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mucilage monosaccharides and membrane phospholipids, 
mainly PC and phosphatidylethanolamine (PE), may be 
the relevant features responsible for changing activities 
of membrane-attached proteins during the healing 
process after chronic gastric mucosal damage.
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INTRODUCTION
The Opuntia ficus-indica (O. ficus-indica) is a plant belonging to 
the Cactaceae family, located preferentially in arid zones[1]. 
The main substance produced by this plant is mucilage 
composed mostly of  water and polysaccharides, which 
may participate in adaptation mechanisms preventing 
dehydration or freezing[2]. The mucilage obtained from 
cladodes of  O. ficus-indica is soluble in water and produces 
colloidal solutions of  high viscosity[3].

The polysaccharide in mucilage with a high molecular 
weight [4,5], is produced by special ized cel ls in the 
Cactaceae[6]. Chemically, mucilage is composed of  α-D-
galactopyranosiluronic acid and β-L-rhamnopyranose, 
forming the main chain and β-D-galactopyranose, β-D-
xylopyranose and α-L-arabinofuranose in the side 
chains[7,8].

In Mexico, mucilage obtained from O. ficus-indica 
can cure topical inflammation and skin ulcerations[9]. 
In addition, recent data suggest that mucilage derived 
from this plant can treat acute gastric damage. The anti-
ulcer activity of  mucilage from O. ficus-indica has been 
reported[10]. The beneficial effect of  cladodes from 
O. ficus-indica when simultaneously administered with 
ethanol seems related to an enhancement of  gastric 
mucus production[11]. Likewise, polygalacturonic acid[4,7] 
and arabinogalactan protein in mucilage, probably act 
in combination with some protective factors including 
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Abstract
AIM: To study the effect of mucilage obtained from 
cladodes of Opuntia ficus-indica  (Cactaceae) on the 
healing of ethanol-induced gastritis in rats.

METHODS: Chronic gastric mucosa injury was treated 
with mucilage (5 mg/kg per day) after it was induced 
by ethanol. Lipid composition, activity of 5’-nucleotidase 
(a membrane-associated ectoenzyme) and cytosolic 
activities of lactate and alcohol dehydrogenases in the 
plasma membrane of gastric mucosa were determined. 
Histological studies of gastr ic samples from the 
experimental groups were included.

RESULTS: Ethanol elicited the histological profile of 
gastritis characterized by loss of the surface epithelium 
and infiltration of polymorphonuclear leukocytes. 
Phosphatidylcholine (PC) decreased and cholesterol 
content increased in plasma membranes of the gastric 
mucosa. In addition, cytosolic activity increased while 
the activity of alcohol dehydrogenases decreased. The 
administration of mucilage promptly corrected these 
enzymatic changes. In fact, mucilage readily accelerated 
restoration of the ethanol-induced histological alterations 
and the disturbances in plasma membranes of gastric 
mucosa, showing a univocal anti-inflammatory effect. 
The activity of 5’-nucleotidase correlated with the 
changes in lipid composition and the fluidity of gastric 
mucosal plasma membranes. 

CONCLUSION: The beneficial action of mucilage seems 
correlated with stabilization of plasma membranes of 
damaged gastric mucosa. Molecular interactions between 
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macromolecules or small ligands of  the gastric mucosa[12]. 
Although these possibilities remain unproved, mucilage 
from O. ficus-indica could exert a cytoprotection as an anti-
inflammatory agent, which can prevent rat gastric mucosal 
damage when administered concomitantly with the 
noxious agent[13].

To solve the problem, we have developed a model 
of  ethanol administration to rats, which could elicits a 
histological profile of  gastric injury characterized by loss of  
surface epithelium and infiltration of  polymorphonuclear 
leukocytes. This model produces evident alterations in 
plasma membranes of  the gastric mucosa[14]. After ethanol 
withdrawal[15], these alterations may lead to increased 
membrane lipid peroxidation accompanying spontaneous 
restitution of  the gastric mucosa epithelium. 

