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Abstract-Physical correlates of chronic ethanol consttnlpt~(~~ and measures of ifr i?rru fertilization were 
examined in male CS7B I mice after ;t treatment period of 3-1 days with a total liquid nutriment diet 
which contained St’c/9S% (v/v) ethanol. This diet rcprescnted relatively IOW levels of ethanol ingestion 
by the C57Bl mouse. as evidenced by the low peak levels of blood cth;mol (160 mg;lOO ml). t& lack 
of hehaviorai signs of intoxication during treatment. and the ohkcncrr of overt signs of physical dependence 
after withdrawal from the ethanol-containing diet. Plasma testosterone levels of experimental animals 
were depressed during the treat~Iet~t period, ii5 compared to tc\tostcrone levels of pair-fed controls. 
No evidence of hepatic injury was observed following the treatment period. Although i’crtiiity. as 
measured by the ability of spermatozoa to penetrate rnousc ova i!r r,irrct. tvi~b unaffected by the chronic 
ethanol treatment, signs of testicular d~sfLi~ctjt~ri were e\,ident. Ahnormal testicular rn(~rp~lolo~~ inch&d 
disruption of the basement i~l~rnbr~lrl~s of titc seminiferous tuhulos. dccrcased tubular diameter. and 
desquamation of immature @esm cells into the lumina of the tubules. ‘The present study provides 
convincing evidence of the adverse effects upon male repn)duetive functions of relatively low lcscls 01 
ethanol. when administered chronically. under controlled conditions. 

Adverse effects of chronic ethanol consumption 
upon subsequent reproduction function have been 
observed since the early part of this century (for 
review, see Ref. 1). Among the first studies with 
experimental animals was the work of Stockard and 
Papanicoiaou [Z, 31. which showed decreased fertility 
of ethanol-treated guinea pigs, and decreased via- 
bility of subsequent offspring. Similar findings were 
made by Cole and Davis fill. who deternlined that 
chronic administration of ethanol to male rabbits 
rendered them subfertife. Moreover, birth defects 
were noted among progeny sired by the ethanol 
treated males. Badr and Badr 151 attributed an 
increased prenatal mortality of mice sired by males 
treated SubchronicalIy with ethanol to an ethanol- 
induced dominant lethal mutation. 

In man. maternal consumption of ethanol during 
pregnancy can give rise to children with varying 
degrees of neuroiogicaf. cardiac, urogenital and 
craniofaciaf disorders. Jones and Smith [lt] have 
described the pattern of anomalies which are present 
in children born to alcoholic mothers as the Fetal 
Alcohol Syndrome (FAS). Thus, evidence has been 
accu~nulated in exp~rim~nt~~l ~111iin~~ls and man. 
which suggests that chronic ethanol c~)l~su~lpti~~n can 
produce not only sterility, but can afsn act as a 
teratogen in the case of the Fetal Alcohol Spndromc, 
and as a mutagen, exetnplified bv defective offspring 
or dominant lethal mutations induced by ethanol 
consumption by the male. 

Although numerous studies have been conducted 

recently which have been directed toward elucidating 
the mechanisms responsible for the adverse effects 
of ethanol on reproducti~~e function in the female 
and their relation to the FAS [7--IO]. very few studies 
have been initiated which describe reproductive dys- 
~unctjon subsequent to chronic ethanol ingestioi~ by 
the male. 

Recent studies in our laboratory [ 1 I] indicate that 
consumption of relatively low doses of ethanol by 
male CS7131 mice results in alterations of male 
reproductive function. This alteration was mani- 
fested by decreased fitter size and increased post- 
natal mortality of the progeny. Decreased fitter size 
could have been due to decreased ability of sper- 
matozoa from ethanol-treated males to penetrate 
ova. and/or ethanol-induced damage to the chro- 
matin material in the male gametes, resulting in the 
production of a possible domin~int lethal Inutation 
[S]. The present study is an attempt to distinguish 
between these possibilities by examining various 
measures of male fertility subsequent to chronic 
exposure of male CS7Bi mice to an ethanol-con- 
taining liquid nutriment diet. Moreover, since one 
of the objectives of our laboratory was to develop 
an animal model which describes the effect of chronic 
ingestion of ethanol upon subsequent male repro- 
ductive tract function. various physiofo~ical corre- 
fates of ethanol consumption were afso examined. 

