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Abstract
Purpose

Peptic ulcers are lesions in the gastric and duodenal mucosa generated by an imbalance between
protective factors (gastroduodenal mucus secretion, bicarbonate production, adequate blood flow) and
harmful factors (excess pepsin or hydrochloric acid). Some drugs used in peptic ulcer therapy are
associated with adverse effects. The aim of this study was to evaluate the antiulcerogenic and healing
activity of hecogenin acetate (HA) in acute and chronic models of gastric lesions in rodents.

Methods

The antiulcerogenic activity of HA was evaluated in models of gastric lesions induced by absolute
ethanol and in acidified ethanol with HA (5; 10 and 20 mg/kg). For the model of gastric lesions induced
by ischemia and reperfusion, rats were pre-treated with HA (5; 10, 20 mg/kg). After were submitted to 30
min of ischemia, followed by 1 h of reperfusion. To evaluate the healing activity was induced gastric ulcer
using acetic acid (80%) in rats. After 24h they were treated for 7 consecutive days with HA (10 and 20
mg/kg).

Results

Were evaluated the possible signs of toxicity, measurement of the lesions, collagen deposition and
histological analysis. HA significantly reduced the area of the lesion in models of gastric lesions induced
by absolute and acidified ethanol, ischemia-induced gastric lesions and reperfusion, and regarding
healing. In the collagen deposition, the presence and increase of collagen demonstrates healing effect.

Conclusion

The AH has antiulcerogenic and healing potential demonstrated by the decrease in gastric injury and
presence of collagen fibers, respectively.

1. Introduction

Peptic ulcers are lesions that occur in the gastric and duodenal mucosa caused by an imbalance between
protective factors (gastroduodenal mucus secretion, bicarbonate production, adequate blood flow) and
harmful (excess pepsin or hydrochloric acid) factors in the gastric and duodenal mucosa (Bonamin
2010).

It still remains one of the most prevalent diseases worldwide, and some of its complications, such as
bleeding and perforation, are still important causes of morbidity and mortality. Although it is a pathology
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recognized since antiquity, only during the last decades there have been advances that have helped to
better understand the disease and enable proper treatment (Toneto et al. 2011)

Centuries ago, peptic ulcer was surgically controlled and caused high morbidity and mortality rates. The
introduction of histamine H2 receptor antagonists (Cimetidine and Ranitidine) led to a decrease of up to
85% in the surgical processes for the treatment of peptic ulcer (Fazalda et al. 2018). Proton pump
inhibitors (IBPs) (Omeprazole, Esomeprazole, Lansoprazole and Pantoprazole) are also currently widely
used in the treatment of gastric ulcer (Braga et al. 2012; Fazalda et al. 2018).

However, some adverse effects are associated with such therapies, such as vitamin B12 deficiency;
increased risk of dementia; the accumulation of beta-amyloid peptides involved in Alzheimer's disease, as
studies have shown that Lansoprazol led to higher levels of beta-amyloid in the brain of mice; and
increased risk of fracture (Nehra et al. 2018)

Because the therapies used to treat peptic ulcers have such adverse effects, research has been stimulated
to study alternative therapies that generate fewer unwanted effects and that may be effective, and in this
context, the plant kingdom has been gaining prominence, especially when considered secondary
metabolites of plant species (Rosa 2013).

Among the secondary metabolites produced by plants, saponins constitute one of the most prominent
classes due to their wide distribution in the plant kingdom and their important biological activities (Kaiser
et al. 2010). Hecogenin, which is isolated from Agave sisalanap, belongs to the class of steroidal
saponins or sapogenins, in dried sisal leaves (Cripps and Bluden 1978; Zullo et al. 1984; Zullo et al. 1989)
anti-inflammatory (Ingawale and Patel, 2016) and gastroprotective (Cerqueira 2012). Hecogenin, like
other sapogenins obtained, is relatively unstable in the environment and can easily hydrolyze. Hecogenin
acetate is an acetylated Hecogenin and the inclusion of the acetate group has made the hecogenin
chemically more stable, however, it may alter its pharmacological properties, contributing, for example, to
improve the efficacy of substances (Quintans et al. 2014). Therefore, the present study evaluated the
antiulcerogenic and healing activity of hecogenin acetate in models of induced gastric lesions in rodents.

