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CHAPTER I

INTRODUCTION

Che of the major hormonal events in the mammalian reproductive cy­

cle is the pre-ovulatory increase in serum luteinizing hormone (IH) 

concentration. Precise control of this nassive (>100-fold) increase in 

serum III is achieved by complex interaction of both neural and hormonal 

mechanisms. In the rat, the neural mechanism controlling LH secretion 

is localized in specific brain centers whose activity facilitates re­

lease of luteinizing hormone-releasing factor (LRF) from the hypothal­

amus. In addition, a neural "clock" mechanism which is "set" by the 

environmental light/dark cycle triggers the LH-release mechanism such 

that the IH surge in rats always occurs at a specific time of day. The 

hormonal control of IH release consists of the feedback of ovarian and 

possibly adrenal steroids on the pituitary, hypothalamus and other 

brain centers.

The ovarian hormone most directly involved in the control of LH 

release is estradiol-17 B, which will hereafter be referred to as estra­

diol. Numerous observations made in several species indicate that es­

tradiol is an important steroidal component of two feedback systems 

vhich govern the secretion of IH, the inhibitory or negative feedback 

loop, and the stimulatory or positive feedback system (Caligaris et al., 

1971; Ferin et al., 1969; Coding et al., 1969; Knobil et al., 1972; 

Monroe et al., 1972; Neill, 1972; Scaramuzzi et al., 1971; Yen and Tsai, 

1971; Yen and Tsai, 1972). One hypothesis which accounts for the phe- 

nanenon that a single steroid hormone can exert two completely diametric 

actions on LH secretion is that there are two separate mechanisms, the 

tonic and phasic, which function independently and concurrently

1
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(Barraclough, 1966; Karsch et al., 1973a; Schwartz, 1969). Evidence 

obtained in rhesus monkeys (Karsch et al., 1973b; Knobil et al., 1972) 

indicates that the tonic mechanism, which regulates basal IB concentra­

tions throughout the cycle, is responsive to relatively low sustained 

levels of estradiol, whereas the phasic mechanism, which controls the 

pre-ovu la tory IB discharge, is activated by an increase in circulating 

estradiol to a level maintained for approximately 36 hr. Furthermore, 

in the rat, each mode of IB secretion appears to be controlled by an 

anatomically distinct region of the hypothalamus. The mechanism con­

trolling tonic IB secretion appears to be localized in the ventromedial- 

arcuate area whereas the signals which initiate the IB surge originate 

in, or pass through, the anterior hypothalamic-preoptic area.

(Barraclough, 1966; Gorski, 1971; Halasz, 1969). Thus, the bimodal ac­

tion of estradiol on IB release in the rat may be explained by its dif­

ferential feedback action on these two centers, an inhibition of the 

tonic center and stimulation of the phasic center. The identification 

of two anatomic centers controlling IB release has not yet been estab­

lished in non-rodent species.

Although some evidence suggests a direct action of estradiol on 

the hypothalamus (Davidson, 1969; Neill, 1972), other evidence has 

shown an effect on the anterior pituitary as well (Arimura and Schally, 

1971; Bogdanove, 1963; Piacsek and Mai tes, 1966; Schneider and McCann, 

1970; Weick and Davidson, 1970). In addition, little is known concern­

ing the mechanisn of action of estradiol at either or both of these 

sites, or the nature of the estradiol stimulus.

In the studies to be described, the role played by estradiol in 

the induction of IB release was investigated. Our findings are dis­
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cussed in the next six chapters. The general techniques and methods 

employed in these studies are described in Chapter 2. The next chapter 

contains a description of the 24-hr periodicity and other characteris­

tics of positive feedback action of estradiol on LH release in long­

term (2 weeks) ovariectanized rats. The development of a new experi­

mental model for the intact rat and the characteristics of the estra­

diol-induced IH release mechanism in this model, including that of 24­

hr periodicity, are described in Chapter 4. Following this, an inves­

tigation of a possible mechanism of action of estradiol on the pitui­

tary in intact rats is presented. Evidence which indicates that other 

ovarian hormones in addition to estradiol may be required for the in­

duction of a proestrous-like IH surge is discussed in Chapter 6. Fi­

nally, the last chapter contains a summation, analysis and conclusion 

of the findings.



CHAPTER II

GENERAL MATERIALS AND METHODS

Animals

Adult female Sprague-Dawley-derived rats (250-300 g) obtained from 

Holtzman Company (Madison, Wisconsin) or Spartan Farms (Haslett, Michi­

gan) were housed in a temperature-controlled environment (21 C) with 

lights on fran 5:00 a.m. to 7:00 p.m. Food and water were supplied ad 

libitum and vaginal smears were taken daily in intact rats. Only those 

rats having at least one normal estrous cycle prior to experimental ma­

nipulation were employed in these studies.

Surgical Procedures

Bilateral ovariectomy and cannulation of the left carotid artery 

(Gay et_ aK , 1969) were performed employing ether, methoxyfluorane, or 

sodium pentothal anesthesia. In sane cases it was necessary to supple­

ment pentothal anesthesia with ether «1 min) during the cannulation 

procedure.

Administration of Steroids

Estradiol benzoate (EB, 50 pg/rat) was injected se in 0.1 mi sesa­

me oil. Control animals received 0.1 ml vehicle alone. Estradiol-176 

was administered by means of Silastic capsules inplanted se. 

Silastic Inplants

A Puritan wooden applicator was inserted into one end of a 15 mn 

length of Silastic tubing (0.062 in i.d., 0.125 in o.d. ; Dow Coming) 

for a distance of approximately 5 mu and trimmed with a razor blade as 

close to the end of the tubing as possible. A 15 gauge, stainless 

steel, blunted hypodermic needle was inserted into the open end of the 

plugged tubing leaving a distance of exactly 5 nm between the inside

4
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edge of the wooden plug and the tip of the needle. Crystalline estra- 

diol-173 (Sigma) was placed in the open end of the needle and packed 

into the Silastic tubing using a straightened paper clip. When the 5 

ran space between the plug and the needle vas filled with estradiol, the 

needle was removed, and another wooden applicator was inserted into the 

open end of the tube. In sane cases, a drop of methanol was used to 

rinse excess estradiol down the inner walls of the 5 ran open-ended seg­

ment of tubing before the second applicator was inserted. A distance 

of exactly 5 ran was measured between the inner ends of the wooden plugs 

by sliding the second wooden applicator in or out just before it was 

trimmed as close as possible to the Silastic tubing. Thus, it was pos­

sible to ensure that the dose of estradiol achieved by insertion of the 

capsules was the same in all cases, since diffusion of estradiol is de­

pendent on the length of a capsule in which permeability, diameter, 

wall thickness and concentration gradient of estradiol remain constant 

(Dziuk and Cook, 1966; Karsch et al., 1973a; Kind and Rudel, 1971).

