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Baccharis crispa is commonly known to be used in the treatment of several digestive disorders and the primary 
purpose of this study was to detect its acute toxicity. Its influence on general behavior, sleeping time and intestinal 
transit activity in mice were followed as a mean of initial validation for popular use. The gastrointestinal effect 
was determined by testing the influence of B. crispa (Bc) on both intestinal motility (in vivo) and spontaneous 
contractile response of isolated ileum (in vitro). Oral administration of Bc showed low toxicity and induced a 
significant shortening of sleeping time in mice. After in vitro evaluation on isolated ileum, doses of 5.10−4; 10−4 
and 5.10−3 mg/mL of Bc potentiated the contractile response to acetylcholine. The intestinal propulsive activity 
increased with oral doses of 1, 5 and 50 mg/kg of Bc. After in vitro and in vivo gastrointestinal evaluations of 
Bc extract, it was clear that an efficient prokinetic activity and a significant increase in spontaneous contraction 
induced by acetylcholine in isolated mouse ileum occurred. These results partially support and justify the 
traditional use of B. crispa to treat gastrointestinal disorders.
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1. INTRODUCTION

Traditional medicine has an important role in primary health care of 
the population worldwide [1]. Since ancient times, medicinal plants 
have been used by man as therapeutic agents against many diseases, 
including those affecting the digestive system. Functional dyspepsia 
is one of the most common digestive disorders in western countries 
[2]. Despite the frequency of this disorder, a completely effective 
drug treatment is not yet available. Phytotherapy provides an effective 
and safe alternative approach that can improve the most common 
symptoms and in many cases, their use apparently had no significant 
side effects. Convincing data supporting the use of any herbal therapies 
are lacking [3].  

The genus Baccharis is one of the most important in the Asteraceae 
family and it is a native shrub from the south of Brazil, Paraguay, 
Uruguay and Argentina [4,5]. In Paraguay, Baccharis trimera, B. 
microcephala and B. crispa, are commercialized under the local name 
jaguarete ka’a. The Infusion, decoction or tincture of aerial parts are 

used in folk medicine to treat anemia, cholelithiasis and gastrointestinal, 
bladder, liver, and kidney diseases [6,7,8]. In the region, Bc has been 
highly demanded its medicinal properties and for the preparation of 
tonic beverages. It is popularly used as an antiseptic, antirheumatic, 
cholagogue, diuretic and for liver disease [9]. Furthermore, the aerial 
part is used for wound healing and treatment of skin diseases and 
ulcers due to its antimicrobial activity [10] and to its diuretic and 
purifying effects. It is also claimed as useful for the treatment of gout, 
venereal sores and for leprosy. External use as gargling infusion has 
been indicated in angina and pharyngitis [6]. 

Aqueous extracts of the aerial parts of B. trimera, B. crispa and B. 
usterii (Asteraceae) showed significant free radical scavenging activity 
[11]. Protection against experimental ulcers due to indomethacin, 
alcohol, stress, and inhibition of gastrointestinal secretions has been 
reported for B. trimera [5]. Furthermore, antimicrobial activity against 
Bacillus subtilis, Micrococcus luteus and to a lesser extent against 
Staphilococcus aureus has been attributed to genkwanin and apigenin, 
isolated in aqueous, hydro-alcoholic and alcoholic extracts of B. nitida 
[4,10]. In this study, hydro-ethanolic extract of B. crispa was tested in 
order to determine its safety (acute toxicity and general activity) and 
the effect on the behavioral profile, sleeping time, and gastrointestinal 
activity (in vivo intestinal transit and in vitro effect on spontaneous 
contraction of isolated ileum) in mice.
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2. MATERIALS AND METHODS

2.1. Plant Material and Extraction
Aerial parts of Baccharis crispa Spreng were collected in 2011 in 
Villeta, Paraguay. A voucher specimen was filed with the herbarium 
of Facultad de Ciencias Químicas, Universidad Nacional de Asunción 
(CC & AV 1322). Fresh samples were dried in an oven at 38°C for 4 
days and then ground, and the powder was extracted with a mixture of 
ethanol: water (70:30) by a conventional reflux method for 1 h, then 
filtered and evaporated under reduced pressure. The material obtained 
was subsequently frozen and lyophilized. The hydro-ethanolic extract 
of B. crispa (Bc) was stored at room temperature in a desiccator until 
use. The extract was suspended in 2.5% ethanol in distilled water until 
a smooth homogenous suspension was formed and used for biological 
assays. 

