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I. O3JTCTIVES

A. CRIGIIAL O3JLCCTIVES

In the initizl grant request we propcsed to apply known

4

amounts cf ionizing radiation directly to the testes of normal men in

hormonal information. With
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order tc acc in specific cytolcgical an
respect to the cytclegical infermation, we proposed: (i) to determine
the exact ncture of the cytological cdefect produced in the development
of the cermirel epithelium and to relate the extent of the defect to
dosage &and time; (2) to find thevminimal ccsage ( and thereby
determine cocsage talerence ) that will affect the germinal epithelium;
(3) to deterzire the tirme cf recovery from any given dosage; (4) to

\ deternmine the rinizzl dcsage that leads to permanent damage of spermato-

..

genic cells; (&) tc determine the simultaneous effects of any dosage

-
upcn Leydig cell cytslecy.
Viith reszect te hermonal information, we proposed to determine

the influence c¢f eny c¢iven radiation-produced testicular alteration

upon other parereters such as (6) total gonadotropin and (7) inter-

(o1

stitizl cell-stimuleting hormcne (ICSE) excretion, (B) estrogen
excreticn, and (9) androgenic hcrmene excretion.
B. ADDITICQIAL OEJECTIVES AND CHANGES IN TECHNIQUES
As the work progressed and as sucgestions were made by the

Rdviscry Committee of the AREC ( meeting in'Seattle, November, 1963,

~/

December, 1955, March, 1267 and December, 1827 ), some parameters

g? , vere added and cscome dropped.

N
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Subsequently it wzs prcposed to exmphasize the delineation of the
cytological delect: by quantitating the number of recognizably damaged

cells during the first 16 hours follcwing radiation; by determining
the number cf remzining cells of each cell type during the denuding
peficd ( the first 46 cdays ); and by &éssessing the problem of spermato-
gonial renewel in mzan.

Cytogenetics wzs introdfuced as a new parameter in order to
harvest the c¢reztest amount of informetion from the continuing invest-
igation. The purpoce of thé cytocenetics was to analyze chromosomal
abnormalities fellcuinz irradietion during melosics and during mitosis,
if possible. .

Early in the irvestication we observed a rise in total urinary
gonadctr op;n= follewing eany rediation dose causing denudiné of the
germinal epitheliuvs.. Cecncurrently no change in urinary ICSH was
observed. In ordsr te confirm which gonadotropin was involved we
began measuring urirzry FSH separately using the Steelman-Pohley

1
ssay method ( ). The objective was to affirm whether the germinal
epithelium utilized FSH, since urinary ICSH did not change and

urinary totel ccnadotropins increased. We have begun measuring

plasma FSH by radicimmunoassay. This method has enabled us to confirm

and add to our date obtained from urinary observations of FSH. Since

observaticns on the reduction of urinary testosterone suggested that
Leydig cells were affected by racdiation, additional parameters were

added to measure this effect. These included quantitation of Leydig

~
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cells, radioimmuncacssay of plasma ICSH and measuring plasma testos-
terone by a competitive protein rinding method. Currently an
ultrastructural study of Leydig cells is urnderwsy to determine any

.

ultrastrucrurel changes in morphclogy of these cells following

-

irradiation.

C. R3LNDOIID QOZJECTIVES

Foo two years we ccnductel exploratory investigations on
the mapping of reictic ( pachytene ) chromosomes in order to establish
& basis fér the evaluatién of irradistion effects. Neither suffiéient
precision nor quantitative data resulted. Observing the usual
parameters or chrcscscnel breeks, bridging, translocation and other
gross chrcrosonzal cefects confirmed that, in man, as .in other species,
radiation &t each ccse level ( including 10r ) caused damage. Since
nothing new was Leing revealed, and fcllowing discussion with the

was abandoned.

The same ccmmittee, being intrigued with the finding of lowering
of urinary testosterone values following irradiation, suggested that
metabolic defects in the testicular production of testc:iterone may .
be involved. It was rcpcseé that sfudying urinary pregnanediol and
pregnahetriol might ?eveal the metabolic defect as was found in rats

2)

by Zerliner, et al. . Hence these two parameters were measured.

Finding no change, this pursuit has also been abandoned.
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II. 10.3% FLST/CH ACCTHPLISINICHTS

- camat

A. STATUS OF X-RiY IRRADIATED SUBJECTS

1. Suhijects Irradiated

Tot2l nurber of subiects irradiated —eecemmccmmmcmm e 74

B m-emccmmmrc e e 4 P2 2 A e e m————— 7
20T —=-m-=-- S 3 100r ------ U U 10
153 S 1 10[0) S —————- . 13
200 meemm e —————————— 8 3 B g 1
53 —————- 2 3000 —=-memmmmmmmeem —eme - ——— 2
509 ccrrmrre e —————— ,m————- S 400r —=-cmeemcm s cmm—m——— 2
5r/11 weeks = E57 wccwme-- c——— 1 B00Y -~cvrmcemrc e e a= 1S

Seven sutjeczv: were irradiated again following ccmplete recovery

from the initiel ccotest. i these, three received the identical f—’/

dosage ¢~ each ¢l two cccasione, three received two different dosages,
and cne receivec thrse different dosages. Each dosage is listed

separately above. L1l proposed irradiations have been completed.

2. Eicnsy Data

Nunber of subjects in wvhom serial biopsies were taken throughout
the irradiaticn period <---e---- e ———— L TEpEPCpEp -- 42

Number of subjects in wvhom biopsies wer2 avoided following

hormonal alterations -—-cecmmcmccmmmmcmccecae e - 13
Number of subjects in whom biopsies were avoided only during the
firet 90 day cell depletion period following irradiation ----- - 19

I0bbliB3 DOE/HQ



urder of subjects heving had pre-irradiaticn vesectomies --vcee--eec 12

efore release wee--ccccccccccacooaa 42

lvg

F
llumber of subjects vasectomized

JlurSer cf subjects net vasectomized befere release --e-ecccccenceaa. O

4 Stetus of Prozram
Nurher cf subjects vho completed reccvery from irradiation
befcre relegse ~---cemcccecmacccaaaao S comceeee 22

irradiaticn -eeemcccmm e e 1]

limber of subjects who returned efter release but before

Y

recovery was ccrzleted and the investigat
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Kumber of subjects currently under investigation ~---ecmccccsmcccea- 21

B. GEILRAL STATZIENT
For each para:&ter stucied we have found that each subject

must serve as his ow contrcl. This has been confirmed as results
have been analyzed statistically. .Moreover it has been establiched,
upon st ical bases, that the number of control observations necessary
for each parameter will depend largely upon the nature of the parameter.
For example, & single céntrol testicular biopsy usually suffices, whereas
a minimum of 18 control serial weekly seminal fluid examinations are
necessery to est ablish‘a base 1line. |

Fer each methes of analysis and for each egpproach much time and

efiort has therefcre been devoted to delineating the limits and

I0bbyBY
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varictions of the normel physiolegy cf reproduction. As a result, ‘
i . | \‘//

new methods of sppreach have been worked out and new physiological
principles have been unccvered cr mcre precisely defined.

| As & consequénce of this attenticn to the normal, many of our
initial publications deal with such probleﬁs. Cxamples are: "The
testiculsr bicpsy: surgicel rrocedure, fixaticn and steining technics",
Rewley, M. J. and Beller, C. G., Fertil. Steril., 17:177, 1966 ¢3 ).
"Decreases in sperm concentration due to testicular biopsy procedure
in mah", Rewley, M. J., O'Keefe, X. B. and HKHeller, C. G., J. Urcl.,'

4

101:247, 1989 ( ). "Humzn spermatogenecsis: An estimate of the
duration of each cell associaticn and of each cell type". Heller, C. G.,

Heller, G. V. and Rowley, K. J., Pregress in Encocrinology, III Inter-

national Cengress of Endccrinclegy, Excerpta Medica International R
(5
Series, 184, 1012 . YDuration of transit of spermatozoa through -/

the human male ductular system", Rowley, M. J., Teshima, F. and
. (6)
Heller, C. G., Fertil. Steril., 21:390, 1970 . "A method for the

quantification of Leydig cells in man", Heller, C. G., Lalli, M. F.,
’ ~ (7))
Pearson, J. E. and leach, D. R., J. Reprod. Fert., 25:177, 1871 .

"The ultrastructure of four types‘of wnan spermatogonia™, Rowley,
M. J. and Heller, C. G., 2. Zellfcrsch., 112:139, 1971 €8 "Quanti-
tation of the cells of the séminiferous epithelium of the human testis
employing the Sertoli cell acs a constént". Rowley, M. J.. and Heller,
C. G., Z. Zellforsch., 115:461, 1971 €3 >.

Another developmental aspect, regarding‘the radiation program,

was to solve the prcblem of delivering as uniform an amount of radiation

)

I0bblgs DOE/HQ.



e;nzzing the sulject to any extraneous racdiation. We rejected the

. Ccnvgnéional Y-ray therapy units on the market as unsuitable because
of lack of rmean: of uniform coverage of the testes, lack of assurance
thet unifersity from subject to subject could be established and

lacx of ( or evkrward ) chielding protection to the subject‘s body.

s

- wCa

A simple pcriable box was designed by Peter VWootton ( physicist )
thet allowed tl.e scrctum and testes to drop into a plastic box of

water at scrotal ternerature and then be irradiated by two X-ray tubes

.
3
1]
fu
"n
[
H
(1))
(o9

The tubes celivered amounts of known quantities of irradiation
to the two subrcrged testes simultaneously from two directions without
( or with the mcst rinizal ) exposure to the pelvic region. This has
beeri summaricec & "Ine eifects of graded doses of ionizing radiation

on the testiculzr furcticn of man. I. A portable device far delivery

— of uniform doses cf X-rey irradistion throughout externalized organs”,
4 ( 10 )
Wootton, P. anZ reller, C. G., and it unpubliched to date .

