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ABSTRACT: In Brazil, at least 16 poisonous plant species can affect the central nervous system of livestock. Recently in the state of Piaui,
Northeastern Brazil, Brunfelsia uniflora was reported as a cause of nervous signs in donkeys, cattle, and small ruminants. In order to assess
the toxicity of B. uniflora extracts, 20 Swiss mice were distributed into four groups (n=35) receiving by gavage alkaloids, flavonoids, saponins,
or saline (control group). After administration of the extracts in a single dose (5g kg™'), all mice were observed daily for clinical signs. Mice
that received the extracts showed moderate to severe clinical signs, including piloerection, vocalization, and seizures. All mice dosed with
saponins died between 10 and 20min after administration. Serum biochemical evaluation of animals that received saponins revealed slight
increases in total protein levels and decreased magnesium and chlorite levels. In conclusion, saponins of B. uniflora leaves induced acute toxic
neurological effects and death in mice.
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Diferentes extratos das folhas de Brunfelsia uniflora em camundongos

RESUMO: No Brasil, pelo menos 16 espécies de plantas toxicas podem afetar o sistema nervoso central dos bovinos. Recentemente no
estado do Piaui, no Nordeste do Brasil, Brunfelsia uniflora foi relatada como causadora de sinais nervosos em jumentos, bovinos e pequenos
ruminantes. Para avaliar a toxicidade de B. uniflora, 20 camundongos foram distribuidos em quatro grupos de cinco animais recebendo
diferentes extratos da planta. Os extratos de alcaléides, flavondides, saponinas ou solu¢do salina (grupo controle) foram administrados por
gavagem. Apos a administragdo dos extratos, em dose unica (5g kg-1), todos os animais foram observados diariamente. Os camundongos que
receberam os extratos de B. uniflora apresentaram sinais clinicos moderados a graves, incluindo piloeragdo, vocalizagdo e convulsées. Todos
os camundongos que receberam extrato de saponinas morreram entre 10 e 20 minutos apos. A avaliagdo bioquimica sérica dos animais que
receberam saponinas, revelou discretos aumentos nos niveis de proteina total e diminui¢do nos niveis de magnésio e cloro. Conclui-se que, as
saponinas presentes nas folhas de B. uniflora induzem efeitos neuroldgicos toxicos agudos e, morte em camundongos.

Palavras-chave: toxicidade, alcaloides, saponinas, flavonoides, Brunfelsia, Solanaceae.

INTRODUCTION Clinical signs of poisoning include diarrhea, ataxia,

anxiety, vomiting, seizures, tremors, hyperesthesia,

Brunfelsia is a genus of plants belonging
to the Solanaceae family, with 40 different native
species reported in South America, Central America,
and West India. Accidental poisoning by Brunfelsia
leaves has been described in humans and dogs

+ after ingestion of the plant grown in gardens.
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nystagmus, and polyuria (SPAINHOUR et al., 1990;
SINGH et al., 2008).

A recent survey conducted in the North
mesoregion of Piaui identified B. uniflora as a
toxic plant species; however, there are no thorough
scientific studies of the toxicity of this plant in Brazil.
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Some anecdotal reports by farmers are referred to
intoxicate donkeys and cattle, causing nervous signs
such as loss of balance and tremors that recover
after removal of the animals from areas infested
by this plant (MELLO et al., 2010). Experimental
studies demonstrated that the leaves of B. uniflora
were poisonous in sheep and donkeys (MELLO,
2013) and those of B. pauciflora were toxic in cattle
(TOKARNIA et al., 1991).

Compounds responsible for the toxicity
of B. uniflora leaves are still unknown. Alkaloids
(BEKKOUCHE et al., 2001) and flavonoid
components (BRUNNER et al., 2000), as well as
their pharmacological activity, have already been
identified in plants from the genus Brunfelsia.

The objective of the present study
was to carry out a phytochemical study of the
leaves of B. uniflora and evaluate its clinical
and anatomo-histopathological profile after oral
administration of different extracts using the
mouse as experimental animal model.

MATERIALS AND METHODS

Plant material and extracts

The leaves of B. uniflora (Pohl.) D. Don
(Figure 1) were collected at Caraubas County of Piaui,
located within latitude 03° 28’ 33”’south and longitude
41° 50 35” west, with an altitude of 50 meters. A
voucher specimen of the plant was authenticated and
deposited in the Graziela Barroso herbarium of the
Universidade Federal do Piaui (TEPB 27.957).

