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Disorders of neuromuscular coordination at the esophagogastric junction are accompanied by changes in 
motility and the biochemical composition of gastric contents, which affect the functional state of the mucous 
membrane. Disturbances in this region, particularly in achalasia of the cardia, allow the nature of these 
changes to be characterized. The study aimed to analyze biochemical and motor alterations associated 
with impaired neuromuscular coordination at the esophagogastric junction. To assess biochemical changes, 
gastric juice samples from 69 patients with impaired relaxation of the lower esophageal sphincter were 
collected during video gastroscopy. The functional state of the sphincters of the esophagogastroduodenal 
zone was investigated using balloon manometry under endoscopic guidance. In patients with achalasia 
of the cardia, a significant increase in the volume of gastric contents (2.9-fold) and in the concentrations 
of bile acids (by 78.8%), stable NO metabolites (68.2%), neuraminic acids (2.4-fold), and calcium 
(31.6%) was observed, along with a decrease in the levels of glycoproteins (by 85.7%), fucose (73%), 
and glycosaminoglycans (35.5%). At the same time, changes in pH and pepsin did not reach statistical 
significance. Among the manometric parameters, the most pronounced change was a decrease (by 29.2%) 
in the amplitude of rhythmic contractions of the esophagus. The obtained results indicate a combination 
of motor disturbances and alterations in the biochemical profile of gastric contents, and may suggest the 
involvement of mechanisms of duodenogastric reflux along with destabilization of the mucosal barrier in 
the pathogenesis of these changes.
Key words: stomach; gastric juice; protective factors; aggressive factors; nitric oxide; biomarkers of 
oxidative stress; calcium; biochemical markers; manometric study; achalasia of the cardia.

INTRODUCTION

The coordinated function of the esophagogastric 
junction is critically important for maintaining 
physiological homeostasis in the proximal part 
of the gastrointestinal tract. Disturbances of 
neuromuscular regulation in this region may be 
accompanied by impaired transit of contents, 
alterations in evacuatory function, and the 
formation of conditions for remodeling of the 
local chemical environment, which affects the 
state of the mucous membrane and the interaction 
between its protective and aggressive factors. 
In achalasia as a model of such dysfunction, 
the most characteristic features are impaired 
relaxation of the lower esophageal sphincter 

and the absence or ineffectiveness of esophageal 
peristalsis, leading to functional obstruction at 
the level of the esophagogastric junction [1, 2]. 
Prolonged impairment of esophageal motility 
may lead to progressive morphological changes. 
According to multicenter studies, patients 
with a long course of achalasia often develop 
esophageal dilatation, sigmoid deformation, 
and diverticula, reflecting the chronic nature of 
impaired transit and stasis of food contents [3].

The composition of gastric contents is 
formed as a result of the interaction of acid-pep-
tic factors, components of the mucosal barrier, 
mucin glycans, as well as possible admixtures 
of duodenal refluxate, in particular bile acids. 
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These components are capable of altering the 
intraluminal environment of the stomach and 
modulating the state of the mucous membrane. 
Accordingly, the relationship between motor 
disturbances and biochemical alterations should 
be considered bidirectional: motor dysfunction 
may contribute to changes in the composition of 
gastric contents, while aggressive components 
of the environment may potentially sustain func-
tional disturbances through receptor-mediated 
and neurohumoral mechanisms of the mucous 
membrane [4-6].

Most recent studies of achalasia are focused 
on its pathophysiology, diagnosis, classification, 
and treatment, whereas studies that simultane-
ously analyze motor parameters and the bio-
chemical profile of gastric contents within a 
single clinical model of neuromotor dysfunction 
remain limited [7]. At the same time, it is known 
that in achalasia, structural and functional 
changes in the enteric nervous system, including 
degeneration of neurons of the myenteric plexus, 
may be accompanied by alterations in the local 
microenvironment of the mucous membrane and 
neurohumoral regulation [8-10].

