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I.  IrmonoorloN

The mechanism of action of  marijuana on somatic and germi-
nal  cells  is  controversial.    An area  of  concern  is  whether
cannabinoids  act  directly  or  indirectly  on  the  cellular  eys-
tem.    A  direct  ef feet  may  involve  interaction  with  cell  mem-
branes  (10,11),  macromolecular  synthesis   (I,12,15,18,22) ,  DNA
replication  (2)  and the mitotic mechanism  (13,14).    An indi-
rect  effect  on  these  aystems  may  be  mediated  via  metabolites
of  the  cannabinoids as well  as  via alterations of hormonal
levels.

Numerous  studies  have  revealed  the  potential  adverse
effects  of  marijuana  on  reproductive  function.     Reduced  fer-
tility,   aberrations  of  the  repertoire  of  reproductive  behav-
iors and altered hormonal  levels have been  reported  in rodents
and  primates.    There  is  increasing  evidence  that  cannabinoids
can  interfere,  either  directly or  indirectly,  with  testicular
f unction.    Our  laboratory  is  interested in determining the
effects  of  marijuana  on  spermatogenesis.     Spermatogenic  dif-
ferentiation  is  an  intricate  process  involving  neurohormorral
control  and  an  as yet  undef ined  control  of  gene  expression  in
the  seminiferous  tubule.    Cannabinoids  may  interf ere  with  the
hormonal  regulation  of  spermatogenesis    at  the  hypothalamic,
Pituitary  or  testicular  level.    Alternatively,  cannabinoids
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may exert  some of  their  ef fects  directly  of  the  dif ferentiat-
ing  spermatogenic  cells.    Thus  a  brief  review  of  the  effects
of  cannabinoids on spermatogenesis and   macromolecular  aynther
sis  in  somatic and germinal  cells  is pertinent.

A.    In Vivo  Effects  of  Cannabinoids  on  Spermatogenesis

i    Cytoaenetic_Tst±±§ies+      Treatment  of  hybrid  male  mice

8::::¥ped±-6:5-78±D¥LCo3H#7kg,±tfdcad:::b_±9n_°tLeticfgdr:*#£:i
(THC;  10  mg/kg)  f or  5  days  led  to  an  increased  incidence  of
ring  and  chain  translocations  in  pachytene  spermatoeytes  (25).
The  animals  were  sacrificed  16  days  after  the  last  treatment
and,   thus,   pachytene  spermatoeytes  scored  were  assumed  to  be
at the  spermatogonium  stage  when  exposed  to  the  cannabinoids.

Exposure  of  male  mice  to  cannabinoids has been reported to
lead to a  reduction  in fertility and an  increased incidence  of
chromosomal  abnormalities  (3).    Treatment  of  mice  orally  with
THC   (50  mg/kg),   CBN  (50   mg/kg)   or   crude  marijuana  extract
(CME;  25  mg/kg)  daily  for  5  days  led  to  an  increase  of  chromo-
somal  abnormalities  in  pachytene  spermatoeytes  50  to  60  days
later.     The  abnormalities  included  ring  and  chain  transloca-
tions,   aneuploidy   (TIIC,   CBN  or  CME  treatment),   univalent
chromosomes   (THC  treatment)   and  polyploidy  (CME  or  THC  treat-
ment).     Treatment  of  mice  with  a  single  dose  of  THC  or  CBN
(loo  mg/kg)  or  CME  (50  mg/kg)  led to a  reduction of  cells in
diakinesis  or  metaFinase  I.     Thus  it  appears  that  exposure  of
spermatogonia  to  canmbinoids ±n ]zi]zQ can  lead  to  chromosomal
abnormalities,  while  exposure  to  primary  spermatocytes  may
retard  their  progression  to metaphase  I  and diakinesis.