Two hundred grams of dried and triturated
leaves of B. uniflora were extracted using 1000ml of
water with 1M HCI (pH 1) in an ultrasonic bath for
60min at 40°C. The extract was filtered through cotton
and paper filter at vacuum. Two hundred milliliters of
IM HCI was added to the resulting solute and a new
extraction was performed in ultrasonic bath for 30min.
After further filtration, the extract was identified
within the acidic aqueous layer (AAL). This layer
was fractionated by partitioning (i.e., through solvent
extraction by adding 1000ml of AAL and 300ml of

Figure 1 - Brunfelsia uniflora (Pohl.) D. Don.
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ethyl acetate). After vigorous agitation and subsequent
settling, an organic layer 1 (OL1) and an acidic aqueous
layer 1 (AAL1) were obtained. The OL1 was dried by
rotary evaporation at 40°C, and redissolved in 10ml of
water (pH 6.0) resulting in the saponins-rich extract.
The AAL1 was then basified with 70ml of ammonium
hydroxide and 300ml of ethyl acetate were added.
After vigorous agitation and settling, a second organic
layer 2 (OL2) and basic aqueous layer (BAL) were
obtained. The OL2 was removed and a second partition
was performed by adding 200ml of ethyl acetate. The
obtained organic layer was grouped together with
OL2, and washed twice with 50ml of water/1M HCI,
and these aqueous layers were discarded. OL2 was
dried by rotary evaporation and redissolved in 10ml of
water (pH 6.0), resulting in the alkaloids-rich extract.
We added 500ml of 1 M ammonium hydroxide (pH
9.0) and 200ml of methanol to the precipitate derived
from the acid aqueous extract. The extraction was
done in the ultrasonic bath for 60min at 40°C. The
extract was then filtered through cotton and paper
filters using a vacuum. Two hundred milliliters of
IM NH,OH was added to the precipitate was added
and a new extraction in ultrasonic bath for 30min was
performed. After further filtration, the basic aqueous
layer 1 (BAL1) was obtained. This was acidified
with HCI (pH 1.0) and the partition performed with
300ml of ethyl acetate using separatory funnel. After
vigorous agitation and settling, a third organic layer
3 (OL3) 2 and an acidic aqueous layer (AAL2) were
obtained. The OL3 was removed and a second partition
was performed by adding 200ml of ethyl acetate. The
obtained organic layer was grouped together with OL3
and washed twice with 50ml of water/1M HCI, and
these aqueous layers were discarded. OL3 was dried by
rotary evaporation at 40°C and redissolved in 10ml of
water (pH 6.0), resulting in the flavonoids-rich extract.

The composition of each fraction was
confirmed according to MAHMOUD et al. (1994).
Chromatographic profile of each fraction of the
aqueous extract was obtained by High Performance
Liquid Chromatography (HPLC). Shimadzu
Liquid Chromatography 20A series, equipped
with UV-Vis detector, Rheodyne injection valve
of 20ul and LC solutions software (Shimadzu).
Hypersil ODS column of 250 x 4.6mm (Supelco).
Chromatographic conditions for analysis of each
extract were: Saponins-rich extract - isocratic
elution, methanol/water (10:90), detection at
210nm and 254nm (Figure 2A); Alkaloids-rich
extract - isocratic elution, methanol/water (30:70),
detection at 254nm and 280nm (Figure 2B);
Flavonoids-rich extract - gradient elution from

0% A to 100% A in 30min, where A is methanol
and B is phosphate buffer pH 4.5, detection
at 370nm (Figure 2C) (He, 2000). All extracts
contained more than 90% of compounds from the
respective chemical group (saponins, alkaloids and
flavonoids). Before administration to animals, all
extracts were suspended in water, adjusted to pH
6.0, and maintained at a ratio of 20g of B. uniflora
leaves to 1.0ml of concentrated extract.

Animals and extracts administration

All procedures, treatments and animal
care were approved by the Ethics Committee on
Animal Experimentation at the Universidade Federal
do Piaui (protocol CEEA - 014/12). Twenty healthy
male Swiss mice aged eight weeks and weighting 30g
were distributed into four groups (n= 5 per group).
They were dewormed and kept under a 12/12h
light-dark cycle for seven days of acclimation with
commercial rodent food and water ad libitum prior
to extract administration. The animals were dosed
with: flavonoids-rich extract, saponins-rich extract,
alkaloids-rich extract, or 0.9% NaCl solution (control
group). Each extract was given as a single dose of 5g
kg in a volume of 0.3ml animal!. Extracts were given
via an orogastric tube after a fasting period of two
hours. Immediately before the gavage, and after extract
administration, all animals were evaluated individually
and in groups to describe the clinical signs.

