
1. In tro duc tion

Eth a nol, an in gre di ent of al co holic bev er ages, is
widely con sumed. Its toxic ef fects are mainly de pres -
sive on the cen tral ner vous sys tem and it is a strong
met a bolic poi son. Lon ger term in take re sults in hepa -
tocellular, cardio-vas cu lar, di ges tive sys tem dam age,
and dam age within the re spi ra tory sys tem. Me tab o lism 
of eth a nol pro duces ace tic al de hyde, free rad i cals, hy -

dro gen per ox ide and prod ucts of lipid peroxidation,
which gen er ate DNA dam age.

Eth a nol is one of the fac tors which in duce for ma -
tion of re ac tive ox y gen spe cies (ROS). The role of eth -
a nol with re spect to ROS is equiv o cal. In re gard to
ox y gen stress, eth a nol can in duce bidirectional ef fects –
on the one hand, it can gen er ate re ac tive forms of ox y -
gen, on the other it ex hib its an an ti ox i dant ef fect, as
a so-called scav en ger of the hy drox ide rad i cal [2, 6].
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Pro longed abuse of ethyl al co hol leads to dam age
to the myocardium and skel e tal mus cles [8, 17, 23].

Re ac tive forms of ox y gen (ROS) are ox y gen de riv -
a tives which, hav ing one or more un paired elec trons in 
the outer or bital, are known as free rad i cals, for ex am -
ple: the hydroperoxide rad i cal (HO2ÿ), hydroxyl rad i -
cal (ÿOH), an ionic rad i cal superoxide (O2ÿ

– ), and also
those which do not have these kinds of elec trons, e.g.
hy dro gen per ox ide (H2O2) [2].

The ef fect of ROS on cells and their com po nents
can be peroxidation of lipids of the mem brane, ox i da -
tion of macromolecular com pounds (glutathione,
ascorbate), frac ture of the DNA thread, dam age to
DNA nucleobases, chro mo some dam age, in hi bi tion of 
ox i da tive phosphorylation in mi to chon dria, gen er at -
ing mu ta tions and can cer ous trans for ma tion of cells.

Peroxidation of lipids is the best known bi o log i cal
pro cess in volv ing free rad i cals, in which un sat u rated
lipid ac ids and other lipids are oxi dised, and also per -
ox ides of these com pounds are cre ated. TBARs (com -
pounds which re act with thiobarbituric acid) are
prod ucts of this pro cess, (MDA) malondialdehyde be -
ing one of them.

There are de fen sive mech a nisms in aer o bic or gan -
isms that pro tect them from the toxic ef fects of ox y -
gen. These mech a nisms are re lated to the pres ence of
var i ous com pounds with a va ri ety of bi o log i cal mech -
a nisms in cytosol, in organelles, in the cell mem brane
and sys temic flu ids. En zy matic and non-en zy matic
com pounds which pro tect against the toxic ef fects of
free rad i cals can be found in cytosol and mi to chon dria
[15, 22].The best known are: super ox ide dismutase
(SOD), catalase and peroxidase. Super ox ide
dismutase ca tal y ses trans for ma tion of an ionic rad i cal
superoxide to hydroperoxide and mo lec u lar ox y gen.
Cata las es break down hydroperoxide to wa ter and ox -
y gen, peroxidases are en zymes which also elim i nate
hy dro gen per ox ide.

2. Aim of the re search

The aim of this re search was to eval u ate the in -
crease in peroxidation of lipids in car diac homo ge -
nates and in red blood cells by mea sur ing the con -
centration of sub stances that re act with thiobarbituric
acid (TBARs), eval u ate the amount of hy dro gen per -
ox ide gen er a tion in car diac homogenates, eval u ate the
re sponse strength of the antioxidation sys tem in the
heart and in in tox i cated an i mal blood by mea sur ing the 
con cen tra tion of free –SH groups in homogenates and
the ac tiv ity of catalase en zymes and superoxide dis -
mutase in erythrocytes.

3. Ma te ri als and meth ods

The ex per i ment was con ducted on 240–290 g male
in bred Lewis rats aged about 6 months. 30 rats were
used, which were di vided into three equal groups, each 
re ceiv ing 1 M of ethyl al co hol so lu tion. Rats were
killed in the 4th, 8th, and 12th week of the ex per i ment
by open ing the chest (an es the tized with verbutal,
30 mg/kg, ip.). The con trol group con sisted of 10 rats
that had wa ter to drink. Dur ing the ex per i ment, there
were 5 an i mals per cage, with free ac cess to food
(Murigran gran u lated fod der) and the tem per a ture was
main tained at 20°C. Blood was col lected at the au -
topsy from the an i mal’s heart into a test tube with
EDTA an ti co ag u lant. The eryth ro cyte mass was rinsed 
three times with 4°C, 0.9% NaCl so lu tion at a vol ume
ra tio of 1:2 and frozen at a tem per a ture of –20°C for
fur ther re search. The ac tiv ity of super per ox ide dis -
mutase (CuZn-SOD) was as sayed by the Misra and
Fridovich method [16], and that of catalase (CAT)
with the Beers and Sizer method [3]. The con cen tra -
tion of TBARs in eryth ro cytes was as sayed by the
Placer et al. method [19].

