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Bty eellliortlor@elde el Mast cells are found in systems in contact with the external environment, such

as blood vessels, nerves, respiration, and digestion. Mast cell proteases play
important roles in regulating humoral and cellular events in the tissue. In
rodents, mast cells are of two types: mucosal and connective tissue origin. This
study aimed to examine mast cells histochemically and eosinophils in the
possible damage that ethanol may cause in the liver, lung, and kidneys of rats
with gastritis and also to determine whether pomegranate extract affects these
cells. In this study, liver, lung, and kidney tissue samples taken from rats were
stained with Alcian Blue/ Safranin O, Toluidine Blue to identify mast cells, and
Congo Red to identify eosinophils. In the histological evaluation, it was
determined that mast cells were located especially around blood vessels. It was
determined that heparin-containing mast cells were dense in liver tissue, and
histamine-containing mast cells were dense in lung tissue. It was determined
that mast cells were less dense in the kidney than in the liver and lung tissues.
When the locations and densities of mast cells in rats are considered, it can be
said that they undertake similar tasks in functions such as vasopermeability and
inflammatory cell response, as in other mammalian species.
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INTRODUCTION

Mast cells and eosinophils are the main effector cells of innate
immunity and play a fundamental role in defense mechanisms
against bacterial, viral, and parasitic infections. These cells
differ in their development, maturation, and location in tissues.
Eosinophils mature completely in the bone marrow and enter
the circulation as blood cells under physiological conditions.
Mast cells leave the bone marrow as progenitor cells and
mature in peripheral tissues. These cells are activated under the
influence of chemical inflammatory stimuli and accumulate in
inflamed tissues, participating in various pathological
conditions together. Given their strategic location on major
surfaces of the body, including the skin, kidneys, lungs, and the
inner surface of the digestive system, mast cells are among the
first cells to recognize danger signals from the external

stimulating other inflammatory cells. Eosinophils accumulate in
organs and tissues following inflammatory and chemotactic
stimuli produced as a result of inflammation. Mast cells and
eosinophils are, therefore, simultaneously active in many
diseases, including infections, allergic and autoimmune
disorders, and cancer. Therefore, it is important to investigate
the existence, role, and function of these two cells in various
conditions (diseases, chemical stimuli, etc.) (1).

Mast cells are found in systems that interact with the external
environment, such as blood vessels, nerves, respiratory and
digestive systems. In humans and mammals, mast cell granules
contain vital factors such as heparin, histamine, prostaglandin,
neutral protease, B-glucuronidase, aryl sulfatase, tryptase,
eosinophil chemotactic factor of anaphylaxis (ECF-A), and slow
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reaction substance of anaphylaxis (SRS-A). These factors and
mast cell proteases play important roles in regulating humoral
and cellular events in the tissue (2). Mast cells in rodents also
contain a substance called serotonin, which is not present in
human mast cells and has an effect on the respiratory and
digestive tracts (3,4).

In rodents, mast cells are classified as mucosal or connective
tissue, depending on where they are located (5). Mucosal mast
cells are located in the small intestinal mucosa, while
connective tissue mast cells are located in the small intestinal
submucosa, skin, skeletal muscle, and serosa (5). Eosinophils,
sometimes called acidophils, are white blood cells. They are
one of the components of the immune system responsible for
combating multicellular parasites and certain infections in
vertebrates. Together with mast cells and basophils, they also
control mechanisms associated with allergy and asthma.
Recent studies have provided important information on the
selective infiltration of eosinophils into diseased tissues along
with its molecular mechanism (6). It has been reported that
eosinophil granule proteins stimulate various cells, including rat
mast cells, neutrophils, respiratory goblet cells, basophils, and
platelets (7).

Methyl alcohol and isopropyl alcohol are toxic and prohibited
from being consumed. However, ethanol is an intoxicating
substance and is found in beverages such as beer, wine, and
raki (8). Excessive alcohol consumption can damage different
organs, such as the brain, liver, heart, lungs, skeletal muscles,
and bones. Alcohol taken orally is absorbed from all parts of the
digestive tract, then quickly enters the bloodstream and
spreads to all tissues (9). Studies have reported that even low
doses of ethanol reduce several important functions of mast
cells (10). It has been reported that ethanol inhibits histamine
release in lung mast cells (10).

