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It is requested that you take the nééessarylstep&,to process the following:
described contract action (CA):

1. Nature of Action Requested:

[ XX] Selection of New Contractor and/or Negotiation of Contract
Number: AT-{40-1)-4002
Contractor: Texas Technologfcal College

[ J Modification of Contract
Number:
Contractor:

2. Nature of Services To Be Covered by Contract: Research

Title: “The Effaects of X-Irradiation on the Human Testis: An
Electron Microscopic Cytochemical Study"
3. Type of Contract:

[ XX Support Agreement [ ] Cost Type [ ] Other
4. Amount of AEC Funds To Be Obligated by This CA: $24,403.00
5. AEC Percentage of Est. Total Cost To Be Shown by This CA: 73%

6. Description of QOther Changes To Be Covered by This CA:

New contract to provide for the performance of research to be completed
during the period Noverber 15, 1959 - November 14, 1370. AEC support
ceiling will be as indicated in Items 4 and 5 above. Title to equipment
shall vest {n the contractor under authority of the AEC Act of 1654
since the contractor's contribution §s expected to equal or exceed the
value of the equipment. The project will be under the direcHon of R
Dr, Jerry D. Berlin. - : Vs

' ' <=\ d
Authority: ' C:;€7i;/,/€*
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TEXAS TECHNOLOGICAL COLLEGE CONTRACT NO. AT-(40-1)-4002

APPENDIX "A"

For the Contract Period November 15, 1969, through November 14, 1970.
A-1 RESEARCH TO BE PERFORMED BY CONTRACTOR

L The Contractor will conduct microscopic (electron) and cytochemical studies

S on biopsied tissues from normal human testes which have received x-irradiation
. at doses of 200 rad and 600 rad. Samples will be obtained from a few
minutes to several months after irradiation to define the enzymic localizations
that take place during a number of phases, i.e., spermatogonial degeneration,
and the recovery processes when the seminiferous tubules are repopulated with
the spermatogenic cell series. Effects of irradiation on structure and
function will be a principal consideration. ‘

The Principal Investigator expects to'devote approximately 20% of-time
- for nine months and 100% of time for 1 1/2 months to the work.

CA-1I WAYS AND MEANS OF PERFORMANCE

(a) Items Included in Total Estimated Cost:

(1) Salaries and Wages: $12,350.00

Dr. Jerry Berlin, Principal Investigator
2 Graduate Students

(2) Fringe Benefits: 593.00

(3) Supplies and Materials: ' 3,038.00

(4) Equipment: 10,000.00

Ultramicrotome and Light Micros;ope

(5) Communications: 50.00

(6) Publication Costs: 400.00
(7) Travel: 1,000.00
fﬁﬁi (8) Electron Microscope Service Contract: 1,600.00
_ (9) Indirect Charges (36.74% of Salaries and Wages):  4,538.00
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" TEXAS TECHNOLOGICAL COLLEGE -2- CONTRACT NO. AT-(40~1)-4002

(b) Items Significant to the Performance of This Contract,
But Excluded From Computation of Total Cost and From
Consideration in Proportioning Costs:

- None

(c) Time or Effort of Printipa] Investigator to be Contributed
by Contractor:

Cone under this paragraph

A-III The total estimated cost of items under A-II (a) above for the
contract period stated in this Appendix "A" is $33,569.00; the
Commission will pay 73% of the actual costs of these items in-
curred during the contract period stated in this Appendix "A",
subject to the provisions of Article III and Article B-XXVII.
The estimated AEC support cost for the contract period stated
in this Appendix "A" is $24,409.00.
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Form AECA481 . T

_ (6-67) ' ' ~
AserR 2451 U.s. ATOMIC ENERGY COMMISSION 1. BATE s 2. NgTHORIZATION
.1 CONTRACT AUTHORIZATION - MOV W8 | meez0-oun
sA.To g, R, Sapirie, Manager s.s. rrom  John R. Totter, Director .
Oak Ridge Operatfions Office Division of Biology and Medicine
o 4.A. CONTRACTOR (Noms, 4diress, Desgartment, ete.) 4.8. PRINCIPAL INVESTIGATOR (S) »
Lo TEXAS TECHNOLOGICAL COLLEGE S
Tl Lubbock, Texas : Jerry D. Berlin
' \ 5. , o 6. TERM OF CONTRACT - 17 Gontract NUMBER : |
e [E NEW CONTRACT O RENEWAL O orner |1 yr frm date of contract )Z 7".-( Yooy )- HP0VY—
_ 8. RECOMMENDED TYPE OF CONTRACT: = . .- 9. EQUIPMENT TITLE TO VEST IN: 10, SECURITY CLASSIFICATION: . -
» [0 FIXED PRICE - : o OTHER O AEec ) Lo )
R O  COST REIMBURSEMENT ) & CONTRACTOR - Work to be performed is under category I

ST &) SPECIAL RESEARCH SUPPORT AGREEMENT {SRSA) as defined by AEC Mjanual App?ﬂdix 3401

S T ProJECT TiLe | THE EFFECTS OF X-IRBADIATION ON THE HUMAN TRSTIS: AN ELECTRON
aE MICROSCOPIC CYTOCHEMICAL STUDY | :

12. HEADQUARTERS TECHNRICAL CONTACT

Frank T. Brooks

o] 13. FINANCING

A. OPERATING EXPENSES
" NewAECFunds ,.,......... et ee et e e e et e e e
. _ $ 24,409
Estimated AEC Balance From Pror Term,ifany . . « « . v v v i vt v vt et v o nonosenoass .. $ :
; e bt e e e f et et et et ,’.szu,t;ogv
Estimated Contractor Contribution, On Proportionate Sharing Basis,ifany . ............ ... $ * )
K Estimated Project Cost, For Pertinent BudgetPerod . . . .. .. .. .. ... ... ... e e e $
. :'.‘4 Budget and Reporting Classification: 05 01 01 '
o Allotment Transfer: 05 01 91(24)

B. PLANT AND CAPITAL EQUIPMENT 4 1ottt esessesasesosenenaanenss suvesd
- Budget and Reporting Classification: . '
P Allotment Transfer: '

R 14. SPECIAL PROVISIONS AND INSTRUCTIONS:

The technical aspects of the proposed work have been reviewed and are approved. A need currently exists for the results of the research or other
work that is to be undertaken. None of the AEC funds shall be used to confer a fellowship.

Piease keep us informed as to any problems encountered in your ncgotiations, as well as the date of exccution of this contract and the amount of
funds obligated. If the budget as negotiated differs substantially from that in the proposal, please forward a copy of the revised budget 10 Head-

3

quarters.

tI}E not already submitted, a 200-word summary of the proposed work should be forwarded by the contractor as soon as possible after negotiation of
e contract. , .

*To be determined.

15. SCOFPE OF WORK - T . p T E . v
A cytochemical study of the effects of actte irradiation on/human
spermatogenesis. ' '
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Lubbock, Texas T * © .. e

Jarry D. Berun L
Department of Blology " - = - . i
Texas Technological COIIego o

Dear Dr. Berlin

1 am plcased to 1n£orm you that &tomic Ennrgy Comminion contribution
toward support of your project, wrhe Effscts of X-Irradiation on the
Human Testis: An Blectron Microscopic Cytochui.cal Study, ~_.h_as bean -
npproved but at lesa than the requcstad level, U ELTTE ekl

The negotiation ot ths contract i.nclud!.ng unanclai dntﬁ.l, wiu
be handled by our Oak Ridge Oparutions Office and you may expéet -
to bear from a rapresentative of that office shortly.“ Rnaponsi.b!,uty :
for the technical and scientific adminiatration will “BE Eourse; ¥ A
remain with tho Divi.sion of Bi.ology and Medicine in Uuhington. :

Ptank T. Brooks ’ D V.H.
Madical Research Branch .
Division of Biology and Msdicine -
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I. First-Year Budget (From November 15, 1969 to November 14, 1970)

"Estimated Requirements S

O T - e e ' _ lst Year
R T S S -~ Texas Tech -;} Atomlc Energy
'-ffiiwf_ff;jg;A. N ,-f“ R L » ““University i 25 Commission
1. Salaraes and Wages ' L B
a. Principal Investigator, . Berlin, . T
‘ Assoc. Prof., $1633 per month . S . o
(Full-time for 1 1/2 months) o $ 2,450.00 °
(1/5 time for 9 months) : . - $2,939.00 - , .
b. Graduate Assistants ‘ S g
' Graduate Assist.(1/2 time for 9 months) . $2,500.00 -
. ' Graduate Assist.(1/2 time for 9 months) LT 2,700.00
' Graduate Assist.(Full-time for 3 months) S e
. Master's Candidate s el neln 861,000 T
Graduate Assist.(Full-time for 3 months) [ 5
Doctoral Candudate o , e oD 800.00

c. Frlnge Benefits (Soctal Security, etc. . TS T
i at 4.8% of above salarles) , o 141,00 - B452.00
S 2. Supplles and Materlals , Lo w e e R
Chemicals - S - ' SRR .. 600.00
b;_ Glassware = S - L4oo.00 -
c.. Electron Microscope Plates, other Materials B - 688.00
d. “Other Photographic Supplles _ : ' ~ 400.00
‘ e. Diamond Knives (two) : - ~ - . 900.00
f. .0ffice Supplles and Mlscellaneous - o - 50.00.
' 3.>1Equ1pment R IR . S T
' ‘a. Ultramicrotome IR o e _ .~ 5,000,00
b. nght Microscope o - . ~-5,000.00 -

" k. Publication Costs -1 500,00
. i Cdmmuni cfatiory‘_: o

“{?Tfave1 I .

.8, - TO Sc:ent:fnc Meetsng Can '
;;b To Seattle Washnngton 8 Salem, Oregon

AftH'taCh' Electron M:croscope Servnce Contract_l

”8;“lnd|rect Charges 36 74% of salarnes “and wage;¥fjnr.. .0C
. in accordance wath polncy establlshed wuth
. DOD TDS 66- 67 e . L




L T
.} T oTAL PROJECT | | $33,563.00 .

Percentage‘and Amount Contributed $ 9;]60.00
by Texas Tech University-27.3%

Percentage and Amount Requested' $24,h09.00‘
' 1'from the AEC“72 72 .

J. Second Year Budget (From November 15, 1970 to November 14 ]971)

‘ }i”fi»“. -ﬂ; .’71?;“ V.'J "i o _‘f"' Estumated Requurements

! © ' ' , : Texas Tech Atomic Energy
' : - University ~ Commission
1. Sal%r(es and Wages _ R K ‘ S
a.'! Principal Investigator, J. Berlin, '
i Assoc. Prof., $1715 per month o o L SR
-- - (Full=time -for--1-1/2-months ) -~ Co0 T $2,573.00
' i (1/5 tlme for 9 months) - § 3, 087 00 ' - .
b{ Graduate Assnstants , T -
| Graduate Assist.(1/2 time for 9 months) -t 2,500.00
Graduate Assist. (1/2 time for 9 months) _ 4 - ..2,700.00
! Graduate Assist.(Full-time for 3 months) , .. 861.00
. Graduate Assist (Full-time for 3 months) R .- 900.00
c. Frlnge Benefits (Socual Securlty, etc S ST E e
at &, 82 of above salarles . .. 148,00 . 458,00
2. ;SULPIIES and Mater|a1s ) L B
: " ‘a. Chemicals . S - 600.00 . -
- b. Glassware - ‘ : ST .300.00 -
' -~ ¢. Electron Microscope Plates other Materials =~ -~ =~ . . ~..7600.00 - -
- d. Other Photographic Supplles e e 2 B00L00 T
_e. " Resharpen diamond knives R . ST e e 7 200,00
f. Offnce supplnes and mlscellaneous R R o . 50,00 T

. None Requested for 2nd Year T

,»fPub]ncatuon Costs..;a f‘;e’fﬂ}t;—‘ o o ,f fe-"‘ff‘1 :fﬁ};600.00'f'?

.:‘Communlcatlon

.”fTravel i ' N
o “To Scientific Meetung T R e
To Seattle Washlngton 8 Salem, Oregon

b.'

iH:tachz Elec ron Macroscope Servnce Contract f;{i:oj'

:fflndirect Charges 36 744 of sa]arles and wages in
j’accordance wlth polxcy establlshed wnth DOD 5f'

l0311899
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TOTAL PROJECT COST

Percentagc and Amount Contributed
by Texas Tech University-18. 8%

Percentage and Amount Requested
from the AEC~81 2% L _

L]
ot .o -
. =
o

-$23,264.00
'$ 4,369.,00

$18,895.00
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PROFOSAL FOR
THE UNITED STATES ATC04IC ERNERGY CCMRISSION

~ SUPPORT OF RISEARCH

Projact Title: The Effects of X-irradiation on the Human Testis:
An Electron Microscopic Cytochemical Study

Desired Starting Date: September 1, 1969

Institution: Texas Technological College
Lubbocl, Texas 79409
Principal Iavestigater: Jerry D. Berlin
' Assoclate Professor
Department of Biology

- Authentication:

///’/’// &//-, , | o . .&...J” ,ZZ’&-&.»»{_’/,;: '_ ' ‘. .' 

