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ABSTRACT

The pet. ether fraction of Ammannia auriculata Willd. afforded three major compounds identified

as pentacosanol (1), p-sitosterol (2) and betulinic acid (3). They were identified through analysis of

their different physico-chemical data. The macro- and micro-morphological characters of the differ-

ent parts of Ammannia auriculata Willd. (family Lythraceae) have been studied to identify the titled

plant in both entire and powdered form.
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INTRODUCTION
Family Lythraceae (i—Std| Sl «Jl) includes
about 27 genera and up to 600 species of
herbs,
bers are widely distributed, but most of them

shrubs, and trees. The family mem-
are abundant in the American tropics (Law-
rence, 1969; Bailey, 1975 and Bolous, 2000).
The family belongs to Division, spermatophy-
tae; Phylum, angiospermae; Subphylum, Dic-

otyledons; Order, myrtiflorae (Lawrence,
1969; Benson, 1976; and Samuel et al.,
1986).

Genus Ammannia which comprises 25 spe-
cies mostly grow in wet places. This genus is
normally occur in ponds and rice fields in
Egypt, tropical Africa, West Asia to India, Chi-
na, Australia, central and South America. The
plant usually forms fruits in August to De-
cember (Bolous, 2000).

From the environmental point of view, Am-
mannia causes a problem to farmers in the
rice fields so, its identification is important.

263

Moreover, different medical purposes; antiuro-
lithic, analgesic, antipyretic and diuretic ac-
tivities were reported for Ammannia species
(Prasad et al., 1994, Joanoferc et al., 2003
and Dhanapal et al., 2004). In addition, useful
compounds that could be used for treat-
ment of many diseases e. g. betulinic acid
which is used in treating cancer and f-
sitosterol which is used as anti-inflammatory
were reported in Ammannia (Thakkar et al.,
1986).

In the course of our study concerning the
chemical contents of Ammania species, sever-
al natural products were isolated from Am-
mannia auriculata Willd. for the first time
such as pentacyclic triterpenes, flavonoids
and tannins. So, this study is believed to has
environmental and medicinal value.

This study also includes the macro- and
micro- morphological characters of Ammannia
auriculata Willd. for its identification in entire
and powdered form.
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Plant samples:

Plant material of Ammannia auriculata
Willd. was collected during the flowering to
fruiting stages, on October 2006, from rice
fields in Mansoura vicinity, Egypt. The identi-
ty of the plant was confirmed by Prof. Dr. Ib-
rahim Mashaly, Plant Ecology, Faculty of Sci-
ence, Mansoura University, Egypt. Voucher
specimens have been deposited at Pharma-
cognosy Department, Faulty of Pharmacy,

Mansoura University.

Experimental:

The powdered-aerial parts (570 gm) were
extracted with methanol. The solvent was
evaporated to dryness in a rotary evaporator
at 450C. The residue was suspended in dis-
tilled water and then partitioned with petrole-
um ether. The petroleum ether fraction was
evaporated to yield the pet. ether residue
weighed (15gm), it was applied as a band onto
the top of a silica gel column and eluted with
hexane then ethyl acetate/ hexane mixture,
increasing polarity, (0 - 35% v/v). Fractions of
50 ml were collected and monitored by TLC
using ethyl acetate/ hexane (30:70) as devel-
oping system and vanillin / HySO,4 acid as
spray reagent. Similar fractions were pooled
together and purified to yield compound 1
(eluted by 7% mixture, 25mg), compound 2
(eluted by 10% mixture, 200mg) and com-

pound 3 (eluted by 15% mixture, 50mg).

Small pieces of the different parts of Am-
mannia auriculata Willd. were fixed in formal-
in-acetic acid-alcohol mixture (90:5:5 v/v), de-
hydrated in ethanol and embedded in paraffin
wax (m.p. 50-54°C) then cooled and sectioned
at 15-20 ym by a rotary microtome, dewaxed
in xylene. The powder of each organ (root,
stem, leaf and fruit) and the sections were
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gently warmed with chloral hydrate stained by
phloroglucinol/ HCl and preserved using gly-
cerin. Other samples were mounted with dis-
tilled water to examine starch granules and
calcium oxalate crystals. Photo images for the
sections and isolated elements were captured
using a digital camera.

