTH to secrete glucocorticoids as described earlier.

Epinephrine, from the emergency reaction, potentiates the release of

ACTH from the anterior pituitary gland. It is this secondary response

(the release of glucocorticoids) to stress which enables animals to cope

with their ever changing environment (Munck, 1984).

Total plasma cortisol changes have been reported in the neonatal

pig in response to chronic stressors (Worsaae and Schmidt, 1980). In

this study pigs were subjected to 45°C temperatures for 15 minutes, 0°C
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for I hour, and chasing for 29 minutes. All of these forms of chronic

stressors led to elevated plasma corticosteroid concentrations in the 4

to 8 week old pigs. Worsaae and Schmidt (1980) also stated that early

weaning at 3 weeks postpartum was a form of long term stress, as indi

cated by increased concentrations of cortisol up to 1 week after wean

ing. Wild rainbow trout that were confined in small containers for 6

and 12 hours exhibited up to three times the concentration of total

cortisol as compared to cortisol values of hatchery fish subjected to

the same treatment (Woodward and Strange, 1987). These researchers

concluded that wild fish were more susceptible to stress than hatchery-

reared fish, as indicated by more pronounced changes in cortisol concen

trations in the wild rainbow trout.

Circulating concentrations of thyroid hormones are also affected

by stress (Parker et al., 1980b). Parker et al. (1980b) found T4

levels to be elevated at birth and even higher at 6 hours after birth.

Slebodzinski (1972) stated that these high levels are probably asso

ciated with the stress that occurs at parturition. The thermogenic

properties of T4 are apparently working at full capacity at the time of

birth. T3, which is the most biologically active thyroid hormone, was

also found to increase during periods of cold stress (Parker et al.,

1980b).

The release of glucorticoids during stressful events acts to

maintain physiological homeostasis. However, the high concentrations of

cortisol also have deleterious effects on an animal. High levels of

corticosteroids have been found to modify the secretions of gonado—

trophins (Moberg, 1987). The preovulatory surge of LH has been shown to
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be inhibited by corticosteroids (Moberg, 1987) and the administration of

ACTH has been shown to decrease the production of testosterone in boars

(Knight et al., 1982). Kattesh and coworkers (1980) reported a reduc

tion in gestation length in stressed, crossbred sows. Prolonged secre

tion of corticosteroids has also been documented as causing the regres

sion of lymphoid tissues, changes in protein metabolism, reduced growth

and weight loss (Freeman, 1975).

The suppressive effects of corticosteroids on the immune response

has been known for years (Kendall, 1971). It has been proposed that:

(1) a stress-induced increase in glucocorticoid concentrations is not to

protect against the stress itself but against the normal defense

reactions, and (2) glucocorticoids accomplish this function by suppres

sing these defense reactions in order to prevent them from overshooting

themselves and, therefore, disrupting homeostasis (Munck, 1984). How

ever, this suppression of the immune response by high cortisol levels

can possibly leave an animal susceptible to disease and infection which

could lead to decreased survival (Mason, 1975).
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CHAPTER III

MATERIALS AND METHODS

Animals and Treatments

A total of sixty-eight crossbred pigs (Landrace x Duroc x

Hampshire) were either delivered by cesarean section on day 114 of

gestation (day 1 = day of breeding) and reared artificially (AR; n = 48)

or born naturally and reared conventionally (OR; n = 20). The AR pigs

were kept with the sow for the first 48 hours after birth and then

grouped in raised expanded metal wire cages (0.4 sq.m/pig). Pigs

were provided a commercial milk diet (Littermilk, Land 0 Lakes Co.,

Minneapolis, MN) twice daily until day 28. The CR pigs were left with

the sow in a conventional farrowing crate and weaned at six weeks of

age. All pigs were provided an 18% crude protein pelleted creep feed

beginning on day 21. All pigs were given iron dextran (2 ml, IM) on

day 7 and all males were castrated on day 21.

Blood Sampling

Pigs were bled (5 ml) via puncture of the anterior vena cava on

days 1, 3, 7, 14, 21, 28, 35, and 42. Day 1 is the day of parturition

or cesarian delivery. At each sampling time, hematocrits and body

weights were recorded. The heparinized blood was centrifuged at

3000 rpm for 15 minutes, plasma was removed and stored at -20°C.
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Hormone Analysis

Plasma cortisol was measured by radioimmunoassay similar to the

procedure reported by Woodward and Strange (1987) for unextracted plasma

(Foster and Dunn, 1974). The assay procedure is outlined in Appendix A.
3

Radiolabeled [1,2 H] cortisol (53 Ci/mmol) was purchased from New

England Nuclear, Boston, MA. Rabbit antiserum prepared against

cortisol-3-bovine serum albumin was purchased from Cambridge Medical

Diagnostics, Billerica, MA. Steroids having less than 1% cross reactiv

ity with the cortisol antibody (measured at 50% displacement of bound

3
[ H]-cortisol) were B-estradiol, pregenolone, progesterone, B-estradiol

3-benzoate, 5a-androstane 17-8-3 one and estrone. The steroids having

greater than 1% cross reactivity were 17-a hydroxyprogesterone (2%),

corticosterone (8%), cortisone (38%), and hydrocortisone 21-acetate

(100%). Intra- and interassay coefficients of variation were 5.1% and

15%, respectively.