2.2. Preliminary Phytochemical Analysis
Phytochemical analysis was performed according to the methodology 
described [12,13], based on the color typically developed by major 
chemical groups. 

2.3. Experimental Animals
Swiss albino male and female mice, weighing 20-30 g were used. 
They were fed with balanced pellet diet and water ad libitum, housed 
in a plastic cage at a constant room temperature (23-25°C), with 
12:12 h light-dark cycle, in the humidity controlled environment (50-
60%). The animals were fasted for 12 hours prior to the experiment, 
allowing access only to water, and deprived of both, food and water, 
during the experiment. All experiments were conducted in accordance 
with international standards of animal welfare and the experimental 
protocol was approved by the Bioethical Committee of the Facultad 
de Ciencias Químicas (CEI 121/14). The minimum number of animals 
and duration of observation required to obtain consistent data were 
used, each animal was used once [14].  

2.4. Drugs
Sodium chloride, potassium chloride, calcium chloride and magnesium 
chloride were obtained from Wako Pure Medical Industries Ltd 
(Japan). Sodium bicarbonate and D (+) anhydrous glucose from Merck 
(Darmstadt, Germany); sodium dihydrogen phosphate from Riedel 
-de Haen AG (Seelze, Germany). Sodium pentobarbital (Nembutal 
Abbott, Japan); Diazepam (Valium Roche Laboratory, Argentina); 
acetylcholine chloride from Sigma Chemical Company (St. Louis, 
MO, USA); atropine sulfate, neostigmine methylsulfate, ethanol and 
activated charcoal for pharmaceutical use were purchased locally. 

2.5. Acute Toxicity Study
The acute toxicity study was done according to OECD 420 guidelines 
[15]. Female Swiss albino mice, weighing 20-30 g were dosed in a 
stepwise procedure using the fixed doses methods. Bc was administered 
orally in different doses (5; 50; 300; 500 and 2000 mg/Kg), and 24 h 
observation was performed to identify the toxic effect, additionally, 
all animals were observed during 14 days searching for delay adverse 
events.

2.6. General Behavior Effect
Groups of five female mice were administered the extract (5; 50; 300 
and 500 mg/Kg) and observed in simultaneous comparison with a 

control group given vehicle (0.1 mL/10 g body weight) at 0, 5, 15, 
30, 60 and 120 minutes after drug administration and also 24 and 48 
hours later. Behavioral, physiological and neurological alterations and 
neurotoxicity symptoms were recorded according to a standardized 
observation grid [16]. 

2.7. Pentobarbital-Induced Hypnosis
Male mice were distributed into six groups of eight animals and one 
hour after oral administration of water (0.1 mL/10 g body weight); 
5, 50 or 500 mg/kg of Bc, or caffeine (used as stimulant, 30 mg/Kg) 
each animal was injected with sodium pentobarbital (40 mg/kg, i.p.). 
Animals treated with diazepam (0.5 mg/kg i.p.), used as a positive 
central depressant agent in this assay received sodium pentobarbital, 
twenty minutes later. The latency to the loss of righting reflex 
(induction time in seconds) and the time required to recover righting 
reflex or awakening (sleeping time in minutes) were registered for 
each animal as previously described [17]. 

2.8. Rota-Rod Test
Mice were placed on a rotating rod (2.5 cm diameter divided into six 
equal compartments, rotating at 12 rpm). Animals remaining on the 
rod for 2 min in two successive trials were selected for testing 24 h 
before the experiment. Groups of eight mice were treated with vehicle 
(0.1 mL/10 g body weight p.o.); 5, 50 and 500 mg/kg of Bc, p.o. or 0.5 
mg/kg diazepam, i.p. Sixty minutes after the Bc treatment, mice were 
placed on the spinning bar of the rota-rod apparatus for 1 min. The 
time (s) spent on the rotating rod was recorded [18].

2.9. Open Field Test
Open-field activity was measured in a Plexiglas cage (height: 17 cm, 
length: 30 cm; width: 30 cm) with black floor marked with white lines 
in 10 cm2 areas. Animals were randomly distributed into groups of 
eight animals. One hour after treatment with vehicle, Bc (5, 50 and 500 
mg//kg, p.o.) or diazepam (0, 5 mg/kg, i.p.), each mouse was placed in 
the centre of the arena and its ambulation (peripheral and central area), 
immobility time, rearing, grooming, and defecation were recorded for 
5 min [18]. The number of grid lines crossed by both hind feet in a 5 
min period was counted as an index of ambulation. After each trial, 
the open-field apparatus was wiped clean with ethanol (10%) solution.

