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Abstract

Inroduction: Oxidative stress is an important pathogenetic factor in a number of socially significant diseases, including the acute ex-
ogenous poisoning. Homocysteine is a sulfur-containing amino acid synthesized on the basis of methionine, which plays an important
role as an oxidizing agent in the human body. As such a factor, it was the monitored subject of this study.

Aim: To measure the level of homocysteine in acute exogenous poisoning with alcohol, heroin and cerebro-toxic drugs.

Materials and methods: This is a prospective longitudinal study including 118 patients with moderate or severe acute poisoning
with cerebro-toxic drugs (n=45), alcohol (n=40), heroin (n=33) and a “control group” (n=35). Clinical laboratory tests were performed
according to the standards of a clinical laboratory. In the statistical analysis we used alternative and variance analysis, parametric meth-
ods for hypothesis assessment, and nonparametric methods for normal distribution.

Results and discussion: The results showed that for the three groups of intoxications, the average homocysteine levels were higher
than those of the control group (p<0.001). The intergroup comparison criterion for normal distribution showed that the changes in pa-
tients with alcohol intoxication (u=3.39; p<0.001) and heroin intoxication (u=2.00; p<0.001) were highly statistically significant without
correlating with the severity of the poisoning (p>0.05).

Conclusion: There is a risk of oxidative stress in intoxication with alcohol and narcotics. A reliable marker for the complex evaluation
of oxidative stress in people is monitoring the serum level of homocysteine and its careful interpretation.
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no acid discovered in 1932 by Vegnaund. Its metabolism
stands at the intersection of two pathways: remethylation

INTRODUCTION

Homocysteine is defined as an indisputable factor — an oxi-
dant that causes oxidative stress in the body.!®

In recent years, reports have emerged in the scientific li-
terature about the role of oxidative stress as a major patho-
genetic factor in a number of socially significant diseases,
including some exogenous intoxications.”®

and trans-sulfuration. Under physiological conditions, the
remethylation is a major pathway for the metabolism of ho-
mocysteine to methionine. Its exchange is closely related to
that of methionine and depends on the amount of vitamins
B6 and B12, and folate in the body, as well as on a number
of enzymes. A primary role plays the 5,10-methylenetetra-

ential sulfur-containing ami-

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), , PEHSUE
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. °

519



Folia Medica

S. Tufkova et al

hydrofolate reductase (Fig. 1). In the body it is represented
in several forms — reduced, oxidized (5-10%) and mixed
(70-80%), as physiologically active is the reduced - 1% of
the total.! In practice, it is the total homocysteine in serum
that is usually determined, as there is a positive correlation
with the reduced form and it is a significant oxidative factor
in the body.»*10

Numerous epidemiological and clinical studies over the
past two decades in different countries have shown that
the hyperhomocysteinemia is an independent risk fac-
tor in the development of atherosclerosis, ischemic heart
disease, cerebrovascular disease, diabetes mellitus, renal
failure, venous thrombosis, etc. by enhancing the oxidative
processes.2®%11'13 Varjous pathogenetic mechanisms are
discussed - direct toxic effect on the endothelium (endo-
thelial dysfunction), oxidative damage to various cellular
structures, activated platelet aggregation, increased smooth
muscle proliferation, etc.!%1%15> Undisputed is the role of
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oxidative damage as a key factor among the mechanisms.>>

In the field of experimental and clinical toxicology, hy-
perhomocysteinemia is mainly associated with the syste-
matic alcohol dependence (SAD).!%?* In many countries,
including Germany and France, it is used as a marker for
chronic alcoholism.*

Chronic alcoholics often suffer from specific deficiencies
of micronutrients, including the following vitamins: folate,
vitamin B-6 and vitamin B-12. The possible link between
homocysteine and alcoholism stems from the fact that the
metabolism of homocysteine is closely related to the me-
tabolism of these three vitamins. In fact, homocysteine
stands at the intersection of two pathways: methylation and
trans-sulfuration. Therefore, hyperhomocysteinemia is the
result of aggression of the toxic factor on structures respon-
sible for impaired methionine metabolism due to enzyma-
tic or vitamin deficiency.

There is a direct correlation between the level of homo-
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Figure 1. Homocysteine exchange in the human organism (by Zdr. Taralov, T. Tzvetkova, 2000; Miner, Jacobsen, D’Angelo modifica-

tion).
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cysteine in the serum and the amount of methionine in the
food and vice versa - in regards to the vitamins contained
in it, which are enzymatic cofactors in the exchange of ho-
mocysteine (B-12, B-6, and folate).

