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The antioxidant and anti-proliferative effects of dichloromethane fraction from methanol extract of 
Liriodendron tulipifera were investigated in this study. Scavenging effects on the α,α-diphenyl-
picrylhydrazyl (DPPH) and nitrite radicals, and protection against reactive oxygen species induced lipid, 
protein and deoxyribonucleic acid (DNA) damage were evaluated. The dichloromethane fraction of L. 
tulipifera exhibited high antioxidant activities to scavenge DPPH and nitrite radicals, ferric reducing 
power and protection against biological macromolecular oxidative damage. Furthermore, the 
dichloromethane fraction of L. tulipifera exhibits the anti-proliferative activity and induction of the G2/M 
arrest in human colon tumor HT-29 cells. These results demonstrate potential antioxidant activities and 
anti-proliferative effect of L. tulipifera, as an antioxidant for diseases caused by reactive oxygen 
species. 
 
Key words: Free radical, lipid peroxidation, protein oxidation, DNA damage, G2/M arrest. 

 
 
INTRODUCTION 
 
Reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) are involved in many physiological 
responses in the body. A wide variety of compounds with 
antioxidative properties have been used to attenuate 
ROS/RNS formation and protect DNA, lipid and protein 
damage against oxidative stress both in vitro and in vivo. 
However, some synthetic antioxidant compounds have 
found side effect. For instance, the oxidative chara-
cteristics and/or metabolites of butylated hydroxytoluene 
(BHT) may contribute to carcinogenicity or tumorigenecity 
(Umemura et al., 2002). Therefore, natural products from 
the plant source are growing interest of research. 
Liriodendron    tulipifera      L.      belonging     to    family 
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magnoliaceae is also known as Tulip or Yellow popler 
tree. This tree has an immense use in pharmaceutical 
industry due to the presence of phytochemical 
constituents including sesquiterpene and apophine 
alkaloids, etc (Muhammad and Hufford, 1989; Chen and 
Chang, 1978). The tree was used as a quinine 
replacement in the United States Civil War (Hasegawa, 
2007). Specially, the bark of L. tulipifera was used by the 
Native Americans as a tonic, stimulant and febrifuge 
(Graziose et al., 2010), and was also used to treat the 
intermittent fevers associated with malaria (Rafinesque et 
al., 1828; Graziose et al., 2010). Recently, there are also 
reports of inhibitory effect of lipiferolide against farnesyl 
protein transferase (FPTase) (Moon et al., 2007). 
However, there is very limited research on anticancer and 
antioxidant activity by L. tulifera. Therefore, our aim of 
study was to examine the antioxidant and anti-
proliferative activities of L. tulipifera extracts. 



 
 
 
 
MATERIALS AND METHODS 
 
Preparation of sample extraction 
 
The dried L. tulipifera stems were extracted three times with 70% 
MeOH, 85% MeOH, 95% MeOH sequencing at 45°C for 12 h, 
respectively, then filtered through filter paper (100 mm; Whatman, 
Maidstone, UK) and concentrated under reduced pressure by a 
rotary evaporator machine (CCA-1110; EYELA, Tokyo, Japan). The 
extracts were suspended in water and then partitioned and defatted 
three times with n-hexane, dichloromethane, ethyl acetate and n-
butanol. After removed the solvents, the dichloromethane fraction of 
L. tulipifera was used to study its bioactivities. 
 
 
Total phenolic content (TPC) 
 
Total phenolic content of the L. tulipifera was determined by the 
Folin-Ciocalteu method using gallic acid as a standard (Gutfinger, 
1981). Briefly, 1 ml L. tulipifera was mixed with 1 ml of 50% Folin-
Ciocalteu reagent and 1 ml of Na2CO3 (5%) and centrifuged at 5000 
rpm for 5 min after 30 min of incubation at room temperature. The 
absorbance was measured with a spectrophotometer (Bio-Tek; 
Winooski, VT, USA) at 750 nm. TPC were expressed as gallic acid 
equivalents (GAE) in mg/g dw.  
 
 
Total flavanoid content (TFC) 
 
Total flavonoid content in the L. tulipifera was estimated by the 
aluminum colorimetric method using quercetin as a standard (Park 
et al., 1997). 0.5 ml LTD was mixed with 0.1 ml of 
aluminiumchloride hexahydrate (10%), 0.1 ml of potassium acetate 
(1 M), 2.8 ml of deionized water and 1.5 ml ethanol (95%). The 
absorbance was measured with a spectrophotometer (Bio-Tek; 
Winooski, VT, USA) at 490 nm after 40 min of incubation in the dark 
at room temperature. TFC were expressed as quercetin equivalents 
(QE) in mg/g dw.  
 
