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ABSTRACT: The genus Rhododendron has been widely used in traditional 

medicine. Rhododendron ponticum L. (R. ponticum) contains grayanotoxins with 

diterpene qualities. The aim of this study was to investigate in vitro cytotoxic 

and antiproliferative effects of R. ponticum L. extract on glioma in a rat glioma 

cell line (F98) and to calculate the amounts of grayanotoxins I and III. 

Rhododendrons were gathered from the Eastern Black Sea region of Turkey 

during the common flowering period. Their flowers were dried under suitable 

conditions, extracted with distilled water and lyophilized. The amounts of 

grayanotoxin I and III in the common rhododendron extract were determined by 

the chromatographic method. The cytotoxic and antiproliferative activities of 

different concentrations of the R. ponticum L. extract in mitochondrial (MTT) 

and lysosomal (Neutral red) assays was evaluated in glioma F98 cell lines. It was 

determined that the R. ponticum L. extract with a grayanotoxin I amount of 

55.75 μg/kg and a grayanotoxin III amount of 7.4 μg/kg had a dose-dependent 

cytotoxic effect. IC50 was found to be 122.8 µg/ml in the MTT and 79.61µg/ml 

in the neutral red (NR) assay. Previous studies show that R. ponticum L. may 

prevent high proliferative activity of tumor cells by its cytotoxic effects. The 

predictable amounts of grayanotoxin I and/or III may be preferred as a natural 

remedy for treatment of incurable glioma, which is one of the most common 

brain tumors in humans. 

INTRODUCTION: Rhododendron is one of many 

plants of the Ericaceae family, such as, Pieris, 

Agarista and Kalmia 
1 - 2

. The Rhododendron 

species are common in many countries such as 

Turkey, Spain, Portugal, Japan, Brazil, United 

States, China and Nepal. Five Rhododendron 

species grow naturally in Turkey, including R. 

ungerni, R. luteum, R. caucasicum, R. ponticum 

and R. smirnovii 
3 - 6

.  
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Among them, R. ponticum (purple - flowered 

rhododendron) and R. luteum (yellow - flowered 

rhondendron) are commonly found especially in the 

Eastern Black Sea Region of Turkey 
1, 6 - 7

. R. 

ponticum grows mainly in the UK, Ireland, 

Bulgaria, Turkey, the Caucasus, and Lebanon, 

Spain, Portugal, Belgium, and France 
8 - 10

.  

Rhododendron family contains more than 750 plant 

species, most of which contain grayanine type 

tetracyclic diterpenes (grayanatoxins and 

romedotoxins) 
11

. The medical use of 

Rhododendron genus is limited because of its 

grayanotoxin content overall the World. Some 

species of this genus are used in Turkish and 

Chinese traditional medicine to treat lung, skin, 
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muscle, gastrointestinal, and metabolic diseases 
12 - 

13
. In addition, the flowers and fruits of R. 

tomentosum and R. molle were used as analgesic, 

anti-inflammatory, antimicrobial, antiviral, 

antifungal and insecticidal potential in ancient 

medicine (especially Chinese) 
14 - 15

.  With regard to 

the plant extracts and isolated compound, in vivo 

and in vitro studies have indicated that flavonoids 

are mainly responsible for anti-diabetic, analgesic, 

anti-inflammatory activities while diterpenes exert 

toxic, insecticidal, and cytotoxic effects 
13

. Main 

cytotoxic mechanism of the grayanotoxins is 

carried out binding to sodium channels in cell 

membranes to increase the permeability of sodium 

ions excitable membranes 
1, 16

.  

Grayanotoxins are classified into four categories. 

Among them, most toxic ones are grayanotoxin I 

has been reported to possess in vitro cytotoxicity 

and / or selectivity towards cancerous hepatoma 

and leukemia cells 
17

. However, very little is known 

about the mechanism of action associated with the 

cytotoxic effect 
13

. R. brachycarpum extracts 

anticancer activity on human cancer cell lines 

(A549, AGS, Hep3B, MCF7) in the MTT assays 
18

. 

Recently, it has been demonstrated that R. luteum 

had antiproliferative effects on human 

hepatocellular carcinoma (HepG2) and colon 

adenocarcinoma (WiDr) 
12

. 

This study aims to determine the antiproliferative 

and cytotoxic effects of R. ponticum L. extracts 

collected from Ordu province of Turkey on cancer 

cell line (F98 glioma) and to quantify the 

grayanotoxin I and III levels, which are most 

cytotoxic ones. As a herbal therapeutic, R. 

ponticum which is commonly found in floral 

habitat of Turkey might be predictable  a potential 

herbal therapeutic agent for incurable glioma 

amongst commonly central nervous system tumors. 

MATERIAL AND METHODS: 

Sample Collection: During the flowering period of 

common rhododendrons, the samples were 

gathered from the Altinordu District of Ordu in 

Black Sea Region, Turkey Fig. 1. Voucher No: 

60522 (Herbarium of Ankara University, Faculty of 

Forestry, Department of Forest Botany, Fig. 2). 

