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Abstract

MAMMALIAN GAMETOGENESIS AND SPECIES COMPARISONS IN RADIATION RESPONSE OF THE
GONADS. Pnmordia) germn cells bave an extra-gonacal oi:in and migrate to the pgenital ridge early in
embryonic development. Aftcr a series of mitoses, they transferm into oocytes in the female and into
type A spermatogonia in the male. .

In females, the total suppiy of gcerm cells is present either befote or shortly after burth; development
of the oocyte is arrested in ciplotene of meiotic prophase. The nuclear charactenisuics of the 'arrested!
diplotene varies greaily between species, and a3 an important factor in species differences in ovarian
radiation response. In adults of all mammals, the radiation response of the ovary involves a fixed population
of primary oocytes. Qogonia are absent; any lots from the oocyte pool carnot be replaced. Type A
spermatogonia persist throughout the reproductive life span of the male, and a complete array of gametogenic
stages is present 1n the adult. Radiation resistance of spermatiCs and sperm results 1n an nitial period of
post-irradiation fertility; deswruction of spermatogoma and postibly spermatccytes leads ro ohigospermia with
doses of severa) hundred R; fertility eventeally reruras owinyg to repopelation of the semuniferous epithelium
’ few surviving type A spermatogeria. The d:fferent radianion respoase of males and females therefore

attnbuted to basic differences in gametogenesis and the atray cf germ cell stages present in the
- gonad. A radiation response 1ypical for all males alse occurs in man, However, €xact comparison of
radiatiun sensitivity in man and experimental ar:mals us not possible owing to differences in the control of
spermatogonial differentiation which results an species Cifferences 1n both inmal depletion and subsequent
recovery of the spermatogonial prpulation.

INTRODUCTION

Our understanding of the radiction response of the gonads is dependent on
our knowledge of the origin of the germ celis, their development during uterine
and pre-pubertal life, ond gametogenesis in the adult. Wherever possible, our
meoger dota on man have been included; but for the most part, the formulation of
basic principles of normal gometogenesis, ond especiolly of radiation response,
hos been bosed on doto on experimentol onimals ,

The most striking difference in gometogenesis in mammals is that which
occurs between the sexes. In the male, stem cells (spermotogonia) ond continued
formation of mature gametes occur throughout the reproductive life-span; whereas
inthe femole, the definitive supply of cocytes is formed either before or shortly
ofter birth. Oogonio ore not present in the adult overy. As a result of these
fundomental differences in gametogenesis, the radiation response of moles differs
greatly from that of the female .

Reseatch sponsored by the US Atomic Energy Commission under contract with the Unien Carbide
Corporation,
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 GAMETOGENESIS

Prenotd! ond neonatal

Migration of primordic! germ cells from an extragonadal origin to the
germinol ridges was first observed in human embryos [11. later, Chiquoine {2]
demonstrated selective alkaline phosphate positive stoining of the primordial germ
cells of the mouse, ond by this technique wos cble to trace their migration from
their origin in the region of the caudal end of the primitive streck, root of the
allontoic mesoderm, and yolk soc splanchnopleure in the 8-doy mouse embryo,
to the germinal ridges of the 12-day embryo. The demonstrotion by Mintz (3]
that sterility and reduced fertility associoted with certain genotypes of the mouse
can be correlated with o reduced number of primordial germ cells is conclusive
evidence that these are thestem cells of the definitive gametes. Qocyte counts
in rat embryos have led to the some conclusion [4]. Mitotic division occurs both
during migration of the primordial germ cells and in the germinal ridge. Primordiol
germ cells tronsform directly into oocytes in the female (3-6]. In males, they
give rise to type A spermatogonia soon after birth intherat [7], ond by 10 years
in man (8], Although Charny et al. [8] did not use the precise system of cell
classification given by Clermont [9], their dota indicate that the basic developmental
pattern observed in other mammols also occurs in man.

Adult mole

Qur understanding of normo! spermotogenesis has advanced markedly in
recent yeors owing to the occurate identification of both cells and developmental
sequences made possibly by the periodic ocid=Schiff technique {9, 10, 11]. In
rodents, stages of the cycle of the seminiferous epithelium occupy relatively large
oreos of the tubule, and a given tubule cross section usually shows a single stage.
In mon, however, on overage of three different stoges appears in a single cross
section, ond while anolysis of the cycle of the seminiferous epithelium is therefore
very difficult, it has been shown 1o be fundamentolly the some as that observed
in other species [12].

Type A spermatogonia ore the stem cells of the mommalian testis. By the
process of stem cell renewol, the type A population maintains o steody state while
giving rise to on unlimited number of differentioted spermatogoniol types, which
develop into sperm. The following brief description for the mouse is similor to that
of Clermont [9] for the rat, end though species differences occur, the same basic
process hos been observed in guinea pigs, monkeys, ond man. Four divisions of
type A spermatogonio occur [13]. At the cnclusion of the fourth division, most
cells trensform into intermediote spermatogonia, with morphological choracteristics
intermediate between those of type A and type B. The intermediate spermotogonia
divide to form spermatogonia of type B, which in turn divide to form resting primory
spermatocytes. A few type A spermatogonio fail to differentiote, and form the
stem cells for the next multiplicotive cycle, In the mouse and rot, either four
or five cell generations, depending on stage of the cycle of the seminiferous
epithelium, occur in o given tubule section. Both the cellular aisociotion ond
number of cells are choracteristic for each stage of the cycle; thus quantitation
of radiation response of specific call types is possible. The obove mode! needs to
be modified only slightly for man, where two types of type A cells oceur, A dark
(Ad), ond A pale (Ap) (12], Ad spermatogonia differentiate into Ap, ond Ap
divide to form spermatogonia B. From there the process is similar, with
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permiogenesis involving zhanges leoding to development of choracteristic sperm
norphology of each species.

