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Medicinal foods and plants have been widely used as foods,
dietary supplements, or medicines worldwide and demon-
strated a diversified health benefits with a long history.
The raw materials and finished products of botanicals are
becoming increasingly popular to public and scientific com-
munities, highlighting the need for analyticalmethodology to
ensure the quality. The safety and efficacy of these medicinal
natural products are closely associated to their identify,
authenticity and quality, which in turn relate to many factors,
such as geographical conditions (soil, sunlight, precipitation,
and air) and post-growth factors (harvesting, storage, trans-
portation,manufacturing processes, etc.). As such, it is always
a challenge for scientific researchers to evaluate safety and
efficacy of the complicated plant matrix. In this special, we
have invited 15 original research articles addressing the novel
analytical method development and validation, methodology
and instrumentation improvement, chemical characteriza-
tion, biological activities of plantmaterials, extracts, and pure
phytochemicals.

The first paper of this special issue investigates the
feasibility of electronic tongue and multivariate analysis for
discriminating the specific geographical origins of a Chinese
green tea with protected designation of origin, and the
authors concludes that electronic tongue and chemometrics
can provide a rapid and reliable tool for discriminating
the specific producing areas of Longjing. The second paper
describes a quantitative method of flavonoids and chloro-
genic acid in the leaves of Arbutus unedo L. by using HPTLC
and their antioxidant activities by DPPH. The third paper

reports a reliableHPLCmethod for the determination of afla-
toxin M1 in eggs. The forth paper explores the characteristics
of the anthocyanin and flavonol composition and content
in grapes from plants resulting from intraspecific crosses
of Vitis vinifera varieties Monastrell × Cabernet Sauvignon,
Monastrell × Syrah, and Monastrell × Barbera. The fifth
paper presents a rapid and sensitive method for determining
aesculin of Cortex fraxini in rat by using HPLC-MS/MS with
QTOF as a detector.

The sixth paper reports antioxidant activity and free
radical scavenging capacity of the essential oil and three
different extracts of wildly grown Mentha longifolia. Mean-
while, the study also establishes volatile and phenolic profiles
of essential oil and different extracts of wild mint (Mentha
longifolia) from the Pakistani Flora by using GC-MSmethod.
The seventh paper establishes a phytochemical profile of
Cornus mas by identifying the biological constituents in
the fruits with the advanced UPLC-MS-TOF technology.
Additionally, it reports DNA protective and antigenotoxic
activities of the main phytochemicals. The eighth paper
proposes a GC-MS fingerprint method for comparison of
volatile components in the different plant parts (leaves and
roots) of Agrimonia eupatoria. The ninth paper describes
the isolation of 𝛼- and 𝛽-carotene from crude palm oil and
evaluates their antioxidant potential in an in vitro model.
The tenth paper focuses on the development of a sensi-
tive and specific gas chromatographic-mass spectrometry
with selected ion monitoring (GC-MS/SIM) method for
simultaneous identification and quantification of 𝛼-asarone,
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𝛽-asarone, and methyl eugenol of Acorus tatarinowii Schott
in rat plasma.

The eleventh paper addresses in vivo evaluation of the
antioxidant activity of deacetylasperulosidic acid (DAA), a
major iridoid inMorinda citrifolia (noni) fruit, and the study
concludes that DAA contributes to the antioxidant activity
of noni juice by increasing superoxide dismutase activity.
The twelfth paper demonstrates that 1H NMR spectroscopy
is a suitable detection technique in the analysis of various
phytosterol forms in natural extracts. The thirteenth paper
investigates the effects of varying temperatures with constant
pressure of solvent on extraction efficiency of two chemi-
cally different alkaloids, camptothecin (CPT) from stem of
Nothapodytes nimmoniana (Grah.) Mabb. and piperine from
the fruits of Piper nigrum L., and determines a compound
specific extraction for the two target alkaloids.The fourteenth
paper isolates and purifies a protein called agathi leaf protein
(ALP) from Sesbania grandiflora Linn. (agathi) leaves and
evaluates its antioxidant, antibacterial, and cytoprotective
activity. The fifteenth paper describes the characterization
of nine polyphenols in Korean Prostrate Spurge (Euphorbia
supina) by using HPLC-MS/MS, and the dose-dependent
antioxidant activities of flavonoids were also observed.

Shixin Deng
Shao-Nong Chen

Jian Yang
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The Korean prostrate spurge Euphorbia supina is a weed that has been used in folk medicine in Korea against a variety of diseases.
Nine polyphenols were characterized for this plant by using high-performance liquid chromatography-tandemmass spectrometry
(HPLC-MS/MS) and the results were compared with the literature data. The individual components were validated using the
calibration curves of structurally related external standards and quantified for the first time by using the validated method.
Correlation coefficients (𝑟2) were >0.9907. The limit of detection and limit of quantification of the method were >0.028mg/L and
0.094mg/L, respectively. Recoveries measured at 50mg/L and 100mg/L were 76.1–102.8% and 85.2–98.6%, respectively. The total
amount of the identified polyphenols was 3352.9± 2.8mg/kg fresh plant. Quercetin and kaempferol derivatives formed 84.8% of
the total polyphenols. The antioxidant activities of the flavonoids were evaluated in terms of 1,1-diphenyl-2-picrylhydrazyl and
2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical cation-scavenging activity, and the reducing power showed a dose-
dependent increase. Cell viability was effectively suppressed at polyphenol mixture concentrations >250mg/L.

1. Introduction

The Korean prostrate spurge Euphorbia supina is a weed that
belongs to the Euphorbiaceae family and is native to North

America. It is found in poor, drought-stressed turf and grows
well during hot, dry weather in thin soils. It sprouts purple-
spotted, up to 0.60-in oval leaves, and blooms very small,
inconspicuous flowers in the summer [1].
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The plant has been used in folk medicine in Korea against
a variety of conditions such as diarrhea and suppurated
swelling and as a styptic [2]. It was reported that the plant con-
tains a number of biologically interesting organic substances,
including terpenoids [3, 4], tannins, and polyphenols [5–7].

Of all bioactive natural constituents, polyphenols have
attracted a great deal of interest, because they have beneficial
effects to human health. Epidemiological studies have shown
that polyphenols render many biological benefits, including
a reduced risk of chronic diseases [8, 9] and antioxidant,
antiaging, and antimicrobial properties [10]. In the plants,
polyphenols function as physiologically active substances,
such as attractants, feeding deterrents, materials used to com-
municate with the surrounding environment, and materials
used as defense against biotic and abiotic stresses [11, 12].
Although the pharmaceutical efficacy of E. supina could be
ascribed, at least partly, to the polyphenols, few studies have
been conducted to validate this [3, 13].

The objective of the present study was to comprehen-
sively characterize the polyphenol metabolomes of Korean E.
supina by using high-performance liquid chromatography-
tandem mass spectrometry (HPLC–MS/MS) and to inves-
tigate their biological benefits, including antioxidant and
hepatoprotective effects. HPLC–MS/MS is a useful tech-
nique for analyzing plant polyphenols, because it provides
online structural information and characterizes unknown
substances even when no reference standards are available
[14].

2. Materials and Methods

2.1. Materials and Chemicals. E. supina was purchased in
mid-April 2012 from a market in Jinju, South Korea. The
plant was authenticated by ProfessorMooRyongHuh, a plant
taxonomist with the Research Institute of Agricultural Life
Science, Gyeongsang National University. A voucher plant
was deposited in the herbarium at this institute. The plant
was washed with water, lyophilized, and stored in dark con-
tainers at −70∘C until needed. All chemicals were purchased
from Sigma-Aldrich Co., LLC (St. Louis, MO, USA). Gallic
acid, protocatechuic acid, 7-hydroxycoumarin, quercetin 3-
O-glucoside, and kaempferol, which were purchased from
Sigma-Aldrich Co., LLC (St. Louis, MO, USA), were used
as external standards after recrystallization in ethanol. The
purity of all standards was confirmed to be >99% by using
HPLC. All solvents and water were obtained from Duksan
Pure Chemicals Co., Ltd. (Ansan, Republic of Korea).

2.2. Extraction and Purification. The lyophilized E. supina
tissue (10 g) was ground into powder and extracted in ethyl
acetate (300mL) at 80∘C for 20 h. The extract was filtered
through a Büchner funnel and concentrated at reduced
pressure under 40∘C by using a rotator evaporator. The
concentrated solution was washed with n-hexane (100mL
× 3), extracted with ethyl acetate (100mL × 3), and dried
over anhydrous sodium sulfate (Na

2
SO
4
). The solvent was

removed under reduced pressure. The sticky residue was
placed on top of a silica gel sorbent (3 × 1.7 cm i.d.) and eluted

using a mixture of methanol:dichloromethane (1 : 5, 25mL).
The solvent was removed to give a mixture of polyphenols
(0.9% of the dried plant). The mixtures were reconstituted in
ethyl acetate (0.03 g/mL), filtered through 0.45 𝜇m cellulose
membranes, transferred into silanized vials, and stored at
−20∘C until analysis.

2.3. HPLC–MS/MS. HPLC–MS/MS experiments were con-
ducted according to a previously reported method [15],
except for the use of a solvent system consisting of 0.5%
aqueous formic acid (A) and methanol (B). The gradient
conditions of the mobile phase were from 10 to 30% B over
10min, increased to 90% B over 40min, and increased again
to 98% B over 5min.

2.4. Quantification and Validation. All components were
quantified using chromatograms obtained at 254 nm. The
quantification was validated in terms of linearity, limit of
detection (LOD), limit of quantification (LOQ), accuracy,
and precision.

The individual components for which standards were not
available, except for gallic acid (1) and protocatechuic acid (2),
were quantified using the calibration curves of structurally
related external standards. Thus, nodakenin (3) was quan-
tified as 7-hydroxycoumarin, quercetin derivatives (4, 5, 8)
as quercetin 3-O-glucoside, and kaempferol derivatives (6, 7,
9) as kaempferol. Plant polyphenols can be quantified using
a standard curve of structurally related compounds [16].
A stock solution of each standard (10mg/L) was prepared
by dissolving the appropriate amounts in methanol and
storing at −20∘C. Linearity was assessed using six different
concentrations, (1, 10, 50, 100, 1000, and 2000mg/L) of each
standard and by plotting the concentration of the standard
against the peak area. LOD and LOQ were determined by
injecting each standard solution into the HPLC until the
signal-to-noise ratio for the standards reached 3 : 1 and 10 : 1,
respectively. The accuracy of the methods was estimated as
recovery = A/IS-C/B/IS-C, where A is the peak area obtained
for the analyte spiked preextraction, B is the area obtained
for the analyte spiked after extraction, and C is the area
of the blank extraction. The precision of the method was
represented as a relative standard deviation (RSD).

2.5. Antioxidant Activity Measurement. A series of methanol
solutions of the E. supina polyphenol mixture (25, 50, 100,
200, and 500mg/L) were prepared and used for the antiox-
idant assay. Antioxidant activities were measured in terms
of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH∙) and 2,2-
azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS∙+)
radical cation-scavenging activity and reducing power (RP)
assay according to a method reported in our previous studies
[16].

2.6. Effects of the Polyphenol Mixture of E. supina on Hep3B
Cell Viability

2.6.1. Cell Viability Assay. Hepatic cancer cells (1 × 104
cells per well) were plated onto 12-well plates and treated
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Table 1: Mass spectral data of the Euphorbia supina polyphenol mixture.

Compounds [M −H]−/[M + H]+ MS/MS References
Gallic acid (1) 169 169, 125, 97 [17]
Protocatechuic acid (2) 153 153, 109, 108 [17]
Nodakenin (3) /409 409, 391, 353, 389, 247, 229, 203, 185 [18]
Quercetin 3-O-hexoside (4) 463 463, 301, 300, 283, 271, 255, 151 [16, 19]
Quercetin 3-O-pentoside (5) 433 433, 300, 273, 271, 255, 179, 151 [20]
Kaempferol 3-O-hexoside (6) 447 447, 285, 255 [16, 21]
Kaempferol 3-O-pentoside (7) /419 419, 309, 287, 155 [22, 23]
Quercetin (8) /301 301, 273, 179, 153 [24, 25]
Kaempferol (9) /287 287, 258, 165, 153, 121 [26, 27]

Table 2: Regression data, limit of detection (LOD), and limit of quantification (LOQ) for the five external standards.

Standard Calibration curve 𝑟
2 LOD LOQ Recovery (%) ± RSD

(mg/L) (mg/L) 50mg/L 100mg/L
Gallic acid 𝑦 = 25.171𝑥 + 335.04 0.9993 0.032 0.107 79.6 ± 6.1 85.2 ± 0.5

Protocatechuic acid 𝑦 = 37.614𝑥 + 1137.3 0.9982 0.030 0.102 88.5 ± 0.2 87.8 ± 0.5

7-Hydroxycoumarin 𝑦 = 10.873𝑥 − 28.39 0.9955 0.142 0.473 102.8 ± 0.7 98.6 ± 11.6

Quercetin 3-O-glucoside 𝑦 = 30.166𝑥 + 267.56 0.9949 0.037 0.125 76.1 ± 0.1 90.9 ± 14.0

Kaempferol 𝑦 = 39.493𝑥 + 1475.4 0.9907 0.028 0.094 100.0 ± 3.0 97.4 ± 1.4

𝑦: peak area of standard; 𝑥: concentration of standard (mg/L).

with the polyphenol mixture of E. supina at concentra-
tions of 31.25, 62.5, 125, 250, and 500mg/L or vehicle
(dimethyl sulfoxide, DMSO) alone for 24 h. Cell viability was
estimated by measuring the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) metabolism. Thus,
100 𝜇L of MTT solution (5mg/L) was added to each well
of a 12-well plate, and the cells were maintained for 3 h
at 37∘C. After the supernatant was removed, the remaining
violet residue was dissolved inDMSO (1mL).The absorbance
values were measured using a microplate reader at 540 nm.
Cell viability was expressed as a percentage of proliferation
versus controls, which was set at 100%.

2.6.2. Cell Morphology Observation. Hep3B cells (5 × 104 cells
per well) were plated onto 6-well plates and treated with
the polyphenol mixture of E. supina at concentrations of
31.25, 62.5, 125, 250, and 500mg/L or vehicle alone for 24 h.
Cell morphological change was observed under an optical
microscope (Olympus CKX 41, Japan).

2.7. Statistical Analysis. All statistical analyses were per-
formed according to a method described previously [16].

3. Results and Discussion

3.1. Separation and Characterization. A mixture of polyphe-
nols was isolated from E. supina by methanol extraction at
80∘C, followed by elution in ethyl acetate over a silica gel car-
tridge. The polyphenols were characterized through HPLC
by using a C

18
column, MS/MS in negative- and positive-

ion modes, and comparison with the previous literature data.
TheHPLC chromatograms of the plant are shown in Figure 1.

1
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Figure 1: Chromatograms of the Euphorbia supina polyphenol
mixture obtained using high-performance liquid chromatography:1,
gallic acid; 2, protocatechuic acid; 3, nodakenin; 4, quercetin 3-O-
hexoside; 5, quercetin 3-O-pentoside; 6, kaempferol 3-O-hexoside;
7, kaempferol 3-O-pentoside; 8, quercetin; 9, kaempferol. Detection
wavelength: 254 nm.

Nine polyphenols were labeled in the 10 to 45 min retention
time segments of the chromatograms. The structures and
HPLC–MS/MS data of the nine polyphenols are shown in
Figure 2 and Table 1, respectively.

Polyphenol 1 was identified as gallic acid. Its MS/MS
spectrum produced a [M–H]− ofm/z 169, which fragmented
to yield 125 [M–H–CO

2
]− and 97 [M–H–CO

2
–CO]− [17].

Polyphenol 2 was identified as protocatechuic acid. Its
MS/MS consisted of [M–H]− at m/z 153 and 109 [M–H–
CO
2
]− [17]. Component 3 was identified as nodakenin. Its

MS/MS spectrum produced a [M+H]+ of m/z 409, which
fragmented to 247 [M+H–glucosyl]+, 229 [M+H–glucosyl-
H
2
O]+, and 203 [M+H–glucosyl–CO

2
]+ [18]. Polyphenol

4 yielded [M–H]− of m/z 463, which fragmented to 301
[M–H–hexosyl]−, 283 [M–H–hexosyl–H

2
O]−, and 255 [M–

H–hexosyl–H
2
O–CO]−. Polyphenol 4 was quercetin 3-O-

hexoside [16, 19]. The MS/MS spectrum of polyphenol 5
consisted of [M–H]− atm/z 433, 301 [M–2H–pentosyl]−, and
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Figure 2: Structures of the eight polyphenols and one nodakenin in Euphorbia supina.

Table 3: Concentration of polyphenols in Euphorbia supina (mg/kg
fresh plant).

Compounds Mean ± SD
Gallic acid (1) 264.4 ± 0.7

Protocatechuic acid (2) 124.3 ± 0.3

Nodakenin (3) 120.0 ± 4.7

Quercetin 3-O-hexoside (4) 458.3 ± 4.9

Quercetin 3-O-pentoside (5) 1648.2 ± 20.2

Kaempferol 3-O-hexoside (6) 553.8 ± 4.2

Kaempferol 3-O-pentoside (7) 126.9 ± 1.5

Quercetin (8) 118.7 ± 1.0

Kaempferol (9) 21.0 ± 4.6

Total 3352.9 ± 2.8

273 [M–2H–pentosyl–CO]−; polyphenol 5 was identified as
quercetin 3-O-pentoside [20]. Polyphenol 6 gave [M–H]− at
m/z 447, which produced 285 ([M–H]−–hexosyl) and 255
([M–H]−–hexosyl–H

2
). It was identified as kaempferol 3-O-

hexoside [16, 21]. Polyphenol 7 was identified as kaempferol
3-O-pentoside. Its MS/MS consisted of [M+H]+ at m/z 419
and 287 [M+H–pentosyl]+ [22, 23]. Polyphenol 8 yielded
[M+H]+ at m/z 302, which was fragmented to typical frag-
ment ions 273 [M+H–CO]+, 179 [M–CC

6
H
5
O
2
]+, and 153

[C
7
H
5
O
4
, retro-Diels-Alder fragment]. Polyphenol 8 was

quercetin [24, 25]. Polyphenol 9 was identified as kaempferol
and gave [M+H]+ at m/z 287, which produced 257 [M+H–
CO]+ and 153 [C

7
H
5
O
4
, retro-Diels-Alder fragment] [26, 27].

3.2. Quantification. The nine polyphenols identified in the
Korean E. supina were quantified for the first time from
peak areas of the LC-UV chromatogram obtained at 254 nm.
Quantificationwas validated based on representative external
standards from the same group.The validation data are listed
in Table 2. Regression equations were prepared in the form
of y = ax + b, where y and x were the peak area and the

concentration of each standard, respectively. The regression
analysis showed correlation coefficients (𝑟2) > 0.9907 for all
five standards (𝑛 = 5), indicating good linearity. The LODs
of the method were 0.028–0.142mg/L and LOQs were 0.094–
0.473mg/L, indicating good performance limits. Recoveries
measured at 50mg/L and 100mg/L were 76.1–102.8% and
85.2–98.6%, respectively. Precisions of themethod at 50mg/L
and 100mg/Lwere 0.1–6.1% and 0.5–14.0%, respectively. Both
the accuracy and precision values were acceptable.

The contents of individual components are listed in
Table 3. The total amount of the identified polyphenols was
3352.9 ± 2.8mg/kg fresh plant. Quercetin and kaempferol
derivatives formed 84.8% of the total polyphenols. The plant
comprised quercetin 3-O-pentoside (5) as the most domi-
nant component, followed by kaempferol 3-O-hexoside (6).
Quercetin, kaempferol, and their sugar-bound derivatives are
major representatives of the polyphenol subclass that display
the antioxidant activity to scavenge reactive oxygen species.
As a result, E. supina, which is rich in such components,
could be effective for reducing the risk of various chronic
diseases resulting from oxidative damage, such as cancer,
atherosclerosis, and inflammation [27, 28].

3.3. Antioxidant Activity. The polyphenol mixture isolated
from Korean E. supina was evaluated for its antioxidant
effects. Contemporary interest in polyphenols focuses on the
epidemiological association between their potent antioxidant
properties and a low incidence of chronic diseases. Epi-
demiological studies have shown that oxidative stress plays
an important role in the pathogenesis of various chronic
diseases, including cancer, cardiovascular disease, atheroscle-
rosis, hypertension, diabetes, neurodegenerative disorders,
rheumatoid arthritis, and aging [29–31]. Polyphenols can
reduce oxidative stress and thus might protect and/or retard
disease development [32, 33]; therefore, it is necessary to
evaluate the antioxidant properties of the polyphenols in
medicinal herbs.
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Table 4: Antioxidant activity (%).

Concentration, mg/L Scavenging activity
25 50 100 200 500

DPPH 29.85 ± 0.86
a

31.75 ± 1.41
a

40.88 ± 1.15
b

47.63 ± 1.93
c

71.44 ± 1.04
d

229.19 ± 22.34
A

ABTS 12.25 ± 0.67
a

19.76 ± 0.63
b

32.38 ± 0.46
c

53.83 ± 0.27
d

88.13 ± 0.73
e

180.94 ± 3.48
A

RP 0.091 ± 0.001
a
0.108 ± 0.002

b
0.132 ± 0.002

c
0.178 ± 0.001

d
0.328 ± 0.001

e
443.60 ± 4.01

B

Assay wavelength: 1,1-diphenyl-2-picrylhydrazyl (DPPH) = 517 nm and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) = 414 nm, and reducing
power (RP) = 700 nm.
Butylated hydroxytoluene (BHT) EC50; DPPH: 121.85 ± 0.39mg/L; ABTS: 93.85 ± 0.43mg/L; RP: 26.71 ± 0.69mg/L.
Each value represents mean ± standard deviation (SD), 𝑛 = 5.
a–eMeans with different superscripts in the row are significantly different at 𝑃 < 0.05.
AEC50 (mg/L) values were calculated from the calibration curves using five different concentrations (25–500mg/L) in quintuplicate and their data were
presented as 50% scavenging activity.
BRP value (EC0.3) was reducing activity calculated from the calibration curves using five different concentrations (25–500mg/L) in quintuplicate.

Antioxidant capacity can be evaluated by using a number
of in vitro methods. Because the assay results are method
dependent, a combined assay involving several methods is
often used [34]. In this study, the antioxidant activity of the
polyphenol mixture isolated from E. supina was determined
by DPPH∙ and ABTS∙+ scavenging and RP assay at a concen-
tration ranging from 25 to 500mg/L. In DPPH∙ scavenging
tests, antioxidant activity is monitored by measuring the
disappearance of purple DPPH∙, which can be detected spec-
trophotometrically at 517 nm [16]. In the ABTS∙+ scavenging
assay, the added antioxidants reduce the deep blue ABTS∙+ to
ABTS, and the decrease in absorbance of ABTS∙+ at 414 nm
is monitored [16]. The RP assay can also serve as an indicator
of antioxidant activity. The added antioxidants convert the
iron ion (Fe3+) to Fe2+. The increase in absorbance of the
deep-green Fe2+ solution at ∼700 nm is monitored [16]. The
assay results are provided in Table 4.The antioxidant capacity
assayed using three methods showed a similar tendency.
Thus, the antioxidant capacity of the E. supina polyphe-
nol mixture showed a dose-dependent increase. DPPH∙ or
ABTS∙+ scavenging activity can be represented as an EC

50

value, which is the antioxidant concentration required to
bring about a 50% loss in absorbance at 517 nm for DPPH∙
and 414 nm for ABTS∙+ as determined by linear regression
analysis [16]. RP can be represented as EC

0.3
, which is the

reducing activity presented by the sample concentration at 0.3
of the absorbance value at 700 nm. Low EC

50
and RP values

signify high antioxidant activity [33].TheDPPH∙ andABTS∙+
scavenging activity of butylated hydroxytoluene (BHT) as
the control were 121.85 ± 0.39mg/L and 93.85 ± 0.43mg/L,
respectively. The EC

0.3
value of BHT was 26.71 ± 0.69mg/L.

The antioxidant capacity values represented in terms of the
DPPH∙ and ABTS∙+ scavenging activity and RP value were
lower than those of BHT (𝑃 < 0.05).

3.4. Growth Inhibitory andMorphological Effects of Polyphenol
Mixture of Korean E. supina. The anticancer activity of the
polyphenol mixture of Korean E. supina was evaluated for
human hepatocellular carcinoma Hep3B cells by MTT assay.
The assay is a colorimetric method that measures cancer
cell viability, quantifying the activity of the mitochondrial
enzyme that reduces the yellow MTT molecule to purple
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Figure 3: Antiproliferation effect on Hep3B cells by the Euphorbia
supina polyphenol mixture. Hep3B cells were treated with the indi-
cated concentrations of the E. supina polyphenol mixture for 24 h
and viability was determined using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Data represent the
mean ± standard deviation (SD) of three replicates of independent
experiments. The asterisk (∗) indicates a significant difference from
the control group (𝑃 < 0.05).

formazan [34]. The cell line was incubated with serial con-
centrations of the polyphenol mixture ranging from 31.25 to
500mg/L for 24 h and then subjected to MTT assays. The
results are shown in Figure 3. The cell viability was decreased
at polyphenol mixtures >250mg/L, and the IC

50
value was

500mg/L. After treatment with the polyphenol mixtures for
24 h, the morphological changes such as loss of cell adhesion
and floating cell debris were also observed, as shown in
Figure 4. The MTT assay results and morphological changes
show that the polyphenol mixtures effectively suppressed cell
viability.

4. Conclusion

Nine polyphenols from the Korean E. supina were profiled
using a single HPLC–MS/MS run. The antioxidant activ-
ities of the flavonoids were evaluated in terms of DPPH∙



6 Journal of Analytical Methods in Chemistry

(a) (b)

(c) (d)

(e) (f)

Figure 4: Morphological changes in Hep3B cells. Morphology of Hep3B cells visualized by optical microscopy (×100). The cells were treated
with various concentrations of the Euphorbia supina polyphenol mixture for 24 h. (a) Control, (b) 31.25mg/L, (c) 62.5mg/L, (d) 125mg/L, (e)
250mg/L, and (f) 500mg/L. White arrows indicate suspended cells.
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and ABTS∙+ scavenging activities, and the reducing power
showed a dose-dependent increase. Suppression of cell via-
bility was observed at polyphenol mixture concentrations
>250mg/L.
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In the present study a protein termed agathi leaf protein (ALP) from Sesbania grandiflora Linn. (agathi) leaves was isolated after
successive precipitation with 65% ammonium sulphate followed by purification on Sephadex G 75. The column chromatography
of the crude protein resulted in four peaks of which Peak I (P I) showed maximum inhibition activity against hydroxyl radical.
SDS-PAGE analysis of P I indicated that the molecular weight of the protein is ≈29 kDa. The purity of the protein was 98.4% as
determined by RP-HPLC and showed a single peak with a retention time of 19.9min. ALP was able to reduce oxidative damage
by scavenging lipid peroxidation against erythrocyte ghost (85.50 ± 6.25%), linolenic acid (87.67 ± 3.14%) at 4.33 𝜇M, ABTS anion
(88 ± 3.22%), and DNA damage (83 ± 4.20%) at 3.44 𝜇M in a dose-dependent manner. The purified protein offered significant
protection to lymphocyte (72% at 30min) induced damage by t-BOOH. In addition, ALP showed strong antibacterial activity
against Pseudomonas aeruginosa (20 ± 3.64mm) and Staphylococcus aureus (19 ± 1.53mm) at 200𝜇g/mL. The safety assessment
showed that ALP does not induce cytotoxicity towards human lymphocyte at the tested concentration of 0.8mg/mL.

1. Introduction

Plants contain a huge range of active compounds with the
most abundant being polyphenols, carotenoids, vitamin, and
metals like zinc and selenium which form an integral part of
antioxidant systems and reduce cellular damages. In addition
fruits and vegetables are often low in fat and therefore
dietary sources have been recognized as safe and effective
antioxidants. In recent years considerable effort has been
directed towards the search for safe antioxidants fromnatural
sources in context to their efficiency and nontoxicity.

Sesbania grandiflora also known as agathi belongs to
the family Fabaceae. It is a fast growing tree and is widely
distributed in India, Indonesia, Myanmar, Philippines, and
Thailand. The tree grows 5–15m tall and the leaves and
flowers of this tree are eaten as nutrition source. The leaves
are bitter in taste and are rich in vitamin C, calcium, sterols,
saponin, quercetin, myricetin, and kaempferol [1]. The leaves
of the agathi are well known for their antiurolithiatic activity
against calcium oxalate-type stones [2]. In a recent study,
China et al. [3] have reported antimicrobial property of
polyphenolic extract of S. grandiflora on pathogenic bacteria

and growth promoting effect on Lactobacillus acidophilus.
Boonmee et al. [4] have isolated two unique proteins (SGF60
and SGF90) from the flower extract of agathi showing 𝛼-
glucosidase inhibiting property. Laladhas et al. [5] have
isolated a protein fraction (Sesbania fraction 2) from the
flower of S. grandiflora which possesses anticancer efficacy.
We herein report the details of our study leading to the
isolation and purification of a novel ≈29 kDa protein from S.
grandiflora leaves.The newly isolated protein hereafter called
agathi leaf protein (ALP) was tested in vitro for antioxidant,
cytoprotective, and antibacterial activity.

2. Experimental

2.1. Materials. BHA (butylated hydroxyanisole), N,N,N,N-
tetramethylethylenediamine (TEMED) bisacrylamide, 2,2-
azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammo-
nium salt (ABTS), and 5,5-dithiobis-(2-nitrobenzoic acid)
(DTNB) were from Sigma Chemicals (St. Louis, MO, USA).
t-BOOH (tertiary butylated hydroperoxide) and Sephadex
G 75 were purchased from Pharmacia, Sweden. Ferric chlo-
ride, hydrogen peroxide (H

2
O
2
), ferrous sulphate, ascorbic
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acid, potassium persulfate, ethylenediaminetetraacetic acid
(EDTA), thiobarbituric acid (TBA), polyvinyl pyrrolidone,
and 2-deoxyribose were purchased from Merck (Mumbai,
India). Calf thymus DNA was from Himedia Private Ltd.
(Mumbai, India). All other reagents used were of analytical
grade.

The plant sample of Sesbania grandiflora (Family:
Fabaceae) was collected from Mysore (Karnataka), India.
The fresh uninfected leaves were washed in autoclaved water
to remove extraneous material, air-dried in an open space
at aseptic condition for about 10–15 days, ground to fine
powder, and stored at 4∘C overnight until further use.

2.2. Bacterial Strains. Bacterial strains used in the study were
Staphylococcus aureusATCC 12600 (Gram-positive bacteria),
Salmonella typhimurium ATCC 13311, Escherichia coli ATCC
11775, Vibrio parahaemolyticus ATCC 17802, Klebsiella pneu-
moniae ATCC 10031, and Pseudomonas aeruginosa ATCC
10145 (Gram-negative bacteria).

2.3. Preparation of the Agathi Leaf Protein Extract. Five grams
of agathi leaf powder was added to 50mL of hot double-
distilled water; to this 100mg of polyvinyl pyrrolidone
was added to remove polyphenols. The resultant solution
was homogenized and incubated overnight at 4∘C. The
supernatant was centrifuged at 10,000 rpm for 15min at
4∘C (refrigerated centrifugation) and was filtered through
Whatman number 1 filter paper. The above crude extract was
precipitated with 0–80% ammonium sulphate and dialyzed
against double-distilled water for 3 days with four changes.
The precipitates were pooled by centrifugation at 10,000 rpm
for 15min and resuspended in double-distilled water and
dialysed to desalt (NH

4
)
2
SO
4
. The solution was concentrated

and fractionated on Sephadex G 75 using Tris-HCl buffer
(25mM, pH 7.4) as eluent (1 g crude protein, 𝑉

𝑜
35.4mL,

𝑉
𝑡
114mL, and flow rate 1.5mL/5min). Each fraction was

monitored at 280 nm and the protein content was estimated
by Bradford’s method [6]. The peak fractions (Peak I) which
had maximum antioxidant activity were pooled, lyophilized,
and rechromatographed on Sephadex G 75 column for
further analysis.

2.4. Proximate Analysis

2.4.1. Estimation of Protein Content. The total protein con-
tent of the crude extract was determined by Bradford’s
[6] method. Various concentrations of bovine albumin (0–
100 𝜇g/mL) or agathi leaves extract at the concentration
ranging from 0 to 20𝜇L were added to series of tubes and
the volume was made up to 100 𝜇L with 0.15M NaCl. 1mL
Bradford’s reagent was added to all the tubes and mixed well.
The absorbance was measured at 595 nm. The concentration
of the protein in the samples was determined from the
calibration curve.

2.4.2. Estimation of Total Sugar. Thetotal sugarwas estimated
by the phenol-sulphuric acid method [7]. Different aliquots
of the extract (0–25 𝜇L) were made up to 1mL with distilled

water. To this 1mL of 5% phenol and 5mL of concentrated
sulphuric acid were added. Orange color developed was read
at 520 nm immediately.The sugar concentration of the extract
was calculated according to the standard glucose calibration
curve.

2.4.3. Determination of SH Groups. Sulphydryl group was
estimated by Ellman’s method [8]. 5-6mg of agathi leaf
protein extract was taken in 2mL of phosphate buffer (0.1M,
pH 8.0), to this 0.4% 5,5-dithiobis-(2-nitrobenzoic acid)
(DTNB) of aqueous solution was added and mixed well.
Absorbance was measured at 412 nm after 1min.The concen-
tration of the sample was determined using the formula

𝐶
𝑜
=

𝐴

𝐸𝐷

, (1)

where 𝐶
𝑜
is the concentration of the sample, 𝐴 is the

absorbance at 412 nm, 𝐸 is the molar extinction coefficient of
13,600M−1 cm−1, and𝐷 is the dilution factor.

2.4.4. Determination of Total Phenol Content. The total phe-
nolic content was determined according to the method of
Folin-Ciocalteu reaction [9] with minor modifications, using
gallic acid as standard. An aliquot of the samples (10–40 𝜇L)
wasmixed with 50% Folin-Ciocalteu reagent; the volumewas
made up to 1mL with methanol: water mixture (50 : 50 v/v).
The mixture was then allowed to stand for 10min followed
by the addition of 20% Na

2
CO
3
. After 10min incubation at

ambient temperature, absorbance was measured at 725 nm.
Results were expressed asmilligrams of gallic acid equivalents
(GAE) per gram.

2.4.5. Estimation of Total Chlorophyll. The total chlorophyll
content was determined according to the method of Sada-
sivam and Manickam [10] with minor modifications. 1 g of
agathi leaves was ground in a clean mortar and pestle with
15–20mL of 80% acetone and centrifuged at 5000 rpm for
10min and supernatant was collected. This procedure was
repeated several times till a clear supernatant was obtained
and the volumewasmade up to 100mLwith 80%acetone.The
absorbance of the solution was read at 645 nm and 663 nm
against solvent (80% acetone) blank. The amount of total
chlorophyll present in the extract was calculated using the
following equation:

mg chlorophyll/g extract = 20.2 (𝐴
645
) + 8.02 (𝐴

663
)

×

𝑉

100 × 𝑉

,

(2)

where 𝐴 is the absorbance at specific wavelengths, 𝑉 is the
final volume of chlorophyll extract in 80% acetone, and𝑊 is
the dry weight of extract.

2.4.6. Test for Protein. Agathi leaf protein was spotted on
chromatography paper, sprayed with 0.2% solution of nin-
hydrin (indane-1,2,-3-trione hydrate), and dried.The appear-
ance of purple/violet color spot indicated the presence of
protein.
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2.5. Determination of Molecular Weight and Purity Check.
Polyacrylamide slab gel (12% acrylamide in separating gel and
with 4% in stacking gel) was prepared and electrophoresis
was performed as described by Laemmli [11]. The samples
were mixed with sample buffer containing glycerol, sodium
dodecyl sulfate (SDS) in Tris buffer (pH 8.3), and bromophe-
nol blue as tracking dye. Prior to electrophoresis, the samples
were incubated at 95∘C for 5min. Gel was run at 50V
for stacking and 100V for separating gel. The bands were
stained with coomassie brilliant blue-250 and destained in
methanol/acetic acid/water (5/1/5; v/v/v).

A reversed-phase high-performance liquid chromato-
graphic was performed for evaluation of purity of the isolated
protein. Separation of the peak was accomplished on a
Phenomenex C-18 column 250mm × 4.60mm i.d.; particle
size, 5mm at ambient temperature using 0.1% formic acid in
acetonitrile : methanol (75 : 25) asmobile phase in an isocratic
elution mode. A photodiode array detector set at 280 nm was
used for detection.

2.6. Hydroxyl Radical Scavenging Activity. Deoxyribose assay
was used to determine the hydroxyl radical scavenging
activity according to the method of Chung et al. [12] with
some modification. The reaction mixture contained FeCl

3

and ascorbate (100 𝜇M), H
2
O
2
(1mM), EDTA (100 𝜇M), 2-

deoxy-D-ribose (2.8mM), and 1mL of 0.1mM potassium
phosphate buffer (pH 7.4) mixed in various concentrations
of ALP extract (50−400 𝜇g/mL). The reaction mixture was
incubated for 1 hour at 37∘C. The reaction was terminated
by adding 1mL each of TCA (2.8%) and TBA (0.5%); this
mixture was placed in boiling water bath for 15min. After
cooling, the reaction mixture was centrifuged for 5min at
5000 rpm. The control was without any test compound and
the readings were taken at 535 nm. The percentage hydroxyl
radical scavenging activity was determined by comparing
with control. Decreased absorbance of the reaction mixture
indicated decreased oxidation. Consider the following:

% Inhibition =
AbsorbanceControl − AbosorbanceTest

AbsorbanceControl

× 100.

