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PROJECT ABSTRACT

Control and X-irradiated (200 and 600r) testes of normal men will be sub-
jected to an electron microscopic cytochemical examination. Samples will be
obtained from a few minutes to scveral months after irradiation to define en-

. zymic localizations that occur during - (1) spermatogonial degencration, i.e.,.
early radiation effects, and (2) the recovery process when the seminiferous
tubules are repopulated with the spermatogenic cell series. Information de-
rived from this study should provide knowledze of the effects of X-rad:atlon

~

on the struc;ure and function of these lmportant cells. S .

103515, ”i' ,f2¥.gj’,_ o f] f ;{f



Al b

Table of Contents

: A, .Scien.f':ijic -Background 4
.B. Scientific .'Sc0pe - . . 6
“ €. Experimental Desién. : T 6
D. © Scientific Personnel o 8
E.‘ Other .‘.Per;onnel' - o - 11
B F-. Other Financial Assistance 4 - 11
6. Facilities S | ;-' 11
. H. Literature Cited o o ' .12
' A‘I. '._ _ I-‘ifsi: Yéar Budget : - : ; 15 . '.
J. Seéond Yera'i‘-‘.ﬁuaget ‘ _ i,_‘.i' ":.."v e ‘v16 ;I'

o "»"::;"<.K._'— Budgetary Addendmn. - R 18 "

;Appenai?i A = ]
Appendix B | i
~ Appendix c




R AR | R
: e

“A. Scicntific Background:

The material for this study will be obtained through the courtesy of Dr.
Carl Heller, Director, Division of Reproductive Physiology, Pacific Northwest
Research Foundation, Scattle, Washington, who has kindly consented to supply
the Principal Investigator with human spennatogenic tissue from voluntesr in-
mates residing in the Oregon State Prison, Salem, Oregon. Dr. Heller's pro-
‘gram projections are such tht the material required for this study will be
available during the normal course of his work. Thus, experimental manipula- .
tion of human subjects will not be duplicated for the proposed study. In fact,.,

~we view the proposed work as an effort to obtain the maximum amount of scien-

tific information from this rare and unique experimental material.

The Principal Investigator of the proposed study previously cooperated with'
. Dr. Heller on an electron microscopic study of human spermatogenic tissue. In
Teality, the proposed work is a continuation and extension of that study. We
.have identified four distinct types of human spermatogonia by fine structural
-eriteria, whereas previously only three spermatogonial types were recognized
(sec Appendices A and ‘B). Also pertinent to the proposed work was an initial

. study made in the area of electron microscopic cytochemistry. Although we

were not zble to complete those studies before the Principal Investigator moved
to Texas Technological College, we were successful in processing tissue ob-
-tained from the prison in a laboratory removed from the prison by approximately.
350 miles. The saue techniques that we have prev1ously used for remote sample

'“-preparaLloi'w111 be used without modification in the proposed study

- It is well known that the testis is an extremely radlosenSLtive tissue.
In the mouse, Dakberg (1955a, 1955b) has shown that radiation-induced sterility

is the result of spermatogonial degeneration and is not due to an inhibition of

. mitosis. Heller et al. (1965) have shown spermatogonial damage in human testes

as early as three hours postexposure. These same workers reported complete de-
mnuding of the germinal epithelium in man at 200r and above and found moderate
oligespermia at doses as low as 15r. A decrease in sperm count was not found

" until 46 days postexposure, which is the time required for preleptotene sperm-
- atocytes. to develop into mature sperm in man. The most advanced spermatogonia

gives rise to the preleptotene spermatocyte, therefore, it appears that sperm-
atogonial damage is- also the major factor in the radiosensitivity of the human
testis. . :

Light microscopic investigations of the human testis are numerous and ref-
erences to this area may be found in the excellent work of Clermont (1963, 1966a,
"1956b) and Eeller and Clermont (1964). Brief descriptions of human spermatogonia,

based on 1light microscopic examinations of paraffln and Epon embedded sectlons

- “&Tre 1nc1ud=d in Appendix B.

