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ABSTRACT

Kuntorini EM, Nugroho LH (2010) Structural development and bioactive content of red bulb plant (Eleutherine americana); a
traditional medicines for local Kalimantan people. Biodiversitas 11 (2): 102-106. Red bulb plant or “bawang dayak” (Eleutherine
americana Merr.) is commonly used as a traditional medicine especially for anti breast cancer of Kalimantan people, because it contains
bioactive naphtoquinone-derivatives. Naphtoquinones is usually used as antimicrobial, antifungal, antiviral and antiparasitic agents. This
study was aimed to complete the investigation of Red bulb plant as a traditional medicine from anatomical and phytochemical point of
view, especially the anatomical structure of bulb and leaf of red bulb plants during their development and their naphtoquinone derivative
contents. The anatomical structures of bulb and leaf were analyzed by paraffin embedding method and naphtoquinone derivative
contents were analyzed using HPLC. During plant development, the diameter and the length of bulbs as well as the thickness of
mesophyll and epidermis layers of the leaves increased significantly. The size of vascular bundles increased and so did phloem and
xylem components. The content of bioactive compounds in bulbs increased significantly as the size of parenchymal cells increased.
There was no significant difference in the content of bioactive compounds of leaves during development, despite the rise in the thickness
of mesophyll and the constituting cells as the location of synthesis.
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INTRODUCTION

Red bulb plant or “bawang dayak” (Eleutherine
americana Merr.) has been widely used as traditional
medicine. Bulbs of the plants have been used against breast
cancer by local people of Kalimantan, against heart
diseases, and function as immunostimulant, anti-
inflammation, anti-tumor and, anti-bleeding agent (Sa’roni
et al. 1987; Saptowalyono 2007). Studies demonstrated that
bulbs of Eleutherine (E. bulbosa and E. americana) contain
naphtoquinones (elecanacine, eleutherine, eleutherol,
eleutherinone) (Hara et al. 1997; Alves et al. 2003;
Jinzhong et al. 2006; Nielsen and Wege 2006; Han et al.
2008). Naphtoquinones, recognized to exhibit anti-
microbial, antifungal, antiviral, and antiparasitic properties,
and to demonstrate bioactivity as anti-cancer and
antioxidant, are usually located within cell vacuoles in the
form of glycosides (Herbert 1995; Robinson 1995; Babula
et al. 2005).

Biosyntheses of secondary metabolites may take place
in any cell and tissue. However, the syntheses usually
occur in specific cell or tissue and depend on the level of
differentiation and development of the plant. Consequently,
plant structures play important roles in various aspects of
life (Wink 1990; Utami 2007). During a preliminary study,
microscopic examination of leaves and bulbs of red bulb

failed to reveal any secretory cell. Presumably, the
bioactive compounds were hidden within vacuoles or
cytosol.

This study aimed to learn more about the use of red
bulb plant as a traditional medicine especially in the
structure and development of leaves and bulbs of red bulb,
describe and quantitatively analyze bioactive compounds in
leaves and bulbs during plant development, and reveal the
relationship between structural development and bioactive
content in leaves and bulbs of red bulb.

MATERIALS AND METHODS

Red bulb plant used in the study originated from
Banjarbaru, South Kalimantan, and was grown in a glass
house. Leaf-less seedlings with bulb diameter of 0.3-0.5 cm
were individually transferred to a polybag containing 3 kg
of soil. Seedlings were also grown on open site, directly on
the soil without polybag. Samples of leaves and bulbs were
taken from glass-house plants every two weeks for six
times: 2-12 weeks after planting (wap), representing
treatments (observations) T1-T6. Control plants on open site
were sampled at 4 (T2) and 12 (T6) wap. Samples T2 and T6

from open site and glass house were compared for
bioactive contents. Single-stain paraffin embedding method
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(Ruzin 1999) was applied in preparation of microscopic
slides for examination of leaf mesophyll thickness, number
of stomata, lower and upper epidermis thickness, as well as
xylem and phloem of bulbs. Leaf clearing method of
Berlyn and Miksche (1976) was applied in slide
preparation for observation of the number of stomata. Bulb
diameter and length and number of leaf were also recorded
as supplementary data. The quantity of overall
naphtoquinone-derived compounds was analyzed with
High Performance Liquid Chromatography (HPLC), using
vitamin K (phyloquinone) as a model. Qualitative data was
described and displayed as figures, while quantitative data
was exposed to ANOVA, followed by Duncan’s Multiple
Range Test (DMRT) with 5% significance level, or its
equivalent nonparametric test.

