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SUMMARY 

Objective: Gliomas are brain tumors with high morbidity and mortality. For the treatment of gli-

omas, it is important to develop new and powerful treatments that could complement existing 

clinical treatment. Lonicera caprifolium L. (L. caprifolium) has various uses in herbal traditional 

medicine. This study was conducted to determine the phenolic acid levels and DNA damage pro-

tection potential of L. caprifolium extract, and to explore the antitumor effect of the extract by 

investigating its toxicity on C6 rat glioma cell lines and normal L929 mouse fibroblast cell lines. 

We also aimed to investigate the antiangiogenic potential of the extract.  

Method: Phenolic acid content was determined by HPLC analysis. DNA damage protection po-

tential was evaluated on pBR322 plasmid DNA. The effect of extracts on the proliferation of can-

cer cells was evaluated by XTT assay. Antiangiogenic effect was determined with Chorioallantoic 

membrane model.  

Results: The extract was found rich in vanillic acid (273.003 µg/g); while the amount of chloro-

genic acid was almost at negligible level (0.028 µg/g). 0.005-0.05 mg / ml extract protected 

against the hazardous effects of UV and H2O2 in all DNA bands. The presence of the extract sig-

nificantly reduced C6 cell proliferation compared to control (p<0.05). The extract had antiprolifer-

ative effect with a half maximum inhibition of concentration (IC50) value of 0.45 mg/ml. L. capri-

folium extract in 10-6, 10-5 and 10-4 M concentrations caused antiangiogenic effect. Antiangiogenic 

scores of L. caprifolium were 0.6, 0.73 and 1.6, respectively.  

Conclusions: These results show that L. caprifolium has potential cytotoxic and antiangiogenic 

effect on C6 rat glioma cells and that the phenolic acid content of the plant may partially influence 

these activities.  

Keywords: Glioma, Lonicera caprifolium, angiogenesis, cytotoxic effect, phenolic acid 
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ÖZET 

Amaç: Gliomolar yüksek morbitite ve mortalite oranı olan beyin tümörleridir. Gliomaların tedavi-

si için, mevcut klinik tedaviye tamamlayıcı olabilecek yeni ve güçlü tedavi çözümleri geliştirmek 

önemlidir. Lonicera caprifolium L.’nin (L. caprifolium) bitkisel geleneksel tıpta çeşitli kullanımla-

rı vardır. Bu çalışma, Lonicera caprifolium L. (Bahçe Hanımelisi) ekstraktının fenolik asit düzey-

lerini ve DNA hasarı koruma potansiyelini belirlemek ve C6 sıçan glioma hücre hatları ve normal 

L929 fare fibroblast hücre hatları üzerindeki toksisitesinin inceleyerek Lonicera caprifolium ekst-

raktının anti-tümör etkisini araştırmak için gerçekleştirilmiştir. Bu çalışmada ayrıca ekstraktın anti-

anjiyogenik potansiyelinin araştırılması amaçlanmıştır.  

Yöntem: Ekstraktların fenolik asit içeriği, HPLC analizi ile tespit edildi. DNA hasarı koruma 

potansiyeli pBR322 plazmid DNA üzerinde değerlendirildi. Ekstraktın kanser hücrelerinin prolife-

rasyonu üzerindeki etkisi XTT testi ile değerlendirildi. Anti-anjiyogenik etki koryoallonterik 

membran modeli ile tespit edildi.  

Bulgular: Ekstrakt vanillik asitten (273,003 µg/g), zengin bulundu; klorogenik asit miktarı hemen 

hemen göz ardı edilebilir seviyede (0,028 µg/g) tespit edildi. 0.005-0.05 mg/ml aralığındaki ekst-

rakt, tüm DNA bantlarını UV ve H2O2’  nin tehlikeli etkisine karşı korudu. Kontrol grubu ile karşı-

laştırıldığında ekstraktın varlığı önemli ölçüde C6 hücre çoğalmasını azalttı (p<0.05). Ekstraktın, 

0.45 mg / ml yarı maximum inhibisyon konsantrasyon  (IC50) değerinde antiproliferatif etkisi 

gözlendi.  Lonicera caprifolium ekstraktı 10-6, 10-5 ve 10-4 M konsantrasyonlarda anti-anjiyogenik 

etkiye neden oldu. Lonicera caprifolium ekstraktının anti-anjiyogenik skorları sırasıyla 0.6, 0.73 

ve 1.6 idi.  

Sonuç: Bu sonuçlar,  Lonicera caprifolium’un C6 sıçan glioma hücreleri üzerinde potansiyel sito-

toksik ve anti-anjiogenik etkisi olduğunu göstermektedir ve bu aktivitelerde bitki fenolik asit içeri-

ğinin, kısmen, etkisi olabilir.  

