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I. OBJECTIVES

The objectives stated in this proposal will not be changed from
those stated in the current year's research objectives. These are:
1) to determine the exact nature of the cytological defectrproduced
in the development of the germinal epithelium and to relate the extent
of the defect to dosage and times; 2) to find the minimal dosage that
will affect the germinal epithelium; 3) to determine the time of
recovery from any given dosage; 4) to determine the minimal dosage
that leads to permanent damage of spermatogenic cells; 5) to determine
the simultaneous effects of any dosage upon leydig cell cytology;
6) to determine the influence of any given radiation-produced testicular
alteration upon other parameters such as the excretion of total
gonadotropic hormones, follicle-stimulating hormone (FSH), interstitial
cell-stimulating hormoqe (ICSH),'estrogens and androgenic hormones;
and 7) to determine the influence of any given radiation-produced
testicular alteration upon plasma FSH, ICSH and testosterone. Our
final objective is a complete statistical examination of all ]
parameters and their interactions.

The following charts similar to those submitted last year, will
demonstrate data collected during the current year ( Charts A, B&C)

and data to be collected during the coming year ( Charts B & C ).

II. CHARTS  ( pages 2 thru' 9 )

A. BIOPSY TIMES FOLLOWING IRRADIATION
B. PARAMETERS MEASURED AND RESPONSE RECORDED DURING RECOVERY
C. PARAMETERS IMEASURED AND RESPONSE RECORDED DURING DEPLETION
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B. vvmmzmemwm MCASURED AND RESPONSE RECORDED DURING KECOVERY

5 ,
CYTOL
GERMINAL CELL RECOVERY
%n.“
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® | logical First Ultra- tration i
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Current status of all samples collected 8-25r | 18 | Incom- Complete Incom- Incom- Complete
to date plete plete plete
Current status of all samples collected 50-100r | 23 Incom- Complete Incom- Incom- Ccmplete
to date plete plete plete
Currcnt status of all samples collected 200-300r | 16 Incom- Complecte Incom- Incom- Complete
to date plete plete plete
Current status of all samples collected 400-600r | 17 Incom- Complete Incom- Incom- Incom-
to date plete plete plete plete
NO ADDITIONAL IRRADIATIONS REQUIRED TO COMPLETE ANALYSIS OF EACH OF THE ABOVE PARAMETERS
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IIT. RESULTS

A, HISTOLOGICAL

We have observed an increase in the number of Leydig cells
following irradiation with 600r using the Leydig cell/Sertoli cell
ratio method ( Heller, Lalli, Pearson and Leach, 1971 ). The data
suggest this rise begins approximately 90-95 days post-irradiation.
Thus far, five subjects show an increase in Leydig cell numbers and
one subject shows a slight decrease; however, his later biopsies
must still be quantitated,

Although a total of 15 subjects have received 600r of irradiation
only 12 have sufficient biopsies taken after 90 days to ascertain if an
increase has taken place. Of these there is only one subject that has
been followed for a long encugh time to begin to show a recovery in
Leydig cell numbers - this being roughly 1,900 days. His Leydig cell/
Sertoli cell ratios aré shown in the following:

Subject #199
LC/SC Ratios

Right Testis Left Testis

Control .45 .47
26 days .44 -
92 days .53 -
232 days - .52
295 days .63 -
1022 days .55 -
1120 days - .75
1253 days .49 -
1722 days - _ .88

1904 days - .61



The number of men that will be available after this amount of
time has elapsed can only be postulated. At this time seven subjecte
who have received 600r are actively participating in the irradiation
program and five have biopsies after 700 days post-irradiation.

We shall continue to follow these subjects for as long as
possible after irradiation. Hopefully, until they again reach control
levels.

If indeed, we do find that there is a significant rise in
Leydig cells in the population of subjects who have received 600r,
we shall then begin quantitation of biopsies from subjects who have
received lower doses of irradiation. Should increazes in leydig cells
be found at these doses then we chall determine if these increases
correspond with those at 600r. Questions we chall be answering are:
l) are the increases af these lower doses, if they do occur, as
statistically significant as those at 600r, i.e., are the increases
as great, 2) are the intervals of time to notice an increase and to
notice recovery the same, 3) is there possibly a dose-response
relationship involved?

