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Abstract

Peptic ulcer is a common disease with a high clinical incidence and frequent recurrences. The well-characterized galactomannan-type
polysaccharide, extracted from Cassia grandis seeds, can accelerate the stages of wound healing and improve the remodeling of the
extracellular matrix of injured tissues; this way, the gastroprotective potential of the galactomannan was proposed to be evaluated in the
treatment of rat peptic ulcers induced by ethanol. Galactomannan was extracted by ethanol precipitation and prepared at 0.1, 1.0, and
10 mg/kg concentrations. Male Wistar rats were randomly divided into groups (n = 5) and orally treated with saline (negative control, NC),
galactomannan at 0.1 mg/kg (G0.1), galactomannan at 1.0 mg/kg (G1), galactomannan at 10 mg/kg (G10), and lansoprazole 30 mg/kg
(positive control, CP). Ethanol (1 mL/100 g of body mass) was administered 1 h after the treatments and, after another hour, the animals
were euthanized. The stomachs were removed, fixed between Petri dishes, and photographed to calculate the percentage of the injured
regions by computerized software. Histological analysis and the quantification of lipid peroxidation and reduced glutathione (GSH) were also
performed. G1 and G10 reduced the injured area (P < 0.001) by 40 and 36%, respectively, concerning NC. It was observed the preservation
of the gastric mucosa in all of the animals treated with galactomannan, in addition to reduced (P < 0.001) lipid peroxidation and GSH levels
higher (P < 0.05) than NC. The galactomannan extracted from C. grandis seeds showed gastroprotective activity at 1.0 and 10 mg/kg by
reducing the area of ulceration and oxidative stress.
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1. Introduction

Polysaccharides are natural polymers biosynthesized by plants, animals, and microorganisms and characterized by the union of many
monosaccharide units, of the same type or not, linked by glycosidic bonds in both linear and branched conformations!'. Being
classified as gums or mucilages, polysaccharides have been well recognized by properties of biocompatibility, low cost of extraction,
bioavailability, and non or low toxicity!?. Starch, cellulose, chitin, agar, alginate, pectin, galactomannan, and xyloglucan are the main
polysaccharides reported in the scientific literature, presenting excellent results in the food®l, biomedicall>° and cosmetics!’-l.
Regarding its biological activities, recent studies have demonstrated the healing!’l, antioxidant['®-!1], antitumor!'?], anticoagulant!*3],
antivirall", and immunomodulatory!'>!°l potential of polysaccharides from different sources.
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Galactomannans are polysaccharides formed by a linear chain composed of B-1,4-D-mannopyranose units replaced by
a-1,6-D-galactopyranose units. They are widely found in the endosperm of plant seeds, especially in members of the Leguminosae
family, where they perform an energy reserve function!!”). This family has species spread throughout the world, especially in tropical
and subtropical regions; in Brazil, the galactomannan extracted from Cassia grandis seeds collected in the northeast region was
extensively characterized!'®! and formulated as a matrix for the immobilization of biomolecules[!*:?°l, film for incorporating
nanoparticles®'], substitute for fat in cakes!??), and healing agent!*-2°l,

Peptic ulcer is a common disease, with a high clinical incidence and generally frequent recurrences; it is estimated that 10% of adults
are affected by the disease at least once throughout their lives[?3l. According to Kavitt et al.l>'], stress is the etiology of peptic ulcers
since gastric acid production is dangerously increased in this condition. In this context, addictions such as smoking and alcohol
consumption, prolonged use of non-steroidal anti-inflammatory drugs, and bacterial infection caused by Helicobacter pylori can be
decisive in the disease emergence or complication!?°.,

The reference treatment for peptic ulcers is carried out with proton pump inhibitors[*°l, suppressing hydrochloric acid while the
underlying cause of the disease is resolved. Despite the relevant cure rate for this disease, the treatment is expensive and commonly
related to side effects ranging from uncomfortable to serious, such as hypergastrinemia, hypochlorhydria, and problems in the
absorption of essential nutrients!?’). These factors may culminate in low adherence to therapy as well as the difficulty of treatment for
low-income populations?*l.