The parallel assessment of pH, enzymatic 
activity, markers of the mucosal barrier, and 
glycoconjugates (including glycoproteins, gly-
cosaminoglycans, fucosylation, and sialylation 
as indicators of glycan remodeling), as well as 
markers of neurohumoral and oxidative/nitrosa-
tive regulation, may be informative for under-
standing the mechanisms of mucosal damage 
and adaptation. Recent reviews emphasize the 
key role of mucin glycans in maintaining the in-
tegrity of the mucosal barrier and in interactions 
with the microbiota and inflammatory processes 
[6, 11]. In addition, studies in neurogastroen-
terology demonstrate that oxidative stress may 
impair the function of the enteric nervous sys-
tem and affect the regulation of gastrointestinal 
motility [12, 13].

Modern standardized criteria for the diagno-
sis of achalasia are primarily based on high-res-
olution manometry (HRM), which underlies the 
Chicago Classification and allows assessment 

of impaired relaxation of the lower esophageal 
sphincter and patterns of esophageal contrac-
tions [1, 14]. However, such approaches mainly 
reflect patterns of peristalsis and integrated pres-
sure metrics, whereas other functional aspects 
of motility may be evaluated using alternative 
methods. In the present study, modified balloon 
manometry was used, allowing assessment of 
pressure parameters during passage through 
sphincter zones and characteristics of rhythmic 
contractions. This method does not duplicate 
standard HRM metrics but complements them, 
providing an opportunity for integrated analy-
sis of motor characteristics together with the 
biochemical composition of gastric contents. 
Experimental data also indicate that changes in 
the luminal environment may be accompanied 
by measurable disturbances of gastrointestinal 
motility, supporting the relevance of integrated 
physiological analysis [15].

Thus, the physiological and biochemical 
study of gastric contents in neuromotor dysfunc-
tion permits both the description of disturbances 
and the elucidation of integrated regulatory 
mechanisms in the proximal gastrointestinal 
tract.

The aim of this study was to analyze bio-
chemical and motor changes associated with 
impaired neuromuscular coordination in the 
esophagogastric junction.

METHODS

Study design. The study included gastric juice 
samples obtained from 69 patients (median age 
48 [34-55] years) with symptoms of impaired 
relaxation of the lower esophageal sphincter, 
who underwent video-gastroendoscopic exami
nation for the diagnosis of achalasia of the 
cardia (ICD-10 K22.0) at the Department of 
Minimally Invasive Endoscopic Interventions 
and Instrumental Diagnostics, State Institution 
“Institute of Gastroenterology of the National 
Academy of Medical Sciences of Ukraine”.

The control group for biochemical analy-
sis consisted of 26 healthy volunteers with no 
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clinical or endoscopic signs of gastrointestinal 
pathology. A separate control group for mano-
metric research was formed, consisting of 20 
individuals with preserved motor function of 
the corresponding zone.

The study was conducted in accordance with 
the Council of Europe Convention on Human 
Rights and Biomedicine (April 4, 1997) and 
the Helsinki Declaration of the World Medical 
Association on the ethical principles of medical 
research. The study protocol was approved by 
the Biomedical Ethics Committee of the State 
Institution “Institute of Gastroenterology of 
the National Academy of Medical Sciences of 
Ukraine” (Protocol No. 2, dated 07.04.2022).

Biochemical analysis of gastric juice 
samples. Calcium content was assessed us-
ing the reagent kit “Filisit-Diagnostics”. The 
concentration of stable nitric oxide metabolites 
(NOx) was determined by reducing nitrates to 
nitrites using vanadium chloride followed by 
diazotization [16]. The concentrations of pepsin, 
glycoproteins, fucose, neuraminic acids, hex-
osamines, and bile acids were measured using 
standard methods [17].

Assessment of the functional state of the 
esophagogastroduodenal zone muscles. In 
addition, patients underwent pneumoballoon 
manometry. For this purpose, an endoscopic 
lithoextraction probe (Micro-tech Stone Extrac-
tion Balloon SRB-T-9/12/15-20) was used. The 
manometric study was performed under endo-
scopic control. Data registration was carried out 
using an Art-line AS-0013 sensor at a sampling 
frequency of 1 Hz. Initial data processing was 
performed using the MNC-01 software-hard-
ware complex, followed by visualization and 
analysis in Microsoft Excel.

