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The paper presents the results of a morphometric study of the components of the posterior wall of the rat eye under the
complex effect of food additives. It has been established that the endogenous effect of the complex of sodium glutamate, sodium
nitrite and Ponceau-4R causes significant morphometric changes in the structures of the retina, which proves their neurotoxic
properties on retinal cells and is expressed by a progressive decrease in morphometric parameters in the chronological aspect.
These changes indicate the development of degenerative changes that can affect visual functions, causing their deterioration and
confirm the need to limit the consumption of food additives to reduce the risks associated with visual impairment.
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MOP®OMETPUYHA XAPAKTEPUCTUKA OCHOBHHUX CTPYKTYPHUX KOMIIOHEHTIB
3AZJHBOI CTIHKHM OKA IIYPIB I JI€H0O KOMIIIEKCY INTYTAMATY HATPIIO,
HITPUTY HATPIIO TA ITIOHCO 4R

B poboti mpencTaBieHi pe3yabTaT MOPPOMETPHYHOTO OCITIHKCHHS CKJIQJOBUX 3aJHBOI CTIHKM OKa MIypiB HpPH
KOMIUIEKCHIH Iif Xap9oBux n06aBoK. BcraHoBIEHO, 110 €HIOTeHHA st KOMIUIEKCY IIyTaMary HaTpiio, HiTputy Hatpito Ta [Tonco- 4R
BHUKJIMKA€ 3HAYHI MOP(OMETPHYHI 3MIHU B CTPYKTypax CITKIBKH, LIO JOBOAUTH IX HEHPOTOKCHYHI BIACTHBOCTI Ha KIIITUHHU CITKIBKH
Ta BUPAXKAETHCS IPOIPECUBHUM 3MEHIIEHHAM MOP(OMETPUYHHUX MOKA3HHKIB B XPOHOJIOTTYHOMY actiekTi. J{aHi 3MiHH cBiqyarh npo
PO3BHTOK JETEHEPATUBHUX 3MiH, SIKI MOXYTh BIUIMBATH Ha 30poBi (YHKIIl, COPHYIMHSIOUM TXHE IOTIpPIIEHHS 1 MiATBEPKYIOTH
HEOOXIAHICTh 0OMEKECHHS CIOXKUBAHHS XapUOBHX J00ABOK ISl 3HI)KCHHST PU3HUKIB, OB SI3aHUX 13 HOPYILCHHSMU 30DY.

KurouoBi cioBa: xapuoBi 1006aBKY, TIIyTaMar HaTpilo, HITPUT HaTpito, [ToHco 4R, ciTkiBKa, OKO, Iy pH.

The paper 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.

A wide range of chemical substances or natural compounds can be considered as food additives
that are added to food products during production or storage to enhance certain qualities, such as flavor,
appearance and shelf life. The use of food additives is permitted provided that, according to available
scientific data, their consumption does not pose a threat to consumer health and is technologically
justified [2].

The use of food additives remains a subject of significant debate within the scientific community,
primarily due to the lack of comprehensive research on their impact on the human body, especially under
conditions of combined exposure. Existing studies do not provide a definitive answer regarding the varying
degrees of human susceptibility to the effects of food additives, and no data on their combined impact has
been found to date [1]. However, it is important to acknowledge that the effect of any chemical substance
on the human body depends on several factors, including individual characteristics, the quantity of the
substance and the duration of exposure [7].

Our analysis of the content of food additives in domestic and foreign products revealed that the
most common additives are monosodium glutamate, sodium nitrite and Ponceau 4R.

The primary excitatory neurotransmitter in the brain is glutamate, which activates specific
receptors and influences both physiological and pathological processes. When monosodium glutamate is
consumed, excessive stimulation of these receptors can lead to excitotoxicity. Once glutamate enters cells
through the GLAST glutamate transporter, it is metabolized into the non-toxic glutamine by glutamine
synthetase. Synaptic transmission between bipolar, photoreceptor and ganglion cells in the retina is
facilitated by glutamic acid. However, its excessive presence can lead to neuronal death [4, 6, 10].

