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As fequested for the e yesr progrecs ropn:t of cur contrecy, the iollowing
summarizes che accomplishments and zresznt day goels of ouwr program. Detalls
of cur data along wiih peitinent fepiints and 4 master' o thesls &re included in
tne main bodyv &nd enzlogure portion f cwr repent.

A. Research Accomplishoenrs - Special Neferznce io Originel Mms

1. "“To relate radiution dozage ¢ changes in gonndal function.® During
the firsy tives yeass of our study we hsve exposed the teztes of furty~one lnmate
voluntasis to acuie doses of x—cay axnd followecd chenges in thelr genadal function.
Our x-ray scurce was a G. E. Mazimor 280 XV mactdne. The dosage varied from
7.5 te 400r to the midplsne of the testes {litkle f factor = 0.95), Both spermate-
genesis and hormonal furcton were studied, ’

Yor chinges in gpermategenecls, testicular rionsy specimens obtalned &t
varying intervile solicwving xX-zay 2xpasure and seriel seninal fluid specimens
were examined. These obacrvations weit then clararsd with 2ach subject's
congol darts. We nave found that 207 15 e lowest doss: of x-ray that results
in szcospennis. With 157 a signiftcant reduction n spen: count occwrs clrca
120 days following expoxure. Yo date 7.5¢ s not gignisdicantiy &ltered the
aperm count, however nct enough tUma has lepocea sinte exnposure to be certsin
a5 10 the reoults follew:tng this dose. With respect t¢ recovary, mere time s
needes befora Sinx) conclustons cen be mede, hut &3 of now iwa of three men
recetving SCr have demonstreted a rotum to gontrol spenn coum levels by 350
days follewving exposurs:, Reccwery fromn dosces of 100r and 4001 will probabty
require =n encess of 375 days. In gepera’, a5 one increases the x-ray deue,
the tine required for “aznospermia® vucores shorter., Purthermore, the tme
required for recovery will prenably bo conreznoandingiy longer,

Fric: to cur being eble Lo adesustely relaze the x-~ray docage to chances
in semtna) fluld sperm coacentretion, we 1ad o devise en hunnroved methica
for estimating spenn counte., This viaz accomplished by iwesns of the Coulter
Couenter and a new diluent for seminal fluid, A manuscerint descziblng this
technigqus was publisked in the Tournal of Letorzsciny and Clintca) Medicine,
March, 565,

Dueing our examination of the seminal fluid, it became apparent that
when 4 bilisteral or unilateral testicular bloosy was navfonaed, A cerisin poave
contage of the research subjesis stiowed & s:gnif{izzat drop in their cpsnn
counts. This called for more extensive evaluation ¢f the mechenism invelvsed
and 2 prolongetiop of cur contsol period {nantno? pediod belny defined as that
dme required for aotmounal, histolngle and semine! f{luld 3tudies pricr to zZ-tay
asdninlstrution apd including that time recquired for the spam count to renwun
to pre-conu™ml binpey levels 4f u “dvop” ensved). We have concluded from
our initdal srudiecs that the most Hkely mechanism to ¢xplain the sparm count
drop {s an anilgzn~antibady rezztion. An account cf our dsta was published
in Fertility and Sterillty, Yoly=Zugust, 18&S.

Foriuinately. in the majority of inmate volunteers wha demonsirste this
change folioveing a biopsy, the drop ts guite transient in nmatwe. However, it
can last up to circa 300-400 days., Thuc we have changed our former, We
now have two main groups of {nmates~~those that recelve x=-ray and have
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repeat testiculer biopsics and those that receive x-ray and have only
seminal fluid studies carried out. In the main, we hsve concentrated
on the 100r dose with respect to evaluating histologic changes in the
germinal epithelium consequent to x-ray exposure. The method of
Oakberg for "scoring” the testls was followed, sloag with a slight
modification. Oakberg quantitatively relates the specific gemm cell
types to the mean number of Sertoll cells present in the seminiferous
tubules that are examined, This is done to corvect for tubular shrinkage,
particularly at higher doses., We have found that relating the specific
germ cell types to the tubule unit removes the varisble created by
counting the Sertoli cells., Testicular biopsy specimens from the con-
trol period were scored, and these served as our frame of reference.

Biopay specimens obtained 9, 15, 24, 27, 33 and 49 days fol-
lowing x-1ay exposure wers scored and compared o the control data,
We found that &s early as nine days there was a significant reduction
in the numbers of A pale and B spermatogonia; also the preleptotene,
lepiotene, zygotene and pachytene spermatocytes were reduced in
numbers. By couniing back in time, using the duration of spermato-
genesis as outlined by Clermont and Heller, it is concluded that at
100r the Ad, Ap and type B spermatogonia susteined immediate damage
from the x-ray administered. Observations at the other time intervals
led to the same conclusion with respect io the germ cell damoge at
the time of exposure. . ‘

Our preliminary obsesvations on speclmens four hours following
exposure indicate that cellular metaboliam is altered. For example,
althcugh the “scoring” of the testis was not altered from the control
cbservations, germ cells, presumably sperm&atogonia, were distorted
in shape and stained more heavily.

Plasma testosterone levels have been detennined in our volunteers
to assess Leydig~cell function. This has becn accomplished with the
collaboration of Dr. Hortense Gandy in the Depzrtment of Obstetrics
and Gynecology, Comnell Medical College, A double isotope methed
was used for.these determinstions, Prior to irrsadiation, possible
changes in testosterone levels due to a diumel rhythm, as well as
day~-to~day variations in the same individual, were investigated. Our
plasma testosterone values for normeal adult males during the control
period ranjed from 0.26 to 1.5 ug%. These data compare favorably
with those published by Hudson et al. and Lipsett et al. No diurnai
rhythm could be detectod. The day-to-day variation in testosterone
levels for the same individual was noted to be as much as 50%.
Following trradiation in the dose range from 15 to 400r, plasma tes-
tosterone levels did not change significantly, Measurements were
datermined on specimens obtained at 4, 24 and 72 hours sad at 2 and
4 weeks following irradiation. In some instances, longer intervals
up to several months were evaluated,

Urinary estrogen excretion was also studied in the early phases
of our program to assess posaible changes in Leydig-cell function.
Determinations were performed before and following irradiation in



some tweanty subjects. No significant alteration in estrogen excretion
was noted.

When the testis is damzaged by any mcans, including irradiation,
urirary gonadotrophin excretion increases provided a normal pituitary-

" hypothalamic system remains intact, There are several methods for -

measuring urinary gonadotrophin titers. Three of these were utilized:
first, the rat ovarian weight method, which mecasures all the gonado-
trophins snd is designated a generel gonadotrophin assay; next, the
chorionic gonadotrophin method of Steelman~Pohley, which measures
only the Follicle~Stimulating~-Hormone (FSH); aad finally, the rat
ventral prostate method of Greep, which measures only Interstitial~-
Cell-Stimulating-Hormone (ICSH).

General gonadotrophin titers were determined serially in fifteen
volunteers who received doses of 15 - 400r, A significent elevation
in gonadotrophin excretion was observed in eleven of these men. The
rise in gonadotrophin titers did not occur until 30 to 125 days following
irradiation, which was generally afier the sperm count decreased,
Since the general gonadotrophin assay measures both FSH and ICSH
and since the germinal epithelium is theoretically related to only FSH
levels, the delay in rise and the lack of rise in four of the subjects
may reflect the relative insensitivity of this assay method. Therefore,
we focused our attention on the specific FSH assay.