(3)

2.7. Determination of Antioxidant Activity Using Erythrocyte
Ghost and Linolenic Acid Micelles. Erythrocyte membranes
(ghosts) preparationwas carried out according to themethod
of Dodge et al. [13] with modifications. Fresh heparinised
human blood samples were drawn with anticoagulant (acid
citrate dextrose) and centrifuged at 2500 rpm for 10min at
4∘C; the supernatant was discarded and the pellet was washed
3–5 times with isotonic phosphate buffer (PBS 5mM, pH
7.4, and 150mM NaCl). The RBC cell pellet was suspended
in hypotonic phosphate buffer (PBS 5mM, pH 7.4 at 4∘C)
for hemolysis to take place. Contents were centrifuged at
12,000 rpm at 4∘C for 20min. Erythrocytes were separated
from plasma and buffy coat and buffy cat was washed with
fresh hypotonic phosphate buffer centrifuged at 1500 rpm for
10min to remove unlysed RBC cells. Finally, the membranes
were resuspended in isotonic 5mM phosphate buffer, pH 7.4,

to yield a dispersed pale yellowish pink “ghost.” The protein
content of ghost was estimated by Bradford’s method [6].
Ghost suspension (200𝜇g) and linolenic acid (1.8 𝜇mole)
were subjected to peroxidation by ferrous sulphate and
ascorbic acid (10 : 100 𝜇mole) in a final volume of 0.5mL Tris
buffered saline (TBS 100mM, pH 7.4, and 0.15M NaCl) with
increasing concentration of ALP extracts (0.86–4.33 𝜇M); the
contents were incubated at 37∘C for 1 h; to this 1% TBA was
added; and the contents were kept in a boiling water bath for
15min and then cooled, centrifuged to remove precipitate if
any. The color developed was measured at 535 nm (see ((3)))

% Inhibition =
AbsorbanceControl − AbosorbanceTest

AbsorbanceControl

× 100.

(4)

2.8. DNA Sugar Damage by Spectrophotometric Method.
Oxidative DNA sugar damage was induced with Fenton’s
reactants and was determined according to the method of
Cao et al. [14]. The reaction mixture in a total volume of
1mL containing 1mg calf thymus DNA was treated with
Fe3+ (10mM), EDTA (10mM), and H

2
O
2
(2mM) without

or with various concentrations of the extract (0.68–3.44 𝜇M)
in potassium phosphate buffer (20mM, pH 7.4). Ascorbic
acid (10mM) was added to the reaction mixture and was
incubated at 37∘C for 1 h in water bath with shaker. To 1mL
of the above mixture 1mL, of TCA and 1mL of 1% TBA were
added and boiled for 20min. The contents were cooled and
the pink color absorbance was read at 523 nm (see ((3)))

% Inhibition =
AbsorbanceControl − AbosorbanceTest

AbsorbanceControl

× 100.

(5)

2.9. Scavenging of ABTS∙+ Radical. ABTS radical cation
decoloration assay was performed according to Re et al. [15]
with some modifications. ABTS stock solution was prepared
by reacting 7mM ABTS with an oxidant 2.45mM potassium
persulfate in dark, at room temperature, for 12–16 h before
use. Prior to the assay, the solution was diluted in water
and equilibrated at room temperature to give an absorbance
of 0.70 ± 0.02 at 734 nm. Different volumes of the sample
(0.68–3.44 𝜇M) were mixed with 3mL of ABTS∙+ solution
and absorbance at 734 nm was measured. BHT was used as
positive control.The scavenging activity was calculated using
the following equation:

% Inhibition =
AbsorbanceControl − AbosorbanceTest

AbsorbanceControl

× 100.

(6)

2.10. Lymphocyte Isolation and Protection Study. Human
peripheral lymphocytes were isolated according to the
method of Smitha et al. [16]. To 10mL of venous blood, four
volumes of hemolysing buffer (150mMNH

4
Cl in 10mM tris

buffer, pH 7.4) were added and mixed well; the contents were
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Figure 1: (a) Agathi leaf protein fractionated on Sephadex G-75 column and the fractions monitored at 280 nm. (b) Rechromatography of
Peak I on Sephadex G-75 and the fractions monitored at 280 nm. Fractions were obtained at a flow rate of mL/min using Tris-HCl buffer. (c)
SDS-PAGE analysis of Peak I yielding a single band of ≈29 kDa. (d) RP-HPLC of Peak I on Phenomenex C-18 column 250mm × 4.60mm
i.d.; particle size, 5mm.

incubated at 4∘C for 30min and centrifuged at 1200 rpm for
12min, the supernatant was discarded, and pellet was washed
thrice with 10mL of 250mMm-inositiol in 10mMphosphate
buffer, pH 7.4, and resuspended in the same solution. The
cell viability was determined by trypan dye blue exclusion
method. Percentage viability was calculated as

% Viability = Number of viable cells
Total number of cells

× 100. (7)

The isolated lymphocyte was subjected to lipid peroxida-
tion by t-BOOH (1mM) in the presence of ALP (6.8 𝜇M) and
BHA (400 𝜇M) in a reaction mixture of 1mL buffered with
Hanks’ buffer saline solution (HBSS), pH7.4, and incubated at
37∘C. To 10 𝜇L of lymphocyte sample, 100 𝜇L of tryphan blue
(1%) was added and the viable cells (unstained) were counted

using Neuber’s chamber. (The dead cells being permeable to
tryphan blue appear blue against white color of the viable
cells.)The survival rate of lymphocytewas determined at time
intervals 15, 30, 60, 180, and 300min of incubation.

2.11. Cytotoxicity Study. Cell suspensions were incubated
with different concentrations of ALP (0–0.8mg/mL) for
30min at 37∘C in dark together with untreated control
samples. Samples were then centrifuged at 2700 rpm, the
lymphocytes were suspended in 0.9% saline and 1% trypan
blue, and viable and dead cells were observed.

2.12. Antibacterial Activity of ALP. Antibacterial activity of
the extract was determined by the disc diffusion method.
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Figure 3: Inhibition of hydroxyl radical-mediated DNA degrada-
tion by ALP. Data are expressed as the mean ± standard deviation
(𝑛 = 3). Means with different letters (a–c) are significantly different
(𝑃 < 0.05).

100 𝜇L of overnight bacterial culture in Tryptic soy broth,
adjusted to 0.4-0.5 Mc Farland turbidity (104 CFU/mL),
was used as inoculum. The suspension was homogenously
swabbed on Muller-Hinton agar media (MHA) using sterile
cotton swab. The extract (100–200 𝜇g/mL) was loaded on
sterile disc (6mm), placed on MHA medium containing the
culture, and allowed to diffuse for 15min. The plates were
kept for incubation at 37∘C for 24 hrs and the inhibition zones
formed around the disc were measured in mm. Gentamicin
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Figure 5: Prevention of t-BOOH induced cell death in lymphocytes
by ALP and BHA. A: lymphocytes; B: lymphocytes + t-BOOH
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expressed as the mean ± standard deviation (𝑛 = 3). Means with
different letters (a–c) are significantly different (𝑃 < 0.05).

(10 𝜇g) disc was used as positive control and negative control
was 20mM Tris buffer saline.

2.13. Experimental Design and Statistical Analysis. Our
present studywas classified into two stages.The first stage was
to isolate and purify the protein from agathi leaf extract. The
second stage was to fix the effective concentration of ALP to
carry out antioxidant, antimicrobial, and cytotoxicity study.
Statistical analysis was carried out using Statistical Package
for Social Science (SPSS, version 20.0). The experimental
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results were expressed as the mean ± standard deviation
(𝑛 = 3). Group comparisons were performed using one-way
ANOVA followed by Tukey’s post hoc test. A P value of 0.05
was considered statistically significant.

3. Results and Discussion

In the present study, 65% ammonium sulphate precipitation
of the crude agathi leaf protein on their subsequent frac-
tionation through sephadex G 75 column yielded four peaks
that were designated as P I, II, III, and IV (Figure 1(a)). P I
showed a maximum hydroxyl scavenging activity up to 83%
at 100 𝜇g followed by P III 54% at 250 𝜇g, whereas P II and
P I showed 38% and 32% activity at 400 𝜇g, respectively.
P I fraction that showed maximum antioxidant activity
was pooled separately, lyophylised, and rechromatographed
through Sephadex G 75, yielding a single peak (Figure 1(b)).
Further the homogeneity and the purity of P Iwere confirmed
by SDS-PAGE that resulted in a single bandwith approximate
molecular weight of ≈29 kDa (Figure 1(c)). The molecular
mass of the purified protein was estimated by compari-
son with the molecular mass of the marker protein. The
HPLC chromatogram showed a single peak with a retention
time of 19.9min in isocratic mode and purity was 98.4%
(Figure 1(d)). P I was designated as agathi leaf protein (ALP).
The proximate analysis of the ALP extract proved to be
positive for ninhydrin.There was no presence of polyphenols
and chlorophyll. The total sugar was found to be 0.188mmol.
The test for sulphydryl group was positive with 6 𝜇mol of
sulfhydryl groups/g being detected.

The in vitro peroxidation of human erythrocyte ghosts
and linolenic acid micelles was used as a model system
to study the free radical induced damage of biological
membranes and the protective effect of ALP. Membrane
lipids being rich in unsaturated fatty acids especially linoleic,
linolenic, and arachidonic acids when attacked by free radi-
cals form lipid peroxide. In the present study the antioxidant
activity of the ALP was studied in comparison with known
antioxidant like BHA. It was observed that the inhibitory
effect of ALP in erythrocyte ghost and linolenic acid micelles
was found to be 85.50 ± 6.25% and 87.67 ± 3.14% at
4.33 𝜇M dose dependently compared to BHA which showed
an activity of 84.33 ± 4.50 at 400𝜇M (Figure 2). Erythrocyte
ghost and linolenic acid micelles are simple suitable model
system commonly used in the study of LOP as the protein
composition of the former is well known and they lack
organelles [17]. On the other hand, linolenic acids are present
in food and organisms and their oxidation results in the
formation of hydroperoxides.

The effect of ALP on hydroxyl radicals generated by
Fe3+/H

2
O
2
ions was measured by determining the degree

of DNA degradation by test tube assay (Figure 3). While
a marginal inhibition was evident at the lower concentra-
tion, nearly 83 ± 4.20% inhibition was observed at higher
concentration at 3.44𝜇M. The scavenging effect increased
with increasing ALP concentration up to a certain extent
(3.44 𝜇M) and then leveled off with further increase. Further
ABTS∙+ method showed an activity of 88 ± 3.22% at 3.44 𝜇M

Table 1: Cytotoxicity of ALP extract toward human blood lympho-
cytes.

Concentration (mg/mL) Viability (%)
0 98.0 ± 3.42

c

0.2 98.0 ± 1.34
c

0.4 96.0 ± 1.77
a

0.6 98.0 ± 1.86
c

0.8 97.0 ± 0.91
b

Data are expressed as the mean ± standard deviation (𝑛 = 3). Means with
different letters (a–c) are significantly different (𝑃 < 0.05).

when compared to synthetic antioxidant BHA which showed
an activity of 92 ± 4.03% at 400 𝜇M (Figure 4) and leveled off
thereafter. It was observed that the inhibition value of ALP
increased with increase in concentration.

We also investigated the lipid peroxidation induced cell
death by t-BOOH (Figure 5). Treatment with t-BOOH on
lymphocyte cells significantly showed cell toxicity. The max-
imum cell death was induced by t-BOOH at 30min, while
the cells incubated with BHA (400 𝜇M) or ALP (6.88𝜇M)
showed an increase in cell viability. The protection offered
by ALP was 72% and BHA was 74% at 30min. As the time
of incubation period increased, the percentage of cell death
increased.The differences in antioxidant activity in the above
assays could probably be due to the different mechanisms
occurring in the assay, varying sensitivity of the assay system,
and their concentration-dependent activities.

The protective effect of ALP toward human lymphocytes
is shown in Table 1. The cell viability was greater than 95%
at the concentrations tested (0–0.8mg/mL). The high per-
centage of viable cell clearly indicates that ALP is a nontoxic
protein with no cytotoxicity toward human lymphocytes.
Table 2 shows the antimicrobial screening of ALP against
Gram-positive and Gram-negative bacteria. ALP extract
showed maximum antibacterial activity against S. aureus,
K. pneumonia,and P. aeruginosa with zone of inhibition
ranging from 15 to 20mm at 200 𝜇g/mL and no activity
against S. typhimurium at the same concentrations.The most
susceptible bacterium was P. aeruginosa ATCC 10031 (20 ±
3.64mm diameter). The extract showed lower sensitivity in
comparison to the positive control gentamicin. The antiox-
idant and antimicrobial activity of ALP could be attributed
to the presence of cysteine/cystine and the occurrence of
disulphide bridge [18] as determined by Ellman’s test. In the
present study, Ellman’s test for “S–S” group proved to be
positive indicating the presence of cysteine/cystine residues.
SH group acts as free radical scavenger in plants and animals
and facilitates the antioxidant activity of glutathione [19].

4. Conclusions

The results obtained in the present study demonstrate ALP
obtained from water extract of agathi leaf can effectively
scavenge various ROS in vitro conditions at low dose. ALP
showed strong inhibitory activity toward lipid peroxidation
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Table 2: Antimicrobial activity of ALP (zone size, mm).

Test bacteria ALP (100 𝜇g/mL) ALP (200𝜇g/mL) Gentamicin (10𝜇g)
Staphylococcus aureus ATCC 12600 — 19 ± 1.53

a
26 ± 0.25

a

Salmonella typhimurium ATCC 13311 — — 15 ± 0.97
c

Escherichia coli ATCC 11775 13 ± 1.31
c

15 ± 1.24
a

17 ± 0.48
a

Vibrio parahemolyticus ATCC 17802 — 15 ± 2.20
b

18 ± 0.49

Klebsiella pneumoniae ATCC 10031 11 ± 0.40 18 ± 1.61
b

22 ± 0.83
d

Pseudomonas aeruginosa ATCC 10145 18 ± 0.86
d

20 ± 3.64
c

21 ± 0.62
a

(—): no inhibition.
Data are expressed as the mean ± standard deviation (𝑛 = 3). Means with different letters (a–d) within the same column are significantly different (𝑃 < 0.05).

on RBC ghost and linolenic acid micelle system. Further-
more, ALP exhibited a strong concentration-dependent inhi-
bition against deoxyribose oxidation and DNA damage. ALP
is not only interesting source for antioxidant but also poten-
tial source of antimicrobial agent and nontoxic in nature.
The present study showed that the investigated proteins are
promising ingredients for the development of functional
foods with a beneficial impact on human health and an
important source for the production of bioactive proteins.
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Effects of varying temperatures with constant pressure of solvent on extraction efficiency of two chemically different alkaloids
were studied. Camptothecin (CPT) from stem of Nothapodytes nimmoniana (Grah.) Mabb. and piperine from the fruits of Piper
nigrum L. were extracted using Accelerated Solvent Extractor (ASE). Three cycles of extraction for a particular sample cell at a
given temperature assured complete extraction. CPT and piperine were determined and quantified by using a simple and efficient
UFLC-PDA (245 and 343 nm) method. Temperature increased efficiency of extraction to yield higher amount of CPT, whereas
temperature had diminutive effect on yield of piperine. Maximum yield for CPT was achieved at 80∘C and for piperine at 40∘C.
Thus, the study determines compound specific extraction of CPT from N. nimmoniana and piperine from P. nigrum using ASE
method. The present study indicates the use of this method for simple, fast, and accurate extraction of the compound of interest.

1. Introduction

Camptothecin (CPT) a known potent anticancer active com-
pound and piperine an economically important high valued
alkaloid were used as the marker compounds (Figure 1(a)).
Camptothecin was originally isolated from a Chinese tree
Camptotheca acuminata (Nyssaceae) [1]. It is also reported
in Nothapodytes nimmoniana and few other species belong-
ing to unrelated orders of angiosperm classification [2–4].
Nothapodytes nimmoniana occupies important position in
plant-based anticancer drugs because of CPT. Enormous
demand for this alkaloid worldwide in the recent years has
been subject to haphazard exploitation of the populations
from wild. More than 20% decline in the population of N.
nimmoniana from Western Ghats region has led to classify
it in “vulnerable” category [5].

Piperine, an important alkaloid, has been reported from
the fruits of many wild species and domesticated cultivars of
Piper nigrum L. (Figure 1(b)) [6–8]. Piper nigrum also known

as “King of Spices” (black pepper) is considered an important
commodity of commerce in agriculture [9].

Identification and quantification of metabolites by any
analytical technique depend upon its extraction. Extraction
may refer to separation of analytes from a complex matrix.
The extraction efficiency is greatly influenced by factors such
as: solvent composition, solvent to solid ratio, temperature,
time, and method of extraction [10–12]. Till date the number
of extractionmethods has been implied for extraction of CPT
[13, 14] and piperine [15–17] by using Soxhlet, continuous
shaking, ultrasonication,microwave assisted extractions, and
many more. However, most of the methods consume both
time and solvents and very few are effective in complete
extraction of analytes or compounds of interests.

A thorough learning and understanding of the experi-
mental optimization is essential for validation and commer-
cial application of the process. Accelerated Solvent Extrac-
tor (ASE) is a new technique applied to extract organic
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Figure 1: Chemical structures of camptothecin and piperine.

compounds from a variety of samples to optimize solvent
condition and to reduce extraction time. It accelerates the
extraction process by elevating temperature at high pressure
of the solvents. Therefore, important plant metabolites and
their optimization of extractionmethod are the need of today.
Thus the present work implies optimization of extraction
method using ASE and studies the effect of temperature on
extraction efficiency of CPT and piperine from N. nimmoni-
ana and P. nigrum, respectively.

2. Materials and Methods

2.1. Chemical Reagents and Standards. Standards camp-
tothecin and piperine (HPLC grade) were obtained from
Sigma-Aldrich (India). HPLC grade acetonitrile, methanol,
ethanol, glacial acetic acid, and water were used for analysis.

2.2. Collection and Preparation of Plant Material. Stem parts
of N. nimmoniana and fruits of P. nigrum were collected
from Belgaum (N 15.6383∘ E 074.2784∘) and North Canara
(N 14.4721∘, E 074.5131∘), region of Western Ghats of Kar-
nataka, India. Herbaria of plant twigs were authenticated
and deposited at RegionalMedical Research Centre (RMRC),
Indian Council of Medical Research (ICMR), Belgaum,
Karnataka, India, for future reference (Voucher Numbers-
N. nimmoniana: RMRC 1313 and P. nigrum: RMRC 1213).
The plant materials were dried at room temperature and
grounded to powder. The powdered material was sieved
through a 20𝜇mstainless sieve and taken for further analysis.

2.3. Accelerated Solvent Extractor (ASE) Sample Preparation.
Extraction was carried out in Accelerated Solvent Extraction
system ASE 350 (Dionex Corporation, Sunnyvale, CA, USA)
equipped with a solvent controller unit. The cells of 5mL
capacity were employed for the study. Two cellulose filters
were placed at the bottom of the sample cells before filling.
The sample cells were filled with 1 g dried stem powder of

N. nimmoniana and 0.1 g dry fruit powder of P. nigrum was
utilized for extraction separately. Three scoops (∼2.5 g) of
ASE prep diatomaceous earth (Dinoex Corporation, Sunny-
vale, California)weremixedwith plant powder and loaded on
the cell tray.Methanol and ethanol were used for extraction of
CPT and piperine, respectively. The selection of the solvents
for extraction was based on earlier reports [13–15]. To assure
complete extraction, a particular sample cell at a given
temperature was extracted in 3 cycles.

2.4. Quantification of Camptothecin and Piperine Using
Reversed Phase-Ultraflow Liquid Chromatographic
(RP-UFLC) Analysis

2.4.1. Instrumentation. The reversed phase-ultraflow liquid
chromatographic (RP-UFLC) analysis was performed on Shi-
madzu chromatographic system (Model number LC-20AD)
consisting of a quaternary pump, manual injector, degasser
(DGU-20A5), and dual 𝜆 UV absorbance diode array detec-
tor SPD-M20A. The built-in LC-Solution software system
was used for data processing. Chromatographic separation
was achieved on a Hibar RP-select B column (LiChrospher
60, 5 𝜇m, 4.6 × 250mm) for CPT and RP-18e (LiChrospher
100, 5 𝜇m, 4.6 × 250mm) for piperine.

2.4.2. Chromatographic Conditions. Mobile phase consisting
of acetonitrile : water (40 : 60) for CPT and methanol : water
(70 : 30) for piperinewas used for separationwith an injection
volume of 20 𝜇L. A chromatographic condition of 1.0 and
1.4mLmin−1 flow rate at 254 and 343 nmwas set for CPT and
piperine, respectively.The retention time was observed 8min
for CPT and 10min for piperine.

2.4.3. Calculations, Calibration Curves, and Linearity. Camp-
tothecin was accurately weighed and dissolved in few
drops (50𝜇L) of DMSO by warming and the volume was
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Figure 2: (a) Calibration curve of camptothecin; (b) calibration curve of piperine; (c) standard camptothecin (40 𝜇gmL−1); (d) standard
piperine (50 𝜇gmL−1); (e) camptothecin from stem of N. nimmoniana extracted by ASE (Cycle 1); (f) piperine from fruits of P. nigrum
extracted by ASE (Cycle 1).

made with methanol to produce a standard stock solu-
tion (0.5mgmL−1). Similarly, 1mgmL−1 stock solution of
piperine in methanol was prepared. The stock solutions
of CPT and piperine were prepared and serially diluted

with respective solvents to obtain working concentrations
for plotting calibration curves. Seven different concentration
levels of CPT (0.001, 0.01, 10, 20, 40, 80, and 100 𝜇gmL−1)
and nine of piperine (0.01, 1, 3, 10, 50, 100, 200, 400, and
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Figure 3: Content yield of Accelerated Solvent Extractor (ASE): (a) camptothecin (g 100 g−1) in stem extracts ofN. nimmoniana; (b) piperine
(g 100 g−1) in fruit extracts of P. nigrum.

600𝜇gmL−1) were used for the study. All the solutions and
analytes were stored in microfuge tubes at 4∘C until further
use.

2.4.4. System Suitability, LOD, and LOQ. The system suit-
ability test was assessed by three replicates of standard
CPT and piperine at a particular concentration 40 and
50𝜇gmL−1, respectively.Thepeak areaswere used to evaluate
repeatability of the method and analyzed for resolution and
tailing factors. The limit of detection (LOD) and limit of
quantification (LOQ) were determined with the signal : noise
method. Signal : noise ratios of 3.3 and 10 were used for
estimating the LOD and LOQ, respectively.

3. Results and Discussions

The present study signifies use of improved, simple, fast,
and accurate method of extraction by using ASE. The work
was carried out to study the effect of varying temperatures
at a constant pressure for determination of two chemically
different but pharmacologically and commercially important
compounds (CPT and piperine). Both the compounds were
analyzed on reverse phase columns under isocratic system as
described in experimental section.

Quantitative determination of CPT and piperine were
achieved using RP-UFLC method and the results were
expressed as g 100 g−1 on dry weight basis. Calibration curves
were constructed against their area under curve to obtain a
regression equation with coefficients of determination (𝑅2)
above 0.980 (Figures 2(a) and 2(b)).This was used to estimate
CPT and piperine content from both species. To reduce
the impurity matrix and for quantification within the range
of standard concentrations, a 1 : 9 dilution for extracts of
N. nimmoniana was made. Table 1 represents conditions
for ASE method and details of UFLC analysis. The lowest
concentrations were 0.001 (CPT) and 0.01𝜇gmL−1 (piperine)
for calibration. The relative standard deviation (RSD) values
for both analytes that were found less than 2% indicate that

the methods used in this study were précised and repro-
ducible. Validation of the method was carried out by spiking
known amount of CPT and piperine standards to equal
volume of sample extracts to obtain recovery within the range
of 95–100% for both.

Profiles with retention time of 5.9326 ± 0.051min for
CPT and 7.7694 ± 0.0900min for piperine in standards
and samples were obtained as final output (Figures 2(c)–
2(f)). Clear, sharp peaks of standard compounds ensured
purity (98%) and also reduced compatibility issues between
extractive solvents and mobile phase in the analysis. The
autoscaled chromatograms were generated for 3 cycles each
forN. nimmoniana and P. nigrum extracts at varying temper-
atures (Figures 2(e), 2(f), 3(a), and 3(b)). All samples were
detected above LOD and quantifications above LOQ (Table 1)
for CPT and piperine.

A constant increase in the content of CPT after step wise
(10∘C) increase in temperature up to 80∘C was observed at
cycle 1, whereas successive cycles 2 and 3 showed decline
in CPT content (Figure 3(a)). Highest content of CPT in N.
nimmoniana stem extract was observed in cycle 1 at maxi-
mum temperature elevation of 80∘C (Figures 2(e) and 3(a)).
It is well understood that temperature is a significant factor
influencing the rate of extraction. Thus, the relationship
between rate of extraction and temperature is important in
designing extraction methods of plant-based materials [13].
The total CPT content taken as a sum of cycle 1, 2, and 3 was
0.1875 g 100 g−1 dry weight. The yield of CPT in this study
was found comparatively higher than the earlier reports [3,
18]. On contrary, minute variation was observed in piperine
content from fruits of P. nigrum in all the cycles studied using
ASE (Figure 3(b)). Cycle 1 at each step of temperature (40,
50 and 60∘C) yielded a mean highest amount of piperine
(4.1077 ± 0.0268 g 100 g−1 dry weight) compared to cycle 2
(0.0864 ± 0.0079 g 100 g−1 dry weight) and cycle 3 (0.0188 ±
0.0014 g 100 g−1 dry weight), indicating diminutive effect of
temperature and pressure on extraction yield of piperine.The
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Table 1: Accelerated Solvent Extraction (ASE) conditions for extraction and UFLC attributes during determination of CPT and piperine
from N. nimmoniana and P. nigrum, respectively.

Plant name N. nimmoniana P. nigrum
Compound Camptothecin Piperine
Sample size (g) 1.0 0.1
Extraction solvents Methanol Ethanol
Temperature range (∘C) 40–80 40–60
Temperature elevation (∘C) 10 10
Heat (min) 5 5
Max pressure range (psi) 1525–1675 1520–1570
Static time (min) 1.0 1.0
Static cycles 1.0 1.0
Flush (%) 10 10
Purge time (min) 0.5 0.5
Total extraction time/cycle (min) 6.5 6.5
Linearity equation 𝑦 = 81036𝑥 + 41525 𝑦 = 91335𝑥 + 28669

𝑅
2 0.992 0.981

LOD (𝜇gmL−1) 0.2020 0.1173
LOQ (𝜇gmL−1) 0.6121 0.3554

total piperine content (cycle 1 + 2 + 3) in our finding was
found in the range of earlier reports [19, 20].

The time required for completion of each extraction stage
was 6.5min including purge, heat, and static time. ASE proves
to be the better option in studying temperature-dependent
extractions of compounds from plant based matrices. The
temperature-based extractions not only reduced time but
also are simple, fast, and accurate. The extraction method
was found efficient with small amount of plant material
(0.1 g dried fruit powder of P. nigrum), signifying, its utility
in standardization and quality control of herbal medicines.
Besides, use of parameters such as pressure, time, and choice
of solvents makes more appropriate extraction of plant mate-
rials. This study also proposes compound specific extraction
by using ASE and its suitability for obtaining optimum yield
of compound of interest with less solvent consumption and
time.

4. Conclusions

Results of the study conclusively affirm that compound-
based extraction by using ASE from complex plant matrices
is a suitable tool for standardization or quality control of
the herbal products. The study indicated simple, fast, and
accurate extractionmethods for extraction of the compounds
from different plant materials. Significant variation in the
method of extraction for both the compounds was noticed.
Therefore, these new improved and automated extraction
methods would complement for extraction-based experi-
ments.
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3 Institute of Experimental Botany of the ASCR, v.v.i., Isotope Laboratory, Vı́deňská 1083, 14220 Prague 4, Czech Republic
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The ability of LC-NMR to detect simultaneously free and conjugated phytosterols in natural extracts was tested. The advantages
and disadvantages of a gradient HPLC-NMR method were compared to the fast composition screening using SEC-NMR method.
Fractions of free and conjugated phytosterolswere isolated and analyzed by isocraticHPLC-NMRmethods.The results of qualitative
and quantitative analyses were in a good agreement with the literature data.

1. Introduction

Phytosterols are compounds naturally occurring in plants.
They are structural analogues of cholesterol which is predom-
inant in animals (although cholesterol has been found in very
small amounts in plants as well). Phytosterols occur either in
a free form or in the form of the so-called conjugates. The
conjugated form is composed of a sterol having at position
C-3 either a fatty acid (esters), or a hexose (glycosides),
or a hexose with a fatty acid bonded to 6-OH of the
hexose skeleton (acylated glycosides) [1, 2]. Regarding human
nutrition, phytosterols are most abundant in vegetable oils
and margarines, followed by vegetables, seeds, or pods [1].
They have become a subject of interest due to their biological
properties. They are able to lower the cholesterol level in
blood, especially low-density lipoprotein (LDL) cholesterol,
thereby reducing the risk of cardiovascular diseases [3].
Phytosterols also have been proven to have antioxidant [4],
anti-inflammatory [5], and antitumor effects [6, 7].

All the applications of phytosterols as dietary supple-
ments are preceded by sophisticated analytical procedures
which usually begin with the analysis of crude plant extracts.

Gas and/or liquid chromatography techniques with various
detectors play the pivotal role in the analysis of phytosterols.
Currently, GC-FID technique prevails [8–12], followed by
GC-MS [8, 9, 13, 14]. Liquid chromatography mostly uses
coupled mass spectrometers [14–17] as an alternative to
UV detection [18]. A comprehensive review of analytical
and detection techniques utilized in the phytosterol analysis
of dietary products was published by Abidi [19] and later
extended by Lagarda et al. [20]. A particular analysis is
usually preceded by saponification of oil or extract [16, 17,
21]. Saponification provides a concentrated sterol fraction
which facilitates analysis. On the other hand, the information
regarding conjugated sterols is lost as they are converted into
their free form. Therefore, the usual result is the information
on overall sterol composition. To the best of our knowledge,
any method for simultaneous evaluation of free and con-
jugated sterol contents has not yet been published despite
extensive research being conducted on biological properties
of conjugated phytosterols [22].

Generally, GC and HPLC techniques require compound
verification by an authentic sample, which might be difficult
to obtain in the case of conjugated sterols. The lack of
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Figure 1: 1H NMR spectra of free (a) and conjugated (b) 𝛽-sitosterols. Spectra were collected in a stop-flow LC-NMR experiment.

authentic samples can be compensated for by means of
structure-sensitive detection techniques, for example, 1H
NMR [23]. Most of the free phytosterols have similar signal
fingerprints in 1H NMR spectra [24]. The same fingerprint
is also preserved in the spectra of their conjugated forms
but these spectra show additional signals due to substituents
at position C-3 [25]. Besides giving structural/qualitative
information, 1HNMRdetection is also a quantitativemethod
[22]. Therefore, HPLC-NMR hyphenation can also pro-
vide information about quantitative composition of a given
sample.

For the purpose of simultaneous analysis of free and
conjugated sterols in natural extracts, we have extended
previously published LC-NMR method originally developed
for the analysis of free fatty acids in natural oils [26]. We
have also developed fast composition screeningmethodusing
SEC-NMR technique. The advantages and disadvantages of
both methods are discussed in this paper.

2. Results and Discussion

Generally, LC-NMR is limited by the availability of solvents
in “LC-NMR” purity grade [27]. Combination of D

2
O-

acetonitrile and acetonitrile-CDCl
3
is usually used in reverse

phase chromatography for the analysis of polar or nonpolar
samples, respectively.The latter combinationwas also utilized
in our method for the analysis of nonpolar phytosterols
and their fatty acid conjugates. The samples were obtained
by supercritical carbon dioxide extraction and therefore
consisted mostly of nonpolar compounds. A mild gradient
of CDCl

3
in acetonitrile was applied to achieve sufficient sep-

aration of individual components. The separation started at
10% and ended at 90% of CDCl

3
in 100 minutes. Other chro-

matographic parameters were adjusted to the requirements
of the quantitative LC-NMR analysis [26], for example, flow
rate 0.5mL/min (for details see the Supplementary Material
available online at http://dx.doi.org/10.1155/2013/526818).

The stinging nettle (Urtica dioica) has many therapeutic
effects [28] and it is also known for its relatively high content

of phytosterols (namely, 𝛽-sitosterol) [29]. The root extract
of the stinging nettle was chosen as a testing sample for
our chromatographicmethod. Under given chromatographic
conditions the free phytosterols eluted at retention time
between 30 and 40 minutes followed by conjugated phy-
tosterols whose signals were detected around 60 minutes
of the separation. The predominant free phytosterol was
identified as 𝛽-sitosterol (confirmed by off-line GC-MS).
The detected conjugated phytosterol was recognized as 𝛽-
sitosterol linoleate.The structure was deduced from 1HNMR
data and confirmed by off-lineHR-MS ([M-Na]+ peak,m/z =
699.6047; calculated m/z = 699.6051; see Supplementary
Material).The separationwas solelymonitored by on-flow 1H
NMR detection. Because the signals of the methyl groups in
phytosterols occupy specific region in the 1HNMR spectrum
(0.6–1.1 ppm), they can be easily recognized even at low
concentrations and/or in the mixtures (Figure 1).

It is noteworthy that the extract was used without any
derivatization or treatment; it was just dissolved in CDCl

3

and subjected to HPLC. The on-flow arrangement of the
NMR experiment provided one spectrum every 5 seconds;
one spectrum is the result of accumulation of four scans.
The quantitative analysis can be performed just by simple
integration of a given signal across all NMR spectra. In our
particular case the most upfield signal (usually H18) was
chosen for integration. Estimated integration revealed that
the free: conjugated phytosterol ratio was 6 : 1 in the stinging
nettle extract sample. To estimate overall phytosterol content
a precise calibration had to be performed.

The calibration was performed with a CDCl
3
solution of

𝛽-sitosterol standard (∼97%, SigmaAldrich). The calibration
plot obtained from measurements at seven concentration
levels showed a linear response of 1H NMR detection cover-
ing two orders of magnitude (Figure 2). The residual CHCl

3

signal served as an internal reference.
Although the calibration was performed only with the 𝛽-

sitosterol standard, we presumed that the calibration line can
be applied also to other phytosterols. Because the integrated
signal (usually H18) originates from the methyl group at
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Figure 3: On-flow HPLC-NMR measurement of technical 𝛽-sitosterol and its quantitative analysis.

the centre of the sterol molecule its nature and the chemical
environment are very similar in all phytosterols. Therefore,
the relaxation properties and consequently the response for
quantitation remain similar even in other types of phytosterol
molecules, for example in conjugated phytosterols.The quan-
tification limit of the method was estimated to 0.3mg/mL.

Technical 𝛽-sitosterol (∼60%, SigmaAldrich) was chosen
as a reference mixture as it contains two other phytosterols
(campesterol and sitostanol) which can be used for further
authentication of chromatographic peaks in natural sam-
ples. The separation is shown in Figure 3. The separation

revealed the following composition and elution order: 6%
of campesterol (34min), 81% of 𝛽-sitosterol (36min), and
12% of sitostanol (40min). Campesterol coeluted with an
unknown compound (1%) which could not be identified due
to its low concentration and strong signal overlap.

The major disadvantage of the method described above
is its time requirement. 90 minutes including column recon-
ditioning is unsatisfactory time frame in the era of UPLC
and/or UHPLC. Another option providing separation of free
and conjugated molecules is the size exclusion chromatog-
raphy (SEC). Components are separated by their different
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Figure 4: On-flow SEC-NMRmeasurement of the stinging nettle extract, whole spectrum (a) and a detail of the upfield region (b). FFA: free
fatty acid, TG: triglycerides, PP: polyphenolic compounds, HMDSS: hexamethyldisilane, FS: free phytosterols, CS: conjugated phytosterols,
and a: silicone grease.

molecular size in SEC. It can also be coupled to the 1HNMR
for structure-sensitive detection. SEC-NMR had to be run in
100% CDCl

3
(due to the solvent purity requirements) with

the flow rate 0.5mL/min. Under these conditions the signals
of conjugated phytosterols occurred at 15minutes and the free
phytosterols were detected at 17 minutes in the stinging nettle
sample (Figure 4).

The SEC-NMR method seems to be reasonably fast (30
minutes) and also sensitive as we detect accumulated signals
of all phytosterols present in the sample in the same region
of the chemical shift. In the resulting pseudo-2D spectrum
we can also recognize signals of other present molecules
such as free fatty acids, triglycerides, and some polyphenolic
compounds. On the other hand, we cannot identify indi-
vidual components within each group of compounds due to
a strong signal overlap. The calibration was performed for
the purpose of quantitative analysis. It showed again linear
response of 1H NMR detection and surprisingly a slightly
higher quantification limit (∼1.0 mg/mL) which is caused
mainly by significant tailing of the chromatographic peaks;
the chromatographic peak elutes for 2 minute in SEC-NMR
(see Figure S1 in Supplementary Material) compared to 1
minute in HPLC-NMR method (Figure 2).

However, the SEC-NMR method seems to be a suitable
method for fast screening of the phytosterol content, for
example, in different extracts from the same plant. Thus,
samples of leaves, seed oil, and seed coat of sea buckthorn
(Hippophae rhamnoides), whose medicinal and therapeutic
potential has been recently reviewed [30], were extracted by
supercritical CO

2
and the extracts were analyzed by SEC-

NMR method for their phytosterol content. The results are
given in Figure 5.

The leave extract showed the highest content of conju-
gated phytosterols of the three extracts; it was even higher
than the content of free phytosterol in this sample. The seed
oil extract contained more free phytosterols than conjugated
ones. Triglycerides were the predominant compounds in

this sample as expected. The seed coat extract contained
triglycerides and fatty acids in large amounts and only traces
of phytosterols, mostly in a conjugated form (Figure 6).

Additionally, the results of SEC-NMR analyses facilitate
choice of an appropriate method for detailed qualitative
analysis. Both groups of phytosterols can be easily isolated
from the leave extract by means of preparative SEC. There
is no significant coelution with other compounds in this
sample. The seed oil extract is also rich in phytosterol;
however, phytosterol isolation by means of SEC would be
impractical due to the high content of triglycerides which
would prevail in the fraction of conjugated phytosterols. The
seed oil extract was therefore saponified [31] and analyzed for
its overall phytosterol composition.The seed coat extract was
excluded from further investigation as its phytosterol content
was negligible.