Testosterone standard solutions and [ 1 a&- 

[~~~]~~~]testosterone (60 CL’mmofe) were obtained 
from the New ~ngiand Nuclear Corp. (Boston. MA). 
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Rabbit testosterone ~~l~tiseru~l. bovine serum albu- 
min, nicotinamide adenine dinucleotide (reduced 
form), malic dehydrogenase, lactic dehydrogenasc. 
aspartic acid, L-&mine, sodium a-ketoglutnrate and 
p-nitrophenylphosphate were products of the Sigma 
Chemical Co. (St. Louis, MO). Pregnant mare’s 
serum (Gestyl) and human chorionic gonadotropin 
were purchased from Organon. Inc. (West Orange. 
NJ) and Parke-Davis (Detroit, MI). rcspectivcly. 
Carnation Slender (chocolate-Ravored) was obtained 
from a local grocer. All other reagents used wcrc of 
the highest quality commercially available. 

Chrmic ad~~~~~~str~~t;~)t~ of ~~t~l(i~l{)i. Thirty malt 
CS7Bl mice (22-27 p) were obtained from Jackson 
Laboratories (Bar Harbor. ME), Initially, the ani- 
mals were permitted an acclimation period of 7 days 
in our animal facility. The facility was maintained 

on a 14110 hr light/dark cycle at 22 i 0.5”. On day 

8, all animals were given free access to a solution ot 

chocolate-flavored Carnation Slender which con- 
tained 3 g/liter vitamin supplement (ICN Pharma- 
ceuticals, Cleveland. OH) and sucrose (77 gliter) 
which was isocalorically equivalent to 5c’r/Y5r‘; (v/v) 
ethanol, for a period of 2 days, to acclimate the 
animals to the liquid diet as their only foocl source. 

The composition of the diet (in g/liter) was as follows: 
protein. X5.21; c~lrhohy~ir~ite, 185.50; and fat. lh.00: 
when present, ethanol comprised Xri of the total 
caloric content of the diet. The mice wcrt‘ suhsc- 
yuently divided into two groups. Twrnt\- mice 
(expermiental group) were given free iiccc5s to a 
liquid nutriment diet in which the sucrose was 
replaced bv S”r/%i% (v/v) ethanol. The remaining i 
animals (control group) were maintained on the diet 
which contained sucrose. Consumption of diet by 
the control animals was restricted to the a~cwg,e 

daily consumption of diet by the experimental any- 
mats. Controlswere thus pair-fed to the experimental 
group. 

Experimental and control animals ingested their 
respective diets for 34 days. after which ail mice 
were given free access to laboratory chow and M‘afcr. 
During the ~~cquisitiorl period. consuii~pti~)ii of diet 
was measured twice daily (4 hr after the beginning 
of the light period. and 7 hr before the on<ct of 
darkness). Body weights were rccordcd every two 
days. 

Mms~~rfttletzt of‘physicnl ilcpcr~dcrlw iitltl folcrrrtlcc~ 
induced by chrortic irlgrsriotz of ~~thututi. Withdrawal 
symptomatology was assessed monitoring seizure 
activity, body weight and rectal tempcraturc [ 121 at 

2-hr intervals for a period of 8 hr after remo\ ing the 
animals from the liquid diets (the animals were 

removed from their diets at W! am.). Tltenty-foul- 
hr after removal of the liquid diets. tolerance t(l 
ethanol was assesscci by measuring the drcrcnrc in 

rectal temperature and the \icep-time induced by an 
acute injection of ethanol (3 g/kg. i.p.). Sleep-tlmc 
was taken as the interval between the time at which 

the loss of righting rellex was noted and the time at 
which the animal righted itself three time\ within :I 
30-set test periorl. 

