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ABSTRACT

Pentaphragma grandiflorum Kurz. is one of the five (5) species of Pentaphragma that
is found in the Philippines. It is an edible flowering plant consumed as a vegetables
and utilized for its medicinal value by the locals. It is categorized as one of the Other
Threatened Species with a high economic value. Despite the many uses of P.
grandiflorum, there is still inadequate information on its morpho-anatomical
characteristics conservation and lack of scientific evidence to support the claim of its
safe utilization by the locals. The collected wildlings of the P. grandiflorum were nur-
tured and monitored in the canopy greenhouse of Central Mindanao University, Phil-
ippines. The safe utilization of the leaf extract of P. grandiflorum was assessed
through a haemolytic assay. The following are the morpho-anatomical features de-
scribed in this study: fleshy erect shrub with primary and aerial roots; stem puberulous
at a young stage and glabrous upon maturity with dictyostele type of stele; petiole
fleshy, puberulous, dissected vascular bundle with dictyostele arrangement; leaf finely
puberulous adaxial and glabrous abaxial, dictyostele arrangement, midrib amphibrical
arrangement, with tri- to tetracytic stomates; inflorescence arises singly in axil, bisex-
ual, elongated, with yellow and/or purple corolla. Fifty-three out of 130 wildlings sur-
vived and abundantly produced bisexual flowers in the succeeding months. The 1
mg/mL concentration of ethanolic and methanolic leaf extracts of P. grandiflorum
were found to have an average haemolysis percentage of 0.32 + 6.78 and 0.45 + 0.65,
respectively. The result of the haemolysis assay revealed that the ethanolic and meth-
anolic leaf extract of P. grandiflorum is safe to utilize and do not pose any toxic effects
to humans.
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Introduction

Pentaphragmataceae has a single genus that is
referred to as genus Pentaphragma [1, 2]. Thirty
species of Pentaphragma are found in the whole
south-eastern Asia, while five species of which are
found in the Philippines [2]. The 5 species of
Pentaphragma plants found in the Philippines
include Pentaphragma grandiflorum Kurz., P.
mindanaense Merr., P. philippinensis Merr., P.
platyphyllum Merr. and P. pulgarense Elmer [3].
P. grandiflorum is an edible flowering plant [1,2]
that is commonly known as “wild pechay” and is
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locally known in the Philippines as “biga-ok” and
“pitsay-pitsay”.

The taxonomic position of P. grandiflorum
was established in 1941 [4]. It is categorized as
Other Threatened Species [5] that thrives at low
and medium elevation that is found in primary
forests that ascends up to 1,700 masl and narrowly
distributed and native to both the Philippines and
New Guinea [3]. The local people of Surigao del
Sur and Zamboanga del Sur, Philippines collect
the healthy leaves of P. grandiflorum as
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vegetables, which are served as salads and as an
egg dish. Reports on ethnomedicinal importance
mentioned that various plant parts are used by
indigenous people in Mindanao to treat common
illnesses through decoction, infusion, maceration,
juice extraction and poultice [6].

However, despite the mentioned important
characteristics and high economic value of P.
grandiflorum, there are no existing studies on its
morpho-anatomical characteristics and ex-situ
conservation. Also, there is a need for scientific
evidence to support the claim of safe utilization of
P. grandiflorum by the locals. Thus, this paper
elucidates new insights into the morpho-anatomy
conservation and assesses the safety of the leaf
extract of P. grandiflorum.

Material and Methods
Collection of the plant samples

A gratuitous permit was obtained to collect
wildings in three different accessions in the
Philippines, including the following: 1. tropical
lowland forest in Mt. Hamiguitan Range Wildlife
Sanctuary in San Isidro, Davao Oriental, 2. Con-
cepcion Valencia City, and 3. San Fernando,
Bukidnon. The collected wildlings were secured in
plastic bags, sealed and carefully brought to the
Natural Science Research Center, Central Minda-
nao University, for morpho-anatomy examination
and to the greenhouse for ex-situ conservation.

