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The research deals with the determination of the activity of aldehyde dehydrogenase (EC 1.2.1.3), aldehyde
reductase (EC 1.1.1.21), the content of TBA-active products and protein carbonyl derivatives in the rat liver cytosolic
fraction under the conditions of acetaminophen-induced hepatitis and alimentary deprivation of protein. The researches
were conducted on white rats of 90-100 g body mass aged 2-2.5 months. There were used 36 rats, which according to
the experimental model were separated into 4 groups: I — animals receiving full-value semi-synthetic ration (C); Il —
animals receiving low-protein ration (LPR); III — animals with acetaminophen-induced liver injury receiving complete
ration (H); IV — animals with acetaminophen-induced liver injury that were previously maintained on semi-synthetic
low-protein ration (LPR+H). The acetaminophen-induced liver injury was modeled by per os administration of 2%
starch suspension of acetaminophen in daily dose 1250 mg/kg (0,5 LDsgy) of the body weight. Cytosolic fraction was
obtained by differential centrifugation at the temperature 0-3 °C in the solution which contained sucrose, EDTA and
tris-HCI buffer. Aldehyde dehydrogenase and aldehyde reductase activities were determined spectrophotometrically by
the tempo of regeneration of NAD" and oxidation of NADH respectively. Enzymatic activity was calculated using the
molar extinction coefficient of according nicotinamide coenzymes. The concentration of TBA-active products was
assessed by the reaction with thiobarbituric acid and forming the colored complex. The level of the oxidative protein
modification assessed via amount of 2.4-dinitrophenylhydrazone derivatives, produced in reactions of oxidized amino
acid residues with 2.4-dinitrophenylhydrazine. 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. The established fact is explained as by the disturbances of enzyme
structural-functional organization and its synthesis, as by changes of the ratio between redox forms of the nicotinamide
coenzymes. Meanwhile, the accumulation of TBA-active products and protein carbonyl-derivates in the liver cytosolic
fraction of animals of this experimental group was established. In this case, a statistically significance of a difference
between the concentration of these products in protein-deficient and control rats under the current experimental
conditions was not detected. 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 underling hepatocyte dysfunction under the conditions of toxic damage in protein-deficient animals.
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Introduction. The intensification of free radical that catalyzes the reduction of endogenous

processes is one of the central mechanisms of non-
specific liver cell damage under the influence of
stress factors of various etiologies, including some
drugs [1, 2]. The implementation effect of free
radical reactions is mediated by the accumulation of
carbonyl products in cells, among which the main
are endogenous aldehydes. Carbonyl free radical
oxidation products act as the original messengers of
cell damage. However, whereas carbonyl products
have highly reactive ability, they demonstrate the
most pronounced cytotoxic and genotoxic properties
[3]. Therefore, there is an aldehyde dehydrogenase
pathway of endogenous aldehydes catabolism,
which function is the oxidation of aldehydes to
carboxylic acids, and aldehyde reductase pathway
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aldehydes to alcohols [4]. 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
cytosolic fraction under the toxic liver injury on the
background of alimentary protein deficiency [5].

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-active products and protein carbonyl
derivatives in the rat liver cytosolic fraction under
the conditions of acetaminophen-induced hepatitis
on the background of dietary protein deprivation.
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Materials and methods. The experiments were
conducted on 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 protection 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 separated into the following
experimental groups: I — animals receiving full-
value semi-synthetic ration (C); Il — animals
receiving low-protein ration (LPR); III — animals
with acetaminophen-induced liver injury receiving
complete ration (H); IV — animals with
acetaminophen-induced liver injury that were
previously maintained on semi-synthetic low-protein
ration (LPR+H).

The animals of the groups I and III 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
II and IV received isoenergetic ration containing
4.7% of protein, 10% of fat, and 85.3% of
carbohydrates, calculated after recommendations of
the American Institute of Nutrition [6]. The animals
were maintained on the corresponding 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 1250 mg/kg (0,5 LDsy) of the body weight
during 2 days [7].

