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ABSTRACT

We examined the effects of physiological concentrations of estradiol (E2) and progesterone (P)

on plasma LU, FSH, and prolactin (PRL) and on LHRH concentrations in several microdissected

brain regions in ovariectomized (OVX) rats. One week after ovariectomy (Day 0), rats received

Silastic capsules containing only sesame oil or 37.5, 75.0 or 150 � E2/ml of oil s.c. TheE2 cap-

sules produced plasma estrogen concentrations of 7.0, 9.6, or 15.4 pg/mI, respectively, on Day 2

whereas oil-treated controls had 5.4 pg/mI of E2 in plasma. All three E2 -treated groups of rats had

LH surges of comparable magnitude during the afternoon of Day 2. Two Silastic capsules of P (50

mg/mI) were implanted at 0900 h on Day 2 into E2 -treated rats. In animals in which E2 levels were

7.0 or 9.6 pg/mI, P only moderately amplified the LH surges. However, when plasma E2 concen-

trations reached 1 5 pg/mI, P treatment evoked a massive release of LH and advanced the time of

release by 1 h. In contrast, the stress of inserting oil capsules into ether-anesthetized E2 -treated rats

at 0900 h on Day 2 had no effect on afternoon LH surges in these animals. FSH surges occurred

only in rats receiving both E2 and P. PRL surges were induced using the highest concentrations of

E2 and were advanced in time by P. When the highest dose of E2 was used, LHRH concentrations

in the median eminence (ME) increased prior to and decreased during the E2 P-induced surge. These

changes were not paralleled by any changes in the other anterior brain regions we examined (supra-

chiasmatic preoptic nucleus, suprachiasmatic nucleus, medial preoptic nucleus, anterior hypo-

thalamic nucleus, and retrochiasmatic area). No changes in LHRH concentrations were observed

under any other steroid treatment regimen. Higher plasma E2 concentrations induced by the 150

�g/ml E2 capsule were correlated with higher LHRH concentraions in the median eminence con-

comitant with a parallel trend in some of the anterior brain areas: MPN (P<0.06), SPN (P<0.06),

and RCA (P<0.03).

INTRODUCTION

Estrogen induces gonadotropin and prolactin

(PRL) surges in ovariectomized (OVX) rats

when administered under a variety of experi-

mental paradigms (Blake, 1977; Caligaris et al.,

1971a; DePaolo and Barraclough, 1979a;

Goodman, 1978a; Henderson et al., 1977b;

Legan et al., 1975; Neill, 1980). When estradiol

(E2 )-primed OVX rats are treated with proges-

terone (P), LH surges are temporally advanced

and peak concentrations are greatly amplified

Accepted January 13, 1981.

Received August 19, 1980.

‘Supported by tJSPHS Grant HD 02138.

2 Reprint requests: Dr. P.M. Wise, Dept. of Physio-

logy, University of Maryland School of Medicine, 660

W. Redwood St., Baltimore, MD 21201.

(Aiyer and Fink, 1974; Caligaris et al., 1971b;

DePaolo and Barraclough, 1979a; Kalra et al.,

1973; Mann and Barraclough, 1973). While the

positive feedback sites of action of E2 on

gonadotropin secretion are thought to reside

predominantly within the preoptico-anterior

hypothalamic area in rats (Blake, 1977; Clem-

ens et al., 1976; Goodman, 1978b; Kalra and

McCann, 1975; Kawakami et al., 1978), E2 also

directly increases pituitary responsiveness to

LHRH (Aiyer and Fink, 1974; Arimura and

Schally, 1971; Cooper et al., 1974; Drouin et

al., 1976; Vilchez-Martinez et al., 1974). In

contrast, in vivo studies indicate that P en-

hances the positive feedback effects of E2 on

gonadotropins primarily by its action within

the brain (Aiyer et al., 1976; DePaolo and

Barraclough, 1979a). The positive feedback

effects of E2 on PRL secretion are thought to
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be at both the hypothalamic (Bishop et al.,

1972; Caligaris and Taleisnik, 1974; Nagasawa

et al., 1969; Ratner and Meites, 1964; Weisel et

al., 1978) and pituitary level (Ben-David et al.,

1964; Chen et al., 1976; Lu et al., 1971; Nicoll

and Meites, 1962; Raymond et al., 1978).

