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Abstract

Maytenus ilicifolia and Maytenus aquifolia species are widely used as a cicatrisation agent, an anti-spasmodic, con-
traceptive, antiulcerogenic, diuretic and analgesic. Considering the importance of these species in popular medicine,
this work is focused on the determination of the chemical content of tannins and the triterpenes friedelan-3-one,
friedelan-3-ol and friedelin in 15 native populations of Maytenus ilicifolia distributed in the south and mind-west
regions of Brazil. Correlation of the concentration of these compounds with the environmental parameters such as av-
erage annual temperature, climate, vegetation, geomorphology, latitude and altitude was determined using Pearson’s
coefficient. Results showed that average annual temperature and climate have significant effect on tannin content at
a 95% confidence level. The highest tannin concentration was found in Ponta Pord population, and for the triterpenes
investigated, a significant correlation between their concentrations with the environmental variables studied was not
verified.
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Variabilidade quimica de taninos e triterpenos em diferentes
populacdes naturais de Maytenus ilicifolia Mart. Ex Reiss

Resumo

As espécies de Maytenus ilicifolia e Maytenus aquifolia sdo utilizadas como antiespasmodico, contraceptivo, an-
tiulcerogénico, diurético, cicatrizante e analgésico. A agdo antiulcerogénica dos extratos de Maytenus ilicifolia pos-
suem relaciio com a presenga de taninos e com os triterpenos friedelan-3-ona, friedelan-3-ol e friedelin. Este traba-
lho estd focado na determinacéo do teor de taninos e dos triterpenos friedelan-3-ona, friedelan-3-ol e friedelin em
15 populagdes nativas de Maytenus ilicifolia distribuidas nas regides Sul e Centro-Oeste do Brasil. A correlacio
entre a concentracdo destes compostos com varidveis ambientais, tais como temperatura média anual (TMA), clima
segundo Koeppen, vegetagdo, geomorfologia, latitude e altitude foi determinada através do emprego da correlacio
de Pearson. Os resultados mostraram que as varidveis temperatura média anual e clima apresentaram influéncia sig-
nificativa ao nivel de confianca de 95% sobre a concentragdo de taninos. O maior teor de taninos foi encontrado
na populagdo de Ponta Pord, a qual possui uma temperatura média anual de 23 °C. Para os triterpenos estudados,
friedelan-3-ona, friedelan-3-ol e friedelin, ndo foi evidenciada correlacdo significativa entre a concentracio destes
compostos com as varidveis ambientais estudadas.

Palavras-chave: Maytenus, variabilidade quimica, extragdo em fluido supercritico.

1. Introduction

The use of plants with pharmaceutical properties has utilisation of plants with therapeutic action does not lead
received increased interest nowadays from both homeo-  to intoxication.
pathic and allopathic branches. These medicinal plants In the Brazilian flora, there exists around 40,000
play an important role in public health, especially in de-  to 60,000 different kinds of vegetable species, and
veloping countries, where it is believed that the intense ~ among them, Maytenus ilicifolia Mart. ex Reiss 1861
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(Celastraceae) is a native plant from the Atlantic forest,
known as “espinheira-santa”, “cancerosa” and also “can-
carosa”’, among others (Jorge et al., 2004).

Maytenus ilicifolia and Maytenus aquifolia Mart.
1841 species are commonly used in popular medicine
due to the attributed anti-spasmodic, contraceptive, anti-
ulcerogenic, diuretic, cicatrisation and analgesic proper-
ties (Ohsaki et al., 2004; Vilegas et al., 1995; Tahir et al.,
1999; Queiroga et al., 2000). The antiulcerogenic activ-
ity of buffered aqueous extracts of Maytenus ilicifolia
and Maytenus aquifolia has been confirmed in labora-
tory tests (Souza-Formigori and Oliveira, 1991; Oliveira
etal., 1991).

The presence of phenolic metabolites, such as tan-
nins, flavonoids (Jorge et al., 2004; Radomski, 2004)
and triterpenes (Queiroga et al., 2000; Mossi et al., 2004;
Vilegas et al., 1995), could explain the use of some
Maytenus species as anti-inflammatory and antiulcero-
genic drugs.

Moreover, the anti-carcinogenic and anti-mutagenic
properties of tannins may be related to its antioxidant ac-
tion, which consists in protecting the cells against dam-
ages caused by cellular oxidation, including lipid per-
oxidation (Oliveria et al., 1991). In fact, the inhibition of
super-oxide radicals reported by Chung et al. (1998) was
attributed to the incidence of tannins and related com-
pounds.

