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Abstract

The genus Bauhinia L. (Leguminosae), popularly known as “pata-de-vaca”, presents wide
diversity in Brazil and comprises both native and exotic species. The species is most widely known
in popular medicine is the Bauhinia forficata Link, it's also called “true pata-de-vaca”, and it con-
sists of a small tree whose leaves are used in the form of infusions to treat diabetes. Since the genus
Bauhinia has characteristic bilobed leaves, traditional phytotherapeutic products that should be com-
posed of B. forficata leaves are often falsified by replacing them with other species of the genus. We
acquired samples of 10 different commercial packages of “pata-de-vaca” being sold as herbal drugs
in various regions of Brazil and analyzed them in terms of their macro and microscopic composition.
For comparison, we conducted a morpho-anatomical study of the leaves from the standard species
and analyzed the scientific literature. The packages themselves and the labels were evaluated based
on ANVISA health authority standards. Almost all leaf samples had anatomical characters different
from the standard leaf, indicating they were not authentic. In addition, all of the packages contained
contaminants. Thus, all samples were rejected based on the criteria above. These types of products,
in addition to misinformed consumers, can present considerable risks to their health.

Keywords: Fabaceae. Herbal drugs. Medicinal plants. Medicinal tea. Quality control. Traditional herb-
al medicinal product.

Introduction

There has been a trend on healthier life habits among Brazilians, increasing interest for “nat-
ural therapies” and the use of traditional medicinal plants (SILVEIRA; BANDEIRA; ARRAIS, 2008).
However, the dissemination of the use of medicinal plants, especially for self-medication, is mainly
driven by economic considerations and their easy access by large segments of the population (SOU-
ZA-MOREIRA; SALGADO; PIETRO, 2010). The World Health Organization (WHO, 2002) has conse-
quently become aware of the negligence surrounding possible toxicity of plant remedies, especially
when compared to conventional modern therapies. The erroneous identification of plants and the
nonconventional use of traditional medicines present potential risks and can result in ineffective ther-
apies and adverse reactions (WHO, 2002). Capasso et al. (2000) pointed out natural products, such
as plant-derived drugs, and phytotherapeutics can reduce the efficiency of conventional treatments
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or even magnify their effects. Likewise, there is no effective guarantee the herbal drugs available
commercially are efficient, safe or of true quality. In light of the popular and institutional interest in
phytotherapeutic plants, Brazilian Health Ministry has introduced National Policies of Integrative
and Complementary Practices to Unified Health System (SUS) designed to amplify the therapeutic
options offered to users of that health system, with guarantees of access to medicinal plants, phy-
totherapeutics and other related services with safety, efficiency, and quality (BRASIL, 2006). One
of the instruments used to strengthen that policy is the National List of Medicinal Plants of Interest
to the SUS (RENISUS), which currently comprises 71 plant species with pharmacological potential
(BRASIL, 2015).

The medicinal potential of Bauhinia L. is quite high, as three representatives of that genus are
included in the RENISUS list: B. affinis, B. forficata, and B. variegata. Additionally, ethnobotanical
studies undertaken by Pantoja and Lopes (2012) demonstrated that B. forficata was among the 10
medicinal plant species most cited by traditional users. According to Vaz and Tozzi (2005), the genus
Bauhinia belongs to the family Leguminosae and comprises approximately 300 species; approxi-
mately 70% of which can be found in Brazil. Their leaves are deeply divided in the middle, forming
two distinct lobes that resemble the hooves of cattle, so they are popularly known as pata-de-vaca
and unha-de-boi (DI STASI; HIRUMA-LIMA, 2002; VAZ; TOZZI, 2005; LORENZI; MATOS, 2008).
According to Silva e Cechinel-Filho (2002), the leaves, stems and roots of Bauhinia species are often
consumed by Brazilians in the form of teas or other phytotherapeutic preparations to treat a number
of infirmities. Among these species, Bauhinia forficata Link is most well-known within the scientific
world due to its growing use in popular medicine as an anti-diabetic medicine; therefore, it is often
referred to as the “true pata-de-vaca” (DI STASI et al., 2002; SILVA; CECHINEL-FILHO, 2002; SILVA
et al., 2002; LINO et al., 2004; VENDRUSCOLO; MENTZ, 2006; MENEZES et al., 2007; BOSCO-
LO; VALLE, 2008; CUNHA-LIMA et al., 2008; CAZAROLLI et al.,2009; DEFANI et al., 2011; TRO-
JAN-RODRIGUES et al., 2012; BALBINOT; VELASQUEZ; DUSMAN, 2013).

