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Free radicals and related reactive species, especially reactive
oxygen and nitrogen species (ROS/RNS), are able to cause
damage to biomolecules, leading to cell and tissue injury in
mammals, including humans.Thus, a number of endogenous
antioxidant defenses have been evolved in mammals to
protect against the damage caused by ROS/RNS; a variety of
antioxidants has been applied to the treatment and preven-
tion of disease. In addition, antioxidants have been widely
used in food, medicine, and cosmetics industry.

As a result, “antioxidants” became a buzzword in the
1990s, and their benefits were glorified by the media, by the
food industry which began labeling foods as “rich in antioxi-
dants,” and by the supplement industry as they began hyping
the health benefits of antioxidant supplements. They were
even promoted as antiaging ingredients in beauty products.
It is very necessary for seeking new bioactive antioxidants
and studying their chemical and biological properties, their
chemical basis of security, and the interaction between them.
Thus, in this special issue, we have published a series of papers
that address such issues.

One paper of this special issue introduces the antioxidant
constituents and pharmacological effects of Sijunzi decoction
by looking up literatures in recent years. Research on the
antioxidant components of Sijunzi decoction and their targets
is a promising study area in the future.

Another paper presents the study on stress-induced
ROS changes DNA methylation patterns; this paper devel-
oped a protocol combining methylation-sensitive restric-
tion endonuclease digestion with suppression subtractive

hybridization to construct the differential-methylation sub-
tractive library.

Another paper clarified the cardioprotective property of
the aqueous extract of Elaeagnus angustifolia L. leaf (EA)
against myocardial ischemia/reperfusion injury in isolated
rat heart. Another paper evaluated the cardioprotective prop-
erty of the aqueous extract of lavender flower (LFAE) on
myocardial ischemia/reperfusion (I/R) injury of rat using
Langendorff retrograde perfusion technology. The result of
these two articles showed that EA and LFAE provide protec-
tion for heart against the I/R injury via the improvement of
myocardial oxidative stress states.

One paper clarified that water extract of Chorispora
bungeana treatment significantly reduced neurological deficit
scores and infarct size through antioxidant and antiapop-
totic activities. Another paper revealed that the antioxidant
enzymes of halophyte used in traditional Chinese medicine
for clearing heat and for detoxification are activated under
NaCl stress. Another paper clarified the protection of gin-
senoside Rg3 against oxidative stress in human neuroblas-
toma SK-N-SH cells. Both 20 (R)-Rg3 and 20 (S)-Rg3 had
obvious protection against H

2
O
2
-induced oxidative stress in

SK-N-SH cells.
Another paper uncovered that ophiurasaponin from

Ophiopholis mirabilis had obvious antioxidant activities and
antimicrobial activities which could provide the theoretical
basis for further research and development of antioxidant
and antimicrobial marine drugs. Another paper made clear
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that five compounds with antioxidant and anti-inflammatory
activities were isolated for the first time from Styela clava.

Another paper systematically evaluated the antioxidant
activity of Xanthohumol using three systems; results showed
that different methods for evaluation of antioxidant capicity
may have led to a different conclusion.

Qiusheng Zheng
Ji Li

Zhenhua Wang
Chunming Wang
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This paper introduces the antioxidant constituents and pharmacological effects of Sijunzi decoction by looking up literatures in
recent years. Sijunzi decoction is composed of Ginseng, Atractylodes, Tuckahoe, and Glycyrrhiza. The antioxidant ingredients
of Sijunzi decoction include paeonol, dauricine, naringin, and isoliquiritigenin. The study has proved that it possesses wide
pharmacological effects of anticardiovascular diseases, antinervous system disease, antidiabetes, antimetabolic syndrome, and
antitumor. Research on the antioxidant components of Sijunzi decoction and their targets is a promising study area in the future.

1. Introduction

Phagocytic cells release a significant amount of reactive
oxygen species (ROS) through respiratory burst under the
stimulus of pathogenic microorganisms when “spleen qi
deficiency” occurs, which is often associated with gastroin-
testinal inflammation. Through NADPH oxidation, ROS can
cause oxidative damage and further aggravate the inflamma-
tion. Studies have shown that Sijunzi decoction has evident
antioxidant effects [1] and can eliminate or reduce biolog-
ical membrane lipid peroxidation caused by free radicals
[2]. Moreover, Sijunzi decoction can increase superoxide
dismutase (SOD) activity and reduce MDA generation to
speed up the elimination of free radicals and other harm-
ful substances to protect biological macromolecules from
damage and improve the DNA repair. Sijunzi decoction
has an antioxidant effect because it contains a wide vari-
ety of free radical scavenging molecules. These antioxidant
compounds possess anti-inflammatory, antiatherosclerotic,
antitumor, antimutagenic, anticarcinogenic, or antibacterial
properties. The antioxidants derived from Sijunzi decoction
are summarized in this study. The source of antioxidants
discussed in this study is shown in Table 1.

2. The Role of Antioxidants from
Sijunzi Decoction

2.1. Antioxidants of Anticardiovascular Disease. Several com-
ponents of Sijunzi souphave antioxidant activity anddecrease
the occurrence of cardiovascular diseases. Studies have
shown that isoliquiritigenin, which is a natural antioxidant
derived from liquorice, has a significant role in anticardiovas-
cular disease through activation of the AMP-activated pro-
tein kinase (AMPK) andERK signaling pathways and balance
of cellular redox status [3]. Naringin derived from liquorice,
which is the second most important antioxidant component,
inhibits reactive oxygen species- (ROS-) activated MAPK
pathway involved in high glucose-induced injuries of H9c2
cardiac cells [4]. Naringinmitigates hypertension and throm-
bosis by increasing the bioavailability of nitrogen oxide
(NO) and protecting the endothelial function from ROS [5].
Moreover, naringin can improve redox-sensitive myocardial
ischemia reperfusion injury [6]. Glabridin, which is derived
from liquorice and is responsible for its antioxidative charac-
teristics in low-density lipoprotein (LDL) oxidation, is also
important [7]. Isorhamnetin, which is also derived from
liquorice, can inhibit the H

2
O
2
-induced activation of the
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Table 1

Source of
ingredient Antioxidant ingredient

Ginseng Paeonol, dauricine, pancratistatin

Licorice

Isoliquiritigenin, naringin, glabridin, isorhamnetin,
calycosin, pinocembrin, nicotiflorin, liquiritigenin,
kaempferol, licoflavone, isobavachalcone, morusin,
licochalcone A, licochalcone B, rutin, quercetin

intrinsic apoptotic pathway through ROS scavenging and
ERK inactivation. Therefore, isorhamnetin is a promising
reagent for the treatment of ROS-induced cardiomyopathy
[8].

Paeonol, which is mainly collected from ginseng, affects
the development of cardiovascular tissues. Paeonol has
antioxidant and anti-inflammatory properties, which can be
developed for use in anti-inflammatory and vascular disor-
ders [9]. The therapeutic mechanism of paeonol prevents
monocyte adhesion onto vascular endothelial cells (VECs)
induced by ox-LDL [10]. Paeonol has a protective effect
on the hypoxia/reoxygenation damage of myocardial cells;
therefore, it can prevent myocardial infarction induced by
isoproterenol in rats [11]. Paeonol can also decrease oxidative
injury and repair blood vessel endothelium, as well as prevent
the development of coronary diseases [12].

2.2. Antioxidants against Diabetes and Metabolic Syndrome.
Metabolic syndrome is a low-grade inflammatory state,
where oxidative stress is involved. Some of the antioxidants
extracted from Sijunzi decoction exhibit antidiabetes activ-
ities or metabolic syndrome reversal. Isoliquiritigenin can
significantly decrease the level of blood glucose [13]. Naringin
exhibits significant antidiabetic effects by potentiating the
antioxidant defense system and by suppressing proinflam-
matory cytokine production in a rat model of T2DM [14].
Naringin reverses the metabolic syndrome by decreasing
inflammatory cell infiltration and plasma lipids; the process
mitigates oxidative stress and improves mitochondrial func-
tion [15]. Glabridin, which is a major active flavonoid in
Glycyrrhiza glabra (licorice), improves learning and memory
in mice. Glabridin reverses learning and memory defects
in diabetic rats. Glabridin treatment partially improves the
reduced body weight and hyperglycemia of diabetic rats.
Their mechanisms may be related to the combination of
antioxidant, neuroprotective, and anticholinesterase proper-
ties of glabridin [16] or as an activator of AMP-activated
protein kinase (AMPK) [17].

2.3. Antioxidants of Antineurological Diseases. Clinically,
Sijunzi decoction is often used to treat several neurological
diseases. Calycosin, which is derived from licorice, has a
neuroprotective effect against cerebral ischemia/reperfusion
injury through its antioxidant effects [55]. Isoliquiritigenin
protects HT22 hippocampal neuronal cells from oxidative
stress-induced glutamate. The mechanisms are related to the
reversed ROS production and mitochondrial depolarization
induced by glutamate, as well as the regulation expression of

the apoptotic regulators, Bcl-2 and Bax [31]. Isoliquiritigenin
can protect dopaminergic cells from oxidative injury and
prevent A𝛽(25–35)-induced neuronal apoptotic death by
interfering with the increase of [Ca2+] and ROS [32]. Liquir-
itigenin is derived from licorice; this compound improves
behavioral performance and attenuates neuronal loss in the
brain of rats [64]. Pinocembrin derived from licorice has
a significant role in neurovascular protection by protect-
ing the cerebral ischemia and increasing the viability of
the mitochondrial membrane [57, 58, 80, 81]. Pinocem-
brin abrogates the effects of the neurotoxin 1-methyl-4-
phenylpyridinium, which mimics Parkinson’s disease with
an elevation of intracellular ROS level and apoptotic death
[82]. This phenomenon might be another mechanism for
pinocembrin in mitigating nervous system diseases.

Nicotiflorin, which is derived from licorice, markedly
reduces brain infarct volume and neurological deficits
immediately following its administration after the onset of
ischemia. Nicotiflorin also protects against memory dysfunc-
tion, energy metabolism failure, oxidative stress in multi-
infarct dementia model rats, cerebral ischemic damage, alu-
minum chloride-induced cognitive dysfunction, and mito-
chondrial oxidative damage [61, 62]. Investigations about
the protective mechanism of kaempferol glycosides showed
the involvement of their antioxidative activity, blockage of
caspase cascades, attenuation of NMDA-induced neuronal
toxicity, inhibition of monoamine oxidase (MAO), excessive
NO production, and others [63].

Naringin may be beneficial in mitigating 3-NP-induced
neurodegeneration through its antioxidant and antiapoptotic
effects [39, 40].

Glabridin has a neuroprotective effect because of the
modulation of multiple pathways associated with apoptosis.
Glabridin significantly attenuates the level of brain malonyl-
dialdehyde (MDA) in MCAO rats; however, it elevates the
levels of two endogenous antioxidants in the brain, namely,
SOD and reduced glutathione [48].

Dauricine is derived from ginseng and has cerebral
ischemia-reperfusion injury protection effect, which may be
related to its inhibition of neuron apoptosis [22]. Paeonol
mitigates neuronal damage not only by decreasing ROS
overgeneration, but also by regulating expression of apoptosis
proteins and neurotrophic factors [18, 19].

2.4. Antioxidants of Antirespiratory Diseases. Three compo-
nents from Sijunzi soup have significant roles in preventing
respiratory diseases.

Naringin has antitussive, anti-AHR, and anti-inflam-
mation effects on chronic cigarette smoke exposure-induced
chronic bronchitis in guinea pigs; this compound improves
SOD activity in lung tissue and increases the content of
lipoxinA4 in bronchoalveolar lavage fluid (BALF) in a guinea
pig model for chronic bronchitis [41, 42]. Dauricine induces
glutathione depletion and apoptosis in lungs of CD-1 mice
and in cultured human lung cells [23]. Liquiritigenin can
protect human lung cells (A549) from a hemolysin-mediated
injury [65].
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2.5. Antioxidants against Digestive System Diseases. Several
components of Sijunzi soup are also involved in antidigestive
system diseases.

Liquiritigenin has a choleric effect and exhibits the
ability to induce hepatic transporters and phase-II enzymes,
which are a group of antioxidant systems that function
against oxidative stress, carcinogenesis, mutagenesis, and
other forms of toxicity [66]. Isoliquiritigenin, which is similar
with liquiritigenin, can repress LXR𝛼-dependent hepatic
steatosis through JNK1 inhibition and protect hepatocytes
from oxidative injury inflicted by fat accumulation [33].

The induction of HO activity by pinocembrin has a pro-
tective effect against hepatic damage associated with oxida-
tive stress in rats. Pinocembrin challenges hepatocarcinogens
and may exhibit anticarcinogenic effects [59]. Dauricine is
subject to oxidative bioactivation in human liver microsomes
in vitro and in rats in vivo [24].

Licoflavone, isobavachalcone, and quercetin are derived
from licorice. Licoflavone feeding suppresses gastric mucosa
injury and protects and restores injured mucosa in rats with
chronic superficial gastritis. These effects are related with
the upregulation of serum PGE2 levels [69]. Isobavachalcone
shows broad antioxidative activities in rat liver microsomes
and mitochondria [70]. Quercetin has beneficial effects on
liver fibrosis in rats by enhancing antioxidant enzyme activity
and reducing the prooxidant effects [79].

Several studies have demonstrated that isorhamnetin is
efficient in protecting hepatocytes against oxidative stress
by Nrf2 activation and in inducing the expression of its
downstream genes [50].

Paeonol can inhibit HSC proliferation and induce mito-
chondrial apoptosis by disrupting the NF-𝜅B pathway, which
is probably the mechanism of paeonol reduction of liver
fibrosis [20].

2.6. Antioxidants of Antitumors. Natural compounds isolated
from Sijunzi decoction, which are rich sources of novel
anticancer drugs, have gained increasing interest.

Isoliquiritigenin significantly inhibits the proliferation of
C4-2 prostate cancer cells in IEC-6 normal epithelial cells in
vitro, increases intracellular ROS levels, and causes SKOV-3
and hela cell apoptosis [34–36]. The prodifferentiation effect
of isoliquiritigenin on HL-60, particularly the role of redox
homeostasis in regulating HL-60 cell differentiation by
modulation of the Nrf2/ARE pathway, has been investigated
[37, 38].

Licochalcone A and licochalcone B are derived from
licorice. Licochalcone A has potent antitumor effects in
prostate, breast, and bladder cancer, as well as in leukemia
cell lines [74]. A study has shown that the induction of
endoplasmic reticulum stress through a PLC 𝛾1-, Ca2+-,
and ROS-dependent pathways may be significant when
licochalcone A induces apoptosis in HepG2 hepatocellular
carcinoma cells [75]. Furthermore, licochalconeB inhibits the
concentration-dependent bladder cancer cell proliferation;
this antiproliferative effect is caused by the induction of S-
phase arrest and apoptotic cell death [77].

Dauricine can inhibit the proliferation activity of urinary
tract tumor cells. By inhibiting the NF-𝜅B signaling pathway
in colon cancer cells, dauricine inhibits proliferation and
invasion of the cancer [25, 26]. Furthermore, dauricine
inhibits human breast cancer angiogenesis by suppressing
hypoxia inducible factor-1𝛼 (HIF-1𝛼) protein accumulation
and vascular endothelial growth factor (VEGF) expression
[27].

Naringin can induce receptor death and mitochondria-
mediated apoptosis in human cervical cancer cells [43].
Naringin reduces the growth potential of human triple-
negative breast cancer cells by targeting the 𝛽-catenin sig-
naling pathway [44]. Naringin is effective in reducing the
number of preneoplastic lesions in rats exposed to 1,2-
dimethylhydrazine. Several of these effects may be caused by
reduced cellular proliferation and tissue levels of iron and
the recovery of antioxidant mineral levels induced by this
flavonoid [45].

Pancratistatin is derived from ginseng andmay be a novel
mitochondria-targeting compound that selectively induces
apoptosis in cancer cells and significantly reduces tumor
growth [28, 29]. Pancratistatin treatment in cancer cell
lines results in increased ROS production and reduction of
mitochondrial membrane potential [30]. Morusin, which is
derived from licorice, significantly inhibits the growth and
clonogenicity of HT-29 human colorectal cancer cells, as well
as the human cervical cancer stem cell growth and migration
[72, 73].

Calycosin is an indispensable element in antitumor
activities. Calycosin inhibits breast cancer growth and is
obtained by estrogen receptor (ER) 𝛽-mediated regulation
of the IGF-1R signaling pathways and miR-375 expression
[56]. Isorhamnetin exhibits antioxidant and antiproliferative
activities in a variety of cancer cell lines [51–53].

Glabridin is a novel anticancer agent for treating breast
cancer in three different manners, namely, inhibition of
migration, invasion, and angiogenesis [49]. Pinocembrin
triggers Bax-dependent mitochondrial apoptosis in colon
cancer cells [60]. Isobavachalcone induces apoptotic cell
death in neuroblastoma through the mitochondrial pathway
and is not cytotoxic against normal cells [71]. Paeonol has
significant growth-inhibitory and apoptosis-inducing effects
in gastric cancer cells, both in vitro and in vivo [21].

2.7. Antioxidants against Inflammation. The components of
Sijunzi soup have a significant role against inflammation.

Naringin is an effective anti-inflammatory compound
for attenuating the chronic pulmonary neutrophilic inflam-
mation in CS-induced rats. The oxidative stress caused
by cigarette smoke (CS) exposure increases inflammatory
cell influxes in the lungs, followed by lipid peroxida-
tion, and increases proinflammatory cytokines, such as the
tumor necrosis factor-𝛼 [46]. Liquiritigenin has an anti-
inflammatory effect, as shownby the inhibition of nitric oxide
and tumor necrosis factor-production, which is induced
by the lipopolysaccharides in macrophages [67]. Licochal-
cone A protects BALB/c mice from lipopolysaccharide-
(LPS-) induced endotoxin shock by inhibiting the production
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Table 2

Antioxidant
ingredient Structure of compound Pharmacological activity References

Paeonol
HO

O

O

(1) Antioxidant and anti-inflammatory
properties
(2) Treatment for vascular disorders
(3) Protection against atherosclerosis.
(4) Neuroprotection
(5) Protection against hypoxia/reoxygenation
damage
(6) Growth-inhibitory and apoptosis-inducing
effects on cancer cells

[9–12, 18–21]

Dauricine

O

O

O

O

O

OH

N

N

(1) Inhibition of neuron apoptosis
(2) Induction of glutathione depletion and
apoptosis in cancer cells
(3) Inhibition of tumor cell proliferation
(4) Inhibition of cancer angiogenesis
(5) Induction of tumor cell apoptosis

[22–27]

Pancratistatin

OH

O

O

O

NH

HO
OH

OH

OH

(1) Increased reactive oxygen species (ROS)
production
(2) Induction of mitochondrial membrane
collapse
(3) Potential induction of tumor apoptosis
(4) Reduction of tumor growth

[28–30]

Isoliquiritigenin

OH O

HO OH

(1) Cardioprotection against ischemic injury
(2) Decreased blood glucose level
(3) Prevention of neurodegenerative diseases
(4) Prevention of neuronal apoptotic death
(5) Repression of liver X receptor-𝛼-dependent
hepatic steatosis
(6) Induction of apoptosis
(7) Inhibition of cancer cell proliferation
(8) Enhancement of HepG2 cell radiosensitivity

[3, 13, 31–38]

Naringin
OH

OH

O

O O

O

O

O

HO

HO

HO

HOHO

HO

(1) Inhibition of ROS-activated MAPK pathway
(2) Antihypertensive and antithrombotic
effects
(3) Protection of endothelial function from
ROS
(4) Protection against myocardial ischemia
reperfusion injury
(5) Antidiabetic effect
(6) Decreased inflammatory cell infiltration
(7) Neuroprotective effect
(8) Anti-inflammatory effect
(9) Protection against pulmonary fibrosis
(10) Induction of cancer cell apoptosis
(11) Attenuation of chronic pulmonary
neutrophilic inflammation
(12) Mitigation of erythrocyte aging

[4–
6, 14, 15, 39–

47]
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Table 2: Continued.

Antioxidant
ingredient Structure of compound Pharmacological activity References

Glabridin

O

HO O

OH
(1) Antioxidation
(2) Protection against obesity-related metabolic
disorders
(3) Neuroprotective effect
(4) Anti-inflammatory effect
(5) Anticancer effect

[7, 16, 17, 48,
49]

Isorhamnetin

O
HO

HO

O

O OH

OH

(1) Inhibition of ROS-induced apoptotic
pathway
(2) Anti-ROS-induced cardiomyopathy
(3) Protection of hepatocytes against oxidative
stress
(4) Antioxidant and antiproliferative effects
(5) Modulation of the peroxisome
proliferator-activated receptor pathway in
gastric cancer

[8, 50–54]

Calycosin OH

O
O

OHO

(1) Neuroprotection
(2) Inhibition of breast cancer growth [55, 56]

Pinocembrin
OH

O

O

OH

(1) Neurovascular protection
(2) Protection of cerebral ischemia
(3) Increased viability and mitochondrial
membrane potential of cultured rat cerebral
microvascular endothelial cells
(4) Protection of rat brain against oxidation
and apoptosis
(5) Abrogation of neurotoxin effects
(6) Improvement of rat cognitive impairments
(7) Anticarcinogenic effects
(8) Triggering mitochondrial apoptosis in
cancer cells

[57–60]

Nicotiflorin
O

O
O

O

O
HO

HO

HO

O
HO

OH

OH
OH

OH

OH

(1) Improvement of brain infarct volume and
neurological deficits
(2) Protection against memory dysfunction,
energy metabolism failure, and oxidative stress
(3) Protection against cerebral ischemic
damage

[61–63]

Liquiritigenin
OH

O

OHO

(1) Improvement of behavioral performance
and attenuation of neuronal loss in the brain
(2) Protection of human lung cells (A549)
(3) Choleretic effect and induction of hepatic
transporters and phase-II enzymes
(4) Induction of apoptosis in the mitochondrial
pathway
(5) Anti-inflammatory effect
(6) Protection of osteoblast against cytotoxicity

[64–68]
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Table 2: Continued.

Antioxidant
ingredient Structure of compound Pharmacological activity References

Kaempferol

OH O

OHO

OH

OH
(1) Attenuation of neuronal toxicity
(2) Inhibition of monoamine oxidase and
excessive NO production

[63]

Licoflavone

O

OHO

OH

(1) Suppression of gastric mucosa injury [69]

Isobavachalcone

O

HO

OH

OH
(1) Antioxidant effects on rat liver microsomes
and mitochondria
(2) Induction of neuroblastoma apoptosis

[70, 71]

Morusin

OH

OH

O

O O

HO

(1) Anticancer properties [72, 73]

Licochalcone A
OH

OO

HO
(1) Antitumor and antimetastatic properties
(2) Apoptosis-promotion
(3) Inhibition of inflammatory cytokines and
ROS production

[74–76]

Licochalcone B
OH

O O

HO OH

(1) Inhibition of cancer cell proliferation [77]

Rutin

OH
OH

OH

OH

OH
OH

O
O O

O O

O
HO

HO

HO HO (1) Inhibition of primary humoral immune
response [78]
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Table 2: Continued.

Antioxidant
ingredient Structure of compound Pharmacological activity References

Quercetin

OH O

O
O

O

HO

OH

(1) Antiliver fibrosis properties
(2) Modulation of degranulation and oxidative
burst

[54, 69, 79]

of inflammatory cytokines and ROS [76]. Quercetin and
kaempferol can modulate the degranulation and oxidative
burst of stimulated human neutrophils. Rutin, which is
derived from licorice, inhibits the primary humoral immune
response in mice [78]. The induction of HO-1 by isorham-
netinmay reduce ROS production, and the antioxidant prop-
erty of isorhamnetin might inhibit the COX-2 expression in
response to inflammation [54].

2.8. Others. The Sijunzi soup has a significant role in other
aspects, such as the mitigation of musculoskeletal diseases
and the progression of hematological system diseases.

The modulation of PI3K antioxidant effects and the
attenuation of mitochondrial dysfunction by liquiritigenin
represent an important mechanism for the protection of
osteoblasts against cytotoxicity, which results from mito-
chondrial oxidative stress [68].

Naringin mitigates erythrocyte aging induced by pacli-
taxel (PTX), which suggests that naringin inhibits PTX-
induced aging by reducing the PTX-induced oxidative stress
[47].

3. Antioxidants List

See Tables 1 and 2.

4. Conclusion

The oxidative products of organisms cause several dis-
eases. Several studies have been conducted on the effects
of antioxidant-scavenging free radical. Sijunzi decoction
contains a variety of antioxidants. The effects of these
antioxidants have gained attention from scholars at home
and abroad. Various research results have been obtained.
The antioxidants in Sijunzi decoction decrease free radical
content and enhance the free radical scavenging activities in
the body by adjusting the activity of the antioxidative enzyme
system when spleen deficiency occurs. The antioxidants
in Sijunzi decoction eliminate the peroxidation damage in
tissues, cells, and various types of biological macromolecules
and protect the normal structure and function of the cell
membrane. Sijunzi decoction improves the pathological
changes of tissues and cells in the cardiovascular and respi-
ratory systems, corrects the nerve and endocrine functions,
strengthens digestion, and induces tumor cell apoptosis.
Revealing mainly the antioxidant of Sijunzi decoction is

necessary to understand its antioxidant effects. Research to
discover the antioxidant components of Sijunzi decoction
and their target research are areas of future study in this field.
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Stress-induced ROS changes DNA methylation patterns. A protocol combining methylation-sensitive restriction endonuclease
(MS-RE) digestion with suppression subtractive hybridization (SSH) to construct the differential-methylation subtractive library
was developed for finding genes regulated by methylation mechanism under cold stress. The total efficiency of target fragment
detection was 74.64%. DNA methylation analysis demonstrated the methylation status of target fragments changed after low
temperature or DNA methyltransferase inhibitor treatment. Transcription level analysis indicated that demethylation of DNA
promotes gene expression level. The results proved that our protocol was reliable and efficient to obtain gene fragments in
differential-methylation status.

