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Abstract — Many colonic aerobic bacteria possess alcohol dehydrogenase (ADH) activity and are
capable of oxidizing ethanol to acetaldehyde. Accordingly, some ingested ethanol can be metabolized in
the colonin vivo via the bacteriocolonic pathway for ethanol oxidation. By diminishing the amount of
aerobic colonic bacteria with ciprofloxacin treatment, we recently showed that the bacteriocolonic
pathway may contribute up to 9% of total ethanol elimination in naive rats. In the current study we
evaluated the role of the bacteriocolonic pathway in enhanced ethanol metabolism following chronic
alcohol administration by diminishing the amount of gut aerobic flora by ciprofloxacin treatment. We
found that ciprofloxacin treatment totally abolished the enhancement in ethanol elimination rate (EER)
caused by chronic alcohol administration and significantly diminished the amount of colonic aerobic
bacteria and faecal ADH activity. However, ciprofloxacin treatment had no significant effects on the
hepatic microsomal ethanol-oxidizing system, hepatic ADH activity or plasma endotoxin level. Our data
suggest that the decrease in the amount of the aerobic colonic bacteria and in faecal ADH activity by
ciprofloxacin is primarily responsible for the decrease in the enhanced EER in rats fed alcohol
chronically. Extrahepatic ethanol metabolism by gastrointestinal bacteria may therefore contribute
significantly to enhanced EER.

INTRODUCTION diminishing the number of intestinal aerobic
bacteria and lowering ADH activity of the colonic
Chronic administration of ethanol to experimentatontents with the selective antibiotic ciproflox-
animals (Misraet al.,, 1971; Nomureet al, 1983) acin, we recently found that the bacteriocolonic
and chronic alcohol abuse in man (Misea al., pathway for ethanol oxidation may contribute up
1971; Salaspuro and Lieber, 1978; Lindetsal, to 9% of the total EER in rats (Jokelainen al.,
1980) increase the ethanol elimination rate (EER)997). Furthermore, ciprofloxacin treatment has
The biochemical background of this phenomenoteen shown to almost totally block the alcoholic
however, remains under discussion. We havermentation pathway and acetaldehyde produc-
demonstrated that many facultative aerobic intestion by the gut flora of rats (Visajgeet al., 1998).
inal bacteria possess marked alcohol dehydrogen-The purpose of this study was to examine
ase (ADH, EC 1.1.1.1) activity (Jokelaine al, whether the bacteriocolonic pathway for ethanol
1996h; Nosovaet al., 1998) and are capable ofoxidation also contributes to the enhanced EER
oxidizing ethanol to acetaldehyde bathvivoand caused by chronic alcohol feeding. To that aim,
in vitro (Jokelaineret al.,, 1996@,b). This implies we studied whether the diminution of aerobic gut
that some of the ingested ethanol is metabolized flora by ciprofloxacin treatment influences EERs
acetaldehyde in the colon via the bacteriocoloniim chronically alcohol-fed and control rats. In
pathway during normal alcohol metabolism (Jokeaddition to EERs, we also determined the effect of
lainenet al., 1996,b; Salaspuro, 1996, 1997). Bychronic alcohol feeding and ciprofloxacin addi-
tion to ethanol on the composition of faecal flora,
on faecal ADH activity, on hepatic microsomal
*Author to whom correspondence should be addressed.  ethanol-oxidizing system (MEOS) and ADH
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Fig. 1. Study protocol usedfor the determinationof the ethanolelimination ratesbefore (EER 1) and after (EER 2)
ciprofloxacintreatment(200mg/kg body wt daily for 4 days).

acfivities aswell ason plasna endotoxn levds.

