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SCIENTIFIC BACKGROUND AND MOTIVATION FOR INITIATION OF STUDY.
My interest in this problem dates back to Aprﬂ 1962. At this time I
was asked to evaluate the gonadal consequences in three men who were exposed

to neutron radiation at the Hanford Atomic Energy Plant., It became apparent,
after reviewing the literature, that our knowledge concerning the effects of

- irradiation, particularly neutron, on the human testis was virtually non=

existent., Indeed, all observations had been made "after-the-fact" when

, industrlai echig).\(f) (Bi!s?ccurred or following the Hiroshima and Nagasaki

episodes Since both dosimetry and the pre-exposure status
{ the gonads involved were either uncertain or unknown, these data are
mcomplete from a predicted scientific point of view. As my group and I
delved into this problem, the obvious importance of. having complete funda-
mental data on this problem was brought into sharp focus. Aside from the
evident hazards of atomic weaponry, the problems of industrial exposure and
space travel require attention. Our preliminary studies on the Hanford men
were presented at the recent CSU meeting, International Symposiur on the:

' Effects of ‘Ionizing Radiation on the Reproductive System. This summary is

appended to this appllcation as enclosure (1)

The basic scientlﬂc data obtained from this project wIll have a very

important, practical value. In our atomic age soclety, there is always present

the possibility of radiation accidents resulting in significant radiation dose
to one or more people. The ultimate accident would be a nuclear war {nvolving .
multitudes of people, Medical treatment of such people and the analysis,

 for legal reasons, of possible damage to these people, must be based on

factual knowledge of the effects of radiation. It is particularly necessary

- that one know the relationship between the absorbed doses, a physical quantity

describing the interaction of the radiation with matter, and the resulting blo-
logical effects. In accidents one can estimate the absorbed dose from radiation
meters worn by the persons or from measurements made at the scene of the
accident. These form our main basis for estimating the possible damage and

' may be of considerable help in determining the course of medical treatment.

Several questions have arisen concerning this .prcposed research project.
Why use humen rales as research subjects?  And v ~hyv use neutron {rradiation
2s our main source? First of all, our aim, as {s the cese of all clinical
L stma fon, is to obtain accurate data that will enatie the medical profes-
to L’)C‘DI'Star‘d “spontaneous” or induced disease grocesses in the human
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- relate this to the human male vrlth security. Indeed, basic differences have | )
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been suggested between the response of the mouse and rat. For'example,
Oakberg attributes spermatogonial cell death as the main reason for depletion

-of the germinal epithelium in the mouse after exposure to x-rays. On the _ j,'-‘*‘-‘-*f' '

other hand, Jones considers inhibition of mitotic activity as the main cause
in the rat. Furthermore, the rate of spermatogenesis is different in man
as compared to various animals (and the rate {s also different between \
various lower animal species). This undoubtedly will be refiected in dif- -
ferences in response other than just time—relationship, at least there is
no. definite data concerning thls point in man,

Secondly, neutrons have been selected as our primary object of study )
for. several reasons other than the aforementioned practical aspects., Ac~- -
curate calculations as to the RBE of neutron irradiation in human beings,
especially with respect to gonadal tissue, are not possible due to inadequate
data. It would seem highly important from all viewpoints to correct this
situation. And, as‘proposed, our proj.ect should supply irnportant data on
this point. ! R ‘ o \ ’

Another 1mportant reason for studying neutron 1rradiation is that there are
certain difficultiés at present in the measurement of neutron dos{metry. that
need clarification.. Dr.'Roesch's approach to this problem wilil provide
important data on this point.

Investigators have been cautious and rightly so, conceming the use
of neutrons for human study.: Certalnly, Stone's work emphasizing the - o
problem of skin ylcerations is an important complication to consider. However, :
Bewley et al have recently published the results of their experiments -
dealing with effects of pig skin after neutron irradiation. They point out
that the main problem was lnadequate understanding of chronic dose fraction-
ation.’ This would not be a problem with our proposed exposure to a single

‘acute dose. Also, their acute data will serve as a useful guideline in our
~work,. Another problem to consider for the proper use of neutrons is adequate

shielding of the subject. Our plan with: respect to solving this will be
outlined later on in this proposal

- In addition to the neutron aspect of our study, we plan to mvestigate
the effects of radium irradiation on the testes. " This’ f?}‘(ff )Nas selected
since the dosimetry i{s well=known and repro (x%t)b e Also there
are the classic animal experiments of Regaud for guldance 'as to dose
end response and for comparison with our human data. ) t