A pumbar of electron microscopic studies have been performed on the human
testis (Fawcett and Burgos, 1960; Villar, Perez del Cerro, and Mancini, 1962;
Bawa, 1903 Leeson 1966; Nagano, 1962, 1966; de Kretser, 1967a, 1967b; Smith
‘Leeson, and Bunge, 1967; Smith, Leeson, Bunge, and Anderson, 1967; Yasuzumi,
Nakai, Tsube, Yasuda, and_Su°1oka, 1967; Tres and Solari, 1968; Bérlin, 1968a,
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2nd Berlin and Adee, 1969). In general thesc studies have utilized abroneal or
uaspecified tissue. Also, the majority of the above investigations have des-
cribed the fine structure of the interstitial cells, Sertoli cells, or sperma-

tids. The ultrastructure of the spermatogonia, which are the most radiosensi-

tive cells, has until recently received very little attention. In addition to
our work, the fine structure of the germinal cells of normal men has been re-
ported only in abstract fora (Villar and Paulsen, 1957).

The effects of irradiation on the subcellular morphology of the human testis

have not been reported. I previously obtaired human testicular tissue one year . :
after an exposure of 200r. The only cells observed within the seminiferous tu- . - -
bules in a2 Pbrief survey of this material were Sertoli cells. The question ‘raised o
by this observation pertains to the cell type that gives rise to qpe—matowonla L
during the Tecove ery procass to effect repopulation of the Spermatoaenlc cell
series. At the present time the identification of these "precursor" cells is
strictly 2 matter ¥for speculation. As pointed out in the preprint in Appendix
B, irradiation studies represent 2 means by which the most primitive spermato-
- gonium cz2n be Identified. ‘ .

Electron microscopic cytochemical observations on human testes are somevhat
limited. Yasuzumi et al. (1967) sugzested that adenosine triphosphatase actlvlty
was localized in the nuclear pores of the Leydig cells of aged human testes. ™~ :
Adenosine triphosphatase activity has been localized in a previously undescribed
filamentous body that occurs in certain types of human spermatogonia (Sce Figure - .
+. 13, Appendix B). This technique has been used with convincing results to local- # ...
ize 2 number of enzymes in rat and guinea pig testes (Tice and Barrnmett, 1963;

: iJ Gordon and Barrnétt, 1967; Reddy and Svoboda, 1967; Frank and Christensen, 1968;
~and Posalaki, SzaiboJ Bacsi, and Okos, '1968). In addition, Hugon and Borgers

- (1956) utilized electron microscopic cjtochemistry to demonstrate a tranSLtlonalﬁf"‘
‘increase in .acid phosphatase activity in the Sertoli cells of irradiated mice. -~
The Principal Investigator has used the technique to demonstrate an immediate " - [+ ..
radiation response in intestinal epithelial cells (Berlin, 1968b) and also as a -
~-means to assay cellular damage resulting from heavy metal toxicity in hepatocyues .
(Appendix C). It is doubtful that any other technique is as capable of assaying ~ - -
immediate biological xesponses to radlatlon 2s is electron mlCIOSCOplC cyuochem—=.ﬂ—¢f‘
- dstry. :

The cytochemical localization of phosphatase enzymes presents a method where- [ ‘-
by function may be correlated with structure. The phosphatases are involved in .
many, if mot all, basic cellular processes, e.g., they play a role in digestion,
“iIntracellular traasport, intercellular transport, biosynthesis, etc. .Clearly,
it is important to have an ultrastructural characterization of these important
enzymes under control 2nd irradiated conditions in man. On the one hand, this -:
information would contribute to a better description of radiation damage. On °
the other hand, such knowledge might yield information enabling a be;ter inter-
. pretation to'bctmaae éb0ut cellular properules and activ1t1es of the 11v1ng o
testis. o ,

One of the Teasons for‘worklng with man and not wlth another spec1es in the -
proposed study is because human testes zre sufficiently different morpholo°1ca11y
from other spacies reported in the literature as to cast doubts on any attempt -
~-at extrapolatlona Tor eAample, man a101e has well deflned crysta1101d 1nc1u51ons
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in the Leydig cells and in the Sertoli cells. Man 2lone has a filamentous body
in the .spermatogonia. Man has enly four recognizable types of sperwmatogonia.
_Man has no equivalent to the "wave of the seminiferous epithclium" described in
" rat and other mamaals. In a different vein, 800 r hardly affects the bull,
whereas 15t has a marked effect on man. For these and many other reasons, ex-
trapolation from experiments with other animals to man has a number of built-in
hazards and is fraught with difficulty. Thus, if one is interested in resolving
problems in human tissues one must look at man as there is no suitable substitute.
Nevertheless, it should be emphasized that the work outlined in this proposal will
not require additional manipulation of human subjects, but will take advantage of
- available experlnental tissue.

