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ABSTRACT

T.he macro- and micromorphology of the inflorescence of Beta vulgaris subsp.
perennis L. family Chenopodiacaca arc presented in order to give the diagnostic
characters of the plant by which plant can be casily identified in both the entire and

powdered form.

- INTRODUCTION

Beta vulgaris subsp. perennis L.
is annual or perennial herb. It belongs
to family Chenopodiaceac which
comprises about 102 genera and
overl400  species, grow mainly
naturally in halophytes and xeric
habitats (Rizk, 1986; Sharma, 1993;
Evans, 2002). It is widely distributed
in the coastal areas of South and East
to North Africa, Europe and
Mediterranean coastal strip in Egypt

(Boulos er al., 1984; Boulos,
1999).

The chemical constituents of
family Chenopodiaceae are variable
and represented by different chemical
classes.Certainly, these constituents
include: alkaloids (Sandberg and
Michel, 1967, Muhtadi and Hassan,
1981), volatile oils, lipids , phenolic
acids , carbohydrates, organic acids
(Darnley, 1974), flavonoids (Reznik,
1957), saponins (Darnley, 1974,
Rastrelli er al., 1996), proteins and
amino acids (Silva and Pereira, 1976),
cyanogenic  glycosides  (Darnley,
1974), pigments (Dreiding, 1961;
Mario and Luigi, 1964; Damley, 1974)
amides and amines (Darnley, 1974)
and minerals (Kingsburg, 1958;
Darnley, 1974).

Phytochemical study of Beta
vulgaris subsp. perennis L. revealed
the presence of thirteen compounds
werec isolated and identified as
unsaturated primary alcohol  with
molecular formula (C 4 H 3z O ),

saturated  primary alcohol with
molecular formula (C 3 H ¢ 0))
saturated primary alcohol with

molecular formula (C 37 Hss O ), pB-
sitosterol,  saturated  acid  with
molecular formula (C 33 Hss O ), -
sitosterol-glycoside, syringic  acid,
ferulic  acid, dehydro-vomifoliol,
quercetin, 4' hydroxy-5 methoxy -6,7-
methylenedioxy flavanone, quercetrin
and rutin.

The biological study of different
plant extracts showed: antioxidant
effect (Kanner et al., 2001; Pavlov et
al., 2005; Georgiev er al., 2010;
Gennari et al., 2011), antihepatotoxic
activity (Agarwal et al., 2006; Kocsis
and Blazovics, 2007), anticancer efTect
(Kapadia et al., 2003; Vali er al., 2006;
Hoffman, 2007), anti-diabetic efTect
(Bolkent er al., 2000; Andrade and
Heinrich, 2005) and anti-inflammatory
activities (Zade et al., 2011).

Nothing, however, could be
traced dealing with macro- and micro-
morphological characters of this plant.
Therefore, the macro-and micro-
morphological study of  the
inflorescence of the plant is presented
in order to facilitate its identification in
both entire and powdered forms as
well as its differentiation from closely
related species.

MATERIAL and METHODS
MATERIAL

The plant material of Beta
vulgaris subsp. perennis L. (Figure 1)
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was collected in December 2008 in
flowering stage from farms of Bchida
Metghamr El-Dakhalia Governorate. It
was kindly identified by Dr. Abd El-
Halim Abd El-Magly Mohammed,
Professor of Plant Taxonomy and Flora
Researches, Horticulture Researche
Institute, ~ Agriculture ~ Researche
Centre, Land Reclaimation and
Agriculture Ministry, Dokki, Cairo,
Egypt.

For the botanical study, ecither
fresh or preserved samples in ethanol
70% containing 5% glycerol were
used.

A- Macromorphology
The flowers (Figure 2) are

axillary arranged in branched spike
inflorescence. The flower is sessile,
greenish to purple in colour and
measuring from 3-5 mm in diameter.
They are hermaphrodite,
actinomorphic and pentamerous with
the following floral formula:

Br, @, , Ps, As, Gga)—

The rachis (Figure 2A) s
cylindrical in outline with 7-9 slightly
prominent ridges, a solid and glabrous
with green surface and measuring 12-
20 cm in length 0.4-0.6 cm in width.

