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ABSTRACT KEYWORDS
Adiantum, commonly called as maiden hair ferns, is alarge genus of the Adiantum;
non- flowering vascular plants. Most of the species are grown as ornamen- | sozymes;
talsand many speciesare used intraditional medical practicesand they are Peroxidases.

sold inthe market for considerable prices. Thereismore possibility for the
adulteration in the market sample, either intentionally or unintentionally,
dueto the presence of morphologically similar specieswith many variants
within species. In order to identify the molecular markers, at specieslevel,
for the identification and confirmation of crude drugs, isozyme analysis
wasinitiated on six different species of Adiantum from the Western Ghats,
South India. The isoperoxidase analysis revealed the identity of the se-
lected six speciesand the number of bands varied from six to eighteen. The
present study reveal ed the presence of interspecific variationin theisozyme
pattern for peroxidase. Of which, Adiantum raddianum and Adiantum
[unulatum banding profile showed high percentage of smilarity index com-
pared to other species. Next to this, Adiantum caudatum and Adiantum
zolingeri showed the similarity. The band PRX 13244 PRX 24, PRX 4*and
PRX 7*showed their unique presence in Adiantumraddianum, PRX 5 for
Adiantum caudatum, PRX 6* and PRX 72 for Adiantum zolingeri, PRX 3%,
PRX 9tad3gnd PRX 10! for Adiantum lunulatum, PRX 2% and PRX 6! for
Adiantum hispidillum and PRX 43for Adiantum incisum. These unique
bands can be used to distinguish and characterize the species and differ-
entiate the original crude drug from the adulterant.
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INTRODUCTION ingof medicind plantsfor bioactivity and bioactivecom-

pounds has not proved economically effectivemethod

Discovery and development of new therapeutic  in contrast to the screening of medicinal plants, which
agentsisacontinuing process. Inspiteof thefact that, areusedintraditional medicd practices?. Plantsused
at present, we have at our command aformidablear- intribal medicinesareusualy screened for bioactivity
ray of modern drugs, the need to discover andinvent  and bioactive compounds. Adiantum, commonly called
new agentsisgenuineand urgenttl, Butrandomscreen-  as maiden - hair fern, has about 23 speciesin India
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widdy distributed inthe Indian subcontinent. Maximum
number (15 species; 78%) of species occurs on the
mountains of south India®. All the speciesare com-
monly grown asornamenta plantsand mgority of them
areasousedintraditional medicinesto curevarious
diseaseslike cough, fever, skin diseases, catarrhal af-
fection, throat infection, bronchia disorders, dysentery,
ul cer, epilepsy, leprosy, biliousness, inflammation, cold,
headache, piles, hair growth etc. Adiantumlunulatum
Burm., Adiantumcapillus— venerisL and Adiantum
raddianumC. Pred aresoldinthemarket by thetrade
names‘“‘Hansrg” and “Paroshan” at arate of Rs.50 per
Kg. All the speciesare collected fromthewild and
none of the species is under cultivation. Adiantum
caudatumL. islargely used as substitute for Adian-
tumcapilllus- venerisL. and thereisalso possibility
for theintentiona or unintentiona adulteration of com-
mon speciesin the place of rarespecies. Such adulter-
ant may not havethesame medicina property asinthe
original species. Moreover species like Adiantum
lunulatum and Adiantum raddianum are polymor-
phic taxa with many morphotypes, cytotypes and
ecotypes®. Theavailability of such awiderange of
variantsin these species presentsaprobleminthe se-
lection of suitable variant with good medicina prop-
erty. Pharmocognosy i.e. Sandardization of crudedrugs,
playsanimportant roleintheidentificationof crudedrugs
based on organol eptic, microscopic and physio— chemi-
cd standardswhich haverecently been studied. Reli-
ableinformation ontheexigting geneticvariationisre-
quired for selection, breeding and conservation
programmes of genetic resources. Genetic variability is
thefirst handindication of al the heritable characters
including theactiveprinciplesin medicind plants. Ge-
neticvariationthat isbelieved to exist between or within
aspeciescan be determined by using morphological,
biochemica and molecular markerd™. sozymeprovides
relatively s mpleandinexpens ve method of obtaining
geneticinformation’®. Isozymedataallow quantifica-
tion of thesimilarity or differencewithin and between
populations?. Since 1930’s, €l ectrophoresis coupled
with the zymogram technique have been the tool of
choicefor studiesof heritablevariation by geneticigts,
systematists and population biologist*®*?, In recent
yearsisozymeandysisand molecular markersarea so
being used in pharmacognosy!*>4, Withtheaimtofind
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out thegenetic variation and biochemica markersamong
these crudedrugsfrom different species, isozymeandy-
siswas carried out, asthe first step, on six different
species viz., Adiantum raddianum C. Presl Adian-
tum incism Forssk., Adiantum lunulatum Burm.,
Adiantum caudatum L., Adiantum zollingeri
Mett.ex.Khun and Adiantumhispidilum Sw. fromthe
Western Ghats, south India. Theresultsobtainedinthis
study werethought to be useful for researchersdeding
with pharmaceuticals, pteridologist and horticulturist
dedingwithferns.