Saponified seed oil extract was dissolved in CDCl
3

and subjected to HPLC-NMR. The isocratic conditions
provided sufficient separation of phytosterol content
(CDCl

3
: acetonitrile, 25 : 75). Nine major compounds were

found, seven of them were fully identified, one was assigned
to a compound family, and one compound remained
unidentified. The assignment was based mainly on 1H NMR
spectral patterns and was confirmed by an off-line GC-MS
measurement. 1HNMR spectra of identified phytosterols are
shown in Figure S2 in Supplementary Material. 𝛽-sitosterol
was identified as a main phytosterol in the seed oil. The
found composition, listed in Table 1, is in good agreement
with the published data [32].

The fraction of free phytosterols isolated by preparative
SEC from the leave extract showed completely different
composition. Signals of seven phytosterols were observed,
three polar phytosterols (erythrodiol, uvaol, and oleanolic
aldehyde), one unidentified, and three common phytosterols
(𝛼- and 𝛽-amyrin and 𝛽-sitosterol). 1HNMR spectra of iden-
tified phytosterols are shown in Figure S2 in Supplementary
Material. The most abundant phytosterol in this fraction was
𝛽-amyrin. The comparative composition is listed in Table 2.



Journal of Analytical Methods in Chemistry 5

18.0

17.0

16.0

15.0

7 6 5 4 3 2 1
(ppm)

CHCl3 CH3CN H2O
t 1

(m
in

) FS

CS

TG

(a)

CHCl3 CH3CN H2O

17.0

16.0

15.0

14.0

7 6 5 4 3 2 1
(ppm)

t 1
(m

in
)

FS

CS

TG

(b)

CHCl3 H2O

7 6 5 4 3 2 1

(ppm)

19.0

18.0

17.0

16.0

15.0

t 1
(m

in
)

FFA

TG

FS

CS

(c)

Figure 5: SEC-NMR measurement of the sea buckthorn extract samples, leaves (a), seed oil (b), and seed coat (c). FFA: free fatty acid, TG:
triglycerides, FS: free phytosterols, and CS: conjugated phytosterols.
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The fraction of conjugated phytosterols isolated by
preparative SEC from the leave extract was analyzed under
different isocratic conditions (CDCl

3
: acetonitrile, 50 : 50).

Five predominant conjugates were identified in the pseudo-
2D spectrum (Figure 7). According to the elution order, the
first compound can be attributed to conjugated 𝛼-amyrin, the
second and third to conjugates of 𝛽-sitosterol, and the last
two to conjugates of 𝛽-amyrin.The comparative composition
is listed in Table 3. It is apparent that the conjugate with
unsaturated fatty acid elutes before that with saturated fatty
acid. According to the integration of 1H NMR signals these
fatty acids are probably linoleic and palmitic acids.This has to
be confirmed by HR-MS.The overall composition of isolated
conjugates is in good correlation with the composition

Table 1: Composition of the saponified sea buckthorn seed oil
determined by HPLC-NMR.

Compound Comparative
contenta

Overall content in
the seed oilb

Retention
time (min)c

Δ
5-avenasterol 13% 0.3% 24

Unknown I 2% <0.1% 25
Unknown II
(Δ7-sterol) 1% <0.1% 25

Cykloeukalenol 4% 0.1% 26
𝛼-amyrin 4% 0.1% 27
Campesterol 2% <0.1% 27
𝛽-amyrin 3% <0.1% 28
𝛽-sitosterol 69% 1.7% 29
Sitostanol 2% <0.1% 32
aMolar ratio in the phytosterol fraction, bweight ratio in the extract sample,
and cisocratic method (CDCl3 : acetonitrile, 25 : 75).

found in free phytosterols confirming 𝛽-amyrin as the most
populated phytosterol in the sea buckthorn leaves.

3. Conclusion
1H NMR spectroscopy was shown to be a suitable detection
technique in the analysis of various phytosterol forms in
natural extracts. The HPLC-NMR method can be utilized in
the qualitative analysis of phytosterols when the structural
information is necessary, whereas the SEC-NMR method
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3
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Table 2: Composition of the fraction of free phytosterols in the sea buckthorn leaves determined by HPLC-NMR.

Compound Comparative contenta Overall content in the leave extractb Retention time (min)c

Erythrodiol 3% <0.1% 13
Uvaol 14% 0.3% 14
Oleanolic aldehyde 4% <0.1% 16
Unknown 3% <0.1% 24
𝛼-amyrin 12% 0.3% 27
𝛽-amyrin 47% 1.0% 28
𝛽-sitosterol 17% 0.4% 29
aMolar ratio in the phytosterol fraction, bweight ratio in the extract sample, and cisocratic method (CDCl3 : acetonitrile, 25 : 75).

Table 3: Composition of the fraction of conjugated phytosterols in the sea buckthorn leaves determined by HPLC-NMR.

Compound Comparative contenta Overall content in the leave extractb Retention time (min)c

𝛼-amyrin + FA 11% 0.6% 15
𝛽-sitosterol + unsat. FA 18% 1.0% 20
𝛽-sitosterol + sat. FA 12% 0.6% 22
𝛽-smyrin + unsat. FA 39% 2.1% 25
𝛽-amyrin + sat. FA 20% 1.1% 26
aMolar ratio in the phytosterol fraction, bweight ratio in the extract sample, and cisocratic method (CDCl3 : acetonitrile, 50 : 50).

can be used for the fast composition screening. The main
disadvantage of 1H NMR as a detection technique is its low
sensitivity.
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Deacetylasperulosidic acid (DAA) is a major phytochemical constituent of Morinda citrifolia (noni) fruit. Noni juice has
demonstrated antioxidant activity in vivo and in human trials. To evaluate the role of DAA in this antioxidant activity, Wistar rats
were fed 0 (control group), 15, 30, or 60mg/kg body weight per day for 7 days. Afterwards, serum malondialdehyde concentration
and superoxide dismutase and glutathione peroxidase activities were measured and compared among groups. A dose-dependent
reduction in malondialdehyde was evident as well as a dose-dependent increase in superoxide dismutase activity. DAA ingestion
did not influence serum glutathione peroxidase activity. These results suggest that DAA contributes to the antioxidant activity of
noni juice by increasing superoxide dismutase activity.The fact that malondialdehyde concentrations declined with increased DAA
dose, despite the lack of glutathione peroxidase-inducing activity, suggests that DAAmay also increase catalase activity. It has been
previously reported that noni juice increases catalase activity in vivo but additional research is required to confirm the effect of
DAA on catalase. Even so, the current findings do explain a possible mechanism of action for the antioxidant properties of noni
juice that have been observed in human clinical trials.

1. Introduction

Morinda citrifolia, commonly known as noni, is a small tree
that has been used as a traditional source of food and
medicine throughout the tropics [1, 2]. A variety of potential
health benefits have been reported for noni fruit juice [3].
These include immunomodulation [4, 5] and antioxidant
activities in vitro and in vivo [6–8]. The antioxidant activity
of noni juice was found to be associated with increased
endurance in athletes [9]. In a human clinical trial involving
heavy cigarette smokers, consumption of noni juice resulted
in lowered plasma concentrations of superoxide anion radi-
cals (SAR) and lipid hydroperoxides [10]. Further, consump-
tion of noni juice also decreased the level of lipid peroxi-
dation-derived DNA adducts in the lymphocytes of heavy
smokers [11].

In vivo research has demonstrated that noni juice
increases superoxide dismutase (SOD) and glutathione per-
oxidase (GPx) enzyme activities [12]. The superoxide anion

radical (SAR) is a major cellular reactive oxygen species and
may be generated via enzymatic and nonenzymatic process
or may come from exogenous sources, including cigarette
smoke [13]. SOD catalyzes the dismutation of SAR to hydro-
gen peroxide and oxygen [14]. GPx is capable of reducing
free hydrogen peroxide to water [15]. GPx also reduces lipid
hydroperoxides, as well as prevents free radical attack on
polyunsaturated fatty acids in cellular membranes [16]. As
such, the effect of noni juice on these two enzymes may be
at least two of the major antioxidant mechanisms of action
through which it protects lymphocyte DNA and lowers
plasma concentration of tobacco smoke-induced free radicals
and peroxides.

Chemical studies of noni fruit have revealed that iridoids
are the main phytochemical constituents, with deacetylaspe-
rulosidic acid (DAA) comprising the majority of the iridoid
content [17]. DAA has anticlastogenic activity, suppressing
the induction of chromosome aberrations inChinese hamster
ovary cells and in mice [18]. DAA is reported to inhibit the
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release of tumor necrosis factor-alpha from cultured mouse
peritoneal macrophages and inhibits low-density lipoprotein
oxidation [19, 20]. DAA also prevented 4-nitroquinoline 1-
oxide (4NQO) induced DNA damage in vitro [21]. 4NQO
exposure leads to the formation of superoxide, hydrogen
peroxide, and hydroxyl radicals, resulting in the production
of a substantial amount of 8-hydroxydeoxyguanosine, a
product of DNA oxidation in mammalian and bacterial cells
[22, 23]. TreatmentwithDAA reduced 4NQOgenotoxicity by
98.96%, suggesting that iridoids are responsible for the DNA
protective effects of noni juice in cigarette smokers.

With demonstrated antioxidant activity of noni juice and
the potential bioactivities of its major phytochemical con-
stituent, the current study was conducted to investigate the
role of DAA on SOD and GPx activities in vivo.

2. Materials and Methods

2.1. Test Material. Deacetylasperulosidic acid (DAA) was
obtained from Chengdu Biopurify Phytochemicals Ltd.
(Chengdu, China). The purity of DAA was 98%, and the
identity was confirmed by high performance liquid chro-
matography [24]. DAA was dissolved in MeOH-H

2
O (1 : 1) at

a concentration of 0.2mg/mL. Separation of the standard was
performed with a HC-C18 column (25 cm × 4.6mm; 5𝜇m,
Agilent Technologies, Santa Clara, CA, USA) in a Waters
2690 separationsmodule (Waters Corporation,Milford, MA,
USA) and detected with a Waters 2489 UV/Vis detector at
235 nm.DAAwas eluted at a flow rate of 0.8mL/minwith two
mobile phases: (A) MeCN and (B) 0.1% formic acid in H

2
O

(v/v). The elution gradient was 5min with 100% B, 35min
with 30% A and 70% B, 12min 95% A and 5% B, and then
8 minutes with 100% B. The retention time and absorbance
spectrum were compared against those of a DAA standard.

2.2. Animals and Treatment. For this study, 40 Wistar rats
(male and female, 180–200 g) were obtained from the Exper-
imental Animal Center, Academy of Military Medical Sci-
ences (Beijing), Approval no. SCXK-Army-2009-003. The
care of animals and experimental procedures were compliant
with ethical and institutional animal welfare guidelines of
Tianjin Medical University. Following acclimation, rats were
randomly divided into 4 groups of 10 each (5 male and 5
female). Each group was provided feed and water ad libitum.
DAAwas dissolved in saline and each animal was gavaged for
7 days with 1mL/200 g body weight (bw) of one of four treat-
ments, depending on group assignment.The treatments were
normal saline (control), 15mg DAA/kg bw (low dose), 30mg
DAA/kg bw (mid dose), and 60mg DAA/kg bw (high dose).
Individual animal weight and feed intake were recorded on
days 1, 4, and 7. On the 8th day, the rats were anesthetized
and 0.5mL blood was removed from the orbital sinus.Whole
blood was centrifuged at 3,000 rpm for 10min in a low speed
centrifuge (model BFX5-320, Baiyang Centrifuge Factory,
Liulizhuang,Hebei, China).The resulting serumwas retained
for assays.

2.3. Antioxidant Enzyme Activity Assays and Malondialde-
hyde Assay. Using a commercial bioassay kit (Jiancheng

Table 1: Mean (± standard deviation) weight (g) per animal.

DAA dose (mg/kg) Day 1 Day 4 Day 7
0 189 ± 10.4 208 ± 21.2 220 ± 27.5

15 189 ± 8.26 207 ± 15.7 218 ± 22.2

30 189 ± 11.4 207 ± 20.7 217 ± 24.8

60 190 ± 8.97 207 ± 17.5 218 ± 24.0

Bioengineering Institute, Nanjing, China), the SOD activity
of serum was assayed. The superoxide dismutase activity
assay utilized the production of a water soluble dye (WST-1
formazan) from a tetrazolium salt (WST-1) in the presence of
SAR [25]. In a phosphate-buffered reactionmixture, xanthine
and xanthine oxidase are incubated at 37∘C in the presence
of samples, blanks, SOD standards, and WST-1. During
the reaction, SAR is generated from xanthine and oxygen.
SOD catalyzes the dismutation of SAR, thereby reducing
the amount available to oxidize WST-1 to WST-1 formazan.
Sample results were compared against an SOD standard ref-
erence curve after the absorbance was read at 450 nm with a
microplate reader (Epoch Microplate Spectrophotometer,
BioTek,Winooski, VT, USA).The SOD activity is determined
by calculating the WST-1 formazan inhibition rate and is
expressed in U/mL.

GPx activities in serum samples were also determined
with a commercially available bioassay kit (Jiancheng Bio-
engineering Institute, Nanjing, China). GPx activity was
measured by determining reduced glutathione in the serum.
Absorbance of sample, blanks, and standards were read at
412 nm with a microplate reader (Epoch Microplate Spectro-
photometer, BioTek, Winooski, VT, USA). Enzyme activities
were expressed as U/mL.

Malondialdehyde (MDA) concentrations were assayed
with a commercial bioassay kit (Jiancheng Bioengineering
Institute, Nanjing, China). MDA was detected according to
the common colorimetric method involving the reaction
of samples and 1,3,3,3 tetra-ethoxypropane standards with
thiobarbituric acid in a 95∘C water bath for 40min. The
absorbance of each of the samples and standards was
measured at 532 nm (Epoch Microplate Spectrophotome-
ter, BioTek, Winooski, VT, USA). Results were determined
against the standard curve and expressed as nmol/mL.

2.4. Statistical Analysis. Basic summary statistics (mean,
range, and standard deviation) were calculated. Intergroup
differences were measured with Student’s 𝑡-test, following
Bartlett’s test for homogeneity of variance.

3. Results and Discussion

Weights and feed intake rates among the different groups are
compared in Tables 1 and 2. All groups experienced appro-
priate weight gain during the seven-day period [26], with no
differences between any groups. There were no intragroup
changes in mean feed intake. There were no feed intake
differences between the groups on days 1 and 4. The low and
mid dose groups had slightly lower feed intakes on day 7 than
the control group, but these were within the expected
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Table 2: Mean (± standard deviation) feed intake (g) per animal.

DAA dose (mg/kg) Day 1 Day 4 Day 7
0 21.9 ± 5.49 20.6 ± 5.62 21.8 ± 4.18

15 19.1 ± 3.49 19.8 ± 2.64 18.3 ± 2.65
∗

30 21.8 ± 5.86 21.6 ± 5.12 18.3 ± 2.41
∗

60 20.0 ± 4.66 19.1 ± 2.27 18.7 ± 2.40

∗
𝑃 < 0.05 compared to control group on day 7 but within expected feed

intake rates.

Table 3: Mean (± standard deviation) serum MDA concentration
and activity of antioxidant enzymes.

DAA dose
(mg/kg)

MDA
(nmol/mL)

SOD
(U/mL)

GPx
(U/mL)

0 5.54 ± 0.77 115 ± 10.1 995 ± 148

15 4.96 ± 1.43 126 ± 17.3 1007 ± 169

30 4.45 ± 1.15
∗

128 ± 15.2
∗

983 ± 167

60 4.43 ± 0.79
∗∗

130 ± 8.83
∗∗

986 ± 101

∗
𝑃 < 0.05,∗∗𝑃 < 0.01 compared to control group.

amounts for healthyWistar rats [27].There was no significant
difference in feed intake between the control and high dose
groups.

The effects of DAA intake on MDA concentration and
antioxidant enzyme activities are summarized in Table 3.
While mean serum MDA content in the low dose group is
lower than that of the control group, the difference is not
statistically significant. However, there is a trend of reduced
serum MDA concentrations with increased DAA dose.
Serum MDA of the mid and high dose groups was signifi-
cantly lower than those observed in the controls.The approx-
imate percent reductions in mean serum MDA in the mid
and high dose groups were, respectively, 19.7 and 22.6%when
compared to the control group.

Mean serum SOD activity tended to increase with DAA
dose. While SOD activity in low dose group was almost 10%
greater than that in the controls, the difference was only
marginally significant (𝑃 = 0.098). On the other hand, SOD
activities observed in the mid and high dose groups were
significantly greater than that of the control group. Mid
and high dose animals experienced, respectively, an average
increase of 11.3 (𝑃 < 0.05) and 13.0% (𝑃 < 0.01) in serumSOD
activity. Unlike SOD, GPx activities were not influenced by
DAA intake at any of the doses evaluated.

DAA has apparent antioxidant activity when ingested.
The effect of DAA on SOD activity helps to explain at least
one mechanism whereby noni juice lowered plasma SAR in
heavy smokers. SAR contributes to the eventual formation of
MDA by means of reactive hydroxyl radicals formed either
through the reduction of transition metal ions by SAR or
from the degradation of peroxynitrite that is produced in
reactions between SAR and nitric oxide [28]. Therefore, the
increased dismutation of SAR to H

2
O
2
and oxygen will lower

the amount available for the formation ofMDA.This suggests
that one way in which DAA decreases lipid peroxidation, as
measured by lowerMDA levels, is by increasing SOD activity.

This is further evidenced by the observed DNA protective
effect of noni juice in heavy smokers, as MDA reacts readily
with DNA bases to form lipid peroxidation-derived DNA
adducts [11, 29].

One very interesting observation of this study is the
inability of DAA to increase GPx activity. Increased SOD
activity results in a decrease in SAR concentrations. But a
consequence of SOD activity is the increased H

2
O
2
. H
2
O
2
, in

turn, can cause oxidative damage, if not further metabolized
into less reactive compounds. Elevated H

2
O
2
has been found

to increase MDA concentrations via lipid peroxidation [30].
But MDA decreased in our study, even though GPx activity
was unaffected. Therefore, another pathway must have been
involved in the control of H

2
O
2
levels. Catalase is another

antioxidant enzymewhich promotes the degradation ofH
2
O
2

into water and oxygen [31]. Therefore, it may be that catalase
activity is increased by DAA. This possibility is further sup-
ported by the fact thatMorinda citrifolia leaves contain DAA
[17] and that catalase activity was increased in lymphoma-
bearing mice which had been fed crude M. citrifolia leaf
extract [32]. Additionally, an aqueous extract of M. citrifolia
leaves increased catalase activity in hyperlipidemic rats [33].
Other iridoids have also been reported to increase catalase
activity [34], so this is a bioactivity associated with this class
of compounds.

The results of this experiment demonstrate that DAA
exerts an antioxidant effect by increasing SOD activity. This
effect may be responsible, at least in part, for the antioxidant
properties of noni juice as demonstrated in human trials
and in vivo. The in vitro antioxidant activity of DAA against
4NQO may also be mediated through SOD activation, as
the microorganism involved expresses this enzyme [35].
However, DAA does not appear to increase GPx activity by
itself, at least under the conditions of this study. As discussed
previously, noni juice increases GPx activity in vivo. Even
though DAA is a major constituent of noni juice, the fruit
also contains several other iridoids in minor concentrations
[17, 36, 37]. Loganin, an iridoid similar in structure to epi-
dihydrocornin found in noni fruit, increased GPx expression
in rat mesangial cells that had been exposed to advanced
glycation end products [38]. So, it is likely that another iridoid
compound in noni, aside from DAA, is responsible for the
increased GPx activity. It is also possible that interaction bet-
ween several phytochemical constituents results in increased
serum GPx.

4. Conclusion

The in vivo antioxidant activity of DAA has been demon-
strated via oral administration to Wistar rats for 7 days. A
dose-dependent trendwas evident, with significant reduction
in serum MDA and an accompanying increase in SOD
activity at 30 and 60mg/kg bw. DAA did not, however,
increase serumGPx activity. Since serumMDAdeclinedwith
increased dose, it is possible that DAA induces catalase activ-
ity. However, additional research is required to confirm this.
Animal weights and feed intake, along with previous toxicity
tests of DAA, do not provide any indication of toxicity. The
results of the current study suggest that DAA is responsible,
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at least in part, for the antioxidant activities observed in
human trials. While it is possible that DAA’s influence on
SOD activity could explain the effect of noni juice on heavy
smokers, the results also demonstrate that the effect of noni
juice on GPx activity in vivo is not associated with DAA
alone. Induction of GPx is likely due to another iridoid or a
combination of phytochemical constituents.
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A sensitive and specific gas chromatographic-mass spectrometry with selected ion monitoring (GC-MS/SIM) method has been
developed for simultaneous identification and quantification of 𝛼-asarone, 𝛽-asarone, and methyl eugenol of Acorus tatarinowii
Schott in rat plasma. Chromatographic separation was performed on a Restek Rxi-5MS capillary column (30m × 0.32mm ×
0.25 𝜇m), using 1-naphthol as internal standard (IS). MS detection of these compounds and IS was performed at m/z 178, 208,
208, and 144. Intra- and interday precisions of all compounds of interest were less than 10%.The recoveries are situated in the range
of 92.4–105.2%. Pharmacokinetics of methyl eugenol confirmed to be one-compartment open model, 𝛼-asarone and 𝛽-asarone
was two-compartment open model, respectively. The method will probably be an alternative to simultaneous determination and
pharmacokinetic study of volatile ingredients in Acorus tatarinowii Schott.

1. Introduction

Chinese medicines have played an important role in clin-
ical therapy in China, Korea, and Japan attributed to high
pharmacological activity and few complications. As a classic
medicinal plant, the dry rhizome of Acorus tatarinowii
Schott is officially listed in the Chinese Pharmacopoeia
and widely used for fighting ailments such as epilepsy,
digestive disorders, cerebrovascular disease, stroke, senile
dementia, and diarrhea [1–5]. Recent studies have found
that aqueous extract and volatile oil of Acorus tatarinowii
Schott dose-dependently suppressed the intensity of APO-
induced stereotypic behavior and locomotor activity and
extended the duration of sleeping induced by pentobarbital
[6, 7]. Inhalation of the volatile oil also has the properties
of reversing decreased brain GABA levels induced by PTZ
inhibition of GABA transaminase [8].

Low polar or nonpolar compounds including 𝛼-asarone,
𝛽-asarone, and methyl eugenol proved to be main bioactive
ingredients in volatile oil of Acorus tatarinowii Schott in pre-
vious report [9]. 𝛽-Asarone has significant pharmacological
effects on cardiovascular and central nervous system, while
𝛼-asarone possesses hypocholesterolemic, hypolipidemic,
neuroprotective, and antiepileptic activities [10–16]. Methyl
eugenol was also found to have antinociceptive, antibacterial,
and antidepressive activities [17, 18]. These compounds were
often used as reference standards for quality control ofAcorus
tatarinowii Schott due to outstanding pharmacological activ-
ities. The development of sensitive and rapid approach for
simultaneous determination of these compounds was owing
to increasing interest in the literature. High performance
liquid chromatography (HPLC), gas chromatography (GC),
and GC with mass spectrometric detection (MS) were the
main assays for analyzing 𝛼- and 𝛽-asarone in the medicinal
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plant and plasma in previous studies [19–23]. HPLC and MS
method was also established for pharmacokinetics study of
methyl eugenol in plasma [24, 25].

To our knowledge scope, few methods were found to
be feasible for simultaneous determination of 𝛼-asarone, 𝛽-
asarone, and methyl eugenol of Acorus tatarinowii Schott
in biological samples, which produced issues of inaccurate
evaluation of the medicinal plant and limitation of the
pharmacokinetic study. This work was designed to develop
a sensitive and valid method for determining 𝛼-asarone, 𝛽-
asarone, and methyl eugenol of Acorus tatarinowii Schott
in rat plasma. The work also aimed to apply the proposed
assay in pharmacokinetic study of the three compounds
after oral administration of volatile oil extracted from Acorus
tatarinowii Schott.

2. Experimental

2.1. Chemicals and Reagents. 𝛼-Asarone (>98%) and 1-naph-
thol (>99%) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Methyl eugenol (>99%) and 𝛽-asarone (>95%)
were purchased from J&KScientific Ltd (Guangdong,China).
All other chemicals and reagents used in the experiment were
of analytical grade unless stated specially. Acorus tatarinowii
Schott was purchased fromXi’anMedical Company in China
and identified by Professor Minfeng Fang in Northwest
University.

The volatile oil of Acorus tatarinowii Schott was obtained
by steam distillation of dry material of the plant. Acorus
tatarinowii Schott (100.0 g) was put into 800mL of distilled
water and distilled for 8 h. The oil was collected from the
condenser, dried by anhydrous sodium sulphate.The content
of the oil in Acorus tatarinowii Schott was calculated to be
1.03% (v/w), with a determination of 0.50% methyl eugenol,
74.01% 𝛽-asarone, and 11.41% 𝛼-asarone by GC-MS analysis
through area normalization method.

2.2. Preparation of Standard Solutions

2.2.1. Internal Standard. A stock solution of 1-naphthol
(1.0mg/mL) for IS was prepared in acetone and diluted to a
concentration of 2.0𝜇g/mL with acetone.

2.2.2. Standard Solutions. Stock solution of 𝛼-asarone, 𝛽-
asarone, and methyl eugenol was prepared by dissolving
the appropriate amount of the standards in acetone. Mixed
standard solution was prepared using the above solutions to
give concentrations of 50.0 𝜇g/mL for 𝛼-asarone, 50.0 𝜇g/mL
for 𝛽-asarone, and 50.0𝜇g/mL for methyl eugenol. All the
solutions were stored at 4∘C in amber glass tubes.

2.3. GC-MS/SIM Conditions. GC-MS analyses were per-
formed with a Shimadzu GC-MS QP2010 (Kyoto, Japan).
Chromatographic separation was achieved on a Restek Rxi-
5MS capillary column (30m × 0.32mm I.D., 0.25𝜇m film
thickness, Shimadzu, Japan) using nitrogen as carrier gas at
2mL/min in a constant flow rate mode. The GC oven tem-
perature was initially increased from60∘C to 120∘C at a rate of

5∘C/min, then elevated at a rate of at 2∘C/min up to 150∘C, and
then raised to 240∘C at a rate of 10∘C/min, giving a total run
time of 36min. The temperatures of injector, interface, and
ion source were 250, 280, and 230∘C, respectively. Detection
was operated by selected ionmonitoring (SIM) mode (70 eV,
electron impact mode).

In the SIM mode, the peaks of 𝛼-asarone, 𝛽-asarone,
methyl eugenol, and IS in plasmawere identified bymatching
the retention time and the abundant ions of m/z 178 for
methyl eugenol, m/z 208 for 𝛼-asarone, 𝛽-asarone, and m/z
144 for IS. The injection volume was 1.0 𝜇L. Data were
collected using the GC-MS solution (Kyoto, Japan).

2.4. Animals and Plasma Collection. Six healthy male
Sprague-Dawley rats, weighing 250–280 g, were supplied by
the Guangdong Laboratory Animals Monitoring Institute
(Guangdong, China). The rats were housed in a standard
animal holding room with normal access to food and water
and 12 h light cycle. The animals were fasted overnight prior
to dosing, with water allowance ad libitum. All animal
experiments were carried out according to the Guidelines for
the Care and Use of Laboratory Animals and were approved
by the Animal Experimentation Ethics Committee.

Drug-free rat plasma samples were obtained from the
postorbital venous plexus veins of anesthetized animals and
collected into heparinized tubes. All the blood samples were
centrifuged for 10min at 8000 rpm to yield the supernatant
stored at −20∘C until analysis.

2.5. Sample Preparation. In a 1.5mL Eppendorf tube, 100 𝜇L
of plasma was spiked with 10 𝜇L of 2.0 𝜇g/mL IS solution. An
aliquot of 40 𝜇L 10% (V :V) trichloracetic acid water solution
and 600𝜇L acetonitrile was used to remove the proteins
in the plasma through vortexed for 2min followed by the
centrifugation of 10min at 8000 rpm. The supernatant was
collected in a clean tube for next use, while the residue was
extracted by 300 𝜇L acetic ether for three times. The acetic
ether layer and the above supernatant were collected together
and evaporated to dryness under a stream of nitrogen. The
residue was dissolved in 100 𝜇L of acetone for further GC-MS
analysis.

2.6. Method Validation

2.6.1. Calibration and Detection Limits. The linearity of 𝛼-
asarone, 𝛽-asarone, and methyl eugenol was investigated
by replicate analyses of calibration solutions with different
concentration ranging from 5 to 5000 ng/mL and evaluated
by linear regression. The limit of detection (LOD) was
calculated by sequential diluting the analytes until the ratio
of signal to noise equals 3 : 1. The limit of quantitation (LOQ)
was considered as ten times of the signal to noise ratio.

2.6.2. Precision, Accuracy, and Stability. Quality control (QC)
samples to determine the accuracy and precision of the
method were independently prepared by dissolving the stan-
dard in plasma at low, medium, and high concentrations
of 0.025, 0.25 and 2.5𝜇g/mL. The intraday precision and
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Table 1: Analytical parameters for GC-MS of plasma analytes assayed by the present method.

Analytes Calibration curvea Correlation coefficient LOD (ng/mL) LOQ (ng/mL)
Methyl eugenol 𝑦 = 5.874𝑥 + 0.014 0.999 1.553 4.236
𝛽-Asarone 𝑦 = 6.469𝑥 − 0.027 0.997 1.802 4.872
𝛼-Asarone 𝑦 = 6.326𝑥 − 0.020 0.999 1.685 4.719
aIn the linear regression equation, 𝑥 is expressed as analytes concentration (𝜇g/mL) and 𝑦 is expressed as peak area of analytes/IS.

accuracy were determined within one day by analyzing the
QC samples (𝑛 = 6). The interday precision and accuracy
were determined on five separated days using the same
QC samples. Precision was reported as the relative standard
deviation (RSD). Accuracy was expressed as the relative error
(RE).

The stability of analytes in the plasma was evaluated
using the QC samples in triplicate. Test conditions included
4 freeze-thaw cycles and room temperature stability (0, 2, 4,
8, 12, and 24 h).The stabilities were assessed by analysis of the
RSD of measured samples.

2.6.3. Recoveries and Matrix Effect. The extraction recovery
of the three drugs was determined by calculating the peak
areas obtained from blank plasma samples spiked with ana-
lyte before extraction with those from blank plasma samples,
to which analytes were added after extraction. According
to the guidance of USFDA, recovery experiments should be
performed at three concentrations (low, medium, and high).
This procedure was accordingly repeated for five replicates at
three concentrations of 0.025, 0.25, and 2.5𝜇g/mL. In order
to test the matrix effect on the ionization of the analyte,
that is, the potential ion suppression or enhancement due
to the matrix components, the drugs at three concentration
levels were added to the extract of 0.1mL of blank plasma,
evaporated and reconstituted with 0.1mL of acetone; the
corresponding peak areas (A) were compared with those
of the drugs standard solutions evaporated directly and
reconstituted with the same solvent (B).The ratio (A/B × 100)
%was used to evaluate thematrix effect. By the samemethod,
the matrix effect of internal standard was also evaluated.

2.7. Pharmacokinetics Analysis. The GC-MS method was
successfully applied in the pharmacokinetic studies of 𝛼-
asarone, 𝛽-asarone, and methyl eugenol in rats. Volatile oil
of Acorus tatarinowii Schott was administered orally to the
rat in a single dose of 0.2 g/kg. Blood samples were collected
in heparinized tube at 0, 5, 10, 20, 30, 60, 90, 120, 180, 300,
480, 720, 960, and 1200min after dose. All the samples were
extracted and analyzed under the proposed condition.

2.8. Data Analysis. The Microsoft Excel Program Drug and
Statistics 2.0 (T.C.M. Shanghai, China) was employed to
process and calculate the pharmacokinetic parameters. The
parameters of the area under curve (AUC), the maximum
plasma concentration (𝐶max) and the corresponding time
(𝑡max), the half-life of absorption (𝑡1/2), and so forthwere used

to decrypt the pharmacokinetic properties of 𝛼-asarone, 𝛽-
asarone, and methyl eugenol. Statistical analysis of the bio-
logical data was performed by the Student’s 𝑡-test. All results
were expressed as arithmeticmean± standard deviation (SD).

3. Results and Discussion

3.1. Preparation of the Plasma Samples. In order to quantify
drugs in a plasma sample, it is often necessary to disrupt
the protein-drug binding for the production of the drugs-
free form. Acetonitrile and trichloracetic acid were separately
evaluated for extracting 𝛼-asarone, 𝛽-asarone, and methyl
eugenol from plasma.When choosing the trichloracetic acid,
the recoveries of 𝛼-asarone and 𝛽-asarone were less than
50%. When choosing the acetonitrile, the recoveries of 𝛼-
asarone and 𝛽-asarone were near 80%. The recoveries of
methyl eugenol and IS just haveminor change. Interestingly, a
mixture of acetonitrile and trichloracetic acid (10%) in ratios
of 15 : 1 was found to be efficient to accomplish the extracting
task. The recoveries of analytes were more than 90%. This
solvent was accordingly used to prepare the plasma samples
in the present work.

3.2. Calibration and Detection Limits. The linear regression
analysis was constructed by plotting the peak area ratio of
the three analytes to IS against the concentrations of 𝛼-
asarone, 𝛽-asarone, and methyl eugenol in plasma samples,
respectively, shown in Table 1. The regression equation of the
curves and the correlation coefficients (𝑟) was calculated to be
𝑦 = 6.326𝑥−0.020 and 𝑟 = 0.999 for 𝛼-asarone, 𝑦 = 6.469𝑥−
0.027 and 𝑟 = 0.997 for𝛽-asarone, and𝑦 = 5.874𝑥+0.014 and
𝑟 = 0.999 for methyl eugenol, using weighted least squares
linear regression (the weighing factor was 1/𝐶). For each
drug, six calibration curves containing six concentrations (5,
25, 50, 250, 500, 2500, and 5000 ng/mL)were linearwithin the
concentration range of 5–5000 ng/mL. The CV of the three
drugs at each level varied from 2.0 to 12.3. And the relative
bias of 𝛼-asarone, 𝛽-asarone, and methyl eugenol from the
theoretical value varied from −3.0 to 4.6. As a result, the
calibration curves of the three compounds exhibited good
linearity within the experimental range. The LOD for 𝛼-
asarone, 𝛽-asarone, and methyl eugenol was calculated to be
1.9, 1.8, and 1.5 ng/mL. The LOQ of the tested drugs was 4.7,
4.9, and 4.2 ng/mL.

3.3. Precision, Accuracy, and Stability. The data from QC
samples were calculated to estimate the intraday and interday
precision and accuracy of the method. The results are pre-
sented in Table 2. It was found that the intraday precision for
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Table 2: Intraday (𝑛 = 6) and interday precision (𝑛 = 5) and accuracy of analytes from biological samples.

Analytes Added (𝜇g/mL) Precision (RSD, %) Accuracy (RE, %)
Intraday Interday Intraday Interday

Methyl eugenol
0.025 5.18 8.10 5.15 3.65
0.250 6.69 7.68 −7.62 −2.15
2.500 4.11 4.74 −3.54 −4.34

𝛽-Asarone
0.025 4.84 6.20 2.89 2.93
0.250 6.34 3.75 −6.03 −3.22
2.500 4.99 6.01 −4.88 −5.76

𝛼-Asarone
0.025 7.08 4.80 −0.77 −4.53
0.250 3.24 4.42 −4.74 4.04
2.500 4.85 7.99 0.71 −4.01

Table 3: Matrix effects and extraction recovery of analytes in biological samples.

Analyte Concentration (𝜇g/mL) Matrix effects (%, 𝑛 = 6) RSD (%) Extraction recovery (%, 𝑛 = 5) RSD (%)

Methyl eugenol
0.025 93.8 ± 5.2 5.5 105.2 ± 5.4 5.1
0.250 94.6 ± 5.8 6.1 92.4 ± 6.2 6.7
2.500 105.2 ± 4.7 4.5 96.5 ± 4.0 4.1

𝛽-Asarone
0.025 92.4 ± 6.6 6.5 102.9 ± 5.0 4.9
0.250 98.6 ± 6.2 6.3 94.0 ± 6.0 6.4
2.500 101.3 ± 3.8 3.8 95.1 ± 4.8 5.0

𝛼-Asarone
0.025 96.9 ± 4.4 4.5 99.2 ± 7.0 7.1
0.250 100.6 ± 7.8 7.8 95.3 ± 3.1 3.3
2.500 103.8 ± 6.2 6.0 100.7 ± 4.9 4.9

I.S. 2.0 94.1 ± 4.0 4.3 93.6 ± 3.1 8.6

low, mid, and high QC levels of 𝛼-asarone was 7.08%, 3.24%,
and 4.85%, respectively, and that of the interday analysis
was 4.80%, 4.42%, and 7.99%, with an accuracy (RE) within
−4.74 to 4.04%. The precision for 𝛽-asarone of the QCs
was determined as 4.84%, 6.34% plus 4.99% for intraday
and 6.20%, 3.75%, and 6.01% for interday. The accuracy was
found ranging from −6.03 to 2.93%. For methyl eugenol,
the intraday precisions were 5.18%, 6.69%, and 4.11%, while
the interday precisions were 8.10%, 7.68%, and 4.74%. The
accuracy of methyl eugenol ranged between −7.62 and 5.15%
for the three levels ofQC samples.The precision and accuracy
of the present method conform to the criteria for the analysis
of biological samples according to the guidance of USFDA,
where the precision (RSD) determined at each concentration
level is required not to exceed 15%.

The stabilities were demonstrated by analysis of the RSD
of measured samples. The results indicated that analytes
were stable at 2, 4, 8, 12, and 24 h at room temperature
and during multiple freeze-thaw cycles (≥95.6%). The three
compounds were believed to have good stability in 24 h at
room temperature and during three freeze-thaw cycles.

