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ABSTRACT

Purpose: To evaluate the antioxidant effects of enemas containing aqueous extract of Ilex paraguariensis, comparing segments with and
without fecal stream and correlating the segments with the duration of intervention. Methods: Twenty-six Wistar rats were subjected to
a diversion of the fecal stream in the left colon by a proximal colostomy and distal mucosal fistula. The rats were distributed randomly
into two experimental groups of 13 animals each based on the time of sacrifice after surgical procedure (two or four weeks). Each group
was then divided into two experimental subgroups that received either second daily enemas containing 0.9% saline solution or aqueous
extract of llex paraguariensis at 0.2g/100g. Colitis was diagnosed by histopathological analysis and the detection of oxidative tissue
damage by measuring the levels of malondialdehyde. The Mann-Whitney test was used to compare the tissue levels of malondialdehyde
between colon segments with and without fecal stream in each experimental group, and the Kruskal-Wallis test was used to verify
the variance between the levels of oxidative stress according the duration of the irrigation; both tests determined significance at 5%
(p<0.05). Results: The levels of malondialdehyde in the animals subjected to intervention in the colon with saline with and without
fecal stream after two and four weeks of irrigation were 0.05+0.006 and 0.06+0.006, and 0.05+ 0.03 and 0.08 £0.02, respectively. The
malondialdehyde levels in the animals irrigated with /lex paraguariensis with and without fecal stream after two and four weeks of
irrigation were 0.010+0.002 and 0.02+0.004, and 0.03+0.007 and 0.04+0.01, respectively. After two and four weeks of intervention, the
levels of malondialdehyde were lower in the animals irrigated with Ilex paraguariensis regardless of the time of irrigation (p=0.0001
and p=0.002, respectively). Conclusion: The daily rectal application of enemas containing aqueous extract of llex paraguariensis
decreases oxidative tissue damage in the colon without fecal stream regardless of the time of irrigation.
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RESUMO

Objetivo: Avaliar os efeitos antioxidantes de clisteres contendo extrato aquoso de Ilex paraguariensis comparando segmentos com e sem
transito fecal e correlacionando com o tempo de intervencdo. Métodos: Vinte e seis ratos Wistar machos foram submetidos a derivacdo
do transito no colon esquerdo pela confecgdo de colostomia proximal e fistula mucosa distal. Foram divididos de forma randomizada
em dois grupos experimentais de 13 animais, de acordo com o sacrificio ser realizado apds duas ou quatro semanas do procedimento
cirargico. Cada grupo foi dividido em dois subgrupos experimentais segundo a aplicacdo diaria ter sido realizada com enemas didrios
contendo solug@o fisiologica a 0,9% ou extrato aquoso de Ilex paraguariensis na concentragdo de 0,2 g/100 ml. O diagndstico de colite
foi estabelecido por analise histoldgica e os niveis de estresse oxidativo pela dosagem tecidual de malondialdeido Para comparar os
niveis de malondialdeido entre os célons com e sem transito fecal em cada grupo experimental adotou-se o teste de Mann-Withney,
e o teste de Kruskal-Wallis para verificar a variagdo dos niveis de estresse oxidativo segundo o tempo de irrigacdo, estabelecendo-se
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para ambos o nivel de significancia de 5% (p<0,05). Resultados: Os niveis de malondialdeido nos animais submetidos a intervengao
com soro fisioldgico nos colons providos e desprovidos de transito fecal apds duas e quatro semanas de irrigagcdo foram de 0,05+0,006,
0,06+0,006 e 0,05+0,03, 0,08+0,02 respectivamente. Os niveis de malondialdeido nos animais irrigados com Ilex paraguariensis, nos
colons providos e desprovidos de transito, apos duas e quatro semanas de irrigacdo foram de 0,010+0,002, 0,02+0,004 e 0,03+0,007,
0,04+0,01, respectivamente. Apos duas e quatro semanas de intervengdo os niveis de malondialdeido foram menores nos animais
irrigados com Ilex paraguariensis, independente do tempo de irrigagao (p=0,0001 e p=0,002, respectivamente). Conclusao: A aplicacao
diaria de extrato aquoso de Ilex paraguariensis reduz os niveis de dano oxidativo tecidual nos segmentos coélicos sem transito fecal,

independente do tempo de irrigacao.

