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The protective effects of alpha-tocopherol, quercetin and their combination on ethanol-
induced pancreatic and duodenal mucosal injuries

Abstract

Aim: In this study, the effects of alpha-tocopherol (AT), quercetin (QT) or their combination on
ethanol-induced pancreatic and duodenal mucosal damage was investigated in rats using

morphological and biochemical evaluations.
Study design:Randomized controlled experimental study
Place and duration of study:University of Ibadan, Ibadan, Nigeria

Methodology:Ethanol-induced injuries were produced by oral administration of 40% ethanol
(0.2 ml/day) for 40 consecutive days, while a control group of rats was served distilled water.
Other groups received AT (2.5 mg/kg), QT (50 mg/kg) or their combination with 40% ethanol

during the experimental period.

Results:Blood glucose levelswas significantly (p<0.05) increased in ethanol-treated rats relative
to controls. Ethanol administration caused shrinkage of insulin-secreting islets tissues in the
pancreas, while lesions such as erosions, loss of villi and severe inflammatory cell infiltrations of
the mucosa and sub-mucosa were observed in the duodenum. These changes were accompanied
by significant elevation in the levels of hydrogen peroxide (H,0,), malondialdehyde (MDA) and
advanced oxidation protein products (AOPP) in the pancreas and duodenum, along with reduced
activities of glutathione peroxidase (GPx) and glutathione S-transferase (GST). Treatment of rats
with AT, QT, and especially their combination, yielded profound reversal of ethanol-induced
effects indicated by restoration of blood glucose to control levels, preservation of pancreatic and

duodenal morphology and the inhibition of ethanol-induced oxidative stress.

Conclusion: Overall, dietary supplementation with AT and/or QT could potentially counteract

the adverse effects associated with chronic alcohol consumption.

Keywords: Alcohol, antioxidants, pancreas, duodenum, oxidative stress



1. Introduction

Chronic alcohol consumption is known to be an important risk factor for the development
of upper gastrointestinal tract damage involving the stomach, duodenum, and accessory digestive
organs such as the pancreas (1, 2).Compared to other organs, the upper GIT often comes in direct
contact with ingested alcoholic beverages and is therefore, prone to diverse morphological,
functional, and metabolic disturbances (3). Regarding the intestines, morphological alterations
are reportedly more pronounced in the duodenum compared to the jejunum and ileum (4).
Mucosal injuries such as duodenal erosions and bleeding induced by alcohol in the upper GIT
are responsible for disturbances in digestion and absorption of nutrients with consequent
malnutrition and loss of weight frequently observed in chronic alcohol users (5). Furthermore,
increased intestinal permeability resulting from alcohol-induced mucosal injuries may facilitate
the movement of toxic substances such as endotoxins into the blood circulation from where they
are transported to other critical organs (6). Due to the intimate anatomical relationship between
the duodenum and pancreas, it is highly likely that the severity of alcohol-induced toxicity in one
of the organs could also reflect in the other. In fact, chronic alcohol consumption has been

reported to cause 17-25% of acute pancreatitis and 40-70% of chronic pancreatitis cases (1).

Although mostethanol absorbed from the portal vein is metabolized in the liver, the
gastrointestinal tract is also relevant in the metabolism of ethanol in small quantities via alcohol
dehydrogenase in mucosal cells of the stomach and small intestine, accounting for what is known
as the first pass metabolism (7). Alcohol dehydrogenase converts ethanol to acetaldehyde which
is further converted to acetate by acetaldehyde dehydrogenase (8). In chronic alcohol exposure,
however, the pathway of ethanol metabolism tend to shift towards the involvement of

microsomal ethanol oxidizing system (MEOS) with induction of cytochrome P450 2E1, which is
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accompanied by increased generation of reactive oxygen species (ROS), including hydrogen
peroxide and superoxide radicals and resultant oxidative stress (9, 10).The interaction of ROS
with cellular macromolecules, such as DNA and proteins causes structural and functional
alterations, while oxidation of lipids by ROS produces toxic aldehydes such as malondialdehyde
(MDA) and 4-hydroxynonenal (4-HNE) which causes further tissue damage (11). In addition,
ROS and acetaldehydehave been implicated in the depletion of cellular glutathione and other
components of the antioxidant system (10).In addition, several gut bacteria possess the ability to
metabolize ethanol into acetaldehyde, although this mostly occurs in the lower GIT i.e., the colon

and rectum (12).