t~~trrttzinatiotl 01 plrr.sttlir l~‘slo.st(‘rOtIc trtrtl l~lootl 
~~wMI/. Starting on day 7-2. between S:flO p.m. (I hr 
after the onset of darkness) and X:00 a.m. (3 hr after 
the beginning of the light period). 100 b~l ot’ tail blc~otl 

were taken from randomly 4ectcd antmat\ from 

experimental and control groups at 2-hr inter\als. 
Three to four samples from each group were taken 
at each time. In addition, 35 ~1 of tail blood wcrc 
withdrawn for blood ethanol determination (N = 5 

for each time point). 
Plasma testosterone content was determined hi 

radioimmunoassay. using a slight modification of the 

method sugested by the New England Nuclear bu1- 
letin supphed with the Testosterone I’f 11 f<adio- 
immunoassa~.P;lk. Plasma (.%--A5 ~1) wa\ adcictl to 
the assay butter [O. I M sodium phosphate (pI I 7.0) 
which contained 15 mM sodium azide. 0. 15 M NaC’I 

and 0. I? gelatin] such that the ttrtal ~lnme was I ,i) 
ml. The samples were extracted with 3 ml methylcnc 
chloride--fth~tnol ( I : I ). The ;K~IWU~ phas,c \\;I\ iii\- 
carded, and the solvent phase was washed \equt~r- 

tiallv I~?; extraction \vith 2 ml each ot (I. 1 N NaOf 1. 

0.1 N acetic acid and water. The cntii-e organic phase 
was evaporated in ;I water bath (IS-) and. ;I tcr 
evaporation of the solvent to do-ones\. 0. I ml of ;~\\a\ 
buffer was aided. AM! 

-1 
f I-triccr 1% ill. I f ml 

[‘Hltestosteronc. SO l@ml, 1 x 11)’ ;.p.m.) and (I. I 
ml rabbit ;inti-testosterone w.cl-c ;idrleri. arid the 

mixtures were incuhntcd at ? fol- IO0 min. llribound 
testosterone was removed with il.8 ml of tlcxtrar~- 
coated charcoal (625 mg ot activated charco;il 
(Sigma) plus 625 ml of Dextran 1‘711 (P~i~~r~~~~~ci~l Fine 
Chemicals. Uppsala, Sweden) in 100 ml of ;~a! 

buffer]. The destrnn-coated charc~x~l VGI\ 4i- 
mcntcd hv centrifugatictn (l’) at I100 .v for 31 min. 
The supe;natant fraction (0.5 ml) \!;I\ added to 
Bray’s solution (131. and the te\toterone which wa\ 
bound to the antiserum was rlctcrmined by liquid 

scintillation spectrometrv. f’lasma tcstc)\tcronc was 
quantitated hy the use’ of tcstoslcrcmc st;urcl;u& 

which were carried throuph the entire cstraction 

process. Internal test&crone standard\ \vcr’c u~cl 
to correct for efficiency of estractlon iiriti tor cfli- 

ciency of testosterone b&ding to the antiserum. \‘;11- 
ues wcrc unct~rrccteii for ilih\drote~tclstcrcln~ con- 

tent and wcrc euprcs\cri :I\ ni57,l plasma. 
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at 37”. Epididymal spermatozoa were obtained by 
making several small cuts in each cauda epididymis 
after it had been removed from the reproductive 
tract and placing the caudae epididymides into 1 ml 
capacitation medium. Spermatozoa were allowed to 
migrate into the medium for a period of 10 min prior 
to removing an aliquot for determination of sperm 
content. The ova were transferred to microdishes 
which contained modified Krebs-Ringer bicarbonate 
buffer with 3 mgiml bovine serum albumin. The 
dishes were inseminated with capacitated epididymal 
spermatozoa from either ethanol-treated or control 
animals, and were incubated for 26 hr. After incu- 
bation. ova were washed with modified Krebs- 
Ringer bicarbonate to remove excess spermatozoa, 
were mounted and fixed with 2.5% glutaraldehyde. 
and were stained with aceto-lacmoid as described by 
Toyoda and Chang [ 161. Microscopic observation of 
either the decondensed male pronucleus or the first 
cell cleavage was taken as evidence of fertilization. 
Prior to insemination into microdishes which con- 
tained ova, epididymal spermatozoa were capaci- 
tated by incubation for 60 min in modified Krebs- 
Ringer bicarbonate which contained 20 mgiml bovine 
serum albumin. 

