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a  b  s  t  r  a  c  t

The  “arnicas”  found  in  Brazil  are  examples  of  different  species  of  the  family  Asteraceae  used  in  popular
medicine  for  its attributed  anti-inflammatory  action.  Among  the  species  known  and  used  as  “arnica”
we  selected:  Calea  uniflora  Less.,  Chaptalia  nutans  (L.)  Polák,  Lychnophora  ericoides  Mart.,  Lychnophora
pinaster  Mart.,  Lychnophora  salicifolia  Mart.,  Lychnophora  diamantinana  Coile  &  S.B.Jones,  Porophyllum
ruderale  (Jacq.)  Cass.,  Pseudobrickellia  brasiliensis  (Spreng.)  R.M.King  & H.Rob.,  Sphagneticola  trilobata  (L.)
Pruski,  and Solidago  chilensis  Meyen,  due  to  their  extensive  use.  This  research  provides  new  information
on  leaf  morphology  and  anatomy  and  on  chemistry  of  the major  metabolites  found  in  these  species
through  histochemical  tests  and  phytochemical  review.  The  results  revealed  anatomical  characters  for  the
differentiation  and  quality  control  of  the  vegetal  drugs,  being  these:  distinctive  epidermal  attachments,
epidermis  cells,  parenchymal  cells  of  the  mesophyll,  vascular  bundles,  midvein  patterns  and  secretory
structures  of  exudation  of  secondary  metabolites.  The  review  of chemical  profiles  showed  differences  in
the chemical  composition  of  the  species,  as  different  skeletons  of  sesquiterpene  lactones  in  the species

evaluated  in  addition  to other  chemical  classes  such  as  terpenes,  flavonoids,  chromenes  and  phenolic  acids
derivate.  Based  on  the  results  obtained  in  this  work  it is  important  to  emphasize  that  the information
about  the  ten  species  of  arnica  generate  subsidies  for differentiation  and  identification  of characteristic
markers  and  for the  diagnosis  of the  species  and  it can  be applied  in  the  “arnicas”  quality  control.
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Brazil has a huge plant diversity and wide sociodiversity. For this
eason, the country presents great potential for the development of
hytotherapy and correlated sciences. The popular use of medicinal
lants in Brazil is a process of production and reproduction of varied
nowledge and practices originated in different cultures, resulted
rom the social interaction among several groups that composes,
n this case, the Brazilian culture (European, African and indige-
ous communities, among many other cultural groups) (Sales et al.,
015).

The European immigrants that arrived to work mainly in cof-
ee plantation in Brazil (19–20th centuries) could not find here the
uropean medicinal plants, such as the very well known Arnica
ontana, used as topical anti-inflammatory. To meet the need
or this species, immigrants began to look for other species that
ould provide the same therapeutic effects; this selection was
necdotally based on morphological and sensorial characters that
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could resemble the true arnica (A. montana). Over the years, the
combination of the European heritage with the miscegenation
with other ethnic and culture groups, led to a selection of several
plants named popularly as “arnica”, arising from some resem-
blance to the A. montana (Semir et al., 2011). Similar processes
occurred also in other countries, for example in Mexico is com-
mon the use of Heterotheca inuloides Cass., Asteraceae, known as
“arnica-mexicana” (Rodríguez-Chávez et al., 2017). According to
Obón et al. (2012), in the Iberic peninsula and Balearic Islands,
about 32 species are known as “arnica” belong to six botanical fam-
ilies. A total of 24 species are Asteraceae, belonging to eight tribes:
Anthemideae Cass. (Achillea ageratum L.); Astereae Cass. (Conyza
bonariensis (L.) Cronquist); Cardueae Cass. (Centaurea granaten-
sis Boiss. ex DC.); Cichorieae Lam. & DC. (Andryala integrifolia L.,
A. ragusina L., Crepis paludosa (L.) Moench, C. vesicaria L. subsp.
taraxacifolia (Thuill.) Thell., and Hieracium sp.); Doroniceae Panero
(Doronicum carpetanum Boiss. & Reut. ex Willk. & Lange, D. gran-
diflorum Lam. and D. pardalianches L.); Inulaeae Cass. (Chiliadenus

glutinosus (L.) Fourr., Dittrichia viscosa (L.) Greuter, Inula britannica
L., I. helenioides DC., I. helvetica Grauer, I. montana L., I. salicina L.,
Pallensis spinosa (L.) Cass., Pulicaria odora (L.) Rchb., and P. palu-
dosa Link.); Madieae Jeps. (A. montana L.). Senecioneae Cass. (Senecio

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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Table 1
List of “arnica” species used in this study.

Species Voucher Herbarium

Arnica montanac –
Calea uniflora FLOR63637 FLORa

Chaptalia nutans FLOR63636 FLORa

Lychnophora diamantinana Loeuille et al. 530 SPFb

Lychnophora ericoides Pirani 1726 SPFb

Lychnophora pinaster Mello Silva 1389 SPFb

Lychnophora salicifolia Mello Silva 3000 SPFb

Porophyllum ruderale FLOR63635 FLORa

Pseudobrickellia brasiliensis FLOR46719 FLORa

Solidago chilensis FLOR63638 FLORa

Sphagneticola trilobata FLOR63634 FLORa

a FLOR Herbarium of the Federal University of Santa Catarina.
b SPF Herbarium of University of São Paulo.
c Commercial sample identified as described in the Brazilian Pharmacopoeia 5th
02 A.E. Athayde et al. / Revista Brasilei

oronicum (L.) L., S. jacobaea L., and S. pyrenaicus L.) (Obón et al.,
012).

In this sense, several species can be designated just as “arnica”,
ifficulting the correct determination of the species when they are
ackaged crushed or powdered. The lack of information on the mor-
hoanatomy of these species together with the lack of established
hemical markers of the “arnicas” contributes to the misidentifi-
ation and therefore to an inefficient quality control of these plant
rugs. This fact also compromises the scientific verification of the
ffectiveness of the use of these several related species. In this cul-
ural aspect of the popular use is not possible to say that the species
sed in Brazil are forgeries of the original one, because it is not
ound in the Brazilian territory (there is a wider context of popular
se involved that will not be considered in this work).

Thus, this study will provide information about the
icroanatomical characterization of the most usual “arnicas”

n Brazil, defining anatomical markers and comparing their phyto-
hemical composition based on published papers to differentiate
hese species, namely: Calea uniflora Less. (arnica-da-praia),
haptalia nutans (L.) Polák (arnica-língua-de-vaca), Lychnophora
ricoides Mart. (arnica-da-serra), Lychnophora diamantinana Coile &
.B.Jones (arnica-da-serra), Lychnophora pinaster (arnica-da-serra)
art. and Lychnophora salicifolia Mart. (arnica-falsa, arnica-

o-cerrado), Porophyllum ruderale (Jacq.) Cass. (arnica-paulista,
rnica-da-praia), Pseudobrickellia brasiliensis (Spreng.) R.M.King

 H.Rob. (arnica-do-campo, arnica-do-mato), Solidago chilensis
eyen (arnica-brasileira, arnica-do-campo) and Sphagneticola

rilobata (L.) Pruski (arnica-do-mato).
The species L. ericoides and L. pinaster are very similar species

nd sometimes the separation between them is difficult. Although
he species are considered by some authors as synonyms, in this
ork we are considering as different species. The characteristics
sed to identify L. ericoides and L. pinaster are described in the
upplementary Material.