Bauhinia forficata is native to Brazil and grows in the Atlantic Forest in humid sites (rarely
within the forest itself) and often on slopes and in secondary formations. According to Lorenzi and
Matos (2008), B. forficata is a spiny, semi-deciduous tree with an open canopy, from 5-9 m tall, with
a light colored trunk. It has bilobed leaves and resembles the hoof of a cow. The flowers are white,
arranged in axillary racemes, and the fruits are flattened, deciduous pods. According to Di Stasi and
Hiruma-Lima (2002), the species has ornamental value due to its showy flowers, although other
species of the same genus such as B. blakeana and B. variegata are preferred because B. forficata
is covered with thorns. These exotic species have been widely used in remedies because of their im-
mediately availability and physical resemblance to B. forficata. However, they have not been tested
in terms of their medicinal efficiency and safety (LORENZI; MATQOS, 2008).

Phytochemical analyses of extracts of plants from the genus Bauhinia have identified their main
components as steroidal glycosides, triterpenes and lactons, with an abundance of free flavonoids
and glycosides (SILVA; CECHINEL-FILHO, 2002; MARQUES et al., 2012; PEIXOTO-SOBRINHO et
al., 2012). Only B. forficata, however, demonstrates the presence of the flavonoid kaempferitrina in
its leaves (a compound known for its hypoglycemic activity), which is used as an analytical marker
to identify extracts and preparations made from that species (SALATINO et al., 1999; HAVSTEEN,
2002; SILVA; CECHINEL-FILHO, 2002; SOUSA et al., 2004; CAZAROLLI et al., 2006).

In light of these studies, the use of B. forficata as a medicinal plant to treat Diabetes mellitus
appears justified. While its mechanism of action is not totally clear, none of the above cited studies
demonstrated any potential toxic effects — although ANVISA has not confirmed its complete safety, as
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reported by Balbino and Dias (2010). There is a number of publications that have indicated negative re-
sults in terms of the anti-hypoglycemia activity of B. forficata, including a paper by Russo et al. (1990).

The macroscopic similarities on leaves from different Bauhinia species have resulted in the
adulteration of herbal drugs and herbal inputs by substituting (or adding) the leaves of other species
from that genus since, once they are triturated, they cannot be easily distinguished from B. forficata.
These aspects make quality control of this plant extremely relevant, and microscopic evaluations can
be used to identify the substitution of B. forficata by other species of the same genus.

As such, we evaluated the quality of herbal drugs sold as “pata-de-vaca” in Brazil through mac-
ro and microscopic examinations of the leaf material, comparing it with the morpho-anatomical study
of the leaves from Bauhinia forficata Link and with the scientific literature in addition to evaluating
the packaging and labeling of the herbal drugs for compliance with government standards.

Material and methods

Analyses of packaging and labeling

We acquired 10 packages of pata-de-vaca from 10 different manufacturers of herbal drugs,
sold in shops in the states of Bahia (1), Espirito Santo (1), Goias (1), Minas Gerais (1), Para (1) and
Rio de Janeiro (5), in Brazil. All of the samples were acquired and evaluated within the period from
October/2012 to March/2014. We evaluated the packaging and labeling of the samples based on
government criteria -RDC n°® 10/10 (BRASIL, 2010) applicable during the studied period. Although
the newest regulations -RDC n° 26/14 (BRASIL, 2014) concerning the registry of herbal medicines
and the regulation of traditional herbal medicine products are similar to the older regulations, they
contain more details concerning the necessities of primary and secondary packaging.

The integrity and opacity of the packages were analyzed according to the criteria of RDC 10/10
(BRASIL, 2010). The weights of the contents were compared to the weights printed on the labels by
their manufacturers and were analyzed according to the published norms of INMETRO (BRASIL, 2008)
that specify allowed weight variations of less than 9 % for samples with nominal contents up to 50 g.

Botanical evaluations

The purchased samples were evaluated in terms of their microscopic aspects and appearances.

For these evaluations, the contents of the samples were poured into white trays and analyzed in
detailed visual examinations that compared them with the morphological patterns of B. forficata as
described by Miyake; Akisue; Akisue (1986), Lorenzi and Matos (2008), and Lusa and Bona (2009).
The commercial samples were divided into four parts (ANVISA, 2010), one of which was rehydrated
in a 50 % ethanol: glycerin solution (2:1).