The accuracy cof delivery of this X-ray irradiation device has
been confirmed b, physicel as well as biological dosimetry. The
physical check wcs seen by a team from the Hanford Washington AEC
group under the supervision of Dr. William Roesch. The biological
checf was run by Dr. Eugene Oakberg, Ozkridge, using well standardized
male mice. Trese were submerged ( in specially designed containers
into the plastic box in the same position as the scrotal testes. They
were expcsed to a similar series of graded doses of radiation as the
subjects! testes. The results were comparable to similar studies at

Ozkridge, ESerkeley, and M.I.T., end verified the accuracy cf exposure.

10bbUBb - - DOE/HQ



~8-
‘M!\
See Fourth Yeerly Prcéress Peport for details ( 1968-67 ). \_//
Our past data has lLeen statisticelly evaluated with the view to
adding cbservsticnz to each parameter, vhere required, in order to
assure a statistically acceptable result. For example, in order to
consolidate infermation regerding hormonal changes resulting from
X-ray e»posure to the testes, a low (ef), a medium (78r) and a
high dose ( €C0r ) were cselected. It was decided that urine
coll:ctions fcr hermonal analyses rust be made in eight day pools
repeated six timss during the control period in order to establish
a statisticelly vz1lid bacse line for each subject for comparison with
post-irracieticn résul:s. The number: of subﬁects pef dose and the

number cf pcst-irrzdizticn observations were also pre-determined. Some ~
N
P

of the studies hz.e besn ccopleted, cthers are currently being \_’/
periorimed and cthers are projected. In the end, we expect to have a
stetisticelly siznificent ingight into the hormonal changes. With the
same goal in rmind wz have sfimilarly applied statistical analysis to
our germinal and leydig cell quantitation and sperm count evaluations.

C.  ACCCMPLISHEMENTS WITH SPLCIARL REFERENCE TO ORIGINALLY STATED
OBJECTIVES %D PLANS FOR CONTINUATION OF PRESENT OBJECTIVES.

1. Cvtclogicezl Objectives

Pt

a. Objective: "To determine the exact nature of the
‘cytological defect produced.in the development of thé germinal
epithelium and to relate the extent of the defect to dosage and time."
In the following dicscussion dcsage has been divided into "low",
"irtermediate", and "high", according to the cytological response ﬁﬁﬁa

elicited by expcsure to each dosage. : \_,)

T 10bbugT R ~ DOE/HQ



" Low doczage effects ( 10 - 100r ): Examination of serial
testicular biopsies following exposure to irradiation, revealed that
the spermatczsonie were primarily affected, and that mcre mature cells
were allowed to ccmplete normal development. The overt damage to the
spermatosonia was revezled by pyknosis and other signs of degeneration.
The conceales cemsce to ctherwise normally appéaring spermatogonia
beca~e overt &g revealed by the feilure of the cells to undergo

mitesis and preoluce rreleptotens spermatocytes. At the same time

( for decsages of 100r or less ) the preleptotene, other spermatocytes
and the spermaticds failed to reveezl either overf or concealed damage.
The latter wzs deduced frcexm their ability to undergo development and

maturaticn ( incluZing uncergcing maturation-division ) to become

'
)

Normal rature spermatocce end To appear in the ejaculate as normal
spermatozoa in regard te nunmbers as well as morphology. Since the pre-
leptotene =ﬁe-r:tcc,te= were not replaced by the spermatogonia,
however, the prciucticn of sperm ceased when deplietion was completed.
Thus the three ctnsequences of "low" dose irradiation are: 1) denuding
of the germinal epithelium, 2) damage to spermatogonia, and 3) reduction
of nﬁmber of sperm in the ejaculate to azoospermia at the 100r dose.

To evolve these conclusions serial testicular biopsies were
obtained at intervals of four to six hours, 16, 24, 40, 46, 60 and 72
days fellewing irradiation. The germinal cells were studjed by light

ricrescepy. The first time of visualizing total depletion in the

testis was after 46 days. This is exactly the period of time needed

10bbyg8 ~ DOE/HG
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for develcprent of the preleptctene spermatocyte into a mature |
: . _ (11) -/

T t¢ leave the Sertoli cell cytoplasm . The

time of visualizing the f{irst effect following irradiation was four

to £ix hours. Tne germingl cells damaged at this time were the

I-h
ct
o g
[
Hh
e
2}
tn
ct

spermategonia. . The time of effect of X-ray as revealed
by the semirel flpicd was efter 46 days. Tnis is accounted for by the
/élus the transit

) e

time ( 21 deys ) curing transport of sperm through the ductular

nermal develcprent of cpermatocytes ( 46 days

system to tre ejeculate. Eence azoospermia was not revealed prior to
67 days.
Tne intermeciicte cosages of X-ray irradiation ( less than 400r,

enzration in an additional group of cells,

"
m
N
[14]

Q

greater then 102r» ) ceus

the spermstocytes. .In contrast to the lower dosages where the spermato’

R AR ]

cytes develep r*“~=’%“ at intermédiate doses, theée cells are covertly\hz/
injured and not &ll are‘allcwed to proceed through normal maturation-
division. BAs & result sperrmatids arising from irradiated spermatocytes
are decreased in number.

Spermatcgcnia are overtly injured and their numbers are decreased
even more than &t the lower doses. This ultimately results in a
longer recovery tirme. Therefore, we have found that at intermediate-
dosages of between 100 and 400r: |

1. Spermatogonia show overt damage but no decrease in numbers
within the first 24 hours. |

2. Spermetocytes are covertly affected and degenerate while

proceeding threcugh maturation-division.

o o
),
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N - 3. Tre result of spermatocyte injury is a significant decrease

in spermatids.

4. Tne sperm ccunt regularly falls to azoospermia after approx-
irately 67 days.

5. The seminal fluid fails to reveal the reduction in normal
sperraticd numbers cduring the first 46 days. This is possibly
acccunted for by the time of residence of spermatozoa in the ductular
systen.. Tnis veries from one to 21 days ¢ ). Thus mixing of X
generaticns of srermatezos nay obscure the reduction in testicular
production of spermatozoa.

High dcses cof irredietion ( 400 - 600r ) yield a further response.
Rll cells cf the germin2l series are injured. Spermatogonia and
spermatocytes &re overﬁly damaged and spermatids are covertly damaged.
The additionél camage to spermatids ( revealed by duantitation of
germinal cells and sperm’count ) and the overt spermatocyte damage
are fournd only &t this high irradiation dose. As a result of the
cevere decimztion of cell numbers pfior to 46 days, the sperm count
also falls sharply prior to 46 days. Thus, at high dosages of
irradiation, 400r and above,'we have found:

1. Spermatogenia and spermatocytes are overtly'damaged.

2. Spermaticds are covertly damaged as revealed by quantifation
o< testiculer cytology and sperm count and horphology.

3. Significant decreases in all cells of the germinal series

gre o>bserved prior to 46 days.

0bbuap - ' DOE/HQ
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4. A sigrificant decreasz occurs in sper: count prior to 46 \_/)
days.

S. Tne sperr. count falils sharply to azoospermia anﬁ stays
there maﬁy months.

6. Tne first visualizaticn of spermatogenial degeneration was
16 minutes after irracdieticn. The observations were made ultra-
stracterally.

e conclucde frcm the combination of morphological and quanti-

tative data from all dosages that the spermatcgonia are the most

radiosensitive cell types and spermatids are probably the most radio-
sistant cells. Our cenclusions ere summarized in the following
table:

SWIZARY CF rRDILTIC! EFE ECT 120 GERMIMARL CELLS

e ) -

Sperma?o;cnia Spermafocytes Spermftidg
Radiation ;g— Ap g k L 2 P éa 'sb Sz sd
Dose (r)
10-100 + + + 0 o] 0 0 0 o) 0 0]
200-300 + + + 8 & .@ e o) 0 0O ©
400-600 H ++ +H+ + o+ 2+ + © e o o

Where: O indicates no effect, + indicates morphological change,
++ indicates greater morphological change, and © indicates
possible d mage but no observable mcrpholegical change,

i.e., "covert" damage.

lD_bb'l}Qll | | . DOE/HQ
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v R strix spect cf this data is that cells literally next to
~— ezch cther both in develczment and spacial placement within the

tubule ﬁave such different radicresistance. For instance, the type
ermatczconiun is the most radiosensitive cell. The cells preceding
it ( the &2 and Rp ) ere also racdiosensitive. However, the cell
arising from the B spermatogonium, the preleptotene spermatocyte,
requires ten-foid the emcunt of X-ray irradiation that the B requires.
to be damaced. The next major difference in cell radiosensitivity is
between the paschy<tene spermatocyte and the Sa sperﬁatid. Again these

ells are adjacent bcth developmentally and spacially, yet the

n
[}

]

permatid requires four times the amount of radiation to be damaged.
Thus the spermztides zre 40 times as resistant to irradiation damage
as are the spermatogonia.

\\_/ In tﬁe paé: year we have completed all proposed irradiations of
subjects and thus have an outline of the cytologicél defect in relation
to dose and time. KAt present we are analyzing the effects at various
dose levels in corder teo have statistically valid dose-response curves
for histolojical quantitation and sperm count.

b. Objective: "To find the minimal dosage that will
affect the germinal epithelium.¥
The foregcing discussion has revealed that cytological defects
were observed &t rany dose levels. The minimal dose level that
produces azcospernmia, for example, is 100r. Mérked oligospermia was
prédu:ed following irraediation doses of 78r ( seven subjects studied )

end S0r ( four subjects studied ). Sperm counts were decreased from

®_

I0bbygqy . DOE/HQ
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crmal to circe 2 m/cc in each of thece eleven subjects. Moderate :

oligcspermia wes proluced at 20r ( eight subjects ) and 15r ( one

subjecf ).

On the basis of the effects upon sperm counts, testicular

n]

cytblogy, and herrmenzl studies, the SO and 78r subjects can be grouped
in a éingle dosage class, and the 15, 20, and 25r groups can be
consolidated as giving & single biological effect.

Of the threz receiving 10r, insufficient seminal fluid data
( or none ) Qas chtained becausé of: 1) sudden parole, 2) ﬁrior
vasectomy and 3) one subject was subjected to too frequent biopsy
operations to be cerzein that the fall in sperm count was indeed due
to irradiatien.