 
DPPH free radical scavenging assay 
 
The DPPH radical scavenging activity of the L. tulipifera was 
evaluated by using the protocol of (Yoshie-Stark et al., 2004). In 0.2 
ml L. tulipifera at different concentration (50, 100, 500 or 1000 
μg/ml), 0.2 ml of 0.2 mM DPPH (methanolic solution) was added. 
Further, the mixture was incubated at room temperature for 30 min 
and the absorbance was measured with a spectrophotometer (Bio-
Tek; Winooski, VT, USA) at 515 nm. The results were expressed as 
EC50, that is, the concentration of antioxidant required to quench 
50% of the initial DPPH radicals under the given experimental 
conditions. The results were compared with L-Ascorbic acid and 
BHA as standards.  
 
 
Ferric-reducing activity 
 
The reducing power of the L. tulipifera was determined according to 
the method of Yildirim et al. (2001). In brief, 1 ml of L. tulipifera in 
different concentration (10 to 100 µg/ml) were mixed with 2.5 ml of 
0.2 M phosphate buffer (pH 6.6) and 2.5 ml of (1% w/v) K3Fe (CN)6. 
The mixture was incubated at 50°C for 30 min, followed by the 
addition of 2.5 ml trichloroacetic acid (10%, w/v). The resulting 
mixture was centrifuged at 3000 rpm for 10 min and 2.5 ml 
supernatant was mixed with equal volume of water. Finally, 0.5 ml 
of (0.1% w/v) FeCl3 solution was added and the absorbance was 
measured at 700 nm. L-ascorbic acid was used as positive controls  
at  the  concentration  of 50 μg/ml. Values presented are the means 
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of triplicate analysis. 
 
 
Ferrous ion chelating capacity assay 
 
Ferrous ion chelating capacity was measured by the method of 
Dinis et al. (1994). Briefly, 0.1 ml L. tulipifera sample at different 
concentration (50 to 1000 µg/ml) was mixed with 0.1 ml (0.2 mM) 
FeCl2·4H2O. The volume was raised by adding 3 ml deionized 
water and the mixture was stored at room temperature for 30 s. The 
reaction mixture was added with 0.1 ml 5 mM ferrozine and 
changes in the absorbance of the Fe2+–ferrozine complex were 
monitored at 562 nm against a blank with a spectrophotometer after 
10 min of incubation at room temperature. Ethylene 
diaminetetraacetic acid (EDTA) was used as a positive control. 
 
 
Measurement of nitrite scavenging ability 
 
The nitrite scavenging ability of the L. tulipifera was determined 
according to a method using Griess reagent (Kato et al., 1987). 
Briefly, 1 ml L. tulipifera was mixed with 1 ml of 1 mM nitrite sodium. 
Then the mixture was added to 8 ml of 0.2 M citrate buffer (pH 1.2), 
and incubated for 1 h at 37°C. After incubation, 1 ml solution/ 
supernatant was withdrawn and added to 2 ml of 2% acetic acid 
and 0.4 ml of Griess reagent (1% sulfanilic acid and 1% 
naphthylamine in a methanol solution containing 30% acetic acid). 
After vigorous mixing, the mixture was placed at room temperature 
for 15 min, and measured the absorbance at 520 nm. Quercetin 
was used as positive control. 
 
 
Lipid peroxidation assay 
 
A modified thiobarbituric acid reactive species (TBARS) assay was 
used to measure the lipid peroxide formation using egg yolk as 
lipid-rich media (Banerjee et al., 2005). 0.5 ml egg yolk homogenate 
(10% v/v) and L. tulipifera (50 to1000 µg/ml) were added to a test 
tube. To induce lipid peroxidation, FeSO4 (0.07 M) were added and 
incubated at 37°C for 30 min. Then, 20% acetic acid (pH 3.5), 0.8% 
(w/v) thiobarbituric acid (TBA) (prepared in 1.1% sodium dodecyl 
sulfate), and 20% trichloroacetic acid (TCA) were added to the 
mixture and vortexed and heated in a boiling water bath for 60 min. 
After cooling, n-butanol was added to each tube and centrifuged at 
3000 rpm for 10 min. The absorbance of the upper layer was 
measured at 540 nm. BHT was used as a positive control to 
measure the lipid peroxidation inhibition. 
 