The ends of the capsule were coated with Silastic Medical Grade Elasto­

mer (#382, Dow Corning). In some cases, within 24 hr after the Elasto­

mer had hardened, the capsules were rinsed 3 times in methanol and then 

dried and stored until use. In order to prevent the transitory peak in 

circulating estradiol concentrations which occurs on the first day af­

ter insertion of implants which are not pre-incubated (Karsch et al., 

1973a), all capsules were pre-incubated for at least 30 min and no 

longer than 18 hr in water at room temperature just before being in­

serted into the animals. To insert an implant, as small an incision as 

possible was made in the skin of the back. The implant was inserted 

into a pocket made by pushing a closed hemostat approximately 1 inch 



6

through the incision and opening it to spread the se fascia apart. The 

incision was closed with a wound clip.

To estimate the dosage of estradiol administered by this method, 

implants were incubated in vitro for 2 days in 30 ml of a medium con­

taining 0.1% gelatin in 0.01 M phosphate-buffered 0.14 M NaCl, pH, 7.0 

(PBS) with constant agitation at 37 C. The medium was changed every 4 

hr. Under such conditions the capsules released approximately 1.5 pg 

estradiol per day as measured by radioimmunoassay (England et al., in 

press). While this release rate provides an estimate of the daily do­

sage, it should be recognized that it may not replicate that occurring 

in vivo. 

Synthetic LRF

The synthetic decapeptide employed in these studies was generously 

supplied by W.F. White, Abbott Laboratories, and will hereafter be re­

ferred to as Gn-RH (gonadotrophin-releasing hormone) to distinguish it 

fran the natural releasing hormone, which will be designated as LRF. 

Stock solutions (100 ng/pl) were stored in 1 ml ampoules at 4 C. Gn-RH 

was diluted in PBS and volumes containing five 200 ng doses were dis­

pensed into injection vials pre-rinsed in 0.1% gelatin in PBS. Vials 

were stored at 4 C until use. At the time of administration, 100 pl 

Gn-RH per rat were drawn into a 1 cc plastic syringe pre-rinsed in 0.1% 

gelatin in PBS, and injected into the carotid cannula. The cannula was 

immediately rinsed with 100 pl PBS. 

Blood Collection

Blood sanpies in volumes of 300 pl, 500 pl, or 1 ml were withdrawn 

from unanesthetized rats via the left carotid cannula or by means of 

cardiac puncture. Results obtained were identical when both methods of 
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blood collection were employed in the same group of animals. A dilute 

solution of heparin (10 or 1000 units/ml) was employed to rinse the 

cannulae after each sample was withdrawn, and as needed throughout the 

course of the experiment. Approximately 20 yl of the heparin solution 

was left in the dead spaces of the cannulae between collection of sam­

ples to prevent clotting. In later experiments the heparin solution 

uRAfi was so dilute that blood samples clotted within 12 hr. Thus, prob­

lems of drawing off fibr in-containing plasma were avoided and serum LH 

concentrations were determined in these samples.

In the first two experiments, the results of which are depicted in 

Figures 1 and 2, samples of whole blood were dispensed into tubes con­

taining twice the sample volume of 0.1% gelatin in PBS. The diluted 

samples were stored at 4 C for 12-36 hr after which they were centri­

fuged. The diluted plasma was drawn off and frozed until assayed. Fol­

lowing assay for LH, corrections for plasma dilutions were calculated 

assuming a hematocrit of 50%. Since normal rat hematocrits are slight­

ly less than 50%, the calculated LH concentrations are slightly higher 

than actual plasma concentrations in these 2 experiments. However, the 

large relative changes in LH concentrations we observe at 5:00 p.m. re­

main valid. Moreover, identical results have been obtained when blood 

samples were not diluted (Legan, unpublished observations). In all 

other experiments, whole blood samples were stored at 4 C for 24 hr, 

centrifuged, and the undiluted plasmas or sera were drawn off and fro­

zen until assayed.

Radioimmunoassay

IH concentrations were determined by radioimmunoassay as previ­

ously described (Niswender et al., 1968) with the following excep- 
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tiens. The dilution of anti-ovine IB was 1:80,000 and 0.1% gelatin 

was used instead of bovine serum albumin (BSA). The standard em­

ployed was the rat pituitary reference preparation supplied by the Na­

tional Institute of Arthritis, Metabolism and Digestive Diseases, 

NIAMDD-IB-RP-I. In some assays, 12 hr instead of 24 hr incubations were 

carried out after addition of first antibody, labelled hormone and sec­

ond antibody. There was no difference between the two methods in any 

of the following parameters : slope of standard curve, non-specific bind­

ing, binding of labelled hormone in the absence of unlabelled ligand, 

IB concentrations in two standard sera, and assay sensitivity. These 

parameters also remained the same whenever dilutions or stocks of sec­

ond antibody or normal rabbit serum were changed.

Statistics

IB concentrations obtained frem individual rats in the same group 

were pooled and means and standard errors (SE) were calculated. Statis­

tical tests employed were Student’s t-test and the paired t-test. A 

value of p<0.05 was considered significant. Hereafter, no statement 

concerning an increase or decrease in IB concentrations will be made un­

less the change is statistically significant (p<0.05).



CHAPTER III

CHARACTERISTICS OF POSITIVE FEEDBACK ACTION OF ESTROGEN ON LH SECRETION 
IN LCNG-TEFM CVARIECTOMIZED RATS

Several investigators have observed a critically-timed release of 

LH after administration of estradiol benzoate (EB) to ovariectomized 

rats. The time of release coincides with the initiation of the pre­

ovulatory LH surge in proestrous rats (4:00 p.m. to 6:00 p.m.) (Gay et 

al., 1970), which will subsequently be referred to as the "release pe­

riod." Swelheim (1965) reported an increase in serum IH at 4:00 p.m. 

one day after injection of 50 pg EB in rats ovariectomized 2 weeks pre­

viously and pre-primed with 14 daily injections of 0.5 pg EB.