RESULTS AND DISCUSSION

Leaf structure and development
On average, new shoots appeared within 14 days (Table

1). Insignificant difference between T3 (3.4) and T4 (3.8)
was possibly due to inappropriate environmental condition
which hindered the initiation of new leaves and delayed
leaf initiation process. In a constant environment, leaf
primordia appeared on the stem tip in a constant rate for a
certain genotype. Time interval between successive leaf
primordia is called plastochron. Temperature, light, and
other factors have been demonstrated to affect plastochron
development (Gardner et al. 1985).

Among treatments for mean thickness of both upper
and lower epidermis revealed significant differences with
Kruskal Wallis test (Table 1). They could be inferred the
increase of the thickness on upper and lower epidermis
layer during plant development. Leaf cross section showed
uneven thickness in the two layers, thicker in some part but
thinner in other part (Figure 1). Mauseth (1988) suggested
that in Monocotyledoneae, e.g. Iridaceae and Liliaceae,
leaves need longer time to develop. While the distal part of
the leaf has fully developed and showed active
photosynthesis, the basal part was still growing and
developing. That indicates that during observation the
epidermis was still growing, increasing in thickness as the
plant getting older.

Mean number of stomata per mm2 in upper epidermis
showed significant difference (i.e. a decrease), during
development (Table 1). This was related to the elongated
shape of the cells of upper epidermis and to the cell growth.
Cells of upper epidermis increased more in length rather
than thickness (Akan et al. 2007; Satil and Selvi 2007).
During cell extension up to T4, no stoma was formed, and
consequently the mean number of stomata per mm2 was
altered. However, during T4-T6 cell length was constant
and accordingly the number of stomata was not
significantly different. Cell elongation is a part of cell
extension in which growth tends to occur towards one
direction, usually along the plant axis (Fosket 1994). The
number of stomata in lower epidermis differed significantly
only between T1 (177.78/mm2) and T2 (262.22/mm2), while
later observations did not show significant difference
(Table 1). This indicated that as T1 stomata were formed,
subsequently epidermal cells grew through division and
extension.

The mean number of stomata in lower epidermis was
higher than that in upper epidermis with univariate t-tests,
except at T1. Leaves of terrestrial plants usually have
stomata only in lower epidermis. In herbs stomata can be
found in both upper and lower surfaces, but higher quantity
occurs in the lower epidermis. This represents an
adaptation for prevention of excessive water loss due to
exposure to sunlight. To control water loss through
transpiration, plants tend to have fewer stomata in upper
surface and more in lower surface (Tjitrosomo 1985;
Salisbury and Ross 1995).

No significant difference was found between T1 and T2

in terms of mesophyll thickness (43.9 µm and 46.7 µm,
respectively) (Table 1). This implies that cell division at the
leaf basal meristem was still on going and more dominant
than leaf cells enlargement. Mesophyll thickness did not
differ significantly either between T3 (52.3 µm) and T4

(52.2 µm). During leaf development, red bulb plants could
take some time to proceed from active division at basal
meristem to enlargement of the cells. On the other hand, an
increase in mesophyll thickness was observed between T5

(58.5µm) and T6 (66.9 µm) indicating cell enlargement. In
Monocotyledoneae, such as Iridaceae and Liliaceae, leaf
growth takes a relatively long time. While distal part of leaf
reaches maturity and hosts active photosynthesis, the basal
part is still growing and meristematic (Mauseth 1988;
Westhoff et al. 1998).

Table 1. Mean number of leaves, thickness of upper and lower epidermis, number of stomata on upper and lower epidermis, and
thickness of mesophyll during red bulb plant development in glass house.