2. Materials And Methods
2.1 Obtaining the test substance

The hecogenin acetate (HA) used in the research was obtained by Sigma-Aldrich Merck® and used in the
protocols as test substance.

2.2 Animals

Mice (Mus musculus) from the Swiss lineage, males approximately 2 months old and weighing between
25 and 30 g, and rats (Ratus norvegicus) from the Wistar lineage, males weighing between 250 and 300
g, from the Sectorial Bioterium of Federal University of Piaui, were used for the experiments.
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2.2.1. Ethical Approval

The use of animals followed the principles and standards for the use of animals in research projects and
all experimental procedures of the project were submitted to the Ethics Committee on Animal
Experimentation of UFPI (CEEA/UFPI), in which it was approved generating the protocol number
CEUA/UFPI: 2018/516

2.3 Gastric lesions induced by absolute ethanol in mice

The animals were divided and pre-treated with vehicle (distilled water + 2% tween 80), hecogenin acetate
(HA) in three different doses (2,5; 5 and 10 mg/kg) or carbenoxolone (100 mg/kg) 60 minutes before
administration oral ulcerogenic agent: absolute ethanol in a volume of 0,2 ml per animal. After 30
minutes of absolute ethanol administration, the animals were euthanized with lidocaine (10 mg/kg, i.p.)
and sodium thiopental overdose (150 mg/kg, i.p.) to remove their stomachs. The percentage of the
injured gastric glandular face was determined using a computerized planimetry program (ImageJ®) and
the ulcerated area was expressed as a percentage of the total gastric body area.

2.4 Gastric lesions induced by acidified ethanol in mice

The animals were divided and pre-treated with vehicle (distilled water + 2% tween 80), hecogenin acetate
in three different doses (5, 10 and 20 mg/kg) or carbenoxolone (100 mg/kg) 60 minutes before oral
administration of the ulcerogenic agent: ethanol solution (60%) and HCI (0.3 M) ) in a volume of 0.2 ml
per animal. After 1 hour of administration of acidified ethanol, the animals were euthanized with
lidocaine (10 mg/kg, i.p.) and sodium thiopental overdose (150 mg/kg, i.p.) to remove their stomachs.
The percentage of the injured gastric glandular face was determined using a computerized planimetry
program (ImageJ®) and the ulcerated area was expressed as a percentage of the total gastric body area.

2.5 Gastric lesions induced by ischemia and reperfusion in
Wistar rats.

The animals were divided into and were treated orally with the vehicle (distilled water + 2% tween 80), N-
acetylcysteine (NAC 200 mg/kg) and hecogenin acetate in three different doses (5, 10 and 20 mg/kg).
After 30 min the animals were anaesthetized with ketamine and xylazine (100 mg/kg and 5.0 mg/kg i.p.
respectively). The animals were submitted to 30 minutes of ischemia induced by occlusion of the celiac
artery by a microvascular “clamp” and followed by a reperfusion of 1. Next, the animals were euthanized
with lidocaine (10 mg/kg, i.p.) and sodium thiopental overdose (150 mg/kg, i.p.), their stomachs removed
and the area of gastric lesions measured by computerized planimetry program (ImageJ®).

2.6 Acetic acid-induced gastric ulcers in Wistar rats

The animals were divided and previously anesthetized with ketamine (100 mg/kg, i.p.) and xylazine (5.0
mg/kg, i.p.). The animals were submitted to a surgical process for gastric ulcer induction using acetic
acid (80%) as an inducing agent. The injured area was delimited using an 8-mm diameter and 2-cm high
glass tube in contact with the serosa of the stomach. Acetic acid (70 yL) was added and remained in
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contact with the serosa of the stomach for 1 minute. After, the excess acetic acid was removed and the
stomach was accommodated in the abdominal cavity and the abdominal region sutured.

The treatment took place from the first day after induction of the ulcer and continued until the 7th day.
The two different doses of hecogenin acetate (5 and 10 mg/kg), vehicle or cimetidine (200 mg/kg) were
administered orally. On day 8 the animals were euthanized with lidocaine (10 mg/kg, i.p.) and sodium
thiopental overdose (150 mg/kg, i.p.) to remove their stomachs. The volume of the lesion was measured
(with the aid of a pachymeter) by length x height x depth (mm3). The stomachs of the sham group were
added for histology and collagen.