Anahtar sözcükler : Glioma; Lonicera caprifolium; Anjiogenez; Sitotoksik etki; Fenolik asit 

 

INTRODUCTION 
Gliomas are the most common malignant 
brain tumor with high morbidity and mor-
tality1. These tumors arise from glia cells 
in the central nervous system and because 
of their infiltrative nature they surround the 
brain tissue which usually makes surgical 
removal impossible2. Adjuvant therapies 
like radiotherapy and chemotherapy are 
generally needed to control the disease but 
there is often therapeutic resistance3. Also 
for disease control, therapeutic agents 
against specific targets such as epidermal 
growth factor receptor (EGFR) inhibitors, 
monoclonal antibody (bevacizumab) and 
vascular endothelial growth factor inhibi-
tors are used4, 5. Despite treatment, gliomas 
recur early and the median survival is still 
low for patients with malignant gliomas6. 
Therefore for the treatment of malignant 
gliomas, it is important to identify new and 
potent therapeutic solutions which may be 
a useful supplementary to the current clini-

cal therapy.  

Lonicera caprifolium L. (L. caprifolium), 
goat-leaf honeysuckle is a species of flow-
ering plants belonging to Caprifoliaceae 
family.  It is native to Europe but grown 
around the world. It is a deciduous climber 
growing up to 8 meters with oval, blue-

green leaves, trumpet shaped cream-
colored flowers followed by yellow to red 
berries, appearing in midsummer. There is 
essential oil of Lonicera in the content of 
many herbal medicinal and cosmetic prep-
arations. Flower, seeds and leaves of hon-
eysuckle were used in herbal traditional 
medicine to treat bacterial and viral infec-
tions, inflammation and also used for anti-
oxidant activities7, 8. There are pharmaco-
logical studies that have used plant extracts 
or essential oil to approve these proper-
ties9-11. However the effects of L. caprifo-
lium on DNA damage, cancer cell prolifer-
ation and angiogenesis are not yet known.  

Phenolic acids and their analogs are widely 
distributed in many vegetables and fruits 
and they are a class of compounds with 
many pharmacological functions12-15. Re-
active oxygen species have a wide variety 
of pathological effects such as carcinogen-
esis, DNA damage and cell degeneration 
related to aging.  It has been suggested in 
many in vitro and in vivo studies that die-
tary phenolic acids could protect and also 
inhibit the oxidative stress by scavenging 
free radicals and exposing antioxidant 
capacity16-19. The inhibition of carcinogen-
esis by phenolic compounds has revealed 
oncoprotective properties beneficial for the 
use of nutraceuticals in cancer therapy. 
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The body immune system can be enhanced 
by the phenolics to destroy cancer cells. 
Phenolics can also inhibit the development 
of angiogenesis that is necessary for tumor 
growth and also decrease adhesiveness and 
invasiveness of cancer cells. The possible 
mechanisms for the oncoprotective effect 
of these phenolics are multi-faceted and 
include antioxidant effects, steroid receptor 
binding, direct interaction with intracellu-
lar elements, aryl hydrocarbon receptor 
binding and regulation of growth factor-
receptor interactions and cell signaling 
cascades14, 20, 21. The potential value of 
natural compounds has leaded to search 
compounds with strong antioxidant capaci-
ty but low cytotoxicity. 

To the best of our knowledge there has 
been no study that has investigated the 
anticancer effect of L. caprifolium on gli-
oma cells. Therefore the objective of the 
present study was to determine the phenol-
ic acid levels and DNA damage protection 
potential of L. caprifolium extract and to 
explore the antitumor effect of L. caprifo-
lium extract by investigating its effects on 
cell growth pattern and their toxicity on C6 
rat glioma cell lines and normal mouse 
fibroblast cell lines. Additionally we also 
aimed to investigate the antiangiogenic 

potential of L. caprifolium extract. 

MATERIALS AND METHODS 

Plant material and sample preparation 

The aerial parts of L. caprifolium were 
collected from southeast region of Turkey 
(Batman center, 550 m) in June 2012. 
Plant material was scientifically identified 
by a senior taxonomist, Dr. Erol Dönmez, 
from Department of Biology, Faculty of 
Science, Cumhuriyet University, Sivas-
TURKEY. The collected material was 
dried in an environment with no direct 
sunlight and good air flow and grounded 
by a blender. The air-dried and grounded 
samples were extracted by using a method 
described by Sokmen et al.22,. The sample, 
weighing about 100 g was extracted in a 
Soxhlet apparatus with methanol (MeOH) 
at 60 ºC for 6 h. Because of the polar char-
acteristics of phenolic acids, the extract 
was further fractionated with chloroform 
and distilled water.  Water sub-fraction 

was frozen and eventually, it was lyophi-
lized and kept in the dark at +4 ºC until 

tested.  

