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Abstract Obtained from breadfruit seeds (Artocarpus

incisa), frutalin (FTL) has a range of important pharmaco-

logical properties. FTL activates and modulates lympho-

cytes and neutrophils and possesses gastroprotective effects.

The purpose of this study was to evaluate the ability of FTL

to protect the gastric mucosa of mice submitted to ethanol-

induced gastric injury. The gastroprotective effect of fruta-

lina was evaluated using a murine model of ethanol-induced

gastric injury. Damage of the gastric mucosa was assessed

morphologically by light, scanning electron and atomic force

microscopy. Lymphocyte infiltration, necrosis, disruption of

the mucosal structures and epithelial desquamation were

observed in the control group. In the group pretreated with

frutalina at 0.5 mg/kg, gastroprotection, reduced tissue

damage and preserved submucosal and mucosal structures

were observed. In conclusion, FTL displayed gastroprotec-

tive activity against ethanol-induced gastric injury, pre-

venting the formation of gastric ulcer and reducing epithelial

desquamation, glandular damage, mucosal necrosis and

infiltration. The observed effects appear to be due to mech-

anisms previously described for frutalin.
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Introduction

The gastric mucosa consists of different cell populations

undergoing constant renewal. Mucosal integrity is main-

tained by a balance between aggressive factors (such as

pepsin and acid secretion) and a number of defense

mechanisms (such as bicarbonate and mucus secretion and

prostaglandin production) (Abdel-Salam et al. 2001).

Gastric ulcer may be caused by an array of external

aggressive factors, including infection with Helicobacter

pylori, indiscriminate use of NSAIDs, smoking and alcohol

consumption (Abdel-Salam et al. 2001).

Currently, gastric ulcer is treated with several classes of

drugs, including antiacids, anticholinergic agents, proton

pump inhibitors and H2-receptor antagonists. However, the

large number of adverse effects associated with these drugs

indicates a need for safer and more effective anti-gastric

ulcer agents (Vera-Arzave et al. 2012). More recently,

research on metabolites derived from plants used in tradi-

tional medicine has led to the discovery and development of

novel therapeutic drugs (Sánchez-Mendoza et al. 2011).

Phytogenic agents have traditionally been used by

herbalists and indigenous healers for the prevention and
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Veterinarian School, State University of Ceará (UECE),
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treatment of peptic ulcer. Despite advances in the pro-

duction of effective drugs by conventional chemistry and

pharmacology, the plant kingdom remains a treasury of

unexplored compounds with potential healing properties.

Some of these compounds may be useful in the treatment

of gastric ulcer or as dietary adjuncts to existing therapies

(Borrelli and Izzo 2000).

The breadfruit (Artocarpus incisa L.) is a common

species of flowering tree found in tropical regions around

the world. The fruit may be consumed roasted, baked, fried

or boiled, but is generally cooked by local populations

(Jagtap and Bapat 2010). Frutalin (FTL), an a-D-galactose-

binding lectin purified from A. incisa seeds, shares many

structural characteristics with other galactose-binding

Artocarpus lectins, such as jacalin (A. integrifolia), a well-

known specific ligand of IgA1 and C1 inhibitors (Brando-

Lima et al. 2005). Unlike most other lectins, FTL has a

rather broad specificity and interacts with galactose and

other sugars, such as mannose (Moreira et al. 1998).

Physico-chemical and biological studies found higher lev-

els of hemagglutinating activity for FTL than for jacalin. In

addition, FTL is a potent human lymphocyte stimulator

(Campana et al. 2002).

In a previous study, FTL was found to be gastropro-

tective against gastric mucosal injury induced by ethanol

and indomethacin. The observed gastroprotection to some

extent involves the activation of capsaicin-sensitive gastric

afferents, stimulation of endogenous prostaglandins and

nitric oxide (NO), and the opening of KATP
? channels

(Abdon et al. 2012).

The purpose of this study was to evaluate the ability of

FTL to protect the gastric mucosa of mice submitted to

ethanol-induced gastric injury.

Materials and Methods

Animals

Male Swiss albino mice (20–25 g) were obtained from the

experimental animal facility of the University of Fortaleza

(UNIFOR). The animals were housed under environmen-

tally controlled conditions (22 �C, 12-h light/dark cycle),

with free access to standard pellet diet (Purina, São Paulo,

Brazil) and water. The cages were fitted with raised mesh

bottoms to prevent coprophagy. Prior to the experiment,

the mice were fasted for 12 h. The experimental protocols

were in accordance with the ethical guidelines of the

Brazilian Council for the Control of Animal Experiments

(CONCEA) and were approved by the Animal Research

Ethics Committee of the State University of Ceará, under

entry #08476547-0.

