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Summary
Purpose: The genus Rhododendron is distributed entirely
in the world with the exception of South and Central America and Africa, growing in a large diversity of climatic conditions. This genus is a rich source of phenolic compounds,
especially flavonoids, essential oils, chromones, terpenoids,
and steroids. It has many biological properties such as antioxidant, anti-inflammatory, antiviral, antibacterial, anticancer, antidiabetic, immunomodulatory, cardioprotective
and hepatoprotective among others due to their polyphenolic constituents. The objective of the current study was to
evaluate the antioxidant properties and cytotoxic activity
of dimethyl sulfoxide extract of flowers of Rhododendron
luteum (DEFR) for the first time.
Methods: The total polyphenolic contents (TPC), total
flavonoid contents (TFC) and ferric reducing antioxidant
power (FRAP) of the extract were evaluated using spectrophotometric procedures. The cytotoxic activity of the ex-

tract on three cancers (human breast, colon and liver carcinoma) and human foreskin fibroblast cells was determined
using the MTT assay.
Results: TPC and FRAP values were found 54.2±0.38 mg
gallic acid equivalents and 164.2±1.77 mg trolox equivalents per to g sample, respectively. R.luteum extract exhibited selective cytotoxicity against colon and liver cancer cells
compared to normal fibroblast cells, while this selective cytotoxicity was not observed in breast cancer cells..
Conclusion: Our results demonstrate that the Rhododendron luteum may be a great source of antioxidant and antitumor natural agents due to their capability of decreasing
cancer cells proliferation.
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Introduction
The genus Rhododendron (Greek rhodon=rose
and dendron=tree) is distributed widely around
the world with the exception of South and Central
America and Africa, growing in a large diversity of
climatic conditions [1,2]. The first written record of
the species dates back to 401 B.C. and concerned
the toxicity of Rhododendron honey [3]. The genus
Rhododendron pertains to the Ericaceae family of
plants and includes more than 1000 botanically
identified species and approximately 30000 different cultivars. Thus, it constitutes the plant genus

with one of the highest species’ variety. Rhododendrons are best known for their use in gardens
as decoration plants [1,2,4]. Five Rhododendron
species are determined to grow naturally in Turkey
and especially in East Black Sea Region, namely
R.luteum, R.caucasicum, R.ponticum, R.smirnovii,
and R.ungerni. These 5 species are non-evergreen
short trees with green leaves and have flowers of
different colors and an esthetically important role
in landscape [5,6]. R.luteum, also locally known
as “zifin, sifin, cifin, sari ormangulu, egri cicegi or

Correspondence to: Selim Demir, PhD. Department of Nutrition and Dietetics, Faculty of Health Sciences, Karadeniz Technical University,
61080, Trabzon, Turkey. Tel: +90 462 377 88 41, Fax: +90 462 325 28 21, E-mail: selim-demir@hotmail.com
Received: 09/01/2016; Accepted : 30/01/2016

884

Cytotoxic effect of R. luteum

sari agu”, is found in Trabzon, Turkey [7]. This genus is a source of phenolic compounds, especially flavonoids, tannins, essential oils, chromones
(isomers of coumarins), terpenoids, and steroids
[1,2]. Up to now, more than 65 flavonoids have
been determined in Rhododendron species both
as aglycones and glycosides. Kaempferol, quercetin, quercitrin, hyperoside, farrerol and polystachoside were detected in the leaves of 166 Rhododendrons [3,8]. Anthocyanidins and flavonols,
such as cyanidin, peonidin and azaleatin, have
been found in the flowers of Rhodendrons [3]. The
medical use of Rhododendron genus is limited
because of the occurrence of phytotoxins called
“grayanotoxins”, a class of terpenoids present in
this genus [1,9-11]. Nevertheless, some species of
this genus, including low levels of grayanotoxins,
are used for medicinal purposes in Turkish and
Chinese traditional medicine to treat acute and
chronic bronchitis, rheumatism, arthritis, asthma, pain, inflammation, hypertension, and muscle
and metabolic diseases [1,6,12]. This genus has
many biological properties, such as antioxidant,
anti-inflammatory, antiviral, antinociceptive, antibacterial, antifungal, anticancer, antidiabetic,
spasmolytic, sedative, immunomodulatory, cardioprotective and hepatoprotective, due to their
polyphenolic constituents [1,3,6,13-16]. Polyphenols are a major class of secondary herbal metabolites. It is known that they are good antioxidant
molecules due to their high reactivity as hydrogen or electron donors and also to their capability
to chelate metal ions [17]. Polyphenols provide
protection against reactive oxygen and nitrogen
species and have been known to reduce the risk of
certain diseases associated with oxidative stress
(cancer, coronary heart disease, cardiovascular
disease, stroke, etc) [18].
Cancer is a big health problem all over the
world and the second leading cause of death after heart diseases [19]. It is a pathological condition where the normal mechanisms of cell cycle
regulation are dysfunctioning, either due to excessive cell proliferation, insufficient apoptosis
or both [20]. Nowadays, used chemotherapeutic
drugs may not be highly effective against some
cancer cells and their efficiency may be decreased
due to the development of drug resistance [21].
Researchers, therefore, focus on the potential use
of natural compounds as chemotherapeutics or
complementary agents for the treatment of cancer due to the moderate or low efficiency of the
current drugs [22].
Although limited, there is information about
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the cytotoxic activity of different Rhododendron
species [3] and, despite grayanotoxin being among
the contents of the R.luteum, there is no report
about the cytotoxic activity and selectivity of extracts of R. luteum. Therefore, we aimed to evaluate the possible antioxidant properties and cytotoxic activities of dimethyl sulfoxide (DMSO) extracts
of the flowers of R.luteum on human liver, breast
and colon cancer cell lines.

