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11 CONVENTIONAL ASRAY OF

Vicual studies of .o miereropic analvses of

sperm bave a long

histery io fertility diapaanis in mans species, cspecially domestic (nimals

and man (1 to 5). Recent lv, much interest has focusad on the demonstrat ion

¢ ed

A

that ecxposure of nmen to phvsical or chemical agents can iaduce marked changes

in sperm coant (6 to 8), wperm molility (9), and sperm norphology (10 to 15

These studies sugpest that the analysis of human sewmen based upon
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nnavaltability of soue men due o persenal beliefs not allowing semen

cobico Uiy nuebers aeeded da oplanaioe g stude are even higoer. Gros:

sectional twlivs are therefore tepicaily Tavee, doeo, 170 g the stutdy of

smo¥ by ofiecta (120 and 20t jn the - taay of Tead effeces (167,

of crose ectional o semen s

acsoa preclonivssy o pyarewore for planning o cross wectional

[N R LN I

1. Tdentifoios ponal ol of men at hich risk of expoiure to

ot e =i P free et

"

Growp. af men can b ognitialiy fbentified as "at risk' if they are

potent T iy capoe el teoany aeent or Torme with positive matagenicity,

ite o or testicular toxicity in any wmammal. The

Care I'ilvr;( .

ol to Lhe axent as well as tho

cEpoLares mst, of course, also be oconsidered.

Tdent Jficitien of proups, however, t be even more dicect as shown (n the

stady of men eaposed to dibromechlaropropane, a study which was initiated by
wonker couplaints of unintentional childirssness (8).

2. Recraiting do

Numerous wethods for recrulting volunteers arve possihle (e.g., an
anuounce ment at genaeral mestings, the cireclatjon of a form letter, ete.).  We
have found that irrespective of the method of introduction, there is no

substitute for an individualized scssion between the project diiector and the

prospective donor on matiters of information, clarification and motivation.
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3. Ascionic:
AR R i

Thi: b done bLyocongiar o oaterandd DR neatoc . \
plant worvern verany front office e wne i A fpnment date doe proap sy
aleo b ponaible Jn cortain atadie, Viezian (37) prouped males by of

Clparetten suoied prey for coore tVas a0 ocer and L

nooran an, ot oal. 90

provped men accordiag o the Tewo o b Tt ey gnberal Bl ood s SRR EITEN
[N Collecting meome - el

One complete semen carpie per fadioadeal 1o required. Befare eclie tion
doy, donor b pive (H I RN A S S f v ny o Pipertane e of
obtaining a romplet. and [reh aecowell o the arcepled o mwethode o
collection (ioe., plase bt aro M lar it el with e i Lher cogtne
intoraptng or o wactarbationd T1AG0 AN caen)es are codied on o delivers to e
Taboar story and 210 farting o [ an o bhlrod st oo el

alea complote o cadid quentionnaire to determiae hic wory Lictary for The ot

year (place and tvpe of work a5 well ac chemieals handled frequentlyl hie

medical history Cineluding aal oand vival dnfections especially an the

past 3 to 6 wonths, history of varicocele, as well as medications and dru

taken during the past vear), his personal habits (smoking, alcohol, as well as
sauna and hot bath usaces) and {ertility data (nuwber of children, thelr apes

and geueral health).

5. Analvzing somen
3 sy i
Methods for conventional semen analvees, sperm count, motility and I”

mor phology are generally simple and rvapid (4,16), but require that fresh semen
be analysed and slides prepaved within a few hours after collection. We

routinely determine sperm coants by hemocylometer, motility by visual
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ohevrvation ander o Tight microscope, and prepare air-dred om for

[HEERTIES! Do Vo hegrn aftor Afr-dried sperm cpears
A b Cooreel far oy watondo Uop oo o Ciee Twe i et ey foy 2
rontheg then NS B Toarored TR a dnater
date and an oo difierons Taboratory, We tepieally soone SO0 cper poe

of the o codiepories chown on

vodaesdasd ol o laes D each cperm ot

catire procednre ooy e lee s pen LI averagen o ahagt i

H.