1. Introduction

DNAmethylation exists extensively in the genomes of bacte-
ria, animals, andplants. In plants, about 20∼30%cytosines are
methylated in the nuclear genome [1]. In prokaryotes, modi-
fication of DNA prevents cleavage by the cognate restriction
endonucleases [2]. In higher eukaryotes, DNAmethylation is
one of the epigenetic modifications which plays an important
role in regulating development and developmental processes
[3]. Arabidopsis decreased DNA methylation (ddm) mutants
show pleiotropic phenotypes in development, such as early
flowering, dwarfism, and irregular organ number [4]. In
pumpkin, DNA methylation status changes were observed
during somatic embryogenesis. DNA methylation reached
the highest level in early embryo stages and decreased dur-
ing embryo maturation [5]. Hypermethylation of promoter
sequences is associated with transcriptional gene silencing
while hypermethylation of transcribed or coding sequences
is linked with posttranscriptional gene silencing [6]. In
all, DNA methylation has been associated with many gene
regulatory mechanisms including genomic imprinting, tran-
scriptional regulation of genes and transposable elements,
and gene silencing [6–10].

Animals and plants are constantly exposed to environ-
mental stresses (biotic or abiotic).These stresses often lead to
the increase in ROS level in cell. Growing evidence supports
that stress-induced oxidative damage changes DNA methy-
lation patterns, which in turn modulates gene expression
[11]. Recent studies indicate that epigeneticmechanisms, such
as DNA methylation, play a key role in regulating gene
expression in response to environmental stresses [12]. When
exposed to osmotic stress, a reversible hypermethylation of
cytosine was observed in tobacco [13]. Long exposure to
cold stress resulted in a stable transcription silencing of FLC,
leading to flowering inhibition [14]. Dyachenko et al. [15]
showed a twofold increase in CpNpG methylation level in
nuclear genome of M. crystallinum plants exposed to high
salinity. Choi and Sano [16] reported that environmental
stimuli such as salinity, cold, and aluminum stress could
cause demethylation in the coding region of NtGPDL and
subsequently activated its expression. In rice, DNA methy-
lation pattern changed in response to drought stress: the
methylation level decreased and there was a large difference
in DNA methylation/demethylation site in drought-tolerant
and drought-sensitive lines under drought stress [12]. In
wheat, salinity stress triggered the decrease in methylation
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level [17]. Furthermore, changes in DNAmethylation pattern
can affect tolerance to stress. It was found that treatment
with demethylating reagent, 5-azacytidine (5-Aza), resulted
in wheat seedlings more tolerant to salt stress [18]. Exposure
to zinc stress led to change in methylation patterns. This
change could be stably inherited to progeny and caused
progeny more tolerant to zinc stress [19].

Since DNA methylation plays an important role in
numerous biological processes, more and more techniques
such as MSAP, MS-RDA, bisulfite sequencing, and microar-
ray analysis [20–23] are developed to analyze methylation
patterns or to screen for genes regulated by methylation
mechanism. However, MSAP may lead to loss of target
genes because it is difficult to distinguish different sequences
with the same length using these techniques. MS-RDA is
technically complicated. Although bisulfite sequencing and
microarray analysis can get more detailed information about
the methylation site, these methods are relatively expen-
sive. Therefore, a more efficient and economical method
is necessary. Here, we described an approach combin-
ing methylation-sensitive restriction endonuclease (MS-RE)
digestionwith suppression subtractive hybridization (SSH) to
generate a library for screening methylation-regulated genes.

2. Protocol Design

DNA methylation status is associated with gene expression.
Methylation of DNA cytosine bases can repress the gene
transcription, while demethylation can upregulate the gene
transcription. Here, we design a protocol that combined
the methylation-sensitive restriction endonuclease (MS-RE)
digestion with suppression subtractive hybridization (SSH)
to construct a differential-methylation subtractive library for
finding genes upregulated by DNA demethylation.

2.1. Preparation of Drivers and Testers. Genomic DNA was
extracted from Arabidopsis seedlings grown in different con-
ditions and then was digested with Mse I, which recognizes
and cuts the -TTAA- sequence in genome, to cut the genomic
DNA into smaller fragments. The digested fragments from
the plants grown in normal conditionwere ligated to different
adapters to make two types of testers.The digested fragments
from the plant grown in low temperature were ligated to the
linker to produce the predrivers. Both testers and predrivers
were digested with Hha I/Hpa II and then retrieved. The
predrivers were amplified for 20 cycles to get drivers. All
linkers, adapters, and primers used for SSH are listed in
Table 1.

2.2. Subtractive Hybridization. Drivers were mixed with two
groups of testers, respectively, at a ratio of 40 : 1 or higher.
The mixtures were heat-denatured at 98∘C for 15min and
allowed to anneal at 68∘C for 9 h. After the first hybridization,
the two mixtures were mixed and an equal volume of fresh
hybridization buffer containing heat-denatured driver was
added.The final mixture was allowed to hybridize at 68∘C for
another 9 h. At last, the mixture was diluted to 100 𝜇L with
dilution buffer (containing 20mM Hepes (pH 8.3), 50mM

NaCl, and 0.2mM EDTA) and heated at 68∘C for 10min and
then stored at −20∘C.

2.3. PCR Amplification and Cloning of Target. A nest-PCR
was employed for the target amplification. The primary PCR
contained 2𝜇L of diluted subtracted DNA, 1𝜇L of MP1 and
MP2 (10 𝜇Meach), 2.5 𝜇Lof 10xPCRbuffer, 1 𝜇Lof dNTP, and
0.5 𝜇L of Taq in 25 𝜇L volume. PCRwas performed at 72∘C for
15min and then 95∘C for 5min, followed by 35 cycles of 95∘C
for 45 s, 66∘C for 30 s, and 72∘C for 1.5min, with extension
at 72∘C for 10min. The first PCR product was diluted 10
times with deionized water and used as the template in the
secondary PCRunder a similar condition to the primary PCR
except for the primers replaced with MPN1 and MPN2, and
the anneal temperature was set to 68∘C. The secondary PCR
products were ligated into the PMD-18 simple vector and
then transformed into E. coli strain DH5𝛼. The ampicillin
resistant clones were selected for colony PCR test under a
similar condition to the secondary PCR. The PCR positive
clones were collected to generate the library.

3. Materials and Methods

3.1. Plant Material and Growth Condition. Seeds of wild
type Arabidopsis thaliana (Columbia background, Col-0)
were surface sterilized with 15% NaClO for 15min, rinsed
with sterilized water for 3 times, vernalized at 4∘C for 2
days, and then transferred to Murashige and Skoog (MS)
solid medium containing 3% sugar for germination. Plants
were grown under long-day conditions (16 hours light/8
hours dark) at 23∘C. For cold treatment, 7-day-old seedlings
were transferred to a 4∘C chamber with the same light
condition for 3 days. For demethylation treatment, 7-day-old
seedlings were transferred to MS medium containing 50 𝜇M
5-azacytidine for 3 days.

3.2. DNA Isolation and Digestion with Restriction Enzymes.
A modified CTAB method [24] was employed to isolate
genomicDNA.A 5𝜇g aliquot ofDNAwas digestedwithMseI
(Fermentas ER0981). Fragments retrieved using TIAN quick
Midi Purification Kit (Tiangen DP204-02) were separated
into two groups: group I (from plants grown at 4∘C) was
ligated to the linker and group II was ligated (from plants
grown at 23∘C) to adapters. After double digestion with
twomethylation-sensitive restriction enzymes, Hha I/Hpa II,
group I fragments were retrieved for preamplification. Group
II DNA was used as the tester.

3.3. Preamplification. 1 𝜇g of digestion products was ampli-
fied by 20 cycles of PCRwith oligonucleotideH24 as a primer.
After retrieval, the PCR product was used as the driver.

3.4. Subtractive Library Construction and Sequencing. A sub-
tractive library was constructed according to Diatchenko’s
protocol [25].The ratio of driver to tester was about 60 : 1.The
final PCR products were linked to PMD-18T simple vector
(Takara, D-103A) and then transformed into E. coli strain
DH5𝛼. Ampicillin resistant single clones were selected. The
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Table 1: Linkers, adapters, and primers used for SSH.

Group Oligonucleotides DNA sequence

Linker Linker H24 AGGCAACTGTGCTATCCGAGGGAT
Linker H12 TAATCCCTCGGA

Adapter

Ad1 CTACTACGTCGCACTGTTGGTTGGCGGGACGGCGCTCGTTAAGTC
Ad1c TAGACTTAACGAGC
Ad2 TGTAGCGTGAAGACGACAGAAACCGCGTGGTGCTGAGGGCGTGAC
Ad2c TAGTCACGCCCT

Primer

MP1 CTACTACGTCGCACTGTTGGT
MPN1 GCGGGACGGCGCTCGTTAAGTC
MP2 TGTAGCGTGAAGACGACAGAA
MPN2 CGCGTGGTGCTGAGGGCGTGAC

ArthCp023 ArthCp063 ArthMp006

AT1G18070 AT1G38870 AT2G07732

AT2G11720 AT3G29037 AT4G30840

1 2 3 1 2 3 1 2 3

1 2 31 2 31 2 3

1 2 3 1 2 3 1 2 3

Figure 1: MS-RE PCR results of some genes under different conditions. Genomic DNA extracted from plants treated with cold (4∘C) (Lane
2), 5-Aza (50𝜇M) (Lane 3) or normal conditions (Lane 1) were digested with Hha I/Hpa II, then taken PCR amplification.



4 Journal of Chemistry

Control 4
∘C 5-Aza Control 4

∘C 5-Aza Control 4
∘C 5-Aza

Control 4
∘C 5-AzaControl 4

∘C 5-AzaControl 4
∘C 5-Aza

Control 4
∘C 5-Aza Control 4

∘C 5-Aza Control 4
∘C 5-Aza

0

1

2

3

4

5

0

1

2

3

4

5

10

11

12

0

1

2

3

4

9

10

11

0

1

2

3

6

7

0

1

2

3

4

5

10

12

14

16

0

1

2

3

0

1

2

3

4

0

1

2

7

8

0

1

2

3

4

5

6

AT1G16970 AT1G18070 AT1G20190

AT1G22920 AT1G23380

AT3G29037 AT4G22150 AT4G30840

AT2G07732

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Re
lat

iv
e e

xp
re

ss
io

n 
le

ve
ls

Figure 2: Transcript levels of some genes under different conditions.

second PCR primers were employed for bacteria liquid PCR
test. The positive clones were stored to get the subtractive
library and sent for sequencing.

3.5. Sequencing Results Analysis. Sequencing results were
identified by BLAST searches against theArabidopsis thaliana
genome database from NCBI (http://blast.ncbi.nlm.nih.gov/
Blast.cgi?PAGE TYPE=BlastSearch&BLAST SPEC=OGP
3702). Primers were designed according to the BLAST search
results.

3.6. DNA Methylation Analysis. A MS-RE PCR was per-
formed for DNA methylation analysis. Genomic DNA was
digested with Hha I/Hpa II and then retrieved for PCR
amplification. The primers for MS-RE PCR are listed in

Table S1 (see Supplementary Material available online at
http://dx.doi.org/10.1155/2014/536134).

3.7. Quantitative Real-Time RT-PCR Analysis. A two-step
quantitative real-time RT-PCR was carried out for the
expression analysis. Total RNA was extracted from 100mg
of fresh tissues with Trizol reagent (Invitrogen, 15596-026)
and pretreated with RNA-free DNase (Promega, M6101) to
eliminate gnomic DNA contamination. First strand cDNA
was synthesized from 2𝜇g of total RNA using Takara primer
scriptRT master mix (Drr036A) according to the user’s man-
ual. The Takara SYBR Premix Ex Taq II (RR820A) was
used for the PCR reaction. All reactions were carried out in
20𝜇L reaction mixtures with 2 𝜇L of template DNAs, 1 𝜇L
of forward primer, and 1 𝜇L of reverse primer (10 𝜇M each).
The running conditions were as follows: 95∘C for 3min,
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Table 2: DNA sequences of some fragments from the differential-methylation subtractive library.

Clone DNA sequence

1–35 ATGATTGAGTATAACAACTTAAACTGCAACCGG∗ATCTTAAAGGCGTAAG
AACTGTATCCTTGTTAGAA

2–26 GTTGTAAGGTCAGCATTTTCACTTTTCCCGGAATGAGAGATTATCAGACT
TTACATGTTGATAAGGGTAATGTTTTT

2–32 ATGATCATGGACTTATCCTACATGAGAACGCCAATGAGGATCAAGCGCGC
CTCAATGCGC∗∗AATTAGCTGCAAGAGATGCAGCAGGGCTCGGTGTC

3–32 TAAATTAGGCATGGAACGGAGCCACTACGAAGAAGTTCCGGGGGTTACG
AAGGAAACTTCGAGTTCATATTGGTCAT

4–1
ATACAACACGAGGACTTCCCGGGAGGTGACCCATCCTAGTACTACTCCC
TCCCAAGCATGTTAACTGTGGAGTTCTGATGGGATCCGGTGCATTAGTGC
TGGTATGATTGCATCCGTTA

5–86
TTCCGAATCAATCATTGTTAACGTCACCGGAGATGATAATAAGTCGGCTT
TGTTCGGTAAGTACGATCTCGGTAAGCTCCTCGGTAGCGGCGCGTTTGCC
AAAGTCTACCAAGCGGAGGA

6–14

TTGGTGGATCCCTTAACGCGCTTCTTCTTCTTCTTTCGCGAGATAACCTA
GAAACCCTTTTCCTTTCGTTCGCTTCTTCAATCCGCCATGGGTACGGGTT
CTCGAGCTCTCTCTTTCTAGTCATTGGTCTATGTGTCTTCTTTCTCTCTCG
ATTTCTCGATTATGCGCTTACTACTTTTGTTGGTCGATCGGATCTTTTCTTC
AATTTTTGTTGAATT

7–19 TCTCTCGGGTTACAGGAAAGCTTCCACTTATCAGTCCTCCGGTGAGTTTC
AATTGCATTCATTAGTTGCCCACATAT

9–57 TAATGCCTATTGCTTTCTGATCAACTGGAATTTGAGCCAAGACATTTCCG
CGCCCAAAAGGTGTTCGATGAAATGTCTGAACCACTAATTCCAGA

10–66 TTATTAAGGCAATAGCAATGGCGCTACCGGTCTACTCGATGAACTGCTTC
TTACTTCCTACTTTAA

11–21

AGTATAAGACATAGAACCGCAACCGGATCATGAAAGCCTAAGTAGTGTTT
CCTTGTTAGAAGATAGAAAGCCAAAGACTCATACGGACTTCGGCTACA
CAATCAAAGCTATGAGAAGCAAGAAGAAGCTTTGTTAGATTTTTGTAGT
CAAATATGACTAGATGTCATGTGTATGATTGAGTATAAGAACTAGAATCGC
AACCGGATCTTAAAA

-CCGG-∗: recognizing and cutting site of Hpa II.
-GCGC-∗∗: recognizing and cutting site of Hha I.

followed by 40 cycles of 95∘C for 5 s and 60∘C for 30 s (CFX96
Real-Time PCRDetection System, Bio-Rad).The results were
analyzed by the Bio-Rad CFX Manager software 6.541.1028.
The primer sequences are listed in Table S2.

4. Results

4.1. A Differential-Methylation Subtractive Library Was Con-
structed. By the methylation-sensitive restriction enzymes
digestion of genomic DNA, tester and driver preparation,
suppression subtractive hybridization, and target cloning,
we constructed a differential-methylation subtractive library
consisting of about 8,000 clones (Figures S1–S5). To test our
protocol, 426 clones were sent to sequence. In these clones,
363 (about 85.21% of total) were PCR2 primers positive.
Among these primer-positive clones, 318 (about 87.60%)were
-CCGG- or -GCGC- containing fragments (Table 2). The
total efficiency was 74.64%.

4.2. Sequencing Results Analysis. 54 gene fragments were
obtained from the 318 clones by BLAST searching the

Arabidopsis genome database (Table 3). The distribution of
the methylation site (-CCGG-/-GCGC-) was listed as fol-
lows: 11 in 5 regions, 4 in 3 regions, and 26 in the gene
coding regions. We next investigated the relationship of
methylation site with the gene expression. The result showed
that DNA methylation, wherever in 5 region, 3 region of
gene or in coding regions (including intron), suppresses
gene expression and demethylation of these sites activates
transcription (data not shown), which supported the recent
reports [26].

4.3. DNA Methylation Analysis. To check the methylation
status of the genome, a methylation-sensitive restriction
endonuclease PCR (MS-RE PCR) was performed for 9 out
of the 54 genes. The results showed that the PCR products
can be found in plants grown in normal condition but not in
plants treated with low temperature (4∘C) or 5-Aza (50𝜇M)
(Figure 1), suggesting that the -CCGG-/-GCGC- sites were
methylated in plants grownunder normal condition andwere
demethylated in plants treated with low temperature or 5-
Aza.
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Table 3: Analysis of the sequencing results of some clones from the differential-methylation subtractive library.

Clone Size Locus tag Position Gene identification
1–35 340 AT4G06700 5 Pseudogene
1–69 227 ArthCp029 In gene ATPB
2–10 128 ArthMp006 In gene NAD5
2–26 188 AT4G30840 5 Transducing/WD40 domain-containing protein
2–32 227 AT5G29041 5 Pseudogene
2–37 307 AT2G04730 In gene Pseudogene, F-box protein related
2–51 342 ArthCp064 In gene RPL2
2–53 274 AT2G11720 In gene Pseudogene
2–63 291 ArthCp079 In gene NDHA
2–68 346 AT4G06477 3 Pseudogene
2–71 278 AT5G34623 In gene Pseudogene
3-4 129 AT2G06810 In gene Pseudogene
3–23 394 AT1G42300 In gene Transposable element gene
3–32 160 Arthct120 5 trnN; tRNA-Asn
3–35 158 AT2G23720 In gene Transposable element gene
3–43 315 AT3G30330 In gene Pseudogene
3–48 275 AT3G30587 In gene Pseudogene
3–64 315 AT2G07732 In gene Ribulose-bisphosphate carboxylase
3–81 157 AT4G09380 In gene Transposable element gene
3–83 247 ArthCp022 In gene PSAA
3–85 158 AT4G28970 In gene Transposable element gene
4–1 195 AT1G43624 5 Unknown protein
4-5 235 AT3G33004 In gene Pseudogene
4–16 261 AT3G43990 In gene BAH domain-containing protein
4–32 438 ArthCp023 5 YCF3
4–40 280 ArthCp069 In gene RPS7
4–49 338 AT1G63360 In gene Disease resistance protein (CC-NBS-LRR class), putative
4–62 218 AT1G16970 In gene KU70
4–81 418 AT4G22150 5 PUX3
5–16 186 AT5G38280 In gene PR5K
5–38 378 AT1G22920 In gene CSN5A
5–44 192 AT4G06678 3 Pseudogene
5–53 229 ArthCp077 In gene NDHG
5–58 364 ArthCp014 In gene RPOB
5–76 311 ArthCt089 3 trnK; tRNA-Lys
5–86 169 AT2G38490 In gene CIPK22
5–88 288 AT3G30763 In gene Transposable element gene
6–14 224 AT1G18070 In gene G1 to S phase transition protein
6–15 676 ArthCr088 5 16S ribosomal RNA
6–27 243 ArthCp062 5 RPL22
6–28 258 AT1G23380 In gene KNAT6
6–31 165 AT1G18370 In gene HIK
6–87 105 ArthCp065 In gene RPL23
7–19 386 AT4G33360 In gene FLDH
7–44 411 ArthCp026 In gene NDHK
9–57 213 AT4G06574 5 Transposable element gene
9–91 273 AT1G38870 3 Pseudogene
10–66 187 AT2G01840 In gene Transposable element gene
11–21 212 AT1G38790 5 Unknown protein
11–29 237 AT5G01080 In gene Beta-galactosidase related protein
11–44 174 AT1G38630 3 Unknown protein
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Table 3: Continued.

Clone Size Locus tag Position Gene identification
11–92 407 AT3G29037 5 Pseudogene of AT5G35760; beta-galactosidase
13–35 125 AT1G20190 In gene EXPA11
13–56 213 ArthCp063 In gene RPS19

4.4. Transcription Levels Analysis. The transcription levels of
some genes mentioned above were examined. Comparing
to the control, the plants treated with low temperature
or 5-Aza showed higher expression level (Figure 2). It was
notable that the genes expression levels of plants treated with
low temperature were not the same as those from plants
treated with 5-Aza, suggesting that demethylation and other
mechanisms could play a combined role in regulating the
gene expression in response to low temperature.

5. Discussion

In the present study, we described a protocol combin-
ing methylation-sensitive restriction endonuclease (MS-RE)
digestion with suppression subtractive hybridization (SSH)
to construct a differential-methylation subtractive library for
finding genes upregulated by DNA demethylation.

We obtained a library consisting of about 8,000 clones
in this study. To test the protocol, we sent some clones
for sequencing. The sequencing results showed that about
85.21%of total sampleswere PCR2primers positive and about
87.60% in the PCR2 primer-positive clones were -CCGG- or
-GCGC- fragment containing (Table 2). The total efficiency
was about 74.64%.DNAmethylation status analysis indicated
that DNA demethylation appeared in plants treated with low
temperature but kept methylation in plants grown in normal
conditions (Figure 1). These results suggest that this pro-
tocol enables efficient isolation of differentially methylated
fragments from a genome and constructing the differential-
methylation DNA library.

It has been reported that DNA methylation plays an
important role in regulating gene expression [4, 27–29].
DNA hypomethylation leads to enhancing the gene expres-
sion [30–32]. We examined the transcription level of some
genes. The results indicated that higher expression levels
were observed in plants treated with low temperature or
5-Aza compared to those grown under normal conditions
(Figure 2). Considering themethylation status of these genes,
we could make a conclusion that the demethylation of some
genes appeared in the low temperature treatment which
subsequently activates gene expression. The results showed
credibility of using this protocol to find genes regulated by
methylation/demethylation mechanism.

A potential disadvantage of this protocol is that incom-
plete digestion of DNA by Hha I/Hpa II may lead to an
unreliable library. To avoid this problem, we conducted Hha
I/Hpa II double digestion twice with excess enzyme every
time. Furthermore, high ratio of driver to tester (40 : 1 or
higher) in SSH procedure is desirable [25, 33]. In this study,

the ratio of driver to tester was about 60 : 1. This protocol
can be modified to isolate genes downregulated by DNA
hypermethylation as well.
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MS-RE: Methylation-sensitive restriction endonuclease
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MSAP: Methylation-sensitive amplified polymorphism.
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The purpose of this study is to clarify the cardioprotective property of the aqueous extract of Elaeagnus angustifolia L. leaf
(EA) against myocardial ischemia/reperfusion injury in isolated rat heart. The myocardial ischemia/reperfusion (I/R) injury
model of isolated rat heart was set up by the use of improved Langendorff retrograde perfusion technology. Compared with
the ischemia/reperfusion (I/R) group, the aqueous extract of Elaeagnus angustifolia L. leaf (0.5mg/mL, 1.0mg/mL) pretreatment
markedly improved the coronary flow (CF) and raised left ventricular developed pressure (LVDP) andmaximum rise/down velocity
(±𝑑𝑝/𝑑𝑡max).The infarct size of the EA-treated hearts was smaller than that of I/R group. After treatment with EA, the superoxide
dismutase (SOD) activity increased; malondialdehyde (MDA) and protein carbonyl content reduced more obviously (𝑃 < 0.01)
than that of I/R injury myocardial tissue. Conclusion. Results from the present study showed that the aqueous extract of Elaeagnus
angustifolia L. leaf has obvious protective effects on myocardial I/R injury, which may be related to the improvement of myocardial
oxidative stress states.

1. Introduction

Cardiovascular disease is one of the main causes of mor-
tality of people all over the world [1]; acute myocardial
infarction (MI) is one of the leading causes of death in
human cardiovascular disease, which is caused by thrombotic
occlusion of the coronary artery induced by the death of
myocardial cells. Quick return to normal blood supply is
the only effective way to reduce heart injury. Paradoxically,
reperfusion can cause myocardial injury and further lead to
cardiac dysfunction, referred to as “reperfusion injury” [2–4].
Therefore, mitigating myocardial ischemia-reperfusion (I/R)
injury is a very important way for the ischemic heart disease
treatment [5].

I/R injury is a very complicated process which involves a
lot of kinds of possible mechanisms. Oxidative stress damage
plays an important role in the progression of I/R injury,

which is one of the most important mechanisms involved
in I/R injury [6, 7]. Some studies have shown that increased
expression of antioxidant enzymes will protect against I/R
injury. A lot of antioxidants, such as vitamin E, catalase
(CAT), melatonin, and superoxide dismutase (SOD), have
been reported to protect the heart from I/R injury; all
the evidences confirm that reduced oxidative stress could
decrease the injury induced by I/R [8, 9].

