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Comprehensive Report of Overall 

Activities of Research Contract 

AT (11-1)-1602 "The Effects of 

X-Irradiation on Steroid Biotransform

ations by Testicular Tissue" 

I. Main Research Accomplishments with respect to original stated objectives. 

A. The original long-term goal of the research proposal was to gain more 
information about irradiation effects on endocrine cells and to ascertain if 
the altered steroid biotransformations have any relationship to gametogenesis 
or tumor formation elsewhere in the body. The specific aims of the proposed 
research were to gain information concerning: a) which steps in the 
biosynthesis of androgens are affected by irradiation, b) the sensitivity 
of these steps to irradiation, and c) the relationship between androgen 
metabolism by the testis and gametogenesis. The steps proposed for reaching 
the aims were: 1) to investigate further the effects of ionizing radiations 
on the biotransformation of cholesterol into androgens to ascertain if this 
step is more sensitive to irradiation than are the previously documented steps 
from 5-pregnenolone to testosterone; 2) to determine the dose-response curve 
for the effects of irradiation on the most sensitive step in the biosynthesis 
of androgens and thus discover just how much irradiation an animal can 
sustain before a noticeable effect is observed jji vitro; 3) to discover 
if irradiation affects the metabolism and inactivation of testosterone by 
surviving testicular tissue, to correlate any such effects with histologic 
changes of the testes, and to determine the sensitivity of this phenomena 
to x-irradiation; 4) to investigate the direct and immediate effects of 
irradiation on adrenal and testicular tissue to determine if cofactor 
involvement could explain the response previously reported by other workers. 

B. The first year after initial funding of the proposal, an attempt was 
made to evaluate the effects of irradiation on the conversion of free 
cholesterol into androgens. The poor conversion rates observed for mature 
rats were later confirmed by other workers. This sluggish conversion of 
cholesterol into androgens now appears to be due to different cholesterol 
pools within the testes that change with age and the apparent preference of 
the tissues from older animals for cholesterol esters instead of free 
cholesterol. This concept fits in well with our conclusion that the testis 
is a dual endocrine organ producing both androgens and prostaglandins. The 
fatty acid component of the cholesterol ester would serve as the prostaglandin 
precursor while cholesterol would serve as the androgen precursor. This 
observation has not been rigorously tested, but needs to be evaluated. In 
addition, the sensitivity of this step to irradiation needs to be ascertained. 
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The dose-response curve for the biosynthesis of androgens and the 
metabolism of testosterone has been completed through 50 R. We may need 
to extend the dose-response curve to include 25 and 10 R as catalase 
activity was altered with 150 r. The data for the 50 r level are currently 
being analyzed and will constitute the basis for the above discussion. 

We have observed that whole-body x-irradiation alters melatonin synthesis 
by the pineal gland, that melatonin has a direct effect on androgen synthesis 
in vitro, and that changes in melatonin synthesis after irradiation relate 
to changes in androgen synthesis. Moreover, we have observed that changes 
in experimental lighting alter melatonin synthesis and the radiosensitivity 
of the testis. One criticism made at the time of the third-year outside 
review was that we should develop and use an organ culture assay for melatonin 
synthesis to measure melatonin synthesis from tryptophan. We have now 
developed this assay and have observed that melatonin synthesis is altered 
after whole-body with 450 R of x-irradiation and after localized irradiation 
of the head. Localized irradiation of the body, however, failed to alter 
melatonin synthesis using this technique. It now appears that whole-body 
irradiation alters the synthesis of melatonin through changes in brain function 
so that when a rat is irradiated and placed in the dark, melatonin synthesis 
is increased for a time and then decreases to normal levels even though » 
melatonin synthesis for non-irradiated control animals remains elevated by 
the dark treatment. Similarly, the changes in melatonin synthesis after 
localized irradiation of heads of rats appears to be due to changes in 
neuronal activity in the brain. The brain factors responsible for determining 
melatonin synthesis after various modes of irradiation treatment need to be 
studied as they relate to changes in androgen synthesis. Melatonin synthesis 
should also be investigated after localized irradiation of the testes. 

