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CHARACTERIZATION OF THORNLESS RUBUS GLAUCUS IN COLOMBIA

*Marta Leonor Marulanda and Ana Maria Lépez
Biodiversity and Biotechnology Group, Universidad Tecnoldgica de Pereira
La Julita, Pereira, Colombia

ABSTRACT

High phenotypical plasticity has been identified within the species Rubus glaucus Benth, commonly known as ‘mora de
castilla’ or Castilla blackberry, in Colombia’s coffee-growing area using AFLP molecular markers as well as
morphological characters. Thornless plants have been observed among the blackberry materials grown. These plants
present the same characteristics of productivity as thorny varieties are widely distributed. A first approximation to the
genetic relationship between thorny and thornless materials indicated that thornless blackberry could possibly originate
from the departments of Risaralda or Quindio. This work focuses on identifying the genetic and morpho-agronomic
differences in thornless R. glaucus materials found in the coffee-growing region, especially in the department of
Risaralda. Materials were collected from five different locations: two in the department of Risaralda, one in the
department of Caldas, and two in the department of Quindio. For the morpho-agronomic characterization, 40 farmers
were selected in the municipalities of Santa Rosa de Cabal and Guética, Risaralda, each farmer planting 50 plants from
each of the five different collection sites, which had been multiplied in vitro, as well as 50 plants of thornless blackberry
propagated by farmers, totaling 12,000 plants. Eight microsatellite (SSR) sequences were used to study 23 regional
accessions of Rubus, including thorny and thornless R. glaucus, both cultivated and wild. Genetic and molecular

differences were observed between thornless blackberry materials of different origins.

Keywords: Rubus glaucus, thornless blackberry, Castillo blackberry, genetic characterization, Colombia.

INTRODUCTION

American Rubus species are perennial shrubs that show a
broad range of growth habits: from erect to semi-erect to
creeping (Daubeny, 1996). In addition, their
morphological and phenotypical characteristics are
probably among the most well known. Rubus species of
economic importance present perennial roots, foliage that
produces biannual productive canes or branches with
flower structures, and new branches, known as primary
branches, which present vegetative growth and form
tillers (Moore and Skirvin, 1990).

In temperate regions, the prolonged exposure of
blackberries to the cold induces both vegetative and
primary branches to develop flower buds or productive
branches, also known as female branches, which die after
producing fruit. Some species produce flowers without
being exposed to the cold in addition to another very
desirable characteristic—a productive primary branch
capable of producing flower branches during the early
growth cycle (L6pez-Medina and Moore, 1999; Lopez-
Medina et al., 2000). However, in the case of Rubus
glaucus, the formation of female branches does not occur
with the same mechanisms. According to popular belief,
this formation is not a physiological phenomenon strongly
controlled by environmental conditions, as described

*Corresponding author email: ubioteve@utp.edu.co

elsewhere in the world, but is determined rather by
genetic factors.

Another interesting characteristic of most Rubus species
is the absence of thorns or brambles. For example,
commercial varieties ‘Chester Thornless’, ‘Thornfree’,
and ‘Thornless Evergreen’ are thornless genotypes from
the United States. This monogenic characteristic is
controlled by a recessive gene that has been widely
studied in Europe and the United States (Jennings and
Ingram, 1983; Hall, 1990; Skirvin et al., 2005; Strik et al.,
2006). In Colombia, farmers of the department of Quindio
discovered a thornless blackberry biotype, which has been
multiplied by farmers throughout the country, without
really understanding its agronomic and genetic
characteristics. This thornless blackberry offers great
potential for blackberry cultivation not only in the
Quindio region but throughout the country.

Previous work carried out by Aguilar (Aguilar, SB. 2006)
and Marulanda et al. (2007) revealed high phenotypical
and molecular plasticity in R. glaucus in Colombia’s
coffee-growing region. Other wild species of Rubus found
in the area and nearby lots planted to the Castilla
blackberry were also submitted to morphological and
molecular characterization, using amplified fragment
length polymorphism (AFLP) and simple sequence repeat
(SSR) molecular markers.
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Some of the cultivated thornless blackberry genotypes
present the same productivity and same fruit size as
thorny plants. Because of their interesting phenotypical
characteristics and reduced production costs, these
materials, commonly known as thornless blackberry, have
been massively disseminated by farmers in the region
using vegetative methods. Marulanda et al. (2007) found
two possible sites of origin of thornless R. glaucus
materials: one is located in the department of Risaralda
and the other in the department of Quindio. There could
be other sources of thornless R. glaucus, but further study
is necessary.

Many studies using molecular markers, such random
amplified polymorphic DNA (RAPD), AFLP, and SSR,
have been conducted in Rubus (Graham and MacNicol,
1995; Graham et al., 2002, and 2004; Marulanda and
Marquez, 2001; Marulanda et al., 2007; Amsellem et al.,
2000 and 2001). However, the studies conducted with
SSR markers are of particular interest because these
markers are co-dominant, highly replicable, frequent in
most eukaryotes, and reveal a high allelic diversity
(Mohan et al., 1997).

The SSR of related species has been used in diversity and
genetic variability studies (Stafne et al., 2005) and several
have demonstrated the success of this strategy, which is

based on the transferability of SSR primers between
species and between genera of the Rosacea family
(Ashley et al., 2003; Cipriani et al., 1999; Decroocq et al.,
2003; Dirlewanger et al., 2002; Graham et al., 2002;
Lewers et al., 2005; Marulanda et al., 2007).

For example, Stafne et al. (2005) used SSR developed
from Glen Moy red raspberries (R. idaeus ssp. idaeus)
reported by Graham et al. (2002, 2004). On the other
hand, Amsellem et al. (2001) used SSR from wild
blackberry (R. alceifolius) from Asia; Lewers et al. (2005)
used SSR from strawberry (Fragaria x ananassa), Ashley
et al. (2003) used SSR from Fragaria virginiana; and
James et al. (2003) SSR from Fragaria vesca to evaluate
parental genotypes of North American raspberry and
blackberry and determine the level of polymorphism
present in parental lines. Stafne et al. (2005) found 60
SSRs available for evaluating American blackberries and
raspberries.

This study therefore aims to (1) identify the genetic and
morpho-agronomic differences of thornless R. glaucus
materials grown in the department of Risaralda and (2)
characterize cultivated and wild Rubus materials found in
Colombia’s coffee-growing region both genetically and
morphologically, using SSR molecular markers.

Conventions
° Sampling sites
I:l Department of Caldas
I:l Department of Risaralda
I:l Department of Quindio

Fig. 1. Collection sites of cultivated and wild blackberries in Colombia’s coffee-growing region.
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MATERIALS AND METHODS

Collection of Study Materials

From 2005 to 2008, plants of cultivated and wild
blackberry  species were collected in several
municipalities of Colombia’s coffee-growing region
where blackberry is grown (Fig. 1).

Morpho-agronomic Characterization

Thornless R. glaucus accessions were collected from five
different collection sites in three different departments of
Colombia (Risaralda, Caldas, and Quindio). Each
accession was assigned a code beginning with the letter P
and numbered 1 to 5. Table 1 lists the different sampling
sites and the identification code assigned to each material.
Blackberry plants were multiplied in vitro and, after
hardening, a total of 50 plants from each of the five
collection sites (P1, P2, P3, P4, P5) were delivered to 20
farmers in each of the two municipalities of Risaralda
(Santa Rosa de Cabal and Guatica). Thornless plants from
Santa Rosa de Cabal propagated by the farmers (P6) were
used as control. Overall, each farmer established 300
plants, totaling 6,000 plants per municipality and 12,000
plants for the entire experiment. Fifteen morpho-
agronomic variables were evaluated as follows: number
of female and male branches, number of runners, length
of internodes of female and male branches, width and
length of folioles on female and male branches, stem
diameter on female and male branches, plant height at
weeks 15 and 32 after planting, number of flower buds,
and days to flowering.

STATISTICAL ANALYSIS

A multivariate analysis was performed and groups were
identified by cluster analysis, using the SAS program.
Information on origins and sites was compared and 12
combinations were identified for the cluster analysis
(Table 2). Data were supported by the results of the
multiple correspondence analysis.

Evaluating Thorny and Thornless Accessions using
SSR Markers

Twenty-three microsatellite sequences developed by
Amsellem (2001) and Graham et al. (2002 and 2004)
were evaluated and, of these, eight SSRs were selected for
their polymorphism and amplification quality. Twenty-
three regional accessions of Rubus, including thorny and
thornless R. glaucus, both cultivated and wild, were
analyzed as follows.

9 wild and cultivated accessions of thornless R.
glaucus

4 wild accessions of thorny R. glaucus

2 cultivated accessions of thornless R. glaucus

1 accession of Rubus rosifolius

6 accessions of Rubus urticifolius

1 accession of Rubus robustus

To determine groups of genetic diversity, the genetic
similarity (GSij) was calculated based on the formulas of

0.87
0.6
o
=
= 0.47
<
E
(<5}
0]
0.27
00 —— | |
! 2 5 b

Treatments*
Fig. 2. Dendogram and cluster analysis based on morpho-agronomic characterization.

Treatments* see table 2
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Dice (1945) and Nei and Li (1979). Genotypes were
grouped based on dissimilitude values (1-GSij) between
all genotype pairs (Sneath and Sokal, 1973), using the
unweighted pair-group method with arithmetic average
(UPGMA) with the statistical package NTSys PC version
2.02i (Rolhf, 1998).

RESULTS AND DISCUSSION

Morpho-agronomic Characterization

Table 3 presents the cluster grouping of the 12
combinations described, while table 4 presents the
average, minimum, and maximum values, standard error,
and coefficient of variation for each morpho-agronomic
variable, regardless of the site and of the material. Data on
plant height at weeks 15 and 32 after planting present
coefficients of variation of 85.9% and 58.2%,
respectively. This variation can be attributed to the
difference in vegetative growth presented by plants,
which is strongly influenced by agricultural tasks. The
variable “number of runners” presents a coefficient of
variation of 82.6%, with a maximum value of 3, a
minimum value of 0, and an average value of 1 runner,
which can be attributed to the difficulty in identifying
these branches because they are easily confused with thin
branches.

33% 42%

According to principal component analysis, the variables
described are classified into six components, in such a
way that those contributing the greatest variation with
regard to total variation are located in the first component
and those contributing the smallest variation in the sixth
component (Table 5).

Variables presenting the greatest variation were, in
descending order: length of foliole on the male branch,
width of foliole on the male branch, stem diameter on the
male branch, number of runners, and number of male
branches. The number of male branches indirectly
determines the productive capacity of a material because,
after pruning, male branches can become female
branches.

The contribution of variables related to the productive
capacity, such as number of female branches and number
of flower buds, to total variation was smaller, respectively
ranking fifth and sixth, which indicates that these
variables alone have a smaller capacity to differentiate
materials. The variable “number of flower buds” is
directly related to fruit production and presents the
smallest contribution to total variation, meaning that it is
highly unlikely that this variable can be used to
differentiate materials.

50 R. glaucus thornless.

67% 90% 90 R. alaucus thornless

99 R. glaucus thornless
46 R.glaucus thornless
95 R. glaucus thorny
54 R.glaucus thorny

97 R.glaucus thorny
4&86 R.glaucus thorny
102 R. alaucus thornv
lPl R. glaucus thornless

[P2 R.glaucus thornless
~| —— |P3 R. glaucus thornless

‘ P5 R. glaucus thornless

22 R.glaucus thorny

iP4 R. glaucus thornless \

32 R.rosifolius

33 R.robustus

44 R . urticifolius

[ 82 R.urticifolius
I

37 R.urticifolius

64 R.urticifolius

107 R. urticifolius

106 R. urticifolius

\ T T
0.00 0.25 0.50

1
0.75 1.00

Dice similarity coefficient

Fig. 3. Dendrogram of blackberries estimated by Dice similarity index (1945), based on SSR markers.
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The dendrogram in figure 2 shows the grouping of
materials depending on the combination of site of origin
and planting site. Two groupings are possible: the first
separates the materials originating from Villamaria
(Caldas) and Génova (Quindio) and planted in Santa Rosa
de Cabal and Gudtica from the others. The second
conserves the distance from these combinations, but
separates materials originating from SENA-Manizales
(Caldas) and Pereira (Risaralda) and planted in Guatica.
Overall, the dendrogram shows that the materials
originating from Villamaria (Caldas) and Génova

(Quindio) are promising and different, regardless of the
site where they are planted.

Based on the dendrogram, the three groups were
submitted to cluster analysis (Table 3), resulting in the
following combination of materials and planting sites:

Cluster 1: Material originating from Santa Rosa de Cabal
and planted in Santa Rosa de Cabal; material from Santa
Rosa de Cabal propagated by farmers and planted in
Santa Rosa de Cabal (control); material originating from

Table 1. Collection sites of blackberry materials to be evaluated in the field and assigned code.

Collection site Department Assigned ID code
Santa Rosa de Cabal Risaralda P1
SENA-Manizales Caldas P2
Alto Manzano, Pereira Risaralda P3
Cumaral, Génova Quindio P4
Papayal, Villamaria Caldas P5
Material from Santa Rosa de Cabal propagated by farmers (control) | Risaralda P6

Table 2. Combinations used in the cluster analysis, origin of materials and evaluation site.

Combination Origin Evaluation site
1 Santa Rosa de Cabal Santa Rosa de Cabal
2 Santa Rosa de Cabal (control) Santa Rosa de Cabal
3 Santa Rosa de Cabal Guatica
4 Santa Rosa de Cabal (control) Guatica
5 SENA-Manizales Santa Rosa de Cabal
6 Pereira Santa Rosa de Cabal
7 SENA-Manizales Guatica
8 Pereira Guética
9 Génova Santa Rosa de Cabal
10 Villamaria Santa Rosa de Cabal
11 Génova Guatica
12 Villamaria Guatica

Table 3. Materials evaluated at two sites and group identification by cluster analysis.

Combination Origin Site Cluster 1 Cluster 2
1 Santa Rosa de Cabal Santa Rosa de Cabal 1 1
2 Santa Rosa de Cabal (control) Santa Rosa de Cabal 1 1
3 Santa Rosa de Cabal Guaética 1 1
4 Santa Rosa de Cabal (control) Guatica 1 1
5 SENA-Manizales Santa Rosa de Cabal 1 1
6 Pereira Santa Rosa de Cabal 1 1
7 SENA-Manizales Guética 3 1
8 Pereira Guatica 3 1
9 Génova Santa Rosa de Cabal 2 2
10 Villamaria Santa Rosa de Cabal 2 2
11 Génova Guatica 2 2
12 Villamaria Guaética 2 2
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Santa Rosa de Cabal and planted in Guatica; material
originating in SENA-Manizales and planted in Santa Rosa
de Cabal; material originating in Pereira and planted in
Santa Rosa de Cabal.

Cluster 2: Material originating in Génova and planted in
Santa Rosa de Cabal; material originating in Villamaria
and planted in Santa Rosa de Cabal; material originating
in Génova and planted in Guatica, and material
originating in Villamaria and planted in Guética.

Cluster 3: Material originating in SENA-Manizales and
planted in Guética; material originating in Pereira and

This grouping corroborates the data presented in the
dendrogram—that materials originating from Villamaria
and Génova can be differentiated, regardless of the
planting site (Cluster 2). The cluster analysis for the three
groups and Duncan’s multiple comparison test at 5%,
indicate that the only variable that differentiates the three
clusters is “plant height at week 32”. Whereas cluster
analysis for any two groups and the results of the
minimum difference test, at 5%, indicate that the only
variable that differentiated any two groups was the
number of male branches.

Based on the results obtained, materials originating from
Santa Rosa de Cabal, SENA-Manizales, and Pereira

planted in Guatica.

Table 4. Values obtained for morpho-agronomic variables.

Variable Average Minimum Maximum St:prc(i)a;rd CV. (%)
Number of female branches 10.6 4 28 0.51 43.9
Number of male branches 24 0 4 0.09 35.3
Number of runners 0.98 0 3 0.09 82.6
Length of internodes of female branches 6.62 45 8.5 0.09 13.0
Length of internodes of male branches 7.28 3.0 10.0 0.12 14.6
Width of folioles on female branches 21.04 15.0 29.5 0.30 12.6
Length of folioles on female branches 16.35 12.0 21.0 0.21 115
Width of folioles on male branches 21.29 11.0 26.0 0.30 12.6
Length of folioles on male branches 16.60 8.5 19 0.22 12.2
Stem diameter on female branches 4.30 2.0 8.0 0.14 28.5
Stem diameter on male branches 4.80 25 8.0 0.11 21.5
Plant height at week 15 23.81 3.0 99.0 2.28 85.9
Plant height at week 32 145.30 16.0 354 9.40 58.2
Number of flower buds 32.31 11 95 1.37 37.1
Days to flowering 168.9 143 190 1.80 9.24

Table 5. Variables identified in each component.

