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Adoption of ISSR fingerprinting for determination of
sex using three primers, however, resulted in one female-
specific band in the case of primer (GACA),, which was
present in all the female and hermaphrodite plants but
was absent in male plants of papaya (Figure 1). The two
other ISSR primers used for the present study ((CAG)s,
(CAA)s), however, did not result in any alteration of
banding profile in male, female or hermaphrodite plants.
Male-specific ISSR marker, however, has been reported12
in papaya using primer (GATA),. Recent studies indicate
that sex in papaya is governed by a single gene with three
alleles'’. A high-density linkage map of papaya revealed
severe suppression of recombination around the sex-
determination locus with a total of 225 markers co-segre-
gating with sex types'®. In terms of agriculture, the dis-
covery of markers linked to sex chromosomes will help
farmers to selectively grow hermaphrodite papayas.

Sexual dimorphism of C. circinalis was readily distin-
guishable in RAPD profiles generated from a number of
random primers under study, among which the profiles of
primers OPB 01 and OPB 05 were noteworthy, since they
represent one male-specific (686 bp) and another female-
specific (2048 bp) band respectively (Figure 2). Sequenc-
ing of these two cloned DNA fragments, followed by
BLASTX searching, revealed maximum homology with
reverse transcriptase of Ginkgo biloba (score 69.3 bits;
NCBI accession no. AAY87195) followed by putative
retroelement pol poly protein of Arabidopsis thaliana
(score 59.3 bits; NCBI accession no. AAC61290) and puta-
tive poly protein of Oryza sativa (japonica cultivar-
group; score 58.5 bits; NCBI accession no. AAU90089)
in case of male-specific DNA fragment (NCBI accession
DQ386640, dated 22.02.2006), while the female-specific
DNA fragment did not result in any significant match.
Homology of male-specific sequence with retroelement
calls for further investigation towards isolation of full-
length sequence of this DNA fragment to be used as a
marker for male C. circinalis in future. Diversity, evolu-
tion and genome organization of retroelements have been
studied in a wide range of gymnosperms, especially the
conifers'™'®, but assigning of direct relationship to sex is
yet to be established.
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Reactive oxygen species can damage cellular biomole-
cules leading to degenerative diseases. Phenols, a major
group of phytochemicals with antioxidant properties,
can help inactivate them. To find the antioxidant po-
tential of the genus Rhododendron, its 21 species were
studied for their total phenolic content (TPC), flavon-
oids and antioxidant activity (AOA). TPC varied from
37.3 to 208.9 mg/g, flavonoids from 11.5 to 137.1 mg/g
and AOA from 30.4 to 97.4%. R. baileyii, R. camellie-
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florum, R. campanulatum, R. cilliatum, R. cinnabarinum,
R. griffithianum, R. lepidotum, R. niveum, R. sallignum
and R. virgatum were found to have high TPC (91.4-
208.9 mg/g), AOA (71.5-97.4%) and free radical scav-
enging activity, as evident from their low ICs, (inhibitory
concentration, 0.07-0.19 mg/ml), low EC;, (efficiency
concentration, 3.28-8.26 mg/mg), and high ARP (anti-
radical power, 12.10-30.48), compared to reference
standard. R. griffithianum, R. lepidotum and R. virga-
tum showed better ferrous-ion chelating capacity and
inhibition of lipid peroxidation than that of standards,
BHT and quercetin. They also showed better reducing
power and inhibition of both site-specific and non site-
specific hydroxyl radicals-induced deoxyribose degra-
dation than those of other species. R. camellieflorum,
R. campanulatum, R. griffithianum, R. lepidotum and
R. virgatum were potential scavengers of superoxide
anions and also showed significant protection of DNA
damage induced by free radicals. Promising species
were also subjected to HPLC and MS/MS, which showed
the presence of phenolic acids (gallic, caffeic, chloro-
genic, ellagic and protocatechuic acids) and flavonoids
(quercetin, kaempferol and rutin).

Keywords: Antioxidant activity, free radicals, rhodo-
dendrons, scavenging, total phenolic content.

