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I.   INTRongcTloN

There  is  continuing  contention concerning  the  roles of
delta-9-tetrahydracanrmbinol  ("C)   in  female  and  male  mamma-
lian  reproductive  pkysiology.     Studies  on  the ±±± ±zi¥Q  ef fects
of  TIIC,  and  other  cannabinoids,   show  that  cannabinoids  may  be
antiestrogenic  (I-3),   or  estrogenic  (4-18),   or  have  no  effect
on  reproductive  physiology   (190).

In jn ¥±t±Q studies on female tissues it has been found
that  THC  does  not   (3,20,21)  and  does   (22,23)   bind  to  receptors
in  the  eytosol.

In  Some ±fl ]z±]zQ studies,  THC may  be antiestrogenic.     In
intact prepubertal female  rodents,  cannabis  inhibits  estra-
diol-induced  uterine  hypertrophy  (5)  and  estradiol-induced in-
creases  in  monoamine  oxidase  activity  (i).   In  addition,   feed-
ing  cannabis  resin  caused a  decrease  in  uterine'weights of
immature  and adult  ovariectomized  rats  (23).

On  the  other  hand,  others have  found that THC is estro-
genic ±E ]zi}zQ.    In adult  ovariectomized-adrenalectomized  rats,
Cordon  et  al.   report  that  THC  induces  lordosis  (11).     Solomon
et al.  found  that  HIC induces vaginal  mucif ication and incipi-
ent  cornif ication,   as  well  as  uterine  kypertrochy  and  hyper-
plasia  in adult  ovariectomized  rats  (33).

There  are  others  who  f ind  that THC has no effect in female
mice.    Virgo  (19)  reports  that  "C  neither  blacks  nor  induces
implantation  in  mated  female  mice  treated  with  THC  alone  or
with  THC  plus  progesterone.
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In  a  review  article,  Block  et  al.  discuss  similarities  in
responses  to estrogens and cannabinoids in men and male and
female rodents  (24).    In men and male rodents, heavy chronic
marijuana  use  or  THC  administration have  the  following  estrcr
genic  effects:

In men,  marijuana use elicits gynecomastia  (25),  oligo-
spermia and transient depression in plasma  testosterone levels
(24,26,10),  which may be  accompanied by depressed plasma LH
levels   (24).    Depressed  testosterone  and  gonadotropin  levels,
gynecomastia  (27) , anti-androgenic ef fects on secondary sex
glands  (18,19)  and  azoospermia   (30)   are  also  seen  as  a  result
of  estrogen administration  in men.

In male mice,  chronic administration of THC  induces  arrest
of  spermatogenesis,   regression  of  Leydig  cell  tissue  and
accessory  sex  glands  (7).     Chronic  THC  is  found  to  depress  LH
secretion  (4),  stimulate development of  male  rat breast tissue
(9,24)   decrease  sexual  performance   (31),   increase  adrenal
weights  (11),   depress  seminal  vesicle weights  and  somatic
growth  (15)  in male rats.    Depressed somatic growth  (32,33),
increased  adrenal  weight  (34) ,  decreased gonadotropin secr-
tion  (35),  and depressed  seminal  vesicle weights  (36)  are  also
seen  in  estrogemtreated  male  rats.    These  f indings  lend  fur-
ther support to the possibility that THC administration may
have  an  estrogerrlike action in adult male rodents.

JE  jzi]zQ  responses   to   TTIC   depend  on   several   factors,
including age and sex of the animal model.    Since the ef f ect
on  the  development  of  reproductive  structures  and  behavior  of
males  treated  neonatally  with  estradiol  is  well  established,
we used this model  to examine  the  response of  male  neonates  to
THC  and  estradiol  berHoate  (EB)  alone  and  in  combination.