The bract (Figure 2B) is oval,
green colour. It has acute apex,
symmetric  base, entire  margin,
glabrous surface and  reticulate
venation measuring 1-1.5 cm in length
and 0.5 -1 cm in width.

The flower

The perianth (Figure 2C) is
formed of five free sepaloid tepals,
each measures -2 mm in diameter,
green, fleshy, thickened and persistent.

The androecium (Figure 2D)
consists of 5 stamens inserted on the
rim of a glandular perigynous disc and
arranged opposite to the tepals.

The gynaecium (Figure 2E) is
tricarpellary formed of subinferior,
small, globular unilocular ovary
containing one campylotropous ovule
adherent to the base of perianth.
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B-Micromo rphology

The rachis ' .
A transverse section In the

rachis (Figure 3A) is concavo-convex
utline with 7-9 slightly prominent
ridges. It shows an outer epidermis
surrounding 4-6 rows of collenchyma
followed by 5-9 rows of parenchyma.
The cortex is lined by almost
differentiated endodermis enclosing an
arch of non lignified pericyclic fibres.
The ring of the vascular bundles
surrounds a wide parenchymatous pith.

The epidermal cells (Figure 3C)
in the region between the ridges are
polygonal, tubular cells, with straight
anticlinal walls and covered with thin
smooth cuticle. They measure [5-2]1 p
in length, 6 -9 p in width and 6 -7 p in
height. Over the ridge (Figure 3D), the
epidermal cells are similar to those
inbetween the ridges, but they differ in
being axially elongated, they measure
30-48 p in length, 15-21 p in width
and 6-9 p in height. Stomata are
present only in the epidermal cells of
region between the ridges. They are of
anomocytic type, each is surrounded
by 4 -5 cells and measures 6-8 p In
length and 4-5 p in width.

The cortex (Figure 3B) is formed
of parenchymatous cells  with
subepidermal  collenchyma.  The
collenchymatous layer consists of 4-6
rows of small, thick and cellulosic-
walled cells, The parenchyma is
formed of 5-7 rows of large cellulosic
thin-walled  cells  with  narrow
intercellular spaces. The endodermis is
differentiated into slightly elongated
cells.

The pericycle (Figure 3B)
consists of an arc of non lignified
fibres.

The vascular tissue is formed of
12 -15 rings of collateral vascular
bundle each consist of: |

_The xylem (Figure 3 B) is formed
mostly of fibers in addition to vessels,
tracheids and wood parenchyma. The

ino
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fibers have thick, lignified walls, wide
lumen and blunt or acute apices. They
measure 8 to 12 p in diameter and 480
to 520 p in length. The vessels are
lignified, mostly spiral measuring 15
to 21 p in diameter. The tracheids are
few, spindle shaped, with pitted
lignified walls, They measure 106 to
130 p in length and 15 to 18 p in
diameter. The wood parenchyma is
diffused and formed of moderately
thick-walled, pitted, lignified
polygonal axially elongated cells. The
phloem bands embedded in the xylem
forming interrupted rings are similar to
the outer phloem.

The pith (Figure 3B) is formed

of polyhedral , moderately thick—
walled , cellulosic parenchyma with
narrow intercellular spaces , Some
cells contain a large sandy crystal of
calcium oxalate and starch granules
which measure 3 to 45 p in
diameter .

The bract (Figure 5) A transverse
section of the bract  consists of an
outer and inner epidermises enclosing
inbetween a homogenous mesophyll
transversed by few small vascular
bundles.

The outer epidermis (Figure 6A)
is formed of polygonal cells with
slightly wavy anticlinal walls and
covered with thin smooth cuticle. They
measure 18 to 27 p in length, 6 to 9 p
in width and 3 to 6 p in height.

The outer and inner epidermises
over the midrib and big veins (Figure
6C and D) are axially elongated with
straight anticlinal walls and covered
with thick smooth cuticle. The outer
epidermis measure 48 to 75 in
length, 18 to 21 pin breadth and 9 to
12 p in height .The inner one measure
21 to 45 uin length, 9 to 12 pin
breadth and 6 to 9 p in height.

The inner epidermis (Figure 6B)
is formed of polygonal cells with very
sinuous walls and covered with thin
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smooth cuticle. They measure 18 to 30
poin length, 12 to 15 p in width and 3
1o 6 p in height.