Estrogen-inducible P cytosol receptors exist

within neurons of the medial basal hypothala-

mus and preoptic area which have physico-

chemical properties similar to those in the

uterus. Further, these receptors increase in a

dose-dependent fashion with increasing doses of

E2 (Kato et al., 1978; Moguilewsky and Ren-

aud, 1979). We reasoned that if this P receptor

ultimately is involved in the augmented secre-

tion of LH, we should observe increased pitui-

tary gonadotropin release if we progressively

elevate plasma E2 levels and maintain P at

constant physiological concentrations in plasma.

We have examined this possibility in the present

study.

P may augment E2-induced LH surges by

affecting the concentrations of LHRH present

within the preoptico-suprachiasmatic- tuberoin-

fundibular system (PSTS). We previously

observed that changes in LHRH concentration

occur in microdissected areas of PSTS during

proestrus which can be correlated with in-

creases in plasma E2 and with the proestrous

gonadotropin surge (Wise et al., 1981). For

these reasons we also examined the temporal

effects of E2 or E2P on LHRH concentrations

in these same microdissected regions of PSTS

prior to and during the time of steroid-induced

gonadotropin surges.

MATERIALS AND METHODS

Adult female Sprague-Dawley rats (Zivic Miller,

Allison Park, PA) weighing between 200-2 50 g were

maintained in a controlled environment (22-24#{176}C;

lights on 0400-1600 h) prior to use. Food and water

were supplied ad libitum. Estrous cyclicity was moni-

tored by daily vaginal lavages, and only those females

having 4-5 day cycles were used. All rats were bilater-

ally ovariectomized (OVX), and I week later (0900

h, Day 0) they received s.c. implants of Silastic cap-

sules containing either oil (Group 1) or E2 (Groups

2-8). E2 capsules were 30 mm in length (1.57 mm

i.d., 3.8 mm o.d., Dow Corning) and contained 20 mm

lengths of various concentrations of estradiol-17i3

dissolved in sesame oil (Table 1). Progesterone Silastic

capsules were 30 mm long and contained 20 mm

lengths of P (50 mg/mI) suspended in sesame oil. Two

P capsules were inserted s.c. into certain groups of

E2-treated OVX rats (Groups 3, 5, 7) on Day 2 at

0900 h (Table 1). Groups of oil- (Group 1) and

E2 -treated rats (Groups 2, 4, 6) received capsules

which contained only oil on Day 2 at 0900 h (Table

1). A final group (Group 8) of rats received E2 (150

pg/mI) on Day 0 and did not receive any capsules on

Day 2.

Steroid hormones were mixed overnight in oil with

a magnetic stirrer before being placed into capsules.

The capsules were constructed by the method of

Legan et al. (1975) and were stored in oil solutions

containing the same steroid concentrations as those

within the capsule. These capsules were incubated in

castrated female rats (s.c.) for 12-18 h prior to being

implanted into experimental animals. This incubation

period reduces the transitory plasma hormone peak

that normally occurs if nonincubated capsules or

capsules preincubared in water or methanol are

placed into OVX animals (Henderson et al., 1977a).

Experiment 1. Serum Estradiol and Progesterone

Concentrations in Animals Treated with 150

pg/mi (E2 (150)1 on Day 0 With or Without

Progesterone on Day 2

To determine the effect of implanting estradiol and

progesterone capsules on concentrations of circulating

serum steroid, animals treated with E2 (150) at 0900 h

on Day 0 and with oil or P at 0900 h on Day 2 were

decapitated at 0800, 1000, or 1600 h on Day 0; 1300

or 1600 h on Day 1; and 1000, 1300, or 1600 h on

Day 2. Trunk blood was collected, centrifuged, and

the serum separated and stored frozen (-20#{176}C)

until it was assayed for hormone concentrations.

Experiment 2. Plasma Gonadotropin and

Prolactin Profiles on Day 2 in Sequentially

Bled Rats

Those animals in which sequential blood samples

were taken to measure plasma gonadotropins and

prolactin received jugular cannulae on Day 0. Animals

were bled (0.6 ml) at 0900 h and at hourly intervals

between 1200-1700 h on Day 2. The 0900 h blood

samples (Groups 1-7) were taken while the animals

were anesthetized with ether to insert the proges-

terone or oil capsules. The 0900 h blood sample taken

from Group 8 and all other blood collections were

made from unrestrained, unanesthetized rats. All rats

were decapitated at 1700 h on Day 2, and trunk blood

was collected and assayed for steroid hormone con-

centrations.