Two hours after extract administration,
the mice that survived were anesthetized with
50mg kg of xylazine associated with 50mg kg' of
ketamine intramuscularly. Microhematocrit capillary
tubes were used for collecting 0.3ml of blood from
the retro-orbital space. The samples were placed
in 1.5-ml micro tubes containing 50ul of 10%
EDTA for complete blood count using a veterinary
electronic counting device (ABX-VET, Horiba ABX
Diagnostics, Montpellier, France). Moreover, another
1.0ml of blood from each animal was collected and
placed in micro centrifuge tubes without anticoagulant
and centrifuged at 800 x g for five minutes to obtain
serum. Serum was used for biochemical analysis
of alanine aminotransferase (ALT), total proteins,
albumin, urea, creatinine, chloride, magnesium, and
calcium using specific commercial kits (Bioclin, Belo
Horizonte, MG, Brazil) and a biochemical analyzer
(TP Analyzer, Thermoplate, China).

Statistical analysis

Normality of data was checked by the
Shapiro-Wilk’s test. Parametric data was compared
by analysis of variance (ANOVA) followed by
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Figure 2 - Chromatographic profile of the extracts of saponins (A), alkaloids (B) and flavonoids (C) from Brunfelsia uniflora (Pohl.) D.
Don used in the experiments. In C, a sample containing the three flavonoid patterns, rutin TR=22.56min; quercetin TR=26.28;

kaempferol TR=28.34min. Chromatographic conditions: Mobile phase: A: Methanol and B: phosphate buffer pH 4.5, gradient
from 0% A to 100% A in 30min. UV-Vis detector, detection at A = 370nm.
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Tukey’s test. Non-parametric data was compared by
Kruskal-Wallis’test followed by Student-Newman-
Keuls’s test. The significance level was set at P<0.05.

RESULTS

Figure 2A shows the chromatographic
profile of the Fraction 1 (saponins): this yielded
a strong early peak obtained at 210nm (black line)
and did not absorb at 254nm (pink line), indicating
the presence of saponins. Figure 2B shows the
chromatographic profile of the Fraction 2 (alkaloids):
peaks between 10 and 13min intensely absorbed
both at 254nm (black line) and at 280nm (pink
line), indicating the presence of alkaloids. Figure 2C
shows the chromatographic profile of the Fraction 4
(flavonoids): a peak appeared at 370nm (black line)
indicating the presence of flavonoids. In addition, a
mixture of rutin, quercetin, and kaempferol patterns
(pink chromatogram) was eluted in the same region
of the chromatogram under the same conditions (UV
370nm; rutin TR=22.56min; quercetin TR= 26.28;
kaempferol TR=28.34min).

Clinical signs of poisoning induced by
different extracts of B. uniflora are shown at table 1.
Animals that received the extract of alkaloids showed
piloerection, severe seizures and muscle tremors
10min after extract administration. In the group dosed
with the extract of flavonoids, seizures and moderate
piloerection emerged 57min post-administration.
Five animals that received the extract of saponins
died between 10 and 20min post-administration.
Neurological signs ranged from moderate to severe,
and sudden death occurred most likely from cardio-
respiratory arrest. Vocalization was observed in all
animals receiving extracts of B. uniflora. Mice from
the control group did not develop any clinical sign.

The number of platelets was higher
(P<0.05) in control group than in all groups receiving
the extracts. Conversely, the values of erythrocytes,

packed cell volume, erythrocyte indices (MCV, MCH,
and MCHC), and white blood cells in the animals
receiving the different extracts of B. uniflora did not
differ statistically from the control group (Table 2).

Regarding the serum biochemical panel,
the group that received saponins showed the highest
mean value (P<0.05) of albumin than other groups
(Table 3). Mean creatinine values of the groups that
received the alkaloids, flavonoids and saponin extracts
were lower than values from control group. Mean
levels of calcium were higher (P<0.05) in control
mice than in the group that received the alkaloids-rich
extract. The lowest (P<0.05) mean value of chloride
and the highest (P<0.05) value of magnesium were
observed in mice that received the saponins-rich
extract. Furthermore, the value for chlorides in the
group treated with saponins (35.0mEq L) was below
the minimum observed in mice (49.14mEq L),
according to SPINELLI et al. (2012).

At pathological examination, no gross or
microscopic lesions were observed in the organs of
mice after the administration of different extracts
from leaves of B. uniflora or saline.