MATERIALS AND METHODS

Animals

Fifty-four male Wistar rats,weighing 190+ 6 g
(meant SEM) were housedin groups of three
animak in plastic cages under converional
condtions. All rats had free accessto standard
rat chow (Altromin 1324-ellets, Altromin, Lage,
Germany) until the start of the ciprofloxacin
treatment. Thirty-six rats (group Il andgrouplil)
recaved increasng ethanol dosesstating from
5% (v/v) in drinking fluid for the first 14 days.
They then recaved 12.5g/kg/day of ethanolas
21% ethanolsoluion over the next 18 days (Fig.
1). To increasethe palatabilty of drinking fluids,
2% (w/v) sucose was added to the ethaol
soluions (Batey and Patteson, 1991). Ciproflox-
acin mixed with standardchow was adminisered
addtionally to 18 etharol-fed rats (group Ill)
during the lag 4 days at a daily dose level of
200mg/kg body wt (Fig. 1). Eighteencontrol rats
(group 1) receival tap water and standardchow
during the expeimental period. The volume of
ethanol solution consunedeachdaywasmeaured
in order to calculate the daily ethanol intake.
Twelve hoursbeforethe determiration of the EER
the ethanolwatersuciose mixture was replaced
by tap water.

In vivo determinaion of the EER
The EERswere determired in all rats after 28

daysof ethanoladninistration (EER 1), andagain
on the fourth day after the beginnirg of the
ciprofloxacin treatment (EER 2) (Fig. 1). Ethanol
(1.59/kg bodywt) wasinjectedi.p. asa 16% (v/v)
soluion in saline Duplicateblood samples (50 pl
each) were drawn from the tail vein before
injection and at 30-min intervals up to 180 min,
andthereafte oncean hour up to 300 min. Blood
samples were haemoysed in 450l of ice-cold
waterandblood ethanolwasdetermired by head-
space gas chromat@raphy as described earlier
(Jokdainenetal., 1997). The EER wascalculted
by extrapolaing the linear part of the ethanol
elimination curve to zero. The area under the
curve (AUC) (0-5h) was calculated using the
trapezadal rule.

Faecal sanples

In a preliminary study, we found that faeal
ADH actvity correspads well to the ADH
activity determired from fresh contentsobtaned
from the caecumof rats. Faech sanples were
colleded before EER 2, immediatdy put into dry
ice and stored at —80°C. Faec& samples were
lyophilized (Micro Modulyo, Edwards) for 18h
and homogented in 8 vol 100mM potassium
phosphte buffer (pH7.4), then sonicated for
8 x 30s at 4°C. This wasfollowed by centifuga-
tion at 100000g for 60 min to obtdn the
supenatant. Faecal ADH actvity was then
assged immediately (seebelow).

Subcelular fractionation of tissues
After the EER 2 deternination was compléed,
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the rats were anaesthiéized with phenobébital.
The abdomerwasopenedandthe wholeliver was
removed and weighal. A pieceof liver wasthen
placed into ice-cold medum coniaining 0.25M
suciose,5mM Tris, and 0.5mM EDTA (pH 7.2)
to makethe tissueproportion from 15 to 20% of
the total. The sanples were homayenizedwith a
Pater S-homogeizer (B. Braun, Germany) using
maxmum speed.Subcelldar fractions were then
prepaed by differentialcentrifugdion. The homo
genae wasfirst centrfugedat 7009 for 15 min to
remove unbrolen cells, nuclei, and debris. Mito-
chondia wereisolatedthereafte by centrfugation
at 12000g for 15 min. Cytosdic fraction and
microsomeswerethenseparatd by centrifugation
at 1200004 for 70 min. Cytosolsandmicrosomes
were storedsepaately at —80°C until assayed.

Enzymedeteminations

ADH activity was determired spectrgphoto
metrically at 340nm by measuing the reduction
of nicotinamde adenine dinucleotide (NAD ™,
2.5mM final concentration) in 100mM glycine
buffer (pH 9.6) at 37°C by using 25mM ethanol
(final concentation). Prokin concentrationswere
detemined using the BIORAD method with
bovine serun asa standad. ADH activities were
then calculaed as nmol of NADH produed per
mg of protein/mn. To calculate the total hepatic
ADH actvity, protein concentrationswere deter-
minedin hepaic cytosolic fractions Total hepatic
ADH activity wasthen calculaed by multiplying
the hepatic ADH actvity by the amaunt of
cytosolic proteinsg of liver andthe liver weight,
andexpressedaspmol of NADH producedby the
liver/min. Hepatic MEOS activity wasdetemined
accoding to Ardies et al. (1987). Sequentl
addtion of 0.3M barium hydroxde and 0.3M
zinc sulphatewasusedto stopthe MEOS reaction
during the assg.