THE genus Rhododendron (Greek Rhodon = rose and
dendron = tree), family Ericaceae, ranges in size from a
few centimetres (a tiny mat-like growth in the alpine region,
R. setosum), to giants up to 25 m (R. arboreum). Slow
growth rate is its characteristic feature. The genus has
about 50 species in India' mainly distributed in the Hima-
layan region, while R. nilagiricum is the only species
found in South India. About 98% of the Indian species is
found in the Himalayas, out of which 72% occurs in Sik-
kim. In Sikkim Himalayas, Rhododendron species show a
barrel-shaped altitudinal distribution'. Apart from their
worldwide aesthetic and ethnic uses, several species have
commercial and medicinal values®. Chemical constituents
of R. dauricum, a traditional Chinese medicinal herb,
were reported along with their pharmaceutical importance’.
Kashiwada et al.* reported daurichromanic acid, rhodo-
daurichromanic acid A and B from its leaves and twigs;
the first two showed anti-HIV activity. Chosson et al.’
found six flavonoids and their glycosides from the leaves
and flowers of R. ferrugineum. Rhodojaponin III, graya-
notoxin III and kalmanol, three grayanoid diterpenes were
identified as the most active insecticidal constituents in
dried flowers of R. molle®. Anthocyanins and antioxidants
from flowers and leaves of R. simsii and other species
have been reported”®. Leaf composition of 206 species,
subspecies and varieties showed simple phenols in 55
species, with a relatively uniform flavonoid pattern®'°,
Reactive oxygen species are known to damage cellular
biomolecules, resulting in several diseases. Antioxidants
play a key role to scavenge free radicals and are associated
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with reduced risk of cancer and cardiovascular diseases''.
Due to a wide range of applications and to find their anti-
oxidant potential, 21 species of Rhododendron were studied
for their phenols, phenolic composition, free radical
scavenging activities and protection of DNA damage.
Leaves of 21 species of Rhododendron collected from
different geographical regions of Sikkim Himalayas were
chopped, dried, powdered (40-mesh) and stored in poly-
thene bags in a refrigerator till analysis. The plant material
(1.0 g) was extracted with 50% MeOH : H,O (2 x 20 ml),
overnight at room temperature. Total phenolic content
(TPC) in the extracts was measured by the method of Ra-
gazzi and Veronese'’, and expressed as mg gallic acid
equivalent (GAE)/g sample on dry weight basis. Total
flavonoids were estimated as described by Oyaizu'’ and
expressed as mg quercetin equivalent (QE)/g sample. The
antioxidant activity (AOA) of extracts was studied by
auto oxidation of f3-carotene and linoleic acid-coupled re-
action according to Emmons and Peterson'* and was ex-
pressed as per cent inhibition relative to control. AOA
was also determined by ammonium thiocyanate assay'’.
Free radical scavenging activity (FRSA) was measured
using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical'®.
The inhibitory concentration (ICsy), efficiency concentra-
tion (ECsg) and antiradical power (ARP) were estimated
and calculated as described by Kroyer'’. Reducing capacity
of extracts was determined'® (ASE/ml = absorbance of 1 mM
ascorbic acid/absorbance of 1 mg/ml sample) by ferric
reducing-antioxidant power assay using quercetin as ref-
erence standard and expressed as ascorbic acid equivalent
(1 mM =1 ASE). Hydroxyl radical scavenging activity
was measured'’ and the degree of deoxyribose oxidation
was analysed as thiobarbituric acid reactive species. Chelat-
ing capacity of ferrous ions was estimated” and superox-
ide radical scavenging activity was assayed’' by reduction
of nitroblue tetrazolium chloride (NBT). DNA nicking
assay were performed using supercoiled pBR322 DNA by
the method of Lee e al.'” and analysed on 1% agarose
gel. Qualitative and quantitative analysis was performed
using Shimadzu LC-10A (Japan) HPLC system equipped
with dual pump, UV detector at 254 nm, Phenomenex
Luna RP, C18 column (4.6 x 250 mm) with linear gradi-
ent of a solvent system comprising acetonitrile and water
containing 1% acetic acid. Data were integrated by Shi-
madzu class VP series software and results were obtained
by comparison with standards. Qualitative analysis was
further confirmed by API 2000 triple quadrupole mass
spectrometer (Applied Biosystems, Ontario, Canada) ona
turbo ions spray source in negative mode. MS/MS product
ions were produced by collision-associated dissociation
of the selected precursor ions in a collision cell. In all the
experiments, the quadrupole (Q,;) was operated at unit
resolution. Product ion scan of selected molecules was
carried out in order to confirm the structure of the com-
pounds. Results are the mean values of three replicates of
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Table 1.