Statistical analysis. The statistical analysis 
of quantitative characteristics was performed 
using a software package Real Statistics (USA). 
Data distribution was tested using the Shap-
iro–Wilk test and found to be non-normal. Ac-
cordingly, data are presented as median (Me) 
and interquartile range [Q1-Q3]. Differences 
between groups were assessed using the Mann–

Whitney test and were considered statistically 
significant at P < 0.05.

RESULTS AND DISCUSSION

Biochemical characterization of gastric juice 
in neuromuscular dysfunction of the esopha-
gogastric junction. In patients with achalasia of 
the cardia, changes in the physicochemical and 
biochemical composition of gastric contents are 
complex in nature and may reflect a combination 
of alterations in secretory processes, the state of 
the mucosal barrier, and conditions of content 
evacuation, which in neuromuscular disorders 
of the esophagogastric junction are interrelated 
and may potentially influence each other [2].

The most pronounced difference was an 
increase in the volume of gastric contents avail-
able for sampling during endoscopy. In patients 
with achalasia, it was 7.65 [5.08-10.08] ml; this 
is 2.9-fold higher than the corresponding control 
value of 2.60 [2.10-4.70] ml (P = 0.001). This 
is consistent with the fact that in achalasia, 
impaired evacuation due to neuromuscular 
dysfunction is predominant, whereas the causal 
relationship between stasis and changes in the 
chemical composition of the contents may be 
bidirectional [1].

The NOx level increased by 68.2% (P = 0.017); 
this finding is consistent with the role of NO 
signaling in neuromuscular regulation of mo-
tility and possible contribution of nitrosative/
oxidative imbalance to smooth muscle dysfunc-
tion [10, 13].

Changes in gastric pH (increase from 2.90 
to 3.08) did not reach statistical significance  
(P = 0.58), which may indicate relatively pre-
served or compensated acid production. The 
pepsin level showed only a tendency to decrease 
(P = 0.055). Therefore, the acid-peptic compo-
nent should be interpreted cautiously, whereas 
greater attention may be paid to the barrier 
component and the altered luminal environment.

Pronounced changes were observed in the 
components of the mucosal barrier: the con-
centration of glycoproteins decreased by 85.7%  
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(P = 0.001), fucose by 73.0% (P = 0.001), and 
glycosaminoglycans by 35.5% (P = 0.009). 
These changes are consistent with current data 
on the importance of fucosylation and the di-
versity of mucin O-glycans in maintaining the 
properties of the mucosal barrier and interac-
tions with the microbiota, although direct clini-
cal data specifically for achalasia remain limited 
[5, 6, 11]. At the same time, a 2.4-fold increase 
in neuraminic acids (P = 0.007) may reflect re-
modeling of epithelial surface glycoconjugates 
and adaptive alterations in the mucosal layer.

An increase in the concentration of bile acids 
in gastric contents by 78.8% (P = 0.001) supports 
the presence of duodenogastric reflux, which is 
regarded as a factor of chemical injury to the 
mucous membrane and a potential trigger of 
inflammatory/oxidative mechanisms, especially 
in combination with weakening of the mucosal 
barrier [18].

An increase in total calcium by 31.6%  
(P = 0.045) may also be functionally significant given 
the role of Ca2+ in intracellular signaling and regula-
tion of smooth muscle contractility. Disturbances in 
calcium-dependent mechanisms are associated with 
changes in motility and neuromuscular transmission 
[19, 12], although the clinical interpretation of “in-
creased calcium in contents” requires additional 
control of potential confounders.

