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ABSTRACT

The present investigation reports the chemical composition of the Rhus typhina L. stem identified via
mass spectrometry and NMR as gallic acid, 1-0-galloyl-f-D-glucose, tryptophan, scopolin, methyl gallate,
fustin, quercetin, rutin, and 1,2,3,4,6-penta-O-galloyl-/3-D-glucose. The antioxidant properties and the
chemical composition contents of the R. typhina L. stem grown in different regions in China were de-
termined. To determine the antioxidant activity, a total phenolic content analysis, 2, 2-diphenyl-1-pi-
crylhydrazyl radical scavenging activity assay, ferric reducing antioxidant power assay, and f-carotene
linoleic acid model system were conducted. The results showed that the Rhus typhina L. stem possessed
high antioxidant capacities due to its high phenolic content. The contents of the nine isolated compounds
were determined by UPLC-ESI-MS/MS. The calibration curves of the nine isolated compounds were linear
within the concentration range and the average recoveries were high. The result showed that 1-O-
galloyl-f3-D-glucose, gallic acid, methyl gallate, and 1,2,3,4,6-penta-0-galloyl-/3-D-glucose could be the
compounds mainly responsible for the antioxidant capacity of the R. typhina L. stem. This reveals that the
R. typhina L. stem is a good source of antioxidants.

© 2019 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Rhus typhina L., originated from North America, is a deciduous
shrub to a small tree. It is distributed primarily throughout mid-
western and eastern North America, and now it is widely grown in
northwest China and other regions [1]. The fruits of this plant are
used for the preparation of beverages like lemonade and it has
been reported to display antimicrobial and antioxidant activities
[2]. However, other parts of the plant, with a variety of medicinal
properties, are used for treating asthma, bacterial diseases, in-
flammation and bacterial infections [3]. Polyphenols from the bark
of another Rhus species (Rhus verniciflua) show antitumor and
anti-inflammatory activities [4], its bark extract and active flavo-
noids have potent neuroprotective and anti-inflammatory effects
and may be good therapeutic candidates as cognitive-enhancers
[5]. R. typhina L. shows that it is a valuable source with various
kinds of biological activity and has a potential for use in phar-
maceutical products. Thus, it is important to explore the chemical
composition and biological activity of the Rhus typhina L. stem.
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In recent years, there has been an increasing interest in natural
antioxidant compounds offered by the plant. The objective of this
study was to purify and characterize the chemical composition,
investigate the antioxidant capacity of the extracts and the che-
mical composition, and determine the contents of the nine com-
pounds of the R. typhina L. stem in China.

2. Materials and methods
2.1. Chemicals and reagents

Ferric chloride (FeCl3) and sodium carbonate were purchased
from Tianjin Chemical Factory (Tianjin, China). 2,2-diphenyl-1-
picrylhydrazyl (DPPH) was purchased from TCI Development
Company Limited (Shanghai, China). 2,4,6-Tri(2-pyridyl)-S-triazine
(TPTZ) was obtained from Shanghai Aladdin Reagent Company
Limited (Shanghai, China). Folin-Ciocalteu's phenol reagent was
obtained from Shanghai Labaide Biotechnology Company Limited
(Shanghai, China). Gallic acid was purchased from Shanghai Yua-
nye Biotechnology Company (Shanghai, China). 2,6-di-tert-butyl-
4-methylphenol (BHT), ascorbic acid, f-carotene, linoleic acid,
Tween 40, and acetonitrile of HPLC grade were obtained from
Sigma (St. Louis, MO, USA). Formic acid of HPLC grade was
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purchased from Concord Technology (Tianjin, China). Water was
purified by redistillation and passed through a 0.22 pm membrane
filter before use. All other chemical reagents used were of analy-
tical grade.

2.2. Plant materials

Stems of R. typhina L. were collected from ten different loca-
tions in August 2014: Shenyang city (Liaoning province, China)-L1;
Dalian city (Liaoning province, China)-L2; Anshan city (Liaoning
province, China)-L3; Jinzhou city (Liaoning province, China)-L4;
Huludao city (Liaoning province, China)-L5; Yingkou city (Liaoning
province, China)-L6; Sugian city (Jiangsu province, China)-L7;
Baoding city (Hebei province, China)-L8; Xuchang (Henan pro-
vince, China)-L9; and Zaozhuang city (Shandong province, China)-
L10. The samples were authenticated by Professor Jingming Jia
(School of Traditional Chinese Medicine, Shenyang Pharmaceutical
University, China). The stems were cleaned thoroughly to remove
foreign matters such as dust and leaf. The dried stems were
ground into a fine homogeneous powder using a commercial
blender, passed through a 0.45 mm sieve, and stored in the shade
until further use.

