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Abstract

Purpose: Anti-inflammatory and barrier protective properties have been attributed to
proanthocyanidins in the context of intestinal dysfunction, however little information is available
about the impact of these phytochemicals on intestinal barrier integrity and immune response in
the human. Here we assessed the putative protective properties of a grape-seed
proanthocyanidin extract (GSPE) against dextran sodium sulphate (DSS)-induced acute
dysfunction of the human colon in an Ussing chamber system.

Methods: Human proximal and distal colon tissues from colectomized patients were
submitted ex vivo to a 30-minute preventive GSPE treatment (50 or 200 ug mL") followed by 1-
hour incubation with DSS (12% w v). Transepithelial electrical resistance (TEER), permeation of
a fluorescently-labelled dextran (FD4) and proinflammatory cytokine release (tumor necrosis
factor (TNF)-a and interleukin (IL)-1p) of colonic tissues were determined.

Results: DSS reduced TEER (45-52%) in both the proximal and distal colon; however,
significant increments in FD4 permeation (4-fold) and TNF-a release (61%) were observed only
in the proximal colon. The preventive GSPE treatment decreased DSS-induced TEER loss (20-
32%), FD4 permeation (66-73%) and TNF-a release (22-33%) of the proximal colon dose-
dependently. The distal colon was not responsive to the preventive treatment but showed a
reduction in IL-1(3 release below basal levels with the highest GSPE concentration.

Conclusions: Our results demonstrate potential preventive effects of GSPE on human colon
dysfunction. Further studies are required to test whether administering GSPE could be a
complementary therapeutic approach in colonic dysfunction associated with metabolic disorders
and inflammatory bowel disease.
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1. Introduction

Intestinal dysfunction, characterized by an increase in epithelial permeability and mucosal
inflammation, is a manifestation commonly observed in obesity and inflammatory bowel disease
(ulcerative colitis and Crohn's disease; IBD) [1]. Intestinal barrier integrity is a key feature in
human health as it is essential for maintaining normal intestinal permeability. When the barrier
function is compromised by detrimental agents (e.g. diet components and chemicals) the
permeability is altered, which can lead to the translocation and dissemination of luminal content
into the underlying tissue, including bacterial lipopolysaccharides (LPS) [1, 2]. Chronic exposition
to these elements triggers the ubiquitous expression of inflammatory transcription factors, such
as nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB), which leads to the
production of proinflammatory cytokines like tumor necrosis factor (TNF)-a, interleukin (IL)-1(3
and IL-6, with a concomitant decrease in the anti-inflammatory cytokines and proteins [3, 4]. This
disruption of the intestinal epithelial-cell barrier is closely associated with the onset of metabolic
disorders [1, 5, 6].

The link between alterations of the intestinal barrier function and inflammation has been
studied in animals exposed to various chemicals [7]. In recent years, many in vivo experiments
have employed dextran sodium sulphate (DSS) as a chemical inductor of colonic dysfunction
because of its simplicity and reproducible effect that closely resembles human ulcerative colitis
[8]. DSS is a water-soluble sulphated polysaccharide of negative charge and highly variable
molecular weight. The administration in murines of 40-50 kDa DSS added to drinking water (up
to 10% w v) results in the erosion of the colon epithelium, which compromises barrier integrity
and increases colonic epithelial permeability [8]. The DSS-induced damage is almost completely
restricted to the colon mucosa, although the reason for this is not known. It has been suggested
that DSS forms nano-lipocomplexes with medium-chain-length fatty acids in the colon, which

disrupts the epithelial barrier [9].
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Interventions for improving intestinal barrier integrity have shown promising results in the
context of inflammatory bowel disease and metabolic disorders [1]. Multiple studies using
experimental animals demonstrate the beneficial effects of proanthocyanidin, which can
ameliorate intestinal dysfunction derived from the diet [10, 11], spontaneously-induced or
produced by chemical agents [12]. Proanthocyanidins are oligomeric and polymeric flavan-3-ols,
mainly composed of (+)-catechin and (-)-epicatechin monomers. They are present in a wide
variety of plant derived foods and beverages and constitute one of the most abundant groups of
phenolic compounds in the human diet [13]. Proanthocyanidins from grape seeds have been
shown to improve colonic permeability alterations and local inflammation induced by DSS and
other chemicals in experimental rats, often exerting an effect comparable to sulfasalazine, an anti-
inflammatory drug [14-16]. The metabolic effects of grape-seed proanthocyanidins on intestinal
mucosa described in these in vivo studies include increasing antioxidant enzyme activity and
reducing proinflammatory mediators, such as TNF-a and IL-1§3, as well as the associated immune
cell infiltration. It has been proposed that the reduction in mucosal inflammation is mediated by
the inhibition of the NF-«B signal transduction pathway [17, 18].