A review of the hazardous effect of sodium nitrite shows that this food additive can potentially be
harmful to the retina, as nitrites can react with other compounds in the body, forming nitrosamines, which
are known to have carcinogenic properties. Nitrosamines can have a harmful effect on cells and tissues,
including the retina, although the specific impact on retinal cells has not been extensively studied [9].
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Research on the impact of food colorants focused on the effect of food additives, particularly E124,
on visual processing and attention in children. The study showed that food additives, including food
colorants, can have a negative impact on visual attention and perception, which may indirectly affect the
function of the retina. However, it is important to emphasize that the existing literature is limited, and
further research is needed for a clearer understanding of the impact of E124 on the retina [13].

The purpose of the study was to de termine the dynamics of changes in the metric parameters of
the components of the posterior eye wall 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 [14].

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. 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 [3, 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 No. 134 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. The morphometric study of the total thickness of the
posterior eye wall in rats has found the average values of 224.80+£8.00 um (Table 1) (Fig. 1).

Table 1
Morphometric parameters of the outer layers of the posterior eye wall in rats
Parameters Total Thickness Photoreceptor Layer (PR) Outer Nuclear Layer Outer Plexiform Layer

(um) (um) (ONL) (um) (OPL) (um)
Control group 224.80+8.00 26.66+1.64 62.47+2.00 12.80+0.78
Week 1 213.55+8.80 27.2541.20 67.46+2.80 14.20+0.70
Week 4 202.68+9.10 27.2241.30 63.93£2.10 14.24x0.70
Week 8 184.87::10.10 23.9242 60 56.10::3.10 12.52::0.80
Week 12 174.87:10.60 21.00:2.20 47.7*7:3.30 11.60+0.70
Week 16 168.00::12.90 19.90:2.00 43,20;:4.40 10.22::1.10

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

On week 1 of the experiment, consumption of complex of food additives resulted in an insignificant
increase in the average values, which amounted to 213.5548.80 um (p < 0.05).

On week 4 of the experiment, consumption of the complex of monosodium glutamate, sodium
nitrite and Ponceau 4R led to a decrease in the average values, which amounted to 202.68+9.10 um. These
values were not significantly different from the values of the previous term of study, though they were by
9.84 % significantly lower compared to the control group values (p < 0.05).
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On week 8 of the experiment, the average values did not differ significantly from the values at
week 4 of the experiment and amounted to 184.87+10.10 um. However, they were by 17.76 % significantly
lower than the values in the control group of animals (p < 0.05).

On week 12 of consumption of monosodium glutamate, sodium nitrite and Ponceau 4R, the average
thickness values of the posterior wall of the eye were 174.87+10.60 um. These values did not differ
significantly from those of the previous term of observation but were by 22.21 % significantly lower
compared to the values in the control group of animals (p < 0.05).

On week 16 of the experiment, the average thickness values of the posterior wall of the eye were
168.00£12.90 um, which did not differ significantly from the values at week 12 of consuming monosodium
glutamate, sodium nitrite and Ponceau 4R. However, these values were by 25.27 % significantly lower
compared to the control group (p < 0.05).

Morphometric analysis of the posterior wall of the rat eye revealed that the thickness of the
photoreceptor layer in the control group was 26.66+1.64 pm.

The consumption of the complex of food additive did not result in significant changes in
morphometric parameters up to week 12 of the experiment, as they did not differ significantly from the
results of previous term of study or from the values in the control group of rats.

On week 12, the effect of the chemical compound complex led to a significant decrease in the
average thickness of the photoreceptor layer of the retina in rats by 21.23 % compared to the control group
values, which did not significantly differ from the results of the previous term of study (p<0.05).

On week 16 of the experiment, the average thickness of the photoreceptor layer of the retina in rats
was 19.90+2.00 um, which did not significantly differ from the results of the previous term of the
experiment, but was by 25.36 % significantly lower than the control group values (p<0.05) (Fig. 2).

Fig. 1. Retina of the eye in the control group of rats. Fig. 2. Degenerative changes in the photoreceptor layer
H&E stain. Ocular lens: 10xmagnification. Objective lens: of'the retina of rats on week 16 of consuming the complex of food
10xmagnification. additives. H&E stain. Ocular lens: 10xmagnification. Objective

lens: 10xmagnification.

Morphometric analysis of the posterior wall of the eye revealed that the average thickness of the
outer nuclear layer of the retina in the control group of rats was 62.47+2.00 um.

Consumption of food additives showed that the average values of the outer nuclear layer on week
1 were 67.46+2.80 um, which was by 7.99 % significantly greater compared to the control group values.
On week 4, the values were 63.93+2.10 um, and they did not significantly differ from the results of the
control group of rats or from the average values of previous term of the experiment (p<0.05).