L As an alternative to the use of radium in our preumlnary work, x-rays.
could be us d Sa a)(s rce of irradlation. Human data is also tncomplete
in this areall6)(17)(18), ‘and as mentioned before “there {s considerable ani-
mal data avallabie for comparison . o ;

We would*prefer to vae-radium for.our. 1n1t1al v.or B tecausz of tht=
egqe of hanf“mg and the equlpmem invelved,
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chfomosomai da age, Sacher(za) among others, has suggested that the

well-known effect of irradiatlon on the aging process is related to chromo-
_somal "breaks "*

We have perfected our tissue culture techniques with respect to
testicular tissue s0 that this aspect can be studied. In our Investigation
of the men at Hanford we have observed chromosomal deletions in F. L.,
who was exposed to a gonadal dose of 120 rem. This was observed in

'tissue obtained by biopsy eight months after exposure to mixed neutron and

gamma irradiation .

Finally, there is the problem of what constltutes an adequate number
of subjects for adequate documentation of the response to any given dose -
of irradiation. This question is difficult to answer in a dogmatic manner.
In my experience, the previously normal human testis responds in an

- amazingly uniform fashion to agents which alter its function. Therefore,

I would consider 6 - 8 subjects in any given category as being an adequate
number for statistical reference.

SCIENTIFIC SCOPE OF PROPOSED RESEARCH

‘A, -Principal Aims'- 1) To relate radiation dosage. to changes in gonadal

function. 2) To utilize the radiation gonadal changes as means for studying
anterior—pituitary interrelationships. 3) To explore therapeutic and medical

protective méasures with respect to gonadal irradiation. 4) To explore our

current concepts conceming radiation dosage expressed in physlcal terms
and their relation to biologlc eifects. .

Lo

Method of Procedure-

l. Resea.rch Subjects: Healthy male volunteers who are inmates at the
Washington State Penitentiary In Walla Walla will constitute our research
material. Approval for this project has been obtained from Mr. Rhay,
Superintendent of the State Penitentiary; Dr. Heyns, Director of State In-
stitutions; Dr. Hogness, Assistant Dean of the Medlicel S¢hool;-Dr. Kirby,

~Chairman of the Clinical Research Committee at the Medical School. Copies

of their letters are appended as-enclosures (2), (3), (4) and (5). In addition,
Dr. Bucove, Head of the State Department of Health, has been apprised of
this propcsed project and he has. stated that there are no objections as far
as he is concemed : :

- The alms of our project and its Implication v'ith res pect to future
fertility will be discussed in detail with each tnmate volunteer and so docu-
mented. Those inmates who agree to become research subjects for our °
project will be. compensated only in the following manner: 1) A stipend of

. {ive dollars per month whiie a research subject and ava'lable for observa~-

- tions, 2) & sitpend of twenty-five. -dollars that month ir. xnich a ‘esticular:

biopsy is oe'formed

The ace range contemplatec for our ro.sear'*h s»b will -e from

4% yvears. Only those inmates who will ke impr 1s c‘ at lzast five
'l e selected for our precest,  After Ma‘i'ﬂ‘ﬂar, s:‘reen;:c, Dr,
sk orrigow rhyeicien, hzz informed ma ‘ré’ "-’—':-".ﬂ'il‘. T2 eufiiziznt
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may be divided into three phases. Phase 1 will consist of using radium -\ )

needles applied to the gonad externally in the same manner (i.e. plastic ‘
Jnold) as for radiation therapy. The dosage range we plan to cover will be - e
from 80 to 800r. This phase of our study will serve to standardize our - o -
radiation techniques and ‘compare our human data with ava{lable animal data.
As soon as we have developed proper shielding, we will begin to use our
neutron source (Phase II1) . v ‘

Phase II wui be, concerned both with proper shielding and pertinent
dosimetry.