Although there is much evidence supporting the gut-protective properties of grape-seed
proanthocyanidins, there are few studies that analyze the efficacy of these phytochemicals in
humans and thus efforts should focus on this. The Ussing chamber technique is a valuable tool
for studying human intestinal function [19, 20]. The set-up consists of two half chambers
separating the apical and basolateral domains of the mucosal preparation, thus mimicking the in
vivo situation of the epithelium and permitting an accurate prediction of intestinal function. In
this set-up, tissue integrity can be monitored by electrophysiological parameters such as the
transepithelial electrical resistance (TEER), that reflects the ionic conductance of the paracellular
pathway. Furthermore, preserving the tissue architecture maintains the interplay between the

different cell types, which not only makes it possible to study site-specific transport of molecules
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across the epithelium but also the metabolic effects of bioactives administered in a donor
compartment that simulates the intestinal lumen [19].

In the present study, healthy/normal colon tissues from donor oncology patients who
underwent colectomy were used to perform Ussing chamber-based experiments. In these ex vivo
assays, human proximal and distal colon tissues were exposed to DSS as an inductor of acute
dysfunction to evaluate the putative barrier-protective and anti-inflammatory properties of a
grape-seed proanthocyanidin extract (GSPE).

2. Materials and methods

Proanthocyanidin extract

The grape-seed proanthocyanidin extract (GSPE) was provided by Les Dérivés Résiniques
et Terpéniques (batch number 124029; Dax, France). According to the manufacturer the GSPE has
the following composition: monomers of flavan-3-ols (21.3%), dimers (17.4%), trimers (16.3%),
tetramers (13.3%) and oligomers (5-13 units; 31.7%) of proanthocyanidins. A detailed analysis of
the monomeric, dimeric, and trimeric structures of the GSPE can be found in the work by
Margalef et al. [21]. The GSPE was dissolved in DMSO 50% to prepare a stock solution of

100 mg mL-.

Collection of human tissues

Human colon tissues were collected from 62 consecutive donor patients with pathologically
confirmed colorectal carcinoma and a median age of 65 years (range: 28-82 years), who
underwent colon surgery between 2016 and 2019 in the University Hospital Joan XXIII
(Tarragona, Spain). Exclusion criteria included the consumption of anti-inflammatory drugs,
alcohol abuse and the presence of IBD or celiac disease as these would alter intestinal functioning.
All donor patients gave informed consent and the study was approved by the ethics committee

of the University Hospital Joan XXIII (ref. CEIm 101/2017). The characteristics of patients included
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in this study are summarized in Table 1. Non-diseased tissues that were not strictly needed for
diagnosis purposes were excised from the proximal colon (cecum, ascending, hepatic flexure, and
transverse colon; n=27) and distal colon (splenic flexure, descending and sigmoid colon; n=34).
After resection, these colon tissues were transferred from the hospital within 30 min in ice-cold
Krebs-Ringer bicarbonate (KRB) buffer (pH 7.4) saturated with 95% oxygen and 5% CO:. After
rinsing, tissues were mounted in a plastic tube to facilitate the removal of the serosal and outer
muscular layers with a scalpel (stripping). The stripped preparations were placed apical side up
on Parafilm M (Heathrow Scientific, Vernon Hills, IL, USA) and segments of approximately

1.5 x 1.0 cm were cut for the Ussing chamber experiments.

Ussing chamber experiments

Depending on tissue availability, up to four stripped proximal or distal colon segments of
one patient were placed in 0.237 cm? aperture Ussing chambers (Dipl.-Ing. Mussler Scientific
Instruments, Aachen, Germany) for each experiment. Ussing chambers were bathed apically and
basolaterally with 1.5 mL of fresh KRB buffer (pH 7.4). The basolateral bathing solutions
contained 10 mM of glucose (Panreac, Barcelona, Spain) and were osmotically balanced in the
apical compartments with 10 mM of mannitol (Sigma, Madrid, Spain). Bathing solutions were
continuously bubbled with a O2/CO:2 (95%/5%) gas mixture and circulated in water-jacketed
reservoirs kept at 37 °C.