A relevant aspect to be taken into account when
dealing with medicinal plants is the chemical composi-
tion variation due to the geographic localization, harvest
time, climate conditions, cultivation handling, age of
vegetable material, period and storing conditions, among
others (Farias, 2003). For example, significant differenc-
es in chemical composition was verified in extracts of
maté plants with different age of leaves, age of plants,
cultivated with diverse fertilisation types and exposed
to a variety of light intensity (Esmelindro et al., 2004).
Also, Radomski (2004) found that the poly-phenols con-
tent was greater in Maytenus ilicifolia cultivated at to-
tal sun exposure than at shadow. Nevertheless, there is
a lack of studies regarding the environmental effects on
the chemical composition of Maytenus ilicifolia.

Another important aspect that should also be consid-
ered when dealing with extracts or essential oils in phy-
totherapy is related to the extraction technique employed.
Of course, it is important that the method utilised does not
modify the original properties and provides satisfactory
yields with the lowest solvent residue. Carbon dioxide
has been used as solvent in most cases for supercritical
extraction purposes in food and pharmaceutical indus-
tries since it is nontoxic, nonflammable, non-explosive,
readily available, and has a low critical temperature that
avoids degradation of thermo sensitive compounds. The
advantages of using near critical carbon dioxide extrac-
tion prevail when small raw material amounts and high
quality products are processed (Coelho, 1996; Saldadna
et al., 2002). Besides, Catchpole et al. (2002) mention
that the use of compressed carbon dioxide may be an

advantageous alternative for obtaining natural remedies
with therapeutic interests.

In this context, the objective of this work is to in-
vestigate the chemical composition variation of tan-
nins and the triterpenes friedelin, friedelan-3-ol and
friedelan-3-one in 15 native populations of Maytenus
ilicifolia. The tannin and triterpene contents were cor-
related to the macroenvironmental variables average an-
nual temperature, climate, vegetation, geomorphology,
latitude and altitude using Pearson’s coefficient.

2. Materials and Methods

2.1. Plant samples

Evaluation was conducted of samples of fifteen natu-
ral populations of Maytenus ilicifolia from four Brazilian
states: Rio Grande do Sul (Bar@o de Cotegipe, Cangucu,
Erechim, Santana do Livramento, Sdo José, Soledade,
Unistalda and Vale Verde), Santa Catarina (Cagador,
Lages and Sdo Joaquim), Parand (Guarapuava, Irati and
Mangueirinha) and Mato Grosso do Sul (Ponta Pord).
Figure 1 presents the geographic localisation of the sam-
ple collections.

In this study, the groups of non-cultivated plants,
with natural occurrence in a continuous original forest
were considered as natural population. Each population
was represented by 30 adult plants, randomly collected
to represent all the area occupied by the population
and with a minimum distance of 20 m between plants.
Samples were collected during the winter (June and
July), and immediately dried at room temperature. The
bulked samples were triturated and sieved, collecting
100 to 200 mesh particles. The samples were then stored
at room temperature under nitrogen atmosphere prior the
extraction.

2.2. Extraction and quantification of tannins

For tannins extraction from Maytenus ilicifolia,
100 mL of bi-distilled water was added to 1 g of dried
leaves and heated with total reflux during 1 hour. The
tannin content was determined spectrophotometrically
(A =760 nm) using the Folin - Denis (Habiba, 2002) rea-
gent. The concentration was then calculated through a
standard curve, prepared with a standard solution of tanic
acid (concentration range of 5 to 500 mg.L™"). Extraction
and quantification were carried out in triplicate.

2.3. Triterpenes extraction procedure

In a previous report, the effect of temperature, sol-
vent density, particle size of vegetable material and sol-
vent (carbon dioxide) flow rate on the extraction yield
and chemical characteristics of the extracts of Maytenus
ilicifolia (Mossi et al., 2004) had been evaluated. In this
work, the extractions were performed in a laboratory-
scale high-pressure carbon dioxide unit, described
in detail by Mossi et al. (2004) and Esmelindro et al.
(2004). Basically, the apparatus consists of a CO, res-
ervoir, two thermostatic baths, a syringe pump (ISCO
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Figure 1. Geographical localization of the Maytenus ilicifolia populations investigated in this work.

