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I. INTRODUCTION 

.Among the endocrine ·products of the pituitary gland are follicle

stimulating hormone (FSH) and luteinizing hormone (LH), which together 

regulate the activity of gonads in mammals. Although both sexes possess 

the same pair of hormones, the secretory patterns and modes of action are 

sexually distinctive. 

Fevold, et al. (1931), first identified FSH and LH, and discovered 

that the former stimulated follicular growth in the ovary, while the latter 

caused ovulation and subsequent luteinization of the ruptured follicles. 

In the male, FSH was found to promote spermatogenesis, with LH stimulating 

the interstitial cells to secrete androgenic steroid hormones (Greep and 

Fevold, 1937). Later, Simpson, et al. (195i), showed that testosterone is 

a .necessary adjunct to FSH in spermatogenesis. 

In recent years, however, these long-held classical concepts for gona

dotropin action have been subjected to greater scrutiny, and evaluation, 

especially with regard to the female. LH was considered to cause ovulation 

by means of a sudden, ,massive release from the pituitary just prior to the 

observed follicular rupture (Greep, 1961). However, subsequent studies in· 

the human (Rosemberg and Keller, 1965), .and in the rat (Goldman and Mahesh, 

1968) and hamster (Goldman and Mahesh, 1969) have shown that a large surge 

of FSH occurs along.with the LH. Indeed, it was demonstrated, in this .lab 

(Goldman and Mahesh, 1968 and 1969) and others (Lostroh and Johnson, 1966), 

that FSH alone, in the absence of LH, may be the causal factor in ovulation. 

1 
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It is generally conceded that the often contradictory interpretations 

of gonadotropin regulation are the result of a lack of sufficiently sen

sitive assay techniques for the quantitative measurement of gonadotropic 

hormones. The normal patterns- of· secretion of FSH and LH have barely been 

charted. Bioassays for -FSH (Steelman and Pohley·, 1953) and LH (Greep, et 

al., 1941; Parlow, 1961) have been in use for some time, but such techni

ques are quite inadequate for measuring subtle changes in blood hormone 

levels (Gay and Bogdanove, 1969). 

However, application of the new radioimmunoassay principles has 

·now made possible highly accurate determinations of blood levels. Such 

systems have been available since 1966 for -rn (Midgley) and 1967 for FSH 

(Faiman and Ryan), and have recently been applied to the rat (Monroe, et 

al., 1968; Niswender, ~ al., 1968; ·Parlow, et al., 1969). 

In the present studies, the radioimmunoassay methods developed in 

our laboratory for ·FsH and LH are described. The application of these 

techniques to some rather basic studies on the control of gonadotropin 

secretion in the rat, using serum FSH and LH as integral parameters, is 

also presented. 



II. MATERIALS AND :METHODS 

A. RADIOIMMUNOASSAY ·oF FSH AND LH IN RAT SERUM 

Because radioimmunoassay techniques were first developed in our lab

oratory for intended use in this reaearch, a complete methodology is des

cribed here. 
'-

Certain essential materials, such as ·antisera and p~rified hormones, 

were not prepared in this laboratory. They were nbtained from the National 

Institute of Arthritis and Metabolic Diseases (NIAMD), with the exception 

of an anti-LH antiserum, which was a gift of Drs. G. D. Niswender and A. R. 

Midgley, ·Jr., of the University of Michigan. 

The published procedures for rat serum FSH (Parlow, et al., 1969) and 

LH (Monroe, et al., 1968; Niswender, et al., 1968) are not markedly dif

ferent from those employed here. A number of small changes have been made, 

to suit our particular laboratory conditions, and also to combine aspects 

of several procedures into one. The result of this has been the utilization 

of virtually identical methods for·FsH and LH determinations in the exper

iments ·which followed. 

Handling of Standards and Antisera 

Purified preparations of rat pituitary FSH and LH were used as stand

ards. The FSH (NIAMD~FsH-RP-1) had a biological potency of 2.1 x NIH~FSH

S-1, while the LH (NIAMD~LH-RP-1) was equivalent to 0.03 x "NIH-LH•S-1. A 

standard line was generated and used for determination of unknowns in each 

assay run. 

3 
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A small weighed amount of the .'lyophili"zed extract (either FSH or ··LH Y 
. . 

was. dissolved: in" 8: ·ph<?sphat~ buffer to a c.onc~~·tration of.2 .. 56 }J.g/ml, and 

then diluted serially ~ L: 2) down to .10_ ng/inl, a· to.tal o~ 9 solutions. . The 

phosphate buffer, called _PBS (Parlow, e.t al., 1969), consist·ed of 0.14 ·M 

NaCl and 0. 01 M. phosphate, .added as 'N?Hz~04· The pH had been adjusted to 

7.6 with 5 .N NaOH;, followed· by a trace o.f merthiolate (1:10,000) to act as 

a pr~servative. PBS was ·used as the basic buffer for most of the. radio-

·immunoassay solutions. In addition, the B:uffer ·for standards contained 1% 
( 

bovine serum albumin (BSA),.so it more closely re13embled the properties of 

serum.. Small aliq.uots of ea_ch standard concentration were kept -frozen until 

just ·before ·use. No. aliquot was used more than twice. 

The antisera, which had b~en made in rabbits, were likewise dilut~d 

in PBS buffer, to which had been ·added disodium ethylenediaminetetraacetate 

·(EDTA), 0. 01 M,; and, normal rabbit serum ··(NRS),. 1:400. The anti..;.LH was used 

- . 
at a dilution of 1:25~000, while the anti-FSH wa~ !a 1:625. Antisera were 

kept frozen and concentrated·; dilutions ·were prepared just' ·prior to use' 

and only for the amount being used 'in a single assay. 

Preparation of Lab~led Hormone 

Because radiolabeled preparations of these hormones are ·not avail~ble, 

it was necessary to make our -own by chemic~lly "bindi~g an isotope to the 

peptide material. The isotope of choice .was ··1311, detecta.ble by. virtue of 

its gamma ray emissions. It :was obtained as carrier-free·Na131I in NaOH 

from. Cambridge Nuclear .Corp., in amounts of 10 mCi/20 ul. The hormones for 

.labeling, supplied by.-the NIAMD, were_highly purified preparations·of rat 
. . ' 

pituitary FSH or ·rn. Due to the short radioactive half-life· of 131I, a 

batch of labeled hormone was prepared -for each assay. The method used is 
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somewhat ·similar to that of Greenwood, et al.. (1963), for iodination of 

growth hormone, and was·idehtical. for:both FSH and LH. 

To 2.5 IJ,g_of the hormone-was added 25 tJ.l of 0.5 M·phosphate, pH _7.5 

(not 'PBS; this was. made by mi:xing equal amounts of 0. 5 M N~H2Pq4 -and ~-~ 5 

M Na2HP04}. One millicurie of the isotope was added next. ·chloramine-T 

(Eastman Organic ·chemicals}, 15 tJ.l. of a 2 mg/ml solution, was ·then ~.added, 

to cause-binding of.iodirte to the hormone. The mi~turfrwas·agitated for 

exactly_2~ minutes, followed by addition of 50 "t-tl of a 2.5 mg/ml solution 

of sodium·metabisu~fite, which-stopped the iodination reaction. The solu

tions of Chloramine-T .and metabisulfite were in ·o. 05 M phosphate, a ··L: 10 

dilution of:the above-mentioned 0.5 M buffer., and were made· fresh for.each 

iodination .. Finally, 100;1-J.l of a transfer ·solutiqn; composed of-10 mg 

·.potassium iodide' 160 ·mg -~ucrose' and. 0 0 1 mg_ bromophenol hlue _per ·ml in. 

water' was added' and' th.~ mixture transferred to a' 1 :x; 15 em .column of :6io-
' . . 

gel· P-60 .. ·The re~~tion ·vfal was rinsed once-with- 70 ·Jl,l of-another solution, 

containing 10 mg_ potassium iodide,. 80 mg ~?ilcrose, and 0. Lmg br,omophenol 

blue ·per ml.in water; with the rinse-likewise-transferred to.the column . 

. . . The_ Bio-gel had been mi,x~d. irt_'·O: b5. M phosphate bufier ~and poured ._into 

a 30 ·em ·buret haying a sintered glass filter ·in -.the bottom. A _small amount· 

of 5% BSA•PBS had been run through the ~o lumn prior to the io'dinatioti., -_ i~ 

order to reduce non-specif_ic bin¢ting .of protein -.hormone to the· glass arid 

gel, followed by_a thorough washing with 0.05_ M phosphate. 

Twenty 1-mL aliquots were collected from the column, which served to 

retarp f:ree ·iodine not bound to· the _hormone. All aliquots were courited in 

a ·well-type manual gamma· counter which had been shielded so tha't 1 mCi 

gave about 60,000 CPM. Figure 1 shows .a typical pattern of activity;_in .the 



Figt;tre 1 Representative Pattern_of Elutio~ of Activity from Bio
~ P-60 Co"lumn after Labeli,ng, of FSH or I..H with 
T3-rr . 

Column size - 1 x 15 em. Values on the ordinate 
are counts in a manual gamma counter, where 1 mCi gives 
about 60,000 CPM. On the· abscissa are collected tube 
numbers, 1 ml volume-per tube." The void volume is 
about 3 ml. The first peak, of higher molecular weight, 
is considered to be radioactive~y. labeled hormone; the 
slower, lighter peak is unbound 113lr. 
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eluted samp_les. The f~r,st peak, considered to be-radioactively lab~led 

hormone, was always quite distinguishable from the lighter unbound iodine. 

The tube in the first peak with the greatest activity (usually-number 4 

or 5) was felt to be free of unbdund ~odine, and supplied the labeled hor-

m~ne used for the assay. The hormone was diluted in 0.1% BSA-PBS so that 

100 ul gave about 50,000 CPM in the more ·sensitive Packard auto gamma 

spectrometer (model 3003). This latter counter was a well-type sodium 

iodide crystal spectrometer capable of handling 100 samples. Its two chan-

nels had discrete discriminator controls, one set near the principal gamma 

energy of l3li, about 460 kev, while the other was set·for a wider window 

in the range of 400 - 500 kev. 

·Specific activity.of the iodinated hormone was determined following 

each preparation, according to the formula: 

( lOOO t.LCi) (l _ CPM before transfer) {_ CPM recovered ) (_ horm·one · CPM ). 
CPM after transfer \CPM transferred \?PM recovered 

[ (CPM before transfer~ ( CPM recovered ) 
(Z.S ~g) t:- CPM after transfer2J ·CPM ttansferred 

While many of the terms cancel out and thus had no effect. upon the 

final value, they were_ still included in the computations, as much in-

formation was gained by their -use. 

Table I presents this intermediate data. It is at first obvious that 

much activity remained in the reaction vessel after transfer to the column. 