The common approaches for treatment of alcohol-related tissue damage in the
gastrointestinal tract include the prevention of absorption of ingested alcohol from the intestines,
as well as neutralizing harmful metabolites of alcohol metabolism and ROS. In addition, certain
modern pharmacological agents e.g., disulfiram, acamprosate and naltrexone have been
advanced for promotion of behavioural modifications such as induction of complete self-restraint
towards alcohol use, reducing alcohol craving as well as the prevention of relapse (13).
However, these drugs possess several side effects, including gastrointestinal and neurological
symptoms (14). Therefore, novel treatments from natural products that can efficiently attenuate
alcohol toxicity are increasingly sought out as promising therapeutic agents (15).Alpha-
tocopherol (AT), a lipid-soluble vitamin and antioxidant has been shown to exert protective
benefits on various tissues including the liver and cardiovascular tissues via its anti-oxidative and
anti-inflammatory actions (16, 17). Being hydrophobic, it is an essential component of biological
membranes where it serves a protective role against the peroxidation of fatty acids, thus

preventing structural and functional injury to cells (18). Quercetin (QT), a natural compound is



found in diverse sources and possessesantioxidant, radical scavenging and anti-inflammatory
properties (19). Several pharmacological properties of QT including hepato-protective (20),

neuro-protective (21), anti-hypertensive (22) and anti-cancer (23) activities have been described.

Despite the continued toxicological importance of ethanol poisoning, there is limited
information of the protective abilities of AT or QT against chronic ethanol-induced toxicity in
pancreatic and duodenal tissues of rats, considering the proximity of these organs. Using
biochemical and morphological approaches, the present study was undertaken to investigate the
protective effects of AT, QT or their combination on pancreatic and duodenal mucosal injury

caused by chronic oral exposure of rats to ethanol.

2. Materials and methods
Chemicals
Ethanol, alpha tocopherol, quercetin, xylenol orange, sorbitol, ammonium ferrous
sulphate, reduced glutathione (GSH), 1, 2-dichloro-4-nitrobenzene (CDNB), thiobarbituric acid
(TBA), trichloroacetic acid (TCA), sodium hydroxide, 5, 5'-dithiobis-2- nitrobenzoic acid
(DTNB) and hydrogen peroxide were purchased from Sigma—Aldrich (St. Louis, Missouri,

USA). All other chemicals were of the highest purity commercially available.

Animals and experimental design
A total of forty (40) male Wistar rats weighing120 to 150 gwere purchased from the
Experimental Animal Unit of the Faculty of Veterinary Medicine, University of Ibadan (Ibadan,
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Nigeria). The rats were housed inside plastic cages in a well-ventilated animal house facility with
12 h light/dark cycle during an initial acclimatization period of one week and the actual
experimental period. They were allowed unrestricted access to rat chow and clean tap water
throughout the duration of the experiment. All animals were handled following guidelines in the
“Guide for the Care and Use of Laboratory Animals” prepared by the National Academy of

Science and published by the National Institute of Health (24)

The rats were allocated randomly into five groups made up of seven rats each including
(D) control rats administered normal saline (2 ml/kg); (1) Eth40 group exposed to ethanol mixed
with normal saline to a final concentration of 40% (v/v); (I11) Eth40+AT group consisting of rats
exposed to 40% ethanol along with alpha tocopherol (2.5 mg/kg);(1V) Eth40+QT group of rats
administered 40% ethanol and quercetin (50 mg/kg);(V) Eth40+AT+QT group where rats were
exposed to all three compounds i.e. ethanol, alpha tocopherol and quercetin at the indicated
dosages. The administration of the compounds was done by oral gavage and lasted for forty
consecutive days. On each day, alpha tocopherol and quercetin were administered one hour prior
to ethanol exposure. The dosages of ethanol (25), alpha tocopherol (26) and quercetin (27) were

chosen based on previous studies.