Frutalin Purification

Highly purified lectin was obtained from breadfruit seeds

as described elsewhere (Moreira et al. 1998). Briefly, the

seeds were dried, ground and immersed in phosphate buffer

solution [pH 7.4 phosphate-buffered saline (PBS)] at 1:10

w/v. The solution was stirred for 6 h at 4 �C, then centri-

fuged for 20 min (1,500 9 g/4 �C). The supernatant was

ultrafiltrated through a YM10 membrane to half its original

volume. FTL (MW 44 kDa) was purified from this crude

extract on a sepharose–D-galactose column eluted with

0.2 M D-galactose in PBS. After extensive dialysis against

water, the eluted material was lyophilized and stored at

-20 �C. Just before use, FTL was dissolved in sterile PBS,

pH 6.8. The protein concentration was determined with

Bradford’s method and purity was confirmed by the pre-

sence of only two bands (15.5 and 12 kDa) following SDS-

PAGE.

Pretreatment and Ethanol-Induced Gastric Injury

The mice were randomly assigned to 5 groups of 8 animals

each for pretreatment with either saline solution, cimeti-

dine or FTL 30 min prior to induction of gastric injury by

oral administration of absolute ethanol (96 %, 0.2 mL/

animal) (Robert et al. 1979):

Group A: Pretreatment with saline solution (0.9 %

NaCl, 10 mL/kg, p.o.)

Group B: Pretreatment with cimetidine (100 mg/kg,

p.o.)

Group C: Pretreatment with FTL (0.25 mg/kg, i.p.)

Group D: Pretreatment with FTL (0.5 mg/kg, i.p.)

Group E: Pretreatment with FTL (1 mg/kg, i.p.)

Thirty minutes after induction of gastric injury, the

animals were euthanized and the stomachs were excised,

opened along the greater curvature and rinsed with saline

solution (0.9 % NaCl).

Light Microscopy

The glandular stomach was fixed in 10 % neutral-buffered

formalin solution, sectioned and embedded in paraffin.

Four-micrometer thick sections were deparaffinized,

stained with hematoxylin and eosin and examined under a

light microscope (Silva et al. 2010). Subsequently, the

sections were evaluated by an experienced, blinded

pathologist for signs of injury (edema, erosion, ulceration

and necrosis).
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Fig. 1 Histological analysis by

light microscopy of gastric

tissues in a model of ethanol-

induced gastric injury.

Magnification 920. a Saline

solution (negative control,

Group A), b cimetidine at

100 mg/kg (positive control,

Group B), c FTL at 0.25 mg/kg

(Group C), d FTL at 0.5 mg/kg

(Group D), and e FTL at

1.0 mg/kg (Group E)
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Scanning Electron Microscopy (SEM)

Tissue samples were washed gently with PBS and fixed in

3 % glutaraldehyde overnight at 4 �C, then washed in

0.1 M cacodylate buffer (pH 7.3) and post-fixed with 1 %

osmium tetroxide in cacodylate buffer. After another wash

in buffer, the samples were immersed in 2 % tannic acid in

cacodylate buffer, washed in water and fixed again in 1 %

osmium tetroxide in water, followed by dehydration

through increasing alcohol gradients (25–100 %). The

dehydrated samples were then submitted to critical point

drying, mounted on aluminum stubs, coated with a thin

layer of gold using a Polaron-ES 100 sputter-coating

apparatus and examined in a SEM (Johnson et al. 1983).

Atomic Force Microscopy (AFM)

Samples for AFM analysis were prepared following the

same procedure described above for light microscopy,

except for a slight modification in section thickness (5 lm).

The samples were analyzed in a Nanoscope III AFM

(Digital Instruments) operating in tapping mode, using

TESP7 silicon nitride tips (Veeco NanProbe). The resolu-

tion was set to 512 9 512 pixels. The images were pro-

cessed with the Nanoscope software (v. 5.12.r3) and further

analyzed with the software Image-Pro Plus 4.5 (Media

Cybernetic) (Deacon et al. 2000).

Results

Light Microscopy

Figure 1 shows light micrographs of the mucosa 30 min

after administration of 0.2 mL absolute ethanol. The ani-

mals in Group A (negative control) presented intense

lymphocyte infiltration, epithelial desquamation and

edema. In addition to these symptoms, the animals in

Group C and E presented necrosis and disruption of the

gastric mucosa.