We identified endogenous serotonin in rat testes and found that it 
inhibits androgen synthesis in vitro. This compound is metabolized in 
the testis by monoamine oxidase (MAO) to form H2O2, NH„, and 5-hydroxyindole 
acetic acid. We found that MAO activity is directly involved in the aging 
process in terms of sexual maturity and senescence of the testis. MAO 
activity occurs in the interstitial cells and the walls of the seminiferous 
tubules. It is high shortly after birth on a per mg of tissue basis, decreases 
until about 57 days of age, increases again to a maximum value at 105 days 
of age and then decreases to a low value by 365 days of age. Androgen 
synthesis followed a similar pattern, but the control of MAO activity was 
determined to be primarily due to FSH and not LH, prolactin, or testosterone. 
Whole-body irradiation with 250 R produced a diminished MAO activity 42 days 
after irradiation, but the activity equaled that of the control animals by 
153 days after treatment. Our data now indicate that serotonin is responsible 
for the changes in the androstenedione/testosterone ratios that occur at the 
time of puberty during sexual development of the testes. We can now account 
for almost all of the biochemical changes in androgen synthesis and metabolism 
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associated with radiation and aging by the actions of and changes in 
secretions of serotonin and melatonin. Indeed, serotonin has been implicated 
in the radiation syndrome, but no one knows where the serotonin is produced 
or where it is metabolized with respect to the testis. The levels of sero
tonin in the testis, rates of take-up of exogenous serotonin, and rates of 
synthesis need to be studied as they relate to changes in androgen synthesis 
and metabolism after whole-body irradiation. The synthesis and uptake of 
serotonin, and MAO activity should also be studied after localized irradiation 
of testes to ascertain if there are changes in these parameters after various 
modes of irradiation or whether the changes that have been observed are due 
only to changes in tropic materials from neural origin (hypothalamic or pineal 
gland). 

Other workers demonstrated that serotonin metabolites increase in the 
urine and blood after irradiation and that H^Oo is produced in the testes 
as a result of oxidative deamination of serotonin. We therefore studied 
catalase activity of rat testes after irradiation. The activity increased 
after irradiation with 150 R. Catalase activity has the same distribution 
in the testes as MAO, serotonin, and the steroid biotransforming system, and 
it is decreased after hypophysectomy. The fact that this enzyme increased 
while the steroid biotransforming systems did not suggests that catalase 
activity may be substrate induced. Catalase activity of the testis needs 
to be investigated at lower levels of irradiation to ascertain if it is 
altered at lower doses. We also need to ascertain if catalase activity is 
responsive to gonadotropins. 

Upon investigating the effects of HoOo on steroid biotransformations, 
we observed that it inhibits the conversion of androstenedione to testosterone, 
but increases the conversion of testosterone to high-polar compounds. In 
this manner, it is very effective in reducing androgen levels in the testis. 
We need to ascertain to what extent the inhibition of androgen synthesis after 
in vitro irradiation is due to H^Oo production. 

We have studied lipid peroxidation as it relates to both androgen and 
prostaglandin synthesis and the role of antioxidants and radioprotective 
agents as they relate to androgen and prostaglandin synthesis. We have 
found that the testis is a dual endocrine organ capable of producing 
androgens and prostaglandins. The same basic enzyme systems appear to be 
used for the synthesis of both compounds. Both androgen and prostaglandin 
synthesis have the same distribution in the testis, their activity is 
diminished after hypophysectomy, they are both stimulated by LH, and both 
increase with age and development of the testis. Antioxidants such as Vit. E, 
ascorbic acid, serotonin, melatonin, epinephrine and several other radio
protective agents that are antioxidants have been shown to affect specific 
sites in androgen synthesis, lipid peroxidation, and prostaglandin synthesis. 
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These compounds also appear to function in directing specific aspects of these 
biochemical reactions^ particularly the flow of electrons and protons through 
the respiratory mechanisms. In reviewing the literature, we observed that 
marked changes in radiosensitivity occurred in rat testes when androgen 
synthesis was initiated at 16-17 days of age jji utero and again 30 days 
postnatally. We hypothesized that free radicals produced by normal metabolic 
reactions at these specific times would account for these changes in radio-
sensitivity. We have now identified a marked increase in lipid peroxidation 
at 30 days of age, with concomitant changes in steroid biotransformations, 
indicative of alterations in antioxidants in the testes at this critical 
period. This phenomenon should be investigated further, to document similar 
changes in radiosensitivity during intrauterine life. We would like to 
determine if we can alter the sensitivity of the male gonad by experimentally 
altering antioxidant levels in the testis. We need to ascertain what, if 
any, relationship exists between irradiation and prostaglandin synthesis. 
We would specifically like to know if this possible relationship is altered 
after irradiation and if changes in prostaglandin synthesis are related to 
the changes in fertility that occur after irradiation. 