2.10. Hole-Board Test
The hole-board apparatus consisted of a Plexiglas cage (height: 15 cm, 
length: 40 cm; width: 40 cm) with black floor marked with white lines 
limiting areas of 10 cm2. A total of 16 holes (diameter: 2 cm) in an 
equidistant position was arranged in the arena. Group of eight animals 
randomly distributed were used per dose. One hour after administration 
of Bc (5, 50 and 500 mg//kg, p.o.), water (0.1 mL/10 g body weight) 
or diazepam (0, 5 mg/kg, i.p.) each mouse was placed in the centre of 
the arena and its defecation, ambulation (peripheral and central area), 
rearing, grooming and head-dipping in the holes were recorded for 5 
min. After each trial, the hole-board apparatus was wiped clean with 
ethanol (10%) solution [18].

2.11. In Vitro Contractile Response on Ileum 
After cleaning, longitudinal segments (1.5 cm) of mouse ileum were 
dissected out and placed in an organ bath (10 mL) containing Tyrode 
solution (concentration in mM: NaCl 135.0; KCl 5.0; CaCl2 2.0; MgCl2 1.0; 
NaHCO3 15; NaH2PO4 1.0; Glucose 11; final pH of 7.4 ± 0.2.) maintained 
at 37 ± 1°C and continuously bubbled with O2 and 5% of CO2. The tissue 
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segments were mounted vertically. One end of the tissue was fastened to 
a glass tube support, and the other end was fixed to a horizontal balance 
writing lever at a tangent to a kymograph drum with an initial tension of 
0.5 g. The bathing solution was replaced with Tyrode solution at 10 min 
interval to avoid accumulation of metabolites. The preparations were 
allowed to equilibrate for 30 minutes before taking the control recordings. 
Thereafter, further calibration is performed for the tension using a 0.5 g 
calibration mass. After stabilization, the tissue segment was exposed to 
10−7 M acetylcholine (ACh) and Bc, according to the protocol described in 
table 1, and the effect was recorded [19]. For each drug assay, five sets of 
experiments were done.

Table 1: Protocol of ACh and B. crispa (Bc) extract administration to the ileum 
isolated from mouse.

Effect of Bc in the contractile response Interaction of Bc + ACh

Step Drug Concentration Drug Concentration

1 ACh 10−7 ACh 10−7

2 Bc 10−4 Bc + ACh 10−4 + 10−7

3 ACh 10−7 ACh 10−7

4 Bc 5.10−4 Bc + ACh 5.10−4 + 10−7

5 ACh 10−7 ACh 10−7

6 Bc 10−3 Bc + ACh 10−3 + 10−7

7 ACh 10−7 ACh 10−7

8 Bc 5.10−3 Bc + ACh 5.10−3

9 ACh 10−7 ACh 10−7

*Concentration of: ACh (mol/L); Bc (mg/mL)

2.12. Effect of Bc on Gastrointestinal Transit 
Groups of mice (n = 8) fasted 12 hours with free access to water were 
randomly allocated in six different groups. One group was treated 
orally with vehicle (0.1 mL/10 g body weight) as a control. Another 
two groups were treated with neostigmine methylsulfate (10 µg/kg, 
s.c.) and atropine sulfate (1 mg/kg, i.p.) and considered as positive and 
negative controls, respectively. The remaining groups received oral 
doses of 5, 50 and 500 mg/kg of Bc. One hour after treatments, 0.3 
mL of charcoal suspension (10%) was administered orally, according 
to individual timing, to all animals. After 30 minutes, the mice were 
sacrificed by cervical dislocation. The abdomen was instantly cut 
open, the small intestine was carefully removed and immediately 
straightened along a rule, and the location of the indicator was identified 
along the small intestine. The total intestinal length (from the pyloric 
sphincter to the ileocecal junction) and the length traveled by marker 
were measured and recorded [19,20]. The small intestinal transit was 
calculated as the percentage of the length traveled by marker substance 
related to the total length of intestine. 

2.13. Statistical Analysis
Results are expressed as mean ± S.D, and statistical analysis of the data 
was performed by Dunnet’s Multiple Comparison test after one way 
ANOVA using GraphPad Prism 5.0 software (GraphPad Software, Inc. 
CA. USA). Differences were considered to be statistically significant 
when p < 0.05. 

