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Introduction

Many endocrine systems are sensitive to external changes in the environ-
ment. Both the pituitary-adrenal and pituitary gonadal systems are affected by
stress including ceatrifugation stress (Oyama and Daligcon, 1967). The objective
of this project is to examine further the effect of centrifugation on the pitui-
tary-gonadal and pituitary-adrenocortical systems by measuring the gonadal and
ddrenal steroids in the plasma and brain following different duration and
intensity of centrifugation stress in rats.

Two stucdies have been completed and the results are presented below. The
second study was carried out to describe the developmental changes of brain,
plasma and testicular testosterone and dihydrotestosterone in Sprague-Dawley
rats so that the effect of centrifugation stress on the pituitary-gonadal system
could be better evaluated in future studies.

Experiment 1 The Effect of Chronic Hyper-G Stress on the Levels of Dihydrotes-

tosterone, Testosterone and Corticosterone in the Hypothalamus, Cerebellum,
Cerebral Cortex and Plasma of the Male Rat

Experimental Design Male Sprague-Dawley rats (Simonsen Labs, Gilroy, CA)

were placed on a centrifuge at 34 days of age and maintained at 3.14 g for 146
days. An equal number of rats were placed in the centrifuge room at 34 days of
age and maintained there as controls. Both the hyper-G and control animals were
fasted overnight prior to the morning of sacrifice. The hyper-G and control
animals were moved from the centrifuge room to the place of sacrifice. Thirty
minutes following removal from the centrifuge room the animals were rapidly
killed by decapitation. Blood samples were collected in heparinized tubes and
placed on ice. The heads of the animals were wrapped in aluminum foil and
placed on ice until the time of brain removal and dissection. The following

brain regions were dissected on a glass plate kept on ice: hypothalamus, cere-
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bellum and cerebral cortex. Testes from 2 animals of each group were dissected
and analyzed for steroid concentration.
Steroid extraction and separation

Total brains or specific brain areas were homogenized in four volumes of
0.32 M sucrose (DeRobertis, Arnaiz, Alberici, Butcher and Southerland, 1967),
transferred to 40 ml glass centrifuge tubes and maintained on ice or frozen
until the time of steroid e-traction. Testicular tissue was dissected free of
fatty tissue and weighed. ihe capsule was removed and the remaining tissue
reweighed and homogenized in 0.32 M sucrose as described above. A 10-20 mg
equivalent of testicular tissue was transferred into the 40 ml glass centrifuge
tubes for steroid extraction. Where possible 200 ul plasma samples were used
for extraction and later separation.

Each sample was then extracted with 23 ml methylene chlorice by vigorously
inverting the extraction tubes 100-140 times. Following centrifugation for 10
minutes at about 2,000 g, the agueous layer along with the interface pellet
were removed. Twenty ml of the methylene chloride layer was passed through 1.0
gram columns of silica gel (100-200 mesh). This quantitatively removes the
steroids concerned while allowing much other material to pass through. The
silica gel columns were washed with 6.0 ml of 1% methanol in methylene chloride,
while the steroids were eluted batchwise with 8 ml of 5% methanol in methylene
chloride. This fraction was evaporated under nitrogen and reconstituted for
partition chromatography by dissolving in 20 1 ethanol and 100 ul of an aqueous
solution containing 0.1% fructose, 0.02% bovine serum albumin and 0.01 N H,50,.

Celite partition columns were prepared by mixing 2.0 g celite 535 with
1.0 ml of the aqueous solution described above. Packing and associated column
preparations have been described elsewhere (Butte, Kakihana and Noble, 1972).

Prior to chromatography, Freon 113 (1,1,2-trichloro 1,J,2 trifluoro ethane) was
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aspirated through the bottom of the column using vacuum. Thirty ml of Freon
was added to the top of each column and allowed to drain through overnight.
This procedure dramatically reduced the column blanks. A 100 ul aliquot of

the reconstituted sample was placed on each column for steroid separation. The
following elution scheme was used throughout this study and is based on an
ambient room temperature of 22.5-23.0°C; 100% Freon 113 (4.0 ml-discard; 10.0
ml-dihydrotestosterone fraction; 13 mi-testosterone fraction; 13.0 ml estradiol
fraction). The eluted steroids were evaporated to dryness under nitrogen.
Identical radioimmunoassay assay procedures were used for dihydrotestosterone
and testosterone (Auletta, Caldwell and Hamilton, 1974) using the corresponding
standards for each.