Thus, the obtained data indicate a combina-
tion of (a) significant destabilization of the mu-
cosal barrier, (b) signs of duodenogastric reflux, 
and (c) activation of NO-dependent mechanisms, 
which together may form an unfavorable bio-
chemical environment of the stomach in acha-
lasia of the cardia. Indicators of the acid-peptic 
component showed only tendencies; therefore, 
they should be interpreted as directions of 
change requiring further clarification in studies 
with control of potential confounders. General-
ized indicators of the biochemical composition 
of gastric contents are presented in Table 1.

Thus, the obtained results revealed a 
complex of statistically significant changes 
and pronounced trends primarily associated 
with destabilization of the mucosal barrier 
and signs of duodenogastric reflux, as well 
as with increased levels of NOx and Ca2+ as 
potentially functionally significant components 
of neurohumoral regulation. At the same 
time, the absence of statistically significant 
differences in pH and only a tendency toward 
decreased pepsin limit the interpretation of these 
findings as evidence of a pronounced alteration 
in the acid-peptic factor.

Disruption of peristaltic activity and 
sphincter regulation in achalasia of the car-
dia. In patients with achalasia of the cardia, 
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Table 1. Biochemical parameters of gastric juice (median [Q1-Q3])

Parameter, unit Control (n = 26) Achalasia of the cardia (n=69) P-value
Volume, ml 2.60 [2.10–4.70] 7.65 [5.08–10.08] 0,001*
pH 2.90 [2.45–3.58] 3.08 [2.18–4.55] 0.58
Pepsin, mg/ml 0.92 [0.70–1.21] 0.50 [0.08–0.80] 0.055
Glycoproteins, mmol/l 0.63 [0.36–0.80] 0.09 [0.06–0.16] 0.001*
Bile acid, µmol/l 118 [113–121] 211 [140–404] 0,001*
Total calcium, µmol/l 0.97 [0.76–1.21] 1.27 [1.08–1.52] 0.045*
Nitric oxide metabolites 
(NOx), µmol/l 31.03 [24.39–36.63] 52.21 [21.69–119.49] 0.017*
Neuraminic acid, mmol/l 0.08 [0.04–0.08] 0.18 [0.08–0.28] 0.007*
Fucose, mmol/l 1.12 [0.41–1.12] 0.30 [0.18–0.58] 0.001*
Glycosaminoglycans, mmol/l 0.80 [0.55–0.93] 0.52 [0.30–0.73] 0.009*

Note. P values refer to comparisons between groups. * Statistical significance at P ≤ 0.05.
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changes in the motor activity of the esophagus 
and adjacent parts of the gastrointestinal tract 
were observed, which is of clinical significance 
for understanding disorders of neuromuscular 
regulation and evacuatory function. The latter 
is characterized by impaired relaxation of the 
lower esophageal sphincter associated with 
degenerative changes in intramural innervation 
and dysregulation of neurotransmitter mecha-
nisms [1, 9].

According to balloon manometry data, most 
parameters showed only trends toward differ-
ences that did not reach statistical significance  
(P > 0.05; Table 2). This pattern is expected given 
the heterogeneity of achalasia and interindividual 
variability of the motor response, as described 
in recent reviews and classification approaches 
[2, 7]. Clinical manifestations of achalasia are 
also closely related to the nature of motor dis-
turbances. Studies indicate that the manometric 
subtype of the disease may determine the features 
of symptomatology, including the severity of 
dysphagia, regurgitation, and chest pain, con-
firming the clinical significance of motor changes 
in shaping the disease phenotype [20].

The only manometric parameter showing a 
statistically significant difference was the am-
plitude of rhythmic contractions of the esopha-
geal muscles (AMRE), which was reduced by 

29.2% compared with the control group (P = 
0.002). The decrease in contraction amplitude 
is consistent with the neuromuscular nature of 
the disease and reflects a reduction in the tone 
and contractile capacity of esophageal smooth 
muscles [10, 21].

Peristaltic dysfunction in achalasia is associ-
ated not only with the absence or ineffectiveness 
of peristalsis, but also with changes in the bio-
mechanical properties of the lower esophageal 
sphincter and esophageal wall. In particular, 
experimental studies indicate disturbances of 
adaptive relaxation mechanisms and altered 
hysteresis of the lower esophageal sphincter, 
which may limit its ability to respond adequately 
to distension and contribute to the formation of 
functional obstruction [22].