Experiment 3. LHRH Concentrations in

Discrete Brain Regions of Steroid-Treated Rats

Animals used to determine PSTS-LHRH concen-

trations received the same oil or steroid treatment

regimens as Groups 1, 2, 3, 6, and 7. These rats were

decapitated at 1000, 1200, or 1500 h on Day 2, and

the brains were quickly removed. The following brain

areas were microdissected, extracted in 0.1 N MCI, and

stored as described previously (Selmanoff et al.,

1980): median eminence (ME), retrochiasmatic area

(RCA), suprachiasmatic nucleus (SCN), suprachias-

matic preoptic nucleus (SPN), medial preoptic nucleus

(MPN), and anterior hypothalamic nucleus (AHN).

Protein concentrations were measured in the pellet

using the Bradford dye binding method (Bradford,

1976). Trunk blood was measured for LU, FSH, E2, P

(Wise et al., 1979), and PRL (Niswender et al., 1969)
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822 WISE ET AL.

concentrations by radioimmunoassay methods. NIA-

MDD RP-I were used as standards for LU, FSU, and

PRL.

LU, FSU, and PRL data were subjected to Coch-

ran’s test (Winer, 1971) for homogeneity of variance

and found to be heterogeneous. Therefore, subsequent

statistical analyses were performed on the log,0 of the

data. Data were analyzed by three-way analysis of

variance: hormone (presence vs absence of proges-

terone) X dose (estradiol 37.5 pg/mI vs 75 pg/mI vs

150 pg/mI) X time (0900-1700 h for plasma hor-

mones, 1000 vs 1200 vs 1500 h for LHRH). Differ-

ences between two individual means were tested using

Newman-Keuls multiple range analysis.

RESULTS

Experiment 1. Effects of Implanting E2 (150)

Capsules on Day 0 and P or Oil Capsules

on Day 2 on Subsequent Serum E2 and P

Concentrations

Serum E2 before 0800 h on Day 0 and at

various times after capsule implantation (1000

h Day 0-1600 h, Day 2) are shown in Table 1.

When E2(150) capsules were implanted s.c.

they produced a transient rise in serum E2

which stabilized within 24 h. These serum E2

levels remained constant during the hours

examined on Day 2 (1000, 1300, 1600 h).

Progesterone concentrations prior to inserting a

P capsule were constant (Table 1). The stress of

implanting oil capsules in rats briefly anesthe-

tized with ether produced a transient rise in

serum P concentrations 1 h later; however,

these concentrations never were as high as those

produced when P-filled capsules were inserted

s.c. Serum P concentrations in these groups

(Groups 3, 5, 7) remained constant from

1000-1600 h on Day 2.

Experiment 2. Effects of Steroid Treatment

on Plasma E2, P, LH, FSH, and PRL

Concentrations

To determine whether the stress of capsule

implantation has any effect on E2-induced LH

surges, four animals received E2 implants on

Day 0 and were not further treated on Day 2

(Group 8, Table 2). E2 -induced LH surges were

not significantly different at any time com-

pared with animals receiving oil implants

(Group 6) at 0900 h on Day 2 (F = 0.096,

P<0.75). Thus the ether stress produced in

these studies had no effect on the timing or

amplitude of the E2-induced surge.

Plasma E2 concentrations in oil-treated OVX

rats at 1700 h on Day 2 were 5.4 ± 0.6 pg/mI

while P levels in these rats were 1.0 ± 0.1 ng/ml

(Group 1, Table 3). When Silastic capsules

(Group 2) which contained 37.5 jig/mI E2 were

inserted, they significantly (P<0.05) elevated

plasma E2 concentrations in OVX rats to 7.1 ±

0.6 pg/mI but did not affect plasma P levels in

OVX controls by 1700 h on Day 2 (Table 2).

These plasma E2 concentrations were sufficient

to reduce plasma LH levels in OVX rats signifi-

cantly by 0900 h (223 ± 17 ng/ml) and 1200 h

(215 ± 8 ng/ml) on Day 2, and they also evoked

LH surges during the afternoon of Day 2 (F

TABLE 1. Serum steroid concentrations in OVX and steroid-treated rats at various times on Days 0-2.