Of the fcur receiving €r, two failed to reveal a drop in sperm .~
count and two revezled & minimzl or equivocal drop. In the latter -
two the drcp et tect was transient, however, the lowest anticipated |
point in time fcr these subjects occurred during‘the riots at the
Oregon State Penitentiary, and no observations were possible during
this critical pericd.

In the 8r group, testicular biopsies were avoided in order to
observe "pure" ceninal fluid effects. Of the three receiving 10r,
only one had serial biopsies for cytological stgdy, another had

- bicpesies for chrcmcsomalustudy only. The cytological study, however,
did reveal irradiaticn induced changes.
Assuming "no change" in sperm count for the four subjects

receiving €», does not rule out the possibility of transient or

10bb493 'DOE/HQ
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\"/ minirzl cytologiccl demage. The latter could be obscured in the
seminal fluid anzlysi:z due to mixing of generations of spermztozoa

during the 21-doy transit time through the ductular apparatus.

The stetus of Ythe minimal dosage affecting cytology" thus is
that irradietion cozes as low as 10r result in-damage to the germinal
epithelium, in’'cne instance, and doses of 15, 20 and 25r regularly
:ye. \’e¢ now have added the additional subjects at the

required ccszges to study both seminal fluid observations and
tezticular kricpcies to mere clearly define the minimal dose of X-ray
irradisticn to the human testis.

. c. Ohjective: "To determine the time of récovery
from any civen dcse.” '

\\_, Recovery tire is being determined using two parameters: sperm
count and tecticuler cytology. The two endpoints being applied are
the first eppezrence of spermatozoa in the seminal fluid ( if the
subjeét was at azccspermia ) or the first increase noted ( if the
subject was oligosrermic ) and the first resurgence of maturation of
the spermatogoniel cells of the testis.

" Ve are findiﬁg a large dichotomy in the starting time of
testicular recovery versus the increase in seminal -fluid sperm count,
most pronougzd ar the intermediate and high doses. Beginning
testicular recovery precedes the appearance of sperm in the semiﬁal

fluid.

5

e stetus of this aspect of the investigation is at the

completicn of the probing stage, which has revealed the cdichotomy

10bbbqy - | | . DOE/HQ
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mentioned above.. Hance thre timing of the beginning of recovery of
the germinal cells is now cnly a rough approximation. Ncw that the

es snould te cbtaired for a given dose to yield the

e

times that bicps
maxiral infermstion is better uncerstood, we can cbtain precise data
on rececvery. Tiie above will, of course, apply as well to the

objective "spermstogeoniel renewsl"M.

achanisme of the investigation upon

9

Two cther facets of the
cytolegical reccvery have nept the nuater of observations minimal.
‘These are that in a;proxica:ely'cne-half of tﬁe subjects, biopsies
have been avoided in corder nct to interfere with sperm counts. The
second reason, its thet no retter how carefully a subject is selected,

N

from the point of view c¢f time to be served in the penitentiary, the

Pt

7

£ extremely high. Attrition is due to

0

ars

[N

attrition rate after scre ¥y

'
(o)
1=
(1))

unexpected pErdons cr ;& , treansfer to the Forest Camp, violation

by} >

movel from the general population ( and

[
m

m

of prison regulaticns
from the experiment ) or vcluntary withdrawal. Some recovery data

has been gathered frcm each dcsage studied and is tabulated as follows:

G
| | N
10bb495 - | | DOE/HQ
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FIRST SEERH IN !

P DCSE TIMZ OF BIGIINIIIG CCMPLETEZ RECOVERY
Y I KISTCLOGICAL - SEMITAAL FLUID OR: ZREED 0! STHMINAL
RECOVERY FIRST INCREASE ! FLUID COUNTS
IN RUWE3ZR
Br | eemeecemm—ee- Decrease tran- e bttt
sient or non-
existent
]
{
10r 7 monthe® 2% nonths i 9 moniths
P 1St | mmeeseee—ooe- 7% months 16 months
'
20r € menthe 6 months 18 months
2Sr 6% monthe | —e-mea- meme——- histological only
15 months
SOr 16 monthe™ 6 months 17 months
K’, 780 | eecmmemiemee- 10 monthe | =eeeceemccoaa-
100r 7 months 7 months 18 months
200r 7 months 11 months 32 months
300r ~ 7% months 9 months 29 months
4007 10 months none through | «c-cccccccccaa-
14 months
600r 7% months 24 months ‘none through
$7 months

¥ Recovery could begin significantly earlier.

et optimzal times.

—

[0bbuqyp

Bicpsies were not taken
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The preliminary observaticne suggest fhat at low doses
( 10 - 100r ) beginning recovery of sperm count oc ccurs at about gix \_,/
mont , for intermeciste doses ( 200 - 300r ) at ten menths, and for
high doses ( 4CO - 6J0r ) at about two years.

d. Objective - Complete recovery: "To determine
whether recovery is complete or incomplete.r To be certain that the
same level cf sperm count is attained following irradiation as existed
before irradiztion.™ ( not exp11c1»1y aged under I. OBJECTIVES, but’
often dicscussed with the Ccmnittee ).

'Por each sulject, many, many ccntrol seminai fluid evaluations
had to be made to establish a normal value that is statistically

acceptable. After the recovery phase, the same number of observations

n

must be made tc ecstitlizh a value that is statistically acceptable.

The preliminzry result is that in these subjects where sufficient

time has elapsed &nd sufficient observations have been available,
recovery appears tc be ccmplete, i.e., the same sperm count levels
have been atteinecd.

The prelirinary cbseryations-on complete recovery as seen from
the table sugcest that for the low coses, it is nine to 18 months
for intermediate doses, 30 menths, and for high doses, "longer than

57 months ( none recovered to date ).
e. Otjective: "To determine whether subsequent
irradiaeticn following depression and full recovery will lead to a
more severe reaction, postpone recovery, or lead to incomplete
recovery. " ( ancther objective not stated, but discussed with, and by,
Dr. Paul Hentshaw ) N
}
In seven subjects that were irradiated a seccnd or third time \_,/

10bbual ~ DOE/HQ



~ following complete recovery, the response to the repeated dose:
was in every way c:ﬁparablé to the initial dose—resgonse.'
| £. Objective: “"To assess fhe problem cof spermatogonial

renewal in man."

The precblem cf. spermatogonial renewél is being approached in
two ways, the quantitetion of the germinal epithelium during the
depleticn and early recovery phases, and the observation of.ultra-
structural chances in spermatogonia throughout the post-irradiation
period.

We kncw from quantitation data that spermatogonial renewal in
man follows a different pattern than that fomd in animals. For
example, in the mouse, spermatogonia will completely repopulate
thenselves in ail tﬁbules before beginning differentiation into
\\-/ Spermatocyfes and spermatids. In man spermatogonia act in an .
inéxplicable meanner, producing spermatcgoniabor spermatocytes at
random. Additionally, the morphology of some of the spermatogonia
present during the depleted and early recovery period is different
from normal morphology. Therefore they are extremely difficult to .
identify as A dark ( Ad ) or A pale ( Ap ) spermatogonia. A quantitative
analysis of a biopsy taken during early recovery reveals that some
tubules have active spermatogonia, producing spermatocytes, etc.,
while an adjacent tubule will be devoid of more than a gingle spermatﬁ-
gonium. All of the foregoing infofmation suggésted that additional

types of spermatogcnia existed, perhaps more radioresistant and with

vw\\—/
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We have analyzed the ultrastructure of the normal spermatogonia, ~—

elongated periods between mitosis.

in preﬁaration for the study of irradiated material, and even in o
normal biopsies four distinct 5perﬁatcgonial types were identified ( ).
The fourth previously unidentified cell probably precedes the others

in the develcpmental series and as yet cannot be identified in-paraffin
sections utilized in quantitation. We are now beginning to exaﬁine

the ultrastructure of irradiated spermatogonia and will determine if

the cell remaining after germinal cell depletion is indeed the "new"™

cell.

2. Cytolozical Recorplishments Relevant to Delineating

the Limits of Nermel Buman Testes; Mew Methods of Approach and New

Physiological Principles.

a. Quantitation of germinal epithelium

Quantitation of the germinal epithelium was begun
early in 1964. Dr. Lugene Oakberg was instructed in the human
spermatogenesis pattern and he, in turn, aided us with his.extensive
knowledge in quantitation of mouse germinal epithelium. After many
independent triél counts by Miss Rowley and br.'Oakberg‘ good agreement
was reached on counting of stage boundaries, cell fragments, section
edges, cell types, stage definition, and tubule cell counts. The
‘statistical samﬁle to be used was established for reliability at the
85% confidence level.

In August of the same year, Drs. Heller, Clermont and Ozkberg

P
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and Miss Rowley scrutinized the entire method at Dr. Yvés Clermont's
laberatory at MeGill University.. Since then, our laboratory has

taken bicpsies at selected times after x-irradiation for quantitation
of damage. A vast bulk of contreol data has also been collected and
'hés fevealed a great amount of further information on normal spermato-
genesis. Dr. Oskberg has independently confirmed counts on maﬁy
biopsiecs previously counted at the Foundation.

Man ié unique amcng mammals in having small clusters of areas
comprising @ given cell association rather than having an entire
section of tubular cross-section and length involved in one cell
.association. Thug, in a given'cross-section of a seminiferous
tubule three to five differént cell associations may be encountered. -
\\_/ Quartitation, therefore, was approached in two ways €3 ): (1) counting
cells per cell association, and (2) Eounting cells per tubular cross-
section wiéhout regard to the cell associations involved. The 1attér'
method provedito.be important as results of the effect of radiation
of testes in man emerged. These results revealed that during the
process of depletion and during the early recovery period, the land-
marks defining the cell associafions were obliterated.

In both counting methods, biopsy sections were scanned in a
manner similar to blood smears. If one section was not of a sufficient
‘size to collect a statistical sampie, another sectibn 40p or more

away from the first would be counted. The g£lides to be used for

rt

confirmation counts at Oak Ridge were always at the opposite end of

10656500 | | . DdE/HQ'
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the series of serial secticns and thereby separated by as many as
: ‘ p

500p from those secticns counted in Seattle.