Epididymal spermatozoa content was determined 
with a Newbauer hemocytometer. For itt lift-o fer- 
tilization, 10‘ spermatozoa were inseminated into 
the microdishes. Forward progression of spermato- 
zoa was quantitated by measuring the time required 
for individual spermatozoa to move from the center 
to the periphery of the microscopic field (magniti- 
cation = 200). 

Histological e\,ahtcrtiotz of ~esrc.~ attrl li,w. Testes 
and livers from the experimental and control males 
which were used for the itz vitro fertilization studies 
were immersion-fixed in Bouin’s solution and formyl 
saline. respectively. Tissues were par;iflin-emberl- 
ded. sectioned (5 wrn) and stained with hematoxylin 
and eosin Y. 

Biochemic~ctle~~rtl~rrrtiott o~i~el)Nti~~ltttcti~tt. Plasma 
levels of alkaline pho?phataxe (EC 3. 1 .3. I J. glutnmic 
oxaloacetic transaminase was measured spectropho- 
pyruvic transaminase (EC‘ 2.6.1.2) were measured 
by standard techniques [ 17). Alkaline phosphatasc 
activity was quantitatcd spectrophotometrically (-110 
nm) by measuring the release of /J-nitrophenoi from 
the substrate p-nitrophenylphosphate. Glutamic 
oxaloacetic transmina\e was measured spectropho- 

tometrically (340 nm), by following the oxidation of 
NADH which occurred during the reduction of 
formed oxaloacetate. in the presence of added mal- 
ate dehydrogenase (EC 1.1.1.37) with cu-ketoglutar- 
ate and aspartate as substrates. Similarly. glutamic 
pyruvic transaminase was quantitated by measuring 
the oxidation of NADH which resulted from the 
formation and subsequent reduction of pyruvatc, in 
the presence of added lactic dehydrogenase (EC 
1.1.1.27), with cr-ketoglutarate and alanine as 

substrates. 

RESULTS 

Both experimental and control mice consumed 
similar amounts of liquid nutriment diet over the 31- 
day period (Table 1). Moreover. the amount of diet 
consumed was sufficient to maintain body weight in 
both groups. The daily consumption of diet by 
experimental animals was equivalent to approxi- 
mately 20 g ethanol/kg body wt. Examination of 
testosterone levels during the period of darkness on 
day 22123 of the acquisition period (Fig. 1) revealed 
lower testosterone in ethanol-treated animals at all 

time points but one (testosterone levels of plasma 
collected between 4:30 and 5:30 a.m. were higher 
in ethanol-treated than in control animals). Testos- 
terone levels were significantly lower in plasma from 
experimental animals taken between 12:X) and 
I:30 a.m.. as compared to controls (P < 0.001: two- 
tailed f-test). Blood levels of ethanol peaked at 
approximately 160 mg/lOO ml at IO:00 p.m. and were 
undetectable beyond 6:OO a.m. (Fig. 1). 

In contrast to the lower testosterone levels after 
chronic ingestion of ethanol. acute administration 
of ethanol (1.5 g/kg. i.p.) produced ;I rise in testos- 
terone levels, compared to saline injected controls 
(Fig. 2). Blood ethanol levels after injection of 
1.5 g/kg ethanol were similar to the blood ethanol 
levels during chronic alcohol ingestion (Fig. I). 
When a higher dose of ethanol (3 g/kg) was admin- 
istered, however. the testosterone level dropped sig- 
nificantly below that of saline-injected animals (Fig. 
2B). 

At the end of the treatment period (&IV 35). tail 

blood (100 ~1) was drawn from each animal. and 
plasma levels of alkaline phosphataxe. glutamic 
oxaloacetic transaminase. and glutamic pvru\,ic 
transaminase were determined (Table 2). In&ascd 
levels of these emymes in plasma from experimental 



animals as cotnpat-ed to controls would tiavc 5ug- 

gested hepatic damage was induced 13~ ethanol tt-eat- 
ment. One-wav analysis of \-ariancc. howe\ cr. indi- 

cated no sign;ficant difference in pt~isma cn~viii~ 
levels for ethaiiol-treated. pair-fed OI- lahoraior! 
chow-fed animals (I’ > 0. i ). 