3. RESULTS AND DISCUSSION 

Preliminary phytochemical analysis of B. crispa revealed the presence 
of saponins, flavonoids, sugar, and glycosides. The acute toxicity was 

determined in female mice treated by intragastric cannulation with 
B crispa (Bc) extract. After 24 hours, no mortality was evidenced, 
therefore LD50 is assumed to be greater than 2.000 mg/kg. These 
results demonstrated that Bc extract does not show acute lethal 
toxicity. No difference in body weights after 14 days was detected. 
Behavior, postural reflex, grooming and responses to nociceptive 
stimuli kept normal, as well as water and food consumption compared 
to the control group.

3.1. Effect of B. crispa on the Open-Field, Hole-Board, Rota-
Rod Tests and Sleeping Time
No differences in ambulatory (total, center and peripheral) and 
emotional (rearing, grooming, and defecation) behavior of mice were 
observed in the open-field test (data not being shown). Also, no effect 
on motor coordination in the rota-rod study (data not shown), or on 
exploratory behavior measured by the number of head dipping in hole 
board test (p < 0.05) were observed. These data show that Bc extract 
did not induce ambulatory or emotional changes in mice behavior 
neither in the hole-board nor the rota-rod test. Diazepam was used as 
anxiolytic positive control drug and no impairment in locomotion was 
observed at the dose used [21]. 

In the pentobarbital-induced sleeping time test in mice, the total 
sleeping time was significantly reduced by oral administration of 5, 50 
and 500 mg/kg of Bc (p < 0.001), independently of the dose (Figure 
1). This suggests that the extract exerts a stimulating effect on central 
nervous system activity; similar to caffeine [17]. As expected, sleep 
times were increased significantly compared to the control group, 
when diazepam was administered (p < 0.01).

Contro
l 

Diaz
ep

am

Caff
ein

e

Bc 5
mg/K

g

Bc 5
0m

g/K
g

Bc 5
00

mg/K
g

0

100

200

300

***
*** *** ***

**

Sl
ee

pi
ng

 ti
m

e
(m

in
)

Figure 1: Effect of B. crispa extract (Bc) on hypnosis time induced by sodium 
pentobarbital in mice. Each bar represents the mean ± SEM (n = 5). One way 
ANOVA followed by Dunnett’s multiple comparison tests were used. **p < 

0.01; ***p < 0.001 was significantly different from control group.

3.2. Effect of B. crispa on the Spontaneous Contractile 
Activity of Ileum Isolated from Mice
The addition of Bc (10−4; 5.10−4; 10−3 and 5.10−3 mg/mL) did not 
modify the spontaneous contractile response of mouse isolated ileum. 
However, the recovery contractile response induced by ACh 10−7 
M, after washing with Tyrode solution, was significantly superior in 
comparison to control response obtained without extract application. 
As seen in Figure 2, after Bc pre-treatment, a statistically significant 
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potentiation of the contractile response to the muscarinic agent was 
showed (5.10−4 mg/mL, p < 0.01; 10−4 mg/mL, p < 0.05 and 5.10−3 mg/
mL, p < 0.01). Addition of ACh 10−7 M was performed once the initial 
response was recovered after thorough rinsing of the tissue with the 
Tyrode’s solution.
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Figure 2: Effect of administration of B. crispa (Bc, mg/mL) on the 
spontaneous contractile response, and recovery response (ACh rec.) induced 

by ACh 10−7 M on mice ileum. Each bar represents the mean ± SD. *p < 0.05; 
**p < 0.01 are significantly different from contraction induced by control ACh 

10−7 M.

Moreover, the contractile response in isolated ileum by adding 5.10−4; 
10−3 and 5.10−3 mg/mL of Bc concomitantly with ACh 10−7 M, showed 
an increased contraction of this smooth muscle, and the recovery 
contractile response with ACh, after washing with Tyrode’s solution, 
was also incremented (Figure 3).

3.3. Effect of B. crispa on Gastrointestinal Motility in Mice 
A significant increase in intestinal charcoal migration was observed 
after oral administration of 1 (p < 0.01), 5 (p < 0.01) and 50 (p < 
0.05) mg/kg of Bc in mice, compared to control group (Figure 4). This 
result suggested a prokinetic activity of the extract. On the other hand, 
neostigmine (positive control, 10 μg/kg, s.c.) induced an increased (p 
< 0.001) and atropine (negative control, 1 mg/kg, i.p.) a significant 
reduction in charcoal migration (p < 0.01) validating the method used.