MATERIALSAND METHODS

Adiantumraddianum C. Presl Adiantumincism
Forssk., Adiantum lunulatum Burm., Adiantum
caudatumL., Adiantumzollingeri Mett.ex.Khunand
Adiantum hispidulum Sw. were used as plant materi-
as. For peroxidase, 500 to 1000 mg of young freshly
harvested |eaves (Croziers) were taken and homog-
enized with 3.5ml of icecold homogenizing buffer (0.1M
Phosphate buffer (pH 7.0)) in apre-chilled pestleand
mortar and centrifuged at 12,000 rpm for 10 min. The
supernatant was subjected to el ectrophoresis as de-
scribed by Sadasivam and Manickam™ on PAGE. For
thedetection of isozymeson thegels, thestaining solu-
tion, were prepared by Sadasivam and M anickam(*,
After theelectrophoresis, the gelswereincubated in
the stai ning sol ution for few minutesunder thedark con-
ditiontill theclear bandsappeared. Thegel swerefixed
with 7% acetic acid solution for 30 min. and the gels
werewashed with distilled water and the bandswere
documented using the Vil ber loubermat gel documen-
tation system. Thebands profileswere compared using
the Bio-gene software (Germany).

RESULTSAND DISCUSSION

A total of eighteen bandsfrom different positions
were observed in A. raddianum, fourteen in A.
lunulatum, ninein A. zollingeri, six in A. caudatum,
A. incisum and A. hispidulum and their Rf values
ranged from 0.04t0 0.95 (Figure 1). Multipleregions
of activity wereobserved for thisenzyme system (PRX
1to 10). Region 1 showed four bands (PRX 11%4),
differencein bandsposition wasa so observed (Figure
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1). The first band (PRX 1) was common to A.
raddianum, A. incisumand A. hispidulum. The sec-
ond band (PRX12) wasobserved in A. lunulatumand
A. hispidulum, whiletheband PRX 12 and PRX 1* were
restricted to A. raddianum. So, the third and fourth
bands showed their unique presenceinthisregion, it
can be used to distinguish A. raddianum from other
species(Figurel). Similar to Regionl, region 2 aso
contained bandsinfour different postions. Thefirst band
(PRX 2%) showed their presencein A. raddianum, A.
[unulatumand A. hispidulum. The second band (PRX
22) was shared by A. raddianum, A. caudatum and
A. zollingeri. But the third and fourth bands showed
the variation and unique presencein A. hispidulum
(PRX 23) and A. raddianum (PRX 2%) respectively.