Determination of phenolic acid levels of 

extracts 

The analysis of phenolic acids was em-
ployed according to the method described 
by Ozturk et al.23 with a slight modifica-
tion using an Agilent HPLC series 1200 
(Agilent, Waldbronn, Germany). The sepa-
ration of gallic (GA), protocathechuic (pro-
toCA), p-hydroxy benzoic (p-hydBA), 
vanillic (VA), caffeic (CA), chlorogenic 
(ChA), syringic (SA), p-coumaric (p-
COU), ferulic (FA), o-coumaric (o-COU), 
rosemarinic (RMA) and trans-cinnamic (tr-
CIN) acids was performed on an Agilent 
Zorbax Eclipse XDB-C18 column (150 
mm, 4.6 mm i.d., 5 µm particle size). The 
chromatographic conditions were: flow 
rate 1 mL / min, sample injection volume 
of 5 µL, operation temperature of 23 ºC, 
UV detection at 280 nm and mobile phase  
A (methanol : water : formic acid (10 : 88 : 
2, (v/v)) and B (methanol : water : formic 
acid (90 : 8 : 2, (v/v)). A gradient program 
was used as follows: 100% A; 0 - 20 min, 
changed to 80% A; 25 - 50 min, to %50 A; 
50 - 54 min, followed by isocratic elution 
of 50% A; 54 - 64 min, 0% A; and 64 - 70 
min, %100 A. The results were evaluated 
with regard to the areas of the peaks and 
their retention times. Quantitation was 
based on calibration curves built for each 
of the compounds identified in the sam-
ples.  

Determination of DNA damage protection 

potential of extracts 

DNA damage protection potential of the 
extract was evaluated on pBR322 plasmid 
DNA (vivantis). Plasmid DNA was oxi-
dized with H2O2 + UV treatment in the 
presence of extracts and checked on 1% 
agarose gels according to Russo et al.24  
after some modifications. In brief, the ex-
periments were performed in a volume of 
10 μl in a microfuge tube containing 3 
μlpBR322 plasmid DNA (172 ng/μl), 1 μl 
of 30% H2O2, and 5 μl of extract in the 
concentrations of 0.005, 0.01, 0.02, 0.04 
and 0.05 mg/ml, respectively. The reac-
tions were initiated by UV irradiation and 
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continued for 5 min on the surface of a UV 
transilluminator  (DNR-IS) with an intensi-
ty of 8000 μW/cm2 at 302 nm at room 
temperature. After irradiation, the reaction 
mixture (10 μl) along with gel loading dye 
(6×) was loaded on a 1% agarose gel for 
electrophoresis. Untreated pBR322 plas-
mid DNA was used as a control in each 
run of gel electrophoresis along with par-
tially treated plasmid, i.e. only UV or only 
H2O2 treatment. Gels were stained with 
EtBr and photographed with the Gel doc-
umentation system (DNR-IS, MiniBIS 

Pro). 

Cell lines and reagents 

Rat glioma (C6) cell lines and mouse fi-
broblast (L929) cell lines were supplied 
from ATCC (American Type Culture Col-
lection, USA). Dulbecco’s modified Ea-
gle’s medium (DMEM), fetal bovine se-
rum (FBS) and sterile phosphate buffer 
saline (PBS) were purchased from PAA 
Ltd. (France). Trypsin-EDTA was pur-
chased from Biological Industries Ltd. 
(Haemek, Israel). RPMI-1640 without 
phenol red and L-glutamine–penicillin–
streptomycin solution were purchased from 
Sigma-Aldrich (Steinheim am Albuch, 
Germany). XTT reagent (2,3-bis-(2-
methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide) was pur-

chased from Roche Diagnostic.  

In vitro cytotoxicity assay 

Cell culture 

The cytotoxicity of the L. caprifolium was 
tested against, C6 rat glioma cell lines and 
L929 mouse fibroblast cell lines. The cells,  
which were adherent cell lines and grow as 
monolayers, were routinely cultured in low 
glucose Dulbecco’s modified Eagle medi-
um(DMEM) supplemented with 10% heat-
inactivated fetal bovine serum (FBS), 1% 
L-glutamine, 100 IU/mL penicillin and 10 
mg/mL streptomycin in 25cm2 polystyrene 
flasks and maintained in a humidified in-
cubator containing 5% CO2 at 37 °C. 
Growth and morphology were monitored 
and cells were passaged when they had 

reached 90% confluence. 