After determining that several rinses could not reduce this remainder, it 

was then noted that if the only activity. in a vial consisted of free radio-

active iodine, it was nearly all transferred with only one rinse. Thus, 
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Table I. Determination of Specific Activity· of Radioiodinated 
FSH and Lll. Composite of ~·Runs ---

FSH LH 

mean range mean ·range 

CPM before transfer 65 '510 (55 ,340-77 ,201) 61,365 (44 ,090-77 ,441) 

CPM after. transfer ·8,355 (2,861'-12,905) 9,780 (5,701-13,747) 

CPM transferred 56,952 ( 4 7 ' 440 -7 2 ' 3 15) 51' 598 (34' 901-64 ,490) 

% transferred 87.1 (78.9-95.5) 83.8. (76.5-9l.l) 

~g hormone transferred 2.2 (4.0-2.4) 2.1 (1.9-2.3) 

~Ci isotope transferred 871 (78.9-956) 838 (765~911) 

CPM recovered 53,007 (43,367-68,600) 46,541 (32 ,418-61 ,433) 

CPM transferred 56,952. ( 4 7 '440-7 2 ' 3 15) 51,598 (34,901-64,490) 

% recovered 92.9 ·, (82.8-97.8) 90.4 (76~4-98.1) 

~g hormone recovered 2.0. (1.9-2.3) 1.9 (1. 7-2.2) 

~Ci isotope recovered 809 (745-906) 757 (690-882) 

hormone CPM ·.23 '941 (14,903-44,527) 20,036 (13,760-34,874) 

CPM recovered 53,007 ( 43 '367.-68 '600) 46,541 (32 ,418-6:1,433) 

% CPM bound 44.7 (31.5-75.0)' 43.0 (34.4-62.2) 

~Ci bound 362 (241-633) 325 (252-433) 

specific activity 
(~Ci/IJ,g) 179 (126-300) 172 (138-251) 
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the high remainder ·was con.s·idered to be labeled. hormone adhering ~0 the 

·glass vessel, and the speci_fic activity -scheme inqluded a like ·adjustment 

for ·a_ reduced amount of hormone as well. as activity-transferred. 

After all.20 .t.ubes had.been c·ounted, .and the backgrou,r:ld<subtracted 

(usually. the average of tubes 1 - 3), th~ ·.total CPM reco~ere.d fro~ the 

. ' _..,.- ' 

column was -compar-ed. to the··CPM .transferred. .An ,additional reduction in 

acti'vity was observed, .presumably 'due to some labeled hormone .adhering ·to 

the glass· column and· gel; adjustments to both activity :and hormone re-

· cov~red· were agafn .indicated .. 

Finally, a to.tal was made of the activity. in the first -peak--u·p t.o 

but ·not including_ the lowest count between the- twqcpea:t<s. This. was ex-

·pressed as ·a perc.entage of the total CPM ._recovered, and .then as· the number 
. I 

of m:lcrocuries contained within the hormon.e p·eak. Division by the .number 

· {-;. of ·micrograms recovered. gave the specific activity of the·1abeled hormone, 

iri -,tJ,Ci/ tJ,g. 

After a number ·of runs, it was concluded that ·a specific·activity 

of 200~~Ci/tJ,g, or 50% of iodine bound to hormone, was .ideal, wit~ ·25% 

(100 tJ,Ci/tJ,g) as ·the·minimum .ac·cept'~ble. ·-The.rather high:r,et~.ntion of 

activity arid .hormon·e 'in the reaction vessel was not ·cons·'idered -detrimental 

as only a small portion of, the horm~~e rec~vered was·actually needed .for 

an average 100-tube assay .. In addition, the ·activity .. remaining served as· 

an .early -'indicator of the succes·s ~f"_.lap_eling. A low ·cPM after tran:sfer 
- .· ..... 

. indicated a ·poor i'?_dination, . s:lrice the hormone which was surely adhe·ring 

to the glass had not ·been .tagged .. · ~hus .the time of collecting and _·count-· 

::lng: .20 tubes ·could be spared and a second iodination run imrnediateiy. 
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The Assay··procedure 

A complete radioimmunoassay required a seven-day_period. ·On the first 

day, 12 x 75 mm plastic tubes were arranged: two sets of 9 each for the 

standards and one for each sample unknown. The total sample or standard 

volume was 0.5 ml, but usually only 0.2 ml serum was needed, with the dif

ference being made up by. additio_n of 1% BSA-PBS to each tube. The stand

ards were also 0.2 ml per tube, so that unknown values could be directly 

c-ompared to standards as concentration per ml. Each tube then received 

0. 2 ml of the appropriate antiserum, anti-FSH at 1:-625 or anti-LH at 

1:25,000. The tubes were mixed briefly ·and stored at 4 C for 24 hours.· 

On the next day, the hormone iodinations were carried out. One hun

dred microliters of the appropriate labeled hormone was added to each 

tube, followed by_ mixing and refrigeration for ·another 24 hours. 

On the third day, the hormone antibody complex was precipitated by 

the use of a second antibody. Since all the anti-hormone sera had been 

obtained in rabbits, an anti-rabbit gamma globulin was used. This second 

antibody was produced in our own laboratory by immunizing goats, and was 

diluted 1:10 in PBS for use. Two hundred microliters was introduced into 

each assay tube and followed by mixing and incubation at 4 C for 4 days. 

The longer incubation was necessary in order to .allow completion of this 

slower second antibody reaction. 

On the seventh day, the assay tubes .were centrifuged in the cold at 

2500 RPM. The supernatant was decanted and the tubes allowed to drain. In 

addition, each tube was wiped around the lip before cou_nting in the auto 

gamma spectrometer for one minute. 
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·Each assay_set contained 9 tubes in addition to the standards· and 

. samples, to allow. better control and interpretation of results. Three had 

only anti-hormone antiserum and labeled hormone (no cold hormone or _-sample). 

This was to determine the maximum binding capacity of the antiserum ali-

-quot of each tube, or ·the counts obtained from .a· 11 zerou sample. ~he 

other 6.tubes contained only labeled hormone. Three of these were decanted 

with the others, to indicate the amount of- res,idual ac.tivity remaining 

.after decanting, not.due· to antibody binding~ 'The other·.·3 were not de-

c·anted and thus represent'ed the total radioactivity ·adde~ to each tube in 
. . . 

the assay, as measured oil the day.of final counting. 

Determination of Unknown Values· 

An assay -set ·contafned. two sample·s of each. of 9 stap.dard concentra-

tions. By using the average counts of the three "zero" .samples, each.stan-
,-. 

dard could be expressed as ·a percentage of the zero bound. Because in,;,. 

creasing standard, concentration meant reduced sit~s available for -radio-

active hormone binding, _a standard ·line was produced with a negative slope. 

Figure- 2 shows representative curves of FSH and LH standards when 

plotted against the-ir ·percentage binding. When a ·semi-log plot' is used, 

the relationship is linear over -a wide range. For ·FSH, this- linearity 

begins at about 100 ng/ml, while for -rn at about 30 ng/ml.· 

The -activity .of each unknown sample was likewise trans-formed to a 

-percentage of the zero cont~o ls, and ·then compared to the standard line 

according to the formula: 

y = m log x + b 



Figure 2 Typical Standard Lines of FSH and LH in the·Radio
immunoassay System 

On the abscissa are plotted nanograms of purified 
rat pituitary_ standard, per ml of tes·t solution. Note 
that the relationship is logarithmic. On the ·ordinate 
is percentage of precipitated counts bound to the anti
serum~ compared with activity bound by ·controls, or the 
nzero" concentration standards. For LH,· linearity runs 
from about 30 ng/ml to 800 ng/ml. With FSH,. linearity 
begins at about 100 ng/ml and runs ·past 2500 ng/ml. 

13 
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The slope (m) and y-intercept (b) were calculated from .the equation for 

.the standard line, and the unknown percentage of counts bound was sub

stituted for y. This allowed solving for x, which was the concentration 

of hormone in the unknown sample, in ng/ml of the standard. 

Each assay run contained a complete standar·d line; which was used 

only. for the serum .·samples of that partic·ular assay. Nearly ,-all samples 

fell within the linear_portions of the standard line. !f not, theywere 

repeated at great~r or. lesser dilutions. ·When sufficient ·volume permitted, 

sera were measured in two consecutive assays to confirm their reading. A 

third measurement was qnly_occasionally pecessary. 



B. EXPERIMENTS ON CONTROL OF GONADOTROPIN SECRETION 

Follicle-stimulating hormone and luteinizing hormone belong to a 

group of pituitary.··tttrophins 11 , which stimulate endoc-rine tissues elsewhere 

in the body, and which are contr-olled in turn by the secretions of these 

target organs. Thus a continuous dynamic ~elationship exists between the 

gonads and FSH and- LH. However, the fact that two separate hormones are 

involved with the same. target organ, .and _sometimes even the same physio

logic process (e.g. ovulation), has presented numerous problems to those 

investigating control .of these hormones. 

The development of pensitive assays for ·FsH and LH in blood enabled 

us to look at the ~uestion of gonadotropin control with a greater assur

ance than previously possible. The basic approach of the experiments was 

to first chart responses of FSH and LH during normal reproductive condi

tions, followed by studies in the classic endocrine manner, namely ex

tirpation and hormone replacement. The establishment of a dynamic state 

even before puberty led us to pursue this area in greater detail, since 

immaturity has heretofore undergone relatively little conclusive inves

tigation. 

The rat was chosen as the experimental animal because it is among 

the easiest to obtain and care for. The female exhibits a spontaneous 

cycling pattern of ovulation, as does the human female, while the male 

reproductive physiology is ·considered quite similar to that of the human. 

16 



In addition, the radioimmunoassay reagents obtained from the NIAMD were 

developed specifically, for measurement of FSH and LH in rat sera. 

17 

Animals were obtained from. the Holtzman Company in groups large 

enough for a complete experiment, and all were born on the same day. They 

were housed _under automatic light control (on at 5:00AM, off at 7:00 .PM) 

and given water and rat chow ad lib. 

Ovulatory·Events in the Female Rat 

Although ovulation has now ·been definitely_ correlated with a massive 

release of pituitary FSH and LH shortly before rupture of the follicle, 

the exact nature and timing of this release is ·still poorly understood. 

-It was therefore concluded that a time-sequence study involving hormone 

levels in blood as well as other reproductive parameters would be a con

tributing step toward this understanding. 

It was felt that the adult female rat·was not suitable for this ·pur

pose, chiefly because of the unreliability of determining the exact re

productive state during various stages of the cycle. Vaginal smears, the 

common basis for ·cycle stage determination, were often imprecise or mis

leading; for instance, many animals judged by smear ·as having just ovu

lated showed no evidence of such upon autopsy. 

For this reason, a special experimental model was used, in which an 

animal approaching puberty was induced to ovulate for the first time. 

This proved to be a completely reliable method for synchronizing events in 

a large group of animals. It also had the advantage of intensifying cer

tain changes, since they were happening for the first time to a previously 

. undeveloped system. 
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Induction of ovulation was carried out by the use of pregnant mare 

serum gonadotropin (PMS). The hormone preparation (Equinex, Ayerst) was 

administered by a single subcutaneous injection, .4· IU in 0.2 ml.saline, 

to females on the morning of their 30th day of life. Ovulation was 

expected on day 33, with the gonadotropin surge occurring one day before. 

Groups of animals were therefore sacrificed, bled, and examined two times 

on day 31, six times on day 32, and twice more on day_-33. 

Blood was collected via cardiac puncture in plain (non-heparinized) 

Vacut-ainer tubes, allowed to clot, and centrifuged to obtain serum, which 

was then frozen until assayed. The ovaries and uteri were excised, dis

sected, and weighed, and were visually examined for various changes in ap

pearance which might be indicative of reproductive conditions at that 

time. The oviducts were examined in fresh preparation under a microscope 

for the presence of ova. 

