
INTRODUCTION
The poi son ing with anti de pres sants oc curs quite fre -

quently and con sti tutes an im por tant cause of
hos pi tali za tion in toxi col ogy wards [2, 6, 8]. Par ticu larly
sui ci dal poi son ing of ten in volves in ges tion of an ti de pres -
sants. Fa tal tox ic ity and case fa tal ity in di ces pro vide
re sults show ing the great est tox ic ity of tri cyc lic an ti de -
pres sants (TCAs) in com pari son with se ro tonin and
nora drena line re up take in hibi tors (SNRIs), se lec tive se ro -
tonin re up take in hibi tors (SSRIs) and nora dren er gic and
spe cific se ro to ner gic an ti de pres sants (NaSSAs) [8]. Vari -
ous xe no bi ot ics in toxi ca tions lead to re dox im bal ance of
the body. Oxi da tive-an ti oxi da tive sys tem in con di tions of
ho meo sta sis is the or gan ism’s de fense mecha nism against 
the harm ful ef fects of re ac tive oxy gen spe cies (ROS).
From the toxic ef fects of free radi cals, hu man cells are
pro tected by two an ti oxi dant sys tems - en zy matic (su per -
ox ide dis mu tase, cata lase, glu tathione per oxi dase and
re duc tase) and non- enzymatic (glu tathione, vi ta min C,
mela tonin) [1, 17]. The im bal ance be tween ROS gen era -
tion and an ti oxi dant ca paci ties of the sys tem causes an

in crease in oxi da tive pro cesses and greater amount of free
oxy gen radi cals. Thereby in ten si fied oxi da tive stress can
dam age DNA, the struc ture and func tion of cells, tis sues
and or gans [1, 2]. The re cent re search showed the above-
 mentioned im bal ance in pa tients hos pi tal ized due to poi -
son ing with an ti de pres sants in the Re gional Cen ter of
Clini cal Toxi col ogy. It was shown that in toxi ca tion  with
these drugs (amitrip tyline mainly, the most widely used
tri cyc lic an ti de pres sant) caused a de crease of glu tathione
re duc tase ac tiv ity and To tal An ti oxi dant Status in blood
sam ples of the pa tients. The re sults sug gest an in crease of
oxi da tive pro cesses, and thus an en hanced amount of free
radi cals and con se quently in ten si fied oxi da tive stress [2].
While our ex peri ments re vealed an ti oxi dant ac tiv ity of
Ukrain drug in rats sub jected to acute poi son ing with eth -
yl ene gly col [10]. Ukrain is a semi- synthetic cy to static
(thio phos phoric acid de riva tive of Che lidonium ma jus L.
al ka loids) which lim its ad verse ef fects of ear lier ad min is -
tered cy to stat ics and also pro longs and im proves qual ity
of pa tients’ lives [3, 9, 14, 16].

On the other hand, our pre vi ous stud ies con ducted in
rats and mice treated si mul ta ne ously with Ukrain and
amitrip tyline in di cated the pos si bil ity of liver dys func tion 
and ad verse ef fect on the kid neys [4, 5]. The re sults
showed that Ukrain did not pro tect against ad verse ef fect
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of amitrip tyline and even sug gested the pos si bil ity of he -
patic and re nal dis or ders when the above- mentioned
drugs are ad min is tered to gether for a long time. In view of 
these find ings, there is a ques tion to ask whether ad verse
changes in the pa rame ters of liver and kid ney func tion are
not as so ci ated with re dox im bal ance of the body. 

In di vid ual sci en tific re ports on the in flu ence of Ukrain
and amitrip tyline on the bal ance of re dox sys tem [2, 10]
and the lack of clini cal data about the im pact of com bined
use of both drugs on this bal ance in spired this work. The
aim of this study was to as sess some pa rame ters of oxi da -
tive stress in blood of rats pre treated with Ukrain and
amitrip tyline for 14 days. The ac tiv ity of glu tathione per -
oxi dase (GPX) and re duc tase (GR) and To tal Anti oxi dant
Sta tus (TAS) were de ter mined.