The main critericn used fer the selecticn of a tubule to be
counted was the angle of the cut. Tangential cuts were not counted.
Since the cells mature frcm basement membrane to lumen, only tubules
or areas in which the cells would have matured in the plane of the
slice were used. Tubules with artifacts or unidentifiable lumens were
not counted. In both methods, it was found that either 30 tubular
cross-sections or 30 cellular associations gave statistically reliable
results ( P<O0.0S ).

Forty control subjects were analyzed by quantitating the germinal
cells according to their cell associations. The results for each
cell type were expressed as germinal cell/Sertoli cell ratios. The
Sertoli cell was selected as the stéﬁle standard agéinst which to. ~—
express and compsre cell numbers since under the conditions of the
experiment, changes in germinal cell numbers and tﬁbular length and

diameter could be expected, but Sertoli cells were expected to remain S

-
L
-

constant. The means for each cell type/Sertoli cell ratio and their

standard deviations and standard errors are as follows:

el Ad 2 B R L z P Sa Sb Se¢ s
ZZEE ’ . .
Mean  0.65 0.59 0.37 0.27 0.64 0.08 2.74 1.68 2.19 1.B1 2.27

'+

S.D. 0.10 0.11 0.13 0.11 0.21 0.05 0.43 0.30 0.54 0.59 0.68

(s

0.02 0.02 0.02 0.02 0.03 0.01 0.07 0.05 0.03 0.09 0.1l

oy
-/
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r&"’ " These rafios were then compared with quantitation of 25 control
subjects ( often the same subject ) by counting the germinal cells in
cross-sections of tubules without regard to the cell association. The
means for each cell typé/Sertoli cell ratio and their standard

deviations and standard errors are as follows:

Cell Ad Ap B R L Z P Sa . 8b Sc sd
Type ]

Mean '0.51 0.4% 0.26 0.19 0.18 0.07 2.64 1.61 1.24 11.27 1.01

'+

S.D. 0.12 0.12 0.05 0.07 0.08 0.03 0.47 0.53 0.36 0.31 0.36
S.E. ¥ (0.02 0.02 0.01 0.01 0.02 0.01 0.09 0.11 0.07 0.06 0.06
.bobé agfeement between these two approaches was found. Thus, the
latter method of quantitating control subjects allowed for comparisons
\\_, of serial testicular biopsies following eprsure to radiation. Note
"the cell associaticn counts reveal a higher number of leptotene
spermatocytes (L) than the tubule counts. This difference in lepto-
tene counts has been discussed with Dr. Yves Clermont of McGill
‘University and a tentative explanafion is offered. It is possible
that the initial timing of the duration of this cell type was slightly
incorrect. If, indeed, the pre-leptotene did last a short time in
cell association IV and the leptotene changed to zygotene shortly before
the end of cell association V then the tubule method would have fewer
leptotenes than the ceil association method. fhe cell association
method requires leptotenes to be present ahd_pre-leptoteneg and

zygotenes to be absent before cell associations IV and V can be counted.

10bb502 . | | v‘D.O‘E'-_'/HQ-
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Qpantifative analysis %as been ccmpleted on many subjects ’ﬂh3
irradi#;ed. This procecdure involves obtaining testicular biopsy -
sﬁecimens at various intervals after the time of irradiaticn and
using the procecdures previously described. Examples of such
analyses fcr three subjects receiving 25, 100, or 600r are summa;ized
in Table I.

With these hypotheses in mind we need to subject-the data of
the quantitation to cereful statistical analysis. Ffom such an
analysis, apprcpriste groupings of times after irradiation and doses
of radiation may be made. In turn, this should set guidelines for
determining how many adéitional subjects are required for each

grouping to esteblish a-statistically significant result. Having

fulfilled these prereguisites a dose-response curve for the damage I,
and cdepleticn of each cell type czan be constructed. -

A careful analysis of the ultrastructure of the spermatocytes
exposed to 100, 200 end 300r may well reveal cytological alterations
that remain undetected by the light microscope.: We are now collecting

and analyzing material for such examination.

b. Ultrastructural studies
tilizing the electron microscope, we have
succeeded in identifying and descfibiﬁg the ultrastructure of four
types of spermatogonia ¢® ). Previously only.three spermatogonial

types were known. The use of lp thick Epon sections with light

microscopy affcrded visualization of considerably mecre cytological

10bb503 | | | " DOE/HQ



TH2LEZ
Ad hp B R L Z P Sa Sb €c €3
oo Lgprrnztogenia- —-Spernatocytes —— e Spermatics -—
‘tixffél 0.93 0.80 0.49 ©.42 0.76 0.11 2.5 156 309 2.87 2.&5
257
Ehrs 0.66 0.€3 .25 0.69 0.45 0.01 2.87 1.78 2.62 1.13 1.%5a
243ayz 0.74 . 0.64 0.29 0.05 0.14 0.02 2.85 2.65 2.69 0.27° 0.35
4Cezys 0.22  0.23 0.03 0.02 0.04 O 0.26 0.30 1.16
201cays 0.35  0.28 0.C7 0.03 0.04 0 0.31  0.21 0.41
42022y 0.%€ 0.88 0.30 0.45 0.25 0.20 3 31 . 0.5 2.45 .49
Control 0.7 0.53 C.28 0.246 0.43 0.06 1.92 1.43 1.29 1.2° 1.00
1CCx '
2ehrs 0.62 b.44 0.14 0.14 0.33 0.02 1.32 0.72 0.75 0.71 0.74
17 ve 0.5 0.06 0.003 0O 0.008 © 1.05 0.55 0.59 0.73 D.49
}\w?s 0.2¢  0.08 0.04 0.02 0 0 0.27 ©0.81 1.06 0.75 0.73
49ays 0.27 0.12 0.02 0.03 0.04 O 0.20 0.17 0.32
11265ys 0.0¢ 0.02 0 0 0 0 0.03 0.02 0.05
2103ays 0.05 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
660r
22hre 0.47 0.24 0.07 ©0.07 0.74 0.04 2.90 1.83 2.24 2.22 1.6B
14days 0.26 0.23 0.004 O 0.01 © 1.3 0.44 0.99 0.71 0.72
20days 0.21  0.14 0.01 O 0 0 0.01 1.34 2.37
84days 0.01 .0.002 0 O 0 0 0 0 0 0 0
151days 0.002 0 o o 0 0 0 0 0 0 0
ﬁéa-/’* 0.006 O o 0 0. 0 0 0 0 0 0
3. days 0.003 0.01 ©0.02 0.005 O 0 0.05 0.04 0.0l
477czys 0.001 0 0 0.C06 © 0 0.0t O 0 0 o

1055504 o  DOE/HG



: -26-

detail .than can be obtained with paraffin-embedded material, and,
consequently, four distinct types of spermatogonia could be identified
in such Epon sections. However, further study of the Epon sections
with electron microscopy provided the most satisfactory method for
revealing different spermatogonial types. This méthod revealed a
distinct difference in the ultrastructural characteristics of the

four types of human Spefmatogonia. In addition, previously undescribed
structures were found to occur only in certain spermatogonia. We

are using the same method to study the normal morphology of the more

mature cell types &nd the effect of X-ray irradistion on the

]
- spermatogonia.

Basically, we did three separate morphological studies to insure
accurate identificstion of the spermatogonial types. First, we ~rt

examined paréffin-embedded tissues with the light microscope in the

.classical manner to identify the three recognized types of spermato-

gonia. Secondly, we studied Epon-embedded tissues sectioned at micron

or sub-micron thicknesses by light microscopy and identified the

spermatogonial types by comparing these cells with the paraffin-embedded
material. Thirdly, electron microscopic examination of thin sections
adjacent to the seétions used for light microscopic examination was

used to determine the ultrastructural characteristics of the

different types of spermatogonia. In this way we were assured that

the cells we called Ad, Ap and B spermatogonia using paraffin-embedded

-/
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ticsue with the light microscope would correspond to thé cells we
term Ad, Ap and 3B spermatogonia using Epon-embedded materiél with
either the light or electron microscope. We propose to continue fhis
three-pronged approach to the study of the other cells of the
germiﬁal series. .

Four spermstcgonial types were identified, the AL, Ad, Ap and
B. The AL ( L for length of cell on basal lamina ) is considered to
be an earlier cell than the Ad. The mitochondria of all four
spermatogonial types do not have a plentiful éupply of cristae. 4This
condition of few cristae being present is generally correlated with
jnactive cells and related to low energy requirements (22 ). The
sparse amount of endoplasmic reticulum of both the rough and the
\ ‘smooth variety would further suggest that these cellé are inactive.
The close apposition of the_mitochondfia to the rough endoplasmic
reticulum, especially in the AL and Ad spermatogonia and less so in
the Ap and B spermatogcnia, can be interpreted as a morphological
manifestation of a mechanism that éllows a short diffusion - path for
ATP that is required for some funcfion in the endoplasmic reticulum.
André €39 has suggested that a close mitochondria to endoplasmic
reticulum association might serve to supply energy for protein
synthesis.
' The function of the filamentous body, a characéeristic structure
in the AL and Ad spermatogonia, is unkﬁown. The localization of

LTPase in this body is suggestive evidence that it is an active center
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of'energy utilization. The electron-cpaque spheres found within this
body aré structurally similar to ribosomes and, while we hasten to
répeat that the function of the filamentous body is unknown, it is
possible that this structure may represent a highly modified
mechanism for protein synthesis. |
The abundance of glycogen in the AL and Ad 5permatogonia, and

the lesser emounts of glycogen in the Ap and B spermatogonia, is
taken as presurptive evidence that this substance is utilized as an
energy socurce during spermatogenial development. Although occasional
pinocytotic vesicles occur in these cells our evidence is adequate
enouch to discount the movement of material in these.vesicles in a
reverse piﬁocytctic direction. One interesting facet of these pino-
cytotic vesicles js that they occur cnly on adjacent cell-cell
csurfaces and nct on the Spermatogonial surface next to the basal
lamina. |

| An increased nurber of myelin-1like arrays, thought to represent
phospholipid degeneration, were present in the Ap and B spermatogonia,
as compared to the abéence,of such structures in the AL and Ad.
spermatogonia. This suggests that autolysis occurs in the more
mature cpermatogonia. |

The Ad spermatogonium has been considered fo be the most
P : (14) (15)

primitive spermatogonial type . Clermont suggests that
the Ad spermatcgonium has an "equivalent™ mitosis and gives rise to

either two Ad spermatogonia or to two Ap spermatogonia. Each Ap

e
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{ . . . .
spermatogenium subsecuently gives rise to two type B spermatogonia
wvhich then give rise to the spernatocytes, the ccncept being that
the Ad represents a ccll that can either perpetnate the primitive

sten cells or give rise to & spermatecgonium, i.e., the Ap spermato-

o]

cgoniun, that is committed to spermatcgenesis. Our findings support
and extend the porticn cf Clerment's work that suggests that the§e is
a primitive spermatogcnium, an intermediate form, and an advanced
spermatogonium.