2.3. Extraction of plant material

The dried and powdered stems (100g) of R. typhina L. were
extracted three times in succession with MeOH and the combined
extract was evaporated to dryness by rotary evaporation (Shanghai
Yarong Biochemistry Instrument Factory, Shanghai, China). The
methanol extract (10 g) was subjected to ODS eluted successively
with MeOH-H,0 in a stepwise manner (5:100, 10:100, 20:100,
30:100, 40:100, 50:100, v/v, each 900 mL) to obtain 549 fractions.

Fr.3-10 was further separated by C;g semi-preparative HPLC
using a solvent system of MeOH-0.05% phosphoric acid H,O (1:10)
at a flow rate of 1.5mL/min (CAPCELL PAK C;g column;
250 mm x 10 mm; 5 pm particle size) to yield compound 1 (gallic
acid). Similarly, Fr.40-50 was further separated using a solvent
system of MeOH-H,O0 (1:9) to yield compound 2 (1-0-galloyl-/3-D-
glucose). Fr.135-141 was further separated using a solvent system
of MeOH-H,0 (7:3) to yield compound 3 (tryptophan). Fr.178-195
was further separated using a solvent system of MeOH-H,0 (7:3)
to yield compound 4 (scopolin). Fr.239-262 was further separated
using a solvent system of MeOH-H,0 (7:3) to yield compound 5
(methyl gallate). Fr.319-328 was further separated using a solvent
system of MeOH-H,0 (4:6) to yield compound 6 (fustin). Fr.362—
372 was further separated using a solvent system of MeOH-H,0
(4:6) to yield compound 7 (1,2,3,4,6-penta-0-galloyl-/3-D-glucose).
Fr.410-421 was further separated using a solvent system of MeOH-
H,0 (50:50) to yield compound 8 (rutin). Fr.449-457 was further
separated using a solvent system of MeOH-H,0 (50:50) to yield
compound 9 (quercetin).

2.4. Determination of total phenolic content by Folin Ciocalteu assay

The determination of the total phenolic content was carried out
according to the method by Wong et al. [6]. 25 pL of gallic acid
standard solutions (5, 10, 20, 30, 40, and 50 pg/mL) or R. typhina L.
extracts were mixed with 40 pL of Folin-Ciocalteu reagent. After
5 min, 200 pL of sodium carbonate solution (7.5%, w/v) was added
and allowed to stand at 20 °C in a water bath for 90 min. The re-
action mixture was measured at 765nm on a Varioskan Flash
microplate reader (Thermo Scientific, USA). The results were ex-
pressed as mg gallic acid equivalent/g dry weight (mg GAE/g DW)
based on the calibration curve.

2.5. Antioxidant capacity determination

2.5.1. DPPH assay

The DPPH radicals scavenging activity assay was measured
according to Kossah et al. [2]. 120 pL of various concentrations of R.
typhina L. extracts were mixed with 120 pL of DPPH ethanol so-
lution. After mixing vigorously, the mixture was allowed to stand
in the dark at room temperature for 30 min. The reaction mixture
was measured at 525 nm on a Varioskan Flash microplate reader
(Thermo Scientificc USA). The antioxidant capacity was re-
presented as the percent of radical scavenging capacity and cal-
culated based on the percentage of scavenged DPPH using the
equation: scavenging activity (%)=1[1 - (Asample - Aslank) [
Acontrol] x 100, where Asampie is the absorbance of the solution
when the extract sample has been added at a certain level, Agjany is
the absorbance of the solution containing the same volume of
ethanol instead of DPPH solution, Acontrol iS the absorbance of the
solution containing the same volume of ethanol instead of the
compound solution. The 50% inhibition (ICso) value was defined as
the concentration of compound required to scavenge 50% of the
DPPH radicals. Ascorbic acid was used as a control.

2.5.2. Ferric reducing antioxidant power assay

The ferric reducing antioxidant power (FRAP) was determined
according to the method described by Benzie and Strain [7], with
some modifications. Briefly, the FRAP reagent was prepared from
20 mmol/L iron (III) chloride solution, 10 mmol/L TPTZ solution in
40 mmol/L HCl and 300 mmol/L sodium acetate buffer (pH 3.6) in
a volume ratio of 1:1:10, respectively. FRAP reagent should be
prepared fresh daily and incubated in a water bath at 37 °C before
use. 30 pL of various concentrations of R. typhina L. extracts and
225 pL of FRAP reagent were put into each well. The absorbance
was recorded at 593 nm after 30 min on a Varioskan Flash mi-
croplate reader (Thermo Scientific, USA). The antioxidant activity
was measured based on a calibration curve plotted using
FeSO, - 7H,0 at a concentration ranging between 50 and 2000 mM,
and the results were expressed as mmol Fe (II)/g dry weight of
plant material.

