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ABSTRACT

Scutia buxifolia has been used in the treatment of a number of diseases, which
includes bacterial and fungal infections, hypertension, Alzheimer's Disease and
cancer. S. buxifolia contains biologically active compounds such as flavonoids,
steroids, tanins, lipids, terpens and alkaloids. A range of biological activities has
been found from plant extract and fractions, including antioxidant,
acetylcholinesterase inhibitor, antiviral and antibiotic. Some studies about the
potential toxicity were performed; however the results are not conclusive,
suggesting that a single administration of the extract is safe, whereas prolonged
use has deleterious effects for the body. The revised databases were SciELO,
PubMed, ScienceDirect and Portal da Capes considering studies between 1964 and
2014 and by searching for terms like Scutia buxifolia, Rhamnaceae family, Scutia
buxifolia Constituents, Scutia buxifolia use and OECD.
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RESUMEN

Scutia buxifolia se utiliza en el tratamiento de una serie de enfermedades que
incluye infecciones bacterianas y fungicas, hipertension, enfermedad de Alzheimer y

557
http://scielo.sld.cu



Revista Cubana de Farmacia. 2015;49(3):557-568

cancer. S. buxifolia contiene compuestos bioldgicamente activos tales como
flavonoides, taninos, esteroides, lipidos, terpenos y alcaloides. A partir del extracto
y las fracciones de la planta surgen una gama de actividades bioldgicas, que
incluyen antioxidante, inhibidor de la acetilcolinesterasa, antiviral y antibidtico.

Se realizaron algunos estudios sobre el potencial téxico, sin embargo los resultados
no son concluyentes, lo que sugiere que una sola administracién del extracto es
segura, mientras que el uso prolongado tiene efectos perjudiciales para el
organismo. Las bases de datos revisadas fueron SciELO, PubMed, ScienceDirect y
Portal de Capes, teniendo en cuenta los estudios entre 1964 y 2014 y mediante la
bdsqueda de términos como Scutia buxifolia, Rhamnaceae family, Scutia buxifolia
constituents, Scutia buxifolia uses and OECD.

Palabras clave: actividad bioldgica, Scutia buxifolia, compuestos quimicos,
toxicidad.

INTRODUCTION

The use of medicinal plants in therapy is an ancient practice, historically built on the
wisdom of common sense, linking culture and health. Since early times, men seek
in nature the solution to your woes, whether spiritual or physical.!

The emergence of "natural" concept contributed, in recent decades, to a significant
increase in the use of medicinal plants in the world. For many people this concept
means "no chemicals", being natural products seen as healthy products without any
risk to health. Misconception, since many plants contain substances that can exert
toxic effects on the organism.?

BOTANY

Scutia buxifolia is a plant that belongs to Rhammnaceae family, being popularly
known as coronilha or espinho de touro. It is a native tree from South America with
a dispersion area that comprises Rio Grande do Sul State in Brazil and countries
like Argentina and Uruguay.? In Rio Grande do Sul, occurs mainly in araucarias
forests, riverine forests, mountains of southeastern and southern coast.
Occasionally, also can be found in the central depression of the State*. The bushes
can reach 6 meters height. The leaves are opposite and alternate, entire or with
few teeth, measuring 1.5 to 4 cm long by 1 to 2 cm wide. Flowers from October to
January and fruits in the month of March. The inflorescences are in axillary fascicles
with small and green flowers.3

CHEMICAL CONSTITUENTS

Flavonoids: several flavonoids have been isolated from Scutia buxifolia. Boligon et
al®> dosed the flavonoids content in the plant branches. The concentration of these
compounds was higher in the butanol fraction (140,71+2,14 mg rutin/g dried
plant), followed by the ethyl acetate fraction (137,28+0,39 mg rutin/g dried plant),
dichloromethane fraction (93,21 +1,23 mg rutin/g dried plant) and the crude
extract with ethanol 70 % (83,47+0,93 rutin/g dried plant). A similar result was
obtained by the same group in 2012, in which the content of flavonoids was also
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lower in the crude extract (100,37+0,56 mg g quercetin), however higher in the
ethyl acetate fraction (145,72+0,27 mg g quercetin), followed by the utanolic
fraction (138,92+0,83 mg g! quercetin).®

In another work,” the ethyl acetate fraction obtained from the leaves of S.buxifolia
was subjected to column chromatography on silica gel 60 using CH2CI2(700 mL) as
mobile phase. The result was the identification of four flavonol compounds
(quercetin, quercetin-3-0-rhamnoside/quercitrin, quercetin-3-0-
B-D-glucopyranosid/isoquercitrin and rutin) based on H NMR, C NMR spectra and
by comparison with the literature.