Steroid recoveries were determined two ways. The first was done using a
pooled male brain homogenate. This sample was assayed repeatedly to determine
the endogenous steroid lcvols. The pooled sample was then reassayed following
the addition of known amounts of the steroids allowing recoveries to be deter-
mined. When this method was compared to a second method in which standard
amounts of steroid in BSA were isolated using the normal procedure and then
assayed, the following comparative recoveries were obtained: dihydrotestosterone
(52.3%, 67.6%), and testosterone (56.4%, 556.4%) respectively. Since the two
methods gave equivalent results the second and easier procedure was routinely
used. A minimum of three recovery samples and three column blanks were used
with each column series.

Chemicals us2d were reagent grade where possible. The Frecn 113 and methy-
lene chloride were redistilled prior to use in chromatography. Radioactivity
was determined in a Packard scintillation counter using a toluene-Triton X114-
PPO cocktail (Anderson and McClure, 1973).

Data were analyzed using a 2-way analysis of variance procedure for unequal
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numbers per cell (Snedecor, 1940). When significant differences were observed,
t-tests were then used to define the differences.

Results and Discussion The results of the steroid analysis are presented in

Table 1. Two way ANOVA of the CNS dihydrotestosterone levels revealed signifi-
cant differences between the centrifuged and control groups (F=20.20, DF=1/28
p<.0001) but no interactive effects (F=1.65, DF=2/28 p<0.21). Testosterone
values proved to be different between centrifuged and control groups (F=4.22,
DF=1/28, p<.05) and amone Ly in areas (F=15.98, DF=2/27 p<.0001). T-test com-
parisons were done between control and hyper-G brain levels and plasma dihydro-
testosterone and plasma testosterone (Table 1). Testicular weights of two
animals from each group are given in Table 2.

The results of this experiment are somewhat limited in scope with certain
factors needing better control. The relatively high but nearly identical
control and hyper-G plasma and brain corticosterone values suggest that the 30
minutes between the removal of the rats from the centrifuge room caused an
environmental stress to take place. This acute stress potantially might alter
gonadal steroid levels as well.

Tne significant differences between brain dihydrotestosterone and testos-
terone levels are quite interesting in that the hyper-G animals are higher than
the controls. There is a general trend toward hyperfunction of the pituitary-
gonadal system in the chronically hyper-G adapted animals. The significant
elevation of plasma testosterone in the centrifuged animals as well as a tendency
toward testicular hypertrophy (Table 2) support this. If this were to hold true,

sexual behavioral testing would be valuable.
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Experiment 11 Plasma, Testicular and Brain Region Concentrations of Testos-

terone and Dihydrotestosterone in Developing Rats
Animals

Sprague-Dawley derived male rats were purchased from Simonsen Labora-
tories, Gilroy, CA and housed in the animal facilities of San Francisco State
University a minimum of 6 days before sacrifice. Ten day old animals were
born in our laboratories, the offspring of timed pregnancy Sprague-Dawley rats
purchased from Simonsen Laboratories shortly after mating. All animals were
maintained on Wayne Lab Blox rat chow and water ad libitum at 220C with a 12-hr
light-dark cycle (0600-1800). Animals were sacrificed between 9:00-12:00 hr.

Hormone determinations were carried out in the following age groups: 10,
30, 39, 50 and 68 days. For 10-day old rats blood samples were collected from
the heart following ether anesthesia. For all other age groups blood was
obtained from the abdominal aorta following ether anesthesia. The entire
procedure of blood collection was kept under three minutes to minimize the
possibility nf steroid alterations due to the stress of obtaining the samples.
The brains were perfused by the injection of 30-50 ml of ice cold saline into
the heart. The following brain regions were dissected on a glass plate kept on
ice: hypothalamus, cerebellum, cerebral cortex and pituitaries. The brain
areas and plasma samples were maintained on ice until homogenization and centri-
fugation. Four 10-day old rat brain area and plasma samples were combined for
a single-steroid analysis series. Samples from two rats were combined for a
sing.e determination for the remaining age groups. Testes were dissected and
trinmed of fat tissues and homogenized as described for the brain tissue.

