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Development of pathogenetic therapy of acute ethanol poisoning is of undoubted interest since such intoxication is of-
ten accompanied by a severe course and high lethality. Taking into account the peculiarities of the ethanol pathological
action the treatment of such patients involves the use of drugs with the complex neuro- and hepatoprotective effects.
Thereby, the studies for searching new pharmaceutical agents with a wide range of the pharmacological activity and
economic availability continue. For a long time the object of researchers’ attention is the chemical compound - pyridoxine-
L-2-pyrrolidone-5-carboxylate (metadoxine). Till this moment a large number of the experimental data showing a diverse
pharmacological profile of the drug action (antioxidant, antisteatotic, anti-inflammatory, antifibrotic, neurotropic) has
been accumulated. Paying attention to the facts mentioned above our attention was focused on the detoxification action of
metadoxine. Therefore, the aim of this work was to study the effect of metadoxine on the rate of excretion of ethanol and its
metabolites in white rats in a preventive single introduction of the drug. The parameters of excretion of acetaldehyde, ac-
etate and the unchanged ethanol with urine and feces have been chosen as a criterion for assessing the effectiveness of the
process. Excretion of ethanol by lungs and sweat glands has not been studied because of a negligible contribution of these
pathways in the process of ethanol elimination. It has been determined that intraperitoneal introduction of metadoxine in
the dose of 200 mg/kg 30 min prior ethanol introduction (orally in the dose of 1 g/kg) accelerates the rate of elimination
of ethanol and its metabolites (acetaldehyde and acetate) in rats.

evelopment of pathogene-

tic therapy of acute etha-
nol poisoning is of undoubted in-
terest since such intoxication is
often severe and highly lethal.
Treatment of acute poisoning with
ethyl alcohol traditionally inclu-
des a set of measures maintain-
ing the vital functions and constant
internal environment, as well as
measures aimed to accelerate etha-
nol elimination [5, 14]. Currently,
there is large number of drugs used
in medical practice for the treat-
ment of the effects of the ethanol
action on the human body. Taking
into account the peculiarities of
ethanol pathological action the
treatment of such patients invol-
ves the use of drugs with the com-
plex neuro- and hepatoprotective
effects.

Thereby, the studies for sear-
ching new pharmaceutical agents
with a wide range of the pharma-
cological activity and economic
availability continue. For along time
the object of researchers’ atten-
tion is the chemical compound -
pyridoxine-L-2-pyrrolidone-5-carb-

oxylate (metadoxine), which is an
equimolar combination of pyrro-
lidone carboxylate (A) and pyri-
doxine (B) as an ionic salt (Fig.).

L-2-pyrrolidone-5-carboxy-
late (pyroglutamate, 5-oxoproli-
ne) is included to the substance
due to the possibility of this cyclic
lactam of glutamic acid (an inter-
mediate of the gamma - glutami-
ne cycle) to be involved in the glu-
tathione metabolism [15].

The cationic part of metadoxi-
ne is presented as pyridoxine pos-
sessing the vitamin activity (one of
vitamin B, three forms). The com-
pound plays an important role in
metabolism of the substances in-
volved in the synthesis of neuro-
transmitters. The phosphorylated
form participates in the process-
es of decarboxylation, transami-
nation and deamination of amino
acids, improves the use of unsa-
turated fatty acids, reduces the
level of cholesterol and lipids in
the blood [7, 10].

As the active pharmaceutical
ingredient metadoxine has been
developed by “Laboratory Balda-
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chi S.P.A” (Italy). The generic of
this drug is manufactured in Uk-
raine by ALC “INTERCHEM” in the
form of tablets (“Alkodez® IC” and
“Liveriya® I1C").

Till this moment a large num-
ber of the experimental data sho-
wing a diverse pharmacological
profile of the drug action (anti-
oxidant, antisteatotic, anti-inflam-
matory, antifibrotic, neurotropic)
has been accumulated.

Paying attention to the facts
mentioned above our attention was
focused on the detoxification ac-
tion of metadoxine.