Ar Ae Az Aid Ak A
o =0 =
0.08 2]
0038 ==
0.0
p12] Il .
[T
0.1¢ Il B . "
g.5e [
57 =
ccE| mmo . mm
0,42 =
0.4 = =
05D = =
0:541 [Im
=53 =8
sl W =
[1.E¢ = =
0.20 i)
£21] mm
C’j ==
ozl — = = -
0.7s ==
;._% =0 B &=
R -
0.50 =
052 i ]
A.r Adiantum raddianum C.Pred
A.c Adiantum caudatum L
A .z Adiantum zollingeri Mett.ex.Khun
Al Adiantum lunulatum Burm.
A.h Adiantum hispidulum Sw
A.i Adiantum incisum Forssk.

Figurel: | soperoxidasepr ofilesof Adiantum sps.

Inregion 3, atota of three bandswereobservedin
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different positions (PRX 3'%). Thefirst band wasre-
stricted to A. lunulattum. Thisunigque banding profile
can be used asidentification marker for thisspecies.
The second band (PRX 3?) was observed in A.
raddianumand A. zollingeri. But theintensity of the
band was varied between these two species. A.
raddianum showed only lightly stained band, but A.
zollingeri showed very dark stained band. Similar to
second band, thethird band (PRX 3%) was shared by
A. raddianumand A. lunulattum. Region 4 contained
bandsinfour different positions; thefirst band (PRX
4') showed their presence in A. raddianum and A.
hi spidulum. The second band (PRX 4?) was common
to two speciessuch as A. caudatumand A. zollingeri.
Thethird (PRX 4°) band was showed their expression
in A. incisum, A. caudatum and A. lunulatum. The
fourth (PRX 4*) band showed their expression only in
A. raddianum. Region 5, showed three bandsin dif-
ferent positions. A. caudatumwas showed the unique
distribution in their position and thefirst band wasre-
stricted (PRX 5%). The second band (PRX 5%) was
common to A. raddianum, A. zollingeri and A.
lunulatum. Thethird band (PRX 5°) showedtheir pres-
encein A. zolingeri, A. lunulatumand A. incisum.
Region 6 contained bandsin four different posi-
tions. Thefirst band (PRX 6t) and fourth band (PRX
6%) were showed their unique presencein A. hipidulum
and A. zollingeri respectively, whiletheother two bands
were shared by other species. The second band (PRX
62) was common to A. raddianumand A. lunul attum.
Thethird band (PRX 6% wasshowed their presencein
A. caudatumand A. incisum. Region 7 a so showed
theuniquebanding profile, thefirst band (PRX 7%) was
restricted to A. raddianum, the second one (PRX 72)
to A. zollingeri. The third band was shared by A.
raddianum, A.zollingeri and A. lunulatum. Region 8
failed to show the uniquefeaturesof thespecies, inthis
region the selected plantsshowed their smilaritiesin
thisenzyme system. Thefirst band (PRX 8%) was ob-
served in A. raddianum and A. incisum, the second
band (PRX 8°) was shared by A. zollingeri and A.
lunulatum, thethird band (PRX 83) showed their pres-
encein A. raddianum, A. zolingeri and A. lunulatum.
Region 9 contained bandsin three different posi-
tions. Thefirst band showed the unique presencein A.
lunulatum. The second band was common to A.
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raddianumand A. caudatum, the position of the band
showed thesimilarity but theintensity of thebandsvar-
ied between these two species (Figure 1). Thethird
band a so showed the unique presencein A. lunulatum.
Region 10 contained asingleband, whose positionwas
restricted to A. lunulatum, while other speciesdid not
show any profile (TABLE 2).

TABLE 2: | soper oxidasepatter n of the Adiantum sps.

MW- Rf A A. A. A. A. A
values raddianum caudatum zollingeri lunulatum hispidulum incisun

PRX 1'-0.04

PRX 12°0.06
PRX 1°-0.08
PRX 1*0.09
PRX 2'°0.12
PRX 2270.16
PRX 2°°0.18
PRX 2*0.20
PRX 3'°0.23
PRX 3%°0.25
PRX 3°°0.27
PRX 4%°0.35
PRX 4%°0.36
PRX 4°°0.37
PRX 4%°0.40
PRX 5'°0.42
PRX 5%°0.46
PRX 5°°0.50
PRX 6'°0.53
PRX 6%°0.55
PRX 6°0.58
PRX 6% 0.60
PRX 7%°0.61
PRX 72°0.63
PRX 7°°0.66
PRX 8'°0.74
PRX 8°0.75
PRX 8°°0.80
PRX 9'°0.81
PRX 9'°0.85
PRX 9'°0.90
PRX 10°0.92

