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The research deals with the determination of the activity of aldehyde dehydrogenase (EC 1.2.1.3), alde-
hyde reductase (EC 1.1.1.21) as well as the content of TBA reactive substances and protein carbonyl derivates
in the rat liver cytosolic fraction under the conditions of acetaminophen-induced hepatitis and protein defi-
ciency. The most pronounced decrease in the activity of enzymes utilizing endogenous aldehydes is observed
in the liver cytosolic fraction of animals with toxic liver injury maintained under the conditions of alimentary
protein deficiency. Meanwhile, the accumulation of TBA reactive substances and protein carbonyl-derivates
in the liver cytosolic fraction of animals of this experimental group was established. The accumulation of
aldehyde products of lipid and protein oxidative damage on the background of the reduction in the activity of
enzymes providing aldehyde catabolism may be considered as a possible mechanism underlying hepatocyte
dysfunction under the conditions of toxic damage in protein-deficient animals.
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T oday it is known that mitochondrion is the
key metabolic center of the cell [1], because
it carries out a number of important biologi-
cal functions: provides the oxidative phosphoryla-
tion and B-oxidation of fatty acids, participates in
the maintaining of the cell calcium homeostasis,
biosynthesis of lipids, heme, iron-sulfur clusters and
some amino acids, etc. [2, 3]. However, mitochon-
dria are considered as the main source of reactive
oxygen species which can influence intracellular
signaling, regulation of cell functions and non-spe-
cific immune response [4, 5]. Nevertheless, due to
their high oxidation potential, the reactive oxygen
species are capable of damaging cell structure and
inducing a number of chain reactions leading to the
uncoupling of integration functions in the organism
[6]. Increased generation of reactive oxygen species
causes the formation and accumulation of carbonyl
products, among which aldehydes demonstrate the
most pronounced cytotoxic and genotoxic properties.

Endogenous aldehydes act as the original messengers
of cell damage during oxidative stress [7]. Therefore,
there is an aldehyde dehydrogenase pathway of en-
dogenous aldehydes catabolism, which function is
the oxidation of aldehydes to carboxylic acids, and
aldehyde reductase pathway that catalyzes the re-
duction of endogenous aldehydes to alcohols [7, 8].
Neutralization of carbonyl metabolites is considered
as a mechanism of protecting cells from alteration
under the different pathological conditions involving
oxidative stress. Our previous research showed the
pronounced intensification of free radical processes
in the liver mitochondrial fraction under the toxic
liver injury on the background of alimentary protein
deficiency [9].

Therefore, the aim of the current work was to
determine the activity of aldehyde dehydrogenase
(EC 1.2.1.3), aldehyde reductase (EC 1.1.1.21), the
content of TBA reactive substances and protein car-
bonyl derivatives in the rat liver mitochondrial frac-
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tion under the conditions of acetaminophen-induced
hepatitis on the background of dietary protein dep-
rivation.

Materials and Methods

The experiments were conducted on 36 white
rats of 90-100 g body mass aged 2-2.5 months. The
experiment was conducted in accordance with the
rules set by the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986).

The animals were separated into solitary plastic
cages with sand bedding and ad libitum access to
water.

The daily rations were regulated according to
principles of pair feeding. The animals were divided
into the following experimental groups: | — animals
receiving full-value semi-synthetic ration (C); 1l —
animals receiving low-protein ration (LPR); Il —
animals with acetaminophen-induced liver injury
receiving complete ration (H); 1V — animals with
acetaminophen-induced liver injury that were previ-
ously maintained on semi-synthetic low-protein ra-
tion (LPR+H).

The animals of the groups | and 111 received a
standard ration containing 14% of protein (casein),
10% of fat, and 76% of carbohydrates, balanced by
all the essential nutrients. The animals of the groups
Il and IV received isoenergetic ration containing
4.7% of protein, 10% of fat, and 85.3% of carbo-
hydrates, calculated after recommendations of the
American Institute of Nutrition [10].

The animals were maintained on the corre-
sponding diet during four weeks. Afterwards, the
acetaminophen-induced liver injury was modeled
by per os administration of 2% starch suspension
of acetaminophen in daily dose 1 g/kg of the body
weight during 2 days [11].

Cervical dislocation was performed under the
light ether anesthesia on day 31 of the experiment.

Mitochondrial fraction of the liver homoge-
nate was separated by differential centrifugation
(Heraeus Biofuge, Germany) in the following buffer
medium: 250 mM sucrose, 1 mM EDTA, 10 mM
Tris-HCI; pH 7.4 at 0-3 °C.