‘ Quantitation of the germinal epithelium has proceeded by
accumulating more data for adequate statistical analysis. No "new"
findings can be reported although initial findings are being
further substantiated. Examples of results at different dose levels

by tubule counts ( Rowley and Heller, 1971 ) are as follcws:

3001325



RAd Ap B R L Z P Sa Sb Sc Sd

-Spermatogonia-! L— Spermatocytes ——! \———>Spermatids —
i:Ltrol 0.93 0.80 0.49 0.42 0.76 0.11 2.56 1.56 3.09 2.67 2.45
2s5r ,
6hrs 0.68 0.63 0.25 0.09 0.45 0.01 2.87 1.78 2.62 1.13 1.54
24days 0.74 0.64 0.29 0.05 0.14 0.02 2.85 2.65 2.00 0.27 0.35
40days 0.28 0.23 0.03 0.02 0.04 0 0.20 0.30 - 1.16
201days 0.36 0.28 0.07 0.03 0.04 O 0.31 0.21 0.41
420days 0.%6 0.88 0.30 0.45 0.25 0.25 3. 31 0.99 2.45 3.49
Control 0.71 0.53 0.28 0.24 0.43 0.06 1.99 1.43 1.29 1.29 1.00
100r ' .
24hrs 0.62 0.44 0.14 0.14 0.33 0.02 1.32 .0.72 0.79 0.71 0.74
l4days 0.59 0.06 0.003 0 0.009 0 1.05 0.55 0.59 0.73 0.49
5?§days C.20 0.08 0.04 0.02 0 0 0.27 0.81 1.06 0.75 0.73
T4sdays  0.27 ©0.12 0.02 0,03 0.04 0  0.20 0.17 0.32
112days 0.06 0.02 0 -0 0 0 0.03 0.02 0.06
210days 0.06 0.06 0.005 0 0 0 0.06 0.03 0.02
Control 0.56 0.44 0.29 0.33 0.61 0.01 2.60 1.58 2.20 1.83 1.60
600r
22hrs 0.47 0.24 0.07 0.07 0.74 0.04 2.90 1.88 2.24 2.22 1.68
14days 0.28 0.23 0.004 0 0.01 0 1.39 0.44 0.29 0.71 0.72
29days 0.21 0.14 0.01 0 0 0 0.01 1.34 2.37
84days 0.01 0.002 0 0 | 0 0 0 0 0 0 0
151days 0.002 0 0 0 0 0 0 0 0 0 0
252days 0.006 0 0 0 0 -0 0 0 0 0 0
;_;days 0.003 0.01 0.02 0.005 0 -0 0.05 0.04 0.01
477days 0.001 0 0 0.006 | 0 0 0.01 0 0] 0 0
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Kﬁ\ ~ We have been examining and charaterizing the ultrastructural
features of Leydig cells in control biopéies befcre carefully
examining those after irradiation. Preliminary ultrastructural

| examination indicates Leydig cells are affected by irradiation
within two days. With the aid of the electron micrcscope we shall

continue to study the morphological changes of the Leydig cells

which cannot be seen with the light microscope follow;ng irradiation.

Again we are attempting to answer questicns concerning dose-response

relationships of the morphological effects of X-ray irradiation on

the Leydig cell.

Ultrastructural examination of the germinal epithelium has
revealed many morphological changes, some of which we have not seen
in either normal or otherwice altered testis. Fcr example, at 24
R days after irradiation at 6C0r, we have found macrcphages traveling
through the basal lamina into the tubules. We believe they pick up
damaged cellular material and then move into the lumen. The Sertoli
cells, however, also act as disposals for damaged tissue reieasing
acid phosphatase into the cell to break it up and then acting &s a
transporting medium for the broken-up cells to pass through into the
lumen. |

Although much progress has been made we have really only
scratched the surface. Because of the number of biOpsieé taken and

the wealth of information available in each bicgpey, much of the

material has not yet bszen examined.
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- -

B. HORMONAL

Plasma tectosterone is being measured by the method of

Murphy ( 1970 ). This method consists of extraction of steroids from

"plasma with diethyl ether, isolation of testosterone with the use of

a column of Sephadex LH-20, and quantitation by competitive protein
binding using L.P.P. and charcoal uptake.

