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ABSTRACT

This study explored possible causes of the elevated
serum corticosterone concentrations found in reproductively
inhibited Peromyscus maniculatus bairdi or prairie
deermice.

Differences in metabolic clearance rates between
isolated male control deermice and reproductively inhibited
population mice were explored. It was found that although
there is no significant difference in the mean metabolic
clearance rate values between reproductively inhibited and
isolated male deermice, a significant correlation was found
between small reproductive organ weights and lower rates of
metabolic clearance.

Comparisons in the amount of biologically active

corticosterone (free from protein binding) were made
between the two groups of mice. Although the percentage of
biologically active corticosterone is lower in

reproductively inhibited animals, the actual concentration
is higher.

This suggests that although protein binding may
account for some of the high levels of corticosterone in
reproductively inhibited animals, it is not the whole
answer. It may be that in drastically inhibited deermice,
as exhibited by very small gonad and accessory organ
weights, metabolic clearance rate depression may also be
involved in elevating serum corticosterone concentrations.
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Introduction

If laboratory populations of the prairie deermouse

(Peromyscus maniculatus bairdi) are held in a confined

space, they will eventually stop growing in number. Some
of the young that are born into this population context do
not survive, but more commonly, the fertility of the
majority of the animals is sharply reduced and finally no
more young are born or those born into the population do
not survive (Terman 1965). The actual density at which
growth ceases varies between populations and does not seem
to be dependent on population density, per se.

About 90 % of the animals born into the population
before growth ceases are reproductively inhibited; their
body and reproductive organ weights are lower than those of
similarly aged animals born outside the population setting
(Terman, 1973). Many studies have been performed to
determine the nature of the inhibition process. Among
other things, it has been shown that serum thyroid hormone
concentrations are lower and serum corticosterone
concentrations are higher in inhibited population mice than
in non-inhibited mice (Bradley and Terman, 1981c; Pitman
and Bradley, 1984).

Some animals, such as Mus musculus, also show signs of




reproductive inhibition with increasing population density.
Studies of Mus have shown that the adrenal glands of
inhibited mice are significantly 1larger than those of
reproductively capable mice (Christian, 1950, 1955, 1963;
Christian and Davis, 1964). Adrenocortical activity is
also high in these inhibited mice (Andrews et al., 1975;
McCarthy et al., 1976). This suggests that in
reproductively inhibited animals the adrenal hypertrophy
and the increased activity of the adrenal gland may be due
to high 1levels of ACTH. In support of this notion,
injections of ACTH in reproductively capable Mus have
resulted in reproductive inhibition (Christian, 1964).
Although there is a relation between increased serum
corticosterone and increased population density in prairie
deermice no relation has been found between adrenal weight
and population density (Bronson and Eleftheriou, 1963;
Terman, 1969; Sung et al., 1977; Bradley and Terman,
1981c). Furthermore, the plasma ACTH concentration of
inhibited animals was not significantly elevated compared
with non-inhibited mice (Coppes and Bradley, 1983). This
suggests that although exogenous ACTH does cause adrenal
hypertrophy (Coppes and Bradley, 1984) and reproductive
inhibition (Pasley and Christian, 1972), naturally high
levels of ACTH may not occur and be responsible for
reproductive inhibition or the increased serum

corticosterone concentration in inhibited prairie deermice.



Recent studies showing lower thyroid hormone
concentration, smaller body weight and reproductive orgaﬁ
sizes, suggest that the inhibited animals are hypothyroid
Peebles, et al., 1984; Pitman and Bradley, 1984). Since
neither an increased level of ACTH nor adrenal hypertrophy
can be demonstrated in these mice, it is possible that
hypothyroidism might cause a decrease in the metabolic
clearance rate of corticosterone, increasing the
circulating levels of the hormone. Alternatively, a high
level of corticosterone binding globulin (CBG) might also
contribute to a high concentration of total serum
corticosterone by increasing the amount of protective
protein binding. High levels of CBG could lead to a lower
concentration of circulating biologically active Y“free"
hormone. Hence, the actual amount of free (biologically
active) corticosterone available to the inhibited animals
might actually be the same as that in a reproductively
capable animal if there were a sufficient change in the
degree of protien binding.

The purpose of this study was to assess the paradox of
high serum corticosterone concentration in animals that do
not possess hypertrophied adrenals. Both the metabolic
clearance rate of corticosterone and the actual 1level of

free (biologically active) corticosterone were

investigated.



Materials and Methods

Experimental Animals

Controls: The animals used in this experiment were

prairie deermice (Peromyscus maniculatus bairdi) derived

from an outbred 1laboratory colony. Control mice were
weaned at 21 days of age and then maintained in same-sex
sibling cages until at least one week prior to sampling.
At this time they were moved into the same room as the
population mice and were housed individually. Although
these males may be more accurately described as isolated
males, the terms control(s) and isolated male(s) were used
interchangeably.

Population Inhibited: These animals were taken from

three laboratory populations that were started with four
reproductively proven, non-sib pairs of mice. Any young
born into the population during the first 21 days were
removed, ensuring that all young that remained in the
population were conceived in the population. Population
enclosures were 1.5 meters in diameter. The floor was
covered with wood <chips and six plastic nest boxes were
prévided as needed.

All mice were provided with an excess of food and

water. The lights were set on a 14 hour 1light, 10 hour



dark cycle with light on at 0830 EDT. Room temperature was
maintained at between 21 and 30 C and there were 5-10 air
changes per hour in the room.

Selection of Experimental Animals: Control and

population males were between 105 and 172 days of age. On
the morning of sampling all of the animals in a population
were collected and individually examined until a male that
was both aged 105 =172 days and was never observed to have
had scrotal testess was 1located. Depending on the
experiment (Protein Binding Study), additional male animals
were selected. All population animals not selected were

then returned to the enclosure.

Tissue Collection

Collection and Storage of Blood: Population animals

were inspected at 1000 hours the morning of sampling and
selected animals were placed in a cage containing food,
water, and soiled bedding from the population. The cage
was put back in the population enclosure by 1100 hours.
Control animals that were to be sampled were also handled
so that they would be similarly disturbed.

At 1400 hours when the corticosterone concentration
was shown to be stable in rats (Matsuyama et al., 1972),
sampling was begun. Each animal was anesthetized with
diethyl ether, the abdominal cavity was exposed and the

renal artery was clipped. Blood was removed within 2



minutes of first contact from the abdominal cavity using a
1 ml plastic syringe. The clotted blood was centrifuged to
separate blood cells from serum. The serum was removed,
placed in a glass test tube,covered with parafilm and

frozen at below ~-25 C.

The animals were weighed and the abdominal and
thoracic cavities were fully exposed. The animals were
placed in buffered 10% formalin. The testes, seminal

vesicles and adrenal glands were later removed, cleaned of

surrounding tissue and weighed to the nearest 0.1 mg.

Measurement of Metabolic Clearance Rate

The animals for this experiment were weighed and
anesthetized with amobarbital sodium (0.12 mg/g of body
weight at a 25 mg/ml concentration). A jugular cannula was
prepared by fitting PE 10 intramedic tubing (Clay Adams)
over the tip of the needle of a 100 ul Hamilton syringe
filled with heparin (100 U/ml, Sigma). Ten microliters of
sodium heparin (Sigma) was injected into the cannula and
the cannula was sized to contain 10 ul (about 12 cm 1long).