B. Scientific Scope:

The objective of the proposed study is to deflne changes in ultrastructure
.and enzyme localization that occur after X-irradiation of human testes. .Empha-
sis will be placed on the early effects of irradiation and especially on sperm-
atogonial degeneration. Obviously, it will be necessary to determine enzyme lo-
calizations in control tissues as this has not been accomplished in the human.
In addition, the recovery process will also be examined and it is anticipated
that we will be able to determine the cell type that repopulates the spermato~ ’
. genic cell line during the recovery perlod. We further anticipate that enzymic.
. Tecovery occurs, perhaps prior to cellular repopulation, and that we will be
able to establish a pattern for this process. This work is designed to extend - .
~to the subcellular level our present knowledoe about the effects of X-irradiation
- on the human testis. The Principal Investigator has no knowledge of any compa— -
rable work 1n prooress in any other laboratory. - ' :

~C. -Experiméntal Design:

Control and irradiated human testicular tissue will be supplied by Dr. Carl

Heller, Pacific Yorthwest Resecarch Foundation, Seattle, Washington. Tissue sam-

. ples will be available in a varietj_of times following exposure to. 200 and 600 r »

. X-radiation. We will be particularly interested in immediate effects (15 minutes -

to 6 hours postexposure) and in selected times during the recovery period. At 7

the early times we will follow spermatogonial degeneration and at the later times
we will determine the sequence of subcellular events leading to repopulationm.

Biopsied testicular material will be initially fixed at the prison by a tech~
nician from Dr. Carl Heller's laboratory in Seattle. It is deemed desirable for

the Principal Investigator to make two trips a year to Seattle to direct and .
. consult on prison procedures. These trlps will also be valuable for plannlnﬂ our . -
experiments to coincide with Dr..Heller's ongoing program. To obtain prop;rly I
fixed material the technician will split the biopsy into two parts. Ome part .

_ being fixed in freshly. prepared 1% glutaraldehyde in 0.1 M cacodylate buffer (pH :
7.2, 0° C) and the other part in freshly prepared -cold 4% formaldehyde in 0.1 M o
-cacodylate buffer containing 1% CaClp; (different fixatives being required to re-

tain activity of different enzymes). Immediately after placing the tissue into o

the approprlate fl\atlve the samples wxll be cut 1nto 1 X 2 X 5 to 10 mm strlps

.
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to ensure adequate penetration of the fixative. The major precaution for this
step is that the surface of the tissue not be allowed to dry, therefore, the
tissue will rcmain submerged in the chilled fixative during the cutting proced- -
ures. The tissue will remain in the initial fixative for 55 minutes, but mno
longer than one hour (longer times in the initial fixative inactivates several.

of the enzymes for which we will be subsequently assaying). At the end of tne
initial fixation period, the tissue will be transferred to cold 0.1 M cacodylate
buffer (containing 5% sucrose when required, depending upon the enzymes to ba )
localized), packed in ice, wrapped in a brillant red paper, and shippad by air to
the Principal Investigator at Texas Technological College. The schedules will

be prearranged and the Principal Investigator will meet. the incoming plane and
retrieve the sample. We have personally found that wrapping the samples in bril-
lant red paper has two advantages. TFirst, they appear to receive moré intimate
care from alrlines personnel and second, they are readily identifiable and easily
retrievable. The above procedures have been described in detail because of the
necessity of utilizing technical help at the prlson (see K. Budgetary Addendum)

We prev1ously found that the above procedure routlnely gave satlsfactory re-
sults. The ma jor requlrement for transporting samples is that they be kept
. chilled.” The method of packing that we previously used will keep the tissue
satisfactorily chilled for at least 24 hours. This is ample time for its ship-
ment to the Principal Investigator's laboratory which will require a maximum of
- eight hours. Transport of the tissue at this particular step does not damage
the tissue and, in fact, a buffer wash of 18 to 24 hours at this interval is
-Toutine procedure in specimen preparation for electron mlcroscoplc cytochemlstry
(Smith and Farquhar, 1965) ‘ :

