Salud, Ciencia y Tecnologia. 2024; 4:.575 @ SALUD, CIENCIA
doi: 10.56294/saludcyt2024.575 N YTECNOLOGIA

=

ORIGINAL ')

Check for
updates

Combined effects of alcohol and lead on cerebrospinal fluid production

Efectos combinados del alcohol y el plomo en la producciéon de liquido
cefalorraquideo

Gamal Ashirbekov' @ [, Uldana Alsherieva? @ [, Kyralai Ashirbekova®® <, Tokhzhan Narymbetova* "™ [,
Nurlan Khodzhayev®* 04

'Department of Pathological Anatomy, Forensic Medicine with the Course of Pathological Physiology, Kazakh-Russian Medical University.
Almaty, Republic of Kazakhstan.

ZDepartment of Pathological Anatomy with the Course of Forensic Medicine, Asfendiyarov Kazakh National Medical University. Almaty,
Republic of Kazakhstan.

3Department of Therapy, Asfendiyarov Kazakh National Medical University. Almaty, Republic of Kazakhstan.

“Department of Human Morphology and Physiology, Khoja Akhmet Yassawi International Kazakh-Turkish University. Turkestan, Republic of
Kazakhstan.

*Department of Pathology, Khoja Akhmet Yassawi International Kazakh-Turkish University. Turkestan, Republic of Kazakhstan.

Cite as: Ashirbekov G, Alsherieva U, Ashirbekova K, Narymbetova T, Khodzhayev N. Combined effects of alcohol and lead on cerebrospinal
fluid production. Salud, Ciencia y Tecnologia. 2024; 4:.575. https://doi.org/10.56294/saludcyt2024.575

Submitted: 12-02-2024 Revised: 21-05-2024 Accepted: 17-09-2024 Published: 18-09-2024
Editor: Dr. William Castillo-Gonzalez

Corresponding author: Gamal Ashirbekov' 1<
ABSTRACT

Currently, due to the development of industry, a high incidence of heavy metal salt poisoning is observed,
especially in people with alcohol dependence. The study aims to investigate the combined effects of these
pathogens on the central nervous system. The study demonstrates changes in intracranial pressure and
cerebrospinal fluid production in isolated and combined poisoning of lead and ethanol based on experimental
models on 10 and 40 days of exposure, 3 main groups were formed - the group of lead salts, ethanol, combined
intoxication, after which the main indicators were measured. The effect of separate and combined action
of alcohol and lead on cerebrospinal fluid production and haemodynamic indices in experimental animals
was studied. It was found at 40-day intoxication indices remained above normal, systemic arterial pressure
was 131,8 mmHg, and the rate of cerebrospinal fluid production was 0,073+0,002 ml/min. Combined 10-day
combined action of alcohol and lead enhances their excitatory effect, which is characterised by an increase
in systemic arterial pressure (to the level of 135,6 mmHg) and general psycho-somatic agitation, the rate
of cerebrospinal fluid production was 0,077+0,008 ml/min. The 40-day co-exposure manifested mainly toxic
effects of lead, as shown by a decrease in cerebrospinal fluid production of 0,049+0,001 ml/min, and a
decrease in blood pressure to a level of 93,6 mmHg. The results of this study will make it possible to develop
treatment protocols for patients with ethanol and heavy metal salt poisoning, especially in the field of anti-
oedema therapy.

Keywords: Intracranial Pressure; Liquor; Neurology; Poisoning; Ethanol; Intoxication.
RESUMEN