In addition .to serum FSH and LH, a measurement was ·made of serum 

prolactin. The method was not essentially-different from the one already 

described for FSH and LH (Niswender, et al., 1969), with antisera and 

hormone preparations again being provided by the NIAMD. Because ·prolactin 

is a known luteotropic hormone (LTH) in the rat, it was felt ·that serum 

values would greatly enhance our overall observations. 

Age of Onset of Puberty in the Female Rat 

As a prelude to our ·investigations on the immature animal, it was 

decided to first determine the upper age limit on this stage of life. 

Forty-eight rats were sacrificed and autopsied beginning with day_25, at 

3 per day, up to day 40. Ovaries and uteri were visually examined and 

weighed, and oviducts checked for signs of ovulation. 
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Castration in.the immature Rat ·---· --
The sensitive relationship between gonadal-function and pituitary 

·output has been ·rec·og~ized fqr -some time, but the .nature (and indeed 

.. ' 
purpose) of such a relationship before. puberty. is not so well documented 

(a comprehensive review of this .subject has been presented by ·McCann and 

Ramirez, 1964). 

It-was decided to begin investigations on __ sensitivity_ during the im-

mature state by following changes in serum levels of·FsH and LH after sur-

gical removal of th~ gonads. Ovariectomy·was performed on 26-day-old fe-

male rats ·under ether anesthesia by means ·of two lateral clorsal _incisions. 

Orchidectomy, likewise at 26 days of age, was ·performed by-a single mid-

scrotal incision under ·ether anesthesia. 

A group of 7 animals thus castrated was bled from .. the tail 3 days 

post-operative (age ·29 days), and sacrif:i_ced and bled again 6 ,days after 

·the. surgery. (age 32 days) .. Another group of 7 castrates was ·first bled 

9 days post-operative_(age 35 da:rs), then at 12 'days (age 38) and 15 days 

(4~) ~ at which time they_ ·were sacrificed. Tail bleeding without .·sacrifice 

was ·performed-under light ·ether ·anesthesia; the wound was ·cauterized .with 

a hot scalpel. Approximately 1 - t~ ml _of 'blo'dd was drawn at thes·e times. 

When it was ·discovered that extreme serum gonadotropin changes·had 

already occurred.by ·3 days ·post-operative, another set of each sex·w:as 

·castrated at 26 d"ays of age. Various numbers of these were sacrificed _and 

bled at-4, 8, 12, 24, and 48 hdurs after surgery. 

Castration Plus Steroid Replacement in Pharmocologic Doses 

The establishment that both FSH and LH secretion are quite responsive 

to the presenc·e of an .immature gonad was then .followed ._by_-studies designed 



to det.ermine which gonadal factors couid be involved. It was therefore· 

decided· to attempt-~eplacement therapy on castrated animals by admint~t~a-

tion of some known gonadal steroids, namely estradiol,_testosterone, and 

progesterone. In ~ddition,. SO:-dihydrotestosterqne (DHT) .was given to a-

group because ·of muc~ _recent interest in this a:11drogertic compound and 

its actions.at the tiss~~ level (Wilson and Gloyna, 1970). 

Pharmaco_logic overdo-ses we:re intentionally _·given .to insure_ that"_ any 

possible effects Ot:J. FSH or ·LH (e. g. suppression) would certainly ,:be -al--

lowed to occur. Orchidectomies ·and ovariectomies -were performed as pre-

viously described·at 26 da~s of age, with replacement ·begun at·the time 

of surgery. The dosages ~f Steroid administr~tion were: e~tradiol - 10 

J.Lg/kg/ day, testosterone - 2 .rng/kg/ day, _ DHT - 10 mg/kg/ day, prog_es terone 

-10 mg/kg/day .. These dosages ·were -split into- two injections d~ily, given 

subcutaneously-in a corn oil-vehicle, 0.1 ml-per injection. 4 control 

castrate group.was given vehicle-only. twice a day. 

- One set of 7 an:i,mals ·per. treatment group was injected for -6 days 

post-operative, then sacrificed and bled. T-hey ·had also been bled from 

the tail 3 days after sur.gery and. cormriencement of -treatment. A second 

set (7 animals per ·group) was tree3:ted for·lS days, wlth bleedings- at -9 

and 12 days of treatment, and u~op. sacrific·e at 15 days.·_ -

Intermedia-te bleed~ngs ·(tail) and sacrifice bleeding· (cardiac punc.-

ture)' have been.previo~sly,described. Sera was obtained. and assayed -for 

-FSH and LH. 

Castration Plus 'Replac·ement :j_n 'Physi<;>logic ·noses 

The results-of pharmacologic -repla~ement studies led us to further 
' . 

investigation using dose_s ·in the physiolo~ic -r~nge·~·- Or,chidectomies or 
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. ovariectomies ·were p~rformed at. 26 days of_ age,, and. treatmen.t begun im-

mediately. · Table II presents the treatments and: dosage~ ·used. 

·Table II. Design of Physiologic Steroid Replacement ·in' Castrated Rats· 

Hormone: 

.·.Sex: 

Duration of 
Treatment: 

' * Dosages.': 
(J,J.g/kg/day) 

tes.tos terone DHT 

male male 

7 days 7 days 

100 50 
200 100 
400 ,200' 
800 400 

fluoxymesterone 

male 

·7 days 

100 
:200 

.400 
.800 

estradiol 

female· 

5 days 

.0375 

.075 
·• 20 
.30 
.40 
.80-

-1.20 
J. 60 

estradiol 

male 

. · 7. days 

.025. 
' .. 15. 
. 50. 

1. 33' 

7, animals ·per treatment dosage. -Each hormone set contained two add.iti<?nal 
groups of 7 each, castrated and non.-cas trated, which re-ceived 0 .:1· ml corn · 
o.il vehicle twice daily.· 

In addition to testosterone·and DHT- rep~acement, a third set qJ male 

rats ·was ·treated with fluoxymeste-rone (Ultrandren, CIBA No . .;t-4223), a 
' ' 

syntheti_c ·androgenic steroid (9a-fluoro-ll~-hydroxy~-170:-methyltes tos-

terone). As before, ~ll.dosages were .given twice daily·: in 6.1 ml _corn ~i:l; 

groups of ·castrated and non-castr~ted animals given oil only_were inc·luded 

in _each set. After 7·days of treatment, the animals were· sacrificed and 

bled by cardiac puncture. In addition, the seminal vesicles and ventral 

prostate of each.animal were dissected.and·weighed. 

-Estradiol was given to fem_ale castrated· ra~s _in :the same manner,, but 

for 5 days: only._· Upon.- sacrifice·,,_ the a~imals .were bled,'. and the uteri 

dissected out and weighed. Finally, ano·ther set of castrated males was 

·given estradiol in dosages ·representative of the female ·physi·ologic ra:ng:e. 



III. RESULTS 

Ovulatory Events ._in the·Female Rat 

. A total of .. 103 animals .were used in·. this study,· with various numbers 

sacrificed and examined at 10 different times during the 3-day period. 

Results are shown in figure 3 . 

. It can be .seen that serum FSH, LH, .and prolactin were ·quite· low 

-during day.·31 and on.day 32 untill2:00 noon. -All beg~n to riseby·2:·oo:PM, 

with LH having a maximum peak .at 4:00--PM, _and FSH at ~6:00 'PM. Serum pro-

lactin continued· to rise throughout the night, reaching· a maxtmum observed 

at 8:00AM the ne~t.t day.· B.oth FSH .and LH, fell sharply from the-ir day,-32 

peaks,_ and were quite low ·again .by>day ·3~ ., _Thes_e .:data were examined (as 

·were all other data obta~n~d; see Appendix) by Duncan's :multi-r-ange analxsis 
. ,, . . . ' . ' --

' . - . < . . . . . : . 

(S.teel and Torrie, .1960), and· ft:~ was ·possible to show ,that FSH was higher 

at.6:00 .PM .on day-32 (p<.05) .while LH·:was ·lower (p<.Ol), comi'ared to 
. .. 

their respective values. at4:00:·PM.· Thus serum:LH was falling as FSH 

was rising ~urin~~~his period. Furthermore, FSH was ,still h~~her at ·11;00 

PM than at 12:00 :noon .(p< .. Ol), _while LH was- not, inqicating _tq~t the 'LH 

surge had been of -a-shorter duration--less ·than· 12 hours. The mean FSH 

values between 12:00 noon :and 6:00-PM on day 32 propagate a straight line-

(r = .999), while the.LH .increase between 12:00 noon and-4:00PM is like-

wise linear (r -= .996). Good linearity ·could also be demonstrated for·the-

prolactin increase between 12;00 noon on day_ 32 and 8:00AM on d~y. 33 

(r- = . 952). 
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Figure 3 Serum FSH, LH, Prolactin, and Ovarian and Uterine 
Weights in Rats Primed with ~ IU of-·Pregnant Mare 
Serum (PMS) at 30 Days of Age 

Values on the ordinate are respective units of hor
mone concentration, per ·ml serum, or organ weights. On 
the abscissa ar-e units of time during· 3 days 'following 
a single dose of 4 -IU'PMS during the morning of day 30. 
Animal room_ lights go on at 5:00AM and off at 7:00_ PM, 
EST. 

Each point represents the mean of 9 - 15 animals sac
rificed at that time; the limits of one standard error 
above and below the mean are indicated. 
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Figure 3 also presents ovarian and uterine weights in these animals. 

Ovarian weight did not show a significant increase over day ·31 values 

until 4:,00 ·PM of day ·32. The rise continued until 11:00 PM, and remained 

at this level through the next day. A linear relationship can also be used 

to describe this increase, betwee~ 12:00 noon and 11:00 PM (r = .989). By 

gross appearance, the ovaries of the animals examined on day 31 were un-

stimulated and pale in color. Follicular development was ·evident on the 

morning of day ·32, with a gradual darkening of color during the afternoon. 

By 11:00 PM, the ovaries were markedly enlarged, with clusters of ripe 

follicles ·and a blood-red color. On day 33, the size was reduced (al-

though the weight·was ·not); the bulbous follicles had been replaced by 

·small dark spots, considered to be corpora hemorrhagica. 

The uterine weights began to increase sooner than those of the ovaries, 

showing a significant rise at 8:00 AM .on day ·32 (p<. 0.1). A maximum 

was .observed on the late afternoon and evening of that da.y, followed by·a 

dramatic reduction on the next day (p<.Ol). Beginning at 8:00AM on day 

32, the uteri contained s ignifican.t amounts of fluid, which had to be 

drained before weighing~. At 6:00PM and 11:00 PM the uteri were quite dis-

tended with fluid; it was difficult to dissect·without ·puncturing them. 

None of the uteri examined on day 33 showed any accumulation of fluid. 

All but one animal of each group examined on day 33 presented ova 

I 
in their oviducts. No ova were found on days ·31 and 32, even as ·late as 

ll:OO-PM on day 32. 

