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Abbreviations  tommonly  used  in  the  thesi5=

Zn/P

Buffered  §alt  §olution   (compo5ition:   page   12)
Di th i threi to l ,
Disodium  Ethylene  diamine  tetraacetate.
Percentage   zinc   bound   to   HMW   and   IMW.
High-molec:ular-weight   zinc-ligand5   (from  seminal

l vesic les ) .
Interhediate-molecular-weight   zinc-ligand5   (from  seminal

ves i c 1 es ) .
Low-mdlecular-weight  zinc:-ligand5   (from  the  prostate).
§odiuh  Dodec:yl   Sulfate  or   §odium  Lauryl   §ulfate.
A  mea5ure  of  5perm  head   zin[  ccm[entraticm:

ilooo  x   zinc-to-sulphur  c:ounts/s-ratio   (X-ray
|microanalysis) .

A  mea±ure  of  sperm  head   zinc  cc}ncentration:
JO00  x  zinc-to-pho5phorus  c:c)unt5/s-ratio   (X-ray
mic:roanalysis ) .
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1.    |NTF=ODU[T|ON

1.  Hi5torical  survey

When  Leeuwenhoek     in   1677     reported     the
discovery  of     "small     animals"     (animal-
cules  or     later  spermatozoa)   in  semen  of
men  and  several  other  Epeciesg   an  era  of
speculation5    on       the    significance    of
these     "organisms"     was     initiated.     The
semen  itself    had  already  been  found  ne-
cessary  for     the  reproduc:tion  of  animals
(Harvey   1651:     c:f  Tyler     1967)      and     the
tegtis  was    considered  to    be  the  5ource
of  the  fertilizing  semEn   (De  6raaf   1668:
cf  Jocelyn  &  §etchell   197E).   §ome  scien-
tists  were    convinced  that     the    animal-
cule§  were    parasites  and  not  associated
with     fertilization]     while    Leeuwenhoek
postulated  that     the  5mall     animals  were
seeds  of  complete   individuals  which  only
had   tc]     be  implanted     in  the    uterus     to
start  developing     into     new    beings.     In
1775  §pallanzani     showed   that     amphibian
ova  also     need     contact     with     semen     to
start  developing     into  a  new  individual.
§ince    diluted     semeni     without     visible
spermatozoai   could     al5o    fertilizei     he
assumed  erroneously    that  it  was  the  se-
minal   plasma     without   "spermatic     worms"
that   initiated  embryonic  develcipment.   It
was  not    until  50    years  later  that  Pr6-
vo5t  &    Dumas  repeated     §pallanzanis  ex-
periments  and    concluded    that    filtered
semen  c:ould     not  fertilize  ova   (cf  Tyler
1967).   Källiker   (1841}   found   spermatozoa
in     semen       from     most     c}f     the     animals
studied  and    concluded     that     the    sperm
shape  i5  similar  within  generag   although
it  varies  between  different  species  with
no   individual     having  hore  than  one  type
of  spermatozoa.     He    also    substantiated
Leeuwenhoek's  observations    that  sperma-
tozoa  are    formed   in  the  testis   (cf  Roo-
sen-Runge       1977 ).       Hertwig       suggested
(1876)   that    fertilization  is    based    on
the  fusion    of  the    nuclei  of    sperm  and
ovumg   and     a  few     year5     later     Fol     was
f irst  to    report  observations  of  sperma-
tozoa    actually       penetrating     the    ovum
{Kempers     1976;        §chatten     &       §chatten
1983).   Thereafterg     seminal     plasma     was
regardedg   for  several  yearsi   mainly  as  a
vehicle  and     temporary    nutrient    during
the  transfer    of    the    spermatozoon     (cf
Rodger     1975).        Howeveri     Orgebin-Crist
(196791968)   obtained  results   indicating

that     5permatozoa       whi[h     had     beEn     in
ccmtact  with     the     seminal     pla5ma     were
more  effectivE  in  fertilizing  and  giving
ri5e  to     normal   zygote    development   than
were     "mature"     Epididymal     5pErmatozcia.
ThE  mEan5     by  whi[h   conta[t   with   5Eminal
pla5ma  5EcurE5    a  fertilizing    potential
of  a  Epermatozoon   i5  not   known.   HowevEri
appropriate  conta[t  with  pro5tatiE  f luid
at    ejaculation    ha5    been    reportEd     to
5u5tain  both     5perm  motility     and     5perm
5urvival      in       human     {Hotchki5s        lp45i
Rozi.jn   1961i      f]melar   &     Hotchkiss      1%5i
Elia55on     1970;     Elias5on     &     Lindholmer
lp7E;     Lindholmer        1973}.     Furthermorei
appropriate  Eonta[t    witli  zinc     of  pro5-
tati[  origin  5eEms  to  rEnder  the  nucleu5
a  5pEc:ifiE  5tability  and  a  potential  for
rapid       unpacking       of       thE       ccmdensed
chromatin   {Kvi5t   1980a}.

The  fundamEntal     function  of  the  sperma-
tozoon   i5  to  convey  the  patErnal   genetic:
contribution  to  the  ovumg   thereby  parti-
cipating   in    the  crEation  of  a  new  indi-
vidual   with     a  unique    set  of  gEnE5.   fil-
thciugh  thi5    function     i5    universal     in
5er,ual  reprodu[tioni   thEre  i5  some  vari-
ation   in  the  mEan5  by  which   thE  tran5fEr
of  genetic     material   i5     accompli5hed   in
different  5pecie5.     ThE    topic    of    thi5
the5i5  is    primarely  human  reproducticm.
§ome  important  variation5  bEtween  diffe-
rent  5peciE5  will!   howeveri   al5o  be  di5-
cu55ed .

E.  FormatiBn  of  spermatozoa  in
the  te5ti5

Ear ly  5pErmatogeT"5i5

The  formaticm  of  5permatozoa  takE5  place
in  thE    5eminifErou5  tubulEs  of  the  te5-
ti5.   ''5tem"     cell5   {5pErmatogonia}]      to-
gether  with    §ertoli  Eell5i   line  the  tu-
bular  wall5.     §permatogonia  multiply     b¥
mitoti[  divi5ion5!   a  pro[E55  which  o[cur
perpEtually  during     thE  fertilE     lifE  of
the    male.     §ome    of     the    spermatogonia
diverge    from       thE    mitoti[     [yEle    for
further  dEvelopmEnt   intB  spermatozoa.   fit
this  point     in  the    proc:E5s!   cEll     divi-
sions  become     incompletei   in     the    sen5e
that  the  cell  membranE  do  not  dividE  the

4



sisting

This     incomplete
in  a  "clone"  con-

of      connec ted

:å:å::s:  ::å`:am::i:: :L::;n5P::::t.:;:å:
(Setchel l        1978). n      the      pr imary

tic    material     i5
chromosemes  form

tion    of    genetic
ogous    chromatid5

:;!i;a:!:;:e;;rii::n:#::::::;;mi:t
5permatocyte    then                                           two
daughter         cel ls                               sec®ndary

of     chromosomes.       A                            division
foiiows  immediateiy    aL:e::::its    in  two
spermatids  from    each  bf    the    secondary
spermatocyte.  All  sperhatids  thus  have  a

:::åga::Ssåe::::|:::;!;;n::åbinationof

haploid     genome       {a                            5et       of

§ertoli  cells    are  somdtic    cells    which
1

reach  from  the  walls  of  the  geminiferous
tubules  to     the  lumen.;    They  divide     the
intraluminal     gpace     ihto     two    compart-
ment5:   the    basal  compprtmenti   where  the
spermatogonia  are    located;   and    the  ad-
luminal  compartmenti     hhere  the    5perma-
tids  and    te6ticular  spermatozoa    are  to
be  found.     The    branchEd    Sertoli     cells
{§ertoli   1865;     v®n  Ebher   1871i   Nicander
1967)   themselvesi  and  the  tight  cell-to-
cell   junctions    betweeh  themi  constitute
one    part    of    the    Blbod-Testis-Barrier
(l<ormano   1967§     §etchelll     et     al      1969).
This  barrier    possibly| creates  the  opti-

1

maL   environment  for  spErmatogenesi5  andi
in    particulari     for    heiosis     (Setchell
1978)!   and     could  alsol    play  a    role     in
protecting       the         5pErmatocyte5         and
5ubsequent    germ    c:ellEi     which    express
surface  antigens  diffeLent  from  those  in
gomatic:   cell5i     from  the     bc)dy's     immune
§ystem   (Tung     &  Fritz   1978}.   The  §ertoli
cells    are    target    ce|lls    for    follicle

:::::::::::e ,    :::m°n=|cret:F§H:ndrog::=
binding-protein          (ABP) i          by          which
te5tosteronei   producedl    by  Leydig  cellsi
is    trapped    and    tranEported    into    the
seminiferous    tubules  |    and    the      post-
testicular    excurrent  i ducts     (Purvis    &
Hansson     1981).     The     Epermatogonia     di-
verging  from  the  mitotlic  cycle  leave  the
basal  compartment    of  |  the    5eminiferous

5

tubule5    and       begin    meiotic     divi5ion.
During  thE5e    divisiong]   the  tight  cell-
to-cell    contact5    between    the    §ertoli
c:ells     temporarily    untighteni     allowing
the  5permatocytes    enter     the    adluminal
compartment   (cf     Pläen  &     RitzEn     1984}.
Here  the     nEwly  formed  spermatid5  beccime
embedded   in  invaginations  in  the  luminal
surfacE  of    the  §ertoli     cElls     {Elftman
1950) .