Moisture (%), total phenolic content (TPC, mg gallic acid equivalent/g sample), flavonoids (mg quercetin equivalent/g

sample) and antioxidant activity (AOA, %) measured by auto-oxidation of S-carotene and linoleic acid-coupled reaction of some
Rhododendron species on dry wt basis

Species English name* Moisture TPC Flavonoids AOA
Rhododendron arboreum arb.  Scarlet arborescent Rd 66.3 57.3 43.8 54.2
R. arboreum cinn. Scarlet arborescent Rd 59.3 78.5 62.6 81.6
R. baileyii Bailey’s Rd 69.3 97.9 32.0 92.0
R. barbatum Bristly Rd 752 44.1 11.5 66.5
R. camellieflorum Camellia-flowered Rd 61.6 132.2 59.1 93.6
R. campanulatum Bell-flowered Rd 73.5 123.9 24.5 94.4
R. cilliatum Ciliated Rd 73.9 91.4 88.4 71.5
R. cinnabarinum Cinnabar Rd 61.2 93.9 26.3 83.2
R. dalhousiae Lady Dalhousie’s Rd 72.9 55.4 19.6 57.2
R. decipiens Lady Dalhousie’s Rd 76.6 39.6 232 55.0
R. falconerii Dr Falconer’s Rd 64.9 39.2 21.1 30.4
R. grande Large silvery Rd 65.2 37.3 41.4 56.4
R. griffithianum Lord Auckland’s Rd 68.4 165.4 77.3 93.4
R. lepidotum Scaly Rd 68.8 148.5 94.5 87.2
R. maddenii Major Madden’s Rd 67.5 87.3 54.4 62.8
R. niveum Snow-leaved Rd 582 106.6 57.1 85.2
R. pendulum Pendulous Rd 72.3 89.3 65.2 76.8
R. sallignum Salligna Rd 66.1 97.5 34.8 88.4
R. thomsonii Dr Thomson’s Rd 74.6 90.6 22.1 90.0
R. vaccinioides Vaccinium-like Rd 53.5 67.8 14.7 72.0
R. virgatum Twiggy Rd 57.1 208.9 137.1 97.4
LSD at P <0.01 0.66 2.61 0.72 1.44

*Source: Pradhan and Lachungpa®®.

Rd, Rhododendron; AOA % = 100 X (DRc-DRs)/DRc, where DRc is the rate of degradation of control and DRs the rate of degra-

dation of sample.

the same sample and statistical analysis was performed
using analysis of variance.

Phenols and flavonoids are known to be responsible for
FRSA. To find the antioxidant potential, 21 species of
Rhododendron were studied (Table 1) for their total TPC,
flavonoids and AOA. The contents of moisture varied
from 53.5 (R. vacciniodes) to 76.6% (R. decipiens), TPC
from 37.3 (R. grande) to 208.9 mg GAE/g (R. virgatum),
flavonoids from 11.5 (R. barbatum) to 137.1 mg QE/g (R.
virgatum) and AOA measured by auto-oxidation of j-
carotene and linoleic acid-coupled reaction ranged from
30.4 (R. falconerii) to 97.4% (R. virgatum). Total flavonoids
in most of the species were low; however, R. cilliatum, R.
lepidotum and R. virgatum showed promising quantities
(88.4-137.1 mg/g). A seasonal variation of 2.6 to 4.0% of
flavonoids in R. dauricum had been reported3. R. baileyii,
R. camellieflorum, R. campanulatum, R. cilliatum, R. cin-
nabarinum, R. griffithianum, R. lepidotum, R. niveum, R.
sallignum and R. virgatum were found to have reasonably
good amounts of total phenols (91.4-208.9 mg GAE/g)
that might be responsible for the high antioxidant activity
(71.5-97.4%). This was further substantiated by FRSA
measured using DPPH free radical assay (Table 2), where
the latter is reduced to the corresponding hydrazine by
the test sample. The reasonably good efficiency as free
radical scavengers was evident by their low ICsy (0.07 to
0.19 mg/ml), low ECsy (3.28 to 8.26 mg/mg DPPH) and
high ARP (12.10 to 30.48) than the reference standard.
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The high reducing power (0.46—-1.43 ASE/ml) indicated
their potential as electron donors to scavenge free radicals
efficiently. Promising species were further subjected to
concentration-dependent FRSA wusing five different
methods and expressed in terms of ICsq values (Table 3).
The ICs values for inhibition of lipid peroxidation meas-
ured by ammonium thiocyanate assay ranged from 0.67
to 2.77 mg/ml; R. virgatum (0.67 mg/ml), R. griffithi-
anum (0.84 mg/ml) and R. lepidotum (1.15 mg/ml) showed
better inhibition of peroxide formation compared to reference
standards, BHT (1.27 mg/ml) and quercetin (1.85 mg/ml).
The 40.35 and 56% inhibition of lipid peroxidation had
been reported in water and ethanol extracts (2 mg/ml) of
ginger respectively’”. These species also showed better
non site-specific and site-specific inhibition of hydroxyl
radical-induced deoxyribose degradation as evident by
their low ICs, values than the rest of the species (Table
3). The non site-specific scavengers would compete with
deoxyribose for availability of hydroxyl radicals, result-
ing in the reduction of rate of reaction. On the other hand,
site-specific scavengers would offer protection by chelating
with ferrous ions. Hydroxyl radical scavenging activity of
40.1 and 75% respectively, in extracts of ginger”” at a con-
centration of 3.0 mg/ml, and potato peel®> at 5.0 mg/ml
were reported. R. griffithianum (0.40 mg/ml), R. lepido-
tum (0.62 mg/ml) and R. virgatum (0.31 mg/ml) were also
found as potential superoxide anions scavengers evalu-
ated by inhibitory capabilities of NBT reduction that
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Table 2. Free radical scavenging activity of some Rhododendron species measured using 1,1-