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

Cytosolic fraction was obtained by differential
centrifugation after the separation of mitochondria
and microsomes.

Aldehyde dehydrogenase activity was determined
spectrophotometrically. Enzymatic activity was
calculated using the molar extinction coefficient of
NAD" at a wave-length of 340 nm (g = 16.9x10° M~
'xecm™) [8]. The enzyme activity was expressed in
nmol NAD"/minxmg of protein.

Aldehyde reductase activity was calculated using
molar extinction of NADPH (g = 6.22x10° M xcm’
") [9]. The enzyme activity was expressed in nmol
NADPH/minxmg of protein.

The concentration of TBA-active products was
assessed by the reaction with 2-thiobarbituric acid
(TBA), occurring at high temperature in acidic
environment, and forming the colored complex,
determined at A 532 nm (¢ = 1.56x10° M'xcm™).
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The concentration of TBA-active products was
expressed in nmol/mg of protein [10].

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.

The protein content was determined according to
the Lowry method.

The data statistics was processed with MS Excel
software, and represented as mean + deviation. The
statistical significance was determined with standard
Student’s t-test.

Results and discussion. The results of study
have shown that the enzymatic activity of aldehyde
dehydrogenase, which catalyzes the oxidation
reaction of aldehydes to carboxylic acids [11], was
decreased in the liver cytosolic fraction of all
experimental groups of animals compared to the
control (Fig. 1). But the most pronounced change in
the enzymatic activity was detected in the liver
cytosolic fraction of animals with toxic liver injury
maintained under the conditions of dietary protein
deprivation. The cytosolic aldehyde dehydrogenase
activity was decreased by more than 4 times in
animals of this group (Fig. 1).

Meanwhile, we observed the decreased activity
of cytosolic isoform of aldehyde reductase, which
catalyzes the reduction of aldehydes to alcohols [12]
in the animal liver cytosolic fraction of all
experimental groups (Fig. 2). Our study established
the maximal lowering of aldehyde reductase reaction
in protein-deficient rats with liver toxicity.

On the one hand, the reduction in the catalytic
activity of studied enzymes can be probably
associated with its inhibition by reactive polar
metabolite of acetaminophen - N-acetyl-p-
benzoquinone imine which is produced by
cytochrome P450 isoenzymes. In addition, whereas
aldehyde reductase is a NADH-dependent enzyme, a
decline of its activity may be caused by the
deficiency of nicotinamide nucleotides reduced
forms under the current experimental conditions
[13].

Since aldehyde dehydrogenase and aldehyde
reductase are key enzymes of endogenous aldehydes
utilization, reduction in their activity causes the
accumulation of aldehyde adducts with cellular
macromolecules. For this reason a determination of
TBA-active products and protein carbonyl
derivatives allows analyzing the intensity of toxic
endogenous aldehydes accumulation in the cell [14].
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Fig. 1. The enzymatic activity of aldehyde dehydrogenase

in the rat liver cytosolic fraction under the conditions of

acetaminophen-induced hepatitis and alimentary protein
deprivation

It is known that aldehyde dehydrogenase is
involved in the utilization of endogenous aldehydes,
which mostly are products of lipid peroxidation and
are defined as "TBA-active products" [20]. It is also
known that oxidative stress causes formation of the
numerous aldehydes: saturated (ethanal, propanal,
hexanal), unsaturated (acrolein, 4-hydroxy-2-
nonenal and 4-hydroxy-2-hexenal) and dicarbonyls
(glyoxal, methylglyoxal, malonic dialdehyde)
through the polyol pathway of fatty acid
peroxidation [15, 16]. These reactive carbonyl
compounds are capable to non-enzymatic interaction
with protein molecules, forming the irreversibly
modified end products of lypoxigenation [17].

