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The widespread use of sodium nitrite, monosodium glutamate, and synthetic food colorants necessitates a comprehensive
assessment of their effects on the digestive system, particularly under conditions of simultaneous exposure to several food
additives. The aim of this review was to synthesize current experimental and analytical evidence on the morphofunctional effects
of combined sodium nitrite, monosodium glutamate, and Ponceau 4R exposure on the digestive organs and to identify the potential
mechanisms underlying the observed alterations. A structured literature search was performed in major international bibliographic
databases, followed by screening, eligibility assessment, and qualitative synthesis in accordance with PRISMA principles. Thirty-
two publications were included in the final analysis, comprising experimental animal studies, systematic and narrative reviews,
and analytical studies addressing food additive exposure and control. The evidence indicates that combined exposure is associated
with structural remodeling of the gastric and intestinal mucosa, alterations of intestinal villi and submucosal glands, changes in the
hemomicrocirculatory bed, hepatic parenchymal injury, and salivary gland alterations. In parallel, food additives may affect gut
microbiota composition, intestinal barrier integrity, metabolic homeostasis, inflammatory signaling, and oxidative balance. The
available evidence supports the concept that the safety of food additives should be evaluated not only individually but also in the
context of their combined exposure and potential interactions.
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MOP®OPYHKIIOHAJIBHI EOEKTH KOMBIHOBAHOI'O BIIVINBY HITPUTY HATPIIO,
INIYTAMATY HATPIIO TA ITIOHCO 4R HA TPABHY CUCTEMY

IMommpene BHKOPHCTAHHS HITPUTY HATpil0, DIyTamMaTy HATPil0 Ta CHHTETHYHHX XapuyoBUX OapBHUKIB 3yMOBIIOE
HEOOX1THICTh KOMIIEKCHOI OIIIHKH TXHBOTO BIUIMBY Ha TPaBHY CHCTEMY, OCOOIMBO 32 YMOB OJHOYACHOTO HAIXOKCHHS KiJTBKOX
Xap4oBux Jg00aBok. Meroo ormusimy Oyao y3aradbHHUTH Cy4acHi ©KCIEPUMEHTAJbHI Ta aHANITH4YHI JaHi 00
a TaKOK BU3HAYUTH MOTEHIHI MeXaHi3MH (OpMyBaHHs MATONOTIYHMX 3MiH. [IpOBENEHO CTPYKTypOBaHHH MOIIYK HAyKOBHX
nyOnikauiid y MkHapomHux Oibmiorpadidaux 6a3ax i3 HACTYITHUM CKPHHIHIOM, OL[IHKOIO BIAMOBIAHOCTI KPUTEPISIM BKIIIOUCHHS
Ta SIKICHAM CHHTE30M Pe3yJIbTaTiB BiAmoBinHo no npuHiunie PRISMA. Jlo ¢inansHOro anamily BKIIFOUCHO 32 JuKepena, cepel
SIKMX EKCIIEPUMEHTANbHI JOCTI[KEHHS Ha Ja0OpaTOpPHUX TBapUHAX, CHCTEMAaTHYHI Ta HApPATHUBHI OIIAOH, a TAaKOX POOOTH,
NPUCBSYCHI AHANITHYHOMY KOHTPOJIO Xap4yoBHX J[100aBOK. BcTaHOBIeHO, 1m0 KOMOiIHOBaHA EKCHO3HIIisS AaCOLIIOEThCS 31
CTPYKTypHOIO HepeOyloBOIO CIM30BOI OOOJOHKM [UIyHKa 1 KHINEYHHMKA, 3MIHAMH BOPCHHOK, IIiICIM30BHX 3aJ03,
TEeMOMIKpPOLUPKYIATOPHOTO pycia, HapeHXIMU MEYiHKA Ta CIMHHHX 3aJI03, 8 TAKOXK 13 MOPYIICHHSIMU KUIIKOBOTO MiKpoOiomy,
MeTaboJIIYHOro roMeocTasy, 6ap’epHoi (yHKLIT Ta JOKAIBHUX 3aMabHO-OKUCHIOBAJIBHUX IpoLeciB. CyKyMHICTh TAHUX CBIAYUTH
PO HEOOX1THICTh OIIHIOBATH OE3MEKy XapyoBUX J00ABOK HE JIMIIIC i30JbOBAHO, @ H Y KOHTEKCTI iXHBOI KOMOIHOBAHOT JIii.