The time required for type A spermatogonia to develop into spermotozoa
sppears to be o biological constant for each species, ond is unaffected by radiotion
{14] or hormone levels [15, 16]) even though both of these procedures con result
in severe depletion of the seminiferous epithelium. Estimates of the duration of
ipermatogenesis are cbout 35 doys in the mouse {17], 49 days in the ram N18], 48
days in the rat {19], and 72-74 days in man [16]. These estimates, together
with information on the dynamics of cell populations and relative frequency of
stages of the cycle of the seminiferous epithelium, make possible the calculation
of the life-spon of each cell type. Such calculations, os given for mouse and
man in Table 1, ore invaluable in studying the radiation response of specific cell
types, and in comparing the rodiation response of different species.

Adult females

The most distinctive fecture of oogenesis in mammols is the absence of stem
cells {(oogonia) from the aduit ovary [20]. All cogonia enter meiosis either before
or shortly ofter birth; and usually develop os for os diplotene. Nucleor morphology
of the diplotene stage of the "amrested" oocyte, however, varies widely between
species; a "typicol" diplotene is choracteristic of the human, goat, ond dog; o
synizesis- like diplotene is choracteristic of the guinea pig; ond a diffuse,
interphase-like diplotene (dictyate) is present in mouse and rat (211, In all species,
the chromosomes become diffuse and oxyphilic during growth of the follicle, and
probably are in @ lompbrush stage. The first meiotic division occurs in the ovary;
ov-'=tion occurs about 6 h loter with the chromosomes in metophose of the second
r division [22, 23).

Since the female has o fixed pool of oacytes estoblished early in life, it
would be expected thot the number of oocytes would decrease with age owing to
follicular atresio and ovulction. This decrease has indeed been observed (24, 253
and constitutes a cogent argument against formation of cocytes in the adult mammalian
ovary (24]. Furthermore, in the mouse, DNA synthesis typicol of preleptotene
occurs only in utero [26, 277, ond cocytes lebeled in utero persist in the odult ovory
[27]'. Finally, genetic foctors which reduce fertility also reduce the number of
primordiol germ cells in the embryonic goned 3], As ¢ result of the cbove
observations, the direct relotionship between primordial and definitive germ cells
is now firmly established.,

RADIATION RESPONSE
Females

The radiation response of the cdult ovory, therefore, will be limited to
diplotene ond loter meiotic stoges in the odult; imodiation during embryonic, fetal,
ond neonatol development will have to be used in study of stages from primordial
germ cells through pachytene . Whereas oll female germ cells go through a similor
developmental process, the correlotion of germ cell stage with post-conception age,
synchrony of the cell population, ond stoge at which oocyte development is
arrested vary between species; thus, even though specific cells may hove o similor
rodiation response wherever they occur, lorge species differences in radiation
response of the ovory are to be expected. ’

m




OH/ u.oo R - -

‘(9L "3 9at) juowsd|) puo 19|13 jo oiep wouy payndwo)

-0 £ : spriows2ds 71-0 0 vt spriows2dg
i ajho0,0uwi2dg G1-y1 0 1 a3420jowiads
A4 80 suoisiALp 2HOIIW Gl 0 SUOISIALP DHOIIW
auaio(dia 91-51 60 auaio|dig
8e-€Z g sl auaidyaod £z-91 €L auaihyaog
1y-8€ 62 au20647 §z-€2 91 auai0647
Sy-iy L't auay03da) 9Z-62 £ auajoidal
op-S¥ o'l . auajoidajald 8z2-9L Nl auajoidalalg
Q s51A50i0w0dS Tiow1id so1A0iowiad§ Asowiid
% -
% L5-9 AR g 62-82 Al g
o) L5-€L 0" 91 dv 0c-6L 11 ajorpawdiy]
ye-lL uasaxd sAom|o PV 9¢-£¢€ Juosdad sdomio v
omcoa.o::mm . o_.como.oEgomm
(sAop) 514534 WO oA (shop) stysd woy A .
wiads ainyow o (s4op) ad4y 112D waods ainow JO (sAoP) ad4y 119D
uolyounQg uoljoinQq
as03|as 0} |OAIRIY] a509|2) 0f [DAIIY]
+UOW asnow

upw pup asnow jO xwmcuwo.oEboaa Ut (uawdo(aaap |32 ‘obmc_E:. *1 @j9el




R ) . . . . . z e
uo1DIpOIIL 43 *0 E V1) P—UOU 10 DWwiuD 3auo uo UOnUﬂ nZOmv .m_O.:COU UD.:: Jo mvug wm_ﬂ OOC_:Q LO& E{0]- )

] —
{0 ﬂ ) [}

- dnoJ6 199 sjowiup Y4 U0 pasoq 921w Joj suodW Y =

ot 100° £ Sy
L1770 , ’
. 006 ‘01
4 110
. 50 6l o ’
: o | VS0 ovy v
' 00y" | & | - N
= .
% eyse | i \ y
: eo 095 11t
: . y ! : ¥z ot
2 e iyt s9 v6E° 0 00g‘cl £00 u
m o ; m L6v'0 ozy'st : :
M o N 19 126°0 085" ¢Lt o10°0 S¢ ;
. -— ) I .
w s . . 56 £29'0 0z0'1Z 800" 0 Y4 _
: . ) '~ .
E i m o AR o8L’Le 022°0 456
e : Sl £ro" L 1)4 . -
: e oF +e0ZL'EE
m +s5E .
=

o CDU & W 32 DZ _ 4 \ : w Ca__ 2 N — ' \ —— : Z — i \ _ » Anhovv
— A \ —~ n:

uo1§DIpoOL!
(3.05) 22IW (¥ 00z) sB:d D3u10D (3 06) W et
7) s61d oauing !
e sa1211(0) A)403
$3|21]10) 401
. s 3914000 JO SJOQUNU UDIW *1} @19°4
( THio|o pue BRG4R0 waig) bid pauinb a3 ul ¥ 00T PV w ey Ut § 0G DBuialad
A \Z ja4 93 .Jho_ H
/

M .
. L—
'
!al
RN
~
- v
Y
u. . . w‘.
".
N -
* T
» ) .
»\fnd.
. '
= .
B
AY 4
oL,
- A R
A o m
U
e ¥
- -,
.
LS .Yu.n
)
-
. N
. e 4
RS
A L IR iv’.
A\ S A
¥
Y N S
‘m, 3
e -
e VAN
.
v et Y
RERE



1699901

9 ¥ 8tl | @soydojaw

Yoz sgsauyolQ

tet! 6L9 /€8 I umof_...._o.oi - sysaupyo!q

Y24 1L o ¥9S sudioidiq

1ze £eL 109 P99 (210]) 2uaihyd04

9T 1A% 4 10¢ I8t (p1w) audjdydod

m we oLy &L voy (4}109) auajkya04

m oLty L£9 gLy 4 auajobAz

© Z8L F £v 6L £L2 zov auajoiday
£6 #T19 €ce 931 1074 ausjoida|aid .