Estimation of the percentage of free cortisol in undiluted plasma

was determined using the procedure of Hammond et al. (1980) as out

lined in Appendix B. Pig plasma samples (500 yl) were incubated with

5 3
3 X 10 dpm of [1,2- H]-cortisol (53 Ci/mmol, New England Nuclear,

3 14
Boston, MA) and 12 x 10 dpm of [ C]-glucose (271 mCi/mmol, ICN Radio-

chemicals, Irvine, CA). Duplicate aliquots (200 yl) of the mixture were

subjected to centrifugal ultrafiltration through a dialysis membrane at

37®C. The percentage of free cortisol in plasma samples was estimated

3 14
by comparing the ratio of [1,2- H]-cortisol to [ C]-glucose in the

ultrafiltrate with the corresponding ratio in the plasma retained by the
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dialysis membrane. The intra- and interassay coefficients of variation

of the percentage of free cortisol in a reference pig plasma sample

(n = 22) was 7.0% and 13.9%, respectively.

The percentage of total cortisol bound to CBG was likewise deter

mined for each plasma sample following prior heating at 60°C for 1 hour

(Siiteri et al., 1982). The following calculations were performed to

obtain the percentage of cortisol bound to CBG:

% free cortisol % free cortisol

Percentage of cortisol (heated plasma) - (native plasma)
bound to CBG % free cortisol (heated plasma) *

The percentage of cortisol bound to albumin was calculated as follows:

Percentage of cortisol bound to albumin = 100 - (% free cortisol +
% cortisol bound to CBG)

Plasma (T4) and (T3) concentrations were quantified using GAMMACOAT

125
[ I] competitive radioimmunoassay kits (Baxter Travanol Diagnostics,

Inc., Cambridge, MA). Bound radioactivity was measured in a gamma

counter and calculated as T4 in micrograms of T4 per decaliter and T3 in

nanograms per milliliter by extrapolating from a standard curve. T4

intra- and interassay coefficients of variation for reference control

were 7.1 and 9.6%, respectively. The intra- and interassay coefficients

of variation for T3 were 7.3 and 8.4%, respectively.

Total protein concentrations were determined on unknown plasma

samples (100 yl) using a dye-binding procedure (Pierce Chemical Company,

Rockford, XL). An absorbance shift from 465 to 595 nm occurs when
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Coomassie blue G-250 binds to proteins in an acidic solution. The assay

procedure is outlined in Appendix C. Plasma was diluted with physiolog

ical saline (0.9% NaCl) to adjust for increasing levels of total protein

occurring in pig plasma over the sampling period. Plasma dilutions, in

the ratio of plasma to saline, and the corresponding bleeding days were

as follows; 1:20 for day I and 3, 1:50 for days 7, 14 and 21, and 1:100

for days 28, 35 and 42. A standard curve of 25, 50, 100, and 200 mg/dl

of albumin (bovine albumin Fraction V, Pierce Chemical Company,

Rockford, IL) was prepared using physiological saline (0.9% NaCl) as the

diluent. Protein concentrations of samples were calculated from a

standard curve using absorbance values read on a spectrophotometer at

595 nm. The interassay coefficient of variation as determined in

control porcine plasma, was 10%.

Albumin concentrations were determined using 10 pi of plasma with

an assay (Sigma Diagnosistics, St. Louis, MO) based on the binding of

endogenous albumin to bromcresol green to produce a blue green color

with a maximum absorbance of 628 nm. The assay procedure is outlined in

Appendix D. Samples were read on a spectrophotometer at an absorbance

level of 628 nm. Calculations were as follows:

(A sample - A blank) Concentration of ^ Albumin
(A standard - A blank) standard (5 g/dl) concentration [g/dl]

The interassay coefficient of variation, as determined in control

porcine plasma was 8%.
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Statistical Analysis

The effects of treatment and day were tested by least-squares

analysis of variance according to Goodnight (1979) for a randomized

block design with unequal subclasses. The model fitted was as follows:

Y =T +D+TD +e^Ijk ^1 ^ ^ '"ij ^ ®ljk

where represents the dependent variable measured, T^ Is treatment,

Dj Is day of sampling, Is the treatment x day Interaction and
Is the residual. The dependent variables were body weight, hematocrlt,

total cortlsol concentration, percentage of unbound cortlsol, percentage

of cortlsol bound to CBG, percentage of cortlsol bound to albumin, T4

and T3 concentration, total plasma protein and albumin concentrations.

Mean separation procedures were carried out on the main effects using

Duncans multiple range test (1955). Mean separation on the Interaction

was carried out by running a second model which contained only treat

ments, and was run separately for each day. Another mean separation on

the Interaction was carried out by running a third model which contained

only days, and was run separately for each treatment.

The mean square error (MSE) In the tables In the following chapter

can be used to determine the standard error of each mean by using the

following equation for unequal sample sizes:

- i;;
y / n ^

< ?
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n

where n^ » harmonic mean of the n's, and

%
number of treatments

No. of TRTS
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CHAPTER IV

RESULTS

Survival, Body Weights and Hematocrlts

Of the sixty-eight pigs which were initially assigned to this

study, eight of the twenty conventionally reared (CR) pigs (60%) and

thirty-two of the forty-eight cesarean derived, artificially reared (AR)

pigs (66%) were alive by six weeks of age. The majority of the deaths

occurred within the first week postpartum for both groups of pigs

(CR = 63%; AR = 81%).

Conventionally reared pigs gained a total of 8.8 kg from birth to

six weeks of age, with the fastest (P < .01) gains occurring from day 21

to 42 (Table 1). The average daily gain over the six week period was

0.21 kg/day. Weights of AR pigs were lower than that of CR pigs from

birth to four weeks of age. Although AR pigs gained the same amount of

weight (8.8 kg) as the CR pigs over the six week period, 49% of their

total weight gain, compared to 60% for the CR pigs, occurred over the

first 28 days. In the last 2 weeks the AR pigs compensated by gaining

4.5 kg, which was over half their total gain during the entire six week

period.