2.7 Histological analysis of gastric lesions induced by
acetic acid.

After the evaluations performed in the previous protocol, the glandular area of the stomachs was
removed, fixed in buffered formalin (10%, pH between 6.8 and 7.4) and maintained for 24 hours. After
fixation, the samples were transferred to a 70% alcohol solution. Then, the samples were embedded in
paraffin. The paraffin blocks were cut (thickness of 5 pm) and fixed on histological slides. The materials
were stained with hematoxylin and eosin (H&E) for microscopic evaluation. The slides were examined
with the aid of an optical microscope with a coupled camera to obtain photomicrographs with 4X, 10X
and 40X magnification. The microscopic evaluation of the gastric lesions were availed for scores semi-
quantitatively, using a scale of 0—3 (0 = negative; 1 = weak; 2 = moderate; 3 = strong). Each histological
section was examined evaluating epithelial erosion (score: 0—-3), edema in the submucous (score: 0-3),
hemorrhagic damage (score: 0—3) and presence of inflammatory cells (score: 0—-3), resulting in a
maximum total score of 12.

2.8 Measurement of collagen deposition on gastric mucosa

The paraffin embolized gastric lesions from the gastric ulcer protocol induced by acetic acid were cut into
a S5um. The sections were fixed on histological slides, dewaxed with xylol, hydrated with alcohols, stained
with a solution of picrosirius (Direct Red 80 and 1.3% pycric acid) for 60 minutes, after the slides were
mounted with Balsam from Canada. The slides were examined with the aid of an optical microscope with
a coupled camera to obtain photomicrographs with 4X, 10X and 40X magnification. The collagen fibers
were analyzed by ImageJ software (1.43) according to their color in the RGB system (red, green, blue) and
were expressed as percentage (%) of collagen fibers using the deconvolution system.

2.9 Investigation of signs of toxicity for seven days of
treatment with hecogenin acetate in Wistar rats

Signs of toxicity of daily exposure of Wistar rats to hecogenin acetate at doses of 5 and 10 mg/kg for 7
days followed by treatment of the animals subjected to the acetic acid-induced gastric ulcer protocol. For
evaluation of weight gain, the weight of the animals was measured every 2 days. On the 8th day, the
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animals were anesthetized with an association of ketamine and xylazine (50 mg/kg and 5.0 mg/kg i.m.,
respectively), blood was collected through the vena cava, centrifuged and the respective serum was taken
for evaluation of biochemical parameters. After euthanasia, the vital organs of the animals were
macroscopically removed and weighed.

2.10 Statistical analysis

For statistical analysis, computer software was used. The results were expressed as mean * standard
error of the mean (E.PM.) and statistically analyzed using Tukey's non-parametricOne way ANOVA and
post-test. For parametric test the differences between groups were calculated using Kruskal Wallis test
with Dunn post-test. The values were considered significant when p <0.05.

3. Results

3.1 Effect of hecogenin acetate on gastric lesions induced
by absolute ethanol in Swiss mice

Oral administration of absolute ethanol was able to produce a large ulcerated area in the stomach of pre-
treated animals, causing severe damage to the gastric mucosa. The area of injury expressed as a
percentage in relation to the total area of the stomach of the control group was 4.21 + 0.70. Hecogenin
acetate (HA) reduced the areas of injury at doses of 2,5 mg/kg (0.23 + 0.05), 5 mg/kg (1.63 £ 0.43) and 10
mg/kg (1.37 £ 0.27) with 94.5% protection percentage; 61.2%; 67.3%, respectively, when compared to the
group treated with vehicle. The group pre-treated with carbenoxolone (100 mg/kg) presented a reduced
injury area (1.16 £ 0.17) in 72.2% (Fig. 1).