diphenyl-2-picryl-hydrazyl (DPPH) in terms of ICsy (inhibitory concentration; mg/ml of

extract), ECso (efficiency concentration; mg/mg DPPH); ARP (antiradical power) and reducing
power (ASE/ml)

Species ICso ECso ARP ASE/ml
R. arboreum arb. 0.47 20.59 4.85 1.23
R. arboreum cinn. 0.34 14.78 6.76 1.25
R. baileyii 0.14 6.11 16.35 1.09
R. barbatum 0.64 28.16 3.54 1.21
R. camellieflorum 0.12 5.32 18.77 1.26
R. campanulatum 0.13 5.65 17.69 0.71
R. cilliatum 0.19 8.26 12.10 1.43
R. cinnabarinum 0.16 6.21 16.10 1.57
R. dalhousiae 0.51 22.58 4.42 1.11
R. decipiens 0.72 31.40 3.12 1.71
R. falconerii 0.32 36.21 2.78 1.63
R. grande 0.86 37.39 2.67 1.61
R. griffithianum 0.10 4.35 22.93 0.64
R. lepidotum 0.12 5.28 18.92 1.00
R. maddenii 0.30 13.04 7.66 1.31
R. niveum 0.13 5.70 17.52 0.72
R. pendulum 0.22 9.88 10.12 1.72
R. sallignum 0.14 6.18 16.15 1.58
R. thomsonii 0.22 9.56 10.46 2.03
R. vaccinioides 0.45 19.56 5.19 1.16
R. virgatum 0.07 3.28 30.48 0.46
Quercetin, standard 0.20 8.6 11.6 0.5
LSD at P < 0.01 0.049 2.18 6.24 0.158

ECso = ICso/concentration of DPPH in mg/ml; ARP = 100/ECs,; ASE = ferric reducing-antioxi-
dant power expressed as ascorbic acid equivalent (1 mM = 1 ASE), which is inversely proportio-

nal to reducing power.

Table 3. FRSA of some promising Rhododendron species measured by different methods and
expressed as inhibitory concentration (ICso, mg/ml)

Species A B C D E

R. baileyii 2.77 3.50 2.54 2.04 2.56
R. camellieflorum 1.42 1.91 1.36 0.73 0.70
R. cilliatum 2.47 2.55 2.08 1.75 2.04
R. cinnabarianum 1.78 2.01 1.42 0.97 0.91
R. campanulatum 1.51 2.21 1.55 0.78 0.83
R. griffithianum 0.84 1.62 1.12 0.39 0.62
R. lepidotum 1.15 1.82 1.24 0.62 0.60
R. niveum 1.64 1.94 1.37 0.67 0.85
R. sallignum 2.11 2.43 1.85 0.87 2.19
R. virgatum 0.67 1.60 1.19 0.31 0.43
BHT 1.27 1.53 0.45 0.51 1.81
Quercetin 1.85 0.68 1.06 1.20 0.66
LSD at P < 0.01 2.86 2.01 2.82 1.41 2.06