KurouoBi c1oBa: xapuoBi 100aBKH, HITPUT HATPiIO, IyTaMar HaTpito, moHco 4R, TpaBHa cucTeMa, KUIIKOBUIT MiKpoOioM,
MophodyHKIIOHAIBHI 3MiHH.

This study was conducted as part of the research project “Morphofunctional changes in the excretory, digestive, and
immune systems under the influence of exogenous factors and the search for means of their correction”, state registration
No. 0126U004073.

Food additives are an integral component of the
modern food industry, where they are used to regulate
the flavor, technological, organoleptic, and
microbiological properties of food products. The
increasing proportion of processed and ultra-
processed foods in the diet is accompanied by greater
duration and frequency of exposure to various classes
of food additives, raising concerns regarding their
biological safety [14, 21, 27-29]. Current research
indicates that the consequences of such exposure are
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not limited to individual metabolic or toxicological
effects but may involve the intestinal epithelium,
mucosal barrier, microbiota, immune mechanisms,
liver, and other organs and components of the
digestive system [1, 14, 21, 27].

Particular interest has been focused on the
combined effects of sodium nitrite (E250),
monosodium glutamate (E621), and the synthetic azo
dye Ponceau 4R (E124). These compounds belong to
different functional groups of food additives and have
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fundamentally different technological properties;
however, they may enter the body simultaneously
through real-world food consumption. Sodium nitrite
is used primarily as a preservative and color
stabilizer, monosodium glutamate as a flavor
enhancer, and Ponceau 4R as a synthetic colorant.
The combination of substances with different
mechanisms of biological activity creates a challenge
in assessing their potential cumulative or mutually
potentiating effects.

Sodium nitrite is a source of the nitrite ion,
which participates in numerous redox reactions.
Excessive exposure may be accompanied by
increased oxidative stress and alterations in
antioxidant defenses and inflammatory responses.
Experimental studies have demonstrated that sodium
nitrite may induce morphofunctional abnormalities
not only in the liver but also in the salivary glands and
other organs [2, 3, 10, 11, 24]. At the same time,
studies involving antioxidant and plant-derived
compounds further support the importance of
oxidative and inflammatory mechanisms in nitrite-
induced injury [2, 10, 11, 24].

Monosodium glutamate has long been regarded
primarily as a safe flavor enhancer; however,
contemporary experimental literature has drawn
attention to its potential effects on the gut
microbiome, metabolic profile, and functional state of
the digestive tract. A systematic analysis of the
literature  suggests an  association between
monosodium glutamate consumption, alterations in
gut microbial composition, and metabolic imbalance
[1]. In a Wistar rat model, its administration was
accompanied by changes in hepatic and renal
metabolic profiles as well as in the composition of the
gut microbiome [17]. It has also been established that
dietary monosodium glutamate may increase visceral
hypersensitivity, suggesting a possible functional
effect on the gut-nervous system axis [8].

Ponceau 4R belongs to the group of synthetic
azo dyes widely used to impart an appealing color to
food products. The relevance of studying this
compound is associated not only with its
toxicological assessment but also with the need to
monitor its actual concentration in food products.
Contemporary analytical methods enable highly
sensitive determination of Ponceau 4R in beverages
and other food matrices [9, 15, 20]. Reviews
addressing the safety of synthetic food colorants
emphasize the need for further investigation of their
potential effects on various body systems, including
the digestive tract [4].

Another important area of contemporary
research concerns the interaction between food
additives and the gut microbiota. The gut microbiome
is functionally linked to epithelial barrier integrity,
nutrient metabolism, local immune responses, and
systemic homeostasis. Alterations in its composition
and metabolic activity may represent one of the
central mechanisms through which food additives
affect host health [13, 14, 21, 27, 28]. In this context,
particular importance should be attached not only to
the isolated effects of individual substances but also
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to the possibility of a combined effect resulting from
simultaneous exposure to several additives.

Such a model is the closest to real-world dietary
exposure; however, it remains insufficiently
investigated. A substantial proportion of experimental
studies have examined individual additives, whereas
studies of the combined E250, E621, and E124
exposure make it possible to assess morphological
changes in the digestive system at different levels of
organization, ranging from tissue and cellular
remodeling to alterations in microcirculation and
ultrastructure [5, 7, 12, 16, 18, 22, 30-32].

