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Abstract

Acute diverticulitis is a painful, relatively sudden condition, characterized by the presence of low-grade infl ammation in the colonic mucosa. Recent clinical trials 
supported the use of nutraceutical compounds in the treatment of patients with gastrointestinal disorders, including diverticulitis. To verify the hypothesis that nutraceutical 
ingredients my prevent diverticulitis development, we tested a combination of different natural active supplements, in a mouse model of acute intestinal infl ammation. A 
nutraceutical formulation was administered daily in a prevention setting, by intrarectal enema. Infl ammation severity was monitored using a Disease Activity Index (DAI) 
score, histological and endoscopic analysis, and quantifi cation of Fecal Calprotectin (FC).

Results showed that a combination of cranberry juice, pomegranate extract fruit in ellagic acid and inulin Fibruline®, prevented the development of experimental 
acute intestinal infl ammation. This was confi rmed endoscopically, in terms of reduced colon thickness and granularity of mucosal surface. Results were also confi rmed 
histologically, not only by signifi cant reduction of ulcerations, compared to control groups, but also by signifi cant prevention of fl ogosis and infl ammatory infi ltration. 
Nutraceutical ingredients were also able to signifi cantly reduce FC levels, confi rming the anti-infl ammatory properties of these dietary supplements.

Our study supports the potential use of nutraceutical ingredients as a novel therapeutic approach to prevent acute diverticulitis.
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Introduction

Diverticulosis is one of the most common conditions in 
Western countries, and its incidence is increasing worldwide 
[1]. About one-fourth of patients with diverticulosis will 
develop the Symptomatic Uncomplicated Diverticular Disease 
(SUDD), and about 20% - 25% of them will ultimately develop 
diverticulitis [2]. Acute diverticulitis is a serious and potentially 
life-threatening condition, characterized by the presence of 
low-grade infl ammation in the mucosa [3]. Recent studies 
have confi rmed the presence of microscopic colitis on human 
tissue specimens from diverticular disease, with the degree 
of infl ammatory infi ltration correlated with disease severity 

[4]. At the molecular level, increased amounts of matrix 
metalloproteinases and pro-infl ammatory cytokines have been 
identifi ed [5,6]. Infl ammation persistence may also be a risk 
factor for acute diverticulitis recurrence, thus it is of major 
importance to prevent the infl ammatory process in patients 
with diverticular diseases. 

Recently, clinical studies showed that the use of 
nutraceutical compounds might play a role in the treatment 
of patients with gastrointestinal disorders, by reducing the 
infl ammatory response and intestinal permeability [7]. In 
particular, a new association of natural active ingredients 
containing Boswellia serrata, inulin, niacin, cranberry, vitamin 
B, zinc, and folic acid (DIVER-100®) is well tolerated and 
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the stools; grading of intestinal infl ammation, as previously 
described [12,17]. Grading of intestinal infl ammation was 
confi rmed also histologically on 2-μM paraffi n-embedded 
colon sections stained with hematoxylin (Dako) and eosin 
(Diapath). A blinded pathologist evaluated the degree of 
infl ammatory cell infi ltration and mucosal damage, according 
to the RACHMILEWITZ score [18].

Endoscopic score: The experimental endoscopy setup denoted 
“Coloview system”, consisted of a miniature endoscope (scope 
1.9 mm outer diameter), a xenon light source, a triple chip 
camera, and an air pump (all from Karl Storz, Tuttlingen, 
Germany) to achieve regulated infl ation of the mouse colon. 
The endoscopic procedure has been viewed on a color monitor 
and a modifi ed murine endoscopic index score of colitis severity 
has been assigned, as previously described [12].

Fecal calprotectin quantifi cation

Freshly produced stools were collected on day 10, weighed, 
and immediately frozen at -80 °C for subsequent analysis. Fecal 
calprotectin concentration was determined using the S100A9/
calprotectin, mouse, enzyme-linked immunosorbent assay 
(ELISA) kit [Hycult Biotech], according to the manufacturer’s 
instructions. Briefl y, fecal sample aliquots were suspended in 
an extraction buffer, suspensions were thoroughly vortexed, 
fi ltered through a 100-μm cell strainer, and then incubated 
on a shaker on ice for 20 minutes. The homogenates were 
centrifuged for 20 minutes at 10,000 g at 4 °C. The upper 
portion of the supernatants was pipetted off and used for the 
quantifi cation of calprotectin. Values have been expressed as 
mg/g of stool.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
7 (GraphPad Software). Data are presented as means ±SD or ± 
SEM and differences were considered statistically signifi cant 
when p < 0.05. For experiments including more groups, a 
one-way or two-way ANOVA multivariate analysis has been 
performed accompanied by a post-hoc modifi cation test.