Hematocrlts in CR pigs fell from day 3 to their lowest level on

day 7 and then abruptly increased (P < .01) by 12.6% from day 7 to 14

where they remained unchanged through day 42 (Table 1). The initial

hematocrit values taken on day 1 for AR pigs were highest (P < .01) at
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birth and declined (P < .01) sharply to their lowest levels on day 3 and

7 (Table 1). Similar to CR pigs, hematocrits for AR pigs increased

(P < .01) by day 14 and remained unchanged through day 42 (Table 1).

Total Cortisol

The concentration of plasma cortisol in CR pigs was highest at

birth (P < .01) as compared to all other postnatal sampling times

(Table 2; Figure 1). Within the first 3 days after birth, total corti

sol concentrations dropped 24.5 ng/ml which was an approximate 50%

decrease (Table 2). From days 3 through 42 cortisol levels remained

unchanged. Unlike CR pigs, cortisol concentrations in AR pigs were

highest (P < .01) on days 1 and 3 as compared to all other sampling

days. A decrease of 38.2 ng/ml in total cortisol occurred from day 1 to

day 7 in the AR pigs (Figure 1). Like CR pigs, total cortisol for AR

pigs remained unchanged from day 7 to 42 (Table 2).

Unbound Cortisol

The percent unbound cortisol (UB-C) in the CR pigs was highest and

not different (P < .05) between days 1 and 14 (Table 2). Levels then

declined from 22.9% (day 14) to 18.4% (day 21) as illustrated in Fig

ure 1. UB-C levels were similar from days 21 to 42. UB-C levels for AR

pigs measured at birth were higher (P < .01) than that measured for CR

pigs (33.3 vs 24.3%). Unlike CR pigs, UB-C levels for AR pigs decreased

(P < .01) sharply by 10.2 percentage points from birth to day 3 and

values remained unchanged from day 3 to 21 (Table 2). Between days 21
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(B) percent unbound cortisol, (C) percent corticosteroid
binding globulin bound cortisol, and (D) percent albumin
bound cortisol in the conventionally reared (-•-) and arti
ficially reared (-O-) pigs from birth to six weeks postpartum.
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and 28 UB-C values for AR pigs declined (P < .01) from 29.4 to 13.7% and

continued to be lower throughout the sampling period. The ratio of

total cortisol to UB-C in the OR and AR pigs on day 1 was 3.2 and 2.8 to

1, respectively. The unbound to total cortisol ratio changed slightly

in both groups if pigs by day 42.

CBG-Bound Cortisol

The percent cortisol bound to CBG (CBG-C) in CR pigs was elevated

but not different (P < .05) at birth as compared to all other postnatal

sampling times (Table 2). CBG-C was lowest (P < .01) on day 7 when

compared to the highest value seen on day 42 (Figure 1). CBG-C for AR

pigs was similarly higher at birth and levels were not different through

day 21 (Figure 1). However, in contrast to CR pigs, CBG-C for AR pigs

increased from day 21 (28.2%) to 28 (67.1%). Thereafter, concentrations

on days 28 through 42 remained elevated but not different (Table 2).

Albumin Bound Cortisol

The percent cortisol bound to albumin (ALB-C) is derived from the

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

were found to be highly correlated (P < .01) with those of CBG-C in CR

(r = -.91) and AR (r = -.84) pigs, respectively. ALB-C values in CR

pigs were low at birth (23.4%) and then increased to 46.7% by day 21

(Table 2; Figure 1). Similarly, ALB-C in AR pigs increased (P < .01)

from 27.7% at birth to 43.2% on day 21, with the greatest increase

(P < .01) of 18.1 percentage points occurring between days 1 and 7
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(Table 2). Concentrations then decreased sharply (P < .01) from day 21

to 42 reaching values similar to that found on day 1 (Figure 1). These

values were considerably lower (P < .01) than those measured for CR

pigs.

Thyroxine

Concentrations of T4 in CR pigs were higher (P < .01) at birth than

any other postnatal sampling time (Table 3). T4 concentrations steadily

decreased by 52% during the first 3 days after birth and remained con

stant through day 42 (Figure 2). Similar to CR pigs, T4 concentrations

of AR pigs were at their highest levels at birth (Table 3). Concentra

tions then declined (P < .01) by 20% and 23% on days 3 and 7, respec

tively (Figure 2). T4 values remained unchanged on days 14 through 28

followed by a further decline (P < .01) on days 35 and 42.

Triiodothyronine

Triiodothyronine concentrations of CR pigs were near or below

detectable limits of the assay (Table 3). Concentrations of T3 were

relatively unchanged throughout the 6 week period except on day 21 when

there was a sharp increase (Figure 2). Concentrations remained high on

day 28 but returned to below detectable limits of the assay (0.5 ng/ml)

on days 35 and 42. Similar to that of CR pigs, T3 concentrations of AR

pigs were near or below the limit of the assay (Table 3). Unlike CR

pigs, however, there were no significant changes in T3 for the AR pigs

between days 1 and 42 (Figure 2).
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Total Plasma Protein

From their lowest values at birth (1.6 g/dl) total plasma protein

concentrations of CR pigs increased (P < .01) three-fold by day 14

(Table 4; Figure 3). Total plasma protein remained unchanged from day 7

to day 42 with an average value of 4.7 g/dl. As with CR pigs total

plasma protein concentration in AR pigs was lowest (P < .01) at birth

(Table 4). Levels increased (P < .01) 3.3 g/dl between days 1 and 14

and remained unchanged through day 28. Total plasma protein for AR pigs

declined on days 35 and 42 and were lower (P < .01) than that measured

for CR pigs (Table 4).