Events of Approaching·J?uberty in the Female Rat 
/ 

Table ·rrr presents data on female rats sacrificed and examined daily 

from 25 to 40 days of age. It shows that little progression was made 
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TABLE III. Changes in Reproductive Conditions in ·Female Rats ~ to 
the ·onset of Puberty 

Age Ovarian wt. (mg) Uterine wt. (mg) Tubal Vagina 
(days) and condition (a) and c·ondition (b) ova open 

26 42 
25 25 61 

20 59 

19 53 
26 28 71 

27 49 

18 56 
27 20 59 

24 67 

26 60 
28 28 60 

23 45 

18 '52 
29 19 47 

25 57 

21 60 
30 28 55 

21 74 

23 83 
31 21 58 

28 61 

25 68 ~ 

32 17 39 -
28 '125+ 

18 87 
33 24 111 

23 97 

26 97 
34 20 61 

19 81 

27 79 
35 '27 '100+ 

29 F 168+ 
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Table III (continued) 

Age · Ovarian wt. (mg) Uterine wt. (mg) Tubal Vagina 
(days) and condition (a) and condition (b) ova open 

36 

37 

38 

39 

40 

42 F 191-1+ 
40 F 130+ 
21 48 

44 H 165+ :8 + 3 + 
: 

42 H 173+ 4 + 4 + 
19 53 

50·H 147+ '7 + 4 + 
35 F 171-1+ 
29 F 168+ 

45 F 159+ 
31 88 + 
.41 F 163+ 

26 77 + 
53 F 196--1+ .+ 
39 H 130+ 2 + 5- + 

(a) - F means that follicular development was markedly evident 
H means. that small dark ~pots were found instead of follicles, 

and were considered to be co~pora haemorrhagica 

(b) - ·+ means enlarged uterus without fluid obvious 
-1+ ineans visible accumulation of fluid 
-1-H- means uterus grossly distended with fluid 
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toward the first ovulation until-35 days of age, when two-animals had some 

·degree of u_terine stimulation, and one of thes-e also had visihle follicular 

development. The firs·t tubal ova were· seen at 37 days, along with vaginal 

opening. On days· 39 and 40, one animal i_n each group had uns timtiiliated 

ovaries ·and uteri~ but an open vagina, . indicating_ that an ovulation had 

perhaps occurred two days previously. One rat on.day 40 showed marked 

follicular :and uterine development along with an open vagina; the impending 

ovulation -was- probably not the first.· On- the other hand, one animal 37 · 

days old showed not the slightest .beginnings of stimulation. 

In summary, ·these investigations indicated that, in -~his strain of 

rat (Holtzman--Sprague-Dawley), th_e first ovulation may. occur -as early ,as 

36 or 37 days of age, and as late:as day_--40. With puberty-being defined 

as this occurrence, it was quite useful for deciding the. appropriate-age 

of the ·animal and duration of further_ ·experiments to be conducted on "im

mature; prepubertal" animals. 

Changes in Serum.FSH and LH .Following Ca!3tration of:Immature Rats 

Serum FSH and LH levels of female r:ats ovariectomized at 26 days of 

age-are presented in figure 4, and are compared with -values from .intact 

controls of the same-ages. 'It can-be seen readily that both FSH and--LH 

were significantly ,elevated in castrates (p<. 01) as ·early _·as ·3 days after 

surgery, and they ·continued to remain high. Castrate·LH showed an ap

parent rise during_the period, with the values of days 38 and 41 being 

significantly higher ·than .the day -29 castrate (p<. 05). . Castrate 'FSH was 

unchanged during_ the examination .per-iod; its -maximum had flp.parently been 

reached within 3 days following ovariectomy. 

FSH and LH in sera of orchidectomized males of the same age is shown 

in figure 5. In this case, it was 'FSH which underwent the rise in· time, 



Figure 4 Serum FSH and(LH in Female Rats ·ovariectomized at ·26 
Days of ~~;Co~ar'ed wit~tact ·controls --

Age, in days, is marked on the abscis·sa; on the 
ordinate are units of standard FSH or ·LH, in ng per 
ml ser-um.' Each point repres-ents the mean of. 7 animp.ls, 
with the limits -of one standard error above and below 
the mean indicated. The first ·two values are from the 
same group of rats, bled at 29 days and s-acr-ificed at 
32. The last three .p·oints are from a second group, bled 
at 35_ ~nd 38 days, and sacrificed at 41.· 
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Figure 5 Serum FSH and ;LH in Male Rats Orchidectomized at 26 
Days of Age, Compared with Intact·controls 

Age, in days, is marked on the abscissa; on the 
ordinate are units of standard FSH or ·rn, in ng per ml 
serum. Each point represents the mean of 7 animals, with 
the limits of one standard error ·above and below the mean 
indicated. The first two values are from the same group 
of rats, bled at 29 days and sacrificed at 32. The last 
three points are from a second group, bled at 35 and 38 
days, and ·sacrificed at 41. 
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with the values of days 35, 38, and 41 all being ~ignificantly higher than 

at day 29 · (p<. 01). LH changes ·appeared erratic and ·were not statistically 

different. Note, however, that the final LH levels in castrate females 

were substantially higher than those in the males (both sets of sera bad 

been measured in the same assays), while serum FSH was generally the same 

in both sexes.· 

Of considerable interest, too, are the changes in intact serum FSH 

and LH, as these animals entered puberty during the experimental period. 

A rise in female FSH was seen at days 35 and 38 (both p<.Ol), .a time 

whe.n the first ovulation was expected to occur. Serum LH did not show a 

significant rise until day 41 (p<.Ol). Serum FSH in control males was 

higher at day 32 than at day 29 (p<.Ol), and also higher than females 

32 days old (Student's t test, p< .. Ol). From there, it showed a steady 

decrease to day 41. Serum LH of intact male rats. did not change signi-

ficantly over the entire period. 

When this experiment was repeated in order to measure FSH and LH 

changes 'Yithin the first hours after castration, the results shown in 

figures 6 and 7 were obtaineq. In females (figure 6), the first signifi~ 

cant rise in FSH occurred by 24 hours after surgery (p<.05), while for 

LH only the 48-hour value was significantly higher than 0 hours (p<t.:Ol). 
. . . 

In orchidectomized males (figure 7), s-erum FSH was significantly elevated 

after only 8 hours (p<.Ol), while LH was higher at 12 hours (p<.OS). 

Finally, analysis by Student's t test showed that, following castra-

tion, male serum FSH and LH was higher than female at 8, 12, and 24 hours 

(p<.Ol), but not ·at 48 hours. In addition, male FSH was higher at the 

time of surgery (0 hours) than the females (p<.Ol). 



Figure 6 Serum FSH and LH in Female Rats Ovariectomized at 26 
Days of Age,Me;;ured wit~the First 48 Hou;; ;£ter 
Castration · 

Hours following surgery are marked on the abscissa; 
on the·ordinate are units of standard FSH or LH, in ng 
per m1 serum. Each point represents the v~lue from one 
animal sacrificed at the ·indicated time. The small 
horizontal line locates the group mean, and .the bar re
presents one standard error ·above ·and below each mean. 
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Figure 7 Serum FSH and'LH in Male Rats Orchidectomized at 26 Days 
of Age, Measured within the First 48 Ho1..1rs after 
Castration 

Hours following surgery are marked on the abscissa; 
on the ordinate are units of standard FSH or ·LH, in ng per 
·ml serum. Each point represents the value· from one_ animal 
sacrificed at the indicated time. The small horizontal line 
locates the group mean, and the bar represents one standard 
error above and below each mean. 
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In summary, serum gonadotr-opins o:P both sexes were observed to 

respond quite rapidly to removal of gonads from immature, 26-·day-old 

animals. ·FSH rose s·lightly more rapidly· than LH, and males showed the 

changes sooner than females. 

·Castration plus S.teroid Replacement in ·Pharmacolog_ic Doses 

38 

Figure 8 shows the results of replacement with various steroids in 

ovariectomized, 26-day-old rats. It is quite apparent that the doses of 

estradiol, testosterone, and dihydro~estosterone (DHT) all inhibited sig

nificantly both. serum··FsH 'and LH (p<. 01), whereas progesterone· did not. 

Two sets of animals, representing, ·respectively, treatment for up to 6 

days and 15 days, both responded in this ·fashion. Compared to their re

spective castrate-controls, LH appeared to be more completely suppressed 

than .. FSH. 

In figure 9 are the data of male rats of the same age treated in 

the sam~ manner; the overall response was the same as the females'. 

Castration Elus Steroid Replacem~nt in Physiolog_!_c Doses 

Following 7 days of testosterone .replacement in the dosage range of 

100 - 800 J,.tg/kg/day in male rats orchidectomized at 26 days of age, the 

data summarized in figure 10 were obtained. Note first that serum ·LH was 

appreciably more responsive. to testosterone than FSH. At 200 JJ.g/kg/day, 

LH was significantly lower than the castrate controls (p<.Ol), and not 

different from the intact control. At this same.dosage FSH was not sup

pressed. ,At 400 !J.g/kg/day, both FSH and LH were within. the range of the 

intact control levels, and lower than the castrates_ (both p<. 01) .· At 

800 /l.g/kgJday, serum FSH was lower than even the intact control (p<. 05). 



Figur:e 8 Serum FSH and lli in Female Rats Ovariectomized at 26 Days 
of Age and Treated with Pharmacolog{c:Doses of Various 
Steroid Hormones 

On the ordinate are units of standard FSH or lli, in ng 
per ml serum. The dosages of steroid administration, in mg/ 
kg/day, were: estradiol - 0.01, testosterone·- 2, dihydro

·testosterone (DHT) - 10, progesterone - 10. These dosages 
were divided into two injections daily, 0.1 ml in corn oil. 

There were two sets of 7 animals each per treatment 
group. The dotted bars represent pooled values from one 
set treated for 6 days following surgery, and bled at 3 and 
6 days. The shaded bars represent another set treated for 
15 days after surgery, and bled at 9, 12_, and 15 days. The 
magnitude of each bar represents the mean of the pooled 
values (14 from the first set; 21 from the second set). One_ 
standard error above and below each mean is indicated. 
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Figure 9 Serum FSH and LH in Male Rats Orchidectomized ~ 26'Days 
of Age and T;;at;d with 'Pharmacologic Doses of Various 
Ster6id Hormones , · 

On the ordinate are units of standard FSH or LH, in ng 
per ml serum. The dosages of sterqid administration, in mg/ 
kg/day, were: estradiol- O.Ol,.testosterone- 2, dihydto
testosterone (DHT) - 10, progesterone - 10. These dosages 
were divided irit6 two.injections daily~ 0~1 ml in corn oil. 

There were two sets of 7 animals each per treatment 
group. The dotted bars represent pooled values from one 
se't treated for 6 days following surgery, and bled at 3 and 
6 days. The shaded bars represent another set treated for 
15 days after surgery, and bled at 9, 12, and 15 days. The 
magnitude of each bar represents the mean of the pooled 
values (14 from the first set; 21 from the second set). 
One standard error above and below each mean is indicated. 
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Figure 10 Serum FSH and LH, and Accessor-y Organ Weights in Male 
-Rats·orchidectomized at 26 Days of Age and Treated 
with Physiological Doses of Testostero~e for ]_Days. 

On the ordinate are units of standard FSH or LH, in 
ng per ml serum, and seminal vesicle or ventral prost'ate 
weights, normalized as mg per 100 gm body weight. On 
the abscissa are units of testosterone administration, 
in f..J,g/kg/day. The abscissa scale is logarithml.c. Each 
dosage was divided into two injections per day, 0.1 ml 
in corn oil. 

