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ABSTRACT

Esophageal damage arises from gastroesophageal reflux disease, where the contents of the stomach and duodenum flow
back into the esophagus, causing an inflammatory lesion. Phloretin, a phytoconstituent classified as a flavonoid possessing
both nutritional and medicinal properties, was the focus of this study. The experiment aimed to investigate the impact of
phloretin on experimental esophagitis in albino rats. Rats in various groups underwent the induction of esophagitis through the
administration of a Fructose solution (10%) and indomethacin (5mg/Kg). The resulting hyperglycemia from regular Fructose
solution intake over 28 days was assessed. After sacrifice, the rats were evaluated for the esophagitis index. Additionally,
esophageal tissues underwent further analysis for oxidative stress parameters, including TBARS, SOD, Catalase and GSH.
Treatment with phloretin demonstrated a significant inhibition of the esophagitis index. Furthermore, phloretin contributed to

the restoration of altered levels of oxidative stress parameters back to normal.
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INTRODUCTION

The regurgitation of gastric acid and stomach contents results
in epithelial damage and cell death in the esophagus, leading
to an inflammatory response characterized by the infiltration
of inflammatory cells and the expression of pro-inflammatory
cytokines in affected tissues."? Persistent reflux of gastric acid
and stomach contents into the esophagus causes various forms
of esophageal damage, including inflammation, ulcers, and
hemorrhaging in the epithelium.? Conventional treatments for
gastroesophageal reflux disease (GERD) involve histamine-2
receptor antagonists, proton pump inhibitors, and antacids,
yet their effectiveness is limited due to complications such as
high recurrence rates, incomplete mucosal healing, and the
development of esophageal strictures.*

Herbal remedies derived from plants, with their extensive
history in clinical practice and therapeutic benefits, have
gained attention. Recent studies have highlighted the protective
effects of Xuanfudaizhetang in rats with reflux esophagitis,
demonstrating increased esophageal pH levels and reduced

inflammation.’ Extracts from Artemisia campestris L. have
also exhibited protective properties against esophageal
mucosal injuries induced by gastric acid reflux.? Additionally,
the positive effects of Morinda citrifolia fruit extract and its
biomarker scopoletin on reflux esophagitis and gastric ulcers
in rats have been documented.®

Alterations in blood glucose concentration, particularly
marked hyperglycemia (=15 mM), significantly impact
gastrointestinal motor function in both normal individuals
and those with diabetes mellitus. This effect extends to
various digestive organs, including the esophagus, stomach,
gallbladder, small intestine, colon and anorectum.”!? Patients
with diabetes mellitus are more prone to gastroesophageal
reflux, often attributed to transient lower esophageal sphincter
relaxation (TLESR) as the predominant sphincter mechanism
underlying reflux."

L-tryptophan has been found to prevent L-tryptophan-
induced esophageal mucosa (OM) and lower esophageal
sphincter (LOS) damage. However, its esophagoprotective-
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promoting effect appears to be linked to endothelial metabolism
stimulation rather than an amelioration of PG/COX activity.'*
In a study involving rats treated with L-Try (400 mg/kg)
and indomethacin (Indo, 5 mg/kg) during post-prandial
hyperglycemia (PPH),"® the impact of these substances on
esophageal damage was explored.

Phloretin, a dihydrogen chalcone flavonoid primarily
extracted from apples, is known for its potent antioxidant
properties. Previous research has suggested its potential
therapeutic applications in cardiovascular disease, cancer,
ischemia-reperfusion injury and neurodegeneration. Notably,
phloretin has been shown to prevent nerve terminal toxicity
induced by electrophiles such as acrolein. Despite extensive
studies identifying the pharmacophore responsible for
phloretin’s antioxidant activity,'®!” its ameliorative effects
on esophageal damage in reflux esophagitis have not been
previously reported. This study aims to investigate the
potential ameliorating effects of phloretin on post-prandial
hyperglycemia-induced esophagitis in rats.