Groups of factors

Variable

First factor

Width of folioles on male branches
Length of folioles on male branches

Number of runners

Stem diameter of male branches
Number of male branches

Second factor

Width of folioles on female branches
Length of folioles on female branches

Third factor

Stem diameter on female branches
Plant height at 15 weeks after planting
Plant height at 32 weeks after planting
Days to flowering

Fourth factor

Length of internodes on female branches (cm)

Fifth factor

Number of females branches
Length of internodes on male branches (cm)

Sixth factor

Number of flower buds
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differ, in general, from materials originating from Génova
and Villamaria for all study variables and individually
(univariate analysis) for the variables “number of male
branches” and “plant height at week 32”.

“Days to flowering” was another variable presenting a
low coefficient of variation because flowering is closely
linked to a unified physiological condition of blackberry,
regardless of origin of the material or planting site.
Foliole length and width on both male and female
branches are variables with unique characteristics for
thornless blackberry and are also important in
differentiating materials. Variables presenting the highest
coefficient of variation were “plant height at 15 and 32
weeks after planting”, for which plants presented
differences in their vegetative growth associated with
fertilization and weed control, as well as the variable
“number of runners” because some farmers found it
difficult to identify these branches in the field, confusing
them with thin branches or they want to attribute the lack
of crop vigor to the presence of these branches.

Evaluating Thornless Blackberry Accessions using
SSR Markers

A total of 57 alleles with eight loci were obtained as a
result of the evaluation of 23 genotypes belonging to four
Rubus species: R. glaucus, R. urticifolius, R. robustus, and
R. rosifolus. The genotypes of R. glaucus included in the
study belonged to two groups: thorny and thornless. The

number of alleles per SSR marker ranged from 3 to 11
(Table 6). Polymorphic bands were obtained in thornless
R. glaucus genotypes, evidencing that genetic variability
does exist among these materials, which were considered
to be very uniform because of their limited genetic origin
and their massive multiplication by cuttings and
widespread distribution by blackberry farmers in the
region over the last five years.

The dendrogram in figure 3 shows 67% similarity for
Group 1, which includes all R. glaucus accessions. The
material differing most from the others was the P4
thornless blackberry from Génova, Quindio—an outlier
from the rest of the group due to molecular differences.

At 90% similarity, two groups are formed that separate
the remaining R. glaucus accessions. One group gathers
thornless blackberry materials P1, P2, P3, and P5; P1 and
P2, which are 100% similar with the SSR markers used.
Both P4, originating from Génova (Quindio), and P5,
originating from Villamaria (Caldas) show large
differences at the molecular level. The dendrogram also
shows other thornless blackberry genotypes that do not
differ significantly from cultivated genotypes such as 50,
90, 99, and 46.

Analyses using SSR Molecular Markers
The SSRs used differentiated the studied genotypes by
specie, producing exclusive bands for each and separating

Table 6. Description of the SSRs used for genetic characterization of Rubus species.

Average Rubus species’ Expected
Locus® SSR PIC? Thornless | Thorny R. R. R. R. band size
value R. glaucus glaucus | rosifolius | urticifolius robustus (pb)
mRaCIRRIV2A8T | (CA);, | 0.08678 1-3* 1-2* 1 1 1 191-237
(CNu
mRaCIRRIV2F4! (CT)g 0.38143 6-11* 8-11* 2 3 3 180-242
(CA)17
(CNu
mRaCIRRI1G3" (GA)2s 0.43543 5-6* 2-6* 1 1-2* 2 195-265
Rubus 105b° (AG)g 0.4444 1-3 1-3 1-4 1-2* 1-2 165/173/181
Rubus 98d? (GAA)s | NA® 1-2 1-2 1 1 1 173
(GA)s
Rubus 76b” (CT)s 0.30215 1-3* 1-2 1 1 1-2 190-210
(CT,
Rubus 16a° (AT)g 0.31519 4 4-6* 4 2-4% NAmp® | 169
(G
Rubus 11622 (CT), | 0.79717 2-5* 2 4 3-5* 5 299
(M1o

aoRr W N

1 = Derived from Rubus alceifolius (Amsellem et al., 2001); 2 = Derived from Rubus (red raspberry) hybrid species (Graham et

al., 2002, 2004).

PIC = Polymorphism index content.
NA = non-available.

Presence of polymorphism.
NAmp = No amplification.
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R. glaucus from other Rubus species, thus proving to be
powerful markers for inter- and intra- specific studies.

Polymorphic bands were obtained in thornless R. glaucus
genotypes, evidencing genetic variability within these
materials traditionally considered highly homogenous
because of their restricted genetic origin, their massive
multiplication by stakes, and their broad distribution by
farmers in the region over the past five years. The
morpho-agronomic data obtained are highly consistent
with those obtained with molecular data.

Badjakov (2007) characterized 48 raspberry accessions
from Bulgaria, using nine SSR markers developed by the
Scottish Crop Research Institute by Graham et al. (2002
and 2004). He obtained 59 alleles. The number of alleles
per locus varied from 4 to 10, with an average of 6.5 per
locus. The SSRs allowed him to calculate the genetic
distance between the materials under study as well as
analyze their heterozygosity, thanks to the co-dominant
character of the SSRs. Of the nine SSRs used by
Badjakov (2007), two of them—Rubus 76b and Rubus
98d—were also used in this study to evaluate different
Rubus species as well as thorny and thornless accessions
of R. glaucus collected in Colombia (Tables 6 and 7).

The species R. urticifolius was characterized by the
presence of eight exclusive bands; R. rosifolius by the
presence of four exclusive bands; R. robustus by the
presence of two exclusive bands; and R. glaucus by the
presence of nine exclusive bands. When using SSR Rubus
116a, thornless blackberry genotypes P4 and P5 were
characterized by the presence of 1 exclusive band or allele
and, when SSR Rubus 116a was used, thornless
blackberry genotypes P1, P2, P3, P4, and P5 were
characterized by the presence of 2 exclusive bands or

alleles. All thornless R. glaucus genotypes were
differentiated by the SSRs mRaCIRRIV2F4 and
mRaCIRRIV2A8 (Table 7).

The highest number of single alleles was observed in R.
glaucus, followed by R. urticifolius. The SSRs used
allowed the Rubus species under study to be differentiated
by their band patterns and the presence of bands exclusive
to each species (Table 7). The presence of single bands
for thornless R. glaucus genotypes (P1, P2, P3, P4, and
P5) allowed the molecular characterization and
differentiation of thornless blackberry genotypes. DNA
profiles made it possible to clearly differentiate these
materials from other R. glaucus genotypes (Table 7).

Of the 60 microsatellite markers described and used by
Stafne et al. (2005) to evaluate the diversity of North
American Rubus species, four were selected for this
study: Rubus 98d, Rubus 105b, Rubus 116a, and Rubus
16a (Graham et al., 2002, 2004). The molecular marker
mRaCIRRIV2A8 of Rubus alceifolius (Amsellem et al.,
2001) was used also to evaluate Colombian Rubus species
and genotypes (Tables 6 and 7).

When the results of this study were compared with those
obtained by Stafne et al. (2005), who found Rubus 98d to
be monomorphic and Rubus 105b, Rubus 116a, and
mRaCIRRIV2A8 to be polymorphic, our results differed
regarding the number of alleles identified per each
primer. When used to analyze Colombian species and
genotypes, the SSRs produced the following results:
Rubus 98d (3 alleles), Rubus 105b (7 alleles), Rubus 116a
(11 alleles), and Rubus 16a (7 alleles) (Tables 6 and 7).

The highest number of alleles per locus was obtained with
the SSR markers Rubus 116a and mRaCIRRIV2F4, with

Table 7. Exclusiveness of markers in Rubus materials analyzed with SSRs.

Alleles specific to

Marker species/genotype (no.) Rubus species/genotype
Rubus 105b 3 R. urticifolius
Rubus 105b 1 R. rosifolius and R. robustus
mRaCIRRIV2A8 2 R. glaucus (thornless)
mRaCIRRIV2A8 2 R. glaucus
mRaCIRRIV2F4 1 R. glaucus (thornless)
mRaCIRRIV2F4 6 R. glaucus
Rubus 98d 1 R. urticifolius
Rubus 98d 1 R. glaucus
Rubus 76b 4 R. glaucus (thornless)
mRaCIRRI1G3 3 R. glaucus
Rubus 16a 2 R. urticifolius
Rubus 116a 1 R. glaucus (P4 and P5)*
Rubus 116a 2 R. glaucus (P1, P2, P3, P4, P5)*
Rubus 116a 2 R. rosifolius
Rubus 116a 1 R. urticifolius
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11 alleles each (Table 7). Markers mRaCIRRIV2F4 and
Rubus 76b presented the highest number of polymorphic
bands in thornless R. glaucus genotypes. Other markers
that produced a high number of alleles per locus were
Rubus 16a (9 alleles), mMRACIRRI1G3 (6 alleles), Rubus
105b (7 alleles), mRaCIRRIV2AS8, (5 alleles), and Rubus
76b (5 alleles).

When Colombian Rubus species and accessions were
evaluated using with eight SSRs, a total of 57 alleles were
obtained. The SSRs produced Rubus 76b (6 alleles) and
Rubus 98d (3 alleles). Of the eight SSRs used, five
belonged to the microsatellite series obtained in Rubus
idaeus by Graham et al. (2002 and 2004) and three SSRs
were obtained in Rubus alceifolus by Amsellem et al.
(2001).

These results corroborate the efficient transferability and
usefulness of the R. alceifolius markers described by
Amsellem et al. (2001), as well as the markers described
by Graham et al. (2002 and 2004) developed in red
raspberries. The eight SSRs were highly polymorphic in
Colombian Rubus species and accessions.

Furthermore, according to the results of Stafne et al.
(2005), who evaluated eight SSR markers developed by
Amsellem et al. (2001) in R. alceifolius, amplification
was only obtained with mRaCIRRI1ID3 and
mRaCIRRIV2A8, which turned out to be polymorphic. In
the current study, 22 alleles of a total of 57 were obtained
with the SSR of R. alceifolius. The Colombian Rubus
species evaluated shared 38.59% of the alleles of R.
alceifolus; of a total of 57 alleles, 42 were obtained with
markers obtained from red raspberry. Colombian Rubus
species shared 62.68% of the alleles of R. idaeus.

In other studies carried out by Marulanda et al. (2007)
that evaluate other Colombian Rubus genotypes and
species, amplification was obtained in six of the eight
SSR markers used by Amsellem (2001). These results
contrast with those obtained by Stafne et al. (2005), who
only obtained amplification with two of these markers,
perhaps because of the divergent evolution of the study
species and because R. alceifolius is an Asian type of the
subgenus Rubus, probably more related phylogenetically
with R. glaucus, which means that R glaucus shares 75%
of the SSRs of R alceifolius (Stafne et al., 2005;
Marulanda et al., 2007).

In the evaluation of 96 Rubus accessions of the Oregon
germplasm bank, Castillo (Castillo, NRF. 2006) obtained
12 pairs of SSR primer derived from Rubus and several
from R. idaeus that generated between 3 and 16 alleles
per locus, for a total of 98 alleles and an average number
of eight alleles per primer. These results are very similar
to those obtained in the evaluation of Colombian Rubus
species and accessions in which eight SSRs generated

between 3 and 11 alleles per primer, for a total of 57
alleles and an average of 7.25 alleles per locus.

CONCLUSIONS

The analysis allows the differentiation of materials
originating from Villamaria (P5) and Génova (P4) and
planted in both Santa Rosa and Guéatica and those
originating from SENA-Manizales (P2) and Pereira (P3)
and planted in Guatica. The most promising materials are
those originating from Villamaria (P5) and Génova (P4),
regardless of the planting site.

The variables with the lowest coefficient of variation were
days to flowering and length and width of foliole. These
variables are valuable because of their characteristics
unique to thornless blackberry materials and their
important contribution in the differentiation of materials.
The variables with the highest coefficient of variation
were plant height at week 15 after planting, plant height at
week 32 after planting, and number of runners.

The variables that contribute most to the differentiation of
materials were length of folioles on the male branch,
width of folioles on the male branch, stem diameter on the
male branch, number of runners, and number of male
branches.

The variables that contribute less to the differentiation of
materials were those related to productive capacity, such
as number of female branches and number of flower buds,
indicating that these variables, when used independently,
are less capable of differentiating materials.

The number of flower buds—a variable directly related to
fruit production—contributes the least to total variation.
In other words, it is highly unlikely that this variable
serves to differentiate materials.

Polymorphic bands and bands exclusive to certain
genotypes were obtained from thornless R. glaucus,
indicating that genetic variability does exist within these
materials.

The SSRs grouped the Rubus species studied, and
exclusive bands were identified for genotyping each
species.

The SSR markers of R. alceifolius and R. idaeus (red
raspberry) were highly polymorphic in Colombian Rubus
species and accessions.
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ABSTRACT

Diabetic neuropathy is generally considered to be one of the most common complications of diabetes. Neuropathic pain
is the most troublesome and early symptom of diabetic neuropathy, and has been recognized as one of the most difficult
types of pain to treat due to its multifactorial pathogenesis. The aim of the present study was to evaluate the
antinociceptive effect of volatile oil from Cinnamomum zeylanicum on hyperalgesia due to alloxan induced diabetes in
rats. Diabetes was induced with single intra peritoneal injection of alloxan monohydrate (150mg/kg b.w.). Animals were
divided into different groups. Treatment groups received cinnamon oil from 3™ day onward upto 14" day at different
doses (5, 10 and 20mg/kg b.w.; i.p.). Diabetic control animals received normal saline (0.9% NaCl; 1ml/kg). After 2
weeks, rats were tested in tail immersion and hot plate assays. Diabetic control rats exhibited significant hyperalgesia
along with increased plasma glucose levels as compared with normal rats. Cinnamon oil treatment significantly
decreased thermal hyperalgesia and the plasma glucose levels as compared with diabetic control rats. These results
indicate the protective effect of volatile oil from the bark of Cinnamomum zeylanicum on hyperalgesia due to alloxan

induced diabetes in rats.

Keywords: Cinnamomum zeylanicum, diabetic neuropathy, hyperalgesia.

INTRODUCTION

Diabetic neuropathy (DN) is generally considered to be
one of the most common complications of diabetes,
affecting both types of diabetes equally (Vinik et al.,
1992). DN affects up to 50% of patients with diabetes
(Dyck et al., 1993). It is generally related to the duration
and severity of hyperglycaemia. However, it may also
occur acutely even with hypoglycaemia (Harati, 1996).
Pain is the most troublesome and early symptom of
diabetic neuropathy (Vinik, 2004). Neuropathic pain is
mostly characterized by pain which can occur
spontaneously as a result of exposure to normally mildly
painful stimuli, i.e. hyperalgesia (Brown and Asbury,
1984). Although hyperglycaemia (Green et al., 1992),
neuronal loss (Dyck et al., 1985) have been reported to be
responsible for the change in pain perception, the exact
aetiological factors involved are still under investigation
(Anjaneyulu and Chopra, 2006). Experimentally induced
diabetic rats have been used as a model of chronic pain
with signs of hyperalgesia and allodynia due to diabetic
neuropathy that may reflect symptoms observed in
humans (Anjaneyulu and Chopra, 2006). Alloxan at a
dose of 150mg/kg bw i.p., has been reported to induce
reproducible and persistant hyperglycaemia in rats (Ryle
et al., 1984; Diniz et al., 2008). Alloxan-injected diabetic
rats have been reported to exhibit thermal allodynia and
hyperalgesia, tested on hot-plate and tail-immersion

*Corresponding author email: rajbirkb@yahoo.com

assays (Morani and Bodhanker, 2007). Both hyperalgesia
and allodynia have been reported to be established after
14 days of alloxan treatment (Aubel et al., 2004).

Currently, there is growing interest in herbal remedies due
to a number of side effects associated with hypoglycaemic
agents used in allopathic medicine (Kim et al., 2006). The
effects of these plants may delay the development of
diabetic complications and correct the metabolic
abnormalities. It is believed that herbal medicines have
lesser side effects and also have slow onset of these side
effects (Habib et al., 2005).

Cinnamon is one of the most common traditional folk
herbs used in Korea, China and Russia for diabetes
mellitus (Bailey and Day, 1989). Cinnamon bark is
widely used as a spice and flavouring agent. Common
cinnamon correctly refers to “true cinnamon”, or its
synonym Ceylon cinnamon (Cinnamomum verum, C.
zeylanicum) (Jellin, 2006). Common and cassia cinnamon
have been shown to be generally safe when ingested and
to have many pharmacological properties, such as
antioxidant activity (Singh et al., 2007), antimicrobial
activity (Tabak et al., 1999; Ooi et al., 2006) anti
inflammatory activity (Tung et al., 2008) and antifungal
activity (Cheng et al., 2008). Common and Cassia
cinnamon are well known for their pharmacological
properties in the treatment of diabetes (Khan et al., 2003;
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Verspohl et al., 2005). The analgesic and anti-
inflammatory effects of Cinnamomum zeylanicum have
been described in experimental studies (Atta and
Alkofahi, 1998). Moreover, the major component found
in cinnamon leaf and bark volatile oil, cinnamaldehyde
(Singh et al., 2007) has been studied for its inhibitory
effects on pro-inflammatory mechanisms (Chao et al.,
2008), NF-kB activation (Liao et al., 2008), nitric oxide
production (Lee et al., 2005) and cyclooxygenase-2
inhibitory activity (Guo et al., 2006). However, the role of
cinnamon in diabetic neuropathy has not been
investigated so far. Therefore, the present study was
designed to investigate the effect of cinnamon oil on
diabetic neuropathy.

