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Abstract Yellow Himalayan raspberry, a wild edible fruit,
was analyzed for phenolic contents, and antioxidant, anti-
bacterial and antiproliferative activities. Phenolics were
extracted using 80 % aqueous solvents containing methanol,
acidic methanol, acetone and acidic acetone. Our analysis
revealed that the acidic acetone extracts recovered the high-
est level of total phenolics (899 mg GAE/100 g FW) and
flavonoids (433.5 mg CE/100 g FW). Free radical scaveng-
ing activities (DPPH, ABTS, superoxide and linoleate hy-
droperoxide radicals) and ferric reducing activity were
highest in the acetone and acidic acetone extracts. No metal
chelating or antibacterial activity was detected in any of the
extracts. Acetone and methanol extracts showed potent anti-
proliferative activity against human cervical cancer cells
(C33A) with an ECs( of inhibition at 5.04 and 4. 9 mg/ml
fruit concentration respectively, while showing no cytotox-
icity to normal PBMCs cells. Therefore, the present study
concluded that the yellow Himalayan raspberry is a potent
source of phytochemicals having super antioxidant and po-
tent antiproliferative activities.
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Introduction

Cell damage caused by free radicals appears to be a
major contributor to aging and degenerative diseases such
as cancer, cardiovascular diseases, cataracts, diabetes, im-
mune system decline and brain dysfunction (Sies 1992;
Vendemiale et al. 1999). To protect the cell from damage
caused by free radicals, cells have evolved a highly sophis-
ticated and complex antioxidant protection system which
involves a variety of components, both endogenous and
exogenous in origin, that function interactively and syner-
gistically to neutralize free radicals (Jacob 1995). Among
the various types of exogenous antioxidants, phenolic com-
pounds constitute the major group of phytonutrients with
multiple biological effects including anti-inflammatory,
anti-allergic, antiviral, anti-aging and anti-carcinogenic ac-
tivities (Cody et al. 1986; Kuhnau 1976; Middleton and
Kandaswami 1986; Peterson and Dwyer 1998; Gulcin
2012). A wide variety of fruits such as blueberry, blackberry,
raspberry, pomegranate, plum, peach, apple, quince, pear, gua-
va, banana and citrus fruits have been shown to possess high
phenolic contents and super antioxidant activities (Wang et al.
1996; Gil et al. 2002; Kahkonen et al. 2001; Moyer et al. 2002;
Karadeniz et al. 2005; Mokbel and Hashinaga 2005; Lim et al.
2007; Meda et al. 2008). Additionally, fruits phenolics have
also been demonstrated to possess strong antiproliferative prop-
erties (Johnson et al. 2011; Sun et al. 2002; Liu et al. 2002;
Seerama et al. 2005). Due to the cancer protective effects, and
super antioxidant properties, fruits are gaining world wide
interest for the exploration of their polyphenolic contents
and their various health promoting properties (Kahkonen et
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al. 2001; Leong and Shui 2002; Moyer et al. 2002; Karadeniz
et al. 2005; Marinova et al. 2005; Barreira et al. 2008; Lim et
al. 2007; Meda et al. 2008).

R. ellipticus, Smith. (Family Rosaceae), commonly
known as yellow Himalayan raspberry (Yellow Hissar), is
one of the common wild edible fruits of the Uttarakhand,
India (Samant and Dhar 1997). Although fruits of R. ellipti-
cus are shown to be highly nutritious, delicious, and rich in
vitamins and sugars (Parmar and Kaushal 1982), their anti-
oxidant and antiproliferative potentials remain under ex-
plored. Therefore, the present study is aimed to (1) assess
the total phenolics and flavonoid contents in the fruits of R.
ellipticus using different solvent systems; (2) to evaluate the
extracts for antioxidant activities using various biochemical
assays; (3) determine the antibacterial and antiproliferative
activities of the extracts.

