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Psychotria fractistipula L.B.Sm, R.M. Klein & Delprete (Rubiaceae) is found in the existing Atlantic
Forest in the South of Brazil, in the Parana and Santa Catarina States. The members of Rubiaceae
are characterized chemically by the presence of alkaloids, some pharmacological properties of which
include antifungal, antibacterial, analgesic, antioxidant, antimutagenic, and antiviral activities. In
this study, we report the results of anatomical, morphological, and histochemical analyses of the
leaves and stems of the Rubiaceae family member, P. fractistipula. The anatomical analysis involved
of light microscopy and scanning electron microscopy. Morpho-anatomical and histochemical
characterization were made using standard methodology. The isolated compounds were identified
by Nuclear Magnetic Resonance spectroscopic analysis. The following structures are highlighted
as the distinctive features of the species: presence of petiolate leaves and a petiole base, leaf blade
with smooth cuticle on both surfaces, paracytic stomata, and, dorsiventral mesophyll and presence
of trichomes on the leaves and stems. Phytosteroids, identified as 3-sitosterol and campesterol, were
observed in the hexane fraction of the stem. Future studies should focus on the isolation of other
fractions of interest and their characterization through specific biological and cytotoxicity assays.
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INTRODUCTION

The family Rubiaceae is diverse and represented
by small trees and shrubs. It includes approximately 630
genera, and is found all over the world, except in Antarctica.
Its identifying features usually include opposite leaves
and interpetiolar stipules (Karao et al., 2011; Taylor et
al., 2007). The genus Psychotria is considered the largest
genus of this botanical family. It is characterized by the
presence of alkaloids, although it should be stressed
that the members of Rubiaceae also have the following
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compounds: coumarins, triterpenes, steroids, saponins,
iridoids, and anthraquinones (Souza and Lorenzi, 2005).
In Brazil, approximately 252 species of Psychotria can be
found spread across the national territory. P. fractistipula
is native and endemic to Brazil and is only found in the
States of Parana and Santa Catarina (Taylor ef al., 2015).
Members of the Rubiaceae family share common
anatomical features, including hypoestomatic sheets,
dorsiventral mesophyll, paracytic stomata, and vascular
collateral bundles (Metcalf and Chalk, 1959). The presence
of domains is also a common feature in this family (Barros
1959, Moraes et al., 2011). These characteristics are
present in Psychotria, along with the presence of styloid
crystals and alkaloids in the mesophyll cells (Moraes et
al., 2011), as well as a defined structure of the vascular
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bundle of the petiole, which appears to be diagnostic for
the genus (Martinez-Cabrera et al., 2009). The presence
of palipolytic cells in the epidermis also seems to be an
important taxonomic character (Moraes et al., 2011, Vieira
et al., 1992). The anatomical characteristics are important
for the identification of species of pharmacological
importance, since the commercialized material is
scratched and difficult to identify.

In a preliminary phytochemical analysis, thin-layer
chromatography (TLC) of this species showed it to be
positive for alkaloid, flavonoid, tannins, steroids, and
triterpenes, which were present in the leaves and stem
(Oliveira et al., 2014). As there is an absence of morpho-
anatomical studies and a scarcity of phytochemical studies,
the objective of the present work was to characterize the
morphology and histochemical properties of Psychotria
fractistipula, and the identification of hitherto unidentified
steroids produced by this species.

MATERIAL AND METHODS
Plant Material

The aerial vegetative parts of Psychotria fractistipula
were collected in the city of Curitiba (49°14°27”W and
25°26°54”S), Parana, Brazil, in March of 2014. The
biologist and curator of the Municipal Botanical Museum,
Osmar dos Santos Ribas, carried out the identification
of the plant species, and the voucher specimen was
deposited in the museum under the number MBM 389153.
The research was authorized by IBAMA, case number
02001.001165/2013-47.

Morpho-anatomical study

Adult leaves of 3 plants were collected and fixed in
FA A 70 and stocked in a 70% (v/v) ethanol solution (Berlyn
and Miksche, 1976). Semi-permanent slides were prepared
using transverse and longitudinal. (Oliveira and Akisue,
2000), and subjected to coloring with astra blue and basic
fuchsin (O’Brien et al., 1964). The slides were mounted
with a solution of glycerin (50%) (Berlyn and Miksche,
1976) and colorless enamel was used for the coating. The
following dyes were used in the histochemical tests: acid
phoroglucine, to observe the lignified structures; Sudan
111, to identify lipophilic compounds; ferric chloride, to
provide evidence of phenolic compounds; Lugol’s iodine,
to detect starch; Dragendorff’s reagent, to detect alkaloids;
and hydrochloric acid (1%), to confirm the chemical nature
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of the crystals. The images were recorded in an Olympus
CX 31 optical microscope attached to an Olympus
¢-7070 photographic camera. A structural analysis of the
surface was conducted via scanning electron microscopy
(SEM), with material fixed in FAA 70, dehydrated in an
ascending ethanol series, and submitted to metallization
in gold (Souza, 2007) by means of the Balzers CPD-010
equipment. The analysis was performed with a Tescan
Vega 3 electron microscope.