After a 20-30-min equilibration period, the colon segments were randomly assigned to one
of four experimental conditions (Fig. 1). The bathing solution of the apical compartments was
replaced by KRB buffer containing GSPE at 50 ug mL* (GSPE50-DSS condition) or 200 ug mL-
(GSPE200-DSS condition) or plain KRB buffer (DSS condition). The DMSO concentration was
kept at < 0.1% in the apical media. A KRB buffer with protease inhibitors (10 uM amastatin (Enzo
Life Sciences, Madrid, Spain), 500 KIU aprotinin (Sigma, Madrid, Spain) and 0.1% bovine serum

albumin fatty acid free) was added to the basolateral compartments. Tissues were incubated for
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30 min, after which the apical media were replaced by KRB buffer containing 12% w v-! of dextran
sodium sulphate (DSS, MW: 36,000-50,000; MP Biomedicals, Solon, OH, USA). After one
additional hour, the basolateral media were stored at —80 °C for further analysis. A control (Ctrl

condition) with plain KRB buffer was also included to assess the effect of the DSS.

Histology

Stripped and non-stripped colon segments were haematoxilin-eosin stained to evaluate the
tissue structure after stripping. Tissues were fixed in 4% diluted formaldehyde. After 24 h of
fixation, the tissues were successively dehydrated (alcohol/ethanol 70%, 96% and 100%; plus
xylol/dimethylbenzene) and paraffin infiltration-immersed at 52 °C. Then, sections 2 pm thick
(Microm HM 355S, Thermo Scientific) were obtained, deposited on slides (JP Selecta Paraffin
Bath), and subjected to automated hematoxylin-eosin staining (Shandon Varistain Gemini,

Thermo Scientific).

Electrophysiological parameters

A four-electrode system coupled to an external 6-channel voltage/current clamp electronic
unit (Dipl.-Ing. Mussler Scientific Instruments, Aachen, Germany) was used for monitoring the
electrophysiological parameters in each Ussing chamber. One pair of Ag/Cl electrodes was used
for measuring the potential difference (PD) and another pair for the current passage. The
spontaneous transepithelial PD was measured under open-circuit conditions after appropriate
correction for fluid resistance. TEER (ohm cm?) was calculated every 30 minutes from the

transepithelial PD and the short-circuit current in accordance with Ohm’s law.

Paracellular transport of fluorescently labeled dextran

A stock solution of 110 mg mL- of 4-kDa fluorescein isothiocyanate-dextran (FD4; TdB
Consultancy AB, Uppsala, Sweden) was prepared in phosphate-buffered saline. FD4 was added

apically in each Ussing chamber at a final concentration of 5.6 mg mL-! and incubated for 1 h
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during the induction of acute colonic dysfunction by DSS. The amount of FD4 that crossed to the
basolateral compartment was measured in a PerkinElmer LS-30 fluorimeter (Beaconsfield, U.K.)
at Aex=430 nm and Aem=540 nm and compared with a FD4 standard curve. FD4 transport across

the colon mucosa was calculated as apparent permeability (Papp) using the following equation:
Papp (mL/cm? x s) = (V/A X t) X (Cpa/Cap),

where V is the basolateral volume, A is the exposed surface area, t is the incubation time and Cea
and Ca are the concentrations of FD4 in the basolateral and apical media, respectively. To
compare the permeation of FD4 between the DSS and GSPE-DSS experimental conditions, values

were taken relative to the Ctrl levels.

Proinflammatory cytokine release

Human TNF-a and IL-1p levels were determined using commercially available ELISA kits
according to the manufacturer's instructions (Thermo Fisher Scientific, Waltham, MA, USA).
Cytokine levels corresponded to the total amount released from colon tissues to the basolateral
media of each Ussing chamber at the end of the experiments. The absorbances were measured
with a BioTek Eon microplate spectrophotometer (BioTek Instruments Inc., Winooski, VT, USA)
at 450 nm and cytokine levels were expressed as picograms per milliliter. The analytical

sensitivities of the assays were 0.13 and 0.3 pg mL", respectively.