Descritores: Colon. Colite. Estresse oxidativo. Ilex paraguariensis. Peroxidacdo de Lipideos. Malondialdeido. Ratos.

Introduction

Mate tea (Ilex paraguariensis) is a native tree species of
the Aquifoliaceae family, which is found mainly in Brazil, Argentina
and Paraguay'?. Previous research has shown that compounds
found in mate tea, mainly polyphenols, have antioxidant, anti-
inflammatory, immunomodulatory and anticancer effects®*.
Clinical and experimental studies in animal models indicate that
flavonoids, a type of polyphenol, exert beneficial effects due
to their antioxidant properties’. Compounds with antioxidant
activity have been widely studied for their applicability in the
chemoprevention of inflammation and colorectal carcinogenesis®.
Thus, the inhibition of any one of the multiple stages of
carcinogenesis could potentially prevent the onset of cancer®. In a
complementary manner, experimental and epidemiological studies
indicate a growing interest in the use of natural substances with
antioxidant activity in chemoprevention because of their wide
availability, low costs and ability to inhibit tumor initiation and/
or promotion .

Polyphenols or phenolic compounds are a large group
of molecules found in teas, fruits, vegetables, cereals, coffee,
cocoa, wine and soy. In plants, they protect against insects
and microorganisms and are responsible for pigmentation and
some organoleptic characteristics of food®. Recently, natural
polyphenolic substances such as curcumin (extract from Curcuma
longa) and revesterol (extract from grapes) are being increasingly
used as antioxidant substances in different experimental models
of colitis™!*!"12, Although it has been demonstrated experimentally
that the pathogenesis of diversion colitis (DC) is related to
oxidative stress due to changes in the supply of short-chain fatty
acids (SCFA) to the excluded colon, to the best of our knowledge,
the antioxidant effects of natural polyphenols in the aqueous extract
of Ilex paraguariensis have not been evaluated in the treatment
of colitis'. It is possible that the polyphenolic compounds in the
aqueous extract of llex paraguariensis can reduce the levels of
oxidative stress and inflammation in the colonic mucosa. The

aim of the present study was to determine if enemas containing
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Ilex paraguariensis aqueous extract could reduce the levels of
oxidative and tissue damage in the colonic mucosa devoid of fecal

stream.

Methods

This study was conducted in accordance with Federal
Law No. 11.794 (10/08/2008) and the guidelines of the Brazilian
College for Animal Experimentation (COBEA). The study was
approved by the Ethics Committee in Animal Research of Sao
Francisco University.

Male SPF Wistar rats (300-350g) were obtained from
the CEMIB (State University of Campinas, Sao Paulo, Brazil).
Animals were housed in the Sao Francisco University School of
Medicine barrier facility, maintained in 12-hour light/dark cycles,
and fed a standard rodent chow diet. The animals were deprived
of food, but not water, for 12 hour prior to the surgical procedure.