Of particular importance to contemporary
morphological research are studies demonstrating
remodeling of the duodenal wall, changes in villus
parameters, alterations in the ultrastructure of the
mucosa and submucosal glands, and disturbances of the
exchange vessels of the microcirculatory bed [5, 12, 16,
18, 22, 30, 31]. Recent findings concerning the
structural organization of the ileal mucosa under
prolonged combined exposure further expand our
understanding of the systemic nature of these
abnormalities [19]. Thus, the accumulated experimental
evidence requires an integrated analysis that takes into
account current concepts of the interrelationship
between morphological, metabolic, microbiota-related,
inflammatory, and oxidative mechanisms.

An unresolved issue is whether the observed
morphological changes can be regarded solely as
consequences of the toxic effects of individual
components or whether they reflect a complex
interaction among food additives in which disruption
of the intestinal barrier, gut dysbiosis, oxidative
stress, microcirculatory disturbances, and alterations
in the metabolic profile mutually reinforce one
another. This issue underlies the relevance of the
present analytical review.

The purpose of the study was to synthesize
current experimental and analytical evidence
concerning the morphofunctional effects of combined
exposure to sodium nitrite, monosodium glutamate,
and Ponceau 4R on the organs of the digestive system
and to identify the principal mechanisms underlying
the observed structural and functional abnormalities.

Materials and methods. The review was
conducted as a structured analytical synthesis of
scientific publications, following PRISMA reporting
principles to ensure transparent reporting of the search,
screening, and source-selection processes. The search
strategy employed thematic combinations of key terms
covering the substances and substance groups under
investigation:  «sodium  nitritey, «monosodium
glutamate», «Ponceau 4R», «food additivesy,
«digestive system», «gastrointestinal tract», «gut
microbiotay, «intestinal mucosa», «liver», «salivary
glandsy», «morphology», «ultrastructure», «oxidative
stressy, and «intestinal barrier», combined using
relevant Boolean combinations.

Searches were conducted in the international
bibliographic databases Scopus, Web of Science,
PubMed/MEDLINE, EMBASE, and The Cochrane
Library, supplemented by screening the reference
lists of relevant review articles. Preference was given
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to publications from the preceding five years;
however, selected studies published in 2021 were
retained as relevant experimental investigations
contributing to the evidence base of the problem
under consideration.

The inclusion criteria were: (1)
investigating the effects of sodium
monosodium glutamate, Ponceau 4R, or their
combinations; (2) assessment of structural,
morphometric, ultrastructural, functional, metabolic,
microbiota-related, or toxicological outcomes; (3)
investigation of organs of the digestive system or
processes directly related to digestive tract function;
(4) availability of the full text or sufficient
information for analytical assessment; and (5)
publication in a peer-reviewed scientific journal.

Publications that did not concern the additives
under investigation or the digestive system, duplicate
records, reports lacking sufficient information on the
effects studied, and sources that did not meet the
established criteria of scientific relevance were
excluded.

The selection process proceeded sequentially
through identification of publications using the
predefined keywords; removal of duplicate records;
initial screening of titles and abstracts; assessment of
full texts; verification of eligibility according to the
inclusion criteria; and formation of the final evidence
base. Following the final selection, 32 scientific
publications were included in the analytical review,
comprising systematic and narrative reviews and
experimental in vivo studies.

Because the included studies differed
substantially in experimental models, exposure
duration, doses, organs examined, and outcome
measures, a meta-analysis was not performed. Instead,
a qualitative synthesis was undertaken, with findings
thematically grouped into the following areas: gastric
and intestinal changes; microcirculatory disturbances;
hepatic and salivary gland injury; alterations in the gut
microbiome; oxidative and inflammatory mechanisms;
metabolic and functional consequences; and potential
effects of combined exposure.

Results of the study and their discussion.
Analysis of the 32 selected publications demonstrated
that the current evidence base concerning the problem
under investigation is predominantly experimental. A
substantial proportion of the studies were conducted
in laboratory animals and focused on morphological,
morphometric, and ultrastructural assessment of the
digestive tract. At the same time, a parallel body of
research has emerged addressing the interaction of
food additives with the gut microbiome, metabolic
processes, and intestinal barrier integrity [1, 13, 14,
21, 23, 27, 28].