3.2. Effect of hecogenin acetate on gastric lesions induced
by acidified ethanol in Swiss mice

Oral administration of acidified ethanol was able to produce a large ulcerated area in the stomach of pre-
treated animals, causing severe damage to the gastric mucosa. The area of injury expressed as a
percentage in relation to the total area of the stomach of the control group was 4.97 + 0.53. Hecogenin
acetate (HA) reduced the injury areas in doses of 5 mg/kg (3.00 + 0.50), 10 mg/kg (0.51 + 0.33) and 20
mg/kg (2.84 + 0.88) with 39.6% of protection; 89.7%; 57.1%, respectively, when compared to the group
treated with vehicle. The pre-treated group with carbenoxolone (100 mg/kg) presented a reduced injury
area (0.79 £ 0.12) in 84%. Among the doses there was a significant difference with HA 5 and 10 mg/kg;
Carbenoxolone 200 mg/kg and HA 20 mg/kg; HA 5 mg/kg and Carbenoxolone 200 mg/kg (Fig. 2).

3.3. Effect of hecogenin acetate on gastric lesions induced
by ischemia and reperfusion in Wistar rats.

In this model, the area of injury expressed as a percentage in relation to the total body area of the
stomach of the vehicle group was 9.93 + 2.47. Hecogenin acetate showed reduction in the area of injury
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in the doses of 5mg/kg (1.50 £ 0.66), 10 mg/kg (2.80 + 1.53) and 20 mg/kg (0.77 + 0.23) with a reduction
in the area of injury of 84.8%; 71.7%; 92.2%, respectively, when compared to the vehicle group. The pre-
treated group with N-acetylcysteine (200 mg/kg) presented antiulcerogenic activity (2.14 + 0.81) with a
78% reduction in the area of injury (Fig. 3).

3.4. Effect of hecogenin acetate on acetic acid-induced
gastric ulcers in Wistar rats

In this model, the area of injury expressed as a percentage in relation to the total area of the stomach of
the vehicle group was 61.53 + 15.47 in the area of gastric injury induced by acetic acid. It was
demonstrated that hecogenin acetate at doses of 5 mg/kg (17.22 + 4.95) and 10 mg/kg (16.60 + 6.74) in
oral treatment for seven consecutive days in Wistar rats was able to significantly decrease the volume of
chronic ulcerated gastric injury in 72,02% and 73.02%, respectively, compared to the vehicle group, as well
as Cimetidine at a dose of 200 mg/kg (8.84 * 5.03), which reduced the volume of the lesion by 85.62%
demonstrating a healing effect (Fig. 4).

The stomachs of rats of the Sham group, animals that did not receive treatment and did not undergo the
process of induction of acetic acid ulcer, presented normal architecture of the gastric tissues: mucous,
submucous, muscular and serous, as shown in Fig. 5A. Animals that received only the vehicle and
suffered the process of inducing acetic acid ulcer at 80% had a pronounced epithelial damage with loss
of superficial cells, strong submucous edema and presence of inflammatory cells, with practically no
repair in the induced ulcer (Fig. 5B). Animals treated with hecogenin acetate at doses of 5 and 10 mg/kg
(Fig. 5C, 5D) or Cimetidine (Fig. 5E) had, to some extent, a significant repair of the epithelial tissue
architecture and of the secretory glands when compared to the vehicle and, especially, the repair of the
induced ulcer. The 10 mg/kg dose and the cimetidine showed significant differences in the histological
scores when compared to the vehicle, especially in relation to submucous edema and hemorrhage
(Table 1). Thus, the animals that received the treatments (hecogenin acetate or cimetidine) showed a
reduction in the size of the ulcerated area, with the lesion almost completely covered by repaired epithelial
tissue, few inflammatory cells and a very visible secretory glandular reconstruction. This shows that the
treatment was able to treat the indicators of the gastric lesion, with significant differences when
compared to the vehicle (Fig. 5A - 5E; Table 1).

Page 8/19



Table 1

Histopathological scores of lesions from the treatment of Wistar Rats with hecogenin acetate at 5 and 10
mg/ and cimetidine at 200 mg/kg for 7 days after lesion induced by acetic acid 80%.

