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Abstract. Asiaticoside has a tremendous medicinal value against leprosy. A comparative chemical

analysis of ten ecotypes of Centella asiatica in India was carried out to estimate asiaticoside content in

leaves. The higher amount of asiaticosides were obtained in ecotype II and X of subtemperate

Himalaya having 0.114% and 0.105% respectively. Subsequently two newly reported B-chromosomes

were noted in these races besides their normal karyotype 2n=18 chromosomes. The influence of

genomic constituents on asiaticoside contents was statistically analysed. The asiaticoside contents.

differed significantly among the ecotypes examined, reflecting their genome variation. The possibility '
of utilizing the selected genotypes of subtemperate Himalaya for commercial exploitation was indicat-

ed.
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Introduction

The plant Centella asiatica (L.) Urban. belonging to
the family Umbelliferae is growing predominantly in
southern hemisphere. It has of great medicinal value
for its asiaticoside content in leaves. The asiaticoside,
a glucoside, gave encouraging results against treat-
ment of leprosy (Bailey, 1945; Boiteau et al., 1949;
Viala et al., 1977). This active principle dissolve the
waxy covering of Bacillus leproe, so that the causal
organism becomes very fragile and may easily be des-
troyed (Bailey, 1945). '

However, the previous cytological data have
revealed the somatic chromosome number 2n=18 chro-
mosomes forming regular nine bivalents (Sharma and
Ghosh, 1954; Sharma and Bhattacharya, 1959, 1960;
Bell and Constance, 1960; Liu et al., 1961; Joshi and
Raghuvanshi, 1970; Subramanian, 1986). Some conflict-
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ing report regarding chromosome number i.e., 2n=22
and 2n=233 have been reported by Sharma and Sharma
(1957) and Mitsukuri and Kurahori (1959), respectively.
No systematic attempt has, however, been made on the
detailed cytological analysis of different ecotypic races
of this species. Moreover, the asiaticoside contents
have not yet been analysed in different races. The
objectives of this study are to analyse the karyotype
constituents and to find out if there is a correlation
between genome and the amount of asiaticoside con-

tents.

Materials and Methods

Plants of C. asiatica were collected from ten differ-
ent ecotypic regions of India. The localities and the
altitudes of the collection spots of the plants were
given in Table 1. All these ecotypes were grown in the
experimental plot of the Department of Botany, Uni-
versity of Calcutta.
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Table 1. Karyotype constitution, asiaticoside content and habitats of ten ecotypic races of C. asiatica
Somatic Total Total Asiaticoside
Centella Localities Altitude chromosome Karyotype chromosome chromosome Total contentin %
astatica in India Soil type in metre number formula length in volume in F% of dry leaf
(2n) um + S.D. cu, gm + wt. + S.D.
S.D.
Ecotype I Konarak Coastal saline 11.28 18 B,+C,+D,+E, 31.98+£0.03 13.56+0.56 34.33 0.062:0.006
(Orissa)
Ecotype 11 Rudraprayag Rocky soil 609.60 18+2B C,+Dyo+E¢+2B  16.56+0.07 1.71+0.11 41.67 0.114+0.004
(Uttar Pradesh)
Ecotype Ili Sukhna Sandy loam soil  360.00 18 C.+Dy+E. 26.86+0.18 16.92+0.72 43.63 0.07540.004
(West Bengal)  with humus
Ecotype ¥ Midnapore Laterite soil 8.53 18 A;+C;+Ds+E;  38.66+0.01 23.68+0.82 39.27 0.082+0.004
(West Bengal)
Ecotype V Darjeeling Rocky soil 2133.60 18 C.+D,+Ey 30.40+£0.15 20.95%£0.76 32.37 0.097+0.009
(West Bengal)
Ecotype VI Kamakha Hill  Sandy rocky 249.90 18 Ce+Ds+E, 31.46+0.03 12.52+0.61 36.11 0.088+0.013
(Assam) soil with sand
and gravel
Ecotype VI Indian Bota- Alluvial soil 4.57 18 Ci+D+Eo 34.54+0.33 25.08+0.54 34.34 0.006+0.002
. nical Garden
(West Bengal)
Ecotype VIl Sagar Island Coastal saline 1.34 18+1B B,+C,+D;,+1B  26.36+0.17 10.42+0.82 43.06 0.060+0.006
(West Bengal) clay soil
Ecotype X Caluctta Sandy loam 6.09 18 B.+C,+Ds+E, 32.00+0.05 22.12+0.71 37.50 0.017£0.005
(West Bengal)  soil
Ecotype X Shillong Sandy rocky 1510.00 18+2B B,+C,+D,+ 26.26x£0.53 5.33%£0.97 30.58 0.105%0.007
(Meghalaya) soil E,0+2B

