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The paper presents data from a morphometric study of the diameter of neurocyte nuclei in the outer nuclear, inner nuclear,
and ganglion layers of the retina under the combined action of food additives. It has been established that the effect of a complex
of dietary supplements — sodium glutamate, sodium nitrite, and Ponceau 4R — causes a progressive decrease in the average diameter
of retinal nerve cell nuclei due to a decrease in euchromatin volume, which indicates a decrease in cell activity. The combined
effect of food additives leads to the development of oxidative stress, to which proteins, lipids, and DNA respond, the development
of nonspecific inflammation, structural degradation, and the development of gliosis in response to damage. Thus, monosodium
glutamate, sodium nitrite, and Ponceau 4R affect the function of the visual analyzer, primarily causing deterioration and once again
confirming the need for strict quality control of domestic and foreign products.

Key words: food additives, monosodium glutamate, sodium nitrite, Ponceau 4R, retina, eye, oxidative stress, rats.

I'A. €pomenko, K.B. lllepuenko, B.A. Cunenxo, JL.LE. Becnina, I.M. 3Bsirosibcbka,
10.B. Tumomenko, B.1. Imenko

BILJIMB KOMILIEKCY XAPUYOBHX JIOBABOK HA CTAH HEMPOIIUTIB
CITKIBKH OKA I1YPIB

B po6oti npezacTasieHi AaHi MOPHOMETPHYHOTO JOCIHIKEHHS JiaMeTpy siiep HeHPOLMTIB 30BHILIHBOTO SIEPHOTO,
BHYTPIIIHBOTO SICPHOTO Ta TaHMIIOHAPHOTO IIApiB CITKIBKY IPH KOMIUIEKCHIH Jii XxapuoBux nobaBok. BeraHoBieHo, 0 BILTHB
KOMILJIEKCY Xap4oBHX NO0ABOK — MIyTaMaTy HaTpito, HITpUTY Harpito Ta [loHco 4R, BUKIIMKAaE MPOrpecHBHE 3MEHIICHHS CEPEIHIX
3HAYEHb JiaMeTpy siAep HEPBOBUX KIIITHH CITKIBKH, BHACIIJOK 3MEHIICHHSIM 00’ €My €yXpOMaTHHY, 1[0 CBIJYHTH IIPO 3MEHILICHHS
AKTUBHOCTI KiIiTHH. KoMIIIekcHa aist XapuoBUX 100aBOK NMPU3BOAUTE 0 PO3BUTKY OKCHIATUBHOTO CTPECY, Ha IO PearyloTh OLIKH,
mimiau Ta JIHK, po3BuTKy HecrenudiaHoro 3amaneHss1, CTPYKTYPHOL AeTpafalii Ta po3BUTKY INTi03y Y BiINOBIAb Ha MONIIKOKEHHS.
Omxe, DIyTamar Harpito, HiTpUT Harpito Ta [ToHco 4R BmMBae Ha (yHKIiIO 30pOBOro aHaji3aTopy, Hacamiepes, BHKIHKAIOUi
HOTipIIEHHS Ta B YePTroBHH pa3 MiATBEPIAXKY€E HEOOXiAHICTH CyBOPOT0 KOHTPOJIIO 3a SIKICTIO BITYM3HAHOI Ta 3aKOPIOHHOT IPOTYKIIil.

KurouoBi cj10Ba: xap4uoBi 100aBKH, ITyTamMaT HAaTpito, HITPUT Hatpito, [loHCco 4R, ciTKiBKa, OKO, OKHCITIOBAJIBHUH CTpEC,

LypH.

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

Recently, the use of food additives has spread to almost all stages of food production. In order to
conceal poor-quality raw materials and make products look attractive, manufacturers add them, sometimes
without complying with the standards established by Ukrainian legislation. The available literature often
reports on the link between certain food additives and the development of cancerous tumors, allergies, and
other adverse effects. However, it is important to recognize that the effect of any chemical substance on
the human body depends on several factors, including personal characteristics, the amount of the substance,
and the duration of exposure [5].

Previous studies have revealed the effect of food additives on organs and tissues separately from
each other. However, an analysis of the content of domestic and foreign products revealed the addition of
food additives in combination [12]. Therefore, the impact of food additives, especially when they act in
combination, is currently very relevant and requires further research [14].
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A study of food additives in food products found that the most common are monosodium glutamate,
sodium nitrite, and Ponceau 4R.

