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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Parkinson's disease (PD) is a complicated neurodegenerative 

disease that is the most prevalent severe movement disorder 
worldwide. The research includes studying the levels of 
hydrogen sulphide (H2S) and cystathionine γ–lyase (CSE) 
with some biochemical parameters in the serum of patients 
with PD in Mosul City (Iraq), which include Serotonin 
(SERT), dopamine (DA), sphingomyelin (SM), vitamin B12, 
Acetylcholine esterase (AChE), monoamine oxidase (MAO), 
creatine kinase (CK), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT). Samples reached (100), which 
included: (40) for the Parkinson's patients group, and (60) for 
the control group. The results showed there was a significant 
decrease in the levels of H2S, CSE, SERT, DA, SM, B12 and 
CK and a significant increase in the activity of MAO, AST, and 
ALT and no significant difference in AChE activity in serum 
for Parkinson’s patients when compared with the control group. 
The effect of periods PD revealed, a significant decline of H2S, 
CSE, SERT, DA, B12, and AChE, while MAO, CK, AST, and 
ALT showed a significant rise with increased periods of disease, 
SM showed a non-significant change with periods of disease. 
The study concluded that H2S gas produced within the body 
and CSE suffer from low levels within the body, and they also 
decrease with the increase in the duration of the disease as a 
result of their use as protective functions in the body against 
Parkinson’s disease. And developing it by observing the levels 
of the variables measured with it, and stimulating the body to 
increase their levels (H2S, CSE) in various ways can lead to 
improving the health condition of patients.

Key words. Parkinson's disease, hydrogen sulfide, cystationine 
γ –lyase.
Introduction.

Parkinson's disease (PD) is affecting the nervous system. The 
name goes back to James Parkinson, who was the first to describe 
this disease in his 1817 paper, "Essay on the Shaking Palsy" 
[1] whose primary signs and symptoms are motor dysfunctions, 
including bradykinesia, stiffness and tremor. Patients with PD 
often suffer from non-motor symptoms, such as autonomic 
dysfunctions like constipation and psychological symptoms 
like anxiety and depression. PD is therefore a systemic disease 
rather than a condition affecting just the central nervous system 
[2,3]. It can be identified by the accumulation of α-synuclein in 
intracytoplasmic inclusions called Lewy bodies and the death of 
dopaminergic neurons in the par’s compacta of the substantia 
nigra [4]. Both genetic and environmental factors can cause 
its symptoms. Ageing is a risk factor for PD development 
and concentrating on a shared set of mechanisms that include 
oxidative stress, neuroinflammation, protein aggregation, 
defective autophagy, and mitochondrial dysfunction, high levels 

of toxic metals as a result of exposure to toxic metal pollutants 
is one of the causes of neurological diseases [5,6]. 

Hydrogen sulfide (H2S) is a novel endogenous gaseous signal 
molecule that is found in living things. It is the 3rd endogenous 
gasotransmitter, after carbon monoxide (CM) and nitric oxide 
(NO), and it is involved in many systems and diseases [7]. 
Three endogenous enzymes have been identified as responsible 
for the biosynthesis of H2S from cysteine: 3-mercaptopyruvate 
sulfurtransferase, CSE, and cystathionine β-synthase. H2S 
protects against the majority of neurological diseases. H2S 
plays critical roles by eliciting anti-oxidative, anti-apoptotic, 
neuromodulatory, and anti-inflammatory properties in CNS 
[8,9]. cystathionine γ–lyase (CSE, EC 4.4.1.1) was first isolated 
and crystallized from rat liver [10] and is a component of the 
Cys/Met metabolism that produces H2S in mammals. CSE plays 
in preserving the brain's redox balance, especially concerning 
mitochondrial function. This enzyme is in charge of the last 
stage of the transsulfuration pathway, which produces cysteine 
from methionine. The production of glutathione depends on 
the availability of cysteine, because it maintains protein thiol 
homeostasis and glutathione levels in the brain, it is essential for 
neuroprotection [11,12].

