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ABSTRACT

Background: Momordica charantia L. (Cucurbitaceae), is an herbaceous plant used for food
and traditional medicine. It presents a proven antidiabetic activity in the literature, being a
promising species for the development of phytotherapics. Objective: The objective was per
forming an anatomical study and characterizing the metabolites in leaves of M. charantia.
Materials and Methods: Semipermanent histological slides were prepared for analysis of
petiole and leaf blade in optical, polarization and scanning electron microscopy coupled with
energy-dispersive X-ray spectrometry. Maceration and histochemical tests were also per
formed in the leaf blade. Results: The anatomical characterization revealed information about
the type of trichomes, cuticle, vascular bundles and arrangement of the idioblasts and tissues
that determine the botanical identity of this species. The histochemistry allowed determin-
ing the location of the metabolites and, along with the chemical microanalyses, to identify
the type of crystal in the leaf blade. Conclusion: The study described new characters for M.
charantia and the results provide support to quality control of the species.
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INTRODUCTION

The family Cucurbitaceae contains species of eco-
nomic importance in Brazil, especially those belong-
ing to the genera Cucurbita L., Momordica L., Fevillea
L. and Sechium P. Br.! Momordica species are vegetable
crops which comprise of medium-sized plants that are
widely distributed throughout tropical and subtropi-
cal regions.’Among them stands out M. charantia L., a
herbaceous climbing plant, 3-4 m long. It is commonly
known as “bitter gourd” or “bitter melon” in English
and “Melao-de-sdo-caetano” in Brazil, where it is cul-
tivated for consumption as fruits and vegetables.’'It is
also a widespread weed in orchards, coffee plantations,
over fences and wastelands.®

The leaves of the species are used in folk medicine
as an antidiabetic™® and for malaria,” worms,** itchy
skin,'*!"! external inflammations,'? rheumatism®"* and
indigestion."* According to Mentreddy,””> M. charan-
tia is probably the most investigated plant among the
plants known for their antidiabetic activities. There
are several review studies on the antidiabetic poten-
tial of the species and also on other activities.*!¢*
This species is one of 71 species of plants present in
the National Relation Medicinal Plants of Interest to
Unified Health System, which have the potential to
become a phytotherapic.”*** Considering the purpose
of contributing to the quality control of raw material of

medicinal importance, this study had the objective
of performing an anatomical study and characteriz-
ing the metabolites present in leaves of M. charantia.

MATERIALS AND METHODS

Plant material

Adult leaves of specimens of Momordica charanthia
L., Cucurbitaceae, were collected in the neighbor-
hood of Varzea (8°02'34.5"S, 34°56'52.9"W), Recife,
Pernambuco, Brazil. A voucher specimen was
deposited in the Herbarium Dérdano de Andrade
Lima of the Instituto Agronoémico de Pernambuco
(IPA), under collection number 89980.

Anatomical characterization - optical
microscopy

Cross-sections were obtained by hand, using a com-
mon razor blade, at the middle region of petiole and
leaf blade fixed in FAA 50.% Leaf blade paradermal
sections were also performed on the adaxial and
abaxial surfaces. All sections were clarified with
sodium hypochlorite solution (50%)* followed by
washing with distilled water. Lastly, cross-sections
were stained with safranin and astra blue”’and para-
dermal sections were stained with methylene blue
(1%).*® Semipermanent histological slides were pre-
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pared to contain the sections of botanical material, following common
plant anatomy procedures.?®? The analysis of the semipermanent histo-
logical slides was conducted on images in software (Toup View Image),
obtained by a digital camera coupled to an optical microscope (Alltion).
Measurements of the diameter of the crystals were determined using the
LAS EZ program and the mean and standard deviation were calculated.

Anatomical characterization — polarized light microscopy

Semipermanent histological slides were prepared with cross-sections of
leaf blades obtained by the same method used for the analysis in optical
microscopy, without staining.*® The analysis of the slides was conducted
using a polarized microscope (Leica DM750M) coupled with a digital
camera (Leica ICC50 W), through images processed in software (LAS
EZ).

