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ABSTRACT
Introduction: The study focused on the evaluation of the pro-oxidative effect of acute ingestion of etha- 
nol superimposed on prolonged l-butanol vapour inhalation to simulate combined exposure to both 
alcohols in the industry: short term ethanol abuse and long-term exposure to l-butanol.
Materiał and Methods: Experiments were perform ed on małe Wistar rats exposed to 1-butanol at the 
concentration of 320 mg/m’’ for 3 months (5 h/day, 5 days/week), in dynamie inhalation chamber) and to 
ethanol (6 oral doses, 0.25 g/100 g b.w.) administered at 12 h intervals for the last three days of exposu- 
re). To estimate the redox state, cytochrome P-450 leveł, glutathione sulfhydryls content, glutathione- 
S-transferase activity, microsomal lipid peroxidation rate in the liver, and the total antioxidant potential 
of the serum, were determined.
Results: The studies revealed that the combined exposure to ethanol and 1-butanol, contrary to expo- 
sure to I-butanol vapour only or ethanol ingestion, resulted in the stimulation of hepatic microsomal 
lipid peroxidation with inhibition of glutathione-S-transferase activity, as well as inhibition of serum 
antioxidant potential.
Conclusions: Disturbances of the oxidative status induced by combined exposure may contribute to 
disorders in the lipoprotein structure of biomembranes both at subcellular and cellular levels with 
special reference to target organ, and thus aggravate the biological consequences of ethanol abuse and 
occupational exposure to 1-butanol.
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INTRODUCTION
H ealth  risk o f the com bined effect o f ethanol and 1-bu­

tanol results from occupational exposure to  1-butanol 
vapours and occasional ethanol abuse, and consum ption 
of com m ercial alcoholic drinks containing higher chain 
alcohols (e.g., izom ers of bu tanol) tha t can be induced in 
addition  to  ethanol [1],

T oxicokinetic in te ractions o f com bined  exposure to 
e thano l and bu tan o l arise from  sim ilar enzym atic p a th ­
ways involved in th e ir  m etabolism . B oth  alcohols are 
m etabolised  w ith the con tribu tion  o f cy tochrom e P-450 
m onooxygenases and alcohol dehydrogenase . T hus 
cytochrom e P-450 m onooxygenases m ay be induced 
by bo th  alcohols. A lcohol-inducible cy tochrom e P-450 
is able to  p roduce reactive oxygen species (R O S ) and 
th rough  this m echanism  may con tribu te  to  xenobiotic 
activation, eg. l-hydroxybutyl radicals w ere identified 
in the ra t liver m ierosom es incubated  with 1-butanol 
in the p resence o f N A D P H  [2J. It has also been  de- 
m o n stra ted  tha t oxidation  o f 1-butanol in the liver mi- 
crosom es con tribu tes to  ethano l-inducib le cytochrom e 
P-450 2E1. C ytochrom e P-450, th rough  g enera tion  of 
free radicals becom es the m ajo r enzym e responsible 
for th e  activation  o f alcohols in ethano l/bu tano l-fed  
ra ts  [3,4]. M oreover, it was ind icated  th a t the capacity 
of cytochrom e P-450 2E1 to  reduce oxygen is re la ted  
to  its ability to  g enera te  alcohol free radicals and th a t 
ferric cytochrom e P-450-oxygen com plex m ight act 
an oxidizing species tow ard  o th e r  alcohols [2], In  this 
study, it was assum ed th a t jo in t exposure to  e thano l 
and 1-butanol may intensify d e rangem en t o f the redox 
State in the ta rg e t o rgan of the rats induced by each o f 
these alcohols separately . T h erefo re , we decided  to  in- 
vestigate the pro-oxidative effect o f acu te ingestion of 
e thano l superim posed  on p ro longed  1-butanol vapours 
inhalation  in rats. E xperim en ta l m odel applied  in the 
study sim ulates the way o f com bined  exposure to  both  
alcohols in the industria l environm ent: chronic occu­
pational exposure to  1-butanol and occasional e thano l 
abuse.

MATERIALS AND METHODS
Treatment

E xperim ents were carried out on m ałe W istar rats 
(ou tb red  IM P:W IST) of 200-250 g/b.w., fed with a labo­
ratory  diet -  M urigram  (A gropol, Motycz, Poland) with 
free access to  w ater.