Albumin

Plasma albumin concentrations for CR pigs increased a total of

2.3 g/dl from birth to six weeks of age, with 86% of that occurring

within the first two weeks (Table 4, Figure 3). Albumin concentrations

in AR pigs were lowest at birth, followed by a rapid increase until

day 14. Unlike CR pigs, albumin levels in AR pigs reached a plateau of

2.6 g/dl from day 14 to 42 which was less (P < .01) than that found for

CR pigs over the last two weeks of sampling (Table 4). At birth,

albumin concentrations comprised 57.5 and 68.2% of the total protein

concentration in CR and AR pigs, respectively. By day 42 values

increased to 68.7% (CR) and 81.8% (AR) of the total protein concentra

tion (Table 4).
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partum.
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CHAPTER V

DISCUSSION

The high mortality rate observed in conventionally reared pigs is

misleading. One of two sows in the CR group lost up to 70% of her

litter due to agalactia. This apparent reduction in milk production may

have been the result of high environmental temperature evident at this

time. The mortality rate within the litter of the remaining sow was 10%

which is still well below that found in AR pigs (33%). The 33% mortal

ity rate is also higher than that reported by Bille et al. (1978) and

Lecce (1986) in CR pigs (15-20% and 20-30%, respectively). The results

of the present study provide additional evidence that artificial rearing

has higher death losses associated with its use as compared to conven

tional rearing. Higher mortality rates in artificially reared pigs as

compared to conventionally reared pigs have been reported by other

researchers as well (Lecce, 1975; Dividich, 1981).

Body weights of CR pigs throughout the six week period were similar

to that found by Close and Stainer (1984). The greatest increases in

body weight for CR pigs occurred between days 21 and 42 which corre

sponds to the time period during which creep feed was provided. The

lower initial weights of AR pigs could be a result of premature birth

weights due to early delivery by cesarean section and/or inopportunity

to nurse the sow prior to being weighed. Lower body weights of AR pigs

during the first 28 days could be attributed to the environment imposed

on the pig by artificial rearing. However, AR pigs seemed to have
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experienced compensatory gains (during days 28-42) as a result of being

weaned off the milk replacer diet and onto creep feed. This suggests

that a liquid milk replacer diet may not be adequate to sustain normal

average daily gains. Possibly the necessary nutrients are not being

supplied by the milk replacer in adequate amounts or that the pig itself

is not able to consume enough of the milk replacer to meet its nutri

tional requirements. Seve (1980) determined that variations in dietary

nutrient intake caused changes in fat deposition of early weaned pigs.

Decreased fat deposition would ultimately result in lower body weights.

If AR pigs were not consuming enough dietary fat, their fat deposition

would then be decreased, resulting in lower body weights as compared to

CR pigs. Close and Stainer (1984) also reported that a diet low in fat,

and thus lower in energy, resulted in decreased body weight.

Hematocrits in the AR pigs at birth were similar to those found by

Miller et al. (1961). The lower values observed by day 3 and 7 in both

CR and AR pigs has been well documented (Miller et al., 1961a; Ramirez,

1963; Parker, 1980b). The 30% reduction in hematocrits in AR pigs by 3

days of life is similar to the 25% reduction found by Miller et al.

(1961a). This decrease has been attributed to a corresponding increase

in plasma volume (20-30%) following colostrum intake by the pig (Parker,

1980a). The large increase in hematocrits from day 7 to 14 in CR and AR

pigs were probably the result of erythropoiesis which is sustained by

the administration of iron dextran on or before day 7. The dramatic

increase in hematocrit after the administration of supplemental iron has

been documented previously (Miller et al., 1961a).
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The high concentrations of plasma cortisol at birth for both groups

of pigs is comparable to that found by other researchers (Herbein

et al., 1977; McCauley and Hartmann, 1984). The peak in the concentra

tion of cortisol that is observed at birth is due to its role in the

initiation of parturition (First and Bosc, 1979). The periparturient

peak in cortisol has also been associated with the corresponding induc

tion of hepatic gluconeogenic enz3nnes (Herbein et al., 1977). As a pig

matures, gluconeogenic pathways provide a source of glucose (Herbein

et al., 1977) which is the primary energy source of the neonatal pig

(Mount, 1959). The rapid postnatal decline in cortisol concentrations

by day 3 is in agreement with that reported by Herbein et al. (1977) and

McCauley and Hartmann (1984). The rapid drop in cortisol concentrations

from birth to day 3 may suggest possible changes in the metabolism

and/or synthesis of cortisol in the neonatal pig (McCauley and Hartmann,

1984). Similar to our results, McCauley and Hartmann (1984) found total

cortisol concentrations to remain unchanged from day 3 to 42. Worrsaae

and Schmidt (1980) reported a slight increase in cortisol concentrations

at three weeks of age subsequent to pigs being weaned.

The distribution of cortisol among its free and bound forms has not

been documented previously in the neonatal pig. The high concentrations

of UB-C found at birth, and up to 14 and 21 days in CR and AR pigs,

respectively, suggests that there may be a need by the animal for bio

logically active cortisol for the performance of certain physiological

processes during this time. The reduction in levels of UB-C by day 21

in CR pigs implies that these animals have developed the necessary
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systems to maintain homeostasis. The 7 day delay in the decline of UB-C

values of AR pigs may suggest that these pigs are under more stress and

thus have a greater requirement for biologically active cortisol. These

results may help explain the reduced performance and increased mortality

rate seen in pigs weaned earlier than 3 weeks of age as observed by

Lecce (1975). The high UB-C levels observed over the first 2 to 3 weeks

in both groups of pigs may be accounted for by the high levels of ALB-C.

