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Abstract: Background: Inflammatory bowel disease (IBD) is a chronic relapsing inflammatory dis-
order represented by Crohn’s disease and ulcerative colitis. Currently, there is no cure and pharma-
cological treatment aims to induce and maintain remission on patients. Because the therapy reveals 
a relatively high toxicity, during a long-term utilization, it is essential to investigate new pharmaco-
logical approaches. Polyphenols, commonly present on red wine, have shown health-beneficial ef-
fects related to their antioxidant and anti-inflammatory effects through the inhibition of NF-kB ac-
tivation, COX-2 and iNOS induction. In this sense, it would be interesting to study their effects in 
an IBD context. Therefore, this study aims to evaluate the effects of an aqueous extract of phenolic 
compounds in a 2,4,6-Trinitrobenzenesulfonic acid (TNBS)-induced model of colitis. Method: Ex-
perimental colitis was induced in mice through an intrarectal administration of TNBS and then the 
mice were treated with an aqueous extract of phenolic compounds intraperitoneally for four days. 
Results and Discussion: The extract demonstrated an anti-inflammatory effect, reducing TNF-α lev-
els in the colon, and had a beneficial effect on the extraintestinal manifestations related to IBD, with-
out any significant side effects. The extract of phenolic compounds demonstrated to be a valuable 
object of study for the management of IBD in the future. 
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1. Introduction 
Inflammatory bowel disease (IBD) is a chronic inflammatory pathology character-

ized by an immune system activation, which can be categorized in two phenotypes: 
Chron’s disease and ulcerative colitis [1–5]. Both conditions are autoimmune disorders 
that are not medically curable [5]. IBD is predominantly observed in developed countries, 
but with an increasing incidence and prevalence in other regions worldwide [6,7]. Indeed, 
it is estimated that approximately seven million people currently live with IBD [8]. In 
terms of gastrointestinal signs and symptoms, it can be emphasized the presence of diar-
rhea, abdominal pain, and hematochezia. Additionally, it also can develop extraintestinal 
manifestations such as anemia, fever, weight loss, arthritis, sclerosing cholangitis, uveitis, 
pyoderma gangrenosum and erythema nodosum [1,9]. Currently, the therapeutic strate-
gies for patients with IBD are related to modifications in lifestyle habits, pharmacological 
treatments and surgical treatments. Indeed, the pharmacological approaches include ami-
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nosalicylates, corticosteroids and immunomodulators, which represent the first-line ther-
apy. Other drugs, such as antibiotics, probiotics and biological agents, provide an alterna-
tive therapy. However, there is no curative treatment strategy and, due to several side 
effects demonstrated by a long-term use of these drugs, it is essential to investigate new 
potential pharmacological approaches [1,10–12]. 

Polyphenols have demonstrated several health-beneficial effects related to their an-
tioxidant activity in the context of preventing oxidative stress-induced pathologies [13]. 
Among the biological properties observed from polyphenols, the antioxidant, anti-inflam-
matory and antimicrobial effects can be emphasized [1,13–16]. Anthocyanins, a major 
class of polyphenols, are one of the most important health-promoting dietary supple-
ments and are widely distributed in the human diet [1]. Indeed, epidemiological studies 
have reported that anthocyanins may contribute to chemopreventive activities of several 
chronic inflammatory diseases [17]. The polyphenols present in red wine may change the 
gut microbial composition by their antimicrobial properties, affecting their functional re-
lations with the host [18]. Among the major wine phenolic compounds that may reach the 
gut, polymeric flavan-3-ols or pro-anthocyanins have shown the capability of promoting 
the growth of beneficial bacteria and the inhibition of pathogenic bacteria [19]. Thus, the 
inhibitory effects of red wine on inflammatory mechanisms, such as NF-kB activation, IL-
8 production, COX-2 and inducible nitric oxide synthase induction, provide evidence that 
polyphenols are able to ameliorate or prevent intestinal inflammation [13]. Currently, 
there is already preclinical data that suggest a beneficial role of several specific bioactive 
compounds present on wine, mainly resveratrol, in several inflammatory-related disor-
ders [20,21]. However, there is a lack of evidence concerning what the exact role of a more 
complete extract, including different phenolic compounds present on red wine, in an IBD 
context might be.  

According to the information above, we hypothesize that the administration of an 
extract of phenolic compounds obtained from red wine, in the context of IBD, will demon-
strate a significant anti-inflammatory effect.In this sense, this study aims to evaluate the 
efficacy and safety of an aqueous extract of phenolic compounds prepared from red wine 
in a 2,4,6-Trinitrobenzenesulfonic acid (TNBS)-induced acute mouse model of colitis. The 
results from this experiment can be a valuable source of information for the scientific com-
munity concerning the role of a complex interaction between several bioactive com-
pounds, namely polyphenols, in the management of inflammatory-related disorders.  