Research into new and natural forms of treatment contributes to the strengthening of scientific knowledge through the
accumulation of know-how and the consolidation of a sustainable economy. These characteristics are extremely relevant as they
suggest new alternatives to natural treatments and the softening of environmental problems. Due to its versatility and especially its
ability to accelerate the stages of wound healing and improve the remodeling of the extracellular matrix of injured tissues, the
galactomannan obtained from C. grandis seeds has the potential to be explored in the treatment of peptic ulcers in experimental
models, therefore being the primary objective of this work. A summarized scheme with the main contents of this research, including
the basis behind the use of the galactomannan from C. grandis, its intrinsic characteristics, the suggestion for its application as
gastroprotective agent in experimental models, the main findings of this work, and future perspectives of our research group can be
seen in Figure 1.
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Figure 1. Summarized scheme with the main contents of this research.

2. Materials and Methods

2.1 Extraction of the galactomannan from C. grandis seeds and preparation of polysaccharide solutions

grandis seeds were collected in the agreste region of Pernambuco (Brazil) and processed according to the methodology of
Albuquerque et al.l'®l. 50.34 g of seeds were boiled for 1 h and crushed in 1,000.8 mL of 0.1 M NaCl. The solution was filtered through a
screen-printing cloth and the filtrate was subjected to precipitation with 46% (v/v) ethanol 1:3 (v/v) for 18 h. The precipitate was
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separated from the supernatant through filtration on a screen-printing cloth and subjected to two washes with absolute ethanol for
30 min and one wash with acetone for the same period. Between each wash, the precipitate was filtered with a screen-printing cloth,
and the supernatant was discarded. Finally, the precipitate was dried in an oven at 40 °C, crushed using a pestle, and called
galactomannan.

According to Albuquerque et al.l'®], rheological studies revealed that the 1.6% (w/v) concentration represents the solution-gel
transition for this galactomannan; considering this information and other studies using polysaccharides as gastroprotective agents
against induced peptic ulcers in experimental models!*$:2%, aqueous solutions of the galactomannan were prepared at 0.1, 1.0, and
10 mg/kg concentrations under constant magnetic stirring (250 rpm), for 12-24 h, at room temperature (22 * 2 °C). The solutions were
refrigerated (2 to 8 °C) until in vivo experiments.

2.2 Animals

In vivo experiments were performed with male Wistar rats (Rattus norvegicus) aged 2-3 months, weighing an average of 260 g, from
the vivarium of the Department of Antibiotics at the Federal University of Pernambuco (UFPE). The animals were maintained under
controlled lighting conditions (12 h light/dark cycle) and temperature (22 * 2 °C), and received water and food (Presence®) ad libitum.
All experimental protocols were approved by the Ethics Committee on the Use of Animals of the Federal Rural University of
Pernambuco (process number 2823030920).

2.3 Induction of gastric ulcer by absolute ethanol

The induction of gastric ulcer and the dose used in group 5 (positive control, PC) were performed as described by Almeida el al.l*l.
After fasting for 14 h, the animals were divided into groups (n = 5), treated orally, and classified as follows: group 1 (negative
control-NC), treated with distilled water (3 mL/100 g of body mass); groups 2 (G0.1), 3 (G1), and 4 (G10), treated with aqueous solutions
of the galactomannan at 0.1, 1.0, and 10.0 mg/kg concentrations, respectively; and group 5 (positive control, PC), treated with 30
mg/kg of lansoprazole. Ethanol (1 mL/100 g of body mass) was administered orally 1 h after the treatments for all of the groups, and
the animals were euthanized with a lethal dose of sodium thiopental (200 mg-kg™!) 1 h after the ethanol administration. The stomachs
were removed, washed with distilled water, and fixed between Petri dishes to be photographed. The hemorrhagic areas of the gastric
mucosa were measured and the percentage of damaged area was calculated using computerized software (ImageJ, National Institutes
of Health, 9000 Rockville Pike, Bethesda, Maryland, USA). The results (%) were expressed as the total area of ulcerative lesion in mm? (A
lesion) to the total area of the gastric body (A stomach), as expressed in Eq. (1).