proup . are tested for noraaley ot for

i . Gyt et en R <tandard dorstical tests (17200 Ome
t ti- re tl ptr el vEeoie pyoaps by tiee fregquencies of rales

Apetar countr or more abporaal o sperm than sowe

pooser i . Cowitihan ) svoctandards for asthenosperaia,
foeroper o nor o pernias With this o approdach one would plot asainst
Capa th coertion of e In o each group thit fall outside the

Vimits of thece standards Cooe Fips, 2 and 3.

woof the v of croys sectional o sampling of

senntn asoa

tuating Lhe effecty of occupational exposure on the testes have

me o of
been published.  The two most complate studies are those of Lancranjan, ¢t =21
(15) on leai workers and Popescu and Lancranjan (14) on men with lonn term
exposure to ionizing radiation. As illustrated in Figure 2, the perceat of

workers showing seminal defects (.o, reduction in sperm motility, reduct ion

in counts as well as increases in sperm abnormalities) is related to the mean
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related cffects (Figo 7). Chaap-n in
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Groapiog men beodase 0w oaomagor difl
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e sonrcoe sy and

Beoie s warking with g

Lancran oo (1) approaced this problem by
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) S0 v nat o ing 1 U
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Toad and v i a6 well g Gliyer
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cach ewptire prougy theo o e

frmochape abnorealities cleavic b g

culty o In oany crana sect jondl

with Tong term fow Jovel cxpogns
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rouping all espon

comparing, them to 42 controla.  The resalts, plotted in Fipure 3, asain
thlnntrate the offectiveness of swomditoring with serinal analyseo, Bifeots of
e in omotility and sperm abnormalit e,

radiat jon were most noticeable as chm

A crous
valuable information on eavirvronmente hazard
disadvantage is that (U caunot be pencrally
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Foo Hdentd Tying suitable
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o concent, proups of men shondd b Jlentified bofare capasure ta apeunts
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semen sampling witl be often lTimited in its correct application.  However, it
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germinal epithelivm as seen by changes in testicular cytolopy as well as
semnal aperm ocountn TFip AA) and ceminal cxtelogy (FL 0 AR AL chown o
Figure 4, for one of the six men, the offects of dailly cxpomires on Spern

cauuts and porphal woere ot ceen unt il oabont 10 weelk s after the bepianing

of exposnre, soth poarametera chew ward oo changes ohat peresist for abont R

woecks after the end of the 20wl eApoaze peer pod, ooy gl e

[ TNITON

bowevere - hower lesn variabhelity b

than the rather crratic curve of sperm cannt s, MacLeod (1) publi hed e

revalts of a donygitadingl study of the offecte of 5% wob
i .

of cvprateorons arelate on two et eac e resedving, W0 aql o decey
M c: [ H ’ s - I3
Tespectively {Fip. 5. Vhen conpared o the ctady of Yoot 2, !

cnall diftervnees e dn the tire o of onaet of coprn defoo it gn the tug

veociving the 200 Codan by dose oy be e to small o dibierences dnoate, 1 tho

o el hiantorices b Theon pony,

Maijoradd TH)Y 410 report vaarie ctudy of the effocte o

Wl G ioroacet <) 1 B~octane diamine, an cxperinenta’ ant iejermitapaon:

compound, on osperm counts, woti ity and porpholoes of thohee norw o A

Pagaele s Wt el

el oan alio copmen

shown in Frpoure O

sted boa aboeat

aiter the hecinmninge of daily treatnents ol pers
the end of caposure,

Althouph the overall patterns of induced defects in these examples asoe

similar, diltfercnces are scen in the times of onses after the initiacion of
y

exposure and the tiues required before daprovement aftsr the cessation of
expasure.  While these studies do not permit an accurate estimation of an

optimal sawpling frequency for workplace monitoring, inspection of Fipures 4
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to 6 supgests that sampling frequencies of greater than once ¢very 2 months or

s0 might have been insufficient to detect the transient semen defects induced

Ly these apents.  This would suggest that monitoring for iaduced transient

yling

seen in there studies would require sa

effects similar to

frequenc jos of approzinately once every H to § wecks.  The detection of somen

defects jn persons with chroaic or very severe acule pasIre s, howvever, may

vling s, Theas guestion: need farther stode.