§permiogEne5i5  and  conden5ation  of  the
§perm  chromatin

The  differentiation    of  round  spermatid5
into  testicular    spErmatozoa    is    called
the    spermiogenesis    or    5permateleo5is.
The    differentiating    spermatids    [annot
utilize  gluco5e    and  are    5upplied    with
lactatE    and    pyruvate    by    the    §ertoli
cells     {Jutte    et     al     1983}.     Redundant
cytoplasm     is    phagocytizEd    by    §ertoli
cell5    at     spermiationi     i.E.     when    the
spermatozoa    are      relea5ed       into       the
5eminiferous     tubule5       {Bugge    &    Pläen
1986}.  The    differentiation  i5  androgen-
dependent  and     inElude5  inactivation  and
condensation  of  the  Ehromatini   formation
ef  acrosome    and     taili     andi     po55iblyi
development  of    regional  specializations
of   the     c:ellmembrane   {Plöen     1971;   Klint
1985i   §etchell     1978}.   Transcription    of
DNA  c:ea5es     in     the     Eonden5ed'chromatin
{Mone5i   1971;   Mone5i   et   al   197B}i   and   no
unscheduled  DNÖ    5ynthe5is  occur5.     This
indicates  that    damage5  in    the  DNA    are
not  repaired  until  the  fertilizing  5per-
matozoon  has    penetrated  the    ovum   {Mat-
suda  et     al   1985;     Beneroso  Et  al   1981}.
The  conden§ation    of  the  5perm  chromatin
is  achiEved     whEn  somatic     hi5tonE5    are
Exhanged  first  for  tran5itional  protein5
and  finally    for  5perm  specific  proteins
{Chevaillier   1983;     c:f  BellvE     &  0'Brien
1983;   Courtens     1983).   DNA-nucleoprotein
fibErs  are  tied  togethEr  5ide-by-side  in
a    band-lilte    manner.     These    band5    are
foldedi   giving     thE    chromatin    a    5emi-
cry5talline  to    crystalline-like    5tru[-
ture   {Koehler      1966;   Lung   lp7E3   §ip5ki   &
Wagner   lp77!     Kvi5t  et  al   lp80i   §ubirana
lp83;   Livolant   1984).   The  compo5ition  of
the  sperm-§pecif ic:    proteins  varie5    be-
tween  different    phyla  from  hi5tone-1ike
nucleoprotein5  to    ba§ic     sperm-5pec:if ic



proteins  rich     in  arginine     (Blo[h   1%9S
§ubirana  et     al   1973i     Coelingh  &  Rozijn
19750   Bellv6     &  Moss   1983).   Protein  type
5eem§  to    be  related    to  the    degree  and

Bellvd     1979).

zijn     1975;        cf                              1979).        The
c:ondensed    state                               chromatini
achieved    when                                                   are

inc:rea5ed
resistanc:e    to

spe,matogenesis:8Z::;  L:nals::;:åTgfo:::
D     (6ledhill

that    early      spermatids      developed      a
to

of  late  spermatid5  in
vitro  only     in  the    pr
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sence  of  reducing

(Di-thio-threi-
in  the  detergent

(§D§)   alone   (Loir
et  al   1983).   Furthermorei   scion  after   in-

::::::::å::f i:f p:::::[
ccmtaining     ba5ic:
s       there    inias     a

sharp  reduction  in  the| amount  of  detect-
able  thiol-groups  and  En  increase  in  di-
sulfide-bridge5i   as     j+dged  by  hi5toche-
mical   methods     (Loir   &|    Courtens     1979).

:::a:::::::i:hei:u::::[::::,5::;:::::zå:
can  also    develop  a  di
pendent  resistanc:e  to
studied   in    vitro.   Oth
that  thi5  type  of  stab

ulf ide-bridge  de-
D§i   at   least  when
rs  have  suggested
lity  in  the  chro-

matin  develop§     in  spermatozoa  of  euthe-
rian  mammal5  during  trånsfer  through  the

6

Epididymi§   {Calvin  &   Bedford   1970i   1971;
cf  Bedford   1975}.   In  contragti   the  chro-
matin  of     marsupial     spermatozoai     which
lack5    cy5teine    re5idues     in    chromatin
5pErm-5pecific  proteinsl    doe5    not    de-
velop  a    re5i5tance  to  deconden5ation  in
§D§   (Temple-§mith  &  Bedford   1976}.

å.  §permatozoa  in  the  epididymi5

When  the    5permatid5  are    released    from
the  §ertoli  cElls  they  havE  aquired  mo5t
of  the    morphologi[al     attribute5    a55o-
ciated  with    mature  spermatozoai   and  are
renamed   tEsticular  5permatozoa   {SEtc:hell
lp78).   The     tEstic:ular  §permatozoai     to-
gether  with     thE  fluid    produced  by     the
§Ertoli  cellsi     are  tran5portEd  from  the
5Eminiferou5  tubule5    to  the  rete  tEsti5
by  mean5    of  contractionE     in  the    myoid
cElls  in    the  tubular    wall5  and     in  the
te5ticular   Eap5ule     {Ri5lEy     196å}.     The
5till   immotile    5permatozoa  are    further
tran5ported  through    the  ciliated    effe-
rent  duct5    to  the    §ingle  duct    of    the
epididymi5.     The    tran5fer     through     the
epididymal   duct     {initiali     middlei     and
terminal     segment5:     6lover     &    Nicander
1971}   i5  achieved  mainly  by  contraction5
in  smooth     mu5cle  c:ells     in  the    wall  of
the  duct     {Bedford   1975!   §jö5trand   1981;
Jaakola  &     Talo   1983}.   The  epithelium  of
the  epididymal  duct   is  apparently  largly
influenced  by  androgensg   partly  5upplied
by   intraluminal     androgen5  bound     to  AEP
(androgen  binding     protein}   {cf     Han5son
et  al   lp75).

*erm  "maturationu

§permatozoa  taken    from  the    rete  te5ti5
c:annot  fertilize    the    ovum     in    5pecie5
with  highly  developed   initial   and  middle
epididymal     5egments!     while     tEsticular
5permatozoa  of     teleo5t  f i5hes    and  5ome
amphibians  can.     Thu5i   the  nEed  for  epi-
didymal   "maturation"  could  be  related  to
"new"  demand5    on  5perm  5urvival  created
by  the    female  genital     tract   in  5pecie5
with  internal    fertilization  {cf  Bedford
1979}.   In     mammalsi   spermatozoa  arE  both
motile  and  capable  of  fertilizing  by  the
time  they    reach  the  terminal  5egment  of
the  epididymi5     {Benoit   lpE6;     GIDver     &
Nicander   1971;     Eedford     1975i     OrgEbin-
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opmenti   ejaculated     spErmatozoa    have    a
higher  rate  of  succe5sl.   Thusi   rabbit  ova
fertilized  by    spermatt]zoa  from  the  ter-
minal   5egment  of  the  ebididymis  more  of-
ten  die    before  implantation  compared  to
ova  fertilized  by  ejac:ulated  spermatozoa
(Orgebin-Crist   1967i     |968).   It     is    not
settled  whether    this  lreflects    a    con-
tinuing   ''maturation"     +fter  ejacuLationi
or   if    contact  with    sEminal  plasma  pre-
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qero storage
1The  transit     time  of  spermatozoa  through

the  initial     and  middlE    segments  of  the
epididymis  is    similar(   between    species
{E-6  days)i     whereas  5torage  time  in  the
terminal  5eqment    vari[s  with    the    pat-
tern§  of    sexual  acitiJity    in  different
species   (cf     Amann     ett    al     1976;     Fc)ote
1%9).  Domestic     animai5  [an  5tore  5per-
matazoa  for    5everal  ebaculates    in    the
epididymis   (c:f  Amann  et  al   1976;   cf  Mam
&  Lutwak-Mann     1981).   A  ram  has  epididy-

1mal  regerves    for  sO    Fjaculates  in  f ive
days   (cf    Foote  1969)i'   and  the  reserves
in  bulls  can  last  for  +bout  thirty  ejac-
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1

In  c:ontrasti   the  demands  for  5perm  stor-
age  is    apparentiy   iowbr   in  mani   since  a
frequence  of    f ive  or  hore  ejaculate5  in

a    wEek       renders    no       accumulation    of
Epermatozoa   in     the  tErfTiinal     5egment  of
the  epididymi5   {Freund   1963}.   Thu5i   dif-
ferent  specie5    have    different    demand5
for  epididymal  storage  of  5permatozoa.

The  fertilizing    ability    of    epididymal
spermatozoa  decline5    within  a    few  day5
after  Ea5trationi     but  5ystemiE    supple-
mentation  with    androgen5  can  [ounteract
the  lo55    of  fertilizing  ability   {Benoit
19E6;   Moore     &  M[Eee     19EB;   cf     Orgebin-
Crist   1975}.   In  additioni   in  unca5trated
animal5    the    fErtilizing    capacity    de-
crea5es    during       prolonged       epididymal
5perm  storage     {E-3  week5).   This  decline
i5  accentuated     {within  6-10    days}   when
ligature§  are    applied  to  prevent  a  Eon-
tinuos  admixture    of  younger  5permatozoa
{cf  Orgebin-Crist    et  al     1975;     Martin-
DEleon  &  Boice   198E}.   §tored   spermatozoa
lo5e    thE    Eapacity    to    fertilize     long
before  motility    decreases5     "aged"    but
still     motile     5permatozoa     (1}     have     a
lower  fertilization    ratei   {E)     cause  an
increa5ed  frequEnc:y    of    preimplantation
lossesi  and     {3}  cause  sEveral  different
chromsome  anomalie5     in     the    fertilized
ova   (Young     lp31;     Martin-DeLeon     et     al
]P73;   Te5h     &  t3lover   ly7Pi   Martin-DELeon
&  Boice     1982}.      Martin-DeLEon     &     Boice
{1P85}   found     that  male  mice  who  had  had
sexual   re5t  for   two  week5i   in  comparison
with  mi[e    mating  every     third  dayi   gave
rise  to  a  significantly  higher  frequency
of   zygote5     with  variou5  c:hromosome  ano-
malies.   The    authorsi   howeveri  only  dis-
cu§5Ed  thi5    a5  a  matter  of  po5t-meioti[
selection  or    favciring  during    aging    of
5permatozoa  with    an  unbalanced    5et    of
chromo5omE5i   ancl     did     not     discus5     the
po5sibility  that     the  male    gEnomE  could
have  been  affected  upon  storage.