Many flavonoids are antioxidants.® Quercetin is considered to be a strong
antioxidant due to its ability to scavenge free radicals and bind transition metal
ions. These properties of quercetin allow it to inhibit lipid peroxidation,® the process
by which unsaturated fatty acids are converted to free radicals via the abstraction
of hydrogen.The oxidation of low-density lipoproteins (LDL) can result in the
formation of atherosclerotic plaques, leading to cardiovascular disease.!® Also, the
vulnerability of brain lipid membranes to lipid peroxidation can cause
neurodegenerative disease, such as Alzheimer's and Parkinson's Disease.!!

Rutin is also considered able to neutralize hydroxyl radicals and superoxide.2:13
Rodrigues et al'* demonstrated the effects of rutin raising HDL cholesterol, reducing
the risk for atherosclerosis and cardiovascular diseases. The authors related this
action to the superoxide radical destruction, due to elevation in SOD (superoxide
dismutase enzyme) activity.

Steroids: e sterified steroids, as well as terpenes, reduce the synthesis of
ergosterol, a component offungal cell membrane, leading to defective cell wall
formation and leakage of cell contents.!> So, these could be responsible for the
antimicrobial actions of S.buxifolia.®

From the S. buxifolia stem bark and leaves, Boligon et al'” examined the
dichlorometanic fraction by liquid chromatography high efficiency in order to
identify and quantify B-sitosterol and stigmasterol steroids. The stem bark fraction
showed the highest amount of steroids (40,4 % B-sitosterol+stigmasterol) when
compared to the same fraction of leaves (20 % B-sitosterol+stigmasterol), whereas
the B-sitosterol was the main steroid found in both fractions.

B-sitosterol is chemically very similar to cholesterol, differing only by the presence
of an ethyl group at carbon 24 of the side chain. 8 It is recognized as beneficial in
the treatment of immune disorders, inflammatory diseases, breast and colon
cancer.1°:20

In another study from the same research group,?! the leaves’s and stem bark’s
dichlorometanic fraction of S.buxifolia was analyzed by GC-MS, identifying the
presence of three esterified steroids in the stem bark (cholesta-3,5-dien-7-one;
lanost-8-em-24-al and stigmastan-3,5-diene) and an esterified steroid in the
leaves (stigmastan-3,5-diene).

Tanins: u sing the method described by Morrison et AL,?? the presence of tannins in
the stem bark was quantified from the crude extract, butanol, ethyl acetate and
dichloromethane fractions. The study results showed that the greater amount of
tannins was found in the ethyl acetate fraction (176,70+0,24 mg g! fraction),
followed by butanolic fraction (174,83 0,65 mg g fraction), dichloromethane
fraction (79,61+0,51 mg g fraction) and crude extract (66,67+0,17 mg g!
extract).®
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Tannins are recognized for their antioxidant potential as free radical scavengers,
chelating of transition metals, inhibitors of prooxidative enzymes and lipid
peroxidation.?3 In the work developed by Zhang,?* condensed tannins extracted
from the stem bark and fine root showed a good DPPH radical scavenging activity
and ferric reducing power, confirming that this compounds can be considered as
new sources of natural antioxidants for food and nutraceutical products.

Lipids: a large number of lipophilic components has been identified and quantified
in the leaves and stem bark of Scutia buxifolia. In the work of Boligon et al,?! fatty
acids represented the major class of nonpolar compounds in the dichloromethane
fraction of leaves (L) and stem bark (S), including tetradecanoic acid (3,23 % L and
0,22 % S), hexadecanoic acid/palmitic acid (3,58 % L and 0,30 % S),
octadeca-9,12-dienoic acid/linoleic acid (3,48 % L and 2,57 % S) and
octadec—9-enoic acid/oleic acid (0,90 % L and 1,14 % S).