A, Hydroxyl radical scavenging activity assayed by ammonium thiocyanate method; B, Non-site
specific inhibition of hydroxyl radical-mediated deoxy ribose degradation; C, Site-specific inhi-
bition of hydroxyl radical-mediated deoxyribose degradation; D, Inhibition of NBT reduction
caused by superoxide anions and E, Ferrous ion chelating capacity.

showed ICs; values lower or in close proximity with BHT
(0.51 mg/ml). The scavenging effect of superoxide anions
in ethanol (80.9%) and water (77.7%) extracts of ginger22
and potato peel®® (60 to 84%:; at concentrations of 0.5 to
5.0 mg/ml) have been mentioned. The ferrous ion-chela-
ting capacity of R. griffithianum (0.62 mg/ml), R. lepido-
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tum (0.60 mg/ml) and R. virgatum (0.43 mg/ml) was also
better compared to BHT (1.81 mg/ml) and quercetin
(0.66 mg/ml). Transition metal ions are known to catalyse
the formation of free radicals. On the other hand, phenolic
compounds can inhibit their formation by chelating with
metal ions. Extracts of Holy basil** showed ferrous che-
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a, Concentration-dependent inhibitory effects of Rhododendron virgatum leaf extracts (lLg/ml) on native pPBR322 DNA nicking caused

by hydroxyl radicals. Lane 1, Native DNA; lane 2, DNA + Fenton reagent; lane 3, DNA + Fenton reagent + 2U Catalase; lane 4, DNA + Fenton re-
agent + 5 [lg/ml extract; lane 5, DNA + Fenton reagent + 10 [Lg/ml extract and lane 6, DNA + Fenton reagent + 20 [1g/ml extract. b, Inhibitory ef-
fects of plant extracts (20 [Lg/ml) on native pBR322 DNA nicking caused by hydroxyl radicals. Lane 1, Native DNA; lane 2, DNA + Fenton reagent;
lane 3, DNA + Fenton reagent + 2U Catalase; lane 4, DNA + Fenton reagent + R. griffithianum; lane 5, DNA + Fenton reagent + R. cilliatum; lane
6, DNA + Fenton reagent + R. campanulatum; lane 7, DNA + Fenton reagent + R. lepidotum and lane 8, DNA + Fenton reagent + R. camelliflorum.

Table 4. Specific phenolic composition ([Lg/g) of some Rhododendron species estimated using HPLC

Species CA CHL EA GA PCA KMP QC RT
R. baileyii - - - 467.8 8.7 - - -
R. camellieflorum - 102.5 62.5 246.5 - - 333.7 -
R. cilliatum 88.3 429 7.1 162.6 188.2 - 152.6 62.2
R. cinnabarianum - 324.6 27.1 158.2 - - 174.2 -
R. campanulatum - 190.2 - 279.8 42.1 - 193.4 -
R. griffithianum - 282.4 36.3 328.3 53.5 - 392.5 -
R. lepidotum 50.9 349.7 81.2 360.7 119.5 - 674.5 -
R. maddenii - - - 291.5 - 100.1 112.4 -
R. niveum 15.9 78.5 - 475.3 - - 245.8 -
R. salignum 4.6 - - 203.1 51.8 - - -
R. thomsonii - - - 416.4 64.5 - 671.8 -
R. virgatum 76.9 335.7 69.5 679.6 168.7 - 663.9 -

CA, Caffeic acid; CHL, Chlorogenic acid; EA, Ellagic acid; GA, Gallic acid; PCA, Protocatechuic acid; KMP,

Kaempferol; QC, Quercetin and RT, Rutin.

lating capacity of 33.31 and 32.05% at a concentration of
0.75 and 1.0 mg/ml, while potato peel”® showed ferrous
chelating capacity of 50% at 5.0 mg/ml. The concentration-
dependent (5.0 to 20 ug/ml) scavenging effects of R. vir-
gatum extract on Fe**-induced free hydroxyl radicals
showed significant protection of DNA damage (Figure
1 a) and mitigated oxidative stress. Extracts of R. campa-
nulatum, R. griffithianum, R. lepidotum and R. virgatum
at 20.0 ug/ml showed reduction in the formation of single-
stranded nicked DNA (form II, circular), double-stranded
nicked DNA (form III, linear) and increased DNA (form
I, super-coiled) (Figure 1 a and b).