En la actualidad, debido al desarrollo de la industria, se observa una elevada incidencia de intoxicaciones
por sales de metales pesados, especialmente en personas con dependencia del alcohol. El estudio pretende
investigar los efectos combinados de estos patogenos en el sistema nervioso central. El estudio demuestra
los cambios en la presion intracraneal y la produccion de liquido cefalorraquideo en la intoxicacion aislada
y combinada de plomo y etanol sobre la base de modelos experimentales en 10 y 40 dias de exposicion, se
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formaron 3 grupos principales - el grupo de sales de plomo, etanol, intoxicacion combinada, después de
lo cual se midieron los principales indicadores. Se estudio el efecto de la accion separada y combinada de
alcohol y plomo sobre la produccion de liquido cefalorraquideo y los indices hemodinamicos en animales de
experimentacion. Se comprobo que a los 40 dias de intoxicacion los indices se mantenian por encima de lo
normal, la presion arterial sistémica era de 131,8 mmHg y la tasa de produccion de liquido cefalorraquideo era
de 0,073+0,002 ml/min. La accion combinada de 10 dias de alcohol y plomo potencia su efecto excitatorio,
que se caracteriza por un aumento de la presion arterial sistémica (hasta el nivel de 135,6 mmHg) y
agitacion psicosomatica general, la tasa de produccion de liquido cefalorraquideo fue de 0,077+0,008 ml/
min. La coexposicion de 40 dias manifesto principalmente efectos toxicos del plomo, como lo demuestra una
disminucion de la produccion de liquido cefalorraquideo de 0,049+0,001 ml/min, y una disminucion de la
presion arterial hasta un nivel de 93,6 mmHg. Los resultados de este estudio permitiran elaborar protocolos
de tratamiento para pacientes con intoxicacion por etanol y sales de metales pesados, especialmente en el
ambito de la terapia antiedematosa.

Palabras clave: Presion intracraneal; Licor; Neurologia; Envenenamiento; Etanol; Intoxicacion.

INTRODUCTION

Alcohol and lead, two common neurotoxins, have devastating effects on the central nervous system (CNS),
causing serious biological and psychological changes in the human body. These substances have come under
increasing scrutiny and analysis in light of their adverse effects on health and social well-being. Alcohol, as
one of the most widely used psychoactive substances in the world, has a strong association with a multitude
of social and health problems. According to Sabyrova and Molchanov!” the number of people who used alcohol
increased to 35,7 %. According to Aitbaeva et al.?®, about 80 % of all fatalities due to exogenous poisoning in
the Republic of Kazakhstan are attributed to alcohol poisoning.

Lead, in turn, is another toxic agent that can significantly impair human health. It can be sourced from
contaminated water, soil, and the uncontrolled use of lead-based materials in industry and construction. This
metal may be accumulated in the body, which leads to chronic poisoning, and also hurts the CNS. There is also
data given by Battakova and Saipov®, that the maximum number of cases of heavy metal poisoning is the zone
of central Kazakhstan, where the main mining and metallurgical enterprises of the country are concentrated,
as well as according to Cherednichenko et al.®, the norms of heavy metals in the air in these regions exceeds
the norm several times. In addition, the concentration of heavy metals in the hair and blood plasma of the
population decreases with increasing distance from industrial centres.®

It is known that when ingested, they can cause a variety of brain dysfunctions leading to severe organic
lesions such as alcoholic neuropathy, atrophy of the prefrontal cortex, decreased grey matter density of
the brain, and the development of oedema. According to Adams and Perry® ethanol intake increases the
concentration of markers of neural tissue damage in cerebrospinal fluid in humans. In all of the above studies,
direct measurement of cerebrospinal fluid production was not performed due to the impossibility of safely
performing this procedure. Their combined action is particularly dangerous since the combined effect of
toxicants can significantly increase their negative effects. One of the important indicators of the state of
the central nervous system is the production of cerebrospinal fluid (CSF), which is closely related to cerebral
haemodynamics, as well as the composition can determine the main markers of neural tissue damage.?

The study aims to investigate the combined poisoning of lead and ethanol salts on the nervous tissue of the
brain by assessing the dynamics of CSF reproduction, which serves as an indirect indicator of the viability of
cells in the nervous system.

METHOD

The study was carried out on sexually mature mongrel dogs of both sexes, with body weight from 9 to 15 kg,
under modelling of acute and chronic poisoning. Preliminary animals were kept in the vivarium, and before the
beginning of the experiment were kept in quarantine for 12-14 days. The dogs were kept in normal conditions
of the vivarium at a temperature of 18-25°C, received standard food, and were taken into the experiment on
an empty stomach.