 

Cell proliferation assay 

In order to determine L. caprifolium toxici-
ty on C6 cancer cells and L929 fibroblast 
cells, the Roche Cell proliferation Kit II 
(Roche, Mannheim, Germany) was used. 
This method is as sensitive as radioactive 
assay with a significantly lower inter- and 
intra-tester variability25. Initially, the can-
cer cells were seeded at a density of 1x104 

cells per well in a 96-well flat bottom plate 
in 100 µl of culture medium and was al-
lowed to adhere for 24h incubation in in-
cubator before treatment. Then these cells 
were administrated with L. caprifolium at 
six different concentrations ranging from 2 
mg/ml to 0, 0625 mg/ml at 24h. After in-
cubation, the medium was removed and 
wells were washed twice with 200 μl 
phosphate buffered saline (PBS). At the 
end of these periods, for determination of 
living cells, 100 μl RPMI and 50 μl XTT 
labeling mixture were added to each well 
and incubated again for 4h at 37 oC. After 
this incubation period, the absorbance of 
the samples was measured using micro 
plate (ELISA) reader at 450 nm against the 
control (the same cells without any treat-
ment). The cell viability was expressed in 

% related to control (100% of viability). 

Angiogenesis assay using chorioallantoic 

membrane (CAM) assay 

Preparation of the pellets 

L. caprifolium extract were prepared and 
mixed with agarose in order to form pellet. 
The agarose (Merck, Damstadt, Germany) 
is added to distilled water to obtain a 2.5% 
(w/v) solution. This solution is put into the 
autoclave in 121 °C and under 1 atmos-
pheric pressure to provide dissolution and 
sterilization. Then, it is let to be cooled in a 
sterile container up to 37 °C. The extract 
used in the study is added at this stage. 
Appropriate volumes of solutions were 
used to achieve three different concentra-
tions of L. caprifolium extract (100 nM, 10 
nM and 1 nM per 10 μl pellet). Approxi-
mately one hundred pellets for each study 
set are used. Thus, approximately 1 ml of 
combined agar and drug solution (10 
μl×100=1 ml) was prepared initially for L. 
caprifolium extract. The extract solutions 
with 10 nM and 1 nM concentrations were 
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prepared by diluting these initial mixtures 
ten folds with the agarose solution again. 
Using a micropipette, 10 μl drops of this 
mixed solution were placed on previously 
sterilized, vertical, cylindrical stainless 
steel rods which were 5 mm in diameters 
to obtain circular pellets with the same 
diameter.  Then the pellets were let to be 
solidified at room temperature in a sterile 

setting.  

Chicken chorioallantoic membrane 

(CAM) assay 

Ross 308 strain fertilized hens’ eggs were 
obtained from Yemsel Poultry Company 
(Kayseri, Turkey).The work described has 
been carried out in accordance with EU 
Directive 2010/63/EU for animal experi-
ments and the study protocol was approved 
by the Cumhuriyet University Animal 
Ethics Committee. The fertilized hens’ 
eggs were incubated in horizontal position 
with environmental conditions of 37.5 °C 
temperature and 80% relative humidity. On 
the fifth day of the incubation period, 5 ml 
of albumen was taken through the eggshell 
with a syringe [Figure 1a] and a shell piece 
of 2–3 cm in diameter was removed from 
the contrary side of the eggs. Normal de-
velopment of the CAM was verified [Fig-
ure 1b] and malformed or dead embryos 

were excluded. The windows on the egg 
shells were sealed with gelatin and thereaf-
ter, the eggs were incubated for 72 more 
hours to have CAM reaching 2 cm in di-
ameter. Subsequently (on day 8), the seal 
was removed and the pellets were placed 
on the chorioallantoic membrane of each 
egg [Figure 1c]. The seal was placed again 
and the eggs were then incubated for 24 
hours. The angiogenesis level was evaluat-
ed after that period. For each concentration 
of drugs, twenty eggs were used. As the 
negative control group, pellets containing 
just agar were utilized. As the positive 
control group, pellets containing bevaci-
zumab, FDA approved antiangiogenic 
agent, was used. All the tests were dupli-
cated. The eggs in which the pellets caused 
inflammation and embryo toxicity were 

excluded. 

Angiogenesis scoring 

The inhibitory effects of the drugs were 
determined with a stereoscopic microscope 
according to the scoring system used in a 
number of studies26, 27. In this system, the 
change in the density of the capillaries 
around the pellet and the extent of the ef-
fect are assessed [Figure 1d]. For each 
subject initial scoring was evaluated as 

follows:  
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Figure 1- (A) Albumen is removed with a syringe; (B) The appearance of the 

chorioallantoic membrane (CAM) through a window on the egg Shell (x8); (C) 

The placment of the pellet on the CAM(x8); (D) Inhibition of the capillaries on 

the CAM (score:1) by the Lonicera caprifolium L. extract (x8), 247 x 47mm (300 

x 300 DPI). 