Enzyme assays. Aldehyde dehydrogenase
activity was determined spectrophotometrically
(Agilent Technologies, USA). The reaction mixture
contained: 50 mM sodium pyrophosphate buffer
(pH 8.8), 1 mM acetaldehyde, 1 uM rotenone, 50 uM
NAD* and 500 pg protein of mitochondrial fraction

in a total volume of 3 ml. Enzymatic activity was
calculated using the molar extinction coefficient of
NAD* at a wave-length of 340 nm [12]. The enzyme
activity was expressed in nmol NAD*/min-mg? of
protein.

Aldehyde reductase activity was determined
spectrophotometrically (Agilent Technologies,
USA). The reaction mixture contained 50 mM po-
tassium phosphate buffer (pH 6.0), 10 mM propion-
aldehyde, 0. mM NADH and 500 pg of protein of
mitochondrial fraction. Aldehyde reductase activity
was calculated using molar extinction of NADH at
a wave-length of 340 nm. The enzyme activity was
expressed in nmol NADH/min'mg* of protein [13].

TBA reactive substances assay. The concen-
tration of TBA reactive substances was assessed by
the reaction with 2-thiobarbituric acid (TBA), oc-
curring at high temperature in acidic environment,
and forming the colored complex, determined spec-
trophotometrically (Agilent Technologies, USA) at
A 532 nm (g = 1.56-10° M1-cm™) [14]. The concentra-
tion of TBA-active products was expressed in nmol/
mg of protein.

Protein carbonyl derivatives content assay.
Protein carbonylation was assessed via amount of
2.4-dinitrophenylhydrazone derivatives, produced
in reactions of oxidized amino acid residues with
2.4-dinitrophenylhydrazine, and expressed as nmol
of carbonyl protein derivatives per mg of protein
[15].

Protein determination. The protein content was
determined according to the method of Lowry et al
[16].

Data analysis and statistics. The data were
compared and analyzed by using unpaired T-test.
Characteristics of the study group were expressed as
meanzSD for normal distribution. For all statistical
calculations, the significance was considered to be a
value of P < 0.05.

Results and Discussion

The results of the study have shown that the
enzymatic activity of aldehyde dehydrogenase,
which catalyzes the oxidation reaction of aldehydes
to carboxylic acids [17], was decreased in the liver
mitochondrial fraction of all experimental groups of
animals (Fig. 1). But the most pronounced change
in the enzymatic activity was detected in the liver
mitochondrial fraction of animals with toxic liver
injury maintained under the conditions of dietary
protein deprivation. The mitochondrial aldehyde
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dehydrogenase activity was decreased more than 2
times in animals of this group (Fig. 1).

Meanwhile, we observed the decreased activi-
ty of mitochondrial isoform of aldehyde reductase,
which catalyzes the reduction of aldehydes to alco-
hols [8] in the animal liver mitochondrial fraction
of all experimental groups (Fig. 2). Our study has
established the maximal lowering of aldehyde re-
ductase reaction in protein-deficient rats with liver
toxicity.

On the one hand, the reduction in the catalytic
activity of studied enzymes can be probably associa-
ted with its inhibition by reactive polar metabolite
of acetaminophen — N-acetyl-p-benzoquinone imine
which is produced by cytochrome P450 isoenzymes.
Today the formation of covalent complexes of aceta-
minophen metabolites with mitochondrial enzymes
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Fig. 1. The enzymatic activity of aldehyde dehy-
drogenase in the rat liver mitochondrial fraction
under the conditions of acetaminophen-induced
hepatitis and alimentary protein deprivation. The
data are presented as mean+SD for normal distri-
bution, n = 9. C bar shows the value of parameter
in the liver of control group of rats maintained on
the balanced diet; LPR bar shows the value param-
eter in the liver of rats receiving low-protein ra-
tion (LPR); H bar shows the value of parameter in
the liver of rats with acute acetaminophen-induced
hepatitis, maintained on the balanced diet; LPR+H
bar shows the value of parameter in the liver of
rats with acute acetaminophen-induced hepatitis
that were previously maintained on semi-synthetic
low-protein ration (LPR+H). Here and in Fig. 2-4:
*Significantly different from the control (C) group.
#Significantly different from the group with acetami-
nophen-induced hepatitis. P < 0.05 represents sta-
tistical significance
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Fig. 2. The enzymatic activity of aldehyde reduc-
tase in the rat liver mitochondrial fraction under the
conditions of acetaminophen-induced hepatitis and
alimentary protein deprivation
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is considered as a primary trigger of mitochondrial
dysfunction after the exposure of toxic acetami-
nophen doses [18]. Furthermore, the disruption of
the enzymes subunits synthesis may be observed
under the conditions of protein deficiency.