Blood glucose measurement

Following overnight fasting of rats on the final day of the experiment, blood samples
were withdrawn from the tail vein and were used for the measurement of fasting plasma glucose
levels using the AACU-CHECK Active Blood Glucose monitoring system (Roche Diagnostics

Int. Ltd, Rotkreuz, Switzerland).

Determination of biochemical markers of oxidative stress



At the end of the experiment, the rats were sacrificed by cervical dislocation and the
pancreas and duodenum were carefully dissected out. The duodenum was opened longitudinally
along the entire length and both tissues were homogenized in potassium phosphate buffer (100
mM; pH 7.4). The homogenate was then centrifuged with a refrigerated centrifuge (4 °C) at
12,000 xg for 10 min. The supernatant collected was used for the determination of levels of

oxidative stress markers and the activities of some antioxidant enzymes.

The protein content of the tissues was quantified using Biuret reagent and values were
extrapolated from a standard curve prepared with bovine serum albumin(28). Hydrogen peroxide
(H20,) concentration in the tissues was measuredaccording to the method of Wolff et al (29)
from a reaction mixture containing sorbitol (100 pL), ammonium ferrous sulfate(250 pL),
xylenol orange (100 pL) and sulfuric acid(25 uL). The mixture was incubated at room
temperature and the absorbance was read at 560 nm. The total thiol content of the tissues was
estimated according to the method of Ellman (30), using 5, 5’-dithiobis-(2-nitrobenzoic acid)

(DTNB) as the colorigenic chemical.

Lipid peroxidation in the tissues was estimated by measuring the concentration of
malondialdehyde (MDA) according to the method of Varshney and Kale (31). Briefly, samples
(0.4 mL) were initially added to Tris-KCl buffer (1.6 mL) and then deproteinized with
trichloroacetic acid (TCA, 30% w/v). Thereafter, thiobarbituric acid (TBA, 0.75% IN 0.2 M
HCI) was added to specifically react with MDA. The mixture was heated at about 80°C in a
water bath for 45 min, with the development of a pink color indicative of the formation of the
TBA-MDA complex. Following centrifugation, the absorbance of the supernatant was read at
532 nm and MDA concentration was calculated from a molar extinction co-efficient of 1.56 x

10°cm™®, M.



The level of advanced oxidation protein products (AOPP) in the duodenum and pancreas
was determined according to the method of Kayali et al (32). The reaction mixture contained the
colon homogenate added to 1.16 M potassium iodide and acetic acid. Following incubation, the
absorbance was read at 340 nm and the AOPP content was calculated using a molar extinction

coefficient of 261 cm™ mM™.

The activity of the antioxidant enzyme, glutathione peroxidase (GPx) in the pancreatic
and duodenal tissues was determined according to the method of Rotruck et al (33). The activity
of Glutathione S-transferase (GST) was monitored over a time period of 3 min at an absorbance
340 nm at 30-seconds intervals using its ability to catalyze the conjugation of GSH with 1-
chloro-2, 4-dinitrobenzene (CDNB). The assay was performed according to the method of Habig

et al(34).

Histopathological examination

The pancreas from selected rats was carefully dissected from its attachment to the
duodenum and was immediately placed in 10% phosphate-buffered formalin until the processing
for histopathological examination. Similarly, portions of the duodenum were also fixed in
phosphate-buffered formalin. Thereafter, the tissues were embedded in paraffin; sections of
about 5pm were made and were stained on glass slides with Haematoxylin and eosin (H&E).

