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ABSTRACT

Solidago chilensis is a plant with therapeutic properties that is widely
used in folk Brazilian medicine. In this study, we evaluated the
possible acute toxicity and determined the LDs, of the hydroalcoholic
extract of Solidago chilensis. Swiss mice of both sexes received
intraperitoneal injections of Solidago chilensis hydroalcoholic extract
(ScHE) at the doses of 30, 100, 300, 500, 750 and 1000 mg/kg.
Pharmacological screening, LDsy, determination, food intake
evaluation, body and target organ weight measurements and
histopathological analyses were performed. The LDs, value was
determined to be 512.5 mg/kg. Pharmacological screening revealed
central nervous system depressant activity, as shown by ptosis and
decreases in general activity and motor activity. Food intake and
body weight were not affected by extract administration.
Macroscopic analysis of organs indicated splenomegaly and changes
in the color of the liver in animals treated with ScCHE; both effects
were dose dependent. Significant macroscopic changes in the kidneys
were not observed. Histopathological analysis showed significant
morphological alterations in the livers of animals treated with high
doses of the extract. Only animals treated with 1000 mg/kg had
hemorrhagic foci in the kidneys. Our findings indicate that the
intraperitoneal injection of ScHE causes relevant toxicity, with a
relatively high LDs (512.5 mg/kg), and affects the histopathological
parameters analyzed. Further toxicological tests should be performed
using oral administration to compare the effects of different routes of
administration and to simulate traditional use.
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INTRODUCTION

The genus Solidago is considered as
one of the largest genera of the Asteraceae
family, comprising more than 120 species,
most of which are found in North and South
America. This genus comprises a great
number of medicinal plants with therapeutic
properties, including S. virgaurea and S.
gigantea, the aerial parts of which are
widely used as anti-inflammatory and
diuretic agents. Solidago chilensis (S.
microglossa), known in Brazil as arnica-do-
campo or arnica-brasileira, is a plant found
throughout the country, especially in the
South and Southeast regions. This plant,
high 80-120 cm, can be found in wastelands,
roadsides, pastures, orchards and coffee
plantations’.

Ethnopharmacological data indicate
that S. chilensis is broadly used in Brazil. At
Rio de Janeiro, patches from leaves and
stems are used on contusions’, in many
towns from Minas Gerais State S. chilensis
is indicated to skin diseases, wound healings
and boils, purulent infections, inflammation,
edema, body pain, chill, rheumatism,
diuretic, using leaves, flowers or the whole
plant, by maceration, infusion, bath,
decoction and tincture with topic and oral
administration®”. In Santa Catarina State it
is used to skin lesions®. S. chilensis is in the
Medicinal Plant Program of the Health
Municipal Secretariat (Fitoviva) indicated to
contusion, trauma and boils, as tincture and
poultice from flowers and leaves’. Since
2009 S. microglossa is in the list of native
medicinal plants used by Health Brazilian
Program (SUS) and in the National List of
Medicinal Plant (Renisus) that guides the
scientific studies®. According to Corréa et
al’ it is toxic, should not be used in wounds,
but without scientific evidences.

Several studies have demonstrated
that both the extract and essential oil of S.
chilensis contain compounds that have
relevant biological activities. S. chilensis

flower extracts have been shown to exhibit
outstanding antioxidant activity and to be
more effective than butylhydroxytoluene (an
antioxidant used in food industry)'’.
Aqueous and hydroalcoholic extracts of S.
chilensis exhibit topical and systemic anti-
inflammatory activities similar to those of
dexamethasone in rats and mice. This anti-
inflammatory activity is not only due to the
inhibition of pro-inflammatory mediators
but also to reduce lymphocyte migration'' ™.
Other demonstrated activities include
antifungal'*, anti-microbial ', gastro-
protective'®, hypo-glycemic'’, healing'® and
analgesic activities' .

Despite the known pharmacological
effects of S. chilensis and its traditional use
as an alternative treatment for health
problems, there have been few data about
the possible toxic effects of this plant'®.
Therefore, we aimed to investigate the acute
toxicity and to determine the LDsy of the
hydroalcoholic extract of Solidago chilensis
when administered intraperitoneally to mice.
Possible histopathological alterations in
target organs were also evaluated.

Material and Methods

Botanical material

Solidago chilensis was collected in the
city of Guararema, Sao Paulo, Brazil.
Botanical identification and authentication
were performed by Dr. Lucia Rossi from the
Instituto Botanico de Sdo Paulo, Sdo Paulo,
Brazil, and one specimen was deposited in the
herbarium under the number SP 397.047
(Figure 1).

