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ABSTRACT

It has been demonstrated that a single LHRH injection will pro

duce elevated LH levels in the hen and cockerel, and will induce pre

mature ovulation in the laying hen (Furr et al., 1973a and Tanaka

et al., 1974). However, reports on the effects of continuous infusion

of LHRH over a relatively long period in both the laying hen and the

cockerel have not been found in the literature. The purpose of this

research was to determine, by tritiated estradiol metabolism studies

and histological evaluation of various reproductive tissues, and by

observing the laying performance, the effect on the laying hen of a

continuous infusion of LHRH over a six day period. A companion study

was conducted in cockerels, consisting of tritiated testosterone uptake

studies and histological evaluation of various endocrine organs, to

determine whether LHRH acts directly on the pituitary or on the gonads

themselves in the bird. Twenty-four 64 week old laying hens were intra-

jugularly infused with either 857 or 429 yg synthetic LHRH using a sub-

cutaneously implanted Alza (model 2ML1, 10 yl/hr infusion rate) osmotic

pump. Egg production was recorded six days prior to and six days during

the infusion period. Eighteen 12 week old cockerels were similarly

infused with 214 yg synthetic LHRH. At the end of the six day period,

one hour before death, hens and cockerels were intravenously injected

with 10 yCi tritiated estradiol or 10 yCi tritiated testosterone,

respectively. Immediately after death the hen oviduct, ovary, and

pituitary were removed and weighed and either tritiated estradiol was

extracted and counted or histological sections were prepared and
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evaluated. The testes, adrenals, ductus deferens, and pituitary were

removed and weighed in cockerels, tritiated testosterone uptake was

determined and histological sections were made of these organs. LHRH

treated hens and sham hens exhibited decreased egg production and sig

nificantly decreased (P<0.05) whole ovarian weight without a reduction

in stroma ovarian weight. Magnum function was severely reduced as shown

by significantly (P<0.05) reduced tissue cross sectional area, increased

ciliated and secretory cell number, and absence of luminal secretions.

Circular tunica muscluaris thickness and villi diameter were signifi

cantly reduced in the shell gland. The numbers of normal microscopic

and atretic microscopic follicles per 100 ym^ and the size of these

microscopic follicles were not significantly affected (P>0.05) by LHRH

treatment. Pituitary alcian blue periodic acid-Schiff positive basophil

cell number (gonadotrophs) per lOOOx field was not significantly dif

ferent between control and LHRH hens. LHRH treated cockerels exhibited

significantly (P<0.05) reduced number of basophil cells per lOOOx field,

and significantly increased chromaffin cell number percentage as com

pared to control cockerels. There were no significant differences

(P>0.05) observed in body, comb, pituitary, testis, or adrenal weights

in LHRH treated cockerels as compared to controls. These results indi

cate that in the laying hen LHRH infusion could not overcome the effect

of stress induced follicular and oviductal atrophy, and that probably

the results observed were not due to an LHRH deficiency. Results of

the study in cockerels indicate that LHRH may act directly at the level

of the pituitary in the bird.
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CHAPTER I

I. INTRODUCTION

A. Statement of the Problem

Previous research concerning the laying hen indicates that

luteinizing hormone releasing hormone (LHRH) partly regulates ovulation,

in combination with other endocrine processes. In mammals it is known

that stimulation of the pituitary gland by hypothalamic releasing

factors is conducive to pituitary release of gonadotropic hormones,

which in turn activates both ovulation and the release of gonadal ster

oids. Specific tissue receptors for gonadal steroids have been postu

lated in both the oviduct and the hypothaiamus in mammals as well as in

birds. In fact it has been shown that a single intramuscular injection

or a short intrapituitary infusion of LHRH will induce premature ovu

lation in the laying hen. The regulation of the male reproductive

function is also under the influence of hypothalamic releasing factors.

In the cockerel the release of gonadotropins has been attained by a

single intravenous injection of LHRH. To our knowledge, the effect on

the reproductive physiology of birds of continuous intravenous infusion

of hypothalamic releasing factors over a relatively long period has not

been reported. There is a possibility that continuous infusion of LHRH

may result in increased laying rates in the domestic hen. In this

experiment, laying performance, histological morphology, and metabolism

of tritiated estradiol were evaluated to determine the effects of con

tinuous infusion of LHRH in laying hens. Histological morphology and
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metabolism of tritiated testosterone were evaluated in cockerels to

determine if sex differences exist in the response to continuous infusion

of LHRH, since reproductive functions in cockerels seem to be more stress

independent as compared to laying hens.

B. Review of the Literature

Hormonal Control of Qvulation in the Laying Hen

Luteinizing hormone (LH), produced by the anterior pituitary,

induces ovulation of the largest mature ovarian follicle (Opel and

Nalbandov, 1961). Furthermore, it has been postulated that the pre-

ovulatory release of LH is caused by release of luteinizing hormone

releasing hormone (LHRH) from the hypothalamus (Reeves et al., 1973).

Numerous investigators have shown that LH levels rise four to six hours

prior to ovulation (Purr et al., 1973a; Rothchild and Praps, 1949; Senior

and Cunningham, 1974; Shahibi et al., 1975). However, the hormonal

mechanisms involved in the release of LHRH and LH are still unclear.

Using radioimmunoassay, plasma levels of various hormones have been

measured throughout the ovulatory cycle, and results indicate that pro

gesterone and estradiol are directly involved in ovulation. Peak levels

of estradiol, progesterone, and LH all occur during the six hour inter

val prior to ovulation (Peterson and Common, 1972; Lague et al., 1975).

Some investigators have found that both progesterone and estradiol

levels increase before the pre-ovulatory LH release and have hypothe

sized that these steroids may activate the hypothalamic-pituitary axis

such that LH is consequently released (Purr et al., 1973a; Lague et al.,

1975). Before LHRH was characterized. Praps (1965) postulated that the

ovulatory cycle of the hen was controlled by LH and its interaction with
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feedback hormones. He suggested that the feedback hormones were probably

progestins, since progesterone has been shown to Induce premature ovu-

lation in the laying hen (Ralph and Fraps, 1960). He proposed an open

period of eight hours, during which time the threshold of the neural

component involved in LH release was low. When progesterone levels were

high during the open period, LH was released and ovulation occurred. He

also proposed a closed period of sixteen hours duration, during which

time the threshold of the neural component was high and even though pro

gesterone levels were high, LH was not released. Nalbandov (1976)

agreed with the Fraps theory, suggesting that progesterone is involved

in a feedback mechanism between the ovary and the hypothalmic-pituitary

axis and that estradiol was not directly involved in this feedback

system. Bonney and Cunningham (1977b) demonstrated that the sensitivity

of the pituitary to LHRH was influenced by estradiol. Studies have

shown that LHRH is present in the hypothalamus of the hen and that it

will induce LH release both in vivo and in vitro (Jackson and Nalbandov,

1969; Opel and Lepore, 1972). No new theories have been proposed to

explain the ovulatory mechanism to the laying hen in relation to LHRH,

but this hypothalamic releasing factor is definitely involved.

Localization and Characterization of Avian LHRH

Although the hypothalamic nuclei associated with LHRH have not

been positively identified, the preoptic region, the tuberal hypothal

amus, and the posterior median eminence of the bird have been implicated.

By electrically producing lesions in these areas and then noting any

changes in the ovulation sequence, investigators have determined that
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they are involved in the LH release mechanism, but as yet have not

definitely proved that they produce LHRH (Opel, 1979). Experiments

involving the intrapituitary infusion of median eminence extracts and

tuberal hypothalamic extracts indicate that these areas contain LHRH

or LHRH-like substances which will induce premature ovulation (Clark

and Fraps, 1967; Opel and Lepore, 1972). To our knowledge, immuno-

histochemical studies such as were conducted in the rat (Palkovits

et al., 1974) which indicate that LHRH was concentrated in the median

eminence and arcuate nucleus, have not been conducted in birds.