Species of Senecio (“pseudo-arnica”), Asteraceae, are also used as
rnica but were not included in this work because its medicinal use
hould be discouraged due to the presence of the toxic pyrrolizidine
lkaloids in this genus (Sandini et al., 2013).

aterial and methods

lant material used in this study

The plant material analyzed was collected in Santa Catarina
tate (SC) and Minas Gerais State (MG), Brazil. The samples were
btained in field or from exsiccates deposited in the FLOR Herbar-
um of the Federal University of Santa Catarina and from herborized

aterial provided by Benoit Loeuille. A. montana was obtained of
ommercial sample in Barcelona, Spain. Whenever possible, the
eaves used in this study were collected from triplicate of three
ifferent populations. Voucher number of the species can be found

n Table 1.

natomical analysis

For morphoanatomical analysis, leaves from three distinct pop-
lations (n = 3) of species collected in field were fixed in FAA
olution (70% ethanol, 40% formalin, glacial acetic acid) under vac-
um conditions to remove air from the tissues (Johansen, 1940).
ext, the materials were dehydrated in a growing series of ethanol

30%, 50%, 70%) and stored in 70% ethanol. The herborized material

as hydrated using a Smith and Smith (1942) modified method

for this process was added one drop of detergent). Afterwards,
he median region of the leaf (medium third) was selected and the
amples were infiltrated in PEG 1500. The samples were then cross-
edition (Farmacopeia Brasileira, 2010).

sectioned with a variation between 15 �m and 35 �m thickness
using a rotary microtome, model RM 2125 RT Leica Microsys-
tem, Nussoch, Germany. To prepare the permanent histological
slides, the cross-sections were stained with 0.05% Toluidine Blue
in citrate-phosphate buffer, pH 4.5 (Sakai, 1973) and affixed to the
slides using synthetic Canada balm. For visualization of the epider-
mis  in frontal view, dissociation of the epidermis was  performed
(Johansen, 1940).

Histochemical reactions

Histochemical reactions were chosen based on the chemical
classes of higher occurrence in the Asteraceae family and were
performed on material embedded in PEG 1500. The following
chemical reactions were carried out: Sudan IV (Jensen, 1962) for
lipophilic compounds; sulphuric acid (Geissman and Griffin, 1971)
for sesquiterpene lactones; ferric chloride 3% (Johansen, 1940) for
phenolic compounds; and Ruthenium Red for pectic compounds.
The sections were examined immediately after each reaction. Con-
trol sections were performed simultaneous to the histochemical
tests, in accordance with standard procedure.

Images capturing

All the histological slides, including that of histochemical reac-
tions, were observed of the Leica

®
Microscope Model DM2500

coupled to the Leica
®

Model DFC29 video camera. To capture the
images with sulphuric acid was  used an Olympus

®
microscope

(model CX21FS1) by attaching a digital camera (Olympus T110)
to eyepiece. To verify the crystals, the histological slides were ana-
lyzed under polarized light using the Olympus BX50 microscope
coupled to the Olympus DP 73 camera, through which the images
were captured.

Scanning electron microscopy (SEM)

To perform this procedure, the plants were fixed using FAA solu-
tion and incubated for a period of 24 h (Johansen, 1940). After that,
the samples were dehydrated in a growing series of ethanol (30%,
50%, 70%, 80%, 90% and 100%) was performed 20 min each. Sub-
sequently, the material was dried using the CO2-critical method

and, finally, the samples were metalized with gold for analysis by
SEM (Fernandes et al., 2016) and analyzed by SEM with the JEOL
JSM-6390LV Scanning Electron Microscope.
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hytochemical review

Phytochemical investigations of “arnicas” species was  per-
ormed using the Reaxys, Scifinder, Pubmed, Sciencedirect, Google
cholar and Tropicos databases. The data obtained was  plotted
n comparative table, correlating the “arnica” species with their
espective metabolites according to the literature. Phytochemical
urvey was carried out from March 2017 to July 2018. There was
o minimum date for inclusion of the data, so all data was  included
ntil the year 2018.

esults

icromorphological characterization

All the samples of leaves of the species analyzed are illustrated
n Figs. 1(A-J), 2(A-F), 3(A-I), 4(A-J′), 5(A-G′), 6(A-G), 7(A-H), 8(A-
′′), 9(A-J), 10(A-J′), 11(A-G) and the aim characteristics are

ummarized in Figs. 12–14. The complete morphoanatomical
escription of these samples follows below.

iddle vein
Initially the middle vein (MV), in cross section, was evaluated.

he species C. uniflora, C. nutans and S. chilensis presented the MV
ith a biconvex form, with the abaxial region more prominent

Fig. 1A, B, J). The species L. diamantinana,  L. ericoides, L. pinaster
nd L. salicifolia presented adaxial surface with central depres-

ion and abaxial face with rounded projection (Fig. 1C–F). For P.
rasiliensis it was observed a little defined MV,  without great differ-
ntiation of the strata of parenchyma, and is not possible to discuss
learly them format (Fig. 1H). The species P. ruderale and S. trilobata

ig. 1. Middle vein (MV) in cross-sections of leaves fully expanded of “arnicas”. A–J. Light
ychnophora ericoides; E. Lychnophora pinaster; F. Lychnophora salicifolia; G. Porophyllum ru
.  Staining with ruthenium red; B–D, F–J. Staining with toluidine blue; E. Staining wit
arenchyma; ESC, sclerehydes; CV, internal secretory cavity. A, J, I. presence of CV; E. p
,  J. MV  with biconvex form; C, F. adaxial face with central depression and abaxial face

.  concave-convex MV  form; A–J. uniseriate epidermal cells, covered by cuticle; A. open 

undles  with cilindric form; G. small and straight vascular pattern with extension of the b
orm;  J. conical and small dimensions vascular bundles form.
armacognosia 29 (2019) 401–424 403

presented, respectively, a convex and concave-convex middle vein
form (Fig. 1G, I).

The epidermal cells, for all species, present uniseriate form and
covered by cuticle. Adjacent to the epidermis of the C. uniflora and
C. nutans was observed an angular collenchyma turned to adax-
ial face (Fig. 1A and B). For the S. trilobata and S. chilensis was
found angular collenchyma in both surfaces (Fig. 1I–J). Lychnophora
species presented a lot of collenchyma cells in both surfaces, being
them lamellar collenchyma to L. ericoides and sclerehydeified cells
or fibers associated with the phloem (Fig. 1C–F). P. ruderale, showed
a stratum of angular collenchyma in both faces with the extension
of the sheath of the collenchyma bundle (Fig. 1G).

Internal secretory structures were observed close to the vascu-
lar bundles, dispersed in the parenchyma of the MV.  The taxa C.
uniflora and S. trilobata presented two secretory cavities inserted
in the parenchyma facing the abaxial surface, close to the phloem,
and a secretory cavity just above the xylem, turned to adaxial sur-
face (Fig. 1A and I). S. chilensis presented a secretory cavity turned
to abaxial face, inserted below the phloem of the MV  of the leaf
(Fig. 1J). S. trilobata presented three secretory cavities, two  turned
to abaxial face, below the phloem and one facing the adaxial sur-
face, above the xylem; the other species did not present cavities in
the MV  region (Fig. 1I).

The vascular bundles in transversal section present in the middle
vein (MV) of C. uniflora is organized in open arch form (Fig. 1A and
E, respectively). C. nutans presents a relatively cilindric vascular
bundle (Fig. 1B). The species of Lychnophora presented three free
bundles with cilindric form (Fig. 1C, D, F). P. ruderale presents small

and straight vascular pattern with extension of the bundle sheath
(Fig. 1G). P. brasiliensis does not present specific delimitations, with
vascular bundles distributed throughout the mesophyll (Fig. 1H).
S. chilensis presented a cord format vascular system and, the taxon

 microscopy. A. Calea uniflora; B. Chaptalia nutans; C. Lychnophora diamantinana; D.
derale; H. Pseudobrickellia brasiliensis; I. Sphagneticola trilobata; J. Solidago chilensis.

h Sudan. Abbreviations: COL, collenchyma; XI, xylem; FLO, phloem; PAR, regular
resence of ESC. C–F. possible sclerenchyma fibers below the phloem. Findings: A,

 with rounded projection to the MV  form; H. undefined MV;  G. convex MV  form;
arch vascular bundles form; B. cord format vascular bundles form; C–F. three free
undle sheath; H. undefined vascular bundles form; I. cord format vascular bundles
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phagneticola tilobata presented vascular bundles with “conical and
mall dimensions” (Fig. 1J–I).

ntermediate region of the mesophyll
In the intermediate region of the mesophyll (IR) was observed
a higher concentration of stomata in the abaxial face with anomo-
ytic characteristics for the species C. uniflora, C. nutans,  P. ruderale,
. brasiliensis,  S. chilensis and S. trilobata (Fig. 2A–F). However, due
o the insertion of the stomata in the crypts at Lychnophora species,

ig. 2. View of stomata and epidermal cells in abaxial surface of leaves fully expanded of “a
uderale;  D. Pseudobrickellia brasiliensis; E. Sphagneticola trilobata; F. Solidago chilensis; A–B.
haracteristics by stomata.

ig. 3. View of stomata in abaxial surface of leaves fully expanded of “arnicas” by SEM. A. C
.  Lychnophora salicifolia; F. Porophyllum ruderale; G. Pseudobrickellia brasiliensis; H. Spha
elation to the epidermis. C, F–G. below of the epidermis level. D, E, I. above the epidermi
armacognosia 29 (2019) 401–424

it was  not possible to identify the guard cell forms, and it is not
possible to classify the stomata in these species.