Morphology and Anatomy Examination

Collected plant samples were examined and
measured for the qualitative and quantitative
characteristics of P. grandiflorum. The following
are the chemicals used for the detailed anatomy
examination of P. grandiflorum: alcohol series
(70%, 85% and 95% ethanol), 1% safranin stain,
xylene series (25%, 50%, 75%, 100% xylene), fast
green counterstain, eukit media and sodium
hypochlorite as clearing chemical.

Free-hand transections of vegetative and
reproductive organs of P. grandiflorum were fixed
for thirty minutes with 70% ethanol, washed
thoroughly with distilled water, and fixed. Ten
minutes of dehydration of P. gradiflorum was then
followed with 85% and 95% ethanol. Transection
samples of P. grandiflorum were stained for 3
hours with 1% safranin and were then washed
thoroughly with 95% ethanol. Further dehydration
of the samples was performed with a xylene series.

Lastly, transections were mounted using eukit
media for examination and documentation.

Ex-situ conservation

Wildlings of P. grandiflorum were found and
collected at the following sites: 1. tropical lowland
forest in Mt. Hamiguitan Range Wildlife Sanctu-
ary in San Isidro, Davao Oriental, 2. Concepcion
Valencia City, and 3. San Fernando, Bukidnon,
and were designated with respective accessions
each. One hundred thirty (130) wildlings were
transplanted in pots for 13 months in a canopy
greenhouse condition in Central Mindanao
University, Philippines. The growth and
development of P. grandiflorum was consistently
monitored.

Haemolysis Activity
Preparation of P. grandiflorum leaf samples
The preparation of 1mg/ml concentration of P.
grandiflorum leaf sample was carried out as de-
scribed [7] with few modification. Two kilograms
of P. grandiflorum healthy leaves were collected
and placed inside a clean plastic bag. The fresh
leaves were washed first with tap water and were
finally rinsed with distilled water. The leaves were
air-dried to constant weight for 14 days at room
temperature. The dried samples were ground to a
fine powder using a mechanical blender and set
aside for ethanolic and methanolic extraction.

Methanolic and ethanolic leaf extraction

The ethanolic and methanolic extraction were
carried out following the method described by [8]
with few modifications. The 0.5 g of pulverized
leaf samples of P. grandiflorum were used for eth-
anolic and methanolic extraction procedures, re-
spectively. The leaf samples were solvent-ex-
tracted separately in conical tubes with 100% eth-
anol and 100% methanol. The mixtures were
mixed in a vortex mixer for 20 seconds and were
forwarded in an orbital shaker at 300 rpm under an
ambient temperature for an hour. The mixtures
were sonicated for 10 minutes and were centri-
fuged at 5,000 rpm for 5 minutes. A 5 ml superna-
tant of each leaf extract was collected in a separate
conical tube with a pre-recorded empty tube
weight. The ethanolic and methanolic crude leaf
extracts were processed in a rotational vacuum
concentrator (Martin RVC 2-25 Rotational-Vac-
uum-Concentrator).
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Haemolysis assay

The cytotoxicity of the P. grandiflorum etha-
nolic and methanolic leaf extracts were deter-
mined by haemolytic assay as described by [9, 10,
11] with slight modifications. Proper ethical pro-
cedure for the extraction of human red blood cells
(RBC) was followed. The cytotoxicity level of the
ethanolic and methanolic leaf samples were deter-
mined by the following percentage of haemolysis:
non-toxic (9.4%), slightly toxic (9.54%-49.44%),
toxic (49.45%-89.44%), and highly toxic
(89.45%-100%). The percentage of hemolysis was
calculated through the method:

C—-B

% hemolysis = x 100

W

eSS e

i

Note:

A: Absorbance of test sample

B: Absorbance of negative control
C: Absorbance of positive control

Results and Discussion
Morphology and anatomy

Erect fleshy shrub, up to 1.5 meters tall (Figure
1A & 2B). Roots fleshy; white color primary
roots, up to 3-8 mm thick; green color aerial roots,
up to 2-6 mm (Figure 2B). Stem robust, up to 1.5
meter tall, 2.5 cm thick, fleshy to woody,
pubescent when young, glabrous at maturity,
abundant lenticels, dark green color (Figure 1G-I).
Leaf alternate, obliquely elliptic, up to 30 by 25
cm, oblique to cuneate base, acuminate to
apiculate apex, shallowly dentate margin, finely