Stgns of withdrawal. \uch ;I\ WIZLII~C acti\,it\ 

decreased rect;rl temperature ( 121. and tlc~rca’r~d 
body weight (Ii. A. Anciers~n and B. I’ahahoff. 
unpublished ohser\aticlns). \\cI-L‘ not \C’LCI-c in 
experimental animals attc%r thcv ~\\ct-e I-~ni~ned tram 
the ethanol diet (Tahk 3). b~~asur~nwnt of rectal 

temperature at Z-tit- intsrbal5 tor up to (1 tir attcr 
removing the animals lrom the tlicth rc\eatccl 110 

significant differcncc hctwecn eupcrimental and coii- 
trol ,pup. At 8 hr after witltdra\\at. ;I \light but 

signthcant (P = 0.05) clecreaw in rwtal tempc‘r;tturc 
was obscrvcd in ethanol-tt-eateci ;I\ ctrmpared to pair- 
fed control animal\. Significant tlccrcaxes in body 
weight were olwrvecl in cxperimcntal animals as 
compared to controls at all time\ examined. the 
maximum Mei@ loss being noted at h hr post with- 
drawal. No heha\ moral s1gn5 of v, ithclrawal (i.e. WIZ- 

ure activity) hci-t’ noted in an! of the animals. up 

to X hr after rcmo\aI of the diet\. Although ethanol- 
treated animals kverc not tolerant to the decrease in 
rectal temperature induced by an acute injection of 
ethanol (3 g/kg. i.p.). tolerance of the expcritnental 
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Fig. 2. Effect of acute ethanol injection on plasma testosterone. Panel A: Effect of low ethanol dose. 
Plasma testosterone levels were determined at various timcq after i.p. injection of either 1.5 g/kg ethanol 
(cross-hatched bars) or saline (open bars), as indicated. The values (left ordinate) at each time point 
are the average change i S.E. in plasma testosterone (N = 7) from the average levels (3.2 i 0.8 ng!ml; 
N = 30) obtained prior to injection. Also represented are the average + S.E. (N = ‘7 at each time point) 
blood ethanoi values (a) reported as mg/lOO ml. The letter “a” indicates that changes differ ~ignificanti~ 
from controls. P< O.005: the letter .‘b” indicates that changes differ signilicantly from controls. 
P < 0.001, Panel B: effect of high ethanol dose. Plasma testosterone WCS dctcrmincd after i.p. injection 
of either 3 g/kg ethanol (cross-hatched bars) or saline (open bars). as described in the legend to panel 
A. The average plasma testosterone dctermincd prior to injection was 6.3 + 0.6 ng:mI (S.E.; N = 20). 
Also presented are the average -f- S.E. (N = 7 for each time point) blood ethanol Icvels (mgilO0 ml). 
The letter “a” indicates that changes differ significantly from controls, P < 0.001: the letter “b” indicates 

that changes differ significantly from controls. P < 0.00. 

group was indicated by a significant decrease (P < 
0.025, two-tailed t-test) in sleep time (Table 4). 

At the level and duration of exposure to ethanol 
used in the present study, chronic ingestion of 
ethanol did not affect fertility, as measured by i17 

vitro fertilization of mouse ova. Moreover. no dif- 
ference in sperm motility was noted between ethauol- 
treated and control animals, as measured by velocity 
of forward progression. Epididymal sperm count, 
however, was significantly higher (P < 0.01, two- 

tailed t-test) in experimental animals as compared 
to controls (Table 5). 