Anatomical characterization — Scanning Electron
Microscopy

Samples of fresh leaf blades were fixed in 2.5% glutaraldehyde (buft-
ered with 0.1M sodium cacodylate) and post-fixed using 2% osmium
tetroxide solution (buffered with 0.1M sodium cacodylate). After dehy-
dration in ethanol series, the material was submitted to critical point
drying (Bal-Tec CPD 030) and mounted onto SEM stubs, using double-
sided adhesive tape and sputter-coated with gold (Leica EM SCD 500).**
Finally, the samples were examined with a scanning electron microscope
(Quanta 200 FEG) in the Centro de Tecnologias Estratégicas do Nor-
deste (CETENE).

Maceration

The maceration was performed using fresh leaf blades fragments that
were disintegrated with the mixture of 10% nitric acid and 10% chromic
acid (1:1), according to the method of Jeftrey.* Semipermanent histolog-
ical slides were prepared and images were obtained by a digital camera
coupled to an optical microscope (Alltion).

Histochemical characterization

Histochemical tests were made on cross-sections of fresh leaf blades
obtained by hand, using a common razor blade.” The specific reagents
used were: potassium dichromate (10%) for phenolic compounds,*
Sudan III for lipophilic substances,” Dragendorff’s reagent for detecting
alkaloids,* vanillin-chloridric acid for tannins,* antimony trichloride
for triterpenes and steroids,*phloroglucinol for lignin,” Lugol's iodine
reagent for starch® and hydrochloric acid (10%) to establish the nature
of the crystals.*

Analysis of the elemental composition of crystals

Cross-sections of leaf blades were processed following the same method-
ology described for the analysis in SEM. The chemical microanalyses by
Energy Dispersive Spectroscopy (EDS) were done with X-ray detector
attached to the Zeiss-EVO-LS15 scanning electron microscope.

RESULTS

The petiole of M. charantia, in cross-section, has a convex outline with
two ribs on the adaxial surface and a triangular outline on the abaxial
surface (Figure 1A). The epidermis is composed of a single layer of cells
and covered with a thin cuticle (Figure 1B). In the epidermis are stomata
(Figure 1C), non-glandular and glandular trichomes (Figure 1D,E). The
non-glandular trichomes are uniseriate and multicellular (Figure 1D)
and the glandular trichomes has uniseriate pedicel and multicellular
head (Figure 1E).

The angular collenchyma is discontinuous, observed below the epi-
dermis and composed by one to three layers of cells (Figure 1A,B).The
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vascular system is constituted by seven bicollateral bundles, arranged in
an almost closed circle, being five bundles in the central region of the
petiole and two bundles in the ribs (Figure 1A,B). In the parenchyma are
observed druses (Figure 1F).

In frontal view, in optical microscopy, the leaf blade of M. charantia is
hypoestomatic (Figure 2G,H), with anomocytic stomata on the abaxial
surface (Figure 2H). The epidermal cells have strongly sinuous walls on
both sides (Figure 2G,H) and, in SEM, it is verified that they are covered
by a slightly striated cuticle (Figure 2I). In optical microscopy and SEM it
is also observed, between epidermal cells, some crystalliferous idioblasts
in groups of two, three, four, five and six (Figure 2H,],K,L,M) and the
same types of non-glandular and glandular trichomes found in the peti-
ole (Figure 2N,0,P,Q,R,S).The trichomes are more frequent in the region
of the midrib (Figure 2R,S).

In cross-section, analyzed under optical microscopy, the midrib of M.
charantia shows an outline that varies from plane-convex to biconvex
(Figure 2A). In the second case, the convexity of the adaxial surface is
discrete. The epidermis is uniseriate, with cells with external curved
periclinal walls, covered with thin cuticle (Figure 2A). One to two lay-
ers of collenchyma are situated below the adaxial epidermis (Figure 2A).
In the abaxial region, a discontinuous stratum of collenchyma may also
occur in subepidermal position (Figure 2A).

