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ABSTRACT
According to most researchers, the central mechanism of clozapine poisoning in combination with alcohol is
their cholinolytic effect. A life-threatening condition with clozapine occurs as a result of an unintentional
overdose of the prescribed drug, suicidal behaviour, or criminal behaviour.

Despite the urgency of the problem of clozapine poisoning in combination with alcohol, the pathogenesis of
these  conditions  and  the  resulting  morphological  changes  in  the  brain  have  not  been  sufficiently
investigated.

In this connection, the purpose of our experimental research is the study of the dynamics of changes in
Purkinje cells of the cerebellum in the early period of acute poisoning with clozapine in combination with
alcohol.

In  sections  of  the  cerebellum  of  the  control  group,  reversible  changes  in  Purkinje  cells  (15–20%)
predominated in the form of primary irritation and acute swelling. Irreversible damage to Purkinje cells
(2-5%).

3  hours  after  poisoning  with  clozapine  in  combination  with  ethanol,  Purkinje  cells  showed  irreversible
damage to cerebellar cells with signs of severe changes, neuronophagia, and pericellular edema, with the
following ratio: reversible 25-30% and irreversible 60-70%.

24 hours after the combined poisoning with clozapine in combination with alcohol, in percentage terms, the
ratio of the changes was the following: reversible 25-30% and irreversible 60-70%.

The  study  revealed  the  dynamics  of  reversible  and  irreversible  changes  in  Purkinje  cells  with  a
predominance  of  irreversible  damage was  established,  especially  after  24  hours  from the  start  of  the
experiment.
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INTRODUCTION
Clozapine poisoning is characterized by a severe course and a high probability of death (15-30%). The most
pronounced toxic effect of this drug is observed when clozapine and alcohol are taken together [1]. In a
forensic medical examination in cases of acute clozapine poisoning, the diagnosis is made by a complex
method  using  clinical  and  anamnestic,  sectional,  histological,  biochemical  data  and  quantitative
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determination of the content of the drug in the biological media of the body.

Clozapine (8-chloro-11-(4-methyl-1-piperazenyl)-5H-dibenzo[b,e] is an international non-proprietary name
for the active substance of well-known drugs: Azaleptin and Leponex, alemoxan, iprox. The drug belongs to
atypical antipsychotics and is a derivative of 1,4-benzodiazepine [2].

Clozapine  has  antidopaminergic  (D1 D2,  D4),  antiserotonergic  (5HT2A,  5HT1C,  5HT2C,  5HT2D,  5-HT3,
5-HT3, 5-HT6, 5-HT7), antihistamine (H1), antimuscarinic (M1, central and peripheral) anticholinergic and
α1, α2-adrenolytic properties [2,9].

This drug has a reinforcing effect of narcotics, hypnotics, sedatives, antihistamines, analgesics, as well as
alcohol [2]. Having a weak affinity for D2 receptors, clozapine practically does not cause extrapyramidal
disorders at therapeutic doses, while maintaining antipsychotic activity, but if the therapeutic dose of the
substance is increased, the risk of developing ESR increases [2, 7-8].

Clozapine has been used to treat acute and chronic forms of schizophrenia, manic states, manic-depressive
psychosis,  various psychotic  conditions,  psychomotor  agitation in  psychoses,  aggressiveness,  and sleep
disorders. Currently, it is accepted in therapy, usually only in the treatment of patients with resistant forms
of schizophrenia after an inadequate response to at least two modern antipsychotics [2-4].

The adverse effects of Clozapine include: hyperthermia, neuroleptic and cholinolytic syndromes, agitation,
tardive dyskinesia, dizziness, drowsiness, hypo- and hypertension, reflex and sinus tachycardia, dry mouth,
hypersalivation,  accommodation  disorder,  urinary  incontinence,  increased  risk  of  blood  vessel
thromboembolism,  hypertonia,  migraines,  and  various  gastroenterological  disorders  occur,  up  to  the
development of atony and obstruction, which is associated with the blockade of 5-HT3 receptors that are
present in the central nervous system, platelets, smooth muscle of the blood vessels, the gastrointestinal
tract, lungs, and other organs [2, 10]. The literature describes cases of myocarditis, seizures, catatonia,
coma, agranulocytosis [14-19].

Clozapine causes dose-dependent blocking of calcium channels, which leads to cardiac disorders, in the form
of non-specific changes in T waves and the ST, QT interval on the ECG and changes in heart rate, without
having a direct cardiotoxic. Prolongation of the QT interval above 500 ms. increases the risk of pirouette
tachycardia, which leads to death effect [11, 12].

The  mechanism  for  the  development  of  a  strong  antipsychotic  effect  is  associated  with  blocking  the
reuptake of  noradrenaline  [20]  and selective  blocking  of  GABA receptors,  while  the  risk  of  developing
tremor, convulsions, dizziness and nausea may increase [21-22].

By blocking dopamine D2 receptors, clozapine exhibits a central and peripheral antiemetic effect, which is
enhanced by anticholinergic, sedative, and antihistamine properties [2].

The sedative effect occurs with the blockade of α-adrenergic receptors. Clinically, this is manifested by
inhibition  of  conditioned  reflex  activity  and  motor-defense  reflexes,  a  decrease  in  spontaneous  motor
activity, relaxation of skeletal muscles, and a decrease in reactivity to endogenous and exogenous stimuli
while maintaining consciousness [23].

Clozapine  is  well  absorbed  from  the  digestive  tract.  Bioavailability  is  50-70%,  and  the  maximum
concentration in the blood occurs after 2.5 hours. In the blood, clozapine binds to plasma proteins by 95%,
is distributed throughout the body and accumulates mainly in the cells of the brain, heart and liver, lungs,
kidneys, and adipose tissues [5,25,26].