3.4. Recoveries and Matrix Effect. The results are presented
in Table 3. The recoveries of 𝛼-asarone from rat plasma were
99.2 ± 7.0, 95.3 ± 3.1, and 100.7 ± 4.9% at concentration
levels of 0.025, 0.25, and 2.5 𝜇g/mL, respectively, and the
mean extraction recovery of IS was 93.6 ± 3.1%. The values
for recoveries of 𝛽-asarone using the proposed method were

102.9 ± 5.0, 94.0 ± 6.0, and 95.1 ± 4.8%. For methyl eugenol,
the extraction recoveries were calculated to be 105.2 ± 5.4,
92.4 ± 6.2, and 96.5 ± 4.0%. In terms of matrix effect, all the
ratios (A/B × 100)% defined as in Section 2.6.3 were between
92.4 and 105.2%, which means no matrix effect for the three
compounds and IS in using current method (Figure 1).

3.5. Pharmacokinetics Analysis. The present method was
applied to the pharmacokinetic investigations of 𝛼-asarone,
𝛽-asarone, and methyl eugenol following single oral dose of
0.2 g/kg volatile oil ofAcorus tatarinowii Schott.Mean plasma
drug concentration-time curve of the three compounds in
single dose study was shown in Figure 2, and the calculating
parameters were in Table 4. The results indicated that the
plasma profile of methyl eugenol was confirmed to be
one-compartment open models, while the pharmacokinetic
behavior of 𝛼-asarone and 𝛽-asarone was in line with two-
compartment open model. Nevertheless, after oral adminis-
tration of the volatile oil, the 𝐶max of the three drugs were
calculated to be 0.021, 0.53, and 2.47𝜇g/mL, with the 𝑡max
values of 10.00, 11.25, and 13.75min. The AUC (0 ∼∞) were
determined as 2.49, 56.67, and 407.52mg/L⋅min, while the
values of AUC (0∼t) were 2.13, 368.43, and 47.51mg/L⋅min.
The ratios of AUC (0∼∞) versus AUC (0∼t) for the three
drugs were all less than 120%, which indicated that the
proposed blood collecting time was feasible to evaluate the
pharmacokinetic behaviors of the three compounds.
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Figure 1: GC-MS/SIMchromatograms: (a) rat blank plasma sample;
(b) standard solutions of methyl eugenol (0.2 𝜇g/mL), 𝛽-asarone
(0.2 𝜇g/mL), 𝛼-asarone (0.2 𝜇g/mL), and IS (0.1 𝜇g/mL); (c) rat
blood sample after a single oral administration of volatile oil of
Acorus tatarinowii Schott. Peak 1: methyl eugenol; Peak 2: IS; Peak
3: 𝛽-asarone; Peak 4: 𝛼-asarone.

4. Conclusions

A novel GC-MS/SIM method for simultaneously qualitative
and quantitative analysis of 𝛼-asarone,𝛽-asarone, andmethyl
eugenolin rat plasma is described in this work. The method
combines the excellent power of separation performed by
GC to the high sensitivity of MS detection system operating
in SIM mode and it has the properties of high specificity,
precision, accuracy, and stability. The method has been
confirmed to be successful in pharmacokinetics study of 𝛼-
asarone, 𝛽-asarone and methyl eugenol in Acorus tatarinowii
Schott, which probably provides an alternative tomonitor the
three drugs in preclinical study.
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The present work describes the isolation of 𝛼- and 𝛽-carotene from crude palm oil and their antioxidant potential in an in vitro
model. Pure product was isolated by the method adopted. Antioxidant activities of the isolated 𝛼- and 𝛽-carotene were analyzed in
five different concentrations of 0.001, 0.005, 0.01, 0.05, and 0.1% (w/v). From the several assays conducted, an observation wasmade
that the antioxidant activity of the product shifted between antioxidant and prooxidant effects depending on the concentration and
the system analyzed. The metal chelation, DPPH radical scavenging, and superoxide scavenging activities showed almost similar
results in terms of high activity at lowest concentrations. ABTS-scavenging activity was displayed only by a particular antioxidant
concentration of 0.1%. Lipid peroxidation assay pronounced the activity of 0.1% antioxidant in inhibiting oxidation of sensitive
bioactive lipids. In vitro antidenaturation test again specified the efficacy of low concentrations in preventing protein denaturation.
Through this study a definite dosage formulation for consumption of carotenoids is being proposed which will enhance health
promotion and prevent chronic diseases when taken as fortified foods or dietary supplements.

1. Introduction

𝛼- and 𝛽-carotene are important members of the carotenoid
family. As a retinol precursor with a high conversion rate,
𝛼- and 𝛽-carotene provide a substantial proportion of the
vitamin A in the human diet [1]. Recently some researchers
have shown that 𝛼- and 𝛽-carotene, due to their antioxi-
dant activities, possess important health-promoting activities
which might be helpful in the prevention and protection
against a number of serious health disorders such as cancer,
cardiovascular disease, and colorectal adenomas [2]. For
these reasons, there is a strong interest in using 𝛼- and 𝛽-
carotene and other carotenoids as functional ingredients in
food products.

Crude palm oil has a significant amount of carotene that
can be extracted and, in recent years, various methods for
extracting carotenes from palm oil have been developed.
Of these, the method involving the combination of trans-
esterification and molecular distillation processes is the most

cost-effective one with ease of execution [3], and this was
followed in this study.

A number of studies have shown that 𝛼- and 𝛽-carotene
and other carotenoids have lipid-soluble antioxidant activity.
In homogeneous lipid solutions, in membrane models, and
also in intact cells, 𝛼- and 𝛽-carotene have been mostly
studied [4, 5]. Recent findings suggest that the position
and orientation of the carotenoids in the membrane are
important factors in determining their relative effectiveness
in protecting against free radicals [6]. 𝛼- and 𝛽-carotene
partially or completely protect intact cells (e.g., human liver
cell line HepG2) against oxidant-induced lipid peroxidation,
and the protective effect is independent of provitamin A
activity [4]. 𝛼- and 𝛽-carotene suppressed lipid peroxidation
in mouse and rat tissues [5]. The consumption of food-based
antioxidants like 𝛼- and 𝛽-carotene seems to be useful for the
prevention ofmacular degeneration and cataracts [7]. A well-
known fact is that 𝛼- and 𝛽-carotene quench singlet oxygen
with higher efficiency than many other antioxidants [8].
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In contrast to the physiologically relevant properties, the
knowledge on antioxidant potential of 𝛼- and 𝛽-carotene, in
vitro, is scarce as most studies conducted so far were in vivo.
Hence, the aim of the present study was to isolate 𝛼- and 𝛽-
carotene from crude palm oil, their characterization, and in
vitro investigation of their antioxidative efficacy.

2. Experimental

2.1. Materials. Crude palm oil imported from Indonesia
was collected from local Vanaspati manufacturer. All other
reagents were of analytical grade and procured from Merck
India Ltd., Mumbai. India.

2.2. Isolation of 𝛼- and 𝛽-Carotene from Crude Palm Oil.
Crude palm oil was chemically transesterified with methanol
and sodium hydroxide. Oil and alcohol were taken in dif-
ferent molar ratios and stirred while maintaining a high
temperature for a definite time interval [3]. Syntheses of esters
were monitored by thin layer chromatography. The effects
of different reaction parameters for this particular reaction,
such as temperature, substratemolar ratio, and concentration
of alkali, were optimized with individual sets of reaction
mixture. Oil : methanol ratio of 1 : 10 on weight basis, stirring
rate of 200 rpm, temperature of 80∘C for 3 hours, and a
concentration of 0.2% NaOH were optimised for maximum
yield of 𝛼- and 𝛽-carotene. A two-phase mixture comprising
a glycerol phase and an ester phase consisting of fatty esters
and the carotenewas obtained.The ester phasewas distilled at
300∘C at 10−01mbar pressure in a molecular distillation unit
(SIBATA, Japan, serial no. N40394). The residue was diluted
5 times and saponified with ethanolic potassium hydroxide at
80∘C.The carotene was extracted from the saponified residue
with a mixture of hexane and water where the extract phase
was rich in carotene. Pure carotene was obtained on solvent
(hexane) removal which was crystallized and recrystallized
with acetone.

2.3. Spectrophotometric Analysis. For spectrophotometric
analysis 0.01 g measured amount of the crystallized carotene
product was taken in a calibrated test tube and dissolved
into 25mL of petroleum ether. The solution was scanned
under UV-visible spectrophotometer (UV-1700 PharmaSpec,
UV-VIS Spectrophotometer, Shimadzu, Japan) between 300–
600 nm. The 𝜆max value was noted and the molar extinction
coefficient (𝜀max) using 1 cm cell was calculated for definite
concentration of the sample. Further spectral conformation
was carried out by scanning the solid carotene crystals under
the UV-visible range of 200–800 nm with UV spectropho-
tometer (U-3501, Hitachi, Japan).

2.4. Characterisation by Thin Layer Chromatography (TLC).
Crystalline samples were dissolved in petroleum ether and
spotted in glass TLC plates coated with silica gel stationary
phase. The TLC plate was placed in a chamber saturated
with solvent vapour. The solvent system consisted of 60%
petroleum ether/20% acetone/20% dichloromethane [9].
After development of the plates, they were visualized by

subjecting them to iodine vapour. The 𝑅
𝑓
values for the spot

on the TLC plate were calculated:

𝑅
𝑓
=

distance from baseline to sample front
distance from baseline to solvent front

. (1)

2.5. Characterisation by High Performance Liquid Chromatog-
raphy (HPLC). Analysis of the carotenoids was conducted
using Waters HPLC (Milford, Massachusetts, US) with a
Waters 1525 binary HPLC pump consisting of a vacuum
degasser and a Waters 2487 dual 𝜆 absorbance detector.
Reverse-phase HPLC equipped with Nova-pak C

18
column,

3.9 × 150mm, 4 𝜇m was used for the analysis of the antiox-
idant. The UV detector was set at 450 nm. The mobile
phase consisted of acetonitrile : methanol : tetrahydrofuran
(50 : 45 : 5 by volume) [10]. The crystallized carotenoids were
dissolved in 5mL of the mobile phase. The mobile phase was
isocratic solvent. Injection volume of 200𝜇L and the flow rate
were set at 1mL/min. Data acquisition was completed in 40
minutes.

2.6. Antioxidant Assay of Isolated Carotene Crystals. The
antioxidant activity of the isolated carotenoids was examined
by seven different in vitro assay systems. Different concen-
trations of the antioxidant were prepared in ethanol. The
concentrations were 0.001, 0.005, 0.01, 0.05, and 0.1% (w/v).
Their antioxidant activities were measured consecutively.

2.6.1. Assay of DPPH Radical-Scavenging Activity. Antioxi-
dant activity of 𝛼- and 𝛽-carotene was determined by the
scavenging activity of the stable DPPH free radical. The
method was described by Katerere and Eloff [11]. Different
concentrations of the test samples were placed into test tubes
taking 0.2mL from each of them with 4mL of 0.2mM
of ethanolic solution of DPPH. Absorbance at 517 nm was
determined after 40 minutes using a solution of ethanol
and DPPH (3 : 1) as control. Radical scavenging activity was
expressed as the inhibition percentage and was calculated
using the following formulae:

% Radical scavenging activity = [
𝐴
0
− 𝐴
1

𝐴
0

] × 100, (2)

where 𝐴
0
is the absorbance of the control and 𝐴

1
is the

absorbance of the sample.

2.6.2. Assay of Reductive Potential. The reductive potential of
the antioxidant was determined according to the method of
Dorman and Hiltunen [12]. The reaction mixture containing
different concentrations of the antioxidants (50–250𝜇g/mL)
in 1mL of ethanol, phosphate buffer (2.5mL, 0.2M, pH
6.6), and potassium ferricyanide (2.5mL, 1% wt/vol) was
incubated at 50∘C for 20 minutes. A portion (2.5mL) of
trichloroacetic acid (10% wt/vol) was added to the mixture,
which was then allowed to rest for 10 minutes. From the
mixture 2.5mL was taken and mixed with distilled water
(2.5mL) and FeCl

3
(0.5mL, 0.1% wt/vol), and the absorbance

was measured at 700 nm in a spectrophotometer. Higher
absorbance of the reaction mixture indicated greater reduc-
tive potential.
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2.6.3. Assay of Metal Chelating Activity. The Fe2+ chelating
ability of antioxidants was estimated by the method of
Dinis et al. [13]. Samples with concentrations of about 50–
250𝜇g/mL were added to 0.08mL of FeCl

2
(2.5mmol/L)

solution. To the system 0.3mL of ferrozine (6mmol/L) solu-
tion was added and the mixture was shaken vigorously and
left to stand at room temperature for 10 minutes. Absorbance
was thereby measured spectrophotometrically at 562 nm.
Percentage of inhibition of ferrozine-Fe2+ complex formation
was calculated as follows:

% inhibition = [
𝐴
0
− 𝐴
1

𝐴
0

] × 100, (3)

where 𝐴
0
is the absorbance of the control and 𝐴

1
is the

absorbance of the sample.

2.6.4. ABTS Radical Scavenging Activity. ABTS radical cation
scavenging activity of flaxseed lignan was assessed by the
method of Re et al. [14] and Zhao et al. [15] with some
minor modifications. Measured volume of 5mL of 7mM
ABTS was mixed with 88𝜇L of 140mM K

2
S
2
O
8
and kept

overnight. Next day the solution was diluted with 50%
ethanol and an initial absorbance of 0.7 was set at 734 nm.
Then 1mL of diluted ABTS was mixed with 20𝜇L of sample
and absorbance wasmeasured at 734 nm at 1-second intervals
for 5 minutes.

2.6.5. Lipid Oxidation in a Linoleic Acid Emulsion Model Sys-
tem. The ammonium thiocyanate method was used to assess
the antioxidant activity of flaxseed lignans with some minor
modifications of the procedure of Gülçin [16]. A linoleic
acid preemulsion was made by vortexing 0.28 g of linoleic
acid with 0.28 g of Tween 20 in 50mL of 0.05𝜇L phosphate
buffer (pH 7.4). Working solutions of SDG (0.2mL) were
added and mixed with 2.5mL linoleic acid emulsion and
2.3mL phosphate buffer (0.2 𝜇L), vortexed, and incubated
at 37∘C overnight. Aliquots (100 𝜇L) from the incubated
mixture were withdrawn at 1, 24, 48, 72, 96, and 120 hours of
incubation and tested for lipid peroxidation by adding 5mL
of ethanol (75%), 0.1mL of NH

4
SCN (30% w/v), and 0.1mL

of FeCl
2
(0.1% w/v). The absorbance of the reaction mixture

was measured at 500 nm against ethanol

% inhibition = [
𝐴
0
− 𝐴
1

𝐴
0

] × 100, (4)

where 𝐴
0
is the absorbance of the control and 𝐴

1
is the

absorbance of the sample.

2.6.6. Superoxide Anion Scavenging Activity. Superoxide
anion scavenging activity of flaxseed lignan was based on
the method described by Yaping et al. [17] and Wang et al.
[18] with some minor modifications. About 4.5mL of Tris-
HCl buffer (50mmol/L, pH 8.2) and 1.0mL tested samples
with various concentrations were mixed in tubes with lids.
Then the mixture was incubated for 20min in the water
bath at 25∘C. Meanwhile, 0.4mL of 25mmol/L pyrogallol
preheated at 25∘C was added immediately. After 4min,

the reactionwas terminated by 0.1mLHCl solution (8mol/L)
and the mixture was centrifuged at 4000 rpm for 15min.
The absorbance of sample and control was determined by
UV spectrophotometer at 325 nm. Scavenging activity was
calculated using the following equation:

Superoxide anion scavenging activity (%) = (𝐴0 − 𝐴𝑠)
𝐴0

× 100,

(5)

where 𝐴0 is the absorbance without sample and 𝐴𝑠 is
absorbance with sample.

2.6.7. Assay of In Vitro Anti-denaturation Effects. The assay
helps to assess the anti-denaturation/anti-inflammatory
effect of proteins. The method is based on the works of
Williams [19]. An amount of 2.5mL 1% BSA was mixed with
2.5mL tris acetate buffer (0.05M) and 2.5mL of the test
solutions.Themixtures were heated at 69∘C for 4minutes and
cooled and then the absorbances of the turbidities were read
at 660 nm

% inhibition of denaturation = (𝐴0 − 𝐴𝑠)
𝐴0

× 100, (6)

where 𝐴0 is the absorbance of control and 𝐴𝑠 is absorbance
with sample.

2.7. Statistical Analysis. Statistical analysis was performed
with one-way analysis of variance (ANOVA). When ANOVA
detected significant differences between mean values, means
were compared using Tukey’s test. For statistical stud-
ies OriginLab software (Origin7, OriginLab Corporation,
Northampton, UK) was used. Statistical significance was
designated as 𝑃 < 0.05. Three replications for each of the
experiments and assays were conducted (𝑛 = 3). A mean
of the three values was reported in each case. The values are
expressed as Mean ± SEM.

3. Results and Discussions

3.1. Isolation, Spectroscopic Analysis, and TLC of 𝛽-Carotene.
In the present work the palm oil was initially transesterified
and then concentrated by distillation for isolating 𝛼- and
𝛽-carotene. Amount of the carotene crystals obtained was
1.2%. Spectroscopic studies showed maximum absorption
at 440 nm (Figure 1(a)) and a minor absorbance peak at
466.6 nm (Figure 1(b)). The peak at 440 nm corresponds to
the absorbance by 𝛽-carotene, as confirmed by calculation of
the molar extinction coefficient (𝜀max)

𝜀max =
𝐴

𝐶𝐿

, (7)

where𝐴 is absorbance of the specifiedmolecule at maximum
wavelength (𝜆max), 𝐶 is concentration of the active molecule,
and 𝐿 is distance (1 cm).

The extinction coefficient was calculated to be 1, 28,
300 Lmol−1 cm−1 which is in correlation with established
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Figure 1: Absorbance spectrum of 𝛽-carotene/𝛼-carotene pigments isolated from crude palm oil: (a) absorbance maxima of 𝛽-carotene at
440 nm; (b) absorbance of 𝛼-carotene at 466.6 nm; (c) absorbance profile of 𝛽-carotene/𝛼-carotene mixture in a crystalline form.

values of extinction coefficient [20]. The minor peak at
466.6 nm is that of𝛼-carotenewhich is in correlationwith the
extinction coefficient (1, 02, 979 Lmol−1 cm−1) of 𝛼-carotene
[21].

The absorption at given wavelength range can be
expressed as the sum of individual carotenoids as observed
in Figure 1(c), where UV/visible spectrophotometric study
of the crystalline carotenoid pigment displays a uniform
plateau-shaped absorption range representing an assemblage
of 𝛼- and 𝛽-carotene.The range was observed between 300 to
550 nm which is in harmony with previously derived results.

On thin layer chromatographic analysis𝑅
𝑓
factor was cal-

culated to be 0.95 which corresponds to previously reported
values [22]. The single spot indicated that 𝛼- and 𝛽-carotene
had overlapped over the specified area resulting in the
incurrence of an intermediate value of retention factor.

3.2. Detection of 𝛽-Carotene Using High Performance Liq-
uid Chromatography (HPLC). On HPLC two peaks were
observed with retention times at 28.2 and 30.5 minutes. 𝛽-
carotene eluted as a single peak at 30.5minutes (Figure 2) and
𝛼-carotene at 28.2minutes, as deciphered by comparisonwith
authentic standards.

3.3. Antioxidant Assay of Isolated 𝛽-Carotene. The antiox-
idant activity of the isolated carotene crystals were exam-
ined by seven different in vitro assay systems. Different
concentrations of the antioxidant was prepared in ethanol.
The concentrations prepared were 0.001, 0.005, 0.01, 0.05,
and 0.1% (w/v). Their antioxidant activities were measured
in terms of DPPH radical scavenging activity, reducing
activity, metal chelation, ABTS radical scavenging activity,
lipid peroxidation, superoxide scavenging activity, and anti-
denaturation effect.

3.3.1. Assay of DPPH Radical-Scavenging Activity. TheDPPH
radical scavenging method was based on the reduction of
methanolic DPPH solution in the presence of a hydrogen
donating antioxidant, due to the formation of the non-
radical form DPPH-H [23]. Monitoring the decrease of the
radical in terms of decreasing absorbance values leads to the
assessment of the antioxidant activity of the product. The
carotene crystals were able to reduce and decolourise 1,1-
diphenyl-2-picrylhydrazyl efficiently at low concentrations,
via their hydrogen donating ability (Figure 3). This is an
electron transfer-based assay which measures the capacity of
an antioxidant in the reduction of an oxidant. Here the degree
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Figure 3: DPPH radical scavenging activity for 𝛼- and 𝛽-carotene
crystals at different concentrations. Values are Mean ± SEM of 3
observations. At the 0.05 level, difference in superscripts (a, b, c, d)
indicates significant difference in means.

of colour change is correlated with the sample’s antioxidant
activity.

The order of antioxidant potency by DPPH method is
conclusive of the behavior of the antioxidant at different
concentration gradients. Colour interference by 𝛼-carotene
with DPPH chromogen and 𝛽-carotene may result in a lower
measured DPPH activity at high concentrations [24]. More-
over the presence of higher concentrations of antioxidants
results in prooxidant effects which induce oxidative stress,
usually by inhibiting antioxidant systems. Hence the lowest
concentration of the antioxidant (0.001%) that was analysed
for DPPH radical scavenging activity was found to be the
optimum concentration that showed efficacy in scavenging
the free radicals. Furthermore, on comparing the mean val-
ues, all the concentration means varied significantly among
themselves except for 0.001% and 0.005% concentrations at
𝑃 < 0.05.

3.3.2. Assay of Reductive Potential. Again assay of reducing
capacity is an effective means to understand the antioxidant
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Figure 4: Reducing activity of𝛼- and𝛽-carotene crystals at different
concentrations. Values are Mean ± SEM of 3 observations. At the
0.05 level, the difference in superscripts (a, b, c, d, e) indicates
significant difference in means.

activity of various antioxidants. Reducing capacity serves as
a significant indicator of the potential antioxidant activity
of any bioactive species. Here reduction potential bears
a proportional dependency on the absorbance measured
(Figure 4). Here all the different concentration mean values
were significantly different from each other at 𝑃 < 0.05.
The measured absorbance serves to indicate the change in
reduction potential of the tested species. The reducing power
(transformation of Fe3+ to Fe2+) of the antioxidant makes
it an efficient electron donor, which can react with free
radicals to convert them to more stable products, thereby
terminating radical chain reactions.The antioxidant exerts an
antioxidant effect by reducing Fe3+ to Fe2+. Such bioactive
property of the antioxidant leads to the development of
its chemoprotective potential too. From this assay it was
deduced that in terms of reducing activity 𝛼- and 𝛽-carotene
showed the expected tendency of concentration variation.
With increasing carotenoid concentrations the absorbance
increased indicating an increase in the reducing activity of
the antioxidant. Hence higher amounts of the antioxidant
will serve as an efficient reducing agent, though its radical
scavenging activity showed a contrary behaviour.

3.3.3. Assay of Metal Chelating Activity. Again metal chela-
tion activity is an example of a complexation reaction
where Ferrozine [disodium salt of 3-(2-pyridyl)-5,6-bis(4-
phenylsulfonic acid)-1,2,4-triazine] is a complex-forming
agent of Fe(II) and will form a magenta complex Fe(II)-
(Ferrozine)(III) withmaximumabsorbance at 562 nm.Hence
in the presence of a reducing agent the complex formation is
hampered resulting in decrease in the colour of the complex
and hence a decrease in the absorbance. Measurement of
absorbance therefore allows estimating the metal chelating
activity of the coexisting chelator [25]. In this case 𝛼- and
𝛽-carotene interfered with the formation of ferrous-ferrozine
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Figure 5: Metal chelation activity of 𝛼- and 𝛽-carotene crystals at
different concentrations. Values are Mean ± SEM of 3 observations.
At the 0.05 level, the difference in superscripts (a, b, c, d, e) indicates
significant difference in means.

complex.The steric hindrance generated by the bulky carbon
chains of𝛼- and𝛽-carotene prevented the unsaturated groups
from acting as chelating agents at higher concentrations.
Moreover with increasing concentrations the prooxidant
effect is active and 𝛼- and 𝛽-carotene become the source
of complexation, resulting in higher absorbance values and
hence reducedmetal chelation activities (Figure 5). In fine, 𝛼-
and 𝛽-carotene act as a better DPPH-radical scavenger than a
metal chelator.The presence of unsaturated groups could be a
contributing factor towards their effective reducing property.
All the different concentrationmean values were significantly
different from each other at 𝑃 < 0.05.

3.3.4. ABTS Radical Scavenging Activity. The ABTS assay is
based on the ability of antioxidants to scavenge the long-life
radical cation ABTS+. The scavenging of radicals produces
a decreased absorbance at 734 nm. Here absorbance was
found to increase at 734 nm for all concentrations, except for
0.1% concentration (Figure 6). In case of 0.1% concentration,
commencement of radical-scavenging activity was observed
beyond 240 seconds, as indicated by lowering absorbance
values.

Unlike DPPH radical scavenging activity, the ABTS-
scavenging power was exhibited only at 0.1% antioxidant
concentration. Apparently here the antioxidant activity of
𝛼- and 𝛽-carotene cannot be well differentiated based on
their concentrations as can be established in the case of
DPPH method or metal chelation. Generation of oxidative
stress was evident from the increase in absorbance values
at 0.05% concentration. The lowest concentration of 0.001%
showed higher absorbance readings than the ones at 0.005%
concentration. This could be due to the inability of the
antioxidant to scavenge the long-life free radicals at the
minimal concentration. At still higher value of 0.01% con-
centration, the absorbance value reaches an almost constant
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Figure 6: ABTS-radical scavenging activity of 𝛼- and 𝛽-carotene
crystals at different concentrations. Values are Mean ± SEM of 3
observations. At the 0.05 level, at time intervals 0, 60, 120, 180, 240,
and 300 seconds, the difference in superscripts indicates significant
difference in means. Superscripts (1) (a, b, c) for 0.001%; (2) (d, e, f)
for 0.005%; (3) (g, h, i) for 0.01%; (4) (j, k, l, m) for 0.05%; and (5)
(n, o, p) for 0.1% are used.

value beyond 4 minutes indicating a possibility of ABTS-
scavenging capacity at higher time periods. At 𝑃 < 0.05, for
concentrations 0.001%, 0.005%, 0.01%, 0.05%, and 0.1% the
populationmeanswere significantly different fromeach other
throughout the time range tested except for: 60, 120 seconds
and 180, 240, 300 seconds among themselves for 0.001%
concentration; 120, 180, 240, 300 seconds among themselves
for 0.005% concentration; 60, 120 seconds and 180, 240, 300
seconds among themselves for 0.01% concentration; 120, 180
seconds and 240, 300 seconds among themselves for 0.05%
concentration; 60, 120, 300 seconds and 180, 240 seconds
among themselves for 0.1% concentration.

3.3.5. Lipid Oxidation in a Linoleic Acid Emulsion Model
System. The relative inhibitory effect of 𝛼- and 𝛽-carotene on
lipid peroxidation using a model linoleic acid peroxidation
assay is shown in Figure 7. The basis of lipid peroxidation
method involves the use of heat as the free radical initiator
which instigates the oxidation of Fe2+ to Fe3+ (8) and is conse-
quentlymeasured by assessing the amount of peroxyl radicals
that is generated in the prepared linoleic acid emulsion, due
to the lipid oxidation reaction of the linoleic acid [26]

Fe2+ + LOOH = Fe3+ + LO∙ +OH−, (8)

where LOOH denotes a lipid derived hydroperoxide and LO∙
denotes a lipid peroxyl radical. The Fe3+ subsequently reacts
with ammonium thiocyanate to form ferric thiocyanate.
The absorbance at 500 nm measures the amount of ferric
thiocyanate formed in the medium as a result of the above
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Figure 7: Prevention of lipid peroxidation by 𝛼- and 𝛽-carotene
crystals at different concentrations. Values are Mean ± S.E.M of
3 observations. At the 0.05 level, for the time span 0 hours, 24
hours, 48 hours, 72 hours, 96 hours, and 120 hours, the difference in
superscripts indicates significant difference in means. Superscripts
(1) (a, b, c) for 0.001%; (2) (d, e, f) for 0.005%; (3) (g, h, i, j) for 0.01%;
(4) (k, l, m, n, o) for 0.05%; and (5) (p, q, r, s, t) for 0.1% are used.

reaction. Higher absorbance readings (i.e., lower prevention
of lipid peroxidation) are associated with increased con-
centration of peroxyl radicals in the solution which occurs
simultaneously with the formation of the colouring complex.
𝛼- and 𝛽-carotene served to scavenge the Fe2+ ion from
the medium, where the scavenging efficacy increased with
increasing concentration of the antioxidants. A variety of
beta carotene isomers and metabolites were used to test for
various in vitro assays like FRAP assay, lipid peroxidation,
and so forth. No ferric reducing activity (FRAP assay) was
observed for the isomers. Between the major isomers no sig-
nificant differences in bleaching the ABTS∙+ or in scavenging
peroxyl radicals (ROO∙) generated by thermal degradation
of AAPH (using a chemiluminescence assay) were detected
[27].The carotenoids displayed lipophilic antioxidant activity
by dissolving completely in the linoleic acid emulsion and
serving as an efficient radical scavenger. A mixture of 𝛼- and
𝛽-carotene in association increased the activity of the product
crystals against lipid peroxidation as indicated by high level
of inhibition of lipid peroxidation and therefore sufficient
antioxidant activity at higher concentrations.

In case of 0.001% concentration prevention of peroxida-
tion was not detected before 72 hours unlike 0.1% concen-
tration where 0.97% prevention was observed only after 24
hours. Beyond 4 days the inhibition of lipid peroxidation
reduced for all concentrations. Thus antioxidant activity of
the products showed potencymaximumup to 4 days, beyond
which the effectiveness diminished gradually and predomi-
nance of the peroxyl radicals was observed, as indicated by
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Figure 8: Superoxide scavenging activity by 𝛼- and 𝛽-carotene
crystals at different concentrations. Values are Mean ± SEM of 3
observations. At the 0.05 level, the difference in superscripts (a, b,
c, d) indicates significant difference in means.

higher absorbance values. At 𝑃 < 0.05, for the time span 0
hours, 24 hours, 48 hours, 72 hours, 96 hours, and 120 hours
the population means are significantly different from each
other for all the five different carotene concentrations except
for: 72 from 120 hours for 0.005% concentration.

3.3.6. Superoxide Anion Scavenging Assay. Again 𝛼- and 𝛽-
carotene crystals exhibited a concentration-dependent super-
oxide scavenging activity similar to DPPH radical scavenging
activity. The losses of linearity in the dose response curve at
low concentrations of 𝛼- and 𝛽-carotene were a reflection
of not only their superoxide scavenging efficiency, but also
the prooxidant effect of the products. As both 𝛼- and 𝛽-
carotene can interchange between a reduced form and an
oxidised form, they display antioxidant and pro-oxidant
properties related to their dosage and half-life [28]. Necessary
preponderance must be given to the antioxidant activity of
carotenoids at low concentrations, especially while consid-
ering their scavenging activities (Figure 8). Here pyrogallol
acted as the free radical initiatorwhich absorbed oxygen from
the air; turning purple from a colourless solution, by forming
superoxide anions. Superoxide anion is an oxygen-centered
reactive oxygen species (superoxide anion and hydrogen
peroxide are the main reactive oxygen species causing the
oxidation of cells and tissues). They react with protons in
water solution to form hydrogen peroxide (9), which serve as
a substrate for the generation of hydroxyl radicals and singlet
oxygen [29]

2O
2

−
+ 2H+ → H

2
O
2
+O
2
. (9)

Superoxide radical is a very harmful species to cellular
components as a precursor of more reactive oxygen species
and is known to be produced in vivo and can result in
the formation of H

2
O
2
via dismutation reaction. H

2
O
2
is a

nonradical reactive oxygen species which acts as a strong
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Figure 9: Inhibition of denaturation in vitro by 𝛼- and 𝛽-carotene
crystals at different concentrations. Values are Mean ± SEM of 3
observations. At the 0.05 level, the difference in superscripts (a, b,
c, d) indicates significant difference in means.

oxidant leading to harmful reactions. Here 𝛼- and 𝛽-carotene
at a concentration of 0.001%, scavenged superoxide anions,
with utmost efficiency, thereby reducing the probability of
peroxide formation. Radical scavengers can be prooxidant
unless linked to a radical sink, and superoxides are such
radical sinks and hence efficiently scavenge radicals at low
concentrations. Increasing concentrations of the antioxidants
lead to the appearance of prooxidant activity resulting in the
decrease in scavenging capacity. Here the antioxidant itself
behaved as a radical that bigoted another radical with higher
efficiency at lower concentrations and it promoted oxidation
at higher concentrations. At 𝑃 < 0.05, all the population
means are significantly different from each other except for
0.001% and 0.005% concentrations.

3.3.7. Assay of In Vitro Antidenaturation Effects. The present
study is the first of its kind to report the efficacy of 𝛽-carotene
in protecting cells from denaturation/inflammatory effect in
vitro (Figure 9).

When BSA is heated it undergoes denaturation and
expresses antigens associated to Type III hypersensitive reac-
tion which are related to diseases such as serum sickness,
glomerulonephritis, rheumatoid arthritis, and systemic lupus
erythematosus. An in-depth study of the antidenaturation
effect of 𝛼- and 𝛽-carotene can be utilised for the treatment
of such diseases by their specific dosage formulations. An
efficient antioxidant is one which is able to compete with
endogenous scavengers and interact with endogenous path-
ways by localizing themselves in the appropriate area. One of
the features of several nonsteroidal anti-inflammatory drugs
is their ability to stabilize (prevent denaturation) heat treated
BSA at pathological pH [pH 6.2–6.5] [19]. The increased
synthesis of heat shock results in a ubiquitous physiological
response of cells to environmental stress and hence promotes
degradation of proteins. In this study an attempt was made in

vitro to study the course of action of 𝛼- and𝛽-carotene in pre-
venting thermal denaturation and aggregation of BSAprotein
at increased temperatures. A variety of cellular internal and
external stress are generated due to environmental imbalance
which leads to the formation of reactive oxygen species
resulting in the origin of several disturbances in the normal
redox conditions of the cells leading to their deterioration
in the course of time. These stresses denature proteins
enhancing the probability of the formation of reactive oxygen
species in the medium, leading to inflammation and other
physiological malfunctions.These aggregates, if not disposed
of or their formation being prevented, can lead to cell death.
In response to the appearance of damaged proteins, cells
induce the expression of such harmful species. However as
an effective antioxidant 𝛼- and 𝛽-carotene prevented such
denaturation, which functioned as molecular chaperone and
prevented protein aggregation or degradation. Carotenoids
(including 𝛽-carotene) were found to promote health when
taken at dietary levels, but showed adverse effects when
consumed at a high dose by subjects who smoke or were
exposed to asbestos [30].The effectiveness was the greatest at
low concentrations, which can be utilized in drug designing.
The high apparent antioxidant capacity of 𝛼- and 𝛽-carotene
at low concentrations also has an added advantage in terms of
cost-effectiveness of the developed drug product. At𝑃 < 0.05,
the concentration means are significantly different from each
other except for the concentrations 0.05% and 0.1%.

4. Conclusion

From the results obtained, both 𝛼- and 𝛽-carotene were
isolated effectively and their antioxidant study gave inter-
esting observations. Table 1 summarizes the efficacy of the
carotenoids in responding to the different antioxidant assays.
While 0.001% concentration was effective DPPH/superoxide
radical scavenger, metal chelator, and antidenaturant, 0.1%
concentration showed effective reducing activity and lipid
peroxidation. Moreover 0.1% was the only concentration
which showed any ABTS radical scavenging activity. Com-
pounds often enhance the antioxidant capacity of cells but
are ineffective in test tube assays. The antioxidant activity
of 𝛼- and 𝛽-carotene can shift into a prooxidant phase,
depending on such factors as oxygen tension or carotenoid
concentration. Good correlations observed among the dif-
ferent hydrophilic antioxidant assays, namely, metal chela-
tion, DPPH radical, and superoxide scavenging activities,
suggested that these methods have almost similar predictive
capacity for antioxidant activities of various concentrations of
𝛼- and 𝛽-carotene. ABTS-scavenging activity was displayed
at a particular antioxidant concentration of 0.1%. In case of
lipophilic antioxidant assay it was observed that almost 51%
inhibition of lipid peroxidationwas displayed by 0.1% activity.
The right dose essentially differentiates a potent remedy
from a subsequent harmful intake. Hence in hydrophilic
environment mostly lower concentrations of antioxidants
were effective, whereas in lipophilic medium higher con-
centrations were effective. This could be due to the higher
lipid affinity of the carotenoids, being nonpolar in nature.
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Table 1: Relative efficacy of each antioxidant assay for individual antioxidant concentration.

Concentrations
(%)

Antioxidant assay

DPPH
radical

scavenging
activity (%)

Reducing
activity (Å)

Metal
chelation

(%)

ABTS
radical

scavenging
activity
(%)

Lipid
peroxidation (%)

Superoxide radical
scavenging activity

(%)

Anti-
denaturation
assay (%)

0.001 +++++ + +++++ − + +++++ +++++
0.005 ++++ ++ ++++ − ++ ++++ ++++
0.01 +++ +++ +++ − +++ +++ +++
0.05 ++ ++++ ++ − ++++ ++ ++
0.1 + +++++ + + +++++ + +

In consequence they can act as substantial chemoprotectants
and prevent harmful physiological activities, if consumed in
a proper dose.
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Gas chromatography-mass spectrometry and multivariate curve resolution were applied to the differential analysis of the volatile
components inAgrimonia eupatoria specimens fromdifferent plant parts. After extractedwithwater distillationmethod, the volatile
components in Agrimonia eupatoria from leaves and roots were detected by GC-MS.Then the qualitative and quantitative analysis
of the volatile components in the main root of Agrimonia eupatoria was completed with the help of subwindow factor analysis
resolving two-dimensional original data into mass spectra and chromatograms. 68 of 87 separated constituents in the total ion
chromatogram of the volatile components were identified and quantified, accounting for about 87.03% of the total content. Then,
the common peaks in leaf were extracted with orthogonal projection resolution method. Among the components determined,
there were 52 components coexisting in the studied samples although the relative content of each component showed difference to
some extent. The results showed a fair consistency in their GC-MS fingerprint. It was the first time to apply orthogonal projection
method to compare different plant parts of Agrimonia eupatoria, and it reduced the burden of qualitative analysis as well as the
subjectivity.The obtained results proved the combined approach powerful for the analysis of complexAgrimonia eupatoria samples.
The developed method can be used to further study and quality control of Agrimonia eupatoria.