The  condition5    re5pon5ible    for     ''matu-
ration"  of    5permatozoa  and  for  the  pre-
servation  of  a  once  achieved  fertilizing
capacity  are    not  known.     It  couldi     al-
thoughi  be  of  5ignificance  that  the  com-
position  of  the  luminal  fluid  varies  ex-
tensively  along  the  testicular  excurrent
duct5i  rete    testis]  EfferEnt  ducts!  and
the  different  segment5  of  the  epididymi5
{Crabo   1965;     Einar55on   1971;   Howards  et
al   1979).
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cati    ferreti
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ng    disulf ide-

st     &     Bjärndahl
(1984)  found    that  the|    structural     gta-
bility  in    §D§  of    rat| and  ham§ter  sper-
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ion.     FurthErmorei                          spermatozoa
c:ould  achieve    full  5t+uctural  stability
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tin    head,

mation    of       disulfideTbridge5     (Che5ter
1978).     Furthermorei      |when       epididymal
spermatozoa    were    stored     in    di5tilled

:::::;t :::::e h::::  [:::st:::   ::itå::
with  DTT     than  spermatbzoa  from  the  ter-
minal   segment      (Calvin|&     Bedford   1970).
This     indicate5     that   |thiol     groups     in
spermatozoa  from     the   | terminal     5eqment
are  blocked  and  thereb hindered  to  take
part  in    formation  of   |surplus  disulfide
crosslinks  during  storÅge.   Calvin  &  Bed-
ford   (1970)     suggested| that  the5e  thiols
could     be    blocked     by|   comittment     into
mixed       di5ulfides      with       cystine      or
oxidized    glutathione.l   The    results    of
Kvist      {1980a)      and     K
{1984)     cipen     the     pos!

i5t    ¢    Björndahl
ibility    that     in

chromatin    stabilized   iby    zinci     thiol-
group5    may    concomita+tly    be    hindered
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vation  that  ejaculated  human  spermatozoa
treated  with  DTT  or  cy5teine  5electively
lo5e     zinc:        {Kvi5t     &     Elia55on     1978}.
Relea5e  of     zinc   induced     by  EDTA   i5  ac-
centiiated   in  mature  epididymal  rat  sper-
matozoa    treated       with       thiol-blo[king
agEnts   {Calvin     &  Eleau     1974).   In  addi-
tioni   release  of  zinc  double5  thE  amount
of    detec:table    thiol-groups     in    mature
epididymal  rat  sperm  heads   (Calvin  et  al
]975).   Thu5i     zinc's  ability     to  chelate
between  5ulfur     in  thiol-groups    of    ad-
jacent  nuclEoprotein    f iber5    could    ex-
plain  the    development  of  nuclear  stabi-
lity  tcmards    decondensation  in  §D§i   and
the  reduction    in  detectable    amount5  of
thiol-group5.  The    affinity  of    zinc  for
thiol-grsups  could    al5o  explain  the  re-
cluced  effect     of  the     thiol-[ompound  DTT
on  ''mature''     spermatozoa.   The  suggestion
that  zinc    can  ccmtribute    to    the    5ta-
bility  of    the  chromatin    already  in  the
epididymal  rat  spermatozoon  i5  supported
by`  thE    Earlier  ob5ervatien5  of  Birnbaum
et  al     (1961}i   who  found  higher  content5
of  zin[   in  mature  epididymal  rat  5perma-
tozoa  than  in  testicular  5permatozoa.   In
contrasti   §aito    et  al   {1967}   and  Janick
et  al   {1971)   found  high  content5  of  zinc
only  in    the  ejaculated    spermatozoa    of
dog  and  man.

4.   §permatazoa  and  seminal  pla5fna

The     major       human    male     acce5sory     5ex
glands  are    the  ampulla    ®f  the    vas  de-
feren5i   the    seminal  ve5i[le5i   the  pros-
tate!   and     the  bulbo-urEthral  gland5   {or
Cowper5'     gland5}.     Other     5pec:ies     have
gland5  with     similar     name5!     but     their
respective  function5    are  not  always  si-
milar    {Mann     1964i      Mann     &     Lutwak-Mann
1981}.   I     will  here    concentrate  on    the
human  prostate  and  seminal  vesicles.

The  human    prostate  produce5  normally  an
acidic     f luid        {pH     <7:     Huggin5     1947;
Ellacklock     &     Eeavi5     1974i      Kavanagh     &
I}arby   198E}i     rich   in    citrate  and     zinc
(c:f     Mann        &     Lutwak-Mann     1981;      flrver
]PSE}.     Zinc     was     first     di5covered     in
5emEn  by     Bertrand   &  VladE5co   {19E1}   and
it5  prostatic  origin  wa5  shown  by  Mawson
&  Fi5cher     (1953}.   The    [oncentration  of
zinc     in      prostatic    fluid     i5    5Everal



hundred     times      high!r     than    the    c:on-
ceiitration   in     blood  Plasma     {c:f  Mann     &
Lutwak-Mann   1981).     THe  prastate     in  dog
5eem5  to  share  these
human  prostate   {Bart

ropertie5  with  the
tt   196E).

Citrate  is    a  zinc    #:and  with  a  pH-de-
pendent    capacity                    binding       zinc
{pKa=3.1;   pKa=4.8;      pri«=6.4).   Åt      low  pH
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Martell   1971).      Thusi
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pose§  fewer     binding  5
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at     lowpHi     as   in
luidi    citrate  ex-
ites    for  zinc  and
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Ba     would     be     in-
lkaline    vesicular
ructose     {cf     Mann
gands  of  high-  and

intermediate-molecular-weight     (HMW     and
IMW)    (Arver     &  Eliassoh   198E).   Vesicular
ligands  have    a  high    Bffinity  for     zinc:
and      c:ause      a      po§t-ejaculatory      re-
distribution  of    zinc  '  from     ligands    of
pro5tatic    origin     {mainly    citrate)     to
ligands    of    vesicular    origini     further
reducing  the    concentration  of  free  zinc:
available  for    pos5ible  interaction  with
e.g.   spermatozoa   {Arver   198E).

In  mogt  meni   the  major'ity  of  spermatozoa
are  expelled    in  the    first  fraction5  of
the    ejaculate       t®gether    with       mainly
prostatic  f luid     (Lundqvist   19499   Mann  &
Lutwak-Mann   1981).     The   last     fractionsi
which    contain    fewer     spermatozoai     are
dominated  by  seminal  vesicular  fluid.   It
seemsi   theni     that  most    spermatozoa    at
ejaculation    encounter       an    environment
with  high    availability  for  zinc.   In  the
normal  c®urse    of  events!   howeveri   5per-
matozoa  are    likely  to     leave  the    ejac-
ulated  f luid    within  a    short  period    of
time  and    enter  the    cervical  mucus  (§o-
brero  &     MacLeod   196E).     Thi5     indicates
that  any     interaction    of    physiol®gical
importance  between  spermatozoa  and  semi-
nal  plasma    would  have  to  accur  during  a
limited  period  of  time.

5.  Fertilization

Fertilization  is    compLeted  when  the  in-
tact  paternal     genome  bec:omes    available
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for  devElopment     of  the     zygote.   In  mam-
mal5,   fertilization    normally  occur5     in
the  ampullary    region  of     the    Fallopian
tube   (or     the  ovidu[t}   {cf  Hunter   1975}.
In  mo5t     spE[ies  spermatozoa    obtain  the
capacity  to    penetrate  the    ovum  in    the
femalE  genital     tract.   The  mechanism  for
this    "capacitation"     is    5till    ob5cure
{Chang   1951i     Austin   1951;   Rogers   lp78).
One  result    of  capacitation  i5  the  acro-
5ome  reactioni   where  the  plasma  membrane
and  the    outer  acro§omal     membrane    fu5e
and  enzyme5    from  the    acrosome  are    re-
1eased.   These    enzyme5  probably    facili-
tate  5perm    pa5sage  through     the  cumulus
oophorus  5urrounding     the     ovum     {Au5tin
1969;   Pikö     196P;   Thibault   1971;   §oupart
1976}.     The        inner     acro5omal     membrane
make5  contact    with  glycoprotein     layer5
of     the     zona    pellucida.     Howeveri     the
biochemical  nature    of  the  mechanism  for
penetration  through    the  thick  zona  pel-
lucida     in       eutherian    mammals     is    not
known.   Both     enzymati[  and     nonenzymatic
processes  have    been  disc:ug5ed     {cf  Eed-
ford  &     Cro5s   1978;     BEdford   1979;   Klint
lp85).   The  5perm  head  attach  to   the  ovum
with     the      equatorial     region     {§oupart
1976i   Bedford     et  al      1979}.   The     pla5ma
mebranes  fuse    and  the    sperm  coreg   i.e.
nucleus    and       taili     sinl{s       into       the
ociplasm.   The     nuclear     Envelope    of     the
5permatozoon  dis5olve5]   and  the  detached
tail  and  5perm  mitochondria  disintegrate
(§oupart     1976}.        The     sperm     chromatin
starts  to    deconden5e  in    it5    po5terior
regioni   i.E.     the  DNA-nucleoprotein    fi~
ber5  start     unravelling   {§zollo5i     &  Ri5
1P61;     Bedford        lp7E;     cf       Yanagimac:hi
1978}.   The     me[hani5m     of     physiol
deconden5ation     i5    not     knowni     b::ic::
depends  on    conditions    created     in    the
mature  oopla5m    and  doe5    not     need     the
karyoplasm  of   the  ovum   {Tarkow5ki   1983}.
In  vitro    studie5  have  5hown  that  a  high
number  t}f     human  5permatozoa     can  decon-
dense  5imultaneously     in  one  5ingle  ovum
(§oupart     &       §trong     1975;     Yanagimachi
1984}.   Disruption    of  5tabilizing  forces
cani   in    vitroi   be    achieved  with  either
the  addition    of  exogenoti5  thiols]   whic:h
supposedly  cleave    di§ulfide-bridges  {cf
Mahi   &     Yanagimachi   1975)i   or   by  removal
of   zinc     from  spermatozoa   {Kvi5t   1980a).
Thu5i   removal     of  zinc     from     the     spErm
nucleu§  could    facilitate  dec:onden5ation
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pound5i   5uch     a5  DTTi   have  been  regarded
nec:es5ary  for     dEEondensation  of    maturE
5permatozoa.     HowEVEri        the     action     of
thiol-groups     mti5t       be     combined       with
either  the    action  of    detergentsi    pro-
tea5e§i  or    salt5    to    obtain    deconden-
sation   (cf     Young   1979;     cf  Zirkin  et  al
1985}.   Å    proteolytic  process     intrin5i[
to  thE    spErm  head    ha5    been    5uggested
{Marushige     &       Maru5hige     1975i         1978;
Zirkin  &  Chang   1977;   Zirkin  et   al   lp85}!
but  even    these    5tudies    utilized    exo-
genou5  thiol-group5i     and     Young     {1979}
has  showed    that  the    proteolyti[  action
wa5  caused     by  enzymE5    originating  from
the  acro5ome.     Thusi   the5e    enzymE5    are
likEly  tc)    disappear  before    deconden5a-
tion  start5  in  the  ovum.