Af ter re mov ing sec tions for elec tron and light mi -
cros copy, the heart was stored at –80°C till homo -
genates were made. The con cen tra tion of TBA-reac -
tive prod ucts was de ter mined by the spectro fluoro -
metric method [26], the amount of hydroperoxide gen -
er ated from or ganic homogenates by the spectro flu -
orometric method with homovanillic acid and horse -
rad ish peroxidase, while the con cen tra tion of dis -
solvable –SH groups with Ellman’s method.

All the de scribed meth ods were ap proved by the
Lo cal Eth i cal Com mis sion in £ódŸ for An i mal Ex per i -
ments (No. £/BD/53, 22.05.2001).

Sta tis ti cal anal y sis was based on para met ric tests
(Stu dent’s t-test for small groups with p < 0.05 con fi -
dence in ter val) af ter nor mal ity of dis tri bu tion was
tested – us ing the Kolmogorov-Smirnov test with the
Lillieforse mod i fi ca tion. For mul ti ple com par i sons,
anal y sis of ANOVA vari ances was used. In or der to
se lect an ap pro pri ate test for the data, the Shapiro-
Wilk test was ap plied. If the dis tri bu tion was not nor -
mal, then the U Mann-Whit ney, a non-para met ric test,
was used. Cal cu la tions were car ried out with Statistica®

soft ware.

4. Re sults

In the 8th week of ethyl al co hol in tox i ca tion, an al -
most three fold in crease in TBARs in car diac mus cle
ho mog e nate com pared to the con trol group and a sta -
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tis ti cally sig nif i cant in crease com pared to the 4-week
group were ob served. How ever, in the 12th week of the
ex per i ment, the con cen tra tion of TBARs dropped by
al most 2 times com pared to the con cen tra tion in the
8th week (Ta ble I).

Con ducted bio chem i cal tests re vealed an in crease
in con cen tra tions of lipid peroxidation prod ucts (cal -
cu lated per gram hae mo glo bin) in red cells of chron i -
cally eth a nol in tox i cated rats at ev ery time in ter val (in
4th, 8th, 12th week) com pared to the ap pro pri ate con trol
group (Ta ble II).

In the 4th week of eth a nol in tox i ca tion, a sta tis ti -
cally sig nif i cant in crease in hydroperoxide con cen tra -
tion in car diac mus cle ho mog e nate (com pared to the

con trol) was ob served. The dif fer ences in the other
groups were sta tis ti cally in sig nif i cant (Ta ble III).

In the 4th week of the ex per i ment, a de crease in the
con cen tra tion of free thiol groups com pared to the
con trol group was ob served. No such dif fer ences were
ob served be tween other groups and the con trol group
in the 8th and 12th week of in tox i ca tion (Ta ble IV).

In the 4th week of the ex per i ment, dur ing the in tox i -
ca tion of rats with 1 M eth a nol, a sta tis ti cally sig nif i -
cant in crease in catalase ac tiv ity was ob served. In the
8th week, the level of ac tiv ity de creased to a lower

value than in the con trol group. In the 12th week, the
ac tiv ity of catalase in creased com pared to the 8th week, 
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TA BLE I. TBARs CON CEN TRA TION VALUE ([mM/mg] OF PRO TEINS) IN HEART

HOMOGENATES DUR ING IN TOX I CA TION WITH ETH A NOL

Eth a nol Con trol
group

4th week 8th week 12th week

Mean 1.49 1.68 4.52 2.36

SD 0.72 0.85 1.34 0.92

N 10 10 10 10

Statistical analysis

Control group ´ Nd p < 0.01 Nd

4th week Nd ´ p < 0.01 Nd

8th week p < 0.01 p < 0.01 ´ p < 0.05

12th week Nd Nd p < 0.05 ´

Nd – not de tected.

TA BLE II. TBARs CON CEN TRA TION VALUE [mM/g Hb] IN ERYTH RO CYTES OF RATS

CHRON I CALLY IN TOX I CATED WITH ETH A NOL

Eth a nol Con trol 4th week 8th week 12th week

Mean 0.14 0.2 0.24 0.24

SD 0.01 0.04 0.05 0.05

N 10 10 10 10

Statistical analysis

Control group ´ p < 0.01 p < 0.01 p < 0.01

4th week p < 0.01 ´ nd p < 0.05

8th week p < 0.001 Nd ´ Nd

12th week p < 0.001 p < 0.05 Nd ´

Nd – not de tected.



but the level was still lower than the con trol value (Ta -
ble V).