When received at Texas Techmological College the tissues will be further
processed for the localization of acid phosphatase, various nucleoside di- and
triphosphatases, and thiamine pyrophosphatase. . The preparations will be made in
the routine manner for electron microscopic cytochEmlstry with a tissue sectioner
being employed to obtain 40 micron sections. These sections will be further washed
in chilled 0.1 M cacodylate buffer prior to their incubation in medium containing
appropriate substrates. During incubation the sections will be monitored where
possible at the light microscope level to ensure proper incubation times. After
incubation the sections will be given a buffer wash, fixed in osmium tetroxide,
dehydrated in ethanol, and embedded in Epon. After polymerization the tissues
will be sectioned for both light and electron microscopic examination. An ultra-
microtome is required for thin sectioning, i.e., to obtazin sections that are 300
to 500 Angstroms thick. This same instrument will be used to obtain 1 micron

-~ thick sections for light microscopy. The thick séctions will be stained with

-—azure II and methylene blue (Richardson et al., 1960) and by a modified PAS stain
(Maser, 1968). Light microscopy will be used for oriemtation and as a survey )
aid to the electron microscopic investigation. A possibility that mlght arise is
that the six cell associations found in human testes (Clermont, 1962) will possess
different patterns of enzymic localizations. The light microscope will be an in- =
dispensable instrument for the study beczuse the cell associations are‘virtually'
impossible to identify by electron microscopy due to the small amount of tissue
that can be observed. Thus light microscopy will be used to identify the cellular
associations on sections adjacent to those used for the ultrastructural study SO
that we may examine the possible influence of the cell associations on enzymic °
localizations. Thin sections obtained with the ultramicEPtpme will be examined
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via the electron microscope either unstained or stained by a modified uranyl E
acectate-lead citrate stain (Adec and Berlin, ca. 1960). Unstained sections will - -
bc used to avoid any possibility of electron dense staining contaminants that

might be confused with the enzymic reaction product. :

This'project will have an important role in the developmeut of the Principal
Investigator's graduate program at Texas Technological College. The primary
reasons the author recently accepted his present position were the challenges

.. inherent in establishing an electron microscope laboratory in our new facility

‘and in developing a graduate program in Cell Biology. The proposed study will
substantially enhance our graduate program by providing training for graduate
students with a unlque tissue and with the technlque of electron mlcroscoplc
cytochemlstry. : :

D. Scientific Personnel:

1. Principal Investigator: Jerry D. Berlln, Ph. D. b
' Present Position: Associate Professor
S Fraction of Time of Project: o
- Academic Year: 207 - _
- . Summer Months: 50% ’ :
..~ Social Security Number: _
5_”,;Sc1e1t1f1c Experlence ‘

o =%. Dr. Berlin was a Senior Research Scientist in the Blology
Department at Hanford Laboratories (operated by Battelle
Memorial Institute for the Atomic Energy Commission) o
Richland, Washington for four years (September, 1964 to -
August, 1968). During that time he directed the Electron
Microscope Laboratory and obtained considerable experience
with the subcellular effects of radiation injury. During

. - the tenure of that employment an electron microscopic study

! of human spermatogenic tissue was initiated with Dr. Carl
"Heller, Director of Reproductive Physiology, Pacific North-
west Research Foundation, Seattle, Washington. The proposed
study is an extension of that study. Presently Dr. Berlin
is initiating a graduate program at- Texas Techn01001ca1 College

Publications:

" Bowen, C.C., G. A. Peyton, and J. D. Berlin.  1963. The fine struc-
ture of the host-parasite interface of some obllgate fungal para-:j:i'
sites. Amer J. Botany 50: 624~ 625 : '

Berlin, J. D. and C. C. Bowen. 1964. The hoét-parasite interface oft;‘;l
- Albugo candida on Raphzanus sativus. Amer. J. Botany 51: 445-452.