Through SEM, the level of stomata in relation to the epidermis
can be verified, being regular for C. uniflora, C. nutans and S. trilobata
(Fig. 3A, B, H); below the epidermis in L. ericoides, P. ruderale and P.
brasiliensis (Fig. 3C, F, G); above the epidermis in L. salicifolia and L.

pinaster and S. chilensis (Fig. 3D, E, I).

The leaf pattern of the stomata was amphistomatic (stomata
on both surfaces) verified in the species C. uniflora, P. ruderale,
P. brasiliensis, S. chilensis and S. trilobata (Fig. 4A, G–D′, I–J′). The

rnicas”. A–F. Light microscopy; A. Calea uniflora; B. Chaptalia nutans; C. Porophyllum
 Staining with toluidine blue. C–F. Staining with safranine. Findings: A–F. anomocytic

alea uniflora; B. Chaptalia nutans; C. Lychnophora ericoides; D. Lychnophora pinaster;
gneticola trilobata; I. Solidago chilensis. Findings: A, B, H. regular level of stomata in
s level.
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Fig. 4. Epidermis cells (adaxial vs. abaxial surface) of leaves fully expanded of “arnicas” by SEM. Adaxial face: A. Calea uniflora; B. Chaptalia nutans; C. Lychnophora diamantinana;
D.  Lychnophora ericoides; E. Lychnophora pinaster; F. Lychnophora salicifolia; G. Porophyllum ruderale; H. Pseudobrickellia brasiliensis; I. Sphagneticola trilobata; J. Solidago chilensis.
Abaxial  face: A′ . Calea uniflora; B′ . Chaptalia nutans; C′ . Lychnophora diamantinana; D′ . Lychnophora ericoides; E′ . Lychnophora pinaster; F′ . Lychnophora salicifolia; G′ . Porophyllum
r sis. Fi
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uderale;  H′ . Pseudobrickellia brasiliensis; I′ . Sphagneticola trilobata; J′ . Solidago chilen
′ , B′ , I′ . sinuous walls of the epidermal cells; G, H, J and G′ ,  H′ , J′ . straight wall of t

C–F)  being more rounded and the abaxial cells (C′–F′) more elongated.

ypostomatic leaf pattern was observed to the C. nutans,  L. dia-
antinana, L. ericoides, L. pinaster and L. salicifolia (Fig. 4B–F′).

The sinuosity of the epidermal cells showed significant differ-
nce for each species. The “arnicas” presented the leaf surface (both
aces) with uniform epidermis, whose cells in frontal view pre-
ented sinuous walls to the taxons C. uniflora, C. nutans and S.
rilobata (Fig. 4A–B′, I–I′). Straight wall was observed for P. ruderale
long and straight cells in adaxial face), P. brasiliensis (both sides)
nd S. chilensis (both sides) (Fig. 4G–H′, J–J′). For the Lychnophora
pecies, the form of the cells was identified as straight, with the
ells in the adaxial face being more rounded and the abaxial cells

ore elongated (Fig. 4C–F and C′–F′).
The presence of glandular (GT) and non-glandular trichomes

NGT) were verified to the C. uniflora, C. nutans (NGT only), L. eri-
oides,  L. diamantinana,  L pinaster and L. salicifolia, S. chilensis and
ndings: A–J and A′–J′ . uniform epidermis of the leaf surface (both faces); A, B, I and
dermal cells; C–F and C′–F′ . straight wall of the epidermal cells in the adaxial face

S. trilobata (Figs. 5A–G′, 6A–G, 6A–H and 7A–H′′). The species P.
ruderale and P. brasiliensis presented glabrous leaf. In C. uniflora,
the GT are inserted in small depression in the epidermis and can
be multicellular and bicellular or capitate with unicellular pedi-
cel and globoid head (Figs. 5A and 6A). The Lychnophora species
evaluated showed GT concentrated on the abaxial face inclosed in
crypts (Figs. 5B–E and 6B–E). S. chilensis presented multicellular tri-
chomes, plurisseriate and/or capitate with unicellular pedicel with
elongated terminal cell (Figs. 5F–F′ ′, 6G). S. trilobata presented bis-
seried GT in depression and/or multicellular unisseriate GT with
elongated terminal cell (Figs. 5G, 6F).
Multicellular (5–8 cells) and unisseriate NGT were
observed in the species C. uniflora, S. chilensis and S. trilobata
(Figs. 7A, G–H and 8A, G–H′ ′). C. nutans presented long and
numerous trichomes (Figs. 7B and 8B). The Lychnophora species
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Fig. 5. Glandular trichome (GT) in cross-sections of leaves fully expanded of “arnicas”. Light microscopy: A. Calea uniflora; B. Lychnophora diamantinana; C. Lychnophora
ericoides;  D. Lychnophora pinaster; E. Lychnophora salicifolia; F, F′ , F′′ . Solidago chilensis; G, G′ . Sphagneticola trilobata; A, F′ , F′′ , G and G′ . staining with safranine; F. staining with
toluidine blue; B, C, D, E. uncolored. Findings: A. GT inserted in small depression and multicellular and bicellular or capited with unicellular pedicel and globoid head. B–D. GT
inclosed in crypts; F. GT multicellular plurisseriate and/or capitate with unicellular pedicel with elongated terminal cell; G. GT bisseried in depression and/or multicellular
unisseriate with elongated terminal cell.

Fig. 6. Glandular trichome (GT) of leaves fully expanded of “arnicas” by SEM. A. Calea uniflora; B. Lychnophora diamantinana; C. Lychnophora ericoides; D. Lychnophora
pinaster;  E. Lychnophora salicifolia; F. Sphagneticola trilobata; G. Solidago chilensis. Abbreviations: EP, epidermis; ST, stoma; GT, glandular trichome; NGT, non glandular
trichome. Findings: A. GT inserted in small depression and multicellular and bicellular or capited with unicellular pedicel and globoid head; B–D. GT inclosed in crypts; F. GT
multicellular plurisseriate and/or capitate with unicellular pedicel with elongated terminal cell; G. GT bisseried in depression and/or multicellular unisseriate with elongated
terminal cell.

Fig. 7. Non glandular trichome (NGT) in cross section of leaves fully expanded of “arnicas”. A. Calea uniflora; B, B′ . Chaptalia nutans; C. Lychnophora diamantinana; D.
Lychnophora ericoides; E. Lychnophora pinaster; F. Lychnophora salicifolia; G, G′ . Solidago chilensis; H. Sphagneticola trilobata; Findings: A, G, G′ , H. staining with safranine; B, C,
D,  E, F. uncolored; A, G, G′ , H. multicellular (5–8 cells) and unisseriate NGT; B. long and numerous NGT; C, F. starred trichomes (3–5 arms); G, G′ . elongated TNG, with slightly
enlarged base and slim terminal cell; H. NGT with the basal cell of verrucous cuticle.
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Fig. 8. Non-glandular trichome (NGT) of leaves fully expanded of “arnicas” by SEM. A, A′ . Calea uniflora; B, B′ . Chaptalia nutans;  C, C′ . Lychnophora diamantinana; D. Lychnophora
ericoides;  E. Lychnophora pinaster; F. Lychnophora salicifolia; G. Solidago chilensis; H, H′ , H′′ . Sphagneticola trilobata; Abbreviations: EP, epidermis; ST, stoma; GT, glandular
trichome; NGT, non glandular trichome. Findings: A, G–H. multicellular (5–8 cells) and unisseriate NGT; B. long and numerous NGT; C–F. starred trichomes (3–5 arms); G.
elongated TNG, with slightly enlarged base and slim terminal cell; H. NGT with the basal cell of verrucous cuticle.