MATERIALS AND METHODS

Plant Material

C. zeylanicum (Lauraceae) was purchased from National
Medicos, Amritsar, India. The species was identified and
authenticated by Dr. Amarjit Singh Soodan, Guru Nanak
Dev  University, Amritsar.  [voucher  specimen
(SR./Bot.Sci./0345) is deposited in the herbarium of the
Department of Botanical and Environmental Sciences,
Guru Nanak Dev University, Amritsar, India].

Extraction of volatile oil

Volatile oil was extracted according to the method
reported by Chang and Cheng (2002) with little
modification. Briefly, 500g of the dried bark was taken,
broken into small pieces and hydrodistilled with a
Clavenger apparatus for 6 h. The light yellow coloured
essential oil was collected and dried over anhydrous
sodium sulphate and, after filtration, stored in screw tight
bottle at — 10°C.

Experimental Animals

Wistar albino rats of either sex (150-200g) were housed in
3 per cage, with food and water ad libitum for several
days before the beginning of the experiment. The animals
were kept on straw bedding in cages with a natural light:
dark cycle and had free access to standard rodent food
pellets and water. Animals were acclimatized to the
laboratory conditions (room temperature 25+5°C) for one
week before the start of experiment. All the experiments
were conducted between 09.00 and 17.00 hrs.

Preparation of Drugs

Preparation of Alloxan solution (15mg/ml)

150mg of alloxan was accurately weighed and then
dissolved into 10 ml of distilled water. Freshly prepared
solution was used in each experiment.

Preparation of Cinnamon Qil (5, 10 & 20mg/ml)

50, 100 & 200uL of Cinnamon Oil was taken out and
dissolved in 10ml of dimethyl sulfoxide (DMSO; 0.05%)
to produce 5, 10 & 20 mg/ml of the cinnamon oil.

Preparation of Glipizide (10mg/ml)
50mg of Glipizide was accurately weighed and dissolved
in DMSO (0.05%) and volume made upto 5Sml.

Preparation of Fluoxetine (2mg/ml)
20mg of fluoxetine was accurately weighed and dissolved
in 10ml of distilled water.

Experimental Protocols
In the present study, total of 42 rats were used. The rats
were divided into 7 groups of 6 rats each.

Group I- Non-Diabetic group (n=6). The animals were
injected with normal saline (0.9%, NaCl; 1 ml/kg) instead
of the corresponding treatments.

In the rest of the groups the animals were fasted overnight
prior to alloxan treatment and diabetes was induced by a
single intraperitoneal injection of freshly prepared alloxan
(150mg/kg bw) and the treatment with the cinnamon oil
and glipizide was started on day 3. The blood glucose
levels were estimated on 3™ day of alloxan treatment and
the animals with fasting blood glucose levels more than
150mg/dl were considered diabetic and included in the
study. The treatment with different drugs was as follows:

Group Il- Diabetic control group (n = 6). The animals
were administered normal saline (1 ml/kg) from 3™ day
onward upto 14 days.

Group I11- Diabetic vehicle group (n = 6). The diabetic
animals were administered a daily dose of wvehicle
dimethyl sulfoxide (DMSO; 0.05%; 1ml/kg) from 3 day
onward upto 14 days.

Group IV- Glipizide treated group (n = 6). The animals
were treated with glipizide at a dose of 10mg/kg; ip., from
3" day onward upto 14 days.

Group V- Fluoxetine treated group (n = 6). The animals
were treated with fluoxetine at a dose of 20mg/kg; i.p.
dissolved in distilled water from 3™ day onward to 14
days. Fluoxetine was used as the standard for assessment
of thermal hyperalgesia.

Group VI - Cinnamon oil (5Smg/kg) group (n = 6). A
daily dose of 5mg/kg of cinnamon oil was administered
from 3" day onward to 14 days.

Group VII - Cinnamon oil (10mg/kg) group (n = 6). A
daily dose of 10 mg/kg was administered from 3™ day
onward to 14 days.

Group VIII - Cinnamon oil (20mg/ kg) group (n = 6). A
daily dose of 20mg/kg was administered from 3™ day
onward upto 14 days.
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Estimation of Fasting Blood Glucose (FBG)

For the estimation of blood glucose, blood samples were
taken from retro orbital plexus. Blood samples were kept
at room temperature for 5-10 minutes and were allowed to
clot. After clotting the samples were centrifuged at 2000
rpm for 10 minutes to separate plasma. Separated plasma
was used for the estimation of fasting blood glucose by
GOD/POD method using commercial kit (Span
Diagnostics Ltd, Surat).

Assessment of thermal hyperalgesia

Thermal hyperalgesia was assessed with tail-immersion
and hot plate tests. Preliminary threshold to tail-
immersion and hot-plate responses, by taking the means
of two consecutive stable values which did not differ by
more than 10% were determind (Chopra and Anjaneyulu,
2006). Nociceptive latency was measured at 15, 30, 60,
120 and 180 min. after the administration of drug. The
nociceptive latency was expressed as mean + S.E.M.

Tail-immersion (warm water) test

The tail was immersed in a warm water bath (52.5+5°C)
until tail withdrawl (flicking response) or signs of struggle
were observed, the cut-off time was 12s. The hyperalgesic
response in the tail withdrawl test is generally attributed
to central mechanisms (Chopra and Anjaneyulu, 2006).

Hot-Plate test

The hyperalgesic response on the hot plate is considered
to result from a combination of central and peripheral
mechanisms (Chopra and Anjaneyulu, 2006). In this test,
animals were individually placed on a hot-plate (Eddy’s
Hot-Plate) with the temperature adjusted to 55+1°C. The
latency to the first sign of paw licking or jump response to
avoid the heat was taken as on index of the pain
threshold; the cut-off time was 10 s in order to avoid
damage to the paw.

STATISTICAL ANALYSIS

Results were expressed as Mean=SEM. The intergroup
variation was measured by one way analysis of variance
(ANOVA) followed by Tukey’s test. Statistical
significance was considered at p < 0.05. The statistical
analysis was done using the Sigma Stat Statistical
Software version 2.3.

RESULTS

Yield of Volatile Oil from Bark of C. zeylanicum

6.5ml of volatile oil was obtained from hydrodistillation
of 500g of cinnamon bark. The percentage yield of the
cinnamon oil was 1.3%. The density of the oil was found
to be 1.059g/ml. The crude volatile oil so obtained was
more than 98% pure cinnamaldehyde as evidenced the 'H
& °C NMR and IR spectra of the oil. In the 'H NMR

(400 M Hz, CDCl; solvent) the aldehydic proton showed
up at 8 9.67 (1 H, doublet, J = 7.22 Hz), aromatic protons
along with CB-olefinic H formed a 6H multiplet at 57.76
— 7.28 and the Ca-olefinic H appeared as a double
doublet at 566.89 (1H, J = 16.00 and7.72 Hz); there was no
other significant resonance signal in the proton NMR of
the oil. Presence of only cinnamaldehyde is also
corroborated by '*C NMR through resonances at & 192.91
(CHO), 06152.23 (olefinic Cp), 133.85 (quaternary
aromatic carbon) and other resonances at & 1309.974
(olefinic C o), 128.873 (m-C of aromatic ring), 128.395
(0-C of aromatic ring), 128.263 (p-C of aromatic ring).
The aldehyde band in the IR spectrum appeared at 1681
cm™. The determined density of the oil 1.059g/ml is also
close to the value reported for pure cinnamaldehyde
(1.048).

Effect of alloxan injection on Fasting Blood Glucose
(FBG) in rats

The levels of fasting blood glucose were found to be
significantly higher in diabetic rats than those of normal
(non-diabetic) rats after 1 and 2 weeks of intraperitoneal
administration of alloxan (Fig.1).

Effect of various therapeutic interventions on Fasting
Blood Glucose in alloxan induced diabetic rats

The fasting blood glucose levels were estimated in
different groups on 7™ and 14™ day of the alloxan
treatment. Glipizide treatment was found to produce a
significant decrease in fasting blood glucose in treated
rats as compared with that of untreated control rats. The
treatment with the vehicle did not alter the increase in
FBG of alloxan treated animals. The treatment with
cinnamon oil at 5, 10 and 20mg/kg dose was found to
decrease the fasting blood glucose significantly in dose
dependent manner on 7" and 14™ day as compared to
diabetic control group. The maximum decrease in fasting
blood glucose was achieved in 20mg/kg treatment group
and was similar to that of glipizide treatment (Fig. 2).

Effect of alloxan injection on tail immersion
nociceptive threshold in rats

The tail immersion nociceptive threshold was observed to
be significantly decreased in diabetic rats as compared
with that of normal rats. Hyperalgesia was evident in tail
immersion test after 1 week, the maximum decrease in
pain threshold was observed at 2 weeks after alloxan
injection in rats (Fig. 3).

Effect of various therapeutic interventions on tail
immersion nociceptive threshold in alloxan — inducted
diabetic rats

A significant increase in nociceptive threshold in tail
immersion test was observed in diabetic rats treated with
fluoxetine (20mg/kg) i.p. as compared with that of
untreated diabetic control rats. Treatment with vehicle did



890 Canadian Journal of Pure and Applied Sciences

200

180 4

160 4

140 ~+

120 -

100 +

FBG {mg/dL)

&80

60 -

20 A

1 week

m Normal(non-diabetic)

M Diabeticcontrol

2 week

Fig. 1. Effect of alloxan-injection on Fasting Blood Glucose in Rats after 1 and 2 weeks.
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Fig. 2. Effect of various pharmacological interventions on Fasting Blood Glucose Diabetic Rats on Day 14.
p <0.05; a, as compared to normal; b, as compared to Diabetic Control.

not produce any change in the nociceptive threshold in
rats. Treatment with cinnamon oil at doses 5, 10 and 20
mg/kg was found to increase the nociceptive threshold in
tail immersion test significantly in the treated rats as
comared to that of untreated diabetic control rats. The
data is expressed as mean + S.E.M. The maximum
protective effect against thermal hyperalgesia was
observed at 30 min. after administration of volatile oil
from C. zeylanicum. The protective effect produced by
cinnamon oil on thermal hyperalgesia was found to be
more than that of standard dug fluoxetine in tail-
immersion assay. The maximum dose-dependent decrease
in nociceptive threshold in tail-immersion assay was
observed at the dose of 20mg/kg in alloxan-induced
diabetic rats (Fig. 4).

Effect of alloxan injection on hot plate nociceptive
threshold in rats

The nociceptive threshold was observed to be
significantly decreased in diabetic rats as compared with
that of normal rats in hot plate assay. Hyperalgesia was
evident in hot plate test after 1 week, the maximum
decrease in pain threshold was observed at 2 weeks after
alloxan injection in rats (Fig. 5).

Effect of various therapeutic interventions on hot plate
nociceptive threshold in alloxan — inducted diabetic
rats

A significant increase in nociceptive threshold in hot plate
test was observed in diabetic rats treated with fluoxetine
(20mg/kg) i.p. as compared with that of untreated diabetic
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tail-immersion test in alloxan-induced diabetic rats, as observed on day 14.

a=p<0.05 vs normal (non-diabetic); b=p<0.05 vs Diabetic control.

control rats. Treatment with vehicle did not produce any
change in the nociceptive threshold in rats. Treatment
with cinnamon oil at doses 5, 10 20mg/kg was found to
increase the nociceptive threshold in hot plate test
significantly in the treated rats as compared to that of
untreated diabetic control rats. The data is expressed as
mean + S.E.M. The maximum protective effect against
thermal hyperalgesia was observed at 30min. after
administration of volatile oil from C. zeylanicum. The
protective effect produced by cinnamon oil on thermal
hyperalgesia was found to be more than that of standard
dug fluoxetine in hot plate assay. The maximum dose-
dependent decrease in nociceptive threshold in tail-
immersion assay was observed at the dose of 20mg/kg in
alloxan-induced diabetic rats (Fig. 6).

DISCUSSION

The aim of this study was to evaluate the protective effect
of C. zeylanicum bark volatile oil on alloxan induced
diabetic neuropathy in rats. Diabetes was induced by
single intraperitoneal injection of 150mg/kg of alloxan
monohydrate. Alloxan at the similar dose has been
reported to induce reproducible and persistant
hyperglycaemia in rats (Ryle et al., 1984; Diniz et al.,
2008). Experimentally induced diabetic rats have been
used as a model of chronic pain with signs of hyperalgesia
and allodynia due to diabetic neuropathy that may reflect
symptoms observed in humans (Anjaneyulu and Chopra,
2006). In the present study, the tail-immersion and hot-
plate latency was observed to be significantly shorter in
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Fig. 6. Effect of various pharmacological interventions on paw licking latency (expressed as Mean = S.E.M.) in hot
plate test in alloxan-induced diabetic rats, as observed on day 14.

a=p<0.05 vs normal (non-diabetic); b=p<0.05 vs Diabetic control.

the diabetic control rats as compared to that of the normal
(non-diabetic rats) indicating that alloxan-induced
diabetic rats exhibit thermal hyperalgesia. It has been
reported that alloxan-injected diabetic rats exhibit thermal
allodynia and hyperalgesia, tested on hot-plate and tail-
immersion assays (Morani and Bodhanker, 2007). Both
hyperalgesia and allodynia have been reported to be
established after 14 days of alloxan treatment (Aubel et
al., 2004), which was observed behaviorally. The
hyperalgesic response in tail-withdrawal test is generally
attributed to central mechanisms whereas the hyperalgesic
response on hot plate is attributed to the combination of

both central and peripheral mechanisms (Anjaneyulu and
Chopra, 2004). The altered pattern of nociception may not
be due to the inherent neurotoxicity of alloxan, but
alloxan may induce various pathological alterations that
can lead to altered nociceptive responses in the present
study, cinnamon oil produced a marked dose-dependent
antinociception in alloxan-induced diabetic rats tested in
the both tail-immersion and hot-plate assays. Diabetic
neuropathy develops as a result of hyperglycaemia-
induced local metabolic and microvascular changes
(Sharma et al., 2006). Pathogenetic mechanisms
underlying the progressive nerve fiber loss seem to be
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multifactorial, include the polyol pathway (Finegold et
al., 1983), glycation (Wada and Yagihashi, 2005) and
oxidative stress (Chung et al., 2003; Vincent et al., 2004).
Oxidative stress could damage the nerves by direct toxic
effects or with different biochemical changes that lead to
endothelial dysfunction (Goycheva et al., 2006). The
volatile oil from C. zeylanicum has been reported to
possess antioxidant activity (Shobana and Naidu, 2000;
Singh et al., 2007). Cinnamaldehyde which is the chief
component of the cinnamon oil may be responsible for the
antioxidant activity. Cinnamon has been reported to have
a very high concentration of antioxidants chiefly
cinnamaldehyde which make it an excellent candidate for
disorders arising from oxidant stress (Su et al., 2007; Jang
et al., 2007). Also cinnamon is documented to inhibit
aldose reductase (Aida et al., 1987), the latter plays a vital
role in conversion of glucose to sorbitol. This sorbitol is
further converted to fructose by sorbitol dehydrogenase
which leads to the depletion of organic osmolites such as
taurine, myoinositol etc. (Zhu et al., 1999). Myoinositol
depletion results in inactivation of Na"/K" ATPase, Na"
retention and cellular edema (Brownlee, 2001). Also the
conversion of glucose to sorbitol depletes the cellular
stores of NADPH which are required for the conversion
of oxidized glutathione to reduced glutathione (Brownlee,
2001). All these factors play vital role in various
complications of diabetes (Brownlee, 2001). From the
above discussion it may tentatively be suggested that the
protective effect of cinnamon oil may be attributed to its
insulin enhancing and antioxidant effects.

Further, studies have demonstrated that even with
stringent blood glucose control, the prevention of
neuropathy is not successful which suggest that there may
be a release of early mediators between hyperglycaemia-
induced metabolic and enzymatic changes and the nerve
damage (Sharma et al., 2006). Once these mediators are
released, it is possible that they modulate neuronal
homeostasis independly of the initial metabolic stimulus
(Sharma et al., 2006). Previous studies have shown that
chronic hyperglycaemia accelerates the production of
endogenous tumor necrosis factor-a (TNF-a) in
microvascular and neuronal tissues (Kuhad et al., 2008).

Cinnamaldehyde has been reported to have inhibitory
effects on TNF-a (Liao et al., 2008). Cinnamaldehyde has
been demonstrated to inhibit TNF-o-induced signaling
pathways by inhibiting the expression of cell adhesion
molecules in endothelial cells by suppressing nuclear
factor-kappa B (NF-«B) activation (Liao et al., 2008). It
has been shown that clinical application of the agents that
suppress the production and/or activity of TNF-a may
inhibit the development and exacerbation of chronic
diabetic complications (Satoh et al., 2003).