A preliminary suivey in nine men was made with respect to changes
in FSH excretion following irradistion. An increase in urinary FSH
titers was demonstrated {n all but one, and that {ndividual received
only 15r. Hiz spenn count decreased but aot to severe oligospermic
levels, The time rcquirad for the FSH titers to rise varied from §S to
123 days. Further studies will be necessary befcre & more precise
relationship can be made with regpect to spsrm count changes an
urinary FSH excretion levels, :

' ICSH agsays were performed gerizlly in fifteen males who received
15 to 4005, No significant elevation occurred following irradiation.
This is not surprising since our assessment of Leydig—-cell function by
plasma testosterone measuremenis and urinary estrogen excretion 3s58ys
feiled to reveal any decrease in hormongl nreduction.
Since ¢hromosomal damage occurs as & result of irradiation
exposwre, we performed chromesomal anclyses in some of our male
subjects béfore and &iter they were exposed to x-ray. Short-term
culture was carried out on peripheral blood specimens and testicular
tissue before and st varying intervals following x-ray. The blood
studies sefved s an additional coniyol for our methedology, sinoce it
was unlikely that & significant volume of bload would be exposed to
the x-ray directed to the testicular region. The criteria of Court~-Brown
and his associates were used for categoriziag any detacted abnormialities.
Briefly, Group A relates to modal number, Group B relates to chromatid
changes and Group C relates to chromosomal changes, In three control -
and eight post-irradiation blood samples, no significant chromatid or
chromosomal changes to indicate damage were noted.
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B. Present Objectives

‘1. Iu view of the sensitivity of human germinal epithelium to
rolatively low doses of zcutely dellversd si-toy, it will be necessary
to concentrate on the lower portion of the dosc response curve. Also,
since the inmate volunteers exposed to 40Cr hewve not recovered com=
pletely to their pre-immadiation level of spermatogencsis by clica 375 -
400 days, it will not be necessery or desirable 0 further expliore the
higher dose lovels, With respact to our oxservetions at lower doses,
1, e., 7.51r oc lower, we will nzod to expand our coatrol observations
in order to nzil down the significance of the seminal fluld changes in
& very precise fashion. This is imporieni when one considers the small
x-ray doses emploved and the iaherent voriebility in eeminal fiuld
sperm conceniration. '

2. Now that we have documenicd the effact of testiculer biopsy
on sBperm counts, additional control groups are needed for proper de-
lineetion of causal factors responsible for seminal fluid changes in
our studies. For example, we are exénining the elfcct of just wearing
the scrotal suspensory without concanltent hopsy. Also, we ote exam=
ining twe *no procedwre® perieds to properly cvaluate what constitutes
a significant depression in spemm count,

3. Alfhough not strictly pestinent to this contract, we are pur~
suing the mechsnisms involved in the sperm count drop {following tes~
ticular biopsy. This {s under our NIH rescarch grant.

4. From our preliminary studies it is apparent that quantitation
of germinal epithelial changes {5 feasible, We hiave selected the time inter-
vals of 9, 15, 24, 33 and 49 days. Orc hundred r will remaln the dose
level for this phase of our study. Ve shall increase the number of

observations rer tinie interval for oppropricts statisticel analysls.

5. Singe sperm concentration chonges mov not be the most
sensitive parameter, we tre planning 8 pilot study where careful |
examination of sperm viability and morphology will be cerried out.
The necessary comparisons oetwecea these Jdato and sperm couats _
should give us important information as to carly "damage® changes.
" 6. A very important phase of our invcstigetion will be carried
out this next year. That i3 the constuction of the ncsutvon dose~-response
curve, Both 2.5 and 14.5 MEV encrgy lcvels will be studied, Then the
RBE for the testls can be calculated,

7. Urinary gonadotrophin excretion titers, particulerly FSH, will
be studied at appropriate time intervals following irrodistion., These
data will Le cosreleted with the cuantitative changes noted in the '
germinal epithelium. By this means, we should be able to determine
whether or not & specific gemm cell or gem cells regulate the level of
endogenous FSH. Presently thic information is not known, so the im~
portance of these observations is self-evident, :
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‘8. Our investigations with respect to chromosomal abenrstions
secondary to irradiation will continue. More ‘points on the dose
response cusve need to be documented. For this aspect of our study
we shall confine cur observations to neutron exposure.

C. Graduate Students and Postdoctoral Fellows

Since our coatract was activated, one graduate student received
his Master's degree and four postdactorzl fellows have been trained.
Mr. Kenneth I.. Swinth received his Master's degree for his work on
the noutron generatcr shielding. A copy of his Master's thesis
accompanics this report (enclosure #1). Although they daid not recelve
salary support from our projoct, Lis. A, de Souze, A. Barr, D. L. Gordon
and G. Halltng have worked on this project as part of their two year
postdactoral training. Cwsrently Dr. ce Souza is attached to the
research staff at the University of Hawall. Dr. A. Bamr is continuing his |
histoiogic studies in the Department of Anatomy, McGili University,
under Dr. Clemmont. Dr. Gordon was &ppointed full-time Instructor in
Medicine at the Uaiversity of Washington and 15 on leave-of-absence
while serving his two year obligation in the Afir Force. Finally, Dr.
Halling is completing his two year waining period this June,
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E. Present Status of Scientific Xnowledge

Until we demonstrated the extremne seasitivity of the human
testis to lonizing Lriradietion, there wes little appreciation of this
matter from the available znimal detn. OQur findings relative to the
miniwal dose, 1. e., 7.5 ~ 151, that results in decrcased spermato-
genssis and the Soot that complete recovery may not occovr when doses
of 400t are empinyved {nMaate the noed for well-dorunented human date,
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For example, the MED in the mouse is in the range of 20r; while in
dogs, complate recovery of spermatogenesis has been reported to occur
within one year after exposure to 600z, Thus the animal data do not
necessarily give us the snswers we need ralative to the human being.

Our studies with respect to the histologic arnd hormonal changes
afford us a unique opportunity to lezim more of the physiologic mechan-
isms involved in pituitary~-gonadal function. Our present day concepts
lack precision and finality. Therefore, the importance of our studies
directed to this area is gquite clear. Previously, we had to rely on
steroid hormone administration studies to investigate pituitary physi=
ology. Oveslap in action led to uncertain results. The irradiation
studies are not hampered by this, since isc).n"ed seminiferous tubule
damaje is produced.

One area we need to explore is the effect of irradiation on the
epididymis, vas deferens and accessory gland functions. It may be
that we are altering nutrient factors concerned with maintaining
*"healthy" spenn during transport from testls to the ejaculatory site.
Our studies on motility, morphology, etc,, are a beginning in this
direction. Biochemica!l and other basic studies moy be important to
carry out in the future. Aside from absent seminal fluld fructose levels
in total ductal block, there is almost nothing known with respect to
specific alterations in the transport “vehicle" an< specific defects in
sperm morphology and viablility.

Our proposed electron microscopy studies should enlarge our
meager knowledge concerning the ultrastructure of the testis and its -
functional aspects. Dr, Vilar has studied the Sertoll cell quite exten-
sively, but the germinal eplthelium has been neglected,

Finally, we need the basic "damage™ and "rccovery” data so
that we may devise means for pr« protection. This ie obviously important
since the propability of gonadal irradiation is increasing with each
decade. Aside from preventative meaaures, there is rioc known way
to satisfactorily protect the gonad in a practical manner.

F. Federal Suppost - Overall Research Program
° Total federal support in addition to funds supplied by this grant:

NIH AM 05436-05 END: Fitultary-Gonadal Interrelationship, $44,461,
9/1/65 to 8/31/66

NIH T1 AM 5161-08: Endocrinology and Metabolism Reproductive
ls’?gsi/oloqy (Training Grant), $35,521, 7/1/66 to
0/67

The amounts listed above represent suppor: for oné year; continued
support has been recommended by the granting agency,
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II. Seminal Fluld Analysis

- A. Adaptation of Coulter Counter for Determination of Sperm
Concentration _ .