Subcellular distribution of testosterone, dihydrotestosterone and estradiol in

male rat brain

In a separate study brain areas from 10 68-day old male rats were analyzed
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for testosterone, dihydrotestosterone and estradiol following the subcellular
fractionation procedure of DeRobertis et al. (1967). This study was replicated
in another group of 10 comparable rats.

Results and Discussion

Dihydrotestosterone and testosterone levels in the hypothalamus, cere-
bellum, cerebral cortex and pituitary during the postnatal development of the
male rat are presented in Table 3. Two-way analysis of variance of the dihydro-
testosterone levels (excluding the pituitary values) indicates significant
differences among the brain areas (F=12.45, DF=2/65 p<.001), among ages (F=44.28,
DF=4.65 p<.0001) and an interactive effec. as well (F=2.25, DF=9/65 p<.05).
Similar analysis was done on the brain testosterone levels (again excluding the
pituitary values). Significant area differences (F=9.29, DF=2.65 p<.0003), age
differences (F=92.97, DF=4/65 p<.0001) and interactive differences (F=4.23,
DF=8/65 p<.0004) were also found. A two-way analysis of variance comparison of
each brain area paired with a second brain area demonstrated that hypothalamic
dihydrotestosterone levels were higher than those of the cerebellum (F=4.93,
DF=1/43 p<.04) and cerebral cortex (F=23.83, DF=1/44 p<.0001) while the cere-
bellum was higher than the cerebral cortex (F=8.71, DF=1/43 p<.006). Although
highly significant age differences were found in all comparisons only the
hypothalamic-cerebral cortex comparison demonstrated significant interactive
effects (F=3.35, DF=4/44 p<.02). A similar paired comparison between brain area
testostercne levels demonstrated that hypothalamic levels were higher than
cerebellum levels (F=10.45, DF=1/44 p<.003) with significant interaction (F=5.44,
DF=4/44 p<.002), but were not higher than cerebral cortex levels (F=0.86, DF=1/43
p<.36) although interaction effects were significant (F=3.27, DF=4/43 p<.02).

T test comparisons (shown in Table 3) indicated that significant increases in

steroid levels occurred between days 10 and 30 as well as 39 and 50. Hypotha-
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lamic testosterone also increased between days 50 and 68. Dihydrotestosterone
was significantly higher than testosterone in both the hypothalamus and cere-
bellum on day 30 while testosterone was significantly higher than dihydrotes-
tosterone in the cerebral cortex on days 50 and 68. No other differences
reachied the .05 level of significance.

Plasma and testicular levels of dihydrotestosterone and testosterone are
presented in Table 4. Two-way analysis of variance of the plasma steroid
levels demonstrated significant age differences 'F=25.53, DF=4/42 p<.001), and
significant differences between dihydrotestosterone and testosterone levels
(F=79.63, DF=1/42 p<.001). Plasma testosterone levels were greater thHan the
corresponding dihydrotestosterone at all ages (p<.03). Significant changes in
levels occurred between age 10 and 30 days as well as 39 and 50 days. These
are indicated in Table 4. Differences existed in the testicular samples
between the dihydrotestosterone and testosterone levels (F=30.60, DF=1/34
p<.001), among ages (F=10.94, DF=4/34 p<.001) as well as a strong interaction
effect (F=14.60, DF=4/34 p<.001). Testosterone and dihydrotestostero.e levels
were statistically different (p<0.02) at every age group tested except day 50
rats (p<0.47). Significant differences in steroid levels between the different
adjacent age groups are indicated in Table 4. Only the levels measured on age
30 and 39 day animals failed to be significantly different.

The results of the subcellular analyses of testosterone, dihydrotestos-
terone and estradiol in the hypothalamus, cerebellum and cerebral cortex are
presented in Table 5. Since two separate experimen:s were conducted, the value:
from each set are presented under separate column, a and b in Table 5. Repli-
cation seems quite good since corresponding values from the two studies are
amazingly close.