Caligaris et al. (1971) observed an increase in plasma LH levels du­

ring the second and third release periods after injection of 20 pg EB 

in rats ovariectomized 1-6 months previously and primed 3 or 4 days 

earlier with 20 pg EB. Neill (1972) reported similar repetitive dis­

charges of LH during the 2nd, 3rd, and 4th release periods following 

administration of 50 pg EB to rats ovariectomized 2 veeks previously 

and primed one day previously with 0.5 pg EB. In preliminary experi­

ments of our own, an increase in plasma IH levels was observed during 

the second release period after a single injection of 50 pg EB with or 

without progesterone in Holtzman rats ovariectomized 8-20 weeks pre­

viously but not pre-primed with steroids (Legan et all., 1973b). In ad­

dition, in 2 out of 3 rats, an IH surge was seen during the 2nd and 3rd 

release periods after the single injection of EB. The first objective 

of the following studies was to examine in greater depth the phenomenon 

of repetitive estradiol-induced LH surges in ovariectomized rats not 

pre-primed with steroids.

9
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The above data suggest that in the ovariectanized rat, administra­

tion of EB appears to trigger a repetitive mechanism regulating HI re­

lease, which, regardless of differences in dose and strain, occurs only 

during the release period. However, whether estradiol induces these 

surges by a positive feedback action on the phasic center, or whether it 

merely unmasks them by a negative feedback inhibition of the high rate 

of tonic LH secretion normally seen in ovariectanized rats has not yet 

been determined. The latter possibility is suggested by the recent ob­

servations of Beattie et al. (1973) that circulating LH concentrations 

increased 3-fold during the release period in ovariectanized rats which 

did not receive estradiol, and that administration of pentobarbital 

abolished these increases. The second objective of these studies was to 

investigate whether the daily LH surges observed in ovariectanized rats 

are actually induced by a positive feedback action of estradiol or 

merely unmasked by a negative feedback inhibition of the high level of 

tonic LH secretion.

It has not yet been determined whether the repetitive LH discharges 

observed in long-term ovariectanized rats are controlled by a neural 

mechanism. One way to examine this possibility is by administration of 

neural blocking agents, such as pentobarbital, which inhibit the pre­

ovulatory LH discharge in intact rats (Daane and Par low, 1971; Schwartz, 

1969). These and other observations (Barraclough, 1966; Davidson, 1969; 

Everett, 1964; Gorski, 1971; Halasz, 1969; McGann et al., 1968) provide 

compelling evidence that the proestrous LH surge is controlled by a 

neural pathway. The third objective of these studies was to determine 

whether the repetitive LH discharges observed in long-term ovariecto- 

mized rats are controlled, at least in part, by a neural mechanism.
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In intact rats and in other species, the preovulatory IB surge is 

dependent upon an antecedent rise in circulating estradiol concentra­

tions (Ferin et al., 1969; Knobil et al., 1972; labhsetwar, 1970; 

Miyake, 1969; Spies et al., 1972). In the rhesus monkey, the increment 

in circulating estradiol levels has to be maintained for approximately 

36 hr. When the estrogen stimulus is withdrawn prior to initiation of 

the IB discharge, the surge is abolished (Karsch et al., 1973b). In 

contrast, however, in the rat, withdrawal of the estrogen stimulus by 

means of ovariectomy several hr before the initiation of the IB surge 

(10:00 a.m. on proestrus) has no effect on the IB discharge (Schwartz, 

1964). It remains to be determined whether the estrogen stimulus can 

be withdrawn prior to the initiation of daily LH surges in ovariecto- 

mized rats. The final objective of these studies was to examine the 

magnitude and duration of the estrogen stimulus required for the induc­

tion of repetitive IB discharges in ovariectomized rats. 

Methods

Two groups of rats (one obtained from Holtzman Company, the other 

from Spartan Farms) received EB (50 ug/rat se) at 7:00 a.m. on the fif­

teenth day after bilateral ovariectomy (day 0). Blood samples were 

withdrawn at 6:00 a.m., prior to estradiol administration and at 12:30 

and 5:00 p.m. daily on days 0 through 3 or 4. Additional blood samples 

were obtained at 8:00 a.m. on days 1 and 2 in the Spartan rats.

A third group of rats (Spartan) was treated with 0.1 ml sesame 

oil se on the fifteenth day following ovariectomy (day 0). Blood sam­

ples were withdrawn as described for the first 2 groups. In addition, 

pentobarbital (30 mg/kg ip) was administered at 12:00 p.m. on day 3.

EB was injected sc in a fourth group of rats (Spartan) on the 
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fifteenth day after ovariectany (day 0). Blood samples were withdrawn 

as described for the first 2 groups. Pentobarbital was administered on 

day 2 at 12:00 noon.

In subsequent groups, precise control of stimulus duration was 

achieved by administering estradiol-17 g in Silastic capsules implanted 

se. Thus, as described previously (Karsch et al., 1973b), it was possi­

ble to induce a rapid rise in serum estradiol concentrations (by inser­

tion of the capsules) to a level which was maintained, and to terminate 

the stimulus abruptly (by removal of the capsules). Silastic capsules 

containing estradiol-17 g were inplanted into 2 groups of rats at 7:00 

a.m. on the fifteenth day following ovariectany (day 0). Blood samples 

were withdrawn as described for groups 1 and 2. The implants were re­

moved from one group of rats at 12:30 p.m. on day 1, and from the re­

maining rats after the last blood sample was withdrawn at 5:00 p.m. on 

day 4.

An additional group of rats received Silastic capsules containing 

estradiol-17 g on the fifteenth day following ovariectany (day 0). 

Blood samples were withdrawn hourly from 3:00 p.m. to 9:00 p.m. on day 

1.

Results and Discussion

Within one hour following injection of EB at 7:00 a.m. on the fif­

teenth day after ovariectomy, plasma IB concentrations decreased ap­

proximately 50% to levels 10- to 20-fold greater than those seen in di- 

estrous rats, a result of negative feedback inhibition of IB release 

(Legan, unpublished observations). IB concentrations in samples ob­

tained at 12:30 p.m. on days 1 to 3 retrained low despite presumably de­

creasing circulating estradiol levels. On each of the 3 days following 
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estradiol injection, a large increase in plasma IH levels was observed 

at 5:00 p.m. (Fig. 1). These results indicate that the estradiol-in­

duced IH release mechanism in ovariectomized rats has a 24-hr periodi­

city and is expressed during the release period. Similar results were 

obtained, with minor differences, when the experiment was repeated using 

Holtzman rats (Fig. 2 and began et al., 1973a).