The most readily available means for serfally evaluating tes~
ticular function is seminal fluid analysis,. In this e:xamination, the
parameters most commonly analyzed are sperm concentration, volume,
morphology, and motility. Conventionally, the measurement of sperm
concentration has been performed by the hemocytometer method.
However, a number of limitations inherent {n this procedure have been
demonstrated. {1}{2) These include unequal distribution of particles
in the counting chamber and variability in the counting and identifi-
cation of sperm by the examiner. In our laboratory, 200 paired sperm
counts performed by two technicians using the hemocytometer method
resulted in a deviation of greater than +10per cent of the mean in 20 per
cent of the specimens. This largc varlance halt also been noted when
the hemocytemeter method was used for counting red blood cells. {3)
Also, with the large number of seminal fluid specimens that were to be
examined, the problem of techniclan fatigue was of considerable
importance,

An electronic counter has been used satisfactorily in counting
red and white bloed cells and plzatelets, (2)(4)(5)(6) Segal and
Laurence (7) adapted this instrument zo that human sperm cell volume
and concentration could be determined, Unfortunately, there was
a wide range of error between the results they obtsined for hemocy~
tometer and electronic counting. However, Glover and Phipps (8)
reported a better correlation in their preliminary studies with bull sperm.
Since the electronic counter would improve the evaluation of large num=-
bers of seminal fluid samples by virtue of its rapidity, we investigated
the accuracy of this counter for the determination of sperm concentration
in both normal and oligospermic seminal fluids,

Materials and Methods

Seminal {luid specimens, collected into clean medicine glasses,
were obtzined from inmate volunteers at the Washington State Peni-
tentiary. Following measurement of volume and estimation of motility,
the seminal fluid samples were transfemed to shell vials, frozen, and
shipped to our laboratory in insulated containers,

In all, 417 seminal fluid specimens were compared by both the
electronic and hemocytometer counting methods., The initial study
consisted of 223 cpecimens (see reprint in enclosure section), most
of which were in the norme! range. The second study compared 194
specimens with concentrations below 10 million spermm per ml. In
both studies the two procedures were performed independently by
separate technicians,

Prior to electronic counting, the seminal fluid was thawed,
thoroughly mixed, and 0.1 ml was diluted (1:1000) with 100 m! of
a mixture of 10 ml of 1 per cent saponin in isotonic szline, 85 ml of
isotonic saline, and § ml of glacial acetic acid. Counts were performed’
60 %15 minutes after dilution. If the sperm concentration was less than
10 millfon per milliliter, the count was redetermined with a 1:500
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dilution; if between 175 and 350 inillion/ml, the dilution was in-
creased to 1:2000, and if the concentration was greater than 350
million/ml, a 1:4000 dilution was utilized. :

 The electronic counter used was a dModel B Coulter Counter with
8 50y aperture tube. The counter was calibrated with particles of a
known volume, i, €., ragweed poilen with 8 mean corpusguler volume
(MCV) of 3.884,13 and human red blood cells, MCV of 86p°, The
settings for the aperture current, amplification, ard internal gain trim
were kept constant at 1/2, 1 and 65, respectively. With the use of

a 50\ mercury manometer, 0.05 ml of diluted seminal fluld was caused

to pass from the sample beaker through the 50 orifice into the aperture
tube., The presence of an electrode in both the diluted sample and the
aperiure tube creates & constricted eleciric current path at the orifice.
Particles such as sperm that pags through the grifice have iess conduc-
tivity than the electrolytic diluent; this causes an increased resistance
in the circuit and an increase {n voltege that i{s in direct proportion to
the volume of the particle. The voltage pulses produced are amplified
and registered on the decade counter. (3) '

A particle size distribution plotter was adjusted to the Model B
counter, This plotter progresses through 25 cycles or "windows® and
measures the concentration of particles of progressively increasing size.
Thus, the sperm popul&tion of a seminel fluld specimen was distinguished
from another population of smaller particlies representing debris. The
“trough® between the debris and spenn populations was localized and
considered to be the lower size border of the spam population (Figure 1),
The upper border was determined by finding the point at which the sperm
population most clearly matched the "trough® in height. On the plotter
graph, these points occur at & window number; cach windcw represents
4 threshold divisions on the Model B counter. Therefore, once the
borders of the sperm population were delineated by tae plotter graph,

~these points could be transposed to the counter and all particles within

this size range could ke counted, o

After disconnecting tixe plotter, & mean of five counts was obtained.
A coincldence factor wes added to cerrect for the simultzneous passage
of 2 or mere particles throush the aperture that would e registered as
a single particlc. The frequency with which this occurs is directl
proportional to the concentration of particles being counted, (2)(9
To correct for particle containinetion of the recagents and glassware, a
solution of diluent without seminal fluid was counted five times at the same
threshold seitings as the sample. The mean result, which represents
background, was subtracted from the coincidence-comected count, Then
the dilution factors were taken into account to obtain the final concen-
tration of sperm per milliliter (Table I).

The hemocytometer count was performed initially using a standard
red blood cell pipette (1:200 dilution). Sperm counts under 20 million
per milliliter were recounted using a white biood cell pipette (1:20
dilution). The same diluent and time factor after dilution were used
for both methods of counting. Only intect sperm, heads with attached
middle pieces or middle pieces with attached tails were counted, since
the differentiation of the isolated sperm head from debris was considered
to be too variable. Each sperm observed in two large diagonally-situated
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Fig. 1. Dingrammatic reprosentation of sperm sizo distribution by plotter graph. This is onv
“example of & sperm size distribution obtained. As is indicated in Table 1T, the curve is usu-

ally skewed to the right. However, the upper threshold is determined in the sume manner for /
all eurves, regardless of shupe. ‘

Table I. Example of estimation of sperm concentration by electronie connter,
utilizing plotter graph in Iig. 1

Ezample | Window |  Threshold | Estimntiovn
Lower border of sperm population 7 24
Upper border of sperm popalation 12 48
Uneorrected count between thresholds 24 and 48 1,140
Coincidence factor cquals 0.4% or + 5‘/
Cuincidence corrected count 1,145
Diluent blank at thresholds 24 and 48 -3
Correctedd count minus diluent blank . . 1,14
Multiplieation factor (1:1,00 dilution and -
0.03 ml. aliquot counted) : x 20,000 o -
22,280,000
Eleetronic count 22 million sperm/ml. seminal fluid
ITemocytometer count 21 million sperm/ml. seminal fluid
Tatient, RV-11.
Date, 3-12-64,

30026k | .
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squares of a Neubauer chamber, representing 0.1 cublc millimeter
each, is equivalent to 1 million sperm/ml of seminal fiuid for a

1:200 dilution cr 100,000 sperm/ml of seminal fluid for a 1:20 dilution.
Two to four hemocytometer counts werc determined and the mean was
accepted as the hemocytometer count, expressed in millions of sperm
per milliliter of seminal fluid,

The reproducibility of the hemocytometer and electronic methods
was compared by counting two seminal fluld specimens eight times by
each method. Fresh dilutions were prepared for each determination.

" The results were then analyzed for variance and validity.

Resuits

The values obtained by calibrating the electronic cownter wit
red blood ¢ells 2nd ragweed pollen were in close agreement, 0.38u
and o.ssm-* per threshold diviston, respectively; therefore, each
threshold division measured a particle volume of 0.4u”,

The size range of sperm present in 100 seminal fluld specimens
is depicted in Table II. The mean values for the lower and upper botrders
of the population were 24 (range 16-40) and 56 (range 40-68), respectively.
Thege threshold settings represented o mean population range from 10 to
22u9, since each threshold division measured a particle volume of
0.4p°. The mode of this population was 151 and remained constant
with varying sperm concentrations. :

The sperm concentration for the first 223 seminal fluld specimens
in this study ranged from 1.4 10 471 million per milliliter., The values
obtained by the two methods are plotted zgainst each other in Figure 2
and are analyzed for veriance in Table IlI. The calculated slope is
0.99843 with a correlation coefficient of 0,99921,

For the one hundred and ninety-four srecimens with sperm con-
centrations of less than 10 million/m] of sem’nal fluid, the values for
the two methods of determining sperm counts are compared in Table V.
For sperm counts of less than 1.1 million/m}, the correlation between
the two procedures is less precise, Seventeer sperm counts between
1.1 and 10 million/m! of seminal fluid by the hemocytometer method
were undeterminable by the electronic method because the debris could
not be distinguished from the sperm population. Forty-seven seminal
fluid specimens contained sperm concentrations between 1.1 and 10
million/ml of seminal fluid as determined by both techniques. These
counts are plotted against each other in Figure 3. The calculated slope
is 0.938843 and the correlation coefficient is 0,93269. An analysis of
variance is deplcted in Table V.