The fecal stream was deverted in all animals under general
anesthesia by intramuscular administration of 0.1 m1/100g of a 1:1
(v/v) solution of ketamine (50mg/ml) and xylazine (20mg/ml). The
abdomen was shaved, and a 3-cm-long midline incision was made.
The left colon was exteriorized and sectioned in its mid-portion
corresponding to the descending colon, approximately 3 cm above
the Peyer’s lymphoid patch in the rectal-sigmoid transition. Two
circular skin pellets, 3-mm in diameter and 3-cm apart, were made
in the left side of the abdominal wall at the same vertical level.
The proximal end of the colon was exteriorized through the cranial
cutaneous orifice, and the distal stoma was exteriorized through
the caudal skin opening after splitting the abdominal wall muscles.
The proximal end and the distal stoma were fixed to the skin with
full-thickness sutures of Prolene 5-0 (Ethicon Inc., Somerville,
NJ, USA). Before the fixation of the distal stoma to the skin, the
distal colon was cleaned with an infusion of a physiologic solution
until the fecal contents were completely removed. The abdominal
incision was closed in two layers; the muscle and aponeurosis were
closed with Vicryl 4-0 (Ethicon Inc., Somerville, NJ, USA), and
the skin was closed with nylon 4-0 (Ethicon Inc., Somerville, NJ,
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USA). In this way, two colostomies were performed: the proximal
colostomy as a terminal colostomy with intestinal transit and a
second colostomy as a distal stoma devoid of the fecal stream.
Rats were maintained in individual cages without particular care

being taken with regard to the stomas and abdominal incisions.

Experimental groups

The twenty-six animals submitted to deviation of the
fecal stream as described above were randomly divided into two
experimental groups with 13 animals each being sacrificed 2 or 4
weeks after the surgical procedure. Each experimental group was
divided into two subgroups according to the intervention solution
employed to irrigate the rectum. In the first subgroup, four animals
received daily rectal enemas containing 40 ml heated (37°C) 0.9%
saline solution (control subgroup). In the second subgroup, nine
animals received daily rectal enemas containing 40 ml lyophilized
aqueous extract of llex paraguariensis (Leao Jr, Curitiba-PR,
Brazil) solubilized in water at a concentration of 0.2 g/100 g
(experimental subgroup).

The mate tea used in this study contained 350 mg/g
phenolic compounds, as determined by the Folin—Ciocalteau
methodology using 5-caffeoylquinic acid as the standard for the
calibration curve®. The Ilex paraguariensis mate tea enema was
prepared fresh each day by dissolving lyophilized instant mate tea
in water using a homogenizer. The aqueous mate tea and vehicle
(saline solution) were administered to colon segments without
fecal stream by enemas per anus and were continuously irrigated
with 40 ml saline or extract of Ilex paraguariensis for one minute
to ensure that the entire colonic mucosa was exposed to the
intervention solution.

Sample collection

Upon completion of the pre-determined irrigation period
(two or four weeks), the animals were anesthetized as described
above, and the midline incision was reopened. In both groups,
two fragments (2.0 cm in length) were taken from the intra-
abdominal part of the excluded (colon without fecal stream) and
non-excluded segments (colon with fecal stream). The removed
specimens were longitudinally opened through the anti-mesenteric
border. The longitudinal fragments were histologically analyzed
and the levels of malondialdehyde (MDA) were determined as
an indicator of oxidative tissue damage (lipid peroxidation). The
fragments evaluated for mucosal MDA levels were separated from

the other layers of the colon wall by dissection with an entomologic

application of enemas containing aqueous llex paraguariensis extract
magnifying glass.

Analysis of polyphenolic compounds in aqueous extract

of llex paraguariensis by mass spectrometry

Analysis was performed by negative ion mode ESI-MS
fingerprinting. The equipment was cleaned using a methanol/
water solution containing 0.1% ammonium hydroxide to remove
potential interferences, and the equipment was then calibrated with
a solution of 0.1% formic acid. A 50-mg sample was weighted
and homogenized in 1 mL methanol and water. The material was
filtered, and 10 pL was diluted in 990 pL prepared solution of
methanol/water with 0.1% ammonium hydroxide. The samples

were analyzed using a flow injection rate of 10 pL/minute.