In SAD, impaired homocysteine remethylation (folate
and B-12 dependent) is a predictive cause of homocysteine
elevation, whereas vitamin B-6 dependent trans-sulfonati-
on is less important, despite the proven effect of selective
vitamin B-6 deficiency on homocysteine trans-sulfonation.
The homocysteine levels, whether elevated or within refe-
rence values, correlate inversely with those of folate (stron-
ger) and vitamins B-12 and B-6 (weaker).

These dependencies are particularly pronounced in pa-
tients with alcohol intoxication, and especially in chronic
alcohol abuse. Folate deficiency is thought to be the most
important cause of hyperhomocysteinemia in SAD.

Over the last few years, studies have been conducted to
determine the place and role of homocysteine in various
acute toxicological conditions (including alcohol, drug ad-
dictions, etc.).'%17:18 In the accessible literature, these stu-
dies are limited and too contradictory, so we set ourselves
the following goals:

1. Tracking the level of homocysteine in some acute exo-
genous poisonings — alcohol, narcotics (heroin) and cere-
bro-toxic drugs.

2. Determining the correlation between the type of toxic
substance and the severity of the intoxication.

Namely, as an important oxidant factor, the homocystei-
ne was the subject of monitoring in this study.

MATERIALS AND METHODS

A prospective longitudinal study of 118 patients with mo-
derate and severe acute exogenous poisoning with alcohol,
narcotics and cerebro-toxic drugs, treated in Department
of Clinical Toxicology of the St George University Hospital,
Plovdiv over a period of 2 years. Thirty-five healthy sex-
and age-matched men and women were included in the
control group.

Distribution:

« By sex: 38 women and 80 men

« By age: from 17 to 72 years old

Severity: The 3-step classification of Al. Monov (1996)
was used.

Clinical and laboratory tests were performed at the Cen-
tral Clinical Laboratory of St George University Hospital
Plovdiv.

Statistical analysis of data was performed using SPSS ver.
13.0, at a level of significance p<0.05. The following analy-
ses were used:

1. Alternate and variance analysis — standard deviation,
minimum, maximum and range;

2. Parametric methods for assessment of hypotheses -
ANOVA, F-criteria;

3. Nonparametric methods for normal distribution

Acute intoxications and homocysteine

Methodology for determining the serum
level of homocysteine

Reagents: FPIA (Fluorescence polarization immunoassay)
- kit by Abbott Laboratories USA.

Analyser: AXSYMTM system.

Principle: homocysteine from the sample forms immu-
ne complex with the homocysteine-monoclonal antiserum
and the homocysteine-fluorescein conjugate. The polarized
light excites the fluorescein. The resulting polarization is
inversely proportional to the concentration of the tested
component.

Analytical reliability: sensitivity — 0.8 pmol/l; non-re-
producibility in series - CV<4.5%; non-reproducibility in
time — CV<4.6%; recovery: no dilution - 96.6-105.0%; with
a dilution of 1:2 or 1:32 - 86.4-102.2%; the method is spe-
cific, no cross-reaction with L-cysteine (100.0 mM), with
adenosine (5.0 mM), with glutathione (100.0 mM) was de-
tected.

Reference interval: men: 5.90-16.0 umol/l, women:
3.36-20.44 pmol/l

RESULTS AND DISCUSSION

Analysis of data from monitoring serum homocysteine
traceability showed that in all three observed groups of pa-
tients with acute poisoning with cerebro-toxic drugs, alco-
hol and heroin, the average homocysteine levels were sig-
nificantly higher than those of the control group (Table 1).
This necessitated an intergroup comparison criterion for
normal distribution. The comparison showed the existen-
ce of statistically significant changes between the control
group and the groups of drug addicts patients and patients
with acute alcohol poisoning (u=2.00 control group/heroin
and u=3.39 control group/alcohol) - 0.05>p<0.001.

Table 1. Serum level of homocysteine (umol/l) in the observed
groups

Indicators
Number 0+ S0 Sx F P
Groups
Heroin 33 13.76x2.41 13.62
Alcohol 40 19.78%2.75 17.37
Drugs 45 14.61£1.67 11.22 475 <0.01
1
Control - 55 891023 141
group

The obtained results are logical, given that in the field
of toxicology hyperhomocysteinemia is associated with
SAD.!¢% In many countries (e.g. Germany, France), it is
used as a marker for chronic alcoholism.* The latter dis-
turbs the transmethylation and trans-sulfuration of homo-
cysteine, resulting in doubling its level in the blood.®* In
the case of alcohol and wine abusers, it is higher than that
for the beer consumers.**
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Twenty patients with acute alcohol intoxication had
SAD dating back more than 3.5 years. The analysis of our
results on homocysteine levels in acute poisoning without
SAD and with SAD, showed a significant increase in homo-
cysteine in the second group (Table 2).

