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ABSTRACT 
The present study describes the anatomy, distribution, morphology and ultrastructure of laticifer system in the 
phylloclades of Euphorbia caducifolia Haines (Family Euphorbiaceae), a potential biofuel yielding, Crassulacean 
Acid Metabolism (CAM) plant for the first time using light and transmission electron microscopy (TEM). His-
tochemical tests were performed to identify the principal components of latex using a variety of stains. In cross 
section, the phylloclade is composed of four distinct regions: the epidermis, cortex, vascular cylinder and pith. 
The phylloclade anatomy indicated xeromorphic characters and provided an insight about its capacity to grow 
with very little rainfall and/or inputs on dry or marginal lands. Non-articulated laticifers are present in the 
cortex, vascular cylinder and pith, but their frequency varies with the tissue type. Highest laticifer frequency 
was observed in vascular cylinder (9.6%) followed by cortex (3.9%) and pith regions (1.9%). In contrast, lati-
cifer index was found to be higher in the pith (12.7%) followed by cortex (3.8%) and vascular cylinder (2.3%). 
The discovery of a system of laticifers in E. caducifolia not described earlier could also be of taxonomic value. 
The histo-chemical tests revealed the presence of lipids, phenols, flavonoids, protein and starch in laticifer. As 
described by TEM observations laticifers contained distinct cell wall, nucleus and cytoplasm with ribosomes, 
small and big vacuoles, mitochondria, endoplasmic reticulum, plastids and osmophilic bodies. The lipophilic 
compounds present in the latex of this species could be used as chemical feedstock for the production of biofu-
els. 
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1. Introduction 
The depletion of oil resources and the negative environ-
mental impacts associated with fossil fuels have renewed 
interest for the production and use of liquid biofuels 
more particularly from locally available biomass feeds-
tocks. The plants with high water use efficiency, local 
adaptability, drought stress tolerance and having re-
quirement of minimum agronomic inputs are considered 
to be suitable biomass feedstocks for biofuel production. 
For example, Crassulacean Acid Metabolism (CAM)  

plants do not require much water, can withstand dry con-
ditions and grow easily on marginal lands. Further, cul-
tivating CAM plants on marginal lands for biofuel pro-
duction can also have positive effect to bring some live-
lihood support to the farmers in rural areas. The produc-
tion of biofuels from CAM plants received very less fo-
cus as source of biomass feedstock as compared to other 
conventional energy crops such as starch crops (e.g. 
corn), sugar crops (e.g. sugarcane, sugar beet), vegetable 
oils (soybean, canola, Jatropha, oil palm) and cellulosic 
crops (e.g. Miscanthus, poplar) which are well known as *Corresponding author. 
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less water-efficient plants [1]. 
Euphorbia is one of the most diverse genera in the 

plant kingdom, consisting of approximately 2008 species. 
Many species are more or less succulent and growing 
mostly in the tropical and sub tropical regions of the 
world [2]. This genus is divided into two sub genera viz., 
Euphorbia and Chamaesyce based on the type of the 
carbon metabolism. C4 photosynthesis is restricted to the 
sub-genus Chamaesyce and CAM photosynthesis was 
observed in several species of the sub-genus Euphorbia 
[3]. Species like E. antiquorum Linn, E. antisyphilitica 
Zucc, E. lathyris Linn, E. tirucalli Linn, E. caducifolia 
Haines, E. neerifolia Linn and E. royleana Boiss have 
already been examined as potential feedstocks for biofuel 
production [4-7]. However, despite the fact that Euphor-
bia species are interesting from a biofuel, medicinal and 
pharmacological point of view, the majority of wild 
growing species of this genus are still biologically, phy-
tochemically and pharmacologically uninvestigated. 