Cortisol bound to albumin can readily dissociate to form a pool of

unbound cortisol when needed by the animal (Englebienne, 1984). The

decline in CBG-C levels from birth to day 21 in both groups of pigs may

explain the increased UB-C levels seen at this time. This decline of

CBG-C after birth is characteristic of that found in the lamb (Ballard,

1983) and in the rat (Agostino, 1980).

The reduction of UB-C levels observed on day 21 and 28 for CR and

AR pigs, respectively, is related conversely to increasing levels of

CBG-C (r = .-64; P < .01). The increase in CBG-C values during this

time could possible be due to increased synthesis of CBG corresponding

to maturation of the liver. In the rat, a surge of CBG was found to

occur in the second and third postnatal weeks (Agostino and Henning,

1980). If CBG-C is directly related to increased CBG levels, the

decrease in UB-C on day 21 and 28 may be the result of more cortisol

becoming bound to CBG. The extremely high CBG-C, and consequently low

UB-C values found on day 28, 35 and 42 in AR pig are unexplainable at

this time.

The high concentrations of T4 in both groups of pigs observed at

birth and, the subsequent decrease occurring within 3 days postpartum.
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is in accordance with other research (Parker, 1980a; Slebodzinski

et al., 1981). This initial postnatal peak in T4 concentrations that

occurs within the first 24 hours after birth has been attributed to

fetal reserves of 14 being released at birth or shortly thereafter

(Slebodzinski et al., 1981). They also suggested that increases in T4

and T3 at birth are due to the stress of parturition.

Increased concentrations of thyroid hormones at birth are utilized

for thermogenesis and as mediators of the basal metabolic rate in the

neonatal pig (Slebodzinski et al., 1981). Unlike other species which

are dependent upon noradrenaline for thermogenesis, pigs are dependent

upon the thyroid hormones. A neonatal pig's peripheral tissue is

unresponsive to noradrenaline because neonatal pigs are born with little

or no brown adipose tissue (Parker, 1980b). Even though neonatal pigs

are primarily unresponsive to noradrenaline, the calorigenic action of

adrenaline is potentiated by T4 in the neonatal pig (Kaciuba and

Uscilko, 1971). Slebodzinski (1965) also stated that a pig is born with

a mature thyroid gland which may explain why the thyroid hormones are

mediators of thermeogenesis in the neonatal pig.

The gradual fall of T4 concentration, to their lowest levels on

day 3 and 7 in the CR and AR pigs, respectively, supports the findings

of Parker et al. (1980) and Slebodzinski et al. (1981). This postnatal

decline in T4 concentrations has been attributed to hemodilution

(Slebodzinski et al., 1981).

The concentrations of T3 found in this study are lower than that

reported elsewhere. The low concentration of T3 in the present study
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may be accounted for by either the samples being unusually low in T3 or,

as a result of a procedural problem in the assay itself. The manufac

turer of the 13 kit (Sigma Chemical Co.) suggests that the plasma level

of 13 may be reduced in the presence of silicone. The syringes used for

blood collection were not marked as being silicone coated but, a

silicone-like substance present on the rubber stopper could have inter

fered with the measure of T3.

There are alternative explanations for the low T3 concentrations

other than mishandled blood plasma. For instance, Nowak and

Slebodzinski (1986) reported a 43% decrease in the secretion of T3 when

pigs were deprived of food and were fed only milk and water. This in

some way may help explain the low T3 concentrations in the AR pigs,

which were fed a milk replacer and water diet up to 28 days of age.

Parker et al. (1980a) also suggested how decreases in circulating

T3 concentrations might possibly occur. Since T3 acts intercellularly

in most tissues, low concentrations of T3 in the peripheral circulation

could be the result of movement of T3 from the blood stream into the

cells of thermogenic tissue. Increased blood flow of thermogenic tissue

(i.e., kidneys, skeletal muscle and liver) facilitates the absorption of

T3 instead of allowing it to remain in the general circulation, thereby

causing decreased plasma levels of T3 (Parker et al., 1980b). In con

trast, other researchers have found that T3 values parallel T4 values

(Slebodzinski et al., 1981).

The increasing concentrations of total protein immediately after

birth are the result of massive amounts of proteins being absorbed by
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the gut from the Intake of colostrum by the neonatal pig in the first 24

to 36 hours (Miller et al., 1961a). The proteins are primarily in the

form of Y and B globulins (Ramirez, 1963). The uptake of these globu

lins in an intact form becomes diminished after 24-36 hours (Ingvarsson

et al., 1978).

The increased synthesis of serum protein by the neonatal pig is

responsible for the continued increase in total protein concentration

after uptake by the gut has decreased (Ingvarsson et al. , 1978). The

stability of total protein concentration by day 14 may suggest that

synthesis has reached its basal level of production. The lower concen

trations of total protein in AR pigs during the first week of life could

be the result of a decreased state of physiological development. A

highly significant correlation (r = .40; P < .01) was found between body

weight and the level of total protein in the plasma. This might be

interpreted as indicating suppressed development, since the synthesis of

total protein begins a few days after birth (Owen et al., 1961).

