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Abstract: This study aimed to isolate, prepare and identify the main flavonoids from a
standardized Smilax glabra flavonoids extract (SGF) using preparative HPLC, MS, 1H NMR
and 13C NMR, determine the contents of these flavonoids using UPLC, then compare their
pharmacological activities in vitro. We obtained six flavonoids from SGF: astilbin (18.10%),
neoastilbin (11.04%), isoastilbin (5.03%), neoisoastilbin (4.09%), engeletin (2.58%) and (−)-epicatechin
(1.77%). The antioxidant activity of six flavonoids were evaluated by determining the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical and 2,2′-Azinobis (3-ethylbenzothiazoline-6-sulphonic
acid) diammonium salt (ABTS+) radical scavenging activity and ferric reducing antioxidant power
(FRAP). In addition, the anti-inflammatory activity of six flavonoids were evaluated by determining the
production of cytokines (IL-1β, IL-6), nitric oxide (NO) using enzyme linked immunosorbent assay and
the NF-κB p65 expression using Western blotting in lipopolysaccharide (LPS)-stimulated RAW264.7
cells. The results showed that (−)-epicatechin, astilbin, neoastilbin, isoastilbin and neoisoastilbin had
strong antioxidant activities, not only in DPPH and ABTS+ radicals scavenging capacities, but in FRAP
system. Furthermore, all the six flavonoids could significantly inhibit the secretion of IL-1β, IL-6,
NO (p < 0.01) and the protein expression of NF-κB p-p65 (p < 0.01) in LPS-stimulated RAW264.7 cells.
This study preliminarily verified the antioxidant and anti-inflammatory activities of six flavonoids in
S. glabra.
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1. Introduction

Smilax glabra Roxb. is a dried rhizome of Liliaceae plant. Hundreds of years ago, it had been used
as food and folk medicine in some Asian countries, such as China, Japan, Korea and Vietnam. S. glabra
was widely used in traditional Chinese medicine (TCM) for the treatment of syphilis, hypertonia,
nephritis, heavy metal poisoning and other diseases in China [1,2]. In addition, it could be added to
medicated diet as a functional ingredient. Modern pharmacological studies have shown that S. glabra
has a variety of biological activities, such as antioxidant, anti-inflammatory, antiviral, antibacterial,
hypouricemic, anti-gout, hepatoprotection and cardiovascular protection [3–6].

Flavonoids are the main active components in some medicinal plants and foods, which have
various pharmacological functions [7,8]. S. glabra was rich in flavonoids. In previous investigations,
several flavonoids compounds such as astilbin (2R,3R-taxifolin 3-O-α-l-rhamnopyranoside) and
taxifolin have been isolated and identified from S. glabra [9,10]. Moreover, astilbin has four stereoisomers
(astilbin, isoastilbin, neoisoastilbin, neoastilbin), which usually present simultaneously in plants [11].
Among them, astilbin was thought to be the main bioactive compound.
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Free radicals are highly reactive intermediates with unpaired electrons. Free radical-mediated
oxidative stress was involved in the pathogenesis of a variety of diseases, including cancer,
inflammation and neurodegenerative disorders [12]. Some flavonoids (e.g. kaempferol, quercetin,
quercetin 7-rhamnoside) as antioxidants could scavenge radicle species 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH radical) or 2,2′-Azinobis (3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt
(ABTS+ radical) in vitro [13,14].

Inflammation is an important contributor to the pathology of various acute and chronic
diseases [15,16]. Lipopolysaccharide (LPS)-induced inflammation model in vitro could promote the
release of inflammatory cytokines (IL-1β, IL-6, etc.) and the activation of nuclear factor-kappa B
(NF-κB) pathway [17]. Some flavonoids (e.g., rutin, quercetin, morin) could inhibit the secretion of
IL-1β, IL-6 and nitric oxide (NO), or block the phosphorylation of NF-κB p65 in RAW 264.7 cells [18,19].

According to TCM theory, the treatment of diseases by traditional Chinese materia medica based
on the interaction of multiple components. Therefore, in our previous studies, a standardized S. glabra
flavonoids extract (SGF) was prepared from the rhizomes of S. glabra [20], the flavonoids content
was ~687 mg rutin equivalents/g dry extract [21]. In in vivo experiments, SGF has strong antioxidant,
hepatoprotective, hypouricemic and nephroprotective effects [4,20], which has laid a foundation for
this study.

In order to clarify the pharmacodynamic material basis and the potential pharmacological
mechanisms of SGF, it is necessary to perform further isolation, preparation and identification of the
main active compounds in SGF. Furthermore, as mentioned above, a wide variety of diseases are
associated with oxidative stress caused by free radicals, as well as inflammation. Thus, this study also
evaluated the antioxidant and anti-inflammatory activities of the main active compounds (six flavonoids)
in SGF.