Terpens: s pathulenol, timol and B-cubene were isolated in S.buxifolia. From the
leaves’s dichloromethane fraction, they found 4,28 % of spathulenol and 3,15 % of
timol. For the stem bark only the B—cubene was identified, representing 3,08 %.2!

Terpenes are also known due to its antimicrobial action, since it increases the
permeability of the bacterial and mammalian cells integrating themselves into the
lipid layer of cell membrane and thereby changing the selective permeability.?>
Also, they can reduce the synthesis of ergosterol, causing deformation in the fungal
cell membrane.t®

Alkaloids: Scutia buxifolia has been tested positive for cyclopeptidic alkaloids.

The first identified member of this group was called scutianine A.?% Latter, the same
research group isolated a second compound, scutianine B.?” Scutianines C and D were
identified simultaneously.?82° Followed by the isolation of scutianine E,?° F3° and G.3!
After, several others cyclopeptidic alkaloids were isolated and identified.32-3°

Marangon et al®*® demonstrated the difference in the chemical constitution of
S.buxifolia stem bark from different regions of Rio Grande do Sul. The ethereal
alkaline fractions, originating from Quarai, Santana do Livramento and Sao Sepé were
subjected to chromatographic analysis by HPLC with four patterns of neutral
cyclopeptides, scutianines X, Y, W and Z. The authors concluded that the location
influences the plant metabolism and, hence, on its chemical composition, since the
samples from Quarai and Sao Sepe presented many scutianine Y. On the other hand,
the sample from Santana do Livramento presented many scutianines X and Y.

Plants of the Rhamnaceae family are known by the cyclopeptidic alkaloids with
antimicrobial properties3” and immunostimulatory actions. 38

Essential oil: Boligon et al®*® identified qualitatively and quantitatively twenty-five
components (98,38 %) from the essential oil of S.buxifolia leaves. Of these,

73,69 % are sesquiterpenes and 18,74 % are monoterpenes. The main constituents
isolated were spathulenol (27,09 %), B—-cubene (5,36 %), germacrene D (9,81 %),
carvacrol (7,01 %), globulol (5.36 %), a-copaene (4,17 %), y-eudesmol (3,59 %),
thymol (3,27 %), 1,8—-cineol (3,08 %), p-cymene (2,56 %), a—eudesmol (2,34 %),
B-elemene (2,04 %), butylated hydroxytoluene (2,00 %) along with eugenol
acetate, n—hexanol, a-pinene, a-humulene, eugenol, humulene epoxide and phytol
as minor constituents. According to the authors, the main components identified in
the essential oil may be one of the responsible for the antimicrobial activity, since
spathulenol and carvacol have been reported to present antimicrobial action against
bacterial infections.4%:41
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BIOLOGICAL ACTIVITY

Scutia buxifolia is used for different purposes in traditional medicine around the

world. Because of this, researchers have tested it for different types of biological
activities on crude extracts and fractions. The results of some studies are listed

below and include positive and negative results.

Antimicrobial activity: s everal studies have demonstrated the antibacterial and
antifungal action of Scutia buxifolia.3%42

Dichloromethane, ethyl acetate and n-butanol fractions from the branches of
S.buxifolia were tested for their antimicrobial potential againstCandida albicans,
Candida glabrata, Saccharomyces cerevisiae, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Bacilus subtilis and Prototeca zopfii. The results showed
that, for the microorganism S. cerevisiae, the butanol fraction had lower MIC

(62,5 mg mL1), while ethyl acetate fraction obtained MIC 250 mg mL™!,

About the two species of Candida, all fractions tested showed MIC greater tan

2 000 mg mL1. The Gram negative organisms, E. coli and P. aeruginosa , were
resistant to all fractions. S. aureus was sensitive to ethyl acetate (MIC 250 mg mL™?)
and butanolic (MIC 500 mg mL™1) fractions. The authors considered acceptable the
greater resistance by Gram negative microorganisms, since they exhibit structural
features that hinder antibiotics penetration.43

Maldaner et al** likened this antimicrobial activity with the structure of cyclopeptidic
alkaloids and neutral cyclopeptide found in S. buxifolia. According to the authors,
the presence of B-phenylserine unit and the N, N-dimethyl (or N-methyl) make the
alkaloids more active against microorganisms. Furthermore, consider the
stereochemistry of the amino acids that form alkaloids other intervening factor in
the aforementioned activity.