Histological analysis

Fragments prepared for histological analysis were
immersed in 10% neutral buffered formalin (Sigma, St. Louis, MO,
USA) for 24h, dehydrated in increasing ethanol concentrations, and
embedded in paraffin. Thereafter, 5-um sections of tissue were cut
using a rotary microtome (Leica Biosystems, Nussloch, Germany),
mounted on glass slides, cleared, hydrated and stained with
hematoxylin-eosin (HE) for histological evaluation. Slide analysis
was performed by a pathologist experienced in inflammatory
bowel diseases who was unaware of the source material and the
objectives of the study using an optical microscope (Eclipse DS-
50, Nikon Inc., Osaka, Japan) at a final magnification of 200x.
Photomicrographs were taken with a digital video-capture camera
(DS-Fi-50; Nikon Inc., Osaka, Japan) coupled to the microscope
body and digitized for image analysis (NIS-Elements; Nikon Inc.,
Osaka, Japan). Colitis was diagnosed based on the presence of
three independent histological parameters: reduction of the crypt
length, neutrophil infiltration of the mucosa and submucosa and

epithelial erosion or ulceration.

Determination of the levels of malondialdehyde (MDA)

The levels of lipid oxidation were assessed by measuring
the levels of thiobarbituric acid-reactive substances (TBARS),
such as MDA, as previously described'*!>. MDA is a secondary
product of lipid oxidation and is considered a potential candidate
as a general biomarker of oxidative tissue stress. For the
quantification of tissue levels of MDA, 1 g of each fragment was
placed in 5 mL phosphate buffer and homogenized in a vortex and

the ultra-sonicator for 30 seconds, alternately repeating the process
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three times. Then, 250 pL of the supernatant obtained from the
homogenization process was transferred to a plastic tube containing
25 pL 4% methanolic BHT and again homogenized by vortexing.
The sample was then mixed with 1 mL 12% trichloroacetic acid,
1 mL 0.73% thiobarbituric acid and 750 pL Tris/HCI buffer and
incubated in a water bath at 100° C for 60 minutes. After this
step, sample tubes were immediately placed in a container with
ice to block the reaction, and 1.5 mL n-butanol was then added
and mixed by vortexing again for 30 seconds. The samples were
separated by centrifugation for 10 minutes at 5,000 rpm. Finally,
the supernatant was removed, and the absorbance at 532 nm of the
organic phase was analyzed using a spectrophotometer UV/VIS
6105 (Jenway, Bibby Scientific Limited, Staffordshire,UK).

Statistical analysis

The statistical analysis of the results obtained was
performed using a significance level of 5% (p <0.05). The data
obtained from the colon segment analyzed in each experimental
group were expressed as mean values along with the respective
standard deviation using SPSS for Windows statistical software
(version 13.0). The Mann-Whitney test was used to compare
inflammation scores between the control and experimental group
animals (segments with and without fecal stream) and the tissue
levels of MDA. The Kruskal-Wallis test was used to analyze the
variance in MDA tissue levels between the different experimental

subgroups.
Results

Figure 1 shows the spectra of the polyphenolic

constituents derived from chlorogenic acid identified in aqueous

extract of Ilex paraguariensis used in the present sudy.
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FIGURE 1 - ESI(-)-MS of mate tea (Ilex paraguariensis).
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Animals treated with saline for two or four weeks with
or without fecal stream showed reduced crypt length, neutrophil
mucosal and submucosal infiltration levels and greater epithelial
erosion than animals treated with aqueous extract of Ilex
paraguariensis (Figure 2). Independent of treatment, the reduction
in crypt length, neutrophilic infiltration and epithelial erosions
were greater at four weeks post-treatment than at two weeks post-

treatment in colon segments without fecal stream.

FIGURE 2 — A. Segment of the colon without fecal stream irrigated with
saline for 4 weeks showing epithelial ulcers (black arrow) and mucosal
edema (red arrow). B. Segment of the colon without fecal stream irrigated
for 4 weeks with aqueous extract of the llex paraguariensis. (HE, 100x).

Figure 3 shows the levels of MDA in segments with and
without fecal stream in animals irrigated with saline compared to
those irrigated with Ilex paraguariensis aqueous extract for two
weeks. The results show that both irrigated and non-irrigated
segments of the animals irrigated with aqueous extract of Ilex
paraguariensis exhibited lower levels of MDA than those of the

control group.