2.  sperm  MorDholoov.    The  induction  of  abnormal  sperm  head
mormol6gy  ky  cinnabi-n-oid  treatment  has  been  reported by  Zim-
merman and co-workers  (24).    Treatment of  hybrid male  mice
gineg°Ltoy¥g/(kcg5)7B±XcBf£H:LFdi°dr255Cm°g7R:)CuLtivetodaayss#t::tFcacLi§
higher  incidence  of  abnormal  sperm than the vehicle  (dimethyl-
sulfoxide;  DMSO)  treated  controls.    Since  the  mice were  cacri-
f iced  35  days  after  the  last  treatment,  sperm  scored were
assumed  to  be  in  the  primary  spermatoeyte  stage  when  exposed
to  the  cannabinoids.

Hembree  and  co-workers  (5)   reported  that  heavy  use  of
marijuana  caused a  reduction of  total  sperm  count  and  of  con-
centration of  sperm  in the  ejaculate  of human subjects but did
not significantly affect  the  percentage  of  sperm  displaying
normal   morphology.     However,   in  a   later   study   (6),   they
reported a reduction of total sperm count and concentration
which  was  accompanied by a decrease  in the number  of  sperm
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with normal morphology.    No evidence for a hormonal  effect  was
observed and  their  studies  suggested  a  direct  effect  of  mari-
juana on the germinal epithelium during  spermiogenesis.    Simi-
lar  conclusions  were  drawn f ron  studies  (7)  using  rats,  in
which  cauda  epididimal  sperm  from  rats  exposed  to  marijuana
smoke displayed a higher  incidence of dissociated heads and
tails.    This  study also  reported a  reduction of  epididymal
sperm  count and histological abnormalities of the seminiferous
tubules,  including aberrant cellular associations andearly
release  of  spermatoqytes  and  spermatids.

Incomplete or absent acrosomal  dif ferentiation  has  been
reported  in  sperm  from  chronic hashish  users  (8).    In the  same
study,   forms  of  sperm  were  found  in  the  ejaculates  that  sug-
gested  the  occurrence  of  spermatidic maturation arrest  in
these  chronic  hashish  users.

The  results  of  these  various  studies  suggest  that ±]± jzi}zQ
expesure to cannabinoids may interfere with spermatogenic  dif-
ferentiation during  the primary  spermatocyte  or  spermatid
stages.    It has  been  suggested  that  the  occurrence  of  abnormal
sperm  head  morrinology may serve as an assay method for  screen-
ing  potentially  mutagenic  agents  (20).    However,  other  studies
have  shown that abnormal  sperm morphology  in mice does not
result f ron chromosome translocation nor  f ron chromosomal
imbalance  within  the  haploid  cell  (21).    The  mechanism  of
induction  of  abnormal  sperm head  morphology  remains  to  be
elucidated.

8.    In Vitro  Effects  of  Cannabinoids
on Macromolecular  Srnthesis

Several  studies have  suggested that  cannabinoid ef fects on
macromolecular  synthesis  are  mediated  by  the  availability  of
macromolecular  precursors.   A cannabinoid-induced  reduction  of
the intracellular pool of particular  precursors  (eg.,  thymi-
dine  or  uridine  or  their  nucleotide  forms)  can  lead to a quan-
titatively similar reduction of  incorporation of  these precur-
sors  into  macromolecules   (eg.,  DNA  or  RNA).    This  has  been
demonstrated  in  Hera  cells  (15,18), human  lymphoeytes   (4),   rat
testicular  slices  and  cell  suspensions  (9)  and  in  Tetrahv.mena
ovriformis  (23).     It  has  been  suggested  that  micromolar-oon-
a-entratious  of  cannabinoids  may  inhibit  intracellular  precur-
sor pools ky dissolving into membranes,  altering  their  confor-
mation  and  as  a  consequence,   inhibiting  membrane-bound  trans-
port  eystems   (4).
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11.     ±±! IzlH`Q  AND iN |zEZQ  EFFECEs  oF  cANNABIrolus  ON  URIDINE
nunABoblsM  IN  PURIFIED  spERMAmoGENlc  calls