Histological examination of the testes revealed a 
trend toward a pathologic condition in ethanol- 
treated, as compared to pair-fed control mice (Figs. 
3-S). The basement membranes of the seminiferous 
tubules from the ethanol-treated animals had a 
frayed appearance, whereas those from controls 
appeared intact (Fig. 3). In addition, seminiferous 
tubules from experimental animals contained a larger 
number of desquamated immature germ cells in the 
lumina of the tubules (Fig. 4). The frequency of 
occurrence of desquamation (4.4 t 3.1 and 2.8 5 0.9 
per cent for experimental and control testes. respec- 
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tively). however. was not rtatistically different 
(P = 0.106; chi-squared analysis). Finalli. the intcr- 

209 t 1Y PM (S.D) for cuperimental and control tub- 
ules, respectively; f = 4.6Y6. df = 5s. P < O.OOI 1 in 

tubular space was greatly increased. and the tubular testes from ethanol-treated malec w compared to 
diameter was significantly smaller [ IX6 ? IS and controls (Fig. 5). 
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Group 
Sperm count 

(X lo-“) 
Sperm motility 

(i*mlsec) 
No. of ova 

Fertilization (‘i ) csamined 

Pair-fed 
control 

Ethanoi- 
treated 

df (N-2) 

1 

* Epididymal sperm count (quspcnsion volume = I ml) and qpcrm motility of eupertmcntal 
and control animals were evaluated as described in Materials and Method>. Fertilization WI\ 
measured as the number of penstrated ova or two-cell \tagcj divided hq the total number 111 
ova examined rsec Materials and Mcthodsi. Values reprcscnt the average il S.E. 

t Chi-square‘ analysis was performed on ‘it! ,ifro fertilization 

rllSC~SSIoN .L 

Chronic ingestion of relatively low levels of 

ethanol by the male resulted in h~~rrnon~~l itnb~~lancc 

(Fig. 1) and testicular dysfunction (Figs. 3-S). Fer- 
tility, however. as measured by itr t+im fertilization 

(Table S), remained unaffected. The average daily 

consumption of 20.4 g ethanol/k! body wt agreed 
well with the value reported prevtously by our lab- 

oratory [I I], The contention that the animals 
ingested relatively low Ie\,els of ethanol is supported 

by the low blood ethanol levels observed (Fig. 1 ). 
Furthermore. the experimental group was not sub- 

jected to continuous exposure to ethanol since blood 

ethanol levels were undetectable during most of the 

light period. 
Testosterone levels were depressed when blood 

ethanol levels were above SO rn~~iO0 ml: at lower 

ethanol levels. no si~iii~c~lrlt effect was noted (Fig. 
I). Ethanol ingestion has been shown to depress 

testosterone in man [ 181. Decreased testosterone in 
the present study appears to be due to 21 cotnpositc 

of the acute and chronic intluencc of ethanol, since 
testosterone levels after an i!CUtc injection of ethanol 
were elevated (Fig. IA) at brood ethanol Icbcls 

approxitnating those associated with significantI\: 
depressed testosterone levels in chronically treated 

animals (Fig. 1). When hipher level\ of ethanol \\\ere 

given (Fig. 23). testosterone lerels were tfeprcs~ed. 
This apparent hiphasic cffcct is in agrccmrnt with 
the work of Cicero and Badger 1 IV]. t+ ho demon- 

strated that lctu- Icvels of ethanol elevate. and high 

levels of ethanol depress plasma testostrronc’ con- 
tent. Dccreascd Icstosteronc may he sccontlar~ to 

ethanol-intluccd hepatic damapc:. Our stud! rnth- 
cated no signs of hcpatic damapc. either bioch~mi- 
tally (‘I’ahlr 2) or niorphololric~tllv (rcqttlts not 

shown). On the other hand. chrotuc ingc$tion ot 
ethanol ma! have caused an increased Icvcl ot 5tr- 
testosterone reductase. the rute-limiting on~~mt: iI1 

thecatabolism of testosterone. acsugpcsted by Kuhin 
of rrl. 1201. Since this enzvmr activity,uai, not cs~m- 
ined in the present study. the posslbtlit~ of lowered 
testosterone levels due to altered liver ~~~~t~~~~(~lis~ll 
cannot be totallv excluded. f Iowcvcr. the cl’fccr of 
ethanol on tcstoctcronr Icvels seen in the prcicnt 
study is. at least in part. indept‘ndent of ch3nges in 
liver metabolism. since such change,, would not be 

expressed within 30 min after cthanoi administration 

(Fig. 2, panels A and B). 
~it~rnann and Tahakoff [ 121 have shown that rcc- 

tai tcmpcr~~tur~s of mice rendered physically dcprn- 
dent upon ethanol dropped significantly shortly after 

withdrawal from ethanol. Both the magnitude and 

duration of hvpothermia correlated well with seizure 
activitv assoiiated with alcohol withdrawal. More- 
over, mice chronically exposed to ethanol were 

tolerant to acute ethanol-inducecl h\p~~tltcrmia. 