Groups Epithelial Submucous Bleeding Inflammatory Total
erosion edema cells

Sham 0 (0-0) 0 (0-0) 0(0-1) 0 (0-0) 1(0-1)

Vehicle 1(1-3) 3(2-3) 1(1-2) 3(3-3) 9 (7-10)

HA 5 mg/kg 1(0-1) 0(0-1)8§ 0(0-1) 1(1-1) 2 (2-3)

AH10mg/kg 0(0-1) 0 (0—-0)*** 0)( - 1(0-1) T(1=1)**

0 *%*

Cimetidine 0(0-1) 0 (0-1)* 0 (0- 0 (0-0)* 1(0-

200 0)** ‘I)****

mg/kg

Data are expressed as medians with the minimum and maximum scores in brackets (Kruskal - Wallis

followed by Dunn's post-test) showing significance with * P<0.05, **P < 0.005, *** P <0.001 and ****

P <0.001 when comparing with the vehicle group.

3.5. Effect of hecogenin acetate on the deposition of
collagen in gastric lesions induced by 80% acetic acid

Regarding collagen deposition (Figure 6 and 7), it can be observed that the rats of the sham group had
their collagen fibers physiologically present (8.26 + 0.95) and in the vehicle group, it can be observed that
the collagen practically does not become present (0.37 + 0.10). The group treated with hecogenin acetate
at a dose of 5 mg/kg (2.23 + 0.48), 10 mg/kg (5.16 + 0.92) and cimetidine 200 mg/kg (8.14 + 0.98) for
seven days presented with a considerable increase in the collagen fibers when compared to the vehicle
group (Figure 6 and 7), in particular the dose of 10 mg/kg, as it had a significant increase in the
percentage of collagen fibers when compared to the vehicle, showing its participation in the healing
through the collagen fibers pathway. Among the doses there was a significant difference with HA 5 and
Cimetidine 200 mg/kg.

3.6.1 Investigation of signs of toxicity for seven days of
treatment with hecogenin acetate in Wistar rats

There were no deaths reported while the animals were being treated with hecogenin acetate (5 and 10
mg/kg, v.0.), as well as their respective controls. Biochemical parameters were made whose results are
described in the Table 2. It can be observed that most of the parameters described in the table did not
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have significant changes when compared to the vehicle, except for creatinine, in which the dose of 10
mg/kg (0.56 + 0.04 mg/dL) had a significant difference when compared to the vehicle (0.34 + 0.02
mg/dL). Regarding the weight gain (Table 3), there was no significant weight gain when compared to the
vehicle.

Table 2

Biochemical parameters of Wistarrats treated orally with hecogenin acetate 5 and 10 mg/kg and
cimetidine 200 mg/kg for 7 days after lesion induced by acetic acid 80%.

Parameters Vehicle HA5mg/kg HA 10 mg/kg Cimetidine 200 mg/kg
Glucose (mg/dL) 72,00+ 1,08 67,00+3,76  89,00+10,44 77,60+ 14,04
Creatinine(mg/dL) 0,34+0,02 0,36+ 0,01 0,56 + 0,04*** 0,31+0,04

Urea (mg/dL) 2520+1,65 26,00+ 1,67 31,50+ 1,44 24,60+ 1,80

AST (U/L) 170,0 £ 26,22 129,4+9,76 141,01 12,51 121,0+ 13,41

ALT (U/L) 36,00+ 2,07 26,80+2,22  33,40+3,72 29,80+3,30

Total proteins (g/dL) 581+0,43 6,08 +0,42 6,08 + 0,22 4,72 + 0,58

Albumin 213%0,16 2,050,111 2,05+0,13 1,67+0,25

Total Cholesterol 72,20+ 6,60 57,50+0,64 59,80+ 5,69 44,80+ 9,95
Triglycerides 62,80+13,66  3560+840  41,20+7,90 47,40+10,39

(mg/dL)

HDL (mg/dL) 23,6 £ 04,79 2520+4,63 24,00+4,14 20,00+ 5,17

Data expressed as mean + E.PM. (ANOVA one way followed by Tukey's post-test) showing
significance with ***p <0.001 when compared to the vehicle. AST - Aspartate aminotransferase; ALT -
Alanine aminotransferase; HDL - High density lipoproteins.

Table 3

Weight gain of Wistar Rats submitted to oral treatment with hecogenin acetate at 5and 10
mg/kg and Cimetidine 200 mg/kg for 7 days after acetic acid-induced injury 80%.