A key finding of the analytical synthesis is the
multilayered nature of the pathological effects. These
effects do not involve a single anatomical structure
but affect, either sequentially or concurrently, the
mucosa, epithelium, villi, glandular components,
microvascular bed, hepatic parenchyma, and salivary
glands. This systemic pattern precludes viewing

studies
nitrite,
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combined exposure solely as a local effect on the
intestine.

The consistency of the morphological findings
with microbiome and metabolic-profile data is
particularly noteworthy. Contemporary reviews
indicate that food additives may alter the composition
of the gut microbiota, disrupt the epithelial barrier,
and affect metabolic homeostasis [14, 21, 27, 28]. At
the same time, experimental models of combined
exposure demonstrate that structural changes in the
digestive tract may be sufficiently pronounced even
in the absence of obvious clinical manifestations.

One of the most consistent areas of research
concerns structural remodeling of the intestinal wall. In
an experimental model of combined exposure to
monosodium glutamate, sodium nitrite, and Ponceau
4R, remodeling of the duodenal wall was demonstrated
[12]. These findings are of particular importance
because the duodenum is the first segment of the small
intestine to undergo intensive interaction with luminal
contents after their passage from the stomach.

Detailed morphological assessment
demonstrated alterations in the characteristics of the
duodenal mucosal villi [32]. The villous apparatus
accounts for a substantial proportion of the absorptive
surface area of the small intestine; therefore, its
structural remodeling may potentially affect
membrane and luminal digestion, absorption, and
epithelial interaction with the intestinal environment.
Ultrastructural analysis confirmed that combined
exposure was accompanied by changes at the
subcellular level, indicating a more profound type of
injury than isolated morphometric deviations [31].

Particular attention should be paid to the findings
concerning the submucosal glands of the duodenum.
One study demonstrated morphological changes in
these glands under exposure to the combination of food
additives [22]. Because glandular secretory activity is
an important component of mucosal protection,
structural alterations in these glands may represent a
potential mechanism contributing to disruption of local
homeostasis.

These findings are complemented by data
concerning the stomach. An ultrastructural study of
the fundic region of the rat stomach following
exposure to the combination of food additives
revealed alterations in the structural organization of
its wall [30]. Thus, the pathological effects are not
restricted to the small intestine but may develop as
early as the upper regions of the digestive tract.

Recent findings concerning the ileum
substantially broaden the understanding of the effects
of combined exposure. Changes in the metric
parameters of the ileal wall were identified following
prolonged administration of the combination of
chemical food additives [7]. A subsequent study of
the structural organization of the ileal mucosa
confirmed morphological remodeling of its
components [19]. Thus, the distribution of changes
along the digestive tract may indicate a systemic
effect rather than a localized response of an individual
intestinal segment.



ISSN 2079-8334. Céim meouyunu ma odionozii. 2026. Ne 3 (97)

Taken together, these findings suggest that
prolonged combined exposure may create conditions
conducive to disruption of the structural and
functional integrity of the intestinal mucosa. The
epithelial barrier, villous apparatus, glandular
structures, and microvascular bed may be among the
most vulnerable components.

The microvascular bed is a key functional
component of the intestinal mucosa, ensuring the
transport of oxygen and metabolites, maintaining
epithelial energy balance, and contributing to the
regulation of local inflammatory processes.
Consequently, structural changes in the exchange
vessels may have substantial functional consequences.

A study of the combined effects of monosodium
glutamate, sodium nitrite, and Ponceau 4R
demonstrated morphofunctional alterations in the
exchange vessels of the ileal mucosa in the setting of
nitrite accumulation [18]. Importantly, the vascular
changes in that study were considered not in isolation
but in the context of the combined exposure to three
additives. This makes it possible to relate
microcirculatory disturbances to other components of
the pathological process, including alterations in the
epithelium, mucosa, and tissue metabolism.

In parallel, evidence has been obtained of
remodeling of the gingival microvascular bed under
exposure to the combination of food additives [6].
Another study demonstrated changes in the
morphological and functional parameters of the
gingiva itself [5]. These findings broaden the concept
of the systemic effects of food additives because the
oral cavity represents the initial segment of the
digestive tract, and its tissues come into direct contact
with food components.

On this basis, a sequential morphofunctional
pattern may be proposed: primary contact with food
additives — alterations in local tissue homeostasis —
microcirculatory disturbances — impaired trophic
support and barrier function — progression of
structural remodeling. This pattern requires further
experimental validation but is consistent with
findings obtained at different levels of organization.