The probable morphofunctional basis of 
these disturbances is damage to the intramu-
ral nervous apparatus of the esophagus, with 
predominant involvement of the intermuscular 
(myenteric, or Auerbach’s) nerve plexus. This 
structure of the enteric nervous system is located 
between the circular and longitudinal layers of 
smooth muscle and plays a key role in the regu-
lation of peristaltic contractions and sphincter 
relaxation in the digestive tract. Degenerative 
changes in this plexus are regarded as a central 
pathogenetic mechanism of achalasia, manifest-

Table 2. Manometric parameters of motor function of the esophagus and gastroduodenal zone  
in patients with achalasia of the cardia (median [Q1-Q3])

Parameter, unit Control group (n = 20) Achalasia of the cardia (n = 69) P-value
Balloon pressure during pyloric 
sphincter passage, mmHg 17.58 [15.19-20.11] 23.82 [11.02-43.04] 0.264
Balloon pressure during lower 
esophageal sphincter passage, mmHg 19.54 [18.25-20.12] 22.80 [9.76-43.69) 0.440
Amplitude of peristaltic wave, 
mmHg 22.94 [14.52-28.10] 14.99 [14.02-18.58] 0.360
Peristaltic wave period, s 16.98 [14.75-18.31] 19.00 [14.14-22.78] 0.478
Amplitude of rhythmic muscle  
contractions, mmHg 6.35 [5.39-9.87] 4.50 [2.78-5.28] 0.002*
Period of rhythmic muscle  
contractions, s 3.21 [2.90- 4.20] 3.82 [3.30-4.49] 0.351

Note. P values refer to comparisons between groups. *Statistical significance at P ≤ 0.05.
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ed by loss or dysfunction of inhibitory neurons 
that synthesize nitric oxide (NO) and vasoac-
tive intestinal peptide [10, 12]. Selective loss 
of these neurons leads to an imbalance between 
excitatory cholinergic and inhibitory nitrergic 
innervation, resulting in increased tone of the 
lower esophageal sphincter, impaired relaxation, 
and loss of coordinated peristalsis in the distal 
esophagus [1, 9].

At the same time, the submucosal (Meiss-
ner’s) plexus, which is localized in the submuco-
sal layer and predominantly regulates secretory 
function, local blood circulation, and trophism 
of the mucous membrane, is considered to be 
less involved in the primary mechanisms under-
lying motor disturbances in achalasia. In most 
recent studies, the main pathological process is 
localized specifically in the myenteric plexus, 
whereas the role of the submucosal plexus has 
been described to a much lesser extent and re-
mains insufficiently clarified [10].

Recent molecular studies also confirm the 
complex nature of neuromuscular disturbances 
in achalasia. Proteomic analyses of lower esoph-
ageal sphincter tissue have revealed changes in 
signaling pathways associated with inflamma-
tory processes, immune response, and neuronal 
regulation, which may indicate a multifactorial 
mechanism of neuronal degeneration and im-
paired motor coordination [23, 24]. Accordingly, 
further morphological and immunohistochemi-
cal studies of intramural nervous structures may 
be important for clarifying the contribution of 
different components of the enteric nervous 
system to the development of neuromuscular 
disturbances in achalasia.

Taken together, the presented data indicate 
disturbances of the tonic component of motil-
ity and discoordination of motor activity in the 
esophagogastric junction in achalasia of the 
cardia. Given that only AMRE demonstrated 
significant differences, the other manometric 
parameters should be regarded as descriptive and 
promising for further stratified analysis taking 
into account the type of achalasia, disease dura-
tion, and treatment effects [7, 25].

