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Abstract
In this study, we investigated the free radical [1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl radical (·OH) 

and superoxide anion (O2
-)] scavenging activity of MeOH extract and 3 fractions of Citrus junos. Of the tested 

fractions, the BuOH fraction showed the strongest DPPH scavenging activity, showing the IC50 values of 63.4 
mg/mL. Therefore, we continuously carried out DPPH, ·OH and O2

- scavenging activity tests of BuOH fraction 
of Citrus junos. The BuOH fraction of Citrus junos inhibited DPPH radical to 97.5% at a concentration of 1000 
mg/mL and the scavenging activities were increased concentration-dependently. In addition, BuOH fraction from 
Citrus junos also scavenged ·OH in a concentration dependent manner from 5 to 1000 mg/mL. Furthermore, BuOH 
fraction showed about 56% O2

--scavengimg activity at 25 mg/mL concentration but, the scavenging activities were 
not enhanced in a dose dependent manner. The present results suggest that BuOH fraction of Citrus junos would 
have the protective potential from oxidative stress induced by free radicals. 
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INTRODUCTION

Free radicals and other reactive species are consid-
ered to be important causative factors in the develop-
ment of various diseases and aging process (1-4). It is 
well known that an imbalance between free radical-gen-
erating and free radical-scavenging systems results in 
oxidative stress, a condition that has been associated 
with the cell injury seen in many pathologic conditions 
(5-7). This relationship has led to considerable interest 
in search for the antioxidant to scavenge free radicals 
and elevate defense system. Although several synthetic 
antioxidants have been suggested for the prevention and 
treatment of diseases, the various kinds of side effects 
and toxicities have become an issue. Therefore, the nat-
ural antioxidants from foods have attracted much atten-
tion and great effort has been made to search for safe 
and effective therapeutic agents for oxidative stress-re-
lated diseases. Compelling evidences indicate that in-
creased consumption of dietary antioxidants or vegeta-
bles with antioxidant properties may contribute to the 
improvement of the quality of life by delaying onset 
and reducing the risk of degenerative diseases (8-10). 
Epidemiological studies have shown that increased con-
sumption of fruits and vegetables containing high levels 

of phytochemicals has been recommended to prevent 
chronic diseases related to oxidative stress in the human 
body (11-14). 

Citrus junos Sieb (Rutaceae), the hybrid of C. in-
changensis and C. reticulata var. austera (15) has been 
cultivated mainly in Korea, China, and Japan (16). The 
fruit has been used as an aromatic bitter peptic, an ex-
pectorant, and a cough remedy in folk medicine (16). 
It is widely cultivated in southern seashore of Korea and 
mainly consumed as Citrus junos honey and Citrus junos 
juice in Korea. Shin et al. (17,18) reported the anti-
oxidant activities of Citrus junos juice and hot-water ex-
tracts of Citrus junos peel. Kwon et al. (19) also showed 
that ethanol extract from Citrus junos seed has DPPH 
and hydroxyl radical scavenging activity. However, the 
antioxidative activities of MeOH extract and various sol-
vent fractions from Citrus junos has not been demon-
strated. Therefore, to investigate antioxidative capacity 
of Citrus junos, we tested 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) radical scavenging activity of MeOH extract and 
3 fractions of Citrus junos and then examined DPPH, 
hydroxyl radical (·OH) and superoxide anion (O2

-) scav-
enging activities of BuOH fraction, the most active frac-
tion, from Citrus junos.
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MATERIALS AND METHODS

Materials
1,1-Diphenyl-2-picrylhydrazyl (DPPH), nitroblue tet-

razolium (NBT), malondialdehyde (MDA), and 2-deoxy-
ribose were purchased from Sigma (Sigma-Aldrich, 
Korea). All other chemicals used were of analytical 
grade and were obtained from Merck and Sigma 
(Sigma-Aldrich, Korea).  

Preparation of sample
Fruits of Citrus junos were purchased from Garak ag-

ricultural and marine products wholesale market in 
Seoul. The whole fruits with peel of Citrus junos (10 
kg) was extracted with MeOH under reflux. Methanol 
was removed in reduced pressure and the extract (980 
g) was partitioned between CH2Cl2 and water to yield 
CH2Cl2-soluble fraction (12.8 g). The aqueous layer was 
further extracted with n-BuOH to yield BuOH-soluble 
fraction (66.7 g). 