A substance known as serotonin (SERT) has effects on both 
the peripheral and central nervous systems. It functions in our 
bodies as a neurotransmitter, hormone, and mitogen [13], it 
affects physiological functions like controlling sleep, behaviour, 
mood, and appetite, as well as cognitive functions like learning, 
memory, pleasure, and reward, is the main target of treatment 
for several neurological and psychiatric conditions, including 
depressive and anxiety disorder, post-traumatic stress disorder, 
that are linked to decreased CNS and plasma SERT concentration 
[14,15]. Dopamine (DA) is a catecholaminergic neurotransmitter 
that is generated in the substantia nigra cell bodies. It is released 
into the striatum. The role of dopaminergic system is involved in 
motor control, reward, happiness, sleep, attention, memory and 
learning. Dopaminergic signalling pathways play a critical role 
in maintaining physiological processes, and disruptions in their 
activity can result in dysfunctions linked to neurodegenerative 
illnesses [16]. 

Sphingomyelin (SM) is an essential molecule for the 
pathophysiology of the brain.it is found in the myelin sheath and 
plays a role in neurotransmitter receptor localization, and nerve 
impulse transmission, it has been suggested that it is involved 
in PD [17] and serves as a source of ceramide for apoptosis 
and cell signalling [18]. B12 is vital to human health and lowers 
the risk of neurological conditions and birth defects. It is an 
essential micronutrient for preserving the health of the brain in 
young people and the elderly. in children, younger, and elders 
[19]. The function of B12 includes cellular energy production, 
neuroprotective and antioxidant properties, and the synthesis of 
myelin and neurotransmitters [20]. 
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Acetylcholinesterase (AChE) is a cholinergic enzyme. It 
catalyzes the hydrolysis of acetylcholine (ACh) into choline 
and acetic acid [21] affects the inflammatory response, 
apoptosis, and oxidative stress, all of which are crucial 
steps in the pathophysiology of neurodegenerative diseases 
[22]. Monoamine oxidase (MAO) is a major player in the 
adrenergic system, MAO is known for its role in mood and 
behaviour regulation. It has also been recognized for its role 
in neuropsychiatric and neurodegenerative diseases. MAO also 
influences violent and antisocial, has long been thought to be 
associated with human emotional and mental states [23]. The 
enzymes creatine kinase (CK), aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) also play crucial 
roles in the vital function of the organs. A sensitive and crucial 
screening parameter for the diagnosis and follow-up of several 
neurological and psychiatric diseases is CK [24] in the energy 
conversion process in tissues especially skeletal, cardiac muscle 
and neural tissues like the brain [25]. The AST and ALT 
enzymes suggest an important for evaluating the functions of 
the liver in patients with neurological diseases like PD and 
Alzheimer's disease [26].

This study is the first of its kind that focused on knowing the 
role of H2S and CSE in Parkinson's patients, as well as evaluating 
the health condition by measuring hormones and enzymes, as 
well as SM and vitamin B12, which are related to neurological 
diseases, in addition to studying the effect of the duration of 
illness on Parkinson's patients.
Materials and Methods.

A total of 100 participants enrolled in the present study, 
including 40 Parkinson's patients and 60 healthy persons as a 
control group. The samples were gathered from the Ibn Sina and 
Al-Salam Teaching Hospitals in (Mosul City, Iraq), as well as 
from outside laboratories in different parts of the city, under the 
supervision of a neurologist, for the period between February 
and October 2022. 

Serum H2S was measured by Zhuo et al. method [27]. The 
assay for CSE involves measuring the rate of formation of 
α- ketobutyric acid from L-homoserine, it is determined by 
the method of Friedemann and Haugen [28]. Serum SERT 
was evaluated using an enzyme–linked immunosorbent assay 
technique using kits from SunLong Biotechnology (China). 
While serum DA levels were assessed using an ELISA kit from 
Bioassay Technology (China), Beside of SM levels were assessed 
using an ELISA kit from SunLong Biotechnology (China), and 
vitamin B12 automated electrochemiluminescence immunoassay 
“ECLIA” is intended for use on COBAS analyzers [29].

The activity of AChE was measured according to the method 
of researcher Ellman [30] while MAO levels were assessed 
using the method of researcher Buffoni and Blaschko [31]. 
Serum CK was estimated by researcher Oliver [32], and AST 
and ALT activities were measured according to the method of 
Reitman and Frankel [33]. The data were compared between the 
PD and control to identify the differences. Moreover, the data of 
PD patients were categorized into those patient which do have 
PD for less than 2 years (Group 1) which include 19 patients 
and those for more than 2 years up to 10 years which include 21 
patients (Group 2).

Statistical Analysis: The data was statistically examined using 
the t-test. The data is shown as means with standard error (SE). 
The t-test was selected to compare two variables and determine 
the difference between the values that appeared through the (P) 
value, which occurs at (P<0.05) a significant difference, and at 
(P>0.05) a non-significant difference [34].
Results.