Therefore, the aim of this work
was to study the effect of meta-
doxine on the rate of excretion of
ethanol and its metabolites in whi-
te rats in a preventive single in-
troduction of the drug. The pa-
rameters of excretion of acetal-
dehyde, acetate and unchanged
ethanol with urine and feces were
chosen as a criterion for assess-
ing the effectiveness of the pro-
cess. Excretion of ethanol by
lungs and sweat glands has been
not studied because of a negligi-
ble contribution of these path-
ways in the process of ethanol
elimination [11].
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Fig. The formula of pyridoxine-L-2-pyrrolidone-5-carboxylate (metadoxine)

Materials and Methods

Experiments were conducted
on white male Wistar rats weigh-
ing 200-270 g. Care of the animals
and the experimental studies were
carried out in accordance with the
regulatory requirements [1, 2].
The animals were divided into
2 groups: group 1 - control, and
group 2 - test. The experimen-
tal animals received metadoxine
(i.p., 200 mg/kg) 30 min before
the main introduction. Ethanol was
administered orally in the dose of
S LD, (3.5 g/kg) by two groups
of animals.

Collection of excretes was in
3; 6; 12; 24 and 30 h. When col-
lecting the urine the funnel was
washed 4 times with 10 ml of H,0,
the total volume of the sample ob-
tained (with overflows) was re-
corded. To determine the total ra-
dioactive material 1.0-2.0 ml of
the sample were collected in scin-
tillation vials. Quantification of the
content of acetic acid was perfor-
med in scintillation vials. Of the
total volume 10 ml of the sample
were taken, and 1 ml of 10% Na,CO,
was added, then it was evapora-
ted to obtain a semi-dry residue.
To determine acetaldehyde 10.0 ml
were taken into a vial from the re-
sidue of the total sample, and hyd-
rogen peroxide was added to oxi-
dize acetaldehyde containing in the
sample to acetic acid. Oxidation
was carried out for 20 min, then
1 ml of 10% Na,CO, was added
to adjust the alkaline pH (28.2),
and it was evaporated to obtain
a semi-dry residue. Feces were
collected, placed in an oven, and
then the samples were weighed.
After grinding 50 mg of the sam-
ples were collected in each vial,
1 cm3 of formic acid was added,

and hydrolyzed on a water bath.
In all cases, 1 cm? of Triton X-100
and 10 cm?® of a scintillator of the
Canberra Packard firm were added
to the samples. The quantity of the
radioactive material in the samp-
les was determined by a Canber-
ra PACKARD TRI CARB 2700 liquid
scintillation photometer.

Processing of the results ob-
tained was carried out in accordan-
ce with the algorithms [4]. In com-
parative analysis of the results of
our studies Student’s t-test was
used [3]. The confidence interval
in all the experiments was calcu-
lated at the significance level of
P <0.05, providing the reliability
of the results with the probabili-
ty of 95%.

All mathematical calculations
were performed using the Excel XP
software package of the personal
computers (Pentium 4).

Results and Discussion

The limiting stage of the etha-
nol action is the absorption pro-
cess, which is carried out mainly
in the proximal part of the gastro-
intestinal (GI) tract, in the stom-
ach (70%) and in the duodenum
(25%), while 5% of ethanol is ab-
sorbed in the distal intestine [13].

The first stage of the metabo-
lism of alcohol occurs in the gas-
tric mucosa with participation of
the gastric fraction of alcohol de-
hydrogenase. According to some
sources up to 10% of the etha-
nol administered is metabolized
in the stomach [6]. However, it
should be noted that at present
time the issue of the stomach as
an organ where the first phase
of the metabolism of ethanol oc-
curs is discussed. It is suggested
that the first phase of the alcohol
metabolism takes place in the li-

ver [9], but it depends on the rate
of absorption in the stomach and
small intestine.