Day Time (h)

Animals/

group

Serum steroid concentrations

E2 (pg/ml) P (ng/ml)

0

o

0

O800�
1000b

1600b

6

5

4

5.1 ± 0.5

68.9 ± 9.3

37.7± 6.6

0.9 ± 0.3

2.2 ± 0.4

1.6± 0.2

1

1

1300b

1600b

5

5

18.5 ± 3.2

18.7 ± 2.2

1.3 ± 0.2

2.0 ± 0.5

2

2

2

2

1000bc

1000bd

1300bd
1600bd

6

5

6

6

22.8 ± 1.1

16.2 ± 3.8

14.5±1.8

15.8±1.2

6.1 ± 1.7

13.9 ± 0.9

11.8±1.7

11.7±1.6

aAnimals were bilaterally ovariectomized. One week later (Day 0) a Silastic capsule containing E2 (150 pg/mI)

was inserted at 0900 h.

bE2 capsule inserted at 0900 h on Day 0.

c0�i capsule inserted at 0900 h on Day 2 under ether anesthesia.

d� capsules (2 X 50 mg/mI) were inserted at 0900 h Day 2.
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E2 AND E2 P EFFECTS ON LHRH, GONADOTROPINS, AND PRL 823

TABLE 2. Plasma LH (ng/ml) in OVX, E2-treated rats: Effect of ether anesthesia at 0900 h on Day 2 (mean ±

SEM).

Time (h)

0900 1200 1300 1400 1500 1600 1700

Group 6a

1E2 (150) + etherl 188 ± 15 147 ± 10 172 ± 19 477 ± 59 1140 ± 213 1044 ± 136 628 ± 73

(n = 10)

Group 8b

lE2 (1 50) - etherl 218± 18 160 ± 16 189 ± 50 517 ± 121 1017 ± 133 919 ± 215 568 ± 153

(n = 4)

aAnimals in Group 6 were treated with E2 at 0900 h on Day 0 and treated with two oil capsules at 0900 h

on Day 2 under ether anesthesia.

bGroup 8 rats received the same treatment as Group 6 rats on Day 0, but they did not receive any further

treatment on Day 2.

ratio for time = 209.55, P<0.0001, Table 4,

Fig. 1). However, the peak plasma LH levels

obtained on Day 2 at 1500 h (1151 ± 216

ng/ml) are only approximately one-third those

normally observed in cyclic rats on proestrous

afternoon (“3500 ng/ml; Barraclough et al.,

1979). Silastic capsule implants of P into

E2-primed rats (Group 3) at 0900 h on Day 2

significantly (P<0.05) increased plasma P

concentrations in OVX rats to 13.9 ± 1.2 ng/ml

(Table 3). These elevated P plasma levels

(F ratio for hormone = 296.02, P<0.0001; F

ratio for hormone x time = 13.44, P<0.0001)

stimulated LH surges in Group 3 rats whose

onset was advanced by 60 mm and whose peak

concentrations were significantly greater

(‘�62%) than those obtained in rats receiving

only E2 capsules (P<0.01) (Fig. 1).

When Silastic capsules containing E2 con-

centrations of 75 jig/mI were implanted into

OVX rats (Group 4), they significantly in-

creased plasma E2 levels (9.6 ± 0.5 pg/mI) over

those obtained in Group 2 rats (Table 3).

Plasma LH levels at 0900 h (211 ± 5 ng/ml) and

1200 h (183 ± 17 ng/ml) were significantly

reduced when compared with those of OVX

controls (P<0.05), and this E2 plasma concen-

tration induced LH surges whose peak concen-

trations were no different from Group 2 values

(F ratio for dose = 11.08, P<0.0001, Fig. 1,

Table 4). P capsules, when inserted into rats

with these E2 plasma levels (Group 5), aug-

mented the LH surge to a degree similar to that

obtained in Group 3 rats (F ratio for dose

x hormone x time = 3.28; P<0.0002, Fig. 1).

When capsules containing E2 concentrations

of 150 pg/mI were implanted into OVX rats

(Group 6), plasma E2 levels at 1700 h on Day 2

were 15.3 ± 0.9 pg/mI and plasma LH concen-

trations were reduced to 188 ± 14 ng/ml and

147 ± 10 ng/ml at 0900 and 1200 h, respec-

tively. Although these plasma E2 concentra-

TABLE 3. Plasma steroid concentrations in OVX, steroid-treated rats.

Group

Day 0 Day 2

.

Capsule concentrations

E2 (pg/mi) P (mg/mI X 2)

.

Animals/

group

Plasma steroid

concentrations (mean ± SEM)

E2 (pg/mI) P (nglml)

1 Oil Oil 8 5.4 ± 0.6 1.0 ± 0.1

2 37.5 Oil 9 7.1 ± 0.6 1.5 ± 0.3

3 37.5 50 10 7.0 ± 0.4 13.9 ± 1.2

4 75.0 Oil 11 9.6 ± 0.5 1.5 ± 0.3

5 75.0 50 11 9.5 ± 0.5 14.2 ± 1.2

6 150.0 Oil 9 15.3 ± 0.9 1.2 ± 0.2

7 150.0 50 9 15.4 ± 0.7 15.2 ± 1.4

8 150.0 No treatment 4 15.2 ± 0.6 1.3 ± 0.3
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824 WISE ET AL.