1| asoydowy | asoudouy s2ddny 12407 a1

omo a603031q awosoWoIY)

Sjlwi] 22UIPLUOD %56

Dyowijsa juiog

DJOP |OAIAING

aboys asoydoud d1i01aW

2snoW Y4 §O se1k20owiads Ziow 1id uy aB0%03.q 3WOsSOWO.

5 uo pup [pAlAINS uo aboys 350 dosd d1jo1aw §0 |29 . ?{qo
Y puo joAL Y ol b.tm_:_m._.




- MAMMALIAN GAMETOGENESIS 9

} .7 In the mouse, 50 R of x~rays reduces the number of litters to four per female,
with permanent sterility the recfter {281, This can be ottributed to killing of the
small oocytes, and subsequent failure to reploce the older, more resistant stages
as they mature and are ovuloted {29, 301. A similar response is observed in the
rat [31], but higher doses are required to produce comparable effects. The response
in guinea pigs is quite different, however, ond o comporison of survivel of early
ond lote follicle stages in mice and guinea pigs is given in Teble II. in the guinea
pig, small cocytes are resistont ond growing oocytes sensitive, which is the revene
situation of that in the mouse. As a result, fertility of guinea pigs is unaffected
by ocute x-ray exposures of several hundred R. Likewise, fertility of dogs is normal
ofter 300 R x-ray exposures 1327, robbits show fertility for o con;ideroble time
ofter irradiation [33], ond women have conceived a year or more ofter exposures of
300-400 R, with presumed norma! fertility thereafter (34, 35).

The reasons for species differences in fertility of irrodiated females are not
well understood, but norma! reproductive life-span, normal rate of cocyte depletion,
frequency distribution of cocyte stages with different rodiation sensitivity, ond
nuclear charocteristics of the "arrested" oocyte all probably are important foctors .
Differences between species in nuclear cytology of the cocyte have been observed
[21], ond though we do not understond the basic mechanisms involved, a correlation
exists between chromosome oppeorance ond rodiation response . High sensitivity
to cell-killing is o characteristic of the dictyote nuclei of mouse and rat, which makes
these species poor models for generlizations on odult ovarian radiation response in
other mammals. However, periods of high sensitivity may occur during prenatal or
neonatal development in species where the odult ovary is relatively resistont, and
extreme coution should be used in irradiation exposure of this time . The most
importont fact is thot the ovories of different species show widely divergent radiction’
response . '

Males

Recent advonces in our understanding of the normol dynamics of
spermotogenesis hos made possible the evoluation of the cellular responses in both
depletion ond regneration of the seminiferous epithelium, Spermaotids show no
morphologicol or gross functional damage (sensitivity to genetic damage is fairly
high, however} even ofter doses of 1000 R or more, complete spermiogenesis, ond
give rise to the period of initial fertility following doses of several hundred R (363
After irradiation, the frequency of cells degenerating during meiotic division, and the
frequency of bridges and fragments ot anophase are increosed ., The result is depletion
in the number of spermatids formed, ond on increase in the proportion of spermotids
with vorious degrees of heteroploidy. A meosure of comparative sensitivity of
different meiotic prophase stages to degenerotion during meiotic division is shown
in Toble 1, and vories from an LD__ of 205 R for preleptotene to 837 R for
diokinesis-metophose I. Frequency of sbnarmel enophoses resulting from chromosome
breakage, tronslocation, and formotion of acentric frogments also are given in
Table I1. The ranking of sensitivities is almost the reverse of that for degenerotion,
with diokinesis-metaphase I most sensitive and leptotene least sensitive. As o
result of degeneration and gross chromosomal abnormality, contribution of spermatocytes
to post-irradiction gamete production is dose-dependent .-

Since spermatocytes and spermatids have a relatively short duration in
comparison to reproductive life-spon, spermatogonia are the most important cells in
radiation response of the mommalian testis. Killing of differentiating spermatogonio
leads to maturation depletion of the Vestis, azoospermia, and the temporory period
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10 OAKBERG

of infertility characteristic of maoles given o single radiation exposure. A few

type A spermatagonio survive, however, and repopulote the seminiferous epithelium
[37]. Depletion ond recovery of apparently normal type A spermatogonia in the
mouse ore shown for o wide range of doses in Fig. 1. The time of moximum depression
of cell numbers is dose-dependent awing to initiation of division among surviving

cells before the process of cell degeneration has been completed. The interaction

of these two processes is choracteristic for eoch dose, and there is no optimum time

for comparing the effects of all the doses given. As would be expected, recovary

is more rapid ofter low doses, but a significant increase in the spermatogonial
population has occurred by 10 days even after 600 R. Eventually, the entire array

of spermatogenic cells is regeneroted . .
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FIG.1. Experimentai/control ratios for ‘normal’ type A sperratogonia of the mouse 1 h to 10 days after
irradiation.