A= A lesion / A stomach @

2.4 Histological analysis

The stomachs were fixed in 10 % (v/v) formalin for 24 h, dehydrated with ethyl ethanol, cleared with xylene, embedded in a Histosec®
kit, and prepared for microtomy. 5 mm samples were deparaffinized, rehydrated with ethyl ethanol, and subsequently stained with
hematoxylin-eosin. Lesions were analyzed using a Micro Dip® automatic microscopy system (Kacil Inc.).

2.5 Evaluation of the oxidative stress

The gastric mucosa of the animals was homogenized in a buffer solution of 1.15 % KCI with 3 mM EDTA (5 mL/g of tissue) to evaluate
the oxidative stress using 2 different methods. The quantification of lipid peroxidation was performed using the method of Ohkawa
et al.’1, and levels of reduced glutathione (GSH) were measured using the method of Sedlak and Lindsay!*?l. Protein measurement was
performed using the BCA method!*’! with 0.1% bovine serum albumin as standard.

2.6 Statistical analysis

The results obtained in this study showed a normal distribution. The Kolmogorov-Smirnov test (With Dallal-Wilkinson-Lillie for P
value) was performed before the statistical analysis using analysis of variance and Student's t test (SigmaStat, 2003, USA). Values of
P < 0.05 were considered significant, and statistical differences were represented by *, **, and *** respectively for P < 0.05, P < 0.01, and
P <0.001.

3. Results and Discussion

The final weight of the galactomannan powder was 17.98 g, which is equivalent to a yield of 35.74% and agrees with the yield of
36 * 8% already reported for the same galactomannan from C. grandis seeds collected in the agreste region of Pernambuco (Brazil)l'sl,
Additionally, our result is similar to the one (33%) obtained for the seeds of C. grandis collected in India**! and higher to the value of
26% reported for the seeds of Cassia javanical®.

3.1 Macroscopic analysis of stomachs and percentage of injured area

Ethanol is well known as a necrotizing agent that quickly penetrates the gastric mucosa, causing erosion and ulcer formation due to
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the depletion of natural protective agents and an increase in free radicalsl>°l. Figure 2A expresses the results of the injured area (mm?)
concerning the treatment received by each group for ethanol-induced peptic ulcers. The animals belonging to group 1 (NC), that is,
those treated with water, presented a value of 345.50 * 25.60 mm? of the ulcerated area; the animals treated with galactomannan at
0.1 (group 2 - G0.1), 1.0 (group 3 - G1), and 10.0 (group 4 - G10) mg/kg concentrations showed results of 326.50 * 96.06, 202.30 * 70.17,
and 219 .30 + 90.77 mm?, respectively. Group 5 (PC), treated with lansoprazole (30 mg/kg), presented a result of 153.40 * 29.18 mm?.
The statistical analysis revealed that there was no statistical difference between groups 1 (NC) and 2 (G0.1); however, groups 3 (G1) and
4 (G10) were able to significantly reduce gastric lesions (P < 0.05) by 41% and 36%, respectively, when compared to group 1 (NC).
Furthermore, group 5 (PC) was able to reduce the injured area (P < 0.001) by approximately 55.60% when compared to NC. Figure 2B
demonstrates the macroscopic gastric damage induced by ethanol in groups 1 (NC), 2 (G0.1), 3 (G1), 4 (G10), and 5 (PC). From the
images, it is possible to confirm the results shown in Figure 2A and, therefore, the gastroprotective effect of the galactomannan at 1.0
and 10 mg/kg.
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Figure 2. (A) Effect of the treatment with water, lansoprazole, and the galactomannan extracted from C. grandis seeds on ethanol-induced peptic ulcers in male rats.
*P < 0.05 and ***P < 0.001 when compared to the group 1 (NC); (B) Representative images of the injured area in the stomachs of rats for groups 1 (NC), 2 (G0.1), 3 (G1), 4
(G10), and 5 (PC). NC: negative control.