An experimental study of haemodynamics and the rate of cerebrospinal fluid production in mongrel dogs
was carried out, both in isolated lead and alcohol poisoning and in combination. Four groups were created: an
experimental group, a group to which acetic acid lead was orally administered, a group intoxicated with 30 %
alcohol and the last group - to which alcohol and acetic acid lead were administered together, the 4th group
of animals controlled. Lead intoxication in animals was induced by oral administration of a 5 % solution of lead
acetic acid at a dose of 50 mg/kg body weight for 10 and 40 days. The degree of intoxication was judged by
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the general condition and behaviour of the animals, as well as by the character of haemo- and liquorodynamic
parameters. Alcohol intoxication was also induced by oral administration of 30 % alcohol solution at a dose of 3
ml/kg body weight, during the same period as lead poisoning. In combined poisoning, lead and alcohol solutions
were administered in the same doses and by the same route.

Before the study and examination of haemodynamics and cerebrospinal fluid production rate, the animals
were injected intramuscularly with hexenal anaesthesia. In dogs under hexenal anaesthesia (30-40 mg/kg), a
midline incision of the skin and musculotendinous helmet of the head from the coronal suture to the occipital
tubercle was made. The muscles of the cranial vault were detached, the periosteum was peeled off with a
raspater, and then milling holes were made in the skull according to the projections of the sagittal sinus and one
of the lateral ventricles of the brain. After stopping the haemorrhage, all the investigated biological objects
of the head were punctured and connected to pressure sensors and a device for recording the volumetric
production of CSF using flexible transmitters. The animals were brought to the state of clinical death and all
traumatic manipulations were performed under hexenal anaesthesia, as pain sensitivity was depressed and
myorelaxation occurred. After the experiment, experimental animals were killed simultaneously with control
animals by administering a high dose of anaesthesia. Ethical standards were strictly observed when working
with animals.

Systemic arterial and venous pressures were measured by cannulation of the carotid artery and jugular
vein with a T-shaped cannula. Heparin (10 mg/kg body weight) was injected into the latter to prevent blood
clotting. The pressure in the sagittal sinus was monitored immediately after its puncture through the cutter
hole. To determine the rate of CSF production, the level of liquor pressure by moving the mobile node was set
to 10-15 mmHg lower than the pressure in the sagittal sinus. In this case, resorption was stopped, and newly
formed CSF came out through the puncture needle and increased the level of fluid in the pressure chamber, as
a result of which excess fluid in the form of drops constantly flowed out through the tube. As the droplet fell,
it closed the contacts on the capacitor sensor. This signal was fed through a stabilised power supply unit to a
“drop marker” (1 drop=0,06 ml) mounted on the polyphysiograph. After counting the rate of CSF formation,
pressure levels in the craniospinal cavity, in particular, the liquor pressure in the great cerebral cistern, were
determined after a suboccipital puncture. The studied pressure indices from the subarachnoid cavity were
brought to the registration channel of the polyphysiograph. Each indicator was measured for 3-5 minutes. The
first channel recorded blood pressure in the carotid artery. The second channel - liquor pressure in the large
cistern of the brain. The third channel - venous pressure in the sagittal sinus. The fourth - in the jugular vein.
The fifth channel recorded the volumetric rate of CSF production. The results of production determination
obtained by this method and perfusion methods in humans were mostly similar and were 0,2-0,7 ml/min.

The obtained digital material was subjected to statistical processing, where the reliability of differences
between arithmetic averages was established by Student’s criterion with the determination of the probability
of difference - P. The difference was considered statistically significant at p<0,05. A comparative analysis
was also performed, including synthesis (combining the results of different stages of the study) and analysis
(obtaining data on the 10th and 40th day of the study, studying the effect of different toxins on the production
of cerebrospinal fluid when administered alone and in combination).