MATERIAL AND METHODS

Seven-week-old sprague Dawley rats, weighing between 150
to 200 g, were accommodated in conventional rat cages during
the experimental period. The rats were provided continuous
access to ample food and water, housed in an environment
with a 12-hour light/dark cycle, at a temperature maintained
between 21 to 25°C and sustained at a humidity level ranging
from 35-60%. Following a one-week adaptation period, the
rats were randomly allocated into five groups of six each.
These groups included group I (Control group), receiving tap
water for 28 days. Group II (Toxic group) received fructose
solution (10%) and indomethacin (5 mg/Kg) for 28 days, group
III (Standard group) received omeprazole (30 mg/kg) along
with Fructose solution (10%) plus indomethacin (5 mg/Kg)
for 28 days, group IV (Test I) receiving phloretin (25 mg/kg,
p-0.) along with fructose solution (10%) plus indomethacin (5
mg/Kg) for 28 days and group V (Test II) receiving phloretin
(50 mg/kg, p.o.) along with Fructose solution (10%) plus
indomethacin (5 mg/Kg) for 28 days. The rats were fasted 18
hours before the sacrifice but maintained water supply. Rats
were euthanized and the esophagus samples along with the
stomach of each rat were immediately removed and, washed
with saline and photographed for examination of esophageal
damage (Figure 1 and 2). A small portion of tissue was
immediately fixed in 10% formalin and sent to pathology for
histopathological examination (Figure 3).!® Remaining tissue
was kept at -20°C for further studies. A blood sample was
also taken for estimation of blood glucose levels. TBARS,
SOD, catalase and GSH levels were estimated using tissue
homogenate of the esophagus. The research received approval
from the Institutional Animal Ethics Committee of the Faculty
of Pharmacy, Integral University, Lucknow, India, with
registration number 1213/PO/Re/S/08/CPCSEA. All presented
data were expressed as mean + SD and subjected to statistical
analysis using one-way ANOVA, followed by Dennett’s t-test
to identify potential significance among different groups.

Statistical significance was denoted by p < 0.05, p < 0.01 and
p <0.001. GraphPad software (3.2), located in San Diego, CA,
was utilized for the statistical analysis.

RESULTS
Results are depicted in Table 1.

Estimation of Blood Glucose Level

The blood sample was tested for estimation of glucose level
using the glucometer “My Lyf” and recorded for statistical
analysis. The treated group IV and group V both showed a
significant decrease in blood glucose levels as compared to
toxic group II (Figure 4).

Estimation of Esophageal Erosion Index'’

After sacrificing the animals, the extraction of the esophagus
and the stomach was done. The esophagus was opened along
the greater curvature and meticulously dissected by extending
the dissection line along its major axis. Subsequently, the
excised tissue underwent a thorough washing with normal
saline and was examined for any lesions. The extent of erosions
was assessed using a scoring system detailed in a table. The
severity score was then determined by dividing the total score
by ten, resulting in the calculation of the esophagitis index
(Table 2, Figure 5).

Control Toxic IStandard Treated Treated
Group (Fructose 10% |(Omeprazole |(Fructose 10% |(Fructose 10%
(Tap Water) |soln + Indo 30 mglkg + soln + Indo saln + Indo
sma'kg) Fructose 10% [Bmgikg + smg/kg +
isoln + Indo Phloretin 25 Phloretin 50
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Figure 1: Effect of phloretin on macroscopic appearance of rat
esophagus (external)
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Figure 2: Effect of phloretin on macroscopic appearance of rat
esophagus (internal)
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Table 1: Effect of phloretin on assessed parameters

Standard (Omeprazole 30

Treated (Fructose 10%

Treated (Fructose 10%

Parameter %’Z:jl (Tap Zg;:i_ IZZZMEI:):;/IQS)% mg/kg + Fructose 10% soln + Indo 5 mg/kg +  soln + Indo 5 mg/kg +