Fig. 9. Intermediate region of mesophyll (IRM) in cross section of leaves fully expanded of “arnicas”. A. Calea uniflora; B. Chaptalia nutans; C. Lychnophora diamantinana. D.
Lychnophora ericoides; E. Lychnophora pinaster; F. Lychnophora salicifolia; G. Porophyllum ruderale; H. Pseudobrickellia brasiliensis; I. Solidago chilensis; J. Sphagneticola trilobata.
Abbreviations: CUT, cuticule; PP, palisade parenchyma; LP, lacunar parenchyma; AP, aquiferous parenchyma; PR, regular parenchyma; VB, vascular bundle blond; ESC,
sclerehyde; EP, epidermis; GT, glandular trichome; NGT, non-glandular trichome; IC, internal cavity. Findings: A–F. staining with ruthenium red; G, J. staining with toluidine
b  and a
b  paren
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lue;  A, B, G, J. dorsiventral parenchyma; C–F. palisade (adaxial), spongy (abaxial)
undle  sheath; H. homogenous mesophyll; I. isobilateral mesophyll and aquiferous

resented starred trichomes (3–5 arms) varying in size and width,
ith cellulosic thickening and concentrated on the abaxial face of
he leaf between crypts (Figs. 7C–F and 8C–F). S. chilensis showed
longated TNG, with slightly enlarged base and slim terminal cell
Figs. 7G–G′ and 8G–G′ ′). S. trilobata presented trichomes with the
asal cell of verrucous cuticle (Figs. 7H and 8H–H′ ′).
quiferous parenchyma strata close to the vascular bundles with extension of the
chyma (interconnecting the vascular bundles); A–J. collateral type of the bundles.

The intermediate region of the mesophyll (IR) was dorsiven-
tral parenchyma for the species C. uniflora, C. nutans, P. ruderale

and S. trilobata (A, B, G, J). The Lychnophora species presented pal-
isade (adaxial), spongy (abaxial) and aquifer parenchyma strata
close to the vascular bundles with extension of the bundle
sheath, except to L. pinaster (Fig. 9C–F). P. brasiliensis presented
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Fig. 10. Leaf margin in cross section of leaves fully expanded of “arnicas”. A. Calea uniflora; B. Chaptalia nutans; C, C′ . Lychnophora diamantinana; D. Lychnophora ericoides;
E.  Lychnophora pinaster; F. Lychnophora salicifolia; G, G′ . Porophyllum ruderale; H. Pseudobrickellia brasiliensis; I. Solidago chilensis; J. Sphagneticola trilobata; A, B, F. staining
with  ferric chloride; C–E and G–I. staining with ruthenium red; J. toluidine blue. Findings: A–F, J. rounded and flexed sheet edge for the abaxial face; C–F. flexion with a final
margin narrowing. I. discrete flexion of the margin with epidermal projections to the outside of the leaf; G–H. straight margin, without flexion or little flexure. G, G′ . large
secretory cavity on the margin of leaf.
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ig. 11. Analyses of leaves fully expanded of Arnica montana by SEM. A. adaxial fac
.  GT.

omogenous mesophyll, without distinction between the cells
Fig. 9H). S. chilensis presented mesophyll of the isobilateral type
ith presence of aquifer parenchyma in the medial region of the
esophyll and interconnecting the vascular bundles (Fig. 9I). In

ll species, the bundles were of the collateral type, distributed

n the median region of the mesophyll, being surrounded by a
arenchymatic sheath. In the species C. uniflora and S. chilensis,
hese may  be associated with secretory ducts (Fig. 9A, I). The
ychnophora presented extension of the sheath of the bundle and
baxial surface; C. stomata; D. base of the NGT; E. peduncle of NGT; F. apex of NGT.

also larger dimensions of the region where the vascular bundles
meet (Fig. 9C–F). The presence of crystal idioblasts was verified
in the L. diamantinana (small druses). The occurrence of phenolic,
lipophilic and pectic compounds was also verified (Item 4.2).
Leaf margin
In the present study, among the “arnica” specimens, there

was a difference in leaf margin in relation to flexion and distri-
bution of parenchyma cells. The species C. uniflora, C. nutans,  L.
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Fig. 12. Flowchart to quality control of the “arnicas” evaluated using the leaves fully expanded, through the middle vein. Orange, anatomical parameters; Blue, anatomical
definition and target; Green, specie confirmation.
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ig. 13. Flowchart to quality control of the “arnicas” evaluated using the leaves f
efinition and target; Green, specie confirmation.

ricoides, L. diamantinana,  L. pinaster, L. salicifolia and S. trilobata
howed rounded and revolute leaf border toward the abaxial face
Fig. 10A–F, J). For the Lychnophora species there is marked flexion
ith a final margin narrowing (Fig. 10C–F). S. chilensis presented
iscrete flexion of the margin and with epidermal projections to
he outside of the leaf (Fig. 10I). On the other side, the species P.

uderale and P. brasiliensis showed a straight margin, without or
ittle flexion (Fig. 10G–H). In particular, there is a large secretory
avity present on the margin of P. ruderale (Fig. 10G–G′). The orga-
ization of the mesophyll cells follows the same distribution of the
xpanded, through the stomata. Orange, anatomical parameters; Blue, anatomical

intermediate portion, with exception for S. chilensis with predom-
inance of aquifer parenchyma (Fig. 10I).

A. montana (“the true Arnica”)
Analyses of the A. montana leaves were performed only by

scanning electron microscopy (Fig. 11A–G). We  are observed the

amphistomatic pattern of the leaves, with a greater number of
stomata on the abaxial face of the leaf (Fig. 11A and B). Stoma was
lightly projected onto the epidermis (Fig. 11C). The non-glandular
trichomes (4–5 cells) showed a verrucous apical cell and smooth
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Fig. 14. Flowchart to quality control of the “arnicas” evaluated using the leaves fully expanded, through the trichomes. Orange, anatomical parameters; Blue, anatomical
d
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efinition and target; Green, specie confirmation.

uticle to the base cells (Fig. 11A–B, D–F). The glandular trichomes
re capitate (Fig. 1G).

dentification flowchart for the “arnicas” evaluated in this study

To systematize the micromorphological characterization of the
arnicas” evaluated in this study, a flowchart was created to differ-
ntiate the species. Diagnostic anatomical elements were identified
nd plotted making possible the quick identification of species,
ntact or crushed (Figs. 12–14).

istochemical characterization

The histochemical tests revealed that secondary metabolites the

ain chemotaxonomic markers of the “Arnicas” were secreted and

ccumulated in specifics secretory structures such as glandular tri-
homes, epidermal idioblasts, secretory tissues such as palisade
nd spongy chlorophyll parenchyma, the middle vein in the leaves
and in the internal secretory structures. The figures show pos-
itive reactions to: lipophilic substances, evidenced by Sudan IV
(Figs. 15 and 16) in orange to red; sesquiterpene lactones evidenced
by sulphuric acid (Figs. 17 and 18) in red to orange and yellow and
phenolic compounds evidenced by ferric chloride (Figs. 19 and 20)
with brown color.

The histochemical reactions, classes of metabolites found and
the sites of secretion in the evaluated species will be show in
Table 2.

Chemical review

The phytochemical review of the species of “arnica” reveals

diversification of compounds. Based on the data obtained, is pos-
sible verify the main classes of metabolites in each of the species
(Fig. 21). Table 3 compiles the literary findings referring to the main
substances described for each of the species.
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Fig. 15. Histochemical reaction for lipophilic substances in cross-sections of leaves of “arnicas”, highlighted by Sudan. Light microscopy. The figure shows positive reactions
(red)  for lipophilic substances with accumulation of metabolites in glandular trichomes. A, A′ . Calea uniflora; B, B′ . Lychnophora diamantinana;  C. Lychnophora ericoides; D.
Lychnophora pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G. Sphagneticola trilobata.