Bedford  et     al      {1973}     found     5ome     men
who5e    5permatozoa    deconden5ed     in     the
detergent  §odium     Dt}decyl   §ulfate     {§D§}
without   DTT,   and  Kvi5t   &  Elia55on   {197a)
found  that     zinc   in    5imilar  ca5Es  could
prevent    5pontaneou5    de[ondengation    in
§D§  alone.     Treatment  with  EDTÖ  of  sper-
matozc)ai     whic:h     had     been     5upplemented
with  zinci     rever5ed  the    5tabilitM     in-
duced  by     zinc   {Kvist   1980c}.   Kvist  also
found  that     treatment     with     EDTf}     [ould
elicit  deconderisation  of  sperm  chromatin
in  §D§     even  among     "normal"   men     {Kvi5t
1980bid;   Kvist     et   al      19BO)i     and     that

::å:edc::ac::?ol:0:nt::::::e::a:::15P:::
chromatin   {Kvist     198E}.     FtegardlE5§     of
the  initial  acce55  to  zinci   the  capacity
wa5  decrEasEd     when  the    5permatozoa  had
been  5tored     5ome  hour5     {Kvi5t     19B0a}.
Delgado     et     al     {1980)     foundtthat     the
protamine  heparin  could   induce  chromatin
decondensaticm   in    waEhed  human    5perma-
tozoa.  Howeveri     the    buffer     that     they
used     contained       EDTA     {c:f     Peterson     &
Freund   1970}.   That  dE[ondEnsation  evoked
with  heparin    wa5  al5B    obtained  by    re-
moval   of     zinci   was     later     communicated
{Reye5  et     al   1983}.   Elazak  &  OvErgtrEEt
(19BEaib)     studied       washed       ejaculated
spermatozoa    and      advo[ated    that       the
normal     Ehromatin       5tability     of    human
ejaculated  5permatozoa    was  not   inherent
to     the      chromatini     but     that     it    was
inf luenced  through    contamination  by  the
5eminal     pla5ma.       Hgweveri     also     these
authors  used  a  zinc-chelating  medium  for
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bridge5     (Kvist   1982).     Furthermore,   CdE+
has  been    found  to     interfere    with    the
zinc-dependent  chromatin    decondensation
of  human    spermatozoa
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those  exposed     to  the  |  equivalent  amount
of     ex®genous  Zne+, n    deconden5ation
in  §D§  was  evoked  withl  albumin   (Ca5swall
et  al   1986}
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nzyme5i   and     par-
hesi§i     RNA-tran-
is     {cf      Chester

iiiiliiiiiiiiiliEiliEiiiiEiiiiiiliii
5tored  in    the  female
mcmthsi   and     the  genit
sexes  c:ontain    conside
zinc   {Chrichton    et  al
indicate  that    a  rich
benef ic:iel     to       sperm
stored.   In    ratsi   the

genital  tract  for
1     tract5  of  both
able    amounts    of
198E).   This  could
supply  of  zinc   is
tozoa    that      are
etabolism  of  zinc:
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has    been    studied    exten5ively:    6¥n     i5
recoverEd   in    the    5eminiferou5    tubules
and  follow  the  5permatozoa  and  the  fluid
to   the     epididymi5   (Wetterdal   1958;   Timm
&§chultz      1966;     Bunn     &     Gould      lp70).
Eirnbaum     et        al      {1961}     found     highEr
content§  of     zinc   in    epididymal  sperma-
tozoa  than     in    testicular    spermatozoai
indicating  that  an  uptake  of  zinc  5tarts
early  in    the  po5t-te5ticular    excurrent
duct  sy5tem     in  rat5.     Dec:rea5e  in  total
c:ontEnt  of     zin[   in    5permatozoai   as  a5L
5e5sed    by    atomic     ab5orption    5pectro-
photometryi  ha5    been  reported     to  occur
dur ing      sperm         tran5fer       from         the
initial.to  the    terminal  segment    of  the
epididymi5   in  rat5  and  monkies   {[alvin  &
Bleau  1974;     [alvin  et     al   1975;   §rivas-
tava  et     al   19BE!      1983}.      In     contra5ti
Oliphant     et       al      {1985)i     using     X-ray
microanaly5is    of       rabbit    spermatozoai
reported    intrea5ed      concentrations    of
zinc     in    whole     5permatozoa     and     sperm
heads  from    the  terminal     segment  of  the
epididymi5.       The       pro5tatE       in       rats
contain5  high    amounts  of    zin[i   but  the
importance  of    thi5  pro5tatic     zinc    for
uptake     into      `+EPErmatozoa     i5     un[lear.
Epididymal     and    ejaculated     spermatozoa
are      con5idered         te      contain      equal
concentration5  of    zinc   in    thi5  5pecie5
{§aito     et       al      1967}.        Howeveri     zinc
derived  from    the  pro5tate    follows    the
5permatozoa   into     thE     oviduct     {Gunn     &
Gould   1970).      In     dog5     and      in     human5i
spermatozc]a  5eEm    to  get     a  con5iderable
contribution  of     zinc  from    semen   {§aito
et   al      1967;   Janick   et   al   1971}.   With   X-
ray  microanaly5i5     the  human    sperm  head
ha5  been    shown  to    contain    5ignif icant
amount5  of     zinci   and     this  zinc   is  mo5t
likely  §ituated     in  the  chromatini   since
equivalent  concentration5    were  found  in
wa5hed  preparation§  of  whole  sperm  head5
as  in    frozen  and    freeze-dried  5ection5
of     unwashed       5permatozoa     {ChandlEr     &
Batter5by   1976).



1.    f}|M   0F   THE   =TUDY

chromatin  and    far  the    preservation    of
thi5  c:apacity  for  decondensation]   and  to
investigate  if    the  human    sperm  nucleus
ac:c:umulate5  zinc     at     ejaculation.     Fur-
thermorei   1     aimed  to  5hed   light  on  pos-
5ible  fac:tors  regulating  a  phy5iological
uptake  of     zinc   into     the  5perm    head  at
eja[ulation.

The  pre5ent  5tudy  was  initiated   in  light
of  earlier    observatio  5  that    the  human
5permatozoon  seemed  to  have  an  intrinsic
capacity    for    chromatin    decondensation
that  is    reversibly  in  ibited  by  zinc:  at
ejaculation   (Kvist     19E0a).   The     aim  was
to  further    elucidate    he    importance  of
zinc:    for     the    stability    c]f     the  sperm

111.1   MF}TEF=|f}L§   f}ND   IIETHODS

tails    are  given  in  th
cation5   (I-VI).

§emen    5anples were    p
teers:    students  at  Ka
tet     (I-Ivi   VI)   and  me
clinic    of    Obstetrics
{Univer§ity     of  Linköp
zation   (vasectomy)    (V)

Epididynal    si]ermatozo
from     the  most    caudal
didymis     in  preparatio
diately  after  orchidec

Va5al    sperdlatozoa  wer
the    prostatic  portion
during     vasectomy.   One
re[overy    of  vasal  spe
ejaculation    had  occur
ning    of  the    day  of  s
zoa    in  these    ejacula
comparisons    between
ejaculated  and  vasal  s

Decondensation    of  the
wa5     studied   (1-11)   in
matozc)a    before  or  af t
fered    salt    solution
lE3i      Kcl   59      HCI   E4i
One     volume  of     sperm
toz®a     in  seminal     pla

1E

5eparate  publi-

ovided  by  volun-
olinska  lnstitu-
referred  to  the
and     Gynecology

ng)  for  sterili-

were    recovered
part  of  the  epi-
B  obtained   imme-
OmY.

recoverEd  from
of  vas  deferens

prerequisite  for
matozoa  was  that
ed     in  the    mor-
rgery.   Spermato-
es  were  used  for
inc    content     in
erm  heads.

sperm  chrodiatin
ejaculated  sper-
r  wash  in  a  buf-
(8§§;      mM!      NacI
RI§   37;   pH=B.0).
olution   (sperma-
ma  or     8§§)     was

added     to  nine     velumes     c]f     1./.     §odium
Dodecyl     §ulfate   {§D§)   in  0.05  M  borate
buffer      {pH=9.0)   with     or   without     6  mM
EDTA.      Incubation  wa5  performed   at   37®C
for    60  minute5    and  the    reaction    was
stopped    by  additicin    of  the    equal     a-
mount     of  a.5%  glutaraldehyde   in  0.05  M
borate    buffer   {pH=9.0}.     Asse55ment  of
the    degree  of    deconden5ation  wa5  done
in     phase  contra5t     micro5copy     {400  X}
by    ranking   100  randomly  selected  5perm
heads     in    each    sample    and     treatment
group=     stablei   moderately  swolleni   and
gros5ly  swollen  5perm  head5.

§emen    analy5es  were    only  performed   in
investigations    of  the    uptake  of    zinc
into     the  5perm  head   (III-VI).   Zinc  was
determined       wi th       atomic       absorption
speEtrophotometry     {Elia55on  &  Lindhol-
mer     1971)   both     to  record     the  c:oncen-
tration    of  zinc     in  5emen    per  sei   and
to    u5e  thi5    concentration  as  a  marker
for    tlie  secretory    performan[e  of    the
pro5tate.     Fructo5e  was  determined  with
a     colorimetric   method   {Karvonen  &  Malm
1955}     and  u5Ed  a5  a  marker  for  ve5icu-
lar  secretion.