Two seminal fluid specimens were counted § times by both
procedures to determine the variability of each procedure. While there
was no statistically significant difference in counting the specimen with
a low sperm concentration, this was not true of the specimen with a
medium sperm concentration. The varlance for the nemocytometer and

300256k
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Electronic count (million/ml)

FIGURE 3
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Comparison of 47 Sperm Counts Between 1.1 and 10 Million
Determined by the Hemocytometer and Electronic Methods

¢ Source Dearees of Mrcedom Sum of Squares Mern Scuare
TN EE

i Slcpe (D) 1 3.32741 3.22741

. Zrror 45 0.40963 0.00910

i .

© otal 4G 3.73704

TABLE V

Analysis of Variance for Slope Plotted in Figure 3
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electronic methods was 52, 19 and 2.203, respectively, the electronic

procedure being signiﬁcantly less variable (Table VI).

Discusston

The electronic method for the determination of sperm concen-
tration hes been campared with the established hemocytometer method,
and it has been shown that similar estimates could be obtained by
each technique. For the first 223 paired seminal fluid specimens the
comparison gave a slope of 0,99843 and a correlation coefficient of
0.99921, which did not significantly differ from 1.0 {t = =0,203), -
nor did ghe intercent vary from zero {t = 0,418). Similarly, {n the
comparison of the 47 specimens that had hemocytometer and electronic
counts between 1.1 and 1.0 million sperm/ml of seminal fluid the slope
did not significently differ from 1,0 (t = ~0,203) and the intercept did-
not vary from zero {t = -0.100), Because of this high degree of corre~-
lation the two procedures are considered to be interchangeable.

Cther investigators had been relatively unsuccessful in comrelating -
the electronic and hemocytometer counts (7)(8){(10). The closer degree
of correlation in this study appears to be due to two modifications in
the electronic procedure: (a) the use of an improved diluent, and (b)
the use of variable threshold settings to co:raspond to variations in
individuzl sperm populations. _

In addition to spermetozoa, raw seminal fluld contains varying
amounts of crystalline matter, white and red blood cells, degenerating
epithelial cells, and other debris. All particles that pass through the
S0 micron orifice are registered on the electronic counter; therefore,

a good diluvent should remove debris without altering the sperm. -

-The combination of glacial acetic acid, 1 per cent saponin and

"isotonic saline in a 5:10:85 ml ratio effectively lyses most red cells

within 15§ minutes and most white cells and other debris within 4S5
minutes. The saponin also acts 83 a declumping agent. Therefore,
at 60 = 1S minutes only a small amount of debris remains in relation
to the large numbers of sperm. A population of particles is thus ob-
tained on the ploiter graph that {s distinct by its size distribution
pattern, and these particles are counted as the spsrm population.

Ii one reduces the number of sperm present in a given sample, it
becomes herder to distinguish these particles from the remaining debris,
At sperm concentrations below 1,1 million/ml of seminal fluid, and in
specimens which contain an unusually large amount of debris, sperm
popuiations are not delineated., Therefore, when the ratio of debris to
sperm malkes 8 consistent plotter graph unobtainzble, or when the
count is below 1.1 million sperm per ml, the count should be re~
estimated by the hemocytometer method.

In analyzing specimens of high sperm concentration it is important
not to exceed the capacity of the Coulter counter. If more than 8,500
particles are counted {n a detenmination an approrriate dilution, must
be made.

The electronic counter does not replace the microscope for
motility or morphology studies, but it has been shown to be most
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Table VI. Analysis of variance for repeated counting of 2 seminal fluid samples

by hemoeyiometer and eleetronic methods®

Sperm concentration (midlion/ml.)

Ilemocytometer Electronic .
] procedure procedure Test for t
Specimen &l (low spermn concentralion)
Mean (X) 13.92 13.61 Not significant
Variance (S2) 1.210 0.432 Not siguificant

Specimen B (medium sperm coneentration)

Mean (x) 2.2 81.9 Not significant
Varianee (S2) 52.19 2,203 < 0.001

*Iight determinations bv each procedure.

C nee
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valuable as & fsst and reliable means of processing large numbders of
seminal fluid specimens., Finally, the greater accuracy of this methed,
as judged by its reproducibility, has led us to use the Coulter counter

exclusively for the studies as outlined in this project.

B. Effect of Testicular Biopsy and Felated Procedures

'All experimental design should include adequate controls so that

. results may be as precise and specific as 1s possible. Since one of

the parameters of our investigations was histologic changes in spermato-
genesis which necessitated periomming serial testicular biopsles, we

- re-evaluatzd our concepts with respect to the effect this procedure had

on sperm production. Other workers had repoited that a testicular biopsy
produced germinal epithelial damage in the bull, (11){12)(13) Usually
this resuited in 3 temporary sperm count depression. (11)(14)

Our 1n1t1-:~:1' study of seminal fluic. changes following the control
bilateral testicular biopsy revealed thi:i nine of twenty (45%) research
subjects demonstrated a signiftcant drop in speom count (p = <0,05), (14a)

. Since 19 of the 20 biopsies were bilatoral, we needed to enlarge our
- observations to include an evaluation of the effects of unilateral tes-

ticular biopsy. Two other factors thet might influence the sperm count

. also needed evaluation. These includzd the possible effects of a

psychologic reactiorn to the biepsy &nc thermal chonges due to the
scrotzl suspensory which {s wom foilowing the biopsy.

In an atiempt to control these varizbles, each iamate passes
through four periods of time prior 20 tivadiation and following the
initial control peried. During the tnit’al control period a minimum of
twelve seminal fuid specimens is examined, Then the inmate volunteer
enters the four “"paricds of time* in rsndom fashion with respect to

. chronclogy. The periods of time are labeled as follows: 1) unilateral

testicular bicpsy, 2) unilaterel shamr biopsy, 3) wezring 8 suspensory
for two weeks &nd 4) & no procedure pariod. During each period, which
lasts 84 days, seminal fluid specimers ars ccllected for examination
weelly or every other week. The sperm count dats for each period are
subdivided into four intervanls of twenty-one deys. Then the Mann-
Whitney statistical techaique is used to compare the data obtained
during these subdivisions with the spurmm count data obtained during
the original control period. In this fashion we shal! be able to define
more clearly what constitutes a significant alteration in sperm count
following irradiation. Also, it will afiord us data to more clearly
understend the observed reduction in sperm ccunt foilowing testicular
biopsy. ' ’

Our studles have not been compicted a3 yvet, but to date a sig~
nificant reduction in sperm count has been notecd following unilateral
testicular blopsy. When such a decrease occurs, it does so during
the same subdivision previously ncted for bilateral testicular biopsy
(see reprint in enclosure section of this report). :

C. Effect of X-rav Irradiation on Sremm Count

Table VII tabﬁié‘.:es the time required for the {rradiation testicular
damage to be reflected in the seminal fluid. 'rhe actual {nitial drop
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in spenn count lies somewhere between the last normal count g.nd
the first persistent low count observed. The mean number of days
in this table, where completed, may be summarized as follows:

Last Tirst First Count No. Days First Return Return to
X-Ray Normal Persistent Below - ‘Below to Over Control
Dose Count = Lew Count 1 Million 1 Million 1 Million Levels
- 400r 32 45 70 - B
100r = 3§ 46 95 : o
50r 61 71 141 166 307
30r 53 63 150 - . 101 223 .
\Sr 101 124 none none ’ 272
7.5¢ uo concistent reduction T -

. The dry on which the first persistent low count was observed was
fairly uniform, with the exceptior of the 15 end 7,5r doses where azo-
or severe olizospermia was not achieved. The time required {or sperm
production to drop below one millior per ml 2ppears to demonstrate an
inverse dose-response relationship. This should prove to be a useful
paremetes for asscssing the magnitude of radiation exposure to the testes.

