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Abstract
AIM: To study isolation and chemical characterization 
of pectin derived from the common cranberry Vaccinium 
oxycoccos  L. (oxycoccusan OP) and the testing of its 
preventive effect on experimental colitis.

METHODS: Mice were administrated orally with OP 
two days prior to a rectal injection of 5% acetic acid 
and examined for colonic damage 24 h later. Colonic 
inflammation was characterized by macroscopical 
injury and enhanced levels of myeloperoxidase activity 
measured spectrophotometrically with o-phenylene 
diamine as the substrate. The mucus contents of the 
colon were determined by the Alcian blue dye binding 
method. Vascular permeability was estimated using 4% 
Evans blue passage after i.p. injection of 0.05 mol/L 
acetic acid. 

RESULTS: In the mice treated with OP, colonic 
macroscopic scores (1.1 ± 0.4 vs  2.7, P  < 0.01) and the 
total square area of damage (10 ± 2 vs  21 ± 7, P  <  0.01) 
were significantly reduced when compared with the 
vehicle-treated colitis group. OP was shown to decrease 
the tissue myeloperoxidase activity in colons (42 ± 11 vs  
112 ± 40, P < 0.01) and enhance the amount of mucus 
of colitis mice (0.9 ± 0.1 vs  0.4 ± 0.1, P < 0.01). The 
level of colonic malondialdehyde was noted to decrease 
in OP-pretreated mice (3.6 ± 0.7 vs  5.1 ± 0.8, P < 0.01). 
OP was found to decrease the inflammatory status 
of mice as was determined by reduction of vascular 
permeability (161 ± 34 vs  241 ± 21, P < 0.01). Adhesion 

of peritoneal neutrophils and macrophages was also 
shown to decrease after administration of OP (141 ± 50 
vs  235 ± 37, P < 0.05).

CONCLUSION: Thus, a preventive effect of pectin 
from the common cranberry, namely oxycoccusan OP, 
on acetic acid-induced colitis in mice was detected. 
A reduction of neutrophil infiltration and antioxidant 
action may be implicated in the protective effect of 
oxycoccusan.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis (UC), are characterized 
by chronic and spontaneously relapsing inflammation 
resulting in tissue destruction[1]. At present, there is 
no radical treatment for UC. Steroids and salicylic acid 
preparations are usually used to control and suppress 
the inflammation. However, adverse reactions and a high 
relapse rate are problems arising from these therapies[2]. 
Acute intestinal inflammation is associated with the 
infiltration of  a large number of  leukocytes into the bowel 
mucosa. A decrease in leukocyte number and function has 
been shown to prevent bowel inflammation[3]. Therefore, 
leukocytes are assumed to be a potential target of  colitis 
drug research. 

Pectic polysaccharides are wel l known to be a 
component of  dietary fiber and to possess immun-
omodulating capacity with a predominant effect on 
neutrophils and macrophages. Feeding with pectins has 
been found to reduce a degree of  experimental bowel 
injury induced by acetic acid[4] and by dextran sulfate 
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sodium[5]. Oral pretreatment with comaruman, a pectin 
from cinquefoil Comarum palustre L., has been shown to 
prevent the development of  experimental colitis in mice[6]. 

It is wel l known that physiological effects are 
determined by the pectin structure[7]. Pectins used as food 
additives consist mostly of  linear chains of  galacturonic 
acid residues[8], whereas pectins of  fruits, vegetables and 
herbs are characterized by an abundance of  diversity of  
the macromolecular structure[7]. Therefore, the search 
and chemical characterization of  new pectins with colon-
protecting capacity is of  great interest.

Vaccinium sp. (Ericaceae) is widespread throughout 
the cool temperate Northern Hemisphere, including the 
northern parts of  Europe, Asia and North America. 
Cranber r ies are widely used in food as wel l as in 
ethnomedicine[9]. Regular drinking of  cranberry juice has 
been shown to reduce the recurrence of  urinary tract 
infections due to its action against coliform bacteria[10]. 
Cranberries were found to contain fructose[11] and a high 
molecular weight constituent of  an unknown nature[12] 
that inhibits the adherence of  bacteria to eukaryotic cells. 
The non-dialyzable material prepared from the cranberry 
juice concentrate has been shown to decrease the pro-
inflammatory cytokine response of  macrophages induced 
by LPS[13]. Cranberries are among the richest food sources 
of  procyanidins, which are polyphenols possessing a 
potent anti-oxidant capacity[14]. Phenolic compounds of  
cranberries have been found to inhibit the growth of  
human gastrointestinal pathogens[15].