§ephadex    gel  chromatography    wa5    per-
formed     {VI)   to     analyse    the    relative
di5tribution    of  5eminal     zinc  bound  to
different    groups  of     ligand5:   high-mo-
lec:ular-weight     zinc-ligand5      {HMW;     Mr
>80  000) ;                 intermediate-molecular-



weight     zinc:-ligands        (IMW;     Mr     3  000-
80  000};     low-molecular-weight     zinc-li-
gands   (LMW;      Mr   <3   000).   HMW   and   IMW   are
considered  to    be  secreted    from  the  se-
minal     vesicle5i        while     LMwi     probably
mainly  citratei     i5  of    pro5tatic  origin
(Arver   198a).

The  principle  for  X-
that  the    electron  b
electron  microscope
shell  electrons    of
area"  of     the  specim
®uter     shellsi     with
energyi  will     take  t
the  inner    5hells  th
difference  in    energ
ray5.   The    wave   leng

e

a
e

h
E

y
t

ay  nicr®analysis  is
am  generated   in  the
collides  with   inner
tc}ms   in  the  "target
n.     Electrons    from
higher     level5    of

e   "empty  place§"   in
reby  liberating  the
as  radiation  of  X-

h     {or     energy)     ®f
this  radiation    is  specif ic:  for  the  atom
that  was    excited.   The    X-rays    are    de-
tected  by    an  energy-disper5ive  spectro-
meter  systemi     consiEting  of     a  5emicon-
ductor  detector  and  a  multichannel  anal-
yzer.   The    amount  of    a  specific  atom  is
expressed  by    the  intensity  of  radiation
of  a  particular  wave  length   (or  energy).
In  thin     sections   (%1-E     Hm)   the  materia
i5  excited  at  the  point  of  inpact  of  the
electron  beam    and   in    a    cone    with     an

the    size      of    a      s
ab5orption    and     5eco
are  negligible   (Rooma

X-ray    microanalysis  |  was     performed     on
spermatozoa  washed     o
di5tilled  water    ori
epididymal          and       v
diluted  in    distilled
suspended  in  di5tillei

ce  or     twice    with
s  in  the  case  with
sal       spermatozoa,
water.   §permatozoa
water  were  placed

on  single-slot    nickel-gridsi  covered  by
Formvar  film   (100  nm  thick)i   and  sperma-
tozoa  were    left  to  air-dry.  Thereafteri
the  specimens    were  ciated    with  a     thin
layer  of    carbon  to    increase  the  resis-
tance  against     thermal  damage    caused  by
the    electron       beam    and       to    minimize
electrical    charging      of    the    specimen
during  analysis.   X-ra    microanalysi5  was
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performed   in    the  s[anning     tran5mi5gion
mode  of     the  electron    micro5[ope     {mag-
nifi[ation  4®00-5000  X}i     and  the    elEc-
tron  beam    was  directed  to  the  po5tequa-
torial   regi®n    of  randomly    cho5en  sperm
heads.   The  result5   {5pectrum  of  recordEd
X-ray5  of    different  EnErgy}     frem    eå[h
sperm  head    were  computed     to  obtain  va-
lue5  which    were  [orrected    with  re5pect
to  background    noi5ei   intensity    of    the
electron    bEam    and    deteEted    radiation
from  the    sperm  heads.     To  avoid    varia-
tion5  in    zinc-1Evels  due     to  variation5
in  the     total  ma55    examinedi     all     zinc
concentrations  are    given  in  rElation  to
sulfur  or  pho5phorus.   Tho5E  element5  are
5uppo5edly  inEorporatEd   into  the  nucleu5
during  gpermatogene5i5:   sulfur  mainly   in
5perm  specif ic  protamines  and  phosphorus
mainly   in  the  nucleic  acid  of  BNA.   Thusi
sperm  nuclEar   zinc  concentration  wa5  ex-
F]re55ed    a5    either     1008  x  zinc-to-sul-
furcount5/5-ratioi     [Zn/§]!     or     1000    x
z inc-to~phosphoru5                 count5/5-rat io
[Zn/P].     The    choice    between    which     of
these  two    relations  should    bE  used  did
not  5eem    to  be  of  importan[ei   and  after
thE     initial     5tudy     {III}i     where     only
[Zn/P]  was    availablei  we    preferred     to
use  [Zn/§]    due  to    the    earlier    obsEr-
vation5  that    a  connection    between  zinc
and  thiol5     in  the    nucleu5  could    be  of
importance  for  chromatin  decondensation.

§tati5tic5:  5ince    the    values    for    as-
5e55ed  degree    of  chromatin    deconden5a-
tion  were  not  normally  distributedg   non-
paramEtric  5tatistical   analysi5   {Matched
Pair   analy5i5}     wa5     u5ed      {Iill}.     Eom-
parisons    of      di5tribution5      of       zinc:
c:ont:entration5     in       sperm    head5       from
different       origin5       {epididymi5i       va5
deferensi   and    eja[ulate}   were  performed
with     the       Mann-WhitnEy    U-testi     5ince
value5  from    non-eja[ulated    cell5    were
not     normally       distributed     {Iviv).     In
othEr     c:age5     it    wa5     likely     that     thE
di5tribution  could    equivalate  a    normal
di5tributioni   thu5    allowing  the    u5e  of
t-te5t     {III)i       Pear5on'5      correlation
te5t]     and       multiple    5tEp-wise     linear
rEgre5Sion  anaiy5i5   {vi}.



IVL    F=E§ULT=   f}ND   [OMMENT=

1.The[apacityfol chromatin
de[ondensation  dvoked  with
z i nc-che l ators
property  of  eja
spermatozoa j:

a  normal
ulated

Human  semen     normally  dontains     a     small
and  variable    proportidn  of    spermatozoa

!

!

that  deconden5e    chrom
decyl   §ulfate   (§D§)   (E

tin   in  §odium  Do-
dford  et  al   1973;

Kvi5t   1980a).     The  probortion     of  dec:on-
densing  spermatozoa     ihcreases  when    the
spermatozoa  are    treatEd  with    zinc-che-
lators  such    as  albumi
short  timeframe    to  th

ii:i::: 3iä;::::Xa:::åi

or   EDTA  within  a
treatment    with

§D§   (Kvist      19Boa).   Howeverg     some  sper-
matozoai   pretreated  with  zinc-[helatorsi
fail  to    deconden5e  i"§D§.   In  additioni

ved  that  the  pro-
that  decondensed

5pontaneously   in    §D§  ?1one  and  the  prc)-
portion  that  decondensed  after  treatment
with  zinc-chelatc)r5    diminished  with   in-

:::a=:::s:::er¥:L:D§be[

:::o:h:::::.:::::xi::i

ween    ejaculation
Kvist   19Boa).      We

€h':r:f:F:-:tudied      d!condensation      of
spermatozoa    f ive    minutes    after    ejac-
ulation.   The  nuclei  of,most  of  the  sper-
matozoa  exposed     to  SI}§  remained  conden-

ly  90%  of  sperma-
he     §D§-EDTA      (1:

Fig.  3i  squares}.  Thu5|  the  capacity  for
chronatin    deconden5ation      evoked    with

:=n::h:::::r|yc°o¥i=sh;m:j::ui::e:
spernatozoa.

E.  :::o:å=:Så:¥o:°T
sperin  storage

s  lost  during

Decondensation  in  §D§-EDTA  was  also  stu-
died  among  spermatozoai stored   in  seminal

mplasma  and     among  sper
frcim  the     same  seminal

atozoa    5eparated
plasma  EO  minutes

after  ejaculation    and  thereafter  washed
and  stored     in  a    buffered  salt  solution
(E§§).  One  hour  after  ejaculation  nearly

:å::e:fi:::5::::T::oå:ii:a::::htå.:E::::
spermatozoa  were     stored   (1:     Fig.   3i   60
min;   Fig.     4]   1h).   After   the  fir5t  houri
the  rate    by
capacity  to :::::d.::Er:::Oz::o:::t  :::
Fig.   3    and  4}.     The  råte    for  this  loss
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Laia5  5lowe5t     among   5permatozoa  5eparated
from   thE     5Eminal   pla5ma   {1:   Fig.   4}.    It
can  be  seen]  then]  that  flany  5permatozoa
lo5t    the    capacity    for    decoTdEn5ation
rapidly.  If    factor5  in    5eminal    pla5ma
inf luenced  this    los5i  then   this  influ-
ence  wa5 nainly  exerted  during  the  first
EO    minute5      after    ejaculation.    Other
5permatozoa    lo5t      the    capacity    at    a
5lower  rate.     Thi5  .'51ow    1o55"  wa5    en-
hanEed  by    Eome  unknmm    factor5  pre5ent
in  the  5Eminal  pla5fla.

å.  Zinc  pre5erve5  a  t=apa[ity  for
[hromatin  de[onden5ation

Gue5tioning  whether    failurE    to    decon-
den5e  could    be  the  re5ult  of  the  thiol-
groups   in     the  chromatin    oxidizing     and
forming         stabilizing    di5ulfidE-bridge
cro551inks   {Kvi5t   19BE}i   and   noting   that
zinc  can    protect  thiols    from  oxidation
{cf  Che5ter     1978}   impelled  u5  to   inve5-
tigate  whEther     zinc:  could    prevent     the
loss  of    a  capacity    for    deEonden5ation
during  storage.     We  5tudiEd  how  expo5ure
of  5permatozoa    to  ED"    beforE    5torage
and  exposure  to  a  buffer  containing  zinc
{1.5     mM  Zn§04}      influenced   the     capacity
for  decondensation    during  storage.     Al-
mo5t  all     5permatozoa     {91%}     pretreated
with  a    zinc-chelator  before  storage  had
lo5t  thE    capacity  for    chromatin  decon-
den5ation  after    E4  hours  5torage  in  8§§
{11:   Fig.      3     and     4:      B§§-EDTA     washedi
stored  £4    h).   Treating     the  spermatozoa
5tored   in    8§§  with    5upplements  of  zinE
during  5torage    prevented  both    the  los5
that  wa5  enhanced  by  treatment  with  EDTA
and  the     "native"   1o59    of  capa[ity    for
c:hromatin  decondensation   (11:   Fig.   E  and
4:   +     =inc  vs.     washed  without   zinc}.   In
other  Hord5]     the    capacity    for    decon-
den5ationi   revealed     in  a    certain    pro-
portion  of    5permatozoa  before    storagei
was  prE5Erved     throughout   the    wholE  pE-
riod  of    5torage  in    a    salinE    50lution
5upplemented  with     zinc.   In    conclusioni
the  experimETit5  prE5entEd  in  5eEtion  1-3
defRon5tra`ted  {1}     that  the    capacity  for
chromatin  deconden5ationi    evoked    by    a
zinc-chelating  medium     {here  EDTA}     i5  a
normal    propErty    of    the    fre5hly    eja-
Eulated  5permatozoon;     (E}  that    a  vari-
able    fraEtion    of    5permatozoa    rapidly



loses  thi§    capacity;
plasna  can   cau5e  a    f
cai)acity  for    deconde
l®§s  of    the  capacity
experimentally  by    exp
tozoa  to    a  zinc-chela
{5)  that    zinc  can  pre
for  deconden5ation  dur