RESULTS AND DISCUSSIONS
Column chromatography of the pet. ether
fraction afforded three major compounds.
(1),
B-sitosterol (2) and betulinic acid (3) by co-

They were identified as pentacosanol
chromatography with authentic samples and
comparison of their IR, MS, 13C and 1H NMR
spectral data with those reported for similar
compounds (Aguirre et al., 2006 and Wang et
al., 2007).

Pentacosanol (1), mp. 75°. EI-Ms m/z 392
(M+Na+H). IH-NMR (CDCl3, 500 MHz,5ppm):
3.64 (t, J = 6.1 Hz, H-1), 1.56 (m, H-2), 1.24
(H-4 - H-24) and 0.87 (t, J = 6.8 Hz). 13C-
NMR (CDClg,dppm): 63.2 (C-1), 32.9 (C-2), 32
(C-3), 22.8-29.8 (C-4 - C-24) and 14.24 (C-
25). B-Sitosterol (2), m.p. 138-139°. IR (KBr,
Vmax) 3423, 2940, 2867, 1639, 1461 and
1376 cm'l. Betulinic acid (3), m.p. 291-
293°. HRESI-Ms m/z 534.4958 (M+2K). 1H-
NMR (CDClg, 500 MHz,0ppm): 3.16 (dd, J =
4.86, 11.4, H-3), 0.67 (H-5), 1.6 (m, H-12), 2.2
(ddd, J = 3.3, 12.6, H-13), 2.25, 1.2 (H-16),
1.43 (m, H-18), 2.9 (m, H-19), 1.96 (m, 21§,
22p), 0.96 (s, H-23), 0.75 (s, H-24), 0.82 (s, H-
25), 0.93 (s, H-26), 0.97 (s, H-27), 4.6 (d-like,
J =2, 298) and 4.7 (d-like, J = 1.85, 290).
13C-NMR (CDClg,0ppm): 38.7 (C-1), 27.4 (C-
2), 79 (C-3), 38.8 (C-4), 55.3 (C-5), 18.3 (C-6),
34.37 (C-7), 40.73 (C-8), 50.5 (C-9), 37.2 (C-
10), 20.8 (C-11), 25.54 (C-12), 38.4 (C-13),
42.4 (C-14), 30.5 (C-15), 32.1 (C-16), 56.2 (C-
17), 49.3 (C-18), 46.9 (C-19), 150.4 (C-20),
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29.7 (C-21), 37 (C-22), 28 (C-23), 15.3 (C-24),
16 (C-25), 16.1 (C-26), 14.7 (C-27), 179.6 (C-
28), 109.7 (C-29) and 19.4 (C-30).
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Ho CHg-(CHg)99-CHg-CHoOH

24
Betulinic acid (3)

Macro-morphology:

Pentacosanol (1)

Ammannia auriculata Willd., syn. Amman-
nia arenaria Kunth. (Bolous, 2000) belongs to
family lythraceae. The plant is erect annual
herb with four-angular narrowly winged
branched stem carrying green cauline leaves
and axillary dichasial cyme inflorescence, as
well as globose dehiscent capsules and well-
developed tap-root system (plate 1). The plant
usually starts flowering and fruiting in August
to December.

The root is cylindrical tap root, highly
branched towards the end making a dense
tuft with several rootlets. The outer surface of
root is rough and covered with a yellowish
brown scaly layer. It measures 12-17 cm long
and 3 mm diameter. The root is odorless and
having astringent taste.

The leaf is simple, green in color, exstipu-
late, 1.5-7.5 cm long and 3-15 mm wide, line-
ar-lanceolate in shape, entire margin, auricu-
late at the base and has acute apex. It is one-
nerved and the midrib is prominent on the
lower surface and grooved on the upper sur-
face. It is odorless and tasteless.

The stem is light green in color, erect,
branched, four-anguler, narrowly winged and
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measuring 15-60 cm high. The leaves are ar-
ranged in an opposite decussate sequences.
The internodes are of 2-3.5 cm in length. The
fresh stem is flexible but the dry has a fibrous
fracture.

The inflorescence is pedicellate and com-
posed of axillary dichasial cyme inflorescence
arranged on a racemose rachis in opposite
decussate branching.

The flowers are 3-12 dense in axillary
cymes, the pedicel measuring 0.5-3 mm long,
the peduncle measuring 0.5-1.5 cm long. The
calyx is membranous; it is green in color,
measuring 1-1.5 mm long, campanulate with
triangular four sepals.