Human testis

In mon, the Ad spermatogonia ore thought 1o be the stem cells of the
seminiferous epithelium [12, 16] . Radiotion response of the Ad spermatogonio to
local x~roy exposure of the testis, os measured by number of normal cells, is shown
in Fig. 2. {These dato ore based on slides pravided by Dr. Corl G. Helier, Pocific
Northwest Research Foundotion, Seottle, Woshington.) The initial depletion ond
subsequent recovery cbserved in experimental animals also occurs in man, There
ore some important differences, however. :

Rodiotion-induced depletion of the spermatogonial population of the mause
is primorily the result of cell killing (382, whereas both cell killing ond
differentiation into more mature cell types oppear to be importart in man, Cell
killing results in the initial rapid decrease in the spermatogonial populetion in mon,
but the graduo! decline which continues until 90 doys or more is the result of both
cell deoth ond spermotogonial differentiation.,

As demonstrated by o comparison of Figs. 1 and 2, repopulation of the
seminiferous epithelium also is much slower in man thon in the mouse. Comparable
data for type A spermatogonia after 300 R in the mouse also ore included in Fig. 2
for ease of comporison. The difference is greater than would be expected on the
bosis of duration of spermatogenesis, for the time required in man is only 72 doys
compored with 35 doys in the mouse. Obviously, other factors are responsible,
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cnd these moy concern basic processes in the control of spermc?ogoniol differentiation .,
In the mouse, the A spermotogonio first increase in number, then differenticte into
intermediate ond B spermctogonio. In mon, however, differentiotion into B
spermatogonia occurs when the number of Ad cells still is os fow 0 2 or 3% of control,
This represenis o “wostoge" of cells os for as recovery of the Ad population is
concerned, ond oppears to be a significant factor in the slow repopulation of the
rodiation depleted human testis.
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Comporison of the doses reguirec for corpe-ctle depression of spermatogonio
in mouse and man suggests that men is the more semsitive by o factor of ebout 3.
However, this estimate must be cceptes with cogent reservations. First, the
comparison is bosed on dota at 5-7 doys cfte- irrcziction in the mouse, end on dota
at 90-200 doys in mon, Second, the mecherisms of spermatogonial depletion
differ in mouse and mon. Third, the dyncmics of re-establishment of the spermatogonial
population in mon reveals significent difierences in the control of spermotogonicl
differentiotion in mouse and man. Thus, while the general rediotion response of the
human testis is typical of all mommaols, mory ospects of the notmal process of
gametogenesis will hove to be more thoroughly understood before rodiation sensitivity
of experimentol animals and mcn can be adequately compared.
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DISCUSSION

F.H. SOBELS: You mentioned that the period of high genetic radio-
sensitivity at the end of the dictyate stage of the mouse oocyte seems to
coincide with cessation of RNA metabolism, Do you or Dr. Russell know
of any other evidence that the apparent repair of premutational damage at
earlier siages is associated with RNA metabolism?
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E.F. OAKBERG: At present we can only say that RNA metabolism
is an indicator of general inetabolic activity, which may be connected with
repair systems, .

L.B. RUSSELL: The low mutation {requency obtained when early
follicle stages are sampled may be due to mechanisms other than repair,
such as cell selection,

E.F. OAKBERG: A third possibility is that it is connected with a
possible difference in intrinsic sensitivity of the genetic material, as
W. L. Russell has pointed out {Proc, natn, Acad. Sci. U.S.A. 54 {1965)
1552 - 57). ‘

F.H, SOBELS: What is the mechanism of cell death in the B type
spermatogonia? ’

E.F. OAKBERG: The precise mechanism is unknown, but there is an
immediate cell killing which is already detectable 3 - 4 hours after the
irradiation in both mouse and man, In man, many of them differentiate into
spermatocytes, which is a different response from what we see in the mouse
or rat, We really do not understand how the type A spermatogonial
population maintains itself. Recently Clermont and his group have suggested
there is a so-called Ay spermatogonium which is a true stem cell forming
a reserve population to replenish the seminiferous epithelium, One
interpretation of the human results could be that the actual spermatogonial
differentiation in man occurs more than 72 days before production of
mature sperm, but that we are unable to recognize the initial cell population,
so0 we have the wrong estimate of the duration of human spermatogenesis,

H. M. BEAUMONT: I wonder if you would comment on cell selection
in oocytes, :

E.F. OAKBERG: We certainly have evidence for increased cell
selection through atresia in the irradiated female, It is interesting that
the female can ovulate about the normal number of cocytes each oestrus
even though she has very few left, But atresia occurs at different times
in the control and irradiated females. In the irradiated female degeneration
occurs at oocyte stages 1 - §5; however, once a follicle has developed an

antrum the oocyte has a better chance of being ovulated in the irradiated
than in the control. The increased loss in the irradiated females must-be
due to selection against those oocytes bearing the more severe types of
damage, probably chromosomal,

A,G. SEARLE: Is it known how much the duration of cocyte stages
6 - 8 depends on whether the female is having litters or not?

E.F. OAKBERG: The data on this are not good, because we cannot
follow a specific oocyte. There is no difference in the rate of oocyte
loss between virgin and continupusly matedfemales; the depletion of the
oocyte pools occurred at exactly the same rates. This may result {rom
the fact that most of the loss of ococytes comes through atresia rather
than through ovulation,

L.B. RUSSELL: Another result relevant to this point comes from
our experiments with 50 R acute X-irradiation given to female mice,.
When the young were killed at birth, as done in the fertility experiment,

an average of four litters was produced. But when you allow them to be
raised, as done in the mutation-rate experiments, the average number

of litters is smaller because they are more widely spaced., This also

peoints to loss through atresia rather than through ovulation,
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A.G. SEARLE: You gave a figure of 46 days for the interval between
rmation of the primary spermatocyte and of the spermatozoon in man,
hat is the minimum time between spermatozoal formation and ejaculation?

E.F. OAKBERG: The minimum time between release of the
permatozoa in the tubule and their ejaculation is one day, but the average

3 probably 10 - 14 days.
A.J. BATEMNAN: Is there any evidence for premature death of the

permatocyte before meiotic division?

E.F. OAKBERG: There is no evidence of any loss at this stage,
‘ormal numbers of spermatocytes reach division even with very high
:xposure, apart perhaps from scme at the very early prelepiotene stage.
dost of the degeneration occurs at wietaphase 1, so the scoring of abnormal
inaphases may be misleading.