Taking advantage of  these histological alterations, 
as well as those in membrane lipid composition present 
in our model of  chronic ethanol-induced rat gastric 
mucosal damage[14], the present study assessed whether 
administration of  mucilage extracted from O. ficus indica 
had a therapeutic effect on this experimental model of  
gastritis in rats.

MATERIALS AND METHODS
Preparation of mucilage 
The cladodes were isolated from a cultivation of  O. 
ficus-indica located in Milpa Alta village (near to Mexico 
City) and the identity of  the plant was confirmed by 
the bibliographic data[1]. Two kg of  fresh cladodes free 
of  spines was cut into cubes of  2 cm × 2 cm × 1 cm 
and placed in one liter of  distilled water for 24 h. The 
supernatant was frozen and lyophilized, from which 41g 
of  mucilage as a yellow-powder was obtained. A 0.25% 
solution of  mucilage in water was prepared.

Animal treatment
A model of  gastritis induced by chronic ethanol admini-
stration to rats has been described in detail elsewhere[14]. 
Briefly, two groups of  20 and 15 male Wistar rats weighing 
240-260 g, after an overnight fasting, received 1 mL of  
50% ethanol through a gastric tube for one day and water 
containing 5% of  ethanol ad libitum to achieve a daily 
intake of  9-10 g of  ethanol per kg of  body weight for 
five days. Then the animals developed gastritis. This was 
considered as time zero (once histological evidence of  
gastritis was achieved), at this time the ethanol ingestion 
was discontinued. The group of  20 animals was considered 
as the gastritis control group, which was divided into 
four subgroups of  5 animals. The first subgroup was 
studied at time zero whereas the second, third and fourth 
subgroups were studied after 24, 48, and 72 h, respectively. 
The group of  15 rats served as the gastritis group treated 
with mucilage (5 mg/kg of  body per day, starting at time 
zero) and divided into three subgroups, 5 animals in each 
subgroup, and studied after 24, 48, and 72 h, respectively. 
The complementar y control g roup of  15 healthy 
animals (divided into three subgroups, 5 animals in each 
subgroup), received only saline solution and was studied 
after 24, 48, and 72 h, respectively. The animals were killed 
by decapitation after administration of  an overdose of  

sodium pentobarbital. All the procedures were performed 
according to the Federal Regulations for Care and Use of  
Experimental Animals (Ministry of  Agriculture and Animal 
Breeding; SAGARPA).

Histological assessment and subcellular fractionation of 
gastric mucosa 
The stomach was removed from each rat, dissected along 
the greater curvature and rinsed in cold saline solution. 
Strips of  gastric wall were embedded in paraffin, stained 
and analyzed as reported elsewhere[14]. The remnant gastric 
tissue from the forestomach to the pylorus through the 
entire glandular mucosa, was homogenized in a buffer 
containing 0.25 mol/L of  sucrose and 10 mmol/L of  
TRIS-HCl (pH 7.5). Plasma membrane was obtained 
from the whole homogenate by the method of  Loten 
and Redshaw-Loten[16], while the cytosolic fraction was 
obtained by differential centrifugation[14]. Identity and 
purity of  the subcellular fractions were routinely assessed 
by determining the activities of  marker enzymes, namely 
5’-nucleotidase and lactate dehydrogenase (LDH)[14]. 5’
nucleotidase was also used to assess the in vivo plasma 
membrane fluidity[14]. 

Analytical procedures 
In extracts of  total lipids from isolated plasma membranes, 
phospholipid content was determined as previously 
described[17]. Total cholesterol was determined with the 
colorimetric method described by Abell et al [18]. The 
cytosolic fractions were used as an enzyme source to 
determine the specific activities of  LDH (EC 1.1.1.27) 
and alcohol dehydrogenase (ADH; EC 1.1.1.1) using the 
spectrophotometric methods of  Vassault[19] and Caballería 
et al[20] respectively. In all the assays, protein content was 
determined according to Lowry et al[21].

Statistical analysis 
Statistical difference among groups was calculated by the 
two-way ANOVA test, and expressed as mean ± SE. In 
case of  significance, student’s-t test was applied.