The liver is a central organ of metabolism and
biotransformation of numerous xenobiotics and
therefore represents a target organ of particular
importance for assessing the systemic toxicity of food
additives. Experimental studies have demonstrated
morphological changes in the hepatic parenchyma
following administration of a combination of food
additives [16].

Studies specifically addressing sodium nitrite
have shown that its toxic effects are accompanied by
disruption of redox balance, alterations in antioxidant
defenses, and changes in inflammatory markers [2,
24]. At the same time, the protective effects of plant
extracts in models of nitrite-induced hepatic injury
further emphasize the role of oxidative stress in the
pathogenesis of these changes [2, 10, 24].

Of particular interest are findings from a study
of  monosodium glutamate demonstrating
simultaneous changes in hepatic and renal metabolic
profiles and remodeling of the gut microbiome [17].
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These findings suggest a possible interrelationship
between intestinal and hepatic effects. Alterations in
the microbiota may affect the profile of metabolites
entering the portal circulation, while impaired hepatic
function may, in turn, modify the metabolic
environment of the intestine.

Accordingly, hepatic injury under combined
exposure to food additives should be considered
within the context of the gut-liver axis rather than as
an independent toxic response of a single organ.

The oral cavity is the first anatomical
component of the digestive system; however, it is
often overlooked in studies of food additives.
Available evidence indicates that combined exposure
may affect gingival tissues and their microvascular
component [5, 6].

Equally important are the findings concerning the
salivary glands under conditions of nitrite-induced
toxicity. Changes in the submandibular salivary gland
and liver have been demonstrated in animals receiving
sodium nitrite [3]. Another experimental study showed
that this food additive may induce toxic changes in
lung and salivary gland tissues associated with
oxidative stress, inflammation, and fibrotic processes
[11]. These findings are conceptually important
because a food additive administered per os may affect
different levels of the digestive system, from the oral
cavity to the distal intestine and liver. Thus, the
morphofunctional response of the organism is systemic
in nature.

Among the three food additives investigated,
sodium nitrite appears to have the most pronounced
potential to contribute to the oxidative and
inflammatory components of the toxic response.
Experimental ~ models  demonstrate  impaired
antioxidant defenses and alterations in inflammatory
markers in tissues following its administration [2, 11,
24]. This may be related to disruption of the balance
between the generation of reactive oxygen species and
the capacity of antioxidant systems to neutralize them.
Persistent disruption of this balance creates conditions
conducive to damage to membranes, proteins, nucleic
acids, and intercellular structures. In the digestive tract,
this may result in impaired epithelial barrier integrity
and altered mucosal reactivity.

At the same time, an oversimplified
interpretation should be avoided whereby all effects
observed following combined exposure are
automatically attributed to nitrite alone. The
combined model involves substances with different
biological properties, and the resulting effects may
therefore reflect the cumulative contribution of
several mechanisms.

Current evidence concerning monosodium
glutamate indicates the need to move beyond an
exclusively local approach to assessing its effects. A
systematic review demonstrated an association
between monosodium glutamate consumption,
alterations in the gut microbiota, and metabolic
dysbiosis [1]. In an experimental Wistar rat model,
simultaneous changes in hepatic and renal metabolic
profiles and the gut microbiome were observed [17].
These findings support consideration of monosodium
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glutamate as a potential modifier of the «gut —
microbiome — metabolism» axis. Alterations in
microbial composition may be accompanied by
changes in the production of short-chain fatty acids,
amino acid metabolites, and other biologically active
compounds. Disruption of microbial homeostasis
may, in turn, affect epithelial barrier permeability and
the local immune response.

An additional functional aspect is visceral
hypersensitivity. Experimental evidence indicates
that monosodium glutamate increases visceral
sensitivity in a mouse model of pain [8]. Thus,
morphological changes in the intestine may be
accompanied by functional disturbances in its sensory
regulation.

Ponceau 4R differs from sodium nitrite and
monosodium glutamate primarily in its technological
role as a synthetic colorant. Therefore, assessment of
its potential biological effects should be complemented
by evaluation of actual exposure levels. Current
methods for determining Ponceau 4R in food products
include high-performance liquid chromatography and
spectrophotometric approaches [9, 15, 20]. The
development of sensitive analytical methods is of
fundamental importance for toxicological research
because biological effects must be related not merely
to the presence of the additive but also to its actual
concentration and duration of exposure.