For the microscopic analyses, the hydrated sample portions were sectioned by hand, stained
following the methodology of Bukatsch (1972), and subsequently mounted on semi-permanent slides
for observation by light microscopy. To examine the adaxial and abaxial faces of the leaf epidermis,
small rectangular regions were excised from the intercostal region of the middle third of the leaf blade
and subsequently warmed in a 1:1 (v/v) solution of 20% hydrogen peroxide and glacial acetic acid
(FRANKLIN, 1945). The epidermal sections were then stained with hydro-alcohol Safranin (STRAS-
BURGER, 1924), mounted in 50% glycerin.
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The sections were also examined under polarized light in order to analyze birefringent cell con-
stituents such as prismatic crystals and druses. The solubility of these constituents was tested by im-
mersing the leaf sections in 2% hydrochloric acid solution for 30 minutes (HOWARTH; WARNE, 1959).

The authenticity of the commercial samples was verified through comparison with morpho-
anatomical studies of the B. forficata leaf conducted by Miyake, Akisue and Akisue (1986), Donato
(1995), Lusa and Bona (2009). Additionally, verified samples of this species were collected in the
Guapimirim Municipal Park in the state of Rio de Janeiro, Brazil. The species identification was ver-
ified by Dr. Angela Studart F. Vaz of the Instituto de Pesquisa do Jardim Boténico do Rio de Janeiro,
and voucher material was deposited in the herbarium of the Instituto de Biologia of Universidade
Federal do Rio de Janeiro (RFA) under record number 40753. Histological sections were made from
its leaves (midvein and lateral primary veins and petiole) and were used as standards following the
same techniques above. However, the anatomical description of the proximal and distal pulvini of the
standard leaves is not included here as there were so few of these structures present in the commer-
cial samples, with those available so badly conserved that it made any comparative analysis difficult.

As herbal drugs are frequently contaminated by other plant parts from the same species, his-
tological sections were made of the stems of B. forficata (in addition to the leaves) to evaluate if the
samples contained only parts of that species or if they were contaminated by other materials from
other plant taxa.

Analysis of foreign materials

Foreign materials were manually separated during visual inspection of the samples and then
weighed separately to determine the contamination percentages. Foreign materials should not exceed
an official limit of 2% m/m (BRASIL, 2010).

Results and discussion

Analysis of packaging and labeling

The packaging was considered to be of moderate to low quality in terms of criteria of integrity
and opacity. Seven of the ten sample packages analyzed were perforated by staples, which contrib-
utes to the contamination of the plant material and creates risks to consumer health. Additionally,
90% of the packages were made of entirely transparent material with no opacity, which subjects the
plant material to degradation through exposure to light. According to Amaral et al. (2003), the low
qualities of the herbal drugs often encountered by consumers are probably related to poor drying
processes, inadequate storage conditions and low quality packaging. As such, our evaluations of the
packaging indicated the probable degradation of the plant material in detriment to its conservation
and medicinal efficiency, thus offering real risks to the consumer. A critical case was observed with
sample 8, which did not even have a label, demonstrating the manufacturer’s lack of concern for the
consumer and the absence of any quality control, as the samples were not acquired in bulk. In this
case, the consumer is not supplied with information that could guide him/her about the use of that
product.

It can also be observed in Table 1 that there were wide variations between the weights declared
on the packaging and their actual contents; for some samples, there was no information at all about
content weight on the label. In three samples, the weights varied by more than 9 % from declared
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weights, although only one of them was underweight. In one of the samples that weighed more than
the declared value, 66 % of the material was composed of stems, indicating falsification. Additionally,
sample number 8 did not list any content weight at all, making it impossible to judge its conformity.
According to Yokota et al. (2010), in addition to constituting consumer fraud, differences between the
real and declared weights mean an absence or inefficiency of quality control by the manufacturers.

Table 1 — Analysis of the packages, labels and weights of the samples tested based on government criteria (RDC
10/10, RDC 14/16 and norms of INMETRO).