The present study reveaded theinterspecific differ-
enceintheisoperoxidase banding profileof Adiantum
by PAGE. Each and every speciesshowed thesmilari-
tiesand differenceintheir banding profiles. Practicaly,

identifying Pteridophytesusing morphol ogical charac-
tershasnumber of problems. Characterization of pteri-
dophyte depends on sporetexture, colour, shape and
arrangement (sporeformationisseasondly influenced),
development of tissue (Croziers), venation pattern, rhi-
zomestypesetc. Asagenerd biologist/ botanist, iden-
tifying the pteridophytesisadifficult task; inaddition,
differentiation of each and every character requiresthe
minute microscopica observation and depth analysis.
InAngiosperm aso, morphologica markershave sev-
eral disadvantages. To overcomethis problem, bota-
nist and pteridol ogist depend on the biochemical and
molecular markersfor the classification and identifica-
tion. Of which, isozymesare practical and useful ge-
netic and biochemica marker aswell asgood estima:
torsof thegenetic variability in plant populations. The
present study reved ed that the sel ected Sx specieswere
easlly separableisozymically and strengthenstheisozy-
micusageinthetaxonomica studiesasacriterion. Ac-
curacy in recording or observing themedial useof a
plant, selection of the superior genotypesof the plant
species, chemicd characterization of the compound(s)
andtheroleof theeffect areimportant issuesthat need
to beverifiedin the devel opment of drugsof plant ori-
gin. Genetic marker provides to superior genotype,
speciesamongindividua sand populationg?d.
Adiantum incisum, Adiantum lunulatum, Adi-
antum caudatum and Adiantum zollingeri are sm-
ply pinnatefrondswhile Adiantumraddianumiswith
tripinnate or quadripinnate fronds and Adiantum
hispidulumiswith bipartite pedatel y divided tripinnate
fronds. Such morphologica smilaritiesor dissimilari-
tiesare correlated with the bandsinisozyme (Figure
1). The presence or absence of chemical constituent
has been found useful in the placement of theplantin
their taxonomi ¢ categories'™. Eachisozymeshasaspe-
cificroleinthemetabalic pathway and functionsin har-
mony with other enzymeswith in the organizational
framework of cdls. Isozymesoften exhibit tissueor cell
specificity®®, |sozymic variation hasbeen chosen here
toreved thedivergty existing a molecular level in Adi-
antum species. The present study confirmed therole
of isozymesin variation and S milarity betweenthese-
lected species. Each zone occupied by a particular
isozymein theform of band and isrepresentative of the
expression of aparticular genelocus coding for that
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isozyme. In certain species, in aparticular zonemore
than onedistinct band isresolved. Thesebandscould
represent allelicisozymes, coded by different alelesof
the same geneat | ocus and thus occupy that particular
zoneonthegd™. Inthe present study alsothesimilar
kind of banding profilesobservedinal enzymesystem
indicating the presenceof multipleallees. Electrophoretic
sudiesand smilarity index indicated that A. raddianum
and A. lunulatum had more allelesin common with
each other than they had with other species. Next to
this, A. caudatumand A. zollingeri showed the simi-
larity. The band PRX 13294 PRX 24 PRX 4* and
PRX 7*can beused asmarker for A. raddianum, PRX
5! for A. caudatum, PRX 6* and PRX 72 for A.
zollingeri, PRX 3!, PRX 9% gnd PRX10! for A.
lunulatum, PRX 22 and PRX 6! for A. hispidulum
and PRX 43for A. incisum.