DPPH radical scavenging activity
DPPH radical scavenging activity was measured by 

the method of Hatano et al (20). The reaction mixture 
contains 100 mL of 60 mM DPPH and 100 mL of meth-
anol extracts whose concentration was predetermined. 
Reaction mixture left stand at dark room for 30 min. 
Absorbance of reaction mixture was determined at 540 
nm. Ethanol (95%) was used as a control. The scaveng-
ing activity of DPPH radical was expressed as IC50 and 
an inhibition rate as follow. 

DPPH-scavenging activity (%)＝(Absc－Abs)/Absc×100 
Absc: Absorbance of control, Abss: Absorbance of sample

Hydroxyl radical scavenging activity
The oxidized 2-deoxyribose by hydroxyl radical pro-

duced from the Fenton reaction is degraded to ma-
londialdehyde (MDA) (21). Reaction mixture was pre-
pared with 0.2 mL of 10 mM FeSO4-7H2O with 10 mM 
EDTA, 10 mM 2-deoxyribose solution (0.2 mL) and 
methanol extracts (1.4 mL)/or 0.2 M phosphate buffer 
(1.4 mL, pH 7.4). The reaction was initiated adding 1 
mM H2O2 (0.2 mL) followed incubation at 37oC for 4 
hr. After incubation, 1 mL of each 2.8% trichloroacetic 
acid (TCA) and 1 mL of 1.0% thiobarbituric acid (TBA) 
were added to incubation medium. It was boiled (95～
100oC) for 10 min followed immediate cooling on the 
ice water. MDA produced during the reaction was meas-
ured at 520 nm. Phosphate buffered saline (pH 7.0) was 
used as a control. The ·OH scavenging activity was ex-
pressed as an inhibition rate as follow. 

·OH-scavenging activity (%)＝(Absc－Abs)/Absc×100 

Absc: Absorbance of control, Abss: Absorbance of sample

Superoxide radical scavenging activity
Superoxide radical generated in the xanthine-xanthine 

oxidase system was determined spectrophotometrically 
via monitoring the product of NBT as an end product 
(22). Reaction mixture was prepared with 400 mL of 
each methanol extracts (100～1000 mg/mL), 100 mM 
xanthine, 60 mM NBT, 0.05 U/mL xanthine oxidase and 
0.1 M phosphate buffer (pH 7.4) to be the final volume 
of 2.0 mL. After incubation at 37oC for 10 min, the ab-
sorbance was measured at 560 nm, compared with the 
control samples run without xanthine oxidsase. Percent 
inhibition was calculated from the optical density of the 
BuOH fraction treated and control samples. 

Inhibitory rate (%)＝[(C－CB)－(S－SB)]/(C－CB)×100 
C: control, CB: control blank, S: sample, SB: sample blank

Statistical analysis 
All statistical analyses performance was assessed by 

SAS software (SAS Institute, Cary, NC, USA). p<0.05 
was determined as statistically significant. Measurement 
data were expressed as mean±standard deviation. 

RESULTS AND DISCUSSION

Reactive oxygen species (ROS) currently known to 
be produced in the body include O2

-, hydrogen peroxide 
(H2O2), ·OH, singlet oxygen (1O2) and lipid hydro-
peroxide (LOOH). These ROS induce oxidative tissue 
damage, react with cell membranes, and thus induce lipid 
peroxidation or cause inflammation, playing an im-
portant role as pathological mediators in many clinical 
disorders such as heart disease, diabetes, gout and cancer 
(23-25). Free radicals such as O2

-, H2O2, ·OH and lipid 
radical cause DNA damage, protein denaturation and lip-
id peroxidation that can lead to cell death (26-28). Lipid 
peroxidation is initiated by radicals attacking unsaturated 
fatty acid, and propagated by a chain reaction cycle (29). 
Since unsaturated fatty acids are the most important 
components of biological membranes and impart desir-
able properties upon the fluidity of cellular membrane 
structure, the peroxidation of unsaturated fatty acids in 
biological membranes leads to disruption of membrane 
structure and function (30).

In this study, to investigate antioxidative capacity of 
Citrus junos, we tested 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) radical scavenging activity of MeOH extract and 
3 fractions of Citrus junos and then examined DPPH, 
hydroxyl radical (·OH) and superoxide anion (O2

-) scav-
enging activities of BuOH fraction, the most active frac-
tion, from Citrus junos. 
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DPPH is a stable free radical and has been widely 
used to test the ability of compounds or plant extracts 
to act as free radical scavengers or hydrogen donors 
(20,31). The DPPH radical is stable in ethanolic solution 
for more than 60 min (20). Antioxidants react with the 
DPPH radical directly and restore it by transfer of elec-
trons or hydrogen. Therefore, we used this system for 
assessing the radical scavenging activity of MeOH ex-
tract and 3 fractions of Citrus junos. In the DPPH scav-
enging activity tests of MeOH extract and 3 fractions 
of Citrus junos (Table 1), the BuOH fraction showed 
the strongest DPPH radical scavenging activity, showing 
the IC50 values of 63.4 mg/mL. Therefore, based on this 
result for DPPH radical, we continuously investigated 
the radical scavenging activities with BuOH fraction of 
Citrus junos.