Quartitative bacterial cultures

To determire the influence of ethanol feedng
and of ciprofloxacin addition on bacteral culture
guantties, faecalsamplef 18 ratswerecolleded
before ethanol feedng, andbeforethe EER 1 and
EER 2 studes. The faecal sample were thawed
weighal, suspendedandserially diluted (10-fold)
from 10~* to 10’ in pepbne yeastextract(PY)
broth. An aliquot of 100ml of the apprq@riate
dilutions was inoculated and spreadwith a bent
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sterie rod on seveal sekctive and non-glecive
agarmeda for the enumeréion and isolation of
aerdic and anaerold baceria and yeass. The
aerdic plates were incubaed at 36°C in an
atmosyhere containing 5% CO, for 2-4 daysand
anaerolr plates in anaeobic jars filled with
mixed gas(90% N,:5% CO,:5% H,) for 7 days
using the evacuation replacenent method. The
bactera were enumeratd and identified by
estabishedmethods

Endotoin determnation

Blood was collecded by heart puncture in
pyrogen-free tubes contairing heparin (Chromo-
genik). Plasmawas immedidgely separag¢d in a
refrigeratedcentrifuge at 800g for 10 min. The
supenatant was stored in pyrogen-free storage
tubes (BioWhittaker) at —80°C until analysis.
Plasna endobxin levels were measuredwithin 2
weeksof colledion usingthe Limulus Amebogte
Lysate (LAL)-based chronogenic assay (Bio-
Whittaker QCL 1000) by the microplate(Costr)
method using a Multiscan RC microplate reader
(Labsystems Finland) Increagd sensitvity of the
testwas achievedby extending the incubaton of
the sample with LAL up to 30 min.

Statigical methods

All resuts are expressé as meanst SEM.
Statidical analyss was performedusing one-way
ANOVA, followed by the Tukey multiple com-
parisontest, the t-test and paired t-test using the
Sigma Stat 2.0 program. The EERs were deta-
mined by linear regression.

Ethical constderations

The studywascondudedin accodancewith the
principles of the dechration of Helsinki and
approved by the Local Commitee on Animal
Experimentation.

RESULTS

Chronc ethahol adminstrationenhaned EER 1
in both ethanol-fal rat groupsby 14% [372+ 9
(group 1) vs 423+ 8 mg/kg/h (group Il + group
1] . Accordingly, the mean AUC decrease
signficantly [53.3+ 3.1 (group I) vs 42.3%
1.6mmoll/h (group Il + group Ill), P < 0.002]
The enhancerant in the EER was abolisked by
ciprofloxacin treatmeat in group Il (332
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Fig. 2. Blood-ethanolconcentratiorafter acuteadministra-
tion to control rats and to rats chronically treated with
ethanolor ethanol+ ciprofloxacin.

Ethanol (1.5g/kg) was injected i.p. to control rats
(group 1) and to rats chronically treated with ethanol
(groupll) or ethanol+ ciprofloxacin (grouplll) according
to the protocolin Fig. 1. Valuesare meanst SEM (bars)

for 18 rats/group.

11mg/kgh, EER 2), andwasevenlower thanthat
of control rats (group I; Fig. 2). Accordingly, the
mean AUC (60.5+ 3.9mmol/I/h) increasedsig-
nificantly (P < 0.001) in comparisonto group Il
after the addtion of ciprofloxacin to ethaol
feedng (Fig. 3). However, the maximal ethaol
concentrationin the blood did not differ between
the groups(Fig. 2) indicating that the absorption
of ethanolfrom the peritoneal cavity wasequalin
all groups