Sample Integrity Opacity Declared weight Actual Weight Foreign material
(packaging) (packaging) (label) weight variation

1 Moderate No 10g 10.3196¢g +3.19% Branches and barks
2 Moderate No 20g 19.3166¢g -3.41% Branches

3 Low No 20g 22.3582g +11.79% Branches and fruit
4 Low No 15g 17.0300g +13.53% Branches

5 Moderate Partial 20g 20.4992¢g +2.49% Branches

6 Low No 20g 19.4452¢g -2.77% Branches

7 Low No 20g 19.8503g -0.75% Branches

8 High No Not indicated 44.2505¢g - Fruit

9 Moderate No 2bg 23.3843g -6.46% Branches and fruit
10 Moderate No 30g 26.1640¢g -12.78% Branches and barks

Source: Elaborated by the authors (2015).

None of the 10 samples demonstrated conformity with all of the mandatory items specified by
the previous RDC 10/10 and the current RDC 26/14 standards, this non-compliance represents a
threat to consumer health due to the lack of even minimal instructions concerning the correct use of
the product, side effects or any effects of its long-term use.

Sample 8 did not conform to any of the basic requirements: product name, plant parts utilized,
manufacturer's name, government registry number, expiration date, lot number, barcode. In fully
50 % of the samples, plant species was not declared, and only three of the samples correctly indicated
the species B. forficata, as it is required by both RDC 10/10 and RDC 26/14. This same situation
was observed by Engel et al. (2008), who reported only a single sample containing the correctly
written scientific name of the plant sample. Melo et al. (2004) also found errors in the spelling of
the genus and the specific epithet in samples of pata-de-vaca. A study by Nascimento et al. (2005)
reported the lack of any scientific name on almost half of the samples they examined. The absence
of the correct scientific name or indications for including plant parts may lead to adulteration and
introduction of other plant organs that do not contain the desired active principles (or only contain
them in very low quantities) (MELO et al., 2007). Therefore, encountering herbal drugs with correct
labeling is a problem in many regions of Brazil.

Of the 38 mandatory phrases to be included in the labels by RDC 10/10 regulations, 11 were
not included in any of the sample labels analyzed: “used to alleviate the symptoms of”; “therapeutic

noow n,ou

use; counter indications”; “use restrictions”; “adverse effects”; “it can be used without a medical
prescription”; “if these symptoms persist, seek medical assistance”; “if this medication is to be used
continuously, talk to your doctor beforehand”; “prepare the infusion or decoction immediately before
taking it"; “herbal drugs should not be used for periods longer than indicated”; “the prolonged use of

this product should be accompanied by a medical professional”.
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Macroscopic analyses

Morphology of the standard leaves

The morphological characteristics of the standard leaf most relevant for the purposes of com-
parison and analysis with the commercial samples are described as follows: Bauhinia forficata Link
has coriaceous leaves that are 8-12 cm long (FIGURE 1A). The leaves are divided into two lobes,
with the central cleft extending one third or, more frequently, one half through the length of the leaf
(FIGURE 1B). At the union of the two lobes, there is a mucro (FIGURE 1C). The leaf blade is sym-
metrical, with the adaxial surface glabrous and the abaxial surface pilose. The apices of the leaf lobes
are acute, and the margins entire. The leaf base is slightly cordate. Venation pattern is actinodromous
since each leaf has approximately nine veins that initiate radially from the same point and converge
along the leaf borders to form a marginal venation. The vein in the region between the lobes is con-
sidered the midvein as Miyake, Akisue and Akisue (1986), Ellis et al. (2009) and Lin et al. (2015)
even though it is thinner than the lateral veins.

Figure 1 — Macroscopic aspects of the B. forficata. A - Habitus. B - Bilobed leaf: lateral primary vein (Ipv)
and midvein (mv). C - Detail of the mucro observed between the two lobes at the apex of the leaf. D -Proximal
pulvinus (a), petiole (b) and distal pulvinus (c).