 
FIG. 1: THE DISPLAY OF BLACK SEA PROVINCES BELONGING TO R. PONTICUM HABITAT AND THE 

ALTINORDU DISTRICT OF ORDUPROVINCE IN CURRENT STUDY ON THE MAP OF TURKEY 

Plant Material and Preparation of Distilled 

Water (dH2O) Extract: The collected plants were 

identified after collection. It was dried under 

suitable conditions and then separated into leaf and 

flower Fig. 2. The flowers were powdered by 

milling and extracted using the maceration method 

with distilled water (5 g / 100 ml). The extract was 

first filtered through a 0.22 μM syringe filters 

(Sartorius Minisart
®
 RC15 Syringe Filter 17761). 

The aqueous extract was lyophilized (Alpha1-2 LD 

Christ) to yield a crude aqueous extract. The 

lyophilized extracts were stored and packed in 

freezer bags at -20 °C until tested. 
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FIG. 2: R. PONTICUM L. GATHERED FROM THE 

ALTINORDU DISTRICT 

Quantifications of Grayanotoxin I and III: The 

concentrations of grayanotoxins I and III in the 

common rhododendrons were quantified by the 

D.05.G468 method in a Chromatography Device at 

Marmara Research Center Food Institute of the 

Scientific and Technical Research Council of 

Turkey Fig. 3. 

Grayantoxins R
1
 R

2
 R

3
 

Grayantoxin I OH CH3 Acetyl 

Grayantoxin II CH2 H 

Grayantoxin III OH CH3 H 

Grayantoxin IV CH2 Acetyl 

 
FIG. 3: CHEMICAL COMPOSITION AND 

CLASSIFICATION OF GRAYANOTOXINS ARE 

POLYHYDROXYLATED CYCLIC DITERPENES  

Cell Line and Cell Culture: F98 cells (ATCC® 

CRL-2397TM) were maintained, cells were placed 

into 75 cm
2 

tissue culture flasks (BD Falcon, 

Rockville, MD, USA), and grown at 37 °C under a 

humidified 5% CO2 atmosphere in DMEM-F12 

(Thermo Fisher Scientific, USA) with 2 mM L-

glutamine, 10% fetal bovine serum, and 1% 

penicillin-streptomycin (10,000 U/ml penicillin and 

10 mg/ml streptomycin) (Thermo Fisher Scientific, 

Waltham, MA, USA). 

Cell Viability and Cytotoxicity Assays: Cell 

viability was measured using MTT (3- [4, 5-

dimethylthiazole-2- yl]-2, 5-diphenyltetrazolium 

bromide; thiazolyl blue) and Neutral Red (NR) 

assays. F98 cells were seeded in 96-well plates (3 × 

10
5
 cell /mL). After culturing overnight, cells were 

incubated with the test compounds at various 

concentrations of rhododendron’s lyophilized 

extract (6, 12, 25, 50, 100, 500, 1000 and 2000 

µg/mL in DMEM-F12), the medium only and 0.1% 

Triton X-100 served as negative and positive 

controls for 24 hours. Each concentration was 

tested in triplicate. MTT and Neutral Red stock 

solutions were prepared at a concentration of 

5mg/mL in PBS and 40 µg/mL in DMEM. MTT 

and NR test working solutions (15 μL for MTT, 

100 μL for NR) were added to each well for 2 

hours at 37 °C. After treatment, the solution was 

removed and Neutral red assay plates were washed 

with PBS. Then, they were incubated with 100 μL 

of a solubilizing solution (DMSO for MTT, Destain 

for NR) at 37 °C overnight. Cell viability was 

measured at 540 nm wavelength using the Spectra 

Max i3/i3x Multi-Mode Detection Platform 

(Molecular Devices, Sunnyvale, California, USA.).  

Cytotoxicity was assessed with regard to the 

untreated cell control which was set to 100% 

viability (MaxV). The dead cell control (Triton-X) 

was set to 0% viability (MinV). The degree of 

inhibition of the growth of extract treated cells is 

expressed as a percentage of the untreated cell 

control.  

The cytotoxicity formula is the following: 

Cytotoxicity (%) = [1 – (test – MinV) / (MaxV – 

MinV)] x100 
19

. 

Statistics: All study data were obtained from three 

independent experiments. IC50 values were 

calculated using the GraphPad Prism software, 

version 7.03 and the inhibition curves as regression 

analysis was obtained. IC50 values were calculated 

by the interpolation of experimental data. 

RESULTS: 

Evaluation of Cytotoxicity using the MTT and 

NR Assays: It was determined that the extract 

containing 55.75 μg/kg grayanotoxin I and 7.4 

μg/kg grayanotoxin III had a dose-dependent 

cytotoxic effect.  

Evaluation of Cell Proliferation and Viability 

Rate: To determine the cytotoxic activities of R. 

ponticum extract, an in vitro assay was performed 

https://en.0wikipedia.org/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRGl0ZXJwZW5l
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using rat glioma cancer cell lines (F98). IC50 of the 

extract was found to be 122.8 µg/ml in MTT assay 

and 79.61 µg/ml in Neutral Red assay. The IC50 

values demonstrated that the R. ponticum extract 

exhibited selective cytotoxic effect on the glioma 

cells Figs. 4 - 6. 