As shown in Table 2, the treatment of BuOH fraction 
from Citrus junos increased DPPH radical scavenging 
activity dose-dependently. At 1000 mg/mL concentration, 
97.5% inhibition of DPPH radical was observed. These 
results suggest that BuOH fraction from Citrus junos is 
a promising against for scavenging of free radicals. 

Moreover, O2
- and ·OH induce various injuries to the 

surrounding organs and play a vital role in some clinical 
disorders. Therefore, removal of O2

- and ·OH is the most 
effective defense of living body against disease (32). In 
particular, among various different radicals the ·OH is 
an extremely reactive and short-lived species that can 
attack biological molecules such as DNA, proteins, and 

Table 1. IC50 values of methanol extract and each fractions 
of Citrus junos against DPPH radical

Group  IC50 (μg/mL)
MeOH extract

CH2Cl2 fraction
BuOH fraction
H2O fraction

164.5±21.0c

193.8±8.9b

63.47±2.7d

217.5±7.6a

Values are mean±SD. a-dMeans with the different letters are 
significantly different (p<0.05) from treatment concentration 
by Duncan's multiple range test. 

Table 2. DPPH radical scavenging activities of BuOH fraction 
from Citrus junos

Concentration (mg/mL)  Scavenging activity (%)
5

25
50

100
200
500
1000

35.0±2.5d

37.5±0.0cd

37.5±0.0cd

45.0±3.0bc

51.5±1.5b

95.0±5.0a

97.5±2.5a

Values are mean±SD. a-dMeans with the different letters are 
significantly different (p<0.05) from treatment concentration 
by Duncan's multiple range test. 

lipids. The reactivity of ·OH has been related to several 
human diseases such as neurodegenerative disease and 
diabetes. Therefore, its scavenging activity has received 
much attention (33-35). Also, Kwon et al. (19) reported 
that ethanol extract from Citrus junos seed has ·OH scav-
enging activity. Table 3 shows the effect of BuOH frac-
tion from Citrus junos against ·OH. Similar to the result 
on DPPH, the BuOH fraction also had the strongest pro-
tective effect against ·OH and increased ·OH scavenging 
activity as dose-dependant manner. At 1000 μg/mL con-
centration, the scavenging activity was elevated to 
79.3%. On the other hand, the BuOH fraction from 
Citrus junos showed about 56% O2

--scavengimg activity 
at 25 mg/mL concentration but, the scavenging activities 
were not enhanced in a dose dependent manner, imply-
ing that BuOH fraction from Citrus junos scavenge O2

- 

effectively at low concentration and reached maximum 
activity at 25 mg/mL concentration (Table 4). From 
these results, we could confirm that BuOH fraction from 
Citrus junos may be an effective ·OH and O2

- scavenger 
and protect against radical-induced oxidative damage.

In summary, the BuOH fraction from Citrus junos ef-
fectively scavenged DPPH radical and ·OH with a 
dose-dependent manner. The present results demon-
strated the protective effect on free radical-induced oxi-
dative stress. The further study on active components 
from BuOH fraction from Citrus junos with anti-
oxidative activity has to be supported.

Table 3. Hydroxyl radical scavenging activities of BuOH frac-
tion from Citrus junos

Concentration (mg/mL)  Scavenging activity (%)
5

25
50
100
200
500

1000

 9.6±0.3g

12.5±0.2f

22.1±0.4e

44.2±0.5d

59.6±0.5c

72.3±0.2b

79.3±0.2a

Values are mean±SD. a-gMeans with the different letters are
significantly different (p<0.05) from treatment concentration 
by Duncan's multiple range test. 

Table 4. Superoxide anion scavenging activities of BuOH frac-
tion from Citrus junos

Concentration (mg/mL)  Inhibition (%)
5
25
50

100

34.8±2.6b

56.7±4.8a

56.7±1.0a

56.1±1.7a

Values are mean±SD. a,bMeans with the different letters are 
significantly different (p<0.05) from treatment concentration 
by Duncan's multiple range test. 
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