Source: Elaborated by the authors (2013).
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Evaluations of the commercial samples

In general, the samples were poorly conserved, demonstrating deterioration and in some
cases alteration on odors and colors of the leaves (FIGURE 2A). Most of the packages contained
entire leaves (FIGURE 2B) or fragments. Their morphological characteristics suggested the presence
of species of the genus Bauhinia as they demonstrated the typical cow’s hoof (pata-de-vaca) shape;
however, their lobe apex is not acute (FIGURE 2C) as is the case in B. forficata (FIGURE 1B).
Additionally, almost all of the samples had contaminants, even within the 2% m/m limit permitted by
the Brazilian Pharmacopeia. Sample 3 demonstrated the greatest percentage of contaminants (66%),
containing stem fragments, a fruit pod and, mainly, wood material. It was suggested those samples
were adulterated with other species of Bauhinia or with other unknown plants, as it was observed in
the present work. Likewise, Melo et al. (2004) reported that more than half of the samples of pata-
de-vaca examined by them had excessive amounts of contaminant materials (a result also reported
for other medicinal plants, such as boldo [Peumus boldus Molinal). An examination of contaminating
materials undertaken by Amaral et al. (2003) revealed that 86% of the commercial samples contained
impurities above the limits, such as foreign plant parts derived from the same species, living or dead
insects and inert contaminants such as soil, sand and pebbles. These contaminants are similar to
those found in this study. As such, excessive quantities of contaminants represent a common problem
not just for B. forficata, but, probably, for all species commercialized as herbal drugs (NASCIMENTO
et al., 2005; MACRINI, 2011; COSTA; GUIMARAES; VIEIRA, 2014).

Figure 2 — Macroscopic aspects of some samples.

A-B - Sample 3 — Note the presence of the degraded material, making macroscopic identification difficult due to
its state of conservation (A) and foreign material (B). C - Entire leaves that resemble those of the genus Bauhinia
in good state of conservation (Sample 5).

Source: Elaborated by the authors (2014).

The contaminants encountered in our samples (and reported in other studies) probably reflect
the processes of raw product management, sanitation, and inadequate separation of the plant mate-
rial — problematic factors that have often been observed in medicinal plant products (AMARAL et al.,
2003).
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Microscopic analyses

Leaf anatomy of the Bauhinia forficata Link standard

The anatomical characteristics of the standard leaf most relevant for comparison and analysis
with the commercial samples are described as follows: The leaf blade epidermis, in frontal view, is
glabrous and has trichomes near the veins in the adaxial face. The abaxial face shows the presence
of unicellular and multicellular uniseriate tector trichomes (FIGURE 3A), as well as multicellular glan-
dular navicular trichomes (FIGURE 3B).

The midvein, in transverse section, has a concave-convex to flat-convex profile (FIGURE 3C).
The epidermis is unistratified and composed of rounded cells. Approximately five parenchyma layers
can be observed below the adaxial face of the epidermis; two collenchyma and two parenchyma
layers occur below the abaxial face. The collateral vascular bundle in the central region of the leaf is
surrounded by a sheath of sclerenchyma.

The lateral primary vein, in transverse section, showed a flat-convex profile, and was greater in
diameter than the midvein (FIGURE 3E). The epidermis on both faces was similar to the epidermis
on the rest of the blade, although composed of cells of smaller dimensions. On the adaxial face, 2
layers of palisade parenchyma cells are interrupted by collenchyma cells. On the abaxial face, in a
sub-epidermal position, from 1 to 2 layers of collenchyma and from 1 to 2 layers of fundamental
parenchyma could be observed. The vascular bundle demonstrated the same histological organization
observed in the midvein.

The petiole has a generally rounded outline when viewed in transverse section, although it
becomes flattened in the anterior-posterior direction, with two lateral projections on the adaxial face
(FIGURE 3F); these lateral projections each contain a collateral vascular bundle wrapped in a com-
plete (although asymmetric) sheath of sclerenchyma. The epidermis is uniseriate, composed of dimin-
utive, rounded cells covered by a thick cuticle with tector and glandular trichomes, as observed on
the leaf blade (FIGURE 3D). On the adaxial face there are 4 to 5 layers of fundamental parenchyma,
and the sub-epidermis of the abaxial face has 2 to 3 layers of collenchyma and 3 of parenchyma.
Two collateral vascular bundles occupy the center region of the petiole, which can unite and form a
continuous ring covered by a sheath of gelatinous fibers for almost its entire length. The pith is oc-
cupied by fundamental parenchyma composed of isodiametric cells of varying sizes, with idioblasts
containing druses.
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Figure 3. Light microscopy of the leaf of Bauhinia forficata standard.

A-B - FV- Epidermis on the abaxial face: unicellular and multicellular unistratified tector trichomes (A) and
glandular navicular trichomes (B); C — TS- MV: general aspect; D — TS- MV: Detail of the navicular trichome; E
—TS- LPV: general aspect; F — TS- Petiole: general aspect; J — TS- stem initiating secondary growth. FV- Frontal
view; LPV- Lateral primary vein; MV- Midvein; TS- Transverse section.