|

Figure 1. (A) Habit of P. grandiflorum, (B) young and mature flowers, (C) longitudinal section of flowers, (D-
E) upper and lower surface of leaves, (F) tip and margin of leaf, (G) hairy stem, (H) stem with lenticels
(1), (I) transectioned stem (c- cortex, ph- phloem, x- xylem, p-pith).
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Figure 2. (A) Habit of Pentaphragma grandiflorum, (B) transections of the primary root showing the siphono-
stele and tissue arrangement, (C) stem with dictyostele arrangement, (D) petiole with dissected stele
(dictyostele), (E) vein with 3 distinct vascular bundles, xylem surrounded with phloem tissue, and (F)
surface view of the lower epidermis showing tri- to tetracytic stomates. (c-cortex, ph- phloem, x- xy-
lem, p- pith, sc- subsidiary cell, gc- guard cell, s- stomata).

puberulous to glabrescent lower surface light
green color, glabrous upper surface dark green
color, 6-7 paired nerves (Figure 1D-F); petiole
fleshy, up to 8 by 1 cm, puberulous when young,
glabrous when fully mature. Inflorescence arises
singly from 1-4 axils, bisexual, shortly compound
to scorpioid cyme arrangment, elongated anthesis,
up to 5-6 cm, long- or short pedicel, erect, up 12

flowers each. Bracts paired green lanceolate are
very variable, small and/or large, up to 2-3 by 1

cm. Calyx-tube narrowly obconic, 4-5 cm by 1-4
mm, sometimes with 5 ridges, glabrous. Calyx
very variable, 4-5 sepals (2 larger and 3 smaller),
up to 3 by 1.5 cm, linear to elliptic, glabrous,
acuminate to acute apex, with obvious 3-5 shallow
canals, white color. Corolla fleshy, 5 petals, up to
12 by 5 mm, almost or choripetalous, segments
elliptic-obovate, rounded to acute apex, recurved
apex, glabrous, purple color and/or yellow color
when mature. Pedicel fleshy with hairs, 1-3 cm by
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0.5-1 cm, light to dark green color. Stamen
connected to style; filament 1-2mm, white color;
anther oblong, 1 mm, yellow color. Pistil fleshy,
3-5 cm; style 2-3 mm; stigma round, erect 2-3 by
1-2 mm, yellow color; ovary covered with calyx-
tube, large, 3-4 cm by 1-3 mm (Figure 1B-C).
Unlike the previously discovered two (2) new
species, the P. bicolor and P. pendula, which are
only 20 cm tall [12], P. grandiflorum is one the
largest species of Pentaphragmataceae, reaching
up to 1.5 m tall. Also, the elongated glabrous calyx
tube, calyx and longer recurved corolla apex of of
the P. grandiflorum is very distinct from other
species of Pentaphragma that composed of stout,
puberulous calyx and reduced inflorescence such
as P. philipinensis, P. mindanaense, P.
platyphyllum, P. pulgarense, P. bicolor, P.
pendula and many other species [1, 3, 12].

Transectioned roots of P. grandiflorum
showed siphonostele type of stele in which the
vascular tissues form a small ring (Figure 2B).
Also, the ring of the vascular bundle is visible in
stem transection in which vascular tissues are
dissected (in between gaps), which shows the
dictyostele type of stele (Figure 2C). The protoxy-
lem tissues of both root and stem transection face
towards the axis, showing endarch differentiation.
In petiole transection, vascular bundles are bean-
shape and arranged in an inverted v-shape manner
in which the vascular tissues are dissected (in
between gaps) that shows dictyostele type of stele.
In addition, three (3) distinct bean-shaped vascular
bundles in midrib transection are also dissected,
showing a dictyostele type of stele (Figure 2D).
Midrid  transection = showed  amphicribal
arrangement (Figure 2D and E). The lower
epidermis of P. grandiflorum has tri- to tetracytic
stomates (Figure 2F).

Similarly, petiolar accesory vascular bundles
were observed in some Asteraceae species such as
Tridax pricumbens, Acmella uliginosa and Spilan-
thes costata. has accessory observed on its petiole.
The dissected v-shaped outline vascular bundle of
P. grandiflorum is also A. uliginosa and S. costata
[13].