Using ion-exchange chromatography, Jackson (1971) partially

purified LHRH from chicken median eminence tissue, demonstrated that it

would cause LH release in cultured rat pituitary cells, and demonstrated

that the effects of LHRH were not due to arginine vasotocin. Based on

Sephadex-G25 mobility and ion-exchange and thin layer chromatography

patterns of cockerel, rat, rabbit, and synthetic LHRH, Jeffcoate et al.

(1974) concluded that all four LHRH compounds were of similar structure,

namely (pyro)-Glu-His-Trp-Ser-Tyr-61y-Leu-Arg-Pro-Gly-NH2. They also

demonstrated that the cockerel hypothalamus contains the least LHRH,

when compared to that of the rabbit and the rat. Results by King and

Millar (1980), using radioimmunoassay, cation exchange chromatography,

affinity chromatography and high pressure liquid chromatography indicate

that chicken LHRH differs at the seventh amino acid, leucine, from the

mammalian type. We have not found reports of the sequence of avian

LHRH in the literature to support the results of either of these groups.



The Effects of Short Term Treatment with Mammalian LHRH in Birds

(1), The Effects of LHRH on Luteim'zing Hormone Levels and Qvulation

Van Teinhoven and Schally (1972) demonstrated that mammalian

LHRH will induce ovulation in chickens. Several routes of administra

tion of LHRH have been used. Single intravenous injections of 20 yg of

LHRH caused significant elevation of LH levels in laying hens (Bonney

et al., 1974), broody bantams (Sharp and Lea, 1981), and intact and

castrated cockerels (Tanabe et al., 1981). Intramuscular injection of

5 to 60 yg LHRH resulted in premature ovulation in laying hens. Intra-

jugular infusion of median eminence extracts 11 hours prior to ovulation

induced premature ovulation in laying hens (Opel and Lepore, 1972).

However, Bonney et al. (1974) were unable to induce ovulation in laying

hens with 20 yg LHRH injected at different times throughout the cycle,

and concluded that the duration of the LH peak produced by LHRH injection

was too short to cause ovulation. They also found that LH levels

increased significantly after LHRH injection at any time during the

ovulatory cycle except when injected four to seven hours prior to ovu

lation. Tanaka and Kamiyoshi (1976) induced premature ovulation in 50

percent of 5 yg LHRH analog treated laying hens while only 30 percent

of 10 yg synthetic LHRH treated birds ovulated prematurely.

(2). The Effects on Ovarian and Oviduct Function

The effects of LHRH on the oviduct and ovary of birds have not

been extensively studied. Intramuscular injection of 20 yg LHRH pro

duced no significant increase in the size of the 10 largest follicles

in the non-laying hen CReeves et al., 1973). In non-laying turkeys.
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daily intramuscular LHRH injections for seven days or two-times daily

intravenous LHRH injections for seven days failed to increase ovary and

oviduct weights, while intramuscular injections of a combination of LH

and FSH did so (Burke and Cogger, 1977).

(3). The Effects on Pituitary Function

In the male Japanese quail, single daily subcutaneous injections

of 10 yg synthetic LHRH for 10 days caused an increase in the size and

granule content of anterior pituitary gonadotrophs, as studied both by

electron microscopy and conventional light microscopy using periodic

acid-Schiff, alcian blue and orange G stains. Gonadotrophic cells were

localized both in the cephalic and caudal lobes of the pituitary. No

other cell type responded to LHRH treatment (Wada, 1975). Another study

using the Japanese quail was conducted by Mikami et al. (1975) where

5 yg LHRH was injected intravenously, and the gonadotrophs were observed

over a one hour period. At 10 minutes after injection degranulation had

occurred; at 20 minutes hypertrophy and vacuolization were apparent. At

30 minutes the cells were large and spherical and contained only a few

secretion granules. At 60 minutes post-injection the gonadotrophs were

reduced in size, and lysosomes and vacuoles were predominant in the

cytoplasm. Other pituitary cells were unaffected.

Factors Modulating the Putuitary Response to LHRH in the Bird

(1). Age

Bonney et al. (1974) studied the effects of LHRH on LH release

in 11 to 21 week old pullets. They found in younger pullets that single

LHRH injection tended to produce highly elevated LH levels, similar to
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those produced in cockerels injected with LHRH. As the pullets became

more mature, the LH increase produced in response to LHRH injection

tended to be depressed, until at 21 weeks, just prior to the onset of

lay, the LH response was not significantly different from that of mature

laying hens. These results suggest that there may be a maturation of

the hypotha1 amic-pituitary axis along with the initiation of a gonadal

feedback system at maturity, to control the release of LH and ovulation.

Williams and Sharp (1978) found no significant difference in the LH

response in 10 month old as compared to 24 month old hens injected with

20 ug/kg LHRH four to nine hours after ovulation, which suggests that

once the feedback system is operational the system responds much the

same throughout the laying period.

(2). Sex

The LH response to LHRH in cockerels tends to be much greater

than that of the mature laying hen (Furr et al., 1973b). The dose of

LHRH required to stimulate the release of LH in the cockerel is much

lower (1 to 4 yg) than that required in the laying hen (20 yg) (Bonney

et al., 1974; Furr et al., 1973b). It is interesting that in the

cockerel the basal LH levels remain stable over short periods, which is

in contrast to that of most mammals. LHRH injection in the cockerel

produces significantly elevated LH levels within five minutes, but

within one hour the LH secretion returns to basal levels. These obser

vations suggest that in the cockerel there exists some fundamental

difference in the hypothalamic-pituitary axis or in a feedback mechanism

whereby LH is released (Furr et al., 1973b).
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(3). Feedback Mechanisms Involving Gonadal Steroids

It is well known that a feedback mechanism exists in most mammals

between the gonads and the hypothalamic-pituitary axis to regulate the

release of LH and FSH (Jones and Boyns, 1973). It may be that in the

immature bird this feedback mechanism is not yet fully functional, since

basal LH levels are higher and the response to LHRH is greater in the

young hen and in the cockerel as compared to the mature hen (Furr et al.,

1973b). The effects of estradiol on LH release and ovulation were

investigated in vivo and in vitro by Bonney and Cunningham (1977b).

They found that when dispersed chicken anterior pituitary cells were

incubated with LHRH and 1 pg or 10 pg estradiol of ICQ pg testosterone

or progesterone were added, the expected increase in LH release was

suppressed. When the cells were incubated with steroids and later LHRH

was added, a potentiation of LH release was produced. An intermediate

effect on LH release of a combination of estradiol and progesterone was

observed. In vivo experiments using immature hens demonstrated that

estradiol benzoate injected before LHRH significantly increased the LH

response, but that similar amounts of testosterone and progesterone did

not produce a similar effect. These results suggest that progesterone

probably initiates LH release by its action on the hypothalamus, but

that its effect is modified by estradiol's influence on the pituitary

(Bonney and Cunningham, 1977b).

(4). Nutritional State

Tanabe et al. (1981) induced molting in laying hens by starvation

for seven days, and observed plasma LH levels in response to LHRH.

Basal LH secretion was significantly depressed during the starvation
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period, follicular atresia and cessation of laying also occurred. The

LH response to LHRH injection was significantly depressed at three days

of starvation and also at seven days, as compared to the pre-starvation

LHRH response. After seven days of re-feeding, the LH response to LHRH

injection was similar to that observed before starvation. This study

suggests that, as would be expected, the nutritional state of the bird

has a marked effect on the hormonal balance and the response to LHRH.

The effects of other environmental factors on the response to LHRH treat

ment have not been investigated in the bird.