Obtaining the extract, fractioning, and
isolating the chemical compounds

After the plant material was dried at room
temperature, sectioning was performed on the cutting
mill. The milled material (800 g) was subjected to
extraction in a Soxhlet apparatus, with 3 L ethanol
(purity 96°GL). After concentration in the rotary
evaporator, the extract was fractionated with hexane in
a modified Soxhlet apparatus (Carvalho et al., 2006),
thus obtaining the hexane fraction. The hexane fraction
was subjected to column chromatography using
silica gel 60 Merck (0,063—0,200 mm) to isolate the
compounds of interest. The mobile phase was a mixture
of hexane and ethyl acetate, starting with 100% hexane,
followed by the addition of ethyl acetate from 5% to
100%. Approximately 10 mL fraction was collected in
each bottle. After evaporation of the collected eluates,
bottle number 25 (called HF-25) was chosen owing to
the presence of crystals. These crystals were treated
with petroleum ether and placed in the freezer for
purification, after which the supernatant was removed.

After drying, the crystals were solubilized in CDCI,
containing 0.05% of tetramethylsilane (TMS), and
subjected to spectroscopic analysis of 'H and *C{'H}
NMR in an NMR Bruker DPX 200 instrument, equipped
with a quadrinuclear 5 mm probe, for direct observation
(*H, BC, "F e *'P) at ambient temperature, operating at
4.7 Tesla, and observations of the 'H and '*C nuclei at
200.13 and 50.62 MHz, respectively. The chemical shifts
were expressed in ppm and referenced in relation to the
TMS signal, used as an internal reference, at 0.00 ppm.

RESULTS AND DISCUSSION
Macroscopic description

Psychotria fractistipula is an herbaceous plant of 0.5-
1.50 m in height (Figure 1A). Their leaves are 5.46 cm long
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and 2 cm wide (Figure 1B, C); they have an acute apex, a
base attenuated petiole, an entire leaf margin, and display
opposite phyllotaxis. The fruit is green when it is unripe
and has an orange-reddish color when it is ripe (Figure
1A). It has persistent and apical stipules (Figure 1D, 1E).

FIGURE 1 - Psychotria fractistipula L.B.Sm. RM. Klein &
Delprete. AB: Appearance of aerial reproductive and vegetative
organs. C: Appearance of leaves ab: abaxial surface, ad: adaxial
surface. D: apical portion of the leaves ea: stipule apical, no in
stem apex. E: Appearance of stem ep: persistent stipule.

Morpho-anatomical study

The surface of the leaf cuticle of P. fractistipula is
smooth (Figure 2A). In contrast, P. viridis has a striated

cuticle on both leaf surfaces, although, the cuticle is
thicker on the adaxial surface (Martins et al., 20006).
On the contrary, P. stenocalix has striated cuticle on the
leaves subjected to greater sun exposure, and a smooth
surface on the leaves growing in the shade, while P.
tenuinervis also had striation on the shaded leaves
(Gomes et al., 1995). It appears that cuticular striations
in Psychotria may be related to solar incidence. As
P. fractistipula typically occurs in shaded places,
the smooth cuticle can be regarded as an important
distinguishing characteristic.

The epidermis of the leaf fronds of P. fractistipula,
in front view, exhibits polygonal cells with straight
anticlinal walls on both the faces (Figure 2B, 2C).
A similar pattern was found in P. viridis (Martins
et al., 2006). However, this species differs from P.
fractistipula because of the presence of a drusen in
each cell and prismatic crystals. The epidermis of the
leaf fronds of P. fractistipula also differs from that
of P. hoffmannseggiana and P. glaziovii, which have
cells with sinuous walls on the abaxial surface (Morais
et al. 2011).

The leaf of P. fractistipula is hypostomatic, with
paracytic stomata located at the same level as the other
epidermal cells (Figure 2C, 2D). This kind of stoma
and distribution pattern is a characteristic of Rubiaceae
(Solereder, 1908, Metcalfe and Chalk 1957).