Rats were divided into four groups:

—  C ontrol group —  rats were kept in dynamie in­
halation cham ber for 3 m onths (5 h daily, 5 days 
weekly),

—  E thanol group —  rats were kept in dynamie inhala­
tion cham ber for 3 m onths (5 h daily, 5 days weekly) 
and for the last 3 days were trea ted  with ethanol. 
E thanol (reactified Spirit, Polmos, Poland) was 
adm inistered  by gavage (6 oral doses of 0.25 g/100 g 
b.w. at 12 h intervals),

—  1-Butanol group —  rats were exposed to r 3 m onths 
(5 h daily, 5 days weekly) to  1-Butanol (PO C H , Po­
land) at a concentration  of 320 mg/m3 in dynamie 
inhalation cham ber,

—  1-Butanol +  E thanol group —  rats were exposed 
for 3 m onths (5 h daily, 5 days weekly) to  1-Butanol 
(PO C H , Poland) at a concentration of 320 mg/m’’ in 
dynam ie inhalation cham ber and for the last 3 days 
of exposure jointly trea ted  with ethanol (6 oral 
doses of 0.25 g/100 g b.w. at 12 h intervals).

Each group consisted of 6 animals.
C oncentration  of 1-butanol vapours in the cham ber 

was contro lled  by m eans of gas chrom atograph (Varian 
1440).

In all experim ents the Polish law on the protection of 
anim als was followed [5].

Preparation procedures
Rats, fasted overnight, were sacrifked by decapita- 

tion and the livers and blood were im m ediately pro- 
cessed. Livers were excised and hom ogenized with th ree 
volum es of KC1 (150 mm ol) buffered with Tris-HCl 
(10 m m ol), pH  7.4 in a glass Potter-E lvehjem  homog- 
enizer with a tetlon pestle to  yield a 10% (w/v) homog- 
enate . M ierosom es and cytosol were obtained from  the 
postm itochondrial superna tan t by ultracentrifugation at 
105 000 g at 4°C for 75 min in Beckm an XL-70 O PTIM A  
preparative ultracentrifuge.

Biochemical assays
G lutathione sulfhydryls (GSH) was determ ined 

by the m ethod of Ellman et al. [6] and glutathione- 
-S-transferase (E.C. 2.5.1.18) by the m ethod of Habig et 
al. [7]. Cytochrome P-450 in mierosomes was determ ined 
according to O m ura and Sato [8]. Carbon monoxide dif- 
ference spectra of dithionite-reduced mierosomes were 
charted between 490 and 450 nm using Beckman ACTA 
CIII spectrophotom eter. An extinction coefficient of 91 
m m o l1 cm 1 was used for cytochrome P-450 ąuantifying. 
Protein was determ ined according to Lowry et al. [9]. 
Lipid peroxidation in the fresh microsomal (in vivo) was
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evaluated on the basis of the detection of thiobarbituric 
acid reactive substances (TBARs), as m alondialdehyde 
(M DA), according to M ihara et al. [10], An extinction co- 
efficient of 156 000 mol 'cm ' according to Wills was used 
for M DA form ation [ l i] ,  The antioxidant activity of serum 
(AOA) was evaluated using ox-brain hom ogenate accord­
ing to Stocks et al. [12], M DA concentrations in the zero 
time and after 1 h were m easured by the thiobarbituric 
acid reaction. The AOA of serum was expressed in term s 
of percentage inhibition of spontaneous auto-oxidation.

Statistical analysis
For com parisons of the exposed group to  control 

group and ethanol group the S tu d e n t's  t-test was used. 
The differences were considered statistically significant 
at p < 0.05.

RESULTS
General effects o f exposure

Exposure to  1-butanol vapours did not influence 
the food consum ption or body w eight gain, which was 
sim ilar in all groups to  and am ounted  to  0.75 g p e r day. 
No statistically significant d ifferences w ere found in the 
rat body weight, liver w et w eight, p ro te in  con ten ts o f 
the liver m icrosom es or g lu ta th ione sulfhydryls (G SH ) 
level betw een the contro l and exposed groups (Tab. 1 
and 2).