2. Materials and Methods 
2.1. Chemicals 

2,4,6-Trinitrobenzene sulfonic acid (TNBS 5%) was bought from Sigma Chemical 
(Sintra, Portugal). Ketamine (Imalgene® 1000) and Xilazine (Rompun® 2%) were acquired 
from Merial (Lisbon, Portugal) and Bayer (Lisbon, Portugal), respectively. The phenolic 
compounds extract (PCE) was provided from Instituto Politécnico de Viseu, by Escola 
Superior Agrária de Viseu, Viseu, Portugal. ADVIA® kit came from Siemens Healthcare 
Diagnostics (Erlangen, Germany). ELISA assay kit for tumor necrosis factor-α (TNF-α) 
measurements was acquired from Hycult Biotechnology (Uden, The Netherlands). 

2.2. Animals 
Forty-six CD-1 mice (male, 10 weeks old, 21–31 g body weight) were used for the 

experiment. The animals were housed in standard polypropylene cages, with access to 
food and water ad libitum. In terms of macroenvironment, mice were kept under a 
uniform and controlled temperature between 18–23 °C, a humidity oscillating between 
40–60% and had a 12 h light/dark cycle. Animal care was in strict accordance with the 
Declaration of Helsinki, EEC Directive of 24 November 1986 (nº 86/609/EEC), the relevant 
Portuguese laws (D.R. nº 31/92 and D.R. 153 I-A 67/92) and all subsequent legislation. The 
experiment was approved by the Ethics Committee for Animal Experimentation of the 
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Faculty of Pharmacy, University of Lisbon (code 35/2014). The experiment took place in a 
pharmacology laboratory in the Faculty of Pharmacy at the University of Lisbon. 

2.3. Induction of Experimental Colitis 
The mice were left unfed during the 24 h prior to induction. First, on induction day, 

mice were anesthetized with 40 μL of a mixture of ketamine 100 mg/kg + xylazine 10 
mg/kg by an intraperitoneal (IP) injection. TNBS was instilled through a single 
intracolonic administration [22–24]. The technique consisted of the insertion of a cannula 
into the colon, such that the tip was 4 cm proximal to the anus, and then 100 μL TNBS 
2.5% was administrated. Finally, mice were kept in a Trendelenburg position for 1 min to 
avoid reflux. 

2.4. Experimental Design 
In order to evaluate the efficacy and safety of the administration of PCE in the TNBS-

induced model of colitis, the animals were divided into different groups, such as: TNBS 
group (n = 6)—control group, wherein mice were only induced with colitis through the 
administration of TNBS, as previously described; TNBS + PCE100 (n = 10) and the TNBS 
+ PCE500 (n = 10) groups—experimental groups, wherein animals were induced with 
colitis through the administration of TNBS and treated daily with 100 mg/kg and 500 
mg/kg of PCE by IP administration for four days, respectively; PCE500 group (n = 10)—
control group, wherein mice were treated daily with only 500 mg/kg of PCE by IP 
administration for four days; ethanol group (n = 5)—control group, wherein mice received 
a single intracolonic administration of 100 μL of the TNBS’s vehicle, which was 50% 
ethanol; sham group (n = 5)—control group, wherein mice received a single intracolonic 
administration of 100 μL of 0.9% NaCl.  

On the fourth day, which corresponded with the end of the experiment, the animals 
received another IP administration of 40 μL of the ketamine 100 mg/kg + xylazine 10 
mg/kg mixture in order to be anesthetized. Then, a cardiac puncture was carried out in 
each mouse to collect the blood samples. Afterwards, the animals suffered a cervical 
dislocation and the colon tissue was divided, detached and freed from adjacent tissues. 
At the end, the colon tissue was washed with phosphate-buffered saline. 

2.5. Preparation and Characterization of Phenolic Compound Extract 
In order to develop the PCE for the IP administration, it was necessary to prepare an 

aqueous extract, which was obtained by hot extraction. The procedure used to obtain the 
extract was as follows: weigh 1.5 g of phenolic compounds from red wine; place the 
powder obtained in cooled, previously boiled water and magnetically stir for 30 min; 
centrifugate (3500 rpm for 15 min) the resulting aqueous extract; freeze the supernatant. 
Posteriorly, through high-performance liquid chromatography, it was possible to clearly 
quantify the total and detailed phenolic content, expressed as milligram of gallic acid 
equivalents (GAE) per liter of extract.  

2.6. Monitoring of Clinical Signs 
Mice were observed and monitored daily in terms of body weight, morbidity, 

consistency of feces, hematochezia and anus appearance. 

2.7. Biological Markers 
Upon collecting the blood samples, they were centrifuged (2000 rpm for 15 minutes 

at 6 °C) to analyze several biochemical markers, such as alkaline phosphatase (ALP), 
alanine aminotransferase (ALT), urea and creatinine. Throughout the process of analysis 
of the biochemical markers, an automated clinical chemistry analyzer (ADVIA®1200) was 
utilized. Additionally, the fecal hemoglobin was evaluated through a quantitative method 
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by immunoturbidimetry (Kroma Systems®). Finally, the colon length was also analyzed 
using a measuring scale. 