The neurotoxic effect of monosodium glutamate from the consumption of monosodium glutamate
is that the main neurotransmitter for brain excitation is glutamate, which activates the corresponding
receptors, affecting both physiological and pathological processes. Excessive stimulation of these receptors
can lead to excitotoxicity. Once glutamate enters Miiller cells via the GLAST glutamate transporter, it is
metabolized into non-toxic glutamine by glutamine synthetase [1]. Synaptic transmission between bipolar,
photoreceptor, and ganglion cells in the retina is facilitated by glutamic acid. However, its presence in
excessive amounts can cause neuronal death [5], including retinal ganglion cells [8, 9].

Sodium nitrite is often used as a preservative and color fixative in the manufacture of meat
products. It should be noted that the concentration and duration of exposure to sodium nitrite can play a
significant role in determining its effect on the retina. Controlled and regulated use of sodium nitrite for
food preservation is generally considered safe, as it is used in low concentrations and is carefully monitored
by regulatory authorities. However, excessive consumption or exposure to high levels of nitrite may pose
a potential risk. On the other hand, high levels of nitrites may be potentially harmful to the retina. Nitrites
can react with other compounds in the body to form nitrosamines, which are known to have carcinogenic
properties. Nitrosamines can have harmful effects on cells and tissues, including the retina, although the
specific effects on retinal cells have not been studied in detail [15].

Regarding the effect of Ponceau 4R on the retina, specific studies on the effect of E124 on this
tissue are limited. However, some studies have examined the effect of other food colorings on eye health.
For example, studies have shown that some food colorings, such as tartrazine (E102) and sunset yellow
(E110), can cause oxidative stress and inflammation in the retinas of animals, potentially leading to retinal
damage [6].

The purpose of the study was to determine the dynamics of changes in the diameter of retinal
neurocyte nuclei in rats under normal conditions and under the influence of a complex of food additives —
monosodium glutamate, sodium nitrite, and Ponceau 4R.

Materials and methods. The study was conducted on 84 sexually mature male Wistar rats. The
control group, consisting of 10 rats, received drinking water and orally administered physiological saline.
Rats in the experimental group, with free access to water, were given 0.6 mg/kg of sodium nitrite (Sodium
nitrite E250, Uralchem, China), 20 mg/kg of monosodium glutamate (Monosodium glutamate E621,
Multichem, China), and 5 mg/kg of Ponceau 4R (Ponceau 4R E124, Multichem, China) in 0.5 ml of
distilled water once a day orally. The doses of food additives were half of the permissible limit in food
products. The adaptive behavior of the rats was assessed using the open field test [13].

The animals were euthanized at 1, 4, 8, 12 and 16 weeks through an overdose of thiopental
anesthesia. After euthanasia, fragments of the posterior eye wall were fixed in 10% formalin solution.
The pieces of the posterior eye wall were then embedded in Epon-812 and paraffin using conventional
technique [11].

Sections with a thickness of 5-10 um were obtained using the ARM 3600 microtome. Semi-thin
sections were obtained using the UNTP-7 ultramicrotome. After staining with hematoxylin and eosin, as
well as methylene blue, the sections were placed in polystyrene and examined under a light microscope.
Using a digital microscope with the Levenhuk D740T digital microphotography attachment and specialized
software adapted for this research, microphotography and morphometric analysis were conducted. The
diameter of the nuclei of neurocytes in the outer nuclear, inner nuclear, and ganglion layers of the rat retina
was measured.

Statistical processing of the morphometric data was performed using Excel with the built-in “VGA
analysis package” add-in, specifically the “descriptive statistics” tool. To test the normality of variances,
the Shapiro-Wilk test was applied, and when the data followed a normal distribution, comparisons were
made using the Student’s t-test for independent samples. A difference was considered statistically
significant at p < 0.05 [2, 7].

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).
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Results of the study and their discussion. Morphometric analysis of the mean diameters of

neuronal nuclei in the outer nuclear layer of the posterior wall of the rat eye revealed that the average value
was 3.93+0.13 pm (Table 1).

Table 1
Morphometric parameters of the mean diameters of nuclei of retinal nerve cells in rats
Parameters Outer nuclear Inner nuclear Ganglion
layer layer cells
Control group 3.93+0.13 6.56+0.12 9.16+0.41
Week 1 3.87+0.10 5.73+0.22 8.64+0.21
Week 4 3.7£0.04 5.47+0.05 8.3+0.12
Week 8 3.48+0.04 4.73+0.07 7.43£0.13
Week 12 3.23+0.06 4.1840.06 6.61+£0.16
Week 16 3.06+0.04 4.08+0.07 6.06+0.08
*’** * *’**

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

Consumption of the complex of food additives on week 1 of the experiment resulted in a non-
significant decrease in the mean values (3.87+£0.10 pm (p<0.05)).