Alcohol consumption has harmful effects on the internal organs
of the body, and rapid treatment is essential to prevent further
deterioration of the situation in alcohol-induced gastritis.
However, treatment methods have some negative effects.
Therefore, it is important to determine the cellular and
molecular pathogenic mechanisms that occur in various organs
as a result of alcoholic gastritis. This study was planned to
determine the regional localization, distribution, density, and
quantitative distribution of mast cells and eosinophils in the
liver, lungs, and kidneys damage that ethanol caused due to
experimentally induced acute gastritis in rats. It was also
planned to determine whether or not pomegranate extract
given for prophylactic purposes affects the distribution and
quantitative density of these cells.

MATERIAL AND METHODS
Tissue Procurement and Histochemical Procedure

In this study, liver, lung, and kidney tissues taken from the
ethanol-induced gastritis in rats were used (2022/8). Twenty-
four female Wistar albino rats (180-200 g) were used in the
study. The animals were fed ad libitum with pellet feed and
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water in a constant temperature (22+3 °C) and humidity (50-
55%) with 12 hours of light and 12 hours of darkness during the
experiment. To create the experimental gastritis model with
ethanol, the rats were fasted for 24 hours in advance but were
only allowed access to water. Experimental groups include
Control (1 mL saline oral gavage), Ethanol (2 mL ethanol oral
gavage on the first day), and Ethanol+Pomegranate extract
group (2 mL ethanol on the first day, then 0.5 mL (100 mg/kg)
Pomegranate extract orally throughout the study (11). At the
end of the study period, animals were sacrificed under xylazine-
ketamine (10-90 mg/kg) anesthesia by taking blood from the
heart, and tissue samples were taken. The tissue samples were
fixed in 10% buffered formaldehyde. Tissue samples were
embedded in paraffin blocks using the routine histological
preparation method. Five um thick sections were taken from
each block and stained with Alcian Blue (AB, pH 0.3) / Safranin
O (SO, pH 1.0), Toluidine Blue and Congo Red staining methods
(12). Toluidine blue stained reveal mast cell granules, and
Alcian Blue/Safranin O stained distinguish granules containing
histamine and heparin. Preparations were examined and
photographed under a research microscope (Nikon Eclipse E-
400) with a digital camera (Nikon Coolpix4500) attachment.

Histochemical Evaluation

The numerical distribution of mast cells was evaluated by
counting mast cells in 100 square unit areas with a
magnification of 40 from each randomly selected area and
converting them into the number of cells in 1 mm? unit area
(2,13). Statistical analysis of the data was performed using the
SPSS (IBM® Ver; 20.0 Windows, USA) package program.
Parametric data were expressed as mean and standard
deviation (M[SD]). Shapiro-Wilk test was used to check whether
the data were normally distributed. ANOVA test was used to
compare groups that did not show normal distribution. Kruskal
Wallis H Test was used to compare groups that did not show
normal distribution. The statistical significance level was
defined as P <0.001.

RESULTS

The numerical distribution of mast cells and eosinophils in rat
tissues is given in Table 1.

Mast cells were found to be scattered, especially in the portal
triad region in the liver, around the bronchi, bronchioles, and
blood vessels in the lung, around the glomerulus in the kidney,
and in the connective tissue between the tubules. Mast cells
were observed to be round, spindle, or oval in shape in different
sizes.

When the liver and kidneys were compared with the control
group, it was determined that the number of mast cells was
statistically significant in the groups given ethanol and
pomegranate extract and in the lungs in the ethanol group
(Figure 2-3, Table 1) (P<0.05). It was determined that heparin-
containing mast cells were common in the liver, and histamine-
containing mast cells were common in the lung tissue. It was



Aydin et al, Curr Vet Sci, 1(1):1-6, 2024

Rats with Acute Gastritis Experimentally Induced with Ethanol..