1. Introduction

Agrimonia eupatoria, one of Rosaceae plant family, mainly
locates in Zhejiang, Yunnan, Guangdong, Guangxi, and other
places of China [1]. As a traditional Chinesemedicine (TCM)
listed in the Chinese Pharmacopoeia, Agrimonia eupatoria
has long been used to cure many diseases, such as tumors,
Meniere’s syndrome, and trichomonas vaginitis [2, 3]. It also
has the function of antitumor antidiabetic, hemostatic, and
antibacterial [4–6]. Although Agrimonia eupatoria contains
up to tens or even hundreds of compounds, only a limited
number of compounds, such as agrimony, agrimony lactone,

tannin, flavonoids, glycosides, and the volatile components,
might be the main active components, which are responsible
for pharmaceutical or toxic effects [7, 8]. To ensure the
reliability and repeatability of pharmacological and clinical
research and understand their bioactivities and possible side
effects of active compounds, it is necessary to study all of the
phytochemical constituents of botanical extracts and develop
a method for quality control of Agrimonia eupatoria. For
example, the volatile constituents are known to exhibit
pharmacological and biological activity, and it is used for
sterilization and antibacterial active role [8].Thus the analysis
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of the volatile ingredients in Agrimonia eupatoria is very
important.

As for the analysis of the volatile compounds in Agri-
monia eupatoria, only a few reports have been seen in the
literature [9, 10]. They are usually performed with gas chro-
matography (GC) and gas chromatography-mass spectrom-
etry (GC-MS), which are based on gas chromatographic
retention indices or MS for qualitative and quantitative anal-
ysis. However, because the composition of Agrimonia eupa-
toria is very complicated and the contents of many impor-
tant volatile components in Agrimonia eupatoria are very
low, suitable sample-preparing methods are necessary before
detection by GC-MS, such as steam distillation [9]. Although
preparing methods are used for the analysis process of the
complicated Agrimonia eupatoria samples, it is still impossi-
ble to obtain complete separation of all the volatile chemical
constituents of Agrimonia eupatoria. In these general GC
or GC-MS reports, it is difficult to assess the purity of
chromatographic peaks and the peak inspected as one com-
ponent may be a mixture of several components. The results
obtained by thesemethodswhich have beenmentioned above
would be questionable. Fortunately, with the development
of hyphenated instruments, multidimensional data revealing
the compositions of samples can be obtained from GC-MS,
HPLC-DAD, and so on.Then, many associated chemometric
methods [11–18], which can be used to resolve multidimen-
sional data, have been developed.Thus, more information for
chemical analysis both in chromatographic separation and
in spectral identification can be obtained, which makes it
possible to interpret these complex systems.

On the other hand, there may be some sameness and dif-
ferences to exist in Agrimonia eupatoria from different plant
parts. To find the pharmacological active components that
exist in essential oils exactly, it is important that the method
for the detailed study of the components in Agrimonia eupa-
toria from different plant parts, such as the root and leaf, was
established.

In this paper, two chemometrics methods, subwindow
factor analysis [13] and orthogonal projection resolution
(OPR) [14], were used to analyze the volatile constituents of
Agrimonia eupatoria from different plant parts for the first
time. The volatile components of Agrimonia eupatoria from
two different plant parts were extractedwithwater distillation
and subjected to GC-MS analysis. Firstly, the qualitative and
quantitative analysis of volatile components in the main root
of Agrimonia eupatoria was completed with the help of sub-
window factor analysis. Secondly, the common peaks in
leaf of Agrimonia eupatoria were extracted with orthogonal
projectionmethod.At last, to those constituents in leaf, which
were not identified withOPRmethod, the qualitative analysis
was also performed with subwindow factor analysis. Then,
a simple and reliable combined approach for the systematic
study of the volatile constituents in the main root and leaf
Agrimonia eupatoria was developed. Not only more infor-
mation was obtained, but also the reliability of components
was improved. The obtained results can provide foundation
for further development of fingerprint and quality control of
Agrimonia eupatoria.

2. Theory and Method

2.1. Subwindow Factor Analysis (SFA). The detailed process
of SFA has been described in the literature [13]; here only a
brief depiction of the method is given.

According to the Lambert-Beer Law, a two-dimensional
data X

𝑚×𝑛
produced by hyphenated instruments can be

expressed as the product of two matrices as follows:

X
𝑚×𝑛
= C
𝑚×𝑝

S𝑇
𝑛×𝑝
+ E, (1)

where X
𝑚×𝑛

denotes response matrix representing 𝑝 com-
ponents of 𝑚 spectra measured at regular time intervals and
at 𝑛 different wavelengths or mass-to-charge ratios. Matrix C
is the pure composed of 𝑝 columns, each one describing the
chromatographic concentration profile of a pure chemical
species. Similarly, the matrix S𝑇 consists of 𝑝 rows corre-
sponding to pure spectra of the chemical species. Matrix E
denotes measurement noise.The superscript𝑇 represents the
transpose of matrix.

It is crucial to identify left and right subwindows of SFA.
In the former an interfering compound starts to elute before
the analyte appears in a chromatogram to the left of the ana-
lyte, and in the latter another interference continues to elute
after the analyte has stopped eluting. The rank analysis can
provide the number of chemical components of the left and
right ones, say 𝑚

1
and 𝑚

2
, respectively. And the number of

components in the combination of left and right ones is
𝑚
1
+ 𝑚
2
− 1, since the analyte is common to both. One may

then find an orthogonal basis {g
1
, g
2
, . . . g
𝑚1
} spanning the

spectral subspace of the left subwindow and a similar basis
{f
1
, f
2
, . . . f
𝑚2
} spanning that of the right subwindow, cor-

responding to matrices G and F, by means of singular-
value decomposition. The common spectral vector v to both
subspaces can be written as linear combinations of both sets
of basis for an ideal case:

v = Ga,

v = Fb.
(2)

Under the conditions, a𝑇a = b𝑇b = 1. In reality, Ga and Fb
are not identical on account of interference from noise and
background and so forth. And we search for vectors a and b
which minimize the squared norm:

𝑁 = ‖Ga − Fb‖2 = a𝑇G𝑇Ga + b𝑇F𝑇Fb − 2a𝑇G𝑇Fb. (3)

SinceG𝑇G = I𝑚
1
andF𝑇F = I𝑚

2
(unitmatrices of dimension

𝑚
1
× 𝑚
1
, and𝑚

2
× 𝑚
2
, resp.), we obtain

𝑁 = 2 − 2a𝑇G𝑇Fb. (4)

Here, if a and b are the left and right singular vectors,
respectively, associated with the first largest singular value 𝑑

1

of the matrixG𝑇F inserting this result in (3), we again obtain

𝑁 = 2 (1 − 𝑑
1
) . (5)

The singular values 𝑑
𝑖
of the matrix G𝑇F are in the range

0 ≤ 𝑑
𝑖
≤ 1, and the larger the value of 𝑑

1
is, the closer
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the agreement between Ga and Fb is. Thus, it makes a
spectrum control possible that only vector v is common for
the left and right two windows. Therefore, one can directly
obtain component spectra. If all the pure spectra are available,
the concentration profiles could be achieved by using prior
information of spectra and linear regression:

C = XS(S𝑇S)
−1

. (6)

It is worth noting that if there is no common vector the largest
singular value 𝑑

1
will be significantly less than 1. On the other

hand, if there are two or more common vectors, the second
singular value 𝑑

2
, even the third one, or more will also be

close to 1. In both cases, one lacks information for the unique
identification of the spectral vector v.

2.2. Orthogonal Projection Resolution (OPR). Because it has
been described in detail in the literature [14], a brief depiction
of orthogonal projection resolution was given as follows.

The orthogonal projection matrix P
𝑖
on to the comple-

mentary subspace𝑋𝑇
𝑖
is defined as:

P
𝑖
= 𝐼 − X𝑇

𝑖
(X𝑇
𝑖
)

+

, (7)

where the superscript + denotes the Moore-Penrose pseu-
doinverse and I designates the identity matrix.𝑋𝑇

𝑖
represents

different submatrices, which are a series of fixed size window
matrices moving along the chromatographic direction.

Assume that the subspace spanned by themixture spectra
in𝑋𝑇
𝑖
isM. The residue vector r

𝑖
is given by

r
𝑖
= P
𝑖
k
𝑎
, (8)

where k
𝑎
denotes the spectrum of certain component that

is resolved by the SFA and r
𝑖
is the projection of k

𝑎
on the

orthogonal complementary subspace of M. Therefore, one
has the length of the residue vector:

re
𝑖
=




r
𝑖






2

(𝑖 = 1, 2, . . . , 𝑚 − 𝑤 + 1) , (9)

where ‖r
𝑖
‖ designates the Euclidean norm of the vector, 𝑚 is

the number of measured chromatographic points, and 𝑤 is
the size of window.

Plotting the valve of re
𝑖
versus the index 𝑖, one can obtain

a graph. Here we call it spectrum projection graph, which can
tell us whether the component is present or absent and where
the component elutes. Suppose that the submatrixX

𝑖
contains

component 𝑎. Then the spectrum of component 𝑎 is in the
subspaceM spanned by the mixture spectra in𝑋𝑇

𝑖
; hence the

length of the residue vector will be close to zero. Otherwise,
if the component a is not in the submatrix 𝑋𝑇

𝑖
, then re

𝑖
will

have a relatively large valve.

3. Experimental

3.1. Instruments. GC-MS was performed with Shimadzu
GCMS-QP2010 instrument. The volatile constituents in both
the main root and leaf ofAgrimonia eupatoriawere separated
on a 30m × 0.25mm I.D. fused silica capillary column coated
with 0.25𝜇m film OV-1.

4

3

2

1

0
10 20 30 40 50

Retention time (min)

In
te

ns
ity

 (×
1
0
7
)

C

Figure 1: The chromatograms of the volatile components in main
root of Agrimonia eupatoria.

3.2.Materials and Regents. Themain root and leaf ofAgrimo-
nia eupatoria were obtained from a Zhejiang herbs nursery
and were identified by a researcher from Institute of Materia
Medica, Hunan Academy of Traditional Chinese Medicine
and Materia Medica. Ether and anhydrous sodium sulfate
were of analytical grade.

3.3. Extraction of the Volatile Components. The main root
and leaf of Agrimonia eupatoria were dried at 40∘C for about
40min. Some 400 g dried Agrimonia eupatoria and 1200mL
distilled water were premixed, then placing them into a
standard extractor. The mixture was allowed to stand for
30min at room temperature before extracting the essential
oil. Essential oil was obtained by the standard extracting
method for essential oil in TCMs according to the Chinese
Pharmacopoeia [19]. Effluent was extracted with ether, and
the ether was removed by blowing with nitrogen under low
temperature. The obtained essential oils were dried with
anhydrous sodium sulfate and stored in the refrigerator at 4∘C
prior to analysis.

3.4. Detection of Essential Oil. GC-MS was used to obtain
chromatograms of essential oils. The oven was held at 70∘C
for 1min during injection, then temperature programmed
at 3∘Cmin−1 to a final temperature of 210∘C, and held for
5min. Inlet temperature was kept at 270∘C all the time. 1.0 𝜇L
volume of essential oil was injected into the GC. Helium
carrier gas at a constant flow-rate of 1.0mL⋅min−1 and a 5 : 1
split ratio were used simultaneously. Mass spectrometer was
operated in full scan and electron impact (EI+) modes with
an electron energy of 70 eV; interface temperature: 270∘C;
MS source temperature: 230∘C; MS quadrupole temperature:
160∘C. In the range of 𝑚/𝑧 30 to 500, mass spectra were
recorded with 3.12 s⋅scan−1 velocity.

3.5. Data Analysis. Data analysis was performed on a Pen-
tiumbased IBM compatible personal computer. All programs
of the chemometrical resolution methods were coded in
MATLAB 6.5 for windows. The library searches and spectral
matching of the resolved pure components were conducted
on theNational Institute of Standards andTechnology (NIST)
MS database containing about 107000 compounds.
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Figure 2: The total ion chromatogram (TIC) of the peak cluster C (a) and its rank map.
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Figure 3: Resolved mass spectrum of component 1 by SFA and standard mass spectrum of 3,4-dimethylbenzaldehyde.

4. Results and Discussion

4.1. Resolution of the Overlapping Peaks. The total ionic
current (TIC) chromatogram of the volatile components in
main root of Agrimonia eupatoria was shown in Figure 1
(its data matrix was denoted as X

1
). The intensities of

the peaks recorded vary greatly. Although many chromato-
graphic peaks are separated, here still some of eluted com-
ponents overlapped, and the concentrations of some volatile
components were very low. If directly searched in the NIST
mass database, incorrect identification of compoundsmay be
obtained. There were two reasons for this. First, if the chro-
matographic peaks were directly searched with the NIST MS
database, the similarity indices (SIs) for many of these com-
pounds were quite low. Sometimes the same component was
searched at different retention time. Another reason, since
peaks associated with column background and residual gases
existed unavoidably in two-dimensional data obtained by
mass spectral measurement, the component with low con-
centration was very difficult to be identified directly with
the NIST mass database. However, if these overlapped peaks

and the components with low content were resolved into
pure spectra and chromatograms, the identification of com-
ponents can be improved to a reliable extent.

The matrix (X
1
) was divided into many submatrix. The

chromatographic segment X within 11.36–11.70min, named
peak cluster C, was taken as an example.Thewhole procedure
of this approach was demonstrated as follows.

Figure 2(a) was an original chromatogram from 11.36min
to 11.70min (peak cluster C). Intuitively therewere two chem-
ical components in this overlapping peak. However, it was
impossible to get the correct qualitative and accurate quanti-
tative results if this overlapping peak was identified directly
with automatic integration and mass similarity matching
provided by GC-MS workstation.The quantitative analysis of
this peak cluster was also impossible, because the area of each
component cannot be obtained. Here, SFA [13] was used to
resolve this overlapped peak with high efficiency and accept-
ed accuracy.

First, fix-sized moving window evolving factor analysis
(FSMWEFA) was used to obtain the rank map after back-
ground correction with PCA [11]. The eluting sequences of
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Figure 4: Resolved mass spectrum of component 2 by SFA and standard mass spectrum of 2,4-dimethylbenzaldehyde.
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Figure 5: Resolved mass spectrum of component 4 by SFA and standard mass spectrum of 2-cyclopropylidene-1,7,7-trimethyl-bicyolo[2,2,1]
heptane.

individual components can be seen from the rank map,
which was shown in Figure 2(b). A clear insight into peak
cluster C was shown in the rank map. Then, the number of
pure components hidden in the peak cluster and the eluting
information of each component can be obtained. Determina-
tion of both left and right subwindows of each component for
the use of SFA also became clear with the information
mentioned above. Then, the pure spectrum of each com-
ponent can be extracted by SFA directly by analyzing the
correlation of two subwindows without previous resolution
of their concentration profiles. The corresponding extracted
mass spectrum of components 1, 2, and 4 was shown in
Figures 3, 4, and 5, respectively. After all the pure spectra had
been obtained, the concentration profiles could be generated
by using prior information of spectra and linear regression:
C = XS (S𝑇S)−1 (see (6) in Section 2.1), which were shown
in Figure 6.

4.2. Qualitative Analysis. Identification of the components
in cluster C can be conducted by similarity searches in the
NISTmass database and verifiedwith retention indices, when
each pure spectrum in cluster C was extracted and the
resolved chromatographic profiles of these five components
were obtained with SFA. Components 1, 2, and 4 may be 3,4-
dimethylbenzaldehyde, 2,4-dimethylbenzaldehyde, and 2-
cyclopropylidene-1,7,7-trimethyl-bicyolo[2,2,1] heptane, with
the respective match values of 0.947, 0.967, and 0.954 (see
Figures 3, 4, and 5, resp.). The match values of 0.73 and 0.68
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Figure 6: The resolved chromatogram of cluster C.

for components 3 and 5, respectively, were too low for reliable
identification of their chemical nature.

In the same way, the spectrum of each component in
other segments can be obtained. Then, the corresponding
identification of all the volatile components in main root of
Agrimonia eupatoria was acquired. The qualitative results
were listed in Table 1. 68 of 87 separated constituents in the
total ion chromatogram of the volatile components in main
root of Agrimonia eupatoria were identified. Comparing
the obtained result with those of the literature [9, 10], this
combined approach was more reliable andmore components
were identified satisfactorily.

4.3. Quantitative Analysis. Quantitative analysis was per-
formed with the overall volume of two-way response of each
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Table 1: Identification and quantification of the volatile chemical constituents in main root and leaf of Agrimonia eupatoria.

Series no. Retention time (min) Compound name Molecule structure Relative content (%)
X
1

a X
2

b

1 4.639 4.612 𝛼-Pinene C
10
H
16

8.31
2 4.853 — Hexanal C

6
H
12
O 0.05

3 5.172 5.123 𝛽-Pinene C
10
H
16

1.27
4 5.368 5.322 Camphene C

10
H
16

3.21
5 5.714 5.692 3-Octanol C

10
H
18
O 0.27

6 6.032 5.971 Cymene C
10
H
14

0.18
7 6.354 6.289 D-Limonene C

10
H
16

1.29
8 6.632 6.617 Eucalyptol C

10
H
18
O 3.26

9 7.290 7.195 𝛼-trans-Ocimene C
10
H
16

0.51
10 7.572 7.547 Linalool C

10
H
18
O 5.72

11 8.157 8.093 𝛼-Campholenal C
10
H
16
O 0.72

12 8.682 8.631 L-Camphor C
10
H
16
O 2.11

13 9.104 — Borneol C
10
H
18
O 0.07

14 10.241 10.196 4-Terpineol C
10
H
18
O 1.47

15 10.473 10.432 𝛼-Terpineol C
10
H
18
O 4.21

16 10.761 — p-Menth-1-en-4-ol C
10
H
18
O 0.06

17 10.941 10.906 Pulegone C
10
H
16
O 0.17

18 11.417 — 3,4-Dimethylbenzaldehyde C
9
H
10
O 0.41

19 11.472 11.427 2,4-Dimethylbenzaldehyde C
9
H
10
O 0.72

20 11.576 11.512 2-Cyclopropylidene-1,7,7-trimethyl-bicyolo [2,2,1]heptane C
13
H
20

0.52
21 11.712 11.621 1-(2-Furyl)-1-hexanone C

10
H
14
O
2

4.87
22 11.801 11.762 Bergamot oil C

12
H
20
O
2

1.42
23 12.129 — Nonanoic acid C

9
H
18
O
2

0.06
24 12.374 12.327 2-Methyl-4-hydroxyacetophenone C

9
H
20
O
2

0.10
25 12.871 12.821 Thymol C

10
H
14
O 0.82

26 12.902 — Carvacrol C
10
H
14
O 0.44

27 13.914 13.865 Anethole C
10
H
12
O 0.07

28 14.265 14.211 Bornyl acetate C
12
H
20
O
2

3.72
29 14.794 14.738 Neryl acetate C

12
H
20
O
2

0.47
30 14.917 14.872 Geraniol acetate C

12
H
20
O
2

0.61
31 15.504 — Furan,2,5-dibutyl- C

12
H
20
O 0.04

32 15.765 15.718 Decanoic acid C
10
H
20
O
2

0.06
33 16.020 15.951 Eugenol methyl ether C

11
H
14
O
2

0.52
34 16.812 16.762 𝛼-Cedrene C

15
H
24

2.87
35 17.059 17.012 𝛼-Longipinene C

15
H
24

1.42
36 17.215 17.153 Caryophyllene C

15
H
24

0.81
37 17.475 — 𝛽-Cedrene C

15
H
24

0.14
38 18.176 18.093 Geranyl acetone C

13
H
22
O 0.84

39 19.721 — Copaene C
15
H
24

0.05
40 20.305 20.242 Longofolene C

15
H
24

0.11
41 20.437 20.381 Aromadendrene C

15
H
24

0.42
42 21.530 21.477 Curcumene C

15
H
22

0.72
43 21.875 21.813 𝛽-Selinene C

15
H
24

0.92
44 22.041 21.872 𝛼-Selinene C

15
H
24

0.47
45 23.057 22.971 𝛿-Guaiene C

15
H
24

0.61
46 23.285 — 𝛼-Himachalene C

15
H
24

0.13
47 24.561 24.510 𝛼-Bisabolene C

15
H
24

0.42
48 25.527 — Acoradiene C

15
H
24

0.23
49 25.673 25.615 𝜏-Cadinene C

15
H
24

0.43
50 25.858 25.792 Cuparene C

15
H
24

0.37
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Table 1: Continued.

Series no. Retention time (min) Compound name Molecule structure Relative content (%)
X
1

a X
2

b

51 26.006 25.921 Myristicin C
11
H
12
O
3

0.45
52 26.821 — 𝛼-Guaiene C

15
H
24

0.09
53 27.210 27.115 trans-Nerolidol C

15
H
26
O 0.22

54 27.708 27.647 e-Cadinene C
15
H
24

0.92
55 28.419 — Caryophyllene oxide C

15
H
24
O 0.58

56 29.275 17.292 𝛿-Cadinene C
15
H
24

1.53
57 31.510 31.432 Cedrol C

15
H
26
O 14.37

58 31.576 31.425 epi-Cedrol C
15
H
26
O 1.15

59 32.470 — Muurolol C
15
H
26
O 0.46

60 33.132 33.040 𝛼-Cadinol C
15
H
26
O 1.43

61 33.674 33.592 Patchoulol C
15
H
26
O 2.17

62 34.342 — Epiglobulol C
15
H
26
O 0.08

63 35.027 34.631 Cubenol C
15
H
26
O 0.72

64 37.167 37.102 Cedryl acetate C
17
H
28
O
2

0.76
65 39.492 39.422 Torreyol C

15
H
26
O 0.38

66 39.861 39.784 Farnesyl acetate C
17
H
28
O
2

1.73
67 41.216 — 𝛼-Eudesmol C

15
H
26
O 0.06

68 44.875 44.793 6,10,14-Trimethyl-2-pentadecanone C
18
H
36
O 1.24

aRepresenting the main root of Agrimonia eupatoria.
bRepresenting the leaf of Agrimonia eupatoria.
—: correlative component is not found in X2.

component and normalization method. After all the pure
chromatographic profile and mass spectrum of each compo-
nent in main root of Agrimonia eupatoria were resolved, the
total two-way response of each component can be obtained
from the outer product of the concentration vector and the
spectrum vector for each component, namely, C

𝑖
S𝑇
𝑖
. Similar

to the general chromatographic quantitative method with
peak area or height, the concentration of each component is
proportional to the overall volume of its two-way response
(C
𝑖
S𝑇
𝑖
). The identified components amounted quantitatively

to 87.03% of the total content. The final relative quantitative
results were also listed in Table 1.

4.4. Analysis of Correlative Components. Traditional Chinese
medicines (TCM) usually are very complex system. Differ-
ences maybe exist in the same Chinese herb from different
areas, or different growing seasons, different plant parts of
the same herb.Thus, it is very important to develop a reliable
approach to analyze them.The volatile components in leaf of
Agrimonia eupatoria have also been investigated under the
same experimental conditions. Curve 1 and curve 2 in Fig-
ure 7 were the TIC chromatograms of responseX

1
frommain

root and X
2
from leaf obtained from GC-MS, respectively. It

was shown from Figure 7 that X
2
was consistent in eluting

components with X
1
, but the concentration distribution of

some individuals was a little different. Generally, one may
analyze each component in leaf of Agrimonia eupatoria one
by one with relevant resolution method and similarity search
in MS library mentioned above. However it was time-
consuming to do this. The obtained information of X

1
may

help to reduce some arduous and unnecessary work when
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Figure 7: The chromatograms of the volatile components in the
main root (curve 1) and leaf (curve 2) of Agrimonia eupatoria.

we compare the quality of main root and leaf of Agrimonia
eupatoria.

Here, orthogonal projection resolution (OPR) [14] was
adopted to identify each correlative component directly
instead of resolving each sample data one by onewith the pure
component spectra in X

1
resolved by SFA projecting onto

sample X
2
.

The chromatographic segment submatrix X from X
1

within 11.36–11.70min, named peak cluster C, was also used
to show the procedure. As showed in Section 4.1, five
components existed in it, and the pure spectrum of each
component in it has been extracted with SFA. Because the
retention time drift was not severe, the submatrix X



of X
2
,

named peak cluster C, can be selected from 11.00 to
12.20min. Then the pure spectrum V

1
and V
4
of components
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Figure 8: Spectrum projection graphs of component 1 (a) and 4 (b).

Table 2: Qualitative results of some other volatile chemical constituents in leaf of Agrimonia eupatoria.

Series no. Retention time (min) Compound name Molecule structure
1 4.812 Prenal C

5
H
8
O

2 6.359 1-Hexanol C
6
H
14
O

3 10.717 Isomenthone C
10
H
18
O

4 11.397 Carvone C
10
H
14
O

5 12.105 Phenmethyl acetate C
9
H
10
O
2

6 12.912 4-Hydroxy-3-methylacetophenon C
9
H
10
O
2

7 14.493 4,4-Dimethyladamantan-2-ol C
12
H
20
O

8 17.421 Germacrene D C
15
H
24

9 19.172 𝛽-Damascone C
13
H
18
O

10 25.310 Cadala-1(10),3,8-triene C
15
H
22

11 28.312 Longipinocarvone C
15
H
28
O

12 32.413 Costunolide C
15
H
20
O
2

13 34.172 cis-7-Tetradecen-1-ol C
14
H
28
O

14 34.247 Hexahydrofarnesyl acetone C
18
H
36
O

1 (3,4-dimethylbenzaldehyde) and 4 (2-cyclopropylidene-1,7,
7-trimethyl-bicylo[2,2,1] heptane) were orthogonal projected
to X



. The spectrum projection graph was shown in Figure 8.
It can be seen from Figure 8 that there was a range in
which the length of the residue vector was close to zero to
component 4. Considering the value of re

𝑖
was quite close

to 0 and due to errors and interference from noise and
background and so forth, in actual systems, component 2-
cyclopropylidene-1,7,7-trimethyl-bicyolo[2,2,1] heptane was
determined to also exist in the studied leaf ofAgrimonia eupa-
toria. However, to component 1 therewas not a range inwhich
the length of the residue vector was close to zero and one can
determine that component 3,4-dimethylbenzaldehyde did
not exist in the studied leaf sample. Similar to this way, other
correlative components, which coexisted in main root and
leaf of Agrimonia eupatoria, could be obtained. The results
were also listed in Table 1. In total, there were 52 components
common to two different plant parts of Agrimonia eupatoria.
However, because of the very low signal-to-noise ratio, some
of the components may have gone undetected.

To those constituents not to be common components
in the studied leaf of Agrimonia eupatoria, the performed

procedure formain root ofAgrimonia eupatoriawas also used
to extract pure spectrum of each component as described in
Section 4.1. Accordingly, identification of these components
were performed as in Section 4.2. Thirty components in
essential oil of the studied leaf sample, which were not found
in main root of Agrimonia eupatoria sample, were identified
with SFA. The results were listed in Table 2.

4.5. Comparison of Samples. As shown in Tables 1 and 2,
68 and 65 volatile constituents in the main root and leaf of
Agrimonia eupatoriawere identified, respectively. Among the
identified components, there were 52 common components
existing in the two studied samples, but the content of each
component in leaf is lower than that in main root. The
main components in both main root and leaf of Agrimonia
eupatoria were cedrol, 𝛼-pinene, linalool, 𝛼-terpineol, 𝛼-
eudesmol, eucalyptol, and so on. The results indicated that
both main root and leaf of Agrimonia eupatoria were consis-
tent to some extent. By the use of similarity assessment soft,
a pattern recognition program recommend by the Chinese
Pharmacopoeial committee [20], the common pattern of
two specimens can be constructed. The similarity of X

1
and
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X
2
to their common chromatogram was 0.9462 and 0.9417,

respectively. Obviously the similarity was relatively high,
but some differences also existed between them. However,
components not common to both parts were generally low in
abundance. The difference reflects the discrepancy between
the main root and leaf of Agrimonia eupatoria.

5. Conclusions

Combined chemometric methods were first used to analyze
the volatile components in main root and leaf of Agrimonia
eupatoria. After extractionwithwater distillationmethod, the
volatile components in Agrimonia eupatoria were detected
by GC-MS. The pure spectrum of each volatile compo-
nent in main root of Agrimonia eupatoria was extracted
with SFA. Then, OPR was used to obtain the correlative
components from leaf sample. This study shows that the
application of combined approach is a powerful tool, which
does aimat comprehensivly revealing the quality andquantity
of chemical constituents of Agrimonia eupatoria samples
from different plant parts. The obtained information can be
used for effective evaluation of similarity or differences of
analytical samples. This developed method can also be used
for quality control of Agrimonia eupatoria samples.
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Cornus mas L. is indigenous to Europe and parts of Asia. Although Cornus is widely considered to be an iridoid rich genera, only
two iridoids have been previously found in this plant. The lack of information on taxonomically and biologically active iridoids
prompted us to develop and optimize an analytical method for characterization of additional phytochemicals in C. mas fruit.
An ultra performance liquid chromatography (UPLC) coupled with photodiode array spectrophotometry (PDA) and electrospray
time-of-flight mass spectrometry (ESI-TOF-MS) was employed and mass parameters were optimized. Identification was made by
elucidating themass spectral data and further confirmed by comparing retention times andUV spectra of target peaks with those of
reference compounds. PrimaryDNAdamage and antigenotoxicity tests inE. coliPQ37were used to screen the iridoids for biological
activity. As a result, ten phytochemicals were identified, including iridoids loganic acid, loganin, sweroside, and cornuside. Nine
of these were reported for the first time from C. mas fruit. The iridoids did not induce SOS repair of DNA, indicating a lack of
genotoxic activity in E. coli PQ37. However, loganin, sweroside, and cornuside did reduce the amount of DNA damage caused by
4-nitroquinoline 1-oxide, suggesting potential antigenotoxic activity.

1. Introduction

Cornus mas L. is commonly known as European cornelian
cherry and belongs to the Cornaceae family. It is a tall decid-
uous shrub or small tree (3–6m in height) that is indigenous
to Europe and parts of Asia [1, 2]. The fruit is edible but is
astringent when unripe. Traditionally, C. mas has been used
for improving health conditions, such as bowel complaints,
fever, and diarrhea [3–6]. Fresh European cornelian cherry
fruits are often processed to produce drinks, syrups, and jams
[7, 8].

Some investigations of the nutritional and phytochemical
properties of European cornelian cherry fruit have been
reported previously. The fruit is reported to contain 0.1–0.3%
fat, 0.4% protein, 21.7% carbohydrate, 0.8% ash, 0.5% dietary
fiber, 6.6–15.1% total sugar (fructose 33.1–43.1%, glucose 53.6–
63.1%), and 4.22–9.96% reducing sugars [3, 9]. The fruit has
pH 2.7–3.2 and contains at least 15 amino acids, includ-
ing aspartic acid, glutamic acid, serine, histidine, glycine,
threonine, arginine, alanine, tyrosine, valine, phenylalanine,
isoleucine, leucine, lysine, and proline [9]. Minerals inC.mas

fruit include copper (1.2 to 8.1mg/kg dry weight), iron, zinc,
phosphorus, potassium, calcium, magnesium, and sulphur
[9].The vitamin C content of the fruit is reported to be 16.4 to
38.5mg/100 g [9].

C. mas fruit has been found to contain a wide range
of phytochemicals, including tannins (131.51–601.2mg/L),
phenolics (29.76–74.83mg/g dry), organic acids (4.6–7.4%),
anthocyanin, fatty acids, and flavonoids [3, 4, 10–16]. Antho-
cyanins seem to have been a popular subject of previous C.
mas research. Anthocyanins have been found in the range of
1.12 to 2.92mg/g in different C. mas fruit sources [14, 16, 17].
Two studies from Du and Francis reported the presence
of five anthocyanins in the fruit, namely, delphinidin 3-
galactoside, cyanidin 3-galactoside, cyanidin 3-rhamnosyl-
galactoside, pelargonidin 3-galactoside, and pelargonidin 3-
rhamnosylgalactoside [18, 19]. Cyanidin 3-glucoside, cyani-
din 3-rutinoside, and pelargonidin 3-glucoside were identi-
fied by Tural and Koca [15], with pelargonidin 3-O-glucoside
being the most abundant followed by cyanidin 3-O-𝛽-D-
galactoside. Pelargonidin 3-O-rutinoside was present only
in trace amounts [17]. Delphinidin 3-O-𝛽-galactopyranoside,
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cyanidin 3-O-𝛽-galactopyranoside, and pelargonidin 3-O-𝛽-
galactopyranoside were also identified in C. mas fruit [3].

Eight flavonoids have been previously isolated from
the methanolic extract of C. mas fruit. These include aro-
madendrin 7-O-𝛽-D-glucoside, quercetin 3-O-𝛽-D-xyloside,
quercetin 3-O-𝛼-L-rhamnoside, quercetin 3-O-rutinoside,
quercetin 3-O-𝛽-D galactoside, quercetin 3-O-𝛽-D-glu-
cose, quercetin 3-O-𝛽-D-glucoside, and kaempferol 3-O-
galactoside [17]. Fatty acids identified in the fruit include
lauric acid, myristic acid, pentadecenoic acid, palmitic acid,
palmitoleic acid, stearic acid, oleic acid, vaccenic acid, linoleic
acid, linolenic acid, and cis-10,12-octadecadienoic acid [9].

Cornus is widely considered to be an iridoid rich gen-
era. However, there is very little information regarding
the occurrence of iridoids in C. mas. Only two iridoids,
secologanin and loganic acid, have been previously reported
to occur in C. mas, with only one being reported for the
fruit [20–22]. The current investigation was prompted by a
lack of information on taxonomically critical and biologically
active iridoids in C. mas fruit. The aim of this study is to
identify more phytochemical compounds in the C. mas fruit,
particularly bioactive iridoids, by using ultra performance
liquid chromatography (UPLC) coupled with photodiode
array spectrophotometry (PDA) and electrospray time-of-
flight mass spectrometry (ESI-TOF-MS).

2. Materials and Methods

2.1. Chemicals and Standards. Optima acetonitrile (MeCN,
lot no. 125783), methanol (MeOH, lot no. 124876), and
formic acid of LC-MS grade were purchased from Fisher
Scientific Co. (Fair Lawn, NJ, USA). ChromasolvⓇ Water
(H
2
O, lot no. SHBB9224V) of LC-MS grade was purchased

from Sigma-Aldrich (St. Louis, MO, USA). Tartaric acid,
malic acid, chlorogenic acid, gallic acid, and rutin standards
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Citric acid was purchased from Fisher Scientific Co. Loganic
acid was obtained from ChromaDex (Irvine, CA, USA).
Loganin, sweroside, and cornuside were purchased from
Chengdu Biopurify Phytochemicals Ltd (Sichuan, China).
The purities of all standards were higher than 98%. The
standards were accurately weighed and then dissolved in
an appropriate volume of MeOH to produce corresponding
stock standard solutions. Working standard solutions were
prepared by diluting the stock solutions with MeOH at
different concentrations. All stock and working solutions
were maintained at 0∘C in a freezer.

2.2. Sample Collection and Preparation. C. mas fruit samples
were collected from wild trees in the mountains near Kas-
tamonu, Turkey, in 2012. A voucher specimen is deposited
in Research and Development Department laboratory of
Morinda Inc. (American Fork, Utah, USA). The raw fruits
were mashed into puree and the seeds were removed. One
gram of mashed fruit puree was weighed accurately and 9mL
of 50%MeOH in H

2
Owas added.Themixture was sonicated

for 30 minutes and then centrifuged. The supernatant was
transferred into a volumetric flask and volume brought to

10mL with 50% MeOH in H
2
O. All samples were filtered

through a nylon microfilter (0.45𝜇m pore size) before UPLC
analysis.

2.3. Instrumentation and Chromatographic Conditions. Anal-
yses were performed with an Agilent 1260 Infinity LC System
coupled to an Agilent 6230 time-of-flight (TOF) LC/MS
System (Agilent Technologies, Santa Clara, CA). The Agilent
1260 LCmodule was coupled with a photodiode array (PDA)
detector and a 6230 time-of-flight MS detector, along with a
binary solvent pump and an autosampler. Chromatographic
separations were performed with an Atlantis reverse phase
C18 column (4.6mm × 250mm; 5 𝜇m, Waters Corporation,
Milford, MA, USA). The pump was connected to a gradient
binary solvent system: A, 0.1% formic acid in H

2
O (v/v)

and B, 0.1% formic acid in MeCN. The mobile phase was
programmed consecutively in linear gradients as follows:
0–5min, 98% A and 2% B; 40min, 70% A and 30% B;
46–52min, 2% A and 98% B; and 53–55min, 98% A and
2% B. The ionization source was Agilent Jet Stream, with
electrospray ionization (ESI) negative mode employed for
acquisition of mass spectra.The elution was run at a flow rate
of 0.8mL/min. UV spectra were monitored in the range of
200 nm and 400 nm. Injection volume was 2 𝜇L for each of
the sample solutions, followed by needle wash. The column
temperature was maintained at 40∘C. Nitrogen, supplied by
a nitrogen generator (model no. NM32LA, Peak Scientific
Instruments Ltd, Scotland, UK), was used as the drying and
nebulizer gas. OtherMS instrumental conditions are summa-
rized as follows: drying gas temperature and flow rate were
350∘C and 11.0 L/min, respectively; nebulizer pressure was
50 psi; sheath gas temperature and flow rate were 350∘C and
12.0 L/min, respectively; capillary, nozzle, and fragmentor
voltages were 3500, 500, and 100V, respectively; skimmer
was 65.0; Oct 1 RF 𝑉

𝑝𝑝
was 750. The instrument state was

set to high resolution mode (4GHz). Tuning and calibration
were performed before sample runs. Data collection and
integration were performed using MassHunter workstation
software (versionB.05.00).Thedatawas collected in the range
of 100 and 1700𝑚/𝑧.