Further, we have found instances of binucleate AL, Ad and Ap
spermatogcnie and we interpret these cells as having completea
karyckin;sis and of teing in the  process of completing cytokinesis.
These binucleate cells would substaﬁtiste'CIermont‘s mapping studies
where pairs cf spermetcgonial type¢ zre found together and tend to
coniirm the occurrencé of "equivalent™ mitotic division in spermato-
gonia. We have never oﬁsérved nuclei of different spermatégonial
types within a cocmmon cytoplasm  Our present concept is that each
cell divides mitotically to form two of the next more maturé_
spermatogonia.

On the basis of cur evidence we cannot rule out the possibility
cf differentiation of any particular spermatcgonial typé into the
next :pefmatogénial type to explain the oricin of successive spermato-

conia. If this were the case, however, one would expect to find inter-

imn

have not beenobserved.
’ ( 15 )

The ccrrelation between our findings and Clerment's model

meliazte forms and cuch intermediaste form

1000508 - | DOE/HQ
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of.thé mcde of develc;me;: ‘and venewal of spermatcgonia in man ~—’
presents a tantalizing, and, as yet, uﬁanswered QuestiOn. Is it
pes sible that our AL spermatogonium represents a primitive spermato-
‘gonium that is capable of either regeneration of the stem éell
sopulation’ or giving rise to the Ad spermatogonia which then form

the 2p spermetoconia, etc.? In this situation, the Ad spermatogcnium
would be the earliest spermatogonium committed to spermatogenesis.
This possibility can be subjected to experimentation by depleting the
spermatogoniel population, not to.mention the spermatid population,
by irradietion and examining the tubule for remaining spermatcgonia
that must persist in order to give rise to spermatids by “recovery™.

Details cof the methods and the cell descriptions are covered

tions
| (8)
in the publicstion by Rowley, Berlin and Heller . ),
Ultrastructural examination of the germinal epithelium -
following irradiaticn has revealed many morphological changes, some of
which we have noﬁ seen in either normal or otherwise altered testes.
For example, at 24 days after irradiation at 600r, we have found
. macrophages traveling through the basal lamina into the tubules,
We believe they. pick up damaged cellular material and then move into
the luﬁen. The Sertoli cells, however, also act as disposals for
damaged tissue releasing acid phosphatase into the cell to break
it up and then acting as a transporting medium for the broken-up
cells to pass throuch into the lumen.

We are currently still examining these biopsies for additicnal

changes. Zlthough much progress has been made we have really only

\E4).
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atched the surface. 2ecause cf the number of biopsies taken and

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

material has nct been examined &

mn

yat. -

c. Seminal fluid examination
i) Effect of biopsy upon sperm count: Man
is unique in his capebility of being able to undergo & single biopsy,
or even several testicular biopsies over a period of time. This is
not generally uvrue for other animals. Thus man is an ideal experimental
subject from this point of view, as conpar1*on= between testicular

biopsy and sperm counts can be made. Hcwever, the effect of the biopsy

2l fluid concentration was previously unknown.

m

procedure on the
Because we follcwed bcth perameters in zall of our 1rradlat10n studies

( as wellvas other experirental situations ), we examined their inter-
relationships in normal ccntrol subjects. Of the cubgectc analyzed,
only 397% eiperienced a significant ( P £ 0.05 ) drop in sperm.count
following biopsy. Of those subjects with multiple bibpsies, 27%

showed a decrease after the last biopsy precedure. All sperm count
decreases occurred in the first ten weeks after biopsy. and all subjects
shcwéd.complete recovery by 18 weeks. Our conclusions were that ten
to 18 weeks should elapse following a biopsy before initiating therapy

or experimental treatment. Thece data have been reported by Rowley

(16) (4)

“and HKeller and Rowley, et al., .

In designing our irradiaticn expe*lren;-, we have used this infor-
m&tion as follows. X1l subjects had a control biopsy. They were allowed

ten to 1€ weeks to recover frocm the biopsy effect before irradiation.
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T supjects were divided into two groups, one specifically for the -
study of ceminal fluid and hormone studies without biopcies and the

cthier for bicpsy studies along with seminal fluid examination and

et

=

hermone eveluaticn. n this way we were able to safeguard against
ccrnfusicn of changes caused by biopsy with actual changes caused by
Y-ray.

ii) Duration of transport of spermatozoa through
the ductular system: X-ray irradiation has also been uced to extend
our basic knowlelige of the process of spermatogenesis by determining
the amount of time required by sperm to pass through the ductulsr
system of the meale. Testes of normal men were exposed to single doses
of icnizing racdisticn or injected with tritiated thymidine. The
selected X-ray dose Q;s sufficient to cause degeneration of spermatogcnia\_,/
while allcwing each of the other germinal cells to mature normally. The.
pre-leptotene sperzetcocyte ( the least advanced unaffected cell ) is
released into the tubuler lumen 46 days following irradiation. Since
spermatozoa were absent from the sem{nal fluid 67 days after irradiation,
the, longecst travel time of a sperm discharged into the tubular lumen is
three weeks ( 67 - 46 = 21 days ). l

A second group of men was given intratesticular injections of H3

thymidine. Seminal fluid for autoradiography was collected every third

cay. The mcst advanced cell labeled within one hour is the preleptotene
spermatocyte. This is released into the lumen of the tubule as a mature
sperm 46 cays efter labeling. Counts of lebeled spermatozoa indicate
thet the earliest

‘sperm appeared in the ejaculate 45 or 47 days after

DOE/HQ



injection. The greatest number &rpeared in the ejaculste in 54 to
56 days. Cecmbining irradiaticn &nd thymidine data we conclude that

the duration of transpert ¢of spermatozcea in man varies from one to 21
days w:th the rajority of the spermatozoa sppearing in the ejaculate
ten to 14 days after release frcm the Sertoli cell cytoplasm. These
results have been repcrted by Heller, et al. (¢ >.

iii) Sehinal fluid counts: Interesting results
have been chtained frem studying the changes in seminal fluid after
X-ray irradiztion. These subjects receiving doses below 50r ( 8r,
10r, 15r, 20r eand 25r ), mainteined a sperm count of 10 m/cc.or

higher. A dose of SOr or 78r brought the count to a level of about

1 m/cc. One hundred roentgens appears to be a threcshold dose as some

- subjects attained totzl azoospermia while others maintained counts of

about 0.2 m/ce. All subjects receiving doses above 100r went to
complete azcospermia for extended periods of time.

Very high doses ( 400 - 600r ) had a different effect on ceminal
fluid counts than did the lower docses The counts cshow & striking

drop below control levels before the 46-day period is ccmplete. This

pre-46-day €rop in sperm numbers indicates immecdiate destruction of

spermatocytes as well as spermatcgonia. Deses below 400r show immediate

destruction of spermatogonia only. Preliminary results were reported
(17)
by Heller, et al. .

Recovery times very with the indivicual and with the dose of

radiaticn given. . Below 1500r, the beginning of recovery is not dose-
dependent. Attaining & ncrmsl recovery sperm count appears to be

lobbsiz | DOE/HQ



more dose-cependent.

iv) Sperm morphology: Variaticns in'5perm
morpholcgy have been sfudied by Mecleod and he has reported both the
variction cf chapes and the percentage of each shape found in>normal
ejaculates ( 18 ). Dr. Macleod ( Ccrnell Medical School ) has
examinea ceriel seminal fluid samples from our radiation subjects
and counted abncrmal forms. The percentage of normal sperm dropped
negligibly after 1tr and 10Cr. With E0Or, a dcse that prodices
persistent aéoospermia, niere cramatic chenges are cbserved.

d. Leydig cells
' An objective metnod to reflect changes in Lleydig
cell nurder which might occur as their activity was altered has long
been needed. Because th? absolute nurber of Leydig cells in the N_’/
testis cannot be ccunted, it is necessary to relate the number of |
Leydig cells present in 2 given area to some constant structure in
the testis. The Sertoli cells have been chosen as an index of the
number of Leydig cells presernt since their number is not altered by
(1s,20)
treatment with drugs or hormones, they do not divide in the adult ’
and they have been widely accepted by other investigators as a constant
(21, 22) ‘
for quantitation .
(7))
Our quantitation method involves taking numerous photomicro-
craphs of serial sections throughout a biopsy using a 10X objective.
These phctomicrecraphs are then used as a guide for counting all the

Sertoli cell and Leydig cell nuclecli within the photographed area

e
N
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racnification. The results of these counts are expressed

lh

L=1ng L3I

as a ratio cf Leydig cells to Sertcli cells ( LC/SC ). The section
thickness mzy very slightly, the tubules may shrink or the germinal

cells may »e depleted as a result of treatment, but the LC/SC ratios

in control end treatment bicpsies will still be directly comparable
since the rmethcd compensates for such changes
To tes: the rethod we gave human chorionic gonadotropin (HCG)

to €ix norzal men, observed a severel-fold rise in urinary testosterone,

and looked fcr a change in the number, mass or morphology of the
(23)

Leydig cells . An increacse in number of leydig cells was

. ! ( 24)

expected beczuse Maddock and Kelson had reported such an

increase in a“normal and normel males treated with chorlonlc gonado-
tropih. Their report weas based on a subjective impréssion from bicpsy
cections. Ve used our méthod to quantitate Leydig cells before and
after treztment to see if an actual increase in number was occurring.
Since HCG causes shrinkage of the tubules from depletion of the
germinal epithelium, the subjectively observed increase by Maddock and
NeZson might have been due to the crowding of the leydig cells into a
more ccmpact interstitial area ( since the tuhica propria is elastic ).