Superoxide dismutase [U/gHb] ac tiv ity was re du -
ced in the 8th and 12th week of the ex per i ment (Ta ble VI). 

5. Dis cus sion

The pres ent ex per i ments dem on strated changes in
con cen tra tion of TBARs, hy dro gen per ox ide, free SH– 
groups and changes in de fen sive antioxidative en -
zymes ac tiv ity – catalase and superoxide dismutase in
chronic eth a nol intoxication.

Eth a nol is known for its toxic ac tion. Now a days, it
is thought that ox i da tive stress is one of the fac tors
which plays an im por tant role in eth a nol-in duced tox -
ic ity [6]. Ad min is tra tion of eth a nol to lab o ra tory an i -
mals in duces an in crease in lipid peroxidation in the
liver and brain and a re duc tion in glutathione con cen -

tra tion in the liver [14]. In the blood of al co hol ics,
a higher level of con ju gated dienes – the first prod ucts
of lipid peroxidation – was ob served [10].

In the pres ent ex per i ment, dur ing in tox i ca tion, an
in crease in lipid peroxidation prod ucts in eryth ro cytes
and changes in ac tiv ity of antioxidative en zymes were
ob served. How ever, other re search ers ob served a smaller 
in crease in TBARs level in rat liver homogenates af ter
6 weeks of 36% ethyl al co hol in take. More over, they
ob served a sig nif i cant in crease in the level of whole
and re duced glutathione, and ac tiv ity of catalase,
glutathione reductase and transferase in the liver. The
ac tiv ity of glutathione peroxidase was lower than in
the con trol group [18]. In the pres ent ex per i ments,
a re duc tion in the con cen tra tion of free SH-groups in
the 4th week of the ex per i ment was ob served.

In our own ex per i ments, TBARs con cen tra tions in
red blood cells and in car diac mus cle homogenates in -
creased dur ing chronic in tox i ca tion. 
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TA BLE III. HYDOROGEN PER OX IDE CON CEN TRA TION VALUE ([mM/mg] OF PRO TEINS)

IN HEART HOMOGENATES DUR ING IN TOX I CA TION WITH ETH A NOL

Eth a nol Con trol 4th week 8th week 12th week

Mean 481.00 2135.94 2119.0 1079.14

SD 123.21 880.56 1425.52 468.12

N 10 10 10 10

Statistical analysis

Control group p < 0.05 Nd Nd

4th week ´ Nd Nd

8th week Nd ´ Nd

Nd – not de tected.

TA BLE IV. SH-GROUP CON CEN TRA TION VALUE ([mM/mg] OF PRO TEINS) IN HEART

HOMOGENATES IN CHRONIC IN TOX I CA TION WITH ETH A NOL

Eth a nol Con trol 4th week 8th week 12th week

Mean 534.28 320.40 450.20 495.40

SD 197.82 140.45 235.25 120.50

N 10 10 10 10

Sta tis ti cal anal y sis

Con trol group p < 0.01 Nd Nd

4th week ´ Nd Nd

8th week Nd ´ Nd

Nd – not de tected.



The ob served re duc tion of TBARs in car diac
homo genates in the 12th week of our study, com pared
with the 8th week could be ex plained by the fact that
TBARs, es pe cially MDA (malondialdehyde), can in
cer tain con di tions re act with hydroperoxide, which
leads to de com po si tion of both com pounds [13]. In rat
eryth ro cytes, the con cen tra tion of TBARs grew with
in creased du ra tion of in tox i ca tion.

Calabrese et al. dur ing the 12th week of eth a nol in -
tox i ca tion of rats (2g/kg/day) ob served an in crease in
lipid peroxidation prod ucts in liver and brain
homogenates [4]. It is worth men tion ing, how ever,
that there have also been re ports in the lit er a ture which
in di cate no change in malondialdehyde con cen tra tion
af ter eth a nol con sump tion [24].

The abil ity to gen er ate free rad i cals by eth a nol was
proven us ing spin traps and elec tron para mag netic res -
o nance [5].

In phys i o log i cal con di tions, there is a bal ance be -
tween pro duc tion of re ac tive ox y gen spe cies and elim -
i na tion by intra- and ex tra-cel lu lar antioxidative sys-
tems. Dom i nance of prooxidative sys tems over anti -
oxidative ones will lead to ox i da tive stress. This state
can dam age cells and causes many dis eases, in clud ing
al co hol cardiomyopathy [8, 11, 12, 20, 25].