4.  The  sperm  head
ted  §permatozoo
bound  within  th
matrix

EDTA  and     albumin  have
earlier   (Kvist   1980a)
chelaters    to    evol<e
§D§.   Both     substances
zinc  content    of  ejacu
in  humansi     as   judged
minaticms  in    pellet5
tozoa   (Huajacuja    et  a
Eliasson   1978).     Howev
formation  on  whether  t
in  the    sperm  nucleus
lowing     treatment     whi
densation  in    §D§.   The
sition!   e.g.     zinc  con
lular  regions    could]
analysisi  be    determin
mens   like     spermatozoa
special   problem    when
ejaculated     spermatozc]
bility  ®f  c:ontaminatio
centrations  of    zinc  i
The  obgervat.ion    that
of  zinc     in  sperm    hea
to  either    the    total
zinc   in     seminal   plasm
trations  of  zinc  bound
c}f   ligands      (VI)9      rul
measured   zinc     was  ma
plasma  constituents
sperm  headsi     or  unsp
subfractions  of    zinc
face.  Furthermorei     th
of  Chandler     &  Batters
that  section5  of  froze
sperm  heads    contained
trations  of  zinc  as  di
sperm  heads.  These  res
the  measured  concentra
ly  is    a  func:tion    of
the  sperm    headi   which
the  nucleus.     Moreover
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{3)     that    seminal
rther  lo5s of  the
ation5   {4}   that  a
can    be    enhanced
5ure   of    sperma-
ing    fRedium;     and
rve  the  capacity
9  5torage.

f  the ejacula-
contains  zin[
nLlclear

here   (Iill)     and
een  used  as  zinc-
econdensation    in
educe    the    total
ated    spermatozoa
from  zinc:    deter-
f    whole    5perma-

1973;   Johnsen  &
ri   we     lacked   in-
e  content  of  zinc
was  reduced    fol-
h    evokes    decon-
elemental   compo-

enti    of    5ubcel-
ith     X-ray  micro-
d  in    thin  speci-

(III,IV,V).      One
tudying     zinc     in

is    the    possi-
by  the  high  con-
5eminal  plasma.

the    concentration
s  was  not  related
concentration    of

or    to    concen-
to  various  groups
d    out    that    the
ly  due  to  5eminal

ri:q  On  top  Of  the1           ®                       ,     ,                                                                 ,if ic    binding    of
®     the  sperm  sur-
earlier    studies

y      (1976)      showed
and  freeze-dried
similar    concen-
wholei   air-dried

lts  indicate  that
ion  of  zinc  main-
inc     bound  within
is  dominated     by
the    results    of

[handler  &     BattErsby   {1976}     rulEd     out
the  pos5ibility    that  thE  amount  of  nuc-
lear  zinc   i5  thE  re5ult  of  an  un5pe[ific
diffusion  of  zinc   into  the  sperm  nucleu5
during  the    preparation    of    spErmatozoa
for  X-ray  mi[roanaly§isi   5inEE  free  dif-
fusion  is  hindered   in  a  frozen  5pecimen.
The    actual     [oncentration    of    zinc     in
5permhead    was    calculated     to    be    3-4
time5  higher   than  that  of  seminal  plasma
(IV}.   Furthermorei     5perm  head5     treated
with  §D§    contained  similar     amount5    of
zinc  as     5pErm  heads  wa5hEd   in  distilled
water     {IV}.       These     two       observations
togetheri   indicate  that  zinc   in  the  nuc:-
1ear  matrix   i5  retainEd  by  high  affinity
zinc-binding  sites.     In  [onElu5ion]     the
present  re5ult§    indicate  that  the chro-
matin of    the ejaculated    huflan   5perna-
tozoon  contaiT15  zinc.

5.  Zinc  i5  relea5Ed  from  the
5f)erm  nu[1eu5  of  the  fre5hly
Eja[ulated  5permatozoon  Ex-
f]oEEd  to  zin[-[helatiTig  EDTA

EDTÅ-treatment     redut:Ed     by     80-90%     the
[onEentration  of     zinE   in    5perm    head5i
[Zn/P]i     20    minutE5    aftEr     Ejaculation
{111:      TablE        1}.      The        sizE     of     this
dEcrEa5E  wa5     5imilar   to     that  found     by
other5  in    pellets  of    wholE  5permatozoa
treatEd  with     albumin  or   EDTÅ   {John5en  &
Elia55on     19789        1981;     Huacuja     et     al
1973).     We     found     the    highe5t     c:on[en-
trations  of  zinc  in  the  junction  between
thE  5pErm     head  and     taili   and  EDTA  also
released     zinE       from     thi5    5ubcEllular
rEgion.   Thi5     i5  worth     noting  §in[E  the
EarliE5t    event5    of    both    the    phy5io-
logical  decgnden5ation    and     the    decon-
den5ation  evoked     in    vitro    with     zinc-
chelator5  occur     in  thi5    mo5t  posterior
region  of     the  5perm    hEad   {Björndahl     &
Kvi5t   198E).     Deconden5ation  whEn  evop`ed
with  high     concEntration5    of    exogenous
thiol5i  did    not  appear     to   initiate    at
the    head-tail     junctit}n     {Kvist    et     al
lpBO).   In    Eonclu5ioni  5permatozoa  whit:h
have  encounterEd  a  zinc-chelating  mediun
lo5e  zinc    from  the  "icleu5  and  from  the
head-tail  junction.    This   depletion   of
zinc  fiiay  explain  inihy  treatment  with  EDTÅ
evoke5  a    capacity  for  deEondenEation  of
thE  chromatini    but  at  the  5ame  time  en-



hances  the    lo5s  of  t|is capacity  during
storage.
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Apparentlyi   the    diffusicm  of     zinc  from
5perm  head5  to  the  5urrounding  buffer   is
normally  facilitated  by  EDTA.   Compaction
in  the    boundarie5  t)f    the  nu[leus  [ould
decrea5e  thE    content  of    watEr   in  the5E
regions  and    crEate  a    barriEr  for    dif-
fusion  of    zin[.   Zinc    could  thereby  be-
come  trapped    within  the  nuclear  matriÄ.
In  conElu5ioni    dLiring  5torage  in  vitroi
qualitative  change5    occLir  in    the  sperm
EhrBmatini   leading    to  a  1o55  of  the  ca~
pacity  for    chroinatin  dEconi]ensation  and
to  a    reducEd    extractat)ility    of    zinc.
Both  Event5    [ould  t)e    due  to  coinpaEtion
of  the    T"cleu5  cau5ed    by  formation    of
di5ulfide-bridge cro5slinks.

7.  Zin[  is  taken  Lip  into  the
sperm  nu[leu5  at  ejaculation

lt  wa5    of  intere5t    to  5tudy  a  po5sible
uptake  of     zinc:   into     the  sperm  hEads  at
ejaculation!   since    Eja[ulatEd  5permato-
zoa  ct)ntained  mea5urablE  amount5  of  zinE
{cf   IV:     Table   1}     and  5in[e     there     are
5ign5  of    an  inhibition    of  the  [apacity
for  decondensation  coinciding  with  ejac-
ulation     {Kvi5t        19B0a}.     §aito     et     al
{1967}      and     JaniEk     et     al      {1971}      had
earlier  5tudied    the  content    of  zinc   in
centrifuged  pEllEt5    of    epididymal     and
ejaculated  spermatozt}a.     They    concluded
that  zinc     in  ejaculated    spermatt]zoa  i5
derived  from     the  pro5tatEi     both   in  man
and   in    dag.   However]     we   lacked     infor-
mation  about     the  origin    of  zinc   in  thE
5perm  nuEleu5.     Epididymal     5permatozoai
obtained  from     Elderly     men     {age     61-75
years}     undErgoing       circ:hidectomy]        had
lower   zinE    content   in    the    head5    than
ejaculated  5permatozoa     from    young     men
{E2-31   year5}      (IV:   Figs.      Ei   3i   and   4}.
Howeveri   5ince  metaboli5m  of  zinc   in  thE
male  genital   tract   i5  5trongly  dEPEndent
o"  androgensi     therE  Eould  bE  some  doubt
concerning  the    5ignif icance  of    thg  rE-
5ult5.     Ncinethele55i     va5al     spermatozoa
from  another  group  of  younger  men   {31-43
yEar5}   had     similarly     low    content5    of
zinc   in     the  5perm  hEads   {V:   TablE   1}   aEi
the    epididymal       §permatozoa    from     the
eldErly  men.     Furthermore]   we  found  5ig-
nificantly  highEr     amount5    of     zinc     in
5permatozoa  from  ejaculate5  dElivErEd  by
the  5amE     individual5   {V:     Table   1}.      In
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fruEto5e;   and    for   the    zinc  binding  ca-
pacity  of  ve5icular   ligand5i   the  propor-
tion  of    total   zinc    bound  to     the5e  li-
gand5  [H+1%].   From  the5E  re5ultEi  we  in-
fer  that  the  vesicular  fluid  hinder5 Lip-
take  of    zinc  into    the  sperm    head.  The
ve5it:ular  f luid    could  reduce  the  uptake
of  zinc     into  5perm  heads  by  {1}  binding
of  zinc    to  ve5icular    liga"]si    or    {E}
increa5ing    the      binding    of      zinc    to
citrate  through    a  ri5e    in   pH   of    the
5eminal    pla5ma    {cf    §illen    &    Martell
1971 ' .