Since aldehyde dehydrogenase and aldehyde
reductase are key enzymes of endogenous aldehydes
utilization, the reduction in their activity causes
the accumulation of aldehyde adducts with cellular
macromolecules. For this reason a determination of
TBA reactive substances and protein carbonyl de-
rivatives allows analyzing the intensity of toxic en-
dogenous aldehydes accumulation in the cell [19]. It
is known that oxidative stress causes formation of
numerous aldehydes: saturated (ethanal, propanal,
hexanal), unsaturated (acrolein, 4-hydroxy-2-none-
nal and 4-hydroxy-2-hexenal) and dicarbonyls (glyo-
xal, methylglyoxal, malonic dialdehyde) through the
polyol pathway of fatty acid peroxidation [7, 19].
These reactive carbonyl compounds are capable of
non-enzymatic interaction with protein molecules,
forming the irreversibly modified end products of
lypoxigenation [20].

It is also known that aldehyde dehydrogenase is
involved in the utilization of endogenous aldehydes,
which are mostly products of lipid peroxidation
and are defined as the thiobarbituric acid reactive
substances [21]. In particular, aldehyde dehydroge-
nase metabolizes malondialdehyde to malonic acid
through the stage of semialdehyde — the intermedi-
ate of this reaction. Further the decarboxylation of
malonic acid leads to formation of acetyl-CoA that
is involved in the citric acid cycle. Semialdehyde
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Fig. 3. TBA reactive substances content in the rat
liver mitochondrial fraction under the conditions of
acetaminophen-induced hepatitis and alimentary
protein deprivation

of malonic acid can also be involved in the decar-
boxylation reaction with formation of acetaldehyde,
which is oxidized by aldehyde dehydrogenase to ac-
etate, from which acetyl-CoA is formed. Other en-
dogenous aldehydes metabolize in similar way [17].
In turn, aldehyde reductase is involved in the reduc-
tion of mostly unsaturated endogenous aldehydes,
which can play the main role in oxidative protein
modification [22].

The results of this study suggest that the most
intensive accumulation of TBA reactive substances
and protein carbonyl-derivatives was observed in
the liver mitochondrial fraction of rats with aceta-
minophen-induced hepatitis, which were subjected
to dietary protein deprivation (Fig. 3, 4).

Intensive accumulation of TBA reactive sub-
stances can lead to the increase of viscosity and per-
meability of cell membranes, disturbances of their
integrity, that causes an imbalance in the mecha-
nisms of cellular homeostasis regulation [10, 17].
On the other hand, as the result of protein carbonyl
derivatives accumulation in the mitochondria may
be the fragmentation and denaturation of mitochon-
drial proteins with the subsequent interruption of
mitochondrial pathways and membrane transport
systems [19].

In conclusion, the accumulation of aldehyde
products of lipid and protein oxidative damage in
the mitochondrial fraction against the background
of a decrease in the activity of enzymes providing
aldehyde catabolism may be considered as a possible
mechanism underlying the liver mitochondrial dys-
function under the conditions of toxic liver injury in
protein-deficiency animals.
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Fig. 4. Protein carbonyl derivatives content in the
rat liver mitochondrial fraction under the conditions
of acetaminophen-induced hepatitis and alimentary
protein deprivation

AKTUBHICTb
MITOXOHAPIAJIBHUX EH3UMIB
KATABOJIIBMY EHAOI'EHHUX
AJIBJAEI'IAIB 3A YMOB
AIIETAMIHO®EHIHY KOBAHOI
IF'EINATOTOKCHYHOCTI
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UepHiBelbKI1 HAI[IOHATEHUN YHIBEPCUTET
imeni FOpis dexgproBuya,
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v pobori BUBYATH aKTUBHICTH
amprerigneriaporesasu (K@ 1.2.1.3), ampuge-
rinpenykraszu (K@ 1.1.1.21), smict ThK-akTuBHUX
MPONYKTIB 1 KapOOHITBHUX TOXiTHUX MPOTEIHIB
Yy MITOXOHIpiadbHIA ¢pakmii MEeYiHKA IIypiB 3a
YMOB aIlleTaMiHO(PEHIHIYKOBAHOTO TEMAaTUTy Ta
aJiMeHTapHOI aempuBallii mporeiny. BcTamosie-
HO, IO HaWBHUPaKCHIIIEC 3HUKCHHS aKTUBHOCTI
MOCIDKYBAaHUX ~ C€H3UMIB  CIIOCTEpITajocs B
MITOXOHIpiadbHIM (PpaKilii NeUiHKH IIypiB i3 TOK-
CUYHUM YPaXXCHHSM, SKi yTPUMYBaJUCS B YMO-
Bax AedinuTy XapdoBoro mpotreiny. BomgHouac y
MITOXOHJIPisIX TIEUiHKH TBAPWH ITi€] TPYITH BCTAHOB-
neHo HakomwdeHHs TBK-akTWBHUX MpPOAYKTIB Ta
MMPOTETHOBUX KapOOHIJI-IepuBaTiB. BUCIOBIIOETHCS
MPUIYIIEHHS, [0 HAKONWYEeHHS aJbAeTiTHUX
MPOAYKTIB ~ OKHUCIIOBAJIBHOTO  MOIIKOJKCHHS
T AIB Ta TPOTETHIB Ha (OHI 3HIKCHHS aKTUBHOCTI
SH3WMIB, SKi 3a0e3meuyroTh iX KaTaboii3M,
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MOXe OyTH OCHOBOI OJHOTO 3 MEXaHi3MiB
MITOXOH/IpiaJIbHOI JUCc(YHKIIT B yMOBaX TOKCHYHO-
r'0 ypa)XeHHS MEeYiHKH 32 aJliMeHTapHOl IenpuBalii
IIPOTEIHY.

