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Abstract

Context: Solidago chilensis Meyen (Asteraceae) is widely used in South America in traditional medicine as
an anti-inflammatory and diuretic, and to treat gastrointestinal disorders. However, no scientific evidence
exists in literature to corroborate the therapeutic use of the plant. Despite its traditional uses, no reports
are available on the safety of this utilization or on the relationship between the pharmacological activities
and its phytochemical compounds.

Objective: This study investigates for the first time the acute toxicity and the gastroprotective effect of the
aqueous extract from inflorescences of S. chilensis.

Materials and methods: The gastroprotective activity was evaluated in mice subjected to ethanol-induced
gastric ulcer model at 125, 250, 400, 800, 1200, and 2000 mg/kg doses. Acute toxicity study was performed
at one dose of 2000 mg/kg. At the end of the exposure behavioral and functional parameters and motor
activity were assessed in all animals.

Results: Results demonstrated that the extract exhibited a significant antiulcer activity when given at 125-
2000 mg/kg (P <0.05), but did not show acute toxicity in mice treated with 2000 mg/kg p.o.

Discussion and conclusion: This study demonstrated that the oral administration of S. chilensis aqueous
extract prevents the formation of gastric lesions caused by an aggressive factor as ethanol but does not
produce toxicity by acute exposure in mice. These promising results support a better pharmacological
study of S. chilensis as a potential antiulcerogenic species for studies targeted towards the development of

antiulcerogenic agents.
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Introduction

Peptic ulcer is one of the most important diseases of
the digestive system and is a medical-social problem of
global economic importance due to its high incidence,
broad geographical distribution, morbidity and drug
consumption. It is estimated that nearly 20% of the
population may suffer from peptic ulcer throughout their
life, its causes being factors such as stress, diet, smoking,
alcohol and certain types of drugs (Everhart et al., 1998;
Levenstein, 2000).

Treatment of symptomatologies related to gastric
ulcers or gastritis with medicinal plants are quite com-
mon in traditional medicine worldwide; however, cur-
rent treatments to combat ulcers cause side effects and
actions contrary to what is required. Because of this, it
has increased the search and evaluation of new agents
against gastrointestinal diseases, mainly from plants, in
the treatment of gastrointestinal disorders.

Bucciarelli and Skliar (2007) determined that infu-
sions of several medicinal species growing in Argentina
prevent gastric ulcers induced by ethanol in mice, a
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representative model of peptic ulcer disease in humans
(Silen, 1988).

Solidago chilensis Meyen (Asteraceae) is a native spe-
cies from South America, where is popularly known as
“vara dorada” and is employed in folk medicine as an
anti-inflammatory and diuretic, and to treat gastroin-
testinal disorders (Goleniowski et al., 2006). Despite
its wide utilization, the pharmacological, chemical and
toxicological investigations are rather scarce.

Plants of the genus Solidago, such as S. canadensis
and S. virgaurea, contain terpenoids, saponins, phenolic
acids, phenolic glycosides, and high amounts of flavo-
noids, mainly quercetin, kampferol, and rutin (Batyuk &
Kovaleva, 1985; Lorenzi & Matos, 2002). Other authors
reported the presence of sesquiterpenes, labdane dit-
erpenes, saponins, chlorogenic acid and caffeic acid in
Solidago species (Bader et al., 1995; Apati et al., 2002;
Bradette-Hébert et al., 2008; Steliopoulos et al., 2008).

Besides their antiinflammatory effect, flavonoids have
been demonstrated to have important gastroprotective
activities. Some natural flavonoids have been shown
to increase the mucosal content of prostaglandins and
mucus in gastric mucosa, thus exhibiting cytoprotective
effects. Some of them prevent gastric mucosal lesions
produced by several methods, and protect it against
different necrotic agents (Robert et al., 1979a, 1979b;
Alarcon de la Lastra et al., 1994; Izzo et al., 1994; Martin
et al., 1994; Motilva et al., 1994).

Considering these data, Solidago chilensis was selected
with the aim of evaluating its gastroprotective effect at
different doses in mice. Due to the possible therapeuti-
cal use of this plant, we also evaluated the acute toxicity
in mice by means of a functional observational battery
(FOB) and by assessing the motor activity in an open
field. Finally, the histopathological examination was
realized on several tissues.

Materials and methods

Plant material

Fresh inflorescences of Solidago chilensis Meyen
(Asteraceae) were collected in Bahia Blanca, province
of Buenos Aires, Argentina, in January 2008. A voucher
specimen (AB 9), collected by Alejandro Bucciarelli,
was identified and authenticated by Carlos B. Villamil,
Director of Departamento de Biologia, Bioquimica y
Farmacia Herbarium (BBB).