Cytological Techniques

Well scattered metaphase plates were obtained by
pretreating the root tips with paradichlorobenzene aes-
culine mixture (2:1) for three hours at 12°C followed by
overnight fixation in 1:3 acetic ethanol. Prior to stain-
ing cold hydrolysis of roots in 5N hydrochloric acid
(HCl) at 16°C for 10 minutes was done. Staining was
performed with 29 acetic-orcein solution for 3 hours
at room temperature after 10 minutes of incubation at
60°C. Root tips were squashed in 459 acetic acid.

Total chromosome length of each ecotypes was
calculated by adding the whole lengths of all the chro-
mosomes, present in a complement. The breadth of
individual chromosomes was measured from the karyo-
gram plates and the chromosome volume was calcu-
lated applying the formula z r?h where r and h are the
radius and height of the chromosome respectively. Fol-
lowing the methods of Levan et al. (1964) total form
percentage (TF9%) was calculated in each ecotypes.

Chemical Analysis
For chemical analysis leaves of each ecotypes
were oven dried at 60°C for 48 hours and crushed to

make powder. Powdered leaves were hydrolysed with
309% V/V HCI for 4 hours on a waterbath at 100°C,
neutralized with sodium hydroxide, filtered and wa-
shed thrice thoroughly with distilled water. Extraction
of asiaticoside was done from finely dried leaf powders
with pyridine (b.p. 115-116°C) continuously for 24 hours
at 35-40°C in a Soxhlet apparatus. The extracts were
screened for the presence of asiaticoside by thin layer
chromatography (TLC) on silica gel G (type 60, Merck)
coated glass plates. The samples were applied on the
activated plates (2 h in 100°C oven) with the help of
micropipettes, as very small spots of 2-5 mm in diame-
ter on one end of the plate. Separation was carried out
at room temperature (26-30°C) in diffused light. The
plates were placed in a presaturated chambers filled
with solvent chloroform: methanol in the proportion of
95:5 to a depth of about 0.5 cm and air-tighted with
glass lid for ascending development. Caution was taken
so that the whole breadth of the TLC plate dipped into
the solvent to the same depth i.e. 0.5 cm but not to
cover the spots at the start. The length of the run was
15 cm from the starting point. The plates were sprayed
with Liebrman-Burchard reagent (Krebs et al., 1969)
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Figs. 1 10. Somatic metaphase plates of different ecotypes (I X accordingly) of Centelle asiatica (X2900). Arrows indicate
the B chromosomes in the karyotype.



and visualised by heating. Spectrophotometric analysis
of asiaticoside was performed in Specord spectro-
photometer after eluting the asiaticoside (Stahl, 1969)
in pyridine from silica gel G at 4000 g by centrifugation.
Quantitation was done from optical density at 783-785
nm, the absorption spectrum of asiaticoside, against
standard curve of standard sample. For each ecotypic
races the mean value of the asiaticoside was calculated
from seven sets of experiments.