Table 1. Numerical distributions of mast cells and eosinophils between groups in rat liver, lung, and kidneys (M/SD)

Groups Mast cells Eosinophils
Control 2,42+0,78° 1,57+0,53
@
3 Ethanol 2,71+0,75° 1,71+0,48
Ethanol+P.granatum 2,85+0,90° 1,85+0,37
Control 2,85+0,90° 2,57+0,53
-1
c
3 Ethanol 2,42+0,78° 2,57+0,53
Ethanol+P.granatum 2,85+0,90° 2,57+0,53
- Control 1,42+0,53° 1,28+0,48°
()
é Ethanol 2,42+0,53° 1,28+0,48°
Ethanol+P.granatum 2,9610,78° 2,00+0,57¢

a, b, ¢, d: Difference between group means with different letters in the same column, p<0.05

s VT

. Lung Kidney

Figure 1: Distribution of mast cells in liver, lung and kidney in
control, ethanol and pomegranate groups. Arrow head: mast
cells containing heparin. Toluidine blue X40

determined that mast cells were less common in the kidney
compared to the liver and lung tissues (Figure 2-3). In addition,
histamine-containing mast cells were more common in the liver
and lung groups compared to the control group.

It was observed that the localization of eosinophils in the liver,
lung, and kidney was similar to mast cells. It was determined
that eosinophils were widely distributed in the liver. The
number of mast cells in the kidneys was found to be significant
in the pomegranate extract group (Figure 3, Table 1) (P<0.05).

DISCUSSION

Considering the frequency of gastric ulcers due to various
chemicals and the side effects and costs of some existing
synthetic drugs, the use of natural products is an important
alternative for many people. In this sense, it has been stated
that pomegranate extract is advantageous in the treatment of
various disorders in laboratory animals and patients. In
addition, it has been shown in short- and long-term studies that
such plant-based extracts do not contain toxicity (14). As a
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Figure 2: Distribution of mast cells in liver, lung and kidney in
control, ethanol and pomegranate groups. Arrowhead: mast cells
containing mixed pigment and histamine. Alcian blue/Safranin O
X40

Figure 3: Distribution of eosinophils in liver, lung and kidney in
control, ethanol and pomegranate groups. Arrowhead: eosinophils.

Congo red X40
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result of pomegranate extract given as a preservative revealed
that the density of mast cells and eosinophils in the liver, lungs,
and kidneys showed differences.

Although mast cells have been discovered for a long time, their
functions have been associated with allergic diseases, and they
were thought to have very few roles in other diseases and
health. However, recent studies have reported that mast cells
have very wide and diverse roles in both physiology and
diseases (15). Mast cells act as a cellular interface between the
external and internal environments and initiate and coordinate
innate and adaptive immune responses by interacting with
various cell types (16).

In normal rodent livers, there are few mast cells in the portal
areas. After the liver injury, the number of hepatic mast cells
increases, and they degranulate, releasing numerous growth
mediators such as histamine, heparin, tryptase, TGF-1, TNF, ILs,
cytokines, and basic fibroblast growth factor (bFGF) (16).
Studies on mast cells in the liver have reported that ethanol-
induced liver injury affects the function of mast cells (17). In the
presented study, the finding of a significant difference in mast
cells in the groups given ethanol and pomegranate extract
compared to the control group supports the literature data.

In a study conducted on mice that were acutely poisoned with
ethanol, it was reported that there was an increase in the
number of mast cells due to damage in the lungs (18). In a study
conducted on guinea pigs, it was reported that ethanol
treatment of ethanol-induced gastritis in rats, it has been
inhibited histamine release in lung mast cells (19). Studies have
shown that ethanol has an effect on mast cells in the lungs
(18,20). In the presented study, the significant number of mast
cells in the ethanol group compared to the other groups
supports the effect of ethanol on mast cells.

It is reported that mast cells are structurally found in small
numbers in the kidneys, but their numbers increase in kidney
diseases (21). Mast cells are thought to be related to the
development of interstitial fibrosis in the kidneys (22). Ethanol
has a direct effect on the kidneys, resulting in the diffusion of
cell content into the intercellular space due to the increase in
membrane fluidity (23). Studies have shown that the number
of mast cells increases in the acute phase of renal diseases
(21,22). In the presented study, the number of mast cells was
found to be significant in the ethanol group compared to the
control group. The number of mast cells was found to be
significant in the pomegranate extract group compared to the
ethanol group. It can be said that ethanol has a greater negative
effect on the kidneys.