RESULTS
Histological assessment of gastric samples from animals 
with gastritis and treated with mucilage 
When compared to control rats (Figure 1A), at the onset 
of  gastritis (T0), disrupted superficial epithelial cells, loss 
of  specialized cells (glandular), slight submucosal edema, 
marked margination and infiltration of  polymorphonuclear 
(PMN) leukocytes were found in gastric mucosa, proving 
clearly an inflammatory process (Figures 1B and 1C). 
The histological abnormalities generated by ethanol 
remained unchanged 24 h after spontaneous recovery 
(Figure 1C), but restoration of  the gastric mucosa started 
48 h after ethanol withdrawal. Therefore, three days after 
spontaneous recovery, a histological pattern corresponding 
to a moderate gastritis was observed in these animals 
(Figure 1D, Table 1). On the contrary, animals with gastritis 
and treated with mucilage showed an earlier recovery 
as reflected in a great amelioration of  the inflammatory 



process (Figure 1E, Table 1).

Effects of mucilage on plasma membrane lipid compo-
sition and cytosolic activities of soluble enzymes in rats 
with chronic gastric mucosal injury 
Along with the histological findings, the lipid compo-
sition of  isolated mucosa plasma membranes in the 
experimental groups changed significantly. Table 2 
depicts the phospholipid species found in plasma 
membranes obtained from mucosa of  rats with gastritis 
and treated with mucilage. Chronic ethanol treatment 
(T0) had a dual effect on phospholipid distribution. 
Both phosphatidylinositol (PI) and phosphatidylcholine 
(PC) decreased significantly accompanying a progressive 
enhancement of  phosphatidylethanolamine (PE) in plasma 
membrane. The less abundant phospholipid in plasma 
membranes of  gastric mucosa was phosphatidic acid (PA). 
Likewise, the level of  phosphatidylserine (PS) had no 

significant change due to the presence of  gastritis (Table 
2). The ethanol treatment-induced alteration of  PI and PC 
in plasma membrane persisted for up to 72 h after ethanol 
withdrawal. However, PE levels were normalized 48 h after 
spontaneous recovery. A single dose of  mucilage (24  h) 
did not have any significant effect on ethanol-induced 
alterations in the lipid composition of  gastric mucosal 
membranes, but subsequent administrations promptly 
normalized the content of  phospholipids and their relative 
distribution in gastric membranes of  animals undergoing 
gastritis (Table 2). Then, mucilage administration elicited a 
restoration of  PC levels, close to the control levels (Table  2). 
Although mucilage exerted its effects on distribution of  
plasma membrane phospholipids during the treatment, 
neither the degree of  mucosal damage nor the treatment 
with mucilage significantly modified the amount of  total 

Table 1  Incidence of microscopic lesions in stomach of rats 
treated with ethanol and mucilage from O. ficus-indica

Experimental
groups

                          Parameters
Time      S. epithelium     Specialized      PMN  
 (h)        (disruption)     cells  (loss)   infiltration

Controls -- --- --- ---
Gastritis + saline   0 +++ ++/+++ +++
Gastritis + saline 24 +++ ++ +++
Gastritis + saline 48 ++/+++ +/++ +++
Gastritis + saline 72 +/++ + +/++
Gastritis + mucilage 24 +++ ++ +++
Gastritis + mucilage 48 ++ + +++
Gastritis + mucilage 72 + --/+ +

Controls corresponding to rats treated with saline. Scale for injury degree: (-) 
absent, (+) slight, (++) moderate and severe (+++). PMN: Polymorphonuclear 
leukocytes; S.: Surface.

Figure 1  Representative micrographs of gastric mucosa of rats with gastritis and treated with mucilage. A: control animals; B: animals subjected to gastritis (T0); 
C: animals 24 h after ethanol withdrawal. In micrographs B and C, the presence of PMN infiltrate is shown by large arrows in the insets; D: histological profile of the 
spontaneous recovery of gastric mucosa 72 h after ethanol withdrawal (arrows: PMN); E: histological profile corresponding to similar conditions after treated with mucilage (3 
doses).