TABLE 4. Plasma LH, FSH and PRL concentrations in OVX rats (mean ± SEM).

Time (h)

0900� 1200b 1300b 1400b 1500b 1600b i70#{248}�

LH (ng/mI) 290 ± 25’ 335 ± 31’ 280 ± 34 311 ± 18 305 ± 16 335 ± 55 315 ± 42

FSH (ng/mI) 859 ± 179 1382 ± 60’ 1177 ± 34 1127 ± 88 1097 ± 98 1385 ± 106 1175 ± 107

PRL (ng/ml) 35 ± 4t 31 ± 5� 22 ± it 45 ± 4t 43 ± lOt 29 ± 6t 38 ± 6�

aBlood removed via jugular cannulae under light ether anesthesia (Day 2). Oil capsule inserted s.c.

bBlOOd removed via jugular cannulae from unanesthetized, unrestrained rats (Day 2).

cTrunk blood collected after decapitation (Day 2).

‘Significantly greater (P<0.05) than all groups of steroid-treated rats.

tSignificantly less than E2 P(75)-, E2(150)-, and E2 P(150)-treated rats.

tions were significantly greater (P<0.05) than

those obtained in Groups 2 or 4 (Table 3), the

steroid-induced LH surges obtained were

comparable in temporal patterns and concen-

trations to those obtained in these groups (Fig.

1). When P capsules were implanted into rats

having plasma E2 levels of 15.4 ± 0.7 pg/mI

(Group 7), markedly higher peak concentra-

tions of LH were obtained (5580 ± 896 ng/ml)

and the surge began 1 h earlier (Fig. 1). These

LI-I concentrations are approximately fivefold

greater than those observed in E2 -treated

Groups 2, 4, and 6 and two- to threefold

greater than in E2 P-treated Groups 3 and 5.

Following OVX, plasma FSH concentrations

(Table 4) increased significantly over those

basal gonadotropin concentrations obtained in

cyclic rats (data not shown). E2 suppressed

elevated plasma FSI-I concentrations in OVX

rats only at 1200 h on Day 2. The effect of

estradiol did not depend upon the concentra-

tion of hormone (F ratio for dose = 2.868,

P<0.06). It appears that FSH surges did not

occur in E2-treated rats (F ratio for dose x

time = 1.66, P<0.08). Significant increases

(P<0.05) in plasma FSH were observed only in

E2 P-treated animals in Groups 3 and 7 but not

in Group 5 starting at 1400 h (F ratio for

hormone x time = 2.615, P<0.02; Table 5).

E2-treatment (F ratio for dose = 10.165,

P<0.0001) resulted in a significant increase in

baseline plasma prolactin concentrations at

0900 h on Day 2 in Groups 5, 6, and 7 only

(P<0.05, Table 6). A prolactin surge occurred

during the afternoon in Groups 2-7 (F ratio

for time = 12,673, P<0.0001). P treatment of

E2 -primed rats affected the surge (F ratio for

hormone x time = 2.394, P<0.03): it advanced

the PRL surge only when E2 was administered

at higher concentrations (Groups 5 and 7

significantly elevated at 1200 h; Groups 3, 4,

and 6 significantly elevated at 1400 h) (Table

6).

Experiment 3. Effect of Steroid Treatment

on LHRH Concentrations in Specific

Brain Areas

Three-way analysis of variance of ME-LHRH

concentrations revealed a significant interaction

between the presence or absence of P and

time (F ratio for hormone vs time = 7.154,

P<0.0002). When plasma E2 was elevated to

“�15 pg/mi and P capsules were implanted at

0900 h on Day 2 (Group 7), ME-LHRH con-

centrations were higher at 1200 h (P<0.05) and

lower at 1500 h (P<0.05) than in animals

treated with E2 alone (Group 6, Fig. 2). Furth-

ermore, one-way analysis of variance revealed a

significant effect of time in E2P(150)-treated

rats: ME-LHRI-I concentrations increased signif-

icantly between 1000 and 1200 h (P<0.05) and

decreased significantly between 1200 and 1500

h (P<0.05). Under other steroid treatment

protocols (Groups 2, 3, and 6), when steroid-

induced gonadotropin surges were of less

magnitude, no change in ME-LHRH was ob-

served prior to or concomitant with the surge.