Berlin, J. D. and C. 'C. Bowen. 1964. Centrloles in the fungus Albugo -
candida. Amer. J. Botany 51 650-652. § : S
Berlxn, J D. and c. C Bowen ' 1965. M1t051s and ZOOSpore fornatloﬂ o
in Albugo. Amer. J. Botany 52 613 . .
1
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E. Other Personnel:
' Technician (to be named).
Fraction of Time on Project: 1007%
Justification: A technician will be needed for this project to prepare
) solutions, print and dry electron micrographs and help

with sample preparation (including incubation, fixation
in osmium tetroxide, dehydration, embedding and section-
ing). By performing routine laboratory tasks the tech-
nician will free the 1nvestlgator s tlme for the more-
critical mlcroscopnc work. - :

"F. Other Financial Assistance:
: From non-university sources for this project: None
From non~university sources on unrelated projects:
The Principal Investigator has a $5,000 grant from the National
Cotton Council for unrelated work that will terminate December
31, 1969. : -

G. Facilities:

The Department of Biology at Texas Technological College, where the work
outlined in this proposal will be performed, has under construction a new
Biology Building that is scheduled for completion by September 1, 1969. We.
are requesting that this project be initiated simultaneously with that date.

- This facility will include an Electron Microscope Laboratory of approximately
3600 square feet of floor space. Of this, approximately'ISOO square feet is
devoted to a teaching laboratory that will contain’a Hitachi model HS-8 elec-
tron microscope. .This teaching complex has an elechoﬁ microscope room, a )
plate and print darkroom, a general preparation rodm and a teaching laboratory.' :

- The remaining 2100 square feet of floor space has been allocated for a research
complex that will contain a Hitachi model HU-11E-1 électron microscope and will
be available for this study. The research complex has a_general preparation o

“room, cold room, print darkroom, microtomy room, electron microscope room, - <°
plate dark room, a roem to be used specifically for cytochemistry, and office ..
space for the Principal Investigator. Separate office space will be provided  ~.
for the Graduate Assistants.. Monies are available for equipping this complex .. - .
with two electron microscopes, one microtome, a tissue sectioner, etc. The
electron microscopes have already been ordered and are to be installed by

“August 1, 1969. However, the one microtome will be placed.in the teaching
-laboratory for student training and will not be available for this study. .

For this reason, we are requesting, as a line item in the budget, money for
an ultremlcroLone that would be necessary for this study. Texas Technological
College will match the funds being requested from the Atomic Energy. Commission

" for an ultramicrotome and these matching funds will be used to obtain a re- o

- search light microscope that is necessary for this project. - All other equip-
ment required for the successful completlon of this study w111 be prov1ded by e
Texas Technological College. - , TE Lt R

1035189
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1. First Year udge;.(From Septe&bér 1, 1969 to Auguét.31,.1970)
’ B . Fi _v;‘3f7' Estimated Requirements
 7}st Year
. "Texas -  Atomic
Technological =~ Energy
" College - Commission
P ' :
1. Salaries and Wages
- a. Principal Investlgator, J. Berlln,
Assoc. Prof., $1633 per month . o o ' .
"~ (Full time for 1 1/2 months) : S $ 2450.00
( 1/5 time for 9 months) .~ $ 2939.00 - . .
_b. Graduate A551stants ‘ - ‘
Graduate Assist.(1/2 time for 9 months) 2500.00
Graduate Assist. (1/2 time for 9 months) , 2700.00
Graduate Assist. (Full time for 3 months) P o
~ Master's Candidate 861.00
- Graduate Assist. (Full time for 3 months) S
Doctoral Candldate';lxr' i + 900,00 -
- c. Technician (to be named) :iﬁ;jv; ;tGOOOLOO '
~ d. Fringe benefits (Social security, et S -
: at 4.87 of above salaries) . 740.00
- 2. .éupplies and méteriais , SR
"a. Chemicals = _ : -~ 600.00
b. Glassware .- -~ -400.00
c. Electron mlcroscope plates, y
.. other materials - 600.00
d.” Other’ photographic supplles e --400.00 -
" e. Diamond Knives (two) e ©L - 900,00
-+ f£. Office 5upp11es and mlscellaneous_. 50.00
3. Equipment - g e S )
" a. Ultramicrotome _ U o .~ . 5000.00
~b. Light microscope . - . ... . 5000.00 oo ‘
: 4._'Pub1icationAcéstsk,b | R S  ;400.00 =
' 5. Communication ) 50;007‘
6. Travel - L
a.” To scientific meetlno I s 400.00 - .
b. " To Seattle, Washington and Salem, Oregon . ; 600.00 -
7. Hitachi electron microscope service coﬁtfécf‘i':? } ‘ f i © 7 1600.00
’ ’ - P "‘"» : » R ' .- ‘b . . . - -
8. Indireact charges 34.57% of salaries and wages - '1016.00 . 5328.00

in accordance with: pollcy established w1th

_DOD TDS 66-67
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TOTAL PROJECY COST . $ 41,575.00
' Percentage and Amount Contrlbuted ' ' o
by Texas Technological College 21. 9% . $ 9,095.00