It is important to note that there are variations in the repetitive 

IH discharges among rats from different suppliers. The largest and 

most reliable LH surges were observed in Spartan rats. A comparison of 

Figures 1 and 2 indicates that the daily IH surges were smaller and less 

reliable in Holtzman rats. In Charles River rats, the response was 

even smaller than that seen in Holtzman rats (began, unpublished obser­

vations) . Therefore, in all subsequent experiments in which we investi­

gated repetitive IH discharges, Spartan rats were employed.

The following observations clearly demonstrate that the repetitive 

UI surges observed at 5:00 p.m. require a positive feedback action of 

estradiol and that they are not merely unmasked by a negative feedback 

inhibition of the high rate of tonic IH secretion normally seen in long­

term ovariectomized rats:

1) There was no consistent increase in plasma IH levels at 

12:30 or 5:00 p.m. for 5 days following administration of 

0.1 ml sesame oil se to rats ovariectanized 2 weeks pre­

viously.

2) Even the highest levels of LH observed in oil-treated ovar- 

iectcmized rats were well below those seen at 5:00 p.m. in 

estradiol treated rats (Fig. 1 and 3).

These results demonstrate that the daily IH surges in ovariectomized
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rats are dependent upon the positive feedback action of estradiol, al­

though our experimental design did not allow us to determine whether or 

not there is a daily spontaneous increment in circulating in at another 

time during the release period in ovariectemized rats. The slight sup­

pression of IB levels observed following pentobarbital administration on 

day 3 confirms previous observations (Ajika et al., 1972; Beattie et 

al., 1973) that treatment with pentobarbital can inhibit tonic IB secre­

tion. The gradual change in plasma IB concentrations from days 0 to 4 

reflects the increase in IB secretion normally seen during the first 4 

weeks after ovariectomy (Blackwell and Amoss, 1971 ; Gay and Midgley, 

1969; Yamamoto et al., 1970).

To determine whether a neural mechanism responsible for triggering 

the IB surge is operative in rats treated with estradiol 2 weeks after 

ovariectomy, a dose of pentobarbital required to block a proestrous IB 

surge was administered at 12:00 noon on the second day after injection 

of EB. As expected, an IB surge was observed at 5:00 p.m. on day 1. 

However, there was no surge on the day of pentobarbital administration 

(day 2) (Fig. 4) suggesting that estradiol-induced IB release in ovari- 

ectonized rats is controlled, at least in part, by a neural component. 

It is interesting to note that the surge recurred at 5:00 p.m. on day 3 

and plasma IB levels were much greater than those usually seen at this 

time.

When Silastic implants were inserted on the fifteenth day follow­

ing ovariectomy and left in place for 4 days, daily IB surges were ob­

served which were similar to those seen after sc injection of 50 pg EB 

in oil (Fig. 5). Therefore, it appears that a large dose of estradiol 

is not required to elicit this response and that the relatively moderate
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increase in plasma estradiol concentrations presumably achieved by 

these implants is sufficient for induction of UI release in ovariecto- 

mized rats.

The maximum LH concentrations attained during these estradiol-in­

duced UI surges are similar to those observed in proestrous surges al­

though basal LH levels are higher in estradiol-suppressed ovariecto- 

mized rats than in proestrous rats (began, unpublished observations). 

Fran hourly observations it was difficult to determine whether the 

large fluctuations in UI levels observed in sane rats at the onset of 

the release period are due to initiation of the UI discharge or to var­

iations in basal LH levels usually seen in ovariec  tomized rats. Thus, 

it remains to be determined whether the estradiol-induced LH surges in 

ovariec  tomized rats are similar in time course to proestrous surges.

To determine whether the repetitive LH surges in ovariectomized 

rats require continuously elevated plasna estradiol concentrations, 

Silastic capsules containing estradiol-17 g were implanted se at 7:00 

a.m. and ramoved at 12:30 p.m. the next day, a stimulus duration simi­

lar to that occurring during the estrous cycle. An UI surge was ob­

served during the release period on days 1-4 (Fig. 6), demonstrating 

that a rise and sustained elevation of estradiol for only 2% hr trig­

gers an U1 surge on at least 4 consecutive days in ovar iec tomized rats. 

Not only do these observations strengthen earlier findings that the LH 

surge in the rat can be initiated following withdrawal of the estrogen 

stimulus (Schwartz, 1964), they introduce the concept of memory in an 

endocrine feedback system. Moreover, the observation that plasma LH 

levels had returned to baseline by 12:30 p.m. each day, and remained 

significantly less than those observed at 6:00 a.m., day 0, whether the 
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estradiol capsules were removed or left in place, provides evidence 

that both the negative and positive feedbacks of estradiol are main­

tained, or "remembered" in ovariectonized rats.

The mechanism whereby the estradiol stimulus is ronembered in long­

term ovariectonized rats remains to be determined. One hypothesis might 

be that the estradiol receptors in the hypothalamo-hypcphyseal axis are 

hyper sensitized following ovariectomy. Once the LH surge mechanism is 

"re-set" by a supra-threshold stimulus, sub-threshold concentrations of 

estradiol of adrenal origin may constitute a sufficient stimulus for 

the induction of daily LH surges. Another possibility is that the 

supra-threshold estradiol stimulus in ovariectonized animals may induce 

formation of new receptors with a much greater sensitivity. Elucidation 

of the mechanism of memory premises to be an interesting and challenging 

problem for further investigation. The experiments may also provide 

important information concerning the mechanism of action of estradiol.



CHAPTER IV

POSITIVE FEEDBACK OF ESTRADIOL-17 g IN RATS CVARIECTCMIZED ON DIESTRUS 
OR PROESTRUS

The foregoing observations indicate that in ovariectomized rats a 

daily neural signal for IH discharge is given on at least 4 consecutive 

days following the estradiol stimulus. The observed "memory" in the 

repetitive surge mechanism in rats ovariectemized for 2 weeks, coupled 

with the earlier findings of Everett and Sawyer (1950) demonstrating a 

24-hour periodicity in the surge mechanism of intact rats, suggest the 

intriguing possibility that the pre-ovulatory increase in circulating 

estradiol levels which occurs during the estrous cycle (Brown-Grant et 

al., 1970; Hori et al., 1968; Roser and Aron, 1973; Shaikh, 1971) might 

also trigger repetitive LH surges, if the processes of ovulation and 

corpus luteum formation were prevented. The following experiments 

were performed to investigate this possibility. The first attempt 

failed to demonstrate repetitive surges in rats ovariectomized on pro- 

estrus, and this was taken as a challenge to continue the investigation 

and thus determine whether daily signals for the IH surge occur at all 

in recently ovariectomized rats.