Table 2. Homocysteine levels (umol/l) in acute poisoning with
SAD and without SAD

Acute alcohol Indicators
. Number
poisoning 0+S0 t p
Without SAD 20 10.36+0.80
3.69 <0.001
With SAD 20 29.21+4.59

Table 3 shows that homocysteine levels in individuals
without SAD (‘real’ alcohol poisoning) were not signifi-
cantly higher than those in the control group.

Table 3. Homocysteine levels (umol/l) in acute poisoning with-
out SAD and control group

Acute alcohol Indicators
L. Number
poisoning 0+S0 t p
Without SAD 20 10.36+0.80
2.12 > 0.05
Control group 35 8.91+0.23

Significant hyperhomocysteinemia is also established in
SAD individuals compared with the control group (Table 4).

Table 4. Homocysteine levels (umol/l) in acute poisoning with

SAD and control group
Acute alcohol Indicators
N Number
poisoning 0+S0 t p
With SAD 20 29.21+4.59
5.88 <0.001
Control group 35 8.91+0.23

This data outlines a tendency for expressed hyperhomo-
cysteinemia in patients with SAD. The presence of a statis-
tically significant change in the level of homocysteine in the
total number of cases of acute alcohol poisoning is due to
the presence of a significant number of patients with SAD
(50%) among them.

Similar results were reported also by other authors who
found an increased level of homocysteine in patients with
S AD_16—23

There are just a few studies of homocysteine in acute
poisoning without SAD. After a review of the relevant lite-
rature, we found only one similar study, B. Hultberg®® who
also found no hyperhomocysteinemia in “pure” acute alco-
hol poisoning.

To assess the dependence between the type of toxic sub-
stance and the severity of intoxication, we used cross tabu-
lation on these categories (Table 5).

We did not find a statistically significant correlation bet-
ween the severity of acute poisoning and the type of intoxi-
cation.

The analysis of our data showed a statistically signifi-
cant increase of homocysteine in patients with heroin in-
toxication compared to that in the control group (u=2.00,
p<0.001), without it correlating with the severity of acute
poisoning.

Hyperhomocysteinemia in heroin poisoning is confir-
med by the studies of some researchers (RS Williams et
al.?”%8), which is associated with a more severe degree of
these intoxications.

The topicality of the study of this essential oxidant is due
to the fact that homocysteine is considered to be an impor-
tant factor in determining cardiac and thrombotic risk in
patients with narcotic addiction (severe cocaine and heroin
intoxications) predisposing to toxic cardiomyopathy.

The test we performed demonstrate that the average
homocysteine levels in acute poisoning with cerebro-toxic
drugs are higher than those of the control group, but fail
to reach statistical significance (Table 1). This can be most
likely accounted for by the fact that the majority of acute

Table 5. Homocysteine (umol/l) - type of toxic substance and severity of acute poisoning

Group Severity Number 0+S0 Sx t p
moderate 13 11.58+0.71 2.46
0.90 >0.05
Heroin severe 20 15.08+3.84 17.15
all 33 13.76+2.41 13.62
moderate 25 18.62+4.00 20.01
0.61 >0.05
Alcohol severe 15 21.71+3.14 12.17
all 40 19.78+2.75 17.37
moderate 30 15.28+2.37 13.00
0.68 >0.05
Medications severe 15 13.29+1.69 6.56
all 45 14.61+1.67 11.22
moderate 68 15.86+1.84 15.07
0.25 >0.05
Total severe 50 16.53£1.90 13.45
all 118 16.15+1.33 14.35
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poisoning with drugs is not toxicomania.

We could not compare this indicator with studies by
other authors due to the lack of data from the scientific li-
terature on homocysteine testing in cases of poisoning with
cerebro-toxic drugs.

We can conclude that the increased levels of homocys-
teine in the respondents are due to the disturbed meta-
bolism of methionine or due to processes that inhibit the
homocysteine metabolism in acute exogenous alcohol and
narcotics.

FINDINGS

1. A significant increase of homocysteine was found in in-
dividuals with acute alcohol intoxication, particularly ex-
pressed in those with SAD and absent in the “pure” alco-
holic intoxication.

2. High levels of homocysteine are also registered in acute
poisoning with heroin.

3. Hyperhomocysteinemia was found in people with chro-
nic administration of toxic agents — alcohol and heroin.

4. The homocysteine level in the three acute poisoning
groups is not dependent on the severity of the intoxication.

CONCLUSION

Exogenous poisonings are aggressive “agents” that create
oxidative stress in the body. Experimental and clinical ob-
servations have shown that high levels of free radicals or
the decreased activity of the antioxidant system is a serious
risk factor in relation to the rate of development and seve-
rity of organ damage in acute poisoning. That is why the
study of markers of oxidative stress (such as homocysteine)
is of great practical value in exogenous intoxication.