Ten minutes after the injection of amobarbital the
mouse was further anesthetized with Halothane U.S.P.
inhalation until surgical anesthesia was attained. An
incision was made in the neck, the jugular vein was exposed

and cleaned of surrounding fat and tissue. Two strands of

4-0 surgical silk were passed under the jugular, one



directed cranially, one caudally. A loose overhand knot
was tied in each suture. The lower end (caudal) of the
jugular was clamped off with a pediatric hemostat and the
cranial suture was tightened down. The area in between was
nicked with scissors, the hemostat was released, and the
cannula was passed into the 3Jjugular and slowly advanced
past the clavicle so that it was positioned in the vena
cava. Blood was drawn back to ensure that the cannula was
patent, then 10 ul of hepafin was injected to keep the vein
open. The needle and syringe were exchanged and 20 ul of a
known concentration of tritiated corticosterone ( about 0.5
uci = 1.65ng of tritiated corticosterone or 5 wul of
tritiated corticosterone diluted with 15 ul 0.9% NaCl, New
England Nuclear S.A. = 105.0 Ci/mMol) was injected. The
cannula was flushed with heparin and a timer was started.
A duplicate 20 ul aliquot of the tritiated corticosterone
were placed into a scintillation vial to determine the
number of counts injected.

At t = 19 min, blood was withdrawn through the cannula
until whole blood just entered the syringe (i.e., more than
a 10 ul volume). The heparinized syringe was removed and
replaced with a tuberculin syringe. At t =20 min, about 25
ul of blood was drawn into the hub of a 27g 1/2" needle
which was then placed to one side. The first syringe
containing the heparin and blood was reattached to the

" cannula and enough additional heparin/saline solution was



returned to the animal to clear the cannula of blood.
Twenty microliters of blood was then removed from the hub
of the sample needle with an Oxford pipette and placed
directly into a scintillation wvial containing 10 ml of
scintillation fluid (Biosolve EP, Beckman). This procedure
was repeated at t = 30, 40, 50, and 60 minutes. Following
the last sample the animal was euthanized with an overdose
of Nembutal. The abdominal area was cut open, exposing the
reproductive organs. The bladder was punctured with a 27g
1/2" needle and all of the urine was removed and placed in
a scintillation vial. The animal was stored in 10%
buffered formalin. Later the testes and seminal vesicles
were removed, cleaned of fat and weighed to the nearest
milligram.

The apparent volume of distribution (AVD), half-life
(T 1/2), and metabolic clearance rate (MCR) of
corticosterone were calculated according to a single
compartment model by the method described by Bradley and
Holmes (1971). The injected corticosterone was assumed to
be evenly distributed at the time of administration (t =
0), and it was further assumed that no metabolism of
corticosterone occured until after it was evenly
distributed. By taking the log of the cpm of each sample
and plotting it against the time the sample was taken the
equation of a line could be calculated: 1log ¥ = bX + 1log

A. Y is defined as the plasma concentration in cpm/ml, b
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is the slope of the line, A is the plasma concentration at
t = 0, and X is the time in minutes after injection of the
tritiated corticosterone. The AVD is the volume in which
the tritiated corticosterone is distributed. It is

calculated by the equation:

cpm injected

AVD =

cpm/ml at t=0

This gives an apparent volume of distribution in ml at t =
0. The biological half-life of corticosterone (T 1/2) is
the time that it takes for one half of the labelled steroid
to be removed from the circulation. It is found by the

formula:

1ln2

T 1/2 =

-b 1nlo0

The MCR is that volume of plasma that is cleared of
corticosterone per unit time. It is «calculated by the

formula:
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AVD 1n2
MCR =

T 1/2

Serum Corticosterone Protein Binding and Radioimmunoassay

of Corticosterone: The method used was the unmodified

protocol described in the Endocrine Sciences
Radioimmunoassay Procedure for Corticosterone antiserum No.
B3-163. All glassware was rinsed with absolute ethanol,
then with redistilled methanol, and allowed to air dry.
All tubes used in the assay were 12 X 75 mm plastic,
conical bottomed tubes (Scientific Products). A 0.05 M
borate buffer was prepared by dissolving 4 g of boric acid
in 1000 ml glass distilled water. The buffer was adjusted
to pH 8.0 by adding 10N NaOH. Bovine serum albumin (10%)
was prepared by dissolving 1 g of bovine serum albumin
(Sigma) in 10 ml 0.05 borate buffer containing 0.1% sodium
azide. Bovine gamma globulin (2.5%) was prepared by adding
250 mg bovine gamma globulin (Sigma) to 10 ml of normal
saline containing 0.1% sodium azidé. To make a borate
buffer/BSA mixture, 2.5 ml of 10% bovine serum albumin was
added to 97.5 ml of borate buffer.

A corticosterone standard of 1 mg of corticosterone/ml
redistilled methanol was prepared. From this stock, serial

dilutions of 1.0, 0.5, 0.25, 0.125, 0.0625, and 0.0312 ng
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corticosterone/0.1 ml redistilled methanol were prepared in
duplicate. The tubes were placed in 50 ml beakers
containing 20 ml of water and the alcohol was evaporated to
dryness at 45 C in a vacuum oven. Fifty microliters of
borate buffer/BSA was added to each tube and to four
additional tubes to determine the radiocactivity bound to
zero ng corticosterone (Bo). The tubes were vortex mixed
and then allowed to stand for one hour.

Frozen Peromyscus standard serum (PSSer) from a pool

was thawed and a serial dilution of 20, 10, 5, and 2.5 ul
was prepared in borate buffer/BSA. Control and population
experimental serum was thawed and 20 ul was taken from each
sample and placed in a sample tube. Both the sample tubes
and the PSSer pool dilution tubes were brought to a total
volume of 400 ul with borate buffer/BSA. The tubes were
heated for 30 min at 60 C in a water bath to denature the
corticosteroid binding proteins. Following removal from
the bath, duplicate 50 ul aliquots from each tube were
removed and placed into assay tubes.

A saturated solution of ammonium sulfate was prepared
by adding an excess of the reagent grade salt to glass
distilled water. Saturation was confirmed by the presence
of crystals after two hours. A dilute antiserum mixture
was made by combining: 24.0 ml of borate buffer; 30 ul of
tritiated corticosterone (equal to 1,200,000 dpm - 1,2,6,7

34 Corticosterone New England Nuclear S.A. = 105.0
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Ci/mMol); 0.6ml 10% bovine serum albumin; 0.6 ml 2.5%
bovine gamma globulin; and 0.3 ml stock antiserum
(corticosterone Antiserum B3-163; Endocrine Sciences, CA).

Before adding the antiserum, 0.2 ml of the dilute
antiserum mixture was added to each of six conical tubes
containing 50 ul of borate buffer/BSA. Three of these
tubes were designated "total count tubes" and three were
designated "non-specific binding tubes".

The dilute antiserum was centrifuged for 5 minutes at
3000 rpm. Two hundred microliters of dilute antiserum was
added to each of the sample tubes, the plasma dilution
tubes, the standard curve tubes, and the four Bo tubes.
Each tube was vortex mixed and incubated for 45 minutes at
37 ¢, then for two hours at room temperature, and finally
at 4 C overnight (20 hrs).

Free steroid and antibody-bound steroid fractions were
separated by adding 0.25 ml of the saturated ammonium
solution to each tube (with the exception of the total
count tubes). The tubes were vortex mixed and centrifuged
for 10 minutes at 3000 rpm at 4 C. Three hundred
nmicroliters of supernatant was transferred from each tube
to a counting vial containing 10 ml of scintillation fluid
(Biosolve EP, Beckman). The vials were assayed for tritium
in a liquid scintillation counter for 50 minutes or to a 3%
error.

Total serum corticosterone was calculated by finding
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the slope of a log-logit transformation of the standard
curve. The equation of that line (Y = 0.55826X - 1.03921)
was used to calculate total serum corticosterone for each
sample in pg/2.5 ul and the values were multiplied by 0.04

to give ug/100 ml.

