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Abstract The antioxidative activity of various enzymatic extracts from leaves of Perilla frutescens var. japonica was
evaluated by measuring 1,1-diphenyl-2-picrythydrazy! (DPPH), hydroxyl, and alkyl radical scavenging activity using an
electron spin resonance (ESR) spectrometer. For this study, the leaves were enzymatically hydrolyzed by 8 carbohydrases
(Dextrozyme, AMG, Promozyme, Maltogenase, Termamyl, Viscozyme, Celluclast, and BAN) and 9 proteases [Flavourzyme,
Neutrase, Protamex, Alcalase, PP-trypsin (trypsin from porcine pancreas), papain, pepsin, a-chymotrypsin, and BP-trypsin
(trypsin from bovine pancreas)]. The DPPH radical scavenging activities of Promozyme and Alcalase extracts were the
highest, and the 1Csy values were 77.25 and 109.66 pg/mL, respectively. All enzymatic extracts of the leaves scavenged
hydroxy! radical, and the 1Cs, values of Celluclast and pepsin extracts which were the highest activity were 243.34 and 241.86
pg/mL, respectively. The BAN and a-chymotrypsin extracts showed the highest scavenging activities, and the 1Cs values
were 21.13 and 33.23 ug/mL, respectively. The pepsin extracts from the leaves showed protective effect on H,0,-induced
DNA damage. In addition, the pepsin extracts decreased cell death in PC-12 cells against H,O,-induced oxidative damage.
The findings of the present study suggest that enzymatic extracts of the leaves possess antioxidative activity.
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Intreduction

The etiology of a range of diseases is associated with the
generation of excess reactive oxygen species (ROS), and
ROS generation may also be associated with external
stimuli. Ultra violet (UV) and high energy irradiation, the
metabolism of some xenobiotics, air pollutants, the redox
cycling of quinines, and nitroaromatics are all associated
with ROS generation (1).

A shift in the balance between ROS generation and
destruction to overproduction or decreased detoxication is
associated with many diseases such as cancer, gastric
ulcers, Alzheimer’s, arthritis, renal injury, and ischemic
reperfusion (3-11}. Therefore, there is a continuing search
for better and more effective antioxidants. Antioxidants are
substances that delay or prevent the oxidation of cellular
oxidizable substrates. The synthetic antioxidants such as
butylated hydroxyanisol (BHA), butylated hydroxyltoluene
(BHT), fert-butylhydroquinone (TBHQ), and propyl gallate
(PG) are added in food during processing to suppress lipid
peroxidation and consequently to improve food quality and
stability. However the use of these antioxidants in food
products is under strict regulation due to the potential
health hazards caused by such compounds (2). Therefore,
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much higher aftention of investigators and consumers are
focusing on natural antioxidant for use in foods or
medicinal materials to replace synthetic antioxidant.

Perilla frutescens var. japonica has been widely used as
a source for folk medicine and/or foods, particularly in
southeast Asia (12). In addition, it has been known for
several biological activities such as antioxidative effect
(13), anti-allergic effect (14,15), anti-tumor effects (16,17),
and anti-inflammatory effects (16-19). However, research
into the antioxidative effect of enzymatic extracts from the
leaves of P, frutescens has not been evaluated until now. In
addition, our earlier study showed that free radical scavenging
activities of enzymatic extracts from the leaves were higher
than methanol extracts from the leaves. As part of our
ongoing investigation of bioactive substances from higher
herbal plant by enzymatic hydrolysis, we have focused on
our attention on the production of antioxidant substances
such as peptides (20-24) and/or carbohydrates (25-27).

In the present study, the leaves of £ frutescens were
enzymatically hydrolyzed to prepare water-soluble extracts
from various potential antioxidants such as proteins,
carbohydrates, and polyphenols. In addition, the radical
scavenging activity of the enzymatic extracts was
investigated on DPPH, hydroxyl, and alkyl radicals by
using an electron spin resonance (ESR) spectrometer. The
neuroprotective effect and DNA protective effect against
H,0,-induced oxidative stress of enzymatic extracts from
the leaves were investigated.
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Materials and Methods