The Effects of LHRH and LHRH Analogs in Mammals

(1). The Effects on Ovarian Function

The effects of LHRH and its analogs on ovarian function have

been investigated in various species. Clayton et al. (1979) estab

lished that LHRH receptors are present both on granulosa and luteal

cells. Several groups have reported an inhibitory effect of LHRH on

ovarian steroidogenesis (Clayton and Catt, 1981; Hsueh et al., 1980;

Jones and Hsueh, 1981; Massicotte et al., 1980). The inhibition of

steroidogenesis may be mediated by changes in the kinetics of the

dehydrogenase enzyme system (Hsueh et al., 1980; Jones and Hsueh, 1981)

or by inhibition of the adenyl cyclase-cyclic AMP system (Harwood

et al., 1980; Hillier et al., 1981; Massicotte et al., 1980). In rela

tion to ovarian function, LHRH and LHRH analogs have been shown to ter

minate pregnancy at five to 10 days in the rat (Rivier et al., 1978),

cause luteolysis during the mid-1uteal phase of women (Sheenan et al.,

1982), depress LH levels, and inhibit ovulation in rats (de la Cruz

et al., 1976). Conversely, Arimura et al. (1976) demonstrated that
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et al., 1976). Conversely, Arimura et al. (1976) demonstrated that

endogenous LHRH is essential for implantation in the rat by injecting

females with anti-LHRH gamma globulin at day one of pregnancy; at eight

days post-treatment no implantation sites were found in treated rats as

compared to an average of 14 in control rats.

(2). The Effects on Testicular Function

Much research has been conducted, primarily in the rat, to deter

mine the effects of LHRH and LHRH analogs on testicular function.

Labrie et al. (1980) demonstrated the presence of LHRH receptors on

Leydig cells but not on Sertoli cells or seminiferous tubules. Several

groups have shown that LHRH and its agonists will inhibit testicular

steroidogenesis (Hsueh et al., 1981; Sandow et al., 1980 Seguin et al.,

1981). Others have shown that LHRH causes a significant reduction in

Leydig cell LH receptors (Auclair et al., 1977; Sandow et al., 1980),

reduced testosterone production (Labrie et al., 1980; Rivier et al.,

1981; Seguin et al., 1981), and decreased testis and accessory gland

weights (Auclair et al., 1977; Rivier et al., 1981). However, it seems

that these effects may be produced in a dose-response manner since low

doses of synthetic LHRH CO.05-1.0 pg/min) continuously infused for four

to six hours decrease accessory gland weights but not testis weight and

no morphological changes were produced (Oshima et al., 1975). Similar

results were obtained using 5 ng LHRH analog Buserelin, but at higher

dosages (500 ng) testicular function was inhibited (Sandow et al.,

1980). At present three theories have been proposed to explain the

effects of LHRH on testicular function. (1) LHRH treatment makes the

pituitary refractory to further LHRH stimulation; (2) LHRH produces a
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large LH release which has a desensitizing effect on the testis, or (3)

LHRH acts directly on the testis itself (Hsueh and Erickson, 1979). At

this time there is no conclusive evidence to exclusively support any

one of these theories.

(3). The Effects on Pituitary Function

Most researchers agree that the pituitary gland contains LHRH

receptors (Chan et al., 1981). LHRH has been demonstrated to be asso

ciated with the secretory granules and the granules of the endoplasmic

reticulum in the gonadotroph (Sternberger and Petrali, 1975). Contin

uous infusion or single subcutaneous injection of LHRH causes down regu

lation of pituitary LHRH receptors (Beltchetz et al., 1978; Ferland

et al., 1981). The feedback mechanism of gonadal steroids to the

pituitary may also affect the pituitary LHRH receptor number (Median

and Koch, 1981). Even though down regulation may occur, in all studies

LH levels have been elevated after LHRH treatment (Wilkinson and Moger,

1981). Continuous infusion of LHRH for 72 hours in post-menopausal

women (Heber and Swerdloff, 1981) produced elevated LH and FSH levels

which became greatest 12 hours after the start of infusion. However,

even while more LHRH was being infused LH and FSH levels declined and

returned to basal levels by the end of the infusion period. This sug

gests that the pituitary became desensitized to LHRH either by a per

sistent binding effect or by a down regulation effect. It seems that

the response of the pituitary to LHRH is associated but not completely

correlated with the LHRH receptor number; it may be that other mech

anisms are involved in this response (Adams and Spies, 1981).
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The Histology and Morphology of Selected Reproductive Organs

in the Laying Hen and the Cockerel

(1). The Oviduct

The hen's oviduct consists of five regions, namely the infundi-

bulum, the magnum, the isthmus, the shell gland, and the vagina. The

function of the infundibulum is to retrieve the ovum from the abdominal

cavity after ovulation; the magnum secretes albumen or egg white. The

isthmus produces the soft shell membranes, the shell gland produces the

calcified shell and the vagina allows passage of the egg to the outside

of the body (Sturkie, 1976). Since this study was primarily concerned

with the magnum and the shell gland, only these regions will be dis

cussed.

The magnum consists of a thin connective tissue coat surrounding

a thick muscle layer. Beneath the tunica muscularis are numerous tubu

lar glands which are referred to as the submucosa. Covering the sub-

mucosa are columnar secretory and cilated epithelial cells (see Figure

1). The submucosal glands synthesize and package albumen into granules

and the epithelial cells produce mucous (Hodges, 1974). In a normal

laying hen the oviduct weighs approximately 40 grams and the height of

the secretory epithelial cells is approximately 25 ym (Davidson et al.,

1968). The secretory activity of the magnum varies with the stage of

the laying cycle, but is generally continuous (Richardson, 1935). The

tremendous increase in size and weight of the magnum from that of the

chick to the adult is primarily due to hyperplasia and secondarily to

hypertrophy (Brown and Badman, 1961; Yu and Marquardt, 1973). Estrogen

and progesterone are required for normal development and continued
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Figure 1. Photomicrographs of transverse sections of laying hen
oviduct in the magnum region demonstrating the general structure. A.
A low power photomicrograph of the magnum. Note the extensive submucosa
containing numerous tubular glands (a), and a short section of anasto
mosing epithelial cell layers (b). Alcian blue, periodic acid-Schiff,
and hematoxylin stained. 160x. B. A high power photomicrograph of two
submucosal folds covered by columnar epithelium. Note the epithelial
cells (c), the albumen (d), and mucous (e) secretions in the lumen,
and the numerous submucosal glands containin periodic acid-Schiff
positive granules (f). Alcian blue, periodic acid-Schiff, and
hematoxylin stained. 400x.
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function of the magnum (Brandt and Nalbandov, 1965; Kohler et al., 1969;

Oka and Shimke, 1969). Regression quickly occurs when hormone levels are

thrown into imbalance, all secretory activity ceases, and oviduct weight

may decrease 75 percent.

The shell gland, or uterus, is a large pouch-like organ involved

in the calcification of the egg (Navickis et al., 1979). Histologically

the shell gland consists of an outer layer of connective tissue covering

a circular and longitudinal muscle layer (see Figure 2). Beneath the

muscularis are numerous villi-like projections covered with an epithe

lium consisting of apical (ciliated) and basal (non-ciliated) cells.

Within these villi are numerous branched tubular glands (Hodges, 1974).