2. Results

2.1. Isolation of Six Flavonoids in SGF by Preparative High-performance Liquid Chromatography (PHPLC)

After optimized the isolation conditions of the six main compounds in SGF by ultra-high-pressure
liquid chromatography (UPLC), the PHPLC method was used to isolate and purify these six compounds
(Figure 1).
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Figure 1. Isolation and preparation of the six main compounds in Smilax glabra flavonoids extract (SGF)
by preparative high-performance liquid chromatography (PHPLC).

The six flavonoids in SGF were identified by the spectral data of Q-TOF MS, 1H-NMR and
13C-NMR (Supplementary Materials Figures S1–S4). The detailed data were as follows.

Compound 1 showed molecular ion [M − H]− with m/z 289.0709, and the identified fragments
were m/z 245.0807 [M − H − CO2]−. 1H NMR (DMSO-d6, 600 MHz, ppm), 2.46 (1H, dd, J = 3.6 Hz
and 5.4 Hz, H-4), 2.67 (1H, dd, J = 4.8 Hz and 4.8 Hz, H-4), 4.00 (1H, ddd, H-3), 4.70 (1H, d, H-2),
4.73 (1H, s, 3-OH), 5.71 (1H, d, J = 2.4 Hz, H-6), 5.89 (1H, d, J = 2.4 Hz, H-8), 6.65 (2H, t, H-5′ and
H-6′), 6.89 (1H, s, H-2′), 8.71 (1H, s, 3′-OH), 8.80 (1H, s, 4′-OH), 8.89 (1H, s, 5-OH), 9.10 (1H, s,
7-OH); 13C NMR (CD3OD, 150 MHz, ppm), 27.86 (C-4), 66.09 (C-3), 78.49 (C-2), 94.50 (C-8), 95.01
(C-6), 98.69 (C-10), 113.93 (C-2′), 114.50 (C-5′), 118.01 (C-6′), 130.90 (C-1′), 144.39 (C-3′), 144.55
(C-4′), 155.98 (C-5), 156.28 (C-7), 156.61 (C-9). MS, 1H and 13C NMR spectral data of the isolated



Molecules 2020, 25, 5295 3 of 13

compound agree well with the data reported [22]. From these data, it was identified as (−)-epicatechin
((−)-cis-3,3′,4′,5,7-pentahydroxyflavane)), the molecular formula was C15H14O6 (Figure 2).
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(Figure 2).
Compound 3 showed molecular ion [M − H]− with m/z 449.1084, and the identified fragments