Superoxide and nitric oxide have been reported as the
other key mediators which combine to form peroxynitrite,

which rapidly causes protein nitration or nitrosylation,
lipid peroxidation, DNA damage and cell death and to
have direct toxic effects on the nerve tissue leading to
neuropathic pain (Kuhad et al., 2008). Cinnamon has
been evaluated for its NO-suppressing activity via
different pathways such as the blocking of inducible nitric
oxide synthase (iNOS) expression, the inactivation of
iNOS catalytic function and the scavenging of NO (Tsai
etal., 2007).

Cinnamaldehyde has also been reported to reduce IL-1p-
induced cyclooxygenase-2 (COX-2) activity in rat
cerebral microvascular endothelial cells significantly
(Guo et al., 2006). It has been reported that COX-2 is
upregulated in the peripheral nerves and dorsal root
ganglia neurons in experimental diabetes and that COX-2
gene inactivation or selective COX-2 inhibition provides
protection against various diabetic peripheral neuropathy
defects (Kellogg et al., 2008). COX-2 upregulation leads
to an altered prostaglandin profile with an increased
production of vasoconstricting PGH,, thromboxane-A,
(TXA,;) and PGF ,, and reduction of vasodilatory
prostacyclin (PGI,), thereby favouring vasoconstriction
and ischemia (Kuhad et al., 2008). It has also been
demonstrared that COX-2 gene deficient experimental
diabetic rats showed a differential protection against
biochemical and functional markers of experimental
neuropathy and that the extent of this protection appeared
to be dependent on the degree of COX-2 gene deficiency
(Kellogg and Pop-Busui, 2005).

CONCLUSION

On the basis of present results and above discussed
mechanisms, the antinociceptive effect of cinnamon oil in
alloxan-induced diabetic rats as observed in the present
study may be attributed to its hypoglycaemic, antioxidant
and pro-inflammatory inhibitory effects i.e. suppressing
TNF-a signaling pathway, inhibiting NF-kB activation,
suppressing NO production and activity, and reducing IL-
1B-induced COX-2 activity. In conclusion, it may
tentatively be stated that volatile oil from Cinnamomum
zeylanicum could provide a novel therapeutic approach in
attenuation of hyperalgesia due to diabetes.
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ABSTRACT

Responses of cowpea (Vigna sinensis L.) to different levels of spiked arsenic in pots with two soil series viz., Sonargaon
and Dhamrai were investigated. Arsenic (As) content in plant increased with increasing As application to soil. Arsenic
treated plants of cowpea were shorter in heights and at 50 mg As/L treatment, all leaves were shed after 60 days of
growth. The number and size of nodules showed gradual decrease with increasing As application. The plant N decreased
while plant P increased with increasing As concentration. The nodule nitrogen content showed a decreasing tendency
with increasing As accumulation in plant, thus demonstrating a negative impact on Rhizobium-legume symbiotic

association.

Keywords: Arsenic, Cowpea, Vigna sinensis, nodulation, mineral nutrition, accumulation.

INTRODUCTION

Arsenic  (As) contamination of ground water in
Bangladesh has emerged as the largest water pollution
event of all time where millions of people are exposed to
As concentrations, the Bangladesh and WHO drinking
water standards being far above. Another possible
potential exposure pathway is through the food chain
where As contaminated ground water is used for irrigation
and there is report of increased concentrations of the
element in soil and many food materials (Huq and Naidu,
2005).

Food crops such as vegetables and cereals are potential
sources from which As may enter the food chain, and
these can reflect the levels of As that exist in the
environment in which they are grown. Leguminous plant,
such as cowpea is rich in vital nutritive value protein. Any
adverse effect on protein production due to use of As
contaminated irrigation water may, therefore, have a
negative impact on the nutritive quality of grain legume.
Moreover, the presence of As at elevated levels in the
growth media might adversely affect the symbiotic
system, leading to a crop failure. The present study aims
at understanding the risk associated with As contaminated
soils for the cowpea- Rhizobium symbiotic association.

MATERIALS AND METHODS

The experiment was carried out with two soils viz.,
Sonargaon (collected from Narayanganj) and Dhamrai
(collected from Dhamrai, Dhaka) soil series being spiked
with different levels of As concentrations to investigate its

*Corresponding author email: imamhug@hotmail.com
'Present address: University of Development Alternative, Dhaka

transfer to and effect on the growth of cowpea. Arsenic
levels of the Sonargaon and Dhamrai soils were 0.46
mg/kg and 0.31 mg/kg soil, respectively. These were
taken as control and As at the rates of 20, 30 and 50mg /L
in water were applied as solution of sodium meta arsenite
(NaAsO,). There were three replications for each
treatment. The As solution was added to the treated soils
from seed sowing to plant maturity. The total amount of
solution added was recorded. Plastic pots of equal sizes
(2.5L) were used. Two kg soil was put in each pot. The
soil in each pot was mixed with triple super phosphate
and muriate of potash according to the need of the soils as
calculated from Fertilizer Recommendation Guide
(BARC, 1997). Before sowing, seeds were mixed with
Rhizobium biofertilizer procured from Bangladesh
Institute of Nuclear Agriculture (BINA). Rhizobium
biofertilizer is known to increase soil nitrogen by 50-300
kg/ha in optimum condition (BINA, 1999). The cowpea
seeds were collected from BARI, Gazipur. About 10-12
cowpea seeds were sown in each of the plastic pots and
then they were allowed to grow. The pots were arranged
in a completely randomized way. There were a total of 24
(2x4x3) pots. In Dhamrai soil at 50 mg As/L treatment,
no cowpea seeds germinated. Treatment plants received
watering with As solution and control plants with tap
water twice a week. Plant protection measures were taken
for both sets of plants. During the whole growth period,
all visible symptoms were noted. In the cowpea plants on
Sonargaon soil at 50mg As/L treatment, leaves shed
gradually after eight weeks of germination. The plants
were harvested after 90 days of seed sowing. The
harvested roots were washed with deionized distilled
water several times to remove ion from the ion free space
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as well as to dislodge any adhering particles on the root
surface. The numbers of plants were counted and the
heights of plants were measured separately. The total
number of root nodules of each plant was counted and
isolated with the help of forceps. In Dhamrai soil, the
nodules formed were very small in size, more particularly
in the treated soils. The fresh weight of roots, shoots,
leaves and nodules were taken separately. The collected
plant samples were air dried and then oven dried at 70° +
5°C for 48 hours and the dry weights of plant samples
were noted. The dried plant samples were then ground
into fine powder and preserved in small plastic vials for
further analysis. After harvest, the soil samples in each
pot were thoroughly air dried and homogenized and were
sieved to pass through a 0.5 mm sieve for chemical
analysis.

For determination of As, soil was digested in aqua regia
and the As in the extracts was estimated by Hydride
Generated Atomic Absorption Spectrometer (HG-AAS)
as described by (Portman and Riley 1964). The water
soluble soil As was extracted by shaking samples of soil
at a 1:5 soil-water ratios for 24 hours. Plant samples were
digested with HNO;3 on a digestion block. Samples were
normally predigested overnight over a temperature range

Table 1. Some basic properties of the selected soils.

of about 40-100° C before increasing the temperature to
140° C for the final dissolution of the organic material.
This extract was used for the determination of As and
other elements of plant (Portman and Riley, 1964). The
experimental data were statistically analyzed using
MINITAB Package.

The various physical, chemical and physiochemical
properties of the soils were determined following
procedures as described in the book by Hug and Alam
(2005). Certified reference materials were carried through
the digestion and analyzed as part of the quality
assurance/quality control protocol. Reagent blanks and
internal standards were used where appropriate to ensure
accuracy and precision in the analysis of arsenic. Each
batch of 20 samples was accompanied with reference
standard samples to ensure strict QA/QC procedures.

Some basic properties of the selected soils are given in
table 1.

RESULTS AND DISCUSSIONS

Morphological change
Symptoms due to As application were observed. The

Soil Sand Silt Clay Textural H OM | TotalN | Av.N | Av.P As (ppm)
%) | (%) | @) Class | P | () @) | (ppm) | (ppm) | Total | Av.
Sonargaon | 2.33 | 59.58 | 38.08 Egzﬂcmy 70 | 345 |0005 |3150 |841 |046 |0.10
Dhamrai | 9.26 | 49.68 | 41.06 i'l'g 59 [1.30 [0020 |4725 |302 |031 |015
Table 2. Mean height and fresh weight (g/10 plants) of cowpea (Vigna sinensis L.) plants.
Treatment (mg Sonargaon Soil Dhamrai Soil
As/L) Height (m) Fresh weight (g) Height (m) Fresh weight (g)
0 1.067 38.9 1.621 116.2
20 1.247 22.5 1.643 86.3
30 1.016 30.2 1.328 56.1
50 0.889 44.6 - -

LSD at 1% level, 1.075 and 0.814 for height and 4.51 and 1.83 for fresh weight in Sonargaon and Dhamrai soil, respectively.

Table 3. Number, fresh and dry weights of root nodules.

Treatment Sonargaon Soil Dhamrai Soil
(mg As/L) Number per plant FW._|_DWw. Number per plants FW. [ Dw.
(mg/plant) (mg/plant)
0 55 12 5 1.2 6 2
20 21 6 2 0.6 4 1
30 10 4 1 0.4 2 1
50 0.6 2 1 : - -

LSD at 1% level, 0.38 and 0.036 for number and 0.03 and 0.04 for fresh weight of root nodule in Sonargaon and Dhamrai soil,

respectively.
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30mg As/L
(b)

Fig. 1. Root nodules of cowpea: (a) Sonargaon soil; (b) Dhamrai soil.

seeds did not germinate on Dhamrai soil at 50mg As/L
treatment. The plants showed severe symptoms at higher
As concentration and the symptoms became pronounced
with time of exposure to arsenic stress. The symptoms
were shading of leaves, reduced plant growth, and brown
necrotic spots on the leaves. The brown necrotic spots
were observed on old leaves at 30 and 50mg As/L

treatment. Red-brown necrotic spots on old leaves, tips
and margins due to arsenic toxicity have also been
reported by Aller et al. (1990) and Marin et al. (1992).
Reduced chlorophyll content due to As toxicity and
resulting chlorosis were reported in garden pea by
Paivoke (1983). The plants grew vigorously up to
approximately 45 days and then growth of treated plants
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declined and caused a reduction in plant heights over
control plants. The mean values of heights (m) and fresh
weights (g/10 plants) of the plants were recorded after
harvest of the plants at 90 days and are presented in Table
2. The plants on both soils at 20mg As/L treatment grew
taller than control plants and had the maximum height
(1.247 m and 1.643 m for Sonargaon and Dhamrai soil,
respectively). It could be so because of the fact that the
presence of As in soil might have induced the release of
phosphorus and P requirement of legumes is high. The
height of the plants for other treatments decreased
significantly with increasing As treatment in both the soils
(p = 0.000 for both the soils). Fresh weight of plants also
decreased with increasing As treatment in both the soils;
however, in Sonargaon soil, the trend of decrease was not
uniform; a significantly higher fresh weight was observed
for 30 and 50mg As/L As treatment over 20mg As/L
treatment (Table 2). The effect of As on fresh weight was
statistically significant (p = 0.000 for both the soils). Sizes
(Fig. 1) and numbers and weights (Table 3) of the root
nodules were reduced with increasing As treatment (p =
0.000 for Sonargaon soil and p = 0.005 and 0.025 for
number and weight respectively for Dhamrai soil).

Arsenic accumulation in plants

The mean values of arsenic concentration (mg/kg) in root,
shoot, and leaf of Sonargaon and Dhamrai soils are
presented in figure 2. Corresponding soil As
concentrations (mg/kg) after harvest are also presented in
figure 2. It is important to note that in control plants As
concentrations increased slightly through the uptake of
water extractable As present (Table 1) in both the soils.

Arsenic concentrations in root, shoot and leaf increased
with increasing arsenic treatment more in the Sonargaon
than in the Dhamrai soil. The reasons could be attributed
to the differences in clay contents of the two soils and soil
reaction. Dhamrai soil contained higher clay and the pH
was lower than the Sonargaon soil. Higher clay content in

soil is known to retain As more tenaciously and make it
less phytoavailable (Joardar et al., 2005) while higher pH
make the As more phytoavailable (Hug and Naidu, 2003).
Arsenic treatment in soil had a significant (p = 0.000 in all
the cases and in both the soils) increase in As
accumulation in all parts of cowpea. Arsenic
accumulation was found to be higher in root followed by
shoot and leaf.

The consequence might be due to the fact that the upward
transport of As from roots was inhibited by its high
toxicity to the membranes of radicle (Wauchope, 1983;
Barrachina et al., 1995). Higher accumulations of arsenic
in roots in many plants have also been reported by many
investigators e.g. in arum (Parvin et al., 2006), in
marigold and ornamental arum (Hug et al., 2005), in rice
(Hug and Naidu, 2005; Odanka et al., 1985) in lodgepole
pines (Frans et al., 1988; Yamare, 1989), in alfalfa
(Maclauchlan et al., 1988), and in lettuce and wheat
(Kapustka et al., 1995). Accumulation of arsenic in some
aquatic plants like duckweed (Spirodela polyrhiza Dh
116) and water fern (Azolla pinnata var. pinnata Dh 113)
is also in report (Aziz, 2002). After harvest, the soil As
was also found higher in Dhamrai soil than in Sonargaon
soil and it might be due to the fact that the high clay
content in Dhamrai soil retained high amount of As (Huq
et al., 2006).

A mass balance of arsenic was calculated between the
amount of As added to soil and the amount of As in plant
and in soil. A substantial fraction of the total As applied
remained unaccounted for. This fraction, however, varied
between the two soils. The unaccounted As was higher
except at 50 mg As/L treatment in Sonargoan soil. The
uncounted fraction was 39%, 27% and 25% in Sonargaon
soil for 20, 30 and 50mg As/L treatment respectively and
it was 36.4% and 28.3% in Dhamrai soil at 20 and 30mg
As/L treatment respectively. It needs to be mentioned
again that in Dhamrai soil the seeds treated with 50mg

—o— Root —&— Shoot —e— Leaf —— Soil after harvest

25 1
20
15 1
10

o1
I

As concentration (mg/kg)

30 40 50

Arsenic treatment (mg/L)

—o— Root —&— Shoot —e— Leaf —— Soil after harvest

15

10

5 10 15 20 25 30
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o o

5
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Fig. 2. Arsenic concentrations in different parts of cowpea: (a) Sonargaon soil (b) Dhamrai soil.
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Table 4. Nitrogen and Phosphorus contents in plant parts and in soils after harvest.
Soil Treatment Root (%) Shoot (%) Leaf (%) Soil (%)
(mg As/L) N P N P N P N P (total)

0 7.7 0.1 1.7 0.2 3.9 0.2 0.08 0.06

Sonargaon 20 5.0 0.2 2.1 0.2 4.8 0.4 0.11 0.08
30 45 0.5 2.0 0.2 3.5 0.4 0.07 0.08

50 4.3 0.4 2.2 0.2 3.7 0.4 0.05 0.09

Dhamrai 0 7.9 0.3 2.8 0.2 3.4 0.2 0.10 0.08
20 4.7 0.3 2.7 0.2 3.4 0.4 0.12 0.08

30 4.9 0.4 2.7 0.2 3.5 0.4 0.10 0.07

As/L did cause no germination. The possible reason for
the unaccounted fraction might be that the method used
for extraction was not able to bring most of the As into
solution from soil, or there was a loss of arsenic through
volatilization by biomethylation process active in soil.

Mineral nutrition as affected by arsenic toxicity
Increasing levels of As had a pronounced effect on the
nutrient uptake as well as its transport in plants. To
evaluate the effect of As on N and P concentrations in
root, shoot and leaf both N and P were analyzed.

Nitrogen content

Mean values of the nitrogen content in soil after harvest
and in different parts of cowpea are presented in table 4.
Nitrogen content significantly decreased in plant roots
with increased As concentration (p = 0.000 for both the
soils) whereas there has been an increase in the shoot N
content of cowpea grown on Sonargaon soil (p = 0.043).
There was no significant reduction of leaf nitrogen.
Decreased nitrogen content in different plant parts might
be due to reduced growth and reduced number of root
nodules.

It needs to be mentioned here that the nodules formed on
Dhamrai soil were not sufficient enough to be analyzed
separately. These were analyzed with the roots. The poor
growth of nodules, even in the control plants on Dhmarai
soil could be due to the fact that the Dhamrai soil does not
contain indigenous cowpea Rhizobium; the nodulation
that occurred could have been due to inoculation with
biofertilizer. In Sonargaon soil, however, the nodule
nitrogen concentrations were 6.1%, 3.6%, 3.1% and 2.8%,
in 0, 20, 30 and 50 mg As/L treated plants respectively.
The corresponding nodule As concentrations were 0.5,
5.6, 7.9, and 10.3 mg/kg respectively. This shows that
with increasing As accumulation in nodules, the nodule
nitrogen also decreased. From this observation, it is
realized that Rhizobium-legume symbiotic association is
affected by high level of As in the growth medium. It has
been observed that  high concentration of As has a
depressing effect on the in vitro growth of Rhizobium
(data not shown in this paper) Similar effects might have
occurred in vivo too.