It has been found that syste-
mic ethanol oxidation occurs in
the liver by three parallel meta-
bolic pathways: 1) by alcohol de-
hydrogenase providing metabo-
lism of the major amount (90%)
of alcohol in the liver, 2) by mi-
crosomal monooxygenase contai-
ning cytochrome P-450 2E1 (8-10%
of ethanol oxidation), 3) by per-
oxisome catalase (oxidation to 2%
of ethanol) [12]. Oxidation of etha-
nol by alcohol dehydrogenase re-
quires participation of NAD*, due
to which the proton transfers from
the ethanol molecule to a mole-
cule of NAD* with its reduction to
NADH and formation of acetalde-
hyde. Further, in the mitochond-
ria, acetaldehyde in a NAD-depen-
dentreaction is converted into ace-
tic acid via acetaldehyde dehydro-
genase; in its turn, with partici-
pation of acetyl coenzyme A syn-
thetase, acetic acid is involved in
formation of acetyl-CoA involving
in the Krebs cycle or the fatty acids
cycle. NADH formed during this
reaction oxidizes again. Thus, the
alcohol degradation rate by alco-
hol dehydrogenase and aldehyde
dehydrogenase depends on the in-
tensity of the reoxidation of NADH
to NAD*. The metabolism of one
molecule of alcohol requires two
molecules of NAD*. This signifi-
cantly alters the redox potential
of hepatocytes towards the reduc-
tion reactions. Degradation of al-
cohol can be inhibited if NADH is
not constantly re-oxidized. The in-
crease in the NADH concentration
decelerates the reactions of the
Krebs cycle. Under these condi-
tions the excess of acetyl-CoA is
consumed in the synthesis of ke-
tone bodies entering the blood.
This mechanism of ethanol meta-
bolism is used to create medici-
nes affecting the pathological units
appearing during use (especially
abuse) of alcohol.

At the first stage the kinetics
of the total elimination of ethanol
and its metabolites with the nor-
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mal and preliminary introduction
of metadoxine in white rats was
studied.

It has been found that meta-
doxine increases the total amount
of radioactive products (Tab. 1)
by 30 h after introduction exceed-
ing the similar value after intro-
duction of ethanol in 1.4 times
(from 32.6 £ 5.6 to 46.1 + 5.5%
of the injected dose of ethanol).
However, increase in the amount
of the excreted total metabolites
(on the background of metadoxi-
ne introduction is observed only
in 7.5 h after introduction of etha-
nol, while by the third hour after
introduction their quantity is eli-
minated higher in the group of in-
tact animals (19.6 + 2.3% of the
injected dose). This difference is
explained by the fact that the ef-
fect of metadoxine is due to mo-
dulation of biochemical processes.
In this regard, the important ques-
tion is not only about the elimina-
tion rate of the total amount of
metabolites of ethanol, but about
their quantitative composition
as well.

There is an intensive metabo-
lism of ethanol (increase in the ace-
tate content in the urine is obser-
ved with time) as seen from the
data presented (Tab. 2). Already
from ~ 7 hour after introduction
the amount of the excreted un-
changed ethanol does not exceed
1% of the injected dose, while the
major part of radioactive products
is its metabolites - acetaldehyde
(15-24%) and acetate (59-84%).
Acetate formation in this case is

Table 1

Excretion of ethanol and its metabolites (% of the injected dose)
from the organism of the experimental animals after a single
introduction of ethanol (control) and on the background of the
preliminary introduction of metadoxine (test)

Time. h Introduction Preliminary introduction
! of ethanol (control) of metadoxine

3 19.6 £2.3 13.9+1.3
7.5 25.7 +3.6 29.6 £3.2

12 293 +2.4 375124

24 32.2+2.5 436 £1.7

30 32.6 +5.6 46.1 +5.5

Note: p<0.05.

the leading pathogenetic factor
since it leads to metabolic acido-
sis and disturbance of the body
homeostasis, while acetaldehyde
formed because of its volatility is
eliminated from the body not only
by renal, but also by respiratory
routes, reducing its toxicity.
There is a significant redistri-
bution of the profile of the excre-
ted ethanol and its metabolites
against the background of the pre-
liminary introduction of metadoxi-
ne. Thus, the relative amount of
the excreted unchanged ethanol
(from 15.9 + 0.6 to 77.8 £ 0.6%
in the first 3 h after introduction)
significantly increases. At the same
time the amount of the excreted
unchanged acetaldehyde also in-
creases (by 12 h after introduc-
tion increases from 18.2 + 2.8 to
42.3 + 2.7%). Simultaneously, the
relative amount of the excreted
acetate decreases in ~ 2.3 times
(being 28.1 = 0.8% in 30 h after
introduction). This difference in

the ratio of the excreted un-
changed ethanol and its metabo-
lites is the result of increasing of
its metabolism.