Material and methods
Chemicals and reagents

All the chemicals were of analytical grade and more than
99 % pure. 2, 2-Diphenyl-1-picrylhydrazyl (DPPH), cate-
chin, nicotinamide adenine dinucleotide (NADH), phenyl
methosulfate (PMS), nitro blue tetrazolium (NBT), (-
carotene, linoleic acid and ferrozine were procured from
Sigma—Aldrich (Steinheim, Germany). 2,2"-Azinobis-3-eth-
ylbenzothiazoline-6-sulphonic acid (ABTS) was obtained
from Calbiochem, Merck Company (Darmstadt, Germany).
Other chemicals and reagents were purchased from HiMedia
Pvt Ltd (Mumbai, India).

Collection, identification and authentication
of the R. ellipticus fruit

Fresh ripe fruit samples (along with the small twig containing
leaves) of R. ellipticus (yellow hissar), were harvested from
Narender Nagar locations of Tehri Garhwal, Uttarakhand,
India. Fruits were cleaned under running tap water and kept
at —20°C till use. The herbarium of the R. ellipticus fruit was
deposited to Systematic Botany Division, Forest Research
Institute (FRI), Deharadun, Uttarakhand, India for botanical
identification and authentication.

Preparation of extracts

Phenolic compounds were extracted by four different aque-
ous solvents namely 80 % each of methanol; acid methanol
(pH 2.0); acetone and acid acetone (pH 2.0) (Meda et al.
2008). Briefly, 25 g frozen fruits with seeds were homoge-
nized in a mixer grinder for 5 min to make a homogeneous
slurry. The fruit slurry (5 g) was extracted thrice with 25 ml
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of each solvent for 30 min with constant stirring at room
temperature (RT). The extracts were filtered, pooled and
centrifuged to obtain the clear extracts. The clarified extracts
were stored at —20 °C prior to use within 1 month.

Evaluation of total phenolics and total flavonoid contents

Total phenolic contents were determined by the Folin-
Ciocalteau method (Singleton et al. 1999). Each extracts
(0.1 ml) was mixed with Folin-Ciocalteau reagent (0.2 N,
2.5 ml) and allowed to stand at RT for 5 min. Thereafter,
sodium carbonate solution (75 g/l in water, 2 ml) was added.
After 2 h of incubation, the absorbance was measured using
UV-vis spectrophotometer (Model No. 119, Systronics,
India) at 760 nm against a water control. A standard cali-
bration curve was plotted using gallic acid (0-200 mg/l).
The total phenolic contents were expressed as mg of gallic
acid equivalents (GAE)/100 g of frozen fruit.

Total flavonoid contents were determined according to
Meda et al. (2008). The diluted extract (6.0 ml) was mixed
with sodium nitrite solution (5 %, 0.3 ml) and incubated for
5 min at RT. Afterwards, aluminium trichloride solution
(10 %, 0.6 ml) was added and incubated further for 5 min
at RT. The absorbances of the reaction mixtures were mea-
sured at 510 nm against a water blank. A standard calibra-
tion curve of catechin (0.5 mg/ml in 80 % methanol) was
plotted and the results were expressed as mg catechin equiv-
alents (CE)/100 g FW.

Assessment of free radical activity
DPPH radical scavenging actvity

The DPPH free radical scavenging activity was determined
according to Singh et al. (2002). The diluted extract (0.1 ml)
was mixed with DPPH solution, (5 ml, 0.1 mM in methanol)
and allowed to stand in dark at RT for 20 min. The control
was prepared as above without any extract. The reduction in
the absorbance of the control and samples was measured at
517 nm against a water blank. The DPPH free radical
scavenging activity was expressed as mg CE/100 g FW.