Car diac mus cle, like other tis sues, has free rad i cal
neu tral iz ing en zymes. The most im por tant are: super -
oxide dismutase, catalase, glutathione per ox ide,
glutathione reductase and non-en zy matic an ti ox i -
dants.

Eth a nol also has an in flu ence on the ac tiv ity of
antioxidative en zymes. In our study, an in crease in
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TA BLE V. CATALASE AC TIV ITY [U/gHB] IN ERYTH RO CYTES OF RATS IN TOX I CATED

WITH ETH A NOL

Eth a nol Con trol 4th week 8th week 12th week

Mean 9.04 11.4 4 7.4

SD 0.87 1.8 0.7 1.4

N 10 10 10 10

Statistical analysis 4th week 8th week 12th week

Control p < 0.05 p < 0.001 p < 0.01

4th week ´ p < 0.001 p < 0.001

8th week p < 0.001 ´ p < 0.001

12th week p < 0.001 p < 0.001 ´

TA BLE VI. SUPEROXIDE DISMUTASE AC TIV ITY [U/gHb] IN ERYTH RO CYTES OF RATS

IN TOX I CATED WITH ETH A NOL

Eth a nol Con trol 4th week 8th week 12th week

Mean 2208 2078 1796 1676

SD 65 189 255 195

N 10 10 10 10

Statistical
analysis

Control Nd p < 0.001 p < 0.001

4th week ´ p < 0.05 p <0.001

8th week p < 0.05 ´ Nd

12th week p < 0.001 Nd ´

Nd – not de tected.



catalase ac tiv ity in the 4th week in red blood cells was
ob served, but it was re duced at suc ces sive time in ter -
vals. In the case of superoxide dismutase, the re duc -
tion in ac tiv ity oc curred in the 8th and 12th week.

Chronic in tox i ca tion with al co hols re sults in re duc -
tion of catalase and dismutase ac tiv ity [9], which could 
sug gest a de cline in the antioxidative de fence sys tem.
The in crease in catalase ac tiv ity ob served in the
4th week of eth a nol in tox i ca tion could be con nected
with rapid antioxidative de fence. The re duc tion of ac -
tiv ity could be caused by in creased pro duc tion of
superoxidative amino-rad i cals and an ex ces sive amount 
of hy dro gen per ox ide dur ing chronic in tox i ca tion.

In chronic eth a nol in tox i ca tion, re duced ac tiv ity of
catalase, superoxide dismutase and glutathione
peroxidase in car diac mus cle homogenates was dem -
on strated [1].

Sozmen et al. ob served a sig nif i cant in crease in
catalase ac tiv ity 1 hour af ter eth a nol ad min is tra tion to
rats [24]. D’Almeida et al. [7] stated that af ter
13 weeks of eth a nol in take at a dose of 1.5g/kg, the ac -
tiv ity of catalase was re duced. But the ac tiv ity of this
en zyme re turned to the ini tial state two months af ter
with drawal from eth a nol.

6. Con clu sions

1. Chro nic et han ol in toxic ati on in crea ses the con -
cent rati on of li pid pe roxid ati on pro ducts and hy -
drog en pe roxide in both car diac ho mog ena tes and
red blo od cells in rats, which su ggests deve -
lopment of oxi dat ive stress.

2. Et han ol in toxic ati on over a long pe riod re sults in
re duct ion of ca tal ase and su per oxide di smut ase
act ivity and con cent rati on of free SH-gro ups,
which could in dic ate im pai rme nt of an tioxid ati ve
de fence.
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1. Wstêp

Al koh ol etyl owy nale ¿y do po wszechn ie  spo¿ywa -
nych sk³ad ników na pojów al koh olo wych. Jest tru cizn¹
dzia³aj¹c¹ g³ówn ie de pres yjnie na oœ rodk owy uk³ad ner -
wowy oraz siln¹ tru cizn¹ me tab oli czn¹. Jego d³u¿ sze
 spo ¿ywanie do prow adza do uszkod zenia w¹tro by, uk³a -
du ser cowo-na czyn iowe go, uk³adu po karm owe go oraz
uszkod zenia w obrêbie uk³adu od dec howe go. W toku
prze mian etan olu po wstaje mie dzy in nymi al deh yd octo -
wy, wol ne rod niki, nad tlen ek wo doru, pro dukty pe roks y -
da cji li pidów, kt óre ge ner uj¹ uszkod zenia DNA.

Etan ol jest jed nym z czy nników in duk uj¹cych wy -
twar zanie re akt ywny ch form tle nu (RFT). Rola etan olu
w od nies ieniu do RFT nie jest jed noz naczna. Al koh ol
etyl owy, w aspekc ie stre su tle now ego, mo¿e wyk azy waæ
dzia³anie dwu kier unko we – z jed nej stro ny mo¿e pr owa -
d ziæ do ge ner acji re akt ywny ch form tle nu, zaœ z dru giej
mo¿e wyk azywaæ dzia³anie an tyo ksy dac yjne, bêd¹c tzw.
zmia tac zem rod nika wo dor otl enow ego [2, 6].