Promising species were subjected to HPLC to estimate
their specific phenolic composition (Table 4), which showed
the presence of caffeic acid, chlorogenic acid, ellagic acid,
gallic acid, protocatechuic acid, kaempferol, quercetin and
rutin. The quantities of caffeic acid varied from 4.6 to
88.3 ug/g, chlorogenic acid 42.9 to 349.7 ug/g, ellagic
acid 7.1 to 81.2 ug/g, gallic acid 158.2 to 679.6 ug/g,
protocatechuic acid 8.7 to 188.2 ug/g and quercetin 112.4
to 674.5 pg/g. Identification of specific polyphenols was
further substantiated by MS/MS analysis (Table 5) which
showed the deprotonated molecule [M-H]". Loss of CO,
was observed for caffeic, gallic and protocatechuic acids,
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giving [M-H-44] as a characteristic ion. Chlorogenic
acid showed the deprotonated molecule [M-H] at m/z
353 and ion corresponding to the deprotonated quinic acid
atm/z 191. Ellagic acid, a dimer of gallic acid gave m/z at
170, the product ion scan of which exhibited a character-
istic ion fragment of m/z 125 showing loss of CO,. Flavonol
O-glycosides such as rutin showed the deprotonated
molecule of the glycoside and ion corresponding to the
deprotonated aglycone [A-H]". The latter ion was formed
by the loss of rhamnose and glucose from the glycosides.
Finally, aglycones such as quercetin and kaempferol gave
retro-Diels—Alder fragmentation where m/z 151 was
common, but in case of kaempferol loss of neutral water
molecule also afforded m/z at 133.

The identified phenolic compounds have well docu-
mented FRSA activities and metal ion-chelating capacity.
Gallic acid, present in good quantities in the Rhododen-
dron species had been reported”’ to have high FRSA
compared to rutin, ferulic acid, tannic acid, caffeic acid,
BHA, resveratrol, tocopherol, etc. It has also been found
that plant extracts containing flavonoids and chlorogenic
acid are highly effective in scavenging DPPH radical'®,
superoxide anion radical’® and in metal chelating capa-
city’’. Similarly, the mechanism of action of quercetin

CURRENT SCIENCE, VOL. 92, NO. 4, 25 FEBRUARY 2007
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Table 5. Phenolic composition of some Rhododendron species identified by MS/MS

Ton full scan MS MS/MS approach
Phenols Species [M-H]” Fragments Product ion scan
Protocatechuicacid A, C,E,F,G,J,K,L 153 109 153
Caffeic acid C.G LIJL 179 135 179
Chlorogenic acid B,C,D,E,F,G,L L 353 191 353
Ellagic acid B,C,D,F,G,L 301 125,170 170
Gallic acid A, B,C,D,E,F,G,H,IL],K,L 169 125 169
Kaempferol H 285 133, 151 285
Quercetin B.C,D,E,F,G,H,[LK,L 301 151 301
Rutin C 609 301 609

A, R. baileyii; B, R. camellieflorum; C, R. cilliatum; D, R. cinnabarianum; E, R. companulatum; F, R. grif-

fithianum; G, R. lepidotum; H, R. maddenii; 1, R. niveum; J, R. salignum; K, R. thomsonii and L, R. virgatum.

also includes free radical scavenging, chelation of metal
ions and inhibition of lipid peroxidation. Chlorogenic
acid, gallic acid and quercetin that were present in appre-
ciable quantities in Rhododendron species, along with
other phenols might be responsible for their efficient
FRSA. Reactive oxygen species can cause damage to cellular
biomolecules like DNA, RNA, enzymes, lipids, carbohy-
drates and consequently may adversely affect immune
functions. Oxidation of bases in DNA, deoxyribose lesions
and strand breaks may lead to mutagenic changes and a
variety of diseases. Phenols, due to their strong antioxi-
dants and a range of biological properties, are also known
to diffuse the toxic free radicals'"'*>'®,