Although there are many methods currently available in the
literature, the above method seems most suitable cue éo its relative
speed and simplicity. The other methods are characterized by the
extensive solveng preparation and multi-stage isolation steps ( often
both thin-léyer and paper chromstography ).

The normal male control value obtained in thig labcratory ( 36
plasma samples ) is 515 ¥ 164 (S.D.) ng/100ml with a range cf 212 -
26 ng/100ml. Preliminzry data from two subiects at (00r and two
subjects at 200r indicate no statistical change in plasma testosterone
following irradiation. More plasma samples will have to be assayed at
all dose levels so that a valid conclusion may be reached as to the
effect of irradiation on plasma testosterone. We shall continue to
collect samples from those subjects who remain on the irradiation
program and assay them along with the samples we have already collected.

The methods that we use for the radioimnunoassay of plasma FSH
and ICSH are modifications of methods by Odell, et al. ( 1967 ), and
Midgley ( 1966 ). We use the NIH standard LER 907. The method
involves jodinating 2pg of highly purified HLH ( or lpg of FSH with

31

2me of 1 I by the modified method of Greenwood, Hunter and Glover
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( 1863 ). The iodinated hormone is separated from the inorganic
1311 by passing the sample through a G-75 Sephadex column. The
trailing edge of the earliest peak is used in the assay. The
specific activity ranges from 200 to 600pc per hg.

The buffer system and assay procedure differ from that of Odell
in incubation and concentration of rabbit serum. After adding the
buffer, EDTA, plasma and antibody, we incubate for one day, add
iodinated hormone and further incubate for four days. We prefer
this because the ‘sensitivity of the assay is increased by the creation
of a non-equilibrating system. The plasma ICSH control value ( 50 men )
is 9.04 ¥ 2.65 (S.D.) pg LER S07/100ml, RIAR with a range of 4.74‘to
15.25 pg LER 907/100ml. The plasma FSH control value ( 34 normal
adult males ) is 34.4 I 8.55 (§.D.) pg LER 907/100m1 with a range cf
22.0 to 45.4 pg LER 907/100ml.
| Measuring plasma FSH has confirmed those results we have found
in the urine. Namely, no change at 8r; a slight increase at 20r;
anﬁ highly significant increases were seen at 78 - 600r. 'MeasQring
plasma ICSH by radioimmunocassay has produced contrasting results to
those which we found in the urine. Only two doses ( Sr‘and 20r )
revealed no change while at the higher doses there were definite
increases in plasma ICSH especially at 600r.

One man has had most of the collected samples completed ( other
samples are run randomly to insure our double blind system ). His

values are shown as an example of the data being collected.
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-16-
@  rLASi ICSH AND FSH DETERNINED BY RRDIOTIZONIOASSAY. SPERM COUITS ARE
GIVEN FOR APPROXTMATE PLASMA COLLECTION DATES FCR REFERENCE.
| Collection iICSH pgLER %07/ ! FSH pgLER 07/ Collection S.F. Count
Date : 100ml i 100ml Date M/cc
1-20-68 | 11.4 | 23.7 1-16-68 | 157
2-3-68 é 7.0 31.2 1-30-68 126
2-17-68 ; 7.0 33.8 2-13-68 258
5-5-68 | 9.5 25.0 4-23-68 | 213
5-12-68 | 8.7 = 33.3 5-14-68 | 160
10-8-68 | 8.9 i 32.3 10-7-68 . 236
11-14-68 3.0 | 30.3 11-4-68 125
TUIiIaTes eoon YT TTTUTT
@ - 0.2 45.8 11-25-68 | 87
. 12-20-68 18.6 | 95.0 12-16-68 94
. 1-8-69 | 2.7 0 1003 1-10-69 | 27
| 11069 18.7 L 112.3 1-24-69 | 10
| 1-20-69 | 16.3 81.3 1-31-69 % . 1.5
. 2-18-69 ; 16.3 106.3 2-7-69 % 0.3
| 4-25-69 f 11.4 86.3 2-28-69 | 0
| 5-12-69 j 9.9 91.3 5-16-69 % 0
| 5-29-69 ; 16.9 86.3 5-23-69 | 0
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—  10-28-69 14.5 | 115.0 10-9-69 0
11-29-69 18.0 | 75.3 11-26-69 0
P12-29-69 10.6 ‘ 79.4 | 12-29-69 | 0
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We shall continue to collect plasma samples on all irradiated