On week 8 of the experiment, the average thickness of the outer nuclear layer was 56.30£3.10 pm,
which was by 11.93 % significantly lower than the values on week 4, and by 9.88 % significantly lower
than the control group values (p<0.05).

By week 12, the consumption of monosodium glutamate, sodium nitrite and Ponceau 4R led to a
decrease in the average thickness of the outer nuclear layer of the rat retina by 15.29 % compared to the
previous term, which amounted to 47.77+3.30 um. This value was also by 23.53 % significantly lower than
the control group values (p<0.05).

On week 16 of the experiment, the average thickness of the outer nuclear layer of the rat retina was
43.20+4.40 um, which did not significantly differ from the results of the previous period of study. However,
it was by 30.85 % significantly lower compared to the control group (p<0.05).

Morphometric analysis of the posterior wall of the eye revealed that the outer plexiform layer of
the retina in the control group of rats was 12.80+0.78 pm.

Consumption of the complex of food additives reveled that the average values of the outer
plexiform layer on week 1 were 14.20+0.70 pm, which was by 10.94 % significantly greater than the
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control values. On week 4, the values were 14.24+0.70 um, which did not significantly differ from the
results of the previous term of the experiment but were by 11.25 % significantly greater compared to the
results of the control group (p<0.05).

On week 8 of the experiment, the thickness of the outer plexiform layer was 12.5020.80 pm, which
was by 13.52 % significantly lower compared to the average values on week 4, and did not significantly
differ from the control group values (p<0.05).

By week 12, consumption of pollutants led to insignificant decrease in the average thickness of the
outer plexiform layer of the rat retina, amounting to 11.60£0.70 pm (p<0.05). On week 16 of the
experiment, the average thickness of the outer plexiform layer of the rat retina was 10.22+1.10 pm, which
did not significantly differ from the results of the previous period, but was by 20.15 % significantly lower
compared to the control group (p<0.05).

The morphometric study of the retina in the control group of rats revealed that the thickness of the
inner nuclear layer was 44.14+2.72 um (Table 2).

Table 2
Morphometric parameters of the inner layers of the posterior wall of the rat eye
Parameters Inner nuclear layer (INL) Inner plexiform layer Ganglion cell layer (GL)
(um) (IPL) (um) (pm)
Parameters 44.72+2.28 58.05+2.24 24.89+2.00
Control group 48.28+2.60 50.8942.60 28.42+3.30
Week 1 46.11+1.20 50.46::2.10 27.26::1.00
Week 4 42.1043.00 48.70::1‘80 22.02:1‘60
32.53+2.30 40.89+2.60 20.97+1.30
Week 8 e * kok *
Week 12 32.72;3.20 40.38;3.60 21.55+1.80

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

On week 1, 4 and 8 of the consumption of monosodium glutamate, sodium nitrite and Ponceau 4R, the
average values of the inner nuclear layer were 48.2842.60 pm, 46.11+1.20 pum, and 42.10£3.00 um,
respectively. These values did not significantly differ from the results of previous time periods of the experiment
or from the control group values (p<0.05).

The impact of the chemicals at week 12 resulted in a 22.73 % decrease in the average thickness of the
inner nuclear layer of the rats’ retinal wall compared to the previous observation period, amounting to
32.53+2.30 um. This value was by 26.30 % significantly lower compared to the control group (p<0.05).

On week 16 of the experiment, the average thickness of the inner nuclear layer of the rats’ retinal wall
was 32.7243.20 um, which did not significantly differ from the results of the previous term of the experiment.
However, it was by 25.87 % significantly lower compared to the control group values (p<0.05).

The morphometric study of the posterior wall of the eye reveled that the average thickness of the
inner plexiform layer of the rats’ retina was 58.05+2.24 um in the control group.

On week 1 of consumption of the complex of food additives the average thickness of the inner plexiform
layer was 50.89+2.60 um, which was by 12.33 % significantly lower compared to the control group values. On
week 4 of the experiment, it measured 50.46+2.10 pm, which was by 13.07 % significantly lower than the
control group values. On week 8, it was 48.70+1.80 um, which represented a significant decrease by 16.11 %
compared to the control values and did not differ from the previous term of the experiment (p<0.05).