The  present  studies  are  part  of  a  program  to  investigate
the  ef fects  of  specific  cannabinoids  on  spermatogenic  differ-
entiation.    In view  of  the  reports  on  the  ef fects  of  cannabi-
noids  on  spermatogenic differentiation and macromolecular
eynthesis  in  somatic  cells  and  in  mixed  rat  testicular  cells,
we decided to investigate whether  cannabinoids affect macromo-
lecular synthesis in purified populations of spermatogenic
cells.     Spermatogenic  cells were  obtained f ron  mice  and homo-
geneous populations of pachytene primary spermatocytes and
round  spermatids  were  obtained  ky  sedimentation at  unit grav-
ity.    The ability of  cells f ron  cannabinoid-treated miceto
incorporate  uridine  in  culture  into  the  acid-insoluble  frac-
tion  was  compared to  incorporation  by  cells  isolated  f ron
vehicle-treated mice to access ±fl ±zi¥Q cannabinoid ef fects.
±n ±z±±±g cannabinoid  ef fects were  investigated by  studying  the
metabolism of  uridine by pachytene spermatocytes and round
spermatids  (isolated  from  untreated  mice)  exposed  to  canrmbi-
noids  in  culture.

A.    General  Methodology

LSperma_togenic     Cell  SepE±_r_at_i_o_a  an_a____Oultur_e.     Asingler
cell  spermatogenic  cell  suspension  was  prepared from  the  tes-
tes of  mice following the  methodology  of  BellvE and  ccrworkers
(17).    An enriched Krebs-Ringer buffer was used for all cell
manipulations.    Male CD-1 mice were obtained f ron Canadian
Breeding  Laboratories,  Montreal,  at  8-10  weeks  of  age.    Sper-
matogenic  cell  suspensions  were  obtained  by  sequential  colla-
gerrase   (Crs;   Worthington  Biochemicals,   Mississeuga,   Ont.)   and
trypsin  (Bovine  pancreas,  type  Ill,  Sigma  Chemical  Co.,St.
Louis,  MO)  digestion of  decapsulated  testes.    Following  gentle
pipetting and f iltration  through Nitex  monof ilament  nylon
cloth  (80  mcm  mesh;Tet  Kressilk)   and  Sephadex  G-25   (Pharmacia
Fine  Chemicals,   Dorval,  Que.),   the  cells  were  fractionated  by
sedimentation  at unit gravity on the basis  of  size using a
STA-PUT apparatus  (SP-240,  Johns Scientific,  Toronto,  Ont.).
Cells  were  sedimented  for  90  minutes  at  room  temperature
(22°C)   into  a  gradient  of  2-6%  Percoll   (Pharmacia  Fine  chemi-
cals,  Dorval,  Que.)   in  1%  bovine  serum  albumin  (Fraction V;
Sigma  Chemical  Co.,  St.  touis,   MO).    Subsequently,  12  ml  frac-
tions were collected and fractions  containing  the desired cell
types  (as judged by morphology under  Nomarski  differential
interf erence  contrast  optics)  were  pooled.    Population  of
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round spermatids  contained 85-90%  round  spermatids;  cell  popu-
lations were  ready  for  culture within 6  hours  of  sacrifice.

Cells were cultured in hagle's  minimum  essential  medium
with  Earle's  balanced  celt  solution,   supplemented  with  0.i  mM
non-essential amino acids,  lmM sodium pyruvate,  2  mM glut-
amine,   50  U/ml  penicillin  base  and  50  U/ml  streptomycin base.

¥o:cu:ln::#::::p:i:a:te::t:itr:4da|:T:o:s:Tile:o:o::xm#T::i:;:i
for  pechytene  spermatoeytes  and  round  spermatids  respectively.
The viability of cells  in culture was determined by trypan
blue  dye  exclusion  and  ky  the  ability  of  cells  to  incorporate
[3H]-uridine into the acid-soluble fraction.   Cells treated
with  drug  vehicle  (DMSO)  or  5  mcM  "C  excluded  trypan  blue for

:¥::e£ ::u::c5¥i£:::t¥ 3i] :::id::: ¥i:fL6eri::::¥f CceiLtsur:in
2.    Cannabinoids.    All  cannabinoids were provided byThe

Natiorml  Institute  on  Drug  Abuse,  U.  S.  A,  through  the  Health
and Welfare  Canada,  Health  Protection Branch,  Ottawa,  Ontario.