Root nodules of control plants in Sonargaon soil
contained the highest amount of nitrogen (6.1%) among
all other plant parts. Nodule nitrogen concentrations
significantly differed among control and all treated plants
and decreased with increased As concentrations. Paivoke
(1983) reported that the nodulation and nitrogen fixation
were depressed and plant nitrogen content decreased at As
treatments in garden pea. The antagonistic effects
between As and nitrogen have also been reported in rice
(Yamare, 1989) and in silver beet (Merry et al., 1986).

Phosphorus content

Phosphorus content in different plant parts are shown in
Table 4. Phosphorus content increased with As treatment
compared to the control in roots but there was no
difference among the treatments. Leaves contained
comparatively higher amount of phosphorus than root and
shoot. But the increased phosphorous content in root and
leaf was highly significant (p = 0.000 for root and leaf in
both the soils) whereas in shoot it was insignificant in
both the soils. Increased uptake of P in presence of As
might be due to the fact that arsenate and phosphate are
taken up by the same plasma membrane transport system
(Meharg and Macnair, 1990) in plants. Increased P
accumulation in presence of As in the growth medium has
also been observed in hydroponically grown rice by
Shaibur et al. (2006).

CONCLUSION

It is apparent from the present study that As in the growth
medium of leguminous plants could adversely affect the
symbiotic system and cause a negative effect on the
nutritive quality of the legumes. Further studies with more
comestible grain legumes are emphasized.
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ABSTRACT

Mono-dispersed tin doped indium oxide (ITO) nanopowders were prepared by wet chemical co-precipitation method at
300°C for 3h with maintaining the In/Sn atomic ratio 90:10, 70:30 and 50: 50 wt.%. The grain size of the prepared
samples was determined by TEM technique. Structural characterization of the prepared samples was studied by X-ray
diffraction analysis. It is found that the samples were a mixture of cubic and rhombohedra crystals with sharp diffraction
peaks except for the sample with atomic ratio 50:50 shows very poor crystalline and no peaks ascribed to the phase of
the compounds are observed which confirms the amorphicity of this sample. The dielectric properties including dielectric
constant, ¢ and dielectric loss, €' of the prepared samples were evaluated from the observed capacitance values in the
frequency range 100 Hz to 5 MHz and in the temperature range of 25 °C to 160°C. Further, from the dielectric properties
studies AC- conductivity was evaluated. The activation enthalpy AH and the entropy change AS of the prepared samples
were calculated. The obtained data were correlated to the structure of the prepared samples.

Keywords: Indium Tin Oxide nanopowder, XRD- spectroscopy, dielectric constant £, dielectric loss €'°, ac-conductivity.

INTRODUCTION

Indium tin oxide is a colorless in thin layers solid solution
of In,0; and SnO, (typically 90% In,O3 and 10% SnO, by
weight). In,O; is an important transparent conducting
oxide (TCO) material, passing over 90% of visible light.
Increased interest to In,Os, which is one of the wide band
gap semi conducting materials (3.6 or ~3.7¢V)
(Korotcenkov, et al., 2007; Zhu et al., 2005; Rey et al.,
2005) and crystallizes with C-type rare earth sesquioxide
structure. Due to the wide band gap, it is transparent to
the visible radiation. It is an insulator in its stoichiometric
form and becomes conducting in the oxygen deficient
nonstoichiometric form. Each oxygen vacancy can act
like a doubly or singly ionized donor. Therefore,
nonstoichiometric  In,O;  exhibits high electrical
conductivity similar to that of a heavily doped degenerate
n-type semiconductor (Malar et al., 2005; Zhan et al.,
2004). The interest in nonstoichiometric In,Os3 is mainly
due to the possibility of varying the electrical resistivity
by more than 10 orders of magnitude by changing the
oxygen content alone (Malar et al., 2005).

Indium tin oxide (ITO) is an advanced ceramic material
with many electronic and optical applications due to its
excellent properties of high conductivity (=10* Q'cm™)
and high transparency (85-90%) to visible light, high
infrared reflectivity for wavelengths higher than 1 pm
(Lee and Choi, 2005).

Up till now, tin-doped indium oxide (ITO) yields the
lowest resistivity of about 1.10* Q cm. This, together

*Corresponding author email: alia2005salama@yahoo.com

with its very good stability, are the reasons why ITO is
presently used exclusively as transparent electrode
material for flat panel displays, based on liquid crystals,
micro plasmas or organic light emitting diodes (OLED)
and sensors (Ellmer and Mientus, 2008). High
conductivity of ITO is achieved by doping with Sn and
thereby increasing the oxygen vacancies in the In,O;
lattice. An improvement of conductivity can also be
achieved by stabilizing the cubic In,O; phase instead of
the hexagonal modification (Pujilaksono et al., 2005).

To increase the conductivity up to the metallic
conductivity (10°-10* Q'em™), a solid solution of indium-
tin oxide (ITO) with a few percent of Sn is used (Cho et
al., 20006).

ITO thin films of nanoparticles have been reported by
Sung et al., 1996. In recent years, great attention has been
paid to nanometresized materials in studies of their
fundamental mechanism, such as the size effect and the
quantum effect, and in applications of these materials. In
particular, nanocrystalline indium-doped tin dioxide
powders are widely applied by a screen-printing
technique (Yang et al., 1998).

The present work aims to study the effect of different
additives ratio of Sn on the crystallographic structure
properties and dielectric properties of In,O; using X-ray
diffraction analysis, dielectric constant €', dielectric loss
¢’ and ac- conductivity in order to select the best
composition of In / Sn having cubic structure with higher
dielectric properties.
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MATERIALS AND METHODS

Preparation of nano-grain ITO

Indium tin oxide (ITO) nano powders of different
compositions (In: Sn = 90: 10, 70: 30 and 50: 50 wt.%)
were prepared from the starting materials, aqueous indium
nitrate and SnCl,;.5H,0. The resulting solution was stirred
genetically for 2h at 65°C and the pH of the above
solution was maintained in the range 7.0-7.5. White
powder solid was obtained. The samples were heated at
300 °C at 3h (Jagadish et al., 2003).

TEM
TEM images were taken with a JEDL model 1230
Transimation Electron Microscope.

X-ray diffraction study
A computer controlled X-ray diffraction (Diano- 8000,
USA) was used with a filtered Co Ka radlatlon (A=

1.7903<3A). The scanning range was 20 -80% (20).
Dielectric properties

The dielectric properties (diclectric constant & and
dielectric loss €'') were measured as disc of 12 mm
diameter, in the temperature range (298 K — 483 K) and
frequency range (0.1KHz — 5 MHz) using HIOKI 3532
LCR Hi — Tester.

RESULTS AND DISCUSSION

TEM
Figure 1, shows TEM images of pure In,O; and ITO
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nanopowder of different compositions namely (90: 10, 70:
30 and 50: 50 wt.%). It is clear that the particle was in
spherical shape with size range from 10 nm to 70 nm.

X-ray diffraction for ITO nanopowder

Figure 2a and 2b, Shows XRD patterns of pure In,O; and
indium tin oxide (ITO) nanopowder of different
composition namely (In: Sn = 90:10, 70:30 and 50:50
wt.%). It is clear that there is no any diffraction line for
separate In,O; or SnO,. It is found that the samples were a
mixture of cubic and rhombohedra In,O; and SnO, with
sharp diffraction peaks. The deconvoluted X-ray peaks of
(222) and (104) corresponding to cubic and rhombohedra
In,O; respectively in confirmed with the result obtained
by Kim et al. (1999).

Dielectric properties of ITO samples

Variation of dielectric constant & and dielectric loss
€ of ITO with frequency and temperatures

Figure 3, shows variation of dielectric constant & with
frequency at different temperatures for ITO samples
containing different Sn*" ion concentrations. The
measurement was carried out in the frequency range from
100 Hz to 5 MHz and in the temperature range from room
temperature to 160°C. From this figure, as the frequency
increases the following can be noticed:

The dielectric constant (¢') is the frequency dependent
within the range used. It is clear that it decreases with the
increase of frequency at lower frequency range. This
decrease can be attributed to the dielectric dispersion
originated from the lag of the molecules behind the
alternations of the applied electric field. At the higher

(2) 10nm

I C) BV nm_
< ;. . ._:“ . .\ 2
..p‘ - 'N.l
. - - ‘».- ' . .

- .- -

o “:. T :
'.'- -l:-'v ..:'_'- ' * ..__‘_ .‘ ‘.. . ‘-'
eete &

P * e ;_“” Sy e

Fig. 1. TEM image of structure ITO particles: (1) Pure In,O3, (2) (In: Sn =90:10), (3) (In: Sn = 70:30) and (4) (In: Sn

= 50:50).
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frequency range almost at 1 KHz, the dielectric constant
becomes frequency independent. This phenomenon can
be attributed to the decrease of the apparent carrier
mobility. When the ceramic was heated in air, oxygen
diffuses into the specimen and this is followed by the
formation of a non-conducting oxide layer at the inter-
granular spacing. On the oxide layer, space charges easily
accumulate to form a high resistance barrier layer for the
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Fig. 2a. X-ray Diffraction pattern for pure In,Os.
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conduction electrons (Richerson, 1992).

On the other hand, from the measured dielectric loss (g'")
shown in figure 4, increasing frequency is accompanied
by a decrease in the dielectric loss with formation of a
peak that shifts to higher frequency as the temperature
increased. Generally, the values of the dielectric losses
varied from 0.9 to 0.1. It can be noticed that, there are
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different types of electric energy losses in the presence of
alternating electric field. The d.c loss is due to the
transitional motion of free charges and it’s trapping in
holes. The Debye type loss is due to orientation
polarization of polar groups, which are able to orient or to
polarize in the electric field. The two types of losses are
always present, but sometimes one of them is
predominant (El-Anwar and El-Sayed, 1997). The loss
absorption bands recorded in curves of €'* vs. log F, show
shift towards a higher temperature as the frequency is
increased. This shift can be attributed to the increased
mobility of free electrons with temperature. The position
of F,, the maxima of the loss absorption bands, for the
prepared samples is listed in table 1. The apparent
relaxation times for these samples are calculated from the
equ.
t=1/2nF,
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(a) pure In,O3, (b) (In: Sn =90:10), (c) (In: Sn =70:30) and

Where, 1 is the apparent relaxation time and F,, is the
critical frequency corresponding to maximum energy loss
¢',. the values obtained are listed in table 1. The
activation enthalpy AH and the entropy change AS of the
dielectric relaxation are calculated from the usual rate
equation. The calculated values of AH and AS are also
listed in table 1.

The observed low values of activation enthalpy AH of the
ITO samples with different Sn ** ratio compared to pure
In,O5, may be attributed to lower orientation polarization
as a result of solid nature of the ceramics, which acquires
semi-crystalline nature, polarization is partially occur in
the molecule through electrons and some ions, that need
low activation energy. Otherwise, the entropy change is
negative indicating that the rate determining factor is the
displacement of the dipoles, which possess a particular
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Fig. 5. The variation of dielectric constant as a function of temperature for (a) pure In,O;, (b) (In: Sn = 90:10), (¢)

(In: Sn = 70:30) and (d) (In: Sn = 50:50).

vibration configuration. The negative value of entropy
change indicates presence of oscillation polarization and
least orientation, i.e., activated molecules is in a state of
low order. The relatively stable entropy change values are
also indicating that the main chain and the polarization
are stables. Accordingly changes that may occur are very
low which make these materials good candidates to be
used as substrate because of its independent on their
constituents.

Figure 6, shows the variation of dielectric constant €" as a
function of Sn*" ion concentration as a doping for In,O;.
The dielectric constant € of pure In,O; oxide is very high
ranged from 1200 to 100 where as dielectric constant &’
recorded for the ITO samples with different ratio of is
very low ranged from 123 to 10.4 for ITO (90:10), from
96 to 10.3 for ITO (70:30) and finally from 33.175 to
2.625 for ITO (50:50). It is clear that as the ratio of Sn*"

ion increased the dielectric constant decreased. This
behavior may be referred to the fact that, Sn*" with its
small ionic radius (0.62 A) replace In** ion wits high ionic
radius (0.92 A), leading to shrinkage of the unit cell of the
crystal structure. In addition, the very low values of
dielectric constant recorded for 50:50 samples may be
referred to the amorphicity of this sample and the very
grain size of it. The temperature has a strong effect on the
crystal structure and polarization characteristics of ITO.
Figure 5, shows variation of dielectric constant ¢* of ITO
samples with different concentrations of Sn*" ion with
temperature at different frequencies (100Hz, 1 KHz, 10
KHz, 100 KHz and 1 MHz). The initial increase of € can
be attributed to the expected decrease in density, which
decreases the effect of the environment. Consequently,
atomic/ionic  polarization tends to increase with
temperature.
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Fig. 6. The variation of dielectric constant € with different concentration of Sn ™* at (a) room temperature and (b)

160°C .

Table 1. The apparent relaxation time t (Sec.), the activation enthalpy AH and entropy change AS for ITO samples

with different Sn™ ratio.

Sample t(Sec.) AH AS
R.T 40 °C 80 °C 120 °C 160 °C KJ/mole | J/deg/mole
Pure In,0; 2.65x10" | 1.59x10* | 6.36x10° | 3.18x10” 1.59x10° | 5.011x10° | 2.88x10~
ITO (90:10) | 1.99x10° | 7.96x10* | 3.98x10” | 1.99x10* | 7.96x10° [ 3.80x10° | -2.817x10™
ITO (70:30) | 1.99x10° 1.59x10™ 1.59x10° | 3.18x10° | 6.37x10” 1.48x10” 1.46x10™
ITO (50:50) | 1.32x10° | 2.65x10* | 3.19x10° 1.99x10° | 2.65x10° 1.94x10° | 4.89x107

Table 2. The data of ac- conductivity for pure In,O5 and ITO with different ratio at room temperature and 160°C.

Sample 100 Hz 1KHz 1 MHz
Log 6,c (ohm”cm™) Log &,c (ohm™'cm™) Log G, [ | (chm™cm™)
R.T 160 °C R.T 160 °C R.T 160 °C
Pure In,0O4 -9.187 -8.999 -8.214 -7.958 -5.121 -5.040
ITO (90:10) -9.839 -10.226 -9.103 -8.668 -6.014 -6.037
ITO (70:30) -8.426 -8.067 -8.059 -7.037 -5.172 -3.995
ITO (50:50) -7.460 -8.022 -7.002 -7.045 -4.251 -4.162

Moreover, it can be assumed that, the dependence of
dielectric constant on the ratio of the Sn*" and
consequently on the grain size of the prepared samples
figure 6, corresponds to the transfer of water molecules
from the surface adsorbed state to the volume adsorbed
state under condition of ultra — small pore volume of the
nano-sized ITO samples. As ultra-fine volume applies
restrictions on evaporation and diffusion.

Variation of ac-conductivity of ITO with frequency
To obtain conductivity (c,.) due to the dielectric loss €'
taking 0.9 x 10" as the ratio of the farad to the

electrostatic unit of capacitance and of the mho to the

electrostatic unit of conductance, and using the expression

for the capacitance C in farads of the empty condenser.
A

Co =
47dx09x%x10

The following equation is used,

8”0) 8”F
o= 2 - 12
47dx09x%x10 1.8x10

ohm™ ecm™
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The dielectric conductivity sums over all dissipation
effects and may represent as well as an actual
conductivity caused by migrating charge carriers as refer
to an energy loss associated with a frequency dependence
(dispersion of ¢&') for example to the friction
accompanying the orientation of the dipoles. The values
of ac-conductivity are listed in table 2.

As the measurement was carried out in air, oxygen is
absorbed from the environment and since the temperature
was raised from room temperature to 160°C, H,O
molecules were desorbed from the crystal structure.
Because of the large value of the specific surface area, we
assumed that adsorption from the gas phase has a
significant influence on the conductivity.

It is known that, H,O molecules possess electron — donor
properties under adsorption:

HzO +S=H20 (ads) +e

Adsorbed oxygen possess electron acceptor properties

Y% 02 g+ V *¥*,+ 2e = O,

We can explain the temperature dependence of the
conductivity in the following way, changes in
conductivity are related to the desorption and adsorption
of water and oxygen molecules. Under heating, electron —
donor H,O molecules desorbed and the concentration of
charge carriers decreased. In addition, the electron
acceptor oxygen molecules occupying the adsorption sites
of desorbed H,O molecules. Molecular oxygen desorbs
under heating more than H,O molecules, Since ITO is
oxygen deficit compound and oxygen molecules can
become embedded in the crystal lattice.

CONCLUSION

The crystal structures of the samples were found to be a
mixture of cubic and rhombohedra structures as
determined from the XRD- analysis. The dielectric
constant & of pure In,O; is high compared with the
samples containing different Tin ion concentrations which
can be attributed to the change of crystal structure from
cubic to a mixture of cubic and rhombohedra. The
dielectric loss €' was found to be frequency dependent
and ranged from 0.9 to 0.1. The ac-conductivity of the
dielectric loss was calculated and found to be ranged from
Log 6, = -9.839 (ohm™ ¢cm™) at room temperature to Log
Cpe = -4.162 (ohm™ cm™) at 160 °C. The activation
enthalpy and the entropy change of the prepared samples
were calculated, it is found that the changes in the values
are very low which make these materials good candidate
to be used as substrate because of its independent on their
constituents.