Statistical analysis

Unless otherwise indicated, results are expressed as the mean + standard error of the mean
(SEM). The mean represents the average value of determinations performed in n patients. The
sample size (n) for each variable measured is indicated in the corresponding figure caption.
Descriptive statistics and comparisons between groups were assessed with unpaired one-sided

Student’s t-tests, and P-values <0.05 were considered statistically significant. Analyses were
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performed with the XLSTAT 2019.1.3 software (Addinsoft, NY, USA). Linear regressions were

fitted in Microsoft Excel 2016 software (Microsoft Corporation, Redmond, WA, USA).

3. Results

Structural evaluation of colonic tissues after removal of the external muscular layer

We evaluated the protective properties of the GSPE in the human colon in DSS-induced
dysfunctional mucosa. For this purpose, we mounted stripped preparations from human
proximal and distal colon tissues in an Ussing chamber system. The stripped preparations were
structurally conserved and consisted of the epithelial cell layer, the lamina propria, the

muscularis mucosae and the submucosal layer (Fig. 2b).

Electrophysiological parameters of colonic tissues

The basal electrophysiological parameters of all colon segments were measured. The
spontaneous transepithelial PD and initial TEER values were -0.66+0.13 mV and
41.6+1.7 ohm cm? for the proximal colon (n=27) and —0.42+0.13 mV and 31.8+1.4 ohm cm? (n=34)
for the distal colon. TEER differences between the proximal and distal colon were statistically
significant (P<0.01). Barrier integrity is malleable and depends on multiple factors. Therefore,
potential differences in the initial TEER due to gender were evaluated in the proximal colon
(males (1n=17): 39.6+2.0 ohm cm? vs. females (n=10): 45.0+3.1 ohm cm?; P>0.05) and distal colon
(males (n=21): 32.5+1.7 ohm cm? vs. females (n=13): 30.7+2.2 ohm cm? P>0.05). We also performed
correlations between BMI, age and initial TEER values in order to discard a potential influence of
the patient’s body weight and/or age on differences in the inter-variability of tissue integrity (Fig.
3). There were no statistically significant correlations between these variables in any colon region.
TEER values of the control conditions did not show significant changes during the 90-minute

experiments in either kind of tissue (Fig. 4a).

Basal macromolecular permeability of the proximal and distal colon
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We found detectable FD4 permeations in the control conditions of the proximal (6.3+1.4 x10-¢
mL ecm?s, n=15) and distal colon (2.5+0.5 x10°mL cm?s, n=15) at the end of the experiments.

Differences were statistically significant (P<0.05) and in agreement with those found in TEER.

A preventive GSPE treatment attenuates DSS-induced permeability in the proximal colon.

The presence of DSS had a detrimental effect on tissue integrity. This effect was more severe
in the proximal colon with a 44% reduction in TEER at 90 min compared to the control (P<0.01;
Fig. 4a). In the distal colon a reduction of 37% at 90 min was estimated (P<0.01). The loss of tissue
integrity induced by DSS came with a 2-4-fold increase in FD4 permeation to the basolateral
media. However, the effect of DSS on FD4 permeation was only statistically significant in the

proximal colon (DSS: 8.8+2.5 x10*mL cm?s, n=15 vs. Ctrl: 2.5+0.5 x10-*mL cms", n=16; P<0.05).

Even though the presence of the GSPE in the apical medium did not significantly change the
TEER of the proximal or distal colon during the initial 30-minute incubation at any concentration
(P>0.05; Fig. 4a), interestingly GSPE attenuated the DSS-induced decreased integrity in the
proximal colon at 60 and 90 min (P<0.05). This effect was dose dependent and therefore more
pronounced in the GSPE200-DSS condition, with a 32% reduction in TEER loss at 90 min (P<0.01;
Fig. 4a). FD4 permeation was also reduced in the GSPE-DSS conditions by 66-73% (P<0.05; Fig.
4b). We did not find any significant effect of the preventive GSPE treatments on TEER or FD4

permeation in the distal colon.