Although a large percentage of these gonadal hormones are found in the
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supernatant fraction of the nerve tissues, a substantial amount is found in
myelin fraction as well. In addition it is to be noted that the proportions of
the steroids in the nuclear fraction are relatively small in comparison to
supernatant fractions, although the primary function of steroids in the nerve
tissue is presumed to be in the nucleus. Since no other comparable data are
available, it is difficult at this point to relate these subcellular data to
functional significance. We feel that perhaps similar analyses in physiologi-
cally altered conditions, such as chronic stress-induced hypogonadism or pre-
natally feminized males, might shed some 1ight on the function of gonadal
steroids in controlling the CNS functions.

At the present time the differences in steroid levels betwveen the hyper-G
adapted animals and their controls cannot be explained on a behavioral basis.
The higher brain levels of dihydrotestosterone and testosterone as well as
higher plasma testosterone levels in the hyper-G adapted animals suggest a
hyperfunction of pituitary-gonadal axis in these animals. The limited number
of testicular samples tends to support this hyperfunction. The question as to
whether these differences would cause concomitant sexual differences requires

behavioral testing not attempted in the present studies.



References

Anderson, L. E. and McClure, W. 0., An improved scintillation cocktail of high-
solubilizing power. Analytical Biochem. 51, 173-179, 1973.

Auletta, F. J., Caldwell, B. V. and Hamilton, G. L., Androgens: Testosterone
and dihydrotestosterone. In (B. M. Jaffe and H. R. Bchrman, eds.)
Methods of Hormone Radioimmunoassay, Chapter 21, Academic Press, New York,

1974,

Butte, J. C., Kakihana, R. and Noble, E. P., Rat and mouse brain corticosterone.

Endocrinology 90, 1091-1100, 1972.

DeRobertis, E., Rodriguez De Lores Arnaiz, G. and Alberici, M., Subcellular
distribution of adenyl cyclase and cyclic phosphodiesterase in rat brain

cortex. J. Biol. Chem. 242, 3487-3493, 1967.

Oyama, J. and Daligcon, B. C, Liver glycogenesis glycogen synthetase and
adrenal responsiveness of rats exposed to acceleration stress. Endocrin-

ology 80, 707-713, 1967.

Snedecor, G. W., Statistical Methods, pp. 235-239, The lowa State College Press,

Ames, Iowa, 1940.

-10-

o



Acknowledgment

We are grateful for the research support given by NASA-Ames
(Grant # NCC2-25). We would like to thank Dr. Jiro Oyama for collaboration
and assistance in the execution of the chronic hyper-G exposure experiment.
In addition portions of these experirents were made possible through the use

of ultracentrifuge heads generously made available by Drs. Jiro Oyama and

Henr; Leon.

-



20" ¥
AN
L 4

9-43dAy

o +
10

vl0° +
160°0

L043u0)

X3340) (04qa4d)

WOUIISOD 13405 pue

(G0°>d) an{eA |ou3u0d 3y3 ueyy 4aybiy A{3uedtyubis
e

(€0°>d) anjea [ouju0d ay3l ueyy aaybiy Aliuedjubts
L

SIPJ XIS JO sueaw 3y3 aue (G=u) BUOUIISOISI} WN([3QaLdd 9-43dAYy 3dadxa san|eA L1y

6 40 (w QO(/6n se pajuasaud S| U0U3IS0I13409)

6 40 (w/bu se pajuasaud aue s|3A3| 3uOL3ISO}SI] pue aUou3150315330upAyLQ

6L°0+ 9 °0%
1A L8°€
€L0° ¥ 960" +
29%°0 LE2°0

L 2 J
1s0° ¥ €20° =
cnmw.o 6L1°0
9-43dAY Lo43u0)

wn | {3Q343)

£6° 1+ 813
$56°9 60°¢
EEL” = 912" +
605" L gL'l
890" + 030 +
-Ncm.o (82°0
9-43dAY 1043uU0)
snwe { eyj0d4Ay