Determination of Percent Free Corticosterone: Fifty

microliters of tritiated corticosterone (14,000 cpm/100 ul,

New England Nuclear S.A. = 105.0 Ci/mMol) was added to
each conical bottom plastic tube. The solvent was
evaporated to dryness in a vacuum oven. One hundred
microliters of PSSer was added to each of four tubes. One

hundred microliters of control or population plasma was
added to each of the remaining tubes. In some instances
where serum volume was inadequate, a 1lesser amount was
added (see Discussion). The tubes were vortex mixed for
three minutes and allowed to incubate overnight (20 hrs) at
4 C. They were then incubated for two hours at room
temperature.

The free corticosterone was separated from that which
was protein bound using the Amicon MP Ultrafiltration
System. Nintey microliters of serum was placed into each
ultrafiltration cell when sufficient volume was available.
The cells were centrifuged at 3000 rpm for five minutes.
Twenty~-five microliters of the wultrafiltrate containing

free corticosterone was removed and placed in a
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scintillation vial containing 10 ml of Biosolve EP
(Beckman) scintillation fluid. The vials were counted on a
liquid scintillation counter to a 1% error or for 100
minutes.

The percent free corticosterone was found by dividing
the number of counts per microliter in the ultrafiltrate by
the number of counts per microliter in the original

aliquot.

Statistics

The mean and standard error of the mean were
calculated for all values. Comparisons were made by the
student's t-test, except for the body weight of animals in
the protein binding study and the seminal vesicle weight in
the MCR study. In these cases the variances were
heteroscedastic and the Mann-Whitney U-Test was used. A
Pearson Product Moment Coefficient was used to determine if
correlations existed between selected parameters. A
probability of less than 0.05 was considered significant in

all cases.



Results

Metabolic Clearance Rate Study

Population mean values for body weight, testes weight
and seminal vesicle weight were all significantly lower
than those of the control mice mice (P < 0.015, P <‘ 0.001,
P < 0.0005 respectively; Table 1).

A trend (P < 0.058) toward a larger mean value of
tritium excreted in the urine was identified in males from
populations versus the isolated controls (Table 2).
However, the mean values for the AVD, T 1/2, and MCR of
population males were not significantly different from the
respective values for isolated control males (Table 2).

A significant 1linear correlation was demonstrated
between increasing testes weights and the MCR when all of
the population and control values were combined (r = 0.567,
P < 0.02) and between these same parameters when only
values from population animals were used (r = 0.813, P <
0.008). No significant correlations were observed if only
values for isolated male controls were used.

Also, if values for all male isolate controls and
population animals were combined for seminal vesicle weight

versus MCR, they were found to be significantly correlated

16
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(r = 0.493, P < 0.04), but only a trend (r = 0.615, P <
0.08) was demonstrated with values for population males and
no correlation was demonstrated with isolated controls. No

other significant correlations were demonstrated.

Corticosterone Protein Binding Study

Mean body, seminal vesicle and testes weights of a
second group of population males were significantly smaller
than those of their respective controcl male mice (P <
0.0028, P < 0.000, P < 0.000, respectively). There were no
significant differences between control and population
absolute and relative adrenal weights (Table 3).

The mean value for percent free corticosterone of the
isolated male deermice was significantly larger than the
population mean value (P < 0.0045; Table 4). A comparison

between control and population mean values shows that the

population mean corticosterone concentration is
significantly larger than the control (P < 0.0034; Table
4), The total free serum corticosterone concentration was

found by multiplying the percent free corticosterone by the
total serum corticosterone (in ug/100 ml). The mean
concentration of the total free corticosterone in
population inhibited males was significantly higher than

the control mean value (P < 0.0347; Table 4).
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Discussion

Earlier studies established that reproductively
inhibited deermice had smaller body and reproductive organ
weights than reproductively capable mice (Terman, 1969;
Sung, 1977; Bradley and Terman, 1981 a,b,c). Deermice
selected from laboratory populations in +this study had
significantly smaller body and reproductive organ weights
than those of the control mice (c.f., Tables 1,3). This
indicates that these animals were reproductively inhibited
in a manner similar to that previously reported. The
testes weights of population animals were somewhat larger
than previously reported (Bradley and Terman, 1981 a,b,c).
This is probably due to the fact that older animals were
used in this present study, but it may also reflect the
fact that some of the animals were further developed
sexually than animals used previously.

In earlier studies the adrenal gland weight of
reproductively inhibited deermice has been reported to be
either smaller (Sung et al., 1977; Bradley and Terman,
1981c), or not statistically different (Coppes et al.,
1984; Kirkland et al., 1985) when compared with normal
controls. In no case has the absolute adrenal weight of

population deermice been found to be larger than that of

22
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controls, which 1is characteristic of Mus and Rattus and
would be expected if adrenal hypertrophy were the cause of
the observed increase in serum corticosterone
concentration. In this present study there was no
statistical difference between the absolute or the relative
adrenal gland weights of control versus population mice
(Table 3), confirming again the apparent 1lack of adrenal
hypertrophy in reproductively inhibited population animals.

The metabolic clearance rate (MCR) of corticosterone
was determined from the biological half-life (T 1/2) and
the apparent volume of distribution (AVD) of the injection
of a single dose of tritiated corticosterone. This method
is similar to that used 1in several other studies of
metabolic clearance (Tait et al., 1961; Herbst et al.,
1967; Bradley and Holmes, 1971; Holmes et al., 1972;
Sabourea and Boissin, 1980; Kovacs and Peczely, 1983).
Studies comparing a single injection of tritiated
corticosterone with constant ¢tritium infusion techniques,
indicate that there are no significant differences in the
results obtained by either method (Tait et al., 1969;
Saboureau and Boissin, 1980).

The AVD of population mice was smaller then that of
controls which may have been due to the smaller body size
of inhibited animals. Also the T 1/2 of corticosterone in
population mice was somewhat larger than that of control

mice (Table 2). However, neither of these tendencies were
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statistically significant. It is therefore not surprising
that the ratio of the AVD 1ln 2 over the T 1/2, which Iis
equal to the MCR, was also not statistically significantly
different. Indeed, if the mean MCR for both population and
control animals is adjusted for body weight the apparent
differences are further reduced.

However, despite the lack of difference between the
mean value for each of the two groups, interesting and
important differences are demonstrated when individual
testes weights and the respective MCR values are compared
for each animal. There is a significant positive
correlation (P < 0.02) if values for both control and
population inhibited animals are used. This significant (P
< 0.008) correlation also persists if only values from
population inhibited animals are used, but, no such
relationship exists if only values from reproductively
capable animals are used. Similar significant (P < 0.04)
correlations between seminal vesicle weight and MCR values
for control plus population inhibited mice further support
the conclusion that the most drastically inhibited deermice
have the lowest MCR.

The mean value for the tritium activity recovered in
the bladder urine was 39 % higher in population mice
compared with the isolated males (Table 2). This may be
because more corticosterone is excreted via the biliary

route in control mice. Variations of about 25 % in biliary
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and fecal corticosterone excretion are known +to occur in
other species following hypophysectomy or ACTH treatment (
Bradley and Holmes, 1971). Another possibility for
apparently increased urinary excretion of the tritium dose
may be that control mice have mnore receptors for
corticosterone than population mice. This would give the
appearance of an increased excretion rate in inhibited
animals, when 1in reality there is simply less
corticosterone bound to the "down-regulated" cells in the
inhibited population animals and so more corticosterone is
available for both metabolite production and rapid urinary
secretion. No correlations were demonstrated between
absolute urine tritium or tritium concentration and MCR.
Total serum corticosterone concentration of population
mice was twice as large as that of control mice. This
agrees well with the results of Sung et al. (1277) and
Bradley and Terman (1981c). However, the actual values for
both control and population animals are much higher than
those previously recorded. Although high, these values are
not unreasonable. Several studies have shown similar
corticosterone concentrations in response to acute stress
in rats (Kaneko, et al., 1980, Benwell and Balfour, 1982;
Dobrakovova et al., 1982). The animals in this study were
acutely stressed during and immediately prior to sampling
due to the sampling design that caused them to be removed

from the population enclosure or the home cage three to
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four hours prior to sampling. Reynolds et al. (1980) has
shown that in rats the pulsatile corticosterone response to
stress occurs in less than 3-5 minutes and so all of these
animals should have had elevated corticosterone. Indeed,
in isolated male control mice, the order of sampling is
well correlated with increasing serum corticosterone
concentration.

