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Abstract

Aim. To establish the dynamics of changes in the morphometric parameters of the acini of the submucosal
glands of the rat duodenum under normal conditions and under the complex effect of food additives.
Materials and methods. The study involved 84 sexually mature male rats, of which 14 animals made up
the control group. They consumed drinking water and were orally administered physiological saline, while
70 rats in the experimental group were administered 0.6 mg/kg sodium nitrite, 20 mg/kg monosodium
glutamate and 5 mg/kg Ponceau 4R in 0.5 ml of distilled water orally once a day. The animals were
withdrawn from the experiment after 1, 4, 8, 12 and 16 weeks. After euthanizing the animals, pieces of the
duodenal wall were fixed in formalin and embedded in paraffin. The sections, stained with hematoxylin
and eosin, were examined using a digital microscope. Statistical processing of morphometric data was
performed using Excel software.

Results. The consumption of the complex of food additives in the early stages of the experiment was
manifested by a significant increase in the outer diameter of the ducts and the height of the epithelial
cells by 33.33%, compared to the control group of animals (p<0.05). This was a sign of compensatory
enhancement of the secretory activity of Brunner’s gland cells in response to the presence of metabolites
in the lumen of the duodenum. Subsequently, restructuring of the secretory apparatus was established in
favor of carbohydrate production. The increased secretory activity led to the depletion of the glandular
secretory apparatus by the end of the experiment, with the height of the epithelial cells being by 3.83%
significantly lower than in the control group of animals, along with the development of desquamation
phenomena and leukocyte infiltration.

Conclusions. The consumption of monosodium glutamate, sodium nitrite and Ponceau 4R leads to changes
in the morphometric parameters of the acini of the glands in response to the presence of metabolites in
the lumen of the duodenum and a general reaction caused by the components of the complex. Due to the
inability to recover through compensatory-repair mechanisms of the body, depletion of the glandular
secretory apparatus, desquamation of the secretory epithelium, and leukocyte infiltration was established.
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INTRODUCTION

Currently, a characteristic feature of contemporary
food technologies is the use of food additives, which are
understood as a group of substances of natural and artificial
origin used to improve the technology of food production,
subsequent storage and for special purposes with specific
organoleptic characteristics and corresponding properties:
acidity regulators; anti-caking and anti-clumping agents;
defoamers; antioxidants; fillers; colorants; substances that
help preserve color; emulsifiers; thickeners; flavor and
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aroma enhancers [1]. However, the use of food additives has
sparked significant controversy in the scientific community,
mainly due to the lack of comprehensive research on their
effects on the human body, and data on their combined
effects are lacking [2]. Domestic and foreign scientists are
particularly concerned about the widespread use of food
additives in baby food products [3, 4, 5].

The analysis of domestic and foreign products
presented in Ukrainian retail networks showed that the
most common food additives are: E-621 — monosodium
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glutamate, which is declared in the composition of
almost 85% of meat products and 94% of snacks, raising
questions about the appropriateness and safety of this
additive, and its effects require further research [6];
E-250 — sodium nitrite, widely used as a color fixative in
the production of meat products, reacts with amines in the
acidic environment of the stomach to form nitrosamines
or with amides to form nitrosamides, which can be a risk
factor for carcinogenesis in the digestive organs [7, 8];
and the food additive E-124 — Ponceau 4R, a synthetic
dye [9, 10]. It is reported that many azo dyes and their
reduction products, as well as chemically related aromatic
amines, affect human health, causing allergies and other
human diseases [11].

Therefore, nowadays, the issue of researching the
effects of food additives and analyzing their potential
danger to human health is very pressing, especially
for the digestive system, which is the first to respond to
the impact of these substances. Raising the issues for
consideration is a particularly relevant problem in the
current context.

AIM

To establish the dynamics of changes in the
morphometric parameters of the acini of the submucosal
glands of the rat duodenum under normal conditions
and under the combined effect of food additives —
monosodium glutamate, sodium nitrite, and Ponceau 4R.