The slides were examined by a pathologist who was blinded to the experimental design

Statistical analysis



The data obtained are presented as mean + standard deviation. The means were analyzed
and compared with one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test

using GraphPad Prism software Version 7 (GraphPad Software Inc. San Diego, CA)

3. Results
Blood glucose

Blood glucose levels in the experimental rats are presented in Fig. 1. From the obtained
results, blood glucose levels in rats administered ethanol was significantly (P<.0001) elevated
when compared with the control group. On the other hand, treatment of ratswith alpha
tocopherol(P<.0001) or Quercetin(P<.0001), separately or in combination(P<.0001), led to

significant decrease in blood glucose levels.
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Fig. 1: Effect of alpha-tocopherol (AT) and quercetin (QT) on blood glucose levels in

ethanol-treated rats. Data are presented as mean + SD of values from seven rats per group. *indicates
significant difference (p<0.05) when compared with control; **indicates significant difference when compared with

ethanol-treated rats.

Oxidative stress and antioxidant markers

The concentrations of hydrogen peroxide (H,O;) and thiol groups in the pancreasand
duodenumof control and experimental rats are presented in Fig. 2. A significant elevation in the
level of H,0, was observed in both the pancreas (P = .01) and duodenum (P< .001) of ethanol-
exposed rats, when compared to control. Administration of alpha tocopherol (P = .002),
quercetin (P = .002) or their combination (P< 0.0001) along with ethanol caused significant

reduction in pancreatic H,O; levels when compared with the alcohol-administered rats. In the



duodenum, either the administration of alpha tocopherol (P< .001) or the combination of alpha
tocopherol and quercetin (P< 0.001) led to significant reduction in H,O, levels, compared to the

rats treated with ethanol alone.

When compared with control rats, total thiol concentration in the pancreas was
significantly (P< .0001) reduced in ethanol-treated rats, as well as rats treated concurrently with
either alpha-tocopherol (P< .0001) or quercetin (P< .0001). However, there was significant (P<
.0001) increase in thiol levels when ethanol-exposed rats were treated with a combination of
alpha-tocopherol and quercetin. In the duodenum, ethanol administration also led to significant
(P< .0001) reduction in total thiol levels, compared to the control. Similar to the observation in
the pancreas, total thiol concentration were only significantly (P < .001) elevated when both

alpha tocopherol and quercetin were administered to ethanol-exposed rats.
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Fig. 2: Effect of alpha-tocopherol (AT) and quercetin (QT) on pancreatic and duodenal

concentrations of hydrogen peroxide (H,O;) and thiols in ethanol-treated rats. Data are
presented as meantSD of values from seven rats per group. *indicates significant difference (p<0.05) when

compared with control; **indicates significant difference when compared with ethanol-treated rats.

The levels of advanced oxidation protein products (AOPP) in the pancreas and duodenum
are presented in Fig. 3. From the results obtained, rats administered ethanol showed significant
(P< .0001) increase in pancreatic AOPP levels, compared to the control rats. Duodenal AOPP
levels were also elevatedin ethanol-exposed rats, but not significantly in comparison with
control. A significant (P< .0001) decrease in pancreatic AOPP level was noted in animals treated

with either alpha tocopherol or quercetin, in comparison with rats administered with ethanol
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alone. The AOPP levels in the duodenum was ameliorated significantly (P< .01) in animals
treated with a combination of alpha tocopherol and quercetin, compared to those exposed to

ethanol only.

In similar fashion to AOPP levels, ethanol administration led to significant elevation in
malondialdehyde (MDA) levels in both pancreas (P< .0001) and duodenum (P = 0.02) when
compared with control. In the pancreas, MDA level was significantly reduced in rats treated with
quercetin (P< .001) or alpha tocopherol+quercetin combination (P< .0001), compared to rats
exposed to ethanol alone. Furthermore, administration of alpha-tocopherol, quercetin or their
combination along with ethanol decreased the levels of MDA significantly (P< .0001) in the

duodenum when compared to that of animals exposed to ethanol only.