11.     RATERIAls  Ann  MEHrous

Two hundred Sprague-Dawley male pups obtained from Charles
River were treated neonatally at 4 days of age with a single
subcutaneous   (s.c.)   dose  of  either:   (a)   vehicle  alone,   (b)
estradiol  benzoate  (EB)  alone  (0.5,  5.0,10.0  mg/kg),   (a)  THC
alone  (20  mg/kg),  or  (d)  EB plus THC  (each  dose  of  EB plus 20
mg/kg  "C).    Delta-9-"C  was  kindly  supplied  ky  the  National
Institute  on  Drug  Abuse  (NIDA).     These  animals  were  placed  in
one of 3  groups.

Group I:    At  39  days  of  age,  loo  rats  were autopsied after
chlorof orm  inhalation  to  examine  the  ef fects  of  treatment  on
body and  reproductive  organ weights,  and on organ histology of
prepubertalmales.    Testes  and  seminal  vesicles  were  e*xcised
and  weighed  at autopsy  and  immediately placed  in modif ied
Bouins  solution and cut at 6  microns  and  stained with hematox-
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ylin  and  eosin.    The  degree  of  damage  to  the  seminiferous
tubules was  assessed using  a modif ication of  the method of
Maqueo and Kincl  (37).    Because of  the  sexual  immaturity of
rats  at  30  days  of  age,   those  tubules  having  spermatids,
rather  than  free  spermatozoa  in  the  lumen,   were  counted.    Ap-
proximately 1000-15000  tubules  f ron each group were examined.

Group 2:    Several animals from each treatment  regimen were
retained and autopsied at 60 days of age to examine body and
reproductive weights  and  organ  histology.    When  we  found  that
the testes of 60  day old rats appeared to be near normal,  we
did  a  Continuation  study  (Group  3).

Group  3:    Several  rats  from  each  treatment  group  were
retained and injected subcutaneously for 6 consecutive days
(96-102  days  of  age)   with  the  same  substance(s)  they  received
at 4 days of age.   Three to 6 weeks after the last injection,
these animals were examined for  mating abilities from days
117-138.      Each   male   rat   was   placed   with   proven   female
breeders.    After  each  successf ul  mating,  the number  of  the
pups  were  weighed and  sexed at 21  days  of  age.

Ill.     RESULTS

In  testes  from  vchiclerinjected  controls  autopsied  at  39
days of  age,  the seminiferous tubules have intact germinal
epithelia.     Spermatogonia  are  abundant,   as  are  the  more
advanced  stages  of  spermatogenesis.    Spermatids  are present  in
the majority of tubules and nearing  the last  stages of  matura-
tion.    Interstitial connective tissue completely f ills the
spaces  between  seminiferous  tubules,   and  Leydig  cells  for  the
most  part,   are  present  in  small  clusters  of  3-8  cells  between
tubules.    Histology  is  seen  in Figure i,  weights  of  the  testes
and  seminal  vesicles  are  clown  in Table  I.

Compared  to  controls  (Table  I,   Figures  i)   testes  removed
from  animals  treated  with  graded doses  of  EB  alone  and  cacri-
f iced at 39 days of age are atrophied  (Table  I and Figures 3
and  4).    The  atrophied  testicular  germinal  epithelium  and
interstitial tissue is accompanied  by  decrease  diameter  and
spermatid content of  the  seminiferous  tubules.

In testes  removed from  rats  treated with  EB  the  diameters
of  the  germinal  epithelium  appear  to narrow as the doses of  EB
are increased.    Concomitant with the  decreasing  diameter  is an
increase  in  interstitial  spaces.    The  amount  of  loose  areolar
connective  tissue  normally  f illing  the  interstitial  space  is
reduced.    Although  the  interstitial  connective  tissue  has
atrophied,   Leydig  cells  seem  comparable  to  the  controls.  a As
seen  in Table  11,  there  is  a  doserresponse  decrease  in  testes
and seminal vesicle weights  in Ortreated rats.
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FIGURE  i.   Testis:     Control  rat;  labels:     Leydig  cells  (c),
spermatogonia  (d),  primary spermatocytes  (e),  Sertoli cells
(f),  spermatids  (g),  and spermatozoa  (h)  (400 X).