Prze wlek³e nadu ¿ywanie al koh olu etyl owe go pro wa -
d zi do uszkod zenia zarówno miêœnia ser cow ego, jak
i miê œni szkie let owy ch [8, 17, 23]. 

Re akt ywne for my tle nu (RFT) to po chodne tle nowe,
któ re, po siad aj¹c je den lub wi êcej nie spar owa nych ele k tro -
nów na zew nêtr znym or bit alu, s¹ zwa ne wol nymi rod ni k a -
mi, np. rod nik wo dor ona dtle nkowy (HO2

·), rod nik wo do-
 rotlenowy (·OH), anion oro dnik po nadt lenko wy (O2

· –), jak
i te, kt óre nie po siad aj¹ ta kich el ektronów np. nad tlen ek
wo doru (H2O2) [2].

Efekt em dzia³ania RFT na komór ki i ich sk³ad niki
mo¿e byæ m.in. pe roks yda cja li pidów b³on, utlen ianie
zwi¹zków drob nocz¹stecz kow ych (glu tat ion,  askorbi nian),
pêk niê cia nici DNA, uszkod zenie za sad DNA,  uszko -
dzenia chromo somów, in hib icja fos for yla cji oksy dac yj -
nej w mi toc hondr iach, po wstaw anie mu tac ji i trans for -
ma cja no wot woro wa ko mór ek.

Pe roks yda cja li pidów jest naj bard ziej zna nym  biolo -
gicznym pro ces em wol nor odni kow ym, w któ rym s¹  utle -
niane nie nas yco ne kwa sy t³uszczo we lub inne li pidy,
a tak¿e po wstaj¹ nad tlenki tych zwi¹zków. Pro dukt ami
tego pro cesu s¹ TBARs (sub stanc je re aguj¹ce z kwa sem
tio barb itu row ym), do któ rych nal e¿y miê dzy in nymi dial -
deh yd ma lon owy (MDA). 

W or gan izm ach tl eno wców wy stê puj¹ me chan izmy
ochronne prze ciwd zia³aj¹ce tok syczn emu dzia³aniu tle -
nu. Me chan izmy te s¹ zwi¹zane z ob ecno œci¹ w cy toz olu,

w or gan ella ch, w b³onie ko mór kowej oraz w p³ynach
ustroj owy ch roz mai tych sub stanc ji o ró¿ nym  mecha -
nizmie dzia³ania. W cy toz olu i mi toc hondr iach wy stê puj¹ 
sub stanc je o cha rakt erze en zym aty cznym i nie enz yma -
tyc znym, któ re za pob iegaj¹ tok syczn ym wp³ywom wol -
nych rod ników tle now ych [15, 22]. Naj bard ziej zna ne
z nich to: dysmu taza po nadt lenko wa (SOD), ka tal aza
oraz pe roks yda za. Dysmu taza po nadt lenko wa ka tal izu je
re akc jê prze kszta³ce nia anion oro dnika po nadt lenko wego 
do nad tlenku wo doru i tle nu cz¹stecz kow ego. Ka tal azy
rozk³adaj¹ nad tlen ek wo doru do wody i tle nu cz¹stecz -
kow ego, zaœ pe roks yda zy s¹ en zym ami, kt óre usuw aj¹
równ ie¿ nad tlen ek wodoru.

2. Cel pracy

Ce lem ni niejs zych ba dañ by³a ocena na sil enia  per -
oksy dacji li pidów w ho mog ena tach ser ca i w krwin kach
czer won ych po przez po miar st ê¿enia sub stanc ji re agu -
j¹cych z kwa sem tio barb itu row ym (TBARs), ocena wiel -
koœci ge ner acji nad tlenku wo doru z ho mog enatów serc,
ocena stop nia od pow iedzi uk³adu an tyo ksy dac yjn ego
w ser cu i krwi in toks yko wan ych zwierz¹t po przez po miar 
st ê¿enia wol nych grup –SH w ho mog ena tach oraz ak tyw -
noœ ci en zym ów ka tal azy i dysmu tazy po nadt lenko wej
w eryt rocy tach.