The synthesis and the increased concentration of plasma albumin is

closely related to neonatal development (Ingvarsson et al., 1978). The

low concentrations of albumin at birth are attributed to minimal syn

thesis by the liver. The sharp increase in albumin concentration in the

neonate is the result of colostral albumin uptake within the gut during

the first 24 to 36 hours (Miller et al., 1961b). Increased hepatic

synthesis of albumin in the pig after 2 days of age is the result of

increasing concentrations of liver albumin mRNA (Ingvarsson et al.,

1978). The percentage of total protein consisting of albumin in both
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the CR and AR pigs throughout this study were considerably higher than

that reported by Owen et al. (1961). These higher values are possibly

from the lower total protein concentrations reported in this study as a

result of a different method of determining total protein than that used

by Owen et al. (1961). The increasing percentage that occurred in this

study from birth to six weeks of age has been suggested to be a result

of an increase in the synthesis of albumin during this time (Owen

et al., 1961). The lower overall levels of total protein, albumin, and

body weight in the AR pigs may further indicate that normal growth and

developmental processes were suppressed by the imposed artificial rear

ing environment.

The results of this experiment suggest that the neonatal pig under

goes explicit endocrine and protein changes from birth to six weeks of

age, and that method of rearing has an influence on these changes.

Following the first 4 weeks of life these dramatic physiological changes

become stable and resemble levels similar to those observed by others in

the adult pig (McCauley and Hartmann, 1984; Nowak and Slebodzinski,

1986). This may indicate that the vulnerability of the neonatal pig is

greatest during the first 4 weeks of its life and that mechanisms con

trolling homeostasis may not be fully established until approximately

day 28. Further, it appears that the added stress of artificial rearing

suppresses the normal physiological development of the neonatal pig, as

indicated by lower body weights, total protein and albumin concentra

tions as well as a seven day delay in the decrease of UB-C values seen

in this study.
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The results of this study have provided new information on the

percent distribution of cortisol in the neonatal pig. Because of its

undisputed role in controlling the level of free cortisol present in the

blood stream, further research in the quantification of CBG during the

postpartum period is needed. Likewise, future studies should be con

ducted in order to determine the controlling factor of CBG synthesis

during the neonatal period, first in vitro and then ultimately in vivo.
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CHAPTER VI

SUMMARY

Specific endocrine and protein changes were evaluated in conven

tionally reared (CR) pigs from birth to six weeks of age. The study

also examined the influence that method of rearing (conventional versus

artificial) might have on these physiological changes. Artificially

reared (AR) pigs were derived by cesarean section on day 114 gestation

and allowed to nurse for 48 hours following birth. Pigs were then fed a

commercial milk replacer diet. CR pigs were born naturally and main

tained with the sow until six weeks of age. Blood samples were

collected via the anterior vena cava on days 1, 3, 7, 14, 21, 28, 35,

and 42. At each sampling hematocrits and body weights were recorded.

The specific parameters measured in both groups of pigs included: total

cortisol, percent unbound cortisol (UB-C), percent cortisol bound to

corticosteroid binding globulin (CBG-C), percent cortisol bound to

albumin (ALB-C), thyroxine (T4), triiodothyronine (T3), total protein

(TP), and albumin.

Pig mortality rates in the CR and AR litters were 10 and 33%,

respectively. The results suggest that artificial rearing has higher

death losses associated with it as compared to conventional rearing.

Overall mean body weights of the CR pigs were greater (P < .01)

than the AR pigs. The lower weights in the AR pigs may indicate that

the milk replacer diet may be inadequate to sustain normal average daily

gains. Hematocrit levels in both groups of pigs fell to their lowest
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(P < .01) values on day 3 and 7. Values then increased (P < .01) by

day 14 to values similar to that observed on day 1. The low hematocrit

values seen on day 3 and 7 are attributed to an increase in plasma

volume as a result of colostrum intake by the pig.

Concentrations of total cortisol were higher at birth (P < .01)

than that measured on day 7 to 42 in both groups of pigs (55.6 vs

19.2 ng/ml). The peak in the concentration of cortisol observed at

birth is due to its role in the initiation of parturition. Decreasing

concentrations may suggest changes in the metabolism and/or synthesis of

cortisol in the neonatal pig. Similarly, UB-C was highest at birth

(29.9%) and decreased (P < .01) to its lowest value by day 42 (11.9%).

A decline in UB-C for CR pigs began by day 21 in contrast to day 28 for

AR pigs. Elevated levels of UB-C suggests an increased need for bio

logically active cortisol for the performance of certain physiological

processes during this time. Levels of CBG-C were lowest (P < .01) in

both groups of pigs on days 7-21 with an average mean of 33%. CBG-C for

CR and AR pigs peaked on day 42 (54.1%) and day 35 (76.4%), respec

tively. The increase in CBG-C on day 21 through 42 in both groups of

pigs may represent an increase in the production of CBG. ALB-C was

negatively correlated with CBG-G (r = .-87).

For both the CR and AR pigs T4 concentrations were highest (P <

.01) at birth (7.8 yg/dl) and declined (P < .01) to basal levels by

day 7 (4.6 yg/dl). CR pigs overall mean T4 concentration was higher

(P < .01) than that of the AR pigs. The high concentrations of T4 at

birth are associated with the stress at parturition, and as a result of
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fetal reserves being released at birth. The elevated T4 levels at birth

are utilized for thermogenesis and as mediators of the basal metabolic

rate. Even though there were significant differences between AR and CR

pigs in T3 values, the exceptionally low concentrations found here, as

compared to that of other researchers, prohibit any further inferences

from being made of these results.

Overall mean total protein and albumin concentrations for AR pigs

(3.2 and 2.2 g/dl, respectively) were lower than that of the CR pigs

(3.9 and 2.4 g/dl, respectively). Total plasma protein and albumin

concentrations in CR and AR pigs were lowest (P < .01) at birth and

increased to their highest values by day 14. The postnatal increase in

both total protein and albumin concentration is apparently the result of

massive amounts of proteins being absorbed by the gut from the intake of

colostrum by the neonatal pig in the first 24 to 36 hours.