For ±a ±zi¥Q studies,  THC,  supplied dissolved  in  dehydrated
ethanol  (200  mg/ml) ,  was  suspended  in a propylene  glycol:Tween
80:saline  (10:I:89)  vehicle and 0.I  ml was administered i.p..
Vehicle treatment  contained 95%  ethanol  instead  of  the  THC
solution.     In  multiple  treatment  experiments,   the  HIC  treat-
ments  were  spaced 24  hours  apart and  the  mice  were  sacrif iced
2  hours  after  the  f inal  treatment.

For ±n ±zitfg studies,  the  cannabinoids,  dissolved in etha-
nol  (200  mg/ml),   were  diluted  in  DMSO  before  addition  to  the
culture medium.    Control  cells received an  identical  volume  of
DMSO,   the  f inal  concentration  of  DMSO  never  exceeding  0.35%.

31    Acid-insoluble    incor.coration
were  incubated in the presence of lomcci/ml  [5-

Cells
H]-uridine

(25-30 Ci/mmol;  NET 174,  New  England Nuclear,  Lachine,  Que.)
for  2  hours.    The  inctoation  was  stopped  by  placing  the  cells
on ice and then precipitated overnight in ice-cold 10%  tri-
chloroacetic  acid.    The  acidTinsoluble  f raction  was  collected
on glass f iber  f ilters and radioactivity was determined by
liquid  scintillation  spectrometry.

±ncu+ha+¥±±TS&Leub±:e:::::peoE.aEREul==]=:::±=±==±dc±::Lst2¥::;
Ci/mmol;  NET 174,  New  England Nuclear,  Lachine,  Que.)  for  2
hours.    The  incubation  was  stopped  by  adding  an  equal  volume
of ice-cold phosphate-buffered saline.   The cells were col-
lected  onto  glass  f iber  filters  and  washed  ky  gentle  suction
and then precipitated for  45 minutes  in  ice-cold 0.5  N per-
chloric  acid.    The  acidTsoluble  and  acid-insoluble  pools  were
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then  collected by f iltration  through  another  glass  fiber  f il-
ter.    An  aliquot  or  the  soluble pool  was  counted by  liquid
scintillation  spectrometry  to  determine  the  total  radioactiv-
ity  in  the  soluble pool.    The  rest of  the  soluble pool  was
neutralized with alamine-chloroform and fractionated on a
DEAE-cellulose  anion-exchange  column     The  column  was  eluted
with an increasing linear gradient of ammonium bicarbonate
(0.002   M,   pH   8.3   to  0.15   M,   pH   8.6)   and   collected   using  a
peristaltic  pump  and  an  automatic  fraction  collector  with  a
drop  counter.    Uridine,  uridine  monophosFhate  (UMP),  uridine
diphosphate  (UDP)  and uridine and uridine  triposphate  (UTP)
standards  were  used  to  ascertain  the  separation as  determined
by the optical  density  (lambda = 260  nm).    Radioactivity  in
the  nucleoside  and  nucleotide  pools  of  labelled  cells  was
determined by  liquid scintillation  spectrometry.

8.    Jn yi_t_I_o_  Cannabinoid  Effects:    Acid-insoluble
Incorporation  of  [3H] -Uridine

In  order  to  determine  the  ef fects  of ±E vitro  cannabinoid
treatment on macromolecular  eynthesis,  cells were incubated in
the  presence  of   [3H]-uridine  and  i,  3  or  5  mcM  THC,  CBN  or  CBD
for 2 hours.   Acid-insoluble incorporation of radioactivity
was then determined following overnight precipitation.   |E
_]±±±±=Q cannabinoid treatment  suppressed  the  incorporation  of
radioactivity  by  pachytene  spermatoeytes  and  round  spermatids
isolated from untreated mice.   Acid-insoluble    incorporation
of  radioactivity was signif icantly suppressed in pachytene
spermatocytes by treatments of  THC  (3  and 5  mcM;  67%  and 79%
suppressions,   respectively),   CBN  (5  mcM;   85%  suppression)   and
CBD  (5  mcM;  67%  suppression)   (Fig. Ia).    In round spermatids,
acid-insoluble incorporation of radioactivity was signif i-
cantly suppressed by treatments of THC  (i,  3  and 5  mcM;  39%,
72%  and  58%  suppressions,   respectively),   CBN  (3  and  5  mcM;   46%
and  72%  suppressions,   respectively)   and  CBD  (3  and  5  mcM;   44%
and  67%  suppressions,   respectively)   (Fig.   Ib).