‘ Since the University does not have a department of Radia tion Physics,
the assistance of Dr. W. C. Roesch of the Radiological Physics organization
at Hanford has been obtalned for the physics of our project. Since we wish
to expose only the gonad to significant neutron frradiation, it will be neces-

. sary to devise proper shielding for the research subfect's body. For this

purpose-the neutron generator will first-be .ins,t‘a‘lied,at the Hanford laboratory.
We propose\'to purchase e neutron generetor of the type now belng
used for neutron activation analysis. This will provide the necessary high

output. Most of the work will be done with 14 MEV neutrons. Some of the

work will be conducted with 2.5 MEV neutrons but at a lower output for
comparison effects. The nhecessary shielding and: calibration of the system

will be performed at Hanford using mannikins. Dr. Roesch's approach to .
the shielding problem is as follows: First of all, the machine and the subject
belng irradiated will be surrounded by enough water, in tanks,.to reduce \ >
the external radiation to safe levels for the operators and other people in

the building. This, then, can be considered a large mass'of water surrounding

the neutron source. Inside this mdss will be a small empty tube enclosing

the neutron source at one end and the testes being irradiated at the other

end. Thus the rest of the subject's body will be protected by water. As

a8 necessary refinement to this basic "shield," various elements with high

cross sections for neutron absorption for 14 MEV neutrons will be studied

for use as additional shielding. Also, alterations in the deuteron beam

will be studied to permit bringing the testis closer to the source. Then the
completed system will be set up at the penitentiary in a basement room of

,the hospital building, which has been set aside for our use.

. Phase ITI wili involve testicular irradiation using our neutron source.
The anticipated gonadal dose v'iil range from 10 to 100 rads delivered. acutely.

For both’ Phase I and II] of our project the approach to studying the

—effects of radiation on human testicular function will be directed along the

following.general outline,. Control observations will be made on each

. volunteer inmate as .to his testicular function. The parameters to be measured
~wi1]l {nclude urinary gonadotrophin and- ‘estrogen excretion titers, repeated

seminal fluid examinations and microscopic examinaticn of a tesdcular biopsy

- specimen, -in additicn, some of each testicular speciman will be submitted
_ for tissue c.nlture and subsequent eveluation of the chromOSOmal pattern and

: each paramester will be made at apprepriate. intervals. Thus {t should be

morphology. After the.acute exposure to radiation, repeat observations of = )

roszible to relale re:ieti"ﬁ ccsb tc charn -ges in testif't.‘a f“nctlc.’:, I‘ cre
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recovery. Conce 1ng the latter point it will be necessary to observe each

inmate who receivps the higher dosages for at least two years; therefore,
'\/-care will be takem ln inmate selection so that this will be possible. ’

Repeat tissue culture and subsequent chromosomal study will be made
after {rradiation to evaluate fragmentatxon, “breaks" .and changes in chromo-
somal numbers. These alterations have been demonstrated -to occur after
exposure to radiation.

It is qenerally considered that slzgrt) of causing cell death, Leydig—cell
function remains intact after radiation Urinary estrogeén excretion will

. be studied throughout our project.as a reﬂ,ectlon of Leydig-cell function.
Furthermore, newer techniques for;.measurj(ng testosterone excretion in the

~urine will be used to strengthen our study : . ‘ ‘

If it is true that Leydig-cell function remains intact, then we will have
a uniqué€ opportunity to study urinary gonadotrophin excretion from a quali-
tative viewpoint in men having selective alteration'i{n germinal epithelial
activity. Assays will be made as to total gonadotrophin and luteinizing
hormone titer changes. The latter should remain at titers compatible with
normal men, whereas the total gonadotrophin lev,e)ts should rise when 'sig-"
nificant depression of spermatogenesis occurs (2 CoT

- This 1s, in fact, what has been observed in the rhen we have followed
at Hanford. By enlarging our data we shall be able to firm up this pomt
Or if this isn't conﬁnned determine the reason why not. .

( After we establish with’ reasonable degree of certainty as to the relation
between radiation dose and testicular changes, it will be feasible to explore
possible means for protecting against even temporary testicular damage.

For example, it may be possible to protect the germinal epithelium from
damage to at least modest irradiation -dases by suppressing spermatogenesis.
An easy approach would be to inhibit gonadotrophin secretion by the adminis-
tration of testoﬁsyone. This appro_ach was investigated in a preliminary
fashion by Ioel : . . '

With respect to our ﬁnal axm ~ it should be possible to study in detail
our histologic material (testicular biopsy specimens) in light of the radiation
dosage and relate this quantitatively to the number of seminiferous tubules
involved. For example, in the testicular material from one of the men at
‘Hanford, some of the seminiferous tubules are populated only by Sertoli
cells after exposure to irradiation, whereas other tubules are- damagecg t3
a much lesser degree. By applylng the principles suggested by Rossit?
the current concepts recardmg the effects o loce! energy density could be

evaluated
r]