A.J. BATEMAN: An irradiated spermatocyte normally forms what is
ralled a restitution cell, Were they scored as survivors or non-survivors?
E.F, OAKBERG: In my opinion a restitution cell is a figment of the

imagination. The concept of a restitutioncellis erroneous because the
spermatocytes which fail in meiosis form a giant spermatid which de-
generates, These cells plzy no role whatsoever in repopulation of the
testis, Investigators who have made this claim simply did not lock long
enough to find the few A type spermatogonia present. :

We scored as survivors all those spern.atids which appeared to be
normal living cells, regardless ¢f nuclear size,

A.J. BATEMAN: If you give a larger dose of about 1000 rads you get
verv many spermatocytes which have failed to go through meiosis. They
2 ulate in the testes and as a cell population can legitimately be called
r tion cells, !'Restitution' is the classical cytological term for process
by wnich two daughter nuclei fuse, failing to separate, are included within
a single nuclear membrane.

E.F. OAKBERG: That is true, but these cells have nothing to do with
testes repopulation and the tem 'restitution cell' implies that they do.

LI LI a9 >t
' wa% ;
I rad * » »
Y 3 + Jor- ¢ -~ 3 <
M ey J - ¥ - r iv 2
Y ¢ 0 3 3-,!'. . ) & =~
3 . g - [



OH/ 304

yeaud ay) anysuonsl 0 Junuodyuo) U3 WY uoyeaed ou ‘NP Of
-|aNU0? UMO 61y F8 AL osps 1nUS M) YOI pus {051U0D UMO 1Y F¥ 2A12
Jsnus 1oalgne yaua ‘0pR1YL -Bugpeapsiul 20w LRI 29 pInOd AENPIALPUL Jo
daoud jewss ¥ 10 [Enplatpul us wodn 2anpasaid udaddl ¢ jo BaeM u._: Buwsare

Juj SjEAUL) [EULIou JO dnoid s jo onwl DSIDT 28usaae o Suisa ‘Apepung
-Buiprajsiu 3q pno? UM SIYT SIS YL Y s _E.:.ou .
s posh 1S3} wiu ap Buusdwod ‘reppunp Ajpeonisneis Sunq jo u.u:n;v %0y
¢ Ajarewnxosdds 2asy {enpiatput Jwes 3 JO 21621 0m) 23 duLs *Aps1dauony
‘00 =dJ° Aupiyea ® s safueyd [E2121 POy anpasosd aaneinsiaut ue
Buimoljoj pue 310jq jEnpiatput swies a1 ut sisd) Jues ays jo sondorq Bunkjeur
faoudpf dwmn Jo VQ_.VQ w 12a0 Jaiqus uam¥ e W Mira) Jwes A 10j WTIRU0)Y
Sjqenrewd) sutewl sy(22 Bphryje Laquany ayh ey (B2 wnes DS/ ML

NOISSNDSTA

W f UYL e supedinsanug Jwies
sy Ag munod ug uotiessea S pue ¥, 9 ueyy »3i prdesaae vioediisaaut om) Aue
Aq pauwssogsad nunod vl uoyeiieA IY | suossad wangp Aq put uosxd Jwes
iy Aq Ksdorgq suses 44 Jununod-as q pafearas ven Aupgonposday 12lgn

2sugagiuine (@8I 50) POTITERTIR Y L R Y. FRITTIE Y B

g N 'S N

[N DU FHPO = LUUN LUIY 00 v 0 = Lhieut (171

$N 200+ Ly0 = 6019 LNl QUL 0 = LaEut "y}

00> €00 +L90 = KI9HOLOS (00 ey 0 = BoYLI9ubY [

€00+ L6 0 — (WL YLl £00F 460 = 1RIMSIPY
SN €00 T4E 0 = YOL/ ol 003010 = tRE/nE

€00 ¥5E 0 = L6T815911 £00 3% ¥§ 0 = SLZC/LONL W

SN W00FsLo = vrvelalil 100 (20 = 15L9/¥h8L ot

N L0 1007610 = Srwitinl 100 ¥ (20 = 9oL 901 [T14

s N W00+ 6L 0 = HYTILAN L0 0 FYL0 = OLUL/sN [ 9

SN 00 F 150 ~ 69LYLIVE 1007150 = DRSNS 1]
YR 1007400 ~ tulitell 00 ¥;0 = 1l %2

SN W0 FIL0 ~ v Tl 100 +L 0 = LLIHYIY 1412
1000~ {00+ o = otLeiuol 100 9 0 = siptivotl 122

3y Foum FER] war
o por yeress i Fetr) e oy tye Foparl 114my

win Yy s ryhoyg
[
ARIL 4NYE ML LY IRYICRD
Anvs 4Kl NO siiadl OMmL AL 40 AL HEYINYA AL 10 NOYRYIND

[ ICA RS

SiEs S} JO ML Y3 PUE B uaamiIg ueyl 10peand vem apalyns waan
uoneLIEA Y It} paneys snfjeue fedpueg {g aqe L) (00 = J) unu uane
ur Apuedsyusis Lga Jou Pip s Yol pus Wy oys Jo sones YL RYEIITRTERE D
241 JO 100J Ut 22ULYP ueayiudis € pajEandl Juiy Jues a1 1e pautelqo afges
SuiEs Ay JO SIS YA pus Wi u2amidq sones OS/OT SO vostzedwod NI

pralgns awos oy Jo 5150 Vo1 pue yiu wesf snsdosg fo wosuodwo) (2

181 woyofijuosd (122 diplry vowny

2uv

100 %120 = (TL/y90L
003 8r0 = 59906910
00¥5r0 = (11216506
WOFLLO = LSOLIL908
W00¥ (+0 = 601NV
00 F6H0 = £oss/aICH
00T 50 = LBIYIH
0 0¥C60 = ¥06/ve0l
§00¥¢E0 = L6IEISIIL
S00¥ 450 = IV1HSIH
003920 = 1905/058

s00¥ ¥ 0 = 91IS/ILOLY
§00¥190 = +194/9(06
c00¥¢C0 ~ NsLinsl
£00¥ 650 = 969€/9561
wolicro = oIrHiLil
100720 = 154918¢81
100¥¢60 = tOsWELLE
1007 120 = 96La/Z01
100561-0 = shnlitil
100 ¥ (L0 = %.6C/9501
€00¥ 200 = CLLE/VLO0
W00#6L0 = ¥EILIEIL