The fcllowing table summarizes the results of administration of

ECG to =ix ncrmal men on the number of Leydig cells:
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SUSJZCT ' L2/sC T s.e. Lc/sc ? e Le/se ¥ s.e. |
CCHTROL 6 WXS. HCG 16 WKS. ECG ~
2. 0.56 ¥ 0.02 0.57 ¥ g.02%
£2 0.27 ¥ 0.02 0.21 ¥ p.028
3 0.37 ¥ 0.01 0.43 ¥ p.024
Y 0.67 ¥ 0.03 0.71 ¥ 0.02* 0.59 ¥ 0.022
£g 0.72 ¥ 0.02 0.77 ¥ 0.p2*
F0 ' + ‘
(rt. testis) 0.42 ¥ 0.03 0.49 I 0.02%
(1ft. testis) 0.50 ¥ 0.03 0.52 ¥ p.o2*

* no significant change
&  statisticelly sicnificant decrease
A étatistically significant increase

The Student's "T" test was uced to analyze the data ( P £ 0.05 ). J
kfter six weeks of administration; two subjects shcwed no change, one |
increased and one decreased. Leydiz cell ratios after 16 weeks revealed
that two subjects chowed no change and one éubject decreased. Thesebl
results indicete that the changes were rancom and therefore
acninistraticn of HCG caused no significant increase in the numiers of
leydig cells; and furthermore, that the increases reported by Maddock
and Relson were visuel changes not substantiated by our quantitative
methed.

Riter the validity of the procedure was demonstrated by the RCG
experiment, we have begun to apply the Leydig cell methed to material
collected at verious times after irradiation. TData from one subject
irredizted with €00r is presented in the foliowing table:

e

AN
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SUBJECT V1es

TIME KFTER RIGHT TESTIS LEFT TESTIS
IRRADIATION | LC/SC RATIO ¥ s.e. LC/SC RATIO ¥ s.e.
CONTROL ' 0.45 T 0.03 0.47 ¥ 0.02
26 days 0.44 ¥ 0.03%
92 days : 0.53 ¥ 0.02%
232 days  0.52  o.034
295 days 0.63 I p.o34
1022 days 0.55 * g.04%
1120 cays ' 0.75 * 0.05%
1253 days 0.49 * p0.02%
1722 days | o 0.88 * 0.03%
1904 days , | 0.61 ¥ 0.03%

* no significant change
& cignificant increzse above control

We observed a significant increase in the LC/SC ratio‘by 82 days
following irradiation. This increase has beeﬁ observed through 1722
days post-irradiation. A drop occurs at 1253 days for the right testis
and at 1904 for the 1e§t testis, suggesting a recovery of leydig cells,
substantiated by the fact that the germinal epithelium is in early
recovery, which together, would indicate that the testis is in the
process of functional recovery. Thus far four subjects quantitated
show this increase after irradiation with 600r.

Althouch & tctal of 1S subjects haye received €00r of irradiation

only 12 have sufficient biopsies taken after 90 days to ascertain if

10bb51b ~ DOE/HQ@
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an increasse hes teken place. Cnly one subject ( menticned above ) has
been fcllowed for s lceng enough time to begin to chow a recovery in
Leydig cell numbers. The number of men that will be available after

hes elapsed can only be postulated. At thiec time

in

n

thies emount of tim

seven subjects who have received €00r are actively participating in

3

the irracdicrio

-

program. Three subjects have biopsies after 1000 days

irracdiation. Ve shall continue to follow these subjects for as long
as possitle. Ecpefully until théy reach control levels. Should we
find significant chenges in all these subjects at 600r irradiation,
we are preparcd to investigate subjects at lower doses of irradiaticn.
Although tge tash of.quantitating these numerous.biopsies involves
hours of a techknician's time, they should yield valid data as.to the
effect of irradiaticn con Leydig cell rnumbers. “ A
We have besen examining and characterizing the ultrastructural
features of Leydig cells in control biopsies befcre carefully examining
those after irradizticn. Very preliminary examination indicates Leydig
cells are affected by irradiation within two days. This stuay will
enable us to determine morphological cﬂanges of the leydig cells which
cannot be seen with the light microscope We will attempt to answer
questions cencerning specific effects of x-ray on these cells and

determine if there its a dose-response relationship involved.

3. Hormonal Objectives

To determine the influence of any given racdiation-

procduced testicular aiteration upon other parameters such as: a) urinary

obestT ~ DOE/HQ



ﬁ:&\_/ total genelotreping, b) urinary interstitial cell-stimulating

hermone (ICSE), c¢) urinery follicle-stimulating hormene (FSH),

d) plasma-?SH, e) vrinary estrogens, f) urinary testostercne and epi-
testostercne, g) plesma ICSH, and h) plasma testosterone.

a. In each subject and for any dose level of
irracdiaticn, & distinct rise in urinary gonadotropins was noted. . The
rise occurred concomitantly with the first denuding of the germinal
epithelium. The rise was sustained until histological recovery
began. Subsequent lowering to normal levels paralleled the repopulation
of the seminifercus tubules.

Our explaraticn for the rise in gonacotropins is that the germinal
cells, éuring their ncrmzl course of maturation and development, require
gonadotropins. Iﬂ the zbsence of germinal cell activity no utilization
< occurs snd cnnseqnéntly excess gonadontropins appear in the urine. -The

lowerinzs of genadctrepins occurs as the germinal cells again become
active during the recovery period. Since the gonadotropin assay is a
measure of both FSH and ICSH, it became necessary to determine which
gonadotrcpin was meinly involved. |

b, Feasuring urinary ICSH on the same urine samples
revealed no change féllowing any irradiation exposure &t any time éuring
the course of depleticn, quiescent period, or during germinal epithelial
Trecovery. |

c. Measuring urinary FSH revealed a rise during
depletion, sustained during the quiescent pericd and a lowering to
normal cduring recovery. This in every way paralleled the rise and fall

cf the tctal conadetrepins. Our interpretaticn is therefcre that the

10bb518 - * | | 'DOE/HQ
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rise of totel g&ﬁadotrcpins is due to the rise in FSH and that the
germinal cells, during their pericd of activity, utilize FSH.
At this time data is being analyzed to give statistical

sigﬁificénce to the:ze observatibns. The results appear to confirm the
" above. Four subject; on 8r revealed no change in FSH and presumably

little or no change in germinal epitheliel functicn a& inferred from

sperm counts. Those subjects at the higher doses with drops in sperm

counts revealed the rise.

d. Yefsuring plasma FSH confirmed those results
obtained from the urine."No change was fpund in plasma FSH at ér,.a
slight increase was seen at 20r and highly significant increases were
seen at 78 - 600r. At these dosages plasme FEE.rose as much as four-

fold. - *ff’/

-

In order to evaluate Leydig cell function following irradiation,-
studies of estrogen, tectosterone and epitestosterone excretion and

plasma ICSH were cbhserved.

e. Estrogen excretion can be used as a measure of
Leydig cell function for ;he human male (2 ). This relatively
insensitive method failed to reveal any change. Later urinary testos-
terone evaluation became available‘and this was substituted for the
estrogen ascay. | .

f. Urinary testostercne measured by gas-liquid

chromatography, revealed & minimal but statistically significant

lewering fcocllowing irradiation. In 1958 we changed methodology and

K‘::‘?

VE / HC
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began using & new technique for urinary testostercne glucurcnide %n25 ;

which testosterone and epitestostercne zre determined separately .

Because 6f the great variation in results we have cdiscontinued
measuring urinary testosterone and are now concentreting on the plasma
testcsterone assay.

g- Measuring plasma ICSH by radioimmunoassay has
produced surprising resulrs in contrast to those cbtained from the
urine. Only two dosages ( 8r.and 20r ) revealed no change in plasma
ICSH following irradiation. At the higher doses ( 78r, 200r and 60Or )
there were definite increases in plasma ICSH. This increase was greatest
at 600r where plasma ICSH value:s were double the control values.

The féll in urinary testostercne and the cencomitant rise in

ICSH strongly suggests that irradiation is causing Leydig cell failure.

N Preliriinary olservacions from Leydig cell quantitetion reveal an increase
in Leydig cells ( vicde supra ). It is sﬁggested that this increase in
Leydig cell numbers is an effort to compensate for their failure in
function. .

h. We are,just'beginning to obtain results from
plasma testosterone determinetions using a ¢om;etitive protein binding
methodl The normal mele control value obtained in this luboratory
( 36 plaksma samples ) is 515 ¥ 184 ( S.D. ) ng/loom with a range of
212 - 896 ng/100ml. Preliminary data from two subjects at 600r and
two subjects at 200r indicate no statistical change in plasma testos-
tercne following irrzZistion. More samples are now being assayed at
each dose level ( 20r, 78r, 200r and 600r ) to determine if irradiation

has any effect upon plasma testcsterone.
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4. Jerronal Accerplishments Relevant to Delineating e’

Tormal Human Testiculer Thysiology; Methods Used and New Methods of

Approach.
a. Total gonadotropins
All urinery gonadotropins afe extracted by the
Xaolin-Acetone procedure described byvAlbert ¢ 28 ). The precipitate
obtained thereby is then assayed separately for total gonadotropin,
FSH, and ICSH activity.
Urinary tota: gonadotrcpins were assayed jn each subject at all
irradiation doses. The ovarian weights of immature rats were used
as the endlpoint. These weights were exprecssed in milligrams of a
standard, P-22-C, which raused a parallel increase in ovarian weight
in the assay animsl. t-fﬁ
b. Urinary interstitial cell-stimulating hermene
Urihary ICSH was measured using the hypOphysectomizea
rat ventral prostate bicessay devised ﬁy Greep, et al. 27 . A com-
plete ststistical evalustion of the urinary ICSH biocassay data, using
the Thorslund-Paulsen parallel-line technique (287 for estimating
potency was carried out using the IBM 7040 and 7094 computer facilities
at the'UniQersity of VWashington. Urinary ICSH data is expresced in
milligram equivalents of a Pergonal reference preparation.
The ICSH control data have been analyzed and yield a mean of