12



AOPP Pancreas AOPP Duocdenum

£ 2000 * < 1500+
g8 g8
E_ 2 1500 % :ex o
5P § 2 10001 w
R g9 * %
B < 1000 T2
it i
~ N— 500-
S 2 s00- Su
S 3 s 3
28 38
S 0- s oA
'60 @\& xé xd‘ xd‘ \‘o\ @\d\ xé xd‘ xd‘
O PO N S o PO N S
< ¢ @Q." < <¢ OQ."
< ¢
MDA Pancreas MDA Duodenum
§ 8- ”* "E 44
= ET *
S5 61 *k S5 3-
S € S8 ¥k
gD g
4 4 24
2E £
38 38
5 3 2- s 31
5 5
S S
£ o p £ oA 2
& A & A
d\\‘o e’@ $x V Q'O «xo cﬁ\\‘O\ e\d‘ $8 v. Q\xo «l
< <

Fig. 3: Effect of alpha-tocopherol (AT) and quercetin (QT) on pancreatic and duodenal
concentrations of advanced oxidation protein products (AOPP) and malondialdehyde

(MDA) in ethanol-treated rats. Data are presented as mean = SD of values from seven rats per group.

*indicates significant difference (p<0.05) when compared with control; **indicates significant difference when

compared with ethanol-treated rats.

The activities of glutathione peroxidase (GPx) and glutathione S-transferase (GST) in the
pancreas and duodenum are depicted in Fig. 4. The data obtained showed that ethanol exposure
significantly (P = .01) reduced GPx activity in both the pancreas and duodenum following
ethanol exposure relative to control rats. In contrast, treatment of ethanol-exposed rats with

alpha-tocopherol (P < .001), quercetin (P < .01) or their combination (P < .001) caused
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significant improvement in pancreatic GPX activity, while duodenal GPx activity was

significantly (P = .02) increased only in rats treated with a combination of alpha-tocopherol and

quercetin.

Ethanol exposure caused decreases in the pancreatic GST activity when compared with

the control (Fig. 4). However, GST activity in the pancreas (P< .0001) and duodenum (P< .01)

was significantly increased in rats that underwent combined treatment with alpha-tocopherol and

quercetin, when compared with ethanol-exposed rats.
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Fig. 4: Effect of alpha-tocopherol (AT) and quercetin (QT) on pancreatic and duodenal
activities of Glutathione peroxidase (GPx) and Glutathione S-transferase (GST) in ethanol-
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treated rats. Data are presented as mean + SD of values from seven rats per group. *indicates significant
difference (p<0.05) when compared with control; **indicates significant difference when compared with ethanol-

treated rats.

Histopathological findings

The pancreatic tissues from the control and experimental rats all had normal exocrine
acini with zymogen granules and normal intra-lobular and inter-lobular ducts (Fig. 5). However,
rats administered 40% ethanol showed islets of Langerhans with shrunken appearance and
irregular outline, compared with control rats which had well rounded islets that appear to be
normally-proliferating. Treatment of ethanol-exposed rats with alpha-tocopherol or quercetin
resulted in partial recovery of the islets, while rats treated with a combination of the two

compounds produced remarkable recovery of islet cells which had similar morphology to those

of the control rats.

Fig. 5: Representative photomicrographs of sections of the pancreas stained by H&E (Mag.
X100):Sections of pancreas from control rats showed normal proliferating islet of Langerhans and
normal exocrine acini with zymogen granules. Rats treated with 40% ethanol (Eth40) showed islet of
Langerhansthat appeared shrunken with irregular outline but normal appearance of the exocrine portions.
Rats exposed to ethanol concurrently with alpha-tocopherol (Eth40+AT) or quercetin Eth40+QT
presented partly recovered islet, while rats treated with a combination of ethanol, alpha-tocopherol and
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guercetin (Eth40+AT+QT) showed normal proliferating islets and exocrine tissues similar to the control

rats.Islets of Langerhans are indicated by black arrows.