" The duia with respect to recovery of sperm production are {ncomplete
at this time, T - L e

III. Alterations in Spermatogenesis Following X-ray Irradiation = A
Quantitative Histologic Study :

Prior to irradietion control observations were mede on each subject.
These included seminal fluld examinations, urinary gonadotrophin assays:
and a bilateral testicular biopsy. Since the biopsy procedure, per se,
can affect spermatogenesis, x~ray was not administered until we could
determine by & minimum of three consecutive sperm counts that the
posi-biopsy pericd was comparable to the pre-biopsy control period.

A 250 KV 3. E. Maximar machine was used to deliver 8 mid-organ
dose of 100r {95 rads) to bcth testes. The subject was positioned in
the supine attitude with the nznis taped to the lower abdominal well,
The legs were slightly spread and a plastic-contained bolus of sugar
supported the testes. A 10 3210 ecm cone was used and the F. S. D, was
75 em. The x-ray beam was collimsted towsrd the testes but also
included a small portion of the upper thichs, The AP diameter of the
testes was measured, which served as the hasis for the calculations
of mid-organ exposure, " ~

Post-inzadiztion testicular hicpsy apecimens were obtained from
six subjects. Fach subject represented 2 different time interval following
x-13y exposure. In th's fashion the intervals of 9, 15, 24, 27, 33 and
49 days post-imadiation were studied. Testicular blopsy specimens
obtained from 9 subjects served as our contro! frume of reference. Each
biopsy speclmmen wes obtelned under local anesthesia with demerol,
atropine and secobarkital premedication, Afrer procurement, the speci~
mens were immediately immersed in freshly~-prepared Cleland's or
Zenker-formol ilxative. The paraplast~embedded specimens were sec-
tioned at § micrz and stained with iron hem&ztoxylin, hematoxylin and
eosin, or by the hematoxylin-periodic acid-Schiff technique.
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For analysis the various types of germinzl cells were identified
by the criteria of Clermont using the following abtreviations: Ad, Ap
and B are A-dark, A-pale and B spermatogonia, respectively; R, L, Z
and P are resting or preleptotene, leptotene, zygotene and pachytene
primary spermatocytes, respectively; while D II refers to diakineses,
reductional divisions and secondary spermatocytes, The spermatids
were labeled Sa through Sd2 in order of maturation. For uniformity all
quantitative studies were based on Cleland-fixed material,

The counting procedure followad the sams pattern for all material.
A low~-power photomicrograph was made of an entire representative
section and all circular {transverse) tubules were numbered for identifi-
cation. Aall cells in ten of these tubules were counted for each specimen
by each of two observers. To compere the observers, identical tubules
as well as different sets of tubules were counted. This was done to
determine if the two observers agreed in classification and to determine
if different sets of ten tubules gave reproducible results, The Sertoli
cells were counted only if a8 nucleolus was clearly visible, All other
cell types which could reasonaLly be identified, even though only a
piece of the nucleus could be sean, were scored, Soire closely-related
cell types were combined for esse and uniformity of classification. For
example, L-Z, Sa=-Sb, and Sc-3d were scored together. In addition to
the “scoring® all sections were carefully screcned to ascertein whether
the quantizative dzsta on ten tubules was consistent with gross changes.

The approximate life span of each germ=-cel! type, as constructed
from the data of Heller and Clermont {135) was utilized in calculating
back to the most likely target cell precursors for any cell found missing
or reduced in numbers at the various time intervals following {rradiation.
Briefly, according to Clemont (16) the normal germinzl epithelium is
maintained by a stem-cell line of A-dark spermatogonia. This-cell
seplicates itself every 16 days at Stage V of the germinal epithelial
cycle. At Stage V of the following cycle half of these daughter A-dark
cells presumé&bly divide to form A~-pale spermatogonia, while the other
half replenish the basic stem=-cell line., Each of the A-pale cells, so
formed, divides one cycle later {again Iin Stege V) to form two B spermato-
gonia. Although each A-pale spermatogonium is capable of giving rise
to two B-type spermatogonia, their numkers to not appesr 0 be propor-
tionately greater since the life span of the B spermategonium is only circa
9 days. It divides during Stzge II to preduce the preleptotene primary
spermatocyte {(R). The time required for the primary spermatocytes to
progress through the meiotic prophase and maturation divisions and
emerge as the Sa spermatid in Stage I is 24-25 days. Then 24 days
after the first appearance of the newly-formed spermatid it is released
as a mature spermatozoon into the lumen znd rapldly transported through
the ductal system. Thus the approximate time required for spermato~
genesis, exclusive of transport, is 74 days.

The first analysis of the control ceil population compared the two
observers' data, As seen in Table VIII, observers AB and DM counted
the same total cell population for the given sets of tubules. Intemnal
differences varied with the particular cell type. For example, there
was less precise agreement in distinguishing between A-pale and B
spermatogonia than in classifying the more primitive A-dark type.



TABLE VIII o
CHI SQUARE TEST FOR RANL .M VARIATION BETWEEN TWO COUNTERS

Cell Number of Cells Counted Probiability of -
~yne Aam ah Total Chi Esuare Rardem Vapiation
S 12,2 13,5 22%.7 01 - 90%
" 54,6 57.5 112,21 .02 967

AD 118.0  105.2 223.2 1.147 20-30

B T 73.5 157.9" 1.10% 206-20

2 27.1 27.1 2 .01 99

iz £C.9 73.1 1540 - 659 30-50

? - 36%.0 354.7 718.7 .52k 30-50

5TI 13.9 we 287 .006 90

Sab 445.9 508.3 954,2 2.517 10-20

Scd 233.7 299.5 583.3 .10k 70-50 '
Totals 15;33/3 12377’3 | 3271.0 g_\gg 70-80
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Similarly in meiotic prophase, leptotene primary spermatocytes were
found to proceed too imperceptibly into the chort zygotene stage to
make a reliable distinotion, &nd these two types were combined {nto

one group (LZ). The meiotic metaphase plates and the secondary
spermetocytes were combined (D II) because they both ocour so
infrequently and are usually seen together, It is not possible, without
the aid of special acrosomal system stains, to consistently distinguish
betwieen the Type Sa spermatids in Stage IT 2nd the early Type Sb
spermatids {n Stege III; the differences between Types Sc and 5d sperma-~
tids are also frequently subtle. By grouping the spermatid series into
two groups (Sab and Scd) the variation between obssrvers was minimized
to the extent that all control observations could be validly combined.

The mean number of cells counted per 10 tubules, the life span
of each cell type or group, and the individual coefficients of variation
for the control population are shown in Tuble IX. In general, the CV
was less than 30%, which, while high, permits 8 satisfactory basis
for quarntitation. As would be expected from the short life spans in-
volved, the preleptotenc (R), the metaphaose and secondary spermato-
cytes (D II) are iufrequent and highly variable. The CV for these
groups indicates that any type of statistical validity would probably
require analysis of more tubules than are usually available per specimen.
It was not necegsary, however, to rely on these cells to pinpoint the
initial site of damage since the time intervals chosen following irradi-
ation would reflect changes in the less variable cell types.

Aside from certain changes in the numbers of germ cells, there
was no reduction in Sertoli cells nor was there any alteration in the
basement membrane or tunica propria. Furthermore, thore was no
damage to the rich network of capillaries and small vessels,

The cell counts per 10 tubules for the various Hime intervals
following 100r are shown in Table X with the comparison to the control
mean cell counts, '

In the spemmatogonial serles, ne decreace in cell population
was ncted for the more primitive A-dark spermatojonia at the 9, 15,
or 27-day intervals, but definite reductions were seen at 24, 33 and
49 days. The A-pale cells were reduced, but to 2 lesser degree, at
the 9, 27, and 49-day intervals. No significant change was noted
at 15, 24, or 33 days. The B cpermatogonia were decreased at all
time intervals, most markedly at 9 days.