primit longer intervals hetween s

c)

Alttiouph a JTongitudianal stads requives v Cine than 4 cross sectional

studv, it i: desipned to yicld usetal data for both the epidemialozict amd the

Loan exposures enviraimnn nt mav

For the »pidemiolor)

velinteers i the stin

T the envitor

show ciralar defects in oa v omen, clearly gn

veone, unitke the croas wectianal

as havwmful to the tectea, ¥

reprated sewen samples of the loongitadinal study may alse atd in guantitating

nitude of (he vare for cach indiviinal, Maclesd's study (113 of

snley shies that dor bwe o men, oo

cyproteromn: aee

recelving a Jdifferent dosey caposoboto the higher daily dose showed

the mere severe comen defscrs owith o enr ey onnets,

T Cenctic and fertiljty otoantucddd n changpes

Considerable animal and human data suppesls that reduction in sporm

nereitie in o spers ol

ot 1 ity aad

count, teduction in spe
correlate with reduced fertility (1,4 ,10). Three tines of evidencs from mic
strongly sugmest that the induction of abnormal spermc also may be linked to

increased production of sperm with heritable genctic abnormalities (22).

For

y there is considerable evidencn that sperm shaping and the production of
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abnormal «wperm Qs polygenctically cantrotled by autonomal as

s

Tinked pencg (27, 260 wygesting that any - afien o spern chapi

interfering with a cweotem that hae ctrict penetic ooyl Seeond, o

studices with over 60 perdapent aod non-matazcens, it was fond tnat s

pencrally todwee speren alinorna b Ges whi e nem cmotagen o penerally chw oo

effect 00 00,0 Thirl, in a «

induce wperm ahnormadities Sn oespaaed maleas Tt owas chown that apenn

e transamitted to the male offapring of the capooed g

abnormalit ies may

(22, 27).

Some cvidence alan cupporte the Tiak, in humano, bhetween the dndue tion

-

of apern shape abnoreslities and the orode toon

goemet o al

mersa ity o Hunerou o

pathologqical gew Con Moy abaoarnal o

no human ettt

spontancons abortion. and <fillbhirthin "V, 7330 Altho

I3

and offapring data i« yet avarlable for the scammics of occupat tonal capoone

shown In Fignres 2 and 3, some wmrine data is availal for Tead.  When

were expored to lead thee showed cemen defects includ

abnor

sperm.  Whin mated o unexposed nales, the males vielded an dncreasncd
proportion of offspring with defects ia sperm shaping (22)Y.  This stody

suppests that mice exposed Lo lead produced sperm with abnormal shapes, as

well as sperm with hervitable gencetic abnermalitios, with the lalter rosulling

in the ohserved defects in the offspring. A similar pattern may be applicable

to human smokers. The increcased sperm abnermalities found in smokers by
Vizcian (12) may be associated with the correlation between paternal smoiing
and the likelihood of stillbirths and congenital abnormalities found by Mau

=

and Netter (29) in a study of 5,200 pregnancies.
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hadns at ticis time ix

fhoth the Foroand ¥ osperm tests) and

"l

Thin mons.

may he integrated as fnllows:

chowe g wmear

pnitiating wide scale semen studies in

a i tar tine conrse of
Laobh tinye of speatancans,

therapy.