Weights Vehicle HA5mg/kg HA10mg/kg Cimetidine 200 mg/kg

Initial Weight 257,4+9,87 288,0+7,08 272,4+8,61 293,4+12,82
Final weight 2759+11,60 3223+384 2870%+10,79 321,9+12,64
Weight gain (%) 6,89+0,73 8,089+1,20 794+1,24 9,97 +1,60

Data expressed as mean + E.PM. (ANOVA one way followed by Tukey's post-test).

Regarding the absolute weight of the organs of the animals treated with HA 5 and 10 mg/kg and
Cimetidine 200 mg/kg (Table 4), it can be observed that there was no significant difference when
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compared to the vehicle, in most organs, except for dose of 5 mg/kg and cimetidine, in the weight of the
spleen. Regarding the weight of the liver there was a significant difference between Cimetidine 200
mg/kg and the vehicle.

Table 4

Absolute organ weights of Wistar Rats under oral treatment of hecogenin acetate at 5 and 10 mg/kg and
Cimetidine 200 mg/kg for 7 days after acetic acid-induced injury 80%.

Organs Vehicle HA 5 mg/kg HA 10 mg/kg Cimetidine 200 mg/kg
Kidneys 2,02+0,09 2,34+0,06 1,98+0,13 2,37+0,08

Spleen 0,89+0,05 1,26+ 0,07* 1,01+0,13 1,31+0,07*

Liver 6,86+ 0,25 7,97 +0,25 6,95+ 0,36 8,64+0,36*

Heart 0,96 + 0,03 0,98+ 0,01 0,92+0,05 1,11+0,06

Lung 1,68+0,04 1,71+0,04 1,81+0,10 1,82+ 0,07

Data expressed as mean + E.PM. (ANOVA one way followed by Tukey's post-test) showing
significance when * p < 0.05 when compared to vehicle.

4. Discussion

Peptic ulcer is still one of the most common gastrointestinal diseases, resulting in loss of quality of life,
loss of work and excessive medical expenses, where current therapies are based on H2 receptor
antagonists, proton pump inhibitors (PPIs) and drugs that provide mucosal defense, however, such
therapies do not change the recurrence rates of ulcers, where the cause may be multifactorial (Kumar,
Ashwlayan and Verma 2019).

Ethanol causes an imbalance between oxidizing and antioxidant agents in the gastric mucosa. This
imbalance causes bleeding from ruptured blood vessels (Ribeiro-Junior et al. 2015). It is also an agent
that causes a decrease in the physiological defense of the gastric mucosa as it causes a decrease in
mucus production, local blood flow, secretion of bicarbonate, endogenous prostaglandin and glutathione
levels. Ethanol is also capable of boosting the mechanisms that are considered aggressive factors that
can cause ulceration, in addition to causing increased histamine release, calcium ion inflow, free radical
generation and leukotriene synthesis (Possenti et al 2011).

With respect to acidified ethanol, HCI gives a more aggressive power to ethanol, it infiltrates
instantaneously in the gastric mucosa and causes lesions to the membrane, leading to cell exfoliation,
erosion and the appearance of ulcers, in which the mechanism of ulcer induction occurs by reactive
oxygen species (Ewald et al. 2015). We can observe that hecogenin acetate was able to reduce the injury,
having an anti-ulcerogenic effect, in the experimental model of absolute ethanol and acidified ethanol in
a significant way when compared to the vehicle.
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Some showed that hecogenin at doses 15, 30, 60 and 90 mg/kg decreased gastric injury, showing
antiulcerogenic activity in the experimental model of absolute and acidified ethanol in mice. This
suggests that the addition of acetate in hecogenin improved the effect of antiulcerogenic activity in
experimental ethanol models, since hecogenin acetate showed antiulcerogenic activity in doses lower
than 15 mg/kg and 30 mg/kg of absolute and acidified ethanol. This shows that the acetylation of
hecogenin can make the molecule more potent than hecogenin, since it had antiulcerogenic activity at
lower doses. However, more studies should be done to relate the structure and activity of the molecule
(Cerqueira et al. 2012).

Regarding ischemia and reperfusion, the reperfusion lesion is a term used to describe the functional and
structural changes that become evident during flow restoration after an ischemic period. In addition to
ischemia reversal, re-establishing blood flow can cause several deleterious effects, such as irreversibly
injured cell necrosis, marked cell edema, and non-uniform restoration of flow to all portions of the tissue
(Evora et al 1996).