Table 2  Phospholipid composition of stomach mucosal 
membranes of gastritis rats treated with mucilage from O. ficus-
indica  (mean ± SE)

Experimental

groups

Phospholipids (nmols of phosphate per mg of protein)

PA PS PI PC PE

Controls 29 ± 4 103 ± 12 172 ± 9 464 ± 25 206 ± 20
Plus saline
Gastritis (Time zero)35 ± 5 123 ± 14 111 ± 16a 333 ± 52 219 ± 22
Gastritis (24 h) 34 ± 5 121 ± 12 139 ± 10a 314 ± 37a 321 ± 32a

Gastritis (48 h) 38 ± 5 135 ± 11 126 ± 11a 332 ± 20a 266 ± 23
Gastritis (72 h) 40 ± 5 141 ± 19 126 ± 15a 372 ± 30a 247 ± 18
Plus mucilage
Gastritis (24 h) 38 ± 4 136 ± 11 148 ± 21 321 ± 35a 347 ± 33a

Gastritis (48 h) 36 ± 5 128 ± 9 137 ± 12 a 384 ± 39 232 ± 16
Gastritis (72 h) 29 ± 4 102 ± 19 160 ± 15 b 453 ± 31b 196 ± 18

PA: Phosphatidic acid; PS: Phosphatidylserine; PI: Phosphatidylinositol; PC: 
Phosphatidylcholine; PE: Phosphatidylethanolamine. aP < 0.01 vs controls; bP 
< 0.01 vs rats subjected to gastritis (untreated with mucilage).
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membrane phospholipids (Figure 2A). However, plasma 
membrane cholesterol increased as a response to mucosal 
injury (Figure 2A). Thus, the group of  rats subjected 
to gastritis showed an early increase of  cholesterol 
content, which remained significantly higher than that 
in the control group during the experiment. In this 
context, administration of  mucilage successfully restored 
the normal amount of  cholesterol in mucosa plasma 
membranes (Figure 2A), and consequently, the cholesterol/
phospholipids ratio was also modified (Figure 2C). This 
ratio was greatly enhanced in mucosal plasma membranes 
obtained from rats undergoing gastritis, and remained 
higher at all the tested time points. On the contrary, 
treatment with three doses of  mucilage (72 h after ethanol 
withdrawal) normalized the cholesterol/phospholipids 
ratio (Figure 2C). The methylation index represented by 
the PC/PE ratio also decreased in animals with gastritis. 
This effect induced by ethanol, persisted even after 72 h of  
ethanol administration (Figure 2B). Interestingly, mucilage 
also corrected this parameter of  the lipid composition of  
mucosal plasma membranes. This was more evident at the 
end of  its administration to animals undergoing gastritis 
(Figure 2B). Therefore, alterations in the lipid composition 
of  plasma membranes of  injured gastric mucosae, were 
promptly normalized by the administration of  mucilage.

Due to the effect of  mucosal damage induced by 
ethanol, some cytosolic enzyme activities were significantly 
affected (Figure 3). As previously reported[14], animals with 
gastritis showed a significant drop in ADH activity (54%). 

Regardless of  the ethanol withdrawal, the activity of  ADH 
remained abnormal during the tested recovery period (up 
to 72 h). However, mucilage promoted an early recovery 
of  the ADH activity when administered to rats undergoing 
gastritis (Figure 3). The opposite to the LDH activity was 
observed. This cytosolic enzyme with a very high specific 
activity increased after chronic ethanol administration 
(133% over controls) and its activity remained significantly 
higher even 72 h after ethanol withdrawal. In this case, 
administration of  mucilage also normalized LDH 
activity, but only after 3 doses (Figure 3), suggesting that 
administration of  mucilage from O. ficus-indica to animals 
with ethanol-induced gastritis, could not only correct the 
alterations found in plasma membranes, but also practically 
normalize the activities of  some soluble enzymes present 
in the cytosolic fraction obtained from the gastric mucosa.