MATERIALS AND METHODS

The study involved 84 sexually mature male rats.
The animals of control group consumed drinking water
and were orally administered physiological saline. Rats

in the experimental group, with free access to water, were
given 0.6 mg/kg sodium nitrite, 20 mg/kg monosodium
glutamate and 5 mg/kg Ponceau 4R in 0.5 ml of distilled
water once daily orally. The doses of food additives were
half the maximum allowable limit. Adaptive behavior
in rats was assessed using the open field test [12]. The
animals were withdrawn from the experiment after 1,
4, 8, 12, and 16 weeks by overdosing with thiopental
anesthesia. After euthanasia, fragments of the duodenal
wall were fixed in 10% neutral formalin for three days.
The formalin-fixed pieces of duodenal wall were then
embedded in paraffin [13]. Sections 5-10 pm thick were
obtained using the 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
conducted using the digital microscope with a digital
microphotography attachment (Levenhuk D740T), and
the analysis was performed using adapted software.
Morphometric data were statistically processed using
Excel with the built-in «VGA analysis package» add-in,
specifically the «descriptive statistics» tool. The Shapiro-
Wilk test was used to check for normality of variances,
and if the data followed a normal distribution, the
Student’s t-test for independent samples was used for
comparison. Differences were considered statistically
significant at p<0.05 [14, 15].

RESULTS

The morphometric study of the acini of the
submucosal glands of the rat duodenum revealed that the
average outer diameter was 13.86+£0.04 pm, the average
lumen diameter was 3.184+0.05 pm, and the average height
of the epithelial cells was 5.43+0.06 pm (Table 1).

Table 1
Morphometric parameters of the submucosal glands of the rat duodenum
Parameters Acini
Outer diameter (um) Lumen diameter (um) Height of the epithelial cells (um)

Control 13.86+0.04 3.18+0.05 5.43%0.06

14.71+0.06 3.44+0.04 5.75+0.06
Week 1 % % *

18.69+0.06 3.28+0.05 7.24+0.06
Week 4 *.** *.** *'**

17.41+0.07 3.22+0.05 7.21+0.06
Week 8 *.** *.** *.**

16.81+0.07 3.12+0.03 6.47+0.06
Week 12 ok ko * ko

13.17+0.04 3.02+0.02 5.31+0.03
Week 16 * ok * ok * ok

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

The submucosal glands of the duodenum in the
control group rats exhibited a grouped arrangement. They
were separated by layers of loose, unstructured connective
tissue, with well-developed collagen fibers and a small
number of leukocytes. The acini had tubular and alveolar
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structures, with the seromucous glandular epithelial cells
predominantly having a prismatic shape and a centrally
located nucleus. The lumina of the acini of the glands
were clearly visible. The microcirculatory vessels were
represented by arterioles, capillaries and venules (Fig. 1).
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Figure 1. Brunner’s glands of the submucosa of the rat duodenum in
the control group. H&E stain. Oc. lens: 10x magnification, ob. lens:
40x magnification.

After one week of consuming the complex of
food additive, the average values of the outer diameter
significantly increased by 6.13%, accounting for
14.71+0.06 pm. The lumen diameter also significantly
increased by 8.18% compared to the control values,
accounting for 3.44+0.04 pm (p<0.05). The average
epithelial cell height significantly increased by 5.89%
compared to the control group, accounting for 5.75+0.06
pm (p<0.05) (Table 1).

By week 4 of consuming the complex of monosodium
glutamate, sodium nitrite and Ponceau 4R, a significant
increase in the outer diameter of the acini of the submucosal
glands of the rat duodenum by 27.06% was noted, compared
to the previous time period, accounting for 18.69+0.06 um.

Figure 2a. Development of edema in the submucosa of the rat
duodenum at week 8 of the experiment. H&E stain. Oc. lens: 10x

magnification, ob. lens: 40x magnification.