A.F. Fartushny presents lethal concentrations of clozapine: blood - 1.3 mg% (13 μg / ml, 13 mg / l), in the
liver - 2 mg%, in the kidneys - 2.5 mg% [13].

Clozapine and its metabolites are excreted from the body with urine, bile (more than 30%), the rest is
excreted through the gastrointestinal tract [26].

Objective. To reveal the dynamics of changes in Purkinje cells of the cerebellum in the early period of acute
poisoning with clozapine in combination with alcohol.

MATERIALS AND METHODS
Experimental  studies  were  carried  out  on  white  outbred  rats.  Under  general  inhalation  anesthesia
(sevoflurane 4 vol% with an oxygen flow of 2 l/min in the induction chamber), solutions were administered
enterally through a gastric tube in a volume of 10 ml/kg of animal weight.

Of these, 3 groups of animals were distinguished:

I. Control group;

II. Clozapine + alcohol, 3 hours;
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III. Clozapine + alcohol, 24 hours.

Group of rats I (control), n=5 - NaCl solution 0.9% was administered - 10 ml/kg;

Group II ("clozapine + alcohol"), n=5 - clozapine was administered at a dose of 150 mg/kg in a solution of
40% ethyl alcohol - 10 ml/kg ml, 3 hours;

Group III ("clozapine + alcohol"), n=5 - clozapine was administered at a dose of 150 mg/kg in a solution of
40% ethyl alcohol - 10 ml/kg ml, 24 hours;

After the administration of these drugs, the animal remained in the vivarium for 3 hours and 24 hours,
without food, but with free access to water. Repeated anesthesia was performed (sevoflurane 4 vol% with
an oxygen flow of 2 l/min in the induction chamber) after 3 hours and 24 hours, followed by euthanasia of
the animal.

Pieces of the cerebellum were fixed with 10% formalin and embedded in paraffin. Histological sections were
stained with hematoxylin and eosin and according to Nissl, followed by analysis of morphological changes
using  an  Olympys  BX  41  microscope.  Neuronal  damage  was  assessed  according  to  the  classification,
including: 1)  acute swelling of  nerve cells,  2)  primary irritation of  nerve cells,  3)  hydropic  changes in
neurons, 4) shrinkage of neurons, 5) ischemic changes in nerve cells, 6) karyocytolysis, 7) "shadow cells”,
8) neuronophagia, 9) satellitosis [6]. Damage was assessed for at least 100 cells in each observation.
Statistica  10.0  (StatSoft,  Inc.)  and  MedCalc  12.5.0.0  (MedCalcSoftwarebvba)  programs  were  used  for
statistical analysis. Mean values were represented by the median with an interquartile interval. Intergroup
differences in indicators were assessed using the Mann-Whitney U-test and were considered statistically
significant  at  p<0.05.  The experimental  study was carried out  in  accordance with the requirements of
Directive  2010/63/EU  of  the  European  Parliament  and  of  the  Council  of  the  European  Union  on  the
protection of animals used for scientific purposes [24].

RESULTS AND DISCUSSION
In  the study of  sections  of  the cerebellum, reversible  and irreversible  changes were found.  Reversible
include: acute swelling, primary irritation. The following were classified as irreversible: hydropic changes,
pigmental  degeneration, pigmental  atrophy of nerve cells,  adipose degeneration, calcification, wrinkling,
ischemic and severe changes, karyocytolysis accompanied by neuronophagia, satelliteitis.

In  sections  of  the  cerebellum  of  the  control  group,  reversible  changes  in  Purkinje  cells  (15–20%)
predominated in the form of primary irritation and acute swelling. Irreversible damage to Purkinje cells
(2-5%).

3  hours  after  poisoning  with  clozapine  in  combination  with  ethanol,  Purkinje  cells  showed  irreversible
damage to cerebellar cells with signs of severe changes, neuronophagia, and pericellular edema. In the
cells, the nuclei and nucleoli  were displaced to the periphery, they became hyperchromic, deformed, in
some of them the nucleolus was not stained, “shadow” cells appeared, there was an absence of cells in long
areas, of which 37-55% are reversible, 40-60% are irreversible.

24 hours  after  the  combined poisoning with  clozapine  in  combination  with  alcohol,  pronounced severe
changes sharply prevailed in the cells of the cerebellum, massive neuronophagia occurred, the absence of
neurons  in  almost  the  entire  field  of  view,  pronounced  pericellular  and  perivascular  edema,  and  in
percentage terms were: reversible 25-30% and irreversible 60-70%.

The results of the study are presented in table No. 1.

Table 1. Damage rates in percent (%) of Purkinje cells in different experimental groups, Me
(LQ; HQ)

Damage type

I II III

Control Clozapine + alcohol 3 hours
Clozapine
+ alcohol
24 hours

Reversible damage, %
17.5

(15.9-17.7)
47.4*^

(42.3-52.1)
27.2*^#&

(24.3-29.2)

Irreversible damage, %
3.6

(2.8-4.1)
36.7*

(33.2-39.1)
60.5*^#

(57.1-63.5)
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Note: * - p<0.05 when compared with control; ^ - when compared with clozapine 3 hours; # -

p<0.05 when compared with clozapine with alcohol 3 hours; & - when compared with clozapine
24 hours

CONCLUSIONS
Histomorphological study of the cerebellum of laboratory animals revealed the dynamics of reversible and
irreversible changes in Purkinje cells in clozapine poisoning in combination with alcohol.

The progression of these changes over time with a predominance of irreversible damage was established,
especially after 24 hours from the start of the experiment, when their number increased to 60-70%.

Thus, the conducted study allows us to clarify not only the immediate cause of death, but also to speak
about the elapsed time from the moment of taking the drug to the onset of death.
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