 
Plasmid DNA damage 
 
To determine the protect effect of L. tulipifera on the plasmid DNA, 
Oxidation of 2 µg of plasmid DNA (pET 28) by 2,2'-azobis-2-methyl-
propanimidamide, dihydrochloride (AAPH, 10 mM) was incubated at 
37°C for 30 min, with different concentrations of L. tulipifera in 
phosphate buffer saline (PBS) (10 mM, pH 7.4). Plasmid DNA was 
loaded onto a 1.2% agarose gel and visualized under ultraviolet 
(UV) light after staining with ethidium bromide. L-Ascorbic acid was 
used as a positive control. 
 
 
Determination of protein oxidation 
 
Protein oxidation was assayed as described by Kwon et al. (2000) 
with minor modifications. Oxidation of bovine serum albumin (BSA) 
in PBS was initiated by AAPH (20 mM) and incubated with various 
concentrations of the L. tulipifera or quercetin (standard). After 
incubation  for  24 h  at 37°C. 0.02% BHT was added to prevent the  
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Table 1. Total phenolics and flavonoid contents and DPPH radical scavenging ability (EC50) of dichloromethane fraction of L. tulipifera.  
 

Extract Total phenolics (mg GAE/g extract) Total flavonoids (mg QE/g extract) DPPH  EC50 ( μg/ml) 

L. tulipifera 103.56 ± 0.45 32.87 ± 0.71 119.15 ± 2.04 

L-Ascorbic acid – – 12.81 ± 0.95 

BHA – – 15.57 ± 0.63 
 

Note: The results are presented as the mean ± SD. Different values indicate significance at p<0.05 value. 

 
 
 
formation of further peroxyl radical. The proteins were then assayed 
with normal sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS–PAGE) (Biored, USA). 
 
 

Cell lines and cell culture 
 
The human colon tumor cell line HT-29 and HEK293 were obtained 
from the american type cell culture (Rockville, MD, USA). The HT-
29 cells were cultured in RPMI-1640 medium (Gibco, MD, USA) 
and HEK293 cells were grown in dulbecco’s modified eagle’s 
medium (DMEM) supplemented with 10% fetal bovine serum (FBS) 
(Gibco), 100 U/ml penicillin, and 100 μg/ml streptomycin sulfate at 
37°C in a humidified atmosphere of 5% CO2. 
 
 

Cell cytotoxicity assay 
 
The cytotoxicity effect of L. tulipifera was measured using the 
standard 3-(4,5-dimethyl- thiazol-2-yl)-2,5-diphenyltetra- zolium 
bromide (MTT) assay. Cells (2 × 105 cells/ml) were incubated in 96-
well plates for 24 h and then exposed to 50, 100, 150, or 200 μg/ml 
of L. tulipifera for 48 h. Then, 50 μl MTT reagents (2 mg/ml in PBS) 
were added to each well. After 4 h incubation at 37°C the culture 
medium was removed and 180 μl dimethyl sulfoxide (DMSO) was 
added to each well. The metabolized MTT product was dissolved in 
DMSO and quantified by measuring the optical density at 550 nm 
on a microplate reader (Bio-Tek,Winooski, VT, USA). Data were 
calculated as the percentage of inhibition by the following formula: 
 

Inhibition (%) = (1- As/Ab)×100%  
 

 

As and Ab indicated the optical density of cell lines incubated with 
samples and blank control, respectively. 
 
 

Cell cycle analysis 
 
HT-29 cells (2 ×106 cells/ml) were seeded in 6-well plates for 24 h, 
then, were exposed to different concentration (50, 100, 150, or 200 
μg/ml) of L. tulipifera for 48 h. Afterwards, cells were harvested, 
washed with cold PBS and fixed in 70% ethanol for 1 to 2 h at 
−20°C. The resulted sample were then stained with propidium 
iodide (PI) solution (20 μg/ml PI, 0.1 mM EDTA, 10 μg/ml RNase, 
and 1% Triton X-100 in PBS) for 30 min in the dark. DNA content 
was measured using a Facial Action Coding System (FACS) flow 
cytometer analysis system (Becton Dickinson Inc. USA), where at 
least 10,000 cells were analyzed for each experimental treatment. 
Data analysis was performed using WinMDI version 2.9 cell cycle 
analysis software (Scripps Research Institute). 
 
 

Statistical analyses 
 
All  measurements  were   performed   in   triplicate and analyses of  

variance were conducted by the general linear model procedure 
using SPSS software. ANOVA one-way were used to test for 
significant differences between the mean values for the treatments 
(P < 0.05). 

 
 
RESULTS AND DISCUSSION 
 
Content of TPC, TFC and DPPH radical scavenging 
activity 
 
Phenols are very important plant constituents because of 
their scavenging ability due to their hydroxyl groups 
(Hatano et al., 1989). Recently, many reports have 
shown that the total phenol contents and the antioxidant 
have positive correlation (Xu et al., 2010; Gulcin et al., 
2002).  