A bicollateral vascular bundle is located in the central parenchyma
region of the midrib (Figure 2A). The mesophyll of M. charantia, in
cross-section visualized in optical microscopy, is dorsiventral, with a
layer of palisade parenchyma and up to five layers of spongy parenchyma
(Figure 2B). In the abaxial epidermis are inserted idioblasts containing
agglomerated crystals (Figure 2B), which are also visualized in polarized
microscopy (Figure 2C).The mean diameter of the crystals was 47.28 +
6.05.

Figure 1: Momordica charantia of the petiole and frontal view and SEM of
the leaf blade of Momordica charantia L.

Petiole: A,B,C,D,E,F. Leaf blade: G. adaxial surface. H,I. abaxial surface. J.
idioblasts in groups of three .K. idioblasts in groups of four. L. idioblasts in
groups of five. M. idioblasts in groups of six. N,0. non-glandular trichome
in adaxial surface. P. glandular trichome in abaxial surface. Q. glandular
trichome in adaxial surface. R,S. trichomes in midrib. co: collenchyma, ct:
cuticle, dr: druse, ep: epidermis, gt: glandular trichome, id: idioblasts, ngt:
non-glandular trichome, sta: stomata, vb: vascular bundle. Bars: A. 500
pum; B. 200 um; O,S. 100 um; C,D,E,F,G,H,J,K,L,M,N,P,R. 50 um; 1,Q. 25
pm.
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Figure 2: Cross-sections and maceration of the leaf blade of Momordica
charantia L.

A. midrib. B. mesophyll. C. idioblasts in polarized microscopy. D.
maceration showing stomata and idioblasts in groups of two. E.
idioblasts in groups of three. F. idioblasts in groups of four. G. idioblasts
in groups of five. H. idioblasts in groups of six. I. vessel element. co:
collenchyma, ep: epidermis, id: idioblasts, pa: parenchyma, pp: palisade
parenchyma, sp: spongy parenchyma, sta: stomata, vb: vascular bundle,
ve: vessel element. Bars: A. 200 um; B,D,E,F,G,H,I. 50 um; C. 40 pm.

In maceration of the leaf blade, in optical microscopy, were identified
fragments of epidermal tissue of the abaxial surface of the leaf blade,
where stomata and idioblasts are visualized (Figure 2D). The idioblasts
can also be identified when are separated from the epidermal tissue, in
groups, in the same way as they are observed in the paradermal sections,
as shown in the Figure 2D,E,EG,H. Vessel elements of the helical type
were also identified in maceration (Figure 2I).

The Figure 3A shows a cross-section of the leaf blade without the addi-
tion of reagent. Phenolic compounds were found in the epidermal cells
(Figure 3B). Besides phenolic compounds, another group of metabolites
identified in epidermal cellsof the leaf blade of M. charantia was alka-
loids (Figure 3C).

Sudan IIT revealed lipophilic substances in the cuticle (Figure 3D). The
phloroglucinol reagent showed the presence of lignin in the xylem (Fig-
ure 3E). Starch was found in cells of parenchyma in midrib (Figure 3F).
The Figure 3G shows the presence of crystals in the idioblasts and Figure
3H shows the dissolution of the crystals with the test of hydrochloric acid
(10%), indicating that they are of calcium oxalate.

The microanalyses performed by SEM-EDS in the crystals in the idio-
blasts (Figure 3I) revealed peaks of absorbance for calcium, carbon and
oxygen, confirming that they are formed of calcium oxalate (Figure 3],K).

DISCUSSION/CONCLUSION

In this study, it was found that the petiole of M. charantia has a convex
outline with two ribs on the adaxial surface and a triangular outline on
the abaxial surface. M. tuberosa Cogn. also has a triangular outline on
the abaxial surface, but on the adaxial surfaceit has a convex outline.””
Savulescu and Hoza®® observed that the cuticle is thin in the petiole of M.
charantia, while Coutinho et al.** described the cuticle as slightly thick-
ened. The presence of collenchyma in the petiole may be a useful feature
to distinguish species of Momordica. Aguoru and Okoli* analyzed seven
species of Momordica, including M. charantia. The authors verified that
M. cabrae (Cogn.) C. Jeffrey and M. foetida Schumach. et Thonn. do not
have collenchyma, M. angustisepala Harms has only one layer of this tis-
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Figure 3: Histochemistry, scanning electron micrograph and elemental
composition of the crystals of the leaf blade of Momordica charantia L.
A. control. B. potassium dichromate (10%). C. Dragendorff’s reagent. D.
Sudan lll. E. phloroglucinol. F. Lugol’s iodine reagent. G,H. hydrochloric
acid (10%). l. idioblast in mesophyll. J. analysis of elemental composition
of the crystal. K. percentage of the chemical constituents of the crystal.
ct: cuticle, ep: epidermis, id: idioblasts, st: starch, xy: xylem. Bars: A. 200
pm; B,C,D,E,F,G,H. 50 pm; |. 40 pm.