Measurement of rectal temperature in-the pre\ent 
study indicated little, if any. physical dependcncc 

(Table 3). Depressed rectal temperatures of espcri- 

tnental animals relative to those of controls (8 hr 
after withdr~t~al) were, in fact, due to a rise in body 

temperature of controls, rather than to a decreased 
rectal tcrnper~~tur~ of eth~tnol-tre~t~c~l animals. Fur- 

thermore. no hchavioral m;tnife~tation\ of with- 

drawal (i.e. spontant’otts. or inducctl sc‘ipurcs [ 13)) 

were noted. A decrease in hod!, ncisht attcr \\ ith- 
drawal (Table 3) did. however. intlicatc ;I zlight 

degree of physical dependence. f’t-e\ ious studies 
habe shown that physically depcndcnt IT~~LY Io\t 

approximately IO per cent ot their hod\ \\cight at 

X hr after ethanol withdrawal (I<. ,I. .At;tl~r\~~tl :rnd 
B. Tabakoff, unpublishccl ob\cr\.;ttit,n\). The tit-op 

in body weight in the prcsrnt stud! W;I~ m:rsitnal 

(approxitnately 6 per cent) allet- {I hi- (T;II~IL~ -i). 

Although acute adi~litlistr~~liotl 01 ethanol prod~ccd 

no si~ni~c~tnt difference in rcct~l tcmpct;tturcs 

between ethanol treated and con~roi ;tnimals. ;t Gg- 

nificantly decrcascd zthatiol itirluiL4 ~lct‘j> time 
(Table 1) indicated the de~elopt~~~nt crt ;I tolzrancc 

by the experimental group, 
The similar frequencies +.)f fertili/:ttic)n of II~OLIYC 

ova in I~ifro bv spcrmatoroa tram cthanc,l-treat‘,[i 

and control males (Table S) ;igtce witii ciili- pt.c’\‘ic>it\ 

study 11 I] in which no ch;mpe II> Iccrtll!t!, \\a c\ident. 
as measured hv the frequcnc\ ot ~.r~tlccpti~>tl 111 I,;I,o. 

An unexpected o&r\ ation: ho\\ cl Cr. 11 ;I\ tllc \i$- 
nificant increase in cpidtd! m;11 \p’c‘~ mat~cra in 
experimental animals (Table 6). In~~e\ti~)n cifcth;in0l 

may have resulted in altercti tr;mspot-t of ~w!N;I- 

tozoa through the reproducti\c tt-act Recent oh\cr- 
vations in ffu~- laboratory ha\ i’ \ttsgcX:i,J th;it the 

distribution of spermatoz& in 111~ nl;~l~ t~~pt~oduc.tt\‘e 
tract is dependent upon th i‘ hr~ilir~~~~i~~rt~ti tr;in\pc)r‘t 
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Fig. .3. Alterations of testicular morphology induced by chronic cthanoi Inscation l>ama~c to thL, 
hasemcnt membranes ot the seminiferous tubules. Panel LL: cross-scc‘tion of ;I control tc‘\ti\ (rnagrliticati~)r~ 
X 6X0). ‘The basement membrane is regular and intact. and the Intertllhular ~XKY ix rcduccd Itom that 
of the ethanol-treated testes (SW helow). Panel h: a similar section ot wminilcrou\ tuhulc\ <II ,111 

cuperlmental testis. Note the frayed appearance of the hawment mcmhrane (a) _ and the l-cI:lll\~l\ 
large intertuhular space (mqnilic:~tion f OS())_ 
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(b) 

Fig. 4. Alterations of testicular morphology induced by chronic ethanol ingestion: desquamation of 
immature germ cells into the lumina of the seminiferous tubules. Panel a: a cross-section of a control 
testis (magnification x 272). The lumina contain only mature spermatozoa (b). Panel b: A similar 
section of seminiferous tubule of an experimental testis (magnification x 272). Note the presence of 
large numbers of immature germ cells (mainly spermatids and primary spermatocytes) in the 

lumina (a). 