Euphorbia caducifolia Haines is a drought resistant, 
succulent species with CAM photosynthesis and suitably 
adapted to xerophytic conditions. It varies much in its 
height, repeated branching and producing clumps of 
phylloclades. The leaves are caducous and remain on the 
plant for hardly few months in a year. The phylloclades 
are tough, fleshy and contain large mucilage cells partic-
ularly in the central portion [8]. Sticky milky latex flows 
out in abundance when a slight injury is caused to the 
phylloclade. The latex is reported to have novel phytos-
terols and triterpenes [9] and folk medicines for its pur-
gative, rubefacient expectorant and antispasmodic prop-
erties [10], as well as possible biofuel [5]. Generally, the 
latex has also been widely understood to act as defense 
for the plant against generalist herbivores [11]. 

The latex is stored in specialized secretary tissue 
called laticifer. Laticifers may consist of several different 
single cells or a series of interconnected cells, which 
generally function as depositories for the intracellular 
excretion of terpenoids, resins, tannins, alkaloids and 
others [12]. Based on their mode of origin and develop-
ment, two types of laticifers are recognized in plants: 
articulated and non-articulated laticifers [13]. Non-articu- 
lated branched laticifers have been observed in several 
taxa of the genus Euphorbia, developed from cells present 
in the embryo known as laticifers initials [12]. As the 
embryo grows into a matured plant, the laticifer initials 
elongate and undergo karyokinesis without the formation 
of cell plate. Thus, non-articulated laticifers become large, 
coenocytic cells that extend throughout the shoot and 
root tissues. Ultrastructure of developing and mature 
non-articulated laticifers had been reported by several 
workers in several species of Euphorbia [7,14-20]. Cy-
tological analyses of laticifers have also been performed 

in several species of Euphorbia [20-22]. None of these 
studies have described the distribution, morphology, ul-
trastructure of laticifers and composition of latex in E. 
caducifolia. 

Thus the main aim of this study was to examine the 
distribution and ultrastructure of laticifer system in phyl-
loclades of E. caducifolia by light and transmission elec-
tron microscopy. Furthermore, histo-chemical tests were 
performed to identify the principal components of latex 
using a variety of stains and both the laticifer frequency 
and latex were calculated for the different regions of the 
phylloclade. 

2. Materials and Methods 
2.1. Plant Material 
Young phylloclades of 2 to 3 cm long and approximately 
2 cm diameter were collected from E. caducifolia (rang-
ing from 160 cm to 170 cm height) growing on Nandi-
mandalam forest areas of Kadapa district of Andhra Pra-
desh, India. Although appropriate material was available 
throughout the whole year, for electron microscopy the 
phylloclades collected exclusively in November - De-
cember months used for the description of laticifer dis-
tribution, morphology and ultrastructure. 

2.2. Anatomy of Phylloclades, Morphology and  
Distribution of Laticifers 

Phylloclade anatomy, morphology and laticifer distribu-
tion were observed under light microscopy. Phylloclades 
were cut into about 2 mm2 size and fixed in a mixture of 
2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M 
phosphate buffer (pH 7.4) for 12 h at 4˚C. Samples were 
washed three times in buffer and post-fixed in 1% OsO4 
for 1 h at 4˚C. The samples were dehydrated in ascending 
grades of acetone, infiltered and embedded in araldite 
CY 212 (TAB, UK). Ultrathin sections (1 µm) were 
made with an ultra-microtome, fixed on to clean slides 
and stained with an aqueous toluidine blue O for phyl-
loclade anatomy, morphology and distribution of latici-
fers. The stained sections were observed under 40× and 
photographed by a Carl Zeiss Axioscope A1 fluorescent 
microscope (Carl Zeiss, Germany). Images were digita-
lized using a CCD camera (Prog Res C3 Jenoptik). 

Laticifer index (LI) and laticifer frequency (LF) were 
calculated based on the number of laticifer cells and un-
differentiated cells under a microscopic field area (10×). 
Percent laticifers were calculated as [L/ (NL + L)] × 100; 
where L and NL are the number of laticifer cells and 
non-laticifer cells under a microscopic field, respec-
tively [23]. Data are the means of thirty separate obser-
vations. 
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2.3. Ultrastructure of Laticifers by Transmission 
Electron Microscopy (TEM) 

After gross observation of the area and quality of the 
tissue fixation, ultrathin sections of grey-silver colour 
interference (70 - 80 nm) were cut and mounted on 300 
mesh copper grids for transmission electron microscope 
observation. Sections were stained with alcoholic uranyl 
acetate and alkaline lead citrate, washed gently with dis-
tilled water and observed under a Morgagni 268D trans-
mission electron microscope (Fei Company, The Nether-
lands) at an operating voltage 80 kv. Images were digita-
lized using a CCD camera (Mega view III, Fei Compa-
ny). 