Source: Elaborated by the authors (2015).

Stem anatomy of B. forficata standard

The stem appears quadrangular in transverse section, with incipient secondary growth at the
level analyzed (FIGURE 3J). The epidermis is uniseriate, with rounded cells, and is covered by a
thick cuticle with tector and glandular trichomes, as observed on the leaf blade. The cortical region
has 4 to 8 collenchyma layers and 2 chlorophyllous parenchyma layers. The vascular system, in its
primary structure, is of the eustele type, with collateral vascular bundles. In its secondary structure,
the vascular system forms a complete ring delimited externally by sclerenchyma fibers, some of which
are gelatinous. The pith is occupied by fundamental parenchyma composed of isodiametric cells of
varying sizes, with idioblasts containing druses.

Evaluations of the commercial samples

In spite of the fact that the 10 commercial samples analyzed here were found to have botan-
ical material identified as belonging to the genus Bauhinia, only sample 3 had leaves with anatom-
ical characteristics similar to the B. forficata standard as described by Miyake, Akisue and Akisue
(1986), Donato (1995), Lusa and Bona (2009) and to the standard leaves described here; we did,
however, find leaves identified as being from other species in that same sample 3. Note that the
lateral vein (FIGURE 4A) and the petiole (FIGURE 4B) demonstrate histological organization similar
to the standard (FIGURES 3H, 31). However, the excessive numbers of druses in the cortical region
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in one of the histological sections of the midrib (FIGURE 5B) suggest that the sample is not pure.
Similar results were reported by Engel et al. (2008) in their analyses, with only two of the samples
demonstrating anatomical characteristics compatible with B. forficata and, again, essentially all the
samples analyzed by them were identified as having contaminating material.

Figure 4. Aspect of material found in sample 3. The anatomical analysis revealed the sample’s similarity to the
standard material.

A — TS- Lateral primary vein; B — TS- Petiole. TS- Transverse section.
Source: Elaborated by the authors (2015).

Diverse anatomical characteristics observed in the midvein and lateral primary vein of the
sample leaves indicated the inclusion of other species of the genus Bauhinia or even other families.
Leaves with histological organizations typical of the family Poaceae (grasses) were observed in sample
1 (FIGURE 5A). We observed: excesses of trichomes on the epidermis of samples 5 and 6 (FIGURE
5D), cortical parenchyma with greater numbers of cell layers and much smaller xylem/phloem ratios
in samples 4, 7 and 9 (FIGURE 5C), vein outlines with elliptical shapes in samples 1, 2, 5, 6 and
10 (FIGURE 5D), greater numbers of cell layers in the cortical parenchyma on the abaxial face,
sclerenchymatous bundle sheath extensions on the adaxial face of sample 8 (FIGURE 5F), and a
general histological organization very distinct from the standard in sample 7 (FIGURE 5E).

The petioles of samples 4, 7, 8 and 10 demonstrated characteristics similar to those of the
genus Bauhinia, although they did not correspond to the vascular bundle organization of the B.
forficata standard, nor to the histological organization of its petiole (FIGURES 6A and 6B). The
presence of stems in the samples demonstrated contamination, and the stems of samples 4, 5, 6 and
9 did not belong to the standard Bauhinia species due to the histological organization different from
that of the standard and excessive quantities of trichomes (FIGURES 6C and 6D).

Though the standard leaves and the commercial samples are morphologically similar, the
anatomical characteristics found in the samples deviate from those described as belonging to B.
forficata in both the literature (MIYAKE; AKISUE; AKISUE (1986), Donato (1995), Lusa and Bona
(2009)) and the anatomical description carried out in this study. The parts of the B. forficata leaf
most useful in the analysis were the mid and lateral veins and the petiole, not only due to the vascular
organization so characteristic of the standard leaf, but because these elements were better conserved
in the samples and thus easier to handle.
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According to Martins and Figueiredo (2009), the quality of herbal drugs in the marketplace will
depend in large part on their production systems. The harvesting of wild plants is the main source
of herbal drugs commercialized in Brazil today. A significant portion of these drugs available for sale
in that country is of inferior quality, with problems that include contamination, altered phytochemical
profiles and unreliable botanical identifications. Additionally, harvesting in the wild threatens many nat-
ural plant populations (MARTINS; FIGUEIREDO, 2009) and demonstrates a disconnection between the
manufacturers and the sustainable production of those herbal drugs. The macroscopic similarities of the
leaves of various species of Bauhinia favor the adulteration of herbal drugs and other plant products, as
B. forficata leaves are obtained by harvesting non-cultivated plants (AZEVEDO; SILVA, 2006). B. forfi-
cata is, however, a pioneer species that can grow well under full sunlight in open areas, a characteristic
that would allow the use of cultivation strategies as reasonable alternatives to harvesting its leaves in
the field (REIS; MARIOT; STEENBOCK, 2010), which would decrease falsification.