ABTS cation radical scavenging activity

The ABTS cation radical scavenging activity was deter-
mined as described (Barreira et al. 2008). The diluted fruit
extracts (50 pl) were allowed to react with fresh ABTS
solution (3.0 ml) for 6 min, and then absorbance was mea-
sured at 734 nm. BHA was used as standard and the capacity
of ABTS cation radical scavenging activity was expressed
as mg BHA equivalent (BHAE)/100 g FW.
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Superoxide anion radicals scavenging activity

Superoxide radical scavenging was determined using PMS-
NADH systems (Liu et al. 1997). The reaction mixture
contained Tris—HCI buffer (3 ml, 16 mM, pH 8.0), NBT
(1 ml, 50 uM), NADH (1 ml, 78 uM) and the fruit extracts
of varying dilutions in water. The reactions were initiated by
addition of PMS (1 ml, 10 uM) and incubated further in the
dark at 25°C for 5 min. The absorbance was measured at
560 nm against a water control. The superoxide anion scav-
enging activity was determined as mg of ascorbic acid
equivalents (AAE)/100 g FW.

Ferric reducing power assay

Ferric reducing power assay was performed according to
Barreira et al. (2008). The diluted extract was mixed with
sodium phosphate buffer (2.5 ml, 200 mM, pH 6.6) and
potassium ferricyanide solution (1 % w/v, 2.5 ml) and incu-
bated at 50 °C for 20 min. Thereafter, TCA (2.5 ml, 10 %
w/v) was added and mixture was centrifuged. The upper
layer (5 ml) was removed, mixed with distilled water (5 ml)
and ferric chloride solution (1 ml, 0.1 % w/v). Subsequently,
the absorbance was recorded at 700 nm and the ferric reducing
activity was expressed as mg of AAE/100 g FW.

Inhibition of (B-carotene bleaching

The inhibition of 3-carotene bleaching was evaluated by the
3 - carotene linoleate model system (Velioglu et al. 1998).
[3-carotene solution (2 ml, 0.2 mg/ml in chloroform) was
pipetted into a round-bottom flask. After the removal of
chloroform at 40°C under vacuum, 40 mg of linoleic acid,
400 mg of Tween 80 emulsifier, and 100 ml of distilled
water were added to the flask with vigorous shaking. Ali-
quots (4.9 ml) of this emulsion were incubated with the
diluted extracts (0.1 ml) at 50°C in a water bath. Absorbance
(470 nm) was recorded at zero time and at 20 min regular
interval until the control sample has changed the color. A
blank, devoid of (3-carotene, was also prepared for back-
ground subtraction.

Ferrous metal ion chelating activity

In ferrous metal chelating activity assay (Dinis et al. 1994),
diluted fruit extract (1 ml) was mixed with ferric chloride
solution (0.05 ml of 2 mM) and ferrozine solution (2 ml,
5 mM). After 10 min of incubation the absorbance (562 nm)
was recorded against water blank. The metal chelating ac-
tivity was expressed as mg EDTA equivalent chelating
activity (EE)/100 g FW.

Antibacterial activity

Antibacterial activity was carried out by determining the
zone of inhibition through the disc diffusion method (Gulcin
et al. 2010b). 100 ul (~107 cells) each of the test bacteria
(Escherichia coli MTCC739, Bacillus subtilis MTCC441,
and Staphylococcus aureus MTCC 96) were spread plated
on nutrient agar plate. Sterilized filter paper discs (What-
mann No # 1, 5 mm in diameter), each impregnated with the
undiluted fruit extracts (1 ml) for 48 h were placed on test
organism spreaded plates. Simultaneously, streptomycin
(10 meg/disc) and respective solvents used as positive and
negative control. The bacterial cultures were incubated at
37 °C for 24 h, and the zones of inhibition were measured in
mm.