Je’ry/D Berlin ‘ Dr. hcnuy Davanport oy
Pr;chpal Investigator . Assccizte Vice President - ' _
: for Rasearch [
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THIS IS TO CEéTlFY That the equipment, specifiéal]y
-an ultramicrotoms, requasted fér purchase in the Atomic Energy
Commission Reseérch Proposal entitled "The Effects of X-irradiation
on the Human Testis:.'An Eiectron Microscopic Cytochemical Study" |
- is ﬁot feasonably available for use on this project at Texas

.Techno]ogical Col]ege;

'TEXAS TECHNOLOGICAL COLLEGE

A

: Monty E Davenpo.t
Associate Vice President for
Research and Special Programs

Ji
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i . o PROJECT ABSTRACT

Control and X-irradiated (200 and 600r) testes of normal men will be sub-
jected to an electron microscopic cytochemical examination. Samples will be
obtained from a few minutes to several months after irradiation to define en-
zymic localizations that occur during (1) spermatogonial degeneration, i.e.,
early radiation effects, and (2) the recovery process when the seminiferous
tubules are repopulated with the spermatogenic cell series. Information de-
rived from this study should provide knowledge of the effects of X-rad:at101
on the structure and function of these important cells.
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“A. Scientific Background:

The material for this study will be obtained through the courtesy of Dr.
Carl Heller, Director, Division of Reproductive Physiology, Pacific Northwest
Research Foundation, Seattle, Washington, who has kindly consented to supply
the Principal Investigator Wlth human spermatogenic tissue from voluntezr in-
<mates residing in the Oregon State Prison, Salem, Oregon. Dr. Heller's pro-
* gram projections are such tht the material required for this study will be
available during the normal course of his work. Thus, experimental manipula-
tion of human subjects will not be duplicated for the proposed study. In fact,.
we view the proposed work as an effort to obtain the maximum amount of scien-
tific information from this rare and unique experimental material.

The Principal Investigator of the proposed study previously cooperated with -
_Dr. Heller on an electron microscopic study of human spermatogzenic tissue. In
reality, the proposed work is a2 continuation and extension of that 'study. We
have identified four distinct types of human spermatogonia by fine structural
ceriteria, whereas previously only three spermatogonial types were recognized
(see Appandfces A and B). Also pertinent to the proposed work was an initial
. study made in the area of electron microscopic cytochemistry. Although we
were not zble to complete those studies before the Principal Investigator moved
to Texas Technological College, we were successful in processing tissue ob-
‘tained from the prison in a laboratery removed from the prison by approximately.
‘350 miles. The same techniques that we have previously used for remote sample
preparation will be used without modification in the propoced study.

It is well known that the testis is an extremely radlosenSLtlve tissue.

In the mouse, Dakberg (1955a, 1955b) has shown thet radiation-induced sterillty
is the rasult of spermatooonlal degeneration and is not due to an inhibition of
. mitosis. Heller et al. (1955) have shown spermatogonial damage in human testes
as early as three hours postexposure. These same workers réported complete de-
nuding of the germinal epithelium in man at 200r and above and found moderate
oligospermia at doses as low as 15r. A decrease in sperm count was not found
wntil 46 days postexposure, which is the time required for preleptotene sperm-
atocytes. to develop into mature sperm in man. The most advanced spermatogonia
gives rise to the preleptotene spermatocyte, therefore, it appears that sperm-
atogonial damage is also the major factor in the radiosensitivity of tH° human

testis.

Light microscopic investigations ‘of the human testis are numerous and ref-
- erences to this zrea may be found in the excellent work of Clermont (1963, 1966z,
“71966b) and Heller and Clermont (1964). Brief descriptions of human spermatogonia
based on 1light microscopic examinations of peraffin and Epon embedded sections
Ere 1nc1ud°d 1n.Appendlx B. :

A number of electron mlcroscopic studies have been performed orn the human
testis (Fawcett and Burgos, 1960; Villar, Perez del Cerro, and Mancini, 1962;
Bawa, 1903 Leeson 1966; Nagano, 1962, 1966; de Kretser, 1967a, 1967b; Swmith
- Leeson, znd Bunge, 1967, Smith, Leeson, Bunge, and Anderson, 1967; Yasuzumi,
Nakai, Tsubo, Yasuda, and Sugioka, 1967; Tres and Solari, 1968; Bérlin, 1968a,

103890 S s
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2nd Berlin and Adee, 19569). In general these studies have utilized abnorwal or
" unspecified tissve. Also, the majority of the above investigations have des-
cribed the fine structure of the interstitial cells, Sertoli cells, or sperma-
tids. Thez ultrastructure of the spermatogonia, which are the most radiosensi-
tive cells, has until recently received very little attention. In addition to
cur work, the Fine structure of the germinal cells of normal men has been re-
ported only in abstract form (Villar and Paulsen, 1957).

The effects of irradiation on the subcellular morphology of the human testis
have not been reported. I previously obtained human testicular tissue one year
after an exposure of 200r. The only cells observed within the seminiferous tu-
bules in 2 brief survey of this material were Sertoli cells. The question raised
by this observation pertains to the cell type that gives rise to spermatogoniza
during the recovery process to effect repopulation of the spermatogenic cell
series. At the present time the identification of these "precursor" cells is
strictly 2 matter ¥or speculation. As pointed out in the preprint in Appendix
B, irradiztion studies represent a means by which the most primitive spermato-

- gonium can be Identified.

Electron microscopic cytochemical observations on human testes are somewhat
limited. Yasuzumi et al. (1967) suggested that adenosine triphosphatase activity
was localized in the nuclear pores of the Leydig cells of aged human testes.
Adenosine triphosphatase activity has been localized in a previously undescribed
filamentous body that occurs in certain types of human spermatogonia (See Figure
.13, Appandix B). This technique hazs been used with convincing results to local-
ize 2 number of enzymes in rat and guinea pig testes (Tice and Barrnett, 1963;
Gordon and Barrnett, 1967; Reddy and Svoboda, 1967; Frank and Christensen, 1968;
and Posalaki, Bzdbo, Bacsl, and Okos, 1968). 1In addition, Hugon and Borgers
(1956) utilized electron microscopic cytochemistry to demonstrate a transitional
increase in acid phosphatase activity in the Sertoli cells of irradiated mice.
The Principal Investigator has used the technique to demonstrate an immediate
radiation response in intestinal epithelial cells (Berlin, 1968b) and also as =2
means to zssay cellular damage resulting from heavy metal toxicity in hepatocytes
(Appendix C). It is ﬂoubtful that any other technique is 2s capable of assaying
immediate biological Tesponses to radlatlon as is electron mlcrosroplc cytochen-
istry. -

The cytochemical localization of phosphatase enzymes presents a method where-
by function may be correlated with structure. The phosphatases are involved in
many, if nmot all, basic cellular processes, e.g., they play 2 role in digestioa,
"intracellular transport, intercellular transport, biosynthesis, étc.  Clearly,
it is important to have an ultrastructural characterization of these important
enzymas under rontrol znd irradiated conditions in man. On the one hand, this
information would contribute to a better description of radiation damage. On
‘the other hand, such kmowledge might yield informztion enabling a better inter-’
- pretation to bs made zbout callular properules and activities of the living
testis. :

One of the xeasons for working with men and not with another species in the
proposed study Is becaunse human testes are sufficiently different morphologically
from other spacies xeported in the literature as to cast doubts on any attempt
--at extrapolation. For example, man alone has wall defined crystalloid inclusions
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in the Leydig cells and in the Sertoli cells. Man a2lone has a filamentous body
in the spermatogonia. Man has cnly four recognizable types of spermatozonia.

Man has no equivalent to the "wave of the seminiferous epitheclium' described in
rat and other mermals. In a different vein, 800 r hardly affects the bull,
whereas 15r has a marked effect on man. For these and many other reasons, ex-
trapolation from experiments with other animals to man has a number of built-in
hazards and is fraught with difficulty. Thus, i1f one is interested in resolving
problems in human tissues one must look at man as there is no suitable substitute.
- Nevertheless, it should be emphasized that the work outlined in this proposal will
not require additicnal manipulation of human subjects, but will take advantage .of
available experimental tissue. : ‘

B. Scientific Scope:

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

C. Experimental Design: i

Control and irradiated human testicular tissue will be supplied by Dr. Carl
Heller, Pacific Northwest Research Foundation, Seattle, Washington. Tissue sam-
ples will be available in a variety of times following exposure to 200 and 600Tr
X-radiation. We will be particulariy interested in immediate effects (15 minutes
to 6 hours postexposure) and in selected times during the recovery period. At
the early times we will follow spermatogonial degeneration and at the later times
we will determine the sequence of subcellular events leading to repopulatiom.

Biopsied testicular material will be initially fixed at the prison by a tech-
nician from Dr. Carl Heller's laboratory in Seattle. It is deemed desirable for
the Principal Investigator to make two trips z year to Seattle to direct and
.consult on prison procedures. These trips will also be valuable for planning our
experiments to coincide with Dr. Heller's ongoing program. To obtain properly
fixed material the technician will split the biopsy into two parts. Ome part
being fixed in freshly prepared 1% glutaraldehyde in 0.1 M cacodylate buffer (pi
7.2, 0°C) and the other part in freshly prepared -cold 4% formaldehyde in 0.1 M
‘cacodylate buffer containing 1% CaCly (different fixatives being required to re-
tain activity of different enzymes). Immediately after placing the tissue into
the appropriate fixative the samples will be cut into 1 X 2 X 5 to 10 mm strips
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to ensure adequate penetration of the fixative. The major precesution for this
step is that the surface of the tissue not be allowed to dry, therefore, the
tissue will remain submerged in the chilled fixative during the cutting proced- -
ures. The tissuve will remain in the initial fixative for 55 minutes, but no
longer than one hour (longer times in the initial fixative inactivates several
of the enzymes for which we will be subsesquently assaying). At the end of the
initial fixation period, the tissue will be transferred to cold 0.1 M cacodylate
- buffer (containing 5% sucrose when required, depending upon the enzymes to be
localized), packad in ice, wrapped in a brlllant red paper, and shippad by air to
the Principal Investigator at Texas Technological College. The schedules will
be prearranged and the Principal Investigator will meet the incoming plane and
retrieve the sample. We have personally found that wrapping the semples in bril-
lant red paper has two advantages. First, they appear to receive moré intimate
care from airlines personnel and second, they are readily identifiable and easily
retrievable. The above procedures have been described in detail because of the
necessity of utilizing technical help at the prison (see K. Budgetary Addendum).

We previously.found that the above procedure routinely gave satisfactory re-
sults. The major requirement for transporting samples is that they be kept
chilled.” The method of packing that we previously used will keep the tissue
satisfactorily chilled for at least 24 hours. This is ample time for its ship-
ment to the Principal Investigator's laboratory which will require a maximum of
eight hours. Transport’of the tissue at this particular step does not damage
the tissue and, in fact, a buffer wash of 18 to 24 hours at this interval is
-routine procedure in specimen preparation for electron microscopic cytochemistry
(Smith znd Farquhar, 1905) '

‘When received at Texas Techﬁological College the tissues will be further
processed for the localization of acid phosphatase, various nucleoside di- and
triphosphatases, and thiamine pyrophosphatase.  The preparations will bz made in
the routine manner for electron microscopic cytochemistry with a tissue sectioner
being employed to obtain 40 micron sections. These sections will be further washed
in chilled 0.1 M cacodylate buffer prior to their incubztion in medium ‘conteining
appropriate substrates. - During 1ncubatlon the sections will be monitored where
possible at the light microscope level to ensure proper incubation times. After

- incubation the sections will be given a buffer wash, fixed in osmium tetroxide,
dehydrated in ethanol, and embedded in Epon. fter polymerization the tissues
will be sectioned for bOLh light and electron microscopic examination. An ultra-
microtome is required for thin sectioning, i.e., to obtain sections that are 300
to 500 Angstroms thick. This same instrument will be used to obtain 1 micron
thick sections for light microscopy. The thick séctions will be stained with

. ——azure II and methylene blue (Richardson et al., 1950) znd by a modified PAS stain

(Maser, 1968). Light microscopy will be used for orientation and as a survey _

-aid to the electron microscopic investigation. A possibility that might arise is

that the six cell associations found in human testes (Clermont, 19562) will possess
different patterns of enzymic localizations. .The light microscope will be an in-
dispensable instrument for the study because the cell associations are virtually"
impossible to identify by electron microscopy due to the small amount of tissue
that can be observed. Thus light microscopy will be used to identify the cellular
associations on sections adjacent to those used for the ultrastructural study so
that we mzy examine the possible influence of the cell associations on enzymic
localizztions. "Thin sections obtained with the ultramicrotome will be exeniined
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via the electron microscope either unstained or stained by a modified uranyl
acetate-lead citrate stain (Adee and Berlin, ca. 1960). Unstained sections will
be used to avoid any possibility of electron dense staining contaminants that
might be confused with the enzymic reaction product. : :

This project will have an important role in the development of the Principal
Investigator's graduate program at- Texas Technological College. The primary
reasons the author recently accepted his present position were the challenges
inherent in establishing an electron microscope laboratory in our new facility
and in developing a graduate program in Cell Biology. The proposed study will
substantially enhance our graduate program by providing training for graduate
students with a unique tissue and with the technique of electron microscopic
cytochemistry. - o

D. Scientific Personnel:

1. Principal Investigator: Jerry D. Berlin, Ph.D.
Present Position: Associate Professor
Fraction of Time of Project: ’

Academic Year: 20% '

Summer Months: 50% — :
Social Security Number: —
Scientific Experience:

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

- the tenure of that employment an electron microscopic study

/ of human spermatogenic tissue was initiated with Dr. Carl

Beller, Director of Reproductive Physiology, Pacific North-
west Research Foundation, Seattle, Washington. The proposed
study is an extension of that study. Presently Dr. Berlin

is initiating a graduate program at Texas Technological College.