cubjects who are currently on the program. These samples will be

’assayed for both plasma FSH and ICSH along with the 250 plus samples

that have been collected from irradiated subjects but have not been

assayed. These data will then be grouped according to X-ray dosage

and statistically evaluated to determine the dose-response relationship.
Concerning urinary hormones ( FSH, ICSH ) we are still in the

process of re-analyzing the vast amount of data we have accumulated.

Each assay is being carefully evaluated both personally and with the

aid of a computer. This analysis will continue for some time because

of the time involved in evaluating each respcnse that has been

obtained in all subjects who have received irrad{ation. After this

careful analysis has been completed it will be inspected further and

the same questions applied as befcre, is there a dose-response, etec.

C.  SEMINAL FLUID
Sperm counts and sperm morphological examinaticn will,
continue to be done on a weekly basis. Analysis of sperm count will
be done on a dose irradiated basis to determine a possible dose-

response effect and length and degree of effect for each dose.

D. CHROMOSOMAL ANALYSIS
During the past two months, Dr. J. G. Brewen of Oak Ridge

National Laboratories has been collecting testicular tissue for



chromosomal analysis. We shall continue to supply Dr. Brewen with

tissue from all biopsies done on subjectes who have received testicular

X~-ray.
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V. FINANCIAL INTERECTIONS

A. OTHER RESEARCH SUPPCRT
The Ford Foundation: "Hormonal and chemical agents as contra-
ceptives in men - An investigation of their effectiveness and mechanism
of action”.
Grant period: August 1, 1968 thru' July 31, 1972
Grant award: $357,370.00
National Iﬁstitute of Child Health & Human Development:

"Human testis: study of Leydig and Sertoli cell cycles".

Grant pericd: Februdry 1, 1972 thru' January 31, 1974
Grant award: $28,883.00
B. TRAVEL

It has been our gattern for Dr. Heller to go to the Oregon
State Penitentiary at least twice a month, usually spending two working
days each time. Transportation to Salem may be by own car ( 12¢/mile )
or more usually by airplane, renting a car in Portland or Salem. If
plane‘tran5portation is used, the cost per trip is more expenéivee
Welare requesting travel funds for two meetings: The Society for
the Study of Reproduction and the 1973 Endocrine Society Meeting. We

consider these to be the most important annual meetings in our field

occurring during this grant year.



B

VI. TFACILITIES

The Oregon State Penitentiary at Salem, Oregon, is our source
of normal subjects who are willing to have repeated observations
made on samples of seminal fluid, urine and testicular tissue, who
are willing to take experimental drugs and who are available for such
observations over a period of years. Since 1957 excellent rapport
has been established between our group and the administrative
officers, the medical staff and the hospitel staff. Salem, though
221 miles distant from Seattle, is readily reached by plane, train
or automobile, so that the invéstigators can conduct the experiments
personally, cspending six to eight days per month at the prison.

At the Oregon State Penitentiary hospital we have available a
completely equipped modern operating room, the hospital beds we
need ( biopsy patients are all hospitalized for 24 hours or more )
and a complete staff of inmate nurses, orderlies, surgical assisteants,
etc. 1In addition, a well-equipped routine laboratory is available
for performing routine urinalyses and hematological studies ané liver
functions tests, such as}cephalin flocculation, BSP, thymol turbidity,
transaminase, blood sugar, urinary PABA, etc. These tests are ucsed
to protect the subjects from any untoward'or unanticipated toxic
reacticn from any of the medications administered.