MDA (mgia)
o
B

With fecal stream

. Saline

Without fecal stream

D llex paraguariensis

FIGURE 3 — Tissue levels of MDA in colon segments with and without
fecal stream irrigated for two weeks with aqueous extract of Ilex
paraguariensis or saline. **significant; p<0.05. Mann Whitney test.

Figure 4 shows the levels of MDA in segments with
and without fecal stream after irrigation with saline or [lex
paraguariensis for four weeks. The results show that both the

irrigated and non-irrigated segments of the animals undergoing
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treatment with Ilex paraguariensis exhibited MDA levels that
were lower than those of animals subjected to intervention with

0.9% saline.
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FIGURE 4 — Tissue levels of MDA comparing colon segments with
and without fecal stream from animals that underwent irrigation for two
weeks with aqueous extract of Ilex paraguariensis or saline. **significant;
p<0.05. Mann Whitney test.

Figure 5 shows the variations of the tissue levels of
MDA in colon segments with and without fecal stream after two
or four weeks of irrigation with saline or aqueous extract of llex
paraguariensis. The colon segments without fecal stream showed
greater levels of MDA compared to the colonic segments with
fecal stream, and these levels increased with the time of exclusion.
Daily application of aqueous extract of llex paraguariensis was
shown to reduce the levels of oxidative tissue damage in the colon

without fecal stream compared to other solution studies.
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FIGURE 5 — Tissue levels of MDA comparing colon segments with and
without fecal stream irrigated for two or four weeks with saline or aqueous
extract of llex paraguariensis. **significant; p<0.05. Kruskal-Wallis test.

Discussion

In recent years, the importance of the role of reactive

oxygen species (ROS) in the etiopathogenesis of ulcerative colitis

application of enemas containing aqueous llex paraguariensis extract

and other inflammatory diseases that affect the colon mucosa, such
as DC, has increased'®'®!7181°  Likewise, experimental studies
have confirmed the role of ROS in the development of chemically
induced colitis by acetic acid, TNBS and DSS?02122.23,

Free radicals are atoms or molecules with an odd number
of electrons in their outer electronic shells, making the molecule
highly reactive®®. ROS is the adopted name because most free
radicals are generated from the cellular metabolism of oxygen. The
ROS are constantly formed during respiration of all living cells'**,
Most of the ROS are formed during oxidative phosphorylation
within mitochondria'*. When they are produced in excess, ROS are
harmful to cells and damage proteins, membranes, organelles and
nucleotide bases, which can results in genetic mutations?2627:28:29,
Cells have developed defense mechanisms to maintain the balance
between ROS production and neutralization and avoid oxidative
stress'>*?7, The colon mucosa is particularly vulnerable to
oxidative stress®. Studies have shown that the antioxidant systems
in the colonic mucosa are deficient compared to other organs and
tissues, making it more susceptible to oxidative stress*. Colonic
mucosa oxidative stress occurs more frequently and intensely than
in other organs because of its the constant exposure to antigens
and oxidizing substances formed within the intestinal lumen'*.

The pathogenesis of inflammatory bowel disease
has been attributed to several factors, with emphasis placed
on leukocyte infiltration and increased production of pro-
inflammatory cytokines. The tissue damage to the colonic
mucosa has been attributed to the large capacity of the activated
neutrophils to produce ROS'®", Tissue fragments collected from
patients with ulcerative colitis showed greater activity in lipid
peroxidation levels compared to normal tissue®'. Experimental
studies using animals with acetic acid induced-colitis also
found elevated levels of lipid peroxidation in the acute phase
of disease??. A recent study using an experimental model of
diversion colitis demonstrated that colonic mucosa devoid of a
fecal stream exhibited an increase in the ROS production, higher
tissue levels of COX-2, and increased levels of oxidative damage
to DNA, although there was less neutrophil infiltration measured
by tissue levels of myeloperoxidase®”. The importance of oxidative
stress in the pathogenesis of DC is enhanced by studies that have
shown that substances used in the treatment of ulcerative colitis,
such as 5-aminosalicylic acid (5-ASA), exert its therapeutic effect
simply by inhibiting the production of oxygen free radicals in
neutrophils®.