Publications:

Bowen, C.C., G. A. Peytbn, and J. D. Berlin. 1963. The fine struc-
“ture of the host-parasite interface of some obligate fungal para-
sites. Amer. J. Botany 50: 624-625. . , e ’

Berlin, J. D. .and C. C. Bowen. 1964. The host-parasite interface of
Albugo candida on Raphanus sativus. Amer. J. Botany 51: 445-452.

—_—m_n

Berlin, J. D. and C. C. Bowen. 1964. Centrioles in the‘fungus Albugo
candida. Amer. J. Botany 51:650-652. ' :

T : . Berlin, J. D. and C. C. Bowen. 1965. Mitosis and zoospore fofmationa T
I 03uq 10 ~ in Albugo. Amer. J. Botamy 52: 613.
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Other Personnel: ,

Techniclan (to be named).

Fraction of Time on Project: 100%

Justification: A technician will be needed for this project to prepare

' solutions, print and dry electron micrographs and help

with sample preparation (including incubation, fixation
in osmium tetroxide, dehydration, embedding and section-
ing). By performlng routine laboratory tasks the tech-
nician will free the investigator's time for the more
critical microscopic work. '

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

Facilities:

The Department of Biology at Texas Tecbnoloclcal Colleoe where the worn
outlined in this proposal will be performed, has under construction a new
Biology Building that is scheduled for campletion by September 1, 1969. ¥We.
are requesting that this project be initiated simultaneously with that date.
This facility will include an Electron Microscope Laboratory of approximately
3600 square feet of floor space. Of this, approximately 1500 square feet is
devoted to a teaching laboratory that will contain & Hipachl model HS-8 elec-
tron microscope. This teaching complex has an elechon microscope room, a
plate and print darkroom, a general preparation room and a teaching laboratory.
The remaining 2100 square feet of floor space has been allocated for a resesarch
complex that will contain a Hitachi model HU-11E- 1 électron microscope and will
be available for this study. The research complex has a generzl preparation
room, ¢old room, print darkroom, microtomy room, electron microscope rooum,
plate dark room, a rocm to be used specifically for cytochemistry, and office
space for the Principal Investigator. Separate office space will be provided
for the Graduate Assistants. Monies are availzble for equipping this complex

"with two electron microscopes, one microtome, a tissue sectioner, etc. The

electron microscopes have already been ordered and are to be installed by

“August 1, 1969. However, the one microtome will be placed in the teaching

laboratory for student training and will not be available for this study.

For this reason, we are requesting, as a line item in the budget, money for

an ultramicrotome that would be necessary for this study. Texas Technological
College will match the funds being requested from the Atomic Energy Commission

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

search light microscope that is necessary for this project.” All other equip-

ment required for the successful completion of this study will be provided by
Texas Technological College.

1034911



I.

1bhEQ

First Year
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Salaries and Wages -

a. Principal Investigator; J. Berlin,

Assoc. Prof., $1633 per month
(Full time for 1 1/2 months)
( 1/5 time for 9 months)

b. G*aouate Assistants

Graduate Assist, (1/2 time for 9 m01ths)
Graduate Assist, (1/2 time for 9 months)
Graduate Assist. (Full time for 3 months)

Master's Candidate

Graduate Assist, (Full time for 3 months)

Doctoral Candidate

c¢. Technician (to be named)

d. Fringe benefits (Social security, etc.

at 4.8% of above salaries)

Supplies and materials

"a. Chemicals .

b. Glassware
c. Electron microscope plates
. other materials
d. Other photographic supplies
e. Diamond Knives (two)
f. Office supplies and miscellaneous

Equipment
a. UVUltramicrotome

- b. Tight microscope
. “Publication costs

‘Communication

Travel
a. 7To scientific meetlncr

b. " To Seattle, Washington and Salem, 0regoq
Hitachi electron microscope service contract
. Indirect charges 34.57% of salaries and wages’

in accordance with: pollcy established with
~DOD TDS 66-67

Budget (From Septe&ber 1, 1909 to August 3l,>1970)

Estimated Requirements

}st Year

Atomic
Energy

Texas
Technological
College

$ 2450.00
$ 2939.00

2500.00
2700.00
861.00
900.00

6000.00

141.00 740.00

600.00
400.00
600.00
£400.00

. 800.00
50.00

: 5000.00
5000.00
400.00
50.00
£400.00
600.00
©1600.00

1016.00 5328.00

Comnission
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Second Year Budget (From September 1, 1970 to Auvust 31, 1971)
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TOTAL PROJECT COST . $ 41,575.00

Percentage and Amount Contributed

by Texas Technological College 21.9% $ 9,095.00

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

Estlmated Requirements

Texas
Technological
College
S?larles and Uaoes
2. Principal Investigator, J Berlin,
Assoc. Prof., $1715 per month
(Full time for 1 1/2 months)
- (1/5 time for 9 months) $ 3087.00
b. Graduate Assistants : .
Graduate Assist. (1/2 time for 9 months)
Graduate Assist. (1/2 time for 9 months)
Graduate Assist. (Full time for 3 months)
Graduate Assist. (Full time for 3 months)
c. Technician (Full time for 12 months) .
d. TFringe benefits (Social Security, etc. .
at 4.8% of above salaries) 148.00
Supplies and materials
-a. Chemicals
b. Glassware
¢. Electron microscope plates,
. other materials
‘d. Other photographic supplies
~ e. Resharpen diamond knives
£. Office supplies and miscellaneous
None requested for 2nd year)
Publication coéts
Communication .
Travel
a. To scientific meeting

b. To Seattle, Washington and Salem, Ore001
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2nd Year
Atcmic
Energy
Commission

$ 2573.00

2500.00
2700.00
© 861.00

900.00

6300.00
760.00
600.00
300.00

" 600.00
400.00

200.00
50.00 .

600,00
. 50.00

400.00 -
' 600.00
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iy 7. Hitachi electron microscope service contract

8. Indirect Charges 34.57% of salaries and wages
in accordance with policy established with
DOD TDS 66-67

TOTAL PROJECT COST $ 31,770

Pércéntage and Amount Contributed
by Texas Technological College 13.5%

Percentage and Amount Request
from the AEC 86.5% ' $ 27,468

1034998

1067.00

$ 4,302

SHE

1600.00

5474.00
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In relying upon prison help to do the initial portion of our preparations, we
have previously encountered-a number of difficulties. For example, after months
of exasperation we finally traced one problem to the fact that the inmate tech-
nician had placed the tissue in buffer to which fixative had not been zdded. Our
cytochemicvzl work involves more complex procedures and we feel that prison help
is technically incapable of satisfactory performance. Because of the nature of
this work, the rarity of the material involved, and the amount of time consumed

'in an experiment a request will be made by Dr. C. Heller in his Atcmic Energy

Cormission Proposal to have a technician from his Seattle laboratory travel to
the prison in Salem, Oregon and perform our initial fixation. This procedural
technicality in the budget conforms to advice previously solicited (letter dated
April 25, 1869) and received (phone call April 30, 1969) by the Principal Investi- -
gator from the Atomic Energy Commission. ’
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' S . Graduate Student ' '
Social Securlty Number: _
Fraction of Time on Project:
Academic Year: 50%
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prepared for publication. :
- Publications: ‘None -

Graduate Assistant: John J Vollet III, B. S
Graduate Student
‘Social Security Number: -
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Scientific Experience: None
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prior study of the human testes using the light nicrosCop?
has shown throe ty;?s of sparmatogcnia. FElectron microscopic -

¢;amination of normal human testes has now revaaled the existenca

of four ﬂl° in t t es of epermatogonia. 7%hase’are thz dark type
YP p g YP

‘Al (Ad 1), Ao ddrv type AQ_(Rd«?), the pale type Rk (ﬁp},'and the
‘type B (B) s ernatojoﬂia. ‘With the addition o; & fourth typé it
now bzcomez possible to distinguish vhich cell is the rost
'.primitive end the sequence of thezir developient. The subcellular
criteria used in distinguishing botwe aon these four spersatogonial
f_types include the Cenulty :0f the nu-1ﬂ09l hn tvpb 6f nucleolus

~e&nd its placement within the noecleus, the structure of the mito-

-

| el
n
cr
©
(6]

chondrial e ; the associxtio of thz cndoplasmic reticulun

}fwith the mitochondria, the amouﬁt of glycogon pb esent’ within the

’

'+ ¢ell, and the presence of previously undesecribed filamentous structures

7 in the cytoplas _of h° Ad-l and Ad-2 spe runtogOWia.-’Fach spefmat01

 j:gonium is in coniact with the basal lamina; the amount of contacl
brogressively de érfase;‘fron the Rd- 1, & cnwll flmt cell lyina
parallel th° bnsal lgmina, tnwouch the ad 2 gnd Tp to the B £pe rra; -
. 'togon1a, the latter bzing a pear-shaped cell vith 1ts long exis S
| perpzndiéul v to the basal lamina. Iﬁ addition to describing the
fin2 structure of the four type° of °p°rm3ccgon1g we w111 discuss the
possib;e rples the various_s;ruc5ur es play 1ﬂ soermatcgonval |
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Eouwlcy, borlin b E=2licr

}_’.NTRODJ CYION

-

- §permatogonaeis is a continuoug pidCeEe that starte prior
to matuvrily end persiste f£or most of the‘humdn life. The colls
from which all cubséouent geherations of gérminal c2llg afisc
'gre called spﬂrnauobonla ‘These cells cxist im the husan teste'
in regular numborms diV1d1ng nitctically to forn the more'

differentiated ge%minal ¢lements, Thoy 1ie againct the basal

~
.
- . . .

1amina of tha seminiferous tudule and tog thar-with the Egrtoii
cell= form & CGllLl.? laycﬂ aluﬁg tha b; s2nt larina of the
tubule. ‘ ‘ |

The identifiqﬂtioﬁ of th2 types of spefmatogonza and the
tentative outliﬁe of their sequential ée éibp:znu in man waé
begun'in-the recent}inv est gationc on Lb° noraz)l human testes by
Clermoﬁt ( 1355') a;d Heller and Clerm e (1884 ). Thzse studies,
uvzing light microﬁbopy, identified three spaﬂmatcgonirl typaz in
. ﬁaﬁ; tﬁe A dafk ( 2d ), the B pale ﬁ Rp ) and the B>sperﬁ;toaonia.
The maln horpholog1Cd1 fe pures uvsed i 'G*QﬁinLlShlnj

these three 5perm3t0J0ﬂ4e at the light mic;occopﬁ 1eV“1

0
o
s

types

)

a

ning characteristics of the nuc 1cuw, the

?
}-‘o

are the shape and stain

 _p1acement‘of the nucl olus and the prescnce oOF abseﬂre of glycogdn -~

- o

3n the cyuoplaon.‘ Thg 2d spormatogonium was’ eugzy sted to be the
1ea=» dlfreren»i »ed'mofphologically. Thz typ? B Sperm5togonium

- was considerec to be tha most differentiated of the three cells

S



it occurs in only four of thz six ccll
dayghtcye Cﬂllv formad by its divicion ere
jdentified as spormatocytes. Both the Rd anj tha Ep s tatoﬁénia
ere found in ell Bix e21l sssociations ohd ere flatie ;6 qcainét
the basal lamina of the seminiferouwa tubulc.