2.5.3. p-Carotene linoleic acid model system

The f-carotene linoleic acid model system was performed as
previously described by Wu et al. [1], with some modifications.
2mg of f-carotene was mixed with 20 mg of linoleic acid and
200 mg of Tween 40 in 1 mL of chloroform. After mixing vigor-
ously, chloroform was completely evaporated under vacuum, and
50 mL of oxygenated distilled water was added. Gently shaking the
mixture, a clear yellowish emulsion was formed and freshly pre-
pared before each experiment. 30 pL of R. typhina L. extract was
mixed with 250 pL of the f-carotene and linoleic acid emulsion.
After sufficient and rapid mixing, the absorbance values of the
reaction mixtures were measured at 470 nm immediately and then
measured after 120 min at 50 °C on a Varioskan Flash microplate
reader (Thermo Scientific, USA). The negative control was me-
thanol while butylated hydroxytoluene (BHT) was included as a
positive control. The antioxidant activity (AA) of the samples was
calculated by using the following equation: AA (%) = (AE;}nple -
A or | A2 bie - A% o) x 100. Extract concentration providing
ICso value was defined by plotting the inhibition percentage versus
the extract concentrations.

2.6. UPLC-ESI-MS/MS analysis of phenolic acids

2.6.1. Ultra-performance liquid chromatography

UPLC analysis was performed using an ACQUITY UPLC I-Class
system (Waters Corp., Milford, MA, USA) with conditioned auto-
sampler at 10 °C. Chromatographic separation was achieved on a
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Thermo Hypersil GOLD Cyg column (2.1 mm x 50 mm, 1.9 um). The
column temperature was maintained at 30°C and the injection
volume was 1 pL. A mobile system with 0.2% formic acid aqueous
solution (phase A) and acetonitrile (phase B) was applied for the
separation. With a flow rate of 0.20 mL/min, the gradient condition
of the mobile phase was as follows: an isocratic elution of 10% B,
0-1.0 min; 10%-20% B, 1.0-3.0 min; an isocratic elution of 20% B,
3.0-4.0 min; 20%-60% B, 4.0-6.0 min; 60%-90% B, 6.0-7.0 min; then
quickly returned to the initial 10% B and maintained until 9.0 min
for column balance.

2.6.2. Mass spectrometry

Mass spectrometric detection was carried out using a Waters
Xevo TQ-S triple quadrupole tandem mass spectrometer (Waters
Corp., Milford, MA, USA) with an ESI interface. The ESI source was
operated in negative-ionization mode. The optimal ESI source
parameters for the analytes were as follows: capillary voltage
3.0 kV, source temperature 150 °C, desolvation temperature 350 °C,
and desolvation and cone gas at a flow rate of 700 and 150 L/h,
respectively. For the collision induced dissociation (CID), argon
was used as the collision gas at a flow rate of 0.13 mL/min.
Quantitation was carried out in the selected ion recording mode
and multiple reaction monitoring (MRM) mode. Transition reac-
tions and other parameters of the analytes are given in Table 1.

2.7. Statistical analysis

Pearson's correlation coefficient and Student's t-test were cal-
culated through SPSS17.0 program (IBM, NewYork, USA).

3. Results and discussion
3.1. Identification of the isolated compounds

The structures of the nine compounds (Fig. 1), gallic acid, 1-O-
galloyl-f-D-glucose, tryptophan, scopolin, methyl gallate, fustin,
rutin, quercetin, and 1,2,3,4,6-penta-0-galloyl-/3-D-glucose, were
identified by spectroscopic means with comparison to literature
data [8-20]. All these nine compounds were isolated and reported
for the first time from the stems of this plant. NMR data are shown
below.

Compound 1 (gallic acid), 'TH NMR (400 MHz, CD;0D) §: 7.0
(2H, s, H-2, H-6). 13C NMR (100 MHz, CDs0D) é: 110.3 (C-2, C-6),
122.0 (C-1), 139.6 (C-4), 146.4 (C-3, C-5), 170.4 (C=0).

Compound 2 (1-O-galloyl-3-D-glucose), 'H NMR (400 MHz,
CD50D) 6: 5.65 (2H, s, H-2, H-6), 7.11 (2H, s, H-2, H-6). 3C NMR
(100 MHz, CD50D) 6: 62.3 (C-6'), 71.1 (C-4'), 74.1 (C-2'), 78.2 (C-5"),
78.8 (C-3'), 96.0 (C-1"), 110.5 (C-2, C-6), 120.7 (C-1), 140.3 (C-4),
146.5 (C-3, C-5), 167.0 (C=0).

Compound 3 (tryptophan), '"H NMR (400 MHz, CD;0D) §: 7.69
(1H, d, ] = 8.0Hz, H-3), 7.35 (1H, d, ] = 8.0 Hz, H-6), 718 (1H, s,

Table 1
Parameters of SRM mode used for determination.