The corolla consists of four pink, obo-
vate petals measuring 1.2-1.5 mm long and
1.2-1.3 mm wide. The androecium consists
of 4-8 long filaments included stamens. The
gynoecium is composed of three free carpels
forming 3 locules. This lies within the report-
ed gynoecia for Ammannia; 2-6 carpels, 2-6
locules (Bolous,2000). Ovary is superior. Each
locule contains several anatropous ovules ar-
ranged on axial placentation. The ovary meas-
ures 1-1.5 mm in length. The style is measur-
ing 1.2-1.8 mm long with capitate stigma.

The capsules are globose, membranous
and purple in color enclosed by the persis-
tent calyx segments and measuring 1.8-2.5
mm long and 1.5-3 mm width at the middle.
It encompasses 3 locules, each locule is filled
with numerous tiny seeds. The style is persis-
tent in the fruiting stage with capitate stigma,
measuring 0.1-0.3 mm high. The Seeds are
exalbuminous with

golden-brown, obovoid,

straight embryo measuring about 1mm long.
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Plate 1: Macro-morphology of Ammannia auriculata Willd. (Whole plant and different parts) col-

ored photos.
A: Whole plant,
E: tiny seed,

B: capsule, C: Inflorescence, D: Tap-root,
F: winged stem, inflorescence and the leaf, G: leaf.
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Micro-morphology

A- Anatomy of the leaf:

The transverse section in the leaf of Am-
mannia auriculata Willd. (fig. 1 and plates 2A,
3A)
grooved on the upper surface at the midrib re-

is convex on the lower surface and

gion. The rest of the lamina is a ribbon-
shaped. The lamina reveals a heterogeneous,
dorsiventral mesophyll interrupted in the mid-
rib region by cortical and vascular tissues.
The upper and the lower epidermises are gla-
brous, but carrying papillae at the margin.
The stomata are present on both sides. The
lamina shows a columnar palisade layer be-
neath the upper epidermis and 3-4 layers of
parenchymatous spongy tissue. The midrib
region shows a crescent-shaped large central
bicollateral vascular bundle. Endodermis and
pericycle are not differentiated.

Upper epidermis is formed of polygonal,
tabular cells with slightly thick cellulosic
slightly wavy anticlinal walls and covered with
smooth to warty cuticle. The epidermal cells
are frequently displaced with large isodiamet-
ric to elongated mucilaginous cells measur-
ing 36.06-52.4-59.01 u length 19.67-27.86-
36.06 u width and 28-32-40 u height. The epi-
dermal cells measure 38.4-49.8-61.5 u
length, 15.4-26.5-30.7 u width and 16-20.8-
28 u height. Both upper and lower epidermis-
es have anomocytic stomata without any tri-
chomes.

The lower epidermis is formed of polygo-
nal to isodiametric cells with thick cellulosic
slightly wavy anticlinal walls. The epidermal
cells are covered with thick warty cuticle.
They measure 30.8-43.8-53.84 u length,
15.38-25.38-38.46 p width and 15.38-23.85-
27 u height.
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The palisade is formed of one layer of com-
pact cylindrical, columnar, thin walled cells
containing chloroplasts; they measure 40-
53.2-64 u in length and 8-13.6-16 u in width.
The spongy tissue is formed of 3-4 layers of
polyhedral nearly rounded chlorenchymatous
cells with thin cellulosic walls and measure
15.38-22.3-30.7 u in diameter. The spongy
parenchyma contains crystals of solitary cal-

cium oxalate clusters.

The cortical tissue shows upper and lower
parenchyma of 3-4 and 5-7 layers, respective-
ly. The palisade is interrupted in midrib re-
gion by parenchymatous cells. The cortical
parenchyma consists of polygonal cells, meas-
uring 23.1-29.2-38.46 u in diameter, with
thin cellulosic walls and small triangular in-
tercellular spaces. They contain solitary crys-
tals of calcium oxalate clusters measuring 31-
55.8-69.2 u in diameter. The central region is
occupied by bicollateral vascular bundle. The
vascular strands consist of several rows of lig-
nified xylem elements with outer and inner
batches of phloem.

Xylem is composed of lignified, annular
and spiral vessels measuring 15.38-30.7-
34.6 u in diameter. Fibers are few with more
or less tapering ends, with moderate thick lig-
nified wall. They measure 995-1010-1024 u
length and 15.38-21.5-23.1 u width. Xylem

also contains elongated lignified wood paren-
chyma.