In the current research, Comparing the mean values of H2S and 
CSE between Parkinson’s patients and control groups as seen 
in Table (1), a significant decline in the levels of H2S, and CSE 
was noticed in Parkinson’s patients (0.015± 0.002) and (3.20 
± 0.76) compared with the control group (0.027 ± 0.004) and 
(7.54±1.18), respectively (Table 1).

There was a highly significant decrease was observed 
in the mean values of SERT, DA, SM and vitamin B12 in 
patients (24.72± 2.99), (106.13±12.38), (7.15±0.331) and 
(301.75±29.66) compared with control group (110.50±4.65), 
(234.59±10.35), (31.48±2.20) and (615.00±19.64), respectively 
(Table 1).

There were significant increase in the mean values of MAO, 
AST and ALT was noted in Parkinson’s patients (109.45±4.96), 

Table 2. Effect of periods of the PD on H2S and CSE levels with some 
biochemical parameters.
Measured
parameters

Group 1 (n=19)
(0-1y)

Group 2 (n=21)
(2-10y)

H2S (mol/L) 0.022±0.003* 0.015±0.002
CSE (U/L) 3.61±0.254*** 2.29±0.47
SERT (ng/ml) 24.86±3.11** 19.75±2.44
DA (ng/L) 133.55±11.96*** 102.5±16.59
SM (ng/ml) 7.21±0.486 7.22±0.324
B12 (pg/ml) 587.6±31.43** 384.22±25.09
AChE (U/L) 49.56±2.25* 43.47±2.64
MAO (U/L) 108.96±3.78 113.52±4.57*
CK (U/L) 68.6±7.18 78.44±6.49**
AST (U/L) 12±2.07 21.22±1.13***
ALT (U/L) 13±4.47 22.55±2.48*
Data expressed as mean±SE, *Significant at (P≤0.05),
**Significant at (P≤0.001), ***Significant at (P≤0.0001).

Table 1. Measured parameters in Parkinson’s patients as compared 
with the control group.
Measured 
parameters

Control group
(n=60)

PD Group
(n=40)

H2S (mol/L) 0.027±0.004* 0.015±0.002
CSE (U/L) 7.54±1.18* 3.2±0.76
SERT (ng/ml) 110.50±4.65*** 24.72±2.99
DA (ng/L) 234.59±10.35*** 106.13±12.38
SM (ng/ml) 31.48±2.20*** 7.15±0.331
Vitamin B12 (Pg/ml) 615±19.64*** 301.75±29.66
AChE (U/L) 40.59±2.18 46.63±3.73
MAO (U/L) 48.64±1.104 109.45±4.96***
CK (U/L) 116.05±9.85** 89.25±7.41
AST (U/L) 10.10±0.937 13.25±1.49*
ALT (U/L) 5.85±0.76 14.75±1.43***
Data expressed as mean±SE, *Significant at (P≤0.05),
**Significant at (P≤0.001), ***Significant at (P≤0.0001).
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(13.25±1.49), and (14.75±1.43) as compared with control group 
(48.64±1.104), (10.10±0.937), and (5.85±0.76) respectively 
while the results showed a significant decrease in levels of CK 
inpatient group (89.25±7.41) compared with control group 
(116.05±9.85), the elevation of AChE in Parkinson’s patients 
statistically not significant (Table 1).

Finally, the effect of periods of the PD on H2S and CSE levels 
with some biochemical parameters studied in this research was 
shown significant decline of H2S, CSE, SERT, DA, vitamin B12 
and AChE in Group2 compared with Group1 while MAO, CK, 
AST, ALT and showed a significant rises in Group2 compared 
with the Group1 while SM showed a non-significant change 
between the two groups (Tables 2).
Discussion.

In this study, H2S shows a high decrease in Parkinson’s 
patients, it serves as an antioxidant to assist in cytoprotection 
in the brain system against oxidative stress and inflammatory 
responses by diminishing excessive amounts of oxidative 
species such as reactive oxygen species (ROS), reactive nitrogen 
species (RNS), and aggregation of lipid peroxidation products 
[35], reduced H2S levels cause neurodegenerative diseases, 
and H2S levels function as a marker for neurological diseases 
such as Parkinson's, Alzheimer's and Huntington's disease, it 
has a physiological function in maintaining homeostasis and it 
has cell signalling function to prevent neuroinflammation and 
product against disorders of the central nervous system [36].