The latter possibility has mei.it since we have now observed that 
prostaglandins modulate the contractions of the seminiferous tubules and 
the testicular capsule. Moreover, recent data by other workers suggests 
that "functional" sterility can be induced in rodents with exogenous 
prostaglandins. 

II. Plans for continued pursuit of our present objectives, and introduction 
of new objectives. 

We expect to extend the dose-response curve to ascertain how sensitivity 
androgen synthesis, androgen metabolism, melatonin synthesis, catalase 
activity, and MAO activity are to irradiation in order to determine the extent 
to which these phenomena contribute to the radiation syndrome of the testis. 
We plan to ascertain if irradiation affects the uptake of exogenous serotonin 
by the testis, and whether this treatment affects serotonin synthesis and 
endogenous levels in the testis. Melatonin synthesis after whole-body or 
head irradiation will be studied to discover what mechanism controls 
melatonin synthesis after irradiation and how the process would affect the 
testis. Various modes of radiation will be studied with respect to uptake, 
synthesis and metabolism of serotonin to determine what controls these 
factors. Prostaglandin synthesis will be studied after various modes of 
irradiation to ascertain if this process is related to changes in testicular 
function after irradiation. 

III. Graduate Students trained, degrees granted, and postdoctoral tenures 
completed. 
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A. Students Graduated 

Student's Name Degree Year 

C. Gordon Simpson 
Carl A. Perrin 
Mario H. Baptista 
Delon W. Barfuss 
August W. Jaussi Senior Postdoc. 1970 

B. Students currently working on degrees 

M. S. 
M. S. 
Ph.D. 
M. S. 

1965 
1969 
1969 
1970 

Student's Name 

Ronald L. Urry 
James L. Hargrove 
Louis E. Burhley 
Jay M. Johnson 
Rodney R. Seeley 
Robert A. Palmer 
John L. Frehn 

Degree 

Ph.D. 
M. S. 
Ph.D. 
M. S. 
Ph.D. 
Ph.D. 
Ph.D. 

C. Work Study Personnel 

Robert Tait 1967-68 
Thomas Partington 1968-70 
Jeffery Johnson 1970-71 
Michael Jones 1971-72 

D. High School On-The-Job-Training Program 

Blake Thornley 1970-71 
Karen Brackett 1971-72 
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synthesis by rat testicular minced and teased-tubular preparations 
in vitro. Endocrinology 90:194-202 (1972). 
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relationship to androgen synthesis. Fed. Proc. 31:295 (1972). 
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Prostaglandins and the dual endocrine role of the testis. Res. 
Reprod.--In Press 1972. 

18. Hargrove, J. L., Johnson, J. M., Seeley, R. R. and Ellis, L. C. 
Prostaglandins: Obligatory role in regulating contractions of rabbit 
testicular capsules in vitro. Science—submitted for publication 1972. 
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metric technique for the rapid measurement of monoamine oxidase in 
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Submitted for publication 1972. 
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monoamine oxidase (MAO) activity: hypophysectomy, adrenalectomy, 
FSH, LH, Prolactin, HCG, and testosterone. Endocrinology—submitted 
for publication 1972. 
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and crowding effects on testicular serotonin metabolism and lack of 
effects on melatonin synthesis in Uinta ground squirrels (Spermophilus 
armatus) J. Exptl. Zool.—In press 1972. 

22. Ellis, L. C , Johnson, J. M., Hargrove, J. L. Cellular aspects of 
prostaglandin synthesis and testicular function I_n "Prostaglandin 
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and B. R. Phariss) Plenum Press—in Press 1972. 
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Submitted for publication 1972. 

V. Present state of knowledge in the area of research and significance in 
the fields of biology and medicine including needed future investigations. 