 

Score 0: indicated the absence of any de-
monstrable antiangiogenic effect (normal 
embryo and no difference in surrounding 
capillaries). 

Score 0.5: represented a very weak antian-
giogenic effect (no capillary-free area but 
an area with reduced density of capillaries 

which is not larger than the pellet area). 

Score 1: a weak moderate antiangiogenic 
effect (a small capillary-free area or a 
small area with significantly decreased 
density of capillaries; less than double the 

size of the pellet is involved). 

Score 2:  a strong antiangiogenic effect (a 
capillary free area around the pellet which 
is equal to or more than double the size of 

the pellet itself). 

The equation used for the determination of 
the average score was as follows: Average 
score= (Number of eggs (Score 2) ×2 + 

Egg number (Score 1) ×1] / [Total number 
of eggs (Score 0, 1, and 2)]. According to 
this scoring system, a score of < 0.5 meant 
that there was no antiangiogenic effect; a 
score of 0.5 to 1 indicated a weak antian-
giogenic effect, and a score of >1 implied a 

strong antiangiogenic effect.  

Statistical analysis 

The cytotoxicity results expressed as mean 
± standard error (SEM) of three replicates 
were analyzed statistically by using one-
way analysis of variance (ANOVA) at 
95% confidence levels for multiple com-
parisons. Tukey test has been used as post-
hoc test. P values less than or equal to 0.05 
were considered to be statistically signifi-
cant. The scores of angiogenesis were 
compared with Kruskal-Wallis ANOVA 
test and Mann-Whitney U test. A p value 
of less than 0.05 was considered as statisti-
cally significant. 

 



12 
 

 CMJ Cumhuriyet Medical Journal 

RESULTS 

Phenolic acid levels of extracts 

In this study, amounts of gallic, protocate-
chuic, p-hydroxybenzoic, vanillic, caffeic, 
chlorogenic, syringic, p-coumaric, ferulic, 
o-coumaric, rosmarinic and trans-cinnamic 
acids were quantified in methanol extracts 
of L. caprifolium.  Methanol extract ob-
tained from the plant was also further frac-
tionated with equal amounts of chloroform 
and distilled water. By this way, non-polar 
phytochemicals were eliminated from the 
target extract. Polar phytochemicals 
brought together within the water fraction 
was lyophilized and stored at 4oC until 
tested and analyzed. In L. caprifolium ex-
tract, chlorogenic acid and vanillic acid 
was determined. The amount of vanillic 
acid was remarkable (273.003 µg/g) in the 
L. caprifolium extract; however, the 
amount of chlorogenic acid was negligible 

(0.028 µg/g) [Figure 2]. 

 
Figure 2- HPLC chromatogram showing 

phenolic acids available in Lonicera caprifo-

lium L. [1: Vanillic acid, Rt (minute): 13.664, 

Source of confirmation: UV, 2: chlorogenic 

acid, Rt (minute); 15.759, IS: Internal 

Standard, Rt (minute): 53.531]. 

 

DNA damage protection potential of ex-

tracts 

Figure 3 shows the electrophoretic pattern 
of DNA after UV-photolysis of H2O2 in the 
absence and presence of the aqueous ex-
tract of L. caprifolium. DNA derived from 
pBR322 plasmid showed two bands on 
agarose gel electrophoresis (column 1) the 
faster moving band corresponded to the 
native form of supercoiled circular DNA 
(scDNA) and the slower moving band 
corresponded to the open circular form 
(ocDNA). The UV irradiation of DNA in 
the presence of H2O2 (column 3) resulted 
in the cleavage of ocDNA to a faint linear 

DNA and smears on the agarose gel, indi-
cating that the OH· generated from UV-
photolysis of H2O2 produced DNA strand 
scission.  

The addition of 0.005, 0.01, 0.02, 0.04and 
0.05 mg/ml L. caprifolium extract showed 
a significant DNA damage protection po-

tential [Figure 3; columns 5, 6, 7, 8 and 9]. 

 

Figure 3- Electrophoretic pattern of pBR322 

plasmid DNA after treatment with UV and 
H2O2 in the presence of Lonicera caprifolium 

aqueous extract. The addition of 0.005, 0.01, 
0.02, 0.04 and 0.05 mg/ml Lonicera caprifoli-

um extract showed a significant DNA dam-

age protection potential on columns 5, 6, 7, 8 

and 9. 