KnrodoBi c0Ba:ampIaerigiaeriiporenasa,
anpaerinpenykraza, TbK-aktuBHi  mpomykTw,
KapOOHIJIBHI MOXIJHI MPOTEiHIB, aJiMEeHTapHa He-
cTada mpoTeiHy, renaTOTOKCUYHICTh, MITOXOHPII.

AKTUBHOCTH
MHUTOXOHJIPUAJIBHBIX
SH3UMOB KATABOJIM3MA
SHJIOTIEHHBIX AJIBJIET 0B B
YCJOBUAX AHETAMUHO®EH-
HHJIYIUPOBAHHOM
TEDNATOTOKCUYHOCTH
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UepHOBULKUI HALITMOHAJIBHBIN YHUBEPCUTET
nmenn Opus @enpkoBuya,
WNucTUTyT OMONMOTHHN, XUMHAH U OHOPECYPCOB;
e-mail: o.voloschuk@chnu.edu.ua

B paboTe m3ydyeHa akTHBHOCTBH ajbAeTHIJeE-
runporenassl (K@ 1.2.1.3), ampmeruapemyKTasbl
(K& 1.1.1.21), conepxanne TBK-akTuBHBIX mpoO-
OYKTOB M KapOOHMJIBHBIX IMPOM3BOIHBIX MPOTEH-
HOB B MUTOXOHJPHAIIbHON (pakiniy MEUCHH KPBIC
B YCJIOBHSX aleTaMMHO(YEHUHIYIHUPOBAHHOTO Te-
MaTUTa W AJMMEHTAPHON NEeNpHBaIli MPOTEWHA.
YcTaHoBieHO, 4TO Hauboiee BHIPAKEHHOE CHHKE-
HUE aKTHUBHOCTH MCCIIEAYEMbIX 3H3UMOB HaOIrona-
JIOCh B MUTOXOHIPUATIBHOM (pakiny MeUeHH KPbIC
C TOKCHYECKUM MOBPEXKAEHNEM, KOTOPBIE COJIEpIKa-
JIUCHh B yCIOBUSX AepUINTA MPOTEHHA B MHIIEBOM
panuone. B To ke BpeMsi B MUTOXOHJIPUSAX MEUYEHU
JKABOTHBIX ATOU TPYTIBI yCTAHOBJICHO HAKOILICHUE
TBK-akTHBHBIX IPOJYKTOB U MPOTEHHOBBIX Kap0o-
HUJI-IEPUBATOB. BBICKA3bIBACTCS MPENITONOKEHHE,
YTO HAKOTIJIEHUE aJIbJETUIHBIX TTPOAYKTOB OKUCIIH-
TEJIBHOI'O MOBPEXKICHUS JUIUJO0B U MPOTENHOB Ha
(hoHE CHIKEHWS aKTHUBHOCTH SH3MMOB, OOECTIeYH-
BaIOLINX UX KaTabOJIM3M, MOXKET JIS)KATh B OCHOBE
OJJHOTO M3 MEXaHW3MOB MHUTOXOHIPHAIBHOW IHC-
(YHKIIUU B YCIOBUSX TOKCHYECKOTO TIOBPEKACHUS
[IEYEHH NTPU aJTUMEHTAPHON JIENPUBAIIUU TPOTENHA.

KnrouyeBbie cunoBa: ampAeruiAeTUIpO-
resasa, anapaeruapenykrasa, ThK-akTuBnble mpo-
AYKTBI, Kap6OHI/IJIBHI)Ie IIPpOMU3BOAHLBIC ITPOTCUHOB,

46
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