Pewe that oany

Toen, changes in counts,

volien) should be considered as an

ol producing <perm with

vosed

the availability of o well documented mouse made).

the huaman semen ar

1) Ure {>f zhr: mm:np_:‘-‘(; spore test:  a screen for ageats that wmav he

human lectes,

The Fo sperm test is a very ecasy and rapid assay (25). 1t requires

about 20 mice per agent {(with the LD. . known) and only a few hours of work

50
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ta penerate 2 0 opaint Jove o (RIS TN s y o i ol 4 ok
recedve 5 odaile antraperi ol flon g , 7 e 1 ,

material didvated in dimetteedoa? or water Lol be), We hvre aype o

GOV nnt s ia yna, TR S e

as contrales Thirty five dave after the firat Sap fion, each oo 0

sact i ficedy both epididemal s canta and pessent aboormnl cpeae

vy aned thee resaltn ot Lol ans doe yoepane cavves,

Large nombors of o to Tebe the hmagan et apay be caporael ot
workpla e may he readily teoted with this assavy.  Pocdtive areoals e e o
to focun attestion on thoos wordbplace enviro tiat Ty te, b )
hazardouas for the haram teete,

2) Use of the o Fypoere tetna et evadbaat iy

i { i

fertilioy and conetic pepiioation. of

Findings with hurman semn aocogvs may chow cortodn worlplace enriron: ot

poa) the sive of he petent Ty

to be hazandons to thy testes,  F

B othar oot b i

cxposed woryer pgronpoand
Becewsitate more acenrate cvaloation of the potential for infevtibit: and

e

production of penctically defectiv

althounph Lens rapid and wore cost 1y Chan the roase Foospern Lest, v

wp by mice can be vwpoo |

an effective approach to this problewm (22). For o

" . - A SR .
to Thuman-i vey dnhaltations, & hrs per dav

siturtione of exposure (e.

various doses inchmiing those npch higher than these found in the woripiece

and mated to unexpased females during the presterile period.  Appro:

200 Fl-ryﬁ'.r.prin;; at vach dosage level should be analyoed for semen diofecty,
; »

especially for chanpes in sperm morpholopy.  Agents wonld be scared as



Pheee Didh ooont

renoci P the prodasti o 8 o Wit ahaorand o

the war caba ey o LR VLo A ottt

O et e e b Uron, ST e et by b
there & Lo iloarr,o1nd et !
CHt e croFoe gyt ere o ot oncsd i n et

of flow v ton b e are BEA ottt offers the rajor

n

cytaphotne
dry naas of

cacfficients

FAssuming a

2l
[

cntoane

v heandaoade

Wb
o (.l

s

normal

dard devis

R H O S A
s Foocdor MO
Y 1t b
. . 0.
tre o

[ W I
I
‘ o

Iochape i e

RN

17

Ceoa i
. r .
. T
o [
R KT
v ey Kapooar.

Cledir ol microssop,

cnelasion Qs tha

1

spermoare distributed symmetrica

iation (CV)=

distribution,

Cion_¥_10.

mean

the CV,

107 althon,

H wath
' Tl Wi
N M i i s
[ HERRSERIN vy
tr PR
r EEAN)

cid and non ove Tingy

oo dibferen e

v

volv o
.nd by absor

the DHA con

a percent,

croor clastooen i ais,
advant ag .

el with unique statistical precision

vowith ratiier larpe

some studies {32) an

is rqual

to

othat thes
| SIS
eIt arens
By bne v
af Clavtorene i
and
in the sex
e
Dot
and
nedr
TUions s oanning


http://islic.il
http://norrri.nl

bull sper meanss. sUaen toechmidrees anld o o

. R TP U b o . o R SA I TU SNSRI 1 :
IR T : O S T F PR EIE SRS
Ciesy 1o [ - X S ST RIS BRI T . A
[ 1 ooty o , : : Cont . oo it o I :
the 41 e 1 IR : PEETERREEI S A R T
dictr bt ron o ot o e I Cope b bl a e ainent b G ety
riyht of K ' Lo . Pt Y IR .
(R ol iy . SCREECEEEN . v Lo
Plat i o Ui : ’ R | : : N
flivoer. P L I S L TS TR T [ AR T P
[{ICES EE BB PR el I MY atren afoteg Ploovmonaoat o :
[ TR R SN I VPR R A PR o : orpes S heathy Gopte U e e e e
e Do P meas et
b : .
ity dn DA rte o S T P S o
Tt v v e [P AT & : . L :
boon o o oot rabhar il i | R LI ' oo
1
v v vl ot e Roboer ) Chiopo om0 ot
ot ] al the first o mpeot te o dictadon beadine T S e