Reviews of synthetic food colorants emphasize
that contemporary safety assessment should consider
not only acute toxicity but also potential long-term
effects associated with metabolism, inflammation,
the microbiota, and intestinal barrier function [4]. In
this context, Ponceau 4R assumes particular
importance as a component of combined exposure.

One of the most promising contemporary concepts
for explaining the systemic effects of food additives
concerns their interaction with the gut microbiota.
Recent reviews demonstrate that different classes of
food additives may modify the bacterial composition of
the intestine, alter microbial metabolites, and affect the
epithelial barrier [13, 14, 21, 27, 28].

Of particular importance is the potential
combination of microbiota alterations with
inflammatory and metabolic disturbances. A
systematic review by Singh et al. showed that food
additives may be associated with dysbiosis,
disruption of the intestinal barrier, and low-grade
systemic inflammation, which are considered
potential components of the pathogenesis of
metabolic syndrome [23]. Other syntheses support
the multifactorial nature of this process [14, 21, 27].

At the same time, an important methodological
limitation should be emphasized: most contemporary
microbiome studies concern individual classes of
food additives or other substances rather than the
specific combination of sodium nitrite, monosodium
glutamate, and Ponceau 4R. Therefore, extrapolation
of general patterns to this specific three-component
exposure should be undertaken with caution.

Nevertheless, the available experimental
evidence permits the hypothesis that combined
exposure to these substances may operate according
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to a “multiple-hit” principle: one group of
components alters the redox balance, another
modifies the metabolic and microbial environment,
and a third may potentially affect the local tissue
response. The resulting effect may be mutual
amplification of disturbances in the barrier, secretory,
trophic, and sensorimotor functions of the intestine.

Within the context of the present study,
ultrastructural investigations are particularly valuable
because they can reveal changes that may not yet be
manifested at the level of overall tissue architecture.
Studies of the duodenum and fundic region of the
stomach have demonstrated ultrastructural remodeling
under conditions of combined exposure [30, 31],
which may indicate early disruption of cellular
homeostasis preceding more pronounced tissue
alterations. In the intestinal epithelium, particular
importance should be attached to the condition of cell
membranes, intercellular contacts, organelles involved
in energy metabolism, and the secretory apparatus.
Disturbances of these structures may potentially
reduce barrier function and alter interactions between
the mucosa and intestinal contents.

Accordingly, the most informative approach is
to combine morphometric, histological, and
ultrastructural methods when assessing the effects of
food additives. Morphometric changes in the ileal
wall [7] and alterations in the structural organization
of its mucosa [19] are complemented by data on the
vascular component [18], thereby enabling a more
comprehensive morphofunctional interpretation.

On the basis of the analysis and synthesis of the
available findings, a multilevel model of the
interaction among sodium nitrite, monosodium
glutamate, and Ponceau 4R may be proposed. The
first level involves direct interaction between food
components and food additives and the mucosal
surfaces of the digestive tract; the second involves
disruption of local redox balance and cellular
homeostasis. For sodium nitrite, the role of oxidative
and inflammatory mechanisms is most strongly
supported [2, 11, 24]. In parallel, modification of the
gut microbiome may occur. Contemporary reviews
demonstrate that various food additives can alter
microbial composition, microbial functional activity,
and the intestinal metabolic profile [1, 13, 14, 21, 23,
27, 28]. The third level involves disruption of the
epithelial and mucosal barriers. When barrier
integrity is compromised, tissue exposure to bacterial
components and metabolites may increase,
potentially activating local inflammatory
mechanisms. The fourth level is microcirculatory:
structural and functional disturbances of the exchange
vessels may impair mucosal trophic support and
aggravate tissue hypoxia [18]. Similar alterations in
the microvascular bed have been identified in oral
tissues [6]. The fifth level comprises systemic
metabolic effects. Findings concerning the liver
demonstrate that the effects may extend beyond the
intestine [16, 17]. Thus, the organs of the digestive
system constitute a functionally interconnected
system in which local disturbances may develop into
a systemic response.
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One of the most important unresolved issues is
the nature of the interaction among the components
of the combination. The mere presence of
morphological changes following combined exposure
does not establish synergism. Demonstration of a
synergistic effect requires direct comparison of
groups receiving each component separately,
different two-component combinations, and the
complete  three-component  combination  at
comparable doses and exposure durations.