The sections of the duodenum in the control and experimental rats are presented in Fig. 6.
By light microscopy, the major pathological lesions observed in alcohol-treated rats were
disseminated inflammatory cell infiltration into the duodenal mucosa and as well as necrosis and
shedding of the mucosa presenting barely discernible villi. Control rats, on the other hand,
showed normal duodenal mucosal morphology with distinct villi and epithelial surfaces.
Treatment with alpha tocopherol or quercetin or their combination was able to prevent the

ethanol-induced pathological changes in the duodenum as the rats in these groups had

morphology which was similar to that of control rats

Fig. 6: Representative photomicrographs of sections of the duodenal mucosa stained by
H&E (Mag. Upper plates: x100; Lower plates: x400):Sections of the duodenum from control rats
presented with normal morphology of the epithelium and villi. Rats treated with 40% ethanol (Eth40)
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showed eroded epithelium, loss of villi and severe inflammatory cell infiltrations of the mucosa and
submucosa (black arrow). Duodenal sections from rats treated with alpha tocopherol (Eth40+AT),
quercetin (Eth40+QT) or their combination (Eth40+AT+QT) showed no significant lesions with
morphology similar to the control group. C — circular muscle; V - villi.
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4. Discussion

There exists a well-known relationship between alcoholism and the development of
pancreatic injuries (35).In vitro ethanol exposure of rat B-cell line RINmM5F caused induction of
oxidative stress and B-cell death by apoptosis (36).Several published studies have also alluded to
the fact that alcohol consumption can acutely or chronically damage the intestinal mucosa (4,
37). The present research examined the protective effect of alpha tocopherol and quercetin on
pancreatic and duodenal mucosal injuries caused by chronic ethanol exposure using biochemical

and morphological assessments in Wistar rats.

The findings from this study demonstrated that administration of ethanol for 40
consecutive days caused: (1) increased blood glucose levels above control values; (2)
morphological alterations, such as shrunken/atrophied islets in the pancreas and pathological
lesions including necrosis, mucosal shedding, inflammatory cell infiltration and loss of villi
architecture in the duodenum; (3) increased production of reactive oxygen species and oxidative
stress in the pancreas and duodenum manifested by increased H,O,, advanced oxidation protein
products (AOPP) and malondialdehyde (MDA), as well as the decreased levels of thiols and
reduced activities of GPx and GST. Significantly, we found that administration of alpha-
tocopherol and/or quercetin ameliorated the morphological and oxidative alterations in the
duodenum and pancreas compared to the ethanol group, while also restoring blood glucose levels

to levels found in the control group.
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Regarding the effects of alcohol consumption on glycaemic status, previous studies in
humans and pre-clinical models have described a dichotomy situation between acute and chronic
exposure to alcohol. Acute administration of alcohol has been observed to often produce either a
reduction or no change in blood glucose levels (38). On the other hand, studies have also
documented that chronic alcohol consumption often result in elevated blood sugar levels (39). In
fact, it has been observed that long-term alcohol use by diabetic patients can further enhance
blood sugar levels and aggravate long-term diabetic complications including neuropathy,
retinopathy and nephropathy (40). Mechanisms involved in elevation of blood glucose levels
after chronic alcohol administration include the induction of pancreatitis, disturbances in

carbohydrate metabolism, as well as its obesity-inducing effects.