were m/z 304.0531 [M − H − Rha]− and m/z 285.0394 [M − H − Rha − OH]−. 1H NMR (DMSO-d6,
600 MHz, ppm), 1.04 (3H, d, J = 6 Hz, H-6”), 3.12 (1H, d, J = 5.4 Hz, H-4”), 3.37 (1H, m, H-2”), 3.38
(1H, m, H-3”), 3.90 (1H, dd, J = 9.6, 3 Hz, H-5”), 4.03 (1H, s, H-1”), 4.51 (1H, d, J = 4.8 Hz), 4.52 (1H, d,
J = 6 Hz), 4.65 (1H, d, J = 11.2 Hz, H-3), 4.71 (1H, d, J = 4.8 Hz), 5.24 (1H, d, J = 11.2 Hz, H-2), 5.88
(1H, d, J = 2.4 Hz, H-6), 5.90 (1H, d, J = 2.4 Hz, H-8), 6.73 (2H, s, H-5′ and H-6′), 6.88 (1H, s, H-2′),
9.54 (1H, s, 3′-OH), 9.97 (1H, s, 4′-OH), 10.88 (1H, s, 7-OH), 11.80 (1H, s, 5-OH); 13C NMR (CD3OD,
150 MHz, ppm), 16.45 (C-6”), 69.12 (C-5”), 70.38 (C-2”), 70.77 (C-3”), 72.41 (C-4”), 77.18 (C-3), 82.56
(C-2), 94.86 (C-8), 95.97 (C-6), 100.75 (C-1”), 101.10 (C-10), 114.09 (C-5′), 114.93 (C-2′), 119.09 (C-6′),
127.79 (C-1′), 145.15 (C-3′), 145.98 (C-4′), 162.71 (C-9), 164.12 (C-5), 167.19 (C-7), 194.60 (C-4). MS, 1H
and 13C NMR spectral data of the isolated compound agree well with the data reported [24]. From these
data, it was identified as astilbin (2R,3R-taxifolin 3-O-α-l-rhamnopyranoside), the molecular formula
was C21H22O11 (Figure 2).
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Compound 4 showed molecular ion [M − H]− with m/z 449.1083 and the identified fragments
were m/z 304.0536 [M − H − Rha]− and m/z 285.0400 [M − H − Rha − OH]−. 1H NMR (DMSO-d6,
600 MHz, ppm), 1.00 (3H, d, J = 6 Hz, H-6”), 2.73 (1H, s, H-5”), 2.89 (1H, s, H-4”), 3.09 (1H, d, J = 5.4 Hz,
H-3”), 3.46 (1H, s, H-2”), 4.10 (2H, q, J = 2.4 Hz), 4.50 (1H, d, J = 4.4 Hz), 4.59 (1H, d, J = 4.8 Hz, H-3),
4.69 (1H, d, J = 5.4 Hz), 5.47 (1H, d, J = 4.8 Hz, H-2), 5.92 (1H, s, H-6), 5.94 (1H, d, J = 2.4 Hz, H-8), 6.74
(2H, m, H-5′ and H-6′), 6.91 (1H, d, J = 1.8 Hz, H-2′), 8.99 (1H, s, 3′-OH), 9.00 (1H, s, 4′-OH), 10.91 (1H, s,
7-OH), 11.81 (1H, s, 5-OH); 13C NMR (CD3OD, 150 MHz, ppm), 16.11 (C-6”), 69.17 (C-5”), 70.18 (C-2”),
70.66 (C-3”), 72.34 (C-4”), 76.96 (C-3), 80.87 (C-2), 94.63 (C-8), 95,84 (C-6), 100.76 (C-1”), 101.18 (C-10),
113.87 (C-5′), 114.76 (C-2′), 118.04 (C-6′), 127.13 (C-1′), 144.91 (C-3′), 145.33 (C-4′), 163.06 (C-9), 164.62
(C-5), 167.36 (C-7), 192.47 (C-4). MS, 1H and 13C NMR spectral data of the isolated compound agree
well with the data reported [25]. From these data, it was identified as neoisoastilbin (2S,3R-taxifolin
3-O-α-l-rhamnopyranoside), the molecular formula was C21H22O11 (Figure 2).

Compound 5 showed molecular ion [M − H]− with m/z 449.1082, and the identified fragments
were m/z 433.1134 [M −H − OH]−, m/z 304.0530 [M −H − Rha]− and 285.0397 [M −H − Rh − OH]−.
1H NMR (DMSO-d6, 600 MHz, ppm), 0.84 (3H, d, J = 6 Hz, H-6”), 2.45 (1H, m, H-5”), 3.05 (1H, m,
H-4”), 3.19 (1H, dd, J = 3, 3 Hz, H-3”), 3.46 (1H, s, H-2”), 4.21 (1H, d, J = 2.4Hz, H-3), 4.47 (2H, s, H-1”),
4.77 (1H, d, J = 18.0 Hz), 4.79 (1H, s), 5.55 (1H, d, J = 2.4 Hz, H-2), 5.92 (1H, d, J = 1.8 Hz, H-6), 5.95
(1H, d, J = 2.4 Hz, H-8), 6.72 (2H, m, H-5′ and H-6′), 6.84 (1H, s, H-2′), 8.89 (1H, s, 3′-OH), 9.00 (1H, s,
4′-OH), 10.95 (1H, s, 7-OH), 11.76 (1H, s, 5-OH); 13C NMR (CD3OD, 150 MHz, ppm), 16.37 (C-6”), 68.99
(C-5”), 70.60 (C-2”), 70.64 (C-3”), 71.94 (C-4”), 74.15 (C-3), 80.67 (C-2), 94.82 (C-8), 95.95 (C-6), 98.77
(C-1”), 100.39 (C-10), 113.83 (C-5′), 114.93 (C-2′), 117.97 (C-6′), 127.27 (C-1′), 144.96 (C-3′), 145.27 (C-4′),
163.09 (C-9), 164.75 (C-5), 167.36 (C-7), 192.94 (C-4). MS, 1H and 13C NMR spectral data of the isolated
compound agree well with the data reported [26]. From these data, it was identified as isoastilbin
(2R,3S-taxifolin 3-O-α-l-rhamnopyranoside), the molecular formula was C21H22O11 (Figure 2).