RESULTS

After 10-day lead poisoning, no special changes were observed in the general condition and behaviour of the
animals. Compared to control animals, in experimental animals with 10-day lead acetic acid poisoning, the rate
of CSF production was slightly lower and was 0,053+0,003 ml/min (0,064+0,009 ml/min in controls). Arterial
pressure in animals poisoned for 10 days was slightly elevated compared to control animals and was 128,7+3,2
mmHg, systemic venous pressure (PV) in jugular veins did not differ significantly from control data and was
40,9+2,1 mmHg. Furthermore, in comparison with control animals in animals with 10-day lead poisoning, the
values of venous pressure in sinuses of dura mater were slightly increased - 111,7+6,3 mmHg (in the control
group - 90,7 mmHg).

Animals with 40-day lead intoxication practically all initially demonstrated decreased haemodynamic
parameters. Changes in the initial haemodynamic indices may indicate abnormalities in cardiac and vascular
function in animals under lead exposure. These changes may be related to the toxic effects of lead on the
cardiovascular system, such as deterioration of cardiac contractile function, reduction of vascular tone or
changes in blood vessels, as well as to toxic effects on the regulatory centres of the cardiovascular system in
the medulla oblongata. Arterial was 83,7+4,2 mmHg, and systemic BP in the jugular veins was 35,6+1,1 mmHg.
Venous pressure in the sinuses of the dura mater was 80,9+5,6 mmHg (90,7 mmHg in the control group). Almost
all experimental animals showed a decrease in the rate of CSF production. The dynamics of the rate of CSF
production increase remained the same as in the case of poisoning for 10 days and reached 0,058 ml/min,
with a low initial value (0,042+0,002 ml/min). Systemic arterial pressure was 131,8 mmHg, and the rate of
cerebrospinal fluid production was 0,073+0,002 ml/min.
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After 10 days of lead poisoning, the animals showed no obvious changes in general condition and behaviour
and generally remained active and well-fed. However, changes in haemodynamic parameters were observed.
Decreased cerebrospinal fluid production rate and increased arterial and venous pressure indicate possible
dysfunctions in the cerebrospinal fluid system and blood circulation during short-term lead exposure. Animals
with 40-day lead intoxication showed decreased arterial and venous pressures and decreased cerebrospinal fluid
production rates. These changes may indicate deeper disturbances in the functioning of organs and systems of
the organism during long-term lead exposure.

Firstly, the study showed that animals injected with alcohol had a marked increase in mean arterial pressure
(MAP) to an average of 142,9 mmHg, which was significantly higher than in the control group, where this index
was 112,3 mmHg. This indicates that alcohol has a significant effect on the cardiovascular system, leading to
an increase in BP. Second, sagittal sinus pressure (SSP) was also significantly increased and reached 107,6+5,1
mmHg, while in controls this index was at 90,7 mmHg. This indicates the effect of alcohol on blood circulation
in the brain and may relate to the negative effects of alcohol on brain activity. Third, the systemic BP in the
jugular veins was relatively stable and did not differ significantly from the control data, being 40,9+2,1 mm a.v.
This may indicate that the venous system of the body is less sensitive to the effects of alcohol in this context.
Fourthly, the study of CSF production rate revealed a marked increase in this index, almost 1,5-fold, compared
to the control group, reaching 0,092+0,006 ml/min, while in controls this index was 0,06 ml/min. This indicates
changes in the cerebrospinal fluid under the influence of alcohol and may be relevant to its effects on the brain
and central nervous system.

Furthermore, it is important to note that animals injected with alcohol for 40 days showed a decrease
in systemic MAP and CSF production rate compared to the group injected with alcohol only for 10 days. This
may indicate the presence of adaptation of the organism to the effects of alcohol during its prolonged use.
It is also important to emphasise that a systematic regular procedure was performed in the animals during
alcohol intoxication, and this may be important for understanding the effects of alcohol that occur with regular
consumption. In addition, the observation of habituation to alcohol in animals, which was detected when it
was consumed for a prolonged period of 40 days, emphasises the importance of studying the dependence and
long-term effects of alcohol consumption. The depressive state and symptoms observed during the experiment
are indicative of organic damage to the nervous tissue.