A few preleptotene spermatocytes (R) could be found in all
specimens except at the 9-day interval. While none were “scored"
for the 49~day period, & scan of the entire section revealed an oc-
casional R cell; this was not so for the 9~-day specimen.

Leptotene~-zygotene primsry spermatocytes were present at each
interval, but in greatly reduced numbers excert at the 24~day period,
where only @ moderate decrease was secn. It might be noted that the
ancestors of the L-Z cells, 24 days previously, were A-pale spemato-
gonia. ' :

3002b52
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TABLE IX
' Approximate
. Cell Type Life Span Mean C.V.
ggrtoii g 146 21.8
ngatggo;ga
Ad Indef. 56 28.5
e | 36 2 | s
B 9 78 23.5
Epermatocytes . |
R 1 27 _ 44.4
LZ 7 77 28.0
P | 16 360 13.0
DII 3 ‘ .15 84.3
Spermatids
| sen 10 477 26.7
Sed 14 290 _20.4

L .
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The first striking decrease in the pachytene population was
detected at 24 days and this decrease became more pronounced with

succeeding lapses of time,

A few cells in reductional divisions, including occasionsl secondsry
spermatocytes (D II) were seen in every case.

Changes in spemmatid numbers were evident at 4$ days for both
Sab and Scd groups. This does not reflect prior damage to spermatogonia
since these spematids were at the LZ o early pachytene stage of meiosis
at the time of irvadiation. Since this subject also had a testicular biopsy
four hours folloviing irradiation, we believe that this may have produced
the early reduction in spermatids, However, by 49 days, the Sab sperma-
tids were nearly depleted and the more mature Scd spermatids were
beginning to show a decrease. .

In evaluating the chenges in cell counts following irradiation,
the life spzn of each cell ¢roup as well sc the ancestral precursor of
that cell type at the time of exposure must be' kept in mind.

Therefore our preliminary data point to the fact that the B spermato-
gonis were divectly and severely damaged, This conclusion is based on
several observetions. The drastic reduction in these cells and in the
preleptotene through zygotene spermatocytes at the 9-day intervasl covers
the possible progression of all viable B spemmatogonia through this Hme
interval, This is confirmed by the subsequent decrease in pachytene
spermatocytes, which first became marked at 24 days and approached
extinction Ly 49 days. Thus the span from the earliest B spermatogonia
ai the time of exposure to the termination of the pachytene stage cf
maturation is covered. '

While the life span of the B spermatogenia is only 8-9 days, that
of the A-pale cells is about 16 days. Therefore, the decrease in numbers
of B cells at ¢ and 1§ days, and the decreaee in LZ spermatocytes at
15 days, reflects the direct damage sustained by the A-pale spermetogonia. .
The presence of B, R. and LZ at both 15 and 24 days suggcsts that the
damage to these A-pcle cells was not as extensive 2s that susteained by
the B spermatogonia. The reduction in pachytene spermatocytes at 27
days also reflects primary damage to A-pale spermetogonia as well as
to the B spermatogonia.

Considering that more than one generation of A-dark spermatogonia
exists, it iz more difficult to evaluate primary irradiation damage to
these cells. However, since the mitotic peals for both A-pale and A-dark
spematogonia occur durlng Stage V of the cycle, it may be presumed that
the A-dark generations adhere to the rhythmic 16 £ 1-day cycle. Assuming
this to be the case, the initlal depletion {n A-pale spermatogoniz at 9

. days protably reflects target damage to the A-dark spermatogonia, while

the restoration in numbers of A~pele at 15 deys would suggest repopulation
by the less damaged generation of A=dork cells immediately preceding it,
In any event, the lack of a uniformly severe reduction in A-pale spermato-
gonis in view of a sustained and marked reduction in more mature cell
types suggests that much of the damage to the A~dark spermatogonia is
reilected by delayed cell death, This would account for the virtual
depletion of primary spermatocytes by the 49th day, The long deley of.

24 to 33 day: belore wmarked reduction in A~cdagk spermiatogonia, them-
selvez, could alco be explained by this nhenomznon.
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In summary, these data suggest that 100r of x-ray produces
severe and immediate damage to types B and A-pale spermatogonis.
This damage results in death,. either immediately or prior to cell
division. In contrast, the manifestation of damage to the A-dark
cells 1s delayed; therefore one or more divisions may occur before
eventual death ensues.

IV. Evaluation of Pituitary Gonadotrophin and Plasma Testosterone Levels

" A. Urinary Gonadotrophin Titers

A reciprocal relationship occurs between gonadal function and
uarinary gonadotrophin levels. Thus when primary testicular damage
is produced, urinary gonadotrophin titers become elevated. This increase
is theoreticelly crogortional to the degree of gonadal damage,

Measurement of serial urlnary gonedotrophin titers before and
following irradiation were performed: 1) to determine radiation dose
necessary to produce elevated gonadotropldns, 2) to detérmine the time
lapse following irradiation for gonadotrophin slevation to occur, 3) to
relate the degree of gonadotrophin elevation to {rradiation dosage, and
4) to determine which gonadotrophin(s) (FSH and/or ICSH) were respon-
sible for the elevation, ' . '

Urine specimons were collected during & twelve hour overnight
period (7:00 p,m. - 7:00 a.m,) for three or four consgcutive nights
and pooled for extraction., The urine was stored at 4 Cbbefore ship~-
ment in ice tc our labhoratory. There it was stoired 21 4 C until processed.
The Kaolin-acetone extzaction method of Albert {17) was used in which
the protein material with the gonadotrophin activity was adsorbed on
kaolin at pH 4.5. Then elution with NH4OH was carried out and the
eluage preci pitated with acetone. The precipitate was dried and stored
at 4°C until assayed.

_ General gonadotrophin assays (§GA), which measure both FSH
and ICSH activity, were performed by the ovarian weight method in
immsture femals rats (18). Increases in ovarian weight sbove unin-
Jected control levels is gonadotrophin dose releted. The response of
the unknown was compared ¢o 8 two—dose response curve of a known
standard, The relative potency was then determined by parzllel line
analysis (19). Pergonal-25 was used as cur reference standard until
July, 1865, Thercafter, & menopausal gonadotrophin standard, UPM~-1,
supplied by the NIH, has been used. All data for GGA is expressed

in ternms of that standard in mg-eq. UPM-1 per 24 hours.

The HCG-augmantation assay of Steelman-Pohley (20) which
measures primarily FSE activity is now belng used instead of the GGA
gince our praliminary data indicste thet urinary FSH levels are related
more specificelly to changes in the germina!l epithelium. The principle
of this assay is 10 “flood" the ascay animal with an ICSH preparation,
in this case HCG. By this means, & plateaued ovarizn welght response
{s obteined. Then when a urine extract or standard preparation con-
taining FSH Is injected eleng with the HCG into the assay animal, a
®steep® ovarian weight dose respunse curve is obtuined, The assay
design was 3 + 2 and the potency of the unknowa computed by slope
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ratio analysis {21) in terms of the Second Intermnational Reference
‘Standerd (I, U./24 hours).

ICSH activity was ascayed by the ventral prostate msthod in
hypophysectomized immature male rats (22). The assay animals were
not pretreated with cortisone but received orange juice, bread, carrots
and dried milk in addition to Purina laboratory chow. The assay design
was 2 + 1. The potency of the unknown was computed by parallel line
analysis in tems of the Second Intemstionz] Reference Standard
(I. U./24 hours). All subjects had & minimum of three pre-irradiation
asszys of GGA titers or, after April 1965, FSH titers. Three assays
of ICSH titers were also performed in those subjects studied by this
parameter. Using the sististical technique described by Finney, the
weighted mean and standard deviation was computed for all control
acsays excluding those assays in subjacts with a sperm count below
60 million/occ at the time of urine collection or for a two month period
following the control urine specimen collection period. Our normal
population had the following levels of urinary gonadotrophin hormones
per 24 hours: : : o

GGA - mean 1.1 mg-eq. UPM-1/24 hours
upper limit = 2,3 mg~eq. UPM-1/24 hours

FSH - mean 6.0 1. U./24 hours
upper limit = 13.6 I. U./24 hours

IGSH -mean 6.8 I. U./24 hours o
upper limit = 19.8 1. U./24 hours

In view of the rather wide confidence limits for these bioassays,
the criteria for deteymining significant post-irradiation elevation were
aes follows:

1. lower 95% confidence limit of any post-imradiation assay had
to be above 2 S. D. of the weighted mesn for the control population
(1. e., upper limit indicated in previous tabulation);

2. lower 95% confidence limit of any post-irradiation assay
had o be ahove the 35% confidence limit of the individual's own
control level.