2.4. Accurate Mass Measurement. Data were stored in both
centroid and profile formats during acquisition. Two inde-
pendent reference lock-mass ions, purine (𝑚/𝑧 119.03632)
and HP-0921 (𝑚/𝑧 966.000725), were employed to ensure
mass accuracy and reproducibility.

2.5. Characterization of Phytochemicals. Identification of
phytochemical compounds 1–10 was accomplished by eluci-
dating mass spectral data. Compound identities were then
confirmed by comparing the UPLC retention times and UV
spectra of target peaks with those of reference compounds.

2.6. Primary DNA Damage Test in E. coli PQ37. The SOS
chromotest in E. coli PQ37 was used to determine the
potential for loganic acid, loganin, sweroside, and cornuside
to induce primary DNA damage. This test was carried out
according to a previously developedmethod [23].E. coliPQ37
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Figure 1: The typical total ion chromatogram (TIC) of C. mas fruit puree. Ionization source performed on Agilent Jet Stream TOF-MS with
electrospray ionization (ESI) negative mode. (1) x-axis represents retention time and y-axis is intensity of 𝑚/𝑧 peaks. (2) Peaks 1–10 were
identified as tartaric acid (1), malic acid (2), citric acid (3), gallic acid (4), chlorogenic acid (6), rutin (9), and four iridoids, loganic acid (5),
loganin (7), sweroside (8), and cornuside (10). (3) Peaks 6, 7, and 9 were enlarged by zooming in.
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Figure 2: Accurate mass spectra (mass-to-charge, 𝑚/𝑧), in ESI negative mode, of phytochemical peaks identified in C. mas fruit by Agilent
TOF detector. (1) Numbers 1–10 represent peaks to be characterized, that is, tartaric acid (1), malic aicd (2), citric acid (3), gallic acid (4),
chlorogenic acid (6), a flavonoid glycoside rutin (9), and four iridoids, loganic acid (5), loganin (7), sweroside (8), and cornuside (10). (2)
Accurate mass-to-charge (𝑚/𝑧) is labeled on the top of each peak.

was incubated in LB medium in a 96-well plate at 37∘C in the
presence of the iridoids for 2 hours.The concentrations tested
were 7.81, 15.6, 31.2, 62.5, 125, 250, 500, and 1000𝜇gmL−1. Fol-
lowing incubationwith replicate samples, 5-bromo-4-chloro-
3-indolyl-𝛽-D-galactopyranoside was added to the wells to
detect 𝛽-galactosidase enzyme activity, which is induced
during SOS repair of damaged DNA. Nitrophenyl phosphate
is also added to the wells to measure alkaline phosphatase
activity, an indicator of cell viability. The samples were again
incubated and the absorbance of each sample, blanks, and
controls was measured at 410 and 620 nm with a microplate

reader. Vehicle blanks and positive controls, 1.25 𝜇gmL−1 4-
nitroquinoline 1-oxide (4NQO), were included in this test.
The induction factor of each material was calculated by
dividing the absorbance of the sample at 620 nm by that
of the blank, while also correcting for cell viability. Induc-
tion factors less than two indicate an absence of genotoxic
activity.

2.7. Antigenotoxicity Test in E. coli PQ37. The primary DNA
damage test was performed again, similar to the method
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Table 1: Chromatographic and mass spectral data of phytochemical compounds identified in C. mas fruits.

Number Name Formula RT m/z Mass Score Area
1 Tartaric acid C4H6O6 4.084 149.0099 150.0171 [M −H]− 96.91 26316227

2 Malic acid C4H6O5 4.863 133.0145, 168.9898 134.0218 [M −H]−
[M + Cl]− 99.32 28327606

3 Citric acid C6H8O7 6.57 191.0201 192.0273 [M −H]− 98.81 4041717
4 Gallic acid C7H6O5 13.529 169.0146 170.0219 [M −H]− 85.94 4663081

5 Loganic acid C16H24O10 22.345 375.1319, 411.1069 376.1372 [M −H]−
[M + Cl]− 98.79 3904847

6 Chlorogenic
acid C16H18O9 25.725 353.0884 354.0956 [M −H]− 98.43 575436

7 Loganin C17H26O10 28.028 389.1455, 435.1512 390.153 [M −H]−
[M + HCOO]− 98.79 954718

8 Sweroside C16H22O9 28.393 357.1196, 393.0964, 403.1252 358.127
[M −H]−
[M + Cl]−
[M + HCOO]−

98.84 3613261

9 Rutin C27H30O16 34.772 609.1456 610.1532 [M −H]− 98.25 28498
10 Cornuside C24H30O14 38.501 541.1569 542.1641 [M −H]− 93.36 17943814
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Figure 3: Chemical structures of iridoids identified in C. mas fruit by UPLC-TOF-MS.

described above. However, the method was modified to
include incubation of E. coli PQ37 in the presence of
1.25𝜇gmL−1 4NQO with 250𝜇gmL−1 loganic acid, loganin,
sweroside, or cornuside. Induction factors were calculated in
the same manner as described above. The percent reduction
in genotoxicity was determined by dividing the difference
between the induction factor of 4NQO and the blank (induc-
tion factor of 1) by the difference between the induction factor
of 4NQO plus iridoid sample and the blank. Experiments
were performed in triplicate.

3. Results and Discussion

Although the application of LC-MS may minimize the need
for chromatographic separation, a good LC separation may
prevent ion suppression and isobaric interferences in the
MS analysis. The UPLC system delivered a more rapid
and effective separation than HPLC, especially for the wide
range of phytochemicals identified. UPLC also facilitated the
simultaneous determination of the phytochemical matrix of
our samples. The flow rate, solvent system, and column were
optimized for the UPLC system relative to the analysis of

phytochemicals inC. mas fruit samples. Amoderate flow rate
of 0.8mL/min accommodated electrospray source, column
separation and optimized sensitivity and resolution. Better
peak shape and resolution for each target peaks, as well
as optimal sensitivity for ion detection, were obtained by
adding 0.1% formic acid. The column temperature was kept
at 40∘C to minimize column pressure due to flow rate. A
gradient solvent system of MeCN-H

2
O ensured complete

separation of target peaks within a limited time frame. The
UPLC system delivered good separation and eliminated the
overlap of targeted phytochemical peaks.

The time-of-flight mass spectral detector is known for
providing accurate and precise mass information. It can
accurately measure mass values with a mass error less
than 5 ppm. The generation of empirical formulae results
in possible identification of phytochemicals by means of
elemental composition analysis. Our experiments used elec-
trospray ionization and were operated in negative mode as
the interface since it generated higher signal information for
the compounds with less interruption compared to positive
mode. All other mass spectral parameters, including drying
gas flow and temperature, nebulizer pressure, and sheath gas
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Table 2: Primary DNA damage assay in E. coli PQ37.

Compound Concentration
(𝜇g mL−1)

Induction factor (mean
± standard deviation)

Loganic acid

1000 1.095 ± 0.004
500 1.080 ± 0.038
250 0.994 ± 0.003
125 1.058 ± 0.025
62.5 1.006 ± 0.024
31.2 1.027 ± 0.003
15.6 1.012 ± 0.003
7.81 0.965 ± 0.031

Loganin

1000 0.995 ± 0.044
500 1.013 ± 0.029
250 1.036 ± 0.018
125 1.051 ± 0.038
62.5 1.029 ± 0.001
31.2 1.041 ± 0.001
15.6 1.033 ± 0.006
7.81 1.016 ± 0.036

Sweroside

1000 1.028 ± 0.008
500 1.021 ± 0.005
250 1.032 ± 0.008
125 1.043 ± 0.013
62.5 1.009 ± 0.042
31.2 1.001 ± 0.010
15.6 1.029 ± 0.017
7.81 0.939 ± 0.022

Cornuside

1000 1.068 ± 0.015
500 1.030 ± 0.018
250 1.012 ± 0.000
125 1.074 ± 0.040
62.5 1.023 ± 0.030
31.2 1.026 ± 0.016
15.6 1.019 ± 0.029
7.81 0.959 ± 0.019

4NQO 1.25 3.365 ± 0.516

flow and temperature, were also optimized in order to achieve
good sensitivity and resolution.

The total ion chromatogram (TIC) of C. mas fruit is
shown in Figure 1. Negative ion electrospray LC-MS chro-
matograms of the fruit puree resulted in the identification of
10 peaks. Deprotonatedmolecular ions [M−H]−, chlorinated
ions [M + Cl]−, and/or formic acid adducts [M + HCOO]−
of the compounds were identified with the TOF detector.
As a result, accurate molecular weights were determined.
Since peaks 6, 7, and 9 were not clearly visible on the TIC
chromatogram due to their low concentration, zoomed-in
peaks are provided accordingly.

Accurate mass spectra (mass-to-charge, 𝑚/𝑧) of the
phytochemical peaks identified are shown in Figure 2. Peaks

Table 3: Antigenotoxicity test in E. coli PQ37.

Compound Concentration
(𝜇gmL−1)

Induction factor (mean
± standard deviation)

4NQO 1.25 3.365 ± 0.516
4NQO + loganic acid 250

∗ 3.278 ± 0.260
4NQO + loganin 250

∗ 2.497 ± 0.821
4NQO + sweroside 250

∗ 2.259 ± 0.325
4NQO + cornuside 250

∗ 2.587 ± 0.199
∗Iridoid concentration; 4NQO concentration is 1.25𝜇gmL−1.

1–4 were compounds that eluted early from the column.
Peaks 1, 3, and 4 had deprotonated molecular ions [M − H]−
with 𝑚/𝑧 values of 149.0099, 191.0201, and 169.0146, respec-
tively, corresponding to the molecular formula of C

4
H
6
O
6
,

C
6
H
8
O
7
, and C

7
H
6
O
5
. Peak 2 had [M − H]− and [M +

Cl]− with 𝑚/𝑧 values of 133.0145 and 168.9898, respectively,
matching the molecular formula C

4
H
6
O
5
. Compound 6 had

[𝑀−𝐻]− and [M +HCOO]− at𝑚/𝑧 353.0884 and 399.0936,
corresponding to C

16
H
24
O
10
. Comparisons against reference

compound retention revealed that peaks 1–4 and 6 were
organic acids, namely, tartaric acid (1), malic acid (2), citric
acid (3), gallic acid (4), and chlorogenic acid (6). By the same
methods, peak 9 was determined to be rutin (9), a flavonoid
glycoside.

Peak 5 is a major peak on the chromatogram, eluting at
22.345min and displaying both [M − H]− and [M + Cl]−
at 𝑚/𝑧 375.1319 and 411.1069. Its molecular formula was
determined to be C

16
H
24
O
10
. Peak 7 showed [M − H]− and

[M+HCOO]− at𝑚/𝑧 389.1455 and 435.1512. Peak 8 exhibited
a deprotonated 𝑚/𝑧, a chlorinated 𝑚/𝑧, and a formic acid
adduct of 357.1196, 393.0964, and 403.1252, respectively. Peak
10 had deprotonated ions with 𝑚/𝑧 value of 541.1569. By
comparing these pieces of information with UV and mass
spectra, as well as retention times of reference compounds,
peaks 5, 7, 8, and 10 were identified as the iridoids loganic
acid (5), loganin (7), sweroside (8), and cornuside (10). A
summary of the chromatographic and mass spectral data of
the phytochemical compounds identified in C. mas fruit is
given in Table 1. Chemical structures of the iridoids in C. mas
fruit are provided in Figure 3.

These iridoids have displayed many potential biological
activities. Loganic acid has potent anti-inflammatory activity
[24]. Loganin and sweroside were observed to have strong
antibacterial, antifungal, and antispasmodic activities [25].
Loganin was also found to have neuroprotective effects
[26]. Cornuside has remarkable antioxidant activity and may
provide protection against acute myocardial ischemia and
reperfusion injury [27].

In the primaryDNAdamage test inE. coliPQ37 (Table 2),
the mean induction factors for loganic acid, loganin, swero-
side, and cornuside, at 1000 𝜇gmL−1, were 1.095, 0.995, 1.028,
and 1.068, respectively. At all concentrations tested, these
iridoids did not induce any SOS repair at a frequency signif-
icantly above that of the blank. Statistically, induction factors
were not different from that of the blank, and all results
remained well below the twofold criteria for genotoxicity.
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SOS chromotest results have a high level of agreement (86%)
with those from the reverse mutation assay [28]. Therefore,
the SOS chromotest has some utility in predicting potential
mutagenicity, in addition to primary DNA damage. These
results are consistent with previously published genotoxicity
tests of other food derived iridoids [29].

In the antigenotoxicity test, 4NQO exhibited obvious
genotoxicity, inducing SOS repairmore than 3-fold above that
of the vehicle blank. Incubation with loganic acid did not sig-
nificantly reduce 4NQO induction factors. However, loganin,
sweroside, and cornuside apparently reduced the amount of
4NQO that caused DNA damage, as mean induction factors
were lowered to below 3 in cells incubated in the presence of
these iridoids (Table 3).

4. Conclusions

The UPLC-TOF-MS method reported has been shown to
be useful for secondary metabolite profiling of Cornus mas
fruit. With this method, a total of ten phytochemicals were
identified, including five organic acids and four iridoids.
To our knowledge, this is the first time that 1–4 and 6–
10 have been identified in C. mas fruit. Loganin, sweroside,
cornuside, and loganic acid will provide valuable informa-
tion for chemical taxonomy. Iridoids, together with other
characteristic components, can be used for identification,
authentication, and standardization of C. mas fruit raw
materials and commercial products. The iridoids in the fruit
did not display any toxicity. On the other hand, these iridoids
exhibited potential anti-genotoxic activity. Our findings also
warrant future research on the safety and efficacy of C. mas.
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The antioxidant activity and free radical scavenging capacity of the essential oil and three different extracts of wildly grownMentha
longifolia (M. longifolia) were studied. The essential oil from M. longifolia aerial parts was isolated by hydrodistillation technique
using Clevenger-type apparatus. The extracts were prepared with three solvents of different polarity (n-hexane, dichloromethane,
andmethanol) using Soxhlet extractor. Maximum extract yield was obtained with methanol (12.6 g/100 g) while the minimumwith
dichloromethane (3.50 g/100 g).The essential oil content was found to be 1.07 g/100 g. A total of 19 constituents were identified in the
M. longifolia oil using GC/MS.Themain components detected were piperitenone oxide, piperitenone, germacrene D, borneol, and
𝛽-caryophyllene.The total phenolics (TP) and total flavonoids (TF) contents of the methanol extract ofM. longifolia were found to
be significantly higher than dichloromethane and hexane extracts.The dichloromethane and methanol extracts exhibited excellent
antioxidant activity as assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging ability, bleaching 𝛽-carotene, and
inhibition of linoleic acid peroxidation assays. The essential oil and hexane extract showed comparatively weaker antioxidant and
free radical scavenging activities. The results of the study have validated the medicinal and antioxidant potential of M. longifolia
essential oil and extracts.

1. Introduction

Free radicals are considered to initiate oxidation that leads to
aging and causes diseases in human beings [1, 2]. Moreover,
activated oxygen incorporates reactive oxygen species (ROS)
which consists of free radicals (1O

2
, O
2

∙−, ∙OH, ONOO−)
and nonfree radicals (H

2
O
2
, NO, and R–OOH) [3]. ROS

are liberated by virtue of stress, and thus, an imbalance is
developed in the body that damages cells in it and causes
health problems [2, 4]. Moreover, oxidation in processed
foods, enriched with fats and oils, during storage leads to
spoilage and quality deterioration [5].

The use of synthetic antioxidants such as butylated hydro-
xyanisole (BHA), and butylated hydroxytoluene (BHT) and
tertiary butylhydroquinone (TBHQ) have been restricted
because of their carcinogenicity and other toxic proper-
ties [3, 6]. Thus, the interest in natural antioxidants has

increased considerably. Natural antioxidants can be phenolic
compounds (tocopherols, flavonoids, and phenolic acids)
and carotenoids (lutein, lycopene, and carotene). Growing
evidence has shown an inverse correlation between the intake
of dietary antioxidants and the risk of chronic diseases such
as coronary heart disease, cancer, and several other aging-
related health concerns [1, 7].

Natural antioxidant compounds exhibit their antioxidant
activity by various mechanisms including chain breaking
by donation of hydrogen atoms or electrons that convert
free radicals into more stable species and decomposing lipid
peroxides into stable final products [1]. Different in vitro
assays simply provide an idea of the protective efficacy of
the test model. Thus it is necessary to use at least two
methods depending on the expected antioxidant potential
and/or on the origin of the substance. Most commonly used
methods for the determination of antioxidant activity of plant
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essential oils and extracts are 2,2-di(4-tert-octaphenyl)-1-
picrylhydrazyl (DPPH∙) radical scavenging assay, inhibition
of linoleic acid peroxidation, and bleaching of 𝛽-carotene in
linoleic acid system assays. DPPH radical scavenging assay is
the most popular and frequently used for the determination
of antioxidant activity of essential oils and plant extracts
[1, 7, 8]. Bleachability of 𝛽-carotene in linoleic acid system
is another simple, reproducible, and time efficient method
for rapid evaluation of antioxidant properties [1, 7, 8].
Measurement of inhibition of linoleic acid peroxidation is
also an effective method for the assessment of antioxidant
activity of the plant samples.

Mentha longifolia (wild mint) belongs to genus Mentha
(family Lamiaceae) and grows widely throughout the tem-
perate regions of the world [8]. The different herbal and food
products fromMentha species have been in use since ancient
times for the treatment of heart burns, indigestion, colic,
flatulence, coughs and flu, nausea, irritable bowel syndrome,
gall-bladder and bile ducts, herpes, and certain skin infec-
tions including acne and pigmentation [7–9]. Research work
on plants from different regions resulted in the innovation
of biologically active substances [8, 10]. Therefore the study
was conducted to investigate the chemical composition and
antioxidant and antimicrobial activities of essential oil and
three different extracts fromM. longifolia native to dry region
of Pakistan.

2. Materials and Methods

2.1. Collection and Pretreatment of Plant Material. Aerial
parts of wild mint (M. longifolia L.) were collected during
May-June from South Punjab, Pakistan. The specimens were
further identified and authenticated by a taxonomist, Dr.
QasimAli (Assistant Professor), Department of Botany, Gov-
ernment College University Faisalabad. Collected specimens
were dried at 35∘C in a hot air oven (IM-30 Irmec, Germany)
and grinded to 80 mesh and stored in polyethylene bags at
−4∘C.

2.2. Chemicals and Reagents. Linoleic acid, 2,2-diphenyl-1-
picrylhydrazyl, gallic acid, Folin-Ciocalteu reagent, ascorbic
acid, trichloroacetic acid, sodium nitrite, aluminum chloride,
ammonium thiocyanate, ferrous chloride, ferric chloride,
potassium ferricyanide, butylated hydroxytoluene (99.0%),
and homologous series of C

9
–C
24

n-alkanes and various
reference chemicals used to identify the constituents were
obtained from Sigma Chemical Co. (St. Louis, MO, USA). All
other chemicals (analytical grade), that is, anhydrous sodium
carbonate ferrous chloride, ammonium thiocyanate, chloro-
form, and methanol, used in this study were purchased from
Merck (Darmstadt, Germany), unless stated otherwise. All
culture media and standard antibiotic discs were purchased
from Oxoid Ltd. (Hampshire, UK).

2.3. Isolation of Essential Oil. The oven-dried and ground
fennel seeds (80mesh) were subjected to hydrodistillation for
4 h, using a Clevenger-type apparatus. The obtained essential
oil was dried over anhydrous sodium sulfate, filtered, and
stored at −4∘C until analyzed.

2.4. Preparation of Extracts. Ground (80 mesh) M. longi-
folia sample (100 g) was subjected to extraction for 4 h
using Soxhlet unit. The plant materials were extracted in
sequence with three solvents of different polarity, that is,
n-hexane, dichloromethane and methanol. The extracts were
concentrated under vacuum at 45∘C, using a vacuum rotary
evaporator (N–N Series, Eyela, Rikakikai Co. Ltd., Tokyo,
Japan), and stored at −4∘C until used for further analyses.

2.5. Analysis of the Essential Oil

2.5.1. Gas Chromatography/Mass Spectrometry Analysis. The
M. longifolia essential oil composition was determined on
Agilent-Technologies (Little Falls, CA, USA) 6890NNetwork
gas chromatographic (GC) system, equippedwith anAgilent-
Technologies 5975 inert XL Mass selective detector and
Agilent-Technologies 7683B series autoinjector. Compounds
were separated on HP-5 MS capillary column (30m ×
0.25mm, film thickness 0.25𝜇m; Little Falls, CA, USA).
A sample of 1.0 𝜇L was injected in the split mode with
split ratio 1 : 100. Helium was used as a carrier gas at a
flow rate of 1.5mL/min. For GC/MS detection, an electron
ionization system, with ionization energy of 70 eV, was used.
The column oven temperature was programmed from 80∘C
to 220∘C at the rate of 4∘C/min; initial and final temperatures
were held for 3 and 10min, respectively. Mass scanning
range was 50–550m/z while the injector and MS transfer
line temperatures were set at 220 and 290∘C, respectively.
All quantifications were done by a built-in data-handling
program of the equipment used (Perkin-Elmer, Norwalk, CT,
USA). The composition was reported as a relative percentage
of the total peak area.

2.5.2. Compounds Identification. The components of the M.
longifolia essential oil were identified by comparison of their
retention indices relative to (C

9
–C
24
) n-alkanes either with

those of published data or with authentic compounds [11,
12]. Compounds were further identified and authenticated
using their complete mass fragmentation data compared to
the NIST02.L and WILEY7n.L mass spectral libraries and
publishedmass spectra and,wherever possible, by coinjection
with authentic standards (𝛼-pinene, 𝛽-pinene, limonene,
cis-𝛽-ocimene, 𝛿-terpinene, 1,8-cineol, linalool, borneol,
𝛼-terpineol, thymol, piperitenone, piperitenone oxide, 𝛽-
caryophyllene, germacrene D, calamenene, cis-jasmone, and
caryophyllene oxide) [1, 13, 14].

2.6. Antioxidant Activity

2.6.1. Determination of Total Phenolics (TP) and Total Flavo-
noids (TF) Contents. Amounts of total phenolics (TP) and
total flavonoids (TF) in the M. longifolia extracts were
determined using Folin-Ciocalteu reagent method and alu-
minum chloride colorimetric assay, respectively, as reported
previously [15].

2.6.2. DPPH Radical Scavenging Assay. 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) free radical assay was carried out
to measure the free radical scavenging activity as reported
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previously [9]. Briefly, M. longifolia essential oil, extracts,
piperitenone compound, and BHT concentrations in
methanol (1–100 𝜇g/mL) were mixed with 2mL of 90𝜇M
methanol solution of DPPH. After 30min incubation period
at room temperature, the absorbance was read at 517 nm.The
scavenging (%) was calculated by the following formula:

Scavenging (%) = 100 × {
(𝐴blank − 𝐴 sample)

𝐴blank
} , (1)

where 𝐴blank is the absorbance of the DPPH solution and
𝐴 sample is the absorbance of the extract solution. Extract con-
centration providing 50% scavenging (IC

50
) was calculated

from the graph plotted between scavenging percentage and
extract concentration.

2.6.3. Antioxidant Activity Determination in Linoleic Acid
System. The antioxidant activity ofM. longifolia essential oil
and extracts weas determined in terms of measurement of %
inhibition of peroxidation in linoleic acid system following
the reported method with some modification [16]. Essential
oil and extracts (5mg) were added to a solution mixture
of linoleic acid (0.13mL), 99.8% ethanol (10mL), and 10mL
of 0.2M sodium phosphate buffer (pH 7). Total mixture
was diluted to 25mL with distilled water. The solution was
incubated at 40∘C for 175 h. The extent of oxidation was
measured by peroxide value using the colorimetric method
as reported previously [15].

2.6.4. Bleaching of 𝛽-Carotene in Linoleic Acid System.
Antioxidant activity ofM. longifolia essential oil and extracts
was also assessed by bleaching of 𝛽-carotene/linoleic acid
emulsion system as reported previously [1]. Briefly, a stock
solution of 𝛽-carotene-linoleic acid mixture was prepared
by dissolving 0.1mg 𝛽-carotene, 20mg linoleic acid, and
100mg Tween 40 in 1.0mL of chloroform (HPLC grade).The
chloroformwas removed under vacuum in rotary evaporator
at 50∘C.Then, 50mL of distilled water saturated with oxygen
(30min, 100mL min−1) was added with vigorous shaking. A
5.0mL of this reaction mixture was dispensed to test tubes
with 200𝜇L of the essential oil or trans-anethole solution,
prepared at 4.0 g L−1 concentrations, and the absorbance was
immediately (𝑡 = 0) measured at 490 nm against a blank,
consisting of an emulsion without 𝛽-carotene. Then emul-
sion was incubated for 50 h at room temperature, and the
absorbance was recorded at different time intervals.The same
procedure was repeated with BHT and blank. Antioxidant
capacities of the fennel essential oils were compared with
BHT and blank.

2.7. Statistical Analysis. All the experiments were conducted
in triplicate unless stated otherwise, and data are presented
as mean ± standard deviation (SD). Statistical analysis of the
data was performed by Analysis of Variance (ANOVA) using
STATISTICA 5.5 (Stat Soft Inc, Tulsa, OK, USA) software,
and probability value 𝑃 ≤ 0.05 was considered to denote a
statistically significant difference.

Table 1: Yield of M. longifolia essential oil and hexane, dichloro-
methane, and methanol extracts.

Samples Yield (g/100 g)∗

Essential oil 1.07 ± 0.10a

n-Hexane extract 7.30 ± 0.32c

Dichloromethane extract 3.50 ± 0.21b

Methanol extract 12.60 ± 0.70d
∗Values aremean± SDof three samples ofM. longifolia analyzed individually
in triplicate.
Different letters in superscript represent significant (𝑃 < 0.05) difference
within solvents.

3. Results and Discussion

3.1. Percentage Yield of Essential Oil and Different Extracts.
Yield (g/100 g of dry plant material) of Mentha longifolia
essential oil and n-hexane, dichloromethane, and methanol
extracts is given in Table 1.Maximumyield was obtainedwith
methanol (12.60 g/100 g). The minimum yield was obtained
with dichloromethane (3.50 g/100 g). The essential oil yield
from the aerial parts of M. longifolia was found to be
1.07 g/100 g. Nonpolar extract yield (n-hexane) was found
to be 7.30 g/100 g. Tukey’s range test revealed the significant
(𝑃 < 0.05) difference among the extract yield with solvents
of different polarities. Differences in yield of extracts from
different solvents might be attributed to the availability of
extractable component of different polarities.

3.2. Essential Oil Composition. The retention indices, per-
centage composition, and identification methods for the
essential oil of M. longifolia are given in Table 2. Nine-
teen compounds, 96.79% of the total oil, were identified
from the oil (Figure 1). The most abundant constituents
(>5%) in the essential oil of M. longifolia were found to
be piperitenone oxide (28.3%), piperitenone (24.9%), ger-
macrene D (8.16%), borneol (5.96%), and 𝛽-caryophyllene
(5.94%). Analyzed essential oil mainly consisted of oxy-
genated monoterpenes (67.24%) followed by sesquiterpene
hydrocarbons (17.19%), monoterpene hydrocarbons (7.31%),
and oxygenated sesquiterpenes (5.05%).

The variation in the essential oil composition of M.
longifolia is reported in the literature from different part of
the world [8, 17, 18]. Our results reported the essential oil
composition ofM. longifolia essential oil from South Punjab,
Pakistan, where the weather conditions are very hot and dry.
Variations in the chemical compositions of essential oil across
countries might be attributed to the varied agroclimatic
(climatical, seasonal, and geographical) conditions of the
regions, isolation regimes, and adaptivemetabolism of plants.

3.3. Antioxidant Activity

3.3.1. Total Phenolics (TP) and Total Flavonoids (TF) Contents.
Amount of total phenolics and total flavonoids is given in
Figure 2. The highest TP was found in methanol extract
(71.43mg/g acid of dry plant material, measured as gallic
equivalent) and the lowest in hexane extract (1.7mg/g acid of
dry plant material, measured as gallic equivalent). Similarly,
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Figure 1: Structure ofmajor compounds detected fromM. longifolia essential oil. (a) 𝛼-Pinene; (b)𝛽-pinene; (c) limonene; (d) cis-𝛽-ocimene;
(e)𝛿-terpinene; (f) 1,8-cineole; (g) linalool; (h) borneol; (i)𝛼-terpineol; (j) thymol; (k) piperitenone; (l) thymol acetate; (m) piperitenone oxide;
(n) 𝛼-gurjunene; (o) 𝛽-caryophyllene; (p) germacrene D; (q) calamenene; (r) cis-jasmone; (s) caryophyllene oxide.

0
10
20
30
40
50
60
70
80

Methanol extract Hexane extract

D
ry

 p
la

nt
 m

at
er

ia
l (

m
g/

g)

TPC (measured as gallic acid equivalent)
TFC (measured as catechin equivalent)

Dichloromethane
extract

Figure 2: Total phenolics (TP) and total flavonoids (TF) contents of
n-hexane, dichloromethane, and methanol extracts ofM. longifolia.

the amount of TF in methanol, dichloromethane, and hexane
extracts was found to be 12.35, 4.7, and 1.1mg/g acid of dry
plant material, measured as catechin equivalent. The effect of
different solvent systems on the amount of TP and TF was
significant (𝑃 < 0.05). Methanol has been proven as effective
solvent to extract phenolic compounds [6].

3.3.2. DPPH Radical Scavenging Assay. The ability of M.
longifolia essential oil anddifferent extract to donate proton to
DPPH free radical and change its color fromviolet to yellow is
accessed in this assay. Concentration of extracts and essential
oil scavenging 50% of DPPH radical is shown in Table 3.
IC
50

value ranged from 6.70 to 33.3 𝜇g/mL. Greater IC
50

value (maximum radical scavenging activity) was observed
with methanol extract of M. longifolia, and lesser IC

50
value

was recorded with n-hexane extract. IC
50

values of M.
longifolia essential oil and dichloromethane extracts were
found to be comparable with IC

50
value of the piperitenone,

a major compound of M. longifolia essential oil. IC
50

value
of methanol extract is significantly (𝑃 < 0.05) better than
hexane and dichloromethane extracts and essential oil and
comparable with synthetic antioxidant, BHT.

3.3.3. Antioxidant Activity Determination in Terms of Inhibi-
tion of Linoleic Acid Peroxidation. The antioxidants activity
has also been assessed as ability to prevent the oxidation of
linoleic acid. Therefore, inhibition of linoleic acid oxidation
was also used to assess the antioxidant activity ofM. longifolia
extracts and essential oil. All extracts and essential oil
exhibited appreciable inhibition of linoleic acid peroxida-
tion (Table 3) ranging from 9.9 to 91.6%. Methanol extract
showed maximum antioxidant activity (91.6%) followed by
dichloromethane extract (89.3%) which is comparable with
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Table 2: Chemical composition ofM. longifolia essential oil.

Componentsb RIc Molecular mass % Compositiona Mode of identificationd Quality (%)e

Monoterpene hydrocarbons (7.31)
𝛼-Pinene 939 136 0.76 ± 0.06 RT, RI, MS 97
𝛽-Pinene 979 136 2.14 ± 0.19 RT, RI, MS 96
Limonene 1029 136 1.80 ± 0.19 RT, RI, MS 94
cis-𝛽-Ocimene 1037 136 1.98 ± 0.11 RT, RI, MS 97
𝛿-Terpinene 1089 136 0.63 ± 0.04 RI, MS 96

Oxygenated monoterpenes (67.24)
1,8-Cineol 1031 154 2.00 ± 0.17 RT, RI, MS 98
Linalool 1097 154 0.98 ± 0.10 RT, RI, MS 98
Borneol 1169 154 5.96 ± 0.44 RT, RI, MS 96
𝛼-Terpineol 1189 154 1.17 ± 0.09 RT, RI, MS 98
Thymol 1290 150 2.85 ± 0.20 RT, RI, MS 99
Piperitenone 1343 150 24.9 ± 1.34 RT, RI, MS 97
Thymol acetate 1352 192 1.08 ± 0.08 RI, MS 94
Piperitenone oxide 1370 166 28.3 ± 1.6 RT, RI, MS 96

Sesquiterpene hydrocarbons (17.19)
𝛼-Gurjunene 1410 204 1.11 ± 0.18 RI, MS 96
𝛽-Caryophyllene 1421 204 5.94 ± 0.32 RT, RI, MS 99
Germacrene D 1485 204 8.16 ± 1.01 RT, RI, MS 99
Calamenene 1540 202 1.98 ± 0.17d RT, RI, MS 98

Oxygenated sesquiterpenes (5.05)
cis-Jasmone 1393 164 1.13 ± 0.11a RT, RI, MS 96
Caryophyllene oxide 1583 220 3.92 ± 0b RT, RI, MS 97

Total 96.79
aValues are mean ± standard deviation of three samples ofM. longifolia essential oil, analyzed individually in triplicate.
bCompounds are listed in order of elution from a HP-5MS column; cretention indices relative to C9–C24 n-alkanes on the HP-5MS column; dmode of
identifications; RT: identification based on retention time; RI: identification based on retention index; MS: identification based on comparison of MS data
compared with those from the NIST02.L and WILEY7n.L mass spectral libraries; ematching percentage with the NIST02.L and WILEY7n.L mass spectral
libraries.

Table 3: Antioxidant activity of M. longifolia essential oil and n-
hexane, dichloromethane, and methanol extracts.

Samples
Antioxidant activity∗

DPPH, IC50,
(𝜇gmL−1)

Inhibition of linoleic
acid peroxidation (%)

Essential oil 21.8 ± 1.2c 37.3 ± 1.3c

n-Hexane extract 33.3 ± 1.7d 9.9 ± 0.7a

DCM extract 21.2 ± 1.7c 89.3 ± 2.9d

Methanol extract 6.70 ± 0.3a 91.6 ± 2.3d

Piperitenone 22.7 ± 1.5c 31.3 ± 2.1b

BHT 9.90 ± 0.2b 90.9 ± 2.7d
∗Values are mean ± standard deviation of three samples of each Thymus
species, analyzed individually in triplicate. Mean followed by different
superscript letters in the same column represents significant difference (𝑃 <
0.05).
NT: not tested.

the activity of BHT standard (90.6%). M. longifolia essential
oil and hexane extract showed weaker antioxidant activity.
Polar extract exhibited significantly (𝑃 ≤ 0.05) higher

antioxidant activity than nonpolar extracts which might be
due to the higher concentration of TP and TF contents
[15].

3.3.4. Antioxidant Activity Determination in Terms of Bleach-
ing of 𝛽-Carotene in Linoleic Acid System. Bleaching 𝛽-
carotene with linoleic acid system as antioxidant activity of
the M. longifolia essential oil and extracts is presented in
Figure 3. The greater is the effectiveness of an antioxidant,
the slower will be the colour depletion. In Figure 3 smaller
decline in absorbance of 𝛽-carotene indicates a lower rate of
oxidation of linoleic acid and higher antioxidant activity in
the presence ofM. longifoliamethanol and dichloromethane
extracts and BHT. Hexane extract and essential oil showed
poor antioxidant activity.

4. Conclusion

Methanol extracts of Mentha longifolia exhibited excellent
antioxidant activity and free radical scavenging capacity fol-
lowed by dichloromethane extract, essential oil, and hexane
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Figure 3: Antioxidant activity of M. longifolia essential oil and
n-hexane, dichloromethane, and methanol extracts in terms of
bleaching of 𝛽-carotene-linoleic acid emulsion.

extract. High TP and TF contents and antioxidant potential
of M. longifolia extracts lead to its possible use as a food
preservative. Moreover, they may be used in pharmaceutical
and natural therapies for treatment of oxidative stress.
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A rapid and sensitive method for determining aesculin of Cortex fraxini in rat was developed using high-performance liquid
chromatography (HPLC) quadrupole time-of-flight (QTOF) tandem mass (MS/MS). Rat plasma was pretreated by fourfold
methanol to remove plasma proteins. Chromatographic separation was performed on a reverse phase column. A tandem
mass spectrometric detection with an electrospray ionization (ESI) interface was achieved using collision-induced dissociation
(CID) under positive ionization mode. The MS/MS patterns monitored were m/z 341.2716 → m/z 179.1043 for aesculin and
m/z 248.3025 → m/z 120.9130 for tinidazole (internal standard). The linear range was calculated to be 10.0–1500.0 ng/mL with a
detection limit of 2.0 ng/mL.The inter- and intraday accuracy and precisionwere within±7.0%. Pharmacokinetic study showed that
aesculin was confirmed to be a one-compartment open model. The method is believed to have good linear range, high sensitivity
and recoveries, and superior analytical efficiency. It will probably be an alternative for pharmacokinetic study of aesculin.

1. Introduction

Cortex fraxini, named “Qin Pi” in China, is the dry barks
of Oleaceae plant Fraxinus rhynchophylla Hance, F. rhyn-
chophylla Hance, or Fraxinus paxiana [1]. Cortex fraxini is
confirmed to inhibit the growth of dysentery bacillus and
staphylococcus [2] as well as have diuretic, anticoagulant, an-
tiallergic, and antioxidant effects [3–5]. As a favorite and
largely usedmedicinal plant in traditional Chinese practice, it
is the main herb in a formula frequently prescribed for fight-
ing diseases including bacterial enteritis, acute or chronic
enteritis, acute nephritis, and ulcerous coloitis [6].