Cranberries have been far reported to contain a high 
amount of  pectic polysaccharides[16,17]. However, the 
structure and anti-inflammatory activity of  pectin derived 
from cranberries have not been studied until now.

The present work is devoted to testing the preventive 
effect of  the pectin from the common cranberry Vaccinium 
oxycoccos L. on experimental colitis.

MATERIALS AND METHODS
Materials
Oxycoccusan OP was extracted from the ripe berries of  
the common cranberry Vaccinium oxycoccos L. (Oxycoccus 
palustre Pers.) with aqueous ammonium oxalate as described 
previously[18]. OP was shown to consist of  primarily of  
galacturonic acid residues (82%) together with the minor 
residues of  rhamnose (1.5%), arabinose (8%), glucose (5%) 
and galactose (3%) (Mw = 100-300 kDa). The apple pectin 
(MP Biomedicals, Inc.) was determined to consist of  the 
galacturonic acid residues (70%) together with residues 
of  glucose (29%) and traces of  rhamnose, arabinose and 
galactose residues (Mw = 200-400 kDa). Prednisolone 
(Akrihin), o-phenylene diamine, horseradish peroxidase 
(Roanal), alcian blue, fetal calf  serum, thiobarbituric acid 
(Sigma), and 96-well flat-bottom tissue culture plates 
(Linbro®, MP Biomedicals, Inc.) were used in this study. 

Animals
The structure of  this study and the animal experimental 
procedures were approved by the Ethical Committee of  
the Komi Science Center of  the Russian Academy of  
Sciences on Animal Care and Use.

Male A/HeJ mice weighing 20-25 g were used. They 
were housed in standard environmental conditions and 
fed with rodent diet and water ad libitum. The mice were 
fasted for a night before the induction of  colitis but had 
free access to drinking tap water. Colitis was then induced 
and its severity was evaluated morphologically in three 
experiments. One of  the biochemical parameters, including 
myeloperoxidase (MPO), malondialdehyde (MDA) or 
mucus content, was measured in the individual experiment 
after morphological observation. Each experimental group 
consisted of  7 animals.

Application of OP and induction of experimental colitis 
The mice were lightly anesthetized with ether. A plastic 
catheter (2 cm long, external diameter 1 mm) was inserted 
rectally into the colon so that the tip was 3 cm proximal to 
the anus. Acetic acid (5%, pH 2.5, 0.15 mL,) was instilled 
into the colon lumen through the catheter, and saline was 
instilled as a control[19]. 

Animals were treated orally with OP at the dose of  
25-100 mg/kg (dissolved in water) by using a flexible 
rubber catheter two days before the induction of  colitis. 
The control mice received the same amount (0.2 mL) of  
water. The positive control and reference groups received 
prednisolone (5 mg/kg) and commercial apple pectin (100 
mg/kg), respectively. 

Assessment of colitis severity 
Mice were killed by cervical dislocation one day after the 
administration of  acetic acid. The entire colon was isolated 
and opened longitudinally, and rinsed with phosphate 
buffered saline (PBS). The macroscopic scoring of  the 
colon damage was performed using the following criteria: 
0, no macroscopic change; (1) mucosal erythema alone; 
(2) mild mucosal oedema, slight bleeding or small erosion; 
(3) moderate oedema, bleeding ulcers or erosion, oedema 
and tissue necrosis[20]. For each mouse, the ulcer area was 
determined by summing the sizes of  lesions measured 
macroscopically by two blinded observers. The total area 
of  damage was expressed as the relative percentage (%) of  
the total surface area of  the colon.

Determination of colonic myeloperoxidase (MPO) activity 
After the macroscopic measurements, the excised colons 
(100-150 mg) were homogenized in PBS (pH 7.4) and 
centrifuged at 10 000 × g for 20 min at 4℃. MPO 
activity in the supernatants was then assayed by mixing 
the supernatant with citric phosphate buffer (pH 5.0) 
containing 0.4 mg/ml of  o-phenylene diamine and 0.015% 
hydrogen peroxide. The change in absorbance (A) at 492 
nm was measured spectrophotometrically and compared 
with a standard dilution of  horseradish peroxidase[21]. 
MPO activity was expressed as units/mg of  tissue.