Available evidence indicates that combined
exposure may produce complex effects; however,
quantitative  discrimination  among  additive,
potentiated, and synergistic effects remains
insufficiently developed. Therefore, the results of
morphological studies should be interpreted in the
context of the experimental design.

Studies specifically evaluating the combination of
sodium nitrite, monosodium glutamate, and Ponceau 4R
are of particular value. They demonstrate simultaneous
changes in different structural components of the
digestive system, including the duodenal wall [12],
intestinal villi [32], the fundic region of the stomach
[30], the ileum [7, 19], mucosal vessels [18], the gingiva
[5, 6], and submucosal glands [22]. The consistency of
these findings supports the possibility of a systemic
response to combined exposure.

Individual morphological studies acquire
additional evidentiary value when considered in the
context of contemporary reviews. Whelan et al.
emphasized that food additives and ultra-processed
foods may affect intestinal health through alterations
in the microbiota, barrier mechanisms, and
inflammatory processes [29]. Li et al. synthesized
evidence concerning the effects of various food
additives on the microbiome, intestinal barrier,
metabolism, and systemic functions [14]. Wang et al.
highlighted the central role of intestinal health in
assessing the biological effects of food additives [28].

Conclusion

Recent findings by Seto et al. demonstrate that
different classes of additives, including colorants,
emulsifiers, sweeteners, and preservatives, may affect
the mucus layer, epithelial barrier, microbiota, and
local immune response [21]. This provides a broader
context for interpreting the findings of studies of
combined exposure. Accordingly, the morphological
changes identified in experimental models should not
be regarded as an isolated phenomenon. Rather, they
are consistent with the contemporary concept of food-
induced disruption of intestinal homeostasis, according
to which mucosal structural integrity, the microbiota,
metabolic processes, and immune regulation function
as an interconnected system [13, 14, 21, 27, 28].

Despite the substantial amount of experimental
evidence, the evidence base has several limitations.
First, animal studies predominate, which limits direct
extrapolation of the findings to humans. Second,
experimental protocols differ in dosage, duration of
administration, and exposure route. Third, individual
studies focus on a single organ or morphological
parameter, making systemic interpretation more
difficult. Fourth, microbiome and morphological
studies are often conducted wusing different
experimental designs, which makes direct comparison
of their findings methodologically challenging. Fifth,
the specific three-component combination remains
insufficiently investigated, whereas most international
reviews consider food additives as a broad functional
group [1, 14, 21, 23, 27].

At the same time, an important strength of the
available evidence is the convergence of findings.
Data from morphology, ultrastructure, morphometry,
microcirculation, metabolomics, and microbiology
do not contradict one another but instead provide a
complementary picture. This convergence increases
the biological plausibility of the hypothesis that
combined exposure may produce effects at multiple
interconnected levels.

Analysis of 32 scientific publications demonstrated that combined exposure to sodium nitrite,

monosodium glutamate, and Ponceau 4R may be accompanied by complex morphofunctional remodeling of the
digestive system involving the oral cavity, stomach, small intestine, liver, and salivary glands. Structural
changes in the mucosa and wall of the duodenum and ileum, remodeling of intestinal villi and submucosal
glands, ultrastructural alterations in the fundic region of the stomach, and changes in the exchange vessels of
the mucosa have been demonstrated most consistently. The morphological abnormalities are consistent with
evidence of alterations in the gut microbiome, metabolic profile, and functional activity of the digestive tract.
Sodium nitrite may play a substantial role in the development of the oxidative and inflammatory component of
injury, as supported by experimental data concerning the liver, salivary glands, and other organs. Evidence
concerning monosodium glutamate suggests that it may affect the gut microbiota, metabolic homeostasis, and
visceral sensitivity, thereby extending the traditional view of its biological effects. For Ponceau 4R, an important
consideration remains the control of actual exposure levels, since assessment of its potential biological effects
should take into account concentration, duration, and the combined nature of exposure. Taken together, current
evidence supports consideration of the combined effects of food additives as a multifactorial process in which
oxidative stress, inflammation, microcirculatory disturbances, dysbiosis, alterations in epithelial barrier
integrity, and metabolic remodeling may interact. However, the available evidence is insufficient to establish
definitively that the interaction among sodium nitrite, monosodium glutamate, and Ponceau 4R is synergistic.
Standardized experimental studies directly comparing isolated, dual, and triple exposure are required.