P.  EvideT)[e  5ugge5ting  that
uptakE  Bf  zin[  into  the  sperm
nuclEu5  i5  redu[ed  whEn  high
nuinber5  of  spermatozoa  are
expel led

The  concentration  of  zinc   in  5perm  head5
wa5   lower     in  spermatozoa     from  portion§
with  high     total   5perm  number5!   in  5pite
of  that  high  5perm  number5  occurred  Eon-
comittantly  with     high  concentratic}n5  of
zin[     in  5eminal   pla5ma   (rc=0.48;   t=1.98;
p{O.05}.        FurthermorEi        5perm       number
showed  a    better  negative  correlation  to
5perm  head     [Zn/S]   than    did  5perm    [on-
centration.   WherEa5     5perm  cc!ncentration
is  a    function  both    of  5perm  number  and
of  the  volume  of  variou5  fluids   in  which
the    spermatozoa    arE    finally    dilutEdi
acutal   sperm    numbEr   i5  a  bettEr  measure
of  how     many  spermatozoa     arE     expelled]
and  thereby    and  po5sibly    competing  for
pro5tatic     zin[.     Ö    high     sperm    number
could  also     mean   {1}     that   the     time  for
di5sc}1ution     of       the     spErm     pellet     in
prostatic  fluid     increa5e5i   and   {E}   that
relatively  more  5permatozoa  are  expelled
into  the    urEthra  later.     In  both  ca5e5i
the  period    of  time  for  appropriate  coTi-
tact  between    5permatozoa  and     pro5tatic:
fluid  would    be    reduced.     NeverthEles5i
that  a     high  sperm     number     would     limit
5perm  zinc     uptakei   implies  that  the  up-
take     i5       di5continued!     e.g.       by     thE
alkaline    vE5i[ular       fluid!     containing
zinc:   ligands.   Variation5   in  5perm  number
and    vesicular       f luid    marker    fructo5e
c:ould  explain     99.5%     of     variation5     in
5perm  head     zinc     concentration     in     thE
first  fraction5  of  the  split-ejac:ulates.
Reduced  uptake    of  zinc     into   the    5perm
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fluid   (Kvi5t     1980a).     No     relation     was
found    between    zinc    concentrations     in
sperm  heads    and  total   seminal   zinc  con-

centrationi  nor    between  zinc  [on[entra-
tions  in    sperm  heads    and  concentration
of  zinc    bound  to   low-i   intermEdiate-  or
high-molec:ular-weight   ligand5.     In    con-
clusioni  the  re5ult5  revieihied  in  5eEtion
8  and  9  give  further  5upport  to  the  con-
cept  that  a  phy5iological  uFitake  of  ziT)c
into  the    sperm  nucleu5    occLir5  at  ejac-
ulation]  and    that  ve5icular  fluid  and  a
high  5perm  Tminber  reduce  this  uptake.
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DUCTI0N}i      imply   that     thE     chromatin     of
the    freshly  ejaculated    5permatozocm  has
a    5tability  which     is  depEndent     on  zinc
in     thE  Ehromatin.     HowevEri     relea5e     of
zinc     enabled  deconden5ation    only   if  thE
relea5e    occurred  concomitant  with  repul-
5ion    of  the    nucleoprotein  f it]ers.     Thi5
wa5     EvidEnt  when       a  majc}rity  of  sperma-
tozoa]     e#po5ed     to     zinc-chelating     EDTfi
before      storage]     failed    to    deconden5e
when    expo5Ed  to    §D§-ED"  af ter  24  hour5
5torage       in    a      buffer       50lution.       In
Eontra5ti     when  washed     5pErmatozoa     wEre
stored       for    E4      hour5     in    a    50lution
containing     zinc]     the     initial     [apacity
for     dEconden5ation  could  5till  be  evoked
by     EDTfl.   If     zinc  wa5     relea5ed     without
repul5icm    of  chromatin  f iber5  induced  by
§D§i       another     typE       of     binding     which
stabilize5     the  chromatini     developg.     In
general!     this  happenEd     to  many     5perma-
tozoa    within  thE    f ir5t  hour  after  eja[-
ulationi     regardlE55  if     thEy  were  washed
and    5tored   in    a  buffer     50lution.   OthEr
5permatozoa       lo§t       the       capacity       fc)r
decondensation     in  §D§-EDTÅ    during     pro-
1onged     5toragei   expeEially     if  thEy  wEre
5tored     in  5eminal     plasma.   Thu5i   another
typE      of    stability    than    that    predom-
inating       at    ejaculation      can      develop
during     5pErm  5torage.     Thi5     development
i5    Enhanc:Ed   in     5permatozoa  deprived     cf
zin[     and   totally     prEVEntEd  whEn  zinc   i5
pre5ent.     This  "5econd  type"  of  stability
most       probably     involvE5       or.idation    of
thiol-group5     into  di5ulfide-bridge5.     In
generali     free  thiol-group5    are    su5cep-
tible    to  oxidationg   e.g.   into  disulfide-
bridge5i     in  an  environmEnt   lacking  opti-
mal     rEdox-propertie5   {cf     Haugaard   1968i
§hapiro        lp7E}.     Alsoi     thiol-groups     in
5permatozc}a       are     readily       oÄidizEd     in
vitro=        Maru5higE     &        Maru5hige      {197E}
aimed     to  e5timate     the    amount     c]f     frEe
thiol-groups         in       the       c:hromatin      of
epididymal     rat  5permatozoa.   This  was  ac-
compli5hed    only   if    oxidation  of     thiol-
groups    was  prevented;     i.e.     5permatozoa
wErE     recovered   in    darkne55i   at   low  tem-
peraturEi     and  with  thiol-blocking  agent5
prE5Ent.       FurthErmorEi     epididymal       rat
5permatozoa    stored   in    vitro  become  "Eu-
perstabilized"           by         di5ulfidE-bridge
cro5slinks:     they    develop    an     increa5ed
re5i5tance    to  de[ondensation  in  §D§  with
DTT.   This  kind     of     "superstabilization"

The    nucleus  of    a  fe  tilizing    spermato-
zoon       is     liberated       from    the    nuclear
envelope    after  penet  ation  into  the  ovum
and     the  naked    nucle  s  is    surrounded  by
the    oopla5m.   Deconde  sation  of  the  sperm
chromatin    5tarts   immEdiately   in  the  pos-
terior       region    of      he    nucleusi     where
individual     nucleopro  ein  f ibers  begin  to
unravel       and    separa  e       (§oupart     1976;
Bedford     197E}.   DeconEensation     ha5     been
studied    extensively  in    vitrog   using  va-
rious    detergents.   A    human  sperm  nucleus
treated     with  §DS   is   Eemembranized   (Kvist
et     al   1980)9     but   thE   naked  nucleus  does
not     normally  deccmde  se.   Thusi   the  chro-
matin     is  stabilized     by    bindings    which
preserve    the    quarte  nary    struc:ture    of
the    chromatin  and    w  ic:h  resist     the  re-
pulsian    that  §D§    co   ld     induce    between
the    nucleoprotein  fiDers.     The  nature  of
these    connecting  for  es  is]   howeverg   not
completely     known.   It     has    earlier     been
shown     (1)   that  norma   ly  only  a  small   but
variable    proportion   Df     ejaculated  human
spermatozcia       dec:onde  se     in       §DS     alone
(Bedford     et   al      1973;   Kvist      1980a};    {2)
that     EDTA  and     album.n  increase  the  prcr
portion    of  spermatozHa    decondensing     in
§D§      (Kvist   1980a)5      End   (3)      that     zinci
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Theway     by  which     zinc     stabilizes     the
fre5hly  ejaculatEd  human  5pErm  chromatin
remains  a    matter  of    speculations.   How-
everi   zin[    can  contribute  to  the  5tabi-
lity  of    polymErE5  of     in5ulin  and  other
macromole[ulEs   {cf  Klo5termeyer   &  Hu,mbel
1966;   Chester   1978}.   TherEforei   it  seem5
likely     that       zinE     [ould     5tabilizE    a
quarternary  5tructurE    of    nuclEoprotEin
fibEr5  b¥     intErchElatingi   for     in5tancE
bEtwEen  free     amino  groups    of  arginine.
ThE  inclu5ion    of     thiol-group5     in     thE
ba5ic  spErm-5pec:ific    proteins  of    sper-
matozoa   in  eutherian  mammal5  creates  the
basis    not      only    for    disulfide-bridge
cro55links  but   al5c}  for   5tablE  compleHe5
in  which  zin[  c:ould   interchelate  between
freE  amino     group5  of     e.g.   argininE  and
frEE  thiol-groups  of  cy5tEin  in  adja[Ent
fibEr5   {Ef     FriEdman   lp73}.   If   this  wErE
the  Ease]     relEa5E  of  EinE  arid  repul5ion
of     nuc:1Eoprotein       fiber5     would     alone
re5ult   in    a  rapid    de[onden5aticm.   How-
everi   there    are  numerou5    reports  advo-
[ating  that     thE  5tability    ®f  the  spErm
chromatin   in    eutherian  mammals     i5  pri-
marily  due     to     di5ulfide-bridge    c:ros5-
link5i   5incE  Exogenou5   thiol5i   e.g.   DTT]
have     bEEn     rEgardEd     indi5pEri5iblE     for
dEc:onden5ation   in     dEtergEnt5   {Ef  Zirkin
et   al      1985).   To  what  EÄtent   the  Ehroma-
tin  of  a  5permatozoon  is  normally  5tabi-
lized  by    di5ulfidE-bridge  cros5links  i5
diff iEult  to    elucidatE  5ince  studie5  in
vitro  always     involve  thE    ri5k  for  oÄi-
dation  of     thiol-groups.   It     may  be  that
disulfide-bridges  are    formed  in    vitroi
c:reatirig  a    neEd  for     Exogenou5i     di5ul-
fide-bridge  clEaving     thiol5i   a5     i5  the
Ea5e   in     humari  spErmatozöa  agEd   in  vitrB
{K`fi5t     &     Elia§son      lT7B}.      When     5per-
matozoa     are    5tudied     1-E    hour5     aftEr
ejaculationi       end®genou5       thiol-group5
apparently     are       5uffiEiEnt     to     c:leavE
5tabilizing  di5ulfide-bridge    [rt}55link5
Kvi5t   (198E}.     Ö  progressive!     oxidative
los5  of    thiol-group5  in    the  nu[1eus  of
thE  spermatozoon  during  5torage   in  vitro
would  nt]t     onl¥  rE5ult     in  an     incrEasEd
amount  of    5tabilizing     di5ulfide-bridgE
cro551ink5  but     al5o   in     a   1o55     of     po-
tential  disulfide-bridge    EIEavers.  Fur-
thErmcre!     the       rEduEEd       ability       for
extraction  of  zin[  from  the  chromatin  in
"agEd"   5pErmatozoa     cBuld  further  reduce
thE  amount    of  endogEnou5    thiols  avail-
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signific:antly  lower  Feulgen-5tainability
of  5perm     nuclEi   than    fertilE    mEn     {cf
LeuchtenbErgEr   1957}.     FiecEntl`/!   Nicolle
et  al   {1985}   reported   thati   in  ramsi   the
decrease  of  FEulgen-Etainability   is  mo5t
pronounced     in       epididymal     5permatozoa
5tored     in       fluid    collected     fr®m     thE
utEru5i   comparEd     to  ejaculatEd     5perma-
tozoa  Etored     in  the     5amE     fluid.     Thi5
decrea5e  parallEled    a  rEduction     in  thE
5urfacE  area    of  thE     5perm  hEad5.     From
this  it    can  be  inferrEd  that  ejaculatEd
spermatozoa  are    better    protec:ted    from
thc}5E  qualitative  change5   in  spErm  Ehro-
matin  whi[h     give  a     dE[rEa5Ecl     Feulgen-
5tainability  and  compa[tion  of  thE  spErm
head.   WhEther     this     i5     a    fun[tion    of
nuclear   zinci     ac[umulated     at    ejaEula-
tioni   i5     not   known.   §permatozoa   in  5pe-
cie5  other   than  humani   are  al5o  provided
with  zinc     at  Ejaculation.     Ht"ever!   our
knowlEdge  about     the  origiri     of  zin[     in
the  5perm  nuclEu5,   of  spEcies  other   than
mani    i5     5carce   {cf   INTRODUCTI0N}.    It   i5
hEre    tempting     to    5peculate    that     the
variou5  Effec:ts     of  zinE  5ervE  to  Extend
the  functional     lifE  5pan  of  the  5perma-
tozoon;   i.E.      that   zinc:      {1}     stabilizes
thE  nucleu5i      {E}   protects     the     nucleu5
from  5uper5tabilization!     and     {3}     pre-
serves  a    potential  for    rapid  chromatin
deccmdEn5ation.   The     idea     that     nuc:lEar
zinc:  may    hElp  to    pre5erve     the    ferti-
lizing     [apacity       of       5permatozoa       i5
further  5upportEd     by   {1)   the  finding  of
high  coritEnt5    of  zin[   in  the  ovidu[t   in
bat]   wherE    spermatozoa  are    storEd    for
month5   {Crichtcm     Et   al      198E)i   and      {E}
the  recEnt  obsErvation  that  5  of   10  men]
1iving   in    marriages  with     hitherto     un-
E%plainedi   longla5ting     infErtilityi   had
low  [ontent     of  zinE     in  the  5perm  heads
{Kvi5t   et   al   1985}.