Elaeagnus angustifolia, used as a food ingredient or herbal
drug for its reputed medicinal properties, commonly called
wild olive, silver berry, Russian olive, or oleaster, is a species of
Elaeagnus, native to western and central Asia, from southern
Russia and Kazakhstan to Turkey and Iran [10]. It has been
found that Elaeagnus angustifolia is used in traditional Turk-
ish medicine as antipyretic, diuretic, tonic, and antidiarrheal
and as a medication against kidney disorders (inflammatory
or kidney stone) [11, 12] and in Iranian folk medicine for
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its anti-inflammatory, antinociceptive, and analgesic effects.
Also, decoction and infusion of its fruits are considered
to be a good remedy for fever, jaundice, asthma, tetanus,
and rheumatoid arthritis [13]; the aqueous and ethanolic
extracts of its fruits induced a muscle relaxant effect in a dose
dependent manner [14]. In the present study, we investigated
the effects of aqueous extract from Elaeagnus angustifolia L.
leaf on protecting rat heart against I/R injury.

2. Material and Methods

2.1. Plant Material. The mature leaves of Elaeagnus angus-
tifolia L. were collected during the month of October from
Shihezi, Xinjiang, China, and the authenticity of the material
was verified by one of the authors and later confirmed by a
botanist.

2.2. Chemicals. Triphenyltetrazolium chloride (TTC) was
obtained from the Beijing Biodee Biotechnology Co., Ltd.
(Beijing, China). The malondialdehyde (MDA), super oxide
dismutase (SOD), and protein carbonyl analyzing reagent
kits were obtained from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). All of the other chemicals used
in the study for the biochemical estimation were of analytical
grade obtained commercially.

2.3. Preparation of Extract. Fresh Elaeagnus angustifolia L.
leaves were washed in distilled water and air-dried in the
shade. Thirty grams of leaves was cut into small pieces and
extracted with 70∘C distilled water (DW) (DW: material,
10 : 1, v/w) thrice in an incubator at 85∘C for 3 h. The water
extract was filtered through a 2 𝜇m pore sterile filter paper.
The combined filtrates were concentrated in a vacuum at
60∘C, and the resulting filtrates were 50mL (amount to 6 ×
102mg/mL crude drug).

2.4. Experimental Groups and Drug Delivery. Male Wistar
rats (250–280 g) were obtained from Xinjiang Medicine
University Medical Laboratory Animal Center (SDXK 2011-
004). All experimental procedures complied with the Institu-
tional Animal Care and Use Committee of National Institute
Pharmaceutical Education and Research.

The rats were divided into four groups randomly: control
group (Sham), I/R group, low concentration of aqueous
extract of Elaeagnus angustifolia L. leaves (EA) treatment
group, and high concentration of EA treatment group.

2.5. Preparation for Isolated Heart. The male Wistar rats
(250–280 g) were anesthetized by an intraperitoneal injection
of 60mmol/L chloral hydrate (0.35 g/kg). To anticoagulate,
250 U/kg of heparin was sublingually venously injected into
the rats. Thoracic surgery was performed to remove the
heart [15], hearts were excised andmounted on Langendorff ’s
apparatus quickly, and then the hearts were immersed in ice-
cold Krebs-Henseleit buffer (1.2mMKH

2
PO
4
, 1.2mMCaCl

2
,

25mM sodium acetate, 120mM NaCl, 1.2mM MgSO
4
, and

11mMglucose; pH 7.4) pipedwith a gasmixture comprised of
95% O

2
/5% CO

2
; then the hearts were maintained in 37∘C in

a water-jacketed organ chamber [16]. The pressure recording
was established by a water-filled latex balloon, coupled to a
pressure transducer (Statham), which was inserted into the
left ventricular cavity via the left auricle.

Control group hearts were stabilized by perfusion for
95min and the I/R group hearts were stabilized for 30min,
and then, after 20min global ischemia, the reperfusion
was established for 45min. Hearts in EA treatment group
were stabilized for 20min, instead of K-H buffer with EA
(0.5mg/mL, 1mg/mL) for 10min, and then global ischemia
for 20min and reperfusion for 45min were established.

2.6. Measurement of Heart Hemodynamic Parameters. A
computer-based data acquisition system was used to contin-
uously monitor the hemodynamic parameters including the
following functional parameters: left ventricular developed
pressure (LVDP, LVDP = LVSP − LVEDP), left ventricu-
lar end-diastolic pressure (LVEDP), left ventricular systolic
pressure (LVSP), maximum rise/down velocity of left intra-
ventricular pressure (±𝑑𝑝/𝑑𝑡max), and heart rate (HR) were
monitored continuously using 4S AD Instruments biology
polygraph (Powerlab, Australia).The coronary flow (CF) was
measured using a flowmeter with an in-line probe.

2.7. Evaluation of Myocardial Infarct Size. Frozen hearts were
cut into 2mm thick cross-sectional slices for evaluation of
myocardial size. The slices were stained by putting them
into the 1% triphenyltetrazolium chloride (TTC) solution for
10 minutes at 37∘C. The stained slices were transferred to
a formalin solution for 10min after TTC staining; then we
placed them into phosphate buffer (pH 7.4) [17]. The heart
slices were then digitally imaged using a digital camera. The
ischemic (white) and nonischemic (red) area were measured
digitally using Image Pro Plus software. The infarct size was
represented as percentage of the ischemic area.

2.8. Assay ofOxidative Stress. At the end of the perfusions, the
hearts were kept at −70∘C for later oxidative stress analysis.
Liquid nitrogen-chilled tissue pulverizer was used to crush
the frozen hearts to a powder. For tissue analyses, weighed
amounts of the frozen tissues were homogenized in appropri-
ate buffer usingmicrocentrifuge tube homogenizer.Then, the
SOD activity, malondialdehyde (MDA), and protein carbonyl
content were analyzed spectrophotometrically according to
the instruction of the assay kits (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China).

2.9. Statistical Analysis. Data were presented as mean ± stan-
dard deviation from at least six independent experiments.
Differences in hemodynamic parameters, infarct size, MDA
level, SOD activity, and carbonyl content level were analyzed
using the one-way ANOVA with Student’s 𝑡-test. Statistical
significance was considered at the probability value of less
than 0.05. Analyses were carried out using the Origin 8.0
software (Origin LabCorporation,Northampton,MA,USA).
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Figure 1: Effects of the aqueous extract of Elaeagnus angustifolia L. leaves upon hemodynamics in a model of ischemia-reperfusion using
isolated rat heart. Data are the mean ± SD. Values marked with ##

𝑃 < 0.01 and #
𝑃 < 0.05 are significantly different from control group.

Values marked with ∗∗𝑃 < 0.01 and ∗𝑃 < 0.05 are significantly different from I/R group.
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Figure 2: Effects of the aqueous extract of Elaeagnus angustifolia L. leaves upon myocardial infarct size. Data are the mean ± SD. Values
marked with ∗∗𝑃 < 0.01 and ∗𝑃 < 0.05 are significantly different from I/R group.

3. Result

3.1. The Aqueous Extract of Elaeagnus angustifolia L. Leaves
(EA) Enhanced Recovery of I/R Induced Changes in Cardiac
Function. The cardiac function was monitored continuously
using 4S AD Instruments biology polygraph. Compared
to the sham I/R group, I/R injury caused a significant
decrease in left ventricular developed pressure (LVDP),
maximum rise/down velocity of left intraventricular pressure
(±𝑑𝑝/𝑑𝑡max), and coronary flow (CF). As shown in Figure 1,
the EA administration significantly blunted the reduction of
LVDP (Figure 1(a)), ±𝑑𝑝/𝑑𝑡max (Figures 1(b) and 1(c)), and
CF (Figure 1(d)) caused by I/R injury. However, there were no
significant changes in HR (Figure 1(e)) among all of the four
groups.

3.2. The EA Reduced Myocardial Infarct Size following I/R
Injury. At the end of reperfusion, myocardial infarct size was
assessed using the TTC staining method. As illustrated in
Figure 2, ischemia for 20min followed by 45min of reper-
fusion resulted in development of substantial myocardial
infarcts, while the 0.5mg/mL and 1.0mg/mL EA precondi-
tioning substantially decreased I/R induced percentage of
myocardial infarct size.

3.3. The EA Improved Oxidative Stress State Induced by I/R.
To identify the possible mechanisms of EA on cardioprotec-
tion, the SOD activity and MDA level were determined in
myocardial tissue. The SOD activity significantly increased
(Figure 3(a)), whileMDA level (Figure 3(b)) was significantly

decreased in EA pretreatment groups compared with that of
I/R group. Protein carbonyls are formed through oxidation of
proteins by a variety of mechanisms which are the sensitive
markers of oxidative injury. As shown in Figure 2, the hearts
subjected to global myocardial ischemia for 20min followed
by 45min of reperfusion showed a significant increase of
level of carbonyl content, while the EA preconditioning
substantially decreased I/R induced rise of level of carbonyl
content.

4. Discussion

The present work was aimed at studying the cardioprotective
activity of the aqueous extract ofElaeagnus angustifolia L. leaf
(EA) in ischemia/reperfusion (I/R) induced cardiotoxicity
in isolated rat heart. The results of this study revealed that
EA at the doses of 0.5mg/mL and 1.0mg/mL dependently
and significantly ameliorated the cardiotoxicity by restoring
cardiac function and myocardial biochemical parameters
towards the normal values.

After reperfusion of the ischemic myocardium, signifi-
cant myocardial dysfunction, including LVDP, ±𝑑𝑝/𝑑𝑡max,
CF and HR, and myocardial infarct, was induced by I/R.
Reperfusion is a key role among a number of events leading
to myocardial dysfunction associated with I/R injury. In the
present study, we found that EA improved recovery of I/R-
altered hemodynamic parameters (LVDP, ±𝑑𝑝/𝑑𝑡max, and
CF and HR) and attenuated infarct size induced by I/R
significantly.
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Figure 3: Effects of EA on SOD activity (a), MDA level (b), and carbonyl content level (c). Values are means with their standard deviation
(𝑛 = 8); ##

𝑃 < 0.01 compared with control group; ∗∗𝑃 < 0.01 compared with I/R group.

The generation of reactive oxygen species (ROS) plays an
important role in the I/R induced myocardial injury [18, 19].
The ROS can be diminished by antioxidant systems that
include antioxidant enzymes, such as SOD in the normal con-
ditions [20]. However, when the amount of ROS is beyond the
capacity of those enzymes and cannot be diminished during
reperfusion, oxidative stress occurs. More andmore evidence
suggested that cardiomyocyte death and myocardial injury
occurred during ischemia and reperfusion accompaniedwith
oxidative stress [21–23]. Therefore, reduction of oxidative
stress is one of the favorable strategies to alleviate myocardial
injury induced by I/R. MDA is a maker of the peroxidation of
cell membrane lipids caused by ROS. SOD is one of the most
significant antioxidant enzymes, functioning as a superoxide
anion scavenger, protein carbonyl is a sensitive biomarker
of oxidative injury of proteins, and carbonyls are formed
through oxidation of proteins. To further investigate the
mechanism of cardioprotective effect of EA, an experiment
was performed to examine whether EA affected the levels

of MDA, protein carbonyls, and SOD activity induced by
I/R.The present results illuminated that EA protected against
myocardial I/R induced injury, accompanied by the atten-
uation of MDA production and protein carbonyls content
and enhancement of SOD activity indicating that one of the
mechanisms of the cardioprotection of EA was associated
with its antioxidant effects.

In the present investigation, administration of EA signif-
icantly enhanced the recovery of I/R-altered cardiac func-
tion by blunting the reduction of left ventricular devel-
oped pressure (LVDP), maximum rise/down velocity of left
intraventricular pressure (±𝑑𝑝/𝑑𝑡max), and coronary flow
(CF) decreased by I/R injury. Also, EA treatment resulted
in significant modulation of cardioprotection content, the
SOD activity, and MDA level. Therefore, it can be concluded
that the aqueous extract of Elaeagnus angustifolia L. leaf has
obvious protective effects on myocardial I/R injury, which
may be related to the improvement of myocardial oxidative
stress states.
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This studywas conducted to evaluate the cardioprotective property of the aqueous extract of lavender flower (LFAE).Themyocardial
ischemia/reperfusion (I/R) injury of rat was prepared by Langendorff retrograde perfusion technology. The heart was preperfused
with K-H solution containing LFAE for 10min before 20 minutes global ischemia, and then the reperfusion with K-H solution was
conducted for 45min. The left ventricular developed pressure (LVDP) and the maximum up/downrate of left ventricular pressure
(±𝑑𝑝/𝑑𝑡max) were recorded by physiological recorder as the myocardial function and the myocardial infarct size was detected by
TTC staining. Lactate dehydrogenase (LDH) and creatine kinase (CK) activities in the effluent were measured to determine the
myocardial injury degree.The superoxide anion dismutase (SOD) andmalondialdehyde (MDA) inmyocardial tissue were detected
to determine the oxidative stress degree.The results showed that the pretreatment with LFAE significantly decreased themyocardial
infarct size and also decreased the LDH, CK activities, andMDA level, while it increased the LVDP, ±𝑑𝑝/𝑑𝑡max, SOD activities, and
the coronary artery flow. Our findings indicated that LFAE could provide protection for heart against the I/R injury which may be
related to the improvement of myocardial oxidative stress states.

1. Introduction

Cardiovascular disease is common and results in much of
mortality of people throughout the world. Acute myocardial
infarction is particularly formidable in cardiovascular disease
cases, coronary artery stenosis is the initial factor that sets
off a chain reaction, and the consequence is myocardial
necrosis caused by conditions of acute continuous ischemia
and hypoxia. Timely and effective recovery of demand of
blood supply is an effective method that is able to minimize
the heart injuries. Paradoxically, reperfusion itself can cause
myocardial injury and cardiac dysfunction, referred to as
“reperfusion injury” [1–3]. As a consequence, relieving the
ischemic reperfusion injury can be seen as an additional
method to secure the heart against cardiovascular disease [4].

Ischemia-reperfusion injury refers to reducing organ of
blood donation for a period of time, there will be damage

during reperfusion. Doctors gradually found that the main
factors that cause damage to an organ, not ischemia itself,
but reperfusion. In the process of reperfusion, tissue cells
produce oxygen free radicals in excess. Oxidative stress is an
important way involved in I/R injury [5, 6]. Several studies
have shown that increased expression of antioxidant enzymes
will protect against postischemic injury. It has been reported
that antioxidants vitamin E, catalase (CAT), melatonin, and
superoxide dismutase (SOD) defend the heart against I/R
injury. From another aspect, it confirms that the oxidative
stress has been involved in ischemia/reperfusion process
[7, 8].

Lavender as a traditional botanical medicine has been
applied for many years [9]; people in many countries
and regions from ancient times employed lavender as an
effective medicine to treat diseases; it has many beneficial
effects consisting of anti-inflammatory [10], antioxidant [11],
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antibacterial [12], antisenile dementia [13], and anxiolytic,
which is particularly evident [14]. The purpose of our study
was to detect the protective effect of aqueous extract of
lavender flowers on the heart.

2. Material and Methods

2.1. Plant Material. The flowers of Lavandula angustifolia
Mill were collected in Yili, Xinjiang, China, and the material
authenticity was established by one of the authors and later
confirmed by a botanist.

2.2. Preparation of Extract. Dried flowers of Lavandula an-
gustifoliaMill were washed in distilled water and air-dried in
the shade; flowers were extracted with warm distilled water
(DW) (DW: material, 10 : 1, v/w) twice in an incubator at
80∘C for 1.5 h. The hot-water extract was filtered through a
2 𝜇m pore sterile filter paper. The combined filtrates were
concentrated in a vacuum at 60∘C, and the resulting filtrates
were amounted to 5 × 102mg/mL crude drug.

2.3. Animals and Experimental Groups. Male Wistar rats
(250–280 g) were obtained from Xinjiang Medicine Univer-
sity Medical Laboratory Animal Center (SDXK (new) 2011-
004). All experimental procedures were approved by the
Institutional Animal Care and Use Committee of National
Institute Pharmaceutical Education and Research.

The rats were randomly divided into three groups: control
group (Sham), I/R group, and aqueous extract of lavender
flower (LFAE) treatment group. Hearts in control group were
uninterruptedly perfused with K-H buffer purely for the
95min. I/R group hearts were perfused firstly for 30min and
then we Suspended the infusion for 20min and reperfusion
for 45min. Hearts in treatment groups were perfused firstly
for 20min instead of K-H buffer with LFEA (1mg/mL) for
10min and then we Suspended the infusion for 20min and
reperfusion for 45min.

2.4. Isolated Rat Heart Preparation. The male Wistar rats
(250–280 g) were anesthetized by an intraperitoneal injection
of 60mmol/L chloral hydrate (0.35 g/kg). To anticoagulate,
250U/kg of heparin was given as a sublingual venous injec-
tion to the rats. After a few minutes, we performed the
thoracic surgery on rat to remove heart. we cut the ribs
and opened the chest, Then cut off the blood vessels and
obtained the heart and then put the heart into pre-cooling
K-H solution, squeezed out the blood gently. After that,
the heart was excised quickly and immediately mounted on
Langendorff ’s apparatus. The hearts were immersed in ice-
cold K-H buffer (120mM NaCl, 1.2mM KH

2
PO
4
, 1.2mM

CaCl
2
, 1.2mM MgSO

4
, 25mM sodium acetate, and 11mM

glucose, pH7.4) equilibrated with a gas mixture comprised
of 95% O

2
/5% CO

2
. Immediately, the heart was connected

to the Langendorff apparatus which was maintained at 37∘C
[15], and thenwe cut the left atrial appendage and inserted the
latex balloon filled with water into the left ventricle through
the left atrial appendage. Hemodynamic parameters will be
displayed on the recorder screen, finally.

Table 1: Effect of the aqueous extract of lavender flower (LFAE)
on levels of CK and LDH in coronary flow of ischemia/reperfusion
injury (𝑥 ± 𝑠, 𝑛 = 8).

Groups Before ischemia Reperfusion
20min 45min

CK (U/L)
Control 15.59 ± 1.35 17.01 ± 1.37 18.57 ± 1.31
I/R 14.98 ± 1.09 45.25 ± 3.59∗∗ 50.36 ± 2.63∗∗

LFAE 15.67 ± 1.05 21.26 ± 2.00## 30.63 ± 2.28##

LDH (U/L)
Control 12.34 ± 1.13 13.23 ± 1.80 14.48 ± 1.07
I/R 12.63 ± 1.17 30.91 ± 2.62∗∗ 37.68 ± 2.01∗∗

LFAE 13.06 ± 0.83 21.39 ± 1.33## 27.60 ± 1.55##
∗∗
𝑃 < 0.01, compared with control group; ##𝑃 < 0.01, compared with I/R

group.

Table 2: Effects of LFAE on SOD activity andMDA level. Values are
means with their standard deviation (𝑥 ± 𝑠, 𝑛 = 8).

Group Dosage (mg⋅mL−1) After reperfusion
SOD (U/mgPr) MDA (𝜇mol/mgPr)

Control — 9.29 ± 0.66 190.78 ± 11.93
I/R — 3.60 ± 0.28∗∗ 433.66 ± 29.16∗∗

LFAE 1 7.46 ± 0.51## 231.41 ± 18.93##
∗∗
𝑃 < 0.01, compared with control group; ##𝑃 < 0.01, compared with I/R

group.

2.5. Measurement of Heart Hemodynamic Parameters. The
hemodynamic parameters were accurately detected by a
signal collecting system (PC Power lab with Chart 5 software,
4S AD instruments). The following functional parameters
were measured: left ventricular systolic pressure (LVSP), left
ventricular end-diastolic pressure (LVEDP, LVDP = LVSP −
LVEDP), ±𝑑𝑝/𝑑𝑡max (reflecting the important indicators of
left ventricular systolic function and diastolic function), and
heart rate (HR) were detected uninterruptedly using 4S AD
instruments biology polygraph (Power lab, Australia). The
coronary flow (CF) was detected using a flow meter with an
in-line probe (model T106, Transonic).

2.6. Enzymes Activities Assays. To determine creatine kinase
(CK) and lactate dehydrogenase (LDH) activity in the per-
fusate, samples were collected from the coronary effluent
before 20min ischemia and after 20min and 45min of reper-
fusion. LDH and CK were assayed spectrophotometrically
using LDH and CK kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).

2.7. Evaluation of Myocardial Infarct Size. In the wake of
frozen, the hearts were cut into five slices along the transverse
direction, and every piece was 2mm thick. We put the sliced
hearts in TTC with the concentration of 1% to be incubated
for 15 minutes and we turned over the hearts once in this
process. When the TTC staining was over, the heart slices
were dried with filter paper, and then these slices were
covered in formalin solution for 15 minutes, Finally, these
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Table 3: Supplemental data for Figure 1.

Group Reperfusion
15min 30min 45min

LVDP
Control 92.88 ± 4.76 88.13 ± 4.01 85.63 ± 4.81
I/R 46.38 ± 3.20∗∗ 52.67 ± 2.83∗∗ 44.22 ± 3.60∗∗

LFAE 72.37 ± 3.16## 69.38 ± 2.83## 58.88 ± 3.06##

+𝑑𝑝/𝑑𝑡max

Control 94.63 ± 4.69 89.63 ± 3.96 83.62 ± 3.93
I/R 48.25 ± 2.71∗∗ 46.13 ± 2.70∗∗ 43.50 ± 2.62∗∗

LFAE 66.75 ± 3.54## 63.38 ± 2.87## 60.63 ± 3.02##

−𝑑𝑝/𝑑𝑡min

Control 91.25 ± 4.10 89.50 ± 3.77 86.13 ± 4.40
I/R 45.75 ± 3.03∗∗ 42.38 ± 2.50∗∗ 37.38 ± 3.12∗∗

LFAE 64.63 ± 3.29## 61.88 ± 3.27## 58.75 ± 2.66##

CF
Control 85.75 ± 3.83 83.13 ± 3.87 76.50 ± 2.78
I/R 58.88 ± 3.56∗∗ 52.50 ± 2.45∗∗ 51.63 ± 3.66∗∗

LFAE 73.75 ± 3.80## 68.38 ± 4.15## 64.63 ± 3.28##

HR
Control 97.75 ± 4.06 92.63 ± 4.69 90.13 ± 4.64
I/R 81.75 ± 3.37∗∗ 74.75 ± 4.71∗∗ 73.50 ± 3.25∗∗

LFAE 88.38 ± 4.44# 84.88 ± 4.67# 80.88 ± 5.00#
∗∗
𝑃 < 0.01, compared with control group; ##𝑃 < 0.01, #𝑃 < 0.05, compared with I/R group.

slices were immersed in phosphate buffer at 4∘C (pH 7.4)
[16]. Heart slices were digitally imaged using aCanon camera.
The area of infarcted part (pale) and viable part (red) was
measured digitally using Image Pro Plus software. Infarct size
was represented as percentage of the area of ischemia [17].

2.8. Assay of Oxidative Stress. When the perfusions finished,
we froze the hearts under the condition of −70∘C to pre-
pare for further testing. The frozen ventricles were crushed
to powder by liquid nitrogen-chilled tissue pulverizer. For
tissue analyses, weighed amounts of the frozen tissues were
homogenized in appropriate buffer using microcentrifuge
tube homogenizer. Then the SOD and malondialdehyde
(MDA) were analyzed spectrophotometrically according to
the instruction of the assay kits (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China).

2.9. Statistical Analysis. The results were expressed asmean ±
S.D. and analyzed by one-way analysis of variance (ANOVA).
The values with 𝑃 < 0.05 were considered statistically signif-
icant. 𝑃 < 0.01 was considered very statistically significant.
The analyses were carried out using the Origin 8.0 software
(Origin Lab Corporation, Northampton, MA, USA).

3. Result and Discussion

3.1.TheAqueous Extract of Lavender Flower Improves Resumer
of I/R-Induced Cardiac Function. The effects of treatment
on LVDP, ±𝑑𝑝/𝑑𝑡max, CF, and HR during reperfusion in
control group, I/R group, and treated hearts were shown in

Figure 1. The datum was recovery ratio between the value
after 15, 30, and 45min of reperfusion and one minute before
stopping irrigation in Table 3. When compared with the
unprotected I/R hearts, exposure of 1mg/mL extract during
early reperfusion significantly improved functional recovery.
The hearts underwent 20 minutes of ischemia time followed
by 45min of reperfusion and showed a remarkable reduction
in the resumer of LVDP, +𝑑𝑝/𝑑𝑡max, −𝑑𝑝/𝑑𝑡max, CF, and HR.
The resumer of LVDP, ±𝑑𝑝/𝑑𝑡max, CF, and HR after 45min
of reperfusion was higher (∗𝑃 < 0.05) in hearts perfused
with aqueous extract of lavender flower 10 minutes before
ischemia.

3.2. The Aqueous Extract of Lavender Flower (LFAE) Atten-
uates I/R-Induced Enzyme Release in Rat Heart. Before
ischemia, CK and LDH levels in the effluent from control
group, I/R group, and LFAE (1mg/mL) group are fundamen-
tally the same. As shown in Table 1, after 20min of ischemia
followed by 20min and 45min of reperfusion, the leakage of
CK andLDHmarkedly increased compared to that of control.
TheLFAEpretreatment significantly reduced the I/R-induced
increase in LDH and CK release in rat heart.