The stomata are present on both
surfaces being absent over veins.
Somata are  mostly  anisocytic
occasionally of the anomocytic type,
each being surrounded by 3 to 4
epidermal cells. Stomata are oval or
rounded measuring 9 to 12 p in length,
6 to 9 p in width,

The mesophyll (Figure 5B) is
undifferentiated and consists of 3 to 7
rows of rounded or polyhedral thin
walled cellulosic cells with namrow
intercellular spaces. It is traversed by 3
to 5 vascular strands.

The vascular tissue ( Figure 6 E)
consists of xylem formed of few
lignified spiral vessels 15to 21 pin
diameter and phloem of thin-walled
cellulosic elements.

The flower

The perianth (Figure 7) A
transverse section through the
perianth is triangular, composed of
an outer and inner epidermises,
enclosing inbetween a
homogenous mesophyll traversed
by a small vascular strand.

The inner (upper) epidermis
(Figure 8A and B): At the base
consists ol tubular polygonal,
elongated cells with straight
anticlinal walls and covered with
thin smooth cuticle , they measure
1910 22 p in length and 8 to 9 p
in width (Figure 14B). At the tip,
the cells are more or less
isodiametric with straight walls
covered with smooth cuticle
measuring 11 to 14 p in width and
17 to 23 p in length (Figure 14
A).

The outer (lower) epidermis
(Figure 8C and D): At the base
consists of tabular polygonal,
elongated cells with straight
anticlinal walls and covered with
thin smooth cuticle , they measure
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I8 to 28 pinlengthand 5 to 7 p
in width . At the tip, the cells are
more or less isodiametric with
straight walls covered with smooth
cuticle measuring 9 to 17 p in
length and 6 to 9 p in width.

Stomata  are  of the
anomocytic type, present on the
lower surface. They measure 7 to 9
M in length and S to 8 p in width.

The mesophyll (Figure 7B) is
homogenous formed of several
rows of more or less rounded
parenchymatous cells.

The vascular strand (Figure
8E) shows small collateral vascular
bundle with narrow spiral xylem
vessels measure 8 to 10 p in
diameter and delicate thin walled
cellulosic phloem elements.

The Androecium
The stamen:
A. The Filament (Figure
9A):

A transverse section in the
filament is flattened, with a very
small vascular strand, surrounded
by homogenous parenchyma cells,
The epidermis of the free and
adnoted parts (Figure 9B) of the
filament is formed of elongated
cells with straight anticlinal walls
and covered by thin smooth
cuticle. They measure 14 to | 8 fin
length, 5 to 7 p in width and 3 to §
p in height. Stomata and trachoma
are absent.

B. The Anther (Figures 9C
and D ):

A transverse section in the
anther shows two anther lobes,
attached by the connective tissue,
which has vascular strand in the
center, each |obe
numerous pollen grains,
The thecae (Figure 9C);

The wall of the thecae is thin
and consists of an epidermis
followed by fibrous layer:

The epidermis (Figure 9E);

contains
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The epidermis  consists of
polygonal  cells  with straigh
anticlinal walls, and covered by a
thin smooth cuticle, measuring, |2
to 15 p inlength, 8 to 11 pu ip
width and 3 to 4 in height.

The fibrous layer (Figure 9F):

The fibrous layer is formed
of one row of radially elongated
cells nearly polygonal in surface
view showing lignified bar-like
thickening, they measure 15 to |7
pin length, 4 to 5 p in width and
5 to 7 p inheight

The Pollen grains (Figure 9G):

The Pollen pgrains are
spherical in outline, with numerous
germ pores and devoid of germinal
furrows, measuring 27 to 36 pu in
width. The exine has smooth
surface.

The Gynaecium
The ovary

A transverse section in the
ovary (Figure 10 A) is more or less
cordate in outline. It shows an
epidermis enclosing the corex
with one locule containing one
campylotropous  ovule. The
cpidermal cells of the ovary
(Figure 10D) are polygonal, with
straight anticlinal walls, covered
with smooth cuticle , measuring 9
to 3p in length 4t05 p in
width and containing prisms of
calcium oxalate.
The Style

The epidermal cells of the
Sly_lc (Figure 10B) are rectangular,
axially clongated with straight

anticlinal walls and covered by
thin smooth cuticle.

