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The study presents morphometric data on the effects of a combination of food additives on the condition of the
hemomicrocirculatory vessels in the lobules of rat submandibular salivary glands. It was found that early exposure to monosodium
glutamate, sodium nitrite, and Ponceau 4R leads to narrowing of the vessels in the resistive, exchange, and capacitive segments,
resulting in tissue hypoxia. This directly impairs salivary gland function and may contribute to the development of dry mouth. As
part of the body’s compensatory and restorative responses, dilation of the exchange segment vessels was observed, indicating
intensified secretion and salivation processes. However, persistent spasms in arterioles and capillaries, along with dilation of
venules, contribute to interstitial tissue edema, impaired oxygen and amino acid delivery to the terminal acinar cells, and ultimately
to structural remodeling of the secretory apparatus in favor of carbohydrate over protein synthesis. This shift negatively affects
saliva quality and reduces its enzymatic activity.

Key words: salivary glands, blood vessels, food additives, monosodium glutamate, sodium nitrite, Ponceau 4R, rats.

I'A. €pomenko, K.B. IlleBuenko, I.C. beasieB, A.C. I'puropenko, B.M. Cokosenko,
B.B. Oninko, P.B. Ilepenepa

PEAKTUBHI 3MIHU CYAUH 'EMOMIKPOLUPKYJIATOPHOI'O PYCJIA YHACTOYOK
INIITHWKHBOIIEJEITHUX CJIMHHUX 3AJIO03 IIYPIB IIIJI BININBOM KOMIIJIEKCY
XAPYOBHUX JOBABOK

B po6ori npeacrasneHi gani MOpHOMETPUIHOTO TOCIIHKEHHS IPYU KOMIUICKCHIH Aii XapuoBUX 100aBOK HA CTaH CyAUH
IeMOMIKPOLMPKYJISSTOPHOTO pyclla YaCTOYOK MiJHKHBOIEISITHUX CIMHHUX 3aJ103 1ypiB. BeranoBneHo, 1o npu Aii nryramary
HaTpio, HITpUTY HaTpito Ta [ToHCco 4R Ha paHHIX TEPMiHAX CIIOCTEPEIKEHHSI CIIOCTEPIraeThCs 3BYKEHHSI CYJMH PE3UCTUBHOI, 0OMiHHOT
Ta EMHICHOT JJaHOK 3 PO3BUTKOM TiITOKCIi TKaHUH, 10 Oe3M0cepeHbo BILTUBAE HA (PYHKIIIO CITMHHUX 3aJ103 Ta MOXKE TIPU3BOAUTH /10
CYXOCTi POTOBOi MOPOXXHMUHU. BHACTIIOK KOMIIEHCATOPHO-BiJHOBIIOBANEHUX PEAKIii OpraHizMy, CHOCTEPIra€ThCs PO3MIUPEHHS
Cy/IH OOMIHHOI JIaHKH, 110 CBIIYMTH IPO MOCHIICHHS POLIECIB CEKPETOyTBOPEHHS Ta CIMHOBHUICHHs. OHAK, CIACTHYHI SBHUIIA B
aprepionax i Kamuispax, pa3oM 3 PO3MIMPEHHSM BEHYJ, HPH3BOMATH O PO3BUTKY HAOPSIKOBHX SIBHII B IHTEPCTHIIHMHIN TKaHWHI,
MOPYIICHHS HATXOMKCHHS KUCHIO Ta aMiHOKUCIIOT IO KJIITHH KiHIIEBUX BIJIILIB, 1, IK HACIIIOK, IIEpeOyJ0BOIO CEKPETOPHOTO anapary
Ha KOPHCTh BYIJICBOIIIB, 1[0 HOTIPLIYE SIKICTh CIIMHH Ta 3HU3UTH il (PePMEHTATHBHY aKTHBHICTb.

KurouoBi cjioBa: ciMHHI 3271031, CYHHHU, Xap4yoBi 100aBKH, TIyTaMary HaTpiro, HITPUTY Hatpito, [Torco 4R, mrypi.

The study is a fragment of the research project “Structural remodeling of the organs of the immune, respiratory, and
excretory systems under the influence of various exogenous factors (monosodium glutamate, sodium nitrite, ethanol,
methacrylate),” state registration No. 0121U108234.

As is well known, the condition of the hemomicrocirculatory bed plays a significant role in the
functioning of tissues and organs, serving as a vital prerequisite for maintaining their normal activity.

The intensity of secretion by glandulocytes in the salivary glands is directly dependent on the level
of their blood supply. This is closely linked to the response of blood vessels and involves the filtration of
fluid, as well as organic and inorganic substances, through the glandular epithelium. As a result, the
terminal acinar cells produce the protein and carbohydrate components of saliva. Therefore, studying the
morphofunctional characteristics of the salivary glands requires reliable data on the structural features of
the hemomicrocirculatory bed, taking into account specific functional regions [13].