2.8. Analysis of the Inflammatory Response 
To evaluate the inflammatory response, a pro-inflammatory cytokine, TNF-α, was 

measured and expressed as pg/ml. Samples of colonic tissue were weighed and homoge-
nized (Ultra-turrax T25, 13.500 rev/min, twice for 30 s) in phosphate-buffered saline. Af-
terwards, the samples were centrifuged (15.000 rpm for 15 min at 4 °C). The aliquots of 
the supernatant were maintained at −20 °C until evaluation. Then, the cytokine level was 
measured at 450 nm, through a spectrophotometric method (ELISA kit Quantikine, Hy-
cult Biotechnology, Uden, The Netherlands). 

2.9. Data Processing and Statistical Analysis 
All results were expressed as the mean ± SD of N observations, where N represents 

the number of animals studied. Data analysis was performed by using GraphPad Prism 
7.0 software (GraphPad, San Diego, CA, USA). In order to conclude if the data follow a 
normal distribution, the D’Agostino–Pearson normality test was performed. The results 
were then analyzed by one-way ANOVA to determine statistical significance between the 
experimental and control groups, followed by Tukey’s post hoc test for multiple compar-
isons. A p-value of less than 0.05 was considered significant. 

3. Results 
3.1. Composition of Phenolic Compounds Extract 

The PCE was composed of 1323 ± 37 (mg/L GAE) of total phenolic compounds, 1.17 
± 0.18 (g/L) of tannins and 234.4 ± 4.1 (mg/L Mv3Glc) of total anthocyanins. Additionally, 
it contained a total amount of 465.5 ± 30 mg/L of sugars and 98.6 ± 6.6 mg/L of amino acids. 
Detailed analysis also showed the presence of 11.1 mg/L of monomeric procyanidins, 72.7 
mg/L of oligomeric procyanidins, 28.6 mg GAE/L of benzoic acids, 46.9 mg GAE/L of hy-
droxycinnamic acids, 15.2 mg/L of catechin and 375.3 mg/L of monomeric anthocyanins. 

3.2. Manifestation of Clinical Signs 
The animals present in the TNBS group presented changes of intestinal motility, char-

acterized by diarrhea or soft stools and moderate edema of the anus. In relation to the 
PCE-treated groups, taking into account both dosages, some mice also presented altera-
tions in intestinal motility, but in a lighter form. The control groups, as PCE500, ethanol 
and sham groups, remained without any alterations. 

Regarding body weight changes (Figure 1), the TNBS group presented a slight de-
crease in body weight over the experimental period (−2.3 ± 2.9%). The results of body 
weight changes between TNBS group and PCE treatment groups, at both dosages, were 
similar. At the end of the experimental period, the TNBS + PCE100 group presented a 
variation of 0.08 ± 0.3% of its initial weight and the TNBS + PCE500 group presented a 
variation of −1.58 ± 1.9%. The PCE500, ethanol and sham groups gained 1.4 ± 2.2%, 14.8 ± 
8.5% and 24.3 ± 13.6% of their initial weights, respectively, but this increase was only sig-
nificant in the ethanol and sham groups compared to the TNBS group (p < 0.01 and p < 
0.001, respectively). 
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Figure 1. Change of body weight during PCE treatment in the IBD. The results are represented as 
mean ± SD [n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (Ethanol) 
= 5; n (Sham) = 5; ** p < 0.01; *** p < 0.001 compared with TNBS group, Two-way ANOVA followed 
by Tukey’s post hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic com-
pounds extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.3. Biological Markers 
3.3.1. Colon Length 

As a marker of tissue integrity, the colon’s length was evaluated and compared be-
tween all experimental groups (Figure 2). The mice from TNBS group had a significant 
shortening of colon length (8.5 ± 0.5 cm) relative to the sham group (11.2 ± 0.5 cm), as a 
comparable normal colonic tissue (p < 0.001). The PCE treatment had no significant effect 
on the colon length, whereas the TNBS+PCE100 (8.9 ± 0.6 cm) and TNBS+PCE500 (9.7 ± 
0.6 cm) groups revealed similar results to TNBS group. The PCE500, ethanol and sham 
groups presented similar results between them, measuring 10.8 ± 1 cm, 11.1 ± 0.7 cm and 
11.2 ± 0.2 cm, respectively. 

 
Figure 2. Effect of PCE treatment on colon length in the IBD. The results are represented as mean ± 
SD [n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (ethanol) = 5; n 
(sham) = 5; *** p < 0.001 compared with TNBS group, one-way ANOVA followed by Tukey’s post 

*** 

*** 
*** *** 
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hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic compounds extract; 
TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.3.2. Fecal Hemoglobin 
The fecal hemoglobin was measured and compared between all groups, which al-

lowed the evaluation of the intensity of the hemorrhagic focus and the impact of PCE 
treatment (Figure 3). The concentration of fecal hemoglobin in the TNBS group was in-
creased compared to the sham group (12.2 ± 1.2 vs. 0.9 ± 0.1 μmol/g feces, p < 0.001). PCE 
treatment had a statistically significant influence on the intensity of hemorrhagic focus a 
significant difference in fecal hemoglobin was also observed between the TNBS group and 
both PCE dosages, namely the TNBS+PCE100 group (6.0 ± 0.3 μmol/g feces, p < 0.001) and 
the TNBS+PCE500 group (4.7 ± 0.6 μmol/g feces, p < 0.001). Regarding the differences be-
tween dosages of PCE, a dose-dependent effect (p < 0.01) was observed because fecal he-
moglobin decreased when PCE dose was increased. Mice from PCE500 (1.3 ± 0.6 μmol/g 
feces) and ethanol groups (0.95 ± 0.1 μmol/g feces) did not display significant changes 
compared to the sham group (0.9 ± 0.1 μmol/g feces). 