H-8), 711 (1H, td, ] = 7.4 Hz, ] = 1.2 Hz, H-4), 7.04 (1H, td, ] = 7.6
Hz, ] = 0.8 Hz, H-5), 3.85 (1H, dd, ] = 4.0, ] = 4.0 Hz, H-10), 3.51
(1H, dd,J = 3.6 Hz, ] = 40Hz, H-9a),3.14 (1H,dd, ] = 9.6 Hz, ] =
9.2 Hz, H-9b). 13C NMR (100 MHz, CD30D) &: 174.4 (C-11), 138.4 (C-
1), 128.5 (C-2), 1251 (C-8), 122.8 (C-3), 120.1 (C-4), 119.3 (C-5),
112.4 (C-6), 109.6 (C-7), 56.7 (C-10), 28.5 (C-9).

Compound 4 (scopolin), "H NMR (400 MHz, DMSO-ds) &: 3.41
(1H, br t, ] = 9.52, 8.79 Hz, H-4'), 3.48 (1H, m, H-3'), 3.52 (1H, m,
H-5'), 3.54 (1H, m, H-2"), 3.70 (1H, dd, ] = 12.2, 2.3 Hz, H-6a"), 3.69
(1H, dd, J = 5.2, 5.6 Hz, H-6b"), 3.82 (1H, s, OMe), 533 (1H, d, ] =
4.8 Hz, H-1'), 6.33 (1H, d, ] = 9.2 Hz, H-3), 7.16 (1H, s, H-8), 7.30
(1H, s, H-5), 797 (1H, d, ] = 9.2Hz, H-4). *C NMR (100 MHz,
DMSO-dg) 6: 56.1 (CHsz, OMe), 60.7 (C-6'), 69.7 (C-4"), 73.1(C-2"),
76.8 (C-5"), 77.2 (C-3"), 99.7 (C-1"), 103.1 (C-8), 109.8(C-5), 112.3 (C-
10), 113.4 (C-3), 144.3 (C-4), 146.1 (C-6), 149.0 (C-9), 150.0 (C-7),
160.6 (C-2).

Compound 5 (methyl gallate), "TH NMR (400 MHz, CD30D) §:
3.80 (1H, s, OMe), 7.03 (2H, s, H-2, H-6). *C NMR (100 MHz,
CDs0D) §: 52.2 (CHs3, OMe), 110.0 (C-2, C-6), 121.5 (C-1), 139.8 (C-
4),146.5 (C-3, C-5), 169.0 (C-7).

Compound 6 (fustin), 'H NMR (400 MHz, CD30D) &: 4.46 (1H, d,
J=11.6Hz, H-3),4.92 (1H, d,J=12.0 Hz, H-2), 6.30 (1H, d, J=2.0 Hz,
H-8), 6.51 (1H, dd, J=2.4, 2.4 Hz, H-6), 6.79 (1H, d, J=8.0 Hz, H-5'),
6.85 (1H, dd, J=2.0, 1.6 Hz, H-6'), 6.97 (1H, d, J=1.6 Hz, H-2'), 7.71
(1H, d, J=8.8 Hz, H-5). 3C NMR (100 MHz, CD50D) §: 74.6 (C-3),
85.6 (C-2), 103.9 (C-8), 112.5 (C-6), 113.1 (C-10), 115.9 (C-2'), 116.1
(C-5"), 120.9 (C-6'), 130.0 (C-5), 130.1 (C-1"), 146.3 (C-4"), 1471 (C-
3"), 165.2 (C-9), 167.7 (C-7), 194.4 (C-4).

Compound 7 (1,2,3,4,6-penta-0-galloyl-$-D-glucose), 'H NMR
(400 MHz, CD30D) &: 4.38 (2H, m, H-5, Glc-H-6a), 4.51 (1H, d,
J=10.4 Hz, Glc-H-6b), 5.59 (2H, m, Glc-H-2, Glc-H-4), 5.90 (1H, t,
J=9.6, Glc-H-3), 6.23 (1H, d, J=8.4, Glc-H-1), 6.89, 6.94, 6.97, 7.04,
7.10 (each 2H, s, Galloyl-H). *C NMR (100 MHz, CDs0D) §: 63.1
(Glc-C-6), 69.8 (Glc-C-4), 72.2 (Glc-C-2), 74.1 (Glc-C-3), 74.4 (Glc-C-
5), 94.0 (Glc-C-1), 110.35, 110.40, 110.40, 110.48, 110.63, 119.69
(Galloyl-C-2, C-6), 120.19, 120.23, 120.36, 121.04 (Galloyl-C-1),
140.04, 140.17, 140.36, 140.41, 140.85 (Galloyl-C-4), 146.28, 146.38,
146.44, 146.47, 146.56 (Galloyl-C-3, C-5), 166.23, 166.93, 167.03,
167.30, 168.94 (-COO-).