Materials  5,5-Dimethyl-1-pyrroline N-oxide (DMPO),
2,2-azobis(2-amidinopropane) hydrochloride (AAPH), 1,
1-diphenyl-2-picrythydrazyl (DPPH), (4-pyridyl-1-oxide)-
N-tert-butylnitrone (4-POBN), and 4 proteases such as
papain, pepsin, a-chymotrypsin, BP-trypsin were obtained
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA),
and pBR 322 DNA was purchased from Fermentas
(Hanover, MD, USA). Eight carbohydrases such as
Dextrozyme, AMG, Promozyme, Maltogenase, Termamyl,
Viscozyme, Celluclast, and BAN, and 5 proteases
including Flavourzyme, Neutrase, Protamex, Alcalase, and
PP-trypsin were donated from Novozymes (Bagsvaerd,
Denmark). Dulbecco’s modified Eagle medium (DMEM),
fetal bovine serum (FBS), and penicillin-streptomycin
were obtained from Invitrogen Corporation (Carlsbad, CA,
USA). RNase A and Tween-20 were supplied by Novagen
{Darmstadt, Germany) and USB (Cleveland, OH, USA),
respectively. In addition, the P frutescens was sourced
from a local market (Chungju, Korea). All other reagents
were of the highest grade available commercially. 1Cs
represents the concentration of an inhibition that is required
for 50% inhibition of each radical generation,

Preparation of enzymatic extracts from leaves of P
frutescens The leaves were enzymatically hydrolyzed
with 8 carbohydrases and 9 proteases to prepare water
soluble extracts, useful oligosaccharides, and peptides
(28,29). The samples were pulverized into powder using a
grinder. The optimum pHs, temperatures, and characteriza-
tions of various enzymes were summarized in Table 1 and
the enzymatic extracts were obtained according to the
method described by Park ef ol (21). Briefly, 100 mL of
buffer solution was added to 2 g of the dried sample, and
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then 40 pL (or mg) of each enzyme was added after pre-
incubation for 30 min. The enzymatic hydrolysis reactions
were performed for 8 hr to achieve an optimum hydrolytic
level and immediately heated at 100°C for 10 min. Finally,
the enzymatic extracts were obtained after filtering the
supernatant, lyophilizing, and then stored at —20°C until
use.

Determination of protein and carbohydrate contents of
enzymatic extracts The protein contents of various
enzymatic extracts was determined according to the
method of Lowry ef al. (30) using bovine serum albumin
as a standard. In addition, the chemical analysis for the
determination of total carbohydrate was adapted from the
phenol-sulphuric method as described by Dubois e al.

(31).

DPPH radical scavenging activity DPPH radical
scavenging activity was measured using the method
described by Nanjo et al. (32). A sample solution of 60 L
of each enzymatic extracts, was added to 60 puL. of DPPH
(60 uM) in methanol solution. After mixing vigorously for
10 sec, the solution was then transferred into a 100 uL
Teflon capillary tube, and the scavenging activity of each
enzymatic extract on DPPH radical was measured using a
JES-FA ESR spectrometer (Jeol Ltd., Tokyo, Japan). A
spin adduct was measured on an ESR spectrometer exactly
2 min later. Experimental conditions were as follows:
central field, 3,475 G; modulation frequency, 100 kHz;
modulation amplitude, 2 G; microwave power, 5SmW,
gain, 6.3x10°, and temperature, 298 K.

Hydroxyl radical scavenging activity Hydroxyl radicals
were generated by iron-catalyzed Haber-Weiss reaction
(Fenton-driven Haber-Weiss reaction), and the generated

Table 1. Optimum hydrolyzation conditions of particular enzymes

Optimum conditions

1 ..

Enzyme oH Temperature (°C) Buffer used Enzyme composition

Protamex 7.0 50 0.1MPB  Hydrolysis of food proteins

Flavourzyme 7.0 50 0.1 MPB  Containing both endoprotease and exopeptidase activities

Neutrase 7.0 50 0.1 MPB  Endoprotease

Pancreatic trypsin NOVO 7.0 37 0.1 MPB  Serine protease {from porcine pancreas)

Alcalase 7.0 50 0.1 MPB  Endo protease

Papain 7.0 37 0.IMPB  Cysteine protease (from papaya latex)

Pepsin 2.0 37 02MGH Cleavage C-terminal to Phe, Leu, and Glu

o-Cymotrypsin 8.0 37 0.1 MPB  Serine protease (from bovine pancreas)

Trypsin 8.0 37 0.1 MPB  Serine protease (from bovine pancreas)