1A 23 vl-2+
v'6¢ 170t
BOZ" ¥ 131 S
v(sL 6(9°0
L
910" * Sl10° #
9010 £€L0°0
9-u43dAH Lo43u0)
ewse|d

dUOUD]1S0d1340)

aUOU3Y50753)

UOU33S03S330upAYLQ

S3PJ4 3w 4O SeaJe uleaq pue ewse|d 3yl uy

9UOL3IS0YSI3] ‘AO0UBISOISIJOUPAYLP UO SSAUFS 9-a3dAY D Luoayd 30 3129443 ayy

‘L 21qey



Table 2 Testicular weights and steroids of control (n=2) and
hyper-G adapted (n=2) rats

Absolute Weight

Relative Weight

Dihydrotestosterone

Testosterone

Control Centrifuged
Grams
2.527 2.980
(2.672) (2.940)
2.816 2.899
Grams/kg
4.595 7.045
(5.108) (6.933)
5.621 6.821
Ng9/g
2.37 2.64
(1.55) (3.13)
0.72 3.61
Ng/g
60.7 69.7
(41.6) (62.7)
22.4 . 55.7



Suoljeuluuadlap 4O Jaqunu 3yl Moys sisayjuaded 3yl ul sasqunu Byl

(¥)0€S 0% 0E°2
(9)12z2-0%121°2
(9)62L-0%2LE" L
(9)£92°0¥9€5°2

(¥)021°0+098°0
(9)291°0%620°1
(S)LEL°0¥80E" L
(9)8L1°0%666° L

89 Aeqg

{9)502°0¥821 "¢
(9)geL-o¥Lle L
(9)902°0%22¢ "1

(9)660°0FL£8°0
(9)e81°0%8LE" L
(9)c02-0%¥82¢" L

(L)es o
(¥)8£0°0%€25°0
(¢)£50°0%662°0
($)€80°0%12%°0

(1)62°L
($)£50°07L¥¥ 0
(p)LLL"0%79LS°0
(£)590°074t5°0

6 AeQ

(S)¥L0°076VE "0
(9)650°0+t¥2 "0
(9)280°0%€2€°0

(9)180°0¥8Lt "0
(9)£11°07295°0
(9)002 "0%£06°0

(LYov 0

(e

o€ Aeg

ansst3 weub/bN

‘WIS ¥ uUeaw 3Je SaneA Y]

(1)1L0°L Aieiraig

(§)s20°0%201°0 X3340) [P4qa43)

(6)220°0%160°0 wn | 293439

(5)££0°07€LL"0 snue | ey30dAH
3U043350353)

(L)voL°0 Kaejinitd

(6)910°0560°Q  X3340) |BAQ3u3)

(5)€20°0%601°0 wn { {33437
(S)8v0°0FEYL 0 snwe | ey30dAH
3U0433150353304pAYLQ

ot Aeq

jeq4 ajew Hupdo}aAap dY3 UL dUOLIISOISIY pue 2U042750353104pAYLP JO S|IA3| edJe utedg ‘g 3|qel



Table 4. Plasma and testicular levels of dihydrotestosterone (DHT) and
testosterone (T) in the developing rat (ng/ml or g)

Plasma Testis
DHT T DHT T
Age (days)
10 0.038:0.005(5) 0.222+0.028(5) 5.83:1.31(5) 109.6 +27.5(5)
p<. 001 p<.08 p<.006 p<.006
30 0.15720.020(5) 0.496+0.132(6) 14.8 *2.02(5) 5.07+ 0.78(5)
39 0.158:0.026(4) 0.7750.213(4) 14.5 +2 07(4) 7.26+ 0.96(4)
p<. 01 p<. O p<.002 p<.001
50 0.320+0.040(6) 2.672+0,341(5) 27.9 £1.44(4) 29.9 + 2.17(4)
p<.05 p<.007 p<.003
68 0.373:0.049(6) 4.325:0.614(6) 12.0 +3.63(4) 130.3 +20.7(4)

Values are mear + SEM. Numbers in the parentheses show
the number of determinations.

T-test comparisons when shown are between adjacent age groups.
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