On the level of the light microscope,  testes f ron 39 day
old males  treated with 20  mg/kg  HIC  alone  (Figure  2)  are  found
to differ  f ron  Controls only in the diameter of the seminifer-
ous tubules.   The germinal epithelium   and the interstitial
connective  tissue  all  appeared  similar  to  that  of  control
animals.    As seen in Table I,  the testes and seminal vesicle
weights of  the THC-treated animals do not differ  f ron those of
controls.    The  testes  of  animals  treated  with  combined  doses
of  EB  plus  20  mg/kg THC were  more  markedly affected than  those
treated with  EB  alone  (Figures  5,6).     In  these  doubly-injected
rats,  there was a  sharp reduction in tubular  diameters with an
increasing amount of  empty  spaces  between  tubules.    There  was,
primarily,   a  reduction  in  maturing  spermatids  (Figure  5).
With  the  largest  dose  of  EB  (10  mg/kg)  and  THC,   the  entire
organization of  the  testes  is disrupted.    Debris  from  degener-
ating  germinal  epithelium accumulates  in  the  lumen  of  a  large
number  of  the  tubules,  and the  outer periphery of  many tubules
lose  their  outlines  (Figure 6).      It appears  that  the  majority
of  the  cells  at  this  dose  level  are  moribund.    However,  sper-
matogenesis  was  observed  in  tubules  from  all  groups,   even
those  tubules  with  the  most damage although  in these there
were no maturing  spermatids.
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FIGURE  2.     Testis:    Ffat  treated  with  20  ng/kg  THC   (400X).

The  testes,   semirral  vesicles,   and  body  weights  (Table  I),
of 39 day old males are,  with  two  exceptions,  consistently
less  when  THC  and  EB  are  administered  simultaneously  (See
testes weights  of  0.5  EB  +  20  "C  and  seminal  vesicle  weights
of  10.0  EB  and 20  mg/kg THC).    When animals are treated with
EB plus  TIIC,   the  testes  are  more  adversely  affected  then  when
compared  to animals  treated with  EB  alone.    In  essence,  as
with the histological results,  THC augments the response to
FB.

Despite  the  normal  appearance  of  the  testes  in  light
microscopic  studies  of 60-75  day  old  male  rats  treated  neona-
tally  with all  doses of  estrogen,  there  is a difference  in
their  mating capacities when examined at 4 months of  age  after
treatment.    These four-month old rats were treated again at
96-102  days of age with  the  same  substances  they  received at  4
days  of  age  (See  Materials  and  Methods,   Group 3).

When rats are injected neonatally and at 4 months of age
with  low  doses  of  EB  (0.5  mg/kg)   alone  and  0.5  mg/kg  EB  in
combination with THC  (See Table  11),  the males  sire  litters
(3/4  and  2/3  respectively),  when  mated  three  to  six  weeks
after  the  last  injection    On  the  other  hand,  when  similarly
treated animals  are  injected with  larger  doses of  EB,  5 and 10
mg/kg,   alone  or  in  combination with  TIIC,   the  males  are  unable
to  sire  litters  (Table  11).    Kincl  et  al.   found  that  rats
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FIGURE  3.     Testis:   REt  treated  with  0.5  mg/kg  THC   (400  X).

treated perinatally with estrogen were protected f ron develop-
ment of  testicular  atroFthy  by  neonatal  administration  of  prcr
gesterone  (38).

Brown-Grant  et  al.  tested  the  fertility  of  his  neonatally
estrogen-treated males  ky placing a  single  male  with  a  single
pro-estrous female overnight  (35).    We mated our  males in a
similar  fashion with proven  female  breeders  at  estrus.