If this a::.::ador receives favcratle esiion end ine.suppont monies
become ave: iekie by Jelv or August of this yvesr (19S2), Frase I end Il should
be well unferwey ':-'_.,' tre fgll, and it is esiimeteld T T, Riesschothat o .
jone 18¢4, Thzszs I sh--‘f‘ te cemuisied., Then the neuiron epparstus weould
‘be twransferred 2 Welle wella tor Fre-g IIl stedies.,

'{ e A e fr e e m e g eyt o L . -
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VI. OTHERPERSONNBL N o BN o )

:[‘here are three AEC Radiologlcal Physics Fellows at the University
“of Washington who have had a second year.of their fellowship approved.
They have agreed to work on Phase II of this project at Hanford as a means
of fulfilling the thesis requirements for their Masters degrees, It Is esti-
mated that they will spend full-time on thts project for at least a period of
six months. ,

The research technlcian speclﬂed 1n ‘this application will have the
following duties: 1) Assist in supervising the preparation of the histologic
material, 2) make photomlcrographs of the histologic material for subsequent
correlation with ancillary ‘data, 3) after learning the technlque of equating
tubular involvement to testicular mass, to document said changes for full
evaluation. This technlcian will spend full ~time on this project

! I\t the present time we have in our e_mploy,three full-tlme techniclans
trained in various duties that will bear on this project. They will be
spending varying periods of -time on ‘this project but it is difﬂcult to esti-
mate the percentage thereof. ' - o -

VII. RELATED FINANCIAL ASSISTANCE

, Although this is a Universlty of Washington project, Dr. Roesch will ‘
be involved in the basic physics of this work. Before we can expose the Ty
inmate volunteers to neutron radiation, these basic studies will be carried ) :
out in his laboratory at Hanford, Therefore, Mr, Parker, the head of the
radiation laboratory at Hanford, 'is writing a letter to the AEC in Richland.
This will request their endorsement of Dr. Roesch's participation in this
project. The AEC in Richland will then notlfy your ofﬁce regarding this
aspect. , \ . L,

Additional financial support of Dr Pauls.en"'s.'-re'sea.rch activities is
listed below :

NIH AM 0543o (281 End:. Pituitary Gonadal Interrelationshlp,
$22,145; 9/1/62 to 8/31/63 :

NIH T1 AM 5161-04: Endocrtnologv and Metabollsm Reproductive
Physiology (Traming Grant); $29 051; 7/1/63 to 6/30/64

VIII. MATLRIALS, EQUIPMEI.T AND rAcerEs
A, Equipment and Fac*lities Available

1. Phase II w:l’ be can‘ied out at Hanford with the entire facilities of
Dr. Roesch's laborziory available to th1= project. ‘ .

2. I’ermane:;t e:_u,z_.,ment, Endocrine Eesearch,Laboratory, Univers:ty
- Division at USPHS =Hogpital, Seattle, Weshington (Dr. Paulsen):




-7-

g. Coldrpom (4°C), -walk-in, work-in, pre-fab
h. Spectrophotometer with voltage regulator, Beckman DB
i. pH meter, Beckman Zeromatic ° ‘
j. .Oven, drying, Despatch DO-7
k. Microscope, Zelss, binocular
1. Microtome, American Optical 820
m. Incubator, Thelco model 6 \
~n. Shaker, Aloe ’ S : -
0. Water bath, Precision Scientific - A ‘ \
p. Typewriter, IBM electric, Executive : -
q. Stenocord dictating machine
r. Calculator, Friden SBQ
s. Oven, paraffin, Boekel
t. Bath, paraffin, National Appliance 8750
u, Balance torsion,. Roller-Smith :
v. Refrigerator, Astral 4cu’
w. Refrigerator, G. E., 9cu’
x. Freezer, Amana
Y. Powerpack Spinco Duostat RD-2 \
z. Electrophoresis chamber, lucite, 20" x 20" x 7"
aa. Photocopy equipment, Apeco
bb. Microscope, Zeiss, with trinoc body : ‘ ‘
cc. Camera Stand, Aristophot with bellows camera and poiaroid film holder .
dd. Tele-thermometer, YSI with thermistory probes

B. ]ustification of equipment to be procured :
1. Neutron Generator' This apparatus is an integral part of our program

since it will be our >ur neutron source. The particular generator selected has
- all the desired features for' the work described above.

2. Shielding: This is necéssary for the safe use of the neutron generator. ’
It will be constructed at Hanford and later transported to the State Penitentiary.