3. Materia³ i metody

Eks per yme nt prze prow adz ono na szczu rach szcze pu
wsob nego Le wis, sam cach o ma sie ok. 240–290 g w wie -
ku ok. 6 mie siêcy. Do bad añ u¿y to 30 szc zurów, któ re po -
dziel ono na trzy ró wnoli cze bne pod grupy, któ rym po -
da wano do pi cia 1 M ro ztwór al koh olu etyl owe go, a szczu ry 
uœmie rcano w 4, 8, i 12 ty god niu do œwi adczenia przez
otwarc ie klat ki pier siow ej po wcze œnie jszym uœpi eniu
Vet but alem (pen tob arbi tal) w daw ce 30 mg/kg m.c. po da -
nym do otrzewn owo. Gr upê kon troln¹ sta nowi³o 10  szczu -
rów, któ rym do pi cia po daw ano wodê. Zw ier zêta prze -
bywa³y w cza sie doœ wiadczenia w klat kach po 5 osob -
ników, w tem per atu rze 20°C ze swo bodn ym dos têpem do 
po karmu (pa sza gra nul owa na Mu rig ran). Krew do ba dañ
po bier ano pod czas sek cji zwierz¹t z ser ca do pro bówki
z an tyk oag ulan tem EDTA. Masê eryt rocy tarn¹ prze my -
w ano trzy krotn ie oziê bionym do tem per atu ry 4°C 0,9%
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roz twor em NaCl w sto sunku obj êtoœ ciowym 1:2 i zam -
ra¿a no w tem per atu rze –20°C do dal szych bad añ.
 Aktywnoœæ dysmu tazy po nadt lenko wej (CuZn-SOD) oz -
nac zano me tod¹ Mi sry i Fri dovic ha [16] oraz ka tal azy
(CAT) me tod¹ Be ersa i Si zera [3]. St ê¿e nie TBARs
w eryt rocy tach oznac zano me tod¹ Pla cera i in. [19].

Ser ce po po bran iu wy cink ów do mi kros kopii œw ietl -
nej i elekt rono wej prze chow ywa no w tem per atu rze –80°C
do cza su wy kon ania ho mog ena tów. St ê¿e nie pr o du któw
TBA-re akt ywny ch oznac zano me tod¹  spektro fluory met -
ryczn¹ [26], po miar wi elkoœci ge ner owa nia nad tlenku
wo doru z ho mog enatów narz¹do wych me tod¹  spektro -
fluorymetryczn¹ z kwa sem ho mow ani lin owym i  per -
oksydaz¹ chrza now¹ [21], zaœ stê¿e nie  rozpusz czalnych
grup –SH me tod¹ z od czynn iki em Ell mana.

Wszyst kie opis ane pro ced ury uzys ka³y po zyt ywn¹
ak cep tacjê Lo kaln ej Ko mis ji Etyczn ej w £odzi do Spraw
Doœwiadczeñ na Zwierzêtach de cyzj¹ nr £/BD/53 z dnia
22.05.2001 r.

Analizê sta tys tyczn¹ wyn ików oprac owa no w  opar -
ciu o te sty pa ram etr yczne (t-Stu denta dla ma³ych prób
przy po ziom ie is totn oœci p < 0,05) po wc zeœn iejszym
prze prow adz eniu test ów norm alno œci rozk³adu zmien -
nych – test Ko³mo gor owa-Smirn owa z po prawk¹  Lillie -
forsa. Do wie lok rotny ch por ówn añ za stos owa no an alizê
wa rianc ji Anova. W celu wy bran ia od pow iedni ego te stu
spraw dzono, czy od pow iednie pr óby pod lega³y roz k³a -
do wi nor maln emu (test Shap iro-Wil ka). W przy padku
rozk³adu nie norm alne go sto sow ano test  nieparame -
tryczny U Man na-Whit neya. Ob lic zenia  przeprowa dzo -
no przy u¿ yciu pro gramu kom put ero wego Sta tis tica.

4. Wyniki

W 8 ty god niu in toks yka cji al koh olem etyl owym ob -
serw owa no w ho mog ena tach mi êœn ia ser cow ego nie mal
3-krot ny wzrost TBARs w sto sunku do gru py kon trol nej
oraz zna mienny sta tys tycznie wzrost w sto sunku do gru -
py 4-ty god niowej. W 12 ty god niu do œwi adczenia  na s t¹ -
pi³ nie mal dwu krotny spa dek stê ¿enia TBARs w po rów -
naniu do stê¿enia w 8 ty god niu (zob. ta bela I).

Prze prow adz one ba dan ia bio chem iczne wy kaza³y
w krwin kach czer won ych szcz urów prze wlek le in toks y -
ko wan ych al koh olem etyl owym wzrost stê¿enia pr o duk -
tów pe roks yda cji li pidów w prze lic zeniu na gram hemo -
glo biny w ka ¿dym ba dan ym prze dziale cza sow ym (w 4, 8 
i 12 ty god niu) w sto sunku do gru py od nies ienia (zob. ta -
bela II). 

W 4 ty god niu in toks yka cji roz twor em etan olu ob -
serw owa no istotny sta tys tycznie wzrost stê¿enia nad tlen -
ku wo doru w ho mog ena cie mi êœn ia ser cow ego w po rów -
na niu do gru py kon trol nej. W po zos ta³ych gru pach ró¿ -
nice nie by³y istotne sta tys tycznie (zob. ta bela III).

