AZ.BRBA\’CAN

@1

ATJ, 2024, Ne1, 135-141 EKSPERIMENTAL VO NOZORI TOBABOT = 110 JUI JOURNA!

DOI: 10.34921/amj.2024.1.021

QIDA OLAVOLORI KOMPLEKSININ KOQNITiV FUNKSIYAYA VO
SORTI REFLEKSLORIN YARANMA SUROTINO TOSIRi

S.M.Bilasl, Ya.0.0liynig:enkol, O.M.Proninal, S.V.Dong:enkol, M.I\/I.Koptevl,
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YPoltava Déviat Tibb Universiteti, Poltava s., Ukrayna;
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Xiilasa. Maqalada sicovullarda kimyavi qida alavalari kompleksinin (natrium glutamat, natrium nitrat,
ponso 4 R) miixtolif miiddatlorda qabul edildiyi saraitda harakat tarzinin dayisikiiklarini 6yranmak maqsadilo
aparimis tadqgiqat isi hagqinda moalumat verilmisdir. Todgigat zamani laboratoriya saraitinda sicovullara
eksperimentlarin gruplarina miivafig olaraq 1, 4, 8, 12, 16 va 20 hafto arzinda giinda 1 dafa olmagla kimyavi
qida alavasi kompleksi yeridilmisdir. Miirokkab quruluslu labirint daxilinda qida Qabuluna qarsi harakat torzi
refleksinin yaranmasina 2sasan koqnitiv funksiyanin doyismalari qiymatlondirilmisdir.

Miirakkab quruluslu labirint daxilinda heyvanlarin harakat torzinin giymatlondirilmasi gdstarmisdir ki,
gida alavalarinin yeridilmasinin ilk miiddatlorinda (8 haftaya Qodar) alinmis naticolor miisbat baximdan
etibarlidir (p<0,05). Eksperimental tadgigatin 12-ci hoftasindon baslayaraq, dyranilon parametrlor manfi
istiqamato meyl etmigdir. Statistik etibarli (p<0,05) doyisiklikior iso eksperimental tadgigatin baslanma-
sindan sonraki 20-Ci hoftodo miisahidas edilmisdir.

Aydin olmusdur ki, gida alavalari kompleksinin uzunmiiddatli tadbiqi sicovullarda kognotiv disfunksiyaya
sabab olur. Bu isa yaddasin va tolim Vardislarinin yaranmasinin pozulmasi ila tozahiir edir.

Acar sozlor: kognitiv disfunksiya, gida alavalori, natrium glutamat, natrium nitrit, ponso 4 R, harakat
torzi reaksiyalari, sarti reflekslor
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THE EFFECT OF A COMPLEX OF FOOD ADDITIVES ON COGNITIVE FUNCTIONS
AND THE SPEED OF CONDITIONED REFLEX FORMATION
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The article provides information about a research study conducted to establish changes in behavioral
reactions of rats at different times of use of a complex of chemical food additives (monosodium glutamate,
sodium nitrite, Ponceau 4R).

The study was based on administering experimental laboratory rats subgroups for 1, 4, 8, 12, 16, and 20
weeks of a complex of food additives once a day orally. Cognitive function was determined by assessing the
formation rate of a conditioned food-retrieval reflex in a complex maze.

The assessment of the behavior of experimental animals in a complex maze showed that at the initial time
of introducing a complex of food additives (up to week 8), the obtained results had positive dynamics, with
values of p<0.05. All evaluated parameters had a negative trend from the 12th week of the experimental
study. Significantly (p<0.05), the worst indicators were registered after the 20th week of the experimental
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study.

It was found that consumption of a complex of food additives leads to cognitive dysfunction in rats, which
was characterised by impaired memory function as well as learning ability.

Introduction. The question of the quality of
food products is one of the most acute problems
of our time. It is significantly related to food
additives that improve the appearance and taste
of food products, extend their shelf life, and
prevent rapid spoilage. Although only those
food additives that do not pose a threat to
human health can be used in the food industry,
in modern literature, there is a significant
number of works devoted to the description of
changes in various organs and systems during
daily use of these substances, even in acceptable
doses [1].