The second criterion was necessary for those subjects who had
sperm counts of less than 60 million/cc during the pre-irradiation
control period. S5omz of these individuals had control gonadotrophin
titers which were ahove our normal population's control titers.

Urinary ICOH sctivity was measwed in fourteen subjects who
received 15 ~ 400r {Takle XI). Due to the wide confidence limits for _
this assay, sniall changes in ICSH titers can not be detected. However,
no statistically significant elevation in ICSH lsvels was noted following
exposure to x-ray in the doses indicated.

Urinary estrojyen excretion titers were mcasured by the {mmature
rat uterine weight method {23). These titers feiled to show any de crease
during the rost-izraciation period,



TABLE XX

/8- A

ICSE _TITENS FOLLOWING IRRADIATION

Radiation ;
Volunteer Y-ray |Highest Control Highest Post-Irradiation
~ Number Dose Titer (I.U./24 hrs.) Piter (I.U./24 hrs.)
18 15¢ 2.0%4- 2.4%4
20 15x 18.6+ 5.1
(3-5 ot 7-4’
21 30zx 9.2 11.92%+
. (4.3 = 19.6) »
30 30r 5.7 5.7
(2.7 - 12-0) (308 - 8-7)
8 50r 6.9 . 7.5
15 50r 2.5 8.4
{1.2 - 5.2) (4.0 - 17.9)
1?7 50r 10.6 9.2
(4.9 -~ 22.8 {4.3 - 19.8)
3 100xr 2.0%+ 12.4
‘1409 - 31-4)
6 100r 7.1 15.5
(3.7 - 16.4) _(6.93 - 34.71)
16 100r 9.72 12.23
{4.5 ~ 20.9) (5.6 - 26.7)
28 100x 23.07 25.9
-(10.3 ~ 51.6) {14.). - 47.6)
14 400r 2.0%+ 11.43
(5.3 - 24.81
23 400rx 2.0%+ 8.78
(4.1 - 14.9)
26 400x 8.14 10.4+
{3.8 -~ 17.3)

®* In some agsays, a definite titer was not obtained due to limited

amount of urine extract. The nunrbers listad then indicate the maxi-
pum titer that could be present,

+ Valueg so listed ore spproximation of msan titers, data were in--
sufficlent to calemlate 95% coufidence limits,

3602053
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The urinery ICSH and estrogen data correlate well with more
direct measurements of Leydig~-cell function, namely plasma testos-
terone levels., Furthermore, no subjact :leve!oped clinical evidence
of androgen deficiency. The results of plasma tastostorone deteminstions
will be teported elsewhere in this reporz. Thers was no indication, there-
fore, that doses of x~ray up to 400r produce any significant alteration
in Leydig-cell hormonogenesis.

Data with respect to GGA and PSH titers {rom ell subjects recelving
15 - 400r are presented in the following paragraphs. Two volunteers
received 7.5r, but their data is nct complete at this time,

400r {Table 3OI): Five subjects were studied at this dosage., All
showed prompt drops in sperm count to 2zoospermic levels by 75 days.
Four inmates shcwed significant elevation in GG titers within 60 days
while the fifth subject demonstrated elevated titers bstween 46 to 103
days following irradiatton. At this high dose of x-ray, the GGA elevation
was more rapid and consistent than at any of the lower dosage levels,
One inmate studied by assay of FSH titers shovred the same response
pattern as those in which GGA titers were measured.

100r (Table XIII): Nine subjects received 100z; five were evaluated
with GGA assays and four wers evaluated with FSH assays. In the group
studied with GGA, four of the inmatcs showed significant elevation in
post-irradiation gonadotrophin levels. One volunteer, RV 3, maintained
notmal GGA titers up to 345 days even though his sperm count dropped
below control levels at the expected time. Furthermore, he became
azoospermic at 131 days. Uriie collections were reliable and he re~
mained in good general hezalth, It may be that some gonadotrophin
inhibiting substance was present in his urine to explain the lack of rise
in GGA titers. No further studies have Leen carried out to clarify this
finding. In contrast to the findings in men receiving 400r, the time

" lapse for GGA titers to increasc was quitc variakle. The increased

titers were noted during the first, second, third and fourth months,
respectively. On the other hand, the sperm count drop was quite uniform
at circa 81 days. The “timing" fo' the peak elevation to appear was
also vartable and was not related to the onset of elevation.

FSH assays were carried out in four subjects. A rather consistent
elevation in FSH titers was noted 60-9C days following irradlation.
The elevation in FSH levels cosrelated more reliably with the time when
the sperm count was decreasing to 8zoospermic ievels,

50r (Table XIV): GGA titers were measurad serially in three sub-
jects who received 50r, Two men showed increzsed iiters, one between
78~108 cays and one between 67-89 days. The remaining subject did
not shown an {ncrease by 365 day:. All men demonctrated the same
pattern of sperm count drop reaching azoospermic levels by an average
of 141 days. The increased gonsdcophin tHiters in this small sample
resembled the pattern observed at 100r, However, the sperm count

 drop {n the 50r group was siqnificantly delayed beyond that for the 100r

m’oup .
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30r {Table XV): FGA dtors ware studied in two subjects and
FSH titers were studied in two subjects who received 30r. There was
no significant rise in GGA titers by 156 and 197 days whereas FSH
titers rose significantly between 8i and 123 dnys. Each of the four
subjects developed azcospemia. A? this low x~-ray dose, the FSH
agsay appears to be a mors sensitive indicator of ge_qninal cell damage.

15r (Table XVI): At this dose two subjects were studied by
assaying GGA and two were studied by assaying FSH titers. In the GGA
group, one man developed elevated levels between 108-13§ days, while
the other subject had no elcvation at 135 days. No further studies were
possible in this subject. In the FSH group, one subject demonstrated
increased titers 69-81 deys post-irradiation while the other subject
showed no elevation by 246 days. Each of the four men became oligo~
spermic but did not develop azoospermia.,

Conclusions:

1. The elevation in GGA titers is due to .an ircrease in the FSH
molety and is a reflection of the geminal~cell damage produced by
x-ray irradiation. _ :

2. ICSH titers remain normal, which is consistent with other
data indicating that Leydig~cell function is not altercd by the doses
of x-ray we employed.

3. Specific “FSH" titers were more often elevated than GGA at
the lower doses where germinal epithelial destruction was less marked.
Therefore, measurement of FSH titers appears to he 2 more sensitive
indicator of spermatogenetic function than GGA levels. '

B. Plasma Testosterone Levels _

These studies were carried out in collaboration with Dr. H.
Gandy in the Department of Obstetrics and Gynecology at Corell
Medical Schocl. A double isotope method was used for measuring
plasma testosterone, '

Initially we explored the possibility of a diurnal variation in
plasma testosterone levels., For this purpose plasma samples were
drawn at 0800 and 2000 in five subjects. 17-hydroxysteroids were
measwured in the same specimens. In contrast to the reduction in
plasma corticoids at 2000, there was no significant decrease in tes=
tosterone levels in the evening. Individual testosterone levels varied
between 0.3 and 0.88 p:g %.