The results of the haemo- and liquorodynamics study showed that the combined effect of lead and alcohol
for 10 days caused an increase in BP, and its level was slightly higher than in experiments with separate
poisoning with alcohol and lead. Venous pressure in the sinuses of the cerebral dura mater increased to almost
the same values as in animals with lead poisoning for 10 days. The rate of CSF production in combined poisoning
with lead and alcohol was markedly lower than in the experiments with alcohol, but in comparison with the
data obtained in experimental animals with 10-day lead poisoning, it was slightly higher. Systemic arterial
pressure was 135,6 mm. Hg, general psychosomatic agitation, and the rate of cerebrospinal fluid production
was 0,077+0,008 ml/min. Thus, it is possible to conclude that 10-day combined poisoning with lead and alcohol
is manifested by mutual potentiation of their excitatory action, i.e., promotes a more vivid manifestation of
the first stage of toxic agent exposure.

The experimental animals subjected to combined poisoning with alcohol and lead for 40 days showed the
same changes in their general condition as animals with 40-day lead poisoning. In particular, the animals
became lethargic, apathetic, and indifferent to external stimuli. Appetite was absent in many. Animals lost up
to 25 % of their original weight. Many had vomiting and diarrhoea. Several experimental dogs had liquid stools
with blood. Muscle twitching in the limbs, especially in the hind limbs, was noted in 75 % of the animals. Two
dogs died of intoxication before the end of the experiment. This experimental group of animals had a more
severe condition than the group where poisoning was carried out with only 5 % solution of acetic acid lead for
40 days. Comparative analysis of haemodynamics and changes in CSF production in animals poisoned with lead
and alcohol for 40 days with the data of separate poisoning with these substances shows that changes in BP,
DSS and BP in combined poisoning more resemble the parameters of animals with 40-day lead intoxication and
differ markedly from the results obtained in 40-day alcohol poisoning (CSF production rate - 0,049+0,001 ml/
min, blood pressure - 93,6 mmHg).

The experimental results obtained in this series indicate that alcohol in moderate doses and on its own
is rarely the cause of convulsive syndromes since there are no significant metabolic disturbances and the
mechanisms of regulation of cerebral circulation are preserved. In turn, prolonged combined intoxication
with alcohol and lead causes impaired autoregulation of cerebral blood flow, which does not provide sufficient
cerebral perfusion, especially with changes in intracranial pressure.

DISCUSSION

Studies of haemo- and liquorodynamics showed that the sympathetic nervous system plays an important
role in the regulation of cerebrospinal fluid production. The sympathetic nervous system controls a variety
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of physiological processes, including the regulation of blood pressure and blood flow.® In this context, it
influences the process of cerebrospinal fluid production. Moderate irritation of the sympathetic nervous system
can have an inhibitory effect on cerebrospinal fluid production. This means that when the sympathetic nervous
system is moderately stimulated, there is a decrease in the volume of cerebrospinal fluid produced by the body.

Lead intoxication also affects haemo- and liquorodynamics. Mild lead intoxication may cause an increase
in arterial and venous pressures, while severe intoxication may cause a decrease.® ' Lead causes dysfunction
of dopaminergic, cholinergic, and glutamatergic signalling pathways in nerve transmission, which impairs
the cardiovascular centre in the medulla oblongata. Alcohol consumption can cause an increase in vascular
tone, leading to an increase in blood pressure." This effect is due to vasoconstriction, in which blood vessels
constrict, leading to increased pressure in the circulatory system. In the initial stages of alcohol consumption,
there is an increase in the rate of CSF production.?

In the combined effect of alcohol and lead, there are differences from the changes caused by the isolated
action of these substances. Short-term exposure (10 days) to alcohol and lead has a mutual enhancement of
their excitatory effects on the haemo- and liquorodynamic system, but on day 40 all manifestations correlate
with the lead poisoning group, suggesting that alcohol does not affect the severity of lead salt poisoning.3 14

