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Snmm~try--~e ~ d r o x y  a ~  ~hydmxyestra~ ~ O H ~ )  ~ u ~  ~ r k ~  c~mo~c 
effects, ~ v ~ u ~ f i ~  ~ d  nucle~ ~ange~ ~ rat ~ i ~ d ~  e p i t ~  a ~ r  ~ 
~ v ~  ~w leve~ ~ ~rat/w~k) ~r ~ w ~ .  ~ e  e f f ~  ~ ~ ~ O H ~  ~ m ~ f i ~  ~ 
mo~ pro~un~d t~n ~ of ~ 1 ~  

INTRODUCTION 

The presence of an e~ rogen -b~ng  protein has 
been d e m o n s ~ e d  ~ ~e  e ~ d y m i s  of s e v ~  
mammalian speoes ~c~&ng the rat [1-3]. The 
presence of e~rogen receptors (ER) ~ the epi- 
~dymis suggests a ~ o o c ~  function ~ r  ~ 
&ol-17fl(E2) ~ t~s m~e accessory genit~ 
organ. It ~ known that the ~hydroxy~tradiol- 
17fl(2-OHE:) and the &hydroxyes~a~ol-17fl- 
(4-OHE~) metabolites of E~, ~so known as the 
ca~ch~ ~trogen~ have fimilar or ~gher afli~- 
ties for ER than E~ itsdf [4]. 

In prostat~ fissue~ which conta~ ER, 
Nieuwoudt ~ al. [5] showed that in,eases ~ the 
kvds of E2 and ~/~OHE~ caused correspond- 
ing increases ~ prowin and DNA con~nL The 
maximum stim~afion was obtained with s~r~d 
concentrations ~wer than 40 n~rat [5]. 

We have pre~ou~y shown that ~/~OHE~ 
are more p o i n t  ceH p r o f ~ r ~ o ~  ~an E~ ~ 
MCF-7 and HeLa cel~ [6, ~. The fact that the 
c~ech~ e~rogens sfim~a~ DNA ~n~e~s  [~ 
and cell prof~rafion [6, ~ ~ suscepti~e cells 
prompted us to ~vestigate the p o s ~ e  ce~ 
prof~rating effects of these compounds on the 
rat epi~dymis. 

There are reports d~cfi~ng the degenerating 
effec~ of " ~ g ~ '  levis  of E: (50~g/rat/da~ 
on epid~ymis development and ~ructure [8, ~ 
but no repots on the effects of the catech~ 
estrogens co~d be ~und. 

In this paper we will show the morpholo~cal 
effects on epididymal epi~elia of rats exposed ~ 

*To whom cor~spondenc© shou~ be add~ssed. 

ve~ ~w ~vels o f ~ ,  ~ O H ~  and*OHE2 (40 ng/ 
rat/week) ~ r  pedo~ of 5, 20 and 23 weeks. 

EXPERIMENTAL 

M a ~ r ~  and me~ods  

Twenty-two-day-o~ Sprague-Dawley rats 
were used ~ the experiments. The rats wore 
suppled by and maintained at the H. A. Grov6 
Research Cen~e (Pretoda). The a~m~s were 
housed in ~di~du~ cages in a temperature- 
c o n ~ d  room in w~ch a constant 12 h fight- 
12 h dark cyc~ was m~nt~ned. The rats were 
~d on an Ep~ ~boratory chow ~ and water 
was availa~e ad libimm. 

E~, ~OHE~ and ~OHE: were supplied by 
~grna Chemical Co. (St L o ~  MO). The s~r- 
Ads were ~ v e d  in ~han~ and diluted with 
propane- 1 ~-di~ containing 0.33 mM L-ascorb~ 
aod [1 ~. The raft o of ~hanol-propane- 1,2-di~ 
was 1.25:198.75 mL The rats were ~fided ~to 
three groups of 8 rats each. The groups were 
weekly injected i.p. with 0.2 ml of the ethano~ 
propan~l~-di~ mixture (yeddo  which con- 
t~ned doses of 40 ng of E:, ~OHE~ or 4-OHE~, 
respectivel~ for periods of 5, 20 and 23 weeks. 
Contr~ rats received 0~ ml saline or v e r d e  for 
the same time pefiod~ 

The rats were sacrificed by decantation. The 
testis and epididym~ ~aput and corpus re~onO 
were removed and fixed in B o ~ s  fixative 
and processed for paraffin secfion~ Some 
sections were cros~secfions and some ~n~tu~-  
n~. The sections were ~ n e d  with haema- 
toxylin and eofin (H and E) for hgh~mi~o- 
~ o ~ c  stud,s. 
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Figs 1-3. Cytotoxic effects of E2 and 2-/4-OHE2, on rat epididymal epithelia, depicted in the photographs, 
are indicated by the following: (~)  cytoplasmic vacuolation; (~*-) nuclear effects including binucleated and 
displaced nuclei; (~ )  ~ant and mulfinuclcated ceUs. (*--) indicate notm~ epithelium. Magnification of 
Figs I and ~ x 150; Fig. ~ ×600. (la) ConWol epididymis a~er 5 weeks exposure to vehicle alone, (lb) 
epididym~ exposed to 2-OHE2 for 5 weeks. (2a) Con~ol after 20 weeks; (2b-d) effec~ after exposure to 
E2, 2-OHF-~ and 4-OHE 2, respectivel~ for 20 weeks. (3a) 23-week con~oL Oh-d) effect of E2, 2-OHE: 

and 4-OHE2, respectivel% after 23 weeks treatment. 
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Testes 
At these very low dosages of the es~ogens no 

noficea~e effects on the morphology of the 
testes were seen. 