Basal release of pro-inflammatory cytokines

We found detectable concentrations of the proinflammatory cytokines TNF-a and IL-1{ in
the basolateral media of the Ussing chamber at 90 min of incubation. While similar basal levels
of TNF-a were found in the proximal and distal colon (P>0.05; Fig. 4a), the basal release of IL-13

was approximately 3-fold higher in the latter (P<0.05; Fig. 5b).



194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

10

A preventive GSPE treatment reduces DSS-induced TNF-a release in the proximal colon and modulates

IL-1p release in the distal colon.

DSS increased (61%) TNF-a release in the proximal colon at 90 min (P<0.01; Fig. 5a);
however, we did not observe significant changes in the distal colon (Fig. 5b). In addition, DSS did
not change IL-1(3 release significantly in the proximal or distal colon. Lastly, the preventive GSPE
treatment reduced the DSS-induced TNF-a release of the proximal colon by 22-33% (Fig. 5a),
although only GSPE200-DSS exerted a significant effect (P<0.05). We did not find any significant
effect of GSPE on the TNF-a release of the distal colon; however, GSPE200-DSS modulated IL-1f3
secretion in this tissue with a 56% reduction with respect to the control (P<0.05; Fig. 5b).

4. Discussion

We developed a feasible ex vivo Ussing chamber-based model to analyze the therapeutic

potential of GSPE in human colon tissues exposed to a detrimental chemical agent (DSS), thus

avoiding some of the challenges and limitations of in vivo studies in humans [22].

In our model, TEER of the control conditions of both proximal and distal colon tissues was
very stable during the Ussing chamber experiments. In previous studies, TEER values of 29-39
ohm cm? have been found in distal colon tissues taken from endoscopy biopsies [23] and
approximately 109-120 ohm cm? in tissues from different colonic locations obtained from surgical
procedures [20, 24]. Basal electrophysiological parameters usually vary greatly even within
segments of the same tissue. This variability has been described in other ex vivo studies
performed with the human intestine [25]; however, regional variations in colonic integrity have
not been studied extensively. It is noteworthy that we observed a higher TEER and lower
macromolecular permeation in the proximal colon compared to the distal colon, which suggests
a decline in tissue integrity along the large intestine. These findings replicate regional variations
of colonic integrity observed in rats [26, 27] and are in agreement with results obtained in a recent

study performed with colon biopsies of healthy donors [27].
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The effect of DSS on TEER was particularly severe in the proximal colon and consistent with
the enhanced macromolecular permeability also found in this tissue. Our results are in agreement
with in vitro studies performed in human epithelial colorectal adenocarcinoma Caco-2 cells,
where DSS added apically rapidly decreased monolayer TEER [28, 29] and led to an enhanced
FD4 permeation to the basolateral medium [29, 30]. These similarities validate our ex vivo model
with the added value of preserving the tissue architecture and cell diversity, features not achieved

with in vitro models.

We also examined the immune system response to DSS to get a more in-depth
characterization of the ex vivo model. The activation of the intestinal immune system due to the
epithelial barrier alterations leads to the production of inflammatory mediators [31, 32]. Our
results show that the detrimental stimuli of DSS produces slight but significant increases in
TNF-a release in the proximal colon after a short period of time. TNF-a is a key
immunoregulatory cytokine mainly secreted by the monocytic lineage that amplifies the
inflammatory response to recruit other immune cells [33]. Histochemical analyses of uptake and
tissue distribution of DSS in mice indicate that DSS rapidly penetrates the colon mucosa and small
amounts are found in resident macrophages as early as the day after administration [34]. Since
most of the resident macrophages of the lamina propria are hypo-responsive to proinflammatory
elements as an adaptation to the antigen-rich microenvironment [35], the DSS-induced release of
TNF-a seen here probably reflects the small number of CD14* macrophages of normal mucosa
that are involved in sensing bacterial LPS [36]. It cannot be ruled out that other cell types
contribute to this because intestinal epithelial cells may also secrete TNF-a in an injury context

[37].

Once a robust human ex vivo model of intestinal dysfunction had been defined, we assessed
the potential gut-protective effects of grape-seed proanthocyanidins. Incubation with the GSPE

prior to the DSS treatment attenuated the integrity loss and the concomitant increase in
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macromolecular permeation induced by DSS in the proximal colon. Indeed, both dietary and
pharmacological doses of GSPE administered sub-chronically in rats prevented intestinal
permeation after intraperitoneal injection of LPS [38]. In addition, we have previously reported
the upregulation of genes involved in the reinforcement of tight-junction (TJ) in the intestine of
diet-induced obese rats by dietary and pharmacological GSPE doses with different frequencies of
oral administration [11, 39, 40]. The effect of proanthocyanidins on the T] protein gene expression
was recently described in LPS-induced Caco-2 cells co-treated with a procyanidin-rich apple

extract [41].