Effects of ethanol
Acutc adm inistration of ethanol to rats exerts stimula- 

tory effect on the lipid peroxidation in microsomal frac- 
tion, but the indicated differences w ere not statistically 
significant in com parison with the control group (Tab. 3).

Table 1. Effects of 1-butanol inhalation and/or acute ethanol 
administration on cytochrome P-450 level in the liver of rats

Group
Microsomal 

protein 
[mg/g liver]

Cytochrome P-450 
[nmol/mg micro­
somal protein]

Control 22.8±0.80 0.79±0.03

Ethanol 21.3 ±0.44 0.87±0.05

1-Butanol 23.9±0.86 1.00±0.05“

1 -Butanol + Ethanol 21.7 ±0.70 0.82±0.03

Groups: Control — givcn tap water ad libitum; Ethanol — 6 oral doses 
of 0.25 g/l 00 g body weight in 12 hours intervals for 3 days; 1-Butanol 
— inhalation cxposure to 1-hutanol at concentration of 320 mg/m', 5 h 
daily for 3 months; E thanol+ l-B utano l — at the end of exposure to 
1-butanol — for 3 days — jointly adm inistered ethanol (5 oral doses of 
0.25 g/10() g body wt for 3 days).
Each group consisted of 6 animals. Results are the mean ±SE.
1 Significantly different from the control at p < 0.05.

Table 2. Changes in the activity of glutathione-S-transferase 
and glutathione-SH content in the liver of rats chronically 

exposed to 1-butanol and/or ethanol

Group Glutathione-SH 
[/u.mol/g tissue]

Glutathione- 
-S-transferase 

[^mol/g tissue/min]

Control 6.48±0.31 68.20±1.21

Ethanol 6.60±0.31 60.10±2.77

1-Butanol 6.64±0.39 65.09 ±1.60

1-Butanol+ Ethanol 6.12±0.29 57.20±1.50a

Details are described in Table 1.

Table 3. The rate of lipid peroxide formation in the liver mi­
crosomal fraction in control and exposed animals and serum 

antioxidant activity

Group

Lipid peroxida- Antioxidant 
tion in vivo activity in serum 

[nmol MD A/mg] 
microsomal per cent 

protein

Control 1.23±0.09 23.0±0.9

Ethanol 2.27±0.65 18.7 ±2.0

1-Butanol 1.30±0.19 17.5 ±1.7

l-Butanol +Ethanol 3.10±0.56a 15.3±1.5‘

Details are described in Table I. 
M D A — malondialdehyde.

Effects of 1-butanol
1-Butanol vapours evoked neither statistically sig­

nificant changes in the hepatic gluthatione-S-transferase 
activity (Tab. 2) nor lipid peroxidation in m icrosom al 
fraction (Tab. 3). Prolonged exposure to  1-butanol 
induced cytochrom e P-450 in the liver m icrosom es, 
p <  0.05 (Tab. 1).

Effects of combined exposure to 1-butanol and ethanol
Ingestion of ethanol superim posed on prolonged 

3-m onth inhalation  of 1-butanol vapours provoked sta ­
tistically significant peroxidation of m icrosom al lipids 
(p <  0.05) in the liver and the decrease of antioxidant 
serum  reserve. This inerease was concom itant with slight 
but significant decrease in the g lutathione-S-transferase 
activity (Tab. 2). T he b io transform ation capacity of the 
liver, as inferred  from  the level of cytochrom e P-450, 
rem ained unchanged (Tab. 1). However, the ultra- 
structural exam ination of the hepatocytes perform ed 
in this study showed m odera te  proliferation  of sm ooth 
endoplasm ic reticulum , the source of cytochrom e P-450 
m onooxygenases.
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DISCUSSION
The results o f the study indicated tha t in rats exposed 

to  l-bu tanol at concentra tion  of 320 mg/m3, lipid per- 
oxidation and glu tath ione sulfhydryls conten t as well 
as glutath ione-S-transferase activity w ere unaffected. 
However, a com bined short-term  exposure to  ethanol 
superim posed on a long-term  exposure to  l-bu tanol 
vapours brought about a biological effect, m anifested by 
enhanced lipid peroxidation and decreased g lu tathione- 
S-transferase activity in the liver. This increase was con- 
com itant with a statistically significant decrease in serum  
antioxidant potential.