Con~ol epididym~ 
No morpholo~cal ~ o n s  were present in the 

epididym~ cel~ of rats exposed to saline or 
v e h ~  only (Figs 1~ 2a and 3a). 

Estrogen-exposed epididym~ 
In the 5-week experiments only slight to~c 

effec~ including cytoplasm~ vacuolation and 
slight nuc~ar changes were seen in epididym~ 
epithelia exposed to the catech~ estrogens (Fig. 
lb). The effects of 2-OHE~ and 4-OHE~ ap- 
peared to be ~milar at this stage. A~er 20 weeks 
E~ caused only slight effec~ (Fig. 2b). Increased 
eytoto~c effects were present ~ the epithe~a 
exposed to 2-OHE~ (Fig. 2~ and marked cyto- 
plasmic vacuolation and nuc~ar changes were 
seen in the epithelia of rats exposed to 4-OHE~ 
(Fi~ 2d). In the 2~week experiments binucle- 
ated and multinucleated epithe~um ce~s were 
observed a~er exposure to E~ (Fi~ 3b), ~OHE~ 
(Fi~ 3~ and 4-OHE~ (Fig. 3d). The effects of 
catechol estrogens were more prominent than 
those caused by E~ (Figs 31:~:l). 

D~CUSSION 

Effee~ ~ ~ /4 -OH~ on epi~dym~ 719 

exposed to high levds of E~, 2-/4-OHE~ and 
2-MeOE~ were exclusive~ caused by the ~ 
MeOE~ metaboli~ [~. Administration of high 
levels of ~ to ma~ rats as reported by 
others ~, ~ may ~ad to the formation of sub- 
~anti~ amounts of 2-/4-OHE~ and sub- 
~quently to equaHy high amounts of the 
2-/4-MeOEz metaboli~s. Because of the rapid 
methox:ation of ~/4-OHE~ in mammals [11] ~ 
~ ~so pos~ble that ~/4-MeOE~ may exe~ the 
to~c effects observed ~ the epididymi~ 

We sugge~ that ff suffi~ent quantifies of these 
E:metaboH~s are formed after E~ treatment, 
that they, rather than E~, are respon~b~ for the 
to~c ~ o n s  in the e~didym~ epithelium. 

The affec~d epithehum may not be able to 
produce or secre~ the compounds necessary for 
sperm maturation [1~ 1~. Insufficient sperm 
maturation when spermatozoa ~ansversed the 
epididymis of es~oge~zed rats have been ob- 
served by others [12, 1~. In ~ew of the marked 
to~c effects caused by the catechol e~rogens 
and especially the 4-OHE~ m~aboa~, we 
sugge~ that the m~e ~rf i l i ty ,  observed when 
males are exposed to high ~vds of E~, may be 
a~bu ted  to the to~c effects of the E~-metab- 
olites on the epididymis. 

A~nowledgemen~--T~s ~udy w ~  supposed by ~ants 
received ~om ~e  So~h A~can  Medi~l Resea~h Council 
and ~e  Nation~ Canc~ Association ~ $o~h A ~ .  We 
thank M~ D. Jacobs for ~ n g  ~e  manuscript. 

Our results indica~ that the epithe~um ~ very 
susceptible to the cytotofic effects of 2-/~ 
OHE~. The~ cytoto~c effects of ~OHE~ > ~ 
OHF_~ > E: we~ unexpected fin~ngs ~nce we 
anti~pated cell proliferating effec~ because pre- 
fious studies ~ ER-containing eels showed cell 
growth when exposed to low levels of the estro- 
gens [5-7~ The degenerative changes seen in the 
e~didymal epithel~ of rats treated with es- 
peci~ly 2-/~OHE: were fimilar to the atrophy 
of the epi~dym~ de~ribed by Rao and 
Chinoy [9] when ~gh ~v~s of E~ ~0 #~rat/ 
day) we~ used. It ~ known that up to 30% 
of oral~ a d m i ~ e ~ d  E2 ~ hydrox~a~d in 
the ~ver to form ~OHE: and appro~ 5% 
~ eonve~ed to ~OHE~ [11]. The 2~4-OHE~ 
metabolites a~ ag~n ra~dly methoxylated by 
the ubiquitously-present-enzyme catechol O- 
methyltransfera~ (COMT) to their c o ~ p o n d -  
~g 2-/4-methoxyes~adiols (2-/4-MeOE:) [11]. 

In a p~fious ~udy we showed that the 
cytoto~c effec~ on ~f i~ng  MCF-7 cells, when 
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