MATERIAL AND METHODS
Drugs and chemi cals. The fol low ing sub stances were

used in the study: Ukrain (aque ous high- purity con cen -
trate 1:30, Ukrain ian Anti- Cancer In sti tute, Vi enna,
Aus tria), amitrip tyline hy dro chlo ride (AMI) from Sigma-
Aldrich GmbH (Ger many) and also aqua pro in jec ti one
(Polfa Lublin, Po land). Ready- made di ag nos tic kits
(RANDOX Labo ra to ries Ltd., United King dom) were
used to de ter mine: glu tathione per oxi dase (GPX) and re -
duc tase (GR) ac tivi ties and To tal An ti oxi dant Status (TAS).

Ani mals. The study was car ried out in male Wis tar rats
(200-250 g) com ing from li censed breeder. The ani mals
were kept at room tem pera ture (20±1°C) un der a natu ral
day- night cy cle in con stant en vi ron mental con di tions (hu -
mid ity, noise). They had ac cess to food and wa ter ad
li bi tum. The ex peri ments were ap proved by the Lo cal Eth -
ics Com mit tee on Ani mal Ex peri men ta tion of the Medi cal 
Uni ver sity of Lublin.

Treat ments. Aque ous so lu tions of AMI (10 mg/kg) and  
Ukrain (14 or 28 mg/kg) were pre pared ex tem pore and
ad min is tered intrape ri to neally (ip) once daily for 14 days
sepa rated or com bined in con stant vol ume 0.5 ml/100 g of 
body weight. Our pre vi ous re search [4, 5] proved the
above- mentioned doses of AMI and Ukrain were ef fec -
tive. The con trol groups re ceived the same amounts of
aqua pro in jec ti one.

Ex peri men tal pro to cols. The ex peri men tal groups con -
sisted of eight ani mals each. Twenty- four hours af ter the
last in jec tion, the ani mals were de capi tated and the blood
was taken and di vided, one part to hepa rin tubes (whole
blood) and the sec ond one to clot. The whole hepar in ised
blood was used to es ti mate glu tathione per oxi dase ac tiv -
ity (GPX). The sec ond part of blood, col lected to clot, was 
cen tri fuged for 10 min utes at 3000 rpm. The se rum was
taken to de ter mine glu tathione re duc tase ac tiv ity (GR)
and To tal An ti oxi dant Status (TAS).

Sta tis ti cal analy sis. Re sults are ex pressed as mean ±
SEM. Sta tis ti cal sig nifi cance among groups was de ter -
mined by ANOVA test and p-va lues less than 0.05 were
con sid ered sig nifi cant.

RESULTS AND DISCUSSION
The dys func tion of cell an ti oxi dant sys tem con trib utes

to ad verse changes in the whole body and the de vel op -
ment of life style dis eases such as athe ro scle ro sis,
hy per ten sion, type II dia be tes and also can cer [2]. It is ob -
vi ous that the con cen tra tion of re ac tive oxy gen spe cies
in side cells re sults not only from an in crease in pro duc -
tion, but is also a con se quence of im paired elimi na tion of
oxy gen free radi cals. Ther apy of can cer re quires the use of
sev eral dif fer ent drugs, not just the ba sic, i.e., cy to stat ics,
but also ad ju vants to re lieve pain or de pres sion. The
preva lence of psy chi at ric dis or ders (ma jor de pres sive dis -
or der mostly) in can cer pa tients is as sessed be tween 25%
and 60% and this cal cu la tion is proba bly un der es ti mated,
partly be cause many symp toms of de pres sion closely mir -
ror the ef fects of can cer [15]. Tri cyc lic an ti de pres sants
(TCAs), in clud ing amitrip tyline, are of ten used as aux il -
iary agents in the treat ment of chronic pain as so ci ated
with can cer, but also to sta bi lize mood and im prove the
pa ti ent’s over all men tal state [11, 12, 15]. Po lyphar ma co -
ther apy of can cer is there fore a ne ces sity, but can lead to
a dan ger ous phe nome non of po lyphar macy. The mecha -
nism of tis sue and or gan dam age as a re sult of such
ad verse drug in ter ac tions, may be based on the ex ces sive
gen era tion of oxy gen free radi cals, an ti oxi dant sys tem
dis or ders and fi nally oxi da tive stress in ten sity. Whereas
in sci en tific lit era ture there are few re ports ex am ined the
im pact of Ukrain or amitrip tyline on the oxidant-
 antioxidant bal ance of the body [2, 10]. 