Fig. 16. Histochemical reaction for lipophilic substances in cross-sections of leaves of “arnicas”, highlighted by Sudan. Light microscopy. The figure shows positive reactions
for  lipophilic substances with accumulation and secretion of metabolites in the epidermal cells and other secretory structures of leaves. A, A′ .  Calea uniflora; B. Lychnophora
diamantinana;  C. Lychnophora ericoides; D. Lychnophora pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G. Sphagneticola trilobata. Findings: A, B′′ , C′ , D′ , I′ ,  F′ . midvein
with  accumulation of metabolites in parenchyma cells. A′ , B, B′ , C, D, D′ , E, F′ , G, H, I, J. accumulation of metabolites in the epidermis and/or chlorophyll parenchyma of the
mesophyll; A, A′ , G, I, I′ . accumulation of metabolites in the internal secretory structure. Reaction pattern at the tip of the arrow (red).
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Fig. 17. Histochemical reaction for screening of sesquiterpene lactones in cross-sections of leaves of “Arnicas”, evidenced by sulphuric acid. Light microscopy. The figure
shows  positive reactions (brown/orange) for screening of sesquiterpene lactones with accumulation of metabolites in glandular trichomes. A. Calea uniflora; B. Lychnophora
diamantinana;  C. Lychnophora ericoides; D. Lychnophora pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G, G′ . Sphagneticola trilobata.

Fig. 18. Histochemical reaction for screening of sesquiterpene lactones in cross-sections of leaves of “arnicas”, evidenced by sulphuric acid. Light microscopy. The figure shows
positive reactions for screening of sesquiterpene lactones with accumulation and secretion of metabolites in the epidermal cells and other secretory structures of leaves.
A phora
F  cells;
p ecret

D

M

s

.  Calea uniflora; B. Lychnophora diamantinana;  C. Lychnophora ericoides; D. Lychno
indings: B, D, E, F′ , H. midvein with accumulation of metabolites in parenchyma
arenchyma of the mesophyll; F, G, H. accumulation of metabolites in the internal s

iscussion
icromorphological characterization

The anatomical data observed in the middle vein (MV) for the
pecies C. uniflora, C. nutans and S. chilensis are in agreement with
 pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G. Sphagneticola trilobata.
 A, C, F, G, H, I. accumulation of metabolites in the epidermis and/or chlorophyll
ory structure. Reaction pattern at the tip of the arrow (brown/orange).

those described by Budel et al. (2006), Empinotti and Duarte (2006)
and Souza et al. (2017), respectively. The MV observed in S. trilo-

bata and P. ruderale was according to Baccarin et al. (2009) and
Milan et al. (2006), respectively. The leaves of the Lychnophora are
relatively similar: the MV of L. salicifolia, L. pinaster and L. diamanti-
nana presented adaxial face with central depression and abaxial
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Fig. 19. Histochemical reaction for phenolic substances in cross-sections of leaves of “arnicas”, highlighted by ferric chloride. Light microscopy. The figure shows positive
reactions (brown) for phenolic substances with accumulation of metabolites in glandular trichomes. A. Calea uniflora; B. Lychnophora diamantinana; C. Lychnophora ericoides;
D.  Lychnophora pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G. Sphagneticola trilobata.

Table 2
Histochemical tests and suggested metabolic classes for leaf secretions of “Arnicas” species.

Species Histochemical tests Sudan IV Sulphuric acid Ruthenium red Ferric chloride
Metabolic classes Lipophilic substances Sesquiterpene lactones Pectic compounds Phenolic compounds

Arnica montana IR, GT, MD SS Not identified IR, GT, MD,  EP IR, MS,  MD
Calea  uniflora IR, GT, MD SS IR, GT GT, SS IR, GT, MD,  SS
Chaptalia nutans IR EP IR, MD, IR, SS MS
Sphagneticola trilobata IR, GT, MD, SS EP IR, GT IR, GT, MD,  SS IR, GT, MD,  SS
Solidago chilensis IR, GT SS IR, GT, MD, SS IR, GT, SS, NGT IR, GT, MD,  SS
Porophyllum ruderale IR, MD,  SS – IR, MD,  SS IR, MD,  SS
Pseudobrickellia brasiliensis MS SS, MS MS  MS
Lychnophora ericoides IR, GT, MD GT, MD IR, MD,  NGT IR, GT, MD,  NGT
Lychnphora saicifolia IR, GT, MD GT IR, GT, MD,  NGT IR, GT, MD,  NGT
Lychnophora pinaster IR, GT, MD GT IR, MD,  NGT IR, GT, MD,  NGT
Lychnophora diamantinana IR, GT, MD, NGT GT, MD IR, GT, MD,  NGT, EP IR, GT, MD,  NGT
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R, intermediate mesophyll region; EP, epidermal cells; ST, stomata; MV, middle ve
S,  secretory structure.

urface with rounded projection. L. ericoides presented on the adax-
al face discrete central depression and abaxial surface also with
ounded projection. Through the characterization of the MV of the
arnica” species, it was  possible to obtain a preliminary differen-
iation among the evaluated species, especially in relation to the
orm of MV,  being an important anatomical character for quality
ontrol.

In relation to epidermal attachments, we observe variable struc-
ures of great diagnostic value for taxonomy, such as glandular
richomes (GT) that are involved in the secretion of various bioac-
ive substances (Lusa et al., 2016a,b). In the present study, different
ypes of GT were described, being able to be used for quality con-
rol of the species. The findings regarding S. chilensis differ from
hose registered by Souza et al. (2017) that describes, through para-
ermal sections, only the presence of non-glandular trichomes in
he leaves of the specie, while we observed the presence of non-
landular trichomes and glandular trichomes in cross-sections. In S.
rilobata the GT were present in two forms: bisseriate in depression

nd a multicellular with elongated apex, identified for the first time.
or C. uniflora, the GT are according to description made by Budel
t al. (2006). For the Lychnophora genus, GT were detected on the
, glandular trichome; NGT, non-glandular trichome; MS,  mesophyll; “–”, negative;

abaxial surface, between the crypts. These data are correlate with
those described by Lusa et al. (2016a,b) for other Lychnophora
species. No glandular trichomes was found in the species P. rud-
erale and C. nutans, in agreement with described by Empinotti and
Duarte (2006) and Duarte et al. (2007), respectively. In P. brasiliensis
no GT was observed either.

Some anatomical diagnostic features were observed through
non glandular trichomes (NGT). In P. ruderale, a leaf glabrous was
observed, without the trichomes previously described by Duarte
et al. (2007). The absence of hairs was  also observed for P. brasilien-
sis.  In C. nutans numerous NGT were found predominantly on the
abaxial surface (Empinotti and Duarte, 2006). In relation to S. chilen-
sis, S. trilobata and C. uniflora, similar anatomical findings were
described by Souza et al. (2017), Baccarin et al. (2009) and Budel
et al. (2006).

According to Metcalfe and Chalk (1988) anomocytic stomata are
characteristic of the Asteraceae family, as we observed predomi-
nantly. For the Lychnophora it was not possible to characterize the

type of stomata due to the innumerable presence of non-glandular
trichomes and also by the stomata being inserted in the crypts,
making their visualization even more difficult.
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Fig. 20. Histochemical reaction for phenolic substances in cross-sections of leaves of “arnicas”, highlighted by ferric chloride. Light microscopy. The figure shows positive
reactions for phenolic substances with accumulation and secretion of metabolites in the epidermal cells and other secretory structures of leaves. A. Calea uniflora; B.
Lychnophora diamantinana;  C. Lychnophora ericoides; D. Lychnophora pinaster; E. Lychnophora salicifolia; F. Solidago chilensis; G. Sphagneticola trilobata. Findings: A′ , B′ ,  C, D, E,
F,  F′ , I, J′ . midvein with accumulation of metabolites in parenchyma cells; A, B, C, D′ , G, G′ , H, I, J. accumulation of metabolites in the epidermis and/or chlorophyll parenchyma
of  the mesophyll; A′ , G, I′ , J. accumulation of metabolites in the internal secretory structure. Reaction pattern at the tip of the arrow (brown).
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Table 3
Review of main compounds described for the known species of the “arnicas” in Brazil.