0.68 mg of Pergonal and a standard deviation equal to 0.10. The

distribution function may be approximated by a normal curve ( X = 0.69,

tn

.d. = 0.1 ).

jobbszt ~ DOE/HQ



¢. Urinary fellicle-stimulating hormone (FSH)
Urinary FSH was measured by the ovarian weight
(1)
avgmentaticn technique . A complete statistical evaluation of the

urinary ©SH bioassay data using the parallel-line technique for
estimating potency was carried out with the use cf a Fortran II program
and the Computer Center of ﬁhe University of VWachington. Urinary FSH
is estimated in terms of a standard Pergonal reference preparation.
In 1968 all FESE deta was re-analyzed using the Thorslund-Paulsen (28)
parallel-line program. The results ere almost identical with those
obtained using the slope-ratio technique, however, additional information
was obtained concerning the internal consistenéy of thg assaQs (A,
Finney's g, F-tests ). For normal, héalthy men, oﬁr laboratory control
values have a mean of 0.11 mg P2€e/24hr and a standard deviation of
0.04. The frequency distribution of scores may e approximated by a
normal distributicn; mean = 0.11 and stancdard deviation = 0.04. A
goodness of fit tést yielded‘x2 = 12.5, which is less than the x2 at
0.05 and 6 degrées of freedom. We are now in the process of re-analyzing
‘the vast amount of urinary FSH and ICSH data we have accumulated. Each
assay is being carefully evaluated both personally and with the aid of
the computer. Thits analysis will continue for some time because of the
time involved in evaluating each response that has been obtained in all
subjects who received irradiation. After this careful analysis has been
completed it will be inspected further to determine if there is a dose-

response.

10bb522
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d. Urinery testostercne
The urinary testosterone methed we formerly

o

used rezsured testosterone and its epimer, epite

tn

tosterone, combined.
This rmethod involves enzyme hydrolysis of the testostercne glucuronide
n tre orine, sclvent extraction, and washing to remove polar contam-

inants. Tne sample was further purified by thin-layeT and paper
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osterpne~containing zones on the chromato-
grams were loczted with a radiochromategram scanner. The testosterone
fraction wes quentitated uvsing cé= liquid chromatography by comparing
the detector response of the sample testosterone to that of standard
testosterone. Lbsse; during processing ( mean recovery for S00
analyses ='59% ) were evaluated by addition of tracer amounts of

tritiacsd testosterone to each urine sample and counting a one-tenth

ﬂl
m

a2liquct ©f the resulrtant testosterone fraction. .

-~ -

-

In 1868 we chenged “etuodolocy and uced a new and more specific

technigue for urinary testosterone glucu“onxde in which testostercone
and epitestosterconrne were éetermined.separately ¢ ). It was carried
out at The Swedicsh Hospitzl Medical Center Department Of Pafhology
under the direction of Mr. Arthur Olson. However, as mentioned before,

we have ciscontinued analyzing urinary tectosterone in favor of plasma

testosterone.
e. Plasma FSH and ICSH
The radioimmunoassays of human plasma ICSH and FSH
zre bzsed on the competitiocn between labeled and unlabeled antigen sites

o}
3
m
"3
[14]
0
[
bh

*ic zntibodies. The importance of this assay procedure resides in
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ite ability to specifically measure protein quantities in the range
of ng ( 107% ) or pg ( 107%%g ) which is 500 - 1000 times more

. It also enables us to measure a

in

sensitive than bicassey procedure
large number cf samples at once using small volumes of plasmé of serum.

" 7777 All reactants are diluted in the following buffer: 0.01 M phOSphate;
0.15 M KaCl, 2% normal rebbit serum, 0.02% merthiolate, pH 7.8. The
reagents for radiocimmunoasssy are supplied by the Naticnal Pituitary
Agency and the Endocrine Section of the National Institute of Arthritis
and Metabolic Diseases end include rabbit anti-HCG, LH-LER-960 ( for
labeling ), FSH-€€8-2, rabbit anti-FSH, and ICSH and FSH pituitary
reference preparation LER S37.

The iodinetion procedure ics that described by Greenwood and

(29)
\\_/ Hunter . Carrier free 131

I is obtained in approximately 2 mc
amounts in plastic polyvials from the Isoserve Corporétion, Cambridge,
" Massachusetts. The following reagents ere then added to the viel using
standard preparaticns for handling large amounts of radiocactive iodine:

1. 25N of a 0.4 1 PO4, pH 7.5.

2. 10X of 2 pg of ICSH or FSH in a 0.1 M PO4, 0.15 M MaCl,

pH 7.8 buffer. |

3. 10A ©of chloramine I ( 25 mg in 10 ml of above buffer ).

4.  25). of Na2 S205 ( 25 mg in 10 ml of above buffer ).

The éntire reaction miéture is applied to the exposed surface of
the'Sephadex G-75 column. The column is prepared in a scoft glass tube
previously eguilibrated in 0.01 ¥ PO4 NaCl, pH 7.8 at room temperature,

end weched with 2 ml of 2% tovine serum glbumin to coat the classware

-
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anc Seppadex with albumin, thefeby preventing absofption‘of radio- -4)
ioﬁinateq hormone cnto the glass'tube.' Separaticn of 1cSH-2311 or FSH-
13;1 from inorganic 1321 i¢ achieved by passing this solution through
the Sephadex column. The eluants are collected ten drops per tube for
20 tubes, and counted in the gamma counter. In.our previous studies,
two peaks of radioactivity are obtained; an early peak beginning at
tube three to five and.trailing off by tube =ix; énd a second peek
containing free 1311 beginning ‘at about tube seven. The ICSH-13II or
FSH-1311 i¢ contained in the first peak and gererally the tube high on
the trailing edge of this peak contains the least damaged ICSK-1311
or FSH-1311 and is used in the assay. The specific activity. of IcsH-1311r
iz between 200 to 500 pc per pg, and is 250 to‘650 pc per pg for FSH-1311.
The radioimmunosssays wi%l be carried out using Odell's ¢ 30, 31 N
methods with slight modifications. All reagents will be added to |
10 x 75 ma tubes in the following order:
1. buffer ( as mentioned earlier ) to make a total volume of

1.0 ml.

2. 100A ( pl ) of 0.1 MEDTA, pH 7.8.

3. 200A of plasma to be assayed ( or of "standard hormone"” ).
hi

4. 100n containing 0.05 to 0.15 mug ICSH-T-'I or FsH-1311.

S. 100A of antisera suitably dilutgd usually 1:10,000 ( final

dilution 1:100,000 for anti-KCG ) or 1:40,000 ( final
dilution 1:400,000 fer anti-FSH ).

Complete standzrd dose-response curves are run in all assays, and
P P

- dlg
s
REfey
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plctted on a semilcg paper: For this purpose kncwn amouﬁts of ICSH
or FSH are acdded instead of plasma. The range of standard we are
veing is frem 0.1 mIU to 100 mIU ( 1 mIU = 2.08 mpg of LER-967 for
ICSH and 5.0 mpg for FSH ). All tubes are incubated for four cays at
4°C at which time 50A of anti-RGG ( 2nd antibody ) is adcded to each
tube and the mixture incubated 24 hours longer at ¢°c to achieve
separation of antibody-bound from free ICSH-13II or FSH-1317. Tubes
are then centrifuged at 500 g and the supernstant removed by suction.
Radioactivity is measured in a gamma spectrometer, and all results
expressed as a per cent of counts per precipitate. Zero per cent is
defined as Bo ICSH- 1311 ( FSH--31I in the case of FSH ) bound to anti-
body. 1In our previous studies, 5 - 10% of iodinated hormone was non-
specifically ﬁrapped in the precipitate. These counts could be removed
by washing the precipitate but this was found not to contribute
significently to the preciéion of the assay. One hundred per cent is
defined as the number of counts precipitated in tubes containing
1cSH-1311 or FSH-1317 and antibody, but no unknown or standard ICSH or
FSH. The results are calculated in terms of pg of LER-907 per 100 ml
of plasma. Each assay of poolea plasma it run as a control reference
elong with the unknown plasma. -

The plasma samples of the same csubject are run in the same assay

if possible. We have found that the intra-assay variation ( 2 S.D. )

t4

% 11% for ICSH and

A
n

N

¥ 31% for ICSK and T 30% for FSH. These techniques are capable of

.
n

-
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10% for FSH. The inter-assay variation ( 2 S.D. )
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rmeasuring between 0.8 ng to 30 ng per assay fube for ICSH and between

4 ng to 75 ng per assay tube for FSH. We have found that the average
concentration of plasma ICSH teken from 50 healthy men is 9.04 T 2.65 piles
LER-807/100mY. The average concentration of plasma FSK taxen from 35 |
healthy men it 34.4 - 8.55 pg LER-907/100ml.

Since standard LER-9C7 was suggested by the National Pifuitary
Agency in 1968, two laboratories we have compared our results with are
( 32 ) ( 33 )
nankin and Pzulcen . Our results are comparable to thece

two labcratories in terms of pg LER-907/100ml plasma, as chown in the

following table:

lNo. | No. . /
;normal " Plasma ICSH® normal Plasma FSH™
{ men . mean rarge . i men mean range
H i } . .
Our laboratory . 50 9.0 4.8 - 15.3 35 | 34.0 22 - 45..
: 32) |
Rankin |79 7.6 3 - 21.0 57 1.0 8 - 41.:
(33) . ;
Paulsen F e - - 54 _ - 23 - 53

* pg LER-907/100ml plasma
We have also exchanged blinded samples with Dr. Paulsen and found
equivalent values.