The function of each of these cell types is not fully understood. It

is thought that the apical cells are involved in the production of the

shell matrix, a delicate layer of interwoven fibers upon which calcium

carbonate is deposited. The basal cells probably are involved in the

cuticle formation (Johnston et al., 1963). That each of these cell

types is involved in the different phases of shell formation has been

determined based on the time of their maximum activity. For example,

the apical cells are most active during the early period of shell for

mation, with their villi becoming bulbous during this time (Breen,

1966). The function of the tubular glands, which are quite different

from those of the magnum, is not known, however, their lumens do possess

faint staining secretion granules at various times. The surface epi

thelium is approximately 30 ym in height (Richardson, 1935).
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Figure 2. Photomicrographs of transverse sections of laying hen
shell gland demonstrating the general structure. A. A low power photo
micrograph of the shell gland. Note the numerous vllll (a) which pro
ject from the tunica muscularls (b). V1111 are covered by a columnar
epithelium (arrow) and tubular glands (c) are present within each
vlllous. Hematoxylln and eosin stained. 160x. B. A high power photo
micrograph of a shell gland vlllous. Note the apical (d) and basal
cells of the epithelium (e) and the numerous tubular glands (f) located
beneath the epithelium. Hamatoxylln and eosin stained. 400x.
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(2). The Ovary

Only the left ovary in the laying hen is functional, and it

consists of a medulla containing thousands of immature follicles and

a cortex containing several large follicles which are destined to

ovulate or undergo atresia (Hodges, 1974). The follicle grows rapidly

from the immature stage of a 40 mm follicle within five to eight days

prior to ovulation (Wyburn et al., 1965). The medulla, also called

the stroma, consists of connective tissue, immature follicles, and

interstitial cells (see Figure 3). The pre-ovulatory follicle consists

of a large yellow yolk surrounded by the follicular epithelium, the

thin theca interna, the thick theca externa containing thecal glands,

the blood vessels and nerves embedded in connective tissue, and the

germinal epithelium. The zona radiata and the vitelline membrane are

located immediately between the ovum and the follicular epithelium.

The main areas of steroid secretion in the ovary are the medullary

interstitial cells, the thecal glands of the theca externa, and the

theca interna cells (Hodges, 1974). Large mature follicles undergo

atresia by a bursting phenomenon where the follicular membranes rupture,

the yolk is forced into the stroma, and phagocytosis, vacuolization,

and proliferation of red blood cells occurs. This process is distinctly

different from that occuring in mammals. Within four weeks the atretic

follicle can barely be detected (Davis, 1942).

(3). The Anterior Pituitary

At present six cell types have been identified in the cephalic

and caudal lobes of the chicken anterior pituitary, based on staining

affinity and immunocytochemistry. These are the gonadotrophs (LH/FSH),
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Figure 3. Photomicrographs of transverse sections of laying hen
ovary demonstrating normal and atretic follicles. A. A low power
photomicrograph of the ovary. Note the numerous immature follicles (a)
of various sizes embedded in the connective tissue stroma (b). Hema-
toxylin and eosin stained. 64x. B. A low power photomicrograph of a
normal follicle (c) and an atretic follicle (d). Note the breakdown of
the follicular matrix (e) and the disruption of the follicular wall
(arrow) in the atretic follicle. Hematoxylin and eosin stained. 64x.
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the thyrotrophs (TSH), the corticotrophs (ACTH), the mammotrophs (PRL),

the somatotrophs (GH), and the melanotrophs (MSH) (Sturkie, 1976). Since

this study is primarily concerned with the gonadotrophs, only this cell

type will be discussed.

The gonadotrophs are found both in the cephalic and caudal lobes

(Reddy et al., 1977). They can be identified by electron microscopy

based on granule size and by light microscopy based on positive reaction

to periodic acid-Schiff (PAS) and alcian blue (AB) staining (see Figure

4).(Gilbert and Amin, 1969; Wada, 1975). These cells have been posi

tively identified by immunocytochemistry, utilizing anti-LH sera, as

the ones which produce LH and FSH (Midgley, 1963; Nakane, 1970). As

previously mentioned, treatment in vivo with LHRH affected only the

gonadotrophs (Mikami et al., 1975; Wada, 1975). Luck and Scanes (1980)

demonstrated that calcium is required for normal gonadotroph function.

Bonney and Cunningham (1977a) demonstrated that cyclic AMP mediates the

effect of LHRH on the gonadotrophs.

(4). The Testis

The testis are paired spermatogenic and steroidogenic structures

located near the cephalic lobe of the kidney, attached to the dorsal

body wall (Sturkie, 1976). A thin tunica albuginea covers an anasto

mosing network of seminiferous tubules; the testes are not lobulated

and are soft to the touch compared to mammalian testes (Lake, 1957)

(see Figure 5A). Testis size normally is maximum at 12 to 14 weeks,

but is influenced by several factors (Parker et al., 1942). Age, breed,

nutrition, as well, as social status and crowding can influence testis

size (Bennet, 1961; Flickinger, 1966). The average weight of the testis



19

a

b

c

Figure 4. Photomicrographs of transverse sections of laying hen
and cockerel anterior pituitary glands demonstrating the gonadotrophs
(LH and/or FSH producing cells). A. A high power photomicrograph of
the hen anterior pituitary gland. Note the gonadotrophs which stain
intensely with alcian blue and periodic acid-Schiff stains (a) and the
remaining cellular components which stain with light green (b). Alcian
blue, periodic acid-Schiff, and light green stained. 1008x. B. A high
power photomicrograph of the cockerel anterior pituitary gland. Note
the darkly stained, alcian blue and periodic acid-Schiff positive gran
ules within the gonadotrophs (arrow). The other cellular components
stain with light green (c). Alcian blue, periodic acid-Schiff, and
light green stained. lOOSx.
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Figure 5. Photomicrographs of transverse sections of cockerel
testis and ductus deferens demonstrating their general structures. A.
A medium power photomicrograph of the cockerel testis. Note the arrange
ment of the seminiferous tubules (a) and the presence of spermatids in
the lumen of the seminiferous tubules (b). The Leydig cells (c) are
located between the seminiferous tubules in the connective tissue.

Hematoxylin and eosin stained. 160x. B. A lower power photomicro
graph of one half of the convoluted ductus deferens. Note the thick
tunica muscularis (d) which is covered by a pseudostratified epithelial
cell layer (e). The lumen contains numerous spermatozoa (f). Alcian blue,
periodic acid-Schiff, and hematoxylin stained. 160x.
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in a 12 week old bird is five grams (Leonard and Righter, 1936). Pri

mary and secondary maturation divisions begin from six to ten weeks.

Spermatids and some mature sperm are present at 12 weeks and the cock

erel is usually able to fertilize at 24 weeks (Kumaran and Turner, 1949;

Parket et al., 1942). The structure and function of the avian and

mammalian testis are much the same, however, the seminiferous tubule

diameter is slightly larger (250 urn) and there exist fewer Leydig cells

in the avian testis (Parker et al., 1942).

(5). The Ductus Deferens

The ductus deferens is a highly convoluted tubular structure

which transports spermatozoa from the ductus epididymis to the copu-

latory organ (Hodges, 1974). The ductus deferens consists of a

fibrous connective tissue covering, a smooth muscle layer, and a

pseudostratified epithelial cell layer bordering the lumen (Gray,

1936) (see Figure SB). Individual epithelial cells have been found

in the lumen with the sperm but their source is unknown (Tingiri, 1971).

The diameter markedly increases toward the caudal end of the ductus

deferens, due to increased fibrous connective tissue and muscle mass

(Hodges, 1974). The spermatozoa travel through the ductus deferens

bathed in a lipomucoprotein secretion. The ductus deferens is the

major area of sperm storage in the bird (Lake, 1957).

(6). The Adrenal Gland

The adrenal glands are small paired endocrine organs closely

associated with the kidney and the ovary, consisting of intermingled

interrenal (cortical) and chromaffin (medullary) cells (see Figure 6).

These cells are not arranged in discrete layers as occurs in mammals
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Figure 6. Photomicrograph of a transverse section of a cockerel
adrenal gland demonstrating the general structure. Note the darkly
basophilic chromaffin cells (a) which are intermingled with the palely
stained interrenal cells (b). These cells are not arranged in dis
crete layers as occurs in the mammalian adrenal gland. Hematoxylin
and eosin stained. 64x.
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(Sturkie, 1976). The interrenal cells, arranged in cords, predominately

secrete corticosterone and also aldosterone (Hodges, 1974; Sivaram,

1965). The chromaffin cells, which make up at least 70 percent or more

of the total cell number, produce norepinephrine and epinephrine

(Hodges, 1974; Sivaram, 1965). The cellular composition is influenced

by sex, age, health, and genetics (Latimer and Landwer, 1924; Oakberg,

1951).