Compounds A. mon-
tana

S. trilo-
bata

S.
chilensis

C.
uniflora

P. rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

Flavone
Apigenin x(F,G)

Apigenin glycosylated x(F,G)

Chrysin x(F) x(K) x(K) x(G)

Chrysin glycosyl x(F,G)

Luteolin x(k) x(a) x(C)

Luteolin glycosil x(F)

3′ ,4′ ,7-Trihydroxi-flavone-7-O-�-
glucopyranosyl

x(s)

5,4′-Dihydroxy-7-methoxyflavone x(j)

5,3′ ,4′-Trihydroxy-7-
methoxyflavone

x(j)

5,7-Dihydroxy-4′-methoxyflavone
(acacetin)

x(F)

3,7,4′-Trihydroxyflavanone
(garbanzol)

x(F)

3-Methyl-galangin x(F)

Flavanone
Naringenin x(F,G)

Pinocembrin x(F,G) x(K) x(K) x(G)

Pinostrobin x(F,G) x(K) x(K) x(G)

Naringenin x(F,G)

Pinocembrin x(F,G) x(K) x(K) x(G)

Pinobanksin x(F,G) x(K) x

Flavonol
Afzelechin x(a)

Galangin x(F)

Kaempferol x(N) x(a)

Resokaempferol x(F)

Patuletin x(N) x(a)

Quercetin x(N) x(k) x(b) x(s) x(v) x(A) x(C) x(F,G) x(J) x(M)

Quercetin heterozyl x(N) x(k) x(a) x(s)

Quercetin-7,3′ ,4′-trimethyl ether x(J)

Quercetol x(F,G)

Rutin x(N) x(v)

Chalcone
Butein chalcona x(r)

Butein 4′-O-glucopyranosyl x(r)

�-Hydroxy-butein x(r)

2′ ,4-Hihydroxy-3-methoxy-
chalcone-4′-O-�-glucopyranosyl

x(s)

2′ ,4′ ,3,4-�-Pentahydroxychalcone x(s)

Pinostrobin chalcone x(F,G)
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Table 3 (Continued)

Compounds A. mon-
tana

S.  trilo-
bata

S.
chilensis

C.
uniflora

P.  rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

Coumarins
Umbeliferone x(O)

Escopoletin x(O) x(B)

7-O-�-D-Glucopyranosyl-
nutanocoumarin

x(B)

4-O-fl-Gluco-pyranosyl-5-
methylcoumarin

x(B)

9′-O-fl-D-Glucopyranosyl-
nutanocoumarin

x(B)

Nutanocumarin x(B)

Chromene
Eugenin x(r)

Noreugenin x(r)

Chromanone
2,2-Dimethyl-6-(1-hydroxy-ethyl)-
chromanone

x(t)

Uniflorol b x(t)

Uniflorol a x(t)

Organic acid derivatives
Quinic acid x(O) x(c,d) x(u,r) x(v)

Caffeic acid x(O) x(c) x(u,r) x(L)

Gallic acid x(d) x(r) x(v)

Ethyl caffeate x(m) x(r)

Cinnamic acid x(L)

3-O-Caffeoylquinic acid x(O) x(l) x(c) x(r) x(J)

4-O-Caffeoylquinic acid x(F) x(J)

5-O-Caffeoylquinic acid x(J) x(L)

3,4-O-Caffeoylquinic acid x(l) x(c) x(r) x(J)

4,5-O-Caffeoylquinic acid x(l) x(c) x(r) x(F) x(J)

3-O-p-Coumaroylquinic acid x(J)

4-O-p-Coumaroylquinic acid x(J)

5-O-p-Coumaroylquinic acid x(J)

3-O-E-Coumaroyl,5-O-p-
caffeoylquinic
acid

x(J)

3-O-E-Caffeoyl,5-O-p-
coumaroylquinic
acid

x(J)

4-O-Feruloyl 5-O-caffeoylquinic acid x(J)

3,4-di-O-p-Coumaroylquinic acid x(J)

4-Caffeoyl-5-feruloylquinic acid x(F)

4,5-Diferuloylquinic acid x(F)

3-O-Feruloylquinic acid x(F)

4-O-Feruloylquinic acid x(F)

5-O-Feruloylquinic acid x(F) x(J)

4-Hydroxy-3-methoxybenzoic acid
(vanillic acid)

x(j) x(s)

2-Senecioyl-4-(methoxy-ethyl)-
phenol

x(s)
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Table 3 (Continued)

Compounds A. mon-
tana

S. trilo-
bata

S.
chilensis

C.
uniflora

P. rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

2-Senecioyl-4-(angeloyloxy-ethyl)-
phenol

x(s)

2-Senecioyl-4-(pentadecanoyloxy-
ethyl)-phenol

x(s)

2-Senecioyl-4-(hydroxy-ethyl)-
phenol

x(s)

Protocatechuic acid x(J)

Monoterpenes
�-Pinene x(n) x(f) x(x) x(D)

�-Pinene x(n) x(f) x(x) x(D)

Mircene x(n) x(f) x(x)

�-3-Carene x(f)

�-Ocimene x(n) x(f) x(x)

Sesamol x(f)

Isolongifolene x(f)

Biciclogermacrene x(f)

1,10-di-epi-Cubenol x(f)

�-Cadinol x(f)

Cubenol x(f)

Sabinene x(n) x(f)

Terpin-4-ol x(f) x(x) x(D)

p-Cimen-8-ol x(f)

�-Bourbonene x(f)

�-Gurjunene x(f)

�-Thujene x(n)

1,3,8-p-Menthatriene x(n)

�-Campholenal x(n)

Tetrachyrin x(n)

�-Cubebene x(x)

Elemene x(x)

Isocomene x(x)

Sabinene x(x)

2,3-Dihidro-1,8-cineole x(x)

Terpinolene x(x)

trans-�-Ocimene x(x)

�-Ciclocitral x(x)

Cuminol x(x)

�-Terpinene x(D)

�-Terpinene x(D)

�-Terpineol x(D)

(−)-Germacra-1(10),5(e)-dien-4�-ol x(D)

Cumene x(R)

Camphene x(R) x(n) x(G)

Thuja-2,4(10)-diene x(R) x(n)

�-Phellandrene x(R) x(n) x(f) x(x)

�-Phellandrene x(x)

p-Cymene x(R) x(n) x(D)

Limonene x(R) x(f) x(x) x(D) x(G)

Linalool x(R) x(f) x(G)

�-Isocomene x(R) x(x)

Methyl eugenol x(R)

Caryophyllene x(R) x(f) x(G)
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Table 3 (Continued)

Compounds A. mon-
tana

S.  trilo-
bata

S.
chilensis

C.
uniflora

P.  rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

Sesquiterpenes
Eugenol x(R)

(Z)-�-Farnesene x(R) x(f)

�-Humulene x(R) x(f)

Germacrene D x(R) x(f) x(E)

�-Muurolene x(R)

�-Cadinene x(R) x(f)

�-Amorphene x(R)

�-Sesquiphellandrene x(R)

cis-Sesquisabinene hydrate x(R)

Spathulenol x(R) x(f) x(w) x(D)

Salvial-4(14)-isso-1-one x(R)

Humulene epoxide ii x(R)

�-Cadinol x(R)

epi-�-Bisabolol < x(R)

Cadalene x(R)

�-Bisabolol x(R)

Curcumene x(G)

Turmerol x(G)

Dihydro-ar-turmerone x(G)

�-Eudesmol x(f)

Diidroeudesmol x(f)

Caryophyllene x(f) x(D)

Nerolidol x(f)

Sesquiterpene lactones
Helenalin x(Q,P) x(g)

Helenalin methacrylate x(Q)

6-O-isobutyril-tetrahydrohelenalin x(Q)

Helenalin acetate x(Q)

11,13-dihydrohelenalin x(Q) x(g)

Arnicolide D x(Q)

Wedelolactone x(o)

Paludolactone x(o)

Trilobolide-6-O-isobutyrate x (p)

Triloboide-6-O-angelate x(p)

Triloboide-6-O-methacrylate x(p)

Oxidoisotrilobolide-6-O-isobutyrate x(p)

Oxidoisotrilobolide-6-O-
methacrylate

x(p)

Oxidoisotrilobolide-6-O-angelate x(p)

Wedeloide A x(p)

Wedeloide B x(p)

Desacetileupaserrine x(r)

2-�-Hydroxy-��-2′ ,3′ ,5′-trihydroxy-
angeloyloxycostunolíde

x(r)

2-�-hydroxy-��-3′-hydroxy-2′5′-
epoxiangeloyloxy-costunolide

x(r)

Ovatifolin x(r)

Crisanine x(D)

2′ ,3′-epoxy-15-deoxygoyazensolide x(G)

Dihydroeremantholide A x(G)
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Table 3 (Continued)