The phloem is formed of small cells with
thin cellulosic walls and hardly differentiated
into sieve tubes, companion cells and phloem
parenchyma.

The powdered leaf is dark green in color,
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Figure 1 : Detailed transverse section of Ammannia auriculata Willd. leaf and its powder.
A: lower epidermis, B: upper epidermis, C: CaOx. Clusters,
D: spiral and reticulate xylem vessels, E: isolated fiber.
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salty in taste and odorless. It is characterized
microscopically by the presence of fragments
of epidermis with polygonal, slightly wavy an-
ticlinal walls and covered with warty cuticle
and showing anomocytic stomata, other frag-
ments of lignified annular and spiral xylem
vessels, fragments of the mesophyll parenchy-
matous cells showing palisade and spongy tis-
sue with cluster crystals of calcium oxalate
and fragments of the fibers of the vascular
bundle with moderately thick lignified walls
and more or less tapering ends.

B- Anatomy of the stem

The transverse section of the stem (fig. 2
and plates 2C, 3C) is almost quadrangualar,
each angle extend to form bi-forked wing. It is
formed of an epidermis surrounding a cortex
formed of several layers of chlorenchyma. The
pericycle consists of isolated patches of fibers.
The vascular system is formed of a bicollateral
vascular bundle. The pith is wide. Cluster
crystals of calcium oxalate are scattered in
the pith and cortex parenchyma.

The epidermis consists of tabular polygo-
nal, slightly elongated to isodiameteric cells,
with straight anticlinal walls. The cells are
covered with thin striated cuticle. The epider-
mal cells measure 45.16-77.4-148.4 u length,
25.8-33.5-38.7 n width and 11.4-18.3-22.8
height. Anomocytic stomata are generally few.
Trichomes are absent.

Cortex is formed of several layers of thin-
walled chlorenchyma of more or less rounded
cells. Air spaces are distributed through out
the cortical tissue that previously reported in
genus Ammannia (Metcalfe et al., 1972), clus-
ter crystals of calcium oxalate are scattered in
the cortical parenchyma. The isolated patches
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of pericycle consist of non-lignified fibers. The
fibers have a wide lumen, moderately thick
walls with acute tapering ends. The phloem is
formed of small cells irregular in outline with
thin cellulosic walls and hardly differentiated
into sieve tubes, companion cells and phloem
parenchyma.

Xylem consists of lignified vessels, trach-
eids, fibers and parenchyma. The vessels are
spiral, annular, pitted and measure 11.5-
25-32 u diameter. Wood fibers are lignified
with tapering ends and measure 13.33-20.6-
33.3 w diameter. The wood parenchyma con-
sists of axially elongated cells with pitted and
lignified walls. Small patches of intraxylary
phloem are present.

The pith consists of more or less rounded
parenchymatous cells, with thin cellulosic
walls, showing intercellular spaces. The cells
measure 27.36-43.80-61.10 u diameter. They
contain starch granules that measure 8.42 -
10-13.2 u
crystals of calcium oxalate that measure 31-

55.8-69.2 u in diameter.

diameter and scattered cluster

The powdered stem is yellowish green in
color, odorless and having a slight salty taste.
It is characterized microscopically by the
presence of fragments of the epidermis con-
sisting of polygonal to axially elongated cells
with straight anticlinal walls and covered with
thick striated cuticle and anomocytic stoma-
ta, fragments of the lignified spiral, annular
and pitted xylem vessels, fragments of polygo-
nal parenchymatous cells of the pith contain-
ing starch granules with thin cellulosic walls,
fragments of non lignified pericyclic fibers,
scattered cortical chlorenchymatous cells and
fragments of cortical tissue containing cal-
cium oxalate clusters.
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auriculata Willd.
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C- Anatomy of the root

The transverse section of the root (fig. 3
and plates 2B, 3B) is circular in outline,
showing a narrow cork separated from a wide
vascular tissue by phylloderm. The central
vascular bundle consists of a wide ring of xy-
lem and a peripheral narrow band of phloem.
The xylem constitutes about three-quarter of
the diameter of the sector.