Figure 5. TS — Anatomical aspect of materials found in the different analyzed samples, including the presence
of contaminants. When comparing the sample veins (TS) to those of B. forficata, none of them fit the standard.

R
3

A —Sample 1: Contaminant with histological organization similar to that of the Poaceae family; B — MV - Sample
3: Excessive quantities of druses; C — LPV - Sample 4: Histological organization different from that of the
standard; D — LPV - Sample 6: Excessive quantities of tector trichomes on the adaxial face; E — MV - Sample
7 and F — LPV - Sample 8: Histological organization different from that of the standard. LPV - Lateral primary
vein. MV - Midvein. TS- Transverse section.

Source: Elaborated by the authors (2015).
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Figure 6. General aspect of petioles and stems in transverse section found in the analyzed samples.

6A 200pm 6B

200pm 200um 6D

A-B — Sample petioles: note the histological organizations typical of the genus Bauhinia, although not similar to
the standard. Sample 4 (A) and sample 8 (B); C-D — Stems of the samples: note the histological organizations
that differ from the standard. Sample 4 (C) and sample 5 (D).

Source: Elaborated by the authors (2015).

Because herbal drugs are widely sold throughout Brazil and easy to acquire, there is an
overwhelming need for more intensive monitoring and control of their quality. This species has been
the focus of a wide variety of studies that have demonstrated its therapeutic usefulness, however little
information is available concerning the toxicity of this remedy. Studies of this type will be extremely
necessary, especially because pata-de-vaca is a popular traditional native medicinal plant in Brazil
with widely known pharmacological effects.

Conclusions

Of the 10 samples analyzed, none demonstrated the required quality for herbal drugs. All of
them were deficient in terms of their packaging, and their labeling lacked the required information and/
or provided erroneous data. Additionally, only one sample had leaves with anatomical characteristics
of B. forficata, and essentially all samples contained various types of contaminants.
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Avaliacoes da qualidade do "pata-de-vaca" (Bauhinia
forficata Link) vendido no Brasil

Resumo

O género Bauhinia L. (Leguminosae), conhecido popularmente como pata-de-vaca, apresenta
ampla diversidade no territério brasileiro, compreendendo tanto espécies nativas quanto espécies
exdticas. A espécie mais conhecida na medicina popular, Bauhinia forficata Link, denominada “pata-
de-vaca verdadeira”, € uma arvoreta cujas folhas sao utilizadas sob forma de infusao para o tratamento
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da diabetes. Como as espécies do género Bauhinia apresentam folhas bilobadas, essa semelhanca
contribui fortemente para a falsificacao de produtos tradicionais fitoterapicos que deveriam ser
constituidos de folha de Bauhinia forficata. Foram adquiridas 10 amostras comerciais de diferentes
fabricantes de “pata-de-vaca” que a comercializam sob a forma de droga vegetal em vérias regides do
Brasil e foram analisadas sob aspectos macro e microscépicos. Para fins comparativos, realizou-se o
estudo morfoanatdémico da folha da espécie padrao e analisou-se a literatura cientifica. Os pacotes e
os rétulos foram avaliados baseados nas normatizacdes da ANVISA. Quase todas as amostras tinham
caracteres anatémicos diferentes da folha padrao indicando que nao eram auténticas. Ademais, todos
0s pacotes continham contaminantes. Assim, os resultados obtidos mostraram que todas as amostras
analisadas foram reprovadas quanto aos aspectos avaliados. Esse tipo de produto, além de lesar o
consumidor, ocasiona um risco significativo a salde da populacao.

Palavras-chave: Cha medicinal. Controle de qualidade. Droga vegetal. Fabaceae. Plantas medicinais.
Produto tradicional fitoterapico.
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