Promozyme 400L 5.0 60 0.1 MSB  Debranching enzymes known as pullulanases

Celluclast 1.5LFG 45 50 0.1 MSB Catal;_fzing the breakdown of cellulose into glucose, cellobiose,
and higher glucose polymer

Maltogenase L 5.0 60 0.IMSB  a-Amylase

BAN 480L 7.0 70 0.1 MPB  Hydrolyzing 1,4-a-glucosidic linkages in amylose and amylopectin

Viscozyme L 4.5 50 0.1 MSB  Arabanase, celluiase, $-glucanase, hemi-cellulase, and xyianase

Termamyl SC 6.0 60 0.1 MPB  Heat-stable a-amylase

Dextrozyme E 4.5 60 0.1MSB  Glucoamylase and pullulanase

AMG 300L 4.5 60 0.1 MSB  Exo-1.4-a-D-glucosidase

In enzymatic hydrolysis: PB, phosphate buffer; GH, glycin-HCI buffer; SB, sodium acetate-acetic acid buffer.
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hydroxyl radicals rapidly reacted with nitrone spin-trap
DMPO (33). The resultant DMPO-OH adduct was
detectable with an ESR spectrometer. Briefly, 0.2 mL of
each enzymatic extracts with various concentrations was
mixed with 0.2 mL of DMPO (0.3 M), 0.2 mL of FeSO,
(10 mM), and 0.2 mL of H,O, (10 mM) in a phosphate
buffer solution {pH 7.2), and then transferred into a 100 pL
Teflon capillary tube. After 2.5 min, ESR spectrum was
recorded using an ESR spectrometer. Experimental conditions
were as follows: central field, 3,475 G; modulation frequency,
100 kHz; modulation amplitude, 2 G; microwave power, 1
mW; gain, 6.3x10°, and temperature, 298 K.

Alkyl radical seavenging activity Alkyl radicals were
generated by AAPH. The phosphate-buffered saline (PBS,
pH 7.4) reaction mixtures containing 10 mM AAPH, 10
mM 4-POBN, and indicated concentrations of tested
samples were incubated at 37°C in a water bath for 30 min
and then transferred to a 100 pL teflon capillary tube. The
spin adduct was recorded on an ESR spectrometer.
Measurement conditions were as follows: central ficld,
3,475 G; modulation frequency, 100kHz;, modulation
amplitude, 2 G; microwave power, 1 mW; gain, 6.3x10°,
and temperature, 298 K.

Protective effect of the enzymatic extracts against
H,0;-induced DNA damage To investigate the
protection effects of the enzymatic extracts on H,O,-
induced DNA damage, the reaction was conducted in an
eppendorf tube at a total volume of 13 ul. containing 0.5
ug of pBR 322 DNA in 3 puL of 50 mM phosphate buffer
(pH 7.4), 3uL of 0.02mM FeSO,, and 2 uL of the
enzymatic extracts at various concentrations. Then 4 pL of
30% H,0, was added, and the mixture was incubated at
37°C for 1 hr (34). The mixture was subjected to 0.8%
agarose gel electrophoresis, and DNA bands (supercoiled,
linear, and open circular) were stained with ethidium bromide.

Cell culture PC-12 cells used in this study were obtained
from the American Type Culture Collection, and were used
for no more than 10-12 passages. Growth medium
consisted of DMEM supplemented with 10% heat-
inactivated FBS and antibiotics (10 pig/mL penicillin-
streptomycin). The cells were incubated in a humidified
incubator at 37°C with 5% CO» and 95% air. All treatments
were performed at 30% confluence of cells.

Flow cytometer For sub-G1 and cell cycle analysis, PC-
12 cells were suspended in ethanol with 0.5% Tween-20
and left for 24 hr at 4°C. The cells were harvested by
centrifugation and resuspended in 1.0 mL of PBS with 0.05
mg/mL of propidium iodide and 10 pg/ml. of RNase A,
and incubated at 37°C for 30 min. The analysis of apoptotic
cell death was performed by measuring the hypodiploid
DNA contents using a flow cytometer (FACS-caliber;
Becton Dickinson, Franklin Lakes, NJ, USA). The cells in
sub-G1 population was considered as apoptotic cells and
percentage of each phase of cell cycle was determined.