Concordance of motor disturbances and 
biochemical changes in achalasia of the car-
dia. A comprehensive analysis of biochemical 
and manometric parameters in patients with 
achalasia of the cardia indicates a combination 
of motor dysfunction of the esophagogastric 
junction with the formation of an altered chemi-
cal microenvironment in the proximal gastroin-
testinal tract. In the literature, achalasia is de-
fined as a primary motor disorder with impaired 
relaxation of the lower esophageal sphincter and 
ineffective peristalsis, which is clinically often 
accompanied by stasis, regurgitation, and aspi-
ration manifestations [1, 2]. In this context, the 
biochemical shifts obtained in our study should 
be interpreted not as a consequence of secretion 
alone but as part of a multicomponent interac-
tion of motility, reflux and stasis, and mucosal 
barrier and its mediators.

Our data on the decreased amplitude of 
rhythmic esophageal contractions are consistent 
with the concept of reduced efficiency of pro-
pulsive function in achalasia and with the recog-
nized heterogeneity of manometric phenotypes 
[20]. The observation that some manometric 
parameters showed only trends without statisti-
cal significance may be explained by individual 
variability of motor responses, heterogeneity 
of achalasia phenotypes, and differences in 
disease stage or compensation. In this context, 
biochemical markers, especially indicators 
of barrier function, may be more sensitive to 
subclinical changes; however, this requires 
confirmation in study designs with stratifica-
tion by achalasia type and control of potential 
confounders. Systematic reviews indicate that 
different manometric subtypes of the disease are 
characterized by differences in esophageal con-
tractile activity, sphincter function, and clinical 
manifestations, underscoring the complexity of 
the pathophysiology of this disorder [20].

The biochemical profile in our study (in-
creased bile acids and NOx, decreased gly-
coproteins, fucose, and glycosaminoglycans, 
and increased neuraminic acids) is consistent 
with a model in which stasis and duodeno-
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gastric reflux enhance the chemical injury of 
the mucosa, while weakening of the mucosal 
barrier enhances its vulnerability. The role of 
bile acids as a damaging factor and a trigger of 
inflammatory-oxidative cascades in the stomach 
is widely discussed in reviews on bile reflux, 
metaplasia, and bile acid-induced mechanisms 
[5, 11]. Accordingly, the elevated bile acid levels 
observed in our study, together with decreased 
components of the mucosal barrier, are consis-
tent with this line of evidence.

Regarding NO-dependent mechanisms, ni-
tric oxide is a key mediator of neuromuscular 
regulation in the enteric nervous system, and 
disturbances in its regulation and neuroinflam-
mation are regarded as underlying mechanisms 
in motor disorders, including achalasia [10, 12]. 
At the same time, reviews in neurogastroenterol-
ogy emphasize that oxidative stress may sustain 
neuronal dysfunction and impair neuromuscular 
transmission [13]. Therefore, the increase in 
NOx in our patients should be interpreted as 
a marker of activation of NO signaling and 
nitrosative imbalance, which may potentially 
amplify motor disturbances but does not, by 
itself, establish the direction of causality.

It is important that the concordance between 
motility and biochemical changes in our data is 
most evident for the axis “evacuation/stasis - 
luminal remodeling - mucosal barrier,” whereas 
the acid-peptic component showed only trends. 
This is consistent with the view that, under 
conditions of impaired transit, the biological 
significance of barrier insufficiency and altered 
luminal composition may outweigh the role of 
acid alone.

The increase in total Ca2+ in gastric contents 
may be regarded as potentially functionally 
relevant, since Ca2+-dependent mechanisms are 
fundamental to patterns of motility and the inter-
action of smooth muscles with interstitial cells 
and neuronal circuits. Recent reviews emphasize 
the fundamental role of calcium dynamics in the 
generation of gastrointestinal motor patterns 
[19]. This makes our observation biologically 
plausible, although it requires cautious inter-

pretation, as measurement in gastric contents 
does not directly reflect intracellular processes.