Weeks after
planting (wap)

Number
of leaves

Thickness of
upper epidermis

(µm)*

Thickness of
lower epidermis

(µm)*

Number of stomata on
upper epidermis per

(mm2)

Number of stomata on
lower epidermis per

(mm2)

Thickness of
mesophyll

(µm)
T1 2 1.2a 20.0 16.6 137.38a 177.78a 43.9a

T2 4 2.2b 18.8 18.6 115.56ab 262.22b 46.7a

T3 6 3.4c 17.7 21.0 93.33bc 235.56b 52.3b

T4 8 3.8c 17.5 21.9 66.67cd 244.44b 52.2b

T5 10 4.6d 21.5 21.8 62.22d 240.00b 58.5c

T6 12 5.8e 24.3 26.2 57.78d 244.44b 66.9d

Note: Numbers followed by similar alphabet within the same column are not significantly different in DMRT with α = 5%; *:
nonparametric Kruskal Wallis test
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Figure 1. Cross section of a leaf of 12 wap plant grown in glass house. bs: bundle sheath; ue: upper epidermis; le: lower epidermis; f:
phloem; c: crystal; st: stomata; sc: sclerenchym; x: xylem; m: mesophyl. Bar = 100 um.

Figure 2. Cross section of vascular bundle in bulbs during plant development in a glass house. x: xylem; f: phloem; p: parenchymal
cells; c: styloid crystall. T1: 2 wap; T2: 4 wap; T3: 6 wap; T4: 8 wap, T5: 10 wap; T6: 12 wap. (wap: weeks after planting). Bar = 100 um.

Bulb structure and development
Observable development of anatomical structure in

bulbs showed differences in the size of vascular bundle and
the constituent cells, particularly among T1, T2, and T3

(Figure 2). During T4-T6 the size of vascular bundle did not
noticeably differ, but there was an increase in the quantity
of cells making up xylem and phloem. The vascular bundle
was of collateral type where xylems are parallel with
phloem without cambium.

Enlargement of cells of bulbs was predominantly
towards one direction, i.e. elongation of bulb. Cell
elongation is a part of cell extension in which growth
proceeds towards one direction, usually along plant axis.
Direction of the cell extension is also controlled by the
orientation of cellulose microfibrils of the cell wall (Fosket
1994; Westhoff et al. 1998).

Bulbs are derived from thickening petioles in which the
vascular bundles are similar to those in leaves. No

supportive tissue or schlerencyma was found in bulbs.
Between main vascular bundles in each layer of a bulb
smaller vascular bundles were found with simpler structure
and cell arrangement, parallel to each other in a cross
section.

Microscopic examination of bulbs disclosed styloid
crystals similar to those in leaves. Various shapes of crystal
were found in plant cells. In higher plants, the most
common crystal is calcium oxalate. Styloid crystals have
long prismatic shape with two ends pointed. In cells, these
crystals are solitary. Styloid is usually found in plants of
the family Iridaceae, Agavaceae, Liliaceae and several
others (Dickison 2000).

Bioactive compounds
The quantity of bioactive compounds in leaves did not

differ significantly between T2 and T6, but so did in bulbs
(Table 3).
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Table 3. Mean quantity of bioactive compounds in leaves and
bulbs at 4 (T2) and 12 (T6) wap

Bioactive compounds in
leaves
(area)

Bioactive compounds
in bulbs
(area)Observation

Glass
house

Open site Glass
house

Open site

T2 (4 wap) 1528348a 2336205a 2830361a 2670425a

T6 (12 wap) 1722076a 2888872a 6278518b 3876370b

Note: Numbers followed by similar alphabet within the same
column are not significantly different with α = 5%.

HPLC analysis confirmed that naphtoquinone-derived
bioactive compounds were already detectable in leaves and
bulbs since the first observation (T1) with a retention time
of 4.731 min. Biosyntheses of the naphtoquinone-derived
bioactive compounds are chloroplast-related. In the present
study, vitamin K (phyloquinone) was used as the
benchmark compound. Phyloquinone is produced by higher
plants and plays important role in photosynthesis (as the
second electron acceptor in photosystem I). Photosystem I
is located in thylacoid membrane, as a light-dependent
system (Salisbury and Ross 1995; Sansuk 2002; Verberne
et al. 2007). It is then assumed that phyloquinone synthesis
begins during differentiation of chloroplast-forming cell to
mesophyll tissue.