Roosen~“un.e and Parlow ( 1953 ) CArﬁlully studied °p~PPﬁt0a

gonial size and related thair data to that of cablier workers.,

‘Althoug b helr conclusions ware ba ed on an ‘erronzous pPGMISe (.no

organi zation “in tha hur n seminifcrous epithellum Y, th2ir mzasure-

. . !

mants re;lec: the true variation in spermatogonial size, Clermont

¢ 1966 ); through painstaking mepping of the seainifcrous tubules,

worked out a model of spermatogonial devalopment. Mancini ( 1985 )

" made &n elaborate attcrpt to claseify spormatojonia In eryptorchid

and scrotal'humaﬁ testis.
Electron nicrosccpy of thz human teatis has, until recently,

bzen restricted to obszorvations of gbnormal material ( Saith,

Léeson, Bunge, end Andersén; 18573 Favcett and Burgos, 1960;

¢2 Xretser, 1967a° Ln‘son, 1966 and qm%th, Ie- and Buﬂge, 1S o7 ),

tissuz of ungpecii ed ﬂ“i 1n oY no;nalcy ( hauano, 1956; V\lar,‘

Percz del Carro and Manecini, 1 62 Nugano, 1562 ) ard tissue of

normal oY "gLng hLﬁqn te es { éde Kr etser;'lJo7b; Vilar -and Paulson,
1967; Yecu,uni, Nskai, Tsubo, va suda and Sugicka, 1967; Tres end

Solari, 1968 ). The magority of thece in esti gations describe the

‘fine structure of the interstitial cel_s Se toll c;11< or spermatids

103492b

&nd only &an occasional &nd incidental‘elccurcw nicroc ﬂh of a human
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have publizhad en ébstract on th2 fine structura of th2 human
¢2rninal c2lls.. Thoee workers reporied tuwo typﬁﬁ of °pervr togonia
1ying on the basal lamina and a third type sur?ounded catirely by
Sortcoli cell cytoplaesm. . |

Two dlf;:cultxeﬂ have contxibuted to the paucity of inrc_wa ion
&bout hum nj Qu’“ﬂ=uﬂgo iaj obteining th2 proper material,.and
idnn;*fy nw tn minal cells: 2 have ovabcom2 the first iff culty
by obt inlng blopsy specimens from testez of normal heaithy young

' : ’ ’ .
adultis, ths scoond was overcoms by vzing thwee separate morphological

erudies to insure accurste ident i1fication of the sparmatogonial
g

-

types. First, we examninad par ffin embadded ti ~3a°3 with th° ]1gnt
microscop2 in the classical MATNSY to. ide tify tha thre2 recognized
typze of sper@aiOSOﬂiai gecond, w2 studicd Epon eub°do tlSSues'
sectianud at microh or sub-micron thicknossaes by 1<anu rmiciroscopy
énd identified the éperm&togonial types by comparing thz results

iwith tho psraffin embdedded material. "Third," electron microscopic

characteristics. In this way we felt assuved thst the calls ws

callcd Ad, Pp and B ep°rm3tcg01lo in par aifin sections cprresponded
to the cells w2 tern Ad 2o and B sparmatogonia in Epon sectione,

gtudied with cither the light or eleciron rlcro"coph. The jdenti-

comparas
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wvore ine
in thoze
¥on2 had a hi

Individuales w2

of normal ap! orm counts'and rormal trinary outnut

-and testo er

as p“;ViOL 1y

A
BALe

volunteln

QLudi»S,
story of discas

re selected for thi

on’—>

da
oes

frem teste

5 of the O2igon

The ren rangad in

of four normal hzalthy adu

system,

the basis of & ¢

eries

o
o

1t
¢ .

Stete reniteéntiary vere

Bilateral testicular bicpsies ware performad

age fro 29 to S0 years.

of gonadotropins

coibed ( Rowley and E2ller, 1966 ) and the biopsy

vas immediately trangferrod to either Clelard's fixative ( Rouwley end

Heller, 1566
fixative for

to blocks of

consisted of“Eith r 3% pu ified 0.057 M phosphate
buffer at Fn 7.3 or 1¥ purified glutaraldehyde in 0.1 M cacodylate
buf Fcr at pH 7.3, Tissues fixed in gluteraldchyde were post-fixed

. in 080, ( Millonig, 1951'); dehydrated in ethanoi,'and enbedded in

Epon (.Luff,

4 p end staintd with iron hematoxylinneosin.

vag

( Richardson, et al, 1950 ). For electron
dEon, €

ggetions

) for subszequan

A
[

Epon embadding._

My
»uv

1lm

1961 ).

Tie

¢ during fixali

sectioned at.1 p or less and stained qith Richa?dson's

of -the Epon embadded tis

suesg exdboadded in Epon ware
n. The giutapraldehyde fixa

Lpa"l cl-—-b"dct.d
nicroe

sue were stained with preny

Pcralfln eﬂbﬂddeJ material was sectiontd et

to glutasraldehyde -

matepial

sta

]_ :

acetate and post-~stainad with lead citrate ( Reynoldg, 1963:).

ATPase was local
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‘ -y - 2tnst O~
{ e w 2 found-that one epimat

deseriptions of Clexa nt ( 1963 ). : < .
» 3 ' . ¢ emsenlanly ctaining nucleoplasa .
goﬁlnﬂ'hat a derk nuelcus, wity 1rrecu1ar1; ctainin T

- . . ' | _ S
Z omoconaous nuclcoplasm ( R opale ).
" (A dark ) and ' that on°1ud pale hO&OH ¥

2 psod for the sam2 cells
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distinguish Thrae typ2& O

’ i ELd e s,
2 spermatogonid 1in parari n sactions

) ) M - ) N }‘a
5 sei nsnse of its length on th2
- %, This rgl) was designate ed wi th an L} ebau_, of i ~on Tl

Es

. : And nolous.
szl lamina and the 1 h of ite cylindrical nucleu

w
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eltnou"n the degred of contact prograssively deewecasas from the AL
Vth\oujn th2 Ad end tha Ap to the B sparmatogenia. That pavt of :
th2 spermatogonial 21l surface not in cqntdct 23th the b |
iamina is in juxtapozition cithar to Euptoldi cell uu:¢ec; orito the

c21ls. JIn each case the plasmd mambran

o]

 surfece of Spcrmntogeni

of thz ep; ogonit m is scparated from the plasma membrane of the

adjacent coll by &n in»ﬁ*c@llulﬂr <pgce of 130 to 200 2- Oceagionzlly,
pinocytoulc v" 101@c are COnulﬂUOGS with the plasna pambrane of tha
5permatogonia. Th;'struccure of eacﬁ typ- ol Spnr\atovonfun 1¢'
describad balow. . V o

New type A ( AL ) pﬂr atogonia -

As mention2d above it 1§ not pozeible to iduntify clearly thres
typ of R splrmaf togyonia in paraffin sect ods. In micronmthick-
Epon sectioné the AL appzars as a {lattenzd cyl‘l with its longi- .
tﬁdinal’axis parallel to the basement mombrane lamina ( Fig. 1.

The nitcleus is ellipsoidal with its longitudinal exis also parallel
. . ’ : . - . : -

to the bacement membrene lamina. The margine of the nucleus are

u

som2 lighter amdrphous regichs.  Nucleoli are always peripherally’

91
located in the nucleus. The cytoplasm containg numexous mito-

Figure 2 is a survey €lectron micrograph of an AL type

spermatogonium, ThQ anount of sea vch nj T2 qu1r°d to flnd the AL

1034930



nucledli are fpund_in a paripheral position ( Fig. 3 ). Each
( 4

pueleolus consiste of a diffuss granulsr £ong

( Flg. 2 ), horﬁVCﬂ, "glycogen has besn obzepvad also clustersd in

Roulzy, Dexlin & Ezllen -

o h Prs . s ) - . K
gpermatogonia guggasts that thwy ovn ot oo froquonz as tao othce
- 2 | . .3 -.--‘-'- s .
types of ege:m;uog.mia. Flecotron nicpdseopic cxamination showed tns

laming ogourd over:d‘v“ances

c?

th2 plesra m2mbrans w7ith thz basdmieny

of 30 p or rore in one'contact arca. The ellipt ~3cal nuclens ( Plg. K )_

Sphﬂ“iCJl profile in crogs-t

prasents & ection ( ng. 2 ). The nqclaav
envalope i rregular and the nuclcoplasm homoganzond ( Pig. 3 ).

!

* hd ‘ . ' .
and arorphous zOn2s are not present. Nusmepous mitochondria &re

[sI 0
ct
6]
B
w
0,
e
€
r
l‘l

generally positioned

- epistae ( Fig. 8 ) A linzar ayxray of two o mord nitochondria are

often sapa?a by elercnonwﬂpao se bars or by girancs of rough endo-
plesnic reticulua ( Pigs. 6 &S ). The bavs appear to b2 structural
LN -

(0’
).!.
z
‘J
o
=
4
e
¥a)
»
')
Q
L
L ]

-
ga
)

medifications cf the endoplagmic I€ rough
endoplasnic reticulum occurs in 1ng19 stpards. Tnere is very

little snooth eﬁJOpla enic raticulua. In2 Go‘ri comalﬂx ie typlcal in

- 5

appearance,'su:“ouﬂd =3 by vssiclos of unifora sizé end 91§CLfOn
density ( PlJ g ). hwcro»ubuleq have beon obsgrved in the yuopl

lving purxllcl to th° nuﬂﬁear envelopa. Cozted vesicles.are

-

found. CTycog en occurs primarily as fpoe particles In the cytoplasm

103493 |

oz from the bzsal lamina Pig. 2 ).

‘ oulte fregquently ass soriated with the nuelear envalope, and have tubuler

_occasionally p” esent ( Pl 8')‘and pairad C°w_rlolcs have bsen % . -
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plasm ( Fig. 11 ).

-
fan }
~
T
-
(v
“

dimensions ©f approx dmately 0.5 8 2

electroa«opaque sPhere
space. Vhen Crbss»sectiohed, the

with an elechOWmapaq 12

tranﬁp rent 1w u;n that hag a dizmeter of

. . ¢t ’ .
tubules are aligned in linear arrays ‘and when
opaqua spheres are present they eppear to bz ¢

ldwn ed o

. found adhering o the f£il Jm?n;é.

filamsntse have

3 - 5 mn ( Fig. 12 ).

aley, Barlin & Heller

haped body, having ova pall

)"'\

aralle

and

.

- 15 mp in diam2 et

The fila-

by a distance of 20 ~ 30 my and

g of 15 mp diameier are found within th1Q.

‘a tubular app2arance

vall thaet is 3 ~ 5 rp thick end an eleciyon-

Thﬁ

the 15 mp glectyon~

-y A

Lrapvﬁd by & a circle of

tubules. In tissue incubated for RTPUsé'activity the filamsntous

bodice show raaction product ( Fig. 12 ).

o

Another previously tmdescribad body in

membrancs i

L how:v"r, acid ph0°ph
‘forcad to term "these bodies simply lam2lls

' nly found only i

Two AL nuclear proiiles w:r@ obs2
. \» . * . . -

15 ).

Dark tvga A ( 2d) =3'rﬁﬂ;07c1*a

tations w2»e not carried out

an bodiles for th2

in the PL p rmatogonia.

rvad in a common cyto alasm ( Fig.

2 Ad type sperrmatogonia in all prob“blllty rePresents tn°

o

toconie describ

-

.tyD1Cu1 Ad gpzrma

IOBHBZ

red in tha 11gﬁt mlcrokcoplc lltﬁ“ature




( Clexmont, 1903 Yo In pur affin enbaddzd tiscuz, this cell typ2 hag
a spharical on °1igﬁ’1y ovoid nucleous that Eas a fing but deaply
gtainad chro&atin g“dnula tion. This gramulation is go fine thgt
fhergreatcr part of the nucleus looks dark with aﬁozpﬁous light '
ar2as ( Fig. 16 ). Touws rd tha center of the nucleus, & lx:ga péle
stainad 5vacuoln“ is- uuunlly found; a nucleolus bzing eom2 im'@'

associated with the "vacuole". Otner nU01”01l surrounded by & thin

rim of clear nu~1e0p1a=ﬂ are also found in this nuﬁlﬁ's Jts Cyco-

- -

piésm is'ligh* avd u1=»a1nud in he Jtovy11n»°oc1ﬂ preparations,
but, as showmn by‘the eriodic acid-Schiff techniqua and thm anylasax
trea;mﬂﬁt it is vsually loaded with glycogen. |

In Epon embedded scctions viewed by.light nmicrozcopy the kd
epzrmatogonia &ppear as flattensd c2lls clocily appress ad to the
basement mazmbuane:lamina ( Fig. 17 ). The nucleus is ellipsaidal

to spherical and a nyacuole® may ba either pﬁvlph ally, or mere
genar 11 R ceﬁuéall/ located within the ngcleus. The'remainiﬁg
nucleoplasm cppzers h“ﬂngnQOLS and nuclo are peripherally located.,
The cytoplasm is lightly stainzd and m;»obhgndria appear tn“ou~houb
the cytoplasm, although they are predominantly logated in the_cy?o~
plasm away from the basal lamina. | - :
The Ad séeq ntogonia aDpcar ovoid but- s Teéhét lgss_elongated

" than the AL celle ( Fig. 18-).' The nucleus is Cflliptic‘al.to' |

spherical and the nuclecplasm ie slightly c"an“1: A regibﬁ of rare-

faction, corresponding to the "vacuole"” obzerved by li nt mlcroccopy, A

'is usually a pv011n¢nu féature of these cells ( Figs. 18 &_19 Yo Tha

nucleoluq may b» within thlq region of rarefaction or it may be

3031#‘333



pogitionad VJLh‘ﬂ tﬂ“ gronular nucleoplacn.
roglons }1ﬂ. S ). Thomu
surronwd“o by & 1ty {on of slightly less
Frequantly two forme o=
" internal side of the huc]ear envelope. One spoeia
menucanﬂoug loy:r clo ely approse

nuclear envelope‘('Flg. 20 ). Bzcause of th2 appse¢

=pac1ﬁl'sdtion'in cros§»section’w3 have tormed thes

nuclcgr eﬂva]op ipns or gimple !

.