The literature expresses opposing views on the use of
oxidants or a package of such, as a reliable marker for as-
sessing oxidative stress in humans. It is logical to assume
that the most in-depth understanding gives a simultane-
ous study of more oxidant indicators, which is laborious,
expensive and practically impossible. All this points to the
obvious need to measure single oxidants and their careful
interpretation, which would allow a complex assessment of
oxidative stress in the body.

Based on this study, we can conclude that:

- Exogenous toxins are a significant factor causing ag-
gressive oxidative stress in the body.

- Hyperhomocysteinemia as an oxidative factor may
worsen some acute exogenous intoxications.
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Pe3tome

BBeaeHune: OKICINTeIbHbIN CTPece AB/IAETCA BaXXHBIM IMaTOTeHETIYEeCKUM (HaKTOPOM B psjie COLMATIbHO 3HAYMMBbIX 3a00/IeBaHMI,
BKJIIOYAst OCTPOE 9K30T€HHOE OTpaB/ieHe. [OMOLMCTENH SB/ISETCS CEPOCOfiEPIKALIell aMUHOKICIOTON, CUHTE3MPOBAHHOI HAa OCHOBE
METVOHVHA, KOTOPBIIT MTPaeT BXXHYIO PO/Ib B Ka4eCTBe OKVICTUTEISI B OPraHI3Me deloBeKa. B kauecTBe Takoro pakTopa OH sIBSIETCS
HaO/II0[aeMbIM 00'EKTOM JJAHHOTO MCCIIENOBAHMS.

Llenb: VisMepuTh ypoBeHb TOMOLIMICTEMHA IPY OCTPOM 9K30T€HHOM OTPaBI€HMM alKOTO/IEM, TePOMHOM U LepeOpOTOKCIIeCKIMIM
IIperapaTaMu.

Marepuanbl U MeToAbl: 10 IPOCIEKTHBHOE JOTOCPOYHOE MCCTIEIOBAHE C y4acTreM 118 IaijieHTOB C yMepeHHBIM VTN TSKETBIM
OCTPBIM OTpaBJIeHNEM LiepeOpoToKcrdeckumu npernaparamu (n=45), ankoronem (n=40), repouHoM (n=33) 1 KOHTPOJILHOI IPYIIIION
(n=35). Knmundeckue 1abopaTopHbIe NCCIEFOBAHNU TPOBOANIIICH B COOTBETCTBUM C KIIMHIIECKMMI TA00OPATOPHBIMIL CTAH/APTAMIL.
JI/Ist CTaTMCTMYeCKOro aHa/IM3a VICIIONb30BA/MNCh aNMbTEPHATVBHBIN M BAapMAL[MOHHBI aHA/IN3, APAMETPIYECKNe METOAbI OLEHKI
TUIIOTE3 11 HeTlapaMeTPIYecKyie METO/bI HOPMA/IBHOTO PacIIpefie/IeHII.

PesynbraTbl 1 06CYX/AE€HMWE: PesynbraTsl MOKA3a1N, YTO B TPEX TPYIIIaX MHTOKCUKALINI CPefHIe YPOBHI TOMOLUCTENHA ObUIN
BbIIIE, YeM B KOHTPO/IbHOI rpymie (p<0.001). Kpurepuii MeXrpynnoBoro cpaBHeHUs HOPMaabHOTO pacHpefe/eHNs I0Ka3al, 4To
M3MeHeHMA Y NAlMEeHTOB C a/IKOTO/IbHOM MHTOKCMKanmeit (u=3.39; p<0.001) u reponHoBOI nHTOKCKKanMeit (u=2.00; p<0.001) 6bm
6oree CTaTMCTUYECKY 3HAYMMBIMIY, He KOPPEIMPYA C TSKeCTbIo oTpasieHus. (p>0.05).

3aknoueHue: CymiecTByeT pYCK OKMCINTEIbHOTO CTPecca Py a7IKOTOJIbHOM M HADKOTHYeCKOM onbAHeHny. Hagé&xHpiM MapKkepoM
I/ KOMIUIEKCHOJ OLIEHKM OKMCIUTENBHOTO CTPecca y JIOfiell AB/AeTCA Hal/ofieHne YpOBHell TOMOLMCTENHA B CBIBOPOTKE M MX
TIaTe/IbHAsA MHTePIpeTalns.

KnioueBble cnoBa

TOMOLMCTENH, OKVIC/TUTETBHBIN CTpeCC 1 OCTpasA 9K30reHHaA MHTOKCUKALVA
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