Compound 6 showed molecular ion [M − H]− with m/z 433.1135and the identified fragments
were m/z 269.0446 [M − H − Rha]− and m/z 243.8981 [M − H − Rha − CO]−. 1H NMR (DMSO-d6,
600 MHz, ppm), 1.04 (3H, d, J = 6 Hz, H-6”), 3.11 (1H, m, H-5”), 3.26 (1H, m, H-4”), 3.38 (1H, m, H-3”),
3.90 (1H, dd, J = 9.6, 6 Hz, H-2”), 3.96 (1H, s), 4.49 (1H, d, J = 4.8Hz), 4.51 (1H, d, J = 6 Hz), 4.71 (1H, d,
J = 6 Hz), 4.75 (1H, d, J = 10.2 Hz, H-3), 5.29 (1H, d, J = 10.2 Hz, H-2),5.88 (1H, d, J = 2.4 Hz, H-8), 5.91
(1H, d, J = 2.4 Hz, H-6), 6.78 (2H, d, J = 8.4 Hz, H-3′ and H-5′), 7.32 (2H, d, J = 8.4 Hz, H-2′ and H-6′),
9.63 (1H, s, 4-OH)10.95 (1H, s, 7-OH), 11.82 (1H, s, 5-OH); 13C NMR (CD3OD, 150 MHz, ppm), 16.45
(C-6”), 69.14 (C-5”), 70.38 (C-2”), 70.78 (C-3”), 72.40 (C-4”), 77.31 (C-3), 82.47 (C-2), 94.88 (C-8), 96.01
(C-6), 100.84 (C-10), 101.14 (C-1”), 115.05 (C-3′), 115.05 (C-5′), 127.22 (C-1′), 128.65 (C-2′), 128.65 (C-6′),
158.06 (C-4′), 162.74 (C-9), 164.12 (C-5), 167.16 (C-7), 194.67 (C-4). MS, 1H and 13C NMR spectral data
of the isolated compound agree well with the data reported [27]. From these data, it was identified as
engeletin (dihydrokaempferol 3-rhamnoside), the molecular formula was C21H22O10 (Figure 2).

After quantitative analysis by UPLC, the percentage content of (−)-epicatechin, astilbin, neoastilbin,
isoastilbin, neoisoastilbin, and engeletin in SGF was 1.77%, 18.10%, 11.04%, 5.03%, 4.09%, and 2.58%,
respectively (Figure 3). Of these six flavonoids prepared from SGF, all the purities were more than 95%.
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Figure 3. Quantitative analysis of six flavonoids in Smilax glabra flavonoids extract (SGF) by
ultra-high-pressure liquid chromatography (UPLC). (A) Standards (purity ≥ 98%); (B) SGF sample.
Compounds 1, 2, 3, 4, 5 and 6 represent for (−)-epicatechin, neoastilbin, astilbin, neoisoastilbin,
isoastilbin and engeletin, respectively.

2.2. Antioxidant Activity of Six Flavonoids in SGF

To evaluate the antioxidant activity of six flavonoids in SGF, we examined their DPPH radical and
ABTS+ radical scavenging capacity, as well as the total reducing power. As shown in Figure 4 and
Table 1, (−)-epicatechin, astilbin, neoastilbin, isoastilbin and neoisoastilbin showed strong DPPH radical
scavenging activity with IC50 values 1.86 ± 0.22, 7.34 ± 0.22, 9.14 ± 0.23, 4.01 ± 0.18, 5.48 ± 0.22 µg/mL,
respectively. However, engeletin had no obvious antioxidant activity in DPPH radical scavenging
system. (−)-Epicatechin, astilbin, neoastilbin, isoastilbin, neoisoastilbin and engeletin showed strong
ABTS+ radical scavenging activity with IC50 values 1.51 ± 0.13, 6.48 ± 1.13, 6.84 ± 0.55, 3.11 ± 0.90,
1.41 ± 0.55, 18.13 ± 1.72 µg/mL, respectively. Among them, (−)-epicatechin had the highest antioxidant
activity (the smallest IC50) both in DPPH radical and in ABTS+ radical scavenging system; then followed
by isoastilbin and neoisoastilbin. In order to evaluate the total reducing power of six flavonoids in SGF,
we measured the ferric reducing antioxidant power (FRAP) using FeSO4 as the control. The results
were consistent with the radicals scavenging experiments. As shown in Table 1, (−)-epicatechin,
astilbin, neoastilbin, isoastilbin and neoisoastilbin in 50 µg/mL showed strong reducing power with
FRAP values 499.33 ± 12.47, 148.22 ± 15.95, 223.78 ± 25.87, 400.44 ± 23.15, 421.56 ± 4.16 µM FeSO4

equivalent amount, respectively. However, engeletin had no obvious reducing power in this system.
(−)-Epicatechin had the strongest reducing power (the highest FRAP value), then followed by isoastilbin
and neoisoastilbin.
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Table 1. IC50 of DPPH and ABTS+ radicals scavenging activity and FRAP values of six flavonoids in
Smilax glabra flavonoids extract (SGF).