Measurement of the levels of lipid peroxidation
Malondialdehyde (MDA) formation was used to quantify 
lipid peroxidation in the intestinal wall and was measured 
as thiobarbituric acid-reactive material[22]. The intestinal 
samples were homogenized (100 mg/mL) in 1.2% KCl 
buffer. Two hundred microliters of  the homogenates 
were then added to a reaction mixture consisting of  0.8% 
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aqueous thiobarbituric acid (0.75 mL), 8.1% sodium 
dodecyl sulfate (0.1 mL), 0.75 mL of  20% acetic acid (pH 
3.5), and distilled water (0.3 mL). The mixture was heated 
at 90℃ for 45 min. After cooling to room temperature, 2.0 
mL of  a mixture of  N-butanol and pyridine (15:1, v/v) 
was added to 2.0 mL of  the samples. The mixture was 
shaken vigorously. After centrifugation at 4000 r/min for 
10 min, the absorbance of  the organic layer was measured 
at 540 nm. The MDA level is expressed as nanomoles per 
milligram of  protein[23].

Evaluation of the adherent colonic mucus 
The mucus content of  the colon was determined 
spectrophotometrically by the Alcian blue dye binding 
method[24]. The colon was excised and immersed for 2 h in 
0.1% Alcian blue in 0.16 mol/L sucrose solution buffered 
with 0.05 mol/L aqueous sodium acetate. The unbound 
dye was then removed by two subsequent washings for 15 
and 45 min in 0.25 mol/L sucrose solution and the mucus-
bound dye was eluted by immersing the colon in a 0.5 
mol/L MgCl2 solution for 2 h. The solution obtained was 
centrifuged at 4000 r/min and A of  supernatant was read 
at 650 nm. The amount of  Alcian blue extracted per one 
gram of  the wet colonic sample was then calculated from 
standard curves.

Measurement of vascular permeability
Vascular permeability was measured in the healthy mice 
two days after a single oral administration of  OP or 
indomethacin as a positive control. Mice were injected 
intravenously with 4% Evans blue (0.01 mL/g body 
weight). After injection of  the dye, 0.05 mol/L acetic acid 
(0.01 mL/g body weight) was injected intraperitoneally. 
Fifteen minutes later, the mice were killed by an overdose 
of  ether and the viscera were exposed after a 1 min period 
to allow blood to drain away from the abdominal wall. 
The animal was held by a flap of  the abdominal wall and 
the viscera were irrigated with saline over a Petri dish. The 
washing was filtered through glass wool and transferred to 
a test tube. To each tube was added 0.1 mL of  0.05 mol/L 
NaOH to clear any turbidity due to protein, and A was 
read at 590 nm[25].

Adhesion of peritoneal leukocytes 
The peritoneal cells were harvested from mice by perito-
neal lavage with phosphate buffered saline (5 mL). The 
cells were washed by centrifugation (1500 r/min, 10 min) 
and then suspended in Hank’s medium supplemented with 
10% fetal calf  serum. The cell suspensions (0.1 mL) were 
incubated in a 96-well flat-bottom tissue culture plate in 
the presence of  phorbol-12-myristate-13-acetate (PMA, 
0.025 mg/L) as a stimulating agent at 37℃ for 15 min. The 
wells were washed to remove the nonadherent cells and the 
adherent cells were fixed in ethanol and stained with azure-
eosin. The colored material was solubilized in MeOH and 
A of  the solution obtained was measured at 650 nm[26].

Statistical analysis 
All data were expressed as the as mean ± SD. Nonpara-
metric statistics were used to evaluate the results. Compari-

sons between groups were made with the Mann Whitney 
U-test (package “MedCalc” v.9.1.0.1, Mariakerke, Belgium). 
A value of  P < 0.05 was considered significant.

RESULTS
Effect of OP on colitis severity
All of  the mice were found to be sick after a rectal injec-
tion of  acetic acid and to have diarrhea with blood in 
the stool and abdominal distention. In comparison with 
healthy mice (Figure 1A ), the colonic samples from mice 
with colitis were shown to have severe mucosal damage 
with edema, deep ulcerations and hemorrhages 24 h after 
the rectal injection of  acetic acid (Figure 1B). A colonic in-
flammation was biochemically monitored by measuring the 
level of  MPO activity in the colonic tissue taken from the 
site of  inflammation. MPO activity was found to increase 
from 46 ± 8 to 112 ± 40 U/mg (P < 0.01, n = 7). Acetic 
acid infused rectally was shown to reduce the colon-bound 
mucus from 1.2 ± 0.4 to 0.4 ± 0.17 mg/mL (P < 0.01, n = 
7). Damage of  the colon reached the maximum level 24 
h after the rectal injection of  acetic acid. Signs of  healing 
and regeneration of  the mucosa were observed on the 5th 
d and the mucosa became almost normal on the 8th d after 
injection of  acetic acid.