To further strengthen the interpretation, it 
would be advisable to: (I) perform stratifica-
tion by achalasia type and disease duration; (II) 
conduct correlation analysis between AMRE/
sphincter pressure and key markers (bile acids, 
NOx, mucosal glycoconjugates); (III) supple-
ment the data with morphological and immuno-
histochemical assessment (in particular regard-
ing the state of the intramural nervous apparatus) 
and/or methods of functional assessment of 
motility. Such an approach is consistent with 
contemporary directions of achalasia research 
that combine functional, molecular, and mor-
phological data [7, 23, 24].

It is important to avoid one-sided causal 
interpretation: although motor dysfunction logi-
cally creates conditions for stasis and reflux, the 
components of gastric contents themselves (bile 
acids, pepsin in a non-acidic environment, and 
alterations in the mucosal barrier) may modu-
late sensory and neurohumoral reactions of the 
mucosa and influence motility both through lo-
cal mechanisms and via enteric nervous system 
circuits [12, 15]. Accordingly, the associations 
we obtained should be interpreted as a mutually 
reinforcing pathological circle rather than as a 
proven linear sequence of events.

Thus, our results complement the current 
understanding of achalasia as a neuromuscu-
lar disorder in which motor obstruction and 
impaired propulsion are associated with the 
formation of an altered chemical environment 
(in particular bile acid loading) and destabili-
zation of the mucosal barrier [2, 9, 19]. At the 
same time, NO- and Ca2+-related links remain 
biologically plausible candidates for explaining 
the interplay between motility and mediators/
stress, but require further verification in study 
designs with better control of confounders.

CONCLUSIONS

Neuromuscular dysfunction of the esopha
gogastric junction is associated with combined 
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motor and biochemical alterations of gastric 
contents. Reduced esophageal contractility 
was accompanied by increased gastric volume 
and higher levels of bile acids, nitric oxide 
metabolites, and calcium, suggesting a trend 
toward a more aggressive intraluminal envi
ronment. These changes were paralleled by 
alterations in mucosal barrier markers.

Integrated assessment of motility and gastric 
biochemistry may provide additional insight into 
functional disturbances in achalasia and suggests 
the involvement of motor, barrier, and oxida-
tive–nitrosative mechanisms in its pathogenesis.
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Порушення нейром’язової координації у стравохід-
но-шлунковому переході супроводжуються змінами 
моторики та біохімічного складу шлункового вмісту, 
що впливає на функціональний стан слизової оболонки. 
Зміни в цій зоні, зокрема при ахалазії кардії, дає змогу 
простежити характер зазначених змін. Метою нашого 
дослідження було проаналізувати біохімічні та моторні 
зміни при порушенні нейром’язової координації в ділянці 
стравохідно-шлункового переходу. Для оцінки біохімічних 
змін були використані проби шлункового соку 69 пацієн-
тів із порушенням розслаблення нижнього стравохідного 

сфінктера, зібрані під час відеогастроендоскопії. Функ-
ціональний стан сфінктерів езофагогастродуоденальної 
зони досліджували методом балонної манометрії під 
ендоскопічним контролем. У пацієнтів з ахалазією кардії 
встановлено достовірне підвищення об’єму шлункового 
вмісту (у 2,9 раза), концентрацій жовчних кислот (на 
78,8%), стабільних метаболітів NO (68,2%), нейрамінових 
кислот (у 2,4 раза) і кальцію (31,6%), а також зниження 
вмісту глікопротеїнів (на 85,7%), фукози (73%) та гліко-
заміногліканів (35,5%). При цьому зміни pH і пепсину не 
сягали статистичної значущості. Серед манометричних 
показників найбільш вираженим було зниження (на 29,2%) 
амплітуди ритмічних скорочень стравоходу. Отримані 
результати свідчать про поєднання моторних порушень із 
змінами біохімічного профілю шлункового вмісту та мо-
жуть вказувати на участь механізмів дуоденогастрального 
рефлюксу й дестабілізації слизового бар’єра в патогенезі 
цих змін.
Ключові слова: шлунок; шлунковий сік; захисні фактори; 
агресивні фактори; оксид азоту; біомаркери оксидативного 
стресу; кальцій; біохімічні маркери; манометричне дослі-
дження; ахалазія кардії.
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