The literature reports some studies that analyzed the gastroprotection of natural compounds against ethanolic induction of peptic
ulcers; for example, Almeida et al.l’%! evaluated the anti-ulcer activity of the hexane extract of Spondias purpurea in 3 different doses
and obtained higher inhibition values for the injured area than those reported in the present study. The extract at 12.5 mg/kg, close
to the dose of 10 mg/kg used in this work, was able to reduce the ulcerated area by 77% when compared to the negative control. It is
worth noting that, in folk medicine, several parts of S. purpurea, popularly called serigueleira, are conventionally used to treat gastric
disorders due to the excellent antioxidant potential characteristic of their extracts*’l. Marques et al.’®1 evaluated the
anti-inflammatory and anti-ulcer activities of the galactomannan extracted from Caesalpinia pulcherrima using indomethacin as an
ulcer inducer in mice. The galactomannan at 3, 10, and 30 mg/kg was able to inhibit the injured area by 48.16%, 45.71%, and 44.62%,
respectively, when compared to the negative control; however, these results did not show statistical differences between them. Luo
et al.”%! evaluated the gastroprotective effect of Evodiae fructus polysaccharide (EFP) against ethanol-induced gastric ulcers in mice.
Similar to our results, there was no dose-dependent behavior for EFP in ameliorating ethanol-induced gastric ulcer. Compared with
the negative control group, the inhibition rates on the ulcer index varied from 32 to 66%.

Another study evaluated the gastroprotective potential of the polysaccharide extracted from the seeds of Chenopodium quinoa; in
this case, the polysaccharide was able to reduce the ethanol-induced gastric lesions by 45 = 9% and 72 * 7% at concentrations of 30
and 100 mg/kg, respectively, compared to the negative control group!*®. These results suggested that the gastric mucosa was
protected by the polysaccharide's ability to increase mucus synthesis, bind to the surface mucosa, and exert a protective coating.

The gastroprotective potential of polysaccharides extracted from different sources and other vegetable portions was already
reported. For example, the arabinogalactan isolated from Cereus peruvinus gum significantly inhibited ethanol-induced gastric
injuries in rats, showing an EDs, of 49 mg/kgl*°l. Similar results were observed for the administration of 100 mg/kg of the
galactomannoglucan extracted from the fruits of Syagrus oleracea; in this case, a significant reduction in gastric hyperemia was
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observed, as well as in the severity of animals' lesions treated with the polysaccharidel?l. Finally, Cipriani et al.l'!l evaluated the
gastroprotective potential of acidic heteroxylans extracted from the leaves of Maytenus ilicifolia and Phyllanthus niruri in an ethanol
induction model, obtaining a reduction of 65% and 78% of gastric lesions and EDs, of 40.0 and 20.4 mg/kg, respectively.

Despite the excellent biological activities demonstrated by the galactomannan from C. grandis, in what concerns the best of our
knowledge, its antioxidant potential has not been reported in vitro or in vivo, which allows us to hypothesize that the
gastroprotective action reported in this study is related to the ability to modulate the immune system against induced injury and
accelerate the inflammatory stage of healing.

3.2 Histological analysis

Figure 3 shows the morphological and histological profile of the gastric mucosa of the rats treated with water, lansoprazole, and the
galactomannan extracted from C. grandis seeds. It is important to mention that the ethanol used for the induction of gastric ulcer
penetrates the gastric mucosa, exposing the mucous layer to hydrochloric acid and pepsin, which have proteolytic and hydrolytic
effects that damage cell membranes, causing cell exfoliation, tissue erosion, and ulcer!’?. Group 1 (NC), treated with water, showed
consistent damage to the gastric mucosa, with loss of the stomach's glandular structure, disorganized glandular structure,
congestion, and submucosal edema (Figure 3A,B,C). Group 5 (PC), treated with lansoprazole, showed a reduction in the area of
damaged epithelium and congestion; however, it was still possible to observe an extensive loss of the stomach's glandular structure,
large amounts of disorganized glandular structure, and submucosal edema (Figure 3D,E,F). The above-mentioned characteristics were
significantly alleviated in the groups treated with galactomannan (Figure 3G,H,I); the glandular structure was significantly less
disorganized when compared to group 1 (NC) and even than in group 5 (PC). There was also a reduction in venous congestion and
submucosal and cellular edema at all dosages of galactomannan. Extensive areas of preserved epithelium were visualized through
histology, which is consistent with the results of reduced lipid peroxidation demonstrated in the following topic. Compared to the
study developed by Marques et al.?!], in which the antiulcerogenic activity of the galactomannan from C. pulcherrima was analyzed
with indomethacin as an ulcer inducer, it was observed that the preservation of the gastric mucosa was similar at 10mg/kg, in which
a greater amount of normal mucosa was found when compared to the group that received only indomethacin. Other polysaccharides
already studied by its gastroprotective effect also showed histological analysis; for example, the ones extracted from the seeds of C.
quinoal*®! and Trigonella foenum graecum reported a considerable decrease in hyperemia, submucous edema, and venous congestion
in acute injuries induced by ethanol in experimental models!**l.