Ascorbic
Acid (−)-Epicatechin Astilbin Neoastilbin Isoastilbin Neoisoastilbin Engeletin

IC50 of DPPH radical
(µg/mL) 1.90 ± 0.14 1.86 ± 0.22 7.34 ± 0.22 9.14 ± 0.23 4.01 ± 0.18 5.48 ± 0.22 >100

IC50 of ABTS+ radical
(µg/mL) 7.26 ± 0.18 1.51 ± 0.13 6.48 ± 1.13 6.84 ± 0.55 3.11 ± 0.90 1.41 ± 0.55 18.1 ± 1.7

FRAP values
(µM FeSO4 equivalent

amount)
713 ± 31 499 ± 12 148 ± 16 224 ± 26 400 ± 23 421 ± 4 16.0 ± 2.7

Data are expressed as means ± SD (n = 3).

2.3. Anti-Inflammatory Activity of Six Flavonoids in SGF

The anti-inflammatory activity of six flavonoids in SGF on LPS-stimulated RAW264.7 cells was
investigated by measuring IL-1β, IL-6 and NO concentrations in cell culture supernatant. As shown in
Figure 5, we found LPS increased the concentrations of IL-1β, IL-6 and NO significantly. (−)-Epicatechin,
astilbin, neoastilbin, isoastilbin, neoisoastilbin and engeletin showed strong anti-inflammatory
capacities compared to the LPS-stimulated RAW264.7 cells (p < 0.01). To further clarify the
anti-inflammatory mechanism of six flavonoids, we determined the protein expression of NF-κB p-p65
in RAW 264.7 cells. As shown in Figure 6, LPS has induced NF-κB activation, which showed the protein
expression of phosphorylated p65 (p-p65) in LPS-stimulated RAW264.7 cells increased significantly.
(−)-Epicatechin, astilbin, neoastilbin, isoastilbin, neoisoastilbin and engeletin had obvious inhibitory
effects on the protein expression of p-p65 (p < 0.01).
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Figure 6. Effects of six flavonoids in Smilax glabra flavonoids extract (SGF) on the expression of NF-κB
p-p65 in RAW 264.7 cells. DXMS (dexamethasone) as positive control. RAW 264.7 cells were stimulated
by LPS (1 µg/mL) for 6 h, then treated with six flavonoids (100 µM) or DXMS (5 µM). (A) The protein
expressions of NF-κB p-p65 and p65 detected by Western blotting. (B) The ratio of protein expression
of NF-κB p-p65/p65. Data are expressed as means ± SD (n = 3). ## p < 0.01, compared with control
group; ** p < 0.01, compared with LPS group.

3. Discussion

Astilbin is a flavonoids compound. Previous studies have shown that astilbin was the main
compound in S. glabra. However, the other stereoisomers of astilbin (isoastilbin, neoisoastilbin,
neoastilbin) are naturally low in content [11]. Thus, this study aimed to isolate and prepare the
flavonoids compounds from a standardized S. glabra flavonoids extract (SGF), instead of S. glabra
raw material. We isolated and prepared six flavonoids using PHPLC from SGF: astilbin, neoastilbin,
isoastilbin, neoisoastilbin, engeletin and (−)-epicatechin. The content of these six flavonoids was
18.10%, 11.04%, 5.03%, 4.09%, 2.58% and 1.77%, respectively. All the purities of these flavonoids
were more than 95% which determined by UPLC. The results showed that astilbin was still the main
chemical component in SGF. However, the percentage of the other three stereoisomers of astilbin in
SGF was higher than in the raw material.

Some studies have shown that astilbin had good effects in the treatment of various diseases [6,10,27].
However, there were few studies on the pharmacological roles of the other chemical constituents
in S. glabra. Excess radicals and oxidative stress caused a variety of diseases in the body.
Previous investigations have indicated that reducing radicals could effectively prevent the occurrence
of oxidative stress related diseases [28–30]. Thus, this study evaluated the antioxidant capacities of six
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flavonoids in SGF by determining the DPPH radical scavenging activity, the ABTS+ radical scavenging
activity, as well as the ferric reducing antioxidant power (FRAP). The results showed that most of
the isolated flavonoids had strong antioxidant activity. Among them, (−)-epicatechin, isoastilbin and
neoisoastilbin showed stronger antioxidant activity than astilbin. The isomerism of natural compounds
may affect their pharmacological activity to some extent [11]. The four stereoisomers of astilbin
based on the C-2 and C-3 configuration, which is categorized in 4 stereoisomers: astilbin (2R,3R),
neoisoastilbin (2S,3R), isoastilbin (2R,3S) and neoastilbin (2S,3S). The trans-stereoisomers of astilbin
(neoisoastilbin, isoastilbin) showed higher antioxidant activities than cis-stereoisomers (astilbin,
neoastilbin). Moreover, structure-activity studies of flavonoids indicated that the substitution patterns
of B-ring could affect the antioxidant capacity [31]. The chemical structures of these flavonoids showed
that the four stereoisomers of astilbin have 3′-OH and 4′-OH on B-ring, and the engeletin only has
4′-OH on B-ring. In addition, engeletin had no obvious antioxidant activity in DPPH radical system
and showed low activities in ABTS+ radical scavenging and the FRAP evaluation, which indicated
that 3′-OH on B-ring of flavonoids is more important to the antioxidant capacity.