2.4. Histochemical Analysis 
The main components of the latex were determined on 
fresh hand sections of phylloclades by the following his-
tochemical tests: 1) Sudan IV for lipids [24]; 2) Nile blue 
for neutral and acidic lipids [25]; 3) Ruthenium red for 
pectins [26] and acidic polysaccharides [27]; 4) Wagner 
reagent [28], Dittmar reagent [28] for alkaloids; 5) Hel-
lram reagent and Vanillin-HCl for flavonoids [29], in 
particular, flavanols [30] and condensed tannins [31]; 6) 
Ethanol-HCl (2:1), for leucoanthocyanins and anthocya-
nins [32]; 7) Cresyl blue and toluidene blue for phenols 
and 8) Eosin for proteins [26]. The stained sections were 
observed under 10× and photographed by a Carl Zeiss 
Axioscope A1 fluorescent microscope (Carl Zeiss, Ger-
many). Images were digitalized using a CCD camera 
(Prog Res C3 Jenoptik). 

3. Results 
3.1. Anatomy of Phylloclade 
E. caducifolia possess cylindrical or sub-cylindrical bran- 
ched phylloclades. In transverse section, phylloclade is 
exhibited three distinct regions namely: 1) cortical tissue, 
2) vascular cylinder and 3) pith. The cortical region is 
composed of an epidermis, an outer chlorophyllous pali-
sade-like tissue and innermost ground parenchyma. Epi-
dermis is a single layered, covered with cuticle. The epi-
dermal cells have thickened walls and possess conical 
papillae. An innermost sub-epidermal layer is formed 
with quadrangular and rectangular cells. Sub-epidermal 
cells dimensions are greater than those of typical epider-
mal cells. Beneath the sub-epidermal layer, chlorophyl-
lous palisade like tissue and ground parenchyma with 
numerous intercellular spaces are present (Figure 1(a)). 
Chlorophyllous palisade layers are formed by cells per-
pendicularly to the surface. This tissue is composed of 
more than two layers occupying almost half of the cortical 
region (Figure 1(b)).  

Palisade tissue concentrates more chloroplasts in a rel-
atively small area of organ surface and hence considered 
as a specialized tissue. Directly over the vascular cylind-
er the ground parenchyma is formed by 2 - 5 cell layers. 
The ground parenchymous cells are isodiametric and thin 
walled in transverse section. The vascular system is col-
lateral, radial forming a ring in which the xylem is in-
nermost, abundant and the phloem is outermost and 
formed by distinctive large cells. The vascular system 
contains large number of xylem elements and massive 
radial parenchyma (Figure 1(c)). The pith comprises 
large irregularly shaped thin walled parenchyma cells 
(Figure 1(d)). 

3.2. Laticifer Distribution and Morphology 
The distribution and morphology of laticifers in phylloc-
lades was studied under light microscope using ultrathin 
microtome sections. Laticifers are observed in the cortical, 
vascular and pith regions of phylloclade, but their fre-
quency vary with the tissue type as shown in Table 1. 
The primary laticifers are distributed in the pith, vascular 
region and in the ground cortical parenchyma. In trans-
verse sections, primary laticifers appeared as thick-walled 
rectangular cells surrounded by parenchyma cells. Prima-
ry laticifers sizes are similar to the surrounding cells, but 
they are conspicuous due to their dark staining contents 
(Figures 1(a) and (c)). However, the present study con-
firmed the presence of non-articulated laticifers in E. ca-
ducifolia. 