For integral characteristic of
the excretion processes based on
the amount of the common excre-
ted metabolites (Tab. 1) and their
relative composition (Tab. 2) the
indicators of the maximum amount
of the excreted compounds (Tab. 3)
at the theoretically infinite expo-
sure time (Q,,,,), as well as the ki-
netic characteristics of these pro-
cesses (excretion constant, k., h'')
were calculated. Noteworthy is the
fact that the values of the unchan-
ged ethanol Q, ., (increasing from
6.3 £ 0.6% to 38.5 £ 4.8%) and its
final metabolite — acetate (decrea-
sing from 19.9 + 3.1% to 8.5 *
+0.7%) change most of all, while
amount of the excreted acetalde-
hyde undergoes no statistically
significant changes (Tab. 3).

The mechanism of the meta-
doxine stimulating effect on the

Table 2

The relative composition (% of the total radioactivity eliminated) of ethanol metabolites
following the single introduction of ethanol (control) and on the background
of the preliminary introduction of metadoxine (test)

Time, Introduction of ethanol (control) Preliminary introduction of metadoxine
h Ethanol Acetaldehyde Acetate Ethanol Acetaldehyde Acetate
3 15.94+0.6 244114 59.6+£0.8 77.810.6 9.9+0.7 12.5+0.8
7.5 0.54+0.04 23.9+2.7 75.5+£2.8 58.81£0.6 28.4+0.8 12.79+0.4
12 0.73+0.01 18.2+2.8 81.1£2.9 37.1£4.3 42.3+2.7 20.7+2.1
24 0.32+0.17 16.9+2.8 82.713.0 32.6%5.3 40.4+4.3 27.1£0.9
30 0.28%+0.09 15.5+£1.7 84.2+1.8 32.6+5.8 38.8%5.1 28.1£0.8

Note: p<0.05.
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The change of the maximum amount (Q
dose) and the excretion constants (k

max’

ex’

Table 3

% of the injected
h) of the excreted

ethanol and its metabolites after its single introduction
(control) and on the background of the preliminary

introduction of metadoxine (test)

Introduction of ethanol (control)

Qmax kex' h"l
The total metabolites of ethanol 298 +4.7 0.32+0.05
Ethanol 6.3+0.6 0.42 +0.38
Acetaldehyde 0.6+0.2 0.37+£0.14
Acetate 19.9 + 3.1 0.27 +£0.04

Introduction of ethanol after preliminary introduction of metadoxine (test)

The total metabolites of ethanol 47.4+49 0.12+£0.01
Ethanol 385+4.8 0.13+0.02
Acetaldehyde 0.7+0.2 0.09 + 0.02
Acetate 8.5+0.7 0.076 +0.006
Note: p<0.05.

process of ethanol elimination has
not been completely elucidated.
The elimination rate of ethanol
may increase as a result of acti-
vation of the primary metabolism
of ethanol in the gastrointestinal
tract, intensification of the hepa-
tic blood flow, induction of the syn-
thesis of alcohol oxidation enzy-
mes in the liver or re-oxidation
of NADH. The latest mechanism
deserves the greatest attention.
The intensity of the reoxidation
NAD(P)H process is a limited ele-
ment determining the rate of any
dehydrogenase reaction, including
metabolism of ethanol to acetal-
dehyde followed by formation of
acetic acid. The functioning of