Inhibition of cancer cell proliferation

Antiproliferative potentials of R. ellipticus fruit extracts
were analyzed against two human cervical cancer cell lines,
namely, C33A and HeLa cell lines (American Type Culture
Collection, ATCC, Pune, India). Peripheral Blood Mononu-
clear Cells (PBMCs) isolated from the blood of a healthy
individual. The primary culture was established in RPMI
1,640 medium supplemented with 10 % FBS. PBMCs were
used as a negative control to analyze the extracts induced
cytotoxicity. C33A cells were maintained in Minimum Es-
sential Medium (MEM) while, HeLa cells were maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM) with
10 % fetal bovine serum (FBS), 1 % antibiotic and antimy-
cotic (Invitrogen, Carlsbad, CA, USA) in a humidified at-
mosphere with 5 % CO, at 37 °C. Cell concentration of 5 x
10% in the respective phenol free culture media were placed
in each well of a 96 well flat bottom plate and allowed to
grow for 24 h at 37 °C in 5 % CO,_ After incubation, the
medium was removed and fresh media (100 pl) containing
various concentrations of R. ellipticus extracts were added
to the well. Control cultures received the extraction solution
minus the fruit extract and blank wells contain 100 ul of
growth medium with no cells. After the 48 h of further
growth at 37 °C in 5 % CO,, cell proliferation was deter-
mined using colorimetric MTT assay [3-(4,5-dimethylthia-
z0l-2-yl)-2,5-diphenyl-tetrazoliumbromide based cell titer
96 nonradioactive cell proliferation assay]. Absorbances
were read at 450 nm (Fluostar Omega Spectrofluorometer,
BMG Technologies, Offenburg, Germany). Each extract
was checked at least in triplicate to determine the percent
cell proliferation values.

HPLC analysis of phenolic compounds

Extracts of R. ellipticus were analyzed using a high perfor-
mance liquid chromatography (HPLC) system equipped
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with LC-20AT series pump (Shimadzu) and SPD-20A UV—
VIS detector (Shimadzu) according to Rawat et al. (2010).
The HPLC profiles of the extracts were compared with those
of standard phenolics and flavonoids, namely catechin, gal-
lic acid, caffic acid, ellagic acid, tannic acid and transcin-
namic acid.

Statistical analysis

To rule out any discrepancy, three independent extractions
were performed. The results were expressed as the means of
three independent experiments. Microsoft Excel software
was used to calculate catechin, gallic acid, ascorbic acid,
BHA, and EDTA equivalents, inhibition percentage, linear
equations and correlation co-efficient, while State Differ-
ences tests were determined using the SPSS software.

Results and discussion
Phenolic and flavonoid contents

The total phenolic contents were evaluated using gallic acid
as standard (R°=0.9928), that between 550 and 899 mg
GAE/100 g FW in the various extracts (Table 1). The
phenolic contents were found to be highest in the acid-
acetone extract (899 mg GAE/100 g FW) and lowest in
80 % methanol (550 mg GAE/100 g FW), and was inter-
mediate in the acidic-methanol and acetone extracts (690 mg
and 782.7 mg GAE/100 g of FW, respectively).

The total flavonoid content was determined using cate-
chin as standard (R=0.9994). The acidic-acetone fruit ex-
tract showed highest flavonoid content (433.5 mg CE/100 g
FW) and 80 % methanol showed the lowest flavonoid
content (179 mg CE/100 g FW). The total flavonoid content
in the acid-methanol and 80 % acetone was found to be

276.56 and 307.38 mg CE/100 g FW respectively. These
observations evidently demonstrated higher recovery of to-
tal phenolics and flavonoids in the acidified acetone and
neutral acetone than that in the acid or neutral methanol
extracts suggesting acetone as better solvent system for the
optimum extraction of polyphenols from R. ellipticus fruits.
Similar observations showing significantly higher extraction
of polyphenols in the acetone extracts than in methanol
extracts were earlier reported (Meda et al. 2008; Weber et
al. 2008).

Antioxidant activity

The antioxidant activities of R. ellipticus fruit extracts were
determined using various parameters such as free radical
scavenging activities, ferric reducing and 3-carotene bleach-
ing inhibitory activities.