In turn, aldehyde reductase is involved in the
reduction of mostly unsaturated endogenous
aldehydes, which are the products of protein
oxidative modifications [18].
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Fig. 3. TBA-active products content in the rat liver
cytosolic fraction under the conditions of
acetaminophen-induced hepatitis and alimentary protein
deprivation
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Fig. 2. The enzymatic activity of aldehyde reductase in
the rat liver cytosolic fraction under the conditions of
acetaminophen-induced hepatitis and alimentary
protein deprivation

The results of this study suggest that the most
intensive accumulation of TBA-active products and
protein carbonyl-derivatives observed in the liver
cytosolic fraction of rats with acetaminophen-
induced hepatitis, which were subjected to dietary
protein  deprivation (Fig. 3, 4). Intensive
accumulation of TBA-active products can lead to the
increase of viscosity and permeability of cell
membranes, disturbances of their integrity, which
causes an imbalance in the mechanisms of cellular
homeostasis regulation [19, 20]. On the other hand,
the protein carbonyl derivatives accumulation in the
cytosol may result in the interruption of signal
transduction, structural and functional changes of
receptor proteins, extracellular matrix proteins,
enzymes of metabolic transformations and
antioxidant defense [17].
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Fig. 4. Protein carbonyl derivatives content in the rat
liver cytosolic fraction under the conditions of
acetaminophen-induced hepatitis and alimentary protein
deprivation
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Conclusions.
Thus, the accumulation of aldehyde products of

lipid and protein oxidative damage in the cytosolic
fraction against the background decrease in the
activity of enzymes providing aldehyde catabolism
may be considered as a possible mechanism underling
the liver cells dysfunction under the conditions of
toxic liver injury in protein-deficiency animals.
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AKTHUBHICTH IIUTO30JbHUX I30POPM EH3UMIB KATABOJII3MY
EHJIOTEHHUX AJIBJETTAIB 3A YMOB TOKCUYHOT' O YPAKEHHS HA ®OHI
BIJIKOBOI HEJIOCTATHOCTI