The stigma

The epidermal (Figure 10 C)
cells are rectangular, papillosed
with straight anticlinal walls. The
cells become shorter and smaller
near the tip of the stigma,
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RESULTS and CONCLUSION
The pharmacognostical study
provides the characteristic features
of the inflorescence by the
following key elements:
I- The flowers are

axillary
arranged  in

branched  spike

inflorescence. The flower s
sessile, greenish to purple in
colour.

2- The flowers are hermaphrodite,
actinomorphic  with five free
tepals, five stamens with yellow
anthers and  gynaccium s

tricarpellary  formed of half-
inferior, small, globular unilocular
ovary containing one

campylotropous ovule.

3- The epidermal cells of the rachis
in the region between the ridges
are polygonal, axially elongated,
tubular, with straight anticlinal
walls and cover with thin smooth
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cuticle, Stomata (Figure 10A) are
present in the epidermal cells of
region between the ridges and are
absent in the epidermal cells over
ridges. They arc of anomocytic
type.

4- The epidermis of the bract is
formed of polygonal cells with
slightly wavy anticlinal walls and
covered with thin smooth cuticle
and showing anomocytic stomata.
5-The Pollen grains are spherical
in outline, with numerous germ
pores and devoid of germinal
furrows

6- The epidermal of the stigma
cells are rectangular, papillosed
with straight anticlinal walls, The
cells become shorter and smaller
near the tip of the stigma.

7- Calcium oxalate prisms are
present in the ovary wall.

-

F iguré 1. A photograph of the herb Beta vulgaris subsp. perennis L.
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The aerial parts (x 0.2)
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Rachis
perianth
gynaccium
-
I bract
37 B ™ androecium

Figure 2. photograph of the inflorescence of Befa vulgaris subsp.

perennis L. (x 14)

o

A

Figure 3. The rachis of Beta vulgaris -4

subsp. perennis L. 19 =L

A- A low power view transverse section of rachis. }'
(x 69) . f

B- A high power view transverse section rachis. |4 .- <,
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C

Figure 4. The epidermal cells and isolated elements of rachis of Bera vulgaris
subsp. perennis L. :

A- Epidermal cells of the rachis inbetween ridges. (x 472)
 B- Epidermal cells of the rachis above ridges. (x 472)
(x 667)

- C- Spiral vessel.
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o0.ep.

crl
vlstl
S.Cr.
i. ep
B
A
Figure 5. The bract of Beta vulgaris subsp. perennis
A- A low power view transverse section of the bract. (x 130)
(x 454)

B- A high power view transverse section of the bract.
cr., cortex ; i..ep., inner epidermis ; o.ep., outer epidermis; s.cr.; sandy crystal ; v.st.,

vascular strand:
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"E

elements of bract of Beta vulgaris

Figure 6. The epidermal cells and isolated
~subsp. perennis .

A- Quter epidermis of the bract near the apex. (x 437)
epidermis of the bract near the apex. (x 437)
al cells over vien of outer surface. ~ (x 478)
s over vien of inner surface. (x 478)
(x 441)

lc_iu,ni oxalate. (x 457)
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u.ep.

B
Figure 7. The perianth of Beta vulgaris subsp. perennis .
- A low power view transverse section of perianth, (x 174)
B- A high power view transverse section of perianth, (x 1250)

¢. pa., cortical parenchyma; lep.,

lower epidermis ; ph.,
epidermis xy., xylem .

phloem; u.ep., upper
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C D

Figure 8. The epidermal cells and xylem vessels of perianth Beta vulgaris subsp.

perennis L.:
A- Inner epidermis at the base.
B- Inner epidermis at the tip.
C-  Outer epidermis at the base.
D- Outer epidermis at the tip.
E- Xylem vessel.

E' .-x‘zlem | -. (All x 1250)

L
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epi.
c.par.
v.b.