 
Figure 3. Effect of PCE treatment on fecal hemoglobin in the IBD. The results are represented as 
mean ± SD [ n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (Ethanol) 
= 5; n (Sham) = 5; ** p < 0.01; *** p < 0.001 compared with TNBS group, one-way ANOVA followed 
by Tukey’s post hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic com-
pounds extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.3.3. Alkaline Phosphatase 
Intestinal ALP concentrations were measured and compared between all groups 

(Figure 4). The ALP concentration on the TNBS group was statistically higher when com-
pared with the sham group (66.8 ± 7.6 vs. 19.2 ± 4.0 U/L, p < 0.001). The PCE treatment was 
able to decrease the ALP concentration at both dosages, an effect which had statistical 
significance (p < 0.001 compared with TNBS group). However, the differences between 
dosages of PCE were not statistically significant; the TNBS + PCE100 group revealed 37.7 
± 3.8 U/L, whereas the TNBS+PCE500 group presented 39.0 ± 6.6 U/L. The ALP in the 
PCE500 and ethanol groups was increased compared with sham group (39.0 ± 3.5 U/L and 
38.0 ± 1.8 U/L, respectively). 

*** 
*** 

*** *** *** 

** 
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Figure 4. Effect of PCE treatment on total ALP concentration in the IBD. The results are represented 
as mean ± SD [ n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n 
(Ethanol) = 5; n (Sham) = 5; *** p < 0.001 compared with TNBS group, one-way ANOVA followed by 
Tukey’s post hoc test]. Abbreviations: ALP, alkaline phosphatase; IBD, inflammatory bowel disease; 
PCE, phenolic compounds extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.3.4. Renal Function 
The renal function of mice with TNBS-induced colitis was evaluated based on the 

concentrations of the renal damage markers, such as urea and creatinine (Figures 5 and 
6). The TNBS group exhibited a significant increase in urea compared to the sham group 
(66.8 ± 3.2 vs. 44.7 ± 8.5 mg/dL, p < 0.001). Similarly, TNBS group also demonstrated asig-
nificant increase in creatinine levels compared to the sham group (0.28 ± 0.02 vs. 0.20 ± 
0.04 mg/dL, p < 0.001). The PCE treatment at both dosages promoted a significant decrease 
of both biochemical markers compared to the TNBS group. However, differences between 
the urea and creatinine levels in mice treated with PCE were not significant when com-
pared with sham group. The TNBS+PCE100 and TNBS+PCE500 groups revealed 44.7 ± 4.7 
and 46.7 ± 6.3 mg/dL of urea and 0.21 ± 0.03 and 0.20 ± 0.03 mg/dL of creatinine, respec-
tively. Among the control groups, the PCE500 group (32.3 ± 3.5 mg/dL) and the sham 
group showed statistically significant differences in urea levels (p < 0.01). While in creati-
nine levels, there were no statistically significant differences between control groups, such 
as PCE500, ethanol and sham. 

*** *** *** *** 

*** 
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Figure 5. Effect of PCE treatment on urea concentration in the IBD. The results are represented as 
mean ± SD [ n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (Ethanol) 
= 5; n (Sham) = 5; ** p < 0.01; *** p < 0.001 compared with sham group, one-way ANOVA followed 
by Tukey’s post hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic com-
pounds extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

 
Figure 6. Effect of PCE treatment on creatinine concentration in the IBD. The results are represented 
as mean ± SD [ n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n 
(Ethanol) = 5; n (Sham) = 5; *** p < 0.001; compared with sham group, one-way ANOVA followed by 
Tukey’s post hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic compounds 
extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.3.5. Hepatic Function 
The hepatic function was evaluated based on the ALT concentration in the plasma of 

the mice present in all groups (Figure 7). The TNBS group exhibited a significant increase 
in ALT concentration when compared with the sham group (32.5 ± 2.5 vs. 17.5 ± 1.8 U/L, 
p < 0.001). The PCE treatment at both dosages did not promote a decrease of ALT levels 

*** 

** 
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with statistical significance, compared to the TNBS group. However, the treated mice, 
present on TNBS+PCE100 and TNBS+PCE500 groups, showed a significant increase in 
ALT levels (30.2 ± 3.2 and 30.3 ± 6.3 U/L, respectively) relative to the sham group (p < 
0.001). The PCE500 (34.2 ± 4.4 U/L) and ethanol (32.7 ± 4.7 U/L) groups were significantly 
higher than the sham group (p < 0.001). 