Methods

in all of the subsequent experiments, the day of initiation of the 

estrogen stimulus for IH release, whether endogenous or exogenous, will 

be designated as day 0.

Two groups of rats (one obtained from Holtzman Company and the 

other from Spartan Farms) were bilaterally ovariectomized at 10:00 a.m. 

on proestrus (day 1). Blood samples were withdrawn at 12:30 and 5:00 

p.m. on days 1-3.

20
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Tha remaining experiments described in this chapter employed Spar­

tan rats only. Silastic capsules were implanted sc in a group of rats 

immediately following bilateral ovariectomy at 8:00 a.m. on diestrus 2 

(day 0). The implants were removed at 12:00 noon the following day 

(expected proestrus) and blood samples were obtained at 12:30 and 5:00 

p.m. on days 1-4.

Pentobarbital (30 mg/kg ip) was administered to 3 additional 

groups of rats at 12:30 p.m. on the day of proestrus, or expected pro­

estrus (day 1). One of these groups was ovariec tomized at 10:00 a.m. 

on proestrus. Another group received estradiol implants from 8:00 a.m. 

on diestrus 2 (day 0), immediately following bilateral ovariectomy, 

until 12:30 p.m., day 1. The third group was left intact. Blood sam­

ples were withdrawn at 12:30 and 5:00 p.m. for 4, 5 or 2 days in the 

three groups, respectively.

Two additional groups of rats received estradiol implants for ei­

ther 2 or 12 days immediately following bilateral ovariectomy at 10:00 

a.m. on diestrus 2 (day 0). Blood samples were obtained at the follow­

ing times: in the first group, at 5:00 p.m. on day 0 and at 12:30 and 

5:00 p.m. on days 1 and 2, and in the second group, at 12:30 and 5:00 

p.m. on days 1-12.

Results and Discussion

plasma m concentrations at 12:30 p.m. on day 1, in rats ovariec- 

tomized at 10:00 a.m. on proestrus (day 1), were characteristic of 

those observed prior to initiation of the proestrous IB surge (Fig. 7). 

The prominent increase in IB levels observed at 5:00 p.m. indicates 

that ovariectomy at 10:00 a.m. did not interfere with the pre-ovulatory 

IB surge, a finding which agrees with previous observations (Schwartz,
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1964). On the next 2 days, however, no discharge of III occurred (Fig. 

7), indicating that repetitive surges do not occur if ovulation and 

corpus luteum formation are prevented by ovariectomy.

This absence of daily LH surges in rats ovariectanized on proes- 

trus may be attributed to a difference between either the competency of 

the IB release mechanisms in long-term ovariectanized and recently 

ovariectanized rats, or the nature of the endogenous estrogen stimulus 

and that imposed by Silastic implants. That the latter hypothesis was 

not the case was demonstrated by inserting Silastic capsules containing 

estradiol-17B se immediately following ovariectomy at 8:00 a.m. on the 

day before proestrus. This experimental model will subsequently be re­

ferred to as the "pseudo-intact" rat. On the following day (expected 

proestrus), the implants were removed at 12:00 noon; thus, the duration 

of the estrogen stimulus (28 hr) was similar to that which had in­

duced daily surges in long-term ovariectomized rats, and similar to the 

endogenous estrogen stimulus of the estrous cycle. It is important to 

note that ovariectomy on the day before proestrus abolishes the preovu­

latory increment in circulating estradiol concentrations (Brown-Grant 

et al., 1970; Hori et al., 1968; Poser and Aron, 1973; Shaikh, 1971) 

and, unless estradiol is supplied soon after ovariectomy, the proes- 

trous LH surge does not occur (Miyake, 1969). Although an LH surge oc­

curred during the release period on the day of expected proestrus (day 

1), no subsequent IB surge was observed (Fig. 8). This observation led 

to tha conclusion that the failure to elicit daily IB surges in rats 

ovariectanized on proestrus or in pseudo-intact rats is a function of 

the competency of the IB release mechanism and not the type of estrogen 

stimulus.
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The failure to observe a memory in the estradiol-induced UI re­

lease mechanism of pseudo-intact rats or rats ovariec  tanized on proes- 

trus does not necessarily mean that daily signals for IH release are 

not given. Alternatively, it is possible that the occurrence of one UI 

surge renders the UI release mechanism in such rats unresponsive to 

these signals. That this was not the case, however, was shown in the 

2 groups of rats in which pentobarbital was administered during the 

first release period following withdrawal of the estrogen stimulus (im­

plants or endogenous). No UI surge was observed during the release 

period on the day of pentobarbital blockade or on any of the next 3 

days (Fig. 9). The absence of an m surge on the day following admin­

istration of pentobarbital was sanewhat surprising in the light of 

Everett and Sawyer's (1950) observation that ovulation, and presumably 

the pre-ovulatory Ui discharge, was delayed one day in intact rats 

treated with pentobarbital on proestrus. Therefore, we repeated 

Everett and Sawyer's experiment, and verified that an UI surge occurred 

during the first release period after pentobarbital administration 

(Fig. 10), a result which strengthens the argument for the existence of 

a neural signal for Ui release on at least 2 consecutive days when the 

ovaries are left intact.

What accounts for the difference between intact rats and those 

ovariectomized on proestrus which determines whether or not an LH surge 

will occur on the day following pentobarbital blockade? The continuous 

presence of estradiol prior to the release period may be the distin­

guishing factor. As indicated by the biologic evidence of Everett and 

Sawyer (1950) and direct radioimmunoassay measurements made by Naftolin 

et al. (1972), circulating estradiol concentrations in intact rats re-



25

S
o

300p OVX 
10 AM

200

100

PENTOBARB

□ 12=30 PM 
■ 5 =00 PM 

N-6

in

e2 implant

(PROESTRUS)

300 r

200

100

OVX

8 AM

PENTOBARB

12 PM

DAY 0 DAY I DAY 2

FIGURE 9. Effect of administration of pentobarbital 
on plasma IH concentrations (mean + SE of 6 observa­
tions) in rats ovariectomized on proestrus and in 
pseudo-intact rats.

N=6

DAY 3 DAY 4 DAY 5

2000

1000

UJ (/)

PENTOBARB

12 30 PM 
5'00 PM 
N=8

0

o 
z

0
DAY I DAY 2

PROESTRUS

FIGURE 10. Serum LH concentrations (mean 
+ SE of 8 observations) in intact rats 
given pentobarbital on proestrus. 