Recent studies have also provided important information about
the selective infiltration of eosinophils into diseased tissues
(24). It is known that mast cell-derived TNF-a and IL-1a
stimulate the production of eotaxin, a CC chemokine subfamily
of eosinophil chemotactic proteins in epithelial and endothelial
cells (24,25). In the presented study, it can be said that
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eosinophils were not affected by the systemic effect of acute
ethanol, but they affected the number of mast cells.

In conclusion, it has been determined that the locations and
shapes of mast cells and eosinophils in rat lung, kidney, and
liver tissues are similar to those in other mammalian species. It
is thought that alcohol affects tissues systemically, that mast
cells and eosinophils undergo changes in the affected tissues,
and that pomegranate extract may be healing in tissues during
acute alcohol consumption due to its antioxidant properties.
More studies are needed to determine the effects of tissue
damage on mast cells and eosinophils in alcohol consumption.

DECLARATIONS

Availability of Data and Materials: The data that support the
findings of this study are available on request from the
corresponding author (Z.K.).

Funding Support: There is no any funding support.

Competing Interests: The authors declare that there is no
competing of interest regarding the publication of this article.

Declaration of Generative Artificial Intelligence: The authors
of the current study declare that the article and/or tables and
figures were not written/created by Al and Al-assisted
technologies.

Authors’ Contributions: Literature review related to the study
(M.K.A., T.B., N.B.), application of experimental procedure
(T.B., N.B.), histochemistry laboratory studies (Z.K., M.K.A.,
T.B.), evaluation of the data obtained and making statistics
(z.K.,, M.AK.)

REFERENCES

1. Metcalfe DD, Pawankar R, Ackerman JS, Akin C, Clayton F,
Franco Falcone H, Gleich GJ, Irani AM, Johansson MW,
Klion AD, Leiferman KM, Levi-Schaffer F, Nilsson G,
Okayama Y, Prussin C, Schroeder JT, Schwartz LB, Simon
HU, Walls AF, Triggiani M: Biomarkers of the involvement
of mast cells, basophils and eosinophils in asthma and
allergic diseases. World Allergy Organ J, 9:7, 2016.
DOl.org/10.1186/s40413-016-0094-3

2. Saruhan BG, Akbalik ME, Topaloglu U, Sagsdz H, Ketani
MA, Altan S, Ogurtan Z: Tavsanlarda Hidroflorik Asit ile
Olusturulan Yanik Sonrasi, DMSO ve indometazinin
Korneal Mast Hiicreleri Uzerine Etkilerinin Arastiriimasi.
Dicle Universitesi Veteriner Fakiiltesi Dergisi, 10(2):130—
137, 2017.

3. Uslu S: Mast hiicreleri. Saglik Bilimlerinde Arastirma ve
Degerlendirmeler —II. 1.baski 67-80, Meram, Konya, 2023.

4. Harem MK: Mast Hiicre Proteazlari ve Biyolojik Onemi.
Saglik Bilimleri Dergisi, 14(1): 61-67, 2005.

5. Ozkorkmaz EG: Mast Hiicresi. Afyon Kocatepe Universitesi
Fen ve Mihendislik Bilimleri Dergisi, 8(2): 77—-85, 2008.

6. Gleich GJ, Adolphson CR: The eosinophil and bronchial
asthma: evidence for a critical role of eosinophils in
pathophysiology. In: Sanderson CJ, Interleukin-5: from



Aydin et al, Curr Vet Sci, 1(1):1-6, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

molecule to drug target for asthma. Vol 125, 1-37, Marcel
Dekker, New York, 1998.

Gerald JG: Mechanisms of eosinophil-associated
inflammation. J Allergy Clin Immunol, 105(4): 651-663,
2000. DOI: 10.1067/mai.2000.105712

Guo R, Jun Ren J: Alcohol and Acetaldehyde in Public
Health: From Marvel to Menace. Int J Environ Res Public
Health, 7:1285-1301, 2010. DOI: 10.3390/ijerph7041285
Pektas H: Etil Alkole Maruz Kalan Rat Dokularina 3-
Substitiie Kumarin Bilesiginin Antioksidan ve Yag Asit
Metabolizmasi Uzerine Etkileri. Adiyaman Universitesi
LisansUstli Egitim Enstitlist, Yiksek Lisans Tezi Kimya
Anabilim Dali, Adiyaman, 2001.