Statistical Analysis

For the statistical analysis the mean numbers in
each set of asiaticoside content in leaves were used.
ANOVA test (Sokal and Rohlf, 1973) followed by Dun-
can’s multiple range test (Harter, 1960) have been
performed for finding out the significant differences, if
any, between different ecotypic races of C. asiatica.
Correlation coefficient (r) value was also analysed to
find out the relationships between altitudinal differ-
ences and asiaticoside contents as well as chromosome
volumes and asiaticoside contents.

Results and Discussion

Karyotype Analysis

The general karyotype analysis of ten ecotypes of
Centella astatica showed some numerical and structural
alteration-of chromosomes in their genome (Figs. 1-10,
Table 1). Normally the plants growing in the tropical
plains showed 2n=18 chromosomes whereas the plants
growing in higher altitudinal area (1510.0 m - 2135.6 m)
as well as in subtemperate zones (Figs. 2, 10) and halo-
phytic zones of plains showed B-chromosomes (Fig. 8)
in addition to their normal chromosomes. The presence
of B-chromosomes as well as variation in number of
chromosomes may be due to the adaptation of the
plants to different environments. Eventually, the ma-
croenvironmental adaptation among the ecotypes
might be occurred by the changes of chiasma frequency
as well as recombination of genetic make up of an
organism (Barker, 1960; John and Hewit, 1965; Barlow
and Vosa, 1970; Yrjo, 1972; Jones and Rees, 1968;
Hamal and Koul, 1986).

The different ecotypes showed similarity in gross
chromosome structure as revealed by the graded kar-
yotype. Out of total five types of chromosomes (Fig. 11)
i.e.,, A, B, C, D and E, the chromosomes with secondary
constrictions (A, B, C types) were varied from 2-6 in
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Figs. 11-12. Fig. 11. Type chromosomes of C. asiatica. Fig.
12. Comparative karyograms of different
ecotypes of Centella asiatica.

number. The striking feature was the presence of
supernumerary constricted (A types) i.e. chromosomes
having constriction other than primary and secondary
constrictions in ecotype IV. Whereas B types were
present in Ecotypes I, VIII, IX and X (Fig. 12). How-
ever, the increase or decrease in number of chromo-
somes with secondary constrictions might have been
due to duplication of chromosomes or translocation
between the chromosomes with or without secondary
constrictions at a very early stage of evolution. Again,
the variation in total chromosome length and volume
were also observed (Table 1). Consequently, the appar-
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ent increase or decrease in length, attributed to the var-
iation in size has affected the overall chromosome com-
plement as evidenced by total F% (TF%) values as
well. The lowest total chromosome length was noted in
ecotype Il which showed extra two B-chromosomes.
Reduction in the size of autosomes were recorded with
the presence of B chromosomes. The reduction of total
chromosome volumes have been noted in ecotype 11
(1.71 cu. gm) and ecotype X (5.33 cu. gm) also. In Petu-
mia hvbrida the size of A chromosomes gets reduced
with the incorporation of B's (Gohil and Kaul, 1980).
Reduction in the size of A chromosomes might he jus-
tified on the basis of reduction caused in the quantity of
nuclear proteins and RNA in B plus plants (Kirk and
Jones, 1970). Correlation coefficient value (r) = ( } 0.55
was analyzed between different genomic chromosome
volume and asiaticoside content, which confirms the
high negative correlation between them. Such reduc-
tion of chromosome volume with the increase of
asiaticoside may be due to the presence of B chromo-
somes with autosomes, which coincide with previous
views. Again high amount of asiaticoside content was
noted in B plus karvotype. So, B-chromosomes might
influenced the genomic length as well as volume on one
hand and asiaticoside content on the other hand. Evi-
dently, the variation of the total chromosome length
and volume projected the differential spiralization and
differences of histone protein components of genome in
addition to DNA (Sharma and Mukhopadhvay, 1984;
Das and Mallick, 1989ab; Kuo, 1989). In addition to
point mutation, segmental duplication and structural
alteration of chromosomes have had played an impor-
tant role in evolution as well as cytotypic genome vari-
ation.