Recent scientific publications have examined the effects of various food additives on organs and
physiological systems. However, current data remain insufficient, and studies investigating their combined
effects remain scarce [1, 2, 3].

The most well-known and widely used flavor enhancer is E-621 — monosodium glutamate (MSG),
which intensifies taste perception but also exhibits pathophysiological and toxicological effects. Numerous
studies by international researchers highlight its harmful impact [7, 9, 15]. As a result, there is currently no
consensus on a safe dosage of this commonly used food additive. Furthermore, the mechanisms underlying
the pathogenic and damaging effects of monosodium glutamate remain insufficiently studied.

In Ukraine, food additive E-250 (sodium nitrite) is commonly used as a color fixative in the
production of meat products [5]. It has been reported that sodium nitrite exerts harmful toxic effects on
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various organs. According to a study by Ukrainian researchers, chronic exposure to sodium nitrite induces
oxidative stress (evidenced by elevated levels of 2,3-bisphosphoglyceric acid), inflammation (increased
levels of interleukin-1 beta, which in turn triggers a sharp rise in iNOS activity), and endothelial
dysfunction (elevated levels of von Willebrand factor) [12].

Food additive E-124 is used to enhance the visual appeal of products [10], but like many synthetic
colorants, it poses health risks. Its hazardous effects are associated with its metabolic by-product, benzidine
—a compound known to induce various types of tumors in both humans and animals. Another component
of the azo dye, p-phenylenediamine, is a known contact allergen [6].

The purpose of the study was to determine the dynamics of morphometric changes in the lumen
diameter of hemomicrocirculatory vessels in the submandibular salivary glands of rats under normal
conditions and under the combined influence of food additives — monosodium glutamate, sodium nitrite,
and Ponceau 4R.

Materials and methods. The study involved 84 sexually mature male rats. Animals in the control
group were given drinking water and received oral administration of physiological saline. Rats in the
experimental group, with free access to water, were orally administered a combination of food additives
once daily: sodium nitrite at a dose of 0.6 mg/kg, monosodium glutamate at 20 mg/kg, and Ponceau 4R at
5 mg/kg, all dissolved in 0.5 ml of distilled water. These doses were half of the maximum permissible
limits. Adaptive behavior of the rats was assessed using the open field test. Animals were euthanized at 1,
4, 8, 12, and 16 weeks by an overdose of thiopental anesthesia. After euthanasia, fragments of the
submandibular salivary glands were fixed in 10 % formalin. The tissue samples were then embedded in
paraffin using standard histological procedures [11]. Sections of 5-10 um thickness were prepared using
an ARM 3600 microtome. After staining with hematoxylin and eosin, the sections were mounted in
polystyrene and examined under a light microscope. Microphotography and morphometric analysis were
performed using a Levenhuk D740T digital microscope equipped with a digital photoadapter and software
adapted for this study. Statistical analysis of the morphometric data was conducted using Microsoft Excel
with the built-in “Analysis ToolPak — VGA” add-on, specifically the “Descriptive Statistics” tool. The
Shapiro—Wilk test was used to assess normality of the data distribution, and for normally distributed
variables, comparisons were made using the Student’s t-test for independent samples. Differences were
considered statistically significant at p < 0.05 [4, 8].

All animal experiments were carried out in compliance with the requirements of the European
Convention for the Protection of Vertebrate Animals used for Experimental and Scientific Purposes
(Strasbourg, 1986), in accordance with the rules for keeping experimental animals established by European
Parliament and Council Directive (2010/63/EU) and the Order Ne134 of the Ministry of Education and
Science, Youth and Sports of Ukraine as of 01.03.2012, No. 249 “On approval of the procedure for
conducting tests, experiments on animals by research institutions”, as well as the recommendations of the
First National Congress of Ukraine on Bioethics (2001).

Results of the study and their discussion. Morphometric analysis of the lumen diameter of
hemomicrocirculatory vessels in the submandibular salivary glands revealed that, in rats of the control
group, the mean arteriolar lumen diameter was 12.51 £0.01 pm, the diameter of capillaries measured

4.23 £0.04 pm, and the diameter of venules was 16.58 £ 0.05 um (Table 1).
Table 1
Morphometric parameters of the lumen diameter of hemomicrocirculatory vessels in the lobules
of rat submandibular salivary glands

Parameters Lumen diameter of intraclobular vessels of the hemomicrocirculatory bed
Diameter of arteriole lumen (um) | Diameter of capillary lumen (um) | Diameter of venule lumen (um)
Control 10.80+0.07 4.98+0.09 13.2140.13
9.58+0.11 3.05+0.07 11.91+0.08
1 week N N N
8.94+0.11 5.17+0.07 12.02+0.05
4 weeks x * ok *
6.10+0.08 3.24+0.06 15.08+0.18
8 weeks * ok * *
847+0.11 3.83+0.30 13.61+0.07
12 weeks * * *
8.600.17 3.9440.17 15224047
16 weeks % * * ok

Notes: * —p < 0.05 compared to the control group; ** — p < 0.05 compared to the previous observation period.