The GSPE (200 ug mL") also attenuated the increase in TNF-a release induced by DSS in the
proximal colon. This effect is in line with (1) the reduction of macromolecular permeation across
the mucosa and (2) the anti-inflammatory action of the GSPE suppressing the NF-kB
inflammatory signal pathway described elsewhere [17, 18, 42]. Remarkably, the barrier protective
and anti-inflammatory effects of GSPE in the proximal colon were long-lasting because they were
still exhibited after the media were washed out completely. Thus, beneficial long-lasting effects
of a sub-chronic oral GSPE treatment on cafeteria diet-induced alterations (including intestinal
inflammation) have been described in rats, but the associated mechanisms need to be studied
further [11, 43]. The reduction of IL-1( release estimated in the distal colon is also notable as this
cytokine appears to be key in the onset of diarrhea, the main symptom of severe intestinal

inflammation [44].

Finally, some considerations should be taken into account. First, the colorectal tumor is not
an isolated entity but rather may alter both the macromolecular permeability [26] and the gene
expression of non-tumor adjacent mucosa [45]. Thus, although colon segments used in this work
were anatomopathologically tested, it cannot be ruled out that the integrity and metabolism of
healthy tissues could be influenced by their proximity to cancerous lesions. Second,

proanthocyanidins are partially degraded in vivo in low molecular weight phenolics by the
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intestinal microbiota, thus altering the bioavailability and bioactivity of the parent compounds
[46, 47]. Some microbial products of proanthocyanidin degradation exhibit anti-inflammatory
properties and likely account for part of the beneficial effects associated with proanthocyanidin
consumption in the intestinal mucosa and a large proportion of their effects at systemic level [48].
Here we exposed human colon tissues to the parent compounds of the GSPE for a short time
window, which is feasible in vivo in the proximal colon [49, 50]. However, the presence of these
compounds is less likely in distal regions. In this scenario, it is also important to take into
consideration the presence of intestinal microbiota in our samples, which can metabolize the
GSPE. In this study the preparation of the biological samples did not undergo a thorough
cleansing to avoid undesirable changes in the integrity of tissues. Then, in our ex vivo model; the
presence of remnants of microbiota was likely and some degree of microbial degradation of the
parent compounds would be expected. Third, it is very difficult to translate the concentrations
tested here (50-200 g mL) into oral doses intended for therapy; however, the gut-protective
effects of GSPE found in this work would probably only be achieved in humans with
pharmacological doses. A recent study conducted in healthy humans found that the daily
ingestion of oral pharmacological doses of GSPE (1000-2500 mg) in healthy adults is safe and
doses are well tolerated during a 4-week period [51]. Therefore, effective GSPE doses in humans

need to be established by further clinical trials.

Taken together, our results indicate that the detrimental effect of DSS on tissue integrity,
extent of paracellular pathway opening and local inflammatory response were more prominent
in the proximal colon. We found that GSPE administered as a treatment prior to damage
induction dose-dependently attenuated the epithelial barrier disruption and the local
inflammatory response of the proximal colon. Furthermore, these effects were long-lasting and
endured even though proanthocyanidins were not present. The distal colon was not responsive
to the preventive treatment; however, basal IL-1p release decreased with high concentrations of

GSPE. Therefore, our results demonstrate the potential preventive effects of GSPE on the acute
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dysfunction of the human colon. Controlled trials are necessary to test the administration of GSPE
as a complementary therapeutic approach for the colonic dysfunction associated with metabolic

disorders and IBD.
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7. Figure captions.