soln + Indo 5 mg/kg) Phloretin 25 mg/kg ) Phloretin 50 mg/kg )
EL Index 119.5 +5.1961 192.75 + 3.3040# 132.5+3.4156%* 142.5 + 3.8729%* 157.25 £2.2173%%*
Glucose Level ~ 0.025 +0.050 3.1075 + 0.0788" 0.6075 + 0.1043** 1.14 +£0.0365** 1.465 +0.1379%*
TBARS 0.0829 +0.0027  0.1505 +0.0243" 0.0965 + 0.0031** 0.1046 +0.0112%* 0.1188 +£0.0167*
SOD 0.6104 +0.0458  0.3932 = 0.0069" 0.3889 + 0.2198%** 0.47 £ 0.0220%* 0.3974+0.0187*
CAT 0.1765+0.0106  0.0498 + 0.0280" 0.1366 + 0.0814** 0.1353 £ 0.0355™ 0.0490 + 0.0276*
GSH 18.842£0.7168  6.132+3.6258" 16.972 + 1.8204** 14.786 + 1.0022** 9.204 + 5.1606™

All the values were expressed as Mean + SD, N =5

SN %
d) Treated (25 mg) Group

prort 1 F'
. AR ie”

c) Standard Group ) Treated (50 mg) Group

Figure 3:Histological section of rat esophagus showing the effect
of Phloretin Low dose (25mg/kg) and High dose (50mg/kg) (40X
magnification, H&E stain; Scalar bar: 100 pm)
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NC: Normal control, TC: Toxic Control, STD: Standard, PHLL: Phloretin
Low dose (25ma/kg), PHLH: Phloretin High dose (50mg/ka)
All values are expressed as Mean + SEM
# P= 0.005, as compared to normal control group.
** P< 0.005, as compared to toxic group.

Figure 4: Effect of phloretin on blood glucose level

The treated group IV and V both showed a very significant
decrease in esophageal erosion index as compared to toxic
group II (Figure 2).

Estimation of thiobarbituric acid reactive substance
(TBARS)
Required reagents for TBARS estimation were prepared and the

tissue sample of the esophagus was homogenized. Out of whole
tissue homogenate, 1-mL was taken out for TBARS activity

Table 2: Scoring for assessment of erosion and severity

Erosion (millimeter) 1 or less 12 2-3 >3

Score 1 2 3 4

and the remaining was kept for further studies. Estimation
was performed as studied by Tahir and co-workers.?’ The
calculation of TBARS content was determined using the
following formula:

nM of MDA=A % 540 x V/0.156

Where A is the absorbance at 540 nm and V is the volume of
the test solution.

The treated group IV showed a more significant decrease in
TBARS levels in comparison to group V but both showed a
significant decrease as compared to toxic group II (Figure 6).

Estimation of Superoxide Dismutase

Buffers and other reagents were prepared and estimation was
performed as studied by Khushtar and co-workers.?! The
supernatant was assayed for superoxide dismutase (SOD)
activity based on the inhibition of pyrogallol autoxidation.
SOD levels were computed using the formula:

Unit of SOD per mL of sample = [(A — B) x100/Ax50]

Where, ‘A’ is the difference of absorbance in 1-minutes in
control and ‘B’ is the difference of absorbance in 1 min in the
test sample

The results showed a significant increase in SOD levels in
treated group I'V but a non-significant effect in treated group
V as compared to toxic group II (Figure 7).

Estimation of Catalase

The supernatant of the tissue homogenate, buffers and other
reagents were prepared and estimation is done by the method
of Khushtar and co-workers.?! Catalase activity expressed as
1 moles of H,O, consumed/minute/mg protein and calculated
with the formula:

The results showed a significant increase in catalase levels
in treated group IV but non-significant effect in treated group
V as compared to toxic group II. (Figure 8)
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Figure 5: Effect of phloretin on esophagitis index
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Figure 6: Effect of phloretin on TBARS level
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Figure 7: Effect of phloretin on SOD level
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Figure 8: Effect of phloretin on catalase level
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Figure 9: Effect of phloretin on GSH level

Estimation of Reduced Glutathione

EDTA, DTNB, TCA and buffers are prepared along with the
homogenate of tissue samples of the esophagus for estimation
of reduced glutathione level.?® GSH level expressed as pg/mg
of protein using the equation:

Treated groups I'V and V both showed a significant increase

in GSH levels as compared to toxic group II. (Figure 9)
DISCUSSION

Phloretin shows significant cytoprotective effects on low dose
(25 mg/kg) with a marked decrease in Esophageal Lesion
Index and TBARS level, in comparison to its high dose (50
mg/kg) of test drug. Further, in the dose (25 mg/kg), phloretin
is able to improve endogenous antioxidant levels (CAT, SOD)
and GSH levels as similar to the standard drug (Omeprazole),
while in high dose (50 mg/kg) it shows no significant changes
in antioxidant parameters, as compared to toxic groups. These
results justify the outcomes of the toxicological study of the
drug and also resemble the work of other researchers®* as
well. Moreover, it was recorded that the test drug phloretin
significantly decreased blood glucose levels to produce a
cytoprotective effect.

CONCLUSION

Two doses of phloretin significantly ameliorate the esophageal
damage in rats. Hyperglycemia caused tissue damage, which
was elevated by the cytotoxic actions of indomethacin. The
selected model post-prandial hyperglycemia successfully
induced damage in esophageal tissues. The low dose
(25 mg/kg) of phloretin displayed a marked decrease in the
esophageal lesion index and TBARS level, in contrast to high
dose (50 mg/kg). The endogenous antioxidant parameters
were found to be significantly near to the standard drug
(Omeprazole) treated group in a dose 25 mg/kg of phloretin.
Whereas, in high dose of 50 mg/kg no significant changes were
recorded. Findings revealed that the higher dose of phloretin
has lesser or no effect as compared to a lower dose, which
indicates the prospective efficacy at low doses and may involve
the ceiling effects of the drug. Phloretin positively expressed
cytoprotection and amelioration of antioxidant parameters, but
more in-depth study is required in this context at the molecular
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level to understand the reasoning.

ACKNOWLEDGMENTS

The authors express their sincere gratitude to Integral
University for the provision of facilities, valuable suggestions
for manuscript enhancement and special acknowledgment to
the Doctoral Research & Development Committee of Integral
University for offering technical support.

REFERENCES

1.

10.

11.

Rhonda FS, Xiaofang H, Vivek M, et al. Gastroesophageal reflux
might cause esophagitis through a cytokine-mediated mechanism
rather than caustic acid injury. Gastroenterology. 2009;137:1776-
1784. doi:10.1053/j.gastro.2009.07.055

Jabri MA, Tounsi H, Abdellaoui A, Marzouki L. Protective
effects of Artemisia campestris extract against gastric acid
reflux-induced esophageal mucosa injuries. Pathophysiology.
2018;25:63-69. doi:10.1016/j.pathophys.2018.01.001

Nam HH, Nan L, Park JC, et al. Geraniin ameliorates
experimental acute reflux esophagitis via NF-kB regulated anti-
inflammatory activities in rats. Appl Biol Chem. 2019;62(1):13.
doi:10.1186/s13765-019-0412-x

Badillo R, Francis D. Diagnosis and treatment of gastroesophageal
reflux disease. World J Gastrointest Pharmacol Ther.
2014;5(3):105-112. doi:10.4292/wjgpt.v5.i3.105

Lian B, Liu ZH, Wei HT, Zhang Z, Shi GN. Protection effect
Xuanfudaizhetang on reflux esophagitis in rats. Asian Pac J
Trop Med. 2014;7:267-270. doi:10.1016/S1995-7645(14)60035-3
Mabhattanadul S, Ridtitid W, Nima S, et al. Effects of Morinda
citrifolia aqueous fruit extract and its biomarker scopoletin on
reflux esophagitis and gastric ulcer in rats. J Ethnopharmacol.
2011;134:243-250. doi:10.1016/j.jep.2010.12.004

Rayner CK, Samsom M, Jones KL, Horowitz M. Relationships
of upper gastrointestinal motor and sensory function with
glycemic control. Diabetes Care. 2001;24(2):371-381. doi:10.2337/
diacare.24.2.371

Fraser R, Horowitz M, Dent J. Hyperglycaemia stimulates pyloric
motility in normal subjects. Gut. 1991;32(5):475-478. doi:10.1136/
gut.32.5.475