The MPS-1 Amicon micropartition system used to
determine the percent of corticosterone that is not bound
to plasma proteins has been previously investigated in our
laboratory (Huyen Van Cao, unpublished Honors Thesis,
1984). The system was found to compare favorably with
other methods, such as those using dextran coated charcoal,

Florisil in Peromyscus (Cao, 1984) and equilibrium dialysis

in humans (MacMahon et al., 1983). In the present study it
was sometimes necessary to use an aliquot of plasma smaller
than 100 wul because the amount of plasma obtained from the
individual mouse was too small. The earlier study (Cao,
1984) also compared the ultracentrifugation of varying
amounts (80, 100, 120 ul) of plasma and found no
significant difference in the binding estimates.

The percentage of corticosterone free of protein
binding was significantly lower (P < 0.0045) in population
mice compared with controls Table 4). When the actual
concentration of free (biologically active) serum

corticosterone was calculated there was a greater
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concentration of biologically active corticosterone in
population mice. Although the biologically active
corticosterone concentration of population mice is higher
than that of controls, a large part of the total serunm
corticosterone is not available for metabolism by the liver
because it is protected by binding to protein. The higher
concentration of biologically active corticosterone may be
partiélly due to the tendency toward reduction in metabolic
clearance rate found in reproductively inhibited mice, but
it cannot account for all the difference.

Even though the absolute mean MCR value for all
inhibited deermice 1is a non-significant value 25 % lower
than for all control mice, there is still a significant ( P
< 0.02, P < 0.04, respectively) positive correlation
between the smallest testes and seminal vesicle weights and
reduced MCR. This indicates that the most inhibited
animals have the lowest MCR. The population animals used
in this study were not uniformly "inhibited". There is a
wide range of testes weights and the mean body and
reproductive organ weights are higher than those previously
reported for reproductively inhibited population deermice.
While some of these differences may be explained by the age
of these animals as compared with those of earlier studies,
it is possible that some of the animals were also not as
inhibited. Also, control animals used in this study were

not as well developed as reproductively proven males. In
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contrast to many previous studies, the control male
deermice were never exposed to female deermice and their
gonad and seminal vesicle weights were reduced from
compared with those of previous studies. (Testes weight:
221 mg; seminal vesicle weight: lllmg; compared with
testes weight: 314.2; seminal vesicle weight: 144.9;
Bradley and Terman, 1981b). Taking these factors into
consideration, it is quite reasonable that the metabolic
clearance rate 1is 1lower in reproductively inhibited
animals, especially those animals that have small testes
and seminal vesicle weights.

In a study of Japanese quail, Xovacs and Peczely
(1980) demonstrated that the MCR of corticosterone
decreased with increasing hypothyroidism. Hypothryoidism
could be the primary cause of the metabolic clearance rate
reduction in those reproductively inhibited population
deermice that have a drastic reduction in gonad and sexual
accessory weights. Peebles and Bradley (1984) demonstrated
a significant decrease in serum thyroxine concentration and
Pitman and Bradley (1984) demonstrated significantly 1lower
concentrations of bbth serum thyroxine and triiodothyronine
in reproductively inhibited populaton deermice as compared
with reproductively capable controls. A decrease in these
hormones could slow the metabolism of corticosterone in the
liver. Hypothyroidism could also explain other changes in

the inhibited deermouse such as smaller body size and
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reproductive organ weight and development (Amin and
El-Shiekh, 1977; Kalland et al., 1978).

Since the discovery of a specific corticosterone
binding protein (transcortin or corticosterone binding
globulin ~ CBG) much attention has been focused on the
function of transcortin (Daughaday, 1958 a, b; Upton and
Bundy, 1958; Bush, 1957; Slaunwhite and Sandberg, 1959).
Subsequent studies established that corticosterone bound to
transcortin (or other proteins such as albumin) was
"biologically inactive". That is, it was not available for
use by the body - it was not metabolized by the 1liver and
could not be used by the cells (Slaunwhite and Sandberg,
1963; Slaunwhite, Lockie, Back and Sandberg, 1962). The
corticosterone free of protein binding or "biologically
active" corticosterone was a small percentage of the total
serum corticosterone concentration (3-5%), as was shown in
the present study. An increase in total serum hormone
concentration should cause an increase in the amount of
corticosterone bound to transcortin and the other binding
proteins, so that the ratio of free to bound remains
somewhat the same to preserve the biologically effective
level of the hormone at a fairly constant level. This has
been demonstrated to be the case in pregnant women. The
level of glucocorticoids in the serum rises during
pregnancy, but an increase in the amount of binding occurs

concomittantly, leaving the amount of circulating
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biologically active hormone the same (Slaunwhite and
Sandberg, 1958; MacMahon et al., 1983).

If the blood volume is assumed to be 10% of body
weight, then the absolute mass of free serum corticosterone
of inhibited mice in this study was only about 35 % higher
than that of the control mice, as compared with a 200 %
increase in the total concentration (without any
adjustment). This, coupled with the probable decrease in
MCR by at least the same magnitude in the more drastically
inhibited animals from the population could easily explain
how there could be an apparent 2-fold increase in total
serum corticosterone concentration without hypertrophied
adrenal glands. In fact, the MCR of the population animal
with the lowest testes and seminal vesicle weights is 75 %
lower than the mean MCR value for the population inhibited
animals as a group.

Higher concentrations of biologically active
corticosterone could have caused a reduction in thyroid
hormone production (Wilbur and Utriger, 1969; Otsuki,
Dokada and Baba, 1973; Parmenter and Hedge, 1280).
Elevated serum glucocorticoids have also been related to
reproductive inhibition. Studies have shown that they
inhibit testosterone production in mice and humans
(Gartner, Reznik-Schuller and Reznik, 1973; Doerr and
Pirke, 1976; Schiason, Durand and Mowszowicz, 1978) and

prolactin production in rats (Collu, Tache and Ducharme,
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1979).

Although strongly suggestive, the results of this
study are not conclusive. Further research on both MCR and
protein binding is indicated. MCR studies should be done
with both male and female animals, and the animals should
be standardized for the extent of reproductive inhibition,
i.e. reproductively proven control animals versus
population animals that are inhibited as evidenced by
drastically reduced gonads and body weight. Corticosterone
concentrations for population inhibited and control mice
need to be established for a particular non-stressed
context. Three different estimates of corticosterone
concentration have been obtained in both population and
control mice in three studies done in this 1lab. These
differing results may be due to different times of day and
sampling criteria. Protein binding 1levels should be
repeated with animals that are 1less stressed than these
were to establish that the short-term binding ratio remains

the same regardless of the level of stress.