Fig. 1 Schematic diagram of the experimental protocol. For each experiment carried out, four

stripped proximal or distal colon segments of one patient were randomly assigned to one of four

experimental conditions. Ctrl (control), only Krebs-Ringer bicarbonate (KRB) buffer; DSS, acute

colonic dysfunction induced by 12% of dextran sodium sulphate in KRB buffer; GSPE-DSS,

incubation with the grape-seed proanthocyanidin extract (GSPE) followed by DSS-induced acute

colonic dysfunction. Specified media were added apically. KRB-glucose buffer with protease

inhibitors was used in the basolateral compartment (see text for details).
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Fig. 2 Haematoxilin-eosin staining of transversal sections from the human colon before (a) and
after (b) the serosal and outer muscular layers were removed. The muscularis externa is

completely absent after stripping.

Fig. 3 Linear relationships between age, BMI and TEER values in the proximal (a) and distal (b)

colon. The inset shows the Pearson’s r correlation and the corresponding P-value

Fig. 4 Effect of the preventive GSPE treatment on TEER (a) and FD4 relative permeation (b) in
DSS-induced dysfunctional human colon. GSPE (50 and 200 pug mL") was incubated apically
during the first 30 min at 37 °C. After a washout, DSS at 12% was added apically (black arrows)
and maintained until the end of the experiment. Ctrl (control), only Krebs-Ringer bicarbonate
buffer. FD4 was added apically at 30 min and determined from the basolateral media at 90 min.
The dashed lines indicate the basal FD4 permeation (Ctrl condition). Values are presented as
mean + SEM. The sample size for each variable was: TEER (proximal, distal colon), Ctrl n=26,
n=21; DSS n=27, n=23; GSPE50-DSS n=23, n=19; GSPE200-DSS n=22, n=17. FD4 permeation
(proximal, distal colon), Ctrl n=15, n=14; DSS n=15, n=13; GSPE50-DSS n=13, n=7; GSPE200-DSS

n=10, n=10. *P<0.05 versus control; P<0.05 versus DSS.

Fig. 5 Effect of the preventive GSPE treatment on the secretion levels of TNF-a (a) and IL-1f3 (b)
in DSS-induced dysfunctional human colon. Ctrl (control), only Krebs-Ringer bicarbonate (KRB)
buffer; DSS, acute dysfunction induced by 12% of dextran sodium sulphate in KRB buffer; GSPE-
DSS, incubation with the GSPE followed by DSS-induced acute dysfunction. Values are presented
as mean = SEM. The sample size for each variable was: TNF-a (proximal, distal colon), Ctrl n=20,
n=19; DSS n=20, n=19; GSPE50-DSS n=17, n=15; GSPE200-DSS n=16, n=14. IL-1f5 (proximal, distal
colon), Ctrl n=14, n=19; DSS n=14, n=19; GSPE50-DSS n=12, n=14; GSPE200-DSS n=12, n=14.

*P<0.05 versus control; #P<0.05 versus DSS.
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Figure 1
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Table 1

Table 1. Descriptive statistic and biochemical parameters of the donor patients.

Proximal colon Distal colon
All (n=61)
donors (n=27) donors (n=34)

Age (years)

<50 14 (22.5%) 5 (18.5%) 9 (25.7%)

50-60 30 (48.4%) 12 (44.5%) 18 (51.4%)

>60 18 (29.0%) 10 (37.0%) 8 (22.9%)
Gender

Male 34 (54.8%) 13 (48.1%) 21 (60.0%)

Female 28 (45.2%) 14 (51.9%) 14 (40.0%)
Tobacco consumption

Never 50 (80.6%) 20 (74.0%) 30 (85.7%)

<20 cigarettes per day 9 (14.5%) 4 (14.8%) 5 (14.3%)

>20 cigarettes per day 3 (4.9%) 3 (11.2%) 0 (0.0%)
Alcohol consumption

Never 35 (56.4%) 14 (52.4%) 20 (58.1%)

Mild-Moderate 27 (43.6%) 13 (47.6%) 15 (41.9%)
BMI (kg m?) 27.6 +0.7 28.1+1.1 27.3+0.8
Glucose (mM) 58+0.2 57+0.4 59+0.3
Cholesterol (mg dL)

Total 187.4+£5.6 183.0£9.6 190.0 £ 6.9

HDL 55.4+3.7 53.0+6.5 57.0+4.3

LDL 108.1+7.8 100.8 +10.3 1141 +11.4
Triglycerides (mg dL) 114.2+7.7 105.3 £10.2 120.0 £10.1

Data is presented as number of patients (percentage) or mean + SEM.