The cork cells are arranged in 2-4 rows

of polygonal to rectangular tangentially
elongated cells with moderately thick suber-
ized walls, measuring 30-43-55 u length, 10-
16-20 p width and 7.41-11.85-18.52 u height.
The cork cambium is developed at the outer
periphery of the phloem; accordingly, the pri-
mary cortex is pushed outward forming lacer-
ated tissue containing solitary calcium oxa-

late clusters.

The secondary cortex (phelloderm) consists
of thin walled tangentially elongated polyhe-
dral parenchymatous cells measuring 11.1-
23.7-33.3 u length and 7.4-11.85-18.52 u
width and containing solitary calcium oxalate

clusters.

The vascular bundle is arranged in the
form of a ring as a result of secondary growth.
An outer phloem is followed by inner secon-
dary xylem. The center of the root is occupied
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by compressed primary xylem. The vascular
tissue is traversed by funnel-shaped medul-

lary rays.

The phloem is composed of 3-4 layers
of

outline,

thin walled cellulosic cells, irregular in
and appear more or less com-
pressed. They are hardly differentiated into
sieve tubes and campanion cells. The cam-
bium is hardly distinguished. The secon-
dary xylem occupies about three-quarters
of the

compressed primary xylem inward. It is com-

diameter of the sector followed by

posed of lignified elements; bordered pitted
vessels, fibers, as well as lignified wood paren-
chyma. The vessels are wide have thick ligni-
fied walls, they measure 22.2-33.3-44.4 u di-
ameter. The fibers are lignified with tapering
ends and measure 10-15-26.6 un diameter.
The medullary rays are funnel-shaped; con-
sist of biserriate rows of rectangular lignified
parenchyma.

The powdered root is yellowish in color,
salty in taste and odorless. It is characterized
microscopically by the presence of fragments
of the cork cells with moderately thick suber-
ized walls, fragments of the secondary cortical
parenchyma containing calcium oxalate clus-
ters, fragments of lignified bordered pitted xy-
lem vessels, fragments of xylem fibers and sol-
itary calcium oxalate clusters.
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Figure 3 : I- Detailed diagrammatic transverse section in Ammannia auriculata Willd. root
II- Powder: A: Ca Ox. Clusters, B: Xylem vessel, C: Cork cells, D: Isolated fiber.
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D- Anatomy of the fruit

A transverse cut in the fruit capsule (fig. 4
and plate 3D) is more or less oval in outline. It
shows tri-locular capsule and each locule is
filled with numerous tiny seeds.

The pedicel

The transverse section of the pedicel is cir-
cular to quadrangular in outline. It has wing-
like extension at two adjacent angels. The dif-
ferent tissues of the cortex, patches of pericy-
clic fibers and a bicollateral vascular bundle
are similar to those of the stem, except for the
inner phloem which is being relatively wider
and narrow pith.

The calyx the transverse section of the thin
membranous calyx revealed that it consists of
thin walled rounded to polygonal parenchy-
matous cells filled with calcium oxalate clus-
ters. The cells are measuring 26.6-37.3-46.6 u
diameter.

The pericarp is membranous. The epicarp
is similar to endocarp; consist of one layer of
polyhedral parenchymatous cells with thin
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cellulosic walls and the epicarp cells are cov-
ered smooth cuticle. They measure 13.63-
19.1-22.7 u length and 27.4- 33.7-50 p width.

The mesocarp

It is formed of moderately thick walled pol-
yhedral parenchymatous cells. They measure
18.2-24.5-31.82 u length and 10-14.1-18.18 u
width. It contains granular reddish-brown col-
ored substances.

The placenta is formed of polygonal paren-
chymatous cells with thin cellulosic walls. It
contains starch granules.

The powdered fruit is reddish brown in col-
or, tasteless, and odorless. It is characterized
microscopically by the presence of fragments
of the epicarp showing polyhedral, thin cellu-
losic cells, fragments of the parenchymatous
cells of the mesocarp showing moderately
thick walls, containing reddish brown granu-
lar contents, fragments of the endocarp, nu-
merous tiny reddish brown seeds, fragments
of calyx cells containing calcium oxalate clus-
ters and dark brown capitate stigma.
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Plate 2 : Colored photos for A : T.S of the leaf, B : T.S of the root, C : T.S of stem.
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A: cork, B: Caox. Clusters,
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Plate 3 : Colored photos for A: powdered leaf, B: powdered root, C: powdered stem,
D: powdered fruit.
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