REFERENCES

Cho, Y-S., Gi-Ra Yi, Hong, JJ., Jang, SH. and Yang, SM.
2006. Colloidal Indium Tin Oxide nanoparticles for
transparent and conductive films. Thin Solid Films.
515(4):1864- 1871.

El-Anwar, IM. and El-Sayed, AM. 1997. Some Electrical
and Dielectric Properties of Titanium Substituted Li -Zn
Ferrites. Egypt. J. Chem. 40 (4): 305-315.

Ellmer, K. and Mientus, R. 2008. Carrier transport in
polycrystalline  transparent conductive oxide: A
comparative study of Zinc oxide and indium oxide. Thin
solid films. 516 (14):4620-4627.

Jagadish, C., Ray, C., Saha, R. and Pramanik. 2003.
Chemical Synethesis of Nanocrystalline Tin doped Cubic
ZrO, Powders. Mater. Letts. 57(13-14): 2140-2144.

Kim, SS., Choi, SY., Park, CG. and Jin, HW. 1999.
Transparent conductive ITO thin films through the sol —
gel process using metal salts. Thin Solid Films. 347:155-
160.

Korotcenkov, G., Nazarov, M., Zamoryanskaya, MV. and
Ivanov, M. 2007. Cathod-luminescence emission study of
nanocrystalline indium oxide films deposited by spray
pyrolysis. Thin Solid Films. 515(20-21):8065-8071.

Lee, JS. and Choi, SC. 2005. Solvent effect on synthesis
of indium tin oxide nanopowders by a solvothermal
process. Journal of the European Ceramic Society.
25(14):3307-3314.

Malar, P., Mohanty, BC. and Kasiviswanathan, S. 2005.
Growth and Rutherford backscattering spectrometry study
of direct current sputtered indium oxide films. Thin Solid
Films. 488 (1-2):26-33.

Puyjilaksono, B., Klement, U., Nyborg, L., Jelvestam, U.,
Hill, S. and Burgard, D. 2005. X-ray Photoelectron
Spectroscopy ~ Studies of Indium Tin  Oxide
Nanocrystalline Powder. Materials Characterization. 54:1-
7.

Rey, JFQ., Plivelic, TS., Rocha, RA., Tadokoro, RA.,
Torriani, I. and Muccillo, ENS. 2005. Synthesis of In,0;
Nanoparticles by Thermal Decomposition of a Citrate Gel
Precursor. Journal of Nanoparticle Research. 7(2-3):203.

Richerson, DW. 1992. Modern Ceramic Engineering,
Properties, Processing and Use in Design, Marcel Dekker,
Inc. New York, Bassal, Hong Kong.

Sung, XW., Huang, HC. and Kwok, HS. 1996. On the
initial growth of Indium Tin Oxide on Glass. Appl. Phys.
Lett. 68:2663-2665.

Yang, H., Han, S., Wang, L., Kim, IlJ. and Son, YM.
1998. Preparation and Characterization of Indium-doped



910 Canadian Journal of Pure and Applied Sciences

tin dioxide Nanocrystalline powders. Materials Chemistry Zhu, H., Wang, N., Wang, L., Yao, K. and Shen, X. 2005.

and Physics. 56:153. In Situ X-ray Diffraction Study of the Phase Transition of
Zhan, Z., Song, W. and Jiang, D. 2004. Preparation and i\gnggg 6s‘;azlhne In(OH); to In;O,. Inorganic Materials. 41

property control of nanosized indium tin oxide particle.
Journal of Colloid and Interface Science. 271, 366.

Received: Jan 23, 2009 Revised: May 16, 2009 Accepted: June 9, 2009



SENRA Academic Publishers, Burnaby, British Columbia
Vol. 3, No. 3, pp. 911-915, 2009
ISSN: 1715-9997

Canadian Journal of

sciences

THE MICROWAVE-ASSISTED SOLVENT EXTRACTION
OF PROPRANOLOL FROM TABLETS

*JR Williams, F Al-Nabhani and A Al-Hamdi
Department of Chemistry, College of Science, Sultan Qaboos University
PO Box 36, Al-Khod 123, Sultanate of Oman

ABSTRACT

A rapid alternative technique for the extraction of propranolol from tablets is reported. Traditionally, propranolol has
been extracted using sonication, but this has proved to be significantly solvent consuming. In this study, propranolol has
been extracted successfully from tablets using an optimised microwave-assisted solvent extraction (MASE) method. The
optimum conditions for MASE for this application were: extraction solvent, methanol; extraction time, 45 s (5 s heat and
40 s cool); and extraction solvent volume, 5.00 mL. The recovery of propranolol from tablets by the optimised MASE
method was 89.8% with a RSD of 3.7%. This performance was acceptable and comparable with sonication. The
determination and identification of the extracts was performed using high-performance liquid chromatography with
ultraviolet detection at 290nm. A domestic microwave oven was used for the study, because an industrial MASE
apparatus was uncompetitive with sonication with respect to extraction time due to the amount of time required to cool
the sample following microwave heating. Safety considerations for domestic microwave ovens are discussed, including
the use of a novel two-vial sample cell.

Keywords: High-performance liquid chromatography, microwave-assisted solvent extraction, propranolol, sonication,

tablets.
INTRODUCTION

One use of microwaves presently being studied is as a
rapid heat source for the solvent extraction of soluble
organic substances from insoluble matrices. The sample
and solvent are contained together in a closed, non-
metallic extraction vessel housed inside the microwave
oven. Polar solvent molecules become excited by the
microwave radiation and rotate faster, generating heat
(Chang, 1998). Consequently, the solvent warms up much
more quickly than in conventional heating. Furthermore, a
higher temperature liquid has more solvating power, so
accelerating the desorption of solute molecules from the
sample surface, and lower viscosity, so improving solvent
penetration into matrix pores. The resultant higher
pressure also facilitates solvent penetration, and keeps the
solvent safely below its boiling point. Consequently, less
solvent may be required to extract the same amount of
material and extraction can be faster. Solute recovery can
also be improved compared to conventional solvent
extraction.

Conventional solvent extraction methods can have major
disadvantages, such as the use of significant amounts of
toxic and corrosive organic solvents. Many organic
solvents are expensive to buy and dispose of, as well as
posing an environmental health hazard. Consequently,
microwave-assisted solvent extraction (MASE) is

*Corresponding author email: jrwtranmere@yahoo.co.uk

proposed as an alternative with the potential advantage of
the reduced use of hazardous solvents. For such
exploitation in chemical analysis, the extraction should
ideally be quantitative, reproducible, efficient, and
compare favourably with existing extraction methods.

Medicinal drugs in tablets are routinely extracted as part
of quality control programmes in the pharmaceutical
industry. Pharmaceutical companies prepare tablets dosed
with drug at a known concentration. Dosed drugs are then
extracted to confirm the level of inclusion. In this
regulated environment, a recovery of greater than 90%
and a relative standard deviation (RSD) of less than 5% is
required.

Microwave-assisted solvent extraction has already seen
some use for pharmaceutical applications. As an
illustration, Labbozzetta et al. (2005) extracted naproxen
from suppositories and found advantages over
conventional methods. WozZniakiewicz et al. (2008)
extracted tricyclic antidepressants from human serum
quantitatively and reproducibly. There have only been a
few reports in the chemical literature of the MASE of
drugs from tablets. Eskilsson et al. (1999) reported the
MASE of felodipine and its degradation product from
tablets. Average recoveries were just below 100% and
competitive with a validated ultrasonication method.
Interestingly, the MASE method could be used
successfully without the need for reducing the tablet to a
powder. This was achieved by using a 5% methanol in
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acetonitrile extraction solvent. Methanol dissolved the
outer covering layer and acetonitrile made the inner
matrix swell, fragmenting the tablet into small pieces, and
releasing the analytes. Eight years later, Hoang et al.
(2007) applied MASE to the extraction of active
pharmaceutical ingredients from solid dosage forms
including tablets. They found that MASE gave results
comparable with validated mechanical extraction
procedures. In the same year, Lee et al. (2007) compared
MASE, accelerated solvent extraction, and Caliper Life
Sciences Tablet Processing Workstation II with a
conventional manual extraction method for the extraction
of a compound from spray dried dispersion tablet
formulations. They found that all three modern extraction
methods were faster than the traditional method. More
specifically, MASE was slower than the Tablet
Processing Workstation II, but gave a higher recovery
than accelerated solvent extraction. A year later,
Nickerson et al. (2008) also found that these same three
modern extraction methods gave significantly reduced
sample preparation times compared to the standard
method for the extraction of active pharmaceutical
ingredients from controlled release tablet formulations.

This study describes a MASE method to recover the well-
known beta-blocker propranolol (as the hydrochloride)
from tablets quantitatively and reproducibly. Propranolol
is used to treat hypertension (Windholz, 1976).
Sonication, the existing extraction method, uses
significant amounts of methanol, a toxic organic solvent.
It is anticipated that MASE may consume less solvent and
complete the extraction faster. Quantitation was by high-
performance liquid chromatography (HPLC) with
ultraviolet detection at 290nm.

MATERIALS AND METHODS

Instrumentation, reagents and standards

The industrial microwave apparatus was purchased from
Milestone, Sorisole, Italy. The domestic microwave oven
was manufactured by Bosch, England, UK. An ultrasonic
bath was obtained from JAC, Kodo, Japan. The HPLC
instrument was procured from Dionex, Germering,
Germany. The propranolol hydrochloride tablets (40 mg
per 200 mg tablet) were produced by AstraZeneca,
Macclesfield, UK and obtained from Sultan Qaboos
University Hospital Pharmacy. Pure propranolol
hydrochloride (99%), methanol (HPLC grade), and
ethanol (HPLC grade) were obtained from Sigma Aldrich,
Steinheim, = Germany. The ammonium formate
(99.995%+) was procured from Sigma Aldrich, St. Louis,
MO and trifluoroacetic acid (TFA) (99.9%) was
purchased from Panreac, Barcelona, Spain. The deionised
water used in some of the extraction solvents and HPLC
mobile phase was produced in-house by passing tap water
through a TKA DI 800 mixed-bed water demineraliser
(Niederelbert, Germany).

Sample preparation

Twenty pink tablets of propranolol hydrochloride were
weighed and ground using a pestle and mortar to give a
pinkish powder. The powdered tablets were cone and
quartered until an appropriate amount was left for use as a
sub-sample.

Microwave-assisted solvent extraction with an
industrial microwave apparatus

About 100mg of sample were weighed accurately
(£0.1mg) into a Teflon extraction vessel, followed by
15.00mL of methanol and a magnetic stir bar. A reference
vessel, used for temperature control, was also assembled.
The vessels were put inside the microwave irradiation
chamber. The power was set to 1000W and the heating
cycle was 5 min at 80°C and 1 bar. Once the extraction
programme was completed, high temperature and
pressure were reached inside the vessels, so it was
necessary to cool them down for 30 min before opening
them. Once the vessels had cooled to room temperature,
the extract was filtered through Whatman paper #1 and
diluted to 25.00mL with methanol. Then, 5.00mL of that
solution was diluted to 10.00mL with methanol ready for
analysis by HPLC. The extractions were performed in
triplicate.

Microwave-assisted solvent extraction with a domestic
microwave oven

Sample (33.3mg) was weighed directly and accurately
(£0.1mg) into a tared 9.50mL hinged-lid vial (EP290
Polyvial®, LA Packaging, Yorba Linda, CA). Using a
micropipette, 2.50, 3.75, or 5.00mL of extraction solvent
were added to the sample. The lid was snapped shut and
the vial shaken and placed inside a 50mL polypropylene
centrifuge tube from Bibby Sterilin, Stone, UK. The cap
was screwed on to the centrifuge tube. The two-vial
system was then put inside the microwave oven and
heated at 600W for 5 s. Then, it was removed from the
oven, the screw cap of the outer tube removed, the tube
inverted and the smaller, inner vial removed and placed
upright in an ice-salt bath for 40 s. For a 90 s extraction
time, this heating and cooling procedure was repeated
once more. The resulting extract was filtered by pouring
into a SmL plastic syringe (Terumo, Leuven, Belgium)
attached to a 13 mm diameter, 0.2-um pore size filter unit
(Schleicher and Schuell, Dassel, Germany) with a small
glass sample tube underneath. The plunger of the syringe
was pressed down. The filtered extracts were then ready
for analysis by HPLC. The extractions were performed in
triplicate.

Safety considerations for the domestic microwave oven
The industrial microwave apparatus has built-in safety
features, such as sensors for monitoring temperature and
pressure, and for the detection of solvent leaks. The
domestic microwave oven, however, does not.
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Consequently, a careful and considered approach needs to
be adopted when using the latter apparatus for extraction
purposes with flammable organic solvents.

One safety measure used in this study was to place a
9.50mL vial containing the tablet sample and extraction
solvent inside a 50-mL tube. This step exploits Boyle’s
law (Zumdahl and Zumdahl, 2007). If the pressure inside
the smaller, inner vial becomes dangerously high during
microwave heating, the hinged lid pops open. The larger
volume of the screw-capped outer tube causes a decrease
in the pressure, allowing the analyst time to switch off the
oven before the pressure rises again to dangerous levels.
This two-vessel arrangement also prevents vapours of
flammable organic solvents entering the heating chamber.

Another precaution taken in this study was the use of a
weighted clear plastic safety shield in front of the oven
during the extractions. The shield was obtained from
Aldrich, Steinheim, Germany.

Sonication

The sonication extraction method was that used by Shinde
et al. (1993). About 200 mg of the powdered propranolol
tablets were weighed accurately (£0.1mg) and transferred
to a 50.00 mL volumetric flask. Then, 30.00 mL of
methanol was added and the flask kept in an ultrasonic
water bath at 22°C for 5 min and finally diluted to the
mark with methanol. The solution was filtered through
Whatman paper #1 ready for analysis by HPLC. The
extractions were performed in triplicate.

High-performance liquid chromatography
Quantitation was by isocratic HPLC using a method
developed by Law and Appleby, (1996). A 15cm x
4.6mm i.d. strong cation-exchange column (Hichrom,
Reading, UK) was employed to separate the components
in the extracts. The mobile phase was 0.02 M ammonium
formate in methanol-water (80:20, v/v). The pH of the
mobile phase was adjusted to 2.45 by the addition of
TFA. The mobile phase was pumped at a flow rate of 1
mL/min by a Dionex P580 pump. In order to facilitate the
introduction of sample solutions into the HPLC system, a
Rheodyne 8125 injection valve (Cotati, CA) fitted with a
20uL loop was needed. The loop was flushed with 100uL
of sample solution immediately prior to injection. A
Dionex UVD170S ultraviolet detector was used to
quantify and confirm the presence of propranolol in the
extracts and was set at 290nm. A DTK Pentium III
computer loaded with the Dionex Chromeleon
Chromatography Information Management System
Software was used to observe the detector response and
provide quantitative data. The peak for propranolol
appeared at about 8.3 min.

RESULTS AND DISCUSSION

An industrial MASE apparatus was considered first for
the extraction of propranolol from tablets. The initial
experiment gave the following promising result: 84.0 *
3.6% (n = 3). Its use was, however, curtailed because of
the long cooling stage required (30 min) that made the
process uncompetitive with sonication with respect to
extraction time. Consequently, attention was switched to a
domestic microwave oven, and the subsequent reduction
in scale, where cooling time was much faster (40 s).

In this study with the domestic microwave oven, three
different variables were optimised: extraction solvent,
extraction solvent volume, and extraction time.

Optimisation of extraction solvent

Four different extraction solvents were used: methanol,
ethanol, ethanol-aqueous 1 M TFA (96.2:3.8, v/v), and
0.02 M ammonium formate in ethanol-water (80:20, v/v).
This final extraction solvent was adjusted to pH 2.45 by
the addition of TFA. Ethanol and ethanol-based extraction
solvents were tried as less hazardous alternatives to
methanol and methanol-based ones. Methanol-aqueous 1
M TFA (96.2:3.8, v/v) has been used to extract
propranolol successfully from rodent food (Williams et
al., 1996). A solution of 0.02 M ammonium formate in
methanol-water (80:20, v/v) at pH 2.45 is a successful
HPLC mobile phase for the separation of propranolol
(Law and Appleby, 1996).

The average recoveries of propranolol from tablets were
very close to 90% for each of the four extraction solvents
(Table 1). Analysis of variance (Morgan, 1991) showed
that there was no significant difference at the 5%
probability level between recoveries of propranolol using
the four different extraction solvents. Methanol was
chosen as the optimum extraction solvent of the four,
because it gave the best precision (lowest RSD). In
addition, it was the cheapest of the four extraction
solvents. Furthermore, it did not require any time-
consuming preparation, unlike ethanol-aqueous 1 M TFA
(96.2:3.8, v/v) and 0.02 M ammonium formate in ethanol-
water (80:20, v/v).

Table 1. Recoveries by MASE of propranolol from tablets
using different extraction solvents. Solvent volume, 5.00
mL; extraction time, 90 s; number of replicates, 3.