The results of this study suggest that the neonatal pig undergoes

explicit endocrine and protein changes from birth to six weeks of age.

This study also provides evidence that artificial rearing does have an

effect on the hormonal and protein changes that occur from birth to six

weeks of age in the neonatal pig.
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Procedure for Cortlsol Radlolmmunoassay

I. Antibody Preparation—Cambridge Medical Diagnostics (Rabbit-

anticortisol Cat No. 299-206R Lot No. M8521)

A. Antibody (Ab) is stored as neat sera at -80°C. To prepare a

1:100 dilution of Ab from neat sear, take 0.05 yl of neat sera

(prepacked by distributor) and add 5.0 ml of PBS-gel. Aliquot

300 yl, 100 yl, and 50 yl into tubes and store at -80®C.

B. On day of assay a 1/3000 dilution of antibody is made with

PBS-gel.

Calculations:

total volume (PBS and Ab)
Volume of 1:100 Ab needed (x) needed for assay
Dilution of Ab 1:100 (100) dilution of antibody

in assay (3000)

II. Reagents

A. Solution A—(0.2 M)

Dissolve 27.8 g monobasic sodium phosphate in 1000 ml of

distilled water.

B. Solution B—(0.2 M)

Dissolve 28.4 g anhydrous dibasic sodium phosphate in 1000 ml

of distilled water

C. PBS

Add 95 ml of solution A to 405 ml of solution B. Then dis

solve 9 g of sodium chloride and 1 g of sodium azide. Adjust



62

pH to 7.4 with appropriate solution. Add distilled water to

make a final concentration of 1 L. Store at A'C.

D. PBS with gel (PBS-g)

1. To 500 ml of PBS, add 500 mg of Knox gelatin

2. Heat to dissolve Knox gelatin

3. Store at 4^0

E. Dextran Coated Charcoal

1. Dissolve 0.0625 g of dextran T70 (Pharmacia Fine Chemi

cals) in 100 ml of PBX, then add 0.625 g of activated

charcoal powder (MCB Manufacturing Chemist, Inc.)

2. Mix well, and refrigerate at 4°C

III. Preparation for standard curve

Cortisol standard prepared from Hydrocortisone (Sigma Chemicals

No. 4001)

A. Solution A; Dissolve 5 mg of hydrocortisone in 5 ml of

freshly distilled ethanol, making a solution of 1 mg/ml.

B. Solution B: 100 yl of solution A is added to 9.9 ml of

distilled ethanol, making a solution containing 10 yg/ml.

C. Solution C: Add 100 yl of solution C to 9.9 ml of distilled

ethanol, making a concentration of 100 ng/ml.

D. Solution D: (working solution)

Take 1 ml of solution C and add to 9 ml of distilled ethanol.

Final concentration is 10 ng/ml.

E. Standard curve protocol
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Tube

TCT

NSB

0.0

0.01 ng/ml

0.025 ng/ml

0.05 ng/ml

0.10 ng/ml

0.25 ng/ml

0.50 ng/ml

1.0 ng/ml

Contents of Tube

Total Counts Tube

Nonspecific Binding Tube

Zero Tube

1.0 yl Solution D

2.5 yl Solution D

5.0 yl Solution D

10.0 yl Solution D

25.0 yl Solution D

50.0 yl Solution D

100.0 yl Solution D

IV. ASSAY PROCEDURE

A. Preparation of tubes and standard curve

1. For a 50 tube assay, tubes are labeled

1-10 TCT, NSB Standard curve tubes

11-40 Samples in duplicate

41-50 TCT, NSB, Standard curve tubes

2. Dry down standard curve in a vacuum oven to remove ethanol

3. After drying, add 500 yl of PBS-gel and an additional

100 yl to the NSB tubes

4. Vortex

B. Preparation of plasma samples and controls

1. Dilute 10 yl of plasma in 2.5 ml of PBS-g. Vortex.
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2. Take two 500 yl aliquots of above dilution and put into

appropriate duplicate tubes.

3. Heat all tubes (including the standard curve tubes) in a

water bath at 70°C for one hour.

4. Allow tubes to return to room temperature. Add 100 yl of
3
[ H] cortisol (5,000 cpm/100 yl) to all tubes. Add 100 yl

of 1/3000 anticortisol to all tubes, except NSB tubes,

vortex and incubate for 16 hours at 4°C.

5. Transfer tubes to an ice water bath. Add 200 yl of

dextran coated charcoal (DCC) to all tubes except TCT. To

TCT tubes add 200 yl of PBS. Vortex.

6. Incubate for 20 minutes (while still remaining in ice

water bath.

7. Remove DCC by centrifugation at 1600 x g for 15 minutes.

8. Pour off supernatant into vials, add 4 ml of

Scintiverse II, vortex, and count on liquid beta scintil

lation counter for 1 minute.
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Procedure for Determination of Percent Distribution

of Bound and Unbound Cortisol in Plasma

I. HANDLING OF PLASMA

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

B. Thawed plasma should be centrifuged before each assay and

any precipitate discarded.

II. MEMBRANE PREPARATION

A. Dialysis tubing was purchased from Fisher Scientific

spectra/por, with a molecular weight cut off at 12,000-14,000

daltons. Size: 25 mm x 15.9 mm dia. 50 ft./roll.

B. Boil sections of dialysis tubing in 95% ethanol in the hood

for 30 to 45 minutes. Tubing is rinsed extensively with

distilled water to remove the ethanol.