Chronic alcohol feeding to rats (group
Il + group Il1) resuted in a significant decease
(P < 0.001) in the numter of Lactdbacillus spp.
(2.3+0.4x 10° vs 3.8+ 1.3 x 10° CFU/g) in the
ratfaeal samplegbeforeethanolvs after4 weeks
of ethanolfeedng, respedtely). Accordingly, the
total amaunt of anaerobic bacteria deceased
significantly (P < 0.05 in faecal sanples of
thee rats (9.2+3x10° vs 4.2+ 0.8x 10°
CFU/g). Howeve, the aerdic bacterial counts
werenot significantly affectedby ethanolfeedng.
Ciprdfloxacin treatmant for 4 days produceda
clear decline (P < 0.02) in the total nhumber of
faeal aerdic bacteriain group lll, comparel to
group Il rats. Moreover the numker of E. coli,
Enterococws, and Proteusmirabilis in rat faecal
sanples deceasedto zero with ciprofloxacin
treatment. Additionally, the mean ADH activity
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g. 3. Effect of ethanol feeding, and addition of

ciprofloxacinon the ethanolelimination rates.
Details are as describedin Figs 1 and 2 and in the
Materials and methodssection.Values are meanst SEM
(bars)for 18 rats/group.

of the faeal sanpleswassignficantly (P < 0.01)
lower in group Ill, comparel to group Il rats
(Tablel).

Howeve, ciprofloxacin treament affected
neither hepatic MEOS nor ADH activity in
comparison to the ethanolfed group Il rats
(Table 2). No significant differences eitherin the
meantotal hepaticADH activity or in the mean
bodyweightamory rat groupswerefound.Plasna
endobxin levels also remainedbelow the detec-
tion limit in all rat groups

DISCUSSION

We have recently shown that ciprofloxacin
treatment (200mg/kg/day for 4 days) deceased
EERn ratsby 9% (Jokdainenet al., 1997).This
was asso@ted with a marked deceasein the
numter of coliforms and Enterococaeandin the
total aerobicbactkria countin rat faecalsanples.
The drug had no influence on either hepaic
MEOS or ADH acivities. In contast, acute
administration of ciprofloxacin had no effect on
the EER (Jokelanen et al., 1997). These data
indicate that the deceasein the EER causedby
ciprofloxacin treatment resuts from the redudion
of the numker of gut aerolic bacteria.The current
study shows that the redudion of the aerdic
gastrontestinal flora by similar ciprofloxacin
treament completely abolshes alcohotinduced
enhanementin EERin rats.
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Tablel. Aerobicbacterialcountsandalcoholdehydrogenasactivity in faecalsamplesf controlrats,ethanol-fedratsand
ethanol+ ciprofloxacin-treatedats

Parameter Gl Gll Gl
Total count(CFU/g) 9.8+ 6x 10° 8.7+ 4 x10 5+ 3 x 10™*
E. coli sp. (CFU/g) 1.6+0.9x1C° 7.3+3x10° 0**
Enterococcussp. (CFU/g) 2.2+ 0.5x 10 3.3+ 0.8x10° 0*
Proteusmirabilis sp. (CFU/g) 1.8+ 1.6x10* 35+22x10° 0%+

ADH activity 3.26+ 0.9 0.98+ 0.4 0**

(nmol/min/mgprotein)

Gl (control group); Gl (ethanol-treatedyroup 2); GllI (ethanol+ ciprofloxacin-treatedyroup 3). ADH, alcohol dehy-
drogenaseValues are meanst SEM for eachgroup of 18 rats.*P < 0.01 vs chronic ethanol (Gll), ** P < 0.02 vs

chronicethanol(GlI).

In the present study, the decease in the
enhaned EER after ciprofloxacin treatmat was
assod@ted with diminished total amountsof gut
aerddic bacteriaand of E. coli, Enterococus and
Proteusmirabilis, aswell aswith adecrease total
faeal ADH activity. Howeve, neither hepatic
MEOS nor ADH was affected by ciprofloxacin
treatment. Recently, the sterilizaion of the
intesinal tract with antibiotics has been shown
to prevent the elevation of plasma endobxin
levels andthe increag in the EER in chrorically
alcohol-fed rats (Adachi et al., 1995). The latter
effect was related to the inhibition of the
acfivation of hepaticKupffer cells (Adachi et al.,
1994 1995). In the current study, despte the
indudion of the EER, plasmaendotoxn levels
remaned below the detection limit in all rat
groups Therdore, it is unlikely that the changes
obsewed in the EER could be explaired by an
effect of endotoxn on hepatic Kupffer cells.
Accordingly, the decreasein the amountof the
aerdic colonic bactera and in faecal ADH
activity may be primarily respnsible for the

deceasein the enhaned EER causedby cipro-
floxacin treament.