On week 12, consumption of the complex of monosodium glutamate, sodium nitrite and Ponceau 4R
led to a decrease in the average thickness of the inner plexiform layer of the rat retina by 16.04 % compared to
the previous period of the study, amounting to 40.89+2.60 um. These values were by 29.56 % significantly
lower compared to the control group (p<0.05).

On week 16 of the experiment, the average thickness of the inner nuclear layer of the posterior eye wall
in rats was 40.38+3.60 pm, which did not significantly differ from the results of the previous term of the
experiment. However, it was by 30.44 % significantly lower compared to the control values (p<0.05).

The morphometric study of the posterior wall of the eye has found that the ganglion cell layer of the
retina measured 24.89+2.00 pm in the control group of rats.

When consuming monosodium glutamate, sodium nitrite and Ponceau 4R, the average thickness of the
ganglion cell layer on week 1 and 4 was 28.42+3.30 um and 27.26+1.00 um, respectively, which did not
significantly differ from the values of the previous period of study, though it was by 9.52 % significantly greater
compared to the control group values. On week 8, it measured 22.00+1.60 pwm, which was by 19.30 %
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significantly lower compared to the values of the previous period of study but did not significantly differ from
the control group results (p<0.05).

On week 12, consumption of food additives led to a decrease in the average thickness of the ganglion
cell layer of the rat retina, which measured 20.97+1.30 pm. These values did not significantly differ from the
values of the previous term of the experiment and were by 15.75 % significantly lower compared to the values
of the control group (p<0.05).

On week 16 of the observation, the average thickness of the ganglion cell layer of the rat retina did not
significantly differ from either the values of the previous term of the experiment or the control group values,
amounting to 21.55+1.80 pum (p<0.05) (Fig. 3).

- £I%e 2 Thus, the impact of the complex of food
~f ‘ - X ey additives, namely, monosodium glutamate,
Q*a'? g l <& sodium nitrite and Ponceau 4R, on the posterior
v e o $43% wall of the eye led to a progressive decrease in the
‘i' b5 e’ morphometric parameters of the average thickness
0 S (;f'{ - of the posterior wall. At the early stages, this was
v#..lb;_ < & manifested by a significant reduction by 9.84 %
1N ¥g b ;}: compared to the control group (p<0.05), which
> *‘;‘.’ 4 $5050 was associated with the initial response of the main
’ ¥ » y .
;‘;ﬁ. "“ s SAAee arameters of the morphological structures of the
A g A 2d o p rpholog
Lyt f.$$; ) posterior wall of the eye to the components of the
A Ay I complex of food additives and corresponds to the
x’*tgﬁ(}{ R impact of other exogenous factors on tissues and
e e iy 4 . organs [11, 12]. On week 16 of the experiment, a

Fig. 3. bestructive éhanges in the ganglion cell layer of the reduction by 2527% in the average values
retina in rats on week 16 of consumption of monosodium glutamate, Compared to the control group (p<0-05) was noted,
sodium nitrite and Ponceau 4R. H&E stain. Ocular lens: indicating a degenerative effect of the chemical
10xmagnification. Objective lens: 40xmagnification. compounds in the complex. All major layers of the

retina, including the photoreceptor, outer and inner nuclear layers and ganglion cell layers, exhibited a
progressive thinning. However, the ganglion cell layer showed changes throughout the experiment and
recovered to the control group values, suggesting compensatory and restorative reactions of the organism. This
also supports the idea that sodium nitrite may have a neuroprotective effect, protecting retinal ganglion cells
from damage [15]. The average thickness values of the outer and inner nuclear layers were significantly reduced
by 30.85 % (p<0.05) and 25.87 %, respectively, without recovery by the end of the study. The thickness of the
photoreceptor layer decreased by 25.36 % (p<0.05), indicating a direct effect on the photoreceptors and possible
disturbances in the transmission of nerve impulses. One of the components of the food additive complex is
monosodium glutamate, which is associated with an increase in calcium levels in retinal cells. This causes
oxidative stress, as there is an imbalance between the production of free radicals and the body’s ability to
neutralize them, which primarily activates a cascade of events leading to apoptosis. This was particularly
dangerous for the photoreceptors and ganglion cells of the retina, which are crucial for the visual process. This
effect is supported by previously conducted research on the components of the complex [5].