26

mained high for at least one day following administration of pentobar­

bital on proestrus. If this hypothesis is tenable, daily LB surges 

should be elicited in pseudo-intact rats merely by leaving the Silastic 

implants in place, rather than removing them after 28 hr. That this 

was indeed the case may be seen in Figure 11. This observation leads 

to the natural conclusion that daily signals for the IB surge do exist 

in pseudo-intact rats but that the memory in the mechanism which medi­

ates the positive feedback action of estradiol in long-term ovariecto- 

mized rats does not exist in pseudo-intact rats. When the estradiol 

implants were left in pseudo-intact rats for 14 days, IB discharges 

occurred at 5:00 p.m. daily for 10 consecutive days (Fig. 12). These 

results show for the first time that in the pseudo-intact rat, IB dis­

charges and their antecedent neural signals can occur on at least 10 

consecutive days.

The cessation of the surges after 10 days, including their attenu­

ation prior to day 10, may be due to an inability of the pituitary to 

continue such a high rate of synthesis and release of IB. Alternative­

ly, the signal may weaken and eventually stop altogether due to the 

absence of other ovarian hormones. Another possibility is that the 

rigorous schedule of blood withdrawal interfered with the normal func­

tioning of the hypothalamo-hypophyseal axis.
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CHAPTER V

MODULATION CF PITUITARY RESPONSIVENESS TO LRF BY ESTROGEN

Estradiol may induce IH release by increasing hypothalamic LRF se­

cretion (Chowers and McCann, 1965; Doecke and Doerner, 1965; Ramirez 

and Sawyer, 1965; Weick and Davidson, 1970), by changing pituitary re­

sponsiveness to LRF (Chowers and McCann, 1965; Doecke and Doerner, 

1965; Ramirez and Sawyer, 1965; Weick and Davidson, 1970), or by both 

mechanisms. It has been demonstrated that estradiol acts directly on 

the pituitary in vitro to stimulate LH release (Piacsek and Mei tes, 

1966; Schneider and McCann, 1970) and that it causes increased respon­

siveness to LRF in diestrous rats (Arimura and Schally, 1971; Debeljuk 

et al., 1972) and anestrous ewes (Reeves et al., 1971b). Recent obser­

vations in sheep (Reeves et al., 1971a), hamsters (Arimura et al., 

1972), rats (Aiyer et al., 1973; Cooper et aK , 1973; Kalra et al. , 

1973b; Martin et al., 1973; Hippel et al., 1973) monkeys (Krey et al. , 

1973b) and humans (Nillius and Wide, 1972; Yen et al., 1972) , indicate 

that there is an increase in pituitary responsiveness to exogenous Gn- 

RH during the pre-ovula tory phase of the cycle when circulating estra­

diol levels are high. The following experiments were performed to in­

vestigate the pituitary responsiveness to LRF throughout the estrous 

cycle of the rat and to examine whether the observed differences can 

be attributed to ovarian estradiol secretion.

Methods

Holtzman rats haying 5-day estrous cycles were cannulated via the 

left carotid artery following administration of pentothal (35 mg/kg ip) 

at 12:00 noon on diestrus 2, diestrus 3, proestrus, or estrus. Addi­

tional doses of pentothal were administered as needed throughout the 

28
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afternoon to maintain anesthesia through 4:15 p.m., thus minimizing 

possible variations in endogenous LH and LRF secretion which occur 

throughout the estrous cycle. At 4:00 p.m. a blood sample was with­

drawn and 200 ng Gn-RH were injected into the carotid cannula. Fif­

teen minutes later, a second blood sample was obtained by decapitation 

and exsanguination.

Two additional groups of rats were ovariectamized at 8:00 a.m. on 

diestrus 3 and treated with Gn-RH as described above at either 4:00 

p.m. on diestrus 3 or 4:00 p.m. on the following day (expected proes- 

trus). Two other groups of rats were ovariectanized at 8:00 a.m. on 

diestrus 3 and treated with Silastic capsules containing estradiol-173 

implanted se immediately following ovariectomy. In one of these 

groups, Gn-RH was administered as described above at 4:00 p.m. on dies­

trus 3 (i.e., after 8 hr of exposure to estradiol). In the remaining 

group, the estradiol implants were removed at 12:00 p.m. on the day of 

expected proestrus and Gn-RH was administered at 4:00 p.m. that same 

afternoon (i.e., after 28 hr of exposure to estradiol). 

Results and Discussion

Pituitary responsiveness to Gn-RH, as measured by the difference 

between pre- and post-injection LH concentrations, remained relatively 

low with minor variations, except on proestrus, when it increased dra­

matically (Fig. 13). These results confirm previous observations of 

increased pituitary responsiveness to Gn-RH in proestrous rats (Aiyer 

et al., 1973; Cooper et al., 1973; Ka Ira et al., 1973b; Martin et al., 

1973; Rippel et al., 1973). The increase in responsiveness on proes­

trus was abolished when the pre-ovulatory increase in estradiol levels 

was prevented by means of ovariectomy at 8:00 a.m. on the day before
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proestrus (diestrus 3) (Fig. 14). It has already been demonstrated 

that when the pre-ovulatory increment in circulating estradiol concen­

trations is prevented by ovariectomy (Miyake, 1969) or its biological 

effect inhibited by administration of antibodies which specifically 

neutralize estradiol (Ferin et al., 1969), the pre-ovulatory LH dis­

charge does not occur. In addition, estradiol has been shown to in­

crease pituitary responsiveness to Gn-RH both in vivo and in vitro in 

a variety of experimental situations (Chowers and McCann, 1965; Doecke 

and Doerner, 1965; Piacsek and Meites, 1966; Ftemirez and Sawyer, 1965; 

Schneider and McCann, 1970; Weick and Davidson, 1970). These observa­

tions, coupled with the above findings strongly suggest that, in the 

physiological setting of the normal estrous cycle, the pre-ovulatory 

increment in estradiol secretion causes an increase in pituitary re­

sponsiveness to LRF on proestrus.

To test this hypothesis, estradiol implants were inserted se imme­

diately following ovariectomy at 8:00 a.m. on diestrus 3. Pituitary 

responsiveness to Gn-RH was low on the afternoon of diestrus 3, eight 

hours after insertion of the implants (Fig. 15). On the afternoon of 

expected proestrus, there was no dramatic increase in pituitary respon­

siveness to Gn—RH, which ranained at a level similar to that seen on 

diestrus 3 (Fig. 15). These results indicate that, under these exper­

imental conditions, estradiol does not cause an increase in pituitary 

responsiveness to Gn-RH identical to that seen in intact rats on proes­

trus. However, pituitary response to LRF on expected proestrus was 

slightly greater in rats treated with estradiol implants for 28 hr than 

in untreated rats (Fig. 14 and 15), indicating that estradiol may act by 

increasing pituitary responsiveness to LRF, but that our experimental 
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stimulus was not identical to the endogenous stimulus which causes the 

massive increase in pituitary response on proestrus.