R esults 

Results showed that active natural containing concentrated 
cranberry juice, pomegranate extract fruit in ellagic acid, and 
inulin Fibruline® signifi cantly inhibited DSS-induced acute 
intestinal infl ammation, in terms of percentage of body weight 
loss (Figure 1A, left panel), reduced DAI (Figure 1A, right panel), 
and colon length (Figure 1B). No differences were observed 
between DSS and DSS + vehicle.

A s an additional clinical parameter of infl ammation, on 
the day of sacrifi ce mice were anesthetized and subjected to 
endoscopy, to evaluate the infl ammatory grade. Endoscopic 
score confi rmed that these nutraceuticals can signifi cantly 
inhibit experimental acute intestinal infl ammation when 
co mpared to DSS or DSS + vehicle, in terms of composite 
endoscopic score (Figure 1C). In terestingly, they were more 
effi cient in reducing the colon thickness (Figure 1D and H), 
and the granularity of the mucosal surface (Figure 1E and 

effective in obtaining remission and symptom relief in patients 
with SUDD [8]. However, further studies are needed to confi rm 
these data. To address the hypothesis that nutraceutical 
compounds may prevent the infl ammatory process and 
diverticulitis development, we evaluated a prevention protocol 
using a combination of different natural active ingredients, in 
a mouse model of acute intestinal infl ammation [9]. 

Materials and methods

Mice

Authorization to develop this study (1144/2020-PR (prot. 
DC8BD.226) has been obtained by the Italian Ministry of 
Health. Regular use of environmental enrichment has been 
made in order to decrease stress in animals. Mice used in this 
study were female C57BL/6N (Charles River Laboratories) and 
were maintained under pathogen-free conditions.

Induction of acute intestinal infl ammation and treat-
ments

To date, no validated models of acute diverticulitis are 
available and the current protocols require either a signifi cant 
amount of time to develop the disease, present a relatively low 
success rate, or seriously deteriorate the animals' systemic 
health [10]. For this reason, and since microscopic colitis 
has been observed in biopsies from patients with diverticular 
disease [4], acute intestinal infl ammation was induced by 
Dextran Sodium Sulfate (DSS) in 8-weeks-old C57Bl/6N mice, 
as this mouse strain is highly susceptible to DSS treatment, 
and closely resembles human colitis [11,12]. Animals (n = 8 per 
group) have been subjected to 1 oral cycle of 2.5% (weight/
volume) DSS (molecular mass, 40 kDa; MP Biomedicals), 
characterized by 7 days of DSS exposure in drinking water 
followed by 3 days of fi lter-purifi ed water. Starting from Day 
0 (prevention protocol) and throughout the entire experiment, 
a nutraceutical formulation containing concentrated Cranberry 
juice (0,080 mg/day per mouse), Pomegranate extract fruit in 
ellagic acid (0,089 mg/day per mouse), and Inulin Fibruline® 
(0,159 mg/day per mouse) has been administered daily by 
intrarectal enema, upon anesthesia with 2% isofl urane. This 
dose range has been chosen on the basis of previous daily intake 
of the same ingredients in human and animal studies [8,13,14] 
and related to mouse weight. The control mice groups received 
water without DSS or DSS + vehicle enema (sterile water). 

On day 10, mice were anesthetized and subjected to 
endoscopy, to confi rm the infl ammatory grade, as previously 
described [12] and stool have been collected to quantify Fecal 
calprotectin, a marker of mucosal infl ammation representing 
leukocyte accumulation [15,16]. Next, mice have been 
euthanized by carbon dioxide, and colons were excised and 
collected to measure colon length and to perform histological 
analysis.

Evaluation of acute intestinal infl ammation

DAI score: Infl ammation severity was monitored using a 
disease activity index (DAI) score, based on daily evaluation 
of body weight, stool consistency and presence of blood in 
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H), whereas no effects were observed on the vascular pattern 
(Figure 1F and H) and fi brin deposition (Figure 1G and H). 

Th e anti-infl ammatory effects of this formulation in 
DSS-induced acute intestinal infl ammation were confi rmed 
histologically by a blinded pathologist. According to the 
RACHMILEWITZ score [18], results show that this formulation 
was able to signifi cantly inhibit experimental colon 
infl ammation in comparison with the control group (DSS + 
vehicle). This was confi rmed at all levels (ulceration, extension 
of ulcerations, fl ogosis, and extension of fl ogosis) (Figure 
2A). Of note, in the DSS-induced model of acute intestinal 
infl ammation, there is usually no development of fi brosis, and 
for this reason, no values are represented in the graph.