Isozymes such asesterase, peroxidase have been
utilized to tracethe genetic lineage of variousricevari-
eties, sugar cane, pulses, medicinal plants and
somoclond variantgd?®> %1, Similarly inthe present study
a0, theisozymes are used asthe biochemica marker
for the systematic study of Adiantumspecies. Unique
banding profileof peroxidasewas observedinthesix
sel ected species, which represent thefinger print of that
particular species. Such finger printingisuseful indif-
ferentiating the speciesand act asbiochemical markers
for these speciesin plant systematic studies. Mol ecular
marker and isozyme sequencing are considered excel -
lent for population structure analysis but the data ob-
tainingthroughisozymearerddivey inexpensve com-
pared to DNA. In addition, large number of samples
can be processed with far less training and time per
sample, whereas DNA anadysisrequiremoretimeand
sophisticated instruments. Furthermore, in most cases
the new DNA based markers provide the sametype of
informeation asisozymes.

Prdiminary phytochemicd screening of different spe-
ciesof Adiantumfrom the south Indiashowsthe pres-
ence of phenolic group and steroids and absence of
akaloids, saponinsand catachinin all the species. Al-
thoughthereissmilarity inthedistribution of suchmagjor
chemical groups, thegeneticd differences, asexpressed
by peroxidaseisozyme, indicatesthe possibility for the
differencesinthetypeof chemica compoundsinthe
same chemica group. It istrue by the occurrence of
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different postionswith different Rf vaue(TABLE 1).

TABLE 1: Cytological and thin layer chromatogr aphy analy-
sisof Adiantum sps.,

Name of the species Chromosome Rf values
P numbers fromTLC

Adiantum caudatum L 0.08,0.29,0.52
Adiantum hispidulum n=2n=1716x Bands are not
Sw agamosporous visualized
Adiantum incisum n=302xsexud  0.11,056,0.831
Forssk.
Adiantum lunulatum n=30, n=60 2x, 0.08,0.41,0.56
Burm. 4x, sexual
Adiantum raddianum n=57, n=114 4x,  0.9,0.74,0.69,0.57,
C.Pred 8x sexual 0.46,0.17,0.11
Adiantum zollingeri N=29 2x sexual Bands are not
Mett.ex.Khun B visualized

Adiantum incisum and Adiantum zollingeri are
diploidwhileother oeciesareeither with polyploiddone
or polyploidy dongwith diploid cytotypes. Usudly dip-
loid plantshaveahighly conserved minima number of
isozymefor many of theenzymesroutindy includedin
electrophoretic studies. Inthe present study aso the
diploid Adiantumincisumhasonly six bandsfor per-
oxidase in contrast to fourteen bands in Adiantum
lunulatum for which both diploid and tetraploid
cytotypesareinrecord from south India. The presence
of minimum number of bandsi.e. sx inthepolyploidy
Adiantum hispidulumisdueto itsagamosporous na-
tureof reproduction. Among the six speciesof Adian-
tumin the present study, Adiantum hispidulumisthe
only agamaosporous specieswhile other speciesareel-
ther sexud or sexua with agamosporouscytotypesa so.
Since each and every speciesof Adiantumhavetheir
ownisozyme pattern, particularly in peroxidaseisozyme
they can be successfully used asmolecular markersin
theidentification of thecrudedrugsat specieslevd, in
additiontotheclassica pharmacognostical standards.
I dentification of molecular markersfor thevariantswith
inthe speciesliketetraploid and octaploid cytotypesin
Adiantum raddianum and diploids and tetraploid
cytotypesin Adiantumlunulatumisin progress. The
preliminary RAPD analysisin different cytotypes of
Adiantum raddianum shows close relationship be-
tween thetwo cytotypes and thusit indicatesthe auto-
polyploid origin of octaploid cytotypesfromthetetra
ploid cytotypes. From the preset study it isconcluded
that it isnot advisableto use any speciesof Adiantum
inthe place of another Adiantum species, either asa
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subgtitute or asadulterant, sincethey differ genetically
and phytochemically. If any rare species, like Adian-
tumcapilllusvenerisinsouth India isrequiredinlarge
amount, mass cultivation can be practiced without de-
stroying thenaturd populations.
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