Hydroalcoholic extract preparation and
analysis

The aerial parts of the plant (flowers,
leaves and stalks) were immersed in 93%
ethanol (100 g/L) for one month. After this
period, the hydroalcoholic extract was
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filtered, concentrated using a rotary
evaporator and then lyophilized. The dried
material was referred to as the Solidago
chilensis hydroalcoholic extract (SCHE) and
was stored at 4°C until use. The dried extract
was diluted in distilled water immediately
prior to analysis. The Solidago chilensis
hidroalcoolic extract was previously analyzed
in its major constituents on work previously
published by the group. Briefly, have been
identified constituents as the 5-O-E-, 3,4-,
4,5-di-OE-caffeoylquinic acids and rutin".

Animals

Male and female Swiss albino mice (3
months old) obtained from the Braz Cubas
University vivarium, were used. The animals
were kept in a room with a controlled
temperature of 21+1°C, a light/dark cycle of
12 hours (lights on at 7:00 A.M.) and free
access to food and water. The study was
conducted according to ethical principles®
following institutional protocols and was
approved by the local Committee for Ethical
Surveillance in Animal Experimentation
(SBCAL) for the proper use and care of
experimental animals.

Acute toxicity study

Mice were equally separated into
seven groups of four males and four females
each. A range of doses of ScHE (30, 100,
300, 500, 750 and 1000 mg/kg) were
administered once intraperitoneally. The
vehicle control group received 0.3 mL of
distillated water. The animals were observed
for 14 days. The number of dead animals was
recorded for each tested dose, and the lethal
dose that killed 50% of animals (LDs) was
calculated according to the method of
Carvalho ef al*'.

LD5()= Df-7 (ab) /n

Df = lowest dose able to kill all animals;

a = difference between 2 consecutive doses
administered;

b = average number of animals killed between
2 consecutive doses;

n = number of mice by group;

z =sum of (ax b) / n.

Physiological and anatomopathological
parameters

Pharmacological screening was also
performed. The animals were observed
continuously during the first hour after extract
administration and at 2, 4, 12, 24 and 48
hours after extract administration”>. The
animals were also observed once per day for
14 days to check for residual effects. Food
intake and body weight were analyzed daily.
After 14 days, the animals were euthanized
(cervical dislocation), and the liver, kidneys
and spleen were removed, weighed and fixed
in formalin (10%) for subsequent histological
analysis. The organ weights were corrected
based on the last body weight of the animals.
Animals that died before the 14th day were
autopsied, and the same parameters were
analyzed.

Histopathology

Fixed material was embedded in
paraffin, and sections (thickness: Spum) were
stained with hematoxylin/eosin. Histological
analysis was performed using conventional
microscopy by one pathologist who described
the morphological alterations due to toxic
effects.

Statistical analysis

Parametric tests were performed,
taking into account variable characteristics.
The data obtained from the food intake and
body weight evaluations were analyzed by
ANOVA with repeated measures, followed
by Tukey’s post hoc test. The organ weights
were analyzed by one-way ANOVA,
followed by Tukey’s post hoc test. The values
were presented as the mean + standard error
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of the mean (SE), and the significance level
was taken as p<0.05.

RESULTS

LDs

Table 1 shows the number of dead
animals in each group. The LDsy of S.
chilensis was 512.5 mg/kg body weight, as
shown in Figure 2.

Initial pharmacological screening

Table 2 presents the most relevant
signs observed in animals treated with
different doses of ScHE by intraperitoneal
injection. Mice exhibited a dose-dependent
reduction in general activity relative to control
animals for 48 hours after the administration
of doses higher than 500 mg/kg, for 24 hours
after the administration of the 300 mg/kg dose
and for up to 4 hours after the administration
of the 100 mg/kg dose. These results suggest
that this extract has a depressant effect on the
central nervous system. Reduced grip strength
and ptosis were also observed 30 minutes
after the administration of doses higher than
100 mg/kg. An increase in the respiratory rate
was observed in mice treated with doses
higher than 100 mg/kg after 30 minutes, and
this increase was very apparent for doses of
500 and 1000 mg/kg. We also observed
discrete cyanosis in the groups treated with
doses of 100 and 300 mg/kg and intense
cyanosis in the groups treated with doses of
500 and 1000 mg/kg one hour after SCHE
administration. Piloerection also occurred for
the 300, 500, 750 and 1000 mg/kg doses
during the first 4 hours after extract
administration. All animals treated with the
plant extract at 1000 mg/kg died within two
hours of administration. Animals treated with
the 30 mg/kg dose did not exhibit any
behavioral changes. It is important to note
that there were no differences between males
and females with respect to the analyzed
parameters.