 
Figure 7. Effect of PCE treatment on ALT concentration in the IBD. The results are represented as 
mean ± SD [ n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (Ethanol) 
= 5; n (Sham) = 5; *** p < 0.001compared with sham group, one-way ANOVA followed by Tukey’s 
post hoc test]. Abbreviations: ALT, alanine aminotransferase; IBD, inflammatory bowel disease; 
PCE, phenolic compounds extract; TNBS, 2,4,6-Trinitrobenzene sulfonic acid. 

3.4. Analysis of the Inflammatory Response 
In pathological conditions, pro-inflammatory cytokines, such as TNF-α, can become 

dysregulated, promoting an exacerbated inflammatory response (Figure 8). In this case, 
the TNBS group revealed a significant increase of TNF-α compared to the sham group 
(232.5 ± 28.9 vs. 11.2 ± 0.5 pg/mL, p < 0.001). The treatment with PCE at both dosages, 
100mg/kg/day and 500 mg/kg/day, allowed the TNF-α levels to significantly decrease 
compared to the TNBS group (159.7 ± 29.1 and 133.1 ± 18.0 pg/mL, respectively; p < 0.001). 
The other control groups, PCE500 and ethanol, also demonstrated a significant decrease 
in this cytokine compared to the TNBS group (42.4 ± 11.7 and 14.9 ± 4.5 cm, respectively; 
p < 0.001). 

*** 
*** *** 

*** *** 
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Figure 8. Effect of PCE treatment on TNF-α concentration in the IBD. The results are represented as 
mean ± SD [n (TNBS + PCE100) = 10; n (TNBS + PCE500) = 10; n (PCE) = 10; n (TNBS) = 6; n (Ethanol) 
= 5; n (Sham) = 5; *** p < 0.001 compared with TNBS group, one-way ANOVA followed by Tukey’s 
post hoc test]. Abbreviations: IBD, inflammatory bowel disease; PCE, phenolic compounds extract; 
TNBS, 2,4,6-Trinitrobenzene sulfonic acid; TNF-α, tumor necrosis factor-α. 

4. Discussion 
The role of several foods in disease prevention have been attributed, in part, to the 

antioxidant properties of their constituent polyphenols. Recent studies have shown that 
many dietary polyphenolic constituents derived from plants are more effective antioxi-
dants than vitamins E or C [25]. Published data have reported that polyphenols modulate 
a large number of targets relevant to inflammation and colitis [26]. These compounds 
modulate the NF-kB pathway, and some of them also inhibit the MAPK cascade and in-
duce nuclear factor (erythroid-derived-2)-like 2. Besides that, polyphenols reduce pro-in-
flammatory cytokines, induce inflammatory cytokines, inhibit nitric oxide production and 
inhibit COX-2 activity [26]. Foods rich in resveratrol, curcumin, quercetin and anthocya-
nin appear to have the most evidence for efficacy and safety in rodent colitis models. In 
IBD, these compounds have several benefits, namely reduction of bleeding, improvement 
in stool consistency and histological appearance, decreased weight loss and protection 
against shortening of the colon [26] 

Mice with TNBS-induced colitis were followed daily and monitored in terms of clin-
ical signs. As expected, the TNBS groups revealed an alteration of intestinal motility, char-
acterized by diarrhea or soft stools and severe edema of the anus. These results are com-
patible with a correct induction of experimental colitis. PCE treatment was able to atten-
uate diarrhea and moderate edema of the anus compared to non-treated mice. Regarding 
changes of body weight, the groups treated with PCE did not present significant differ-
ences from the TNBS group. In this sense, these compounds did not demonstrate a signif-
icant effect on the body weight of the animals. This is in accordance with what is described 
in the literature because weight gain after the administration of phenolic compounds is 
rare [26]. Additionally, although the fact that the weight can be an important clinical sign 
to be aware of, it is not considered a specific and sensitive marker in several cases. 

TNBS-induced colitis is characterized by a shortened colon [24]. Indeed, it was pos-
sible to confirm this statement because the lowest value obtained for the colon length was 
from the TNBS group. In fact, the treatment with PCE, at the highest dosage, showed to 
be beneficial since the values obtained were significantly higher in comparison to the 

*** 

*** 

*** 
*** *** 
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TNBS group.Once again, these results are in agreement with the data currently available, 
which have reported a protective role of polyphenols on the colon tissue.[26].  

The determination of fecal hemoglobin allows for the evaluation of the intensity of 
the hemorrhagic focus and can be useful in the detection of lesions accompanied by bleed-
ing [27]. Taking into account the obtained results, it is possible to confirm a beneficial 
effect from the administration of both dosages of PCE, in a dose dependent manner, by 
the significant reduction of the concentration of fecal hemoglobin. Combining the results 
of the colon length and the presence of fecal hemoglobin, a protection from polyphenols 
in the colon tissue can be confirmed, which was expected, taking the currently available 
literature into account [26].  