Preparation of extracts

Plant material, oven dried at 40°C, was extracted using
hotwater at 90°C under infusion for 10 min (plant:solvent,
1:10 w/v). The extract was collected, filtrated and concen-
trated to dryness under reduced pressure (yield: 14%).

Standard screening tests were utilized for detecting
the major constituents: alkaloids (Dragendorff reac-
tion), anthraquinones (Borntraeger reaction), flavonoids
(Shinoda test), phenolic compounds (Ferric chloride
reaction), sesquiterpene lactones (Baljet reaction), ster-
ols/triterpenes (Liebermann-Burchard reaction).

Animals

Female CF-1 albino mice of ten weeks were used for
toxicity and gastroprotective studies. Animals were main-
tained under constant temperature conditions (22° + 1°C)
in a 12h light/dark cycle (lights on at 7:00h), provided
with food and water ad libitum.

The experiments were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals as
adopted and promulgated by the National Institutes of
Health, USA.

Gastroprotective effect study

The dried extract and the antiulcer reference drug
(omeprazole) were separately suspended in vehicle
(0.05% Tween 80 and 0.1% carboxymethylcellulose in
water, 1:1 w/w).

Mice were divided into eight groups (n= 6) and fasted
for 24 h with free access to water prior to oral administra-
tion of 0.3 mL vehicle, omeprazole (10 mg/ kg) or aque-
ous extract (125, 250, 400, 800, 1200 and 2000 mg/kg).
Forty five min after each treatment, all animals received
7.5mL/kg absolute ethanol to induce the formation of
gastric lesions. Animals were sacrificed 45min after
administration of the necrotizing agent. The stomachs
were dissected out, inflated with 2 mL of saline solution
and fixed in 10% formaldehyde solution for 2h. Stomachs
were opened along the greater curvature and the mucosa
examined under stereoscope to score the ulcers (Martin
et al., 1998) and to determine the ulcer index (UT). The
percentage of ulcer inhibition (Inhibition %) was deter-
mined by the following formula:

[(UI —UIl )/UI

control group treated group

]x 100

control group

Acute toxicity study

The plant extract was suspended in water and incorpo-
rated into the diet and fed to mice over 24 h at one dose of
2000 mg/kg. For this, the amount of food consumed and
body weight of each mouse were determined previously.
Eight mice were used in control and exposed groups.
The treated animals received standard food mixed with
plant extract while control mice only received the same
standard diet without the plant extract. The elected dose
is the maximum dose indicated for this assay of toxicity
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(OECD, 2001). The limit test was performed because no
severe toxic effects were expected by ingestion of this
plant extract. At the end of the exposure, behavioral and
functional parameters and motor activity were assessed
in all animals. Subsequently, the animals were main-
tained with standard diet without the plant extract for
14 days and the same parameters were reevaluated to
determine reversibility, persistence, or delayed occur-
rence of toxic effects. Finally, all animals were eutha-
nized by cervical dislocation, and necropsy observations
and histopathological examinations were realized on
several tissues: brain, liver, kidney, spleen, stomach and
intestine. These tissues were weighed immediately after
dissection, embedded in paraffin and 5 um thick sec-
tions were stained with hematoxylin and eosin.

Functional observational battery

The FOB is a series of observational and manipulative
tests designed to assess the neurological integrity of the
test subject (Moser et al., 1988), whereas motor activ-
ity is an apical measure of neurobehavioral function
(MacPhail, 1987).

The FOB included a thorough description of the ani-
mals’ appearance, behavior, and functional integrity
(Moser & Ross, 1996; USEPA, 1998). This was assessed
through observations in the home cage, while animals
were moving freely in an open field, and through manip-
ulative tests. Procedural details and scoring criteria for
the FOB protocol were based on the FOB developed for
rats (McDaniel & Moser, 1993).

Briefly, measurements were first carried out in the
home cage. The observer recorded each animal’s posture,
activity and palpebral closure. The presence or absence
of clonic and tonic movements was noted and, if present,
described. The presence or absence of spontaneous
vocalizations and biting was also noted. The observer
then removed the animal, rating the ease of removal
and handling. Lacrimation or salivation was rated. The
presence or absence of piloerection and limb pressure
grade was also noted. Fur appearance, respiration, car-
diovascular signs, limb and abdominal tone, and other
abnormal clinical signs were also recorded.