produrtioa of sperm with abnorwal DIA coutent.  This haw been cont

microspes trophotomet: 1o analvars of Fealaen stained cperm (37) and aiiraviole:

aborsorption of unstained sporm (38

For flow cytometslc analvsi populatione of nneler from Tate pachiytens

spermitocytes, roand spermatids, epididemal spermoand spleen colls wore



19

obtained by centrifuzal elatriation (391

Intetinity Jdistribaliome were

Filuare e

The

Gl

tenaities and

i PR Y Y -1y g 3 -
tvpsn from M, and frow v hybrids were

cellte

atiny tdeatieal awe DRA cnuteat. The avervaye 07

e from e ol e Ui LTl oy ;
ce ]! fromn the laboratory mer e wors abenat 57 as were e

flucreccence peaks from aplecn cella o

nac el froe onerantide and

Howover . ia the post meintic

ton sl ted anoan

HIEE N

hybride, @luae serreg

oan the amosunl of DNA in the sperss andl thease difforence
detec toed with flow oveaton

(40 ) nsed

. '
Sary

etoal,

four ont of five homan don o g

cpern of

content.,

chewsd an doersaned variabilite ia DUA

P te v cap for U 8 Tocati t Vi lue
unpredictab by aver a wids standard ervor of
ten times hicher than that for 19 randoniv chasen donors

chironosomtl disorder, These measiroment s wers:

orthagonil peometry wimilar te that

“ter with

flow cyt

207

from 9 to

Broad, asveselric peake with S 1angiag

spoe frow vovmal donors., Similar

9A) until a

5

secrepating balanced

In sanpleos

<hown
wore

findiugs wese made in our

the s

af (1

oL spereatird, s

Vs f

woerm i

Inereased

were

cw o cvtophotometry tn demonstrat..

fro

the

withont

abt

mean

SUAdne

rlies of correspond

ame-,

LTC LC e
aned

DT

or the

pachytene nuelsi from 171 hybrids,

the ¥
1 ‘ )

variahilise

casily

translocat iones

m the

Tluctuated rather

WK

detiected

complicated by the use of

in Fipure &.

atned from

flow chamber of novel design was put into use and instrumental

that

to detergne

snloen

of

subjects

ahout

laboratory (Fig.



Artifacts were redaced,

Unta]l veceat Trowe vont irels chowed o UV Uhen weacar gy et

e Taboratory, b

from haman donors (Fis. 94). e, et

deveTaned cuthod s Co bpdvadrmmea s o1 o ient mamn abian s, e 3 4 sy e

cove st erehy cane R ST T R A PR S Ao i b Labee ot W
vaaide thee st dard Cotabie ey i Gl ta Ty rilba .
Iz core gl oy corresnand Dnpn o Jenta fon o of flar g P TR TC RPN T AR, B
defiaed by ol flow Yoo Uhee s b a T hae wee oeree i tahee I
bivdro iy oo Pty [N wer 1w penrtane e 0 : Cerreerae SRR
CVT o ad b T T e R T .

Tee oo bed 7 putheble e . P N ST R IO T { Trotore U
Tono Tt b Ulae ool Conl e e A el b o

1

Yoohirooees e b gring EREREICTIN Doned oop chipar e Trenat! v eent s i
differences an BEA contean hetweon X S g o spermal Sde G e monce Wi,
catyy 10 veome s plaes e and Che Y ohear e cpermnl el Wi o

pla the Y ochr weccom an cxpected to bhe 3,047,

carry the aulogn

P
o

valvalibed o CV of Doy than 105 io mocesaary to sesnive Ly su b popiria

ol spermoan aosewen sawple from oo owouse and that sueh s owmal] GV chonld preore