Natural inhibitor of acetylcholinesterase (AChE): AChE is an enzyme responsible for
regulating the levels of the neurotransmitter acetylcholine. The increase of the
activity in the body is related to the onset of Alzheimer's Disease, since the
resulting cholinergic deficiency causes progressive cognitive and neuropsychiatric
manifestations until an eventual incapacitation.4>46

Acetylcholinesterase inhibitors cause an increase in the capacity of acetylcholine to
stimulate the brain muscarinic and nicotinic receptors. Therefore, in clinical
practice, are the symptomatic treatment of choice for Alzheimer's Disease.*”48

Maldaner et al*® studied the inhibition ability of acetylcholinesterase by crude
extract, the acidic and alkaline ethereal fractions and isolated compounds
(cyclopeptidic alkaloids scutianine B, C, D and neutral cyclopeptide scutianene C) of
Scutia buxifolia. The crude extract and the ethereal alkaline fraction did not inhibit
AChE enzyme, however the ethereal acidic fraction showed some points of
inhibition. On the other hand, the isolated metabolites seems to be promising
candidates of AChE inhibitors. For scutianine B, C and scutianene C was possible to
observe an inhibition of the enzyme (up to 0,39 mg/uL, 6,25 mg/uL and 6,25 mg
ML, respectively). Scutianina D didn't show inhibitory activity.

Antiviral activity: the crude extract with ethanol 70 %, dichloromethane, ethyl
acetate and n-butanol fractions from the leaves and stem bark of S. buxifolia were
tested for their antiviral activity by MTT assay. The n-butanol and ethyl acetate
fractions of the stem bark plus the ethyl acetate fraction of the leaves exhibited
potent antiviral activity with SI values of 25,78, 15,97 and 14,13, respectively.
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Subfractions were also evaluated for anti-HSV activity. The subfractions where
phenolic acids and flavonoids (rutin) were quantified showed antiviral activity.>°

Antioxidant activity: v ery good antioxidant activities were found for S.buxifolia. In
the study developed by Boligon et al,”! ethyl acetate and n-butanol fractions
obtained from the stem bark exhibited, at a concentration of 250 g/mL, an DPPH
inhibition of 97,45 % and 96,29 %, respectively. The antioxidant activity, even at
low concentrations (7,81 mg/mL), still existed with an inhibition of 89,60 % by
butanolic and 90,23 % by ethyl acetate fractions. On the other hand, the
dichloromethane fraction showed a much lower activity, having 34,14 % of DPPH
inhibition at the concentration of 7,81 mg/mL. This fact is justified by the authors
based on the chemical composition of the different fractions, because some
compounds quickly react against DPPH, while others have a slower mechanism.
Excellent antioxidant activity can be observed in n-butanol and ethyl acetate
fractions obtained from the leaves. Also, Fe (II)=induced TBARS production in brain
preparations was significantly decreased by the S.buxifolia stem bark. The ethyl
acetate fraction had the highest activity, butanolic fraction and crude extract
showed intermediated activities and, dichloromethane fraction, had the lowest
activity.

Other biological activities of Scutia buxifolia is being studied as cardiotonic,
hypotensive and diuretic properties.3>? Also, its capacity to protect DNA against
damage.>3

TOXICITY

The toxic potential of S.buxifolia is not fully elucidated. De Freitas et al** tested the
hepatotoxic effect of the stem bark aqueous crude extract of Scutia buxifolia
(SBSB) in rats treated sub—chronically at concentrations of 100, 200 and 400 mg
SBSB/kg body weight. For this, they considered markers of liver damage such as
the aminotransferase AST and ALT (dosed on day 15° and day 309 of the
experiment), the quantification of non-protein sulfhydryl groups (NPSH),
histopathological studies and hepatic redox balance was determined by
thiobarbituric acid reactive substances (TBARS).

Statistical analyzes showed that subchronic treatment with 100 mg of SBSB/kg
body weight did not alter the serum aminotransferase levels during the
experimental protocol. Animals treated with 200 mg of SBSB/kg body weight did
not have any change in ALT values, however, the AST dosage increased 3,7 times
on day 30° (519,5+6,51 U/L) in comparison to the 15° day (130,0+6,28 U/L).