these enzymes is limited by the
presence and availability of the
oxidized form of NAD". An excess
of protons in alcohol intoxication
does not allow the NAD/NADH
system to transport all of them in
the chain of biological oxidation
enzymes. In this situation, the ca-
talytic activity of alcohol dehyd-
rogenase and aldehyde dehydro-
genase is high, but their actions
are blocked. To accelerate the oxi-
dation of ethanol and acetaldehy-
de the efficiency of NAD/NADH
turnover must be increased. There
is information [8] that metadoxi-
ne under conditions of alcohol in-
toxication can maintain the nor-
mal ratio of NAD*/NADH in cells,
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PET'Y/IOBAHHA META/IOKCUHOM EJIIMIHALIII ETAHOJIY 1 MO0 METABOJIITIB 3 OPTAHI3MY IIIYPIB
M.A.T'onosenko, 0.B.Kapnosa, 1.I0.bopuciok
Dizuko-ximiuHuii incmumym im. 0.B.bozamcvkozo HAH Ykpainu

Karwouosi ci108a: memadokcuH; emaHoa; ayemasivdezio; ayemam; padiosnoz2ivHull aHaniz

Pospobka namozeHemuuHoi mepanii cocmpux ompyeHb emaHo10M hpedcmasase 6eanepeyHull iHmepec, mak sk maki
iHmokcukayii Hepidko cynpo8odxHCyIoMbCsl 8AMCKUM nepebi2oM i 8UCOKOI0 iemaabHicmio. 3 02450y Ha 0co6aueocmi na-
mouozivHoi dif emaHo1y, akmyaabHUM y AIKy8aHHI nayieHmis € 3acmocye8aHHs npenapamis, wo 80.100il0mv KoMn-
JIeKCHUM Hellpo- ma 2enamonpomekmopHuM epekmamu. Y 38’3Ky 3 Yyum npo0dosicyromubCst NOWYKU HOBUX JAIKAPCbKUX
azeHmie, SIKI Maoms WUpPOKUll chnekmp Gapmakoa02iyHoi akmusHocmi ma ekoHomiyHy docmynHicmos. 06'€kmoM ysazu
docsidHuKie mpugaauli Yac 3aAUWaeEMsCs XiMivHa cnoiyka nipudokcuH-L-2-nipoaidon-5-kap6okcuaam (MemadokcuH).
Ha menepiwHiii yac HaKonu4UACa 8eAUKA KibKICMb eKCnepuMeHmaabHuX 0aHux, wo ceiduams npo pizHoMaHimHuil
dapmakosozivHuil npogine dii npenapamy (aHmuokcudaHmHull, aHmucmeamosHuti, npomusanaabHuli, aHmugiopomuu-
Hutl, HelipomponHutl). Y 38’513Ky 3 npo6s1eMo1o, wjo 062080p0EMbCS, 0151 HAC CMAHO8UMb iHMepec uje 00uH sud dii mema-
dokcuHy - desinmokcukayitiHuii. Tomy memotro daHoi po6omu cmaso d0cai0HCeHHs 8naU8Y MemadoKCUHY Ha WeUdKicmb
eKckpeyii emaHoly ma liozo mema6osimie y 6iaux wypie npu npoginakmuvyHomy 00HOpa3080My 88edeHHI npenapamy.
Kpumepiem oyinku egpekmusHocmi npoyecy 6y1u o6paHi nokasHUKU ekckpeyii ayemasavdezidy, ayemamy i He3aMiHeH020
emaHoAy 3 ceyero ma kanom. EKckpeyis emaHoy ne2eHsamMU I NOMo8UMU 3a103aMU He 8UBHANACL Yepe3 MI3epHO Maaull
8K/1a0 JaHUX W./sXie 8ugedeHHs 8 npoyecu eaimMiHayii emus08020 cnupmy. BcmaHos1eHo, Wo MemadoKcuH, 8gedeHutl
wypam eHympiuHb004epesuHHo 8 003i 200 me/kz 3a 30 x& do 8eedenHs1 emaHoay (nepopasivHo 8 003i 1 2/kz), npuckoproe
weudkicme eniminayii emanoay ma iioco memaboaimis (ayemaavdezidy ma ayemamy).