When  mating  behavior  was  examined,  we  found  that  rats
treated with  THC alone  showed  increased  mount  and  ejaculation
latencies,   and  decreased  total  number  of  mounts  and  intromisr
sions,   and  ejaculations.

IV.     DISCUSSION

The effects of  estradiol  benzoate on  the  maturation of  the
testis   of   neonatally-treated   rats   have   been  documented
(35,37,39).    The  results  of  the  present  study  are  in  agreement
with these previous studies and indicate that the degree of
abnormality  in  testis  and  seminal  vesicle  weights  andt' testis
histology  is  dependent  on  estrogen  dc>se  and  age  of  animal  at
autopey.
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FIGURE  4.    fat  treated  with  10  mg/kg  FB  (400  X) .

Maqueo and Kincl  injected 5 day old animals with 6  to 24
mg/kg  EB,  autopsied  the  rats  at  45-60  days  of  age  and observed
a dose-dependent pathology of the testis  (37).    Six mg/kg EB
produced only slight changes,  administration of 24 mg/kg EB
caused  a  nearly  complete  degeneration  of  the germinal  epithe-
lium  in  100%  of  the  seminiferous  tubules  examined.     Less
severe  atrophy  was  noted  when EB was  injected into rats 10  and
20 days old.

Brown-Grant et al.  using a similar experimental design,
also found degenerated tubules  and  decreased  testes  weights
(35).     When  compared  to  controls, seminiferous  epithelium  had
atrophied and testes and seminal vesicle weights were  signif i-
cantly  reduced  in  FB-treated  (25  mg/kg)  animals  autopsied  at
40  days  of  age.    In our  experience,  the  weights  of  the  seminal
vesicles and testes were  signif icantly  reduced in rats treated
at  4  days  of  age  with  0.5  mg/kg  EB,  5.0  mg/kg  EB,  and  10  mg/kg
EB  and  examined  at  39  days  of  age  (Table  I).     Compared  to
controls,  the number  of  spermatids  in  the  tubules  is  decreased
only  with  5.0  and  10.0  mg/kg  EB.    The  number  and  percent  of
tubules  with  spermatids  was  similar  in  Controls  and  animals
treated  with  0.5  mg/kg  EB  (Table  I).    Histological  examirration
shows  that  compared  to  control  (Figure  I),  the  testes  of  ani-
mals  treated  with 0.5  mg/kg EB  (Figure 3)  appear  similar  to
controls.    The testes of animals treated with 5 mg/kg EB  (no
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FIGURE 5.    Rat  treated    with  5  mg/kg  EB +  20  mg/kg  "C
(400  X) .

f igure  shown)  are  less  damaged  than  those  treated  with  10
mg/kg  EB   (Figure  4).

Additionally,  Brown-Grant  et  al.  observed  that  three-
fourths of the animals  sacrificed at 60  days  of  age had nearly
all  recovered from  their  neonatal  treatments  (35).    No  differ-
ences  in the  seminiferous  epithelium were  noted  after  75  days.
In  our  experience,  60  day  old  males treated with EB neormtally
appeared  to  have  near  normal  testes  cytology  with  light
microscony.

The  effects  of  direct  THC administration to neorratal  males
on  reproductive  development  have  not  been  reported.     However,
Dalterio  also  found  that  male  mice  treated  perinatally  with
THC  increased  mount  latencies,   and  a  decreased  number  of
mounts  and  intromissions  when  tested as adults  (40).    Most
studies  have  dealt  with  the  effects  of  THC  on  prepubertal  or
adult  rodents.    Numerous  reports have  appeared  indicating  that
THC caused a depression of testicular endocrine function of
adult rats and other mammals  (for review,  see 24).    The evi-
dence,  however,  is  far  from  conclusive.    Cumulative  doses
greater  than  I  gram  administered  over  periods  of  28-180  days
led  to  small  increases  in  testes  weights  (41,42),   while  with
lower  cumulative doses testes weights remained the same or
were  slightly  lower  than  controls  (4,43,44).
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FIGURE  6.     Rat  treated  with  10  mg/kg  EB  +  20  mg/kg  THC
(400   X).