Oral administration of  oxycoccusan OP two days be-
fore infusion of  acetic acid into the colon was found to 
prevent the progression of  colitis (Figure 1C). In the mice 
treated with OP, colonic macroscopic scores and the total 
square area of  damage were significantly reduced when 
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Figure 1  Macroscopic examination of the colonic mucosa before (A) and 24 h 
after acetic acid injection (B-E). Mice were treated two days previously with (B) 
saline (damage score 4, square area of injury 40%); (C) prednisolone 5 mg/kg 
(damage score 2, square area of injury 1%); (D) OP, 100 mg/kg (damage score 2, 
square area of injury 3%); (E) apple pectin, 100 mg/kg (damage score 3, square 
area of injury 25%). The colon without the cecum was removed and opened along 
the mesenteric border.



compared with the vehicle-treated colitis group (Table 1). 
The preventive effect of  OP was dose-related and com-
parable with that of  prednisolone in a dose of  5 mg/kg, 
administered p.o. (Figure 1D). The apple pectin used as 
a reference pectic substance failed to influence the colitis 
(Figure 1E).

The MPO activities were estimated in the colonic sam-
ples as a marker of  granulocyte and monocyte influx into 
the tissue. A peroral pretreatment of  mice with OP orally 
was shown to attenuate the tissue MPO activity in colons 
as compared with the colitis group (Figure 2). 

In the next experiment, the macroscopic score (1.8 ± 
0.4 vs 2.7 ± 0.6, P < 0.05) and square area of  damage (7 ± 
3 vs 28% ± 10%, P < 0.01) were also decreased in colitis 
mice receiving OP pretreatment. Corresponding to mor-
phological alterations, MDA levels were increased in the 
colonic samples of  colitis mice in comparison to healthy 
mice. MDA levels in the samples obtained from mice that 
received OP were found to decrease compared to those in 
the colitis group (Table 2).

In the third experiment, the production of  mucus was 
measured in the colonic samples of  healthy, colitis-affected 
(macroscopic score 2.8 ± 0.9; square area of  damage 21%
± 7%) and OP-administered (macroscopic score 1.7 ± 0.5; 
damage square 8% ± 6%) mice. OP was found to stimu-

late the production of  mucus by colons of  colitis-affected 
mice. The evaluation of  Alcian blue recovery from colon-
bound mucus in the OP-treated animals with colitis 
showed that the levels of  adherent mucus were compa-
rable with those detected in native mice (Figure 3). 

Effect of OP on healthy mice
Vascular permeability, the adhesion of  peritoneal leuko-
cytes, and colon-bound mucus were measured two days 
after oral administration of  oxycoccusan to native mice as 
the initial step to elucidate the mechanism of  the preven-
tive effect of  oxycoccusan. Oral administration of  OP 
failed to influence the colon mucosa of  healthy mice (Figure 
3). OP was found to decrease the inflammatory status of  
mice as was detected by a reduction of  vascular perme-
ability (Figure 4). The adhesion of  peritoneal neutrophils 
and macrophages was shown to slightly decrease after the 
administration of  OP (Figure 5). The apple pectin, in com-
parison with oxycoccusan, failed to possess anti-inflamma-
tory activity and failed to enhance the mucosal layer.

DISCUSSION
Plant polysaccharides have been previously demonstrated 
to reduce colon damage in experimental colitis[4,5,27]. The 
described investigations were performed at an extended 
exposure (6-21 d) to polysaccharides starting after the 
induction of  colitis. Various effects of  polysaccharides 
are likely to interfuse during this long exposure. In the 
present study, pectin OP was found to prevent acetic acid-

Table 1  Preventive effect on colon injury of oxycoccusan OP 
administered orally two days before infusion of acetic acid into 
the rectum of mice (means ± SD)

     Pretreatment                   Macroscopic damage      Total square of
                                                    score                  injury, %

Vehicle-treated (Colitis) 2.7 ± 0.8 21 ± 7
Oxycoccusan OP 
   25 mg/kg 2.0 ± 0.4 17 ± 9
   50 mg/kg 2.0 ± 0.8 20 ± 9
   100 mg/kg 1.1 ± 0.4b 10 ± 2b

Prednisolone 5 mg/kg 1.3 ± 0.7b   8 ± 3b

Apple pectin 100 mg/kg 2.6 ± 0.7 23 ± 9

bP < 0.01 vs the vehicle-treated colitis group (‘Colitis’). n = 7.