The administration of food additives during the first week of the experiment resulted in a significant
decrease in the mean lumen diameter of arterioles by 11.30 % (p < 0.05), measuring 9.58 £0.11 pm.
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Capillary lumen diameter decreased by 38.76 % (p < 0.05), reaching 3.05+0.07 um. Venule lumen
diameter also reduced by 9.84 % (p < 0.05), with an average value of 11.91 £ 0.08 pm (p < 0.05).

Histological examination of the hemomicrocirculatory vessels in the lobules of rat submandibular
salivary glands at the first week revealed structural changes in the arteriole walls. Under the influence of
the combination of monosodium glutamate, sodium nitrite, and Ponceau 4R, the intimal layer consisted of
a layer of endothelial cells whose nuclei protruded into the vessel lumen. In the medial layer, disruptions
of the contacts between smooth muscle cells were observed. In the vessels of the capacitive segment, a
thinning of the adventitial layer was noted, and signs of lumen obstruction were present (Fig. 1).

By the 4th week of the experiment, vessels of the resistive segment showed a significant decrease
in mean lumen diameter by 6.68 % compared to the previous observation period, measuring 8.94+0.11
um. This value was also significantly lower by 17.22 % compared to the control group (p < 0.05). The
vessels of the exchange segment responded with a significant increase in lumen diameter by 69.51 %
compared to the 1st week of the experiment, which was also 16.08 % greater than the control group values
(p <0.05). The mean capillary lumen diameter at week 4 was 5.17 £0.07 pm. For the capacitive segment,
the mean lumen diameter increased to 12.02 +0.05 um, which was not significantly different from the
previous time point but was significantly lower than the control group by 9.01 % (p < 0.05).

By the 8th week, exposure to the combination of monosodium glutamate, sodium nitrite, and
Ponceau 4R caused a significant reduction in the mean arteriole lumen diameter by 31.77 % compared to
week 4, measuring 6.10+0.08 pm. This value was also significantly lower by 43.52 % than that of the
control group (p < 0.05). Morphometric measurements showed a significant decrease in capillary lumen
diameter both compared to the previous observation period (37.33 %) and the control group (34.94 %),
with a value of 3.24 £0.06 um (p < 0.05). Venules at week 8 exhibited sustained dilation, confirmed by a
significant increase in mean lumen diameter to 15.08 £ 0.18 pm. This was 25.46 % greater than at the
previous time point and 14.16 % larger than the control group values (p < 0.05) (Fig. 2).

1 - - Vot 5 0 g N

Fig. 1. Narrowing of resistive vessels accompanied by Fig. 2. Dilation with signs of blood engorgement in the
signs of lumen obliteration in capacitive vessels of rat venules of rat submandibular salivary gland lobules after 8 weeks
submandibular salivary glands after 1 week of exposure to a of exposure to the food additive complex. Hematoxylin and eosin
combination of monosodium glutamate, sodium nitrite, and staining. Magnification: oc.10, 0b.40.

Ponceau 4R. Hematoxylin and eosin staining. Magnification:
oc.10, ob.40.

By the 12th week of the experiment, the mean morphometric values of arteriole lumen diameter
measured 8.47+0.11 um, representing a significant increase of 38.85 % compared to the previous
observation period, but remained significantly lower than the control group by 21.57 % (p < 0.05). The
mean capillary lumen diameter significantly increased to 3.83 £0.30 um, which was 18.21 % greater than
at week 8 but still significantly lower than in the control group by 23.09 % (p < 0.05). Venule lumen
diameter significantly decreased by 9.74 % compared to week 8 but was significantly greater than the
control group by 3.03 % (p < 0.05). The mean venule diameter at week 12 was 13.61 £ 0.07 pm.