G

Figure 9. The Androecium of Beta vulgaris subsp. perennis L.:

A- Transverse section of the filament. (x 1630)
B- Epidermal cells of the filament. (x 1538)
C- Transverse section of anther. (x 472)
D- Detailed transverse section of anther wall. (x 1666)
E- Epidermal cells of the anther, (x 1538)
F- Fibrous layer in surface view (x 1538)
G- Pollen grains. (x 400)

c.pa., cortical parenchyma ;ep., epidermis ; f.1., fibrous layer ; p.g., pollen grain;
tap., tapetum ; th,, thecae ; v.b. ,vascular bundle.
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. . E
Figure 10. The Gynaecium_of Beta vulgaris subsp. perennis .
A- Transverse section of the ovary. (x 304)
B- Epidermal cells of the style wall. (x 428)
C- Papillosed epidermal cells of stigma. (x 500)
= D- Epidermal cells of the ovary wall. (x 1535)
(x 1535)

E- Prisms of ca. oxalate.

~ i.ep., inner epidermis ; 0.€p. , outer epidermis; ov. ovule.

13



Zagazig J. Pharm. Sci. June, 2013
Vol. 22, Issue. 1, pp. 1-16

ACKNOWLEDGMENT

The authers are greatly thankful to
Dr. Abd El-Halim Abd El-Magly
Mohammed, Plant Taxonomy and
Flora Researches Department,
Horticulture Reasearche Institute,
Agriculture Researche Centre, Land
Reclaimation and Agriculture Ministry,
Dokki, Cairo, Egypt for verifying and
identity of the plant .

REFERENCES

I. Agarwal, M.; Srivastasva,
V.K.; Saxena, K.K.; and
Kumar, A. (2006).
Hepatoprotective activity of
Beta vulgaris against CCL;-
induced hepatic injury in rats.
Fitoterapia. 77: 91-93.

2. Andrade, A.; Heinrich, M.
(2005). Mexican plants with
hypoglycaemic effect used in
the treatment of diabetes. J
Ethnopharmacol. 99: 325-348.

3. Bolkent, S.; Yanarda, R,
Tabako, A.; and Ozsoy-scan,
0. (2000). Effects of chard
(Beta vulgaris var. cicla)
extract on pancreatic B cells in
streptozotocin—diabetic rats: A
morphological and
biochemical study. J
Ethnopharmacol. 73: 251-259.

4. Boulos, L. (1999). Flora of
Egypt, Vol. 1. Cairo, Egypt: Al
Hadara Publishing. pp. 92-129.

5. Boulos, L.; and Nabil el-
Hadidi, M. (1984). The Weed
Flora of Egypt. Cairo:
American University in Cairo
press. pp. 16 - 17.

6. Darnley, K.G. (1974).
Chemotaxonomy of Flowering
Plants. Montreal and London:;
MCGIL-Queenn's  University
press. vol I, pp. 106, vol I,
pp. 1236, 1244,

7. Dreiding, A.S. (1961). The
Chemistry of Natural Phenolic
Compounds London,

14

10.

11.

12,

13.

ISSN 1110-5089

New York, Paris: Pergamop
Press Oxford. p. 194.

Evans, W.C. (2002). Treas, G.
and Evans, W.. A Text book of
Pharmacognosy, 15 edition,
London. NewYork, Toronto:
Saunders. pp. 22, 193, 331-
332, 336,436,438, 472.
Gennari, L.; Felletti, M.; Blasa,
M.; Angelino, D.; Celeghini,
C.: Corallini, A.; and Ninfali,
P. (2011). Total extract of Beta
vulgaris var, cicla seeds versus
its purified phenolic
components: antioxidant
activities and antiproliferative
cffects against colon cancer
cells. Phytochem Anal. 22
272-279.

Georgiev, V.; Webar, IJ.;
Kneschke, E.M.; Nedyalkov,
P.; Bley,T.; and Ivanov, A.P.
(2010). Antioxidant activity
and phenolic content of
betalain extracts from intact
plants and hairy root cultures of
the red beet-root Beta vulgaris
cv. Detroit dark red. Plant
foods Hum Nutr, 65: 105-111.
Hoffman, S. (2007). Betanin in
beets inhibits cancer cells. Mol
Cell Endocrinol. 264: 74-81.
Kanner, J.; Harel, S.. and
Granit, R, (2001). Betalains: A
new class of dietary catioized
antioxidants. J Agric Food
Chem, 49: 5178-5185.