Bacteial overgowth andthe increasechumber
of aerdic and anaerobic bacteria have been
reportel in the small intestiral microflora of
chroric alcoholcs (Bode et al., 1984 and
espe@lly among patients with alcoholic liver
diseasdBodeetal., 1993).Howeve, it remainsto
be establisled whether chronic alcohol feeding
might leadto bacterialovergrovth in the stomad
or the smallintestineof rats.In the currentstudy,
chroric alcohol feeding of rats, however
increagd neither the amaunt of colonic aerdic
bacteranorfaecalADH activity. Accordindy, the
lack of increag in ADH activity by chroric
alcohol feedingimplies that faeal ADH activity
could not be the rate-limiting step in the
bacterocolonic pathwg for ethanol oxidation.
Howeve, it may become rate-limiting after
treament with ciprofloxacin. In this resgect, the
situatiln may be conmparableto the regulaton of
the rate of ethaol metabdism, denonstrated
previoudy in experimenal animak, when hepaic

Table2. Faecalalcoholdehydrogenas@ADH) activity, hepaticmicrosomalethanol-oxidizingsystem(MEOS),and ADH
activity, total hepaticADH activity andplasmaendotoxinlevelsin the controls(Gl), the ethanol-fedGll) andthe ethanol
and ciprofloxacin-treatedats (GlII)

Parameter n Gl Gll Glll

HepaticMEOS activity 36 2.0+0.3 25+04 2.8+ 0.7
(nmol/min/mgprotein)

HepaticADH activity 18 23.3£ 3.6 238+ 1.8 225+ 27
(nmol/min/mgprotein)

Total hepaticADH activity (umol/min/liver) 18 26.7+ 4.2 21.6+2.2 20.1+2.3

Plasmaendotoxinlevel (IU/ml) 18 <0.01 <0.01 <0.01

Valuesare meanst SEM for the numbers(n) shown.GI-GllIl asTable1.
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ADH activity has not beenshownto be a rate-
limiting step in ethanol oxidation (Sakspuro,
1991).

We did not find any evidencein the current
literature that ciprofloxacin could directly inhibit
hepaic ethanolmetabdism and,asa consejuence,
deceasethe EER. Earlier studieshaveshownthat
ciprofloxacin administation inhibits neither
MEOS (Jokelain@ et al., 1997) nor the hepatic
cytochrome P450s (Schuk et al., 1995) that
partidpatein etharol metabdism in rats(Kunitoh
etal., 1993).In the currentstudy, a similar finding
was obtained by using chrorically ethanoifed
rats. Furthermoe, a short pre-treatnent with
ciprofloxacin has been shown to have no sig-
nificanteffecton the EERin man(Kamali, 1994).
Accordingly, it is unlikely that ciprofloxacin
treatment could lead to such metabolt changes
in the liver that might affect the EER and thus
influencethe conclusionsof this study.

In concluson, the redudion of aerobic gastro-
intestnal flora andfaecal ADH activity in ratsby
ciprofloxacin treament compleely abolistes the
alcohol-induced enhanement in the EER. In
contast, hepaticMEOS and ADH activities and
plagna endobxin levels were not affected by
ciprafloxacin. Accordingly, our results sugges
that the bacterioctonic pathway for ethanol
oxidation sigrificantly contributes to theenhanced
EER following chroric alcchol administration to
rats. The participaion of the bacteriocdonic
pathway in ethanol oxidation in the enhanced
ethanol metabolsmduring chroric alcohol admin-
istration further supportsthe possble role of gut
flora in the pathogenesis of alcdhol-related
symptomsand organdanmageand diseases.
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