Consumption of the complex of monosodium glutamate, sodium nitrite and Ponceau 4R on week
4 of the experiment led to a decrease in the mean diameter of neurons in the outer nuclear layer to 3.70+0.04
um, that was significantly lower by 4.39% compared with the results of the previous observation period
and significantly lower by 5.85% compared with the control group (p<0.05).

By week 8 of the experiment, the effect of the food additives led to a significant decrease in the
mean nuclear diameter values by 5.95% compared with those on week 4 of the experiment and amounted
to 3.48+0.04 um, that was also significantly lower by 11.45% compared with those of the control group of
animals (p<0.05).

By week 12 of the consumption of monosodium glutamate, sodium nitrite and Ponceau 4R, the
mean diameter of neuronal nuclei in the outer nuclear layer of the rat retina was 3.23+0.06 um, which was
significantly lower by 7.18% compared with the previous observation period and significantly lower by
17.81% compared with the control group (p<0.05).

By week 16 of the experiment, the mean diameter of neuronal nuclei in the outer nuclear layer was
3.06 £ 0.04 um, which was significantly lower by 5.26% compared with the values on week 12 of
consuming monosodium glutamate, sodium nitrite and Ponceau 4R, and significantly lower by 22.14%
compared with the control group (p<0.05).

Morphometric analysis of the posterior wall of the eye revealed that the mean diameter of neuronal
nuclei in the inner nuclear layer of the retina in the control group of rats was 6.56+0.12 pm.

On week 1 of the consumption of food additives, the mean nuclear diameter in the inner nuclear
layer was 5.73+£0.22 pm, which did not differ significantly from the control group (p<0.05).

The impact of the chemicals by week 4 resulted in a decrease in the mean nuclear diameter of the inner
nuclear layer by 4.54% compared with the previous observation period, reaching 5.47+0.05 um, which was also
significantly lower by 16.62% compared to the control group (p<0.05).

By week 8 of the experiment, the mean nuclear diameter of the inner nuclear layer was 4.73+0.07
um, which was significantly lower by 13.53% compared with the week 4 and significantly lower by 27.90%
compared with the control group (p<0.05).

Consumption of monosodium glutamate, sodium nitrite and Ponceau 4R by week 12 led to a
decrease in the mean diameter of nuclei in the inner nuclear layer of the rat retina by 11.63% compared
with the previous observation period, reaching 4.184+0.06 pm, and this value was also significantly lower
by 36.28% compared with the control group (p<0.05).

By week 16 of the experiment, the mean nuclear diameter of the inner nuclear layer of the posterior
wall of the rat eye was 4.08+£0.07 um, which did not differ significantly from the previous observation
period but was significantly lower by 37.81% compared with the control group (p<0.05).

Morphometric analysis of the posterior wall of the eye revealed that the mean diameter of nuclei in the
ganglion cell layer of the retina was 9.160.41 um in the control group of rats.

On week 1 of the consumption of monosodium glutamate, sodium nitrite and Ponceau 4R, the mean
nuclear diameter in the ganglion cell layer was 8.6440.21 pm, which did not differ significantly from the control
group (p<0.05).
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Consumption of the food additives by week 4 led to a decrease in the mean nuclear diameter of the
ganglion cell layer of the posterior wall of the rat eye to 8.30+0.12 um, which was significantly lower by 3.94%
compared with the previous observation period and significantly lower by 9.39% compared with the control
group (p<0.05).

Consumption of the complex of monosodium glutamate, sodium nitrite and Ponceau 4R by week 8 led
to a decrease in the mean nuclear diameter of the ganglion cell layer of the rat retina by 10.48% compared with
the previous observation period, reaching 7.43+0.13 um. These values were also significantly lower by 18.89%
compared with the control group (p<0.05).

Exposure to the same chemical complex by week 12 resulted in a further decrease in the mean nuclear
diameter of neurons in the ganglion cell layer of the posterior wall of the rat eye by 11.04% compared with the
previous observation period, reaching 6.61+0.16 um, which was also significantly lower by 27.84% compared
with the control group (p<0.05).