3

view, th°y may be pﬁaquc -like formations. Tha stri

of at lea
instances another*layer of

three elegtron~transparenﬁ ragions, all baing moembra

"~ with electron-opzque reglons occurring on the inner

s

membrane-limited space. Thus from the cytoplasmic

L .
envelope moving inward there is the outer mamdbren? O

_envelops; the jntermembranecus space (-p2rinuélear

. .
‘§{nner mambrene of the nuclear envel
th2 cexternal m?ébrane of the
the stripe, the immer membran® of the strips,
opaqu° reglcn.' Th°

apparen»-y conuwnuouc with the nuclsar envalope.

b~
Al
"

gt two membranls cnﬂ ‘en intermembrane £pace.

the stripe hasg been cobee

‘£pac

op2,; an eleciron-opaque

different membraneous componcnté of

Tha nuclooli conslst
cleolus ie
grannlar nucleoplasim. . -

mombraneous gp2eialization occun on the

2 three dimensiona

28 are conpo*cd

Incurm

rved and one finds

eides of @ach

side of the nuclear

hn nuclea-

, the

[0}
o

region,

etripe, an intermsn rhneou5'region within

and andther electron~

stripes are’

A sgimilar région

s baen desc ib :d by Pawceut ( 19b6 ) in in»e tin ichelan.
The { Fig. 21 )

1034934

nucleolud is frequen»ly assoc1aged wwun the stri e



bem e

The <“c01d Cnccs.al:.:?atlon assoziated with the nuclear envelop2

i¢ a region surrounded by double rambrana ( Piga. 22 & 23 ). rgaiu,

bocauce of their appeorance we have termed guch structures "blgbs",
_\ihen clﬂﬂﬂly eppressed to tne nuule » cnv'Wopf tha outer cbmb ane of

“the bleb is s;paraued from the interaal rombrane of the nuclear

-
.

envalop? by an clec»ron»oeuque region ( Fig. 22 ). The nuclean

envalop2 alwaye protrudes into the-cytoplasm when associated with this

merbrane-linited struecture ( Fig. 23 ). The pontcnts of the blebs

are either particulate in nature, everaging 15 ng in diamzter, and

resemble the fine-pérticulate'matef iad found in the nucleoplasm,vbr
the contents of the memb ranﬁullnlted booy ara e1°CLruw»trmneplrent
with fine fila ts_being pregent ( Fig. 22 ).

The_mitochonﬁria of the Ad spermatogonia agpear to ﬁava boéh

tubular and plate-like cristae and are frequently found in groups
. . T~ . -
o of two or more\SQparated by electron-opaque bars ( the bars are

similar in structure to the bars joining the mitochondria

t
the AL spermatogonia ). Cn2 or more mitochondria ave usually

e
o]
Ne)

ot
(&)
H
(V]

'prox1n1ty to the ‘nuclear cnvelop° ( Figs. 17 g 19 ). Singular st randsi
‘of rough CﬂAOPJQQMLC reticulun are present and avd:sometimes’ C
' ;ff__-'f'associated with mitochondria «( Fig. 18 ). Smocth endoplasmic

is p*esgnt-' limited quantities and is associated primariiy”
_Qith the cen. o=0mc ( Fig. 18 ). The otherdcytoélasmic féatures
appear =inLlor to thooe cescribed ’o thﬁ AL gpe rmatogonia incdluding

the presence of filamentcus bodies, howe vev, th° lam&llar bodies appear

. to be absent in the AJ épermatogonia.
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wwley, Bariin & L2

Two B3 nucloi, as denoted by thz prosane? of a regicn of parie
faetion in each nuzlous, ax2 shovn in & Conmon cytoplasm in Fig
24, Only a bridge of cytoplasm links thase tuo c211lz suggasting that

cytokinzeis is neanly, but not quite, terminal., Spindle fibers &re

-yilsible in the bridge.’- Xavyokinzsls, in this case, has obviously

Pale typz A ( Bp ) spersmatogonia .o
In p’PGIfln sections ( Fig. 16 ) ths Bp sporm aucgonwa are

characterized by a.slightly ovoid nuelaus containing a fine pale

" etained chiomatin’ granu on. They also con*a n one or two irreg-

. nlarly shaped nucleoli dbnuded o, chromatin and ettachsad to the tnvn_

and b-“ely vi ble nuclear envelops. No VuCUOl -1ike cavity is

p egent in tn ese naclei. The cytoplasm is chronophobic 1n h»n;;o-

xylin-2osin stained sections. In contrast to the dark typs A'sparm-

atogonia, the cytoplasm of thez pale type A cells {e usually free from E

In Epon eabsdded sections examined by 1light microscopy the

cell shape appzars to be almost cuboidal { Fig. 17 ). The nucleus is

gpharical containing a homogenaous nuclaoplasa. T 12 nucleo]i are:

peripherally located and are irregularly shaped. The,cytoplasm is

1ightly steained and i»ocﬁﬂudrla ‘appear to bevdi3persed throughout
" tha cytoplasm, lne nU“lCJ"’CYL031 enic ratio appﬁav‘c to be slightly
- less in these Sp°rmatogowla than in any o_ thA o;h o three typ-~.

RAs showm by electron microscopy the cell shape of the .\ Spermas0~.

gonium is somewhzt spherical with a face adjacent to t

D‘
w
D‘
3]
m
s
~
et
{u
3
(=2
:J
W
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ewley, Berlin & Hziler

( Fig. 25 ). The nueleus is also gpherical end logate
of thz cell, The nucleus i hoacgonaous, without @ rigion

[

foaction, and is lightly ctainod., kombrane specializations

the

found on the nuclear envelopz. The nucleoli are poriphorelly

s

conter

* located within thz nue 1eaﬂ.anJ congistp of an amorphous £one, ganarally

aseociated with tha internal fgc“'of the nuclezr envelops,

T

o
~t
t=t
=
lad
j=
[H]

granulaer zong lying in th2 nuc10091n~n ( Fig.

where the grdnular zone—app?oaches the amouphoﬁs zong, & fibrillar

The overall denzity of the cytoplasm of tha Ap spermatogonium

is less than that found in the 2d typz spevmatogonivm. Ine RAp

mitochondria, with either tub lcr or plate~like cristee, are not

2ssocinted with the nucleus b: l e diszpersed in.th2 cylop

las

( Fig. 25 ).-\Cubjéctiveay, the quantity of mitochondria appzéars to

-

b2 lees in the Ap-than in the R4 spornat cgonium. The gitohhﬂndrwa

of the Rp spzrmatogonium usually ocoud in pairz sepzrated by &n

_electron-opagua bar. Rarely are more than to pitochondria found
; 0

- “together.

Paired centricles have been observed in the now femil

ongle pattern ( Fig. 25 ). The CGolgi complex is similer i

to-thsat found in £he'Ad typé'cpor togonium: Single stran

L-

and Qrwo\,h en09p]a i thUle ere prasent in aboul equal amoung .

less glycogen is;presént'iﬁ the Rp s srmatogoniun than in the Ad‘,

spermatogonium. Coated ve lClB° are rout 21y observed in the Ap

1034937 R
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The filarzntous body, describad ¢

appzars to b2 abzent in the }p s

cne filamsntous body in & binucleate

The n:nbran“ouv body describe

~

‘not eppear to have a counterpart

gome &yclin«like'arraye, probably

eratloﬂ, thg b“cn ohﬂ

type Spermazogonia, e.g., Figure

Typa B ( B ) 'spermatogonia

In paraffin sections the typ
spherical nucleus containing some

chronatin granules ( Fig. 27 ).

adheres to th2 nuclear nenbﬁgne, vhich is GlCEC]j delinza

Cﬁnyrcl?y located nar1941UQ is co

Micron-thick Epon sectivns r
instanc

to face on thz basal lamina, howey
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-Rewley o Berlin & Eeller

tove in the Ad spermatogonium,

vznatogonia although we have cheerv

o
o

Ap spermatononium.( Fig. ?6;5:
d in the. AL Sp“rﬂJLﬁFOHluﬂ do°
in th2 Pp ED”“?Ttogonlbﬂ. Finally,
rep?asenting phospholipid dégén;
shown in thz B
28 ). o |

2 B sparaatogonium diSplays.a

pale and gome darkly stained

Somz of the deeply stained chromatin
ted. Its
¢ored xiLh granules.: The ¢ ytbplaeﬂ

hlthough dlff*oult to

cell shape doss appear to be

.
’ - .
.

avealed the pear-shapz natuve
as the B sp2raatogonia
ver, by using serial sections it is

of the B c2ll is iﬁ co nuact with the

o

fouﬂd to be o11y @ "leg

. .
on

ction
sph=r1cal and th° nucleo—
n th= ceﬂtral portion of the

Tn° cyL0p1a n is vevy 11ghu1y

do not appaar

of P@rlpheral stalned material..ﬁ»,




stained erd the nmitochondria ere dispersed tx*ou nou” the cytoplasn
Electren microscopic examination of tha2 b Lypz epermatogonium

shav°d tu:L the c“ll was p2ar-sghapad aﬂd, wheﬂ serial ssctions ware-
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examinad, the‘cells
basal lamina ( Fig. 29 ). The nucleus shown in Figure 31;is - feutly
vhat tanguntially-sect onad and geveral pores in the nuclear "
envelopg are shoa.} Theré is a slight amount cf densely s;aineé
chromatin_aﬁb;riﬁg to tbe'interndi fade of thé;nuclear envelopz which
is ch?racte;istié Qf'téese.gells. Kucleoli ( Figs. 7 & 23 ) are .
centraily po;itibned and’afe composéd Qf en amorphous zone that ié_-.

" nucleolus is quite elcctron dense. Ve hav» obzervad up to three

geparate nucieoli in the B nucleus.
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dria are not joined to each other and their réhdom"

hat a prefersential lccetion of the mitochondria
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Fig. 29 ). The mitochondrial cristase ere primerily

(
. plate-like and thare is no evidence of tubularfcristae. Thzre is an

. pccasional assoeiation of the. m1»o~huﬂdr1a wvith the 1ou~H endo plasmie_
reticulum.. Bot@.the gmooth and rough vari ty en doplcSﬂlc re;:culnn
are present in onlj scanty amolnts Numgrous unautncﬁ°c rlbosonee
are found in tn° cyL071a=m ﬁL the¢e c:lls. The Golgl complex is
:7frequent1_ more elabOﬂate tnan ffuﬂo in thn t/pé 2 épefmatogoﬁiq{gF“

| B

~$;1an5ntcas bodies e not preccnt in thn type

G appzars to b2 an increased number of myelin»like ar ay- 1n the B speTn

~tog onia ( Pig. 22 ) es compared to the type A spermatogonla. In

103493
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“the four types of human spermatogonia; almost every cell crganalle

general, th2 cytoplasam iz lightly stainzd and glycogen absent.
D3S USSICN

Four typas .of eparmatogonla were found in normal men by & cém-
parative study utilizing light end electron microscopy. Previously
only three speraztogonial ty sere accounted for by cdefinitive’

Y P w05 pes : v

1ight microsconic studies. Light microszcopy has not been sufficiently
& " - &

discerning to distinguis: these four types of':permatogonia It is

evbngnally poc51ole, howaver, Lhat tn° n:ny types GE’Cflb°d by ROO”LR-

Runge and Barlowy ( 1953 ) may acbual Ly be duz to growth betwzen mitoses 2.

The use of 1 p thick Epon sectionsffor light microscopy affords

- the visualization of considerably mo are eytological detail then can b2

ob»a:nen with paraffin embeadded material and, conseauently, four

distinct typesz of gpernztcgonia can b2 1denslfled 1n such Epon sections.

lowever, the most satisfactory method for differe a ting spermatogonial

types was electron microscopic examinatiom, This method showed an

Hy

egmazing amount of difference iIn the vltrastructural characteristic of
. ' . ¢

appears to b2 modified to soms extent within these ‘spermatogonia.; In

Vaddltluﬂ, pTEVLOIQIy undescribed structures wera fcuhd tc oceur only

in 2L and Ad cper gatogenia. - This stLdy has relied essentially upon

descrlptlva studieg and the results in some cases seem to warrant

- epeculation about function.

. Relatively few cristaz are present in inactive cells with low

- energy requirements { Fawcett, 1959 and 1966 ). The mitoéhondria of



all fou pEruatogonwnl types have few cvictae. The eparee amount

of endoplasmic reticulum of both th2 rough and th2 smooth variety

would further sugg est that these cclls are inact iva. The close, .

epposition of the mitochondria te the rough éﬁdoplasmic'raticulum,
'-eSpecially in the RL cnﬂ Po sp2rms tcconva an legs so in'fhé ip

and B spermatogonia, v would allow & short diffusion path betwzenthe

mitochondria énd'the-enooplasmic raticulum. Anére'( 196?.) has

suggested that a-close associatidon batwaen mitochondria and endo-

-

plasmic reticulum might serve to upoly ensrgy for protein synthesis,

.

Mether thé cloee apposi tion of the mi ocnuﬁdrlq to the nuc]euv
membrane in the AL and.2d has any relation to tha formation of the
Tstripe™ or "bleb" found in the 2Ad is uw\ﬂf"n. Whether this

being excreted from the no cleu" or absorbed into it ie

material is
also speculative., .Since ths nucleol 8 &t ti oz is seen associated

.

with the “stripes® ( Fig. 21 ) an intriguing transport mechznism may

. . 1 ]

be involwved. -
Ty ) - ‘ ) - .