Column 1: plasmid DNA (3 µl) + dH2O (6 
µl), Column 2: plasmid DNA (3 µl) + 
dH2O (6 µl) + UV, Column 3: plasmid 
DNA (3 µl) + dH2O (6 µl) + UV + H2O2 (1 
µl), Column 4: plasmid DNA (3 µl) + 
dH2O (6 µl) + H2O2 (1 µl), Column 5: 
plasmid DNA (3 µl) + aqueous extract 
(0.005 mg/ml) (5 µl) + UV + H2O2 (1 µl), 
Column 6: plasmid DNA (3 µl) + aqueous 
extract (0.01 mg/ml) (5 µl) + UV + H2O2 
(1 µl), Column 7: plasmid DNA (3 µl) + 
aqueous extract (0.02 mg/ml) (5 µl) + UV 
+ H2O2 (1 µl), Column 8: plasmid DNA (3 
µl) + aqueous extract (0.04 mg/ml) (5 µl) + 
UV + H2O2 (1 µl), Column 9: plasmid 
DNA (3 µl) + aqueous extract (0.05 

mg/ml) (5 µl) + UV + H2O2 (1 µl). 
 

In vitro cytotoxicity of L. caprifolium 

extract 

Cytotoxicity of the extract was tested both 
on C6 cell lines and L929 cell lines by 
XTT assay. In the presence of extract at 
0.125, 0.25, 0.5, 1 and 2 mg/ml concentra-
tions reduced significantly C6 cell prolif-
eration (p<0.05) when compared with the 
control group. The value of IC50 of L. cap-
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rifolium in C6 cell lines was found as 0.45 
mg/ml. Results are shown in Figure 4 and 
Table 1. In the presence of extract at 
1mg/ml concentration increased signifi-
cantly L929 cell proliferation (p<0.05) 
when compared with the control group. 

Results are shown in Figure 5 and Table 2. 

 

 

 

Figure 4- Antitumor activity of dif-

ferent concentrations of Lonicera 

caprifolium on C6 cell line as estimat-

ed by XTT assay (24h). * p< 0.05 

versus all groups. 

 

 
Table 1- Anticancer activity of Lonic-

era caprifolium as %  cell viability 

after 24h 

Control  100 

0.0625 (mg/ml) 93,77 ± 2,43 

0.125 (mg/ml) 75,36 ± 2,92 

0.25 (mg/ml) 55,52 ± 2,17 

0.5 (mg/ml) 49,43 ± 2,16 

1 (mg/ml) 31,09 ± 0,54 

2 (mg/ml) 23,97 ± 0,63 

 

 

 

Figure 5- In vitro cytotoxicity of dif-
ferent concentrations of Lonicera 

caprifolium on L929 cell line as esti-

mated by XTT assay (24h). * p< 0.05 

versus all groups. 

 

Table 2- In vitro cytotoxicity of 
Lonicera caprifolium as %  cell 

viability after 24h 

Control  100 

0.0625 (mg/ml) 98,07 ± 2,48 

0.125 (mg/ml) 104,42 ± 1,74 

0.25 (mg/ml) 98,87 ± 1,77 

0.5 (mg/ml) 105,01 ± 0,99 

1 (mg/ml) 112,80 ± 3,60 

2 (mg/ml) 92,97 ± 2,24 

 

Determining antiangiogenic effects 

of L. caprifolium extract 

The eggs on which a 10 μl agarose pellet 
with no plant extract was installed demon-
strated no significant antiangiogenic effect 
(average antiangiogenic score=0.1). All the 
study extracts demonstrated some antian-
giogenic effect compared to the negative 
control (p<0.05) (Data not shown). Figure 
6 shows the antiangiogenic scores of L. 
caprifolium extract in 10-6, 10-5 and 10-4 M 
concentrations. L. caprifolium extract in 
10-6, 10-5 and 10-4 M concentrations caused 
antiangiogenic effect. Antiangiogenic 
scores of L. caprifolium were 0.6, 0.73 and 
1.6, respectively. These scores show that L. 
caprifolium caused concentration depend-
ent antiangiogenic effect on CAM. As 
shown in the scatter graph, the antiangio-
genic score with the 10-4 M of L. caprifoli-
um extract was significantly higher than 
10-6 M concentration (p<0.05) [Figure 6]. 
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Figure 6- The antiangiogenic scores of Lonicera caprifolium extracts within the 

concentrations of 10-6, 10-5, 10-4 M. Beva (bevacizumab) is used as a positive con-

trol. 