A. Present status of knowledge. 

Prior to 1961 our knowledge concerning the endocrine changes associated 
with testicular development and functions after irradiation consisted of only 
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indirect information suggesting either a deficiency of gonadotropins or that 
the testis failed to respond quantitatively to gonadotropins after such 
treatment. Between 1962 and 1968-69 it was established that steroid bio
transformations by testicular tissue were affected by irradiation and that 
the testis subsequently failed to respond quantitatively to gonadotropins 
with respect to androgen synthesis. During the last three years, we have 
presented evidence indicating that the metabolism of androgen by testicular 
tissue is increased after irradiation and that antioxidants and biogenic 
amines may collectively act as inhibitors of androgen synthesis. Several 
of the compounds have also been implicated as stimulators of testosterone 
metabolism, thus the physiological level of androgens at the germinal cell 
level is effectively reduced after irradiation. Additionally, we demonstrated, 
for the first time, that variations in antioxidants, in free radical 
generating systems, and in the repair mechanisms in the testes can be 
related to the changes in radiosensitivity of the testis that occur with 
advancing age. 

I firmly believe that we will understand how irradiation destroys the 
germinal epithelium of the testes and suppresses the regeneration of 
these cellular elements when we understand the role of the endogenous 
antioxidants (serotonin, melatonin, Vit. E, ascorbic acid, selenium, and 
Zn) as they relate to the regulation of the metabolic processes within 
specific cells. The techniques are available whereby these relationships 
can finally be worked out in detail. 

B. Future Investigations Needed: 

1. Detailed investigations of how endogenous compounds with 
antioxidant properties (which are known to affect testicular function) 
control androgen synthesis, lipid peroxidation, sulfhydryl metabolism, 
prostaglandin synthesis and energy-yielding reaction in the testis. 

2. Since DNA synthesis stops after irradiation, with a concomitant 
inhibition of stem-cell renewal of the germinal epithelium, the same 
endogenous compounds should be studied as they relate to DNA synthesis 
and stem cell renewal. Attempts must be made to disassociate mediated 
effects (which occur through FSH, androgen synthesis, melatonin synthesis, 
and serotonin metabolism) and direct effects of irradiation on the germinal 
cells. 

3. The endogenous antioxidants should be defined as to their points 
of origin, synthesis, metabolism and distribution within the testis; and 
the effects of irradiation on these phenomena as they relate to the 
testicular degeneration and repair processes should be investigated. 

4. The role of prostaglandins in testicular functioning and the effects 
of radiation on prostaglandin synthesis needs to be explored further as 
these compounds are now considered to be a second hormone system of the testis. 
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Specifically, we must determine how prostaglandins affect androgen synthesis, 
and what effects inhibitors of prostaglandin synthesis have on androgen 
synthesis, libido, transport of gametes out of the testes, and spermatogenesis. 

5. Since reduced glulathione has been implicated in the reduction of 
free radicals and repair of sulfhydryl groups oxidized by free radicals, 
these phenomena should be studied to ascertain how it relates to testicular 
function in normal and irradiated animals. Specifically, would depletion 
of glulathione (reduced) in the testis affect the radiosensitivity of this 
organ? 

VI. Present division of federal support of research program. 

A. U. S. Atomic Energy Commission Contract AT(ll-l)-1602. "The Effects 
of x-irradiation on Steroid Biotransformations" Major outside review—1972. 
Requested $23,000 for 1972-73. 

B. U. S. National Institutes of Health—Proposal entitled "Prostaglandins 
and Mammalian Testicular Function" submitted February 1, 1972, requesting 
$33,643 for 1972-73. 

C. Anticipate submitting a NIH Career Development Award sometime in 
May 1972 to be activated July 1, 1973. 

VII. Relevance of studies to modern day problems. 

I have believed for some time that mammalian organisms use general 
physiological mechanisms in mediating the effects of tissue damage, the 
repair process, stress, and radiation damage. Our data have reinforced 
this concept by demonstrating that the mechanisms for aging are also involved 
in the radiation syndrome. The fact that some compounds possess radioprotective 
and anticancer properties, while other compounds are radiometric and 
carcinogenic lends further credulence to the above concept. Lastly, our 
data suggest that the same mechanisms (i.e., the metabolism of serotonin 
and prostaglandin synthesis) are involved in regulating fertility as it 
relates to population density and social encounters (stress). Other 
rapidly dividing cells show similar changes in kinetics after irradiation. 
It is, therefore,highly possible that the same mechanisms are involved in 
such tissues as the lining of the gut, lymphatic tissue, and RBC production. 
Thus, information developed by studies involving irradiation may also help 
solve other cogent problems of our day such as cancer and the control of 
reproduction. 