Nevertheless, this study also specifically examined the 
laticifer distribution in three different regions of the 
phylloclade. This study has shown the localization of 
both primary and secondary laticifers in pith, vascular 
region, ground parenchyma and palisade tissue, respec-
tively. Secondary laticifers are long, tube like, branched 
without cross-walls, non-articulated type and are limited 
to palisade tissue of the cortical region (Figure 1(b)). 
They occur either singly or occasionally paired, and are 
rather irregularly interspersed among the elongated cells 
of the palisade tissues. In addition, the cytoplasm of pa-
renchyma cells would contain substances necessary for 
syntheses of sterols and triterpenes, and these substances 
might be conveyed to the adjacent laticifer to form latex 
components. Laticifers become branched commonly in Y 
configurations and establish the entire laticifer network 
within the phylloclade (Figure 2(d)). In this network, 
tips of the some laticifers was penetrated to the epidermal 
layer were observed (Figure 1(b)). The highest laticifer 
frequency was observed in the vascular cylinder (9.6%) 
followed by cortex (3.9%) and pith regions (1.9%). In 
contrast laticifer index was greatest in the pith (12.7%) 
followed by the cortex (3.8%) and the vascular cylinder 
(2.3%) was showed in Table 1.    
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Figure 1. Laticifers in transverse section of E.caducifolia phylloclade by ultra microtome (40×). Laticifers are interspersed 
between palisade tissue (arrows) stained blue with Toluidene blue O, bars = 100 µm (a, b), laticifers are present above the 
vascular region (arrows), bars = 100 µm (c), primary laticifers are present in pith region (arrows), bars = 100 µm (d). 
 

 
Figure 2. Histochemical tests on hand sections for laticifers (10×). Laticifer cells in cortical cells are stained blue with Nile 
blue, bars = 100 µm (a), laticifers stained bluish green with cresyl blue in cortical region, bars = 100 µm (b), laticifers stained 
reddish brown with ruthenium red (arrows) above vascular region, bars = 100 µm (c), anastomizing branch of laticifers 
stained orange with Sudan IV (arrows), bars = 100 µm (d). 
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Table 1. Laticifer differentiation in phylloclades of E. cadu-
cifolia*. 

Region of the  
Phylloclade 

Laticifer Differentiation 

Laticifer 
Index (%) 

Laticifer  
Frequency (%) 

Cortex 3.8 ± 1.4 3.9 ± 1.2 
Vascular System 2.3 ± 0.3 9.0 ± 1.1 

Pith 12.7 ± 0.6 1.9 ± 0.2 
*Results are means ± SD of thirty separate observations. 

3.3. Ultrastructure of Laticifer 
Results from TEM studies of laticifer and surrounding 
tissues revealed that laticifer ultrastructure is distinct 
from neighboring cells. In comparison with the neigh-
boring cells, laticifers were well distinguished by the 
presence of distinctive cell wall, a prominent nucleus, 
dense cytoplasm rich in ribosomes, small and big va-
cuoles, mitochondria, plastids, endoplasmic reticulum, 
and osmophilic bodies (Figures 3(a) and (b)). The cell 
wall was thicker and darker than those of neighboring 
cells. A thin, dense layer of cytoplasm was confined to 
the periphery of the laticifer cell. The nucleus was round, 
sometimes elongated and lobed, the nucleoli and nuclear 
membrane was intact (Figure 3(a)). The mitochondria were 
either spherical or elongated in section with cristae and part 
of the envelope was unclear (Figures 3(c) and (d)). Plas-
tids were lens-shaped and possess well-organized grana 
and thylakoid membrane system with a plastoglobuli was 
present in the homogenous stroma (Figures 3(c) and (d)). 
Some greatly altered plastids with a very electron-dense 
stroma and a series of parallel membranes were also 
present in the laticifer. The cytoplasm of the laticifers is 
comparatively rich in mitochondria than plastids.  