€007 920 = 050E/S0R

00 ¥ (L0 = ortioe

wotic0 = 9100/r6bl
Wo¥Fs0 = 699k
100¥ L5 0 = 1919i985¢
W00¥¢60 = senLlvbil
0 0¥ ¥50 = 1I55/SS6L
W0¥ 660 ~ 09sioLil
1007210 = eus/nll
1003020 = (L1¥9:8

100750 = 62iC/ 181
€00 7% 150 = 9ol .ot
(0O*WY0 = ulsrLBul
L00 %900 = #6500t

5%
wyos o2 yugiyn dpy

yisg

(124
114

[\ 14
1134
[13]

[ 14
(11

ol
=]

(243
(244

[I2(114

[SEYIL A%

NddMmiA ALLTINVINYA AHL A0 SOBVIROD

T dravy

dytulits (€ aiREIs sug 0

weguds oy TS N

Bapssguod

suodad gl g o

SN
$N
SN
SN
SN

od

LU (LD = (wtival 4]
§00 #4500 = (6LE/911 Wi
§00¥450 = ¥30Live0l wl
§00 4 +L O = 1RIBISINL iy
004z 0 = 1RUCIGE gy
00 ¥4 0 = s1zLiont iy
Y00+ 260 = 627411W91 oy
€00V 150 = SouLEi6HL i
€00 ¥ 0 = 9islingl wlhoy
§00% 650 = 0uIE/9561 L]
oIl o =~ /o yhy
c00¥9L0 = 040C/5S00 b

e 1
s Touns py
aw yavsiyo Pply LI

11]

"3

i
polyey

anvs 3IHL 40 ZO:(U:—.—.Z(:U Nl

TaRIL INTV4AIQ LV 1oaflens anvs 2L NI s1AS2L

| Mev]y

ALMUVINVYA AHL 4O NOSINY4W0D

b69990|




OH/30d

190 W ]
e uy a3 MpaTY o Hmnps L P wonsumegz (6361) D M OV ¥ '@ ‘wowrT] NN TavRy
SaONAVAIN

-08L1{1-6¥) Ly —uoIsuwad iauy
awoy SN MW pus uw—.nwzl_..u..:co uonemdod 241 .smom A.:—..Iou_?.ow
el 21and SN g woy qurid Aq pausoddns sem uoneSnnALt By

: ‘nep Y Jo uonENjEAd [EXNMTIE 1y
0p 390.0 '8 waapiey 31 W OM -agpris 3 Ut pAsn jeudiew Asdoiq ayy
guisedaid ur 2uEsiE Wppedx3 13y 10} rwiysr | 2uiold AUTYL O Ystm Iy

SININOATN MONXDIY

“awny Jo poriad e
1aa0 sandory adngew jo suvaw §q penpraiput Jwes ay) uo .::v..uc..._ Jevoneld
ysaaut Aue jo 512212 J4} Junw13p 01 IYE 24 Jis 01 Busaaut A4 _usv_,,,_v:_
L.——— o) waey e L) quw il o -—-:OEG 1ed| P a.—h-.—-.—-a 113 FRLIEN uriy
feuprarput Aur uy 223 yuIG pur Fipdorg Jo saqunn .::.z_.: a1 Busaum
uorEuwojut uleqo 03 1012880t Yl QLD poqasut siys ons °¥ Wy Apnas pue
weBio asmua 3y 1M 0} spgusodwt 13t wnEdIY SISED _nu_uc_o:.aa 2wt Ut
daaxs sandoiq jo n 34 01 panuy &t Juo Quisn uvwiny Yitw Buyjeap UYM

S (060 > J) onws N W IO 7,01 Biyite
Agpenmsn seare spdwes ua Bugunod woyj ones J§OT MW yiluoy) ‘paiuned
2q Arew sease 100 priea Ajeatinies you a1e wiep A4 1 “puyiau ) UL Y0y
128 ST EiEp Ji) NENEND Lpeonsnes pue udl jo wnuuul € wno) o) Aressadu
uo st M ydnoy ‘onrd S/ W uieigo N Ldog gy o st spduwies
saquunu 13i¢] ® Lnuenb Sews sordnsasut ML uawaads Asdotq gy o sea
spdwes Liuawa jo $$20% UE pIunnd ity sogine aij puraw aqu Butsn Wy

patods st sjduses wopues Ajjearueis €% Buog se pijea s onel 09S/01 4L
wnes ) sheme st pagdures snsa 24 §o ealE Aj) NeINY JGEIS B Lppg
) 320 JU UONELONE j1 Jo pue suswads Asdorq a1 30 AanaBowoy A4
caed 10 2332 R 0 spardius st sthar AP Jo vaiE s € 8TiTe ) suu {prprda o
jo 2ourqIniip Aue proae o voudnge vatun 2y wopoy Apareipausut 1238 np

J0 i —Nrnc—v El1) .—C vl —v&—_E: e oy ‘b—-mﬂ—nﬂc Jie vaEm.-.!—v >&:_n— h-—.—.
syy23 B1piay Luuenb o) pan 2q yjouury
poiaw Ay $330j21344) puE prres juu uonduinsse My ‘vedie aaomp used
Ul oae Juml [EnusIdIuL put sagqoy Yy ayn soads up apgenier wopuvt
v.u::._.:.._v Ajjewssuu € 2q 0 paunsse §f ohes 0§/0°] Y BN 21ud Y)W
-ydnosyy paxat Apnoauaduwoy 21e 3|2 Bipdag pue Lnqni 10 22utg “3IY10uY
ug ansatd [ENNSINUL A PUE 821521 A JO TAUE Ju0 Ul PUAO) JuU 1T g A
2sneaq sEsuL “stskpeu [EXBHEI Y OJu1 12)u3 JOU $IUP BIIE ennisaauL A