Toivari M, Méaki T, Suutarla S, Eklund KK: Ethanol inhibits
IgE-induced degranulation and cytokine production in
cultured mouse and human mast cells. Life Sci,
67(23):2795-806, 2000. DOI: 10.1016/s0024-
3205(00)00863-8

Hussein J, El-Khayat Z, Farrag AR, Medhat D, Latif YA,
Oraby F: Inhibition of hyperhomocysteinemia in
Indomethacin  induced peptic ulcer: Impact of
pomegranate juice supplementation. Journal of Chemical
and Pharmaceutical Research, 6(10):131-13, 2014.
Bancroft JD, Cook HC: Manual of histological techniques.
Edinburgh: Churchill Livingstone, First published, 1984.
Ertugrul T, Tutlnci S: Ratlarda Pars Timpani
Perforasyonunda Nar Ekstratinin Mast Hiicre Sayisina
Etkisi. International Journal of Veterinary and Animal
Research, 1(1): 5-8, 2018.

Guzman-Gémez O, Garcia-Rodriguez RV, Quevedo-Corona
L, Pérez-Pastén-Borja R, Rivero-Ramirez NL, Rios-Castro E,
Pérez-Gutiérrez S, Pérez-Ramos J, Chamorro-Cevallos GA:
Amelioration of Ethanol-Induced Gastric Ulcers in Rats
Pretreated with Phycobiliproteins of Arthrospira
(Spirulina) Maxima. Nutrients, 10(6):763, 2018. DOI:
10.3390/nu10060763.

Weller CL, Collington SJ, Williams T, Lamb JR: Mast cells in
health and disease. Clin Sci (Lond),120:473-484, 2011.
DOI: 10.1042/CS20100459

Dileepan KN, Raveendran VV, Sharma R, Abraham H,
Barua R, Singh V, Sharma R, Sharma M (2023): Mast cell-
mediated immune regulation in health and disease. Front.
Med. 10:1213320. DOI: 10.3389/fmed.2023.1213320
Jarido V, Kennedy L, Hargrove L, Demieville J, Thomson J,
Stephenson K, Francis H: The emerging role of mast cells
in liver disease. Am J Physiol Gastrointest Liver Physiol,
313(2):89-101, 2017. DOI: 10.1152/ajpgi.00333.2016
Chen L, Li L, Song Y, Lv T: Blocking SphK1/S1P/S1PR1
Signaling Pathway Alleviates Lung Injury Caused by Sepsis
in Acute Ethanol Intoxication Mice. Inflammation,
44(6):2170-2179, 2021. DOI: 10.1007/s10753-021-01490-
3

Ruiz CM, Gomes JC: Effects of ethanol, acetaldehyde, and
acetic acid on histamine secretion in guinea pig lung mast
cells. Alcohol 20(2):133-138,2000. DOI: 10.1016/s0741-
8329(99)00065-8

Cruse G, Bradding P: Mast cells in airway diseases and
interstitial lung disease. Eur J Pharmacol, 778:125-38,
2016. DOI: 10.1016/j.ejphar.2015.04.046

Blank U, Essig M, Scandiuzzi L, Benhamou M, Kanamaru Y:
Mast cells and inflammatory kidney disease.

Rats with Acute Gastritis Experimentally Induced with Ethanol..

22.

23.

24,

25.

Immunological Reviews, 217(1):79-95, 2007. DOI:
10.1111/j.1600-065X.2007.00503.x

Ehara T, Shigematsu H: Mast cells in the kidney.
Nephrology, 8:130-138, 2003. DOl.org/10.1046/j.1440-
1797.2003.00153.x

Giiney TG, Caliskan A, Kar F, Cakir Giindogdu, A Ozbayer
C: Sigcan bobrek dokusunda etanoliin akut toksisitesi ve
borik asitin koruyucu roli. Biological Diversity and
Conservation, 15(1): 107-113, 2022.
DOl.org/10.46309/biodicon.2022.1084827

Gleich GJ: Mechanisms of eosinophil-associated
inflammation. J Allergy Clin Immunol,105(4):651-63, 2000.
DOI: 10.1067/mai.2000.105712

Chen PH, Anderson L, Zhang K, Weiss GA: Eosinophilic
Gastritis/Gastroenteritis.  Curr  Gastroenterol Rep,

23(8):13, 2021. DOI: 10.1007/s11894-021-00809-2