Compound 8 (rutin), 'H NMR (400 MHz, CD;0D) &: 1.11 (3H, d,
Rha-H-6), 3.23-3.30 (2H, m, Glc-H-5, Rha-H-4), 3.34-3.48 (4H, m,
Glc-H-2, 3, 4, Rha-H-5), 3.53 (1H, dd, ] =3.6, 3.6 Hz, Glc-H-6), 3.62
(1H, m, Rha-H-2), 3.80 (1H, d, J=10.4 Hz, Rha-H-3), 451 (1H, d,
J=12Hz, Rha-H-1), 511 (1H, d, J=76Hz, Glc-H-1), 6.21 (1H, d,
J=2.0Hz, H-6), 640 (1H, d, J=2.0Hz, H-8), 6.87 (1H, d, J=8.4Hz,
H-5'), 762 (1H, dd, J=2.0, 2.0 Hz, H-6'), 7.66 (1H, d, J=2.0 Hz, H-2").
13C NMR (100 MHz, CD50D) &: 17.9 (Rha-C-6), 68.6 (Glc-C-6), 69.7
(Rha-C-5), 714 (Rha-C-3), 72.1 (Rha-C-2), 72.3 (Glc-C-4), 74.0 (Rha-C-
4),75.7 (Glc-C-2), 77.3 (Glc-C-3), 78.2 (Glc-C-5), 94.9 (C-8), 99.6 (C-6),
102.4 (Rha-C-1),105.7 (C-10), 104.7 (Glc-C-1), 116.1 (C-2"), 117.7 (C-5"),
123.2 (C-1'), 123.6 (C-6'), 135.6 (C-3), 145.9 (C-3'), 149.8 (C-4'), 158.5
(C-5),159.4 (C-2), 179.9 (C-4), 163.0 (C-9), 166.50 (C-7).

Compounds monitoring mode Retention time (min) my/z of precursor ion (Da) my/z of product ion (Da) Cone voltage (eV) Collision voltage (eV)
Compound 1 MRM 0.91 168.92 125.08 58 14

Compound 2 MRM 0.70 331.07 169.04 29 18

Compound 3 MRM 1.64 203.05 116.28 46 18

Compound 4 MRM 1.90 399.05 191.00 60 25

Compound 5 MRM 2.10 183.00 124.03 5 20

Compound 6 MRM 3.48 287.05 268.79 5 12

Compound 7 SIR 413 939.10 - - -

Compound 8 MRM 3.73 609.17 300.15 16 40

Compound 9 MRM 5.82 301.05 151.05 5 20
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Fig.1. Chemical structures of (A) gallic acid, (B) 1-0-galloyl-s-D-glucose, (C) tryptophan, (D) scopolin, (E) methyl gallate, (F) fustin, (G) 1,2,3,4,6-penta-0-galloyl--D- glucose,

(H) rutin, and (I) quercetin.

Table 2
Antioxidant activity of three different antioxidant capacity methods.

Sample source DPPH radical FRAP value Antioxidant capacity

(ng/mL) (mmol Fe(Il)/g) (pg/mL)
L1 18.58 1.05 22811
L2 17.69 113 181.26
L3 28.15 0.79 256.19
L4 29.26 0.81 298.10
L5 26.19 0.92 326.33
L6 3212 0.59 319.95
L7 22.25 0.98 245.65
L8 20.89 0.95 209.86
L9 28.25 0.55 322.55
L10 25.19 0.88 238.79
Gallic acid 0.92 19.48 na
1-0-galloyl-g-D- 2.58 11.64 108.81
glucose
Methyl gallate 123 20.21 119.19
Tryptophan na na na
Scopolin na na na
Fustin 2.85 11.02 420.41
Rutin 3.29 9.31 na
Quercetin 1.86 18.16 165.78
1,2,3,4,6-penta-0-gal- 1.64 12.64 3718
loyl-p-D-glucose
Vc 291 10.77 na
BHT na na 18.49
Table 3

Relative antioxidant capacity of nine compounds.

Compound DPPH FRAP p-carotene linoleic acid
radical value model system
Gallic acid 1.78 154 0.00
1-0-galloyl-s-D-glucose 0.64 0.92 0.34
Tryptophan 0.00 0.00 0.00
Scopolin 0.00 0.00 0.00
Methyl gallate 1.33 1.60 0.31
Fustin 0.58 0.87 0.09
Rutin 0.50 0.74 0.00
Quercetin 0.88 144 0.22
1,2,3,4,6-penta-0-galloyl- 1.00 1.00 1.00
p-D-glucose

Compound 9 (quercetin), 'H NMR (400 MHz, DMSO-ds) &: 6.19
(1H, d, J = 2.0Hz, H-6), 6.41 (1H, d, J = 2.0 Hz, H-8), 6.89 (1H, d, J
= 8.4Hz, H-3'), 7.54 (1H, dd, J = 2.0, 2.0 Hz, H-2'), 7.68 (1H, d, ] =
2.0Hz, H-6'), 9.33 (1 H, 4-OH), 9.39 (1 H, 3-OH), 9.61 (1H, 3'-OH),
10.80 (1H, 7-OH), 12.50 (1H, 5-OH). *C NMR (100 MHz, DMSO-ds)
5:93.4(C-8),98.2 (C-6),103.1 (C-10), 115.1 (C-2"), 115.7 (C-5), 120.0
(C-6'),122.0 (C-1"), 136.1 (C-3), 145.1 (C-3'), 146.9 (C-2), 147.8 (C-4"),
156.2 (C-9), 160.8 (C-5), 164.0 (C-7), 175.9 (C-4).