The intestinal ALP is expressed on the enterocytes and is responsible for mucosal 
defense [28]. The TNBS group demonstrated higher ALP levels compared to the other 
groups, such as PCE500, ethanol and sham groups, suggesting that the increase of this 
biomarker is due to the induced intestinal lesion. In groups treated with PCE, a significant 
decrease of ALP levels was observed, compared with the TNBS group. This was probably 
due to the potential anti-inflammatory effect of the phenolic compounds because the in-
hibition of the inflammatory process promotes a decrease of the ALP level [1,29]. Indeed, 
the values obtained for the PCE-treated groups were similar to the control groups, demon-
strating that these compounds may have the capability to revert the increased concentra-
tion of ALP caused by the induction of colitis. However, there was no dose-dependent 
effect between the two dosages tested. 

To determine whether treatment with PCE may modulate the inflammatory process 
through the regulation of the secretion of pro-inflammatory cytokines, the colon levels of 
TNF-α were analyzed. It was observed that the levels of this pro-inflammatory cytokine 
were significantly reduced after the administration of PCE, confirming the anti-inflamma-
tory effect of polyphenols that has been described in the literature [26]. These results may 
occur due the fact that phenolic compounds suppress the degradation of the inhibitory 
IkB protein and, consequently, the NF-kB activation [13,30]. Thus, because NF-kB can in-
duce TNF-α secretion and these compounds inhibit NF-kB activation, a decrease in TNF-
α concentration was expected. Among the two dosages tested, there were no statistically 
significant differences. 

The determination of plasma urea, creatinine and ALT levels allows one to under-
stand whether TNBS-induced colitis causes renal and hepatic impairment. Additionally, 
it is also important to quantify these biomarkers to evaluate the safety profile of the ap-
plied treatment, taking into account the renal and hepatic functions. Indeed, the treatment 
with PCE allowed for the obtaining of better results in these parameters—except for the 
ALT levels, in which the differences were not significant in relation to the TNBS group. 
However, there are several publications that have reported the hepatoprotective effects of 
these compounds. Future studies will be essential to understand the mechanism underly-
ing the beneficial effect of PCE in the extraintestinal manifestations of IBD [31,32]. These 
results also allow for the conclusion that PCE does not promote renal and/or hepatic 
changes as an adverse drug reaction in this experimental colitis model. 

According to the results obtained in this study, it is possible to observe a beneficial 
role from the administration of phenolic compounds in a mouse model of colitis, without 
significant side effects. Indeed, the development and application of natural-based prod-
ucts can be a very promising approach for a safer long-term treatment. In fact, one of the 
major concerns in terms of the pharmacological treatment in IBD patients is the toxicity 
associated with chronic utilization. In this sense, the application of natural products, such 
as the aqueous extract of phenolic compounds evaluated in this study, can be as important 
of a tool as an adjuvant therapy, which can be translated in the reduction of the exposition 
to commonly used drugs, by reducing its dose. Additionally, it can also be considered 
important as a preventive tool of acute crisis because it can be administrated over a longer 
spectrum of time and has a relatively safe profile, as if it was a supplement. Individuals 
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with several risk factors associated to the development of IBD, such as genetics and envi-
ronmental variables, can also be a target for the administration of natural-based products, 
preventing and/or reducing the rate of development of this disease. 

Although the administration of an extract of phenolic compounds obtained from red 
wine had demonstrated an anti-inflammatory effect on a TNBS-induced acute model of 
colitis, there are some points to be taken in account, such as: the administration route, 
where the phenolic compounds are commonly consumed orally through alimentation 
and/or supplementation, passing through several enzymatic reactions on the digestive 
system and, in this experiment, administered IP, resulting in a possible augmented ab-
sorption. Therefore, it would be interesting to evaluate the effect of this extract through 
an enteral administration in future studies. Additionally, according to the fact that this 
acute animal model of disease mimics the active phase of IBD in patients, it would be also 
interesting to evaluate the efficacy and safety of PCE on a chronic TNBS-induced model 
of colitis. In this sense, it would be possible to investigate its efficacy and safety profiles 
over an extended period of time.  

5. Conclusions 
In conclusion, it was possible to observe a beneficial effect of administrating PCE in 

a TNBS-induced animal model of colitis. Indeed, PCE showed a positive effect in the in-
flammatory response related to the pathogenesis of IBD through the reduction of TNF-α, 
a well-known pro-inflammatory cytokine that is present in this disease. Additionally, it 
demonstrated a beneficial effect on the extraintestinal manifestations, such as the renal 
function, and did not show any significant adverse effects upon its use. However, the 
findings related to body weight were not consistent with the remaining evaluated param-
eters, which shows that the extract might not influence significantly this marker.. In addi-
tion, the administration of phenolic compounds in a longer spectrum of time should also 
be evaluated through the development of a chronic model of colitis, in order to ascertain 
its efficacy and safety. In sum, according to the results obtained in this experiment, it is 
possible to conclude that the administration of phenolic compounds can be a very prom-
ising approach for the future management of chronic inflammatory diseases, such as IBD. 