C.    ±n IZ±±±=g "C  Effects:    Acid-soltole  Incorporation
of  [3H]--Uridine

i___   _Tbtal_  S__Qluble  _Incorporat±Q_rr _Qf   Radioac_tivit_y+  Soluble
incorporation of  radioactivity was  assessed by culturing cells
isolated from untreated mice for 2 hours  in the presence of
[3H]-uridine  and  5  mcM  THC.     Acid-soluble  radioactivity  in  5
mcM  "C-treated  pachytene  spermatocytes  was  reduced  in  4
experiments by 37,  44,10  and 38%  (mean = 32%)  as  compered to
vehicle  (DMSO)  treated  cells.     In  3  experiments,   acid-soluble
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radioactivity  in  5  mcM  THC-treated  spermatids  was  reduced  by
32,   13   and  58%   (mean  =  34%)   as  compared  to  vehicle   (DMSO)
treated cells.

qu¥Z±±:!:fi:maff.:nso::Bluer-|£iE#T:lgisoiad:ti#t.i.#::Ii::ig:tiorrated  into-uridine  nucleoside  and  nucleotide  radioactivity
ky  DEADLcellulose  anion-exchange  chromatography.     In  general,
2  hour  treatment  of  pechytene  spermatoeytes  and  round  sperma-
tids with 5  mcM THC led to  reductions  in the nucleoside and
nucleotide  pools  as  compared  to  pools  f ron  vehicle  (DMSO)
treated cells  (Table I).   The amount of radioactivity in the
UDP  and  UTP  pools  of  hath  cell  types  was  low,  being  undetect-
able  in  most  cases.     The  data  suggest  a  reduction  in  the
uptake  of  exogenous   [3H]-uridine  and  a  suppression  of  subser
quent  [3H] -uridine  phosrhorylation  by  "C-treated  cells.

D.    Ifl |Zi¥Q THC  Effects:    AcidTinsoluble  Incorporation
of   [3H]-Uridine

The ability of cells isolated f ron mice two hours after
the last THC treatment to incorporate  [3H]-uridine in rdiife

TABLE  I.    Acid-soluble Radioactivity  in  Pachytene
Spermatoeytes  and Round  Sperlratids

CPM/104  CEELS

Ur idine                   Nucleo tides

Pachytene  Spermatoeytes
cormoL
5  mcM  "C
coNrmoL
5  mcM  THC
cormoL
5  mcM  "C

Round Spermtids
CDrmoL
5  mcM  "C
cormob
5  mcM  "C
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CON               1          3         5                     1         3         5                     1          3         5

THC CBN CBD

was  used as an  indicator  of ja ]zi]zg THC-treatment  ef fects.
Mice  were  treated  with  a  single  TIIC  dosage  of  10  or  20  mg/kg,
or  dosages  of  10  mg/kg  on 5  consecutive  days.    None  of  the
treatment  schedules  induced  a  reduction  in  the  acidTinsoluble
incorporation of radioactivity   by pachytene  spermatoeytes and
round spermatids  isolated from TIIC-treated mice as compared to
cells  isolated from vehiclertreated mice.

Ill.     CONCLUDIRE  REMARKS

In  general,   these  studies  have  demonstrated  that jn ±E±±±Q
treatment  of  isolated  pachytene  spermatocytes  and  round  sper-
matids with THC,  CBN,  or CBD  (i,  3  or  5  mcM)  interferes with
uridine  metabolism  in  these  cells.    The  concomitant  reduction



Effects of Cannabinoids on Spermatogenesis in Mice

1b

435

CON               1          3        5                    1          3        5                    1         3         5

Thc                                CBN                                CBD

FIGURE I. Acid-insoluble incorporation of radioactivity
(+/-    standard  error  of  the  mean,   n  =  3)   by  a:   pachytene