3.2. Total phenolic contents (TPC)

The phenolic compounds contain a hydroxyl group on an aro-
matic ring and interrupt chain oxidation reactions by donating a
hydrogen atom or chelating metals. In this way, they act as anti-
oxidants. The TPC of methanol aqueous solutions with different
methanol concentrations (i.e., 0, 30%, 50%, 70%, 90% and 100%, v/v)
were tested. By comparison, the method using 70% methanol as an
extraction solvent was more efficient than other methanol con-
centrations in the extraction of phenolic of R. typhina L. stems. The
TPC of 62 fruits varied from 11.88 + 0.11 to 585.52 4+ 18.59 mg
GAE/100 g [21], which are lower than those of extracts of R. ty-
phina L. stem, which varied from 2596 to 5226 mg GAE/100 g.

3.3. Antioxidant activities

Similar studies on 1-0O-galloyl-$-D-glucose, gallic acid [22],
methyl gallate [23], quercetin [24,25], and rutin [26] showed that
they have antioxidant properties. In the study, the antioxidant
capacity of the extracts and the nine isolated compounds was
evaluated using three commonly used colorimetric methods,
namely, DPPH, FRAP assay and f-carotene linoleic acid model
system (Table 2). DPPH is a compound consisting of a nitrogen free
radical which is purple and disappears by abstracting a hydrogen
atom from the antioxidant. The ICsq value for the extracts varied
from 17.69 to 32.12 pg/mL and the ICsq value for ascorbic acid was
2.91 pg/mL. The ICsq values of 7 compounds and Vc ranged from
0.92 to 3.29 pg/mL, and the antioxidant activities of them were in
the order of gallic acid > methyl gallate > 1,2,3,4,6-penta-O-
galloyl-$-D-glucose > quercetin > 1-O-galloyl-$-D-glucose >
fustin > Vc > rutin.

The reducing power had a good relationship with its anti-
oxidant, and the antioxidants had the ability of scavenging free
radicals due to their hydrogen donation. Thus, the antioxidant
activity was evaluated by measuring the absorbance of the reac-
tion mixture, and the higher absorbance indicated a high reducing
power of the sample. The mean FRAP values of the studied sam-
ples showed L2 > L1 > L7 > L8 > L5 >L10 > 14 > L3 > L6 >
L9. The antioxidant activities of the studied compounds were in
the order of methyl gallate > gallic acid > quercetin > 1,2,3,4,6-
penta-0O-galloyl-f-D-glucose > 1-O-galloyl-$-D-glucose > fustin
> Vc > rutin.

In the f-carotene linoleic acid model system, the ability to in-
hibit the oxidation of linoleic acid of the R. typhina L. stem was
tested. The R. typhina L. stem extracts could inhibit the oxidation of
linoleic acid with an ICsq value between 181.26 and 326.33 pg/mL,
and the lower AA value reflected better protective action. More-
over, R. typhina L. has the potential to be a good antioxidant for
high-fat foods. The antioxidant activities of the studied
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Fig. 2. Typical chromatograms of (A) reference solution and (B) R. typhina L. stem sample.

compounds were in the order of BHT > 1,2,3,4,6-penta-O-galloyl-
p-D-glucose > 1-O-galloyl--D-glucose > methyl gallate >
quercetin > fustin, and gallic acid and rutin were not found to
inhibit the oxidation of linoleic acid.

There are many factors, including agronomic and environ-
mental, contributing to the antioxidant components and capacity.
For this reason, the antioxidant properties of the extracts of the R.
typhina L. stems grown in different regions in China were com-
pared. The antioxidant activity and the TPC in the extracts showed
positive linear relationships. After analyzing, we found that DPPH
values correlated well with the TPC with the correlation coefficient
value of 0.920 for the extracts. Similarly, the reducing power
showed a highly positive correlation with the TPC with the cor-
relation coefficient value of 0.915 for the extracts. In the f-car-
otene linoleic acid model system, AA values correlated well with

the TPC, with the correlation coefficient value of 0.880 for the
extracts. Although there are many components that may con-
tribute to antioxidant activity, the strong correlation between the
antioxidant activities and the phenolic content indicates that
polyphenol compounds largely contributed to the antioxidant ca-
pacities of the R. typhina L. stem extracts.