CHAPTER II

I. EXPERIMENTS AND RESULTS

A. Experiment I

Introduction

Mammalian LHRH injected intramuscularly, intravenously, or

infused into the jugular vein, is capable of inducing ovulation in

laying hens (Opel and Lepore, 1972; Tanaka et al., 1974). However,

in some studies intravenous routes of administration have not proven

successful in inducing ovulation, possibly because the rate of LH

release was too short as compared with that occuring during the normal

ovulatory process (Bonney et al., 1974). Research both in vitro with

incubated pituitary cells and in vivo using anti-LHRH sera strongly

suggests that LHRH is involved in the ovulation process in birds

(Eraser and Sharp, 1978; Tanaka et al., 1974). Unless given immediately

after the pre-ovulatory LH peak, the time of injection of LHRH has no

effect on the amount of LH released (Bonney et al., 1974). It is of

interest that daily intramuscular injections of LHRH for seven days or

twice daily intravenous injections of LHRH for seven days failed to cause

ovarian and oviductal growth in the non-laying turkey, while intramus

cular injection of a combination of LH and FSH did (Burke and Logger,

1977). Since persistent delivery of LHRH is expected to prolong the

release of LH, which in turn causes ovulation, the objective of this

study was to test the effect of continuous infusion of LHRH over a six

24
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day period, using a mini-osmotic pump, on the rate of lay and on some

anatomical components of the reproductive system of the laying hen.

Materials and Methods

White Leghorn hens, 64 weeks of age, were obtained from The

University of Tennessee, Knoxville flock. All hens were individually

housed in 8" x 16" battery cages in a 26' x 48' hen house. Hens were

fed a 16.4% protein layer ration with water ad libitum and were held

under a 16 hour light-8 hour dark lighting regimen for the duration of

the experiment. Each individual hen's egg production was determined

daily for 10 weeks prior to the start of the experiment. Egg production

data was recorded specifically six days prior to the start of treatment

and six days during the treatment period. At the outset of the experi

ment, all hens had been in production approximately 50 weeks. On the

basis of prior egg production and present clutch sequence, six hens

each were allotted to four treatment groups: LHRH 429 ug, LHRH 857 yg,

control and sham.

Synthetic mammalian luteinizing hormone-foilicle stimulating

hormone releasing hormone, hereafter referred to as LHRH, was generously

supplied by the National Institute of Arthritis, Metabolism and

Digestive Diseases, National Institutes of Health, Bethesda, MD. Mini-

osmotic infusion pumps (model 2ML1, 2.0 ml capacity, Alza Corp., Palo

Alto, OA) were charged with either 500 ug or 1000 yg LHRH in 2.0 ml

double-distilled water and were subcutaneously implanted in the neck

region of LHRH 429 and LHRH 857 group hens, respectively. Preliminary

experiments were carried out to insure that the mini-pump would function

correctly utilizing the reduced water content of hen subcutaneous
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tissues. A total of 429 yg and 857 yg LHRH, as determined by difference,

was infused via a polyethylene catheter attached to the mini-pump into

the jugular vein of each hen over a six day period, at a rate of 10 yl

per hour. Control hens were not implanted with mini-pumps and sham hens

were implanted with mini-pumps but no hormone was delivered. At the end

of the six day infusion period, one hour prior to killing, each hen was

intravenously injected with 10 yCi [2, 4, 6, 7, 16, 17-^H(Nj]-173 estra-

di 1 (New England Nuclear, NEN-517, Boston, MS; 140 Ci/mMol). One minute

prior to killing by cervical dislocation, 15 ml blood was collected via

cardiac puncture and plasma was recovered. Immediately after death the

pituitary was removed, weighed, and placed in 10% neutral buffered for

malin (NBF). Magnum, shell gland, and ovary were removed, weighed, and

samples were placed either in NBF or were frozen for histological anal

ysis or for tritiated estradiol uptake studies, respectively.

Tissue and plasma content of tritiated estradiol was determined by

ether extraction and by tissue sol utilization methods. For ether

extraction, tissues were homogenized in a Wheaton teflon-glass homogen-

izer (Wheaton Scientific Co., Millville, NJ), extracted twice with

diethyl ether (84% extraction efficiency), and counted in a Searle Iso-

cap liquid scintillation counter (56% counter efficiency). For tissue

sol utilization, tissue samples were minced and added to 750 yl Protosol

tissue and gel sol utilizer (New England Nuclear, Boston, MS) in glass

scintillation vials, incubated at 50°C for 12 hours, and counted. Dry

weights for all tissues were determined and results are presented as

counts per minute (CPM) per dry weight gram of tissue.

Ovary stroma, magnum, shell gland, and pituitary were processed
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through graded alcohols (Fisher Histomatic Tissue Processor, Model 165

Fisher Scientific Co., Atlanta, 6A), embedded in paraffin-plastic

(Tissue-Prep, Fisher Scientific Co., Atlanta, GA), and sectioned at five

microns. Magnum, shell gland and ovarian stroma were stained with hema-

toxylineosin and alcian blue (AB)-periodic acid-Schiff (PAS)-hematoxylin

stains. Measurements were taken using a standard occular micrometer

and a list of the criteria evaluated for each tissue appears in Table 1.

Slides were prepared from four different regions of the ovary and from

three different regions of the magnum. The anterior pituitary of each

hen was semi-serial sectioned in five different areas throughout the

gland, stained with alcian blue periodic acid-Schiff, utilizing a light

green counterstain and the number of AB-PAS positive basophils per lOOOx

field (10 fields per slide, ICQ fields per bird and 600 fields per

group) was determined.

Design and Statistical Analysis

The design of the experiment was a dose-response relationship.

Mean separation was accomplished using Student's t test, with signifi

cance reported at the 0.05 level.

Results

The egg production of laying hens continuously infused with two

levels of LHRH for six days, control, and sham hens is presented in

Table 2. The egg production of both LHRH treated hens was considerably

less than that of controls, although egg production during the six day

control period prior to infusion was not different between groups. Egg
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Table 1. List of Tissues and Criteria Used in the Histological Eval
uation of Laying Hens Continuously Infused with LHRH for a
6 Day Period.

Magnum:

external dlamater (mm) -
cross sectional area (mm ) „ i
tissue cross sectional area (mm )
tunica muscularis thickness (pm)
luminal secretions »

albumen (PAS positive)
epithelial cell height
epithelial cell number (per 50 ym)

ciliated cells
secretory cells

secretory activity of submucosa2
number of glands per 4375 ym 2
number of PAS positive granules per 450 ym

Shell gland:

tunica muscularis thickness (ym)
circular
longitudinal

villi
height (ym)
diameter (ym)
number per 1250 ym
epithelial cell height (ym)

Ovary:

normal microscopic follicles
number per 100 ym^
diameter (ym)

atretic microscopic follicles
number per 100 ym^
diameter (ym)

Anterior pituitary;

AB-PAS positive basophils per lOOOx field

tissue cross sectional area = total area-luminal area
* p
PAS positive » periodic acid-Schiff positive staining PAS

material
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production declined to 17-42% of that of control hens during the treat

ment period. Egg production in sham hens decreased to 35% of controls.

The uptake of tritiated estradiol by the reproductive tract

of laying hens continuously infused with two levels of LHRH for six

days, control, and sham hens as determined by ether extraction

is shown in Table 3. The first follicular membrane of LHRH 857 pg

treated hens contained more tritiated estradiol than did controls; how

ever, no significant differences in uptake of tritiated estradiol

between treated and control groups were demonstrated in magnum, shell

gland, ovarian stroma, or second follicular membrane. The shell gland

consistently retained the most and the second follicular membrane the

least tritiated estradiol of all tissues studied.