32

VYA 69°9¢ %/°G1 €y L1 [1°6T 011 %€
0Z6T" 8°'1Y 8G 11T L€ Y11 AN ) 091
£096" 61°6C 9¢°0¢ €5 %81 9691 GET A/
TLLT 89971 9Z'Y g 01 96°€1 0ST 62€
9865 " 80°8¢ YA/ 8¢ 891 o' 81 G9T 12€
VA7A 16° L2 1876 €C %6 9L'TT 05T 0fT
0gL0° 6€°C1 0g” V/ 1y AR 091 W
€681 9€° 07 96°G 6€ AN %1°81 GET 111
986¢" 98 0€ 6¢ €1 76 9¢T He' 4T V7A 02t SaTEl
uot3endog
9%9¢" %8¢ YARK rAAl 8¢ 9%°0¢C rA 6%7€S
9G0Y" 9T L1 %001 V/N V/N 08°(1 rA 9.2S
rAAA AR T/ 8¢ 11 H€T GST T1°81 oY1 1926
0L19° 6,91 %641 A4 Q0T 18°GT 601 YA A
209T" VTANAN 0] 887 6¢1 e G9°81 081 8125
86€€" €1°GE rAANA 19 3 €941 GOT 1926
VAR 7102 12°6 6L 8€T A A 0¢1 G625
o%0¢" Ge €1 €6°€ %61 6C2 12°91 oyl GIES
RSN 0% 61 68 Y1 0€2 99¢ £6°61 0Z1 9€26 sOTEW
Tox3uo)
(omu/Tw)  (umm) (Tw) (3w) (3w) 3) (s&eq)
0K /1L anv y3TaM Jy3TeM Y3ToM a8y TaquUINy
STOTSOA $9389, Apog
TEUTaS

20TULISY( UOTIBTNdOd pue ToIjuo) UT
9U0191S00T310) JOo (MOW) 938y URIBIT) OTTOJEBISH
pue (7/1 1) ®ITI-ITeH ‘(QAV) UOTINGTIAISTA JO aunfop Jueaeddy

pue ‘qu3ToM SOTS9) TEUTWSS ‘S93s9] ‘Apog o8y ‘Ioquny

T xtpuaddy



33

V/N  V/N V/IN 2T 97°¢ A " 0€ L'%T  GET 791

[T°€ 67 8%  GLT 87T V/N 2'6€ 0°€ET Tyl €9€

LL°0 TTw €8T 9%ET 80°C 88T 9'80Z €'GT  TUI 16€

o'z 1L 0279 Wi 9T €'y 0° 0% 8'€T Tyl 09€

T’ S€'€ 096 78T % V/N LET €91  GET L1

L'y %9'w  8'T0T [T 0L°€ 761 9T 06l 6T €LT

06'%  [8°€ 69T LIT 88" 1 z°95 0’86z 191 021 6.1

86'€ 7C°¢  9'€CT eyl 91 9'% 0°8% L€l Tyl 29€

GT'S  60°€ L'99T 661" 06°C VA AL 9wT  THI co¢g

V/N VN V/N 08z 86°¢€ €€ ALTA AL/ SR (A 081 saTel

uotIeTndog

97°T  6%'S 88w el €L°2 '€l  0°0Z€ 86T €Yl GGzs

¥$'z  00%  O7'€9 €8T 0L % TLT %09 99T eyl 7998

60°C 9T’ 9€°0S 9.0 70°1 770" €T L€ €T T1-66T6

T2°C 6£°G  €6°0% M- A 9'6Tc  T'€IE  T°€C ST 87€S

91°€ 667 Ov'E9  0CT Ly z'Tee Ty €0z eyl T1-9€28

12°c  27§°S 00°0% 98T 9% 0°0ST %88 8% eVl 64725

[G°0  €6°C TSWT  8ST” £S°7 %°98T  0'%Z€ 09T  €¥l 9€2S

1270 €0°G 60°'% 641" €0°€ 9'1€C  8°€TE %' 0T €yl es

€€ GO'% L9°18  6€T 9% 29T 9'MOv  L'8T  8ET  Z-6TES

08°0 LO'% 6561 02T 00°% T8l w'eee  T'8T  8ET  T-61I¢€S SITEN

T0a3u0)

9914 "30], 3314 9, JsToM  JYSTeM  JYSTEM  JYSTOM  JYSTSM 95y JIoquny

9UOI9]S00TII0) WNISS TRUSIPY T[BULIPY OOTS9)  §9359] Apog

Te30],

"T99

sqy TEUTWRS

9oTuros(] uotlendod pue Toijuo) ul
9UOIDIS0OTII0) 9914 TeIOI, Pue 991] JusdIdd ‘UNIdS TeIOT,
pue SJY3TaM TEUSIPY SATIETSY PuB dINTOsqy ‘OTOTS9) Teumumds ‘s91s9L ‘Apog ‘93y ‘Ioquny

¢ xTpueddy



3y

[ - S3ANYA ONISSIMW 0 -S3aNIvA 43aN1JIx3 LT - S3Nva Q311074
veELIE BV - (4) 34078 85682 6L = (V) LdIDAYIINI S£868°v? - 153 40 ¥¥3 41§
8G/10°* - IONVITJINIIS 69128 - a3yvnaes ¥ 81/9S" =-(¥) NOILl¥I3¥40]
**8JILSILVILS
STEeUTIUY TV
£ 39vd IUSTOM Sa8958] pue aJuedeal] IATioge}el BUTJeduo) weubuad3l3808§ S8 N EctT
19 £98* 808" (41 -3 Sve* 162 14 429 44 % £L0°
N Attt e e A Sl Dbl LDl D Sl St et it Anie Dl St DBt DL Ll D e R et SLELT DL
00586 + I I + 0084
I 1 1 I
I I 1 I
I I I I
I I 1 I
084°9¢ + I I + 089
I I I I
I 1 I I
I I I 1
I I I 1 :
000° 9 + I I + 000°'v9
I I I I
I I b I
I I I I
1 I I I
0SZ°'16 + I + 0SZ'16
I I 1
e et B et e e EEE L Ty |
J .. - - 1 B 1
I I I . .
005°811 + I + 00S°8TT - .
I I I - - -
e -1 I = =
. I I ) S
I I I
08L°SPT + 1 3
1 . i T e .- _
I I
I I .
I X I )
e e Q00 E£LF-— & - - - I- -
I I
I * I .
e —————— P e —————— e ————
—ameee .- .. N H H R — = = - — e m e e e
068Z2°002 + 1 I
Ix I b
I I I
e e T B PR— i - -
I I I [
008°¢cc2 + I 1 3 1 005°¢422
I I I
A I 1 " T omeme o o e e e e
I I I b 4
I 1 1
(YA £°74 + I 1 3 0SL*vSZ
- -1 -1 SOUE P (i
I 3 1 I
I I 1 I
I I I 1 R
- 000°288 - ¢+ b 3 [ I . . I e e o e RUNE O, TR ¢ 111 ¢ R4 - A —
B G e B e R B e e e B e B e e D e L e et Audutatad
065" SEg* i8¢ L2V 49 8TE* £92° 602 N oo0r1*
ajey aouedea[) ar7oqe}al YIK  1SS0¥IV IYBETaM sajsal S31S31 iNmOQ

sTeutuy I1¢
4 39vd AYE1aMm S8353) pue 3dULJEDAT) OT[OQe}al FUTJEdwo] Wedpda}3eds §g INr ct

sTewrTUy TTV UT JYSTSM S91S9] pue 90URIEST) OTTOGEISH Sutxeduo) wea3I833eds
¢ xtpuaddy