W 4 ty god niu do œwi adczenia ob serw owa no spa dek
stê ¿enia wol nych grup tio low ych w por ówn aniu z grup¹
od nies ienia. Nie ob serw owa no na tom iast ta kich ró ¿nic
mie dzy po zos ta³ymi gru pami a grup¹ od nies ienia
w 8 i 12 ty god niu in toks yka cji (zob. ta bela IV).

W 4 ty god niu do œwi adczenia pod czas in toks yka cji
sz czur ów 1 M al koh olem etyl owym za obs erwo wano zna -
mienny sta tys tycznie wzrost aktywnoœci ka tal azy.
W 8 ty god niu do œwi adczenia ak tyw noœæ ta spad³a do
war toœ ci ni ¿sz ej ni¿ w gru pie kon trol nej. W 12 ty god niu
in toks yka cji ak tywn oœæ ka tal azy wzros³a w porównaniu
z 8 ty god niem, jed nak do war toœci ni¿ szej ni¿ w gru pie
por ównawczej (zob. ta bela V).

Ak tyw noœæ dysmu tazy po nadt lenko wej zma la³a
w 8 i 12 ty god niu do œwi adczenia (zob. ta bela VI). 

5. Dyskusja wyników

Prze prow adz one doœw iadc zen ia na szczu rach wy ka -
za³y zmia ny w za kres ie st ê¿eñ TBARs, nad tlenku wo -
doru, wol nych grup SH oraz zmi anê akt ywnoœci enzy -
mów obrony an tyo ksy dac yjn ej – ka tal azy i dysmu tazy
po nadt lenko wej w prze wlek³ej in toks yka cji etan o lem.

To ksyc znoœæ etan olu jest do brze zna na. Obecn ie s¹ -
dzi siê, ¿e stres oksy dac yjny jest jed nym z czy nników de -
cyd uj¹cych o tej to ksy cznoœci [6]. Po daw anie  zwierzê -
tom do œwi adc zalnym etan olu po wod uje wz mo¿ enie per -
oksy dac ji lipi dów w w¹tro bie i w móz gu oraz obn i¿enie
stê ¿enia glu tat ionu w w¹tro bie [14]. We krwi  na³ogo-
 wych alk oholików stwier dzono podwy¿ szony po ziom
 sprzê¿onych di enów – pocz¹tkow ych prod uktów  peroksy -
dacji lipi dów [10]. 

W do œwi adc zeniu prze prow adz onym przez autorów
ni niejs zej pra cy za obs erwo wano w mi arê trwa nia  into k -
sy kacji wzrost produktów pe roks yda cji li pidów w  ery -
trocytach oraz zm ianê ak tywn oœci en zymów an tyo ksy -
da cyjn ych. Inni ba dac ze za obs erwo wali nie znaczny wzrost
po ziomu TBARs w ho mog ena tach w¹tro by  szczu rów, któ -
rym po daw ano przez 6 ty god ni 36% al koh ol etyl owy. Za -
obs erwo wano na tom iast w w¹tro bie znacz ny wzrost ca³-
 ko witego i zre duk owa nego glu tat ionu, a po nadto ak -
tywn oœci ka tal azy, re dukt azy glu tat iono wej i trans fer azy
glu tat iono wej. Akt ywn oœæ pe roks yda zy glu tat iono wej
by³a ni¿ sza ni¿ w gru pie kon trol nej [18]. W prze prow a -
dz onych doœw iadc zen iach za obs erwo wano spa dek stê -
¿enia wol nych grup SH w 4 ty god niu do œwi adczenia.

Wy kon ane ba dan ia w³asne wy kaza³y wzrost stê¿enia
TBARs zarówno w krwin kach czer won ych, jak i w ho -
mog ena tach serc sz czu rów, w prze wlek³ej in toks yka cji
etan olem.

Ob serw owa ny w opis any ch tu ba dan iach znacz ny
spa dek TBARs w ho mog ena tach serc w 12 ty god niu do -
œwi adczenia w sto sunku do war toœci z 8 ty god nia mo ¿na
wyt³um acz yæ w ten sp osób, ¿e TBARs, a zw³asz cza
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MDA (dial deh yd ma lon owy), mo¿e w pew nych  warun -
kach re agow aæ z nad tlenk iem wo doru, co pro wad zi do
rozk³adu obu zwi¹zków [13]. W eryt rocy tach szcz urów
stê¿ enie TBARs w miarê trwa nia in toks yka cji ros³o.