C. The membrane is boiled 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 with a distilled water rinse between boil

ings.

D. The membranes are extensively washed with distilled water to

remove the sodium carbonate and EDTA. Store in a .02% sodium

azide (0.1 g/500 ml) solution at 4°C for up to 1 month.

E. Care should be taken to properly rinse membrane thoroughly to

remove EDTA, because it can interfere with the assay.

F. A thin membrane should be used versus a thick one.
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III. CAPSULE PREPARATION

A. Capsules are prepared in 4 cm sections from 12 x 75 mm

borosilicate disposable test tubes. The cut end is fire

polished.

B. The rubber used in making the rubber bands are made from

Natural Latex tubing purchased from Pimeline Industries, Inc.

(1/3" X 1/32").

C. Dialysis tubing is placed in distilled water before each assay

to remove any EDTA residue and sodium azide.

D. Tubing is cut into small patches and fitted over the fire

polished end of the capsule and held in place by the rubber

band. An acrylic cone is used to expand the rubber band.

E. Capsules are stored in a 0.02% sodium azide solution for no

more than 5 days prior to assay.

IV. CLEANING GLASS CAPSULES FOR 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 sodium hydroxide for

2 hours.

C. Pour off 0.01 N sodium hydroxide and rinse twice with 0.01 N

hydrochloric acid.

D. Rinse once with distilled water and twice with methanol.
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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

A. In preparation for an assay of 10 samples:

o

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

(3 X 10^ dpm) dissolved in ethanol.

2. Evaporate ethanol, and add 5 yl of [^^C] glucose (12 x
3

10 dpm) to each tube.

3. Add 500 yl 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 tempera

ture.

B. Preparation of scintillation vials for plasma equilibrated

with radiolabeled cortisol and glucose.

1. Scintillation vials labeled 1-10 are prepared by numbering

them la lb, 2a 2b, 3a 3b, 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 yl) of the plasma incu

bations into the isodialysis capsules.

5. The vials are then subjected to centrifugation at 1700 x g

for 1 hour at 37-39®C.
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6. A second set of scintillation vials are prepared by label

ing them lap Ibp, 2ap 2bp, 3ap, etc. One filter disc is

added to each scintillation vial.

7. After centrifugation, isodialysis capsules are carefully

removed from the scintillation vials and 30 yl of the

remaining ultrafiltrate are pipetted off and placed onto

the filter disc of its respective scintillation vial.

(Ultrafiltrate from isodialysis capsule la is placed onto

filter disc of vial lap, and so on.)

8. Scintillation vials should then be in arranged in this

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

9. Add 350 yl of distilled water into all scintillation

vials; Vortex.

10. Add 3 ml of scintillation fluid (Scintiverse II), vortex

and count on a beta scintillation counter, on the

channel.

C. Determination of the percent distribution of bound steroid

1. Prior to the assay, heat an additional 600 yl of the same

10 samples at 60°C for one hour in a water bath.

2. Proceed with the same procedure for the determination of

plasma free cortisol and distribution of bound cortisol.
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Procedure for Quantification of Total

Plasma Protein Concentration

1. Reagents

A. Coomassie Blue G-250 Protein Reagent (Peirce Chemical Company,

Rockford, XL)

B. Standard BSA reagent (bovine albumin Fractain V, Peirce Chemi

cal Company, Rockford, XL, 200 mg/dl of total protein/100 yl)

C. Physiological Saline 0.01% NaCl.

II. Standard curve preparation

200 mg/dl = 100 yl Std. BSA + 0 yl saline

100 mg/dl = 50 yl Std. BSA + 50 yl saline

50 mg/dl = 25 yl Std. BSA + 75 yl saline

25 mg/ml = 12.5 yl Std. BSA + 87.5 yl saline

0 mg/ml = 5 ml of protein reagent

III. Preparation of plasma dilutions

A. Dilutions used for appropriate sampling days

Days 1 and 3: 1:20 = 20 yl of plasma + 380 yl saline

Days 7, 14, and 21: 1:50 = 10 yl of plasma + 490 yl saline

Days 28, 35, and 42: 1:100 => 10 yl of plasma + 990 yl saline
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IV. Assay Procedure

A. Prepare standard curve in duplicate in 13 x 100 nnn test tubes.

B. Prepare proper dilution ratios for all samples in labeled

12 X 75 mm test tubes.

C. In a new set of 13 x 100 mm test tubes, add 5.0 ml of protin

assay reagent. Mix protein reagent well before using.

D. Pipet 100 yl of unknown plasma dilution into the 13 x 100 mm

test tubes already containing the 5 ml of protein assay

reagent. Vortex.

E. Read absorbance against a blank of deionized water at 595 nm.

V. Preparation of spectrophotometer

A. Set the spectrophotometer wavelength to 628 nm, then "go to X.

B. Blank machine with deionized water in both the front and back

holder.

C. Push "Auto abs" to blank, should get a reading between -.005 -

+.005.

D. Ready for samples, leave water in back holder.

VI. Calculations

(unknown plasma sample absorbance dilution Net absorbance
- blank absorbance) x factor = of unknown

sample

Protein concentrations in g/dl were then derived by plotting the

net absorbance against the standard curve developed within the

assay.
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Procedure for Quantification of Albumin In Plasma

I. Sample preparation

A. Label tubes

1. reagent blank

2. standard

3. control

4. samples

II. Experimental Procedure

A. Pipet 1,0 ml of Albumin reagent [BCG] (Sigma, Diagnostics)

into each tube.

B. Add 10 yl 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:

I «

y

conc. (g/dl, - 5 g/di
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