Table 2  Preventive effects on colonic MDA levels of 
oxycoccusan OP administered orally two days before infusion of 
acetic acid into the rectum of mice (means ± SD)

      Pretreatment                          nmol/mg of protein

Healthy 3.6 ± 0.8
Vehicle-treated (Colitis) 5.1 ± 0.8
Oxycoccusan OP 100 mg/kg 3.6 ± 0.7b

Apple pectin 100 mg/kg 4.2 ± 1.4

bP < 0.01 vs vehicle-treated colitis group (‘Colitis’). n = 7.
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Figure 2  Effect of oxycoccusan OP on myeloperoxidase (MPO) activity in colonic 
tissue of mice with acetic acid-induced colitis. Values are means ± SD (n = 7), aP < 
0.05, bP < 0.01 vs the colitis group.
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induced colitis when given once beforehand at doses of  
50-100 mg/kg. The doses of  pectin used were chosen to 
approximate the estimated human intake as dietary fiber[28]. 
The protective effect of  OP was comparable with that of  
prednisolone, which is a conventional medicine for the 
treatment of  acute episodes of  UC.

The exact mechanism of  the preventive effect of  OP on 
colitis remains unclear. The suppression of  MPO activity 
by OP indicates that pectin inhibits the accumulation of  
neutrophils in the colonic mucosa. Indeed, MPO activity 
has been previously shown to be proportional to a number 
of  infiltrating granulocytes, primarily neutrophils in the 
model of  colonic inflammation[29]. Increasing amounts 
of  transmigrating neutrophils induce significant epithelial 
disruptions resulting in epithelial discontinuities and 
erosions[30]. Therefore, it has been suggested that a delay 
in the influx of  neutrophils into the intestinal wall is 
implicated in the preventive effect of  cranberry pectin. 
A migration of  neutrophils from the microvasculature is 
due to the influx of  luminal proinflammatory bacterial 
products into the lamina propria, which results from 
disruption of  the gastrointestinal barrier by oxygen 
radicals[31]. The role of  reactive oxygen species has been 
stressed in recent years. Increased lipid peroxidation has 
been identified in the colons of  patients with UC[32] as 
well as in experimental colitis induced by acetic acid[22]. 
Oxycoccusan was found to prevent an increase in MDA 
concentration. Plant polysaccharides, including pectins, are 
assumed to be capable of  minimizing free radical-induced 
damage. A polysaccharide from Angelica sinensis has been 
found to possess a protective effect on immunological 
colon injury, which is probably due to the mechanism 
of  antioxidation[33]. Ko et al [34] showed that colonic 
damage was significantly reduced by pretreatment of  
mice with an Astragalus membranaceus extract that contains 
polysaccharides and saponins. A polysaccharide from 
Rheum tanguticum has been shown to protect intestinal 
epithelial cells against oxidative stress[35]. A significant 
reduction in mucosal damage has been noted when pectin 
was administered before the perfusion of  rat jejunum 
with peroxyl and hydroxyl radicals[36]. Therefore, it was 
proposed that the protective effect of  OP against colitis 

was related to its antioxidant action. However, the presence 
of  flavonoids in the OP preparations should be confirmed 
before elucidation of  the mechanism of  antioxidant action 
of  polysaccharides per se. 

Leukocyte adhesion represents one of  the first steps in 
initiation of  the inflammatory response and it is essential 
for the accumulation of  active immune cells at sites of  
inflammation[37]. In light of  this connection, the ability 
of  OP to influence the adhesion of  peritoneal leukocytes 
was determined in order to elucidate the involvement of  
leukocytes in the mechanism of  the antiinflammatory 
effect. The data on leukocyte adhesion reduction may 
partially explain the preventive effect of  OP on the 
accumulation of  neutrophils in the intestinal wall. 

A reduct ion of  vascu la r per meab i l i t y by OP 
indicates the suppression of  the release of  vasoactive 
mediators (histamine, serotonin) by competent cells. 
Sulfated glycosaminoglycan heparin has been shown 
to inhibit exocytosis in mast cells[38]. Oxycoccusan, as a 
pectin, possess structural similarity with heparin, which 
comprises a polyanionic macromolecule with a negative 
charge density. A possible effect of  OP on the activity 
of  basophils and mast cells is under investigation. It is 
possible that OP exerts its preventive effect on colitis by 
affecting plasma factors that regulate vascular permeability 
and cellular trafficking during the process of  inflammation.

Thus, a preventive effect of  pectin from the common 
cranberry, namely oxycoccusan OP, on acetic acid-induced 
colitis in mice was detected. Neutrophil infiltration 
reduction and antioxidant action may be implicated in the 
protective effect of  oxycoccusan.
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