Prospects for further research. Future research should focus on direct comparison of the isolated and combined effects of
each component. A standardized experimental model should be developed that includes a control group; groups receiving sodium
nitrite, monosodium glutamate, and Ponceau 4R separately; and groups receiving the respective two-component combinations
and the three-component combination. Clinical studies should also be pursued, because findings from experimental models should
not automatically be interpreted as evidence of clinically significant toxicity in humans.
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The salivary glands are key exocrine organs that maintain oral homeostasis, facilitate primary digestion, and provide
immune defense. This review article summarizes historical and contemporary data on the morphology of the major salivary glands
in humans and rodents, including the parotid, submandibular, and sublingual glands. Particular attention is focused on the serous
demilunes of Giannuzzi, their morphological organization, cellular specialization, and secretory function. The study analyzes
species-specific differences in the acini and ductal system, as well as the mechanisms of secretion for enzymes, mucins, and growth
factors. The significance of historical research methods for the modern understanding of the morphofunctional organization of the
glands and their clinical relevance is discussed.

Key words: salivary glands, serous demilunes of Giannuzzi, acini, ductal system, parotid gland, submandibular gland,
sublingual gland.

I'puns B.I'., TuxonoBa O.0., Ilixorin A.B., Tapacenko S1.A., ®enopuenko L.JI.,
I'pnnas M.B., llleBuenxo O.M.
CEPO3HI «INIBMICALI» JZKIAHHYHIUI TA MOP®O®YHKIIIOHAJIBHA
XAPAKTEPUCTHUKA BEJIUKUX CJIMHHHUX 3AJ103

CIMHHI 3aJ103H € KIIOYOBUMHU €K30KPHHHUMH OpraHaMH, 110 3a0e3nedyoTh POTOBHI roMeocTas, IepBUHHE TPABIICHHS Ta
iMyHHHU# 3axucT. Y wifi onsIIOBIi cTarTi y3araJbHEHO iCTOPHYHI Ta Cy4acHi JaHi Mpo MOPQOIIOrio BEIUKHX CIMHHUX 37103
JIFOIIMHH Ta TPU3YHIB, BKIFOYAFOUH IPUBYIIIHY, ITiAHIKHBOLIEICITHY Ta i’ 131KOBY 3a1031. Oco0IiBa yBara npH/IijieHa Cepo3HUM
«miBMicsmam»  JDkiaHHyImi, ixHid MopdQosoriuHii opraHizamii, KIITHHHIA crHemiamizamii Ta CeKpeTOpHid (yHKII.
[TpoananizoBaHO BHIOBI BIAMIHHOCTI alMHYCIiB Ta HPOTOKOBOI CHCTEMH, MEXaHi3MH ceKpelii (epMeHTIB, MyLHHY Ta (akTopiB
pocty. OOroBopeHo 3Ha4eHHs ICTOPUYHUX METOIB JOCTIPKEHHS ISl CyJacHOTO po3yMiHHS MOp(ho(dyHKIIOHAIBHOT opraHizarii
3aJ103 Ta iX KIHIYHOT 3HAY9yI[OCTi.

KurouoBi ciioBa: ciunHI 321034, cepo3Hi «miBMicsui» JKiaHHYUI, alWHyCH, IPOTOKOBAa CHCTEMa, MPUBYILIHA 321034,
1 IHKHBOILEIIENHA 3aJ103a, 111’ I3UKOBa 3aj1034.

The study is a fragment of the research project “Systemic analysis of the morphological and functional state of various
internal organs and body systems under the influence of irritants and mechanical injuries”, state registration No. 0125U002785.

The salivary glands, as an anatomical and
physiological structure, are key components of
human oral homeostasis, as well as the digestive and
immune systems. They facilitate the secretion of
saliva, which is rich in enzymes, mucins,
immunoglobulins, electrolytes, and biologically
active substances. These components participate in
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the initial processing of food, regulation of the
microbiota, lubrication of the mucous membranes,
and provision of antimicrobial defense [1, 5, 9]. These
exocrine glands produce 0.5-1.5 litres of saliva every
day, which, in turn, helps to facilitate chewing,
swallowing and speech, lubricates the mucous
membrane of the mouth and provides an aqueous
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