As expected, representative images of infl ammatory 
conditions per group showed that in DSS-induced colitic mice 
(e.g. DSS and DSS + vehicle) layer stratifi cation (mucosa, 
submucosa, and musculari propria) was not maintained, and 
a massive infl ammatory infi ltrate completely occupied both 
mucosa and submucosa, and the crypt was severely damaged in 
most parts of the colon. The epithelium was eroded indicating 
the presence of ulcerations (Figure 2B). Upon treatment with 
nutraceuticals, tissue layers were maintained, with only a 
slight infi ltration of infl ammatory cells within mucosa and 
submucosa, and both epithelium and crypts remained well 
structured. 

We next determined the faecal calprotectin (FC) 
concentration, as a marker of mucosal infl ammation 
representing leukocyte accumulation in the stool [15,19]. 

Results showed that these nutraceutical ingredients were able 
to reduce FC levels, expressed as mg/g of stool (Figure 2C), 
confi rming the anti-infl ammatory properties of these dietary 
supplements.

Di scussion

Diverticular disease is represented by a large spectrum 
of manifestations varying from the presence of persistent 
abdominal symptoms with low-grade infl ammation 
(symptomatic uncomplicated diverticular disease [SUDD]) to 
a symptomatic infl ammatory process, which leads to acute 
diverticulitis [3]. Acute diverticulitis is a serious and potentially 
life-threatening condition and is considered the most common 
cause of colorectal perforation [3]. Fiber, non-absorbable 
antibiotics, and probiotics seem to be effective in treating 
symptomatic and uncomplicated patients [20] unfortunately, 
the medical strategy to prevent diverticulitis is still limited. 

We here evaluate the benefi cial effects of a combined 
formulation of nutraceutical ingredients in an experimental 
model of acute intestinal infl ammation. Since the presence 
of microscopic colitis has been demonstrated on tissue 
biopsies from human diverticular disease, with the degree 
of infl ammatory infi ltration apparently correlated with the 
severity of the condition [4], we decided to use the dextran 
sodium sulfate (DSS)-induced mouse model of acute intestinal 
infl ammation [21]. Oral administration of DSS to mice via 
drinking water induces severe infl ammation characterized by 
weight loss, bloody diarrhea, ulcer formation, and infi ltrations 
of neutrophils [21]. This model has been used to investigate not 

Figure 1: Administration of a combined nutraceutical formulation signifi cantly improved experimental acute intestinal infl ammation. (A) Percentage of body weight loss and 
DAI have been quantifi ed at the indicated time points. Values are mean ±SEM (n=8 per group). *p < 0,05 vs DSS + vehicle; ** p < 0,01 vs DSS + vehicle; ***P<0,0001 vs DSS + 
vehicle by two-way ANOVA with multiple comparisons. (B) Colon length. Values are mean ±SEM (n = 8 per group). *** p < 0,0001 vs DSS + Vehicle by one-way ANOVA with 
multiple comparisons. (C-G) Endoscopic score was determined at day of sacrifi ce (day 10). Composite score (C) was obtained by the cumulative scores of colon thickening 
(D), granularity of mucosal surface (E), vascular pattern (F), and visible fi brin (G). Values are mean ±SEM of n = 8 mice per group. ** p < 0,001 vs DSS + vehicle by one-way 
ANOVA with multiple comparisons. (H) Representative endoscopic images of one mouse per experimental group. 
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only the effects of the intestinal microbiome but also of dietary 
factors affecting the development of intestinal infl ammation 
[22,23].

The development of appropriate animal models is essential 
to studying the diverticular disease. To date, is very diffi cult to 
obtain animal models which resemble completely this disease 
condition. 

A new animal model of disease with features most similar to 
human diverticulitis has been described by Guo and colleagues 
in 2019 [24]. The successful creation of this swine model may 
impact the understanding of the pathogenesis of diverticula.

As for our animal model, the initial disease condition is 
characterized by the induction of mucosal damage by high 
infl ammation. This may signifi cate because in our model we 
are able to see only the initial development of the pathology, 
thus leading to the hypothesis that our treatment is benefi cial 
in the very early stages of the disease progress.

Thus, we suggest undertaking a future study exploring the 
potential effi cacy of our treatment in a more complex disease 
model, such as the one previously indicated.