Compounds A. mon-
tana

S. trilo-
bata

S.
chilensis

C.
uniflora

P. rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

Eremantholide A x(G)

15-Desoxygoyazensolide x(G)

15-Acetoxygoyazensolide x(G)

Goyazensolid x(G)

(4S,6R,7S,8S,10R,11S)-1-oxo-3,10-
epoxy-8-angeloyloxygermacra-2-en-
6(12)-olide

x(I)

2′ ,3′-dihydro-15-
deoxygoyazensolide

x(G)

Lychnopholide x(G)

Lychnophorolide B x(G)

Costenolide x(G)

Eremanthin x(G)

Furanoheliangolyde x(G)

Goyazensolide x(G)

15-Acetoxycentratherin x(G)

Entraterine x(G)

Diterpenes
Xylopic acid x(q)

Solidagenone x(h)

Deoxysolidagenone x(h)

trans-Sabinol x(p)

ent-Kaur-16-em 19-oic acid
(kaurenoic acid)

x(p) x(D)

3�-Cinnamoyloxykaur-16-isso-19-
oic
acid

x(p)

3�-Tigloyloxykaur-16-isso-19-oic
acid

x(p)

ent-Kaur-9(11),dien-19-oic acid
(grandiflorenic acid)

x(p)

ent-Kaur-15-isso-19-oic acid (iso
kaurenoic acid)

x(p)

(3�)-3-(Angeloyloxy)-ent-kaur-16-
em-19-oic
acid

x(p)

3�-(Angeloyloxy)
9�-hydroxy-ent-kaur-16en-19-oic
acid

x(p)
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Table 3 (Continued)

Compounds A. mon-
tana

S.  trilo-
bata

S.
chilensis

C.
uniflora

P.  rud-
erale

C.
nutans

P.
brasiliensis

L.  eri-
coides

L. salici-
folia

L.
pinaster

L.
diamantinana

Triterpenes
Lupeol x(G) x(M)

Lupeol acetate x(G) x(M)

Lupanol acetate x(G)

Friedelin x(M)

Acetyl lychnopholic acid x(G) x(G) x(M) x(G)

�-Amirine x(D) x(G) x(G) x(M)

�-Amirine acetate x(D) x(G) x(M)

�-Amirine x(D) x(G) x(G) x(M)

�-Amirine acetate x(D) x(G) x(M)

Pseudotaraxasterol x(D)

3-O-Acetyl-pseudotaraxasterol x(M)

Taraxasterol x(D)

15-Acetoxycentratherin x(G)

Entratherin x(G)

Phytosteroids
4,4-Dimethyl-cholesta-22,24-dien-
5-ol

x(G)

Stigmasterol x(k) x(G)

Sitosterol x(G)

*Thiophene derivatives
5-Methyl-2,2′:5′ ,2′′-terthiophene x(y)

5′-Methyl-[5-(4-acetoxy-1-
butynyl)]-2,2′-bithiophene

x(y)

2,2′:5′ ,2′′-Terthiophene x(z)

5-(But-1-yn-1-yl)-2,2′-bithiophene x(z)

Cyanogenic glycoside
Prunasin x

Others
Acetophenone x(h)

3-Methoxybenzaldehyde x(i)

Tetrachyrin x(i)

Farnesyl acetate x(R)

Methyl linoleate x(R)

Cubebin x(G)

Methylclusin x(G)

Yatein x(G)

�-Methylcubebin x(G)

Hinokinin x(G)

Lychnopholic acid x (G) x (G) x (G) x(G)

Acetyl lychnopholic acid x (G) x (G) x (G) x(G)

References: (a) Freires et al., 2010; (b) Gastaldi et al., 2018; (c) Tamura et al., 2009; (d) Sabir et al., 2012; (e) Schmeda-Hirschmann et al., 2002; (f) Marin, 2014; (g) Prudêncio, 2012; (h) Vechia et al., 2016; (k) Carvalho et al., 2001;
(l)  Lang et al., 2017; (m)  Cechinel-Filho et al., 2004; (n) Verma et al., 2013; (o) Cechinel-Filho et al., 1997; (q) Batista et al., 2010; (r) Lima et al., 2015; (s) Lima et al., 2017; (t) Nascimento et al., 2007;  (u) Wildner, 2016; (v) Fonseca
et  al., 2006; (x) Guillet et al., 1998; (y) Takahashi et al., 2011; (w) Raggi, 2013; (z) Lima-Neto, 1996; (A) Badilla et al., 1999; (B) Truiti et al., 2003 (C) Almeida et al., 2017; (D) Amorim et al., 2016; (E) Bohlmann et al., 1984; (F)
Gobbo-Neto et al., 2005; (G) Semir et al., 2011; (H) Borella et al., 1998; (I) Sakamoto et al., 2003; (J) Gouvea et al., 2012; (K) Silva et al., 2013; (L) Ferreira et al., 2005; (M) Abreu et al., 2011; (N) Alfredo et al., 2008; (O) Nascimento
et  al., 2007; (P) Brazil, 2010; (Q) Marques, 2006; (R) Kowalski et al., 2015.
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dles corresponding to the middle vein. The receptacle, in cross
Fig. 21. Main classes of metabolites rep

To the S. chilensis, a high concentration of starch grains was  con-
rmed by the lugol test in the intermediary region of mesophyll (IR)
f mesophyll. In this taxa, the presence of druses in the MV region is
till observed. A study by Souza et al. (2017) evaluating this species,
escribed the presence of several calcium oxalate crystals in the
orms of raphides, prismatic crystals and druses, however, this was
ot observed in this work. S. trilobata presented druses in the MV
egion. According to Baccarin et al. (2009), calcium oxalate crystals
several druses and some prismatic crystals) were found only in
he stem section, so there was no description of their presence in
he leaves of S. trilobata before the present work. The presence of
mall druses is remarkable in the species L. diamantinana,  in every

egion of the mesophyll. In the other species of Lychnophora no crys-
als were observed. In P. brasiliensis and P. ruderale the presence of
rystals was also not observed.
 in each of the “arnicas” used in Brazil.

According to the Brazilian Phamacopea 5 ed. (Farmacopeia
Brasileira, 2010), A. montana (flowers) presents characteristics
quite different from those observed in Brazilian “arnica” species,
as in cross section. It is described the occurrence of non-glandular
trichomes of different types: uniseriate and multicellular, formed
by 4 or 5 cells and different sizes and uniseriate and multicel-
lular non-glandular trichomes, consisting of 1–3 proximal cells
with thickened walls and 2–4 distal thin-walled cells. Glandular
trichomes of unicular and multicellular pedicel, unicellular and
capitate; biseriate and pluricellular pedicel. Anomocytic stomata.
The bracts presents fundamental parenchyma, with vascular bun-
section, also shows fundamental parenchyma, with vascular bun-
dles and secretory channels. The corolla of the ligated flower, in
frontal view, presents epidermis of the adaxial face with cells of
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olygonal, papillary and anticline. The epidermis of the abaxial
ace presents cells of anticlinal walls elongated, almost straight,
ut undulating in the distal portion. In this way, the A. montana
icroanatomic identification must comply with the official com-

endia as, Pharmacopoea.

istochemical analyses

The histochemical analyses carried out for the ten species
f “arnicas” confirm the presence of chemical classes related to
mportant chemotaxonomic markers for the Asteraceae family
Keles et al., 2011). Among them, general phenolic compounds
nd terpenoids, including sesquiterpene lactones. The histochem-
cal analyses performed in this study indicate the glandular
richomes as the main site of synthesis and accumulation of chemo-
axonomic markers. However, we also observed other sites of
ynthesis/accumulation of the evaluated compounds, as the epi-
ermal idioblasts and parenchyma tissues in the fully expanded

eaves, as it was already described by Lusa et al. (2016a,b). In all the
ecretory structures identified, the secreted content can be consid-
red mixed, by the presence of more than one group of substances,
hich are generally accumulated at the same time, also according

o descriptions of Lusa et al. (2016a,b).
The indicative histochemical reaction for sesquiterpene lactones

lso points to glandular trichomes as the main site of synthesis and
ccumulation of these substances. This data is in agreement with
pring et al. (2001) that indicates the glandular trichomes as main
ites of synthesis and accumulation of sesquiterpene lactones in
pecies of the family. However, the histochemical indication of gen-
ral terpenoids accumulated in cells of parenchyma tissues (leaves)
ay  be related to the possible presence of lactones in glabrous leaf

pecies such as the species P. ruderale and P. brasiliensis.  Among the
econdary metabolites present in Asteraceae, terpenoids (mono,
esqui, di and triterpenes and sesquiterpene lactones) and phenolic
ompounds (flavonoids and cinnamic acid derivatives) are the most
epresentative classes of substances and are considered important
hemotaxonomic markers due to its enormous chemical variety
Lima et al., 2015).