 

DISCUSSION 

Malignant gliomas represent the most 
common and devastating types of primary 
brain tumors with an annual incidence of 
5.26 per 100 000 population2. They have 
poor prognosis and also negative repercus-
sions on cognitive functions and quality of 
life. The World Health Organization classi-
fies the gliomas as astrocytomas, oli-
godendrogliomas, ependymomas and oli-
go-astrocytomas (mixed gliomas)28. Astro-
cytomas are also divided as follows: grade 
1, pilocytic; grade 2, diffuse; grade 3, ana-
plastic; and grade 4, glioblastoma multi-
forme (GBM). Glioblastomas account for 
60-70% of all gliomas. Gliomas are seen in 
all age groups, but they are lot more com-
mon in the sixth through eight decades of 
life and the disease is more common 
among men when compared to women. 
Current treatment is difficult both because 
of the invasiveness of the glioma into other 
brain tissue and high recurrence rates29 

[29].  

Treatment options are expanding and im-
proving for this disease, but due to the 
limited understanding of the biology of the 
disease there has not been any major in-

crease in the survival rate of patients30. The 
first step of the treatment includes surgical 
resection which is followed by radiothera-
py and chemotherapy. However because of 
tumor location or widespread of disease in 
brain, surgery is not indicated for a majori-
ty of patients. Also because of invasion of 
cells radiotherapy can miss many of the 
tumor cells. Gene therapy including viro-
therapy, the use of stem cells and exo-
somes are novel developing adjuvant ther-

apies for this cancer31, 32. 

In this study, we determined the phenolic 
acid levels and DNA damage protection 
potential of L. caprifolium extracts in addi-
tion to its antitumor effect by investigating 
on cell growth pattern and toxicity on C6 
rat glioma cell lines and normal mouse 
fibroblast cell lines. Additionally we de-
termined the antiangiogenic potential of L. 
caprifolium extract. To the best of our 
knowledge, DNA damage protecting po-
tential, cytotoxic and antiangiogenic effect 
of L. caprifolium has not been previously 

reported. 

There is great interest to natural products 
because of their potential anticancer activi-
ties. Phenolic compounds in natural com-
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pounds can inhibit carcinogenesis by de-
stroying cancer cells and inhibiting angio-
genesis. These compounds can also de-
crease invasiveness of cancer cells20. In 
this study, gallic, protocatechuic, p-
hydroxybenzoic, vanillic, caffeic, chloro-
genic, syringic, p-coumaric, ferulic, o-
coumaric, rosmarinic and trans-cinnamic 
acids were investigated in methanol ex-
tracts of, L. caprifolium. According to 
HPLC analysis, vanillic acid (273.003 
µg/g) and chlorogenic acids (0.028 µg/g) 
were determined at a total amount of 
273.031µg/g in L. caprifolium extract. The 
amount of vanillic acid was remarkable 
however, the amount of chlorogenic acid 
was negligible. Vanillic acid (4-hydroxy-3-
methoxybenzoic acid), an oxidized form of 
vanillin, is a benzoic acid derivative from 
edible plants and fruits. It is a medicinal 
compound which is widely used in tradi-
tional medicine for ulcer, fever, hyperten-
sion, inflammation and cancer. Vanillic 
acid is a strong antioxidant because of the 
presence of the carboxyl group33. Previous-
ly the cardioprotective effect of vanillic 
acid via free radical scavenging, antioxi-
dant and anti-inflammatory properties has 
been reported in isoproterenol induced 
myocardial infarcted rats34. It has been 
shown that vanillc acid has antihyperten-
sive activity in L-NAME induced hyper-
tensive rats35 and by suppressing the acti-
vation of caspase-1 and nuclear factor-
kappa B (NF-κB) vanillic acid has been 
shown to inhibit inflammatory mediators36. 
It has been reported that vanillic acid 
shows chemopreventive effect in experi-
mentally induced carcinogenesis rat mod-
el37. Durant and Karran have reported that 
vanillic acid is an inhibitor of non-
homologous DNA end-joining which is a 
major pathway of double strand break re-
pair in human cells and they have also 
reported that vanillic acid increases the 
sensivity of cancer cells to cisplatin38. 
Chlorogenic acid (3-O-caffeoylquinic ac-
id), which is formed from caffeic and quin-
ic acids is one of the major phenolic com-
ponents seen in tobacco leaves and coffee 
seeds. Chlorogenic acid has multipharma-
cological properties such as antimicrobi-
al39, anti-inflammatory effects40, 41 and 
cardioprotective effects42, 43. It is a potent 
antioxidant, widespread in fruits and vege-

tables. It has been suggested that chloro-
genic acid inhibits lipid peroxidation and 
DNA damage by scavenging free radicals 
and increasing the resistance of low-
density lipoprotein (LDL)44. Chlorogenic 
acid has been reported to prevent carcino-
genesis by reducing DNA damage45, 46 and 
also by inhibiting microsomal glucose-6-
phosphate translocase (G6PT) and antago-
nizing, growth factors induced calcium 
mobilization and extracellular signal-
regulated kinases (ERK)47. In this study, 
DNA damage protection potential of the 
extracts was determined. The addition of 
0.005- 0.01- 0.02- 0.04- 0.05 mg/ml L. 
caprifolium extract showed a significant 
protection to the damage of all DNA 
bands.  These results show that L. caprifo-
lium extract has DNA damage protection 

potential at a significant level. 