  
FIG. 4: CYTOTOXICITY PERCENTAGE (%) VALUES OF MTT AND NEUTRAL RED ASSAYS 

 
FIG. 5: ACCORDING TO MTT AND NR ASSAYS, THE COMMON RHODODENDRONS WERE MORE 

EFFECTIVE ON THE MITOCHONDRIAL PATHWAYS AT HIGHER DOSES AND LYSOSOMAL PATHWAYS AT 

LOWER DOSES. IN THE NR AND MTT ASSAYS, CELL VIABILITIES DRAMATICALLY DECRASED AS THE 

CONCENTRATION REACHED 2000 mg/ml, HOWEVER, THE REDUCTION WAS MORE PRONOUNCED IN NR 

DISCUSSION: There is an increasing interest in 

the antiproliferative properties of natural products 

since they are believed to be non-toxic and are 

widely used as traditional medicines in the world 
20

. It is known that these plants have low toxic 

effects on mammals and they are used against 

inflammation, pain, skin diseases, common fever, 

and gastrointestinal system disorders in the 

traditional medicines of Asian, North American, 

and European countries 
13

. The extracts of 

Rhododendron species and some isolated bioactive 

compounds reportedly possess some anti- 

proliferative activities 
12, 18, 21 - 23

. 

In a study, R. brachycarpum exerted anticancer 

activity on human cancer cell lines such as A49, 

AGS, Hep3B, and MCF-7 
18

. Demir et al., (2016) 

showed that R. luteum had antiproliferative effects 

on human hepatocellular carcinoma (HepG2) and 

colon adenocarcinoma (WiDr) cancer lines. 

Grayanotoxins (GTXs), which are composed of 

most actively tetracyclic diterpenoid compounds of 

Rhodendron sp., are thought to be responsible for 

anticancer activity. The efficacy as an anticancer 

therapy is more related to the ability in initiation 

apoptosis or induction cell cycle arrest in cancer 

cells 
13, 22 - 23

. Grayanotoxins (GTXs) also cause the 

inhibition of all catalytically active mammalian 

carbonic anhydrase (CA, EC 4.2.1.1) isoforms, 

especially on cytosolic isoforms CAI and II 
24

. CAs 

appears to be almost ubiquitously expressed in 

living organisms. Sixteen CA isoforms have been 

identified in mammals, many of which are 

implicated in a wide array of physiological 

processes. These isoforms are important therapeutic 

targets in human pathological conditions because of 

their potential utility 
25, 26

.  
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FIG. 6: IMAGES OF CELLS AT DIFFERENT DOSES OF THE COMMON RHODODENDRON EXTRACT  

In this study, R. ponticum L. extract containing 

GTX I and III showed cytotoxic effects on F98 

glioma cells, possibly by exerting catalytic activity 

on cytosolic CAs. Especially, the cytoplasms of 

glioma cells incubated 24 hr and at dosages of 6, 

12, 25, 50, 100, 500, 1000, and 2000 µg/mL were 

degenerated. According to these results, the cell 

viability percentages were found with MTT 

88.84%, 78.94%, 72.99%, 63.07%, 46.12%, 

32.26%, 15.63%, and 12.04% in MTT assay and 

93.38%, 90.83%, 69.44%, 56.17%, 42.42%, 

20.06%, 12.18%, and 7.19% in NR assay, 

respectively. The degeneration was mostly of a 

hydropic one and/or involved acute cell swelling. 

Hydropic degeneration and acute cell swelling are 

known to be more related with impaired cellular 

oxygenation 
27

. Therefore, it has been 

mechanistically thought that increasing CO2 levels 

in the cytosol due to the absence of any catalytic 

activity induce degeneration in cancer cells.  

Our study for the first time demonstrated the 

cytotoxic effect of the R. ponticum extract on the 

cancer cell line by means of GTx I and III. In the 

NR test, GTx I and III found in R. ponticum extract 

reduced activity in mitochondria, which is the 

respiratory center of the cell, so it was obvious that 

acute cell swelling in glioma cells occurred due to 

disruption of cellular oxygenation in the cells. This  

suggests that R. ponticum can prevent cancer cell 

proliferation. According to the current results, R. 

ponticum may be a new and promising natural 

therapeutic agent for treatment of several cancers. 

Particularly, the anti-proliferative effect on glioma, 

an aggressive, common (80% of malignant tumors) 

central nervous system tumor in humans, might be 

a new remedy for cure. At least, survival time 

might be prolonged by combating of current 

compounds with cancer cells. When it is considered 

that the median overall survival of glial tumors is 

approximately 1.5 to 3.5 years, this therapy may 

provide a significant contribution to prolong 

survival of patients with central nervous system 

tumors. However, further in vivo experimental 

models are needed to confirm these anti-

carcinogenic activities. Several clinical trials on 

cancer patients can be initiated after the 

comparative evaluation of the results of in vivo and 

in vitro studies with R. ponticum.  

CONCLUSION: In conclusion, as a herbal 

therapeutic, R. ponticum is considered highly useful 

because it is found abundantly in the natural 

environment of Turkey and processed with very 

low costs. 
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