In the study, we found that methyl gallate, 1-O-galloyl-f3-D-
glucose and 1,2,3,4,6-penta-0-galloyl-$-D-glucose possessed high
antioxidant activity, too. Simultaneously, gallic acid was proved to
have high antioxidant activity. This finding is consistent with those
reported by other authors [22,27]. In a different anti-oxidation
system, tryptophan and scopolin showed no antioxidant activity,
while gallic acid, 1-O-galloyl-f-D-glucose, methyl gallate, fustin,
1,2,3,4,6-penta-0-galloyl-$-D-glucose, rutin, and quercetin
showed different levels of antioxidant activities. In the DPPH assay,
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Table 4

The content of the nine constituents in the stem of the R. typhina L. by UPLC-ESI-MS/MS.

Sample X (mg/g) Xwr (mg/g)
source

Gallic acid 1-O-galloyl-p-D- Tryptophan Scopolin Methyl Fustin Rutin  Quercetin 1,2,3,4,6-penta-O-gal- Xt Xopen  Xerap Xpcla

glucose gallate loyl-p-D-glucose

L1 1.31 3.28 0.32 0.28 4.07 0.134 0.144 0.0074 8.53 18.08 18.53 20.31 10.93
L2 1.57 3.30 0.27 043 3.00 0142 0.092 0.0110 10.13 1895 19.16 20.59 12.21
L3 111 2.32 0.07 1.20 1.50 0.187 0.073 0.0198 3.81 1029 942 1030 5.09
L4 1.18 3.19 0.09 1.38 2.06 0.100 0.067 0.0276 5.08 13.17 12.07 1331 6.83
L5 1.35 219 0.08 1.31 1.47 0130 0114 0.0258 3.37 10.04 9.28 10.05 4.59
L6 0.71 2.57 0.08 0.94 1.23 0196 0.136 0.0433 3.34 925 810 910 4.63
L7 0.59 1.44 0.13 0.79 2.44 0191 0131 0.0123 533 10.05 10.74 1175 6.60
L8 1.44 2.85 0.09 1.25 1.93 0.072 0.070 0.0277 593 13.66 12.98 14.01 7.52
L9 0.68 1.75 0.08 0.55 0.59 0459 0.094 0.0652 2.66 693 614 683 3.50
L10 1.01 2.79 0.16 1.08 1.84 0168 0179 0.0173 4.58 11.82 10.81 1195 6.13
Mean 1.10 2.57 0.14 0.92 2.01 0178 0110 0.0257 5.28 - - - -
sD 0.34 0.64 0.09 0.39 0.98 0.107 0.037 0.0173 2.39 - - - -
RSD(%) 31.1 25.0 64.6 42.5 48.6 60.0 33.8 67.5 453 - - - -

Xt—Add the contents of nine compounds together; Xwr—Add the contents of nine compounds x weighting coefficient together; Xpppy—Add the contents of nine com-
pounds x weighting coefficient determined by DPPH assay together; Xgrap—Add the contents of nine compounds x weighting coefficient determined by FRAP assay
together; X;.c.a—Add the contents of nine compounds x weighting coefficient determined by p-carotene linoleic acid model system together.

Table 5
Correlation between seven compounds and the different antioxidant capacity
methods.

Compound DPPH radical FRAP value p-carotene linoleic acid
model system

Gallic acid 0.559 0.666 0.517
1-0-galloyl-p-D-glucose 0.329 0.413 0.454

Methyl gallate 0.789° 0.824' 0.686

Fustin —0.350 — 0.659 — 0.447

Rutin 0.080 0.077 0.006

Quercetin - 0.657 -0.884  —0.703
1,2,3,4,6-penta-0-gal- 0.860" 0.827" 0.827"

loyl-p-D-glucose

"P < 0.05,
“P<o001

Table 6
Correlation between the total content of nine compounds and weighted nine
compounds contents and the different antioxidant capacity methods.

X DPPH radical ~ FRAP value  p-carotene linoleic acid model system
Xr 0.778" 0.807" 0.767"
Xpppu ~ 0.835° - -
Xerap - 0.836" -
XpcaL  — - 0.813"
" P <001

the antioxidant activity of gallic acid was higher than those of
methyl gallate, 1-O-galloyl-f-D-glucose and 1,2,3,4,6-penta-O-
galloyl-f-D-glucose. In the FRAP assay, the antioxidant activity of
gallic acid was lower than that of methyl gallate, but higher than
those of 1-O-galloyl-$-D-glucose and 1,2,3,4,6-penta-O-galloyl-/-
D-glucose. In the f-carotene linoleic acid model system, methyl
gallate, 1-0-galloyl-f3-D-glucose, and 1,2,3,4,6-penta-O-galloyl-f3-
D-glucose showed antioxidant activity, but gallic acid was not
found to inhibit the oxidation of linoleic acid. Therefore, it can be
concluded that after the carboxyl groups of gallic acid are ester-
ified, including methyl esterification and glycosylation, the ester-
ified product still has high antioxidant activity or even higher
antioxidant activity. The relative antioxidant capacity of the nine
compounds is shown in Table 3.