500D), a 0.1 dm?® jacketed extraction vessel, an abso-
lute pressure transducer (Smar, LD301) equipped with
a portable programmer (Smar, HT 201) with a precision
of 0.30 bar, a collector vessel with a glass tube, and a
cold trap.

Powdered leaves samples (25 g) were charged into
the extraction vessel. The solvent (carbon dioxide, White
Martins S.A., 99.9% in the liquid phase) was pumped
into the bed, which was supported by two 300 mesh wire
disks at both ends, and was kept in contact with the her-
baceous matrix for at least one hour to allow the system
stabilization. Afterwards, the essential oil was collected
opening the micrometering valve and the CO, mass flow,
kept constant at around 2 g/min, was accounted for in the
pump recordings. At the end of the process, the extract
was weighed and transferred to an appropriate vessel.

Based on the work of Mossi et al. (2004), the follow-
ing extraction condition was adopted: 35 °C, 175 atm
and 90 minutes extraction. The extracts obtained were
combined into a unique fraction and then stored under
refrigeration in nitrogen atmosphere prior to analysis.
The extractions were carried out in triplicate, leading to
an average extraction yield of 1.1 wt.(%). The yield is
defined here as the weight percentage of the oil extracted
with respect to the initial charge of the raw material in
the extractor.
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2.4. Extract analysis

The extracts were analysed through GC/MSD equip-
ment (Shimadzu QP5050A), using a capillary column
DB5 (30 m x 0.25 mm X 0.25 um). Column temperature
was programmed as follows: 55 °C/3 minutes, 3 °C per
min to 260 °C, 2.5 °C per min to 310 °C/10 minutes.
Helium was the carrier gas at a flow rate of 1.0 mL/min,
split mode (split ratio 1:10), at 310 °C interface tempera-
ture. The sample (1 puL of 40000 mg.L™" in CH,Cl,) com-
ponents were identified by matching their mass spectra
with those of the Wiley library database and by compari-
son of retention times with standards. An internal stand-
ard (biphenyl 100 mg.L") was added to all samples and
the content of each compound was calculated by the ratio
between the peak area of the compound by the peak area
of the internal standard. Friedelan-3-ol, friedelin and
friedelan-3-one were quantified through the injection of
authentic standards (Sigma-Aldrich Co). Three replicate
injections were performed for each sample.

2.5. Environmental characteristics

In this work, the effects of the average annual tem-
perature, climate, vegetation, geomorphology, lati-
tude and altitude on the concentration of triterpenes
(friedelan-3-ol, friedelan-3-one and friedelin) and tan-
nins present in the extracts of Maytenus ilicifolia were
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investigated. Values of the environmental parameters
were determined from the IBGE (Instituto Brasileiro
de Geografia e Estatistica) database. The abbreviations
Cfa, Ctb and Aw refer to the Koeppen climate classifica-
tion and correspond to subtropical, humid temperate and
tropical climates, respectively. Table 1 summarises the
environmental characteristics of the populations investi-
gated in this work.

2.6. Statistical analysis

The statistical analysis was accomplished with the
ANOVA test coupled with the Tukey test at a 95% confi-
dence level. Correlation of environmental variables with
chemical composition was attempted using the Pearson
test (p < 0.05). Populations were grouped based on the
total content of triterpenes and tannins and were ana-
lyzed through cluster analysis. All the statistical analysis
was performed with the appropriate procedures of the
computer package Statistica® 5.5.

3. Results and Discussion

Table 2 presents the results of the statistical analysis
(ANOVA and Tukey test, p < 0.05) of the mean concen-
tration values of the triterpenes fridelan-3-one, friede-
lan-3-ol, friedelin and tannins in the 15 populations of
Maytenus ilicifolia investigated. As can be seen from this
table, the concentration of friedelan-3-ol is much greater
than the other triterpenes except for the population of
Santana do Livramento. The concentration of friede-
lan-3-one, friedelan-3-o0l and friedelin corresponds, re-

spectively, to approximately 5%, 59% and 36% of the
whole triterpenes concentration for all the populations
analyzed.

With regard to the total concentration of triterpenes
evaluated, the greatest concentrations were found in the
populations of Erechim, Bardo de Cotegipe, Sdo Jos€ and
Lages. It can be observed from Table 2 that the highest
and smallest statistically significant concentrations of to-
tal triterpenes were verified to occur in the populations of
Erechim/Barao de Cotegipe and Santana do Livramento,
respectively, while other populations show intermediate
concentration values and do not differ among them on
the basis of the statistical confidence level adopted. The
population of Santana do Livramento, geographically sit-
uated in the extreme south regarding species occurrence
in Brazil, may be located in a marginal area for this spe-
cies, since Maytenus ilicifolia is not found in Uruguay,
which explains the lowest triterpenes production. This
means that micro-environmental variables and/or genetic
characteristics of these populations may be affecting the
production of triterpenes.