Percentage and Amount Request : .
from the AEC 78.1% : $ 32,479.00

- J. Second‘Yeaf Budget (From September.l, 1970 to August 31, 1971)

o 1.

" .a.

Estimated Requirements

" 2nd Year

Texas . °  Atomic
" Technological - . Energy
College . = . Commission
Salarles and Wages .
‘Principal Investigator, J. Berlln, , L 5'1_ .

., Co

1-'>'. 2._

-5,

6.

d'

- Supplies and materials

Q.

b,
C.

d.

- Graduate Assistants

‘Assoc. Prof., $1715 per month T R
(Full time for 1 1/2 months) : -8 2573.00
(1/5 time for 9 months) : ~ $3087.00 ...

. Graduate Assist. (1/2 time for 9 monthS)q,vf4f_.
Graduate Assist. (1/2 time for 9 months)

°1.2500.00
7 -2700.00 .

Graduate Assist. (Full time for 3.mbnths)‘fiff' j'»_lﬁ.ffiﬂjﬁ9;861.00 PRCA
Graduate Assist. (Full time for 3 mqnths) CoE L ... 800.00

- . N =

Technician (Full time for 12 monthsj

Fringe beﬁethS (Soc1a1 Securlty, etc.f@jf:JAJ-'-

at 4.8% of above salarles) S ;eﬁﬁ;;‘148.00 B ffj?-760.00.t

Chemicals SO
Glassware = ’ e
Electron microscope plates,

_ other materials | L 600400

- 6300.00 °

Other photographic supplies R ' 5"-“,.1400.00"

1035191

~ e.” Resharpen diamond knives o e 2200000
f. Office supplies and mlscellaneous TN o 2 50.00
None requested for 2nd year) _ .
Publication costs - . 600,00
Commun:’u:z-lt:T.:on.'' 't ' ‘i : .-' o {;-.i v',let;;ti' L f§ ... 50.00
Travel S : _ o Sl e o p
a. To scientific meeting ‘ Coo e To T - 400,00

-b. To Seattle, Washlngton and Salem, Ore°o1 s R - 600.00
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7. Hitachi elcttrpn microscope’ service contrhct S - 7 1600.00
8. Indirect Charges 34.57% of salarics and wages . 1067.00 . 5474.00

in accordance with policy established with
"DOD TDSv66-67 ’ ' )

" TOTAL PROJECT COST '$ 31,770

Pefcéntage and Amount Confribuﬁea ) i S
by Texas Technological College 13.5% . . - -~ § 4,302 -

.

’Peréeﬁtage and Amount Request |
from the AEC 86.5% : $ 27,468




A IRTR Y B S

~.‘ e ..,.nub /‘\ e .
A . . T . ‘\\y

L , 18

K. Budo ary Addendum

In relying upon prison help to do the initial portion of our preparations, ve
have previously encountered~a number of difficulties. For example, after months
of exaspcration we finally traced on2 problem to the fect that the inmdte tech-

. nician had placed the tissue in buffer to which fixative had not been added. Our.

. cytochemiczl work involves more complex procedures and we feel that prison help
is techniczlly incapable of satisfactory performance. Because of the nature of
this work, the rarity of the material involved, and the amount of time consumed
in an experiment a request will be made by Dr. C. Heller in his Atomic Energy
Commission Proposal to have a technician from his Seattle laboratory travel to
the prison in Salem, Oregon and perform our initial fixation. This procedural
technicality in the budget conforms to advice previously solicited (letter dated
April 25, 1%69) and received (phone call Aprll 30 1969) by the Pr1nc1pa1 Investi-
gator from tﬁe Atomlc Energy Conmission.

10 35| 13 ‘.:”.f:. A ‘ ';... | -‘_. ;:iié?;:{?,; ‘;'_: 3,‘712; .\%;