Statistical analysis The data are presented as mean+SD.
The values were evaluated by one-way analysis of variance
(ANOVA) followed by post-hoc Duncan’s multiple range
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tests. The paired #-test was used for comparisons between
DNA damage and the leaves-treated group. All analyses
were performed using an SAS system (SAS Institute, Cary,
NC, USA).

Results and Discussion

Yield of enzymatic extracts from the leaves The vield of
enzymatic extracts from the leaves by the 8 carbohydrases
such as Dextrozyme, AMG Promozyme, Maltogenase,
Termamyl, Viscozyme, Celluclast, and BAN were 46.7,
48.8, 56.0, 56.2, 48.3, 57.9, 59.0, and 80.3%, respectively
(data not shown). In addition, the yield of enzymatic
extracts by the 9 proteases such as Flavourzyme, Neutrase,
Protamex, Alcalase, PP-trypsin, papain, pepsin, o-
chymotrypsin, and BP-trypsin were 93.9, 77.5, 89.4, 93.6,
70.3, 74.8, 60.9. 88.8, and 78.9%, respectively (data not
shown).

The yield of all enzymatic extracts was higher than that
of methanolic extracts. The vield of methanolic extracts
from the leaves was 23.1% (data not shown). Therefore,
these results indicate that the efficiency of enzymatic
extracts from the leaves is better than the methanolic
extracts for industrial application.

Total protein and carbohydrate contents of enzymatic
extracts from the leaves The leaves were enzymatically
hydrolyzed to prepare water soluble extracts assisted by
various carbohydrases and proteases. The total protein
content of hydrolytic extracts from the leaves by the 8
carbohydrases such as Dextrozyme, AMG, Promozyme,
Maltogenase, Termamyl, Viscozyme, Celluclast, and BAN
were 133.00, 147.29, 95.14, 46.21, 210.5, 140.86, 126.93,
and 116.21 mg/g, and the protein contents of the enzymatic
extracts by proteases such as Flavourzyme, Neutrase,
Protamex, Alcalase, PP-trypsin, papain, pepsin, -
chymotrypsin, and BP-trypsin were 122.29, 141.57, 66.57,
145.86, 88.71, 75.50, 144.43, 83.36, and 138.00 mg/g,
respectively (data not shown). The total protein contents of
AMG and Alcalase extracts among various carbohydrases
and proteases extracts from the leaves were the highest and
the values were 147.29 and 145.86 mg/g, respectively (data
not shown).

The carbohydrate contents of hydrolytic extracts from
the leaves by the carbohydrases such as Dextrozyme,
AMG, Promozyme, Maltogenase, Termamyl, Viscozyme,
Celluclast, and BAN were 32.69, 66.58, 42.34, 77.25,
105.09, 37.37, 68.29, and 29.72 mg/g, and the carbohydrate
contents of the enzymatic extracts prepared by proteases
such as Flavourzyme, Neutrase, Protamex, Alcalase, PP-
trypsin, papain, pepsin, o-chymotrypsin, and BP-trypsin
were 20.60, 24.75, 13.83, 20.57, 48.70, 1491, 62.22,
42.78, and 37.47 mg/g, respectively (data not shown). In
addition, Termamyl and pepsin extracts among various
carbohydrases and proteases extracts from the leaves
showed the highest carbohydrate contents, and the values
were 105.09 and 62.22 mg/g, respectively (data not shown).

DPPH radical scavenging activity DPPH radical is
stable free radical as a free radical donor, which has been
used to evaluate free radical scavenging activity of natural
antioxidants. In this study, the DPPH radical scavenging
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Fig. 1. DPPH radical scavenging activity of various enzymatic
extracts by carbohydratic hydrolysis from leaves of P
frutescens (A) and ESR spectra of Promozyme extracts from
leaves of P frutescens (B). Means+SD of determinations were
made in triplicate experiments. *Values with different alphabets
are significantly different at p<0.05 as analyzed by Duncan’s multiple
range fest.