Figure 2 presents the grouping analysis (UPGMA al-
gorithm) for the triterpenes concentration for all popula-
tions. It can be noted two groups, Erechim and Bardo de
Cotegipe, which clearly stand out from the others. From
the results shown in Table 3, one can see that, according
to Pearson’s coefficient (p < 0.05), there is no correlation
between the total concentration of triterpenes and envi-
ronmental variables studied.

Table 1. Environmental characteristics of the fifteen populations of Maytenus ilicifolia investigated.

Population Vegetation Climate* AAT  Altitude Latitude Geomorphology
(&®)] (m) (Southern)

Bardo de Mixed Ombrophilous Forest Cfa 16-18  600-900  27°37°15” Magmatic Rocks
Cotegipe
Cagador Mixed Ombrophilous Forest Cfb 13-15  900-1200 26° 47’517 Magmatic Rocks
Cangugu Seasonal Tropical Forest Cfa 19-21  300-600  31°23*42” Metamorphic Rocks
Erechim Mixed Ombrophilous Forest Cfa 16-18  600-900  27°37°54” Magmatic Rocks
Guarapuava Mixed Ombrophilous Forest Cfb 16-18  900-1200 25°23°26” Magmatic Rocks
Irati Mixed Ombrophilous Forest Cfb 16-18  600-900  25°27°56” Sedimentary Rocks
Lages Steppe Cfb 13-15  900-1200 27° 48 58" Magmatic Rocks
Mangueirinha ~ Mixed Ombrophilous Forest Cfa 16-18  900-1200 25° 56’ 09” Magmatic Rocks
Ponta Pora Steppe Aw 22-24  600-900  22°32’10” Magmatic Rocks
Santana do Steppe Cfa 19-21 0-300 30°53°27” Sedimentary Roks
Livramento
Sdo Joaquim Steppe Cfb 13-15  900-1200 28° 17’ 38” Magmatic Rocks
Sdo José Mixed Ombrophilous Forest Cfa 16-18  600-900  27°37°20” Magmatic Rocks
Soledade Steppe Cfa 16-18  600-900 28° 49’ 06” Magmatic Rocks
Unistalda Steppe Cfa 19-21  300-600 29° 02’ 50” Sedimentary Rocks
Vale verde Seasonal Tropical Forest Cfa 19-21 0-300  29°47°13” Sedimentary Rocks

*Cfa, Cfb and Aw denote, respectively, subtropical, humid temperate and tropical climates (climate classification according

to Koeppen). AAT means the average annual temperature.
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Table 2. Statistical analysis (ANOVA and Tukey test) of the concentration (mg.g™") of triterpenes and tannins in the fifteen
populations of Maytenus ilicifolia investigated.

Population Friedelan-3-one Friedelan-3-ol Friedelin Total triterpenes Tannins
Bardo de Cotegipe 0.44¢ 12.18* 9.48* 22.10¢ 95.23¢
Cagador 0.61% 4.,98° 3.75% 9.34° 74.18f
Cangugu 0.38° 7.09° 4.20¢ 11.76° 199.87°
Erechim 1.70? 16.41¢ 10.45* 28.56* 117.78«
Guarapuava 0.83% 7.92%® 2.61° 11.36° 139.02¢
Irati 0.63% 9.37® 5.56:%¢ 15.56° 106.47¢
Lages 0.98% 12.27% 7.87%¢ 21.12%® 84.97¢
Mangueirinha 0.39¢ 5.40° 4.34% 10.13° 136.14¢
Ponta Pora 0.48% 9.38* 6.01:%e 15.87° 291.96*
Santana do 0.54b 3.52¢ 4.61% 8.67¢ 128.56¢
Livramento
Sdo Joaquim 0.73% 5.93° 3.04¢ 9.70° 108.17¢
Séo José 0.50% 11.06® 7.36% 18.92% 99.02¢
Soledade 1.34% 8.68% 4.20 14.22° 92.22¢
Unistalda 0.63% 7.24% 2.76° 10.63° 110.39¢
Vale Verde 0.9420¢ 7.39% 3.95%¢ 12.28° 107.91¢

abedeldifferent letters among the populations mean significant difference at 95% of confidence level (p < 0.05)

(Tukey test).