Ca lab rese i in. za obs erwo wali w cza sie 12-ty god -
niowej in toks yka cji sz czur ów etan olem w daw ce
2g/kg/dzi eñ wzrost stê¿enia produktów pe roks yda cji li -
pidów w ho mog ena tach w¹tro by i móz gu [4]. Jed nak¿e
war to zaz naczyæ, ¿e ist niej¹ w piœ miennictwie tak ¿e do -
nies ienia wska zuj¹ce, ¿e stê¿ enie dial deh ydu ma lon owe -
go po sp o¿y ciu etan olu nie zmie nia³o siê [24].

Zdol noœæ etan olu do ge ner owa nia wol nych rod ników
zo sta³a do wied ziona w sp osób be zpoœ redni z za stos owa -
niem pu³apek spi now ych i me tody elekt rono wego  rezo -
nansu pa ram agn etyc znego [5].

W wa runk ach fi zjol ogi cznych ist nieje zwy kle stan
rów nowagi miê dzy wy twar zani em re akt ywny ch form tle -
nu a ich elim ina cj¹ przez wewn¹trz- i zewn¹tr z ko mórk o -
we licz ne uk³ady an tyo ksy dac yjne. Prze waga uk³adów
pro oks yda cyj nych nad an tyo ksy dac yjn ymi do prow adza
do roz woju stre su oksy dac yjne go. Stan ten mo¿e powo -
dow aæ uszkod zenie komórek, do prow adz aj¹c do roz woju 
wie lu cho rób, w tym rów nie¿ kar diom iopa tii al koh olo -
wej [8, 11, 12, 20, 25]. 

Mi êsi eñ ser ca, jak inne tkan ki, po siada en zymy neu -
tral izuj¹ce wol ne rod niki. Naj wa¿ niejsze z nich to: dys -
mu taza po nadt lenko wa, ka tal aza, pe roks yda za glu ta tio-
nowa, re dukt aza glu tat iono wa oraz an tyo ksy dan ty nie -
enz yma tyc zne. 

Etan ol wy wiera ró wnie¿ wp³yw na ak tywn oœæ  enzy -
mów an tyo ksy dac yjn ych. W opis anym tu doœwiadczeniu
 zaob serwowano wzrost aktywnoœci ka tal azy w krwin kach
czer won ych w 4 ty god niu in toks yka cji, zaœ w ko lejn ych
prze dzia³ach cza sow ych ob serw owa no spa dek akt ywnoœci
tego en zymu. W przy padku dysmu tazy po nadt lenko wej
stwier dzono spa dek akt ywnoœci w 8 i 12 ty god niu.

D³ugot rwa³a in toks yka cja al koh ola mi po wod uje spa -
dek akt ywnoœci ka tal azy i dysmu tazy [9], co mo¿e œwiad -
czyæ o wy czerp aniu obrony an tyo ksy dac yjn ej. Ob ser -
wo wany w 4 ty god niu in toks yka cji etan olem wzrost ak -
tywnoœci ka tal azy mo¿e byæ zwi¹zany z gwa³town¹ obro -
n¹ an tyo ksy dac yjn¹ or gan izmu. Ob ni¿ enie ak tyw noœ ci
mo¿e byæ spo wod owa ne zwi êks zon¹ pro dukcj¹ aniono -
rodników po nadt lenko wych oraz nad miar em nad tlenku
wo doru w prze biegu prze wlek³ej in toks yka cji.

W in toks yka cji prze wlek³ej etan olem opis ano spa dek
akt ywnoœci ka tal azy, dysmu tazy po nadt lenko wej i pe -
roks yda zy glu tat iono wej w ho mog ena tach mi êœn ia ser -
cow ego [1]. Soz men i in. za obs erwo wali znacz ny wzrost
aktywnoœci ka tal azy po 1 go dzin ie od poda nia szczu rom
etan olu [24]. D’ Alm eida i inni [7] stwier dzili spa dek ak -
tywnoœci ka tal azy po 13 ty god niach przyj mow ania  eta -
no lu w daw ce 1,5 g/kg masy cia³a i pow rót akt ywnoœci
tego en zymu do sta nu wyj œciowego po dwó ch mie si¹cach 
od za przes tania in toks yka cji.

6. Wnioski

1. Prze wlek³a in toks yka cja etan olem po wod uje wzrost
stê¿eñ produktów pe roks yda cji li pidów i nad tlenku
wo doru za rów no w ho mog ena tach serc sz czu rów, jak 
i w krwin kach czer won ych, co su ger uje ro zwój stre su 
oksy dac yjne go. 

2. D³ugot rwa³e po daw anie etan olu po wod uje spa dek
akt ywnoœci enz ymów – ka tal azy i dysmu tazy  ponad -
tlenkowej oraz st ê¿en ia wol nych grup tio low ych, co
prze maw ia za upoœ led zeniem obrony  antyoksyda -
cyjnej.   
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