~ Next we evaluated dey-to-day variations in the same individual,
For this purpose, placmz specimens were drawn at 0900 for 6-7 consecu-
tive days in three subjects. The lowest and highest testosterone levels
were 0,62~ 0.90, 0.62--0,86, and 0.3~ 9.52 ug % for each of the
three men so studied,

Finally, plasma testosterone levels were studied in ten men
hefore and at varying intervais following exposure to 15, 30, 100 and
400r. Although considerable variation in levels was ncted, there
was no definite pattern to indicate a significant reduction in testos~

! S,erone production by the Leydig cells,
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Finzlly, plasma testosterone levels were studiad in ten men
before and et varying intervals following exposure to 15, 30, 100
and 400r. Although considerable variation in levels was noted, there
was no definite patiern to indicate a significant reduction in testosterone
production by the Levdig cells. {See Table XVII below.) '

TABLE XVII
Contrel 4 hrs. 72 hrs. 2 wks, 2 mos.
Dose [No. Pts, (plasma testosterone pg %)
151 2 .71 .62 .B1 .86 -
1.03 «92 .88 - -
30r 2 .65 .52 .30 .50 -
1044 1.06 156 - -
100r 3 1.11 .98 .82 .99 -
.47 «933 «67 <70 -
.52 .62 .55 .55 -
l400¢ 3 .37 .53 .50 .42 .44
+81 T - - .84 1,00
75 35 <40 «32 77
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v. Chromosomal Studies

Numerous reports hzve documented chromosomal damage following
in vitro irradiatian. (24){25)/26)(27){28) Similar changes have been

reported after in vivo irradistion. (25)(30){31) The purpose of our

study was to explore the dose-response relationship of such damage
follov:ing in vivo exposure. Testicular tissue grown in short=-term
monolayer culture was analyzed for chromosomal changes béfore and
at four hours and fifteen days post-irradiation. One hundred r was
selected as the single dose for our preliminary investigation. As
further control, chromosomal analyses of peripheral blood lymphocytes
were czrried out on specimens collected during the control period and
at 30 minute, 4 hour and 15 day intervals following exposure to x~ray.

"~ The blood was cultured by a modificztion of the method of Moore-
head {32). Phytohemsgglutinin-P was added to the heparinized blood.
This misture was allowed to stand in an ice bath for twenty-five
minutes aftor which it was centrifuged at 25 ¢*s for five minutes.

Two to three ml of the cell-rich plasma were added to a two ounce
medicine bottle containing TC 199, penicillin (100 units/ml) strepto~
mycin {100 units/ml), and mycostatin {30 units/ml); then the materizl
was incubsated at 37 C vnder § ® CO» tension for 72 hours. When. the
cells were “harvested, * colcemid (0.2 pg/ml} was added to the culture
for four hours. The cells were placed into a hypotonic solution for
fifteen minutes and then fixed in acetic acid-methanol (1:3) for thirty
minutes. After fixation the cells were suspended in the fixative and
tripped onto a cold wet slide, allowed to air dry, then stained with
tetrachrome. :

Testicular tissue wae cultured by the method of Steinberger and
Steinberger, as described by Paulsen (33), Using histochemical tech-
niques which identified 3-p~ol dehydrogsnase, the Steinbergers demon-
stratec that the majority of cells grown from testicular tissue in mono~
layer culture were Leydig cells rather than germinal cells.(34)

For culture, the tissue was minced in Hanl:’s Balanoed Salt

.Solution, placed in 0.25% trypsin for fifteen minutes at 31°C. A

suspension of one million cells per ml was made in the nutrient media,
which contained TC 199, 20% fetal calf serum and antiblotics (penicillin
100 units/ml end streptomycin 100 ug/ml). The cell suspension was
plated onto petr] dishes and incubsted at 31°C for a period of 10-14
days. The culture was then harvested in the same fashion as the
lymphocyte cultures.

Each slide we.s scanned for the purpose of locating 25 suitable
metaphase plates, These were then photographed, karyotyped and
analyzed. The criteria of Court-Brown and associates (35) for categor~
izing irradiation~induced abnormalities wes used in the analysis. In
this method the number of cells with damaged chromosomes are counted,
not the total number of abnormalities. They classified the chromosomal
damage into three groups, A, B 2nd C.

Group A ceils relate to the modzality, The normal modal number
of 46 chvomozomes per czll serves ac the reference point. -Abnormalities,
then, ars shifts from noramal modality.
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Group B cells faclude breaks; geps and {sochromatid gaps, ell
of which are chromatid abnomalities (Figwwe 4). These changes are
usually artifacts caused by tissue culture.

Group C abnomalities are chromosomsl in characier 2nd fall into
three types: :

1) C-1 represents acentvic fragments, dicentrics and gings
(Figure 4). Theze abnormalitles are unstable because the involved

. chromosomes are unable to replicate themselves due to the lack of a

centromere or due to multiple centromeres. The acentric fragment

represents one hit, the x-ray penetrating koth amms which causes them
to break away from the chromosome, Dicentrics represent two hits on
different chromosomes, allowing & rearrangement of chromatin material
and the add{tion of a second centromere, . '

2) C-2 cells include abnormalities such es translocations; deletions
and inversions, These are stable abnomealitles capable of continuing
through chromosomal replication. :

2) C-3 cells are also stable cells and are due to multiple breaks,
deletions and translocations. They are normal in modslity but display
an abnormal karyotype. For example, one may have a trisomy in the
No. 15 pair associated with a missing chromosoute {n the No. 6-12
pairs. '

From two control blood cultures 43 metaphzse plates were karyo-
typed. Six blood cultures obtained from the post~isrsdizted samples
grew out 87 sultable metaphase plates for karyotyping., The data ob-
tained from these karyotypes are tabulated in Table XVIN,

These results indi cate thot no significant fncrezse in chromatid
or chromosomal abnormalities occurred in peripheral blood lympheocytes
following irradiation (o the testis. This was expected and rules out
technical difficulties in our study.

Ten control testicular cultures were ohtzinad which produced 201
sultable cells for karyotyping., From three nost-irradiation biopsy .
specimens the culture meaterial produced S0 cells suitabie for comparicen.
Thgse data are found in Table XVIX,

The only significant increase in chrommosomal abnomality was of

"the Cy, C; 2nd C3 types {p'= <0.01), The enalvses are listed in Teble XX,

These preliminary studics show that by ucing our techniques and
‘tést system (tectis tissue) we can demonsirate Incresses in chromosome
abnormalities similar 10 those reported by othars. Further studles will
be required befors we can stcte that & doce response relationship exists.
Bender' s data on three men expoced o neutron and gemme irradiation
indicates that the regression curve may he the most imporiant part of
the dose~response relationship. (36)
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TABLE XVIII

2 3-13

t‘m TR — -~ “}
-4 Status w Of Tvie A Cells 3
- ‘!1 _ Cultures| <46 45 1>40 3
4 Control 2 3 35| 2 -
1 Post-Irrad. :
1 (100n) 6 31753 :
2 1/2 hr.-15 days ’
"} Btotus Type B | Lypc C Cells |
3 Cells |[Cy |C2|C3 :
% Control 1 111 |0 :
#f Post-Irrad. &
a1 (100r) 1 3|11 1
3 1/2 hr.-15 days 7
O ]
e - )|
TABLE XIX
! s
» !
No. of |Total no. Type Acells |+ . g Type C cells ll
Status [testicular] of cells ' zglls : |
cultures | karyotyped | <46| 46 |>46 Ci C2|1Cs3 |
Control 10 201 | 6 153 5 21 2 @) 4 [
.
Post- - , i
irradiation 3 90 5 165 1 5 7 4 3 i
(100r) . |
i
f TABLE XX
: ~ C1 Cells (Unstable) | bignifi-
Modal A Cells cance 4
Control 2 .
153 p=<0.01
I Post K~-iay 1 PV
! 100r) &GS 4
: Ft C3 Cells {Ctablej signifi-
Modal A Cells cancsa
Control 4 i
4 153 4
P0ost XA-Ray] 7 p=<0.01
(1G0r) €3 .
i
- [
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The phenomenon of endoreduplication was also studied in a pre-

liminary fashion. Documentation of our preliminary studies will be
found as enclosure #2. '
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