Facilities available at the Pacific Northwest Research Founcation
in Seattle: The Reproductive Physiology Division has laboratcries in

a former nurses' dormitory, comprising a total of 3,294 square feet.
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These jnclude: (a) a completely equipped histological laboratory;
(b) a light microscopy room; (c) an electron microscope room with
adjeining dark room for developing photomicrographs and radioautography;
(d) small animal room; (&) room for radioimmunoassay procedures;
(f) steroid analysis laboratory; (g) larger general labcratory used
for gonadotropin analysis, rat autopsy and general chemical analysis;
(h) small office; (i) laboratory for frozen sectioning and ultra-
structural technique work; (j) a completely equipped photographic
dark room containing, in part, a 45H Bessler Manual Model enlarger,
Schneider Componon lenses,.1620 A loadmaster print washer; RA-25
Arkay electric print dryer; and a macro photography unit that can
be attached to the PBessler Enlarger.

Major permanent equipment available includes the following:
Two Zeiss Model WL binccular research microscopes: two Zeiss Photo-
microscopes equipped to'allow us to use phase contrast, darkfield,
brightfield, and polarized illumination. A Zeiss Model GL micro-
scope with accesscories and a Wild M-5 stereo-microscope Model 1250
are also available. We also have a Norelco Closed Circuit Television
Camera and Receiver for use with orne of our microscopes. This
instrument facilitates teaching, and also speeds scanning of tissue
csections.

Other equipment includes a complete micro-technique set-up
including an American Optical Model 820 microtome, paraffin embedding

oven, etc.; a Mettler analytical balance, Harvard trip double-beam
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balances, and Roller-Smith Torsion balances for bicassay purposes;
Spinco Duostat and Durrum electrophoretic cell; Spincraft autcmatic
speed filters; International centrifuges and a Corning pH meter;
Xahn-type automatic shaker, Burrell wrist-action automatic shaker,
Beckman Model B spectrophotcmeter, Labine incubator, Rotovzper, water
baths, hot plates; drying oven, Gilson volumetric fractionator,
Brinkmann equipment for thin-layer chromatography, autcmatic pipette
washer and confinuous flow extraction apparatus for steroid deter-
minations; refrigeration and .freezing facilities for storing urine
and seminal fluid specimens; biopsy racks and an autoclave for their
sterilization; two Monroe calculators, a typewriter and miscellaneous
other =mall equipment.

We also have an R.C.A. electron microscope EMU 3B, imprcved,
and an Automatic Reicherft Ultramicrotome OMU 2. A Packard
Instrument Company Model 7201 Radiochrcmatogram Scanning Systen
complete with automnatic localization of radioactivity on paper strip
chromatograms or thin layer plates is also available.

The Foundation provides for our joint use with other investigatcrs
a Barnstead still and a Beckman Model L-2 Ultracentrifuge, a Vir;Tis
tissue homogenizer and additional paper chromatography apparstus, a
Blackstone Ultrasonic cleaner, an International Equipment Ccrmpany

Cryostat ( Model CTI ) and a Packard Tri-Carb Liquid Scintillaticn

Spectrometer.
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VII.
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ITEMIZED BUDGET

BUDGET OUTLINE

SALARIES

Personnel $ 52,308.
Professional Collaborator . 1,250.

EQUIPMENT
SUPPLIESA
TRAVEL
MISCELLANEOUS
PENITEXTIARY COSTS
TOTAL DIRECT COSTS

INDIRECT COSTS

GRAND TOTAL

$ 53,558,

-0-

6,130.

3,500.

76,030.

22,702.

$ 98,792.

d

T
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TTEMTZED RUDGET (Continued)

L.

PENSION

SALARIES

pPersonnel

tcller, Carl G.
lowley, Mavie J.
Morsz, Howard C.
Teshima,Florence
Su, Mike H.H.
Horike, Neil
lLeach, David R.
Savage, Grace®
Osborne, Yoshiko

Marty, Carole M.¥

Principal Invest.
Senior Invest.
Senior Invest.
Research Assoc.
Research Assoc.
Research Asscce.
Research Assoc.
Secty/Clerk
Research Tech.
Adinin. Assist.

Professional Collaborator

Daniel DiIaconi, M.D., Surgeon

Part-time employee

(33

% Time
Davoted €O
AEC project

Prorated, P/R Taxes , - \QQ\ A i Q\\c
Yearly m%wtr ¢ Fringe xkcéﬂmwn\\\\

Rate ¢4l Benefite & “Total

, T b
$

$ 53,558.