The uptake of tritiated estradiol by the reproductive tract of

laying hens continuously infused with two levels of LHRH for six days,

control, and sham hens as determined by the tissue solubilization tech

nique is shown in Table 4. Uptake of tritiated estradiol in magnum,

shell gland, and ovarian stroma was not significantly different as com

pared to controls.

The weight of the reproductive organs of laying hens continuously

infused with 2 levels of LHRH for six days, control and sham hens is

shown in Table 5. Whole ovary weights of both LHRH treated hens and

sham hens were significantly decreased. Ovarian stroma weights tended

to decrease but the differences were not significant (P>0.Q5). Mean

total oviduct weights (including shell gland) were slightly higher but

not significant, for LHRH treated hens as compared to controls. The

pituitary weights of sham hens were significantly higher as compared to
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control hens; there were no significant differences in pituitary weights

between LHRH treated group hens and control hens.

The histological evaluation of the magnum of laying hens contin

uously infused with two levels of LHRH for six days, control, and sham

hens is shown in Table 6. External diameter, cross sectional area and

tissue cross sectional area were significantly decreased in all groups

as compared to controls. Tunica muscularis thickness, ciliated, and

secretory epithelial cell number per 50 microns were all significantly

(P<0.05) greater in treated hens and sham hens versus controls. Tubular

gland luminal secretions were completely absent in all sham and LHRH

treated hens. The number of submucosal glands secretions (PAS positive)

per 4375 square microns was significantly greater in all groups as com

pared to controls. Significantly fewer tubular glands per section were

noted in LHRH 857 yg treated hens. No significant differences were

noted in tubular gland epithelial cell height or number of PAS positive

submucosal glands per 450 square microns.

The histological evaluation of the shell gland of laying hens

continuously infused with two levels of LHRH for six days, control, and

sham hens is shown in Table 7. Circular tunica muscularis thickness and

villi diameter were significantly decreased in both LHRH treated groups

as compared to controls. Longitudinal tunica muscularis thickness, villi

height, number of villi per 1250 microns and villous epithelial height

were not significantly different as compared to controls. Villi height

tended to decrease in sham, LHRH 429 yg and LHRH 857 yg treated hens in

a progressive fashion but the differences were not significant.

The histological evaluation of the ovary of laying hens
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continuously infused with two levels of LHRH for six days, control, and

2
sham hens is shown in Table 8. The number and diameter per 100 ym of

normal microscopic follicles were not significantly affected by either

level of LHRH treatment, although mean diameter tended to increase pro

gressively from that of controls to LHRH 429 yg treatment to LHRH 857 yg

2
treatment. The number and diameter per 100 ym of atretic microscopic

follicles were not significantly different in both LHRH treated groups

hens as compared to the control group. The number of atretic follicles
2

per 100 ym was only four percent of the number of normal follicles per

2
100 ym . The diameter of atretic follicles was approximately five times

that of normal follicles.

The histological evaluation of the anterior pituitary gland of

laying hens continuously infused with two levels of LHRH for six days,

control, and sham hens, is shown in Table 9. Sham hens possessed sig

nificantly more AB-PAS positive basophils per lOOOx field as compared

to controls. There were no significant differences in basophil number

between both LHRH treated groups and controls.

Discussion

The results from experiment 1 indicate that the observed differ

ences between LHRH treated and control hens were primarily due to stress

induced by experimental manipulation and that continuous infusion of

LHRH was not able to overcome the effects of stress. Rothchild and

Fraps (1945) demonstrated that surgical stress induced follicular atresia

and inhibition of laying. The possibility that LHRH, as used in this

experiment, was not recognized by the reproductive system of the hen is
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small, since van Teinhoven and Schally (1972) demonstrated that synthetic

LHRH induced ovulation in laying hens. It is possible that the dosages

of LHRH infused were either too high or too low to maintain normal gona-

dotropin secretion. It is also possible, although not probable, that

LHRH inhibits reproductive function in the hen, through an indirect

effect on the pituitary or a direct effect on the gonads themselves.

Egg production declined drastically in all LHRH treated and sham

hens. It is possible that stress played the major role in depressing

ovulation and that LHRH treatment had no effect. This may indeed be the

case since the percentage egg production of sham and LHRH treated hens

was not different.

No significant differences in tritiated estradiol uptake were

observed between control and LHRH treated hens in magnum, shell gland,

or ovary. These results suggest that the net uptake of estradiol was

not affected by LHRH treatment. From this experiment it is not possible

to conclude whether endogenous estradiol levels were influenced by LHRH

treatment.

Mean whole ovary weight was significantly decreased in all sham

and LHRH treated hens while mean stroma ovary weight was not affected,

which suggests a stress effect on the ovary inducing follicular atrophy.

Oviduct weight was not significantly different between control and LHRH

treated groups. Pituitary weight was not significantly different

between groups; however, changes in pituitary weight alone are not good

indicators of morphology or function.

The magnum was dramatically altered both histologically and

functionally in both LHRH treated and sham hens as determined by
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significant changes in all criteria evaluated. The cause or causes of

the reduced magnum function cannot be ascertained by this study. It is

possible, since estrogen and progesterone are known to be the major

hormones involved in magnum development and function (Brandt and

Nalbandov, 1956), that reduced gonadotropin output caused a reduction

of gonadal hormone secretion. It is also possible that stress induced

follicular atrophy was the major cause of decreased gonadotropin

secretion.

In the shell gland, villi diameter and circular tunica muscularis

thickness were reduced, and all other criteria measured were not signifi

cantly different between LHRH treated and control birds. Possibly the

reduced activity of the organ itself produced these changes, since, as

already noted, magnum and ovarian function were drastically reduced.

These results indicate that, of all reproductive organs studied, the

magnum and ovary were significantly affected as compared to the shell

gland and pituitary.

No significant differences were observed in the number per 100 ym

or the diameter of both normal and atretic follicles. The number of

atretic follicles in control and treated ovaries is not unusual, since

follicular atresia is a normal, continuous process and all ovaries pos

sess a certain number of atretic follicles (Davis, 1942). These results,

coupled with a decrease in mean total whole ovarian weight without a

change in mean stroma ovarian weight, indicate that once again stress

induced follicular atresia played the major role in the results observed

in the ovary and that the ovary was not significantly affected by LHRH

treatment.



42

The number of AB-PAS positive basophil cells per lOOOx field

(gonadotrophs) was not significantly different between control and

treated hens. The results suggest that the pituitary may have become

refractory to continued LHRH stimulation as was demonstrated in rats

after short term LHRH treatment (Ferland et al., 1981). It is also pos

sible that initially these cells responded to LHRH stimulation and even

tually were depleted of stored LH and FSH but by six days had returned

to a normal state.

B. Experiment II

Introduction

In the rat single or multiple injections of synthetic mammalian

LHRH or LHRH analogs reduced testicular LH receptor number, testosterone

production and testis and accessory gland weights (Auclair et al., 1977).

However, plasma LH and FSH levels significantly increased after LHRH

injection (Seguin et al., 1981). Twelve week treatment with LHRH analogs

in the rat produced degenerative changes in the seminiferous tubules and

inhibited spermatogenesis, but these effects were reversible (Labrie

et al., 1980). In man synthetic LHRH injections caused an increase in

testosterone levels in 78 percent of the subjects and no adverse effects

were produced (Judd et al., 1974). Research in cockerels indicates that

within five minutes of an intracarotid or intravenous injection of LHRH,

plasma LH peaked and returned to basal levels within one hour (Furr

et al., 1973b). It has been demonstrated that the basal LH levels in

cockerels are higher than those of laying hens. Furthermore, the LH

levels in cockerels tend to be stable for short periods of time, which
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is in contrast to the pattern seen in most mammals. It is possible that

there exists a modified mechanism for controlling LH release in the

cockerel (Furr et al., 1973b). In the Japanese quail, the size and gran

ule content of pituitary gonadotrophs increased when single subcutaneous

LHRH injections were given for ten days (Wada, 1975). To our knowledge,

at the present time the effects of continuous infusion of LHRH on the

testis, pituitary and other endocrine organs of the cockerel have not

been investigated. The objective of this study was to determine the

effects of continuous infusion of LHRH over a six day period, using a

mini-osmotic pump, by evaluating the histologic morphology and the meta

bolism of tritiated testosterone of various endocrine organs in LHRH

treated and control cockerels.