Cytotoxic drugs are still the backbone of 
cancer treatment, but these drugs are lim-
ited because of a narrow therapeutic index, 
significant toxicities and frequently ac-
quired resistance. Chemotherapy, as it is 
applied systemically is limited by diffusion 
through the tumor of brain cancer. If pa-
tients are asymptomatic, the common prac-
tice is to carry over with a DNA alkylating 
agent temozolamide with close radiograph-
ic follow-up. Temozolamide kills cancer 
cells by forming O6-methylguanine in 
DNA that miss-pair with thymine during 
the next DNA replication cycle. If patients 
are highly symptomatic; surgery, cortico-
steroids or alternative treatments such as 
using an antiangiogenic agent bevaci-
zumab are considered29. It is crucial devel-
oping agents which can eliminate only pre-
malignant and malignant cells without 
harming normal healthy central nervous 
system tissue. Therefore in this study, cy-
totoxic effect of L. caprifolium extract was 
both investigated on C6 rat glioma cell 
lines and on L929 normal mouse fibroblast 
cell lines. In our study L. caprifolium ex-
tracts demonstrated action in inhibiting C6 
cell growth with a 0.45 mg/ml IC50 value. 
The same extract showed no inhibition on 
L929 cell growth and additionally in the 
presence of extract at 1mg/ml concentra-
tion it significantly increased L929 cell 
proliferation. These results indicate the 
toxic effect of L. caprifolium extract on 
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tumoral cells but not on normal cells. 

Malignant gliomas are highly vascular 
tumors. Angiogenesis and its key regula-
tor, vascular endothelial growth factor 
(VEGF), are important therapeutic targets 
in treatment of gliomas48. Bevacizumab is 
a humanized VEGF monoclonal antibody 
which targets VEGF49. As VEGF is a pro-
motor of vascular permeability, bevaci-
zumab reduces peritumoral edema and this 
allows reduction in the corticosteroid dose 
used for symptom relief or control. Two 
randomized trials has demonstrated that 
addition of bevacizumab increases pro-
gression free survival but not overall sur-
vival50, 51. As solid tumors like malignant 
gliomas need the generation of new blood 
vessels in order to develop, novel therapies 
are based on antiangiogenic strategies. In 
this study the effect of L. caprifolium ex-
tract on angiogenesis was determined with 
Chorioallantoic membrane model. L. cap-
rifolium extract in 10-6, 10-5 and 10-4 M 
concentrations caused antiangiogenic ef-
fect. Antiangiogenic scores of L. caprifoli-
um were 0.6, 0.73 and 1.6, respectively. 
These scores show that L. caprifolium 
caused concentration dependent antiangio-

genic effect on CAM. 

CONCLUSIONS 

In conclusion, gliomas are intelligent tu-
mors which remain one of the most chal-
lenging cancers to treat as they achieve to 
escape from known radiation and chemo-
therapy treatment methods. There are nov-
el promising therapies that are under eval-
uation including trials of alternative anti-
angiogenic agents, targeted agents, signal 
transduction pathways, gene therapy, im-
munotherapy, radiolabeled drugs and a lot 
more. Additionally in order to overcome 
the blood brain barrier which restricts entry 
of the drugs into brain tumors targeting 
drug delivery systems, as nanocarriers are 
an alternative approach for treating glio-
mas. Our study demonstrated that L. capri-
folium extract has antiproliferative and 
antiangiogenic effects on C6 rat glioma 
cells and this study also showed that this 
extract has a DNA damage protection po-
tential at a significant level on pBR322 
plasmid DNA. Additionally we demon-

strated that L. caprifolium extract has no 
inhibitory effect on normal L929 cell 
growth, indicating the toxic effect of L. 
caprifolium extract on tumoral cells but not 
on normal cells. We think that the vanillic 
acid, a natural phenolic acid with multi 
pharmacological properties, detected in the 
L. caprifolium extracts has an important 
role in these effects. Additional research 
with more detailed work is required to 
completely understand the molecular 
mechanisms behind the positive effect of 

L. caprifolium extract on glioma cells.  
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