Aesculin is described as a marker for estimating quality
of Cortex fraxini in Chinese pharmacopeia due to inhibit-
ing xanthine oxidase and having antioxidant activity and
antitumor activity [7, 8]. The methodologies on the basis of
the tandem of HPLC-DAD-MS [9, 10] and capillary electro-
phoresis [11–14] have been widely used to quantify the

amount of aesculin in this plant and its preparations. Ultravi-
olet absorption spectrumhas also been used in themeasuring
of aesculin in Cortex fraxini through artificial neural network
[15]. In addition, a high-performance liquid chromatographic
method was established for pharmacokinetic study of aes-
culin in a previous report [16]. Recently, a method using high
performance liquid chromatography with fluorescent detec-
tion has been developed for monitoring aesculin in rabbit
plasma [17]. These assays have a potential to be officially
applied in the quality control of Cortex fraxini and pharma-
cokinetic study of aesculin.

High performance liquid chromatography (HPLC) using
tandem mass (MS/MS) spectrometric detection is an autho-
rized approach for pharmacokinetic study of a drug ascribed
to high sensitivity, specificity, and speed. A reliable method
by HPLC-MS/MS for pharmacokinetic study on aesculin
plays a crucial role in guiding the clinic use and ensuring
the quality control of Cortex fraxini as well as providing an
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alternative for monitoring aesculin in other matrices. This
work is designed to develop a sensitive method for the deter-
mination of aesculin in rat plasma. Moreover, the aims of this
work also included the application of the proposed method
in the pharmacokinetic study on aesculin in Cortex fraxini.

2. Material and Methods

2.1. Materials and Reagents. Standards of aesculin (bath no.
111731-200501, purity > 99.5%) and tinidazole (bath no.
100336-0001, purity > 99.5%, internal standard) were ac-
quired thanks to the help of the National Institute for the
Control of Pharmaceutical and Biological Products (Beijing,
China). Ammonium formate and formic acid were from
Sigma-Aldrich Company (St. Louis, MO, USA). HPLC grade
methanol was purchased from Fisher Scientific (Springfield,
NJ, USA). Cortex fraxini was purchased from Xi’an Medical
Material Company (Xi’an, China). Other reagents were ana-
lytical grade unless specified.

2.2. Instruments and Conditions. Target compounds were de-
termined using a high performance liquid chromatogra-
phy (HPLC) electrospray (ESI) quadrupole time-of-flight
(QTOF)—tandem mass spectrometric system acquired from
Agilent (Wilmington, DE, USA). The LC instrument was an
Agilent 1200 series, consisting of vacuum degasser unit, au-
tosampler, a binary high-pressure pump, and a thermostatted
column compartment. The QTOF mass spectrometer was an
Agilent 6520 model, furnished with a dual-spray ESI source.

Chromatographic separation was performed on a
Zorbax-C

18
column (2.1 × 150mm, 5 𝜇m; Littleforts, Phila-

delphia, PA, USA) at 25∘C. The mobile phase consisted of
water (containing 5 × 10−3M ammonium formate and 0.1%
formic acid) and methanol (60 : 40, v/v) at a flow rate of
0.2mL/min. Under these conditions, the total run time was
less than 5.0min.

Liquid nitrogen was used as nebulizing (35 psi) and dry-
ing gas (350∘C, 7.5 L/min) in the dual ESI source. The QTOF
experiment was performed in the 4GHz high-resolution
mode, and compounds were ionized in positive ESI, applying
a capillary voltage of 3000V. A reference calibration solution
(Agilent calibration solution B) was continuously sprayed in
the source of the QTOF system, employing the ions withm/z
121.0509 and m/z 922.0098 for recalibrating the mass axis
ensuring the accuracy of mass assignments throughout the
whole run. The MassHunter Workstation software was used
to control all the acquisition parameters of the LC-ESI-QTOF
system and also to process the obtained data.

The precursor ions for aesculin and IS were obtained
using a common fragmented voltage of 175V. Collision
energy was optimized with the aim of obtaining a minimum
of two product ions for each precursor. Mass patterns of
aesculin and IS were generated regarding maximum signal
intensity of molecular ions and fragment ions, by consecu-
tively infusing standard solutions of aesculin (2.0 ng/mL) and
IS (1.0 ng/mL), aided by a model 22 syringe pump (Harvard
Apparatus, MA, USA) at a flow rate of 500𝜇L/h.The optimal
transitions were m/z 341.2716 [M + H]+ of parent ion to

m/z 179.1043 of daughter ion for aesculin and m/z 248.2035
[M +H]+ of parent ion tom/z 120.9130 of daughter ion for IS.

2.3. Extraction of the Herb. The extract of Cortex fraxini was
prepared by the following method. 50.0 g of Cortex fraxini
was grinded to pieces of 40 bore size and extracted two times
with 150mL ethanol/water (50 : 50V : V) for 20min endur-
ance each time to exact most of aesculin in the herb. The
suspension was filtered and the resulting solution was con-
centrated to 50mL. The concentration of aesculin in the ex-
traction was determined to be 40mg/mL by HPLC method.

2.4. Preparation of the Plasma Samples. An aliquot of 0.2mL
rat plasmawas transferred into a 1.5mL eppendorf tube in the
presence of 1.0𝜇L of IS working solution (1.0 𝜇g/mL). 0.8mL
methanol was added to the plasma to remove protein and
extract aesculin by vortex mixing for 1.0min.The sample was
further centrifuged at 8000 rpm for 3.0min.The supernatant
was aspirated into a 1.5mL tube and evaporated to dryness
under an N

2
stream. Finally, the residue was reconstituted

with 0.1mL mobile phase to be analyzed by LC-MS/MS. The
injection volume was 20.0 𝜇L.

2.5. Preparations of Standards Curves and Quality Control
(QC) Samples. Stock solution of aesculin was prepared in
methanol at 5.0mg/mL. The stock solution was then diluted
withmethanol to produce a series of standard or QCworking
solutions at the desired concentrations. Stock solutions for
IS were prepared at 0.1mg/mL in methanol and diluted with
methanol to yield an IS working solution at the concentration
of 10.0 ng/mL.

The calibration standardswere freshly prepared by adding
20𝜇Lof the appropriate standardworking solutions to 200𝜇L
blank plasma and prepared using the proposed method to
obtain concentrations of aesculin at 5.0, 10.0, 50.0, 100.0,
200.0, 400.0, 800.0, 1000.0, and 1500.0 ng/mL. Low, medium,
and high levels of QC samples were prepared at the con-
centrations of 40.0, 500.0, and 1200.0 ng/mL. All solutions
described above were stored at 4.0∘C.

2.6. Matrix Effect and Extraction Recovery. Absolute matrix
effect was employed to test the extent of MS signal sup-
pression or enhancement. It was defined by comparing
the peak areas of analytes added in six different lots of
plasma (A) with mean peak areas of the standards at the
same concentrations in the reconstitution solvent (B) and
expressed as (A/B× 100%). Relative matrix effect was used
to evaluate the variations of different lots of plasma resulting
from the matrix effect and was calculated by the coefficients
of variation [CV %] of peak area of analytes added after
extraction from six different lots of blank plasma.

Extraction recovery was calculated by comparing peak
areas of QC samples (C) with the mean peak areas of analytes
added after extraction in six different lots of plasma (A) and
expressed as (C/A× 100%).

2.7. Method Validation. Validation of the proposed HPLC-
QTOF-MS/MS method was assessed according to the results
of specificity, linearity, accuracy, intraday and interday preci-
sion, recovery, and stability. The specificity was confirmed by



Journal of Analytical Methods in Chemistry 3

analyzing six different lots of blank rat plasma. Five validation
batches were assayed to assess the linearity, accuracy, and
precision of the method. Each batch included a set of
calibration standards and five replicates of QC samples at low,
medium, and high concentration level, and was processed on
five separate days. The linearity of each curve was assessed
by plotting the peak area ratio of the analyte to IS versus the
corresponding concentration of the analytes in the freshly
prepared plasma calibrators. The accuracy of the assay was
expressed by [(calculated concentration by the regression
equations)/(spiked concentration)]× 100%, and the precision
was evaluated by relative standard deviation (RSD). The
stability of aesculin in spiked samples was measured under
desired conditions that could reflect situations to be encoun-
tered during actual sample handling and analysis, including
thawed plasma at room temperature for 8.0 h, frozen plasma
at −20∘C for 30 days, plasma samples after three cycles of
freeze and thaw, and the processed samples kept at 4.0∘C for
48 h. The stability of the analyte in stock solution was also
evaluated.

2.8. Pharmacokinetic Application. Sprague-Dawley rats,
weighing 265 ± 15 g, were supplied by the Experimental
Animal Center of Xi’an Jiaotong University. The rats were
kept in standard animal holding room at a temperature of
23 ± 2

∘C and relative humidity of 60 ± 10%. The animals
were acclimatized to the facilities for 7 days and then fasted
with free access to water for 12 h prior to each experiment.
The ethics of animal experiments were in accordance with
the approval of the Department of Health Guidelines in Care
and Use of Animals.

Twelve rats were divided into three groups randomly
(𝑛 = 6). The rats of one group were administered with
0.5% carboxymethylcellulose sodium salt (CMC-Na) with
the dose of 5.0mL/kg aqueous solution to form control
group. For the rats of the other group, single oral dose of
5.0mL/kg Cortex fraxini extract was administered. Blood
samples were collected in heparinized eppendorf tube via the
ear edge vein before dosing and subsequently at 0.0, 0.083,
0.17, 0.33, 0.50, 0.75, 1.00, 1.5, 2.0, 3.0, 4.0, 5.0, and 6.0 h after
oral administration. The blood samples were centrifuged at
8000 rpm for 3.0min to separate the plasma.

3. Results and Discussion

3.1. Optimization of Chromatographic Separation and MS/MS
Conditions. The separation and ionization of aesculin and
IS were affected by the composition of mobile phase.
Accordingly, different ratios (80 : 20, 60 : 40, and 50 : 50) of
water/methanol were used as mobile phase. The ratio of
20 : 80 of water/methanol (v : v) was used as the mobile phase
regarding retention time and peak shape of aesculin and
IS. Ammonium formate was applied to provide the ionic
strength, and formic acid was used to guarantee an acidic
environment of aesculin and IS. It was found that a mixture
of water containing 5.0 × 10−3M ammonium formate and
0.1% formic acid andmethanol could obviously improve peak
shape and clear the increased mass spectral intensity. This

solution was finally adopted as the mobile phase because the
intensities of aesculin and IS were decreased substantially
when the concentrations of ammonium formate increased
(10, 20, and 30mM were investigated).

Selection of tandemmass transitions and related acquisi-
tion parameters were evaluated for the best response under
positive and negative ESI mode by infusing a standard
solution, via a syringe pump. It was found that the ana-
lytes mainly generated positive product ions. The tran-
sitions for analysis of aesculin and IS were accordingly
produced at m/z 341.2716 → m/z 179.1043 for aesculin and
m/z 248.2035 → m/z 120.9130 for IS because these two tran-
sitions were specific and had the strongest intensities. Under
the optimized conditions, good chromatographic separation
and mass spectral signals were achieved in the assay of the
plasma sample.

3.2. Matrix Effect and Extraction Recovery. Endogenous sub-
stances could interferewith aesculin determination due to the
extreme low concentration of the compound in plasma.Using
an appropriate internal standard is an important approach to
reduce the matrix effects. In this study, tinidazole was used
as internal standard. In Table 1, all the values (A/B× 100)%
were between 94.2% and 106.4%, which means little matrix
effect for aesculin and IS using the proposed method. The
extraction recoveries of usnic acid from rat plasma were
97.6 ± 7.4, 95.8±6.6, and 105.3±4.1% at concentration levels
of 40.0, 500.0.0, and 1200.0 ng/mL, respectively.

3.3. Method Validation

3.3.1. Specificity. The base peak of each mass spectrum for
aesculin and IS was observed from Q1 scans during the
infusion of the neat solution in positive mode. Two precursor
ions,m/z 341.2716 [M+H]+ for aesculin andm/z 248.3025 [M
+H]+ for IS, were subjected to collision-induced dissociation
(CID). The product ions were recorded as m/z 179.1043
[M-glu]+ and m/z 120.9130 [M-C

4
H
9
SO
2
]+, respectively.

Mass transition patterns, m/z 341.2716 → 179.1043, and m/z
248.3025 → 120.9130, were selected to monitor aesculin and
IS. RepresentativeMS/MS extracted chromatograms of blank
sample, low, medium, and high levels of QC samples plus
plasma sample collected at 0.17 h after administration are
shown in Figure 1. No endogenous peaks were found to be
coeluted with the analytes, ensuring high specificity of the
method.

3.3.2. Linearity and Sensitivity. Nine-point calibration curves
were prepared ranging from 10.0 to 1500.0 ng/mL for aes-
culin. The regression parameters of slope, intercept, and
correlation coefficient were calculated by 1/𝑥 weighted linear
regression. Linearity was achieved with correlation coeffi-
cients greater than 0.9902 for all validation batches, shown
in Table 2. The proposed method offered a limit of detection
(LOD) of 2.0 ng/mL (𝑆/𝑁 = 3) and a limit of quantitation
(LOQ) of 8.0 ng/mL (𝑆/𝑁 = 10), which is sensitive enough to
investigate our pharmacokinetic behaviors of the compound.
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Figure 1: Representative extracted chromatograms for (a) blank plasma, (b) blank plasma containing 40.0 ng/mL aesculin and 10.0 ng/mL
IS, (c) blank plasma containing 500.0 ng/mL aesculin and 10.0 ng/mL IS, (d) blank plasma containing 1200.0 ng/mL aesculin and 10.0 ng/mL
IS, and (e) plasma sample collected at 0.17 after single oral dose of Cortex fraxini extract (5.0mL/kg).
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Table 1: Matrix effects and extraction recovery of aesculin and the internal standard in rat plasma.

Analytes Concentration (ng/mL) Matrix effects
(%, 𝑛 = 6) CV (%) Extraction recovery

(%, 𝑛 = 5) CV (%)

Aesculin
40.0 98.1 ± 5.6 5.7 97.6 ± 7.4 7.6
500.0 106.4 ± 3.8 3.6 95.8 ± 6.6 6.9
1200.0 94.2 ± 6.9 7.3 105.3 ± 4.1 3.9

IS
10.0 96.2 ± 3.3 3.4 97.5 ± 5.8 5.9
10.0 100.6 ± 5.2 5.2 104.7 ± 4.8 4.6
10.0 104.2 ± 4.1 3.9 98.2 ± 3.9 4.0

Table 2: Linearity for assay of aesculin in rat plasma.

Analytical batch Slope Intercept Regression equation Correlation coefficient
1 0.0365 0.0332 𝑦 = 0.0365𝑥 + 0.0332 𝑟 = 0.9902

2 0.0384 0.0341 𝑦 = 0.0384𝑥 + 0.0341 𝑟 = 0.9915

3 0.0352 0.0337 𝑦 = 0.0352𝑥 + 0.0337 𝑟 = 0.9946

4 0.0379 0.0354 𝑦 = 0.0379𝑥 + 0.0354 𝑟 = 0.9952

5 0.0369 0.0327 𝑦 = 0.0369𝑥 + 0.0327 𝑟 = 0.9929
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Figure 2: Mean plasma concentration-time profile of aesculin after
administration of Cortex fraxini extract in rats (𝑛 = 6).

3.3.3. Accuracy and Precision. Theaccuracy and the precision
were analyzed by the QC samples at three concentrations.
The assay accuracy and precision results are summarized in
Table 3. The data obtained was within the acceptable limits
to meet the guideline for bioanalytical methods (http://www
.fda.gov).

3.3.4. Stability. The stability of aesculin in plasma tested in
this work implied that no significant degradation occurred
at room temperature for 7.0 h and at −20∘C for 20 days.
The plasma samples after three freeze and thaw cycles and
the processed samples kept in the autosampler (4.0∘C) for

48 h were stable. The stock solutions of aesculin and IS in
methanol gave a good stability at 4∘C for 15 days.

3.4. Comparison with Previous Methods. Chen et al. [16]
have developed a high performance liquid chromatography
method for determination of aesculin in rat plasma. In the
report, the limit of detection was 24.0 ng/mL and the limit of
quantification was evaluated to be 57.4 ng/mL.Themethod in
this work is believed to be more sensitive than the previous
method due to lower limits of detection and quantification.
Another research by the same group [17] has developed
a method using high performance liquid chromatography
coupled to fluorescent detection for quantification of aesculin
in rabbit plasma. The method gave a total run time of
near 15min, even using complicated sample preparation.
Compared with the method, the assay in this work has
high analyzing speed, simple sample preparation, and high
selectivity from the selective ion patterns. All the above
properties enable the application of the present method in
pharmacokinetic study of aesculin. than the previousmethod
due to lower limits of detection and quantification. Another
research by the same group [17] has developed a method
using high performance liquid chromatography coupled to
fluorescent detection for quantification of aesculin in rabbit
plasma. The method gave a total run time of near 15min,
even using complicated sample preparation. Compared with
the method, the assay in this work has high analyzing speed,
simple sample preparation, and high selectivity from the
selective ion patterns. All the above properties enable the
application of the present method in pharmacokinetic study
of aesculin.

3.5. Pharmacokinetics. The method was successfully applied
to the pharmacokinetic study of aesculin in rats. The mean
plasma concentration-time profile of aesculin after adminis-
tration is shown in Figure 2.The pharmacokinetic parameters
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Table 3: Intraday (𝑛 = 5) and interday (𝑛 = 5) precision and accuracy for assay of aesculin in rat plasma.

Concentration (ng/mL) Intraday (𝑛 = 5) Interday (𝑛 = 5)
Mean ± SD (ng/mL) RSD (%) Accuracy (%) Mean ± SD (ng/mL) RSD (%) Accuracy (%)

40.0 40.2 ± 1.4 3.5 100.5 38.5 ± 1.2 3.1 96.3
500.0 487.5 ± 15.2 3.1 97.5 490.7 ± 11.6 2.4 98.1
1200.0 1226.0 ± 86.3 7.0 102.2 1217.0 ± 75.8 6.2 101.4

of aesculin were calculated by the second version of an
Excel software named Drug and Statistics (Shanghai, China).
The pharmacokinetic process of aesculin was confirmed to
be a one-compartment open model. The maximum plasma
concentration (𝐶max) was calculated to be 739.5±32.4 ng/mL
with a value of 0.17 ± 0.02 h for the time to reach maximum
plasma concentration (𝑡max). The half-life for absorption
(𝑡
1/2

) was 1.21 ± 0.03 h, providing the evidence that aesculin
can exert its therapeutic effect quickly. The total expo-
sures measured as AUC

(0–∞) (area under concentration-time
curve) and AUC(0–𝑡) were calculated to be 2120 ± 152 and
1850 ± 167 ng/mL⋅h. The time points for plasma collection
are accordingly believed to be acceptable due to the fact
that ratio of AUC

(0–∞) versus AUC(0–𝑡) is lower than 120%.
Accordingly, the proposed method is believed to be suitable
to the determining aesculin in biological fluids and will
probably be an alternative for pharmacokinetic study on
aesculin.

4. Conclusion

A sensitive, selective, and rapid HPLC-QTOF-MS/MS assay
for monitoring aesculin in rat plasma was developed. The
method proves to be capable of reducing ion suppression and
offering superior sensitivity with an LOQ of 10.0 ng/mL, sat-
isfactory selectivity, and short run time less than 4.0min.The
method has been successfully applied in a pharmacokinetic
study of aesculin in rat, providing an alternative for clinical
determination of the compound.
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This paper explores the characteristics of the anthocyanin and flavonol composition and content in grapes from plants resulting
from intraspecific crosses ofVitis vinifera varietiesMonastrell×Cabernet Sauvignon,Monastrell× Syrah, andMonastrell×Barbera,
in order to acquire information for future breeding programs.The anthocyanin and flavonol compositions of twenty-seven hybrids
bearing red grapes and 15 hybrids bearing white grapes from Monastrell × Syrah, 32 red and 6 white from Monastrell × Cabernet
Sauvignon, and 13 red fromMonastrell × Barbera have been studied. Among the intraspecific crosses, plants with grapes presenting
very high concentrations of anthocyanins and flavonols were found, indicating a transgressive segregation for this character, and
this could lead to highly colored wines with an increased benefits for human health. As regards the qualitative composition of
anthocyanins and flavonols, the hydroxylation pattern of the hybrids that also may influence wine color hue and stability presented
intermediate values to those of the parentals, indicating that values higher than that showed by the best parental in this respect
will be difficult to obtain. The results presented here can be helpful to acquire information for future breeding efforts, aimed at
improving fruit quality through the effects of flavonoids.

1. Introduction

Anthocyanins are responsible for the color of red grape
varieties and the wines produced from them. Flavonols are
also important because they participate both in stabilizing
anthocyanins in young red wines through copigmentation
and in increasing the health-related properties of wine [1, 2].
Grape anthocyanins and flavonols are final products arising
from the flavonoid biosynthetic pathway (Figure 1). Vitis
vinifera varieties are characterized by the presence of 3-O-
glucosides of delphinidin, peonidin, petunidin, cyanidin, and
malvidin, together with their acylated derivatives [3]. The
3-O-glucosides of kaempferol, quercetin, and myricetin are
the major flavonols in grapes as first reported by Cheynier
and Rigaud [4] and recently confirmed by Castillo-Muñoz
et al. [5], with quercetin glycosides usually being dominant
[5], although a high presence of quercetin-3-O-glucuronide

has also been observed in some varieties such as Petit Verdot
[5, 6].

When studying grapes for winemaking, it is not only
the quantity of anthocyanins that is important. The hydrox-
ylation pattern of the B-ring of anthocyanins is one of the
main structural features of flavonoids and is an important
determinant of their coloration, stability, and antioxidant
capacity. Trihydroxylated anthocyanins (delphinidin, petuni-
din, andmalvidin-3-glucosides) aremore stable inwines than
dihydroxylated ones (cyanidin and peonidin-3-glucosides)
[7]. Those with orthodiphenolic groups (cyanidin, delphini-
din, and petunidin) have an enhanced susceptibility to
oxidation. The methoxylated anthocyanins are also more
stable. The same applies to acylated anthocyanins, since
their esterification of anthocyanins promotes intramolecular
aggregation or stacking, which protects the oxonium ion
from decomposition [8].
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Figure 1: Flavonoid biosynthetic pathway. PAL: phenyl ammonia lyase, F3H: flavonoid-3-hydroxylase, F35H: flavonoid-3,5-hydroxylase,
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As hydroxylation of the B-ring is carried out by flavon-
oid-3-hydroxylase (F3H) and flavonoid-3,5-hydroxylase
(F35H) enzymes, the composition of anthocyanins in grape
skins will be determined by the relative activities of these
enzymes. At the same time, methyl transferase (MT) activity
will determine the different methoxylation patterns of B ring
and acyl transferase the presence of acyl derivatives. Most of
these enzymes also control the synthesis of flavonols.

Plant adaptation to different environments and centuries
of selection by humans has produced numerous genotypes in
which the intensity of the red coloration varies extensively.
A mixture of variation in anthocyanin content and the
relative proportion of different anthocyanins can produce
different phenotypes for skin pigmentation with conse-
quent technological and nutritional differences [9]. Also,
these differences could be a very useful chemotaxonomical
tool [3].

At present, cross-breeding and bud mutation are still the
most common way for developing new wine grape cultivars
[10].The determination of themechanisms of the inheritance
of the flavonoid composition could help in the election of
the parentals in the breeding programs. The objective of
this study therefore was to explore the characteristics of
the anthocyanin and flavonol composition and content in
intraspecific hybrids of Monastrell × Syrah, Monastrell ×
Cabernet Sauvignon, and Monastrell × Barbera, in order
to acquire information for future breeding efforts aimed at
improving fruit quality through the effects of flavonoids and
to provide an insight into the mechanisms that control the
inheritance of flavonoid characteristics among hybrids.

2. Material and Methods

A collection of plants arising from crosses from Monastrell
× Syrah, Monastrell × Cabernet Sauvignon, and Monastrell
× Barbera was used in this study. The study was conducted
in an experimental vineyard of 1 ha located in Bullas (Mur-
cia, SE Spain). The parentals (Monastrell, Syrah, Cabernet
Sauvignon, and Barbera) were planted in 1997, whereas the
seeds for the interspecific hybrids were planted in 2000. The
training system was a bilateral cordon trellised to a three-
wire vertical system, and drip irrigation was applied. Planting
density was 2.5m between rows and 1.25m between vines.
Two two-bud spurs (4 nodes) were left at pruning time.
Grapes were sampled in 2007.

The plants derived from Monastrell self-pollination and
from pollen donors other than Syrah, Cabernet Sauvignon,
or Barberawere identified genetically and discarded using the
microsatellite (SSR, Simple Sequence Repeat) loci segregating
1 : 1 : 1 : 1 according to Bayo-Canha et al. [11]. Total DNA was
extracted from approximately 20mg of young frozen leaves
using a DNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA)
following the manufacturer’s protocol. Genotyping was car-
ried out as described in Adam-Blondon et al. [12]. PCR prod-
ucts were separated by capillary electrophoresis performed
on an ABI Prism 3100 genetic analyzer (Applied Biosystems,
Carlsbad, CA, USA), and the fragments were sized using
GeneMapper software (Applied Biosystems, Carlsbad, CA,
USA).

Grapes were harvested at a total of soluble solids content
between 23 and 27∘Brix. The sampling was randomly made
by picking berries from the top, central, and bottom parts of
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several clusters of each hybrid vine. The size of the sample
was around 300 berries, which were bulked and separated in
3 subsamples of approximately 100 berries to run triplicate
analyses. Grape samples were kept frozen (−20∘C) until
extraction and analysis.

2.1. AnthocyaninMonoglycosides and Flavonols in Berry Skins.
Grapes were peeled with the help of a scalpel. Samples (2 g)
were immersed in methanol (40mL) in hermetically closed
tubes and placed on a stirring plate at 150 rpm and 25∘C.
After 2 hours, the methanolic extracts were acidified with 5%
formic acid (1 : 2 v/v), filtered through 0.2𝜇m PTFE filters,
and analysed by HPLC.

2.2. Identification and Quantification of Anthocyanins. The
HPLC analyses were performed on a Waters 2695 liquid
chromatograph (Waters, PA, USA), equipped with a Waters
2996 diode array detector and a Primesep B2 column (Sielc,
Illinois, USA), 25 × 0.4 cm, 5𝜇m particle size, using as
solvents water plus 5% formic acid (solvent A) and HPLC
grade acetonitrile (solvent B) at a flow rate of 0.8mLmin−1.
Elution was performed with a gradient starting with 5% B
to reach 9% B at 28min, 13% B at 30min, 21% B at 52min,
24% B at 65min, and 70% B at 75min, maintaining this
gradient for 5 minutes. Chromatograms were recorded at
520 nm (anthocyanins) and 360 nm (flavonols).

Identification of the compounds was carried out by
comparing their UV spectra recorded with the diode array
detector and those reported in the literature. Also, an HPLC-
MS analysis was made to confirm the identity of each peak.
An LC-MSD-Trap VL-01036 liquid chromatograph-ion trap
mass detector (Agilent Technologies, Waldbronn, Germany)
equipped with an electrospray ionization (ESI) system was
used. Elutionwas performed in theHPLC analysis conditions
described previously, with a flow rate of 0.8mL min−1. The
heated capillary and voltage were maintained at 350∘C and
4 kV, respectively. Mass scans (MS) were measured fromm/z
100 up tom/z 800.

Anthocyanins were quantified at 520 nm as malvidin-3-
glucoside, using malvidin-3-glucoside chloride as external
standard (Extrasynthèse, Genay, France). Flavonols were
quantified at 360 nm as quercetin-3-glucoside, using this
compound as external standard (Sigma, Missouri, USA).

2.3. Statistical Data Treatment. All the analyses were per-
formed with the statistical package Statgraphics 5.1.

3. Results and Discussion

For this study, 27 hybrids bearing red grapes and 15 hybrids
bearing white grapes from Monastrell × Syrah, 32 red and
6 white from Monastrell × Cabernet Sauvignon, and 13
red from Monastrell × Barbera were studied. The presence
of white hybrids in Monastrell × Cabernet Sauvignon and
Monastrell × Syrah indicates the heterozygous nature of
the parentals in regard to genes controlling anthocyanin
synthesis, whereas Barbera, being homozygous [13], does not
produce hybrids bearing white grapes. Boss et al. [14] and

Kobayashi et al. [15] showed that expression of the UDP-
glucose: flavonoid 3-O-glucosyltransferase (UFGT) gene is
critical for anthocyanin biosynthesis in grape. Experiments
with the berry skins of white and red cultivars revealed that
the UFGT gene was expressed in all the red cultivars but
not in the white ones whereas the other genes involved in
anthocyanin biosynthesis (Figure 1) are expressed in both
white and red cultivars. The presence or absence of the
enzymeUFGT is controlled byMyb-related regulatory genes,
and the insertion of the retroelement Gret1 in the promoter
region of VvmybA1 gene appears to be associated with
white-fruited cultivars when present in a homozygous state.
Pigmented cultivars possess at least one allele at theVvmybA1
locus not containing this large retroelement [13, 16], as is the
case of parentals of this study.

Table 1 shows the results of the anthocyanin analysis
for the studied grapes and Figure 2 the range of concen-
trations among the hybrids. Syrah grapes contained higher
concentration of anthocyanins than Monastrell grapes. The
mean concentration in their hybrid grapes (16.31mg/g fresh
skin) was slightly higher than in Syrah (15.06mg/g fresh
skin), and the maximum value reached by the grapes of
one seedling (39.49mg/g fresh skin) was twice the value
found in Syrah. Cabernet Sauvignon and Barbera grapes
also showed higher concentration, of anthocyanins than
Monastrell and were similar to that of Syrah grapes. The
mean values of anthocyanin content in the grapes of their
seedlings were slightly lower than in Cabernet Sauvignon
and Barbera (14.42 and 12.08mg/g fresh skin respectively)
and higher than that shown by Monastrell grapes (7.40mg/g
fresh skin), and, again, the maximum value found in their
seedlings was double that of Cabernet Sauvignon and Bar-
bera grapes. Many hybrids presented grapes with much
higher concentration than their parentals as can be seen
in Figure 2. The appearance of a large number of hybrids
in which the anthocyanin concentration is not within the
range of concentration of their parental phenotypes is called
transgressive segregation, frequent in intraspecific crosses
and in domesticated populations. The occurrence of the
segregation of a given traitmanifestedmainly in one direction
(as happens in our case, most of the hybrids showing higher
values of anthocyanin concentration than the parentals) may
imply that the trait has undergone fairly constant directional
selection or a certain overdominance of the genes controlling
phenolic synthesis [17, 18]. Similar results were found by
Liang et al. [10] in grapes, but our findings differ from those
of Ju et al. [19] in apples that found that crossing between two
red-fruited apple cultivars produced less colored progeny.
A previous work exploring the proanthocyanidin content of
Monastrell × Syrah hybrid grapes also reported this type of
segregation for this character [20].

As stated previously, the presence of the enzyme UFGT
is necessary for anthocyanin biosynthesis. However, the
biosynthesis of the different anthocyanin precursors is driven
upstream of the enzyme UFGT by the activity of F3H and
F35H enzymes, which add either a single hydroxyl group
or two to dihydrokaempferol (Figure 1). Once converted
to dihydroquercetin or dihydromyricetin, these intermedi-
ates flow through common downstream enzymes to form
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Table 1: Mean values (𝑛 = 3) of the anthocyanin profile and total anthocyanin content (mg/g fresh skin) in Monastrell, Syrah and Cabernet,
Sauvignon grapes and their hybrids.

% del. % cyan. % pet. % peon. % malv. % nonacylated % acylated % dihydrox. % trihydrox. Total (mg/g)
Monastrell

Mean 12.5 13.7 10.0 20.0 39.7 55.2 44.8 37.7 62.3 7.40
Syrah

Mean 7.2 3.6 8.1 10.9 68.1 49.6 50.3 16.7 83.3 15.06
CS

Mean 9.6 5.2 10.1 7.4 67.7 45.9 54.1 12.6 87.4 15.07
Barbera

Mean 9.8 3.1 13.9 4.7 68.6 65.6 34.3 7.7 92.3 14.02
Mon. × Sy. (27)a

Mean 10.0 7.1 8.6 15.4 54.8 43.2 56.8 26.5 73.4 16.31
Minimum 5.7 3.2 6.4 6.5 29.5 46.2 29.7 13.2 46.2 3.86
Maximum 24.3 15.4 13.9 37.5 72.7 70.2 71.3 53.7 86.8 39.49

Mon. × CS. (32)b

Mean 12.4 6.0 13.3 10.5 57.8 52.5 47.2 16.5 83.5 14.44
Minimum 7.5 3.5 9.4 5.6 44.4 35.2 31.3 9.5 68.9 4.87
Maximum 23.4 12.1 20.3 21.5 68.5 68.6 64.7 31.1 90.5 28.67

Mon. × Bar. (13)c

Mean 10.9 7.7 13.3 16.2 51.9 72.0 28.0 23.9 76.1 12.08
Minimum 4.1 1.1 9.0 4.4 31.7 41.5 10.1 6.7 55.2 1.61
Maximum 17.0 14.6 19.7 36.4 77.9 89.8 58.5 44.7 93.3 27.88

a,b,cThe number in parenthesis represents the number of hybrids for each crossing.
% del.: percentage of delphinidin derivatives, % cyan.: percentage of cyanidin derivatives, % pet.: percentage of petunidin derivatives, % peon.: percentage of
peonidin derivatives, % malv.: percentage of malvidin derivatives, % nonacylated: percentage of nonacylated anthocyanins, % acylated.: percentage of acylated
anthocyanins, % dihydrox.: percentage of dihydroxylated anthocyanins, % trihydrox.: percentage of trihydroxylated anthocyanins, and Total (mg/g): total
anthocyanin content (mg per g of skin).

disubstituted and trisubstituted anthocyanins, when UFGT
is expressed, and to form other polyphenols (flavanols,
flavonols) at different developmental stages. All the studied
hybrids bearing red grapes synthesised all five anthocyanins
(the dihydroxylated cyaniding, peonidin-3-glucosides, the
trihydroxylated delphinidin, petunidin, and malvidin-3-
glucosides), together with their acylated derivatives. This
means that all the parentals and the hybrids expressed func-
tional F3HandF35Hgenes for the synthesis of 34-OHand
345-OH anthocyanins, as well as methyltransferases (MT)
for the methylation of primary anthocyanins. As regards
the percentage of the different anthocyanins in the different
parentals, Monastrell grapes were characterized by a high
percentage of cyanidin, suggesting a lower F35H activity
than in the other varieties. A low expression of F35H has
been associated with cyanidin-based anthocyanins in grape
leafs [21]. The percentages of malvidin-based anthocyanins
in Monastrell did not exceed 40%, so the total percentage
of trihydroxylated anthocyanins was low. The percentage of
trihydroxylated anthocyanins reached 83% in Syrah grapes,
87.4% in Cabernet Sauvignon grapes, and 92.3% in Barbera
grapes. The percentage of trihydroxylated anthocyanins was
even higher in some Monastrell × Cabernet Sauvignon
and Monastrell × Barbera hybrids, reaching values as high
as 90.5% and 93%, respectively. The mean value of the
percentage of trihydroxylated anthocyanins in the hybrid
grapes is close to the mean value between both parentals.

The segregation can be fitted to a normal distribution, and a
very low number of hybrids presented higher or lower values
than in the parentals, as can be seen in Figure 3.These results
were similar to those obtained during the first screening of
the anthocyanin profile in Monastrell × Cabernet Sauvignon
grapes [22]. In spite of the presence of all anthocyanin
biosynthetic enzymes in all the investigated hybrids (since
all the possible structures were found), a genotype-specific
regulation of the structural genes along the core pathway and
at the main branching points is presumed to underlie the
observedmethoxylation and hydroxylation variations among
the grapes from the parentals and those of their hybrid plants.

With regard to the percentage of anthocyanin acylation,
Barbera grapes showed the lowest percentage of acylation
(34.3%), followed by Monastrell (44.8%), and Cabernet
Sauvignon showed the highest percentages (54%). The mean
values of the percentage of acylated anthocyanins for Monas-
trell × Cabernet Sauvignon hybrids were 47%, 56.8% for
Monastrell × Syrah (higher than the percentage found in
Syrah) while the hybrid grapes from Monastrell × Barbera
showed the lowest percentages of acylation (28%). As in
the case of the anthocyanin concentration data, there was a
tendency towards higher values of acylation in the hybrids,
and no hybrid contained only nonacylated anthocyanins.

As regards flavonols (Table 2), these flavonoids were
present in both white and red grapes. We could iden-
tify mono- (kaempferol), di- (quercetin and isorhamnetin),
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Figure 2: Concentration of anthocyanins in Monastrell × Syrah (a), Monastrell × Cabernet Sauvignon (b), and Monastrell × Barbera (c)
hybrid grapes (each bar represents the mean value of three samples).
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Figure 3: Trihydroxylated/dihydroxylated anthocyanins ratios in Monastrell × Syrah (a), Monastrell × Cabernet Sauvignon (b), and
Monastrell × Barbera (c) hybrid grapes.
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Table 2: Mean values of the flavonol profile and total flavonol
content (mg/g fresh skin) in Monastrell, Syrah, and Cabernet
Sauvignon grapes and their hybrids (𝑛 = 3).

% monohydr. % dihydr. % trihydrox. Total
Monastrell

Mean 10.9 70.7 18.4 0.56
Syrah

Mean 13.4 44.2 42.4 0.73
CS.

Mean 14.7 44.6 40.7 0.19
Barbera

Mean 4.3 53.3 42.4 0.49
Red hybrids

Mon. × Sy.
Mean 10.4 52.4 37.2 0.73
Minimum 5.3 36.3 16.5 0.18
Maximum 16.0 72.6 55.0 1.83

Mon. × CS.
Mean 11.3 51.1 37.6 0.37
Minimum 5.0 35.2 20.3 0.11
Maximum 20.9 65.0 58.3 0.78

Mon. × Bar.
Mean 9.4 61.9 28.7 0.42
Minimum 4.7 42.9 8.7 0.12
Maximum 13.6 83.9 43.4 1.39

White hybrids
Mon. × Sy.