Methods
Chemicals
DMSO, sodium carbonate, folin reagent, gallic
acid, ethanol, aluminum nitrate, potassium acetate,
(+)-Catechin, quercetin, NaH2PO4.2H2O, Na2HPO4.2H2O,
potassium ferricyanide, trichloroacetic acid, iron(III)
chloride, trolox, cisplatin, trypan blue, thiazolyl blue
tetrazolium bromide (MTT dye) were purchased from
Sigma (St. Louis, MO, USA). Penicillin-streptomycin
and trypsin from Gibco (Paisley, England), Eagle’s Minimum Essential Medium (EMEM) from Lonza (Verviers, Belgium), fetal bovine serum (FBS) from Biochrom
(Berlin, Germany), and phosphate buffer saline (PBS)
tablets from Medicago (Uppsala, Sweden).
Sample collection
The flowers of R.luteum were collected from a rural
area of Eastern Black Sea region (Caykara town, Trabzon,
Turkey). After identification, the samples were cleaned
with tap water and were air-dried at room temperature
for 20 days and powdered using blender and milling into
fine powder. The powder of fruits were stored and packed
in freezer bags at -20°C until tested.
Preparation of extract
The powder of flowers (1 g) was extracted with
20 mL DMSO in a mechanical shaker (Shell Lab, Cornelius, OR, USA) in the dark for 24 hrs at 45°C. Then
it was centrifuged at 4000 rpm for 10 min. Tbe supernatant was first filtered through a medium flow filter
paper (Grade 1:11 μM Whatman filter) followed by 0.22
μM syringe filters. Prepared 50000 µg/mL stock extract
was used for the experiments.
Drug preparation and treatment
Cisplatin was used as a reference anticancer agent
for cytotoxicity experiments. It was dissolved in absolute DMSO to prepare 1000 µg/mL stock solution.
(+)-Catechin was used as a single flavonoid (proanthocyanidin) for cytotoxicity experiments because it is
one of the major flavonoids in Rhododendrons [1]. It was
dissolved in absolute ethanol to prepare 50000 µg/mL
stock solution. External working concentrations of the
extract, cisplatin and catechin were prepared by further
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dilution with DMSO or ethanol. The final concentration
of DMSO and ethanol did not exceed 0.5% in culture
media during any experiment, and this concentration
did not affect cell morphology or viability.

values were determined using this logarithmic graph.
IC50 represents the concentration in µg/mL required for
50% inhibition of cell growth compared to negative
control cells.

Total polyphenolic content (TPC)

Statistics

Total polyphenols in the extract were determined
using Folin-Ciocalteu reagent, as previously described
[23], adapted to microscale. Gallic acid was used as
a standard and values were stated as mg gallic acid
equivalents (GAE)/g sample.

All data were obtained from three independent experiments. The values were expressed as mean ± standard deviation (mean±SD). TPC, TFC, FRAP and IC50 values were calculated using Microsoft Excel software.

Total flavonoid content (TFC)
Total flavonoids in the extract were determined using aluminum nitrate colorimetric method [24] adapted
to microscale. Quercetin was used as a standard and
values were stated as mg of quercetin equivalents
(QE)/g sample.
Ferric reducing antioxidant potential (FRAP)
The ferric reducing power of the extract was determined using the method which is relying on ferric to
ferrous ion reduction at low pH [25]. Trolox was used
as a standard and values were stated as mg of trolox
equivalents (TE)/g sample.
Cell culture
Human hepatocellular carcinoma (HepG2), colon
adenocarcinoma (WiDr), and breast adenocarcinoma
(MCF-7) cancer cell lines and human normal foreskin
fibroblast cells were purchased from the American Type
Culture Collection (Manassas, VA). All cells were cultured in EMEM supplemented with 2 mM L-glutamine,
10% heat inactivated FBS, 1% penicillin and streptomycin in T-75 flasks, with 5% CO2 supply at 37°C.