activity of various carbohydrases and proteases extracts are
shown in Fig. 1 and 2. It was observed that carbohydratic
extrats by Promozyme, Dextrozyme, Maltogenase, Viscozyme,
Celluclast, Termamyl, and BAN had scavenging activity
01.47, 90.78, 89.62, 88.60, 88.45, 87.25, and 86.57% at
0.25 mg/mL on DPPH radical, and the scavenging activity
of AMG was 87.96% at 0.125 mg/mL. The proteolytic
extracts by Alcalase, BP-trypsin, Protamex, a-chymo-
trypsin, PP-trypsin, papain, Neutrase, pepsin, and Flavourzyme
from the leaves scavenged 88.18, 88.07, 87.17, 86.76,
86.46, 86.27, 86.16, 85.59, and 75.09% at 0.25 mg/mL on
DPPH radical. The radical scavenging activity was
concentration-dependent manners. However there was no
DPPH radical scavenging activity of methanol extracts
from the leaves {data not shown). In addition, Promozyme
and Alcalase extracts exhibited the strongest scavenging
activities among 8 carbohydrases and 9 proteases extracts,
and the ICs values were 77.25 and 109,66 pg/mL,
respectively. These activities are higher than earlier results
of the aqueous extracts from the leaves. The ICs, value of
the aqueous extracts was 407 pg/mL and the 1Cs, value of
ascorbic acid was 35.5 pg/ml as a reference (13). However,
the earlier results were measured using colorimetric method,
therefore it is impossible to compare with our results.
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Fig. 2. DPPH radical scavenging activity of various enzymatic
extracts by proteolytic hydrolysis from leaves of P frutescens
(A) and ESR spectra of Alcalase extracts from leaves of P
frutescens (B). Means=SD of determinations were made in triplicate
experiments. ““Values with different alphabets are significantly
different at p<0.05 as analyzed by Duncan’s multiple range test.

Meanwhile, Calliste ef al. (35) reported that DPPH radical
scavenging activity of another plant, sweet chestnut, was
71 ug/mL, and the activity of vitamin E was 25 pg/mL as
a reference. Although DPPH radical scavenging activity of
the leaves was lower than vitamin E, these results indicate
that enzymatic extracts from the leaves appear to be good
potential candidates for DPPH radical scavenger.

Hydroxyl radical scavenging activity Hydroxyl radicals
generated in the Fe*/H,0, system were trapped by
DMPO, forming a spin adduct detected by an ESR
spectrometer, and the typical 1 :2:2 : 1 ESR signal of the
DMPO-OH adduct was observed as shown in Fig. 3 and 4.
They may be due to the paramagnetic impurities contained
in unpurified commercial DMPO (33). The height of the
third peak of the spectrum represents the relative amount of
DMPO-OH adduct. As shown in Fig. 3, it was observed
that the hydroxy! radical scavenging activities of Celluclast,
Promozyme, Dextrozyme, Maltogenase, Viscozyme, AMG,
Termamyl, and BAN from the leaves were 78.08, 77.09,
68.55, 66.39, 66.02, 63.64, 63.09, and 44.80% at 1 mg/mL,
respectively. As shown in Fig. 4, it was observed that 1 mg/
mL of the extracts prepared with 9 types of proteases such
as pepsin, Alcalase, papain, PP-trypsin, Protamex, a-
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Fig. 3. Hydroxyl radical seavenging activity of various
enzymatic extracts by carbohydratic hydrolysis from leaves of
P frutescens (A) and ESR spectra of Celluclast extraets from
leaves of P frutescens (B). MeanstSD of determinations were
made in triplicate experiments. **Values with different alphabets
are significantly different at p<0.05 as analyzed by Duncan’s
multiple range test.

chymotrypsin, Flavourzyme, Neutrase, and BP-trypsin also
scavenged 67.58, 67.13, 66.07, 59.28, 43.56, 42.60, 42.32,
40.12, and 40.03% on hydroxy! radical, respectively. The
decrease of the amount of DMPO-OH adduct was
expressed by ESR signals (Fig. 3B, 4B) and the radical
scavenging activity was concentration-dependent manners.
Meanwhile, hydroxyl radical scavenging activity of
methanol extracts from the leaves was 61.70% at 1 mg/mL
which value was not higher compared to enzymatic
extracts. In addition, the Celluclast and pepsin extracts
were the highest scavenging activities among various
carbohydrases and proteases extracts, and the [Csy values
were 24334 and 241.86 pg/ml, respectively. These
scavenging activity were similar (methanol extracts) or
higher (aqueous extracts) than the scavenging activity of
another plant using ESR spectrometer (35). Theses results
indicate that antioxidant property of the leaves.