By week 16 of the experiment, the mean diameter of nuclei in the ganglion cell layer of the rat retina
was 6.06+0.08 um, which was significantly lower by 8.32% compared with the previous observation period and
significantly lower by 33.84% compared with the control group (p<0.05).

Table 2
Mean number of cell rows in nuclei of retinal nerve cells in rats
Outer nuclear layer, Inner nuclear layer,
Parameters

cell rows cell rows
Control group 11.8+0.49 4.8+0.21
Week 1 11.62+0.48 419+0.18
Week 4 ll.l*liT0.46 4.021(;.18
10.45+0.43 3.46+0.15

Week 8 w1 xx
Week 12 9.7}:):(;_.40 3.0*6:(?:13
Week 16 9.19;0.38 2.99:;0.13

Notes: ¥ — p <0.05 compared with the control group; ** — p <0.01 compared with the control group; T — p < 0.05 compared
with the previous observation period; 1 — p < 0.01 compared with the previous observation period.

Thus, the effect of the complex of food additive, namely, monosodium glutamate, sodium nitrite and
Ponceau 4R, on the posterior wall of the eye led to a progressive reduction in morphometric parameters,
specifically the mean diameters of neuronal nuclei in the outer nuclear, inner nuclear and ganglion cell layers of
the retina, that, at early stages, manifested as a significant decrease in the mean values starting from week 4 of
the experiment compared with the control group (p<0.05). These changes are associated with the primary
response of neuronal cells to the components of the complex of food additives, resulting in reduced cellular
activity due to a decrease in euchromatin content, as a reaction to oxidative stress. This finding is supported by
previous studies on the effects of monosodium glutamate and sodium nitrite [4, 10]. Subsequently, it was the
inner nuclear layer that responded most strongly to the complex of chemicals, as evidenced by a significant
decrease in mean nuclear diameter by 37.81% on week 16, compared with the control group (p<0.05), primarily
indicating the degenerative effects of the complex’s components. Consumption of the food additives increases
extracellular glutamate levels, leading to excessive activation of AMPA-receptors, which causes rapid Na"
influx and membrane depolarization. This depolarization displaces Mg** ions that normally block NMDA-
receptor, allowing Ca*" entry. Ca®" influx through NMDA-receptors triggers a signaling cascade that can
potentiate synapses, increasing the activity of both AMPA- and NMDA-receptors, ultimately resulting in
excitotoxic damage to bipolar and amacrine cells located in this layer. This phenomenon is confirmed by a
significant reduction in the number of nuclear rows in the inner nuclear layer, with marked changes (in p<0.01)
starting from week 8 of the experiment, compared with both control values and the results by week 4. This
represented a turning point in the study, reflected in structural degradation and gliosis in response to cellular
damage (Table 2). Cells of the ganglion layer were less affected by the components of the complex, but still
showed a significant reduction in mean nuclear diameter by 33.84% compared with the control group of animals
(p<0.05). This was associated with their high sensitivity to oxidative stress caused by sodium nitrite and the azo
dye Ponceau 4R, leading to an imbalance between free radical production, specifically reactive oxygen and
nitrogen species, and the body’s antioxidant capacity. As a result, cellular structures, particularly proteins, lipids
and DNA, are damaged, which contributes to premature aging and the development of nonspecific
inflammation. In the presence of superoxide radicals, nitric oxide (NO) is converted into peroxynitrite (ONOO"),
a potent oxidant that induces severe cellular and mitochondrial damage, disproportionately affecting neurons.
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The outer nuclear layer exhibited the least pronounced changes, with a significant reduction in mean nuclear
diameter by 22.14% compared with control values (p<0.05), since photoreceptor cells lack glutamate receptors
capable of mediating excitotoxic cell death as seen in other layers [3].

Conclusion

The effect of the complex of food additives, namely, monosodium glutamate, sodium nitrite and
Ponceau 4R, causes a progressive reduction in the mean diameters of retinal neuronal nuclei due to a
decrease in euchromatin volume, indicating reduced cellular activity. The combined action of the
abovementioned food additives induces oxidative stress, affecting proteins, lipids and DNA, leading to
nonspecific inflammation, structural degradation and gliosis in response to damage. Therefore,
monosodium glutamate, sodium nitrite and Ponceau 4R adversely affect the function of the visual analyzer,
primarily causing impairment, and once again underscore the need for strict control over the quality of both
domestic and imported products.
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