Results
The antioxidant properties of the extract were
determined by 3 methods: TPC, TFC and FRAP assays. TPC, TFC and FRAP values of the extract are
shown in Table 1.
To investigate the cytotoxic activities of R.luteum extract, an in vitro assay was performed
using 3 human cancer cell lines (HepG2, WiDr,
and MCF-7) and one human normal fibroblast cell
line. The results expressed as IC50 and values are
listed in Table 2. Cisplatin was used as a reference
chemotherapeutic drug. The IC50 values demonstrated that R.luteum extract exhibited non-selective cytotoxic effect on MCF-7 cells, but it had selective cytotoxic activity against HepG2 and WiDr
cells compared with normal fibroblast cells. Interestingly, (+)-Catechin did not exhibit selective cytotoxic effect on these 2 cancer cell lines.

Table 1. Antioxidant activities of DMSO extract of
Rhododendron luteum (N=3)
Antioxidant parameters

Cytotoxicity experiment
The cytotoxic effects of R.luteum extract, (+)-Catechin, and cisplatin on 3 human cancer and one human
normal cell lines were determined by MTT assay 72
hrs after treatment [26]. Briefly, cells were seeded into
a flat-bottomed 96-well cell culture plate at a density
of 5000 cells per well. After 24 hrs, mediums were removed and cells were treated with different concentrations of R.luteum extract (0-500 µg/mL), (+)-Catechin
(0-500 µg/mL) and cisplatin (0-10 µg/mL) for 72 hrs in
triplicate. Next, 10 µL of MTT solution (final concentration 0.25 mg/mL) was added to each well and the composed crystals were dissolved in DMSO. Finally, absorbance was measured at 570 nm using a microplate
reader (Versamax, Molecular Devices, Sunnyvale, CA).
Optical densities (OD) were used to determine the percent of cell viability using the formula [(OD of treated
group/OD of control group) × 100] [27]. A log-concentrations vs % cell viability graph were plotted, and IC50

Mean±SD

Total polyphenolic content1

54.2±0.38

Total flavonoid content2

18.5±0.98

Ferric reducing antioxidant power
(FRAP)3

164.2±1.77

Total phenolic content expressed in mg of gallic acid equivalent
(GAE) per gram of dry plant weight.
2
Total flavonoid content expressed in mg of quercetin equivalent
(QE) per gram of dry plant weight.
3
Expressed as mg trolox equivalents (TE) per gram of dry plant
weight.
1

Discussion
There has been excellent interest in the antiproliferative properties of natural products, because they are believed to be relatively non-toxic
and have been used as traditional medicines for
centuries worldwide [28]. Nowadays, over 70%
of anticancer agents are derived from natural
JBUON 2016; 21(4): 885
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Table 2. Cytotoxic activity (IC50, μg/mL*) of R. luteum extract and other test compounds (N=3)
Test compounds
R. luteum extract
Mean±SD

(+)-Catechin
Mean±SD

Cisplatin
Mean±SD

MCF-7

203.2±5.7

103.8±4.5

0.53±0.04

HepG2

50.2±1.5

243.9±1.8

2.41±0.13

WiDr

42.9±0.5

483.1±5.9

1.13±0.04

Fibroblast

196.5±2.4

185.6±2.8

4.95±0.22

*IC50 is defined as the concentration inhibiting 50% of cell growth (viability) after treatment with the R.luteum extract for 72 hrs,
according to the MTT assay.

products [29]. The genus Rhododendron, pertained
to the Ericaceae family of plants, includes more
than 1000 botanically identified species and approximately 30000 different cultivars [1,2,4]. Five
Rhododendron species are determined to growing
naturally in Turkey and especially in East Black
Sea Region, namely R.luteum, R.caucasicum, R.ponticum, R.smirnovii, and R.ungerni [5,6]. These genuses are a source of phenolic compounds, essential oils, chromones, terpenoids, and steroids [1,2].
Besides, some species of this genus are used for
medicinal purposes in Turkish and Chinese traditional medicinal system [1,6,12].
Mostly before the extraction procedure, plant
samples are treated by milling, grinding and homogenization. Several methods have been used
for extraction of active components from plant
materials. These methods are maceration, ultrasonic (sonication), soxhlet and microwave extraction. For maceration technique, organic solvents
are used to dissolve the components in plant
materials directly without producing heat, so
this technique is suitable for heat labile and heat
stable substances. Many solvents (water, ethanol, methanol, ethyl acetate, dimethyl sulfoxide,
hexane or acetone) are used to preparing plant
extracts [30]. For this reason, we have preferred
preparing DMSO extracts of flowers of R.luteum
with the maceration technique.
The determination of TPC and TFC are important in various natural products. These physicochemical methods are frequently used for evaluating the antioxidant capacities of plant samples
since they are useful, rapid and cheap assays [30].
A direct relationship has been found between
the total polyphenolic contents and the antioxidant capacity of many fruits and vegetables [31].
In our study TPC and TFC values of the extract
were found 54.2±0.38 mg GAE and 18.5±0.98 mg
JBUON 2016; 21(4): 886