35

0 - S3NTYA INISSIW 0 -83NWA dJINIIXI 8 - 83nvn 13liod
Q1EL19°69 - (4) 340718 86£80'v4T ~  (¥) Ld3IDJYILINI cC185°'08 - 1S3 40 M¥y3 41S
LE6SS! - JINVIISINIIS 28650 - d340NHs ¥ 8svvl’ -(¥) NOIiVI3YN0D
**8OI4iSTLIVLS
STeuIuyY Jo44u0)
£ 39vd IYET1aM S53753] pue 8ouURUEAT) ODITOgR}8) BUTLE4WO) WEUFID}FEIS S8 NI 2T
190 T48° ?cs 08v* vEY* 6BL " geg L6 Zse’ 902" 091 ’
B e e e R At e e e e R Bl e vianaiet Sntaat b T e e R e ettt
000641 + 1 ¥ b + - 000°s¢1
I I I I
I I X1 I
I I I I
I I I I
00£°'c?1 + I I + 00£°' 291
I I 1 I
I I 1 I
I I I I
1 I I I
00%°5L1 + I I + 009°8LT
I I I I
I I I I
I I I I
I I I I
0068871 + I 1 + 0046881
I I I I :
e e e e et DL D b D D et L D DDt D) §
I - I -1 - - 1
I I I I
0o0c*coe + I I + 00c*coe
Ix I 1 I
I I I- 1
I I I 1
I 1 I I
00S°S12 + I I + 005°S12
“ - . I O 1 1 -
I I 1 I
I 1 I I
I I 1 I
008822 + 1 1 X + 008°8¢¢-
I I I I
I I I I
Dl ettt e L e et iDL L L e e e e L) §
I I 1 I T
00T*Cve + I I L 54 00122
1 I 1 I
1 I I I
1 I I I - -
N 1 I I I
00b*GGZ + 1 1 + 00¥°*S82
I I I I
1 I I 1
1 1 I I
1 X 1 I I
00£°89¢ + I I + 00£°892
1 1 1 1
I I I I
I I I 1
1 I I I
00028 + X 1 I + 000°Z8C
e B e D e e el T e et B D e Rt B e B s Sttt Sdeons Satatatet 2
vé6s* grs £08* LSk Tiv® 99L" (o1 vee! - Y4 £87°
838y aduedear) Jdrr0Qejay YIW  15S0MOV jysrem saysal §31831 INMOU

STEeUTUY [04340)

c 39v4 JYsToM S9158] PpUE 9OUBJIEAT) OT[0Qejdl BUTJUE4wD] Wedsdajl3eos 88 0

cet
STEWTUy TOIJUO) UT JYSToM S93S9L pue S0UBIEST) OTTOGEISN Suraeduony wei8is33ed0s

 xTpusddy



36

sTemTUY UOTI}e[ndoy
< 39vd

R

sTeurTuy uotjeTndog ur JYSTOM S93SIL pue SoURIEST) OTToqeIs| Suraeduo) weiSxsyieds

G xTpuaddy

0 - S3NYn _ONISSIW 0 -S3NT¥n 134N13X3 6 - §307¥A 031107d
08ZT1°652 - (3) 340715 QEL&L b8 - (¥) Ld3JY¥3INI 69£%08¢ - 1S3 J0 ¥d3 ais
£4£00° - 3ONVII4INOIS 18099 - a3yvnes o 06c18"* =(¥) NOILVYI3¥¥0D -

**8JILSILIVLS
STEWIUY UDIY}RINdO4
e i £ JOyd  JUBTapM S39531 PUE BDOUEJEAT) JTTOQE}AN EUTJELWO) WeJdBJ4I}3€98 S8 INF TTT--
66S° 9vS* gév’ Try* 88’ PEE " £8e° 1£2* 8.1 1248 £40°
it At et dt el et el A e i S e T e e e R it SURSIOR DET RS L )
00S°6 + I 1 ¥ + 005°é
N I I 1 I -
I 1 1 1
I I I I
I 1 I 1
- 086°9C. -t I 1 + 056°92
I I I 1
I I I I
1 I 1 1
I I 1 *I A
00t bt 1 1 1 +  00b°vy
1 I I 1
I I 1 I
I 1 I I
I I 1 1
058° 19 + 1 I +  058'19
[P 1 1 S
I I [
00£° 6L 1 w w +  00£‘6L
—— 1 I - - — e
I 1
I 1 Ix
054°96 1 m m t 0SL°'96
I 1
1 I
I b X I
e Q0CVIT w m * + 002'¥IT
1 I
— . . I I 1 C e e e——
0S?°IET 4 I I + 0S?'IfT
I X 1 I
I ¥ 1 I
[ . 1 1 1 - ——
I 1 I
00T 6¥T  + 1 +  00T'6vT
I 1 I
- I 1 1
I I I
I 1 I
0S5° 991 wu m w 055°991
I I I
1 I 1 1
I I 1 I
-~—--000°¥87 .- ¢ * 1 I : + 000'¥81
B e e T e e A B e e R L L e B T D e B e Sttt
g¢est oZs* L9v* Siv: oL’ org:* i8¢t voc: A~ 660"
ajey asuedeal] drrogejay dIW  1SS0Y3V Iysram Sa3sal  §31S31 INMOU

JYBISM S23S38] pue BJUBUEAT) IT[0OQL)8yN HUTJEWO] WEJIFJIA}3828 G8 1A ZIT



0_ - mm:._¢> INISSIN 0 -83NTvA d30Nn13X3 L1 - §3nNV
£2B8B8S'TCC - d) 34078 Z9105° 9T = (¥) Ld3JYIINI bé0Ck 0L - 183 4
98 ¥ 0" - uuzcuH..:zmmw g9cre” - q33vnos ¥ {828V - e = () NO
sjedyuy |
£ 39¢d T[3rsap [PUTUAG pue 3JueJea[]- IF[0Ge3aN FUTJLJWO] Wedsda}e
19 £98° 805° vev* 668" Sve* 16e £ 4:h 8¢ (22N ££0°
M iniuiuinh Sttt Sutataied Sutniuint Seteinted St ot et e Y bt e B e e Puntunt AEUT TS By iy
000t + I I X %4
. I I ) - . .. e e e e
I I I
1 I I
1 1 Ix
oog*82 + I I
I 1 1
I X I I 143
I I ¥ 1
I I 1 -
00928 + ¥ I X I
I I 1
I 1 ¥ b
1 I 1
I I I
006°*9L + I X 1
I I 1
e e e e e e o e e e e e e o
I I I
I I I
002107 + 1 +
I I 1
[ S I SOV RO (PO - - I-
I 1 1
1 b 1
oom WNn - m . 3 oom S¢1 .
R I
1 !
———— 008 6% T+ e e e e un Eenanb R R TR SEE 1+ 1: Y1 4 S
1
RPN U (i b 3 JRPDUI (i - e e T e e e e e e e i+ ¢ m s e BT —_—
00T vLT + I 1 +  00T°¥LT
I 1
I I
[ AR - I — e T— .
I I ] N § ;
00¢*B6T ¢ I I 1 00v 86T
I I I
e e I I— - — B e ] - .
1 I I :
1 1 1
00L° NrN + I I + 00/°c2ez
—1I- —-n e e -— - - 1T 1
1 X 1 1 I
1 I I I
1 1 1 I
000'4bT X 1 1 e d - 000 LPT ————
‘4= |||+|'||+n|||+||||+l|||+|l||+||||+|||...+llll+||i|+l|l|+tt||+v|||+|||l+||)..+|..||+||ll+||||+|l|l+«||r+. .
06S* SEg* 8¢ Lv gLg’ 8Ig* £92* 602 =) 001
a3ey wucmummmu uﬁmonmaWt ¥IW  ISS0¥IY u:mnwz .wmonmv> Teutrwag NS {NNMOT
° STeutuy HHC
2 39¢¥d 191Sap [eurwag pue aJueseal) J710QEIAN BUTJIEIWO) WEJIEIS31EI5 S8 INr 22T

STEWTUY TTV UT Jy3TSy 9]OTS9) TEUTWDS puR S0URIEdT) d9T1T0qels| Surxedwon weiaSieijeocs