Alkyl radical seavenging activity The alkyl radical spin
adduct of 4-POBN/free radicals was generated from AAPH
at 37°C for 30 min, and the decrease of ESR signals was
observed with the dose increment of all enzymatic extracts
(Fig. 5, 6). The extracts from the leaves exhibited the alkyl
radical scavenging activities, and the scavenging activities
of BAN, Viscozyme, Celluclast, Dextrozyme, AMGQG
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Fig. 4. Hydroxyl radical scavenging activity of various
enzymatic extracts by proteolytic hydrolysis from leaves of P
frutescens (A) and ESR spectra of pepsin extracts from leaves
of P frutescens (B). MeanstSD of determinations were made in
triplicate experiments. *“Values with different alphabets are
significantly different at p<0.05 as analyzed by Duncan’s multiple
range test.

Maltogenase, Promozyme, and Termamyl were 82,52,
82.35, 82.19, 82.08, 81.97, 81.45, 01.06, and 79.69% at 1
mg/mL (Fig. 5). In addition, 1 mg/mL of the extracts
hydrolyzed from the leaves by the 9 types of proteases
such as a-chymotrypsin, BP-trypsin, Flavourzyme, Neutrase,
Protamex, pepsin, Alcalase, PP-trypsin, and papain also
scavenged 87.98, 84.98, 80.45, 80.24, 76.22, 74.48, 74.11,
74.00, and 60.88% at 1 mg/mL (Fig. 6). Meanwhile, alkyl
radical scavenging activity of methanol extracts from the
leaves was 66.32% at 0.0625 mg/mL which value was
higher than alkyl radical scavenging activity of enzymatic
extracts (data not shown). Additionally, BAN, and o-
chymotrypsin extracts showed the highest alkyl radical
scavenging activities among various carbohydrases and
proteases extracts, and the ICs values were 21.13 and
33.23 ug/mlL, respectively. We showed that plant extracts
have antioxidative activities on alkyl radical. We reported
that Perilla frutescens var. crispa exerts positive effect
against alkyl radical and the ICs value of Termamyl was
250.27 ug/ml. (36). Picrorrhiza kurroa also exhibited
capacity against alkyl radical and the ICsy value of
Maltogenase was 10.66 pg/mL (37). These facts suggest
that enzymatic extracts of the leaves might be potential
source of alkyl radical scavenger.
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Fig. 5. Alkyl radical scavenging activity of various enzymatic
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(A) and ESR spectra of BAN extracts from leaves of P frutescens
(B). MeanstSD of determinations were made in triplicate
experiments. “Values with different alphabets are significantly
different at p<0.03 as analyzed by Duncan’s multiple range test.

Protective effect of the enzymatic extracts from leaves
of B frutescens against hydroxyl radical induced DNA
damage The antioxidant effect of enzymatic extracts
from the leaves was also evaluated using a protection effect
on free radical induced plasmid pBR 322 DNA damage in
vitro. DNA was broken into 3 forms supercoiled (SC), open
circular (OC), and linear form (Linear) when exposed to
hydroxyl radical derived from a Fenton reaction. In the
present study, Celluclast and pepsin extracts were selected
to investigate protective effects on hydroxyl radical-
induced DNA damage because the 2 extracts were the
highest hydroxyl radical scavenging activities among
various carbohydrases and proteases extracts. The
protective effects of Celluclast and pepsin extracts from the
leaves on free radical-induced DNA damage were shown
in Fig. 7. The SC form in DNA was completely reduced
under the treatment of hydroxyl radical generated from a
Fenton reaction {(Lane 2) compared with plasmid DNA
control (Lane 1). According to the results, Celluclast and
pepsin extracts from the leaves at concentrations in the
range of 0.19-0.75 mg/mL protected free radical-induced
DNA damage (Lane 3-5).
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Fig. 6. Alkyl radical scavenging activity of various enzymatic
extracts by proteolytic hydrolysis from leaves of P frutescens
(A) and ESR spectra of a-chymotrypsin extracts from leaves
of P frutescens (B). MeanstSD of determinations were made in
triplicate experiments. *%Values with different alphabets are signifi-
cantly different at p<0.05 as analyzed by Duncan’s multiple range
test,

Neuroprotective effect the enzymatic extracts from
leaves of P frutescens against H,O, Due to its strong
reactivity with biomolecules, -OH is probably capable of
doing more damage to biological systems than any other
ROS (38). Therefore, Celluclast and pepsin extracts which
have the highest hydroxyl radical scavenging activity were
selected to investigate of the neuroprotective effect against
H,0.. The neuroprotective effect of Celluclast and pepsin
extracts from the leaves was determined with sub-Gl
analysis by a flow cytometer. The cells were treated with
the extracts from the leaves prior | mM H,0, for 24 hr.