The conducted studies show that using food
additives leads to various morphological
changes in organs and systems, thereby causing
disruption of their functioning [2-5]. Against
this background, quite often, a violation of the
regulatory influence of the nervous system
develops at various levels, in particular, chan-
ging the course of behavioral and cognitive
reactions.

Given the large number of chemicals
classified as food additives, we searched to
determine the frequency of their use. The results
showed that monosodium glutamate (E621),
sodium nitrite (E250), and Ponceau 4R (E124)
are among the most common. Therefore, when
conducting our research, we stopped our choice
of them. In addition, it is known that a person
often eats food containing a whole complex of
food additives. Thus, studying their complex
impact on the body as entire and various
functions separately to reduce their harmful
effects is a particularly urgent problem today,
requiring significant attention and further
research.

The study aimed to establish changes in the
rate of conditional reflex formation and
manifestations of cognitive dysfunction in rats
on different terms of consumption of chemical
food additives (monosodium glutamate, sodium
nitrite, Ponceau 4R) exactly in the complex.

Material and methods. The study was con-
ducted on 70 white, sexually mature rats weighing
(180-202) g, which were kept in standard conditions
of the Poltava State Medical University vivarium.
All experimental animals were divided into two
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groups: control and experimental, last one in turn
was divided into six subgroups depending on the
period of use of the complex of food additives.
There were ten animals in each group. The control
group included rats that received saline orally, while
the experimental animals received a complex of
food additives. The experimental group had animals
that received a complex of food additives (mono-
sodium glutamate, sodium nitrite, Ponceau 4R)
prepared immediately before administration. Before
the main feeding, the animals received 0.5 ml of the
solution, which consisted of 20 mg/kg monosodium
glutamate, 0.6 mg/kg sodium nitrite, and 5 mg/kg
Ponceau 4R. The doses of food additives were two
times lower than the maximum permissible norms
approved by the legislation of Ukraine. The animals
received the solution for 1, 4, 8, 12, 16, and 20
weeks. After introducing a complex of food
additives, the rats had free access to water and
standard food for keeping animals in a vivarium
during the day. At the end of the appropriate period,
the rats were removed from the experiment under
ether anesthesia. All manipulations were carried out
following the "Rules for the Use of Laboratory
Experimental Animals" (2006, Annex 4) and the
Helsinki Declaration on the Humane Treatment of
Animals, the Law of Ukraine "On the Protection of
Animals from Cruelty" (Ne 3447-1V of February 21,
2006 ) in compliance with the requirements of the
bioethics commission of the Poltava State Medical
University (protocol Ne 208 dated 22.09.2022),
consistent with the provisions of the "European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986).

Cognitive function was determined by assessing
the formation rate of a conditioned food-retrieval
reflex in a complex maze.

Developing a conditioned food-seeking reflex in
a complex maze allows us to evaluate memory
functions, the ability to learn, and the speed of
forming a conditioned reflex. The complex maze
was a quadrant structure divided by five partitions
into six corridors. Each partition contained a
rectangular hole offset relative to the holes in the
adjacent ones. A food bait was placed in the most
distant corridor. Before the experiment, the animals
were in conditions of 24-hour deprivation. The rat
was placed in the maze for 30 minutes for the first
time to adapt and form an orientation-search
reaction. Later, the rats were placed in the maze five
times a row, lasting 3 minutes. Visually recorded the



time of exit from the starting compartment (latent
time of exit), reaction time (latent period of grasping
food bait), number of executed reactions (number of
cases when the animal found food bait within three
minutes), number of errors (number of deviations
from the optimal movement trajectory when the
experimental animal after passing the next hole in
the partition, it turned in the "wrong" direction) and
the number of returns to the previous compartment.
The total duration of the experiment was five days.