9 xTpuaddy



38

000°19
009°6L
00c*84

008911

00V 5ET

000°'v51

009°8LT
002° 161
008° 602

oov8cc

000°LbE

0 - S3NT¥A ONISSIN 0 -53NIVA a3g
bEBS CCC - (g) 24078 FSVCR 0L - (¢) 1432
SGLbT! -~ 30NWJII4INIIS Cesig: - a33%
£ Joud I[2158p Teutwas§ pug adu
L19° 1.8° 928" 08 * bEb* 48¢° 3%
L e et LT At B S e T
+ I ¥
I 1
i 1
I 1
1 i
+ 1
1 1
1 1
I 1
1 1
+ I
1 1
1 I
I 1
i I
+ 1
I 1
H||Illl0||l||llllllllllllll!llllllllll'llllllll lllllllll ———— - -
I I
1 1
+ 1 X
I D
I I
1 1
1 I
+ 1
I 1 —_
1 1
I 1
1 1
3 x 1 R
1 I
1 1
Mlllllllllllll!llIllllI...llllIl|IIIIlIIllllIll|.cl|.lllllll|l|llllllll
1 I
+ 1
1 I
1 1
1 i e
i 1
+ I
I I
I 1
1 1
1 I
+ ¥ I
I 1 O,
I 1
1 I
I 1
+¥ I
B e e B e T e e B e o 1
ves* 8rs* £05* LS 13L& 99¢ ¢ 0ZE*
296y aoueJea[] arogejay YW $SS0¥DY

-

39vd

IJ1Sap [eutwag pue aJuedeal] d1[ogelaN FUTJIELUWO) wedpdajjedg

STewIuy Jo43u0)
e4@3[) IT[OYE}aH BUTJEJWO) WedFia3}eds g8 I 2T

62" 782 902 ° 091"
bt Adalabet BLIbd SLDEL DAL LIS SR 2
I + 00019
1 1
I I
1 I
1 i
X + 0 009°6L
I i
I I
1 i
1 I
I +  00Z°86
1 I
i 1
I i
i i
i +  008'91T1
I I
- - S = o - = S . = e S S5 - H
I ¥1

00b°SET

B
X

|
{
1

‘stewruy [o43uo]

mn NPt

STEWTUY TOIJUC) UT JYSTSM S[OTS9) TPUTUSS PUB 90UBIBITH OTIT0qe3Is)] Surreduoy ueiSisgjeds

; xrpuaddy



39

000°'v

000°6

0001

000°61

000°%C

000° 62

000 vE

' 000° 68

000°%¥

000° 6%

000°vs

2 L0 - S3NTYA ONISSIW 0 -S3ANYA J34n1ax3 3 - 83N¥A 131107d
b66CHFT - (d) 340718 CELEO VT = (¥) 1433M3LNI 9IT19*ST - 153 40 ¥¥3 qQ1S
5080° - 3JINVIISINIIS v0BLE" - J34vN0s N S8v19’ -(¥) NOIL1UI3INM0D

**83I1SI11ULS
STeUTUY UDIjelh<0yg
£ 39yd 101590 [eurwas pue aduedeal] ST[OQE3IAN BUTJEJUD) WeJFIa3}EIS C8 M ZTF
645" ¢S g6 134 88gL 9Le” £8c" | $ A 841" 9cT £0°
M e e e e e e Balmiad dleted Bl e e s Aadatatal LEEEE EEL L SRR PP TR ERE T TETtt
+ 1 1 Xt 000*Y
I 1 I b § I
I I b I
I I 1 I
I I I 1
+ I I + 0006
1 b 1 1
I I I I
I I I I
I I I I
+ 1 1 + 000°¢1
I I I I
I 1 I I
I I I 1
I 1 1 I
+ 1 I + 000°6T
I I I 1
- ——————- e e e e e e e e e e e e e e m e — e e - ——————— reme s n e —————— ——————— I
I 1 I I
I I Ix I
+ 1 1 + 000 b
I 1 I 1
I - I I I
I 1 I I
I 1 1 I
+ I I + 000°62
I 1 1 I .
I I I I
I 1 1 I
I 1 I 1
+ I 1 + 0006 ¥bE
I I I I
1 1 I I
e e S eiata il L LS CEEEE TS e et §
1% 1 I 1 -
+ I I X + 000°* 6%
I 1 I I
I I I I
I I I I B
I I | I I
+ I I + 000y
I b¢ I 1
I 1 I 1 -
I I I I
I I I 1
+ 1 1 + ooo 14
I 1 b 1 e e
I I I I
I 1 I I
I X 1 I I
+ 1 X I + 000°VS
B Ehottet Sdalabl DL LDl SLLDE DI TRl Eb il Sltaied atadedel LEL Al DID Al Dl it dadaltd DI L LD LELL I EELLL EELEY Sl et it bl LLLIE SLETLL B
cLs” 02s"° A4 Siv* oL oO1E"* rAYAl goc* gST* 660

ajey aduedeal) d110qeIal YW  1SS0N0V IUFTaM aforsapn [euruag 113 .zson

STEUTUY UDT3ENd04 T
Z  39¥d 191s3 [BUTWAE PUE 30URJEaT]) OT1[0Qe}ay BUIJESWO] WedEd233€08 8 N ZZI

sTewrTuy uorierndod UT JY3TeM 91OIS9) TEUTWSS PUE SoUBIEST) OTToqelsy Surreduo) weIZ19313BOS

g xTpuaddy



References

Andrews, R.V., Ryan, K., Stronbehn, R., and Ryan-Kline, M.
(1975) . Physiological and demographic profiles of
brown lemmings during their cycle of abundance.
Physiol. Zool. 48: 64 - 83.

Benwell, M.E.M. and Balfour, D.J.K. (1982). Effects of
chronic nicotine administration on response and
adaptation to stress. Psychopharmacology. 76: 160 -

l162.

Bradley, E.L. and Holmes, W.N. (1971). The effects of
hypophysectomy on adrenocortical function in the duck
(Anas platyrhnchos). J. Endocrinol. 49: 437 - 457.

Bradley, E.L. and Terman C.R. (1981a). Studies on the

nature of reproductive inhibition in animals from
laboratory populations of prairie deermice (Peromyscus
maniculatus bairdi): Serum LH and FSH concentrations.
Comp. Biochem. Physiol. 68A: 563 - 570.

Bradley, E.L. and Terman, C.R. (1981Db) . Serum
testosterone concentrations in male prairie deermice
(Peromyscus maniculatus bairdi). J. Mammal. 62: 811
- 814.

Bradley, E.L. and Terman, C.R. (1981c). A comparison of
the adrenal histology, reproductive condition, and
serum corticosterone concentrations of prairie deermice
(Peromyscus maniculatus bairdi) in captivity. J.
Mammol. 62: 353 - 361.

Bronson, F.H, and Eleftheriou, B.E. (1963). Adrenal
response to crowding in Peromyscus and C57BL/10J mice.
Physiol. 2Zool. 36: 161 - 166.

Bush, I.E. (1957). The physiochemical state of cortisol

in the blood. In "CIBA Foundation Colloquia on
Endocrinoloby, Hormones in Blood", Vol. 11
(Wolstenholme, G.E.W. and Miller, C.E.P., eds.), Pp.

263. Little, Brown, and Company, Boston.

40



41

Cao, H.V. (1984). Free and bound serum corticosterone in
reproductively inhibited female prairie deermice
Peromyscus maniculatus bairdi using the MPS~-1

ultrafiltration technique, Unpublished Honors Thesis,
College of William and Mary, Williamsburg, Va.

Christian, J.J. (1950). The adreno-pituitary system and
population cycles in mammals. J. Mammal. 31: 247 -
252,

Christian, J.J. (1955). Effect of population size on the
weights of the reproductive organs of white mice. An.
J. Physiol. 181: 477 = 480.

Christian, J.J. (1963). 1In: Physiological Mammology. W.
V. Mazer and R. S. Van Gelder Eds. (Academic Press,
New York)

Christian, J.J. (1964). Effect of chronic ACTH treatment
on maturation of intact female mice. Endocrinology.
74: 669 - 679.

Christian, J.J. and Davis, E. (1964). Endocrines,
behavior and populations. Science 146: 1550 - 1560.
Collu, R., Tache, Y., and Ducharme, J.-R. (1979).