Many antioxidants react with DPPH by hydrogen atom 
transfer or electron transfer (Niki, 2010). The inhibition or 
scavenging effect of antioxidant over DPPH free radicals 
can be monitored by observing the decrease absorbance 
in UV spectrometer at 517 nm. This is probably the 
simplest way to calculate the antioxidant potential of the 
sample. In our research, the total phenolics, total 
flavonoids content and free radical scavenging activity of 
L. tulipifera were given in Table 1. The amount of TPC 
and TFC was found to be 103.56 mg GAE/g extract and 
32.87 mg QE/g extract, respectively. In this study, the 
EC50 of L. tulipifera was 119.15 μg/ml (Table 1). This 
result showed that the L. tulipifera has good potential to 
scavenge free radicals. The EC50 of L-ascorbic acid and 
BHA as positive standards were 12.81 and 15.57 μg/ml, 
respectively.  
 
 
Ferric-ion reducing activity 
 
The ferric reducing assay measures the reduction of 
ferric iron (Fe

3+
) to ferrous iron (Fe

2+
) in the presence of 

antioxidants. The reducers (that is, antioxidants) cause 
the reduction of the Fe

3+
/ferricyanide complex to the 

ferrous form. 
 In our research, the reducing ability of L. tulipifera was 

found to increase with the increasing concentration of L. 
tulipifera. The reducing powers of L. tulipifera from 10 to 
100 µg/ml

 
were 0.087 to 0.988, whereas, the reducing 

power of L-ascorbic acid (standard) was 1.127 at 50 
µg/ml (Figure 1). 
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Figure 1. Reducing power of L. tulipifera (10 to 100 µg/ml) and L-ascorbic acid (50 µg/ml). Each value is 
expressed as mean ± standard deviation (n = 3). 
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Figure 2. Ferrous ion chelating effect of L. tulipifera (50 to1000 µg/ml) in comparison with standard EDTA 
(50 µg/ml). Each value is expressed as mean ± standard deviation (n = 3). 

 
 
 
Ferrous ion chelating activity 
 
Ferrous ion chelating activity is also considered as one of 
the property of antioxidant. Iron is known as the most 
important transition metals in lipidoxidation prooxidant 
due  to  its  high  reactivity (Suganthy et al., 2010). In this 

study, ferrous ion chelating activities of L. tulipifera and 
standard (EDTA 50 µg/ml) were shown in Figure 2. The 
result showed that the ferrous ion chelating activity of L. 
tulipifera increased in a dose-depend manner. However, 
compared to the ferrous ion chelating of standard EDTA, 
the   L. tulipifera  could  be   considered   as  a moderate  

L-ascorbic acid 50 

EDTA 50 

P
e

rc
e

n
t 

o
f 

in
h

ib
it

io
n

 



428          J. Med. Plants Res. 
 
 
 

0

20

40

60

80

100

50 100 500 1000 Quercetin

Concentration (µg/ml)

P
er

ce
n

t 
o
f 

in
h

ib
it

io
n

a

b
c

d

e

 
 

Figure 3. Nitric oxide scavenging activity of L. tulipifera (50 to 1000 µg/ml) and quercetin (50 
µg/ml) as positive control. Each value is expressed as mean ± standard deviation (n = 3). 

 
 
 
ferrous ion chelating agent.  
 
 
Nitric oxide scavenging activity 
 
Sodium nitroprusside spontaneously generates nitric 
oxide which interacts with oxygen to produce nitrite ions 
in physiological pH that can be estimated using Griess 
reagent. NO react O2

- 
to produce reactive peroxynitrite 

(ONOO
-
), which causes serious damage to lipids, protein 

and nucleic acids (Moncada et al., 1991). Our data 
revealed that the L. tulipifera scavenged nitric oxide in 
concentration- dependent manner and inhibited almost 
53% nitric oxide generation at 1000 µg/ml (Figure 3). The 
difference between L. tulipifera and quercetin was 
statistically significant (P < 0.05).  
 
 
Inhibition of lipid peroxidation 
 
Lipid peroxides are involved in numerous pathological 
events, like metabolic disorders, inflammation and aging. 
Lipid peroxidation leads to cell membrane disruption and 
cell damage (Upasani et al., 2001). Therefore, to prevent 
these, antioxidants have the capablity to scavenge 
peroxy radicals. It is known that, egg yolk lipids undergo 
rapid non-enzymatic peroxidation and the absorbance at 
595 nm increased when incubated with ferrous sulphate. 
The  effect  of  L. tulipifera on non-enzymatic peroxidation 

was shown in Figure 4. The results revealed that the L. 
tulipifera inhibited lipid peroxidation in a dose-
dependently manner from 14.65 to 46.85% at 50 to 1000 
µg/ml. BHT as the positive standard inhibited 53.87% 
lipid peroxidation at 50 µg/ml. 
 