According to Togao et al.", lead is predominantly accumulated in the hippocampus, thalamus in the
hypothalamus, the kidneys, in the liver, which characterises the clinical picture of poisoning by this metal. In
our study in laboratory animals on the 40th day of lead exposure there were convulsions, decreased appetite,
weight loss, decreased blood pressure and decreased rate of cerebrospinal fluid formation, which is a sign of
central nervous system, kidney, and liver parenchyma damage. Bai et al."® found that lead inhibits autophagy of
lead-affected proteins and thus accumulates in tissues. Chen et al.!"” proved that lead increases the membrane
permeability of nerve tissue cells, which is reflected in the decreased production of cerebrospinal fluid. In
addition, lead salts induce anti-myelin proteolytic activity, which is also reflected in fluid retention in nervous
tissue, through the development of moderate oedema.® In addition, the teratogenic properties of lead on the
nervous tissue of the forming foetus are known, which is manifested in low cognitive abilities, as well as in
disorders of neuroplasticity, and neuromuscular transmission, as reflected by Meyer et al.(

De la Monte and Kril? highlight several mechanisms of the ethanol effect on the nervous tissue, including
microcirculation disturbance, disruption of neuronal and oligodendrocyte function and metabolism, and
impaired formation of new synapses. Nutt et al.?" studied in detail the molecular mechanisms of neurotoxicity
of ethanol on nervous tissue, among which it is worth noting the lack of thiamine, the neurotoxic effect of
products of ethanol metabolism (acetaldehyde), neuroinflammation due to inhibition of NMDA-receptors. Behl
et al.® also note the role of disruption of the synaptic membrane due to disruption of NMDA-receptors, but in
addition, they note that ethanol causes oxidative stress in neurons by reducing the level of antioxidants and
generation of free radicals. However, these mechanisms work only with prolonged consumption of alcoholic
beverages. Visontay et al.®® found a correlation between long-term alcohol consumption and increased risk
of dementia in old age. Similarly, Peng et al.? found an increased risk of Parkinson’s disease with long-term
alcohol consumption. In this study, similar results were obtained, on the 10th day of ethanol intake psycho-
motor excitement was observed, and an increase in liquor production due to the stimulating effect, but on the
40th day of ethanol intake apathy developed, the rate of cerebrospinal fluid production decreased, which may
indicate damage to nervous tissue due to increased membrane permeability of white and grey matter cells,
which is manifested by fluid retention in brain tissue.

According to Rangel-Barajas et al.,? intoxication with lead salts causes an increased risk of developing
ethanol dependence, due to the mechanism of dysregulation of glutamate transporter 1 (GLT1) and glutamate/
cystine antiporter (xCT). Albrecht et al.®) came to the same conclusions but described a different mechanism,
due to an increase in the stimulatory effect of ethanol in lead poisoning, which is associated with a decrease
in the rate of ethanol metabolism in nervous tissue. In the course of the experiment, the development of
ethanol dependence in laboratory animals was also noted, but no difference in the rate of development of this
complication was noted, which may indicate a low effect of lead on the development of alcohol dependence in
laboratory animals, but it is necessary to conduct additional experiments in this area.

Thus, the combined effect of alcohol and lead on cerebrospinal fluid production is manifested by mutual
potentiation of their excitatory action on the system of haemo- and liquorodynamics, especially in the first
stage of poisoning. However, as the duration of poisoning increases, the effects become similar to those of
severe lead intoxication, indicating the predominant role of lead in this process.

CONCLUSIONS

The study highlights the significant neurotoxic effects of lead salts and ethanol intoxication on the human
body. Lead exposure leads to early signs of neurotoxicity such as altered cerebrospinal fluid dynamics and
increased blood pressure, which worsen with prolonged exposure, causing severe multi-organ toxicity. Ethanol
initially increases cerebrospinal fluid production but can lead to neurotoxicity over time, especially when
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combined with lead, enhancing their psychostimulant effects. Prolonged combined exposure exacerbates
neurotoxic symptoms, including seizures, underscoring the heightened risk compared to individual exposures.
These findings underscore the critical need for caution in occupational and lifestyle settings to mitigate the
severe health risks associated with lead and ethanol exposure. Further research is warranted to develop
effective diagnostic protocols for early lead intoxication detection and to better understand long-term effects
of combined exposure to ethanol and lead salts.
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