sue, M. cissoides Planch. ex Benth. and M. multiflora Hook.f. exhibit one
to two layers, M. charantia exhibit two layers and M. balsamina L. has
three layers of collenchyma. Savulescu and Hoza* found seven bicol-
lateral bundles in the central region of the petiole and two bicollateral
bundles in the ribs of M. charantia. In the study of Aguoru and Okoli,*
with species of Momordica, it was shown that the number of bicollateral
bundles ranges from six to eighteen.

According to Metcalfe and Chalk," non-glandular and glandular tri-
chomes are common in the family Cucurbitaceae and, in this study, they
were visualized in the petiole and the leaf blade of M.charantia. The tri-
chomes are more frequent in the region of the midrib, corroborating the
data found by Coutinho et al.** Dalefli Zocoler et al.** and Poyraz and
Derdovsk® cited only the presence of non-glandular trichomes on the
leaf blade of the species. Coutinho et al.,* also studying the leaf blade
of M. charantia, evidenced the same types of trichomes described in the
present study.

In Cucurbitaceae, the stomata are of the anomocytic type and may be
present on both sides of the leaf blade or restricted to the abaxial surface-
Metcalfe and Chalk.*! Dalefhi Zocoler et al.** and Savulescu and Hoza*
described a bicollateral vascular bundle in the central midrib of the leaf
blade of the plant. However, Coutinho ef al.* reported that there are one
to three vascular bundles. In the case of three vascular bundles, the cen-
tral one is bigger and bicollateral and the other adjacent ones are collater-
als. When there is only one vascular bundle, this is always bicollateral.

In M. tuberosa, the palisade parenchyma presents two layers of cells and
the idioblasts are inserted in both surfaces of the epidermis,”” making
these characters useful for differentiation of M. charantia. Analyzing
the powder of the leaf blade of M. tuberosa, Kumar et al.”’ cited that the
idioblasts appear in pairs or, occasionally, in groups of more than three
idioblasts.

They were not found in the literature histochemical studies with leaves
of M. charantia. However, phytochemical studies in the literature indi-
cate the presence of flavonoids, tannins, terpenes and alkaloids.*** In
the present study, tannins and terpenes were not evidenced. This diver-
gence with the literature can be explained by the difference in sensitivity
between the histochemical and phytochemical techniques employed.
According to Metcalfe and Chalk," in the family Cucurbitaceae are
found cystoliths of calcium carbonate. However, the microanalyses by

825



S4, et al.: Anatomical Study and Characterization of Metabolites in Leaves of Momordica charantia L.

SEM-EDS and the histochemical test showed that the crystals present in
the leaf blade of the species are of calcium oxalate. Calcium oxalate crys-
tals are common in plants and present in various forms and come from
the combination of the oxalic acid resulting from the metabolism with
the calcium ions absorbed by the plants.* The most common forms are
druses, raphides, crystalline sand and prismatic crystals. However, the
crystal shape observed in the leaf blade of M. charantia is an exception.
The diversity of shapes and sizes of calcium oxalate crystals, as well as its
prevalence, is correlated with diverse functions in plants, such as cellu-
lar ion balance, osmotic regulation, vegetable defense against herbivory,
tissue mechanic support, detoxification of aluminum and heavy metals,
capture and reflection of solar energy.***

Through different microscopic techniques, this study described new
characters for M. charantia, increasing the data of the literature on the
family Cucurbitaceae. Being this a species of ample medicinal use, the
results will help in further standardization of the plant.
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