The function of the filamentous body, & charecteristic structure

o [ : S .

in the 2L and RAd spermatogoniz, is unknown. The localization of

3

ATPase in this body is suggestive evicence that it!is an active cante

. . - :
.

of energy utilization. The electron~cpaque spheres found within this

]

_body ere stroctur ally imiler in size and dcn*ity to. Tiboson oS

-

S A =
o t\!
I

The abundance of glyc AL and 2d sgeruatogonia, and
the le esser amounts of glyc~c°n in th ¢ Bp and B ééérmatogonia,'is taken
S as presumptive evidence that this éubstance is utilized as an energy

~gource during spermatogonial development. Although occaszional pino-
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)l

cw.oLlﬂ vasicles oceur in these colls our cvidence 1s nol adequate

enough Lo disc ount the movament of materiel in thaeo vesiclcs in &
:avefse pinoéytotié dirﬂc»ion. Cnz interesting facet abOU pinq*-
cytotic vasicles ig that thegy occur cnly on adjac“nu cell-ce 111 .
uéfaces end not on tha_snerﬁatogonial surface noxt to th° b:1°a1
lamina. Th'= finéinglinfers that transport cccurs botwoen the ;ptcr-

cellular gpace ano the Epﬂrmatogonla.

. -

An idcrﬁaSGd numbér of myelln-llke arrayg, thought to repregent

. 3
. . - -
"

ut-not in-the AL-and hd spe ermatoyonia. This suggests that autolysis
occurs in the more mature °pccm togonia.

The Ad 5perﬂ togonia bns been consideread to b2 tnﬂ most undiff-

- erentiated spermatogonial type'( Clermong, 1563 ). Clermont ( 1866 )

ests that the 2d spgre \ztogonia have an "ecuivale“u“ mitosis anc

give rise to either two Ad spermatogonia or to two Rp spermatcgonia.

- - ‘ : :
‘Each Rp spermategonia subsequently gives rise to two “type B spermato-

onia which then give rise to the epermatocyteés. This concept is
g cCp

03

that the R¢ represents & cell that can either perpetuate the primitive

gtem cellis o

g
ted

the portion of'Clcrnonu'< work that =nge°t° that thﬁre is a primitive}

| 5spernauogunia, an interme adiate fornm, ﬂﬂ an advaﬂﬂed Qpnmatogﬂn a,
Knowlvg that <peLnauogon1a 1oc%t’d on tha tubular wall evgﬂgually-}

become the spers patids fo und in the lewn of th tubuTe it follow= that

~ the most advanced spermatogonia <h0L7d cnow evldcnce of leaVLng the

ive rise to a spermateg 01Ja, i.¢.; Yhe Rp Spefmgtcgonia,

T to sperpatogenssis,  Cur findin;s supnort end exiend
a4 :

phospholipid dege mﬁ atlon, ware present in the Ap &nd B spermategonia,



S Rewloy, Derl
4
]
: . walle of the sem iniferous tubule. Thie iz wha
B sporaato 3Oﬂiuﬂ. This tear-chapad c2ll has &

perpéndicular to the tubular wa

basal lamina. Thz emount OF conta

- as the cells differ nentiate.

ontact

decreasing amounts of ¢ (
Cy»OpWaCﬂlc and r.u clear morphology also ¢

- .
- -

of events occurs in spermatogonial devalopment

1dc~1rg th—

AL. For exampl s therg 1s a progres sive decr

by ceons

=
o

ted by electron-opaque bars

2d and Rp spermatogonia. Tne mitochondria of
are not s eparated by eleh ron-opaque bars. P2

tha abo va is decpcascd essocla

»

and the'rough endgplasmic rntlculuﬂ from the A

- Ap to the B ep2m ha'cgonia.

m

. ' ’
jeted by the nuclecli. In the AL
;cleo‘ue con
spernatogonium “the granular z

poeition within the nucleus.

R peviphera A dis
has not benw oocervad v1uh*n either the 2L pr’

- _Howaver, thg peravhﬁﬁal‘v TOCa ed nuclebli bf_

: consists of a wall~-de n-d anﬁrphOLa zonn and

granular reglons.

“

Tha AL, Ad, Ap and B

a?ies of evente ascribabla to speT

In tﬁe B =pe matogonium the

with th2 basal lamina resPectiveﬁy;

.

on;lvm that, & progression:

and is b=zst cdescribed

spermatogonium to b2 the .

ace in the numbar of

+ion of the mitéchondria

L through the A 2d and

Ap spermatogoniun

condensed fibrillar end '

nucleolus is also

13 ~
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compozed of both an ghO“p”oaa zon2 &n d fi brill 3 granular

lzmina, the mitochondrisen:

‘rongh endoplasaic reticulum zgsogiat

morphology of t?e’nucieoli

developmant b3t explainad
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in2d by intercellular pride

on, and the location and
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all suggest a stgquence of spIrRatcyd gw ial
by considering the RL sparm3togonium to

tog sﬁia vhich
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s2 to RBp spermategonia vhich xould fiﬂ“l‘y
need spzrmatogonia, tha typ2 B.
es of binucleate AL, Ad, and Rp sparmato-

15, 24 £ 25 ) and w2 interpret these colle

't spormatogenzsis. These biﬂu”lE;LQ cells would

. substentiate Clermontls mﬁpping studies whefe:pairs of sparmatogonial

types are found- tegoether &

S

" possible thzt our BL speraatogonia rapresent primitiva spermztogonia

lu3uquu S

nd tend to conlirm tnﬂ oceurrznce of

- - . ’ - :
ion in spermstogonia. W2 have never

nt gpermatogonlal typzg.within & common .

17 The corpelation batwaen our findings and Clermont's ( 1966 )
" podel of th2 mode of development and ranzwal of spepmatogonia in man
O pres:nts a tantalizing, and as yst unansuardd, guastion. Is it
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that are capadble of either rogenzration of the etenm cell popu]at

or of giving ri 2 to th? Ad spezmatogonla wvhich than form the kp

gpermatogonia, ete. In thi tuation, the Rd 'py-m”u0301ia would
ba.ithe earliest gpzrmategoniz commit bed to qp~rm:z oge sis.' This

poceibility can bz subjected to experime entstion by dople tirng the

-

spariategonial population by irradiation ard examining thz tubule for

remaining sperma;ogonia that must parsistg in order to givé rise to

sparmatids by "recover y : c N
' - e : . - .
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Figue2 1.

- Figure 2.

* Figuxe 6.
i H

i

Figure 7.

Io3uquqg

Foriley, Berlin & Foller ] -

Light micrograpn © $ ORI typ2 spcfmatoyoni'ﬂ emb“dd“d in
Epon. Thoe flatic rﬂd 0211, tho irmogular chape of the
neelous, and tie pl-ccmCHt of tho nmitochondria in t1° cyto-

T
plasa away fro » basemsnt membran2 lomina exe :
dlu;ingu¢ch1uJ ch ﬂw“cbcrlsL1c° of thz AL spermatogonia” in
nicion-thick Epor sections :
£1ectron mlcrogrgoh of AL typ2 spermatogoniuvm. .Th
spindle~chapad cell has “boon crogs goctioned end t
clliptical nucleus (N) eppoars gpherical in this . |
particulan nwcvogrgnh. 9n2 nuclear euvealope is irrgg-
vlarly shapad end th2 nueleo onlasm is homogeneous ‘Th2
mitochondria (M) eve linked by rijn Cnd09165ﬂ10 r'“icuTuﬂ
(R) and elcctfonoop“q"“ bars and ghow & p”“lO;;ﬂt‘al
3ocation. gway from the bacal 1zmina (EH). The cytoplasm

. containg ebundant glycogen (G) and & filamentous body - (FB).

'iaﬂgential s:culonﬂ of a typlCdl nucleus (W) in AL type

« gpernatogoniva. h”ﬂOyCﬂGOLQ nuclcﬂp sm is HOﬁW
v;tnin tha jrregularly shaped nuclear enyv2lope. - Abundant
glyconcq givos this cell a darker appearancée. Golgi '
and mitochondria exd plCCan away from the basal lamina .

(84). : ) e
Nucleoluz (Mu) of AL typ2 eporind LogoniLw. The nucleolus
consiste of a diffus granulay zonz. :

-
an

Nucleolus (Yiuw) of RAd pratoyonium, The cond°n°cd
. J
granular zone ig &sgs£0 5wtﬂd with the nuclear envalope.

Mueleolus of an Rp type £pce ?matogonium. The amorphous

- gone (R), in this micrograph, is oziated with the:

nuclear envalopz aud & condoneed riztwork of the granular
- gone (GZ) llG"ﬂn th2 nuclcoplaga.

{G2) end fibrillér region
e -3

NL‘Cl‘:’ ug of B t o2 spemaat
Y= p

i} 2

ciaued wls.h the nuclear

ogo
is surrounded by & granular zon
(F). The nucleolus is not assc
envelope (KE).

itocﬁondrla (§29) of AL type spzrmat gon*un. The mito~
c\onnrl are fréquently ©geoC fated with ths nuclear
envalopa (%) end eve joinad tog
raticulum (R). As shown by th2 ¢
he mitochondria (unlabzled) tha
natLre. R Golgi complex (Go), @ coa
-a glycogon pOth» (G) ere °han.

3
c
i

) l“ rr O. .'

r profiles within
ag zre tudbular in
ed vesicle (cv) and

eu
3

oniuvm, - The & onphoue zone {A)

\

her by rough endoplasmic

o
19
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Figuue

Figure

9

10.

.ll.

12.,

13,

14,

15,

T2 16.

Figura

17.

18.

., (Sp) can bz cbserved witnin the encircling lingar array

s
O
e
3

Ay

L)
m
(IR
ry
1
‘J
o]
)
>
W
|_J
!.J
1]
LA
Y

Flectron-opiqus bars (B) joining nitochondria (i)
togothor in an AL typd spormatogoniun. A strend of
rough endoplasmic roticuwdeam (I osociated with &
mitcchondrion, '

LY

Elcciron-opagus bar (B) continuoug with rough endoplasnic
roticulum (R) in RL sparmatogoniva.  Note the gsgociation
of th2 bar with a citochondrion ().

Loagitudiml saction of a filamantous body (FB) in the
cytoplasm of &n AL type parnategonium,  Electron-opaqua
spheras (Sp) are shown bitwaen the parallel filamenis.

Id

>

"
o

)

crozs secption of a filamantous body (FB) in the cytop
of &n AL typ? gparmatogoniva.  Electron~opague sphore
c

of tubules.
+ Longitudinal section of

a
cytoplasm of an AL epermat ronium., Th2 ticsue wag
)

incubated for ATPage activity and raaciion product is
ehowm to b2 localized within this filamenious body. -

Lam21llar body (L) in the cytoplain of an AL spormatogoniua.
Tha lamelliar body is limited by @ gingle membrane and
ghows an internal lemeliar system composdd of mambranes.
Mitochondria (M) and elaborale Golgi (CGo) are aleo present.
= _

Two RL nuelei (Nj and Np) in & common cytoplasm. Both the,
cytoplasm and the nuclel possese th2 characteristics of
AL spermatogonia. The c¢2ll lies on thz basal lemina (BH).
Light micrograph of &n Rd type spermatoyoniva &nd an Ap
‘type epermatogoniuva embzdded in pavaffin. MNote the
nyacuole” in the nucleus of th2 2d. '

B L 4 - [ :
sparnatogoniva and en Ap
n Epon/ Note th2 rarefied.
th? length of these cells

Light micrograph of en hd typ
type spermatcgonium embiddcd
(R) avea in the Ad nuclaus &n
"on the bacal lemina (EH).

Qa1 (D

Election micrograph of en Ad typh spermategonium. Contact
‘0f the spermatogonivm with the tasal lzmina (BY) is |
evident. The nucleus (1) contains granular nucleoplasna,

a region of rarefaction [RR), end a peripheral nucleolus.
Mitochondria (i) ere shown in cloze proximity to the nuclear
envelope and are sleo joinzd to each other. Smooth endo-
plasmic reticulum (&) is shown in the region of the
centriole (C) and thz Golgi complex (Go).
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Figure 19. huclcca in Rd cpzrmatogoniuvi, .l pzp 12 ‘al nuceleolus
ic shown &o 311 28 & p »tion of & 1 .colus (Hiu) within

the rogion of rerafaction (PR). A n.no’*"zcouv claboration
(£) ic aescociated with thz nuclexr cavalope.

" agsociatzd with the nueloar cavelepe of an Ad

2 « . Th2 nuclesr envalop? is continuous

oaposzcd of & noaebran? linited cisternum
ers (DL) on £h2 internal side of both the
2 and tae cisternua.  The nueleoplasm, (M)
G eve indicated. _ .