The DPPH test determines the antioxidant activity based
on the ability of the phenols to neutralize the stable free
radical DPPH (Gulcin et al. 2010a). The DPPH free radical
scavenging activity ranged from 359.2 to 619.3 mg CE/
100 g FW in various extracts (Table 1). It was highest in
the acetone extract (619.3 mg CE/100 g FW) and lowest in
methanol extract (359.2 mg CE/100 g FW), while interme-
diate in acidic methanol (502.2 mg CE/100 g FW) and
acidic acetone (521 mg CE/100 g FW). The ABTS assay
measures the ability of the fruit extracts to scavenge the
cationic radical ABTS™ produced by the oxidation of
ABTS. The blue green colored ABTS ™ cation radicals are
reduced to its non-radical, colorless ABTS form by the fruit
antioxidants. We observed significantly high level of ABTS
scavenging activity in all the extracts. It was highest in the
acetone extract (1072.6 mg BHAE/100 g FW) and lowest in
methanol extract (619.6 mg BHAE/100 g FW), and was
intermediate in the acidic methanol and acidic acetone
extracts (704.9 and 857.8 mg BHAE/100 g FW) (Table 1).

Table 1 Total phenol and flavonoid contents in the R.ellipticus fruits extracted with different solvents and their antioxidant activities

Activities in Yellow Himalayan Raspberries

Methanol (ReM)

Acid Methanol Acetone (ReA) Acid Acetone

pH-2 (ReAM) pH-2 (ReAA)
Total Phenolics (mg GAE/100 g FW) 550.0+12.33° 690.0+31.12° 782.7+19.13¢ 899.0+4.78¢
Total Flavonoids (mg CE/100 g FW) 179.0+8.32° 276.6+12.13° 307.4+12.31° 433.5+13.39°
DPPH Scavenging Activity (mg CE/100 g FW) 359.2422.34° 502.2426.33" 619.3+32.14° 521.049.48"

ABTS Scavenging Activity (mg BHAE/100 g FW)
Superoxide anion scavenging activity (mg AAE/100 g FW)
Ferric reducing activity (mg AAE/100 g FW)

619.6+£31.13%
155.0+18.32%
695.7+11.91%

704.9+29.74
565.6+28.14°
956.7+17.81°

1072.6+42.11°
581.9+11.32°
1193.2+41.34°

857.8+38.91¢
1083.0+2.23°
1389.8+49.229

Each value is expressed as mean =+ standard error (n=3). Means with different letters within a row are significantly different (»<0.05)

ReM Rubus ellipticus Methanol extract; ReAM Rubus ellipticus Acid Methanol extract; ReA Rubus ellipticus Acetonic extract; ReAM Rubus
ellipticus Acid Acetonic extract. Total phenolic contents expressed as mg gallic acid equivalents per 100 g of Fruit weight. Total flavonoids contents
and DPPH scavenging activity expressed as mg Catechin equivalents per 100 g of Fruit weight. ABTS scavenging activity expressed as mg
Butylated hydroxyanisole per 100 g of Fruit weight. Superoxide anion scavenging activity and Ferric reducing activity expressed as mg Ascorbic

acid per 100 g of Fruit weight
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Superoxide (O, ) is the reactive oxygen radical produced
by one-electron reduction of molecular oxygen in metabolic
processes and is the major source of other radicals (Liu et al.
1997). Therefore, it was very important to examine the
superoxide anion radical scavenging ability of R. ellipticus
fruit extracts. This assay determines the ability of fruit
extracts to neutralize the superoxide anion radicals generat-
ed in the PMS/NADH system which subsequently leads to a
decrease in the reduction of nitroblue tetrazolium to a chro-
mogenic product. The highest superoxide scavenging activ-
ity was seen in the acidic acetone extract (1,083 mg AAE/
100 g FW) and lowest in the methanol extracts (155 mg
AAE/100 g FW). The levels were found to be 565.6 and
581.98 mg AAE/100 g FW in acidic methanol and acetone
extracts respectively.

The ferric reducing assay measures the ability of phe-
nolics to reduce Fe** to Fe**. The ferric reducing activity
ranged from 695.7 to 1389.8 mg AAE/100 g FW in various
extracts (Table 1). In this assay, the methanol extract showed
a significantly lower value compared to the acetone extract.
Among the methanolic extracts, the methanol extracts
exhibited lower ferric reducing activity (695.7 mg AAE/
100 g FW) than the acidic methanol extracts (956.7 mg
AAE/100 g FW). Similarly the acid acetone extract
exhibited higher ferric reducing activity (1389.82 mg
AAE/100 g FW) than the acetone extract (1193.26 mg
AAE/100 g FW) (Table 1).