Figure 3. Histological morphology of the gastric mucosa of rats. (A) 100x magnification, group 1 (NC), presence of degraded epithelium and disorganized glandular structure

(black arrow) and submucosal edema (red arrow); (B) 400x magnification, group 1 (NC), degraded epithelium and disorganized glandular structure (black arrow), and
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submucosal edema (red arrow); (C) 400x magpnification, group 1 (NC), congestion (red arrow) and submucosal edema (black arrow); (D) 100x magnification, group 5 (PC),
presence of degraded epithelium, with disorganized glandular structure (black arrow) and cellular edema (red arrow); (E) 100x magnification, group 5 (PC), presence of
preserved epithelium (black arrow); (F) 400x magnification, group 5 (PC), presence of preserved epithelium and organized glandular structure (black arrow); (G) 100x
magnification, group 2 (0.1 mg/kg galactomannan), presence of large sections of preserved epithelium (black arrow) and reduction of edema and congestion; (H) 100x
magnification, group 3 (1.0 mg/kg galactomannan), presence of organized glandular structure and preserved epithelium (black arrow); (I) 400x magnification, group 4 (10

mg/kg galactomannan), preserved epithelium, and organized glandular structure (black arrow). NC: negative control.

3.3 Oxidative stress

The thiobarbituric acid reactive substance assay is used to detect lipid oxidation. This assay measures malondialdehyde (MDA), a
product of an unsaturated fatty acid endoperoxide resulting from the oxidation of lipid substrates. The analysis of lipid peroxidation
was performed with the stomachs treated in the present study (Figure 4A); the results showed a reduction in the levels of species
reactive to the thiobarbituric acid in groups 2, 3, 4, and 5, respectively G0.1 (0.120 * 0.029), G1 (0.142 = 0.074), G10 (0.146 = 0.0411), and
PC (0.223 = 0.088), when compared to group 1 (NC) (0.622 = 0.108). In this context, it is clear that the galactomannan reduced lipid
peroxidation by 80.72%, 77.5%, and 76.59% at 0.1, 1.0, and 10 mg/kg, respectively. The three concentrations were efficiently protective
even when compared to group 5 (PC); furthermore, this group (PC) reduced lipid peroxidation by 64.19% when compared to NC.
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Figure 4. Effect of the treatment with the galactomannan extracted from C. grandis seeds on preventing lipid peroxidation by the TBARS method (A) and maintaining
reduced glutathione concentrations (B). After fasting for 14 h, the rats were divided into groups and treated orally, according to the group to which they belong, with water,

galactomannan solutions at 0.1, 1.0, and 10 mg/kg, and 30 mg/kg of lansoprazole. *P < 0.05 and ***P < 0.001 when compared to the group 1 (NC). NC: negative control.

The efficient prevention of lipid peroxidation by galactomannan can be observed in other studies reported in the scientific literature;
for example, Pandian et al.[**l evaluated the gastroprotective effect of the polysaccharide extracted from fenugreek seeds (T. foenum
graecum) in a model of gastric ulcer induced by ethanol. They reported that the oral administration of the polysaccharide presented
significant macro and cytoprotective effects. The hypothesis is that the polysaccharide promoted an antisecretory action and
prevented lipid peroxidation since the level of TBARS was significantly higher in the negative control group when compared to the
treated one (P < 0.001). More recently, Sabino et al.[*!l observed a 56.5% reduction in lipid peroxidation using acerola polysaccharide at
1 mg/kg, and Lian et al.l**! investigated the gastroprotective effect of Lycium barbarum polysaccharides (LBP) and C-phycocyanin
(C-PC) in rats with ethanol-induced gastric ulcers. Pretreatments with LBP, C-PC, or both LBP and C-PC significantly decreased serum
MDA levels compared with the ethanol-induced ulcer group (P < 0.05) by values of approximately 27%.