Our fi ndings indicate that a combination of cranberry juice, 
pomegranate extract fruit in ellagic acid, and inulin Fibruline®, 
may prevent experimental acute intestinal infl ammation and 
possibly diverticulitis. This was confi rmed endoscopically in 
treated mice upon DSS administration, particularly in terms of 
reduced colon thickness and granularity of mucosal surface; 
increased mucosal granularity and thickness represent edema 

and small erosions, whereas edema of the lamina propria is 
characterized by clusters of neutrophils and capillaries. This 
data indicates that these nutraceutical compounds may help 
reduce neutrophil infi ltration and mucosal edema. 

The benefi cial effects of cranberry juice, pomegranate 
extract fruit, and inulin Fibruline® on preventing acute DSS-
induced infl ammation were confi rmed histologically, not 
only by a signifi cant reduction of ulcerations, compared to 
control groups, but also by signifi cant prevention of fl ogosis. 
Flogosis represents the presence of infl ammatory infi ltrate 
and edema, whereas ulceration represent epithelial damage, 
thus suggesting that nutraceutical ingredients may impact on 
both recruitment of infl ammatory cells and epithelial barrier 
integrity.

The relevance of diet in gastrointestinal disease prevention 
has long been recognized [25]. Dietary supplements, including 
ingredients from botanic extracts, have become a fast-growing 
market [25]; as an example Psyllium, a commonly used soluble 
dietary fi ber, has shown benefi cial effects in patients with 
colonic diverticula [26]. Similarly, Quercetin, a polyphenol 
widely distributed in many fruits and plants, has been shown 
to prevent diverticular disease [27]. Very recently, a multi-
compounds nutraceutical formulation named Enterofl egin® 
has shown signifi cant effi cacy in inducing remission, symptom 
relief and reduction of faecal calprotectin in patients with 
SUDD [28]. 

In our study we used a nutraceutical formulation containing 
concentrated cranberry juice, pomegranate extract fruit in 
ellagic acid and inulin Fibruline®. Cranberry juice and inulin 

Figure 2: Administration of a combined nutraceutical formulation signifi cantly reduced histological score and FC in DSS-induced mice. (A) The graph represents histological 
grading of intestinal infl ammation at day 10. Ulceration (Ulc), extension of ulceration (Ext Ulc), fl ogosis (Flog), extension of fl ogosis (Ext Flog) and fi brosis (Fibr). Values are 
mean ±SD (n = 8 per group). ***p < 0,0001 vs DSS + Vehicle; **p < 0,001 vs DSS + Vehicle by two-way ANOVA with multiple comparisons. (B) Representative histological 
images with inserts at higher magnifi cation of colons from one mouse per group. Red arrows indicate infl ammatory infi ltrate. M: Mucosa; SM: Sub-Mucosa; Mu: Muscularis 
propria. (C) FC levels are expressed as mg per g of stool. Values are mean ±SD (n = 8 per group). P value was calculated by one-way ANOVA with multiple comparisons.
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have already shown to induce remission in patients with 
diverticular disease [8]. In particular, cranberry constituents, 
such as the proanthocyanidins, fl avonols, and hydroxycinnamic 
acids, displayed antimicrobial properties, acting against 
various pathogens (e.g. Helicobacter pylori and extraintestinal 
pathogenic Escherichia coli) by preventing bacterial adhesion, 
decreasing biofi lm formation and/or reducing infl ammation 
rather than via bactericidal activity [29]. Similarly, inulin, 
which is a nondigestible food ingredient fermented in the 
colon, was shown to exert its benefi cial effects in the gut by 
modulating the intestinal microbiota [30]. 

On the other side, pomegranate’s metabolites were 
demonstrated to enhance gut barrier integrity [31], to 
ameliorates colitis and to lower infl ammatory markers, with a 
potential mediating role of gut microbiome [32]. 

Conclusion

There is growing interest in the use of nutraceutical 
compounds to manage gastrointestinal disorders, including 
diverticular diseases. Our fi ndings suggest that a combination 
of concentrated cranberry juice, pomegranate extract fruit and 
inulin Fibruline® may signifi cantly prevent the acute low-grade 
intestinal infl ammation characterizing acute diverticulitis, 
possibly impacting on recruitment of infl ammatory cells and 
epithelial damage; this could lead to reduction of neutrophil 
infi ltration and mucosal edema, ultimately leading to 
prevention of diverticulitis. Our study supports the potential 
use of nutraceutical ingredients as a novel therapeutic approach 
to prevent acute diverticulitis; however, the re is still a long way 
to go before putting nutraceuticals as considerable alternative 
or complementation of conventional drugs, and more efforts 
should be made to confi rm these preliminary data.
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