In the present study, rats exposed chronically to 40% ethanol showed a tendency towards
increased blood glucose levels, compared to all other groups, although the values remained
within normal ranges of blood glucose (about 50 — 135 mg/dL) usually found in rats(41) with
none of the values reaching 200 mg/dL at which the rats could be considered diabetic.
Morphologically, these animals revealed slight shrinking of the pancreatic islets of Langerhans
indicating possible loss of insulin-secreting cells which could impact on mobilization of glucose
from blood. This result agrees with findings reported by Shanmugamet al (42) where rats given
20% alcohol for 30 days showed increased blood glucose levels compared to the normal
controls. In the present study, concurrent treatment of rats with alpha tocopherol and/or
Quercetin improved the morphology of the pancreatic tissues, and this appeared to reflect on the
recorded blood glucose levels in these groups of rats which were similar to those of the controls.
The ethanol-treated rats showed morphological alterations in the duodenum, including distorted

villi, mucosal necrosis and inflammatory cell infiltration similar to observations from previous
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studies (4), although these lesions were considerably ameliorated with concurrent treatment with

alpha tocopherol and/or Quercetin.

The toxic effects of alcohol consumption on various organs have been attributed to either
direct chemical injury or indirect pathways such as increased generation of reactive oxygen
species or the release of inflammatory mediators causing oxidative stress and/or inflammation
(43, 44, 45). The increase in pancreatic and duodenal levels of H,0,, AOPP and MDA observed
in ethanol-exposed rats in this study is an indication of increased generation of ROS and
chemical modification of both proteins and lipids which may lead to structural and functional
alterations in these tissues. In addition, our results showed a corresponding weakening of the
antioxidant defense system by ethanol administration indicated by reduction inthe tissue content
of sulfhydryl groups as well as the activities of GST and GPx. The decreased activities of the
antioxidant enzymes GPx and GST may be directly related to a depletion of thiol groups
including reduced glutathione which is utilized as a co-factor by these enzymes. In support of
these results, Pushpakiranet al (46) had previously alluded to a decline in GSH levels when rats
were treated with ethanol, leading to a corresponding decrease in the activities of glutathione-
dependent antioxidant enzymes due to increased utilization of GSH, and in the present study,

thiol groups, for trapping of free radicals.

The present results indicate that supplementation of ethanol-exposed rats with either
alpha tocopherol or Quercetin produced alleviation of tissue oxidant stress as evidenced by
reduction in H,0,, AOPP and MDA in both the pancreas and duodenum. More importantly, rats
treated with a combination of the two compounds showed a greater degree of reversal of
oxidative stress compared to their separate administrations. This synergism in the actions of alpha

tocopherol and Quercetin was further demonstrated by significant improvement in the
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antioxidant defense system including enzymic (GPx and GST) and non-enzymic (thiols)
antioxidants. Both alpha tocopherol and Quercetin are important dietary constituents which are
known to offer profound antioxidant benefits (Amevor et al., 2022). Although, some studies
have reported the effects of individual treatments of each compound against ethanol toxicity in
the small intestine (4), the present results is the first attempt to understand whether their
combination would be more beneficial against ethanol toxicity in the pancreas and duodenum.
Interestingly, the combination of vitamin E and Quercetin in chickens were reported to improve
reproductive endpoints including spermatogenesis and hormone secretion via promotion of

antioxidant defense systems and immune response without any harmful effects (47).

From the results of this study, it is obvious that chronic administration of ethanol induced
morphological and biochemical alterations in the duodenum and pancreas. The anatomical
proximity of the two organs in the upper digestive tract could be involved in the promotion of
toxic effects form one organ to the other. For instance, previous studies have suggested that
pancreatic dysfunction leading to reduced bicarbonate secretion could lead to failure of
neutralization of gastric acid in the duodenum thereby inciting duodenum inflammation.
Furthermore, alpha tocopherol or Quercetin, especially when administered as a combination can
alleviate the alterations induced by chronic ethanol exposure. However, further studies are
required to clarify the molecular mechanisms involved in ethanol toxicity in the context of
anatomical relationship between the duodenum and pancreas as well as the mechanisms

promoting the synergistic effects of alpha tocopherol and Quercetin.
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