3.4. UPLC-ESI-MS/MS analysis of phenolic acids

The UPLC-ESI-MS/MS chromatogram (Fig. 2) shows that the
nine isolated constituents of the R. typhina L. stem extracts in-
cluded gallic acid, 1-0-galloyl--D-glucose, tryptophan, scopolin,
methyl gallate, fustin, quercetin, rutin, and 1,2,3,4,6-penta-O-gal-
loyl-f3-D-glucose. A calibration curve for gallic acid, 1-O-galloyl-/3-
D-glucose, tryptophan, scopolin, methyl gallate, fustin, 1,2,3,4,6-
penta-0O-galloyl--D-glucose, rutin and quercetin ranged from
0.078 to 2.50, 0.135-4.32, 0.013-0.42, 0.053-1.70, 0.126-4.03,
0.013-0.42, 0.995-31.84 0.013-0.42 and 0.003-0.10 mg/L,
respectively. All nine constituents average recoveries varied from
98.6%-102.6%, with the relative standard deviation being < 4%.
Table 4 shows the content of the nine isolated constituents in the
stem of the R. typhina L. with the results obtained by UPLC-ESI-MS/
MS. The antioxidant activity of an extract cannot be evaluated
solely on its phenolic content, the content and antioxidant capa-
city of individual phenolic compounds also need to be considered.
In addition, the contents of gallic acid, 1-O-galloyl-$-D-glucose,
methyl gallate, and 1,2,3,4,6-penta-O-galloyl-$-D-glucose were
high. In order to determine the contribution of the seven isolated
compounds to the antioxidant capacity, the correlation between
the antioxidant capacity estimated by the three methods and the
seven isolated constituents is shown in Table 5. A positive corre-
lation was found between antioxidant capacity and the com-
pounds including gallic acid, 1-O-galloyl-$-D-glucose, methyl
gallate, and 1,2,3,4,6-penta-0-galloyl-f-D-glucose. The major rea-
sons for the positive correlation were the high contents and high
antioxidant activities of the compounds. Negative or low correla-
tion was found between the antioxidant capacity and the com-
pounds including fustin, quercetin and rutin. The major reasons
were the low contents and low antioxidant activities of these. This
shows that gallic acid, 1-O-galloyl-f-D-glucose, methyl gallate, and
1,2,3,4,6-penta-0-galloyl-/-D-glucose seem to make a major con-
tribution to the antioxidant activity of the R. typhina L. stem.
Hence, gallic acid, 1-O-galloyl-f-D-glucose, methyl gallate, and
1,2,3,4,6-penta-0-galloyl--D-glucose are the compounds mainly
responsible for the antioxidant capacity of the R. typhina L. stem.

After analysis, Table 6 shows that the correlation between the
total content of the nine compounds and the weighted polyphenol
contents and the different antioxidant capacity methods is high,
but the correlation coefficient between antioxidant activity and
the weighted polyphenol contents is greater than the correlation
coefficient between antioxidant activity and the total content of
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the nine compounds, suggesting the seven phenolic constituents
may be the main basis of the antioxidant activity of the R. typhina
L. stem. In addition, the strong correlation between the anti-
oxidant activity and content indicated that gallic acid, 1-O-galloyl-
p-D-glucose, methyl gallate, and 1,2,3,4,6-penta-O-galloyl-$3-D-
glucose were major contributors to the antioxidant activity of the
R. typhina L. stem.

4. Conclusions

The nine compounds isolated from the R. typhina L. stem in-
cluding gallic acid, 1-0-galloyl-/3-D-glucose, tryptophan, scopolin,
methyl gallate, fustin, rutin, quercetin, and 1,2,3,4,6-penta-O-gal-
loyl-f-D-glucose were identified; their antioxidant properties and
contents were investigated as well. Results of this study showed
that the R. typhina L. stem contains a considerable amount of
phenolic compounds with significant antioxidant activity, which
might be developed as natural antioxidants to replace the syn-
thetic preservatives. Results also revealed that the antioxidant
capacity correlated well with the total phenolic content of the
stem extracts. In addition, the strong correlation between the
antioxidant activity and content indicated that 1-O-galloyl-/3-D-
glucose, gallic acid, methyl gallate, and 1,2,3,4,6-penta-0O-galloyl-
p-D-glucose were major contributors to the antioxidant activity of
the R. typhina L. stem. In conclusion, this is the research that in-
vestigated the antioxidant capacity and composition of the R. ty-
phina L. stem extracts. Their strong antioxidant activities and wide
distributions make them promising sources of natural antioxidants
and other bioactive compounds in food and other allied industries.
The results of this study will contribute to the potential application
of R. typhina L. as an economic natural antioxidant in China.
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