Extraction solvent Rg;‘g‘(’%i
Methanol 88.5+1.2
Ethanol 89.3+5.6
Ethanol-aqueous 1 M TFA (96.2:3.8, 87.9+7.1
v/v)

0.02 M ammonium formate in 89.3+4.8
ethanol-water (80:20, v/v) at pH 2.45
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Optimisation of extraction solvent volume

Three volumes of methanol were studied: 2.50mL,
3.75mL, and 5.00mL. It was found that 5.00mL gave the
highest average recovery of the three volumes tried (Table
2). Furthermore, average recovery increased steadily with
increasing extraction solvent volume. This inferred that
the highest volume of the solvent gave the greatest
solubility of the drug. Volumes of extraction solvent
greater than 5.00mL may have given higher recoveries,
but solvent volume was limited to 5.00mL by the
equipment used. Larger volumes of solvent increased the
frequency of the inner vial popping open.

Table 2. Recoveries by MASE of propranolol from tablets
using different volumes of extraction solvent. Solvent,
methanol; extraction time, 90 s; number of replicates, 3.

Extraction solvent volume Recovery £ RSD
(mL) (%)
2.50 748+ 1.6
3.75 789127
5.00 827+£1.8

Optimisation of extraction time

The last variable to be investigated was extraction time.
Two times were tried: 45 and 90 s. It was found that the
average recovery of propranolol was greater when
extracting for 45 s (91.3 + 3.6%) than for 90 s (88.7
3.6%). The t-test (Morgan, 1991) at P = 0.05 showed that
there was no significant difference between the recovery
of propranolol at the two different times. In both cases,
recoveries were about 90% and the RSDs were an
acceptable 3.6%. Consequently, 45 s was chosen as the
optimum extraction time.

In summary, the optimum extraction conditions for
MASE were extraction solvent, methanol; solvent
volume, 5.00mL; and extraction time, 45 s.

There was some variation of recovery by MASE from
experiment to experiment given the same extraction
conditions. As an illustration, the following recoveries
and RSDs were obtained when methanol was the
extraction solvent, extraction time was 90 s, and
extraction solvent volume was 5.00mL: 88.5 + 1.2%
(Table 1), 82.7 £ 1.8% (Table 2), and 88.7 + 3.6%
(Optimisation of extraction time). The 82.7% result is
significantly lower than the 88.5 and 88.7% recoveries at
the 5% probability level. This was presumably because an
external standard was used during the study. The use of
an internal standard, such as atenolol, may have given
better reproducibility from experiment to experiment.

Comparison of MASE with sonication
The optimised MASE method was compared with the
literature technique, sonication, for the extraction of

propranolol from tablets. It was found that sonication
gave significantly higher recovery of the drug from the
tablets at the 5% probability level and better precision (as
measured by RSD), but recovery by MASE and its
associated precision were acceptable (Table 3).
Furthermore, MASE gave a faster extraction and used less
extraction solvent and sample.

Table 3. Comparison of MASE with sonication for the
extraction of propranolol from tablets. Number of
replicates, 3.

Variable MASE Sonication
Recovery (%) 89.8 99.5
RSD (%) 37 0.5
Solvent volume (mL) 5.00 30.0
Extraction time (s) 45 300
Sample size (mg) 333 200.0

CONCLUSIONS

It can be concluded that MASE is a viable alternative to
the conventional extraction method for the recovery of
propranolol from tablets. It has been shown that MASE
recovery and precision data were acceptable. In addition,
MASE was significantly faster and used less solvent than
sonication. Propranolol recovery by MASE was
significantly lower than by sonication. To improve
recovery by MASE, it is suggested for the future that the
volume of extraction solvent be increased. To overcome
the problem of vial popping when using larger volumes of
solvent with the present sample cell arrangement, larger
volume inner vials can be purchased. Another suggestion
is to increase microwave power from the present 600 W
to, for example, 1000 W. The use of greater power should
heat the extraction solvent faster, producing a higher
temperature solvent in the sample vial for the same
extraction time. Since solubility is usually greater at
higher temperature, one might reasonably expect greater
recovery of propranolol from the tablet. In addition to use
as a sample pre-treatment step in pharmaceutical industry
quality control programmes, the MASE method described
in this study could also be applied successfully to student
laboratory classes. The use of a novel two-vial sample cell
has allowed safe use of the domestic microwave oven.
Furthermore, the domestic microwave oven has been
demonstrated to be advantageous compared to an
industrial extractor for applications where the extraction
time is relatively short. A univariate approach was taken
in this study. This cautious approach was adopted,
because it was unknown in advance whether the results
would be reproducible since sample size was modest and
the experiments were performed on a small scale. It was
found that recoveries were generally reproducible despite
the small scale used. Armed with this knowledge, it can
be proposed that a full- or fractional-factorial approach
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could also be applied to the MASE of propranolol from
tablets successfully. Chemometrics is not a panacea
though. Poor reproducibility with an experimental design
approach can lead to anomalous results and wrong
conclusions being made.
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EFFECT OF GREEN TEA ON CYTOGENETIC CHANGES INDUCED
BY GIBBERELLIN A; IN HUMAN LYMPHOCYTE CULTURE
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ABSTRACT

Gibberllin A; is a plant growth regulator hormone used to increase the growth and flowering of fruits and vegetables. In
the present work, the cytogenetic effect of different concentrations of gibberellin A; (0.1, 0.5, 1 and 2 mg) was studied in
human lymphocyte culture. Treating cultures with gibberellin A; induced chromosomal aberrations, sister chromatid
exchanges and DNA damage. The chromosomal aberrations include gap, break, deletion and centromeric attenuation.
DNA damage was detected by comet assay and by total genomic damage method using gel electrophoresis. By
increasing the concentration of gibberellin A;, the number of damage cells and the damage DNA spots increase.
Moreover, the gel electrophoresis method showed that there was an increase of released DNA and RNA as the
concentration of gibberellin A increase. Green tea (Camellia sinensis) is one of the most popular bervages consumed.
Green tea and its constituents were found to have a variety of therapeutic effects. The results obtained in the present
investigation showed that when green tea and gibberellin A; were simultaneously applied in the culture media, the

mutagenic changes induced by gibberellin A; were significantly reduced.

Keywords: Gibberellin A;, cytogenesis, green tea, human lymphocytes.

INTRODUCTION

Gibberellic acids are a group of plant growth regulators
that have been identified in different plants (Jones and
MacMillan, 1984) and they are used in agriculture as
plant regulators to stimulate both cell division and cell
elongation that affect leaves as well as stems (Liu and
Loy, 1976). Gibberellic acid or one of its metabolites if
applied to dwarf varieties of peas, broad beans or maize,
growth is greatly accelerated (Carpita et al., 1979). On the
other hand, GA; was found to have carcinogenic effect in
experimental animals. Feeding toads Bufo regularis with
gibberellin A; induced hepatocellular carcinomas in 16%
of the animals (El-Mofty and Sakr 1988). Moreover, El-
Mofty et al. (1994) showed that gibberellin A; induced
breast and lung adenocarcinomas in mice. Gibberellic
acid was found to induce chromosomal aberrations in
human lymphocytes (Arutiunian and Zalinian, 1987) and
mice (Bakr et al., 1999).

Green tea (Camellia sinensis) is one of the most popular
beverages consumed. A number of studies have shown
that traditional beverages, as represented by teas, are
beneficial to human health, suggesting that these
beverages might warrant investigation from the viewpoint
of nutrition. Green tea or its constituents were found to
possess a variety of effects, including antimutation (Kada
et al., 1985), antibiotic action (Toda et al., 1989),
antihypercholesterolemia (Muramatsu et al., 1986),
antihypertension  (Hara and  Tonooka,  1990),
antihyperglycemia (Shimizu et al., 1988) and anti-
inflammatory action (Sagesaka et al., 1996). Various

*Corresponding author email: Sabsak(@yahoo.com

systems were used to confirm anticancer activities of
green tea. These included experimental animals in which
cancer was induced chemically. Green tea was found to
inhibit hepatocarcinogenesis induced in rats by
diethylnitrosamine (Klaunig, 1992) and suppresses the
growth of urinary bladder tumor in rats induced by N-
butyl-N  (4-hydroxybutyl) nitrosamine (Sato, 1999).
Epidemiological studies revealed that the incidences of
stomach cancers all over the world are the lowest among a
population that consumes green tea on a regular basis
(Fujiki et al., 1996). Gibberellic acid is used in Egypt to
increase the size of some fruits and vegetables such as
strawberries, grapes, tomatoes and cabbages. On the other
hand, the exposure to such chemicals, increase the risk of
many diseases including cancer in farmers and other
agricultural uses. This stimulated us to study the side
cytogenetic effect of gibberellic acid in human
lymphocytes culture and an attempt to reduce its
hazardous effects by green tea.

MATERIALS AND METHODS

Tested compounds

a. Gibberellic acid (GA3) was dissolved in the tissue
culture media and was applied at doses of 0.1, 0.5, 1
and 2mg/ Sml culture medium.

b. Green tea aqueous extract was prepared according to
Han (1997). It was applied at dose of 0.5mg/5ml
culture medium.

Media
Human lymphocytes are easy to culture, and readily
available. They do not divide and grow unless artificially
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stimulated this is usually activated by adding
phytohaemagglutinin (PHA) to the cultures and results in
a high mitotic yield. These lymphocyte cultures were used
according to the method adopted by (Moorhead et al.,
1960). The culture medium consists of RPMI 1640
culture medium with L-glutamine (sigma) supplemented
with 20% fetal calf serum; 1% peincillin (5000 IU/ml),
streptomycin (5000mg/ml); and 0.005g%
phytohaemagglutinine (PHA) (Biochrome).

Applied techniques

a. Chromosomal aberrations

One ml heparinized whole blood from healthy non-
smoking donor was mixed with 5 ml culture medium and
incubated at 37°C. Gibberellic acid and green tea was
added at 72 hours of incubation. Colcimed (10mg/ml;
Biochrome) was used to inhibit spindle formation at a
final concentration of 0.2ug/ml. Two hours before
harvesting and fixation, cells were arrested in metaphase
by addition of colcimed. After 72 hrs, cells were
centrifuged (1000rpm; 10 min) and the supernatants were
discarded. The cell pellets were then resuspended in
approximately 5 ml of prewarmed hypotonic solution
(KCl) and incubated for 15 min. Tubes were then
centrifuged at 1000 rpm for 10 min. The supernatant was
removed and the pellets were thoroughly mixed with Sml
of cold fixative (1 part acetic acid to 3 parts methanol)
added drop by drop; this step was repeated twice. The
tubes were spanned at 900 rpm for 10 min. The cells
pellets were resuspended in equal small volumes of fresh
fixative to form a milky suspension. Slides were prepared
by pipetting 4 drops of cells suspension on to clean,
grease free slides and air dried. The slides were then
stained with 10% Giemsa for 12 min; immersed in
distilled water for washing; air dried for 3 days and
mounted in DPX. For each treatment, at least 250 well
spread metaphases were examined for chromosomal
aberrations. For the mitotic index, minimum of 1000 cells
per dose were counted.

b. Sister chromatid exchanges (SCEs)

In this experiment SCE’s technique was used, which
based on the fact that after two rounds of replication in
the presence of Bromodeoxyuridine (BrdU), the
chromosomes contain one chromatid in which the DNA is
unifilarly substituted with BrdU and one chromatid in
which the DNA is bifilarly substituted. These two
chromatids are stained differently with Giemsa. For this
purpose, cultures were used as previously described in the
detection of chromosomal aberrations.

Staining technique of SCE’s

Slides from BrdU-treated cultures were air-dried and kept
in the dark. Three days old slides were stained using the
fluorescence plus giemsa technique according to Pery and

Wolff (1974). With this technique a light-dark contrast
between sister chromatids can be presented giving the
chromosomes a “harlequin-like” appearance (unifiliarly
BrdU substituted chromatid: dark: bifilarly substituted
chromatid: light).

Fluorescence-plus Giemsa Staining

A stock solution of Hoechst 33258 (bisbenzimide) was
prepared at a concentration of 0.5mg/ml in sterile H,O.
This can be stored for up to 1 month in the dark at 4°C.
The stock Hoechst solution was diluted 1:200 with
distilled water immediately prior to use. The slides were
immersed in diluted Hoechst for 10 min, washed one time
with distilled water (Immersing). This was followed by
exposure of the slides to UV rays (254 nm) at a distance
of approximately 15 cm for 60 min, covered with 2 x SSC
(sodium salt citrate) — solution (pH 7.0). After that the
slides remained in a solution of 2 x SSC (pH 7.0) at 60°C
for 90 min. The cells were stained with 10% Giemsa in
phosphate buffer solution (pH 6.8) for 15 min, left to air
dry and mounted in DPX.The SCE frequency was scored
of 50 metaphases (2N =46) in the second cycle of
division (MII) per dose.

c. Total damage of DNA (double strand breaks)

Double strand breaks of DNA were detected according to
Wlodek et al. (1991). Human lymphocytes were isolated
according to Boyum (1968) from whole blood by ficoll
separating solution (Sigma). The cells were washed in a
medium of TGD of DNA. The isolated lymphocytes were
incubated with the tested agents for 2 hr. The viability of
the cells was determined by trypan blue. From the stock
of lymphocytes, 0.5ml (1x10° lymphocytes) to 0.2 ml
(4x10°) were transferred to 1.5 ml ependorf tube and
completed to 1 ml with medium, then treated with tested
substances. Viability of treated cells was measured.
Treated cells were centrifuged for 1 min by Ependorf
microcentrifuge. The pellets were suspended in 15 micro-
liter medium and loaded directly in the well of gel.

Gel preparation

Gels were prepared with 1.5% electrophoretic grade
agarose (BRL) and 0.2% polyvinylpyrolidine (PVP;
Sigma). The agarose and PVP were boiled with tris borate
EDTA buffer (1 x TBE buffer; 8mM Tris, 89mM boric
acid, 2mM EDTA, pH 8.8). 0.5 micro-gram/ml ethidium
bromide was added to gel at 40°C. then gels were poured
and allowed to solidify at room temperature for lhr.
before the samples were loaded. Treated human
lymphocytes from 0.5 ml blood were loaded in wells. 15
micro-liter of lysing buffer (50mM NaCl, 1 mM Na,
EDTA, 1% SDS, pH 8.3) was added on the cells for
15min. 5 pl from 6X loading buffer was added on the
lysis cells. Electrophoresis was performed for 2hrs at 50
volt using 1X TBE buffer as running buffer. Gel was
photographed using a Polaroid camera while the DNA
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was visualized using a 312 nm UV light under a
transilluminator.

Damage scoring
The intensity of intact, fragmented (released DNA) and
RNA were measured as optical density by gel pro
analyzer program.

d. Comet assay (single strand breaks of DNA)

DNA stranded breaks were measured in the alkaline
comet assay using the method described by and Singh et
al. (1988).The isolation and treatment of human
lymphocytes with GAj; and green tea in this technique are
similar to the steps of total genomic technique. Viability
of the cells was determined by trypan-blue exclusion
before using the cells for studies (Boyum, 1968). Scoring
was performed according to Hassab El-Nabi and Sallam
(2002). Examinations were done with a fluorescent
microscope equipped with an excitation filter of 510 nm
and barrier filter of 590 nm. The migration was evaluated
by observing and measuring the nuclear DNA, where the
rounded spot of DNA was considered as a normal DNA
spot, while the nuclear DNA, migrating towards the
anode, appeared as comet spot and considered as
damaged DNA spot. Five hundred spots of DNA were
examined and classified into three types: (1) normal spots;
round shape, (2) damaged spots; in which the length of
the migrated fragments is less than or equal to the
diameter of the basal nuclear DNA, and (3) strongly
damaged spots; where the length of the comet was greater
than the diameter of the basal nuclear DNA.

e. Statistical Analysis

In the present work, the chromosomal aberrations and the
number of damaged cells (single cell gel electrophoresis
assay) are represented in tables as percentage (%) while,
SCE's are represented as mean =+ standard deviation. The
significance of difference between the treated and control
were calculated according to i test and Student's t-test.

RESULTS

1. Chromosomal aberrations

Different types of chromosomal aberrations were
observed in human lymphocyte cultures treated with
gibberellic acid. These aberrations included chromatid
gap, dicentric, chromatid break, chromatid deletion,
fragment, and centromeric attenuation (Figures 1-3). An
increase in the percentage of these aberrations was
observed with the increase of the dose. The percentage of
total chromosomal aberrations showed significant
increase at doses 0.5, 1 and 2 mg of GA; and the
percentages were 5.6, 9.2 and 11.6, respectively (Table
1). Conversely, cultures treated with GA; and green tea
showed a decrease in the percentage of the chromosomal
aberrations when compared with those treated with GA;
alone. Green tea induced no chromosomal abnormality.

2. Sister chromatide exchange

Data in table 2 showed the frequencies of sister chromatid
exchanges in human lymphocyte cultures treated with
different doses of GA; and green tea. The data showed
that there was highly significant (p<0.01) increase in
SCE's frequencies in cultures treated with different doses
of GA;. Simultaneous application of GA; at the used
doses and green tea caused reduction of the high SCE
values induced by GA;. This reduction did not reach the
SCE's frequencies of control.