Our previous results are also comparable to mIU 2nd IRP-HMG if

‘tn

ccrnversion facters are used. However, there is confusion if mIU of LER-907
is vsed, because other conversion factors are involved of which, unfor-

tunately, many investigatcrs are not aware. ( radioimmunoassay 1 mIU LER¥

-
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= 4.6 niUl 2nd IRP-K4S for ICSHE, and 1 mIU LER-S07 = 1.9 mIU 2nd
IRP-1G for FSH ).

In additicn, we have also measured plasma ICSH and FSH in men
exhibiting a veriety of abnormal conditiocns. A few of these are

listed in the fcllowing tzble:

| .
Plasma ICSH* | Plasma FSH¥
pg LER-907/100ml ; pg LER-907/100ml

Hypcgonadotropic hypoQ .
gonadism : 4.0 17.5

Functional prepuberel

\\_’ castrate syndérome 65.5 | 222.0
'Surgical castrete 52.6 111.5
{Sertoli-cell-oﬁ-y syndrone : 26.6 ;26.5
!Postmenopausal syndrome 121.3 436.0
lMale climacteric syndreme i 114.0 194.0

F—

* Normal men ( ICSH range 4.8 - 15.3; FSH range 22.0 - 45.4 )

f. . Plasmz testosterone
Plasma testosterone is measured by competitive
prectein binding by the method of Murphy ¢34 ?. This involves extraction
oi blasma with ether three times, shaking each time on a Vortex mixer.

The ether phase is cried dcwn in a water bath at 45°C with filtered air

and the extract then placed on a column chromatograph of Sephadex LK-20
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identical column of tritium-1 testosterone only, are collected

n 2.5 ml aliquets and dried down.

4

To deternmine the amount of testosterone in these fractions, standard
curves are set up for each assay. A series of tubes cdﬁtaining 0,
.1, .2, .4, .6, .8, 1.0, 1.2 and 1.5 ng of testosterone in ethanol are
dried down. To thece standard curve tubes and the fractions containing
unknown ameunts of testcsterone are added .1 m1 of "protein tracer®
( 0.1 ml third trimester pregnancy plasma, 0.08 ml of 10 pc/ml 34-T in
ethanol, 10 ml .2 } phosphate buffer ). The tubes are then incubated’
five minutes at GSOC, then 30 minutes at 4°C. A1l following procedures ‘~_4/
are carried out at 4°C. A 1 ml aliguot of 10% Korenman's suspension (in ‘
phosphate buffer) is then added to each tube to adsorb free testosterone,
and the tubes incubated for five miﬁutes. The tubes are shaken for one
minute, then centrifuged at 4000 rpm for five minutes. A 0.5 ml aliquot
of the supernatant is pipettéd off and counted in a scintillation
counter. The curve obteined by plotting cpm vs. ng testosterone in the
standard curve tubes is used to determine the amcunt of testostercne in the

are reported as ng testosterone/l100ml plasma.

n

plasma sample. Result
Tnic assay can be perfbrmed by two persons in two and one-half days,
running 14 columné - six duplicate samples, one tracer column, and one
plasma pool coclumn. We found that all glassware must be washed ultra-
sonically, then washed with distilled ethanol, and finally washed with

double-cistilled H,0. EIther used in the extraction must be freshly %aﬁ)
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- distilled. e find we can run three assays every two weeks, with
fortuitbus timing of dishwashing, distillations, etc. We currently
do no- distill the solvents in our solvent system; instead, we treat
the solvent system with MNorit A and filter through a Millipore system.

o T One of the biggest problems in all plasma testcsterone assays by
( 34, 35 )

competitive protein binding has been the solvent blank in

the chromatograrhy procedures. It affects the amount of testosterone

"ceen" by the protein - either by competing with testosterone or somehow

ctill much discussion on the

re
tn

altering the site of binding. There
mechanism of this effect. Bezides presenting problems for the standard
curve, the ,solvent blank is often not reproducible.
It has been suggested that the effect of the solvent blank be
U nsubtracted" from the standard curve. This is not possible, as the
_ : ( 34, 35 )
sclvent blank effect varies with the level of testcsterone .
This method eliminates both problems. Chromatsgraphy on LH-20
presents a small and reproducitle solvent blank. Since an accurate
aliquot of 2.5 ml of solvent is collected, it is possible to add 2.5 ml
of solvent to each of the tutes of the standard curve, compensating for
ite effect. With 24 duplicate and triplicate plasma samples over-a

range of 0.1 to 1.5 ng testosterone, the average % difference

larger value - smaller.value | : '
- x 100 is 5.2%, with a range of

0.2 to 16.5%

larger value

In water blanke testosterone was undetectable. An indication of

minimum sensitivity is the detection of testosterone at the female level

é\j g‘ g
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with a plasms sample cf 0.5 m)l. From this, and indicaticns from the
chape of a Yprofile" curve, we can obtain by plotting eluate volume
ve. ng testostercre equivalent, we can routinely.detect 0.5 ng

testostercne. We have done the following plasma testosterone deter-

minations:

Subject - Testosterone (ng/100ml)
Functicnal prepuberal castrate (age 14) ‘ | 60
Hypogonadism ‘ , 46

Male climacteric ‘ 208_

A female patient had a plasma testosterone level of 42 ng/100ml.

Subjects receiving testcsterone propionate have testosterone levels

exceeding 1100 ng/100ml.

-

Our general agreerment with other established methods of plasma

testosterone measurement is shown in the following table:
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5.  Surmmary of Specific Highlights of Work to Date

a. Cytolegical
1) Development of a method for the cuantitation
6f gerninal cells. |

ii) Development qf a method for the quantitation
of leycdig cells.

iii) Confirmation of the timing of spermatogenesis
in no>mal men @s reported by Hellar and Clermont ¢+ ),.with X-ray as
(16 ) ,
the tool .

iv)  An outline of the quantitative respbnse of
the various. germinel cell types to irradiation at dosé levels of
approximately 10r to Godr.

v) Claésification of the dose-response for
the varicus germingl cell types.

Low doses | ¢ 10r - 100r ) - séermatogonia affected

Intermediate doses ( 100r - 300r )- spermatogonia aifected as
well as spermatocytes ( but the latter do not agpear visibly
damaged under the light microscope )

High doses ('400r - 630r )- all cell typeé are aifected;
spermatids, however, are not visibly damaged using the light
microscope.

vi) Evaluation of the effect of biopsy upon

ct

gper™m coun

vii)  Ultrastructural descfiption of four types of
(8)

humzn spermategonia, a first in the field of electron microscopy .
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viii) Preliminary identification of ‘another type

3

of spermatcsonium, perhaps radistion-resistant, frem data on light
micrcscopic examinztion of X-ray-depleted biopsies.
ix) Human germinal cells embedded in Epon and

viewed under the licht microscope have been described for the first

time.

x)  Determination of ductular transport time of
mature sperratozcz from the time they are released¢ from the Sertoli cell
cytoplasm until they &ppear in the ejaculate ¢ ).

xi)  Discovery that the morphology of sperm during
the recovery is normal, that is, the testis cleans itself of abnormal
cells. |

xii) Quentitetive inspection cf the recovery of

2ll doses studied following irradiation. The earliest spermatogonial

recovery begins &t éaproximately 150 days for all doses.

&

»

xiii) Individuals given the same dose of X-ray
jrradiation respond in a slightly different manner, i.e., recovery
may take longer in one than another.

xiv) Discovery that humans are unique with regard
to germinal epitheliﬁm recovery, as compared to other mamnals studied.
Surviving human spermatcgonia éo not repopulate before differentiation
occurs as with mouse, rat, etc. in humans the spermatogonia differentiate
more mature cells. Thus during the process of depletion in

mouse , spermatogonia surviving irradiation damage quickly renew
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themselves and repcpulate the seminiferous tubules. Only. after such
renewal tekes place does differentiaticn occur. In man, following
doses of 15 to 50r, the surviving spermatogonia do not repopulate the

tubule, but after some slight renewal effort,

O
| &%
"

entire seminife
%1y differentiate. This further denudes the germinal epithelium
and further lowers sperm cocunt. Later, as more -spermatogonia begin
renewal but also btegin differentiation, this phenomenon results in a
greét delay in recovery at all doses ( 15 to 600r ).

N xXv) Determination of the duration cf each cell .
type by evaluation of germinal cell quantitation ¢ ).

. xvi) Immediate effect of X-ray on sperm morphology.
During depletion'Sperm remzin normal following irradiation at doses
below 400r; at 420r- &ni ebove, sperm morphology is severely damaged
in the first 67 days efter X-ray, indicating damage to cells that were ~
spermatids at the time of irradiation.
b.  Hormonal
i) Rccumulation of further evidence toward
(43 )

substantiating the "utilization hypothesis" , that is, that
gonadctropins are ‘directly related to the functional status of the
testes. This zcssumes that the germinal elements in the testes nommally
utilize gonado:ropin and that following cellular depletion of the
tubule less geonadotrepin is utilized. This results in more gonadotropin
appearing in the venous effluent of the tecstes, the general circulation

(44

eand in the urine. This is consistent with our finding that total gonado-

v}

tropins are increzsed as the germinal epithelium is denuded following

’@Mn,_

),
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irradiation.

ii) Data shewing that urinery and plasma follicle-
stimula:ihg hormcae increzses as the germinal epithelium is depleted
following irradiation, and decreases as repopulation occurs. Also,

data revealing that urinary ICSH does not increase following irradiation.

-57.

iii) ARdaptation of a method for the radioimmunological

determination of plasma LCSH, which shows a rise in plasma ICSH
following irradiation.

iv) Leydig cell function appears to be depressed
by higher doses of irradiztion as reflected by lowered urinary testos-
terone levels. Ccopensatcry mechanism seem to be elicited as reflected

: ) : .
by increase in plasme ICSH and increase in leydig cell numbers at high
dose levels.
) A ministrazipn cf excgenous human éhorionic
gonadotropirs folleowing irradiaticn reveals that the Leydig cells are

as capalle of responding to this stimulus as are normal Leydig cells.

This may explain their response to the elevated endogenous ICSH.

[0bb53p S
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