No LHRH concentration changes occurred

during the day in SPN, SCN, RCA, MPN, or

AHN (Table 5) in treatment Groups 2, 3, 6, and

7.

When plasma E2 concentrations reached

“-‘15 pg/mi, ME-LHRH concentrations were
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significantly higher (Groups 6 and 7) than when

plasma E2 was lower (Groups 2 and 3; F ratio

for dose = 51.983, P<0.0001). The higher doses

#{149}�E�(375) of E2 had a significant effect on LHRH concen-

�#{176} E2P trations in the RCA (P<O.O1) and showed the

same trend in the MPN (P<0.06) and SPN

(P<O.06) (Table 7). No effect was observed in

the SCN or AHN.

These experimental results demonstrate that

#{149}.E (75) when low physiological plasma concentrations

EP of E2 are produced in OVX rats, LH surges
2 occur. However, greater LH peak concentra-

tions are not achieved when plasma E2 levels

are elevated from 7-15 pg/mI, although such

progressive increases in plasma E2 have pro-

found effects on the ability of P to enhance and

advance the gonadotropin surge. We examined

the responsiveness of E2 -treated rats to P 48 h

later since previous studies demonstrated that

maximal cytosol receptor concentrations are

observed at this time (Moguilewsky and Re-

naud, 1979). Thus, whereas plasma E2 concen-

trations of 7-10 pg/mI allow P to stimulate

slightly larger gonadotropin surges (60-80%),

when E2 concentrations are increased to �‘15

pg/mi for 48 h, the P-induced surge is fivefold

greater than in E2 -treated controls. The differ-

ential priming ability of E2 may be related to

the ability of such plasma concentrations to

induce differential amounts of hypothalamic P

receptors. Interestingly, intermediate plasma

concentrations of estradiol did not cause P to

stimulate an LH surge of intermediate ampli-

tude. It is possible that a threshold number of P

receptors is needed for the greatly enhanced

gonadotropin response, and this threshold

is achieved when “-‘15 pg of E2 are present in

plasma. indeed, the ability of P to induce

0900 1200 1400 1600

TIME(h)

FIG. 1. Plasma E2 was progressively elevated by

use of Silastic capsules. When capsules containing

37.5, 75.0, or 150 pg/mI E2 were implanted (Day 0),

spontaneous LU surges of equal magnitude were ob-

tained even though plasma E2 levels increased from

5.4 (OVX) to 7.1 (37.5) to 9.6 (75.0) to 15.3 (150)

pg/mI. P slightly amplified the LH surge in rats with

E2 levels of 7.1-9.6 pg/mI. In rats with E2 levels of

15.3 pg/mI, P produced a massive discharge of LH. P

advanced the time of the LU surge by 1 h in all

groups.

lordotic behavior in OVX E2-treated rats is

correlated temporally with the appearance of a

critical number of E2-induced P receptors in

specific areas of the brain (Moguilewsky and

Renaud, 1979). Statistically significant FSH

surges occurred only in E2 P-treated rats and

similar findings have been reported previously

(DePaolo and Barraclough, 1979). Further-

more, peak FSH plasma concentrations on Day

2 did not depend upon the initial priming dose

of E2.

LHRH concentrations in specific brain areas

and changes in these concentrations prior to

and concomitant with steroid-induced surges
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‘Significantly different from 0900 h PRL concentrations in equivalently steroid-treated animals.

TABLE 5. Plasma FSH concentrations (rig/mi) in steroid-treated OVX rats (mean ± SEM).

.
Steroid

(pg/mI)

Time (h)

0900 1200 1300 1400 1500 1600 1700

E2(37.5) 1097 ± 55 1008 ± 44 1012 ± 94 1092 ± 89 1188 ± 108 1121 ± 108 1306 ± 75
E2P(37.5) 913±106 1065± 71 1168± 85 1322±163’ 1681±192 1483±194’ 2003±229’

E2(75) 933 ± 108 921 ± 83 1210 ± 278 1062 ± 56 1082 ± 82 1000 ± 103 1213 ± 100

E2P(75) 939 ± 69 960 ± 108 1210 ± 141 1420 ± 174’ 1373 ± 214’ 1419 ± 208’ 1506 ± 270’

E2(l50) 798± 54 849± 53 872± 57 878± 76 992± 86 1110± 89 1588± 284

E2P(150) 735 ± 52 850 ± 54 1003 ± 217 1291 ± 208’ 1629 ± 253’ 1690 ± 259’ 2123 ± 225’