Hecogenin acetate had significant antiulcerogenic effects at 5, 10 and 20 mg/kg in the model of gastric
lesions induced by ischemia and reperfusion in rats, showing that consequently it can have an effect on
the decrease of oxygen free radical generation after periods of ischemia and reperfusion, because
episodes of ischemia-reperfusion cause an increase in free radical activity, with consequent irreversible
loss of vascular integrity, tissue injury, fibroblast activation and immune system activation (Kayser et al.
2006).

Consolidated 40 years ago, the experimental acetic acid model has been widely used to investigate the
effect and mechanism of drugs on ulcer healing. It is a reliable and reproducible model, and the ulcer is
quite similar to human, as well as the healing process. Acetic acid in high concentration can directly
injure the gastric wall and lead to gastric ulcer. When in contact with the serosa of the stomach, acetic
acid damages the epithelial cells and the submucosal vessels, causing inflammation of the mucosa (Li et
al. 2018).

Ulcer healing is a complex process that requires both mucosal filling and tissue reconstruction under the
mucosa and is intrinsically related to hormones secreted into the gastrointestinal tract and cytokines that
can regulate gastrointestinal motility affecting gastric acid and pepsin secretion; some cell growth
factors related to gastric acid secretion, migration Cellular differentiation, cell proliferation and formation
of extracellular matrix and new vessels can collaborate in the process of gastric ulcer healing (Mussy et
al. 2014)

Hecogenin acetate demonstrated healing effect by decreasing the volume of chronic ulcerated gastric
injury significantly, as well as demonstrated in histological photomicographs representative of gastric
tissue. These findings corroborate with other authors (Ercan et al. 2019), in which it shows that
ruscogenin, a steroidal sapogenin, has a therapeutic effect on ulcers induced by acetic acid, since
hecogenin acetate is considered an acetylated sapogenin (Gama et al. 2013; Carvalho et al. 2017).
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In addition, some studies show that the acetylation of molecules can modify pharmacokinetics. The
roxatidine acetate has an active metabolite: roxatidine, and that both are antagonists of histamine H2
receptors, as well as both promote a decrease in gastric acid secretion, and that studies have already
been carried out in patients with peptic ulcer for such proof with significant results (Murdoch and
Mctavish, 1991). Such a study may open the possibility that hecogenin is an active metabolite of
hecogenin acetate, and that both hecogenin and hecogenin acetate have healing activity, because the
hecogenin reduced gastric lesions induced by acetic acid (Cerqueira et al. 2012). However, further studies
should be done to prove the possibilities of the mechanism of action of hecogenin acetate and whether it
actually has such an active metabolite.

To assess the effect of healing, the collagen fibers were marked. The last phase of healing is remodeling,
in which collagen remodeling occurs and in the matrix. This phase is responsible for increasing the
tension force, reducing the size of the scar and erythema (Mandelbaum et al. 2003). Collagen is the most
abundant protein in connective tissue in the healing phase. The various differences in its chemical
composition determine its biological functions. Type | collagen is the most frequent, it is synthesized by
fibroblasts, and it is more predominant in bones and tendons. Type Il is most commonly found in soft
tissues such as blood vessels, dermis and fascia (Campos, Borges-Branco, Groth 2013).

Therefore, the present study showed that doses of 5 and 10 m/kg were able to increase the deposition of
collagen, and that the vehicle showed no presence of collagen, shown in histological photomicrographs.
For the purposes of percentages of collagen, the present work showed that there was an increase of
collagen in the doses of 5 and 10 mg/kg of hecogenin acetate and cimetidine 200 mg/kg, compared to
the vehicle, but only the dose of 10 mg/kg and cimetidine were significant. The ruscogenin, a steroidal
sapogenin, promoted the presence of different types of collagen in an acetic acid-induced gastric ulcer
model. Since hecogenin acetate is an acetylated steroidal sapogenin, its action in the healing process
becomes plausible with the presence and increase of collagen in gastric ulcers induced by acetic acid
(Ercan et al. 2019). Through this experimental model, possible signs of toxicity can also be investigated
by animals being exposed to the test substance for seven days in a row. In the present study, a significant
difference in creatinine can be observed. Creatinine (2-amino-1-methyl-5H-imidazole-4-one) is one of the
components of human blood and urine. It is a final product of creatine phosphate metabolism in muscles
and provides energy to muscle tissues. Creatinine determination is an important clinical measure for the
evaluation of renal dysfunction, thyroid dysfunction and muscle damage (Pundir, Kumar, Jaiwal; 2019).