»
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Figura 21. Nucl 01L4 (hu) Fal
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. Enyalop2 of 2 o :
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vith th2 nuclear cnvelopz -(lz) of en Ad
The nucleay cmmlooq is cowglnuou:
into the cytoplasn (Cf) Th2 meadbrey

leb) is coaoo*td of @ double mem’rane
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Figure 23. "Blobs” and Yetvipas" eszsocisted with th? nuclear cnveloz
of an Id type spermatogoniva. This micwograph suggests
that blebs (BL) and sirvipes (8t) may be related, but
represent diffevent stages of development. <

ked by a cytoplasmic bridgs
fied primarily by the rcg’ow
cund only in the nn*lc; cf
YE2. . "

- Pigure 24, Two Rd nuclei (b
: (CB).. The nuels
of r"reiachnl (RR)
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Figuse 25, Electron nlc;ojranﬁ of en Ap typﬁ 'm" mategonium, Tﬂ“ ¢csll
is in contact with the kasal lamina (BM The nucleus
is spherical, the naclgoglzsn homsa*ﬂ“ouu, and th2 .pultiple
nucleoli gre pcripﬁ”r“l Tnz cytoplasm contains little
glycogon and 1s some wna» lighter in ¢ensity than the
cytoplasm of either of thz other A spormatogonia. A pair
of centriolrns r2sent end the mitochondria (M) era
frcqu ntly join airz, The nucleus (HS) of a Sertoli

cell is indics ) ' o

2
i

3f»}~;: Figura 26. Binucleate Ap type p91:3t0f011um. Th? nucleoli exe’

o S peripherally located and a pars emorpna (P) end condensad
nucleolonema (NL) arve presznt., 2 filamentous body (:B), 2
Structure not generally found in 2p type ¢ °vn3cogﬂn1a,

is present. ’ '
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Figure 27.
Figura 28.

Figuve 29.
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‘Reley, Eerliin & H2ller

Light nicrograph of B typo spoumateogonium enbadded in

paraffin, :

Light microwraph of B type epappatoyonivm enbadded in -

E J . - £ . & ) -
DON.

Electron micrograph of B typ3d gparmntogoniva,. Th2 plar-

gshapad c2ll has & minimal, yat definite, contact with the
tasal lamina (BH). The nucleolus is centrally
positionad- and flakoz of chroratin (Ch) era ghown on the
internal facz of the nuclear eavalop2. 1Inz mAitochandria
() exre mot joinzd tegether and cccur throughout the ,
¢ytoplasm. Scancty amouxnts of both smooth (S) end rough
(R) ‘endoplasmic raticulun and a Golgi complex (Go) ere

.. pResent,

.
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"-treetment of tﬁe rets with butyleted hydroxytoluene prior to

. COMPARLTIVE YCFPECLOGICAL AND FUKCTIONAL STUDIES OF
NEPTULTUM-IADUCED FATTY LIVERS 1IN RATSH

J. L. Eerlinl and D. D. Mahlum2 . .

1 Eiology Departiment :

Texas Technological College
Lubbock, Texas )
- and

2 Biology Department
Pacific Northwest Laboretory
Fattelle Memorial Institute

Fichlend, Washingion

AESTRACT .
The effect of nevtunium-237 on ret liver was studied using electron
microscopic techniques. Crescent shaped dilstetions of the endoplasnic

reticulum were the earliest morphologic elterations observed end were

found two hours after 237Np administretion. By 2L hours post-injection,

large quantities of lipid was present in the liver and two types of lipid
gy , :
bodies vére otserved under the electron microscore. The one tyvpe wes
eJectron—transpargnt end essocieted bnly with the éhdoplasmic reticulun;
the other ves electfon»opaéue and essocieted with both the endoélasmic
reticulum and the Colgi complex.
_Glucose-6-phosphatese, found within the cisternae of the endoplasric

/

. . - . . . . 237,. /
reticulum in control liver wes displeced in enimels trested with 37hpl be?

237

tp irjectiicn

prevented the displacement of glucose-6-phosphatese.

. Key words: -Fatty liver, FElectron micfoscopy, Antioxidant, Glucose-6-

phesrhatese.

*This peper is baced on work performed under Urited States Atomic
Energy Commission Contiract AT(L5-1)-183C.
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by many hepatotoxins,

More recently, Rechnapel and Ghoshal

- ecrotic ecic,

[ wmmm....mmhﬂ.ﬂw s b doai .L‘ ot e R VP

COMPAPATIVE MCGFPESIOGICAL AN FUKCTIONAL STUDIES CFr
NEPTURILM-ILDUCED FATTY LIVERS IK RATSH

by

J. . Berlin and D. D. Mehlum

Meny toxic materiels, including cerbon tetrechloride (CClu),'

ethionine, erctic acid end puromycin, induce fatty livers in rats with

6,15

associated alterations in subcelluler organelles, In particuler,

dilation of the rough endcplasmic reticulum and dissociation of ritcsomes

1,2,10,32

from the membranes have been reported; a decreased synthesis of

proteins, particularly thre plasma lipoproteins accompanieé these merpholegicel

27,31,35,37

alterations. These observations smong others led Lomterdi

- . 16 N s s
and Recknagel tc postulate thet impzired secretion of lipid frcm the
liver ves a cormon festure in the pethogenesis of fatty livers produced
" Recent attention hes focused on the possible csusal role of lipo-
peroxidetion in the morphdlogié end biochemicel disturbences otserved

after the administration of CClh, ethanel &nd orotic acid.s’l 22

- Indirect evicdence for the possible role of lipoperoxidetion has beer

aveilable for a number of years from experiments in which the administration

~ of antioxidents such as = tocopherol and DPFD emeliorated the hepetctoxic

.

N\

effects of CClh'ét both the histologic and biochemical levels.'®>

23,24 Gnoved that CCl, acted in vitro
and in vive es a prooxicéant for microscmal lipids. - Increased levels of

lipopercxides have leen found in livers of rats trested with ethenol or

L,12, 1k

*This perer-is tased on work performed under United Stetes Atomic

Erercy Caw—icmian Cantrant AT(NE_ 3Y 1R9A
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- ; 1y ' . . .
Frevious work In this latoratory desoustrated thet the sdrministraticn

3T - .
f the actinide elerent Lp to ruats preduced severe hepatic derege.

This effect wves morc pronoure~d in the female tren in the rale and wes

charecterized by neutral fat accumulation. It was elso deronstrated
237

that the effect of Kp could be ameliorated by prior treatment of the

18

enimels with butylated hydroxytoluere (5HT1).”  These merphologic

effects of 23?Np were previously studied histologically. The present

on was, therefore, initieted to determine if the ultre-

e
[N

investirat

. ‘ X 237.. i .
structure of the hepatic cell elso underwent changes after Np edmiristretion
which were sirilar to those produced by other hepatotoxins.

Rlteretions in the rough endoplesmic reticulum (RER) were ctserved

s s . 237 :
in the liver from Np-treated rats during the eerly pheses of tiis
investigation; therefore, & study was mede of the locslizetior cf glucose-
; . ey T . 32 .
b-phosphatese vhich wes considered as & merker enzype for the EREF.-
Cerbon tetrechlcride has teen reported to ceuse decremses in the levels

; 3 25 v '.A' : - X
of this enzyme but effects on the subcellvler locelizastion have rot teen .

- 3 .

reportec¢. The effect of EHT on the locealization of G-6-Pese was exarired

in en sttempt to explain the amelioresting effect of this entioxidant on

237

. . - A e b .
thie toxic ection of Np. In eddition, the incorporation of ~ C-leucine
into hepatic end plesme proteins was studied to determine if the morpholecgic

alteretions in the RFE were accompenied by chenges in protein synthesis.

MATERIALS AND METEODS )

\,

Female rats weiphing 250-35C grems were injected intravenously with

237 X

either 12 or 2k mg/kp of tody weight of Np as the citrete; these rats

37

were sacrificed gt 3 or 2L hours after Kp injection., 1In the studies

in which FHT was useéd, rats were treated with 20 ng/kg 19 heurs end O

' 237, . . . '
and 8 hours surseguert to ,37Np injection and sscrificed 2L hours after
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23(Kp ecriinistration. Control enimals were given B compareble citreate

231, . . . -
soluticn without 3 ¥p. &ince rats ordinarily do rnot eat during the

first 2% heurs Tollowing injection with 37hp, 8ll enimals were fasted

after irlection.

Electron Microscopyv:

“conteining glucose-H-phosphete

The tissues to be studieé morpheologicelly vere fixed in 1% glutareldehyde
on 0.1 ¥ cacodylate buffer (pk T7.3) for 1 hour at L°C, postfixed in
osnium tetroxids 20 fer 1 hour_aﬁ Lec, dehydrated‘in ethanol end erxbedded
in-Epon.lY_ For the crtochemical studies, the tissues were initially
fixed irn 1% Elutaraldehyae as above, and rinsed in 0.1 ﬁiéacodylate
buffer 5% sucrose st pli 7.3 for 2 1/2'ﬁours prior to incubstion in mediunm
35 et 37°C for 13 minutes. ASfter incuYeticn,

the tissues were rinsed twice in the sucrose conteining buffer enc post-

: i - .. 20 B \ : o
fixed in osmium tetroxide, dehydrated snd embedded as adove. Thin

T

‘sections were rut with e diemond knife, steined with urenyl acetele and

9 v W

lead citrate 25 and exemined in an RCA E¥U-2C or ;35 electron microscope.

Protein Synthesis:

T o
The incorporsticn of 1 C-lebeled leucine into liver and plasma

proteins wes used a5 & messure of protein synthesis. TFemele rats were

injected with lebeled exino ecid either 5 or 2L hours efter 237Np

(12 rmg/vg body weight) adrninistraetion; plasra end liver samples wvere

.obteired one hour later. The liver samples were homogenized in water and

the proteins precipita*ed by the eddition of en equael volume of JO% TCA;
TCA was added directly to the plesmea semples. The precipitates were washed

once each with TCA, ethancl: ether (3:1), =nd ether; the protein wes

then dissolved in 0.5 N Ealll. Proteindeterminstions were performed

by the biuret method.
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237, . . : -
The presence of YLp in thke liver and plesme samples recessiteted

wretein samples to CO2 before counting to eliminete

o

the conversion of the

ol

s 237, o . ‘o .
the contribvution frem hp. This was sccomplished by modification of

] .
23 in wnich the samples were placcd on black filter

the mcthéd ol Felly
paper, dried and ccaxbusted in an atmosphere of oxygen. The C02 produced
wes ebsorbed into a mixture of ethanolemine and;ethanol (1:2) arnd an
aliquot counted in a liquid scintillation counter using & scintillator

solution of 3 grams cf terphienyl and 0.03 grams POPOP dissolved one

liter in tcluere. This procedure proved extremely effective, reducing
. P P 1 s

contarination from 237Np to less than 0.1%.

RESULTS

The subcelluler morphology of the centrol rat hepatocytes wes

. essentially identical to that reported for liver cells in the literzture.

Therefore, & generel description'of the hepslocyte will be omitted end

the reader is referred to reviews by Novikoff and Essner 21 and Rouiller

A

and Jezeguel 30 for this information.

237

- -

but rarely seern &t 24 hours after

Structurel Alterations Induced by Np:
* 237

The earliect chenges in hepetocyte structure of Np-tregtecd rats
were diletetions of the rough endoplasmic reticulux (Fig. 1) observed

et 3 hours after treatrert. These dilatetions which are terged "Crescents

because of their cheracteristic profiles, were routinely present st 3 hour

237

1 0.2 u wide and 1 v long and their interiors aiways eppeered electron-

transparent by the methcds of preservation used in this stﬁdy. The

' crescents were discreetly localized in e few cisternaec of the rough

endoplasmic reticulur and the general perellel orientstion of cisternal

stacks wes raintained (Fig. 1). The ribosome populatiocn of the memtrares

n

-

>

¥p injection. They were approximetely
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liniting the crescents comparedto typicel rough endolpasmic reticulum,

it was not cdetermined whether this wes & trusz loss of ritosomes cr only

an eprerent decrease in ribosome numbers resulting from &n increased

surfeace erea ofvthe remtrare, FEough endeplasmic reticulum cisternee
continuous with and adjacent to the crescents were morphologiéally unaltered
thet the usuel complerent of ribosomes (Fig. 1), Crescénts similar to
those in the rough endolpasmic reticulum were elso observéd witrirn the

237

nucleer envelope. Hepatocytes frem 2 and 3 hours Np-trezted rats
did not.contain incrensed numbers of typicel 1ipid inclusicns, although
fbe cresceﬁts mey represent an initiel lipid gccumulation. With the
exception of the sbove described crescents the esrchitecture of the
hepstocyte appeared normal 3 hours afiér trestrent end no changes were
observed in other cellular structures.

In rats secrificed et 2L hours efter 237Np, twvo types of boéigs, .

~~

both presuma®ly lipid in nature, were observed in the hepatocytes. The

tvo types of bodies were never found within the seme cell. The first

type was & sphere of approxiretely 1-k y diemeter and eppeared electron-
P of app y PP

trensparent and rerbrene-limited (Fig. 2 end 3). These bodies were

frequently Joined in an epparent snastomotic condition and scmetines
observed to be continuous with the crescents in the rough endoplesric
reticulum. Hence, the lirmiting membrane of the electron-transparent’

bodies eppeered to te continuous with the membrane of the rough endoplasmic

reticulum vie the membrane lining the crescents.