In the 3-carotene bleaching test, linoleic acid produces
hydroperoxides as free radicals during incubation at 50 °C.
These interact with 3-carotene, leading to its bleaching.
Thus, the 3 carotene bleaching rate is inversely proportional
to the antioxidant activity of the extracts that neutralize the
free radical formed in the system. Inhibition of 3 carotene
bleaching activity was much higher and for the prolonged
period in acetone, acid acetone and in acid methanol
extracts, in comparison to that of control, methanol extracts
and standard BHA (Fig. 1). The ferrous ion chelating

0.9
—o—control

0.8 —o—ReM
£ 0.7 —o— ReAM
s —=—ReA
§ 061 —o—ReAA
§ 0.5 1 —e— BHA standard
§ 0.4
2 03
<

0.2 1

0.1 -

0 T T .
0 50 100 150

Incubation time (min)

Fig. 1 [-carotene bleaching inhibition activity of R. ellipticus fruits,
extracted in different solvent systems. Each value is expressed as mean +
standard error (n=3)

activity of the extracts was checked for all the extracts.
The results showed lack of any activity among the extracts.

It was very much clear from the aforementioned obser-
vations that the free radical scavenging activities were
higher in the acetone extracts as compared to that in the
methanol extracts. The neutral and cation free radical scav-
enging activities (DPPH assay and ABTS assay), were
found to be highest in the acetone extract while the ferric
reducing activity, superoxide anion radical scavenging ac-
tivity and inhibition of lipid peroxidation activities were
found to be highest in the acidic acetone extract. This
indicated that the polyphenol with high neutral and cation
free radical scavenging activity, and those with high lipid
peroxidation inhibition, ferric reducing activity and super-
oxide anion radical scavenging activity might be differen-
tially extracted in neutral and acidified acetone. Significant
similarities in phytochemical profile would however be
expected to be obtained in both extracts.

Antibacterial activity

The antibacterial activitiy of R. ellipticus fruit extracts were
studied using E. coli, B. subtilis and S. aureus. However, no
zone of inhibition was demonstrated by any of the fruit
extracts against any of the tested bacterial species

Inhibition of cancer cell proliferation

Antiproliferative activity of R. ellipticus fruit extracts were
analyzed against two cervical cancer cell lines namely
C33A, HeLa and one normal PBM Cells using MTT assays.
C33A and HelLa, cells were cultured with an extract con-
centration equivalent to 0.667, 1.66, 3.33, 5.0 and 6.67 mg/
ml of R. ellipticus fruit while primary culture of PBMCs
were incubated with 5.0 and 6.67 mg/ml fruit extracts con-
centration. The extracts demonstrated a potent antiprolifer-
ative activity against C33A cells (40-60 %), while no
inhibition activity was detected against HeLa cells. Inhibi-
tion of C33A cell proliferation was dose dependent, and the
degree of inhibition was more or less similar for the different
extracts (Fig. 2). Methanol and acetone extracts reduced the
viability of C33A cells to 40 % showing ~60 % inhibition,
while both the acidic extracts reduced the viability to 60 %
demonstrating ~40 % inhibition of C33A proliferation
(Fig. 2). The median effective concentration (ECsg) was
also lower for methanol and acetone extracts (4.9 and
5.04 mg/mL) as compared to that of acid methanol and acid
acetone extracts (7.57 and 7.28 mg/ml). None of the extracts
showed cytotoxicity to PBMCs rather demonstrated growth
promoting effect on their proliferation (1-10 %). Methanol
extracts showed negligible, while acetone extracts showed
~10 % enhancement in the proliferation of PBMCs (Fig. 3).
This clearly indicated that the R. ellipticus fruit extracts
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— ReM against cervical cancer cells C33A. To the best of our

$ 100 B ReAM knowleflge, the present report is the first study .showin.g

< 80 ReA the anticancer potential of the R. ellipticus fruits. It is

3 very significant that the R. ellipticus fruit extracts
S 60- —O—ReAA . ..