Hormonal modifications induced by chronic stress in
rats. J. Steroid Biochem. 1l1l: 989 - 1000.

Coppes, J.C. and Bradley, E.L. (1984). Serum ACTH and
adrenal histology in reproductively inhibited male
prairie deermice (Peromyscus maniculatus bairdi).
Comp. Biochem. Physiol. 78A: 297 - 306.

Daughaday, W.H. (1958a). Binding of corticosteroids by

plasma proteins. III. The binding of corticosteroid
and related hormones to human plasma and plasma protein
fractions as measured by equilibrium dialysis. J.

clin. Invest. 37: 511 - 518.

Daughaday, W.H. (1958b). Binding of corticosteroids by
plasma proteins. Iv. The electrophoretic
demonstration of corticosteroid binding globulin. J.
Clin. Invest. 37: 519 - 523.

Dobrakovova, M., Kvetnansky, R., Torda, T. amd Murgas, K.
(1982). Changes of plasma and adrenal catecholamines
corticosterone in stresses rats with septal 1lesions.
Physiol. Behav. 29: 41 - 46.

Doerr, P., and Pirke, K.M. (1976). Cortisol induced



42

suppression of plasma testosterone in normal adult
males. J. Clin. Endocrinol. Metab. 43: 622 - 628.

Gartner, K., Reznik-Schuller, H., and Reznik, G. (1973) .
The influence of overcrowding on spermatogenesis, size
of Leydig-cell nuclei (histometrical investigation) and
the adrenal corticosterone contents in mice. Acta
Endocrinol. 74: 783 - 791.

Herbst, A.L., Yates, F.E., Glenister, D.W., and Urquhart,

J. (1960). Variations in hepatic inactivation of
corticosterone with changes in food intake: an
explanation of impaired corticosteroid metabolism
following noxious stimuli. Endocrinology 67: 222
-228.

Holmes, W.N., Bradley, E.L., Helton, E.D., and Chan, M.Y.
(1972). The distribution and metabolism of
corticosterone in birds. Gen. and Comp. Endocrinol.

3: 266 - 278.

Kirkland, L.E. and Bradley, E.L. (1985) . Reproductive
inhibition and serum prolactin concentraton in
laboratory populations of the prairie deermouse. Biol.
Reprod. Submitted for publication.

Kalland, G.A., Vera, A., Peterson, M., and Swerdloff, R.
(1978) . Reproductive hormonal axis of the male rat in

experimental hypothyroidism. Endocrinology 102: 476.
Kaneko, M., Hiroshige, T., Shinsako, J., and Dallman, M.F.
(1980) . Diurnal changes in amplification of hormone
rhythms in the adrenocortical system. Am, J.

Physiol. 239: R309 - R316.

Kovacs, K. and Peczely, P. (1983). Phase shifts in
circadian rhythmicity of total, free corticosterone and
transcortine plasma levels in hypothyroid male Japanese

quails. Gen. and Comp. Endocrinol. 50: 483 - 489.
MacMahon, W., Thompson, J., Bowers, W., and Sgoutas, D.
(1983). A simplified wultrafiltration method for the
determination of serum free cortisol. Clina Chimica.

Acta. 131: 171 - 184.

McCarthy, J.L., Green, W., and Sohal, R.S. (1976) .
Crowding stress and adrenal mitochondrial 11b -
hydroxylation in vitro. Proc. Soc. Exp. Biol. Med.
153: 528 - 531.



43

Matsuyama H., Ruhmann-Wennhold, A. and Nelson D.H.
(1971) . Radioimmunoassay of plasma ACTH in intact
rats. Endocrinology 88: 692 - 695.

Otsuki, M., Dakoda, M., and Baba, S. (1973). Influence of
glucocorticoids on the TRF - induced TSH response in
man. J. Clin. Endocr. Metab. 36: 95 - 107.

Parmenter, R.W., and Hedge, G.A. (1980) . Inhibition of
thyrotropin secretion in physiological 1levels of
corticosterone. Endocrinology 106: 162.

Pasley, J.N. and Christian, J.J. (1972). The effect of
ACTH, group caging, and adrenalectomy in Peromyscus
leucopus with emphasis on suppression of reproductive
function. Proc. Soc. exp. Biol. Med. 139: 921 -
925.

Peebles, E.D., Painter, J.A., and Bradley, E.L. (1984). A
‘possible role for the thyroid in laboratory populations
of the prairie deermouse (Peromyscus maniculatus
bairdi)> Comp. Biochem. Physiol. 77: 293 - 298.

Pitman, J.M. and Bradley, E.L. (1984). Hypothyroidism in
reproductively inhibited prairie deermice (Peromyscus
maniculatus bairdi) from laboratory populations. Biol.
Reprod. 31: 895 - 904.

Reynolds, R.W., Keith, L.D., Harris, D.R., and Calvano, S.
(1980) . Rapid pulsatile response in unanesthetized
individual rats. Steroids 35: 305 - 314.

Saboureau, M., Bobet, J.-P., and Boissin, J. (1980) .
Cyclic activity of adrenal function and seasonal
variations of cortisol peripheral metabolism in a
hibernating mammal, the hedgehog (Erinaceus europaeus
L.). J. Physiol. 76: 617 - 629.

Sandberg, A.A., and Slaunwhite, W.R., Jr. (1263).
Transcortin: a corticosteroid-binding protein of
plasma. V. In vitro inhibition of cortisol

metabolism. J. Clin. Invest. 42: 51 -54.

Schaison, G., Durand, F., and Mowszowicz, I. (1978). The
effect of glucocorticoids on plasma testosterone in
man. Acta Endocrinol. 89: 126 - 131.

Slaunwhite, W.R., Jr. and Sandberg, A.A. (1959) .
Transcortin: a corticosteroid-binding protein of
plasma. J. Clin. Invest. 38: 384 - 391.



44

Sung, Kuo-Li, P., Bradley, E.L., and Terman, C.R. (1977) .
Serum corticosterone concentrations in reproductively
mature and inhibited deermice, Peromyscus maniculatus
bairdii. J. Reprod. Fertil. 49: 201 - 206.

Tait, J.F., Tait, S.A.S., Little, B., and Iumas, K.B.
(1961). The dissapearance of 7-H3-aldosterone in the
plasma of normal subjects. J. Clin. Invest. 40: 72
- 80.

Terman, C.R. (1965). A study of population growth and
control exhibited in <the laboratory by prairie
deermice. Ecology 46: 890 - 895.

Terman, C.R. (1969). Weights of selected organs of
deermice from asymptotic laboratory populations. J.
Mammal. 50: 311 - 320.

Terman, C.R. (1973). Reproductive inhibition in
asymptotic populations of prairie deermice. J.
Reprod. Fert. Suppl. 19: 455 - 461.

Upton, G.V. and Bondy, P.K. (1958) . The binding of
cortisol by plasma protein. Arch. Biochem. Biophys.
78: 197 - 205.

Wilber, J.F. and Utiger, R.D. (1969) . The effect of
glucocorticoids on thyrotropin secretion. J. Clin.
Invest. 48: 2096 - 2103.



45

VITA

Heidi Kathryn Flatin

Born on August 5, 1956, in Minneapolis, Minnesota.
Graduated from Oakton High School in Vienna, Virginia
in 1973. Received a B. S. degree in biology from the
College of William and Mary in Virginia in 1977. Began
graduate studies at the College of William and Mary,
Williamsburg, Virginia in January 1983. Beginning
August, 1985, will be attending Eastern Virginia
Medical School in Norfolk, Virginia. Presently a

candidate for Master of Arts in biology.



	A Study of the Metabolic Clearance Rate and Protein Binding of Corticosterone in Reproductively Inhibited Male Peromyscus maniculatus bairdi
	Recommended Citation

	tmp.1539811433.pdf.cIp0U