De Boer SY, Masclee AAM, Lam WEF, Lamers CBHW. Effect
of acute hyperglycemia on esophageal motility and lower
esophageal sphincter pressure in humans. Gastroenterology.
1992;103(3):775-780. d0i:10.1016/0016-5085(92)90005-j
Bjornsson ES, Urbanavicius V, Eliasson B, et al. Effects of
hyperglycaemia on interdigestive gastrointestinal motility
in humans. Scand J Gastroenterol. 1994;29(11):1096-1104.
doi:10.3109/00365529409094894

Sims MA, Hasler WL, Chey WD, Kim MS, Owyang C.
Hyperglycemia inhibits mechanoreceptor-mediated gastrocolonic

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

responses and colonic peristaltic reflexes in healthy humans.
Gastroenterology. 1995;108(2):350-359. doi:10.1016/0016-
5085(95)90060-8

Chey WD, Kim M, Hasler WL, Owyang C. Hyperglycemia alters
the perception of rectal distension and blunts rectoanal inhibitory
reflex in human volunteers. Gastroenterology. 1995;108(6):1700-
1708. doi:10.1016/0016-5085(95)90131-0

Zhang Q, Horowitz M, Rigda R, Rayner C, Worynski A,
Holloway RH. Effect of hyperglycemia on triggering of
transient lower esophageal sphincter relaxations. Am J Physiol
Gastrointest Liver Physiol. 2004;286(5):G797-G803. doi:10.1152/
ajpgi.00383.2003

Hrynevych N, Zayachkivska O, Yaschenko A. Effect of
L-tryptophan on cytoprotection against long-term post-prandial
hyperglycemia-induced esophageal damage in rats. FASEB J.
2013;27:1169.2. doi:10.1371/journal.pone.0110688

Kozar VV, Kudria MY, Ustenko NV, Pavlenko TO, Zhurakovska
MV. The state of the humoral component of immunity
under conditions of metabolic syndrome with underlying
hypoestrogenia and its farmacological correction. [in Ukrainian].
Buk Med Herald. 2009;13:141-144.

Rezk BM, Haenen GR, van der Vijgh WJ, Bast A. The antioxidant
activity of phloretin: the disclosure of a new antioxidant
pharmacophore in flavonoids. Biochem Biophys Res Commun.
2002;295(1):9-13. doi:10.1016/s0006-291x(02)00618-6
Nakamura Y, Watanabe S, Miyake N, Kohno H, Osawa T.
Dihydrochalcones: evaluation as novel radical scavenging
antioxidants. J Agric Food Chem. 2003;51(11):3309-3312.
doi:10.1021/j£0341060

Li Y, Lin J, Xiao J, et al. Therapeutic effects of Co-Venenum
Bufonis Oral Liquid on radiation-induced esophagitis in rats.
Exp Anim. 2020;69(3):354-362. doi:10.1538/expanim.19-0142
Shukla K, Raj P, Kumar A, Kumar M, Kaithwas G. Effect
of monotherapy and combination therapy of pantoprazole
and aprepitant in gastric esophageal reflux disease in
albino rats. Scientific World Journal. 2014;2014:183147.
doi:10.1155/2014/183147

Tahir M, Rahman MA, Khushtar M. Gastroprotective effect of
Hyssopus officinalis L. leaves via reduction of oxidative stress
in indomethacin-induced gastric ulcer in experimental rats.
Drug Chem Toxicol. 2022;45(1):291-300. doi:10.1080/0148054
5.2019.1685537

Khushtar M, Siddiqui HH, Dixit RK, Khan MS, Igbal D, Rahman
MA. Amelioration of gastric ulcers using a hydro-alcoholic
extract of Triphala in indomethacin-induced Wistar rats. Eur J
Integr Med. 2016;8(4):546-551. doi:10.1016/j.eujim.2016.01.004
Geohagen BC, Korsharskyy B, Vydyanatha A, Nordstroem L,
LoPachin RM. Phloretin cytoprotection and toxicity. Chem Biol
Interact. 2018;296:117-123. doi:10.1016/j.cbi.2018.09.020

1JDDT, Volume 14 Issue 3, July - September 2024

Page 1327