Author Contributions: V.M. and I.S. were responsible for carrying out the experiment and writing 
the manuscript with support from J.E. and F.G.; E.T.-L. and R.P. formulated the original idea and 
supervised the project. All authors have read and agreed to the published version of the manuscript. 

Funding: This research project did not receive external funding. 

Institutional Review Board Statement: The experiment was conducted according to the guidelines 
of the Directive 2010/63/EU and was approved by the Ethics Committee of the Faculty of Pharmacy, 
University of Lisbon (protocol code 35/2014 at 5/12/2014). 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: H&TRC authors gratefully acknowledge the FCT/MCTES national support 
through the UIDB/05608/2020 and UIDP/05608/2020. 

Conflicts of Interest: The authors do not express any conflict of interest. 

  



Curr. Issues Mol. Biol. 2022, 44 2757 
 

 

References 
1. Sodagari, H.R.; Farzaei, M.H.; Bahramsoltani, R.; Abdolghaffari, A.H.; Mahmoudi, M.; Rezaei, N. Dietary anthocyanins as a 

complementary medicinal approach for management of inflammatory bowel disease. Expert Rev. Gastroenterol. Hepatol. 2015, 9, 
807–820. 

2. Boussenna, A.; Goncalves-Mendes, N.; Joubert-Zakeyh, J.; Pereira, B.; Fraisse, D.; Vasson, M.-P.; Texier, O.; Felgines, C. Impact 
of basal diet on dextran sodium sulphate (DSS)-induced colitis in rats. Eur. J. Nutr. 2015, 54, 1217–1227. 

3. Debnath, T.; Kim, D.; Lim, B. Natural Products as a Source of Anti-Inflammatory Agents Associated with Inflammatory Bowel 
Disease. Molecules 2013, 18, 7253–7270. 

4. Geier, M.; Butler, R.; Howarth, G. Inflammatory bowel disease: Current insights into pathogenesis and new therapeutic options; 
probiotics, prebiotics and synbiotics. Int. J. Food Microbiol. 2007, 115, 1–11. 

5. Gionchetti, P.; Rizzello, F.; Annese, V.; Armuzzi, A.; Biancone, L.; Castiglione, F.; Comberlato, M.; Cottone, M.; Danese, S.; 
Daperno, M.; et al. Use of corticosteroids and immunosuppressive drugs in inflammatory bowel disease: Clinical practice 
guidelines of the Italian Group for the Study of Inflammatory Bowel Disease. Dig. Liver Dis. 2017, 49, 604–617. 

6. Conrad, K.; Roggenbuck, D.; Laass, M.W. Diagnosis and classification of ulcerative colitis. Autoimmun. Rev. 2014, 13, 463–466. 
7. Magro, F.; Langner, C.; Driessen, A.; Ensari, A.; Geboes, K.; Mantzaris, G.; Villanacci, V.; Becheanu, G.; Nunes, P.B.; Cathomas, 

G.; et al. European consensus on the histopathology of inflammatory bowel disease. J. Crohn’s Colitis 2013, 7, 827–851. 
8. Alatab, S.; Sepanlou, S.G.; Ikuta, K.; Vahedi, H.; Bisignano, C.; Safiri, S.; Sadeghi, A.; Nixon, M.R.; Abdoli, A.; Abolhassani, H.; 

et al. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990–2017: A 
systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 17–30. 

9. Hyams, J.S. Extraintestinal Manifestations of Inflammatory Bowel Disease in Children. J. Pediatr. Gastroenterol. Nutr. 1994, 19, 
7–21. 

10. Alves de Almeida, A.C.; De-Faria, F.M.; Dunder, R.J.; Manzo, L.P.B.; Souza-Brito, A.R.M.; Luiz-Ferreira, A. Recent Trends in 
Pharmacological Activity of Alkaloids in Animal Colitis: Potential Use for Inflammatory Bowel Disease. Evid.-Based Complement. 
Altern. Med. 2017, 2017, 8528210. 

11. Geremia, A.; Biancheri, P.; Allan, P.; Corazza, G.R.; Di Sabatino, A. Innate and adaptive immunity in inflammatory bowel 
disease. Autoimmun. Rev. 2014, 13, 3–10. 

12. Spisni, E.; Valerii, M.C.; De Fazio, L.; Cavazza, E.; Borsetti, F.; Sgromo, A.; Candela, M.; Centanni, M.; Rizello, F.; Strillacci, A. 
Cyclooxygenase-2 Silencing for the Treatment of Colitis: A Combined In Vivo Strategy Based on RNA Interference and 
Engineered Escherichia Coli. Mol. Ther. 2015, 23, 278–289. 

13. Nunes, C.; Ferreira, E.; Freitas, V.; Almeida, L.; Barbosa, R.M.; Laranjinha, J. Intestinal anti-inflammatory activity of red wine 
extract: Unveiling the mechanisms in colonic epithelial cells. Food Funct. 2013, 4, 373–383. 

14. Ferreira, V.; Fernandes, F.; Pinto-Carnide, O.; Valentão, P.; Falco, V.; Martín, J.P.; Ortiz, J.M.; Arroyo-García, R.; Andrade, P.B.; 
Castro, I. Identification of Vitis vinifera L. grape berry skin color mutants and polyphenolic profile. Food Chem. 2016, 194, 117–
127. 