3.3.The Aqueous Extract of Lavender Flower ReducedMyocar-
dial Infarct Size following I/R Injure. At the end of reper-
fusion,myocardial infarct size was assessed using the TTC
staining method. As illustrated in Figure 2(a), there was
only a small piece of infarction in control group (Sham)
and ischemia for 20min followed by 45min of reperfusion
resulted in development of substantial myocardial infarcts,
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Figure 1: Effect of LFAE on cardiac function (LVDP, +𝑑𝑝/𝑑𝑡max, −𝑑𝑝/𝑑𝑡min, CF, HR) in rats subjected to I/R (𝑥 ± 𝑠, %, 𝑛 = 8). ∗∗𝑃 < 0.01,
compared with control group; ##𝑃 < 0.01, compared with I/R group. CON: control group (Sham), I/R: I/R group, and LFAE: aqueous extract
of lavender flower treatment group.
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Figure 2:The aqueous extract of lavender flower (LFAE) reduces I/R-induced infarct size. (a) Photos of myocardial tissue sections of control,
LFAE and I/R group, respectively, showing infarct (white) zones after TTC staining. (b) Ratio between the AN and AAR, AN is ischemic
necrosis area; AAR is ischemic area. Values are means with their standard deviation (𝑥± 𝑠, 𝑛 = 8), ∗∗𝑃 < 0.01 compare with I/R group. CON:
control group (Sham), I/R: I/R group, and LFAE: aqueous extract of lavender flower treatment group.

while the 1.0mg/mL LFAE preconditioning substantially
decreased I/R induced percentage of myocardial infarct size.
In Figure 2(b), the Ratio between the ischemic necrosis area
(AN) and the ischemic area (AAR) is 7% approximately in
control group (Sham), the Ratio between the AN and AAR is
49% approximately in I/R group, the Ratio between the AN
and AAR is 19% approximately in LFAE group.

3.4. The LFAE Improved Oxidative Stress State Induced by I/R.
To identify the possible mechanisms of LFAE on cardiopro-
tection, the SOD activity and MDA level were determined
in myocardial tissue. As shown in Table 2, the SOD activity
significantly increased, while MDA level was significantly
decreased in LFAE (1mg/mL) pretreatment groups compared
with that of I/R group.

The present work was aimed at studing the cardioprotec-
tive activity of the aqueous extract of lavender flower (LFAE)
in ischemia/reperfusion induced cardiotoxicity in isolated
heart.The results of this study revealed that LFAE at the doses
of 1.0mg/mL dependently and significantly ameliorated the

cardiotoxicity by restoring cardiac function and myocardial
biochemical parameters towards the normal values.

I/R injury leads to heart dysfunction, which is one of the
most significant etiological factors [18]. In the present study,
we observed significant myocardial dysfunction, including
changed hemodynamic parameters (LVDP, ±𝑑𝑝/𝑑𝑡max, CF
and HR) and induced myocardial infarct after reperfusion
of the ischemic myocardium. This is in agreement with
numerous reports, indicating reperfusion as a key trigger
of a number of events leading to myocardial dysfunction
associatedwith I/R injury. LFAEmarkedly improved recovery
of I/R-altered hemodynamic parameters (LVDP, ±𝑑𝑝/𝑑𝑡max,
CF, and HR) and attenuated infarct size induced by I/R.

Reactive oxygen species (ROS) generation is identified
as the major factors of I/R injury [19, 20]. Under normal
circumstances, the ROS can be eliminated by antioxidant
systems that include antioxidant enzymes, such as SOD [21].
Several studies demonstrated that oxidative stress in the heart
caused by ischemia and reperfusion leads to cardiomyocyte
death andmyocardial injury. To further investigate themech-
anism of cardioprotective effect of LFAE, an experiment was
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performed to examine whether LFAE affected the changes
in MDA level and SOD activity induced by I/R. The present
results illuminated that LFAE protected against myocardial
I/R-induced injury, accompanied by the attenuation of MDA
production and enhancement of SOD activity indicating that
one of the mechanisms of the cardioprotection of LFAE was
associated with its antioxidant effects.

4. Conclusions

In the present investigation, administration of LFAE signif-
icantly enhanced the resumer of I/R-altered cardiac func-
tion by blunting the reduction of left ventricular developed
pressure (LVDP), maximum up/down rate of left ventricular
pressure (±𝑑𝑝/𝑑𝑡max), and coronary flow (CF) decreased
by I/R injury. Also, LFAE treatment resulted in significant
modulation of cardioprotection content, the SODactivity and
MDA level. Therefore, it can be concluded that the aqueous
extract of lavender flower possesses obvious protective effects
on myocardial I/R injury, which may be concerned with the
improvement of myocardial oxidative stress states.
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The purpose of the present study was to clarify whether the water extract of Chorispora bungeana was an antioxidant agent against
cerebral ischemia/reperfusion (I/R). Our results showed that water extract of Chorispora bungeana treatment significantly reduced
neurological deficit scores, infarct size, MDA and carbonyl contents, and GSH/GSSG ratio compared with the model control
group. After being treated by Chorispora bungeana, SOD, CAT, and GSH-Px activities remarkably increased. Chorispora bungeana
treatment also improved 8-OHdG expression and cell apoptosis. Our findings indicated that the water extract of Chorispora
bungeana possesses neuroprotective effect which is most likely achieved by antioxidant and antiapoptotic activities.

1. Introduction

Stroke is one of the leading causes of disability and death with
astronomical financial repercussions on health systems, and
about 16 million strokes take place and cause a total of 5.7
million deaths in the world ever year. The global mortality is
supposed to rise to 6.5 million in 2015 and to 7.8 million in
2030 [1, 2]. It is therefore urgent to develop effective therapies
for stroke.

Cerebral ischemia is the most common type of stroke
accounting for 88% of cases and it is reported that cerebral
ischemia results in a cascade of cellular and molecular events
including oxidative stress, excitotoxicity, calcium overlord,
neuroinflammation, and apoptosis [3]. Reperfusion is a good
measure for dealing with ischemia, but the beneficial effects
of reperfusion may be in part reversed by the occurrence of
reperfusion injury [4].

Oxidative stress was suggested to be implicating in the
pathogenesis of cerebral ischemia/reperfusion (I/R) injury.
Formation of reactive oxygen species (ROS) mainly includes
the arachidonic acid pathway, the mitochondrial chain res-
piratory chain, the oxidation of xanthine, and hypoxanthine
by xanthine oxidase and NADPH-oxidases [5, 6]. The brain
is sensitive to oxidative stress because of relative low level of
antioxidant enzyme and abundance of oxidizable substrates
and transition metals [7].

Oxidative stress also induces neuronal apoptosis which
is a feature found in cerebral ischemia/reperfusion [8–10].
Chen et al. [11] found that hydrogen peroxide, a major
oxidant generated when oxidative stress occurs, leads to
neuronal apoptosis in a concentration- and time-dependent
manner. Wang et al. [12] suggested that hydrogen peroxide
and nitric oxide synergistically induced neuronal apoptosis
involving activation of p38 mitogen-activated protein kinase
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and caspase-3. However, recovery of blood supply is nec-
essary to remedy the compromised ischemic brain tissue.
Antioxidants may reduce reperfusion-induced injury and
extend the therapeutic window for thrombolysis [13–16].

Chorispora bungeana Fisch. And C.A. Mey (C. bungeana)
is a rare alpine subnival plant species that inhabits periglacial
regions in a severe low-temperature environment [17, 18].
The plant is a perennial herb belonging to the Brassicaceae-
family [19]. Liu et al. [20] concluded that brassinosteroids
could play the positive roles in alleviating chilling-induced
oxidative damage by enhancing antioxidant defense system
in suspension cultured cells of Chorispora bungeana. Guo
et al. [21] found that a sequential and synergetic action
between antioxidant enzymes such as superoxide dismu-
tase, dehydroascorbate reductase, ascorbate peroxidase, and
glutathione reductase, leading to a low antioxidation rate
which contributes to retard lipid peroxidation and plays
an important role in the resistance of suspension cultured
cells of Chorispora bungeana to freezing temperatures. We
presume that Chorispora bungeana may reduce oxidative
stress induced by cerebral ischemia/reperfusion.

The present study was undertaken to evaluate the neu-
roprotection of water extract of Chorispora bungeana in
cerebral ischemia/reperfusion with use of middle cerebral
artery occlusion (MCAO) model and a series of oxidative
stress markers.

2. Materials and Methods

2.1. Chemicals and Reagents. 2,3,5-Triphenyltetrazolium
chloride, hypoxanthine, xanthine oxidase, catalase, 5,5-
dithiobis(2-nitrobenzoic acid), oxidized disulfide, and re-
duced glutathione were purchased from Sigma Chemical
Co. (St. Louis, MO). 1,1,3,3-Tetramethoxypropane has been
obtained from Fluka Chemical Co. (Ronkonkoma, NY). All
other chemicals and reagents were of analytical grade.

2.2. Animals. Male ICR (26 ± 2 g) were obtained from Vital
River Laboratories (Peking, China) for this study. Animals
were housed in a room at a temperature of 24 ± 1∘C and
12-h dark and light cycle with free access to standard food
and water. The experimental protocol was approved by the
Institutional Animal Care and Use Committee of National
Institute Pharmaceutical Education and Research.

2.3. Chorispora bungeana Water Extract Preparation. A wild
species of Chorispora bungeana was obtained by the method
described by Fu et al. [22].

Freshly collected Chorispora bungeana whole plant was
dried under shade and the driedmaterial wasmilled to obtain
a coarse powder. The powder was immersed in water for 1 h
and then was extracted at boiling temperature for 1.5 h and
repeated twice.The whole water extract was freeze-dried and
redissolved in water at a concentration of 0.5 g/mL.

2.4. Drug Administration. Mice were randomly divided into
six groups, each consisting of eight animals. Water extract

of Chorispora bungeana, diluted with distilled water was fed
by oral gavage every day at a fixed time for 5 d in 5, 2.5,
and 1.25 g/kg (equivalent to the amount of crude drug) three
different doses. The model control group and sham group
were treated with vehicle orally for 5 d. Edaravone group
was treated with Edaravone at a dose of 3mg/kg for 5 d
and served as positive control. On day 5, 1 h after the above
treatments, the mice were subjected to the middle cerebral
artery occlusion.

2.5. Transient Focal Cerebral Ischemic/ReperfusionModel. All
mice were subjected to 2 h transient focal cerebral ischemia
followed by 22 h reperfusion, using an intraluminal suture
technique described by Longa et al. [23] and Ha et al. [24]
with little modification. In brief, mice were anesthetized with
chloral hydrate (400mg/kg, i. p.). Midline incision was made
on ventral side of mouse neck. The left common carotid
artery (CCA), the external carotid artery (ECA), and the
internal carotid artery (ICA) were carefully exposed and
dissected away from adjacent muscles and nerves. Microvas-
cular aneurysm clips were applied to the left CCA and the
ICA. A coated filament was introduced into an arteriotomy
hole, fed distally into the ICA and advanced about 12mm
from the carotid bifurcation. The ICA clamp was removed
and focal cerebral ischemia started. After occlusion for 2 h,
the filament was gently pulled out. The collar suture at the
base of the ECA stump was tightened. The skin was closed,
anesthesia discontinued, and the animalswere returned to the
prewarmed cages. Body temperature was maintained at 37 ±
0.5∘C by lamp during the whole surgical procedures. Animals
in sham control group underwent a neck dissection and
coagulation of the external carotid artery, but no occlusion
of middle cerebral artery.

2.6. Neurological Deficit Scores. After 22 h of reperfusion,
an observer who was unaware of the identity of the groups
evaluated the neurological deficits by using the method
described by Longa et al. [23]. 0: no neurological deficit; 1:
failure to extend the right forepaw fully; 2: circling to the
right; 3: falling to the right; 4: no spontaneous walking with a
depressed level of consciousness.

2.7. Infarct Size. Mice were decapitated after 22 h of reperfu-
sion and these brains were quickly removed and sectioned
coronally into five 1.5-mm-thick coronal sections. The sec-
tions were stained with 0.5% TTC at 37∘C for 20min. The
stained brain sections were postfixed in 10% formalin solu-
tion and photographed with a digital camera and the infarct
areas of each section were determined with the analysis of
pixel counting by a computer program of Photoshop 6.0.

2.8. Biochemical Assays

2.8.1. Tissue Preparation. Tomeasure of the contents ofMDA
and carbonyl, the activities of SOD, CAT, and GSH-Px,
the ratio of GSH/GSSG, these mouse brains were weighed
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Figure 1: Effect of Chorispora bungeana water extract on neurological deficit scores (a) and infarct size (b) in mice subjected to cerebral
ischemia/reperfusion. Data were expressed as mean ± S.M.E. Differences were considered significant at 𝑃 < 0.05. ∗𝑃 < 0.05 versus model
group. ∗∗𝑃 < 0.01 versus model group.

and homogenized with ice-cold normal saline and then
centrifuged at 4624×g for 15min at 4∘C. The supernatant
was used for bioassays. Protein content of the supernatant
was determined by the method of Bradford [25] using bovine
serum albumin as the protein standard.

2.8.2. GSH/GSSG Ratio. The ratio of GSH/GSSG was deter-
mined by a previously describedmethod [26]. Briefly, T-GSH
was determined basing on the 5,5-dithiobis (2-nitrobenzoic)
acid (DTNB)-GSSG reductase recycling. GSSG was assayed
by measuring 5-thio-2-nitrobenzoic acid (TNB) which was
produced from the reaction of reduced GSH with DTNB.
GSH level in brain tissue was calculated as the difference
between T-GSH and GSSG.

2.8.3. Measurement of MDA Content. TheMDA content was
assayed in the brain tissue using amethod as described byCao
et al. [27]. 1,1,3,3-Tetramethoxypropane was used as standard
and the content of MDA was expressed as nmol/mg protein.

2.8.4. Measurement of Carbonyl Content. Carbonyl content
was evaluated using the method according to Levine et
al. [28]. The content of carbonyl was calculated by using
the extinction coefficient of 22000M−1cm−1/mg protein and
expressed as nmol/mg protein.

2.8.5. Measurement of Antioxidant Enzyme Activities. SOD
activity was measured as described by Jung et al. [29]. One
unit of SOD activity was defined as the amount that shows
50% inhibition. SOD activity was expressed as U/mg pro-
tein.

CAT activity was evaluated according to the method of
Campo et al. [30]. One unit of CAT activity was defined as the
amount of CAT required to decompose 1𝜇mol/L of hydrogen

peroxide in min. CAT activity was expressed as U/mg pro-
tein.

GSH-Px activity was determined by themethod of Jagetia
et al. [31]. One unit of GSH-Px activity was defined as the
GSH-Px in 1mg protein that led to the decrease of 1 𝜇mol/L
GSH in the reactive system per minute. GSH-Px activity was
expressed as U/mg protein.

2.9. Immunohistochemistry Assay. Animals were overdosed
with anesthetic and perfused with 4% paraformaldehyde in
0.1M phosphate buffer solution (PBS, pH = 7.4) after 22 h of
reperfusion. Brains were removed and further fixed in 4%
paraformaldehyde at 4∘C for 24 h and then cut into equally
spaced blocks. Paraffin-embedded blocks were cut into a
series of 5-𝜇m-thick slices.

8-Hydroxyl-deoxyguanosine (8-OHdG) immunohisto-
chemistry was used to identify oxidized DNA and performed
by the method of Wang et al. [32]. In brief, deparaffinized
brain sections were immunostained with 5𝜇g/mL mouse
anti-8-OHdGantibody followedby 0.5%goat anti-mouse IgG
labeled with horseradish peroxidase.

Cell apoptosis was observed by the terminal deoxynu-
cleotidyl transferase-mediated Dutp-biotin nick end labeling
(TUNEL) assay. In brief, brain sections were deparaffinized
and rehydrated followed by incubating with 20𝜇g/mL pro-
teinase K in 0.01M Tris-HCl (pH = 7.4) and permeabilized in
a solutionwhich contains 0.1% Triton-X 100 and 0.1% sodium
citrate. Then these sections were incubated in TUNEL-
reactionmixture containing terminal deoxynucleotidy trans-
ferase.

2.10. Statistical Analysis. Data were expressed as mean ±
S.M.E. Statistical analysis was evaluated with one way
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Figure 2: Effect of Chorispora bungeana water extract on GSH/
GSSG ratio in mice subjected to cerebral ischemia/reperfusion.
Data were expressed as mean ± S.M.E. Differences were considered
significant at 𝑃 < 0.05. ∗𝑃 < 0.05 versus model group. ∗∗𝑃 < 0.01
versus model group.

analysis of variance (ANOVA) and followed by a Student-
Newman-Keuls (SNK) test for multiple comparisons. 𝑃 <
0.05 was regarded as statistically significant.

3. Results

3.1. Effect of Chorispora bungeana Water Extract on Neu-
rological Deficit Scores and Infarct Size. After 22 h of re-
perfusion, neurological deficit scores and infarct size in
ischemic/reperfusion mice were obviously higher than those
of the sham control mice, indicating that we had successfully
established the cerebral ischemic/reperfusion model. Treat-
ment with Chorispora bungeana water extract significantly
decreased neurological deficit scores and infarct size as
compared to the model control group (Figures 1(a) and 1(b)).

3.2. Effect of Chorispora bungeana Water Extract on
GSH/GSSG. TheGSH/GSSG ratio in the mouse brain tissue,
a typically of oxidative stress, was markedly lower in the
model control group as compared to the sham control group.
As shown in Figure 2, there was a significant increase in the
ratio of GSH/GSSG in the Chorispora bungeanawater extract
treatment groups (5 and 2.5 g/kg) compared with the model
control group (𝑃 < 0.01).

3.3. Effect of Chorispora bungeana Water Extract on MDA
and Carbonyl Contents. MDA and carbonyl are the twomain
products of oxidative damage. Figure 3 showed that MDA
and carbonyl contents weremuch higher in themodel control
group than those in the sham control group. The treatment
with Chorispora bungeana water extract evidently reduced
the contents of MDA and carbonyl in brain tissue compared
with the model control group.
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Figure 3: Effect of Chorispora bungeana water extract on MDA (a)
and carbonyl (b) inmice subjected to cerebral ischemia/reperfusion.
Data were expressed as mean ± S.M.E. Differences were considered
significant at 𝑃 < 0.05. ∗𝑃 < 0.05 versus model group. ∗∗𝑃 < 0.01
versus model group.

3.4. Effect of Chorispora bungeana Water Extract on Antioxi-
dant Enzyme Activities. Table 1 showed that the activities of
SOD, CAT, and GSH-Px were obviously decreased in model
control group as compared to the sham control group and
attenuated significantly by treatment of Chorispora bungeana
water extract (5 and 2.5 g/kg) compared with the control
group (𝑃 < 0.05).

3.5. Effect of Chorispora bungeana Water Extract on 8-OHdG
Expression. The expression of 8-OHdG obviously increased
in the model control group as compared to the sham control
group. Treatment of Chorispora bungeana water extract
markedly weakened 8-OHdG compared with the model
control group (Figure 4, Table 2).

3.6. Effect of Chorispora bungeanaWater Extract on Apoptosis.
Very few TUNEL positive cells were found in normal mouse
brain tissue and the number of TUNEL positive cells was
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Table 1: Effect of Chorispora bungeana water extract on antioxidant enzyme activities in mice subjected to cerebral ischemia/reperfusion.

Group Dose
(g/kg)

SOD
(U/mg protein)

CAT
(U/mg protein)

GSH-Px
(U/mg protein)

Model / 62.95 ± 6.72 6.11 ± 0.61 684.53 ± 83.57

Sham / 81.83 ± 4.09∗∗ 8.32 ± 0.47∗∗ 1054.06 ± 49.03∗∗

Chorispora bungeana 5 79.04 ± 6.84∗∗ 7.39 ± 0.60∗∗ 961.56 ± 67.77∗∗

Chorispora bungeana 2.5 71.51 ± 5.36∗ 6.95 ± 0.53∗ 798.45 ± 78.41∗

Chorispora bungeana 1.25 63.41 ± 6.97 6.73 ± 0.58 724.03 ± 60.32

Edaravone 0.003 78.88 ± 5.23∗∗ 7.88 ± 0.57∗∗ 912.43 ± 61.37∗∗

Data were expressed as mean ± S.M.E. Differences were considered significant at 𝑃 < 0.05. ∗𝑃 < 0.05 versus model group. ∗∗𝑃 < 0.01 versus model group.

(a) (b) (c)

(d) (e) (f)

Figure 4: Effect of Chorispora bungeana water extract on 8-OHdG expression in mice subjected to cerebral ischemia/reperfusion. The
nucleus of positive expressed cell is brown colored. (a) Model group; (b) Sham group; (c) Edaravone-treatment group (3mg/kg); (d)
Chorispora bungeana-treatment group (5 g/kg); (e) Chorispora bungeana-treatment group (2.5 g/kg); (f) Chorispora bungeana-treatment
group (1.25 g/kg).

significantly increased by ischemia/reperfusion. Administra-
tion of Chorispora bungeana water extract markedly reduced
TUNELpositive cells as compared to themodel control group
(Figure 5, Table 2).

4. Discussion

The present study reported the neuroprotective effect of
Chorispora bungeanawater extract in terms of oxidative stress

markers and apoptosis in cerebral ischemic/reperfusion
mouse brain for the first time. We found that water ex-
tract of Chorispora bungeana prevents brain from ischem-
ic/reperfusion damage, as indicated by the improved recovery
of neurological function, decreases in infarct size and oxida-
tive stress, and increases in antioxidant enzyme activities and
reduction in apoptosis.

We set up cerebral ischemic/reperfusion model with
intraluminal thread insertion method in mice and tested
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Table 2: Effect of Chorispora bungeana water extract on 8-OHdG expression and cell apoptosis in mice subjected to cerebral
ischemia/reperfusion.

Group Dose (g/kg) 8-OHdG positive cells TUNEL positive cells
Model / 20.88 ± 3.31 21.63 ± 4.21

Sham / 2.13 ± 1.25∗∗ 2.25 ± 1.04∗∗

Chorispora bungeana 5 16.25 ± 2.60∗∗ 17.13 ± 3.40∗

Chorispora bungeana 2.5 17.13 ± 3.17∗ 18.25 ± 3.99

Chorispora bungeana 1.25 19.88 ± 3.83 19.50 ± 4.41

Edaravone 0.003 15.38 ± 3.42∗∗ 17.25 ± 3.24∗

Data were expressed as mean ± S.M.E. Differences were considered significant at 𝑃 < 0.05. ∗𝑃 < 0.05 versus model group. ∗∗𝑃 < 0.01 versus model group.

(a) (b) (c)

(d) (e) (f)

Figure 5: Effect ofChorispora bungeanawater extract on cell apoptosis inmice subjected to cerebral ischemia/reperfusion.Nucleus has brown
granules were positive cell. (a) Model group; (b) sham group; (c) Edaravone-treatment group (3mg/kg); (d) Chorispora bungeana-treatment
group (5 g/kg); (e) Chorispora bungeana-treatment group (2.5 g/kg); (f) Chorispora bungeana-treatment group (1.25 g/kg).

whether the model was successfully established by means of
assaying the neurological deficit scores and infarct size. The
mice showed visible neurological deficits and brain infarction
in model control group. Treatment of Chorispora bungeana
water extract reducing the neurological deficit scores and
infarct size in a dose-dependent manner demonstrated that
water extract ofChorispora bungeanawas provided with neu-
roprotective activity against cerebral ischemic/reperfusion
injury.

Thenwe determinedwhether brainwas in oxidative stress
status after 22 h of reperfusion. The ratio of GSH/GSSG is
proposed to be a sensitive index of oxidative stress [33, 34].

Our data showed that the ratio of GSH/GSSG was decreased
in model control group, but the decrease was attenuated by
treatment of Chorispora bungeana water extract. That indi-
cated that Chorispora bungeana water extract could release
oxidative stress in ischemic/reperfusion brain tissue.

Reactive oxygen species (ROS) contain one or more
unpaired electrons in their outer orbit and are highly reactive
play key roles in organism physiology and pathophysiology
[35–38]. Excessive production of ROSmay depress cell mem-
brane properties and cause oxidative damage to lipids, pro-
teins, and DNA that may make them nonfunctional because
of brain tissue contains large amount of unsaturated fatty
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acids and catecholamines after cerebral ischemia and par-
ticularly reperfusion [6, 39, 40]. Malondialdehyde (MDA),
carbonyl, and 8-hydroxy-2-deoxyguanosine (8-OHdG) are
representative markers of oxidative damage of brain [39].
We measured the MDA and carbonyl contents by using
of a spectrocolorimetric assay and detected the 8-OHdG
expression by immunohistochemistry. The water extract
of Chorispora bungeana effectively reduced the content of
MDA and carbonyl; the expression of 8-OHdG revealed
that it could lighten oxidative damage induced by cerebral
ischemia/reperfusion.

The ROS is maintained in an appropriate level by the
endogenous antioxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxidase
(GSH-Px) under normal physiological conditions [6, 41].
SOD catalyzes the dismutation of superoxide anions to
hydrogen peroxide and molecular oxygen and CAT together
with GSH-Px eliminates hydrogen and molecular oxygen
[42]. But these antioxidant enzyme activities were reported to
decrease during cerebral ischemia/reperfusion [43, 44]. The
present study showed that the reduced activities of SOD,CAT,
and GSH-Px in ischemic/reperfusion mice were significantly
attenuated in Chorispora bungeana water extract-treated
group when compared with the model control group.

Broughton et al. [45] pointed out that cerebral ischemia
triggers twomain pathways of apoptosis. One originates from
mitochondrial release of cytochrome c and another originates
from the activation of cell surface death receptors. Fujimura
et al. [46] agreed that ROS mediated the mitochondrial
signaling pathway that may result in apoptosis following
cerebral ischemia. In order to determine the antiapoptotic
activity of Chorispora bungeana water extract, we evaluated
the apoptosis with terminal deoxynucleotidyl transferase
mediated d UTP-biotin nick end labeling (TUNEL). Cho-
rispora bungeana water extract was proved to be able to
inhibit cell apoptosis in our study.