[ T

centenl o canscd Do [ARR R

detection of variabilit, in sperm

tion cvenls,

non dis

kecenl advanees in fluorowatry have hoen achii-ved for monee

by pepsin treatment of the colls, staining with othidineg bromide and

mithramycin, and incubation with R

vase (43). Meistrich, et al. (44) combined

this advance in cylachemical techuolopy with centrifugal elutriation (39) and e


http://llV.il

sprecicion flow cvtophatoneter (45 to rosolve two

a new poeneration, hi

claveeras of roand o, H oo, i in content by onT
AT s e Tatenl with tiee AL Feg e cote ! hecwsen e 1k

content of X-oand Yeoolromosore bearing o Vieoarea under e pea

witiv Toweor DNA conten! reonveonted O e hanlond cedie o the other pedd

Topres et anpro Tt e AR In cwrplo ot toone e Medoty it we have
confirs. : Cood an epi-in] Proet ton f o HERERTEN IRRS Deopr b
T TGy L pe e inl o W A : HE : peormoare ol owet et hyous ar b
Medatrich.

Imctrnai biae Mooand Y apere o
wili o poo o bt e S :

preccdare o fon 1 ey ioee il

with el e finarocheng : At sooable Lan derorihed elnewheres in
thi- vl by Faneor gl thopn Tlaorcroont o markers sach oas used with the TRR

spevm teor Cdaah e v by

ST b et itated with flow evtometry,

in the lTiterature to show the

iy

usefulinr s ol flow cvtometty an a methol to monitor radiation and doupy effcetrs
f

O Sperms Cotene s of mamaals. Hacker, ot al. (46) treated mice with

adriamyo in or drradiatel nice with doses ronging from 10 to 1507 vads of gonma

were killed aloay with controls ! post=treatment

radiation., The

ing from twoe to thirty={ive days. Single-cell suspenszions of

intervals vars
the spermatogenic epitheliom were preparcd and the cellular DRA was stained
with either cthidiom bromide and mithramycin or DAPI.  The DNA -ontent of

individual cells was weasured with an epi-illumination flow eytometer (49).


http://raii.it

22
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FICURE CAPTIONS

" Fig. 1. Shape variations in hu

n_sperm

1 The head shapes of the spermoan "1™ are ov and considered by

- us as beiny normal whereas those in “2Y to "10" are scored as being

’ abnormal.  The sperm in 2" are small, "3" are Yarge, "4" are
rounded, 5" are doublea, "A' are narvow at the base of the head,
"7' ave narrow, “8" are pear-chaped, 9" are amorphons, and Y1a™ are

ghosC-1ike.
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Fig. 3.

P oworkers

The effoects of low Q¢ cxnacure Lo ionlring radiation on semen
1 I

albnor

nalities was stadied i 72 heaithy voluaateers, each with more
than two years of occupatianal cepasure to ratistion (medical
radiolopy, indnetrial techanolopy, vranium mining).  The data points

far the "espored men" represent the percent of men with

asthenospeviia (Panel 2)0 hepoapermia (Pancl ¥ oand teratespermia

(Pauel €y, The perceat of 2 with semen abnormalities was also

' ) "

determined far 42 matebo! molvldenun miners who served as "contrals
for this study.  Grapus are drown from the data of Popesen and

Lancranjan (15).
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Semen abnormaliticon in <mokers

The effects of

Civaritte smo¥ing on cemen abnormalitios wa
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whien compared to the contynd sronp. Graphs are drawn froo the Aty

of Viczian (i7).
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Fig. 8.

Schematie 1epresontation of the Lawrence Liveraore Laborators Bl

Cvtometen (yFed

Orthaponal axes of cample flowy Tawer Dearn il aninat jon and
floorcscent Tipht deroction vt are shows. Redrawn {ram

\Van

Dilla, ol al. (47 ).
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The effect of cell 0{1:.;[1_! 'zﬁti'1 on flurrcacence distributions far

ll‘”".'lﬂ

£) Han-lonly ariented ba S tained with the

Pth Taser 140

actifiav ne-Fouden proocdare

nu. B) A Deewsled wample tahe has been oaeed 1o ordent the spern
noclel so Lhst thedr plane §s orthopzomal to the laser boamg all

ag o0 (AT, OV o= crandard deviation x

other conditions the eo
JO0O/mean, assuming a norast distribation.  Relrawn from Pinkel, ot

al. (47).
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