Effects of gastrit is and mucilage on membrane 5’
-nucleotidase activity 
The effects of  gastritis and mucilage on the activity of  5’
-nucleotidase were also evident. This ectoenzyme could 
respond to changes in the lipidic microenvironment, 
thus its activity could indirectly indicate the fluidity status 
of  gastric mucosa plasma membranes. This enzyme 
presented a decreased activity at the onset of  gastritis (T0) 
and was still lower 24 h after ethanol withdrawal (Figure 
4, left panel). Thereafter, the activity of  5’-nucleotidase 
was suddenly enhanced and normalized after 72 h of  
spontaneous recovery. When rats undergoing gastritis 
were administered with mucilage, an early recovery of  
the plasma membrane activity of  5’-nucleotidase (24 h) 
was noted, which was followed by a sustained increase in 
the 5’-nucleotidase activity during the whole treatment 
period (Figure 4, left panel). The influence of  the lipidic 
composition of  plasma membranes on 5’-nucleotidase 
activity was evident when this enzymatic activity was 
plotted against indicative parameters of  plasma membrane 
fluidity (Figures 2B and 2C). As shown in Figure 4B (right 
panel), the activity of  5’-nucleotidase correlated directly 
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with the PC/PE ratio (r = 0.65, P < 0.005), while increased 
cholesterol/phospholipids ratio negatively affected the 
activity of  plasma membrane 5’-nucleotidase (r = -0.51, P 
< 0.01; Figure 4B, right panel).

DISCUSSION
Administration of  concentrated ethanol solutions 
could induce damage to the gastric mucosa, including a 
disruption of  up to 80% of  the surface epithelial cells 
throughout the glandular stomach of  rats[22,23]. Indeed, 
ethanol administration could result in a reduction in 
resistance, transmucosal potential difference, H+ secretion, 
and increased appearance of  Na+ in the lumen at neutral 
pH[24,25], indicating that ethanol can induce profound 
changes in membrane permeability.

The present model resembles an active gastritis, 
similar to that found in humans. In fact, this model has 
been already validated by histological and biochemical 
findings[14,15]. Furthermore, the main histological findings, 
such as inflammation and reduction of  surface epithelial 
cells, as well as alterations in mucosal glands (Figure 1) and 
parietal cells[26] are described in another model of  chronic 
gastritis in rats[27]. Our experimental model of  ethanol-
induced gastritis in rats is characterized by decreased PI 
and PC, and increased PE in plasma membranes of  the 
gastric mucosa. PC is abundant in the gastric mucosa of  
rats, and the PC/PE ratio represents the lipid methylation 
activity[28]. Additionally, the cholesterol/phospholipid ratio 
significantly decreased, strongly suggesting that ethanol-
induced gastritis diminishes the membrane permeability[14]. 
In fact, the cholesterol/phospholipid ratio influences the 
fluidity of  a variety of  membranes, and increases during 
the occurrence of  altered membrane permeability[29,30]. All 
these modifications in the membrane lipid composition 
of  gastric mucosa obtained from animals with gastritis are 
due to the changes in the rate of  lipid peroxidation[15]. 

Lipid peroxidation and its effects on the composition 
and function of  plasma membranes seem to play their 
part in chronic ethanol-induced gastric mucosa injury, 
promoting diminished binding of  ligands to membrane 
histaminergic H2-receptors, which is inversely correlated 

with the rate of  restoration of  the surface epithelium 
in gastric mucosa[15]. In this regard, the effects of  
administration of  mucilage obtained from O. ficus-indica on 
gastric mucosal lesions need to be further studied.

In the present model, mucilage administration was 
capable of  correcting the alterations found in plasma 
membrane, especially its lipid composition, suggesting 
that mucilage can accelerate the repair of  gastr ic 
mucosal lesions in rats undergoing gastritis (Figures 
1-3). Histological examination revealed that the main 
action of  mucilage in injured gastric mucosa was an anti-
inflammatory effect, which seemed to be involved in 
the further restitution of  the mucosal integrity. Along 
with this, mucilage contains polygalacturonic acid[4] and 
arabinogalactan, which could interact with macromolecules 
or small ligands of  the gastric mucosa, enhancing gastric 
mucus production[11].