Materials and Methods

Twelve week old White Leghorn cockerels were obtained from The

University of Tennessee, Knoxville flock. All were group housed in a

10' X 10' pen in a brooder house and were fed an 18 percent growing

ration and water ad libitum. Six cockerels each were randomly allotted

to three treatment groups: LHRH 214 ug, control, and sham.

Mini-osmotic infusion pumps (model 2ML1, 2.0 ml capacity, Alza

Corp., Palo Alto, OA) were charged with 250 ug synthetic mammalian LHRH

(NIAMDD), diluted in 2.0 ml double-distilled water, and were subcutane-

ously implanted into the neck region of each LHRH treated cockerel. A

total of 214 ug LHRH was infused over a six day period into the jugular

vein of each cockerel; an average of 36 ug/day was delivered at a rate

of 10 ul/hour. Control cockerels received no pump and sham cockerels
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received a pump which delivered no hormone. Ten pCi [1, 2, 6, 7, -^H(N)]-

testosterone (New England Nuclear, Boston, MS, NEN-370, 98.9 Ci/mMol)

was injected intravenously at one hour before death. Plasma was

recovered one minute before death as in Experiment I. Immediately after

death, the comb was removed and weighed; the testes, adrenals, ductus

deferens, and pituitary were removed, weighed, and placed in 10 percent

neutral buffered formalin or frozen. Samples of each tissue were taken

for histological analysis and for tritiated testosterone uptake studies.

The amount of tritiated testosterone contained by the testis was

determined by tissue solubilization methods using Protosol tissue and gel

solubilizer (New England Nuclear, Boston, MS), as were conducted for

laying hen tissues in Experiment I.

Testis halves, adrenals, and ductus deferens tissues were processed

through graded alcohols, embedded and sectioned as in Experiment I, and

stained with hematoxylin-eosin and alcian blue (AB) periodic acid-Schiff

(PAS) hematoxylin stains. Slides were evaluated using a standard occular

micrometer and criteria evaluated for each tissue are listed in Table 10.

Sectioning, staining, and evaluation of the anterior pituitary of cock

erels was carried out according to procedures used in Experiment I for

the anterior pituitaries of laying hens.

Design and Statistical Analysis

The design of this experiment was similar to that of Experiment

I, however, only a time-response relationship was investigated. Mean

separation was accomplished by Student's t test and significance was

reported at the 0.05 level.
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Table 10. List of Tissues and Criteria Used in the Histological
Evaluation of Cockerels Continuously Infused with LHRH
(214 iig/6 days).

Testis:

Width at the center
Seminiferous tubules

diameter (ym)
number (per lOOx field)
containing spermatids (percentage)

Ductus deferens:

Cross sectional diameter (ym)
Tunica muscularis thickness (ym)
Height of epithelium (ym)
Epithelial cell density (cell number in ICQ ym)

Adrenal gland:

Interrenal cells (percentage)
Chromaffin cells (percentage)

Anterior pituitary:

AB-PAS positive basophils per lOOQx field
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Results

The uptake of tritiated testosterone by the testes of cockerels

continuously infused with 214 yg LHRH for six days, control, and sham

cockerels as determined by the tissue solubilization method is presented

in Table 11. The testicular uptake was not significantly different in

treated versus control groups. The testes in LHRH treated cockerels

retained less tritiated testosterone as compared to control cockerels

but this difference was not significant (P>0.05).

The organ weights of cockerels continuously infused with 214 yg

LHRH for six days, control, and sham cockerels is shown in Table 12.

There were no significant differences between body, comb, pituitary,

testis, or adrenal weights of LHRH treated cockerels versus controls.

Mean weight of the testes of LHRH treated cockerels tended to be less than

that of control cockerels but this difference was not significant

{P>0.05). Pituitary weights of LHRH treated and control cockerels were

almost identical.

The histological evaluation of the testes of cockerels continu

ously infused with 214 yg LHRH for six days, control, and sham cockerels

is shown in Table 13. No significant differences were observed in

testes width, seminiferous tubule diameter, number of seminiferous

tubules per lOOx field or percentage of seminiferous tubules containing

spermatids. The number of seminiferous tubules per lOOx field tended

to be much less in control cockerels as compared to LHRH treated and

sham cockerels, but this difference was not significant at the 0.05

level.

The histological evaluation of the ductus deferens of cockerels



3
Ta

bl
e 
11
. 

Up
ta

ke
 o
f
 
H-

Te
st

os
te

ro
ne

 b
y 
th

e 
Te
st
es
 o
f
 C
oc

ke
re

ls
 C

on
ti
nu
ou
sl
y 

In
fu

se
d 

wi
th

 L
HR

H
(2

14
 y
g/
6 
da

ys
) 
as

 D
et
er
mi
ne
d 

by
 T
is
su
e 
So

lu
bi

li
za

ti
on

 T
ec
hn
iq
ue
.

C
P
M
/
q
 
W
e
t
 
W
t
.

I
t
e
m

C
o
n
t
r
o
l

S
h
a
m

L
H
R
H

T
e
s
t
i
s

11
22

.4
± 
19
4.
7®

12
59

.9
 ±
 1
71
.2
®

68
9.

1 
±
 1
57
.4
®

Nu
mb

er
s 
ar
e 
me

an
±S

.E
.M

. 
(n

 =
 6
)
 o
f 
2
 d
et
er
mi
na
ti
on
s 

pe
r 
co
ck
er
el
.

®'
^S

im
il

ar
 s
up

er
sc

ri
pt

s 
in

di
ca

te
 n
o 
si

gn
if

ic
an

t 
(P

>0
.0

5)
 d
if

fe
re

nc
es

, 
wh

il
e 
di

ff
er

en
t 
su

pe
r

sc
ri
pt
s 

in
di

ca
te

 s
ig
ni
fi
ca
nt
 d
if
fe
re
nc
es
 a
s
 c
om

pa
re

d 
to

 
co

nt
ro

ls
.

4
^



CO

Ta
bl
e 

12
. 

Or
ga

n 
We
ig
ht
s 
of
 C
oc

ke
re

ls
 C

on
ti

nu
ou

sl
y 

In
fu

se
d 
wi
th
 L

HR
H 
(2
14
 y
g/
6 

da
ys
).

Ti
ss
ue
 

Co
nt
ro
l 

Sh
am

 
LH
RH

Bo
dy
 (
g
)

1
7
3
3
.
2
+

72
.4

®
1
5
3
2
.
2
+

58
.3
®

1
6
6
8
.
0
+
85
.7
®

Co
mb

 (
g
)

1
7
.
9
+

2.
8®

1
7
.
0
+

2.
0®

1
4
.
3
+

Pi
tu

it
ar

y 
(
m
g
)

1
1
.
3
+

1.
3®

1
9
.
2
+

5.
7®

1
1
.
9
+

1.
3®

Te
st
es
 (
2
)
 (
g
)

3
.
2
+

0.
6®

1
.
7
+

0.
5®

1
.
5
+

0.
5®

Ad
re

na
ls

 (
2
)
 (
m
g
)

1
9
1
.
7
+

76
.8

®
1
4
5
.
0
+
44
.0
®

1
7
9
.
6
+

75
.4

®

Nu
mb

er
s 
ar
e 

me
an

 ±
 S
.E

.M
. 
(
n
 =
 6
)
.