Fig. 5. Alterationx of testicular morphology induced hy chronic ethanol ingestion: increased inwrtuhular 
space. Panel a: Cross-section of control testls (magnification X 42). Panel h: Croaa-action of experimental 
testis (magnification X 42). Note the increased intertubular \pace in the eupcrimcntal tc\ti\ (panel h) 

~5 compared to the control testi\ (panel a). 
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of spermatozoa both proximally and distally to the 
epididymis [21]. Spontaneous motility of the vas 
deferens is thought to be modulated by norepineph- 
rine from sympathetic fibers in the muscular sheath 
[22]. Zankl and Leidl 1231 found that depletion of 
norepinephrine by a sympatholytic agent simulated 
vasoligation. causing an increase in epididymal 
sperm concentration. Acetaldehyde (the primary 
oxidation product of ethanol) is a sympathomimetic 
agent which releases catecholamines from the 
adrenals. In contrast to our findings, an ethanol- 
induced increase in circulating norepinephrine 
should result in a lower epididymal sperm content. 
However. Schneider [24] has demonstrated that 
chronic exposure to acetaldehyde depletes catec- 
holamine levels in the adrenals. A depletion of cat- 
echolamines in the vas deferens due to chronic inges- 
tion of ethanol may explain the higher epididymal 
sperm content found in the present study. The val- 
idity of the hypothesis is. of course. subject to further 
experimentation. 

Chronic ingestion of relatively low levels of 
ethanol caused testicular damage (Figs. 3-5). These 
findings are in agreement with the studies of Van 
Thiel et al. [25] and of Klassen and Persaud [26]. 
There were. however, major differences in experi- 
mental design between their studies and those pre- 
sented here. 

In the studies of Van Thiel et al., sexually imma- 
ture rats were used, whereas the present study util- 
ized adult mice. A direct comparison of ethanol 
intake between the two studies cannot be made, 
since diet consumption was not reported by Van 
Thiel et al. Moreover, the diet used (that of Lieber 
and De Carli [27]) was subsequently shown to result 
in hepatic damage when chronically administered to 
female rats [28]. Testicular atrophy observed in their 
study may have been due to not only the direct effect 
of ethanol, but also to changes secondary to liver 
injury. The diet used in the present study produced 
no detectable hepatic dysfunction. 

Klassen and Persaud 1261 also observed testicular 
degeneration in adult rats chronically exposed to 
ethanol. However, the amount of ethanol in the 
liquid diet was far higher (58 per cent of total calo- 
ries) than that used by Van Thiel et al. (36 per cent) 
or in the present study (28 per cent). Moreover, 
damage to the kidneys, spleen and liver, in addition 
to severe weight loss, was also apparent. Many of 
the histopathological tindings associated with the 
testes could have been due to malnutrition and a 
subsequently poor general physical condition of the 
animals. The observations made in the present study 
provide more supportive evidence for the adverse 
effect of chronic consumption of relatively low levels 
of ethanol. per se, on testicular function. 

Previous work from our laboratory indicated that 
male mice chronically exposed to ethanol subse- 
quently sired litters with significantly fewer offspring 
per litter when compared to pair-fed controls [II]. 
These findings could have been due to subfertile 
matings and/or maternal resorption of dead or weak- 
ened fetuses. Subfertile matings would suggest sper- 

matozoal alterations which adversely affect their 
ability to fertilize. However, spermatozoa from 
ethanol-treated and control males were equally 
effective in fertilizing ova in vitro (Table 5). Our 
observations concerning testicular dysmorphology 
(e.g. desquamation of immature germ cells into the 
lumina of the seminiferous tubules) indicate that 
longer exposure to low levels of ethanol mav ulti- 
mately lead to subfertility and/or sterility. Conhr- 
mation of these speculations, however, is dependent 
upon further experimentation. 
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