The statistical analysis of the research results was
carried out using a personal computer with the help
of a package of application programs for statistical
processing of data from medical, biological, and
epidemiological studies "InStat." The program made
it possible to obtain research results from the
following predicted values: M — average value; 6 —
standard deviation; m is the standard error of the
mean value. The Student's t-test was used to
compare quantitative values. The difference was
considered probable at values of p<0.05.

Research results and their discussion.
According to the study results, the assessment
of signs of the formation of a conditioned reflex
occurred on the 5th day of the experiment. The
results established within 1-4 days did not show
significant intergroup differences.

In the dynamics of the experiment, an
increase in the exit time from the starting
compartment (latent exit time (Figure 1)) was
found. After introducing food additives for one
week, no significant difference in the indicators
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was found. For the control group, it was
16.6+0.89 s, and after one week — 16.5+0.7 s.
After the fourth week, the latent exit time was
15.94+0.9 s, which was 4.22% lower compared
to the control group and first experimental
subgroup. The time of exit from the starting
compartment after eight weeks of administ-
ration of a complex of food additives to animals
was 16.7+0.7 s, which is 5.03% higher in com-
parison with the previous observation period
and reliably at p<0.05 did not differ from the
control groups. When comparing the indicators
established in animals that were given food
additives for 8 and 12 weeks, we found negative
dynamics. It was manifested by an increase in
the latent time of exit 22.7+1.02 s. by 26.43%
compared to the experimental subgroup after
eight weeks of administration of the complex of
food additives and by 26.87% compared to the
control. The indicator of the exit time from the
starting compartment — 29.6+0.85 s. after the
16th week of the experimental study increased
by 30.4% compared to the previous experi-
mental time and by 43.92% compared to the
control. The worst indicator was found after 20
weeks of administration of food additives
complex to laboratory animals 38.7+1.27 s.,
which corresponded to an increase in the latent
time of exit by 23.51% compared to the 16th
week and by 57.1% compared to the control.
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Figure 1. Time of exit from the starting compartment in the dynamics of the experiment.
Notes: * — p<0.05 compared to the control group, ** — p<0.05 compared to
the previous term of the experimental study
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Figure 2. Latency period of grasping food bait in the dynamics of the experiment.
Notes: * — p<0.05 compared to the control group, ** — p<0.05 compared to
the previous term of the experimental study

When rats were given a complex of food
additives, an increase in the reaction time (latent
period of grasping food bait) was observed in
the dynamics of the experiment (Figure 2). At
the initial stages of the experiment (after one
week), it was established that the difference
between the indicators of the experimental
125.9+1.38 s. and the control group 125.2+1.58
s. was 0.56%. After the 4th week of the
experimental study, positive dynamics were
observed, characterized by a decrease in the
latent period of grasping food bait by 2.29%
compared to the control group and was
122.4+1.47 s. The lowest indicator -
118.5+1.43 s. was established after eight weeks
of administration of a complex of food additives
to laboratory animals, which was 4.8% lower
compared to the control. In the future, the
growth of negative dynamics was revealed. In
particular, after the 12th week of the
experimental ~ study, the reaction time
133.2+1.34 s. increased by 6.01% compared to
the control and 10.29% compared to the
previous period of the experiment. After the
16th week, the indicator increased by 16.37%
compared to the previous study period and by
23.8% compared to the control group of
animals and amounted to 155+2.35 s. Finally,
the worst indicator was established after the
20th week of administration of a complex of
food additives to rats — 170.2+1.91 s, which was
characterized by an increase in reaction time by
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8.93% compared to the previous experimental
group and by 26.44% compared to the control.

In the dynamics of the experiment, a
deterioration of the orienting functions of the
rats was also revealed, which was manifested in
a decrease in the number of performed
functions and an increase in both the number of
errors and the number of returns to the previous
compartment (Figure 3). The highest number
of performed functions was registered in the
experimental group that used food additives for
eight weeks and was 12.1+0.77, which was
24.74% higher than in the control group, for
which this indicator was 9.7+0,83. Regarding
the number of errors and returns to the previous
compartment, the lowest rate was recorded after
the 4th week of the experimental study. The
number of errors registered at this experiment
stage was 5.3+0.3, which was 16.98% lower
than the indicator set in the control group —
6.2+0.33. After four weeks of administration of
the complex of food additives to experimental
animals, the number of returns to the previous
compartment was 3.7+0.3, which is 18.92%
lower than in the control group, for which the
indicator was 4.4+0.45.