The globular osmophilic material is present both in the 
large vacuoles and in the peripheral cytoplasm of the cell 
(Figure 3(f)). The endoplasmic reticulum presented either 
in long or short forms and sometimes dilated. Endoplas-
mic reticulum was distributed around mitochondria, plas- 
tids or globular osmophilic bodies. The dictyosomes were 
high in number and they secreted numerous vesicles or 
small vacuoles during vacuolization. The laticifers could 
be readily distinguished from other cells by the presence 
of numerous small vacuoles or vesicles (Figure 3(e)). The 
electron dense inclusions tended to accumulate in the va-
cuoles. Based on the accumulation of electron dense mass, 
the two types of vacuoles were recognized in laticifers: 1) 
small vacuoles with clear contents and, 2) big vacuoles 
with electron dense masses. Those with clear contents 
remain closely associated with cytoplasmic regions whe-
reas vacuoles filled with dark staining contents fuse to 
form large central cavities. These, for some time, remain 
delimited by narrow sheaths of wall-lining cytoplasm. 

The surrounding cells show empty vacuoles and plastids 
rich in starch (Figure 3(e)). From our observation, it can 
be speculated that these vacuoles play a key role in sepa-
rating the latex droplets from the protoplasm and thus 
maintaining a normal metabolism. The latex particles are 
then transported and release into the central vacuole. 

3.4. Histochemical Tests 
Examination of phylloclade hand sections with various 
stains revealed differences in cytochemical properties 
among cell types of E. caducifolia. All cells of the phyl-
loclade including those of laticifers were nonspecifically 
stained with toluidene blue O, Nile blue (Figure 2(a)), 
cresyl blue (Figure 2(b)), and Dittmer stains. However, 
laticifers stained were more intensive than surrounding 
cells. 

Furthermore, the intensity of staining with eosin, ru-
thenium red (Figure 2(c)), Sudan IV, Hellram, vanillin- 
HCl, ethanol-HCl stains varied with different cell types. 
The staining characteristics of different cell types of 
fresh hand sections of phylloclades are summarized in 
Table 2. However, the histochemical analysis of latex 
components in E. caducifolia has not been reported so far. 
It was found that phylloclade tissues were rich in fatty 
acids and phospholipids as confirmed by blue staining 
with Nile blue.  

The cytoplasm of laticifers and lipid bodies in paren-
chyma cells surrounding laticifers and cuticle were 
stained orange red by Sudan IV and indicated the pres-
ence of total lipids (Figure 2(d)). All cells of the phyl-
loclade gave strong staining reactions to cresyl blue as 
well as toluidine blue O indicating the presence of phe-
nols. Cresyl blue stained all cells of phylloclade blue- 
green and toluidine blue O stained all cells purple-blue 
except for xylem vessels, which stained blue-green. The 
results obtained with toluidine blue O indicates that cells 
of phylloclade walls are rich in acidic polysaccharides 
and phenols. 

Sieve elements and laticifer cells stained light red with 
eosin and brick red with ruthenium red indicating the 
presence of protein and pectin respectively. Brick red 
staining with ruthenium-red indicates the presence of acid 
polysaccharides. Laticifers stained with Wagner reagent 
shows light brown colour indicate the presence of protein 
and starch. Further cells of phylloclade staining brown 
with Dittmar reagents confirm the sparse distribution of 
starch. The vanillin tests (Hellram test and vanillin-HCl) 
colored the laticifer content an intense cherry-red indicat-
ing the presence of flavonoids. Further, the thin sections 
were treated with ethanol-HCl, which colored anthocya-
nidins very light pink confirm the presence of sparse 
amounts of anthocyanidins. In phylloclade sections, posi- 
tive reactions of colour development were not observed 
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Figure 3. TEM micrographs of laticifer cells. A cytoplasmic mass (C) with nucleus (N), mitochondria (M), vacuole (V) are 
present and enclosed by a cell wall (W). Bars = 2 µm (a), a swollen plastid (P), mitochondria (M) and many vesicles (Vc) origi-
nating from endoplasmic reticulum (ER) nearer to the plastid (P), bars = 200 nm (b), plastid (P) showing stacks of grana with a 
plastoglobilin (Pg), bars = 500 nm (c), a swollen plastid (P) and mitochondria (M), bars = 500 nm (d), a swollen plastid (P), nu-
merous clear vacuoles (V) originating in the cytoplasm, bars = 0.5 µm (e), numerous osmophilic bodies (OB) are scattered in 
the cytoplasm (C), bars = 500 nm (f). 
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Table 2. Staining responses of different cells of the phylloclades to histochemical tests. 