In P. fractistipula the trichomes are simple tectors,
unicellular, and present on both surfaces, but particularly
on the abaxial surface around the central vein (Figure
3A). According to Todzia and Almeida (2009), the size,
shape, and basal difference of the trichomes are useful

FIGURE 2 - Psychotria fractistipula L.B.Sm., R. M. Klein & Delprete — A: Adaxial surface of the epidermis, revealing anticlinal
epidermal cell wall and smooth surface. B: Abaxial surface of the epidermis, revealing anticlinal epidermal cell wall, smooth
surface, and stomata (st). C: Abaxial surface, showing stomata (st) (SEM).
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features for the identification of the taxon. Although
the Rubiaceae is described as having simple trichomes,
which are unicellular and uniserial (Solereder, 1908,
Metcalfe and Chalk 1957), some Psychotria are glabrous
(P. glaziovii, P. leiocarpa, and P. racemosa) (Morais
et al., 2011). The type of trichomes is a key factor in
determining the quality of herbal drugs, since the latter
are marketed in crushed or powdered form.

The mesophilic structure of the leaves of P.
fractistipula is dorsiventral, since it only consists of one
layer of palisade parenchyma, with cells that are slightly
elongated, and contains about four layers of spongy
parenchyma (Figure 3B). Dorsiventral mesophyll is
common for the species of P. hoffmannseggiana, P.
carthagenensis, P. deflexa, P. glaziovii, P. leiocarpa, P.
racemosa, and P. vellosiana (Morais et al., 2011).

In transverse section, the central vein of the P.
fractistipula leaf shows a plane shape on the adaxial
surface, which is, however, prominent and rounded on
the abaxial surface (Figure 3A, 3C). The terminal cells
of the central vein of P. carthagenensis touch one another
to form a cycle, which distinguishes the two species.
The central vein is biconvex for P. hoffmannseggiana,
P. deflexa, P. glaziovii, P. leiocarpa, P. racemosa,
and P. vellosiana (Morais et al., 2011), differing from
P. fractistipula, which has a convex plane, as in P.
carthagenensis (Morais et al., 2011).

Underlying the epidermis collenchyma, an angular
shape can be seen on both the surfaces. On the adaxial

surface, the chlorophyll parenchyma is continuous in the
nerval system (Figure 3A). The base of the leaf (midrib)
has a larger collateral bundle in a horseshoe shape
and two smaller bundles at the sides (Figure 3A, C).
The collateral vascular bundle is typical of Psychotria
(Morais et al., 2011).

Occurrence of raphides in the palisade parenchyma,
as identified in P. fractistipula, are characteristic
of the genus and have been already confirmed in
P. carthagenensis (Todzia and Almeida, 1991), P.
hoffmannseggiana, P. deflexa, P. glaziovii, P. leiocarpa,
P. racemosa, and P. vellosiana (Morais et al., 2011).

P. fractistipula presents a small recess in the
base of the main vein, formed due to the curvature of
the vein next to the limbus (Figure 3A). This recess
resembles the illustrated domains near the central rib
for P. deflexa, which are also present in other species
of Psychotria (Morais et al., 2011). However, further
investigation may be necessary to determine the
presence of domains.

The stem has an oval shape with some recesses in
the side (Figure 4A). The epidermis is uniseriate with
stomata, cuticle is striated, and unicellular trichomes are
simple tector type (Figure 4B, D). The cortex has several
layers of continuous angular collenchyma underlying
the epidermis (Figure 4D). The vascular cylinder has
xylem and concentric internal phloem, following the
stem shape, with internal xylem and external phloem
(Figure 4C).

FIGURE 3 - Psychotria fractistipula L.B.Sm., R M. Klein & Delprete A: Midrib, showing recesses at the base of the vein
(arrow), epidermis with trichomes (tt), B: Cross-section of the leaves, revealing dorsiventral mesophyll. C: Vascular cylinder
showing phloem, xylem, and fibers: tt: Tector Trichomes, vb: vascular bundle, co: collenchyma, sp: spongy parenchyma, pp:

palisade parenchyma, fi: fiber, ph: phloem, and xy: xylem.
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FIGURE 4 - Psychotria fractistipula L.B.Sm., R.M. Klein & Delprete stem in cross-section A: showing marrow (mr), cortex (cx),
phloem (ph), xylem (xy), and epidermis (ep). B: Scanning electron microscopy showing trichomes (tt) C: Vascular system of the
stem showing marrow (mr), cortex (cx), phloem (ph), xylem (xy), fiber (fi), and epidermis (ep). D: cortex (cx) and epidermis zoom.

Histochemical analysis

Histochemical tests are a fast and low-cost
alternative method for obtaining evidence of a plant’s
possible chemical composition, as well as identifying
the organ containing the substance of interest (Lusa,
2010). The results of the histochemical tests for leaves
and stems are described in Table I.

The histochemical tests revealed the presence of
lipids in the epidermis of P. fractistipula, concentrated
mainly in the cuticle of the stem and in the leaves,
similar to the distribution found in P. carthagenensis
(Vitarelli, 2009). Phenolic compounds were observed
in the epidermal cells, leaf mesophyll, and stem, and in
the parenchymal palisade of the leaves. The stem was
positive for starch. Starch and phenolic compounds have
been reported in P. nuda and P. nemorosa (Hering-
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Rinnert et al., 20013), and starch has also been reported
in the stem of P. ipecacuanha (Gomes et al., 2009).