By week 12 of the experiment, with the consumption
of the food additive complex, the average outer diameter
values of the acini were 16.81£0.07 pum that was by
3.45% significantly lower than the values at week 8 of the
experiment, though by 21.81% significantly greater than the
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This value was also by 34.89% significantly greater than the
control group values (p<0.05). The average lumen diameter
was 3.28+0.05 pm, which was by 4.65% significantly
lower than the values from week 1 of the experiment and
by 3.14% significantly greater compared to the control
group values (p<0.05). The average epithelial cell height
accounted for 7.24+0.06 pm, which was by 25.96%
significantly greater than the values from the previous
experimental time period and by 33.33% significantly
greater than the control group values (p<0.05) (Table 1).

Due to the effect of the food additives, by week 8 of the
experiment, the average outer diameter values significantly
decreased by 6.85% compared to the previous time period,
accounting for 17.41+0.07 um. However, this was still by
25.61% significantly greater than the values in the control
group (p<0.05). The average lumen diameter of the acini
of the submucosal glands in the rat duodenum was also by
1.83% significantly lower than the average morphometric
values at week 4 of the experiment, accounting for 3.22+0.05
um, though it was by 1.26% significantly greater compared
to the control group values (p<0.05). The average epithelial
cell height significantly decreased by 0.41% compared to
the previous time period of the experiment, accounting for
7.21£0.06 um, but was still by 32.78% significantly greater
than the control values (p<0.05) (Table 1).

Histological study revealed an eccentric location of
the nuclei of the secretory cells in the acini of Brunner’s
glands. A progressive increase in the cytoplasmic
volume of seromucous cells was noted due to increased
production of mucous secretions, manifested by mucosal
thickening (Fig. 2b). The connective tissue layers were
increased due to the development of edema (Fig. 2a).

Figure 2b. Mucosal thick;ning of seromucous cells in the submucosa
of the rat duodenum at week 8 of the experiment. H&E stain. Oc.
lens: 10x magnification, ob. lens: 100x magnification.

values in the control group (p<0.05). The average lumen
diameter of the acini of the submucosal glands in the rat
duodenum significantly decreased by 3.11% compared to
the previous time period, accounting for 3.12+0.03 pm.
This was also by 1.87% significantly lower than the values
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in the control group (p<0.05). The average epithelial cell
height significantly decreased by 10.26%, accounting for
6.47+0.06 um, but was still by 19.65% significantly greater
than the values in the control group (p<0.05) (Table 1).

By week 16, the complex of food additives
including monosodium glutamate, sodium nitrite and
Ponceau 4R led to a significant reduction in the average
outer diameter of the acini of Brunner’s glands in rats
by 21.65% compared to the previous time period of the
experiment, accounting for 13.17+0.04 um. This value
was also by 4.98% significantly lower than the values in
the control group (p<0.05). The average lumen diameter
significantly decreased by 3.21% compared to week
12, accounting for 3.02+0.02 um, which was by 5.03%
significantly lower than the average values in the control
group (p<0.05). The average epithelial cell height of the
acini was by 17.93% significantly lower than the values
of the previous experimental time period and was also by
3.83% significantly lower than the values in the control
group, accounting for 5.31+£0.03 um (p<0.05) (Table 1).

Microscopic  study revealed a reduction in
perivascular edema in the loose, fibrous, unorganized
connective tissue of the interstitium. The cytoplasm of the
secretory cells exhibited uneven optical density, and the
nuclei took on irregular shapes and were pressed against
the basal plasma membrane. Desquamation processes
were observed in the epithelial cells of the acini of the
submucosal glands in the rat duodenum. There was also
an increase in leukocyte infiltration in the loose, fibrous,
unorganized connective tissue (Fig. 3).
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Figure 3. Desquamation of glandular epithelium and leukocyte
infiltration in the submucosa of the rat duodenum at week 16 of
consuming the food additive complex. H&E stain. Oc. lens: 10x
magnification, ob. lens: 40x magnification.