Each point represents the mean of 7 animals, with one 
standard error above and below the mean indicated. Also 
shown in the figure are the means +one S.E. of 7 cas
trate and 7- intact controls giveri .. 6il only. The shaded 
areas ·are the means +one S.E. of intact control S.V. 
and V.P~, to the corresponding organ weights of treated 
animals. · This is- then extrapolated vertically t·o indi
cate the range of administered dosage of hormone which 
gave the same organ weight as the intact controls, and 
the serum FSH and LH levels·found within this range. 
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Seminal vesicle weight increased more rapidly ·than did the ventral 

prostate, as. the dosages increased. Th~ shaded areas represent ·the dosage 

range of administered hormone which corresponded to the weight of the 

accessory organs of the intact control animals. At the dosage required 

to bring seminal vesicle weights up to the control levels (about·l75-

200 f.J,g/kg/day), only serum LH was suppressed to near the intact control 

value. If ventral prostate weight is used to indicate a "control dosage" 

(250- 350 f.J,g/kg/day), then both gonadotropins were suppressed. 

Figure 11 presents the results of studies on orchidectomized males 

replaced with dihydrotestosterone (DHT). Again, serum LH was ·suppressed 

at a lower dosage than FSH, and at the same dosage as seen with testos

terone (200 J.J.,g/.kg/day). However, at 400 /J.g/kg/day DHT, .FSH is still not 

suppressed (J?<.Ol), although it was by testosterone· at this dos.age. 

Ventral prostate weights responded the same to DHT as to testoster

one, as a function of dosage administered, and the range for a ''contra 1 

dosage" is virtually the same (about 300 ug/kg/day). Note, however, that 

seminal vesicle weights were considerably lower with DHT, and the range 

for ·"control dosage 11 correspondingly higher (400 f.J,g/kg/day). Thus, at 

both control dosages, serum LH but not serum FSH was suppressed. 

When fluoxymesterone (9:1:-fluoro-11[3-hydroxy-170:-methyltestosterone) 

was used as replacement, the results shown in figure 12 were obtained. -In 

this case, neither serum FSH nor·LH was suppresse~ to within the range of 

the controls (p<.Ol). Seminal vesicle weights ·responded in a similar 

fashion to DHT, rather than testosterone, with a control-simulated dosage 

about the same as with DHT (400 fJ,g/kg/day). The ventral prostate response 

was slightly less than for DHT and testosterone; its control-simulated 



Figure .11 Serum- FSH and ·tH, .and Accessory Organ Weights ··in Male 
Rats:Orchidectoniized at.26 Days· of:A.ge and Treated 

·with 'Physiological .Doses ·of Dihydrotestosterone ·(DHT) 
for .I Days · · .. · · 

On the_ ordinate are standard upits of FSH or 'LH, in rig 
per ml ·serum, and seminal vesicle or ·ventral prostate 
weights~ normalized as ·mg per ·lQO.gm body weight. On the 
abscissa are units of DHT administration,. in ·.JJ.g/kg/day. 
The abscissa.-scale is logarithmic. Each dosage was· divided 
into two injections ·per day, 0.1 ml in corn oil. 

Each point represents the mean of 7 anim~ls, with one 
-standard error ·above and h~low the ·mean ·indicated. Also 
shown in the figure· are the means+ one S.E .. of 7 cas-· 
trate;anc;l7.intactcontrols given ~i·l only. :The shaded 
areas are the means+ one S.E. of intact control S.V .. and .. -
v~P., .projected. to corresponding orga_n we·ights in the 
treated animals. This is then extrapdlated veitically 
to indicate the range of administered dosage ~f ho~mone 
which gave the same organ weight as ·the intact controts, 
and- the serum FSH and- LH levels-found ~ithin ·this range. 
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Figure 12 Serum FSH arid LH, ·an~ Accessory Organ Weights· in Male 
Rats Orchidectomized at 26 Days of Age and Treated 
with Physiological Doses of Fluoxymesterone (90:
i'luoro-ll§-h~droxy-17amethyltestosterone) for Z. Days 

On the ordinate are standard units of FSH or 'LH, in ng 
per· ·ml serum; and seminal vesicle or ventral prostate 
weights, normalized as mg per 100 gm body weight. On the 
abscissa:are units of fluoxyinesterone administration, in 
JJg/kg/day. The abscissa scale is logarithmic. Each dosage 
was divided into two injections per day, 0.1 ml in corn oil. 

Each point represents the mean of 7 animals, ·with one 
standard error abov~ and belo~ the mean indicated. ·Also 
shown in the figure are the means ±one S.E. of 7 cas
trate and 7 intact controls given oil only. The shaded 
areas are the means +one S.E. of intact control S.V. and 
V.P. projected to correspondi~g organ weigh~$ in the. 
treated animals. This is 1 then extrapolated vertically 
to indicate the range of administered dosage of hormone 
which gave the same organ we,.ight as. the intact controls' 
and the serum·-FsH and·- LH levels found within this range. 
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dosage was in the same range as for seminal vesicles. Within this control 

range, serum FSH was not even significantly. lower ·than the castrate con

trol. Serum LH.was lower (p<.05), though considerably higher than the 

intact control levels .. 

In summary, rep~acement of male rats orchidectomized at 26 days of 

age with t;hree different androg.ens sJ::l.owed that testosterone could suppress 

both serurp. FSH an.d Ill to intact control levels, if ventral prostate 

weights were used to. determine the physiologic range. DHT was able to 

suppress 'LH but not FSH, and fluoxymesterone could suppress neither. If 

seminal vesicle weights were used to indicate a control r~nge, then both 

testosterone and DHT could return serum LH to the intact control levels, 

but not serum FSH. Fluoxymesterone was again unable to maintain suppres

sion of either gonadotropin.· 

In another experiment, ovariectomy was performed on 26-day-::-old female 

rats, followed by replacement w.ith· estradiol for 5 days. Result:s are 

presented in figure 13. Uterine weights rose steadily with increasing 

dosage administered, .app~re~tly reaching a peak of _maximum stimulation in 

the range of 0.8 JJ,g/kg/day. According to the weights of the intact con• 

trol uteri, the physiological dosage range was around 0.08 JJ,g/kg/day; 

this has been indicated by the shaded area. 

·Regarding serum FSH-and· LH, it can be seen that even the l,owest dose 

administered (0.0375 JJ,g/kg/day) was able to significantly reduce both FSH 

and LH, when. compared to the castrate corttrollevels (p<.Ol). Complete 

suppression was achieved by a dosage of 0.2 ~g/kg/day. However, projection 

of the "control dos·age" range indicates that complete suppression had quite 

likely not occurred within the range. In contrast to androgen treatment, 



.. Figure -13 Ser~~· FSH ·and LH, and Uterine w·eights in Female Rats 
Ovariectomized _at-26 Days of Age and Treated with 
Physiological Doses of Estrad,iol for ·.2. Days 

On the ordinate are units of standard FSH or LH; in 
ng per ml serum, and uterine weights,· in mg per 100 gm 
body weight. On the ahscissa·are units ofadministered 
estradiol, in .~g/kg/day. The· abscissa scale is logarith
mic. Each dose was ·divided into two injections per d~y, 
0.1 ml in ~orn oil. 

Each point represents the mean of 7 animals, with one 
standard error ·above and bela~ each mean indicated. Also 
shown in the figure arethe means+ one S.E. of 7 cas
t~ate and 7 intact ·controls 'given ;il only.· The shaded 
area is a projectiqn of the mean± one S.E. of the intact 
control uterine weight .to the ~orresponding~organ weights 
of treated animals. This is then .extrapolated vertically 
to indicate the administered dosage of estradiol which 
gave the same uterine weight as intact controls, and the 
serum FSH and LH levels found within this range. 
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the two gonadotropins appeared to respond to the same degree with estro

gens. 

53 

Note also in figure 13 that an apparent secretion of FSH and·lli oc

curred at higher doses, in the range .of 0.8 - 1.6 fJ,g/kg/day, but sup

pression was regained by ·a very high dose (10 fJ,g/kg/day). Thus it seems 

that gonadotropins were suppressed, then stimulated, then suppressed again. 

as estradiol dosages were increased. 

Finally, estradiol replacement was attempted in castrated males at 

the same physiologic ·range; ·results ·are presented in .figure 14. Seminal 

vesicle weights responded to the highest estrogen dose with a significant. 

increase (p<.Ol), wh.ile the ventral prostate d~d not .. suppression of 

serum FSH and LH was also obtained by the highes.t dose=. Both gonadotro

pins ·appeared to respond' equa.lly' which was the result obtained in females 

treated with estradiol, and which contrasted with t~e observations in 

males receiving androgen replacement. Note also that the dosage required 

.for ·complete suppression in males was ·considerably .greater than that ·in 

the females. . In fact, the suppressive doses in males appeared to be .the 

.same which stimulated gonadotropins in females. 



Figure 14 ·se-rum FSH and LH, and Accessory Organ Weights in Male 
Rats Orchidectomized at 26 Days. of Age and Treated 
with, Physiological Doses of Estradiol ·for]_ Days 

On the ordinate are standard units of·FsH or LH, in 
ng per ml serum, and seminal vesicle or ventral pros
tate weight, normalized as· ·mg/100 gm_ body ,we'ight. On 
the abscissa a~e units of estradiol administration, in 
J.J,g/kg/day. ·rhe abscissa scale is logarithmic. Each 
dosage was divided into two injections per day, 0.1 
ml in corn oil. 

Each point represents the mean of 7 animals, with 
one standard error ·above and below the mean indicated. 
Also shown -in the figure are the means +one S.E. of 
7 castrate and 7 intact controls given oil only. 

54 



'E ..... 
c> c 

I 
Q. 
0:: 

I 
::z: 
fl) 
II.. 