‘Significantly different from 0900 h FSH concentrations in equivalently steroid-treated animals.

differ depending upon the steroid treatment

regimen. Only when plasma LH reached peak

concentrations that were comparable to those

obtained on proestrus (Group 7) were changes

in ME-LHRH measurable. In this experimental

group, progesterone stimulated a significant rise

in ME-LHRH between 1000-1200 h and the

LH surge was accompanied by a significant

drop in LHRH between 1200-15 00 h. Perhaps

the amount of LHRH released into portal

plasma from the ME is not immediately re-

placed by more LHRH synthesized in and

transported from anterior brain areas. Simpkins

et al. (1980) reported progesterone-induced

fluctuations in regions within the mediobasal

hypothalamus. The changes in ME-LHRH

concentrations were not accompanied by

similar changes in any of the LHRH containing

anterior brain areas we examined. This is in

contrast to our previous observations in pro-

estrous rats where simultaneous parallel LHRH

changes occur in SCN, RCA, and MPN prior to

and during the proestrous LH surge (Wise et al.,

1981). Thus the effect of P on LHRH may be

limited to ME. Alternatively, it is possible

that 1) the effect of P on anterior brain areas is

too small to be detected using RIA method-

ology, or 2) axonal transport of LHRH to the

ME from the anterior hypothalamic areas

occurs simultaneously with rapid new synthesis

during the 3 h interval between P treatment and

autopsy. In this scheme, net changes in anterior

hypothalamic LHRH would not be detected in

our studies. When steroids induced LH surges of

lesser magnitude (Groups 2, 3, 6), no changes in

LHRH were detectable in any of the brain areas

examined despite the fact that other investiga-

tors report elevated LHRH concentrations in

portal plasma during steroid-induced surges

(Sarkar and Fink, 1979). Presumably, the

amounts of LHRH released are minimal and

they may be accompanied by the synthesis of

equivalent concentrations of LHRH to replen-

ish the released hormone thus making it impos-

sible to measure any net LI-IRH changes.

Indeed, Pilotte et al. (1980) found that small

elevations in portal plasma dopamine concen-

trations were not accompanied by comparable

changes in ME dopamine turnover rates (an

index of release). This observation suggests that

TABLE 6. Plasma prolactin concentrations (ng/ml) in steroid-treated OVX rats (mean ± SEM).

.

Steroid
Time(h)

(pg/mI) 0900 1200 1300 1400 1500 1600 1700

E2 (37.5) 79 ± 16 114 ± 39 232 ± 59 354 ± 68’ 371 ± 83’ 353 ± 73’ 200 ± 47

E2 P(37.5) 71 ± 16 251 ± 96 305 ± 95 403 ± 105’ 426 ± 86’ 315 ± 56’ 414 ± 75’
E2(75) 71 ± 9 71 ± 20 299 ± 73’ 309 ± 44’ 227 ± 61’ 220 ± 45 172 ± 33
E2P(75) 129±37 329±69’ 506± 80’ 469± 64’ 330± 39’ 254± 44 288±35
E2 (1 50) 225 ± 29 107 ± 26 285 ± 84 417 ± 84’ 585 ± 109’ 694 ± 100’ 444 ± 84’

E2P(150) 137 ± 18 408 ± 91’ 746 ± 134’ 612 ± 60’ 640 ± 48’ 528 ± 48’ 476 ± 45’
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Three-way analysis

Time (h) of variance

Treatmenta 1000 1200 1500 F value

Suprachiasmatic preoptic nucleus (SPN) -

Group 2 0.25 ± .09 0.23 ± .05 0.24 ± .07

Group 3 0.25 ± .10 0.17 ± .04 0.27 ± .06

Group 6 0.40 ± .17 0.41 ± .13 0.28 ± .07

Group 7 0.37 ± .07 0.27 ± .05 0.30 ± .09

Effect of dose of E2 3.439 0.06

Effect of presence of P 0.296 0.59

Effect of time 0.311 0.74

Suprachiasmatic nucleus (SCN)

0.19 ± .05 0.18 ± .04 0.22 ± .06

0.19 ± .04 0.18 ± .03 0.20 ± .04

0.16 ± .04 0.24 ± .04 0.23 ± .07

0.21 ± .02 0.30 ± .10 0.22 ± .07

Retrochiasmatic area (RCA)