Distribution and ecology

P. grandiflorum is native to the Philippines
and New Guinea and was reported to be present in
Surigao del Sur and Zamboanga del Sur (Pelser,
2021). However, in the current research P. gran-
diflorum was found and was collected in Mt.

Hamiguitan Range Wildlife Sanctuary, Davao del
Sur (N 06 44.161° E 126° 08.625°, 450m); Con-
cepcion, Valencia City (N 07 88380°
E125.25881°, 464m); and in Natampod, San Fer-
nando, Bukidnon (N 07° 521.06* E 125° 2515.33’,
1,145 m) respectively. P. grandiflorum were
found along the stream in steep, moist, clayish soil
and shaded areas and were often congregated. It is
surrounded by Angiopteris, Selaginella and
Alocasia.

Ex-situ conservation

One hundred thirty wildlings of P. grandiflo-
rum were nurtured in greenhouse conditions for 13
months, and after one month, a new leaf arose
(Figure 3A). The proper protocol for ex-situ con-
servation is shown in Figure 4. There were 53
plants that survived (Figure 3D and E) and the
flowers appeared after 6 months of transplant (Fig-
ure 3G-H) and continually produced abundant
flowers in the succeeding months (Figure 3-1). An
invasion of pest such as Planaria sp. and African
snail observed caused the wilting and casualties of
some nurtured plants of P. grandiflorum.

Haemolytic activity

The red blood cells (RBCs) of mammals ex-
emplify a good model to assess the cytotoxicity of
an organic or inorganic compound [11]. In con-
nection, a cytotoxicity test is important to assess
the safety and toxicity of a plant extract that may
have a potent biological activity to consumers.
Ethanol was used as one of the extraction solvents
for natural substances in both food and natural
products with medicinal purposes [14]. On the
other hand, methanol was found to be effective in
the extraction of lower molecular weight polyphe-
nols [15] and is used as an efficient extraction sol-
vent for various plant samples [16].

The 1mg/ml concentration of ethanolic and
methanolic leaf extracts of P. grandiflorum were
found to have an average haemolysis percentage
of 0.32 £ 6.78 and 0.45 + 0.65, respectively. In this
study, the ethanolic and methanolic leaf extracts of
P. grandiflorum showed no toxic effects to human
red blood cells. Leaf extracts with percent haemol-
ysis that is above 30% are considered toxic [17],
while the degree of in vitro cytotoxicity to haemo-
lytic activity with mortality rate of 0-9% indicates
a non-toxic action [11]. Thus, the result in this
study indicates the non-toxicity of ethanolic and
methanolic leaf extracts of P. grandiflorum to
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Figure 3. Ex situ conservation of P. grandiflorum procedure: (A) select, (B) Earth ball, (C) secure in zip lock
the healthy P. grandiflorum wildlings, (D) transplant to clay pots in canopy greenhouse, (E) put sticks
beside wildlings and cover with cellophane for 1 week, (F) new leaf arises after 1 month, (G-H) emerg-
ing flower after 6 months, (I) plants nurtured in canopy greenhouse after 13 months.

human RBCs. The low percentage haemolysis
value of P. grandiflorum ethanolic and methanolic
leaf extracts can be attributed to the resistance of
human RBCs to haemolysis against the com-
pound. The findings in this study imply that P.
grandiflorum exhibits no cytotoxic effect on hu-
man RBCs. Treating cells with a cytotoxic com-
pound can pose serious effects to consumers that
would lead to

various diseases [18]; thus, if the leaf extracts are
toxic to the cells, the RBCs would lose their mem-
brane integrity due to the toxic effect, leading to
rapid death of RBCs due to cell lysis. Conse-
quently, the result in the haemolysis assay for P.
grandiflorum suggests that the ethanolic and
methanolic leaf extract of P. grandiflorum is safe
to utilize and does not pose toxic effects to hu-
mans.

Conclusion

The morphology and ecological information
are useful for the ex-situ conservation of the eco-
nomically important P. grandiflorum. Haemolysis
assay revealed that the ethanolic and methanolic
leaf extracts of P. grandiflorum is safe to utilize
and is not harmful to humans. The ethnobotanical
use of the species as edible plant is supported by
data on haemolytic activity.
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