I 
Q 

~ 
<[ 

z 

3l 
ai 
E 
c>; 

0 
0 
:::::: 
c> 
E 
0: 
::> ... 
0 

:::0: 
u; 

5000 

4000 

3000 

2000 

1000 

50 

40 

30 

20 

10 

.. I 
Castrate and 

Oil 

SERUM FSH .---e 
SERUM L H o--o 
MEAN :!: S.E. t ~ -8 

Ventral Prostate ..---• 
Seminal Vesicles o---o 
Mean t. S. E. + ~ -E3-

~~~00 -+ 
(':::::::.]V.P. t----- ----+----
~.v. 

. 0.01 0.1 
ESTRADIOL- ,.g/Kg/day 

1.0 

---V.P. 

Control 
and Oil 

sv. 
-8-

2500 

2000 

1500 

1000 

500 

z 
l> 
3: 
c 
I 

r 
=f 
:::0 ., 
I 

::ll 
IQ 
..... 
Et 

I 
I .I 
I 



IV. DISCUSSION 

It would seem to enhance the discussion of these results by first in

troducing a brief description of the systems and operations involved in 

the control of gonadotropin secretion by the pituitary gland. 

The pituitary is not a completely autonomous gland; it is largely 

under direct control of certain brain areas lo~ated just above it. The 

hormones are ·released (with the exception of prolactin, which is inhibited) 

upon direct stimulation by certain chemical me·ssengers from the hypo

thalamus. Quite recently, Baba, et al~ (1971), reported the primary struc

ture of ··an LH-releasing factor from hypothalami of swine. It is active in 

humans as well, and also causes release of FSH, which has led this group 

to conclude that both gonadotropins may. be under ·a single controlling 

stimulus (Schally, et al., 1971). 

The pituitary-gonadal dynamic-relationship exists because certain 

steroid products can act by a negative feedback mechanism to inhibit pit

uitary gonadotropin secretion. Greep and Ch'ester-Jones (1950) were first 

to show that removal of the ovaries of rats caused an increase in both 

pituitary and plasma FSH and LH. .Estrogen replacement in these rats has 

since been shown to prevent such a. rise (McCann and Ramirez, 1964). 

Results of studies on the ·exact site(s) for the feedback action have 

not yielded much conclusive information. It appears that certain steroids 

can block releasing factor ·action at the pituitary level (Hilliard, et al., 

1966), but Ra~irez, et al. (1964), have found that the inhibition of FSH 

and LH release resulting from estrogen administration can be overcome by 
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injection of certain hypothalamic prepar~tions. More recently, Schally 

~~ al. (1970), obtained the same result as Ramirez et al. (1964), by using 

their highly purified releasing factor in rats blocked with oral contra

ceptive preparations. Thus, it has become increasingly_apparent that nega

tive feedback suppression by steroids acts principally. by, shutting off re

leasing-factor release Erom the hypothalamus. Direct suppressive effects 

on the pituitary.itself have not been recently demonstrated. Because the 

results presented here have shed no further light on localization of these 

relationships, its ·aspects ·will not·be discussed further .. It is rather the 

nature and qualities of pituitary and gonadal interaction .that received 

our main attention. 

Ovulatory Events in the Female Rat 

Figure 3 clearly demonstrates that·a massive surge of serum FSH, LH, 

and prolactin does indeed begin in the early afternoon of the day preceding 

ovulation. The timing of the surge is in good agreement-with many past re

ports. Everett et al .. (1949), first indicated this timing by showing that 

phenobarbital administered before 2:00 PM on .this day could prevent ovu

lation, presumably by blocking neural triggers leading to ·a gonadotropin 

release. Daane and Parlow (1971) have recently ·reported that serum·FsH 

and LH rise- between 12:00 noon and 3:00 PM of proestrus in rats. Gay 

et al.. (1970), have found a prolactin rise ·at ·about the same time. 

The much shorter du11ation of the LH surge, compared to FSH, is also 

in agreement with ~aane and Parlow (1971). It is our conclusion, as well 

as theirs, that this appears to indicate separate control mechanisms for 

·FsH and LH secretion during this time; it would be contrary to the previ

ously mentioned conclusion of Schally ·et. al. (1971). The peak of prolactin 
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been reported to occur. on early estrus (Amenomori et al., 
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1970; Gay et al. , 1970), or on late proestrus (Neill and Reichert, 1971). 

Our results would seem to agree with the former. 

The most interesting aspect of this experiment, however, is its 

application to discussion on the basic cause for the gonadotropin surge. 

Estrogen has been shown to advance ovulation by.one day in cycling rats, 

if given two days in advance of the expected ovulation (Everett, 1948) .. 

It was felt that·this treatment caused a premature surge of gonadotropins. 

More recently, Weick and Davidson (1970) have obtained the same results 

by implanting estradiol pellets in the pituitaries of rats :2 days before 

expected ovulation. Callantine et al. (1966), observed higher plasma LH 

in intact female rats after 7 days of estrogen treatment. Caligaris et 

al. (1971), have been able to.induce a surge of ·LH in ovariectomized rats 

by giving a single injection of estradiol benzoate 3 or 4 days after a 

priming dose. 

Finally, with our own.results in ovariectomized rats (figure 13), 

when certain higher doses of estradiol appeared to cause FSH..;LH .release, 

rather than inhibition, note especially the uterine weights of animals in 

this dosage range. Compare this with uterine weights ·of the PMS-primed 

rats on the morning of day 32 (figure 3). The fact that the weights in 

figure 3 are absolute (mg), ~hile those of figure 13 are relative (mg/ 

100 gm), is not of. importance, because female rats of this age average 

about 100 gm in body·weight (ovariectomized females were 31 days old at 

sacrifice). By us
1

ing uterine weights ·as an indicator of blood estrogen 

activity, it may b,e assumed that both s·ets of animals had similar ·circu-

lating levels of estroge~. The result that animals treated with such an 
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amount of estrogen released FSH and LH suggests that the same could 

happen to other ·animals reaching the same estrogen level intrinsically 

(i.e. by follicular development). Schwartz (1969) has found that ovari

ectomy on the mornin? of proestrus ·will prevent the afternoon gonadotropin 

surge from occurring, but only.if surgery is performed before 8:00AM. 

These results, combined with the timing effects of sedation (Everett et 

al., 1949), implicate ovarian steroid secretion on the morning before ovu

lation with a neurogenic stimulus to elicit the preovulatory surge of gonado

tropins. It·is therefore concluded that the secretions of FSH and LH 

observed. in primed immature animals one day before ovulation, -and in cas

trated immature rats treated with estradiol, may be caused by the same 

hormonal stimulus. 

The apparent existence of both positive ··and negative feedback systems 

for ·estradiol involvement in. gonadotropin control are accounted for by the 

existence in .females of two control centers in the hypothalamus (McCann 

and Ramirez, 1964). Both sexes possess a "tonic" control center, respon

sible for -synthesis· of the releasing factor(s), and which acts in a classi

cal servo relationship w_ith gonadal steroids. Females have in addition 

a- "eye lie"* center, which may be sensitive to a positive feedback of es

trogen, and which can signal the tonic center to initiate a massive gonado

tropin release. The cyclic center is present in males as ·well, but is 

·destroyed or inactivated by testicular androgen secretion during the first 

few days after bir~h. Male rats castrated neonatally retain some cY-cling 

potential (Whalen and Edwards, 1967), while females injected with androgens 

at up to 5 days of age are-rendered· sterile and show no ability to cycle 

(Barraclough, 1961). 
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However, there has been some interest in recent times in the pos

sibility of a direct positive effect by estrogens on the pituitary itself. 

Barraclough and Haller ·(1970)' found that plasma LH of androgen-sterilized 

female rats decLeased after ovariectomy. Because uterine weights also de

clined after castration, they concluded that the ovaries had been secreting 

a small amount of estrogen which stimulated LH secretion. Furthermore, 

they showed·that certain low replacement doses of estrogen in castrated 

rats increased pituitary content of LH,. without lowering plasma levels 

from the castrate range. The previously mentioned paper of Weick and 

Davidson (1970) reported that the positive effects of estradiol pellets 

could not be duplicated if implantation was in one of several areas in 

the hypothala~us thought to control gonadotropin secretion. However, this 

group has also demon'strated that phenobarbital will block the surge in 

pituitary-implanted rats. Thus, they do not repudiate the involvement of 

a releasing factor mechanism; rather, they feel that estrogen s~nsitizes 

·the pituitary to stimulation from the hypothalamus (Weick, et al., 1971). 

Schally·and co-workers (1971), because of their extensive studies on the 

releasing factor -preparations,_have arrived at the same conclusion. 

Finally, the rat ·pituitary has been shown to selectively bind and retain 

radioactive estradiol (Korach and Muldoon, 1971), so there is reason to 

believe that it ·can ... be directly receptive to estrogen effects. 

Though the cause for the observed prolactin release before ovulation 

can be traced to a ~nown positive feedback relation~hip with rising es

trogens'(Rothchild,' 1965), the actual role of this ·secretion is not clear. 

Prolactin is not known to be required for ovulation in rats. It is rather 

known as a luteotropic hormone (LTH), which acts to maintain -co~pora lutea 
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following ovulation. In rats. this occurs only when the animal has mated; 

cycling stops and prolactin is then secreted through a neurogenic mechanism 

(Barraclough and Sawyer, 1959). In the articles previously mentioned con

cerning prolactin secretion in cycling rats (Amenomori, et al.,. 1970; Gay, 

.et al., 1970; Neill and Reichert, 1971), there was no_discussion as to the 

significance o.f such a release around the time of ovulation. 

Events Leading ~ tQ Puberty 

In table III wa.s· presented the timing of the first ovulatory events 

in the strain of rats which were used in these experiments. Because none 

of the changes occurred before day 35, it became clear that the week-long 

experiments to be conducted could be commenced on 26-day-old animals, and 

completed while the controls were still immature. Rats are weaned at 21 

days of age, so this made possible the purchase of immature animals, with 

a suitable acclimation period after their arrival. In no case did ·any 

control animal in the-castration studies·show signs of ovulation or sexual 

maturity. 

In figures 4 and 5, the control values for serum FSH ·and LH give an 

indication of gonadotropin levels as ·puberty is encoun.tered and passed. 

Male FSH was highest on day 32, and then gradually declined, indicating 

a possible maximtim .. secretion during the late prepubertal period. Swerd

loff, et·al. (1971), have reported that ·male rats ·35 days old have sig

nificantly higher serum FSH than at 21 or 49 .daY.s of age·. Goldman, et ·al. 

(1971), found that·neonate males (2-9 days old) have the same serum·:FsH 

level as adults .. rhe rise we observed in serum FSH of females coincided 

with the beginning of ovulatory events (table III) .. 
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Serum LH was consistently low in all male rats aged 29-41 days. Gold

rna~, et al.. (1971), obtained the same result in males 1-12 days old. Swerd

loff, et al. (1971), reported only a very slight rise in males-up to 91 

days of age. The rtse we observed in female·LH at days 38 .and 41 was quite 

likely due to the onset of puberty. Goldman, .et al. (1971), found LH.to 

be slightly-higher in females than males up to 10 days of.age, but values 