DISCUSSION

Chromatographic analysis of plant extracts
is important for understanding the biological activity
and comparison of phytochemical constituents in
different samples (LIANG et al., 2004). The present
study described for the first time the chromatographic
profiles of extracts from leaves of B. uniflora.
Alkaloids such as scopoletin have been reported
in most species of the genus Brunfelsia (MORS &
ROBEIRO, 1957), and the calystegine alkaloids were
identified in B. nitida (BEKKOUCHE et al., 2001).
A variety of flavonoids have been isolated from
species belonging to the Solanaceae family including
Browallia grandiflora, Chamaesara chasordida,
Nicotiana tabacum, Petunia urfina, and Salpiglossis

Table 1 - Clinical signs and evolution of poisoning induced by different extracts of Brunfelsia uniflora in Swiss mice.

g A

s : Group (Extract) Animals (n) Clinical Onset Seizures Piloerection Vocalization Death
)
Y G-alkaloids 5 10min +H+ +H +H 0
\\‘ G-flavonoids 5 57min ++ ++ 4+ 0
G-saponins 5 10min AHEE +++ +++ 5
Control Group 5 0

Degree of intensity: (+) mild; (+ +) moderate; (+ + +) severe.
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Table 2 - Hematological values after administration of different extracts of Brunfelsia uniflora in Swiss mice. Data are show as mean +

SEM.
Group (Extract)
A
G-alkaloids G-flavonoids G-saponins Control Group 3
Erythrocytes (x10° ul™) 8.96+0.43 10.42+0.39 8.91:0.44 9.46+0.29 N
Hemoglobin (g dI™) 14.0+0.77 16.2+0.48 13.8+0.55 14.4+0.65 ! ;‘
Packed cell volume (%) 41.5+2.37 45.6+1.29 40.9+1.54 43.0+1.26 N A
MCV (fl) 46.2+1.24 43.6+0.68 46.0+1.00 45.5+0.29
MCH (pg) 15.6+0.19 15.5+0.29 15.5+0.36 15.2+0.67
MCHC (g dI™") 33.7+0.81° 35.540.29 ° 33.6£0.33 ° 35.4+1.55
Platelets (x10° pl™) 618.2+27.7° 650.8+39.0 *° 527.8+57.0° 829.7+66.1 °
Leukocytes (ul™) 2,758+404 3,948+615 3,454+335 4,660+555

**Means followed by different letters in the same row differ statistically (P<0.05), ANOVA followed by Tukey’s test (platelets) or
Kruskal-Wallis’test followed by Student-Newman-Keuls’s test (MCHC). MCV = mean corpuscular volume, MCH = mean corpuscular
hemoglobin, MCHC = mean corpuscular hemoglobin concentration.

sinuata  (WOLLENWEBER & DORR, 1995). without piloerection in mice and rats. In addition to

However, there have been no reports of saponins
in extracts from B. uniflora. Spectrophotometric
methods for the identification of saponins include
several types of chromatographies including thin
layer, gas, and HPLC. The latter is the best and most
used for determination of saponins (OLESZEK,
2002), and we thus employed it in this experiment for
the confirmation of saponin presence in B. uniflora.

The finding that B. wuniflora extracts
exhibits toxicity is critical. This is because, besides
the harm that this plant causes for donkeys and
sheep (MELLO, 2013), its leaves are used to exert
antihypertensive, abortive and hallucinogenic
effects in people. Indeed, it is used by some native
communities and in folk medicine to treat arthritis,
rheumatism, syphilis, snake bites, yellow fever, and
as a diuretic, laxative, antipyretic, and anesthetic
agent (AGRA et al., 2007).

The time of onset of clinical signs in
experimental poisoning by B. uniflora resembled those
observed by SPAINHOUR et al. (1990); the latter
group observed the effects with B. calcyina beginning
at 10min in mice and at 60min in rats. Piloerection,
tremors, seizures, limbs extension, urination, and
vocalization were observed in our study, albeit
with different intensities. Similar clinical findings
were described by SPAINHOUR et al. (1990) when
conducting toxicological research with B. calcyina var.
floribunda, a bush garden reported in the United States.
They reported that extracts prepared from the fruit,
stem, leaves, and branches of this plant caused anxiety,
tremors, seizures, and increased heart rate and breathing

the neurological signs, diarrhea and vomiting have
also been reported in poisoned dogs after ingestion of
Brunfelsia spp. (SINGH et al., 2008). Notably dogs,
but not mice, suffered from diarrhea. The clinical
signs observed corroborate the assigned alkaloid
outcomes described in the literature (McBARRON &
de SAREM, 1975). Importantly, in this experiment all
the extracts were toxic, which proved that toxicity of
this plant is not limited to alkaloids; this is in contrast
to several previous reports (LLOYD et al., 1985; IYER
etal., 1977; WRIGHT, 1982).