In  this  study,  a  single  injection of  TIIC  (20  mg/kg body
weight)  at  4  days  of  age  reduced  the  seminiferous  tubule
diameter  (Figure 2)  when  examined  at  39  days  of  age.    However,
the histology of the testes  of  THC-treated  rats was  comparable
to  controls:   63.95%  of  the  tubules  from  the  treated  rats  Con-
tained  spermatids;  this  is  comparable  to  the  control  value  of
64.45%  (Table  I).    By day 60,  tubule diameters had increased
and  were  indistinguishable  from  controls.     In  another  study,
Dixit  et  al.  administered  2  mg  cannabis/day  chronicallyto
young adult mice and noted a  signif icant decrease  in the  diam-
eter  of  the seminiferous tubules  (7).    However,  sixty-three
days  after  the  last  dose  of  cannabis,  the  diameters  were  com-
parable  to  the  controls.

The  results  of  the  mating  studies  show  that a single dose
of  "C  (20mg/kg at  4  days  of  age)  had no  effect  on  the  ability
of  treated  males  to  sire  litters.    All  males  treated  with  20
mg/kg  THC alone  successf ully  mated with  untreated  females
which  became  pregnant and  gave  birth  21-23  days after  mating.

Despite the fact  that  20  mg/kg  HIC alone  had no observable
effect  on  testes  and  seminal  vesicles,   weights  and  spermatid
counts  (Table  I),  or  on  testes  eytology  (Figure  4),  the  eyt6l-
ogy  of  the  seminal  vesicles  was  af fected by  THC  (see  other
paper  in  this  volume).     When  20  mg/kg  THC,  and  EB  (0.5,   5.0
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and 10.0  mg/kg)  are administered together,  the  effect of  EB
was  markedly  enhanced  in  a  dose-related  manner  on both  testes
weights  (Table  I),  as  well  as on  testes  histology  (Figures
5'6) .

v.     surm4ARy

Two hundred male rats were treated neonatally at  4  days  of
age  with  a  single  subcutaneous   (s.c.)   dose  of  either:   (a)
vehicle  alone,   (b)  estradiol  benzoate  (EB)  alone  (0.5,   5.0,
10.0   mg/kg),    (c)   THC  alone   (20   mg/kg),   or   (d)   EB  plus  THC
(each dose EB plus 20  mg/kg THC).  When  some  of  these animals
were autopsied at 39  days of  age,  there was a dose-response
decrease  in testes  and  seminal  vesicle  weights  for  EB-treated
rats.    The  testes histology also  shows a  dose-response  de-
crease  in  architecture  to  FB  administration.    Testes  obtained
from  39-day  old  rats  treated  with  TIIC  show  no  changes  in
weight or  eytology when compared to controls.    However,  testes
f ron  animals  treated  with  EB  plus  "C  show  that  THC  augments
the  ef fect  of  EB.    By  60  days  of  age,  testes  eytology  f rom  all
groups  appeared normal  by  light microscope  examination.

Some  members  of  each  group were  treated  for  6  consecutive
days   (days  92-106)   with  the  same  compound(s)  they  received  at
4 days of age.   These retreated rats were studied for  repro-
ductive  behavior  three  to  six  weeks  after  the  last  injection.
All of  the males treated with vehicle  alone  or  HIC alone  sired
litters.    However,  sexual  behavior  was  affected by administra-
tion  of  THC  alone.    Some  of  the  animals  treated  with  a  low
dose  of  (0.5  mg/kg)  of  EB  alone  and  in combination with THC
sired litters  (3/4  and  2/3,  respectively).  None  of  the  animals
treated with higher  doses  (5.0  and lo.Omg/kg EB alone)  or  in
combination  with TIIC  sired  litters.
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