spo0 J1pla] i pue saqnqnl 3y Ul PAIEdY 2T RTEIRITIETSE U LR TR ML
PItpRIs sasEd JU sdgunt jlewss 2y Jo Bn¥3q payIeal aIm suosnjaued Ay
U pUE Ww jrod paulEIu sEm (EIIIEW Jenonsd) Iy uls AjuAIuL) [rULIOT
sataas ajenbope ue aavy j0u PP sioine Iy ], Mquind fe>-diphry Jo uonuI
ou sayEIl OME I HNEI] pasn 3q j0u pRod poyiaws sy g w3 U Aq padnax
sa15a) Y JO uonisodosd ay pue s 2 Ju swnjoa [B10) 41 Suumesw .t..
povw .Cm»n— uo aaosdut 0} pathd (6961) 12eN % xouur] ‘pewyv “aiyns
jewou 241 0¥ suade snouEa Jo UONENSULLDE duimoyjoj 10220 Aew Yoy

cat uoywfiyuenbd 1122 Siplr] wowngy

sgoqne Ul saluwya ajqused ap Junodds oy 23¥) 10U POP PUE ‘AWIN|OA
s Jo Auo ‘sssquinu |122>-81pdr] jo uonuawt ou sayuw poyaws Jununod
mp S2AIMOH “R18) {enSojoyied puu {suliou ut §132 Biphry Jo swasw
mnqn) jo suonsoduad 2anes A KINFEIW (6961) 234Q Jo popowt UL
-poy1au YL 6N Jou PIRed IM ‘urus Ut W20 VNGRY Yidudy
X Lpwup umidg Alequuys jo onEl Jejuuts ¥ 1EY) DUIPIAI ou s 23341
1g yiud] pus pweip o) predas s SRqM 41 Jo 3Bwquuys Jejuuis €
SUOE PIWINLTE FEM 52161 ) Ut 5{12 2Y) JO UOLINQUISIP WHOjUN v oegm
o Afequuys 10 s1esuadwio) O} ¥jnUII0) [BXITUI{ITW ¥ Suranap Aq poyiaw
Tt I Juadieg paytpow ‘nel Supn *(1961) 38,y nuade snouea
{ iu uonenRuUlWpE Huimoy|o) sRGNY AY) Jo T8 oy ut safueyd o) apiacad you
pP sy *1233%0f| -Asdotq 2y Jo taE uald Aue uo yuasaad sagngni Jo Bquinu
aq o) 1P Fipha] Jo aqunu oy paieiar (gy61) PIRUOQRIN ¥ wadieg
@ SQUINY [£232) 10U S0P NG apdwes ® Ul wiasaud 3132 Bipha jo
2WNOA JY) SIULLLIP {Eyel) £onpen) Jo puypaw sy | ‘saunwioy pue SBnap jo
uoneIsuILIpY Jurwojoy sondoug gitw -v.:a,—:._cu 3 10U PNV wardoi [pnun
amesaq Lopeppesun Jiiw 122 Biphag Suwikjuuenb 10j spoyiiu PYO
s “ustuedau fojesuadwod e Bunsaddng £42124) ‘ssaquinu {192 dipha
W anealout ue 0} Pa1v|2110 2q AW 10(1I3128 2U013150)33) UT oL RUTWLD yuanbos
«qna eY) S{EA Asoresoye] 100 up skjeuT Aveuiusigaid ‘uonieipesst Fuimoyio)
mwasaym (161 “qoer] R Bof|apy) 2as sy ut asEIDUL UE Yiiw PIIEIII0D
L uydosiopeuod duotiod uEwWny s uondnpod Jucianond parveasdul A,
-ams foa-Biphoy ut ¥ e 0 squunu (22-31pia ut oBueyd v AN LAY
parEja1I0d X Svw worhnpond suopony LA B EY) IJENIIN0D 8L ]

SPU TRl = 0B Ao8 wotlto .ﬁv_
oy S0 = u6u9 O+ why 152

(Y0491 11 = 061001 1woé6lo 1]
Ty 0¥ 6501 = €8 618 0o0¥elo why 114
EEY §wnpion doar 457 s ~
pyaymifj)ee (IS ey 'yt Foisg apa g 12elgmy

sONVE DL BO MUNS
amddixs LV AV witive 1110 -::l-m.s 114D DHIAAT 0\ s103fun
01 ¥04 KUILD §3 WURD A RTRINIREEARCZE Pod NSAMEAY NOSINYAIUD

§ vy

wniqns jje 10§ punv) Sdues adesane YL WU 124 '9:0 ¥ 9g-0 pa¥riaac Jdues
#q) JO SPUI IWINAI AP JE Aej sones DG | 1oYW 51220gns om) 3y} S0 uoHIN
mon sE(nqRI/sjiad oI Jo Jajuind vy speasds p Qe L €0 F £0-01 se™
papms saafgns e 10j NG 3ad 323 $joisag JU Jquny de1aae Ny, ULNIIS
o5 Jejngn) sad 50 1oisag Ju 1xquuny sip Bununod &g parensuowIp TEM
2 Youag 2 Jo Anpgew 2oy Laes Sews 122fgns 5od 1123 1oUIg J0 quunu

_ oy s yEnoyiy o ury) sj{I2 tjoIng 0w Jaaey Aew JQwos YEIVELY
P00 ‘10 ‘s1ayio ueyl || Fipla] divw 2aey Aeus spEnpiatput 2wos ‘palpul
M e paroppuod 3q 0 snigmod YO %122[gns ayy jo soued 0S/01 24
alle uasmiaq punoj sem (20— = 1) uone]I 10 Juedyrudis ou se 101DT B2

wu punogj sem 23y s1alqns 1IYIP UM sonel DG/ Ut IV

120 2Py 9D el

0999901




oH/ 3040

<at ?