DISCUSSION

Thus, the consumption of the food additive complex
consisting of monosodium glutamate, sodium nitrite
and Ponceau 4R led to changes in the morphometric
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parameters of the acini of the submucosal glands in the rat
duodenum. Early in the experiment, this was manifested
by a significant increase in the outer diameter and
epithelial cell height by 33.33% compared to the control
group (p<0.05), reflecting a compensatory increase in the
secretory activity of Brunner’s gland cells in response to
the presence of metabolites in the lumen of the duodenum,
and a general reaction caused by the food additive
complex on the structural elements of the duodenal wall
[16, 17]. Subsequently, the remodeling of the secretory
apparatus towards carbohydrates led to mucinization,
which was evident from the increase in the outer diameter
due to the increase in the epithelial cell height from the
accumulation of mucous secretions in the cytoplasm of
glandular cells. Consumption of the food additive complex
in the later stages of the experiment resulted in a decrease
in the average values of all morphometric parameters
of the submucosal glands in the duodenum, which is
explained by the inability to restore metric data due to the
compensatory-recovery reactions of the body. Increased
secretory activity led to the depletion of the glandular
secretory apparatus and the development of desquamation
phenomena, with the epithelial cell height at the end of the
experiment being significantly lower than in the control
group by 3.83%. The action of the food additive complex
during the observation period led to the development of
leukocyte infiltration, indicating stress in the local defense
barrier, as the components of the complex, namely,
monosodium glutamate, sodium nitrite, and Ponceau 4R,
demonstrated antigenic properties [18, 19, 20].

CONCLUSIONS

Thus, the consumption of the food additive complex
consisting of monosodium glutamate, sodium nitrite,
and Ponceau 4R leads to changes in the morphometric
parameters of the submucosal glands in the rat duodenum.
Early in the experiment, this was manifested by a significant
increase in the outer diameter and epithelial cell height,
reflecting a compensatory increase in the secretory activity
of Brunner’s gland cells in response to the presence of
metabolites in the lumen of the duodenum, as well as
a general reaction caused by the food additive complex on
the state of the structural elements of the duodenal wall.
In the later stages of the experiment, due to the inability to
restore metric parameters through compensatory-recovery
reactions of the body, a phenomenon of depletion of the
glandular secretory apparatus and desquamation of the
secretory epithelium was observed, which is confirmed by
the reduction in morphometric parameters.

Perspectives for further research. Future research
will focus on studying additional segments of the digestive
tract in rats under the effect of a complex of food additives
to determine the morphological changes induced by the
additives to provide a detailed understanding of how chemical
substances affect different parts of the digestive system.
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Pe3rome

MOP®OJIOrYHI OCOBNUBOCTI 3AN03 NIACNU30BOI OCHOBU ABAHAOLATUMNANOI KULLIKU LLYPIB

3A BMNNUBY KOMMNEKCY XAPYOBUX IOEABOK

KoctsaHTuH B. LLleByeHko, FanuHa A. EpolueHko, AnboHa C. FpuropeHko, OneHa B. Kneneub, OneHa B. PsiGyLko,
BaneHtuHa M. CokoneHko, Hatanis M. Lapna#n

[MonTaBCbKM AEpXaBHUI MEOMYHUI YHIBEPCUTET, M. lMonTasa, YkpaiHa

MeTa. BcTaHOBUTH AWHaMiKy 3MiH MOpGOMETPUYHHX MOKA3HUKIB KiHIEBUX BiJJiJNiB 32703 MiJCIM30BOI OCHOBU
JBaHaALATUNIAN0] KUIIKY IypiB B HOPMi Ta NpU KOMIIJIEKCHIH [iii XapuoBUX 106aBOK.