O xidant status in the liver may be considered as a con­
seąuence of two opposing events: l —  generation  of free 
radicals. e.g. in the course of cytochrom e P-450 catalysed 
hydroxylation of xenobiotics (organie solvents), and
2 —  reduction of antioxidant potential, free radical-scav- 
enging enzymes (the biological self-protecting system) 
[13,14,15]. D ata ob ta ined  in this study dem onstrated  
that disturbances in the liver oxidant status provoked by 
a com bined exposure to 1-butanol and ethanol may be 
categorized into direct pro-oxidative effect and reduc­
tion of antioxidative reserve.

O ver the last years, it has been suggested that lipid 
peroxidation might play an im portan t role in the liver 
dam age induced by ethanol. An increased level of lipid 
peroxides was dem onstrated  in the liver of ethanol abuse 
persons and anim als acutely and chronically trea ted  with 
ethanol [16,17,18,19]. C om porti et al. [20] dem onstrated  
changes in the hepatic m em brane fatty acids due to 
acute ethanol adm inistration. It has been found that 
short-chain alcohols (ethanol. m ethanol and n-buta- 
nol) in teract w ith lipid m em branes, and replace w ater 
bound at this site. Through this m echanism  alcohol may 
cause m em brane destabilisation and thus prom ote lipid 
peroxidation [21] A quantitative im m unohistochem ical 
analysis indicated fivefold increase of m alondialdehyde 
and 4-hydroxynonenal in the liver o f rats trea ted  with 
alcohol [22]. It has also been suggested that ethanol-in- 
duced lipid peroxidation seem s to be the consequence of 
im paired hepatocellu lar g lu ta th ione-dependen t defense 
system (glutathione and glu ta th ione-re lated  enzymes)
[23,24],

The assum ption that ethanol, as a pro-oxidative fac- 
tor, may influence the m etabolic and oxidative effect of 
1-butanol, a toxic chem ical occurred  in the industrial 
environm ent, was partly evidenced: ethanol enhance 
the 1-butanol m ediated  inerem ent of m icrosom al lipid 
peroxidation in the liver and decrease the antioxidant

potential o f the serum  although it failed to  increase 
m etabolic capacity of the liver. However, these changes 
may contribu te to  disorders in the lipoprotein structure 
of b iom em branes, both at subcellular and cellular lev- 
els, with special reference to  the target organ/system 
(m icrosom al m em branes, vessel walls) and a finally may 
poten tia te  the biological consequences of occupational 
exposure to  1-butanol and ethanol abuse.
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J. Jajte , J. Stetkiewicz, T. W rońska-N ofer 
STR ES O K SY D A C Y JN Y  U S Z C Z U R Ó W  EK SPO N O ­
W A N Y C H  NA 1-BUTAN OL I ETA N O L

Streszczenie
Szczury, samce rasy W istar narażano inhalacyjnie na 

pary 1-butanolu w stężeniu 320 mg/m ’ przez 3 miesiące, 
pięć godzin dziennie. Części zwierząt w ostatnich trzech 
dniach ekspozycji inhalacyjnej podano per os etanol 
w dawce 0,25 g/100 g masy ciała, 6 razy co 12 godzin. 
W  celu określenia statusu oksydacyjnego oznaczano 
w w ątrobie poziom cytochrom u P-450, aktywność 
S-transferazy glutationowej, peroksydację lipidów oraz 
w surowicy —  całkowity potencjał antyoksydacyjny.

Zarów no 1-butanol, jak i sam etanol nie spowodował 
istotnych zmian poziomu ocenianych wskaźników. E ta ­
nol wywołał jedynie nieistotny statystycznie 50%  wzrost 
peroksydacji lipidów błon mikrozomalnych. N atom iast 
w warunkach łącznej ekspozycji na 1-butanol i etanol 
stwierdzono w w ątrobie istotny wzrost stopnia peroksy­
dacji lipidów błona m ikrosomalnych, obniżenie aktyw­
ności transferazy glutationowej oraz obniżenie poziom u 
antyoksydacyjnego surowicy.
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