Histochemical stain Specificity Observed color Staining 
intensitya Location of stained tissue 

Cresyl blue Phenols Blue-green +++ All cells 
Toluidine blue Phenols Purple-blue +++ All cells 

Eosin Protein Red + Sieve elements and cytoplasm 
Hellram Flavonoids Cherry-red ++ Laticifer cells and xylem elements 

Vanillin-HCl Flavonoids Cherry-red + Laticifers and sieve elements 

Dittmar Alkaloids starch None  
Brown 

− 
+ All cells and intensity more for laticifers 

Ethanol -HCl Anthocyanidins Pink + Vascular elements and laticifers 

Nile blue Fatty acids 
Phospho lipids neutral lipids 

Dark blue 
Blue 

Dark red brown 

++++ 
+ 
+ 

Laticifers 

Wagner 

Cutin and suberin 
Protein 

Alkaloids 
Starch 

None 
Brown 
None 

Brown 

− 
+ 
− 
+ 

Cytoplasm of all cells 

Sudan IV Total lipids Orange +++ Laticifers and cuticle 

Ruthenium red Acid polysaccharides pectins Brick red 
Brick red 

+++ 
+++ Sieve elements 

a++++, very strong staining; +++, strong staining; +, weak staining; −, no staining. 
 
with regard to alkaloids (Dittmar and Dragendorff rea-
gents). 

4. Discussion 
Euphorbia caducifolia phylloclade is a specialized ve-
getative character and it was considered as a plant adap-
tation to xeromorphic regions has been proposed for As-
paragus and Myrsiphyllum [33], E. tirucalli [7] and sev-
eral species of the genus Phyllanthus section Choretrop-
sis [34]. The presence of thick cuticle and sub-epidermal 
layer constitutes an additional barrier against water loss 
from plants and it is considered to be an important xero-
morphic character according to the descriptions of xero-
morphic characteristics given by Fahn and Cutler [35]. 
The cortical cells differentiated into chlorophyllous pali-
sade tissue and ground parenchyma with isodiametric 
cells. The occurrence of such palisade tissue in phylloc-
lade has been correlated with leaf blade reduction and 
has also been reported to occur from Pteridophyta to Li-
liate [34]. The anatomy of phylloclade is in agreement 
with observations made in other species of the genus 
[7,19].  

Several researchers previously investigated the anato-
my of some Euphorbia taxa and reported the presence of 
non-articulated branched laticifers [7,15,16,19,20,36,37]. 
However, the present study confirmed the presence of 
non-articulated laticifers for the first time in E. caducifo-
lia. Nevertheless, this study also specifically examined 
the laticifer distribution in three different regions of the 
phylloclade. According to Korsmo [36] and Paliwal and 

Kakkar [37], three Euphorbia species analyzed, had lati-
cifers in leaves close to the vascular tissue, and in stems 
in the cortex parenchyma. E. supina stems had laticifers 
only in cortex was reported by Rosowski [15]. Laticifers 
occur throughout the vegetative parts of E. pulcherrima 
Willd, and are well represented in certain parenchymatous 
tissues and phloem [16]. The presence of laticifers in leaves 
near the vascular tissue and in the stem cortex parenchyma 
of E. nicaeensis was reported by Lukovic et al. [19]. 

This study has shown the localization of both primary 
and secondary laticifers in pith, vascular region, ground 
parenchyma and palisade tissue respectively. Similarly 
distinction between primary and secondary laticifers was 
also found in phylloclades of E. tirucalli [38]. These 
findings support the view that the new laticifers are pro-
duced in the vascular cambium [17] and extend down-
wards from the apex to the root, branch into leaf stalks 
[13], and have cytoplasmic connections to neighboring 
parenchyma cells. On the wounded surface of the stems, 
rosary-like distributed vents of latex vein associated with 
a reservoir tank with abundant latex components would 
effectively splash latex all over the wound surface and 
this latex would stably plug the wound surface after ex-
posure to the air [7]. Furthermore, since the laticifer is 
regarded as a possible vein for oxygen transport in plants, 
the oxygen gas diffusion from the laticifer into neigh-
boring parenchyma cells, if any, might provide cytop-
lasm of the parenchyma cell with oxygen [12,13]. Anas-
tomoses between laticifers are believed to be involved in 
metabolite supply which is crucial for efficient latex 
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production and to enable latex flow through the devel-
opment of a network structure. Similar observations have 
been made in E. characias [21], E. pulcherrima [22].  