^'
''

si
mi

la
r 
su

pe
rs

cr
ip

ts
 i

nd
ic
at
e 

no
 s
ig
ni
fi
ca
nt
 (
P>

0.
05

) 
di

ff
er

en
ce

s,
 w
hi

le
 d

if
fe
re
nt
 s
up

er
s
c
r
i
p
t
s
 
i
n
d
i
c
a
t
e
 s
i
g
n
i
f
i
c
a
n
t
 d
i
f
f
e
r
e
n
c
e
s
 a
s
 c
o
m
p
a
r
e
d
 
t
o
 c
o
n
t
r
o
l
s
.

0
0



T
a
b
l
e
 
1
3
.
 

Hi
st

ol
og

ic
al

 
Ev

al
ua

ti
on

 
o
f
 T
e
s
t
e
s
 o
f
 C
o
c
k
e
r
e
l
s
 
C
o
n
t
i
n
u
o
u
s
l
y
 
I
n
f
u
s
e
d
 
w
i
t
h
 
L
H
R
H

(
2
1
4
 y
g/

6 
da

ys
).

I
t
e
m

C
o
n
t
r
o
l

S
h
a
m

L
H
R
H

Te
st
es
 (
f
i
x
e
d
)

Wi
dt
h 
a
t
 t
he
 c
en

te
r 
(
m
m
)

1
1
.
5
 ±
 
1
.
2
'

9
.
9
 ±
 
1
.
5
'

10
.2

 ±
 
1.
4®

S
e
m
i
n
i
f
e
r
o
u
s
 
T
u
b
u
l
e
s

Di
am
et
er
 (
y
m
)

Nu
mb

er
 (
pe

r 
lO
Ox
 f
ie
ld
)

Co
nt
ai
ni
ng
 s
pe
rm
at
id
s 
(p
er
ce
nt
ag
e)

15
2.
9 
±
 2
8
.
3
,

80
.0

 ±
 3
6.
6®

73
.0

 ±
 1
6.

5®

13
4.

4 
±
 5
7
.
9
,

13
4.
5 
±
 3
7.

1®
58

.8
 ±
 1
8.
7®

1
6
5
.
9
 ±
 2
4
.
2
'

10
9.

4 
±
 4
6.
5^

4
3
.
4
 ±
 
7
.
5
'

Nu
mb

er
s 
ar
e 

me
an

 ±
 S
.E

.M
. 
(
n
 =
 6
).

®'
'^

Si
mi

la
r 
su

pe
rs

cr
ip

ts
 i
nd
ic
at
e 

no
 s
ig
ni
fi
ca
nt
 (
P>

0.
05

) 
di

ff
er

en
ce

s,
 w
hi
le
 d
if
fe
re
nt
 s
up

er
sc
ri
pt
s 

in
di

ca
te

 s
ig
ni
fi
ca
nt
 d
if

fe
re

nc
es

 a
s 
co

mp
ar

ed
 
to

 c
on

tr
ol

s.

v
o



50

continuously infused with 214 yg of LHRH for six days, control, and sham

cockerels is shown in Table 14. There was a significant (P<0.05) increase

in cross sectional diameter in LHRH treated cockerels as compared to con

trol cockerels. Cross sectional diameter in sham cockerels was signifi-^

cantly less than that of controls. Tunica muscularis thickness, ethithe-

lial cell height, and epithelial cell density were not significantly dif

ferent in LHRH treated cockerels versus controls, although there was a

trend in the thickness of the tunica muscularis and in epithelial cell

height to decrease progressively in control, sham, and LHRH treated

birds.

The histological evaluation of the adrenal glands of cockerels

continuously infused with 214 pg LHRH for six days, control, and sham

cockerels is shown in Table 15. There was a significant (P<0.05) increase

in the number percentage of chromaffin cells in LHRH treated cockerels as

compared to control cockerels. The number percentage of interrenal

cells was less in LHRH treated birds as compared to controls, but this

decrease was not significant. In all groups the number percentage of

chromaffin cells was greater than the number percentage of interrenal

cells.

The histological evaluation of the anterior pituitary gland of

cockerels continuously infused with 214 pg LHRH for six days, control,

and sham cockerels is shown in Table 16. There was a significant CP<0.05)

decrease in PAS positive basophil cell number per lOOOx field in LHRH

treated cockerels as compared to control cockerels. Sham cockerels also

possessed significantly fewer AB-PAS positive basophils than did control

cockerels.
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Disscussion

The results obtained in Experiment II demonstrate that although

the number of pituitary gonadotrophs was significantly decreased, LHRH

treatment seemed not to significantly affect the histologic morphology

of reproductive organs in the cockerel. Stress may have also affected

the cockerel since there was a significant increase in the number per

centage of chromaffin cells but not an increase in the number percentage

of interrenal cells in LHRH treated cockerels. Although it is possible

that the dosage of LHRH infused was not high enough to produce a signif

icant effect at the level of the gonads, the results may indicate that

the main effect of LHRH is at the level of the pituitary.

The uptake of tritiated testosterone by the testis of LHRH treated

and control cockerels was not significantly different, which suggests

that the relative testosterone uptake was unaffected by LHRH treatment.

There were no significant differences in body, testis, comb, adrenal,

and pituitary weights between groups which suggests that within six days

LHRH produced no marked changes in any of these organs. The histological

evaluation of the testis, which involved determining the number of semi-

inferous tubules per lOOx field, the percentage of seminiferous tubules

containing spermatids, the diameter of seminiferous tubules, and the

testis width, demonstrated that LHRH treatment did not significantly

affect these tissues. However, since testis weight showed a non

significant decrease in LHRH treated cockerels as compared to controls,

it is possible that if infusion had been continued past six days sig

nificant differences would have been observed.

Histological evaluation of the ductus deferens of LHRH treated.
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sham, and control cockerels revealed that the cross sectional diameter

significantly increased in LHRH treated cockerels. However, this dif

ference could be attributed to sampling error since tunica muscularis

thickness and epithelial cell height decreased non-significantly in LHRH

treated birds.

The number percentage of chromaffin cells was significantly ele

vated in LHRH treated cockerels. In all groups the number percentage of

interrenal cells was greater than the number percentage of chromaffin

cells, which agrees with studies conducted by Siviram (1965).

As previously stated the number of AB-PAS positive basophils

(gonadotrophs) was significantly decreased in LHRH treated cockerels.

It is possible that continued LHRH stimulation of the gonadotrophs

induced complete degranulation, but that by six days some cells had

recovered so that they reacted positively within AB-PAS stains.



CHAPTER III

GENERAL DISCUSSION

The objective of this research was to determine the effects of

continuous infusion of LHRH on the reproductive tract of the laying hen.

Experiment II supplemented this work by using the less complex, less

stress affected cockerel to act as a positive control in order to deter

mine at what level of the reproductive system of the bird LHRH was

directly acting upon. The reproductive physiology of the female is

relatively complex, and stress tends to have a much more pronounced

effect since there are many more sites where stress can interfere with

the feedback system. The results from Experiment I suggest that LHRH

could not overcome the stress induced anovulation, follicular atrophy,

and oviductal atrophy. Since egg laying was greatly reduced in LHRH

treated hens it is possible that LHRH deficiency was not involved in

the marked reduction in laying rate. The results obtained in Experiment

II indicate that the main effect of LHRH is at the level of the pituitary

in the male, since the number of gonadotrophs per lOOOx field was sig

nificantly decreased in LHRH treated cockerels.

The results of this study indicate that continuous infusion of

LHRH in the laying hen for six days does not increase the ovulation rate.

Refractoriness of the ovary and the pituitary induced by LHRH treatment

combined with stress tended to produce the opposite effect where ovu

lation rate was reduced, follicular atresia and oviductal atrophy were

produced.
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