(zs61) vPN 9 POPPN ‘anamol] WA gy a58210UL US IR PATLI
300 FeM IX¥ ghphry 29 j Ananae uy aswauY ap v~toau. (zse1)
uosPN @ poppel ‘paapvl “suonsAiIne —Bwuo_oiu e paspue? M pined
swasdul O wysnoy e 3 -(g96l "PI¥ATS g $5qpueS pryy ‘PUtPAA]
tgo6t ¥ wws ] ) suesnwi=? pus {g968 PP ¥ wure ], 9661 “J7 ¥ W=
1zc61 U » WOPPER 17661 'WOPN ¥ yoppe ) waBons0 ‘(5961 WBoA
g smysonedy wwvl 1g9¢61 WHEN ¥ wagpreg ‘eweAnieL qroppeil 4T
17661 ‘WOIN B uraisdy ‘ePPN 17661 VPN ¥ 10ppt) SPLosNeor- Ly
I uonanposd pave2sdut iq pa2yt % pon Aq sii3? hphry 1o uotie|nunig
IO ELIEIAY sajenuins yorym {vou) :Emc::vaccn uousuyd urwny
pus Lwnoe sanaidap YOUM suoaisoisn it saqy uowy -gauouLIoy
pus dnap w0 :c_._a:::__:_»- ap Aq prye 21 Aew uorpun) jeusiou
Ay L -suaBanseo pus suadoIpus soapord 0 {nson) uounIoy Fuuenuiis|2?
._s::n:_—:. Aq «C:::E_: 21 AT upwsay 4rPe jewssou gy o a2 Bphap Iy,

ZOCUDQOF—Z.

-passodas uarq pry s 12quny uy aveasauL Us 01 jou pus 2w ut
Jseatdul P A pael 0 22 Biphry 29 10 Ayande poveasdw AL veyd
papniauod ¥ 3 32lgns u0 g s Ut s gi pus 92¢ qioq Jo axis W
uy 25EIRUL et ® poEaAds wsedorh> pus snapnu (2-diphr110
$uauInseIN ‘uoneawutwpe oon Bumolic) 1Ry =uu.u_.v>v\— ut
Jxeasdul juNBHUC? ou st 23y 1¥Ud papnpouo? ® ) pases uaBuina
pue Juoaspoisa Lagunn o S -y 252210IP 10 \aga1duL s pRuew
naafyns guimewat 4l ‘saxquiny o2 Bty Jduws vu pano
spafqns Ino) .:c_.a:v_:_::v- oou sy 91 pus 9 yioq Furwojied
-painseaws FEM s pardipdl
put ‘onied || nouag/id? Hyphay )0 seq 241 Ve vv—.m_:n:c 219m S|P
Siphay -paInsEaWl 1M suadoneio pus suonapopndy Aruun jo §12871
paam 91 20) Kep pug Baara 10 Ay2am g 10) RV w23 Apenasnu
.¢ajug LI JO MY 000F UM parrafug 200 uous [EWHIOU ¥I§ Aaeusmang

{061 aunf Y191 \:,.:;:

N L wopdurysvgg IO
FILLY prquinie) i *uoyyppunof Yy Jsany1oN nfued

4 povil ¥ a anv Y1134 O 0

NdW TVWUON OL Z_:._O&POD<ZOO
HINOOHD nvwaH 40 ZO_P<¢._.m_Z_EQ<

1104 4ZIS 1120-O1aAT] 40 ._‘Zm_zmxam,\mi

0 zoF<uEFz<:o

imuumb 2 0} pona ¥V gV P 8§ M
ol © Asdorg 38{OEY »
egey ko1 19 2 009 PUS
Loa0 3t tuInbsegne pue

i y AL pus SamAL "
. ]‘..b— PYLSI N+ +]

e 123 BpA) e
clo._ov-:c- Juopioy? o 040 FITIRS
‘159 ‘68 S ¥ L
o o hwws 2L (2SHID

3 oIg oy (v Yt
P hasp3sspus Wewsq

o twotipesn-X

w0 2ouAl ‘uotiaires P
N ¥ O'M fxoouay N

Juocuiioy SN 0 L

— -

QM HUIN WY

GaBul)a0 Qiue (UARIEL monutl
,‘.ut- ‘B!Eﬂ‘u b‘-

o sanswg s POl
FST Ik ) wpy
(sama) sy Bunsnwns

pro midueng 1P
wov (Coel) w7yl
6z gy e e
uosaIeuIs PYUe BN ‘Nt
oy H r ..-0:-.!5- CRYIL T

Buuy Wy usg 44 1ruasads vewny undn
q—xv-r- ?-l ﬂx-tnulb
] _-7:.;29.&5:. pus NENUIIUDD wianls uo
uaydwoy) (6961} A

-das 1005wy wld Nd
i pus suainmioud

yd aupnpordar 20 wo sunsaliosd 313y

NV O wmnavd “fa

ag pasdey L S
L P JusINIE I

w0u o) -...&.h.!..-—u-‘:v
pus 422 Dpyry P

wny o POeTT NI i o ¥
1R DD R
srsned (¢

RIS ‘0D
o annpuidss 3

e uy UOII IR S9N A wireg 19901} [N
winy ays Jo En
wl' 9D RYRRRI 1Y

sy 0w PN degy up pog Ao
mlowg BNIBY uswny o 3

20U 01 HLDIV PUE VOW  od

) W -awvavs ¥ H

1] wpsds snympoudos oIN (996t) O ¥ ‘asavl)

sy MiawoInH tevet) M ¥ -f saurqy
pssuanpe Suimoyto) ¢
Poe 00N IO O AL TA ONVIARST)
*oat ey L WY M )

1w 24l 0 :&.-—:&tn Werp @ Apeas g e *ANOMIFL)
698 “L§ TrpRraP: '

v oug .1.!..!.!:.!—. o Apmis 2 npusnd {5561) ‘W

.3 2y Ut -_tﬁ..r.ﬂtrk—- YO IHOWNY

2wy g2 asmnuTnb wnpryasoidin LT W wrpmar

o [ W0 phjwus X v»_.-.._.cusv 2y W) PO
g oy LB T
o tum 2180 HRYSEOP P WON

R EPH 9D

61-cut ‘st (ust) wd posdy [ A SN

199494901