Some findings show that hecogenin acetate is within the reference standards of values in such a rat
lineage, Thus, it can be inferred that the acetylation of hecogenin is possibly a way to maintain such a
molecule in the biochemical standards, because ruscogenin, in its respective doses, had the creatinine of
wistar rats increased when compared with the reference value of creatinine in rats (Rattus norvegicus
lineage Wistar) (Lima et al. 2014; Lu et al. 2014). Therefore, the acetate hecogenin showed the promising
molecule for the antiulcerogenic and healing activity.

5. Conclusion
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Considering the study carried out, it can be concluded that hecogenin acetate has antiulcerogenic activity,
reducing the percentage of ulcerated area in the acute model induced by absolute ethanol and acidified
ethanol. It has healing activity because it reduces the volume of the ulcer lesion and shows an effect on
the deposition of collagen fibers, which showed no signs of toxicity relative to seven days of treatment.
This serves as a basis for scientific bases and guidance for new therapies with regard to peptic ulcer.
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Figure 1

Effect of hecogenin acetate (2,5; 5 and 10 mg/kg, v.0), vehicle or carbenoxolone (100 mg/kg, v.0) on
gastric lesions induced by absolute ethanol in mice. Data expressed as mean + E.PM. (ANOVA one way

followed by Tukey's post-test) showing significance with * p<0.05 and ***p<0.001 when compared to the
vehicle.
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Figure 2
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Effect of hecogenin acetate (5, 10 and 20 mg/kg, v.0), vehicle or carbenoxolone (100 mg/kg, v.0) on
gastric lesions induced by acidified ethanol in mice. Data expressed as mean + E.PM. (ANOVA one way
followed by Tukey post-test) showing significance with * p<0.05 and ****p<0.001 when compared to the

vehicle; + p<0.05 when compared to the dose of 5 mg/kg; § p<0.05 when compared to the dose of 20
mg/kg; # p<0.05 when compared to carbenoxolone 100 mg/kg.
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Figure 3

Effect of hecogenin acetate (5, 10 and 20 mg/kg, v.0) and N-acetylcysteine (NAC) at a dose of 200 mg/kg
on ischemically-induced gastric lesions and reperfusion in rats. Data expressed as mean + E.PM. (ANOVA

one way followed by Tukey's post-test) showing significance with * p<0.05 and p<0.005 when compared
with the vehicle.
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Figure 4

Effect of hecogenin acetate (5 and 10 mg/kg) and cimetidine (200 mg/kg) on acetic acid-induced gastric
ulcer. Data expressed as mean + E.PM. (ANOVA one way followed by Tukey's post-test) showing
significance with * p<0.05 when compared with the vehicle. Histological analysis of the effect of
hecogenin acetate on gastric lesions induced by 80% acetic acid.

Figure 5

Histological photomicrographs representative of the gastric tissue in the 80% acetic acid-induced gastric
lesion and with their respective treatments in Wistarrats. SHAM Group (A); Vehicle Group (B); AH Group 5
mg/kg (C); Group 10 mg/kg (D); Cimetidine Group 200 mg/kg (E) after 7 days treatment.

Figure 6

Histological photomicrographs representative of collagen in gastric lesion induced by 80% acetic acid
and its respective treatments in Wistarrats. SHAM Group (A); Vehicle Group (B); HA Group 5 mg/kg (C);
Group 10 mg/kg (D); Cimetidine Group 200 mg/kg (E) after 7 days treatment.

Figure 7

Effect of Hecogenin Acetate, in different doses, and cimetidine on collagen fiber deposition (%) in the
gastric lesion induced by acetic acid 80% in rats. Data expressed as mean + E.PM. (ANOVA one way
followed by Tukey's post-test) showing significance with §§ p<0.001 when compared to Sham; *p<0.05
and **** p<0. 0.001 when compared to vehicle; +++ p<0.001 when compared to 5 mg/kg dose;
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