Kapadia, G.;  Azuine, M.;
Sridhar, R.; Okuda, Y.
Tsuruta, A,; Ichiishi, E.;
Mukainake, T.; Takasaki, M.;
Konoshima, T.; Nishino, H.;
and  Tokuda, H. (2003).
Chemoprevention of DMBA-
induced  UV-B  promoted,
NOR-I-induced TPA promoted
skin - carcinogenesis & DEN-
induced phenobarbital
promoted liver tumors in mice



Zagazig J. Pharm. Sci. June, 2013
Vol. 22, Issue. 1, pp, 1-16

14.

15.

16.

17,

18.

19.

20.

by extract of beet-root. Pharm
Res. 47: 141-148. '
Kingsburg, JM.  (1958).
Poisonous plants of The United
States and Canada. Engle
Wood, Chiffs, New Jersey:
Prentice- Hall, Ine. p. 33.
Mario, P.; and Luigi, M.
(1964). Pigments of
Centrospermae-II: Distribution

of Betacyannis. Phytochem. 3:
547.

Muhtadi, F.J.;
M.M.A. (1981).
Spectroscopy  of  Distilled
Alkaloids of  Haloxylon
persicum. Spectrosc Lett. 14:
207-215.

Pavlov, A.; Kovatcheva, P.;
Tuneva, D.; Llieva, M.; and
Bley, T. (2005). Radical
scavenging activity and
stability of Betalains from Befa
vulgaris hairy root culture in
simulated conditions of human
gastrointestinal ~ tract. Plant
foods Hum Nutr. 60: 43-47.
Rastrelli, L.; De Simone, F.;
Schettino, O.; and Dini, A.

and Hassan,
GLC-Mass

(1996). Constituents of
Chenopodium pallidicaula
Seeds: Isolation and

Characterization of Ne'_w
Triterpene Saponins. J Agric
Food Chem. 44: 3528-3533.

Reznik, H. (1957). Die
Pigmente Der
Centrospermenals
Systematisches Element.
Planta. 49: 409.
Rizk, AM. (1986). The

Phytochemistry of the Flora of
Qatar. Scientific and applied

15

21,

22,

23

24,

25.

26.

ISSN 1110-5089

research centre University of
Qatar. 27-38.

Sandberg, F.: and Michel, K.H.
(1967). Alkaloids of Haloxylon

Salicornicum  Boiss.  Acta
Pharm Suecica. 4: 97-116.
Sharma, O.P. (1993). Plant

Taxonomy. New Delhi: Tata
Mc Graw-Hill Company. pp.
366 -368.

Silva, S.E.; and Percira, C.C.
(1976). Isolation and
Composition of Leaf
Protein from Atriplex
nummularia  and  Atriplex
repanda. Cienc Invest Agrar.
3: 153-169-174 through C.A.
Vol. 87: 65358.

Vali, L.; Stefanovits, E.;
Szentmihalyi, K.; Febel, H,;
Sardi , E.; Lugasi, A.; Kocsis,
.. and Blazovics, A. (2007).
liver- protecting effects of table
beet (Beta vulgaris var. rubra)
during  ischemia-reperfusion.
Nutrition. 23: 172-178.

Vali, L.; Febel, H.; Stefanovits,
E.. Sardi, E.; Lugasi, A,
Szentmihalyi, K. and
Blazvics, A. (2006). Duodenum
protecting effects of table beet
(Beta vulgaris L. ssp. Esculenta
var. Rubra) during hepatic
ischaemia reperfusion. Acta
Alimentaria,  35:  445-453
(2006).

Zade, S.; Charde, R.; and
Charde, M. (2011). Antioxidant
and anti-inflammatory activity
of ethanolic extract of beta
vulgaris linn. roots. Intern J
Biomed Adv Res. 2: 4.



Zagazig J. Pharm. Sci. June, 2013 ISSN 1110-5089
Vol. 22, Issue. 1, pp, 1-16

(Gl ) J i 285 O ad gb Uiy i il 5 A sl 9 dgilal) ldeal)
Sas o LE) 0a aghe daaa paiddl 20 fa o s Aagh /00
a3 o 880 Al Adspeall 0 il o
Sy omiy ol Gy il 4 el il Slieall 4l 3 e Sl 15 Jik,

L_',,.s...iseaul;J|cu\smt;!_,,n!guj.dpgwmujf.i.l,.,.._u_a,.;hg_f..\ Saadl 124 )

16