In addition to the partial blocking effect on the 
PMN infiltrate, the specific activity of  cytosolic enzymes 
ADH and LDH also normalised after the treatment with 
mucilage. These enzymes seem related to the condition of  
the gastric mucosa in some extent, since altered LDH and 
ADH activities seem to be associated with processes of  
gastric carcinogenesis and intestinal metaplasia[31,32].

The change of  phase from gel to liquid of  membrane 
phospholipids can result from an abnormal increase of  
permeability and loss of  cellular functionality. In this 
sense, polysaccharides may stabilize and protect the 
biological membranes, allowing the transitional phase 
remaining within the range of  biological activity, and 
avoiding the damage induced by dehydration or freezing[2]. 
Polysaccharide interaction between κ-carrageenan[33] 
or thehalose[34] or fructanes[35] and the polar heads of  
phospholipids, plays a role in stabilizing membranes. 
Saccharides interact with proteins such as mucin, and/or 
the polar heads of  membrane phospholipids. Therefore, 
they could originate a protective effect once they replace 
hydrogen bonds of  water molecules, generating and 
increasing local viscosity[36]. This can avoid dehydration 
such as that produced by alcohol. The changes observed in 
cell membrane after chronic ethanol treatment, such those 
in the lipid composition, could decrease or even induce a 
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complete loss of  the selective membrane barrier function 
which could eventually lead to cell death.

Alterations of  gastric mucosal cell membranes seem 
correlated with the activity of  5’-nucleotidase, which 
permits monitoring the in vivo changes in the membrane 
lipid composition after mucilage treatment. The effects 
of  gastritis and mucilage on the 5’-nucleotidase activity 
deserve some comments. Changes in the lipid composition 
and the cholesterol/phospholipid molar ratio differentially 
affect the activities of  5’-nucleotidase, Mg2+-ATPase, and 
γ-glutamyltransferase[37]. Since 5’-nucleotidase is attached 
to the membrane bilayer through a glycosylphosphatidyli-
nositol anchor, PC and PE can induce the highest degree 
of  activation of  5’-nucleotidase[38]. Ethanol alone (up to 
400 mM) does not affect the 5’-nucleotidase activity, but its 
derivative phosphatidylethanol, enhances 5'-nucleotidase 
activity[39]. The present data indicate that changes found 
in the activity of  this enzyme reflect changes in the lipidic 
microenvironment of  gastric plasma membranes.

On the other hand, the activity of  ecto-5’-nucleotidase 
constitutes a key enzyme responsible for adenosine pro-
duction in rat hearts[40]. In the rat stomach, adenosine has 
been demonstrated to inhibit gastric acid secretion prob-
ably by indirectly inhibiting gastrin release, which seems 
to be regulated through participation of  A(1)-adenosine 
receptors[41]. Adenosine also increases somatostatin release 
by acting on A(2A) receptors[42] and may have a putative 
gastroprotective effect against several types of  inductors 
of  gastric mucosal injury such as deficient circulatory 
conditions[43] and indomethacin-induced gastric lesions[44], 
as well as against stress- and ethanol-evoked gastric lesion 
formation[45]. Whether endogenous increase of  gastric mu-
cosal levels of  adenosine, mediated by mucilage-induced 
activation of  5’-nucleotidase, participates in the beneficial 
action of  mucilage, remains to be clarified. 

In any case, the association between mucilage poly-
saccharides and membranes may contribute to the repair 
of  damaged membranes[2]. This may occur following the 
insertion of  polysaccharides into membranes, originating 
a lateral spacing among the phospholipid polar heads, 
reducing the van der Waals interactions within the 
hydrocarbon chains, increasing viscosity and reducing 
mobility around the disturbed membrane. All these 
changes accompany capturing and associating water 
molecules[2]. 

In conclusion, mucilage may exert its anti-inflammatory 
effect by promoting the healing process of  gastritis in at 
least three ways: formation of  a viscous protective cover 
against the damage induced by ethanol or other noxious 
substances; restoration of  stomach epithelial surface 
and stabilization of  plasma membranes; participation in 
enzyme recovery, restoration of  both the cholesterol/
phospholipid ratio and membrane fluidity. 
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