In summary, our study demonstrated that the water
extractof Chorispora bungeana could effectively attenuate
brain injury in focal cerebral ischemia/reperfusion. The neu-
roprotective activity was associated with inhibiting oxidative
stress and apoptosis. Chorispora bungeana may have the
potential to cure nervous systemdiseases as an unusual alpine
subnival plant and more pharmacodynamics research work
needs to be done.
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The halophyte Limonium sinenseKuntze is used in traditional Chinesemedicine for clearing heat and for detoxification. To examine
the detoxification and salt-tolerance mechanisms of this plant, we analyzed antioxidant enzyme activities and transcript levels
of genes encoding antioxidant enzymes in L. sinense seedlings under salt stress (500mmol/L NaCl). Catalase showed the largest
increase in activity, peaking on day 4 of the 7-day NaCl treatment. Peroxidase and superoxide dismutase activities also increased,
peaking on days 2 and 3 of the NaCl treatment, respectively. The activities of antioxidant enzymes decreased as the duration of
the NaCl treatment extended. The transcript levels of genes encoding antioxidant enzymes were upregulated under NaCl stress.
The peak in the LsCAT transcript level was earlier than the peaks in LsAPX and LsGPX transcript levels. The malondialdehyde
content only slightly increased in L. sinense seedlings under NaCl stress. This was indicative of a low level of lipid peroxidation,
consistent with the increased antioxidant enzyme activities and gene transcript levels. These results show that, under NaCl stress,
the antioxidant system of L. sinense is activated and effectively scavenges reactive oxygen species. This reduces oxidative damage
and allows the plant to maintain growth under NaCl stress.

1. Introduction

Salt in soils is the main environmental factor restricting
the growth and productivity of agricultural crops [1]. Salt
tolerance in plants is a complex process that involves changes
in the structures of numerous tissues and organs and many
physiological and biochemical processes [2]. In plants, salt
stress results in increased generation of reactive oxygen
species (ROS). These highly reactive substances can alter
normal cellular metabolism via oxidative damage to mem-
branes, proteins, and nucleic acids. They can also cause lipid
peroxidation, denature proteins, and mutate DNA [3, 4].

Plants have developed a complex ROS-scavenging system
to prevent sensitive cellular components from ROS-induced
damage.This system comprises enzymatic and nonenzymatic
antioxidants. The sum of the activities of all of the enzymes
that make up the enzymatic antioxidant system represents
the antioxidant capacity of plants. Catalase (CAT), peroxidase

(POD), and superoxide dismutase (SOD) are important
antioxidant enzymes that play key roles in eliminating super-
oxide (O

2

−) and hydrogen peroxide (H
2
O
2
).

Limonium sinense Kuntze is a perennial herb with strong
tolerance to salt, aridity, and drought. This salt-secreting
halophyte is used in traditional Chinesemedicine for clearing
heat and dampness, for hemostasis, and for detoxification. Its
close relative, Limonium gmelinii (Wildl.) Kuntze, grows in
salt meadows and has abundant salt glands on the adaxial and
abaxial sides of the leaf [5].The salt-tolerance mechanisms of
L. sinense include its salt-secreting glands and its ability to
compartmentalize ions in cells and regulate osmotic status.
Early studies on this species focused on the structure of
its salt glands and on methods for its tissue culture, rapid
propagation, and artificial cultivation [6, 7]. Less attention
has been paid to the physiological mechanisms of stress resis-
tance in L. sinense. The aim of this study was to investigate
ROS scavenging and the protective effects of the antioxidant
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enzyme system in L. sinense seedlings by detecting changes in
CAT, POD, and SOD activities and in the transcript levels of
the genes encoding these enzymes, under NaCl stress.

2. Materials and Methods

2.1. PlantMaterial andGrowthConditions. Seeds of L. sinense
were obtained from the halophyte garden of Dongying City,
Shandong Province. Seeds were germinated in a growth
chamber at 20∘C. After 20 days of growth, seedlings were
transplanted into soil in pots (5 seedlings/pot) and then
grown in a greenhouse for 50 days under the following
conditions: 12 h light/12 h dark photoperiod, 25∘C, and 65%
relative humidity.

2.2. Experimental Design. In each pot, seedlings were treated
with 50mL 500mmol/LNaCl solution for 0, 1, 2, 3, 4, 5, 6, and
7 days. On each sampling day, the leaves of three seedlings
in each group were harvested, weighed to determine fresh
weight, frozen in liquid nitrogen, and then used for enzyme
activity assays and gene expression analyses. All assays and
measurements were conducted in triplicate.

2.3. Determination of Enzyme Activity and Isoenzyme Compo-
sition. The activities of CAT, POD, and SOD were assayed as
described by Gao et al. [8]. Malondialdehyde (MDA) content
was determined using the thiobarbituric acid reaction [9]. All
values shown are the mean values of three assays. Differences
between mean values of NaCl-treated samples and untreated
controls were considered significant at 𝑃 < 0.05. The isoform
composition of CAT, POD, and SOD was determined as
described by El-Mashad and Mohamed [10].

2.4. Determination of Gene Expression Level. RNA isolation,
reverse transcription, and real-time quantitative PCR
(qPCR) were conducted as described by Zhang et al.
[11]. Sequence information was based on sequences in
the Limonium sinense plasmid cDNA library. The qPCR
primers used to amplify genes encoding catalase (LsCAT),
ascorbate peroxidase (LsAPX), glutathione peroxidase
(LsGPX), and actin (LsActin) were designed using Primers3
(http://bioinfo.ut.ee/primer3-0.4.0/). The sequences were as
follows (F for forward, R for reverse).

The primers for LsCAT (BXC35):

F: 5-CACATCCTCCTGTTGTTTCGGGTAG-3;

R: 5-ACAGGCTCAACGTCAGACCAACC-3;

The primers for LsAPX (BXC1267):

F: 5-TCCAAGGACCCTCAAAGCCAG-3;

R: 5-CCCTGACGCAAAGAAAGGAAATG-3;

The primers for LsGPX (BXC0933):

F: 5-ATGAAGGAAAGCAACGGGAAGAC-3;

R: 5-AGTAGCCAAGCCAAACAGATCAGAC-3;
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Figure 1: Activities of CAT, SOD, and POD in tissues of L. sinense
under 500mmol/L NaCl treatment. Values are means ± SD (𝑛 = 3).
∗Significant difference between untreated (day 0) and NaCl-treated
sample (𝑃 < 0.05).

The primers for LsActin:

F: 5-CAGTTTTCCCGAGTGTTGTTGGTAGG-3;
R: 5-ACCTCTTTTGGATTGTGCTTCGTCA-3

To confirm specificity, primers and amplicons for each
gene were compared with sequences in GenBank/NCBI. The
gene LsActin was used as the reference gene. Relative expres-
sion of geneswas calculated using the 2−ΔΔCtmethod [12].The
experiments were repeated twice with three replicates.

2.5. Data Analysis. All data were analyzed using a one-
way ANOVA with entries and sampling dates as factors.
Mean separation processes were performed using a Fisher’s
protected LSD test at the 𝑃 < 0.05 level of probability.
For RT-qPCR, the 2−ΔΔCt method is used to determine the
changes of target gene expression based on normalization
with the reference gene and one-way ANOVA was used to
analyze differences between treatments’ dates. The Pearson
correlation analysis was made by SPSS software.

3. Results and Discussion

3.1. Antioxidant Enzymes’ Activities and Isoenzymes of
Seedlings. Wemeasured the activities of antioxidant enzymes
to evaluate themechanisms of salt tolerance in L. sinense.The
activity of CAT differed significantly between salt-stressed
and untreated (day 0) seedlings. As shown in Figure 1, CAT
activity showed the largest increase among all the antioxidant
enzymes assayed. Compared with that on day 0, CAT activity
increased by 0.7%, 68.7%, 154.6%, 336.2%, and 70.5% after 1,
2, 3, 4, and 5 days, respectively, of the 7-day NaCl treatment.
The activity ofCATpeaked onday 4 and then decreased as the
duration of theNaCl treatment extended.The activity of SOD
also showed a large increase under NaCl stress and peaked on
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Figure 2: The phenotype of L. sinense seedlings under 500mmol/L
NaCl treatment.
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Figure 3: Identification of different isoenzymes (A-CAT, B-SOD,
and C-POD) in L. sinense seedlings under NaCl stress. Each lane
contains 45𝜇g protein. Arrows indicate different CAT, SOD, and
POD isoenzymes.

day 3 of the 7-day salt treatment. Its activity decreased as the
treatment time extended. Similarly, POD activity peaked on
day 2 of the 7-day NaCl treatment (38.8% higher activity than
that onday 0) and thendecreased.Thephenotype ofL. sinense
seedlings underNaCl stress was shown in Figure 2, whichwas
in general accord with the activities of antioxidant enzymes.

As shown in Figure 3, the isoenzyme analysis revealed
four CAT isoenzymes, six SOD isoenzymes, and five POD
isoenzymes in L. sinense.The number of CAT, SOD, and POD
isoenzymes changed under salt stress. The largest number of
isoforms was on days 3-4 of the NaCl treatment for CAT, on
day 2 for SOD, and on days 6-7 for POD. These results were
consistent with the patterns of antioxidant enzyme activity
during the NaCl treatment.

In plants, the activity of one ormore antioxidant enzymes
generally increases under stress conditions. This increase in
antioxidant enzyme activity correlates with increased stress
tolerance [13]. Antioxidant enzymes cooperate to remove
excess ROS, thereby protecting the structures and functions
of cellular components. SOD, which catalyzes the dismuta-
tion of superoxide into oxygen and hydrogen peroxide, is
an essential component of the antioxidant defense system
in plants [14]. Several studies reported that SOD activity
increased in response to excess salt in potato, switchgrass, and
Brassica juncea [15–17], consistent with our results.

Our results suggested that the H
2
O
2
produced via SOD

activity was effectively consumed by CAT and/or POD. CAT,
which is located in peroxisomes, catalyzes the dismutation of
excess H

2
O
2
into oxygen and water and maintains H

2
O
2
at

a low level. At low concentrations, H
2
O
2
is mainly cleared

by POD [14]. POD is widely distributed in plant tissues and
is involved in diverse growth, development, and senescence
processes in plants. Our findings suggested that the increased
POD activity in L. sinense under salt stress might be sufficient
to protect proteins and lipids against ROS. Induction of CAT
and POD activities under salt stress has also been reported in
tomato, sugar beet, andPlantago [18]. Our results showed that
the activities of these antioxidant enzymes decreased as the
duration of the salt stress treatment extended, even to levels
below that in untreated samples. A similar result was reported
for potato under salt stress [15].

3.2. Changes of Related Genes Expression of Seedlings. To
investigate the molecular mechanism of salt tolerance in
L. sinense, we used real-time qPCR to evaluate changes in
the transcript levels of three genes: LsCAT, LsAPX, and
LsGPX. The relative transcript levels of these three genes
changed significantly under NaCl stress (Figure 4). After 3
days of NaCl stress, the transcript level of LsCAT was 100-
fold than in the untreated control (Figure 4(a)). This gene
was inducedmore strongly than the other two genes analyzed.
The transcript levels of LsAPX also increasedmarkedly under
NaCl stress, to a maximum of 20.9 times than in the control
after 5 days of NaCl stress. After 7 days of NaCl stress, the
transcript level of LsAPX decreased to below the control level
(Figure 4(b)). The transcript levels of LsGPX peaked at 6.13
times than in the control after 4 days of NaCl stress and then
decreased to the control level or even lower as the duration of
the NaCl treatment extended (Figure 4(c)).

To protect plant cells from oxidative injury caused by
abiotic stresses such as salt stress, several genes encoding
antioxidant enzymes including CAT, APX, and GPX are
upregulated [19]. Therefore, analyses of the transcript levels
of antioxidant defense genes can reflect the contributions of
their products to the salt stress response in plants [20]. Our
results showed that the peak in LsCAT transcript levels on day
3 was earlier than the peaks in the transcript levels of LsAPX
and LsGPX (days 4-5). Additionally, the LsCAT transcript
level was higher in NaCl-treated samples than in untreated
samples throughout the treatment period. Induction of CAT
gene expression under other abiotic stress conditions has
been reported for other plant species [21]. We also observed
that the upregulated transcript level of LsCAT was consistent
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Figure 4: Relative transcript levels of LsCAT (a), LsAPX (b), and LsGPX (c) in L. sinense under 500mM NaCl treatment. Transcript level of
each genewas normalized to that of LsActin. Values are average relative expression level from three biological replicates. ∗Significant difference
between NaCl-treated and untreated sample (𝑃 < 0.05).

with the increase in CAT enzyme activity, suggesting that
CAT might play a key role in scavenging excessive ROS in
NaCl-treated L. sinense.

Like CAT, APX has a high affinity for H
2
O
2
. In other

studies, APX activity was shown to increase in response to
a number of stress conditions, including salt stress [22, 23].
The transcript levels of LsAPX increased during the NaCl
treatment, reaching peak levels on day 5 and then declining
thereafter. Compared with transcription of LsCAT, that of
LsAPX responded more slowly to salt stress. Similar results
have been reported for other APX genes, for example, Ec-
apx1 from Eleusine coracana, in response to drought-induced
oxidative stress [23].

The LsGPX transcript levels were higher in NaCl-treated
seedlings than in untreated seedlings at most sampling times.
Increased GPX activity could protect plant cells against
the H

2
O
2
released from the reaction catalyzed by SOD. In

another study, it was reported that the transcript levels ofGPX
in Panax ginseng increased alongside an increase in GPX
activity during abiotic stress [21].

3.3. MDA Content of Seedlings. The MDA content in leaves
of L. sinense seedlings increased slightly throughout the
duration of the NaCl treatment (Figure 5). The change in
MDA content was not visible at the early stage (day 2), but
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Figure 5: Effect of NaCl on MDA content of L. sinense seedlings.
Values are means ± SD (𝑛 = 3). ∗Significant difference between
NaCl-treated and untreated sample (𝑃 < 0.05).

after 3 days of salt treatment, it had increased to a level
slightly higher than that in the control. The highest MDA
content (twice that in the control) occurred after 6 days of
NaCl stress. A significant negative correlation was observed
between MDA content and SOD and POD activity (𝑅 =
−0.733, 𝑅 = −0.791, resp., 𝑃 < 0.05), while no significant
correlation was observed between MDA content and CAT
activity (𝑅 = −0.349, 𝑃 > 0.05).
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Increased levels of lipid peroxides are indicative of
enhanced ROS production [24]. MDA is a major cytotoxic
product of lipid peroxidation, and therefore MDA content
is another index to evaluate the extent of injury in plants
under stress. It has been used as an indicator of free rad-
ical production in other studies [11]. The MDA content in
seedlings of L. sinense only slightly increased under salt stress,
suggesting that there was a low level of lipid peroxidation in
these seedlings under salt stress. This might be because of
the protective function of antioxidant enzymes in L. sinense
seedlings, especially during the early phase of the salt stress
response. These results indicate that the synergistic effect of
various ROS-scavenging enzymes can effectively improve the
antioxidant capacity of plants, thereby reducing the degree of
oxidative injury.

4. Conclusion

Thefindings of this study indicate that the ability of L. sinense
to cope with salt stress depends on antioxidant stress defense
mechanisms. An increase in antioxidant enzyme activity
and the resulting increase in ROS-scavenging capacity can
improve the salt tolerance of plants [25]. This relationship
between salt tolerance and increased activities of antioxidant
enzymes has been demonstrated in pea [26], Arabidopsis,
and rice [27]. Our results show that there were increases
in antioxidant enzyme activity and in the transcript levels
of genes encoding these enzymes under salt stress. These
findings suggest that the response of L. sinense to salt stress
involves CAT, SOD, APX, POD, and GPX. These results
increase our understanding of how L. sinense responds to
salt stress and provide evidence for the effectiveness of its
detoxification mechanisms. At present, we are cloning and
functionally analyzing CAT and GPX genes of L. sinense
to investigate their regulation patterns in this salt-tolerant
plant.
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[26] J. A. Hernández, A. Jiménez, P. Mullineaux, and F. Sevilla,
“Tolerance of pea (Pisum sativum L.) to long-term salt stress is
associated with induction of antioxidant defences,” Plant, Cell
and Environment, vol. 23, no. 8, pp. 853–862, 2000.

[27] M. L.Dionisio-Sese and S. Tobita, “Antioxidant responses of rice
seedlings to salinity stress,” Plant Science, vol. 135, no. 1, pp. 1–9,
1998.



Research Article
Preparation of Ginsenoside Rg3 and
Protection against H2O2-Induced Oxidative Stress in
Human Neuroblastoma SK-N-SH Cells

Gang Li,1 Xiao-xiao Zhang,1 Lin Lin,1 Xiao-ning Liu,1 Cheng-jun Ma,1

Ji Li,1 and Chi-bo Wang2

1 Life School of Yantai University, Yantai, Shandong 264005, China
2Department of Neurosurgery, Yantaishan Hospital, Yantai, Shandong 264000, China

Correspondence should be addressed to Chi-bo Wang; wangcbyt@sohu.com

Received 16 May 2014; Accepted 30 May 2014; Published 18 June 2014

Academic Editor: Wang Chunming

Copyright © 2014 Gang Li et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The aim of this study is to evaluate the protection of ginsenoside Rg3 against oxidative stress in human neuroblastoma SK-N-
SH cells. 20(R)-ginsenoside Rg3 (20(R)-Rg3) and 20(S)-ginsenoside Rg3 (20(S)-Rg3) were prepared by the method of chemical
degradation and column chromatography, and the structure of the two compounds was characterized by 1H-NMR and 13C-NMR
spectroscopy. MTT assay and LDH leakage assay were used to determine the cell viability and the oxidative stress cellular model
was established by means of H

2
O
2
(600 𝜇M for 4 h). We also investigated the changes of intracellular MDA content, SOD activity,

and ROS formation after the treatment of ginsenoside Rg3 for 20 h. The results indicated that both 20 (R)-Rg3 and 20 (S)-Rg3
had obvious protection against H

2
O
2
-induced oxidative stress in SK-N-SH cells. Moreover, 20(R)-Rg3 exhibited better antioxidant

activity than 20(S)-Rg3 in vitro. These findings are expected to provide some implication for further research and application of
ginsenoside Rg3 in neuroprotection.

1. Introduction

Panax ginseng is known to have various pharmacological
activities [1]. Among several products of ginseng, ginseno-
sides are the main components and have been proved to
possess many bioactivities, which mostly including antioxi-
dation, neuroprotection, and anticancer [2].

Ginsenoside Rg3, a saponin extracted from ginseng, had
been recently reported to protect the neuronal cells and
animals with neurological injuries [3–6]. Ginsenoside Rg3
exists as stereoisomer of 20(R)- or 20(S)-form (Figure 1)
and with different bioactivity [7, 8]. The two compounds
can be biotransformed by human intestinal bacteria [9, 10].
In recent years, researchers have found the protection of
different Rg3 isomer on nervous system. Tian et al. have
investigated the neuroprotective effects of 20(S)-Rg3 on focal
cerebral ischemia in rats and found that 20(S)-Rg3 could
inhibit the opening of mitochondrial permeability transition
pore by free radical scavenging action in the rats brain [11, 12].

He et al. have investigated the neuroprotective effect of 20(R)-
Rg3 against transient focal cerebral ischemia inmale Sprague-
Dawley rats and finally indicated its neuroprotective effect
may be involved in the downregulation of calpain I and
caspase-3 [13]. However, rare reports have been found on the
comparison study of 20(R)-Rg3 and 20(S)-Rg3, especially in
the study of antioxidant and neural protection.

In the present study, we prepared the stereoisomer of
20(R)-Rg3 and 20(S)-Rg3 by chemical conversion method
and characterized the structure by 1H-NMR and 13C-
NMR spectroscopy. Human neuroblastoma SK-N-SH cells
are often used as in vitro models of neuronal function and
differentiation [14, 15]. Here, we established the oxidative
stress model by using SK-N-SH cells exposed to H

2
O
2
, and

the protection of ginsenoside Rg3 against H
2
O
2
-induced

oxidative stress was evaluated by the measurement of lactate
dehydrogenase (LDH) release,malondialdehyde (MDA) con-
tent, superoxide dismutase (SOD) activity, and intracellular
reactive oxygen species (ROS) level. Some implication is
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Figure 1: Structural formulas of 20(R)-Rg3 and 20(S)-Rg3.

expected to be provided for the further research and appli-
cation of ginsenoside Rg3 in neuroprotection through this
study.

2. Materials and Methods

2.1. Cells and Chemicals. Human neuroblastoma SK-N-SH
cells were obtained from the cell bank of the Institute of Bio-
chemistry and Cell Biology in Shanghai, China. Phosphate
buffered saline (PBS), MEM medium, fetal bovine serum
(FBS), penicillin-streptomycin solution, and Trypsin-EDTA
solution were purchased from GIBCO Corporation (Beijing
Representative Office, China). Ginseng stem-leave saponins
(GSLS) were bought from Hongjiu Biological Technology
Co., Ltd, in Jilin, China. Other chemical reagents were ana-
lytically pure and were purchased from Sinopharm Chemical
Reagent Co., Ltd, Shanghai, China.

2.2. Preparation of Ginsenoside Rg3. 20 g of GSLS was
dissolved with 500mL of acetic acid water (30 : 70) and
extracted under reflux at 90∘C for 1 h.The extraction mixture
was then filtered. The residue was washed using ethanol
and recrystallized from methanol water. Finally, 1.48 g tar-
get compound was obtained. The structure of the com-
pound was confirmed by 1H-NMR and 13C-NMR as 20(R)-
ginsenoside Rg3 (20(R)-Rg3), 20(R)-protopanaxadiol-3-O-
beta-D-glucopyranosyl(1→ 2)-beta-D-glucopyranoside.

20 g of GSLS was mixed with 1000mL of glycerin and
100 g of sodium hydroxide and reacted at 210∘C for 2 h.
As the solution cooled, pH was adjusted to 7.4. Then the
precipitation was concentrated to dryness in vacuum and
7.7 g of gray degradation was obtained. Then, the degra-
dation underwent silica gel column chromatography and
was eluted with ethyl acetate :methanol (8 : 2). The result-
ing eluate was combined into two fractions (Fr1 and Fr2)
based on the silica gel TLC profiles of each tube. The
Fr2 was then purified again with chloroform :methanol
(7 : 3). The final compound was recrystallized with methanol
and confirmed by 1H-NMR and 13C-NMR as 20(S)-
ginsenoside Rg3 (20(S)-Rg3), 20(S)-protopanaxadiol-3-O-
beta-D-glucopyranosy1(1→ 2)-beta-D-glucopyranoside.

2.3. Cell Culture. Human neuroblastoma SK-N-SH cells were
cultured inMEMmedium that contained 10% FBS, 100U/mL
penicillin, and 100 𝜇g/mL streptomycin at 37∘C in a humid-
ified atmosphere containing 5% CO

2
. Cells were seeded on

Petri dishes (10 cm) and themediumwas replaced every other
day.

2.4. Cell Viability Assay. The cytotoxicity of ginsenoside Rg3
was detected by MTT assay. The oxidative damage of H

2
O
2

to SK-N-SH cells was confirmed by measuring the release of
the cytosolic enzyme LDH to the culture medium. And the
protective effect of ginsenoside Rg3 against toxicity of H

2
O
2

was also confirmed by both MTT assay and LDH assay.

2.4.1. MTT Assay. The cytotoxicity of ginsenoside Rg3 was
determined by the MTT assay as described [16]. SK-N-SH
cells were plated in triplicate at a density of 1 × 104 cells/well
in 96-well plates for 24 h. The culture media were aspirated
and replaced with fresh culture media containing various
concentrations of 20(R)-Rg3 or 20(S)-Rg3 (1.5∼200𝜇g/mL)
for 20 h. Then, 10 𝜇L MTT solution (5mg/mL) was added
into each well for further 4 h at 37∘C. And 150𝜇L of DMSO
was added in order to dissolve the formazan crystals. The
UV absorbance of the solubilized formazan crystals was
measured by microplate reader (Spectra MR, Dynex) at
490 nm. Cell viability (%) was calculated.

2.4.2. LDH Assay. The leakage of LDH was measured by
using a colorimetric LDH assay kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to the
manufacturer’s instructions. Briefly, 1 × 104 cells/well were
cultured in 96 well plates overnight. Then, the cells were
treated with various concentration of H

2
O
2
(200, 400, 600,

800, 1000, and 1200 𝜇M) for different time (2 h, 4 h, and
6 h). Then, 20𝜇L of cell medium was added into basic
solution to measure extracellular LDH activity, which could
catalyze the conversion of lactate to pyruvate and react with
2,4-dinitrophenylhydrazine to give the brownish red color
[17]. The absorbance was measured at 450 nm by automatic
microplate reader.

As for the protective effect of ginsenoside Rg3, SK-N-
SH cells were preincubated with 20(R)-Rg3 or 20(S)-Rg3
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(10, 20𝜇g/mL) for 24 h before H
2
O
2
oxidative damage, and

the detection of LDH released into the culture medium was
completed with the same process.

2.5. Oxidative Stress Analysis. After pretreatment with 20(R)-
Rg3 or 20(S)-Rg3 for 24 h and subsequent treatment with
600𝜇M H

2
O
2
for 4 h, H

2
O
2
-induced oxidative stress and

the protection of ginsenoside Rg3 were analyzed by cytosolic
superoxide dismutase (SOD) assay, extracellular malondi-
aldehyde (MDA) assay, and intracellular reactive oxygen
species (ROS) detection.