The highest tested dose, 400 mg SBSB/kg body weight, did not alter the
parameters evaluated. Furthermore, the level of MDA in hepatic tissue, determined
by TBARS technique, showed no change among the control group and the groups
treated with SBSB. The same was found for the NPSH test.

The morphological analysis of hepatocytes showed no alterations induced by
sub—chronic treatment with Scutia buxifolia. The authors conclude that, apparently,
the use of Scutia buxifolia stem bark is safe and does not bring risks to
hepatocytes. Also, the AST dosage cannot be directly related to the toxicity of
S.buxifolia, since aminotransferase activity are influenced by haemolysis, muscular
stress and xenobiotics.

De Freitas et al®> tested the acute oral toxicity of the aqueous extract of Scutia
buxifolia's stem bark (SBSB). Four groups of six rats each received a single dose of
SBSB intragastrically at concentrations of 0 mg/kg (water), 100 mg/kg, 200 mg/kg
and 400 mg SBSB/kg body weight. The animals were observed for eventual signs of
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toxicity or death during 14 days. Alterations in food and water intake, mortality
and/or changes in behavioral pattern were analyzed. The study did not reveal any
statistically significant difference in the water and food consumption, as well as no
changes were observed in general animal behaviour and motor capacity.

Grecco et al,*® testing the acute oral toxicity of SBSB aqueous crude extract, didn't
find any signs of toxicity and / or death. In this study, no significant changes were
detected in serum urea, creatinine, GOT and GPT. Also, any behavioral and
histological changes were observed. Similary, the study developed by Da Silva et
al®” evaluating the toxic effects of acute and subchronic exposure of stem bark
ethyl acetate fraction from Scutia buxifoliain mice showed that, when a single dose
(2 000 mg/Kg) is administered, no sign of toxicity were observed, being considered
category 5 of OECD classification. But the administration, at different doses, for 28
days showed biochemical, hematological and histological alterations, indicating that
this plant does not present high safety when used for prolonged periods.

The serum ASAT activity was increased (~73%) in male mice treated with 400
mg/Kg of the plant extract. Glucose levels were reduced in male mice that received
200 and 400 mg/Kg in 34 and 32 %, respectively. No modifications were observed
in female mice. In relation to the hematological parameters, male mice, treated
with 400 mg/Kg of plant extract, presented a decrease in the HGB and HCT of

21 and 22 %, respectively. Also, the RDW increased by approximately 13 %. At a
dose of 200 mg/Kg, the MCV decreased approximately 7 %. In female mice,
alterations in the HGB, HCT, RDW and MCV values were not observed.

The hepatic histological analysis showed that, male mice treated with a dose of
200 mg/Kg of plant extract, presented moderate inflammatory cells infiltration and
cytoplasmic vacuolization. Treatment with 400 mg/Kg of plant extract promoted
intense inflammatory cells in the tissue. For renal histological analysis of male mice,
the group treated with 200 mg/Kg of S. buxifolia extract presented normal aspects
with slight renal morphological changes in some areas, with tubular dilation and
glomerular alteration. The treatment with 400 mg/Kg caused tissue disintegration
in the proximal and distal tubules and glomerular alteration in the kidney of male
mice.All histological results for female mice were similar to the control group,
indicating a greater biological susceptibility of male mice when compared to
females.

CONCLUSIONS

Considering the antimicrobial activity, it is not only one single compound that is
responsible for this effect. The activity may be due to the presence of cyclopeptidic
alkaloids and neutral cyclopeptide found in S. buxifolia extracts. Also, esterified
steroids (B-sitosterol and stigmasterol), terpens (spathulenol, timol and B-cubene)
and the essential oil (spathulenol and carvacol) could be responsible for this effect.

Cyclopeptidic alkaloids scutianine B, C and scutianene C, seems to be promising
candidates to inhibit acetylcholinesterase. The antiviral and antioxidant claimed
activities could be explained by the presence of phenolic acids, tanins and
flavonoids, like quercetin and rutin.

Due to the traditional use of Scutia buxifolia, its chemical composition, biological
activities and the not fully elucidated toxic potential, seems to be worth the effort of
exploring this plant further.
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