However, the animals in Group B (positive controls)

(Fig. 1b) and Group D (Fig. 1d) had preserved mucosa and

reduced levels of lymphocyte infiltration and edema,

indicating a significant gastroprotective effect.

Scanning Electron Microscopy (SEM)

SEM confirmed the light microscopy findings while

allowing a more detailed visualization of the glandular

lesions. In Group A (Fig. 2a), necrosis, submucosal edema,

vasodilation (hypoechoic image) and disruption of collagen

fibers were observed.

Pretreatment with cimetidine (Group B, Fig. 2b) and

FTL at 0.5 mg/kg (Group D, Fig. 2d) reduced injury and

preserved the mucosal and submucosal structures.

Pretreatment with FTL at 0.25 mg/kg (Group C, Fig. 3c)

and 1 mg/kg (Group E, Fig. 3e) had no protective effect

when compared to Group A (Fig. 3a). Disruption of the

connective tissue and vascular proliferation were observed

on SEM.

Atomic Force Microscopy (AFM)

The results of light and SEM were confirmed by AFM. In

the AFM analysis, the animals in Group A presented dis-

ruption of submucosal layers and collagen fibers, edema

and loss of epithelium and villi (Fig. 4a).

The analysis also confirmed the integrity of epithelial

and connective tissues in Group B (Fig. 4b) and Group D

(Fig. 4d), suggesting a gastroprotective effect of pretreat-

ment with, respectively, cimetidine and FTL at 0.5 mg/kg.

Discussion

Lectins are glycoproteins with numerous and important

applications in biochemistry, cell biology and medicine

(Rudiger and Gabius 2001). Frutalin, a lectin extracted

from the seeds of A. incisa, appears to be no exception.

In this study, the gastroprotective effects of FTL were

evaluated histologically using a model of ethanol-induced

gastric injury. Only two of the five pretreatments (FTL at

0.5 mg/kg and cimetidine, a histamine receptor antagonist)

had gastroprotective effects. The findings of the histolog-

ical analysis support the results of previous studies in

which FTL was found to be highly gastroprotective against

injury induced by ethanol and indomethacin. The observed

gastroprotection appears to involve the activation of cap-

saicin-sensitive gastric afferents, stimulation of endoge-

nous prostaglandins and NO, and the opening of

KATP
? channels (Abdon et al. 2012).

In vivo ethanol-induced injury of the gastric mucosa

may lead to surface epithelial exfoliation with loss of

barrier, transport, and electrical functions, and hemorrhagic

necrosis of the deeper mucosal layers, including progenitor

and glandular cells (Tarnawski et al. 1985b; Tamawski

et al. 1987). The endothelial cells are damaged within

minutes of exposure, resulting in microvascular stasis. The

latter is believed to be an important mechanism responsible

for deep mucosal necrosis following challenge with ethanol

(Szabo et al. 1985; Tarnawski et al. 1985a).

Alcohol consumption is known to lead to acute hemor-

rhagic gastric erosion in humans. Prolonged use can cause

gastritis with mucosal edema, subepithelial hemorrhage,
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cellular exfoliation and inflammatory cell infiltration

(Matsuhashi et al. 2007).

Our histological findings confirmed the gastroprotective

effect of FLT on the gastric mucosa of mice, suggesting

cytoprotective action. In an earlier macroscopic analysis

(Abdon et al. 2012), FTL afforded non-dose-related gas-

troprotection against ethanol-induced injury.

Three-dimensional high-resolution images of the stom-

ach made with SEM and AFM are very useful in the

evaluation of surface tissue structures. These techniques

have over the past two decades become indispensable tools

in a number of health-related areas. For example, phar-

macological research on new drugs requires extensive

knowledge of the mechanisms, toxicity and microstructural

aspects involved in order to understand the interaction

between drugs and target tissues, especially the mucosa

(Deacon et al. 2000).

The microscopic capabilities of SEM and AFM allowed

to observe the microstructure of the stomach surface

exposed to ethanol and confirm the gastroprotective effect
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Fig. 2 Histological analysis by scanning electron microscopy (SEM)

of gastric tissues in a model of ethanol-induced gastric injury.

Magnification 9200. Images showing specific stomach cells. 1 gastric

pits, 2 mucosal layer, 3 submucosal layer, 4 muscle layer (smooth

muscle); a saline solution (negative control, Group A), b cimetidine at

100 mg/kg (positive control, Group B), and d FTL at 0.5 mg/kg

(Group D)
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of pretreatment with FTL, as previously described by Ab-

don et al. (2012).