Conclusion

The impact of the food additive complex of monosodium glutamate, sodium nitrite and Ponceau
4R causes significant morphometric changes in the retinal structures, demonstrating their neurotoxic
properties on retinal cells. This is reflected in the progressive reduction of morphometric parameters over
time. These changes indicate the development of degenerative alterations, which can affect visual
functions, leading to their deterioration. This underscores the need to limit the consumption of food
additives to reduce the risks associated with vision impairment.
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EFFECT OF THE COMPLEX PROBIOTIC ON LIPID METABOLISM
AND OXIDATIVE STRESS AFTER POISONING WITH NICKEL AGAINST
THE BACKGROUND OF EXPERIMENTAL ATHEROSCLEROSIS
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The work studied the effect of the complex probiotic on the state of lipid metabolism and oxidative stress in white male
rats after poisoning with nickel nitrate against the background of experimental atherosclerosis. After modeling atherosclerosis, rats
were exposed to nickel nitrate for 30 days. In the experimental group, a month after poisoning, the animals received the complex
probiotic, which was added to the drinking water of the drinkers for a month. It was found that when male rats were chronically
poisoned with nickel nitrate after modeling atherosclerosis, there was a progressive increase in lipid metabolism disorders and
oxidative stress processes. The use of a complex probiotic after poisoning with nickel nitrate improved lipid metabolism and
oxidative stress. The obtained data show the important practical significance of probiotics in the treatment of nickel poisoning,
especially in patients with atherosclerotic vascular damage.

Key words: atherosclerosis, lipid metabolism, oxidative stress, nickel, complex probiotic.

P.1. I6parimon

BIIMB KOMIIJIEKCHOI'O IPOBIOTUKA HA JIIIHUA OBMIH
I OKCUIAATUBHUMU CTPEC IIICJISA OTPYEHHSA HIKEJIEM
HA ®OHI EKCHEPUMEHTAJIBHOI'O ATEPOCKJIEPO3Y

VYV po6oTi HociKkeHO BIUIMB KOMIIEKCHOTO MpoOiOTHKa HA CTaH JIMiAHOro OOMiHY Ta OKCHIATHBHHI CTpec y Oimux
[IypiB-CaMIIIB TICJsl OTPYEHHS HITPATOM HIKeNMI0 Ha (OHI EKCIEePUMEHTAJIBHOTO arepockiieposdy. Ilicis MopentoBaHHS
aTepoCKIepO3y IIypiB MiJIaBalu Aii HITpaTy Hikemto npotsaroM 30 aHIB. Y HOCTiAHIHN Ipymi 4epe3 MicsAIb Micisd OTPY€E€HHS TBAPUHI
OTPHMYBAJIH KOMIUIEKCHUH MPOOIOTHK, KUK MPOTATOM MicsLs JOJaBaly JI0 MUTHOI BOAHM. BCTaHOBICHO, 110 NPU XPOHIYHOMY
OTPY€HHI CaMIiB IIypiB HITPaTOM HIKEJIIO MICIs MOJAENIOBAHHS aTepPOCKIIEPO3y CHOCTEPIraeThCsl MPOTpecylode HapOCTaHHS
MOPYIIEHb JIMIAHOTO OOMIHY Ta OKCHOATHBHOTO CTpECy. 3aCTOCYBaHHA MpoOiOTMKA TWICHs OTPYEHHS HITPATOM HIKENIO
MOKPAIIyBaJIO JIiliJHUI 0OMiH Ta OKcuaaTuBHUi crpec. OTpUMaHi JaHi CBiT4aTh MPo BaXIMBE PAKTUYHE 3HAYCHHS POOiIOTHKIB
y JiKyBaHHI OTPY€Hb Ba)XKUMU METaJaMH, OCOOJINBO Y MAIi€HTIB 3 aTePOCKICPOTHYHNAM yPaXKEHHSIM CYIHH.

KurouoBi cioBa: mypu, arepockiepos, JimigHuii 0OMiH, OKCHIAaTHBHUM CTpec, HiKelb, TPOOiOTHK.

The modern environmental situation is characterized by an oversaturation of pollutants of various
natures, the most common and dangerous of which are supertoxicants — heavy metals [5]. It has been shown
that exposure to heavy metals is an important and underestimated risk factor for the development of
atherosclerosis and its consequences [1]. Moreover, heavy metals also damage the intestinal microflora,
which plays an important role in the elimination of heavy metals entering through the gastrointestinal tract.
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