The animals receiving saponin extract
presented neurological clinical signs that progressed
to death. These chemical compounds have lipophilic
action that facilitates the formation of complexes of
saponins with steroids, proteins and phospholipids
from the cell membranes, altering their permeability
or causing their destruction (SIMOES et al., 2010).
Besides their cytotoxic capacity, certain types of
saponins are potent openers of calcium and potassium-
dependent channels in membranes of neurons and
muscle cells; this causes hyperpolarization and
suppression of electrical activity (McMANUS et al.,
1993), which could explain the neurological signs
observed in mice receiving saponins.

Other compounds present in B. uniflora are
flavonoids, a group of very extensive polyphenolic
compounds, due to their great chemical variety
and widespread occurrence in the plant kingdom
(TERAHARA, 2015). It is largely known that
flavonoidsexhibitawidebeneficial actiononbiological
systems demonstrating antimicrobial, antiviral,

Ciéncia Rural, v.48, n.1, 2018.
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Table 3 - Serum biochemical profile after administration of different extracts of Brunfelsia uniflora in Swiss mice. Data are show as

mean = SEM.
Group (Extract)
G-alkaloids G-flavonoids G-saponins Control Group
Proteins (g dI™) 6.76+0.13 6.76+0.12 8.05+0.53 7.04+0.07
Albumin (g dI) 5.39+0.07 * 5.15+0.10* 6.15+0.23 ° 5.48+0.18 °
ALT (U 65.0+5.14 62.8+10.9 51.2+1.40 52.0+2.78
Urea (mg dI'") 32.9+2.88 41.9+9.73 26.1+3.33 25.8+1.92
Creatinine (mg dl’) 0.46+0.02 ° 0.610.04 ° 0.610.03 0.82+0.09 °
Calcium (mg dI™) 3.80£0.22° 4.69+0.23° 436+0.14 *° 478+0.17°
Chloride (mEq I'") 79.7£0.76 * 63.1£1.60 °° 35.0+7.21°¢ 67.245.05
Magnesium (mmol 1) 1.2740.31° 232+029*° 4.68+0.49° 2.07£0.46 *

P ®Means followed by different letters in the same row differ statistically (P<0.05), ANOVA followed by Tukey’s test (Albumin,
Creatinine, Calcium, Magnesium) or Kruskal-Wallis’test followed by Student-Newman-Keuls’s test (Chloride). ALT = alanine

'0'—' ¥

.
PALLT TP

aminotransferase.

anti-ulcerogenic,  anticytotoxic,  antineoplastic,
anti-oxidant,  antihepatotoxic, antihypertensive,
anti-inflammatory, and hypolipidemic effects
(DWYER & PETERSON, 1998; PELZER et al.,
1998; TERAHARA, 2015). Since this study showed
neurological signs in animals that received flavonoid
extract, more studies are therefore, needed to identify
which flavonoids are present in B. uniflora. The
compounds should then be tested separately in vivo to
evaluate their true clinical importance.

Mice dosed with saponins showed the
highest average value of magnesium (4.68mmol I').
Hypermagnesemia can cause breathing depression
due to the failure of the respiratory muscles and a
cardiotoxic framework; this can lead to cardiac arrest
(KANEKO et al., 2008), which would explain the
deaths of animals treated with saponins.

Additionally, in the group that received the
saponins showed a significant decrease of chloride
levels. Chloride is the most abundant anion in the
extracellular fluid compartment. Since it is easily
transported, chloride contributes to the movement
of water and other electrolytes, such as sodium in
the distal ileum, proximal colon and loop of Henle
(THRALL et al., 2004). Chloride concentration tends
to vary inversely with bicarbonate concentration.
In metabolic alkalosis, the blood concentration of
bicarbonate increases concomitant with a decrease in
blood chlorides. Such hypochloremia is a consistent
feature of metabolic alkalosis. However, the
decreased chloride blood levels can also be seen as
part of a compensatory response of a primary chronic
respiratory acidosis (KANEKO et al., 2008).

Although, the serum creatinine values in
groups dosed with the extracts were lower than in
the control group, they were still within normal range
values (KANEKO et al., 2008). Furthermore, the
serum levels of urea were not affected by dosing the
extracts, which indicates that B. uniflora extracts did
not cause kidney damage.

In conclusion, we have established that
B. uniflora leaves contain alkaloids, flavonoids, and
saponins. Administration of different B. uniflora
extracts at a dose of 5g kg' produces acute toxic
neurological effects in Swiss mice. The extract rich
in saponins was lethal, and this compound class may
thus be responsible for toxicity associated with B.
uniflora extracts.
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