Physiological parameters

Figure 3 shows the body weight (A)
and food intake (B) over the 14-day period
after S. chilensis administration. No
significant change was observed in the body
weight after the administration of the plant
extract. Food intake was significantly
different only for the day after administration,
during which animals that received 300 or
500 mg/kg consumed less food than control
animals (p<0.05). Most of the animals treated
with 750 mg/kg and all animals treated with
1000 mg/kg died within two hours of
administration, providing insufficient data for
this analysis.

Anatomopathological parameters

Macroscopic analysis of organs (liver,
spleen and kidneys) was performed, and the
color, texture and weight were evaluated.
Figure 4A shows that the liver weight did not
differ significantly among the control and
ScHE groups. However, a significant
difference was observed for color. Tissues
exhibited spots and darkening in a dose-
dependent manner (Figure 5). Only animals
treated with the 500 mg/kg dose exhibited a
significant increase in kidney weight (Figure
4B). The spleens from animals that received
300 or 500 mg/kg weighed more than spleens
from control group animals (Figure 4C).

Histopathology

Liver slices from animals treated with
30 and 100 mg/kg ScHE exhibited normal
architectures with preserved hepatic cords,
but discrete vascular congestion and dilatation
of the sinusoidal space were present (Figure
6, A and B). For the 300 mg/kg dose, intense
chronic passive congestion and focal
hepatocyte necrosis were observed without
alterations of the hepatic lobule distribution
(Figure 6C). Mice treated with 500 mg/kg
exhibited  steatohepatitis with  evident
vacuolar degeneration and focal necrosis
(Figure 6D). For the 1000 mg/kg dose,
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microscopic alterations due to toxicity were
not observed, but generalized vascular
congestion was present (most likely due the
early death of these animals).

Only the animals treated with 1000
mg/kg exhibited intense vascular congestion
in kidney cortex, with small hemorrhagic
areas. The spleens did not exhibit
morphological alterations that could indicate
toxicity and did not differ from the control
spleens at any of the tested doses.

DISCUSSION

Solidago chilensis is a plant that is
widely used in folk medicine due to its well-
known therapeutic properties' 21513,
However, there have been few toxicological
studies performed on plants from this genus.

Our results suggest that acute
treatment with Solidago chilensis hydro-
alcoholic extract at a dose ranging from 30 to
500 mg/kg has little effect on the animal’s
body weight over a 14-day period (in the
higher doses, the animals death and was not
possible evaluate the weight). Food intake
was decreased only on the day after extract
administration for the 300 and 500 mg/kg
groups. Despite this small change, animals
treated with SCHE did not exhibit significant
body weight changes.

The oral administration of aqueous
extract of S. chilensis did not cause signs of
toxicity in a previous study'®. In the present
study, however, the LDs; of the
hydroalcoholic extract of this plant was
determined to be 512.5 mg/kg, that this
extract has high toxicity when administered
intraperitoneally. Nevertheless, the doses used
in the studies published in the literature were
usually much lower than the LDsy that we
determined in this study.

Based on the results obtained from the
initial  pharmacological  screening, the
Solidago chilensis extract exhibited a central
effect at doses higher than 100 mg/kg. This

effect manifested as ptosis and decreases in
general activity and motor activity. These
signs strongly suggest that the plant has a
sedative effect when administered at high
doses™***. Symptoms such as cyanosis,
respiratory rate alterations and piloerection
were also observed for lethal doses before
death, indicative of the pronounced toxic
effect”. All animals that received the 1000
mg/kg dose died within two hours of
administration, again indicating that this plant
extract 1s toxic ~when administered
intraperitoneally. It is important to note that
the results obtained for the initial screening
represent only a subjective impression of the
drug’s likely effect, but this screening is
essential to determine the appropriate research
direction.

The anatomopathological data
indicate that there were significant changes in
the livers and spleens of animals treated with
ScHE and that these effects were dose
dependent. The macroscopic observation of
organs showed that livers from animals
treated with arnica do campo exhibited
darkened coloration, the extent of which
depended on the administered dose, relative
to the control animals. Additionally, animals
treated with the plant extract exhibited
splenomegaly (increases in spleen weight and
volume). This response can occur due the
presence of compounds with injurious
activity. This activity can induce an
inflammatory response, promoting organ
enlargement (edema)®.