Glutathione, also known as GSH, is an endogenous component of cellular metabolism composed by glycine, cysteine, and glutamic
acid. It is an integral part of the biotransformation of xenobiotic substances, serving as a protection to the body from oxidizing
agents. Glutathione conjugation (facilitated by a glutathione transferase family of enzymes) helps the detoxification by binding
electrophiles that could otherwise bind to proteins or nucleic acids, resulting in cellular damage and genetic mutations. The greater
its quantity, the more protected the organism isl*°l. Analyzing the preservation of GSH levels in the stomachs treated in the present
work (Figure 4B), we obtained values of 9.693 = 1.587 and 19.72 * 5.042 g GSH/g of tissue, respectively for groups 1 (NC) and 5 (PC),
while the groups treated with galactomannan at 0.1 (G0.1), 1.0 (G1), and 10 (G10) mg/kg presented values of 24.15 * 1.87, 17.90 * 5.51,
and 19.52 * 6.15, respectively. The effective maintenance of GSH levels in the groups treated with galactomannan reached values of
approximately 149.1% (G0.1), 84.6% (G1), and 101.3% (G10) when compared to group 1 (NC); group 5 (PC) maintained GSH levels
approximately 103.4% higher than group 1 (NC). The similar results obtained for groups 4 (G10) and 5 (PC) demonstrate the effective
protection of galactomannan against oxidizing agents. Yang et al.l'’], for example, performed GSH analyses on the polysaccharide
extracted from the Pleurotus ostreatus mushroom and obtained values almost 10 times lower than those presented in our study.

Regarding gastroprotection from a different point of view for polysaccharide applications, another study showed that boric acid
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regulates oxidative and inflammatory responses in the gastric mucosa and, therefore, protects the mucosa against the damage
caused by ethanol*®l, The authors suggested that the gastroprotective potential of boric acid can be attributed to its regulatory
function in IL-6/JAK2/STAT3 signaling pathway modulated by AMPK, in addition to the Sema3A/PIxnA1 axis and homocysteine.
Another example, the administration of betaine, a glycine derivative that has three extra methyl groups, was able to significantly
reduce homocysteine levels and improve the damage caused to the gastric mucosa in an experimental model of ethanol-induced
peptic ulcer diseasel*”). The authors observed that MDA levels decreased while GSH and catalase activity levels increased with the
betaine treatment. Furthermore, they observed that betaine was able to reduce apoptosis.

Considering the above, it is possible to summarize the oxidative stress caused by the ethanolic induction of gastric ulcer in mucosal
edema, hemorrhage, cell desquamation, and tissue infiltration by inflammatory cells®°>2l. Then, using natural compounds, for
example, polysaccharides extracted from plant seeds, is depicted as a promising alternative for protecting the gastric mucosa against
the mechanism associated with peptic ulcers.

4. Conclusions

In conclusion, the galactomannan extracted from C. grandis seeds showed effective gastroprotective activity at 1.0 and 10 mg/kg
concentrations. Regarding macroscopic analyses, such protection is evident for the highest concentration of galactomannan, while
oxidative stress was significantly reduced in all tested concentrations, a result confirmed by the TBARS and GSH methods. Given the
above, it is possible that the protection of galactomannan occurs at different levels, from the macro to the molecular and cellular
one's. Regarding more specifically these molecular and cellular levels of protection, they can be corroborated by the results of the
histological analysis demonstrating the extensive areas of preserved epithelium for the polysaccharide treatment in all
concentrations, and also agrees with the protective potential expressed by oxidative stress results. Future works are focused on the
structural basis and the exact mechanism for the gastroprotective effect of the galactomannan from C. grandis along with its
digestion, absorption, and pharmacokinetic characteristics. To date, this study is essential to reinforce that the properties of
molecules originating from natural products can present a great potential to be explored, especially in the biomedical area.
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