Although the levels of oxidative stress can be measured
with different methods, all confirm the direct relationship between

increased formation of ROS and colonic mucosal damage?'-**. Of the
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various methods used to measure oxidative stress, detecting MDA
content is one of the most frequently used. MDA is a secondary
product of lipid peroxidation, and it is derived from the B-rupture of
polyunsaturated fatty acids such as linoleic acid, arachidonic and
docosahexaenoic acids. The quantification of tissue levels of MDA
is a simple implementation technique for assessing the intensity
of the oxidation of cellular phospholipids. In this technique, the
tissue levels of MDA were determined by spectrophotometry like
one substances that react with thiobarbituric acid (TBARS)".

Mate tea (llex paraguariensis) is one of the most
widely consumed plants in South America. Mate tea is rich in
several bioactive compounds such as caffeine, phenolic acids
and saponins, which are absorbed by the body and may act as
antioxidants or free radical scavengers®®. The fingerprinting
performed by mass spectrometry in this study demonstrates the
presence of polyphenol compounds with antioxidant activity
derived from chlorogenic acid in the aqueous extract of [lex
paraguariensis. Previous studies showed that these derivatives
of chlorogenic acid have antioxidant activity by reducing the
levels of oxidative damage to cellular DNA3*. The chlorogenic
acids that seem to have anti-inflammatory activity as well as the
ability to inhibit carcinogenesis are the main polyphenols in mate
tea*. Experimental studies evaluating the antioxidant effects of the
administration of aqueous extract of Ilex paraguariensis showed
that regular ingestion of mate tea increased the resistance of DNA
oxidative stress and improved the DNA repair after H,O, challenge
in liver cells irrespective of the dose ingested*. These effects may
be caused by the antioxidant activity of the bioactive compounds
in mate tea. In this study, the polyphenols responsible for the
antioxidant power of llex paraguariensis were detected by MS
fingerprinting. However, to the best of our knowledge, no study
to date has evaluated the potential antioxidant effect of aqueous
extract of llex paraguariensis in experimental models of DC. If the
compounds are demonstrated to be effective in reducing the levels
of lipid peroxidation, the use of enemas containing concentrated
antioxidant compounds from the plant may potentially reduce
ROS-induced damage to the colonic mucosa. Because of the high
bioavailability of the active components and the low cost of the
tea, this approach might be a valid alternative for the treatment of
a disease increasingly diagnosed in clinical practices.

One of the most important factors that should be
considered in the efficacy of antioxidant substances is the form
of administration. Studies have demonstrated that the topical
application of 5-ASA via enemas, foams or suppositories had a
better therapeutic efficacy than oral administration®*. The use of

enemas with 5-ASA directly in the inflamed region could achieve
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adequate tissue concentrations, even when using small volumes,
thus making this route of administration an appealing option®.
When administered orally, the drug is distributed throughout
the body and does not reach the same concentration in colon
tissue compared to administration in the form of enemas®.
This becomes particularly relevant when considering that most
patients with ulcerative colitis and DC have a higher involvement
of the final portions of the colon and rectum®. The rectum is the
most frequently deprived segment of intestinal transit due to the
higher prevalence of stoma caused by diseases localized in the
distal colon and rectum. Moreover, Hartmann’s procedure for
emergency treatment, diverticulitis, obstructive cancer of the
sigmoid colon, rectal and perineal trauma is the most widely used
procedure in these conditions. For all of these reasons, we opted
for the implementation of the intervention solutions by enemas.
We believe that administration by enemas directs the active
ingredient directly to the affected colon, allowing better evaluation
of its antioxidant effect in the ideal form of administration.