It is interesting to note that there was no difference in pitui­

tary responsiveness to Gn-Ri whether the estradiol stimulus was main­

tained for 8 hr or 28 hr, in spite of the fact that insertion of an 

estradiol implant for 28 hr in recently ovariectomized rats is an ade­

quate stimulus for induction of an in surge (Fig. 8). It may be that 

the estrogen stimulus achieved through the use of estradiol implants 

does not precisely replicate the physiologic changes in circulating 

estrogen required to bring about either a normal increase in pituitary 

responsiveness to Gn-RH or a normal proestrous in surge. It remains 

to be determined whether the IH surges we observed in pseudo-intact 

rats after a stimulus duration of 28 hr are identical in time course 

and magnitude to proestrous surges. Alternatively, it might be postu­

lated that other ovarian hormones in addition to estrogen play a role 

in causing the marked increase in pituitary responsiveness to Gn-RH 

seen on proestrus.



CHAPTER VI

EVIDENCE for THE FEEDBACK OF OTHER OVARIAN HORMONES ON LH RELEASE 

In the preceding chapter, it was shown that administration of 

estradiol to rats ovariectemized on the day before proestrus does 

not restore pituitary responsiveness to exogenous Gn-RH to the 

degree seen in intact rats on proestrus. One interpretation of this 

finding is that other ovarian hormones may play an important role in 

the regulation of the pre-ovulatory IH surge. It is interesting to 

note, however, that a stimulus duration of 28 hr which was employed in 

those experiments reliably elicited a discharge of LH. In the light 

of these observations, it became necessary to determine whether or not 

these induced surges are identical in magnitude and time course to 

proestrous surges. In addition, if other ovarian hormones do, in fact, 

play a role in regulating LH release, it might be expected that the 

repetitive LH surges induced in rats made pseudo-intact on different 

days of the cycle would be altered according to the changing hormonal 

environment which occurs throughout the estrous cycle. Finally, the 

effect of other ovarian hormones on the repetitive IH surge mechanism 

was investigated by observing whether or not the pattern of daily repe­

titive IH surges observed in rats implanted with estradiol was changed 

when the ovaries were left intact and ovulation and corpus luteum 

formation occurred.

Methods

Blood samples (600 pl) were obtained at 1:00, 2:00, 4:00, 5:00, 

6:00, 7:00, 8:00 and 10:00 p.m. from a group of intact rats on proes— 

trus. The day of proestrus was verified by the presence of ova in the 

oviduct on the following morning. Another group of rats received

34
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Silastic capsules containing estradiol-17B immediately following bilat­

eral ovariectomy at 10:00 a.m. on diestrus 2 (day 0). Blood samples 

were withdrawn at the same times as in the proestrous rats on day 1, 

and at 1:00, 2:00, 5:00, 7:00 and 10:00 p.m. on days 2 and 3.

In 5 additional groups of Spartan rats, estradiol implants were 

inserted sc at 8:00 a.m. immediately following ovariectomy on each of 

the 5 days of the estrous cycle (day 0). The implants were left in 

place for 5 days. Blood samples were withdrawn at 5:00 p.m., day 0, 

and at 12:30 and 5:00 p.m. on days 1-5. At the time of ovariectomy, 

uteri and oviducts were examined to confirm the stage of the estrous 

cycle.

Finally, estradiol implants were inserted sc into a group of in­

tact Spartan rats at 11:30 a.m. on proestrus (day 1) and were left in 

place for 14 days. Blood samples were withdrawn at 5:00 p.m. on day 1, 

and at 12:30 and 5:00 p.m. on days 2-14.

In the second experiment above, all groups except C2 were composed 

of rats having either 4-day or 5-day estrous cycles. There was no 

difference in the data obtained from these 2 groups on days when the 

vaginal smears were identical. Therefore, the groups were pooled ac­

cording to their vaginal smears and the data are presented in this man­

ner. In rats having 4-day estrous cycles (L^, , N and cp the vagi­

nal smears on diestrus 1 and 2 (L^ and I^) contain predominantly leuko­

cytes. Nucleated epithelial cells (N) appear on the day of proestrus, 

and cornified cells (C) are present on estrus. In rats having 5-day 

cycles (Lj, Lg, N, and , diestrus 1 and 2 are designated the 

same as in rats having 4-day cycles. However, in rats with 5-day cy­

cles, vaginal smear patterns of N, and C2 are referred to as dies- 
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trus 3, proestrus, and estrus, respectively.

Results and Discussion

As can be seen in Fig. 16, the IH discharges in pseudo-intact rats 

on days 1, 2 and 3 were similar in time course to proestrous surges; 

however, the maximum concentrations of plasrra IH were less than % those 

observed on proestrus. Although the difference may be attributed to 

the differences between the estrogen stimulus achieved by the estradiol 

implants and that occurring as a result of endogenous estradiol secre­

tion, this does not seem probable because the magnitude of the estra­

diol-induced IH surge is not dose-related once a threshold level is at­

tained, either in monkeys (Karsch et al., 1973b) or in ovariec tomized 

rats, as shown in Chapter 2. A much more likely hypothesis is that 

some other ovarian hormone (s) in addition to estradiol must be present 

in order to induce IH discharges identical to proestrous surges. It is 

noteworthy that, coincident with the initiation of the IH surge on pro- 

estrus, ovarian progesterone secretion increases (Piacsek et al., 1971). 

Furthermore, IH surges identical to those observed on proestrus can be 

induced in rats oyariectomized on diestrus 2 only when both progesterone 

and estrogen are administered (Krey et al., 1973a).

If ovarian hormones other than estradiol control the amount of IH 

released in a surge, then the magnitude of estrogen-induced IH dischar­

ges should be different in rats made pseudo-intact at varying stages 

throughout the estrous cycle, when the steroidal environment is 

changing. That this is the case is shown in Fig. 17. Although inser­

tion of estradiol implants on each day of the cycle induced repetitive 

IH surges, the IH discharge on day I was maximal when the vaginal smear 

on the day of ovariectomy and insertion of implants (day 0) contained
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L_) and lowest when the vaginal smears

nucleated epithelial cells (N), intermediate when vaginal smears on day 

0 contained leukocytes (L^ and

on day 0 contained cornified cells (C^ and C^). LE release was identi­

cal to that on proestrus only if rats were made pseudo-intact when their 

vaginal smears contained nucleated epithelial cells. These results 

indicate that the stage of the estrous cycle can influence the magni­

tude of the first estradiol-induced LH discharge, but without a thorough 

characterization of the time courses of all ovarian hormones through­

out the cycle, it is not possible to correlate the differing responses 

during the cycle with the activity of any one steroid. In addition, 

these results provide further evidence for a daily signal for LH release 

in intact rats.