3. DNA damage

DNA detection by comet assay showed that strong
damage spots of DNA (migration towards the anode)
were observed in human lymphocyte cultures treated with
different doses of GA; (Fig. 4). The tested doses of GA;
induced a significant increase in the percentage of total
damaged spots with values of 24.7, 34.8, 47.4 and 58.6 %
when compared with control (5.1%). Simultaneous
treatments with green tea and GA; decrease the
percentage of total damage spots (Table 3).
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Fig. 1. Chromosomes with gab (G), dicentric chromosome
(DC) in human lymphocyte cultures treated with
gibberellic acid. (X 1000).

Fig. 2. Chromosomes with break (B) in human
lymphocyte cultures treated with gibberellic acid.
(X1000).
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Fig. 3. Chromosomes with centromeric attenuation (CA)
and fragment (F) in human lymphocyte cultures treated
with gibberellic acid. (X 1000).

Fig. 4. Photomicrograph showing single strand breaks
(comet assay) of DNA of human lymphocyte cultures
treated with gibberellic acid. (A) Normal DNA spots (no
migration). (B) Damaged DNA spots (migration towards
the anode). (C) Strong damaged DNA spots (more
migration towards the anode).

Electrophoretic pattern of nucleic acids of lymphocytes
appeared as three main bands in gel. RNA area located at
up 150 bp, nucleoprotein area located at 300-350 bp and
DNA area located near the wells of gel to nucleoprotein
area (Fig. 5). The DNA and RNA have orange color with
ethidium bromide, while nucleoprotein has a purple color.
When the gel was exposed to UV by UV transilluminator
for 5 min. the color of nucleoprotein changed from purple
to white. After staining the gel with commassi blue the
DNA and RNA not stained while, nucleoprotein stained
darkly with blue color (Hassab El-Nabi and Elhassaneen,
2008). Figure 5 revealed that the intensity of DNA
fragmentation increased in GAj;-treated cultures. GA;

induced strong and obvious damage at concentrations of 1
and 2mg as represented in lanes 4 and 5. On the other
hand, treatment with GAj; and green tea decreased the
amount of fragmented DNA. Similarly, GA; increased the
intensity of total RNA in a dose dependent manner. The
optical density of released DNA is shown in figure 6.
There was an increase in the intensity of released
(fragmented) DNA in human lymphocyte cultures treated
with GA;. The values of the optical density of released
DNA were increased with values of 36.242, 50.028,
65.003, and 126.44 at the dose levels of 0.1, 0.5, 1 and 2
mg GA; respectively, when compared with control.
Simultaneous treatment with gibberellic acid at the
previous doses, and green tea decreased the amount of
fragmented DNA and the optical density values were
33.28, 38.494, 45.908, and 125.03. The optical density of
total RNA was increased with values of 51.992, 55.243,
57.986, and 74.091 when compared with control value of
45.496. Treatment with GA; and green tea decreased the
intensity of total RNA with values of 49.196, 54.42,
55.337, and 58.702 when compared with that treated with
GA; (Fig. 7).

Fig. 5. Gel electrophoresis showing the effect of GA; and
green tea on total DNA (section A), nucleoprotein
(section B), and RNA pattern (section C) in human
lymphocyte cultures; lane 1 control; lanes 2, 3, 4, 5
represent human lymphocyte cultures treated with 0.1,
0.5, 1, and 2 mg/ml respectively; lanes 6, 7, 8, 9 represent
human lymphocyte cultures treated with the same doses
of GA; and green tea .Lane 10 : green tea .
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Fig. 6. Optical density of released fragments of DNA.
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Fig. 7. Optical density of released RNA.
DISCUSSION

The present results showed that gibberellin A; induced
chromosomal aberrations in human lymphocyte
culture.Similar result was obtained by Zalinian et al.
(1990). Gibberellic acid caused highly significant increase
(p<0.001) in the percentage of total damage spots at all
tested doses when detected with comet assay. Using total
genomic damage of DNA method, gel pro analyzer charts
have shown that there was an increase in the intensity of
released DNA and that of RNA as the dose of gibberellic
acid increased. In this concern, Hassab-Elnabi and Sallam
(2002) reported that gibberellic acid induced total
genomic damage of DNA especially at high doses.

The effect of growth hormones, especially gibberellins on
plants was studied by many investigators Fath et al.
(1999) reported that endogenous barley aleuronic
nucleases degraded aleuronic DNA to 180 base pairs.
When the aleuronic cells were incubated with gibberellic
acid, nucleases enzymes were accumulated in the cells
causing DNA fragmentation or damage. So, the DNA

Table 1. Frequency of chromosomal abnormalities observed in 250 metaphase spreads

damage may results from direct attack of DNA by
gibberellic acid causing alkali labile and single strand
breaks and total genomic damage and this may be due to
accumulation of nucleases. Jacqmard (1968) has proposed
that one of the effects of GA; is to promote the onset of
DNA synthesis in cells which are arrested in the G1 phase
of the cell cycle. This notion is supported by the data of
Liu and Loy (1976) on the effect of GA; on the cell cycle
of watermelon seedlings. GA; reduces the duration of the
cell cycle by nearly 30% and it does so primarily by
reducing the length of G1 by 30% and that of S by 36%. It
was well established that plant hormones and growth
regulators affect the synthesis of RNA and protein
(Jacobsen 1977; Bewley and Black, 1978).

Chemical carcinogens - by themselves or after activation -
interact with cellular macromolecules such as DNA,
RNA, and proteins, and these interactions result in the
development of neoplasia (Williams and Weisburger,
1991). It has also been reported that replication of DNA
with carcinogen-induced lesions is an essential step in the
initiation of carcinogenesis. Gibberellin A; was found to
have carcinogenic effects in amphibians (El-Mofty and
Sakr, 1988) and mammals (El-Mofty et al., 1994). Thus,
the present results may explain some of the events led to
carcinogenicity of GAs;.

The present results indicated that green tea has a curative
effect against mutagenicity of gibberellic acid. Green tea
was found to reduce chromosomal aberrations induced by
gibberellic acid. Similar effects of green tea or its
constituents were studied by different investigators.
Sasaki et al. (1993) reported that green tea decreased the
frequency of chromosome aberrations induced by
benzo[a]pyrene or mitomycin C in cultured Chinese
Hamster Ovary (CHO) cells and mice. They suggested

of human lymphocyte

cultures treated with gibberellic acid (0.1, 0.5, 1 & 2mg) and green tea (0.5mg).

% of chromosomal abnormalities % of
Dose Gap Break Deletion | Fragment Dicentric Centromgrlc TCA
Attenuation

Control 0.8 0 0 0.4 0 0 1.2
0.1lmg GA 0.8 0.4 0.4 0.8 0 0 2.4
0.1lmg GA +GT 0.8 0 0.4 0.4 0 0 1.6
0.5mg GA 1.6 0.8 0.8 1.6 0.4 0.4 5.6*
0.5mg GA +GT 1.2 0.4 0.4 1.2 0 0 3.2

Img GA 2.4 1.2 1.2 2.8 0.8 0.8 9.2%%
Img GA +GT 1.6 0.4 0.8 1.6 0.4 0.4 5.2

2mg GA 2.8 1.6 1.6 3.2 1.2 1.2 11.6*%*
2mg GA +GT 2.4 0.8 1.2 2.4 0.4 0.4 7.6

GA: gibberellic acid; GT: green tea; TCA: Total chromosomal aberrations

* Statistically significant (p<0.01) , ** highly significant (p<0.001)
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that catechins, well-known antimutagens in tea samples,
might account for the observed inhibitory effect green tea
extract. Ito et al. (1989) recorded the suppression of
chromosomal aberrations induced by aflatoxin-B; in rat
bone marrow cells in vivo by green tea.

Table 2. Sister Chromatid exchanges (SCE’s) of human
lymphocyte cultures treated with gibberellic acid and
green tea.

Treatment SCE’s (mean +/- SD)
Control 3.4+4/-2.12
0.1 mg GA 4.84 +/-2.49
0.1 mg GA+GT 3.68 +/-1.93
0.5 mg GA 5.56 +/- 3.02%*
0.5 mg GA+GT 3.84+/-2.13
Img GA 6.28 +/- 2.6%*
Img GA+GT 4.2 +/-1.68
2mg GA 6.56 +/- 2.88%*
2mg GA+GT 4.72 +/- 1.49

** Statistically highly significant (p<0.01)

Simultaneous treatment with gibberellic acid and green
tea revealed a reduction in the frequency of sister
chromatid exchange. Cheng (1989) reported that green tea
decreased the frequency of sister chromatid exchanges
induced by oxygen radical in IAR 20 liver cells treated
with hypoxanthine and xanthine oxidase.Wang et al.
(1989) reported that water extracts of green tea and their
major constituents, green tea polyphenols , have
antimutagenic activity. They found that green tea
polyphenols inhibited gene forward mutation in V79 cells
treated with benzo[alpha]pyrene (BP)and aflatoxin-B, and
also decreased the frequency of sister-chromatid
exchanges and chromosomal aberrations in V79 cells
treated with AFB;. Fujie et al. (1993) reported that crude
catechin extracted from green tea suppressed sister-

chromatid exchanges induced by trihalomethanes in rat
erythroblastic cells In vitro. Tanaka (2000) observed that
epigallocatechin gallate, the major constituent of green tea
and catechin a minor constituent, equivalently decreased
the frequencies of sister-chromatid exchanges induced by
paraquat which is a generator of reactive oxygen species.
Green tea strongly inhibited the increase in sister
chromatid exchanges and micronuclei induced by Fried
fish in V79 and IAR20 cells (Liu, 1990).

The present work revealed that human lymphocyte
cultures treated with gibberellic acid showed strong
damage cells using comet assay. After treating with green
tea the percentage of the total damage spots decreased.
Similarly, Roy et al. (2003) reported that the green tea
extract, polyphenol epigallocatechin gallate had a curative
effect on the cytogenetic change and DNA damage
induced by toxicants H; O and carcinogen N-methyl-
N'-nitro-N-nitrosoguanidine in Chinese hamster V-79
cells in culture. Zhang et al. (2002) recorded modification
of lung cancer susceptibility by green tea extract as
measured by the comet assay. Lin et al. (2003) studied
the induction of apoptosis in HL-60 cells by tea extracts:
green tea, oolong tea, black tea, and pu-erh using DNA
fragmentation ladder and flow cytometry. The results
showed that the ability of tea extracts to induce apoptosis
was in the order green tea > oolong > black tea > pu-erh
tea. Chen et al. (2004) reported that epigallocatechin
gallate, a major constituent of green tea polyphenols,
induced a GO/G1 arrest and apoptosis in NBT-II bladder
tumor cells.

Parshad et al. (1998) found that addition of green or black
tea extracts, their polyphenols or curcumin to cultures of
human skin fibroblasts or PHA-stimulated blood
lymphocytes significantly reduced the frequencies of
radiation-induced chromatid breaks. The protective action
of these plant polyphenols seems to result from their

Table 3. The percentage of DNA damage detected by comet assay in human lymphocyte cultures treated with

gibberellic acid and green tea.

% of Normal % of Damage % of Strong % of total damage
Treatment

Spots Spots damage spots spots
Control 94.9 4 1.1 5.1
GT 93.8 5 1.2 6.2
0.1 mg GA. 753 14.3 10.4 24.7**
0.1 mg GA.+GT 90.8 5 4.2 9.2
0..5 mg GA. 65.2 18.4 16.4 34.8%*
0..5 mg GA. +GT 86.3 8.2 5.5 13.7
1 mg GA. 52.6 19.1 28.3 47.4%*
1 mg GA. +GT 81.4 10.3 8.3 18.6*
2 mg GA. 41.4 21.2 374 58.6**
2 mg GA. +GT 77.8 15 7.2 22.2%*

* Statistically significant (p<0.01); ** Statistically highly significant (p<0.001)
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known antioxidant properties, particularly the scavenging
of hydroxyl free radicals. Feng et al. (2002) reported that
black tea polyphenols, theaflavins, prevent cellular DNA
damage using the comet assay by inhibiting oxidative
stress and suppressing cytochrome P450 1Al in cell
cultures.

The present results proved that green tea had a curative
effect against cytogenicity of GA;. A growing body of
research has demonstrated green tea polyphenols to be
powerful components with anticarcinogenic and
antimutagenic properties. The mechanism of these green
tea components is attributed to: 1- Antioxidant and free
radical scavenging activity, 2- Stimulation of
detoxification systems, especially selective induction or
modification of phase I and phase II metabolic enzymes
with increasing the formation and excretion of detoxified
metabolites of carcinogens, 3- Inhibition of biochemical
markers of tumor initiation and promotion, including
lowering the rate of cell replication and thus the growth
and development of neoplasm, and 4- Prevention of
mutagenicity and genotoxcity (Weisburger,1999). Thus in
the present work, it is speculated that one or more
constituents of green tea may be responsible for
prevention of mutagenic effects of gibberellic acid
through one or more of these mechanisms.
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ABSTRACT

Khaya senegalensis is an herbal medicinal plant, used locally in Nigeria and South Africa for the treatment of cough and
sexually transmitted diseases. This antibacterial activity prompted the phytochemical and antibacterial investigation of
this herbal plant. The stem bark of K. senegalensis was subjected to phytochemical studies using standard experimental
procedures testing for secondary metabolites. The crude extract was evaluated for its antimicrobial activity using
methicillin resistant strains of Staphyloccocus aureus MRSA. The result of the study revealed the presence of alkaloids,
saponins, tannins and flavonoids in the plant extract. The extract exhibited significant antibacterial and MRSA activities
against the tested organisms. The study therefore provides natural source for drugs used for the treatment of methicillin

resistant strains (MRSA) infections.

Keywords: K. senegalensis, stem bark extract, MRSA, bacterial infections.

INTRODUCTI ION

Natural Products are an important source of new
structures leading to drugs discovery in all major disease
areas. In order to find new drugs in plants, it is necessary
to screen plant extracts for biological activities, with the
aim of obtaining novel compounds. Once novel
compounds are suspected, they are generally isolated in
order to have material available for further biological and
toxicological testing (Newman and Cragg, 2007). The
demands of traditional medicine from the public and the
growing economic importance of traditional medicine
have led to the increased interest on the part of academic
communities and the government. The need to study a
local medicinal plant Khaya senegalensis cannot be over
emphasized.

Khaya senegalensis belongs to the family Meliaceae, and
is commonly called African Mahogany and it is endemic
in many African countries. K. senegalensis is a deciduous
evergreen tree, 15-30 m high, up to 1 m in diameter, with
a clean bole to 8-16 m. The plant is used in ethnomedicine
for the treatment of various disease conditions such as
rheumatoid arthritis, diarrhea and cough (Dalziel, 1948;
Brian and Stanfield, 1966; Egwim et al., 2002). It has also
been used as an anthelmintic, emetic, emmenagogue and
in jaundice treatment (Gill, 1992). The effect of the
extract on the rat kidney has also been reported (Joseph et
al., 2003). The aqueous extract of stem bark has been
reported to reduce anemia (Sanni et al.,, 2005), and
inflammation (Lompo et al., 1998). Some limonoids have
been isolated from the stems, barks, leaves and flowers of

*Corresponding author email: faloabi25@yahoo.com

K. senegalensis (Nakatani et al., 2001; Adesida et al.,
1971). They include phragmalin limonoids named
khayanolides D and E, khayanosides, 2,
6-dihydrofissinolide and two mexicanolides named
khayanone and 2-hydro- xyseneganolide. Traditional
herbalists in many parts of Africa (especially northern
part of Nigeria) have achieved success with the use of this
plant for the treatment of tuberculosis and bacterial
infections.

Methicillin resistant strains have assumed increasing
importance both as a cause of nosocomial and community
acquired infections (Jevons, 1961; Knox, 1961).
Infections caused by MRSA resulted in increased lengths
of hospital stay, health care cost, morbidity and mortality
(Niclaes et al., 1999). The infusion of the plant extract is
used by herbal healers for the treatment of cough and
wounds and boils. This biological activity necessitated the
scientific validation and justification of its use as herbal
remedy. This study was therefore aimed at searching for
natural products that could be used to combat the effect of
MRSA infections among the natives since these herbal
medicinal products are cheap and readily available in the
tropical forest.

MATERIALS AND METHODS

Plant material

The plant (stem bark) was collected around January 2008
in Otukpo Local Government, Benue State, Nigeria.
Botanical identification and authentication was done by a
staff of the Department of Pharmacognosy, University of
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Benin. [Voucher specimen was deposited, no. AF
2008KS].

Extraction and preparation

The stem bark of K. senegalensis was dried and reduced
to a fine powder with the aid of a mechanical blender. The
powdered sample (600g) was extracted with 700ml of
distilled water by maceration for 48 hours. The residue

(54.289) was stored in a refrigerator at -4°C until use.

Phytochemical Screening

The crude plant sample was subjected to phytochemical
screening testing for alkaloids, saponins, tannins,
flavonoid and irridoids using standard experimental
procedures of Trease and Evans (2002).

Biological assay

MRSA organisms isolated from clin