3. Monitoring Instrumentation' This item is for controlhng the dose
delivered during an irradiation. -

4, Dosimetry Instrumentation' This item is for measuring the dose delivered.
during an irradiatiOn

S. Operating. SUJlieS Items such as liquid nitrogen deuterium gas,
_ generator targets, etc., will also be required. \

6. Remodeling}:xpenses,:

a. USPHS Hospital, Seattle. The administration has set aside &
large room for conversion into a histology laboratory.” Our tissue culture
operz:ions rave lnc'eased so ina* addit*onal labora ory space is required
fer the micra>scoplic work. s

v, “wella Walle State Penitentiary, The warden has cet eside 2
tnrazsmant toom in the hospital "u""ino o— our vee., Tris roo.\. ~..:11 hruse

Si eeaicrElt e and 'h il bhe nocezszres

'»_:iiit:-’-s.
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' IX. TRAVEL AND OTHERITEMS & ~ . | )
' Integral to the pursuit of our research project is the proposed t.ravel

It 1s estimated that it will be necessary for Dr. Roesch to make approximately

‘six trips to Seattle durlng the first year for the purpose of co-ordinating

his aspect of the work: wlth ours. ‘ _ ‘

In additlon, it is estlrnated that the principal investtgator and one
assistant will need to make approximately twenty trips to the prison at
Walla Walla. This is for the purpose of interviewing lnmates exposing the
inmates to the various-doses of irradiation: (under Dr. Roesch's supervision),
performing testicular blopsles, arranging for urine collections, and in
general supewlstng those detalls neces sary tor this research endeavor.

The necessity for procurlng the listed ltems for the neutron source are
evident and represent in Dr. Roesch' s opinion our proper needs.

'X. BUDGET
A. Personnel -

1. Professional: None requested

2, 'Non-Professlonal'

Research technician (to be selected) ” o 8052.00 -
Research secretary (half-time) o, 1854.00
B. Stipends for Inmates: . . 5000.00

C. Bqulpment Permanent~

Neutron generator, Kaman Nuclear Model A-IOOO : - 20000.00

Beam deflection pulser, Model A-1100 R ~ 1750.00
~ Shietd for above (to be designed and constructed at
- Hanford o - 3000.00
Monitor, BF 3 proportlonal counter, Nuclear Chicago _‘ o
NC-251 ; - - 110,00

Voltage supply, ampllfler and scaler - Radlatlon
_ Instrument Development Lab., Modular components* ’

29-1, 30-19, 40-9 and 49-26 1530.00
Dosimeter - Tnermolumlnescent neutron doslmeter ‘ N

Controls for Radiation, Inc. . , B 5000.00
Tissue culture hood =~ . . 200.00 o

Incubator, Model %4 = - | : . 250.00 :

Telethermometer with probes , .~ .350.,00
Centrifuge, HN with #8165 head ‘ L 400.00 .
Research micrcscope, Zeiss GFL S 1200.00

Drying oven, \? 31472 . ; 125.00

"D. Travel: e . | ' ‘ B : ’
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E. Consumable upplies:
. g o ,’ i
P it Rl Reagents giaasware ) ¢ stalns, media ¢ etc, for hlstology e
’ }E]!lf'\\ “» vand tissue culture - o , \ 2000.00

. F.. Mlscellaneous-

Cost of transportlng urine specimens from Walla Walla to
research laboratories in Seattle via Railway Express 1000.00
Remodelmg laboratory space at the USPHS Hospital in -
Seattle and Room BO1l in the basement of the hospital

building at the Walla Walla State Penitentiary -~ 4000,00
Cost of leasing the radium and construction -of plastlc B
~ mold - L '1000.00
G.” Overhead (19% of'salaries) o , | ‘ . . 1882.14
TOTAL BUDGET  $0,364.02

Alternate Budget

ltems A, B, C, D, E, G remain the same ' 54364.02
F. Miéc\elléneous- 4 | o
Q ;" Cost of transportlng urine speclmens ‘ ‘ o 1000.00
Remodeling laboratory space at the USPHS Hosp* tal . ‘ o
.and Room B0l at the State Penitentiary - -4000.00
G.E. Maximar 250 KV, type 3 - monthly lease 348. 50 ‘
12 months - 4182.00

covers all malntenance, labor parts, installa ion
Shipping expense ) / o - 500.00

TOTAL BUDGET . '$6:,046.02
(Alternate) : '

C. Alvin Paulse-, M. D.
Principal Investigatcr.
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