In mammalian cells, L-cysteine serves as the primary substrate 
for CSE, a major H2S-producing enzyme that is also an integral 
component of proteins and a precursor to both H2S and 
glutathione. The CSE/ H2S system is important for both health 
and disease [37]. Paul et al. showed the neurodegeneration and 
clinical deficits in Huntington's disease are caused by CSE 
depletion and its products, such as cysteine [38]. The elevation 
of H2S and CSE provide promise for improvement of PD [1].

Furthermore, SERT levels fall in this study, these results are 
in line with the results of previous studies that pointed out a 
decrease of SERT in the plasma of Parkinson's patients [39]. 
Disturbances in SERT levels are associated with neurological 
diseases, the overactivation of the kynurenine pathway reduces 
SERT synthesis by pushing tryptophan away from SERT 
synthesis, suggesting that SERT and its metabolites may be 
used as a diagnostic and prognostic marker [40].

In this investigation, serum DA was examined, and there is 
a direct correlation between concentration and PD. PD has 
been linked to a decrease in DA in the substantia nigra of the 
brain. Due to its low concentrations, nerve impulses cannot be 
transmitted, and the brain is unable to carry signals properly. 
As a result, the brain's communication with other bodily parts 
is lost [41]. 

Alterations in sphingolipid metabolism have been described 
in multiple neurologic diseases such as Parkinson's, multiple 
sclerosis and Alzheimer's disease as those that have an impact on 
(CNS) assessing its direct contributions to the growth and health 
of neurons [42]. The pathophysiology of neurodegeneration is 
influenced by the metabolism of SM and its metabolite ceramide, 
which also acts as a mediator of neuroinflammation [43]. 

Vitamin B12 deficiency may be due to their anti-inflammatory, 
modulatory and antioxidant effects. Treatment with vitamin 

B12 could reduce the symptoms of neurological disease and 
pathological changes, it is important to the synthesis of myelin 
in the brain and integrity [44]. Orozco-Barrios et al. showed in PD 
in which that levodopa treatment increases S-adenosyl methionine 
consumption to induce a vitamin B12 deficiency [45].

The role of AChE in catalytic hydrolysis of cholinergic 
neurotransmitters [46]. Other reports found a higher activity of 
the AChE in the saliva of Parkinson's patients [47]. The MAO 
has a role in regulating many neurological and psychological 
disorders‚ since an increase in the enzyme's activity may result 
in damage to the nervous system and a decline in cognitive 
awareness [48,49]. MAO inhibitors work as antidepression and 
anti-anxiety agents and additional nervous system disorders 
such as panic disorder, and social phobia‚ as a study indicated 
that MAO inhibitors are one of the main classes of medications 
prescribed to treat depression [50].

Vassilopoulos et al. showed that the CK activity was 
considerably lower in patients with epilepsy and multiple 
sclerosis than in healthy persons, while no differences were 
found in patients with PD, it is suggested that the low CK 
activity observed might be due to the medication taken or to the 
disease process itself [51]. The elevated (AST, ALT) ratio is 
associated with cognitive decline, and liver enzymes affecting 
cognitive function the reason for the increase may be due to 
the defensive property of these enzymes, protecting the nervous 
systems, as these enzymes work to relax glutamine, which has a 
neurotoxic effect [52-54]. 

Parkinson's Disease is a heterogeneous condition, and factors 
such as disease stage, medication use, and comorbidities can 
influence H2S and CSE levels. Consequently, it becomes 
essential to control for these confounding variables, which can 
increase the complexity of the study design and data analysis. 
Lastly, the study of H2S and CSE levels in PD is relatively new, 
and the understanding of their role in the disease pathogenesis 
is still evolving. This limits the existing literature and scientific 
evidence available, making it challenging to establish a strong 
foundation for further research. Despite these limitations, 
studying the measurement of H2S and CSE levels in patients 
with PD holds promise in advancing our understanding of the 
disease and potentially identifying novel therapeutic targets.
Conclusion.

The study concluded that H2S gas produced within the body 
and CSE suffer from low levels within the body, and they also 
decrease with the increase in the duration of the disease as a 
result of their use as protective functions in the body against 
PD. And developing it, by observing the levels of the variables 
measured with it, and stimulating the body to increase their 
levels (H2S, CSE) in various ways can lead to improving the 
health condition of patients.
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