ThE  rE5ult5    of  my     5tudie5  support     the
idEa    that       thE    zin[     5tabilizing     the
c:hromatin  of    ejaculated  human  5permato-
zoa   i5  taken  up  from  thE  prostatic  f luid
at  ejaculation.     Moreoveri   when     a     high
number     of       5pErmatozoa     were     expellEd
togetheri   thE  average  uptake  of  zinc  wa5
redu[ed.   The     uptake  of  zinc  5Eem5  to  bE
di5continued  by     thE     admixture    of     thE
alkaline  ve5icular  fluid.   Two  mE[hanisms
to    e#plairi     this    EffE[t     of    vEEiu[1ar
fluid  might  be  [on5idEred:   {1}   a  ri5e   in
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pHi   inc:reasing     bindim   of     zinc:   to     ci-
trate  of    prc}static  origin     (cf  §ill6n  &
Martell   1971);     and   (2)      the  addition  of
other   ligands    with    high    affinity    for
zinc   (Arver     198£).   Both     these     actions
would  rapidly     reduce  the  amount  of  zinc:
available    for    uptake     into    the    sper-
matozoon,

iiHiiiiiiiiiiliiiiEiiiiiiiiiiiiiiiiii
paired  uptake    of
decondensation  in
e     inpH    of     the
blycaused    by    a
5ec:reted  citratei

of    other    sub-
om  the    prostatei
signs  of  reduced

f    the      prostate
7;   Kavanagh  et  al

a      relatively
ve5icular     fluidi
eptor    and    zinc-
)     would     rapidly

1985)   show     sign  of     i
zinci   i.e.   spontaneous
§D§.   A    significant  ri
prostatic  fluidg     prob
decrease  in  the  amount
and     decreased     amount
5tances  originating    f
e.g.   zinci     are  primar
secretory    function
(Blac:kloc:k   &   Beavis   19
1988).        Admixture       o
abundant     amount       of
acting  as    hydrogen-ac
chelator     (Arver       198

2a

decrea5e  the    amount  of    frEE  zin[,   by  a
rapid  binding    of  zinc    both  to    citrate
and  to    ve5icular   ligands.     Thu5i   a    re-
duced  timEframe    for  appropriate    uptake
of  zinc     at     ejaculation    could    bE    one
cau5e  of     5pontaneou5    chrc]matin    decon-
densation  of     5permatozoa  from    men  with
inf lammatory  rEaction    of  the    pro5tatei
although     the       seminal     plasma     c:oncen-
trations  of     zinc   in  some  c:a5es  could  be
regarcled   as  normal    {±1.E  mM;   cf  Elia55®n
1975;   Åbyholm     et     al      1981).      It     sEems
po55ible  that   5pErmatozoa  from  the5E  men
would  be     morE     5u5EeptiblE     do     dEvelop
E%tEnEi`fE       di5ulfide-bridgE       [r85slink
5tabilization  of     the  chromatin  during  a
prolonged     tran5iticm       in    the       fEmale
genital   tra=t.

fi  high   total   Tiumber   of  5permatozoa   {Mac-
LEod   &     60ld   1957;   Doepfmer   196E;   Joäl   &
Hayen   1971}     and   also     a  high     number   of
5permatozoa  expelled     in  fractions  domi-
nated     by       ve5i[ular     f luid     {ÅmElar     &
Hotchkiss   lp65}     havE  both  bEen  rEported
a5     conditicm5       which     may     [au5e     malE
infErtility.   ThE    prE5ent     result5    open
the  po5sibility  that  a  reduced  uptake  of
zinc   into   the  5perm  nu[leu5  could  be  one
factor    contributing       to     the      reduc:ed
fertilizing  capacity  among   the5e  mEn.

The  total     concentration  of     zinE   in  the
liquefied  5eminal     pla5ma  5Eem5  to  be  of
no  value    to  a5ses5    whethEr     an    appro-
priate  uptake    of  zinc    oc[urs    or    not!
when    evaluating    male    fertility.     Thi5
function  of  thE  pro5tate  would  rather  be
evaluated  with     5tudie5     Cm     5pontanec}u5
decondensation  and     1o55  of  the  [apac:ity
for  dec:onden5ation.
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permatozoa  were     studied   in     vitro  with     respect     to
dec:ondense     the  c:hromatin     in  sodium  dodec:yl   sulfate

of-     zinc   in     sperm  heads  was   stuclied   in   epididymal]
ed  human  spermatozoa.   These  were   the  main  results=

c:ulation     most   spermatozoa  decondensed   the  chromatin
r`c:-chelating   EDTA.      Only   few   spermatozoa   dec:ondensed

many  spermatozoa   lost   the  capac:ity   to   dec:ondense   in
of     all   spermatozoa     lost   this     c:apacity  within     the
r  ejac:ulation  whether   they  were  washEd  and  stored   in
solution   (8§§)   within  EO  minutes   after   ejac:ulationg

d     in   the     origir`al   seminal   plasma.   During   prolonged
rs)      the  c=apacity     was  better   retained   amc]ng   sperma-

8§§9   than     in   those  stored   in  seminal   plasma.   Fur-
spermatozoa     treated  with     EDTA  before  storagei   the

y  for   decondensaticm  during   storage  was  enhanc:ed.   In
nitial     capac:ity  for     decondensation  was     completely
erma.tozoa  5upplementEd   with   zinc   during   24  h   storage

human     spermhead  ccmtained     signif icant   amounts     of
in     the  nuclear     matrix.   With   EDTA-treatment!   90%  of
could  be  rEmoved   soon  after   ejac:ulaticm.   After   E4  h

nal   plasma  signif ic=antly   less   zinc  could  be  released
DTA.

vasal     sperm  heads  had  signif icantly   lower   ccmtents
culated  sperm  heads.

t  of  ejac:ulated   sperm  heads  from  various  portions  of
was  neither  [orrelated   to   the  total   seminal   plasma

ic)ng   nor     to   the  concentrations  of  measured   subfrac:-
bound   to     various  groups     of   zinc-ligands.     However,
riations   in     sperm  head     zinc   c:ould     be  explained  by
otal     sperm  number     and     concentration     of     f.ructose
5Eminal   ve5ic=1e5.

o   justify   the  conclu5icm   that   the  human  spermatozoon
jaculation  from   the  conc:omitantly  expelled  prostatic
nc     subsequently  ac:ts    as  a  reversible  stabilizer  of
.   The  results  also   imply  that   inappropriate  stabili-
he  sperm  c:hromatin   is   likely   to   oc:c:ur   in   spermatozoa
tatic:     dysfunctioni   men     expelling     the     spermatozoa
r   f.1uid]      and   men     expelling   high     total   numbers     of
ossibility   is     disc=ussedg   that     zinc:   stabilizes     the
re     of   the  sperm  chromatin  by  chelating  between  e.g.
oups  of   adjacent   nuc=leoproteinf iber5.   Concomitantly!
c:t     these     thiol-groups     from     being     c:omitted     into
isulf-ide-bridge       c:rosslinks.      Thereby       would     zinc:
al   of     the  chrc]matin  for   rapid  dec:ondensation   in  the
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