Marepianu Ta MeTtogu. Y po6oTi 6ynu BUKOpUcTaHi 84 craTeBo3pisi wypu-caMui, 3 AKUX 14 TBapuwH CKJIaJalIu
KOHTDPOJIbHY TpyIy, Ta BXHBaJIW NMUTHY BOAY i OTpHMyBaJd IepopajbHO ¢isiosoriynuil posuuH, a 70 mypam
eKCllepUMeHTaJbHOI rpyny BBoguIu 0.6 MI/KT HITPUTY HaTpilo, MyTaMaT HaTpito B 031 20 Mr/kr, Ta B 1031 5 Mr/Kr
[ToHco 4R B 0.5 Ms1 fucTU/IbOBaHOI BogU 1 pa3 Ha 106y nepopasibHo. TBAapMH BUBOAWJIU 3 EKCIIEPUMEHTY yepes 1, 4, 8,
12 ta 16 TuxHiB. [licsig eBTaHasii TBapUH MIMATOYKH CTiHKK 12-nanoi KUKy, ¢pikcoBaHi y ¢opMailiHi yimisibHIOBaIU
y napadis. Ilicis 3a6apBieHHs reMaTOKCUJIIHOM Ta €03MHOM 3pi3u BUBYAJIM 3a ONIOMOT0I0 LIHPPOBOro MiKpOCKOIY.
CTaTUCTHYHY 06pOOKY MOPPOMETPUYHHUX JAaHUX TPOBOAMIIM 3 BAKOPUCTAHHAM nporpamu Excel.

Pe3ynbraTH. B)XXMBaHHSA KOMIJIEKCY Xap4yOBHX [J06aBOK Ha paHHIX TepMiHaX eKCIIEpHMEHTY MpOsBIISAIOCH
JOCTOBipHUM 36iJbIIeHHAM 30BHIIIHBOTO JiaMeTpa NPOTOK i BUCOTH emiTesionuTiB Ha 33,33%, mopiBHSHO
3 KOHTPOJIbHOIO rpynolo TBapuH (p<0,05), Ta 6ys0 NOpPOSIBOM KOMIEHCATOPHOrO 30i/JbIIeHHS CEeKpPeTOPHOI
aKTUBHOCTI KJITHUH OpyHepOBHUX 3a/703 y BiANOBifb Ha MOSABYy MeTaboJiTiB y npocBiTi 12-nmanoi KUIIKU.
B mopanbmoMy BigOyBasach Iepe0yfoBa CEKPETOPHOTO amapaTy Ha KOPUCTb ByraeBoAiB. IlifBulieHHA
CEeKpeTOpPHOI aKTUBHOCTI IPU3BEJIO 0 BUCHAXXEHHS CEKPeTOPHOro anapara 3a/103 Ha KiHellb eKCIIepUMEeHTY, BUCOTa
emniTesionUTIB Gy/1a OCTOBIPHO MEHILOIO 33 3HAYE€HHS B KOHTPOJIbHIM rpymni TBapuH Ha 3,83%, a TaKOX 10 PO3BUTKY
JleCKBaMallilHUX SBUIL Ta JeHKonuTapHoi iHdinpTpaii.

BUCHOBKHU. BXXMBaHHS [JIyTaMaTy HaTpiwo, HITpUTY HaTpito Ta [loHco 4R mpu3BOoAUTH A0 3MiHU MOPPOMETPUYHUX
MOKAa3HUKIB KiHIeBUX BiAAiniB 3a/103, y Bi0OBiAb Ha MOSIBY MeTa60JIiTiB y NpocBiTi 12-ma/oi KULIKY, Ta 3arajJbHOI0
peakIii€lo, BUKJIWKAHOI i€ CKAaJ0BUX KOMILJIEKCY, a BHAC/AiJOK HECTIPOMOXHOCTI [0 BifAHOBJIEHHS, 3a paXyHOK
KOMITEHCAaTOPHO-BiIHOBJIIOBAJILHUX PeAKIil OpraHisMy, CIoCTepirasock IBUILEe BUCHAXKEHHS CEKPETOPHOro anaparta
3aJ103, iecKkBaMallii cekpeTopHoOro emniTteito Ha GoHi JedKkonuTapHoi iHdiAbTparil.
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