15. Fraige, K.; Pereira-Filho, E.R.; Carrilho, E. Fingerprinting of anthocyanins from grapes produced in Brazil using HPLC–DAD–
MS and exploratory analysis by principal component analysis. Food Chem. 2014, 145, 395–403. 

16. Valdés, L.; Cuervo, A.; Salazar, N.; Ruas-Madiedo, P.; Gueimonde, M.; González, S. The relationship between phenolic 
compounds from diet and microbiota: Impact on human health. Food Funct. 2015, 6, 2424–2439. 

17. Pan, M.H.; Lai, C.S.; Ho, C.T. Anti-inflammatory activity of natural dietary flavonoids. Food Funct. 2010, 1, 15–31. 
18. Queipo-Ortuño, M.I.; Boto-Ordóñez, M.; Murri, M.; Gomez-Zumaquero, J.M.; Clemente-Postigo, M.; Estruch, R.; Cardona Diaz, 

F.; Andrés-Lacueva, C.; Tinahones, F.J. Influence of red wine polyphenols and ethanol on the gut microbiota ecology and 
biochemical biomarkers. Am. J. Clin. Nutr. 2012, 95, 1323–1334. 

19. Dueñas, M.; Cueva, C.; Muñoz-González, I.; Jiménez-Girón, A.; Sánchez-Patán, F.; Santos-Buelga, C.; Moreno-Arribas, M.V.; 
Bartolomé, B. Studies on Modulation of Gut Microbiota by Wine Polyphenols: From Isolated Cultures to Omic Approaches. 
Antioxidants 2015, 4, 1–21. 

20. Vrdoljak, J.; Kumric, M.; Kurir, T.T.; Males, I.; Martinovic, D.; Vilovic, M.; Bozic, J. Effects of Wine Components in Inflammatory 
Bowel Diseases. Molecules 2021, 26, 5891. 

21. Biasi, F.; Deiana, M.; Guina, T.; Gamba, P.; Leonarduzzi, G.; Poli, G. Wine consumption and intestinal redox homeostasis. Redox 
Biol. 2014, 2, 795–802. 

22. Mateus, V.; Rocha, J.; Alves, P.; Mota-Filipe, H.; Sepodes, B.; Pinto, R. Thiadiazolidinone-8 Ameliorates Inflammation Associated 
with Experimental Colitis in Mice. Pharmacology 2018, 101, 35–42. 

23. Mateus, V.; Rocha, J.; Mota-Filipe, H.; Sepodes, B.; Pinto, R. Hemin reduces inflammation associated with TNBS-induced colitis. 
Clin. Exp. Gastroenterol. 2018, 11, 325–334. 

24. Mateus, V.; Rocha, J.; Alves, P.; Mota-Filipe, H.; Sepodes, B.; Pinto, R.M.A. Anti-Inflammatory Effect of Erythropoietin in the 
TNBS-induced Colitis. Basic Clin. Pharmacol. Toxicol. 2017, 120, 138–145. 

25. Rice-Evans, C.; Miller, N.; Paganga, G. Antioxidant properties of phenolic compounds. Trends Plant Sci. 1997, 2, 152–159. 
26. Martin, D.A.; Bolling, B.W. A review of the efficacy of dietary polyphenols in experimental models of inflammatory bowel 

diseases. Food Funct. 2015, 6, 1773–1786. 
27. Hirata, I. Usefulness of fecal lactoferrin and hemoglobin in diagnosis of colorectal diseases. World J. Gastroenterol. 2007, 13, 1569–

1574. 



Curr. Issues Mol. Biol. 2022, 44 2758 
 

 

28. Nagalingam, N.A.; Kao, J.Y.; Young, V.B. Microbial ecology of the murine gut associated with the development of dextran 
sodium sulfate-induced colitis. Inflamm. Bowel Dis. 2011, 17, 917–926. 

29. Kumar, V.S.; Rajmane, A.R.; Adil, M.; Kandhare, A.D.; Ghosh, P.; Bodhankar, S.L. Naringin ameliorates acetic acid induced 
colitis through modulation of endogenous oxido-nitrosative balance and DNA damage in rats. J. Biomed. Res. 2014, 28, 132–145. 

30. Giovinazzo, G.; Grieco, F. Functional Properties of Grape and Wine Polyphenols. Plant Foods Hum. Nutr. 2015, 70, 454–462. 
31. D’Antuono, I.; Garbetta, A.; Linsalata, V.; Minervini, F.; Cardinali, A. Polyphenols from artichoke heads (Cynara cardunculus (L.) 

subsp. scolymus Hayek): In Vitro bio-accessibility, intestinal uptake and bioavailability. Food Funct. 2015, 6, 1268–1277. 
32. Pereira, C.; Barros, L.; Ferreira, I.C. Extraction, identification, fractionation and isolation of phenolic compounds in plants with 

hepatoprotective effects. J. Sci. Food Agric. 2016, 96, 1068–1084. 