The present study constitutes the first report on ultra-
structure of non-articulated laticifer in E. caducifolia. 
The plastids, unlike those in the adjacent parenchymat-
ous cells, did not contain starch grains [39]. Normally, 
the laticifers contain amyloplasts which lack membranes 
[40] and starch grains remain undigested even after the 
demolition of the organelles in the mature regions of the 
laticifer [16]. The observations of ultrastructure are in 
agreement to those reports on E. kansui [20] and Cam-
potheca accuminata [39]. The small vacuoles in laticifers 
fused with each other as a result they have correlation 
with hydrolysis of the whole cytoplasm [16]. 

A unique feature of laticifers, not found in other cell 
types, is the accumulations of electron dense masses as 
reported in E. kanusi [20]. These findings suggest that 
the most of the latex components are synthesized in the 
cytoplasm and then transported to the vacuole, which is 
consistent with the results of a study on E. pulcherrima; 
this seems to be the most common model with non-arti- 
culated laticifers [16].  

From our observation, it can be speculated that these 
vacuoles play a key role in separating the latex droplets 
from the protoplasm and thus maintaining a normal me-
tabolism. The latex particles are then transported and 
release into the central vacuole. Similar postulate is also 
available for E. kansui [20]. Generally laticifers function 
as depositories for the intracellular excretion of latex, 
which is a stable dispersion (emulsion) of polymer micro 
particles such as terpenes, alkaloids, resins, tannins, 
starches, oils and gums in an aqueous medium [15]. Cy-
tological analyses of Euphorbia plants are described in 
cell wall development of laticifers [41], in tube diameter 
[42], in membranous latex components [21] and gene- 
expression of enzymes for phytosterols-and triterpene- 
biosyntheses have been reported in levels of tissue [7]. 

However, the histo-chemical analysis of latex compo-
nents in E. caducifolia has not been reported so far. It was 
found that phylloclade tissues of E. caducifolia were rich 
in fatty acids and phospholipids and as confirmed by blue 
staining by Nile blue. The distribution of both sulfated 
and carboxylated polysaccharides in cells of the tissue 
was first investigated using cationic dyes like toluidene 
blue O [43]. The results obtained with toluidine blue O 
indicates that cells of phylloclade walls are rich in acidic 
polysaccharides and phenols. These findings are consis-
tent with the results of a study on E. pulcherrima; this 
seems to be the most common model in non-articulated 
laticifers [16]. The presence of phenols may possibly in-
dicate that the latex plays some protective role against 
fungal and bacterial invasion and studies indicate that 

there are very high concentrations of antifungal and anti-
bacterial substances in latex [44]. Starch is a common 
component of latex of several species of Euphorbiaceae 
[45]. Similarly, Seigler [46] recorded large number of 
compounds from many different classes such as flavono-
ids, terpenes, lipids and flavonoids from the members of 
the Euphorbiaceae. This finding is in accordance with the 
report published on Campotheca acuminate Decne [39]. 

5. Conclusion 

In conclusion, this research contributes new results about 
phylloclade anatomy: distribution, morphology, ultra-
structure of laticifers and composition of latex in E. cadu-
cifolia. Phylloclade anatomy confirmed xeromorphic cha- 
racters and provided an insight about its capacity as CAM 
plant to grow with very little rainfall and/or inputs on dry 
or marginal lands. The discovery of a system of laticifers 
in E. caducifolia which have never been described could 
also be of taxonomic value. In addition, histochemical 
tests revealed the presence of lipophilic compounds in the 
phylloclades of E. caducifolia indicating that this CAM 
species may be useful as a biomass feedstock in arid en-
vironments. 
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