 
Protection of DNA oxidation 
 
AAPH is a water–soluble initiator, which decomposes into 
alkyl radicals at physiological condition, then react to 
oxygen and produce alkyl peroxyl radicals to initiate DNA 
oxidative fragmentation (Cai et al., 2003). According to 
our result, as shown in Figure 5, when pET28 plasmid 
DNA were exposed to AAPH, some single-stranded 
nicked circular plasmid DNA were damaged, however, 
linear plasmid DNA was observed. Therefore, the results 
clearly showed the protective effect of L. tulipifera against 
oxidation of DNA at the concentration of above 100 
µg/ml. This can be compared with L-ascorbic acid which 
exhibited good protection activity at 50 µg/ml.  
 
 
Protection of protein oxidation 
 
Under many pathological conditions cellular proteins get 
oxidized. The vulnerability of various amino acid residues 
of proteins to oxidation varies with reactive oxygen 
species   (Ames et al., 1993).   The    protection    against  

Quercetin 50 
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Figure 4. Inhibition of lipid peroxidation by L. tulipifera (50 to1000 µg/ml) and BHT (50 µg/ml). Each 
value is expressed as mean ± standard deviation (n = 3). 

 
 
 

 
 
Figure 5. Protective activity of L. tulipifera against oxidation of DNA. Lane 1: non- treated with AAPH (control); Lane 
2: without antioxidant (negative control); Lane 3 to 6: 50 to 200 μg/ml L. tulipifera; Lane 7: 50 μg/ml Vc (50) as 
positive control. 

 
 
 
protein oxidative damage was determined by the 
oxidation of BSA initiated by AAPH. In this result, after 
the incubation of BSA (2 mg/ml) with different 
concentration of L. tulipifera (50, 100, 200 and 400 µg/ml) 
and L-ascorbic acid (standard) for 24 h at 37°C, the 
normal SDS–PAGE results demonstrated that, L. 
tulipifera exhibited significant protective effect against 
oxidation of BSA in a concentration depend manner 
(Figure 6A and B). The effect of L. tulipifera at the 
concentration of 50 µg/ml was similar with L-ascorbic acid  

at same concentration. 
 
 
Cytotoxicity and anti-proliferation assay 
 
Figure 7 showed the cytotoxicity and anti-proliferation 
activity of L. tulipifera in dose- dependent manner. The 
results showed that L. tulipifera has showed no 
cytotoxicity under 200 μg/ml in human cell lines 
(HEK293).  However,  the  effect  of L. tulipifera assessed  
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Figure 6. Protective activity of L. tulipifera against oxidation of BSA. Lane 1: non- 
treated with AAPH (control); Lane 2: without antioxidant (negative control); Lane 3 to 
6: 400 to 50 μg/ml L. tulipifera; Lane 7: 50 μg/ml Vc as positive control. 

 
 
 

 
 
Figure 7. The cell viability of HEK293 and HT-29 cells by L. tulipifera. Data are the mean 
± SD of three independent experiments. 

 
 
 
on the viability of HT-29 cells was decreased in a dose- 
dependent manner (Figure 7). This showed a potent anti-
proliferative effect on HT-29 cancer cells by L. tulipifera.  

Cell cycle analysis 
 
Further to prove the anti-proliferative effect of L. tulipifera  
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Figure 8. Flow cytometric analysis of cell cycle progression after L. tulipifera treatment for 48 h. 
Data are the mean ± SD of three independent experiments. 

 
 
 
we performed cell cycle analysis. After treatment of HT-
29 cells with L. tulipifera at different concentration, the 
percentage of the G2/M phase of cells decreased in a 
concentration-dependent manner, indicating that it 
inhibited the cellular proliferation of HT-29 cells via G2/M 
phase arrest of the cell cycle (Figure 8A and B). Overall, 
it can be concluded that L. tulipifera has a potent 
antioxidant capacity, and also has an anti-proliferative 
effect by inducing cell cycle arrest at G2/M phase in HT-
29 cells. So far, we know this is the first report on anti-
proliferation effect of L. tulipifera extract, these findings 
are useful in the treatment of oxidative stress and ROS 
related diseases. However further studies are required to 

explore the mechanisms of its action. 
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