In some diseases, oxidative stress and inflammation often occur simultaneously [32]. IL-1β,
IL-6 and NO are the major mediators of inflammation in most inflammatory diseases. NF-κB was
an important transcription factor with pro-inflammatory response. Upon activation, NF-κB moved
rapidly into the nucleus and subsequently activated transcription of target genes, leading to the release
of pro-inflammatory cytokines [33]. S. glabra was often used in the treatment of inflammatory diseases.
Therefore, we also assessed the anti-inflammatory activity of six flavonoids in SGF by determining the
cytokines (IL-1β, IL-6) and NO, and the expression of NF-κB p-p65/p65 in LPS-stimulated RAW 264.7
cells. The results showed that RAW 264.7 cells could release a variety of pro-inflammatory cytokines
when stimulating by LPS, including IL-1β, IL-6 and NO, which were consistent with several literature
reports [34,35]. Moreover, the production of IL-1β, IL-6, NO and phosphorylation of NF-κB (p-p65) in
LPS-stimulated RAW264.7 cells were significantly inhibited by six flavonoids. The anti-inflammatory
activities of astilbin and (−)-epicatechin were also consistent with several literature reports [27,36,37].

4. Materials and Methods

4.1. Samples and Chemicals

The rhizome of S. glabra was obtained from a traditional Chinese medicine factory (Hangzhou,
China), lot number 130101. It was identified by associate Prof. Chen Kongrong of Zhejiang Chinese
Medical University. A voucher specimen was deposited at the Herbarium of College of Pharmaceutical
Sciences at the Zhejiang Chinese Medical University (ZCPS7001). S. glabra flavonoids extract (SGF)
was prepared as we described previously [4]. (−)-Epicatechin, neoastilbin, astilbin, neoisoastilbin,
isoastilbin and engeletin were purchased from Sichuan Victory Biological Technology Co., Ltd.
(Chengdu, China), with the purity more than 98%. Methanol and acetonitrile (chromatographic grade)
were purchased from Merck (Darmstadt, Germany). Dexamethasone (DXMS), lipopolysaccharide
(LPS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-Azinobis (3-ethylbenzothiazoline-6-sulphonic acid)
diammonium salt (ABTS) and TPTZ (2,4,6-tripyridyl-s-triazine) were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The RAW264.7 cell line (TIB-71) was purchased from American Type Culture
Collection (Manassas, VA, USA). Iron chloride hexahydrate was purchased from Aladdin (Shanghai,
China). Enzyme-linked immunosorbent assay (ELISA) kits for NO, IL-1β, IL-6 were purchased from
MEIMIAN (Shanghai, China). NF-κB p-p65, NF-κB p65 and β-actin antibodies were purchased from
Cell Signaling Technology (Boston, MA, USA).

4.2. Isolation of Six Flavonoids in SGF by Preparative High-Performance Liquid Chromatography (PHPLC)

In order to optimize the isolation conditions of the six flavonoids in SGF, ultra-high-pressure
liquid chromatography (UPLC) with ACQUITY UPLC H-Class system (Waters, Milford, MA, USA)
was performed. The SGF was dissolved with methanol and centrifuged to obtain the supernatant.
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Chromatographic conditions: Ultra High-performance Liquid Chromatography System (Waters, USA);
ACQUITY UPLC BEH C18 column (2.1 × 50 mm, 1.7 µm); column temperature, 30 ◦C; and the mobile
phase: CH3CN (A) and H2O with 0.3% formic acid (B). Gradient elution: 14.8% A, 0–6 min, 14.8–100%
A, 6-6.01 min, 100% A, 6.01–10 min, 100–14.8% A, 10–15 min. The injected sample volume flow was 1µL.
The temperature of the auto-sampler was maintained at RT, and the volume flow rate was 0.35 mL/min.
Detection wavelength was 290 nm.