PLAN AND ZMUHObr PLAN HAVE BEEN INCLUDED IN FRINGE BENEFITS WHERE APPLICABLE
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N ITEMIZED EUDGET (Continued)
B. EQUIFMENT
(Wone)
C. SUPPLIES

One diamond knife )

For EM including tissue preparation
& photographic supplies

Histological preparation - light
microscope

Radioimmunocassay

FSH & ICSH immunoassay $100/12 samples
for both FSH and ICSH

$50/menth to Tumor Institute Division
of Nuclear Medicine

Testosterone-plasma-protein kinding
$7.50/sample

TRAVEL ’

Oregon 8tate Penitentiary

Twice per month - 2 days each time
Carl G. Heller, M.D., Ph.D.
/trip

Arnual Meeting of The Endocrine Soc.

One person

Society for the Study of Reproduction

One person

30013049

550.
1,000.
500.

2,400.
600.

1,080.

600.

500.

§ -0
$ 6,130.
$



MISCELLANEOUS

Freight charges for transporting urine,

blood, and seminal fluid from Salem,
and return of empty reefers

Service contracts
Communications

Publications, reprints, lantern slides,

journals, books

PENITENTIARY COSTS

Yearly meritorious pay ($100/year)

Monthly pay ($15/month)
Biopsy payment ($35/biopsy)

2 inmate technicians ($90/month)

INDIRECT COSTS

250.
1,012.
500.

1,000.

1,900.
3,420.
2,660.

2,160.

TOTAL DIRECT COSTS

43.49% Salaries and Wages, current
"provisional" rate, DHEW agreement
for research grants dated 10-29-71

A

GRAND TOTAL

22,702.

$

$

$

2,762.

R
2 "’. xS

10,140.

76,0°0.

22,702.

©8,7°2.
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< VIII. MISCELLAXEOUS

A. REGULATIONS GOVERHNING RESEARCH INVOLVING HUMAN SUBJECTS

See attached form letter from D. T. Chalkley, Ph.D.
(p. 57)

B. Vle agree to the general provisions as provided: "Equal
Employment Opportunity" clause (HEW-386) - Revised December, 1968,
Clause 6. "Patent Rights" (July 1967) Clause 20.
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DEPARTMENT OF HEALTH. EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
NATIONAL INSTITUTES OF REALTH

BETHESDA, MARYLAKD 20014 s
) ) . MAR 10 1272

. 29
William B, Hutchinson, M.D,

President and Director

Pacific Northwest Research Foundation
1102 Columbia Street

Seattle, Washington 98104

Dear Dr. Hutchinson:

In association with its responsibilities regarding the review and acceptance
of assurznces on the use of human subjects, this office periodically issues

8 cumulative list of institutions which have filed acceptable general assurances. .

Since many institutiohs are involved in cooperative activities, the enclosed
copy of the "Forty-third Cumulative List. . ." will facilitate determining
if cooperating institutions have filed acceptable general assurances and
have committees with whica you can work.

We are also using this letter to advise you of the current status of your
own institution. Our records indicate that:

Your revised assurance of compliance with Depariment of Heal:t
Education, and Welfare policy has been accepted and you have
been so notified.

7 Your revised assurance of compliance with DHEW policy has been
AY received and is under review.

Your committee structure omnly has been submitted.

You have not submitted a substantive response to previous
memoranda requesting compliance with DHEW policy.

The code designations (2)-(9) immediately preceding the institution's name
indicate your assurance status as of February 11, 1972. 1If you note any
discrepancy between your understanding of your .status and the code listing,
please let us know.

The DHEW policy permits us to interpret assurances of compliaunce with the
older Public Health Service policy as temporarily mecting the Departmental
requirements. However, institutions not in compliance with DHEW policy as
of July 1, 1972, will be deleted from the cumulative list.

g. T. Chal ley, Ph.

Special Assistant to the Director
Division of Research Grants

Enclosure 3001 312
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REPOSITORY: DOE-RICHLAND
COLLECTION: GSS HUMAN TEST SUBJECTS STUDIES
PRISONER STUDY

BOX: 046264

FOLDER: 1780 - HELLER PACIFIC NW RES. FOUNDA.
ASSIGNED NUMBER: RLHTS 94-0028
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