The worst indicators of orientation functions
were established after the 20th week of the
experiment. The number of performed functions
decreased by 2.02 times compared to the cont-
rol. The number of errors increased by 63.31%
and was 16.9+0.6 compared to the control
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Figure 3. Assessment of orientational functions of rats in a complex maze.
Notes: * — p<0.05 compared to the control group, ** — p<0.05 compared to
the previous term of the experimental study

group. The number of returns to the previous
compartment was 12+0.52, which was higher
than the control group by 63.3%.

The analysis of the data in Figures 1-3 makes
it possible to assert that the use of a complex of
food additives (monosodium glutamate, sodium
nitrite, Ponceau 4R) has a negative effect on
memory functions, the ability to learn, and the
speed of conditioned reflex formation.

One of the causes of cognitive disorders can
be the influence of exogenous and endogenous
factors [6, 7]. Cognitive dysfunction is mani-
fested by a violation of the processes of memo-
rization, reasoning, concentration of attention,
the ability to make decisions, and a deficit of
visual-spatial perception.

The analysis of literature sources showed
that the food additives that we used in our study
are quite often the cause of cognitive
dysfunction.

It was established that using monosodium
glutamate (MSG, E621) in newborn mice
causes obesity and memory deficits at 16-17
weeks of E621 use [8]. E621 causes a
deficiency of neurotransmitters, in particular, y-
aminobutyric acid (GABA), and memory loss
in rats [9]. When studying the short-term
memory of rats in the T-maze test, it was found
that MSG significantly reduced the number of
cases of entering the starting and other
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compartments of the maze, both during their
training and during testing, compared to the
control group. In addition, MSG significantly
increased the time rats spent in the start
compartment while significantly decreasing the
time spent in the new maze corridors. This
behavior of rats confirmed that MSG led to
severe impairment of short-term spatial memory
in rats [10].

Sodium nitrite leads to impairment of
cognitive functions and also contributes to a
decrease in the level of GABA and its precursor
glutamine. When evaluating the spatial memory
of rats in a water maze administered sodium
nitrite in combination with D-galactose for 60
days, signs of spatial memory impairment were
revealed, which were manifested by the
lengthening of the swimming path and the
increase in cases of non-exit during the latent
period and the number errors compared to the
control group [11]. Another study evaluated the
short-term memory performance of rats in a Y-
maze using the same combination of sub-
stances. It has been established that sodium
nitrite, combined with D-galactose, leads to
typical signs of aging, manifested by impaired
learning and memory due to necrotic neuron
changes and excessive oxidative stress [12].

Prenatal use of food dyes, to which Ponceau
4R belongs, leads to increased mobility,



decreased motivation, and manifestations of
anxiety in offspring [13].

Thus, the data described above confirm that
each of these food additives, when used
separately, could cause the cognitive dysfunc-
tion found in experimental animals in our study.
Unfortunately, the number of works describing
the complex effects of these substances is
limited.

Although, Ukrainian scientists studied rats'
adaptive function when using monosodium
glutamate, sodium nitrite and Ponceau 4R in the
complex. It was established that from the first
week of using this complex of food additives,
anxiety, and fear increased in rats, blunting of
adaptive reactions, decreased activity, and signs

of emotional disturbance appeared, which
increased until the 16th week of the experiment
[14].