At the 16th week, exposure to the food additive complex resulted in an increase in the mean
arteriole lumen diameter to 8.60+0.17 um, which was not significantly different from the previous time
point but remained 20.37 % smaller than that of the control group (p < 0.05). The lumen diameter of the
exchange segment vessels significantly increased by 2.87 % compared to the previous time point but
remained significantly lower than the control group by 20.88 % (p < 0.05). The mean capillary lumen
diameter was 3.94+0.17 um. The capacitive segment vessels showed a significant increase in lumen
diameter, with mean values of 15.22 + 0.47 um, which was significantly greater than both the 12th-week
measurements by 11.83 % and the control group by 15.22 % (p < 0.05).
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Thus, the combined action of monosodium glutamate, sodium nitrite, and Ponceau 4R leads to
changes in the morphofunctional structure of the hemomicrocirculatory vessels in the submandibular
salivary glands of rats. At early stages, this is manifested by a reduction in the mean lumen diameters of
the resistive, exchange, and capacitive vessel segments. This response is evidently related to the primary
endogenous effects of these substances on the submandibular salivary gland, whose vessels reacted with
lumen narrowing, reflected in a significant decrease in the mean lumen diameters of arterioles by 11.30 %,
capillaries by 38.76 %, and venules by 9.84 % (p < 0.05) (Fig. 3).

Naturally, such a

Morphometric Parameters of Vessel Lumen Diameter in the Hemomicrocirculatory Bed
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of Rat Submandibular Salivary Glands

13.21
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15.22
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reaction led to hypoxia in
the glandular tissue and
inevitably affected the
primary function of the
salivary glands, namely
saliva  production and
secretion, which likely
resulted in dry mouth.

is'oo iltae:zlt:rl;i —_— Subsequentl}{, in response
to the combined action of
6.00 # Diameter of monosodium  glutamate,
o0 fﬁfﬂm fumen sodium nitrite, and Ponceau
wDiameterofvensle 4R, compensatory  and
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adaptive reactions of the
organism to these food
additives were observed,
manifested by significant
dilation of the exchange
segment vessels, which
showed a 69.51 % increase

in lumen diameter. This occurred against the background of venule narrowing, with their mean lumen
diameter significantly reduced by 9.01 % compared to the control group (p < 0.05), indicating an
enhancement of secretory and salivary flow processes. However, these adaptive and restorative responses
are temporary, as from the 8th week of the experiment onwards, a significant reduction in the lumen
diameter of resistive and exchange vessels and dilation of capacitive vessels led to the development of
edema in the interstitial tissue of the submandibular salivary glands in rats. Spastic phenomena in arterioles
and capillaries further reduced the delivery of oxygen and essential amino acids to the seromucous cells of
the terminal portions, causing a remodeling of the secretory apparatus towards carbohydrate production,
with the appearance of mucous foci (Fig. 4).

15.08
* s
13.61
. *
11.91 12.02
10.80
, "
e
Fh 8.94 e *
s 8.47 8.60
I I
s s
. 6.10
4.9 5.1 £ * %
*
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3.0 3.2

12 weeks 16 weeks
* — p<0.05 compared to the control group!; ** — p<0.05 compared to the previous
observation period?.

0.00

Control 1 week 4 weeks 8 weeks

Fig. 3. Graph illustrating the dynamic changes in the lumen diameter of vessels in the
lobules of rat submandibular salivary glands throughout the experiment.

This behavior can be compared to the
effects of other exogenous factors previously
studied by us, such as ethanol, which, when
acting on the submandibular salivary gland,
caused narrowing of the hemomicrocirculatory
vessels at early stages of the experiment,
demonstrating their direct impact on the
vascular bed [13], as well as other exogenous
agents affecting various organs and tissues
[11].

This finding is consistent with previous
studies on the effects of the food additive
complex on the terminal portions of rat
submandibular glands [14]. Thus, the reactive
changes in the vessels of the
hemomicrocirculatory bed under the combined
influence of food additives exhibit antagonistic
characteristics and may be a causative factor in
the development of xerostomia.

Fig. 4. Mucous metaplasia in the terminal portions of lobules of
the submandibular salivary glands in rats from the experimental group
after 16 weeks of exposure to the food additive complex. Hematoxylin
and eosin staining. Magnification: oc.10, 0b.40.
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Conclusion

Thus, the combined action of food additives — monosodium glutamate, sodium nitrite, and Ponceau
4R - induces changes in the morphofunctional state of the hemomicrocirculatory vessels in the
submandibular salivary glands of rats. In the early stages of exposure, narrowing of the vessels in the
resistive, exchange, and capacitive segments is observed, leading to tissue hypoxia. This directly affects
the functional activity of the salivary glands and may contribute to the development of dry mouth. As part
of the body’s compensatory and restorative responses, dilation of the exchange segment vessels occurs,
indicating enhanced processes of secretion and salivation. However, the persistence of vasospastic
phenomena in arterioles and capillaries, combined with venular dilation, results in the development of
interstitial edema, impaired delivery of oxygen and amino acids to the acinar cells, and, consequently, a
shift in the activity of the secretory apparatus toward carbohydrate production. This shift compromises
saliva quality and reduces its enzymatic activity.
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