In the present study, administration of FTL at 0.5 mg/kg

significantly reduced gastric injury, preventing damage

(lymphocyte infiltration, necrosis, desquamation and dis-

ruption of the mucosal layers and collagen fibers) other-

wise observed in control group. FTL produced a biphasic

trend, with decreasing gastroprotection in higher dose. This

may reflect that FTL have two different and opposed

actions or partial agonist activity at their receptors (Kekesi

et al. 2004). A similar result was found by Figueiredo et al.

(2009). They demonstrated that the lectin Cbol, from

(Canavalia boliviana seeds) presented a bell-shaped curve

in the second phase of formalin test.

The gastroprotective effect of FTL involves multiple

factors acting on the gastric microcirculation and cyto-

protection promoted through the activation of capsaicin

(TRPV)-sensitive gastric afferents, the stimulation of

endogenous prostaglandins and NO, and the opening of

KATP
? channels (Abdon et al. 2012).

The stimulation of gastric capsaicin receptors (TRPV1)

leads to the release of substance P, somatostatin and
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Fig. 3 Histological analysis by scanning electron microscopy (SEM)

of gastric tissues in a model of ethanol-induced gastric injury.

Magnification 9200. Images showing specific stomach cells. 1 gastric

pits, 2 mucosal layer, 3 submucosal layer, 4 muscle layer (smooth

muscle); a saline solution (negative control, Group A), c FTL at

0.25 mg/kg (Group C), and e FTL at 1.0 mg/kg (Group E)
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calcitonin gene-related peptide (CGRP) and to the inhibi-

tion of gastrin production. The TRPV1-expressing nerve

fibres are activated when the protective mucus barrier is

disrupted and acid comes into contact with the lamina

propria. This activation releases CGRP and NO, thereby

promoting mucosal hyperemia and facilitating the activa-

tion of other defense mechanisms, such as bicarbonate

secretion and inhibition of gastric acid secretion (Guedes

et al. 2008).

The mechanisms of gastric self-protection depend on

adequate blood flow due to the intense metabolic activity

and the oxygen needs of the gastric mucosa. Therefore, an

increase in blood flow following disruption of the protec-

tive barrier and retrodiffusion of H? ions to the mucosal

cells is of utmost importance (Maity et al. 2003). The

control of gastrointestinal blood flow is largely attributed to

the action of endogenous prostaglandins (Funatsu et al.

2007), but prostaglandins also help maintain the integrity

of the gastric mucosa by inhibiting acid secretion, stimu-

lating mucus and bicarbonate secretion, inhibiting

mastocyte activation, reducing leucocyte adherence to the

vascular endothelium and inhibiting apoptosis (Batista

et al. 2004).

In addition, NO plays an important role in gastrointes-

tinal defense because of its ability to increase mucosal

blood flow, produce mucus and inhibit the adherence of

neutrophils to endothelial cells (Coruzzi et al. 2000).

Using SEM and AFM, desquamation of the collagen of

the gastric epithelium induced by exposure to ethanol was

observed in control group but not in pretreated with FTL

(0.5 mg/kg). Collagen helps support the epithelial cells of

the gastric mucosa during acute injury. Thus, an increase in

mucosal collagen can enhance resistance against lesion

progression (Arisawa et al. 2006).

Apart from these mechanisms, recent studies based on

different models of gastric injury have revealed reactivity

to neutrophils, excessive recruitment and metabolic acti-

vation (Fialkow et al. 2007). Thus, FTL has been shown to

promote neutrophil migration, induce chemotaxis and

trigger oxidative burst. These effects are believed to favor

Fig. 4 Histological analysis by atomic force microscopy (AFM) of gastric tissues in a model of ethanol-induced gastric injury. Magnification

9200. a saline solution (negative control, Group A), b cimetidine at 100 mg/kg (positive control, Group B), and d FTL at 0.5 mg/kg (Group D)
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FTL-promoted gastroprotective activity (Brando-Lima

et al. 2005).

A number of studies have evaluated the ability of anti-

oxidants to protect the gastric mucosa in gastric ulcer

models (Potrich et al. 2010), but antioxidant activity is not

likely to have played a role in the gastroprotection

observed in the present study. In fact, in a previous study,

FTL displayed no antioxidant activity, based on glutathione

and malondialdehyde measurements (Abdon et al. 2012).

Conclusion

In conclusion, FTL displayed gastroprotective activity

against ethanol-induced gastric injury, preventing the for-

mation of gastric ulcer and reducing epithelial desquama-

tion, glandular damage, mucosal necrosis and infiltration.

The observed effects appear to be due to mechanisms

previously described for frutalin.
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