hytochemical review

The phytochemical review showed different chemotaxonomic
arkers for the species. The most abundant metabolite classes

escribed for the species, respectively, are terpenes (mono and
esquiterpenes) for A. montana; derivatives of organic acids,
esquiterpene lactones and flavonoids for S. trilobata (Cechinel-
ilho et al., 2004; Lang et al., 2017); terpenes (monoterpenes and
esquiterpenes, including sesquiterpene lactones), flavonoids and
rganic acid derivatives for S. chilensis (Freires et al., 2010; Souza
t al., 2017); derivatives of phenolic acids, flavonoids, chromenes
nd chromanones in C. uniflora (Lima et al., 2015); monoterpenes
n P. ruderale (Fonseca et al., 2006); monoterpenes and coumarins
n C. nutans (Gastaldi et al., 2018); triterpenes, monoterpenes and
avonoids in P. brasiliensis (Tamura et al., 2009). For species of the
enus Lychnophora, flavonoids, organic acid derivatives, sesquiter-
ene lactones and triterpenes were observed (Semir et al., 2011).

Some similarities and differences between species can be veri-
ed, as the presence of flavonoids such as the chalcone pinostrobin
nd the flavone crisin in the species L. ericoides, L. diamantinana,  L.
alicifolia and L. pinaster (Semir et al., 2011). The flavone quercitin
nd the flavonol patuletin are present in S. chilensis and A. mon-

ana (Valverde et al., 2012; Marin, 2014). The chalcone butein was
eported for C. uniflora (Lima et al., 2017), and methoxyflavones in S.
rilobata (Lang et al., 2017). The presence of the ubiquitous pheno-
ic acids quinic, caffeic and feluric are described in all the species of
armacognosia 29 (2019) 401–424

“arnicas” studied (Empinotti and Duarte, 2006; Semir et al., 2011;
Marin, 2014; Lima et al., 2017; Lusa et al., 2016a,b; Lang et al.,  2017).

Lipophilic substances include terpenes, free fatty acids,
flavonoid aglycons, waxes, essential oils, among others. The pres-
ence of sesquiterpene lactones and diterpenes in the “arnicas” are
described as chemical markers such as the sesquiterpene lactone
helenalin present in A. montana (Farmacopeia Brasileira, 2010).
Another example is the presence of diterpene solidagenone in S.
chilensis, used as a marker for quality control of the plant drug
(Valverde et al.,  2012).

Phytochemical studies with species of the Vernonieae tribe
address the predominance of sesquiterpenes (66%) (Keles et al.,
2011). Through the compilation of several authors by Semir et al.
(2011) reported a large concentration of sesquiterpenes in the
genus Lychnophora, including the species L. ericoides, L. diamanti-
nana, L. salicifolia and L. pinaster, with emphasis on sesquiterpene
lactones.

S. trilobata presents a high concentration of monoterpenes,
diterpenes and sesquiterpenes, for example, the sesquiterpene
lactone paludolactone and the wedeloides A and B (Lang et al.,
2017). The C. uniflora is known for the presence of substances
with lipophilic characteristics, namely the sesquiterpene lactones
desacethyleupaserrin and ovatifolin (Lima et al., 2017). The species
is rich in flavonoids, chromenes and phenolic acids. The arnica P.
ruderale presents expressive amount of monoterpenes as �-pinene,
mircene, limonene among others. For C. nutans there are not many
literatures referring to the chemical profile of the plant, in these
the presence of polyphenols and flavonoids, coumarins, cyanogenic
glucosides is observed (Badilla et al., 1999; Truiti et al., 2003). Gen-
erally, a review by Chadwick et al. (2013) have pointed out that
sesquiterpenoids, specifically the sesquiterpene lactones of Aster-
aceae, may  play a significant role in human health due to their
potential for the treatment of various pathologies, in addition to
being related to plant metabolism against exogenous predators.

Conclusions

The information about plant morphology, histology and sec-
ondary metabolites in plants are some of the fundamental factors
that support the chemical investigations of the species, since there
are still few studies that show which are the structures responsible
for the production of chemotaxonomic markers as well as occur-
rence sites in species and/or genera. In view of the use of these
species of “arnica” with medicinal purpose in Brazil and the little
knowledge about the chemotaxonomy and scientific evidence of its
therapeutic potentials it is relevant to investigate, besides morpho-
logical and anatomical aspects of the species, the chemical profile
of the extracts of these plants from traditional preparations.
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de  Concentraç ão de Plantas Vasculares em Análises Ambientais, Instituto de
Botânica da Secretaria do Meio Ambiente.

odríguez-Chávez, J.L., Egas, V., Linares, E., Bye, R., Hernández, T., Espinosa-García,
F.J., Delgado, G., 2017. Mexican arnica (Heterotheca inuloides Cass Asteraceae:
Astereae). J. Ethnopharmacol. 195, 39–63.

abir, S.M., Ahmad, S.D., Hamid, A., Khan, M.Q., Athayde, M.L., Santos, D.B., Boligon,
A.A., Rocha, J.B.T., 2012. Antioxidant and hepatoprotective activity of ethanolic
extract of leaves of Solidago microglossa containing polyphenolic compounds.
Food Chem. 131, 741–747.

akai, W.S., 1973. Simple method for differential staining of paraffinn embedded
-plant material using toluidine blue. Stain Technol. 43, 247–249.

akamoto, H.T., Flausino, D., Castellano, E.E., Stark, C.B.W., Gates, P.J., Lopes, N.P.,
2003. Sesquiterpene lactones from Lychnophora ericoides. J. Nat. Prod. 66,
695–963.

ales, M.D.C., Sartor, E.B., Gentilli, R.M., 2015. Ethnobotany and ethnopharmacol-
ogy: traditional medicine and the bioprospection of phytotherapics. Salus J. Res.
Health Sci. 1, 17–25.

andini, T.M., Udo, M.S.B., Spinosa, H.S., 2013. Senecio brasiliensis e alcaloides pir-
rolizidínicos: toxicidade em animais e na saúde humana. Biotemas 26, 83–92.

chmeda-Hirschmann, G., Rodriguez, J., Astudillo, L., 2002. Gastroprotective activity
of the diterpene solidagenone and its derivatives on experimentally induced
gastric lesions in mice. J. Ethnopharmacol. 81, 111–115.
emir, J., Rezende, A.R., Monge, M.,  Lopes, N.P., 2011. As arnicas endêmicas das serras
do Brasil: Uma  revisão sobre a biologia e a química das espécies de Lychnophora
(Asteraceae), 1st ed. UFOP, Ouro Preto, MG.

ilva, P.S.S., Linhares, J.F.P., Marques, M.O.M., 2013. Caracterizaç ão morfológica,
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Pós-graduaç ão em Farmácia, Universidade Federal de Santa Catarina. Flori-
anópolis.

http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0230
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0235
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0240
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0245
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0250
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0255
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0260
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0265
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0270
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0275
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0280
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0285
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0290
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0295
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0305
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0310
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0315
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320
http://refhub.elsevier.com/S0102-695X(18)30616-1/sbref0320

	“Arnicas” from Brazil: comparative analysis among ten species
	Introduction
	Material and methods
	Plant material used in this study
	Anatomical analysis
	Histochemical reactions
	Images capturing
	Scanning electron microscopy (SEM)
	Phytochemical review

	Results
	Micromorphological characterization
	Middle vein
	Intermediate region of the mesophyll
	Leaf margin
	A. montana (“the true Arnica”)

	Identification flowchart for the “arnicas” evaluated in this study
	Histochemical characterization
	Chemical review

	Discussion
	Micromorphological characterization
	Histochemical analyses
	Phytochemical review

	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Authors’ contributions
	Conflicts of interest
	Acknowledgments
	Appendix A Supplementary data
	References