QE per to g sample, respectively (Table 1). Total polyphenolic contents in methanolic extracts

of the leaves of Rhodendron genus were changed
between 37.3 and 319 mg GAE/g sample [2,12],
while the total flavonoid content values in methanolic extracts of leaves of Rhodendron genus
were found 11.5 to 137.1 mg QE/g sample [2] in
the literature. In our study FRAP values of the
extract were found 164.2±1.77 mg TE/g sample (Table 1), while FRAP values of methanolic
extracts of leaves of Rhododendron genus were
found 225-384 Catechin Equi/g sample [12] and
0.16-2.03 ascorbic acid Equi/g sample [14]. The
antioxidant activity results of the present study
are thus largely in agreement with those of other studies [2,12,14]. Small differences may have
arisen from the plant species, sampling part of
the plant, type of extraction method, geographic
region and post-harvesting conditions.
Few studies have reported about the antiproliferative activity of Rhododendron genus and
some isolated bioactive compounds from them
[3,32-36]. The effectiveness of anticancer therapy
is evaluated by the ability to initiate apoptosis
or cell cycle arrest in cancer cells. Apoptosis induction and cell cycle arrest are recommended as
main mechanisms for the anticancer activities of
natural products [22,37]. Way et al. demonstrated that different extracts of Rhododendron formosanum and its chemical constituents present
antiproliferative effects on non-small-cell lung
carcinoma cells by stimulating apoptosis [32],
while Seephonkai et al. have shown that three
isolated compounds (Ferruginenes A-C) from
Rhododendron ferrugineum have cytotoxic activity
against HL-60, HeLa-S3, and MCF-7 cancer cell
lines [33]. In another study, Li et al. found that
purified hyperin from Manchurian Rhododendron
leaves has anticancer activity against human en-

Cytotoxic effect of R. luteum

dometrial cancer cell line (RL952) by inducing
apoptosis via Ca2+-related mitochondrial apoptotic pathway [34], while Byun et al. shown that
the 70% ethanolic extract of the leaves of Rhododendron brachycarpum exhibited anticancer activity against some human cancer cell lines (A549,
AGS, Hep3B, and MCF-7) for the dose of 1 mg/
mL [36]. Recently, Way et al. reported that Cinnamtannin D1 from Rhododendron Formosanum
induces autophagy in lung cancer cells through
inhibition of Akt/mTOR and activation of ERK1/2
pathways [38].
Selectivity (no toxic effects on healthy cells)
and effectiveness (high efficacy against multiple
cancers) are the desired two main proterties from
an effective and acceptable anticancer agent [39].
For this reason in the present study we demonstrated the cytotoxic effects of R.luteum extract
against three human tumor and one human normal cell lines. In the present study, R.luteum extract
exhibited non-selective cytotoxic effect on MCF-7
cells, but it had a moderate selective cytotoxic effect against HepG2 and WiDr cells compared with
normal fibroblast cells. Our data showed that IC50
values of the extract (belonging to HepG2 and
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WiDr cells) were lower than IC50 values of (+)-Catechin and much higher of cisplatin (Table 2). The
selective cytotoxic effect of R.luteum extract may
therefore be attributed to a synergism between
polyphenolic compounds and other constituents in
the flower rather than to the effect of a specific phytochemical or a class of phytochemicals.
It is known that the Ericaceae family is a rich
resource of polyphenolic compounds, such as
caffeoylquinic acids, catechin, quercetin, myricetin, taxifolin, hyperoside, quercitrin and their derivatives [1,3,6,40].
This study is the first to report about the cytotoxic activity of R.luteum extract on cancer cells
and our results demonstrated that R.luteum might
be an novel and promising therapeutic agent for
cancer treatment in clinical practice. However,
further investigations are needed to confirm in
vivo effects and also to clarify the molecular mechanism(s) of the cytotoxic effects and the study of
individual constituents from R.luteum.
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