> exhibited no cytotoxicity on normal noncancerous cells,

2 401 but rather showed stimulatory effects on their prolifera-

x 201 tion at the tested fruit extracts concentrations in which

cervical cancerous cells were highly sensitive. The anti-

00 2 4' (') é proliferative activity of R. ellipticus fruit extracts against

Fruit Extracts (mg/ml)

Fig. 2 Antiproliferative activities of R. ellipticus fruit extracts against
C33A cervical cancer cells. Each value is expressed as mean + standard
error (n=3)

possessed preferential anticancer activity against cervical
cancer cells while remaining nontoxic to the normal cells.

HPLC analysis of phenolic compounds

Out of six phenolics (namely catechin, caffic acid, ellagic
acid, gallic acid, tannic acid and transcinnamic acid) ana-
lyzed, only the peaks of ellagic acid and gallic acid peaks
were prominently detected in all the extracts. In addition,
many other small but intense peaks with different retention
times were also detected whose characterization are under
study. We did not observe the presence of catechin, caffeic
acid, tannic acid and transcinnamic acid in the any of the
extracts of R. ellipticus fruit using the current protocol
(Rawat et al. 2010).

The present study showed existence of a potent free
radical scavenging activity along with strong ferric re-
ducing and lipid peroxidation inhibition activities in the
R. ellipticus fruit extracts. In addition, R. ellipticus fruit
polyphenols also possessed potent anticancer activity

1207 % b OC33A
100 - % § \ \ TOPBMCs
80 §

g 50 b b

: o N N | N

£ N
20 §
0 AN TN TN

ReM ReAM ReA ReAA

Fruit extracts 6.67 mg/ml
Fig. 3 Comparison of effects of R. ellipticus fruit extracts on C33A
cervical cancer cells and PBMCs of a normal individual. Each value is

expressed as mean + standard error (n=3). Means with different letters
are significantly different (p<0.05)
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cervical cancer cells is supported by the HPLC analysis
which showed presence of high gallic acid and ellagic
acid contents in the fruit extracts. Both the gallic acid
and ellagic acid were earlier shown to possess antipro-
liferative activity against cervical cancer cells (You et
al. 2010; Losso et al. 2004). It is also possible that
differential cytotoxicity could be only elicited at the
lower fruit extracts concentrations and the higher fruit
concentrations might show cytotoxicity to normal cells.
Our observations of high antioxidant and antiprolifera-
tive activity of R. ellipticus are in consonance with the
previous studies on various species of raspberries, in-
cluding yellow raspberry, which showed high polyphe-
nol contents and their high antioxidant capacities and
antiproliferative activities (Wang and Lin 2000; Liu et
al. 2002; Ross et al. 2007; Coates et al. 2007; Weber et
al. 2008; Gansch et al. 2009; Rao and Snyder 2010;
Gulcin et al. 2011). Significantly higher contents of
polyphenols and their antioxidant capacities and antican-
cer activities observed in the yellow Himalayan raspber-
ry R. ellipticus in the present study were much higher
than those reported earlier for yellow raspberry (Liu et
al. 2002; Gansch et al. 2009). The antiproliferative
action of R. ellipticus fruits (~60 % inhibition at
6.6 mg/ml FW) in present study was comparably better
than that reported in golden raspberry (Liu et al. 2002).

Conclusion

The abilities of R. ellipticus fruit extracts to scavenge all
types of reactive radicals such as DPPH, ABTS, superoxide
radicals, linoleate-peroxide free radicals, and to inhibit the
proliferation of cervical cells C33A are highly appreciable.
The present study ascertained that the fruits of yellow Hi-
malayan raspberry R. ellipticus are an important source of
natural antioxidants, therefore, their consumption may play
vital role in reducing the oxidative stress and preventing the
degenerative diseases including cancer.
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