Alkaloid Content in Relation to Genomic Varviation
Qualitative analysis of asiaticoside in the dry

leaves of C. asiatica showed the presence of this chemi-
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Fig. 13. Chromatogram showing separation of asiaticoside
in the leaf extracts of different ecotypes of C
astatica > 0.55 (approx.). 5 = Authentic sample of
asiaticoside.

cal in different level in all the studied ecotypic races.
The range of asiaticoside contents were 0.006% to
0.114% in ecotype VII and ecotype 1l respectively. The
plants grown in subtemperate Himalavas viz., ecotypes
I1, X and V showed higher amount of asiaticoside con:

Table 2. Aunova test showing significant diffevences in the astaticoside contents among the ecotvpes of C . asiatica

) Degrees of Sum of Mean sum of ‘F

Source ] ) )
freedom Squares Squares ratio

Between ecotypes 9 (083 1. 00922 184 40"

Within ecotypes 6l 0,003 100005

**Significant both at 5% and 1% levels.
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Table 3.  Non-significant blocks of asiaticoside content (%) in Centella asiatica

Ecotype VI Ecotype IX Ecotype VIl Ecotype 1 Ecotype III
2n=18 2n=18 2n=18+1B 2n=18 2n=18
0.006 0.017 0.060 0.062 0.075

Ecotype ¥ Ecotype VI Ecotype V Ecotype X Ecotype 11
2n=18 2n=18 2n=18 2n=18+2B 2n=18+2B
0.082 0.088 0.097 0.105 0.114

tents i.e., 0.1149, 0.105% and 0.97% accordingly, but
the plants grown in sandy loomy plains of India showed
minimum amount of asiaticoside content (Table 1, Fig.
13). Moreover, ecotype II and ecotype X showed a pair
of B’s in their genotypes (Figs. 2, 10). The analysis of
variance test revealed that in general, there was a high-
ly significant difference in the alkaloid content
between ecotypes (Table 2). However, a number of non
-significant blocks of ecotypes were recorded from
Duncan’s multiple range test (Harter, 1960). The clear
correlation between altitudinal variation and
asiaticoside content was observed (Tables 1, 3). The
correlation coefficient value (r) = 0.60 was obtained.
This positive correlation indicate the significant corre-
lation between asiaticoside content and altitudinal var-
iation among the ecotypes. It was evident that in kar-
yotype when a pair of B-chromosomes were present
along with C, D and E type of chromosomes the alka-
loid contents were also increased as showed in ecotypes
IT and X only. In other combination, the plant did not
produce high amount of asiaticoside which was obser-
ved in ecotype VIII where single B-chromosome was
present along with C and D types of chromosomes. Pos-
sibly the asiaticoside content may be influenced by the
interactions between B-chromosomes and genomic
complements of the plant. It was recorded that the
presence of 4-6 secondary constricted chromosomes
having medium and submedium or submedium and
subterminal or both submedium constrictions gave
moderate amount of asiaticoside. B-chromosomes in
addition with the genetic make up caused higher
amount of asiaticoside. Perhaps, the extra
-chromosomal inheritance in combination with envi-

ronmental factors might play some role on asiaticoside
content of plants. The genetic variability of rice also
significantly differed by their single seed protein pat-
tern (Sarkar and Bose, 1984). Again, the rate of meris-
tem formation is influenced by genomic diversity in
musa (Banerjee and Sharma, 1988). Thus, the varia-
tions might be in repetitive or unique sequences which
regulates the transcriptional production through
enzyme action.

The differences of such karyotype vis-a-vis
genotypic differences with the differences in
asiaticoside content demand special interest. The

',/g'enotypic control of the alkaloid content appears to be

quite evident. The ecotypes II and X too have been col-
lected from subtemperate zones of Himalaya where the
asiaticoside contents were high. The present investiga-
tion, therefore, clearly indicated the possibility of uti-
lizing the genotypes of C. asiatica ecotypes Il and X
growing in the Himalaya for commercial exploration
as the asiaticoside is a preventive drug for leprosy as
well.
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