were nearly. all·less than 10 ng/mL serum, which was minimum de·tectability 

for our assay. system. 

The possibility of an increased secretion of FSH in males as puberty 

approaches may be explained by a comparatively_·lesser ·sensitivity, to the 

low testicular androgen secretion during this time. Note in figures 10, 

11, and 12 that serum FSH was suppressed with greater-difficulty-than LH 

by-androgen replacement, while FSH and LH responded in the same manner to 

estrogen (figure 14). ·rn addition, serum ·FSH was.: suppressed to lower than 

control levels by·a pharmacological dose of testosterone (figure 10). The 

control levels of FSH in the experiments shown by .. figures 10-12 and figure 

14 (the animals were 33 days old at sacrifice) probably do not represent 

a maximum suppression by. testicular secretion. 

Castration plus Steroid Replacement in the Imrnature·Rat 

The initial surprising result of these studies was the demonstration 

of an apparently_ highly sensitive feedback relationship between the immature 

gonads and gonadotropin secretion. Suppression was lost ·within 24 hours 

after castration in both sexes. Gay and Midgley (1969) reported the same 

results for serum LH only, in adult rats. They.also found, as did we, that 

the male response was significantly evident by.·a .hours,, but that females· 



63 

required a much .longer period (several days in their studies). Such a dis

crepancy-may indicate a greater sensitivity on the part of the hypothala

mic-pituitary axis to steroids remaining. It could also mean that females 

take longer·to metabolize.and clear remaining steroids. Another·possibili~y 

.is that the steroids presumably involved (estrogens?) in the feedback 

in females are more potent in suppressing serum FSH and LH than those in

volved in the males (androgens?). 

This sensitive relationship before puberty.has been previously in

vestigated by McCann and Ramirez (1964), who concluded that the immature 

animal has a reduced threshold for gonadotropin feedback, compared to 

the adult. ·This makes possible suppressed FSH and LH levels with a blood 

steroid concentration below that· required for other biologic expression. 

However, they_-were unable to investigate serum FSH in their -studies, _which 

afforded us the opportunity to compare its possible involvement ·with 

steroids along with ~hat of LH. 

In the male, FSH has· classically been linked only to spermatogenesis. 

LH is the hormone controlling androgen.synthesis; therefore a steroid 

servomechanism.should involve LH only. Of course, there is the possibil

ity,. according to Schally, et.al. (1971), that because of a common releasing 

factor, both hormones would be controlled by the same mechanism. The 

fact that only one is actually involved in the operation of that mechanism 

(i.e. steroid biosynthesis) is apparently of no consequence. However, this 

possibility seems somewhat remote, if our own results as well as those of 

others are taken into.account. 

Amatayakul, et al. (1971), and Swerdloff, ~a~. (1971), have brought 

new·life to a classical theory that ·some "spermatogenic factor" is involved 
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in the control of FSH secretion. Their conclusions were based upon the 

finding that surgical cryptorchidism in adult male rats, which des

troyed spermatogenic function, resulted in a rise in serum FSH. However, 

serum LH rose as ·well; they felt that ·Leydig cell function must have been 

likewise impaired. Such a factor has never been ~solated. 

We therefore had the.basis for concluding that·both FSH and LH are 

intimately.involved with minute gonadal secretions before puberty. No pur

poseful reason for th~s relationship can be ascribed, other than that it 

may be less difficult, biologically speaking, to change ·a level of feed

back sensitivity at puberty than to completely switch on such a system 

£rom a non-functional state. 

Factors which could be·involved in the feedback were uncovered by the 

results ·shown in figures 8 and 9. They are interesting for two main rea

sons. First, both sexes responded in the same manner. Complete suppression 

was attained with each sex's own hormones, as well as ·with those of the 

opposite sex. In a -pharmacologic range (which indicates a qualitative 

response), there appeared to be no sex difference. The second interesting 

result was that progesterone was 'ineffective in suppressing gonadotropins. 

F~om the clinical viewpoint this is ·significant because oral contraceptives 

containing progesterone-like compounds have· been presumed to inhibit ovula

tion by suppressing the pituitary. This ·would seem to underscore the 

need for sufficient estrogen content in such preparations as the "'true" 

FSH-LH inhibitor. 

rn·the study by Schally, et al. (1970), on the ~ffects of oral. con

traceptives ·in,castrated female rats, it was found that ·all preparations 

containing estrogen suppressed FSH and LH secretion. However, several 
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synthetic progestogens given alone either could not reduce serum FSH and 

LH, or could do so only -slightiy in extreme (25_mg) doses. Moreover, 

Harris and Sherratt (1969) have found that chlormadinone, another pro

gesterone-related drug, could not block ovulation in rabbits induced to 

ovulate. These results lend support to a classically-held theory that 

progesterone has no reproductive effects by itself. It may -augment estrogen 

actions (e.g. feedback activity), and-it-certainly produces some unique 

effects, for example, secretory transformation and decidual formation in 

1the uterus (Zarrow, et al., 1964). However, such effects occur only with 

prior estrogen priming, and in the continued-presence-of estrogens. 

Concerning replacement within the physiologic-al range, one of the most 

interesting findings ·was that testosterone could suppress both serum-FSH 

and LH in male rats (figure 10). Of course, this does not prove that the 

gonadotropin levels observed before puberty are in fact the result of tes

ticular androgen secretion only, but it certainly indicates that such is 

possible. The spermatogenic ·factor ·previous-ly discussed (Amatayakul, et 

al, 1971; SwerdloEf, _et·al., 1971) would not seem to be involved, since 

spermatogenesis ·has not yet begun at this time. 

The observation that LH was more easily suppressed than FSH with 

testosterone and DHT, and that FSH could not be returned to the control 

level with a physiologic dosage of DHT, further indi-cates a difference in 

sensitivity to androgens on the part of gonadotropins. Admittedly.the 

differences are subtle, as the general responses of the two hormones were 

similar throughout all our ·experiments; this has been the major obstacle 

confronting all investigations on this matter. However, the physiologic 
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effects of such subtle differences·must not be discounted, especially 

~ith regard to such events as ovulation. 

Notice that the seminal vesicle response in testosterone-treated 

rats (figure 10) was much greater ·than with DHT (figure 11) or fluoxymes

terone (figure 12). Testosterone is known to be converted to estrogens by 

body. tissues (MacDonald,· et al., 1967), whereas :DHT and fluoxymesterone 

are·presumed not. ·In addition, the seminal vesicles are somewhat responsive 

to ·estrogen stimulation, while the ventral prostate is not (see figure 14). 

It thus appears that some amount of estrogenic activ.ity was present in 

the testosterone-treated castrate males. -If one further ·considers that 

DHT had difficulty to suppress gonadotropins, and that fluoxymesterone 

was quite unable to do so, .while estradiol was easily. effective (figure· 

14), it would seem plausible th~t gonadotropin suppression be aided, if 

not carried out entirely., by estrogens. Furthermore, other studies in our 

laboratory (~orach and Muldoon, 1971) have demonstrated an absence of a 

testosterone receptor in male (or female) rat ·pituitary glands, while -a 

receptor definitely exists ·for estradiol and possibly DHT. 

By comparison of dosages in figures ·10 and 14, it is apparent that 

·less than one-half of .one per cent of the suppressive dose of testosterone 

is active if present as estradiol. MacDonald, et ·al. (1967), reported --
peripheral conversion of-androgen precursors to estrogens· to be ·1.0 to 

1.5 %, in.human subjects. Thus, it seems possible indeed that testes-

.terone conversion to estrogens, or perhaps to DHT, could be the control-

ling factor for gonadotropin secretion in the prepubertal male rat. 

One further· observation which deserves conunent concer·ns the dosages 

of the various androgenic steroids required to recreate ·physiological 
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conditions, by accessory organ stimulation. _ ApplezV?eig (1962) lists DHT 

as having ne_arly twice the potency of testosterone, but our ventral pros

tate responses were very similar ·at the same dosages. Of greater interest, 

however, is that the-same reference cites 'fluoxymesterone as being 10 

times as strong as testosterone, but by oral activity. In fact,_ we had 

performed an earlier experiment with fluoxymesterone at one-tenth the 

dosage range of figure 12, which produced-no responses at all. It would 

seem that parenteral ·administration of a steroid removes the disadvantages 

of oral administration by bypassing the rapid removal at the liver. Fur

thermore, the addition of certain chemical-groups to the steroid molecule 

in order to retard such liver metabolism does not appear to enhance the 

actual activity, unless administration is by the oral route. 

The results of figure 13 indicate that estradiol can easily suppress 

gonadotropins in castrate-females, though not quite within the physiologic 

range, as judged by uterine weights. This could indicate that immature 

ovaries secrete something more than estrogens to cause the low gonado

tropin levels observed in normal immature animals. Progesterone is a pos

sibility; it may augment the estrogen suppressive effect. Furthermore, 

it is known to be antagonistic to estrogen, insofar -as ·uterine weight 

stimulation .is concerned (Zarrow, et al., 1964), so the uterine weights 

observed in the controls may have been a bit·lower for the amount of es

trogen present than in castrates treated to give the same -amount. 

Serum FSH and iH were suppressed at an equal rate by_estradiol in 

both males ·and females (figures·l3 and 14), in contrast to the lesser 

response of FSH in androgen-treated rats (figures 10-12). The fact that 

a higher dose of estradiol was required.for -suppression in males may n6t 
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be important. Male rats ·at this age ·are heavier than females. Though .this 

was believed compensated for, the males may ,still have received lesser 

doses than those calculated, compared to th~ females. 

The significance of ·the further rise in gonadotropin secretion with 

increased estradiol dosage has ·already been discussed with i'ts implications 

on the pre-ovulatory.surge: Uterine weights indicate ·that this was ·at 

a highly pharmacologic dosage range; in fact, it was some 10 times the 

judged physiologic range. 



V. SUMMARY AND CONCLUSIONS 

A radioimmunoa.ssay system has been developed and utilized for the 

measurement-of FSH and LH in rat sera. From a series of experiments then 

conducted on rats, the following conclusions have been drawn: 

1. A sudden, massive release of serum·FSH, LH, and prolactin occurs 

on the afternoon preceding ovulation. LH ?as the shortest peak of dur-

ation, being less than 12 hours. FSH cont~nues to be secreted throughout 

the night, while prolactin does not reach a peak until early the next day. 

The differences in secretion patterns indicate a possibility of separate 

control for these hormones. There is also data to indicate that the surge 

is brought about by a positive fE;edback of; rising estrogen secretion on 

the morning before the surge. 