2.5.1. SOD and MDA Determination. After treatment with
ginsenoside Rg3 and H

2
O
2
, the culture supernatant was

collected, and MDA contents were measured using a spec-
trometer at 586 nm according to the manufacturer of the
assay kit (Nanjing Jiancheng Bioengineering Institute, Nan-
jing, China). Then, the cells were detached with 0.25%
trypsin and centrifuged at 1200 rpm. SOD activities were
analyzed according to the instruction of the assay kits (Nan-
jing Jiancheng Bioengineering Institute, Nanjing, China) at
550 nm.

2.5.2. Detection of Intracellular ROS. ROS production in SK-
N-SH cells was measured using the redox-sensitive fluores-
cent dye DCFH-DA (Jiamei Biotechnology Co., Ltd., Beijing,
China). After treatment with ginsenoside Rg3 and H

2
O
2
,

cells were incubated with 25𝜇M DCFH-DA for 20min. The
cells were detached with 0.25% trypsin and centrifuged at
1200 rpm. Then, the cells were rinsed twice with phenol-
red-free MEM containing 1% FBS, and fluorescence was
detected on automatic microplate reader (488 nm excitation
and 520 nm emission). The mean fluorescent signals for
10,000 cells were recorded and the relative intracellular ROS
level (%) was calculated.

2.6. Statistical Analyses. Data were expressed as mean ± S.D.,
and differences were evaluated using unpaired Student’s 𝑡-
tests or ANOVA by SPSS 18.0 software. The level of statistical
significance was set at 𝑃 < 0.05.

3. Results and Discussion

3.1. Chemical Structure Identification. The structural identi-
fication of ginsenoside Rg3 was carried out by electrospray
ionization mass spectrometry (ESI-MS), 1H NMR, and 13C
NMR spectra as follows.

20(R)-Rg3: 1H-NMR (400Hz, C
5
D
5
N), 𝛿: 0.83 (3H, S,

CH
3
-29), 1.01 (3H, S, CH

3
-30), 0.96 (3H, S, CH

3
-19), 1.12

(3H, S, CH
3
-18), 1.30 (3H, S, CH

3
-28), 1.66 (3H, S, CH

3
-27),

1.70 (3H, S, CH
3
-26), 4.63 (1H, d, 𝐽 = 7.4Hz), 5.31 (1H, d,

𝐽 = 7.4Hz); 13C-NMR (400Hz, C
5
D
5
N), 𝛿: 39.1 (C-1), 26.7

(C-2), 88.9 (C-3), 39.9 (C-4), 56.3 (C-5), 18.4 (C-6), 35.1 (C-
7), 36.9 (C-8), 50.6 (C-9), 39.7 (C-10), 32.2 (C-11), 70.9 (C-
12), 49.2 (C-13), 51.7 (C-14), 31.4 (C-15), 28.1 (C-16), 50.4 (C-
17), 16.6 (C-18), 72.9 (C-19), 22.8 (C-20), 43.3 (C-21), 22.6 (C-
22), 126.0 (C-23), 130.8 (C-24), 25.8 (C-25), 17.7 (C-26), 26.6
(C-27), 15.8 (C-28), 17.3 (C-29), 105.1 (C-30), 83.5 (C-31), 71.6
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Figure 2: Cytotoxicity effects of ginsenoside Rg3 on SK-N-SH cells.

(C-32), 77.9 (C-33), 62.6 (C-34), 106.1 (C-35), 77.1 (C-36), 78.3
(C-37), 71.6 (C-38), 78.1 (C-39), 62.8 (C-40).

20(S)-Rg3: 1H-NMR (400Hz, C
5
D
5
N), 𝛿: 0.80 (3H, S,

CH
3
-29), 0.95 (3H, S, CH

3
-30), 0.96 (3H, S, CH

3
-19), 1.11

(3H, S, CH
3
-18), 1.30 (3H, S, CH

3
-28), 1.61 (3H, S, CH

3
-27),

1.65 (3H, S, CH
3
-26), 4.83 (1H, d, 𝐽 = 7.6Hz), 5.29 (1H, d,

𝐽 = 7.2Hz); 13C-NMR (400Hz, C
5
D
5
N), 𝛿: 39.1 (C-1), 27.0

(C-2), 88.9 (C-3), 39.9 (C-4), 56.3 (C-5), 18.4 (C-6), 35.8 (C-
7), 36.9 (C-8), 32.0 (C-9), 71.6 (C-10), 48.5 (C-11), 51.7 (C-12),
39.7 (C-13), 32.0 (C-14), 71.6 (C-15), 48.5 (C-16), 51.7 (C-17),
32.0 (C-18), 26.8 (C-19), 35.1 (C-20), 23.0 (C-21), 126.3 (C-22),
130.7 (C-23), 25.8 (C-24), 17.6 (C-25), 28.1 (C-26), 16.3 (C-27),
17.0 (C-28), 105.1 (C-29), 83.4 (C-30), 78.3 (C-31), 71.6 (C-32),
77.2 (C-33), 62.7 (C-34), 105.1 (C-35), 77.1 (C-36), 78.3 (C-37),
72.8 (C-38), 77.9 (C-39), 62.8 (C-40).

3.2. Cell Viability Assay. As showed in Figure 2, both 20(R)-
Rg3 and 20(S)-Rg3 had no obvious cytotoxicity on SK-N-SH
cells when the concentration was 1.5∼200𝜇g/mL. Intracellu-
lar LDH assay has proved that H

2
O
2
could significantly lead

to cell damage along with the extension of the time and with
the increase of the concentration (Figure 3). After incubated
with H

2
O
2
, SK-N-SH cells were also found with different

changes in shape through inverted microscope observation.
Some cells were swelled, shrunken, and unevenly distributed.
The cellular edge became unclear and even fell off when the
damage was serious.

3.3. Protection of Rg3 against H
2
O
2
-Induced Oxidative Stress.

The results from MTT assay and intracellular LDH analysis
had suggested that H

2
O
2
-induced oxidative stress could

lead to significant cell death. And previous ginsenoside Rg3
treatment was able to increase the cell survival rate and
vitality with a dose-dependent manner (shown in Figures 4
and 5). Furthermore, the protective activity of 20(R)-Rg3 was
significantly better than that of 20(S)-Rg3 (𝑃 < 0.05).
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O
2
on leakage of LDH in SK-N-SH cells.
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Figure 4: Protective effect of ginsenoside Rg3 on SK-N-SH cells by
MTT assay. ##𝑃 < 0.01 versus normal group, ∗𝑃 < 0.05, and ∗∗𝑃 <
0.01 versus model group.

MDA produced in cytoplasm was determined as a com-
mon indicator of lipid peroxidation [18]. H

2
O
2
(600𝜇M for

4 h) could significantly increase the production of MDA
generated in SK-N-SH cells. However, 20(R)-Rg3 and 20(S)-
Rg3 could effectively reduce the content of MDA as showed
in Figure 6.

SOD is an effective defense enzyme that catalyses the
dismutation of superoxide anions into hydrogen peroxide
[19]. Our results in the present study showed that the
antioxidantive activity of intracellular SOD was significantly
decreased in H

2
O
2
toxic groups compared with the normal

cells (𝑃 < 0.01), which implied increased oxidative damage
to the cells. On the contrary, SOD levels were significantly
elevated by incubation of 20(R)-Rg3 and 20(S)-Rg3. These
results demonstrated that the antioxidant ability of gin-
senoside Rg3 was very critical for its protection on SK-N-
SH cells. In addition, the protective effects of 20(R)-Rg3
were remarkable and powerful than that of 20(S)-Rg3 at the
concentration of 20𝜇g/mL (𝑃 < 0.05) (Figure 7).
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Figure 6: Ginsenoside Rg3 inhibited theMDAproduction in SK-N-
SH cells. ##𝑃 < 0.01 versus normal group, ∗𝑃 < 0.05, and ∗∗𝑃 < 0.01
versus model group.

Oxidative stress reflects an imbalance between the sys-
temic manifestation of ROS and the ability to repair the
resulting damage by the biological system or the intake
of exogenous antioxidants [20]. Given oxidative stress, the
intracellular ROS levels would sharply increase which had
been confirmed by the H

2
O
2
exposure in the present study

(Figure 8). Ginsenoside Rg3 could obviously scavenge the
ROS produced by H

2
O
2
. We investigated the intracellular

ROS formation by fluorescent probe DCFH-DA. The results
showed that compared with the H

2
O
2
damaged group, 10 and

20𝜇g/mL of 20(R)-Rg3 could decrease the ROS formation by
44.1% and 64.7%, respectively, meanwhile 10 and 20 𝜇g/mL of
20(S)-Rg3 could decrease the ROS level by 29.2% and 51.3%,
respectively.

4. Conclusions

H
2
O
2
exposure (600𝜇M for 4 h) to human neuroblastoma

SK-N-SH cells could significantly cause oxidative stress by
reducing the intracellular SOD activity and promoting the
MDA production and lead to further damage to cells. Gin-
senoside Rg3, no matter 20(R)-Rg3 or 20(S)-Rg3, possesses
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Figure 7: Ginsenoside Rg3 increased the SOD activity in SK-N-SH
cells. ##𝑃 < 0.01 versus normal group, ∗𝑃 < 0.05, and ∗∗𝑃 < 0.01
versus model group.
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Figure 8: Ginsenoside Rg3 reduced the intracellular ROS formation
in SK-N-SH cells. ##𝑃 < 0.01 versus normal group and ∗∗𝑃 < 0.01
versus model group.

powerful ability of scavenging free radicals produced by
H
2
O
2
. Thus, they exhibited the strong protective effects on

SK-N-SH cells. In addition, we also found in the present study
that 20(R)-Rg3 displayed better antioxidant activity than
20(S)-Rg3 in vitro.These findingswill benefit further research
and application of ginsenoside Rg3 in neuroprotection.
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The aim of this study was to analyze antioxidant and antimicrobial activity of ophiurasaponin extracted fromOphiopholis mirabilis
(overall). Ophiurasaponin was extracted with solvent extraction and purified through AB-8 macroporous resin, silica gel column
chromatography, Sephadex LH-20 gel column chromatography, and C18 ODS column chromatography. The antioxidant activity
of ophiurasaponin was detected by the chemiluminescence assay. The paper filtering method and the modified agar dilution
method were used to determine antimicrobial activity. The results showed that the content of crude ophiurasaponin and the
refined ophiurasaponin was 46.75% and 96.72%, respectively. The values of the IC

50
of hydroxyl-radicals, superoxide anions,

and peroxide were 25.54mg/mL, 9.98mg/mL, and 1.37mg/mL, respectively. The refined ophiurasaponin had a good inhibitory
effect on Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Aerobacter aerogenes, and Proteusbacillus vulgaris, and the
minimum inhibitory concentration (MIC) was 0.0443mg/mL. In conclusion, ophiurasaponin from Ophiopholis mirabilis had
obvious antioxidant activities and antimicrobial activities which could provide the theoretical basis for further research and
development of antioxidant and antimicrobial marine drugs.

1. Introduction

Ophiopholis mirabilis is normally restricted to the shallow
water of the northern and central Yellow Sea of China, such as
along the coast of Dalian, Qingdao, and Yantai. Zoologically
it belongs to Echinodermata, Ophiuroidea, Gnathophiu-
rina, Ophiactidae, Ophiopholis Muller, and Troschel [1]. In
this experiment, Ophiopholis mirabilis was harvested from
Changdao archipelago (longitude 120∘3528–120∘5636,
latitude 37∘5330–38∘2358), the interface between the
Yellow Sea and the Bohai Sea.

Many kinds of active substances from echinoderms, such
as saponins, polysaccharides, proteins, alkaloids, and fatty
acids, have been isolated and reported by scholars both
at home and abroad. However, they are mostly extracted
fromAsteroidea,Holothuroidea, and Echinoidea [2, 3].These
researches on Ophiuroidea from Echinodermata focus more
on the morphology, taxonomy, regeneration incidence on
species level, wrist-regeneration, and ecological fields [4, 5].

Recently, the studies on the preparation and characteris-
tics of the Ophiurasaponin from Ophiura kinbergi have
been reported [6]. The four compounds are isolated from
Axtroclarus conferus and identified by spectroscopic analysis
[7]. However, there has been no report about antioxidant and
antimicrobial activities of ophiurasaponin from Ophiopholis
mirabilis.

2. Experiments

2.1. Extraction and Purification of Ophiurasaponin from
Ophiopholis mirabilis. Commonly-used solvent extraction
method was applied in the experiment. The marine sample
was naturally air-dried and then finely crushed. Afterwards
the crushed sample was soaked in 85% ethanol three times.
The collected ethanol-extract was concentrated in rotary
evaporator. Equal volume of petroleum ether was added to
the concentration extracted six times for degreasing and
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equal volume of 𝑛-butanol was added to the water extracted
six times as well. Then the supernatant was collected and
concentrated in the rotary evaporator. After concentration,
ophiurasaponin was precipitated by adding 10 times of
volume of acetone and then centrifuged. After the precipitate
was dried, the crude ophiurasaponin was obtained. Subse-
quently, some crude ophiurasaponin was purified through
AB-8 macroporous resin, eluted with water, 20% ethanol,
40% ethanol, 60% ethanol, and 80% ethanol in turn. The
eluted part of 40% ethanol was collected, silica gel column
chromatography with elution (trichloromethane :methanol:
H
2
O = 82 : 16 : 2), Sephadex LH-20 gel column chromatogra-

phywithmethanol elution, andC18ODS column chromatog-
raphy with elution (methanol : H

2
O = 1 : 1) were applied to

purify ophiurasaponin, and then the refined ophiurasaponin
was obtained after being concentrated. The colorimetric
method was adopted in this experiment to determinate ophi-
urasaponin content, compared with the standard saponins.

2.2. Identification of Ophiurasaponin. Liebermann-Burchard
reaction, melting test, UV-VIS determination of character-
istic absorption peak, and infrared spectrum scanning were
used to the identification of ophiurasaponin.

2.3. Detection of Antioxidation Capabilities

2.3.1. Determination of the Capacity of Scavenging Hydroxyl
Free Radicals. According to the chemiluminescence system
of copper sulfate-luminol-vitamin C-hydrogen peroxide [8],
Ultra-Weak Luminescence Analyzer was used to detect the
capability of the ophiurasaponin scavenging hydroxyl free
radicals. The following reagents were added into the sam-
ple cell: ophiurasaponin 50 𝜇L (1mmol/L) (blank sample
used as control), ascorbic acid 20 𝜇L (1mmol/L), luminol
50𝜇L (1mmol/L), borate 780 𝜇L (pH 9.24), and hydrogen
peroxide 50 𝜇L (1mmol/L). The analyzers were immediately
started and the illumination-intensity was tested within 100 s
under the test conditions of 𝑇 = 30∘C and Hi-V: −800V.
The luminescence kinetic curves of hydroxyl inhibited by
ophiurasaponin were indicated with illumination time as 𝑋-
axis and illumination intensity integral as 𝑌-axis. Origin 7.5
was applied to draw the kinetic curve of inhibited hydroxyl
illumination by ophiurasaponin. According to the lumines-
cence kinetic curves, the ratio of the inhibition capacities to
ophiurasaponin concentration was calculated, and the value
of IC
50
was determined as well.

2.3.2. Determination of the Capacity of Scavenging Superoxide
Anion Free Radicals. According to the chemiluminescence
system of pyrogallol-luminol [9], various concentrations
of ophiurasaponin 50 𝜇L (blank sample used as control)
and pyrogallol 50𝜇L (6.25mmol/L) were added into the
sample cell. The analyzers were started immediately and
the illumination-intensity was tested within 20 s under the
test conditions of 𝑇 = 30∘C and Hi-V: −900V. The lumi-
nescence kinetic curves of superoxide anion inhibited by
ophiurasaponin were indicated with illumination time as 𝑋-
axis and illumination intensity integral as 𝑌-axis. Origin 7.5

was applied to draw the kinetic curve of inhibited superoxide
anion illumination by ophiurasaponin. According to the
luminescence kinetic curves, the ratio of the inhibition
capacities to ophiurasaponin concentration was calculated,
and the value of IC

50
was determined as well.

2.3.3. Determination of the Capacity of Scavenging Hydrogen
Peroxide Free Radicals. According to the chemiluminescence
system of hydrogen peroxide-luminol [10], the following
reagents were added into the sample cell: various concentra-
tions of ophiurasaponin 50𝜇L (blank sample used as control),
luminol 50𝜇L (1mmol/L), carbonate buffer 800 𝜇L (pH 9.5),
and 3% hydrogen peroxide 100 𝜇L.The analyzers were started
immediately and the illumination-intensity was tested within
100 s under the test conditions of 𝑇 = 30∘C and Hi-V: −850V.
The luminescence kinetic curves of hydrogen peroxide inhib-
ited by ophiurasaponinwere indicatedwith illumination time
as𝑋-axis and illumination intensity integral as𝑌-axis. Origin
7.5 was applied to draw the kinetic curve of inhibited hydro-
gen peroxide illumination by ophiurasaponin. According to
the luminescence kinetic curves, the ratio of the inhibition
capacities to ophiurasaponin concentration was calculated,
and the value in IC

50
was determined as well.

2.4. Detection of Antimicrobial Activity. The antimicrobial
activity of ophiurasaponin was detected by using circular
filter paper method [11]. Cell suspensions were finally diluted
to 105 CFU/mL in order to be used in the activity assays.
Potato Sucrose Agar (PSA) medium (fungi) and Beef Extract
Peptone medium (bacteria) were incubated at 25∘C for
48 h (fungi) and 37∘C for 24 h (bacteria). Chloramphenicol
(0.04 g/mL) and miconazole nitrate (0.04 g/mL) were used
as the positive control and normal saline (NS) was used as
the negative control. The minimum inhibitory concentration
(MIC) of ophiurasaponin was determined by modified agar
dilution method [12]. The concentration of ophiurasaponin
was prepared to 0.06 g/mL, and then it was diluted into 10−1,
10−2, 10−3, 10−4, 10−5, and 10−6, respectively. All the tests were
performed in triplicate (𝑛 = 3) and the results were expressed
as mg/mL.

2.5. Statistical Data Processing. SPSS 11.0 softwarewas used in
the single factor analysis of variance by statistically analyzing
experimental data, and the results were indicated by themean
standard deviation of plus or minus (+/−s).

3. Results and Discussion

3.1. The Chemical Features of Ophiurasaponin. Measured
with ultraviolet absorption method, the content of crude
ophiurasaponin was 46.75% and content of the refined
ophiurasaponin was 96.72%. Identified by color reaction,
ophiurasaponin was determined as steroidal saponins, whose
melting points range from 245.4∘C to 260.6∘C. With ultravi-
olet visible light scanning within the scope of the 200 nm to
800 nm wavelength, compared with the standard saponins,
a maximum absorption peak was identified at 276 nm. In
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Figure 1: Inhibition of different concentrations of ophiurasaponin
to hydroxyl: 20mg/mL, 23mg/mL, 25mg/mL, 27mg/mL, and
30mg/mL.

400 cm−1 ∼4000 cm−1 range scan, characteristic absorp-
tion peak was found similar to the standard saponins in
1030 cm−1, 1336 cm−1, and 1610 cm−1. The result suggested
that ophiurasaponin and standard saponins were analogous,
but ophiurasaponin showed some differences in the fact that
Ophiopholis mirabilis came from marine environment and
had special structure.

3.2. Antioxidant Capacity. Metabolism of normal physiolog-
ical process in human body could produce a small quantity
of Oxo-free radicalism such as hydroxyl, superoxide anion,
and hydrogen peroxide.The amount of free radicals in human
body is usually in a homeostasis. A small amount of ROS
(reactive oxygen species) free radicals can help transmit
energy to maintain the vitality, strengthen the immunity, rid
of inflammation, and inhibit tumor, and so forth, while exces-
sive free radicals could interfere with the normal metabolism
of human body and lead to sickness [13].Therefore, the study
of free radical scavengers on disease prevention and control
is of great significance.

The luminescence kinetic curves of ophiurasaponin
inhibiting hydroxyl, superoxide anion, and hydrogen perox-
ide were shown in Figures 1, 2, and 3, respectively.

The results showed that the antioxidant capabilities
increased linearly with the increase of the concentration of
ophiurasaponin fromOphiopholismirabilis in a certain range.
The inhibition was constant when it increased to a specific
concentration. Usually the concentration of ophiurasaponin
at 50% of illumination inhibition (IC

50
) is taken to measure

antioxidant capacity of the samples. Lower IC
50
indicates that

it has stronger antioxidant capacity.
As shown in Table 1, the result showed that ophiuras-

aponin from Ophiopholis mirabilis had the strongest inhi-
bition to hydroxyl, the weakest to hydroxyl radicals, and
medium to superoxide.
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Figure 2: Inhibition of different concentrations of ophiurasaponin
to superoxide anion: 1.1mg/mL, 1.5mg/mL, 2.2mg/mL, 4.4mg/mL,
and 22mg/mL.
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Figure 3: Inhibition of different concentrations of ophiurasaponin
to hydrogen peroxide: 0.05mg/mL, 0.5mg/mL, 1mg/mL, 3mg/mL,
and 5mg/mL.

3.3. Results of Antimicrobial Activity. Theantimicrobial activ-
ity was expressed as the size of the inhibition zone.The larger
the size of inhibition zone is, the stronger the antimicrobial
activities. As is shown in Table 2, the inhibitory effect on
the tested bacteria of refined ophiurasaponin was enhanced
significantly compared with the crude. The result showed
that the refined ophiurasaponin had stronger antibacterial
activity. what is more, the antibacterial ability of Aerobac-
ter aerogenes (28.2mm) was close to the positive control
(31mm), which declared that ophiurasaponin had strong
inhibition effect on Aerobacter aerogenes.
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Table 1: Capacities of antioxidation of ophiurasaponin 𝑛 = 6.

Superoxide anion Hydroxyl Hydrogen peroxide
Concentration
(mg/mL) Inhibition (%) Concentration

(mg/mL) Inhibition (%) Concentration
(mg/mL) Inhibition (%)

22 98.32 ± 0.09 30 77.28 ± 0.10 5 94.01 ± 0.07
4.4 32.05 ± 0.15 27 59.63 ± 0.11 3 72.14 ± 0.08
2.2 19.83 ± 0.06 25 47.45 ± 0.10 1 49.19 ± 0.11
1.5 16.32 ± 0.11 23 34.36 ± 0.05 0.5 38.58 ± 0.06
1.1 10.17 ± 0.08 20 10.14 ± 0.13 0.05 31.86 ± 0.12
The linear
regression

𝑌 = 0.04𝑥 + 0.1012 𝑌 = 0.0666𝑥 − 1.2017 𝑌 = 0.1239𝑥 + 0.335

𝑅2 = 0.9928 𝑅2 = 0.9941 𝑅2 = 0.9918

IC50 (mg/mL) 9.98 ± 0.12 25.54 ± 0.07 1.37 ± 0.03

Table 2: Inhibition of ophiurasaponin from Ophiopholis mirabilis to bacteria 𝑛 = 3.

Species Positive control
(chloramphenicol)

Crude
(mm)

Ophiurasaponin
MIC (mg/mL)

Refined
(mm)

Ophiurasaponin
MIC (mg/mL)

Bacillus subtilis 44.5 ± 0.02 12.2 ± 0.10 1.1 ± 0.05 26.9 ± 0.01 0.0443 ± 0.03
Escherichia coli 51.0 ± 0.04 11.5 ± 0.08 1.1 ± 0.03 32.5 ± 0.03 0.0443 ± 0.03
Staphylococcus aureus 46.0 ± 0.06 11.2 ± 0.07 0.11 ± 0.01 30.9 ± 0.09 0.0443 ± 0.07
Proteusbacillus vulgaris 48.0 ± 0.05 11.2 ± 0.01 — 29.6 ± 0.05 —
Aerobacter aerogenes 31.0 ± 0.06 16.0 ± 0.05 1.1 ± 0.01 28.2 ± 0.04 0.0443 ± 0.01
Note: —: no inhibitory effect.

Table 3: Inhibition of ophiurasaponin from Ophiopholis mirabilis on fungi 𝑛 = 3.

Species Positive control
(miconazole nitrate)

Crude
(mm)

Ophiurasaponin
MIC (mg/mL)

Refined
(mm)

Ophiurasaponin
MIC (mg/mL)

Penicillium digitatum 21.4 ± 0.03 — — — —
Mucor circinelloides 30.7 ± 0.02 11.5 ± 0.06 1.1 ± 0.03 13.0 ± 0.02 4.43 ± 0.02
Aspergillus flavus 28.7 ± 0.01 — — — —
Saccharomyces cerevisiae 20.7 ± 0.04 — — — —
Saccharomyces cerevisiaeHansen 19.8 ± 0.03 11.2 ± 0.04 1.1 ± 0.04 — —
Note: —: no inhibitory effect.

As shown in Table 3, ophiurasaponin from Ophiopholis
mirabilis could inhibit Mucor circinelloides proliferation;
however, it had no inhibition on Penicillium digitatum,
Aspergillus flavus, and Saccharomyces cerevisiae. The result
showed thatcrude ophiurasaponin inhibited the growth of
Saccharomyces cerevisiae Hansen, but the refined ophiuras-
aponin did not inhibit its growth, because saponins of other
substances in crude ophiurasaponin may be reactive. In
addition, theinhibition of ophiurasaponin from Ophiopholis
mirabilis on fungi was much less effective than that on
bacteria.