The results of this study showed that although colitis
was confirmed in all samples, the histological results showed
that irrigation of the affected colon with aqueous extract of llex
paraguariensis was efficient in reducing the epithelial damage
in colon segments without fecal stream. As expected, the colon
without fecal stream showed further reduction of the crypt length,
mucosal neutrophil infiltration and epithelial erosions regardless of
treatment, compared with the colon segments with preserved fecal
streams. This observation is in agreement with previous studies by
our own group proving that the colon without fecal stream, in the
absence of SCFA, is more exposed to the action of ROS, which
can lead epithelial damage".

The results seem to confirm the importance of a regular
supply of SCFA to maintain homeostasis of the oxidative
metabolism of the cells lining the colon. We found that despite
the fact that levels of MDA were lower in animals irrigated
with aqueous extract of llex paraguariensis, they were higher
in segments without fecal stream, confirming the importance of
maintaining a steady supply of SCFA in the prevention of DC.
We found a significant reduction in the levels of MDA in the
segments with fecal stream after two weeks of irrigation with
llex paraguariensis when compared with those irrigated with
saline. These results suggest that the application of enemas
with antioxidant compounds of the aqueous extract of Ilex
paraguariensis in the segments without fecal stream has systemic
effects, most likely as a result of the absorption of these substances
by rectal mucosa.

We found that after two weeks of daily enemas with
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llex paraguariensis in the colon devoid of the fecal stream, the
levels of MDA both in the segments with and without transit were
lower than those irrigated with saline. Nevertheless, the levels
of MDA the colon without transit in the animals irrigated with
llex paraguariensis were lower despite presenting a higher level
of MDA compared with fecal stream. These results demonstrate
the antioxidant effects of topical application of enemas with llex
paraguariensis.

In animals irrigated for four weeks with saline, the levels
of MDA in segments with or without fecal stream were similar,
indicating that irrigation with saline does not reduce the level of
damage either by local effects or by the systemic effect. These
observations were different in the animals irrigated with aqueous
extract of Ilex paraguariensis, although the levels of MDA in the
excluded colon were higher than those of the colon with fecal
stream in both segments and were smaller compared to those
animals irrigated with saline. These results confirm that aqueous
extract of Ilex paraguariensis maintain local and systemic
antioxidant effects after application for four weeks in rats, which
in humans, would correspond to a major period. However, the
systemic effects do not seem as evident when compared to animals
irrigated for two weeks. It is possible that these results are related
to the reduction in the ability of the drug absorbed by the affected
colon mucosa because of the reduction in the absorption surface
caused by the atrophy of intestinal crypts®’.

When we analyzed the variation in the levels of MDA in
the colon with and without fecal stream in the animals irrigated
for two or four weeks based on the two intervention solutions, we
found that the aqueous extract of Ilex paraguariensis significantly
reduced the variation in the levels of MDA, regardless of the time
of irrigation. We found a decrease in the MDA levels in the colon
with and without fecal stream, indicating that the natural extract
exhibits antioxidant activity both locally and systemically. When
we assessed the levels of MDA in the colons by comparing the
two periods of irrigation, we found that the levels of MDA, even
as they increased with increasing time, were always lower after
four weeks in the animals irrigated with aqueous extract of Ilex
paraguariensis. These results show that the antioxidant effects of
the phenolic compounds of Ilex paraguariensis are able to maintain
the oxidative cell membrane damage at levels significantly lower
when compared with saline over time.

The results found in the present study suggest that daily
rectal enemas containing aqueous extract of Ilex paraguariensis
in an experimental model of DC has antioxidant properties and
seems to be beneficial in reducing the mucosal oxidative stress

of both colon segments with and without fecal stream. They also

application of enemas containing aqueous llex paraguariensis extract

suggest that the use of antioxidant compounds of the aqueous
extract of llex paraguariensis is an alternative for the treatment
and prevention of DC. However, studies with large numbers of
human patients still must be performed to determine if the results

found in this experimental model can be extrapolated to humans.

Conclusion

The daily application of enemas with aqueous extract of
llex paraguariensis can decrease the levels of oxidative stress in

the colon segments without fecal stream.
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