Then, isolation and preparation of six flavonoids in SGF was executed on Prep 150 LC system
(Waters, Milford, MA, USA) consisted of a Waters 2545Q preparative pump-equipped with a Waters
2489 UV/Visible Detector-, a Waters Fraction Collector III-, Waters 2707 Automatic Sampler and a
preparative column (Waters Sunfire Prep C18 OBDTM 250 × 19 mm, 5 µm). The PHPLC condition for
six flavonoids was as follows:

CH3CN (A) and H2O with 0.3% formic acid (B). Gradient elution: 10% A, 100 mL/min, 0–5 min;
10–18% A, 10-35 mL/min, 5-5.01 min; 18% A, 35 mL/min, 5.01–20 min; 18–95% A, 35 mL/min, 20–20.1 min;
95% A, 35 mL/min, 20.01–25 min; 95–10% A, 35-10 mL/min, 25–25.01 min; 10% A, 10 mL/min, 25–35 min.
The detection wavelength and injection volume were 290 nm and 500 µL, respectively.

The isolated samples were lyophilized for further identification of structure. In this experiment,
the six flavonoids were identified by confrontation of the spectral characteristics (Waters UPLC Synapt
G2-S mass spectrometer (Waters, Milford, MA, USA). MS conditions: electrospray ionization (ESI),
negative ion mode, drying gas flow rate is 11 L/min, drying gas temperature is 300 ◦C, capillary voltage
is 3500 V, the nebulizer pressure is 25 psig, the fragmentor voltage is 175 V, the skimmer voltage is 60 V.
1H-NMR and 13C-NMR, Bruker 600 MHz NMR spectrometer (Bruker, Rheinstetten, Germany)) with
those depicted in a previous study. The quantitative analysis and purity of six flavonoids in SGF were
determined by ACQUITY UPLC H-Class system mentioned above.

4.3. The Antioxidant Effect of the Six Flavonoids in SGF

4.3.1. Sample Preparation

Six flavonoids isolated from SGF were dissolved in methanol to 1000 µg/mL and diluted to 100,
50, 25, 10, 5 and 1 µg/mL, respectively. Ascorbic acid was dissolved in deionized water to 1000 µg/mL
and diluted to 100, 50, 25, 10, 5 and 1 µg/mL.

4.3.2. DPPH Radical Scavenging Activity

DPPH radical has the maximal absorbance at 517 nm, the absorption value could be decreased
by the antioxidant compounds. The capacity of six flavonoids in SGF to remove DPPH radical was
determined according to a previously described procedure with slight modifications [38]. DPPH radical
(20 mg) was accurately weighed and dissolved in absolute alcohol to 200 µM. Different concentrations
of sample solutions (2 mL) were mixed with DPPH radical solution (2 mL). The mixture was incubated
in the dark for 30 min at room temperature after vortex mixing, followed by measurement at 517 nm
using UV-VIS 3600 spectrophotometer (Shimadzu, Tokyo, Japan), the absorbance is Ai. Moreover,
the absorbance of the mixture of different concentrations of sample solutions (2 mL) and absolute
alcohol (2 mL) were determined as Aj. The absorbance of the mixture of DPPH radical solution (2 mL)
and methanol (2 mL) were determined as Ac. Ascorbic acid standard was used for comparison.

DPPH radical scavenging activity (%) = [(Ai − Aj)/Ac] × 100

4.3.3. ABTS+ Radical Scavenging Activity

ABTS+ radical has the maximal absorbance at 734 nm, the absorption value could be decreased by
the antioxidant compounds. The radical scavenging activity of six flavonoids in SGF for ABTS+ radical
was determined by a previously described procedure [38]. ABTS+ radicle was dissolved in deionized
water to 7 mM, and the stock solution were generated by reacting ABTS+ radical stock solution with
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2.45 mM potassium persulfate in the dark for 16 h at room temperature. The working solution was
diluted in ethanol to an absorbance of 0.7 ± 0.02 at 734 nm. ABTS+ radical solution (3.6 mL) was mixed
with different concentrations of sample solutions. Then, the mixture was incubated in the dark for
10 min at room temperature after vortex mixing, and the absorbance of the mixture was determined as
Ai. Moreover, the absorbance of the mixture of ABTS+ radical solution (3.6 mL) and methanol (0.4 mL)
was determined as Aj. Ascorbic acid standard was used for comparison.

ABTS+ radical scavenging activity (%) = [1 − Ai/Aj] × 100

4.3.4. Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP value of six flavonoids in SGF was determined by a previously described procedure
with minor modifications [39]. FRAP working solution: 300 mM acetate buffer, 10 mM TPTZ diluted
in 40 mM HCl and 20 mM FeCl3·6H2O solution were mixed at 10:1:1.