The second type of btody wes electron-opague, 0.1-0.5 y in diemeter,

(Fig. 4 2rnd 5), and usually found within the rough endoplesmic reticulur’

although they elso occurred individuelly end in clusters throughout tkhe

cytoplasm. An coccesional associetion of these electron-opaque todies

with the Golgi complex wes observed (Fig. 5). Submersion of seciicns
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in xylene for 2 hour to extract lipid causcd the electron-cpaque structures
to becore electron-transparent (Fig. €).
23T
At 23 hours after Ip injection, the rough endoplesmic reticulum

in the hepatocyte was disoriented end the integrity of the parallel arrays

ves rarely maintained. Quite frequently cisternae of the rough endoplasmic

reticulum were closely associated with mitochondria (Fig. 4). In spite

of the epparent disorganization of the cisternse, ribosomes remained
essociated with the rcugh endoplasmic reticulum at ell times examined.

Pefinite structurel elterations in other celluler structures were nct

- observed et this time period.

Lecelizetion of Clucose-6-Phosphatese:
P

In contrel rets, glucose-6-phosphatase sctivity was localized within
the cisternse cf the rough endoplasmic reticulum (Fig. 7 242-x3). Tre

deposition of the reaction product in smell petches elong the length of

the endOplasmic~}eticuium is & reflection of the short incubetion time
used, Cécasibnallyuit appears to bé locelized on the iﬁternal face‘of
the membranes, sﬁggésting that the glucoée—G—phOSphatase is atteched té
the cembrenes. Pegardless_of the precise location of'thé enzyme within
the.endoplasmic reticulum in control enimels, it is separated from: phe
fFround sutstence by e membrane and fhevreaction product and was not found

free in the cyicplasw or essociested with any cell orgenelle other then

the rough endoplesmic reticulum,

After trestment with BHT alone, glucose-6-phosphatese locelization
vas similer to that observed in the control enimal (Fig. 8). The. resction

product was fowncd in the rough endopléSmic reticulum end eppeared to be

.essceizted with the internel face of the limiting rembrene. Similarly,

the fine structure of the hepatocytes reserbled thet found in control rats
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end no €iscernible subcellular elteration, either morpholorical or

cytechermicel, was obiserved as a result of PET treetrent.

237Hp for 2k hours, the

In hepatocytes from rats treated with
reaction product for glucose-U-phosphiatase was rerely observed withir
the cisternae ©f ihe endoplasmic reticulur- (Fig; 9 and 10 ?703A).
Cccasionelliy the precipitate appeared to te looéely associéted with the
externel Fface of the merlrare of the endoplasrice reticﬁlum, but more
routinely apyeared fo lie free in ine ground substence. Althcugh diszlece
from its criginal yosition within the rough endoplasnic reticulur, the
enzyre wes not Tound asscciested with eny other_cell orgenelle.

Tnis dis]ocaticq cf the enéyme by 237Np trestment was preverted by
treatrent of the eninals witﬁ EHT. Thus, in rats treazted with BET 19

237

hours prior te, =s well as 2t 0. end B hours after

237

Np eéministrztion,

end secrificed 24 hours efter Np treatrent, the reaction product for

glucose-G-phosrhetase was found within the cisternze of the rough

endoplesmic retivulum, (Fig. 11), &nd was never obtserved within the ground

.

substence.

L
1 C-Leuvcine Ttudies:

Mthough rether obvious morphologic chenges hed occurred in the liver

2

by 3 hours zlter JYNp injection, little difference was found between the
5 oo .1k . .
inccrporaticn of C-leucine into liver and plesrme proteins of control

enirmels end thcée rretreated for 5 hours with 12 rg/kg 237Np (Tablellj.

At 2L-hour pretrestrent with 237Np resulted in a 507 decreese in the

incorporaticn inic liver proteins but did not reduce the ectivity of. the

plasme proteins.

DISCUSSION

The structursl alterstions feund in neptunium-induced fatty livers

(el
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arc in peneral acceré witlh the morpholegical changes reperied to occur
o e
1, 2, 10, 3z

with cther fatty liver agents (CClh, ethionine, orotic ecid).
The first morphologicul irdicetion of hegatic injur&lis & disruption of
the endeplasnic reticulum Jncludlng the loss of ribosomes from the rectranes,
dilsted cisternac, ernd a loss in the intégrity of the cisternsl stecrs.

At e lster time, lipid bodies are found in increased numbers. The crescenis

-~

that cccur in dB?prinduced fatty livers represent a sligﬁt morphologicel
riaticn from that observed in fatty livers produced by other agents.
Dilations of the endeplasric reticulum that have been descrited in other
types.of fatty livers luék the very definite structure displeyed ty the
crescents. The functionel significance of the crescents is not krewrn
althourh the direct continuity between the crescents and the electr n—
trensparent lipid bé&ies surgests thet the crescents may represent en
initial manifestation of lipid accumuletion in the liver.

Ve sugggst;{hat botnh the eleciron-opague and the eleciron-trensparent
boéies thét were observed in the 2h‘hour 237Np-treated rets are lipoidai
in nnture with thelr different electiron-densities reflecting different

chenical characteristics. The two types of bodies were never fcund within
the same cell suggesting that different ereas of the liver lotule msy te

engeged in the synthesis of different types of lipid. Unfortunetely,

the present study did not differentiete between the peripheral end

central regions of the liver.

\\

Electron microsc0pists have noted for & number of years the presence of
electron-dense grannles of 800-1000 A dlameter assoc1ated with the Gclgz

3, 3 in rat liver

apparatus endoplasmic reticulum end the space of Disse
. .11 . : \ '
cells. Jones et al., found e&n increased numter of these granules after

perfusicn of the liver with & lipid-rich medium ené concluded thet they
‘ D Y
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.of osmium upteke.

were lipoproteins. The electron-cpague bedies in the livers of rats treated
R | (I . _ ot . .

with Kp in the.nresent study were also associated with both the

endoplasmic reticulur end Golgi complex, but were not found in the srace

of Disse. T"hese bedies rmey consist of lipoproteins which accumulate

in the hepetocyte due to a feilure of the secretory mechanism. This

speculetion, if proven, would help to explein the mechanism of fetty

’ L d

liver developrment after 23'I‘Ip administration. The present data is
insufficient to confirm th}s hypothesis,

The nature ¢f the eléctron—transparent bodies is'less cleer. It is
possible thet the contents of these bodies, es well as the contents of

the crescentis, have teen extracted by our method of sample preperation.

The collapse of the crescent membrane, which was & characteristic finding,

" lends support to this hypothesis. If the contents have not been lenched,

the electron-transparent Lodies would be presumed to contein fewer

unsaturated lipids than the electron-opeque bodies by virtue of their lack

-

In eny case, the formation of the electron-transparent bodies seers

I

_to be directly associsted with the endoplesmic reticulum end does not

eppeer to require the Golgi complex.

An inhitition of protein synthesis has been ceauselly essociated

with the fatty livers ctserved after administretion of CClh,Bl’32

37

ethionine;:i5 puromycin 21 and orotic acid. This inhibition of protein

synthesis has been shown, especielly in the cese of CClh, to be releted to

-*.1oss of ritoscmes from the endoplesmic reticulum. In the present study,

denudation of the endeplesmic reticulur wes less than reported by Smuckler

et a1.32 e.f"c.ei"'CClll adminristretion to rats. Inhibition of th-leucine

-incorporatien into either liver or plasma proteins was also less thzn

reported for other hepatotoxins which would correlete with the mdrphologic
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mn

findings. Altrougt the incorporation of leucine into pleswpa proteins wz

s 23] - . . . .
not decrezsed ever at ch hours efter {Ep edeinistration, it shculé bte -

noted that indivicdual fracticns such as the low density lipoproteirns

28, 29

wvere not analvzed. It has been shown by Fohelm et el. that

incorporetion of & labeled eminc acid into plasnm 1ipoproteins.may be
irhibited without overall inhitition of protein‘synthesis.

Since the endeplasmic reticulur appeared to retein at least scme cf
its rmorphological and functional characteristics as inéicated by tre
presence of ribosomes anc the axino acid incorporetion date, we examinec
another meesure of the integrity of this organellé.. The localizaticn cf
glucose46—phosphataée activity wus selected becauseAthis enzyme 1is
associeated with the éndOplusmic reticulun end because it can te detérmined

with relative esse by electron microscopic cytochemistry. The coafinement

of G-£-Fase within the cisternae of the endoplasmic reticulum in control
hepatocytes is in epreement with the concept that this enzyme is & marker

enzyme of this orgenelle. The displacement of G-6-Pase from within the
[ 4 2 .

237,

cisternae c¢f the erndcplesrmic reticulum by the sdminisiraticn of

susgesis thet major slterstions heve occurred in this structure. Although

it hes Leen reporteé previcusly that CClh trestment decreases the total

- .. 25 , . '
G-0b-Fase esctivity, 7 taere has not been to our knowledge a report of a

chenge in the intracelluler localizetion of the enzyme due to the administretion
of a nhepototoxin.

Previous Work in this lsboretory showed thet EHT inhidited liver

237

lipid accumuleticn after Mp edministration, elthough it did not prevent

the rise ir levels cof isocitric dehydrogenezse or glutami?ﬁyruvate trans-

. . 23T, 18
aminese levels found in the serum of Thp—treated rats, In the present

o

study, BHT prevented the displacezent of G-€-Pase from the cisternse of the ER.
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Firure 1. Crescent {C) in cisternum of rough endoplesnic reticulum

237

cf hepatocyte from ral sacrificed 3 hours after Kp treatrment.
The collepse of the membrane limiting the crescent (arrows) is‘
thought to be the result of dissolution of the cfescent contents
during semple preparation. Riboscmes are present on the membrane
limiting the crescent, however, the number of ribqsomes or. trese
rembrenes eprears to be feducea es compared to "typical" rough
.encdoplasnic reticulum. The rough endoplasnic reticp}um trat is
continuous witk the'créscént, as well as the adjacent'cisternal
elements, appear morphologigally ﬁnaltered and posgess the usual
complerment of rivoscmes. |

Figure 2. Electron—tranépafent iipid bodies (L) in hepatocyte of 2k
hour 237Np:;reated rat. CEeveral lipid bodies ere ghown to te continuous
vith each otker and with crescents (C) in the rougﬁ endoplesric
reticulun.

FigurefB,_ The meorphelogical relationship tetween the electron-
trensperent lirid bodies (L) and theicrescents'(c) in hepetocytie
of 24 hour 237Kp—trcated'rat is shown. Eoth the contents and tte
membranes.of these structuf&s ere continuous.

237,.

" Figure 4. Flectron-cpacue lipid bedies in hepatcecyte of 2L hour Np-
treated rat ere shcwn within the rough endoplasmic reticulum (afrows)
which is freguently associated with mitochondria (M). Similar

electron-cpequ lipid btodies (L) also occur individuelly and in

L

clusters throvghout the cytoplasm.

10349bb



Figure 5. Clusters of clectron-opague lipid bvodies (L) are occasionslly
otserved to be continucus with cisternee of the Golgi complex (G)

PR 237, .
n 2L nour Lp-treated rats. .

e

Figure €. 7This electron micrograph demonstrated the lipcidal neture of
the electron-opegue bodies in hepetocyte of 24 hour 237Np—treated
rat. The section was subrerged in xylene for 1 hour and the elsctrecn-
opaque structures btecame electron—transparenf. Compere with Figurec
L arg S.
Figure 7. Gluccse-6-phosphatese 1oc§lization in hepatocylte from contrcl
rat. The reaction product occﬁrs in tke intracisternal pbrtion of
the rough endorlesmic reticulum aﬁd is not essociated with eny other

celluler organelle,

Figure £, Glucese-t-phosphetase localization in hepatccyte from ret
I p , D Y

treated only with the entioxident BHT. The reection product is
confined to.the rough endoplasmic reticulum.

Figure §. Survey electron microgreph of glucose—s—phosphatase locelization

237

_in hepetocyte from 2L hour Np-treeted raf. Tne reazction preduct
_is not found within the roﬁgh endoplesmic reticulum nor within ernxy
'other cell orgenelle including mitochondria (M), microbodies (Mb),

the nucleus (X), Golgi complex (G) end lipid bodies (L).
Figure 10. Glucose-b6-phosrthetase locelizetion inbhepaﬁocyte.from 2k hour
237

hp-treated rat. The reesction produét rerely occurs within the

cisternae of the rough endoplesmic reticulum, however, it can be
"observed ir the ground substeance.
Figure 11. Glucose-6-phosphatese locelizetion in hepatocyte of ret treated

“with BET (43 hcurs) and 237

Np (2 hours) prior to sscrifice. The
reaction product occurs within the cisternee of the réugh endoplasmic

reticulum and nol in the ground substence.
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Tetle 1. FEffect of 23

of Liver and Plesme

Time after

. . 1k R
th of Incoruworetion of C-leucine

inte Proteins

237Np Administration Contriiver 237ND - Coﬁtiiisr 23753
krs. c.p.m./rg protein
5° 147 15€ 110 5G5
210 98 52 133 159
2 31 2l 78 86

. L - :
Fach rat received 10 uCi of Dl—l—1 C-leucinre intramuscularly (3 centrels

and 3 treated).

Loa

. P 1k . .
Fach rat received 5 pCi of L- C-leucine intrevenously (6 controls
gnd 6 treated). :

Fach rat received 2 uCi
and © trented). .

.~

L ‘ .
of 1-3"Cc-leucine intravenously (6 controls
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