Bario Cotegipe
Erechim
Cacador
Cangucu

Guarapuava
Irati

Ponta Pora
Lages

Sao José
Mangueirinha
Santana Livramento
Sdo Joaquim
Soledade
Unistalda
Vale Verde

Euclidean distances

8

12
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Figure 2. Hierarchical cluster analysis (UPGMA algorithm) dendrogram of 15 populations of Maytenus ilicifolia based on
mean Euclidian distances calculated by computing the concentration of triterpenes.

Table 3. Pearson’s correlation (p < 0.05) between environmental variables and tannin and triterpene concentration.

Compounds AAT Climate Vegetation Latitude Altitude  Geomorphology
Tannins 0.74* 0.62* 0.24 0.31 0.15 0.27
Triterpenes -0.24 -0.10 -0.27 —0.08 —0.05 -0.30

*Correlation coefficient statistically significant at p < 0.05.

Results for tannin concentration presented in Table 2 Catarina presented, respectively, the highest (292 mg.g™")
demonstrate the occurrence of significant variation in  and slowest (74.2 mg.g™") concentration values found.
the populations investigated. The populations of Ponta  Figure 3 shows that the grouping analysis reveals the ex-
Pord in Mato Grosso do Sul state and Cagador in Santa  istence of four distinct groups: the first one is formed by
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Figure 3. Hierarchical cluster analysis (UPGMA algorithm) dendrogram of 15 populations of Maytenus ilicifolia based on
mean Euclidian distances calculated by computing the concentration of tannins.

the population of Ponta Pora and Cangucu, the second by
Santana do Livramento, Mangueirinha and Guarapuava,
the third group by Cagador and the last one correspond-
ing to all other populations.

With regard to the effect of environmental param-
eters on the chemical composition of medicinal and aro-
matic plants, Esmelindro et al. (2004) found that some
cultivation parameters may have a pronounced effect on
the chemical composition of maté, especially for methyl-
xanthines, vitamin E, phytol, stigmasterol and squalene.
Rachval et al. (2002), in studying the effect of sunlight
on chemical composition of maté, verified that greater
tannin concentrations were found in plants subject to
higher sun exposure.

Specifically dealing with Maytenus ilicifolia,
Radomski (2004) found higher concentrations of phe-
nolic compounds and density of Maytenus ilicifolia
leaves from plants cultivated with direct sun exposure
compared to those grown in controlled light and environ-
mental conditions. Pereira et al. (1995) reported that the
type and amount of fertilizer do not lead to an enhance-
ment of friedelan-3-ol, friedelin and polyphenol content
in Maytenus aquifolia.

The great variation of tannin concentration found
in the populations investigated, together with the re-
sults presented in Figure 3, suggest the existence of a
correlation between environmental parameters and tan-
nin concentration in Maytenus ilicifolia. As shown in
Table 3, results from Pearson’s correlation (p < 0.05)
reveal that climate (R = 0.62) and average annual tem-
perature (R = 0.74) have a significant effect on tannin
concentration whereas the other variables did not present
a significant effect. The low correlation values between

the tannin concentration and variables studied implies
that, as in the case of triterpene concentration, microen-
vironmental parameters (microclimate, soil conditions,
sunlight level) and genetic factors may also exert an in-
fluence on tannin production.

From the Pearson correlation between average an-
nual temperature and tannin concentration, one can see
that the higher the temperature, the greater the tannin
concentration. The populations of Ponta Pord (AAT of
23 °C) presented the greatest concentration of tannins.
Another population that should be mentioned is Cangugu
(AAT of 21 °C in near sea area) due to the high content of
tannins found. Note also from Table 2 that lower values
of tannin concentration were found in the populations
of Cagador, Lages and Sao Joaquim, which according
to Table 1 have low AAT. These results are in complete
agreement with those of Rachval et al. (2002), who re-
ported that plants cultivated in complete sun exposure
produce tannins as a defense mechanism against ultra-
violet ray incidence. Results obtained in this work may
be of relevance, if we take into account the appropriate
cultivation of Maytenus ilicifolia towards increasing the
production of tannins and specific triterpene compounds
such as friedelan-3-one, friedelan-3-ol and friedelin for
possible pharmaceutical applications.
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