The animal was next placed in an open field arena hav-
ing a piece of clean absorbent paper on the surface and
allowed to freely explore for 3 min. During that time, the
observer ranked the mouse’s arousal, activity level and
rearing as well as any abnormal gait and mobility. Gait,
stereotypy, pelvic elevation, tail position and vocaliza-
tions were also described. At the end of the 3min, the
number of fecal boluses and urine pools, and presence
or absence of diarrhea on the absorbent paper was
recorded. Next, sensorial responses were ranked accord-
ing to a variety of stimuli (click stimulus using a metal
clicker, approach and touch rump with a blunt object,

pinch of the tail using forceps, and touch of the corner
of the eye and the inside of the ear with a fine object).
Also, motor reflexes were evaluated (flexor and extensor
thrust reflexes). Degree of righting reflex was rated next.
In the wire maneuver, the animal was suspended from
horizontal wire by forelimbs and released; the ability to
bend or hang was rated. In landing foot splay, the tarsal
joint pad of each hindfoot was marked with ink and the
animal was then dropped from a height of 15cm onto a
recording sheet. This procedure was repeated twice. The
distance (cm) from center-to-center of the ink marks was
measured and the average of the two splay values was
used for statistical analysis.

Motor activity

An open field of 50 x50 x 60 cm whose floor was divided
into 12x12cm squares by black lines was used. The
number of squares entered with all four paws, rearings,
groomings, and fecal boluses were scored for 15min.
After each animal was removed, the open field was care-
fully cleaned with a damp cloth.

Statistical analysis

The effects of the different treatments in the gastropro-
tective study were evaluated by one-way analysis of vari-
ance (ANOVA) followed by Tukey'’s test, with the level of
significance at P<0.05.

The dietary intake and body weight of mice subjected
to the acute toxicity study were tested using an independ-
ent Student’s ¢-test. Behavioral test measures in FOB were
continuous (providing interval data), ranked (based
on a defined scale), descriptive or binary (presence or
absence of a sign). Continuous data were tested using
an independent Student’s t-test. The ranked data were
analyzed using the Mann-Whitney U-test. For descriptive
and binary data, each experimental group was compared
to the control group using a Chi-square test. The open
field data were analyzed by independent Student’s #-test.
Resulting P values <0.05 were considered significant.

Results

Phytochemical screening

Preliminary phytochemical screening performed on the
plant extract revealed the presence of flavonoids and
phenolic compounds.

Gastroprotective activity study

Mice that were only given vehicle (control) showed
marked mucosal damage, including hyperemia, submu-
cosal edema and severe congestion of vessels (Figure 1).
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There was a complete incidence in the formation of
lesions in this group. The severity of ulcers is reflected
in the ulcer index, which was significantly higher in
the control group as compared with the treated groups
(Table 1). The pretreatment with omeprazole or aqueous
extracts inhibited the formation of gastric lesions in var-
ying degrees (P<0.05). Doses of 125, 250 and 400 mg/kg
did not prevent completely any stomach from ulceration
but elicited significant gastroprotection (61.4%, 75.1%
and 78.4%, respectively). Ulcerative lesions were not
observed in two of the six animals treated with S. chilen-
sis extract at 800, 1200 and 2000 mg/kg doses, exhibit-
ing a gastroprotective activity of 81.3, 86.8 and 91.5%,
respectively. Although the antiulcer reference drug
omeprazole did not prevent completely any stomach
from gastric ulceration, it achieved 76.5% inhibition.

Acute toxicity study

The mice exposed to aqueous extract exhibited a similar
dietary intake to control groups. No significant differences
were observed between the groups when we analyzed the
body weight (data not shown).

The acute exposure to Solidago chilensis did not pro-
duce alterations in all parameters evaluated in the home

Figure 1. Gastroprotective activity of Solidago chilensis aqueous
extract. (A) Representative stomach of control group. (B) Representative
stomach of group treated with 1200 mg/kg of extract. Arrows indicate
some of the ulcers produced by ethanol. Bars = 5mm.

Table 1. Effect of Solidago chilensis aqueous extract (AE) against
gastric lesions induced by ethanol in mice.

Treatment Prevention from

(dose: mg/kg) Ulcer index Ulcer® Inhibition (%)
Control 34.2+3.2 - -

AE (125) 13.5+1.7% 0/6 61.4

AE (250) 8.9+ 1.7% 0/6 75.1

AE (400) 7.4+1.7% 0/6 78.4

AE (800) 6.4+2.1% 2/6 81.3

AE (1200) 4.5+1.9% 2/6 86.8

AE (2000) 2.9+1.6% 2/6 91.5
Omeprazole (10) 8.1+1.4% 0/6 76.5

Values are expressed as mean + SEM (n = 6). Statistical comparison
was performed using Analysis of variance (ANOVA) followed by
Tukey's test.

* Statistically significant vs. control group (P < 0.05).