There was no effect in the Celluclast extracts from the
leaves (data not shown). In the pepsin extracts from the
leaves, the percentages of apoptotic cells observed 65.28%
at 1 mM H,O, while the percentages of the pepsin extracts
treated cells showed 46.53 and 33.57% at 1 and 2 mg/mL,
respectively (Fig. 5). These results indicate that the pepsin
extracts from the leaves protect neuronal cells against
H,0O;-induced oxidative damage. -

Nowadays, there is a continuing search for better and
more effective antioxidants. There is a close association
between chronic inflammation and cancer. Evidence for
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Fig. 7. Agarose gel electrophoretic patterns of plasmid DNA
breaks by -OH generated from a Fenton reaction in the
presence of Celluclast (A) and pepsin (B) extracts from leaves
of P, frutescens. Lane 1, no addition (plasmid DNA control); lane
2, FeSO, and H.0, (DNA damage control); lane 3-5, FeSO, and
H,0, in the presence of Celluclast or pepsin extracts from leaves
of P. frutescens with concentrations of 0.19, 0.38, and 0.75 mg/
mL, respectively.

this comes from epidemiological studies, linking reactive
species overload diseases to high cancer risk (39). At the
molecular level, free radicals produced during chronic
inflammation, can induce deleterious gene mutation and
post-translational modifications of key cancer-related
proteins (40). The pro-cancerous outcome of chronic
inflammation increased DNA damage. A critical
mechanism toward cancer associated with reactive species
overload diseases is the attack of cancer genes, cancer
proteins, RNA, and lipids by reactive nitrogen and oxygen
species (40-43). Therefore, to diminish these pro-cancerous
mechanisms, a key treatment strategy is to reduce the free
radical load.

In the present study, we focused on natural water-soluble
antioxidants from P frutescens which prepared by
enzymatic hydrolysis using different carbohydrate degrading
enzymes and proteases, and their antioxidant effects were
evaluated in 3 different free radical scavenging assays
including DPPH, hydroxyl, and alkyl radical.

In the earlier reports, the leaves have been known for
several biological activities (13-19) and cellular lysosomal
enzyme of hot-water extracts from the leaves displayed the
more activity than methano! and ethanol extracts (41).
However there were no studies about radical scavenging
activity by using ESR spectroscopy and protective effects

285

(A)

100

{277 Apoptosis
7 Gy Gy phase
RN S phase

80

60 -

4F

Cell distributions (%)

20 +

Control H,0; Pepsin Pepsin
1 mM I mg/mL 2 mg/mL
(B)
}
¥
R CWICES e w0 o T N Rty W g0 e
Control H;0; 1 mM Pepsin 1 mg/mL.  Pepsin 2 mg/mL

Fig. 8. Cell death and cell cycle of PC-12 after treating the
pepsin extracts from leaves of P frutescens prior H,0,
treatment. The cells were treated with [ and 2 mg/mL of the
pepsin extracts from leaves of P, frutescens prior | mM H,0O, for
24 hr (A) and the histogram (B). MeanstSD of determinations
were made in triplicate experiments. *p<0.05 and **p<0.01 are
significantly different as analyzed by paired t-test compared DNA
damage with sample-treated group. The arrow indicate apoptotic
peak.

of DNA and neuronal cells of enzymatic extracts from the
leaves. Therefore we prepared enzymatic extracts from the
leaves by various enzymes to take water soluble extracts,
useful oligosaccharides, and peptides. The antioxidative
activity of the enzymatic extracts was investigated as a
radical scavenger on DHHP, hydroxyl, and alkyl radical.
The components in the leaves for the bioactivities are
under investigation. Further study is required for
identification of antioxidant compounds from enzymatic
extracts of the leaves.

In this research, the enzymatic extracts from the leaves
showed the neuroprotective effect on H,O,-induced cell
damage and the protective effect on hydroxyl radical-
induced DNA damage. In addition, the enzymatic extracts
from the leaves scavenged various free radicals such as
DPPH radical, hydroxyl radical, and alkyl radical.
Therefore, the enzymatic extracts from the leaves might be
used useful natural antioxidant.
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