The minimum inhibitory concentration (MIC) was
defined as the lowest concentration of ophiurasaponin that
inhibited growth. The MIC value of ophiurasaponin was
evidently demonstrated in Table 3. The MIC of refined
ophiurasaponin was 0.0443mg/mL, much lower than that
of the crude on bacterial. Staphylococcus aureus was the
most sensitive bacteria to ophiurasaponin, the MIC value

of the crude ophiurasaponin was 0.11mg/mL, and the MIC
value of the refined ophiurasaponin was 0.0443mg/mL.
Mucor circinelloides was less sensitive to ophiurasaponin
(4.43mg/mL MIC). Ophiurasaponin was not sensitive to
Proteusbacillus vulgaris, Penicillium digitatum, Aspergillus
flavus, and Saccharomyces cerevisiae. The result illuminated
that the antimicrobial ability of ophiurasaponin had a certain
selectivity and the antimicrobial ability of ophiurasaponin
had a stronger effect on bacteria.

4. Conclusions

The paper showed that ophiurasaponin extracted from
Ophiopholis mirabilis had excellent antioxidant activity and
inhibition on microbial activity. Although further studies are
needed to better evaluate its activities andmechanism(s), our
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data suggest that ophiurasaponinmight be a candidate for the
antioxidant and antimicrobial marine drugs.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was supported by the Shandong province Natural
Science Foundation (no. ZR2013DM002). The authors thank
Professor Qiusheng Zheng and Huiling Leng for their critical
reading of this paper.

References

[1] Y. L. Liao, Fauna Sinica Invertebrata Echinodermata Ophi-
uroidea, vol. 40, Science Press, Beijing, China, 2004.

[2] F. Kisa, K. Yamada, T. Miyamoto, M. Inagaki, and R. Higuchi,
“Constituents of holothuroidea, 17. Isolation and structure
of biologically active monosialo-gangliosides from the sea
cucumber Cucumaria echinata,” Chemical and Pharmaceutical
Bulletin, vol. 54, no. 7, pp. 982–987, 2006.

[3] K.-S. Nam and Y.-H. Shon, “Chemopreventive effects of
polysaccharides extract from Asterina pectinifera on HT-29
human colon adenocarcinoma cells,” BMB Reports, vol. 42, no.
5, pp. 277–280, 2009.

[4] R. Bannister, I. M. McGonnell, A. Graham, M. C. Thorndyke,
and P. W. Beesley, “Afuni, a novel transforming growth factor-𝛽
gene is involved in arm regeneration by the brittle starAmphiura
filiformis,” Development Genes and Evolution, vol. 215, no. 8, pp.
393–401, 2005.

[5] T. Fujita and S. Ohta, “Spatial structure within a dense bed of
the brittle star Ophiura sarsi (Ophiuroidea: Echinodermata) in
the bathyal zone off otsuchi, Northeastern Japan,” Journal of the
Oceanographical Society of Japan, vol. 45, no. 5, pp. 289–300,
1989.

[6] C. H. Guo, H. Z. Jin, X. J. Ni et al., “Preparation and primary
identification of ophiurasaponin from Ophiura kinbergi,” Cur-
rent Zoology, vol. 47, pp. 131–133, 2001.

[7] C. W. Lin, J. Y. Su, L. M. Zeng et al., “Chemical constituents of
axtroclarus conferus,” Journal of Instrumental Analysis, vol. 7,
pp. 59–61, 2002.

[8] S. Hanaoka, J.-M. Lin, and M. Yamada, “Chemiluminescence
behavior of the decomposition of hydrogen peroxide catalyzed
by copper(II)-amino acid complexes and its application to
the determination of tryptophan and phenylalanine,” Analytica
Chimica Acta, vol. 409, no. 1-2, pp. 65–73, 2000.

[9] L. Jian, “Increased carbon disulfide-stimulated chemilumines-
cence in the pyrogallol-luminol system,” Luminescence, vol. 16,
no. 4, pp. 281–283, 2001.
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The immunomodulatory activity of extract from Styela clava was studied systematically based on activity tracking in vitro in
order to find out novel-structured secondary metabolite. The proliferation rates of mouse splenic lymphocytes and peritoneal
macrophages were used as screening index, as well as NO release promoting activities. The crude extract (CE) and its different
polar fractions from S. clava all exhibited proliferative activity of splenolymphocytes andmousemacrophages, as well as NO release
promoting activities, among which petroleum ether fraction (PE) showed the strongest effect. The antioxidant experiment in vitro
showed that CE demonstrated antioxidant ability in 1,1-diphenyl-2-picrylhydrazyl (DPPH) system and the beta carotene-linoleic
acid system; the activity of ethyl acetate fraction (ET) was much stronger than that of the others. Further isolated by silica gel
column chromatography, ET was classified into seven sub-components (E1∼E7) listed in the order of activity as E5 > E6 > E4 >
E3 > E7 > E2 > E1. Five compounds were separated as (1) cholesteric-7-en-3𝛽-ol, (2) cholesteric-4-en-3𝛽,6𝛽-diol, (3) cholesterol,
(4) batilol, and (5) ceramide, among which (1), (2), and (4) were isolated for the first time from S. clava.

1. Introduction

The ascidians are commonly found in waters all over the
world, along the coasts and deep to the bottoms, which is
the most important marine source for active agents except
sponge. In the early 1970s, it had been found that the
extract from ascidians had a variety of bioactivities such as
cytotoxicity, antitumor in vivo, and immune regulation. Since
1980s, a greater variety of bioactive substances were extracted
from the ascidians with the activities of antitumor, antivirus,
antimicrobial, immune regulation, and biocatalysis. Further
studies showed that those active chemical compounds in
sea squirt mainly included peptides, alkaloids, polyethers,
macrolides, terpenes, and polysulfides [1–9], among which
some have been tested at the clinical phase as anticancer
reagents [10–13].

By strengthening organisms’ defense and host immune
system against tumor cells, cell immunity can improve its
overall antitumor ability to inhibit tumor and thus play

an important role in immune antitumor treatment. Alco-
hol from Styela clava (5𝛼,8𝛼-cyclicobioxygen-24-bimethyl-6-
vinyl-3𝛽-cholesterol, SC), a lead compound against a variety
of viruses, has a wide application to immune regulation as
a supplement to maintain normal immune response for the
removal of viruses and recovery [14].

The ascidian has become the hot topic for research and
development both at home and abroad for its numerous
active agents with high activity. Styela clava, the dominant
population in the Yellow Sea and the Bohai Sea, has a negative
impact on marine culture for its wide distribution and large
quantity while the changes in its population may be regarded
as an index for environment contamination. If fed in seawater
in proper conditions, S. clava may grow and reproduce very
fast with low cost; therefore, with rational exploitation, S.
clava can become treasures instead of waste to benefit both
economy and environment protection.

S. clava remains neglected as a potential marine chemical
resource, and there are few reports on its components
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worldwide besides few individual components without in-
depth investigation. Up to now, there have been no reports of
the systemic in-depth study on S. clava’s compounds and their
activity. Integrated exploitation of its active agents may on
onehandprovide theoretical basis for resource exploitation to
achievemaximumeconomic results and on the other improve
our lives and medical care to achieve direct social results.

This paper is a study on S. clava in terms of its chemical
structure and bioactivity to obtain novel-structured active
agents as a theoretical basis for new drugs or lead compound
for new drugs. These studies may be used as references for
the research and development of marine functional food and
drugs.

2. Materials and Methods

2.1. Materials. Styela clava was collected from Yantai Sishili-
wan Bay, Shandong Province, China, in August 2010; adher-
ents were removed and frozen.

Kunming mice of clean grade were purchased from
Shandong Animal Experiment Center, with weight being 18–
22 g for each.

ConA, LPS, MTT, peptone, 1,1-DPPH, 𝛽-carotene, and
linoleic acid were purchased from Sigma Chemical Co.
(USA), RPMI1640 from Gibco, fetal bovine serum from
HyClone, DMSO from AMRESCO, and penicillin and strep-
tomycin from Shandong Lukang Pharmaceutical Group Co.,
Ltd. Other analytical reagents were purchased from home
markets.

2.2. Methods

2.2.1. Extraction of Active Agents from S. clava. Tissue of
S. clava (15 kg) was minced, centrifuged, and then soaked
in 95% ethanol three times in volume for 1 week at room
temperature. The extraction was repeated three times. The
combined extract was concentrated under vacuum to give a
crude extract (CE) as brown extractum of 205 g. The crude
extract was suspended in distilled water of 2000mL and then
further extracted with petroleum ether, chloroform, ethyl
acetate, and butanol (800mL ×3), respectively, resulting in
petroleum ether extract (PE) 78.7 g, ethyl acetate extract (ET)
18.6 g, butyl alcohol extract (BU) 40.2 g, and the remainder
(AR) 64.7 g.

2.2.2. Isolation, Purification, and Structural Identification of
the Chemical Components fromS. clava. After activity screen-
ing, normal phase silica gel column chromatography (CC)
and ODS reversed phase silica gel column chromatography
were adopted, respectively, for the most active ET, while
petroleum ether and acetone, chloroform and carbinol were
used for silica gel column chromatography gradient elution.
Seven components (E1–E7) were isolated, among which
components E2, E3, E4, and E5 for their large quantity were
further purified by Sephadex LH-20, PTLC, Amberlite XAD-
2, and recrystallization and 5 compounds were obtained and
their structures were identified by IR (Nicolet impact 400),

MS (HP 5988AGC/MS), and 1DNMRand 2DNMR (Bruker-
500MHz-FT-NMR).

2.2.3. Proliferation of Spleen Lymphocyte. Ten days after
vaccinated S180, Kunming mice of clean grade were killed
by cervical dislocation and spleens were taken out under
asepsis for the preparation of lymphocyte suspension which
was incubated in the 96-well plates (Coastar, USA) at the
concentration of 1 × 107 cells/mL with 100𝜇L for each well
and six repeats for each treating.Mediumof 100𝜇Lwas added
to the control group, 10 𝜇g/mL ConA to the positive group
and the sample solutions of different concentration to the
experiment groups resulting in the concentrations of 12.5, 25,
50, 100 and 200 𝜇g/mL, cultured at 37∘C in 5%CO

2
incubators

(by SHEL LAB) for 44 h, and, afterwards, 5mg/mL of MTT
was added with 20𝜇L for each well and further cultured
for 4 h. After the media were removed, 0.15mL of DMSO
was added to each well and shaken for 10min for complete
mixture at room temperature for 10min before ELX-800
(BioTek Instruments Inc.) was used to measure absorbance
at 570 nm. Consider

Proliferation ratio of lymphocytes (%)

= [
𝐴 sample − 𝐴control

𝐴control
] × 100%,

(1)

where 𝐴 sample is the absorbance of tested sample and 𝐴control
is the absorbance of control group.

2.2.4. Proliferation ofMacrophages. 2% (w/v) peptone of 2mL
was injected into the mice’s peritoneal cavity every day for
three days. After cervical dislocation, precooled Hank’s of
5mL was injected into the peritoneal cavity; then abdominal
fluid was sucked and the supernatant was removed by
centrifugation at 2000 rpm; the precipitate cells were washed
twice.
1 × 106/mL of cell suspension was made with 10% of

calf serum in RPMI 1640, incubated in the tissue culture
plate with 100 𝜇L for each well and cultured at 37∘C in 5%
CO
2
incubators for 2 h. The upper medium was removed

and the wells were washed with PBS twice to remove the
nonadherent cells; somacrophagemonolayers were obtained.
Fresh medium was put into the 96-well plates, following with
fresh medium of 100 𝜇L to the control group, 100𝜇L LPS
to the positive group (with final concentration of 2 𝜇g/mL),
and 100 𝜇L different samples of different concentrations
to the other groups (the sample concentrations are as in
Section 2.2.3), and cultured at 37∘C in 5% CO

2
incubators

for 24 h. Afterwards, upper medium was removed and new
medium was added with 100 𝜇L for each hole as well as
5mg/mL of MTT with 20𝜇L, further cultured for 4 h; then
the supernatant was carefully sucked and 150𝜇L DMSO was
added before shaking for 10min for complete mixture. After
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placing at room temperature for 10min, ELX-800 was used to
measure absorbance at 570 nm. Consider

Proliferation ratio of macrophages (%)

= [
𝐴 sample − 𝐴control

𝐴control
] × 100%,

(2)

where 𝐴 sample is the absorbance of tested sample and 𝐴control
is the absorbance of control group.

2.2.5. NO Release Activities of Macrophages. Macrophages
were prepared with the same method as in Section 2.2.4.
2.5×105/mL of cell suspension was made with 10% of calf

serum in RPMI 1640, in sterile conditions inoculated on the
tissue culture plate with 100 𝜇L for each well and three wells
for each sample were cultured at 37∘C in 5% CO

2
incubators

for 2 h. Then LPS solution (with final concentration of
2 𝜇g/mL) of 100 𝜇L was put into the positive group, medium
1640 of 100 𝜇L was added to the control group, and 100 𝜇L
with different samples of different concentrations was added
to the other groups, and further cultured for 48 h. Afterwards,
upper medium of 50 𝜇L from each well was removed and
transferred to a new 96-well plate and measured according
to the following method.

Standard Curve. Standard solution nitrite of 0.1mol/L was
diluted in 1 : 1000 with medium. A1∼H3 on the tissue culture
plate were used for standard curve. Standard solution nitrite
of 100 𝜇L was put into A1∼A3, respectively, and medium of
50𝜇Lwas put into B1-H3, respectively. Doubling dilution was
conducted to A–G in turn and the final fluid from G was
removed and nitrite concentration coefficient (100, 50, 25,
12.5, 6.25, 3.13, 1.56, and 0 𝜇mol/L) was obtained. Standard
curve was necessary before each test with the same medium
as for the samples.

Measurement. NED solution and sulfanilamide solution were
kept at room temperature for 15 to 30min. Each of tested
samples of 100 𝜇L was placed on the tissue culture plate, 2 to
3 repeated wells were used for every sample. Sulfanilamide
solution of 50𝜇L was put into all standard curve wells and
sample wells were kept in dark place at room temperature for
5 to 10min and then the same was done with NED solution
of 50𝜇L. Absorbance at 540 nm was measured within 30min
and the nitrite concentration in the samples was calculated
according to standard curve.

2.2.6. In Vitro Antioxidant Activity

(1) DPPH Radical Scavenging Assay. Modified Binsan’s
method [15] was adopted. 1.5mL sample in different concen-
trations was added to 1.5mL of 0.2mM DPPH in ethanol.

1.5mL DPPH of 0.2mmol in anhydrous ethanol was
added to all the samples of 1.5mL, after mixing vigorously,
and kept at room temperature in dark for 30min. The
absorbance of the resulting solution was measured at 517 nm
withwater as the control and the ability to scavenge theDPPH

radical was expressed by clearance rate (𝐸) in the following
formula:

𝐸 (%) = [1 −
𝐴 sample − 𝐴 sample blank

𝐴control
] × 100%, (3)

where 𝐴 sample means the absorbance of test sample solution
(DPPH + sample), 𝐴 sample blank means the absorbance of the
sample only (ethanol + sample), and 𝐴control means the
absorbance of control (DPPH + ethanol).

The half clean concentration (EC
50
) is calculated by

regression equation of E and sample concentration.

(2) 𝛽-Carotene-Linoleic Acid System. Modified Jayaprakasha’s
method [16] was adopted. 𝛽-carotene of 0.2mg was dissolved
in 0.2mL trichloromethane, into which linoleic acid of 20mg
and Tween-40 of 200mg were added and mixed completely.
After chloroform was removed under vacuum at 40∘C,
distilled water of 50mL (oxygenated for 2-3min) was added.
The reaction emulsion was prepared after vigorous agitation.
The control was prepared as above except for the addition of
𝛽-carotene. Sample solution of 50𝜇L and reaction medium
of 200𝜇L were added into 96-well plates, respectively, and
the absorbance was measured at 450 nm immediately (𝑡 =
0), and remeasured every 20min until the color of 𝛽-
carotene faded in the control (about 240min). Three parallel
measurements were conducted and the antioxidant activity
(AA) was expressed in the following formula:

AA = [1 −
𝐴
0
− 𝐴
𝑡

𝐴
0
− 𝐴
𝑡

] × 100, (4)

where 𝐴
0
and 𝐴

𝑡
were the absorbance of the sample, while

𝑡 = 0 and 𝑡 = 240min, respectively, and 𝐴
0
and 𝐴

𝑡
were

the absorbance of the control, while 𝑡 = 0 and 𝑡 = 240min,
respectively.

(3) Reducing Power. The reducing power was determined
according to Yen and Duh’s method [17]. All samples were
dissolved with phosphate buffer solution (0.2mol/L, pH 6.6)
of 2.5mL, and 1% potassium ferricyanide (w/v) of 2.5mL
was added before reacting at 50∘C for 20min; then 10%
trichloroacetic acid (w/v) of 2.5mL was added to stop
reaction. Reaction mixture was centrifuged at 650×g for
10min; supernatant of 2.5mL was mixed with distilled water
of 2.5mL and 0.1% FeCl

3
(w/v) of 0.5mL.The absorbance was

measured at 700 nm and the higher absorbance means the
stronger reducing power. The reducing power is converted
in ascorbic acid and expressed as ascorbic acid equivalent
(AscAE) in milligrammes of ascorbic acid per gramme of
sample (AscAE: mg/g AscA).

2.3. Statistical Analysis. All data were expressed by mean ±
standard deviation. All statistical analyses were carried out
using SPSS 13.0 for Windows. Tukey’s multiple comparison
tests were used to detect differences between groups, and a
probability of 𝑃 < 0.05 was taken as an acceptable level of
significance.
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Figure 1: Effects of extracts on the proliferation of the mouse
splenocytes. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with the control.

3. Results and Discussion

3.1. Proliferation of Spleen Lymphocyte. As organism’s first
line defending tumor, immune system plays an important
role in the recognition and removal of malignant cells. The
immune status evaluation of the body bearing neoplasm is
important for mechanism study of antitumor drugs.

As shown in Figure 1, four extracts of S. clava demonstrate
significant activity on splenocytes proliferation (compared
with the control, 𝑃 < 0.05, or 𝑃 < 0.01), among
which the proliferation effect of PE is the most active,
with proliferation rate being near 50% at a concentration of
25 𝜇g/mL, close to the positive control group ConA (56.71%).
However, its proliferation rate reduces with the increasing
concentration, and the proliferation rate is only 4.76% when
the concentration reaches 400 𝜇g/mL, which shows that PE
inhibits the proliferation of the mouse splenocytes at high
concentration. CE is less active than PE on the proliferation
of the mouse splenocytes, demonstrating a rising trend at
first and then a falling one. The effects of ET and BU
are relatively weak, and ET shows distinctive inhibition at
50𝜇g/mL and 100𝜇g/mL with the inhibition rate of 12.62%
at 100 𝜇g/mL, but, on the contrary, BU reaches the strongest
level at this concentration with the proliferation rate of
14.52%, while distinctive inhibition was shown below this
point.

3.2. Proliferation of Macrophages. Figure 2 shows the effects
of S. clava’s extracts on the proliferation of the mouse
peritonealmacrophages.The four extracts all show significant
effect on the proliferation of the mouse macrophages at all
designed concentrations (compared with the control, 𝑃 <
0.05 or 𝑃 < 0.01), but it is weaker than that of the
positive control LPS as proliferation rate of 63.19%. PE is the
most active extract on the proliferation at concentration of
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Figure 2: Effects of extracts on the proliferation of the mouse
peritoneal macrophages. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with
the control.

25 𝜇g/mL, with proliferation rate 40.70%, but, afterwards, the
proliferation rate dropswith the increasing concentration and
the proliferation rate is only 10.85% when the concentration
reaches 400𝜇g/mL, showing similar trend as on the lympho-
cytes.

ET and CE are close on the effect of proliferation. ET
reaches the lowest point at 25𝜇g/mL with the proliferation
rate of 1.94% and the highest point at 200𝜇g/mL with the
proliferation rate of 25.97%. CE shows similar trend as
ET, reaching the highest and lowest points at 100 𝜇g/mL
and 400𝜇g/mL with the proliferation rate of 25.19% and
10.17%, respectively. BU shows the weakest effect, with the
highest proliferation rate of only 10.08% at 200𝜇g/mL and
the same effect as the control at 25𝜇g/mL; the prolifer-
ation rates at all the other concentrations are all below
10%.

3.3. NO Release Activities of Macrophages. Macrophages are
the important components in the body immune system,
functioning as immunization effect regulating the immune
system, and NO is one of the active agents produced by
macrophages, after they are activated [18]. Figure 3 shows
effects of extract from S. clava on the NO release activities
of mouse macrophages. The effects of ET, PE, and CE are all
in positive correlation with concentration in promoting the
release of NO. PE shows the strongest effect among them,
reaching the highest point of 16.14 𝜇mol/mL at 400 𝜇g/mL.
CE is less effective with NO releasing the highest point of
14.76 𝜇mol/mL at 400 𝜇g/mL. The effects of BU and ET are
rather weak, only 8.70𝜇mol/mL for ET at 400𝜇g/mL as the
highest point, while, at the other concentrations, the NO
releasing abilities for ET and BU are close to and approaching
6 𝜇mol/mL.
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Table 1: DPPH scavenging activity of different components isolated from S. clava.

Component DPPH scavenging rate (%)
50 (𝜇g/mL) 100 (𝜇g/mL) 150 (𝜇g/mL) 200 (𝜇g/mL)

CE 19.2 ± 0.37 30.12 ± 0.60 37.9 ± 0.64 42.6 ± 0.88

PE 4.83 ± 0.11 10.11 ± 0.22 14.24 ± 0.38 18.50 ± 0.37

ET 22.90 ± 0.70 38.10 ± 1.14 47.48 ± 1.30 50.64 ± 1.12

BU 8.38 ± 0.21 19.29 ± 0.37 25.32 ± 0.49 30.77 ± 0.62

AR 2.10 ± 0.05 3.05 ± 0.11 4.26 ± 0.08 4.89 ± 0.10

Table 2: DPPH scavenging activity of subcomponents E1–E7 isolated from ET of S. clava.

Subcomponent DPPH scavenging rate (%)
50 (𝜇g/mL) 100 (𝜇g/mL) 150 (𝜇g/mL) 200 (𝜇g/mL)

ET 22.90 ± 0.70 38.10 ± 1.14 47.48 ± 1.30 50.64 ± 1.12

E1 8.24 ± 0.26 14.17 ± 0.40 18.64 ± 0.59 20.80 ± 0.65

E2 11.37 ± 0.38 18.19 ± 0.88 24.30 ± 1.62 29.18 ± 1.25

E3 18.46 ± 0.64 25.30 ± 1.24 34.28 ± 1.22 45.80 ± 0.99

E4 22.80 ± 0.32 38.20 ± 1.02 49.37 ± 1.57 56.78 ± 1.01

E5 30.26 ± 0.88 46.20 ± 0.92 59.16 ± 1.11 67.31 ± 1.65

E6 24.92 ± 0.77 42.00 ± 1.06 53.40 ± 0.70 64.42 ± 1.62

E7 14.00 ± 0.31 20.29 ± 0.66 27.13 ± 0.48 32.50 ± 1.01
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Figure 3: Effects of extracts on NO production. ∗𝑃 < 0.05 and
∗∗𝑃 < 0.01 compared with the control.

3.4. In Vitro Antioxidant Activity

3.4.1. DPPH Radical Scavenging Assay. The DPPH free rad-
icals scavenging method is a colorimetric assay and can be
used to evaluate the radical scavenging activity in a short
time. DPPH is an organic free radical with maximal absorp-
tion at 517 nm.Whenwith free radical scavenger,DPPH’s lone
electronwill be paired and its absorbancewill decrease, which
can be used to evaluate its antioxidant activity. As shown

in Table 1, there was a positive correlation between DPPH
scavenging activity of CE and its concentration. Among the
four extracted components, PE and BU demonstrate poor
scavenging activity, while AR shows no scavenging activity.
The scavenging activity of ET reaches 50.64% at 200 𝜇g/mL,
much higher than CE (𝑃 < 0.05), indicating that compounds
withDPPH scavenging activity in S. clava aremostlymedium
polar.

E1–E7 subcomponents are isolated from ETwith silica gel
column chromatography, whose DPPH scavenging activity is
shown in Table 2. At all experiment concentrations, E5 shows
the strongest scavenging activity followed by E6, E4, E3, E7,
and E2 with E1 the weakest. E5 and E6 show much stronger
scavenging activity than ET (𝑃 < 0.05), while E4 is close to
ET in scavenging activity. EC

50
of E5 and E6 are 122.06𝜇g/mL

and 139.68 𝜇g/mL, respectively.

3.4.2. Antioxidant Activity in 𝛽-Carotene-Linoleic Acid Sys-
tem. 𝛽-carotene is a polyene pigment apt to be oxidized to
fade. In the reaction medium, the superoxide produced by
the oxidized linoleic acid results in 𝛽-carotene’s fading, and,
as time goes on, the absorbance decreases. The degree of
𝛽-carotene’s fading depends on the antioxidant activity in
the system. Table 3 shows antioxidant activities of different
components isolated from S. clava in the 𝛽-carotene-linoleic
acid system. CE has some antioxidation activities, positively
correlated with its concentration. ET is much higher in its
antioxidant activity than other components, reaching 50% at
200𝜇g/mL and is even higher than the positive control AscA
at all experimental concentrations, which further indicates
that compounds with higher antioxidant activity in the
𝛽-carotene-linoleic acid system are mostly medium-polar
components.
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Table 3: Antioxidant activity of different components isolated from S. clava in the 𝛽-carotene-linoleic acid system.