FeSO4 standard curve: FeSO4 was dissolved in deionized water to 4000 µM and diluted to 1000,
800, 400, 200, 100 and 25 µM. Different concentrations of FeSO4 (0.1 mL) was mixed with FRAP working
solution (3 mL) and deionized water (0.3 mL) at 37 ◦C water bath for 4 min, then determined the
absorbance at 593 nm. The standard curve (R2 = 0.9993) was linear in the range 0–4000 µM.

FRAP values of samples: Take 0.1 mL 50 µg/mL samples, mixed with FRAP working solution
(3 mL) and deionized water (0.3 mL) at 37 ◦C water bath for 4 min, then determined the absorbance at
593 nm. The total reducing power (FRAP values) was calculated according to the standard curve (µM
FeSO4 equivalent amount).

4.4. The Anti-Inflammatory Effect of Compounds in TFSG on RAW 264.7 Cells

4.4.1. RAW 264.7 Cells Culture and Treatment

RAW 264.7 cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) contained with
10% fetal bovine serum (FBS), 100 µg/mL streptomycin and 100 U/mL penicillin. The cell suspension
(1 × 105 cells/mL) was added to a 96-well plate (100 µL/well) at 37 ◦C, 5% CO2 for 24 h, then treated
with 100 µM (−)-epicatechin, neoastilbin, astilbin, neoisoastilbin, isoastilbin or engeletin for 0.5 h,
followed by stimulated with LPS (1 µg/mL) and incubated for another 6 h. Dexamethasone (DXMS,
5 µM) as positive control [40].

4.4.2. Inflammatory Cytokines Determination by Enzyme Linked Immunosorbent Assay (ELISA)

The contents of IL-1β, IL-6 and NO were determined according to the manufacturer’s
protocols [19,41]. In short, 50µL of the cell supernatant was added to a new 96-well plate, then incubated
at 37 ◦C for 0.5 h. After washing 5 times using washing buffer (each wash lasts 30 s), 50 µL of
HRP-conjugate reagent was added to each well and incubate at 37 ◦C for 0.5 h. After washing 5 times,
50 µL of chromogen solution A and B were added to each well, then protected from light and incubated
at 37 ◦C for 10 min. Finally, 50 µL of stop solution was added to each well. The absorbance was read at
450 nm within 15 min.

4.4.3. NF-κB p-p65 Expression Assay by Western Blotting

RAW264.7 cells protein lysis was collected and the concentration of protein was measured
after centrifugation at 12,000 rpm for 10 min at 4 ◦C. Then, the sample proteins (20 µg) were
electrophoresed and separated in 10% polyacrylamide gel prior to being transferred onto PVDF
membranes. After transferring the target proteins to PVDF membranes, the membranes were blocked
with 5% BSA in TBST for 1 h, then incubated with anti-NF-κB p65 (dilution, 1:1000; CST), anti-NF-κB
p-p65 (dilution, 1:1000; CST) and anti-actin (dilution, 1:5000; CST) at 4 ◦C for overnight [32]. Finally,
the PVDF membranes were incubated with the anti-mouse or anti-rabbit IgG for 2 h at room temperature
and detected by the Two-color Infrared Laser Imaging System (LI-COR Odyssey Clx).
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4.5. Statistical Analysis

The results were analyzed by one-way analysis of variance (ANOVA), followed by a post hoc test
using the SPSS 20.0 software (IBM Corp., Armonk, NY, USA). The data are the mean ± SD of three
independent experiments. p < 0.05 was considered significant.

5. Conclusions

In summary, we identified six flavonoids from SGF: astilbin (18.10%), neoastilbin (11.04%),
isoastilbin (5.03%), neoisoastilbin (4.09%), engeletin (2.58%) and (−)-epicatechin (1.77%). Moreover,
we found that (−)-epicatechin, astilbin, neoastilbin, isoastilbin and neoisoastilbin had strong antioxidant
activitiesboth in DPPH and ABTS+ radicals scavenging capacitiesand in FRAP system. All the six
flavonoids could inhibit the secretion of IL-1β, IL-6, NO and protein expression of NF-κB p-p65 in
LPS-stimulated RAW264.7 cells. This study laid a foundation for future research on the potential
pharmacological mechanisms and new product development of these six flavonoids and S. glabra.

Supplementary Materials: The Supplementary Materials are available online. Figure S1: The mass spectra of six
flavonoids in Smilax glabra flavonoids extract (SGF). Figure S2: The 1H NMR spectra of six flavonoids in Smilax
glabra flavonoids extract (SGF). Figure S3: The 13C NMR spectra of six flavonoids in Smilax glabra flavonoids
extract (SGF). Figure S4: The total ion current (TIC) of Smilax glabra flavonoids extract (SGF).
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