PETYJIAINUA METAJOKCUHOM 3JIMMUHALIMH 3TAHOJIA U ETO METABOJIUTOB M3 OPTAHU3MA KPbIC
H.A.I'onoeenko, 0.B.Kapnoea, HU.10.bopuciok
Duzuko-xumudeckuil uHcmumym um. A.B.bozamckozo HAH YkpauHbl

Karuesvie cnosa: Memado;ccul—l; amaHona; aqemaﬂbaeaué; ayemam,; paduwloauqeacufi aHas.aus

Paspabomka namozenemuyeckoli mepanuu ocmpslx ompas/ieHull 9maHo10M npedcmasisiem HecOMHEHHbIU UHmepec,
Mak KaKk makue UHMOKCUKAyuu Hepedko CONPo8oHCcAaomesl msidce/nblM meveHueM U 8bICOKOU 1emaabHOCMblo. Yuumul-
80as1 0CO6EHHOCMU NAMO/102U4ecko20 delicmausl IMAaHo.1d, AKMyaAbHbIM 8 Je4eHUU NAYUEHMO08 s18./151eMCcsl NpUMEHeHUe
npenapamos, 0621adaruux KOMN/AeKCHbIM Helpo- U 2enamonpomeKkmopHbuim 3gppekmamu. B cesi3u ¢ amum npodossica-
H0MCS1 NOUCKU HOBBIX JIeKAPCMBEHHbIX d2eHMo8, 06/1a0arnujux WuUpoKUM CheKmpoMm @Gapmako102uvecKoli akmugHocmu
u 3koHoMmu4eckoli docmynHocmbro. 065eKmoM HUMAHUS Uccaedogamesell daumeabHOe 8peMsi 0Cmaemcsl Xumuieckoe
coeduHeHue nupudokcuH-L-2-nuppoaudoH-5-kapbokcusam (MemadokcuH). B Hacmoswee 8pemst HAKONUI0Cb 601b6U0€e
YUCN0 IKCNEPUMEHMANbHBIX 0AHHbLX, CBUJEeMEeNbCMBYHWUX 0 PA3HOOOPA3HOM PapMakoa02u1eckom npogue deticmaus
npenapama (aHmMuokcudaHmMHoe, aHMuUcmeamo3Hoe, NPOMuUB080CNAUMebHOe, aHMUPUOpoMuUYeckoe, HelipomponHoe).
B ces13u ¢ o6cyrcdaemotl npobsaemoll 0151 Hac npedcmasssiem uHmepec ewje 00uH 8ud deticmaust MemadoKCUuHa — 0e3UHMOK-
cukayuoHHbIil. [loamomy yesnvio daHHOI pabombl cmaso uccaedo8aHue 8AuUsHUSI MemadoKCUHA HAa CKOPOCMb IKCKpeyuu
amaHo/a u e20 Memaboaumos y 6ebiX KpblC npu NPoPuAaKmMu4eckom 00HOKpamHoM egedeHuu npenapama. Kpumepuem
OYyeHKU aghipekmusHoCcmu npoyecca 6bL1u 8blIOpAHbI NOKA3ameau 3Kckpeyuu ayemasasdezuda, ayemama u HeU3MeHeH-
HO20 3MAH0.1d € MOYOU U KA/10M. IKCKpeyusi 3ImaHo1a Ae2KUMU U NOMOBbIMU Jices1e3aMU He U3y4aaack 88UJY HUYMONCHO
Mas1020 8ka1ada 0aHHbIX nymetl 8bl8edeHUs1 8 NPOYeccbl AAUMUHAYUU IMUI08020 cnUpmMA. YcmaHoB8/1eHo, 4mo MemadoKCUH,
88edeHHblll KpblicaM eHympubprowuHHo 8 doze 200 me/kz 3a 30 MuH do esedeHus smaHoaa (nepopansHo 8 dose 1 2/k2),
yCKopsiem cKopocmb 3AUMUHAYUU 3MAHO/1A U e20 Mema6o1umos (ayemaabdezuda u ayemama).
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