0.26 ± .08 0.18 ± .10 0.24 ± .04

0.22 ± .05 0.21 ± .02 0.25 ± .05

0.38 ± .09 0.34 ± .08 0.40 ± .09

0.32 ± .08 0.29 ± .06 0.49 ± .14

Medial preoptic nucleus (MPN)

0.10 ± .03 0.14 ± .03 0.11 ± .02

0.10 ± .02 0.11 ± .01 0.10 ± .03

0.13 ± .03 0.15 ± .03 0.17 ± .04

0.16 ± .03 0.12 ± .02 0.12 ± .02

Anterior hypothalamic nucleus (AHN)

0.05 ± .00 0.06 ± .02 0.04 ± .01

0.06 ± .02 0.12 ± .03 0.06 ± .02

0.04 ± .01 0.09 ± .01 0.05 ± .01

0.09 ± .03 0.05 ± .01 0.06 ± .01

0.73

0.26

0.06

E2 AND E2 P EFFECTS ON LHRH, GONADOTROPINS, AND PRL 827

TABLE 7. LHRH concentrations (pg/pg protein; mean ± SEM) in specific brain areas of steroid-treated OVX rats.

Group 2

Group 3

Group 6

Group 7

Effect of dose of E2

Effect of presence of P

Effect of time

Group 2

Group 3

Group 6

Group 7

Effect of dose of E2

Effect of presence of P

Effect of time

Group 2

Group 3

Group 6

Group 7

Effect of dose of E2

Effect of presence of P

Effect of time

Group 2

Group 3

Group 6

Group 7

Effect of dose of E2

Effect of presence of P

Effect of time

aAil were steroid-treated as described in the Materials and Methods.

1.2 22

0.258

0.485

9.577

0.004

1.285

3.5 37

1.504

.085

0.120

1.468

3.046

0.27

0.62

0.62

0.01

1.00

0.28

.06

.22

.91

portal plasma hormone changes are a more

sensitive index than are changes in brain con-

centrations in terms of dopamine activity.

A parallel situation may exist in terms of brain

changes in LHRH and portal plasma hormone

changes. Kalra et al. (1978) also have reported

changes in medial basal hypothalamic (MB!-!)

LHRU concentrations during P-induced gonad-

otropin surges. However, the time sequence of

LHRH changes relative to the LI-i surge was

different from that observed by us. Further, in

their study LHRH was measured in a more
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MEDIAN EMINENCE LHRI-4

TIME (h)

FIG. 2. ME-LHRH concentrations in OVX rats

primed with 37.5 or 150 pg/mI E2 on Day 0 with or

without P (50 mg/mI) treatment on Day 2. LHRH

concentrations were significantly elevated in rats treat-

ed with higher E2 concentrations. E2 P (150) animals

exhibited a significant increase between 1000-1200 h

and a significant decrease between 1200-1500 h on

Day 2. No other steroid-treated group showed any

diurnal pattern concomitant with the LU surge.

grossly dissected MBH brain area and it is not

possible to differentiate whether the patterns of

change observed by them were limited to the

ME or involved other hypothalamic nuclei.

Treatment of ovariectomized rats with a

higher dose of E2 had a significantly greater

effect on ME-LHRH concentrations than

treatment with lower E2 concentrations. Thus

LHRI-l levels were lower in rats treated with E2

(37.5) (Groups 2, 3) and significantly higher in

E2 (Group 6)- and E2P (Group 7)-treated rats.

Furthermore the effect was also observed in the

RCA and the same trend, though not statistic-

ally significant, was seen in the SPN and the

MPN.

Rats in Groups 5, 6, and 7 had PRL plasma

levels which were significantly elevated above

concentrations in OVX rats at 0900 h on Day

2. Studies by others in which much higher

doses of E2 were used also found elevated

plasma PRL levels, and they attribute this

hyperprolactinemia to the actions of this

steroid within the hypothalamus (Bishop et al.,

1972; Caligaris and Taleisnik, 1974, 1976;

Nagasawa et al., 1969; Wiesel et al., 1978) and

the pituitary gland (Ben-David et al., 1964; Lu

et al., 1971; Raymond et al., 1978). In this

study, PRL surges occurred in rats in Groups

3-7 and these observations agree with those of

Neill (1980). As well, P advanced the PRL surge

but did not affect peak plasma concentrations.

Similar observations have been reported by

Caligaris and Taleisnik (1974) and Simpkins et

al. (1979).

In conclusion, these studies provide some

details on an experimental animal model which

can be useful in the study of many central

neuroendocrine events without concern for the

complications produced by pharmacological

plasma levels of sex steroids.
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