The oxi da tive stress pa rame ters were as sessed in rats
pre treated with Ukrain and AMI for 2 weeks. The ac tiv ity
of an ti oxi dant en zymes such as glu tathione per oxi dase
(GPX) and glu tathione re duc tase (GR) and Total Anti oxi -
dant Sta tus (TAS) were de ter mined in the blood.
Glu tathione per oxi dase is an en zyme found in many tis -
sues, but mainly in the blood and liver, and its main task is
to pro tect cells against oxi da tive stress, es pe cially against
hy dro gen per ox ide. The fi nal prod uct of the re ac tion cata -
lyzed by this en zyme is glu tathione di sul fide. This
mole cule is harm ful to the cells be cause of its abil ity to in -
ac ti vate pro teins. It is re moved through close co op era tion
of glu tathione per oxi dase and glu tathione re duc tase,
which is able to re pro duce the re duced form of glu tathione
[17]. 

Our stud ies in di cated that Ukrain (14 and 28 mg/kg)
ad min is tered for 14 days si mul ta ne ously with AMI (10
mg/kg) caused an in crease of Total An ti oxi dant Sta tus
(TAS) com pared to the groups of ani mals receiv ing only
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one of these drugs (Fig. 1). How ever, based on the ob -
tained re sults it was ob served that the com bined treat ment
with Ukrain (14 and 28 mg/kg) and AMI (10 mg/kg) had
no sig nifi cant ef fect on the ac tiv ity of an ti oxi dant en -
zymes (GR, GPX) (Fig. 2, 3). It was also found that
Ukrain ap plied alone changed nei ther the ac tiv ity of GPX
and GR nor Total Anti oxi dant Sta tus (Fig. 1-3). Four -
teen-day ad mini stra tion of amitrip tyline did not af fect any 
as sessed oxi da tive stress pa rame ters ei ther (Fig. 1-3).
These re sults are not com pati ble but dif fer ent from re -
search of other authors who showed that amitrip tyline
caused sig nifi cant de crease of the ac tiv ity of glu tathione
re duc tase (GR) and also the con cen tra tion of TAS [2]. It
should be noted that such changes have oc curred af ter
toxic doses of amitrip tyline. We ap plied the dose that is
fre quently used for phar ma col ogi cal and be hav ioral stud -
ies in rats and should not ex hibit toxic ef fects [7, 13]. 

The con ducted ex peri ments showed that 14- day si mul -
ta ne ous ad mini stra tion of Ukrain (14 or 28 mg/kg) and
AMI (10 mg/kg) in rats ap pears to have bene fi cial ef fects
on oxi dant-an ti oxi dant bal ance of the body. The above-
 mentioned re sults ap pear to be sur pris ing, since they do
not cor re late with pre vi ously ob served and de scribed, de -
vel op ing liver and kid ney dis or ders [4, 5]. Per haps the
dys func tion of these or gans is not ad vanced enough to

cause changes in the bal ance of an ti oxi dant sys tem.
Whereas, the in hi bi tion of en zymes in volved in glu -
tathione path way of re duc tion of su per ox ide forms, i.e.,
GPX and GR, and thus the weak en ing of the an ti oxi dant
sys tem, are most fre quently ob served in le sions, in clud ing 
in the pro cess of neu ro de gen era tion and be cause of ag ing
[17]. We ob served the in crease of Total Anti oxi dant Sta -
tus in the blood of ani mals with no ef fect on the ac tiv ity of
glu tathione per oxi dase and re duc tase. There fore, our re -
sults may in di cate in creas ing amounts of an ti oxi dants that 
pro tect every cell in the body from harm ful changes
caused by re ac tive oxy gen spe cies, such as the de struc tion
of pro teins, nu cleic ac ids and lip ids.
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Fig. 2. Effect to 14-day treatment with Ukrain and AMI on
glutathione reductase activity

Fig. 3. Effect to 14-day treatment with Ukrain and AMI on
glutathione peroxidase activity
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