The insertion of estradiol implants into intact rats approximately 

4% hr prior to the release period on proestrus (day 1) did not inter­

fere with the normal proestrous IH surge (Fig. 18). However, following 

ovulation, which was presumed to occur on the morning of day 2, no sub­

sequent discharges of IH were observed except on day 3, when serum LH 

concentrations at 5:00 p.m. were similar to those observed in pseudo­

intact rats. These results, along with the foregoing observations in 

pseudo-intact rats that IH discharges can occur for 10 consecutive 

days, suggest that a substance secreted by the ovaries following ovula­

tion may inhibit IH release. It is interesting that no inhibition of 
5

the IH discharge occurred on day 3, two days after proestrus. Although 

the reason for the recurrence of an IH surge on day 3 is not known, 

these data correlate with the observation that rats receiving estrogen 

on proestrus to induce pseudopregnancy show rating behavior that night 

and again 2 nights later (powers and Zucker, 1969). Histologic exami—
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nation of the ovaries on day 15 revealed numerous antral follicles and 

many well-formed corpora lutea. These observations agree with those 

of Alloiteau (1957) that the maintenance of high levels of estrogen in 

intact rats induces pseudopregnancy and they provide evidence, although 

speculative, that the progesterone which is secreted in increased quan­

tities during pseudopregnancy inhibits repetitive estradiol-induced m 

surges. It is noteworthy that the levels of progesterone present du­

ring the luteal phase of the menstrual cycle can inhibit estradiol-in­

duced LH release in the rhesus monkey (Dierschke et al., 1973).

It would appear, therefore, that at least one ovarian hormone 

other than estradiol modulates, in both a stimulatory and inhibitory 

manner, the réponse of the hypothalamo-hypophyseal axis to estrogen. 

While the identity of this substance remains to be established, a 

likely candidate for both stimulatory and inhibitory actions is proges­

terone. It has been demonstrated by numerous investigators (Brown­

Grant, 1967; Brown-Grant and Naftolin, 1972; Everett, 1948; Kalra et 

al., 1973a; Kobayashi et al., 1969; Uchida, 1972) that progesterone has 

both a facilitatory and inhibitory action on IB release.



CHAPTER VII

SUMMARY AND CONCLUSIONS

The phasic mode of LH secretion in the rat is triggered prior to 

the release period by an increase in circulating estradiol concentra­

tions to a level which is maintained for a finite interval. This LH 

release mechanism functions with a 24-hr periodicity, is expressed only 

during the release period, and has a neural component. Furthermore, in 

long-term ovar iectomized rats the estradiol stimulus can be "remembered" 

for at least 3 days after its withdrawal. In recently ovariectomized 

rats, however, a continuous estradiol stimulus is required for the ap­

pearance of daily LH surges. During the estrous cycle of the rat, a 

marked increase in pituitary responsiveness to exogenous Gh-RH occurs 

on proestrus. This increased responsiveness is dependent on the feed­

back action of one or more ovarian hormones. Although the foregoing 

experiments failed to identify this hormone to be estradiol, they did 

not exclude the possibility, suggested by many previous findings, that 

estradiol, alone or in combination with other steroids, modulates pitu­

itary responsiveness to exogenous Gn-RH throughout the estrous cycle.

The daily LH discharges in recently ovariectomized rats continue 

for at least 10 consecutive days in rats made pseudo-intact on diestrus 

2 and for at least 5 days in rats made pseudo-intact at other times of 

the estrous cycle, provided high levels of circulating estradiol are 

maintained and ovaries containing corpora lutea are not present. These 

observations show, for the first time, that signals for an LH surge 

occur every day in rats in which the pituitary has never been released 

from the negative feedback inhibition of ovarian steroids. Further, 

these observations are consistent with the hypothesis that daily neural 

41
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signals for an III surge are given throughout the estrous cycle of the 

rat. In addition, it may be postulated that the LH discharge occurs 

only when estradiol, either alone or in combination with another ovar­

ian hormone, has sensitized the pituitary to LEF, thus obviating the 

need for an action of estradiol on the hypothalamic surge center and 

localizing the positive feedback action of estradiol at the level of 

the pituitary. One might also postulate that the presence of a memory 

in the estradiol-induced LH release mechanism in long-term ovariecto- 

mized rats, and its absence in pseudo-intact rats or rats ovariecto- 

mized on proestrus, may be attributed to the duration of the estradiol- 

induced increase in pituitary responsiveness to LRF.

Several observations made in the course of the above experiments 

indicate that estradiol is a necessary but not sufficient stimulus for 

LH discharges identical to the proestrous surge. In addition, in spite 

of a continuous elevation of estradiol levels, a substance secreted by 

the ovaries following ovulation can inhibit repetitive LH discharges. 

As discussed in Chapter 6, the most likely candidate for both of these 

roles is progesterone. If progesterone can be shown to both facilitate 

and inhibit estrogen-induced LH release, it remains to be determined by 

what mechanism this single steroid hormone can exert 2 completely dia­

metric actions on LH secretion.

In the course of these experiments, a new experimental model for 

examining the control of LH secretion, the pseudo-intact rat, was de­

veloped. The characteristics of precise timing of both stimulus and 

response, and the repetitiveness of an easily-measured event, the LH 

surge, render the pseudo-intact rat eminently useful for studying bio­

logical clock mechanisms, as veil as for investigating the sites and 
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mechanisms of feedback action of steroids on gonadotropin release in 

the whole animal, and at the cellular or molecular level. The periodi­

city inherent in the model permits individual animals to serve as their 

own controls. In addition, non-specific short-term effects of surgical 

stress and/or anesthesia on the LH release mechanism can readily be 

distinguished from the specific effects of experimental manipulations. 

This model also provides an opportunity to investigate a unique pheno­

menon, that of memory in an endocrine feedback system. Finally, it 

should provide a wealth of information about the physiology of the es­

trous cycle, especially if physiologic concentrations of circulating 

steroids are replicated.
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