Component Antioxidant activity (%)
10 (𝜇g/mL) 50 (𝜇g/mL) 100 (𝜇g/mL) 200 (𝜇g/mL)

CE 10.62 ± 0.38 20.10 ± 1.12 29.48 ± 1.30 40.35 ± 1.12

PE 4.60 ± 0.21 10.22 ± 0.44 16.50 ± 0.49 22.40 ± 0.68

ET 12.70 ± 0.65 28.76 ± 1.12 37.42 ± 0.88 48.37 ± 1.55

BU 7.20 ± 0.48 14.39 ± 0.62 22.60 ± 0.77 26.00 ± 0.89

AR 2.15 ± 0.05 6.90 ± 0.14 8.20 ± 0.18 9.80 ± 0.11

AscA 10.50 ± 0.12 20.70 ± 0.31 32.90 ± 0.18 46.60 ± 0.32

Table 4: Antioxidant activity of subcomponents E1–E7 isolated from ET in the 𝛽-carotene-linoleic acid system.

Subcomponent Antioxidant activity (%)
10 (𝜇g/mL) 50 (𝜇g/mL) 100 (𝜇g/mL) 200 (𝜇g/mL)

ET 12.70 ± 0.65 28.76 ± 1.12 37.42 ± 0.88 48.37 ± 1.55

E1 6.46 ± 0.50 13.80 ± 0.46 28.20 ± 0.64 22.19 ± 0.97

E2 7.42 ± 0.31 15.40 ± 0.74 24.74 ± 1.07 30.90 ± 1.21

E3 9.30 ± 0.37 17.78 ± 0.87 27.41 ± 1.03 32.77 ± 1.27

E4 12.38 ± 0.67 24.72 ± 1.18 32.70 ± 0.79 43.65 ± 1.98

E5 20.24 ± 1.44 40.60 ± 1.25 54.10 ± 1.57 68.92 ± 1.67

E6 15.20 ± 0.79 34.40 ± 0.85 48.52 ± 1.71 62.36 ± 1.68

E7 10.70 ± 0.47 20.10 ± 0.27 28.42 ± 0.80 36.80 ± 0.98

AscA 10.50 ± 0.72 20.70 ± 0.31 32.90 ± 0.18 46.60 ± 0.32

GA 21.80 ± 0.41 42.80 ± 1.88 58.61 ± 1.20 70.10 ± 1.46

Table 5: Reducing power of extract and subcomponents E1–E7
isolated from ET.

Component AscAE (mg/gAscA)
CE 40.20 ± 1.10

PE 14.32 ± 0.42

ET 62.60 ± 1.55

BU 26.60 ± 0.51

WT 5.72 ± 0.26

E1 20.40 ± 0.77

E2 28.20 ± 1.22

E3 46.20 ± 1.18

E4 61.60 ± 1.11

E5 84.40 ± 2.10

E6 75.20 ± 1.50

E7 41.60 ± 0.95

Theantioxidant activity of subcomponents E1–E7 isolated
from ET in the 𝛽-carotene-linoleic acid system is shown
in Table 4. At all experiment concentrations, E5 shows the
strongest antioxidant activity followed by E6, E4, E7, E3, and
E2 with E1 being the weakest. Among the seven subcom-
ponents E5 and E6 show much stronger antioxidant activity
than ET (𝑃 < 0.05), while the antioxidant activity of E5 is
68.92%at 200𝜇g/mL close to the synthesized antioxidantGA.

3.4.3. Reducing Power. Table 5 shows the reducing power of
the extract from S. clava and subcomponents E1–E7 isolated

from ET. The reducing powers of all the samples demon-
strate a pattern similar to DPPH scavenging activity and
antioxidant activity in the 𝛽-carotene-linoleic acid system.
Among all the extracted components, ET is the highest in
the reducing power (𝑃 < 0.05) and the reducing power of
the seven subcomponents isolated fromET is in the following
order: E5 > E6 > E4 > E3 > E7 > E2 > E1.

3.5. Structural Identification of Compound. Compound 1,
colorless needle crystal, is identified as C

27
H
46
O with EI-MS

and NMR. 𝛿3.47 in 1H NMR, 𝛿7.18 in 13C NMR, and DEPT
show that there is hydroxyl in themolecule. 𝛿5.31 in 1HNMR,
𝛿140.18 and 𝛿121.7 in 13C NMR, and DEPT further confirm
the double bond in the molecule. m/z 255 and 147 in MS
combinedwith 𝛿5.31 (1H, H-7), 𝛿3.56 (1H,m,H-3), 𝛿1.01 (3H,
s, Me-19), and 𝛿0.88 (3H, s, Me-18) in 1HMMR, 𝛿140.8 (s, C-
8), 𝛿121.7 (d, C-7), and 𝛿71.8 (d, C-3) in 13CNMR, and DEPT
referred to the physical constant and spectral data reported
by Tsuda and Schroepfer Jr [19]; compound 1 was identified
as cholesteric-7-en-3𝛽-ol, whichwas isolated from S. clava for
the first time.

Compound 2, colorless needle crystal, mp 244∼246∘C is
identified as C

27
H
46
O
2
with EI-MS andNMR.The two signals

of methyl group connected with quaternary carbon (𝛿1.26, s;
𝛿0.71, s) and three signals of methyl group connected with
tertiary carbon (𝛿0.91, d; 𝛿0.87, d; 𝛿0.85, d) show that this
compound is sterol. The signal of 19-Me at 𝛿1.26 shifts to
a lower field in contrast to cholesterol, which proves the
existence of 6𝛽-OH. Meanwhile, in contrast to cholesterol,
signal (𝛿4.18) of 3𝛼-H also shifts to a lower field and so is
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proved of 4,5-double bond considering single peak 𝛿5.55.
Compound 2 is identified as cholesteric-4-en-3𝛽, 6𝛽-diol,
referring to the physical constant and spectral data reported
by Wahidullah et al. [20], which is isolated from S. clava for
the first time.

Compound 3 is a white needle crystal, mp 148∼149∘C,
purplish red at 10% sulfuric acid-ethanol solution. The mul-
tiple peaks at 𝛿3.53 in 1H NMR is the characteristic signal of
3𝛼-H in sterol, while the multiple peaks at 𝛿5.35 is signal of
H-6. In addition, five methyl group signals appear in high
field of 1H NMR, among which the 𝛿1.01, s and 𝛿0.68, s
belong to 19-Me and 18-Me, respectively, 𝛿0.91, d is the signal
of 21-Me, and 𝛿0.84, d and 𝛿0.82, d belong to 26-Me and
27-Me, respectively. Contrasting the physical constant and
spectral data with Su et al. [21], compound 3 is identified as
cholesterol.

Compound 4 is white powder, mp 68∼69∘C, purplish red
at 10% sulfuric acid-ethanol solution. The molecular weight

is 345 according to EI-MS. As shown in 13C NMR spectrum,
𝛿64.1 (t, C-1), 𝛿31.9 (t, C2), 𝛿29.6 (t, C3-C15), 𝛿26.0 (t, C16),
𝛿22.6 (t, C17), and 𝛿14.1 (t, C18) are characteristic signals
of long chain fatty acid, and 𝛿72.2 (C-1), 𝛿70.6 (C-2), and
𝛿71.8 (C-3) belong to glycerol; so this compound should be
a long chain triglyceride. However, there is no signal of ester
carbonyl; therefore, this compound is identified as glycidyl
ether, agreeing with Yang et al. [22] andWang et al. [23], and
is confirmed as batilol, which is isolated from S. clava for the
first time.

Compound 5, molecular formula is C
36
H
71
NO
3
accord-

ing to EI-MS andNMR. 𝛿6.37 (1H) in 1HNMR spectrum and
𝛿173.9 (C=O) in 13C NMR spectrum proves the existence of
acylamino, and 𝛿54.5 in 13C NMR spectrum indicates that
what is connected with nitrogen is methyne. 𝛿2.02 (2H) in
1HNMR indicates that there are two –OH in the compound,
and 𝛿74.74 and 𝛿62.40 in 13C NMR indicate that –CH– and
–CH
2
– connect with –OH, respectively. Meantime, a strong
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hydrogen signal of 𝛿1.26 in 1H NMR spectrum and two
signals –CH

3
– of 𝛿0.84 (6H) determine two long chain alkyl

groups. This compound is identified as ceramide referring to
the physical constant and spectral data reported by Yu and
Yang [24].

The structures of these compounds are shown in Figure 4.
As reported by Cai et al. [25], the number and position
of hydroxyl groups largely determined radical scavenging
activity of phenolic compounds. Compounds 1, 2, and 3 all
have only one phenolic hydroxyl group, and there is no
functional groups in orthoposition; little steric hindrance
effect increased their contact with free radicals.

4. Conclusion

The immunomodulatory and antioxidant activity of crude
and fractionated extracts of the ascidian Styela clava were
determined by in vitro screening. All these extracts demon-
strate immunomodulatory activity through increasing the
proliferation rate of spleen lymphocyte and macrophages,
as well as the NO release activities of macrophages. Among
them the petroleum ether fraction shows the strongest
immune active in vitro. The ethyl acetate fraction (ET) was
much higher in its antioxidant activity in DPPH system,
reducing power assay and 𝛽-carotene-linoleic acid system
compared with the other fractions, and its subcomponent
E5 demonstrated the strongest antioxidant activity as well as
reducing power, higher than the positive control AscA and
close to the synthesized GA. ET was isolated systemically and
five compounds were separated as (1) cholesteric-7-en-3𝛽-
ol, (2) cholesteric-4-en-3𝛽,6𝛽-diol, (3) cholesterol, (4) batilol,
and (5) ceramide, among which (1), (2), and (4) were isolated
for the first time from S. clava.
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Several assays have been frequently used to estimate antioxidant capacities including ABTS∙+, DPPH, and FRAP assays.
Xanthohumol (XN), the major prenylated flavonoid contained in beer, witnessed various reports on its antioxidant capacity. We
systematically evaluated the antioxidant activity of XN using three systems, 2,2,-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTS∙+) scavenging assays, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical assays, and ferric reducing antioxidant power (FRAP)
assays.The results are expressed as Trolox equivalent antioxidant capacity (TEAC).The TEAC of XNwas 0.32±0.09 𝜇mol⋅l−1 by the
ABTS assay and 0.27 ± 0.04 𝜇mol⋅l−1 by the FRAP. Meanwhile, the XN did not show obviously scavenging effect on DPPH radical
reaction system. These results showed that different methods in the evaluation of compound antioxidant capicity, there may be a
different conclusion.

1. Introduction

Antioxidant capacity analysis is an important indicator
to evaluate the antioxidation of the component. Several
assays have been frequently used to estimate antioxidant
capacity in free radical biology including 2,2,-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS∙+) scavenging
assays, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical assays,
and ferric reducing antioxidant power (FRAP) assays. The
difference of these methods is the use of different free radical.
Xanthohumol (XN) is a natural prenylated chalcone derived
from hops (Humulus lupulus L.). Over the past decade, anti-
cancer, antimutagenic, and anti-inflammatory [1–5] proper-
ties of XN have been studied by many researchers, and all of
these biological properties are based on its antioxidant effect.

ROS play a crucial role in the pathogenesis of several
human diseases, such as cancer, rheumatoid (rheumatoid)
arthritis, neurodegenerative diseases, and pulmonary dis-
eases [6]. It seems crucial to quench ROS as fast as possible
before they attack biomolecules and cause harm. Antioxi-
dants play an important role to eliminate ROS and other

radicals; meanwhile, the antioxidant capacity is positively
correlated with the ability of scavenging free radicals. There
are many different kinds of evaluation reports for the antiox-
idant capacity of XN against ROS and other radicals. XN
showed high antioxidant activity in inhibiting LDL oxidation
[7], was able to scavenge reactive radicals including hydroxyl
and peroxyl radicals, and inhibited superoxide anion and
nitric oxide production [1].However, it has also been reported
that XN to be prooxidant, was able to rapidly induces O2

∙−

[8]. In this paper, we compared with different methods for
XN antioxidant capacity, to clarify whether methodology
resulted in the conclusion differences. We have assessed the
antioxidant capacity with attention to the following propos-
als: (1)Niki and Noguchi reported that there are two types of
antioxidants that scavenge radicals quickly and quenchmany
radicals, and they proposed assessing reactivity based on both
reaction rate and stoichiometry [9]; (2) the activities of some
antioxidants vary depending on the assay method, and thus
use of multiple methods is recommended [9–12]; and (3)
comparative studies using common antioxidants are essential
to clarify the biological significance of the activities of sample.
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Trolox equivalent antioxidant capacity (TEAC) assay has
been widely accepted for assessing “antioxidant power” as
its inexpensive, highly reproducible, straightforward, and
speedy procedure [13–16]. The TEAC method is based on
the ability of antioxidant compounds to scavenge the long-
lived stable radical cation chromophore of 2,2-azinobis (3-
ethylbenzothiazoline 6-sulfonate; ABTS). Nowadays, TEAC
value can be assigned to all compounds by comparing their
scavenging capacity to that of Trolox, a water soluble vitamin
E analogue [17], by several free radical reaction systems.

2. Materials and Methods

2.1. Chemicals. 2,2-Azinobis (3-ethylbenzothiazoline 6-sul-
fonate acid) diammonium salt (ABTS), 6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox), hydrogen
peroxide, 2,4,6-tripyridy-s-triazine (TPTZ), and 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) were purchased from
Sigma (ShangHai, Sigma, China). All chemicals were of
analytical grade. Reagents were used without further puri-
fication. Milli-Q grade water was used in the whole process.

Xanthohumol was extracted from hop pellets (Humu-
lus lupulus) in Yumen Tuopu Scientific and Technological
Development Co. The briefly procedure as the following
description. The purity was 98.64% by high performance
liquid chromatography.

2.2. Sample Preparation. Stock solutions of each XN
(100 𝜇g⋅mL−1) and Trolox (1mg⋅mL−1) were prepared in
100% (v⋅v−1) ethanol and stored at −20 ± 2∘C until analysis.

2.3. Xanthohumol (Figure 1) Extraction and Isolation. The
air-dried spent hop pellets (Humulus lupulus, 1.0 kg) were
extracted three times with 70% acetone in water at room
temperature; after filtration and evaporation, the residue
(150 g) was dissolved in water (2.0 L) and the solution was
extracted three times by ethyl acetate (EtOAc) and N-butyl
alcohol (n-BuOH), respectively. The EtOAc portion (18 g)
was chromatographed on a silica gel column (200–300 mesh
170 g) usingCHCl3 :MeOH (100 : 1–2 : 1) gradient to provide 7
fractions (Fr A–G). Fr Cwas subjected to column chromatog-
raphy (CC), eluted with CHCl3 :MeOH (100 : 1–3 : 1) to give
five fractions (Fr C1–C5). Fr C5 (1.5 g) was subjected to CC
eluted with petroleum ether: CH3COCH3 (4 : 1–2 : 1) to give
four fractions (C5-1–C5-4). C5-4 was subjected to CC eluted
with petroleum ether: CH3COCH3 (4 : 1–2 : 1) and then on
a Sephadex LH-20 column (CHCl3 :MeOH, 2 : 1) to obtain
Xanthohumol (50mg).

2.4. Measurement of XN Antioxidant Capacity. Three types
of radical scavenging capacity analytical methods were
employed in the study as the following description. Each
concentration of XN was run in triplicate, respectively. Mean
and standard deviation (𝑛 = 3) were calculated.

2.5. 𝐴𝐵𝑇𝑆∙+ Radical Cation Scavenging Activity of XN. The
assay is based on the inhibition of the absorbance of the

H3C

H3C

CH3

HO OH

OH

OO

Figure 1: The molecular structure of Xanthohumol.

radical cation of 2,2-azinobis (3-ethylbenzothiazoline 6-sul-
fonate; ABTS) which has characteristic long-wavelength ab-
sorption spectrum showing maximum at 734 nm [17, 18]
slightly modified by Erel [19]. 150 𝜇L of ABTS test reagent
[17, 18] and 50𝜇L of sample were added to each well in a 96-
well microtiter plate. As unpaired electrons are sequestered
by antioxidants in the sample, the ABTS test reagent turns
colourless. The absorbance of reaction system at 734 nm
with microplate reader is reduced. The percentage inhibition
of ABTS∙+ by the sample was calculated according to the
following formula:

% Inhibition = [
𝐴
0
− 𝐴
𝑖

𝐴
0

] × 100. (1)

𝐴
0
is the absorbance of the control, and𝐴

𝑖
is the absorbance

of the sample.
The free radical scavenging capacity of the XN, cal-

culated as percentage inhibition of ABTS∙+, was equated
against a Trolox standard curve (10–60 𝜇mol⋅L−1). Results
are expressed in TEAC (𝜇mol⋅L−1). Necessary dilution was
done to ensure the ABTS value fell in the linear range of the
standard curve.

2.6. 𝐷𝑃𝑃𝐻∙ Radical Scavenging Activity Assay of XN. The
DPPH assay was performed according to the method devel-
oped by Brand-Williams et al. [20].The percentage inhibition
of DPPH∙ by the sample was calculated according to the
following formula:

% Inhibition = [
𝐴
0
− 𝐴
𝑖

𝐴
0

] × 100. (2)

𝐴
0
is the absorbance of the control, and 𝐴

𝑖
is the absorbance

of the sample.
The free radical scavenging capacity of the XN, calculated

as percentage inhibition of DPPH∙, was equated against
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a Trolox standard curve (10–60𝜇mol⋅L−1). Results are ex-
pressed in TEAC concentration (𝜇mol⋅L−1). Necessary dilu-
tion was done to ensure the DPPH value fell in the linear
range of the standard curve.

2.7. Ferric-Ion Reducing Antioxidant Power. A slightly mod-
ified FRAP method was used to test the total antioxidant
capacity of XN [13]. In Benzie and Strain’s original FRAP
protocol [13, 21], 300 𝜇L of FRAP reagent and 40 𝜇L of sample
were used in the reaction system. Half the amounts of FRAP
reagent (150 𝜇L) and sample (20𝜇L) were applied in this
study to minimize the amount of sample needed to run the
assay [22]. Briefly, the FRAP reagent was produced bymixing
300mmol⋅L−1 acetate buffer (pH 3.6), 10mmol⋅L−1 TPTZ
solution, and 20mmol⋅L−1 FeCl

3
⋅6H
2
O in a 10 : 1 : 1 ration and

was prepared freshly at 37∘C [21, 23, 24]. A total of 150 𝜇L of
working FRAP reagent and 20𝜇L of sample were added into
each well in a 96-well microtiter plate and incubated at room
temperature for 30min in dark [25]. Reading of the colored
product (ferrous tripyridyltriazine complex) was taken at
593 nm with microplate reader [22]. The Trolox standard
curve was linear between 10 and 60 𝜇mol⋅L−1 Trolox. The
initial blank reading for each well with just FRAP reagent was
then subtracted from the final reading of FRAP reagent with
sample to determine the FRAP value for sample [25]. Results
are expressed in TEAC (𝜇mol⋅L−1). Necessary dilution was
done to ensure the FRAP value fell in the linear range of the
standard curve. Sample was measured in triplicate. Mean and
standard deviation (𝑛 = 3) were calculated.

2.8. Statistical Analysis. All data are presented as means
(±SD) of at least three independent experiments, each exper-
iment having a minimum of three replicates of sample. Stu-
dent’s paired 𝑡-test, correlation analyses, and linear regression
analyses were performed using SPSS (version 13).The level of
statistical significance was set at𝑃 < 0.05 for two-side testing.

3. Results and Discussion

In the ABTS∙+ radical cation scavenging assay system, the
final concentrations of XN used in the analysis are 60,
50, 40, 30, 20, 10 𝜇mol⋅L−1 with 100% (v⋅v−1) ethanol, and
there was significant linear correlation in the percentage
inhibition of concentrations of the XN (15.1%–47%). The
maximum inhibition was 47% at the concentration of XN
being 60𝜇mol⋅L−1. The calibration curve (Figure 2) revealed
a highly positive linear (𝑅2 = 0.999) correlation between the
mean ABTS∙+ inhibition percentage and Trolox concentra-
tion. This curve was therefore employed to reliably estimate
antioxidant potential of the tested samples, and the curve
revealed a highly positive linear (𝑅2 = 0.9821) correlation
between mean ABTS∙+ inhibition percentage and concen-
tration of XN too (Figure 3). The TEAC value of XN was
0.32 ± 0.09 𝜇mol⋅L−1 by the ABTS assay (Table 1).

DPPH∙ radical scavenging activity was quantified in
terms of percentage inhibition of a preformed free radical
by antioxidants in each sample. Trolox was used as stan-
dard antioxidant too. There was a highly positive linear

Table 1: TEAC values of XN as determined by ABTS∙+, DPPH∙, and
FRAP.

ABTS∙+ DPPH∙ FRAP
TEAC 0.31 ± 0.09 𝜇mol⋅L−1 — 0.27 ± 0.09 𝜇mol⋅L−1

Data are expressed as mean ± SD. Each assay was run three times (𝑛 = 3).
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Figure 2: A representative calibration curve of ABTS∙+ inhibition by
Trolox standards (10, 20, 30, 40, 50𝜇mol⋅L−1). 𝑌 = 0.0148𝑥−0.0896
and 𝑅2 = 0.999 (𝑛 = 3).

(𝑅2 = 0.9968) correlation between the mean inhibition value
and the Trolox concentration (Figure 4). However, there was
no statistic signification on the inhibition (10.7%–11.9%) of
the DPPH∙ radical by the various concentrations of XN
(250, 200, 150, 100, 50 𝜇mol⋅L−1 in 100% (v⋅v−1) ethanol)
(Figure 5), with no clear linear correlation between the mean
inhibition value and the XN concentration and no clear linear
correlation between the mean inhibition value and the XN
concentration (𝑅2 = 0.6668).

The calibration curve (Figure 6) revealed a highly positive
linear (𝑅2 = 0.9992) relation between mean FRAP value and
concentration of Trolox. Figure 7 showed the correlation
between FRAP and XN concentrations (125, 100, 75, 50,
25 𝜇mol⋅L−1 in 100% (v⋅v−1) ethanol), revealed a highly
positive linear (𝑅2 = 0.9938). The maximum FRAP value
appeared at the 125 𝜇mol⋅L−1 of XN. The TEAC value of XN
was 0.27 ± 0.04 𝜇mol⋅L−1 by the FRAP (Table 1).

We evaluated the antioxidant capacity of XNby the TEAC
assay through ABTS∙+, DPPH∙, and FRAP system and found
significant difference for reducing ability of tested sample.
Results showed that XN has stronger antioxidant activity in
the ABTS∙+ free radical inhibition and FRAP assay system.
In the ABTS∙+ radical cation scavenging assay system, the
10 𝜇mol⋅L−1 of XN has 16.3% inhibition rate. The inhibition
rate of XN reached 46.8% when its concentration was
increased to 60𝜇mol⋅L−1. There was a highly positive linear
(𝑅2 = 0.9839) correlation betweenmean inhibition value and
concentrations of XN which showed that XN significantly
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Figure 3: A linear correlation curve between Xanthohumol concen-
tration andABTS∙+ inhibition percentage rate.𝑌 = 0.0061𝑥+0.1298
and 𝑅2 = 0.9821 (𝑛 = 3).
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Figure 4: A representative calibration curve of inhibitionDPPH∙ by
Trolox standards (5, 10, 20, 30𝜇mol⋅L−1). 𝑌 = 0.0267𝑥 + 0.0517 and
𝑅2 = 0.9968 (𝑛 = 3).
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Figure 5: A linear correlation curve between Xanthohumol con-
centration and DPPH∙ inhibition percentage rate. 𝑌 = 0.0951 +
(7.711𝐸 − 5)𝑋 and 𝑅2 = 0.6668 (𝑛 = 3).
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Figure 6: A representative calibration curve of FRAP values by
Trolox standards (10, 20, 30, 40, 50, 60𝜇mol⋅L−1). 𝑌 = 0.0094𝑥 −
0.0152 and 𝑅2 = 0.9992 (𝑛 = 3).
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Figure 7: A representative calibration curve between Xanthohumol
concentration and FRAP values percentage rate. 𝑌 = 0.0023𝑥 +
0.0651 and 𝑅2 = 0.9938 (𝑛 = 3).

inhibited ABTS∙+ in a concentration-dependent manner.
Since FRAP measures the reduction of FeIII-TPTZ to FeII-
TPTZ, the reduction values were 49.2%, 42.3%, 37.2%, 31.5%,
and 23.5% with final concentrations of XN (25, 50, 75, 100,
and 125 𝜇mol⋅L−1). Comparing ABTS∙+ with FRAP radical
assay system, XN has stronger scavenging capacity in ABTS∙+
than FRAP system. In the DPPH assay system, XN showed
that the maximum inhibitory is 11.9% with any concentration
of XN. Therefore, XN has no or little scavenging effect on
DPPH radical cation. Danila et al. have reported that a
DPPH does not react with flavonoids without substituted
OH in the B-ring or with aromatic acids with a single OH
group; consequently, it could be said that DPPH scavenging
highly depends on the degree of electron delocalization in a
structure-activity study [26, 27]. XN possesses OH phenolics
in the B-ring.TheBors’s found cannot be used to explain XN’s
weak DPPH free radical system scavenging effect therefore.
The farther studies are needed to clarify the relationship
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between the structure of XN and its free radical scavenging
capacity in DPPH assay system.

4. Conclusion

Thefindings of the present study based on different analytical
principals suggest that the ABTS, DPPH, and FRAP assays
gave comparable results for the antioxidant activitymeasured
of XN. XN is able to scavenge many types of ROS, has
stronger free radical scavenging capacity in ABTS∙+ than
FRAP system, and has no or little scavenging effect on DPPH
radical cation reaction. So, we need to pay attention to the
choice of methods when evaluating the antioxidant capacity
of XN.
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