Mean 13.4 84.1 2.4 0.35
Minimum 4.1 74.6 0.6 0.08
Maximum 23.7 94.7 7.2 1.28

Mon. × CS.
Mean 20.0 74.8 5.1 0.08
Minimum 16.8 68.9 0.9 0.02
Maximum 25.9 78.4 12.7 0.18

% monohydrox.: percentage of monohydroxylated flavonols, % dihydrox:
percentage of dihydroxylated flavonols, % trihydrox.: percentage of trihy-
droxylated flavonols, Total: total flavonol content (mg per g of skin).

and trihydroxylated (myricetin, laricitrin, and syringetin)
flavonol glycosides (glucosides, glucoronides, and small
quantities of galactosides). In red grapes, the monohydrox-
ylated flavonols represented the lowest percentage, especially
in Barbera grapes (4.3%). Monastrell grapes presented a very
high percentage of dihydroxylated flavonols (70.7%), much
higher than in the other varieties and, therefore, a lower
percentage of trihydroxylated flavonols whereas Barbera,
Syrah, and Cabernet Sauvignon grapes reached a percentage
of trihydroxylated flavonols of around 45–50%. This fact
indicates lower F35H activity in Monastrell grapes, as also
observed for the anthocyanins.

As regards the flavonol content, Cabernet Sauvignon
grapes showed low concentrations of flavonols and Monas-
trell and Syrah much higher concentrations while the highest
value was found in red grapes from a hybrid plant from
Monastrell × Syrah (Table 2, Figure 4), reaching values as

high as 1.83mg/g of skin. In the hybrids bearing white grapes,
a lower concentration of flavonols was measured compared
with that of the hybrids bearing red grapes. Azuma et al.
[23, 24] stated that Myb genes, besides the regulation of the
UFGT expression, appear to enhance the expression of all
the genes involved in the anthocyanin biosynthesis pathway
because the transcription of all anthocyanin biosynthesis
genes appears to be slightly activated, which would explain
the higher concentration of flavonols in red grapes. Also, in
these white skinned grapes, trihydroxylated flavonols were
barely present.Mattivi et al. [25], studying the flavonol profile
of several grape varieties, did not detect trihydroxylated
flavonols in white grapes. Bogs et al. [26] did not find
significant expression of F35H and UFGT in white grape
varieties, which suggests a related regulation of F35H and
UFGT during berry ripening and justifies the almost null
presence of trihydroxylated flavonols in white grapes. F35H
was detected in white grapes var. Chardonnay but prior to
veraison [26] since it is needed for flavanol biosynthesis,
which seems to be controlled differently; indeed, no differ-
ences in the percentage of trihydroxylated flavanols were
observed between the red and white grapes arising from
the cross of Monastrell × Syrah [20]. However, other studies
stated that flavonol synthase (FLS) was not upregulated when
UFGT was expressed and that the increase in flavonols in
red grapes was a consequence of an increase flux through the
flavonoid pathway [27].

4. Conclusions

The study of the anthocyanin and flavonol profiles of the
grapes from the hybrid plants can be useful for a targeted
informative metabolomic analysis [28], a tool for selecting
promising grapes according to their profile and/or content.

Seedlings with grapes presenting very high concentra-
tions of anthocyanins and flavonols can be expected from
intraspecific crosses, and these resulting grapes could lead
to highly colored wines, with increased health-related prop-
erties. In this way, three plants arising from Monastrell ×
Syrah (hybrids 8, 37, and 71) presented anthocyanin and
flavonol concentrations higher than 20 and 1mg/g fresh skin,
respectively (Figures 2 and 4). Also, four plants arising from
Monastrell ×Cabernet Sauvignon (hybrids 38, 59, 55, and 80)
and two from Monastrell × Barbera (hybrid plants 120, 121)
showed anthocyanin values higher than 20mg/g fresh skin
accompanied with high concentration of flavonols (Figures
2 and 4). The hydroxylation pattern, which also influences
wine color and its stability, will be strongly influenced by the
parentals pattern since values higher than that shown by the
best parental in this respect will be difficult to obtain. Also,
in the case of the crosses between heterozygous parentals
(Monastrell, Cabernet Sauvignon, and Syrah) hybrids bearing
white grapes can be obtained, some of them with a high
concentration of flavonols, that could be of importance in the
health properties of this fruit and its derived products, such
as the wine.The information obtained in this study should be
helpful for selecting parentals for breeding programs.
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Figure 4: Concentration of flavonols in Monastrell × Syrah (a), Monastrell × Cabernet Sauvignon (b), and Monastrell × Barbera (c) hybrid
grapes (yellow bars indicate white grape bearing hybrids).
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Aflatoxin M1 is the foremost metabolite of aflatoxin B1 in humans and animals, which may be present in animal products from
animals fedwith aflatoxin B1 contaminated feed. In this study a high performance liquid chromatographymethod for determination
of aflatoxin M1 in eggs was described. The egg samples were diluted with warmed water and the toxin was immunoextracted
followed by fluorescence detection. The average recovery of aflatoxin M1 at the three different levels 0.05, 0.1, and 0.5 𝜇g/kg varied
between 87% and 98%.Themethod is linear from the limit of quantification 0.05 𝜇g/kg up to 3𝜇g/kg levels.Thismethod is intended
for aflatoxinM1 analyses in eggs simply withminimum toxin lose, excellent recovery, and accurate results with the limit of detection
0.01 𝜇g/kg.

1. Introduction

Mycotoxins are toxins produced by molds that cause diseases
calledmycotoxicosis [1]. Aflatoxins, themost commonmyco-
toxins, are toxic metabolites produced by certain fungi that
can occur in foods and feeds. Aflatoxin M1 (AFM1) is usually
considered to be a detoxication byproduct of aflatoxin B1 and
it is also the hydroxylated metabolite present in animal prod-
ucts that eat foods containing the aflatoxin B1 toxin. Aflatoxin
M1 is cytotoxic and its acute toxicity is similar to that of
aflatoxin B1 [2] and was classified in Group 2B as possibly
carcinogenic to humans [3]. AFM1 is very slightly soluble
in water, freely soluble in moderately polar organic solvents
and insoluble in non-polar solvents. AFM1 is unstable to
ultraviolet light in the presence of oxygen, pH (<3, >10) and
oxidizing agents. On the other hand AFM1 has an intensely
fluorescent in ultraviolet light [4]; its structural formula is
given in Figure 1. Processing and storage cause a little effect
on AFM1 content in milk and milk products [2, 5, 6].

AFM1 has been found worldwide in a range of animal
products, includingmilk andmilk products types, eggs,meat,
and meat products [7–14].

Several chromatographic methods for AFM1 determi-
nation in various commodities include ELISA and flow-
injection immunoassay system [15–17], HPLC methods with

solid phase and immunoaffinity separations [18, 19], and
other chromatographic post column, mass, and tandem
mass spectrometry detection [20–22].This study develops an
HPLC method using immunoaffinity column with rapid and
reasonable high test recovery comparablewith other intended
methods of analyses.

2. Materials and Methods

2.1. Chemicals and Materials. All chemicals and reagents
were of HPLC and analytical grade. Deionized water that
was used throughout the experiments was generated byMilli-
Q A10 FOCN53824k. Methanol and acetonitrile were (Lab-
scan) (HPLC), with assay >99%. Standard of aflatoxin M1
(>98%) solution and Visiprep SPE vacuum manifold were
purchased from Sigma Aldrich. Afla M1 immunoaffinity
column was purchased from VICAM for HPLC aflatoxin M1
analysis (G1007). All performance parameters and statistical
experiments were applied on chicken eggs samples.

2.2. Standard and Calibration Preparation. 1mL of 10 𝜇g/mL
of AFM1 in acetonitrile was diluted in 10mL volumetric flask
with acetonitrile to obtain 1 𝜇g/mL as a working solution.
Stock and working solution were kept in freezer at −20∘C,
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Figure 1: Structural formula for aflatoxin M1.

the expiry date of the standard as indicated in the certificate
of analysis. 0.05, 0.1, 0.5, 1.0 and 10 𝜇g/L are prepared by
diluting the working standard in acetonitrile : water (30 : 70
v/v), 100 𝜇L of the solution was subjected to HPLC analysis
and the correlation coefficient must be greater than 0.99.

2.3. Sample Preparation. 5 grams of well-homogenized egg
was added into 250mL plastic bottle and 80mL water added
to the plastic bottle and the mixture warmed before analysis
to 45∘C for 30min and centrifugated at 4000 rpm for 10min.
After filtration of the aliquot over small piece of cotton
to separate fat (upper) layer from defatted phase, defatted
solution passed completely through Afla M1 affinity column
at a rate of about 1-2 drops/second until air comes through
column. It should take 20min for egg to flow through the
column. The flow slowed down using the stopcock. Column
was removed from plastic syringe barrel then 10mL of
purified water added through the column for washing with
a rate of about 1-2 drops/second. Affinity column was eluted
by passing 1.5mL acetonitrile: methanol (60 : 40 v/v) through
column at a rate of about 2-3 drops/second and collecting all
of the sample elution (1.5mL) in glass cuvette then 0.5mL
purifiedwater through column at the same rate and collecting
all of the sample eluation (1.5 + 0.5mL) in the same glass
cuvette (2mL total volume). Vortex used to homogenize the
eluation and 100𝜇L of it were injected onto HPLC.

2.4. HPLC Analysis. High performance liquid chromatog-
raphy instrument model HP Agilent 1200 series from Ger-
many equipped with quaternary pump (G1311A), vacuum
degasser (G1379B), autosampler (G1313A), and fluorescence
detector Agilent 1260 infinity/1200 series (G1321A), analytical
column: Agilent Eclipse plus C18 5 𝜇m 4.6 × 250mm. Soft-
ware: Chemistation for LC, Rev. B. 04.03 [16]. HPLC-pump
flow rate: 0.8mLmin−1. AFM1 mobile phase : acetonitrile
30 : water 60 :methanol 10 (v/v/v). Detector parameters: flu-
orescence detector at (360 nm excitation, 440 nm emission).

2.5. Statistical Analysis. The method described was devel-
oped and optimized for all procedure steps with statistical
treatments that enhance and optimize the test recovery,
minimize time and reagents, and reduce matrix interfer-
ences as possible. Firstly AFM1 statistically optimized to be
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Figure 2: Effect of various extraction temperatures on AFM1
recovery (mean ± SD, 𝑛 = 2).

extracted in one rapid and efficient step. Regarding that eggs
considered to be one of the most important food and very
heavy and difficult matrix for analytical chemistry separation
techniques, we secondly minimize the matrix as possible
using the most prober immunoaffinity separation criteria.
Finally AFM1 peak was chromatographically separated well.

3. Results and Discussion

3.1. Optimization of the HPLC Determination

3.1.1. Extraction. AFM1 contamination been reported in egg
samples [23, 24], so a rapid and simple HPLC method
was developed in this study for AFM1 determination in
eggs. Relatively polar solvents are the most efficient solvents
that have been used for extracting mycotoxins and water
offers higher extraction efficiencies inmixtures, by increasing
penetration of the organic solvent [25, 26]. Since AFM1 is
very slightly soluble in water [2, 27], a suitable amount of
water (80mL) was added for extraction from egg tissues and
it is the lowest amount facilitating the flow over the man-
ifold system without blocking the immunoaffinity column
taking into account the heavy density and viscosity of egg
samples.

3.1.2. Effect of Temperature and Time. In order to optimize
the best extraction conditions the effect of temperature
and time were checked for highest recovery yield which
was expressed by mean recovery from two replicates for
each experiment result. Figure 2 exhibits that the extraction
of AFM1 from eggs increased generally as the extraction
temperature increased (where the time is fixed to 40min. for
the four results) till it reached the maximum at 45∘C and the
recovery decreased insignificantly till 65∘C. Figure 3 exhibits
a significant recovery trend relative to the time of extraction
(where the temperature fixed at 40∘C). Recovery reached a
maximum value at 30min. and decreased significantly till
the incubation time 120min. This study suggested that an
efficient extraction could be with the application of 45∘C and
30min. for best enhanced recovery.
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Figure 3: Effect of various times of incubation on AFM1 recovery
(mean ± SD, 𝑛 = 2).
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Figure 4: Selection of eluted solvent of methanol- (MeOH-)
acetonitrile (ACN) for spiked egg samples (mean ± SD, 𝑛 = 3, and
SD expressed by error bars) at a level of 0.05𝜇g/kg.

3.1.3. Elution. Various amounts from relatively polar sol-
vents (acetonitrile and methanol) were tested and tried out
for highest AFM1 test recovery in elution step and the
recovery expressed as average recovery from 3 replicates for
each solvent (Figure 4). All solvents offer test recovery in
agreement with the European Union Commission Directive
no. 401/2006 [28] from 70% to 110% for the range above
0.05𝜇g/kg but the best recoveries were obtained from the
mixture acetonitrile : methanol (60 : 40 v/v) as reported.

3.1.4. HPLC Analysis. AFM1 was separated sufficiently with-
out matrix interferences with the optimum mobile phase
acetonitrile : water :methanol (30 : 60 : 10 v/v/v) which deliv-
ers fast AFM1 peak release where the method takes only
10 minutes and good symmetry (S > 0.85) for peak shape
(Figure 5) with Agilent Eclipse plus C18. Chromatographic
separation was performed with 0.8mL/min so the method
usedminimal reagent quantities.Themethod shows excellent
linearity with correlation coefficient 0.99995 with minimum

0 2 4 6 8 10

LU

(min)

A

B

Figure 5: AFM1 HPLC-FLD chromatograms for 0.5 𝜇g/kg standard
(A) and 0.05 𝜇g/kg egg spiked sample (B).

variation in the calibration curve obtained from five levels
0.05, 0.1, 0.5, 1.0, and 10 𝜇g/L.

3.2. Method Validation (Fit for Purpose Approach). Includes
all of the procedures that demonstrate that a particular
method used for quantitative measurement of analytes is
reliable and reproducible for the intended use. EURACHEM
[29, 30] and FDA [31] guidelines were followed for checking
the method validation performance parameters which are
summarized in Table 1.

3.2.1. LOQ and LOD. Limit of quantification (LOQ) is
the lowest amount of an analyte in a sample that can
be quantitatively determined with suitable precision. The
accuracy analyte peak (response) was identifiable, discrete,
and reproducible with a precision of 9%. Limit of detection
(LOD) is the minimum concentration of analyte that can be
detected with acceptable certainty, though not quantifiable
with acceptable precision and statistically determined as a
trice of the standard deviation of sample blanks spiked at low-
est acceptable concentrationmeasured (Table 1).Themethod
LOQ (0.05𝜇g/kg) was represented at the lowest European
Union MRL’s [28] for AFM1 in milk and milk products and
it is worth to mention that there is no regulations for AFM1
in eggs. The method was sensitive, with a detection limit
0.01 𝜇g/kg better than that reported by [32, 33].

3.2.2. Precision and Trueness. Trueness is the degree of
agreement of the mean value from a series of measurements
with the true value or accepted reference value related to
systematic error (bias). The method trueness was checked
by certified reference material, proficiency test for milk
powder matrix instead of egg by the same method because
of unavailability and statistical trueness calculation which
was estimated by spiked samples at different levels on eggs
samples and bias expressed as absolute relative difference
percent (RD%) must not exceed 20% (Table 1). Precision
is degree of agreement of replicate measurements under
specified conditions. The precision is described by statistical
methods such as a standard deviation or confidence limit
and less precision is reflected by a larger standard deviation
and was classified as repeatability and reproducibility which
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Table 1: Trueness calculations and recoveries (mean ± SD, 𝑛 = 6) for 3 spiking levels in eggs, LOD, LOQ, CRM1, and PT2 for AFM1.

Mycotoxin Commodity
Spiking
level

(𝜇g/kg)

Recovery
(%) 𝑋 − 𝑇

∗ Bias
(RD %)#

LOD
(𝜇g/kg)

LOQ
(𝜇g/kg)

FAPAS CRM T04120
Accepted range
(0.33–0.84) 𝜇g/kg

FAPAS PT T04124
Assign value
(0.505𝜇g/kg)

AFM1
0.05 95.3 ± 9.3 2.3 4.7

0.29, 𝑍-score = −1.9Eggs 0.10 98.0 ± 6.0 2.0 2.0 0.012 0.05 0.64
0.50 87.1 ± 6.7 64.3 12.9

1Certified reference materials.
2Proficiency test.
∗
𝑋: expected value, 𝑇: mean value.

#Relative difference.

was shown to be 9% and 13%, respectively, less than 20% in
agreementwith EUguideline 96/23/EC [34] and less than 15%
in agreement with FDA guideline [31].

3.2.3. Method Linearity and Test Recovery. Method linearity
was checked by making recovery tests at three different levels
of 0.05, 0.1, and 0.5 𝜇g/kg on eggs samples. Method was
found to be linear from the limit of quantitation, 0.05, up to
0.5 𝜇g/kg with a strong correlation coefficient 0.99984. The
check for method linearity performed with test recoveries for
six replicates at the three different levels on eggs samples.
As reported in Table 1, the method has excellent recoveries
which varied between 87% and 98% at levels of 0.1 and
0.5 𝜇g/kg, respectively, which is in agreement with [28]
between 70% and 110% and better than that reported by
[11, 35].

3.2.4. Uncertainty Measurement. The parameter associated
with the result of a measurement that characterizes the
dispersion of the values that could reasonably be attributed to
the measured value. Uncertainty was estimated (at 95% con-
fidence level and coverage factor of 𝑘 = 2) to be in the range
of ±33. Bias reported from uncertainty using t-test statistical
calculations shows that the method recovery is significantly
different from 100%, so the analytical result must be reported
correctly for recovery for controlling compliance according
to EURACHEM Guide for Quantifying Uncertainty [36].

4. Conclusion

Mycotoxins have serious effects on humans and animals.
Thus, for ensuring food safety and monitoring the AFM1
hazards in animal products like eggs, a quick and accurate
method was presented. This study aimed to optimize HPLC
method with less interference, lowest reagent quantities,
being safer for technicians, and being more easy to use.
Several method validation parameters including LOQ, LOD,
linearity, precision, trueness, test recoveries, and uncer-
tainty measurement were checked for method performance.
Characteristics of performance parameters indicate that the
method is capable of determination of AFM1 in eggs with
excellent analytical results and is recommended for food
safety monitoring programs.
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The plant species Arbutus unedo shows numerous beneficial pharmacological effects (antiseptic, antidiabetic, antidiarrheal, astrin-
gent, depurative, antioxidant, antihypertensive, antithrombotic, and anti-inflammatory). For the medicinal use, standardization of
extracts is a necessity, as different compounds are responsible for different biological activities. In this paper, we analyze monthly
changes in the content of quercitrin, isoquercitrin, hyperoside, and chlorogenic acid. Methanolic extracts of the leaves are analyzed
by HPTLC for the identification and quantification of individual polyphenol, and DPPH test is used to determine antioxidant
activity. Based on the results obtained, the leaves should be collected in January to obtain the highest concentrations of hyperoside
and quercitrin (0.35mg/g and 1.94mg/g, resp.), in June, July, andOctober for chlorogenic acid (1.45–1.46mg/g), and for the fraction
of quercitrin and isoquercitrin in November (1.98mg/g and 0.33mg/g, resp.). Optimal months for the collection of leaves with the
maximum recovery of individual polyphenol suggested in this work could direct the pharmacological usage of the polyvalent herbal
drugs.

1. Introduction

Arbutus unedo L. (Ericaceae, English strawberry tree) is an
evergreen shrub or a small tree reaching up to 12m in
height. It is found mainly in European Mediterranean region
growing in maquis, evergreen scrub, woodland margins,
and on rocky slopes. The leaves of A. unedo are alternate,
simple, oblanceolate, dark green, leathery, short-stalked, and
toothed. The flowers are bell shaped, with recurved lobes,
8-9mm long, white, often tinged with pink or green, and
honey scented.The fruits are globose berries about 15–20mm
in diameter, ripening through yellow to scarlet and deep
crimson. Since the fruits take about 12 months to ripen, a
tree carries mature fruits and flowers at the same time, and
the appearance of both during winter months also makes this
plant very popular for specimen plantings [1, 2].

The leaves of A. unedo are used as a urinary antiseptic,
antidiabetic, antidiarrheal, astringent, depurative, antioxi-
dant, antihypertensive, antithrombotic, anti-inflammatory

agent [3–8]. Chemical investigations of leaves and fruits show
the presence of essential oil, flavonoids, proanthocyanidins,
iridoid glucosides, sugars, nonvolatile and phenolic acids,
vitamins C and E and carotenoids [9–13].

As a pharmacological activity can rarely be attributed to
a group of compounds as it is the case with polyphenols and
antioxidant activity, the identification and quantification of
individual compounds responsible for a biological activity
are of interest. The objective of this paper was the identifi-
cation and quantification of chlorogenic acid and flavonoids:
quercitrin, isoquercitrin, and hyperoside using a simple thin
layer chromatography technique.

2. Experimental

2.1. PlantMaterials, Reagents, Chemicals, and Solutions. Each
month in the year of 2003 the leaves of ten A. unedo plants
were collected on five different locations on the island of Dugi
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otok, Božava municipality (44∘ 8 30N, 14∘ 54 30 E).
Voucher specimens (no. 99450-99461) were deposited at the
Department of Pharmaceutical Botany, Faculty of Pharmacy
and Biochemistry, University of Zagreb. Solvents of the
analytical grade were obtained from Kemika (Croatia) and
standards (quercitrin, isoquercitrin, hyperoside, and chloro-
genic acid) were purchased from C. Roth (Germany). 2,2-
Diphenyl-1-picrylhydrazyl was supplied by Sigma-Aldrich
(USA) and HPTLC silica gel 60 F254 by Merck (Germany).

2.2. Sample and Standard Preparation. Extracts of A. unedo
were prepared by the reflux extraction of leaves powder in
methanol for 5 minutes; final concentration being 0.1 g/mL.
The standards of polyphenols were prepared as 1mg/mL
solutions in methanol.

2.3.Thin Layer Chromatography. Thin layer chromatography
was performed on 10 × 20 cm HPTLC silica gel 60 F254
plates (Merck, Germany). Ethyl acetate-formic acid-acetic
acid-water in volume ratio 100 : 11 : 11 : 26 was used as mobile
phase [14]. After development plates were air dried and
recorded at 254 and 366 nm, identification and quantification
were performed by TLC densitometry using CAMAG TLC
Scanner 3 andWinCATS software version 1.3.4 (Switzerland).
Quantification was performed using calibration curves (peak
area of chromatogram versus mass of standard applied in the
form of band) for individual standard in triplicate.

2.4. DPPH Test. Antioxidant activity was assessed using sta-
ble free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH).DPPH
solution was prepared by dissolving DPPH in ethanol to
obtain the final concentration of 0.3mM. Decolorization of
DPPH in the presence of extract (100 : 1 volume ration) was
measured on Varian Cary 50 Bio spectrophotometer (USA).
Antioxidant activity (AA) was expressed as a percentage of
quenching of the stable free radical at 𝜆 = 518 nm as follows:

AA =
(𝐴
0
− 𝐴)

𝐴
0

× 100, (1)

where𝐴
0
represents the absorbance of blank (methanol) and

𝐴 absorbance of the extract measured 1 minute after mixing.

3. Results and Discussion

Qualitative analysis of polyphenols in leaves and fruits of
A. unedo [14] showed presence of nine bands in the methanol
extracts. Seven polyphenol standards were used and four
flavonoids and chlorogenic acid were identified, out of which
we were able to determine the content (quantify) of chloro-
genic acid, quercitrin, isoquercitrin, and hyperoside.

Identification of each polyphenol was based on the color
of the band observed under 𝜆 = 366 nm, 𝑅

𝐹
value, and

matching UV-Vis spectra in situ with the standard used
(Table 1).

Volumes of extracts applied to the plate were adjusted to
correspond to ranges of linearity for individual polyphenol
that were 0.2–1.6𝜇g per band for chlorogenic acid, 1.0–
5.0𝜇g per band for quercitrin, 2.5–12.5𝜇g per band for

Table 1: Parameters of identification of the polyphenols analyzed.

Polyphenol 𝑅
𝐹

Color under 𝜆 = 366 nm
Quercitrin 0.80 Yellow-green
Isoquercitrin 0.64 Yellow-green
Hyperoside 0.57 Yellow-green
Chlorogenic acid 0.49 Blue
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Figure 1: Variation of antioxidant activity expressed in percentages
during the year.

isoquercitrin, and 0.2–0.6 𝜇g per band for hyperoside. The
results of HPTLC quantification of an individual polyphenol
are presented in Table 2.

Compared to the results of the total flavonoids of 1.30–
2.00 g per 100 g of dried leaves from our previous study [14],
quercitrin, isoquercitrin, and hyperoside (2.38mg/g—sum of
individual flavonoids for June, Table 2) can be accounted
for up to 12% of dry powder. However, it should be noticed
that methods for determination of total flavonoids usually
use hydrolyzed extracts,meaning that aglycones are analyzed,
whereas all the analyzed polyphenols in this work present
flavonoid glycosides.

As suggested by Oliveira et al. [15], methanolic extracts
have greater antioxidant activity compared to ethanolic and
water based. The antioxidant activity values of methanolic
extracts of A. unedo were determined during a period of 12
months (Figure 1).

The results of the antioxidant activity varywith themonth
observed and cannot be attributed to any of the analyzed
polyphenols individually (𝑟2 < 0.25); rather it presents the
overall activity of the total extracted polyphenols including
phenolic acids and flavonoids other than analyzed chloro-
genic acid, quercitrin, isoquercitrin and hyperoside. These
flavonoids are attributed up to only 12% of total flavonoids.

Specific pharmacological activity is usually the result of a
specific substance; for example, the inhibition of 3-hydroxy-
3-methylglutaryl coenzyme A reductase can be attributed to
quercetin, hyperoside, rutin, and chlorogenic acid fractions
of Crataegus pinnatifida Bge. [16]. Thus, to achieve a specific
action of the extracts of A. unedo, leaves should be collected
during the months when the concentration of individual
substance responsible for specific action is the highest.
This means, based on the results obtained, that the leaves



Journal of Analytical Methods in Chemistry 3

Table 2: Content of individual polyphenol during the year in the leaves of A. unedo expressed in mg per g of dry sample.

Quercitrin Isoquercitrin Hyperoside Chlorogenic acid
January 1.94 ± 0.08 nd 0.35 ± 0.03 0.70 ± 0.09

February 1.34 ± 0.22 nd 0.12 ± 0.03 0.76 ± 0.09

March 1.38 ± 0.21 nd nd 1.06 ± 0.19

April 1.38 ± 0.17 nd 0.11 ± 0.03 1.13 ± 0.07

May 1.21 ± 0.05 nd 0.11 ± 0.02 1.06 ± 0.12

June 2.20 ± 0.17 0.07 ± 0.01 0.11 ± 0.04 1.45 ± 0.34

July 1.56 ± 0.09 nd nd 1.46 ± 0.13

August 1.78 ± 0.30 0.09 ± 0.05 0.21 ± 0.01 1.11 ± 0.14

September 1.74 ± 0.14 nd nd 0.79 ± 0.16

October 1.78 ± 0.04 nd nd 1.45 ± 0.59

November 1.98 ± 0.21 0.33 ± 0.08 0.16 ± 0.01 0.76 ± 0.11

December 1.46 ± 0.26 0.13 ± 0.09 0.24 ± 0.01 0.61 ± 0.05

Results expressed as mean ± standard deviation.
nd: not detected.

should be collected in January to obtain the highest con-
centrations of hyperoside and quercitrin (0.35mg/g and
1.94mg/g, resp.), in June, July, and October for chlorogenic
acid (1.45–1.46mg/g), and for the fraction of quercitrin and
isoquercitrin in November (1.98mg/g and 0.33mg/g, resp.).

4. Conclusion

Different studies have shown beneficial effects of A. unedo
for human health and suggested the usage of standardized
extracts inmedicinal products. Although antioxidant activity
well correlates with the total content of polyphenols, phenolic
acids, and flavonoids [15], a specific action, for example, an
antiaggregatory [6] or an anti-inflammatory action [7], is
probably the consequence of specific compound(s) to which
extracts should be standardized. For this purposes the thin
layer chromatography presents simple and readily available
technique.
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The feasibility of electronic tongue andmultivariate analysis was investigated for discriminating the specific geographical origins of
a Chinese green tea with Protected Designation of Origin (PDO). 155 Longjing tea samples from three subareas were collected
and analyzed by an electronic tongue array of 7 sensors. To remove the influence of abnormal measurements and samples,
robust principal component analysis (ROBPCA) was used to detect outliers in each class. Partial least squares discriminant
analysis (PLSDA) was then used to develop a classification model. The prediction sensitivity/specificity of PLSDA was 1.000/1.000,
1.000/0.967, and 0.950/1.000 for longjing from Xihu, Qiantang, and Yuezhou, respectively. Electronic tongue and chemometrics
can provide a rapid and reliable tool for discriminating the specific producing areas of Longjing.

1. Introduction

Green tea, unfermented and made from the leaves of the
Camellia sinensis plant, is one of the most popular beverages
consumed across the world [1–3].The property and chemical
components of green teas are influenced by many factors,
such as tea species, harvest season, climate, geographical
locations, and processing. In China, among various factors,
the geographical origin is recognized as an important aspect
of tea. Because of the similar tea species, cultivation and
processing conditions in a specific tea-producing area, many
teas are named after their geographical origins.

Longjing tea is a green tea produced in Xihu and its
surrounding areas (Hangzhou, China). As a famous green
tea with Protected Designation of Origin (PDO), Longjing
is recognized as one of the top green teas for its special
appearance (flat and straight leaves), flavor, and taste. Various
methods for distinguishing Longjing from other teas have
been reported [4–6]. However, little information has been
available on the feasibility of discriminating Longjing from
its three specific subproducing areas, namely, Xihu,Qiantang,
and Yuezhou. As the quality and prices of Longjing tea from
the above three producing areas are different, it is necessary

to develop effective analysis methods for discrimination of
Longjing from different subproducing areas.

Because of the similarity (processing, appearance, and
taste) among different subproducing areas, the specific geo-
graphical origins of Longjing are usually distinguished by
sensory analysis. However, because it is very expensive and
may take years to train a tea taster, it would be more
efficient to use some nonhuman techniques. Recent years
have witnessed increased applications of electronic tongue
technology to analysis of wines, milk, tea, beer, juice, and
so on [7–10]. In these applications, a very good time sta-
bility and sensitivity are obtained using electronic tongue
sensors. Moreover, a good correlation between human and
electronic tongue judgment has been observed, which makes
it a promising alternative to human sensory analysis of
teas.

This paper was focused on developing a rapid analysis
method for discriminating specific subproducing areas of
Longjing tea by electronic tongue and chemometrics. Robust
principal component analysis (ROBPCA) [11, 12] was used to
detect outliers in each class. Partial least squares discriminant
analysis (PLSDA) [13] was used to develop the classification
model.
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Figure 1: The average feature spectrum of Longjing tea of class A, class B, and class C.

Table 1: Sensor sensitivity (pC) of ASTREE electronic tongue
system.

Basic tastes Substances ZZ BA BB CA GA HA JB
Sour Citric acid 7 6 7 7 7 6 6
Salty KCL 7 4 4 5 4 4 4
Sweet Glucose 7 4 7 7 4 4 4
Bitter Caffeine 5 4 4 5 4 4 4
Savory L-arginine 6 4 6 5 5 4 5

2. Experimental and Methods

2.1. Tea Samples and Electronic Tongue Analysis. 155 Longjing
samples were collected from the local tea plantations in Xihu
(32 samples, class A), Qiantang (59 samples, class B), and
Yuezhou (64 samples, classC).All the sampleswere preserved
in a cool (about 4∘C), dark, and dry place with integral
packaging before preparation of tea extract. Six gram of each
sample was added with 250mL boiling deionized water and
infused for 10min. The infusion was then filtered into a
beaker and cooled to the room temperature (25∘C) by water
bath for electronic tongue analysis.

The tea infusion was analyzed by an ASTREE Electronic
Tongue system (Alpha M.O.S., Toulouse, France). The detec-
tion system consists of one reference electrode (Ag/AgCl) and
7 liquid cross selective sensors (ZZ, BA, BB, CA, GA,HA, and
JB). The cross-sensitivity and selectivity of the sensor array
are listed in Table 1. The sensors array analyzed the solutions
of tea samples with sampling interval of 1 s. Each sample was
measured for 150 s, which can ensure a stable response.

2.2. Data Preprocessing, Outlier Detection, and Data Splitting.
All the data analysis was performed onMATLAB 7.0.1 (Math-
works, Sherborn, MA, USA). The responses of the 7 sensors
reported at 150 s were used for the subsequent data analysis.
Outliers in the data would degrade the classification models
and prediction performance, so robust principal component
analysis (ROBPCA) was used to detect outliers in each class
of samples. ROBPCA can obtain robust projections of the
original data points and avoid the masking effects caused by
multiple outliers. With the computed robust score distance
(SD) and orthogonal distance (OD), ROBPCA can classify an
object into one of the four groups: regular points (with small
SD and small OD), good PCA-leverage points (with large
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Figure 2: ROBPCA of the electronic tongue data: the outlier plots for Longjing samples fromXihu (class A), Qiantang (class B), and Yuezhou
(class C).

SD and small OD), orthogonal outliers (with small SD and
large OD), and bad PCA-leverage points (with large SD and
large OD).With outliers deleted, the DUPLEX algorithm [14]
was used to divide the measured data into a training set and
test set. DUPLEX algorithm can obtain a test set of samples
distributed uniformly in the range of training samples.

2.3. PLSDA. For multiclass classification, PLSDA can be
performed by regressing each column of a dummy response
matrix Y on the measured data X by PLS. For the 𝑖th (𝑖 =
1, 2, and 3) column in Y, an element is set a value of 1
if the corresponding object is from class 𝑖; otherwise, it is
assigned a value of 0. For prediction, a new sample is classified
into class 𝑖 when the 𝑖th element of its predicted response
vector is nearest to 1. Monte Carlo cross validation (MCCV)
[15] was used to estimate the number of components in
PLSDA by minimizing the mean percentage error of MCCV
(MPEMCCV):

MPEMCCV =
∑
𝐵

𝑖=1
𝑁
𝑖

∑
𝐵

𝑖=1
𝑀
𝑖

, (1)

where 𝐵 is the numbers of MCCV data splitting, 𝑀
𝑖
is

the number of prediction objects, and 𝑁
𝑖
is the number of

wrongly predicted for the 𝑖th MCCV data splitting. Model
sensitivity and specificity of prediction for each class were
used to evaluate the performance of classification models:

Sensitivity = TP
TP + FN

,

Specificity = TN
TN + FP

,

(2)

where TP, FN, TN, and FP represent the numbers of true
positives, false negatives, true negatives, and false positives,
respectively. For classification, objects in each class were
denoted as positives and the other two classes were denoted
as negatives.

3. Results and Discussion

The average electronic tongue features for each class of
Longjing tea are shown in Figure 1. Seen from Figure 1,
the features of the three classes have very similar response
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Figure 3: PLSDA training (objects 1–18, class A; objects 19–55, class B; objects and 56–95, class C) and prediction (objects 1–10, class A; objects
11–28, class B; and objects 29–48, class C) of the specific Longjing geographical origins. The height of a bar indicates to which class an object
is assigned by PLSDA.

patterns. The features of class B and C are very similar and
different from those of class A, especially in the responses of
GA and HA. ROBPCA was used for outlier detection with
a significance level of 0.05. Because each class of tea has
a different probability distribution, ROBPCA models were
performed separately on each class. Figure 2 demonstrates
the ROBPCA plots for the three classes. For each class, a
ROBPCA model with three principal components (PCs) was
selected because including more PCs would not reduce the
residuals significantly. Three PCs explained 89.7, 91.5 and
92.1 percents of the total variances of each class, respectively.
For outlier diagnosis, bad PCA-leverage points, good PCA-
leverage points and orthogonal outliers were excluded to
obtain a representative data set distributed in the entire range
of measured samples. The numbers of objects with large SD
andODwere denoted. As a result, for class A, two orthogonal
outliers (objects 1 and 26) and two good PCA-leverage points
(objects 15 and 31) were deleted; for class B, four orthogonal
outliers (objects 1, 19, 24, and 43) were deleted; for class C,
three orthogonal outliers (objects 12, 17, and 29) and one bad
PCA-leverage point (object 55) were deleted.

The DUPLEX algorithm was then performed to divide
the remaining 143 tea samples into training and test objects.
Finally, 95 samples (class A, 18; class B, 37; and class C, 40)
were used for training and 48 samples (class A, 10; class B, 18;
and class C, 20) for prediction. PLSDAmodel was developed
and MCCV was used to select the number of latent variables
(LVs). For MCCV, the original 95 training samples were
randomly split into training (50%) and test objects (50%) for
100 times. The lowest MPEMCCV value was obtained with a
three-component PLSDA model.

The training and prediction results of a three-component
PLSDA are demonstrated in Figure 3. The sensitivity/
specificity of PLSDA for classes A, B, and C was 1.000(10/10)/
1.000(38/38), 1.000(18/18)/0.967(29/30), and 0.950(19/20)/
1.000(28/28), respectively.The training accuracywas 1 and for

prediction only one object from class C was wrongly assigned
to class B, indicating the effectiveness of electronic tongue for
classification of Longjing tea samples.

4. Conclusions

Rapid and effective discrimination of Longjing green tea
from different subproducing areas was performed using elec-
tronic tongue and chemometrics. The sensitivity/specificity
of PLSDA for classes A, B, and Cwas 1.000/1.000, 1.000/0.967,
and 0.950/1.000, respectively. Electronic tongue and chemo-
metrics can provide a rapid and reliable tool for discriminat-
ing the specific producing areas of Longjing. Compared with
human sensory analysis, this method is easier to perform and
the more attractive economically. In the future studies, the
comparison of chemical methods, for example, LC/UV/MS,
to the electronic tongue analysis will be performed to investi-
gate the statistical correlation between the chemistry and the
tastes of Longjing tea.
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