The liver is the organ most affected by
toxic substances due to its intense
participation in biotransformation reactions” .
It is known that splenomegaly can also occur
due to liver failure, which promotes the
congestion of the liver’s blood vessels. This
congestion is caused by the decrease in
activity and by the increase in hydrostatic
pressure. Organ enlargement causes blood to
reflux into spleen through the splenic vein,
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causing the spleen to swell*®. No macroscopic
alterations were observed in the kidneys.

The histopathological data show that
the extract seems to affect the liver more
intensely, and significant cellular alterations
(such as hepatic steatosis, intense
vacuolization and hepatocytes necrosis) were
observed in mice treated with 300 mg/kg and
higher doses of the extract. We also observed
vessel congestion and hemorrhagic areas. Fat
infiltration, blood congestion and hepatocyte
necrosis are common signs of hepatitis and
may cause death®~. These data confirm the
harmful effect of the extract on the liver that
was observed in the macroscopic analyses.

Tests to evaluate the sub chronic
toxicity (due to the repeated administration of
lower doses) of SCHE are needed because the
population uses this extract for extended
periods of time'. Detailed analyses are also
needed to determine which of the component
compounds are toxic and if it is possible to
remove them before use. Were commend that
ScHE not be used by parenteral and enteral
means.

CONCLUSION

In conclusion, Solidago chilensis
hydroalcoholic extract exhibits significant
toxicity when administered intraperitoneally,
with a relatively high LDs, and it affects
anatomopathological and histopathological
parameters. More studies should be
performed because the important therapeutic
effects of this plant.
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Table 1. Number of deaths caused by the administration of Solidago chilensis hydroalcoholic
extract at different doses

Groups Number of Deaths

30 mg/kg 0/8
100 mg/kg 0/8
300 mg/kg 2/8
500 mg/kg 5/8
750 mg/kg 6/8
1000 mg/kg 8/8

Table 2. Summary of the observations during the initial pharmacological screening of mice

treated with Solidago chilensis hydroalcoholic extract

Observed effects
30

300 500 750

Dose (mg/kg—1. p.)

1000

General activity ¢ NN NN +
Ptosis + + ++ +

Grip strength J d J +
Cyanosis + ++ +++ +
Respiratory rate + ++ +4++ +
Piloerection + 4 + +
Writhing +

(+) presence of effect; (|) decrease; T death. Blanks represent no effect.
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Figure 1. Solidago chilensis Meyen (photograph
Eduardo A.V. Marinho)
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Figure 2. Graphic representation of the determination
of the LDs of the Solidago chilensis hydroalcoholic
extract (512.5 mg/kg). The black line represents the
linear regression of the data points in gray
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Figure 3. Body weight (A) and food intake (B) of the animals treated
by intraperitoneal injection with increasing doses of Solidago
chilensis hydroalcoholic extract. The values are expressed as the
mean + standard error of the mean. (*) Significantly different from
the control group at the respective time (ANOVA with repeated
measures followed by Tukey’s post hoc test, p<0.05; n=8/group)
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Figure 4. Weights of the liver (A), kidneys (B) and spleen (C), in
grams, of the animals treated with water (control group) and
Solidago chilensis hydroalcoholic extract at different doses. The
values are expressed as the mean * standard error of the mean. (*)
Significantly different from the control group (ANOVA followed by
Tukey’s post hoc test, p<0.05, n=8/group)
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300 mg/kg 500 mg/kg 1000 mg/kg

Figure 5. Photographs of the livers from animals
treated with increasing doses of Solidago chilensis
hydroalcoholic extract and from the control group

Figure 6. Liver slices from animals treated with the hydroalcoholic extract of
Solidago chilensis at different doses: (A-30 mg/kg) Hepatocytes cords exhibited
intercellular spaces that suggested dilatation of the sinusoidal space. The
centrilobular veins exhibited slight passive congestion. (B—100 mg/kg) Hepatic
lobules with stromal and parenchymal integrity. The centrilobular veins
exhibited evident passive congestion. (C-300 mg/kg) Hepatic lobules with a
centrilobular vein (c) exhibiting congestion and necrotic hepatocytes (arrow).
(D-500 mg/kg) Steatohepatitis, with loss of the normal architecture of the
hepatic lobules, vacuolar degeneration, and focal necrosis (HE, 100X)
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