O. M. Bosomyk, I'. II. Konuniabuyk, 0. I. Mimuna

Y pobomi susznaueno axmuenicmo anvoeciooeziopoecenazu (K@ 1.2.1.3), amvoeciopedyxmasu (K@ 1.1.1.21), a
maxooic emicm TBK-axmusnux npooykmis i KapOoHiTbHUX NOXIOHUX NPOMEIHIe Yy Yumo30abHil Gpaxkyii neuinku wypie
3a yMO8 ayemamiHogeH-iHOyKo8ano2o zenamumy ma aliMeHmaproi 60inkoeoi Hedocmammuocmi. JlocnioxceHHs
npogedero Ha b6inux beznopoonux wypax macorw 90 — 100 e, éikom 2 — 2,5 micayi. Y excnepumenmi 6y10 UKOPUCTAHO
36 wypis, sKux 32i0HO 3 MOOewo 00cniodcenHs po3oinunu Ha 4 epynu: 1 epyna — wypi, sKi nepebysanu Ha
nosHoyinHomy uanigcunmemuynomy payioni (K); Il epyna — wypi, sxi nepebysanu Ha HULKONPOMEIHOBOMY payioHi
(HIIP); III — wypi 3 MOKCUUHUM YPAICEHHAM NedinKu, 5SKi nepedysanu Ha nosHoyinnomy payioni (TY); IV — wypi 3
ayemamino@en-inOyKOBaHUM — YPAJICEHHAM — NeYiHKU, SAKI HONepeoHbo nepedyeéany Ha — HANIGCUHMEMUYHOMY
Huzvkonpomeinosomy payioni (HIIP+TY). Moodentosanns ayemaminoghen-in0yKkosano2o moKCUUHO20 VPANCEHHS.
NneuinKu NPOBOOUNU ULIIXOM 86€0EHHSL peros 00CTIOHUM MEAPUHAM napayemamoy 3 pospaxyuxy 1250 me/xe (0,5 LDsg)
Macu meapun y euenadi cycneusii 8 2% po3suumi KpoxmanvHoeo eento. Budinenns yumo3zoavHoi ¢pakyii npogoounu
Memodom Ougpepenyiiinozo yenmpugyeysanns 3a memnepamypu 0-3 "C 6 cepedosuwi comozenizayii, wo micmuno
caxaposy, EINTA ma mpuc-HCIl oOygep. Axmusnicmv anvoeciodeciopocenasu ma anvb0e2iopedykmasu GU3HAYAU
cnexmpo@omoMempuHuUM MemoooM 3a weudxicmio gionoenenns NAD™ i oxucnenna NADH 6ionosiono. Ensumamuuiny
aKmueHicmo 0aHUX (hepMeHmie po3paxoeysany 3 yYpaxy8aHHam Koe@iyienmy MoaspHoi ekcmuHKyii 6i0noGionux gopm
HiKomuHamionux kogepmenmie. Bmicm TBK-axmusHux npoOykmié 6U3HAuanu 34 KOHYEHmMpayiero 3ab6apeieHo2o
MPUMEMUHOB020 KOMNIEKCY, YMBOPeHo20 6 peakyii 3 miobapbimyposowo kuciomorw. Cmyninb OKUCTIOBATLHUX
Moougikayiu  Oinkie oyinioganu 3a KitbKICmio 2i0pa3’oHo8ux adoyKmie, wo YMEOpIomscs NpU 36 ‘SA3V6aHHI
KapOoHitbHUX 2epyn npomeinis i3 2,4-Ounimpogheninziopasunom. Bcmanoeneno, wo HAUSUpajiceHiuie 3HUICEHHS
akmusHocmell 00CNIONHCYBAHUX eH3UMI8 YMUniz3ayii eH002eHHUX anb0eilie cnocmepieacmvcs y Yumo3sonbHill gpaxyii
NeyiHKyu MeaApuH 3 MOKCUYHUM VDANCEHHAM, AKI YMPUMY8ANUCA 34 YM08 Oeiyumy Xapuo8020 NpOmMeiny.
Bcmanosnenuii  pakm mooicna nosacrHumu K IMOGIPHUM  NOPYUIEHHAM CMPYKMYPHO-QYHKYIOHATbHOT opeaHnizayii
epmenmie ma ix cunmesy, max i 3MiHOW0 Y CHIBBIOHOWEHHI PEOOKC-(POPM HIKOMUHAMIOHUX KOpepmeHmie 3a 0aHux
eKCnepuMeHmanbHux ymos. Boonouac y yumo3sonvHil ppaxyii neuinku meapur 0anoi epynu 6CmMaHo81eHe HaKONUYeHHs
THK-akmusnux npodykmie ma npomeinosux Kapbouin-oepusamis. Ilpu yvomy y 0Oinok-Oeiyumnux wypie
CMAmMucmuyHo O00CMOBIPHOT pI3HUYI 34 pIGHEM OAHUX NPOOYKMI6 NOPIGHAHO 3 HNOKASHUKAMU KOHMPOII) He
6cmanosnieHo.  3pobneHo  UCHOBOK, WO NOKA3aHe HAKONUYEHHs aNbOeliOHUX NPOOYKMIE  OKUCTIOBAIbHOZO
NOWKOOICEeHH s 1inidie ma npomeinié Ha (POHI 3HUIICEHHS. AKMUBHOCMI epmenmie, AKi 3a0e3neyyroms ix Kamaboizm,
MOdKce exHcamu 6 OCHOBL 00HO20 3 MEXAHIZMi6 OUCQYHKYIT KIIMUH NeuiHKU 34 YMO8 MOKCUYHO2O0 YPANCEHHs,
IHOYK08aH020 Ha hoHI Deiyumy Xxapuoeoeo npomeiny.

Kniouosi cnosa: animenmapua necmaua npomeiny, 2enamomoKCUYHICIIb, YUMO30b, dAlboe2iodeciopozenasd,
anvoeciopedykmasa, THK-axmugni npooykmu, KapOoHinbHi nOXiOHi npomeinie
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