* Number of stomachs completely prevented from any bleeding or
lesion.

cage or during the manipulative tests. In both days (Day 1
and Day 14), no significant differences were observed
between control and experimental group in the different
parameters analyzed during home cage, hand-held and
open field observations.

Motor activity evaluations in the square open field
indicated that the acute exposure modified neither the
number of squares crossed nor rearings on days 1 and
14 after the exposure. No significant differences were
observed between control and experimental group in the
number of squares crossed after the exposure or 14 days
after it. The same was observed when we evaluated the
rearings in the square open field.

When we analyzed the emotionality parameters as
the number of groomings and fecal boluses, no meas-
ures demonstrated any significant differences between
control and experimental group in both evaluated days.

The histopathological examinations of brain, liver,
kidney, spleen, stomach, and intestine in all animals did
not show any changes as consequence of the exposure.

Discussion

There are several factors that may induce ulcers in human
beings, such as stress, chronic use of anti-inflammatory
drugs and continuous alcohol ingestion, among others.
Although in most cases the etiology of ulcer is unknown,
it is generally accepted that it is the result of an imbal-
ance between aggressive factors and maintenance of
the mucosal integrity through an endogenous defense
mechanism. The candidate for an effective drug against
peptic ulcer should basically act either by reducing the
aggressive factors on gastric mucosa or by increasing
mucosal resistance against them.

Ethanol-induced gastric ulcer method has been
widely used for the experimental evaluation of antiulcer
activity. Disturbances in gastric secretion, damage in gas-
tric mucosa, alterations in permeability, gastric mucus
depletion and free radical production are reported to be
the pathogenic effects of ethanol. Several experimental
studies have demonstrated that oxygen-generated free
radicals and lipid peroxidation play an important role in
the pathogenesis of acute gastric lesions induced by this
substance (Salim, 1990).

Solidago chilensis was shown to be effective in reduc-
ing the gastric lesions in mice caused by an aggressive
factor such as ethanol. The effects observed in this model
of gastric ulceration support a possible mechanism of
cytoprotection mediated by prostaglandins (Robert et al.,
1979a, 1979b).

Although none of the stomachs was completely pre-
vented from lesions when animals received 125, 250
and 400mg/kg of the aqueous extract, these doses dis-
played significant gastroprotection (61.4, 75.1 and 78.4%,
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respectively) as compared with the control. Groups
exposed to 800, 1200 and 2000mg/kg extract showed
higher gastroprotection, achieving 91.5% inhibition at
2000mg/kg dose. The latter may be the maximum achiev-
able for this aqueous extract, since previous studies
with higher doses did not increase the antiulcer activity
(Bucciarelli et al., 2006).

Reactions performed on the plant extract revealed
the presence of flavonoids. These compounds possess
broad biological effects which include antiulcerogenic
activity, which suggest that there could be, at least in
part, active compounds responsible for the gastroprotec-
tive effect exhibited by the extract in this experimental
model, although the action of other constituents present
in the plant cannot be discarded. Several mechanisms
have been proposed to explain their activity, such as an
increase in prostaglandins mucosal content, decrease of
histamine secretion, elimination of free radicals, increase
in vascular perfusion and reduction of leukocyte adhe-
sion (Borrelli & Izzo, 2000). Some of them act as inhibitors
of gastrointestinal motility, which is closely related to the
ability of the extracts to remain more time in contact with
the stomach wall, prolonging the cytoprotective effect.
Thus, they prevent gastric mucosal lesions produced by
different methods and protect the mucosa against vari-
ous necrotic agents.

With regard to the acute toxicity of the extract, the
mice exposed did not show alterations in all parameters
evaluated in the FOB nor in motor activity at the end
of exposure and 14 days later. This fact indicates that
the evaluated extract does not produce neurotoxicity
due to it does not affect the functionality of the nerv-
ous system at neuromuscular, sensory and autonomic
level. The histopathological examinations also demon-
strated the absence of abnormalities in all tissues stud-
ied. Considering the results in the toxicity study it was
demonstrated that the oral administration of the aque-
ous extract of S. chilensis does not produce toxicity by
acute exposure in mice. The lack of toxicity indicates that
the possible therapeutic use of the extract may be safe,
future research such as potential chronic toxicity associ-
ated with this extract will need to be evaluated through
long-term bioassays in order to ensure its safety.

Conclusion

As this is the first report on the gastroprotection and
toxicology of the inflorescences of the plant, a further
investigation is being conducted to isolate and identify
the potential antiulcerogenic compounds responsible for
the reported gastroprotective activity in order to elucidate
their mode of action. These promising results support a
better pharmacological study of S. chilensis as a potential

antiulcerogenic plant for studies targeted towards the
development of new antiulcerogenic agents.
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