TABLE | - Histochemical tests performed on the leaves and
stems of Psychotria fractistipula

Reagent Leaf Stem
Starch + +
Lipophilic compounds + +
Lignin + +
Phenolic compounds + +
Alkaloids + +
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Phytochemical study

Column chromatography produced 232 fractions.
Fraction 25, which had a solvent mixture with 10%
ethyl acetate, was chosen for further analysis owing to a
precipitation of crystals. The mixture of compounds in
this fraction produced needle shaped crystals.

The 1H NMR spectrum showed signals of hydrogen
at 3.52 ppm, olefinic hydrogen H-6 at 6H 5.35 ppm (J
= 5.1 Hz, d), and accumulation of signals in the region

from 0.60 ppm to 2.40 ppm assigned to an abundance of
methylic hydrogens, methanics, and methylenics, all of
which are characteristic signals of the p-sitosterol and
campesterol steroids. Analysis of the *C{'H} spectrum
revealed signals of unsaturated carbons at 140.77 (C) and
121.72 (CH). Analysis was based on NMR spectral data
of 'H and *C{'H} and was compared with data found in
the literature (Andrade, 2003) (Table II). The mixture
of compounds was found to comprise two steroids,
B-sitosterol and campesterol (Figure 5).

TABLE Il - *C{'H} NMR SPECTROSCOPIC DATA OF THE STEROIDS B—SITOSTEROL AND CAMPESTEROL

p -Sitosterol Campesterol
BC
8. experimental S literature' 8. experimental 8. literature’

1 372 372 372 36.9
2 31.6 31.8 31.6 343
3 71.8 71.7 71.8 72.2
4 42.3 42.2 42.3 42.7
5 140.8 140.5 140.7 141.1
6 121.7 121.5 121.7 122.1
7 319 31.8 31.9 28.7
8 319 31.6 319 32.8
9 50.1 50.0 50.1 50.5
10 36.5 36.4 36.5 323
11 21.0 21.0 21.0 21.5
12 39.8 39.7 39.8 37.6
13 42.3 422 42.3 40.1
14 56.8 56.7 56.7 572
15 243 243 243 23.4
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TABLE Il - “C{'H} NMR SPECTROSCOPIC DATA OF THE STEROIDS B—SITOSTEROL AND CAMPESTEROL

B -Sitosterol Campesterol
BC
3. experimental 3. literature' 3. experimental 3. literature’

16 28.2 28.2 28.2 26.4
17 56.1 55.9 56.1 56.4
18 11.8 11.8 11.8 12.3
19 194 19.4 19.4 19.8
20 36.1 36.1 36.1 36.6
21 19.0 18.8 19.4 19.4
22 339 33.8 31.9 323
23 29.6 26.0 26.2 247
24 45.8 457 45.8 46.2
25 31.6 29.1 29.2 29.5
26 21.0 19.0 18.7 20.2
27 19.8 19.8 19.4 19.2
28 18.7 23.0 23.1 12.4
29 11.8 11.9 - -

' BC{'H} NMR data acquired in NMR 400 MHz (CDCL,) in according to Al-Fadhli and Nasser (2014).
> BC{'H} NMR data acquired in NMR 300 MHz (CDCl,) in according to Elufioye et al. (2017).

18

FIGURE 5 - Steroids identified in Psychotria fractistipula L.B.Sm., R.M. Klein & Delprete A: 3—Sitosterol B: Campesterol
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The p-Sitosterol compound has already been
identified in P. adenophylla, P. hainanensis, P. malayana
(Calixto et al., 2016), P. vellosiana (Moreno et al., 2014),
P. carthagenensis (Lopes et al., 2000), and P. nilgiriensis
(Lopes et al., 2000). The campesterol steroid has been
identified in P. nilgiriensis (Lalitha et al., 2015). The
sterols, campesterol and P—Sitosterol, show several
biological activities, including antimicrobial, anti-
inflammatory, anticancer, antiarthritic, anti-asthma, and
diuretic activities (Lopes et al., 2000).

CONCLUSION

The morpho-anatomical characters described for
P. fractistipula are leaves petiolate, with acute apex
and base attenuated in petiole, presence of trichomes
with stems and leaves, smooth cuticle on both surfaces,
paracytic stomata, dorsiventral mesophyll. By means
of 'H and *C NMR, B-sitosterol and campesterol were
identified. The results obtained in this study will help
in the identification, standardization, and quality control
of cultivated P. fractistipula, and encourage further
chemical and biological studies on the taxon.
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