Conclusion. Despite some signs of activa-
tion of brain activity in rats at the initial stages
of using a complex of food additives, from the
12th week of the experiment, cognitive function
disorders were detected, which intensified until
the 20th week. It was established that the use of
a complex of food additives leads to cognitive
dysfunction in rats, which was characterized by
impaired memory function and learning ability.
Thus, this research can be a basis for a more
detailed study of this problem and finding ways
to solve it.
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BJIMSTHUE KOMILJIEKCA ITUIIEBBIX JTOBABOK HA KOTHUTUBHBIE ®YHKIIUU 1
CKOPOCTb ®OPMHUPOBAHMUSA YCJIIOBHOT' O PE®JIEKCA

C.M.Buaam’, SLA.OauiiHu4eHKO, E.H.Hpommal, C.B.I[onqemcol, M.M.Konres', A.B.Ilupor-
3akazHuKoBa’, O.B.)_IaBbIIIOBaZ, M.A.Oauiinnyenko’, E.B.Be3era’, O.B.Mamaii’, H.C.KonpiTbKko
TTonmasckuii 2ocydapcmeennviii meduyunckuii ynugepcumem, 2. Ionmasa, Ykpauna
zerMquyZCKuﬁ HayuoHanbublll yHusepcumem umenu Muxauia Ocmpozpadckoeo, 2. Kpemenuye, Ykpauna

Pestome. TlumeBbie 100aBKHM OTHOCSTCS K DK30T€HHBIM (hakTOpaM, KOTOpbIE MOTYT OBITh MPUYMHON
BO3HUKHOBCHHS KOTHUTHBHOM IWUCQHYHKIUH, YTO MOXKET MPOSBISATHCS HAPYHICHUSAMH IPOLECCOB 3aro-
MUHaHUSA U (HOpMHUPOBaHUs YCIOBHBIX peduiekcoB. Llenpro mcciaenoBaHus ObUIO YCTaHOBUTH W3MEHEHUS
MOBEJICHYECKUX PEaKIMi KpbIC Ha Pa3HBIX CPOKax yMOTPeOJICHUS KOMIUIEKCA XUMHYECKHX IHIIEBBIX
n00aBoK (IITyTaMar HaTpusi, HUTpUT Hatpus, [Tonco 4R).

HccnenoBanne 0azupoBasoch Ha BBEACHUH SKCHEPUMEHTAIBHBIM MOATPYINAM J1a00OpPaTOPHBIX KPBIC B
teuenue 1, 4, 8, 12, 16 u 20 Hexpenb KOMIUIEKCA TMHUIIEBHIX JO0ABOK €KEIHEBHO OJHOKPATHO MEPOPATHHO.
Omnpenenenne KOTHUTHBHBIX (YHKIHMA OBUIO MPOBEAEHO IIyTEM OLEHKH CKOPOCTH (OPMHPOBAHUS
YCIIOBHOTO MTUIIEIOOBIBAFOIIETO pedieKrca B CI0KHOM JIAOUPHUHTE.

OneHka NOBEICHUS TOAONBITHBIX >KMBOTHBIX B CJIOKHOM JaOMPUHTE MOKa3ana, 4TO HA HadaJbHBIX
CpOKax BBEJICHUS KOMIUIEKCa MUIIEBHIX A00aBOK (10 8 HeAesb) MOTYy4YCeHHBIE Pe3yabTaThl UMENH TOJIOKH-
TeJIbHYIO JUHAMUKY, pH 3HaueHusax p<0,05. Haunnas ¢ 12 Hepenu 3KCIepUMEHTalbHOTO UCCIIEI0BaHUS BCE
HCCIIeTyeMble TTapaMeTphl UMENH OTPHULATENbHYI0 TeHeHio. JloctoBepro (p<0,05) xymamme moxazaTenn
ObUIN 3aperucTpupoBanbl nocie 20 Heaenn HKCIEPUMEHTAIbHOTO UCCIIeIOBAHUS.

Beuto ycraHoBieHO, WTO ymoTpeOJieHHMEe KOMIDIEKCa MHINEBBIX J00aBOK MPHBOAUT K KOTHUTHBHOM
IUC(YHKIIMU y KPbIC, KOTOPask XapaKTePU30BAIACh HApyIIEHHEM (YHKIMH MaMSTH, a TAKKe CIOCOOHOCTH K
o0y4JeHuro.
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