:gL:i::::::f::sa'n:nf,b;rooru:dmsc¥rEac:idckNt::aL:S¥orFEowuirts?
(Student'st-test,  one-tail:      A:p<0.05;      B:p<0.0l;    C:
P  <   0.025;   D:   p  <  0.005.)

of acid-insoluble incorporation of uridine and   ofthenptake
and  phosphorylation  of  uridine,  suggests  that  cannabinoid
inhibition of  macromolecular  aynthesis may be a secondary com
sequence of a reduction of  the intracellular pool of macro-
molecular  precursors.     Such  "non-specific"  inhibitions  of
macromolecular  eynthesis ky  peychoactive  (THC)  as  well  as  mom
paychoactive  (CBN  and  CBD)  cannabinoids  have  been  demonstrated
in HeLa cells  (15) ,  rat testicular  cells  (9)  and Tetrahvmena
ev.riformis  (23).    The  significance  of  these  results  in -reia--t-ion to  spermatogenic dif ferentiation  is  unclear.    Since  sper-
matogenic  differentiation  has  not  been  demonstrated ±n ]zi±]=Qi
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a direct cannabinoid ef fect on the dif ferentiation has not
been  demonstrated ±± ]z±±±=Q,  a  direct  cannabinoid ef fect  on  the
dif ferentiation of spermatogenic cells   is cliff icult to ascer-
tain.     |±± ]zi]zQ,   pachytene  spermatoeytes  and  round  spermatids
are the stages  most  active  in RNA and protein  eynthesis  during
spermatogenesis  (16).    Interference  with  these  processes  could
lead to changes  in the  kinetics,  eff icieney or  f idelity of  the
orderly  processes  of  spermatogenic differentiation and gene
expression.   The results of the present ±E±zitrQ studies are
consistent    with  the  hypothesis  (19)  that cannabinoid inter-
ference with spermatogenic differentiation,  leading to morphor
logically  or  chromosomally  abnormal  sperm,   may  be  partially
mediated by interference with macromolecular  aynthesis.

±±± ]zi]zQ  treatment  of  mice  with  "C  in  the  present  studies
did  not  inhibit  the  incorporation  of  [3H]-uridine  by  isolated
pachytene  spermatocytes  and round spermatids.    Similar  dosages
of  THC  (10  mg/kg for  5  consecutive  days)  have  been  shown  to
lead  to  the  induction  of  morchologically  abnormal  sperm  when
pachytene  spermatoeytes  were  exposed  to  the  drug  ±n ±z±|zg  and
to  an  increase  of  ring  and  chain  translocations  in  pachytene
spermatoeytes  when  spermatogonia  were  exposed  to  the  drug  iB
rfe  (25).    While  it  is possible that ±±±±zi¥Q THC treatment
has no ef fect on uridine metabolism in packytene  spermatocytes
and  round  spermatids ±fl jsi±±±,   it  is  possible  that  such  an
ef fect  does  occur  but  could not be  measured by  the  present
experimental  design.    The  suppressive  effect  on uridine  incor-
poration might be short-lived   and may have been dissipated
during  the  cell  separation  procedure;  5  to  6  hour  elapsed
between sacrifice and cell  culture.    An alternative hypothesis
is  that ±n ]z±]zQ "C  treatment does not  lead to a gross altera-
tion of uridine metabolism,  but  does  suppress  the  synthesis  or
processing  of  specif ic RNA or  protein  molecules.

In  conclusion,   it  should  be  noted  that  the  lack  of  a
demonstrable ±B rise "C  effect  in  the  present  study  requires
us to be extremely cautious in the interpretation of our ±E
]Z±±EQ  results.    Further  studies  are  required  to  determine
whether  a  cannabinoid-induced  inhibition  of  overall  macromo-
lecular   synthesis   or   an  inhibition  of  the  synthesis  of
specif ic macromolecules  may  interfere with  spermatogenic  dif-
ferentiation.    We  propose  that  analysis  of  macromolecules
labelled ±n ]s±±±± in spermatogenic,  Sertoli and Leydig cells
from  cannabinoid-treated mice  is  required.
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