Pharmacological evaluation of the hydro-ethanolic extract of B. 
crispa tested in mice exhibited an intestinal stimulation effect, both, 
in vitro and in vivo. The addition of Bc extract to isolated ileum did 
not modify the spontaneous contractile response. However, after 
washing, the recovery contractile response induced by ACh 10−7 M 
was increased significantly in comparison to control obtained without 
the extract. Moreover, the contractile response of isolated ileum when 
the extract was concomitantly administered with ACh, showed an 
increased response compared to the one observed with ACh 10−7 M. 
Additionally, the recovery contractile response to ACh 10−7 M after 
washing, was significantly increased. 

The mechanism of how the pre-treatment with Bc extract enhances 
ACh induced contraction in this muscle remains unknown, it could 
be due to compounds in the raw material used for the assays that 
mimic muscarinic effects. Different mechanisms are involved in 
gastrointestinal smooth muscle contraction. Cholinergic nerves play 

a crucial role in the stimulatory regulation of smooth muscle activity 
and peristaltic movement. ACh acts on smooth muscle cells by binding 
to the muscarinic receptors on the cell surface, thus activating several 
intracellular signaling pathways, which leads to an increase in cytosolic 
calcium concentrations and, finally, smooth muscle contraction [22]. 
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Figure 3: Influence of concomitant administration of B. crispa and ACh 10−7 
M on ileum isolated from mice. Contractile response to ACh 10−7 M (after 

washing with Tyrode’s solution) of ileum treated with single dose of 10−4 (ACh 
rec. 10−4), 5.10−4 (ACh rec. 5.10−4), 10−3 (ACh rec. 10−3) and 5.10−3 (ACh rec. 
5.10−3) mg/mL of Bc. Each bar represents the mean ± SD of the percentage of 
contraction of the ileum. *p < 0.05; **p < 0.01; ***p < 0.001 are significantly 

different from contraction induced by control ACh 10−7 M. 
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Figure 4: Effect of oral administration of vehicle (veh), atropine (Atrp, mg/
mL), neostigmine (Neo, µg/mL), 1, 5, 50, 500 mg/kg of B. crispa on intestinal 
transit of different groups of female mice (n = 8). Each bar represents the mean 

± SD percentage of charcoal migration in each group. *p < 0.05; **p < 0.01; 
***p < 0.001 significantly different from vehicle.

Groups of mice treated orally with Bc extract showed a significant 
increase in intestinal transit. The effect is dose-independent and it is 
seen nearly the same response with all doses, probably due to complex 
chemical compounds that could have different effects according to 
the amount present in each dose. The underlying mechanism of this 
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effect is unknown and will require additional studies. The mechanism 
responsible for the increased propulsive activity might be originated by 
complex interactions of myogenic, neural and hormonal mechanisms. 
Each of these mechanisms might promote a higher availability of 
intracellular calcium, which leads to an increased intestinal prokinetic 
activity [22]. Intestinal transit speed is one of the factors determining 
the rate of absorption of luminal contents and regulates the 
bioavailability of foods and drugs administered orally. It is considered 
that the term digestive implies an increase of the secretions as well as 
in peristalsis of the gastrointestinal tract [19]. Both effects improve 
mixing, digestion, absorption, and propulsion of food. The results of 
this study confirmed a close association with the popular use of B. 
crispa as a digestive. 

According to the literature, the main constituents of the Baccharis 
genus are phenolic and terpenoid compounds [23]. Preliminary 
phytochemical analysis of B. crispa revealed the presence of saponins, 
flavonoids, sugar, and glycosides. Recent evidence indicates that 
metabolites of phenolics may affect different intracellular signaling 
mechanisms that are crucial for cellular functions which may be related 
to some of the beneficial effects of natural products [24]. Whether 
this also applies to the active compounds of B. crispa remains to be 
clarified. Consequently, the effects observed, deserve further studies in 
order to elucidate the possible mechanisms of the contractile responses 
induced by Bc. 

4. CONCLUSION 

The findings indicated that Baccharis crispa has a low acute toxicity, 
no influence on behavioral performance, shortening of sleeping time 
and improvement of intestinal migration of charcoal marker in mice 
orally treated. Additionally, the present data indicate that Bc stimulates 
the in vitro ileum smooth muscle contraction in the mouse. This study, 
therefore, provides a scientific basis for the medicinal use of B. crispa 
as a digestive. More evidence is needed before using Bc as a potential 
therapeutic drug.
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