Factorial experiment proved that the titer of bioactive
compounds in leaves at 4 wap (T2) and 12 wap (T6) were
not significantly different both in glass house and open site
(Table 3). The experiment showed no interaction between
planting site and time of observation factors in their effect
on the syntheses of the bioactive compounds. That means
that during plant development, despite an increase in the
thickness of mesophyll tissue, the quantity of the bioactive
compounds remains insignificantly different. Then, the
naphtoquinone-derived compounds are synthesized in
leaves and subsequently transported to storage organs.
Sansuk (2002) and Gross et al. (2006) pointed out that
phyloquinone biosynthesis takes place in chloroplast
membrane. Wink (1990) suggested that in most plant
species biosynthesis takes place in a specific organ, and the
product is then accumulated in different organs or
throughout the plant body. Biosynthesis of secondary
metabolites may take place in any tissue and cell; however
most occur in a specific tissue or cell and largely depending
on the level of differentiation and development. Manitto
(1981) pointed out that a substance may be produced and
used almost simultaneously, so that the concentration in an
organ or organism remains constant.

Descriptive examination on anatomical structure of
bulbs revealed that cells of parenchymal tissue at T1, T2,
and T3 were somewhat small with few starch granule-
containing vacuoles (Figure 2). The structure of xylem and
phloem vascular bundles was comparably simpler than that
at later observations. That means that bulbs as storage
organs were still in their early development. The cell size
and the simplicity of vascular tissue components as the
transport system for products of assimilation and other
compounds explained the low accumulation of bioactive
compounds. With increasing age of the plant at T4, T5 and

T6, the size of parenchymal cells of bulbs increased, the
size of vacuoles also increased, the vacuolar starch
granules were more numerous and more variable, and the
number of cells composing xylem and phloem vascular
bundles likewise raised (Figure 2).

Factorial experiment involving two times of
observation (T2 and T6) in glass house and open site
disclosed significant difference in overall level of bioactive
compounds in bulbs (Table 3). That indicated that in both
glass house and open site there was an increase in bioactive
compound contents of bulbs during plant development,
although the maximum level was still unknown. The
increase in the size of parenchymal cells of bulbs might be
related to their function as the storage place for
naphtoquinone-derived bioactive compounds. As no
secretory cell was found in leaves and bulbs, it can be
assumed that the bioactive compounds are synthesized in
cytosol and subsequently stored in vacuoles. Babula et al.
(2005) suggested that naphtoquinone is usually stored in
vacuoles of plant cells in the form of glycoside, and can be
found in a number of plants of the family Plumbaginaceae,
Juglandaceae, Ebenaceae, Boraginaceae, and Iridaceae.
Difference in planting site did not affect the synthesis of
the bioactive compounds as the content was similar
between those grown in glass house and open site at T2 and
T6. Robbers et al. (1996) highlighted that synthesis of
bioactive compounds in plants is influenced by 3 main
factors: heredity (genetic make up), ontogeny
(developmental stages) and environment. The hereditary
factor causes quantitative and qualitative changes, while
the other two factors cause mainly quantitative change.
Synthesis of secondary metabolites is not a simple process;
rather it is a complex process involving interaction among
biosynthesis, transport, storage, and degradation processes.
Those processes are gene-regulated. The influence of
ontogeny is clearly visible on secondary metabolite
syntheses in plants; usually there is an increase in the
content with age of the plant. However, that also depends
on the stage of the plant development. Finally,
environmental conditions that may have an effect on
secondary metabolite productions among others are
climate, growing site, other plants, and planting method.

During plant development bioactive compounds are
formed in leaf chloroplasts. The bioactive compounds are
used in photosynthesis process at photosystem I. A certain
amount of the photosynthesis product is used as precursors
in syntheses of naphtoquinone-derived bioactive
compounds which are accumulated in bulbs during
development of the plant. It can be concluded that the
syntheses and storage of secondary metabolites take place
in different locations.

CONCLUSIONS

Between 2 and 12 weeks after planting, anatomical
structure of leaves and bulbs of red bulb showed an
increase in the diameter and the length of bulb, the
thickness of leaf mesophyll as well as upper and lower
epidermis layers, and the size of cells of parenchyma and
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vascular bundles of bulbs. In addition to an increase in size,
vascular bundles also showed an increase in the number of
cells composing xylem and phloem. Upper epidermis of
leaves hosts fewer stomata than the lower layer. The level
of naphtoquinone-derived bioactive compounds in bulbs
increased significantly during plant development, as the
size of parenchymal cells increased. Meanwhile the level of
naphtoquinone-derived bioactive compounds in leaves
remained stable during plant development, despite the
increase in thickness of mesophyll and the composing cells
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