From the foregoing it may be concluded that Rhodo-
dendron species with high levels of phenols, promising
antioxidant and free radical scavenging activities may be
utilized in the development of healthcare products and/or
for the isolation of specific desired phytochemical(s).
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Active faults and neotectonic activity
in the Pinjaur Dun, northwestern
Frontal Himalaya

G. Philip* and N. S. Virdi

Wadia Institute of Himalayan Geology, 33, Gen. Mahadeo Singh Road,
Dehra Dun 248 001, India

Manifestation of ongoing active tectonics in the Hima-
layan foothill region is evident from a number of major
M > 7.5 and great earthquakes (M = 8) which occurred
within the last century or so, besides the recurrent
seismic events of moderate magnitude. Active faults of
the Himalaya are significant in the study of active tec-
tonics because displacements along them reflect the
continued tectonic movements. The present study deals
with morpho-structural analysis using remotely sensed
data along with selected field investigations in deline-
ating new traces of active faults in the Pinjaur Dun of
the northwestern Frontal Himalaya. Fault scarps with
heights varying from 5 to 25 m observed along the
faults are indicative of long term uplift/deformation in
the current tectonic regime and cumulative slip along
them. These active faults are signatures of Quaternary
tectonics in the zone between the Main Boundary
Thrust (MBT) and the Himalayan Frontal Thrust.

Keywords: Active faults, Frontal Himalaya, neotectonics,
Pinjaur Dun, remote sensing.

ACTIVE faults are widely distributed in different sectors of
the Himalaya and are important in that they provide signa-
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tures of the recurrent tectonic activity during the Quater-
nary and in particular the Holocene periods. The activity
often resulted in destructive earthquakes, dislocation of
old landforms and creation of new ones. Landforms such
as river terraces, alluvial fans, fault scarps and other morpho-
tectonic features such as triangular facets, knick points,
sag ponds, shutter ridges, pressure ridges and pull-apart
basins, controlled drainage, and stream piracy are closely
related with activity along these active faults''°. Geomorphic
and morphotectonic analyses of landforms provide in-
sights into rates, style and pattern of deformation due to
active tectonics.

Geodetic, GPS and seismic studies have provided signi-
ficant understanding of the ongoing crustal deformation
in the Current Tectonic Regime (CTR) on a regional scale'' "
in the Himalaya. However, the site-specific studies are
few>®7 21471 Tdentification of active faults that have
moved within the CTR, i.e. during Holocene, also helps
in assessing whether or not tectonic movements are likely
to occur and cause seismicity, generally associated with these
faults.

In the Outer Himalaya, lying between the Himalayan
Frontal Thrust (HFT) and Main Boundary Thrust (MBT)
in the north, numerous active faults and neotectonic fea-
tures have been reported””>'>'"° which have generated
major and great earthquakes™ >*. We have carried out a study
of these features in an active segment of the Outer Hima-
laya between the Satluj and Ghaggar rivers and referred
to as the Pinjaur Dun (Figure 1), which lies in the meizo-
seismal zone of the 1905 Kangra earthquake™’. While the
authors and their co-workers have already recorded active
faults in the Pinjaur—Kalka area and near Chandigarh®*'°,
the present communication reports the discovery of a few
more active structures. We have identified ten such faults.
However, we discuss here only five major fault systems,
since the analysis of other structures is in progress and
shall be communicated separately in the near future.

The multi-spectral satellite data of IRS-ID-LISS-IIT and
PAN (date: 04 October 2002) and air photos, supported by
the Survey of India Topographic Maps (1:50,000 scale),
constituted the main data source for the present study. The
satellite data have been digitally enhanced for feature ex-
traction. Selected ground-truth checks have been carried
out to re-judge the interpretation.

The Pinjaur Dun is one of the three major Duns in the
western Frontal Himalaya, viz. Soan, Pinjaur and Dehra.
The Duns are broad synclinal depressions which develop
when the growing outer ridges constituted by the Siwalik
sediments block and divert the drainage'"**, The Pinjaur
Dun is NW-SE trending, approximately 55 km long and
12 km at its widest part. It is bound by the Siwalik Hills
in the southwest and by the Kasauli-Ramshahr ranges in
the northeast. This Dun closes in the east near Malla where
the Siwalik and the eastern extension of Kasauli-Ramshahr
ranges approach each other. It extends westwards across
the River Satluj (Figures 1 and 2). Sirsa is the main axial
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