2. A negative feedback relationship :exists between the immature gonads 

and gonadotropin secretion in both sexes. FSH and LH appear to respond 

sooner to.castration in males, but both sexes- show significant loss 

of suppression-within 24:hours after surg~ry. 

. I 

3. Gonadotropin-secretion responds in the same manner in both sexes 

to pharmacologic replacement with steroid hormones following castration 

of immature animals. Estradiol, testosterone, and ~-dihydrotestosterone 

· (DHT) all can suppress the post-castration rise of serum FSH_ and LH, while 

progesterone cannot. 

4. Within the physiologic replacement range, testosterone can sup

press serum FSH and LH-Iin immature ~astrate males to the control levels. 

DHT and fluoxymesterone, a synthetic androgenic steroid, cannot, though 
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LH alone was suppressed by DHT.· Thus, a low testosterone secretion from 

the immature testis may. be considered responsible for ·maintaining the go

nadotropin levels observed before puberty. There is evidence to indicate 

that prior conversion of testosterone, perhaps to estroge~s, may be neces

sary for complete expression of this effect. 

5. Estradiol can .suppress the post-castration rise of serum FSH and 

LH in females, but not quite within the physiologic_ range of dosage. A 

small amount of some other material, pe~haps progesteron~, may be required 

from .the immature ovary in order to gain complete suppression within the 

range. A higher, pharmacologic dose of estradiol stimulates gonadotropin 

secretion, while a still higher dose suppresses again. This secretion may 

·be due to activation .of a positive feedback mechanism operating through the 

hypothalamus, or perhaps ·at the level of the pituitary itself. 
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VII. APPENDIX 

Because the results and conclusions of these experiments were dependent 

upon statistical evaluation, this section has been-designed to aid in urider-

standing the' methods used. The principal reference for these methods ·was 

Steel and Torrie (1960). The formulae and procedures·described in this 

section, as well as those for determination of specific ·activity of the 

labeled hormone, have been programmed (with R. Baranczuk) for ·use with the 

Hewlett-Packard 9100-B ·computer. 

Handli:gg_ of Data and Analysis by Duncan's ·Multi-Range Test 

If ·an experimental set contains more than two groups, a paired analysis 

of any group with any other group in the set is performed by utilization of 

Duncan's test. A typical example of this was encountered with the experi-

mental.data presented in figure 10--testosterone replacement in immature, 

castrated male rats. There were 6 groups (4 experimental, 2 control), and 

thus 6 x 5 x ~' or 15 possible combinations for ·paired comparison. 

Table IV presents some of the actual data, from group 1 of the experi-_ 

ment, which were non-castrated controls receiving·oil for 7 days. Table V 

then .summarizes the results from-all. 6 groups; some of these values were used 

to make figure 10. 

To perform Duncan's test, a "pooled standard deviationn is calculated 

for the whole set of groups, according to the following formula: 

S.D. = total C.S.S. 
total df 
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Table IV. Data from Group 1 of the Experiment of 
Figure 10. ·Non-Castrate Controls plus ·oil 

B.W. v.P. mg/ s.v. mg/ FSH LH 
(gm) (gm) 100 gm (gm) 100 gm (ng/ml) (ng/ml) 

147 78 53.1 48 .. 32. 7 951 156 
153 68 44.4 '39 ·25.5 788 122 
135 57 .42.2 32 23.7 1362 91 
139 67 . 48.2 '32 23.0 1648 386 
148 68 46.0 51 34.5 1631 9i 
157 85 54.1 48 '30.6 684 155 
142 62 43.7 54 ,38.0 1179 241 

No. of ob-
servations 7 7 7 . 7 7 7 7 

mean 145.9 69.3 47.4 36.9 29.7 1177.6 177.4 

std. dev. 7.8 9.4 4.7 17.7 5.8 38.8.9 105.3 

std. error ·2. 9 3.6 1.8 . 6.7 2.2 147.0 39.8 

variance 60.2 89.2 21.7 309.2 33.3 151' 272 11,086 

corrected 
sum ·.of squar-es 361- 535 -130 ·1885 200 907,630 66,518 



Table V. Statistical Results _from all Groups ·of the Experiment in _Figure ·10 
Orchidectomy at·26·Days of Age ·plus ·physiological Replacement:with Testosterone 

Group 1 
non-castrate · 

+ oil 

V.P. S.V. FSH LH 
(mg/1,00 gm -B.w·~) · {ng/ml serum) 

no. ·of observations 7 7 7- 7 
m~:~n 47.4 29. 7· 1177.6 i77.4 
standard deviation 4'~ 7 5.8 "-388·. 9 105.3 
.standard error 1.8 _.2.·2 147.0 39.8 
variance 21.7 33.3 151,272 11,086 
carr. sum of squares 130 200 907';630 66,518 

Group 3 
castrate 
+· 100 T 

v.P. . _s.v. FSH LH. 
(mg/100 gm'B.W.) . (ng/ml serum) 

no. of observations 7 7 7 '7 
mean 27.4 16.6 3422.0 2675.7 
standard deviation 7.0 '3.5 . 366.4 656.5 
.st·andard error 2.6 1.'3 138.5 '248.1 
variance 48.8 12.2 134,259 430,963 
carr. sum .of squares 293 73 805,552 2,585,775 

Group 2 
castrate 
·+ oil 

V.P. S.V. 
(mg/100 gm B.W~) 

7 7 
7.5 . 5.1 
2.5 1.1 
1.0 0.4 
6.3 1.2 
38 7 

Group 4-
cas~rate 

-+ 200 T 

V.P. s.v. 
(~g/100 gm ·B.W.) 

7 7 
41.8 32.8 . 

7.0 3.5 
2.6 1.3 

48.5 12. 2· 
291 . 73 

FSH LH 
(ng/ml serum) 

7 7 
2928.6 3300.0 
'. 508.5 586~0 

-192.2 221.5 
.258,584 343,360 

1,551,506 . 2,060,160 

FSH LH 
(ng/ml serum) 

7 
2777.9 
498.2 
188.3 

248,252 
1,489,509 

7 
451.6 

. ·.389. 9 
147.4 

152,002 
912,012 

""'-' 
00 



no. of observations 
mean 
standard deviation 
standard error 
variance 
corr. sum of squares 

Table V. - Continued 

Group 5 
castrate 
+ 400 T 

V.P. S.V. 
(mg/ 100 gm B .. W. ) 

7 7 
53.6 62.1 
9.8 11.9 
3.7 4-.5 

95.7 141.8 
"574 .)85.1· 

.FSH LH 
(ng/ml serum) 

7 7 
919.7 '238.7 
612~9 208.7 
231.6 78.9 

375,592 -43,578 
2',253,35~ . 261,467 

Group 6 
castrate 
+ 800 T 

V.P.. S.V. 
(mg/100 gm B.W.) 

7 7 
72.4 89.6 
5.1 12.5 . 
1.9 4.7 

'26. 2 156.2 
.157 937 

FSH LH 
(ng/ml ser~) 

7 7 
278.9 162.1 
214.6 168.6 
81.1 63.7 

46,068 28,425 
276,411 170,549 

"'""-! 
\.0 
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where C.S.S •. is ·the corrected sum of squares for ·each group, and df is the 

degrees of freedom (N - 1) of each grou·p. · To use serum ·FSH as an example: 

S.D. )1_7__.,:....2_8_4.(..., 1_5_9_ = 449.820 
~~ 36 

For any two .groups in the set being·compared, standard error of dif-

ference is then calculated: 

S.E. =S.D. X 

1;' + 
N 

1 

2 

where N1 and N
2 

·are the number of observations in the two groups being com

pared. However,. because all of the groups.· in this example set had 7 observa-

tions each, the standard erro~ was the same for·any two sets, i.e .. a 7 x 7 

comparison: 

S.E. = 449.820 Xu------- - 170.016 

The total df for any pair of groups was·12 (N
1 

+ N2 - 2). 

Next, the means of the groups are arranged by size·, regardless of their 

order in the experimental design. A table is drawn up, whereby. each mean 

is subtracted from every other mean (Table VI). 

On pages 443-444 of Steel and Torrie (1960) is Table A-7, which pre-

sents studentized ranges of significance for Duncan's test. There are ranges 

for both.05 and .01 ~evels of probability. The following values have been 

taken from this table, in the row .signifying 12 degrees of freedom: 

2 3 4 5 6 
.05 3.08 3.23 3-.33 3.36 3.40 

'• 01 4.32 4.55 4. 68 4. 76 4.84 
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Table VI. Duncan's Multi-Range Test. _Ordering of Group Means and 
Arrangement ·of Differences between·Means. ExEeriment 

of Figure 10: Serum. FSH · 

6 5 1 ·4 2 3 

278.9 919.7 1177.6 2777.9 2928.6 3422.0 

6 

278.9 

5 

919.7 640.8 

1 

1177.6 898.7 257.9 

4 

2777.9 2499.0 1858.2 1600.3 

2 

2928.6 2649.7 2008.9 . 1751.0 . 150.7 

3 

3422.0 3143.1 2502.3 2244.4 644 .. 1 493.4 
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The heading above each column indicates the relationship of the second 

member of a pair of means to the first member, by size. Thus, comparison 

of the largest mean and the second largest uses- the ranges of column ~~ the 

largest. ·with the third largest ·uses column ,l, etc. However, comparison of 

the second· and third largest means uses column 2, because they rank l-2·with 
. - . -

respect to each. other. 

The least significant difference between two means is calculated by 

multiplying the appropriate studentized ranges·by the previously_calculated 

standard error. If the actual difference between the means is larger than 

the computed least significant difference, it may. be considered significant 

at that probability. level. 

Table VII presents the same format as Table VI, with the least signi-

ficant differences added. -Concerning the comparisons of greatest interest, 

notice that the differences between group 2 (castrate control) and groups 5 

(400 ug/kg/day) and 6 (800 ug/kg/day) are sufficiently. large, even at .01; 

differences between group 2 and groups 3 (100 ug/kg/day) and 4 (200 ug/kg/day) 

are not large enough. Also, note that group 6 is not only lower than group· 2, 

but also lower than group 1 (non-castrate control)~ 

Calculation. of ::Standard Curve by 'Linear ·Regression 

Standard curves for radioimmunoassays are hyperbolic, with respect to 

·concentration of the standards; they become linear when plotted against 

the log concentration. Graphically) such a line may be represented by the 

formula: 

y = m log ·x + b 

where y is the ordinate value (in our assay, percentage of activity bound 

compared to the zero counts), xis the aqscissa value (concentration of the 
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Table VII. Duncan's ·Multi-Range Test. Differences between Group 
Means, _plus Limits of Significant Ranges. ·Experiment of 

Figure 10: Serum FSH 

6 5 1 4 2 3 
:278.9 919.7 1177.6 ·2777.9 ; 2928.6 3422.0 

6 
.05 

278.9 .01 

5 640.8 
.05 523.6 

919.7 .01 734.5 

1 898.7 .257.9 
.05 549.2 523.6 

1177.6 .01 773.6 734.5 

4 2499.0 1858.2 1600.3 
.05 566.2 549.2 523.6 

2777.9 .01 796.7 773.6 734.5 

2 2649.7 2008.9 17 51..0 .150.7 
.05 571.3 566.2 549.2 523.6 

2928.6 .01 809.3 796.7 773.6 734.5 

3 3143. 1 2502.3 2244.4 644.1 493.4 
.05 578.1 571.3 566.2 549.2 523.6 

3422.0 .01 822.9 809.3 . 796.7 773.6 734.5 



84 

hormone standard, in ng/ml), m is the slope of the line (negative in our 

case, since binding of·activity decreases as standard concentration in-

creases), and b is they-intercept (value·of y when logx is zero, or when 

x is 1). 

Given a set of co-ordinate point~, the slope (m) of a line may be cal-

·culated with the following formula: 

~ (Xi -· x) (Yi - Y) 
m = 

~. (X; 
. ~ 

-)2 - X 

where X. are the individual abscissa values, X is the mean abscissa value, 
~ " 

Yi are the ordinate values, andY the mean ordinate value. Remember that 

all X values are logarithms. If one wishes to con,s ider the co-ordinateS .· 

consecutively, as in a computer format, an alternate formula for m is more 

practicable: 

m = 

where N is the number of co-ordinate points entered .. From the slope, they-

intercept is easily calculated: 

b=Y-m·x 

With the values ·m and b known, any unknown >concentration (x) can be 

determined by substitution of its percentage binding (y) into the first 

formula. 

Analysis of Linearity by the Correlation Coefficient 

A correlation coefficient (r) is designed to indicate the validity of 

a calculated line, i.e. the degree of proximity of the observed co-ordinat~ 
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points to the line calculated through them. This may be useful -to analyze 

a standard line or, as has been seen with some ·of our data, to indicate 

a linear response. From the ordinate and absctssa. co-ordinates, r is 

calculated: 

!. (Xi --X) .(Yi -Y) 
r ·= 

lz <xi 
_2 

Z (Y· 
-2 

- X) - Y) 
~ 

If the values ar~ handled consecutively, the same answer is obtained by: 

L (XiYi) - ( l"., ·xi) ( 2, y i) 

N 
r - l[ L(Xi) 2 - ('l.,NXi)2 J [z<Yi)2 - < zNyi>2] 

If all the values lie exactly on a straJght .. line, the numerator and 

denominator of the fraction are equal (r ·= 1.00). As the variability of 

the points from ·the line increases, the denominator enlarges compar.atively, 

so that decimal values are obtained. In general, _an r of 0.95 or -greater 

may be considered as indicative of good linearity. 




